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PREFACE 

Contemporary  advances  in  hygiene  and  j)reventive  medicine,  and  in  the  thera- 
peutic utilization  of  various  forms  of  radiant  energy  and  other  jthysical  means  of 
inlluencing  the  tissues  and  functions  of  the  body,  have  not  nnnU'  the  use  of  drugs 
unnecessary  or  superfluous.  Much  can  be  done  by  what  one  of  the  authors  lias 
termed  the  measures  of  "physiologic  therapeutics,"  that  the  measures  of  pharmaco- 
therapeutics  cannot  do;  but  the  converse  also  is  true — much  can  be  done  by  means 
of  drugs  that  cannot  be  done  without  them. 

There  are  many  fields  of  treatment  in  which  either  pharmacotherapy  or  physio- 
therapy may  be  employed — sometimes  one,  sometimes  the  other  being  better;  but 
not  rarely  the  choice  is  largely  a  matter  of  convenience,  availability  or  predilection. 

The  wise  physician  is  he  who  refuses,  when  fighting  a  giant,  to  tie  either  hand 
behind  him.  In  a  combat  against  the  agents  and  forces  that  tend  to  destroy  or 
impair  life,  it  is  folly  to  renounce  the  aid  of  any  of  the  agents  and  forces  that  may 
help  under  such  circumstances,  to  maintain  life  and  to  preserve  its  vigor. 

The  experience  of  mankind  from  time  immemorial  has  shown  that  nearly  all 
substances  possess  qualities  that  can  thus  be  utilized;  and  the  substances  of  natural 
or  artificial  origin  which  exhibit  such  qualities  in  the  highest  degree,  are  those  that 
we  have  come  to  term  drugs. 

As  such,  this  work  includes  certain  remedies  to  which  the  title  of  drug  is 
sometimes  denied — thus  under  the  head  of  antipathog'ens  all  those  agents,  whether 
of  purely  chemical  origin  or  the  products  of  biochemistry,  that  are  used  to  expel 
or  destroy  disease-producing  living  organisms,  to  neutralize  their  toxic  products  or 
to  combat  their  harmful  effects — that  is  to  say,  vaccines,  bacterines,  bacteriolytic 
and  antitoxic  serums  and  the  like,  as  well  as  the  substances  (mineral  and  vege- 
table, natural  and  synthetic,  old  and  new)  known  as  antiseptic  or  chemotherapeutic 
agents.  With  agents  modifying  tissue  or  function,  it  includes  such  substances  as 
vitamine  carriers,  endocrine  preparations  and  radioactive  elements  and  compounds; 
but  as  to  the  last  named,  without  entering  into  the  details  that  pertain  to  surgery. 

As  knowledge  of  physiologv  and  of  pathology  has  increased,  greater  light  has 
been  thrown  on  the  mechanisms  of  drug  action  in  health  and  disease;  while  clinical 
ol)servation  has  been  corrected  and  su])plemented  by  careful  laboratory  study  and 
experiment — that  is  to  say,  l)y  pharmacologic  research.  Hence  the  practitioner  of 
medicine  who  wishes  to  use  drugs  wisely  and  helpfullj',  keeps  himself  acquainted 
with  the  results  of  that  research. 

There  still  remains,  however,  much  in  the  empirical  inheritance  of  the  medical 
profession  that  is  as  little  explicalde  by  present  pharmacologic  data  as  was  the 
action  of  the  cinchonics  in  ague,  previous  to  Laveran's  discovery  of  the  malarial 
blood-parasite;  or  as  were  certain  aspects  of  digitalis  action  before  the  anatomical 
discoveries  of  His,  and  Einthoven's  invention  of  the  electrocardiograph.  Hence, 
pharmacodynamics  and  pharmacotherapeutics — i.e.,  the  actions  of  a  given  drug 
upon  the  organism,  with  the  organism's  reactions  thereto,  and  the  utilization  of  such 
actions  and  reactions  in  the  treatment  of  the  sick — are  not  always  parallel.  This 
simply  means  that  certain  uses  of  drugs,  the  benefit  of  which  is  attested  by  experi- 
ence, are  not  explained  by  present  lal)oratory  data — but  they  are,  nevertheless,  in 
the  broadest  sense  a  part  of  pharmacologic  knowledge  and  sometimes  the  part  most 
important  in  the  emergencies  of  practice. 

Tn  this  work  the  endeavor  has  been  made  to  set  forth  what  is  known  of  drug 
action — pharmacodynamics — as    ascertained    by   exact   methods   of    study,    and    to 
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emphasize  the  uses  of  drugs  that  may  be  based  thereon;  but  also  to  call  attention 
to  empirical  measures  not  based  on  known  pharmacodynamic  data,  but  having 
reasonable  evidence  of  usefulness.  For  this  and  other  reasons,  the  drugs  here 
discussed  have  been  classified  according  to  their  chief  uses — in  the  main,  a  clinical 
classification,  having  in  view  the  needs  of  practice,  but  always  with  due  regard  to 
chemistry  and  pharmacodynamics. 

It  has  been  deemed  wise  to  preface  the  detailed  study  of  individual  drugs 
and  classes  of  drugs  by  the  discussion  of  certain  general  principles,  chiefly  biologic, 
which  may  serve  to  guide  the  use  of  drugs  not  only,  but  of  all  classes  of  remedial 
agents.  In  this  discussion  are  included  certain  aspects  of  the  newer  developments 
in  physics  and  chemistry;  and  stress  is  laid  not  only  upon  the  adjustive  and 
adaptive  powers  constituting  the  self-defense  of  the  organism,  but  also  upon  the 
monodynamic  conception  of  disease-recovery;  that  is  to  say,  the  view  that  disease 
and  recovery  are  not  se])arate  states  or  opposing  forces,  hut  one  continuous,  albeit 
complex,  process,  in  which  derangement  and  restoration  are  from  the  first  asso- 
ciated (vide  "Disease  and  Recovery  in  Relation  to  Therapeutics,''  an  address  be- 
fore the  Medico-Chirurgical  Faculty  of  Maryland,  Baltimore,  1896). 

Necessarily,  these  subjects  could  not  be  treated  exhaustively  or  prophet- 
ically. What  has  been  said,  however,  may  serve  to  direct  the  attention  of  the 
reader,  and  especially  of  the  student  of  medicine,  to  the  necessary  coordination  of 
physiology  and  pathology  with  therapeutics  and  to  the  intimate  relation  borne  by 
physicochemistry  to  all  of  these.  Advances  in  the  scientific  aspects  of  medicine 
must,  for  the  immediate  future,  come  largely  from  a  more  intimate  correlation  of 
its  fundamental  studies  with  the  fundamental  data  of  universal  science.  This,  the 
present  work  could  not  hope  to  do ;  it  can  only  point  to  the  necessity  of  such  corre- 
lation, and  illustrate  by  pertinent  examples  the  usefulnes  of  the  method. 

Pharmacy  is  too  much  neglected  by  medical  men  and  medical  schools.  It  has 
been  thought  well  to  include  in  Part  I  of  this  ])Ook  certain  pharmaceutic  material, 
the  basis  of  which  was  kindly  prepared  by  Dr.  Joseph  W.  England,  to  whom  the 
authors  are  indebted  not  for  this  alone,  but  for  many  useful  suggestions,  especially 
as  concerns  materia  medica,  and  methods  of  administration. 

The  authors  acknowledge,  further,  the  kind  assistance  of  Professor  John  ITri 
Lloyd,  of  Professor  E.  Fullerton  Cook,  of  Dr.  Wilson  G.  Wood,  of  Dr.  R.  Max  Goepp, 
of  Dr.  Alfred  Heineberg,  of  Dr.  Howard  F.  Hansell,  of  Dr.  A.  Strauss,  of  Dr. 
Thomas  C.  Stellwagen,  of  Dr.  Harold  L.  Goldburgh,  of  Dr.  ]\Iyer  Solis-Cohen,  and 
of  other  friends  who  have  been  consulted  on  special  points  in  pharmacy  or  thera- 
peutics, or  who  have  assisted  in  the  collection  of  data  of  various  kinds. 

Thanks  for  valuable  assistance  in  the  preparation  of  the  manuscript  for  the 
press  are  also  owing  to  Dr.  Lecky  H.  Russell. 

A  tribute  must  likewise  be  paid  to  the  memory  of  Dr.  J.  R.  Broome,  formerly 
head  of  the  Medical  Department  of  D.  Appleton  and  Company,  at  whose  solicita- 
tion the  work  was  undertaken,  and  without  whose  encouragement  and  friendly  ad- 
vice it  could  not  have  been  brought  to  a  conclusion. 

Finally,  the  authors  acknowledge  iiidebtedness  to  all  observers,  ancient  or 
modern,  whose  writings  on  pharmacology  or  therapeutics,  on  principles  or  practice, 
have  come  to  their  attention. 

Solomon  SoLis-ConEN 
Thomas  Stotesbury  Githens 
Philadelphia 
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PHARMACOTHERAPEUTICS 

CHAPTER  I 
OBJECT  AND  SCOPK  OF  PHARMACOTHERAPEUTICS 

Field  Outlined — Sources  of  Knowledge — Classes  of  Indications — ^Therapeutic  Plans — Sum- 
mary— Correlation  of  Indications  and  Sources — Definitions. 

This  book  treats  of  certain  means  by  which  physicians  may  help  the  sick,  and 
the  principles  that  should  govern  the  use  thereof.  These  means — a  number  of 
substances  of  mineral,  vegetable  and  animal  origin,  known  as  drugs,  whose  dynamic 
contact  with  the  animal  body  modifies  in  special  ways  its  tissues  and  functions — 
are  collectively  termed  the  maierial  of  medicine;  in  Latin,  materia  m^edica.^  Their 
utilization  and  its  guiding  princi])les  constitute  an  im})ortant  i)art  of  the  art  and 
science  of  the  treatment  of  the  sick,  technically  designated,  as  a  whole,  by  a  term 
from  the  Greek,  therapeutics.  While  we  are  here  chiefly  concerned  with  pharmaco- 
therapeutics  or  drug  therapy,  the  general  principles  to  be  discussed  apply  through- 
out the  whole  domain  of  therapeutic  practice. 

Our  viewpoint  is  that  of  the  practice  of  medicine;  the  agents  of  the  materia 
raedica  and  the  principles  of  therapeutics  being  alike  studied  for  the  sake  of  their 
practical  applications.  The  scope  of  our  inquiry  thus  not  only  includes,  but  exceeds, 
that  of  pharmacology,  which  science  studies  drugs  and  their  powers  without 
respect  to  their  utilization. 

On  the  other  hand,  both  in  its  descriptive  work  (pharmacognosy)  and  in  its 
experimental  investigations  concerning  the  influence  of  drugs  upon  the  living 
organism  (pharmacod3niamics),  pure  pharmacology  frequently  enters  into  greater 
detail  than  is  necessary  for  our  purpose.  We  are  to  take  its  results,  compare  them 
with  clinical  observations  as  to  the  influence  of  drugs  upon  the  healthy  and  upon  the 
sick,  and  from  the  data  of  laboratory  and  bedside  thus  correlated,  obtain  indications 
for  the  rational  use  of  medicaments  under  the  conditions  of  practice. 

Somewhat  similar  is  the  relation  that  our  studies  hold  with  pharmacy.  De- 
tails may  be  left  to  others,  but  we  must  know  the  major  facts  and  cardinal  prin- 
ciples, while  beyond  the  knowledge  required  of  the  pharmacist  we  have  to  learn 
how  best  to  prepare,  associate  and  administer  drugs  to  meet  the  necessities  of 
treatment  in  a  particular  case  of  disease,  with  due  regard  to  the  individual  pecu- 
liarities of  the  patient  and  to  the  special  circumstances  of  his  environment. 

The  study  of  materia  medica  j)resupposes  a  working  knowledge  of  physics 
and  chemistry;  the  study  of  pharmacodynamics  demands  a  knowledge  of 
physiology    as   well.      The   study    of    therapeutics    requires,    in   addition    to    all 

^  Since  this  work  is  one  concerning  drugs,  we  shall,  for  the  most  part,  conform 
to  the  usage  that  restricts  the  term  materia  viedica  to  these  agents.  We  favor,  how- 
ever, and  occasionally  employ  a  wider  application  of  the  term. 
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these,  a  knowledge  of  the  causation  of  disease  {etiology)  ;  of  the  alterations  in 
tissue  and  function  that  mark  the  origin  and  progress  of  disease  {pathology)  ; 
of  the  means  of  recognizing  the  existence  of  disease  and  of  discriminating  among 
its  forms  {symptomatology  and  diagnosis)  ;  as  well  as  of  the  factors  upon  which 
one  may  base  a  prediction  of  the  probable  course  and  termination  of  the  special 
case  of  disease  under  observation  or  treatment  {prognosis). 

To  understand  and  utilize  the  data  of  pharmacodynamics,  as  well  as  to  obtain 
a  clear  view  of  the  relations  of  therapeutics  with  etiology  and  pathology,  it  is 
necessary  to  know  at  least  the  elementary  facts  and  principles  of  general  biology. 
This  science  studies  living  things — organisms  in  general,  their  development,  their 
characteristics,  their  relations  with  the  environment,  and,  especially,  their  adjust- 
ments and  adaptations. 

The  subject  of  therapeutic  study  is  a  particular  form  of  living  organism,  the 
human  being — especially  the  changes  that  the  human  organism  undergoes,  physi- 
cally and  mentally,  under  influences  of  a  certain  order,  both  initially  and  in  its 
reactive  adjustment.  These  influences  are,  on  the  one  hand,  those  that  induce 
disease;  on  the  other  hand,  those  that  may  assist  the  evolution  of  disease  into 
completed  recovery. 

Disease  is  initially  a  condition  of  derangement;  recovery  is  a  consequent 
and  concomitant  process  of  restoration,  but  the  two  cannot  be  separated.  De- 
rangement and  restoration  are  both  manifested  by  disturbances ;  the  commingled 
disturbances  forming,  in  effect,  one  continuous  and,  in  a  sense,  integrated  series  of 
phenomena. 

Disease  may  arise  through  internal  failure,  through  the  action  of  external 
influences,  or  through  both.  Eecovery  can  occur  only  through  internal  reactions; 
but  it  may  be  aided  or  hindered  by  agents  and  forces  from  without. 

That  which  is  deranged  in  disease  and  restored  in  complete  recovery  is  the 
vital  harmony,  or,  as  it  is  sometimes  termed,  the  physiologic  balance.  This  vital 
or  physiologic  balance — which  may  be  described,  in  imitation  of  Herbert  Spencer, 
as  the  continuous  adjustment  of  internal  relations  to  one  another — constitutes 
health.  It  depends  upon  {a)  the  equilibrium  of  the  organism  as  a  ivhole  with  its 
environment,  and  (&)  the  harmony  of  the  parts  of  the  organism  with  one  another. 
It  is  not  a  passive,  or  static,  but  an  active,  dynamic  condition.  The  ability  to 
restore  and  to  maintain  it  depends  upon  the  exercise  of  certain  powers  manifested 
only  by  living  substance.  Its  susceptibility  to  derangement  and  the  character  of 
the  disturbances,  destructive  and  restorative,  that  it  undergoes  in  consequence, 
are  likewise  dependent  upon  the  properties  of  living  substance.  In  other  words, 
health,  disease  and  recovery  are  special  phenomena  of  life. 

Now,  life  is  a  condition  of  ceaseless  activity.  Never — in  equilibrium  or  in 
disturbance,  in  derangement  or  in  restoration — is  a  living  organism  passive.  Pas- 
sivity is  death.  In  disease,  there  is  struggle — vital  reaction  against  disorganizing 
factors.  In  death,  environmental  factors  are  unopposed  by  vital  reaction  and, 
under  their  influence,  the  body  disintegrates. 

Death  comes  naturally  to  all  mankind  as  the  result  of  cell  changes  that  begin 
soon  after  birth.  These  senescent  modifications  of  the  tissue  elements  are,  under 
normal  conditions,  long  overbalanced  by  the  changes  of  growth,  development  and 
repair.  For  another  long  period,  the  forces  of  decay  and  reconstruction  are 
approximately  equal.  Later,  the  ability  to  "adjust  internal  relations  to  external 
relations" — that  fundamental  adaptability  which  definitely  characterizes,  if  it  does 
not  constitute,  life — gradually  diminishes;  and  when  this  is  finally  lost,  after  a  period 
of  something  more  or  less  than  a  hundred  years,  the  individual  dies.     Death  may 
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come  abnormally  through  premature  senescence,  through  sudden  disruption  of  the 
vital  balance,  or  through  derangement  beyond  the  power  of  the  organic  readjust- 
ments to  overcome. 

It  is  obvious  that  tlie  ])hysician  can  better  aid  the  human  organism  to  pre- 
serve health,  resist  disorder,  complete  its  recovery  and  escape  premature  death,  if 
he  accustom  himself  to  view  the  facts  of  medical  observation  broadly,  in  relation 
to  the  phenomena  and  laws  of  life  in  general. 

Sucli  a  comprehensive  view  is  especially  necessary  in  forming  the  therapeutic 
diagnosis.  This  is  perhaps  the  most  dillicult  part  of  the  art  of  medicine,  as  it 
is  the  consummate  expression  of  the  ])hysician's  skill.  It  is  based  upon  careful 
analysis  of  all  the  phenomena  i)resented  in  an  individual  case  of  disease,  witli  a 
view  to  determining  two  main  facts.  These  are:  (1)  Whether  restoration  may 
safely  be  entrusted  to  nature — in  other  words,  to  the  unaided  powers  of  the  organ- 
ism— or  whether  the  necessity  exists  to  intervene  with  the  resources  of  art.  (2)  If 
intervention  be  decided  upon,  for  what  particular  purpose  it  shall  be  undertaken, 
and  by  what  means  that  purpose  may  best  be  fulfilled. 

Among  the  means  available  are  material  agents,  physical  forces  and  mental 
or  emotional  (psychic)  infuences — that  is  to  say,  anything  or  any  measure  that 
can  alter  the  condition  of  the  tissues  or  fluids  of  the  body,  modify  the  performance 
of  its  functions,  or  change  its  environm.enta.1  relations.  The  factors  governing  the 
choice  of  remedial  agencies,  and,  more  especially,  those  that  determine  the  selec- 
tion of  drugs,  are  discussed  fully  in  succeeding  chapters. 

Here,  however,  it  may  be  pointed  out  at  the  very  beginning  of  our  studies, 
to  be  kept  constantly  in  mind  as  a  qualification  of  any  statement  made,  that  the 
changes  occurring  in  living  organisms  under  the  influence  of  drugs  are  disturbances 
of  the  normal  order,  and,  therein,  are  akin  to  disease.  In  an  organism  struggling 
against  derangement,  drug  disturbances  may,  indeed,  assist  recovery;  but  they 
may  also  hinder,  or  even  prevent  it.  They  must  not  be  induced  without  good 
reason.  With  good  reason  for  their  induction,  however,  they  are  not  to  be  feared, 
but  welcomed. 

Therapeutic  study  considers  also  medicinal  influences  of  still  another  order 
which  do  not  modify  the  human  body  itself,  either  structurally  or  functionally, 
but  change  its  environment.  The  environmental  changes  may  concern  the  organ- 
ism as  a  whole  or  any  of  its  parts  and  hence  they  may  be  spoken  of  broadly  as 
external  and  internal. 

The  chief  measures  of  this  group  are:  (1)  The  mechanical  protection  of 
injured  and  inflamed  tissues  by  exclusion  of  irritating  and  destructive  contacts, 
and  by  provision  of  the  i)hysical  conditions  necessary  to  comfort  and  repair;  (2)  the 
removal,  inhibition  and  destruction  of  pathogenic  microbes  and  parasites;  (3)  the 
utilization  of  antidotes  to  poisons  and  to  the  toxic  products  of  pathogenic  organ- 
isms and  of  diseased  tissues. 

Many  of  the  agents  thus  employed,  especially  those  acting  as  antiseptics, 
untitoxics  and  parasiticides,  have  also  other  important  pharmacodynamic  influences, 
and  are,  therefore,  studied  in  several  connections. 

In  addition,  these  measures  as  a  whole  form,  as  it  were,  a  transitional  group 
between  pharmacotherajiy  and  physiologic  therapeutics  (or  pthysiotherapij) .  the 
latter  term  being  applied  collectively  to  those  methods  which  utilize  all  the  physical 
and  mental  forces  of  the  environment  as  the  agencies  of  treatment. 

Disease — the  struggle  between  the  forces  that  tend  to  preserve  the  order  and 
harmony  of  organic  life  and  forces  that  tend  to  disturb  and  disrupt  that  order 
and  harmony — is  manifested  in  human  beings  in  a  variety  of  forms.    The  special 
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form  assumed  in  any  instance  is  dependent  in  part  upon  the  character  and  intensity 
of  the  disturbing  (pathogenetic,  morbific  or  disease-provoking)  factors,  and  in 
part  upon  the  character  and  intensity  of  the  defensive  and  restorative  processes. 

Chief  among  the  disturbing"  forces  are  those  external  or  environmental  factors 
that  are  commonly  termed  the  exciting  aiuses  of  disease — as  heat,  cold,  mechanical 
violence,  chemical  agents,  injurious  living  organisms  (animal  parasites,  bacteria, 
etc.) — to  each  of  which  the  animal  body  reacts  in  a  special  manner. 

The  restorative  forces  are  internal,  being  the  innate  factors  of  vital  adjust- 
ment and  adaptation. 

The  borderland  is  occupied  by  personal  conditions,  permanent  or  transient, 
as  age,  sex,  relative  vigor,  constitution  (diathesis,  racial  or  individual  peculiari- 
ties), fatigue,  emotion,^  habits  of  life,  etc.  When  considered  as  morbific  factors, 
these  are  commonly  termed  predisposing  causes  and  may  be  said,  according  to  the 
special  viewpoint,  to  favor  the  action  of  exciting  causes,  or  to  diminish  the  resist- 
ance of  the  individual.  Considered  as  defensive  factors  they  may  be  said  to 
hinder  the  action  of  exciting  causes,  or  to  heighten  the  resistance  of  the  individual. 
Such  personal  factors  must  always  be  taken  into  account  in  the  consideration  of 
treatment.  Failures  and  anomalies  of  development  are  sometimes  predisposing 
factors,  sometimes  factors  in  originating  disease,  and  sometimes  they  constitute 
in  themselves  the  departure  from  health  that  calls  for  the  physician's  aid  to  main- 
tain life  or  comfort. 

For  reasons  set  forth  later,  the  forms  of  disease  are,  in  this  work,  termed,  in 
general,  ailments,  and  are  divided  for  purposes  of  discussion  into  disorders,  7naladies 
and  affections.  Infirmities  and  deformities,  congenital  or  acquired,  receive  collateral 
consideration. 

Some  ailments  are  trifling,  others  serious;  some  involve  danger  to  life,  or  the 
possibility  of  permanent  damage  to  the  organism,  others  are  free,  or  relatively 
free  from  such  dangers;  some  tend  to  spontaneous  recovery,  others  exhibit  no 
such  tendency;  some  run  a  rapid  course,  others  are  more  prolonged,  still  others 
may  persist  indefinitely ;  some  are  attended  with  much  pain  and  distress,  in  others 
there  is  but  slight  discomfort.  Mutatis  mutandis — similar  differences  exist  among 
infirmities  and  deformities. 

It  is  evident  that  the  necessity  for  therapeutic  aid  cannot  be  the  same  under 
all  these  differing  conditions.  In  some  instances  much,  in  others  little,  in  others 
none,  is  called  for. 

The  general  objects  of  such  aid,  when  needed,  are,  in  the  order  of  impor- 
tance: (1)  To  save  or  prolong  life;  (3)  to  avert  or  correct  disablement;  (3)  to 
hasten  and  assure  recovery;  (4)  to  relieve  or  mitigate  suffering.  The  special 
objects  of  treatment,  however,  will  differ  both  in  respect  to  special  ailments  and 
in  respect  to  individual  patients,  and  are  to  be  studied  accordingly. 

Assuming,  in  a  given  case,  that  the  physician  has  made  a  correct  and  com- 
plete diagnosis — clinical,  anatomic,  pathologic  and  etiologic — of  the  morbid  con- 
ditions present,  the  next  step  is  the  therapeutic  diagnosis.  He  has  now  to  determine 
whether  or  not  his  help  is  needed,  and,  if  needed,  in  what  respects;  in  other  words, 
whether  or  not  treatment  is  indicated,  and,  if  so,  what  are  to  be  its  general  and 
special  purposes. 

To  these  purposes,  as  well  as  to  the  clinical,  pathologic  or  etiologic  factors 

*  Emotion  has  a  double  etiologic  significance — it  may  predispose  to  certain  forms 
of  disease,  or  it  may  be  the  first  element  in  a  train  of  disturbances.  In  the  latter 
case,  the  actual  exciting  cause  would  be  the  thing  or  event  that  aroused  the  pathogenic 
emotion. 
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indicating  them,  the  term  therapeidic  indications   (or  indications  for  treatment) 
is  applied. 

Thus,  prolonged  wakefulness  in  typhoid  fever  or  pneumonia  may  be  so 
distressing  or  exhausting  as  to  necessitate  the  administration  of  an  opiate.  Either 
the  symptom  (sleeplessness)  or  the  physician's  purpose  (the  induction  of  rest) 
may  be  spoken  of  as  the  "indication"  for  the  drug. 

Tetanus  is  to  be  prevented  by  the  timely  use  of  a  serum.  The  "indication"  for 
such  treatment  may  be  stated  as  a  certain  form  of  trauma,  or  as  a  probable  or  demon- 
strated infection,  or,  in  terms  of  purpose,  as  the  neutralization  of  the  tetanus  toxin. 

The  indications  for  treatment  having  been  established,  they  are,  from  the 
viewpoint  of  conditiaiis,  to  be  "met" ;  from  the  viewpoint  of  purposes,  to  be  "ful- 
filled." Suitable  means  must  therefore  be  found,  if  possible.  This  is  the  con- 
summation of  the  therapeutic  diagnosis.  The  wider  one's  acquaintance  with  the 
properties  and  powers  for  good  and  for  evil  of  the  agents  and  measures — ponderable 
and  imponderable — of  the  materia  medica/  the  more  readily  and  more  surely 
will  that  consummation  be  attained.  Any  agent  or  measure  that  will  accomplish 
the  special  object  in  view  is  said  to  be  indicated  under  the  condition,  or  for  the 
purpose,  stated. 

Thus,  laryngotracheal  obstruction  in  diphtheria  may  threaten  death  by  suffocation; 
the  physician's  object  is  to  avert  this  danger.  Intubation  or  tracheotomy  is  "indicated" 
to  meet  the  pathologic  condition  present  (accumulation  of  pseudomembranes)  or,  in 
terms  of  purpose,  to  fulfill  (accomplish)  the  restoration  of  breathing  capacity. 

In  certain  cases  of  spasmodic  asthma,  the  paroxysm  can  be  relieved  temporarily 
by  the  hypodermic  injection  of  epinephrine.  The  asthmatic  paroxysm  is  therefore  listed 
among  the  "indications"  for,  or  of,  epinephrine. 

Both  the  study  of  materia  medica  and  the  study  of  therapeutics  may,  therefore, 
be  described  as  searches  for  indications:  the  former  on  the  side  of  remedies,  the 
latter  on  the  side  of  ailments  and  patients.  With  this  naturally  goes  a  study  of 
contraindications — by  which  is  meant  the  occurrences,  measures  and  agents  to 
he  avoided  in  certain  morbid  conditions  or  with  certain  individuals ;  and  the 
circumstances  under  which  agents  and  measures,  otherwise  of  benefit,  may  prove 
harmful. 

Sources  of  Knowledge 

We  learn  the  indications  and  contraindications  of  a  remedy  by  observing  its 
properties  and  powers.  We  study  its  physical  and  chemical  constitution  and 
relations,  and  the  effects  that  follow  its  contact  with  living  substance  of  various 
orders  under  all  ascertainable  conditions — in  human  beings,  young  and  old,  sick 
and  well;  in  animals  and  plants;  in  microscopic  organisms;  if  possible,  in  the 
isolated   organs,   tissues  and   even   cells. 

The  sources  of  therapeutic  knowledge  are  thus  fourfold.  Some  facts  are 
observed  at  the  bedside,  others  in  the  laboratory;  and  in  both  instances,  the  data 
obtained  fall  into  two  categories:  descriptive,  i.e.,  records  of  phenomena  occurring 
without  the  obsen^er's  intervention,  and  experimental,  i.e.,  records  of  the  phe- 
nomena resulting  from  something  that  the  observer  has  done. 

Bedside  data  are  derived  from  the  researches  and  experiences  of  genera- 
tions of  physicians,  enlarged  and  corrected  by  the  observer's  own  experience  and 

'Here,  as  indicated  in  the  text,  we  use  the  term  in  its  broad  sense  to  include  not 
only  drugs,  but  all  substances  and  forces  that  may  be  used  to  oppose  pathogenic  factors 
and  destructive  processes,  and  to  assist  defensive  and  restorative  processes. 
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that  of  his  contemporaries.  They  concern  the  influence  of  the  remedy  upon  the 
causes  and  processes  of  disease  and  upon  the  tissues  and  functions  of  sick  persons. 

Laboratory  data  are  established  by  observations  made  under  conditions 
chosen  by  the  investigator  and  with  the  aid  of  instruments  of  precision.  They 
concern:  (a)  The  influence  of  the  remedy  upon  the  external  causes  of  disease; 
(&)  its  influence  upon  the  tissues  and  functions  of  healthy  men  and  animals;  (c) 
its  influence  upon  the  tissues  and  functions  of  animals,  the  subjects  of  intentionally 
produced  disease;  (d)  its  influence  upon  the  course  and  results  of  morbid  proc- 
esses, however  originated,  in  man  and  animals;  and  (e)  special  phases  of  its 
influence  not  included  in  the  foregoing  categories,  as  upon  plants,  isolated  cells,  etc. 
The  knowledge  thus  obtained  from  bedside  data  and  laboratory  studies  is 
general.  When  it  comes  to  be  applied  in  a  special  instance — that  is  to  say,  in  the 
treatment  of  an  individual  patient — the  personal  factors  modifying  the  individual's 
reactions  to  medicaments  in  general,  or  to  particular  agents  or  methods  of  admin- 
istration, must  be  considered.  They  are  of  the  same  general  order  as  those  which 
modify  the  action  of  pathogenetic  causes. 

We  learn  the  indications  and  contraindications  of  an  ailment  by  a  study  of 
its  course  and  tendencies  (a)  when  not  interfered  with,  and  (&)  when  modified 
by  treatment. 

The  data  for  such  study  are  derived  from  clmical  observation,  from  the  revela- 
tions of  necropsies,  and  from  the  results  of  experimentation. 

Clinical  data  include  those  of  the  laboratory,  as  well  as  those  of  the  siclc  room. 
They  embrace  all  the  phenomena  by  which  disease  discloses  its  presence,  its  char- 
acter and  its  course.  They  may  be  subjective  or  objective;  obtained  by  inquiry  or 
by  examination;  obvious  to  the  senses,  elicited  by  instrumental  aid,  or  revealed 
by  the  microscope,  by  chemical  or  spectroscopic  analysis,  by  bacterial  culture,  by 
Koentgen  ray,  or  by  other  special  devices  and  exact  methods.  They  exhibit  in 
greater  or  lesser  extent  the  factors  of  the  struggle  and  the  processes  of  life. 

Post  mortem  data  include  those  of  general  inspection — that  is  to  say,  the 
facts  apparent  to  the  unaided  senses  concerning  the  appearance  of  the  body  as  a 
whole,  and  the  size,  shape,  position,  color  and  other  qualities  and  relations  of  its 
various  parts,  losses  of  substance,  the  presence  of  foreign  bodies,  of  abnormal 
growths  and  collections  of  fluid  and  the  like — and  those  obtained  by  special  study 
of  the  organs,  tissues  and  fluids,  macroscopically,  microscopically,  bacteriologically, 
chemically  and  in  other  ways  of  research.  They  tend  to  clarify,  correct  and  supple- 
ment our  knowledge  of  the  factors  of  the  struggle  and  of  the  life  processes;  but 
what  they  chiefly  exhibit,  and  especially  in  the  domains  of  morbid  anatomy  and 
pathological  chemistry,  are  the  processes  and  results  of  death.  They  show  termina- 
tions rather  than  beginnings;  failures,  rather  than  successes,  of  the  restorative 
reactions ;  yet  sometimes  they  do  exhibit  attempts  at  healing,  spontaneous  or  induced. 
Interpreted  wisely  their  lessons  are  most  valuable;  but  one-sided  interpretation 
gave  rise  to  "therapeutic  nihilism" — a  medical  fatalism,  the  harmful  influence  of 
which  is  not  yet  overcome. 

Thus,  for  example,  observation  of  the  extensive  alteration  and  destruction  of  lung 
tissue  in  fatal  cases  of  pulmonary  tuberculosis  led  to  the  false  opinion  that  such  changes 
could  not  be  checked  or  prevented.  Yet,  at  the  same  time,  parallel  observations  of  the 
presence  of  healed  tuberculous  lesions  in  more  than  90  per  cent,  of  cadavers  taken  at 
random  were  demonstrating  most  clearly,  to  those  willing  to  use  both  eyes,  that  the 
issue  of  the  struggle,  if  predetermined,  was  determined  in  favor  of  the  man,  not  of  the 
microbe. 

The  anatomic  and  other  revelations  of  the  dead  house,  therefore,  are  of 
therapeutic  importance  in  two  ways.     They  tell  us  what  morbid  changes  are  in 
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progress  in  given  ailments,  and  what  are  the  dangers  to  be  apprehended  therefrom ; 
but  they  also  throw  liglit  upon  certain  processes  of  natural  defense  and  correc- 
tion, which  should  receive  an  equal  emphasis. 

Experimental  data  show  what  processes,  destructive  and  reconstructive,  occur 
in  certain  plants  and  animals,  or  certain  organs  and  tissues,  under  conditions 
determined  by  the  experimenter  and  in  so  far  as  the  experimenter's  methods  of 
examination  are  competent  to  reveal.  A  notable  instance  of  the  experimental 
study  of  the  recuperative  processes  is  the  work  of  Alexis  Carrel  upon  the  healing 
of  wounds. 

Experimental  studies  of  the  indications  of  ailments  frequently  overlap  similar 
studies  of  the  indications  of  remedies;  as  when  the  observations  are  directed,  for 
example,  to  natural  or  artificial  methods  of  inducing  immunity,  or  of  destroying 
or  neutralizing  infective  agents  or  their  toxic  products.  A  notable  example  of 
such  studies  is  found  in  the  work  of  George  D.  Heist  on  the  specific  bactericidal 
action  of  whole,  coagulable  blood  in  its  relation  to  native  or  induced  immunity 
in  animals  and  in  man.  Such  data  will  frequently  be  drawn  upon  in  our  studies 
of  antiseptic  remedies,  and  of  the  agents  of  biologic  defense. 

Classes  of  Indications 

For  convenience  in  discussion,  therapeutic  indications  and  contraindications 
are  divisible,  with  some  overlapping,  into  four  classes:  (1)  Etiologic;  (2)  patho- 
logic, {a)  structural,  (6)  functional;  (3)  symptomatic;  (4)  prognostic  or  general. 

Etiologic  indications  are  derived  from  a  study  of  the  causation  of  disease. 
They  are  fill  filled  by  agents  that  combat  morbific  causes,  or  that  incite,  favor  or 
supplement  the  natural  defensive  reactions.  Etiologic  oontraindications  prohibit 
the  use  of  agents  that  favor  the  action  of  morbific  causes  or  interfere  with  the 
natural  defenses  of  the  organism.  Examples  of  treatment  based  on  etiologic  indi- 
cations are  the  use  of  quinine  in  malaria,  of  mercury  and  arsphenamine  in  syphilis, 
of  bacterines  and  serums  in  various  infections. 

Pathologic  indications  are  derived  from  a  study  of  the  alterations  of  tissue 
and  disturbances  of  function  that  take  place  in  disease.  This  includes  not  only 
the  processes  and  results  of  derangement,  but  also,  and  importantly,  the  processes 
and  results  of  natural  restoration  and  correction. 

There  is  thus  a  borderland,  not  sharply  defined,  in  which  etiologic  and  pathologic 
indications  overlap;  and  this  is  peculiarly  the  case  in  regard  to  infections.  Immunizing 
methods,  especially,  might  by  some  teachers  be  considered  to  fulfill  pathologic  indica- 
tions. It  has  seemed  more  in  consonance  with  our  general  plan,  however,  to  take 
them  up  as  measures  of  causal   therapy. 

Pathologic  indications  are,  to  a  certain  extent,  separable  into  those  derived 
from  anatomy  (structural)  and  those  derived  from  physiology  (functional).  They 
are  fulfilled  by  agents  that  oppose,  correct  or  counteract  morbid  changes  (struc- 
tural or  functional)  and  their  results;  or  that  incite,  favor,  supplement  or  control 
restorative  and  corrective  reactions.  Examples  of  treatment  based  on  pathologic 
indications  are  the  use  of  iron  in  various  forms  of  secondary  anemia,  of  digitalis 
in  mitral  regurgitation,  of  alkalis  in  gastric  and  duodenal  ulcers,  of  blood-letting 
in  pulmonary  edema;  and  nearly  all  surgical  operations.  Pathologic  contraindica- 
tions prohibit  the  use  of  agents  or  measures  that  will  intensify  the  morbid  processes 
or  interfere  with  the  development  of  necessary  recuperative  reactions. 

Symptomatic  indications  are  afforded  by  special  manifestations  of  func- 
tional derangement,  without  regard  to  causes,  proximate   mechanisms,   or  asso- 
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ciated  tissue  changes.    They  are  fulfilled  by  agents  that  will  antagonize,  overcome, 
or  correct  such  derangements  and  which  are  not  otherwise  contraindicated. 

Symptomatic  contraindications  prohibit  the  use  of  agents,  otherwise  in- 
dicated, that  might  increase  the  intensity  of  dangerous  or  otherwise  distressing 
symptoms  or  groups  of  symptoms,  or  introduce  new  or  untoward  disturoances. 
Examples  of  treatment  based  on  symptomatic  indications  are  the  use  of  cold 
baths  to  reduce  hyperpyrexia ;  of  opiates  to  relieve  pain ;  of  chloral  to  induce  sleep ; 
of  bromides  to  relieve  nervous  irritability. 

The  latter  measure,  however,  approaches  a  borderland  between  funcHonal  patho- 
logic indications  and  pure  symptomatic  indications;  a  borderland  in  which  lie  some 
of  our  most  important  therapeutic  expedients — such,  for  example,  as  the  use  of  adrenaline 
or  pituitary  extract  to  raise  blood  pressure  in  pneumonia,  and  that  of  pituitary  extract 
or  eserine  to  prevent  or  overcome  abdominal  distension  (tympanites)  in  various  morbid 
conditions. 

Prognostic  indications  are  deduced  from  knowledge  of  the  natural  history 
of  disease;  in  particular,  from  observation  of  the  usual  course  and  termination 
of  the  particular  ailment  under  consideration — both  when  left  to  itself  and  when 
treated — in  persons  of  like  condition,  under  like  environments.  They  are  termed 
general  because  they  overlap  and  determine  all  others;  and  in  the  detailed  dis- 
cussions of  indications  in  a  later  chapter  they  will  be  taken  up  first  in  order. 

Prognostic  indications  are  not  fulfilled  by  special  measures,  but  by  general 
plans  of  treatment  in  which  special  measures  based  upon  etiologic,  pathologic  and 
symptomatic  indications  and  contraindications — and  sometimes  upon  empiric 
observation  only — find  place.  Broadly  speaking,  they  call  for  control  of  pathologic 
processes  and  distressing  symptoms  that  ordinarily  result  disastrously  or  exhibit 
a  tendency  to  indefinite  continuance;  and  for  non-interference — or  guarded  inter- 
ference limited  to  special  ends — in  processes  that  ordinarily  have  a  definite  course 
and  a  favorable  termination.*    Indications  and  contraindications  are  thus  fused. 

When  the  cause  of  an  ailment  is  hnown  (either  specifically  or  by  type),  is  still 
in  action,  and  can  be  combated  directly,  the  chief  indications  for  treatment  are 
derived  from  etiology  and  such  treatment  is  appropriately  termed  causal  or 
etiologic.  When  feasible,  it  is  the  most  satisfactory  method.^ 

When  the  cause  is  wiTcnown,  or,  if  known,  has  ceased  to  act,  or  cannot  be 
directly  combated,  the  chief  special  indications  are  derived  from  pathology,  with 
secondary  indications  from  symptomatology.  According  to  its  special  aims  and 
methods,  such  treatment  may  be?  termed  radical,  symptomatic  or  palliative. 

Radical  treatment  aims  to  overcome  or  correct  a  definite  morbid  process, 
or  to  remove  or  alter  its  structural  results. 

Symptomatic  treatment  aims  to  oppose  or  correct  symptoms,  or  to  avert 
their  ill  results.  It  is  based  upon  a  consideration  of  functional  mechanisms;  and 
while  it  must  take  into  account  the  morbid  processes  disclosed  and,  so  far  as 
known,  their  causation,  it  bears  no  necessary  relation  to  these  factors. 

Palliative  treatment  seeks  merely  to  promote  the  patient's  comfort,  and  often 

♦When,  however,  etiologic  measures  are  known  and  applicable,  they  may  rationally 
be  used  even  in  ailments  that  are  ordinarily  of  short  and  favorable  course.  One  must, 
nevertheless,  be  sure  of  his  facts.  Some  of  the  claims  now  put  forth  as  to  bacterines 
and  serums,  for  example,  lack,  as  yet,  the  confirmation  so  much  to  be  desired. 

*  Unfortunately,  however,  the  present  state  of  knowledge  gives  us  the  means  to 
fulfill  but  few  etiologic  indications.  We  must,  therefore,  depend  chiefly  upon  those 
derived  from  pathology.  When  pathologic  indications  or  means  to  fulfill  them  are  lack- 
ing, we  are  reduced  to  dependence  upon  symptomatic  indications  and  measures,  or  to 
pure  empiricism. 
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is  independent  of  the  cause  of  the  ailment,  the  mechanism  of  symptoms,  and  even 
the  ultimate  issue  of  the  case.  Palliative  measures  are  perhaps  most  appropriate 
in  inveterate  or  hopeless  cases — e.g.,  the  use  of  morphine  to  prevent  pain  in 
inoperable  cancer.  They  may,  however,  aid  in  prolonging  life,  and,  in  acute  con- 
ditions, especially,  they  frequently  contribute  toward  recovery.  The  line  between 
symptomatic  treatment  and  palliation  is  sometimes  hard  to  draw;  nevertheless  it 
conduces  to  clear  thinking  to  realize  that  there  is  a  distinction. 

Therapeutic  Plans 

Prognosis,  as  we  have  seen,  determines  certain  general  plans  of  management 
into  whicli  the  details  of  treatment  indicated  by  etiology,  patliolog;\%  symptomatol- 
ogy and  empiric  knoM'ledge  are  to  be  litted.  It  is  not  possible  to  erect  a  rigid 
classification  of  these  plans — neither  is  it  desirable.  To  attempt  to  do  so  would 
lead  to  the  serious  error  of  substituting  "system"  or  "dogma"  for  the  unhamf)ered 
exercise  of  reason  in  the  management  of  every  individual  patient. 

In  discussing  prognostic  indications,  we  shall,  to  facilitate  study,  speak 
of  the  plans  of  (1)  expectancy,  (2)  activity,  (3)  special  procedure,  and  (4)  spe- 
cific treatment,^  remembering,  however,  that  such  names  are  mere  memoranda 
of  the  classroom,  and  that  measures  here  separated  in  discussion  may  with  pro- 
priety be  associated  at  the  bedside. 

Expectancy  might  be  defined  as  therapeutic  opportunism.  In  its  pure  form  it 
awaits  events,  and  interferes  only  for  the  needs  of  the  moment.  Armed  expectancy 
or  therapeutic  preparedness  not  only  waits,  but  watches,  especially  for  certain  dan- 
gers, and  is  prepared,  theoretically  at  least,  to  meet  them  should  they  arise.  In- 
stances of  dangers  thus  watchfully  awaited  are  the  intestinal  hemorrhages  of  typhoid 
fever,  the  collapse  that  frequently  attends  the  crisis  of  acute  lobar  pneumonia,  and 
the  pulmonary  edema  of  cardiorenal  affections.  In  meeting  them,  expectancy 
changes  to  a  somewhat  belated  activity.  As  will  be  shown,  however,  in  discussing 
activity,  it  is  much  better,  when  possible,  to  try  to  avert  such  dangers ;  as  by  strict 
diet,  and  the  use  of  a  cold  coil  over  the  abdomen,  in  typhoid  fever;  as  by  the  use 
of  quinine  promptly  and  effectively,  and  the  timely  addition  of  pituitary  extract, 
or  caffeine,  or  digitalis,  in  acute  lobar  pneumonia;  as  by  timely  catharsis,  or  blood- 
letting, and  similar  measures  of  evacuation  or  derivation,  in  cardiorenal  failure. 

Activity  intervenes  promptly  with  some  well  defined  pur])ose — perhaps  to 
avert  a  danger  immediately  threatening,  perhaps  looking  to  the  future  even  more 
than  to  present  conditions ;  as,  for  example,  when  tetanus  antitoxin  is  injected 
despite  the  lack  of  evidence  of  wound  infection;  or,  when  opium  is  given  to  restrain 
peristalsis,  after  intestinal  hemorrhage  in  typhoid. 

Special  procedure  depends  upon  extensive  experience  of  the  benefit  of  a  certain 
systeiiialic  plan  of  activity  in  a  certain  class  of  cases.  In  some  of  iti?  forms,  it  is 
largely,  or  even  purely,  empiric;  in  others  it  may  be  termed  definite  treatment, 
since  it  employs  definite  measures,  definitely  coordinated,  to  effect  definite  ends  in 
definite  ailments.  The  associated  use  of  external  applications  of  cold  water  and 
intestinal  antiseptics  in  typhoid  fever,  and  of  quinine  and  agents  to  support 
cardiovascular  tone  in  acute  lobar  pneumonia,  are  instances  of  the  latter.  Definite 
treatment  thus  forins  a  link  between  special  procedure  and  specific  treatment. 

Specific  treatment"  is  likewise  the  result  of  systematized  experience  of  the 

•These  are,  in  reality,  specialized  forms  of  activity,  but  so  highly  systematized,  as 
to  necessitate  distinct  discussion. 

'"Eclectic"  practitioners  use  the  term  "specific  medication"  in  a  different  sense 
from  that  given  here.    They  term  a  medicine  "specific"  when  it  directly  overcomes  a 
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benefit  of  a  certain  form  of  activity  in  a  certain  ailment.  It  differs  from  special 
procedure  in  being  more  narrowly  limited,  both  in  its  choice  of  measures  and  in  its 
applications,  as  well  as  in  the  specific  relation  hetween  the  illness  and  the  remedy, 
established  through  clinical  experience,  laboratory  study,  or  both. 

Quinine  in  malaria,  salicylates  in  rheumatic  fever,  antitoxin  in  diphtheria,  antibody 
solutions  in  pneumococcic  pneumonia,  ethylhydrocupreine  in  external  pneumococcic 
infections,  mercury  and  arsphenamine  in  syphilis,  and  colchicum  in  acute  gout  are 
representative  specific  remedies.  Most  specifics  are  probably  causal  (antipathogenic) 
in  essence;  but  in  certain  instances — gout,  rheumatism — the  causality  (antipathogenic 
action)   is  not  definitely  established.    The  treatment  is  empiric. 

Therapeutic  indications  and  contraindications  in  general  are  to  be  sought, 
first,  with  regard  to  the  special  form  of  disease  present;  secondly,  with  regard 
to  the  person  by  whom  it  is  manifested. 

A  common  error  is  to  ignore  the  patient  and  think  of  the  ailment  only;  a  less  com- 
mon, but  equally  disastrous,  error  is  to  ignore  the  ailment,  and  think  only  of  the 
patient.  Patient  and  ailment  are,  alike  and  equally,  elements  in  the  therapeutic 
diagnosis. 

Until  such  indications  have  been  definitely  established  there  can  be  no  rational 
choice  of  a  therapeutic  plan.  They  may  be  established  empirically,  or  on  a  basis 
of  accurate  scientific  knowledge,  or  in  some  intermediate  fashion;  but  they  must 
be  definite.  Otherwise,  the  physician  is  committed  to  a  policy,  not  of  rational 
expectancy,  but  of  drifting.  To  drift,  may,  indeed,  be  the  wisest  decision.  In 
the  absence  of  knowledge  it  often  is.  But,  if  the  policy  of  drift  be  adopted,  it 
should  be  adopted  deliberately. 

Whatever  may  be  the  general  therapeutic  plan  decided  on  in  respect  to 
patient  and  ailment,  it  remains  to  find  the  right  measures  for  carrying  the  plan 
into  effect;  in  other  words,  the  indicated  remedies.  Here,  too,  the  individual 
patient  must  be  taken  into  account.  Eace,  occupation,  habits,  environment,  con- 
stitution, previous  disease,  age,  sex,  idiosyncracies,  all  have  their  important  bear- 
ings. Remedies  that  adequately  meet  the  needs  of  a  given  situation  are  not  always 
to  be  found.  Physicians  must  then  do  the  best  they  can  and,  of  necessity,  be  stimu- 
lated to  intelligent  research  toward  the  discovery  of  therapeutic  means  or  measures 
now  lacking. 

Correlation  of  Indications  and  Sources. — Both  as  regards  general  therapeutic 
plan  and  special  remedial  measures,  the  determination  of  the  indications  and 
contraindications  presented  by  the  patient  rests,  in  the  main,  upon  clinical  obser- 
vation. Their  determination  as  to  the  special  ailment  rests,  in  part,  upon  clinical 
knowledge,  but  it  is  most  satisfactory  when  based  upon  the  results  of  laboratory 
studies  as  well.     The  latter  are  in  part  descriptive,  in  part  experimental. 

Etiologic  and  pathologic  indications  are  largely  derived  from  the  laboratory — 
etiologic  data  being  primarily  experimental,  but  in  part  the  result  of  clinical 
observation  (including  epidemiologic  study)  :  pathologic  data  being  both  experi- 
mental and  descriptive. 

Prognostic  and  symptomatic  indications  are  chiefly  clinical  in  origin,  but 
depend  in  some  measure  on  experiment,  both  in  the  laboratory  and  at  the  bedside, 
as  well  as  upon  descriptive  observation. 

This  applies  both  to  the  indications  of  remedies  (which  are  in  part  empirical 
and  in  part  the  result  of  pharmacologic  study),  and  to  the  indications  of  ailments 

certain    symptom,    or    produces    a   certain    functional    result.     What    they    term    specific 
treatment  is  discussed  in  this  work  as  symptoviatic  treatment. 
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(whicK  are,  likewise,  in  part  empirical,  but  in  part  also  the  result  of  post  mortem 
studies  and  of  experiments  in  living  pathology).  Conterning  both  groups  (ailments 
and  remedies),  therefore,  the  sources  of  knowledge  and  the  classes  of  indications 
and  of  data  frequently  overlap.  Such  coincidences  give  us  most  helpful  information, 
and  the  present  elt'ort  of  both  clinicians  and  laboratory  workers  is  to  increase  their 
number. 

The  indications  of  remedies  are  discussed  in  Part  II  in  connection  with  the  agents 
and  classes  of  agents  to  which  they  pertain;  and  in  such  discussion,  both  pharmacologic 
and  clinical  data  receive  consideration. 

Our  further  and  more  detailed  study  of  the  indications  of  ailments  merges  with 
that  of  the  therapeutic  diagnosis  and  of  therapeutic  principles  in  general.  Certain 
fundamental  data  must  first  be  established  (see  Chaps.  II  and  III).  The  therapeutic 
significance  of  certain  of  the  phenomena  of  disease  can  then  be  pointed  out  more  readily. 

Definitions. — Certain  terms  already  used,  and  others  that  we  shall  have 
occasion  to  use  hereafter,  may  now  be  formally  defined. 

Materia  medica  (the  material  of  medicine)  is  commonly  restricted  to  drugs, 
but  broadly  speaking,  includes  all  agents,  whether  things  or  forces,  used,  or 
susceptible  of  use,  as  medicines  or  as  nutrients  for  the  sick;  its  study,  identically 
named,  includes  the  investigation  of  the  sources,  the  properties,  and,  to  a  certain 
extent,  the  poirers  and  uses  of  these  agents. 

A  medicine  is  anything,  except  food,  that  may  be  administered  to  a  sick  person 
for  a  remedial  purpose.  Ordinarily  the  term  is  restricted  to  unorganized  material 
substances  thus  used,  which  are  designated  as  medicaments,  drugs  or  pharmakons. 
Modern  medicine,  however,  has  set  itself  to  utilize,  systematically  and  scientifically, 
forces  as  well  as  things.  Among  the  latter  are  numbered  not  only  drugs  of  mineral 
and  vegetable  origin,  but  also  bacteria  and  their  products,  extracts  of  animal  tissues, 
serums,  air,  water,  etc. ;  among  the  former,  not  only  the  physical  forces  as  heat, 
light,  electricity,^  but  also  mental  influences.  Art.  is  at  last  learning  how  to 
"minister  [to]  a  mind  diseased."  In  short,  the  term  medicine  applies  to  the 
armamentarium  of  the  physician,  and  among  remedial  means  and  measures  ex- 
cludes only  such  as  may  pertain  solely  to  surgery. 

The  exception  made  as  to  foods,  which  are  not  medicines,  but  are  nevertheless 
embraced  in  materia  medica,  needs  a  few  words  of  explanation. 

The  fundamental  characteristics  of  living  substance  (bioplasm)  are  exhibited  alike 
by  single  cells  and  by  the  complex  organism  compounded  and  recompounded  of  many 
cells  and  cell  aggregates.  Basic  is  the  ability  to  reconstitute  itself  through  utilization 
of  energy  liberated  by  its  partial  disintegration,  and  to  obtain  material  therefor  from 
the  world  without. 

Into  the  complexities  and  refinements  of  this  process  of  nutrition — the  general 
function  of  cells — we  shall  not  enter  here.  Suffice  it  to  observe  that  nutrition  (metab- 
olism) exhibits  two  phases:  (a)  Assimilation  (or  anabolism),  wherein  matter  and 
energy  taken  from  the  environment  are  transformed  and  incorporated  into  the  living 
structure;  and  (b)  disassimilation  (or  catabolism),  wherein  matter  and  energy  form- 
ing part  of  the  living  structure  are  transformed  in  the  exercise  of  function,  lose  their 
quality  of  life,  and   are  returned   to  the  exterior.^ 

In  the  energy  and  matter  taken  from  the  environment  to  sustain  life,  a  compre- 

*  The  tendency  of  science  to  view  matter  and  energy  as  one,  that  is,  to  fuse  thing 
and  force  in  the  electron,  need  not  prevent  us  from  emphasizing  an  important  fact  by 
the   phraseology   of   common   use. 

•  The  excretion  of  the  unusable  portions  of  materials  taken  from  the  external 
world  is  not  here  considered,  because  these  never  reach  the  physiological  interior  of  the 
living  organism. 
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hensive  view  must  include  light,^"  heat,  air,  perhaps  electricity,"  and  water.  But  these, 
with  perhaps,  the  exception  of  water,  are  not  commonly  termed  foods.  By  that  term  we 
understand,  as  a  rule,  certain  animal,  vegetable  and  mineral  substances — proteids,  carbo- 
hydrates, fats  and  salts — which  are  taken  into  the  body  by  way  of  the  alimentary  tract; 
and  without  a  regular,  sufficient  and  properly  balanced  supply  of  which,  nutrition  fails 
and  life  ceases. 

Medicaments,  i.e.,  medicinal  substances,  differ  from  foods  in  that,  as  a  rule,  they 
pass  into  and  out  of  the  body  without  becoming,  at  any  time,  a  part  thereof.  They 
are  not  necessary  to  the  constitution  of  bioplasm,  and  they  do  not  add  to  the  store 
of  vital  energies.  In  other  words,  they  are  not  assimilated;  and  their  combinations  and 
associations  with  tissue  elements  are  temporary  and  heterologous.  Foods,  on  the 
contrary,  are  utilized  by  the  organism  in  building  up  its  tissues,  and  they  supply  it, 
either  mediately  or  immediately,  with  the  energy  necessary  to  perform  its  functions. 
They  are  assimilable  and,  in  general,  oxidizahle.  Thus,  whether  they  form  with  the 
cells  and  fluids  of  the  body  permanent  combinations  or  temporary  associations,  such 
combinations  or  associations  are  homologous.  In  fine,  medicaments  influence  or  modify 
the  body  and  are  destroyed  or  eliminated;  foods  are  literally  incorporated  into  the 
organism,  after  being  modified  by  it." 

As  elsewhere  in  nature,  however,  borderlines  are  not  sharply  defined.  Drugs  may 
be  modified  in  the  course  of  their  passage  into,  and  out  of,  the  body.  Some  foods  yield 
energy,  but  take  little  part  in  tissue  building;  others,  ordinarily  tissue  builders,  may, 
under  abnormal  conditions,  be  utilized  as  energy  producers.  Morever,  a  number  of 
substances  ordinarily  classed  as  drugs  may  act  either  as  medicines  or  foods,  according 
to  circumstances.  Such  are,  for  example,  certain  readily  oxidizable  carhon-liydrogen 
compounds — as  alcohol — from  which  energy  may  be  obtained;  and  many  compounds 
containing  what  are  sometimes  called  the  mineral  elements  of  the  body — iron,  calcium, 
phosphates,  etc., — which  not  only  modify  tissue  and  function,  much  after  the  manner 
of  other  drugs,  but  also  can  enter  into  permanent  and  homologous  combination  with 
tissue  cells.  In  certain  conditions — sepsis,  etc. — glucose,  a  food,  acts  remedially,  i.e.,  as 
a  medicine. 

The  role  of  the  vitamins  is  not  yet  clear,  although  their  necessity  to  health  is 
beyond  doubt.  We  may  assume  that  they  modify  the  primal  cell  functions  of  assimila- 
tion and  disassimilation,  and  thus  the  nutrition,  i.e.,  the  composition  of  the  tissues. 
The  fact  that  they  are  stored  up  in  both  animal  and  plant  structures  is  significant  as 
to  their  very  early  evolutionary  appearance;  but  it  does  not  show  whether  they  pre- 
ceded living  substance,  were  among  its  primal  components,  or  are  results  of  its  activities. 
They  may  fairly  be  termed,  however,  "natural"  food-medicines. 

The  hormones,  e.g..  insuline,  adrenaline,  thyroxin,  although  normally  part  of  the  ani- 
mal cell  from  which  they  are  obtained,  act  rather  to  modify  function  or  tissue,  tban  to 
build  structure  or  yield  energy  (though  they  may  liberate  it).  They  are  in  a  class  by 
themselves,  but  are  to  be  studied  as  medicines  rather  than  as  foods. 


**  The  action  of  light  in  preventing  rickets,  as  demonstrated  by  A.  Hess,  of  New  York, 
and  confirmed  the  world  over,  seems  to  be  somewhat  different  from  its  other  therapeutic 
powers,  and  to  ally  it  more  closely  to  those  peculiar  food  factors,  the  vitamins,  especially 
vitamin  A.  Apparently  dietary  deficiencies  leading  to  imperfect  calcification  may  be 
compensated  in  animals  not  exposed  to  sunlight,  by  feeding  cod-liver  oil,  containing  this 
vitamin,  or  by  exposure  to  direct  sunlight  in  the  absence  of  this  vitamin.  Hess  has 
shown  that  exposure  of  certain  foodstuffs  and  chemicals  to  ultraviolet  rays  lends  them 
antirachitic  properties,  which  they  ordinarily  lack.  The  apparent  substitution  of  chem- 
ical by  physical  agencies  has  yet  to  be  explained. 

^We  know  too  little  of  the  effect  of  the  "atmospheric"  electricity  on  the  sick 
and  well.  The  recognition  of  the  approach  of  storms  and  other  meteorologic  changes  by 
"rheumatics,"  by  persons  who  have  suffered  from  "neuritis"  and  "neuralgia,"  and  by 
some  of  those  who  have  received  wounds  or  undergone  amputations,  is  familiar;  and 
is  probably  dependent  on  disturbance  of  the  electric  balance.  The  subject  is  well 
worth  careful  study. 

"  That  is  to  say,  their  substance,  after  undergoing  greater  or  less  molecular  re- 
arrangement, becomes  an  integral  part  of  the  tissues.  For  simplicity,  we  ignore  here 
certain  distinctions  important  in  physiology;  as,  those  between  "circulating  proteid" 
and  "tissue  proteid"  and  between  "stored  glycogen"  on  the  one  hand,  and  "circulating 
dextrose"  on  the  other.  But  the  statements  are  sufficiently  exact  for  our  purpose,  and  the 
references  to  "borderlines"  and  "temporary  associations"  sufficiently  qualify  all  phrase- 
ology. 
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The  interpretation  here  given  to  the  term  materia  7nedica  is  somewhat  wider 
than  has  been  common;  but  tliis  wider  interpretation  expresses  merely  the  progress 
of  the  art  of  medicine  as  reflected  in  its  formally  recognized  material.  While  this 
book  takes  up  under  the  heading  of  materia  mcdica  only  the  study  of  tangible 
medicines  and  their  properties,  we  shall  often  have  occasion  to  allude  to  the  other 
agencies  of  therapeutics;  and  the  student  should  familiarize  himself  with  every 
means,  tangible  or  iuiangible,  physical,  chemical  or  psychic,  by  which  the  human 
body  and  mind  may  helpfully  be  inlluenced  in  the  struggle  against  disintegrative 
forces.^  ^ 

Therapeutics  (GepairevrtKos) ,  the  healing  art,  is  the  art  of  remedial  manage- 
ment of  the  sick.  Its  study  includes  the  investigation  of  the  natural  means  and 
processes  of  defense  and  recovery  in  disease,  as  well  as  the  measures  by  which 
defense  may  be  aided  and  recovery  promoted. 

The  term  "th era peutics,"  like  many  other  technical  terms,  may  be  employed 
in  a  somewhat  elastic  way,  referring  now  to  the  art  of  treatment,  now  to  its  prin- 
ciples, now  to  its  study,  and  sometimes,  more  narrowly,  to  the  uses  made  of  special 
agents  of  materia  medica. 

While  the  definition  here  given  Is  perhaps  better  suited  for  the  student,  we  prefer, 
and  usually  teach,  a  somewhat  broader  conception  of  the  therapeutic  art;  including  among 
its  objects,  the  preservation  as  well  as  the  restoration  of  health.  Ordinarily,  however, 
the  preservation  of  health,  which  includes,  but  is  not  limited  to,  the  prevention  of 
disease,  is  regarded  as  pertaining  to  a  special  study  (or  studies),  hygiene  or  prophylaxis. 
In  this  work  attention  will  necessarily  be  given  in  larger  measure  to  therapeutics  in 
the  more  limited  sense;  but,  we  shall,  nevertheless,  find  frequent  occasion  for  reference 
to  the  principles  and  measures  of  hygiene  and   prophylaxis. 

Certain  therapeutic  methods  have  received  special  designations,  readily  under- 
stood, into  which  the  termination  therapy  enters.  Thus,  the  medicinal  use  of  drugs  is 
termed  pharmacotherapy;  of  physical  forces,  physiotherapy ;  of  air,  aerotherapy:  of 
gases  in  general,  pneumatotherapy ;  of  sunshine,  heliotherapy  or  actinotherapy;  of  light, 
phototherapy;  of  x-rays,  radium  and  the  like,  radiotherapy;  of  electricity,  electro- 
therapy; of  heat,  therm  other  apy;  of  movements  and  pressure,  mechanotherapy;  of 
cold,  psychrotherapy;  of  water,  hydrotherapy;  of  regulated  diet,  dietotherapy ;  of  prep- 
arations of  animal  tissues,  organs  and  secretions,  hormonotherapy,  opotherapy,  endo- 
crinotherapy  or  organotherapy;  of  bacteria  and  their  products,  bacteriotherapy;  of 
antitoxic  and  bacteriolytic  serums,  serotherapy;  of  blood  cells  and  tissue  cells,  cyto- 
therapy;  of  climatic  influences,  elimatotherapy ;  of  mineral  springs,  balneotherapy  and 
crounotherapy ;  and  so  on.  The  applications  of  remedial  measures  in  general,  other 
than  the  use  of  drugs,  are  grouped  as  physiotherapy  or  physiologic  therapeutics. 

The  term  chemotherapy  {xny-tioi.,  eepocirevTiKn )  in  its  literal  meaning  of  treat- 
ment by  chemical  action  would  include  the  whole  field  of  pharmacotherapeutics.  It 
has,  however,  been  given  a  special  and  restricted  signification  by  Ehrlich;  and  since  the 
practical  methods  thus  characterized  are  of  great  importance,  a  brief  explanation  is 
necessary.  The  subject  is  discussed  more  at  length  in  the  chapters  upon  Drug  Influence 
and  upon  Antiseptic  Drugs. 

Living  cells  (bioplasm)  exhibit  toward  certain  substances  of  the  exterior  world 
indifference;  toward  others  special  attractions  or  repulsions  based  presumably  upon 
chemical  constitution  (or  electric  state).  These  attractions  and  repulsions  are  mutual. 
When  considered  with  respect  to  the  cell  they  are  termed  positive  and  negative  chemo- 
tropisms;  when  considered  with  respect  to  the  exterior  agent  they  are  termed  positive 
or  negative  cytotropisms.  The  tropisms  exhibited  by  any  cell  differ  both  in  kind  and 
degree  with  the  particular  substance;  and  those  exhibited  by  any  exterior  substance 
differ  in  kind  and  degree  with  the  particular  cell. 

Certain  substances  are  toa-io — they  injure  or  destroy  the  cells  toward  which  they 
exhibit  positive  tropism.  But  they  are  more  injurious  to  some  cells  than  to  others; 
or,  in  the  presence  of  different  classes  of  cells,  they  may  exhibit  a  greater  (specific  or 


"See  the   senior   author's   f?ystem   of  Physiologic   Therapeutics,   Philadelphia,   1901- 
1905. 
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selective)  tendency  to  unite  with,  or  act  upon,  one  of  the  classes.  Thus,  when  living 
agents  that  provoke  disease  (bacteria,  protozoa,  metazoa,  etc.)  are  present  in  or  on 
the  animal  body,  an  agent  toxic  both  to  the  parasitic  cell  and  to  the  infected  or  infested 
animal  organism,  may  tend  to  attack  both  equally,  or  to  attack  the  parasite  and  spare 
the  host,  or  to  attack  the  host  and  spare  the  parasite. 

Chemotherapeutic  studies  try  to  find  or  construct  agents  that  will  affect  the  path- 
ogens in  much  the  greatest  degree;  in  other  words,  agents  that  possess  high  parasito- 
tropism  and  very  slight  organotropism.  Chemotherapeutic  practice  has  for  its  object  the 
inhibition  or  complete  destruction  of  parasites  exciting  disease,  without  injuring  the 
human  or  animal  host.  Chemotherapy,  therefore,  is  the  treatment  of  persons  infested  or 
infected  hy  living  pathogens,  loith  a  substance  exhihiting  specific  cytotropism  toivard 
the  pathogenic  organism  and  highly  destructive  thereto;  hut  not  toxic  to  the  host  in  the 
form-  and  quantity  used.  The  most  familiar  examples — one  an  ancient,  and  the  other  a 
modern,  instance;  one  originally  accidental  and  empirical,  the  other  purposively  and 
scientifically  designed— are  quinine  in  malaria  and  arsphenamine  in  syphilis. 

The  term  treatment  may  be  employed,  broadly,  as  the  equivalent  of  therapeutics; 
thus,  one  definition  of  the  latter  is  "the  treatment  of  the  sick."  Usually,  it  is  more  or 
less  restricted  in  meaning;  for  example,  to  the  management  of  an  individual  patient, 
whose  treatment  may  include  many  measures,  hygienic,  medicinal  and  even  surgical; 
or  to  the  principles  and  measures  applicable  to  the  remedy  of  a  certain  morbid  condi- 
tion, as  the  treatment  of  tuberculosis  or  of  typhoid  fever;  or  to  a  certain  therapeutic 
method,  expressed  with  greater  or  less  broadness — thus,  expectant  treatment;  causal 
treatment;  symptomatic  treatment;  radical  treatment;  palliative  treatment;  empiric 
treatment;  specific  treatment;  hygienic  treatment;  preventive  treatment;  medicinal 
treatment;  surgical  treatment;  local  treatment;  general  treatment,  etc.;  or  to  the  uses 
of  certain  agents  or  measures,  as  drug  treatment,  water  treatment,  electric  treatment, 
manual  treatment,  etc. 

Drug  treatment  is  also  termed  medication.  We  may  speak  broadly  of  etiologic, 
pathologic,  symptomatic,  palliative,  empiric  or  specific  medication,  etc.;  narrowly  of 
local  and  general  medication;  medication  by  mouth;  hypodermic  and  intravenous  medi- 
cation; alkaloidal  and  galenical  medication;  antiseptic  or  antipyretic  medication,  etc., 
or,  still  more  narrowly,  of  mercurial,  arsenical,  iodic  medication,  etc. 

Sometimes,  following  the  German  and  French  usage,  which  is  based  on  the  meaning 
of  the  Latin  ''euro"  (I  take  care  of),  the  term  cure  is  applied,  in  the  sense  of  treatment, 
to  a  particular  method  or  group  of  methods;  thus,  grape  cure,  open  air  cure,  water  cure, 
hill  cure,  bathing  cure,  nature  cure,  mind  cure,  rest  cure,  mercury  cure,  etc.  The 
word  "course"  more  nearly  expresses  the  idea  in  our  language.  In  everyday  English 
speech,  moreover,  the  word  "cure"  has  a  signification  different  from  this,  and  is  best 
avoided  by  the  physician. 

Pharmacology  {<f>dpnaKov  \6yos,  drug  science)  is  the  study  of  the  substances 
used  or  susceptible  of  use  as  medicines,  and  includes  several  sciences  and  at  least 
two  arts.  Its  more  important  branches  are  (1)  pharmacognosy  {4>apnaKov 
yvuKTLSj  drug  knowledge),  the  study  of  the  sources,  'preparation,  composition,  and 
chemical  and  physical  characteristics  and  reactions  of  drugs;  on  which  is  based 
the  art  of  p/iarmac?/,  and  (2)  pharmacodynamics  {<f}apna.Kov  bvvaiiL%,  drug  power), 
the  study  of  changes  in  the  constitution  and  action  of  living  substance  (organ- 
isms, organs  and  tissues)  occurring  under  the  influence  of  drugs;  or,  more  pre- 
cisely stated  (as  in  Cushny's  formula,  here  modified),  the  changes  that  take 
place  in  living  things,  following  the  incidence  from  without  of  unorganized  sub- 
stances other  than  foods  in  a  state  of  minute  division.  As,  moreover,  drugs  like- 
wise undergo  change  in  contact  with  the  tissues,  pharmacodynamics  must  also 
study  the  absorption,  metamorphosis  (chemical  transformations  and  combinations) 
and  elimination  of  the  agents  with  which  it  deals. 

It  is  thus  a  study  of  biologic  reactions  primarily;  secondarily,  of  interactions 
between  drugs  and  organism.  All  these,  however,  are  commonly  spoken  of  as  the 
"actions"  or  "effects"  of  drugs,  and  so  long  as  we  do  not  forget  the  share  of  the 
organism  in  their  production,  this  method  of  expression  can  well  be  retained  for 
convenience. 
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The  restriction  of  pharmacodynamic  study  to  unorganized  substances  excludes 
microorganisms,  the  influence  of  which  i)ertains  to  pathology  more  particularly;  but  in 
part,  also,  as  we  shall  see  in  the  study  of  bactcrincs  (vaccines)  and  scrums,  to  materia 
medica  in  the  broader  sense.  Here  we  are  again  in  a  borderland,  and  the  limitation  is 
somewhat  arbitrary,  being  one  of  expediency,  rather  than  of  fundamental  principle. 

The  limitation  to  substances  in  a  state  of  minute  division  excludes  purely  mechan- 
ical effects — as  of  a  knife,  needle  or  ligature,  in  which  the  chemical  composition  of  the 
instrument  does  not  directly  influence  its  action. 

The  tendency  among  writers  of  the  German  school,  recently  dominant  in  medi- 
cine, is  to  exclude  pharmacognosy  from  the  scope  of  pharmacology,  and  to  define  the 
latter  much  as  pharmacodynamics  is  here  defined. 

The  art  of  pharniacolherapeutics  is  based  ou  the  correlation  of  pharmacy  and 
pharmacodynamics,  with  etiology,  pathology,  diagnosis  and  prognosis,  in  the  light 
of  clinical  experience. 

Toxicology  {to^lkov  \6yos,  poison  science)  is  that  branch  of  the  general 
study  of  drugs  (of  materia  medica,  pharmacognosy,  pharmacodynamics)  specifically 
relating  to  poisons.  It  includes  the  investigation  of  the  physical  and  chemical 
qualities  of  substances  capable  of  producing  deleterious  effects  within  the  animal 
body;  of  the  effects  characteristic  of  each  substance;  of  the  signs  and  symptoms  Ijy 
which  poisoning  can  be  recognized,  and  the  various  forms  of  poisoning  discrimi- 
nated; and  of  the  remedial  measures  proper  to  be  taken  to  overcome  poisoning  in 
general  and  the  specific  forms  of  poisoning. 

The  treatment  of  poisoning  pertains  likewise  to  therapeutics  and  is  only  arbitrarily 
to  be  distinguished  from  the  treatment  of  disease.  The  basis  of  this  distinction  lies 
in  the  historical  fact  that  the  exciting  causes  of  the  lesions  and  symptoms  of  poisoning 
were  necessarily  known;  while  those  of  disease  were,  until  relatively  recent  times, 
largely  unknown.  "With  progress  in  etiologic  and  pathologic  science,  the  distinction  tends 
to  disappear  as  to  many  maladies.  The  "toxins"  and  "toxemias"  of  current  nomenclature 
sufficiently  evidence  this  fact. 

The  disturbances  of  function  excited  by  poisons  are  termed  intoxication.^* 
Certain  toxic  agents  act  chemically  upon  the  tissues,  destroying  them.  These  are 
termed  irritant  or  corrosive  poisons. 

Recent  disputes  as  to  whether  alcohol  is  a  poison,  a  medicine,  or  a  food,  indicate 
the  lack  of  precise  definition.  Precision  is,  in  fact,  impossible.  Almost  any  substance, 
administered  in  sufficient  quantity,  or  under  given  conditions,  is  capable  of  bringing 
about  disablement  or  death.  Nevertheless,  common  usage  leaves  little  doubt  of  either 
the  popular  or  the  technical  use  of  the  term.  Substances  are  considered  toxic  (i.e., 
poisonous),  when  their  administration  in  comparatively  small  quantities  is  followed  by 
damage  to  the  organism.  Even  here,  however,  the  rule  is  not  absolute.  Hydrocyanic 
acid  is  to  be  classed  among  violent  poisons  because  it  is  lethal  (death  producing)  in 
minute  quantities;  yet  almonds  and  peach  kernels,  which  may  contain  infinitesimal 
traces  of  hydrocyanic  acid,  are  not  usually  spoken  of  as  poisonous.  Purging  and  vomiting, 
or  slowing  of  the  heart,  may  be  deliberately  induced  through  medication  as  remedial 
processes;  or  they  may  be  untoward  and  dangerous  results  of  drug  action.  The  dis- 
tinction between  toxic  and  medicinal  actions  and  agents  thus  appears  to  be  essentially 
quantitative  and  dependent  upon  all  the  factors  present  in  any  given  instance.  Indeed, 
all  poisons  may,  in  sufficiently  small  doses  and  under  appropriate  conditions,  be  utilized 
as  medicines.  Conversely,  all  medicines,  in  sufficiently  large  doses,  or  under  certain 
conditions,  are  toxic.  Some  substances,  of  which  alcohol  is  a  good  example,  may  even 
be  food,  medicine  or  poison,  according  to  (o)  their  quantity,  (5)  the  method  of  their 
administration,  and   (c)   the  state  of  the  organism  at  the  time  of  their  use. 


**The  term   intoxication   may  likewise  be   applied   to   the   disturbances   caused   by 
poisonous  substances  of  endogenous  origin  e.g.,  uremic  intoxication. 
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To  summarize:  Pharmacology,  the  science  of  drugs,  includes  all  knowledge 
gained  by  the  scientific  study  of  medicaments,  and  is  divided  into  pharmacognosy 
and  pharmacodynamics. 

Pharmacognosy,  the  science  of  the  recognition  of  drugs,  is  the  study  of  the 
sources  and  of  the  physical  and  chemical  constitution  and  properties  of  drugs. 

Materia  medica  (in  the  limited  sense)  is  the  material  studied  in  pharma- 
cognosy. 

Pharmacodynamics,  the  science  of  drug  action,  is  the  study  of  the  influence 
of  drugs  on  living  organisms,  normal  and  abnormal. 

Toxicology,  the  science  of  poisons,  is  that  branch  of  pharmacology  or,  more 
narrowlv,  of  pharmacodynamics,  which  deals  with  the  harmful  (poisonous)  actions 
of  drugs,  their  effects,  their  recognition,  and  their  remedy. 

Pharmacotherapeutics  is  the  art  of  employing  drugs  as  remedies. 

Pharmacy  {4>apixaKtLa,  drug  use)  is  the  art  of  preparing,  compounding  and 
dispensing  drugs.  It  is  dependent  upon  as  much  of  pharmacognosy  as  is  necessary 
for  the  recognition  of  the  substances  handled  and  due  acquaintance  with  their  com- 
position and  properties. 

Early  physicians  prepared  and  dispensed  the  medicine  they  employed.  Their  modern 
successor,  having  almost  more  than  he  can  do  to  keep  pace  with  the  advance  in  medi- 
cines, has  come  to  depend  more  and  more  upon  the  knowledge  and  skill  of  the  pro- 
fessional pharmacist,  and  to  regard  pharmacy  as  outside  the  limit  of  his  necessary 
studies.  Pharmaceutical  progress,  moreover,  has  given  active  agents  in  forms  easily 
utilizable,  and  there  is  a  wise  tendency  to  avoid  complex  mixtures.  Nevertheless,  the 
alkaloids,  glucosides  and  synthetics  do  not  exhaust  the  list  of  useful  and  necessary  drugs, 
and  the  occasion  still  arises  to  associate  a  number  of  agents  in  a  single  prescription. 
For  the  latter  purpose,  a  knowledge  of  solubilities,  chemical  reactions,  and  the  like 
is  Indispensable.  Furthermore,  the  practicing  physician  needs  a  general  acquaintance 
with  the  principles  of  pharmacy,  if  only  to  be  able  to  choose  the  best  preparations  of 
drugs  and  to  direct  the  most  suitable  methods  of  administration.  He  should  also  have 
sufficient  working  knowledge  of  pharmaceutical  methods  to  be  able  to  help  himself  in 
an  emergency,  as  well  as  to  permit  him  to  judge  of  the  faithfulness  and  skill  with  which 
his  prescriptions  are  filled.  To  meet  these  needs,  medical  colleges  must  continue  to 
devote  a  sufficient  number  of  hours  to  practical  work  in  pharmacognosy  and  pharmacy. 

Books  of  Pharmaceutic  Standards. — A  pharmacopoeia  {<l>apixaKov  iroLelv,  to 
make  drugs)  is  a  book  of  drug  standards,  compiled  and  issued  under  recognized 
authority,  which  in  European  countries  is  that  of  the  Government.  The  United 
States  Pharmacopoeia  (IJ.  S.  P.)  which  has  received  governmental  recognition  and 
sanction  in  the  "pure  food  and  drugs  acts"  passed  by  the  Congress  of  the  United 
States,  and  by  the  legislatures  of  many  of  the  states,  emanates  from  a  convention 
of  delegates  appointed  by  medical  and  pharmaceutical  colleges  and  societies^  and 
assembling  decennially.  It  fixes  the  names  of  medicines ;  defines  their  composition 
and  sources:  describes  their  physical  and  chemical  characteristics;  prescribes  their 
strength,  purity  and  method  of  preparation;  and  gives  tests  for  their  identification 
and  quality.  The  drugs  and  preparations  "admitted"  to  its  pages  are  termed 
"official."  The  introductory  paragraph  stating  the  strength  or  degree  of  purity 
of  each  chemical  compound  or  preparation  is  termed  its  "rubric."  Authorized 
Spanish  and  Chinese  translations  of  the  TJ,  S.  P.  have  been  issued. 

The  term  officinal  which  means  "to  be  found  in  the  shops"  is  not  synonymous  with 
official  and  should,  in  general,  be  avoided  except  when  a  contrast  is  to  be  drawn. 

The  tenth  decennial  revision  of  the  Pharmacopaia  of  the  Uivited  States  of 
America  (U.  S.  P.  X.)  was  authorized  by  the  Convention  of  1920,  and  prepared 
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by  a  Committee  of  Revision  appointed  l)y  that  convention.  It  became  ofticial  in 
ID'^T).  From  it  the  (lescri]>tioiis  of  all  ollii-ial  medicaments  contained  in  this  work 
are  quoted  in  abstract,  as  indicated  by  the  customaiy  initials,  U.  IS.  1'. 

The  letters  Br.  indicate  the  British  Fharnuicopaiui,  (J.  the  German,  Fr.  the 
Frejich  Boole  of  Standards,  entitled  Codex  Medica-nientarius,  and  commonly  referred 
to  as  the  Codex.  Similar  initials  and  abbreviations  easily  understood,  indicate  the 
other  books  of  standards,  less  frequently  referred  to. 

Unfortunately,  there  are  many  differences  among  the  standards  of  the  various 
countries,  both  as  to  the  official  lists  of  d^ugs,  and  as  to  titles  and  strengths  of 
analogous    preparations. 

The  student  must  be  careful  not  to  apply  the  recommendations  of  British  or  South 
American  or  Continental  writers  concerning  the  official  preparations  of  their  resi)ective 
countries,  to  United  States  preparations  of  similar  name,  without  lirst  ascertaining  the 
exact  composition  and  comparative  strengths  of  the  respective  preparations.  Similarly, 
physicians  of  the  British  Empire,  South  America  and  continental  Europe  must  make 
due  allowances  in  adopting  the  recommendations  of  authors  teaching  in  the  United 
States.  The  necessary  data  for  comparison  and  correction  are  given  in  their  appro- 
priate connections   in  this  volume. 

In  the  latest  editions  of  the  British  Pharviacopnia  and  the  United  States  Phar- 
macopaia  (respectively  1914  and  1925),  a  greater  approach  to  concordance  has  been 
made  than  in  former  issues;  and  it  is  to  be  hoped  that  ere  long  the  standards  of  all 
English-speaking  nations,  at  least,  will  be  uniform.  International  uniformity  would 
be  still  better,  and  to  its  establishment,  substantially,  there  is  no  insuperable  obstacle. 
Custom,  prejudice,  inertia,  are  the  chief  stumbling  blocks.  Nevertheless,  an  important 
beginning  has  been  made  in  respect  to  certain  powerful  (highly  poisonous)  tinctures 
and  solutions,  an  International  Protocol  (P.I.)  having  been  agreed  upon,  to  the  stand- 
ards of  which  the  more  potent  drugs  and  preparations  of  many  countries  conform. 

The  National  Formulary  (N.  F.)  is  a  book  issued  under  the  auspices  of  the 
American  Pharmaceutical  Association  and  containing  standards  for  a  number  of 
drugs  and  formulas  of  a  large  number  of  preparations  not  incorporated  in  the 
United  States  Phwrmacopa'ici.  As  to  the  non-official  drugs,  for  which  standards 
are  thus  provided,  the  N.  F.  has  in  many  instances  rendered  a  distinct  service  to  the 
practicing  physician.  As  to  the  formulas,  they  are  good,  bad  and  indifferent; 
but  a  "formula  habit,"  in  respect  to  medicines  to  be  used  internally,  is  not  to  be 
commended  to  the  student.  Scientific  association  of  remedies  is,  indeed,  often 
necessary.  But  the  composite  medicine  should  be  one  specially  designed  and 
adapted  to  the  needs  of  the  individual  patient  at  the  time  of  prescription. 
One  mixture  can  no  better  fit  all  persons  and  conditions,  than  can  one  hat  or 
one  coat.  The  formulas  of  the  N.  F.  may  well  serve  as  suggestive  models ;  but 
they  are  not  to  be  adopted  or  followed  slavishly.  The  N.  F.  has  the  same  force, 
as  a  legal  standard,  as  the  I'harmacojxeia,  and  the  non-proj)rietary  ])rc|)arations 
excluded  from  the  U.  S.  P.,  but  authoritatively  descril)ed  by  The  National  For- 
mulary may  be  termed  semi-o/fickil. 

The  Dispensatoines,  Companions  to  the  Fharmacopa'ias  and  similar  works,  are 
unofficial  commentaries  and  d('scri])tive  works,  giving  detailed  information  al)out 
the  origin,  properties  and  history  of  medicinal  sul)stances  and  their  ])reparation  for 
the  market;  discussing,  also,  their  actions,  uses  and  administration.  Many  drugs 
and  pre])arations  not  now  recognized  by  the  pharmacoi)ocias  are  included.  Some  of 
these  w^ere  formerly  ollicial  in  the  United  States;  sonu;  are,  or  were,  offi('ial  in  othe|r 
countries ;  some  are  rare  and  of  infrequent  use ;  and  some,  although  not  official 
in  any  country,  are  familiar  and  of  more  or  less  common  employment  by  physicians, 
or  in  domestic  practice,  now  or  formerly. 
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A  descriptive  work,  entitled  New  and  Non-official  Remedies,  compiled  under  the 
direction  of  the  Council  of  Pharmacy  and  Chemistry,  is  issued  by  the  American  Medical 
Association..  This  gives  the  chemical  composition,  the  tests  for  identity  and  purity, 
the  general  process  of  preparation  and  the  asserted  therapeutic  uses  of  patented  and 
proprietary  products,  especially  the  newer  synthetics,  not  admitted  to  the  United  States 
Pharmacopaia,  but  to  which  there  attaches  no  taint  of  secrecy  or  fraud.  The  book  is 
supplemented  by  publication  of  editorial  data  from  time  to  time  in  the  Journal  of  the 
American  Medical  Association,  as  new  articles  are  passed  upon  by  the  Council.  It  does 
not  follow  that  all  non-othcial  or  proprietary  medicaments  which  have  failed  to  re- 
ceive the  sanction  of  the  Council  are  worthless  or  fraudulent,  but,  before  using  any 
such,  the  physician  should  ascertain  whether  it  has  been  refused  recognition,  and,  if  so, 
why.  The  reason  given  may  or  may  not  be  sufficient.  As  a  rule  the  presumption  is  in 
favor  of  the  Council's  decision.  If  the  drug  has  not  been  submitted  to  the  Council,  the 
reason  for  non-submission — which  may  be  creditable  to  the  manufacturers,  or  otherwise — 
should  be  ascertained. 

Secret  medicines  are  known  as  nostrums.  Either  their  composition  or  their  source 
is  withheld  from  publication  (although  there  may  be  nothing  unknown  to  science  in 
either)  and,  often,  false  statements  are  made  concerning  these,  as  well  as  conce"ning  the 
therapeutic  powers  of  the  medicament.  The  essential  of  science  being  knowledge,  it 
requires  no  discussion  to  show  that  scientific  physicians  should  not  use  secret  medicines. 

Proprietary  medicines  are  not  necessarily  secret;  and  certain  remedies,  some  of  them 
highly  useful,  can  be  obtained  only  as  proprietary  products.  The  objection  to  proprietary 
mixtures  (non-secret)  is  the  same  as  that  expressed  in  respect  to  the  formulas  of  the 
N.F. 

It  is  sometimes  necessary  to  specify  in  prescriptions  the  product  of  a  certain  manu- 
facturer or  dealer'  in  order  to  obtain  a  genuine  article  or  one  of  good  quality.  This 
applies  chiefly  to  rare,  or  non-official  m.edicines.  Sometimes  the  assertion  that  such 
specification  is  necessary  is  made,  but  not  justified.  When  it  is  needful,  however,  there 
should  be  no  hesitancy  about  making  it. 


CHAPTER  IT 
DISEASE— "RECOYET^Y 

Tlirrapoiitlos  an  Art — The  Human  Element — Tlie  Pliysifian's  Personality — The  Srientifir, 
Element — Factors  of  the  Therapeutic  Diagnosis — Therai)eutic  Theoi-y — Recovery  a 
Phase  of  Disease — Disease  Forms — Disorders — Maladies — Affections — Infirmities 
and  Deformities — Borderline  Conditions — Diathesis — Special  Immunity — Dyscrasia — 
Cachexia — Dystrophy — Hypotrophy — Correlation  of  Therapeutics  with  General  Biol- 
ogy— Processes  of  Protection,  Defense  and  Correction — Protective  Processes— De- 
fensive Processes — Corrective  Processes — Complexity  of  Defensive  and  Corrective 
Reactions. 


We  have  defined  therapeutics  as  tlie  art  of  remedial  management  of  tlie  sich. 
Its  chief  ol)ject  is  to  promote  recovery,  i.e.,  the  resluration  of  heallJi,  and  in  so 
doing,  to  avert  injury  and  prevent  suffering.  This  l)oth  involves,  and  tends  to 
accomplisli,  the  prolongation  of  life,  which  is  conimonl}-  stated  first  in  the  order  of 
special  objects.  But  the  prolongation  of  life  may  also  become  a  specific  object  in 
cases  in  which  injury  cannot  be  prevented  and  restoration  of  health  is  impossil)le; 
and  in  such  cases  the  relief  of  suffering  is  a  very  important  collateral  end. 

The  therapeutic  art  is  based  on  many  sciences  and  utilizes  many  scientific 
measures.  Its  data  are  becoming  more  and  more  exact,  as  discovery  in  the  under- 
lying sciences,  especially  in  physiology  and  pathology,  physics  and  chemistry, 
permits  their  amplification  and  correction.  Nevertheless,  it  must  always  remain 
an  art,  because  its  practice  depends  in  large  measure  upon  the  judgment  of  the 
physician,  applied  to  the  special  conditions  presented  by  an  individual  patient  at 
a  particular  time.  This  judgment  should  be  guided  by  large  knowledge,  not  only 
of  science,  but  also  of  human  nature. 

The  sick  man  j)resents  to  his  medical  attendant  a  dual  aspect.  He  is  a  fellow 
being  in  distress,  seeking  aid.  This  is  the  human  aspect.  The  special  nature  of 
the  distress  and  the  character  of  the  means  by  which  aid  is  to  be  given  necessitate, 
however,  careful  study  and  keen  impersonal  analysis;  and  this  is  the  scientific 
aspect.  The  human  aspect  is  that  of  a  personality ;  the  scientific  aspect  is  that  of  a 
case  of  disease — a  problem  of  biology. 

The  Human  Element  in  Therapeutics.— The  human  aspect  demands  sym- 
pathy, patience,  tolerance ;  a  receptive  attitude  toward  seemingly  trivial  complaints. 
Yet  sympathy  must  be  tempered  with  decision,  and  tolerance  must  not  permit  the 
patient  to  laj)se  into  querulousness.  Especially  with  those  suffering  from  mental 
and  nervous  disorders  is  the  preservation  of  equipoise  important.  The  therapeutic 
influence  of  the  physician's  personality  is  not,  however,  restricted  to  psychoses. 
Save  in  conditions  of  prostration  and  apathy,  the  sick  man  regards  him  with  an 
almost  wistful  alertness.  Not  only  his  words,  but  his  look  and  his  manner,  give 
suggestions  of  hope  or  of  discouragement,  inspire  confidence  or  arouse  distrust. 
Words,  therefore,  should  be  suifal)le  and,  as  a  rule,  few;  looks  should  l)e  under 
control;  bearing  should  be  frank  and  natural,   but  at  once  cheerful  and  calmly 
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assured.  Forced  cheeriness  rings  false.  The  assumption  of  solemn  inscrutability 
repels  the  discerning.  Brusqueness  is  not  the  same  thing  as  natural  and  hearty 
bluffness,  and  while  its  occasional  necessity  may  be  admitted,  mostly  it  is  as  bad  as 
the  cloying  sweetness  of  the  ''that's-a-good-child'^  manner  affected  by  some  who 
have  much  to  do  with  women  and  neurotics.  Above  all,  the  physician  must  dominate 
the  situation.  He  may  frankly  admit  ignorance  or  ask  for  time  for  greater  assur- 
ance, when  necessary;  but  his  doubts  are  to  be  wrestled  with,  silently.  What  he 
is  to  tell  his  patients  and  their  friends  must  be  his  best  and  most  certain  judgment. 
He  may  at  times  withhold  the  truth,  but  he  must  not  falsify.  His  directions  are 
to  be  well  considered;  and  should  then  be  given  firmly,  definitely,  simply;  with 
sutTicient,  yet  not  excessive,  particularity.  Every  physician  can  recall  among  his 
teachers  the  man  of  ideal  personality  whose  presence  brought  light  and  cheer  into 
the  sickroom,  whose  word  was  obeyed  trustfully  and  promptly,  who  gave  courage 
even  when  he  could  not  bid  to  hope.     Such  are  the  examples  for  all  to  emulate. 

The  Scientific  Element  in  Therapeutics. — The  scientific  aspect  of  the  problem 
])resented  by  the  sick  man  to  the  physician  is  impersonal;  it  concerns  a  special 
instance,  or  case,  of  a  large  biologic  question.  There  has  been  a  failure  in  the 
adjustment  of  a  living  organism  to  its  environment,  or  in  the  internal  harmony  of 
oro-anic  functions.  The  character  and  the  cause  of  such  failure  are  to  be  discovered, 
and,  if  possible,  a  remedy  applied. 

We  have  now  to  consider  how  the  problem  is  to  be  investigated;  upon  what 
principles  its  solution  depends ;  and  to  what  practical  results  that  solution  leads. 

Therapeutic  Theory. — Before  taking  up  the  detailed  study  of  principles,  how- 
ever, a  few  words  of  advice  to  the  student  may  be  interpolated.  It  is  common  and 
not  unnatural  to  seek  so-called  "practical  facts"  and  to  shun  "theory."  Whether 
this  is  wise  or  unwise  depends  somewhat  on  our  understanding  of  what  is  meant 
by  theory.  A  rigid  theory  constructed  from  insufficient  data  is  always  harmful.  A 
theory  which  correlates  the  results  of  wide  observation,  which  harmonizes  the  data 
of  one  science  with  those  of  other  sciences,  and  which  is  held  subject  to  correction 
by  the  progress  of  knowledge,  cannot  be  otherwise  than  helpful. 

In  therapeutics,  as  a  matter  of  fact,  it  is  impossible  to  escape  theory.  The  his- 
tory of  medicine  and  everyday  observation  alike  show  this.  Our  choice  does  not  lie 
between  theory  and  no  theory,  but  between  good  theory  and  bad  theory.  Bad  thera- 
peutic theories  are  of  several  kinds;  but  underlying  all  is  one  fundamental  error 
— the  false  idea  that  all  forms  of  disease  have  a  like  origin  and  that  treatment 
"cures"  them.  "'"  "V 

American  Indians,  seeking  to  drive  out  evil  spirits,  not  only  beat  tom-toms  and 
make  foul-smelling  fumigations,  but  also  chant  magical  phrases.  The  East  Indian  fakir 
and  the  "hex-doctor"  of  Pennsylvania  write  magical  phrases  on  parchment  or  paper, 
which  their  dupes  may  wear  as  amulets,  or  wash  in  water  and  swallow  the  dissolved 
ink,  or  may  burn  and  apply  the  ashes  to  the  affected  parts.  The  pseudoscientific 
hypnotist  of  France  or  Germany  tells  his  "entranced"  patients,  with  monotonous  reitera- 
tion of  set  phrases,  that  their  ailments  will  disappear.  The  "scientist"  medicine-man 
and  medicine-woman  of  these  United  States  assume  to  dispel  "errors  of  mortal  mind"  by 
similar   repetitions   of  mystical   and    meaningless   formulas. 

These  and  like  extremes  of  superstitious  practice,  the  student  of  medicine  is  not 
likely  to  imitate;  but  there  are  many  medical  superstitions  not  quite  so  obvious,  by 
which  he  may  be  more  easily  misled. 

A  very  modern  instance  is  afforded  by  the  wildfire  spread  in  the  last  decade  of  the 
nineteenth  century  of  the  delusionary  use  of  "Koch's  lymph"  in  the  treatment  of 
tuberculosis — a  practice  quite  different  from  the  present  regulated  and  scientific  use 
of  the  various  forms  of  tuberculin.  Another  delusion,  equally  modern  and  widespread, 
equally    advocated   by   physicians    of    authority — and    equally    harmful — is    the    practice 
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of  reducing  febrile  temperature  by  antipyrine  and  similar  drugs.  That  antipyretic 
medication  greatly  increases  the  mortality  of  influenza,  typhoid  fever  and  pneumonia, 
is  not  now  doubted.  Happily  its  vogue  has  passed.'  Neither  of  these  modern  errors 
could  have  obtained  their  disastrous  hold  upon  "practical  men,"  the  world  over,  had 
the  long  established  principles  of  therapeutics  been  kept  in  mind.  The  clinical  contra- 
indications were  sufficient,  in  both  instances,  to  cause  warning  voices  to  be  raised  here 
and  there,  but  such  cautions  were  contemptuously  disregarded  as  the  utterances  of 
"old  fogies"  or  of  "theorists." 

Other  striking  illustrations  could  be  given,  but  these  two  from  recent  medical  his- 
tory are  chosen  in  order  to  warn  the  student  that  even  the  twentieth  century  may  fall 
into  error;  that  everything  new  is  not  necessarily  good;  that  olden  knowledge  is  not 
always  obsolete;  and  that  it  is  important  for  the  physician  to  know  not  only  what  to  do 
and  to  avoid,  under  given  conditions,  but  also  ivhy  it  should  be  done  or  avoided. 

In  medicine,  as  in  all  other  progressive  sciences,  so-called  "facts"  often  prove 
transient;  the  "truths"  of  one  generation  becoming  the  "errors"  of  the  ne.xt.  In 
reality,  inferences  and  the  results  of  imperfect  observation  have  been  mistaken  for 
fundamental  relations  or  entities,-  But  principles  are  permanent;  and  progress 
in  the  art  of  treatment  is  made  only  by  the  application  of  the  enduring  principles 
to  the  changing  facts. 

The  cardinal  principle  of  therapeutic  science  may  be  said  to  derive  from  Hip- 
pocrates. The  great  physician  of  Cos,  in  pointing  out  that  the  three  factors  of  the 
healing  art  are  "patient,  disease  and  physician,"  adds  this  pregnant  observation : 
"the  physician  is  but  the  servant  of  nature ;  and  patient  and  physician  must  combat 
the  disease  together."  ^ 

Recovery  in  disease  is  one  of  the  manifestations  of  the  vital  adaptability  under- 
lying organic  evolution,  and  is  to  be  studied  with  relation  to  biologic  adaptation  in 
general.  It  is  through  otjservation  of  the  adaptive  processes  that  the  therapeutist 
may  best  learn  how  to  act  helpfully. 

In  other  words,  it  is  the  innate  power  of  persistence,  within  the  human  organ- 
ism itself,  that  fights  against  the  forces  of  destruction;  the  physician  must  observe 
its  methods  and  shape  his  course  accordingly.  Otherwise  he  hinders,  instead  of 
helps. 

Hence  we  have  the  great  Hippocratic  maxim  still  to  be  accepted  as  the  first 
principle  of  therapeutic  practice :  "Do  good — or  do  no  harm."  * 

This  maxim  is  repeated  and  reiterated,  in  varying  phrase,  in  one  and  another 
connection  throughout  this  book — and  it  is  intended  to  be  understood  as  qualifying 
every  bit  of  advice  given,  even  when  it  is  not  explicitly  cited. 

Thus,  although  as  teachers  we  emphasize  measures  that  may  remedy  the 
untoward  results  of  disease,  or  that  may  possibly  save  life  under  apparently  desper- 
ate conditions,  and  although  the  physician  should  never  give  up  the  fight  too  easily, 

^This  was  stated  ten  years,  or  more,  before  the  influenza  visitation  of  1918.  Aspirin 
and  phenacetin  then  played  the  same  destructive  part  that  antipyrine  and  acetanilid 
had  played  thirty  years  earlier.  Apparently,  each  generation  must  learn  wisdom  through 
its  own  unfortunate  experiences. 

^This  was  stated  before  "relativity"  had  transformed  physics  and  the  electron  had 
revolutionized  chemistry.  It  will  be  equally  true  when  a  new  Einstein  and  a  new  Ruther- 
ford open  new  scientific  vistas. 

*The  Sydenham  Society's  translation  by  W.  Adams,  in  general  beyond  praise,  reads 
here:  "And  the  patient  must  combat  the  disease,  along  with  the  physician."  This 
is  a  little  ambiguous;   and   too  suggestive  of  the  wrong  method! 

■•The  Latinized  version — "primum  non  nocere" — most  frequently  cited,  is  defective 
in  that  it  is  merely  negative:  "Harm  not."  Hippocrates  gives  first  the  positive  in- 
junction: "Help."  Then  he  adds:  "If  you  can't  help,  let  alone."  A  better  Latin  phrase 
might  be  taken  from  the  maxim — so  often  misunderstood,  concerning  speech  about  the 
dead:  nil  nisi  bonum — if  not  good,  nothing.  But  it  really  is:  primum  juvare,  or  primum 
bonum  facer e. 


23  PHAEMACOTHERAPEUTICS 

yet  the  inevitable  must  be  recognized  and  accepted.  It  is  not  the  part  of  kindness 
to  add  to  the  misery  of  impaired  life  by  futile  efforts  at  its  improvement;  or  use- 
lessly to  prolong  the  agony  of  death. 

Recovery  a  Phase  of  Disease. — In  the  study  of  therapeutic  principles,  the 
first  requisite  is  a  clear  conception  of  that  biologic  process  which  the  physician  is 
called  upon  to  observe  and  control — the  destructive-restorative  process  termed 
disease.    We  have  already  recognized  two  facts  of  supreme  importance : 

1.  That  disease  is  not  something  apart  from,  or  opposed  to,  the  order  of 
nature,  but  a  part  of  that  order. 

2.  That  recovery  is  not  something  apart  from,  or  opposed  to,  disease,  but 
a  part  of  its  normal  phenomena. 

From  which  facts  the  obvious  conclusion  is :  That  the  physician  can  best  aid 
recovery  by  the  facilitation,  stimulation  and  control  of  its  natural  processes,  or  by 
their  imitation  and  supplementation. 

These  facts  are  not  newly  discovered.  They  were  known  and  taught  by  Hip- 
pocrates, perhaps  by  his  predecessors ;  and,  if  not  always  distinctly  formulated,  have, 
at  least,  been  acted  upon,  by  his  great  successors  in  all  ages.  But  the  attention  of 
the  student  of  medicine  is  constantly,  and  of  necessity,  directed  to  an  apparent 
antithesis — on  the  one  hand,  the  departure  from  normal  conditions  presented  during 
disease,  and  on  the  other,  that  restoration  to  normal  conditions  which  constitutes 
perfected  recovery.  Hence,  he  is  not  likely  to  realize  the  significance  of  the  facts 
that  speak  for  the  unity  of  the  process  here  termed  disease — i.e.,  its  inclusion  of 
recovery — unless  this  be  forced  upon  him  by  frequent  and  emphatic  reiteration.  In 
the  course  of  our  discussions,  we  shall,  therefore,  have  occasion  to  recur  to  this 
fundamental  principle,  in  many  and  varied  connections. 

Disease  is  the  struggle  for  health,  a  state  of  strife  between  the  organism  and 
disorganizing  factors,  its  existence  is  manifested  by  certain  phenomena  termed 
symptoms;  but  "the  symptoms,"  as  Sir  Thomas  Watson  so  well  says,  "do  not  con- 
stitute the  disease;  they  disclose  it."  They  include  phenomena  of  two  opposite 
orders:  (a)  those  of  derarigemeyit,  and  (&)  those  of  restorative  adjustment,  or 
recovery;  the  one  group  tending  to  damage  the  organism  or  to  terminate  life;  the 
other  tending  to  prevent  damage  and  to  preserve  life.  Either  group,  it  is  well  to 
remember,  may  entail  suffering.  Nor  does  one  series  of  reactions  end  before  the 
other  begins ;  almost  from  the  first,  they  exist  side  by  side.  Eventually,  one  or  the 
other  may  prevail :  the  struggle  ends.  Death  has  occurred,  or  a  more  or  less  perfect 
recovery  is  consummated.  If  neither  prevails  entirely,  there  results  a  condition  of 
chronic  disease,  more  or  less  severe,  as  the  forces  of  derangement,  or  the  forces 
of  restoration,  predominate. 

With  respect  to  life  in  general,  we  may  designate  the  phenomena  of  disease  as, 
respectively,  (a)  disorganizing  or  destructive,  and  (h)  defensive,  conservative  or 
recuperative.  With  respect  to  tissue,  we  may  speak  of  them  as  {a)  destructive  and 
(&)  protective,  reconstructive  or  reparative.  With  respect  to  function,  they  are 
alike  disturbances  {i.e.,  perturbations,  departures  from  the  normal  order) ;  but  as 
the  one  group  is  hurtful  {i.e.,  tending  to  injury),  and  the  other  is  helpful  {i.e., 
tending  to  healing)  to  the  individual  organs  or  to  the  organism  as  a  whole  (soma), 
they  may  be  designated  in  this  respect  as  {a)  morl)id  and  (6)  salutary;  or,  as 
manifested  in  chronic  forms  of  disease  and  in  the  continuing  results  of  past  disease, 
tliey  may  be  termed   {a)   disabling  and   {b)   com^jcnsatory  ■''  or  corrective. 

"These  various  terms,  expressive  respectively  of  derangement  and  restoration,  or 
attempts  at  restoration,  are  self-explanatory.  They  are  more  or  less  susceptible  of 
interchangeable  use;  and  there  is  no  intention  here  to  suggest  their  technical  restriction. 
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Tlic  ])liysician  must  discriminate  between  tlio  two  orders  of  phenomena.  Tims 
only  can  he  determine  whether,  in  the  case  of  tlie  j)atient  before  him,  the  natural 
conservation  tendencies  will  be  sutlicient,  unaided,  to  restore  health  and  to  effect 
this  without  undue  delay  or  avoidal)le  sulfering;  or  whether  death  or  disablement,  or 
a  prolonged,  })ainful — ])erhaps  doubtful — struggle,  is  threatened  in  the  absence  of 
therapeutic  intervention. 

This  discrimination  necessitates,  in  the  first  place,  a  careful  anulysis  of  the 
case,  in  such  a  way  as  to  make  clear,  not  only  {<i)  the  general  nature  of  the  departure 
from  health  (clinical  diagnosis),  (b)  the  structures  affected,  with,  perhaps,  the 
general  character  of  the  lesions,  if  any  (anatontic  diagnosis)  ;  but  also  in  so  far  as 
possible,  {c)  the  precise  nature  of  the  tissue  changes  and  functional  disturbances 
present,  with  the  stages  through  which  these  have  passed,  and  the  further  stages 
through  which  they  may  or  must  pass  in  the  absence  of  intervention  (palltologic 
diagnosis)  ;  (d)  the  probable  or  definite  causation  of  the  illness  (etiologic  diag- 
nosis), and  (e)  the  extent  to  which,  and  tlie  manner  in  which,  the  pathologic 
changes  and  processes  can,  if  at  all,  be  modified;  their  usual  and  possible  termina- 
tions and  consequences,  and  the  factors  upon  which  such  terminations  and  con- 
sequences respectively  depend  (prognosis). 

Upon  this  foundation  is  to  be  erected  the  therapeutic  diagnosis.  The  latter 
has  two  distinct  phases:  (a)  the  decision  to  intervene  or  to  refrain  from  inter- 
vention; and  (&)  if  intervention  be  decided  upon,  its  purpose,  its  manner,  and  the 
means  to  be  employed. 

It  is  obvious  that  the  value  of  the  analyses  described,  and  the  wisdom  of  the 
decisions  based  thereon,  must  depend  in  large  measure  upon  our  knowledge  of  the 
natural  recuperative  reactions.  These  reactions,  therefore,  form  the  first  branch  of 
distinctively  therapeutic  study.  To  understand  them,  we  must  advance  from  the 
discussion  of  disease  in  general  to  that  of  special  forms  of  disease;  in  particular, 
of  disorders,  maladies  and  affections,  and  the  discrimination  of  the  last  named 
from  infirmities. 

Disease  Forms 

Disease  denotes  the  combat  of  the  organism  with  factors  that  threaten  its 
existence  or  its  integrity.  Since  these  disease-engendering  (morbific,  pathogenetic) 
factors  are  many  and  diverse  and  give  rise  to  diverse  disturbances,  the  reactions  of 
the  organism  against  them  must  also  be  diverse — though  in  somewhat  less  degree — 
and  the  struggle  between  disturbing  and  restorative  forces  necessarily  takes  on 
diverse  forms.  Such  forms  are  ordinarily  termed  diseases;  but  it  will  tend  to  pre- 
vent error  if  we  avoid  the  misused  plural  and  speak  of  the  forms  of  disease  as 
ailments. 

In  every  ailment,  let  it  be  repeated,  we  must  recognize  a  continuous  disorgan- 
izing-reconstructing  process.  The  defensive,  conservative  and  reconstituent  ele- 
ments may  be  adequate — that  is,  sufficient  in  themselves  to  restore  health — or  they 
may  fail  of  adequacy  in.  some  respect  or  respects  and  thus  the  physician's  aid  may 
be  needed.  Though  too  frequently  unable,  even  with  this  aid,  to  prevent  disal)le- 
ment  or  avert  i)remature  death,  the  restorative  factors  are,  nevertheless,  always 
present  and  always  to  be  sought  for. 

Darwin  wrote,  in  regard  to  the  variations  which  characterize  the  evolution  of 
living  beings:  "Although  every  variation  is,  either  directly  or  indirectly,  caused 
by  some  change  in  the  surrounding  conditions,  we  must  never  forget  tliat  the  nature 
of  the  organization  which  is  acted  upon,  essentially  governs  the  result." 

The  possible  actions   and  reactions — whether  destructive  or  reconstructive — 
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that  take  place  in  a  living  organism  the  subject  of  disease,  are  strictly  limited ;  first, 
by  the  constitution  of  living  matter;  and,  secondly,  by  the  construction  of  the 
particular  organism.  The  fact  that  an  injurious  change  of  conditions,  internal  or 
environmental,  has  resulted  in  disease — a  struggle— implies  that  the  perturbing 
factor  has  not  been  sufficient,  in  kind  or  in  degree,  to  cause  the  immediate  death  of 
the  organism.  In  death,  there  is  no  struggle.  Yet  the  change  that  excites  disease 
has  been  injurious;  its  eil'ects  must  be  combated.  The  combat  automatically  initi- 
ated by  the  organism  is,  if  possible,  to  be  regulated  and  assisted  by  the  physician. 

We  are  here  confronted,  however,  by  a  distinction  between  unicellular  and 
multicellular  organisms  that  is  of  considerable  importance  in  our  special  studies 
of  man.  Destruction  of  the  single  cell  means  death  of  the  one-celled  being;  but 
destruction  of  one  cell,  or  of  several  cells,  of  a  complex  organism  may  be  of  great 
moment  or  of  little  consequence,  in  accordance  with  the  location  or  function  of  the 
cell  or  cells  affected. 

iloreover,  cells  may  preserve  their  independent  life,  after  the  organism  as  a 
whole  is  dead,  i.e.,  has  become  incapable  of  functionating.  Even  organs  may  con- 
tinue to  function  after  the  death  of  an  animal,  or  after  removal  from  it — a  fact  of 
importance  in  pharmacodynamic  studies. 

In  therapeutic  studies,  we  have  to  regard  both  the  single  living  cell — sometimes 
as  an  independent  being,  sometimes  as  a  member  of  a  community — and  also  the 
chain  of  consequences  which  in  a  cell  community  follows  destruction  or  abnormal 
modification  of  its  units.  In  the  particular  cell  community  with  which  we  are 
concerned — the  animal,  and,  especially,  the  human  being — we  must  consider,  more- 
over, the  relations  between  the  special  tissue-elements  (cells)  affected,  and  (a)  the 
anatomic  system,  physiologic  apparatus  or  individual  organ  of  which  they  are  part, 
as  well  as  the  relations  of  all  these  with  (b)  the  body  (soma)  as  a  whole. 

We  recognize  in  every  living  organism,  even  in  the  single  cell,  first  a  certain 
physical  vmke-up,  susceptible  of  normal  variations  within  a  narrow  range.  This 
is  termed  its  structure.  The  study  of  structure  is  known  as  morphology,  in  certain 
aspects  as  anaiomy. 

Secondly,  we  recognize  in  the  cells  and  organs  a  certain  range  of  activities, 
susceptible  of  normal  variations.  These  are  termed  functions.  The  study  of 
function  is  physiology.  ® 

Alterations  in  structure  or  function  be3'ond  the  normal  range,  are  called 
pathologic;  and  their  study  constitutes  pathology.  The  pathology  of  structure  is 
morbid  anatomy;  and  that  of  function  is  morbid  physiology. 

Disorders. — Pathologic  changes  in  structure  always  involve  pathologic  changes 
in  function;  and  pathologic  changes  in  function  commonly  indicate,  or  induce, 
pathologic  changes  in  structure.  But  there  may  be  ahnormal  degrees  of  functional 
activity,  plus  or  minus,  which  do  not  involve  gross  structural  change.  To  these  we 
apply  the  term  disorder.  The  character  of  a  disorder  is,  however,  narrowly 
limited.  The  actions  of  the  cells  are  perturbed,  but  not  transformed.  So  long  as 
the  disturbance  does  not  pass  the  limits  at  which  a  return  to  the  normal  order  is 
still  possible  upon  elimination  of  the  disturbing  factor,  anatomic  structure  is 
unaffected;  there  is  functional  derangement  only. 

Not  only  pathologic,  but  also  normal  activities  are,  however,  always  accompanied 
by  physical  (electric,  thermic,  etc.)  as  well  as  chemical  changes;  and  improved  means 
and  methods  of  research  may,  ere  long,  reveal,  in  addition,  structural  changes  now 
unknown.    Quite  apart  from   this  question,  however,  there   is  a  line   to  be   drawn   be- 


« In   ordinary  usage,   the   terms   structure  and    morphology    (or   anatomy),   function 
and  physiology,  are  often  interchanged;  but  the  more  exact  expression  is  to  be  preferred. 
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tween  the  molecular  changes  that  must  accompany  all  activity,  normal  or  abnormal,  and 
the  comparatively  gross  changes  which  characterize  pathologic  alteration  of  structure 
(lesion). 

The  distinction  between  normal  and  abnormal  activities  may  be  expressed 
thus:  Normal  functioning  tends  to  pass  through  a  customary  and  purposeful  cycle 
of  actions.  Pathologic  functionings,  whether  or  not  they  exhibit  purjjoseful  tenden- 
cies, constitute  an  interruption  of  the  accustomed  order.  In  a  multicellular  organ- 
ism, functional  derangements  unaccompanied  by  abnormal  morphologic  changes 
may  be  widespread,  if  the  disturbance  of  one  function  induces  a  series  of  disturb- 
ances in  others.  This  will  be  particularly  evident  in  our  study  of  dnig  influence, 
which  is  in  large  part  a  study  of  the  disorders  excited  in  the  normal  animal  by  the 
agents  of  the  materia  medica.  A  simple  and  common  instance  of  acute  disorder 
excited  by  an  extraneous  cause  is  that  which  occurs  in  a  healthy  person  wlio  has 
swallowed  some  indigestible  substance;  that  is  to  say,  something  which  is  not  in  itself 
poisonous  or  otherwise  harmful,  but  which  resists  the  action  of  the  gastric  and 
intestinal  Juices.  The  symptoms  may  vary  from  slight  discomfort  to  intense  pain 
in  the  epigastric  region,  with  headache,  nausea,  perhaps  vomiting  and  diarrhea,  even 
disturbances  of  the  heart.  These  will  subside,  however,  upon  the  expulsion  of  the 
offending  substance. 

A  similar  train  of  phenomena,  with  the  addition  of  faintness,  may  follow  pro- 
longed abstinence  from  food.  In  this  ease  the  vomited  material  will  consist,  not  of 
ingested  matter,  but  of  an  acrid  fluid  containing  unutilized  gastric  juice,  which  has 
acted  as  an  irritant;  perhaps,  also,  bile,  forced  up  by  the  reflex  effort.  Upon  the 
administration  of  food  adapted  to  the  conditions  present,  the  symptoms  will  dis- 
appear. Similarly,  any  other  cause  that  brings  about  a  disproportion  between  the 
food  and  the  quantity  or  cjuality  of  the  digestive  juices  will  provoke  disturbances 
of  the  same  general  character,  varying  in  degree  and  sequence  of  phases,  according 
to  special  circumstances.  Thus,  dyspepsia  may  be  merely  a  functional  disorder,  in- 
dicating relative  excess  or  deficiency,  or  malproportion,  in  gastric  or  intestinal  secre- 
tions. Among  other  possibilities,  it  may  depend  upon  general  malnutrition  or  upon 
perverse  innervation — perhaps  emotional  only,  as  from  fright,  grief  or  rage — with- 
out lesion  {i.e.,  structural  change)  of  the  digestive  organs  or  of  the  nerve  system. 

Emotion  frequently  incites  nervous  disorder,  which  in  turn  deranges  other 
functions.  Such  derangements  may  subside  with  the  withdrawal  of  the  exciting 
factor  or  they  may  tend  to  become  persistent  and  organized.  Then  they  constitute, 
at  first,  chronic  disorders — e.g.,  Graves'  disorder.  Later,  they  may  give  rise  to 
other  forms  of  ailments  (chronic  affections) — e.g.,  goiter  in  Graves'  disorder  and, 
perhaps,  finally  to  infirmities — as  when  an  overactive  thyroid  gland  undergoes 
atrophic  change. 

The  treatment  of  disorders  (and  of  other  ailments)  is  discussed  more  at  length 
in  Chapter  III,  under  the  heading  of  Indications.  Here  it  need  only  be  pointed 
out  that,  as  long  as  they  remain  mere  disorders,  avoidance  or  removal  of  the  exciting 
cause  is  the  chief  therapeutic  factor.  If  there  is  no  severe  distress,  and  if  the  dis- 
turbance of  function  does  not  threaten  its  integrity,  nothing  more  may  ha  needed 
than  time  for  the  development  of  the  natural  readjustments — a  process  commonly 
favored  by  rest.  When  urgent  symptoms  exist,  these  will  have  to  be  dealt  with 
according  to  their  character. 

Maladies. — Pathogenic  factors  may  be  such,  in  kind  or  degree,  that  not  only 
is  function  disturbed,  but  also  tissue  is  demonstrably  altered.  Among  forms  of 
disease  excited  by  such  factors,  many  classes  might  be  distinguished  in  a  systematic 
study ;  but  for  the  present  purpose  it  will  suffice  to  make  two  groups  only. 
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In  the  first  of  these,  the  causation  is  definite.  The  functional  derangements 
are  marked.  The  tissue  changes  are,  not  rarel)',  less  obvious — sometimes,  indeed, 
relatively  slight,  until  late  in  the  history  of  the  case.  They  are  of  two  kinds,  which 
may  be  termed,  respectively,  essential  (as  the  intestinal  ulcers  of  typhoid  fever  or 
the  consolidation  of  the  lung  in  the  pneumonias)  and  accidental  or  complicating 
(as  the  endocarditis  or  arthritis  of  scarlet  fever).  Both  series  of  changes,  however, 
— those  of  tissue  and  those  of  function — exhibit  a  fairly  definite  association  and, 
as  a  rule  (not  without  exceptions),  are  self -limited,  tending  to  run  a  fairly  constant 
course,  to  a  fairly  constant  termination.  Such  definite  associations  of  pathologic 
phenomena,  depending  chiefly  on  a  specific  exciting  cause,  we  shall  term  maladies. 

The  most  characteristic  examples  of  maladies  are  the  acute  specific  infections,  with 
their  accompanying  intoxications:  smallpox,  yellow  fever,  malaria,  typhoid  fever,  rheu- 
matic fever,  cerebrospinal  fever,  poliomyelitis,  pneumonia,  influenza,  etc.  Tuberculosis 
and  syphilis  also  are  maladies,  but  owing  to  the  prominence  and  persistence  of  both 
essential  and  complicating  tissue  changes,  occupy  a  borderland  between  this  class  of 
ailments  and  that  which  next  comes  under  discussion  (Affections).  The  syndromes  of 
drug  poisoning  closely  resemble  maladies  in  all  essential  particulars,  but  are  excluded 
on  historic  grounds,  as  well  as  to  avoid  confusion. 

Certain  maladies,  relatively  few  in  number,  present  exceptions  of  one  or  another 
kind  to  the  general  rule  of  termination.  In  some,  e.g.,  most  forms  of  secondary 
bronchopneumonia,  the  period  of  complete  evolution,  though  fairly  brief,  is  in- 
definite, and  may  be  much  prolonged.  Thus,  the  condition  may  become  subacute, 
or  even  pass  over  into  what  is  virtually  a  chronic  affection.  In  some,  as  in  malaria, 
there  is  no  certainty  of  self-limitation,  no  certain  development  of  immunity.  In  the 
absence  of  adequate  specific  treatment,  the  infection  becomes  subacute,  or  recurrent, 
or  chronic,  and  various  organic  affections  ensue.  In  others,  as  tuberculosis  and 
syphilis,  the  tendency  to  produce  definite  and  persistent  changes  of  tissue  is  present 
from  the  first;  and,  Avhile  each  may,  in  its  own  way,  manifest  an  acute  or  initial 
stage,  and  later  present  certain  phenomena  of  partial  or  specialized  immunity,  the 
infections,  as  well  as  the  consequent  affections,  are  essentially  chronic. 

In  general,  maladies  are  of  relatively  brief,  and  somewhat  abrupt,  onset,  and 
of  rather  rapid  evolution.  They  are  thus,  for  the  most  part,  acute  ailments,  tending 
to  terminate — whether  by  death  or  by  completed  recovery — within  a  fixed  period 
of  a  few  days  or  weeks.  At  times,  the  common  period  of  duration  is  exceeded; 
death  is  delayed,  restoration  is  tardy,  or  convalescence  is  unduly  prolonged.  Most 
frequently,  such  lengthenings  of  the  struggle  are  owing  to  complications;  but  they 
may  occur  through  failure  of  some  restorative  process,  e.g.,  resolution  in  lobar 
pneumonia.  In  some  cases,  permanent  tissue  changes,  with  or  without  functional 
disturbances,  and  constituting  chronic  affections  or  infirmities  remain  as  sequels.  In 
most  instances,  a  specific  power  of  resistance  against  the  infective  agent  {immunity) 
is  developed,  and  continues  as  a  more  or  less  persistent  modification  of  the  body  cells. 

In  the  treatment  of  maladies,  it  is  obvious  that  the  specific  exciting  cause,  the 
period  of  disease,  the  location  and  character  of  the  lesions,  and  the  character  and 
degree  of  the  functional  disturbances,  must  all  receive  due  consideration.  In  some 
cases,  very  simple  measures  {e.g.,  rest,  fresh  air,  appropriate  diet,  cleanliness,  the 
free  use  of  water,  and  due  attention  to  the  excretions)  may  suffice  to  assure  recovery; 
in  others,  more  active  intervention  is  needful.  The  nature  of  this  intervention  will 
depend  largely  on  those  factors  which  we  have  summarized  as  the  elements  of 
prognosis;  that  is,  on  the  one  hand,  the  kind,  degree  and  promptitude  of  {a}  the 
destructive  and  (&)  the  restorative  reactions,  and  on  the  other  hand,  the  possibility 
of  modifying  these,  or  any  of  them,  and  the  possession  of  means  for  the  purpose. 
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Etiologic  factors  are  always  of  high  importance,  the  entire  range  of  antipatho genie 
treatment  requiring  consideration.  These  elements  of  the  therapeutic  diagnosis 
are  discussed  in  detail  elsewhere. 

Affections. — In  the  second  group  of  disease  forms  involving  structural  change, 
the  ailments  are  characterized  by  parficuJar  lesions  of  particuhir  organs,  however 
induced.  In  these,  the  structural  changes  are  the  most  important.  The  functional 
derangements — failures,  or,  less  frequently,  excesses — are  secondary  to  the  lesions. 
The  importance  of  the  exciting  causes  may  be  greater  or  less,  according  to  their 
character  and  continuance.  This  group  of  ailments  we  shall  designate  as  affections; 
limiting  the  term,  however,  to  those  local  ailments  in  which  the  impaired  tissues  are 
striving  to  restore  their  integrity,  or  are  actively  endeavoring  to  maintain  proper 
function  in  spite  of  disabling  structural  alterations. 

The  causation  of  affections  is  varied ;  their  phenomena  may  be  definite  or 
indefinite,  depending,  as  a  rule,  more  U})on  the  special  cells  and  organs  affected  than 
upon  the  nature  of  the  pathological  process,  or  upon  the  particular  causative  factors. 
These  latter  elements,  however,  do  enter  into  the  pathologic  complexus  and  must 
be  considered  in  treatment.  As  a  rule,  affections  other  than  those  constituting  the 
essential  lesions  of  maladies,  have  no  fixed  period  of  termination  and  they  some- 
times tend  to  persist  indefinitely.  Affections  of  prolonged,  indefinite  persistence  are 
termed  chronic.  "Whether  acute,  subacute  or  chronic,  affections  may  be  of  inde- 
pendent origin — thus  constituting  the  essential  ailment — or  they  may  complicate 
maladies  or  other  affections. 

Familiar  examples  of  affections  are  the  inflammations  and  degenerations  of  organs, 

certain   pathologic    collections   of   fluid,   and   the   various   neoplasms.    Thus,  nephritis, 

cholecystitis,  cardiac  myopathies,  pleural  empyemas,  abscess  of  the  brain,  secondary 
anemia,  papilloma,  carcinoma  and  the  like,  fall  under  this  head.'' 

An  affection  may  be  primary,  arising  suddenly — perhaps  as  the  result  of  local 
injury  or  infection,  as  in  traumatic  pleurisy  or  tonsillar  abscess — or  insidiously, 
without  marked  precedent  disturbance,  as  in  certain  forms  of  nephritis,  in  athe- 
rosclerosis, or  in  carcinoma.  It  may  (a)  characterize,  or  (6)  complicate  a  malady, 
as  in  the  examples  previously  given.  It  may  be  one  of  the  forms  of  termination  of 
a  malady,  as  with  pulmonary  abscess  in  pneumonia ;  or  it  may  persist  in  sequel  to  a 
malady,  as  cardiac  valvulitis  after  rheumatic  fever.  It  may  be  secondary  to  a 
known,  or  unknown,  but  not  obvious,  primary  malady  or  affection,  past  or  present, 
as  in  syphilitic  tabes  or  chlorosis;  or  to  an  obvious  malady  or  affection  which  con- 
stitutes the  principal  ailment — as  with  suppurative  processes  in  pulmonary  tuber- 
culosis, and  ascites  or  pulmonary  edema  in  the  course  of  hepatic  or  cardiac  disease. 

Affections  which  tend  to  disappear  in  the  course  of  a  few  weeks  are  termed 
acute,  and  the  same  term  is  applied  in  the  early  stage  of  those  with  sudden  onset  or 
rapid  progress.  Affections  are  termed  chronic  when  they  begin  insidiously  and 
develop  slowly ;  or  if,  after  passing  through  an  acute  stage,  they  tend  to  prolonged 
or  indefinite  persistence.  The  term  siihacute  is  applied  when  an  affection,  ordinarily 
acute  in  onset  or  course,  is  slow  in  development  or  uncommonly  mild  in  character. 

In  the  treatment  of  an  affection,  the  exciting  cause  may  be  of  great  or  little 
consequence,  according  to  the  degree  of  its  activity  and  the  continuance  of  its 
action.  Always,  however,  the  primary  or  secondary  nature,  and  the  acuteness  or 
chronicity  of  the  process ;  the  character  and  site  of  the  lesions,  and  the  functional 

■'  The  term  affection,  here  used  to  designate  a  morbid  structural  change  in  progress, 
is  sometimes  applied  to  the  permanent,  disabling  result  of  such  morbid  process.  This 
disablement  is  better  termed  "infirmity";  Including  under  that  designation  the  tissue 
change,  as  well  as  the  associated  functional  impairment  which  gives  it  importance. 
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disturbances  brought  about  by  the  damage  to  the  affected  organs,  enter  into  the 
problem.  Sometimes  one,  sometimes  another  of  the  factors  is  of  chief  importance. 
As  a  rule,  medicinal  measures  are  likely  to  be  directed  by  pathologic  and  sympto- 
matic, rather  than  by  etiologic,  indications.  This  will  be  more  clearly  evident  in 
the  discussions  of  a  later  chapter. 

Infirmities  and  Deformities. — Certain  abnormal  structural  conditions  are  not 
included  in  our  definition  of  disease  as  a  state  of  strife.  These  are  of  two  sorts,  (1) 
injirmities^  and   (2)   deformities. 

As  with  the  distinction  between  certain  infirmities  and  chronic  affections,  so 
the  distinction  between  other  infirmities  and  deformities  is  not  always  to  be  sharply 
drawn.  Nevertheless,  the  therapeutic  principles  involved  in  their  management  are 
sufficiently  distinct  to  make  discrimination  necessary. 

Infirmities. — This  class  of  ailments  may  be  defined  as  post-affectional  lesions: 
i.e.,  permanent  and  disabling  alterations  of  tissue,  remaining  after  an  active 
affection  has  subsided — for  example,  mitral  incompetence  or  stenosis  following 
acute  valvulitis. 

While  properly  included  among  ailments,  it  is  most  frequently  a  misapplication 
of  terms  to  speak  of  them  as  constituting  disease.  Disease  being  a  state  of  strife 
between  the  organism  and  disorganizing  factors,  an  infirmity  is  a  part  of  a  disease- 
complex  only  Mdien  it  excites  a  compensatory  struggle  upon  the  part  of  the  organism 
to  overcome  functional  failures.  Whether  or  not  it  shall  thus  act  depends  upon 
its  site  and  its  character. 

A  few  further  illustrations  will  make  the  foregoing  discussion  more  clear.  Syphilis 
is  a  malady.  Syphilitic  optic  neuritis  is  an  affection.  The  optic  atrophy  with  blindness 
that  may  result  is  an  infirmity;  which  indeed  impairs  the  power  of  the  organism  to  ad- 
just itself  to  certain  external  conditions,  but,  apart  from  the  liability  to  accident  thua 
incurred,  is  not  of  itself  inconsistent  with  prolonged  life.  Rheumatic  fever  and  smallpox 
are  maladies  which  may  be  complicated  with  inflammation  of  the  kidney — an  acute  affec- 
tion. The  nephritis  may  persist  after  the  malady  has  subsided;  and  is  then  a  subacute 
or  chronic  affection.  A  similar  chronic  affection  may  arise  from  other  maladies,  or 
from  insidious  irritations.  In  either  case,  if  the  morbid  process  comes  to  an  end,  leaving 
a  permanently  damaged  kidney — associated  with  a  persistent  deficiency  of  renal  func- 
tion— an  infirmity  will  exist.  Whether  or  not  disease — that  is  to  say,  intraorganic 
strife — will  continue,  depends,  however,  upon  the  character  and  extent  of  the  morbid 
changes  on  the  one  hand,  and  of  the  natural  compensations  on  the  other  hand. 

En-docarditis  and  polyarthritis  are  acute  affections  that  may  complicate  maladies  as 
scarlatina,  acute  articular  rheumatism,  gonorrhea.  The  valvular  lesions  and  ankyloses 
that  may  result  are  structural  infirmities;  but,  whereas  the  former  may  be  the  wide- 
spread source  of  functional  failures  imperilling  and  finally  destroying  life,  the  latter, 
while  sometimes  disabling,  may,  in  other  cases,  work  but  little  greater  ill  than  dis- 
figurement. Acute  anterior  poliomyelitis  is  the  essential  affection  of  the  malady  con- 
stituted by  infection  with  a  specific  microorganism — very  probably  Flexner  and 
Noguchi's  globoid  bodies;  its  paralytic  and  atrophic  sequels  are  infirmities.  While  in 
progress,  premature  arteriosclerosis  (atherosclerosis)  is  an  affection;  upon  its  cessa- 
tion, the  resulting  vascular  changes  are  infirmities;  but  should  it  give  rise  to  a  con- 
tinuing nephritis,   that  would   constitute   a  new   affection. 

The  treatment  of  an  infirmity  will  be  influenced  but  slightly,  if  at  all,  by  the 
original  cause,  since  this  is  no  longer  operative.  The  physician  will  take  into 
account  chiefly  the  location  and  character  of  the  lesions ;  their  consequent  disturbing 
influences  upon  nutrition  and  special  function;  and  the  extent  to  which  these  dis- 
turbing influences  have  been  or  may  be,  compensated  or  corrected  by  natural  reac- 
tions, or  have  occasioned,  or  may  occasion  hereafter,  new  affections.     He  has  to 

"Philologic  accuracy  might  require  us  to  apply  the  term  deformity  to  the  struc- 
tural change,  and  restrict  the  term  infirmity  to  the  functional  failure,  but  this  would 
make  discussion  awkward. 
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consider  the  possibilities  of  altering  by  therapeutic  means  the  conditions  present, 
and  the  necessity,  as  well  as  the  means,  of  assisting  natural  corrections  or  of  obviat- 
ing threatening  dangers.  Brilliant  results  are  sometimes  attained;  as  by  rest,  and 
digitalis  or  aconite  when  indicated,  in  valvular  lesions  of  tiie  heart. 

In  those  cases  which  present  both  a  continuing  afl'ection  and  an  established 
infirmity — for  example,  tabes  and  other  lesions  of  nerve-tissue,  arteries,  viscera, 
having  a  syphilitic  or  alcoholic  origin — the  causation  has  to  be  considered,  as  well 
as  the  tissue  changes  and  their  consequences. 

Deformities — Deformities  are  malformations  or  tissue  losses  not  directly  de- 
pendent upon  postnatal  disease  and  involving  tissues  not  essential  to  life.  The  term 
comprises  such  conditions  as  {a)  congenital  absence  of  tissue  and  either  congenital 
or  acquired  distortion,  displacement  or  redundance  of  virtually  normal  tissue^  as 
in  congenital  want  or  superfluity  of  lingers,  in  myopia,  in  hare-lip,  and  in  some 
forms  of  obesity;  as  well  as  (&)  postnatal  loss  of  tissues  or  parts  not  essential  to 
life  and  virtual  health,  as  in  completed  baldness. 

Included  as  deformities  therefore,  are  not  only  such  conditions  as  clubfoot 
and  the  like,  but  also — in  the  absence  of  chronic  affections  of  the  fallen  stomach  or 
kidney — displacements  such  as  gastroptosis  and  nephroptosis.  Congenital  defects 
of  the  heart,  however,  are,  therapeutically  considered,  infirmities.  Traumatic  and 
operative  losses  of  tissue,  such  as  amputations,  and  scoliosis,  if  not  dependent  upon 
existent  disease,  might  be  considered  either  infirmities  or  deformities.  These  fairly 
represent  the  borderland  conditions  so  frequently  met  M'ith  in  attempts  at  classifica- 
tion. The  etiologic  difference  underlying  the  discrimination  of  terms  might,  in  a 
given  case,  be  of  considerable  therapeutic  moment;  or  it  might  be  negligible.  In 
any  event,  it  has  to  be  considered. 

In  the  treatment  of  a  deformity,  we  can  depend  little,  if  at  all,  upon  natural 
recuperation,  except  as  regards  the  secondary  disturbances  that  may  be  relieved  by 
its  correction.  Correction  is  attempted,  when  appearing  possible,  by  means  of 
mechanical  devices,  manipulations,  exercises,  etc.,  perhaps  aided  by  surgical 
operation. 

Summary 

The  distinctions  between  a  disorder,  a  malady,  an  affection,  an  infirmity  and  a 
deformity  may  be  repeated  categorically : 

A  disorder  may  be  described  as  a  series  of  functional  disturbances ;  which  may 
have  a  varied  causation;  which  may  exhibit  definite  or  indefinite  association;  and 
which  tend,  as  a  rule,  to  subsidence  upon  withdrawal  of  the  perturbing  cause,  with- 
out leaving  any  permanent  change  in  the  organism. 

A  malady  may  be  described  as  a  definite  association  of  morbid  and  recuperative 
phenomena,  functional  and  structural;  arising  from  the-  action  of  a  definite  mor- 
bific cause,  with  the  reaction  of  the  organism  thereto;  and  commonly  tending  to  a 
definite  termination,  which,  even  in  the  event  of  established  recoveiy,  most  fre^ 
quently  involves  some  persistent  change  in  the  organism. 

An  affection  may  be  described  as  a  series  of  abnormal  tissue  changes,  with 
resulting  functional  disturbances;  ai'ising  from  one  or  a  number  of  varied  causes; 
and  having  no  fixed  period  but  tending  to  indefinite  persistence,  with  termination 
in  death,  or  in  local  destruction,  o-r  in  a  more  or  less  imperfect  restitution,  fre- 
quently  involving  some  permanent  impairment  of  the  organism.  In  an  affection, 
both  disorganizing  and  reconstructive  phenomena  are  present,  and  the  termina- 
tion in  infirmity  may  be  the  untoward  result  of  reparative  effort. 

•This  includes  most  monstrosities,  which  constitute  a  class  not  amenable  to  thera- 
peutics. 


30  PHAEMACOTHEEAPEUTICS 

An  infirmity  may  be  described  as  ihe  lesion  and  consequent  functional  impair- 
ment remaining  after  an  affection  or  injury,  when  reconstructive  phenomena  have 
repaired  the  results  of  the  disorganizing  processes  to  as  great  an  extent  as  possible. 
It  is  distinguished  from  an  affection  by  the  fact  that  the  struggle  for  integrity 
of  tissue  and  function  is  no  longer  in  progress. 

A  deformity  may  be  described  as  a  malforming  structural  abnormity  not 
directly  modifying  parts  essential  to  organic  life  and  not  the  result  of  a  postnatal 
morbid  process  in  situ,  but  either  congenital,  or  acquired  through  disease  of  other 
parts  of  the  body,  or  dependent  on  trauma,  or  surgery. 

Borderline  Conditions 
Diathesis,  Dyscrasia,  Cachexia,  Dystrophy,  Hypotrophy 

Certain  nosologic  terms,  at  one  time  in  common  iise,  are  so  vague  in  connota- 
tion, and  have  been  so  misapplied,  that  there  has  been  a  tendency  to  discard 
them  entirely.  Nevertheless,  they  represent  conditions  of  the  organism  that  the 
therapeutist,  at  least,  cannot  wisely  ignore.  Their  vagueness  simply  reflects  the 
imperfection  of  our  knowledge.  Eecognizing  this  imperfection  and  restricting  the 
terms  accordingly,  their  brief  discussion  may  be  helpful  in  our  further  study  of 
the  therapeutic  diagnosis. 

The  conditions  in  question  lie  in  the  borderland  between  affections  on  the  one 
hand  and  infirmity  and  deformity  on  the  other.  To  a  certain  extent,  they  overlap. 
They  do  not  constitute  disease  for  there  is  no  struggle;  rather  a  compromise — a 
modus  vivendi — between  opposing  forces ;  but  this  is  a  state  of  unstable  equilibrium, 
liable  to  be  overturned  whenever  the  disorganizing  factors  shall  obtain  sufficient 
reenforcement.  They  resemble  affections  in  that  there  is  change  in  the  tissues  or 
humors  of  the  body;  infirmities  in  that  the  change  is  a  continuing  result  of  a  morbid 
process  formerly  active;  and  in  certain  highly  important  instances,  they  resemble 
deformities  in  that  they  are  congenital  defects,  excesses  or  aberrations;  the  original 
pathologic  change  having  been  prenatal,  often  ancestral,  and  sometimes  of  the 
nature  of  a  degeneration. 

Diathesis. — Certain  persons  exhibit  a  marked  proneness  to  disturbances  of 
some  special  kind  or  kinds — for  example,  to  gout,  to  diabetes,  to  obesity,  to  certain 
skin  affections,  to  angioneurotic  and  other  autouomic-endocrine  disorders,  to  hemo- 
philia, to  affections  of  the  Joints  or  of  the  lympathic  glands,  to  neuroses,  to  car- 
cinoma, to  tuberculosis,  to  intolerance  of  drugs.  Such  predisposition  is,  in  its 
relation  to  drug-intoxication,  etc.,  commonly  termed  idiosyncrasy;  in  relation  to 
disease,  it  is  designated  by  the  Greek  term  diathesis  {ha-rldrnxi) ,  with  an  appro- 
priate adjective  as  gouty,  diabetic,  lymphatic,  hemophilic,  etc.  Although  commonly 
found  in  several  members  of  a  family  and  in  many  related  families,  it  may  be 
manifested  in  diverse  ways  by  different  individuals  within  such  families  and  clans. 
It  is  probably  in  most  instances  congenital  and  inherited ;  but  the  fact  that  it  must 
have  had  a  beginning  at  some  point  in  the  family  history  prevents  the  assertion  that 
it  is  never  acquired.  On  the  other  hand,  the  original  disturbances  in  the  parent 
or  more  remote  ancestor  may  not  have  been  precisely  the  same  disturbance  that 
appears  in  the  descendant.  Thus  one  brother  may  have  gouty  trouble  in  the  joints, 
another  suffer  with  uric  acid  gravel  or  stone,  their  sisters  be  subject  to  hives  and 
migraine  or  to  asthmatic  paroxysms.  Of  the  sisters'  children,  one  may  have  hay 
fever,  another  eczema,  a  third  pylorospasm,  a  fourth  be  prone  to  laryngitis  of  the 
gouty  or  rheumatic  type.     Among  the  children  and  grandchildren  of  a  man  given 
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to  excessive  indulgence  in  food  and  drink,  one  may  have  a  morbid  cmving  for  drugs 
or  alcohol,  others  be  j)8yehasthenie,  others  be  gouty,  others  be  "scrofulous."  Among 
the  desceiuhmts  of  the  tuberculous,  overt  tuberculosis  may  not  be  manifest,  but 
carcinoma,  diabetes,  and  Graves'  syndrome  be  found;  or  tlie  inheritaine  may  be 
traceable  in  the  reverse  order. 

Were  these  merely  chance  coincidences,  we  should  have  no  occasion  to  discuss 
them.  There  is  abundant  proof  that  the  relation  is  fundamental  although  its  exact 
character  cannot  be  allirmed. 

"Whether  in  instances  such  as  those  cited,  or  in  the  more  common  instances  of  like 
ailments  in  parent  and  child,  that  which  is  inherited  is  not  the  ailment  itself,  but  certain 
special  tendencies.  These  tendencies  are:  (1)  To  the  development  of  certain  forms 
of  disease  under  the  incidence  of  exciting  causes  less  in  degree  than  would  be  necessary 
to  disturb  the  balance  of  function  or  overcome  the  resistance  in  other  individuals; 
(2)  to  the  development  of  one  or  more  of  a  special  series  of  syndromes  in  response  to 
the  incidence  of  exciting  causes  capable  of  provoking  various  series  of  syndromes. 

Evidently  such  form  of  transmission  resembles  rather  the  inheritance  of  normal 
characteristics,  such  as  blue  eyes,  or  of  abnormal  characteristics,  such  as  webbed  fingers, 
than  the  conveyance  of  syphilis  from  mother  to  fetus  by  intra-uterine  infection.  But 
it  is  not  precisely  the  same  as  either.  The  subject  of  a  diathesis  is  born  with,  and 
carries  through  life,  an  ahnormal  normality,  which  may  affect  directly  but  a  limited 
portion  of  his  structure,  or  whose  impress  may  be  upon  every  cell  of  every  tissue. 
In  some  instances,  especially  in  cases  of  autonomic-endocrine  failure,  there  may  be 
developmental  fault  so  slight  in  degree  that  it  gives  no  clear  sign  until  a  certain  stage 
of  the  individual  evolution  is  reached,  or  some  special  stress  of  life  is  encountered. 
In  some  instances  certain  morphologic  or  chemical  alterations  more  or  less  gross  can 
be  demonstrated;  as  the  uricemia  of  the  gouty,  the  lowered  sugar  tolerance  of  the 
angioneurotic,  the  increased  sugar  tolerance  of  the  tuberculous  and  carcinomatous 
inheritance,  the  physiognomy  of  the  scrofulous,  the  small  heart  and  long  thorax  of  the 
"phthisical"  habitus.  But  there  may  be,  and  indeed  frequently  is,  no  change  in  the 
solids  or  fluids  of  the  body  prior  to  the  actual  onset  of  disease,  that  present-day  methods 
of  examination  can  detect. 

Special  Immiinxiy. — There  is  a  "reverse"  to  the  medal  of  which  diathesis  is 
the  "obverse."  This  we  might  call  antithesis  or  contradisposition,  were  the  first 
of  these  words  not  in  general  use  in  a  different  significance,  and  the  second  too 
awkward  a  mouthful.  ^Ve  shall  employ,  instead,  the  term  special  immunity,  which 
as  the  opposite  of  special  liahility,  is  self-explanatory. 

Diathesis,  as  we  have  seen,  is  a  term  applied  to  a  special  predisposition  to  cer- 
tain forms  of  disease,  on  the  part  of  individuals,  families  and  family  groups  (clans). 
The  conception  could  be  extended  further  to  races^°  among  men,  to  varieties,  species, 
and  genera  among  animals.  Its  opposite,  special  immunity,  is  exhibited  most 
markedly  by  genera,  species  and  varieties  among  animals,  by  races  and  tribes 
among  men;  and  from  these  may  be  extended,  Avith  diminishing  certitude — since 
proof  must  be  largely  statistical — to  clans,  families,  individuals.  Thus,  rats  are 
higlily  refractory  to  diphtheritic  infection  but  not  to  pneumococcic  infection; 
pigeons  and  chickens  resist  pneumococcic  infection  more  than  diphtheritic;  while 
rabbits  yield  readily  to  both  diphtheria  bacilli  and  pneumococci. 

Tuberculosis,  however,  offers  the  clearest  illustration.  As  a  "spontaneous," 
i.e.,  environmental,  infection  it  is  practically  unknown  among  carnivora,  and  among 
graminivora,  in  solipedes  and  goats.  Xor  can  it  be  communicated  to  them  by  ordinary 
inoculation  unless  their  innate  resistance  has  first  been  broken  down  by  confinement, 
privation,  exhaustion  or  special  measures  of  depression.  Guinea-pigs  and  rabbits, 
on  the  other  hand,  may  readily  be  inoculated  and,  if  confined,  may  acquire  infection 

*"  Varieties  would  be  a  better  term,  but  we  follow  common  usage. 
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from  the  enviromnent  without  inoculation.  Domestic  cattle — particularly  the 
closely  inhred  varieties  and  all  stall-fed  animals — are  also  susceptible  to  environ- 
mental infection,  although  many  of  them  exhibit  relatively  high  degrees  of  resist- 
ance; and  the  wild  or  semi-wild  cattle  of  the  ranges  are  relatively  immune. 

Certain  races  of  men  show  a  distinct  proclivity  to  tuberculosis;  for  example, 
negroes,  especially  mulattoos.  Among  the  white  races,  none  can  be  said  to  show 
a  special  proclivity,  but  the  diathesis  is  found  in  individuals,  families  and  clans 
of  all  races.  Thus,  as  the  writer  has  elsewhere  suggested,  if  we  take  the  horse, 
the  cow  and  the  guinea-pig  as  representing  progressively  diminishing  degrees  of 
resistance,  men  can  readily  be  divided,  as  regards  liability  to  tuberculosis,  into  the 
horse  class  (immune),  the  cow  class  (moderately  susceptible,  but  capable  of 
developing  resistance),  and  the  guinea-pig  class  (lacking  resistance).  Taking  the 
human  race  in  general,  six-sevenths  of  those  that  survive  infancy  may  fairly  be 
placed  in  the  horse  class.  Among  Hebrews,^^  the  horse  class  is  noticeably  greater^ 
perhaps  nine-tenths;  the  cow  class  is  next  in  number;  the  guinea-pig  is  quite  rare. 
In  other  words,  the  members  of  this  race  possess  a  relatively  high  degree  of  special 
immunity  against  tuberculosis.  They  may  become  infected  when  native  resistance 
is  broken  down  by  privation,  depression  or  excess  (see  under  hypotrophy),  but 
the  affection  is,  as  a  rule,  of  milder  type  and  longer  course  than  among  others, 
and  recovery  is  more  readily  established.  Now,  certain  families  of  so-called  Anglo- 
Saxon  descent  are  aleo  highly  immune  to  tuberculosis.  Whether  or  not  they  derive 
from  Horsa  and  Henga  they  are,  in  this  respect,  in  the  horse  class.  But  they  fre- 
quently show  markedly  "gouty"  and  "rheumatic"  tendencies.  Among  Hebrews,  on 
■the  other  hand,  while  the  gouty  tendency  is  not  rarely  found,  it  is  less  frequent,  its 
place  being  taken  by  a  diabetic  and  angioneurotic  diathesis.^ ^  Tuberculosis  and  gout 
are  rarely  found  in  the  same  individual  of  any  race,  while  diabetes  and  tuberculosis 
are  found  together  very  much  less  frequently  than  diabetes  in  the  non-tuberculous, 
or  tuberculosis  among  the  non-diabetic.  Evidently — so  far  as  individuals  are  con- 
cerned— there  is  a  certain  degree  of  consonance  or  synergism  between  the  factors 
of  the  gouty  diathesis  and  those  of  the  angioneurotic-diabetic  diathesis,  and  a 
certain  degree  of  dissonance,  or  antagonism,  between  these  and  the  factors  of 
tuberculosis;  while  all  may  be  found  in  the  same  families,  clans  and  racial  stocks. 
As  the  writer  has  elsewhere  shown,^^  gout,  autonomic-endocrine  disturbances 
and  diabetes  tend  to  appear,  as  a"  rule,  in  the  immune  members  of  tuberculous 
families  and  the  immune  families  of  tuberculous  clans.  This  is  not  the  place  to 
attempt  a  solution  of  the  problems  presented,  but  its  therapeutic  implications 
must  be  noted. 

The  bearing  of  diathesis  upon  treatment  is  twofold.  Its  recognition  will  sug- 
gest, first,  the  early  institution  of  protective  and  corrective  measures,  such  as  changes 
of  environment,  special  dietetic  regimen,  avoidance  of  the  exciting  causes  of  the 
special  ailments  to  which  the  individual  is  liable,  upbuilding  of  general  and  special 
resistance;  second,  a  watching  for  the  impress  of  these  liabilities  during  the  course 

S^  This  term  is  used  as  a  crude  racial  designation.  Judaism  is  a  religion,  and  the  term 
"Jew"  implies  more  or  less  adherence  thereto.  In  many  countries,  the  "Jews"  are  of 
more  or  less  mixed  racial  affinities,  and  while  the  "Hebrew"  strain  is  dominant,  exact 
statistical  studies  are  impossible. 

"Many  regard  angioneuroses  as  dependent  on  "hypersensitiveness"  to  certain  irri- 
tants; and  various  terms — including  "allergy"  and  "atopy" — have  been  applied  to  this 
condition.  But  the  hypersensitiveness  is  simply  one  of  the  evidences  of  the  diathesis — 
it  is  not  primary,  but  secondary — and,  for  the  present,  we  prefer  the  older  designation. 

^Contributions  to  Medical  and  Biologic  Research,  dedicated  to  Sir  William  Osier. 
New  York,  1919.    Vol.   I,  p.   402. 
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of  any  other  ailment  from  which  the  subject  may  suli'er  and  the  giving  of  special 
care  to  convalescence. 

AVhen,  however,  upon  study  of  tlio  faniily  history  of  an  individual,  certain 
disturbances  or  diathetic  tendencies  arc  found  to  he  the  {)robal)lc  expression  of 
special  inimunifi/  in  other  dirc^ctions,  a  dithcult  prolilem  arises.  It  cannot  he  solved 
by  general  rules.  The  individual  instances  must  he  carefully  analyzed  and  the 
solution  can,  at  first,  he  tentative  only.  But  certain  general  observations  may  be 
made  by  way  of  illustration. 

Gouty  or  angioneurotic  phenomena  or  hyperfunction  of  the  thyroid  gland — 
even  organized  syndromes  of  autonomic-endocrine  disorder — may  become  manifest 
in  a  person  of  tuberculous  heritage  who  shows  no  evidence  of  tuberculosis.  These 
are,  in  the  writer's  view,  indications  of  a  defensive  process  that  errs  by  excess. 
In  so  far  as  they  involve  distress  or  danger,  the  attempt  may  Judiciously  be  made 
to  hold  them  in  check  or,  if  it  be  clear  that  the  necessity  for  this  special  form  of 
defense  has  passed,  to  bring  them  to  an  end.  The  best  way  to  achieve  this  purpose, 
however,  may  be  to  remove  their  necessity  by  undertaking,  instead,  a  therapeutic 
defense  against  the  hereditary  liability.  Thus  it  is  a  fact  of  repeated  observation 
that  certain  cases  of  Graves'  disorder  are  benefited  by  a  regime  that  has  proved 
useful  in  tuberculosis.  Moreover,  iodoform  and  elementary  iodine  not  only  help 
to  restrain  infiltration  in  early  tuberculosis,  but  are  likewise  of  distinct  service  in 
certain  early  cases  of  hyperthyroidism  and  even  in  advanced  cases  of  true  Graves' 
syndrome.  Their  use  perhaps  relieves  the  thyroid  gland  of  a  defensive  duty,  and 
permits  its  excessive  activity  to  subside.  The  prophylactic  use  of  iodine  and  iodides 
(Marine)  by  persons  living  in  regions  of  endemic  goiter  is  likewise  in  point. 

Too  much  stress,  however,  is  not  to  be  placed  on  these  coincidences.  What  is 
important,  in  cases  of  this  character,  is  the  recognition  that  a  further  liability  is 
clearly  involved ;  diabetes  mellitus  may  develop.  Thyroid  defense  against  tuber- 
culosis is  a  real  thing ;  and  for  its  sake  a  certain  amount  of  collateral  disorder  may 
be  tolerated.  But  there  is  nothing  helpful  in  the  diabetic  syndrome  or  pathology. 
Hence,  special  attention  must  be  paid  to  urinalysis  and  blood-sugar  curve  and  the 
diet  must  be  regulated,  according  to  the  individual,  to  yield  a  maximum  of  nutrition 
and  energy  with  a  minimum  of  carbohydrate  constituents. 

We  shall  recur  to  this  whole  topic  in  the  discussion  of  Indications  and  Contra- 
indications in  Chapter  III. 

Dyscrasia. — The  term  dyscrasia  {8v(T-,e\il;  Kpaata,  mixture)  is  not  often 
used  at  present,  and  not  at  all  in  its  earlier  meanings — that  of  a  faulty  mixture  of 
the  four  temperdments  of  ancient  medicine  (the  sanguine,  the  bilious,  the  lymphatic, 
the  phlegmatic)  ;  or  that  of  a  partial  synonym  for  diathesis,  sometimes  defined 
as  "a  bad  habit  of  the  body."  It  is  here  applied  to  a  constitutional  chahge  not 
inherited,  but  arising  in  the  course  of  the  individual  life,  as  a  concomitant  or  sequel 
of  disease.  We  do  not  misapply  it  as  is  sometimes  done,  to  the  endocrine 
dystrophies. 

Like  diathesis,  however,  dyscrasia  is  shown  by  a  lowered  level  of  the  physio- 
logic balance;  i.e.,  by  a  lessened  resistance  to  infection,  and  by  certain  special 
liabilities.  Thus,  in  diabetes  mellitus  it  is  manifested  in  the  sluggish  healing  of 
wounds  and  in  a  proclivity  to  local  and  general  suppurative  infections,  to  per- 
forating ulcer,  to  gangrene,  to  the  pneumonias. 

Diabetes,  indeed,  offers  a  clear  illustration  as  to  the  difference  between  diathesis  and 
dyscrasia.  The  diabetic  diathesis  is  hereditary  but  the  diabetic  dyscrasia  is  acquired. 
The  diathesis  is  a  constitutional  state  predisposing  to  the  precipitation  of  a  definite 
train  of  disturbances — probably  functional  at  first,  and  then  with  structural  involvement 


34  PHAEMACOTHEEAPEUTICS 

— by  certain  exciting  causes,  e.g.,  dietary  habits,  or  physical,  emotional  or  mental  strains, 
that  in  other  persons  would  not  produce  the  same  effect.  Others  might  indeed  react  in 
the  same  way — although  probably  in  less  degree — to  causes  of  like  kind,  but  of  greater 
intensity.  But  neither  in  duration  nor  severity  would  equal  exciting  causes  produce  an 
equal  result. 

The  dyscrasia  of  diabetics  is  a  further  general  and  special  enfeeblement  dependent 
upon  the  changes  in  nutrition  and  constitution  suffered  by  their  tissues  and  fluids,  and 
the  consequent  disturbance  of  the  physiologic  balance  of  function  both  as  regards 
individual  cells  and  organs,  and  as  regards  the  soma  as  a  whole. 

Similarly,  the  tuberculous  diathesis  predisposes  to  the  establishment  of  tuber- 
culous infection  and  affection;  the  ensuing  tuberculous  dyscrasia  increases  the 
liability  to  complicating  suppurative  infections,  with  profound  intoxication  and 
widespread  destruction  of  tissue. 

Treatment,  relative  to  dyscrasia,  is  p-evcntive  and  corrective.  It  includes, 
first,  skillful  management  of  the  primary  malady  or  affection,  to  upbuild  general 
resistance  and  to  avert,  so  far  as  possible,  the  development  of  special  liabilities; 
second,  avoidance  of  the  exciting  causes  of  the  complications  specially  to  be 
feared;  watchfulness  concerning  them;  and  the  timely  institution  of  appropriate 
defensive  and  remedial  measures,  should  they  appear. 

Cachexia. — Long  continued  disease,  whether  malady  or  affection,  interferes 
with  both  special  and  general  nutrition.  One  result  of  this  we  have  designated 
dyscrasia,  with  reference  chiefly  to  the  special  liabilities  that  it  involves.  Another, 
particularly  observable  in  malignant  affections,  in  malaria,  in  syphilis,  in  certain 
chronic  forms  of  disease  of  the  heart,  in  nephritis,  and  in  the  amyloid  degenera- 
tions of  chronic  tuberculosis,  is  termed  cachexia  (kukos,  ill;  e^ts,  habit).  It  is 
probably  connected  with  alterations  of  blood  and  blood-making  organs,  but  there 
seems  to  be  what  is  termed  a  "general  impoverishment  of  the  tissues"  as  well. 
Not  only  is  there  wasting,  but  also  the  physiognomy  of  the  patient  and  especially 
the  complexion  is  changed,  and  these  changes  are  of  a  peculiar  kind  in  each 
instance.  Hence  the  experienced  observer  can  often  recognize  the  ailment  by 
the  appearance  of  the  patient. 

As  to  treatment,  cachexia  is  but  a  part  of  the  ensemble  of  the  special  form  of 
disease  present.  The  appropriate  management  of  the  latter  is  to  be  instituted  or 
continued;  with  perhaps  special  attention  to  rest,  to  fresh  air,  to  nutrition,  to  the 
correction,  if  possible,  of  the  anemia. 

The  so-called  cachexia  strumipriva — the  myxedematous  degeneration  which  follows 
total  thyroidectomy — is  not  such  a  cachexia  as  here  described.  It  is  a  deficiency  affection; 
like  eunuchism,  an  artificial  dystrophy.  It  is  to  be  remedied,  as  is  the  so-called  "spon- 
taneous," i.e.,  developmental  myxedema,  by  supplying,  through  implantation,  feeding  or 
medication,  the  needed  quantity  of  thyroid  substance,  secretion  or  chemical  principle. 

Dystrophy  {dva-,  ill ;  rpe^etj/,  to  nourish). — Dystrophy,  meaning  aberrant 
nutrition,  is  of  course  manifest  in  diathesis,  in  dyscrasia,  in  cachexia;  but  there 
may  be  failure  in  the  general  function  of  all  cells,  or  of  certain  cells,  that  is  not 
included  in,  and  is  independent  of,  any  of  these.  With  this  may  go  definite  or 
indefinite  tissue  changes — affection — in  the  endocrine  system  especially. 

It  is  commonly,  if  not  always,  congenital  and  is  often  demonstrably  hereditary. 
Like  diathesis  it  may  not  become  manifest  until  some  developmental  period,  or 
some  special  stress,  makes  evident  the  fault.  Unlike  diathesis  it  is  not  a  tendency 
only,  which  may  not  become  actual  in  the  absence  of  an  exciting  cause :  it  is  itself 
the  effective  pathologic  basis  of  the  particular  abnormality  presented.  It  may  have 
originated  in  a  diathesis  and  have  become  specialized — as  in  certain  cases  of  ex- 
cessive and  obdurate  obesity.     Doubtless  these  last  depend  in  part  upon  deficient 
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endocriiio  (thyroid  or  pituitarv)  function,  but  this  alone  does  not  explain  them. 
Acromegaly,  with  its  anterior  ])ituitary  hy{)ertroj)hy,  is  another  instance,  and  here, 
too,  the  change  in  the  gland  is  an  insullicient  (or,  perhaps  it  is  better  to  say  incom- 
plete) explanation.  By  analogy,  leucoderma,  scleroderma,  myxedema,  infantilism, 
the  various  forms  of  aberrant  development  of  sexual  characteristics — in  fact,  the 
whole  range  of  those  curious  anomalies  ascribed  to  imperfect  or  aberrant  function- 
ing of  the  endocrine  tissues — may,  for  therapeutic  purposes,  be  included  under  the 
head  of  dystrophies/* 

The  type  of  abnormity  presents  wide  variations.  In  some  cases  there  is  de- 
ficient, in  others  excessive,  in  others  perverted  functioning  of  one  or  another  portion 
of  the  endocrine  system,  and  probably  of  the  autonomic  ^^  nerve  system  as  well.  In 
some  cases  there  are  demonstrable  tissue  and  humoral  changes,  in  others  not.  The 
changes  are  in  some  cases  progressive,  in  others  stationary,  manifesting  sometimes 
as  atrophy,  sometimes  as  hypertrophy — very  frequently  as  a  mixture  of  both  with 
diverse  types  of  degeneration.  In  some  cases  adequate  pathologic  mechan- 
isms have  been  found,  in  others  not.  In  some  instances  the  elinicopathologic  pic- 
ture presents  a  strong  resemblance  to  affection ;  in  others  it  is  akin  rather  to 
infirniity  or  deformity. 

We  are  not  only  in  a  borderland  but  in  a  land  of  darkness,  where  our  little 
candles  glimmer  but  feebly.  Yet  the  distinction  made  between  disease  and  the 
obscure  conditions  under  discussion  still  holds  in  the  main.  There  is  no  manifest 
restorative  struggle  which  the  therapeutist  may  emulate  or  assist.  There  are,  how- 
ever, or  seem  to  be,  certain  attempts  to  maintain  physiologic  balance  by  vicarious 
action  or  by  antagonism;  as  when  defective  development  or  function  of  one  gland 
is  partially  corrected  by  overdevelopment  or  overfunction  of  another  gland ;  or  when 
morbid  activity  of  one  series  of  glands  is  opposed  or  restrained  by  increased  activity 
of  glands  of  another  series;  as  when  chromaffin  tissues  supplement  in  a  measure 
the  deficiencies  of  sj'mpathetic  nerve-cells,  or  vice  versa;  and  these  phenomena  give 
us  therapeutic  hints.  True,  as  adjustive  attempts  at  correction,  they  have  failed, 
in  part  or  wholly — or  there  would  be  no  sign,  no  symptom ;  they  may  even  introduce 
new  dangers,  as  in  certain  cases  of  enlargement  or  persistence  of  the  thymus,  with 
mechanical  pressure  upon  the  windpipe,  if  not  with  intoxication.  But  by  and 
large,  they  point  the  way. 

Well  guided  treatment,  however,  waits  upon  the  correction  and  extension  of 
knowledge.  Meanwhile,  what  knowledge  we  have  is  to  be  utilized  in  appropriate 
instances  by  the  institution  of  such  measures  of  compensation  for  defect,  restraint 
of  excess,  control  of  aberration  as  may  have  an  apparently  rational  basis  and  fair 
empiric  confirmation  (e.g.,  thyroid  feeding  in  cretinism,  thymus  and  adrenal-cortex 
feeding  in  Graves'  syndrome,  radiation  to  reduce  an  hypertrophied  thymus,  pituitary 
medication  in  certain  cases  of  infantilism)  and  which,  moreover,  if  they  do  no 
good,  will,  at  least,  "do  no  harm."  This  last  is  emphatically  not  to  be  said 
concerning  indiscriminate  thyroid  feeding,  or  the  administration  of  thyroid  prin- 
ciples, in  obesity.  The  heart  may  be  permanently  damaged  thereby,  and  ap- 
parently, at  times,  an  adrenal  or  other  antagonistic  overfunctioning  may  be  brought 


^'  It  is  a  question  whether  scurvy,  beriberi,  rickets,  pellagra  and  other  morbid  condi- 
tions produced  by  lack  of  vitamins  and  other  special  dietary  elements,  or  by  lack  of 
sunlight,  etc.,  might  not  also  be  included  under  this  head,  but  that  would  involve  too 
radical  a  departure  from  accepted  classification  to  be  attempted  here.  The  analogy, 
however,   is  obvious,  and    the  etymology  appropriate. 

"Under  this  head  we  include,  following  Langley,  the  n-hole  "vegetative,"  "involun- 
tary," "visceral,"  nerve  system  (sympathetic,  parasympathetic,  enteric,  splanchnic,  etc.), 
not  merely  the  craniosacral  ganglia  and   their  extensions. 
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about,  Avhich  leads  to  arterial  spasm  and  its  evil  consequences — even  gangrene.  One 
case  proves  nothing;  yet  the  writer  has  at  least  a  strong  suspicion  that  abuse  of 
thyroid  medication  in  the  obese  may,  by  some  obscure  reaction,  even  lead  to  abortion 
in  the  early  months  of  pregnancy. 

Hypotrophy  (vtto,  under;  rpk4>tw,  to  nourish). — Hypotrophy  or  deficient 
nutrition,  differs  from  the  aberrant  nutrition  just  discussed.  An  old  general  term 
and  general  concept  in  medicine — as  the  antithesis  of  hypertrophy — it  was  given 
a  new  and  special  meaning  by  Jaccoud  in  his  studies  of  tuberculosis.  It  is  chiefly 
in  that  special  sense  that  we  shall  use  it  here.  From  a  pathologic  viewpoint,  the 
instances  of  defective  development  formerly  designated  by  it  probably  fall,  with 
few  exceptions,  into  the  category  of  dystrophies;  but  for  the  therapeutic  diagnosis 
we  need  just  such  a  category  as  is  given  by  Jaccoud's  term  and  its  special  applica- 
tion. 

Allied  terms  are  Gower's  abiotrophy,  specially  applied  to  the  nerve  system,  and 
the  writer's  ahionergy  (more  accurately,  perhaps,  abiurgy)  brought  forward  in  his 
study  of  the  therapeutics  of  tuberculosis."  These  alike  connote  a  negative  quality — 
hence  the  use  of  the  privative  "a."  That  which  is  quantitatively  lacking  (but  not 
entirely  wanting),  is  the  essential  vital  energy,  life  force,  bathmism,  formative  energy, 
bionergy  (biurgy)  as  it  is  variously  called.  Since,  however,  the  use  of  such  expressions 
would  bring  us  into  a  region  of  controversy,  we  follow  the  example  of  Jaccoud  and 
speak,  instead,  of  nutritional  or  trophic  energy. 

By  hypotrophy,  then,  we  mean  a  certain  lack  of  nutritional  and  formative 
energy  in  the  tissues  and  tissue  elements,  lowering  their  resistance  to  infection  and 
other  causes  of  impairment,  and  especially  diminishing  or  perverting  their  power  of 
self-repair.  Whether  the  change  is  chemical,  morphologic,  or  both — nuclear,  ex- 
tranuclear,  or  both — has  not  been  shown.  It  is  the  principal  element  in  the  tuber- 
culous diathesis;  and  has  a  more  obscure  relation  with  cancer. 

It  results  most  frequently  from  conditions  affecting  the  germ-plasm  adversely, 
whether  arising  in  the  parents,  one  or  both,  or  deriving  from  a  remote  ancestor.  As 
an  acquired  condition,  it  may  originate  from  uncompensated  loss  of  energy  in  utero, 
through  impairment  of  maternal  vigor.  In  extra-uterine  life  it  is  the  effect  of  un- 
compensated losses  brought  about  by  privation,  by  depression  (as  by  fear,  anxiety, 
grief  and  by  certain  maladies,  e.g.,  measles  and  influenza),  or  exhaustion  (whether 
the  result  of  work  or  of  dissipation).  In  Jaccoud's  and  the  writer's  conception  of 
its  extent  and  consequences,  it  is  not  strictly  localized  to  any  special  tissue,  but 
its  existence,  together  with  some  local  accident  or  incident,  gives  rise  to  the 
"favorable  soil"  upon  which  the  tubercle  bacillus  can  pullulate  within  the  human 
body.  The  quantity  or  degree  of  loss  of  energy  varies,  and  its  manifestations  vary 
accordingly.  The  individual  may  go  through  life  merely  as  the  subject  of  a  special 
liability,  or  he  may  acquire  tuberculosis  or  other  infection  or  affection — perhaps 
typhoid  fever,  pneumonia,  carcinoma,  Hodgkin's  syndrome  or  some  sort  of  anemia. ^^ 

Treatment  of  hypotrophy  should,  to  paraphrase  Oliver  Wendell  Holmes, 
beg'in  with  the  selection  of  one's  ancestors.  However,  the  deficiency,  if  recognized, 
can  be  removed  by  active  measures  of  reinvig oration.  These  can  be  summed  up 
as:  Fresh  air;  sunlight  and  darkness,  exercise  (including  play  and  work,  mental 
and  physical)  and  rest,  in  due  proportion;  a  suitable  and,  in  general,  highly  nitro- 
genous and  largely  milk  and  flesh  diet,  with  fresh  eggs,  fruits  and  leafy  vegetables 
(vitamin-carriers),  a  modicum  of  carbohydrates,  sufficient  fats,  and,  if  necessary, 

"A  System  of  Practical  Therapeutics,  edited  by  H.  A.  Hare,  Philadelphia,  1890, 
Vol.  I,  p.  718,  et  seq. 

"  The  greater  prevalence  of  the  pneumonias  with  the  diminution  of  typhoid  fever 
and  tuberculosis  is  suggestive,  although  not  at  all  demonstrative. 
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cod-liver  oil  and  lime  ealts;  plenty  of  water,  inside  and  outside  and,  sometimes, 
special  applications  of  hot  and  cold  water,  to  develop  vasomotor  adjustability,  collo- 
quially, 'iiardeiiing'';  or  in  certain  cases,  protective  or  stimulating  climatic 
changes,'*  aorotherapy  or  phototherapy.  With  all  its  impfirfcc'tions,  the  theory 
dictating  these  measures  has,  nt'\«'iihck'ss,  been  aljundantly  justiiied  by  its  fruite. 

Correlation  of  Therapeutics  with  General  Biology 

As  with  most  artiticial  distinctions,  the  classification  we  have  made  of  disease 
forms  is  not  al)soInte.  Tliere  are  many  borderland  forms  especially  among  chronic 
ailments.  Nevertheless,  tiie  distinctions  are  of  practical  value  '"  in  giving  a  clearer 
view  of  the  general  possibilities  and  objects  of  treatment;  and  of  the  manner  in 
whieh  treatment  must  be  modified  in  accordance  wnth  the  special  conditions  present. 

It  is  increasingly  evident,  however,  that,  in  order  to  base  treatment  upon  an 
intelligent  prognosis, — i.e.,  a  reasonable  forecast  of  what  is  to  be  expected  in  any 
given  case,  with  and  without  therapeutic  intervention, — one  must  first  familiarize 
oneself  with  the  characteristics  of  the  natural  recuperative  reactions,  and  the  sj)ecial 
classes  of  ailments  in  which  each  of  these  various  forms  of  reaction  is  present.  In 
so  doing,  it  becomes  necessary  to  attempt  a  certain  degree  of  correlation  between 
the  special  phenomena  of  disease  and  normal  biologic  processes  in  general.  Their 
fundamental  identity  is  exhibited  alike  in  pathological  disturl)ances  and  in  the 
methods  of  self-defense  of  the  organism. 

So  large  a  subject  can  be  treated  here  only  in  outline,  and  with  some  dogma- 
tism; and  we  shall  confine  ourselves  chiefly  to  those  phenomena  of  recovery  most 
important  to  the  therapeutist.  But  the  student  is  advised  to  seek  further  informa- 
tion by  reading  again  his  textbooks  of  histology,  pathology,  physiology  and,  espe- 
cially, recent  works  on  general  biology,  with  special  reference  to  the  matters  now 
to  be  taken  up. 

Processes  of  Protection,  Defense  and  Correction 

Life,  to  adopt  a  phrase  of  Herbert  Spencers,  is  characterized  by  the  power  of 
'"continuous  adjustment  of  internal  relations  to  external  relations."  In  other 
words,  living  beings  maintain  a  moving  equilibrium  in  harmony  with  their  chang- 
ing environment,  by  automatically  effecting  internal  changes  to  counterbalance 
external  ones.  The  ability  to  effect  such  counterbalancing  adjustments  promptly 
and  adequately,  constitutes  health. 

Health  may,  therefore,  be  described,  in  imitation  of  Spencer,  as  the  con- 
tinuous adjustment  of  internal  relaiions  to-  one  another;  a  change  in  any  one  part 
Ijeing  counterbalanced  by  changes  in  other,  perha})s  in  all  other,  ])arts.  Exj)ressing 
the  same  idea  in  a  slightly  different  plirase :  Health  is  the  harmony  of  internal 
relations.  Disease  is  disharmony,  with  which  is  commingled  an  attempt  at  restora- 
tion. The  immediate  adjustments  of  the  old  equilibrium — of  organism  with  en- 
vironment, of  function  with  function,  of  part  with  part  and  part  with  whole — have 
measurably  failed.     But  the  failure  is  not  total,  or  life  would  have  ceased.     Xew 

"  When  obviously  morbid  conditions,  as  of  tonsils,  glands,  blood,  etc.,  exist,  these  are, 
of  course,  to  be  treated  appropriately;  but  to  discuss  this,  or  the  management  of  overt 
tuberculosis  here,  would  be  to  go  too  far  afield. 

"This  value  does  not  depend  upon  the  specific  applicability  of  the  terras  selected; 
others  might  have  been  chosen  with  almost  equal  propriety.  It  lies  in  the  assembling 
of  like  phenomena  and  the  separation  of  unlike  phenomena,  and  the  designation  of  groups 
tluis  constituted,  by  single  words  susceptible  of  precise  usage. 
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adjustments  are  needful  to  bring  a))Out  a  new  equilibrium.  The  natural  forces 
of  the  organism  seek  these  new  adjustments. 

When  viewed  thus  broadly,  disease  is  seen  to  be  a  necessary  part  of  the  order 
of  nature.  It  is  an  essential  expression  of  the  characteristic  plasticity  of  living 
matter,  of  the  vital  adaptability  underlying  organic  evolution.  It  is  literally  a 
"struggle  for  existence"  against  certain  factors  of  destruction.  Only  living  beings 
can  exhibit  it;  and  its  manifestations  are  best  understood  when  studied,  together 
with  corresponding  normal  phenomena,  under  the  appropriate  biologic  categories. 
This  is  equally  true  of  the  phenomena  of  derangement  and  of  the  perfections  and 
imperfections  of  recovery. 

The  group  of  phenomena  constituting  recovery  is,  therefore,  an  essential  part 
of  the  biologic  process  we  have  termed  disease,  being  the  series  of  reactions  and 
readjustments  hy  wliicJi.  tlie  body  defends  itself  dtgajnst  disorganizing  infiuen^es, 
and  seeks  to  restore  the  physiologic  halance,  the  harmony  of  internal  relations  con- 
stituting health. 

They  are,  as  becomes  more  and  more  evident  the  more  closely  they  are  studied, 
exaggerations  of  the  normal  interactions — between  organism  and  environment, 
between  one  part  of  the  organism  and  another,  between  the  organism  as  a  whole 
and  its  various  parts — through  which  life  is  manifested  and  health  maintained. 

The  adjustments  of  recovery  are  protective,  defensive  and  corrective.  When 
they  have  been  timely,  appropriate  and  proportionate,  we  may  speak  of  the  recovery 
as  perfect  or  complete. 

When,  however,  a  factor,  or  a  number  of  factors  of  the  series  is,  in  time  or  in 
degree,  deficient,  irregular  or  excessive,  the  adjustment  as  a  whole  is  imperfect — 
in  other  words,  disproportionate,  unbalanced — and  recovery  may  fail  in  whole  or 
in  part.  Its  processes  may  even  result  in  permanent  damage,  i.e.,  infirmity.  Hence 
the  necessity  for  therapeutic  aid,  to  awaken,  to  supplement  or  to  control — perhaps, 
even,  to  antagonize  for  a  time — one  or  another  reaction  of  the  recuperative  series. 

Medicinal  intervention,  however,  is  not  always  synonymous  with  therapeutic 
aid.  It  may  be  harmful.  To  be  helpful,  to  be,  in  truth,  of  aid,  it  must  follow 
the  lines  disclosed  upon  analysis  of  the  methods  of  natural  protection,  defense  and 
correction.  That  is  to  say,  its  mechanisms  must  be  of  the  same  general  order  as 
those  by  which  all  living  organisms  maintain  their  existence,  preserve  their  integrity, 
and  reestablish  their  physiologic  balance.  Such  mechanisms  are  complex  and 
various,  but  may  be  reduced  in  outline  to  a  few  simple  categories.  Some  having 
reference  to  the  exciting  causes  of  disease;  some  to  its  functional  derangements; 
some  to  its  tissue  changes;  some  having  inclusive  reference. 

These  may  be  arranged  in  an  order  of  progressive  complexity  under  three 
general  and  twelve  special  headings,  as  follows : 

Protective  Processes 

Evasion 
Exclusion 
Defensive  Processes 

Ejection 

Imprisonment 

Destruction  (including,  as  forms  of  incomplete  destruction,  enfeeblement 

and  attenuation) 
Neutralization  (including  dilution) 

Antagonism   (including   (a)   deflection  and   (b)   substitutive  action) 
Counteraction  >  -^(•■■^■ni 
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Corrective  Processes 
Kepair 

Compensation 
Supplementation 
Vicarious  action   (often  incorrectly  called  '"substitution'')-" 

Protective  Processes. — /''rasion. — The  avoidance  of  danger  is  seen  constantly 
in  nature,  in  the  struggle  for  existence.  It  is  exempliiied  equally  by  the  instant 
stillness  of  the  winter-coated  rabbit  as  the  hawk's  shadow  falls  upon  the  snow,  and 
the  swift  motion  of  the  deer  when  the  wind  brings  to  his  sensitive  nostril  the  sitent 
of  man  or  dog;  by  the  inky  excretion  of  the  cuttlefish  and  the  negative  tropisms 
of  mol)ile  cflls  and  organisms  in  the  ])resence  of  destructive  irritants. 

In  therapeutics,  the  principle  of  evasion  is  more  frequently  ap])lied  in  the 
prevention  of  disease  than  in  the  treatment  of  the  sick.  Thus,  a  hay-fever  subject 
may  flee  to  the  mountain;  an  asthmatic-  is  advised  to  get  rid  of  his  pillow  and 
mattress  of  hair  or  feathers  or,  perhaps,  fur  coat.  It  is  also  shown,  however,  in  the 
climatic  and  other  changes  of  environment  that  may  form  part  of  the  treatment  in 
cases  of  nervous  and  mental  disease,  of  tuberculosis,  of  chronic  nephritis;  and,  not 
infrequently,  in  change  of  occupation,  as  in  lead  poisoning  and  in  cardiac  affections. 
It  dictates,  too,  abstinence  from  hurtful  foods,  drinks  and  medicines — as  instanced 
not  only  by  the  prohibition  of  alcohol,  tea,  coffee,  opium,  in  cases  of  addiction,  and 
by  the  restricted  dietary  of  diabetics  and  nephritics,  but  also  by  the  time- 
honored  and  time-Justified  proscription  of  solid  food  in  typhoid  fever  and  by 
the  avoidance  of  mercurials,  quinine,  salicylates,  in  the  treatment  of  persons  show- 
ing an  undue  sensitiveness — "idiosyncrasy" — to  these  agents.  It  permits  the  pre- 
scription of  habit-forming  drugs  only  under  compelling  necessity.  Such  measures 
as  isolation,  quarantine,  window-screening  and  filtration  of  drinking  water,  occupy 
a  borderland  between  evasion  and  protective  exclusion. 

Exclusion. — Attack  may  be  foiled  by  a  barrier  that  shuts  out  the  enemy,  or 
by  armor  that  turns  his  weapon.  Such  means  of  defense  may  be  a  natural  heritage, 
as  the  shell  of  the  tortoise,  the  pigmented  skin  that  protects  the  negro  against  the 
tropical  sun,  and  the  outer  layer  or  wall  or  phase  that  shields  the  delicate  cell 
contents  from  harmful  physical  and  chemical  contacts.  In  other  instances,  the 
protection  is  acquired  by  adaptive  modifications  of  tissue.  This  is  illustrated  by 
the  ])igmentary  increase  that  the  sun's  rays  may  excite  in  white  persons,  and  by 
the  callosities  that  form  on  the  hands  of  laborers. 

Acquired  protection  against  chemical  action  is  sometimes  seen,  as  when  anthrax 
bacilli  are  grown  in  rat  serum.  The  serum  is  ordinarily  lethal  to  these  microbes;  but 
under  some  circumstances  they  develop  a  thick  wall  which  prevents  penetration  and 
thus  guards  them  against  toxic  influence.  A  similar  protective  wall  forms  about  anthrax 
bacilli  cultivated  in  broth  to  which  gradually  increasing  quantities  of  arsenic  are  added. 
Joachimoglu  attributes  the  tolerance  of  arsenic  that  may  be  acquired  by  certain  animals 
to  gradual  changes  of  a  similar  sort  in  the  mucous  membrane  of  the  alimentary  canal, 
hindering  or  preventing  absorption. 

Protective  exclusion  in  sanitation  has  been  alluded  to.  As  a  therapeutic 
practice,  it  pertains  more  to  surgery  than  to  internal  medicine.  It  is  instanced  sur- 
gically by  the  dressings  applied  to  burns  and  to  operative  and  other  wounds;  by  the 
application  of  silver  nitrate  to  form  a  protective  eschar  over  an  abraded  surface 

^■^  Since  the  older  writers  employed  the  term  "substitution"  in  a  different  way,  it 
might  be  well  to  avoid  it  here.  Supplementation  and  vicarious  action  answer  the  pur- 
pose and   are  not  ambiguous. 
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exposed  to  irritant  secretions;  and  by  many  other  familiar  expedients.  Medical  illus- 
trations, however,  are  not  entirely  lacking.  Thus,  when  precipitants  are  used  to 
convert  soluble  into  insoluble  compounds  of  poisonous  substances,  the  unchanged 
gastroenteric  mucosa  becomes  a  sufficient  barrier  against  their  entrance  into  the 
circulation.  Insoluble  bismuth  compounds  are  prescribed,  at  times,  in  cases  of 
abrasion  or  ulceration  in  the  stomach  or  bowel,  to  form  an  artificial  protective 
covering,  a  defensive  armor. 

Defensive  Processes. — Ejection. — A  horse  switches  away  the  flies  with  its 
tail.  An  obnoxious  heckler  is  thrown  out  of  a  public  meeting.  An  aroused  people 
drives  back  the  invader.  In  like  manner,  a  hurtful  agent  that  has  effected  entrance 
into  the  body  or  into  the  mucous  canals — and  more  readily  in  the  latter  case — 
may  sometimes  be  got  rid  of  by  ejection. 

Two  mechanisms  are  recognizable:  {a)  expulsion  and  (&)  excretion,  both 
being  normal  physiologic  processes,  which  in  disease  are  exaggerated.  There  may 
be  others  as  well. 

{(i)  Expuhimi  of  gross  foreign  bodies,  of  endoparasites  and  of  irritants  of 
various  kinds  from  the  mucosge  is  effected  in  a  variety  of  ways.  The  offending 
substance  may  be  swept  out  by  a  stream  of  fluid,  e.g.,  tears  or  watery  nasal  secretion 
.  {lavatory  reaction).  Or  it  may  be  thrown  out  forcibly  by  muscular  effort,  aided 
often  by  compressed  air,  as  in  sneezing,  coughing  and  vomiting  {ejaculatory  re- 
action). Or  the  reaction  may  be  in  part  lavatory  and  in  part  ejaculatory,  as  in 
diarrhea.  Irritating  substances  formed  in  the  body,  whether  by  perversion  of  cus- 
tomary processes,  or  as  a  result  of  infection  or  other  pathogenic  cause,  are  quite 
common^  disposed  of  in  this  way.  Normal  excretion  of  waste  in  the  feces  is 
fundamentally  the  same  process.  The  spontaneous  rupture  of  an  abscess  may  also 
be  looked  upon  as  a  form  of  expulsion. 

(6)  Excretion  in  the  urine,  bile,  sweat,  tears,  etc.,  is  the  normal  process  of 
elimination  of  soluble  wastes,  and  is  applied  to  all  soluble  foreign  substances  that 
have  found  their  way  into  the  blood  and  body  fluids — not  only  drugs,  but  also,  to  a 
certain  extent,  disease  poisons,  whether  of  microbial  or  tissue  origin;  and  even 
to  such  products  of  natural  metabolism  as  dextrose,  when  circulating  in  excessive 
quantity. 

In  therapeutics,  expulsion  is  utilized  surgically,  by  such  expedients  as  the 
extraction  of  foreign  bodies ;  excision  of  tumors  or  of  the  tissues  poisoned  by  the 
bite  of  a  mad  dog ;  opening  of  abscesses ;  amputation  of  limbs  to  prevent  the  spread 
of  sepsis;  medically,  by  the  use  of  cleansing  and  antiseptic  irrigations,  of  emetics, 
of  purgatives,  of  vermifuges,  sternutatories,  errhines,  expectorants,  and  the  like. 

Excretion  is  availed  of,  chiefly  by  means  of  diuretic,  cholagogue  and  diaphoretic 
measures;  but  also  by  the  use  of  certain  borderland  agents,  such  as  colchicum  and 
phenylcinchoninic  acid,  which  mobilize  uric  acid,  as  well  as  aid  to  carry  it  ott'. 

Imprisonment. — An  enemy  who  cannot  be  held  back  or  driven  out  from  the 
country  may,  nevertheless,  be  shut  up  in  a  conquered  town  or  fortress.  Hostile 
individuals  may  be  interned. 

In  normal  functioning,  various  secretions  (e.g.,  the  l)ile,  the  semen)  and  excre- 
tions {e.g.,  the  urine  and  the  feces)  are  retained  for  a  time  in  special  receptacles. 
The  fertilized  ovum  is  held  within  the  womb;  the  liver  halts  certain  digestive 
products,  transforming  them  and  storing  them  up  for  future  use  (as  carbohydrates), 
or  transforming  and  detoxicatiug  them  (as  in  the  case  of  certain  nitrogenous  com- 
pounds). 

Examples  of  imprisonment  as  a  measure  of  self-defense  in  the  animal  economy  are 
not  rare.  The  cerumen  of  the  ear  and,  possibly,  the  sebum  of  the  skin  serve  a  protective 
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function  in  part  by  entangling  and  keeping  from  penetration  certain  oi  the  air-carried 
irritants  and  pathogens.  Foreign  bodies,  such  as  bullets  and  splinters  of  bone,  not 
rarely  become  encysted.  Tubercle  bacilli  are  enclosed  within  giant  cells  and  may  be 
found  surrounded  by  several  ensheathing  layers  representing  their  own  protective  reac- 
tions against  the  host,  as  well  as  the  response  of  the  latter  to  local  irritation.  Even  a 
collection  of  pus  may  be  surrounded  by  a  thick  wall,  and,  drying  up,  remain  as  a  harm- 
less cyst  within  the  tissues.  The  thick  starchlike  mucus  of  certain  respiratory  affections 
encloses  and  carries  out  from  the  body,  dust  and  bacteria. 

Ill  the  coiiij)k'.\us  of  reactions  that  constitute  natural  defense  against  bacterial 
invasion,  the  production  of  agglutinins  to  entangle  the  bacteria  may  be  considered 
a  measure  of  imj)risonment  ])re})ai'atory  to  expulsion  or  execution. 

In  therapeutics,  inij)risonment  is  illustrated  when,  in  cases  of  bites  by 
poisonous  serpents  '-'  or  by  rabid  dogs,  a  ligature  is  applied  above  the  envenomed 
part  to  })revent  the  penetration  of  the  poison  into  the  general  circulation  ;  as  also, 
in  a  measure,  by  the  use  of  certain  antidotes — as  iron  and  magnesium  hydroxide  in 
arsenic  poisoning — to  enmesh  a  poison  chemically  or  mechanically,  preparatory  to 
washing  it  out. 

Deslructiou. — The  grim  old  warrior,  who,  when  receiving  extreme  unction, 
replied  to  the  priest's  adjuration  to  forgive  his  enemies,  that  he  had  "none  to  for- 
give; they  [were]  all  dead,''  understood  the  most  satisfactory,  if  not  always  the 
easiest,  method  of  natural,  as  well  as  therapeutic,  defense. 

Hostile  living  organisms,  as  well  as  toxic  products,  which  cannot  be  excluded, 
expelled,  or  shut  up  in  impotence,  must  either  be  destroyed,  or  enfeebled  to  the  point 
of  harmlessnegs. 

Unorganized  substances,  wdiether  organic  or  inorganic,  are  destroyed  in  the 
animal  bodv  by  enzyme  action,  as  well  as  by  oxidation,  reduction,  decomposition, 
and  other  physicochemical  reactions.  The  metabolic  changes  undergone  by  food- 
stuffs, both  in  the  digestive  tract  and  in  contact  with  the  tissues,  are  illustrations 
of  these  processes  in  the  healthy  organism.  Drugs  pass  through,  similar  changes, 
as  do  harmful  substances  in  general,  exemplifying  once  more  the  most  important 
fact  in  therapeutic  science,  namely,  the  fundamental  identity  of  normal,  morbid 
and  recuperative  reactions. 

The  destruction  and  enfeeblement  of  living  microorganisms  and  the  toxic 
substances  to  which  they  give  rise  within  the  body,  directly  or  indirectly,  is  some- 
what more  complex,  but,  in  essence,  much  the  same.  This  subject  is  discussed  in 
detail  elsewhere  (see  Immunity),  but  may  here  be  outlined  in  a  general  way. 

The  tissues  react  to  the  stimulus  of  a  hostile  proteid  such  as  a  bacterial  cell, 
much  as  they  do  to  that  of  other  proteids,  and  produce  substances  which,  if  not 
enzymes,  are  certainly  akin  thereto,  and  which  are  capable  of  dissolving  or  decom- 
posing the  bacterium.  Or,  it  may  be  taken  up  (imprisoned)  and  digested  at  leisure 
by  certain  cells,  notably  the  phagocytes.  Toxins  and  other  harmful  products  of 
microbic  action  likewise  stimulate  the  production  of  substances  that  are,  in  a  cer- 
tain sense,  destructive  to  them.  The  })rocess  is  quite  (iomplicated  and  likewise 
involves  factors  that  might  be  considered  under  the  head  of  imprisonment,  as  well 
as  that  of  neutralization,  presently  to  be  discussed.  The  important  fact,  here,  is 
to  recognize  its  kinship  to  general  digestion. 

The  ultimate  fate  of  organisms  and  toxic  products  thus  dealt  with,  or  the  end 
forms  remaining,  is  expulsion — as  in  the  pus  of  abscesses  and  in  the  discharge 
from  mucous  surfaces — or  excretion. 

"The  venom   might   indeed   gradually   enter  the    blood;    the   ligature   could    then   be 
considered  as  an  expedient  to  ol)tain  dilution. 
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In  therapeutics,  destruction  of  unorganized  poisons  is  rarely  feasible,  but  in 
some  cases  of  snake  bite  and  alkaloidal  poisoning  it  may  be  accomplished  by  the 
prompt  use  of  an  energetic  oxidizer,  such  as  potassium  permanganate.  The  destruc- 
tion of  living  disease-producers — and,  in  a  measure,  of  their  products — is  illustrated 
bv  the  entire  range  of  antipathogenic  therapy — the  use  of  parasiticides,  anthelmin- 
tics, chemical  antiseptics  and  biologic  specifics. 

In  cases  of  poisoning  by  defective  or  perverted  products  of  metabolism  (auto- 
intoxication), stimulation  and  imitation  of  the  natural  destructive  processes — and 
especially  of  oxidation — are  often  helpful. 

Neutralization. — The  attempt  to  expel,  imprison,  or  destroy  an  invader,  usurper 
or  tyrant,  having  failed  in  part  or  in  whole,  some  other  means  is  necessary  to 
preserve  the  liberties  of  the  body  politic,  despite  his  presence  and  activity.  History, 
and  especially  that  of  the  political  development  of  England  and  America,  furnishes 
many  notable  examples  of  successful  defense  under  such  conditions.  We  need  cite 
only  the  production  of  Magna  Charta.  Such  devices  of  statecraft  may  be  likened 
to  those  defenses  of  the  body  human  that  we  term  methods  of  neutralization. 

In  physiology  and  therapeutics,  the  term  neutralization  denotes  a  fairly 
demonstrable  chemical  or  electrical  process.  In  the  biochemistry  of  animals,  it 
is  by  far  the  most  common  method  of  dealing  with  poisonous  or  potentially  poison- 
ous substances,  produced  in  the  organism  (endogenous),  or  introduced  from  with- 
out (ectogenous).  The  process  of  neutralization  is  much  the  same  in  health  and 
disease.  It  is  effected  by  adding  to  a  toxic  molecule  an  atom  or  an  atom  group  that 
will  render  the  former,  if  not  innocuous,  at  least,  less  noxious.  This  addition  may 
be  made  to  the  unbroken  molecule,  or  after  slight  modification  or  loss  of  one  or 
more  of  its  atoms. 

In  the  chemistry  of  the  laboratory,  neutralization  commonly  denotes  some 
such  process  as  the  reaction  of  an  alkaline  base  with  an  acid  to  form  a  salt — a  com- 
bination in  which  OH  ions  and  H  ions  have  their  electrical  affinities  satisfied,  the 
product  thus  being  neutral. 

In  the  somewhat  broader  sense  in  which  we  here  use  the  term,  equally  true 
instances  are  afforded  by  the  formation  of  an  insoluble  salt  ^"  of  a  metal  in  place 
of  the  soluble  one,  or  the  conjugation  of  an  organic  compound  which  by  reason  of 
not  dissociating  freely,  is  less  toxic  than  the  substance  from  which  it  was  formed. 

In  the  chemistry  of  the  body,  in  cases  of  poisoning,  whether  by  organic  or  inorganic 
compounds,  the  same  sort  of  process  may  occur.  Ordinarily,  however,  a  toxic  organic 
substance,  if  of  a  simple  nature,  is  neutralized  by  combination  with  an  acid  or  with 
several  acids,  to  form  non-toxic  esters  or  salts.  In  mammals,  the  acids  most  frequently 
acting  in  this  manner  are  sulphuric  (which  forms  ethereal  sulphates  or  sulphonates)  and 
glycuronic   (which  forms  glycuronates). 

Acids  and  other  substances  which  destroy  albumin  excite  in  the  tissues  a  form  of 
reaction  (inflammation)  characterized  by  exudation  of  leucocytes  and  serum.  Thus,  the 
amount  of  protein  present  to  neutralize  the  destructive  agent  is  increased. 

The  presence,  in  the  blood,  of  acids  in  excess,  brings  about  an  alteration  of  nitrogen 
metabolism  by  which  ammonia  is  formed  as  end  product  in  place  of  urea.^  The  ammonia 
neutralizes  the  acid  and,  in  this  way,  the  body's  supply  of  fixed  alkali  is  spared. 

The  power  of  the  body  to  neutralize  organic  poisons  is  in  many  instances  in- 
creased  by   frequent   administration.     Thus,    the   ability   to    destroy   morphine   is 

="We  have  previously  used  such  reactions  as  instances  of  exclusion  and  imprison- 
ment; they  are,  in  truth,  borderland  reactions;  that  is  to  say,  complex. 

^  An  excess  of  ammonia  in  the  urine  may  thus  point  to  increase  of  acid  formation  or 
acidosis,  and  indicate  the  remedial  use  of  an  alkaline  salt.  The  most  commonly  avail- 
able is  sodium  bicarbonate. 
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enormously  increased  in  "addicts"  of  this  druir.  'i'he  ability  to  transform  phenol 
and  giiaiacol  into  less  toxic  sulphonates  is  also  markedly  greater  in  animals  to 
M-hich  those  agents  have  been  given  in  gradually  increasing  doses.-* 

Certain  jiroteids,  if  not  digested  or  destroyed,  or  if  introduced  jiarenterally, 
are  combined  with  specilic  compounds  which  seem  to  differ  for  each  proteid,  and 
are  known  as  antibodies.  In  the  case  of  toxins  (the  j)roteid  poisons  produced  by,  or 
constituting  tlie  substance  of,  infective  agents),  the  neutralizing  liody  is  termed  an 
antiloxin.  The  ])rocess  is  complex.  Here  it  need  only  be  said  that  l)y  the  combi- 
nation of  antitoxin  with  the  fixing  component  of  an  ectotoxin  a  virtually  inert 
body  is  formed,  which  is  either  oxidized,  or  excreted  without  harming  the  organism. 
What  is  known  as  active  immunity  has  been  produced. 

The  intentional  active  immunization  of  animals  is  practiced  on  a  large  scale. 
In  some  instances,  to  protect  the  animals  themselves — as  against  anthrax — in 
others,  to  obtain  antitoxins  for  the  production  of  passive  immunity  in  man. 
Antivenoms  for  use  against  certain  snake  venoms  are  obtained  and  used  similarly. 

Still  more  intricate  is  the  form  of  active  immunity  manifested  by  the  produc- 
tion of  antibodies  against  endotoxins  of  microbes  and  against  various  forms  of 
living  cells,  as,  for  example,  foreign  erythrocytes.  The  principle  is  in  part  that 
of  neutralization,  in  part  that  of  destruction  by  products  resembling  the  tissue 
enzymes. 

Therapeutic  neutralization  is  the  basis  of  many  of  the  antidotal  measures 
used  in  cases  of  poisoning,  as  well  as  of  the  treatment  of  acidosis  by  alkaline 
medication  and  of  alkalosis  by  dilute  phosphoric  acid  or  acid  phosphates. 

In  a  number  of  infectious  maladies  in  man,  the  specific  antitoxin  contained  in 
the  sera  of  animals  that  have  been  immunized  actively  may  be  injected  to  produce 
a  passive  immunity  that  minimizes,  and  sometimes  overcomes,  tlie  dangers  arising 
from  delay  or  insufficiency  of  the  natural  reaction.  This  method  may  also  be  used 
to  hinder  or  prevent  the  development  of  such  infections.  This  is  notably  true  of 
diphtheria  and  tetanus. 

In  othei  ailments,  for  example,  furunculosis,  typhoid  fever  and  the  pneumonias, 
the  principle  is  applied  both  in  prevention  and  treatment,  by  inducing  an  active 
immunity  in  human  beings,  through  the  injection  of  suspensions  of  killed  bacteria 
(bacterines  or  vaccines). 

Related  to  the  neutralization  of  very  toxic  substances,  with  the  formation  of  less 
toxic  ones,  is  the  effect  of  dilution.  In  some  instances,  as  in  salt  poisoning,  which  de- 
pends wholly  on  an  increase  of  the  osmotic  power  of  the  blood,  dilution  may  give 
complete  relief.  In  other  instances,  as  in  the  case  of  irritants  and  destructives,  such 
as  acids,  alkalies,  phenols,  etc.,  it  may  attenuate  the  poison  to  such  an  extent  that  the 
normal  defensive  mechanism  suffices  to  prevent  harm. 

Dilution  by  appropriate  substances — oil,  water,  alcohol,  etc. — is  frequently  utilized 
to  mitigate  the  effects  of  external  irritants.  In  cases  of  hyperchlorhydria,  a  few 
draughts  of  water  may  suffice  to  reduce  the  gastric  acid,  for  a  time,  to  a  normal  concen- 
tration. So  also,  in  a  case  of  vesical  irritation  from  a  high  concentration  of  urine,  the 
use  of  water  as  a  diluent  may  be  all  that  is  needful. 

Antagonism. — Antagonism  differs  from  the  methods  of  defense  already  dis- 
cussed in  l)eing  less  of  a  physicochemical  process  and  more  purely  biologic  in  char- 
acter. Students  of  statecraft  believe  that  free  government  under  present  day  condi- 
tions is  best  maintained  througli  the  vigilance  of  opi)Osing  ])arties.  The  conflict  of 
interests  and  ideas  brings  about,  according  to  this  view,  what  we  may  term  a  whole- 

**  The  formation  of  sulphonates  and  glycuronates  occurs  largely  in  the  liver,  and  these 
substances  are,  therefore,  much  less  toxic  when  given  by  mouth  than  when  injected. 
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some  political  functioning;  a  progress  that  conserves  establislied  good;  a  conserva- 
tism that  tends  to  progressive  betterment. 

In  normal  physiology,  every  cell,  tissue  and  organ  is  subject  to  excitation  and 
to  depression  of  function  by  nervous  influence  or  by  more  direct  physical  or 
chemical  action.  Thus,  gastric  secretion  may  be  provoked  by  the  sight  or  odor  of 
food,  as  well  as  by  its  presence  in  the  stomach ;  while  unpleasant  sights  and  odors 
as  well  as  the  accumulation  of  peptones  beyond  a  certain  quantity  may  cause  the 
secretion  to  cease.  The  rate  of  the  cardiac  contractions  is  diminished  by  stimulation 
of  the  pneumogastric  nerve,  increased  by  stimulation  of  the  sympathetic.  So,  too, 
cardiac  activity  may  be  lessened  by  slightly  increasing  the  proportion  of  potas- 
sium chloride  in  the  fluid  passing  through  an  isolated  heart ;  while  increased  activity 
will  be  produced  by  slight  increase  in  the  amount  of  calcium  chloride. 

Certain  of  the  internal  secretions  have  opposite  influences  upon  the  functions 
of  given  tissues — let  us  say,  for  example,  upon  the  muscles  that  determine  the  caliber 
of  blood  vessels;  that  represented  by  the  medullary  substance  of  the  adrenal  gland 
tending  to  constrict,  that  represented  by  the  dominant  constituent  of  the  thyroid 
substance  tending  to  dilate  them.  It  is  stated  that,  to  preserve  the  normal  balance 
of  function,  the  presence  of  an  excess  of  adrenal  secretion  in  the  blood  provokes  the 
thyroid  gland  to  increased  activity  and,  conversely,  that  an  excess  of  thyroid  secre- 
tion stimulates  the  adrenal  gland;  just  as  the  application  of  an  acid  solution  at 
the  mouth  of  its  duct  will  stimulate  a  gland  of  alkaline  secretion,  but  inhibit  a 
gland  of  acid  secretion,  and  vice  versa.  Such  physiologic  adjustments  are  of  the 
nature  of  defensive  reactions.  They  become  intensified  in  disease,  and  are  imitated 
in  therapeutics. 

Thus,  when  an  exciting  cause  of  disturbance  cannot  be  evaded  or  excluded, 
nor  the  organism  be  so  modified  as  to  become  insensible  to  its  action,  and  when 
attempts  at  ejection,  imprisonment,  enfeeblement,  destruction  or  neutralization  of 
the  invader  have  failed,  attention  must  be  turned  from  the  agent  to  its  influence. 
Its  effects  upon  the  organism  are  to  be  opposed.  This  opposition  of  influence  is 
what  we  call  antagonism. 

Theoretically,  the  essential  characteristic  of  antagonism  is  direct  opposition  of 
influence  upon  the  same  function  of  the  same  tissue.  Practically,  however — and 
whether  the  subject  be  considered  with  reference  to  normal,  pathologic  or  pharma- 
codynamic reactions — we  find  this  limitation  too  narrow.  Hence,  the  meaning  of 
the  term  has  been  enlarged  to  include  opposing  influences  upon  the  same  function 
of  an  organ,  without  especial  regard  to  the  tissue  elements  directly  acted  upon.  Thus 
anything  that  tends  to  accelerate  the  heart's  action  is  said  to  antagonize  anything 
that  tends  to  retard  that  action ;  although  one  agent  may  affect  the  cardiac  muscle 
directly,  and  the  other  influence  it  indirectly  through  its  nerve  supply. 

Antagonism  is  thus  of  two  kinds,  causal  and  functional ;  causal  antagonists 
opposing  one  another  in  mechanism  as  well  as  results;  functional  antagonists  op- 
posing one  another  in  results,  irrespective  of  mechanism. 

We  shall  not  attempt  to  distinguish  sharply  between  these  two  forms,  especially 
as  many  of  the  most  characteristic  and  striking  examples  of  antagonism  occupy 
a  borderland  between  them. 

Pharmacodynamics  gives  numerous  examples:  thus,  the  opposing  effect  of  calcium 
and  potassium  on  muscle:  of  pilocarpine  and  atropine  on  the  sj^mpathetic  nerve  system; 
of  morphine  and  atropine,  and  of  pilocarpine  and  eserine  on  various  special  functions. 
Many  of  these  are  examples  of  causal  antagonism. 

In  therapeutics,  antagonism  is  utilized  perhaps  more  than  any  other  of 
the  defensive  processes,  almost  the  entire  range  of  symptomatic  medication 
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showing  a  tendency  to  take  advantage  of  tliis  method.    Functional  antagonism 
is  more  often  employed  than  causal,  although  examples  of  each  may  bo  cited. 

The  use  of  direct  or  causal  antagonism  is  seen  in  the  use  of  astringents  to  check  a 
dia^rrhea  dependent  on  a  local  Irritation,  and  in  the  use  of  local  anesthetics  to  relieve 
the  pain  of  an  inflamed  eye.  Indirect  or  functional  antagonism  is  instanced  by  the 
administration  of  morphine  to  relieve  the  pain  of  pleurisy  or  peritonitis.  The  not 
always  wise  use  of  antipyretics  to  reduce  febrile  temperature;  the  administration  of 
cathartics  to  overcome  constipation;  of  strychnine,  cocaine  or  digitalis  to  antagonize 
the  depressing  effects  on  the  heart  of  the  toxins  of  diphtheria,  pneumonia  and  influenza; 
the  resort  to  aconite  or  veratrum  viride  to  reduce  high  blood  pressure — are  examples  not 
so  readily  classified. 

(a)  Detleetion, — There  is  a  modified  form  of  antagonism  quite  evident  througli- 
out  nature,  in  which  the  forces  engaged,-^  while  differing  in  direction,  are  not 
diametrically  opposed.  Hence,  the  resultant  is  neither  a  state  of  rest  (when  the 
forces  are  equal),  nor  lessened  motion  in  the  direction  of  the  greater  force  (when 
they  are  unequal),  but  motion  in  a  direction  of  compromise  {dejiection) .  The  de- 
gree and  extent  of  this  deflection  will  depend  upon  the  respective  magnitudes  aud 
directions  of  the  forces  at  work.  It  can  best  be  demonstrated  by  mechanical 
examples. 

Thus,  the  force  moving  the  planets  through  space  acts  at  right  angles  to  the  sun's 
attraction  (to  use  the  common  inexact  terms).  The  result  is  neither  motion  in  the 
direction  of  what  we  may  call  "push,"  nor  motion  in  the  direction  of  what  we  may 
call  "pull";  but  a  deflection  resulting  in  revolution  of  the  satellites  about  the  central 
body.  Perhaps  a  simpler  instance  is  afforded  by  the  effect  of  the  modified  resistance 
of  a  railroad  track  to  the  direction  of  the  wheels  of  a  locomotive,  through  which  switch- 
ing aud  turning,  even  to  complete  reversal  of  direction,  is  brought  about. 

Backing  on  the  same  track  is,  of  course,  possible,  but  requires  reversal  of  the  engine; 
that  is  to  say,  a  complete  change  in  the  direction  of  the  revolution  of  the  wheels,  but 
our  example  assumes  a  continuance,  unmodified,  of  engine  and  wheel  action,  with  which 
we  symbolize  the  normal  or  pathologic  processes  whose  effect  is  to  be  deflected.  While 
an  abrupt  right-angled  switch — and  still  more,  an  acute-angled — would,  under  the 
conditions  assumed,  wreck  the  train,  the  gradual  change  of  direction,  through  a  curve 
(or  a  succession  of  obtuse  angles),  is  accomplished  without  harm. 

The  mechanism  is  quite  similar  to  the  disposition  of  the  branching  vessels 
by  which  diverse  directions  are  giv^en  to  the  blood  current,  until  it  finally  conies 
back  to  the  heart.  It  returns,  not  by  a  backward  flow  through  the  arteries — as  it 
might  in  the  case  of  direct  peripheral  resistance  of  sufficient  degree,  and  does, 
in  part,  in  cases  of  aortic  regurgitation — but  as  the  outcome  of  a  series  of  deflections 
through  arteries,  capillaries,  venules  and  veins. 

The  parallel  with  train  and  track,  however,  is  not  exact.  In  a  series  of  tubes, 
carrying  a  fluid,  deflection  of  the  current  at  right  angles,  and  even  at  acutely  reversed 
angles,  is  possible,  not  only  without  change  of  the  central  propulsion,  but  also  without 
damage. 

In  such  a  series,  we  are  able  to  recognize  three  principal  forms  of  deflection: 

1.  The  current  continues  in  the  same  general  direction — say,  from  the  heart  towards 
the  extremities-— but  with  slighter  or  greater  lateral  divergences.  These  we  term 
synergistic  deflections. 

2.  The  current  moves  at  right  angles  (or  thereabouts)  to  its  former  direction. 
This  we  may  term  neutral  deflection. 

"Einstein  discards  the  term  "force"  and  substitutes  the  conception  of  a  "non- 
Euclidian  geometry"  of  "space-time,"  resulting  in  the  existence  of  "gravitational  fields" 
comparable  with  electromagnetic  fields.  Bodies  move  along  geodesic  lines,  unless 
deflected  by  the  influence  of  a  gravitational  field.  It  will  he  simpler,  and,  for  our 
purpose,  equally  true,  to  keep  to  the  older  method  of  expression. 
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3.  The  current  moves  with  lateral  divergences  in  a  direction  more  or  less  opposite 
to  its  former  course,  i.e.,  from  the  extremities  towards  the  heart.  This  we  may  term 
antagonistic  deflection,  until  it  terminates  in  complete  reversal,  which  is  completed 
antagonism. 

In  the  more  intricate  processes,  chemical  and  physiological,  normal  and  abnormal, 
with  which  the  physician  has  to  deal,  it  is  not  always  easy  to  designate  the  particular 
form  of  deflection  evidenced;  indeed,  both  synergistic  and  antagonistic  effects  may  be 
present  together.  However,  it  is  the  normal  or  defensive  reaction  or  therapeutic 
expedient  designated,  rather  than  the  precise  terminology,  which  is  of  importance;  and 
the  latter  will  commonly  depend  upon  the  particular  aspect  of  a  complex  total  with 
which  the  observer  is,  at  the  moment,  concerned. 

As  physiologic  imfances  of  deflection,  we  may  cite  those  numerous  reactions 
in  which  factors  tending  to  influence  the  same  organ  in  opposite  directions  do  not 
antagonize  one  another  and  hold  it  at  rest  in  a  position  of  compromise,  but  instead 
set  up  in  it  a  series  of  rhythmic  variations,  first  in  one  direction  and  then  in  the 
other. 

As  examples  may  be  cited  the  action  of  sodium,  potassium  and  calcium  in  causing 
rhythmic  beats  in  the  heart,  and  the  action  of  the  vagus  and  splanchnic  nerves  in  caus- 
ing peristaltic  movements  of  the  stomach  and  bowels. 

It  will  he  observed  in  our  illustrations  that  the  opposing  agents  and  forces 
do  not  destroy  or  modify  one  another.  As  in  all  forms  of  antagonism,  opposition 
of  influence  is  exerted  upon  a  third  body  or  force.  In  citing  the  processes  of 
metabolism  as  further  examples  of  normal  deflection,  it  might  seem  that  we  are 
going  astray,  since  these  involve  modifications  and  even  destruction  of  substances ; 
and  we  have  indeed  used  them  as  examples  of  such.  But  at  present  we  are  not 
concerned  with  the  substances,  but  with  their  component  atoms  or  atom  groups. 
These  are  held  in  relation  with  one  another  by  forces  that,  for  our  purpose,  may  be 
called  chemical  affinities,  and  which  probably  may  be  resolved  into  electric  attrac- 
tions and  repulsions.  Against  them  other  chemical  and  physical  forces  are  set  into 
action,  and  the  arrangements  and  motions  of  atoms  within  the  molecules  and  of 
electrons  within  or  upon  the  atoms  are  altered,  i.e.,  deflected. 

Thus,  under  the  influence  of  enzymes  of  the  alimentary  tract  and  of  the  liver, 
starch  is  converted  into  maltose,  glucose,  glycogen.  From  the  liver  it  passes  as  needed 
into  the  blood,  being  reconverted  into  glucose  by  the  glycogenic  ferment.  These  changes 
depend  upon  deflections  of  chemical  affinities,  through  which  atoms  are  differently 
grouped  and  other  atoms  added  or  taken  away. 

In  clinical  pharmacodynamics,  which  is  to  say,  in  therapeutics,  deflection  is 
most  frequently  applicable  to  the  modification  of  drug  effects  upon  function  by  the 
conjoint  or  concurrent  use  of  two  or  more  agents — a  subject  discussed  more  fully 
under  the  head  of  association  of  remedies. 

For  example,  certain  drugs,  as  morphine  and  atropine  or  scopolamine;  as  digitalis 
and  aconite,  are  mutually  opposed  in  a  part  of  their  action,  but  not  in  all.  Hence,  it  Is 
possible  to  use  morphine,  guarded  by  atropine,  with  lessened  danger  of  cardiac  depres- 
sion and  with  equal  or  superior  relief  of  pain;  or  morphine,  guarded  with  scopolamine, 
with  equal  relief  to  spasm  and  greater  hypnotic  effect,  but  lessened  liability  to  sub- 
sequent vomiting.  So,  too,  in  certain  instances  of  overaction  of  the  heart,  aconite  may 
be  used  to  reduce  the  force  as  well  as  the  frequency  of  the  cardiac  contractions  with 
less  risk  of  untoward  results,  if  its  depressing  influence  be  modified  by  a  well-adjusted 
dose  of  digitalis;  the  latter  drug  tending  to  reduce  the  frequency  of  the  heart  beats,  but 
to  increase  their  efficiency.  On  the  whole  the  instances  cited  might  be  termed  synergistic 
deflections  by  the  utilization  of  partial  antagonisms. 
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The  utilization  of  drug  influence  upon  tissue  (and  hence  upon  the  tissue 
changes  of  affections),  according  to  the  principle  of  deflection,  is  quite  limited  at 
the  present  day;  and  is  exhibitetl  chiefly  in  such  local  measures  as  counterirritation, 
vesication,  pustulation  and  fixation  abscess. 

Local  applications  of  heat,  certain  methods  of  electric  treatment,  dry  cupping 
and  Bier's  measures  for  the  induction  of  local  hyperemia,  in  some  respects  illustrate 
the  same  principle. 

These  methods  have  received  different  explanations  at  differeiit  times,  accord- 
ing to  the  limitations  of  knowledge.  Current  explanations  are  taken  up  in  the 
discussion  of  drug  influence.  None  is  entirely  satisfactory;  and  tlie  practice  may 
fairly  be  said  to  rest  chiefly  upon  a  basis  of  demonstrated  usefulness. 

It  was  formerly  of  much  wider  scope  and  was  discussed  by  systematic  writers 
under  the  heads  of  "substitutive"'  and  "transpositive"  treatment — the  last  named 
including  "revulsion'^  and  "derivation." 

These  terms  are  now  out  of  vogue;  but  it  is  well  to  know  what  the  elders 
intended  thereby  and  to  see  what,  if  any,  of  theoretic  truth  and  practical  usefulness 
may  be  left,  after  demonstrable  errors  are  rejected. 

The  aim  of  substitutive  treatment  was  to  get  rid  of  disturbances  resulting 
from  the  action  of  known  or  unknown  morbific  agents  by  setting  up  in  their  place 
{i.e.,  in  the  same  tissues)  through  a  medicinal  agent,  similar  disturbances  of  lesser 
gravity  and  shorter  duration. 

The  theory  was  this:  The  medicinal  disturbance  becomes  substituted  for  the 
pathologic  disturbance,  and  being  more  easily  overcome  by  the  natural  recuperative 
reactions,  restoration  to  health  follows.  The  "primary"  ailment  and  the  "therapeutic" 
ailment  disappear  successively.  From  our  viewpoint  such  measures  are  instances  of 
either  synergistic  deflection  or  neutral  deflection:  synergistic  when  the  ordinary  effects 
of  the  remedy  employed  resemble  more  or  less  closely  the  tissue  changes  to  be  influ- 
enced;  neutral  when  such  resemblance  is  slight  or  wanting. 

The  aim  of  transpositive  treatment  was  to  get  rid  of  pathologic  disturbancies 
by  setting  up,  through  medicinal  or  surgical  means,  like  (similar  or  identical)  dis- 
turbances elsewhere;  that  is  to  say,  in  a  situation  less  dangerous  or  more  accessible. 

The  theory  was  this:  In  certain  cases  of  morbid  alterations  of  tissue,  the  pathogenic 
"irritant"  may  be  transposed  from  its  original  seat  to  a  more  favorable  one,  or  the 
intensity  of  its  action  at  the  original  seat  lessened  by  means  of  energetic  irritation  of 
a  part  deliberately  chosen,  and  to  which  the  morbid  action  is  thus  "solicited";  as,  for 
example,  when  a  seton  or  blister  is  used  in  the  endeavor  to  combat  liquefaction  of  lung 
tissue.  The  flippant  comparison,  at  once  suggested,  of  soliciting  flies  from  the  bread 
to  the  honeypot,  or  a  sticky  paper,  is  not  far  astray.  This  method  of  treatment  survives, 
at  present,  only  in  the  forms  of  counterirritation.  vesication,  and  the  aseptic  or  "fl,xa- 
tion  abscesses"  which,  however,  receive  different — and,  possibly,  equally  mistaken — 
explanations.  It  illustrates  neutral  deflection,  approaching,  in  a  measure,  direct 
antagonism. 

Of  the  measures  employed  to  effect  this  sort  of  substitution  ^^  and  "transposi- 
tion," many  are  deservedly  obsolete.  Others  may,  in  the  light  of  better  etiologic 
and  pathologic — especially  bacteriologic — knowledge,  be  explained,  if  not  more 
satisfactorily,  at  least  differently.  But  there  is  still  a  residuum  of  practical  ex- 
pedients for  which,  since  we  have  as  yet  no  better  terms,  the  traditional  designations 

="This  is  something  quite  different  from  that  replacement  of  a  lacking  enzyme  or 
secretion  in  a  human  being  by  an  animal's  enzyme  or  secretion,  to  which  recently  the 
term  "substitution"  has  been  applied.  To  avoid  confusion  we  therefore  treat  of  the 
latter  method  under  the  heads  of  "supplementation  and  vicarious  action.'' 
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might  be  retained.  The  student  is  referred  to  Trousseau's  lectures  for  an  authori- 
tative exposition  of  the  doctrines  under  discussion,  by  a  keen  observer  and  clear 
thinker  of  the  mid-nineteenth  century — a  learned  teacher,  whose  very  errors  are 
informative.^^ 

^The  following  abridgement  of  Trousseau's  presentation  of  the  subject  may  enable 
the  interested  student  to  see  for  himself  both  the  errors  and  the  underlying  truth  of  the 
older  doctrine  of  "substitution." 

"It  is  fully  proved,"  says  Trousseau,  "that  the  local  phlegmasiee  are  often  cured  by 
the  direct  application  of  irritants,  which  excite  an  analogous  inflammation  of  a 
medicinal  character,  to  take  the  place  of  the  primitive  irritation.  .  .  .  The  conjunctiva 
is  inflamed:  a  collyrium  of  sublimate,  silver  nitrate,  calomel,  red  precipitate,  irritating 
the  inflamed  part  for  a  moment,  cures  the  inflammation.  .  .  .  The  progress  and  duration 
of  a  phlegmasia  being  known,  .  .  .  we  .  .  .  place  in  contact  with  the  inflamed  tissue  a 
modifying  agent,  itself  an  irritant,  which  changes  the  mode  of  irritation,  and  shortens 
the  duration  of  the  disease.  .  .  . 

"Such  facts  of  'therapeutic  substitution,'  "  he  says  further,  "lie  at  the  basis  of  the 
'homeopathic'  doctrine,  which,  considered  in  its  fundamental  idea,  does  not  deserve  the 
ridicule  that  its  too  extended  and  unwarranted  applications  have  justly  received.  It  is, 
however,  much  less  applicable  in  cases  of  systemic  disease,  and  with  respect  to  remedies 
acting  systemically,  than  in  local  affections,  and  with  respect  to  topical  agents.  One 
must  remember,  too,  that  excitation  and  depression  are  not  the  only  forms  of  vital 
reaction  to  external  influences;  living  beings  and  their  tissues  are  modified  in  various 
ways  by  the  things  and  forces  of  the  environment. 

"It  is  the  quality,  rather  than  the  quantity  of  the  modifier,  that  determines  the  nature 
of  an  ailment,  as  it  is  not  the  quantity,  but  the  quality,  of  a  seed  that  determines  the 
nature  of  a  crop.  Chemical  modifiers  applied  to  the  body  produce,  each,  its  special 
effect  ...  so  that,  with  a  little  practice,  one  may  recognize  the  agent  by  the  reaction. 
It  is  not  a  question  of  quantity;  one  can  never  do  with  silver  nitrate  what  one  can  do 
with  antimony  terchloride,  whatever  be  the  amount  employed.  While  quality  determines 
the  form  of  the  effect — both  with  morbific  and  therapeutic  agents — quantity  regulates 
its  intensity.  The  attentive  pathologist  may  estimate,  to  a  certain  limit  of  error,  the 
reach  of  the  irritant,  i.e.,  the  probable  duration  and  gravity  of  a  phlegmasia.  Some 
have  a  definitive  beginning,  course,  and  termination;  others  are  uncertain  in  duration. 
Among  these  last,  some  are  ephemeral,  some  persist  indefinitely  and  others  appear  and 
disappear  irregularly.  This  natural  course  of  disease  is  of  the  utmost  importance  for 
the  therapeutist,  who  must  compare  with  it  in  each  case  the  probable  course  and  gravity 
of  the  therapeutic  inflammation  he  may  intend  to  substitute. 

"Although  substitution  can  be  practised  mediately,  that  is,  by  systemic  use  of  drugs, 
it  is  simpler  to  consider  direct  substitution  through  the  application  of  irritants  to  the 
inflamed  tissues.  It  is  above  all  necessary  that  the  substituted  disease  be  not  worse  than 
the  one  displaced.  .  .  .  Agents  which  destroy  tissues  by  physical  and  chemical  action 
are,  indeed,  wonderfully  adapted  to  disperse  the  lesions  of  these  tissues;  but  destroying 
is  not  curing,  and  the  physician  is  forced  to  such  measures  only  when  the  local  disease 
is  so  grave  and  resistant  that  destruction  is  vinavoidable.  As  it  is  only  by  observation 
that  one  learns  the  gravity  and  severity  of  pathologic  inflammations,  it  is  only  by 
observation  that  one  learns  the  same  facts  regarding  therapeutic  inflammations.  If  a 
grain  of  snuff  falls  into  the  eye,  a  violent  irritation  ensues,  which,  however,  is  over  in  a 
few  minutes;  a  concentrated  solution  of  tartar  emetic  causes  only  a  slight  stinging, 
but  the  resulting  ophthalmia  may  destroy  the  sight.  Therefore,  before  using  substitutive 
treatment,  we  should  know  the  range  of  our  weapons. 

"Some  irritants  have  a  very  short  range;  their  effects  are  transient.  Such  are 
silver  nitrate,  zinc  sulphate,  calomel,  and  the  alkaline  chlorides.  Of  others,  the  effects 
are,  in  differing  degrees,  more  persistent.  Such  are  cantharides,  tartar  emetic,  arsenic, 
the  caustic  alkalies,  mustard,  the  euphorbiaciae,  the  ranunculacese,  the  colchicacese.  The 
intensity  of  the  action  of  the  substitutive  agent  is  to  be  proportioned  to  that  of  the 
affection.  Two  mistakes  must  be  avoided;  we  must  neither  do  too  much  nor  too  little. 
Hence,  superficial  lesions  should  not  be  attacked  with  agents  of  the  second  series.  On 
the  other  hand,  epithelioma  of  the  skin  is  only  aggravated  by  superficial  irritation,  but 
destroyed  by  toxics  that  take  off  the  whole  thickness  of  the  derma,  or  by  irritants  like 
arsenic,  which  have  a  deep  and  prolonged  action. 

"It  is  better,  however,  to  do  too  little  than  too  much.  An  application  of  just  the 
right  concentration  may  promptly  bring  the  morbid  process  to  an  end;  but,  since  this 
is  not  always  easy  to  estimate,  a  weak  solution  may  bo  used,  and  through  prolonged 
contact  make  up  by  time  for  lack  of  strength.  Each  agent  has  its  own  duration  of  action; 
in  order  to  produce  effective  substitution,  the  application  must  be  repeated  before  the 
effect  of  the  former  application  has  subsided.  In  substitutive  treatment,  the  'incitability 
of  tissue,'  its  power  to  respond  to  irritation,  should  not  be  exhausted.     Rest  and  food 
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(b)  Substitutive  Action. —  During  a  season  of  scant  rainfall^  there  may  bo  left, 
here  aud  there,  in  the  beds  of  dry  watercourses,  stagnant  pools,  wherein  mosquitoes 
breed.  Abundant  showers  come;  the  waters  flow  from  the  hills;  once  more  the 
streams  run  freely;  wrigglers  are  swept  away,  pools  disappear,  mosquitoes  vanish. 
Somewhat  similar  are  the  changes  resulting  from  the  aj)plications  of  certain 
irritants  to  areas  of  chronic  inflammation  and  induration  of  the  skin.  The  dilata- 
tion of  the  vessels,  with  the  resulting  increase  of  circulation,  the  sweeping  out  of 
toxic  products  and  other  injurious  substances,  and  the  renewal  of  phagocytic  and 
resorptive  activities,  brings  al)out  healing  not  only  of  the  new  inflammation  excited 
by  the  irritant,  but  of  the  original  morbid  process  that  otherwise  might  have 
persisted  indefinitely.  In  other  and  more  general  terms,  the  sluggish  and  inef- 
fective vital  reactions  have  been  quickened  to  the  point  of  suflftciency.  Putting  it 
still  more  broadly,  and  in  the  language  of  an  earlier  generation  of  teachers,  the 
"chronic  phlegmasia"  has  been  overcome  by  su])stitutive  treatment. 

As  has  been  intimated,  modern  medicine  explains  somewhat  differently  many  of  the 
Instances  formerly  cited  in  support  of  the  theory  of  "substitutive  action."  Some  of 
them,  as,  for  example,  the  beneficial  effects  of  strong  (5  percent.)  solutions  of  silver 
nitrate  in  gonorrheal  urethritis,  may  be  attributed,  in  part,  at  least,  to  the  bactericidal 
powers  of  the  drugs  employed;  aided,  no  doubt,  in  the  case  instanced,  by  the  violent 
inflammatory  reaction  with  outpouring  of  serum  and  cells,  which  brings  the  infecting 
organisms  to*  the  surface,  where  the  germicide  can  act  upon  them.  The  action  of  iodine, 
too,  while  irritant,  is  in  part  germicidal.  The  treatment  of  anthrax  by  caustics  is  in 
part  antiseptic,  in  part  simply  destructive;  and  the  removal  of  superficial  epitheliomas 
by  alkaline  or  arsenical  pastes  is  chiefly  owing  to  physicochemical  destruction  of  tissue. 

may  restore  this  fundamental  property;  if  not,  when  diminished,  the  dose  of  the  substi- 
tutive agent  must  be  gradually  increased  to  produce  equivalent  result.  A  more  energetic 
irritant  is  required  in  chronic  than  in  acute  disease  .  .  .  since  in  addition  to  loss  of 
incitability  we  have  also  to  strive  against  a  prolonged  vicious  direction  of  the  vital 
activities  of  the  part.  ...  To  sustain  an  impression  in  order  to  prevent  the  morbid 
action  from  regaining  its  hold  we  must  not  only  repeat  the  drug  action,  but  prolong  it, 
so  as  to  cause  the  tissue  to  lose  entirely  its  former  habit  of  inflammation. 

"Since  habitual  irritation  lessens  the  excitability  of  the  part,  it  follows  that  the 
habitual  use  of  stimulating  applications  is  a  useful  prophylactic  against  local  irritation. 
This  is  well  known  to  women,  who  employ  for  the  prevention  of  acne  rosacea  irritant 
lotions  containing  sublimate,  or  simply,  very  hot  icater.  .  .  .  The  habit  of  warm  injec- 
tions lessens  the  contractility  and  secreting  power  of  the  intestine;  the  habitual  use  of 
highly  seasoned  food  .  .  .  leaves  the  mucous  membrane  in  a  condition  of  insensibility 
which  depresses  all  its  functions;  .  .  .  workmen  constantly  exposed  to  a  strong  heat 
.  .  .  ,  inhabitants  of  a  tropical  climate  .  .  .  are  remarkable  for  extreme  pallor;  .  .  . 
physicians  who  specially  treat  diseases  of  the  skin  know  the  immense  value  of  caloric, 
not  less  as  a  preventive  than  as  a  curative. 

"In  local  lesions  depending  on  a  systemic  cause,  the  choice  of  agent  should  be 
influenced  by  the  cause,  however  inactive  it  may  become,  .  .  .  because  each  cell  'is  a 
sort  of  microcosm  representing  the  general  condition.'  Thus,  mercuric  nitrate  is  to  be 
preferred  to  silver  nitrate  in  syphilitic  lesions,  iodine  to  copper  salts  in  scrofulous 
affections.  In  such  cases,  the  specific  internal  treatment  may  render  local  applications 
needless. 

"The  applications  of  local  substitutive  treatment  are  .  .  .  innumerable  .  .  .;  most 
of  the  diseases  of  the  skin  and  mucous  membranes  in  so  far  as  they  are  local  processes 
— and  especially  if  the  cause,  local  or  systemic,  has  ceased  to  act,  and  they  are  merely 
morbid  tissue-habits — are  under  the  jurisdiction  of  this  great  method." 

The  student's  attention  is  directed  to  the  quoted  phrases  that  have  been  italicized 
by  us  in  the  foregoing  abstract. 

Some  of  these  express,  in  summary  form,  the  essence  of  the  doctrine  of  substitutive 
treatment;  a  doctrine  which,  as  we  have  said,  has  few  supporters  at  the  present  day, 
but  embodies,  with  all  its  errors  of  observation,  a  certain  fundamental  truth.  Others 
express  the  fundamental  observations  which  give  the  doctrine  its  vitality.  These  last  are, 
therefore,  independent  of  the  mutations  of  professional  opinion.  Ill-founded  theories 
and  explanations — physiologic,  etiologic,  pathologic — may  come  and  go;  but  the  observa- 
tions remain. 
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There  are  cases,  however,  in  which  such  explanations  are  as  yet  inapplicable.  For 
example,  the  skin  thickened  by  long-standing  eczema  may  sometimes  be  restored  to  a 
normal  state  by  the  use  of  strong  irritants  that  excite  an  acute  dermatitis.  Here  there 
is  no  question  either  of  infection  or  of  caustic  action.  One  of  the  most  effective  remedies 
yet  found  for  psoriasis  is  chrysarobin,  which  is  believed  to  act  by  producing  a  special 
form  of  dermatitis.  It  may,  through  its  reducing  properties,  render  the  tissues  a  less 
favorable  medium  for  microorganisms;  but  this  is  scarcely  a  sufficient  explanation  of 
its  therapeutic  effect.  In  lupus  erythematosus  and  in  vascular  nsevi  the  application  of 
carbon  dioxide  snow  induces  a  severe  inflammation;  but  the  effect  of  the  intense  cold  is 
to  reduce,  rather  than  to  increase,  the  caliber  of  the  blood  vessels,  and  this  brings  about 
the  disappearance  of  the  lesion.  Both  carbon  dioxide  snow  and  preparations  of 
thiosinamine  may  be  used  to  excite  acute  inflammation,  and  thus  the  renewal  of 
resorptive  activity,  in  the  neighborhood  of  scars  and  keloids;  sometimes,  with  remark- 
able success  in  the  removal  of  these  organized  tissues. 

Similar,  but  less  obvious,  modifications  seem  to  follow,  in  certain  instances,  the 
internal  administration  of  remedies;  for  example,  thuja,  in  cases  of  warts  and  other 
papillary  excrescences  of  the  skin  and  mucous  membranes;  arsenic  and  antimony,  in 
certain  affections  of  the  skin;  allylsulphcarbamide  compounds  in  keloids,  postoperative 
adhesions,  etc.  When  the  medicaments  used  have  effects  resembling  more  or  less  closely 
some  of  the  symptoms  of  disturbance  present,  we  may  speak  of  synergistic  defleotion. 
When  medicaments  are  given  to  influence  certain  structures  which  they  do  indeed, 
ordinarily,  irritate,  but  not  necessarily  in  the  same  manner  as  the  affection  to  be  reme- 
died, we  may  speak  of  neutral  deflection.  The  final  result  aimed  at  in  both  cases  is,  of 
course,  reversal,  i.e.,  return  to  health;  and,  since  this  depends  upon  incitation  of  de- 
fensive and  corrective  processes  which  act  upon  the  affected  tissues  and  not  upon  the 
agents  of  affection,  it  might  be  termed  completed  antagonism. 

This  whole  subject  is  considered  more  fully,  and  from  a  different  viewpoint,  under 
the  head  of  primary  and  secondary  influence  of  drugs,  in  Chapter  IV. 

Counteraction. — By  antagonism  and  deflection  the  attempt  is  made  to  neutral- 
ize or  modify,  not  an  agent  (as  in  defense  methods  involving  chemical  change),  but 
its  influence  upon  tissues  and  function.  A  physiologic  and  therapeutic  method  akin 
to  antagonism,  and  between  which  and  the  latter  it  is  sometimes  difficult  to  draw 
the  line,  we  shall  speak  of  as  counteraction.  It  is  directed  neither  against  agents 
nor  their  influences,  but  against  their  accomplished  (or  partly  accomplished) 
results.    In  its  mechanism,  it  may  be  structural  or  functional. 

In  the  broad  sense,  of  course,  all  processes  of  restoration  are  counteractive  to 
processes  of  derangement;  just  as  they  are  all,  broadly  speaking,  protective  and  defensive. 
For  clarity  of  discussion,  however,  we  are  restricting  the  use  of  terms;  and  the  principle 
of  counteraction,  even  in  its  most  restricted  meaning,  finds  so  many  and  so  varied 
applications  in  clinical  medicine  that  its  clear  understanding  becomes  a  matter  of  high 
importance.  Let  us  take  first  a  simple  Illustration.  If  two  persons  are  attempting,  the 
one  to  open  a  door,  the  other  to  hold  it  shut,  there  is  antagonism.  If  the  door  be  held 
fast  against  the  one  who  is  trying  to  open  it,  the  object  being  to  keep  him  prisoner,  he 
may  counteract  this  by  escaping  through  a  window. 

Normal  biologic  counteractions  are,  for  the  most  part,  complex;  and  cannot 
always  be  sharply  separated  from  antagonisms.  A  few  of  the  simpler  ones,  however, 
may  be  taken  for  illustration.  It  will  be  seen  that,  in  so  far  as  they  involve  antago- 
nism, it  is  indirect,  being  opposed  to  results  rather  than  to  influences.  Their  value 
for  our  purpose  is  in  the  light  they  throw  upon  the  mechanism  of  normal  restorative 
counteraction  and  the  possibilities  of  a  therapeutic  application  of  the  same  principle. 

Structural  counteraction  may  be  provided  for  in  normal  anatomy.  For 
example,  the  tendency  to  gravitational  reflux  of  blood  in  the  lower  extremities  is 
counteracted  in  part  by  the  valves  or  veins.  Gravity,  or  pressure,  is  not  neutralized ; 
no  new  deflecting  or  antagonizing  force  is  called  into  action  but  the  resulting 
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backward  flow  automatically  closes  the  valve  against  itself.  An  obvious  therapeutic 
imitation  of  such  structural  counteraction  is  the  application  of  an  elastic  bandage 
to  a  limb,  in  a  case  of  varicose  veins. 

Functional  counteraction  is  exerted  in  many  instances  through  reflex  nervous 
actions  having  a  regulatory  (taxic)  purpose.  A  good  examjde  is  the  change  in  the 
caliber  of  Itlood  vessels,  by  which,  in  part,  the  normal  balance  of  blood  pressure  is 
maintained.  When  the  central  {cardiac)  pressure  is  unduly  heightened,  the  ter- 
minals of  the  depressor  nerves  in  the  heart  are  mechanically  stimulated.  This,  in 
turn,  depresses  the  vasoconstrictor  center,  and  the  peripheral  vessels  are  dilated. 
When  the  pressure  falls,  tlie  reflex  stimulus  is  withdrawn,  and  the  vessels  again 
contract. 

Disease  counteractions  are,  as  a  rule,  of  high  recuperative  value;  but  some- 
times become  harmful  by  excess.  This  is  well  shown  in  the  enlargement  of  anasto- 
motic vessels  under  pressure  of  the  blood  current,  through  which  collateral  circu- 
lation is  carried  on  in  a  case  of  vascular  obstruction.  The  case  is  parallel  to  our 
illustration  of  escape  through  a  window  when  the  door  is  locked.  Excess  of  dila- 
tation, however,  may  have  untoward  results.  In  veins  of  the  lower  extremity,  for 
instance,  it  produces  painful  and  disabling  varicosities.  A  good  example  of  natural 
restorative  counteraction  is  found  in  the  spontaneous  arrest  of  hemorrhage.  Injury 
to  the  wall  of  the  blood  vessel  tends,  through  a  series  of  complicated  reactions,  to 
produce  coagulation  of  the  blood  and  sealing  of  the  wound.  Bleeding  is  then 
checked  and  foundation  given  for  repair  of  the  wall  of  the  blood  vessel,  or  oblitera- 
tion of  a  portion  of  its  lumen. 

The  fact  that  in  hemorrhage,  as  in  other  forms  of  disease  and  injury,  one  or  all 
of  the  provisions  of  natural  recovery  may  fail,  needs  no  comment.  More  important 
is  it  to  note,  in  slight  digression,  that  thrombus  formation,  by  a  similar,  if  not 
virtually  identical  process,  may  occur  in  the  absence  of  hemorrhage,  as  in  injuries 
and  degenerations  of  blood  vessels,  in  affections  of  the  blood,  in  arsenic  or  venom 
poisoning,  and  in  various  infections.  Such  intravascular  blocking,  while  some- 
times beneficial  (as  in  the  case  of  aneurysm)  is  frequently  harmful  and  may  even 
be  quickly  fatal — as  in  thrombosis  of  the  pulmonary  artery.  No  better  illustration 
could  be  afforded  of  one  of  the  cardinal  facts  of  therapeutics,  namely,  that  both 
destructive  and  restorative  processes  are  merely  modifications  of  fundamental 
biologic  reactions. 

In  still  another  way  does  hemorrhage  Illustrate  recuperative  counteraction.  Loss 
of  blood,  if  at  all  considerable,  tends  to  lower  the  blood-pressure  to  what  may  be  a 
dangerous  level;  and  death  may  ensue,  either  from  general  failure  of  circulation,  or 
from  cerebral  anemia.  This  danger  is  met  in  two  ways:  First,  there  is  a  readjustment 
of  vascular  tonus;  the  arteries  contract  as  the  blood  is  removed,  and  thus  the  intra- 
vascular pressure  is  fairly  well  maintained.  Secondly,  absorption  of  fluid  from  the 
tissues  and  lymph  channels  into  the  vessels  is  quickened.  The  volume  of  circulating 
fluid  is  thus,  to  some  extent,  reestablished.  Rapid  fall  of  blood  pressure 
being  now  obviated,  a  gradual  fall  of  pressure  ensues.  This,  by  slowing  the  blood 
current  and  lessening  the  centrifugal  impulse  at  the  point  of  breach  in  the  vascular  wall, 
tends  to  diminish  the  escape  of  blood  and  to  favor  thrombosis.  Sometimes,  however, 
hemorrhage  is  so  great  and  so  rapid  that  syncope  with  pulselessness  occurs.  Such 
collapse,  if  not  immediately  fatal,  may  not  be  altogether  unfavorable,  for  the  temporary 
arrest  of  circulation  checks  bleeding  and  favors  coagulation,  while  the  general  feebleness 
of  pressure  when  circulation  is  resumed  tends,  as  already  stated,  to  lessen  the  renewed 
blood  loss  and  to  facilitate  the  extension  and  consolidation  of  the  clot. 

Therapeutic  counteraction  proceeds  along  similar  lines.  When  the  physician 
in  a  case  of  gastric  or  intestinal  hemorrhage  places  his  patient  at  rest,  with  the  head 
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low;  administers  opium  or  even  aconite;  applies  an  ice  cap  or  a  cold  coil  over  the 
affected  region,  and  bandages  the  extremities  to  sequestrate  a  portion  of  the  blood, 
he  is  in  part  imitating  nature's  mechanisms,  and  in  part,  bettering  the 
instruction. 

Such  management,  if  successful,  illustrates  both  the  advantages  and  limitations 
of  counteraction  as  a  therapeutic  method.  The  particular  disturbance  under  treat- 
ment, namely,  the  hemorrhage,  has  been  overcome  by  means  which  have  not  neces- 
sarily opposed  either  the  pathologic  process  giving  rise  to  the  loss  of  blood,  or  the 
cause  of  that  affection.  Death  has  been  averted  and  a  certain  degree  of  comfort 
has  been  restored.  Moreover,  time  has  been  gained  for  investigation  and  further 
action.  But  the  lesion — the  gastric  or  intestinal  ulcer,  the  varix  from  a  portal 
obstruction  in  a  cirrhotic  liver  or  whatever  it  may  be — remains,  and  its  cause, 
remote  or  immediate,  may  still  be  operative.    These  now  demand  attention. 

Further  instances  of  therapeutic  counteraction,  illustrating  but  a  few  of  its  wide 
uses,  are:  The  abstraction  of  febrile  heat  by  application  of  cold  water  as  distinguished 
from  the  reduction  of  temperature  by  antagonism  through  the  depressing  influence  of 
antipyretic  drugs;  the  wearing  of  a  thick-soled  shoe  to  correct  the  disturbance  of  function 
consequent  upon  the  shortening  of  the  thign  after  fracture;  the  correction  of  defective 
vision  by  spectacles;  the  resort  to  rectal  alimentation  when  morbid  conditions  in  the 
throat  or  stomach,  or  vomiting  of  nervous  or  other  origin,  forbid  the  giving  of  food 
by  mouth;  the  use  of  external  heat  or  hot  saline  infusions  to  replace  lost  heat  and 
fluids  in  cases  of  Asiatic  cholera;  and  tapping  or  the  use  of  purgatives  to  relieve  anasarca 
or  ascites  resulting  from  cardiac  dilatation  or  from  cirrhosis  of  the  liver. 

Correotive  "Processes.— Counteraction,  as  we  have  seen,  does  not  oppose 
agents  or  actions,  but  is  directed  against  accomplished  results. 

The  necessity  to  counteract  results  presupposes  the  failure  of  active  opposi- 
tional defense.  Thus,  counteraction  is,  in  part,  a  corrective  process — it  occupies 
one  of  our  familiar  borderlands. 

As  a  rule,  further  correction  by  repair  and  compensation  is  necessary  to 
reestablish  structural  integrity  and  functional  efficiency. 

Repair. — To  understand  the  therapeutic  significance  of  repair,  we  must  recall 
certain  fundamental  facts  of  biology. 

The  essential  vital  action  is  nutrition,  by  which  matter  and  energy  are  taken 
from  the  environment,  to  be  incorporated  temporarily  in  the  living  substance 
(assimilation)  and  then,  having  played  their  part  in  the  biologic  process,  are 
returned  to  the  environment  (disassimilation)  ;  their  place  being  taken  by  other 
matter  and  other  energy  similarly  derived.  Such  is  the  action  of  every  living 
cell.    Without  it  there  can  be  no  life. 

In  every  exercise  of  function  a  portion  of  the  cell  substance  breaks  down 
(cataholism)  into  simpler  chemical  combinations;  and  the  highly  complex  mole- 
cule of  bioplasm  thus  lost  in  whole  or  in  part,  must  be  reconstructed  (anahoUsm) . 
This  may  be  termed  molecular  regeneration  or  cell  repair. 

In  general  it  may  be  said  that  rest  or  reduced  activity  is  a  necessary  condition 
of  such  reconstruction.  Thus,  repair  of  the  heart  muscle  takes  place  during  the 
relative  rest  of  diastole,  and  a  part  of  the  good  effect  of  digitalis  is  to  be  attributed 
to  its  action  in  prolonging  this  period  of  upbuilding. 

In  addition  to  the  power  to  repair  losses  of  substance,  cells  possess  the  ability 
to  reproduce  their  kind.  Multiplication  of  cells  is  called  proliferation.  In  multi- 
cellular organisms,  proliferation  is  continuate ;  the  cells  remain  connected  and  a 
more  or  less  complex  development  ensues.  In  the  course  of  this  development, 
tissues  of  various  kinds  are  differentiated  by  specialization  of  cells  in  form  and  in 
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function.  Hence  the  term  iis.sue  elements  applied  to  cells.-'*  Cell  dili'erentiation  is 
most  active  in  eml)rvonal  life. 

In  infancy,  youth  and  adolescence,  performance  of  s])ecial  functions  is  grad- 
ually becoming  more  and  more  important,  but  formative  energy  is  still  at  work, 
though  in  lessening  degree.  In  the  stage  of  adult  vigor  the  specialized  activities 
are  predominant,  yet  formative  energy  continues  sufficient  to  repair  the  wear  and 
tear  incident  to  function.  Tlie  gradual  decline  of  this — the  essential  vital  power — 
constitutes ^senescence.  Its  advanced  stages  become  seuilit}',  and  their  necessary 
culmination  is  death — the  complete  loss  of  vital  energy. 

Although  thus  constantly  declining,  and  finally  ceasing,  the  })otentiality  of 
development  persists,  nevertheless,  while  life  endures,  and  may  be  unexpectedly 
great,  even  in  individuals  far  advanced  in  years.  Hence,  when  tissue  elements 
disintegrate  or  are  destroyed  in  the  exercise  of  physiologic  function,  or  in  the 
course  of  pathologic  accident,  their  place  is  more  or  less  adequately  supplied  by 
jiroliforntion  (reproduction)  of  the  remaining  elements.  This  constitutes  cell 
regeneration  or  tissue  repair. 

Pathologically,  by  the  proliferation  of  certain  tissue  elements,  under  stimuli 
of  various  kinds,  there  may  occur  in  more  or  less  advanced  age  such  formations  as 
e})itheliomas  and  visceral  carcinomas  in  both  sexes,  the  uterine  myonias  and 
libromas  in  women,  the  hyi)ertro])hies  of  the  prostate  in  men.  Proliferation  is  also 
an  essential  feature  of  inflammation  in  any  tissue  at  any  period  of  life. 

In  mature  organisms,  the  proliferative  tendencies  of  tissue  elements  (and  thus, 
also,  the  possibilities  both  of  repair  and  of  pathologic  changes)  are  limited, 
ordinarily,  in  four  ways : 

1.  By  an  innate  limiting  tendency,  having  as  definite  a  basis  within  the  cell 
itself  as  any  other  rhythmic  manifestation  of  function  or  any  other  limitation  of 
size  or  definition  of  form. 

2.  By  differentiation,  so  that  (with  certain  exceptions)-^  each  specialized  kind 
of  cell  reproduces  only  its  own  kind,  and  converseh',  every  kind  must  be  reproduced 
from  its  like. 

3.  By  the  restraints  (i.e.,  mechanical  pressure,  chemical  action,  and  diversion 
of  nutrition)  imjiosed  by  the  presence  of  surrounding  tissue  elements,  like  and 
unlike. 

4.  By  the  exhaustion  of  age  and  accident. 

Thus,  in  the  adult  animal,  there  exists  a  condition  of  balanced  development, 
analogous  to  the  physiologic  balance  of  function,  and  like  it  a  part  of  that  harmony 
of  internal  relations  which  constitutes  health. 

When  by  the  exercise  of  function,  or  through  disease  or  injury,  tissue  elements 
are  lost,  their  restraining  influence  is  removed  and  proliferation  occurs  among  tlie 
remaining  elements.  If  this  be  appropriate  in  kind  (homologous)  and  just  suffi- 
cient in  degree,  it  is  reparative;  if  excessive,  it  becomes  hypertrophy ;  if  deficient, 
it  permits  atrophy.  If  inappropriate  in  kind  (heterologoits),  it  may  still  be 
imperfectly  reparative,  as  in  scars  of  various  kinds;  but  if  also  aberrant  in  position 
or  excessive  in  degree — as  when  connective  tissue  takes  the  place  of  the  epithelial 
])arenchyma  of  organs,  or  adhesions  bind  together  the  leaflets  of  cardiac  valves  or 
the  coils  of  the  intestine — it  constitutes  a  lesion ,  chronic  affection  or  infirmity. 

"As  we  shall  see  later,  different  tissue  elements  respond  differently  to  the  influence 
of  the  same  drug,  while  like  tissue  elements  give  different  responses  to  different  agents. 
Upon  this  selective  power  to  modify  the  functions  of  certain  elements  in  definite  ways 
much  of  pharmacotherapy  depends. 

"Metaplasias  are  discussed   briefly  under   Pathologic    Indications. 
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Also  the  balance  of  development  may  be  disturbed  by  abnormal  influences  of  various 
kinds  so  that,  even  in  the  absence  of  physiologic  or  pathologic  loss  of  tissue  elements, 
the  latent  formative  energy  of  cells  is  stimulated  to  excess.  In  such  cases,  the 
normal  restraints  upon  proliferation  prove  insufficient  and  there  may  be  tumor 
formation  or  other  mode  of  morbid  hyperplasia. 

Thus  we  see  once  more  that  physiologic,  pathologic  and  restorative  processes 
are  essentially  the  same  and  are  conditioned  by  the  same  fundamental  factors — 
the  molecular  constitution  of  cells,  and  the  laws  of  that  special  manifestation  of 
energy  which  has  been  called  vitality  (also  variously  termed  "vital  energy," 
"bionergy"  or  "biurgy,"  "bathmism,"  "formative  force").  We  shall  have  occasion 
to  recur  to  this  subject  in  discussing  the  indications  for  treatment  derived  from 
pathology. 

Regeneration  of  tissues  by  proliferation  of  tissue  elements  is  commonly  studied 
under  two  heads — pliysiologic  regeneration  and  pathologic  regeneration.  This 
erroneously  assumes  a  distinction  between  physiology  and  pathology;  the  real 
distinctions  (as  we  shall  have  occasion  to  emphasize  again  and  again  in  our  studies 
of  Drug  Influence)  being,  on  the  one  hand,  between  anatomy  and  physiology — 
i.e.,  structure  and  function — or,  on  the  other  hand,  between  normal  anatomy  and 
morbid  anatomy,  or  between  normal  and  morbid  physiology. 

The  expression  "physiologic  regeneration"  refers  to  the  constant  loss  and 
renewal  of  parts,  which  occurs  in  the  ordinary  course  of  life.  A  better  term  is 
"normal  regeneration." 

By  "pathologic  regeneration"  is  meant  the  renewal  of  parts  lost  through 
disease  or  accident.  For  this  process,  which  is  widespread  throughout  nature,  the 
term  proposed  by  Morgan — "restorative  regeneration" — is  to  be  preferred. 

Normal  regeneration  is  exhibited  by  the  blood  cells  and  by  all  epithelial 
surfaces,  but  especially  by  those  covered  with  squamous  epithelium,  such  as  the 
skin,  mouth,  esophagus  and  bladder.  Loss  and  replacement  of  cells  also  occurs 
continuously,  although  more  slowly,  from  the  entire  digestive  tract  and  from  all 
glands  of  external  secretion. 

In  mammals  and  in  man  the  power  of  restorative  regeneration  of  any  special 
tissue  seems  to  be  closely  allied  to  the  activity  of  normal  regeneration  in  that  tissue. 
It  is  most  active  in  epithelial  coverings  and  in  connective  tissues.  In  the  former, 
losses  which  are  not  too  extensive  are  replaced  by  similar  cells,  and  complete 
homologous  restoration  may  occur.  In  connective  tissue  even  large  losses  may  be 
restored,  e.g.,  in  the  healing  of  bone  lesions.  For  certain  tissues  there  are  special 
portions  from  which  regeneration  starts. 

Thus,  for  proper  repair  of  bone  and  cartilage,  the  periosteum  or  perichondrium 
must  be  retained;  the  entire  length  of  a  nerve  fiber  may  be  regenerated  if  the  cell  body 
is  not  injured.  When  the  gap  left  by  loss  of  cells  is  not  refilled  by  similar  or  homologous 
cells,  a  form  of  repair  by  heterologous  connective  tissue  occurs.  This  may  lead  to 
functional  restoration,  or  by  excessive  growth  or  by  subsequent  contraction  may  result 
in  a  defect  such  as  postoperative  peritoneal  adhesions,  or  a  deformity,  such  as  the  keloid 
so  frequently  seen  in  the  healing  of  burns.  Under  certain  conditions,  the  new-formed 
connective  tissue  crowds  out  or  destroys  the  normal  cells  of  arteries,  viscera,  etc.,  thus 
leading  to  various  cirrhoses  and  scleroses.^ 

^  Concerning  striped  muscle  cells  and  ganglion  nerve  cells,  it  is  held  generally  by 
morphologists  that  there  is  no  repair.  Clinical  observation — even  the  ordinary  experience 
of  the  wasting  of  the  muscles  from  disuse  and  malnutrition,  and  their  renewed  develop- 
ment under  appropriate  stimulus — would  seem  to  indicate,  however,  that  this  assumption 
is  not  entirely  correct;  and  it  is  contradicted  by  many  studies  upon  the  repair  of  muscle 
after  typhoid  fever  necrosis. 
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As  an  automatic  j)rocoss  in  correcting  the  results  of  disease,  repair — or  regen- 
eration, as  we  may  term  it — may  depend  either  upon  molecular  restitution  or  cell 
proliferation.  I\Iole('uhir  restitution  is  a  question  of  nutrition  and  can  be  influenced 
])rofoundly  by  many  agents,  both  pathologically  and  therapeutically.  This  is  shown 
more  particularly  in  chronic  poisonings  on  the  one  hand,  and  the  alterative  use  of 
remedies  on  the  other.  Tiie  factors  underlying  prolif(>ration  are  not  thorouglily 
understood,  but  recent  studies  upon  reproduction  (Jacques  Loeb,  et  al.)  show  tiiat, 
even  in  certain  complex  organisms  reproducing  by  sexual  congress,  the  ovum  may 
be  made  by  chemical  and,  perhaps,  by  mechanical  means  to  go  through  the  same 
changes  that  in  general  follow  the  entrance  of  the  male  element — the  spermatozoiin. 
^lost  agents  of  infection  l)ring  al)Out  cell  j)roliferation  either  directly  or  indirectly; 
and  it  is  probable  that  the  body  possesses  various  agencies  both  to  favor  and  to 
restrain  it.  Drugs  may  influence  it  in  either  direction.  Inflammation  and  neo- 
])lasnis  are  familiar  examples  of  pathologic  proliferation;  the  healing  of  wounds 
and  compensatory  hypertrophies  are  examples  of  reparative  and  corrective  pro- 
liferation. 

In  therapeutics,  molecular  regeneration  is  stimulated  by  the  use  of  alteratives, 
which,  by  some  mechanism  which  is  not  fully  understood  and  which  possibly 
involves  endocrine  action,  appear  to  increase  the  nutritive  exchange  of  certain  cells. 

The  stimulation  of  tissue  repair  has  been  studied  most  carefully  in  the  healing 
of  wounds.  It  has  been  shown,  for  example,  that  the  repair  of  skin  defects  may  be 
hastened  by  the  application  of  hypotonic,  and  delayed  by  hypertonic,  salt  solutions. 
Epithelial  regeneration  is  markedly  stimulated  by  scarlet  red  and  certain  other 
dyes.  Tissue  repair  may  also  be  favored  indirectly  by  improving  the  nutrition  of  a 
part.  Among  appropriate  measures  are  increase  of  circulatory  activity  through 
gentle  active  or  passive  exercise — as  by  massage  and  electric  stimulation  in  cases 
of  muscular  wasting — and  increase  of  the  period  of  rest,  as  instanced  by  the  hyper- 
trophy of  heart  muscle  occurring  under  the  influence  of  digitalis.  A  peculiar, 
specific  stimulation  of  repair  is  seen  in  the  increased  proliferation  of  thyroid  tissue 
which  occurs  after  partial  thyroidectomy,  Mdien  iodine  is  administered. 

Certain  medicaments  seem  to  have  in  greater  or  less  degree  a  power  of  hinder- 
ing proliferation  when  used  systematically,  i.e.,  thuja  in  sufficiently  small  doses, 
in  cases  of  papillary  epithelial  excrescences.  Astringent  agents,  such  as  tannin  and 
alum,  may  restrain  proliferation  when  applied  locally,  and  a  similar  influence  is 
exerted  by  cold  applications  over  the  seat  of  inflammation.  The  x-ray  and  radium 
may  so  be  applied  as  to  stimulate  new  formations  of  tissue,  to  restrain  or  to 
destroy  them. 

Compensation. — When  functional  impairment  is  counteracted  through  extra 
work  done  by  another  part  of  the  organ  or  physiologic  apparatus  concerned,  the 
process  is  termed  com})ensation.  As  a  rule,  it  involves  tissue  proliferation,  and  is 
closely  allied  to  repair. 

Work  is  a  potent  normal  stimulus  to  the  growth  and  development  of  organs. 
Size  and  efficiency  are  maintained  by  exercise,  while  disuse  of  parts  leads  to  atrophy, 
and  excessive  use  to  hypertro])hy.  Not  only  is  nutrition  favored  by  the  increased 
blood  supply  which  heightened  function  induces,  but  also  formative  energy  is 
stimulated  by  chemical  products  of  cell  activity  and  by  mechanical  strains  and 
stresses.  A  familiar  illustration  of  such  mechanical  action  is  the  thickening  of 
the  bony  attachments  of  much  used  muscles.  Moreover,  increased  activity  of  one 
organ  calls  for  correspondingly  greater  activity  in  other  organs.  Thus,  muscular 
exercise  not  only  demands  more  blood  from  the  heart  and  more  oxygen  from  the 
lungs,  but  also  throws  upon  the  skin,  kidneys  and   other  excretory  organs  and 
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mechanisms  a  quantity  of  waste  products  (catabolites)  proportionate  to  its  extent. 
The  activities  of  the  various  organs  must,  therefore,  be  coordinated.  Such  coordina- 
tion comes  about  in  two  ways;  (a)  by  reflex  stimulation  or  inhibition  through  the 
autonomic  nerve  system  and  (b)  by  direct  influence  upon  cells  through  the  hor- 
mones— chemical  products  of  tissue  activity  carried  from  one  organ  to  another  by 
the  circulating  fluids  and  tending  to  excite  or  depress  special  function. 

Similar  processes  come  into  play  when  disease  or  permanent  damage  from  disease 
or  injury  throws  extra  burden  upon  any  part  of  the  organism.  The  resulting  functional 
modifications  may  be  temporary,  subsiding  with  the  conditions  that  brought  them  about; 
or,  when  these  conditions  are  persistent,  permanent  changes  of  structure  may  be  estab- 
lished, permitting  the  correction  of  function  to  continue.  For  example,  when  a  part 
of  the  lung  is  thrown  out  of  function  through  consolidation  in  lobar  pneumonia,  the 
remaining  portion,  and  sometimes  the  other  lung  also,  does  increased  woi"k.  As  resolu- 
tion takes  place  and  the  affected  lobe  again  becomes  pervious,  this  compensatory  hyper- 
activity of  the  sound  tissue  ceases.  If,  however,  there  should  be  a  permanent  impair- 
ment of  lung  tissue  sufficient  to  interfere  with  the  normal  aeration  of  the  blood,  there 
may  result  a  permanent  dilatation  (compensatory  emphysema)  of  a  sufficient  number  of 
alveoli  to  restore  the  respiratory  function.  In  the  same  way,  the  failure  of  the  circula- 
tion that  would  otherwise  follow  upon  valvular  lesion  of  the  heart  may  be  overcome  by 
increased  muscular  effort,  and  as  the  defect  which  needs  counteraction  is  persistent,  and 
the  resulting  mechanical  and  chemical  stimuli  upon  the  tissue  elements  of  the  heart  are 
likewise  persistent,  a  persistent  change  of  the  heart  structure  is  effectuated  {compensa- 
tory hypertrophy) . 

Such  compensatory  changes,  when  they  do  not  exceed  the  degree  necessary  to 
restore  the  normal  balance  of  function,  are  analogous  to  the  reparative  regeneration 
already  discussed.  When  they  pass  beyond  that  point,  they  become  of  themselves 
morbid;  and,  accordingly,  call  for  restraint.  When  they  are  insufficient,  compensation 
must  be  induced,  and  perhaps  maintained,  by  therapeutic  means.  When  the  organism 
is  no  longer  able  to  nourish  the  hypertrophied  organ,  compensation  fails,  and  therapeutic 
intervention  is  called  for  to  do  what  may  be  possible  to  restore  function  and  prolong  life. 

A  word  of  warning  is  here  necessary.  The  therapeutic  object  is  to  restore  the 
halance  of  function;  and,  just  as  natural  compensation  may  be  excessive,  so  too, 
undue  efi^ort  on  the  part  of  the  physician  to  arouse  activity  or  increase  the  power  of 
any  one  organ  may  be  harmful.  As  set  forth  in  the  discussion  of  indications,  the 
general  level  of  function  and  of  functional  possibility  in  the  whole  organism  must 
be  taken  into  account. 

An  indirect  or  paradoxic  compensation  may  thus  l)e  instituted.  The  man  with 
weakened  or  dilated  heart,  who  becomes  short  of  breath  on  slight  exertion,  naturally 
avoids  efi^ort ;  and  rest  may  indeed  favor  renewal  of  strength.  But,  apart  from  this, 
it  is  an  obvious  method  of  reducing  the  burden  to  the  carrying  capacity  of  the 
bearer.  And  this  common  sense  principle — which  would  seem  not  to  need  state- 
ment, did  we  not  so  often  observe  its  violation — is  to  be  applied  throughout  the 
whole  realm  of  disease  and  treatment.  The  activities  of  every  part  of  a  diseased 
organism  must  be  brought  down  to  that  level  at  which  a  new  balance  of  function 
can  be  established  and  maintained. 

The  most  familiar  example  of  direct  therapeutic  compensation  is  the  use  of  digitalis 
in  valvular  affections  and  infirmities  of  the  heart.  The  most  familiar  example  of  thera- 
peutic restraint  of  compensation  is  the  use  of  aconite  in  cases  of  cardiac  hypertrophy. 

Both  in  the  case  of  enfeeblement  and  in  the  case  of  overaetion,  whether  of  the 
heart  or  other  organ,  rest  is  indicated  to  restore  balance ;  in  the  one  case  by  sparing 
effort,  in  the  other  by  reducing  excitement.  Prolonged  rest  favors  the  nutrition 
and  repair  of  the  w^eakened  organ  and  the  cessation  of  morbid  habit  in  the  too 
strenuous  one.     It  may  therefore  be  included — without  too  great  a  stretch  of  the 
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analogies — among  compensatory,  as  well  as  among  reparative,  measures.  The 
restriction  of  diet  in  order  to  relieve  the  load  on  a  distressed  pancreas  in  cases  of 
diabetes  mellitus  illustrates  likewise  the  compensatory  and  reparative  effect  of  the 
reduction  of  demand  to  the  functional  possibility  of  the  organ.  In  fact,  the  wise 
tendency  of  the  present  day  is  to  keep  a  little  below  that  possibility;  and,  at  the 
beginning  of  treatment,  much  below  it. 

Supplementation  and  Vicarious  Action. — Certain  forms  of  compensatory  action 
are  sufficiently  differentiated  to  receive  special  designations,  but  are  so  closely  allied 
to  one  another,  that  they  are  best  discussed  together.  In  these,  the  extra  burden 
necessary  to  correct  some  functional  deficiency  is  assumed,  not  by  the  damaged  or 
inadequate  organ  itself — as  in  compensatory  dilatation  of  air  cells,  or  compensatory 
enlargement  or  strengthening  of  cardiac  chambers — but  by  some  related  structure. 
The  function  thus  restoratively  increased  may  be  one  normally  exercised  })y  the 
tissue  in  question — and  we  then  speak  of  supplementary  action;  or  it  may  be  a 
latent  function,  not  ordinarily  performed  by  that  tissue — and  we  then  speak  of 
vicarious  action.  In  the  one  case,  there  is  a  simple  heightening  of  ordinary  activi- 
ties; in  the  other  case,  there  is  reversion  to  activities  out  of  the  ordinary.  Both 
depend  on  fundamental  factors  of  biology  and  facts  of  evolution. 

In  the  simplest  unicellular  organism,  all  i)arts  of  the  bioplasm  may  perhaps  be 
capable  of  performing  any  of  the  vital  functions.  In  more  advanced  forms,  special 
portions  of  the  cell  apparently  perform  special  work.  In  multicellular  organisms, 
the  specialization  of  function  in  differentiated  tissues  becomes  more  and  more 
definite.  Nevertheless,  even  in  man,  the  potentiality  of  multiple  function  seems  to 
persist  in  many  structures.  Moreover,  there  are  certain  organs,  which,  even  under 
normal  conditions,  act  supplementally  to  one  another. 

Thus,  salivary  glands,  gastric  glands,  pancreas,  liver  and  intestinal  glands  share  In 
the  production  of  digestive  ferments,  and  failure  in  one  may  be  made  up  by  increased 
activity  in  another.  So,  too.  the  spleen,  the  lymphatic  glands  and  the  bone  marrow 
supplement  one  another  in  part.  If  one  kidney  be  extirpated,  the  other  will  hypertrophy 
in  the  attempt  to  perform  double  function — an  instance  of  compensation;  but  failure  of 
kidney  function  may  also  be  remedied  in  part  by  increased  activity  of  the  sweat  glands, 
of  the  glands  or  epithelium  of  the  intestine,  even  of  the  liver,  the  salivary  glands  and, 
in  uremia,  the  bronchial  epithelium — an  instance  of  vicarious  action. 

Both  supplemental  and  vicarious  action  are,  in  most  cases,  imperfect;  but, 
nevertheless,  they  may  be  highly  useful.  They  are  chiefly  manifested  in  transient 
stimulations  of  function,  but  may  also  be  shown  by  persistent  structural  modifi- 
cation permitting  permanent,  if  partial,  correction  of  an  infirmity. 

Thus,  a  dislocated  bone  may  form  a  false  joint;  in  cases  of  sclerosis  of  the  spinal 
cord,  a  new  path  may  be  developed  for  nervous  impulses,  and  speech  without  a  larynx 
may  be  made  possible  by  alterations  in  the  pharyngeal  tissues  (case  of  J.  Solis-Cohen). 

In  therapeutics,  both  supplementary  and  vicarious  action  are  sometimes  termed 
"suhstitutions,"  since  the  action  of  one  organ  may  be  substituted,  more  or  less 
imperfectly,  for  that  of  another  (the  skin  or  bowel  for  the  kidney,  for  example)  ; 
or  an  organ,  ferment,  secretion,  or  chemical  principle  obtained  from  an  animal  may 
be  substituted  for  the  lacking  or  inadequate  tissue,  ferment,  secretion  or  chemical 
compound  in  man.  The  terms  "substitution"  and  "substitutive  treatment,"  how- 
ever, have  been  used  with  quite  other  meanings  in  works  that  are  still  classics  of 
medical  literature,  and  confusion  of  terminology  is  best  prevented  by  avoiding  those 
terms  in  connection  with  the  methods  under  discussion  (see  pages  -47  seq.). 
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Familiar  instances  of  therapeutic  supplementation  are  the  administration  of  acids 
and  digestive  ferments  in  cases  of  indigestion  dependent  upon  the  lacli  of  normal  secre- 
tion, and  the  implantation  of  thyroid  gland  or  the  administration  of  thyroid  substance 
or  of  extracts  therefrom,  in  cases  of  myxedema.  Medicinal  stimulation  of  vicarious 
action  is  attempted  by  the  use  of  sweat  baths  and  other  diaphoretic  measures,  and  of 
hydragogue  cathartics  ^  when  urine  is  suppressed  or  scanty.  A  borderland  method  is 
perhaps  illustrated  by  the  reeducation  exercises  now  employed  in  the  treatment  of  the 
ataxia  of  tabes  (which  presumably  substitute  new  nerve  paths  for  those  interrupted); 
by  the  use  of  adrenal  and  pituitary  products  to  control  urticaria,  angioneurotic  edema 
and  similar  disturbances;  and,  most  probably,  by  the  use  of  insulin  to  remedy  the 
failure  of  carbohydrate  metabolism  in  diabetes. 

Complexity  of  Defensive  and  Corrective  Reactions.— As  in  everything  else, 
the  distinctions  of  discussion  in  our  categories  of  defensive  and  reconstructive 
reactions  are  sharper  than  tliose  of  nature,  and  there  are  many  transitional  phases. 
JMoreover,  in  the  spontaneous  defenses  and  corrections  observed  in  disease,  restora- 
tive phenomena  of  several  orders  commonly  participate.  Similarly,  in  the  practical 
application  of  the  principles  learned  by  analysis  of  spontaneous  recovery,  thera- 
peutic measures  of  different  orders  may  be  utilized  concurrently.  A  few  simple 
illustrations  will  suffice. 

In  pulmonary  edema  consequent  upon  cardiac  inadequacy  in  a  case  of  valvular 
incompetence,  bleeding  or  purgation,  or  both,  may  be  employed  to  counteract  the  over- 
distension of  the  right  heart  and  the  overfilling  of  the  venous  system,  while,  at  the  same 
time,  rest  and  digitalis  are  bringing  about  repair  and  restored  compensation.  In  a  case 
of  renal  colic  from  uric  gravel,  while  opium  (perhaps  reenforced  with  a  benzyl  ester) 
is  being  used  to  counteract  the  pain-producing  effects  of  the  irritant  and  antagonize  its 
tendency  to  produce  spasm,  an  alkaline  diuretic  (preferably  a  lithium  or  potassium 
compound) — with  perhaps  piperazin,  phenylcinchoninic  ester  or  colchicum — may  be  pre- 
scribed to  hasten  expulsion  of  the  calculus. 

In  typhoid  fever,  a  liquid  diet  evades,  to  some  extent,  the  danger  of  intestinal 
hemorrhage;  rest  and  the  use  of  cold  water  partially  counteract  the  toxemic  phe- 
nomena— fever  and  delirium — and  hasten  the  expulsion  of  the  circulating  poisons;  and 
in  some  instances  the  use  of  the  specific  bacterine  or  serobacterine  increases  the  produc- 
tion of  antibodies  to  destroy  or  neutralize  the  pathogenic  bacteria  and  their  products. 

In  some  cases  of  laryngeal  diphtheria,  it  may  be  necessary,  while  awaiting  the 
full  neutralizing  effect  of  the  antitoxin,  to  counteract  the  obstruction  by  means  of 
intubation  or  tracheotomy  or  to  antagonize  the  depressing  influence  of  the  toxin  upon 
the  heart,  by  the  use  of  musk  or  digitalis. 

Similar  examples  of  the  rational  association  of  remedial  methods  could  be 
multiplied  indefinitely.  The  association  of  remedial  agents  rests  upon  somewhat 
different  and  more  special  principles  and  can  be  discussed  more  intelligently  after 
we  have  studied  the  factors  of  Drug  Influence. 

"  Attention  may  be  called,  in  this  connection,  to  an  unwise  interference  with  a 
natural  corrective  process,  unfortunately  not  uncommon.  In  certain  cases  of  failure  of 
the  kidneys  to  excrete  adequately,  a  natural  vicarious  outflow  takes  place  through  the 
bowel.  The  checking  of  this  "diarrhea"  by  medication  has  been  followed  by  anasarca, 
by  uremic  convulsion,  and  even  by  death. 
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Principles  of  Treatment 
Necessity  for  Treatment  (Therapeutic  Diagnosis) 

The  therapeutic  diagnosis,  which  as  we  have  seen,  rests  upon  the  prognosis,  as 
well  as  upon  the  clinical,  anatomic,  pathologic  and  etiologic  diagnoses,  is  the  first 
and  most  important  step  in  treatment.  It  may  be  partial  or  complete;  it  may 
be  made  consciously  or  unconsciously;  it  may  be  reached  quickly,  or  after  prolonged 
deliberation.  But  it  is  not  to  be  escaped  by  the  most  learned,  the  most  experienced, 
the  most  practical  or  the  most  ignorant.  It  is  implied  in  every  direction  given, 
every  application  or  manipulation  made,  every  prescription  written,  every  medica- 
ment dispensed.  The  only  question  is,  shall  it  express  the  result  of  intelligent 
reasoning,  or  that  of  mechanical  routine;  shall  it  be  a  process  of  ordered  logic,  or 
one  of  haphazard  blundering? 

When  the  physician  acts  hastily — which  is  not  the  same  thing  as  acting 
promptly — or  in  a  routine  fashion,  or  without  conscious  reflection,  however  brief, 
the  diagnosis  may  easily  go  astray ;  and  the  action  may  be  useless,  or  even  harmful. 
As  experience  accumulates  and  repetition  facilitates  the  mental  processes,  decisions 
win  be  reached  more  and  more  readily,  promptly  and  surely;  but  most  readily, 
most  promptly  and  most  surely  when  insight  and  skill  are  the  result  of  conscious 
training  in  definite  ways  of  thought. 

The  elements  and  methods  of  the  therapeutic  diagnosis  have  been  given  briefly 
in  preceding  pages;  Ijut  it  will  l)e  worth  while,  at  this  })oint  in  our  study,  to  repeat 
them  a  little  more  fully. 

First,  the  disturbances  of  restoration  are  to  be  distinguished  from  the  dis- 
turbances of  derangement  (qualitative  analysis  of  symptoms).  Secondly,  the 
intensities  of  the  two  groups  of  symptoms  are  to  be  compared,  and  an  estimate  made 
as  to  the  gravity  of  the  one,  and  tlie  adequacy  of  the  other  (quantitative  analysis  of 
symptoms). 

There  are  three  main  possibilities: 

1.  The  natural  defensive  and  recuperative  powers  may  be  perfect  and  suffi- 
cient to  restore  health  completely  and  without  suffering. 
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2.  The  natural  powers  may  be  sufficient  to  restore  health  ultimately,  but  not 
without  suffering  and  delay,  and  perhaps  imperfectly. 

3.  The  natural  powers  may  be  inadequate  to  defense  or  restoration;  (a)  be- 
cause of  the  origin  and  character  of  the  derangement;  or  (b)  by  reason  of  defect 
in  the  individual  organism  disturbed.  Not  suffering  only,  but  danger  may  be 
present. 

Under  the  first  supposition,  interference  is  clearly  unnecessary  and  unwise. 

Under  the  other  suppositions,  intervention  is  wise  when  it  has  a  definite  and 
necessary  purpose  and  suitable  means,  or  means  having  well  attested  empiric  use- 
fulness, are  available.  It  is  unwise  when  the  ends  it  proposes  are  not  clearly 
useful  and  necessary;  or,  when  the  accomplishment  of  its  purpose,  or  the  collateral 
influences  of  the  means  it  employs,  may  give  rise,  directly  or  indirectly,  to  new 
disturbances,  equally  dangerous  with  those  it  seeks  to  remedy.  It  may,  indeed, 
be  indicated  for  wise  and  necessary  ends,  and  yet  be  useless  for  want  of  effective 
means. 

Examples  may  make  this  clearer. 

By  accident  or  experiment,  the  Indians  of  Peru  had  learned  that  decoctions  of  the 
bark  of  certain  trees  would  cut  short  what  we  now  term  "malarial  fevers."  Their  knowl- 
edge, transmitted  to  Europe  through  the  Countess  of  Chinchon  and  the  Jesuit  mission- 
aries, became  the  basis  of  the  world-wide  use  of  "Jesuits'  Bark,"  or  "Peruvian  Bark" 
(afterwards  named  "Cinchona")  in  the  treatment  of  ague.  This  remained  for  nearly 
three  centuries  a  purely  empirical  practice;  its  usefulness  was  fully  proved  by  experi- 
ence, but  no  scientific  explanation  thereof  was  possible.  The  isolation  of  the  alkaloids 
of  cinchona,  especially  quinine,  revealed  the  active  agent  of  the  "cure."  Later,  when 
physicians  began  to  suspect  that  infectious  diseases  were  excited  by  "germs,"  and  the 
toxicity  of  quinine  for  infusoria,  algae,  bacteria,  etc.,  had  been  demonstrated,  a  rational 
but  yet  hypothetical,  basis  for  the  use  of  the  drug  was  suggested.  Finally,  when  Laveran 
had  discovered  the  hematozoon  of  malaria,  and  the  fact  that  quinine  killed  the  youthful 
forms  of  this  organism  was  fully  established,  the  practice  became  scientific  in  the  full 
sense.     It  employed  a  suitable  means  for  a  definite  and  necessary  purpose. 

But  while  this  development  was  going  on  quinine  had  come  to  be  used  in  other 
than  malarial  fevers,  sometimes  with  apparent  good  result,  sometimes  without  benefit. 
Its  power  to  reduce  febrile  temperature  was  learned,  and  thus  it  became  the  original 
antipyretic  drug. 

As  to  the  real  value  of  quinine  in  typhoid  fever,  pneumonia,  sepsis,  etc.,  and  as  to  the 
dangers  of  its  indiscriminate  use,  nothing  need  be  said  here. 

The  high  price  of  quinine  in  the  nineteenth  century  led  to  many  efforts  to 
make  it  synthetically.  The  direct  object  of  these  experiments  was  not  attained,  but 
certain  derivatives  of  quinoline,  and  later  of  aniline,  were  produced  and  shown  to 
have  remarkable  antipyretic  powers.  The  first  of  these,  Mirin,  soon  proved  to  be 
extremely  depressant  and  dangerous,  and  its  use  was  abandoned.  Aniipyrine  came 
next,  and  was  found  to  possess  not  only  the  power  to  reduce  temperature,  but  also 
that  of  relieving  pain— to  be  analgesic,  as  well  as  antipyretic.  It  was  therefore 
extensively  used  in  pneumonia,  in  rheumatism,  in  typhoid  fever,  etc.,  as  well  as  for 
the  relief  of  various  forms  of  headache  and  neuralgia.  Then  acetanilid,  a  well- 
known  compound,  was  introduced  into  medicine  under  the  proprietary  name  of 
antifehrin,  and  became  a  close  rival  of  antipyrine. 

The  influenza  pandemic  presaged  in  1887  occurred  in  1889-1890.  Fever  and 
pain  marked  the  malady,  and  all  over  the  world  physicians  prescribed  antipyrine 
and  acetanilid,  with  disastrous  results. 

Commenting  on  this  practice  at  his  Philadelphia  Hospital  clinics  in  1890,  the 
senior  author,  then  a  junior  physician,  ventured  to  say  in  paraphrase  of  Scripture, 
that  "influenza  slays  its  thousands,  but  antipyrine  its  tens  of  thousands."     But 
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longer  and  more  bitter  experience,  and  the  voices  of  older  men,  were  needed  before 
the  lesson  could  be  brought  homo.^ 

Let  us  analyze  the  practice  by  our  suggested  rules: 

1.  Has  it  a  definite  end,  or  ends,  in  view? 

yes;  the  reduction  of  temperature;   the  relief  of  pain. 

2.  Are  those  ends  useful   and   necessary f 

Yes  and  No.  The  relief  of  pain  is  usually  desirable  and  often  helps  recovery.  In 
influenza,  if  pain  can  be  relieved  harmlessly,  such  relief  is  undoubtedly  useful.  It  Is 
not,  however,  necessary  to  recovery,  in  the  sense  that  recovery  cannot,  take  place  with- 
out it.  As  regards  temperature  reduction,  however,  that  end  is  not  always  either  useful 
or  desirable,  and  is  rarely  necessary.  Febrile  elevation  of  temperature  is,  in  general, 
evidence  of  recuperative  reaction,  and,  unless  it  becomes  excessive,  should  not  directly 
be  interfered  with.  If  temperature  falls  as  an  indirect  result  of  "specific"  measures, 
or  other  form  of  antipathogenic  treatment,  that,  of  course,  is  a  welcome  sign.  Under 
expectant  methods,  however,  both  in  pneumonic  infection  and  in  influenza,  cases 
characterized  by  a  moderately  high  temperature  do  better,  on  the  whole,  than  those 
with  a  comparatively  low  temperature.  In  Influenza,  indeed,  one  of  the  signs  of 
danger   is   premature  subnormal   temperature. 

3.  Granted  that  reduction  of  temperature  may  be,  in  some  cases,  necessary,  is  the 
use  of  antipyretic  drugs  a  suitable  means? 

No.  When  necessary,  and  especially  in  typhoid  fever,  temperature  can  be  reduced 
promptly  and  safely  by  the  application  of  cold  water  (hydrotherapy)  i.e.,  packing, 
sponging,  bathing,  sprinkling,  the  use  of  compresses,  coils,  ice  bags,  etc.,  as  may  be 
best,  easiest,  or  most  available.  These  methods,  moreover,  have  many  additional  advan- 
tages, among  them  the  elevation  of  vasomotor  tonus  and  the  stimulation  of  elimina- 
tive  activity. 

4.  May  the  accomplishment  of  the  purpose  aimed  at  give  rise  to  new  and  danger- 
ous disturbances? 

Yes.  The  mere  reduction  of  temperature  in  the  cases  under  consideration  (typhoid 
fever,  influenza,  pneumonia),  if  unaccompanied  with  the  neutralization  or  increased 
elimination  of  disease  poisons  (toxins  and  tissue  poisons)  brought  about  by  hydro- 
therapeutic  measures,  is  often  followed,  as  the  effect  of  the  drug  passes  off,  by  reactio7i, 
causing  a  rise  to  a  greater  height  than  before.  This  means  increased  wasting  through 
increased  combustion  of  fat  and  muscle,  and  may  also  bring  about  degenerative  changes 
in  the  heart  and  nerve  tissues. 

5.  May  the  collateral  influence  of  the  means  employed  introduce  new  dangers? 
res.    The  deprrssant  effects  of  the  coal-tar  antipyretics  upon   the  heart  and   upon 

the  nerve  centers  of  organic  life  may  be  sufficient,  added  to  the  toxic  complexes  of  the 
infection,  to  cause  death.  Even  in  cases  of  apparent  recovery,  they  may  leave  the  heart 
permanently  weakened.  When  used,  in  the  absence  of  fever,  to  relieve  pain,  these  drugs 
tend  to  lower  the  vital  resistance,  impair  the  tonicity  of  the  heart  and  create  viorbid 
habits. 

But  while  needless,  useless,  or  harmful  interference  with  restorative  processes 
is  to  be  deprecated,  necessary  and  helpful  intervention  should  be  instituted  promptly. 
Sometimes  such  intervention  anticipates,  aids  or  supplements  the  natural  processes 
of  defense  and  restoration.  Sometimes,  however,  it  is  called  upon  to  control, 
restrain  or  counterbalance  their  excess  or  perversion.  These  considerations  apply 
alike  to  acute  and  to  chronic  disease. 

Given  time,  nature  may,  indeed,  be  competent  to  seal  a  wounded  vessel  by  spon- 
taneous clotting.  In  capillary  hemorrhage,  it  may  be  safe  to  wait  for  such  clotting  or 
to  assist  it  merely  by  pressure;  in  wounds  of  larger  arteries,  the  surgeon  resorts  to  the 

^  This  little  bit  of  medical  history  is  given  and  commented  upon  for  two  reasons: 
first,  because  it  illustrates  so  well  the  importance  of  therapeutic  analysis  of  symptoms; 
the  dangers  attendant  upon  the  neglect  of  that  analysis;  the  meaning  of  the  phrases  in 
which  our  rules  are  formulated;  and  the  pertinence  and  necessity  of  such  questioning 
in  regard  to  any  proposed  method  of  treatment.  Second,  because  in  1918-1919,  aspirin 
and  acetphenetidin  played  the  same  harmful  rule  as  was  played  by  antipyrin  and  anti- 
febrin  a  generation  earlier.  The  lesson  had  not  yet  been  sufficiently  impressed  on  the 
younger  generation  of  phyaiciana. 
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hemostat,  the  cautery  or  the  ligature;  while  in  hemophilia,  since  the  blood  fails  to  clot 
spontaneously,  therapeutic  coagulants  must  be   employed. 

Elevation  of  temperature  is,  in  certain  cases  and  to  a  certain  degree,  a  defensive 
response  to  intoxication  by  the  products  of  infective  organisms  and  of  the  tissue  changes 
of  disease,  but  heat  production  beyond  that  degree  (hyperpyrexia),  may  in  itself  con- 
stitute a  danger.  Hydrotherapeutic  measures,  even  antipyretic  drugs,  may  then  be 
needed. 

Inflammation  is  a  natural  process  of  defense  and  correction,  but  it  may  lead  to 
disabling  adhesions,  as  in  the  case  of  the  joints,  of  the  pleura  and  of  the  intestines. 
The  fundamental  processes  leading  to  such  conditions  are,  indeed,  factors  of  spontaneous 
recovery,  but  disadvantage  results  from  their  time,  place,  extent,  or  intensity.  Thus, 
fibrous  adhesions  in  the  neighborhood  of  the  ulcerating  appendix  may  save  life  by 
barring  the  entrance  of  pus  into  the  general  peritoneal  cavity,  or  may  cause  considerable 
pain  and  distress  and  even  threaten  life,  by  producing  distortions  and  difficulties  of 
movement  among  the  intestinal  coils.  Surgical  procedure  may  become  needful  to  correct 
the  condition. 

An  affection,  whether  it  complicate  or  follow  an  acute  malady,  or  whether  It  arise 
independently,  is  obviously  an  evidence  of  deficient  defense  and  imperfect  recovery. 
Such  imperfection  may  indeed  be  a  necessity  arising  from  the  character  of  the  morbific 
factors  or  from  that  of  the  tissues  affected;  or,  there  may  be  a  possibility  of  avoiding  or 
minimizing  it.     Rational  treatment  will  be  guided  accordingly. 

A  malady  having  subsided,  but  the  associated  affection  persisting;  or,  the  malady 
and  affection  having  subsided,  leaving  infirmity;  or,  malady  and  affection  both  con- 
tinuing, and  infirmity  thus  increasing,  the  organism  may,  nevertheless,  be  able  to 
adjust  itself  to  the  changed  conditions  by  compensatory  and  regenerative  processes  and 
thus  be  enabled  to  preserve  an  impaired  life  or  even  to  regain  a  comparative  degree 
of  health.  Sometimes,  however,  such  adaptive  processes  may  fail,  not  only  by  deficiency, 
but  by  excess  or  perversion. 

An  organ  enlarged  to  carry  on  function  despite  morbid  alterations  may  do  so  at 
the  expense  of  neighboring  tissue  or  of  the  organism  as  a  whole.  Treatment  may  be 
required  to  restrain  the  enlargement  and  to  counteract  its  results. 

Tumor  formations  of  various  kinds  may  be  developed,  in  response  to  external  irri- 
tation, as  an  exaggeration  of  the  normal  process  exhibited  in  the  formation  of  cell  walls 
and  in  the  thickening  of  exposed  surfaces.  Destructive  measures  may  be  indicated. 
Cardiac  hypertrophy  in  compensation  of  valvular  lesions,  is  one  of  the  best  illustrations 
of  restorative  adjustment.  That  compensation  may  be  deficient,  or  having  been  efficient, 
become  ruptured,  is  a  commonplace  of  medical  teaching.  Not  so  much  emphasized  is 
the  fact  that  often,  and  especially  in  cases  of  mitral  stenosis,  it  becomes  excessive 
because  the  conditions  are  such  that  the  general  circulation  cannot  attain  a  correspond- 
ing uplift.    The  reparative  process  is  then  disproportionate  and  calls  for  restraint. 

Knowledge  of  the  possibilities  in  various  cases  will  thus  lead  the  physician  to 
promote  the  natural  adjustments  and  adaptations,  if  possible;  to  supplement  or 
control  them,  when  necessary ;  and,  in  any  event,  to  avoid  useless  or  harmful  inter- 
ference therewith. 

It  is  evident  that  no  exclusive  "system/'  no  rigid  "rule  of  cure,"  no  single 
"plan  of  management,"  no  one  class  of  "remedial  measures,"  can  be  universally 
applicable.  Holding  himself  free  to  use,  for  his  patient's  benefit,  any  means  or 
method  that  reason  and  experience  approve,  the  physician  will  be  guided  in  part 
by  the  conditions  present  in  the  individual  case;  in  part  by  general  knowledge  and 
experience  concerning  the  causation,  course  and  usual  terminations  of  similar 
cases,  and  the  effects  of  remedies  upon  such  course  and  terminations.  In  one 
instance  physical,  in  another  mental,  measures  may  suffice ;  in  others,  both  these  and 
drugs  may  be  needed.  The  best  drug  may  at  one  time  be  an  agent  that  would  pro- 
duce in  a  healthy  person  symptoms  resembling  those  presented  by  the  patient;  at 
another  time  one  that  would  produce  opposite  symptoms;  still,  again,  one  whose 
effects  upon  the  healthy  show  no  definite  relation  to  the  patient's  symptoms.  Such 
phenomena,    emphasized    by    Hahnemann    and    his    followers    as    "homeopathic," 
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'•antipathic/'  and  "allopathic"  are,  it  is  true,  not  accidental;  but  they  are  merely 
incidental.  I^pon  none  of  them  can  a  general  tlierapeutic  ])rineii)le  he  securely 
based;  yet,  well  attested  results  of  practice,  however  faulty  the  explanation,  deserve 
careful  and  serious  consideration.  If  the  practice  be  helpful,  the  theory  may  await 
elucidation. 

(i>ualitative  and  quantitative  analysis  of  sym])tonis  having  permitted  a  de- 
cision as  to  the  necessity  of  therapeutic  aid  and  as  to  its  general  object,  there  are 
still  to  be  determined  its  special  purpose  and  its  means.  The  analysis  both  of 
morbid  and  of  salutary  phenomena  is,  therefore,  to  be  pushed  yet  further. 

The  first  point  to  be  decided  by  such  study  is  whether  it  is  wisest  in  the 
individual  instance  to  oppose  disorganizing  processes  directly,  or  to  seek  their 
correction  indirectly;  (a)  by  removal  of  exciting  factors,  or  (b)  by  evocation  of 
restorative  reactions,  or  (c)  by  reenforcement  of  recuperative  processes  already  at 
work.  In  considering  the  advisability  of  stimulating  or  supplementing  the  recuper- 
ative processes  it  is  also  necessary  to  observe  whether  among  them  there  is  any  that, 
by  excess  or  aberration,  threatens  to  become  destructive — for  exam})le,  hyperpyrexia 
in  acute  infection;  vomiting  and  diarrhea  in  gastroenteric  disorders;  hypertension 
of  vessels  in  certain  chronic  affections  of  the  kidney — and  to  decide  whether, 
and,  if  so,  how,  one  is  to  attempt  to  bring  the  excessive  factor  under  control. 
Similarly,  among  the  various  phenomena  of  disintegration  it  must  be  determined 
(1)  which  are  the  most  important  and,  therefore,  demanding  earliest  correction, 
and  (2)  which,  if  any,  stand  to  others  in  the  relation  of  proximate  causes  whose 
correction  will,  of  itself,  cause  a  multitude  of  consequences  to  disappear. 

Thus  dyspnea,  headache,  vertigo,  palpitation  of  the  heart,  syncope,  general  feeble- 
ness, even  edema,  may  all  be  secondary  to  anemia;  and,  instead  of  trying  to  correct 
these  symptoms  in  detail  by  agents  that,  influence  directly  the  respiration,  the  circula- 
tion or  the  nerve  system,  the  physician  will  direct  his  attention  to  the  condition  of  the 
blood.  This  may,  perhaps,  be  susceptible  of  remedy  by  the  use  of  iron  or  arsenic.  Or 
the  anemia  may  be  found  to  depend,  for  example,  upon  the  presence  of  hookworm  in 
the  intestine,  and  spontaneous  recovery  ensue  upon  destruction  and  expulsion  of  the 
parasites  through  the  use  of  thymol,  carbontetrachloride  or  chenopodium  and  appro- 
priate evacuants.  Symptoms  of  gastroenteric,  nervous,  or  cardiac  disorder  may  be  sec- 
ondary to  the  so-called  lithemic  state  and  disappear  when  this  is  corrected  by  diet, 
exercise,  baths,  phototherapic  procedures,  or,  perhaps,  the  use  of  medicines.  An  obstinate 
cough  may  be  due  to  congestion  of  the  respiratory  tract  dependent  on  dilatation  of  the 
heart — digitalis,  not  opium,  being  indicated. 

To  guide  these  decisions,  both  as  to  ailments  in  general,  and  concerning  the 
special  ailment  and  the  individual  patient  in  particular,  a  knowledge  of  certain 
important  facts  is  thus  seen  to  be  necessary ; 

1.  Whether  or  not  the  special  phenomena  to  be  opposed  or  corrected  are  the 
result  of  a  removable  cause;  and  if  so,  whether  or  not  they  are  likely  to  subside 
spontaneously  upon  its  removal. 

2.  To  what  extent,  in  what  manner  and  by  what  general  classes  of  influences 
the  phenomena  of  disease,  both  morbid  and  salutary  are  susceptible  of  modification; 
and  w'hether,  in  the  case  under  consideration,  any  of  these  phenomena,  and,  if  so, 
which,  can  be  modified  to  the  patient's  advantage. 

3.  Among  the  various  influences  that  may  modify  favorably  the  course  of 
disease  in  cases  of  the  same  general  character,  what  special  advantages  and  dis- 
advantages attach  to  each  agent  (a)  as  a  general  rule,  and  (&)  in  the  special  instance 
under  observation. 

In  our  detailed  discussion  of  indications  and  contraindications  these  points  are 
further  elaborated.  What  has  been  said  suflfices  to  make  clear  that  the  therapeutic 
diagnosis  proposes  five  questions,  concerning  intervention  in  any  case  of  disease: 
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(1)  When?     (2)  Why?     (3)  Which?     (4)  How?     (5)  What? 

Unless  all  these  questions  can  be  answered  with  reasonable  assurance,  inter- 
vention should  not  be  undertaken. 

In  reaching  a  conclusion  the  data  derived  from  physiology,  etiology,  pathology 
and  pharmacology  must  be  correlated  with  the  lessons  of  clinical  experience. 
Necessary  information  under  all  these  heads  is,  as  yet,  far  from  complete.  In 
consequence,  individual  therapeutic  diagnoses  are  frequently  imperfect.  Never- 
theless there  exists  a  sufficient  body  of  knowledge  to  permit  the  teaching  of  certain 
definite  principles  of  treatment.  Of  these,  some  are  lessons  of  experience  and  early 
received  explicit  statement.  Others  are  based  upon  the  exact  observation  and  scien- 
tific discoveries  of  modern  times;  not  only  in  the  more  narrowly  medical  branches, 
but  also  in  physics,  in  chemistry  and  especially  in  biology. 

First  Principle  of  Therapeutics.— We  have  come  once  more  to  the  first  prin- 
ciple of  therapeutics  as  formulated  by  Hippocrates:  "Do  good,  or  do  no  harm." 

Harm  follows  uncalled  for  intervention,  as  when  digitalis  is  used  in  a  case  of 
valvular  lesion  of  the  heart  with  good  compensation.  It  will  follow  unnecessary 
interference  with  recuperative  process,  as  when  drugs  are  given  merely  to  reduce 
temperature  in  pneumonia  and  influenza.  It  may  follow  the  use  of  means  whose 
results  are  doubtful,  as  when  the  crude  "Koch's  lymph"  was  given  indiscriminately 
in  all  cases  of  pulmonary  consumption.  It  will  follow  the  use  of  agents  whose 
known  influence  involves  additional  and  serious  disturbances  of  the  natural  order, 
as  acetanilid  to  relieve  headache.  It  may  follow  even  the  indicated  use  of  drugs  that 
give  rise  to  "habits" — a  risk  that  may  be  permitted  under  some  circumstances — 
and  it  will  almost  certainly  follow  the  unnecessary  use  of  such  agents,  which 
is  not  to  be  justified  at  all. 

Good  can  be  done  only  when  the  physician  recognizes  that,  in  any  event, 
recovery  is  brought  about  by  nature  and  that  his  aim  is  to  further  the  natural 
processes. 

To  summarize :  Therapeutics  must  model  itself  upon  "the  self-defense  of  the 
organism";  refrain  from  interference,  when  this  is  sufficient;  assist,  when  it  is 
insufficient;  correct,  when  it  is  aberrant. 

INDICATIONS  AND  CONTRAINDICATIONS 

As  briefly  set  forth  in  Chapter  I,  both  the  conditions  calling  for  (indicating) 
therapeutic  aid,  and  the  special  purposes  to  be  accomplished  by  such  aid,  are  termed 
indications.  Conditions  which  negative  either  interference  in  general  or  special 
forms  of  the  interference,  are  termed  contraindications. 

In  our  discussion  of  the  methods  of  natural  defense  and  restoration,  it  was 
shown  that  these  fall,  with  some  overlapping,  into  three  main  classes:  (1)  Measures 
of  protection ;  ( 2 )  measures  of  active  resistance ;  ( 3 )  measures  of  correction.  Of 
these  some  are  directed  against  the  agents  of  disturbance,  either  primary  or  secon- 
dary ^ ;  some  against  the  actions  of  the  disturbing  agents ;  others  against  the  harm- 
ful effects  of  those  actions  or  toward  the  correction  of  their  consequences. 

*Both  derangement  and  recovery  involve,  among  their  many  complexities,  chains 
of  serial  disturbances;  each  link  being  an  effect  of  that  which  precedes,  a  cause  to  that 
which  follows.  Hence,  the  measures  of  defense  here  alluded  to  apply  not  alone  to  the 
primary  agents  {i.e..  exciting  causes)  of  disease,  but  also  to  those  results  of  their 
activity  which  provoke,  in  turn,  other  morbid  changes  {secondary  causes).  Nature,  as 
well  as  art,  seeks,  for  example,  to  expel,  to  destroy,  or  to  neutralize  not  only  pathogenic 
bacteria  and  their  toxic  products,  but  also  such  results  of  functional  perversions  and 
pathologic  tissue  changes  as  collections  of  pus  and  the  poisons  of  diabetic  acidosis,  of 
uremia,  of  jaundice. 
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While  there  is  thus,  from  both  points  of  view,  a  tripartite  division,  the  two 

arrangements  do  not  exactly  correspond.  Against  agents  of  disturbance  we  have, 
in  the  main,  the  protective  methods  of  evasion  and  exclusion  and  the  resistive 
methods  of  expulsion,  destruction,  imprisonment,  neutralization;  against  their 
activities,  the  further  resistive  methods  of  antagonism,  deflection,  and  certain 
measuri's  of  counteraction;*  against  harmful  results  we  have  as  correctives  other 
measures  of  counteraction,  and  the  methods  of  repair,  compensation,  supplementa- 
tion and  vicarious  action. 

Therapeutic  measures  designed  to  fulfill  the  indications  presented  by  disease  in 
general,  by  special  forms  of  disease,  or  by  individual  patients,  must  fall  into  the 
same  general  and  special  categories  as  the  natural  defenses  and  restorations ;  the 
purpose  of  therapeutic  aid  being,  as  we  have  seen,  to  favor,  anticipate,  excite  or 
supplement  the  natural  reactions  against  derangement,  to  provide  substitutes  for 
these  natural  reai^tions  when  absent,  to  guide,  restrain,  correct  them — or  even  to 
oppose  or  counteract — when  aberrant  or  excessive. 

The  study  of  indications,  therefore,  is  a  study  of  the  conditions  which  invoke 
the  various  forms  of  natural  protection,  or  in  \\hich,  these  reactions,  or  any  of  them, 
being  absent,  deficient  or  perverted,  nature  must  be  helped  or  controlled  by  art. 

For  purposes  of  study,  indications — and  with  them,  contraindications — may  be 
divided  into  (1)  those  based  upon  prognosis,  (2)  those  based  upon  etiology,  (3) 
those  based  upon  pathology,  structural  and  functional,  and  (4)  those  based  upon 
symptomatology.  Etiologic,  pathologic  and  symptomatic  data  indicate  the  methods 
of  therapeutic  help ;  their  correlation  with  the  indications  of  remedies  gives  its 
7nc-asures.  These  are  particular  or,  in  military  phrase,  tactical.  Indications  based 
upon  prognostic  data  are  strategic.  They  determine  general  plans  of  action,  into 
which  the  various  forms  of  tactics  derived  from  etiology,-  pathology,  and  sympto- 
matology are  incorporated.  It  accords  best  with  our  method  of  study  to  consider, 
first  the  general,  and  later,  the  particular. 

Prognostic  or  General  (Strategic)  Indications 

It  will  simplify  study  to  take  up  first  those  indications  for  treatment  that 
appear  upon  the  general  survey  of  a  case;  the  synthesis  that  follows  the  analysis 
previously  described.  Although  based  upon  etiology  and  pathology,  this  synthesis 
is  essentially  clinical,  and,  in  the  true  sense  of  the  term,  empiric;  that  is  to  say, 
founded  upon  experience. 

It  includes  two  elements  which  may,  or  may  not,  be  concordant;  (1)  the 
recorded  observation  of  physicians  in  general,  and  (2)  the  personal  observation  of 
the  individual  physician  regarding  the  usual  course  of  the  special  form  of  disease 
under  consideration,  (a)  when  left  to  itself,  and  (h)  when  influenced  by  treatment. 
Such  observation  relates  not  only  to  the  general  phenomena  of  the  case,  but  also  to 
its  various  special  phenomena;  and  in  respect  to  treatment,  includes  not  only  the 
general  strategic  plan,  but  also  special  (tactical)  measures. 

It  is  obvious,  however,  that  experience  is  a  chart,  not  a  pilot;  otherwise,  progress 
would  be  impossible.  The  chart  informs  us  concerning  the  course  generally  followed, 
the  dangers  on  the  way,  and  the  expedients  hitherto  adopted  to  avoid,  overcome,  or 
weather  them;  but  the  intelligence,  general  knowledge,  and  skill  of  the  physician, 
who  is  himself  the  pilot,  must  be  free  to  adapt  his  measures  to  existing  conditions, 
varying  more  or  less  from  those  hitherto  encountered,  and  to   devise,  if  possible,   new 

'Counteraction  might  be  considered  either  resistant  or  corrective  according  to 
circumstances. 
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measures,  better  than  the  old  ones.  When  customary  measures  are  entirely,  or  in 
the  main,  satisfactory,  it  is  better  to  follow  custom  than  to  attempt  uncertain  innova- 
tions. When  customary  measures,  although  satisfactory  in  general,  are  attended  with 
suffering  or  danger  that  might  be  minimized  or  averted,  it  may  be  wise  to  try  new 
expedients.  When  customary  measures  have  not  succeeded  in  diminishing  the  aver- 
age mortality  of  the  ailment  under  treatment,  or  in  assuring  the  restoration  to  normal 
of  altered  tissues  and  disordered  functions,  it  is  obviously  necessary  to  seek  for  new 
therapeutic  means;  to  be  alert  at  the  bedside  as  well  as  in  the  laboratory;  to  seize 
indications,  clinical,  experimental  or  pharmacologic,  that  may  suggest  such  means. 

Indications  of  Urgency 

The  first  element  of  the  therapeutic  prognosis  is  an  estimate  of  the  immediate 
gravity  of  the  situation.  This  may  reveal  certain  dangers  which  it  is  necessary 
to  meet  at  once,  quite  apart  from  considerations  of  future  management,  or  even 
of  completed  diagnosis.  There  is  an  emergency  presenting  indications  of  urgency. 
These  may  relate  to  threatened  death  or  disablement,  or  to  severe  suffering. 

When  death  or  grave  injury  seems  to  impend,  the  threatened  danger  is  to  be 
averted,  if  possible,  even  though  the  means  chosen  apparently  or  actually  involves 
a  certain  degree  of  risk.  Surgeons  act  on  this  principle,  for  example,  in  performing 
urgent  tracheotomy  with  a  penknife,  or  in  doing  an  emergency  amputation  without 
full  antiseptic  technique ;  though  if  time  permitted  they  would  prefer  more  deliber- 
ate procedure.  Even  deliberate  surgical  operations  may  involve  the  danger  of 
shortening  life  in  the  attempt  to  save  it;  yet  such  danger  is  frequently  incurred 
advisedly  and  warrantably,  and  with  a  preponderance  of  good  results. 

Physicians  also  may  be  justified  in  the  use  of  hazardous  measures  in  an 
extremity.  Thus,  a  very  large  dose  of  strychnine  or  of  epinephrine  may  be  injected 
hypodermically  or  even  into  a  blood  vessel,  or  resort  be  had  to  intracardiac  injection, 
when  fatal  cardiac  collapse  is  threatened;  extraordinary  doses  of  atropine  may  be 
used  in  severe  pulmonary  edema;  copious  venesection,  even  cardiopuncture  may  be 
risked  in  certain  conditions  of  circulatory  failure — as  when  the  rignt  side  of  the 
heart  is  paralyzed  by  overdistention  in  acute  lobar  pneumonia,  or  in  acute  rupture  of 
compensation  in  chronic  valvular  affections;  strophanthin  may  be  given  intrave- 
nously in  some  cases  of  auricular  fibrillation;  tetanus  antitoxin  may  be  injected 
without  previous  desensitization  to  horse  serum,  when  hours  are  believed  to 
count. 

If  possible,  as  in  comparable  surgical  cases,  such  therapeutic  risks  should  be 
explained  to  the  family,  at  least,  if  it  be  not  wise  or  feasible  to  tell  the  patient. 

It  is  to  be  observed,  however,  that  the  measures  of  urgency  cited — and  they 
are  fair  illustrations  of  such  procedures — do  not  differ  in  any  essential  from  the 
measures  adopted  for  similar  purposes  under  conditions  permitting  of  more 
deliberate  action. 

The  question  is  one  either  of  quantity,  of  method,  or  of  the  extent  to  which 
the  physician  may  ignore  what  would  be,  under  other  circumstances,  contra- 
indications. 

The  fulfillment  of  urgent  indications  does  not  always  involve  risk. 

In  cases  of  asphyxia,  for  example,  artificial  respiration  must  be  instituted  promptly, 
with  oxygen  and  by  the  insufflation  method  of  Meltzer,  if  possible;  in  corrosive  sub- 
limate poisoning,  albuminous  fluids  (milk,  egg  white)  should  be  given  at  once,  the 
Btomach  soon  afterward  emptied  by  siphonage  and  washed  with  a  hyposulphite  solution, 
colonic  irrigation  practiced,  perhaps  calcium  sulphide  solution  injected  into  a  vein — 
and,  certainly,  provision  made  for  maintaining  alkalinity  of  the  body  fluids  and  active 
elimination  by   all  possible   channels.     In   certain   cases   of   severe   gastric  hemorrhage. 
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adrenaline — perhaps  fibrogen — is  to  be  given  by  mouth;   morphine  and  atropine — perhaps 
a  tissue-coagulant — injected  subcutaneously;  at  times,  the  lower  extremities  bandaged. 

The  general  question  of  systematic  treatment  for  precedent  and  resulting 
conditions — and  this  applies  to  all  instances  cited  and  to  all  like  instances — is  to 
be  considered  later;  but  the  emergency  is  to  be  grappled  with  at  once. 

There  is  sometimes  what  may  be  called  a  general  indication  of  urgency. 
No  special  symptom  calls  for  immediate  attention  but  prognosis,  as  affected  by 
treatment,  depends  largely  upon  the  time  at  which  treatment  is  begun.  Thus, 
in  acute  pneumococcus  pneumonia,  or  in  acute  syphilis,  very  early  resort  to  spe- 
cific or  definite  treatment  (quinine  or  antibodies  in  the  one  instance,  arsphenamine, 
in  the  other)  may  literally  abort  the  malady.  A  suspicion,  rather  than  a  demon- 
strable certainty  of  diagnosis,  must,  perhaps,  be  acted  upon.  Even  when  the 
favorable  moment  for  abortive  treatment  has  passed,  "time,"  as  the  lawyers  say, 
is  still  ''of  the  essence  of  the  contract.''  The  promptitude  with  which  the  appropri- 
ate remedial  measure  is  instituted,  will  make  all  the  difference  between  success 
and  failure. 

But  here  again  we  see  that  no  new  principle  is  involved  in. any  of  the  measures 
instituted.  It  is  simply  the  prompt  application  to  an  immediate  necessity  of  the 
same  kind  of  treatment  that  might  otherwise  be  decided  upon  and  carried  out  in 
more  leisurely  fashion.  The  discussion  under  the  heading  of  etiologic,  pathologic 
and  symptomatic  indications  will  therefore  serve  for  such  further  elaboration  as 
may  be  needful. 

A  word  may  be  said,  however,  concerning  suffering",  especially  when  it  takes 
the  form  of  pain  or  sleeplessness.  It  should  not  be  ignored.  It  must,  at  times,  be 
permitted  in  order  to  avoid  obscuration  of  symptoms.  At  times,  a  patient's  com- 
plaints are  exaggerated.  Often,  the  patient's  own  power  of  will  and  endurance  is 
the  best  remedy.  But,  when  suffering  is  real,  when  it  serves  no  good  purpose, 
diagnostic  or  otherwise,  when  it  cannot  be  controlled  by  psychic  measures  on  the 
part  of  either  patient  or  physician,  it  should,  even  when  slight,  be  relieved  by  local 
applications,  by  systemic  medication,  or  by  both.  The  means  of  relief — it  should 
now  "go  without  saying" — must  not,  in  itself,  be  harmful.  Opium  is  not  the  only 
drug  that  can  be  used,  but  even  an  opiate  may  be  less  harmful,  in  certain  cases, 
than  continuous  nervous,  even  psychic  irritation.  One  must  exercise  good  judg- 
ment, of  course. 

When  the  distress  is  great  and  cannot  otherwise  be  mitigated,  a  certain  degree 
of  risk,  depending  on  its  nature,  may  be  taken;  though  the  means  chosen  for  this 
purpose  must  not  be  such  as  directly  to  imperil  life  or  diminish  the  prospect  of 
ultimate  recovery. 

Thus  it  sometimes  happens  in  the  course  of  intercurrent  disease  in  the  subjects 
of  chronic  nephritis  that  great  pain  or  prolonged  sleeplessness  may  develop.  Both 
opiates  and  hypnotics  of  the  trional,  veronal  type  are  contraindicated,  for  they  may 
lead  to  suppression  of  urine  and  uremic  death.  One  might,  however,  in  a  selected  case, 
risk  codeine,  though  never  the  synthetic  hypnotics.  On  the  other  hand,  chloral — perhaps 
"guarded"  with  digitalis  or  sparteine,  perhaps  supplemented  by  a  bromide— might  be 
used  with  a  minimum  of  risk.  Ordinarily,  aoetanilid,  acetphenetidin  and  the  like,  are 
to  be  avoided  in  persons  with  weak  hearts,  but  in  certain  cases  of  persistent  symptomatic 
headache,  causing  great  distress  and  unamenable  to  other  measures,  such  drugs  might, 
with  precaution,  occasionally  be  used— properly  guarded,  of  course,  by  strychnine, 
camphor,  ammonium  compounds,  caffeine,  digitalis,  or  other  appropriate  cardiant  or 
stimulant. 

This  phase  of  the  subject  will  be  considered  more  fully  in  discussing  symptomatic 
indications,  and  to  some  extent  is  discussed  under  the  head  of  association  of  remedies. 
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Indications  in  the  Absence  of  Urgency 

In  the  absence  of  urgent  distress  or  danger,  prognostic  indications  are  derived 
(a)  from  the  natural  history  of  the  special  form  of  disease  (ailment)  present;  (&) 
from  the  modifying  influence  of  conditions  personal  to  the  patient,  as  age,  sex,  vigor, 
individual  peculiarities,  and  the  like,  and  (c)  from  the  known  influence  of  treat- 
ment (therapeutic  experience). 

Natural  History  of  Disease 

By  the  natural  history  of  a  special  disease-form  we  understand  its  beginning 
and.  evolution,  unmodified  by  treatment;  in  other  words,  its  mode  of  onset,  its 
course,  and  its  terminations;  or,  to  generalize  more  broadly,  the  evolution  of  an 
ailment  related  to  its  extension,  persistence,  regression  and  cessation  in  time  and 
space,  as  also  to  its  increase  and  diminution  in  intensity.  Discussion  of  these  fac- 
tors involves  the  making  of  sharper  distinctions  than  are  to  be  found  in  nature, 
but  the  same  qualification  necessarily  applies  throughout  the  whole  range  of 
systematic  study. 

In  respect  to  time,  ailments  may  be  classified  as  acute,  recurrent  and  chronic; 
acute  ailments  being  further  divisible  into  brief,  relatively  brief  and  prolonged 
forms.    When  an  ailment  not  ordinarily  prolonged  becomes  so,  it  is  termed  suh-acute. 

In  respect  to  space  ailments  are  termed  general    (or  systemic),   and   local. 

As  a  rule,  not  without  exceptions,  systemic  ailments  are  manifested  chiefly  as 
disturbances  of  function,  with  associated  tissue  changes;  local  ailments,  chiefly 
as  affections  of  tissue,  with  secondary  functional  derangement.  All  forms  may 
vary  in  intensity,  and  this  variation  may  be  regular  or  irregular,  the  chief  points 
of  distinction  referring  to  the  sudden  or  gradual  character  of  onset  and  termina- 
tion, and  to  the  presence  of  marked  intermissions  or  remissions,  whether  periodic 
or  variable  in  their  occurrence. 

It  is  apparent  that  the  chief  element  in  formulating  the  therapeutic  strategy 
is  the  tendency  of  the  special  ailment  to  a  favorable  or  unfavorable  termination  in 
the  absence  of  treatment.  In  any  individual  instance  the  estimate  of  this  factor 
depends,  in  some  degree,  upon  the  stage  of  pathologic  evolution  at  which  the  case 
comes  under  observation ;  and  is  modified  by  the  age,  sex,  constitutional  character- 
istics and  general  condition  of  the  patient,  as  well  as  by  the  environment.  The 
terms  favorable  and  unfavorable  refer  not  only  to  the  probabilities  as  to  preservation 
or  loss  of  life,  but  also  to  the  outlook  concerning  the  duration  of  illness,  and  the 
ultimate  restitution  or  permanent  impairment  of  structural  integrity  and  of  func- 
tional efficiency. 

Without  attempting  to  be  exhaustive,  we  shall  consider  in  a  general  and 
illustrative  way,  first,  the  indications  pertaining  to  acute  forms  of  disease;  second, 
those  pertaining  to  chronic  forms  of  disease;  pointing  out,  in  both  groups,  when 
necessary,  the  distinction  between  local  and  systemic  processes.  The  very  important 
borderland  type  of  ailments,  which  are  neither  acute  nor  chronic  but  essentially 
recurrent,  can  then  be  understood  more  readily  than  if  placed  in  their  logical 
intermediate  position.  They  form  a  transition  to  the  discussion  of  diathesis,  dyscra- 
sia,  cachexia,  dystrophy  and  hypotrophy  (see  Borderline  Conditions) ;  and  our  sur- 
vey may  then  be  concluded  with  an  analysis  of  the  therapeutic  relations  of 
infirmities. 

Acute  Ailments. — Acute  ailments  arise  with  at  least  relative  abruptness,  the 
prodromal  period  sometimes  observed  being  insignificant  in  comparison  with  the 
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developmental  period  of  chronic  forms  of  disease.  They  may  tend  to  run  a  more 
or  less  definite  course  toward  a  comparatively  speedy  termination,  favorable  or  un- 
favorable; or  they  may  tend  to  recurrence  or  to  indefinite  persistence,  thus  merging 
into  chronic  ailments.  The  most  favorable  termination  is  complete  recovery;  the 
most  unfavorable  termination  is  death.  But  recovery  may  be  unduly  delayed  or 
incomplete  in  greater  or  less  degree,  leaving,  as  a  sequel,  chronic  all'ection  or 
infirmity.  Ailments  commonly  exhibiting  such  failures  are  to  be  classed  as  of 
unfavorable  tendency.  Furthermore,  it  is  to  be  remembered  that,  while  our  studies 
are  necessarily  general,  the  ph3'sician  at  the  bedside  deals  with  an  individual  case, 
wherein  an  ailment,  commonly  favorable,  may  exhibit  unfavorable  tendencies;  or 
a  form  of  disease  commonly  unfavorable,  be  comparatively  mild. 

Hence  comes  the  advice,  so  often  heard,  to  "treat  the  patient,  and  not  the 
[name  of  the]  disease," — one  of  those  dangerous  half-truths  so  common  in  at- 
tempts at  aphoristic  medicine.  It  would  be  equally  wise  to  tell  a  locomotive  driver 
to  "watch  the  engine  and  never  mind  the  track."  Biologically,  and  therefore  in 
therapeutics,  the  patient  is  a  disturbed  organism.  The  physician  must  not  only 
asQertain  as  definitely  as  possible  the  cause  and  character  of  the  disturbances,  but 
should  also  be  able  to  forecast  their  probable  course ;  and  he  will  be  governed  ac- 
cordingly. The  name  of  the  ailment  is  simply  a  concise,  technical  statement  of 
these  guiding  facts;  individualization  in  each  instance  modifies  the  indications  of 
general  prognosis  that  this  name  summarizes. 

Acute  Systemic  Ailments. — Mahidies. — As  defined  in  a  previous  chapter, 
a  malady  is  a  definite  association  of  pathologic  phenomena,  morbid  and  salutary, 
structural  and  functional,  arising  from  a  definite  exciting  cause,  aft'ecting  the 
whole  organism,  and  tending,  in  a  more  or  less  definite  course,  to  a  more  or  less 
definite  termination. 

Injections. — The  prognostic  indications  of  acute  maladies  can  hest  be  dis- 
cussed by  the  aid  of  concrete  examples,  in  which  names  are  utilized  much  as  the 
rational  ph3'sician  uses  them  in  actual  practice.  The  most  suitable  instances  are 
found  among  those  acute  disturbances  commonly  termed  infectious  fevers.  These 
are  to  be  classed  as  systemic  ailments;  the  phenomena  being,  in  the  main,  those 
of  intoxication,  to  which  condition  the  chief  dangers  are  attributable.  In 
many  of  them,  however,  and  especially  in  those  which  involve  the  circulatory 
apparatus  or  the  central  nerve  system — as  bacterial  endocarditis,  cerebrospinal 
meningitis,  epidemic  encephalitis,  anterior  poliomyelitis — there  is  a  more  or  less 
definite  association  of  local  lesions,  which  not  only  cause  discomfort,  but  may  be 
threatening  to  life  or  to  organic  integrity. 

Conditions  Dependent  on  the  Evolution  of  the  Malady. — We  have  to  consider, 
initially,  whether  the  malady  tends,  as  a  rule,  to  a  favorable  or  unfavorable  termina- 
tion— first,  as  regards  life;  second,  as  regards  duration  of  illness;  and,  finally,  as 
regards  restitution  to  integrity.  There  are  degrees  in  all  and  classification  is  some- 
what arbitrary,  while  individual  instances  present  numerous  exceptions. 

A  malady  may  have  a  favorable  prognosis  in  one  of  these  respects  and  yet  be 
unfavorable  in  one  or  both  of  the  others.  Thus,  if  the  average  mortality  be  in  the 
neighborhood  of  10  percent,  or  less,  the  prognosis  as  regards  life  may  be  con- 
sidered relatively  favorable  and,  in  the  absence  of  known  methods  of  specific  treat- 
ment, expectant  management,  or  a  modified  form  thereof,  may  be  justifiable  or 
])erliaps  advisable,  in  most  instances.  If,  however,  such  a  malady,  notwithstanding 
the  relatively  good  outlook  as  to  life,  is  known  to  tend  to  indefinite  persistence, 
that  is  to  say,  is  unfavorable  as  to  duration — more  active  intervention  is  evidently 
required,  in  order  to  shorten  its  course. 
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On  the  other  hand,  a  malady  may,  in  general,  be  unfavorable  as  to  life,  but 
in  cases  in  which  life  is  spared,  exhibit  a  tendency  towards  speedy  and  complete 
recovery,  without  relapse,  recurrence  or  sequel.  Treatment  may,  therefore,  be 
confined  to  measures  designed  to  preserve  life  and  control  suffering. 

If,  despite  relatively  favorable  prognosis  as  to  both  preservation  of  life  and  the 
speedy  or  definite  termination  of  the  acute  phase  of  the  ailment,  there  is  a  known 
tendency  to  the  production  of  chronic,  and  perhaps  irremediable  infirmities  or 
affections,  treatment  designed  to  prevent  such  sequels  is  evidently  called  for. 

Instances  of  relatively  favorable  prognosis  as  to  both  life  and  definite  recovery 
are  varicella  and  typhoid  fever,  although  the  latter  is  of  less  favorable  tendency 
than  the  former  as  to  dangers  arising  in  its  course  and  as  to  possible  sequels.  A 
malady  of  relatively  favorable  prognosis  as  to  life,  but  relatively  unfavorable  as  to 
duration,  recurrence,  complications  and  persistent  sequels  is  instanced  by  acute 
rheumatic  fever.  Epidemic  poliomyelitis,  cerebrospinal  fever  and  Asiatic  cholera 
are  alike  highly  unfavorable  as  to  life  and  the  two  former  are  likewise  unfavorable 
as  to  duration,  complications  and  sequels.  The  pneumonias  differ  in  years  and 
in  seasons  and  with  the  types  of  microorganisms  active,  but,  with  a  mortality 
tending  toward  30  or  40  percent,  under  expectant  treatment  and  at  one  time 
stated  as  "25  percent,  with  or  without  treatment,"  are  sufficiently  unfavorable  as 
to  life  to  awaken  an  ardent  desire  for  the  more  general  acceptance  of  a  better  plan 
of  management. 

Obviously,  a  malady  which  threatens  to  terminate  life  quickly,  or  which  has 
little  or  no  tendency  to  spontaneous  cessation,  or  in  the  course  of  which  dangerous 
or  distressing  complications  are  reasonably  to  be  anticipated,  calls  for  earlier 
intervention  or  for  more  active  treatment  than  one  which  exhibits  less  unfavorable 
tendencies. 

The  knowledge  of  these  tendencies  is  empiric,  being  derived  from  clinical 
observation  and  record. 

Examination  of  the  records  shows  further  and  important  differences  among 
maladies  having  in  general  a  favorable  tendency. 

Thus,  while  practically  all  cases  of  varicella  recover,  typhoid  fever  is  attended 
with  a  mortality  varying  from  less  than  2  percent,  to  more  than  10  percent.  Additional 
analysis  reveals  two  significant  facts:  (1)  That  even  in  varicella,  recovery  is  favored 
and  a  certain  tendency  to  damage  of  the  organism  minimized  by  the  institution  of  a 
few  general  and  simple  measures  almost  to  be  summarized  as  good  nursing;  and  that 
beyond  these  little  seems  to  be  needed;  (2)  that  the  mortality  of  typhoid  fever — which 
in  practically  untreated  cases  approximates  25  percent. — may  be  influenced  for  good  or 
bad  by  various  forms  of  treatment.  Thus  it  is  increased  some  5  or  10  percent,  under  a 
vicious  form  of  activity — namely,  the  administration  of  antipyretic  drugs — and  dimin- 
ished about  one-half  under  "expectant"  management.  Under  special  procedure,  how- 
ever— namely,  systematized  hydrotherapy  conjoined  with  the  use  of  intestinal  and 
systemic  antiseptics — it  may  fall  so  low  as  1  to  4  percent.  Moreover,  complications 
and  sequels  are  lessened  under  the  last  mentioned  plan  of  management.  Specific  treat- 
ment with  bacterines  and  serobacterines  also  has  been  developed  with  promising  results. 

In  the  pneumonias,  simple  expectant  management  is  attended  with  a  mortality  of 
from  10  to  60  percent,  according  to  the  type  of  simple  or  mixed  infection  and  to  what 
may  be  termed,  somewhat  loosely,  "seasonal  variation"  in  virulence.  "Armed  expect- 
ancy" shows  a  somewhat  lessened  mortality,  while  appropriate  forms  of  "specific"  treat- 
ment and  the  special  method  we  have  termed  the  "definite  treatment"  have  reduced 
the  mortality  much  more  than  half. 

The  known  possibilities  of  treatment,  therefore,  form  an  important  part  of  the 
prognostic  indications. 

There  are  further  to  be  distinguished  among  infectious  fevers  of  both  favorable 


INDICATIONS  AND  CONTRAINDICATIONS  71 

and  unfavorable  tendencies,  a  class  of  fairly  regular  evolution  and  a  class  of  irregular 
evolution  with  numerous  borderland  instances. 

Of  the  former  class,  typhoid  fever,  scarlet  fever  and  acute  lobar  pneumonia 
are  good  examples.  Of  the  second  class,  the  secondary  bronchopneumonias,  the 
various  forms  of  strejitococcie  infection  and  acute  miliary  tuberculosis  may  be 
instanced.     Influenza  and  acute  rheumatic  fever  exemplify  the  borderland. 

In  fevers  of  regular  evolution,  the  physician  commonly  knows  what  to  expect 
from  day  to  day;  therefore  Avhen  and  where  to  look  for  the  manifestations  of  peril 
on  the  one  hand,  and  of  safety  on  the  other;  also  the  general  character  of  the  un- 
toward events  to  be  anticipated  and  sometimes  the  exact  danger.  Thus  in  typhoid 
fever,  exhaustion,  intestinal  hemorrhage  and  perforation  are  the  chief  causes  of 
death.  The  time  during  which  intestinal  accidents  are  likely  to  happen  is  known 
within  reasonable  limits  and  premonitory  symptoms  are  sometimes  to  be  observed; 
while  the  liability  to  their  occurrence  can  be  diminished  by  regulation  of  diet, 
attention  to  the  condition  of  the  bowel  and  the  use  of  the  abdominal  cold  coil.  In 
acute  lobar  pneumonia,  cardiovascular  paralysis  is  an  ever  present  danger,  in  part 
to  be  averted  by  antitoxic  measures,  in  part  to  be  guarded  against  by  the  preserva- 
tion of  the  recumbent  posture  and  by  resort  to  certain  definite  measures  of  drug 
therap}' — especially  the  use  of  digitalis  and  pressor  agents.  In  scarlet  fever,  there 
is  liability  to  the  development  of  cardiac  and  renal  complications  which  are  to  be 
averted,  if  possible,  by  good  nursing,  rest,  milk  diet,  sufficient  supply  of  water,  and 
perhaps  the  use  of  sedatives  and  diuretics.  The  knowledge  of  these  and  like  facts 
will  necessarily  have  a  large  influence  upon  the  general  management  of  a  patient. 

In  the  fevers  of  irregular  evolution,  while  there  is  a  general  knowledge  con- 
cerning sources  and  signs  of  danger  and  safety,  the  time  limits  within  which  to 
expect  them  are  less  definite.  Obviously  the  prognostic  indications  will  also  be  less 
definite.  In  some,  the  dangers  develop  suddenly,  or  are  of  a  character  difficult  to 
guard  against;  in  others,  there  is  likely  to  be  warning,  or  there  are  precautionary 
possibilities.  On  the  whole,  indications  for  treatment  must  be  sought  as  much  in 
special  features  of  the  individual  case  as  in  general  tendencies. 

Course  and  Duration. — Some  acute  maladies,  as  yellow  fever,  cholera  and  often 
lobar  pneumonia,  run  a  rapid  course  of  less  than  a  week.  Others,  as  typhus  fever 
and  influenza,  are  of  somewhat  longer,  but  still  of  comparatively  brief  duration. 
Still  others,  as  typhoid  fever  and  rheumatic  fever  are,  as  a  rule,  relatively  pro- 
longed; and  relapses  and  recrudescences  are  not  infrequent. 

It  is  obvious  that  a  relapsing,  recurrent  or  prolonged  course  is  in  itself  some- 
what unfavorable,  tending  to  exhaust  the  patient's  vitality  and  increasing  the 
liability  to  complications  and  sequels.  On  the  other  hand  a  prolonged  course  gives 
greater  scope  to  ex])ectancy  in  treatment,  and  a  recurrent  course  suggests  the 
institution  of  prophylactic  measures.  A  malady  which  has  no  tendency  to  spon- 
taneous cessation,  or  one  which  threatens  to  terminate  life  quickly,  calls  for 
prompt  and  active  intervention. 

Finally,  while  some,  even  of  the  most  fatal,  maladies — such,  for  example,  as 
smallpox  or  yellow  fever — exhibit  a  tendency,  in  favorable  instances,  to  "self- 
limitation"  or  spontaneous  recovery,  so  that  the  treatment  of  the  severe  cases  is 
based  upon  this  fact  and  endeavors  to  support  life  until  the  danger  is  passed, 
other  infections — such,  for  example,  as  the  malarial  fevers  or  syphilis — show  little 
or  no  tendency  of  this  kind,  and  may  continue — if  not  uninterruptedly,  recurrently ; 
if  not  acutely,  in  various  chronic  forms — for  a  lifetime,  unless  checked  by  the  use 
of  quinine,  arsenic,  or  other  ap])ropriate  specific.  There  is  no  room  for  expectancy 
in  the  management  of  the  latter  class  of  maladies. 
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Acute  Intoxications. — The  acute  intoxications — whether  resulting  from  poisons 
introduced  from  without  by  accident  or  design,  whether  arising  from  absorption  of 
poisons  formed  within  the  alimentary  canal  by  putrefactive  or  other  semi-parasitic 
bacteria,  whether  due  to  toxic  products  formed  by  bacteria  within  the  body,  or 
whether  dependent  on  disturbance  of  the  metabolic  processes  of  the  body  itself — all 
have  certain  common  characteristics  which  must  be  borne  in  mind  in  their  treatment. 

In  every  case  the  first  indication  is  to  prevent  the  access  of  further  poison  and 
to  expel,  neutralize  or  destroy  that  which  has  already  gained  entrance  to  the  body. 
The  second  is  to  antagonize  the  action  of  the  poison  in  setting  up  functional  dis- 
turbances ;  to  protect  the  tissues  from  further  destructive  effects,  and  to  correct  as 
far  as  possible  the  functional  and  structural  alterations  already  caused.  According 
to  the  nature  of  the  poison,  these  indications  will  be  met  in  different  ways. 

With  extrinsic  poisons,  such  as  phenol  or  corrosive  sublimate,  the  entire  amount 
of  poison  will  often  have  been  swallowed  at  a  single  dose.  In  such  case,  the  first 
indication  will  be  to  remove,  by  emesis  and  purgation,  perhaps  aided  or  replaced 
by  gastric  or  colonic  lavage,  such  of  the  poison  as  has  not  yet  been  absorbed. 
Elimination  by  the  kidneys  must  also  be  promoted  by  swallowing  of  large  draughts 
of  water,  or  if  this  is  not  possible  by  reason  of  continued  vomiting,  water  must  be 
supplied  by  enema  or  even  by  hypodermoclysis.  This  is  especially  necessary  with 
poisons,  such  as  the  mercurials,  which  tend  to  injure  the  kidneys  in  their  passage 
through  them.  After  such  poisons  the  condition  of  these  organs  must  be  watched 
with  especial  care  during  convalescence.  Most  extrinsic  poisons  can  be  converted 
to  less  soluble  or  less  poisonous  forms  by  the  use  of  so-called  chemical  antidotes, 
and  administration  of  these  may  even  precede  the  mechanical  removal  of  the  unab- 
sorbed  poison.  Egg  albumin  and  other  proteins  bind  the  soluble  salts  of  the  heavy 
metals  as  well  as  acids  and  alkalies.  Tannin  is  one  of  the  most  universally  useful 
of  chemical  antidotes,  forming  insoluhle  compounds  with  all  alkaloids  and  many 
other  agents.  Extrinsic  poisons  cannot,  as  a  rule,  be  neutralized  within  the  blood  or 
tissues,  although  sulphites  given  by  vein  are  said  to  aid  in  the  conversion  of  phenol 
to  the  harmless  suli)honate.  Antagonism  of  the  functional  effects  is  often  of  the 
greatest  value,  especially  with  toxic  agents  which  are  not  protoplasm  poisons.  Thus, 
in  poisoning  by  morphine,  the  depressed  respiratory  center  may  be  sustained  by 
large  doses  of  caffeine;  the  cardiac  depression  of  aconite  may  be  counteracted  by 
strychnine ;  the  purgation  of  arsenic  may  be  checked  by  opium. 

The  acute  intoxication  from  the  absorption  of  poisons  formed  in  the  bowel  is 
similarly  treated.  Prompt  purgation  by  full  doses  of  salines,  perhaps  associated  with 
morphine  (grain  I/4, — 15  mgm.  of  morphine  to  1  oz., — 30  Gm.  magnesium  sulphate) 
will  be  indicated,  or  if  the  diarrhea  is  already  profuse,  by  1  to  II/2  oz.  (30  to  45  cc.) 
of  castor  oil.  In  cases  of  this  sort,  associated  with  griping  pain,  prompt  relief 
will  often  be  obtained  from  pills  each  containing  gamboge,  grain  %  (10  mgm.), 
podophyllin,  grain  %  (S  mgm.),  morphine  sulphate,  grain  ^■^2  (3  mgm.),  and 
atropine  sulphate,  grain  Y-^ooq  (0.03  mgm.).  Six  of  these  are  taken  at  intervals 
of  half  an  hour,  and  result  in  free  and  painless  purgation,  which  is  checked  after 
the  bowels  are  empty,  by  the  effect  of  the  morphine.  Emesis  will  not  often  be  indi- 
cated and  if  already  present,  will  commonly  cease  when  the  bowels  are  thoroughly 
evacuated.  Supporting  treatment  may  be  required,  perhaps  injections  of  strychnine 
or,  if  swallowing  is  possible,  small  doses  of  aromatic  spirit  of  ammonia.  If  the  pain 
is  severe  it  may  be  combated  by  a  hypodermic  injection  of  morphine  and  atropine. 

Poisons  formed  by  pathogenic  bacteria  within  the  body  may  often  be  met  by 
specific  antitoxins.  It  will  be  enough  at  this  place  to  call  attention  to  the  anti- 
toxins available  for  the  toxemias  arising  in  diphtheria,  in  tetanus  and  in  scarlatina. 
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Related  antitoxic  serums  are  prepared  also  for  two  poisons  introduced  from  without, 
snake  venom  and  hotulinus  toxin.  For  these  toxins  eliminative  measures  are  of 
little  value,  hut  heart  stimulants  are  needed  both  against  diphtheria  toxin  and 
venoms,  while  morphine  injections  may  he  indicated  to  control  the  severe  abdominal 
symptoms  of  botulism. 

The  intrinsic  ])oisons  are  less  accessible  to  direct  attack.  In  certain  instances 
we  may  hasten  elimination,  as  in  the  use  of  atoi)han  or  colchicum  to  cut  short  an 
attack  of  uric  acid  gout,  and  in  the  eliminative  treatment  of  the  uremic  poison.  In 
other  instances,  normal  metabolism  may  temporarily  be  restored,  as  by  insulin  in 
diabetic  coma.  Intoxication  by  intrinsic  ])()isons  is,  however,  commonly  the  re- 
sult of  a  chronic  derangement,  and  the  acute  exacert)ations  should  be  j>revented,  if 
possible,  by  watcliful  care. 

Acute  liOCAL  Ailmexts. — In  discussing  acute  local  disturbances  the  impos- 
sibility of  sharp  distinctions  again  becomes  evident.  We  have  already  seen  that 
systemic  disease  is  usually  associated  witli  local  lesions  and,  conversely,  that  local 
alterations  of  tissue  may  give  rise  to  widespread  systemic  disturbance.  Also,  there 
may  be  derangements  of  function,  apparently  narrowly  localized  without  obvious 
accompanying  lesions,  and  yet  some  tissue  change  exist,  perbaps  remote  from  the 
site  of  the  local  perturbation;  as,  for  example,  when  vomiting  depends  upon  cardiac 
asthenia,  upon  cerel)ral  tumor  or  upon  eyestrain.  When  an  acute  lesion  is  evi- 
dent to  the  senses  or  to  logical  iid'erence  from  the  symptoms,  it  is  to  be  classed 
as  an  affection,  being  an  abnormal  morj)hologic  change  in  progress.  There  is  thus 
to  be  recognized  an  obvious  difference  between  local  processes  which  are  almost 
identical  except  as  they  occur  in  healthy  or  in  mor!)id  structures — for  example,  the 
hemorrhage  resulting  from  a  stab  or  a  bullet  wound,  and-  the  hemorrhage  set  up 
by  erosion  or  rupture  of  a  vessel  in  the  course  of  pulmonary  tuberculosis,  gastric 
ulcer  or  cerebral  atheroma.  While  in  all  instances  the  indications  are  to  arrest,  if 
possil)le,  the  flow  of  blood ;  to  guard  against  secondary  dangers  arising  from  the 
accumulation  of  fluid  or  clot  where  its  presence  will  interfere  with  vital  function, 
and  to  support  the  organism  until  the  loss  of  red  cells  can  be  repaired;  yet,  so 
man}''  other  considerations  are  to  be  taken  into  account,  that  the  question  of 
expectancy  or  immediate  active  intervention  will  have  to  be  decided  independently 
in  the  case  of  each  patient.  Our  definition  excludes  from  the  present  discussion 
mechanical  injuries  to  healthy  tissues,  although  certain  results  of  such  injuries 
may  properly  be  included.  Nor  is  the  practice  of  the  surgeon  in  dealing  with 
wounds  and  fractures  w^ithout  weighty  lessons  for  the  physician;  for  the  primal 
})rinciple  '"to  do  no  harm"  still  conditions  action,  and  action  is  still  based  upon  the 
observation  of  the  processes  of  spontaneous  recovery.  Injuries  by  heat,  cold, 
radiant  energy  and  chemical  action,  involve,  as  a  rule,  immediate  changes  in  cell 
morphology  and  are  to  be  managed  on  the  same  princij)les  as  lesions  otherwise 
])roduced. 

The  prognostic  indications  for  the  management  of  acute  local  ailments  may, 
for  our  purpose,  be  considered  under  two  heads:*  (1)  disorders  and  (2)  affections. 

^  Infections  may,  Indeed,  remain  localized  to  a  point  of  entrance  or  to  a  Bpecific 
organ  or  tissue,  as,  for  example  (1)  in  diphtheria,  cholera,  tetanus,  pneumonia,  ery- 
sipelas, etc.;  (2)  in  pleuritis,  endocarditis,  appendicitis,  otitis,  etc.;  (3)  in  furunculosis, 
tinea,  sycosis,  trachoma,  etc.  In  the  first  group  named  it  is  not  the  local  morbid 
process,  but  the  resulting  intoxication — constituting  a  malady — that  is  usually  of  the 
greatest  moment.  Topical  treatment,  when  applicable,  is  either  for  the  purpyose  of 
preventing  the  development  of  toxemia  by  destruction  of  germs  and  neutralization  of 
toxins;  or,  if  local  tissue  changes  become  of  importance,  does  not  differ  in  principle 
from  that  of  similar  affections  otherwise  caused.  In  the  second  group,  it  is  commonly 
the  local  morbid  process,  the  affection,  that  calls  for  attention,  and  toxemia,  when  of 
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Disorders. — Functional  perturbations  occurring  suddenly  or  with  compara- 
tively slight  warning  and  not  depending  on  discoverable  morphologic  changes, 
acute  or  chronic,  or  persistent  constitutional  alteration  or  developmental  fault,  may 
be  termed  acute  disorders.  When  general  or  systemic  they  are  most  frequently 
symptomatic  of  infoxirafioii  or  of  eniotional  disturhancc  and  do  not  call  for  discus- 
sion apart  from  these  subjects.  Disorders  may  be  termed  local,  when  confined  more 
or  less  strictly  to  a  certain  tissue,  organ  or  anatomic  system.  Thus,  acute  indiges- 
tion may  be  either  gastric  or  intestinal,  and  occur  without  lesion  in  the  alimentary 
tract  or  elsewhere. 

The  indications  in  such  a  case,  being  simple  and  obvious,  may  be  taken  as 
illustrative.  When  the  disorder  has  been  caused  by  the  ingestion  of  irritating,  toxic 
or  indigestible  substances,  which  will  in  time  be  transformed  or  eliminated,  it  is 
of  course  possil)le  to  wait  {expect)  the  event.  Meanwhile,  the  patient  will  be  sub- 
jected to  more  or  less  discomfort  and  possibly  exposed  to  danger,  for  repeated 
inefficacious  vomiting  and  diarrhea  are  exhausting  as  well  as  distressing  and,  in  a 
subject  of  esophageal  varix  or  of  cerebral  atheroma,  for  example,  violent  retching 
might  cause  rupture  of  the  weakened  vessels.  Prognosis,  which  here  means  general 
experience,  dictates  interference  to  hasten  recovery,  to  prevent  or  mitigate  suffering, 
and  to  avert  danger.  The  special  indications  governing  interference  are  partly 
etiologic,  partly  symptomatic.  Whether  or  not  spontaneous  emesis  and  purgation 
have  occurred  in  any  individual  instance,  the  frequency  with  which  these  symptoms 
are  observed  clearly  shows  the  method  of  natural  defense,  and  the  physician  must 
make  sure  in  every  case  that  this  defense  is  adequate — that  the  offending  substances 
are  expelled  promptly  and  thoroughly  from  the  alimentary  canal.  The  means 
employed  will  vary  with  the  character  and  severity  of  the  symptoms,  the  nature  of 
the  noxge  and  the  other  circumstances  of  the  individual  case.  The  stomach  and 
bowel,  or  both,  may  be  irrigated,  or  an  emetic  or  a  laxative,  or  both,  may  be  ad- 
ministered. For  mechanical,  as  well  as  physiologic  reasons,  it  is  usually  advisable 
to  cause  an  outflow  of  bile  and  to  act  on  both  the  upper  and  lower  bowel.  Also  at 
times  it  is  necessary  to  prevent  or  relieve  pain  and  griping;  for  which  purpose,  the 
laxative'  and  cholagogue  should  be  associated  with  a  sedative,  a  carminative,  or  an 
antispasmodic  agent.  Thus,  in  one  case,  fractional  doses  of  calomel  and  extract 
of  hyoscyamus  triturated  with  milk  sugar,  and  with,  perhaps,  the  addition  of  a 
minute  quantity  of  peppermint  oil,  may  be  used ;  in  another,  castor  oil  and  aromatic 
syrup  of  rhubarb,  with  a  few  drops  of  paregoric,  of  Hoffman  anodyne,  or  of  spirit 
of  chloroform  may  be  more  appropriate ;  in  another,  magnesium  sulphate — perhaps 
with  morphine  sulphate  and  dilute  sulphuric  acid  in  an  aromaticized  or  pepsinated 
vehicle — will  do  better  service;  while  in  still  another  a  mustard  plaster,  a  hot  com- 
press, or  a  turpentine  stupe  may  be  applied,  and  the  anodyne  or  sedative  be  omitted. 
Only  after  the  alimentary  canal  has  been  thoroughly  cleansed  should  antagonism  be 
resorted  to  and  opium,  bismuth,  or  an  astringent  be  given  in  sufficient  dose  to 
check  peristalsis ;  and  it  may  not  then  be  necessary — for  the  repeated  motions  of  the 
bowel  have  been  provoked  by  the  continued  presence  of  an  offending  substance, 
and  may  cease  when  this  is  gone.  Tlius  recovery  is  hastened  by  reenforcing  nature's 
effort  to  get  rid  of  the  cause  of  disorder,  and  the  same  expedient  that  accomplishes 
this,  averts  danger  and,  in  part,  relieves  distress.  Beyond  these  means  the  choice 
falls  on  agents  of  counteraction. 

When  acute  indigestion  results  from  sudden  failure  of  the  digestive  secretions, 

moment,  is  to  be  managed  on  the  lines  already  discussed  (page  72).  In  the  third  group, 
etiology  is  the  dominant  consideration  in  treatment,  but  is  approached  from  the  view- 
point of  the  clinical  manifestation,  in  other  words,  the  affection. 
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the  i)rol)lem  is  not  very  different.  Whatever  food  substances  may  tlien  he  in  the 
alimentary  canal  are  relatively  indigestible  and  sliould  l)e  erpdled  as  {)romj)tly  as 
possible.  The  stomacli  is  to  be  Mashed  with  a  warm  alkaline  solution  to  cleanse  and 
stimulate  it.  We  mu&tr avoid  calling  on  the  digestive  organs  for  further  work,  until 
their  function  has  been  restored.  Food  is,  therefore,  to  be  withheld;  or  in  some 
cases,  predigested  food  (as  ])ancreati/.e(l  milk)  or  liquids  that  can  be  absorbed 
readily  with  but  little  transformation  (as  meat  juice  or  albumen  water),  may  be 
given  in  small  quantities.  An  appropriate  digestive  ferment,  e.g.,  pepsin  with  dilute 
hydrochloric  acid,  pancreatic  extract  with  sodium  bicarbonate,  carica  pa])aya,  or  a 
malt  diastase,  may  be  administered  in  sup  pi  em  en  fat  ion  oi'  natural  digestion,  and 
tlie  diet  gradually  enlarged.  Finally,  the  digestive  agent  is  to  be«  withdrawn,  and 
the  completeness  of  recovery  thus  tested. 

While  intervention  of*a  palliative,  sym{)tomatic  order  has  thus  been  under- 
taken, the  ])lan  of  treatment  described  has  been,  in  regard,  to  the  digestive  failure 
and  its  cause,  expeclant.  Whether  more  direct  measures  are  or  are  not  wise  will 
depend  upon  the  etiologic  diagnosis  in  the  individual  case.  Jf  the  disorder  has 
originated  in  shock,  fright,  grief  or  other  psychic  disturbance,  the  subsidence  of 
the  emotional  state  is  to  be  awaited  and  the  cause  thereof,  if  still  operative,  avoided 
or  removed;  or,  should  this  be  impossible,  aj)propriate  mental  measures — persua- 
sion or  suggestion,  rei)roof  or  encouragement — should  be  instituted  in  antagonism 
or  counteraction. 

Borderland  Types. — An  intermediate  position  between  acute.*  local  disorders 
and  affections  is*  occupied  by  that  complex  group  of  partially  localized  s.yndromes 
arising  from  the  incidence  of  various  exciting  causes  upon  a*  constitutional  basis — ■ 
probably  a  developmental  fault — which  the  writer  described  in  1893  as  mani- 
festation of  vasomotor  ataxia,  and  which  he  later  designated  as  ataxia  automomica, 
i.e.,  autonomic  or  autoiiomic-eJidocrine  imbalance.  The  strategy  of  their  treatment 
illustrates  many  phases  of  the  prognostic  indication,  but  we  can  avoid  repetition  by 
discussing  hay  fever,  asthma,  urticaria,  angioneurotic  edema,  hydrops  articulorum, 
pseudoangina  pectoris,  migraine,  Eaynaud's  syndrome,  Graves'  syndrome  and  the 
less  well  known  syndromes  of  this  grouj),  together  with  gout,  hysteria,  neurasthenia, 
epilej)sy,  etc.,  under  the  head  of  rec-wr'rent  ailments.  Here  we  need  merely  point 
out  that  strategy  is  expectant  or  active  according  to  the  acuteness  on  the  one  hand, 
or  persistence  on  the  other,  of  the  special  symptoms;  and  that  in  some  instances 
specific  treatment,  in  others  well  developed  special  procedures?,  are  available. 
Attention  must  be  given  to  three  factors:  (1)  The  constitutional  liability  of  the 
individual,  a  permanent  factor;  (2)  the  exciting  cause  of  the  attacks,  a  transient, 
and  sometimes  a  recurrent,  factor;  and  (3)  the  factor  determining  the  locus  of  the 
disorder,  which  may  be  constant  or  occasional  and,  when  constant,  may  be  subject 
to  variations  in  intensity  wliich  at  times  take  it  below  the  threshold  of  action.  The 
tactics  include:  (1)  as  regards  the  excitant,  methods  of  avoidance  or  of  defense;  (2) 
as  regards  the  determinant,  methods  of  removal  or  of  correction;  (3)  as  regards  the 
underlying  fault  of  development,  methods  of  correction,  so  far  as  this  is  possible. 
The  particular  measures  to  be  ado])ted  are,  of  course,  as  in  other  instances,  derived 
from  considerations  of  etiology,  pathology  and  symptomatology;  and  while  often 
radical  as  regards  the  excitant,  are  largely  palliative  as  regards  tissue  changes  and 
disturl)ances  of  function. 

Alfeetions. — An  ajjection  is  a  morl)id  tissue  change  in  progress  with  its 
associated  functional  derangements  and  the  defensive  and  corrective  reactions  of  the 
organism.  It  may  complicate  a  malady,  or  itself  constitute  the  ailment.  It  is 
necessarily  local  wherever  manifested,  though  wide  diffusion  of  an  infective  or  toxic 
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agent — as  in  syphilis,  tuberculosis,  arsenic  poisoning — may  set  up  the  same  kind 
of  pathologic  alteration  in  many  organs  simultaneously  or  successively.  Moreover 
the  functional  derangements  directly  and  indirectly  dependent  upon  even  a  strictly 
localized  affection  may  be  widespread,  and  these,  in  turn,  may  give  rise  to  new 
affections. 

Appropriate  illustrations  can  more  readily  be  given  in  the  discussion  of  chronic 
disorders,  affections  and  infirmities,  and  will,  likewise,  be  frequent  in  the  course  of  our 
analysis  of  etiologic,  pathologic,  and  symptomatic  indications. 

To  simplify  discussion  we  shall  here  consider  only  acute  localized  affectiens 
arising  independently  of  maladies. 

Indications  of  urgency  and  the  relief  of  suffering  having  received  attention,  the 
general  plan  of  management  (into  which  are  to  be  fitted  the  details  derived  from 
etiologic,  pathologic  and  symptomatic  indications)  will  depend,  as  in  the  treatment 
of  maladies  (1)  upon  the  natural  history  of  the  ailment  and  (2)  upon  experience 
as  to  the  effect  of  remedies,  with  (3)  modifications  personal  to  the  patient. 

When  the  affection  tends  to  run  a  speedy,  definite  and  favorable  course,  unat- 
tended with  special  dangers,  expectant  management  may  well  be  adopted,  becoming 
armed  or  anticipatory  as  the  nature  of  the  special  morbid  phenomena  demands. 
When  the  affection  tends  to  run  a  prolonged,  indefinite,  or  recurrent  course,  even 
though  life  be  not  threatened,  expectancy  is  inappropriate.  The  attempt  should  be 
made  by  judicious  activity — which  may  take  the  form,  in  whole  or  in  part,  of  a 
recognized  special  procedure — to  hasten  recovery  or,  if  this  be  impossible,  to  mini- 
mize associated  functional  derangements.  ^^Hien  the  affection  tends  to  an  unfavor- 
able termination  (chronicity,  infirmity  or  death),  intervention  to  avert  such  an 
untoward  result  should  be  prompt  and  active. 

As  thus  summarily  stated,  the  indications  of  prognosis  in  acute  localized  affec- 
tions do  not  differ  materially  from  those  that  were  found  to  apply  to  maladies. 
They  seem,  indeed,  so  obvious  as  scarcely  to  call  for  formal  enunciation.  As  a 
matter  of  fact,  however,  they  have  not  always  been  so  evident  in  practice  as  they 
appear  in  theoretic  discussion.  One  needs  but  recall  the  history  of  operative 
procedure  in  edema  of  the  larynx,  suppurative  cholecystitis,  Ludwig's  angina, 
appendicitis  and  other  affections  in  which  the  necessity  for  prompt  action  is  now 
generally  recognized,  but  in  which,  formerly,  a  futile  expectancy  or  aimless 
sj'mptomatic  palliation  permitted  the  loss  of  many  lives. 

The  precise  form  which  action  should  take  will  depend  on  the  cav^se  of  the 
affection  and  whether  or  not  that  cause  is  still  present  and  active ;  on  the  character, 
the  site  and  the  extent  of  the  morbid  process,  its  association  with  local  or  general 
intoxication  and  its  tendency  to  spread  or  to  recede ;  on  the  manner  in  which  affec- 
tion interferes  with  function  and  the  immediate  and  remote  results  of  such  inter- 
ference ;  finally  on  the  character,  sufficiency  and  proportion  of  the  natural  preserva- 
tive and  restorative  reactions'.  These  special  indications  of  etiology,  pathology  and 
symptomatology  can  best  be  discussed  under  their  respective  general  heads. 

It  must  here  be  pointed  out,  however,  that  while  in  the  management  of 
affections  our  attention  is  necessarily  directed  to  tissue-changes  and  to  agents  that 
will  influence  such  changes,  these  are  of  significance  only  for  their  immediate  and 
ultimate  results  upon  function.  The  object  of  tissue  is  function;  life  manifests  in 
the  performance  of  function;  health  is  the  balanced  performance  of  function; 
disease  is  tlie  disturbance  of  function  in  derangement  and  restoration;  completed 
recovery  is  the  recstablishment  of  the  normal  functional  equilibrum.  The  gravity 
of  an  acute  affection  and  the  urgency  and  character  of  the  prognostic  indications 
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may,  therefore,  depend  less  upon  its  severity  than  upon  its  type,  and  more  upon 
its  location  than  upon  either.  Inflammation,  taken  as  a  whole,  is  a  protective 
reaction;  yet  it  involves  many  dangers,  the  least  of  which  may  be  loss  of  tissue. 
Extensive  losses  of  tissue  by  a  knife  wound  may  do  much  less  damage  than  slighter 
loss  of  tissue  through  a  burn ;  the  burn  may  be  more  dangerous  by  toxemia  than 
by  its  local  destructive  eiTect;  a  large  burn  upon  the  surface  may  l)e  less  urgently 
threatening  than  a  small  burn  within  the  larynx,  giving  rise  to  edema  or  spasm. 
Gangrene  is  in  itself  more  dangerous  than  inflammation,  yet  inflammation  of  the 
kidney  may  be  much  more  serious  than  gangrene  of  a  finger  or  toe. 

Thus,  whatever  be  the  type  of  morbid  process  and  whatever  be  the  organ  or 
tissue  att'et-ted,  the  therapeutic  diagnosis  calls  for  a  comidete  analysis  not  oidy  with 
regard  to  the  development  and  spread  of  the  tissue  changes,  but  also  with  regard 
to  immediate  and  remote  consequences  upon  function;  and  not  only  as  to  the 
organ  primarily  afl^ected,  but  also  as  to  all  other  organs  and  as  to  the  organism  as  a 
whole.  In  other  words,  there  must  be  a  comprehensive  prognosis.  Only  upon  such 
data  can  the  time,  place  and  method  of  intervention  be  wisely  based. 

It  has  been  shown  in  a  previous  connection  that  an  affection  is  usually  evidence 
of  imperfect  defense.  Evasion,  removal,  destruction  or  neutralization  of  infective, 
irritant,  or  toxic  agents  (whether  the  original  excitants  or  the  products,  e.g.,  ])us, 
autolytic  toxins,  calculi,  and  the  like,  of  morbid  action) ;  protection  of  tissues  yet 
unaffected  and  of  afl'ected  tissues  from  further  insult;  antagonism  to  the  influence 
df  morbific  agents  and  of  tissue  alterations  as  manifested  in  derangement  of  func- 
tion; compensation  or  counteraction  of  the  results  of  functional  derangement; 
supple mentcvi ion  of  failing  function;  stimulation  of  vicarious  function;  promotion 
or  control  of  the  spontaneous  defensive,  corrective  and  regenerative  processes — 
some  or  all  of  tliese  will  be  the  therapeutic  methods  adopted. 

Chronic  Ailments. — Chronic  Systemic  Ailments. — By  the  term  chronic 
ailments  we  designate  those  forms  of  disease  that  tend  to  indefinite  persistence. 
Thus,  when  acute  ailments  fail  to  terminate,  either  in  death  or  in  recovery  (with 
or  without  infirmity),  the  persistent  illness  is  termed  chronic.  Chronic  illness  may 
also  arise  insidiously,  never  assuming  the  character  of  an  acute  ailment.  Chronicity 
in  disease  gives  evidence  either  of  persistence  of  the  primary  exciting  cause  or  of 
insufficient  defensive  and  recuperative  power.  Indeed,  all  these  factors  may  be 
present,  as  in  tuberculosis  and  syphilis,  or  in  certain  chronic  affections,  as  sclerosis 
however  originated. 

The  distinctions  characterizing  disorders,  maladies  and  affections  respectively 
— and  even  those  between  systemic  and  local  ailments — are  less  marked  in  chronic, 
than  in  acute  forms  of  disease;  transitional  associated  forms  are  more  common. 
Diathesis,  cachexia,  dyscrasia,  dystrophy  and  hypotrophy  assume  considerable 
importance,  especially  in  the  borderland  between  disorders  and  affections,  and 
between  local  and  systemic  disturbances.  Any  classification,  therefore,  must  be 
elastic  and  admit  of  considerable  overlapping. 

Before  entering  upon  a  detailed  discussion  of  the  special  features  of  these 
various  classes,  the  general  indications  of  prognosis  in  chronic  ailments  may  be 
set  forth  summarily. 

The  disturbance  being  characterized  by  persistence,  it  is  evident  that  a  com- 
prehensive remedial  plan  must  be  formulated  which  contemplates  progression  in 
a  given  direction,  undisturbed  by  transient  changes  for  worse,  or  even  for  better, 
in  unimportant  symptoms. 

Talliative  measures  for  relief  of  distress  or  discomfort — not  the  least  important 
of  which  may  be   hopeful  suggestion   and  persuasion  to  ])atience — can   well   be 
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incorporated  in  this  general  plan,  but  their  influence  must  not  be  misinterpreted. 
The  suppression  of  a  symptom  does  not  necessarily  mean  that  the  underlying  morbid 
process  has  come  to  an  end. 

Natural  defenses  and  corrections  have  obviously  been  inadequate,  but  they 
are  not  absent;  the  physician's  chief  endeavor  must  still  be  to  promote  them,  to 
supplement  them  and,  if  necessary,  to  copy  them. 

Destructive  agents  and  processes  may  be  opposed  directly  by  therapeutic  meas- 
ures; or  indirectly  by  the  incitation  or  intensification  of  the  lacking  or  deficient 
natural  restorative  mechanism;  or  by  both  direct  and  indirect  means.  Which 
method  is  the  wisest  must  be  decided  in  and  for  each  case  and,  indeed,  the  tactics 
may  be  varied  from  time  to  time.  In  all  cases,  however,  the  general  management, 
the  strategy,  must  be  guided  by  the  same  thought  as  that  of  the  great  soldier  who 
said,  "I'll  fight  it  out  on  this  line,  if  it  takes  all  summer."  Chronic  ailments  call 
for  chronic  treatment.  Changes  of  plan  or  of  agent  with  the  progress  of  the  case, 
to  meet  new  developments,  or  to  correct  obvious  mistakes,  is  the  part  of  wisdom; 
but  wobbling,  indecision,  change  for  change's  sake,  change  without  reason,  is  the 
part  of  folly;  it  betokens  faulty  analysis  and  a  lack  of  that  defined  purpose  which 
is  the  very  essence  of  rational  therapy. 

Disorders. — In  connection  with  chronic  ailments  the  term  disorder  must  be 
construed  somewhat  broadly  and  indefinitely,  and  rather  by  exclusion  than  by 
direct  description. 

When  the  pathogenic  causes  are  definite  and  are  diffused  throughout  the 
organism,  and,  in  consequence,  functional  disturbances  or  tissue  changes  or  both 
are  widespread,  there  exists  a  systemic  ailment,  a  malady;  commonly,  an  infection, 
with  accompanying  toxemia  or  intoxication.  When  the  morbific  causes  are  indefinite, 
or  are  more  or  less  narrowly  localized  in  their  action,  and  there  are  evident  and 
characteristic  tissue  changes,  a  local  ailment  exists — an  affection  which  may  have 
been  of  infectious,  toxic  or  other  origin.  When  definite,  demonstrable,  constant, 
primary  tissue  changes  are  lacking  and  the  disturbances,  whether  widespread  or 
limited — and  whether  or  not  inclusive  of  secondary  tissue  changes — are  chiefly 
functional,  only  disorder  can  be  recognized. 

Disorders  may  have  a  toxic  basis  or  complication,  and  this  may  be  either 
positive  or  negative.  In  the  former  instance  there  is  a  poison  formed  within  the 
body,  e.g.,  uric  acid,  and  the  disorder  is  linked  with  intoxications.  In  the  latter 
instance  there  is  a  failure  of  some  substance  necessary  to  the  preservation  of  the 
normal  balance  of  function,  e.g.,  thyroid  secretion,  and  the  disorder  is  linked  with 
dystrophies,  and  through  these  with  affections.  But,  primarily,  before  the  uric 
acid  appears,  before  the  thyroid  deficiency  is  manifest,  there  has  been  some  func- 
tional failure.  This  may  have  an  hereditary  basis,  and  the  disorder  is  linked  with 
diathesis;  or  it  may  bring  about  such  a  lowering  of  general  or  specific  resistance  as 
to  render  the  patient  specially  liable  to  severe  consequences  from  infections,  trauma, 
and  other  morbific  causes,  and  thus  constitute  a  dyscrasia;  or,  as  previously  dis- 
cussed, it  may  be  manifested  as  an  hypotrophy. 

Gastroenteric  disturbances  again  afford  a  convenient  illustration.  The  acute 
type  is  commonly  originated  by  an  extraneous  exciting  cause,  immediately  (as  in 
the  case  of  indigestible  food),  or  mediately  (as  in  the  case  of  an  incident  arousing 
fright,  anxiety  or  other  strong  emotion). 

But  there  are  marked  individual  differences  in  the  degree  of  resistance  of  the 
digestive  functions  and  in  the  intensity  of  the  emotional  upset  required  to  provoke 
symptoms.  Susceptibility  to  slight  cause  commonly  depends  on  congenital,  and 
often  hereditary,  errors  of  development;  sometimes  manifested  only  in  the  gastro- 
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enteric  tract,  but  commonly  shown  elsewliere  as  well,  and  probably  centering  in 
the  vegetative  nerve  system,  with  its  endocrine  appendages. 

Developmental  faults,  albeit  their  morphologic  or  chemical  basis  is  not  demon- 
strable, may  involve  the  secretory  structures  of  the  alimentary  tract  as  well  as  its 
nerve  supply  and  the  functional  errors  may  take  the  form  of  persistent  or  persist- 
ently recurring  excess,  deficiency  or  perversion,  of  one  or  all  of  the  digestive 
fluids.'^  We  are  then  dealing  with  a  chronic  disorder  not  dependent  on  excitation 
from  without.  It  may,  indeed,  later  become  associated,  partly  through  the  operation 
of  excitants,  with  inflammatory,  ulcerative,  and  even  malignant  tissue  changes 
(secondary  affection)  ;  but  it  is  primarily  seated  in  tissue  normal  to  the  individual, 
in  whatever  way  aberrant  to  the  race.    It  is  thus,  in  a  measure,  an  original  infirmity. 

The  indications  of  prognosis  are  obvious.  Function  congenitally  deficient  can- 
not be  made  normal.  Therapeutic  supplementation  (as  by  acids,  digestive  enzymes, 
bile  salts)  may  be  attem})ted,  and  tlie  work  of  the  digestive  organs  adjusted  (by 
dietary  regulations)  to  their  capacity  when  thus  reenforced;  an  instance  of  evasion. 
The  possibilities  of  stimulation  by  drugs  or  other  means — including  what  may  be 
termed  dietetic  exercises — are,  of  course,  to  be  investigated.  When  function  is 
excessive,  measures  of  correction  (as  diluents,  alkalies)  are  added  to  appropriate 
dietary  regime  and  the  possibilities  of  restraint  (as  by  antispasmodics  and  other 
inhibitory  agents)  considered.  Perversions  are  met  according  to  their  nature. 
Untoward  sequels  are  to  be  guarded  against  by  diet  and  in  such  other  ways  as 
the  pathologic  and  symptomatic  indications  may  suggest. 

Chronic  disorders  of  somewhat  more  complex  type  are  illustrated  by  hysteria, 
by  epilepsy,  by  neurasthenia  and  by  gout. 

These  conditions  have  much  in  common.  While  manifested  in  acute  attacks 
(explosions),  for  which  definite  exciting  causes,  e.g.,  emotion,  fatigue,  dietetic 
error  may  often  be  recognized,  they  are  commonly  dependent,  in  largest  measure, 
upon  inherited  defects  or  tendencies.  They  are  frequently  found  in  different 
branches  of  one  line  of  descent.  It  is  rare  that  a  single  attack,  followed  by  com- 
plete freedom,  comprises  the  entire  history  of  the  ailment.  As  a  rule,  the  liability 
to  recurrence  is  permanent  and  in  many  cases  persistent  signs  or  symptoms  can  be 
detected,  even  during  intervals  apparently  free  from  disturbance. 

That  in  hysteria  and  epilepsy  the  molecular  constitution,  or  even  the  minute 
morphology,  of  central  nerve  elements  and  endocrine  structures  may  be  more  or 
less  profoundly  altered,  is  more  than  plausible.  That  neurasthenia  is,  at  least  in 
part,  an  intoxication  with  autochthonous  poisons — fatigue  products — generated  in 
excess  or  defectively  eliminated,  is  highly  probable.  That  gout  is,  if  not  dependent 
upon,  at  all  events  associated  with  defective  combustion  and  insufficient  excretion  of 
certain  prt)ducts  of  catabolism — purin  derivatives,  in  particular  uric  acid  ^ — seems 
well  established.  Yet,  neither  in  the  nervous  disorder  nor  in  the  disorder  of  me- 
tabolism, nor  in  the  disorder  that  exhibits  both  nervous  and  metabolic  failures,  is 
there  a  definite  association  of  a  unique  morbific  factor,  or  of  any  characteristic 
tissue  change  discoverable  by  present-day  microscopes,  with  the  functional  derange- 
ments that  constitute  a  recognizable  clinical  syndrome.  In  gout,  it  is  true, 
secondary  affections  of  tissue,  clinically,  and  to  some  extent  pathologically,  char- 
acteristic, may  occur  acutely,  recurrently  or  persistently,  Avhile  there  is  a  concurrent, 

'Muscle  function  may  be  similarly  disordered  resulting  in  excessive  ppristalsis,  in 
stasis,  in  irregular  action;  and  this  may  be  due  to  fault  in  the  muscle  tissue  itself,  in 
the  activating  and  inhibiting  nerves,  or  in  both. 

•The  rehabilitation  of  uric  acid  as  a  factor  in  gout — after  its  long  banishment  by 
hyperpseudoscience  to  the  realms  of  superstition — is  full  of  therapeutic  significance. 
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and  sometimes  a  persistent  toxemia.  But  neither  the  intoxication  nor  the  affection 
give  rise  to  the  fundamental  metabolic  failure ;  they  are  both  results  of  the  under- 
lying disorder,  and  that  is,  commonly,  congenital. 

Therapeutic  prognosis,  therefore,  must  consider  not  only  the  provocatives  of 
attacks  and  the  symptoms  presented  at  the  special  time,  but  also,  and  perhaps 
chiefly,  the  developmental  fault. 

Expectancy  alone  is  useless.  In  disorders  which  are  apparently  purely  func- 
tional there  is  nothing  to  expect  save  indefinite  continuance,  with  longer  or  shorter 
intermissions  or  remissions.  In  those  which  apparently  have  an  organic  basis, 
there  is  to  be  expected,  in  addition,  increasing  severity,  with  the  development  of 
secondary  lesions,  or  perhaps  the  eventual  disclosure  of  primary  lesions.  Moderate, 
guarded  activity,  with  intervals  of  expectancy  is  commonly  the  best  plan.  The 
form  which  activity  shall  take,  however,  differs  necessarily  with  the  pathologic 
and  symptomatic  indications  presented.  What  may  be  termed  the  secondary 
etiology  is,  likewise,  of  great  importance — that  is  to  say,  the  provocative  factors, 
such  as  mental  shock  in  hysteria,  fatigue  in  neurasthenia  and  diet  in  gout. 

Obviously,  avoidance  is  the  therapeutic  principle  here  applicable. 

Special  procedures  of  considerable  importance  have  been  developed.  Thus, 
both  in  hysteria  and  in  neurasthenia,  the  method  known  as  the  "rest  cure"  or 
"Weir  Mitchell  treatment,"  which  is  partly  etiologic,  has  met  with  a  large  degree 
of  success. 

It  embraces  psychic  and  physical  measures  chiefly:  Change  of  environment; 
partial  or  complete  rest,  physical  and  mental;  isolation;  overfeeding;  massage; 
electric  applications;  hydrotherapy;  suggestion;  persuasion;  diversion.  During 
convalescence  regulated  diet  and  exercise,  judicious  occupation  and  wise  amuse- 
ment continue  as  measures  of  evasion,  of  supplementation,  and  of  counteraction; 
while  the  attempt  is  made  by  persistent  suggestions  of  health  to  neutralize  the 
autosuggestion  of  sickness.  Auxiliary  medication  is  chiefly  symptomatic ;  otherwise 
it  is  eliminative  and,  in  the  broad  sense,  antitoxic. 

Elim.inative  and  neutralizing  measures  are  also  indicated  in  gout,  together 
with  such  available  and  appropriate  forms  of  exercise  as  may  tend  to  diminish 
uric  acid  formation  by  increasing  general  oxidation. 

To  summarize :  Hysteria,  neurasthenia  and  gout,  as  typical  disorders,  have  this 
in  common;  that  although  frequently  manifested  in  acute  attacks  (explosions)  they 
are,  essentially,  chronic  conditions;  and  while  certain  exciting  causes,  as  emotion, 
overwork,  mental  strain  and  dietetic  error  are  the  recognized  provocatives  of  the  at- 
tacks, it  is  the  underlying  developmental  fault  that  engages  attention  from  the  view- 
point of  prognosis.  This  can,  to  some  extent,  be  corrected,  though  rarely  by  drugs. 
In  hysteria  and  neurasthenia,  dependence  is  placed  on  educational  measures,  physical 
and  mental ;  in  gout,  upon  appropriate  exercise  and  eliminative  procedures ;  while 
evasion  of  exciting  causes  is  sought,  in  one  condition,  through  protection  against 
mental  shock ;  in  another,  through  regulation  of  rest  and  effort ;  in  the  third,  through 
dietetic  restriction.  When  symptoms  develop  they  are  met,  according  to  their 
character,  by  psychic,  physical  or  pharmacologic  means. 

Dyscrasias. — In  prolonged  disease,  or  in  brief  but  severe  struggles,  the  vital  energy  of 
the  organism  suffers  diminution.  According  to  the  character  of  the  combat  will  be 
the  special  or  specific  character  of  the  losses  inflicted  upon  fluids  and  tissues  and  of 
the  liabilities  acquired  in  consequence.  Moreover,  the  sensitization  of  microbes  by 
products  of  body-chemism  (opsonins,  cytases,  etc.)  so  that  they  succumb  more  readily 
to  phagocytic  attack,  is  paralleled  in  the  sensitization  of  the  human  organism  by 
products  of   microbian   chemistry  or   of   the   disintegrations   or   perverted   functions   of 
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its  own  tissue  elements.  Thus  sensitized,  the  tissues  succumb  more  readily  to  germs 
and  other  proteid  substances,  a  phenomenon  spoken  of,  in  certain  of  its  aspects,  as 
anaphylaxis.  Dyscrasia,  as  we  here  understand  it,  seems  to  be  made  up  of  four  ele» 
ments:  general  exhaustion,  exhaustion  of  special  regenerative  power,  exhaustion  of 
specific  immunities  and  sensitization.  The  so-called  terminal  infections  of  chronic 
visceral  affections,  the  furunculosis  and  perforating  ulcers  of  diabetes,  the  carbuncles  of 
gout,  the  pyemias  of  tuberculosis,  the  infections  with  bacilhis  coli,  that  may  frustrate 
apparent  recovery  from  typhoid  fever,  illustrate  some  of  its  consequences. 

The  indications  of  prognosis  are  in  chief  preventive;  they  relate  to  the  treatment 
of  the  original  ailment.  When  the  consequences  of  dyscrasia  are  evident  they  are  to 
be  met  actively,  according  to  the  form  they  take,  and  with  due  reference  to  the  under- 
lying malady. 

Theoretic  indications  under  these  circumstances  are  sufficiently  plain;  the  agents 
to  fulfil  them  not  always  so  readily  discerned.  Sensitizing  sul)stances,  if  recognizable, 
should  if  possible  be  avoide^li,  expelled,  destroifcd,  neutralized  or  antagonized.  Specific 
losses  in  immunity  are  to  be  met  by  compensation,  by  supplementation,  by  substitution. 
General  exhaustion  calls  for  correction  by  nutrition  and  support;  exhaustion  of  a 
special  tissue  for  special  attention  to  its  nutrition. 

Carbuncle  in  a  subject  of  gout  will  usually  yield  to  apyropriate  surgical  manage- 
ment, supplemented  by  specific  treatment  of  the  underlying  disorder.  Furuncles  in  a 
subject  of  saccharine  diabetes  will  disappear,  provided  glycemia  can  be  controlled, 
under  simple  measures  of  local  antisepsis,  associated  perhaps  with  the  administration 
of  calcium  sulphide  or  of  an  appropriate  bacterine. 

On  the  other  hand,  carbuncle  in  the  diabetic  may  never  heal,  although  the  prognosis 
has  become  much   better  since  the  introduction  of  insulin. 

So,  too,  the  pyemic  infections  of  chronic  tubereulosis  are  far  more  dangerous  than 
the  original  malady.  It  is  possible  that  we  may,  ere  long,  be  able  more  assuredly  than 
now  to  control  these  conditions  with  specific  bacterines  or  appropriate  serums.  Mean- 
while, we  have  to  depend,  in  great  part,  upon  general  invigorating  measures,  and  the 
attempt  to  utilize  phagogenic  or  antiseptic  drugs,  such  as  nucleinic  acid,  agents  of 
the  phenol  and  salicyl  groups,  quinine,  ferric  chloride,  colloidal  metals,  arsenic  and 
iodine  preparations  with,  perhaps,  certain  measures  of  symptomatic  treatment,  as  the 
use  of  digitalis  or  of  strychnine. 

Maladies. — Infections. — In  chronic  infections,  expectancy  is  impossible.  The 
persistent  cause  must  be  met,  if  possible,  with  specific  measures.  When  these  are 
not  available  there  is  often  a  recognized  special  procedure.  Special  procedures 
and  specific  treatment  niaj'  have  demonstrable  rational  basis  in  etiology  and 
pathology,  or  may  be  purely  empirical,  perhaps  the  happy  result  of  accidents  or 
blunders. 

In  addition,  indications  of  a  more  or  less  temporary  nature  are  offered  from 
time  to  time  by  pathology  and  symptomatology;  and,  in  the  absence  of  etiologic 
knowledge,  of  known  specific  agents,  and  of  systematized  procedures,  these  must 
become  permanent  guides. 

In  syphilis,  for  example,  the  empiric  value  of  mercurials  and  iodides  is  well  estab- 
lished. Whether  or  not  these  have  a  definite  relation  of  opposition  to  Treponema  pallidum 
and  its  hypothetic  toxins — and,  if  so,  what — has  not  been  determined.  The  necessity  for 
their  skillful  and  persistent  use  has  not  disappeared  with  the  introduction  of  Ehrlich's 
spirillocide  (arsphenamine) ;  a  fact  lending  some  support  to  the  supposition  that  they 
act  in  part  as  antitoxics  and  in  part  as  tissue  alteratives.  Certainly  they  bring  about, 
when  used  energetically,  a  great  increase  In  tissue  waste,  necessitating,  as  part  of  the 
systematized  procedures,  the  use  of  sweat  baths  and  other  eliminative  measures. 

In  tuberculosis,  bacterial  products  (tuberculins,  "vaccines")  have  been  used,  with  a 
certain  degree  of  success,  in  specific  treatment;  but  the  merits  and  limits  of  this  plan 
are  still  under  judgment.  On  the  other  hand,  there  has  been  built  up  an  elaborate  and 
highly  successful  special  procedure  designed  to  increase  the  natural  resistance  of  the 
patient.  This  method  of  reinvigoration,  which  regulates  every  detail  of  the  patient's 
life,  sleeping  and  waking,  depends  chiefly  upon  the  use  of  physiologic   measures — air, 
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sunshine,  food,  water,  rest,  exercise,  etc.  That  its  principles  were  not  only  clearly 
taught,  but  also  systematically  practiced,  by  "theorists"  for  at  least  three  centuries 
before  they  were  generally  adopted  by  "practical  men,"  is  a  fact  that  invites  reflection. 
But  reinvigoration  alone  is  not  sufficient.  Knowledge  of  the  natural  hist07'y  of  a  disease- 
form,  and  of  experience  as  to  the  effects  of  remedies  is  as  essential  in  the  formulation 
of  a  therapeutic  prognosis  in  chronic  ailments  as  it  is  in  acute  conditions.  Such  knowl- 
edge concerning  tuberculosis  makes  it  incumbent — now  that  the  pendulum  of  practice, 
so  slow  to  start  the  physiologic  portion  of  its  arc,  is  swinging  too  far  beyond  the 
center — to  point  out  clearly  the  necessity  for  the  use,  in  addition  to  hygienic  measures, 
of  certain  other  methods  approved  by  experience,  and  including  the  use  of  drugs  that 
influence  nutrition,  modify  tissue  and  assist  in  the  control  of  functional  disturbances. 

Let  it  be  repeated  that  tuberculosis,  even  when  the  lesions  are  apparently  limited 
to  a  small  part  of  one  organ,  is  a  malady;  and,  if  the  localization,  as  in  the  lungs  or 
the  hipjoint,  assumes  importance,  this  is  to  be  regarded  from  the  therapeutic  viewpoint 
merely  as  a  complicating  affection.  The  main  lines  of  management  are  those  appropriate 
to  the  definite  association  of  morbific  factors  and  reactive  phenomena,  to  which  the 
name  tuberculosis  has  been  applied;  the  accident  (or  incident)  of  pulmonary  or  other 
localization  modifies  the  general  plan  in  a  secondary  manner  only.  Since  surgeons  have 
practically  recognized  this  fact  in  the  treatment  of  localized  tuberculosis  of  bones  and 
other  tissues,  and  have  adopted  open-air  life,  the  utilization  of  sunshine  and  other 
features  of  the  reinvigorating  method,  their  success  in  such  cases  has  vastly  increased. 
But  the  necessity  for  immobilization  of  an  infected  joint  or  incision  or  excision  of 
suppurating  glands  has  not  disappeared.  Pulmonary  tuberculosis  offers  illustrations 
more  closely  related  to  the  subject  of  pharmacotherapy.  As  both  the  pathologic  and 
etiologic  indications  differ  in  the  stage  of  infiltration  (tuberculization,  bacillary  infec- 
tion) from  those  present  in  the  stage  of  liquefaction  and  of  cavitation  (mixed  infection, 
phthisis),  so,  necessarily,  do  the  prognostic  indications.  In  the  one  stage,  experience 
permits  the  confident  anticipation  of  recovery  with  minimum  interference,  once  the 
proper  hygienic  discipline  has  been  instituted.  In  the  other,  the  knowledge  of  danger 
calls  for  energetic  opposition  to  pathogenic  agents  and  morbid  processes,  and  for  active 
supplementation  of  the  failing  powers  of  nature.  Thus,  the  fact  that  calcification  is  a 
natural  process  of  healing,  dictated  the  medicinal  supply  of  calcium  for  that  purpose, 
more  than  the  ordinary  food  content  being  needed.  Since  phosphorus  helps  in  the 
utilization  of  calcium,  the  hypophosphite,  the  lactophosphate,  the  glycerophosphate  are 
the  preferable  salts.  Cod-liver  oil,  by  furnishing  vitamins,  or  otherwise,  may  help  the 
calcifying  process;  or  thyroid  and  parathyroid  substance  may  assist  in  the  sum  total 
of  necessary  assimilative  actions.  Artificial  light  may  vicariously  play  the  part  of 
sunshine  in  energizing  certain  chemical  processes.  Be  the  explanation  what  it  may, 
these  agents  are  of  demonstrated  usefulness  empirically,  and  none  of  them  "does  harm." 
As  auxiliary  measures  of  defense  and  correction  in  the  early  stage,  arsenic  and  iodine 
(iodoform)  in  comparatively  small  doses  often  hold  tuberculization  in  check,  while 
reinvigoration  is  arousing  the  natural  resistance.  But  when  cavitation  and  the  complex 
toxemia  of  mixed  infection,  with  rapid  tissue  waste,  are  superadded,  a  change  of  agents 
is  necessary.  Then,  creosote,  phenol,  and  allied  drugs — sometimes  colloidal  silver, 
carbon  dioxide,  chlorine,  hydrogen  sulphide  or  other  medicaments  suggested  by  the 
special  phenomena  of  the  individual  case — must  be  used  fearlessly  as  antagonistic  and 
neutralizing  agents.  Exercise  is  now  to  be  interdicted,  and  absolute  rest  enforced. 
Blisters  are  helpful,  and  the  precordial  ice  bag,  or  digitalis  may  be  called  for  symptom- 
atically  or  empirically.  Experience  still  permits  not  the  anticipation,  perhaps,  but  at 
least,  the  hope  of  recovery  to  be  entertained,  and  dictates  upon  rational  grounds  the  use 
of  the  measures  cited,  or  others  of  similar  effect. 

When,  however,  the  destructive  and  toxic  phenomena  are  so  far  advanced  that 
recovery  can  neither  be  expected  nor  hoped  for,  treatment  may  be  less  vigorous  and  be 
devoted  rather  to  an  effort  to  stay  the  morbid  processes.  It  leaves  its  etiologic  and 
pathologic  bases  and  loses  its  radical  character,  becoming  symptomatic  and  palliative. 

Chronic  Intoxications. —  Chronic  intoxications  of  other  than,  infectious  origin 
are  allied  to  both  maladies  and  affections,  but  may  most  conveniently  be  discussed 
at  this  point.  The  toxic  agent  may  be  one  arising  within  the  body,  or  one  intro- 
duced from  without.  It  may  be  one  which  disturbs  function,  and  perhaps  sets  up 
morbid  tissue  changes,  but  does  not  become  persistently  incorporated  with  the  tissue 
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elements;  or,  it  may  form  comhinations,  more  or  less  stable,  witli  the  protoplasm 
of  cells,  and  be  thus,  in  greater  or  less  proportion,  retained  within  the  body. 

When  the  poison  is  one  which  does  not  form  i)ersistent  ])rotein  combinations  the 
chronicity  of  its  direct  effects  depends  upon  its  continuing  access  to  the  circulating 
fluids:  if  an  extrinsic  poison,  its  sutHcicntly  continuous  introduction;  if  an  intrinsic 
(autochtlionous)  poison,  its  suMiciently  continuous  generation.  In  either  case  all 
disturbances  may  cease  with  the  elimination  of  the  poison,  or  morbid  changes  may 
have  been  set  up,  which  continue  to  impair  the  harmony  of  function.  These  persist- 
ent indirect  effects  are  not,  strictly  speaking,  to  ])e  classed  as  intoxications. 

Thus,  arterial  fibrosis  may  be  caused,  for  example,  by  lead  or  alcohol;  but  when 
these  poisons  have  been  eliminated  and  their  introduction  has  ceased,  the  origin  of  the 
affection  is  of  importance  in  treatment  only  that  the  cause  may  thereafter  be  avoided 
and  that  the  intimate  nature  and  probable  course  of  the  persistent  tissue  change  may 
be  understood.  On  the  other  hand,  the  sclerosis  of  vessels  that  ensues  in  gout  indicates 
that  a  poison  generated  within  the  body  is  continuously  or  recurrently  affecting  the  walls 
of  the  arteries  and  veins,  and  both  cause  and  result  must  be  treated  concurrently — 
avoidance  being  possible  only  by  correcting  the  conditions  that  give  rise  to  the  intoxica- 
tion. So,  too,  with  the  psychic  disorders  that  have  had  their  origin  in  drug  habits. 
The  habit  is  first  to  be  got  rid  of  (reyyioval)  but  when  it  is  no  longer  practiced  the 
knowledge  of  the  cause  merely  assists  in  the  understanding  of  the  morbid  condition. 
It  is  the  result  of  intoxication,  and  not  intoxication  itself,  that  is  then  to  be  remedied. 

The  treatment  of  chronic  poisoning  is  ordinarily  a  combination  of  .specific, 
special  and  expectant  procedures,  to  which  etiology,  pathology  and  symptomatology 
all  contribute  indications. 

Extrinsic  Poisons, — When  an  extrinsic  poison  is  being  continuously  introduced 
— whether  by  self-administration,  as  in  drug  habits;  or  accidentally,  as  in  occupa- 
tion poisoning;  or  negligently,  as  by  needless  medication;  or  secretly,  with  criminal 
intent — the  first  step  toward  remedy  of  the  chronic  ailment  thus  induced  is  the 
obvious  etiologic  procedure  of  evasion.  Whether  the  shutting-off  process  is  to  be 
abrupt  or  gradual  must  be  decided,  as  part  of  a  general  plan  of  management,  upon 
the  indications  of  prognosis;  that  is  to  say,  upon  experience  as  to  the  results  of 
either  course.  This  varies  with  circumstances.  The  special  agent,  the  particular 
individual,  the  environment,  the  length  of  time  that  the  poison  has  been  taken,  the 
amount  introduced,  the  frequency  and  manner  of  its  introduction,  the  purpose  of 
its  use,  the  tissue  changes  and  functional  disturbances  present  at  the  given  moment 
— all  must  be  taken  into  account.  Pertinent  details  are  considered  in  our  discussions 
of  the  various  •  agents  of  materia  medica.  Prompt  withdrawal  of  the  ])oison  is 
advisable;  but  in  certain  drug  habits,  as  alcoholism,  morphinism,  veronalism, 
trionalism,  chloralism,  cocainism  and  the  like,  when  there  is  no  indication  of  urgency, 
withdrawal  is  best  conducted  gradually;  yet  not  indecisively  or  too  protractedly. 
The  habitual  misuse  of  acetphenetidin,  acetanilid,  aspirin  and  the  like,  should  be 
checked  peremptorily  and  at  once. 

The  natural  history  of  the  malady  is  of  great  importance.  If  withdrawal  of 
the  drug  is  ordinarily  accompanied  with  derangements  of  a  known  order,  they 
should,  so  far  as  possible,  be  prevented — anticipatory  expectancy  is  the  indicated 
l)lan.  Otherwise,  the  event  is  to  be  awaited  in  readiness  for  any  indicated  action — 
armed  exifcctancy.  Wiien  witlidrawal  is  gradual  it  may  be  accompanied  by  the 
administration  of  specifically  antagonistic  or  counteractive  agents.  Abrupt  with- 
drawal may  demand  the  temporary  substitution  of  a  synergist,  which  should,  how- 
ever, be  chosen  from  those  as  far  deflected  from  the  poison  as  possible.  The  sub- 
stitution must  be  only  temporary  and  occasionaf,  liowever,  for  it  profits  nothing 
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to  cast  out  Satan  by  Beelzebub.  Whether  or  not  rest  or  isolation  is  requisite  will 
depend  upon  special  conditions — the  poison,  the  patient  and  the  environment.  In 
any  event,  there  sliould  l)e  strict  supervision  and  regulation  of  activity,  diet  and 
all  other  necessary  details,  including  the  functioning  of  the  skin,  the  kidneys  and 
the  bowels.  Eliminaiioii  is  an  integral  feature  of  the  systematized  treatment  and, 
if  deficient,  must  be  supplemented,  as  by  repeated  sweat  baths.  This  becomes 
doubly  necessary  in  the  case  of  poisons  that  are  deposited  in  the  tissues,  as  lead, 
mercury,  arsenic;  and  it  may  become  necessary  to  administer  iodides  as  well  in 
order  to  break  up  (destroy)  the  cell  combinations  and  make  expulsion  possible. 
With  these  agents,  too  (except  in  certain  rare  instances  of  chronic  arsenicism), 
prompt  withdrawal  is  the  indicated  rule.  In  lead  poisoning,  a  form  of  neutraliza- 
tion by  the  administration  of  dilute  sulphuric  acid  and  sulphates  is  practiced. 

The  neuritic  paralyses  and  other  persistent  affections  that  arise  from  chronic 
intoxications  are  to  be  treated,  apart  from  the  appropriate  etiologic  measures,  as 
similar  affections  of  other  origin. 

Intrinsic  Poisons. — Strictly  speaking,  the  term  intrinmc  (autochthonous,  en- 
dogenous) poisons  should  1)e  restricted  to  injurious  compounds  formed  by  the 
organism  itself.  These  may  be  (a)  products  of  perverted  function,  or  (b)  products 
of  normal  function,  generated  in  actual  or  relative  excess,  imperfectly  transformed, 
perversely  absorbed  or  deficiently  eliminated.  They  may  be  the  direct  or  indirect 
results  of  changes  in  foods,  of  the  combustion  or  disintegration  of  tissue,  or  of 
deficiency  as  well  as  excess  or  perversion  in  the  functional  activity  of  secreting 
glands.  It  is  customary  and  convenient,  however,  to  include  among  auto-intoxica- 
tions the  disturbances — better  termed  entero-intoxications — induced  by  poisons 
resulting  from  bacterial  action  (especially  putrefactions)  within  the  alimentary 
canal. 

In  all  these  various  forms  of  intoxications,  as  is  particularly  evident,  for 
example,  in  gout,  chronic  nephritis,  and  diabetes,  there  are  two  problems  presented 
to  the  therapeutist;  (1)  the  management  of  the  intoxication  itself,  and  (2)  the 
remedy  of  the  underlying  fault. 

The  management  of  the  intoxication  does  not  differ  in  principle  from  that  of 
extrinsic  poisoning.  If  the  toxic  phenomena  present  no  indication  of  urgency; 
if,  in  the  natural  history  of  the  ailment,  tissue  alterations  and  functional  derange- 
ments tend  to  subside  spontaneously  upon  withdrawal  of  the  exciting  cause ;  and  if 
experience  shows  that  such  withdrawal  can  be  accomplished  readily  and  promptly, 
an  expectavt  course  may,  in  many  instances,  be  adopted  as  to  the  symptoms  of 
intoxication,  while  radical  treatment,  usually  of  the  corrective  order,  is  addressed 
to  the  basic  morbid  condition.  In  most  cases,  however,  while  awaiting  the  result 
of  the  more  fundamental  defensive  and  corrective  measures,  a  certain  degree  of 
activity  in  expelling,  diluting,  destroying,  neutralizing  or  antagonizing  poisons, 
or  in  counteracting  their  effects,  is  necessary  to  avert  the  danger  or  to  relieve 
discomfort. 

Thus,  in  uremia,  in  which  perverted  chemism  and  eliminative  defect  are  both 
concerned,  diet  is  restricted  and,  according  to  the  urgency  of  symptoms,  a  more  or 
less  vigorous  special  procedure — embodying  expulsive  methods  chiefly — is  insti- 
tuted ;  while  the  effort  is  being  made,  by  appropriate  medication,  to  correct  hepatic 
and  renal  failures. 

The  acid  intoxication  of  diabetes,  like  uremia,  has  commonly  been  in  progress 
for  some  time,  before  the  apparently  acute  onset  of  overwhelming  symptoms.  The 
chief  prognostic  indication  is  preventive.  The  alert  physician  will  try  to  avert 
{evade)  the  production  of  diacetic  and  oxybutyric  acids  by  careful  dietetic  regimen, 
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and  regulated  diet;  remembering  that  a  too  strict  exclusion  of  carbohydrates  and 
fats  is  as  unwise  as  too  great  a  laxity,  and  that,  assuming  the  i)roper  quantity  of 
butter  and  animal  fat  is  permitted,  the  continuous  use  of  a  small  quantity  of  bread, 
with  an  occasional  potato,  and  a  periodic  cereal,  tends  to  prevent  the  occurrence 
of  acidemia.^  He  may,  perha})S,  resort  additionally  to  the  use  of  reputed  oxidizing 
and  glycolytic  agents,  in  an  endeavor  to  sup{)lement  the  delicient  natural  combustion 
and  hormone  action ;  and,  by  the  use  of  gastric  and  intestinal  lavage  and  lactic  acid 
bacilli,  attempt  to  reduce  the  liabUity  to  intestinal  butyric  fermentations.  He  may 
also  persist  in  the  use  of  alkaline  waters,®  reenforced,  if  necessary,  by  sufficient 
quantity  of  alkaline  agents,  to  dilute  and  neutralize  the  acids.  He  has,  moreover, 
insulin ;  but  continuous  injection  is  likely  to  be  irksome  and  is  sometimes  impossible. 

When  acidemia  is  evident,  and  especially  when  coma  is  imminent,  activity  is 
urgent.  Insulin  used  promptly — a  method  of  supplementation — is  apparently 
sufficient.  In  its  absence,  energetic  measures  of  support  and  of  elimination, 
destruction  and  neutralization  of  the  toxic  acids  are  indicated,  with  correction 
of  faulty  metabolism,  if  possible.  Hydragogue  cathartics  (sodium  sulphate,  croton 
oil,  elaterin,  compound  jalap  powder)  may  be  administered.  Inhalations  of  oxygen 
or  ozone,  hot  air  and  pilocarpine  sweats,  hypodermic  or  venous  infusion,  with  vene- 
section if  need  be,  are  sometimes  surprisingly  successful.  Glucose  is  often  admin- 
istered by  vein,  mouth  or  rectum,  as  most  practicable,  to  correct  faulty  metabolism. 
Spermin  may  be  injected  as  an  attested  empirical  preventive  of  acid  intoxication, 
perhaps  because  it  is  a  stimulant,  of  normal  oxidative  mechanisms  or,  by  catalysis, 
itself  an  oxidizer.     Alkaline  medication  aids  its  action. 

Intoxication  with  decomposition  products  from  the  alimentary  tract  produces 
many  and  varied  symptoms,  often  misinterpreted.  Assuming  a  correct  diagnosis, 
evasion  is  practiced  by  withholding  food  or  by  changing  its  character;  e.vpulsion 
of  decomposing  material,  of  mucus,  gas,  toxins  and  germs  is  attempted  by  the  use  of 
castor  oil  or  calomel  or  a  mixture  of  laxative  salts  (sodium  phosphate,  sodium 
sulphate,  magnesium  sulphate,  etc.),  or  by  cleansing  irrigations,  perhaps  contain- 
ing turpentine;  imprisonment,  and  final  expulsion,  of  gas  may  be  effected  with 
charcoal;  destruction  or  enfeeblemerit  of  bacteria  may  be  brought  about  by  the  use 
of  intestinal  antiseptics,  or  yeast,  or  cultures  of  the  lactic  acid  bacillus.  The  char- 
acter of  the  special  symptoms  and  of  the  gastric  and  intestinal  affection  or  disorder 
present  will  determine  what  measures  of  antagonism  or  of  cm'rec.tion>,  if  any,  are  to 
be  instituted. 

^  If  the  physician  uses  the  modern  exact  methods  of  calculating  diet,  he  will  allow 
sufficient  carbohydrate  to  burn  the  fat  permitted.  Textbook  calculation  and  ratios  differ. 
A  good  rule  of  thumb  is  to  have  the  proportion  of  carbohydrate  foods  to  total  fat,  in 
grains,  1  to  1.5  to  2.5  according  to  the  necessities  of  the  case.  One  formula  (Woodyatt) 
for  calculating  the  fatty-acid-glucose  ratio  of  a  diabetic  diet  is 
FA=  (fatty-acid) 
G=  (glucose) 

.44  P  (protein  in  grains)   -f  .9  F  (fat  in  grains) 


;;  C  (carbohydrate  in  grains)    +  .58  P  +    .IF 

This  takes  into  account  both  the  carbohydrate  and  the  ketogenic  products  derived 
from  the  protein  as  well  as  the  other  constituents  of  the  diet.     For  complete  combustion 

2 
of  fata  the  ratio  thus  obtained  should  be  approximately     _ ;     at  all   events   not  much 

greater.     Since  the  old  clinical   teaching  of  the  necessity   for  a  high-fat  diet  has  hap- 
pily been  revived,  this  ratio  assumes  considerable  importance. 

'  It  must  be  stated  that  certain  teachers  of  authority  and  experience  oppose  the 
resort  to  alkalies,  whether  prophylactically  or  otherwise,  in  treatment  of  coma.  We  hold 
to   their  use. 
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Increased  or  perverted  activity  of  the  thyroid  gland,  however  it  may  originate, 
is  likely  to  disturb  the  physiological  balance,  giving  rise  especially  to  cardiovascular 
and  nervous  derangements,  that  may  be  termed  disorders.  Later,  the  gland  under- 
goes morphologic  changes,  and  an  affection  is  superadded.  When  there  is  merely  a 
slight  increase  of  activity  or  increase  without  marked  goiter,  it  is  commonly  termed 
hyperthyroidism.  When  an  adenoma  is  present  and  severe  symptoms  supervene,  it 
is  termed  toxic  goiter  (Plummer).  Both  conditions  are  to  be  discriminated  from 
the  toxemia  of  'perversion,  termed  dysthyroidism,  which  in  its  extreme  manifesta- 
tion is  commonly  associated  with  the  definite  clinical  syndrome,  with  its  four 
cardinal  elements  of  enlarged  thyroid  gland,  protruding  eyes,  rapid  and  easily 
disturbed  heart,  and  trembling  hands — virtually  constituting  a  malady — to  which 
the  names  of  Graves  and  of  Basedow  have  been  attached. 

The  mistaken  notion  that  in  Graves'  syndrome  there  is  primarily  an  affection  of  the 
thyroid,  with  poisoning  by  hypersecretion,  has  led  to  an  equally  mistaken  insistence  upon 
measures  of  destruction  (surgery,  radium,  x-ray)  in  its  treatment.  Under  some  con- 
ditions, it  is  true,  destruction  may  be  imperative,  to  avert  danger  or  to  break  a  vicious 
circle — as  when  the  goiter  itself  mechanically  threatens  life;  or  when  the  condition  is 
of  too  long  standing  or  too  severe  to  warrant  the  slow  regime  of  prolonged  rest,  or  the 
patient's  circumstances  do  not  permit  it.  Excision  may  be  practiced  if  rapid  action  be 
needed;  irradiation  if  the  indication  be  less  urgent.  The  association  of  x-ray  and  rest 
is  sometimes  an  allowable  compromise,  shortening  the  time  of  both. 

Ordinarily,  however,  destructive  measures  are  unnecessary.  The  primary  and  essen- 
tial element  of  Graves'  syndrome  is  not  the  thyroid  tumor,  but  (as  the  writer  pointed 
out,  thirty-odd  years  ago,  and  as  had  been,  long  before  that,  partially  recognized  by 
advocates  of  the  "neurogenic"  theory)  a  congenital  and  often  hereditary  imbalance  of 
the  autonomic  nerve  system.  The  thyroid  perversion  is  an  incident  arising  from  the 
character  and  mode  of  impact  of  the  exciting  cause  or  causes  (physical,  chemical  or 
psychic).     Sometimes,  indeed,  it  appears  to  be  a  protective  reaction,  erring  by  excess. 

From  the  viewpoint  of  pathologic  physiology  alone,  the  goiter,  as  a  source  of  con- 
tinuous poisoning,  might  call  for  removal — despite  the  fact  that  its  poison  is  not  the 
sole  provocative  of  either  cardiac  or  nervous  symptoms;  but  prognostic  considerations 
permit  us  to  deal  with  it,  in  part,  expectantly. 

The  natural  history  of  "Graves'  disease"  ^  shows  that  many  cases,  perhaps  one- 
fourth,  tend  to  spontaneous,  and  sometimes  complete,  restoration  in  the  course  of 
from  six  months  to  two  years.  A  few  cases — possibly  1  in  20 — run  a  rapid,  alarm- 
ing, and  sometimes  fatal,  course.  Between  these  extremes  are  many  degrees  of 
severity  and  various  favorable  and  unfavorable  terminations — of  which  a  few  may 
be  cited.  Duration  of  many  years  may  end  in  more  or  less  imperfect  restoration ; 
or  in  death  from  intoxication,  from  cardiac  exhaustion,  from  pressure  upon  wind- 
pipe, blood  vessel  or  nerve,  from  some  dyscrasic  infection.  Either  death  or  restora- 
tion may  be  preceded  by  insanity,  or  insanity  may  persist  permanently  or  tem- 
porarily, after  subsidence  of  all  other  derangements.  Mild  psychopathies  may  show 
during  the  whole  course  of  tlie  ailment,  or  intermittently.  The  cardiac,  nervous 
and  ocular  symptoms  may  disappear  and  the  goiter  persist — diminished  or  un- 
diminished; the  thyroid  gland  may  return  to  approximately  normal  size,  and  ner- 
vous or  ocular  symptoms  persist  in  greater  or  less  degree ;  nor  is  a  like  issue  un- 
likely after  skillful  thyroidectomy.  Diabetes  mellitus  may  develop,  sometimes  tend- 
ing to  persist  after  apparent  restoration.  Complete  quiescence  may  be  attained, 
and  shock,  fright,  anxiety,  etc.,  may  cause  renewal  of  active  symptoms. 

AVhile  very  mild  cases  may  be  discriminated  from  severe  ones  (perhaps  by  a 
lower  basal  metabolic  rate,  perhaps  by  the  slighter  degree  of  cardiac  and  nervous 

•  Preferably  called  Graves'  syndrome. 
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disturbances — less  surely  by  the  degree  of  thyroid  eidargement)  it  is  imDOssil)le,  ii\ 
any  given  instance,  to  foretell  with  certainty  the  natural  termination.  Cases  ap- 
])arently  mild  have,  under  neglect  or  pure  exj)ectancy,  suddenly  developed  a  fatal 
progress;  Avhile  cases  of  apparent  severity  recover — and,  at  times,  with  surprising 
])romptness — under  appropriate  management.  Siinple  expectancy,  therefore,  is  not 
to  be  (•ommeiid(*d  ;  it  inviU-s  danger.  In  a  mild  case,  at  an  early  stage,  anlicipatofy 
expeciancy  may  be  justified,  provided  overfeeding,  cheerful  suggestion  and  rest — of 
such  degree  and  persistence  as  the  particular  circumstances  indicate,  and,  when  feas- 
ible, much  of  the  time  in  the  open  air — be  integral  features  of  the  management. 
Cheerful  suggestion  is  needed  and  helpful  because  ilie  liiglily  susceptible  autoiunnic 
luTve  system  is  peculiarly  responsive  to  both  favorable  and  unfavorable  emotional 
stimuli,  and  suggestions  of  hope  antagonize,  in  a  measure,  the  exciting  causes  of 
many  cases. 

In  this,  as  in  all  other  matters,  due  attention  must  ])e  given  to  the  patient's 
personality.  In  no  condition  is  tact  more  needful — especially  when  it  l)ecomes 
necessary  to  prescribe  or  change  medicines  or  other  measures,  llest  must  be  mental 
and  emotional  as  well  as  physical.  It  is  needful  for  many  reasons — thus,  to  dimin- 
ish the  metabolic  rate  and  avoid  the  increased  production  and  distribution  of 
thyroid  and  tissue  poisons;  to  diminish  the  number  and  intensity  of  the  stimuli 
sent  to  an  already  overexcited  heart;  to  lessen  nerve  activities.  Overfeeding  with 
high  caloric  diet,  as  advised  by  Plummer,  checks  and  repairs  tissue  waste  and  tends 
also  to  reduce  the  activity  of  oxidations.  There  is  no  better  criterion  of  favorable 
progress  than  gain  in  weight — delayed  though  it  may  be. 

But  while  rest,  suggestion,  food,  (and  general  good  care)  may  perhaps  suffice 
in  very  mild  cases  early  recognized,  it  is  better  in  most  instances  to  associate  there- 
with one  or  more  of  the  expedients  of  special  or  specific  treatment.  The  choice  will 
depend,  in  the  first  instance,  largely  on  the  individuality  of  the  patient;  later  it 
will  be  modified  by  effects  observed.  Some  of  these  measures  are  not  feasible  while 
complete  rest  is  enforced ;  but  as  the  metabolic  rate  falls  and  the  tachycardia  lessens 
— or  in  cases  in  which  metabolic,  cardiac  and  nervous  phenomena  have  not  been, 
even  at  the  first,  too  severe — partial  rest  may  suffice,  and  they  can  then  be  utilized. 

Of  the  measures  of  special  (realmeni  available,  a  few  may  be  cited.  Eegula- 
tion  of  diet,  cleansing  of  the  alimentary  tract,  and  the  use  of  intestinal  antiseptics 
tend  to  diminish  the  production  of  metabolic  and  bacterial  poisons  which  some 
physicians  think  are  the  original  excitants  of  morbid  thyroidean  activity,  and 
which,  in  any  event,  add  to  the  sum  total  of  toxemia.  Frequently,  the  skin  and 
kidneys  are  overactive,  a  measure  of  expulsion;  this  is  to  be  favored  or  regulated  to 
best  advantage.    It  can  be  controlled  with  picrotoxin. 

Galvanization  over  the  course  of  the  sympathetic  nerve  in  the  neck;  sinusoidal 
and  static  wave  currents  to  the  goiter,  or  over  the  cervical  spine;  cold  applications 
(coil  or  ice  bag)  over  the  s{)inal  column  or  over  the  heart;  concussion  of  the  seventh 
cervical  vertebra;  alternate  hot  and  cold  applications  to  the  spine  and  over  the 
general  cutaneous  surface;  appropriate  manipulation  by  a  skilled  masseur — are 
among  measures  more  or  less  effective  in  controlling  tachycardia,  allaying  restless- 
ness, and  elevating  arterial  tension;  and  some  of  them  demonstrably  reduce  the 
size  and  morbid  activity  of  the  thyroid  gland.  In  cases  associated  with  hyper- 
tension, their  effect  on  blood  pressure  must  be  carefully  watched,  to  avoid  undue 
increase.  This  may  be  averted  by  concomitant  resort  to  autocondensation.  Some- 
times nitrites  must  be  given.  These  remedies,  it  will  be  seen,  are,  on  the  whole, 
either  antagonistic  to  the  thyroid  poison — which  is  probably  a  morbidly  altered  and 
not  merely  an  excessive  secretion — or  counteractive  of  its  effects. 
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Iodine,  iodides  and  iodoform,  given  internally,  and  certain  iodine  preparations 
applied  locally,  sometimes  reduce  the  size  of  the  goiter,  or  improve  the  quality  of 
the  secretion,  a  measure  of  correction  that  in  many  cases  lowers  the  metabolic 
rate  and  lessens  nervous  and  cardiac  irritability.  Plummer  advocates  the  giving 
of  Lugol  solution  as  a  preoperative  routine  that  may  avert  unexpected  fatalities. 
This  use  of  iodine  and  its  compounds,  liowevor,  requires  skill  and 'experience,  and 
harm  may  be  wrought  through  error  in  dose  or  in  selection  of  cases.^°  Certain  pal- 
liative drugs  may  be  given  from  time  to  time,  singly  or  in  appropriate  association, 
according  to  conditions  present.  Among  these  are:  aconite,  cactus,  digitalis,  stro- 
phanthus,  adonidin,  convallaria,  crata?gus,  barium  chloride,  ergot,  picrotoxin, 
hyoscine  (scopolamine)  hydrobromide,  strontium  bromide  and  quinine  hydro- 
bromide. 

Of  the  measures  of  specific  treatment  thus  far  introduced,  two  are  to  be 
approved  without  qualification,  and  two  are  to  be  approved  with  some  reserve. 
The  exact  relation  between  thyroid  and  thymus  glands,  whether  they  are  supple- 
mentary, complementary  or  antagonistic,  or  partly  all  or  none  at  all  of  these,  is 
still  in  doubt;  some  physiologists  even  regarding  the  thymus  as  devoid  of  internal 
secretion — a  mere  aggregation  of  lymphoid  tissue.  Its  persistence  or  recrudescence, 
in  Graves'  syndrome,  however,  points  to  some  fundamental  relationship.  Empiri- 
cally, persistent  thymus  feeding  in  exophthalmic  goiter  brings  about,  in  most  cases, 
considerable  amelioration,  and,  in  some,  complete  recovery.  The  exact  mechanism 
remains  for  physiologists  and  pathologists  to  solve.  Through  the  happy  accident 
of  a  butcher's  mistake,  art  has  outstripped  science.  Adrenal  substance  was  intro- 
duced by  the  writer  as  a  remedy  for  exophthalmic  goiter  because  of  the  known 
partial  physiologic  antagonism  between  the  adrenals  and  the  thyroid,  and  because 
of  previous  observation  of  the  happy  influence  of  adrenal  in  asthma,  urticaria  and 
other  forms  of  autonomic  disturbance.  Its  success,  when  used  persistently,  is  often 
astonishing — but  it  sometimes  fails  completely.  Marine's  observations  point  toward 
the  cortex  as  the  most  important  portion  of  the  adrenal  in  restraining  thyroid 
activity — at  least  in  heat-producing  reactions — and,  in  the  absence  of  a  definite 
active  principle,  preparations  of  the  fresh  cortex  are  probably  to  be  preferred. 
The  associated  use  of  thymus  and  adrenal  preparations  is,  commonly,  better 
than  dependence  upon  either  agent  alone.  More  recently,  observation  has  been 
made  of  the  efii'ects  of  parathyroid  substance,  pituitary  substance,  and  (separate) 
extracts  of  the  anterior  and  posterior  pituitary  lobes.  All  of  these  agents  have  cer- 
tain special  indications  discussed  under  the  respective  headings. 

Attempts  have  been  made  to  develop  antithyroid  biologic  products  experi- 
mentally. These  are  of  two  main  classes.  In  one,  animals  have  ])een  thyroidecto- 
mized  and  their  serum  or  milk  used,  on  the  assumption  that  it  contains  a  su))- 
stance  or  substances  that  would  normally  be  destroyed,  neutralized  or  inhibited 

'"  Thus,  some  physicians  deny  the  distinction  between  Graves'  syndrome  and  toxic 
adenoma  of  the  thyroid;  and  it  must  be  admitted  that  there  are  borderland  or  mixed 
cases.  While  iodine  is.  useful  for  limited  periods,  repeated  from  time  to  time,  in  Graves' 
syndrome,  it  is  always  harmful  in  toxic  adenoma,  and  often  harmful  in  borderland 
cases.  Surgical  or  other  destructive  treatment  is  commonly  indicated  in  the  adenomatous 
group;  the  tumor,  with  its  hypersecretion,  here  being  the  essential  pathologic  element  to 
which  the  nervous  and  cardiac  phenomena  are  sequential;  and  no  tendency  to  spon- 
taneous regression  having  been  observed.  Iodine  may  be  helpful  in  the  reduction  of  the 
goiter  of  Graves'  syndrome,  or  of  simple  goiter:  (1)  When  the  hyperactivity  of  the  gland 
is  in  response  to  some  extraordinary  demand  of  the  system  for  iodine  (or  what  is  vir- 
tually the  same  thing — iodine  deficiency  in  the  diet)  and  its  supply  permits  cessation  of 
gland  effort;  (2)  when  atrophy  of  functional  cells  has  occurred,  and  even  the  enlarged 
thyroid  fails  to  mobilize  the  iodine  needed. 
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by  thyroid  action  or  secretion,  and  that  will  therefore  oj)pose  thjToid  hypersecre- 
tion. In  the  other,  animals  have  been  inoculated  with  normal  or  morbid  thyroid 
glands,  human  or  animal,  to  produce  antitoxic  or  cytolytic  serums.  Both  methods 
have  had  quite  a  number  of  reported  successes,  but  both  are  now  virtually 
abandoned. 

In  one  case  treated  with  a  preparation  of  the  milk  of  a  thyroidectomized  goat,  there 
resulted  an  apparent  "specific  stimulus"  to  the  goitrous  gland,  with  increase  of  size  and 
morbid  activity.  The  method  cannot  be  approved  without  much  further  refinement. 
Several  cases  treated  with  a  supposedly  cytolytic  serum  showed  temporary  benefit;  and 
in  one  of  long  duration,  in  which  advanced  cardiac  lesion  prohibited  operation,  a  re- 
markable return  of  strength,  subsidence  of  symptoms  and  prolongation  of  life  followed — 
apparently. 

The  large  principles  underlying  the  attempts  seem  good;  but  much  is  still  to  be 
learned  of  chemicopathologic  details  and  technique  of  preparation,  before  approval  can  be 
unqualified. 

So,  too,  in  the  metabolic  disturbances,  special  and  to  some  extent  specific 
measures  are  available.  Dietetic  regulation  evades  the  production  of  alloxuric 
toxins  in  gout  and  of  relatively  excessive  glucose  in  diabetes,  but  in  neither  instance 
can  too  rigid  a  dietary  be  persisted  in  without  injury.  The  nutrition  must  be 
watched  and  the  food  list  modified  from  time  to  time  accordingly.  Exercise  of  a 
proper  kind,  inhalations  of  oxygen  and  ozone,  climatic  influences  and  systematized 
applications  of  water,  light,  heat,  electricity  and  massage  are  useful  in  certain 
cases,  appearing  to  supplement  the  deficient  combustions  and  eliminations  of  nature. 

Specific  medication  in  gout  may  be  assumed  to  be  both  expulsive  and  chemically 
destructive  or  neuti*alizing.  To  relieve  the  more  acute  manifestations,  colehioura 
preparations  are  administered.  Alkaline  table  waters  and  other  alkaline  prepara- 
tions, salicylates,  especially  the  strontium  salt;  strontium  bromide  and  a  number 
of  synthetic  drugs,  such  as  piperazin,  lycetol,  eitarin,  chinotropin,  cincophen,  are 
useful  to  control  the  persistent  symptoms.  From  time  to  time  purgative  and 
cholagogue  drugs,  especially  mercurials,  are  used  in  addition  to  the  eliminative 
measures  of  physiologic  therapeutics  already  mentioned. 

In  diabetes,  the  introduction  of  insulin  has  greatly  changed  therapeutic 
tactics.  Formerly  when  it  seemed  necessary  to  diminish  the  polyuria  or  glycosuria, 
and  dietetic  regulation  failed,  codeine  was  used,  symptomatically.  Strontium 
i)romide  is  frequently  effective,  especially  in  gouty  and  obese  persons.  Uranium 
salts,  santonin,  arsenic,  atropine,  jambul,  and  other  agents,  including  thyroid  and 
thymus  glands,  testicular  extract,  yeasts  and  other  enzymes  of  animal  or  vegetable 
origin  were  recommended,  on  empiric  grounds,  or  on  theories  we  need  not  here 
discuss.  For  many  years  attempts  had  been  made  to  find  a  pancreatic  prepara- 
tion that  might  be  used  specifically  to  remedy  the  loss  of  pancreatic  function  in 
carbohydrate  metamorphosis,  but,  up  to  the  work  of  McLeod,  Banting,  Best  and 
Collip,  these  were  not  more  than  })artially  successful.  The  problem  has  not  been 
completely  solved  by  the  Canadian  workers,  but  certainly  a  great  advance  has 
been  made.  Insulin  supplements  the  deficient  pancreatic  hormone,  acting  in  a 
measure  vicariously. 

For  pedagogic  reasons  it  must  be  here  said  that  all  cases  of  diabetes  mellitns  are 
not  of  pancreatic  origin;  and  that  even  in  pancreatic  cases,  insulin  treatment,  though 
causal  as  to  the  symptom-complex  diabetes  mellitus,  is  not  etiologic  as  to  the  exciting 
cause  of  pancreatic  lesion.  Neither  does  it  correct  that  lesion  nor  restore  normal  func- 
tion. It  does,  to  a  certain  extent,  facilitate  repair  through  the  additional  nutrition  pos- 
sible and  the  dietetic  rest.    Suitable  climate  also  permits  diabetics  to  ei^ade  certain  liabil- 
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ities  consequent  upon  their  dyscrasia,  from  which,  in  inclement  weather  and  regions,  they 
must  be  protected. 

Chronic  imsomotor  and  other  autonomic  disorders  rarely  assume  the  severity 
of  Graves'  syndrome  or  Raynaud's  syndrome — the  two  extreme  and  opposite 
types — but  they  show  scant  tendency  to  spontaneous  recovery.  Evasion,  is  practiced 
by  climatic,  dietetic  or  other  environmental  change  to  avoid  the  meteorologic  condi- 
tions— pollens,  food  proteins,  epidermal  products,  dusts,  etc. — that  act  as  excitants 
of  hay  fever,  hives,  asthma  and  the  like.  80,  too,  causes  of  fatigue,  undue  emotional 
strain,  trauma  and  other  mechanical  and  thermal  insults  found  to  affect  individual 
subjects,  are  to  be  guarded  against.  The  deficient  powers  of  reaction  to  internal 
or  external  stimuli  manifested  by  the  central,  peripheral  or  taxic  mechanisms  must 
be  supplemented  in  part  by  physical  measures,  in  part  by  the  administration  of 
the  approprfiate  hormone,  as  indicated  by  the  special  symptoms  and  conditions. 
Thymus,  adrenal,  pituitary,  thyroid,  parathyroid  and,  at  times,  ovarian  or  tes- 
ticular preparations  can  thus  be  used.  The  physical  measures  of  reeducation  of 
vascular  and  general  autonomic  responses  are  the  most  important.  They  consist 
of  local  and  general  thermal  stimulation,  as  by  alternate  hot  and  cold  applications, 
and  mechanical  stimulation,  as  by  massage  or  digital  ])ressure  upon  the  muscular 
masses  along  the.  spinal  column. ^^  Both  procedures  should  be  mild  and  brief  at 
first  and  gradually  increased  in  strength  and  duration.  In  addition,  instead  of  an 
organic  extract,  the  various  mineral  and  vegetable  drugs,  increasing  or  diminish- 
ing, by  central  or  peripheral  action,  vascular  tonicity  and  the  excitability  of 
unstriped  muscle — strychnine,  atropine,  picrotoxin,  ergot,  cactus,  strophanthus, 
digitalis,  Crataegus,  barium  chloride,  papaverine,  benzyl  esters,  etc. — are  available 
as  symptomatic  remedies.  Electric  applications,  especially  static  sparks  and  high 
frequency  and  sinusoidal  currents,  are  often  useful.  A  form  of  specific  treatment 
is  available  to  diminish  or  overcome  special  liabilities — namely,  desensitization  by 
progressive  inoculations  with  the  specific  pollen,  food-protein,  keratin  or  other 
excitant  or  group  of  excitants  active  in  the  special  case. 

The  infection  termed  rheumatic  fever  seems  to  depend,  like  tuberculosis,  upon 
the  reaction  between  a  pathogenic  microorganism  and  the  tissues  of  a  specifically 
liable  individual;  one,  that  is  to  say,  who  lacks  wholly  or  partially  the  specific 
immunity,  normal  at  this  stage  of  human  evolution.  The  point  of  entrance  of 
infection  being  most  frequently  the  nose,  mouth  or  throat,  due  care  of  these  struc- 
tures is  the  first  point  of  protection,  in  the  treatment  of  a  person  manifesting  this 
deficiency.  The  upper  air  passages  and  alimentary  tract  are  inhabited  by  micro- 
organisms that  to  the  normal  person  and  under  ordinary  conditions  are  harmless. 
Under  conditions  that  reawaken  latent  virulence,  or  under  conditions  that  lower 
the  resistance  of  the  tissues,  symbiotic  immunity  is  disrupted ;  the  formerly  harm- 
less bacteria  become  pathogenetic.  Enlarged  or  morbidly  affected  faucial,  lingual 
and  pharyngeal  tonsils  are  to  be  removed  and  the  mucous  membranes  kept  in  a 
condition  of  healthy  resistance,  antiseptic  lotions  being  used  if  necessary.     To  avert 

"  To  this  method,  as  a  perfectly  legitimate  therapeutic  procedure,  Prof.  John 
Madison  Taylor  applied  the  term  Cheiropraxy.  The  abuse  of  term  and  method  by  a 
school  of  uneducated  manipulators  is  to  be  deprecated,  but  it  must  not  be  laid  to  the 
account  of  the  accomplished  teacher  cited.  Nor  should  we  "let  the  devil  have  all  the 
good  music."  Charlatanry  thrives  upon  the  neglect  by  physicians  of  certain  useful 
physical  and  mental  measures.  When  these  are  taught  in  our  schools  and  are  employed 
by  educated  practitioners,  not  as  exclusive  "pathic"  methods,  but,  like  drug  influence, 
for  what  they  are  worth  in  properly  selected  cases,  organized  quackery  will  lose  much  of 
its  vogue. 
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gastroenteric  intoxication,  diet  is  to  be  regulated,  the  alimentary  canal  kept  in 
good  order  and  elimination^  promoted. 

p]xposure  to  inclement  weather  lowers  resistance,  probably,  in  part,  by  inducing 
vascular  paresis  with  stagnation  of  blood  and  lymph  and,  in  part,  by  interfering  with 
chemical  transformations.  These  ett'ects  are  to  be  evadi'd  by  education  of  the 
vascular  resj)onses  (as  in  vasomotor  disorders)  as  well  as  by  avoidance  of  exposure. 
Failing  in  this,  they  should  be  counteracted  by  massage  or  by  local  or  general 
applications  of  light  and  heat  with  induction  of  free  perspiration.  Should  this  be 
insufficient,  specific  neutralization-  by  local  or  systemic  use  of  an  agent  of  the 
salicylic  group  should  be  promptly  undertaken  and  the  patient  placed  completely 
at  rest.  It  is  the  developed  malady  and  not  the  mere  diathesis  that  now  calls  for 
treatment.  Specif  a  treatment  by  serums  and  vaccines,  and  the  special  procedure 
of  pr(5voking  immunizing  reaction  by  non-sjiecific  proteins,  are  under  trial. 

The  management  of  so-called  chronic  muscular  rheumatism  does  not  differ  in 
principle  from  that  of  the  gouty  and  rheumatic  diatheses,  except  that  electric  light 
and  other  thermal  baths,  high  frequency  electric  currents,  massage  and  appropriate 
exercise,  active  or  passive,  are  more  efficacious  than  drugs. 

Chronic  arthritis  is  an  affection,  or  rather  a  group  of  affections,  exhibiting 
many  forms,  of  diiferent  pathology  and  etiology.  Some  cases  are  undoubtedly  of 
rheumatic  origin,  i.e.,  of  infectious  excitation  in  a  person  of  diathetic  predisposi- 
tion. In  these,  dietetic  and  other  measures  proper  to  the  treatment  of  the  metabolic 
abei*ration  are  to  be  associated  with  those  appropriate  to  the  tissue  changes  present. 
Among  the  latter,  electric  diathermy  is  worth  noting.  Etiologic  measures  may  be 
applicable,  both  in  the  removal  of  foci  of  infection  in  teeth,  tonsils  or  elsewhere, 
and  in  the  use  of  specific  or  non-specific  bacterines  (vaccines)  to  awaken  im^munizing 
reactions.^^ 

Chroxic  Local  Ailments. — Affections. — Chronic  affections  are  among  the 
most  frequent  and  the  most  difficult  forms  of  disease  that  the  physician  is  called 
upon  to  treat.  They  are  often  sequels  of  acute  or  chronic  maladies.  In  some  of 
these  the  original  excitant  has  ceased  to  act  or  its  action  has  become  slight  or 
unimportant,  in  others,  exact  knowledge  as  to  this  is  lacking,  but  the  impress  of  the 
general  malady — as  in  tuberculosis  and  in  syphilis,  for  example — remains  clinically 
distinct.  To  say  that  accurate  diagnoses  should  precede  treatment  is  to  repeat  an 
obvious  truism. 

Apart  from  affections  of  the  skin  and  neoplasms  that  give  rise  to  obvious 
external  signs,  it  is  commonly  some  disturbance  of  function — often,  but  not  always, 
accompanied  with  pain  or  discomfort,  sometimes  manifested  subjectively  by  pain 
only — for  which  the  patient  seeks  relief.  Thus  colloquial  and  even  at  times 
technical  references  to  the  cause  of  the  ailment  have  in  view  the  lesion  that  provokes 
the  symptoms  rather  than  the  irritant  which  has  provoked  the  lesion.  Indeed,  the 
latter  may  no  longer  be  a  direct  factor;  and  its  evasion  rather  than  any  form  of 
direct  opposition  to  it  may  thus  be  indicated. 

Special  indications  for  the  treatment  of  chronic  affections  are  thus  seen  to  be 
based  chiefly  on  considerations  of  pathology  and  symptomatology.  This  does  not 
mean  that  etiology  is  to  be  ignored,  but  that  in  most  instances  the  etiologic  indi- 
cations have  been  considered  under  other  heads  (infection,  intoxication),  or  that 

"  It  is  in  cases  of  this  nature  especially,  that  the  selective  pathogen  test — by  culture 
In  the  patient's  whole,  fresh,  coagulable  blood  of  the  microiirganisms  found  in  various 
regions — is  peculiarly  applicable.  By  this  means  we  are  able  to  discriminate  between 
those  microi'irganisms  which  are  pathogenic  to  the  individual  under  treatment  and  those 
against  which  he  possesses  sufficient  natural  or  acquired  immunity;  and  the  "vaccine" 
la  built  up  accordingly. 
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the  exciting  cause  having  ceased  to  act,  the  physician  is  concerned  chiefly  with 
its  persistent  effects  in  morbid  alteration  of  structure  and  consequent  disturbance 
of  function.  When,  however,  infection  is  local  and  persistent  and  there  is  no 
general  toxemia,  the  local  etiologic  indications  may  precede  all  others. 

As  in  the  corresponding  division  of  acute  ailments,  the  indications  from 
prognosis  may  be  discussed  briefly  and  generally. 

Chronicity,  as  a  rule  not  without  exceptions,  indicates  a  treatment  of  activity, 
rather  than  of  simple  or  even  anticipatory  expectancy.  Nevertheless,  activity  must 
be  limited  and  guarded,  for  it  can  readily  become  harmful.  There  is  rarely  occasion 
for  hasty  interference.  Indications  of  urgency  may  at  times  be  presented  and  such 
are  necessarily  to  be  dealt  with  promptly. 

Thus,  in  a  neglected  case  of  chronic  nephritis  there  may  be  threatening  effusions 
or  uremic  symptoms.  Affections  of  the  medulla  or  tumors  pressing  on  the  spinal  acces- 
sory nerve  may  give  rise  to  abductor  paralysis  or  adductor  spasm  of  the  larynx  and 
necessitate  tracheotomy;  and  a  similarly  urgent  indication  for  surgical  opening  of  the 
trachea  may  be  afforded  by  inflammatory  processes  or  new  growths.  Insane  persons 
may  have  to  be  restrained  to  avert  the  commission  of  murder  or  suicide.  Apart  from 
such  obvious  matters,  however,  the  physician  may  usually  take  time  to  observe  patiently 
and  decide  carefully. 

Natural  history  and  experience  as  to  the  effects  of  remedies  are  still  the  chief 
determining  factors. 

In  syphilitic  tabes,  for  example,  the  patient  seeks  relief  from  pain  or  from  difficulty 
in  muscular  movements.  These  symptoms  depend  upon — are  thus,  in  a  sense  "caused" 
by — morbid  changes  in  sensory  nerve  roots  and  spinal  cord  paths,  but  the  real  question 
is  whether  the  infective  agent  is  still  present  and  active.  The  prognosis  is  one  of 
progressive  disorganization  without  restoration.  Hence  expectancy,  armed  or  passive, 
is  futile;  activity  is  indicated.  Palliation  is  possible  by  means  of  anodyne  and  anti- 
spasmodic medication  and  reeducation  exercises,  measures  in  part  purely  symptomatic, 
in  part  based  on  pathology.  But  anything  like  a  permanently  helpful  result  can  be 
reached  only  through  treatment  that  will  bring  about  favorable  tissue  alterations  (cor- 
rection of  morbid  changes)  and  destroy  the  parasite.  These  pathologic  and  specific 
etiologic  indications  are  fulfilled  in  greater  or  less  degree  by  gold,  mercury,  iodides, 
arsenic  and  bismuth. 

The  importance  of  both  natural  history  and  therapeutic  experience  is  strik- 
ingly shown  in  considering  those  affections  on  the  horderline  hetween  medicine  and 
surgery,  as  cholelithiasis,  gastric  ulcer,  renal  calculus,  goiter,  with  or  without  the 
Gf-aves'  syndrome,  chronic  appendicitis,  chronic  pancreatitis  and  the  like.  The 
decision  to  operate,  in  so  far  as  the  physician  is  concerned,  will  depend  upon  the 
danger  incurred  by  delay  in  the  individual  case,  and  upon  the  result  reasonably  to 
be  expected  from  non-surgical  management.  Beyond  these  are  to  be  considered 
the  risks  connected  with  the  operation  itself  and  the  ability  of  the  patient  to  with- 
stand the  possible  dangers  of  anesthesia  and  shock.  Finally,  there  must  be  taken 
into  account  the  prospect  for  a  greater  degree  of  restoration  than  is  implied  in  the 
mere  survival  after  section. 

Obviously,  a  wise  conclusion  can  be  reached  only  by  careful  weighing  of  all 
the  circumstances;  yet,  when  neither  recovery  nor  relief  from  suffering  is  to  be 
anticipated  without  operative  intervention,  and  no  decisive  contraindication  exists, 
the  physician  who  counsels  temporizing  assumes  a  serious  responsibility.  On  the 
other  hand,  it  need  scarcely  be  said  that  when  the  dangers  of  surgery  are  as  great 
as  those  of  non-interference,  or  when  there  is  as  much  prospect  of  relief  from 
physiologic  and  medicinal  measures  as  from  the  knife,  it  may  be  just  as  well  to 
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postpone  the  decision  until  operation  is  manifestly  imperative,  unnecessary  or 
inadvisable,  as  may  be. 

Tem])orizing,  however,  is  seldom  justi  liable  in  the  case  of  malignant  growths 
accessible  to  the  knife.  A  possii)le  exception  may  be  made  regarding  superficial 
growths,  such  as  epitheliomata  of  the  skin,  in  which  radiotherapy  may  for  a  time 
he  given  preference  and  may  render  excision  unnecessary.  Otherwise,  the  tumor 
and  "its  very  atmosphere" — that  is  to  say,  all  neighl)oring  lymphatic  glands  that 
can  be  reached  and  a  large  part  of  the  surrounding  tissues — should  be  removed. 
Preceding  and  following  operation,  radiotherapy  is  often  useful,  and  in  some  cases 
it  may  be  advisable  to  ])revent  recurrence,  that  the  patient  return  for  a  course  of 
x-ray  or  radium  treatment  every  few  months. 

The  indications  and  contraindications  for  surgical  procedure  in  cases  of 
malignant  neoplasms  of  the  viscera  are  beyond  the  scope  of  the  present  discussion, 
except  to  point  out  that  section,  to  be  useful,  should  be  made  as  early  as  possible ; 
that  while  as  yet  medicinal  measures  are  unable  to  bring  al)Out  recovery,  they  can 
both  palliate  suffering  and  prolong  life;  and  that  to  some  individuals  such  post- 
operative necessities  as  nourishment  by  way  of  a  permanent  gastric  fistula  are  evils 
not  to  be  compensated  by  a  few  additional  months  of  miserable  existence.  Each 
case  must  l)e  judged  on  its  own  merits  from  the  humane  as  well  as  from  the 
scientific  viewpoint.  Should  the  attempts  to  produce  cytolytic  serums  and  vaccines 
now  under  way  prove  heli)ful,  a  new  vista  of  treatment  will  be  opened. 

In  general,  then,  the  treatment  of  chronic  aft'ections  presents  the  same  twofold 
problem  Avhich  has  been  found  in  our  discussion  of  intoxications  and  disorders. 
The  patient  seeks  relief  from  pains,  discomforts  and  disabilities  of  various  kinds; 
in  other  words,  from  functional  disturbances.  The  physician  recognizes  the  exist- 
ence of  the  tissue  change — the  affection — which  gives  rise  to  these  symptoms. 
Whether  symptoms  or  tissue  changes  should  receive  chief  consideration  cannot 
wisely  be  determined  without  thorough  therapeutic  analysis.  Herein  is  offered  the 
largest  scope  for  individual  judgment  and  skill.  Every  physician  will  gradually, 
and  to  some  extent  unconsciously,  develop  for  himself  certain  general  courses  of 
action,  but  the  judicious  will  hold  these  general  plans  subject  to  very  considerable 
modification  in  individual  instances. 

Other  things  being  equal  it  is  best  to  direct  treatment  at  first  toward  the 
special  failure  or  disturbance  whose  correction  will  give  the  greatest  relief.  As  this 
subject  will  be  discussed  more  fully  in  considering  pathologic  and  symptomatic 
indications,  a  single  illustration  will  here  suffice. 

In  chronic  affections  of  the  kidney  there  is  frequently  a  marked  diminution  of 
urine  and  even  a  tendency  to  suppression.  This  leads  to  transudations  of  serum  into 
the  lymph  spaces,  large  and  small,  and  to  waterlogging  of  tissues  (Fisher)  and  thus  to 
anasarca,  ascites,  hydrothorax,  pulmonary  edema.  Even  when  there  is  no  lessening  in 
the  quantity  of  urinary  water  and  no  edema  in  consequence,  the  imperfect  elimination 
of  waste  is  reflected  in  headache,  vertigo  and  other  toxic  symptoms.  To  wait  for  the 
possible  effect  of  remedies  or  of  time  upon  the  morbid  tissue  changes  before  attempting 
to  prevent  or  relieve  dropsy  would  be  unwise.  The  healthy  portions  of  the  renal  tissue 
should  be  stimulated,  if  possible,  to  moderate  hyperactivity — physiologic  compensation; 
and  if  necessary  the  other  excretory  organs  aroused  to  supplementation  and  vicarious 
function.  Hence,  diuretic,  diaphoretic  or  purgative  measures,  or  all  three  orders  of 
remedies,  are  employed  more  or  less  systematically  and  energetically  according  to  the 
conditions  of  the   individual  case. 

This  palliative  or  preventive  course  directed  toward  correction  of  functional  failure 
having  been  instituted,  the  diet,  exercise  and  general  environment  are  so  to  be  regulated 
as  to  diminish  as  much  as  possible  the  work  of  the  damaged  organ  (evasion).  A  certain 
degree  of  expectancy  can   then  be   maintained   as  to  other   features  of  the   case.     The 
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progress  of  the  patient  will  be  the  guide  toward  increased,  lessened  or  modified  thera- 
peutic activity.  Meanwhile,  the  cause,  the  character,  and  the  probable  course  and 
termination  of  the  morbid  process  are  to  be  taken  into  consideration  in  order  to  deter- 
mine what  prospect  there  is  of  its  spontaneous  cessation;  whether  any  degree  of  natural 
repair  can  be  expected,  and  whether  and  to  what  extent  art  can  aid  in  checking  its 
progress  or  in  correcting  its  structural  and  chemical  effects.  An  important  element  of 
such  therapeutic  diagnosis  is  an  estimate  of  the  extent  of  the  infirmity  produced  and  to  be 
anticipated. 

According  to  the  view  of  the  situation  thus  disclosed  treatment  will  be  directed 
toward  the  cause  of  the  lesions,  if  still  active,  or  toward  the  tissue  changes,  if  that 
seem  both  necessary  and  feasible,  or  will  be  continued  purely  on  the  plan  of  averting 
and  correcting  disturbances  of  function.  In  either  event  the  nature  of  the  functional 
failure — whether  it  be  chiefly  salt-retention  or  nitrogen-retention — will  greatly  influence 
the  details  of  management.  In  the  former  instance  a  salt-free  diet,  in  the  latter  a  low 
protein  diet  will  be  instituted,  and  these  will  be  modified  or  maintained  according  to 
developments. 

Whether  or  not  it  is  possible  in  any  given  class  of  eases  to  influence  by  thera- 
peutic measures,  medicinal  or  physiologic,  the  progress  or  repair  of  lesions  cannot 
be  decided  on  a  priori  considerations.  Therapeutic  nihilism  is  no  longer  defensible. 
It  arose  from  one-sided  study ;  the  dead-house  is  not  the  place  where  the  phenomena 
of  life  can  best  be  observed.  The  normal  degenerative  changes  of  physiologic  age 
cannot  be  averted;  but  there  is  not  in  the  nature  of  any  morbid  tissue  change  any 
inherent  impossibility  of  remedy.  The  question  is  purely  one  of  knowledge  and  of 
possession — hnowledge  of  the  forces  at  work  upon  and  within  living  cells;  of  the 
influence  of  the  soma  upon  its  parts,  and  the  influences  of  the  parts  upon  one 
another  and  upon  the  soma;  of  the  methods  by  which  such  forces  and  influences 
can  be  modified  beneficially  or  harmfully ;  possession  of  agents  by  which  to  carry 
out  the  measures  that  knowledge  may  indicate. 

The  knowledge  and  the  power  lacking  to-day  may  be  found  to-morrow.  What 
the  physician  has  to  consider,  therefore,  in  deciding  for  or  against  the  attempt  to 
check  a  morbid  process  or  to  correct  structural  defects,  is  not  any  general  theoretic 
possibility,  but  the  actual  facts  of  existing  science.  What  these  are  in  special 
instances  we  learn  from  pathology,  from  pharmacology  and  from  clinical  experience. 
Prognosis  based  on  the  data  thus  obtained  reiterates  in  the  first  place  the  Hippo- 
cratic  maxim.  Interference  that  has  neither  definite  scientific  purpose  nor  demon- 
strated empiric  usefulness  is  more  than  likely  to  be  harmful.  The  therapeutic 
principle  of  avoidance  finds  here  an  emphatic  indication. 

This  does  not  mean  that  no  new  measure  is  ever  to  be  tried ;  that  would  be  the 
death  of  progress.  But  it  means  that  at  this  stage  of  the  development  of  medical 
science  and  art,  new  measures  must  have,  if  possible,  the  support  of  preliminary 
laboratory  investigation;  or  be  based  on  ascertained  facts  of  science;  or  be  the  out- 
come of  collateral  bedside  experience.  They  can  then  fairly  be  said  to  have  definite 
purpose  or  attested  empiric  usefulness.  Illustrations  of  more  or  less  recent  measures 
thus  justified  are  found  in  the  varied*  uses  of  hormones  and  of  bacterial  vaccines, 
in  roentgenism,  in  radiumization  and  in  Bier's  applications  of  passive  hyperemia. 

Due  care  to  avoid  doing  harm  being  premised,  the  further  indications  of 
prognosis,  based  as  ever  on  natural  history  and  experience,  will  depend,  as  in  acute 
affections,  on  (1)  the  cause,  (8)  the  duration,  (3)  the  character,  (4)  the  site,  (5) 
the  extent  and  (C)  the  progressive  or  regressive  tendencies  of  the  morbid  tissue 
changes,  (7)  their  probable  and  possible  terminations,  (8)  the  nature  of  their 
direct  and  (9)  indirect  interferences  with  function,  (10)  the  character,  (11)  the 
degree  of  the  corrective  and  reparative  changes  of  function  and  (12)  of  tissue  that 
have  been  or  may  be  spontaneously  induced.     Finally,  indications  for  treatment 
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having  been  arrived  at  by  consideration  of  these  factors,  the  great  question  as  to  the 
possession  of  agents  to  fulfill  the  indications  arises  and  action  must  be  governed 
accordingly. 

Good  illustrations  are  found  in  two  dystrophic  affections — myxedema  and 
acromegaly — which  have,  with  the  advance  of  knowledge,  been  removed  from  the 
category  of  the  mysterious  to  that  of  system-affections  dependent  on  recognized 
lesion  of  a  defniite  organ.  (It  would  be  incorrect  to  say  that  their  etiology  is  known, 
for  we  do  not  know  the  origins  of  the  morbid  alterations  of  thyroid  gland  or 
pituitary  body  which  are  the  proximate  (secondary)  causes  of  the  characteristic 
peripheral  dystrophies.  As  elsewhere  stated,  tbey  are  probably  anomalies  of  develop- 
ment— to  recognize  which  fact  gives  us  a  more  comprehensive  view  of  the  problem, 
but  does  not  solve  it). 

Myxedema  is,  in  one  respect,  the  opposite  of  the  Graves'  syndrome;  it  depends  on 
defect  of  thyroid  function,  while  exophthalmic  goiter  involves,  in  part,  an  increase  of 
thyroid  activity.  We  are  not  justified,  however,  in  assuming  that  it  is  the  same  function 
of  the  gland  which  is  disturbed  in  both  ailments,  or  the  same  hormone  that  is  lacking 
in  the  one  and  superabundant  in  the  other.  A  great  and  significant  difference  lies  in 
the  fact  that  myxedema  is  not  chiefly  an  association  of  dynamic  functional  disturbances, 
but  is  characterized  by  a  definite  form  of  (mucoid)  degeneration  of  (subcutaneous) 
tissues,  with  which  are  associated  other  equally  characteristic  morphologic  changes  in 
the  skin  and  its  appendages.  The  resemblances  between  myxedema  and  certain  features 
of  cachexia  strumipriva  on  the  one  hand,  and  of  cretinism  on  the  other  hand,  has 
led  to  one  of  the  greatest  triumphs  of  scientific  therapeutics — the  successful  treat- 
ment of  all  these  conditions  by  the  grafting  of  thyroid  tissue  or  the  administration  of 
thyroid  preparations.  This  is  specific  for  the  peripheral  dystrophy  and  the  dynamic 
disorders  of  function,  but  has  no  influence  on  the  underlying  affection — thyroid  atrophy. 

Acromegaly  is  characterized  by  a  definite  type  of  bony  hyperplasia  and  certain 
functional  disturbances  having  no  direct  dependence  on  the  osseous  changes.  Enlarge- 
ment of  the  pituitary  body  exists  in  most  cases  and  there  is  reason  to  believe  that  all 
the  symptoms  are  referable  thereto;  the  overgrowth  of  bone  to  hyperactivity  of  the 
anterior  lobe,  the  polyuria  and  occasional  melituria  to  hyperactivity  of  the  posterior 
or  median  lobe.  Other  symptoms,  as  hemianopsia,  are  the  result  of  pressure;  and  death 
is  attributed  to  final  destructive  changes  in  the  gland.  The  atrophy  of  the  thyroid 
gland  and  persistence  of  the  thymus  gland  found  in  a  number  of  necropsies  upon 
acromegalics  led  to  thyroid  treatment,  and  this  has  been  useful  palliatively  in  many 
oases.  On  the  theory  that  pituitary  lesion  meant  loss  of  the  function  of  that  organ, 
treatment  with  pituitary  extract  was  resorted  to  and  has  likewise  proved  of  palliative 
benefit  in  a  number  of  cases.  Yet,  since  discrimination  was  not  invariably  made  as  to 
anterior  and  posterior  lobe,  and  as  later  research  goes  to  show  that  the  quantity  of 
pituitary  hormones  in  the  blood  is  increased  rather  than  diminished,  the  supposed 
specific  etiologic  indication  fails  to  be  established.  It  is  of  course  possible  that  the 
production  of  antibodies  may  be  excited,  or  that  an  unknown  hormone,  or  an  unrecog- 
nized action  of  some  other  constituent  of  the  gland  may  be  the  therapeutic  influence  at 
work.  Be  this  as  it  may,  in  so  far  as  either  thyroid  or  pituitary  feeding  is  useful  in 
palliation  in  any  particular  instance  of  acromegaly,  the  method  is,  until  better  explained, 
merely  an  empiricxtl  special  procedure.  The  removal  of  the  pituitary  tumor  is  some- 
times an  indication  of  urgency,  because  of  special  symptoms,  such  as  optic  nerve 
atrophy  produced  by  its  pressure  on  surrounding  structures,  but  it  is  not  curative  of 
the  general  condition. 

Infirmities. — An  infirmity  is,  as  we  have  seen,  a  permanent  disablement  of  the 
organism  the  result  of  an  affection  which  may  or  may  not  have  complicated  a 
malady.  The  affection  may  have  ceased,  or  be  still  in  progress,  and  its  exciting 
cause  may  be  latent,  or  may  have  disappeared.  Thus,  in  many  chronic  affections  of 
the  viscera,  in  addition  to  the  permanent  impairment  existing  at  the  time  the 
patient  comes  under  treatment,  inflammatory  or  degenerative  processes  may  still 
1)0  at  work  extending  tbe  djiniagc  to  other  portions  o,f  the  organ.     In  an  affection 
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like  arteriosclerosis,  for  example,  besides  the  persistent  injurious  changes  that  may 
have  been  effected  in  the  arteries,  and  perhaps  secondarily  in  many  viscera,  the 
lesions  continue  to  spread  to  new  areas ;  perhaps  only  by  morbid  habit  of  the  cells, 
but  usually  through  persistence  of  the  exciting  cause,  e.g.,  alcohol,  the  poisons  of 
gout,  of  syphilis,  of  overwork,  of  anxiety,  perhaps  certain  enterotoxins,  etc. 

In  proceeding  pages  we  have  analyzed  many  such  conditions  and  it  will  simplify 
discussion  here  to  consider  only  the  problems  presented  by  infirmity  when  the 
affection  has  terminated  and  its  cause  has  ceased  to  act. 

The  main  principles  of  such  treatment  may  perhaps  be  made  clear  by  examples 
that  at  first  sight  do  not  seem  to  belong  to  the  domain  of  therapeutics — the  historic 
cases  of  Laura  Bridgman  and  of  Helen  Keller.  The  achievements  of  the  patient  and 
skillful  teachers  of  these  women  are,  however,  veritable  triumphs  of  "the  healing 
art" — of  "mental  therapeutics"  in  its  highest  form.  In  each  instance  a  girl  of 
remarkable  mentality  was  deprived  absolutely  of  the  senses  of  sight  and  hearing. 

The  methods  by  which  such  important  failures  of  function  were  remedied  and 
these  gifted  minds  were  brought  out  of  loneliness  and  ignorance  into  loving  com- 
munication with  their  kind  and  a  large  knowledge  of  the  worlds  of  things,  of  men 
and  of  thought,  are  brilliant  examples  of  the  principles  we  have  termed  supple- 
mentation and  vicarious  action.  The  fingers  of  Helen  Keller,  performing  with  their 
marvelously  developed  sense  of  touch  a  doubly  vicarious  function,  learn  more 
than  many  a  pair  of  eyes,  and  gather  for  the  nourishment  of  intellect  and  soul 
richer  material  than  many  a  pair  of  ears. 

It  is  especially  in  the  correction  of  infirmity  that  the  adaptive  compensations 
of  nature  are  manifested  and  that  therapeutic  compensations  find  their  chief  field 
of  usefulness.  Natural  history  and  experience  again  supply  the  chief  indications 
of  prognosis. 

It  is  well  known  that  in  most  cases  of  valvular  lesion  of  the  heart  natural  com- 
pensation occurs  and  withT  due  care  can  be  maintained  over  a  long  lifetime.  Especially 
must  such  care  be  exercised  in  the  beginning  to  avoid  overworking  the  damaged  heart 
and  to  maintain  general  nutrition,  so  that  reparative  hypertrophy  of  muscular  tissue 
upon  which  compensation  depends  can  be  thoroughly  established.  Treatment  during 
the  formative  stage  of  compensation  is  thus  usually  expectant.  Active  interference 
on  the  part  of  the  physician  is  not  called  for.  It  is  his  highest  duty  so  to  order  the 
patient's  activity,  diet  and  general  environment  that  the  restorative  processes  of 
nature  may  be  facilitated.  Should  there  be  functional  failures  insusceptible  of  correc- 
tion by  rest,  or  by  a  judicious  alternation  of  rest  and  exercise,  by  diet  and  the  like,  a 
temporary,  moderate  and  guarded  activity  of  a  symptomatic-palliative  order  may  be 
necessary.  For  example,  massage  may  be  employed  to  facilitate  distribution  of  blood 
and  lymph;  or  carbonated  baths  and  gentle  resistance  exercises  to  dilate  the  blood 
vessels  and  increase  the  vigor  of  cardiac  systole.  Mild  diuretics  may  be  needed  to 
supplement  physiologic  stimulation  of  the  kidney,  and  it  will  depend  upon  circum- 
stances whether  one  shall  use  digitalis  or  other  pressure-raising  agents  or  some  remedy 
that  influences  the  kidney  directly,  as  the  renal  hormone  of  the  pituitary  gland  or  a 
salt  of  caffeine.  Pain  may  call  for  palliative  medication — the  temporary  and 
guarded  use  of  opium.  Compensation  having  been  established,  the  physician  rarely 
is  required  to  do  more  than  watch  and  regulate  the  patient's  life.  As  years  proceed, 
however,  and  the  wear  and  tear  upon  the  infirm  heart  go  on,  there  comes  a  time  when 
rupture  of  compensation  threatens  or  actually  develops.  Even  then,  rest  and  a  wise 
expectancy  may  be  sufficient  to  restore  the  balance  of  circulation.  If  not,  physiologic 
and  other  measures  are  to  be  used  in  accorcVance  with  the  special  indications  offered 
by  the  nature  of  the  valvular  lesion  in  connection  with  the  condition  of  the  arteries 
and  of  the  heart-muscle.  As  a  rule,  physiologic  measures  are  of  the  greatest  use  under 
such  circumstances,  but  drugs  also  have  a  high  degree  of  efficacy  when  the  right 
agent  is  rightly  used.  Experience  shows,  however,  that  in  most  cases  of  cardiac 
affection   and    infirmity  there   comes,   sooner   or   later,   a   time   when    the  heart-muscle 
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cannot  endure  the  strain  of  the  full  physiologic  activity.  It  becomes  necessary 
then  to  lower  the  level  of  required  compensation  by  a  permanent  change  in  the  char- 
acter or  degree  of  the  patient's  activities.  The  irholc  schenue  of  life,  somatic  and 
environmental,  must  be  readjusted  to  meet  the  capacities  of  the  impaired  organ.  Thus, 
comfort  can  still  be  had  and  life  be  greatly  prolonged;  and  to  attain  these  things — 
not  only  when  the  heart  is  disabled,  but  in  all  similar  infirmities — is,  as  we  have  seen, 
not  the  least  of  the  objects  of  therapeutics.  This  method  may  be  termed  comjicnsation 
by  evasion. 

In  some  cases  of  infirmity,  and  especially  such  cases  as  already  intimated,  the 
work  of  the  damaged  organ  must  be  loicered  to  its  possibilities,  or  supplemented  or 
vicai'iously  accomplishid  through  therapeutic  measures. 

Compensatory  processes  may  sometimes  be  excefmive;  in  which  case  the  excess 
becomes  a  disturbance  of  the  i)hysiologic  bahince  and  is  to  l)c  restrained  by  appropri- 
ate means — as  the  use  ot  aconite  in  the  cardiac  hypertrophy  or  h^'perfunction 
of  mitral  stenosis  and  of  atherosclerosis. 

Infirmity  cannot  always,  however,  be  treated  by  compensation,  supplementation 
or  vicarious  action.  At  times  surginil  correction  is  needed,  as  in  ankylosis,  adhesions 
of  the  abdominal  viscera,  and  the  like.  The  principle  here  involved  is  that  of 
destruction  of  morbid  tissue  considered  as  an  agent  of  disturbance,  with  further 
dependence  upon  repair  to  maintain  the  result  of  the  operation. 

As  we  shall  see  more  particularly  in  our  study  of  pathologic  indications,  similar 
therapeutic  destructions  to  clear  the  way  for  regenerative  processes  are  sometimes  at- 
tempted by  medicinal  and  physiologic  means  in  cases  of  infirmity  dependent  upon 
lesions  of  the  viscera  whose  character  or  site  precludes  resort  to  the  knife. 

When  both  natural  and  therapeutic  processes  of  compensation,  supplementa- 
tion, vicarious  action  and  reparation  are  deficient,  unavailable  or  inapplicable,  resort 
must  be  had,  if  possible,  to  measures  of  counteraction.  The  character  of  these 
necessarily  varies  with  the  character  of  the  defect.  Their  discussion  pertains  to 
symptomatic,  rather  than  to  prognostic  indications. 

Etiologic  Indications 

The  indications  of  prognosis  in  an  individual  case  of  disease  having  determined 
the  necessity  and  in  a  general  way  the  purpose  of  therapeutic  intervention,  it 
becomes  necessary  to  define  within  that  purpose  an  immediate  aim  and  to  choose 
the  agent  best  adapted  for  its  fulfillment. 

Obviously  the  most  direct  method  of  terminating  a  given  chain  of  phenomena, 
originated  by  a  known  cause  and  dependent  upon  its  continuing  action,  is  to 
remove  or  nullify  the  cause. 

On  the  other  hand  when  the  originating  cause  is  unknown  this  method  can  be 
ap])lied  in  exceptional  cases  oidy,  since  it  must  be  found  in  the  first  place  by  a  happy 
accident,  becoming,  when  deliberately  repeated,  an  empirical  practice.  Brilliant 
examples  of  such  happy  accidents  are  the  use  of  cinchona  and  its  derivatives  in 
malaria,  and  of  mercury  in  syphilis. 

When  the  cause  has  ceased  to  act,  the  method,  whether  reasoned  or  empirical, 
is  obviously  inapplical)le.  It  is  likewise  inapplicable  when  appropriate  means  are 
lacking,  whether  unknown  or,  in  the  special  instance,  unavailable.  The  first  step, 
tiierefore,  toward  defining  the  aim  of  treatment  is  a  careful  etiologic  analy.^is; 
analysis,  because  the  causation  of  disease  is  usually  more  or  less  complex. 

In  this  analysis  we  have  not  only  to  recognize  all  the  factors  that  combine  to 
originate  the  special  ailment  under  consideration,  hut  also  to  discriminate  between 
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these  primary  causes  and  the  secondary  causes  that  may  continue  to  produce  dis- 
turbances when  the  primary  causes  are  no  longer  in  action.  It  is  with  primary 
causes  only  that  etiology  is  concerned.  The  secondary  causes  pertain  to  pathology, 
that  is,  to  morbid  anatomy  and  morbid  physiology.    A  few  examples  Avill  suffice. 

Chills  and  fever  may  be  caused  in  many  ways.  If  the  hemameba  of  Laveran  be 
found  in  the  blood  of  a  person  manifesting  these  symptoms,  we  diagnosticate  malaria 
and  administer  quinine.  The  microorganism  is  the  primary  cause  of  the  symptoms 
and  its  action  is  continuing;  hence  its  destruction  is  indicated  and,  fortunately,  we 
have  an  available   means.     Etiologic  indications  here  determine  the  treatment. 

The  primary  cause  of  diphtheria  is  also  known.  Experience  has  shown,  however, 
that  complete  destruction  of  the  Klebs-Loeffler  bacilli  in  the  throat  is  rarely  practicable 
except  in  the  very  earliest  stages  of  their  development,  and  that,  even  when  practicable, 
their  destruction  after  their  toxins  have  been  absorbed  is  insufficient  to  avert  serious 
and  even  dangerous  symptoms.  Hence  nullification  of  their  influence  must  be  attempted. 
An  appropriate  and  specific  means  is  now  known  and  has  been  made  widely  available. 
Diphtheria  antitoxin,  when  administered  in  time,  neutralizes  the  poison  of  the  malady 
and  thus  fulfills  the  etiologic   indications. 

With  the  introduction  of  secondary  causes  the  situation  is  somewhat  altered.  From 
the  viewpoint  of  pathology  the  cause  of  palsy  may  be  neuritis.  Etiologically,  and 
especially  as  a  preliminary  to  the  therapeutic  diagnosis,  the  inflammation  of  the 
nerve  is  an  effect  of  which  the  primary  or  originating  cause  is  to  be  sought.  This 
may  have  been  a  past  exposure  to  cold.  The  originating  cause  can  then  no  longer  be 
combated  and  treatment  is  to  be  guided  by  pathologic  indications.  Or  the  neuritis  may 
have  been  caused  by  poisoning  with  alcohol,  lead,  arsenic,  etc.,  or  with  the  toxins  of 
diphtheria,  syphilis  or  other  infection.  The  alcohol  may  long  since  have  been  eliminated 
and  its  importance  be  rather  by  way  of  future  avoidance  than  of  present  opposition. 
The  lead  or  arsenic  may  still  be  present  in  the  tissue  and  its  elimination  be  an  imme- 
diate indication  for  treatment  but  this  will  not  be  the  sole  indication.  Concerning  diph- 
theria and  other  infections,  knowledge  may  be  at  fault  and  the  continuing  action  of 
the  toxin  be  a  matter  of  doubt.  At  all  events  treatment  will  not  be  restricted  to  anti- 
toxic measures.  Even  after  the  neuritis,  however  originated,  has  subsided  there  may 
remain  atrophy  of  the  muscles.  Such  atrophy  has  indeed  been  caused  by  the  affection 
of  the  nerve,  but  its  treatment,  like  that  of  the  precedent  inflammations,  follows,  in  the 
main,  pathologic  rather  than   etiologic  indications. 

In  the  course  of  scarlet  fever,  general  anasarca  may  arise  as  a  result  of  complicating 
nephritis.  The  excitant  of  scarlet  fever  is  the  primary  cause.  While  the  primary  cause 
was  as  yet  unidentified,  and  no  agent  known  that  had  a  specific  action  against  it,  experi- 
ence demonstrated  the  wisdom  of  eliminative  treatment,  that  is  to  say,  treatment  directed 
to  correction  of  the  functional  failure.  This  is  treatment  founded  on  pathologic  phys- 
iology and  not  on  etiology,  and  such  treatment  must  still  accompany  and  aid,  when 
necessary,  the  specific  measure  we  owe  to  the  Dicks.  Sometimes,  however,  suppression 
of  urine  and  its  results  are  manifested  not  during  the  course  of  the  infection  but  follow- 
ing it.  The  primary  cause  has  apparently  ceased  to  act;  it  is  the  secondary  cause  that 
persists.  Even  now,  when  we  appear  to  be  in  possession  of  a  specific  agent  against 
scarlet  fever,  it  is  not  applicable  to  the  condition  under  discussion.  Pathologic  and  not 
etiologic  indications  would  have  to  be  the  guide. 

So,  too,  in  uremia  we  are  dealing  with  a  toxic  state  dependent  upon  the  presence  in 
the  circulation  of  unknown  poisons,  secondary  to  lesions  of  the  kidneys.  While  the 
therapeutic  indications  are  to  a  certain  extent  etiologic  as  regards  the  uremic  symptoms, 
they  are  from  a  more  general  viewpoint  those  of  renal  failure;  that  is  to  say,  derivable 
from  morbid  physiology. 

The  illustrations  thus  far  given  assume  the  operation  of  a  single  primary  cause. 
Certain  ailments,  however,  arise  from  the  coincident  action  of  two  or  more  causes  and 
cannot  be  produced  otherwise.  It  is  true  that  one  of  these  coincident  causes  is  usually 
of  the  highest  and,  in  many  cases,  of  specific  importance,  yet  in  treatment,  as  well  as  in 
prevention,  it  may  sometimes  be  easier,  and  equally  efficacious,  to  oppose  a  minor  or  a 
nonspecific  factor. 

To  produce  the  result  XY,  both  X  and  Y  must  act.  The  value  of  X  may  be  many 
times  that  of  Y,  nevertheless  the  removal  of  the  latter  factor  or  the  introduction  of 
another  factor  nullifying  it,  will  prevent  or  destroy  the  result  first  given. 
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This  yul)jo(t  is  t'lahorated  in  our  discussion  of  predisposing  causes,  as  dis- 
criminattMl  from  excitin<;  causes.  The  most  striking  illustration  is  tuherculosis.  In 
man,  at  least,  this  malady  originates  in  the  influence  of  the  tul)ercle  bacillus  upon 
an  organism  that  has  inherited  or  acquired  the  condition  termed  hypotrophy;  that 
is  to  say,  one  of  low  original  vigor  or  one  enfeebled  by  privation,  depression  or 
excess.  Without  the  bacillus,  no  tuberculosis ;  but  without  the  susceptibility — the 
hypotrophy — the  bacillus  is  virtually  harmless.  Hence  recovery  can  be  brought 
about  in  the  vast  preponderance  of  cases  by  measures  of  reinvigoralion  which 
heighten  or  restore  normal  resistance.  Although  no  direct  combat  is  made 
against  the  exciting  microorganism  or  its  toxic  })roducts  this  method  of  treatment 
by  special  procedures  is  founded  uj)on  etiologic  indications.  It  virtually  effects  both 
protection  (by  exclusion,  desfruction  and  neuirnlizatioii  of  pathogens)  and  correc- 
tion {counteraction,  of  pathogen-effects)  by  nature's  own  methods.  Its  adoption 
does  not,  however,  necessarily  exclude  the  resort  to  auxiliary  specific  measures  di- 
rected against  the  agent  of  infection.  Immunizing  methods  based  on  the  use  of 
various  sul)stances  obtained  from  cultures  of  Koch's  bacillus  or  from  the  bacillary 
protein  itself,  have  met  Avith  some  success  in  selected  })atients,  and  give  promise  of 
further  useful  development.  It  is  also  possible  that  some  of  the  medicaments  of 
empirically  attested  usefulness  are  in  part  antibacterial  or  corrective  of  toxemia. 
But  as  yet,  from  the  viewpoint  of  etiology,  the  greater  stress  is  to  be  laid  upon  the 
measures,  commonly  termed  nutritional  and  hygienic,  that  build  up  the  natural 
defense. 

Still  another  form  of  borderland  conditions  is  presented  when,  among  the 
causative  factors  of  a  complex  ailment  such  as,  for  instance,  those  discussed  in  this 
volume  as  disorders  and  dystrophies,  there  is  a  defect  or  perversion  the  remedying 
of  which  will  control  or  perhaps  entirely  correct  the  disturbed  functions.  The 
indication  is,  in  a  sense,  etiologic,  although  it  might  be  classed  with  some  reason 
as  one  of  pathologic  physiology.  Typical  instances  are  found  in  diabetes  mellitus, 
myxedema  and  gout. 

The  degeneration  of  the  beta  cells  of  the  islets  of  Langerhans  in  diabetes  mellitus 
has  an  origin  and  a  significance  discussed  elsewhere.  Here  we  have  to  consider  only 
the  consequent  failure  in  carbohydrate  and  fat  metabolism.  From  the  islets  of  animals 
has  been  prepared  by  Banting,  Best  and  their  associates,  a  substance,  insulin — broadly 
speaking,  a  hormone — which,  when  administered  to  diabetics,  restores  for  the  time 
being  their  ability  adequately  to  metabolize  fats  and  sugars.  The  therapeutic  principle 
is  that  of  vicarious  action.  The  mechanism  of  the  process,  so  far  as  known,  the  precau- 
tions to  be  observed  In  the  use  of  the  remedy,"  and  the  other  sources  of  insulin  or 
substances  of  similar  power  are  discussed  in  Part  II  in  connection  with  agents  affecting 
metabolism.  Here,  however,  we  may  point  out  that  the  etiologic  indication  has  been 
recognized  since  the  day  of  Mering's  and  Minkowski's  and  Lepine's  experiments  and 
again  emphasized  in  recent  years  by  Allen's  demonstrations.  It  was  reserved  for  the 
Toronto  associates  to  bring  the  long  search  for  the  indicated  agent  to  a  brilliantly 
successful  conclusion. 

In  myxedema  and  cretinism,  the  recognition  of  the  similarity  between  these  condi- 
tions and  the  cachexia  following  complete  thyroidectomy,  led  first  to  the  grafting  of 
sheeps'  thyroids  (in  cretins),  then  to  thyroid  feeding — out  of  which  has  grown  all 
modern  organotherapy — and  now  to  the  use  of  thyroxin,  an  iodine-holding  constituent  of 
the  gland  or  of  its  secretion.  The  principle  is  the  same  as  the  use  of  the  islet  extract 
to  compensate  therapeutically  for  the  pancreatic  defect  in  diabetes.  The  cause  of  the 
thyroid  defect  is  not  reached,  but  its  untoward  result  is  corrected  or  averted  through 
the  vicarious  action  of  a  thyroid  principle  of  the  lower  animals.  Mucoid  degeneration 
and  mental  hebetude  are  overcome  by  supplying  the  substance  for  lack  of  which  these 
morbid  changes  occur,  just  as  the  emaciation  of  the  starving  is  overcome  by  food. 


"'Unless   accurately    adjusted    to    the   patient's   needs    and    diet,    insulin    may    cause 
hypoglycemic  collapse. 
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In  gout  we  are  dealing  with  a  perverted  or  deficient  chemism.  The  principle  of 
evasion  is  applied  to  the  dietary;  from  which  are  removed,  as  far  as  possible,  those 
articles  that  tend  to  maintain  excessive  uric  acid  production;  exercises  and  agents 
favoring  or  increasing  oxidation  are  used  as  destructives,  i.e.,  to  promote  the  chemical 
changes  leading  to  a  more  complete  combustion  of  foods  and  tissues;  certain  alkalies 
are  used  as  neutralizing  agents;  and  expulsion  of  noxae  is  attempted  by  sweats  and  other 
measures  of  general  elimination,  supplemented  by  colchicum,  phenylcinchoninic  acid 
and  other  drugs  approaching  specificity  in  their  tendency  to  increase  solution,  reduction 
and  elimination  of  uric  acid  and  urates. 

Again  the  ultimate  cause  of  the  disorder  is  not  reached,  but  the  proximate  cause 
of  C3rtain  tissue  changes  and  disturbances  of  function  is  combated. 

The  treatment  founded  upon  etiologie  indications  is  termed  causal.  Causal 
treatment  may  in  a  given  instance  be  unnecessary;  at  another  it  may  be  inappli- 
cable. By  its  definition  it  can  never  be  ex])ectant.  It  is  active,  usually  special,  and  , 
in  its  most  definite  and  developed  form — the  combat  with  infections  and  intoxica- 
tions— it  is  specif  c.  Its  details  necessarily  vary  with  the  character  of  the  morbific 
factors.  These  being  recognized  we  may  attempt,  as  seems  necessary  or  feasible,  to 
avoid,  to  exclude,  to  expel,  to  iveaken,  to  destroy,  to  neutralize  or  to  antagoiiize 
them,  failing  in  which  we  must  seek  to  counteract  their  harmful  efl'ects  and  to 
promote  their  helpful  effects,  according  to  the  indications  of  pathology  and 
symptomatology. 

It  is  as  important  to  remember  in  causal  treatment,  as  in  any  other  form  of  thera- 
peutic intervention,  that  the  natural  reactions  exhibit  recuperative  as  well  as  destruc- 
tive elements;  and  that  the  recuperative  elements  are,  as  we  have  so  frequently  seen 
in  other  discussions,  not  to  be  opposed,  but  to  be  awakened,  facilitated,  supplemented  and 
controlled. 

The  course  to  be  adopted  in  a  given  case  is  thus  seen  to  depend  (1)  on  knowl- 
edge of  the  causative  factors;  (2)  on  their  nature  and  relative  importance;  (3)  on 
their  time  relations  to  phenomena  of  the  individual  case;  (4)  on  the  timeliness, 
sufficiency,  proportion  and  appropriateness  of  the  natural  defensive  reactions;  (5) 
on  available  means  of  treatment ;  in  which  connection,  also,  knowledge  of  the 
natural  defense  and  of  methods  by  which  it  can  be  reenforced  or  imitated  is  of 
paramount  importance. 

These  points  have  been  illustrated  in  the  examples  already  cited,  but  some 
further  detail  may  help  to  make  their  applications  clearer.  Brief  special  discus- 
sions will  therefore  be  given  to  the  subjects  of  knowledge,  time  relations,  reactions 
of  natural  defense  and  available  means,  before  entering  upon  a  somewhat  lengthy 
consideration  of  the  highly  important  subject  of  the  nature  and  relative  importance 
of  causative  factors. 

Knowledge  of  Causative  Factors 

To  discuss,  or  even  to  emphasize,  the  importance  of  knowledge  as  a  guide  in 
causal  treatment — or  in  any  other  relation — would  seem  superfluous.  Our  only 
purpose  is  to  illustrate  it  by  a  few  typical  examples. 

Before  Laveran  and  Ross,  it  was  possible  to  attribute  "paludal"  or  "malarial"  fevers, 
as  the  names  imply,  to  the  influence  of  "miasmas,"  or  "swamp  air,"  and  to  seek,  despite 
the  lessons  of  experience,  other  remedies  than  the  cinchona  group."  We  know  now 
that  swamps  are  indeed  breeding  places  for  the  mosquito  that  transmits  the   infecting 

"  The  exceptional  cases  that  resist  or  appear  to  resist  quinine,  only  serve  to  empha- 
size the  rule.  They  must  be  considered,  of  course,  but  most  frequently  it  is  the  method 
of  use  and  not  the  drug  that  is  at  fault. 
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Hemameba;  and  our  measures  of  ecologic  prophylaxis— drainage  and  oiling  of  stagnant 
pools,  screening  of  windows,  etc. — have  a  sound  etiologic  basis.  But  experience  has 
further  demonstrated  that  the  human  host  as  a  source  of  Plasmodium  supply  to  Ano- 
pheles, is  equally  important,  and  that  continuous  quininization  of  human  malaria-carriers 
Is  imperative.  It  has  further  been  demonstrated  that  by  taking  moderate  doses  of 
quinine  continuously,  uninfected  humans  living  in  unprotected  malarious  districts  may 
protect  themselves,  and  thus  aid  in  the  extinction  of  the  Hemameba,  or  at  least  in  its 
banishment  from  among  men.  Similarly,  the  knowledge  of  the  natural  history  of  the 
various  types  of  malarial  organisms,  both  in  the  mosquito  and  in  man,  permits  the 
more  accurate  administration  of  the  specific  drug.  It  is  known  to  act  by  destroying  the 
infecting  protozoCm,  and  to  be  most  effective  when  so  given  that  its  period  of  maximum 
activity  coincides  with  that  of  the  rupture  of  the  siJOrulating  organisms.  The  necessity 
for  dally  doses  for  a  week  or  two  after  apparent  recovery,  and  first  weekly  and  then 
fortnightly  for  some  months  longer,  although  clinically  recognized  for  centuries,  was 
too  often  lost  sight  of  by  modern  practitioners.  Now  that  the  etiologic  basis  of  the 
practice  has  been  clearly  demonstrated,  only  the   willfully  ignorant  can  neglect  it. 

Typhoid  fever,  long  the  scourge  of  temperate,  as  well  as  tropical  climates,  has  been 
virtually  banished  from  civilized  communities,  through  two  discoveries;  its  bacillary 
origin,  and  its  diffusion  by  contaminated  water-supply.  The  bacteriologic  separation  of 
the  paratyphoid  infections  recalls  the  clinical  separation  of  typhoid  fever  from  typhus; 
and  this  work  of  Louis  is  again  paralleled  by  that  of  Brill  in  separating  endemic  typhus 
from  typhoid,  and  that  of  Libman  and  Plotz  in  demonstrating  the  true  nature  and 
insect  transmission  of  the  former. 

Apart  from  the  improvement  of  public  preventive  measures  against  this  double 
group  of  infections — in  which  connection  the  self-sacrificing  work  of  Ricketts  upon 
malignant  typhus  must  not  be  forgotten — the  increase  of  etiologic  knowledge  has  per- 
mitted the  development  of  biologw  specifics  useful  both  in  individual  prophylaxis  and 
in  the  treatment  of  the  infected. 

The  recognition  of  the  syphilitic  origin  of  pulmonary,  cardio-vascular-renal,  nervous 
and  other  organic  affections,  permits  the  intelligent  use  of  mercury,  iodides  and  the 
newer  arsenicals  in  a  plan  of  specific  treatment  based  on  the  etiologic  indication. 

The  demonstration  that  diphtheria  bacilli  remain  in  the  local  lesion  and  that  the 
malady  is,  in  the  main,  an  intoxication,  has  led  to  the  preparation  of  the  specific  anti- 
toxin and  its  utilization  both  in  prevention  and  treatment,  with  beneficent  result.  Yet 
there  are  instances  in  which  diphtheria  proves  fatal  despite  early  and  energetic  use  of 
antitoxin;  as  also  instances  in  which  recovery  is  accompanied  by  a  development  of 
bactericidal  properties  in  the  blood,  but  the  individual  still  responds  to  the  Schick  test 
(Heist  and  Solis-Cohen).  It  would  seem,  therefore,  that  an  etiologic  indication  exists 
for  a  bactericidal  specific  whether  bacterine  or  antibody  or  chemotherapeutic  agent — in 
diphtheria;  and  that  while  its  accurate  application  will  have  to  be  based  upon  some 
diagnostic  criterion  yet  to  be  supplied,  it  might  be  added  as  a  measure  of  rational 
empiricism,  to  the  use  of  antitoxin  in  every  case.  Unnecessary  as  it  may  be  in  some, 
it  will  save  life  in  others,  and  do  harm  in  none. 

The  growing  recognition  of  the  causative  importance  of  focal  infections,  especially 
those  of  the  teeth,  tonsils,"  nasal  sinuses,  etc.,  in  the  production  of  the  so-called 
"rheumatic"  affections  and  in  various  other  obscure  functional  disturbances  and  tissue 
changes,  points  an  obvious  lesson.  The  removal  of  the  source  of  noxse,  whether  by 
medicinal  or  surgical  measures,  is  the  primary  etiologic  indication.  It  may  then  be 
necessary  to  adopt  specific  measures,  as  the  use  of  bacterines,  antibodies  or  chemical 
antiseptics,  e.g.,  mercurochrome  in  streptococcic  cases,  to  get  rid  of  the  continuing 
infections  in  regions  not  susceptible  to  direct  treatment.  The  use  in  accessible  regions, 
whether  of  primary  or  secondary  affection,  of  bactericidal  dyes  adapted  to  the  special 
type  of  organisms  present — as  emphasized  by  Churchman — is  a  further  illustration  of 
the  importance  of  exact  knowledge,  not  only  concerning  the  special  pathogen  at  work, 
but  also  concerning  the  class  of  agents  and  the  special  compound  most  effective  in  its 
desti-iiction. 

At  one  time  any  form  of  acute  conjunctivitis  would  probably,  except  for  special 
reasons,  have  been  treated   simply  from  the  pathologic  viewpoint   as  an   inflammation; 

"That  tonsils  and  teeth  are,  at  times,  removed  unnecessarily,  mistakenly,  and 
■without  benefit,  may  be  admitted;  error  in  application  does  not  affect  the  soundness 
of  the  principle.     Failure  may  be  owing  to  delay. 
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hence  with  hot  water,  or  perhaps  hot  antiseptic  (boric  acid)  solution  or  with  ice,  accord- 
ing to  the  physician's  custom  or  preference.  Later  the  field  of  the  organic  silver  prep- 
arations was  extended  with  partial  success  only,  from  gonococcal  ophthalmias  to  all 
inflammations  of  the  ocular  covering.  Only  after  bacteriologic  examinations  became 
more  frequent  and  more  exact,  was  the  pneumococcus  recognized  as  a  not  uncommon 
excitant  of  conjunctival  inflammation,  and  even  of  corneal  ulcer,  and  prompt  control  by 
the  specific,  ethylhydrocupreine  hydrochloride,  made  possible. 

The  discovery  that  so-called  "Egyptian  chlorosis,"  "Miners'  anemia,"  "tunnel  dis- 
ease," is  due  to  the  presence  of  hookworm  in  the  intestine,  and  that  the  larvae  of  this 
parasite  gain  access  to  the  feet  of  the  victim  from  soil  contaminated  by  ova-bearing 
feces,  pointed  the  way  to  the  destruction  and  expulsion  of  worms  and  ova  and  exclusion 
of  larvae,  as  measures  of  prevention  and  of  remedy,  etiologically  indicated. 

Still  more  striking  are  the  mental  and  economic  as  well  as  physical  betterments, 
accruing  to  the  population  of  Porto  Rico  and  of  the  southern  portion  of  the  United 
States  from  the  recognition  of  the  American  species  of  hookworm  **  (Necator  anieri- 
canus)  and  the  institution  of  the  necessary  prophylactic  and  therapeutic  measures  by 
Ashford  and  his  colleagues  of  the  U.  S.  Army  Medical  Corps,  and  the  missionary  work 
of  the  Rockefeller  Foundation. 

Another  form  of  profound  anemia  is  brought  to  an  end  and  recovery  made  possible, 
by  the  expulsion  of  the  broad,  striped  tapeworm;  while  lack  of  knowledge  of  causation 
of  the  so-called  primary  anemias,  the  leucemias  and  allied  affections,  still  hampers  the 
treatment  of  patients  suffering  with  these  ailments. 

To  catalogue  all  the  morbid  conditions  in  which  treatment  is  hampered  by  want 
or  imperfection  of  etiologic  knowledge,  is  needless;  but  it  may  not  be  amiss  to  cite 
a  few  additional  instances  of  high  importance,  as  carcinoma,  sarcoma,  influenza, 
lethargic  encephalitis,  most  forms  of  endocrine  perversions  and  most  forms  of  mental 
disorder. 

In  some  it  is  true,  as  notably  in  diabetes  mellitus,  measures  founded  upon  secondary 
causation  have  been  helpfully  instituted;  in  others,  as  Graves'  syndrome,  measures 
founded  upon  pathologic  physiology  may  be  highly  useful;  and  in  others — as  when 
malignant  growths  are  in  regions  accessible  to  the  knife,  or  to  destructive  irradiation, 
or  when  transfusion  is  possible  early  enough  in  pernicious  anemia — many  lives  are 
saved,  or  prolonged  in  comparative  comfort,  through  a  therapy  based  upon  the  teachings 
of   pathologic  anatomy. 

But  in  none  of  these  conditions  can  measures  assuring  complete  and  maintained 
recovery  be  established  save  by  happy  accident,  until  accurate  etiologic  data  are  at 
hand,  upon  which  to  found  them. 

Time  Relations  to  the  Phenomena  of  the  Individual  Case 

The  question  of  time  is  of  the  highest  importance  in  causal  treatment  in  two 
relations:  (a)  to  the  ailment,  and  (&)  to  the  remedy. 

Both  relations  are  well  illustrated  in  tetanus.  As  in  other  infections,  there  is 
a  period  of  incubation,  during  which  overt  signs  and  s3'mptoms  are  absent  or  slight. 
The  wound  may  present  no  alarming  phenomena.  Indeed,  we  recall  fatal  cases, 
seen  before  the  days  of  specific  treatment,  particularly  one  of  laryngeal  spasm, 
in  which  there  was  at  the  time  of  our  examination,  no  visible  point  of  entrance  of 
the  bacilli. 

But  the  malady  is  present  from  the  moment  the  infecting  organism  has  gained 
an  opportunity  to  pullulate  and  produce  its  toxin  within  the  tissues ;  and  neutraliza- 
tion, the  so-called  preventive  dose  of  antitoxin — in  reality  as  much  a  therapeutic 
dose  as  any  given  later — is  indicated  at  once,  no  matter  how  thoroughly  the  wound 
may  be  opened,  cleansed,  cauterized  and  disinfected,  or  how  scrupulously  it  is  left 
exposed  to  the  air.  It  is  true  that  immediate  attention  to  the  wound  may  in  many 
cases  avert  the  intoxication  which  constitutes  the  developed  malady,  especially  when 
the  physician  utilizes  the  knowledge  that  the  tetanus  bacillus  cannot  live  in  oxygen. 

"This  species  is  actually  a  native  of  Africa  and  was  introduced  into  the  South 
Atlantic  States  by  negro  slaves. 
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But  one  has  no  means  of  assurance  in  advance ;  and  to  delay  the  use  of  the  specific 
while  awaiting  the  passing  of  the  period  in  whieli  to  expect  convulsions,  is  simply 
to  invite  them.  Nevertheless,  immediate  and  thorough  treatment  of  the  wound  is 
the  first  consideration.  Doubtless  the  habit,  learned  in  childhood,  of  sucking  the 
blood  out  of  the  punctures  made  i)y  pin  points,  nails,  knife-points  and  the  like,  has 
averted  many  sorts  of  infection,  including  tetanus.  But. if  the  wound  be  not  early 
and  properly  treated  and  left  0})en,  its  belated  treatment  will  be  of  little  avail,  except 
for  the  remedy  of  any  local  conditions  that  may  need  attention.  Its  importance 
as  a  point  of  entrance,  depot  of  manufacture,  station  of  distribution,  diminishes 
progressively;  intoxication  more  and  more  dominates  the  picture,  and  larger  and 
larger  doses  of  antitoxin  become  necessary  with  every  hour  of  procrastination. 

Equally  weighty  is  tlie  instance  of  luetic  infection.  The  trend  of  opinion  to-day 
is  to  regard  all  lesions  from  the  chancre  to  the  last  involvement  of  visceral  or  nerve 
structures,  as  caused  by  the  persistence  and  activity  of  the  specific  spirochetes.  Before 
Schaudinn's  discovery  of  the  infective  organism,  and  especially  before  Ehrlich's  con- 
struction of  the  arsphenamine  molecule,  there  was  a  difference  of  opinion  concerning 
the  wisdom  of  early  specific  treatment.  Some  surgeons  advocated  excision  of  the 
primary  sore;  others  opposed  this  procedure,  not  only  because  they  held  that  the 
initial  lesion  was  merely  an  evidence,  and  not  a  source  of  the  general  infection,  and 
that  hence  its  destruction  was  useless;  but  also  because  their  clinical  observation  led 
them  to  believe  that  interference  with  the  evolution  of  the  malady,  while  it  might 
mitigate  or  even  apparently  avert,  the  earlier  constitutional  manifestations,  rendered 
the  patient  liable  to  more  severe  and  more  persistent  lesions  of  all  kinds,  later.  For 
this  reason,  as  well  as  from  the  opinion  that  early  mercurialization,  in  preventing  the  so- 
called  secondary  exanthems,  obscured  the  diagnosis,  many  physicians  advocated  post- 
ponement of  other  measures  than  local  palliation  until  the  characteristic  eruptions 
appeared.  Metchnikoff  introduced  the  local  use  of  mercury  upon  the  first  sign  or  even 
suspicion  of  inoculation  a  measure  of  prophylaxis  strongly  advocated  by  military  sur- 
geons. But  after  a  few  hours,  it  is  useless.  The  aboi'tive  treatment  with  arsphenamine 
is  indicated.  From  the  viewpoint  of  time  as  an  etiologic  indication,  this  is  on  a  par  with 
the  prompt  treatment  of  a  wound  suspected  of  tetanus  infection. 

As  to  the  local  use  of  mercury,  when  chancre  is  evident,  and  even  as  to  the  wisdom 
of  early  resort  to  arsenical  treatment,  there  is  still  much  dissent.  It  is  hold  that  not 
only  are  there  varieties  of  spirochetes  of  greater  and  less  virulence,  some  tending  to 
localization  in  the  skin,  some  to  early  or  late  localization  in  other  and  more  impyortant 
tissues;  but  also  that  the  very  prolonged  incubation  period  from  contact  to  sore,  from 
sore  to  skin  lesion,  affords  an  opportunity  for  the  development  of  natural  defense  re- 
actions. These  last,  it  is  admitted,  do  not  overcome  the  infection,  but  it  is  held  that 
they  diminish  its  virulence  and  persistence,  and  that  early  treatment,  so  far  from 
bringing  the  infective  process  to  an  end,  merely  destroys  the  less  resistant,  and  hence 
the  less  virulent  and  persistent,  spirochetes,  leaving  their  more  dangerous  fellows 
unharmed  to  seek  the  remoter  depths  of  the  less  accessible  tissues  and  engender  the 
more  serious  forms  of  later  lesion. 

Doubtless  there  is  some  truth  in  these  objections  to  early  specific  treatment,  pro- 
vided the  treatment  is  to  stop  there;  and  the  objections  would  be  stronger  if  convincing 
proof  could  be  brought  of  the  development  of  any  considerable  reaction  of  immunity  to 
the  slow,  original  infection.  It  is  true  that  lues  seems,  from  historic  records,  to  be 
less  horrible  among  moderns,  than  it  was  when  first  recognized  in  Europe;  and  that 
certain  experimental  observations  indicate  the  actuality  of  immunity  reactions.  But 
both  history  and  everyday  observation  show  that  on  the  whole,  human  immunity  is  of 
inconsiderable  degree;  and  now  that  we  are  in  possession  of  an  effective  agent  for  the 
destruction  of  the  spirochetes,  it  would  seem  the  wiser  course  to  use  it  as  early  as 
possible,  to  continue  its  use  as  long  as  necessary,  and  to  supplement  it  by  any  other 
agents  and  methods  that  experience  approves.  It  is  in  the  too  brief  use  of  the  specific, 
under  the  mistaken  notion  of  "disinfection  at  a  single  stroke,"  that  danger  lies.  And 
while  its  uninterrupted  administration  is  not  possible,  we  still  have  the  mercurials 
and  iodides  to  use  during  the  necessary  intermissions;  and  bismuth  as  an  alternative  to 
mercury.  The  lesson  taught  by  early  failures  is  that  syphilis  is  always  a  persistent 
malady,  and  that  long  periods  of  latency  do  not  prove  extinction  of  the  infection.     Hence 
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the  treatment  must  be  equally  persistent,  with  watchful  observation  during  latent 
periods,  and  readiness  to  intervene  actively  whenever  necessary. 

Such,  we  believe,  is  becoming  more  and  more  the  general  opinion  of  the  profes- 
sion. Meanwhile  improvements  in  technique,  together  with  the  introduction  of  new 
compounds,  are  making  it  possible  to  employ  specific  treatment  with  less  risk  of 
damage  to  the  human  organism,  and  with  better  adaptation  to  the  stage  of  the  malady 
and  the  site  of  the  lesions,  and  the  discovery  of  the  spirochetes  in  the  primary  sore 
makes  possible  a  positive  and  early  diagnosis. 

It  may  safely  be  said,  not  only  with  regard  to  tetanus  and  syphilis,  but  as  to 
all  infections,  that  in  the  employment  of  specific  measures  of  destruction  and 
neutralization,  "time" — to  quote  again — "is  of  the  essence  of  the  contract."  In 
acute  pneumococcus  lung  fever  (lobar  pneumonia)  of  all  types,  to  cite  but  one 
more  instance,  the  mortality  among  patients  treated  with  specific  serums,  or  with 
Huntoon's  solution  of  antibodies,  or  with  cinchona  derivatives,  on  or  before  tho 
third  day  of  overt  disease,  is  less  by  from  one-half  to  three-quarters,  than  among 
those  similarly  treated  later.  In  T3'pe  I  and  even  Type  II  infections,  many  series 
of  cases  treated  early  ran  into  the  20's  and  30's  or  even  larger  numbers,  without  a 
death ;  and  treatment  on  the  second,  and  a  fortiori  on  the  first  day  can  show  even 
better  results  (shortening  of  convalescence,  lessening  of  complications,  etc.). 

On  the  other  hand,  when  symptoms  of  profound  intoxication  begin  to  be 
manifest — as  by  cardiovascular  failure,  shallow  and  laboring  respiration,  or  cyanosis 
(which  may  appear  with  apparently  good  heart  action  and  little  lung  involvement) 
and  severe  delirium — M'hile  the  specifics  do  no  harm,  they  do  not  give  much  evi- 
dence of  doing  good ;  and  etiologic  indications  then  give  way  to  those  of  pathologic 
physiology  or  perhaps  of  symptomatic  empiricism. 

So  too,  as  pointed  out  in  an  earlier  part  of  the  section,  in  most  affections, 
whether  acute  or  chronic,  with  the  exception  of  those  which,  like  the  lesions  of 
tuberculosis  or  syphilis,  are  the  evident  manifestations  of  a  continuing  infection  the 
etiologic  indication  has  passed.  The  conditions  present  are  to  be  dealt  with  on 
pathologic  and  symptomatic  indications,  irrespective  of  their  origin.  And  this 
may  likewise  be  true  even  of  some  forms  of  localized  syphilitic  and  tuberculous 
lesions.  Thus  the  breaking  down  of  a  gumma  or  the  suppuration  of  a  tuberculous 
gland  may  give  the  same  indication  for  surgical  evacuation  as  abscess  of  any  other 
origin.  In  the  technique  of  the  procedure,  and  in  supplementary  measures,  the 
origin  of  the  lesion,  however,  will  continue  to  be  taken  into  account. 

Timeliness  and  Sufficiency  of  the  Natural  Defensive  Reactions 

What  is  to  be  said  under  the  present  head  will  not  only  be  a  repetition  of  the 
main  theme  of  this  book,  but  applies  also  to  indications  of  other  than  causal 
character. 

"•  As  set  forth  in  discussing  the  therapeutic  bearings  of  prognosis,  the  natural 
history  of  a  disease  form,  as  known  to  be  modified  by  the  personal  factors  and  by 
therapeutic  experience,  is  the  chief  guide  in  treatment. 

This  implies  a  certain  degree  of  knowledge  as  to  what  the  defensive  or  pre- 
servative reactions  of  the  sick  organism  should  normally  be;  and  the  function  of 
the  physician  is  to  determine  whether  these  are  present  at  the  right  time,  in  right 
degree  and  in  due  proportion. 

We  have  seen  that  recovery  in  disease  is  a  manifestation  of  the  inherent  powers 
of  the  organism  and  is  not  due  to  extraneous  forces.  It  is  in  essence  merely  an 
apparent  exaggeration  of  the  constant  adjustment  (reaction,  interaction)  between 
organism  and  environment,  between  one  part  of  the  organism  and  another,  and 
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between  the  organism  as  a  whole  and  its  various  parts,  through  which  life  is  mani- 
fested and  health  maintained.  IMorbific  agents  destroy,  or  alter  the  action  of,  some 
part  or  parts  of  the  organism.  Reacting  against  the  consequent  disturbance 
(resisting  it),  the  organism  by  reason  of  its  vital  adaptability  modifies  the  action 
of  other  parts  and  its  action  as  a  whole,  in  a  way  that  tends  to  protect  itself  from 
further  injury;  to  expel,  destroy,  neutralize  or  antagonize  the  offending  agent;  to 
counteract  tlie  ill  elTecls  of  the  morbid  disturbances,  and  thus  to  restore  the  former 
harmony  of  function  (vital  equilibrium)  constituting  health.  Were  resistance  per- 
fect, morbid  disturbances  would  be  unknown.  Were  defensive  adaptation  complete, 
disease  woidd  be  of  short  duration  and  recovery  always  spontaneous.  Such  phenom- 
ena as  those  of  natural  iinnuinity  show  that  to  various  potentially  inimical  agents, 
many  animals  and,  in  some  instances  man,  ordinarily  offer  perfect  resistance;  but 
this  resistance  may  become  weakened  or  broken  down  and  then  the  attack  of  the 
pathogenetic  factor  will  result  in  more  or  less  serious  disturbance.  Moreover  to  a 
great  variety  of  hostile  agents,  men  offer  imperfect  resistance,  and  against  the  effects 
of  these  agents  oppose  an  incomplete  defensive  adaptation.  The  imperfection  of  the 
organic  adjustment  may  consist  in  delay,  in  want  of  appropriateness,  in  deficiency 
or  excess  of  extent,  or  of  degree  or  of  persistence,  or  in  deleterious  associations,  as 
when  reactions  favorable  to  the  organism  as  a  whole  involve  damage  to  parts,  or 
reactions  favorable  to  parts  involve  dangers  to  the  organism  as  a  whole. 

Art,  therefore,  must  be  called  upon  to  aid,  supplement  and  control  nature,  and 
thus  the  vocation  of  the  physician  arises.  In  Bigelow's  expressive  phrase,  he  has  to 
''safe-conduct  the  patient"'  through  disease  to  recovery.  He  must,  however,  be 
guided  in  his  action  by  the  character  and  direction  of  the  natural  defensive  reactions 
and  adaptations  in  the  special  case  and  by  his  knowledge  of  defensive  reactions  and 
adaptations  in  general. 

Thus,  fever  is,  in  most  instances  of  acute  Infection,  a  defensive  reaction.  In  typhoid 
fever  the  temperature  in  cases  of  normal  evolution  presents  a  typical  curve,  the  so-called 
"stepladder."  If  it  ascend  too  rapidly,  if  it  descend  too  suddenly,  if  it  shoot  upward 
when  it  should  descend,  or  vice  versa,  these  are  indications  that  something  out  of  the 
ordinary  has  occurred  and  the  secondary  cause  is  to  be  sought  before  interference  is 
determined  upon  or  its  nature  decided.  So  too  in  typhoid  fever  the  leucocyte  count  is 
ordinarily  low;  a  marked  increase  indicates  an  attempt  at  self-defense  against  some 
complicating  infection  or  lesion,  which  is  to  be  found  and  then  dealt  with  as  its  charac- 
ter in  connection  with  the  total  symptomatology  of  the  case  indicates.  On  the  other 
hand,  in  the  pneumonias,  a  moderate  leucocytosis  indicates  a  good  reaction;  a  low 
leucocyte  count  shows  want  of  reaction;  a  very  large  count  of  white  cells,  a  severe 
infection.  This  may  guide  the  physician  as  to  the  advisability  of  expectancy  in  the  in- 
dividual case,  or  as  to  the  necessity  for  prompt  and  if  possible  specific  intervention. 

In  both  typhoid  and  the  pneumonias,  under  expectant  management,  moderate  elevation 
of  temperature  in  their  respective  curves  is  to  be  welcomed;  but  should  it  approach 
hyperpyrexic  figures  it  must  be  depressed  therapeutically  for  reasons  of  pathologic 
physiology."  On  the  other  hand,  when  specific  measures  are  used,  the  relatively  high 
temperature  of  natural  defense  is  not  needed  and  the  fall  that  occurs  manifests  antitoxic 
effect  and  not  direct  pharmacologic  antipyresis.  Hence  the  fear  once  entertained  that 
such  depression  would  be  harmful  has  been  proved  by  experience,  as  by  logic,  to  be  ill 
founded;  and  the  caution,  erroneously  given,  not  to  bring  the  temperature  down  to 
normal  by  such  therapy,  is  to  be  withdrawn.  Nothing  could  illustrate  more  clearly  the 
difference  between  this  action  of  the  biologic  and  chemotherapic  agents  and  that  of  the 
antipyretic  drugs.  Aspirin,  acetanilid  and  the  like  reduce  febrile  temperature  harmfully, 
that  is  to  say  by  depression  of  vital  centers,  without  affecting  the  cause  of  the  fever. 
The  others  reduce  febrile  temperature  helpfully;  that  is,  by  destroying  or  neutralizing 
its  toxic  excitant. 

"It  ought  not  to  be  necessary  to  point  out  that  applications  of  cold  water  are  pre- 
ferable to  antipyretic  drugs. 
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In  food  poisonings,  vomiting  and  purging  are  natural  reactions  tending  to  removal 
of  the  offending  material,  but  are  commonly  deficient;  lavage  and  calomel  are  useful 
supplements;  but  if  absorption  of  poison  has  taken  place  and,  hepatic  neutralization 
failing,  symptoms  of  collapse  appear,  it  becomes  necessary  to  antagonize  the  poison  and 
counteract  the  effects  by  alcoholic  stimulation,  the  application  of  external  heat,  perhaps 
the  use  of  ammonia,  epinephrine,  atropine,  strychnine  or  digitalis.  Antagonlzation  and 
counteraction  based  on  etiology  thus  coincide  with  symptomatic  counteraction  and  an 
attempted   distinction  would  be   purely  academic. 

In  certain  cases  of  renal  affection  the  eliminative  function  of  the  organ  can  be 
maintained  only  through  increase  of  blood  pressure.  Hypertension  of  the  arteries  may 
then  be  brought  about  as  a  natural  reaction,  in  part  by  the  stimulus  of  retained  products 
that  the  kidney  normally  removes  from  the  circulation.  Such  hypertension  may  be 
just  sufficient  to  maintain  the  balance  of  function.  It  is  thus  timely  and  proportionate 
and  does  not  call  for  direct  interference.  If  the  causative  condition  can  be  corrected 
it  may  disappear,  and  measures  for  the  remedy  of  the  kidney  lesion,  or  for  improvement 
of  the  kidney  function,  might  be  instituted,  if  not  contraindicated  by  pathologic  con- 
siderations. Should  the  hypertension  be  insufficient,  the  kidney  lesion  be  beyond  repair, 
and  kidney  function  beyond  improvement  in  any  other  way,  it  may  be  necessary  to 
reenforce  the  natural  defense  by  the  administration  of  a  pressor  agent,  as  caffeine  or 
pituitrine  or  of  a  cardiant-diuretic,  as  digitalis  or  squill.  If  it  be  insufficient  to  keep  up 
elimination,  it  must  be  reenforced,  initiated  or  replaced  by  the  indirect  measures 
of  stimulation  or  vicarious  action  previously  spoken  of.  If,  however,  it  be  dis- 
proportionate, its  excess  must  be  restrained,  by  indirect  or  direct  measures  depending 
upon  all  the  features  of  the  case  taken  together.  Only  when  the  hypertension  is  exces- 
sive, causing  discomfort  or  threatening  to  give  rise  to  new  dangers,  while  causative 
conditions  are  beyond  remedy,  does  it  call  for  direct  restraint,  as  by  autocondensation, 
thyroid  gland,  aconite  or  the  nitrites,  in  supplement  to  rest  and  dietetic  regulation. 

In  these  cases  of  renal  failure,  the  skin  or  the  bowel  or  both  will  sometimes  take 
up  spontaneously  the  work  of  vicarious  elimination,  doubtless  also  through  stimulus  of 
retained  products.  The  sweating  is  commonly  insufficient  and  it  is  not  to  be  restrained 
but  favored  and  imitated — systemic  hot  air  baths  or  other  appropriate  method  of  induc- 
ing free  perspiration  without  depression  being  indeed  a  useful  routine  in  the  indirect 
correction  of  hypertension.  The  diarrhea  may  be  deficient,  sufficient  or  excessive  and 
is  to  be  treated  accordingly.  The  hint  is  also  to  be  taken  in  cases  in  which  there  is  no 
vicarious  action  of  the  intestine,  and  occasional  doses  of  Rochelle  salt  or  other  mild 
cathartic  are  indicated  in  routine  management,  whether  or  not  hypertension  be  a  feature 
of  the  case.  At  times,  other  methods  of  elimination  failing,  bloodletting  is  indicated; 
and  the  question  may  be  raised  whether  hemorrhagic  nephritis  does  not  give  a  hint  in 
this  direction.  Indeed,  wet-cupping  over  the  back  in  the  kidney  regions  is  emphatically 
justified  in  certain  cases  of  suppression  of  urine  and  sometimes  aids  restoration  of 
function.  In  all  instances  the  proper  regulation  of  the  dietary  on  the  principle  of 
adjusting  work  to  functional  capacity  is,  of  course,  indicated  by  physiologic  considera- 
tions. Whether  salt  free  or  low  protein  diet,  or  a  diet  restricted  both  in  salt  and  pro- 
tein is  to  be  instituted,  will  depend  on  the  character  of  the  functional  failure  shown  by 
study  of  the  blood  and  urine. 

Cough  is  a  natural  means  of  expelling  harmful  substances  from  the  air  passages, 
but  may  be  a  source  of  useless  distress  when  bronchial  secretions  are  too  scanty  or  too 
viscid  for  ready  expectoration.  Defensive  reaction  is  maladjusted  as  to  time;  the  tardy 
factor  is  to  be  stimulated,  the  premature  factor  to  be  restrained.  "Paregoric  and  squill" 
have  justification. 

Diarrhea  serves  the  purpose  of  removing  irritating  and  harmful  matters  from  the 
Intestines,  but  it  may  take  the  form  of  frequent  stools,  ineffective  and  exhausting.  Irri- 
gation or  a  cleansing  dose  of  calomel  or  castor  oil,  followed  by  an  opiate  to  check  peris- 
talsis, may  be  helpful.  The  irregular  defensive  action  has  needed  supplement  and 
control. 

Available  Means  of  Treatment 

This  phase  of  our  subject  needs  little  elaboration, 

Etiologic  considerations  may  indicate  the  use  of  a  specific  preparation  for  the 
production  of  active  or  passive  immunity.  This  is  evidently  true  of  the  mildest,  as 
well  as  of  the  most  deadly  infections,  and  of  all  forms  of  hypersensitiveness  to 
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foods,  pollens,  keratins  and  the  like.  But  it  may  be  that  science  has  not  yet  found 
the  specific,  or  it  may  be  that  although  found,  the  specific  is  not  immediately  acces- 
sible. In  the  latter  event — presuming  that  active  intervention  seems  necessary — 
one  does  what  he  can  to  preserve  life  and  comfort,  while  he  tries  to  get  the  remedy. 
If  it  be  not  accessible  at  all,  or  within  any  reasonable  time — or  a  fortiori  if  it  be  not 
known — etiologic  indications  of  a  different  order  come  under  consideration.  It 
may  be  possible  to  avoid  the  noxa^  of  hay  fever  by  changing  the  patient's  environ- 
ment, or  to  exclude  them  by  mechanical  or  chemical  means.  Symptoms  dependent 
on  the  ingestion  of  certain  foods  are  escaped  by  excluding  such  foods  from  the 
dietary.  Or  the  nature  of  the  noxjr  may  suggest  a  measure  or  agent  of  antagonism, 
as  epinephrine  in  hay  fever  and  cocaine  in  influenza,  expedients  of  the  borderland 
between  etiology  and  pathologic  physiology. 

In  some  intoxications  and  infectious  there  are  specific  or  approximate  specifics 
of  empiric  origin;  thus  colchicum  in  gout,  salicylates  in  rheumatism,  and  mercury 
and  iodides  in  syphilis. 

In  other  intoxications  we  resort  to  measures  of  elimination  or  of  general  neu- 
tralization— e.g.,  alkaline  diuretics — and  in  infections  without  known  specific,  to 
antiseptics  of  a  general  order. 

As  a  rule,  however,  when  the  etiologic  indications  are  impossible  of  fulfillment, 
we  must  depend  upon  measures  indicated  by  pathology  and  symptomatology. 

In  cases  of  drug  poisoning,  there  may  be  or  may  not  be  a  known  antagonist  or 
chemical  antidote.  Caffeine  and  atropine  in  morphine  poisoning,  pilocarpine  in  atropine 
poisoning,  are  examples  of  the  former.  Ferric  hydroxide  and  magnesium  hydroxide  in 
arsenic  poisoning,  calcium  sulphide  (Wilms)  in  mercury  poisoning,  are  examples  of  the 
latter,  although  it  must  be  said  that  the  tradition  anent  the  arsenic  antidote  has  been 
attacked,  and  that  the  verity  of  the  mercuric  antidote  is  not  generally  accepted. 

But  what  is  the  physician  to  do  when  the  indicated  remedy  is  not  at  hand,  or 
in  cases  in  which  special  antidotes  or  antagonists  are  unknown  ?  Obviously  he  must 
resort  to  treatment  upon  general  principles,  that  is  to  say,  he  must  use  all  those 
auxiliary  measures  and  measures  of  urgency  that  he  would  have  used  if  in  posses- 
sion of  a  specific  agent  against  the  intoxication,  and  meet  any  special  indications  not 
thus  fulfilled,  upon  the  principles  derived  from  pathologic  and  symptomatic  study. 
Evacuation  will  be  carried  out  by  the  best  means  available;  when  complete  neutral- 
ization is  impossible,  partial  neutralization  will  be  attempted,  as  by  alkaline  salts 
in  the  case  of  corrosive  metallic  compounds,  and  imprisonment  will  be  effected  by 
albumins  (milk  and  eggs),  tannin  and  other  precipitants  and  coagulants.  Mucous 
membranes  will  be  protected  from  irritant  agents  or  their  effects  by  mucilaginous 
drinks  and,  perhaps,  sedative  powders. 

Such  partial  antagonisms  as  are  possible  with  general  expedients  or  drugs  at 
hand,  will  be  utilized,  while  better  drugs  are  waited  for.  Thus  strychnine  or  am- 
monia, with  switching,  electric  stimuli  and  walking  to  keep  off  sleep,  in  opium 
poisoning,  and  copious  draughts  of  water,  bromides,  ammonia,  brandy,  hot  pack- 
ing, in  belladonna  intoxication,  may  have  usefulness. 

Nature  and  Relative  Importance  of  the  Causative  Factors 

Pathogenic  factors  are  commonly  classed  as  (1)  predisposing  or  remote  causes 
and  (2)  exciting  or  immediate  causes. 

Distinction  must  be  made  between  predisposition  and  predisposing  cause.  The 
former  is  a  condition,  the  latter  an  agent.  Predisposition  is  thus  a  state  in  which 
disease  may  more  readily  arise;  a  predisposing  cause  is  anything  that  may  bring 
about  such  predisposition. 
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Predisposing  causes  are  those  that  reduce  the  power  of  the  organism  to  adjust 
itself  promptly  and  efficiently  to  changed  conditions,  internal  or  external;  they 
may  thus  relate  to  disease  in  general  or  to  its  special  forms.  Exciting  causes  are 
agents  that  originate  a  definite  series  of  tissue  alterations  or  functional  derange- 
nients  or  both ;  they  relate,  therefore,  to  the  special  forms  of  disease.  They  include 
various  physical  and  chemical  agents  (heat,  cold,  violence,  acids,  alkalies,  poisons), 
mental  and  emotional  disturbances,  and  the  living  pathogens  (microorganisms, 
insects,  worms,  etc.). 

Thus  acute  lobar  pneumonia  is  excited  by  Diplococcus  lanceolatus,  but  more  readily 
in  those  whose  resistance  has  been  lowered  by  age,  fatigue,  chilling  or  alcoholism. 
Asiatic  cholera  is  excited  by  Vibrio  choleras,  but  more  readily  in  those  who  are  unduly 
fearful  or  otherwise  agitated  and  in  those  who  are  careless  as  to  their  food;  most 
probably  because  the  normal  acid  gastric  juice  destroys  the  pathogenic  organism,  while 
dietary  error  and  emotional  disturbance  impair  or  inhibit  the  digestive  secretions. 

The  factors  of  predisposition,  as  will  be  observed  from  the  instances  cited, 
fall  into  two  classes.  Either  they  are  (a)  external  determining  causes  of  a  lack 
of  resistance  which  itself  is  morbid — as  cold,  dampness,  alcohol,  indigestible  food, 
foul  air,  etc.;  or  (b)  conditions  within  the  organism,  some  of  which — as  age,  sex, 
race — are  normal  to  the  individual,  while  others — as  morbid  inheritance,  hypo- 
trophy, excessive  fatigue,  fright  and  chronic  disease — are  essentially  abnormal. 

Moreover,  the  same  factor  may  be  predisposing  as  to  one  ailment  and  exciting 
as  to  another,  or  exciting  factors  may  simply  precipitate  a  special  train  of  symptoms 
which  indeed  "disclose  but  do  not  constitute"  a  certain  ailment. 

Thus  fright,  which  predisposes  to  Asiatic  cholera,  may  excite  Graves'  syndrome 
or  precipitate  chorea.  Chilling,  which  predisposes  to  pneumonia  and  rheumatic  fever 
and  excites  neuritis,  may  precipitate  the  syndrome  of  Raynaud  or  an  attack  of 
paroxysmal  hemoglobinuria. 

In  the  study  of  indications  for  treatment  it  would  seem  best  to  divide  causative 
factors  into  (1)  intrinsic,  those  immediate  causes  of  derangement  which  arise 
within  the  organism  itself;  and  (2)  extrinsic,  those  immediate  causes  of  derange- 
ment which  operate  from  the  environment.  Intrinsic  conditions  of  a  more  general 
nature  fall  into  a  category  of  cooperative  factors  which  may  modify  treatment  but 
rarely  determine  it. 

The  notable  exception  is  tuberculosis.  The  hygienic  treatment  of  consumption  Is  in 
fact  the  treatment  of  hypotrophy  and  is  either  corrective  of  an  inherited  liability  or  is 
directed  against  the  extrinsic  and  intrinsic  excitants  of  an  acquired  debility  (anti- 
pathogenic,    protective). 

When  an  ailment  can  be  referred  to  a  single,  definite  exciting  agent  it  is 
termed  specific  and  the  agent  in  question  is  a  specific  cause.  Familiar  examples 
of  ailments  of  specific  extrinsic  etiology  are  the  infections  and  intoxications.  Trau- 
matic lesions  might  logically  be  included  in  this  category  but  are  not  commonly 
so  classed.  The  influence  of  intrinsic  determining  causes  that  could  well  be  termed 
specific,  is  shown  in  such  morlnd  complexes  as  Graves'  syndrome.  Multiple,  and 
therefore  non-specific,  etiology  is  illustrated  by  the  acute  and  chronic  visceral  in- 
flammations and  degenerations,  such  as  endocarditis,  gastritis,  pleuritis,  nephritis, 
arteriosclerosis,  neuritis,  myelitis,  cirrhosis  of  the  liver,  etc. 

In  so  far  as  these  may  depend  upon  a  recognizable  and  active  cause  (syphilis, 
lead,  alcohol,  for  example),  the  etiologic  indications  are  in  general  those  pertaining 
to  that  cause;  and  treatment  will  be  influenced  accordingly.     But  the  structural 
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alterations  and  functional  disturbances  present  must  be  considered  carefully  and 
measures  for  their  relief,  based  upon  pathologic  and  syini'tomatic  indications,  may 
even  demand  precedence.  In  some  instances,  notal)ly,  for  example,  in  acute  rheu- 
matic fever,  the  incidence  of  visceral  complications,  such  as  endocarditis  or  ne- 
phritis, may  actually  necessitate  withdrawal  of  the  specific  causal  treatment  (salicy- 
lates in  the  instance  cited)  and  the  institution  of  some  s])ecial  measure  (an  alkaline 
course)   to  meet  the  pathologic  emergency. 

The  intrinsic  and  extrinsic  morbific  factors,  as  here  discriminated  from  the  co- 
operative factors  in  etiology,  are  sometimes  termed  the  efficient  causes  of  disease. 
They  are  both  tangible  and  intangible.  The  intangible  agents  may  be  physical  or 
psychic.  The  tangible  agents  may  be  organized  or  unorganized,  and  the  organized 
agents  may  be  living  or  dead.  We  shall  occasionally  refer  to  tangible  morbific  agents 
as   pathogens,   a  self-explanatory   term. 

In  a  search  for  etiologic  iiulicalions  we  have  to  examine,  as  regards  all  classes 
of  pathogenic  causes,  (1)  their  mode  of  action,  (2)  the  natural  defenses  against 
their  action,  (3)  the  failures  and  errors  of  natural  defense  and  (4)  the  means  by 
which  such  failures  and  errors  may  be  remedied.  Without  specifically  dividing 
the  discussion,  these  various  points  will  be  taken  up  in  the  pages  that  follow.  We 
shall,  for  simplicity,  examine  first  the  itttrlihsic  cooperative  factors  in  the  production 
of  disease. 

These  are  sometimes  termed  personal  factors,  and  when  we  speak  in  general  terms 
of  the  necessity  to  modify  treatment  to  suit  "the  person"  or  "the  individual,"  they 
are  all  held  in  view.  In  the  present  discussion,  however,  the  terms  "personality"  and 
"individuality"  are  used  in  a  more  restricted  sense  to  denote  those  things  essential  to 
the  particular  individual;  while  such  factors  as  age  and  sex  are  treated  broadly  as 
they  affect  all  individuals.  Certain  considerations,  not  strictly  etiologic  but  pertaining  to 
the  modification  of  disease — and  therefore,  of  treatment — by  the  factors  under  dis- 
cussion, are   likewise   included  for  convenience. 

Cooperative  or  Predisposing  Factors. — From  the  viewpoint  of  therapeutics, 
the  chief  cooperative  factors  in  etiology  are  (a)  factors  normal,  or  at  least  innate, 
in  the  individual,  such  as  heredity  (racial,  familial  and  individual),  constitution, 
temperament,  sex  and  age;  (6)  acquired  liabilities  dependent  on  environment  or 
previous  disease. 

It  is  at  once  evident  that  in  themselves  these  conditions  are  not  subject  to 
evasion  and  but  slightly  to  defense.  Attention  must  be  concentrated  on  measures  of 
correction.  On  the  other  hand,  both  in  prevention  and  in  treatment,  they  give 
many  definite  indications  for  avoidance  of  things  and  actions,  and  not  only  of 
morbific  agents  but  also  of  therapeutically  intended  measures.  In  regard  to  the 
last  mentioned,  an  indication  of  avoidance  is  termed  a  contraindication. 

Heredity. — Racial,  Familial  and  Individual. — Racial  Heredity. — Certain  lia- 
bilities and  immunities  pertain  to  the  various  races  of  men  as  to  the  different  species 
and  varieties  of  the  lower  animals  and  of  plants.  Some  of  these  are  quite  definite, 
even  specific;  others  are  more  or  less  indefinite  and  general. 

Concerning  many  instances  of  reported  racial  imrmtnity  to  specific  infections,  two 
sources  of  error  have  been  pointed  out.  First,  unrecognized  infection  in  childhood 
may  excite  an  active  (acquired)  immunity,  persisting  throughout  life;  and  this  ex- 
planation is  said  to  apply  to  the  resistance  of  certain  West  Indian  and  South  American 
peoples,  especially  those  of  African  or  mixed  descent,  to  yellow  fever.  Even  if  this 
be  true,  however,  there  would  seem  to  be  at  least  a  relative  Innate  immunity,  a  high 
potential  of  defense.  Second,  there  are  instances  of  racial  pseudo-immunity  found  to 
depend  upon  lack  of  exposure  to  the  specific  pathogen,  or  upon  observance,   as  among 
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the  Jews,  of  a  special  hygienic  ritual;  an  exemption  which  disappears  when  indi- 
viduals of  the  apparently  immune  race  are  translated  into  a  new  geographical  or 
hygienic  environment. 

Eeal  racial  immunities  are  probably  ecologic  in  origin,  being  adaptations  to 
environment,  intensified  and  perpetuated  by  natural  selection. 

They  may  be  physical,  as,  for  example,  the  greater  ability  to  withstand  heat 
shown  by  dark-skinned  races  and,  to  a  lesser  extent,  by  the  darker  individuals  of 
the  white  races.  This,  like  the  better  resistance  to  cold  manifested  by  blonde  tribes 
and  persons,  bears  a  relation  to  the  relative  intensity  of  pigmentation,  though  prob- 
ably only  partially  dependent  thereon. 

They  may  be  biochemical,  as  the  indubitable  high  relative  immunity  of 
negroes  from  malarial  fevers — an  immunity  from  intoxication  that  may  be  shown 
even  by  individuals  actually  harboring  the  Hemameba.  This  is  probably  owing  to 
the  transmission  of  a  chemical  organization  different  from  that  of  other  races. 
Against  the  theory  of  a  simple  acquired  immunity  as  the  result  of  mild  infection 
in  childhood  is  the  fact  that  a  like  immunity  does  not  seem  to  be  acquired  within 
recorded  time  by  the  descendants  of  white  men  residing  in  Africa  or  other  malarious 
districts. 

As  a  rule,  racial  immunities  are  pro])ably  complex  and  may  be  simply  potential 
until  aroused;  i.e.,  there  may  be  merely  a  greater  facility  of  mobilization  of  the 
defense  factors.  The  great  fatality  of  measles  among  South  Sea  Islanders  when 
the  infection  was  first  brought  to  them  by  white  men,  as  contrasted  with  the  com- 
parative mildness  of  the  malady  among  European  and  American  children,  suggests 
that  in  the  latter  the  mechanisms  of  biologic  defense  have  become  highly  organized 
and  effective  during  the  ages  of  exposure  and  resistance;  but  the  fact  that  such 
children  still  contract  measles,  shows  that  the  defense  is  not  perfect.  In  other 
words,  there  has  been  developed  a  relative — but  only  relative — racial  immunity. 
Similarly,  Avhile  syphilis  is  still  sufficiently  malignant,  its  severity  at  the  present 
day  is  much  less  than  when  it  first,  in  historic  time,  ravaged  Europe.  The  hypoth- 
esis of  a  relative  hereditary  immunity,  in  this  instance  also,  is  at  least  tenable. 

It  is  difficult  to  particularize  other  established  instances  of  racial  immunity, 
nor  is  it  here  necessary;  for  the  ireaiment  of  an  individual  actually  manifesting  the 
ailment  from  which  his  race  is  supposedly  immune  should  not  differ  materially 
from  that  of  any  other  individual.  It  is  to  be  modified  in  degree  rather  than  in 
kind,  and  then  in  one  of  two  ways,  pertaining  as  much  to  prognosis  as  to  etiology. 
The  racial  immunity,  if  substantial,  will  in  mild  cases  permit  a  greater  dependence 
upon  time;  the  general  plan  of  management  can  be  more  nearly  expectant  and  the 
special  or  specific  procedures  adopted  may  be  less  active.  Thus  we  have  seen 
negroes  recover  from  malaria  under  relatively  small  doses  of  quinine.  Severity 
of  disease  in  an  individual  of  a  naturally  immune  race,  however,  would  seem  to 
show  a  very  considera))le  individual  loss  of  resistance  and  call  accordingly  for 
active  supporting  measures  and  energetic  use  of  special  or  specific  remedies. 

Bacial  liabilities  are  more  definite  but,  in  this  field  also,  surmise  exceeds 
knowledge. 

The  greater  emotional  mobility  of  Latins,  Celts  and  Hebrews  renders  them 
more  prone  than  the  descendants  of  the  Teutonic  tribes  to  nervous  disorders  and 
especially  to  hysteria,  neurasthenia  and  allied  conditions.  This  susceptibility  is 
shared  by  the  people  of  a  nation  in  which  racial  distinctions  are  difficult  to 
trace,  because  its  population  is  so  mixed  and  intermarried — the  United  States  of 
America — and  by  artists  of  all  nations.  There  can  be  little  doubt  that  the  neuro- 
pathic tendencies  of  North  Americans  are  in  part  ecologic.     The  strenuous  life 
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we  mistakenly  lead  and  the  influence  of  an  overweighted  or  unl)alanced  system  of 
education,  cannot  be  ignored.  Neuroses  which  have  been  ecologic  in  one  generation 
may,  however,  become  hereditary  in  the  next;  and  hence  the  national  element, 
although  not  strictly  racial,  must  be  taken  into  account,  Jews,  in  America  and 
elsewhere,  seem  more  liable  than  their  Gentile  neighbors  to  diabetes  mellitus  and 
allied  metabolic  disturl)ances  which,  however,  tend  to  run  a  longer  and  milder 
course.  Among  the  immigrant  Kussian  Jews  cardiovascular  neuroses  are  especially 
common;  perhaps  the  psychosomatic  register  of  the  anxiety  and  terror  aroused  by 
barbarous  persecutions  continued  for  generations. 

In  both  North  and  South  America  the  colored  people,  and  especially  mulattoes, 
are  extremely  liable  to  tuberculosis;  and  in  them,  as  a  rule,  it  runs  a  more  rapid 
and  severe  course  than  among  the  whites  of  the  same  economic  status.  Their 
apparently  great  liability  to  smallpox,  however,  may  be  sim])ly  the  consequence  of 
their  neglect  of  vaccination  ;  indeed,  their  ignorant  opposition  thereto. 

The  gouty  diathesis  of  Englishmen  and  their  North  American  descendants  is 
a  fact  of  considerable  moment  in  diagnosis  and  treatment;  but  it  is  not,  strictly 
speaking,  a  racial  liability,  since  it  pertains  chiefly  to  those  of  a  certain  habit  of 
life — at  least  in  the  generations  that  acquired  and  organized  it. 

Moreover,  the  English  too  are  racially  mixed,  and  gout,  while  strongly  heredi- 
tary, is  found  in  those  of  all  races  whose  dietary  and  general  mode  of  life  has 
been  for  a  sufficient  number  of  generations  provocative.  It  is  classed,  therefore, 
among  ecologic  liabilities. 

Whenever  a  racial  liability  is  definitely  known,  the  treatment  of  the  patient 
should  as  a  rule  be  more  active  than  in  other  cases  of  the  same  relative  severity. 
An  obvious  exception  is  afforded  by  ailments  which,  if  more  frequent,  are  milder 
among  the  susceptible  race.  Nevertheless,  the  general  and  special  conditions  pre- 
sented by  the  individual  patient  remain  alwaj^s  the  chief  guides.  In  fine,  a  racial 
liability  is  sometimes  the  decisive  straw  in  a  delicate  balance.  It  may  lead  the 
physician  to  advise  change  of  residence  or  of  occupation  or  to  modify  dietetic  regu- 
lations; it  may  give  importance  to  symptoms  otherwise  relatively  negligible;  but 
it  will  not  of  itself  determine  treatment. 

Familial  Heredity. — The  intniunities  and  liahilities  of  family  are  more  readily 
recognized  than  those  of  race.  Immunities  may  apparently  be  specific;  but  of  this 
the  proof  is  difficult,  for  the  relative  mildness  of  typhoid  fever  or  measles  or  scarla- 
tina, in  certain  households,  or  the  almost  complete  escape  of  others,  may  be  owing 
to  quite  adventitious  factors.  In  some  clans  and  families  there  is  observed  a  rela- 
tive exemption  from  disease  in  general,  or  from  infections ;  a  tendency  in  acute  dis- 
ease to  mild  course  and  quick  recovery;  a  marked  relative  comfort,  vigor  and 
longevity  in  the  presence  of  chronic  disease;  or  some  other  indication  that  the 
organism  enjoys  a  high  degree  of  self-preservative  and  self -reparative  power. 

The  indications  for  modification  of  treatment  are  as  important  as  they  are 
obvious.  With  members  of  such  vigorous  and  long-lived  groups,  great  trust  may 
commonly  be  put  in  the  processes  of  spontaneous  recovery.  Hygiene  of  the  sick- 
room or  of  life  being  established,  little  more  may  be  called  for.  p]xpectancv  is 
less  risky  than  usual;  and  intervention,  when  indicated,  may  often  be  confined  to 
symptomatic  relief.  Sometimes  guidance  and  control,  less  frequently  a  slight 
degree  of  stimulation  and  supplementation  of  the  natural  reactions,  is  necessary 
to  ensure  and  hasten  recovery ;  but  tlie  indications  must  be  clear  to  justify  medica- 
tion. Conversely,  the  ability  to  hold  one's  hand  in  confidence  is  of  no  little  moment 
to  the  physician,  as  well  as  to  the  patient. 

Nevertheless,  the  character  of  the  special  ailment,  together  with  the  conditions 
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of  the  individual  case,  must  receive  consideration  lest  ill  founded  confidence 
invite  disaster.  Special  procedures  or  specific  remedies  are  to  be  used  when 
needed. 

Also,  the  incidence  of  infection  or  of  chronic  ailment  may,  in  a  given  case,  be 
evidence  of  loss  of  inherited  vis  conservatrix  and  should  thus  lead  to  inquiry  as  to 
the  special  causes  of  such  debility,  so  that  they  may  be  avoided^  removed,  corrected, 
or  combated. 

Liabilities  of  families  are  more  common  than  special  immunities.  These  may 
relate  to  infectious  maladies,  to  disorders,  to  affections,  or  to  disease  in  general. 
To  all  of  them,  the  term  diathesis  is  sometimes  loosely  applied;  but  this  should  be 
restricted  to  instances  of  actual  abnormal  inheritance,  of  actual  aberrant  normality. 

Thus  there  exists  in  certain  families,  usually  by  transmission  to  males  through  the 
female  line,  a  tendency  to  excessive  bleeding  from  slight  wounds:  hemophilia,  the  hem- 
orrhagic diathesis.  This  is  believed  to  depend  in  part  upon  defective  constitution  of  the 
blood  serum,  in  part  upon  a  lack  of  platelets  and  perhaps  upon  a  deficiency  in  tissue 
coagulins  as  well.  The  gouty  and  rheumatic  diatheses  have  been  discussed.  Diabetes 
mellitus  and  pentosuria  show  a  distinct  tendency  to  run  in  families,  as  do  also  various 
endocrine  disorders,  with  or  without  obesity  and  vasomotor  instability. 

An  unexplained  kinship  exists  among  these  ailments.  Some  members  of  a  family 
may  be  gouty,  others  rheumatic;  or  one  may  be  obese,  another  show  Graves'  syndrome, 
another  be  subject  to  hives  or  angioneurotic  edema;  others  may  suffer  with  migraine, 
asthma  or  hay  fever;  others  have  glycosuria,  polyuria  or  actual  diabetes.  French  writers 
are  inclined  to  include  all  these  tendencies  under  the  term  "'arthritism." 

Carcinoma  is  frequently  found  in  many  members  of  a  family,  and  tuberculosis  occurs 
much  more  readily  and  severely  in  the  children  of  the  tuberculous  and  carcinomatous 
than  in  those  of  healthy  parentage.  In  some  clans  and  families  carcinoma  and  tubercu- 
losis apparently  alternate  for  three  or  four  generations." 

Some  apparent  instances  of  inherited  liability  to  tuberculosis  may,  it  is  true,  be 
merely  cases  of  nurse  infection,  house  infection  or  other  forms  of  postnatal  acquire- 
ment; but  apart  from  these  and  apart  from  the  rare  instances  of  placental  infection 
leading  to  congenital  tuberculosis,  there  is  a  distinct  hereditary  defect  of  specific 
resistance  which  frequently  shows  itself  in  many  individuals  more  or  less  closely  allied 
along  the  same  line  of  descent.  This  has  been  termed  hypotrophy ;  under  which  head 
it   is   discussed   at  greater  length   elsewhere. 

Scrofulosis  and  rachitism  seem  to  be  allied  therewith;  but  the  former  is  not  always 
demonstrably  tuberculous  infection,  though  doubtless  in  most  cases  so  termed,  the 
bacillus  of  Koch  is  present.  Both  scrofulosis  and  rachitis  are  associated  with  errors  of 
calcium  metabolism;  both  are  benefited  by  sunlight  and  fresh  air,  as  well  as  by  the 
administration  of  calcium  and  phosphorus  and  the  use  of  appropriate  vitamins  in  diet 
and  in  cod-liver  oil.  Cod-liver  oil,  phosphorus  and  calcium  also  have  well  attested  use- 
fulness in  tuberculosis.  Calcium  metabolism  is  aberrant  and  calcic  medication  useful  in 
various  angioneurotic  and  so-called  atopic  disturbances.  Although  the  clinical  interpre- 
tations of  these  facts  in  vogue  at  various  times  may  all  be  erroneous,  the  practical  bear- 
ing of  the  facts  upon  etiologic  indications  for  treatment  is  quite  plain. 

"  It  is  to  be  noted,  moreover,  that  gouty  and  rheumatic  individuals  are  commonly 
highly  resistant  to  tuberculosis  and  carcinoma;  and  while  it  was  at  one  time  taught 
that  Graves'  syndrome  and  diabetes  mellitus  predispose  to  tuberculosis  our  studies 
indicate  the  opposite.  The  incidence  of  both  tuberculosis  and  carcinoma  is  less  among 
diabetics  than  among  the  general  population,  and  the  incidence  of  diabetes  in  the 
tuberculous  and  carcinomatous  is  less  than  its  incidence  in  the  general  population.  In 
clans  of  tuberculous  and  carcinomatous  heredity,  the  immune  individuals  frequently 
exhibit  autonomic-endocrine  imbalance,  or  even  developed  disorders,  among  which 
Graves'  syndrome  and  both  forms  of  diabetes,  insipidus  and  mellitus,  may  be  included. 
Note  is  also  to  be  made  that  not  only  is  glycosuria  a  not  uncommon  accompaniment 
of  Graves'  syndrome,  but  it  is  also  to  be  found  in  cases  of  toxic  goiter  and  even  of 
mild  hyperthyroidism;  while,  on  the  contrary,  an  enlarged  and  active  thyroid  gland 
may  be  a  source  of  protection,  or  a  reaction  of  immunity  against  tuberculosis.  In 
other  words,  certain  constitutional  and  frequently  hereditary  factors,  which  seem  to 
protect  against  tuberculosis  and  carcinoma,  may  become  'by  excess,  predisposing  factors 
to  the  disorders  under  discussion. 


INDICATIONS  AND  CONTRAINDICATIONS  11^ 

Neuropathic  and  psychopathic  families  are  well  recognized.  The  neuropathic 
tendency  may  be  general  (heteromorphic),  or  be  highly  specialized  (homeo- 
morphic),  as  in  hysteria,  pseudohypertrophic  and  amyotrophic  paralyses,  paralysis 
agitans,  Friedreich's  disease  (hereditary  ataxia),  Thomsen's  disease  (myotonia  con- 
genita), etc.  In  some  families  the  liability  is  to  affections  of  certain  organs— the 
heart  and  vessels,  the  liver  or  the  kidneys — which  apparently  present  loci  minoris 
resistentice  to  pathogens  in  general,  or  manifest  a  distinct  tendency  to  premature 
senile  change.  In  other  families  it  is  simply  a  general  feebleness,  a  marked  lack  of 
reactive  power  which,  when  it  becomes  extreme  and  is  not  corrected  by  intermar- 
riage with  a  more  vigorous  stock,  leads  to  extinction. 

Such  family  liabilities  affect  both  diagnosis  and  prognosis  and  must  influence 
treatment  consideralily.  Their  chief  therapeutic  indication  is  that  of  prevention. 
This  may  be  attempted  by  evasion  of  the  efficient  causes  of  the  special  ailments,  or 
by  strengthening  the  natural  defenses  through  an  invigorating  or  especially  educa- 
tive regime.  They  also  necessitate  more  solicitous  management  in  the  presence  of 
actual  disease.  Moreover,  the  knowledge  of  a  family  predisposition  or  diathesis  will 
influence  the  choice  of  remedies,  even  when  the  ailment  under  treatment  is  not 
one  of  those  to  which  the  patient  inherits  liability. 

Thus  minor  operations  on  the  nose  and  throat,  and  even  extraction  of  a  tooth, 
become  quite  serious  procedures  in  members  of  a  family  of  "bleeders"  and  should  not 
be  risked  unnecessarily.  Tonsils  may  be  reduced  by  fulguration,  x-ray,  radium,  elec- 
trolysis or  cautery,  rather  than  with  the  knife,  and  then  with  great  caution.  Calcium 
or  biologic  coagulants  should  be  used  in  preparation  for  any  imperative  surgical  inter- 
ference; pituitary  and  adrenal  preparations  and  chemical  and  biologic  styptics  should 
be  at  hand  for  emergency.  Hypnotics  and  narcotics  in  general,  and  especially  alcohol, 
morphine  or  cocaine  ought  not  to  be  given  to  psychopathies  without  urgent  indication. 
In  the  treatment  of  febrile  infections  in  the  rheumatic  and  the  gouty,  salicylates  and 
alkaline  preparations  are  to  be  preferred  over  other  agents.  Rest  during  convalescence 
from  acute  infections  must  be  more  rigorous  in  those  of  cardiopathic  inheritance;  and 
diet  be  more  scrupulously  regulated  in  those  liable  to  diabetes  or  to  hepatic  or  renal 
affections.  Typhoid  fever,  measles  or  influenza,  in  a  person  of  tuberculous  diathesis, 
will  call  for  more  vigorous  supporting  measures;  the  earlier  use  of  alcohol,  more  pro- 
longed rest  during  convalescence  and  greater  insistence  on  change  of  climate;  perhaps 
the  cautious  use  of  tuberculin;  certainly  the  institution  of  open-air  life,  hypernitrogenous 
dietary,  hydrotherapeutic  measures  and  the  administration  of  arsenic,  iodine,  calcium, 
parathyroid  gland  or  other  appropriate   anticipatory   remedies. 

Withal,  we  have  again  to  recognize  the  obvious  fact  that  it  is  the  individual 
patient  who  is  to  be  treated,  and  that  the  knowledge  of  family  tendencies  modifies, 
but  does  not  indicate,  the  general  course. 

The  exceptions  to  this  rule,  as  already  pointed  out,  are  tuberculosis  and  hem- 
ophilia. In  tuberculous  patients,  in  the  absence  of  urgent  local  symptoms,  hypotrophy 
(the  failure  of  normal  resistance)  is  the  most  important  factor  to  be  remedied.  In 
"bleeders"  the  morbid  condition  to  be  treated  is  not  the  actual  wound  that  has  given 
rise  to  loss  of  blood  but  the  failure  in  hemostatic  reaction.^ 

"The  local  use  of  epinephrine  and  of  cocaine,  to*  constrict  the  vessels;  of  various 
styptics;  of  mechanical  pressure;  of  heat;  of  cold;  the  systemic  use  of  calcium  salts 
and  of  thyroid  substance;  the  injection  of  nucleoproteids  from  the  spleen,  from  the 
thymus  gland  and  other  organs;  of  cephalin  from  the  brain;  of  normal  serums;  of 
platelet  preparations;  of  tissue  coagulius,  especially  from  the  lung  (Mills),  and  vari- 
ous combinations  of  these  measures,  have  all  been  successful  in  many  cases  and  have 
all  failed  in  many  other  cases.  The  principles  of  treatment  are  obvious — supplementa- 
tion and  vicarious  action — but  the  means  are  yet  to  be  perfected.  The  biologic  labora- 
tory of  normal  animals  doubtless  elaborates  the  missing  remedy,  perhaps  in  the  tissues, 
perhaps  in  plasmas.  Once  it  is  identified  there  may  be  a  possibility  of  producing  it 
artificially. 
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Sometimes  the  patient  inherits,  together  with  some  special  morbid  liability,  a 
good  general  resistance  and  a  tendency  to  longevity.  This  is  frequently  the  case 
in  gouty  and  diabetic  families.  Treatment  of  the  family  ailment  should  not  be 
overactive  and  may  be  confined  to  simple  dietetic  and  hygienic  regulations,  with 
oversight  of  occupation,  residence  and  like  environmental  factors. 

In  so  far  as  the  inherited  immunities  and  liabilities  of  an  individual  pertain 
to  race  and  family,  they  have  been  sufficiently  discussed.  We  have  now  to  con- 
sider the  immunities  and  liabilities  derived  from  immediate  parentage.  These, 
however,  together  with  the  related  personal  qualities,  and  to  some  extent  the 
qualities  acquired  during  uterine  life — also  in  the  case  of  adults,  qualities  acquired 
during  infancy — go  to  make  up  a  complex  whole,  termed  individuality.  From  the 
physician's  viewpoint,  this  complexus  embraces  two  main  branches,  constitution  and 
temperament.  To  separate  it  into  further  components  is  neither  easy  nor  neces- 
sary. Its  complexity  should  be  recognized  and  the  factors  that  can  be  discriminated 
should  be  taken  account  of ;  but  it  is  often  best  dealt  with  in  its  entirety.  As  such 
we  shall  discuss  it,  referring  when  necessary  to  the  constituent  elements. 

Individual  Heredity. — Individual  immunities  and  liabilities  are  either  original 
or  acquired.  Original  qualities  are  inherent,  essential,  substantive ;  they  may  be 
inherited  or  personal.  Acquired  qualities  are  noninherent,  accidental,  adjective; 
they  may  have  been  gained  either  during  gestation  or  after  birth. 

The  use  of  the  term  "personal"  in  contradistinction  to  "inherited,"  on  the  one 
hand,  and  "acquired,"  on  the  other,  needs  some  explanation. 

Original  qualities  come  into  existence  with  the  organism,  as  its  essential  prop- 
erties, the  very  moment  that  the  interactions  between  two  parent  cells  are  completed 
and  the  new  being  originates.  Any  quality  arising  thereafter,  either  within  or  without 
the  uterus,  is  acquired  in  consequence  of  some  extraneous  influence. 

The  inherited  qualities  include  such  of  the  characteristics  of  family,  race,  species, 
genus — to  go  no  further  back — as  may  be  transmitted  from  parent  to  offspring;  some 
of  which  may  indeed  have  been  latent  in  the  parent.  Thus  atavism  and  reversionary 
degenerations  are  equally  manifestations  of  heredity.  In  addition  to  these  qualities  of 
the  stock,  other  qualities,  first  manifested  by  one  or  the  other  parent,  are  transmitted 
to  the  progeny.  In  the  parent,  these  may  have  been  original  or  acquired;  in  the  child 
they  are  original  and  inherited. 

The  child  exhibits,  likewise,  some  original  qualities  not  manifested  by  the  parents, 
and  which  are  neither  traceable  to  an  earlier  ancestor  (atavism)  nor  attributable  to  a 
partial  reversion  to  some  lower  stage  in  the  development  of  the  species  or  race.  These 
qualities  result  from  the  particular  form  which  finally  characterizes  the  amphimixis 
of  the  two  germ-cells,  and  are  thus,  in  a  sense,  derived  from  various  ancestors.  Thus  for 
all  practical  purposes  they  are  essential,  individual  qualities  of  the  new  being,  his 
origi7ial  variations  from  type.  Should  they  be  passed  on  to  later  generations  they 
would  then  appropriately  be  called  hereditary;  but  in  the  generation  of  their  appear- 
ance they  are  best  distinguished  as  personal,  and  are  here  taken  up  as  constitutional  and 
temperamental. 

Constitution  and  Temperament. — Constitution  may  be  defined  as  the  static 
personality  and  temperament  as  the  dynamic  personality.  They  may  be,  in  part 
or  in  whole,  apparently  primary  (not  necessaril}'  unique)  in  the  individual;  or 
like  those  of  the  parents;  or  like  those  of  the  family  in  general;  or  more  or  less 
distinctly  racial.  They  may  resemble  those  of  an  earlier  ancestor,  and  are  then 
atavistic  (from  "atavus,"  grandfather).  Thus  gout,  tuberculosis,  carcinoma,  some- 
times "skip"  generations;  which  means  that  the  constitution  of  the  immune  indi- 
vidual of  the  intervening  generation  differs  from  both  that  of  parents  and  that  of 
children.  Reversion  implies  the  disappearance  of  certain  evolutionary  character- 
istics of  family,  race  or  species;  and  the  reappearance  of  type  of  structure  or 
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function  belonging  to  an  earlier  stage  in  phylogeny.  It  is  always  partial,  and 
rarely  affects  the  entire  constitution  and  temperament;  but  it  may  involve  physical 
and  chemical  alterations  of  structure  that  have  important  bearings  on  the  harmony 
and  development  of  many  tissues  and  numerous  functions. 

Elsewhere  the  senior  author  has  given  reasons  for  his  opinion  that  reversion  is 
manifest  in  two  rather  obscure  conditions,  congenital  myxedema  (cretinism)  and 
acromegaly.  Certainly  the  resemblances  between  gorillas,  acromegalics  and  the  Neander- 
thal and  other  prehistoric  men  are  striking;  while  some  of  the  tribes  of  the  Far  North 
present  at  least  superficial  likeness  to  the  physiognomy  of  cretins.  A  degeneration — or 
more  strictly,  an  arrest  of  development  or  an  involution — that  is  partial  and  untimely, 
must  necessarily  differ  from  conditions  that,  being  timely  and  proportionate,  are  in 
themselves  normal.  Hence  the  parallelism  cannot  be  exact;  and  the  abnormal  condi- 
tion is,  physically  at  least,  worse  than  the  normal  one  which  it  inharmoniously  re- 
produces.    Microcephaly  may  be  of  similar  origin. 

Atavistic  and  reversionary  characteristics  may  appear  at  birth,  though  they 
are  then  rarely  recognized  unless  manifested  as  malformations  (supernumerary 
fingers,  webbed  toes,  etc.)  As  a  rule,  they  become  recognizable  at  a  stage  of  indi- 
vidual development,  varying  in  correspondence  with  their  character.  An  individ- 
ual, though  born  of  apparently  normal  parents,  may  be  degenerate;  and  the 
descendant  of  degenerates  may  exhibit  defects  more  striking  than  those  of  his 
progenitors. 

The  term  "degeneracy,"  rather  than  "reversion,"  is  used  as  a  rule,  when  the  ob- 
served defects  pertain  chiefly  to  the  nerve  system,  and  especially  when  there  is  mental 
and  moral  impairment.  Degeneracy  may  be  the  consequence  of  parental  intoxication, 
acute  or  chronic,  not  only  with  lead,  mercury,  alcohol,  morphine,  and  the  like,  but  also 
with  the  toxins  of  infectious  ailments,  especially  syphilis  and  tuberculosis.  Doubtless 
also  it  may  result  from  privation,  anxiety,  overwork,  and  other  depressive  and  exhaus- 
tive influences. 

It  is  sometimes  said  that  acquired  qualities  cannot  be  transmitted  and  hence 
that  parental  disease  cannot  affect  the  constitution  of  the  offspring.  This  e-xtreme 
view  is  no  longer  considered  tenable  in  general  biology  and  it  never  met  with 
acceptance  in  medicine.  It  is  true  that  mutilations  are  not  inherited,  and  that 
injection  transmitted  by  way  of  ovum  or  spermatozoon,  is  not  properly  to  be  con- 
sidered an  inherited  quality;  but  any  form  of  disease  which  can  sufficiently  modify 
the  chemical  life  of  tissue  elements  in  general  can  affect  the  germ-plasm  likewise; 
and  it  is  in  this  manner  that  hereditary  immunities  and  liabilities  arise. 

That  variation  in  behavior  of  cells  can  be  produced  by  modifying  the  environment, 
and  that  such  variations  tend  to  be  transmitted  through  several  generations,  has  been 
demonstrated  by  many  experiments  with  unicellular  organisms,  both  animal  and  vege- 
table. The  longer  or  more  intensely  a  given  alteration  of  environment  acts  upon 
bacteria,  the  longer  it  is  before  there  is  a  return  to  the  original  characters  when  these 
bacteria  are  restored  to  their  usual  habitat.  It  is  also  well  known  that  pathogenic 
bacteria  can  be  deprived  of  virulence  and  non-pathogenic  bacteria  can  be  rendered  viru- 
lent by  altering  the  nutrient  media  or  the  physical  conditions  of  culture.  The  activity  of 
sugar-splitting  yeasts  can  be  heightened  enormously  by  cultivating  successive  genera- 
tions on  media  progressively  enriched  and  otherwise  modified;  and  new  hydrolyzing 
properties  can  be  developed  in  the  enzymes  of  various  organisms  by  similar  methods 
of  producing  adaptation  to  environment. 

The  digestive  enzymes  of  vertebrates  are  subject,  within  limits,  to  similar 
modifications  by  change  of  dietary.  Granting  that  this  is  confined  to  the  life  of  the 
individual,  it  is  nevertheless  an  hereditary  change  in  various  generations  of  secret- 
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ing  cells.  There  are  many  reasons,  however,  for  believing  that  persistence  in  a  given 
dietary  for  generations  results  in  permanent  adaptation  of  this  order;  that  is  to  say, 
the  norm  of  the  species  or  variety  undergoes  transformation. 

It  is  through  enzymes,  likewise,  that  the  nutrient  activities  of  all  cells,  including 
tissue-elements,  are  carried  on.  These  bodies,  indeed,  form  the  link  between  living 
and  non-living  matter.  Their  function  is  not  restricted  to  decomposition  {analysis) 
of  compounds  presented  by  crude  foodstuffs  and  circulating  plasmas,  for  they  also 
possess  the  power  of  recomposition  {synthesis)  of  these  cleavage  products  into  the  form 
most  suited  to  the  needs  and  functions  of  the  special  cell.  In  discussing  the  agents 
that  affect  respiration  and  gastroenteric  digestion,  we  shall  have  occasion  to  examine 
this  subject  further.  Here  it  need  only  be  pointed  out  that  just  as  Bacillus  prodigiosus 
may  be  given  a  chromogenic  or  non-chromogenic  habit  by  variations  in  temperature; 
just  as  streptococci  may  be  habituated  to  a  greater  or  less  degree  of  pathogenic 
activity  by  transmission  through  more  or  less  resistant  animals;  just  as  Bacillus 
typhosus  may  acquire  under  artificial  cultivation  a  non-pathogenic  habit;  so  the  tissue 
elements  of  man  may  become  habituated  to  a  certain  method  of  cleavage  of  foodstuffs 
and  plasmas,  and  a  certain  method  of  synthesis  of  cytoplasma  and  bioplasma.  This 
new  habit  may  affect  all  or  some  of  the  tissue  elements;  and  it  will  be  transient  or 
permanent  in  accordance  with  the  duration  and  intensity  of  the  intrinsic  or  environ- 
mental factors  giving  rise  thereto.  Nutritional  disorders  thus  excited,  may  be  ex- 
pressed in  such  gross  metabolic  abnormalities  as  gout  and  saccharine  diabetes;  or  in 
more  recondite  modifications  of  cell-nutrition  and  function,  including  doubtless  many 
forms  of  disease  that  we  now  designate  by  such  indefinite  terms  as  functional  disturb- 
ance, neurosis,  psychosis,  etc.  If  the  disturbance  become  permanent  in  the  individual 
it  is  likely  to  affect  germ-plasm  as  well  as  somaplasm,  and  thus,  if  not  neutralized 
by  the  other  conjugal  element,  be  transmitted  to  future  generations. 

As  an  illustration  of  conjugal  neutralization,  it  may  be  interpolated  that  the  child 
of  a  tuberculous  person  is  likely  to  escape  tuberculosis  if  the  other  parent  be  of  gouty 
or  rheumatic  diathesis. 

Even  if  a  condition  be  but  transient  in  a  parent,  it  may  reappear  in  a  child 
conceived  during  the  period  of  its  influence.  Thus  may  originate  not  only  meta- 
bolic disorders,  but  also  liabilities  to  specific  forms  of  infection,  and  to  affections 
and  degenerations  of  special  organs  and  systems;  which  may,  or  may  not,  be  the 
same  in  the  child  as  those  affected  in  the  parent. 

Maternal  influences  of  this  occasional  character  can  more  often  be  traced  than 
paternal  ones,  but  both  have  been  demonstrated.  Not  only  chemical  and  physical,  but 
also  psychic  factors  operating  upon  either  parent  may  be  reflected  in  the  individuality 
of  the  child.  Also  certain  elements  in  the  child's  constitution  and  temperament  are  to  be 
referred  not  so  much  to  father  or  to  mother  as  to  the  conjugation  of  just  these  two 
individuals,  as  when  consanguinity  or  other  similarity  of  parents  intensifies  in  the 
progeny  of  their  union  common  beneficial  or  detrimental  traits;  or  when  a  marked  dis- 
proportion in  their  ages  or  relative  vigor  gives  rise  to  disharmony  in  the  constitution 
of  their  children.  It  may  here  be  repeated  that  the  original  immunities  and  liabilities 
of  an  individual,  whether  they  be  inherited  or  personal,  need  not  reproduce  exactly  those 
of  either  parent.  This  is  especially  to  be  remembered  in  connection  with  atavisms,  re- 
versions, degenerations,  nervous  ailments  and  such  specific  infections  as  tuberculosis. 

Neuropathic  or  psychopathic  liabilities  may  have  originated  in  nutritional 
disorder,  in  infectious  malady  or  in  intoxication  of  the  parent,  as  well  as  in  nerve 
disease.  The  hypotrophy  (defective  power  of  repair)  which  permits  tuberculosis 
to  develop  upon  the  invasion  of  Koch's  bacillus  may  be  innate,  although  neither 
parent  may  have  shown  any  sign  of  tuberculosis.  This  condition  is  so  important 
that  it  may  be  discussed  in  some  detail  by  way  of  illustration. 

The  recognized  causes  of  acquired  hypotrophy  are  depression,  privation  and  excess. 
Depression  includes  psychic  factors  principally:  grief,  disappointment,  fear,  shame, 
anxiety,   shock,    religious   gloom   and   terror  and    similar   influences.     Privation   includes 
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wants  of  all  kinds:  want  of  proper  food,  want  of  fresh  air;  want  of  light,  want  of  heat, 
want  of  clothing,  want  of  shelter,  want  of  cleanliness,  want  of  enjoyment  and  the  like. 
Excess  inchuU'S  whatever  wastes  vital  energy;  therefore  not  only  dissipation — and 
especially  sexual  debauchery — but  also  exhausting  and  unremitting  labor,  whether 
physical  or  mental;  overeating  and  overdrinking;  prolonged  lactation,  lactation  continued 
during  pregnancy;  too  frequent  pregnancies;  the  dyscrasic  effects  of  various  forms  of 
disease,  as  typhoid,  measles,  diabetes;  and  violent  or  consuming  emotions,  as  rage, 
greed,  jealousy,  inordinate  ambition.  A  man  or  woman  exposed  to  one  or  more  of 
these  influences  may  apparently  escape  their  consequences,  but  be  unable  to  procreate  off- 
spring of  normal  vitality.  Children  may  likewise  be  born  hypotrophic  when  their 
parents  are  too  young  or  too  old;  when  many  children  are  born  in  quick  succession; 
when  there  is  great  disparity  in  the  ages  of  parents,  especially  if  the  wife  be  the  elder; 
when  the  mother  is  insufficiently  nourished,  or  is  overworked  or  harassed  during  preg- 
nancy; when  either  parent  has  suffered  with  syphilis,  diabetes  or  carcinoma;  and  in 
general,  when  procreation  has  occurred  under  unfavorable  conditions. 

Liabilities  to  metabolic  disorders  may  originate  in  a  similar  way  from 
influences  operating  upon  parents  and  first  finding  overt  manifestion  in  children. 

Inherited  modifications  of  cell-habits  are  not  confined  to  liabilities;  they  may 
also,  as  we  have  seen,  transmit  acquired  immunities.  Certainly  it  is  difficult  to 
account  on  any  other  hypothesis  for  the  so-called  ''normal"  antitoxins  and  other 
specific  antibodies. 

In  constitution  and  temperament  then,  we  discern  over  and  beyond  the  cell- 
habits  of  tissue  and  organs,  a  certain  iiidividiiaUty  of  the  directive  influence.  It 
may  be  sufficient  or  insutticient,  normal  or  perverse.  The  individual  accordingly 
exhibits  in  general  or  in  particular  a  vigor  or  feebleness,  a  susceptibility  or  insus- 
ceptibility to  environmental  influences,  a  readiness  or  lack  of  self-defense,  a  com- 
pleteness or  insulficiency  of  self-repair,  which  cannot  be  located  in  any  organ, 
tissue  or  plasma.  It  can,  as  yet,  neither  be  definitely  characterized,  nor  analyzed 
into  tangible  elements;  but  however  obscure  in  character  and  origin,  it  must  be 
recognized  and  considered  in  treatment. 

We  have  now  to  differentiate  a  little  more  closely  between  constitution  and 
femperamcnt.  Temperament  is,  in  a  certain  sense,  the  expression  of  constitution. 
Constitution  is  the  physical  and  chemical  conflguration;  temperament  the  mode  of 
reaction  resulting  therefrom.  Nevertheless,  persons  of  approximately  the  same  con- 
stitution may  differ  in  temperament.  The  difference  is  not  entirely  psychic,  nor 
even  nervous,  though  it  is  frequently  manifested  by  nervous  phenomena.  The 
ancient  doctrine  of  the  temperaments  with  their  division  into  "bilious,"  "sanguine- 
ous," "lymphatic"  and  "nervous"  does  not  accord  with  modern  views  of  physiology. 
We  must  still  take  account,  however,  in  the  rather  indefinite  way  alone  possible, 
of  the  marked  differences  manifested  by  individual  human  beings  in  their  general 
form  of  response  to  environmental  stimuli.  The  characteristic  quality  of  this 
response  is  what  is  here  meant  by  temperament.  It  may  be  described  (not  defined) 
by  its  chief  elements — the  general  sensibility  of  the  organism,  and  the  general  power 
of  inhibition.  These  may  be  mingled  in  varying  degrees;  and  temperament  varies 
accordingly.  Such  charaetoristics  are  most  readily  appreciated  in  mental  phe- 
nomena. One  is  alert,  another  sluggish;  one  choleric,  another  patient;  one  impul- 
sive, another  judicial;  one  effusive,  another  self-contained.  Insensitiveness,  how- 
ever, must  not  be  mistaken  for  inhibitory  power.  The  imperturbability  of  this  one 
may  be  a  delect,  owing  to  lack  of  perception,  of  imagination  or  of  strong  feeling; 
the  calmness  of  that  one  may  be  a  superiority,  betokening  a  high  degree  of  self- 
control.  These  and  like  differences  are  the  manifestations  of  a  variety  in  somatic 
organization,  which  finds  additional  expressions  in  functions  other  than  j)syt'hic,  and 
also  to  some  extent  in  morphology.    This  fact  is  vaguely  recognized  with  regard  to 
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the  slight,  excessive  or  aberrant  influence  of  drugs  on  certain  persons,  in  the  use 
of  the  term  idiosyncrasy — which  signifies  a  condition,  and  hence  a  reaction,  peculiar 
to  the  individual.  Idiosyncrasy  may  be,  like  Mesopotamia,  "a  blessed  word,"  but 
its  use,  after  all,  is  merely  a  translation  of  our  ignorance  into  Greek. 

Reasons  have  elsewhere  been  given  for  the  view  that  some  of  the  phenomena  termed 
idiosyncratic  depend,  proximately,  on  excessive  vasomotor  lability,  or  other  form  of 
autonomic  imbalance.  This,  it  is  true,  pushes  our  ignorance  only  one  step  back,  yet 
that  step  may  yet  be  followed  by  another. 

Influence  of  Personality  on  Treatment. — The  same  individual  differences 
that  make  men  more  or  less  resistant  to  the  disturbing  influences  of  drugs,  make 
them  more  or  less  resistant  to  the  disturbing  influences  of  microbes,  toxins,  physical 
forces,  emotion  and  other  excitants  of  disease.  These  differences,  as  we  have  seen, 
find  proximate  explanations  in  cell-habits,  modified  by  directive  tendency  (organ- 
ism-habit). 

Such  habits  of  tissue-elements,  organs  and  organism,  must,  if  recognized, 
necessarily  influence  therapeusis  considerably.  In  certain  conditions,  as  for  ex- 
ample, acromegaly,  cretinism,  vasomotor  ataxia,  gout  and  many  cases  of  tubercu- 
losis, epilepsy  and  various  mental  disorders,  these  habits,  as  expressed  in  diathesis, 
constitution  and  temperament  are  the  veritable  intrinsic  morbific  factors  that  finally 
determine  treatment. 

Thus  in  epilepsy  the  bromides  are  used  to  counteract  abnormal  cell-habits,  while 
by  regulation  of  diet,  and  of  physical  and  mental  activity  the  attempt  is  made  to  evade 
immediate  causes  of  paroxysmal  nervous  discharge.  The  management  of  gout  and 
diabetes  has  been  discussed.  The  reeducative  procedures  in  locomotor  ataxia  have  been 
indicated.  In  reversionary  conditions  the  only  co7-rective  methods  available  are  sup- 
plementation and  vicarious  action,  when  the  defect  is  atrophic,  as  of  the  thyroid  gland 
in  cretinism;  and  attempted  neutralization,  antagonism,  or  counteraction,  when  the 
defect  is  hypertrophic,  as  of  the  pituitary  body  in  acromegaly.  Psychic  measures,  sim- 
ilarly corrective,  and  principally  pedagogic  and  disciplinary,  are  to  be  employed  in 
cases  of  innate  mental  disharmony,  with,  of  course,  due  attention  to  the  evasion  of 
immediate  factors  of  derangement.  It  is  possible  that  further  knowledge  will  find 
some  physical  or  chemical  basis  for  these  conditions,  permitting  intelligent  use  of 
tangible  agents — perhaps  hormones,  as  thymus,  pituitary,  thyroid  and  ovarian  secre- 
tions; or  chemical  compounds,  natural  or  synthetic,  found  to  exist  in  nerve  tissue. 
The   correction   of   morbid   cell-habits   underlying   tuberculosis   is   elsewhere   considered. 

The  general  therapeutic  indications  of  individuality  as  distinguished  from 
racial  and  family  inheritance,  do  not  call  for  extended  discussion.  The  endeavor 
is  made  to  avoid  the  agents  of  special  danger,  to  increase  general  organic  vigor; 
and  to  evoke  the  natural  defensive  reactions  by  the  special  form  of  educative 
procedures,  or  the  particular  kind  of  specific  stimulus  that  the  circumstances  call 
for.  In  addition,  attempts  may  be  made,  as  means  are  discovered,  to  correct 
abnormal  cell-habits,  and  thus  to  get  rid  of  the  diathesis  or  predisposition  or  morbid 
tendency. 

To  accomplish  these  objects  the  physician  must  be  on  the  alert  to  recognize 
individual  liabilities  and  to  obtain  as  clear  a  notion  as  possible  of  their  origin;  so 
that  he  may  determine  whether  or  not  they  are  corrigible  by  any  methods  known  to 
science.  If  incorrigible,  they  become  permanent  modifying  factors  in  all  the  patho- 
logic reactions  of  the  individual.  They  are  thus  of  twofold  significance;  first  in 
determining  the  relative  importance  of  symptoms  as  indications  for  treatment;  and 
secondly,  as  influencing  the  choice  of  remedies  whether  by  indication  or  by  contra- 
indication.    This  is  one  of  the  reasons  why,  other  things  being  equal,  the  family 
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practitioiun-  wlio  knows  his  patient's  constitution  and  temperament  can  helj)  the 
sick  man  when  a  stranger  miglit  fail. 

Thus,  the  relative  inijjortaiico  of  ocular  error  as  an  exciting  or  determining 
factor  of  asthma,  migraine,  digestive  disorders,  neurasthenia  and  other  aberrations, 
depends  largely  on  the  individual  temperament.  In  a  subject  of  vasomotor  ataxia 
it  is  very  likely  to  cause  paroxysmal  or  recurring  disorder  of  some  kind,  as  proved 
by  the  complete  or  partial  disa])pearance  of  symptoms  with  the  use  of  correcting 
lenses.  Other  factors,  such  as  the  kind  of  eyework  done,  the  patient's  sex,  age 
and  general  or  special  constitutional  characteristics  go  to  make  up  the  sum-total 
of  morbid  phenomena  in  each  case ;  and  these  also  need  individual  study.  Likewise 
in  a  sul)ject  of  autonomic-endocrine  imbalance,  marked  derangements  of  various 
sorts  may  arise  upon  the  incidence  of  exciting  causes  which,  either  because  of  their 
kind,  or  of  their  relatively  feeble  intensity,  would  disturb  other  persons  slightly, 
or  not  at  all.  Among  tliese  are  factors  so  different  in  kind  as  emotion  (especially 
rage  and  fright),  atmospheric  temperature,  physical  contacts,  and  the  pollens,  dusts, 
plant  poisons,  and  other  substances  to  which  hypersensitiveness  may  be  demon- 
strated by  skin  reactions. 

These  and  other  temperamental  characteristics  may  become  contraindications 
of  high  importance. 

For  example,  in  a  case  of  early  pulmonary  tuberculosis  in  a  young  man  of  neu- 
rotic parentage  for  whom  the  best  course,  other  things  being  equal,  would  have  been 
to  take  a  long  sea-voyage,  or  to  rough  it  upon  a  mountain  ranch,  the  patient's  insuper- 
able distaste  for  the  tedium  of  the  one  method  and  the  companionship  involved  in 
the  other,  might  make  it  necessary  to  find  a  different  way  of  changing  his  environ- 
ment. Yet  with  youths  of  a  steadier  balance  or  a  more  adventurous  disposition,  the 
rejected  measures  would  prove  of  great  advantage.  In  some  cases  of  neuralgia,  it  is 
proper  when  there  is  no  direct  contraindication,  to  inject  morphine  for  the  relief  of 
pain;  but  knowledge  of  a  patient's  morbid  inheritance,  or  individual  lack  of  inhibition, 
might  cause  such  treatment  to  be  withheld.  So.  too,  the  prescription  of  alcoholic  stimu- 
lants often  involves  a  serious  risk.  Furthermore,  no  drug  capable  of  inducing  habit- 
formation  should  ever  be  used  without  due  consideration  of  the  temperamental  factor. 
As  already  intimated,  the  significance  to  be  attached  to  such  symptoms  as  pain  and 
sJveplessness  will  be  modified  considerably  by  the  knowledge  of  the  patient's  slight 
endurance  on  the  one  hand,  or  temperamental  stoicism  upon  the  other. 

Bacteria,  altered  by  change  of  environment,  resume  their  original  activities 
when  returned  to  their  ordinary  cultural  conditions.  Similarly,  when  the  causa- 
tive elements  of  constitutional  and  tenijieramental  defects  are  known,  or  reasonably 
to  be  inferred,  partial  correction,  at  least,  is  often  possible.  This  is  brilliantly 
shown  in  the  so-called  modern  hygienic  treatment  of  tuberculosis;  which,  by  the 
way,  is  neither  modern  nor  the  treatment  of  tuberculosis ! 

The  elements  of  this  treatment  are,  fresh  air,  sunshine,  rest,  exercise,  water,  food. 
The  skill  of  the  practitioner  is  shown  in  proportioning  these  to  the  needs  and  progress 
of  the  patient.  In  so  far  as  they  are  the  treatment  of  that  specific  liability  to  tubercu- 
lous infection  for  which  in  the  absence  of  a  better  designation  we  have  adopted  Jac- 
coud's  term  "hypotrophy,"  they  are  attempts  to  correct  an  abnormal  personality  by 
reversing  the  methods  of  its  origin.  For  exhausting  labor  are  substituted,  first,  rest, 
and  then  regulated  exercise;  for  confinement,  open  air;  for  depression,  encouragement, 
and  so  on,  throughout  the  list.  But  it  is  necessary,  in  the  first  place,  to  make  these 
substitutions  with  discretion;  and,  in  the  second  place,  to  push  them  beyond  a  mere 
return  to  the  conditions  of  normal  life.  Other  things  being  equal,  cold  and  altitude 
are  highly  desirable;  but  some  patients  endure  neither,  and  others  can  only  gradually 
be  inured.  Respiratory  exercises  are  commonly  helpful;  but  they  must  be  instituted 
gradually  and  they  must  then  be  persisted  in,  even  after  apparent  recovery.     So   too, 
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by  regulation  of  diet,  by  appropriate  exercise,  by  stimulation  of  emunctories,  the  abnor- 
mal plasmatic  environment  of  gouty  tissue-elements  may  be  in  a  measure  corrected, 
outbreaks  held  in  checli,  and  a  better  germ-plasm  for  future  generations  gradually  be 
established. 

Cliiklren  of  neurotic  predisposition  may  sometimes  escape  overt  manifestations 
through  proper  regiUation  of  their  life,  including  study  and  occupation,  while  in  the 
presence  of  actual  disorder  recovery  can  only  take  place  when  the  environment  is 
suitably  ordered.    No  sul)ject  is  better  worthy  of  miniite  study. 

It  is  necessary  to  remember,  liowever,  that  although  the  indications  for  cor- 
rection of  abnormal  personality  may  be  sufficiently  plain,  yet,  in  a  given  case,  they 
may  be  overshadowed,  or  even  negatived,  by  pathologic  indications. 

Pulmonary  tuberculosis,  which  illustrates  so  many  therapeutic  principles,  may 
again  be  chosen  for  an  example.  Hy|)otrophy  in  itself,  as  well  as  by  the  vascular 
hypotension  which  usually  accompanies  it,  by  the  restriction  of  respiratory  excursus 
and  especially  by  the  lack  of  apical  ventilation,  ordinarily  calls  for  respiratory  gym- 
nastics or,  when  patients  are  too  feeble  to  breathe  properly  without  aid,  for  the  use 
of  pneumotherapeutic  apparatus.  These  measures  are  beneficial  and,  indeed,  neces- 
sary, so  long  as  there  is  no  liquefaction,  no  active  hemorrhagic  tendency,  no  febrile 
movement  from  tuberculization  or  from  mixed  infection;  but  in  the  presence  of 
any  of  the  conditions  enimierated,  pulmonary  exercise  should  be  restricted. 

Indeed,  in  certain  cases  artificial  pneumothorax  is  produced  by  injection  of 
air  or  nitrogen,  in  order  to  compress  the  affected  lung,  and  thus  assure  rest  to  the 
inflamed  tissue  and  diminish  absorption  of  toxic  matters. 

So  too,  in  regard  to  medication.  The  agents  indicated  by  hypotrophy  are 
chiefly  roborants  as  arsenic,  iron,  nux  vomica,  lecithin,  glycerophosphates,  diges- 
tants,  etc;  early  tuberculization  indicates  chiefly  the  iodine  group  and  calcium 
salts;  in  selected  cases,  tuberculin.  When  mixed  infection  exists,  as  also  in  the 
presence  of  catarrhal  processes,  the  phenol  group  and  colloidal  silver  are  commonly 
of  service.  In  cases  characterized  by  high  temperature  and  rapid  pulse,  digitalis 
is  x)f  great  benefit.  Certain  bacterines  also  promise  to  be  useful.  As  set  forth  in  the 
discussion  of  the  various  agents,  it  is  sometimes  wise  and  sometimes  unwise  to 
continue  the  use  of  roborants  with  that  of  other  drugs. 

In  addition  to  the  considerations  already  set  forth,  the  anatomical  and 
functional  characteristics  of  the  individual — which  go  to  make  up  a  sum  total 
of  conditions  that  must  have  influenced  the  reaction  to  morbific  factors — have  to 
be  taken  into  account.  Thus  treatment  will  be  modified  by  the  patient's  plethora 
or  anemia,  his  ol)esity  or  spareness,  tlie  comparative  development  of  various  organs 
and  the  relative  activity  of  various  functions. 

An  ohese  person  may  be  better  and  longer  able,  than  one  without  superfluous  fat, 
to  get  along  on  a  minimum  diet  during  an  acute  illness;  on  other  hand  he  is  more 
likely  to  need  artificial  support,  as  by  alcohol  or  strychnine.  A  plethoric  patient  may 
need  bleeding,  especially  under  conditions  that  diminish  the  ability  of  the  heart  to 
carry  the  burden  of  circulation;  or  when  there  is  especial  danger  of  cerebral  congestion. 

When  a  patient  has  normally  a  feeble  pulse  or  low  vascular  tension,  these  condi- 
tions observed  during  the  course  of  an  infectious  malady  do  not  in  themselves  call 
for  the  administration  of  digitalis  or  other  cardiant;  yet  they  must  induce  careful 
watching  of  the  circulation  and  a  due  estimate  of  its  sufficiency  to  the  demands  of 
the  occasion. 

The  presence  of  chronic  ailments  of  any  kind,  must  similarly  modify  the 
treatment  of  intercurrent  maladies  and  affections.  They  enter  into  the  existing 
individuality,    and    sometinies    constitute    tlie    greatest    obstacles    to    spontaneous 
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recovery,  as  well  as  the  chief  dilheulties  in  treutnient.     It  id  scarcely  necessary  to 
particularize. 

Two  illustrations  should  suffice:  A  damaged  Jicart  needs  additional  support  during 
the  course  of  a  febrile  infection.  When  chronic  jjcpliritis  exists,  one  must  be  especially 
cautious  in  the  administration  of  drugs  that  might  be  poisonous  should  excretion  be 
delayed,  or  that  might  tend,  in  the  course  of  excretion,  to  irritate  the  kidneys  or  inter- 
fere with  renal  function. 

Age. — The  period  of  life  inilucnccs  both  the  causation  and  development  of 
disease  and  the  susceptibility  to  remedies.  It  is  therefore  of  considerable  importance 
as  a  modifying  factor  in  treatment.  In  tiiis  book,  as  in  most  others,  statements  made 
without  qualifying  context,  apply  as  a  rule — though  even  so,  Avith  modifications  for 
every  lustrum — to  the  three  or  four  decades  of  early  and  middle  life ;  that  is  to  say, 
from  about  the  twentieth  to  about  the  fiftieth,  or  perhaps  the  sixtieth,  year. 
Infancy,  childhood,  adolescence  on  the  one  side  of  this  jjcriod,  and  advancing  age 
upon  the  other  side,  present  special  etiologic,  pathologic  and  therapeutic  problems. 

"The  child  is  not  simply  a  little  man ;  he  is  an  undeveloped  man."  Not  only 
the  tremendous  transformation  of  puberty  is  yet  in  the  future,  but  other  differences, 
qualitative  as  well  as  quantitative,  separate  the  infant  from  the  young  child,  the 
child  from  the  adolescent.  Similarly,  there  are  important  developmental  differences, 
evolutionary  and  involutionary,  between  the  adolescent  and  the  adult;  between  the 
man  or  woman  in  full  vigor  and  one  who  has  passed  the  climacteric.  Nor  is  the 
term  development  as  here  used  to  be  restricted  to  the  histologist's  narrow  meaning 
of  cell-multiplication.  It  refers,  in  the  youthful  organism,  to  differentiation  also; 
and  above  all  to  completion  of  organization.  As  to  the  declining  organism,  it  refers 
to  the  degenerations  and  disorganizations  of  senescence.  The  ag'ed  man  is  not 
merely  a  person  of  lessened  vigor,  but  one  whose  tissues  have  undergone  definite 
disabling  changes. 

Infancy  and  Childhood. — The  influence  of  the  wdiole  upon  its  parts — the 
aggregation-taxis  or  directive  agency  which  forced  itself  upon  attention  in  the 
analysis  of  individuality — is  imperfect  in  the  infant ;  and  its  establishment  in  the 
child  is  slow.  Hence  the  great  susceptibility  of  the  newborn  to  all  sorts  of  disorgan- 
izing influences ;  the  variety  of  disease-forms  and  their  usually  rapid  course  among 
children  of  all  ages;  the  high  mortality  of  the  first  lustrum,  and  especially  of  the 
first  year  and  first  month. 

On  the  other  hand,  cell-life  is  vigorous,  and  the  reserves  of  vital  energy  as  yet 
scarcely  drawn  upon.  If  the  exciting  causes  of  disturbance  can  be  brought  under 
control,  and  dangerous  accidents — such  as  cerebral  abscess  following  otitis  media, 
or  suffocation  by  laryngeal  obstruction  in  diphtheria — be  averted,  recover}'  from 
apparently  desperate  illness  sometimes  takes  place  in  a  surprising  numner. 

The  fundamental,  so  called  vegetative  life — that  is  to  say,  cell  nutrition  and 
metabolism  in  its  grosser  forms — is  well  established  at  birth;  and  the  alimentary, 
circulator}'  and  respiratory  series  of  functions  soon  become  active  and  highly 
responsive  to  external  stimuli.  The  functions  of  animal  life — sensation,  perception, 
action  of  striated  muscdes — remain,  however,  for  many  weeks  feeble  and  inco- 
ordinate. The  psychic  life — even  in  its  simplest  phases  of  volition  and  consciousness 
— can,  for  the  first  few  months,  scarcely  be  said  to  exist;  but  after  the  first  year, 
it  is  of  rapid  development.  Its  perversities  sometimes  become  stumbling  blocks 
in  the  way  of  physician  and  nurse. 

Even  among  the  vegetative  functions,  coordinating  mechanisms  and  especially 
the  central  inhibitions^  are  for  a  long  while  poorly  developed,  or  even  wanting. 
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The  cells  in  general  are  in  an  embryonal  condition,  which  at  once  renders  them 
more  liable  to  certain  forms  of  injury  and  more  active  in  repair.  Growth  is 
extremely  rapid,  but  readily  interrupted  and  perverted;  and  it  imposes  many 
liabilities. 

Immediately  after  birth  tlie  infant  is  exposed  to  peculiar  dangers  consequent  upon 
the  changes  from  placental  to  digestive  alimentation,  and  these  are  increased  when 
the  mother's  milk  is  unwholesome  or  artificial  feeding  must  be  resorted  to;  hence  the 
great  death  rate  among  babes  of  a  week.  The  rudimentary  condition  of  inhibitive 
paths  and  centers  entails  a  liability  to  disorderly  reflex  motions — convulsions  upon  slight 
provocation.  This  is  most  marked  in  the  early  months,  but  persists  into  the  early 
years  of  life.  In  those  of  normal  organization  it  diminishes  in  degree  and  finally 
disappears,  as  development  goes  on.  But  in  degenerates  or  others  of  neuropathic  con- 
stitution it  may  reappear  in  later  life,  in  the  form  of  epileptic  and  other  paroxysmal 
nervous  discharges.  To  excessive  or  poorly  inhibited  reflexes  in  connection  with 
various  exciting  causes  are  owing  likewise  such  phenomena  as  laryngismus  stridulus, 
spasmodic  croup,  pylorospasm  and  intussusception  of  the  bowel. 

To  supply  the  demands  of  growth  and  to  prevent  intoxication,  the  digestive  appara- 
tus, the  blood  making  organs,  the  lymphatics,  the  heart  and  the  blood  vessels,  as  well 
as  the  emunctories,  are  called  upon  to  do  increasing  work.  This  is  sometimes  in  excess 
of  their  capacity;  perhaps  by  reason  of  defective  development,  perhaps  because  of 
imperfect  adaptations  or  adjustments.  Hence  disorders  and  affections  of  these  organs 
— and  especially  of  the  alimentary  tract — as  well  as  local  or  general  dystrophies — are 
frequent  in  childhood.  Partly  from  labile  chemistry  and  partly  from  imperfect  thermo- 
taxis,  temperature  is  easily  disturbed.  It  rises  high  upon  any  excitation,  even  emo- 
tional, and  varies  normally  through  a  larger  range  than  is  exhibited  by  the  adult. 
The  tendency  persists,  but  in  diminishing  degree,  until  puberty.  So  too,  the  child's 
pulse,  normally  of  high  frequency,  is  disturbed  and  espocially  increased  by  slight  causes. 
Teething  has  recognized  liabilities,  both  during  the  first  and  second  dentition;  among 
them  reflex  disturbances  not  only  distinctly  nervous  in  character,  but  also  expressed 
as  liabilities  to  inflammatory  reactions  in  the  throat,  the  ears,  the  bronchi  and  the 
intestines.  About  the  time  that  bones  and  muscles  are  sufficiently  developed  for  the 
child  to  crawl  and  walk  rachitis  may  become  manifest;  or  anterior  poliomyelitis  assume 
its  titular  form  of  infantile  paralysis. 

Certain  liabilities  of  infants  and  young  children  are  owing  to  the  small  size  of 
their  parts.  Thus  the  larynx  is  easily  obstructed,  as  by  the  pressure  of  enlarged  glands 
or  by  false  membrane.  The  bronchi  quickly  become  occluded  by  retained  mucus  and 
by  inflammatory  swelling.  Even  moderate  enlargement  of  the  tonsils  or  of  the  adenoid 
tissues  of  the  nasopharynx  will  interfere  with  respiration.  Swelling  of  the  thymus 
gland  may  quickly,  and  even  fatally  obstruct  the  windpipe. 

The  blood  vessels  also  are  more  liable  to  show  weakness  than  in  adults,  hematomas 
occur,  and  such  syndromes  as  the  various  purpuras,  including  peliosis  rheumatica,  un- 
common in  adults,  are  relatively  frequent  among  children.  The  "marbled"  or  mottled 
appearance  of  the  skin  which  indicates  a  tendency  to  angioneurotic  disorders,  is  some- 
times to  be  observed.     It  is  intensified  by  chilling,  diminished  by  heat. 

Both  special  liabilities  and  special  immunities  are  manifested  as  regards  local  and 
general  infections.  Thus,  for  example,  nursing  children  are,  ordinarily,  highly  resistant 
to  the  exanthemata  and  to  typhoid  fever,  perhaps  because  of  antibodies  in  the  mother's 
milk;  but  are  quite  susceptible  to  erysipelas,  as  also  to  thrush  and  other  localized 
infections  of  the  mouth  and  throat.  Certain  infections,  as  rubella,  chicken-pox,  measles, 
scarlet  fever,  whooping  cough,  are  peculiarly  maladies  of  children;  in  part  because 
adults  enjoy  an  acquired  immunity.  Other  infections,  as  diphtheria,  are  more  frequent 
in  children,  although  the  acquirement  of  a  definite,  lasting  immunity  by  adults  has 
not  been  demonstrated.  Localized  infections,  such  as  arthritis,  pericarditis,  endo- 
carditis and  otitis  media  are  likewise  specially  prone  to  occur  in  childhood,  as  compli- 
cations of  influenza  and  of  many  of  the  exanthemata;  particularly  so  when  the  mouth, 
throat  and  nasal  passages  are  unclean,  inflamed  or  the  seat  of  enlarged  glands. 

Tuberculous  infection  is  common  and  frequently  unrecognized  among  infants  and 
young  children.  Its  most  immediately  dangerous  expression  is  meningitis.  Its  most 
frequent  manifestations  are  affections  of  the  alimentary  and  respiratory  tracts.  Re- 
current  bronchitis    and    bronchopneumonia   of    children    are    so    often    tuberculous    in 
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origin  that  this  cause  should  always  be  suspected.  Bronchopneumonia,  sometimes 
tuberculous,  sometimes  of  other  etiology,  is  quite  likely  to  supervene  upon  measles, 
whooping-cough  and  other  of  the  common  infections.  It  runs  a  severe  and  very  often  a 
dangerous  course;  while,  on  the  other  hand,  lobar  pneumonia,  as  seen  in  the  child,  is  a 
comparatively  mild  ailment.  Typhoid  fever  is  also  mild  when  occurring  in  those  under 
twelve  years  of  age. 

The  foregoing  illustrations  by  no  means  exhaust  the  list  of  the  peculiar 
relations  ])etween  the  developing  organism  and  the  special  forms  of  disease,  but 
they  are  sullicient  to  empliasize  tlie  importance  of  these  relations  in  the  therapeutic 
diagno.^is.  The  iudicalions  derived  from  sjx'cial  and  specific  etiology  as  well  as 
those  derived  from  patliology  and  symptomatology  must  obviously  bo  modified  in 
many  particulars.  .  In  especial,  the  sensitiveness  of  the  alimentary  canal  and 
renal  tracts  to  irritation,  and  the  facile  depression  of  Ibe  nervous  system,  afford 
evident  contmindicaiions  to  the  use  of  irritating  or  depressing  drugs  that  might  be 
safely  and  helpfully  administered  to  an  adult. 

On  the  other  hand,  the  erethism  of  children  sometimes  makes  the  administration 
of  sedative  drugs  imperative  in  comparatively  large  or  frequent  doses,  under  circum- 
stances which  would  not  necessitate  their  prescription  for  an  older  person.  The  timely 
and  sufficient  use  of  camphorated  tincture  of  opium  may  prevent  distressing  paroxysms 
of  spasmodic  croup,  or  avert  convulsions  in  cases  of  difficult  teething  in  which  lancing 
has  failed  to  give  sufficient  relief.  Infants  with  pylorospasm  sometimes  require  doses 
of  atropine  far  beyond  any  quantity  ordinarily  appropriate  to  their  age. 

So,  too,  the  danger  of  cardiac  failure  in  infections  accompanied  with  profound 
toxemia,  for  example  diphtheria,  calls  not  only  for  the  maintenance  of  rest,  but  also, 
in  many  cases  for  the  prompt  anticipatory  use  of  such  agents  as  musk,  camphor, 
atropine,  caffeine,  or  strychnine.  Due  elimination,  important  in  all  patients,  is  doubly 
so  in  children.  Their  secretions  and  excretions  must  be  persistently  watched,  and 
if  necessary,  stimulated.  Evacuation  of  the  bowel  at  the  outset  of  treatment  is  often 
most  important.  The  domestic  practice  of  "physicking"  with  castor  oil  is  empirically 
good,  although  its  crudeness  may  advantageously  be  modified. 

Nutrition  must  of  course  be  sustained,  but  excessive  quantities  of  food  are  not 
necessary.  Water  alone,  or  barley  water,  or  very  small  quantities  of  beef  juice,  or  of 
albumin  water,  may  be  sufficient  for  many  days;  and  thus  in  cases  of  alimentary 
infection  the  practical  withholding  of  food,  and  especially  of  fermentable  substances,  for 
a  time,  may  be  a  most  important  measure.  Alcohol  is  valuable  both  as  a  non-fermenting 
energy-yielding  non-protein  food  and  as  a  stimulant;   but  it  is  not  always  needed. 

In  many  forms  of  disturbance  of  the  alimentary  tract,  cleansing  evacuation,  fol- 
lowed by  careful  regulation  of  diet,  will  alone  be  sufficient  to  permit  easy  and  prompt 
natural  recovery.  This  and  similar  simple  means  may  also  be  efficacious  in  disorders 
of  apparently  nervous  origin;  the  real  trouble  being  in  the  alimentary  canal.  Parasites 
may  be  present;  there  may  be  irritation  from  undigested  food,  or  intoxication  from 
decomposed  or  otherwise  improper  food  or  bacterial  poiSons.  Expulsion  of  the  irritant 
is  thus  followed  by  recovery. 

Hardly  second  to  the  alimentary  canal  in  etiologic  importance  is  the  upper  air 
tract;  the  common  air  and  food  passages,  in  particular.  Many  infectious  agents  find 
here  their  easiest  portal  of  entrance;  and  it  is  not  only  possible,  but  probable,  that 
some  of  the  ordinarily  harmless  microorganisms  of  the  nose,  mouth  and  throat  may, 
under  the  influence  of  changed  secretions,  or  in  states  of  lowered  resistance,  acquire 
virulence  and  give  rise  to  systemic,  as  well  as  local,  disease.  So-called  rheumatic  fever 
(acute  infectious  polyarthritis)  is  frequently,  although  not  invariably,  originated  by  in- 
fection of  the  tonsils  and  adjacent  structures.  Many  cases  of  chronic  cardiac  affection, 
and  sometimes  of  persistent  cardiac  infection,  may  be  traced  to  unregarded  or  neglected 
throat  infections  of  early  life. 

The  care  of  the  nose,  the  teeth,  the  mouth,  the  throat,  the  removal  or  adequate 
disinfection  of  enlarged  tonsils  or  other  abnormal  adenoid  aggregations,  are  thus  neces- 
sary in  treatment,  indispensable  in  prophylaxis. 

Finally,  the  tendency  of  disease  in  children  to  run  an  active  and  rapid  course 
makes   quick   decision   imperative.     Slight   disorders   must  Lot   be   neglected;    they   may 
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soon  becoite  threatening  or  reduce  resistance  to  a  point  permitting  dangerous  infection. 
Either  expectant  treatment  must  be  deliberately  adopted,  through  knowledge  of  its 
safety  and  superiority,  or  intervention  be  prompt  and  sufficiently  active.  Especially  are 
promptitude  and  sufficiency  necessary  v^^hen  the  specific  antitoxins  are  indicated. 

Attention  must  be  unremitting,  for  changes  are  quick  and  danger  may  develop 
unexpectedly.  Nor  should  there  be  a  premature  cessation  of  effort  in  apparently  des- 
perate cases.  In  acute  bronchopneumonia,  for  example,  the  willingness  to  waste,  if  it 
prove  waste,  a  little  more  oxygen,  may  make  all  the  difference  in  the  issue.  Above 
all  things,  stimulation  is  to  be  instituted  and  continued;  for  a  short  prolongation  of 
the  period  of  struggle  may  be  sufficient  to  allow  the  recuperative  forces  to  obtain  the 
mastery,  and  thus  result  in  the  rescue  of  life. 

Late  Middle  Life  and  Old  Age. — In  general,  we  understand  by  late  middle 
life  the  period  between  the  fortieth  year  and  the  oii'^oming  of  old  age.  The  latter 
terminns  is  not  fixed.  Age  is  not  a  matter  of  years  only.  One  person  is  old  at  fifty, 
another  still  middle  aged  at  seventy.  Sixty  years  may  be  taken  as  an  approximation 
to  a  rule,  but  heredity,  social  condition,  occupation,  habits,  personality,  climate,  the 
vicissitudes  of  life,  all  have  much  to  do  with  the  advent  of  the  time  at  which 
degenerative  changes  shall  henceforth  predominate.  Marked  differences  are  also 
to  be  observed  in  the  distribution  of  these  changes  and  in  their  rate  of  progress. 
Some  fortunate  individuals  are  like  the  "one  boss  shay"  of  Dr.  Holmes.  They 
enter  upon  a  well-balanced  old  age,  in  which  the  heart  is  "just  as  strong"  as  the 
stomach,  and  the  kidneys  functionate  as  actively  as  the  brain.  In  others,  one  or 
another  organ  begins  to  fail  prematurely,  or  fails  with  disproportionate  intensity 
or  rapidity.  In  general,  apart  from  sexual  involution,  it  is  the  arteries  that  are 
most  carefully  to  be  interrogated;  and,  again,  as  arterial  changes  are  uniform 
throughout,  or  disproportionately  great  in  certain  regions,  will  the  phenomena  of 
physiologic  senility  differ.  When  arteriosclerosis  is  premature,  excessive,  or  unduly 
localized,  the  condition  passes  over  into  the  domain  of  special  pathology.  In  women 
who  have  safely  weathered  the  climacteric,  and  have  escaped  uterine  and  mammary 
carcinoma,  sex  imposes  no  special  senescent  liabilities;  but  in  men,  enlargement  of 
the  prostate — and  a  catheter  life — too  often  supervenes.  In  both  sexes  there  is 
usually  some  vesical  irritability. 

Advancing  age  has  likewise  special  liabilities  and  immunities  as  regards 
infections  and  specific  cell  changes.  Whether  or  not  it  be  a  part  of  the  general 
lowering  of  vital  energy,  the  susceptibility  to  carcinoma  increases  markedly  in  the 
period  of  late  middle  life.  Sometimes  a  tuberculous  infection  that  may  have  been 
latent  for  many  years  takes  on  activity.  Late  results  of  perhaps  forgotten  syphilis 
may  appear,  especially  in  the  heart,  the  arteries,  the  nerve  system.  Gout  becomes 
more  disabling  and  threatening,  particularly  if  it  be  associated  with  vascular  and 
renal  degenerations.  The  efl'ects  of  the  long  use  of  alcohol  and  of  tobacco  begin 
to  be  felt,  again  more  markedly  in  the  arteries.  Also  the  wear  and  tear  of  life — 
the  results  of  the  striving,  the  fatigue,  the  grief,  the  anxiety,  the  privations,  the 
noble  and  the  ignoble  passions  and  emotions  of  years — are  now  exhibited.  Angina 
pectoris,  aneurysms,  cardiac  myopathies,  scleroses  of  organs,  spinal  scleroses  and 
the  like,  may  be  manifested ;  cerebral  hemorrhage  or  thrombosis  is  among  the 
possibilities.  Pneumonia  is  more  readily  contracted,  and  is  also  more  threatening 
to  life. 

On  the  other  hand,  the  infections  of  earlier  life  have  left  many  acquired  immuni- 
ties; and  in  addition  there  is  a  lessened  susceptibility  to  typhoid  infection,  apparently 
independent  of  chemical  immunity  in  the  ordinary  sense.  Diabetes  mellitus,  espe- 
cially in  the  obese  and  the  gouty,  is  milder  in  those  beyond  forty-five  years  of  age, 
than    in    younger   persons.     Indeed    the    gravity   of   the   prognosis    in    this    disorder   Is 
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almost  in  inverso  geometric  proportion  to  the  age  at  which  symptoms  are  first  mani- 
fested. 

The  aged  are  not  only  less  capable  of  exercise  than  in  earlier  life,  but  unless  they 
are  sufficiently  wealthy  to  have  private  conveyances,  are  likely  to  be  housed  a  great 
deal,  perhaps  permanently.  This  is  especially  the  case  with  city  dwellers,  and  with 
women  more  than  men.  Deprivation  of  activity,  air  and  sunshine,  still  further  lowers 
vitality,  and  as  a  minor  consequence,  is  apt  to  induce  constipation.  To  this  latter  result, 
however,  muscular  atony  and  the  diminutions  of  the  secretions,  both  of  stomach  and 
of  intestines,  are  contributing  factors. 

Owing  to  the  lessened  vitality  of  the  tissues,  both  morbid  and  recuperative  reactions 
are  less  marked.  Disease  in  the  aged  is  thus,  to  use  an  old  term,  usually  "asthenic." 
This  means  an  insidious,  and  sometimes  a  prolonged  course;  but  if  one  is  not  alert  to 
catch  the  meaning  of  the  early,  vague  symptoms,  a  fatal  termination  may  come  with 
surprising   rapidity. 

In  the  general  pathologic  picture  of  age,  chronicity  is  naturally  prominent.  The 
main  principles  underlying  the  treatment  of  chronic  ailments,  which  is  almost  an  art 
in  itself,  are  discussed  in  other  connections.  Here  two  special  points  demand  brief  at- 
tention: (1)  The  existence  of  chronic  disease  modifies  the  evolution  and  symptomatology 
or  intercurrent  ailments,  and  must  therefore  modify  therapeusis  also.  (2)  The  chronic 
ailments  of  the  aged  are  subject  to  recurring  exacerbations,  which  the  physician  must 
recognize  as  such,  and  not  mistake  for  the  onset  of  acute  disease.  Both  prognosis  and 
treatment  will  be  modified  by  this  recognition.  In  some  instances  expectancy  may  be 
more  patient;  in  others,  however,  intervention  must  be  prompt.  Thus  in  chronic  affec- 
tion of  the  kidneys,  the  ever  present  danger  of  severe  and  rapid  uremic  poisoning 
makes  it  necessary  to  act  quickly  and  decisively  upon  the  first  vague  intimations. 
Nausea  and  apparent  gastric  disturbance,  even  when  unaccompanied  with  vertigo, 
should  direct  attention  to  the  cerebral  circulation,  particularly  in  cases  of  frank  arterio- 
sclerosis, but  even  when  the  peripheral  arteries  in  an  old  person  are  not  markedly 
altered.  Examination  of  the  vascular  eyeground  may  in  such  cases  be  the  means  of 
clearing  up  the  diagnosis.  But  without  wandering  into  fields  with  w^hich  we  have  no 
immediate  concern,  the  lesson  of  watchfulness  and  promptitude  is  sufficiently  apparent. 

The  indications  for  modification  of  treatment  furnished  by  old  age  are  suffi- 
ciently obvious  to  permit  of  brief  statement.  Support  of  the  vital  powers  is  always 
necessary;  rest  is  to  be  instituted  promptly;  nutrition  must  be  well  maintained; 
stimulation  should  be  moderate  but  sufficient.  The  heaj't  and  vessels  must  be 
watched  closely.  The  skin,  the  kidneys  and  the  bowels  should  be  kept  in  moderate 
action.  It  is  to  be  borne  in  mind,  however,  that  even  in  physiologic  senility,  the 
general  standard  of  functional  efficiency  is  normally  lowered.  When  there  is 
chronic  disease  or  infirmity,  the  depression  of  certain  functions  is  still  more 
marked  and  the  capacity  of  the  tissues  for  increase  of  work  still  more  impaired. 
No  greater  mistake  could  be  made  than  to  attempt  to  whip  and  spur  the  jaded 
organs  into  the  activity  of  youth.  That  would  mean  exhaustion  and  death.  To 
determine  the  extent  to  which  therapeutic  activation  of  function  is  needed,  and 
by  what  means  it  can  best  and  most  safely  be  effected,  is  one  of  the  most  difficult 
problems  presented  to  the  physician.  It  calls  for  the  wisest  judgment  and  the 
most  skillful  art.  Lives  that  might  be  lost  under  a  do-nothing  policy  are  often 
saved  by  judicious  intervention.  Can  it  be  said  that  death  is  never  hastened  by 
overanxious,  injudicious  meddling?  It  is  ever  to  be  remembered  that  ha.lance< 
of  function  constitutes  health,  and  that  it  is  sometimes  better  to  depress  all  func- 
tions to  a  common  lower  level,  than  to  attempt  to  raise  the  specially  depressed 
functions  to  a  normal  height.  The  environment  must  be  adapted  to  the  individual's 
impaired  ca])acity  of  adjustment. 

t<upplemeiiiation  and  compensation  are  likely  to  be  sluggish,  and  it  may 
tax  ingenuity  to  find  safe  ways  to  arouse  or  rej)lace  them.  Knowledge  of  the 
patient's  constitution  and  temijerament,  his  hereditar}'  and  acquired  tendencies, 
is  here  most  helpful.     The  family  physieiau  may  thus  be  in  better  position  to 
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judge  what  is  wisest,  than  the  most  eminent  consultant  who  has  no  acquaintance 
with  the  patient's  personality. 

In  the  aged,  the  reserve  force  is  at  a  minimum,  as  in  children  it  is  at  a 
maximum;  and  recovery  from  desperate  conditions  is  less  frequent.  Yet  as  with 
children,  so  with  the  old,  persistent,  judicious  effort  is  sometimes  rewarded  with 
surprising  rallies.  Complete  restoration  is  rarely  to  be  expected  in  the  very  old. 
Convalescence,  as  a  rule,  is  slow,  and  must  be  guarded  attentively. 

In  the  management  of  the  aged,  change  of  climate  permanently  or  with  the 
seasons,  is  often  advisable,  both  protectively  and  in  treatment.  It  is  not  always 
attainable  however,  and  then  the  home  environment  must  be  made  as  favorable 
as  possible.  For  most  persons  of  fifty  or  more,  doing  mental  work,  the  mild 
stimulus  of  a  moderate  quantity  of  wine  at  the  midday  and  evening  meals,  is 
of  considerable  health-preserving  value.  For  those  doing  physical  work  malt 
beverages  are  better. 

Old  persons  need  as  a  rule,  to  be  kept  warm.  Even  in  febrile  affections,  it 
may  be  necessary  to  apply  external  heat  to  the  extremities.  The  pneumonias 
in  the  old,  as  in  the  young,  call  for  fresh  air — but  in  the  old  for  relatively  warm 
fresh  air  (75°  to  80°).  In  any  ailment,  abrupt  changes  of  position  are  to  be 
avoided,  for  the  circulatory  balance  is  easily  disturbed.  The  diet  demands  skillful 
regulation.  The  quantity  of  food  need  not  be  great,  but  the  quality  must  be 
carefully  adjusted  to  the  individual  and  the  ailment.  In  acute  disease,  as  a 
rule,  milk,  koumyss,  buttermilk,  beef -juice,  broths,  barley  water  and  semi-solids, 
such  as  junket,  custard  and  soft  boiled  eggs,  are  preferable.  Small  quantities 
should  be  given  every  one,  tAvo,  or  at  most,  three  hours.  It  is  often  necessary  to 
continue  this  feeding  through  the  night,  when  the  patient  wakes  from  time  to 
time;  but  it  is  rarely  wdse  to  rouse  the  patient  from  sleep  to  administer  either 
food  or  medicine.  The  use  of  predigested  foods,  especially  of  those  which  con- 
tain both  protein  and  carbohydrate  digested  by  pancreatin — as  the  so-called 
"peptonized  milk  gruel"  of  Eoberts — is  often  judicious.  Digestive  ferments  and 
lactic  acid  bacilli  are  likewise  useful.  The  judicious  use  of  alcohol — preferably 
as  brandy — is  often  of  great  importance,  especially  in  acute  maladies. 

Counterirritation,  diaphoresis,  revulsion,  depletion  and  like  measures  are  not 
absolutely  forbidden  in  the  aged,  but  are  to  be  considered  carefully  and  applied 
with  discretion.  Nevertheless  one  should  not  hesitate  to  purge,  sweat,  blister, 
dry-cup,  wet-cup,  leech  or  open  a  vein,  when  the  indications  for  such  measures 
are  clear;  and  serious  mischief — especially  in  cases  of  threatening  cerebral  con- 
gestion or  renal  failure — may  be  averted  by  so  doing. 

The  responsiveness  to  drugs  of  the  aging  and  the  aged  is  in  some  instances 
increased,  in  others  diminished.  This  fact  must  be  taken  into  consideration 
in  treatment.  No  rule  can  be  laid  down,  because  the  condition  is  complex.  In- 
dividual susceptibility  differs  as  to  different  agents,  and  the  susceptibility  to  a 
given  agent  differs  with  the  individual.  Moreover,  the  readiness  or  sluggishness 
of  response  to  the  influence  of  a  particular  drug  depends  in  part  upon  the 
character  and  extent  of  the  degenerative  changes  in  specialized  tissue.  It  is 
thus  indeed,  one  of  the  symptoms  indicative  of  pathologic  change.  As  a  rule, 
arteriosclerosis  and  a  certain  tendency  to  crises  of  vascular  spasm  is  present 
whether  overtly  or  latently,  in  all  old  persons.  The  nitrites  are  therefore  fre- 
quently to  be  employed — with  discretion,  of  course — either  as  adjuvants  or  as 
the  principal  remedy.  When  it  is  necessary  to  use  a  cardiac  tonic,  especially 
in  cases  of  arrhythmia  other  than  auricular  fibrillation,  digitalis  should  not  be 
employed,  in  the  absence  of  definite  and  specific  indication;  and  even  in  such 
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cases  the  drug  should  not  he  continued  too  long.  Sparteine  seems  to  have  special 
advantages. 

Sex. — In  discussing  the  bearing  of  sex  upon  etiology  from  the  viewpoint  of 
therapeutics,  we  are  not  concerned  with  the  local  or  general  results  of  venereal 
infection,  or  with  the  special  forms  of  disease  as  they  afl'ect  the  genitals.  We  have 
to  consiilcr  briefly  (1)  puberty  and  the  cliinacteric  in  both  sexes;  and  (2)  the 
manner  in  which  mnsculinity  and  feminirdty  respectively  modify  the  evolution 
of  disease  and   (lie   iuthience  of  remedies. 

Whether  puberty  be  early,  timely  or  delayed,  it  is  always  accompanied  with 
marked  mental  as  well  as  physical  changes,  and  these  may  become  serious  disturb- 
ances. Usually  the  disturbances  pass  harmlessly  and  call  for  no  special  therapeutic 
interference.  Sometimes,  however,  bo3's  as  well  as  girls,  especially  when  the  sexual 
change  is  precocious  or  unduly  deferred,  suffer  with  vague  symptoms.  These 
are  chiefly  nervous  in  character,  as  headache,  languor,  inability  to  work  or  study, 
restlessness,  irritability,  exaltation,  depression  and  so  forth.  At  times  there  are 
digestive  disorders,  l^atent  tuberculosis  or  inherited  syphilis  may  become  overt. 
Epilepsy  may  first  sliow  itself,  or  become  more  marked.  Anemia  is  not  uncommon, 
and  in  the  girl  assumes  a  chlorotic  type.  Autonomic  imbalance  and  endocrine 
disharmony  may  become  for  the  first  time  clearly  evident,  and  their  manifestations 
may  exhibit  some  approach  to  periodicity.  The  symptomatology  of  acute  ailments 
occurring  during  this  time  is  modified.  Nervous  i)henomena  may  be  more  marked, 
or  the  child  may  exhibit  an  apathy  that  does  not  belong  to  the  ordinary  course  of 
the  malady  or  affection  present.  When  the  appearance  of  the  catamenia  is  unduly 
delayed,  girls  sometimes  suffer  with  abdominal  pains,  backache  and  other  symptoms 
referable  to  pelvic  disorder.  In  both  sexes  acne  frequently  makes  its  appearance 
during  the  sexual  ripening,  and  may  persist  for  years. 

The  indications  are  chiefly  of  a  hygienic  order.  Nutrition  must  be  well  main- 
tained by  a  simple  and  unstimulating  diet,  with  a  sufficiency  of  all  food  principles.  The 
skin  is  to  be  kept  in  active  function  by  bath  and  friction,  in  some  cases  by  definite 
hydrotherapeutic  procedures.  The  alimentary  canal  is  to  be  kept  clean.  Enough  water 
should  be  taken  to  flush  the  kidneys  properly.  Rest  is  sometimes  necessary;  usually 
however,  exercise,  preferably  in  the  open  air,  should  be  sufficient  to  induce  gentle 
fatigue,  so  that  bed  may  be  sought  early  and  sleep  come  promptly.  Parents  should 
supervise  carefully  the  associations,  the  reading,  the  theatre-going  and  other  amuse- 
ments of  their  children;  and  talk  frankly  of  the  nature  of  the  impending  physiologic 
change  and  of  the  dangers  to  which  carelessness  and  indiscretion  may  lead.  Some- 
times the  timidity,  ignorance  or  unwise  conservatism  of  parents  throws  this  duty  upon 
the  physician.  Study  should  be  minimized,  or  omitted,  and  wholesome  play  encouraged. 
The  sending  of  girls  into  shof)s  and  factories  at  this  critical  period  of  life  is  a  tragedy 
of  our  immature  civilization. 

When  medication  is  needed,  the  selection  of  remedies  is  to  be  determined  by  the 
particular  symptoms  manifested.  Nervines — as  bromides,  valerian,  belladonna — are 
sometimes  useful,  but  are  not  to  be  used  needlessly  or  for  too  long  a  time.  Thyroid 
or  ovarian  preparations  may  be  of  benefit  in  some  cases  of  delayed  menstruation  with- 
out lesion  of  the  pelvic  organs.  Iron  and  arsenic  are  useful  in  chloro-anemia.  Prep- 
arations of  phosphorus  are  of  service  at  times,  especially  in  boys  troubled  with  emissions. 

But  we  need  not  go  into  further  detail.  The  general  principles  of  avoidance, 
protection,  elimination,  neutralization,  antagonism,  correction,  supplement aiion, 
are  evidently  to  be  ap])lied  by  such"  means  as  are  best  adapted  to  all  the  circum- 
stances of  the  individual  case. 

The  special  liabilities  of  femininity  are  better  known  than  those  of  masculinity. 
Apparently,  however,  many  men  suffer  from  the  same  sort  of  periodic  nervous 
discomfort  as  that  which   attends  tlie  catamenia  among  most   civilized  women. 
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Irritability  of  temper,  depression  of  spirits,  more  or  less  derangement  of  circulation 
and  digestion,  and  especiall}'  migrainous  crises,  are  thus  to  be  found  in  both  sexes 
as  more  or  less  regularly  recurrent  phenomena. 

Women,  however,  exhibit  the  greater  tendency  not  only  to  periodic  nervous 
disturbance,  but  also  to  vascular  crises  and  vasomotor  disorders  in  general.  Allied 
with  this  is  their  greater  liability  to  affections  of  the  thyroid  gland,  and  possibly, 
of  other  ductless  glands. 

It  is  true  that  certain  neuromuscular  ailments — for  example,  Raynaud's  syndrome, 
erythromelalgia,  angina  pectoris— affect  men  chiefly.  This,  however,  is  more  than 
offset  by  the  great  preponderance  of  women  among  those  exhibiting  Graves'  syndrome 
and  certain  other  autonomic  disturbances;  particularly  migraine  and — so  far  as  our 
personal  observation  goes — circumscribed  edema,  both  cutaneous  and  visceral.  More- 
over, their  angioneurotic  imbalance  may  exhibit  itself  in  a  peculiar  manner  from  which 
men' are  altogether  exempt— that  is  to  say,  as  recurring  metrorrhagia,  or  as  menorrhagia, 
or  as  dysmenorrhea.  The  disturbances  of  the  climacteric  are  but  rarely  paralleled  during 
the  sexual  involution  of  the  male.  Chiefly,  however,  the  liability  under  discussion 
expresses  itself  in  the  milder  forms  of  vasomotor  disorder.  The  proportion  of  women 
entirely  free  from  these  is,  if  we  may  take  our  own  observation  as  a  criterion,  very 
small. 

In  the  other  sex  it  is  principally  among  artists,  using  the  term  broadly,  that  one 
meets  with  an  equally  general  vasomotor  motility. 

In  close  correspondence  with  this  is  the  greater  susceptibility  of  women  and  of 
men  of  the  "artistic  temperament"  to  disturbances  of  all  kinds  from  emotion.  The 
epithet  "feminine" — not  "effeminate,"  which  means  something  quite  different — as  ap- 
plied to  men  of  delicate  susceptibilities,  evidences  the  popular  recognition  of  a  pro- 
found physiologic  truth.  The  largest  number  of  hysterical  patients  is  found  among 
women;  and  of  hysterical  men,  the  larger  proportion  exhibits  the  "feminine"  type 
alluded  to.  Neurasthenics  and  hypochondriacs  are  more  frequently  men  than  women; 
for  strange  as  it  may  seem,  women  endure  far  better  than  their  brothers,  the  fatigue 
of  the  grind  of  life.  They  will  frequently  face  surgical  operations  more  calmly  than 
men  do,  and  they  are  less  fretful  under  severe  pain.  Cardiac  affections  are,  as  a  rule, 
more  severe  and  compensation  less  perfect  in  women,  and  serious  consequences  are 
more  apt  to  ensue  from  emotional  upsets.  In  men,  acute  dilatation  of  the  heart  is 
likely  to  have  a  physical  cause;  in  women,  we  have  known  it  to  ensue  upon  fright  un- 
attended with  physical  strain.  Nervous  disorders  of  all  kinds  are  more  pronounced 
in  the  female  sex,  and  nervous  phenomena  more  prone  to  develop  in  the  course  of  acute 
and  chronic  disease  of  all  forms. 

The  indications  for  modification  of  treatment  as  regards  sex  are  obvious.  The 
principal  considerations  are  those  of  diagnosis.  The  liability  to  periodic  disturbance  in 
men  must  not  be  overlooked;  but  its  importance  is  far  less  than  that  of  the  monthly 
change  in  women.  Rest  at  this  time  is  often  imperative  and  may  be  the  only  treatment 
needed.  Drugs  that  might  tend  to  check  or  to  increase  the  catamenial  flow — when  not 
intended  for  such  purpose — are  to  be  used  cautiously  and  attention  must  be  paid  to 
the  time  of  their  administration  in  relation  to  the  physiologic  cycle.  The  possibility 
of  pregnancy  is  always  to  be  borne  in  mind,  and  due  care  observed  in  the  choice  of 
medicaments  when  this  possibility  cannot  be  excluded.  The  special  indications  of 
pregnancy,  of  parturition,  of  lactation  and  of  the  menopause  need  not  here  be  considered. 
The  little  that  can  be  said  concerning  the  influence  of  sex  upon  drug  eflfects  is 
set  forth  elsewhere. 

The  timidity,  delicacy  and  supersensitiveness  of  women  in  general  makes  need- 
ful a  due  attention  to  the  psychic  factor  in  treatment.  What  form  it  shall  assume 
depends  upon  circumstances  and  chiefly  upon  the  personality  of  the  patient.  One 
who  is  apparently  willful  and  capricious  may  be  quite  amenable  to  a  frank  appeal 
to  her  intelligence.  Another,  who  seems  more  reasonable,  may  be  obedient  only  to 
authority.  A  third  may  better  be  managed  by  persuasion.  Eidicule  is  always 
harmful.  If  a  patient  can  be  made  to  laugh  herself  out  of  unnecessary  distress, 
it  will  be  well ;  but  she  does  not  enjoy  being  a  subject  of  laughter  to  others.    It  is 
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especially  with  so-called  "nervous"  women  that  the  physician's  judgment  is  put 
to  the  severest  test.  Ohviously  no  rules  can  be  laid  down.  Individualization,  but 
also  discretion,  is  necessary.  ]\Ianner  and  method  are  of  the  utmost  importance, 
A  genuine  desire  to  be  helpful  will  usually  find  a  natural,  spontaneous,  but  wisely 
restrained  expression ;  only  so  can  it  attain  its  i)urj)ose.  iJote  and  routine  smack  of 
imitation  and  insincerity.    Overemphasis  may  be  harmful  in  more  ways  than  one. 

Acquired  Facto  its. — The  original  elements  in  constitution — personal  and  in- 
herited, racial,  familial  and  parental — being  thus  sufficiently  evident  as  a  complexus 
of  cell-habits  advantageous  and  disadvantageous,  it  remains  briefly  to  consider  the 
acquired  elements.  These  are  chiefly  material.  Infective  microbes  may  be  conveyed 
to  the  embryo  througli  the  placenta.  In  this  way  abortion  or  death  of  the  fetus  may 
result ;  or  a  living  child  may  be  born  with  infection  in  progress ;  or  it  may  be  born 
immune ;  or  it  may  be  born  with  an  affection  or  an  iniirmity,  the  result  of  intra- 
uterine disease.  Even  if  placental  infection  be  escaped,  the  existence  of  an  infectious 
or  other  form  of  disease  in  the  mother  during  pregnancy  will  profoundly  affect  fetal 
nutrition  and  thus  influence  constitution.  Other  factors  affecting  maternal  life, 
physical  and  psychic,  also  impress  themselves  upon  the  cell-habits  of  the  child.  Thus 
starvation,  alcoholism,  drug-taking,  overwork,  grief,  anxiety,  mental  disease  and 
similar  conditions  in  the  pregnant  woman  operate  perversely  upon  the  filial  person- 
ality and  may  be  expressed  in  somatic  or  psychic  defect  or  both.  After  birth,  the 
general  morbific  factors  of  environment  come  into  play  and  if  these  cause  disease 
or  malnutrition  in  early  infancy,  the  results,  as  manifest  in  permanent  disadvan- 
tageous modification  of  the  organism,  are  to  be  included  among  the  constitutional 
or  individual  factors  influencing  etiology  and  etiologic  indications  in  later  life. 

To  sum  up,  briefly,  the  foregoing  discussions,  cell-linhits  largely  inherited, 
partly  personal,  and,  in  some  measure,  acquired,  make  up  the  basis  of  individuality. 

One  further  factor  needs  consideration.  It  was  mentioned  in  discussing  the 
genesis  of  individuality,  and  a  brief  view  of  its  more  general  aspects  may  serve 
as  a  transition  to  the  large  problems  of  cell-and-soma-action  involved  in  the 
study  of  pathologic  indicaiions,  next  in  order.  Knowledge  is  imperfect  and  exact 
terminology  impossible;  but  we  may  speak,  tentatively,  of  the  directive  influence 
of  the  soma.  It  arises  from  aggregation,  and  is  merely  one  instance  of  a 
universal  law  that  may  be  expressed  thus :  Every  aggregate,  possesses  pliysicaZ  and 
chemical  pfoperties  that  did  not  exist  in  any  of  its  components. 

On  a  large  scale  this  may  be  illustrated  by  the  heavenly  bodies.  The  earth,  by 
virtue  of  its  size,  possesses  sufficient  gravitational  power  to  hold  an  atmospheric  en- 
velope. The  moon  lacks  the  necessary  size,  and  the  atmosphere.  Hence  life,  of  the 
kind  we  know,  is  possible  on  earth  and  impossible  on  the  moon.  The  sun,  by  reason 
of  its  enormous  bulk,  is  able  to  give  out  heat  for  millions  of  years  and  thus  maintain 
life  upon  some  of  the  planets  revolving  about  it;  a  lesser  sun  would  soon  shrink  beyond 
the  possibility  of  such  heat-radiation.  In  small,  the  principle  is  illustrated  by  every 
machine  and  every  chemical  compound.  The  assembled  parts  of  a  clock,  a  sewing 
machine  or  a  locomotive,  do  work  that  is  possible  only  by  their  relations  to  one  another. 
Hydrogen  has  certain  properties,  chlorine  has  other  properties.  The  distinctive  prop- 
erties of  hydrochloric  acid  are  not,  like  its  molecular  weight,  for  example,  simply  those 
of  the  chlorine  atom  (CI)  plus  those  of  the  hydrogen  atom  (H),  but  are  new  properties 
pertaining  to  the  aggregate  molecule  HCl.  The  radioactivity  of  substances  of  high 
atomic  weight  depend  upon  the  great  number  and  consequent  arrangement  of  their 
constituent  electrons. 

The  same  principle  is  illustrated,  but  in  a  more  intricate  way,  by  the  behavior  of 
salt  solutions  in  which,  at  certain  critical  points  of  concentration  or  temperature,  vari- 
ous phenomena  of  ionization,  of  reversible  chemical  action,  of  precipitation  and  the 
like,  become  evident.  It  is  shown  again  in  the  living  cell  which  possesses  many  prop- 
erties  not   exhibited   by   any   of   its   atomic   or   molecular   constituents   when   separated 
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from  the  cell,  or  when  the  cell  is  dead.  There  is  a  certain  critical  point  at  which  such 
properties  are  manifest,  be  it  one  of  size,  of  concentration,  or  of  something  not  yet 
expressible  in  physical  or  chemical  terms. 

This  aggregate  quality  pertains  also  to  multicellular  organisms.  The  organs 
have  life  activities  beyond  those  of  the  component  cells;  and  the  soma  possesses 
a  life  that  exceeds,  although  depending  upon,  the  life  of  its  organs  and  their  tissue 
elements.  This  overpassing  of  organs  beyond  cells  and  soma  beyond  organs  is  in 
hind,  not  time.  For  organs  may  live  and  function  artificially,  after  the  organism 
is  dead ;  and  tissue  elements  may  long  survive  the  capacity  of  organs  to  functionate. 

The  influence  of  aggregation — of  evolutionary  complexity — is  shown  most 
completely  in  man,  in  whom,  beyond  the  soma-life,  there  is  a  psychic  life-phase, 
to  maintain  which,  indeed,  the  soma  seems  to  exist.  The  influence  of  psyche  upon 
soma,  of  soma  upon  organs,  of  organs  upon  tissue  elements,  is  constant  and  potent ; 
but  Ave  can  speak  of  it  only  in  the  most  vague  and  general  terms. 

Until  fairly  recently  it  was  supposed  to  be  exercised  only  through  the  nerve 
system  and  in  a  somewhat  indirect  {reflex)  manner.  Impulses  from  the  periphery 
being  carried  by  the  afferent  nerves  to  centers  in  the  brain,  the  cord  and  the  sym- 
pathetic ganglia,  these  in  response  send  out  by  the  efferent  nerves  impulses  to  the 
same  or  other  parts  of  the  periphery,  which,  acting  upon  tissue  elements,  excite  or 
inhibit  the  functions  of  organs.  We  now  know  that  there  are  also  plasmatic  coordinating 
agents,  the  hormoyies.  These  being  produced  in  one  organ,  in  obedience  to  stimuli  of 
nervous  or  chemical  origin,  influence  the  functionating  of  other  organs,  and  the  nutritive 
activities  of  various  tissues. 

The  connection  between  endocrine  bodies  and  the  autonomic  nerve  system  is  of 
high  importance  alike  in  diagnosis  and  in  therapeutics,  but  neither  physiology  nor 
pathology  has  yet  given  the  data  upon  which  to  dogmatize.  It  may  be  suggested  that 
the  coordinating  mechanism,  however  intricate  its  arrangement  and  however  numerous 
its  parts,  must  be  considered  as  a  whole;  in  which  light  the  endocrines  may  be  regarded 
as  hypostases  of  the  autonomic  nerve  energy,  i.e.,  relay  stations  wherein  new  impulses 
are  converted  into  chemical  substances  that  may  be  conveyed  by  vascular  channels  to 
points  beyond  nerve  reach.  This  view  has  some  support  in  the  discovery  of  histologic 
elements  intermediate  between  nerve  and  gland  cells,  and  in  the  peculiar  relations  and 
functions  of  the  pituitary  gland;  but  it  is  set  forth  as  a  hypothesis  not  as  a  fact. 

There  is  no  reason,  except  our  ignorance,  to  conclude  that  no  other  mechanisms 
exist  by  which  one  part  of  the  organism  constantly  influences  another,  or  by  which 
the  organism  as  a  whole  may  influence  its  parts.  That  emotion  plays  a  large  part  in 
disease  and  recovery  we  know.  We  have  been  inclined  to  look  upon  this  as  exclusively 
nervous;  we  are  now  inclined  to  admit  a  chemical  element;  but  which  is  primary  we 
cannot  say,  nor  can  we  say  that  either,  or  both,  will  explain  everything. 

Those  phenomena  of  regeneration  of  parts  in  certain  animals,  in  which  com- 
plex structures  originally  arising  from  difi'erent  embryonic  layers  are  reproduced 
from  cells  of  the  same  layer,  and  by  processes  apparently  varying  greatly  from  the 
course  of  normal  ontogeny  and  phylogeny,  are  not  to  be  accounted  for  on  any  ordi- 
nary physicochemical  hypothesis.  We  seem  to  be  thrown  back  upon  the  hypothesis 
of  an  aggregation-taxis — ^which  we  may  try  to  think  of  in  general  physical  or 
chemical  terms,  or  to  which  we  may  apply  some  such  designation  as  biurgy, 
"hathmisni"  or  "constructive  force" — a  unique  directive  agency  which  tends  to 
maintain  or  reestablish  the  vital  configuration.  It  is  this  same  directive  agency 
that  governs  the  recuperative  reactions  in  disease,  and  makes  therapeutic  inter- 
vention possible,  by  localizing  the  efl:ect  of  remedies. 

It  is  often  insufficient.  It  is  readily  perverted  in  its  operations,  as  when  artificial 
monsters  are  produced  by  heteromorphic  regeneration.  So,  too,  natural  recuperative 
processes  fail  or  by  their  disproportion,  their  untimeliness,  or  their  unfortunate  situa- 
tion may  even  tend  to  produce  disablement  or  death  instead  of  restoration.     It  is  not. 
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however,  necessary  to  ascribe   intelligence  to  a  force  in  order  to  study  its  origin  and 
its  action.    Nor  have  we  explained  it  away  when  we  call  it  "tendency"  or  "persistence." 

Pathologic  Indications 

Pathologic  indications  are  based  upon  the  alterations — structural,  chemical 
or  functional — induced  in  the  organism  by  disease.  Such  alterations  may  be 
manifested  by  signs  and  symptoms,  or  discoverable  by  special  studies ;  or  the  knowl- 
edge of  their  presence  or  character  may  be  derived  only  from  the  records  of  the 
profession  or  the  previous  personal  observation  of  the  attending  physician.  Whether 
they  are  to  be  opjoosed,  favored  or  permitted  to  take  their  course  without  inter- 
ference, will  depend  (a)  upon  their  general  tendency  to  be  harmful,  helpful  or 
indifferent;  {b)  upon  the  ])ossibility  of  modifying  them  in  a  desired  way;  and  (c) 
upon  the  possession  of  suitable  means  by  which  to  bring  about  such  desired  modi- 
fication. In  these  respects,  pathologic  indications  do  not  differ  from  those  of  any 
other  order.  If  active  treatment  be  determined  upon,  the  attempt  to  modify  tissue 
or  body  chemism,  or  nutrition,  or  special  function,  will  be  guided  only  secondarily 
by  considerations  of  etiology. 

Functional  disturbances  and  tissue  alterations  cannot  be  separated  entirely 
in  discussion,  as  they  are  commonly  associated  in  nature;  but  in  a  parallel  con- 
sideration, one  or  other  may  be  emphasized.  Symptomatic  indications,  while  often 
overlapping  those  of  functional  pathology,  are  not  precisely  the  same;  since  the 
functional  indications  are  based  on  physiologic  mechanisms,  while  those  of  purely 
symptomatic  character  ignore  such  mechanisms. 

Structural  Changes  in  Cells 

Structural  and  chemical  changes  are  of  many  kinds.  They  may  be  quantitative, 
involving  increase  or  decrease  of  tissue,  or  substances  normal  in  character,  as  in 
hyperglycemia;  or  qualitative,  as  in  the  deposition  of  lime  salts  in  the  aortic  wall. 
They  may  affect  tissues  only,  or  fluids  only,  or  both.  They  may  be  limited,  as  in 
aneurysm;  or  extensive,  as  in  general  arteriosclerosis.  They  may  be  local,  or  gen- 
eral; confined  to  a  single  structure,  as  in  cataract,  or  involving  many  structures, 
as  in  panophthalmitis;  of  a  single  type  only,  as  in  cancer  or  inflammation;  or  of 
diverse  types,  as  in  syphilis.  They  may  themselves  constitute  the  departure  from 
health,  the  disease  form,  the  special  affection,  as  with  arterial  fibrosis,  cirrhosis 
of  the  liver,  acne  and  neoplasms;  or  they  may  be  more  or  less  essential  factors 
in  a  morbid  coniplexus,  as  with  the  intestinal  ulcers  of  typhoid  fever,  the  alveolar 
exudate  of  lobar  pneumonia,  the  nitrogen  retention  of  nephritis. 

The  therapeutic  significance  of  any  structural  or  chemical  morbid  change  in 
the  organism  will,  obviously,  depend  upon  many  factors.  It  will  differ  according 
to  the  character  of  the  change ;  the  tissues,  organs  or  systems  affected ;  the  primary 
or  sequential  changes  in  other  parts;  the  tendency  to  limitation  or  extension,  to 
spontaneous  cessation  or  indefinite  continuance;  the  rapidity  of  the  pathologic 
evolution,  the  nature  of  its  attendant  dangers,  its  tendency  to  provoke  defensive  or 
corrective  processes,  and  other  factors.  As  we  have  so  often  said,  if  instead  of  being 
disorganizing  or  destructive,  the  change  is  a  manifestation  of  a  corrective  or  recon- 
structive process,  it  may  not  indicate  active  thera])eutic  measures. 

The  morl)id  alterations  which  constitute  or  underlie  pathologic  indications 
are  to  be  studied  both  as  they  affect  single  cells  and  as  they  affect  aggregates  of 
tissue.    In  both  cases,  the  general  character  of  the  changes  is  the  same.    The  phe- 
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nomena,  exhibiting  both  destructive  and  reparative  phases  and  affecting  both  cells 
and  intercellular  substance  may  be  summarized  as  changes  in  (a)  number  and 
size,  (6)  form,  (c)  composition;  and  in  each  of  these  respects,  as  (1)  excess, 
(3)   deficiency,   (3)   perversion  or  transformation.^" 

In  so  far  as  shown  by  histologic  and  chemical  studies  of  tissues  removed  post 
mortem,  or  at  surgical  operations,  the  same  order  of  grouping  applies  to  morbid 
changes  in  all  the  tissues  and  cells  of  the  body.  Quantitative  alteration  is  expressed 
as  excesses  or  deficiencies  in  number  or  size  of  tissue  elements,  or  disproportion  in 
numerical  ratios  among  different  types  of  elements.  Qualitative  change  is  shown  by 
the  occurrence  of  cells,  tissue  forms  or  constituents  not  normally  present  in  that 
place,  or  by  the  total  loss  of  some  element  normally  present. 

The  general  characters  of  the  changes  in  tissue  elements  are  well  exemplified 
by  the  morbid  alterations  occurring  in  the  blood. 

Quantitative  increase  is  seen,  for  example,  in  erythremia,  in  leucocytosis  with  its 
various  forms  and  in  the  increase  of  the  blood  platelets.  Quantitative  decrease  of  cells 
is  observed  in  leucopenla,  in  the  anemias  and  in  platelet  deficiency  (thrombopenia). 
Decrease  of  cell  constituents  is  well  exemplified  by  chlorosis.  Disproportion  in  numerical 
ratios  is  noted  in  various  disturbances  of  the  white  cells,  such  as  lymphocytosis,  eosino- 
philia  and  the  blood  pictures  of  splenic  and  myelogenous  leukemia.  Qualitative  change 
is  seen  in  the  occurrence  of  certain  types  of  red  cells  not  found  in  normal  circulating 
blood — macrocytes,  microcytes  and  poikilocytes,  nucleated  red  cells,  stippled  cells,  as 
well  as  shadow  cells,  and  basophilic  and  other  degenerative  forms.  It  is  also  instanced 
by  the  presence,  in  the  blood  cells  or  plasma,  of  parasitic  forms — malarial  organisms, 
trypanosomes  and  filarial  embryos.  Quantitative  change  in  the  intercellular  substance 
(plasma)  is  seen  in  hyperglycemia  and  nitrogen  retention;  while  qualitative  alteration 
is  noted  in  hemoglobinemia  and  jaundice. 

In  the  solid  tissues  it  is  not  commonly  so  easily  possible  to  separate  the  patho- 
logic changes  affecting  single  types  of  cell.  Aggregates  of  tissue  elements  are 
practically  never  of  a  single  type,  though  one  type  may  predominate. 

Thus,  in  organs,  we  find  the  parenchyma  and  interstitial  tissue,  and  often  two  types 
of  parenchyma,  as  the  enzymatic  and  islet  cells  in  the  pancreas  and  the  alpha  and  beta 
types  of  the  latter,  whose  differentiation  is  important,  both  pathologically  and  thera- 
peutically. Blood  vessels  show  fibrous,  muscular  and  endothelial  coats;  bones  exhibit 
periosteum,  cancellated  tissue  and  cartilage,  etc.  Tissues  in  which  a  certain  element 
predominates  may  be  locally  massed,  as  the  heart,  liver  and  kidneys;  they  may  occur 
in  scattered  masses  or  clusters,  as  the  chromaOin  and  lymphatic  tissues;  or  they  may 
be  widely  distributed  in  continuity,  as  the  nerves,  the  blood  vessels  and  the  skin  and 
mucous  membranes. 

Morbid  changes  in  such  tissue  aggregates  may  affect  chiefly,  or  almost  solely, 
one  type  of  cell,  as  the  tubular  epithelium  of  the  kidneys,  the  beta  islet  cells  of  the 
pancreas,  or  the  dorsal  root  cells  in  the  spinal  cord.  In  such  case,  the  alterations 
may  be  localized,  affecting,  for  example,  the  dorsal  root  cells  of  only  a  small  part 
of  the  cord,  or  a  short  stretch  of  nerve,  as  in  traumatic  neuritis;  or  they  may  be 
very  extensive,  as  in  cases  of  multiple  neuritis  due  to  alcohol  or  lead  poisoning  or 
vitamin  deficiency  (beriberi).  Commonly,  when  an  organ  or  tissue  is  diseased, 
all  the  types  of  cell  entering  into  its  structure  are  more  or  less  affected. 

Thus  in  arteriosclerosis,  although  the  process  may  begin  as  a  change  in  the  mus- 
cular coat,  the  fibrous  coat  and  even  the  endothelial  lining  share  in  the  alterations. 
Similarly,  in  Bright's  disease,  the  lesion  is  practically  never  limited  to  one  type  of  renal 
cell. 

"Reversion  or  apparent  reversion  to  an  embryonal  type  or  primitive  type  is  in- 
cluded  in  this   category. 
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Whether  concentrated  or  diffuse,  whether  single  or  multiple  lesions  are  present, 
tissue  aggregates  can  only  undergo  such  changes  as  result  from  changes  in  their 
units  of  structure.  Hence,  they  fall  under  the  same  categories  as  changes  in  the 
units — destructive  or  reparative  modifications  of  size,  number,  form  and  composi- 
tion, exhibited  quantitatively  as  excesses,  deficiencies  and  disproportions,  or  qualita- 
tively as  perversions,  transformations  or  the  presence  of  abnormal  n(!\v  elements. 

The  body  fluids  may  likewise  bo  altered  destructively  or  reparatively  in  volume 
(corresponding  to  the  number  of  tissue  elements  or  size  of  organs)  in  physical 
qualities  (corresponding  to  form)  and  in  chemical  comi)Osition ;  excess,  deficiency 
(quantitative  changes)  or  perversion  (qualitative  cliange)  being  manifested  in  each 
respect.  Clianges  in  fluids  may  be  the  first  effect  of  the  pathogenic  cause  and  cell 
changes  follow. 

From  the  viewpoint  of  therapeutics,  morbid  clianges  acconi])anying  disease  may 
be  arranged  in  the  following  classes,  it  being  understood  that  the  lines  between  the 
different  classes  are   not  always  sharp: 

1.  Structural  changes  involving  the  specific  functional  cells  of  a  tissue  or 
organ,  as  the  secreting  walls  of  a  gland. 

Of  this  class  we  distinguish  three  main  types : 
(a)    Increase  in  tissue. 
(6)    Decrease  in  tissue. 
(c)    Changes  in  tissue. 

2.  Structural  changes  involving  the  connective  tissues,  supporting  cells,  blood 
vessels,  etc. 

3.  Alterations  in  the  circulating  or  tissue  fluids. 

4.  Functional  changes  involving  commonly  the  special  cells. 

Increase  in  Tissue. — The  simplest  example  which  can  be  given  of  increase  of 
the  specific  functional  cells  is  that  which  is  termed  compensatory.  As  a  general 
rule,  this  does  not  of  itself  call  for  therapeutic  interference.  We  may  cite  as  typical 
the  hypertrophy  of  the  cardiac  muscle  which  results  from  valvular  defect ;  and  the 
increase  in  size  of  a  paired  organ,  as  the  kidney,  when  its  fellow  is  removed  or 
■  destroyed  by  disease.  If  such  compensation  be  just  adequate  to  the  defect,  no  inter- 
ference is  called  for.  If  it  be  excessive,  as  is  not  uncommonly  the  case,  restraint 
may  be  indicated.  This  is  usually  to  be  brought  about  by  rest  of  the  organ  rather 
than  by  medication.  The  tumultuous  and  overacting  heart,  which  is  often  seen  in 
subjects  of  cardiac  defect  who  take  too  violent  exercise,  may  better  be  restrained 
by  rest  in  bed  for  a  short  period  than  by  administration  of  cardiac  sedatives. 

Increase  of  tissue  accompanied  by  increase  of  a  function  which  has  not  previously- 
been  deficient  is  well  exemplified  by  certain  cases  of  goiter  associated  with  increase  of 
thyroid  secretion.  The  condition  may  sometimes  be  relieved  by  restriction  of  diet,  which 
is  perhaps  an  indirect  way  of  limiting  the  intake  of  iodine;  or,  paradoxically,  by  admin- 
istering iodine,  to  supply  which  in  sufficient  quantity  may  have  been  the  primary  pur- 
pose (if  we  may  use  the  word)  of  the  increased  activity  of  the  gland.  But  the  two  types 
of  cases,  e.g..  Graves'  syndrome  and  toxic  adenoma,  must  be  discriminated;  for  in  the 
latter  iodine  adds  flame  to  the  fuel,  and  removal  of  a  portion  of  the  gland  or  other 
destructive  measure  may  be  required. 

Overgrowth  of  tissue  not  associated  with  increased  functional  activity  is  seen 
in  most  tumors,  in  many  cases  of  goiter  and  in  enlargement  of  the  pro.state  gland. 
Such  conditions  are,  as  a  rule,  amenable  only  to  surgical,  i.e.,  destructive,  measures. 
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In  most  cases  of  this  type  the  disability  caused  by  the  enlargement  is  almost  if 
not  quite  entirely  mechanical,  as  in  the  obstructed  joint-motions  occasioned  by 
exostoses  and  the  obstruction  to  urinary  flow  seen  in  prostatic  hypertrophy.  In 
other  cases,  as  in  neuromas  and  corns,  pain  is  the  chief  symptom.  Many  skin 
hypertrophies,  such  as  warts,  moles  and  rhinophyma,  call  for  treatment  by  reason 
of  the  disfigurement  they  occasion. 

Decrease  in  Tissue. — Decrease  of  tissue  or  function  is  of  much  more  frequent 
occurrence  and  much  more  likely  to  demand  medical  treatment.  The  most  obvious 
example  is  the  condition  resulting  from  traumatic  or  surgical  injury  or  destruc- 
tive  lesions. 

After  removal  of  one  kidney,  for  example,  it  may  be  necessary  to  spare  the  remain- 
ing organ  and  at  the  same  time  to  administer  diuretics  so  as  to  stimulate  it,  until 
compensatory  hypertrophy  shall  have  occurred.  In  case  the  defect  involves  a  gland 
with  a  known  secretion,  it  may  be  possible  to  supply  this  secretion  directly.  Thus,  in 
cases  of  atrophy  or  partial  surgical  removal  of  the  stomach,  its  functions  may  be  sup- 
plemented to  some  extent  by  administration  of  pepsin  and  hydrochloric  acid.  In  other 
cases,  another  organ  can  be  stimulated  to  make  up  for  the  defect.  Thus,  in  cases  of 
Bright's  disease,  the  secretory  function  of  the  kidney  may  be  increased  indirectly  by 
stimulation  of  the  circulation,  or  the  strain  on  the  kidney  may  be  temporarily  relieved 
by  diaphoresis  or  purgation. 

An  example  may  be  cited,  illustrative  of  the  fact  that  the  lines  between  the  different 
classes  are  not  hard  and  fast.  A  few  years  ago  it  would  have  been  necessary  to  class 
diabetes  mellitus  with  diseases  of  metabolism  of  unknown  origin.  Now  it  is  definitely 
shown  that  it  belongs  among  those  maladies  dependent  on  defect  of  tissue,  being  always 
associated  with  lesions  of  the  pancreas,  i.e.,  the  islands  of  Langerhans.  The  treatment 
consisted  mainly  in  a  limitation  of  diet,  reducing  the  consumption  of  carbohydrate  foods 
with  the  utilization  of  which  the  internal  secretion  of  the  islands  is  concerned.  Now, 
however,  "insulin"  can  be  employed  to  replace  the  deficient  secretion  and  to  enable  the 
body  to  utilize  a  larger  percentage  of  carbohydrate  food. 

Again  atrophy  of  voluntary  muscles,  occurring  as  a  direct  result  of  injury,  or  lesion 
of  the  motor  nerve  tract,  or  accompanying  wasting  fevers,  may  be  combated  by  massage, 
by  electricity  and  by  administration  of  strychnine. 

A  special  type  of  "decrease  of  tissue"  is  that  which  is  seen  in  the  various 
anemias.  There  may  be  either  a  decrease  in  the  number  of  red  cells,  or  merely 
a  deficiency  in  the  amount  of  hemoglobin.  In  either  case  the  treatment  consists 
in  the  administration  of  certain  remedies  which  have  been  found  by  experience 
to  stimulate  the  blood-making  organs.  In  the  forefront  of  these  are  iron  and 
arsenic.  In  many  instances  the  cause  of  the  anemia  can  be  determined,  as  hook- 
worm, malaria,  lead  poisoning,  etc.,  and  an  etiologic  indication  thus  arises.  ' 

Change  in  Tissue. — The  most  frequent  changes  in  the  structure  of  functional 
(parenchymatous)  cells  are  the  degenerations,  including  fatty  degeneration  as  seen 
in  chronic,  exhausting  maladies  and  in  poisoning  by  arsenic  or  phosphorus;  albu- 
minous degeneration  or  cloudy  swelling,  which  affects  the  liver,  kidney  and  other 
organs  in  the  course  of  infections  and  intoxications;  hyaline  and  mucoid  changes 
of  similar  causation ;  and  colloid  alteration  of  the  cells  of  the  thyroid  and  hypophysis. 
More  striking  in  its  character  than  these  is  amyloid  degeneration,  which  begins  by 
the  formation  of  a  glassy,  albuminous  body  in  the  walls  of  the  arterioles  and  capil- 
laries. The  walls  become  thickened,  leading  to  interference  with  circulation,  re- 
sulting in  atrophy  of  the  functional  cells.  The  condition  is  seen  in  tuberculosis, 
syphilis,  and  wasting  diseases  and  often  occurs  in  patients  with  chronic  suppurative 
lesions,  especially  of  the  bones.  The  change  is  most  often  encountered  in  the  liver, 
spleen  and  kidneys, 

None  of  these  conditions  is  amenable  to  direct  therapeutic  measures,  but  all  are 


INDICATIONS  AND  CONTEAINDICATIONS  135 

indications  of  grave  intoxications,  which   must   be  directly  attacked,  perhaps  by 
specific  treatment,  as  in  syphilis,  or  by  local  measures  as  in  bone  necrosis. 

Of  great  physiologic  interest  are  the  changes  in  secondary  sex  characteristics 
which  may  occur  after  castration.  In  man  there  is  a  tendency  for  castrated  males 
to  take  on  the  characters  of  the  opposite  sex,  showing  subcutaneous  deposits  of  fat 
and  enlargement  of  the  breasts.  In  birds  on  the  other  hand,  castrated  females  take 
on  male  characters,  the  comb  and  wattles  developing  and  long  tail  and  hackle 
feathers  appearing.  This  seems  to  be  due  to  the  development  of  a  secondary  sex 
gland  of  male  character,  which  is  even  capable  of  producing  spermatozoa.  The 
function  of  this  gland  is  normally  kei)t  in  abeyance  by  the  ovarian  hormone. 

Structural  Changes  in  Supporting  Tissue 

Structural  alterations  in  the  supporting  tissues  of  any  organ  are  likely  to 
result,  sooner  or  later,  in  functional  or  even  structural  changes  in  the  specific 
cells,  these  changes  being  often  nutritional  in  character. 

The  most  important  pathologic  change  beginning  in  the  supportive  or  con- 
nective tissue  cells  is  that  of  inflammation.  No  general  therapeutic  indications 
can  be  laid  down  for  the  wide  group  of  conditions  embraced  by  this  term,  but  in 
general  it  may  be  said  that  an  organ  that  is  the  seat  of  acute  inflammatory  change 
should  be  put  at  rest  as  far  as  possible,  and  that  any  deficiency  of  function  which 
may  result  is  not  to  be  treated  by  stimulation.  Apart  from  rest — if  the  seat  of 
inflammation  be  deep,  and  protection  and  soothing  applications,  if  it  be  accessible — 
the  indications  for  treatment  will  depend  mainly  upon  the  cause  of  the  inflammation 
(etiologic  indications),  or  upon  the  probable  course  (prognostic  indications). 
Infection  is  the  commonest  causative  factor,  and  perhaps  direct  trauma,  as  in  the 
case  of  caustic  poisons,  sunburn,  etc.,  is  the  next  in  importance.  In  either  case  the 
etiologic  factor  must  be  removed  or  combated.  In  some  cases  the  inflammatory 
lesion  itself  requires  special  procedures. 

Thus  in  inflammation  of  the  iris  it  is  wise  to  employ  mydriatics  to  prevent  adhesions 
forming  between  the  edge  of  the  pupil  and  the  front  of  the  lens;  in  meningitis,  effusion 
of  fluid  in  the  spinal  canal,  with  consequent  pressure  upon  the  cord,  may  necessitate 
tapping  of  the  canal,  perhaps  followed  by  injection  of  a  dilute  solution  of  epinephrine 
which  helps  to  prevent  edema  of  the  membranes. 

When  inflammation  is  associated,  either  primarily  or  secondarily,  with  infec- 
tion, and  when  originated  under  experimental  conditions  by  certain  aseptic  irri- 
tants, for  example,  mercury  and  turpentine,  leucocytic  activity  is  in  a  measure 
specialized  and  pus  is  formed.  To  a  certain  extent  this  is  protective.  Tissue 
elements  are  indeed  destroyed  by  the  leucocytes,  as  by  autolysis  and  bacterial 
activity;  but  these  are  in  the  main  impaired  cells;  while  the  bacteria  and  their 
toxins  are  fixed,  destroyed  or  neutralized ;  and  in  the  case  of  abscess  formation 
a  limiting  wall  of  leucocytes  (witli  or  without  fibrin,  according  to  the  histology  of 
the  affected  part)  restrains  the  extension  of  the  morbid  process.  Absorption  may 
take  place,  especially  when  the  abscess  is  small,  and  the  cavity  closes  in.  Large 
abscesses,  especially  those  that  open  spontaneously  or  are  incised,  repair  by  granula- 
tion or  cicatrization. 

Suppuration  probably  results  from  the  activity  of  cell  enzymes;  but  neither 
its  mechanism  nor  its  consequence  is  always  the  same.  In  other  words,  there  are 
many  kinds  of  suppuration,  and  the  old  clinical  distinction  between  "laudable" 
and  "non-laudable"  pus  was  not  entirely  without  basis.     We  cannot  here  discuss 


136  PHARMACOTHEEAPEUTICS 

unsolved  problems  of  pathology;  but  there  are  in  the  known  facts  two  important 
lessons.  First,  that  suppuration  destroys  unhealthy  tissue  and  retards  or  prevents 
the  penetration  of  morbific  agents;  and  that,  when  the  pus  has  a  free  outlet,  it 
affords  an  issue  for  harmful  material  of  many  kinds — germs,  toxins,  the  products 
of  necrosis  and  the  like.  Second,  that  pus  retained  within  the  body  may  do  harm 
mechanically,  as  by  pressure  and  displacement  of  the  organs ;  or  when  the  limiting 
or  microbicidal  process  fails,  by  formation  of  emboli,  spread  of  infection,  etc.;  or, 
through  absorption,  by  causing  intoxication.  Hence,  it  is  not  so  much  the  mere 
fact  of  pus  formation  as  the  character  of  the  pus  and  its  disposition,  that  physicians 
Ijave  to  consider. 

The  results  or  sequels  of  acute  inflammation,  such  as  fibrosis,  adhesions  and 
abscesses,  often  call  for  surgical  intervention.  Abscesses  and  other  pus  collections 
require  prompt  evacuation  which  may  often  be  followed  by  lavage  of  the  abscess 
cavity  with  dilute  or  mild  antiseptic  solutions.  Adhesions  will  often  yield  to 
massage  or  similar  measures,  designed  to  bring  about  movement  between  the 
adherent  surfaces.  Thickening  of  the  pleura  may  be  reduced  by  prolonged 
exposure  of  the  chest  to  the  rays  of  the  sun.  Fibrous  changes  in  organs,  left  as 
a  result  of  acute  inflammation,  are  not  very  amenable  to  direct  treatment.  If 
near  the  surface,  improvement  may  result  from  the  external  application  of  mercurial 
ointment.  Potassium  iodide  and  mercury  given  for  prolonged  periods,  are  also 
thought  to  be  of  value  in  such  conditions. 

The  treatment  of  chronic  inflammation  differs  with  the  organ  or  tissue 
involved.  The  remedies  indicated  in  chronic  bronchitis,  such  as  expectorants  and 
antiseptic  balsams,  would  be  of  no  value  in  chronic  inflammation  of  the  bowel, 
when  astringents  or  demulcents  might  be  of  advantage.  In  general,  it  may  be 
said  that  chronic  inflammation  calls  for  controlled  use,  instead  of  complete  rest, 
and  for  stimulating  remedies,  rather  than  for  soothing  ones. 

Thus  an  acutely  inflamed  joint  should  be  put  completely  to  rest,  being  splinted  if 
necessary  to  assure  cessation  of  motion;  but  as  the  acute  stage  passes  off,  passive  motion 
must  be  inaugurated  and  moderate  use  required  in  order  to  avoid  permanent  stiffness. 
The  exact  time  at  which  this  change  should  be  made  requires  nice  judgment  for  its 
decision. 

Alterations  in  Circulating  or  Tissue  Fluids 

These  fall  into  two  groups :  changes  in  the  composition  of  the  circulating 
blood,  including  plasma,  white  corpuscles  and  red  corpuscles;  and  changes  in  the 
composition  or  amount  of  fluid  in  the  tissues. 

(a)  Changes  in  the  circulating  plasma  are  commonly  obscure  in  origin  and 
difficult  of  treatment.  In  certain  cases  there  is  a  deficiency  of  some  special  secretion, 
such  as  that  of  the  tliyroid  gland  or  the  internal  secretion  of  the  pancreas.  Such 
alterations  in  the  plasma  have  already  been  considered  as  organ  deficiencies.  In 
many  cases  the  secretion  or  excretory  product  of  an  organ,  which  normally  passes 
out  of  the  body,  is  retained  by  the  blood,  perhaps  by  obstruction  of  the  secretory 
duct.  In  case  of  stoppage  of  the  bile  ducts,  the  bile  is  forced  back  into  the  lym- 
phatics and  thus  passes  into  the  blood.  None  is  taken  up  through  the  capillary 
walls,  as  formerly  believed.  The  successful  treatment  of  such  a  condition  depends 
on  the  removal  of  the  obstruction.  In  case  of  impacted  gallstone  this  may  at  times 
be  accomplished  by  the  use  of  antispasmodic  drugs,  of  atropine  and  morphine,  and 
perhaps  administration  of  sedatives,  narcotics  or  even  general  anesthetics.  By  this 
means  a  sufficient  relaxation  and  dilatation  of  the  duct  may  be  brought  about  to 
permit  passage  of  suprisingly  large  stones.     The  process  is  aided  by  fluidification 
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of  the  bile  as  by  sodium  succinate  and  sodium  salicylate,  dibenzyl  succinate,  or 
sodium  monobenzyl  succinate.  If  such  measures  fail,  recourse  must  be  had  to  sur- 
gery. In  cases  of  so-called  catarrhal  jaundice,  in  which  the  obstruction  to  the 
escape  of  bile  is  due  to  inflammatory  thickening  of  the  walls  of  the  bile  ducts  or  to 
the  presence  of  mucus  in  their  channels,  mercurials  and  sodium  phosphate  are  of 
value;  but,  as  in  the  case  of  gallstone,  treatment  is  directed  to  the  involved  organ 
and  not  to  the  blood. 

In  case  of  renal  inadequacy,  due  to  ureteral  obstruction  or  to  disease  of  the 
kidney,  certain  of  the  substances  normally  excreted  by  this  organ  collect  in  the 
blood,  giving  rise  to  severe  and  even  fatal  intoxication.  In  certain  conditions  the 
failing  kidneys  may  be  directly  stimulated  by  diuretics.  Often  treatment  must 
be  directed  to  the  pathologic  alteration  in  the  blood  plasma  itself.  Thus  the 
toxemia  may  be  relieved  by  bleeding,  followed  by  saline  infusion,  so-called  lavage 
of  the  blood.  In  less  severe  toxemias  the  poisons  may  be  partly  removed  from  the 
body  by  intense  sweating  or  purgation. 

Changes  in  the  white  blood  cells.  The  treatment  of  primary  leucocytosis, 
the  cause  of  which  is  still  obscure,  is  largely  based  on  the  pathologic  indication. 
It  is  known  that  x-rays  act  destructively  on  those  tissues  in  which  leucocytes  have 
their  origin,  and  advantage  is  taken  of  this  fact.  In  cases  of  myelogenous  leucemia 
the  long  bones  are  exposed  to  the  action  of  the  rays;  in  splenic  leucemia  the  spleen 
is  similarly  treated ;  and  in  the  lymphatic  type  the  entire  body  may  be  exposed. 

Changes  in  the  red  blood  cells.  Among  the  most  typical  examples  of  a  chemi- 
cal pathological  indication  is  one  which  is  bound  up  with  a  special  change 
in  the  composition  of  the  hemoglobin,  namely  carbon  monoxide  poisoning.  The 
treatment  which  is  most  effective  is  the  early  inhalation  of  pure  oxygen.  This 
measure  is  directed  against  the  pathologic  condition,  namely,  the  presence  of 
carbon  monoxide  hemoglobin,  and  not  against  the  etiologic  factor  which  has 
ceased  to  act  as  a  rule  before  the  case  comes  under  treatment. 

In  the  treatment  of  primary  anemias,  and  in  secondary  anemias  after  the 
curative  factor  has  received  due  attention,  the  pathologic  factor  is,  at  present,  of 
chief  therapeutic  importance.  The  use  of  iron,  with  the  idea  of  supplying  this 
element  or  of  stimulating  the  blood-forming  organs,  is  directed  specifically  against 
the  reduction  of  hemoglobin.  Germanium,  a  direct  stimulant  to  red  cell  production, 
has  a  definite,  if  limited,  usefulness.  Arsenic  also  has  a  place,  but  while  the  mode 
of  its  action  is  obscure,  it  may  be  classed  here  among  agents  increasing  blood 
formation.  Transfusion  is  an  even  more  direct  method  of  supplying  healthy  cells. 
Red  corpuscles,  preserved  by  Robertson's  method,  can  be  injected,  if  these  are  avail- 
able. Feeding  with  liver  tissue  or  extract  has,  in  some  cases,  proved  of  great 
benefit.  In  erythremia,  phenylhydrazine  hydrochloride  (a  destructive  agent)  and 
bleeding  (a  process  of  removal)  have  palliative  value. 

(b)  Changes  in  the  tissue  fluids.  The  most  important  and  frequent  is  that 
increase  of  fluid  known  as  edema.  Here  the  etiologic  indications  should  be  studied 
with  great  care  and  met  if  possible.  The  collection  of  fluid  may  be  reduced  by 
general  means,  such  as  diuresis,  purgation  and  sweating,  or  by  topical  measures. 
Edema  of  the  limbs  may  be  combated  by  massage  and  bandaging  and  by  stimula- 
tion of  the  circulation  with  digitalis,  etc.  The  treatment  of  localized  edema  will 
vary  with  the  location  and  importance  of  the  tissue  involved  and,  especially,  whether 
it  is  superficial  or  deep  seated. 

A  special  form  of  edema  is  the  collection  of  fluid  in  the  large  serous  sacs 
(effusions).  Such  collections  are  commonl}^  evacuated  by  tapping  and  various 
measures  employed  to  prevent  the  fluid  from  again  collecting. 


138  PHARMACOTHERAPEUTTCS 

Morbid  Alterations  In  Cell  Function 

While  it  is  quite  probable  that  morbid  changes  in  the  chemistry  or  metabo- 
lism of  the  cells  occur  unaccom])anied  hj  any  change  of  structure,  we  must  not 
forget  that  structural  changes  may  be  present  and  yet  escape  our  present  methods 
of  study.  Many  ailments  well  characterized  as  clinical  entities  fall,  for  the  present, 
into  the  class  of  functional  alteration  without  discoverable  structural  change.  Often 
such  ailments  involve  the  nerve  system. 

In  such  conditions,  we  are  unable  to  meet  the  pathologic  indication  directly 
and  must  have  recourse  to  symptomatic  treatment.  As  typical  of  such  conditions, 
may  be  cited,  hysteria,  involving  chiefly  the  psychic  sphere ;  migraine,  the  sensory ; 
and  chorea  and  idio])athic  epilepsy,  the  motor  sphere.  The  sympathetic  system  also 
shows  such  conditions;  witness  the  variously  named  states  of  vasomotor  instability, 
erythromelalgia,  etc.  Although  the  prognosis  of  these  derangements  may  not  be  as 
serious  as  that  of  ailments  associated  with  structural  lesions,  their  therapeutic  man- 
agement is  very  difficult.  It  is  necessary  to  seek  carefully  for  anatomic  change  else- 
where in  the  body,  correction  of  which  may  bring  about  the  desired  relief.  Migraine, 
for  example,  and  even  occasional  cases  of  epilepsy,  may  be  helped  by  corrections  of 
faults  of  refraction  in  the  eye.  Displacement  of  the  uterus  may  give  rise  to  hys- 
teria, which  will  cease  when  proper  replacement  is  effected.  Many  similar  instances 
might  be  cited. 

Many  of  the  ailments  or  symptom-complexes  which  occur  independently  of 
causative  anatomic  lesions  are  dependent  upon,  or  accompanied  by,  special  altera- 
tions in  the  chemistry  of  the  tissues.  Perhaps  the  most  important  ailment  whose 
only  recognized  pathologic  change  is  a  disturbance  of  chemical  control,  is  gout. 
This,  with  its  congener  "lithemia,"  depends  on  a  fault  in  the  ability  of  the 
organism  to  dispose  of  uric  acid;  the  chief  therapeutic  indication  is  pathologic, 
namely,  that  of  overcoming  the  retention  of  urates — deposited  chiefly  in  and 
around  the  joints,  as  uric  acid  and  some  of  its  less  soluble  salts — by  favoring 
excretion.  To  this  end  substances  which  increase  its  solubilit}',  such  as  alkalies  and 
piperazine  may  be  given.  Lithium  urate  is  among  the  most  soluble  of  the  known 
salts  of  uric  acid  and,  with  the  idea  of  converting  less  soluble  salts  into  the 
lithium  compound,  large  amounts  of  dilute  solutions  of  lithium  salts,  known  as 
"lithia  water,"  are  given.  Although  this  method  of  treatment  is  often  of  benefit, 
it  is  doubtful  whether  the  good  efl^ect  is  to  be  ascribed  to  the  lithium  or  to  the 
large  amount  of  water  which  is  taken  with  it  and  which  tends  to  flush  the  urates 
out  of  the  body. 

Of  increase  of  function  not  accompanied  by  obvious  increase  of  tissue,  the  most 
troublesome  instance  is  the  condition  Ivnown  as  hyperthyroidism.  This  condition  must 
also  be  met  by  rest,  but  recovery  can  often  be  assisted  by  sedative  medication. 

Another  example  of  overfunction  not  associated  with  structural  change  is  seen  in 
certain  nervous  cases  of  hyperchlorhydria.  This  is  characterized  by  excess  of  hydro- 
chloric acid  in  the  gastric  secretion  and  is  to  be  combated  by  giving  large  amounts  of 
fat  or  carbohydrates,  which  do  not  induce  acid  secretion,  and  by  reducing  the  intake 
of  proteins  as  far  as  possible.  Sometimes  neutralization  is  practiced  by  giving  antacids, 
in  which  case,  chalk  or  magnesia  should  be  given  rather  than  the  more  commonly  used 
sodium  bicarbonate,  as  the  latter  is  converted  into  sodium  chloride  which  may  serve  as 
the  source  of  further  acid.  The  calcium  and  magnesium  chlorides,  on  the  other  hand, 
are  excreted  quantitatively. 
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Symptomatic  Indications 

Symptomatic  indications,  strictly  speaking,  are  those  requirements  for  thera- 
peutic intervention  given  by  objective  or  subjective  symptoms  without  regard  to 
their  mechanism  or  cause.  Measures  based  upon  such  indications  deal  only  with 
the  signs  or  symptoms  themselves  and  not  with  the  structural  or  chemical  alterations 
underlying  them,  or  with  the  etiologic  (causative)  factors  concerned.  In  this,  they 
differ  from  the  indications  of  morbid  anatomy  and  morbid  pliysiology,  which  are 
based  on  recognized  alterations  of  tissue  and  disturbances  of  function.  Never- 
theless, they  are  so  intimately  connected  with  the  indications  of  functional  path- 
ology, that  it  will  be  more  useful  to  discuss  both  orders  together  than  to  make  an 
academic  separation. 

Under  most  conditions  the  treatment  of  symptomatic  indications  will  not  be 
undertaken  until  those  arising  from  etiologic  and  pathologic  factors  have  been  met 
as  far  as  possible.  Nor  does  every  symptom  call  for  some  special  form  of  treatment. 
It  is  best,  always,  for  the  general  to  include  the  special — that  is  to  say,  to  trust  to 
the  measures  indicated  by  etiology  and  pathology  to  bring  al)out  the  relief  of  symp- 
toms. It  must  not  be  assumed,  however,  that  such  relief  is  always  of  minor 
importance.  Many  of  the  phenomena  classed  as  symptoms  of  maladies  may  be  in 
themselves  dangerous,  leading  even  to  death  if  they  are  not  checked.  A  char- 
acteristic example  is  the  diarrhea  accompanying  intestinal  infections  such  as 
cholera. 

In  spite  of  efforts  to  destroy  the  cholera  vibrio  and  to  relieve  the  morbid  tissue 
alterations  induced  by  its  activities,  life  will  be  sacrificed  unless  active  and  direct 
measures  are  fallen  not  only  to  replace  the  fluid  lost  from  the  bowels  but  also  to  stop 
such  loss. 

In  bronchitis  associated  with  severe  coughing,  exhaustion  must  be  prevented  by 
stopping  this  symptom,  even  though  such  treatment  may  have  no  direct  influence  on 
the  progress  of  the  affection. 

Tuberculosis  of  the  lungs  may  serve  as  an  excellent  example  of  the  incorporation 
of  measures  meeting  symptomatic  indications  in  the  general  management  of  a  typical 
chronic  malady,  because  in  all  cases  of  this  malady  etiologic  as  well  as  pathologic  indi- 
cations must  also  be  considered.  The  etiologic  indications,  as  we  have  seen,  are  to 
overcome  hypotrophy  and  to  destroy  the  tubercle  bacillus  and  neutralize  its  poisons. 
In  supplement  to  the  appropriate  hygienic-dietetic  regime  which  increases  nutrition  and 
heightens  general  resistance,  judicious  use  of  the  various  preparations  of  killed  tubercle 
bacilli  (known  collectively  as  tuberculins)  may  in  selected  cases  raise  the  patient's 
specific  resistance  and  thus  aid  him  to  throw  off  the  infection.  The  secondary  infectious 
agents,  such  as  pyogenic  cocci,  are  to  be  gotten  rid  of,  or  at  any  rate  assistance  in  this 
direction  rendered,  by  the  administration  of  volatile  antiseptics  which  are  excreted  by 
the  lungs,  as  creosote  and  guaiacol,  or  by  inhalations  of  antiseptic  gases  or  vapors — as 
chlorine,  ethyl  iodide,  creosote;  these  agents  perhaps  helping  to  destroy  the  tubercle 
bacillus  also.  The  treatment  of  the  pathologic  factors  is  of  no  less  importance.  Arsenic 
and  iron  not  only  help  to  overcome  secondary  anemia,  but  also  to  improve  general 
nutrition.  In  the  early  stages  (infiltration)  calcium  and  parathyroid  gland  promote  the 
natural  method  of  repair — calcification — and  are  thus  agents  of  supplementation,  and  the 
same  remedies  assist  in  the  control  of  the  later  processes  of  softening  and  liquefaction. 
Iodine  and  iodoform  are  likewise  helpful  in  the  infiltrative  stage,  although  the  alkali 
iodides  are  contraindicated.  Sodium  cinnamate  promotes  the  fibroid  healing  of  ulcera- 
tions. Artificial  pneumothorax,  to  immobilize  the  affected  structures,  is  of  use  in 
selected  cases.  Cavities  are  sometimes  accessible  and  amenable  to  surgical  measures  and 
the  empiric  use  of  repeated  small  blisters  over  cavernous  areas  has  been  attended  with 
considerable  success.  Pleural  thickenings  may  be  reduced  by  exposure  of  the  chest  to 
direct  sunlight.  When  there  are  lesions  of  exposed  mucous  membranes,  as  the  larynx 
and  the  pharynx,  direct  applications,  protective,  antiseptic,  sedative  and  reparative,  are 
to  be  made.    Recently  chaulmoogra  oil  has  acquired  some  reputation  In  the  local  treat- 
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ment  of  tuberculous  laryngitis.  Scarlet  red  is  sometimes  of  use  in  cases  of  ulceration. 
After  such  indications  have  been  properly  met,  it  will  often  be  needful  to  give  relief  to 
distressing  symptoms.  Among  the  most  frequent  of  these  may  be  mentioned  pain, 
cough,  fever,  night  sweats,  insomnia  and  hoarseness.  The  pain  of  swallowing  in  cases 
of  ulceration  of  the  epiglottis  is  beyond  words.  Apart  from  attempts  to  promote  healing, 
the  use  of  a  local  anesthetic — cocaine,  orthoform,  apothesine — before  feeding,  or  resort 
to  feeding  through  a  nasal  tube,  is  often  imperative.  Severe  coughing  is  extremely 
exhausting  and  in  addition  has  a  tendency  to  irritate  the  vocal  bands  and  favor  the 
spread  of  the  infection  to  the  larynx.  Cough  can  often  be  checked  by  abstinence  from 
talking,  or  by  complete  rest,  and  if  such  measures  are  successful  it  is  better  to  employ 
them  than  to  have  recourse  to  sedatives.  Sometimes,  however,  the  temporary  use  of 
bromides  or  codeine  will  afford  time  for  the  benefit  of  rest  and  open  air  to  become 
manifest,  and  the  necessity  for  drugs  to  pass.  Fever,  like  cough,  can  frequently  be 
successfully  combated  by  rest  in  bed,  but  the  rest  must  be  absolute  and  the  supply  of 
fresh,  and  preferably  cold,  air  must  be  adequate.  The  fever  is  rarely  high  enough  to 
require  cold  sponging,  and  antipyretic  drugs  are  to  be  avoided.  Creosote  carbonate  and 
digitalis,  both  in  relatively  large  doses,  have,  however,  a  special  (though  not  a  specific) 
usefulness  in  controlling  the  symptom.  Night  sweats  may  be  treated  more  hopefully  by 
direct  medication;  atropine  may  be  used  in  minute  doses,  gradually  increased  even  to 
the  point  of  tolerance;  or  picrotoxin,  camphoric  acid  or  agaricin  be  tried.  A  cool  sleep- 
ing apartment — better,  a  tent  or  porch — must  be  maintained  even  after  the  fever  has 
subsided,  and  life  in  cold  climates  is  of  benefit  to  those  of  sufficient  general  vigor. 
Insomnia  is  commonly  made  worse  by  excitement  during  the  day  and  disturbing  influ- 
ences should,  therefore,  be  avoided.  Hypnotic  drugs  are  not  so  dangerous  as  antipyretics 
and  narcotics;  and  medinal  or  luminal  may  be  used  in  small  doses.  Hoarseness  or  loss 
of  voice  is  one  of  the  most  troublesome  symptoms  to  combat.  It  is  often  a  sign  of 
tuberculous  lesions  in  the  larynx,  which  must  be  carefully  looked  for  and,  if  present, 
treated  topically.  When  such  lesions  are  not  present,  the  mechanism  of  the  symptom 
may  be  sought  in  paralysis  of  the  recurrent  laryngeal  nerve  by  the  pressure  of  enlarged 
bronchial  lymph  glands  or  a  hardened  pulmonary  apex  (right).  No  symptomatic  treat- 
ment is  available  and  our  efforts  must  be  directed  toward  removal  of  the  underlying 
condition.  When  the  vocal  bands  are  simply  relaxed  but  not  paralyzed,  electric  applica- 
tions (interrupted,  direct  or  induced  current)  and  the  administration  of  strychnine, 
may  aid  their  restoration.  Rest  of  the  vocal  apparatus  is  always  needed  and  the 
patient  must  be  instructed  to  whisper  with  the  lips,  and  to  do  that  as  little  as  possible, 
communicating  by  preference  with  pad  and  pencil. 

Of  acute  conditions  requiring  treatment  based  on  symptomatic  indications, 
perhaps  the  most  important,  and  certainly  one  of  the  most  difficult  to  handle,  is 
the  large  group  characterized  by  pain  of  so-called  "neuralgic"  character.  It  goes 
without  saying  that  the  cause  of  the  distress  should  be  relieved  or  removed  if 
possible,  but  in  many  instances  pain  will  continue  in  spite  of  all  efforts  in  this 
direction  and  treatment  must  be  directed  to  the  symptom  itself.  Patients  with 
constant,  continued  pain  are  often  incapacitated  by  exhaustion,  or  distraction,  and 
relief  is  imperative.  In  these  cases  it  is  wise  not  to  have  recourse  to  analgesic  or 
narcotic  drugs.  In  certain  cases  pain  is  so  severe  and  continuous  as  to  call  for 
operative  measures.  The  conductivity  of  the  nerve  may  be  destroyed  and  the 
painful  sensations  thus  interrupted  by  injection  of  alcohol,  salt  solution  or  osmic 
acid  into  the  nerve  trunk.  The  relief  brought  about  in  this  way  may  be  perma- 
nent or  may  last  for  several  months.  Injection  into  the  Gasserian  ganglion  may 
be  practiced  in  severe  facial  neuralgia.  The  treatment  of  recurrent  pain  will  differ 
according  to  its  nature  and  causation.  Visceral  pains  of  great  severity,  such  as 
gallstone  colic,  will  often  require  the  use  of  analgesics  and  narcotics;  even  injec- 
tions of  morphine,  perhaps  associated  with  atropine,  being  frequently  needed. 
Eecurrent  neuralgias,  such  as  migraine,  are  of  extreme  obstinacy. 

Migraine  may  often  be  relieved  by  avoidance  of  eyestrain  through  proper  refractive 
correction — a  quasi-etiotropic  measure.     It  belongs  in  the  group  of  disorders  described 
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collectively  as  autonomic  ataxia  (or  imbalance)  and  may  be  congestive  (paretic)  or 
ischemic  (spasmodic)  in  mechanism.  Congestive  attacks  are  sometimes  subject  to  relief 
by  epinephrine  or  pituitrine  or  by  diversions  of  blood  current  through  hot  applications 
to  the  feet  and  cold  applications  to  the  head.  Sometimes  also  by  the  cautious  use  of 
veratrum  viride  or  veratrine,  aconite  or  aconitine.  Ischemic  attacks  may  yield  to  the 
nitrites.  Occasionally  application  of  heat  to  the  eyes  or  painful  area  will  bring  relief. 
When  gastroenteric  disturbance  can  be  established  as  a  provocative  factor,  avoidance 
can  be  carried  out,  by  dietary  regulation,  or  rxpiUsion  of  offending  materials  by  lavage, 
irrigation  or  purgation,  may  bring  relief.  The  vomiting  that  is  part  of  the  symptom- 
atology of  some  cases  is  not  diagnostic  of  this  form  of  attack.  It  frequently  accom- 
panies attacks  dependent  upon  eyestrain.  In  other  cases,  other  excitants,  not  rarely 
uterine  lesions,  provoke  the  attack;  but  in  every  case  the  fundamental  liability  is  the 
chief  factor  in  the  morbid  complex. 

Reeducation  of  vasomotor  mechanism  by  hot  and  cold  applications  and  measures 
of  endocrine  therapy  and  desensitization,  based  upon  all  the  vital  phenomena  of  the 
individual,  may  help  in  preventing  recuri*ence  of  attacks,  as  in  hives,  asthma  and  other 
manifestations  of  the  underlying  autonomic  failure.  The  sinusoidal  electric  current 
sometimes  helps.  Some  cases,  however,  especially  those  in  which  the  attacks  occur  in 
women  at  or  near  the  catamenial  period,  resist  in  the  attack  all  treatment  except  dan- 
gerous doses  of  narcotics;  and  it  may  be  the  part  of  wisdom  to  avoid  these.  Rest, 
darkness,  perhaps  the  use  of  the  aromatic  spirit  of  ammonia,  or  ammoniated  elixir  of 
valerian,  may  be  instituted,  and  the  patient  encouraged  to  endure  her  suffering  until 
the  attack  passes.  In  painful  conditions  of  brief  and  limited  duration,  such  as  the  after- 
pains  of  operation  or  that  of  acute  iritis,  recourse  may  be  had  to  analgesic  medication 
with  less  hesitation,  as  the  danger  of  habit  formation  may  be  almost  neglected. 

These  few  instances  will  serve  to  show  the  general  principles  on  which  the 
treatment  of  symptoms  is  to  be  carried  out.  The  causative  factor  is  always  to  be 
sought  and  removed  if  possible.  On  failure  to  do  this,  the  underlying  physical  or 
chemical  alteration  is  to  be  corrected.  Only  after  such  measures  fail,  or  if  it 
appears  that  relief  based  on  them  will  be  inadequate  or  unduly  delayed,  should 
recourse  be  had  to  the  treatment  of  symptoms  as  such.  The  comfort  as  well  as  the 
safety  of  the  patient  sliould,  however,  always  be  the  physician's  aim,  and  symptoms 
are  not  to  be  neglected  merely  because  they  do  not  at  the  time  threaten  life  or 
integrity. 
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General  Survey 

We  have  now  to  consider  the  influence  of  drugs  upon  the  animal  organism: 
its  nature;  its  mechanism;  its  various  aspects  and  phases;  the  factors  conditioning 
and  modifying  it  in  health  and  disease;  the  methods  by  which  it  is  studied;  the 
manner  of  its  utilization ;  and  the  principles  underlying  such  use.  In  so  doing  we 
shall  consider  the  subject  both  from  the  viewpoint  of  pharmacodynamics  and  from 
that  of  therapeutics,  sometimes  separately  and  sometimes  conjointly;  now  in  a 
general  way,  as  one  views  a  microscopic  field  under  a  low-power  lens ;  now  in  detail, 
as  when  a  high-power  objective  is  applied.  We  may,  likewise,  find  it  necessary  at 
times  to  illumine  the  field  from  different  angles. 

Drugs  develop  in  the  organism  no  new  quality;  they  confer  upon  the  tissues 
no  new  power.  Like  pathogenic  agents,  they  may  alter  or  destroy  structure,  induce 
modifications  of  habitual  function,  nutritive  or  specialized,  or  evoke  latent  potential- 
ities. But  they  do  not  originate — they  disturb;  they  do  not  cause — they  provoke. 
They  do  not  add  energy — they  merely  increase  or  diminish  its  liberation,  or 
deflect  the  lines  of  its  projection.  Nor  are  the  changes  that  follow  their  incidence 
upon  the  tissues  either  passive  or  one-sided.  Physical  and  chemical  interactions 
between  living  cell-substance  and  medicament  alter,  whether  permanently  or  for 
the  time  being,  the  chemical  constitution,  physical  structure  and  vital  activities  of 
the  cell;  and,  assuming  the  change  to  be  short  of  destruction,  call  forth  the 
characteristic  response  of  life — the  power  of  adjustment  to  meet  changed  conditions. 
Such  results,  commonly  described  as  the  actions  or  effects  of  drugs,  are  in  equal 
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measure  the  reactions  of  the  tissues  to  drug  influence;  and  it  is  from  this  latter 
viewpoint  that  the  physician,  especially,  must  regard  them. 

Special  Aspects  of  Drug  Influence 

In  observing  and  analyzing  drug-induced  changes  in  structure  and  function,  and  the 
results  of  such  changes,  stress  is  laid  upon  one  or  another  aspect  according  to  the  par- 
ticular object  the  investigator  has  in  view. 

The  pharmacologist  is  interested  in  the  influence  of  the  drug  as  such,  independent 
of  its  utilization.  His  studies  of  pharmacodynamic  action  are  made  largely  upon  animals 
in  health. 

The  physician  seeks  to  learn  the  influence  of  drugs  in  order  that  he  may  apply  them 
as  medicaments  in  the  'treatment  of  the  sick.  Hence  his  chief  interest  is  in  their  effects 
under  various  conditions  of  disease  and  the  possibilities  of  their  application  in  further- 
ance of  recovery;  in  other  words,  their  therapeutic  action.  To  understand  this,  however, 
he  must  familiarize  himself  with  the  results  of  pharmacodynamic  study.  He  must  know 
the  effects  of  drugs  upon  healthy  tissues  and  healthy  organisms,  both  (1)  those  that 
remain  within  limits  compatible  with  continued  life  and  health,  and  (2)  those  that  pass, 
either  in  kind  or  in  degree,  beyond  tliose  limits.  He  must  also  give  attention  to  the  basic 
facts  of  physics,  chemistrj  and  biology,  involved  in  both  orders  of  phenomena.  While  a 
general  familiarity  with  these  facts  may  be  assumed,  we  shall  find  it  well,  from  time  to 
time,  to  recall  certain  important  details  or  principles. 

Both  in  pharmacodynamic  and  therapeutic  writings,  unfortunately,  certain  technical 
terms  are  used  differently  by  different  authors.  This  is  by  no  means  a  trivial  matter. 
"It  is  a  fatal  error  in  philosophy,"  says  Trousseau,  in  discussing  the  principles  of  thera- 
peutics, "to  attach  to  words  only  a  slight  importance.  In  leading  propositions,  words  are 
of  the  highest  moment,"  and  their  meaning  should  be  so  clear  that  their  use  will  never 
"halt  the  understanding"  of  the  reader.  This  book,  while  avoiding,  it  is  hoped,  a  mere 
pedantic  precisianism,  endeavors  so  to  use  and  define  the  necessary  technical  expressions 
as  to  escape  the  error  thus  warned  against. 

To  quote  again  the  same  author:  "the  terms  'modify',  'modifier',  'modification',  express 
facts  and  not  opinions."  We  are  to  study  drugs  as  "modifiers"  of  living  substance.  In 
so  doing  we  have  to  consider  in  both  relations,  actor  and  act,  process  and  result — that  is 
to  say,  on  the  one  hand,  the  tissues  and  their  functions;  on  the  other,  the  drugs  and 
their  effects — and  connecting  these,  the  physicochemical  actions  and  biologic  reactions 
following  fhe  incidence  of  drug  upon  tissue. 

We  recognize  in  the  various  forms  of  interaction  between  drugs  and  living  cells,  three 
principal  types.  Of  these,  two  are  sharply  discriminated,  while  the  third,  which  embraces 
a  number  of  intermediate  or  "borderland"  actions  and  reactions,  exhibits  with  varying 
degrees  of  preponderance  certain  of  the  characters  of  each  of  the  others. 

1.  Between  drug-substance  and  cell-substance  there  may  take  place  physical  and 
cheinical  interactions,  uninfluenced  by  that  which  we  call  life.  They  are  virtually  the 
same  as  might  occur  between  the  same  substances  in  the  test  tube  or  in  the  cadaver. 
The  drug  chars,  dissolves,  decomposes,  transforms  or  disrupts  the  cell,  thus  disorganiz- 
ing the  tissue  and  destroying  its  life.  Such,  for  example,  are  the  effects  of  hypotonic 
and  hypertonic  salt  solutions  upon  red  blood  cells;  of  carbon  monoxide  and  hydrogen 
sulphide  upon  hemoglobin:  of  mercury  and  other  germicides  upon  bacteria;  of  calcium 
sulphide  upon  hair;  of  salicylic  acid  upon  keratinic  tissues;  of  strong  acids  and  alkalies 
upon  tissues  in  general.  This  we  call  purely  physicochemical  inpuence.  It  is  of  a  gen- 
eral character,  depending  only  on  the  physical  state  or  chemical  composition  of  the  cells 
and  tissues  affected,  irrespective  of  their  morphologic  type  or  physiologic  function. 

2.  Other  interactions  between  drugs  and  cells  are  of  a  character  possible  only  in 
living  organisms.  The  cells  and  tissues  involved  may  be  affected  favorably  or  unfavor- 
ably; but  they  are  not  immediately  destroyed.  They  undergo  modification,  permanent  or 
transient,  in  structure  or  in  function,  or  in  both;  but  they  continue  to  live  and  to 
exhibit  the  phenomena  of  modified  life. 

Such  biologic  reactions  are  of  two  kinds,  which,  in  accordance  with  their  chief  char- 
acteristics, may  be  termed  respectively  (A)  morphologic  (structural)  or  nutritive;  and 
(B)  physiologic  (functional)  or  dynamic. 

Strictly  speaking,  both  are  physiologic;  but  the  distinction  is  convenient  for  reasons 
that  will  appear  in  the  further  course  of  our  studies. 
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A.  The  morphologic  type  of  cell  reaction  to  drug  influence  is  intermediate  between 
the  purely  physicochemical  and  the  purely  physiologic.  It  has  many  varieties,  some 
bordering  more  or  less  closely  upon  one,  some  upon  the  other,  of  the  two  extremes.  These 
are  designated,  according  to  the  result,  as  astringent,  irritative,  escharotic,  alterative, 
etc.,  and  are  discussed  with  sufficient  fullness  in  later  sections;  here  it  suffices  to  point 
out  their  common  characteristics.  The  reaction  is  for  the  most  part,  general;  affecting 
all  cells  in  like  manner,  although  not  always  to  the  same  degree.  Its  physicochemical 
basis  is  evident.  It  produces  changes  in  structure,  demonstrable  to  instrumental,  and 
often  to  natural,  vision.  It  modifies  nutritive  function,  but  rarely  influences  special  func- 
tion directly,  unless  we  include  under  the  latter  head  the  effect  of  local  irritation  upon 
the  vessels,  and  the  complex  processes  of  inflammation.  It  is  chiefly  brought  about  by 
lesser  degrees— attenuations  through  dilution  or  brevity— of.  the  action  of  the  same  drugs 
that  in  their  full  effect  act  destructively;  or  by  the  action  of  iceaker  agents  of  the  same 
general  character.  Thus  It  is  frequently  manifested  in  the  tissues  adjoining  those  that 
have  been  destroyed  by  agents  acting  purely  physicochemically,  and  may  assume  the 
character  of  a  reparative  process.  It  is  illustrated  by  the  astringent  "^  action  of  agents 
like  alum,  iron  salts,  tannic  acid;  by  the  irritative  action  of  such  agents  as  mustard, 
cantharides,  pyrogallol,  iodine,  tartar  emetic,  zinc  chloride;  by  the  escharotic  action  of 
silver  nitrate,  chromium  trioxide,  nitric  acid;  by  the  alterative  action  of  iodides,  mer- 
curials, arsenicals. 

B.  The  physiologic  reaction  is  sharply  contrasted  with  the  physicochemical.  Function 
is  modified,  but  structural  alterations,  if  produced,  elude  present-day  means  of  investiga- 
tion. Chemical  changes  other  than  the  presence  of  the  drug  cannot  be  demonstrated; 
nor  is  this  last  always  possible.  Electric  changes  are  probable,  but  not  certainly  demon- 
strable. Hence  the  term  dynamic,  sometimes  applied  to  the  functional  type  of  drug 
influence.  As  a  rule  it  is  specific; '  that  is  to  say,  certain  drugs  affect  certain  special 
types  of  cell,  or  certain  specialized  functions,  only  or  chiefly.  Hence  the  term  selective 
or  elective  influence.  It  is  illustrated  by  the  effect  of  strychnine  in  heightening  the  reflex 
excitability  of  the  spinal  cord;  by  that  of  caffeine  in  augmenting  the  secretion  of  urine; 
by  that  of  pituitrin  in  energizing  the  contraction  of  the  pregnant  uterus;  as  also  by  that 
of  chloral  in  decreasing  spinal  excitability;  by  that  of  atropine  in  arresting  salivary 
secretion;  by  that  of  opium  in  diminishing  the  peristaltic  movements  of  the  intestine. 

All  forms  of  drug  influence,  including  the  destructive  (purely  physicochemical)  type, 
may  have — so  far  as  the  whole  organism  is  concerned,  and  alike  in  healthy  men  or  animals 
and  in  the  sick — safe  (or  therapeutic)  and  dangerous  (poisonous  or  toxic)  or  even 
deadly  (lethal)  degrees  of  action.  Minor  degrees  of  poisoning  resulting  from  the  me- 
difinal   (therapeutic)  use  of  drugs  ai'e  commonly  termed  untoioard  actions  or  effects. 

It  is  necessary  in  this  connection  to  discriminate  carefully  between  the  destructive 
action  and  the  poisonous  effects  of  drugs. 

Destructive  action  is  physicochemical.  It  may,  indeed,  give  rise  to  poisonous 
effects;  but  when  properly  limited  it  can  often  be  utilized  therapeutically;  both  locally, 
to  destroy  a  limited  area  of  diseased  tissue;  and  systemically,  to  provoke  what  are 
termed  alterative  effects.     It  is  also  the  basis  of  antiseptic  therapeutics. 

Poisonous  effects  may,  as  stated,  be  associated  with  destructive  action,  but  such 
association  is  not  essential.  Toxic  reactions,  both  local  and  systemic — and  even  result- 
ing in  death — can  be  induced  by  the  physiologic  influence  of  drugs  without  any  recog- 
nizable destruction  of  tissue;  or  indeed  any  structural  or  compositional  change  detectable 
by  present  methods  of  investigation. 

It  will  thus  be  seen  that  the  distinction  sometimes  drawn  between  the  physiologic 
action  and  the  toxic  action  of  drugs  is  not  well  founded.  The  action  is  one;  its  effects 
differ  according  to  its  intensity. 

The  real  distinctions  are  (A)  between  (I)  the  purely  physicochemical  action  of 
drugs — a  destructive  influence  upon  tissues  so  great  that  vital  reaction  is  impossible — 

*This  differs  from  the  constringent  action  of  epinephrine  or  cocaine,  in  that  it 
includes  precipitation  of  albumin  or  mucus,  or  both,  in  addition  to  the  vascular 
constriction. 

'  This  use  of  the  term  specific  is  not  to  be  confused  with  the  term  "specific  treatment" 
of  certain  maladies  upon  an  empirical  or  etiologic  basis — as,  for  example,  gout  with 
colchicum,  malaria  with  quinine,  diphtheria  with  antitoxin — or  with  the  symptomatically 
specific  therapy  of  the  Eclectic  School.  For  this  reason,  we  shall  as  a  rule  use  the  term 
selective  or  elective  in  preference.  "■  '""•■' 
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and  (II)  the  induction  of  vital  respu7ists — modifications  of  functional  activities — that 
may  even  occur  witliout  demonstrable  physicochemical  or  structural  changes;  (B)  be- 
tween (I)  therapeutic  effects,  i.e.,  the  production  or  induction  of  (1)  tissue  changes, 
or  (2)  alterations  of  function,  helpful  in  the  treatment  of  the  sick;  and  (II)  toxic  or 
poisonous  effects,  the  production  or  induction  of  tissue  changes  or  alterations  of  func- 
tion, that  either  in  themselves  or  in  their  consequences,  impair  health  or  threaten  or 
extinguish  life. 

Strictly  speaking,  indeed,  all  drug  effects  are  toxic,  and  the  distinction  made  by 
the  special  application  of  this  term  and  its  equivalent,  poisonous,  to  untoward  or  dan- 
gerous effects,  upon  the  sick  or  well,  is  often  one  of  degree  rather  than  of  kind.  Owing, 
however,  to  the  alterations  wrought  by  disease  in  tissue  or  in  function,  such  effects 
may  be  brought  about  in  sick  persons  under  circumstances  differing  from  those  under 
which  they  appear  in  normal  subjects,  and  may  accordingly  present  a  different  aspect. 
However,  the  term  "physiologic  action"  has  become  established  in  medical  literature, 
and  we  may  continue  to  use  it  in  the  popular  sense,  but  subject  to  the  qualifications 
here  and  later  expressed. 

All  drug:  actions  are  properly  included  under  the  term  '^pharmacodynamic 
action."  In  general  usage  however,  this  word  is  used  to  denote  procedures  devised 
to  determine  the  action  of  drugs  on  normal  or  diseased  animals,  as  opposed  to  at- 
tempts to  employ  the  medicaments  for  the  alleviation  of  morhid  states,  which 
branch  of  study  is  termed  "pharmacotherapeutics." 

To  repeat :  Any  vital  reaction  of  tissue  to  drug  is  physiologic.  When  such 
reaction  is  used  to  aid  the  recovery  of  the  sick,  it  is  therapeutic;  Avhen  its  effects 
are  harmful,  it  is  poisonous  or  toxic.  The  term  therapeutic,  therefore,  is  not 
opposed  to  the  term  physiologic  but  to  the  term  toxic;  and  the  toxic  action  of 
drugs  is  merely  a  degree  of  their  physiologic  influence. 

All  types,  forms  and  degrees  of  drug  effects  have  this  in  common:  They 
result  from  the  application  of  drug  power  to  living  substance.  It  is  only  for  con- 
venience of  discussion  that  we  separate  their  therapeutic  aspect  (or  influence  upon 
the  sick)  from  that  which,  being  primarily  concerned  with  the  drug  or  pharmakou, 
we  speak  of  as  pharmacodynamic,^ 

Pharmacodynamic  Studies 

The  science  of  pharmacodynamics  investigates,  by  experimental  methods 
chiefly,  all  forms  of  drug  influence. 

To  establish  the  rigorous  conditions  necessary  for  exact  observation,  it  must 
commonly  resort  to  the  lower  animals  or  to  isolated  organs  or  tissues.  While  it 
is  concerned  with  drug  action  in  disease  as  well  as  in  health,  its  accumulated  data 
are,  as  yet,  derived  in  greatest  part  from  studies  on  normal  animals.  In  transfering 
to  man  the  results  thus  obtained,  and  especially  when  employing  them  in  the 
practice  of  medicine,  due  allowance  must  be  made  for  altered  circumstances. 
As  we  shall  see  later,  many  factors  alter  drug  influence  and,  among  tliese,  zoiilogic 
position  holds  an  important  place.  Many  of  the  reactions  of  cold-blooded  animals 
differ  from  those  of  warm-blooded  animals;  those  of  earnivora  from  those  of 
herbivora ;  and  among  animals  of  the  same  order  and  family,  genus  differs  from 
genus,  species  from  species,  variety  from  variety — even  individual  from  individual. 
Moreover,  the  experiments  themselves,  however  carefully  conducted,  may  fail  to 

*The  distinction  between  pharmacodynamic  and  therapeutic  actions  is  very  much 
like  that  between  a  rectangle  and  a  square.  All  squares  are  rectangles,  but  all  rectangles 
are  not  squares.  All  drug  actions  are  pharmacodynamic;  only  some  are  therapeutic. 
But  there  is  a  difference  between  pharmacodynamic  and  therapeutic  studies,  in  regard  to 
viewpoint  of  purpose  and,  moreover,  the  former  need  not  include  the  latter. 


146  PHARMACOTHERAPEUTICS 

reproduce  accurately  either  normal  or  pathologic  conditions  as  seen  in  man,  or 
they  may  even  introduce  disturbing  factors  of  considerable  moment.  Unless  all 
the  facts  are  known,  no  absolute  conclusion  can  be  drawn.  Hence,  when  conflict 
of  opinion  develops  between  experimenters  and  clinicians  concerning  some  special 
influence  of  a  certain  drug,  judgment  must  be  held  in  reserve,  or  both  opinions 
may  tentatively  be  accepted  as  correct  within  their  respective  limiting  conditions 
and  the  apparent  contradiction  wait  to  be  cleared  up  by  the  advance  of  knowledge. 
Above  all,  it  is  to  be  remembered  that  the  effects  of  disease,  not  only  in  the 
particular  tissue,  organ,  system  or  apparatus  studied,  but  also  in  other  parts  of 
the  organism,  and  in  the  organism  as  a  whole — in  other  words,  the  totality  of 
pathologic  changes  and  processes — make  an  enormous  difference  between  laboratory 
conditions  and  clinical  conditions.  The  influence  of  a  drug  upon  a  healthy  dog  is 
not  necessarily  the  influence  of  the  same  drug  upon  a  sick  man — or  even  upon  a 
sick  dog. 

Specific  Purposes  and  General  Methods.  For  precise  results  the  action  of 
drugs  must,  in  most,  if  not  all  instances,  be  studied  in  lower  animals  and  under 
conditions  not  possible,  or  even  to  be  considered,  in  medical  practice.  Such  studies 
have  many  different  purposes  which  require  widely  divergent  methods.  These  pur- 
poses may  be  classified  as  follows : 

A.  To  determine  general  or  special  actions  of  lyiedicaments  on  normal  animals 
or  with  specially  induced  lesions,  under  (fonditions  icfliich  can  he  more,  exactly  con- 
trolled tlian  is  commonly  possible  luith  patients. 

The  efficacy  of  various  diuretics  may,  for  example,  be  compared  not  only 
in  normal  animals  but  also  in  animals  in  which  nephritis  has  been  artificially  in- 
duced by  the  administration  of  substances  that  injure  the  kidneys.  Some  of  these 
produce  lesions  chiefly  in  the  glomeruli,  some  chiefly  in  the  tubules;  thus  it  can 
be  determined  in  what  manner  the  respective  lesions  modify  the  influence  of  a 
drug  as  previously  revealed  through  studies  upon  normal  kidneys.  From  such 
results,  justifiable  inferences  may  be  drawn  as  to  the  probable  efficacy  of  the 
medicament  in  various  conditions  of  disease.  In  animal  experiment,  the  diet  and 
the  intake  of  water  can  be  standardized  in  a  series  of  animals,  with  a  degree  of 
exactness  rarely  possible  in  clinical  medicine.  Although  an  animal  may  be  getting 
worse,  the  treatment  under  study  can  nevertheless  be  continued,  and  even  im- 
pending death  need  not  dictate  a  change  of  method.  Similar  investigations  on 
cathartics,  narcotics  and  other  drugs  have  led  to  important  conclusions  which  could 
not  have  been  otherwise  established,  both  as  to  the  uses  and  as  to  the  dangers  of 
medicaments. 

B.  To  determine  the  relation  hetween  the  toxic  doses  of  medicaments  and  the 
doses  required  to  'produce  those  physiologic  effects  desired  in  therapeutics. 

The  basis  of  this  study  is  what  is  known  as  the  minimal  lethal  (fatal)  dose, 
commonly  written  in  abbreviated  form  as  m.l.d.  (or  m.f.d.).  This  is  the  smallest 
quantity  of  a  given  drug  that  will  almost  always  prove  fatal  under  the  experimental 
conditions.  In  stating  it,  the  exact  conditions  of  experiment  must  be  given,  for 
not  only  does  it  differ  with  different  species  and  even  varieties  of  animals,  but  also 
— at  times  widely — with  the  methods  of  administration. 

Ordinarily,  any  death  clearly  resulting  from  the  action  of  the  drug,  whether 
prompt  or  delayed,  is  considered  in  stating  the  m.l.d.  "With  certain  essential  oils 
and  some  of  the  organic  arsenicals,  for  example,  death  may  not  take  place  until 
several  days  after  a  single  dose;  nevertheless  it  is  to  be  ascribed  to  the  lethal 
influence  of  the  drug.  In  certain  special  instances,  however,  consideration  is  given 
only  to  a  death  produced  by  a  particular  phase  of  the  drug  action.     Thus  in 
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testing  diphtheria  toxin  it  is  nocessarv  to  make  a  careful  post  mortem  examination 
of  each  guinea-pig  to  determine  the  presence  of  the  characteristic  lesions. 

The  most  common  form  of  statement  of  the  m.l.d.  is  the  number  of  grams  (or  milli- 
grams) of  drug  per  kilogram  of  animal  necessary  to  produce  death.  Frequently,  however, 
instead  of  being  referred  to  kilograms,  the  dose  is  referred  to  an  animal  of  average 
weight.  This  latter  method  is  chiefly  used  in  speaking  of  relatively  small  animals  such 
as  guinea-pigs  or  mice.  The  m.l.d.  for  guinea-pigs  is  given  either  in  milligrams  per  kilo 
or  in  mgm.  per  250  Gm.  (i.e.,  for  an  animal  weighing  250  Gm.).  The  m.l.d.  for  mice 
may  be  stated  as  mgm.  per  Gm.,  or  mgm.  per  20  Gm.  (i.e.,  for  an  animal  weighing 
20  Gm.). 

Toxicity  tests  also  elicit  the  maximal  tolerated  dose  (m.t.d.),  i.e.,  the  largest  amount 
of  drug  per  kilogram  of  body  weight  compatible  with  life  for  a  stated  period  of  time. 

"With  drugs  whose  therapeutic  action  carried  to  excess  is  not  ordinarily  the 
cause  of  fatal  poisoning — e.g.,  epinephrine,  ergot  and  the  hypnotic  medicaments, 
the  minimum  dose  required  to  produce  a  certain  physiologic  effect — for  example, 
a  determined  rise  of  blood  pressure  or  a  determined  degree  of  narcosis — is  investi- 
gated and  expressed  similarly.  Here  the  element  of  time  is  always  important,  and 
both  the  time  required  to  develop  the  effect  and  that  of  the  duration  of  the  effect 
should  be  noted. 

The  object  of  determining  such  minimal  doses  may  be  either  to  show  the 
range  of  safety  of  the  drug  or  to  furnish  an  approximate  guide  to  its  therapeutic 
use.  Many  statistics  of  this  kind  will  be  found  in  the  discussion  of  special  agents. 
Those  of  recent  date  conform  better  than  older  ones  to  standard  forms  of  statement. 
This  is  specially  evident,  for  instance,  in  tlie  investigations  which  compare  the  fatal 
doses  of  the  newer  organic  arsenicals  with  their  trypanocidal  or  spirochetocidal 
powers. 

The  toxic  doses  of  certain  substances  vary  widely,  according  to  whether  in- 
jection is  made  rapidly  or  slowly. 

This  is  perhaps  more  strikingly  exemplified  by  nicotine  than  by  any  other  substance 
employed  in  medicine  or  pharmacology.  If  nicotine  be  injected  rapidly  into  a  vein  it 
will  kill  by  direct  action  on  the  heart  before  developing  any  other  phase  of  its  influence. 
If,  however,  a  dilute  solution  be  injected  slowly,  more  than  ten  times  as  much  can  be 
administered  and  complete  paralysis  of  all  the  sympathetic  ganglia  may  be  induced 
before  the  cardiac  action   is  dangerously  altered. 

The  same  phenomenon  is  noted  with  certain  other  drugs  and  commonly  results 
from  the  entrance  of  the  drug  in  high  concentration  into  the  heart  or  brain.  "When  the 
drug  is  injected  slowly,  however,  it  is  diluted  by  the  whole  mass  of  the  blood  and  thu3 
is  not  so  toxic.  In  the  case  of  nicotine  there  is  another  and  perhaps  chief  factor  in  the 
decrease  of  toxicity  upon  slow  injection;  namely,  the  gradual  fixation  of  the  drug  by 
the  various   tissues  of  the   body. 

C.  To  determine  the  nature  of  drug  action. — It  is  not  always  possible  to 
learn  by  clinical  observation  alone  just  what  effect  a  drug  has  on  the  structure  or 
function  of  a  given  organ.  Two  drugs  whose  action  upon  the  same  organ  is  quite 
similar  in  one  or  another  respect — and  clinically,  perhaps,  the  respect  most  obvious 
— may  yet  differ  fundamentally  in  the  nature  of  their  influence  upon  the  function 
affected. 

This  is  strikingly  exemplified  by  aconite  and  digitalis.  Since  both  of  these  agents 
bring  about  slowing  of  the  pulse,  they  were  at  one  time  classed  together  as  "heart 
sedatives."  When,  however,  an  instrument  which  measures  the  rate  of  flow  (strometer) 
was  placed  upon  the  aoita,  the  fact  became  evident  that,  whereas  aconite  lessens  the 
cardiac  output,  digitalis  increases  it.  The  conception  of  a  "heart  stimulant"  was  thus 
changed  from  that  of  a  drug  which  increases  the  frequency  of  the  cardiac  contractions 
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to  one  which  increases  the  amount  of  work  done  by  the  heart,  as  measured  by  the 
output  of  blood  in  a  given  time.  Conversely,  a  "heart  depressant"  is  one  which  dimin- 
ishes cardiac  efficiency  and   in  consequence  lessens  the  output. 

An  important  consequence  of  this  conception  is  that  alcohol  and  camphor,  which 
improve  the  action  of  the  heart  under  certain  abnormal  conditions,  are  classed  as 
depressants  to  the  normal  heart.  If  these  facts  are  not  clearly  borne  in  mind,  con- 
fusion and  mistake  may  easily  result. 

D.  To  determine  the  mechanism  of  th&  action  of  drugs. — This  constitutes  the 
chief  part  of  pharmacodynamic  studies.  There  are  two  main  subjects  to  be  in- 
vestigated: (1)  which  organ  or  function  is  affected  first  or  in  greatest  degree  by 
the  drug  under  investigation,  and  in  what  order  of  time  and  degree  the  influence 
of  the  drug  extends  to  other  organs  and  functions;  (2)  in  what  manner  its  effects, 
direct  and  indirect,  primary  and  secondary,  original  and  sequential,  are  brought 
about  ? 

"When  the  lethal  action  of  a  drug  is  under  investigation,  special  methods 
are  used  to  determine  which  function  is  first  compromised  fatally.  In  acute 
death,  the  decision  will  usually  lie  between  the  respiratory  and  circulatory  mecha- 
nisms. The  matter  may  ordinarily  be  determined  by  resort  to  artificial  respiration. 
If  this  prolongs  life  materially,  the  fatal  result  may  be  considered  a  respiratory 
failure ;  otherwise  it  is  to  be  classed  as  circulatory. 

Again,  convulsions  preceding  death  and  appearing  to  cause  or  hasten  the  fatal 
issue,  may  be  owing  to  direct  irritation  by  the  drug  of  the  motor  areas  of  the 
brain  or  of  the  spinal  cord,  and  thus  indeed  be  the  immediate  cause  of  the  death ; 
or  they  may  be  provoked  by  carbon  dioxide  intoxication  resulting  from  paralysis 
of  respiration,  and  thus  be  a  sign  of  impending  death,  but  not  its  cause.  If  the 
convulsions  can  be  prevented  by  artificial  breathing,  it  is  evident  that  they  are 
asphyctic ;  i.e.,  the  result  of  failure  of  the  respiration. 

This  is  the  case,  for  example,  with  the  convulsions  seen  in  fatal  poisoning  by  squill, 
aconite  and  other  drugs  which  do  not  act  directly  upon  the  central  nerve  system.  In 
strychnine  and  cocaine  poisoning,  on  the  other  hand,  the  convulsions  will  continue  in 
spite  of  the  artificial  respiration,  since  these  drugs  act  by  direct  stimulation  of  the 
cord  and  brain  respectively. 

An  increased  rate  of  respiration  following  subcutaneous  .injection  of  a  certain 
substance  may  be  caused  either  by  direct  action  on  the  respiratory  center,  or 
reflexly  as  an  indirect  result  of  the  local  irritation  produced  by  the  injection. 
In  the  latter  event,  no  respiratory  increase  will  be  seen  after  intravenous  injection 
of  the  drug,  or  after  subcutaneous  injection  under  light  anesthesia.  This  is  the 
case,  for  example,  with  menthol  and  with  camphor. 

Increase  of  urine  as  the  result  of  drug  action  may  be  owing  to  a  direct 
influence  on  the  kidney  cells;  or  it  may  occur  in  sequence  to  an  increased  flow 
of  blood  through  the  kidney.  The  discrimination  may  be  made  by  placing  a 
regulating  device  in  connection  with  the  renal  artery  to  keep  the  blood  flow  con- 
stant. This  will  check  the  diuresis  dependent  upon  increased  blood  supply,  but 
will  not  affect  that  produced  otherwise. 

When  caffeine,  for  example,  is  studied  under  such  conditions,  urinary  secretion  is 
found  to  be  increased,  showing  that  the  action  is  independent  of  the  flow  of  blood  and 
may  perhaps  be  attributed  to  some  direct  influence  upon  the  secretory  cells  of  the  kidney. 
With  digitalis  or  strychnine,  however,  no  increase  of  secretion  takes  place  under  the 
experimental  condition  described.  Moreover,  when  diuresis  has  been  produced  by  the 
influence  of  either  of  these  drugs  in  the  absence  of  regulation  of  the  arterial  flow,  such 
regulation  will  reduce  the  output  of  urine  to  its  former  rate.  The  conclusion  is  obvious 
that  these  agents  act  upon  the  kidney  indirectly,  by  increasing  blood  flow. 
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More  frequently  it  is  plain  wliieh  functional  system  is  influenced  in  the 
production  of  a  particular  drug  clfect,  and  questions  of  mechanism  concern  the 
part  of  this  system  acted  upon. 

If,  for  example,  a  drug  raises  arterial  pressure,  it  evidently  iiillucnces  the 
circulatory  system.  It  may  act,  however,  in  any  one  of  three  ways:  (I)  by  increas- 
ing the  volume  of  circulating  blood;  {-i)  by  increasing  the  output  of  the  heart; 
(3)  by  causing  constriction  of  the  blood  vessels.  Increase  in  blood  volume  rarely 
occurs  and  may  be  dismissed  from  consideration  if  there  be  no  change  iii  the 
composition  of  the  blooti,  and  especially  if  there  be  none  in  the  direction  of  dilution 
(hydremia). 

Direct  proof  or  disproof  of  cardiac  stimulation  may  be  obtained  by  connecting 
the  carotid  artery  directly  with  the  jugular  vein  and  ligating  all  other  vessels. 
In  such  a  circulatory  s}'stem,  from  which  all  arterioles  and  capillaries — i.e.,  all 
vessels  capable  of  constriction — have  been  excluded,  it  is  obvious  that  any  elevation 
of  pressure  will  depend  upon  increase  of  the  central  force  or  of  the  output.  If 
rise  occur,  the  heart  must  have  been  stimulated.  If  no  rise  occur,  the  contrary 
is  true. 

The  facts  concerning  contraction  of  the  arterioles  may  be  determined  as 
follows : 

(1)  The  arterial  pressure  and  the  outflow  from  a  vein  are  measured  simul- 
taneously and  the  drug  is  then  given.  If  the  pressure  rises  and  at  the  same  time 
the  flow  decreases,  it  is  evident  that  the  vessels  are  actively  contracted.  If,  however, 
blood  flow  increases  proportionately  to  the  pressure,  it  is  equally  obvious  that  the 
chief  effect  is  not  on  the  vessels.  (2)  The  vessels  may  be  studied  by  direct  observa- 
tion. If,  coincidently  Avith  rise  of  systemic  blood  pressure,  their  contraction  be 
evidenced  by  blanching  of  the  skin  or  by  narrowing  of  the  retinal  arteries,  as  seen 
by  the  ophthalmoscope,  it  may  be  assumed  that  active  arterial  constriction  has 
occurred.  If  a  fall  of  pressure  occur  coincidently  with  visible  vascular  dilatation, 
it  may  likewise  be  assumed  that  the  cause  lies  in  the  vessels  and  not  in  an  alteration 
of  cardiac  output. 

Having  determined  whether  the  change  in  blood  pressure  depends  upon  altera- 
tion of  the  vessels  or  alteration  of  the  heart,  it  is  next  to  be  determined  through 
which  portion  of  the  cardiac  mechanism  on  the  one  hand,  or  of  the  vascular 
mechanism  on  the  other  hand,  the  eifect  has  been  brought  about. 

If  the  action  has  been  found  to  be  cardiac,  we  must  learn  whether  the  direct 
effect  is  on  the  extrinsic  or  intrinsic  nerve  mechanism,  or  on  the  muscle  fiber. 
When  the  action  is  vascular,  we  must  study  the  effect  on  the  vasomotor  center  and 
on  the  nerves  and  muscles  of  the  vessel  walls. 

In  the  former  case,  we  may  first  cut  the  extrinsic  nerves  of  the  heart  and 
thus  exclude  or  demonstrate  an  action  on  the  vagus  or  on  the  accelerator  centers. 
The  modifications  by  the  drug  of  the  effect  of  electric  stimulation  of  each  of 
these  nerves  must  also  be  studied. 

If  the  effect  is  not  central,  this  fact  may  be  positively  demonstrated  by  pro- 
ducing the  same  phenomenon  in  the  isolated  heart;  that  is,  a  heart  removed  from 
the  body  and  supplied  artificially  with  nutritive  fluid.  Most  commonly  the  frog's 
heart  is  used  for  this  purpose  as  it  has  certain  technical  advantages.  The  muscular 
Avail  is  so  thin  that  it  will  absorb  the  solution  with  which  it  is  in  contact  and  it 
continues  to  beat  at  so  low  a  temperature  that  oxygenation  of  the  nutritive 
fluid  is  unnecessary. 

The  simplest  method  consists  in  exposing  the  heart,  opening  the  auricle  by  a  small 
incision  and  passing  a  double  tube   down   into   the  ventricle.     A   ligature  being  tied 
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around  the  tube,  the  aorta  and  sinus  venosus  are  cut  through  and  the  heart  removed. 
Ringer  solution  is  introduced  through  one  branch  of  the  double  tube  and  escapes 
through  the  other.  By  interposing  a  manometer  between  the  ventricle  and  the  opening 
by  which  the  fluid  finally  escapes,  the  strength  and  rate  of  the  contractions  can  be 
recorded  directly. 

The  procedure  described  gives  opportunity  to  study  only  those  alterations  brought 
about  by  direct  influence  on  the  cardiac  muscle  or  intracardiac  ganglia.  To  study  the 
drug's  action  on  the  auricle  and  ventricle  separately,  as  well  as  its  influence  on  the 
conduction  time,  a  cannula  may  be  fixed  in  the  sinus  venosus  and  another  in  the  aorta. 
In  this  way  the  connection  between  the  auricle  and  ventricle  is  left  intact  and  the 
contractions  of  both  are  recorded  in  a  similar  manner.  The  nutritive  fluid  enters  by 
the  sinus   and  escapes  from   the  aorta. 

An  even  simpler  cardiac  preparation  adapted  to  the  study  of  direct  action  on  the 
muscle  fiber  is  made  by  removing  the  heart  of  a  turtle  and  splitting  the  ventricle  length- 
wise into  four  strips.  Each  of  these,  when  suspended  in  Ringer  solution,  exhibits 
rhythmic  beats.  The  effect  of  drugs  may  be  determined  by  merely  adding  them  in 
definite  concentration  to  the  bath  in  which  the  strip  is  suspended.  As  with  the  frog 
neither  oxygen  nor  special  temperature  regulation  is  required. 

Studies  on  the  isolated  hearts  of  mammals  can  also  be  made,  but  the  technique 
is  much  more  difficult.  The  preparations  must  be  maintained  at  a  constant  temperature, 
approximating  that  of  the  species  which  is  employed.  In  consequence,  oxygen  is  used  up 
in  large  amount  and  it  is  necessary  to  employ  blood  for  transfusion  and  to  keep  a  con- 
stant stream  of  oxygen  bubbling  through  the  supply.  Finally,  owing  to  the  thickness 
of  the  heart  wall,  it  is  necessary  to  arrange  perfusion  through  the  coronary  arteries, 
which  is  often  a  matter  of  great  difficulty.  If  the  heart  is  beating  well  it  will  force 
blood  into  them  by  its  own  contractions,  as  in  normal  circulation,  but  this  cannot 
always  be  depended  on. 

If  any  substance  affects  the  action  of  such  an  isolated  heart,  it  is  obvious  that 
the  effect  in  question  is  owing  to  influence  either  on  the  muscle  fiber  or  on  the 
intracardiac  nerve  mechanism.  If  the  effect  is  the  same  as  that  seen  when  the 
heart  remains  intact  in  the  body,  it  may  be  tentatively  assumed  that  this  action 
is  peripheral  or  local.  Such  a  conclusion  should  not,  however,  be  drawn  positively 
until  an  exhaustive  study  by  all  available  methods  has  been  made.  Positive  results 
in  such  experimental  procedures  are  of  much  greater  weight  than  negative  ones, 
as  slight  irregularities  of  temperature  or  unrecognized  injury  to  the  heart  during 
removal  may  mask  the  effects  of  the  drug. 

In  case  it  has  been  shown  that  the  effect  is  on  the  vessels,  we  may  demonstrate  an 
action  on  the  center  by  cutting  both  the  artery  and  the  vein  of  a  limb  and  putting  a 
cannula  in  each;  the  nerve  supply  being  kept  intact.  The  artery  is  perfused*  with  blood 
at  a  constant  pressure  and  the  outflow  from  the  vein  is  measured.  If  now  the  drug  be 
injected  into  the  systemic  circulation,  any  lessening  of  the  venous  flow  necessarily  indi- 
cates an  excitation  of  the  vasomotor  center,  with  arterial  constriction;  and  any  increase 
in  flow  shows  central  depression  with  arterial  relaxation.  If,  on  the  other  hand,  the 
substance  under  study  be  added,  not  to  the  systemic  circulation  but  to  the  perfusion 
liquid,  an  alteration  in  the  flow  will  indicate  peripheral  action. 

With  constrictor  drugs,  the  question  can  be  studied  even  more  conveniently 
by  inserting  a  cannula  in  the  vein  of  an  otherwise  intact  limb  and  continuously 
collecting  and  reinjecting  the  blood.  The  drug  being  given  and  the  decrease  of 
flow  obtained,  the  nerve  is  cut,  thus  severing  connection  with  the  center.  If  the 
flow  at  once  increases  markedly,  the  constrictive  action  has  evidently  been  of 
central  origin,  since  it  is  now  removed.  If  not,  it  is  evidently  peripheral,  since 
it  persists  after  central  control  has  been  excluded. 

*  Perfuse,  to  run  through.  By  perfusion  is  meant  the  driving  by  mechanical  means 
of  blood  or  other  liquid  through  a  vessel  or  organ. 
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The  most  direct  evidence  of  periplieral  action  is  obtained  by  perfusion  of  a 
limb  removed  from  the  body,  or  with  all  nerve  connections  severed.  In  artificial 
perfusion  of  the  limbs  of  warm-blooded  animals,  the  elfects  of  asphyxia  are  apt 
to  be  troublesome,  while  these  are  readily  avoided  in  preparations  made  from 
cold-blooded  animals.  The  Jjawen-Trendelenburf:^  frog,  j)r('pared  as  follows,  is 
convenient  for  that  reason. 

The  entire  central  nerve  system  having  been  destroyed,  a  cannula  is  inserted 
in  the  aorta  and  one  in  the  sinus  venosus.  To  determine  the  action  on  the  vessel 
walls  by  using  any  one  of  these  preparations,  a  suitable  perfusion  liquid  is  run  into 
the  artery  (or  aorta)  and  the  rate  of  flow  is  recorded.  The  drug  is  then  added 
to  the  perfusion  fluid  and  the  effect  on  the  rate  of  flow  is  noted.  A  diminution 
in  the  flow  indicates  that  the  blood  vessels  have  contracted ;  an  increase,  that  they 
have  dilated.  As  all  the  nerve  centers  have  been  destroyed,  such  action  must  be 
jieripheral;  that  is,  directly  on  the  vessel  wall  or  on  the  sympathetic  ganglia. 

Apart  from  the  circulation,  such  isolation  of  functional  units  is  employed 
chiefly  in  studies  upon  the  nerve  system. 

Convulsant  drugs  must  always  be  studied  in  this  way,  in  order  to  determine 
whether  the  abnormal  (drug  induced)  impulses  giving  rise  to  the  convulsive 
phenomena  originate  peripherally  or  centrally;  and  if  centrally,  in  what  part 
of  the  cerebrospinal  axis.  The  usual  course  is  to  prepare  a  series  of  animals  by 
removing,  respectively,  the  cerebral  cortex,  the  entire  cerebrum,  the  basal  ganglia 
and  finally  the  entire  brain,  including  the  medulla.  Artificial  respiration  may  be 
necessary  in  warm-blooded  animals  to  prevent  asphyctic  convulsions  which  would 
obscure  those  caused  by  the  drug.  The  drug  being  given  to  such  a  series  of 
animals,  the  part  on  which  it  acts  can  in  most  instances  be  determined. 

Thus  atropine  no  longer  causes  convulsions  after  the  cerebrum  is  removed — hence  its 
convulsant  action  is  cerebral;  picrotoxin  ceases  to  have  such  an  effect  after  removal  of 
the  medulla — hence  its  action  has  been  upon  that  structure;  only  the  cord  need  be  kept 
intact  for  the  convulsions  of  strychnine  or  caffeine — hence  these  are  of  spinal  origin. 
After  section  of  the  cord  in  the  lower  dorsal  region,  tetanus  of  both  the  fore  and  hind 
legs  may  be  obtained  with  caffeine  or  strychnine,  but  not  of  the  hind  legs  with  bella- 
donna or  picrotoxin.  Hence  the  conclusion  is  drawn  that  convulsions  caused  by  the  first 
two  drugs  are  of  spinal  origin,  since  both  sections  of  the  severed  cord  are  affected;  while 
the  latter  agents  affect  some  higher  center  and  the  convulsant  impulses  are  blocked  at 
the  point  of  section. 

On  account  of  the  lesser  degree  of  shock,  such  experiments  are  best  made  on 
frogs,  and  better  on  birds  than  on  mammals. 

The  method  in  use  for  localizing  the  action  of  drugs  which  cause  paralysis  is 
based  on  similar  principles,  but  emplo"}'s  successive  stimulations  of  lower  and 
lower  portions  of  a  nerve  tract  instead  of  successive  sections.  It  is  obvious  that 
if  a  drug  paralyzes  a  certain  segment  of  the  nerve  tract  and  thereby  interrupts  the 
passage  of  impulses  through  this  point,  a  stimulus  above  (central  to)  the  place  of 
paralysis  will  be  ineffective;  while  stimuli  applied  below  this  point  will  produce 
their  ordinary  effect. 

Thus  after  large  doses  of  opium  or  of  cannabis,  electric  stimulation  of  the  motor  area 
of  the  cortex  does  not  elicit  motor  response  of  the  limb,  while  stimulation  of  the  motor 
cord  is  still  effective,  and  stimuli  applied  either  to  the  motor  nerve  or  muscle  produce, 
as  ever,  contractions  of  the  muscles.  We  may,  therefore,  assume  that  the  paralytic  action 
of  the  drugs  under  study  is  local i7x>d  in  the  brain.  With  bromides,  there  is  a  reduction 
in  the  intensity  of  response  to  stimulation  of  the  motor  cortex,  and  also  a  reduction  in  the 
effect  of  stimulation  of  the  cord,  while  responses  from  the  nerve  and  from  muscle  are  not 
influenced.    The  conclusion  is,  therefore,  drawn,  that  this  druj^-  depresses  the  motor  cells 
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in  the  cord  (and  perhaps  those  of  the  brain  also)  but  does  not  affect  the  nerve  or  muscle. 
If,  on  the  other  hand,  curare  be  given,  there  is  no  response  to  the  stimulation  of  the  brain, 
cord  or  motor  nerve,  while  stimulation  with  the  electrodes  applied  directly  to  the  muscle 
produces  contraction.  We  thus  learn  that  curare  paralyzes  the  point  of  entry  of  the  nerve 
into  the  muscle.  Many  other  drugs  produce  this  block  at  the  myoneural  junction,  but  as 
it  was  first  noted  with  curare,  it  is  termed  "curarization."  Under  the  influence  of  vera- 
trine  even  direct  stimulation  of  the  muscle  is  ineffective,  as  this  drug  paralyzes  the 
muscle  fiber  itself. 

Analogous  methods  are  employed  to  determine  which  part  of  a  reflex  arc  is 
interrupted  and  to  localize  paralyses  of  the  sympathetic  system,  although  for  the 
latter,  certain  methods  described  later  are  ordinarily  more  useful.  Isolated  nerve 
tissues,  apart  from  the  muscle-nerve  frog  preparations,  are  rarely  of  use. 

In  studying  the  action  of  drugs  upon  the  nerve  system,  another  method  is 
frequently  employed.  Dilute  solutions  of  the  substance  under  investigation  are 
applied  directly  to  the  part  studied.  The  method  is  of  special  value  to  determine 
the  influence,  on  a  particular  part,  of  a  drug  which  acts  on  other  parts  also. 

Thus,  application  of  magnesium  sulphate  to  the  brain  causes  loss  of  consciousness 
and  motor  paralysis.  Evidently  the  brain  centers  are  affected  by  the  drug.  Its  intradural 
injection  also  results  in  loss  of  motor  power.  Evidently  it  acts  upon  the  cord  as  well. 
The  loss  of  conduction — from  nerve  to  muscle — when  it  is  injected  into  the  artei'y  of 
a  limb,  demonstrates  that  the  motor  nerve  ending  is  also  paralyzed.  Were  it  not  for 
such  experiments,  we  might  easily  conclude  that  the  paralysis  of  the  motor  nerve  ending, 
with  resulting  failure  of  all  response  to  stimulation,  was  the  sole  influence  of  magnesium 
upon  the  nerve  system. 

Application*  of  dilute  nicotine  solution  to  the  sympathetic  nerve  tissues  is  without 
effect,  except  when  made  to  the  ganglia.  When  the  drug  Is  thus  applied,  there  is  at  first 
a  stimulation  of  the  nerve  leading  from  the  affected  ganglion,  and  soon  after  a  complete 
block  of  all  the  impulses  that  should  pass  through  it.    The  action  can  thus  be  localized. 

A  finer  (more  detailed)  division  of  the  nerve  system  into  functional  segments 
can  often  be  made  by  giving  two  drugs  which  have  opposite  efi'ects  on  the  same 
organ.  It  is  obvious  that  if  both  develop  their  full  effect,  the  reaction  observed 
will  be  that  of  the  drug  acting  more  peripherally. 

For  example,  muscarine  inhibits  the  heart  by  vagus  stimulation;  atropine  paralyzes 
the  cardiac  vagus.  If  muscarine  be  given,  and  the  heart  thus  stopped,  and  atropine  then 
be  given,  the  heart  will  start  again;  showing  that  the  paralytic  action  of  atropine  on  the 
vagus  is  at  least  as  peripheral  as  the  stimulating  action  of  muscarine  on  the  same  func- 
tion. If  the  blood  pressure  is  reduced  by  large  doses  of  chloral,  it  will  not  be  raised  to 
the  usual  extent  by  caffeine,  but  will  be  affected  in  the  ordinary  way  by  injections  of 
epinephrine,  ergot  or  barium  chloride.  This  indicates  that  chloral  acts  on  a  functional 
unit  which  is  more  central  than  the  unit  influenced  by  epinephrine,  etc.,  while  the 
reverse  is  true  of  caffeine. 

If  ergot  be  given  in  toxic  dose,  the  primary  rise  will  be  succeeded  by  a  fall  of  pressure. 
During  this  fall  it  will  be  found  that  barium  still  raises  the  pressure,  while  epinephrine 
does  not.  It  may  therefore  be  concluded  that,  although  all  three  are  peripheral  in  action, 
the  structure  influenced  by  ergot  is  more  peripheral  than  that  influenced  by  epinephrine 
and  more  central  than  that  influenced  by  barium.  The  last  named  drug  is  supposed  to 
act  directly  on  the  smooth  muscle  fiber,  while  epinephrine  stimulates  the  myoneural 
junction.  To  account  for  the  action  of  ergot,  it  is  assumed  that  the  nerve-muscle  ending 
has  two  portions  and  that  epinephrine  stimulates  the  nerve  portion,  and  ergot  the  mus- 
cular portion.  The  necessity  for  explaining  such  pharmacologic  phenomena  is  the  only 
basis  for  assuming  this  division. 

Studies  of  the  action  of  a  drug  on  an  animal  to  which  another  drug  has  been 
given  may  also  bring  out  a  special  phase  of  drug  action  which  is  ordinarily  obscured. 
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For  example,  if  a  full  dose  of  ergot  be  injected  intravenously  into  a  cat  or  dog,  and 
if  during  the  resulting  rise  of  blood  pressure  epinephrine  is  given,  the  rise  ordinarily 
produced  by  this  latter  substance  will  be  replaced  by  a  fall.  This  would  seem  to  indicate 
that  ergot  has  a  depressor  as  well  as  a  pressor  action  and  that  when  the  drug  is  given 
alone  the  depressor  action  is  entirely  obscured  or  appears  as  a  sequential  effect. 

E.  To  dclerniine  the  (tpiilicabilili/  of  (iiiti/ialJiogcnic  agcrils  for  combafing 
infection. — The  power  of  a  drug  to  kill  parasites,  to  inhibit  their  growth,  or  to 
bring  about  their  e.xptilsion,  may  be  studied  either  in  the  body  or  outside  of  it. 
Many  parasites  have  not  been  made  to  grow  or  will  not  live  outside  the  body 
and  with  such  we  are  limited  to  experiments  against  the  organisms  as  they  are 
found  in  disease.  This  is  the  case,  for  example,  with  the  organisms  of  smallpox 
and  of  malaria.  The  action  of  drugs  on  intestinal  worms  may,  on  the  other  hand, 
be  studied  either  by  administration  to  an  animal  or  a  man  infected  with  the  worms 
in  question ;  or  the  worms  may  be  removed  from  the  bowel,  kept  alive  in  suitable 
solutions  and  the  drug  be  added  directly  to  the  media.  Much  may  also  be  learned 
as  to  the  manner  of  action  of  anthelmintics  by  keeping  earth-worms  in  water 
and  adding  varying  proportions  of  the  drug. 

The  study  of  antijiathogenic  agents  has,  however,  been  almost  entirely  de- 
veloped in  connection  with  bacterial  infection  and  antiseptic  action.  The  methods 
in  use  may  be  divided  into  four  groups:  (a)  the  so-called  in  vitro  (test  tube) 
method,  in  which  the  drug  is  tested  outside  the  body;  (6)  the  so-called  tn  vivo 
method,  in  which  the  drug  is  tested  in  the  infected  animal;  (c)  the  vitro-vivo,  and 
{d)  the  vivo-vitro  methods,  which  are  combinations  of  the  two. 

The  hi  Vitro  Method. — Study  of  antiseptic  drugs  in  vitro  does  not  require  the  use 
of  the  living  animal  and,  hence,  occupies  a  sort  of  borderline  between  physical  chemistry 
and  pharmacodynamics.  The  reader  is  referred  for  its  discussion  to  the  introduction 
to  Chemical  Antiseptics. 

The  In  Vivo  Method. — In  this  method  the  animal  is  inoculated  with  the  pathogenic 
organism  and  either  before  or  after  inoculation  is  treated  with  the  antiseptic  to  be 
tested.  The  number  of  organisms  inoculated  and  the  quantities  of  antiseptic  used 
must  be  varied  over  a  wide  range.  Comparison  should  be  made  of  the  effects  of  treat- 
ment at  varying  Intervals  before  and  after  infection  and  of  the  results  to  be  obtained 
from  single  and  repeated  doses  of  the  drug.  Inoculated  control  animals  are  left  un- 
treated. Comparison  of  the  results  in  the  various  cases  will  show,  in  so  far  as  such 
results  are  definite,  whether  and  how  the  drug  combats,  or  aids  the  animal  to  combat, 
the  particular  form  of  infection  or  intoxication  experimentally  established.  Such  com- 
parisons should  include  not  only  the  symptoms  produced  or  wanting,  the  survival  of 
the  animal,  the  time  and  method  of  death,  and  the  like,  but  also  the  development  of 
agglutinins,  opsonins,  bacteriolysins  and  the  occurrence  of  other  morbid  and  defensive 
reactions. 

By  experiments  of  the  in  vivo  type  it  has  been  shown,  for  instance,  that  arsenicals 
and  antimonialshave  a  distinct  power  to  overcome  infection  with  tryi)anosomGS,  spirilla 
and  like  organisms;  that  arsphenamine  destroys  the  Spirochseta  pallida  in  the  body;  and 
that  quinine  and  other  cinchona  derivatives  exhibit  a  certain  degree  of  power  against 
pneumococcus  infections  of  various  kinds,  as  also  against  poisoning  with  pneumotoxin 
and  pneumonic  lung  exudate.  Certain  of  the  organic  arsenicals  which  have  a  marived 
power  to  combat  infection  when  administered  to  animals,  show  no  antiseptic  power  in 
vitro.  The  cinchona  compounds,  on  the  other  hand,  are  effective  not  only  in  the  animal 
body  but  also  against  cultures  of  the  pneumococcus  in  the  test  tube. 

In  interpreting  the  results  of  such  experiments  on  the  power  of  drugs  to  prevent 
or  overcome  infection,  and  whether  the  results  are  positive  or  negative,  it  must  be  borne 
in  mind  that  the  infection  produced  in  animals  by  a  given  germ  is  not  always  the  same 
as  the  malady  which  that  germ  induces  in  the  human  being. 

The  pneumococcus  septicemia  of  animals,  for  example,  is  very  different,  patho- 
logically, from  either  the  acute  lobar  pneumonia  or  the  acute  bronchopneumonia  of 
pneumococcus  origin  in  man.    Hence,  a  given  drug  that  helps  man  may  be  much  less 
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useful,  or  even  useless,  either  for  prevention  or  cure,  in  animal  experiments;  and  one 
that  succeeds  in  animal  experiments  may  be  either  useless  or — as  with  soluble  optochin — 
too  dangerous  for  use  in  man.  "When  such  discrepancies  exist,  their  causes  are  to  be 
sought.  Clues  may  thus  be  found  to  useful  modifications  of  the  drugs  in  question.  Thus 
while  inorganic  arsenicals  cannot,  because  of  their  toxicity,  be  employed  in  effective 
dose  in  trypanosomal  and  spirochetal  infections,  arsphenamine  and  other  organic  arsenic 
compounds  can  be  so  used,  and  insoluble  optochin  base  may  be  used  in  pneumonia. 

The  Vitro-Vivo  Method. — A  pathogenic  organism  is  exposed  to  the  antiseptic  under 
test,  and  the  treated  organism,  freed  from  the  antiseptic,  is  then  injected  into  a  sus- 
ceptible animal. 

For  example,  having  established  the  minimum  lethal  dose  of  a  certain  virulent  cul- 
ture, different  portions  of  that  culture  are  exposed  in  vitro  under  varied  conditions  of 
temperature,  time  and  concentration,  to  the  action  of  the  substance  to  be  studied.  The 
antiseptic  having  been  removed,  a  given  quantity  of  each  portion  of  the  culture  is  then 
Injected  into  animals.  This  may  be,  for  example,  equivalent  to  ten  times  the  minimum 
lethal  dose  (10  m.l.d.)  for  the  species  used.  The  same  quantity  of  an  untreated  portion 
of  the  culture  is  injected  into  control  animals.  If  the  bacteria  have  been  killed  or  robbed 
of  their  pathogenic  power,  the  animal  receiving  the  treated  cultures  will  show  no  signs 
of  infection.  If  the  bacteria  have  been  weakened,  but  not  killed  or  rendered  completely 
avirulent,  the  animals  will  suffer,  eventually  recovering  or  merely  surviving  longer  than 
the  controls.  If  a  drug  in  a  given  concentration  will,  by  this  method,  prevent  infection 
of  a  given  species  with  a  given  organism,  similar  results  may  reasonably  be  anticipated 
with  other  species  of  animals,  including  man;  but  positive  conclusions  must  await  direct 
test. 

The  Vivo-Yitro  Method. — An  infected  animal  is  treated  with  the  drug  to  be  tested 
and  attempts  are  made  to  obtain  cultures  from  its  fluids  or  tissues.  If  such  attempts 
repeatedly  fail,  while  they  are  repeatedly  successful  in  the  untreated  control  animals, 
it  may  reasonably  be  concluded  thaf  the  drug  has  antipathogenic  properties.  If  cultures 
result,  their  virulence  may  be  compared  with  that  of  the  original  culture  by  new  animal 
experiments.  These  may  demonstrate  the  complete  absence  of  antiseptic  power,  or 
indicate  the  existence  of  some  degree  thereof.  This  method  is  particularly  suited  to  the 
study  of  chronic  infections,  such  as  tuberculosis  and  syphilis. 

Hirschfelder,  utilizing  the  method  introduced  by  Heist  and  Solis-Cohen  for  the  study 
of  the  bactericidal  powers  of  animal  fluids,  injects  animals  with  the  antiseptic  under 
study,  and  tests  the  serum  from  artificially  produced  edemas,  as  well  as  the  blood, 
against  graduated  cultures  of  selected  microih'ganisms  deposited  as  films  on  the  walls 
of  capillary  pipets.  If  is-  thus  shown  (a)  whether  or  not  the  antiseptic  reaches  the 
tissues  and  (b)  whether  the  quantity  diffused  after  injection  of  a  safe  dose  is,  or  is 
not,  sufficient  to  kill  or  inhibit  the  microbes. 

In  case  the  organism  is  not  known,  and  cannot  be  cultivated  readily  im  vitro,  a 
vivo-vivo  method  may  be  substituted,  tissues  from  the  treated  animal  being  injected 
into  another  animal. 

For  example,  monkeys  infected  with  anterior  poliomyelitis  having  been  treated,  are 
killed  and  portions  of  their  spinal  cords  injected  into  healthy  animals.  If  the  latter  do 
not  develop  the  infection  it  is  probable  that  the  organism  has  been  killed  or  at  least 
attenuated. 

The  action  of  drugs  on  bacterial  toxins  as  well  as  their  influence  in  com- 
bating the  effects  of  such  toxins  may  be  studied  in  various  ways  in  vivo  and  in 
vitro.  The  toxic  and  the  medicinal  agents  may  be  mixed  and  at  once  injected,  or 
the  mixture  may  be  kept  at  body  heat,  or  room  temperature,  or  on  ice,  for  various 
periods  before  injection.  Thus,  formaldehyde  added  to  diphtheria  or  tetanus  toxin 
destroys  the  toxicity  without  reducing  the  antigenic  power.  Either  the  medicament 
or  the  toxin  may  first  be  injected  and  the  other  administered  after  different  intervals. 
In  general  it  may  be  said  that  the  best  therapeutic  results  are  obtained  when  the 
two  are  mixed  together  before  injection,  and  the  least  favorable  when  the  toxin  is 
given  first.  As  the  last  method  approximates  clinical  conditions  the  most  closely,  it 
is  perhaps  the  most  important. 
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Therapeutic  Studies 

The  therapeutic  study  of  drugs  includes  a  critical  observation  not  only  of 
their  remedial  ellVits  hut  of  every  phase  of  their  influence  upon  the  sick. 

In  other  words,  it  is  the  investigation,  as  accurately  as  conditions  will  permit, 
of  the  indications  and  contraindications  of  medicaments  under  all  conditions  of 
disease. 

It  is  not  to  be  confused  with  the  study  of  the  effects  of  drugs  upon  normal 
persons,  which  is  simj)ly  a  special  phase  of  pharmacodynamic  research. 

The  latter  is  well  illustrated  by  the  "poison  squad"  experiments  conducted  by  the 
Bureau  of  Chemistry  of  the  U.  S.  Department  of  Agriculture  to  determine  the  influence 
of  boric  acid  and  of  sodium  benzoate  upon  digestion  and  nutrition. 

The  homeopathic  "proving"  of  drugs  falls  into  the  same  category.  In  these 
last,  various  jjreparations  and  attenuations  are  administered  to  a  number  of  in- 
dividuals among  whom  the  experimenter  is  often  included,  and  these  "subjects'' 
keep  a  careful  record  of  their  sensations  and  of  any  objective  symptoms  they  may 
notice,  over  a  certain  period.  From  a  comparison  of  such  records  the  table  of 
"symptoms"  of  the  drug  is  compiled  and  from  a  study  of  these  tables  homeopathists 
derive  their  indications  for  the  therapeutic  use  of  medicaments  upon  the  principle  of 
"siiiiilia  sirnilibus  curantur' — like  is  cured  by  like. 

The  lack  of  training  of  the  lay  observers,  the  subjective  character  of  most 
of  the  observations  and  the  diflficulty  of  discriminating  between  causation  and  coin- 
cidence— especially  as  to  symptoms  of  late  appearance — are  among  the  obvious 
defects  of  this  method  of  study.  It  has,  nevertheless,  contributed  to  the  development 
of  some  useful  therapeutic  expedients,  the  convincing  explanation  of  which  is 
yet  to  be  given. 

Carefidly  controlled  observations  of  the  effects  of  drugs  upon  human  beings  in 
health,  however,  while  possible  only  within  obvious  limits,  are  much  to  be  desired. 
In  so  far  as  trustworthy  records  of  such  observations  have  been  found,  they  are 
utilized  in  this  work  in  the  discussion  of  special  agents.  Their  number  has  been 
increased  of  recent  years,  especially  with  regard  to  agents  affecting  blood  pressure 
and,  since  the  introduction  of  the  electrocardiogram,  agents  influencing  the  heart. 

In  studying  the  action  of  medicaments  upon  the  sick,  the  obscurities  increase. 
Especially  is  this  true  concerning  remedial  effects — whether  as  to  special  ailments 
considered  in  their  totality,  or  as  to  special  pathological  conditions,  structural  or 
functional.  If  in  the  discussion  of  special  agents,  this  book  makes  definite  recom- 
mendations for  their  remedial  use,  it  is  not  without  full  realization  of  the 
difficulties  of  the  problem.  That  problem  is  indeed  com])lex.  It  involves  not  only 
all  the  factors  that  affect  physicochemical  and  physiologic  actions  in  the  healthy 
organism,  but  in  addition  those  pertaining  to  the  special  disruptive  and  restorative 
phenomena  present  and  the  modification  of  drug  influence  which  these  bring  about. 

Conclusions  are  to  be  drawn  cautiously  and  always  with  due  discrimination 
between  the  certain  and  the  merely  probable.  In  truth,  the  imcertainties  are 
manifold.  Diagnosis  is  fundamental,  and  diagnosis  is  not  always  sure.  Nor  is  the 
correct  naming  of  the  ailment  or  the  establishment  of  its  cause  a  sufficient  diag- 
nosis. vScientific  certainty  as  to  the  remedial  effect  of  medicines  demands  (1) 
recognition  of  the  kind,  the  degree  and  the  extent  of  both  the  structural  and  the 
functional  alterations  present  in  the  special  instance;  (2)  a  just  estimate  of  their 
natural  tendencies — whether  to  persist  or  to  cease,  to  undergo  favorable  or  un- 
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favorable  change — in  the  absence  of  medication;  (3)  establishment  in  particular, 
as  well  as  in  general,  of  the  changes  brought  about  by  the  action  of  the  medicament. 

To  fulfill  all  the  conditions  is  rarely  possible.  Even  when  the  comprehensive 
diagnosis  has  been  made,  its  prognostic  portion- — that  which  deals  with  the 
probable  course  of  events  in  the  absence  of  intervention — has  in  too  many  in- 
stances just  exactly  that  limitation ;  namely,  that  it  is  a  matter  of  probability  and 
not  of  assurance.  Hence  the  difficulty  of  affirming  that  the  apparent  modification 
of  the  expected  course  that  may  have  followed  the  use  of  some  particular  remedy  is 
beyond  doubt  owing  to  that  remedy. 

Influence  of  Medicaments  on  Ailments. — The  question  is  threefold. 

1.  Did  the  treatment  affect  the  evolution  of  the  ailment  in  any  manner 
whatever  ? 

2.  If  so,  by  what  mechanism? 

3.  Was  this  (a)  helpful,  (6)  harmful  or  (c)   indifferent? 

The  attempt  is  commonly  made  to  decide  such  questions  statistically;  that  is 
to  say,  by  comparison  of  the  results  obtained  in  approximately  equal  numbers  of 
cases,  of  approximately  the  same  type,  treated  under  approximately  the  same  con- 
ditions, with  and  without  the  drug  under  investigation. 

The  two  principal  ways  of  making  such  comparisons  may  be  termed — for 
distinction  in  discussion — direct  and  indirect.  Direct  comparison  implies  that  the 
two  methods  of  treatment  are  carried  out  simultaneously,  as  in  alternate  beds 
or  alternate  wards  of  the  same  hospital.^  The  indirect  comparison  places  the 
results  of  a  given  method  of  treatment  beside  the  recorded  experience  of  the 
profession  with  other  methods. 

When  a  single  agent  in  an  ailment  of  fairly  definite  course  and  characteristics 
is  to  be  tested  and  the  method  of  its  use  is  fairly  simple,  statistics  are  of  value 
as  well  in  prophylactic  as  in  therapeutic  studies.  Either  direct  or  indirect  com- 
parison may  be  made  of  morbidity  and  mortality  percentages  "with  and  without" 
or  "before  and  after"  the  use  of  the  agent  in  question.  Here  there  is — just  as  in 
laboratory  work — a  series  of  "control"  observations  and  the  comparison  is  fre- 
quently demonstrative.  The  direct  method  is  the  more  convincing  but  it  is  not 
always  practicable.    In  many  cases,  too,  it  is  open  to  serious  objections. 

Examples  of  medicaments  whose  worth  in  prevention  and  in  treatment  has  been 
proved  by  indirect  comparison  on  a  large  scale  are  quinine  in  malaria,  mercury  in 
syphilis,  lime  juice  and  fresh  vegetables  (i.e.,  vitamins)  in  scurvy,'  antitoxins  in  diph- 
theria and  tetanus.  The  effectiveness  of  arsphenamine  in  syphilis,  that  of  antimonials 
in  trypanosomiasis,  of  ipecac  and  emetine  in  amebic  dysentery,  of  salicylates  in  rheumatic 
fever,  and  the  uselessuess  if  not  the  harmfulness  of  antipyretics  in  typhoid  fever,  in  in- 
fluenza and  in  the  pneumonias,  have  been  shown  by  extensive  comparisons  both  direct  and 
Indirect. 

When  opportunity  for  comparative  observations  on  large  numbers  of  persons  is 
lacking,  a  few  cases  well  studied  may  be  equally  demonstrative  to  the  physicians  in 
attendance,  but  their  reports  rarely  carry  the  same  weight  as  massive  statistics. 
Years  may  therefore  elapse  before  the  cumulative  Aveight  of  numerous  small  series  of 
observations  makes  an  impression  upon  medical  practice.    It  needed  thirty  years  of 

^Excellent  recent  examples  of  this  method  of  study  are  Conner's  and  Cecil's  and 
Larsen's  investigations  of  Huntoon's  pneumococcus  antibody  solution  in  the  treatment  of 
lobar  pneumonia. 

*Here,  as  in  the  parallel  instances  of  rickets,  beriberi,  pellagra,  etc.,  the  demonstra- 
tion is  perhaps  that  of  the  etiology  of  these  "privation"  affections.  But  the  principle  is 
the  same. 
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Brand's  work  to  introduce  systomatic  hydrotherapy  into  the  routine  mana.ixement 
of  typhoid  fever,  and  the  boid  use  of  quinine  conipounds  and  derivatives  in 
pneumococcic  pneumonias  is  still  lamentably  ne^dected.  !  !   ■    i 

The  applicability  of  the  statistical  method  to  therapeutic  study  is  in  any 
event  restricted.  The  effects  to  be  demonstrated  must  be  relatively  simple — i.e., 
large  results,  such  as  the  percentages  of  mortality,  of  complications,  of  sequels,  of 
accidents;  the  average  duration  of  illness;  the  incidence  of  certain  symptoms. 
Statistical  tables  cannot  set  forth  the  suitability  of  the  drug  to  the  individual  case 
or  the  impressions  of  helpl'uhu^ss  or  inutility  in  general,  or  in  relation  to  sjjecial 
symptoms  or  special  pathological  processes,  made  upon  the  watchful  physician 
at  the  bedside,  by  phenomena  of  many  kinds  not  reducible  to  arithmetical  expres- 
sion. Nor  are  such  tables  freer  from  fallacy  than  other  forms  of  clinical  record. 
Chanticleer  crows  and  the  sun  rises,  365  days  in  every  year  and  366  days  in  leap 
years.  The  relation  of  causation,  and  not  of  mere  sequence,  must  be  established 
before  the  statistics  are  useful ;  and  this  relation  having  been  established,  the 
statistics  become  cumulative  evidence  only. 

Take,  for  example,  the  question  of  the  prevention  and  control  of  hemorrhage  in 
typhoid  fever.  In  the  writer's  observation  the  percentage  of  incidence  of  such  bleeding 
has  been  enormously  reduced  by  three  things;  the  maintenance  of  a  liquid  diet  (of  suffi- 
cient caloric  value,  however);  the  pancreatizing  of  all  milk  foods,  and  the  continuous 
application  of  a  cold  coil  to  the  abdomen  from  the  moment  of  diagnosis.  The  percentage 
of  recoveries  from  the  accident  has  been  much  increased  by  adding  to  rigid  restriction 
of  food  and  drink,  the  flushing  of  the  colon  with  hot  saline  solution,  and  practically 
continuous  morphinization  of  the  patient  for  several  days.  In  so  far  as  the  limited  sta- 
tistics of  an  individual  observer  go,  these  results  would  appear  to  be  conclusive  as  to  the 
prophylactic  efficacy  of  chilling  the  bowel  and  keeping  it  free  from  hard  particles,  however 
minute,  and  of  the  remedial  efficacy  of  cleansing  and  locking  it.  But  how  are  we  to 
show  that  in  any  given  instance  hemorrhage  would  have  occurred  had  one  or  all  of  these 
precautions  been  neglected?  We  know  that  of  the  hundreds  of  instances  in  which  they 
are  not  used,  hemorrhage  is  escaped  in  more  than  90  per  cent.  Or  how  are  we  to  prove 
that  hemorrhage  was  actually  controlled  by  the  association  of  irrigation  and  opiate, 
when  we  know  that  it  might  also  have  ceased  had  neither  of  these  methods  been  em- 
ployed? Or,  on  the  other  hand,  in  the  exceptional  instance  in  which  hemorrhage — and 
even  perforation — occurs  despite  the  precautions  cited,  or  in  which  hemorrhage  recurs, 
perhaps  several  times,  despite  the  treatment  outlined,  to  what  is  the  failure  to  be 
attributed?  Has  the  prophylactic  or  therapeutic  measure  been  equally  devoid  of  in- 
fluence in  the  cases  recorded  as  successes?  Or  has  there  been  something  in  the  patient, 
or  in  the  infecting  organism,  or  in  some  feature  of  the  pathologic  process,  that  has  lifted 
this  particular  instance  out  of  the  general  category? 

Such  questions  cannot  be  answered  by  statistics,  however  accurate  and  ex- 
tensive. Ex])erience  is  no  less  fallacious,  and  judgment  no  less  difficult,  when 
applied  to  many  instances  than  when  applied  to  one. 

It  is  easy  to  say,  in  regard  to  therapeutic  results  obtained  by  measures  with 
which  one  is  unfamiliar,  that  mitigation  of  distress  or  restoration  to  health  has  been 
independent  of  treatment;  that  arrest  of  morbid  tissue  changes  and  disappearance 
of  threatening  symptoms  have  been  spontaneous.  After  all,  it  is  the  natural 
processes  of  recovery  ujion  which  the  physician  must  depeiid.  But  the  question  is, 
Can  he  hasten  or  help  them — can  he  avert  danger  while  they  are  unfolding? 
Ignorant  recommendations,  and  claims  at  obvious  variance  with  established  knowl- 
edge, need  not  be  considered.  Concerning  others,  enlightened  scepticism  is  always 
wise,  but  scepticism  founded  merely  on  lack  of  observation,  is  not  enlightened. 
Nor  can  anyone  reason  convincingly  merely  from  post  mortem  observations  of 
the  cumulative  results  of  uncontrolled  morbid  processes.  The  mere  fact  of 
recovery    in    a   given    instance    shows    that    lesions    of    the    severity    and    extent 
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of  those  present  in  the  dead  body  did  not  develop  in  the  man  that  escaped 
death ;  or,  if  developed,  either  underwent  retrogression  or  were  not  associated 
with  the  same  kind  or  degree  of  functional  disturbance  or  toxemia.  The  great 
point  to  be  determined  is  the  influence  or  lack  of  influence  of  the  treatment 
in  bringing  about  the  saving  difference.  Statistics  offer  one  series  of  evidential 
data.  Careful  w-atching  of  individual  cases  offers  another  and  equally  important 
series.  The  decision  as  to  the  method  of  treatment  of  an  individual  patient  must 
be  based  upon  both,  but  adapted  to  the  special  conditions  presented  by  that  individ- 
ual.   The  trained  judgment  of  the  skilled  observer  is  the  final  arbiter. 

Injfluence  of  Remedies  upon  Special  Pathological  Phenomena. — It  is  not 
to  be  inferred  from  the  foregoing  discussion  that  ordinary  observation  of  the 
effect  of  remedies  upon  symptoms,  objective  and  subjective,  is  without  value,  or 
that  the  clinical  study  of  drug  influence  is  without  exact  methods. 

Such  methods  are  applied,  of  course,  under  the  obvious  limitation  that  neither 
by  omission  nor  by  commission  must  they  increase  the  patient's  danger  or  discom- 
fort; but  the  studies  may  be,  within  their  limits,  as  accurate  as  any  others. 

A  few  illustrations  will  suffice. 

In  such  conditions  as  diabetes  mellitus  or  chronic  nephritis  it  is  possible  to  stand- 
ardize diet,  rest  and  exercise  and,  under  conditions  thus  controlled,  to  plot  the  curves  of 
blood  sugar,  blood  nitrogen,  urinary  water  and  solids,  albumin,  ketone  bodies,  casts,  etc., 
without  medication  and  under  the  influence  of  the  drug  studied.  In  affections  of  the 
heart  and  vessels,  under  conditions  similarly  controlled,  the  curves  of  pulse,  respiration, 
blood  pressure,  cardiac  and  vascular  contractions  and  relaxations,  renal  output,  etc., 
with  and  without  medicine,  are  readily  obtained  and  compared.  So,  too,  in  gastroenteric 
disorders,  the  action  of  the  drugs  upon  secretion,  excretion,  peristalsis,  etc.,  may  be 
demonstrated;  in  lues,  their  effect  upon  the  serologic  reactions;  in  rickets,  their  modi- 
fication of  the  bone  picture;  in  the  anemias  and  leucemias,  their  influence  upon  the  blood 
picture — and  so  on.  In  other  words,  every  resource  of  the  laboratory  or  of  the  clinic 
available  for  diagnostic  study,  from  simple  Inspection  to  electrocardiography  and  estima- 
tions of  basal  metabolism,  is  equally  available  for  therapeutic  research. 

Both  direct  and  indirect  comparisons  may  be  made  in  respect  to  the  influence 
of  drugs  upon  the  special  phenomena  of  disease  as  presented  in  different  persons 
under  different  methods  of  treatment;  but,  although  to  a  less  degi'ee  in  acute 
than  in  chronic  ailments,  the  most  convincing  exhibits  are  those  in  which  the  con- 
dition of  the  individual  patient  prior  to  the  medication  is  taken  as  the  basis  of 
comparison.  A  sufficient  number  of  parallel  instances  to  exclude  mere  coincidence 
and  to  give  opportunity  for  variation  in  results  is  necessary ;  but  the  relation  of 
cause  and  effect  being  established,  massive  statistics  are  superfluous. 

Elaborate  instrumental  methods  are  not  always  necessary,  however,  to  make 
bedside  investigations  of  drug  influence  exact  or,  when  exact,  demonstrative. 

The  reduction  of  temperature  by  antipyrine  and  its  congeners  is,  unfortunately, 
readily  shown,  almost  without  a  thermometer.  Unfortunately,  also,  the  sleep-producing 
and  pain-relieving  powers  of  these  and  other  drugs  are  evident  to  the  most  casual  observer. 
"When  simple  inspection  does  not  suffice,  measurements  of  the  limbs  and  abdomen,  or 
weighing  of  the  patient,  will  prove  the  reduction  of  a  cardiac  dropsy  by  the  influence 
of  foxglove — that  highly  useful  drug  we  owe  to  Wm.  Withering's  willingness  to  learn  and 
ability  to  prove.  Digital  examination  of  the  pulse;  percussion  and  auscultation  of  the 
heart;  ocular  and  aural  observation  of  the  breathing;  the  patient's  own  story  of  renewed 
ability  to  walk  or  even  to  climb  stairs — all  these  show  that  the  good  effects  upon  the 
heart  of  that  same  "old  woman's  remedy"  are  not  confined  (as  some  moderns  would  teach) 
to  cases  with  disturbances  of  rhythm. 

Such  instances,  however,  are  comparatively  simple  and  in  the  main  are  not 
matters  of  dispute.     Yet  even  in  some  of  these,  while  the  action  of  a  drug  may 


DRUG  TXFLUENCE  159 

be  evident,  the  necessity  for  resorting  to  it,  or  its  real  helpfulness,  may  be  ques- 
tioned.    Here  again,  clinical  judgment  must  decide. 

But  there  are  other  clinical  prol)lems  of  drug  influence — some  of  wliich 
are  too  complex  for  illustrative  statement  and  some  of  which  may  be  illustrated  by 
what  follows — that  offer  great  difficulty  and  cannot  be  settled  dogmatically.  Pul- 
monary tuhcrciilosis  presents  many  such  questions,  of  whicli  we  may  select  two. 

It  is  not  difficult  to  plot  curves  of  weight  and  of  temperature,  to  supplement  physical 
signs  by  fiuorosoopic  studies,  as  well  as  by  skiagraphic  examinations;  and  by  micro- 
scopic studies  of  blood  and  sputum,  and  in  various  other  exact  ways  to  trace  and 
record  the  patient's  progress.  But  it  is  well  known  that  both  under  purely  hygienic 
management  and  when  hygienic  management  is  supplemented  by  continuous  or 
varied  medication,  the  malady  runs  a  variable  course.  Periods  of  marked  and  increas- 
ing improvement  may  be  followed  by  periods  of  standstill  or  even  retrogression,  and 
these  by  periods  of  renewed  improvement.  Suppose  that  under  medication  in  a  test  case, 
improvement  has  taken  place  and  the  drug  is  then  withdrawn.  If  regression  ensue,  how 
shall  one  prove  that  it  might  not  have  occurred  in  any  event?  If  improvement  be  main- 
tained, how  shall  we  know  that  it  is  not  a  continuing  result  of  the  beneficial  changes — 
the  checking  of  destructive,  and  the  awakening  of  reparative,  processes — initiated  under 
the  drug's  influence? 

Caseation,  softening,  liquefaction,  cavity  formation,  with,  and  partly  because  of, 
intercurreut  mixed  infection,  is  a  marked  phenomenon  of  advancing  phthisis.  The 
writer  was  taught  to  administer  calcium  '  from  the  moment  of  diagnosis, — to  forestall 
such  changes  if  they  had  not  occurred;  to  assist  their  healing  if  present  in  a  slight 
degree.  He  was  also  taught  to  apply  blisters  over  areas  giving  signs  of  cavitation,  with 
moist  rales.  Both  measures  have  appeared  in  nearly  all  cases  to  be  successful  in  con- 
trolling for  a  time,  or  permanently,  the  morbid  processes  in  question.  But  how  is  it  to 
be  proved,  when  softening  does  not  happen,  that  calcium  was  really  the  decisive  factor 
in  averting  it?  Or  when  healing  takes  place,  that  this  would  not  have  occurred  without 
calcium  or  blister?  One  may — as  does  the  writer — thoroughly  believe  that  in  the  majority 
of  instances  the  calcium  is  of  real  prophylactic  virtue;  he  may  similarly  be  convinced 
of  its  influence  and  of  that  of  the  blister  in  checking  necrosis  and  stimulating  repair  by 
calcification  and  fibrous  change,  yet  it  may  be  impossible  to  awaken  like  conviction  in 
those  who  have  not  made  similar  use  of  these  measures. 

A  more  marked  illustration  of  the  difficulty  of  proving  clinical  observations  of  drug 
effects  is  given  by  cases  in  which  subjective  symptoms  are  said  to  be  relieved,  but  not 
immediately,  nor  in  all  cases — as,  for  example,  the  pain  of  angina  pectoris  by  Crataegus 
(hawthorn),  and  mental  depression  by  anhalonium   (mescal  button). 

Only  by  careful  study  and  comparison  of  many  cases — both  those  in  which 
the  medication  has  been  continuous  and  those  in  which  it  has  been  omitted  or 
varied — is  it  possible  to  form  a  positive  opinion.  The  mere  percentages  of  our 
statistical  tahles  teach  but  little.  On  the  other  hand,  if  every  physician  insists 
on  learning  de  novo  from  his  own  observation  only — especially  in  such  ailments  as 
tuberculosis  and  angina  pectoris — many  persons  must  suffer  and  perhaps  die,  to 
teach  him. 

Trustworthy  clinical  reports,  therefore,  form  an  important  part  of  the  data  of 
therapeutics.  They  are  to  be  placed  side  by  side  with  the  reports  of  pharmacody- 
namic experiments,  as  a  tentative  basis  for  practice,  until  one  has  accumulated  a 
sufficient  store  of  personal  observations. 

In  estimating  the  effects  of  remedies  in  acute  maladies,  a  peculiar  liability 
to  error  must  not  be  overlooked.  Drugs  employed  to  modify  function — for  example, 
digitalis  to  support  the  heart,  or  pituitrin  to  sustain  blood  pressure,  in  the  acute 
pneumonias — may  fail  to  show  an  obvious  or  marked   effect,   not  because  they 


effect 


'  It  may  be  noted  en  passant  that  parathyroid  substance  notably  assists  the  calcium 
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do  not  exert  the  influence  attributed  to  thorn,  but  (a)  because  the  dose  is  inadequate 
in  quantity  or  in  frequency  or  (6)  because  the  effect  is  in  the  prevention  of  worse- 
nient  rather  than  in  the  production  of  betterment.  This  is  particularly  the  case 
when  the  poisons  of  bacterial  or  tissue  origin,  which  these  drugs  must  antagonize 
or  counteract,  continue  to  be  produced  in  the  same  or  greater  volume  from  day 
to  day. 

By  way  of  illustration,  a  simpler  but  parallel  situation  may  be  supposed.  Muscarine — 
a  toadstool  poison— and  atropine  are  physiologic  antagonists  and  atropine  will  overcome 
muscarine  symptoms;  but  if  muscarine  continue  to  be  ingested,  one  cannot  expect  atro- 
pine to  do  more  than  hold  things  stationary.  Further,  the  virulence  of  infection,  the  stage 
of  disease,  the  complications,  the  age,  the  general  vigor,  the  condition  of  special  organs, 
and  in  particular  of  the  heart,  the  vessels  and  the  kidneys — modify  results  as  well  as 
treatment  in  individual  cases;  and  all  such  facts  must  be  considered  in  forming  conclu- 
sions as  to  the  influence  of  the  drug  studied. 

An  additional  and  important  difficulty  in  studies  of  this  character  is  that 
in  some  particular  instance  the  developments,  pathologic  or  symptomatic,  may 
be  such  that  the  physician  will  not  feel  justified  in  withholding  agents  other  than 
the  one  under  investigation — after  all  a  human  being  is  under  treatment — and 
the  observation  thus  loses  its  evidential  value  for  all  but  the  immediate  attendants 
upon  the  case. 

The  writer  has  elsewhere  avow^ed  a  "robust  faith"  in  the  efficacy  of  drugs 
wisely  chosen  and  skillfully  used.^  If  he  had  not  such  faith,  he  would  not  have 
devoted  time,  thought  and  labor  to  this  book. 

But  it  must  again  be  admitted  frankly  that  convincing  proof  of  the  apparent 
benefit  of  medication  is  ofttimes  difficult;  and  many  of  the  most  important  data 
upon  which  proof  might  be  based  are  as  yet  obscure. 

Thus  it  comes  about  that  clinicians  of  equal  standing  form  widely  differing 
estimates  of  the  therapeutic  utility  of  certain  agents;  and  that — perhaps  through 
failure  to  take  sufficiently  into  account  the  differences  between  conditions  in  health 
and  conditions  in  disease — pharmacologists  sometimes  fail  to  obtain  a  clear  view 
of  the  bedside  actions  of  drugs,  or  even  to  understand  the  recommendations  of 
practitioners. 

The  course  of  wisdom  seems  to  be  neither  the  wholesale  acceptance,  nor  the 
wholesale  rejection,  of  the  reported  medicinal  utilizations  of  drugs;  but  the 
critical  examination  and  evaluation  of  such  reports  in  the  light  of  pathologic 
and  pharmacologic  studies,  and  finally  of  clinical  judgment — which  last,  fallible 
though  it  be,  is  all  we  have  to  depend  on.  He  that  mistrusts  it  so  much  that  he 
cannot  accept  its  decisions,  should  not  practice  medicine. 

Mechanism  of  Drug  Influence 

In  so  far  as  the  interactions  between  drugs  and  tissue  elements  and  the 
resulting  modifications  in  the  structure  and  functioning  of  special  organs  and  the 
organism  as  a  whole  are  vital  actions,  they  remain  obscure.  They  can  be  described 
but  not  explained. 

Their  mechanism,  however,  is  physicochemical,  and  although  it  is  exceedingly 
complex  and  modified  by  an  enormous  number  of  variables,  both  in  respect  to  the 
drug  and  to  the  organism  affected,  it  follows  the  same  laws  of  physics  and  chemistry 
that  govern  all  other  natural  phenomena.    Light  can  thus  be  thrown  upon  many  of 

"The  right  drug,  given  at  the  right  time,  in  the  right  manner  and  for  the  right  pur- 
pose, to  the  right  person. 
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its  aspects,  by  correlating  those  with  the  general  and  special  laws  of  physics,  of 
chemistry  and,  more  especially,  of  the  borderland  science  known  as  physical  chem- 
istry. An  understanding  ot"  at  least  the  Fundamental  ]irinciples  of  physicochemical 
action  is  indeed  necessary  to  a  clear  view  of  the  factors  that  (l('l<M'mine  the  absorption, 
distribution  and  elimination  of  drugs,  as  well  as  those  tiiat  go\('rn  th(^  inllueiu'os 
of  drugs  upon  the  body.  We  shall,  therefore,  discuss  briefly  some  of  tiie  more 
important  of  these  principles,  and  subsequently  sliow  how  they  concern  tiie  ditfer- 
ent  phases  of  drug  action. 

Physicochemical  Factors  Involved 

The  questions  which  concern  us  more  especially  are: 

A.  I'he  absorpiion  and  (listrihuiion  of  drugs.  These  depend  most  frequently 
upon  solubility  and  osmotic  pressure. 

B.  The  penetration  or  surface  modification  of  cells  by  drug  molecules;  i.e., 
the  dynamic  contact  between  the  two.  The  former  is  in  general  a  phenomenon  of 
dialysis  (selective  osmosis)  ;  the  latter,  perhaps,  one  of  adsorption  or  of  surface 
tension. 

C.  The  forms  in  which  drugs  enter  the  cells.  These  are,  in  many  cases, 
determined  by  ionic  (or  electrolytic)  dissociation. 

Both  form  and  method  of  dynamic  contact  are  influenced  by  the  relative 
intensities  of  the  physical  and  chemical  forces  at  play  between  the  drugs  and  the 
various  cell  constituents  and  fluids  of  the  body.  These  determine  which  tissues  shall 
first  be  affected,  or  most  modified,  l)y  the  given  agent.  The  factor  most  clearly 
recognized  is  the  facility  of  solution  of  the  medicinal  substance  in  the  different 
body  substances;  the  solute  {i.e.,  the  drug)  being  distributed  among  the  various 
solvents  {i.e.,  cells  and  fluids)  in  direct  proportion  to  its  degrees  of  solubility 
therein.^ 

D.  The  general  effects  upon  cells,  resulting  from  the  dynamic  contact  of 
drugs.  These  are  largely  phenomena  (1)  of  the  behavior  of  colloids  in  the  presence 
of  \a)  electrolytes  and  {I)  of  other  colloids;  (3)  of  enzyme  action;  (3)  of 
catalysis. 

A.  Solution  {Soluhility). — For  our  purpose,  solutions  may  be  defined  as 
homogeneous  tiquid  composites,  formed  by  the  mingling  of  solids  and  liquids  or  of 
liquids  ivith  one  another,  in  which  the  relative  quantities  of  the  several  components 
are  subject  to  continuous  variation  within  certain  limits.  They  differ  from  mix- 
tures in  being  homogeneous,  that  is  to  say,  of  identical  composition  at  every  point; 
and  from  chemical  compounds  in  that  they  are  subject  to  continuous  variation, 
and  that,  while  the  several  components  may  be  said  to  fuse  or  interpenetrate 
physically,  they  do  not  unite  to  form  a  new  substance,  or  new  substances,  but  i'e- 
tain  their  chemical  identities.  When  two  liquids,  for  example,  water  and  alcohol, 
make  what  is  apparently  a  homogeneous  niLxture,  it  is  found  that  such  a  mixture 
or  composite  behaves  like  a  solution  of  one  constituent  in  the  other.  In  the  case 
given,  the  solubility  of  alcohol  in  water  overlaps  that  of  water  in  alcohol,  and  the 
two  are  therefore  miseible  in  all  proportions.  In  other  cases,  for  example,  phenol 
and  water,  each  liquid  will  dissolve  a  certain  portion  of  the  other,  but  in  proportions 
lietween  these  extremes  the  liquids  will  not  mix. 

A  solution  consists  of  two  portions,  a  solvent  and  a  solute,  although  either  of 
these  may  consist  of  more  than  one  constituent.      For  example,  we  may  dissolve 

"  See  under  Coefficient  of  Distribution,  p.  163. 
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both  sodium  chloride  and  potassium  iodide  in  water,  thus  having  a  solution  whose 
solute  contains  two  constituents ;  or  we  may  dissolve  collodion  in  a  mixture  of  ether 
and  alcohol,  in  which  case  the  solvent  is  complex.  Either  solvent  or  solute  may- 
exist  as  gas,  liquid  or  solid,  although  as  usually  employed  the  term  is  more  or  less 
restricted  to  solutions  in  liquid  solvents.  The  lines  between  colloidal  solutions 
and  mixtures  on  the  one  hand,  and  between  certain  solutions  and  chemical  com- 
pounds on  the  other,  are  not  always  sharp ;  but  this  matter  cannot  be  discussed  here. 

Solutions  in  water  differ  in  their  character  according  to  the  nature  of  the 
solute.  This  is  reflected  in  the  three  types  of  change  which  may  occur  when  a 
solution  is  made  more  concentrated  by  evaporation.  (1)  Solutions  of  typical 
crystalloids,  when  concentrated,  show  only  a  slight  increase  in  viscosity,  the  solution 
still  flowing  readily  even  when  very  strong.  When  the  concentration  is  increased 
beyond  the  range  of  solubility,  the  excess  of  solute  crystallizes  out  but  the  solution 
remains  limpid.  Almost  all  inorganic  salts  belong  to  this  category.  (3)  The 
solutions  of  certain  less  typical  crystalloids  show  when  concentrated  a  marked  in- 
crease in  viscosity,  becoming  syrupy  and  flowing  slowly.  The  solute  shows,  however, 
a  definite  range  of  solubility  and  when  the  concentration  rises  above  this  it  separates 
out  as  crystals  or  otherwise.  Sugars  are  examples  of  this  class.  (3)  Solutions 
of  typical  colloids,  when  concentrated,  pass  gradually  into  a  more  and  more 
viscid,  and  finally  into  a  solid,  condition,  none  of  the  material  separating  from  the 
solution,  but  all  remaining  of  the  same  consistence  throughout.  Glue,  gelatin 
and  albumin  are  examples.  Solutions  in  volatile  fat-solvents  such  as  ether  and 
chloroform,  may  behave  in  any  of  these  ways,  while  solutions  in  fixed  oils  or  fats 
commonly  act  like  those  of  colloids. 

Influence  of  Other  Solutes. — The  influence  exercised  by  a  substance  in  solution 
on  the  solubility  of  other  solutes  is  of  considerable  interest.  In  general  it  may 
be  said  that  dilute  solutions  of  one  electrolyte  have  little  influence  on  the 
solubility  of  other  electrolytes,  while  concentrated  solutions  lessen  the  power 
of  the  solvent  to  dissolve  other  solutes.  This  rule,  however,  is  subject  to  numerous 
exceptions.  Among  the  most  important  is  the  increased  solubility  of  iodine  in  the 
presence  of  inorganic  iodides.  The  solubility  of  metallic  salts  is  not  uncommonly 
increased  by  the  presence  of  small  amounts  of  the  corresponding  acid.  Other 
examples  of  the  same  sort  might  be  given.  As  a  general  rule  the  solubility  of 
any  electrolyte  ^°  is  considerably  decreased  by  the  association  in  the  same  solvent 
of  another  salt  having  one  of  the  same  ions.  Thus  sodium  sulphate  is  rendered 
much  less  soluble  in  water  by  the  presence  of  either  sodium  chloride  or  potassium 
sulphate  (each  of  these  having  one  ion  in  common  with  the  first  named  salt)  than 
by  that  of  potassium  chloride,  with  which  it  has  neither  anion  nor  cation  in  common. 

Questions  of  solubility  are  of  great  importance  in  the  compounding  and 
administration  of  medicines;  as  well  as  in  the  study  of  absorption  and  elimination 
of  medicaments. 

In  the  study  of  drug  action  as  affected  by  solubility,  we  have  to  deal  almost 
wholly  with  two  groups  of  solvents;  watery  liquids  and  semi-solids  on  the  one 
hand,  and  fats  on  the  other.  The  solutes  which  we  must  consider  are,  on  the 
contrary,  very  numerous,  including  all  the  normal  constituents  of  the  blood  and 
of  the  body  fluids  on  the  one  hand,  and  all  drug  constituents  on  the  other. 

The  factors  of  distribution  concerned  in  drug  action  involve  chiefly  the 
relations  (a)  between  fats  (and  lipoids)  and  water  and  (&)  between  proteins 
and  water. 

"The  reciprocal  influences  of  electrolytes  and  colloids  upon  solubility  is  discussed 
under  the  head  of  colloids. 
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The  most  important  factor  determining^  tlio  distribution  of  medicaments 
between  iratery  and  fatti/  sul)stances  or  tissues,  and  thus  influencing  drug  action 
Avithin  the  body,  is  the  relative  solubiUty  of  the  agents  in  the  respective  solvents. 
This  is  expressed  as  the  coefficient  of  distributiun. 

When  a  solute  is  divided  between  two  immiscil)le  solvents,  each  solvent  takes  it  up  ir. 
a  concentration  proportionate  to  its  total  solubility.  For  example,  equal  volumes  of 
water  and  of  liquid  petrolatum  may  be  shaken  together  with  a  gram  of  camphor.  Camphor 
being  soluble  in  about  8  parts  of  liquid  petrolatum  and  in  about  400  parts  of  water'*  the 
water  will  take  up  only  1/50  part  of  the  quantity  presented,  that  is  about  0.02  Gm.,  the 
remainder  (0.98  Gm.)  being  dissolved  in  the  petrolatum.  If,  however,  we  dissolve  a  gram 
of  camphor  in  20  cc.  of  liquid  petrolatum  suspended  in  1000  cc.  of  water,  we  shall  find 
equal  amounts  in  each  of  the  two  solvents.  In  other  words,  the  coefficient  of  distribution 
of  camphor  between  water  and  liquid  petrolatum  is  50  to  1  in  favor  of  the  latter. 

As  a  rule,  solubility  increases  with  rise  of  temperature.  If  in  the  case  of  a  given 
solute  this  increase  is  greater  in  respect  to  one  solvent  than  to  the  other,  the  coefficient 
of  distribution  will  change  correspondingly.  Thus  the  solubility  in  fats  of  most  narcotics 
of  the  fatty  acid  series  increases  more  rapidly  with  rise  of  temperature  than  does  their 
solubility  in  water.  The  coefficient  of  distribution  is  thus  altered  in  favor  of  the  fats. 
It  is  known  that  the  influence  of  narcotics  on  cold-blooded  animals  increases  with  eleva- 
tion of  temperature.  As  the  central  nerve  system  contains  more  fatty  and  lipoid  tissue 
than  the  body  as  a  whole,  the  presumably  increased  distribution  to  these  structures, 
under  the  influence  of  heat,  has  been  cited  by  Meyer,  Overton  and  others,  to  account 
for  the  fact. 

It  is  not  always  easy,  however,  to  decide  whether  the  factors  determining  distribu- 
tion are  physical  or  chemical.  It  is  quite  possible  that  the  narcotics,  for  example,  enter 
into  a  loose  chemical  compound  with  the  lipoids  of  the  nerve  cells,  and  are  not  merely 
dissolved  in  them.  It  is  well  known  that  the  fat  of.  animals  may  still  smell  of  ether 
several  weeks  after  the  drug  was  given. 

As  regards  the  distribution  of  drugs  or  other  foreign  substances  between  water  and 
protcids,  it  is  even  more  difficult  to  distinguish  between  physical  and  chemical  relation- 
ships. 

The  peculiar  union  which  takes  place  between  proteins  and  salts  when  the  latter  are 
present  in  high  concentration,  and  which  results  in  precipitation  or  "salting  out"  of  the 
protein  is  chiefly  physical  in  nature  as  shown  by  the  fact  that  it  is  reversible  by  mere 
dilution. 

The  tendency  of  salts  of  heavy  metals  to  be  distributed  to  parts  rich  in  protein,  is 
probably  largely  a  chemical  phenomenon,  the  metal  combining  with  the  acid  radical  of 
one  or  more  of  the  amino  acids.  Iron  and  lead,  for  example,  circulating  in  the  blood,  are 
carried  chiefly  by  the  blood  cells,  which  are  rich  in  proteins,  while  soluble  salts  of  potas- 
sium and  sodium  are  carried  in  the  plasma  as  they  are  distributed  to  the  water. 

B.  Penetration  (Osmosis). — Osmosis  is  the  passage  (diffusion  without  the 
application  of  external  force)  of  liquids  and  of  solids  in  solution,  through  a 
porous  septum  such  as  an  animal  membrane  or  a  cell  wall.  It  is  a  special 
manifestation  of  the  general  phenomenon  termed  partial  volume  or  molecular 
pressure;  i.e.,  the  relative  pressures  of  the  agoTegations  of  unlike  molecules  in  a 
fluid  (liquid  or  gaseous)  mixture  upon  the  walls  of  the  container.  While  physical 
conceptions  are  in  a  state  of  flux,  following  the  discoveries  of  Curie,  Eutherford 
and  other  students  of  radiation,  and  the  theories  of  Einstein  and  Lorentz,  it  will 
be  most  convenient  in  describing  its  processes  to  retain  the  terms  of  the  molecular 
hypothesis. 

Both  solvent  and  solute  must  he  considered  in  the  study  of  osmosis  and 
it  is  to  be  remembered  that  the  partial  (or  osnu^tic)  pressure  of  any  solvent  is 
progressively  lessened  by  the  quantity  and  numljer  of  the  substances  dissolved 
therein. 

"  All  figures  are  only  approximate. 
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The  septa  through  which  osmotic  diffusion  takes  place  are  spoken  of  as  mem- 
branes, whatever  their  exact  physical  structure  may  be.  They  are  divisible  into 
permeable  and  semi-permeable  membranes,  according  to  the  relative  sizes  of 
their  pores.  In  permeable  membranes,  e.g.,  filter  paper,  the  pores  are  so  large  that 
they  permit  the  dissolved  particles  of  nearly  all  substances  to  pass  through 
freely;  in  semi-permeable  membranes,  e.g.,  goldbeaters'  skin,  the  pores  are  so 
small  that  the  particles  of  certain  solutes  are  able  to  pass  through  while  others  are 
held  back.  There  is  a  wide  difference  in  the  size  of  the  particles  of  crystalloids,^- 
on  the  one  hand,  and  of  colloids  on  the  other ;  and  most  semi-permeable  membranes 
permit  all  crystalloids  to  pass,  and  hold  back  all  colloids.  If,  however,  the  pores  are 
of  such  size  that  certain  crystalloids  are  allowed  to  pass,  while  resistance  is 
offered  to  the  passage  of  others,  they  are  said  to  be  partially  semi-permeable  or 
osmotically  selective.  Cell  walls  and  living  membranes  are  of  this  character. 
The  passage  of  crystalloids  and  water  through  a  semi-permeable  membrane  is 
spoken  of  as  dialysis,  and  the  total  matter  that  passes  through  is  referred  to  as  a 
dialysate — a  term  comparable  to  "filtrate." 

Partial  Pressure. — The  phenomena  of  osmosis  are  phenomena  of  equalization 
of  partial  pressures  (or  tensions).  When  solutions  contain  two  or  more  kinds  of 
molecules,  there  is  a  tendency  to  make  the  distribution  of  like  ^^  molecules  even, 
so  that  equal  (or  proportionate)  volumes  of  solution  on  each  side  of  the  mem- 
brane shall  contain  equal   (or  proportionate)    numbers  of  each  kind  of  molecule. 

Each  kind  of  molecule— whether  of  solvent  or  solute — exerts  partial  pressure 
proportional  to  its  numbers  and  tends  to  move  through  the  septum  from  its  own 
point  of  high  pressure  {i.e.,  of  relatively  greater  concentration)  to  its  own 
point  of  low  pressure  {i.e.,  of  relatively  smaller  concentration),  until  equalization 
is  brought  about.^* 

The  molecules  of  a  solution  behave,  therefore,  like  the  molecules  of  gases. 
Osmotic  tension  corresponds  to  gas  tension,  and  the  laws  of  osmotic  pressure  cor- 
respond to  the  laws  of  pressure  in  gases. 

In  terms  of  the  kinetic  hypothesis,  osmotic  tension  is  a  manifestation  of 
"volume  energy" ;  in  terms  of  the  molecular  hypothesis,  it  is  a  measure  of  the  num- 
ber and  range  of  motion  of  the  like  molecules  in  a  given  volume  of  solution,  i.e., 
of  the  concentration  and  temperature  of  the  solution. 

Solutions  which,  at  like  temperatures,  possess  equal  osmotic  tension  are  termed 
isotonic.  Solutions  of  unequal  tension  or  tonicity  {an-iso-toiiic)  are  termed,  in 
respect  to  one  another  or  to  a  standard,  hypertonic  (or  hyper-iso-tonic)  when  their 
pressure  is  relatively  high,  and  hypotonic  (or  hypo-iso-tonic)  when  their  pressure 
is  relatively  low. 

For  convenience  in  discussion,  the  laM's  of  osmotic  pressure  are  stated  with 
regard  to  different  solutes  in  a  standard  solvent,  water.  Concentration  refers  to, 
and  obviously   increases   with,   the   quantity   of   dissolved   substances   in   a   given 

"Substances  with  small  molecules  are  capable  of  diffusion;  and  as  crystalline  salts 
were  originally  studied  as  their  type,  these  are  termed  in  general  crystalloids.  Examples 
of  crystalloids  are  water,  acids,  alkalies,  salts,  alcohol,  cane  sugar,  urea,  alkaloids.  Sub- 
stances which  do  not  diffuse,  or  which  diffuse  with  difficulty  through  animal  membranes, 
are  termed  colloids,  glue  having  been  originally  taken  by  Graham  as  their  type.  Other 
examples  of  colloids  are  gum,  gelatin,  proteids,  enzymes  and  most  glucosides. 

"Molecules  of  the  same  substance  are  termed  like  molecules;  molecules  of  different 
substances  are  unlike.  Molecules  of  substances  chemically  similar  but  not  identical,  e.g., 
sodium  and  potassium  chlorides,  are  in  this  connection  termed  similar  or  related,  but 
not  like. 

^*  In  medical  problems  it  is  important  to  remember  that  the  solvent  water  thus  moves 
out  of  areas  of  dilution  of  solutes  and  into  areas  of  concentration  of  solutes. 
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quantity  of  water.  This  may  he  expivsHed  in  pi'icciilagcs,  but  for  reasons  that 
will  appear  later,  it  is  better  stated  in  terms  of  molecular  content. 

Equimoleciilar  solutions  are  those  M'hich  at  like  temperatures  contain  in  a 
like  volume  a  like  number  of  molecules  of  solulcs.  Sucli  solutions  approximate 
like  tonicity  much  more  closely  than  those  coiitainin,!!,-  ecjual  ])arts  by  weight, 
that  is  equality  of  percentage  concentration,  and  it  will  be  advantageons  to  consider 
the  characteristics  of  equimolecular  solutions,  l)efore  passing  to  the  relation  be- 
tween molecular  concentration  and  tonicity. 

Molecular  Solutions. — A  gram-molecule  (or  mol)  is  the  immber  of  grams  of  a 
substance  corresponding  to  the  molecular  weight;  or,  to  put  it  less  accurately,  but 
more  simply,  the  molecular  weight  of  a  substance  expressed  in  grams.  A  solution 
containing  this  amount  in  one  liter  of  (aqueous)  solution  is  spoken  of  as  a 
molecular  solution  (^1).  Solutions  containijig  fractions  of  that  amount  are 
spoken  of  as  half  molecular,  fourth  molecular,  tenth  molecular,  etc.,  expressed 
as  Y-M,  1/4 ]M,  Mo^l^  etc.,  or  more  commonly  M/2,  M/4,  ]\1/1U,  etc.  Solutions 
stronger  than  molecular,  are  expressed  as  3M,  4M,  lOM,  etc. 

The  student  must  be  cautioned,  therefore,  against  confounding  solutions  of  equal 
percentage  with  solutions  of  equal  tonicity }'  On  the  scale  of  0  ==  16,  the  molecular 
weight  of  sodium  chloride  (NaCl)  is  58.06  (Na=  22.88  +  CI  =  35.18) ;  and  the  molecular 
weight  of  potassium  chloride  (KCl)  is  74.04  (K  =  38.86  +  CI  =  35.18).  The  mol  of 
NaCl  weighs,  therefore,  58.06  Gm.;  the  mol  of  KCl.  74.04  Gm.  Hence,  an  aqueous  solution 
of  5.806  Gm.  of  NaCl  to  the  liter  is  molecularly  equivalent  (and  therefore  isotonic)  with 
an  aqueous  solution  of  7.404  Gm.  of  KCl  to  the  liter,  both  being  1/10  molecular  (M/10), 
but  the  former  is  only  5.806  percent.,  while  the  latter  is  7.404  percent.  On  the  other 
hand,  a  0.9  percent,  solution  of  NaCl  containing  9  Gm.  to  the  liter  is,  in  terms  of  mole- 
cular concentration,  5.806  -h-  9  ^  M  -f-  6.45,  while  a  0.9  percent,  solution  of  KCl  is 
74.04  -H  9,  that  is,  only  M  ~  8.23,  and  the  two  are  anisotonic. 

[There  is  a  difference  between  normal  volumetric  solutions  and  molecular  solutions, 
which  must  be  borne  in  mind.  No7-mal  volumetric  solutions  N/1  are  those  which  contain 
in  1000  cc,  in  any  stated  reaction,  the  chemical  equivalent  of  1  Gm.  of  hydrogen.  If  the 
molecule  of  the  reagent  is  monovalent,  one  liter  will  contain  a  weight  in  grams 
equal  to  the  molecular  weight  of  the  reagent;  and  is  therefore  equivalent  to  a  molecular 
solution,  M/1.  If  the  reagent  be  bivalent,  the  liter  will  contain  a  weight  in  grams  equal 
to  half  its  molecular  weight,  jVr/2;  if  trivalent,  a  weight  in  grams  equal  to  Vj  its  molecu- 
lar weight,  M/3.  Thus  hydrochloric  acid  (HCb=  36.47)  having  but  one  H  atom  re- 
placeable by  a  basic  element,  has  36.47  Gm.  of  HCl  in  1000  cc.  of  the  normal 
volumetric  solution;  while  sulphuric  acid  (HjSO^  =  98.09),  having  two  replaceable  H 
atoms,  contains  only  one-half  this  number,  or  49.045  Gm.  of  H^S04  in  1000  cc.  of  its  nor- 
mal solution.  Potassium  hydroxide  (KOH  =  56.11)  has  but  one  K  to  replace  one  H  in 
acids.  Hence  the  normal  solution  contains  56.11  Gm.  of  KOH  in  one  liter.  One  molecule 
of  potassium  dichromate  (KjCrjOT  =  294.20)  in  oxidation  liberates  3  atoms  of  O,  which 
are  equivalent  to  6  atoms  of  H;  whence  the  normal  solution  should  contain  294.20 -=- 6 
or  49.033  Gm.  in  1000  cc] 

We  have  said  that  the  dill'erent  kinds  of  molecules  in  a  solution  tend  to  move 
in  such  a  way  as  to  bring  about  an  even  distribution.  When  this  motion  can 
take  place  freely,  no  other  phenomena  are  developed ;  when  it  is  impeded  for  some 
kinds  of  molecules,  but  not  for  all,  an  active  pressure  is  set  up  and  exerted  equally 
in  all  directions;  the  phenomena  differing  with  the  relative  permeability  of  the 

"  Attention  should  be  paid  to  the  fact  that  occasionally  writers,  in  speaking  of  per- 
centage solutions  of  crystals  containing  water  of  crystallization,  include  the  weight  of 
this  in  giving  the  percentage.  Thus  a  solution  obtained  by  dissolving  10  Gm.  of  MgSO* 
(MgSO,  -f  GHjO)  in  100  cc.  of  water  may  be  spoken  of  as  a  10  percent,  solution,  although 
it  only  contains  (120-4-208)  X  10;  this  is  5.3  Gm.  of  MgSO,  in  each  100  cc.  This 
ambiguity  is  avoided  by  speaking  of  solutions  in  terms  of  their  molecular  concentraiiou. 
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septum  to  solvent  and  solute,  or  if  there  are  several  kinds  of  solutes,  with  the 
relative  permeability  of  the  septum  to  each  kind. 

All  animal  membranes  permit  both  salt  and  water  to  pass  through,  but  the 
latter  more  readily. 

Hence,  to  take  a  simple  instance,  distilled  water  may  be  on  one  side  of  a  septum  con- 
sisting of  an  animal  membrane,  and  an  aqueous  solution  of  salt  (NaCl)  on  the  other; 
exchange  of  both  kinds  of  molecules  will  take  place  through  the  septum,  but  in  a  definite 
manner.  Since  this  case  represents  fairly  well  the  conditions  that  we  have  to  study  in  the 
body,  we  may  discuss  it  as  a  type. 

Molecules  of  salt  and  molecules  of  water  pass  in  both  directions;  but  the  partial 
pressure  of  water  being  greater  on  the  side  that  contains  the  distilled  water,  water  will 
flow  into  the  salt  solution  more  rapidly  than  the  salt  solution  flows  into  the  distilled 
water;  consequently  the  volume  of  liquid  in  the  chamber  containing  the  salt  solution  will 
increase.  The  partial  pressure  of  salt  is  always  greater  on  the  side  containing  the  salt 
solution;  hence  salt  passes  to  the  other  side  continuously  in  greater  amount  than  it 
returns. 

These  processes  will  continue  until  the  solutions  are  of  equal  concentration  in  the  two 
chambers.  The  same  phenomena  will  occur  with  salt  solutions  differing  in  concentration; 
the  weaker  solution  acting  as  the  distilled  water  in  the  first  illustration. 

The  stronger  solution  will  gain  water,  and  the  weaker  solution  will  gain  salt,  until 
both  have  become  equal  in  concentration.  But  the  former,  although  it  permanently  loses 
salt,  retains  its  gain  of  water  and  therefore  increases  in  volume.  Osmotic  pressures  in 
the  whole  system  are,  however,  equalized,  the  solutions  are  of  equal  tension  and  are 
termed  isotonic. 

Osmosis  will  thus  be  manifested  by  either  increase  of  pressure  or  by  increase 
of  volume,  according  as  the  fluid  in  the  chamber  of  higher  concentration  is  or  is 
not  free  to  increase  in  volume  Avithout  being  compressed  by  the  walls  of  the 
chamber. 

Thus  when  saline  solutions  of  greater  concentration  than  the  blood  are  introduced 
into  the  intestine  there  will  be  an  outpouring  of  fluid  from  the  vessels  into  the  lumen 
of  the  bowel  (the  chamber  of  higher  concentration) ;  but  this  fluid  commonly  being  free 
to  pass  off,  there  will  be  little  pressure  upon  the  intestinal  wall.  When  red  blood  cells, 
on  the  other  hand,  are  placed  ^n  distilled  water,  the  water  which  enters  the  cells  (which 
are  then  chambers  of  relatively  high  concentration),  distends  and  finally  ruptures  them. 
The  most  striking  biologic  illustration  of  this  type  of  osmosis  is,  indeed,  the  behavior 
of  red  blood  cells  in  solutions  of  various  tonicity.  In  blood  plasma,  which  is  of  like  osmotic 
tension  (isotonic)  with  their  contents,  they  remain  unaffected.  In  solutions  of  higher 
concentration  and  therefore  of  higher  osmotic  tension  (hypertonic),  they  shrivel  from 
loss  of  water.  In  solutions  of  lower  concentration  and  tension  (hypotonic),  as  just 
stated,  they  swell  from  entrance  of  water  and  finally  burst  ("lake")  when  their  limit  of 
expansion  is  exceeded. 

Laivs  of  Osmotic  Pressure. — We  have  said  that  the  laws  of  osmotic  pressure 
parallel  the  laws  of  pressure  in  gases.     They  may  now  be  stated. 

1.  Other  things  being  equal,  osmotic  pressure  increases  proportionately  with 
concentration  of  the  solution   (Boyle's  and  Mariotte's  law). 

2.  Other  things  being  equal,  osmotic  pressure  increases  proportionately 
with  absolute  temperature  (1/273  of  the  pressure  at  0°  0.  for  each  1°  C.) 
(Charles'  and  Gay-Lussac's  law). 

3.  At  equal  temperatures,  solutions  of  equal  molecular  concentration  exert 
the  same  osmotic  pressure,  regardless  of  the  nature  of  the  dissolved  substance 
(Avogadro's  law).  This  statement,  however,  is  subject  to  exceptions,  pertaining 
chiefly  (a)  to  the  state  of  aggregation:,  in  colloids,  and  (b)  to  the  state  of  dissocia- 
tion in  solutions  of  electrolytes  as  explained  later. 
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The  same  facts,  however,  may  be  so  formulated  as  to  correspond  with  the  usual 
method  of  stating  Avogadro's  law  of  molecular  equality  in  gases,  and  if  it  be  remembered 
that  dissociation  increases  the  number  of  particles  of  solute,  while  aggregation  (dimin- 
ishes that  number,  the  following  statement  will  always  be  exact  and  useful:  At  equal 
temperatures  equal  volumes  of  gas  containing  the  same  number  of  particles,  or  equal 
volumes  of  solution  of  the  same  particulate  concentration,  exert  equal  pressures,  regard- 
less of  the  nature  of  the  particulate  substance. 

In  gases  under  ordinary  conditions  of  pressure  and  temperature  the  number  of 
particles  corresponds  to  the  number  of  molecules  and  this  term  may  therefore  bo  used  in 
the  place  of  particles  in  stating  the  law  as  applied  to  gases.  This  is  not  true,  however,  of 
solutions.  In  solutions,  especially  with  water  as  the  solvent,  the  solute  may  exist  as 
separate  molecules,  as  aggregates  of  molecules  or  as  pjirts  of  molecules.  In  the  first 
case  the  osmotic  pressure  would  correspond  to  that  calculated  for  the  molecular  concen- 
tration; in  the  second  case  it  would  be  less;  and  in  the  third  case  greater. 

The  osmotic  pressure  exerted  l)y  any  jcriven  solute  is  thus  seen  to  be  determined 
by  several  factors,  the  most  important  of  which  is  the  number  of  particles  in  a 
given  volume  of  solution.  Solutes  which  form  true  solutions  but  which  do  not 
dissociale,  such  as  sugar  and  urea,  exert  a  pressure  directly  proportional  to 
the  number  of  mols.  Solutes  which  dissociate,  on  the  other  hand,  show^  always  a 
greater  osmotic  pressure  than  would  be  anticipated  from  the  number  of  mols. 

For  example,  in  a  solution  made  by  dissolving  x  +  y  molecules  of  NaCl  in  a  liter  of 
water,  y  molecules  of  the  salt  are  dissociated.  The  liter  of  solution  thus  contains  x  mole- 
cules of  NaCl,  y  ions  of  Na,  and  y  ions  of  CI;  in  all  x  -\-  2y  particulate  units,  in  place 
of  X  -\-  y,  and  its  osmotic  tension  is  as  high  as  that  of  a  solution  containing  x  -{-  2y 
molecules  of  an  undissociated  substance. 

For  ordinary  therapeutic  purposes,  however,  solutions  made  according  to  the  molecu- 
lar w^eights  are  near  enough  to  isotonicity.  If  however,  solutions  of  non-electrolytes, 
such  as  glucose,  are  being  prepared,  almost  twice  as  many  gram-molecules  must  be  taken 
as  would  be  required  of  sodium  chloride. 

The  physician  and  pharmacologist  are  especially  interested  in  the  tonicity 
of  solutions  approaching  that  of  the  blood  plasma.  In  dilute  solutions,  such  as  these, 
dissociation  is  approximately  complete  with  all  neutral  electrolytes;  the  tonicity  is 
thus  almost  twice  what  would  be  derived  from  the  unmodified  Avogadro's 
law.  As  the  concentration  of  the  solution  is  increased,  the  degree  of  dissociation 
becomes  less,  until  with  saturated  solutions  it  may  be  so  slight  that  their  osmotic 
pressure  approximates  that  found  in  equimolecular  solutions  of  imdissociated 
substances.  Salts  of  weak  acids  and  of  the  heavy  metals  dissociate  less  than 
salts  of  alkali  metals  with  mineral  acids.  In  colloidal  solutions,  owdng  probably 
to  the  tendency  of  the  molecules  to  form  aggregates,  the  pressure  is  less  than 
would  be  derived  from  calculation.  This  has  led  to  ridiculously  high  molecular 
weights  being  attributed  to  proteins,  but  is  strikingly  true  of  colloidal  solutions 
of  metals  and  metallic  salts. 

In  physiologic  investigations  the  average  tonicity  of  the  blood  plasma  is  taken  as  a 
standard.  Solutions  are  accordingly  termed  isotonic,  hypertonic  or  hypotonic  as  they 
equal,  exceed,  or  fall  below  the  accepted  index  of  plasma  tonicity,  which  in  man  approxi- 
mates that  of  a  0.9  (M/6.45)  percent,  aqueous  solution  of  sodium  chloride.  A  certain 
ambiguity  is  thus  caused,  which  might  be  avoided  by  designating  solutions  isotonic  with 
blood  plasma  as  iso-plasmo-tonic  and  solutions  of  higher  and  lower  concentrations  as 
hyper-plasmo-tonic  and  hypo-plasmo-tonic,  respectively. 

C.  Electrolytic  Dissociation. — Electrolytes  are  those  crystalloid  compounds 
which  can  convey  an  electric  current  and  are  susceptible  to  dissociation  thereby. 
Their  solution  in  water  probably  generates  a  feeble  current;  at  all  events  large 
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numbers  of  molecules  become  dissociated  into  their  electropositive  and  electro- 
negative components  (ions).  Hence,  as  we  have  seen,  the  number  of  particulate 
units  in  a  given  quantity  of  the  solution  is  increased. 

Anions  and  Cations. — The  acid  radicals  (ions)  of  salts  move  to  the  positive 
pole  (anode)  of  an  electric  circuit,  and  are  called  an-ions ;  the  basic  radicals  go  to 
the  negative  pole  (cathode),  and  are  termed  cat-ions.  Dissociation  decreases  with 
the  number  of  electric  charges  borne  by  the  dissociate  ions,  which  is  equivalent 
to  saying  with  their  valences.  Thus  those  neutral  salts  which  consist  of  a 
monovalent  anion  and  a  monovalent  cation  dissociate  to  approximately  the  same 
extent  in  solutions  of  the  same  molecular  concentration. 

For  example,  at  18°  C,  M/lOO  solutions  dissociate  as  follows:   NaCl,  93.6  percent.; 
KCl,  94.2  percent.;   KNO^,  93  percent.;   HgNOs,  93.3  percent. 

Monovalent  cations  or  anions  combined  with  a  divalent  opposite  dissociate 
less,  and  divalent  with  divalent  still  less. 

Thus  under  the  above  conditions,  K^SO^  dissociates  87.2  percent.;  Ba  (NOJ,,  86.7 
percent.;   BaCL,  87  percent.;   MgSO^,  66.7  percent. 

The  degree  of  dissociation  likewise  decreases  with  rise  in  temperature. 

Thus:  taking  the  same  solutions  at  100°  C,  NaCl,  dissociates  92.7  percent.;  KCl,  91.1 
percent.;    K,S04,  80.3  percent.;   BaCNO^)^,  83.6  percent.;   MgSO,,  52.04  percent. 

On  the  other  hand,  the  degree  of  dissociation  increases  with  dilution,  tending 
with  most  neutral  salts  to  become  complete  at  about  M/lOO  solution. 

The  average  of  several  salts  of  each  of  the  characters  mentioned  gave  the 
following  percentages  of  dissociated  molecules  with  increasing  dilution.  The 
temperature  was  always  18°  C.  (Noyes  and  Sherrill). 


Valency  of  Ions 

Type  of  Salt 

M/10 

M/20 

M/50 

M/lOO 

M/1000 

Mono-mono-valent 

NaNOs 

81 

87 

91 

93 

98 

Mono-di-valent 

BaClo;IVoS04 

73 

78 

81 

87 

95 

Di-di-valent 

MgSO^ 

41 

17 

56 

61 

86 

Conductivity. — Pure  water  is  almost  unable  to  carry  an  electric  current. 
■When,  however,  there  is  added  to  water  the  most  minute  portion  of  any  substance 
dissociated  by  solution,  conductivity  develops,  the  current  being  transmitted  by 
the  electrically  active  ions  of  the  solute.  At  the  same  time,  some  of  the  molecules 
of  the  water  are  dissociated  into  H  and  OH  ious^  which  also  confer  conductivity, 
but  in  a  lesser  degree. 


Thus  NaCl  being  dissolved  in  HjO  dissociates,  giving  rise  to  Na'  and  CI'  ions. 
These  break  up  some  of  the  water  into  H'  and  OH'  ions,  which  play  a  part  subordinate 
to  that  played  by  the  dissociated  solute. 

What  has  been  said  of  NaCl  may  be  said  of  other  true  salts,  but  not  of  esters; 
i.e.,  true  salts  react  readily  with  electrolytes,  while  esters,  which  are  non-electrolytes,  are 
but  slightly  ionized  in  solution.  This  is  a  point  of  diiference,  but  there  are  features 
of  similarity  between  true  salts  and  esters.  In  their  construction,  the  latter  are  like 
salts,  differing  in  so  far  as  they  contain  hydrocarbon  radicals  instead  of  metallic  atoms. 
Thus  silver  nitrate  (AgNOJ  is  a  true  salt.    Ethyl  nitrate  (C^HsNOj  is  an  ester. 
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Neutral  Palis  uhon  dissolved  in  water  dissociate,  as  we  liave  seeii,  to  approxi- 
mately the  same  extent;  the  did'erenees  noted  bein^  ehietly  due  to  the  valences  of 
their  constituents.  This  is  by  no  means  true  of  acids  and  alkalies.  The  various 
acids  and  bases  may  he  arranged  in  a  sort  of  scale,  as  weak,  moderate  and  strong, 
according  io  Ihcir  decree  of  dissocintiun. 

Carbonic  acid,  hydrogen  sulphide  and  hydrocyanic  acid  may  be  instanced  as  weak, 
boric  and  acetic  acid  as  moderate,  and  the  mineral  acids  as  strong,  acids.  The  weakest 
bases  ai'C  certain  organic  substances,  such  as  alkah)ids.  Mod<'rately  strong  are  the  heavy 
metals;    while  sodium,  potassium  ami   lithium  are  the  strongest   bases. 

It  is  known  that  all  acitis,  when  dissolved  in  water,  dissociate,  and  that  the 
acidity  is  due  to  ihc  11'  ions  thns  set  free.  The  H'  ions  of  all  acids  are  identical 
and  the  relative  strengtli  is  exactly  proportional  to  the  extent  of  dissociation. 

Thus  in  an  N/10  solution  of  acetic  acid,  only  1.3  percent,  of  the  molecules  is  dissoci- 
ated, while  in  a  similar  solution  of  hydrochloric  acid,  91  percent,  dissociates.  These 
figures  correspond  with  the  relative  chemical  activity  of  the  two  compounds. 

The  same  is  true  of  bases,  except  that  here  it  is  the  number  of  free  Oil  ions 
which  determines  tlieir  alkaline  strength. 

Thus  in  N/40  solution,  97  percent,  of  the  molecules  of  NaOH  or  KOH  is  dissociated, 
but  only  2.5  percent,  of  NH.OH. 

When  a  salt  is  dissolved  in  water,  ionization  occurs  and  we  have  in  solution 
not  only  the  salt  but  also  each  of  its  ions.  In  the  case  of  certain  salts,  and  perhaps 
of  all,  these  tree  ions  tend  to  decompose  the  water,  with  the  formation  of  acids 
and  bases. 

Thus  if  CuSO^  be  dissolved,  there  are  present  in  solution  CuSOi  molecules,  Cu  ions, 
and  SOi  ions.    The  free  ions  decompose  the  water  and  give  rise  to  CuCOH),  and  H^SO^. 

If  the  acid  produced  by  such  a  reaction  dissociate  strongly  and  the  base  slightly 
— as  in  this  instance — there  will  be  more  free  H  ions  in  solution  than  free  OH  ions, 
and  the  solution  will  l)e  acid.  Jf  the  base  dissociate  more  freely  (excess  of  OH  ions) 
the  solution  will  be  alkaline. 

Examples  of  salts  whose  solutions  show  an  acid  reaction  are  CuSO^,  FeClj,  and  all 
salts  of  caffeine.  An  alkaline  reaction  is  shown  by  carbonates,  sulphides  and  cyanides  of 
the  alkalies  and  alkali  earths. 

The  term  H-ion  concentration  is  therefore  used  to  designate  the  active — or, 
as  it  is  sometimes  called,  momentwry — acidity  of  any  solution,  depending  on  its 
degree  of  ionization;  in  contrast  with  the  total  (absolute)  acidity  or  combining 
power,  which  is  measured  by  titration  against  a  normal  solution  of  alkali.  The 
symbol  used  to  exjiress  this  active  acidity  is  pH,  with  a  logarithm  which,  since  it 
expresses  a  fraction,  should  pro})erly  have  a  minus  sign ;  for  convenience  in  writing, 
the  latter  is  omitted. 

The  theoretical  unit  of  H-ion  concentration  is  1  Cm.  of  ionized  hydrogen  in 
1  liter.  This  has  the  logarithm  zero  (X"  =  l)  and  is  expressed  as  pHo.  It  so 
happens  that  water  has  a  self  ionization  degree  of  1  Gm.  of  H  in  10,000,000  liters, 
which  is  pHv  (the  logarithm  7  being  equal  to  the  number  of  ciphers  in  the  numeric 
expression  representing  the  liters).  As,  however,  an  eriiial  irumher  of  OH  ions  is 
also  present,  the  solution  remains  neutral,  and  pllj  is  accordingly  called  the  "neu- 
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tral,"  or  "balance"  point.  [The  wcigJii  of  the  OH  ions  balancing  1  Cm.  of  H  ions 
is,  however,  17  Gm.,  i.e.,  16(0)  +  1(H)]. 

It  will  be  observed  that  the  higher  the  •  logarithm,  the  less  is  the  degree  of 
active  acidity  represented.^''  When  tlie  balance  point  is  passed  and  the  number  of 
OH  ions  present  exceeds  that  of  the  H  ions,  the  solution  begins  to  become  actively 
all-aline  in  exact  pro])ortion  to  that  excess.  This  is  also  expressed,  however,  as 
H-ion  concentration,  and  the  logarithms  (being,  as  stated,  minus  quantities)  in- 
crease with  the  alkalinity  until  pHi4  is  reached,  the  theoretical  point  of  unit  alka- 
linity; that  is  to  say,  in  which  17  Gm.  of  unbalanced  OH  ions  may  be  estimated 
to  be  present  in  1  liter  of  the  solution. 

The  following  graph  (from  Trumper)   illustrates  the  facts  stated: 

pHvCNeutral)  N/10,000,000 
Acidity  Alkalinity 

pHe      N/1,000,000       pHs 

pHs  N/100,000  pHg 

pH4  N/10,000  pHio 

pHa  N/1,000  pHu 

pHa  N/100  pHi2 

pHi  N/10  pHi3 

pHo  N/1  pHi4 

Practically  all  the  body  fluids  are  represented  by  large  unwieldy  figures  near 
the  apex  of  this  graph  and  so  a  short  way  of  writing  them  is  to  use  the  negative 
power  of  ten  to  express  the  denominator.  The  abbreviation  pH  stands  for  the  power 
(logarithm)  of  the  number  expressing  the  concentration  of  hydrogen  ions.  For 
example,  the  hydrogen-ion  concentration  of  normal  blood  is  about  000,000,04N', 
which  in  its  abbreviated  form  is  pH  7.39. 

D.  Electrons. — Ions  are,  as  we  have  said,  atoms  or  groups  of  atoms  which 
carry  an  electric  charge.  What  is  the  nature  of  this  charge?  Light  has  been 
thrown  on  this  problem  chiefly  through  the  researches  on  radium  and  these  may 
be  stated  briefly. 

That  the  apparent  differences  among  substances  conceal  a  fundamental 
identity  is  a  belief  that  savages  have  shared  with  philosophers.  It  led  alchemists 
into  that  research  for  the  laws  of  transmutation — later  prostituted  into  a  search  for 
magic  means  of  making  gold — out  of  which  chemistry  has  arisen.  Modern  chemists 
until  a  relatively  recent  time  had  held,  however,  that  while  it  was  possible  in  in- 
dividual instances  to  mistake  a  compound  for  an  element — a  mistake  to  be  cor- 
rected as  improved  methods  of  analysis  were  found — y^i  there  was  little  question 
concerning  the  position  of  the  elements  as  primal  modes  of  matter,  beyond  which 
simplification  could  not  go.  This  view  had  to  be  modified  when  radium  was  recog- 
nized as  both  an  element  and  a  transformation  product — derived  by  spontaneous 

^^Thus,  orange  juice  is  pn3.6;  grape  juice  is  pn4.5;  hence,  orange  juice  is  8  times  as 
sour  (actively  acid)  as  grape  juice,  as  will  be  seen  from  the  following  calculation:  3.G 
is  the  log.  of  3.981;  4.5  is  the  log.  of  31,623.  Being  negative  logs.,  the  antilogs.  are  frac- 
tional, and  may  be  expressed  in  round  numbers  as  1/4000  (orange  juice)  and  1/32000 
(grape  juice). 
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disintegration  from  uranium,  and  ])y  its  own  spontaneous  disintegration  yielding 
yet  other  elements,  until  the  series  of  transformations  apparently  ends  in  lead. 
The  element  still  remains  the  ultimate  of  chemical  analysis;  the  Daltonian  atoms 
are  still  the  units  of  chemical  constitution;  but  these  diverse  ])odies  are  no  longer 
regarded  as  final  units;  they  are  pictured  as  composites.  Whether  the  new  units  by 
whose  composition  an  atom  conies  into  In'ing,  are  or  are  not  ultimates,  is  an  open 
question.  When  they  were  sujjposed  to  be  all  of  one  kind,  the  theory  of  finality 
was  in  some  degree  plausible ;  but  now  that  two  kinds  are  postulated,  a  new  problem 
has  arisen.  Is  the  aj)parent  duality  now  recognized,  the  final  result  of  analysis, 
or  will  further  research,  physical  or  mathematical,  develop  some  underlying  form 
of  unity?  And  if  so,  what  lies  beyond  that?  Opinion  is  in  a  state  of  flux;  dogmatic 
statement  cannot  be  justified. 

Nor  are  chemists  and  physicists  agreed,  even  as  to  the  details  of  atomic  struc- 
ture, except  that,  as  Swann  puts  it,  "the  atom  is  mostly  space."  As  a  working 
hypotliesis  favored  l)y  consensus  of  opinion,  an  atom  of  any  element  may  be  said 
to  consist,  in  its  non-ionic  state,  of  positive  unit  electric  charges  (termed  prolons), 
and  negative  unit  electric  charges  (termed  electrons)  in  equal  number — one  of  each 
for  each  unit  of  the  nearest  whole  number  to  the  atomic  weight  of  the  element. 
The  protons  give  to  the  atom  most  of  its  mass ;  the  electrons,  by  their  number  and 
configuration,  determine  chemical  qualities.  The  number  of  ])rotons  and  electrons 
being  equal,  the  non-ionized  atom  is  electrically  and  therefore  chemically,  neutral. 
In  ionization  this  equilibrium  is  disturbed  by  addition  or  subtraction  of  electrons. 
Valency  and  sign  of  charge  depend  on  the  number  of  electrons  thus  gained  or 
lost;  a  loss  of  one  electron  gives  1  degree  of  positive  valency;  of  2  electrons,  2 
degrees  of  positive  valency;  and  so  on.  The  gain  of  electrons,  on  the  other  hand, 
gives  negative  valency;  1  degree  for  each  electron. 

The  non-ionized  hydrogen  atom  contains  one  proton  and  one  electron,  thus 
vindicating  its  old  position  as  the  chemical  unit.  In  all  other  atoms,  all  of  the 
protons  and  some  of  the  electrons  constitute  a  nucleus  (or  kernel)  around  which 
the  remaining  ( "extranuclear"  or  "free")  electrons  are  grouped  concentrically  (in 
"orbits"  or  "shells").  Helium  is  considered  to  have  four  protons  and  two  electrons 
in  its  nucleus;  and  two  extranuclear  electrons.  According  to  one  theory  (Ruther- 
ford-Bohr), the  outer  electrons  in  all  atoms  revolve  about  the  nucleus;  according 
to  another  (Lewis-Langmuir),  they  occupy  definite  positions  "so  that  lines  joining 
the  extreme  outside  electrons  would  outline  definite  geometric  forms,  the  cube  being 
the  perfect  form."     In  these  fixed  positions  they  are  under  conditions  of  strain. 

The  "net  charge"  of  (or  upon)  any  nucleus  is  the  difference  between  the 
number  of  protons  (having  a  plus  sign),  and  the  number  of  electrons  (having  a 
minus  sign),  contained  therein.  Thus  hydrogen,  with  a  single  proton,  has  a  nuclear 
charge  of  plus  1,  neutralized  by  its  one  free  electron ;  while  helium,  with  4  protons 
and  2  electrons,  has  a  nucleus  charge  of  plus  2,  neutralized  by  the  two  free  electrons. 

If  all  known  atoms  be  arranged  in  the  order  of  their  atomic  weights  and  then 
numbered  consecutively,  it  will  be  found  that  this  atomic  numher  (to  be  distin- 
guished from  atomic  weight)  corresponds  in  each  instance  with  the  number  repre- 
senting the  net  (j)ositive)  charge  upon  the  nucleus.  Thus,  for  example,  for 
hydrogen  the  atomic  number  is  1 ;  for  helium,  2 ;  for  carbon,  6 ;  for  oxygen,  8 ;  for 
uranium,  92.  This  mimber  also  represents  the  number  of  free  electrons  that  must 
be  present  to  neutralize  the  nucleus  charge. 

The  numl)er  of  ])rotons  in  the  successive  nuclei  do  not  proceed  by  simple  unit 
addition,  as  do  the  charges  and  the  atomic  numbers;  but  there  is  a  complex  addi- 
tion of  protons  and  electrons,  as  illustrated  by  the  difference  between  hydrogen 
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and  the  element  next  in  order,  helium.  If  the  hydrogen  nucleus  charge  be  repre- 
sented by  e,  that  of  helium  is  3e;  but  this  2  is  not  the  number  of  its  protons,  but 
the  difference  between  its  protons  and  its  nuclear  electrons,  4  —  2. 

It  is  not  necessary  for  us  to  explore  this  obscure  region  of  mathematical  hypoth- 
esis, but  one  feature  thereof  may  be  viewed  in  a  somewhat  simplified  fashion. 

We  have  seen  that  the  mass  of  an  atom,  and  in  consequence  its  atomic  weight, 
depends  almost  wholly  upon  the  nucleus,  but  that  its  chemical  and  physical  prop- 
erties in  general  are  determined  chiefly  by  the  extranuclear  (orbital  or  free)  elec- 
trons. If  one  proton  could  be  added  to  the  nucleus  of  an  atom,  the  atomic  number 
would  be  increased  by  unity,  and  the  atomic  weight  correspondingly;  but  as  an 
additional  extranuclear  electron  would  be  required  to  neutralize  the  increased  net 
charge,  some  other  change  in  the  physical  or  chemical  properties  would  result. 

If,  however,  instead  of  a  proton  alone,  both  a  proton  and  an  electron  be  added 
to  the  nucleus,  nothing  will  be  changed  but  the  atomic  weight,  since  the  net  charge 
upon  the  nucleus  remains  as  before,  and  the  extranuclear  electrons  continue  to 
revolve  in  their  respective  orbits  (or  abide  in  their  respective  shells)  without  dis- 
turbance. Thus,  the  addition  of  protons  and  electrons  in  equal  numbers  to  any 
nucleus  would  result  in  an  atom  which  differed  from  the  former  atom  in  no  respect 
now  possible  of  detection,  except  weight. 

Whether  or  not  such  modified  atoms  can  be  found  in  all  substances,  they  have 
been  demonstrated  for  certain  elements — such,  for  example,  as  mercury,  chlorine, 
and  lead— and  are  called  uotopes. 

The  recognition  of  isotopy  has  strengthened  the  theory  that  all  atomic  weights 
should  be  whole  numbers ;  that  is  to  say,  multiples  of  the  atomic  weight  of  hydrogen, 
the  fractions  actually  observed  representing  an  average  dependent  upon  the  vary- 
ing proportions  of  the  different  isotopes  commonly  present. 

Thus,  for  example,  an  element  which  on  the  scale  of  hydrogen  as  unity,  had 
an  atomic  weight  of  35.5  (which  closely  approximates  that  of  chlorine)  could  be 
made  up  of  equal  parts  of  2  isotopes,  one  having  an  atomic  weiglit  of  35,  and  the 
other,  with  an  additional  proton  and  electron  in  the  nucleus,  having  an  atomic 
weight  of  36;  the  net  charge  upon  the  nucleus,  and  the  number  and  arrangement 
of  the  extranuclear  electrons,  being,  however,  identical  in  both. 

For  this  and  other  reasons,  Prout's  suggestion,  made  more  than  a  century  ago, 
that  hydrogen  might  be  a  fundamental  unit  out  of  which  the  other  atoms  are  built 
up  (see  footnote  16),  is  now  accepted  by  most  authorities;  in  so  far,  at  least,  that 
they  regard  the  "nuclei  of  all  of  the  atoms  as  made  up  of  the  constituents  of  atoms 
of  hydrogen,"  or  perhaps  of  a  4-fold  hydrogen,  i.e.,  helium. 

The  nucleus  it  is,  that  by  its  complex  structure  differentiates  one  atom  from 
another.  Most  nuclei  are,  or  appear  to  be,  stable.  In  certain  elements,  however, 
the  complexity  of  the  nucleus  is  so  great  that  it  shows  a  tendency  to  spontaneous 
and  continuous  loss  of  a  certain  number  of  protons  and  electrons,  giving  to  such 
elements  the  property  known  as  radio-activity — a  property  of  increasing  therapeutic 
importance.  Eadium  is  typical  of  these  bodies.  When  the  radiations  which  it  gives 
off  (or  sets  up)  are  examined,  they  are  found  to  consist  of  three  kinds,  which  have 
been  called  respectively  alpha,  beta  and  gamma  rays.^''     The  gamma  ra3^s  act  in 

"  The  gamma  ray  comes  from  radium  only  indirectly.  Radium  itself  is  of  the 
uranium  group.  In  the  direct  line  from  uranium  to  lead,  radium  C  is  the  only  substance 
that  has  alpha,  beta  and  gamma  rays.  However,  if  one  has  on  hand  a  specimen  of 
radium,  he  gets  all  these  rays.  This  is  due  to  the  fact  that  radium  C  and  radium  E  are 
always  present  in  the  radium.  The  gamma  ray,  therefore,  comes  from  radium  indirectly 
The  gamma  ray  is  also  found  in  uranium  X  one  and  X  two. 
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all  respects  like  x-rays,  and  are  supposed  to  be  ethereal  vibrations  or  ectoplasms  of 
energy  of  the  same  kind ;  with,  however,  a  shorter  wave  length.  They  are  indirect 
products  of  the  radium  atom.  The  beta  rays  act  in  all  resiiects  like  the  cathode  rays 
oL'  the  Crooke  tube,  and  aro  roiisonal)ly  i(i(Miti(iod  therewitli,  as  a  stream  of  electrons 
(i.e.,  ])articles  of  negative  electricity).  They  are  disiiifcgration  products  of  the 
atom. 

The  alpha  rays  resemble  t\\v  canal  rays  of  (ioldstein.  They  are  made  up  of  a 
stream  of  particles  which  have  four  times  the  mass  of  hydrogen,  and  exhibit  a 
spectrum  like  that  of  helium,  it  is  therefore  commonly  said  that  the  alpha  par- 
ticles are  atoms  of  lielium  positively  charged  (some  say  lacking  an  electron,  or  two 
electrons)  and  moving  with  great  velocity. 

Taken  together,  the  al])ha  and  beta  rays  represent  tlie  spontaneous  losses  from 
the  miclear  protons  and  electrons  of  the  element,  and  the  consequent  losses  from 
the  orI)ital  electrons.  What  is  left  is  termed  radium  emanation  (radon,  niton). 
This  in  turn  disintegrates,  losing  alpha  and  beta  particles  and  leaving  a  residue 
which  again  disintegrates;  and  so  on.  through  a  series  of  transformations  we  need 
not  now  follow. 

From  the  rate  at  which  the  various  disintegrations  and  transformations  occur,  it 
has  been  estimated  that  tlie  average  life  of  a  radium  atom  is  somewhere  in  the  neigh- 
borhood of  tliree  thousand  years.  A  gram  of  radium  is  said  to  contain  three  thousand 
million  million  million  atoms  of  the  element,  and  to  shoot  out  thirty-four  thousand 
million  particles  in  a  second. 

Some  of  the  elements  which  appear  to  be  stable  umler  ordinary  conditions, 
mav,  however,  as  Eutherford  has  shown,  be  artificially  disintegrated  by  bombarding 
their  nuclei  with  alpha  particles,  the  nucleus  being  disrupted  and  an  atom  of 
hydrogen  hurled  therefrom.  While  this  latter  phenomenon  has,  at  present,  no 
direct  bearing  upon  the  problems  of  medicine,  it  is  to  be  mentioned  as  having  an 
important  place  in  physicochemical  theor}',  with  which  scientific  medicine  must 
always  be  in  touch. 

"The  Earth,"  says  the  Hindu  legend,  "rests  upon  the  back  of  an  elephant  and 
the  elephant  stands  upon  a  tortoise."    What  supports  the  tortoise  ? 

Bodies  are  made  up  of  substances;  substances  are  composed  of  molecules; 
molecules  are  constituted  of  atoms  and  atoms  consist  of  electrons  and  protons. 
What  are  the  electrons  and  protons? 

^^'e  are  here  in  the  presence  of  an  unsolved  problem.  Protons,  which  we  have 
hypothetically  treated  as  entities,  are  by  some  students  regarded  as  mere  negation, 
somewhat  like  the  "void"  postulated  among  the  atoms  of  Democritus.  Electrons 
aggregate  into  material  bodies,  Itut  they  are  in  themselves  hypostates  of  energy."^ 

"  "Matter,  Ihe  substratum  of  mechanical  phenomena,  is  explained  by  starting  from 
electricity.  The  elementary  charges  of  electrolytic  ions,  the  cathode  particles  issuing 
from  Crooke's  tubes,  the  p  rays  issuing  from  the  atomic  disintegration  of  radioactive 
bodies,  the  negative  emissions  constituting  the  Edison  and  Hertz  phenomenon,  reveal  a 
universal  constituent  of   matter  in   the  electron. 

The  molecular  structures  constituting  ponderable  bodies  are  nothing  but  electrotonic 
architecture.  Electrons  are  grains  of  negative  electricity,  all  identical  with  one  another. 
They  carry  an  individual  charge  of  4.774  X  10-^"  electrostatic  C.  G.  S.  units,  distributed 
on  a  circumference  of  a  two-millionth  of  a  mm.  (2  X  10-'-  millimeter)  radius.  They  are 
endowed  with  an  initial  electromagnetic  mass  equal  to  10''  grams,  that  is,  1800  times 
smaller  than  that  of  a  hydrogen  atom.  They  play  different  parts  in  the  production  of 
phenomena,  according  to  the  position  they  occupy  in  the  atomic  and  molecular  structures, 
and  according  to  the  degrees  of  freedom  that  they  enjoy  because  of  this  position.  Accord- 
ingly, there  are  distinguished:  Perfectly  free  electrons  moving  outside  of  matter,  in  the 
form  of  cathode  rays  and  anode  rays;  free  electrons  moving  inside  of  matter  in  the 
intermolecular  spaces  with  a  chaotic  motion  that  gives  rise  lo  heat  radiation,  on  which 
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They  have  been  identified  with  the  units  of  another  manifestation  of  the  external 
world,  no  less  mysterious — that  which  is  commonly  called  electricity.  Electricity 
is  treated  in  physical  studies  as  a  form  of  energy,  convertible  into  light,  heat,  chemi- 
cal action  or  molar  motion.    The  advanced  physicists  of  yesterday  regarded  it  as  "a 

may  be  superimposed  a  translatory  motion  as  a  wliole,  that  gives  rise  to  electric  cur- 
rents in  conductors;  electrons  weakly  bound  to  atoms  revolving  on  their  circumference 
and  capable  of  being  detached  easily  under  the  influence  of  shock  or  an  electromagnetic 
action,  producing  thereafter  ionization  of  solutions  and  gases;  electrons  bound  to  atoms, 
moving  in  closed  curves  and  determining  the  spectral  rays  as  well  as  the  chemical 
valences,  the  sources  of  molecular  union;  lastly,  the  electrons  that  compose  the  central 
kernel  of  the  atom,  inaccessible  to  external  physical  agents,  in  a  chaotic  state  of  agitation, 
which  do  not  become  revealed  except  in  the  atomic  disintegration  of  radioactive  bodies. 

On  this  view,  the  atoms  are  formed  by  negative  electrons,  bound  more  or  less  to  the 
kernel  and  of  positive  remainders,  the  charges  of  which  must  be  equivalent  to  the  total 
charge  of  the  negative  electrons  in  order  to  maintain  in  the  neutral  state  the  cohesion 
of  the  structure  by  the  mutual  attraction  of  the  electricities  of  opposite  kind. 

Of  the  structure  of  these  positive  charges  we  know  next  to  nothing.  These  that  we 
can  capture  in  the  canal  rays  of  Goldstein  and  the  |3  rays  of  radioactive  bodies  are  atoms 
of  hydrogen  or  helium,  deprived  of  one  or  more  negative  electrons  and  having  on  that 
account  become  positive  ions.  It  may  be  asked  whether  there  is  a  positive  electricity, 
having  an  independent  existence  and  a  corpuscular  structure  like  the  negative  electricity, 
so  that  there  would  be  positive  electrons  side  by  side  with  the  negative  ones,  as  Jean 
Becquerel  believes  can  be  inferred  from  the  study  of  absorption  spectra  at  low  tempera- 
tures; or  whether  positive  electrification  results  from  the  subtraction  of  one  or  more 
negative  electrons  from  the  normal  atomic  structure  corresponding  to  the  neutral  state. 
In  any  case,  the  question  of  finding  whether  positive  electricity  has  a  material  support, 
so  that  there  would  be  negative  electrons  but  only  ions  of  positive  charge,  has  lost  much 
of  its  interest.  The  relativity  principle  leads,  as  Lorentz  has  shown,  to  the  assumption 
that  the  inertia  of  these  positive  ions,  if  they  cannot  be  decomposed  into  simpler  units, 
must  follow  the  same  laws  of  change  as  a  function  of  the  velocity  as  that  of  the  negative 
electrons;  that  is,  that  these  must  behave  as  if  their  mass  were  solely  of  electromagnetic 
origin. 

To  sum  up,  a  moving  electron  appears  to  us  as  a  circumscribed  region  of  space  where 
there  is  to  be  found  accumulated  electromagnetic  energy  in  the  form  of  fields,  the 
intensity  and  distribution  of  which  vary  as  a  function  of  the  velocity.  The  mass  of  an 
electron  cannot  be  attributed  to  a  material  support  that  does  not  exist,  nor  to  the  sur- 
rounding ether,  the  existence  of  which  is  hypothetical,  but  is  due  to  its  own  energy  which 
constitutes  its  only  substantial  reality.  But  if  energy  is  inert,  it  is  endowed  with  mass, 
consequently  with  weight  in  proportion  thereto;  and  possessing  structure  it  becomes  a 
materialized  body  while  matter  is  refined  away. 

If  now,  in  conformity  with  Lorentz's  theory,  the  molecular  structures  that  constitute 
bodies  are  reducible  to  assemblages  of  electrons,  and  if  the  electron  manifests  inertia 
only  because  of  the  energy  which  it  possesses,  material  systems  are  themselves  endowed 
with  mass  only  in  proportion  to  the  energy  that  they  contain.  Mass  becomes  a  quantity 
that  measures  their  internal  energy  and,  as  foreseen  by  Ostwald,  the  concept  of  matter 
is  subsumed  under  the  more  general  one  of  energy."  Rougier    (Masius). 

"An  atom  differs  from  the  solar  system  by  the  fact  that  it  is  not  gravitation  that 
makes  the  electrons  go  round  the  nucleus,  but  electricity,  positive  and  negative.  (These 
are  mere  names;  the  two  kinds  might  just  as  well  be  called  'A'  and  'B'.  None  of  the 
ideas  commonly  associated  with  the  words  'positive'  and  'negative'  must  be  allowed 
to  intrude  when  we  speak  of  positive  and  negative  electricity.)  Each  kind  of  electricity 
attracts  its  opposite  and  repels  its  own  kind,  like  male  and  female.  .  .  .  Ordinary  bodies 
are  neutral  because  their  small  parts  contain  equal  amounts  of  positive  and  negative 
electricity;  the  smallest  parts,  the  electrons  and  nuclei,  are  never  neutral,  the  electrons 
always  having  negative  electricity  and  the  nuclei  always  having  positive  electricity. 
That  means  simply  that  electrons  repel  electrons,  nuclei  repel  nuclei,  and  nuclei  attract 
electrons,  according  to  certain  laws;  that  they  behave  in  a  certain  way  in  a  magnetic 
field;  and  so  on.  .  .  .  All  electrons,  whatever  kind  of  atom  they  may  belong  to,  and  also 
if  they  are  not  attached  to  any  atom,  are  exactly  alike — so  far,  at  least,  as  the  most  deli- 
cate tests  can  discover.  Any  two  electrons  have  exactly  the  same  amount  of  negative 
electricity,  the  smallest  amount  that  can  exist.  .  .  .  Electrons  also  all  have  the  same  size, 
in  so  far  as  they  can  be  said  to  have  a  definite  size.  .  .  .  They  are  the  ultimate  constit- 
uents of  negative  electricity,  and  one  of  the  two  kinds  of  ultimate  constituents  of  matter. 
Nuclei,  on  the  contrary,  are  different  for  different  kinds  of  elements.  .  .  .  Under  normal 
conditions,  when  the  hydrogen  atom  is  unelectrified,  the  electron  simply  continues  to  go 
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mode  of  iiianil'ostation"  of  tlie  "•other"'  that  hypothetieally  I'ervades  all  space.  The 
advanced  ])hysieists  of  to-day  deny  the  existence  of  tlie  ether.  They  speak  of 
^'gravitational  fields,"  of  ''the  quantum,"  of  "relativity,"  of  "acceleration."  Such 
are  the  "counters" — the  mental  symbols — with  which  one  plays  the  game  of  scien- 
tific investigation :  useful  so  long  as  we  remember  that  they  are  symbols  merely ; 
misleading  to  utter  loss  when  we  mistake  them  for  realities. 

An  atom  or  group  of  atoms  carrying  an  electric  charge  has  a  valency 
equal  to  the  number  of  unsaturated  electrons.  Ionic  hydrogen,  or  hydrion  (H'jj 
having  one  positive  charge,  will  unite  with  ionic  chlorine,  or  chloridion  (CT), 
having  one  negative  charge,  to  form  a  neutral,  or  saturated  molecule,  of  hydrogen 
chloride  (hydrochloric  acid — HCl)  which  has  neither  charge  nor  valence.  In  the 
same  way,  two  positive  (monovalent)  hydrogen  ions  (H'o)  unite  with  one  negative 
(divalent)  oxygen  ion  (0")  to  form  a  saturated  neutral  molecule,  namel}',  water 
(HoO).  On  the  other  hand,  one  positive  hydrogen  ion  (lU)  ^^  can  unite  with  one 
negative  oxygen  ion  (0")  to  form  the  radicle  hydroxyl  (OH')  which,  having  one 
unsaturated  electron,  carries  one  negative  charge. 

This  negative  hydroxyl  ion  (OH')  is  thus  able  to  enter  into  combinations,  as, 
for  example,  with  one  positive  hydrogen  (H')  ion,  to  form  again  neutral  (inac- 
tive) water  (H,0). 

It  is  thus  seen  that  valence  is  merely  the  expression  of  the  number  of  electric 
charges  which  an  atom  receives  in  becoming  an  ion  and  is  dependent  upon  the 
plus  or  minus  number  of  electrons  over  that  pertaining  to  the  neutral  atom. 

E.  Colloids.  Definition. — The  designation  colloid  -^  (gluelike)  is  ai)plied  to 
a  group  of  substances  differing  from  one  another  in  many  respects,  but  having  in 
common  certain  chemical  and  physical  properties  which  distinguish  them  from 
crystalloids.    They  do  not  diffuse  through  animal  membranes  and   are  therefore 

round  and  round  the  nucleus,  just  as  the  earth  continues  to  go  round  and  round  the  sun. 
The  electron  may  move  in  any  one  of  a  certain  set  of  orbits,  some  larger,  some  smaller, 
some  circular,  some  elliptical.  .  .  .  The  hydrogen  nucleus  may  be  quite  without  structure, 
like  an  electron,  but  the  nuclei  of  other  elements  have  a  structure,  and  are  probably 
built  up  out  of  hydrogen  nuclei  and  electrons.  .  .  .  Nobody  knows  exactly  how  the  elec- 
trons are  arranged  in  other  atoms  than  hydrogen.  Even  with  helium,  which  has  only  two 
electrons,  the  mathematical  problems  are  too  difficult  to  be  solved  completely;  and  when 
we  come  to  atoms  that  have  a  multitude  of  electrons,  we  are  reduced  largely  to  guess- 
work. But  there  is  reason  to  think  that  the  electrons  are  arranged  more  or  less  in  rings, 
the  inner  rings  being  nearer  to  the  nucleus  than  the  outer  ones.  ...  In  spite  of  uncer- 
tainties of  detail,  however,  it  remains  practically  certain  that  there  are  successive  rings 
of  electrons;  one  ring  in  atoms  belonging  to  the  first  period,  two  in  the  second  period, 
three  In  the  third,  and  so  on.  Each  period  begins  with  an  alkali,  which  has  only  one 
electron  in  the  outermost  ring,  and  ends  with  an  inert  gas,  which  has  as  many  electrons 
in  the  outermost  ring  as  it  can  hold.  It  is  impossible  to  get  a  ring  to  hold  more  than  a 
certain  number  of  electrons,  though  it  has  been  suggested  by  Niels  Bohr,  in  an  extremely 
ingenious  speculation,  that  a  ring  can  hold  more  electrons  when  it  has  other  rings  outside 
it  than  when  it  is  the  outer  ring.  His  theory  accounts  extraordinarily  well  for  the 
peculiarities  of  the  periodic  table,  and  is  therefore  worth  understanding,  though  it  cannot 
yet  be  regarded  as  certainly  true."  ,^  „ 

(Bektrand  Russell). 

^"When  a  sufficient  number  of  unsaturated  (free)  OH  ions  are  present  in  a  solution, 
it  gives  an  alkaline  reaction;  when  a  sufficient  number  of  (free)  unsaturated  H  ions  are 
present,  the  solution  gives  an  acid  reaction.  Acidosis  and  alkalinosis  depend  upon  the 
presence  of  an  excessive  concentration  of  H  ions  and  OH  ions,  respectively. 

=»The  cells  and  tissues  of  the  body  are.  in  the  main,  to  be  regarded  as  colloidal,  and 
most  of  the  fluids  contain  colloids  in  solution.  Many  drugs,  as  administered,  are  colloids 
in  whole  or  fn  part.  The  chemistry,  and  in  particular  the  biochemistry,  of  colloids,  is  in 
many  respects  obscure;  nor  can  we  discuss  at  length  here,  all  that  is  known.  A  few 
facts  of  importance  to  our  special  studies  are  cited  but  the  student  is  urged  to  familiar- 
ize himself  with  the  subject  in  its  larger  aspects;  and  especially,  with  new  discoveries  as 
they  are  made  public.  The  work  of  John  Uri  Lloyd  should  receive  particular  attention, 
although  they  are  not  much  quoted  in  textbooks  on  the  subject. 
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looked  upon  as  having  larger  molecules  than  crystalloids.  This  property  waSj  at 
firsts  made  the  basis  of  their  definition.  It  is  also  probable  that  they  differ  from 
crystalloids  in  that  these,  when  dissolved  in  vi^ater,  separate  into  individual  mole- 
cules (and  ions),  while  the  colloids,  even  in  solution^  remain  as  larger  or  smaller 
aggregates  of  molecules.  Simple  colloids  do  not  dissociate  and  therefore  they  do 
not  lend  to  pure  water  any  electric  properties.  When  a  solution  of  a  colloid  is 
evaporated  to  dryness  it  does  not,  like  a  crystalloid,  pass  suddenly  from  limpid 
solution  to  solid  crystal,  but  the  solution  gradually  becomes  thicker  and  thicker 
and  passes  imperceptibly  into  the  solid  state.  Certain  colloids,  however^  show  excep- 
tional properties.  A  few  proteins — one  from  egg  white  and  another  from  serum 
for  example — form  well-defined  crystals;  the  combinations  with  electrolytes  show 
electric  properties,  while  still  possessing  the  other  properties  of  colloids.  The  solu- 
bility of  most  crystalloids  is  increased  by  heat;  colloids,  however,  dift'er  markedly 
in  this  respect.  The  non-nitrogenous  colloids,  such  as  starch  and  the  gums,  as 
well  as  gelatin  and  such  simple  proteins  as  peptones,  show  as  a  rule  increase  of 
solubility  with  rise  of  temperature.  The  true  proteins,  on  the  other  hand,  are  pre- 
cipitated by  heat  and  are  more  readily  "salted  out"  (i.e.,  precipitated  by  certain 
salts)  at  higher  temperatures.  Certain  solutions,  such  as  that  of  collodion  in  ether, 
are  favored  by  cold,  the  substances  separating  out  when  the  solution  is  warmed, 
and  being  redissolved  on  cooling. 

State  of  Aggregation. — Many  colloids  are  soluble  in  water  and  other  liquids 
and,  according  to  the  character  of  the  solution  formed,  two  states  are  recognized. 
Wlien  a  true  solution  exists — i.e.,  when  there  is  a  fluid  of  flowing  consistence — it 
is  called  a  "^'sol,"  or,  more  often  (as  the  solvent  is  usually  water),  a  "liydrosol." 
When  the  mass  is  soft  but  not  fluid,  as  in  the  case  of  gelatin  which  has  "set,"  it  is 
termed  a  "gel,"  and  if  combined  with  water,  a  "Jiydrogel."  -^  As  already  stated, 
when  a  hydrosol  is  evaporated  slowly  it  passes  first  into  the  state  of  hydrogel  and 
then  into  that  of  a  solid  by  imperceptible  stages.  It  is,  however,  possible  to  produce 
such  changes  fairly  sharply  by  other  means. 

For  example,  if  a  5  percent,  solution  of  gelatin  be  prepared  in  hot  water  and  then 
cooled,  there  will  be  at  a  certain  point  in  the  cooling  a  change  into  the  state  of  hydrogel, 
which  may  be  quite  striking  in  its  rapidity.  Again,  if  magnesium  sulphate  be  added  to 
solutions  of  most  proteins,  there  will  occur,  with  a  certain  concentration  of  the  salt,  an 
almost  sudden  change  from  the  hydrosol  to  the  solid  state.  The  colloid  will  be  precipi- 
tated or  "salted  out." 

The  hydrosol  state  is  more  or  less  unstable,  the  colloidal  particles  being  kept 
from  aggregating  into  a  gel  by  adsorption  on  their  surface  of  a  film  which,  per- 
haps by  having  an  opposite  electric  charge,  holds  them  in  suspension.  According 
to  the  nature  of  this  film,  three  classes  of  colloidal  solutions  are  distinguished: 
(1)  in  which  the  stabilization  is  due  to  an  adsorbed  liquid,  (2)  in  which  it  is 
due  to  an  adsorbed  undissociated  solute,  (3)  in  which  it  is  due  to  an  adsorbed  ion. 

The  last  class  has  been  most  studied  and  is  of  greatest  interest  in  physiology 
as  the  plasma  proteins  and  other  colloids  of  the  body  fluids  are  probably  held  in 
solution  in  this  manner.  Such  solutions  have  the  peculiarity  that  the  colloid  is 
precipitated  at  the  iso-electric  point,  as  it  is  called,  at  which  the  electric  charge 
of  the  adsorbed  ion  is  completely  neutralized.  Each  protein  has  its  own  iso-electric 
point  and  although  precipitation  is  usually  readily  obtained  in  solutions  of  pure 
proteins,  in  a  mixture,  such  as  blood  plasma,  the  other  proteins  may  act  as  films 

**  In  "gels,"  the  colloid  probably  forms  a  continuous  network,  holding  the  solvent  in 
its  meshes. 
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of  the  second  class,  and  prevent  precipitation.  Tlic  met  hod  has  heen  used  recently 
to  cause  precipitates  in  crude  diphtlieria  and  tetanus  toxins.  The  to.xin  is  carried 
down  in  great  part  with  the  precipitate  and  may  thus  he  partially  purified.  Col- 
loids stahilized  by  ions  are  also  precipitated  by  excess  of  neutral  salts,  as  in  the 
salting  out  process  of  purifying  antitoxin,  which  is  discussed  elsewhere. 

Stabilization  by  liquid,  especially  by  the  solvent  itself,  is  less  readily  demon- 
strated, but  may  account  for  the  fact  that  tannin  and  soaps  give  colloidal  solutions 
in  water  and  true  solutions  in  alcohol. 

The  influence  of  one  colloid  on  anotlier  varies  witli  several  factors.  A  colloid 
may  precipitate  another  if  both  are  held  in  solution  by  ions  the  electric  charges 
of  ■which  are  different,  (^ommonly,  however,  the  presence  of  one  colloid  aids  in 
the  stability  of  solution  of  another,  and  most  of  the  colloidal  solutions  of  inor- 
ganic substances  depend  for  stability  on  the  presence  of  a  protein,  or  protective 
colloid.  In  many  such  associations  there  is  a  chemical  union  between  the  two.  This 
is  commonly  the  case  Mith  the  colloidal  solutions  of  silver.  Collargol  is  exceptional 
in  being  a  true  colloidal  silver,  stabilized  by  egg  albumen.  Colloidal  iodine  and 
colloidal  sulphur  are  preparations  of  similar  type. 

The  advantage  of  such  colloidal  solutions  in  therapeutic  practice  is  that  they 
are  less  irritating  and  therefore  the  desired  topical  action,  antiseptic  or  other,  may 
be  obtained  without  coincident  destruction  of  the  body  cells;  or  the  systemic  action 
may  be  obtained  without  irritation  at  the  point  of  entry.  Colloidal  iodine,  for 
example,  can  be  injected  intravenously  and  is  said  to  develop  antiseptic  activity 
within  the  tissues.  Whether  or  not  this  be  true,  crystalloid  iodine  is  not  available 
for  such  injections.  In  a  few  instances,  as  in  the  case  of  colloidal  sulphur,  the 
effects  of  the  agent  seem  to  differ  qualitatively  from  those  exerted  by  the  crystalloid 
form.  A  satisfactory  explanation  of  such  phenomena,  if  they  indeed  occur,  is  lacking. 

Colloids  in  Presence  of  Electrolytes. — The  relationship  existing  between  col- 
loids and  electrolytes  is  not  limited  to  the  protective  action  of  the  latter,  but  is 
extremely  complex  and  varied.  In  general,  it  may  be  said  that  dilute  solutions 
of  acids  and  alkalies  influence  the  solubility  of  colloids  more  than  do  such  solu- 
tions of  neutral  salts  of  the  alkalies  and  alkaline  earths.  Most  colloids  combine 
either  with  acid  or  with  basic  radicles  or  with  either.  Eadicles  of  the  type  with 
which  the  given  colloid  combines  most  readily  are  likely  to  increase  its  solubility, 
and  those  of  the  opposite  type  to  make  it  less  soluble,  or  precipitate  it.  Most  pro- 
teins, for  example,  combine  more  readily  with  bases  (cations)  and  as  a  rule  their 
solubility  is  increased  by  dilute  alkalies  and  decreased  by  acids.  This  is  strikingly 
the  case  with  nucleoproteids  which  are  precipitated  from  even  dilute  solutions  by 
minute  amounts  of  any  acid.  The  addition  of  acetic  acid  to  urine  to  aid  in  the 
precipitation  of  albumin  by  heat  is  a  familiar  example  of  the  same  general  rule. 
The  union  formed  between  colloids  and  acids  and  alkalies  when  those  reagents  are 
added  in  small  amounts  is  a  loose  one ;  the  crystalloid  can  l)e  removed  by  dialysis 
and  the  colloid  will  return  to  its  former  state.  If,  however,  strong  acid  or  alkali 
is  added,  or  if  a  weaker  solution  is  heated,  chemical  alteration  will  occur  in  many 
colloids.  Proteins,  for  example,  are  converted  into  acid  or  alkali  albuminates  which 
are  in  general  freely  soluble  in  water  and  not  readily  precipitated  by  electrolytes. 
The  addition  of  neutral  electrolytes  to  solutions  of  colloids  differs  in  its  effects 
according  to  the  nature  of  the  salt.  The  salts  of  the  alkalies,  sodium  chloride, 
for  example,  usually  increase  the  solubility  of  proteins  when  added  in  very  small 
amounts,  but  in  higher  concentration  decrease  it.  Fibrinogen,  for  example,  which 
is  insoluble  in  distilled  water,  is  soluble  in  dilute  solutions  of  XaCl,  but  precipi- 
tated by  saturated  solutions.    The  soluble  salts  of  sodium,  potassium,  ammonium 
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and  magnesium,  added  to  solutions  of  proteins  and  of  certain  other  colloids,  pre- 
cipitate them  when  a  certain  concentration  of  salt  is  reached.  The  point  of  pre- 
cipitation differs  with  different  proteins,  hut  is  not  influenced  by  the  quantity  of 
the  colloid.  This  "salting  out"  reaction  may  be  visualized  by  assuming  that  the 
protein  is  soluble  in  water  but  not  in  a  concentrated  Avatery  solution  of  a  salt. 
The  proteins  are  not  altered  in  the  process  and  may  be  restored  by  dialysis,  that 
is  to  say,  by  filtering  through  an  animal  membrane;  the  proteins  remain  behind, 
while  the  salt  which  is  precipitated  with  them  separates  and  passes  through. 

The  heavy  metals  as  a  rule  enter  into  firm  and  not  readily  reversible  com- 
binations with  proteins  and  other  colloids. 

Under  certain  circumstances  it  is  possible  that  associations  or  combinations 
are  formed  between  colloids  and  electrolytes  which  differ  in  nature  from  any  that 
are  known  to  be  formed  between  two  electrolytes.  The  large,  only  partially  dis- 
solved masses  of  the  colloidal  sol  may  attract,  in  a  somewhat  mechanical — or  per- 
haps electrical — manner,  the  electrolyte  molecules  or  ions,  and  these  may  adhere 
to  the  outside  of  the  colloidal  particles  without  entering  the  molecule.  It  is  hardly 
possible  to  distinguish  between  a  combination  of  this  kind  and  a  loose  chemical 
combination,  such  as  probably  occurs  during  "salting  out'' ;  but  analogies  are  not 
wanting.  For  example,  the  suspension  of  fullers'  earth  (Lloyd  reagent),  which 
is  known  to  be  chemically  indifferent,  attracts  alkaloids  by  adsorption  and  carries 
them  out  of  solution  with  it.  It  does  not  attract  most  other  bodies.  If  the  molecu- 
lar aggregates  of  colloids  in  the  cells  have  a  similar  quality  of  adsorption  for  par- 
ticular substances,  it  might  explain  certain  obscure  phenomena  of  drug  action. 

Certain  relations  between  electrolytes  and  solid  colloids  are  perhaps  of  more 
importance  in  physiology  and  phannacology,  than  their  solvent  and  precipitating 
action  on  hydrosols. 

These  may  briefly  be  stated  as  follows:  When  a  solid  colloid — for  example,  gelatin — 
is  placed  in  water  absolutely  free  from  electrolytes,  it  does  not  absorb  water  or  swell. 
If,  however,  some  salt  be  dissolved  in  the  water  the  gelatin  will  swell  slightly  by  imbibing 
the  water;  the  amount  of  swelling  differing  with  the  salt  and  its  concentration,  being 
greater  in  dilute  solutions.  If  the  gelatin  is  placed  in  a  dilute  solution  of  an  acid,  on 
the  other  hand,  it  will  swell  enormously  and  the  swelling  and  imbibition  of  water  will  con- 
tinue for  a  long  time.  These  facts  and  others  of  like  nature  have  been  studied  carefully  by 
Martin  H.  Fischer,  who  has  developed  from  them  a  rather  extensive  group  of  hypotheses 
as  to  physiologic  processes  which  are  generally  referred  to  as  "Fischer's  theory  of 
edema."  This  theory  postulates  that  the  swelling  or  edema  seen  in  cases  of  nephritis  and 
of  circulatory  failure  is  not,  as  commonly  assumed,  dependent  on  mechanical  failure  to 
remove  the  fluid  from  dependent  or  otherwise  unfavorably  situated  parts,  but  that  nutri- 
tion being  interfered  with  by  asphyxia  from  failing  circulation  or  by  the  peculiar  changes 
incident  to  Bright's  disease,  there  is  an  excessive  development  of  acid  substances  within 
the  body  and  an  accumulation  of  acid  in  the  tissues  in  certain  parts.  These  tissues,  being 
colloids,  behave  like  gelatin  in  acid  solution:  they  attract  water  and  swell.  In  edema, 
the  fluid  is  not  merely  intercellular,  it  is  also  intracellular.  Treatment  by  hypertonic 
alkaline  solution  is  designed  both  to  liberate  the  intracellular  fluid  and  to  promote  its 
elimination  by  restoring  function  to  the  kidney  cells,  assumed  to  be  acidized  and  water- 
logged, in  like  manner. 

We  cannot  go  into  the  vast  controversy  that  has  developed  about  this  attrac- 
tive theory,  which,  however,  physiologists  in  general  do  not  accept. 

Jacques  Loeb  has  published  certain  observations  bearing  on  the  conceptions 
upon  which  the  hypothesis  was  originally  developed.  Loeb  has  shown  that  gelatin 
treated  either  with  acid,  alkali  or  neutral  salt  forms  a  combination  with  the  acid 
or  alkali  radical,  as  the  case  may  be.  This  compound-gelatin  shows  electrolytic 
properties  and  has  a  marked  attraction  for  water.   When  it  is  put  in  distilled  water 
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it  swells  enormously  and  the  amount  of  swelling  is  much  the  same  whether  it 
has  been  treated  with  acid,  alkali  or  neutral  salt  of  equal  molecular  concentration. 
If  the  treated  gelatin  is  i)ut  into  a  weak  solution  of  acid^  the  result  is  not  very 
different;  it  swells  as  it  did  in  water.  If,  however,  it  is  put  into  a  solution  of 
salt,  it  does  not  swell  much  and  tliis  is  true  whether  it  had  been  treated  pre- 
viously with  acid  or  with  salt.  Lot;!)  therefore  believes  that  colloids  swell  after 
being  treated  with  an  electrolyte  and  the  failure  to  obtain  swelling  after  treatment 
with  salts  in  previous  experiments  is  due  to  the  fact  that  the  salt  in  the  water 
interferes  with  its  absorption  by  the  gelatin. 

Colloids  in  Presence  of  0 flier  Colloids. — "^fetallic  Colloids. — Certain — perhaps 
all — metals  may  be  brought  into  such  a  line  state  of  division,  suspended  in  a  liquid 
medium,  that  they  are  capable  of  passing  through  a  fdter,  and  of  settling  only  in 
very  long  periods  of  time.  They  are  then  termed  metallic  colloids  and  their  mole- 
cules are  supposed  to  be  grouped  or  aggregated  in  some  new  fashion.  Organic 
compounds  of  metals  may,  likewise,  be  brought  into  the  state  of  colloidal  aggre- 
gates. These  suspensions  are  as  a  rule  stable  only  in  the  presence  of  organic 
colloids,  such  as  proteins,  which  are  termed  protective  colloids;  most  of  the  com- 
mercial colloidal  silver  preparations,  for  example,  are  combined  or  associated  with 
such  colloids  as  gelatin,  egg-albumin,  fibrin,  casein,  etc.  To  what  extent  such 
combinations  represent  a  colloidal  form  of  silver  or  silver  oxide  held  in  solution 
by  the  protective  colloid;  and  to  what  extent,  if  any,  the  silver  enters  into  definite 
chemical  combination  with  the  colloid,  it  is  not  always  possible  to  determine  by 
the  chemical  and  physical  means  now  at  our  disposal.  The  same  is  true  of  the 
colloidal  preparations  of  other  metals. 

One  of  the  metals  most  readily  obtained  in  the  colloidal  state  is  platinum. 
The  platinum  electrodes  of  an  induction  coil  are  submerged  in  water,  and  a  power- 
ful current  sent  between  them.  In  this  way  the  metal  is  literally  torn  from  the 
electrodes  and  persists  as  a  turbidity  in  the  water. 

Colloidal  metals  frequently  exhibit  catalyzing  properties  resembling,  for  in- 
stance, those  of  the  tissue  ferments  known  as  oxidases — the  most  notable  instance 
of  this  oxidizing  power  being  that  of  (spongy)  platinum,  ^\^lether  such  powers 
are  exerted  within  the  body  by  colloidal  metals  administered  medicinally,  or  in 
what  way  the  pharmacodynamics  of  any  substance  is  affected  by  colloidal  changes 
in  its  state,  is  a  question  of  fact  in  each  instance  to  be  determined,  if  possible, 
experimentally. 

In  all  studies  and  therapeutic  use  of  colloidal  solutions  assurance  should  be 
obtained  of  the  true  colloidal  nature  of  the  material  in  hand,  as  solutions  stated 
to  be  colloidal  may  not  be  such  in  fact. 

Surface  Tension  and  Adsorption. — Surface  tension  is  a  force  exerted  whenever 
a  liquid  comes  in  contact  with  a  solid,  a  gas  or  another  liquid  with  which  it  does 
not  mix.  It  may  be  defined  as  that  force  which  tends  to  bring  the  fluid  into  a 
spherical  shape  and  its  effect  is  the  same  as  if  the  fluid  were  enclosed  in  a  deli- 
cate, tense  elastic  membrane.  This  force  is  of  especial  importance  when  solid  par- 
ticles, bubbles  or  droplets  are  dispersed  through  a  liquid.  A  mixture  of  such  a 
nature  is  spoken  of  as  a  dispersion  system  or  two-phase  system,  while  a  pure  liquid 
is  a  one-phase  system.  In  true  solutions,  such  as  those  of  crystalloids  in  water, 
and  in  mixtures  of  miscible  liquids,  as  alcohol  and  water,  the  diffusion  of  the  solid 
in  the  water  is  so  intimate  that  the  solution  behaves  as  a  one-phase  system  and 
does  not  show  surface  phenomena  between  the  molecules  of  the  solute  and  those 
of  the  solvent.  So-called  colloidal  solutions,  on  the  other  hand,  show  surface 
phenomena  at  the  interface  between  the  solvent  and  the  colloidal  particles.    For 
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this  reason,  some  authors  prefer  not  to  speak  of  colloidal  suspensions  as  solutions, 
but  only  as  dispersion  systems. 

The  importance  of  such  surface  forces  in  colloidal  systems  may  be  illustrated 
by  merely  pointing  out  the  fact  that,  whereas  the  total  surface  of  a  solid  mass  of 
1  cc.  capacity  is  6  qcm.,  if  this  is  divided  into  particles  the  size  of  a  red  blood 
cell,  the  total  surface  is  more  than  10,000  qcm.,  and,  if  in  particles  the  size  of 
those  in  colloidal  systems,  it  is  about  60,000,000  qcm. 

In  1888,  Quincke  showed  that  substances  which  decrease  the  surface  tension 
between  the  solvent  and  the  dispersion  phase  collect  about  the  dispersed  particles, 
with  the  formation  of  a  film.  This  phenomenon,  which  is  known  as  adsorption, 
is  sometimes  purely  physical,  sometimes  partly  chemical.  When  the  process  is 
purely  physical,  it  is  commonly  reversible;  when  partly  chemical,  it  may  or  may 
not  be  susceptible  of  reversal. 

Succinic  acid  and  other  fatty  acids  are,  for  example,  adsorbed  by  charcoal  and  this 
process  is  a  purely  physical  surface  phenomenon,  the  acids  being  separable  from  the 
charcoal  by  appropriate  solvents.  The  process  of  dyeing  is  also  primarily  an  adsorption 
phenomenon,  but  becomes  partly  chemical.  Basic  aniline  dyes,  for  example,  are  combina- 
tions of  an  acid  with  the  dye,  making  a  soluble  compound.  The  dye  is  adsorbed  by  the 
fibers  of  the  material,  while  the  acid  is  not.  The  dye  is  thus  precipitated  on  the  surface, 
the  acid  being  split  off.  This  process,  being  partly  chemical,  is  not  readily  reversible. 
A  similar  process  occurs,  according  to  Ostwald,  in  washing  with  soap.  The  fatty  acid 
is  adsorbed  by  the  skin  or  fabric  and  the  alkali  split  off. 

Colloids  are  in  general  more  readily  adsorbed  than  crystalloids,  and  certain 
types  more  especially  so.  Among  these  may  be  mentioned  dyes,  enzymes  and  anti- 
bodies. In  fatty  emulsions  the  fat  droplets  are  prevented  from  coalescing  by  a 
film  of  protein  or  gum  which  forms  an  adsorption  coating  around  each. 

If  air  bubbles  are  blown  through  a  protein  solution  so  as  to  form  a  foam,  it  will  be 
found  that  the  protein  collects  about  the  bubbles  and  the  foam  will  contain  relatively 
more  protein  than  the  liquid  below. 

The  process  of  adsorption  is  of  the  very  greatest  importance  in  all  vital 
processes.  The  living  organism  may  be  described  as  a  vessel  containing  an  aqueous 
solution  in  which  hundreds  of  different  colloids  exist  as  dispersed  phases.  Each 
of  these  has  its  own  adsorption  affinities  and  it  is  these  which  determine,  perhaps 
more  than  any  other  single  factor,  the  distribution  of  foodstuffs  and  drugs  that 
have  obtained  access  to  the  circulation.  It  is  not  easy  to  give  examples  of  drug 
action  determined  solely  by  adsorption,  since  the  interaction  between  drug  and 
cell  commonly  depends  upon  a  complex  of  relative  solubility,  chemical  affinity  and 
surface  phenomena,  or  upon  two  of  these.  According  to  Bechtel,  foreign  agents 
that  are  chemically  fixed  alter  permanently  the  affected  cell,  while  agents  adsorbed 
or  dissolved  in  cell  constituents  do  not.  It  is  probable  that  the  narcotic  action  of 
magnesium  salts  is  almost  wholly  an  adsorption  or  surface  phenomenon.  It  is  not 
known  by  what  cell  constituent  they  are  adsorbed,  but  the  action  does  not  seem 
to  depend  on  relative  solubility,  and  the  prompt  removal  of  the  narcotic  symptoms 
by  calcium  favors  the  idea  that  the  process  is  physical. 

In  to<cicology,  adsorption  is  of  the  greatest  importance.  The  action  of  cer- 
tain poisons  may  depend  upon  it.  On  the  other  hand,  it  may  be  utilized  to  reduce 
absorption  of  poisons  into  the  economy,  or  their  distribution  to  the  tissues.  This 
is  instanced  by  the  addition  of  mucilages  to  irritant  drugs,  to  mitigate  their  local 
action.  It  is  even  more  strongly  shown  by  experiments  such  as  that  of  Thouery 
who  in  1830  took,  without  bad  effect,  fen  times  the  lethal  dose  of  strychnine  rubbed 
up  with  charcoal.   Sabbatini  has  recently  shown  that  the  toxic  effects  of  strychnine 
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piven  by  vein  can  be  prevented  l)y  intravenous  injection  of  colloidal  carbon.  Dur- 
ing the  World  War  and  in  recent  epidemics,  kaolin  given  by  mouth  has  been  found 
to  reduce  tlie  toxic  symptoms  in  cliolera  and  typhoid  lever.  It  evidently  acts  by 
adsorbing  the  bacterial  toxins  and  thus  preventing  their  access  to  the  blood  stream. 

Adsorption  of  antipathogens  by  hacleria  plays  an  important  part  in  disinfec- 
tion. It  may  ex])lain  the  action  of  certain  germicides  in  very  dilute  solution.  Care- 
ful studies  of  the  relative  etfects  of  increasing  concentrations  of  germicidal  agents 
on  known  masses  of  bacteria  indicate  that  chloroform  and  silver  nitrate  act  chiefly 
by  surface  adsorption ;  phenol  chiefly  by  solution  in  the  bacterial  cell,  while  for- 
maldehyde forms  a  chemical  union  with  some  cell  constituent. 

The  full  extent  to  which  surface  tension  and  adsorption  influence  vital  and 
especially  pathologic  and  pharmacologic  phenomena  is  not  yet  known,  but  enough 
has  been  said  to  show  their  importance  in  the  study  of  medicine. 

F.  Enzymes. — Enzymes,  or  ferments,  are  unorganized  organic  substances 
secreted  by  living  cells  and  capable  of  causing  fermentation  or  chemical  change 
in  certain  organic  compounds  (chiefly  proteins,  fats  or  carbohydrates)  without 
themselves  undergoing  recognizable  change. 

Chemical  Nature. — Their  chemical  nature  is  entirely  unknown,  no  ferment 
having  been  isolated  in  a  pure  state  in  sufficient  quantity  to  permit  a  chemical 
study.  They  partake  of  the  nature  of  colloids  in  not  passing  through  semi-per- 
meable membranes,  although  this  may  be  due  to  their  adlierence  to  proteids  or 
other  colloids.  They  tend  to  be  adsorbed  by,  and  carried  down  with,  any  precipi- 
tate of  a  colloid  which  is  produced  in  their  solutions,  even  by  inorganic  precipitates 
such  as  alumina  cream,  b^nzymes  are  destroyed  by  temperatures  lower  than  those 
required  for  the  coagulation  of  most  proteids. 

Function. — Their  function  is  commonly  to  assist  in  the  nutrition  of  the  animal 
or  plant  by  w^hicli  they  are  secreted,  but  not  necessarily  in  that  of  the  secreting 
cell.  Owing  to  the  fact  that  they  are  not  directly  involved  in  the  changes  they 
produce,  a  very  small  amount  of  enzyme  will  modify  a  very  large  amount  of  sub- 
strate— that  is,  of  the  substance  on  which  a  ferment  acts. 

Nature  of  Action. — The  changes  brought  about  in  the  substrate  by  ferment 
action  include  such  processes  as  oxidation,  hydrolysis,  splitting  up  of  complex 
molecules  into  simpler  ones,  and  building  of  less  complex  atom  groups  into  com- 
plex molecules.  The  process  is  commonly  characterized  by  removal  or  addition  of 
water  or  of  oxygen.  Each  ferment  is  strictly  limited  both  in  respect  to  the  sub- 
stances on  which  it  acts,  and  in  res}>ect  to  the  nature  of  the  changes  which  it 
produces.  Certain  ferments  thus  act  in  breaking  down  carbohydrates,  others  break 
down  fats,  others  proteids,  etc.  Those  ferments  which  break  up  foodstuffs — the 
so-called  digestive  ferments — have  been  most  carefully  studied,  and  most  of  the 
general  knowledge  of  ferment  action  is  based  on  them.  IMuch  less  is  known  of 
the  ferments  which  cause  oxidations  in  the  tissues  and  those  which  build  up  the 
proteids,  fats  and  carbohydrates  fi"om  their  elements. 

Ferments  are  commonly  given  names  ending  in  "in,"  descriptive  of  their  general 
action,  or  referring  to  the  part  by  which  they  are  secreted;  or  names  in  "ase,"  referring 
to  their  substrate.  Thus  we  have  in  the  former  group,  pepsin,  trypsin,  pancreatin, 
amylopsin,  papain,  etc.;  and  in  the  latter  group,  amylase,  lipase,  protease,  urease,  etc. 
Some  names  refer  to  the  source  of  the  ferment,  as  zymase,  the  enzyme  of  yeast,  which 
converts  sugar  into  alcohol.  Other  names  refer  to  the  special  action  of  the  substance, 
as  the  oxidases  or  oxidizing  ferments,  which  are  widely  distributed  in  the  body.  The 
destruction  of  bacteria  by  phagocytes  may  depend  on  a  digestive  ferment  (phagocytase), 
and  similar  ferments  aid  in  the  resolution  of  inflammatory  exudates  and  in  similar 
defensive  and  restorative  processes   (cytases). 
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It  is  now  generally  accepted  that  not  only  the  breaking  down  of  carbohydrates 
into  carbonic  acid  and  water,  of  fats  into  glycerin  and  fatty  acids,  and  of  proteids 
into  aniino-acids,  but  also  the  building  up  of  these  complex  bodies  from  the  simpler 
ones,  is  entirely  dependent  upon  the  action  of  ferments. 

Factors  Determining  Activity. — The  activity  of  ferments  is  markedly  influ- 
enced by  certain  factors,  a  few  of  which  may  be  mentioned  here. 

Most  enzymes  show  a  maximum  activity  at  a  temperature  slightly  above  that 
of  the  body.  Their  rate  of  action  is  reduced  by  lowering  the  temperature  and  they 
may  be  inactivated  by  any  considerable  increase  of  heat. 

Most  ferments  have  an  optimum  reaction,  or  pH,  and  any  marked  deviation 
from  this  hinders  or  may  even  inhibit  their  action.  The  reaction  varies  from  a 
pH  of  1.4  for  pepsin,  to  a  pH  of  8.3  for  trypsin,  these  being  about  the  maximum 
in  each  direction.  The  vegetable  enzyme,  papain,  acts  best  in  a  pH  of  5,  but  is 
effective  over  a  wider  range  than  are  most  animal  ferments. 

Ferments  in  solution  gradually  deteriorate,  even  at  low  temperatures.  They 
are  much  more  stable  and  resist  heat  more  in  the  presence  of  a  certain  amount 
of  substrate.  They  are  apparently  destroyed  by  shaking,  but  recent  studies  have 
made  it  seem  probable  that  they  are  merely  adsorbed  by  the  foam  and  the  walls 
of  the  vessel. 

The  action  of  ferments  is  hindered  frequently  by  the  presence  of  the  products 
of  their  activity.  In  case  two  products  are  formed,  one  may  hinder  the  reaction 
to  a  greater  extent  than  the  other. 

For  example,  the  sucrase  from  yeast  splits  cane  sugar  into  fructose  and  glucose. 
The  latter  interferes  much  more  with  the  action  of  the  ferment  than  the  former.  It  is 
probable  that  fructose  forms  a  compound  with  the  enzyme  or  adsorbs  it.  Adsorption  of 
or  by  the  ferment  may  be  the  most  common  cause  of  such  interference. 

Adsorption  by  other  colloids  may  not  interfere  with  ferment  action;  thus 
sucrase  acts  as  well  when  adsorbed  previously  by  charcoal  as  when  in  solution. 

Various  other  substances  accelerate  or  hinder  the  action  of  enzymes.  No  gen- 
eral laws  can  be  laid  down  for  such  influences,  but  a  few  examples  may  be  cited: 

Thus  salt  in  low  concentration  favors  the  action  of  certain  ferments  and  hinders 
the  action  of  others.  Bile  salts  accelerate  the  action  of  the  pancreatic  lipase.  In  study- 
ing such  effects,  great  attention  must  be  paid  to  possible  changes  in  reaction  brought 
about  by  the  additional  substance.  Substances  which,  without  entering  into  the  reac- 
tion, accelerate  the  action  of  ferments,  are  said  to  act  as  catalysts. 

In  some  instances  it  has  been  shown  that  the  action  of  ferments  is  reversible. 

Thus  the  lipase  of  castor  oil  beans  will  form  fats  from  glycerin  and  fatty  acids, 
and  other  lipases  will  do  the  same.  A  similar  tendency  is  shown  by  maltase,  and  even 
by  pepsin  and  trypsin. 

The  influence  of  drugs  on  ferment  action  has  been  studied  chiefly  in  con- 
nection with  the  group  of  oxidases  which  are  assumed  to  bring  about  the  exchange 
of  oxygen  between  hemoglobin  and  the  tissues,  as  well  as  other  vital  oxidations. 
A  few  drugs,  of  which  cyanides  are  the  type,  interfere  with  the  action  of  the  oxi- 
dases and  thus  hinder  the  access  of  oxygen  to  the  tissues.  In  cold-l)loo(led  animals, 
the  utilization  of  oxygen  may  be  entirely  stopped  by  this  means;  warm-blooded 
animals  die  before  this  stage  of  the  poisoning  is  reached.  On  the  other  hand,  iron, 
for  example,  is  said  to  stimulate  the  oxidases,  and  like  action  has  been  ascribed 
to  manganese  and  germanium. 
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The  ferments  that  control  sugar  metabolism  within  the  body  are  markedly 
influenced  by  drugs.  The  process  of  forming  glycogen  from  glucose,  and  this  from 
fatty  acids,  is  stopped  by  phosphorus.  Phloridzin  causes  a  less  elucidated  but  even 
more  profound  alteration  in  the  entire  process  of  carl)ohydrate  metabolism.  The 
glycosuria  caused  by  niorjijiiiic  and  that  caused  by  ether  may  also  be  owing  to 
action  on  the  tissue  ferments. 

The  alterations  which  occur  in  drugs  within  the  body  might  perhaps  all  be 
ascribed  to  ferments;  thus  the  detoxication  of  the  phenols  and  other  bodies  by 
addition  of  suljilniric  and  glycuronic  acid  is  very  probably  due  to  enzyme  action. 
The  oxidation  of  many  drugs,  such  as  morj)hine  and  ergotoxine,  may  depend  on  an 
oxidase.  Tlw  question  as  to  whether  changes  of  this  order  are  brought  about  by 
extracellular  ferments  or  by  some  more  direct  catalytic  action  of  the  cell  proto- 
plasm, can  rarely,  however,  be  determined. 

Cataly.sis: — Sometimes  chemical  action  is  accelerated  or  retarded  by  the  pres- 
ence of  a  substance  which  remains  in  the  same  quantity  at  the  end  of  the  reaction 
as  at  the  beginning.  This  phenomenon  is  termed  catalysis.  It  is  not  argued  that 
the  catalyzing  substance  does  not  undergo  reverse  or  reciprocating  changes,  but 
intermediate  substances  pointing  to  such  alterations  have  never  been  isolated. 

That  catalysis  plays  any  important  part  in  drug  action,  or  other  physiologic 
processes,  has  not  been  positively  demonstrated.  Its  frequent  interposition  in  other 
chemical  processes,  however,  is  so  well  established  that  it  seems  not  unlikely  that 
it  may  play  a  part  in  })harmaeology. 

To  illustrate  its  importance  in  commercial  chemistry,  we  may  instance  the  ordinary 
Welsbach  gas  mantle,  in  which  a  mixture  of  heated  thorium  and  cerium  causes  the 
continued  combustion  of  illuminating  gas,  without  itself  suffering  any  recognizable 
alteration.  The  Haber  process  for  making  ammonia  from  the  direct  union  of  atmos- 
pheric nitrogen  and  hydrogen  depends  on  the  presence  of  iron,  uranium  or  other  metal 
as  the  catalyzing  agent.  Platinum,  which  is  most  efficient  in  the  catalytic  union  of 
hydrogen  and  oxygen,  is  less  efficient  in  the  formation  of  ammonia. 

Recently  AVarburg  has  brought  strong  evidence  to  show  that  iron  acts  as  a  true 
catalytic  agent  in  all  biologic  oxidations.  His  experiments  show  that  the  iron  in  a 
peculiar  compound  with  carbon  and  nitrogen  is  oxidized  to  the  ferric  form  in  the 
presence  of  oxygen  and  reduced  in  contact  with  proteins;  this  giving  off  and  taking 
up  of  oxygen  occurring  as  often  as  the  conditions  are  changed  and  not  involving  any 
loss  of  iron. 

Physicochemical   Phenomena  of  Drug  Influence 

It  is  obvious  that  the  influence  of  any  drug  upon  the  tissues,  as  well  as  its 
distribution  to  those  tissues,  is,  in  the  final  analysis,  dependent  on  the  characterFs- 
ties  of  the  drug,  and  that  these  in  turn  depend  ou  the  physical  properties  and 
chemical  composition  of  such  substance.  It  is  an  evident  fact  that  a  group  of 
drugs  having  in  common  some  physical  or  chemical  characteristic  will  show  simi- 
larity of  action  upon  the  organism.  Such  factors  as  solubility  in  water  or  in  fats; 
dissociation  in  solution;  an  acid,  alkaline  or  neutral  reaction;  the  presence  of  a 
lialoid  or  of  a  metallic  atom;  the  presence  or  absence  of  certain  molecular  groups 
characterizing  particular  types  of  organic  compound,  etc.,  influence  profoundly  the 
distribution  and  action  within  the  organism.  Certain  of  the  tissue  reactions  asso- 
ciated with  peculiarities  of  drug  structure  and  which  differentiate  the  action  of 
one  class  of  drugs  from  that  of  another  are  so  general  that  they  may  be  described 
as  characteristic  of  certain  chemical  elements  or  of  certain  molecular  groupings. 
The  specific  properties  given  to  comjioniids  by  particular  chemical  characters  are 
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in  fact  so  constant,  that  it  is  the  practice  of  chemists  to  modify  substances  delib- 
erately by  the  addition  or  subtraction  of  a  particular  atom  or  group  of  atoms  with 
the  idea  of  so  changing  action  as  to  increase  efficacy  or  lessen  disagreeable  or  un- 
desirable side  actions. 

Such  ph^-sicochemical  factors  as  salt  action  and  acidity  will  lirst  be  consid- 
ered, and  later  tlie  eii'ects  of  peculiarities  in  chemical  constitution. 

Physical  Factors. — Salt  Action. — Salt  action  is  mainly  dependent  on  the 
concentration  of  the  solution,  by  which  is  meant  the  molecular  concentration,  not 
the  percentage  strength.  If  a  solution  more  concentrated  than  blood  serum  comes  in 
contact  with  the  tissues,  it  abstracts  water  from  them  and  by  this  dehydrating  aition 
proves  more  or  less  irritating,  according  to  the  degree  of  concentration.  Substances 
which  dissociate  freely  are  much  more  irritating  than  those  which  do  not,  and  even 
saturated  solutions  of  freely  soluble  but  non-dissociated  substances,  such  as  sugar, 
are  onl}-  slightly  irritating. 

In  therapeutics,  salt  action  has  frequently  to  be  taken  into  consideration.  In 
the  use  of  saline  cathartics,  administration  of  a  concentrated  solution  may  favor 
the  etfect  desired,  by  withdrawing  water  from  the  bowel  wall  into  its  lumen.  High 
concentration  also  interferes  with  absorption  of  the  salt.  Even  table  salt  will  act 
as  a  purgative,  if  given  in  strong  solution  and  not  gotten  rid  of  by  vomiting. 

Apart  from  cathartics,  the  use  of  solutions  more  concentrated  than  the  blood 
is  rarely  of  advantage  and  often  deleterious  or  even  dangerous.  Concentrated  solu- 
tions of  sodium  iodide  or  bromide  given  by  mouth  may  cause  severe  pain  and 
vomiting.    The  same  result  may  .follow  their  administration  as  compressed  tablets. 

When  concentrated  solutions  are  injected,  especially  by  rectum  or  vagina,  a 
more  serious  danger  is  always  to  be  kept  in  mind.  This  is,  that  by  abstraction  of 
water  from  the  blood,  or  by  absorption  of  the  concentrated  solution  into  the  blood, 
the  molecular  concentration  of  the  plasma  will  be  raised  to  such  a  degree  that  it 
will  act  destructively  on  the  blood  cells  and  tissue  cells  so  that  permanent  injury 
and  even  death  may  result.  A  large  number  of  such  fatal  cases  has  been  reported 
as  resulting  from  the  rectal  or  the  vaginal  injection  of  strong  solutions  of  table 
salt,  whether  as  a  simple  cleansing  fluid  or  as  an  antiseptic.  Xo  such  danger  is 
inherent  in  the  use  of  a  large  quantity  of  distilled  water  as  a  douche,  as  in  case 
of  absorption,  the  kidneys  will  keep  the  blood  at  a  normal  concentration  by  excre- 
tion of  very  dilute  urine. 

When  large  volumes  of  fluid  are  administered  intravenously  or  by  hypodermo- 
clysis,  the  danger  from  higlily  concentrated  solutions  is  much  greater,  and  even 
solutions  of  less  concentration  than  the  blood  may  prove  dangerous.  Death  has 
been  reported  as  a  result  of  filling  the  abdomen  with  strong  salt  solution  to  replace 
blood  lost  during  an  operation :  and  before  the  necessity  of  having  the  solution  iso- 
plasmo-tonic  was  recognized,  intravenous  infusion  of  large  amounts  of  liquid  was 
looked  upon  as  almost  necessarily  fatal. 

Solutions  slightly  h^-pertonic,  if  not  in  too  great  amount,  may  be  injected 
safely. 

Electeic  Ixfluexce. — The  importance  of  electric  influences  in  drug  action 
is  more  readily  discernible  in  physiologic  study  than  in  therapeutic  practice,  except 
in  so  far  as  acidity  and  alkalinity  are  dependent  on  electric  charge. 

Electri-c  action  is  exerted  only  by  compounds  which  ionize  and  the  electric 
charge  is  borne  by  the  ions.  It  varies  with  the  atomic  weight  of  the  ions,  their 
valency — that  is,  the  number  of  unit  charges  each  bears — and  by  the  readiness 
with  which  the  ion  parts  with  its  charge. 
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The  electric  action  of  an  electrolyte  is  conditioned  by  all  of  its  ions  and 
may  be  expressed  as  the  algebraic  sum  of  their  charges.  The  electric  action  of 
different  cations  can  be  determined  by  comparing  salts  in  which  they  are  combined 
with  the  same  anion,  and  that  of  anions  by  comparing  the  effects  of  various  salts 
having  the  same  cation.  In  physiologic  work,  sodium  is  usually  selected  as  the 
common  cation  and  chlorine  as  the  common  anion. 

By  "solution  tension"  we  describe  the  readiness  with  which  a  compound  Mill 
go  into  solution.  The  "decomposition  tension"  of  a  salt  is  the  arithmetical  sum 
of  the  solution  tensions  of  its  ions.  In  general,  the  toxicity  of  ions  varies  inversely 
as  their  solution  tensions,  and  the  toxicity  of  salts  inversely  as  their  decomposi- 
tion tensions. 

The  function  of  living  tissue  is  markedly  influenced  by  the  electric  charges 
conveyed  by  ions.  Nerves  are  stimulated  when  inductively  charged  with  negative 
electricity    (catelectrotonus)    and  depressed  by  positive  charges    (anelectrotonus). 

Alkalies,  in  which  the  influence  of  the  anion  (OH')  predominates,  stimulate 
nerves,  while  acids,  in  which  the  cation  (H')  predominates,  depress  them.  (To 
bring  out  this  effect,  both  acid  and  alkali  must  be  in  extremely  high  dilution.) 
Nerve  colloids  bear  positive  charges  in  the  normal  (resting)  condition  and  it  is 
assumed  by  some  that  these  colloids  are  rendered  more  fluid  by  the  negative  charges 
derived  from  the  anions,  and  precipitated  by  the  positive  charges  from  the  cations. 

Even  when  the  ions  do  not  penetrate  the  cell,  electric  changes  may  be  brought 
about  by  the  transmission  of  electric  charges  through  the  cell  wall,  and  an  almost 
purel)*  electric  reaction  thus  takes  place.  When  the  ion  penetrates  the  cell,  not 
only  electric  but  also  chemical  actions  result. 

Such  actions  give  rise  to  a  reaction  which  may  take  an  apparently  defensive 
character.  If  a  penetrating  ion  has  a  toxic  influence,  the  ions  already  (normally) 
present  may  have  an  opposing  or  antitoxic  action.  Thus  calcium,  which  is  nor- 
mally present,  opposes  not  only  the  toxic  action  of  potassium,  but  also  antagonizes 
poisons  which  are  not  constituents  of  the  body  fluids,  nor  even  electrolytes,  such 
as  veratrine,  physostigmine  and  cascara. 

Acidity  axd  Alkalinity. — Alkalinity  and  acidity  must  frequently  be  con- 
sidered in  therapeutics.  Acidity  is  often  desirable,  especially  in  the  case  of  anti- 
septics; but  most  acids  are  too  injurious  to  be  used  freely  as  medicines  unless  well 
diluted.  Here  we  are  more  concerned  with  the  unpleasant  by-effects  dependent  on 
acidity  of  compounds  which  are  classed  as  salts.  Such  effects  are  often  seen  in 
the  salts  of  alkaloids,  such  as  caffeine  and  heroine.  Other  alkaloids,  such  as 
morphine,  cocaine,  strychnine  and  atropine,  form  neutral  salts  even  with  the 
mineral  acids.  In  preparing  solutions  for  instillation  into  the  e3'e  or  for  hypo- 
dermic injection,  it  is  necessary  to  know  whether  the  salt  used  is  neutral,  and,  if 
not,  to  add  alkali  until  litmus  is  no  longer  reddened.  Alkalinity  often  interferes 
with  the  use  of  alkali  salts  of  weak  acids.  Sodium  sulphide,  which  is  a  most  power- 
ful depilatory,  cannot  be  used  on  the  human  skin,  and  calcium  and  barium  sul- 
phides, which  are  much  less  effective,  are  used  instead.  The  use  of  sodium  carbonate 
is  often  impossible,  as  for  example  in  solutions  intended  for  subcutaneous  infusion, 
and  the  bicarbonate  or  chalk  is  preferred  as  an  antacid  for  internal  use. 

The  irritation  which  results  from  the  action  of  salts  (such  as  copper  sulphate) 
which  show  an  acid  reaction  to  litmus,  is  to  be  distinguished  from  the  destructive 
action  of  the  metallic  ion  itself.  When  copper  sulphate  is  used  as  a  caustic,  both 
the  acidity  of  the  solution  and  the  power  of  the  metal  to  precipitate  proteids  enter 
into  play,  while  with  silver  nitrate  the  latter  alone  is  important,  the  small  amount 
of  nitric  acid  set  free  by  decomposition  of  the  salt  being  negligible. 
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Chemical  Factors. — The  chemical  constitution  of  the  agent  plays  an  important 
part  in  determining  its  effect  on  the  body. 

Often  a  natural  product  employed  as  a  medicament  is  not  a  pure  substance 
or  chemical  individual  and  the  influence  on  its  behavior  in  the  body  of  other 
compounds  loosely  united  Avith  it  through  adsorption  or  even  mixed  with  it  and 
administered  in  association  must  be  considered.  Such  impure  products  or  mixtures 
are  of  vegetable  or  animal  origin,  impure  mineral  products  being  no  longer  admin- 
istered medicinally.  During  the  last  century  the  advance  of  the  science  of  chemistry 
has  made  it  possible  to  purify  many  plant  and  a  few  animal  products  and  to  pre- 
sent them  in  a.  form  which  is  more  elegant  and  often  more  efficacious.  In  addi- 
tion, the  physician's  armamentarium  has  been  enriched  by  a  vast  number  of  newly 
created,  or  synthetic,  products.  Certain  of  these,  as  apomorphine  and  homatropine, 
are  merely  slight  modifications  of  already  existing  compounds;  others,  as  chloro- 
form and  ether,  are  completely  original. 

We  shall  here  discuss  only  the  influence  of  composition  on  the  pharmaco- 
dynamic action  and  therapeutic  utilization  of  pure  substances,  deferring  the  con- 
sideration of  natural,  crude  products  to  a  later  section. 

The  substances  whose  action  is  to  be  considered  fall,  from  the  viewpoint  of 
their  chemistry,  into  two  groups :  First,  substances  whose  activity  depends  mainly 
on  one  element  or  one  part  of  the  molecule ;  second,  those  whose  power  to  influence 
living  cells  depends  on  the  entire  molecule,  any  alteration  in  the  arrangement  of 
its  atoms  making  a  more  or  less  complete  change  in  the  pharmacodynamic  action. 

Although  this  division  corresponds  fairly  to  the  chemical  groups  of  inorganic 
and  organic,  the  agreement  is  not  complete.  The  first  group  contains,  in  addition 
to  practically  all  inorganic  compounds,  the  organic  acids  and  their  salts  (acetic, 
citric,  hydrocyanic,  etc.)  as  well  as  most  of  the  organic  compounds  of  the  halogens 
(chiefly  iodine  and  bromine)  and  of  the  metals  such  as  arsenic,  iron,  mercury 
and  silver.  The  second  group  is  composed  almost  exclusively  of  organic  compounds, 
which  contain  as  a  rule  only  carbon,  hydrogen,  oxygen  and  perhaps  nitrogen.  The 
chief  drugs  containing  any  other  element  are  the  chlorine  hypnotics,  chloral,  chloro- 
form,   etc. 

I.  Inorganic. — The  substances  in  this  group  are  formed,  with  few  excep- 
tions, of  two  constituents,  of  which  only  one  is  active,  or — if  both  are  active — 
which  exert  their  actions  independently.  In  the  case  of  the  inorganic  compounds 
and  the  organic  acids  this  separation  corresponds  to  the  ions  of  which  the  molecule 
is  composed.  Thus  the  various  organic  and  inorganic  compounds  of  mercury  depend 
for  their  action  on  the  presence  of  this  element;  and  the  various  salts,  as  well 
as  metallic  mercury  and  mercury  albuminate  all  act  in  the  same  Avay,  except  as 
their  activity  is  modified  by  such  physical  differences  as  solubility  and  dissociation 
which  affect  chiefly  the  topical  effect  and  the  rate  of  absorption.  The  same  may 
be  said  of  the  bromides  of  sodium,  potassium,  etc.,  and  of  most  of  the  organic 
compounds  of  bromine. 

We  may  then  say  that  the  action  of  each  of  the  members  of  this  group  depends 
on  a  particular  ion  or  element.  Ions  affect  protoplasm  chiefly  in  two  ways;  physi- 
cally— as  by  osmotic  salt  action  and  electric  influences,  and  chemically — by  enter- 
ing into  temporary  or  permanent  union  with  some  cell  constituent.  The  physico- 
chemical  reactions  dependent  on  solution  of  a  substance  in  a  cell  constituent  cannot 
ordinarily  be  differentiated  from  temporary  chemical  union. 

Pharmacodynamic  Action  of  Particular  Ions. — As  a  rule,  it  is  true  as  stated 
that  compounds  of  the  group  which  we  have  for  convenience  termed  inorganic,  owe 
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their  physiologic  activity  to  one  ion  or  element — all  compounds  containing  this 
behaving  after  absorption  in  approximately  the  same  manner.  There  are  of  course 
likely  to  be  great  differences  in  topical  action  dependent  on  solubility,  ionization, 
etc.  Such  are  shown  for  example  by  calomel  and  corrosive  sublimate,  or  by  iron 
sulphate  and  reduced  iron  ;  but  in  both  instances  the  systemic  action  of  the  mer- 
cury (mercurialism,  ptyalism)  and  of  the  iron  (hematinic)  is  the  same. 

The  influence  of  degree  of  ionization  may  be  seen  by  comparing  mercuric 
chloride  (HgCl2),  which  ionizes  strongly,  and  is  highly  toxic,  with  mercuric 
cyanide  (HgCNg),  which  ionizes  much  less,  and  is  correspondingly  less  toxic.  If 
a  certain  element  does  not  separate  from  the  rest  of  the  molecule  in  the  process 
of  ionization,  the  specific  effect  of  that  element  may  be  entirely  lost.  Thus,  ferro- 
cyanides,  arsonium,  stibonium  and  phosphoniuni  compounds  do  not  show  respec- 
tively the  actions  of  iron,  arsenic,  antimony  or  phosphorus. 

In  a  few  instances,  however,  compounds  classed  among  this  group  seem  to 
have  an  influence  differing  not  only  in  degree,  but  in  kind,  from  other  substances 
containing  the  same  active  element.  The  molecules  of  the  compound  in  question 
probably  act  partly  as  a  whole,  and  are  only  in  part  ionized  or  decomposed  in 
the  organism.  Examples  of  such  bodies  are  iodoform  and  sulphur  iodide,  which 
cause  intoxications  differing  from  iodism.  Iron  iodide  is  also  peculiar  in  action, 
as  are  many  of  the  organic  arsenicals. 

Action  of  Metals  and  Cations. — The  toxicity  of  the  metals  is  found  in  general 
to  increase  with  the  atomic  weight.  This  is  true  especially  if  the  elements  in  a 
single  group  are  compared.  There  are  exceptions  to  this  rule,  and  it  has  been 
pointed  out  by  Blake  that,  whereas  the  elements  in  any  group  have,  as  a  rule, 
spectra  resembling  one  another,  these  exceptional  elements  have  spectra  differing 
from  those  of  their  group.  Toxicity  shows  also  a  tendency  to  increase  with  the 
valency,  but  here  again  marked  exceptions  occur.  Jacques  Loeb  has  sho^Ti  that 
although  a  certain  marine  fish  (Fundulus)  can  live  in  distilled  water,  solutions 
of  any  pure  salt  are  toxic  to  it.  Fish  placed  in  a  pure  solution  of  sodium  chloride 
isotonic  with  sea  water  die  very  soon,  as  the  salt  injures  the  gills.  This  toxic 
action  can  be  overcome  to  a  certain  degree  and  their  life  can  be  prolonged  by 
addition  of  a  salt  of  potassium  or  lithium,  or  even  of  such  poisonous  metals  as 
copper  or  mercury.  The  detoxicating  action  apparently  depends  on  prevention  of 
absorption.  Determining  the  smallest  quantity  of  various  metals  which  must  be 
added  to  sodium  chloride  solutions  to  exert  a  distinct  antitoxic  action,  Loeb  found 
that  this  quantity  was  the  smaller,  the  greater  the  valency.  Of  elements  with  two 
valencies,  that  series  of  compounds  was  most  potent  in  which  there  were  the  greater 
number  of  unsaturated  affinities;  thus,  less  of  a  ferric  salt  was  required  than  of 
a  ferrous  compound.  With  substances  of  equal  valency  the  amount  required  was 
the  smaller,  the  greater  the  atomic  weight;  thus,  less  mercury  was  needed  than 
copper.    There  were  a  few  exceptions,  but  these  rules  held  for  most  metals. 

It  may  be  stated  that  a  solution  containing  but  one  metal  is  fatal  to  all  forms 
of  life.  As  already  seen,  the  addition  of  any  other  metal  will  prolong  life  some- 
what, but  for  the  proper  functioning  of  tissues  or  cells  it  is  necessary  that  certain 
particular  cations  be  present  in  a  special  proportion.  We  purpose  to  call  this  the 
chemodynamic  balance  or  ohemotaxic  action.  The  fact  was  first  pointed  out  by 
Sidney  Einger,  and  such  balanced  solutions  are  often  collectively  termed  "Einger 
Solutions,"  even  though  they  dilTer  somewhat  in  the  proportions  of  their  various 
components  from  any  of  the  formulas  proposed  by  this  author.  For  the  tissues  of 
aerial  and  fresh  water  animals  such  solutions  contain  from  0.7  to  0.9  percent,  of 
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sodium  chloride  and  a  few  hundredths  of  one  percent,  of  potassium  and  of  calcium. 
For  marine  animals,  the  concentration  is  greater,  and  a  small  amount  of  magnesium 
may  be  additionally  needful.  The  solutions  are  usually  made  slightly  alkaline  by 
the  addition  of  sodium  bicarbonate. 

The  frog''s  heart,  isolated  from  the  body  and  perfused  with  pure  0.6  percent, 
sodium  chloride  solution,  remains  quiet  and  shows  no  tendency  to  contract.  Addi- 
tions of  small  amounts  of  either  KCl  or  CaCl2  alone  do  not  start  contractions. 
If,  however,  both  salts  are  added  in  from  0.02  to  0.04  percent.,  the  heart  will 
begin  to  contract  and  relax  rhythmically  as  if  in  the  body.  The  optimum  solution 
for  the  heart  of  Rana  pipiens  contains  iNaCl,  0.6  percent.;  KCl,  O.O-i  percent.; 
CaClz,  0.03  percent. ;  and  NaHCOs,  0.01  percent. 

When  a  frog's  skeletal  muscle  is  placed  in  a  solution  of  pure  sodium  chloride 
it  shows  irregular,  incomplete  spontaneous  contractions,  but  responds  weakly  to 
electrical  stimuli.  On  addition  of  potassium  and  calcium  the  spontaneous  twitch- 
ing ceases,  but  the  response  to  stimulation  is  markedly  increased. 

Locke  showed  that  the  hearts  of  warm-blooded  animals  retain  their  activity 
longer  in  vitro  when  dextrose  is  added  to  the  perfusion  fluid.  Balanced  solutions 
with  dextrose  are,  therefore,  often  spoken  of  collectively  as  "Locke  Solutions." 

The  optimum  solution  for  perfusion  of  the  isolated  mammalian  heart  differs 
from  that  given  for  the  frog.  It  contains  NaCl,  0.96  percent.;  KCl,  0.043  percent.; 
CaCl2,  0.034  percent.;  NaHCOg,  0.03  percent.;  dextrose,  0.1  percent.  There  are 
slight  differences  for  different  species,  but  in  all  the  heart  must  be  kept  near  the 
normal  body  temperature,  and  a  stream  of  oxygen  kept  bubbling  through  the  per- 
fusion fluid. 

In  respect  to  their  action  on  the  tissues,  the  metals  fall  into  two  groups: 

(1)  the  alkalies  and  alkali  earths  wliich  induce  readily  reversible  reactions,  and 

(2)  the  heavy  metals  which  bring  about  permanent  chemical  alterations.  The 
former  act  mainly  on  the  nerve  and  muscle  tissues;  the  latter  show  a  general 
destructive  action  on  all  protoplasm,  although  this  may  be  most  marked  on  par- 
ticular tissues  or  organs,  or  on  special  nerve  elements. 

In  regard  to  the  alkalies  it  may  be  said  in  general  that  on  neuromuscular 
tissues — for  example,  the  heart — lithium  is  almost  indifferent,  sodium  slightly,  and 
ammonium  strongly  stimulant,  and  potassium  depressant.  There  is  thus  good 
ground  for  the  practice  of  some  clinicians  in  avoiding  potassium  salts  ^^,  even  as 
diuretics,  in  depressing  infections  such  as  influenza;  and  in  prescribing  ammonium 
compounds,  if  only  to  replace  the  retained  chlorides,  in  acute  lobar  pneumonia. 
Among  the  alkaline  earths,  strontium  is  almost  indifferent,  calcium  weakly,  and 
barium  strongly  stimulant,  and  magnesium  depressant.  It  is  to  be  noted  that 
when  two  of  these  agents,  which  are  both  stimulants,  are  applied  to  a  tissue  at 
the  same  time,  their  effects  do  not  summate,  but  the  weaker  counteracts  the  influ- 
ence of  the  stronger.  Thus  sodium  will  reduce  the  toxic  action  of  calcium  or 
barium,  and  a  mixture  of  calcium  and  barium  is  less  toxic  than  the  same  amount 
of  barium  alone. 

A  few  examples  will  illustrate  this  counteracting  tendency.  Sodium  salts 
injected  intravenously,  especially  in  hypertonic  solution,  cause  polyuria  and  some- 
times glycosuria.  The  addition  of  a  small  proportion  of  calcium  chloride  inhibits 
the  diuresis  without  affecting  the  gl^J-cosuria.  Strontium  or  barium  prevents  the 
glycosuria,  but  not  the  polyuria.    This  observation  may  throw  light  on  the  bene- 

*  On  the  other  hand,  when  a  salt  like  KI  is  administered  for  iodine  effect,  the 
common  use  of  potassium  as  the  cation  seems  to  be  justified  by  the  greater  power  of 
penetration  possessed  by  this  ion. 
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ficial  influence  of  strontium  in  some  cases  of  diabetes.  In  the  excised  kidney,  cal- 
cium hinders  the  secretion  oL'  urine  ami  delays  circuhition;  magnesium  prevents 
this   action.-^ 

The  action  of  the  heavy  metals  depends  hirgely  on  ilieir  power  to  combine 
with  proteins  to  form  metal  albuminates  which — in  contrast  to  the  acid  and  alkali 
albuminates — are  mostly  insoluble".  A  few,  however,  like  that  of  lead,  dissolve 
fairly  readily;  and  those  of  manganese  and  iron  are  quite  soluble.  The  destruc- 
tion of  tissue  protein  is  seen  most  often  at  the  site  of  entrance  of  the  drug  (stomach, 
bowel)  and  at  the  place  of  excretion  (stomach,  bowel,  liver,  kidney).  Acute  or 
chronic  inflammation  of  these  structures,  with  fatty  degeneration,  and  even  necrosis, 
is  common  in  metallic  jioisoning.  ]\lany  of  the  metals  show  greater  destructive 
action  on  one  organ  or  one  type  of  cell  than  on  another.  Thus,  chromium  and 
uranium  are  especially  destructive  to  the  kidneys,  while  arsenic  is  more  likely  to 
affect  the  liver.  When  given  in  small  dose,  so  as  to  avoid  these  immediate  lesions, 
many  of  the  metals  tend  to  induce  degenerative  changes  in  various  parts  of  the 
nerve  system.  The  peripheral  neuritis  of  lead  poisoning  is  well  known.  Aluminum, 
bismuth,  cobalt,  manganese,  nickel,  vanadium  and  zinc  also  produce  lesions  of 
the  nerve  tissues,  either  central  or  peripheral.  Arsenic  and  antimony  induce  wide- 
spread nerve  degeneration.  Lead,  selenium  and  mercury  destroy  the  red  blood 
cells  in  which  they  are  carried.^* 

Metalloids  and  Anions. — The  non-metals  or  metalloids  are  rarely  used  in  medi- 
cine in  a  free  state,  but  are  of  interest  when  they  enter  into  combination  with 
hydrogen  or  metals  to  form  acids  or  their  salts. 

Uncombined,  the  only  metalloids  in  use  are  sulphur,  oxygen,  phosphorus  and 
the  halogens.  Sulphur,  however,  is  insoluble  and  does  not  act  as  such,  but  by 
virtue  of  compounds  formed  in  the  body.  Pure  phosphorus,  on  the  other  hand, 
is  extremely  toxic,  irritating  the  gastroenteric  canal  and  apparently  hindering 
vital  oxidations  in  a  manner  similar  to  the  cyanides.  The  free  halogens  are  destruc- 
tive to  organic  matter,  their  activity  increasing  with  their  diffusibility  and  solu- 
bility; fluorine  being  strongest,  chlorine  next  and  iodine  weakest.  In  medicine,  pure 
phosphorus  is  used  in  minute  dose  as  a  tonic;  iodine  is  applied  externally  as  a 
counterirritant  and  antiseptic,  and  given  internally  (in  the  form  of  Lugol's  solu- 
tion) for  local  action  on  the  stomach,  and  for  its  tonic  and  corrective  action  on 
the  thyroid  gland. 

The  metalloids  coml)ine  readily  with  hydrogen  and  metals,  forming  acids  and 
their  salts.  Chemically  we  distinguish  three  kinds  of  acids ;  namely,  the  hydro- 
acids,  containing  no  oxygen;  the  ox3'acids  and  the  organic  acids.  These  groups 
do  not  correspond  with  the  behavior  of  the  anions  in  the  body,  and  it  will  be 
best  to  group  them  somewhat  differently  in  order  to  give  a  general  view  of  their 
effects.  In  most  salts  the  action  is  dominated  by  the  cation,  the  anion  merely  deter- 
mining such  questions  as  solubility  and  topical  effects.  A  few  anions  have  a  marked 
influence  on  the  body  either  through  chemical  activity  or  by  reason  of  a  definite 
pharmacodynamic  action. 

=^  While  this  anuretic  effect  of  calcium  is  seen  when  it  is  added  to  an  already  prop- 
erly balanced  solution,  it  may  increase  urinary  secretion  when  sodium  is  present  in 
excess,  as  perhaps  exemplified  by  the  diuresis  which  follows  administration  of  calcium 
chloride  in  certain  cases  with  edema. 

="  Recently  Blair  Bell  has  proposed  to  utilize  the  destructive  action  of  lead  in  the 
treatment  of  carcinoma,  employing  a  special  colloidal  preparation  which  seems  to  destroy 
the  tumor  cells  while  sparing  the  normal  tissues.  The  procedure  is  still  in  the  tentative 
stage.  E.  Ochsner  advocates  colloidal  gold  for  the  same  purpose.  Selenium  preparations 
have  failed. 
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The  anions  may  be  grouped  from  this  standpoint  as  follows: 

1.  Action     Chemical  : 

a.    Oxidizers :   permanganates ;   persulphates ;   peroxides  ;   chlorates. 
&.    Inhibitors  of  Oxidation :  cyanides ;  phosphorus ;  sulphites. 

c.  Blood  Destroyers :  chlorates ;  bromates ;  hypochlorites ;  nitrites. 

d.  Calcium  Precipitants :  oxalates ;  fluorides ;  citrates. 

e.  Solvent  of  Chitin :  sulphides. 

2.  Action  Functional: 
Bromides;  iodides;  nitrites. 

3.  Almost  No  Action  : 

Chlorides;  phosphates;  acetates;  sulphates;  nitrates. 

We  may  repeat  that  the  carbonates  act  as  alkalies  and  that  many  salts  of  the 
organic  acids  do  the  same,  the  acid  being  digested  and  the  base  released. 

When  a  metal  forms  a  part  of  an  oxyacid,  its  special  action  may  be  altogether  lost; 
thus  iron  in  the  form  of  sodium  ferrocyanide  has  no  hematinic  power.  Chromium,  on 
the  other  hand,  is  physiologically  active  in  the  salts  of  chromic  acid  but  not  when 
combined  as  chromium  chloride,  etc. 

I.  Okganic  Compounds  (Substances  Acting  as  Units.) — Among  the 
organic  compounds  the  peculiarities  of  physiologic  action  dependent  on  differences 
in  composition  and  structure  follow  quite  different  laws  from  those  just  laid  down 
for  inorganic  substances.  Instead  of  consisting  of  two  portions  which  tend  to  sep- 
arate by  ionization,  organic  compounds  are  formed  of  a  central  nucleus,  or  body, 
and  of  side  chains  which  are  attached  to  the  central  nucleus,  and  modify  its  action.^^ 
In  general,  it  may  be  said  that  the  nucleus  determines  the  general  action  of  any 
compound,  while  the  side  chains  are  responsible  for  its  intensity  and  precise  nature. 

The  activity  of  these  compounds  is  also  determined  largely  by  their  physical 
properties,  such  as  volatility,  diffusibility  and  relative  solubility  in  water,  serum 
and  fatty  substances. 

The  members  of  this  group  are  much  more  likely  to  act  on  the  central  nerve 
system  than  are  the  members  of  the  inorganic  group,  and  although  many  of  them 
are  protoplasm  poisons,  even  these  usually  show  marked  elective  action. 

The  organic  compounds  used  in  medicine  fall  into  two  main  groups,  the  line 
between  which  has  been  somewhat  broken  down  in  the  last  few  years.  The  first 
group  comprises  more  or  less  simple  compounds  which  are,  or  can  be,  prepared 
synthetically  in  the  laboratory.  The  compounds  of  the  second  group  are  obtained 
from  natural  sources — plants  or,  more  rarely,  animals.  In  many  cases  the  active 
substances  of  this  group  have  not  been  isolated  or  chemically  identified,  although 
it  may  be  known  to  what  general  class  of  substances  they  belong,  as  that  they  are 
alkaloids  or  glucosides. 

Certain  broad  rules  have  been  pointed  out  concerning  the  relations  between 
chemical  composition  and  pharmacodynamic  action. 

The  most  convenient  way  to  approach  this  subject  will  be  to  enumerate  the 
most  important  nuclei  and  side  chains,  and  then  to  take  up  the  nuclei  in  turn  and 
note  how  their  action  is,  or  may  be,  modified  by  the  presence  of  different  atomic 
groups.  Finally,  certain  compounds  in  which  the  relation  between  the  nucleus  and 
side  chains  is  not  so  clear  will  be  considered.   These  include  gluco.sides  and  proteins. 

"  The  salts  of  the  alkaloids  which  ionize  are  only  apparent  exceptions  to  this  rule, 
since  the  alkaloidal  constituent  acts  as  a  molecule  and  its  action  is,  in  the  case  of 
certain  compounds — for  example,  the  bromide  salts  of  quinine — profoundly  modified  by 
the  combined  acid. 
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Nuclei  : 

a.    ParafTins.   h.  Benzol  ring.   c.  Naphthalin  ring.   d.  Essential  oil  nucleus. 
e.  Alkaloidal  rings. 

Side  Chains  or  Radicals: 

The  nomenclature  of  organic  compounds  is  largely  determined  by  the  nature 
of  the  side  chains,  and  a  few  of  the  names  based  on  these  will  first  be  mentioned. 

(1)  Hydrocarbons. — The  type  or  basic  compounds,  in  which  all  the  free  valencies 
of  the  carbon  atoms  of  the  nucleus  are  satisfied  by  hydrogen,  are  termed  hydrocarbons 
or  olefines,  the  latter  name  often  being  restricted  to  hydrocarbons  of  the  paraffin  series. 

They  are  designated  by  names  ending  in  ane,  as  methane,  ethane,  propane,  butane, 
pentane,  etc.;   or  in  in,  as  benzin,^"  naphthalin,  etc. 

(2)  Alco1wls.—\n  this  group  one  or  more  hydrogens  are  replaced  by  hydroxyl 
( — OH).  They  are  designated  by  names  ending  in  ol,  as  alcohol,  phenol,  naphthol. 
(A  few  compounds  were  given  names  ending  in  ol  and  in  enc  before  the  present  system 

of   nomenclature   was    determined    upon;    thus,   benzol,    toluol,    and    xylol — also    termed 

benzene,  toluene  and  xylene— are  hydrocarbons). 

(3)  Aldehydes. — These  are  only  possible  in  the  chain  compounds  (paraffins)  and 
are  formed  by  substituting  an  atom  of  oxygen  for  two  of  the  hydrogens  of  an   end 

O 
carbon   ( — C  —  H).    They  are  usually  given  the  full  name,  as  formaldehyde. 

(4)  Ketones. — These  are  formed  by  replacing  the  two  hydrogens  of  a  central  carbon 

O 
atom  of  a  chain  compound  by  an  atom  of  oxygen  (C  —  C  —  C).    Few  are  of  importance 
among  synthetic   compounds,   but  several  of   the   essential   oils   are   ketones.     They   are 
designated  by  names  ending  in  one,  as  acetone,  menthone. 

(5)  Acids. — In  these,  two  of  the  hydrogens  of  an  end  carbon  are  replaced  by  an 
atom  of  oxygen  and   the  other  by  hydroxyl,   giving   rise   to   a   group   termed   carboxyl 

O 

( — C  —  OH).    The  name  of  acid  is  always  used.    When  the  nucleus  is  a  chain  they  are 
termed  fatty  acids:  when  it  is  the  benzol  ring  they  are  called  aromatic  acids. 

(6)  Ethers. — In  the  ethers  the  chain  of  carbon  atoms  is  interrupted;  an  oxygen 
being  interpolated  between  two  carbons  of  the  chain  (  =C  —  O  —  C  =  ).  They  are 
usually  termed  ethers,  as  acetic  ether,  ethylic  ether,  or  oxy-viethyls,  etc. 

(7)  Ainino  Compounds. — In  these  a  hydrogen  is  replaced  by  amino,  — NHj.  Many 
of  these  compounds  act  as  bases,  the  nitrogen  becoming  pentavalent  as  in  ammonia, 
and  combining  with  both  the  hydrogen  and  the  acid  radical.  They  are  designated  as 
amines,  amids,  or  by  several  other  names,  according  to  the  relation  of  other  side  groups. 

(8)  Nitroso  Compounds. — In  these  an  NO,  group  is  adde'd  to  the  carbon  nucleus. 
Some  of  these  compounds  have  an  acid  character.  They  are  designated  by  names  begin- 
ning in  nitro  or  ending  in  nitrate. 

(9)  Sulphur  Compounds. — The  most  important  sulphur  compounds  are  organic 
sulphates  or  sulphonates  and  sulphones.  In  both  classes  the  sulphur  is  combined  with 
oxygen. 

(10)  Halogen  Compounds. — The  paraffin  compounds  in  which  a  hydrogen  is  substi- 
tuted by  a  halogen  are  of  great  medicinal  importance.  Several  hydrogens  may  be 
replaced,  especially  by  chlorine.  The  prefixes,  brom-.  chlor-,  iod-,  fluor-,  etc.,  are  used  to 
designate  this  substitution — as  bromoform,  chloroform,  iodoform,  fluoroform. 

a.  Paraffins. — i.  Olefines  (true  Paraffins). — The  lower  members  of  the  series  are 
gases  (marsh  gas),  but  volatility  and  diffusibility  decrease  steadily  with  increase  in 
the  number  of  carbon  atoms.  The  toxicity  increases  with  increase  in  the  size  of  the 
molecule  until  about  seven  carbon  atoms  are  reached  (gasoline)  when  the  decreasing 
diffusibility  interferes  with  the  activity  and  toxicity  ceases  very  rapidly  (liquid  petrola- 
tum). The  first  member  of  the  series  (methane)  is  more  toxic  than  its  position  would 
Indicate,  but  butane  is  more  toxic  than  propane,  and  this  more  than  ethane.     Such  a 


'"There  is  much  confusion  in  pharmacologic  literature  between  this  substance, 
C,H„,  and  benzene,  CgHg,  which  is  somewhat  similar  in  odor,  boiling  point,  solvent  power 
and  other  properties. 
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curve  of  toxicity  is  usual  in  all  the  chain  compounds.  Gasoline  is  used  as  a  parasiticide 
and  liquid  petrolatum  as  a  protective. 

ii.  Alcohols. — The  addition  of  a  single  hydroxyl  to  the  paraffins  markedly  increases 
their  toxic  and  especially  their  narcotic  power.  If  an  additional  hydroxyl  is  present 
the  toxicity  and  narcotic  power  are  reduced;  and  if  more  than  two  are  present  the 
latter  influence  is  practically  lost.  Thus  alcohol  is  a  very  active  narcotic  poison; 
glycerin,  with  three  hydroxyls,  is  almost  inert;  and  glucose  with  six  hydroxyls,  com- 
pletely so. 

iii.  Ald'ehydes  and  Ketones. — These  differ  from  the  alcohols  in  that  the  general 
toxicity  to  all  protoplasm  is  relatively  great  as  compared  to  the  narcotic  power.  Thus, 
formaldehyde  is  a  very  powerful  protoplasm  poison,  but  hardly  at  all  narcotic;  and 
acetone  has  marked  antiseptic  power,  but  cannot  be  used  as  a  narcotic  on  account  of 
its  general  toxicity.  Presence  of  more  than  one  oxygen  in  the  molecule  reduces  activity, 
as  it  does  with  the  alcohols. 

iv.  Fatty  Acids. — The  fatty  acids  have  no  narcotic  influence,  showing  only  the 
general  action  of  acids  and  the  special  actions  peculiar  to  their  respective  acid  radicals. 
As  the  chain  of  carbon  atoms  becomes  longer  the  acidity  and  toxicity  weaken;  thus,  in 
oleic  and  stearic  acids  they  are  almost  lost.  The  action  is  marked  only  when  the  number 
of  hydroxyls  present  approaches  nearly  to  that  of  the  carbons,  as  in  formic,  oxalic  and 
acetic  acids.  Tartaric  and  citric  acids  are  important  because  of  their  power  to  form 
insoluble  compounds  with  calcium. 

V.  Ethers. — The  ethers  resemble  the  alcohols  in  their  action,  showing  a  high  narcotic 
power  as  compared  to  their  effects  on  the  vital  centers.  In  di-methyl  ether  (Ether, 
U.S. P.),  the  divergence  between  the  narcotic  and  lethal  doses  is  probably  as  wide  as 
with  any  other  drug  known  at  present. 

vi.  Amino  Compounds. — The  amino  compounds  of  the  paraffin  series  have  no  such 
Importance  as  those  of  the  aromatic  series,  but  the  same  general  remarks  apply.  Many 
of  them  stimulate  the  respiratory  center,  resembling  ammonia  in  action,  others  activate 
smooth  muscle  as  do  the  putrefactive  amines  present  in  ergot. 

vii.  "Nitroso  Compounds. — The  nitroso  compounds  used  in  medicine  have  an  anti- 
spasmodic action  and  a  relaxant  effect  on  smooth  muscle,  especially  that  of  the  blood 
vessels  and  of  the  bronchi.  Several  are  split  up  in  the  body,  releasing  nitrites,  for 
example,  glyceryl  trinitrate   (nitroglycerin),  and  erythrol  tetranitrate. 

viii.  Sulphur  Compounds.  The  paraffin  compounds  containing  sulphur  are  chiefly 
hypnotics,  such  as  sulphonal  and  trional. 

ix.  Halogen  Compounds. — The  presence  of  chlorine  in  any  member  of  the  paraffin 
series  increases  markedly  both  its  action  as  a  protoplasm  poison — hence  its  antiseptic 
and  irritant  properties, — and  its  narcotic  power — hence  its  toxicity.  Many  of  the  chlorine 
compounds  are  of  great  importance  as  anesthetics,  e.g.,  chloroform,  and  as  hypnotics, 
e.g.,  chloral.  These  substances  are  quite  irritant,  but  the  destructive  action  of  the 
chlorine  on  protoplasm  is  seen  more  strongly  in  trichloracetic  acid,  which  is  a  powerful 
escharotic.     All  are  powerful  antiseptics,  although  not  much  used  for  this  purpose. 

The  compounds  of  bromine,  as  a  rule,  show  the  hypnotic  more  markedly  than  the 
antiseptic  properties  of  organic  halogen  compounds,  e.g.,  bromoform,  while  the  iodine 
compounds  are  powerful  antiseptics,  but  have  little  narcotic  action,  e.g.,  iodoform. 

The  physiologic  activity  of  all  the  compounds  of  the  paraffin  series  shows  a  double 
curve  as  already  mentioned.  This  may  perhaps  be  accounted  for  by  a  change  in  diffusi- 
bility  and  by  an  alteration  in  the  solubility  in  water  and  fats,  both  absolute  and 
relative.  It  is  worthy  of  note  that  in  most  of  the  class  the  compound  with  two  carbons 
is  most  employed  in  medicine.  Thus  alcohol,  ether  and  acetic  acid,  which  are  the  most 
used  drugs  of  their  respective  classes,  each  has  two  carbons.  This  does  not  apply  to 
other  than  systemic  employment,  for  example,  in  the  case  of  the  aldehydes,  formaldehyde 
which  has  but  one  carbon  atom  is  more  useful  as  an  antiseptic  than  are  other  aldehydes. 

&.  Benzol  Ring. — The  aromatic  compounds,  like  the  paraffins,  often  show  narcotic 
powers,  but  they  tend  more  strongly  to  be  protoplasm  poisons  and  are  therefore  of 
greatest  importance  as  antiseptics. 

The  presence  of  oxygen  and  of  nitrogen  modifies  their  action  much  as  it  does  that 
of  the  paraffins. 

i.  Alkyl  Groups. — The  addition  of  alkyl  groups  to  the  benzol  ring  reduces  the 
physiologic  activity,  not  only  of  benzol  itself,  but  of  its  compounds.  Thus,  toluene  and 
xylene  are  less  toxic  than  benzene,  and  the  cresols  are  less  toxic  than  phenol.  The 
compounds  which  do  not  contain  oxygen  show  little  activity. 
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Recently  Macht  has  shown  that  wlien  one  of  the  hydrogens  of  benzol  (CcHj)  is 
replaced  by  any  one  of  a  larpe  number  of  substances,  giving  rise  to  so-called  benzyl 
esters,  a  series  is  formed  which  have  in  common  the  property  of  causing  relaxation  of 
smooth  muscle.  This  properly  is  shown  by  such  simple  esters  as  benzyl  acetate 
(C.HjCHaCO.CHj)  and  benzyl  benzoate  (CoHjCH.COAtls),  and  it  is  not  necessarily 
destroyed  by  the  addition  of  side  groups  to  the  benzyl  nucleus.  It  was  first  shown  in 
certain  of  the  alkaloids  of  opium,  such  as  papaverine  (which  is  an  isoquinoline  ester  of 
oxymethyl-benzyl  (Q.NHjtOCH.,):,  •  CH^ .  CoH^tOCHa),),  and  in  similar  alkaloids.  Macht 
found  that  other  isoquinoline  compounds  did  not  have  this  effect,  and,  therefore,  turned 
his  attention  to  the  benzyl  portion  of  the  compound,  finding  that  various  simple  and 
complex  bodies  containing  this  had  alike  the   relaxing  and   antispasmodic   effect  noted. 

ii.  Hydroxyls. — The  addition  of  hydroxyl  to  the  benzol  nucleus  yields  a  number  of 
substances  of  great  importance  as  antiseptics,  the  narcotic  action  being  thrust  into  the 
background.  Phenol,  which  contains  one  hydroxyl,  is  the  most  used,  although  the 
cresols,  which  contain  a  methyl,  as  well  as  the  hydroxyl  group,  are  almost  as  important. 
The  addition  of  a  second  hydroxyl  gives  rise  to  a  series  of  interesting  compounds,  which, 
for  some  unknown  reason,  differ  widely  in  toxicity,  according  to  its  position. 
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as  this.     The  addition  of  a  third  hydroxyl    | 
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OH,  gives  rise  to  a  compound,  pyro- 
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gallol,  which  yields  oxygen  so  readily  that  it  destroys  all  organic  matter  by  oxidation,  so 
that  its  action  is  no  longer  that  of  a  simple  protoplasm  poison,  and  cannot  fairly  be 
compared  to  that  of  the  other  phenols. 

iii.  Ethers. — The  methyl  ether,  or  oxymethyl  compounds  of  phenol  (giiaiacol)  and 
of  cresol  (creosol)  are  of  great  importance  as  antiseptics,  and  are  of  interest  as  illus- 
trating the  utilization  of  the  salol  principle  (see  below).  Guaiacol  is  readily  prepared 
synthetically  in  a  pure  state  and  forms  esters  with  acids.  Certain  of  these  esters  avoid 
the  gastric  irritation  of  guaiacol  by  their  insolubility  in  the  stomach,  although  yielding 
its  systemic  action  when  broken  down  in  the  bowel,  for  example,  guaiacol  carbonate 
(duotal)   and  its  benzoate    (benzosol). 

iv.  Carboxyl. — The  addition  of  carboxyl  to  toxic  members  of  the  aromatic  series 
causes,  as  with  the  paraffins,  a  marked  reduction  in  toxicity.  The  fact  that  by  this 
means  phenol  is  changed  to  salicylic  acid,  was  one  of  the  most  important  discoveries  of 
synthetic  chemistry,  leading,  as  it  did,  to  a  whole  series  of  salicylic  compounds.  The 
first  important  member  of  this  group  was  salol,  which  is  the  phenyl-ester  of  salicylic 
acid.  This  is  insoluble  in  the  acid  juices  of  the  stomach,  but  is  gradually  broken  down 
in  the  intestine,  where  its  components  are  so  slowly  liberated  that  the  toxic  effect  of 
neither  is  developed.  The  idea  of  forming  insoluble  and  slowly  decomposed  compounds 
of  toxic  organic  molecules  is  still  known  as  the  "salol  principle." 

V.  Amino  Groups. — The  addition  of  an  amino  group  to  benzol  gives  rise  to  aniline 
(QH5NH2),  which  has  probably  been  the  basis  of  more  synthetic  drugs  than  any  other 
compound.  Aniline  itself,  and  its  derivatives,  retain  the  antiseptic  action  common  to 
substances  with  the  aromatic  nucleus,  but  they  lack  to  a  great  extent  the  power  to  act 
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as  protoplasm  poisons.  They  are  all  powerful  antipyretics  and  analgesics  and  in  large 
doses  destroy  the  hemoglobin  with  the  formation  of  methemoglobin.  A  few,  as  aniline 
itself,  induce  convulsions.  This  substance  is  too  poisonous  to  be  administered  medicin- 
ally, but  compounds  containing  it,  such  as  acetanilid  and  phenacetin,  are  used  as  anti- 
pyretics, and  dyes  based  on  it  (aniline  dyes)  are  valuable  antipathogens. 

vi.  Nitroso  Co7nj)oiivds. — The  aromatic  nitro  compounds,  classed  as  nitrobenzols, 
are  active  protoplasm  poisons  and  find  a  use  as  antiseptics.  Picric  acid  is  the  most 
important  member  of  the  group  from  the  standpoint  of  therapeutics,  but  poisoning  from 
nitrobenzol  is  common  in  dye  works  and  is  of  considerable  industrial  importance.  Picric 
acid  and  trinitrotoluene  (T.N.T.)  are  used  as  explosives.  Methemoglobinuria  and  mental 
disturbance  characterize  intoxication. 

vii.  Sulphur  Compounds. — Aromatic  sulphur  compounds  are  of  little  medicinal 
interest. 

viii.  Halogens. — The  addition  of  chlorine  or  bromine  to  the  benzol  ring  has  the  same 
effect  as  addition  to  the  paraffin  chain,  giving  the  compound  increased  antiseptic  powers  as 
in  chloramine  and  dichloramine  T.    Few  such  compounds  are  employed  as  medicaments. 

When  two  side  chains  are  present  on  the  benzol  nucleus,  the  effect  is  intermediate 
between  the  respective  effects  of  the  two,  singly.  Thus,  salicylic  acid,  which  has  both  a 
carboxyl  and  a  hydroxyl  group,  has  physiologic  and  antipathogenic  qualities  between 
those  of  phenol,  which  has  only  the  hydroxyl,  and  benzoic  acid,  which  has  only  the 
carboxyl. 

c.  Naphthalene. — The  naphthalene  compounds  are  closely  related  to  the  aromatlcs 
both  in  structure  and  action.  They  are  antiseptics  and  local  irritants  and  cause  convul- 
sions rather  than  narcosis.  The  addition  of  hydroxyl  to  the  nucleus  also  increases 
activity;  thus  naphthol  is  more  poisonous  than  naphthalene  and  has  more  antiseptic 
power.  Products  of  naphthalene  have  found  very  little  use  in  medicine,  the  most 
important  being  a  monatomic  alcohol,  betanaphthol,  which  is  used  as  an  antiseptic, 
especially  in  the  intestine. 

d.  Essential  Oils. — Closely  related  to  the  aromatic  series  are  the  components  of  the 
essential  oils.  These  consist  typically  of  a  ring  of  six  carbon  atoms  attached  to  a 
methyl  and  a  propyl  group.  They  differ  from  the  aromatics  in  the  irregularity  of  the 
double  linkage  of  the  ring,  which  may  have  three  double  bonds  as  in  aromatics,  or  two 
or  one,  or  even  none  at  all.  In  some  of  them  the  ring  is,  so  to  speak,  broken  open,  so 
that  a  straight  chain  of  six  carbons  is  obtained  with  an  isopropyl  at  one  end  and  a 
methyl  on  one  of  the  central  atoms. 

Their  action  is  largely  depressant,  the  heart  and  respiration  being  weakened  and 
narcosis  frequently  induced.  Several  of  them,  such  as  camphor  and  tansy,  cause  con- 
vulsions by  stimulation  of  the  cerebrum  preceding  narcosis.  Very  few  are  strongly 
narcotic,  by  far  the  strongest  being  cannibinol.  The  more  excitant  members  contain  no 
oxygen;    the  narcotic  members   are  alcohols,   aldehydes  and  ketones. 

1.  Hydrocarbons. — The  essential  oils  which  contain  no  oxygen  are,  as  a  rule,  irritant 
even  to  the  unbroken  skin,  and  destructive  to  all  forms  of  animal  and  vegetable  life. 
They  are  thus  antiseptic,  although  often  too  irritant  for  use  in  the  tissues.  Oil  of 
turpentine  is  the  best-known  example. 

ii.  Alcohols. — ^The  presence  of  hydroxyl  in  the  constituents  of  essential  oils  lessens 
markedly  the  irritating  property,  while  not  destroying  the  antiseptic  power;  menthol, 
thymol,  terpin  hydrate,  and  santalol   (from  sandalwood  oil)    may  be   cited. 

iii.  Ketones. — The  ketones  are  between  the  alcohols  and  hydrocarbons  in  action 
and  in  properties. 

iv.  Ether  Types. — The  addition  of  oxymethylene  to  the  ring,  thus  forming  com- 
pounds of  the  ether  type,  gives  rise  to  substances  resembling  the  alcohol  combinations  in 
their  properties.     The  active  principles  of  cubebs  and  of  cloves  are  of  this  class. 

v.  Acids. — Although  frequently  combined  with  acids,  especially  benzoic  and  cin- 
namic,  carboxyl  is  not  often  combined  directly  with  the  nucleus. 

Components  of  essential  oils  combined  with  sulphur,  nitrogen,  or  halogens,  lose 
their  identity  so  completely  that  they  are  best  placed  in  other  groups.  Certain  volatile 
oils,  such  as  those  of  mustard,  capsicum  and  garlic,  contain  sulphur,  but  these  do  not 
have  the  typical  essential  oil  nucleus. 

e.  Nitrogenous  or  Alkaloidal  Kings. — When  nitrogen  is  present  in  the  ring  itself, 
and  such  nitrogen-containing  rings  are  the  basis  of  all  the  alkaloids,  the  effects  produced 
on  the  organism  differ  from  those  hitherto  considered,  in  the  greater  tendency  to  show  a 
selective  action.     Whereas   the   paraffins  and  aromatic   compounds   are   mostly  more   or 
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less  general  in  their  influence,  being  toxic  to  all  tissues,  the  alkaloids  pick  out  one  or 
more  tissues,  leaving  others  relatively  unaffected.  If  several  functions  are  influenced, 
they  are  not  necessarily  altered  in  the  same  direction;  one  may  be  stimulated  and 
another  depressed.  Thus,  morphine  stimulates  the  motor  functions  of  the  spinal  cord,- 
but  depresses  the  cerebral  cortex;  it  stimulates  the  motions  of  the  uterus,  but  paralyzes 
those  of  the  bowel,  etc.  Such  contrasts  in  action  are  very  rare  among  the  paraflins  and 
aromatics  and  are  the  rule  among  alkaloids. 

A  few  important  synthetic  compounds  contain  rings  which  have  one  or  two  atoms 
of  nitrogen  in  the  ring  itself,  thus  resembling  the  alkaloids  in  structure.  These  com- 
pounds show,  like  the  alkaloids,  a  tendency  for»the  action  to  be  largely  limited  to  certain 
special  functions,  as  that  of  antipyrine  on  the  heat  center  and  piperazine  and  atophan 
on  urate  metabolism. 

f.  Alkaloids.— The  alkaloids  may  be  divided  according  to  the  character  of  the 
nitrogenous  ring  into  the  following  groups: 
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7.    Purine  Ring 


C  — C  — N 

I        I 

N  — C 


\ 

^     Caffeine,  theine,  theobromine, 
f        theophylline. 


The  members  of  each  group  often  show  certain  physiological  resemblances,  but  the 
action  is  so  much  modified  by  hydroxyl  and  oxygen  and  by  changes  in  the  double  bonds. 
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that  no  simple  general  rules  can  be  laid  down.  Many  of  the  isoquinoline  alkaloids  have  a 
benzyl  group  attached  to  the  ring,  and  these  all  show  a  paralyzing  action  on  smooth 
muscle. 

g.  Glucosides. — The  glucosides  resemble  the  alkaloids  in  showing  a  marked  selective 
action,  but  differ  from  them  chemically  in  not  having  the  basic  character  nor  forming 
salts  with  acids.  They  bear  little  chemical  relation  to  one  another,  having  in  common 
only  the  property  that  a  hexose,  often  glucose,  can  be  split  off  by  boiling  with  dilute 
acids.  The  portion  remaining  may  or  may  not  contain  nitrogen  and  may  be  an  open 
chain  or  a  simple  or  complex  ring. 

The  most  important  glucosides  are  heart  stimulants,  such  as  digitaline,  digitoxin, 
strophanthine,  convallamarin,  scillitoxin,  etc.,  and  active  cathartics  such  as  jalapin, 
emodin,  etc.  Less  active  glucosides  are  arbutin,  aesculin  and  iridin,  which  are  mildly 
diuretic  and   cathartic. 

Saponins  are  chiefly  non-nitrogenous  glucosides,  which  share  the  physical  property 
of  bringing  other  substances  into  emulsion  or  fine  suspension.  This  is  often  of  great 
importance  in  pharmacy,  as  certain  drug  components,  which  are  insoluble  in  water,  are 
brought  by  their  aid  into  the  aqueous  preparations.  Thus  digitoxin  is  brought  into  the 
infusion  of  digitalis  by  the  saponin,  digitonin.  They  also  cause  foaming  in  very  liigh 
dilution  and  are  used  in  drinks,  as  sarsaparilla;  and  for  shampoos,  spray  solutions  and 
tooth  washes,  as  saponaria.  Physiologically  they  are  blood  destructives  and  general 
protoplasm  poisons.  They  have  hardly  any  therapeutic  use,  but  certain  of  them,  as 
that  of  senega,  are  useful  as  stimulant  expectorants. 

h.  Proteins. — Proteins,  although  essential  as  foods,  are  little  used  as  medicaments. 
Only  two  pure  proteins  receive  consideration  in  this  work:  ricin,  a  toxic  constituent  of 
castor  oil  beans,  and  abrin,  which  is  very  similar  in  properties  and  which  is  utilized  as 
an  external  irritant. 

The  relation  of  proteins  to  the  production  of  immunity  is  not  yet  clear.  It  is  certain 
that  the  repeated  injection  of  abrin  or  ricin,  pure  proteins,  leads  to  the  production  by 
the  body  of  substances,  which  protect  it  against  them,  so-called  antibodies.  In  other 
words  they  act  as  antigens.  It  was  believed  until  recently  that  only  proteins  could  act 
as  antibodies  or  as  antigens,  but  substances  possessing  each  of  these  properties  have 
now  been  produced,  which  give  none  of  4he  usual  protein  reactions,  and  which  must  be 
looked  upon  as  to  all  intents  and  purposes,  protein-free.  In  the  rough  separation  of  the 
constituents  of  a  complex  antigen,  however,  the  antigenic  property  remains  with  the 
protein  fraction,  and  practically  all  of  the  materials  used  for  production  of  active 
immunity  (antigens)  or  of  passive  immunity  (antibodies),  contain  large  amounts  of 
protein. 

Among  these  protein-containing  antigens  are  included  the  bacterines  or  bacterial 
vaccines,  used  to  induce  active  immunity  against  infection;  extracts  of  pollen,  used  in 
the  prevention  of  hay  fever;,  extracts  of  hair  and  feathers,  of  animal  and  vegetable 
foods,  and  of  bacteria,  used  in  the  prevention  of  asthma.  Indifferent  or  non-specific 
proteins,  such  as  those  of  milk,  may  also  aid  in  the  production  of  antibodies  against 
other  antigens.  The  mechanism  of  this  action  is  obscure.  Protein-free  antigens  have  been 
prepared  from  typhoid  bacilli  by  Ottenberg  and  Stenbuck. 

Protein-containing  antibodies  include  all  the  antibacterial  and  antitoxic  serums. 
An  antibody  solution,  free  from  protein,  has  been  made  recently  by  Huntoon. 

Proteins  may  play  a  part  in  the  activities  of  some  of  the  products  from  animal 
sources,  such  as  the  anticoagulants. 

Conditions  of  Drug  Influence 

Absorption,  Transformation,  Elimination,  and  Accumulation 

The  general  subject  of  the  absorption,  transformation,  elimination  and  accu- 
mulation of  drugs  is  most  complex,  and  its  exposition  correspondingly  difficult. 
The  main  features  to  be  considered  are: 

The  penetratio7i,  by  the  substance  concerned,  of  the  various  epithelial  surfaces 
(gastroenteric,  pulmonary,  cutaneous),  by  way  of  which  they  enter  the  body,  and 
their  passage  thence  into  the  blood  vessels  and  lymphatics ;  or  their  direct  absorp- 
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Hon,  when  administered  subcutaneously,  iutramuseularly  or  intravenously,  or  by 
injection  into  a  serous  cavity. 

The  modifications  that  drugs  undergo  in  the  liver,  wlien  absorption  occurs  by 
way  of  the  gastroenteric  tract;  and  those  taking  place  in  the  blood  and  in  the 
tissues  and  organs,  whatever  the  method  of  administration. 

The  elimination  of  drugs  and  their  cnd-j)roducts,  its  routes,  its  duration,  and 
the  nature  of  the  excreted  substaiiees. 

The  (lii;tributio7i  of  drugs  or  their  transformation  products  (after  absorption, 
and  the  conditions  under  which  more  or  less  permanent  deposits  occur  in  the  tissues) 
and  the  nature  of  the  compound  deposited. 

Absorption. — In  considering  the  absorption  of  a  medicament  we  must  take 
into  account  (a)  the  entrance  of  the  drug  into  tiie  body,  (b)  its  entrance  into  the 
circulation  and  (c)  its  entrance  into  dynamic  contact  with  the  tissues  to  be  influ- 
enced. According  as  the  action  sought  is  topical  or  systemic,  or  both,  these  con- 
siderations will  largely  determine  tlie  choice  of  agent  and  the  method  of  use. 

Topical  Influence. — When  drugs  are  topically  applied,  i.e.,  for  effect  at  the 
site  of  application,  entrance  into  the  body  and  into  dynamic  tissue  contact  are  vir- 
tually coincident,  while  entrance  into  the  general  circulation  is,  as  a  rule,  to  be 
avoided — either  because  it  is  unnecessary,  or,  with  certain  agents,  because  it  is 
dangerous. 

Such  topical  application's  are  commonly  direct  and  circumscribed,  as  when 
made  to  the  skin  or  accessible  mucous  membranes.  Through  recent  developments 
of  bronchoscopy,  esophagoscopy,  gastroscopy,  cystoscopy,  etc.,  the  range  of  accessi- 
bility has  been  much  increased. 

Similar  considerations  apply  to  the  direct  injection  of  medicaments  into  nerves 
and  their  application  to  the  surface  of  wounds,  to  abscess  cavities  and  the  like; 
also,  when  the  point  of  approach  is  somewhat  more  distant  from  the  site  of  disease 
and  the  medication,  though  still  given  locally,  has  a  more  diffuse  distribution — as 
when  injections  or  instillations  for  local  effect  are  made  into  a  canal  having  an 
external  opening  {e.g.,  through  the  urethra  into  the  bladder) ;  into  serous  cavities 
{e.g.,  the  spinal  canal,  the  joints)  ;  into  the  parenchyma  of  organs;  when  gases  and 
vapors  are  inliahd  for  action  within  the  air  passages;  when  drugs  are  swallowed 
for  local  influence  in,  upon,  or  tlirough  contact  with,  the  alimentary  canal. 

If  the  intent  of  local  applications  be  to  destroy  tissue,  then  only  the  physico- 
chemical  reactions  between  cells  and  agents  need  to  be  considered,  and  absorption 
in  the  physiologic  sense  does  not  enter  into  the  question.  If  it  be  to  modify  tissue 
or  function,  the  medicine  nmst  be  in  such  form  and  so  applied  that  it  can  be 
absorbed  (or  adsorbed)  by  the  tissue  elements.  This  depends  on  the  relative  solu- 
bility of  the  special  agent  in  water  and  fats  (coefficient  of  distribution)  and  on 
certain — sometimes  obscure — physical  and  chemical  relations  to  particular  cell  con- 
stituents, which  enable  it  to  enter  into  more  or  less  intimate  union  with  these. 
When  the  purpose  of  the  medication  is  protective,  or  in  other  manner  one  of  en- 
vironmental or  extracellular  influence,  cell  absorption  (or  adsorption)  is  not  always 
necessary,  although  it  frequently  occurs. 

If  the  effect  desired  be  ant i pathogenic  (destruction  of  parasites  and  bacteria), 
action  at  the  surface  or  within  the  cell  may  be  necessary,  according  to  the  charac- 
teristics of  the  offending  organism  and  the  nature  of  its  attachment,  implantations 
or  habitat  within  the  body. 

Thus,  while  medicaments  given  by  mouth  are  in  most  instances  intended  to  be 
absorbed,  and  a  soluble  form  is  therefore  chosen,  or  means  taken  to  assure  solution, 
the  reverse  is  the  case  with  anthelmintics.    The  intention  is  to  act  upon  the  worms  and 
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not  upon  the  tissues  of  the  host.  Solubility  and  solution  are  hence  to  be  avoided,  as 
far  as  possible.  Thus  fats  are  interdicted  when  thymol  is  to  be  used  against  hookworm. 
Sometimes  a  special  preparation  of  the  vermicide  may  be  selected.  For  instance,  a 
decoction  of  pomegranate  root  bark,  which  contains  natural  tannin,  is  ordinarily  prefer- 
able to  the  isolated  active  principle  of  this  drug  in  the  treatment  of  tapeworm  infesta- 
tion; or,  if  the  alkaloid  pelletierine  is  used,  tannic  acid  may  be  associated  or  combined 
therewith,  to  hinder  absorption. 

Systemic  Influence. — When  systemic  influence  or  remote  local  influence  is 

sotight  (that  is  to  say,  action  at  a  point  other  thnii  the  point  of  entry  into  the 
body),  the  substance  must  be  tahen  into  the  blood  or  lymph,  and  this  is  what  is 
commonly  meant  when  the  term  absorption  is  used  without  qualification,  explicit 
or  contextual. 

Both  tissue  absorption  and  absorption  into  the  blood  depend  on  two  factors: 
(a)  the  molecular  state  of  the  substance  to  be  absorbed;  (b)  the  nature  and  condi- 
tion of  the  absorbing  surface  or  tissue. 

Absorption  into  the  blood  (or  lymph)  is  possible  only  when  the  substance 
to  be  absorbed  is  a  gas,  a  liquid,  or,  if  solid,  in  solution  or  in  very  fine  subdivision. 
It  is  modified  by  {a)  the  method  of  administration;  (h)  the  solubility  of  the  sub- 
stance in  water  and  fats,  and  its  difi^usibility,  if  volatile;  (c)  the  action  of  the 
substance,  if  any,  on  the  tissues  through  which  it  is  absorbed. 

Methods  of  Administration  (and  Solubility). — Medicaments  are  given  for 
sytemic  and  remote  local  influence:  (1)  enterally,  that  is,  by  way  of  mouth  or 
rectum  for  absorption  from  some  portion  of  the  gastroenteric  tract;  or  (2)  paren- 
terally,  that  is,  by  some  route  other  than  the  stomach  or  bowel,  and  by  either  (a) 
non- penetrative  or  (b)  penetrative  methods.  In  the  former,  absorption  is  sought 
from  the  surface  of  the  skin,  of  the  accessible  mucosae,  or  of  the  pulmonary  alveoli, 
through  inunction,  lavement,  painting,  instillation,  insufflation,  inhalation,  etc.;  in 
the  latter,  the  external  tissues  are  pierced  and  the  medicament  deposited  {injected) 
in  or  under  the  skin,  in  a  muscle,  in  a  vein,  in  the  spinal  canal  or,  under  exceptional 
circumstances,  in  an  artery,  in  peritoneal,  pleural  or  pericardial  sac,  or  even  in 
brain  sinus  or  in  cardiac  wall  or  chamber. 

The  more  soluble  the  substance,  in  whatever  way  administered,  the  more 
quickly  is  it  absorbed;  and,  conversely,  insoluble  substances  or  substances  soluble 
with  difficulty  are  not  absorbed,  or  absorbed  more  or  less  slowly.  Details  are  dis- 
cussed elsewhere. 

Liquids,  or  substances  dissolved  in  water  or  weak  acids,  or  alkaline  solutions 
are  readily  absorbed  from  the  digestive  tract.  Solids,  given  enterally,  must  be  dis- 
solved, and  sometimes  modified,  by  the  gastric  or  intestinal  juices;  and  this  often 
takes  several  hours.  Volatile  substances  and  gases  are  taken  up  even  more  promptly 
by  the  respiratory  than  by  the  alimentary  mucous  membrane.  Oils  and  fatty  sub- 
stances, and  drugs  incorporated  therewith  or  dissolved  therein,  will  be  taken  up 
by  the  alimentary  tract,  skin  or  mucous  membranes.  Solutions  of  various  kinds  are 
absorbed  from  the  conjunctiva,  the  Schneiderian  membrane,  the  auditory  canal,  the 
bladder,  etc.  Oil-suspensions  of  certain  insoluble  drugs,  injected  into  muscles,  are, 
indeed,  taken  up,  but  very  slowly;  days,  and  sometimes  weeks,  being  required.  In 
some  instances  such  absorption  is  never  complete ;  and,  as  discussed  later,  this  may 
involve — e.g.,  with  mercury — a  very  real  danger  of  cumulative  poisoning.  When 
solutions  are  injected  under  the  skin  or  into  a  muscle,  or  in  a  serous  cavity,  absorp- 
tion, as  a  rule,  is  prompt;  more  so  than  by  any  other  method,  except  inhalation  or 
intravascular  (commonly  intravenous)  injection — in  which  last  the  entry  into  the 
blood  is  obviously  immediate. 
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Absorption  b}-  the  tissue  elements  to  which  the  drug  is  carried  by  tlie  circu- 
lation is  conditioned  in  the  same  nianiicr  as  absorption  by  cells  under  topical 
application. 

Topical  Influences  of  Drugs  Administered  for  Systemic  Effect. — Whatever 
method  of  administration  be  practiced  (other  than  direct  introduction  into  the 
blood  stream),  the  first  stage  in  the  mechanism  of  drug  influence  is  the  difftision 
of  the  substance  through  all  the  tissues  interposed  between  the  blood  and  the  point 
of  entry.  This  diffusion  takes  place  more  or  less  readily,  according  to  the  nature 
of  the  agent  and  of  the  tissue  traversed.  Although  topical  influence  on  these  latter 
structures  may  not  be  intended,  certain  effects  are  nevertheless  produced,  varying 
with  the  particular  drug,  and,  to  a  less  extent,  with  the  site  and  manner  of  its 
introduction.  These  are  of  marked  importance  with  irritant  or  corrosive  agents — 
which  are  therefore  not  to  be  used  in  locally  active  quantity,  when  irritative  or 
destructive  result  is  not  intended.  Sometimes,  however,  the  topical  influences  are 
desirable  and  beneficial.  In  the  latter  event,  it  is  to  be  remembered  that  drugs 
ingested  act  upon  the  tissues,  mucous  membranes,  glands,  muscles,  blood  vessels, 
and  nerves,  of  the  mouth,  esophagus,  stomach  and  intestine.  Cocaine,  for  example, 
may  be  used  to  allay  vomiting,  and  thus  permit  feeding,  by  its  action  in  breaking 
the  reflex  arc  in  cases  of  tabetic  crises,  of  gallstones,  and  in  like  conditions.  On 
the  other  hand,  irritant  drugs  must  be  used  with  caution,  and  be  properly  guarded. 
With  suppositories  introduced  into  the  rectum  and  vagina,  not  only  may  these 
structures  themselves  be  influenced,  but  also,  through  venous  and  lymphatic  difl'u- 
sion,  a  marked  impression  may  be  made  upon  the  neighboring  tissues.  Thus,  con- 
gestion of  the  prostate  gland  is  sometimes  relieved  by  suppositories  of  glycerin  or 
hydrastine,  and  suppositories  of  opium  are  sometimes  of  great  value  in  allaying 
the  pain  of  prostatic  inflammation. 

Volatile  or  gaseous  substances  inhaled  for  systemic  effects  may  exert  distinct 
influence  on  the  respiratory  tract.  This  may  suggest  resort  to  volatile  antiseptics 
and  sedatives,  or,  on  the  other  hand,  contraindieate  the  anesthetic  use  of  chloroform 
or  ether  in  the  presence  of  bronchial  or  pulmonary  affection. 

Injected  subcutaneonsly  or  intramuscuJarly,  or  ruhhed  into  the  sl'in,  medica- 
ments may,  especially  if  irritant  or  anesthetic,  produce  topical  effects  involving 
various  tissues,  especially  the  epithelium,  the  capillaries,  and  the  sensory  nerve 
endings.  Such  effects,  however,  except  in  the  case  of  corrosive  agents,  are  com- 
monly of  brief  duration.  Lotions  act  similarly,  but  in  less  degree.  External  appli- 
cations appear  to  be  capable,  likewise,  of  influence  on  inflamed  joints,  probably 
by  some  sort  of  tissue  diffusion,  though  the  exact  manner  is  far  from  clear. 

Injections  into  the  large  serous  cavities  wall  influence  not  only  their  endothelial 
lining,  but  also  the  lung,  in  intrapleural  injections,  and  the  abdominal  viscera,  in 
intraperitoneal  injections.  Intrathecal  (intraspinal)  injections  are  largely  em- 
ployed in  the  treatment  both  of  the  meninges,  and  of  the  central  nerve  system. 

With  intravenous  injections,  the  endeavor  is  to  escape  local  irritant  effects 
or  the  production  of  emboli.  Careful  choice  of  agents,  scrupulous  preparation,  and 
skillful  injection,  avoiding  leakage  into  the  perivascular  tissues,  are,  therefore, 
essential. 

Mechanism  of  absorption.     Three  paths  are  to  be  distinguished: 

1.  In  enteral  administration,  the  medicaments  are  subjected  to  the  modifying 
influence  of  the  mucosa?  and  secretions  of  the  stomach  or  bowel,  and  then,  entering 
the  portal  circulation,  are  carried  to  the  liver  and  further  subjected  to  the  influence 
of  that  organ,  before  reaching  the  systemic  circulation. 

2.  In  parenteral  administration,  other  than  by  the  lungs,  medicaments  enter 
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the  systemic  circulation  directlif  without  being  subjected  to  any  speidal  modifying 
influences. 

By  both  of  these  methods,  the  drugs,  after  entrance  into  the  systemic  (venous) 
circulation,  are  carried  to  the  right  heart,  thence  into  the  palmonary  circulation, 
and  by  the  latter  to  the  left  side  of  the  heart. 

3.  Gases  or  volatile  substances  inhaled  are  taken  up  into  the  blood  of  the  pul- 
monary  capillaries  through  the  alveoli  of  the  lung,  and  thus  pass  directly,  by  the 
pulmonary  veins,  to  the  left  auricle,  without  having  gone  through  either  the  sys- 
temic or  portal  circulation. 

From  the  left  auricle  the  route  of  absorbed  substances  is  the  same,  however 
they  may  have  reached  it — to  the  left  ventricle,  the  aorta,  the  arteries,  the  capil- 
laries, the  tissues,  the  veins,  and  so  on ;  their  circulation  continuing  until  they  have 
been  deposited  in  the  fixed  tissues,  modified  chemically  or  eliminated. 

(i)  Enteral  Administration:  By  Mouth  (Ingestion). — Drugs  are  commonly 
given  by  the  mouth,  for  absorption  from  the  stomach  and  bowel.  It  will  be 
simplest  to  describe  this  route  of  absorption  first,  and  later  to  note  the  differences 
affecting  absorption  when  other  methods  of  administration  are  followed. 

Under  normal  conditions,  few  medicinal  substances  are  absorbed  from  the 
stomach.  Freely  soluble  salts  (such  as  the  iodides  and  bromides  of  sodium  and 
potassium)  and  gases  or  volatile  substances  in  solution,  may  be  in  part,  or  even 
largely,  taken  up  through  its  wall;  but  slowly  soluble  substances,  such  as  stron- 
tium bromide,  as  well  as  most  organic  compounds  and  even  the  more  soluble  alka- 
loids and  plant  principles,  pass  on,  wholly  or  in  part,  into  the  bowel. 

In  the  bowel,  absorption  is,  as  a  rule,  fairly  rapid,  being  practically  completed 
in  the  upper  half  of  the  small  intestine.  Certain  substances,  such  as  the  soluble 
salts  of  the  alkaloids,  are  taken  up  through  the  cells  themselves,  while  less  soluble 
bodies  and  the  salts  of  heavy  metals  commonly  pass  through  the  intercellular  spaces. 

In  some  instances,  matters  which  appear  in  the  feces,  e.g.,  calcium,  may  be  absorbed 
from  the  upper  bowel  and  be  excreted  into  the  lower  bowel,  not  being  found  in  the 
intermediate  portion.  It  must  not  be  concluded  hastily,  therefore,  that  such  substances 
have  been  without  systemic  influence  during  their  sojourn  in  the  body.  Substances 
soluble  in  water  are  the  most  readily  absorbed.  When  electrolytes  are  taken  in  large 
quantity  absorption  is  most  rapid  when  the  solution  as  given  (or  as  it  becomes  upon 
admixture  with  the  contents  of  the  bowel)  is  isotonic  with  the  blood.  When  the  solution 
entering  the  bowel  is  more  concentrated  or  more  dilute  than  this,  water  must  be 
excreted  into  or  absorbed  from  the  gut,  as  the  case  may  be,  until  osmotic  pressure  is 
equalized;  and  then  only  does  the  solid  begin  to  pass  into  the  blood,  by  virtue  of  its 
greater  partial  pressure,  on  the  other  side  of  the  vessel  wall.  When  the  selective 
affinities  of  cells  are  concerned,  and  not  mere  osmotic  pressure,  this  statement  does  not 
hold. 

Insoluble  solids  may  be  taken  up  from  the  bowel,  and  more  readily  when  in  fine 
powder  than  when  in  lumps,  or  even  crystals.  Often,  as  notably  in  the  case  of  calomel, 
absorption  is  favored  by  admixture  with  a  larger  quantity  of  an  inert  substance,  such 
as  milk  sugar. 

Absorption  may  be  markedly  influenced  by  the  presence  of  food  in  the  stomach  and 
bowel.  Commonly,  it  is  delayed,  drugs  being  taken  up  most  rapidly  when  swallowed 
"on  an  empty  stomach";  but  this  is  not  an  invariable  rule.  The  nature  of  the  food  and 
the  reaction  of  the  special  drug  therewith  play  a  part.  Fats,  for  example,  favor  the 
absorption  of  certain  medicaments,  such  as  thymol  and  aspidium,  which  are  fat-soluble;^' 
while  they  hinder  that  of  others,  as  oil  of  chenopodium  and  arsenic  trioxide.  The 
inorganic  salts  of  iron  are  converted  on  contact  with  partly  digested  proteins  into 
peptonates,  which  are  absorbed,  although  the  unchanged  salts  are  not.    The  soluble  salts 

"  Hence,  too,  the  injunction  not  to  administer  castor  oil  with  these  and  other  vermi- 
cides. 
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of  most  heavy  metals,  for  example,  mercury  and  silver,  form  almost  insoluble  compounds 
with  albumin,  a  fact  of  which  advantage  may  be  taken  in  the  treatment  of  poisoning- 
white  of  egg  being  administered. 

Drugs  may  be  suhjoctod  to  numerous  and  varied  modipcntions  in  the  lumen 
or  in  the  wall  of  the  alimentary  tract,  before  passing  into  the  blood.  Components 
of  complex  drugs,  which  are  separated  with  great  difliculty  in  the  test  tube,  may 
be  dispersed,  one  component  being  absorbed,  and  another  rejected. 

Certain  alterations  of  ingested  drugs  in  the  alimentary  canal  may  be  attributed 
to  the  action  of  ferments  and  other  secretions.  A  few  examples  will  suffice.  Thus 
it  is  possible  that  calomel  may  be  in  i)art  changed  to  the  soluble  bichloride  of 
mercury  by  the  action  of  the  hydrochloric  acid  of  the  gastric  juice; -^  for  which 
reason  it  is  frequently  "guarded''  witli  sodium  bicarbonate.  Silver  nitrate,  on  the 
contrary,  is  changed  to  the  insoluble  chloride,  by  the  same  acid.  Tannic  acid  forms 
an  insoluble  compound  with  mucin,  and  this  aids  in  preventing  its  absorption. 
Insoluble  salol  is  decomposed  by  the  pancreatic  and  intestinal  juices  into  soluble 
salicylic  acid  and  phenol. 

When  the  drug  as  administered,  or  any  product  of  its  transformation  is  not 
absorbable,  the  substance  in  question  passes  out  with  the  feces.  Absorbable  drugs 
and  transformation  products  do  not,  however,  pass  directly  from  the  intestine  into 
the  main  blood  current,  but  enter  the  mesenteric  and  portal  veins  and  are  carried 
to  the  liver.  During  this  passage  they  may  remain  in  the  plasma  unchanged,  or 
form  physical  or  chemical  unions  with  its  proteids,  salts  or  other  constituents,  or 
react  physically  or  chemically  with  the  blood  corpuscles. 

The  liver  is  the  great  detoxicating  and  protective  organ,  standing,  as  it  were, 
upon  guard  between  the  portal  blood  and  the  general  circulation.  Some  substances 
are  allowed  to  pass;  some  are  halted.  Of  the  latter,  some  are  destroyed;  some 
undergo  changes  by  which  their  influence  is  modified;  some  are  retained  perma- 
nently or  cast  out  with  the  bile;  others  are  released  gradually  and  permitted  to 
enter  the  general  circulation  little  by  little,  either  in  their  original  form,  or  more 
or  less  modified. 

For  example,  phenols  are  combined  as  sulphonates  and  glycuronates  to  form  less 
toxic  compounds,  while  heavy  metals  are  retained  for  a  time  and  released  slowly.  The 
further  absorption  of  all  drugs  is  more  or  less  delayed,  and,  in  the  case  of  certain 
alkaloids,  this  delay  causes  such  reduction  in  toxicity  that  the  effect  of  a  given  quantity 
injected  subcutaneously — and  thus  avoiding  the  liver — is  equal  to  that  of  a  much 
larger  dose  administered  by  mouth. 

In  thus  rejecting,  modifying  and  storing  drugs,  the  liver  is  simply  exercising  its 
normal  activities  as  constantly  exerted  upon  both  the  products  of  digestion  and  various 
non-alimentary  substances  which  are  bound  up  with  the  foodstuffs,  and  in  this  way 
obtain  entrance  to  the  portal  vein.  Thus,  the  dextroses  of  starch  digestion  are  trans- 
formed into  glycogen  and  stored  for  future  needs  in  force  production,  being  delivered 
into  the  blood  current  from  time  to  time,  according  to  the  demands  of  the  organism. 
Certain  important  functions — the  mechanism  of  which,  however,  is  a  matter  of  dispute — 
are  likewise  performed  by  the  liver  in  connection  with  the  amino  acids  and  other 
products  of  protein  metabolism. 

If  the  liver  of  a  dog  be  excluded  from  the  circulation  by  means  of  an  Eck  fistula, 
the  animal  will  be  poisoned  by  peptones  or  carbamates  given  by  mouth,  although  both 
of  these  substances  are  formed  in  normal  metabolism.  In  like  manner  the  toxicity  of 
morphine  and  strychnine  given  by  mouth  is  markedly  increased  in  such  animals;  and 
curare  so  administered  may  show  its  paralyzing  action,  which  is  normally  not  seen 
except  upon  parenteral  injection. 


^  Some  authorities  deny  that  this  occurs  in  so  weak  a  solution  of  HCl  as  the  normal 
digestive  secretion. 
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The  detoxicating  power  of  the  liver  is,  however,  limited.  Otherwise  drugs  could 
not  be  given  by  the  alimentary  tract  for  systemic  influence,  either  helpfully  or  harm- 
fully. Moreover,  these  actions,  especially  the  retention  of  certain  drugs  within  the  cells 
of  the  hepatic  parenchyma,  have  important  effects  upon  the  organ  itself,  often  thera- 
peutically useful,  but  at  times  injurious. 

All  substances  absorbed  from  the  bowel  do  not,  however,  enter  the  portal  circulation. 
The  fats,  for  example,  pass  by  way  of  the  lymph  channels  into  the  thoracic  duct,  and 
are  thus  carried  past  the  liver.  To  what  extent  drugs  elude  the  liver  in  this  way  is  still 
uncertain,  but  the  possibility  must  be  borne  in  mind. 

From  the  liver,  having  there  exerted,  in  whole  or  in  part,  its  physicochemical  and 
physiologic  influences,  the  drug,  or  a  transformation  product,  passes,  by  way  of  the 
hepatic  vein,  into  the  vena  cava. 

All  substances  reaching  the  vena  cava  are  distributed  in  the  same  manner  regard- 
less of  their  point  of  entry  into  the  circulation  or  its  method.  They  are  carried  to  the 
right  heart,  and  thence  to  the  lungs.  Certain  drugs,  especially  gases  and  volatile  sub- 
stances, are  eliminated  in  the  expired  air,  and  thus  failing  to  return  to  the  heart  with 
the  blood  of  the  pulmonary  veins,  do  not  reach  the  arterial  circulation.  Certain  com- 
pounds are  partially  or  completely  oxidized  in  the  lungs,  and  to  that  extent  disappear 
from  the  blood.  Most  agents,  however,  pass  on  unaltered,  and,  reaching  the  left  heart, 
are  distributed  rapidly  throughout  the  organism,  producing  general  or  specific  effects, 
according  to  the  mutual  affinities  existing  between  them  and  the  tissues  to  which  they 
are  brought. 

It  is  estimated  that,  after  intravenous  injection,  a  substance  may  pass  through  the 
right  heart,  the  lungs,  the  left  heart,  and  be  distributed  throughout  the  arterial  circula- 
tion in  about  twenty  seconds. 

Some  drugs  disappear  from  the  blood  very  quickly,  not  being  demonstrable  as  little 
as  thirty  seconds  after  intravenous  injection.  This  is  true,  for  example,  of  many  of  the 
alkaloids.  Most  drugs  may  be  found  for  several  minutes  up  to  an  hour  or  so,  provided 
that  sufficiently  delicate  tests  are  available.  A  few  substances  remain  in  the  blood  for 
much  longer  periods.  Many  of  the  heavy  metals,  such  as  lead  and  mercury,  may  be 
found  in  the  red  cells  for  days  and  even  weeks  after  administration  has  ceased.  Sodium 
bromide,  on  the  other  hand,  can  replace  a  certain  portion  of  the  sodium  chloride  of  the 
plasma  and  circulate  for  long  periods.  The  medicaments,  in  the  form  now  assumed, 
enter  the  intercellular  lymph  spaces  and  come  into  contact  with  individual  cells,  tissues 
and  organs — including  those  previously  traversed  in  the  venous  current. 

Certain  substances,  and  among  them  even  some  which  are  not  freely  soluble  outside 
the  body,  or  which  do  not  easily  diffuse  through  animal  membranes  are  more  or  less 
readily  taken  up  by  all  living  cells.  Others  are  absorbed  by  the  tissues  with  difficulty, 
or  must  first  be  chemically  changed.  If  they  do  not  undergo  the  requisite  alteration 
they  fail  to  influence  the  organism  or  their  action   is  unduly  limited. 

In  the  arterial,  as  well  as  in  the  venous  blood,  as  likewise  in  contact  with  the 
tissues,  drugs  often  undergo  such  chemical  transformations.  If  the  physicochemical 
relations  between  tissue  cells  or  parasite  cells  and  these  transformation  products  are 
such  as  to  permit  penetration  or  adsorption,  dynamic  contact  is  attained;  interaction 
becomes  possible;  and  the  medicament  now  exerts  its  physiologic  or  pathogenic  influ- 
ence, general  or  elective.  Being  adsorbed  or  entering  into  combinations  or  loose  unions 
varying  in  character  and  permanence  with  the  special  tissue  elements,  it  modifles 
structure  or  function,  or  both.  Thus,  either  in  its  original  form,  or  in  one  of  these  new 
combinations,  it  may  be  for  a  time — or,  in  certain  instances,  permanently — retained  in 
the  tissues;™  but,  more  frequently,  after  a  brief,  or  even  momentary,  sojourn  in  certain 
structures,  it  passes  on  to  new  areas,  and  finally  out  of  the  body. 

*  The  liver,  kidneys,  and  spleen  usually  contain  the  largest  amounts.  From  these 
deposits  the  drug  is  gradually  taken  up  again,  and  thus  may  circulate  in  small  amounts 
for  a  long  time.  The  form  in  which  it  reenters  the  circulation  may  or  may  not  be  the 
same  as  that  in  which  it  was  absorbed.  Commonly,  it  is  a  form  which  can  be  excreted; 
at  times,  however,  new  combinations  are  formed  in  the  kidneys,  and  other  eliminative 
organs.  In  either  event,  the  final  products  of  metamorphosis  are  cast  out  of  the  body, 
and  can  be  found  in  the  breath,  the  saliva,  the  sweat,  the  tears,  the  bile,  the  feces,  and, 
particularly  and  chiefly,  the  urine.  As  to  permanent  retention  see  discussions  of  silver, 
lead  and  other  metals. 

It  is  necessary  to  bear  in  mind  in  this  connection,  especially  with  relation  to  cases 
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Certain  substances — for  example,  morphine,  mercury  and  arsenic — by  whatever 
route  they  enter  the  body,  are  excreted  into  the  stomach  or  bowel  whence  they  may  be, 
in  part,  i-eabsorbed.  In  this  second  absorption,  they  react  as  if  ingested.  It  is  also  to 
be  noted  that,  whenever  and  however  they  reach  the  liver — whether  in  their  original 
entry  or  through  reabsorption — they  may  be  in  part  detained  or  modified. 

By  Eectum. — W'lioii  drugs  aro  given  by  recluin — whether  in  solution  or  as  sup- 
positories— absorption  is  commonly  slower,  and  less  complete,  than  after  ingestion, 
so  that  larger  doses  must  be  used.  In  some  cases,  however,  it  is  equally  comjilete, 
and  may  be  even  more  ra{)id.  An  exam])le  is  found  in  certain  drugs,  which,  although 
when  given  by  the  mouth  are  so  altered  as  to  be  virtually  destroyed  before  al)sorp- 
tion — wdth  formation  of  perhaps  inert,  perhaps  toxic,  end-products — are  absorbed 
unchanged  from  the  rectum.  Jm})ortant  examples  of  toxic  medicaments  that  may 
be  altered  in  the  stomach  or  up])er  ])o\vel,  and  escape  alteration  in  tlie  rectum,  are 
such  organic  arsenicals  as  atoxyl  and  arsphenamine.  Part  of  the  material  absorbed 
from  the  rectal  mucosa  goes  by  way  of  the  superior  hemorrhoidal  veins  to  the  portal 
system  and  liver;  while  a  varialile,  but  considerable,  portion  passes  through  the 
middle  and  inferior  hemorrhoidals  directly  into  the  vena  cava  and  thus  eludes 
the    liver. 

(2)  Parenteral  Adiniimlralion  (Other  than  by  I  it  halation). — Parenteral 
methods  present  certain  peculiarities  in  the  route  taken  to  the  heart  by  the  medica- 
ments after  absorption  and  in  the  changes  undergone  on  the  road. 

Substances  so  applied  that  they  may  be  absorbed  directly  from  mouthy  tongue, 
throat,  eye  or  nose,  inuncted  upon  the  skin,  or  injected  into  the  tissues,  obviously 
escape  change  in  the  alimentary  tract  prior  to  absorption  and  in  the  liver  during  the 
preliminary  venous  route  to  the  right  heart. 

External  Mucosae. — The  mucous  membrane  of  the  nose  takes  up  soluble  sub- 
stances very  rapidly,  and  the  conjunctiva  scarcely  less  so.  Atropine  instilled  in 
the  eye  to  paralyze  accommodation  may  give  rise  to  systemic  reaction,  with  dry 
throat  and  flushed  face.  Poisoning  may  result  from  the  use  of  cocaine  as  a  nasal 
anesthetic.  Cocaine  habitues,  indeed,  most  frequently  snuff  or  instill  the  drug  into 
the  nose.  Epinephrine,  nitroglycerin  and  other  quickly  acting  stimulants  are  readily 
absorbed,  both  from  the  nose  and  from  the  tongue  and  sublingual  tissues. 

The  mucosa  of  the  bladder  and  that  of  the  vagina,  on  the  other  hand,  oppose 
a  strong  barrier  to  almost  all  substances.  It  must  be  borne  in  mind,  however,  that 
the  mucosae  respectively  of  the  uterus  and  of  the  urethra  are  excellent  absorptive 
surfaces.  Iodoform  and  mercury  poisoning  have  often  resulted  from  vaginal  appli- 
cations and  douches,  and  that  death  may  result  from  vaginal  use  of  concentrated 
salt  solution  has  already  been  mentioned.  Many  fatal  intoxications  have  been 
reported  as  resulting  from  instillation  of  cocaine  and  other  local  anesthetics  in  the 
urethra,  and  although  products  which  have  been  excreted  through  the  kidneys 
are  rarely  reabsorbed  from  the  bladder  in  amounts  large  enough  to  be  of  any  con- 
sequence, poisonous  amounts  of  strychnine  and  of  morphine  may  thus  be  taken  up. 

Skin. — The  absorptive  powers  of  the  intact  skin  are  limited,  especially  with 
respect  to  inorganic  salts,  alkaloids  and  other  crystalloids;  nor  do  glucosides  and 
other  active  principles  of  plants  readily  pass  through  it.  It  does,  however,  take 
up,  to  a  certain  extent,  fats  and  oils,  and  with  them  dissolved  substances,  some 
of  which  exert  only  a  topical  influence,  while  others — as  iodine  and  pheiiol — ^which 

of  suspected  poisoning,  that  diffusion  of  drugs  by  simple  osmosis  may  occur  after  death, 
and  thus  the  mere  presence  of  arsenic,  for  example,  in  the  tissues,  is  no  evidence  that 
it  was  administered  during  life;  although  the  character  of  its  distribution  may  determine 
the  question. 
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are  soluble  both  in  oil  and  water,  may  be  carried,  in  part,  into  the  lymph  and 
blood  and  exert  systemic  influence. 

Certain  insoluble  substances  in  a  state  of  fine  division — of  which  mercury  is 
the  outstanding  example — are  also  susceptible  of  cutaneous  absorption.  A  few 
drugs — as  chrysarobin — undergo  chemical  changes  upon  the  skin  (oxidations, 
reductions,  combinations)  without  which,  in  some  instances,  tissue  absorption — 
and,  in  others,  general  absorption — may  be  impossible.  From  ulcers,  fistulas,  and 
even  from  the  floor  of  blisters,  most  soluble  substances  pass  readily  into  the  under- 
lying tissues.  Some  agents,  e.g.,  arsenic,  act  as  caustics,  destroying  the  epithelial 
surface,  and  are  then  absorbed  through  the  floor  of  the  ulcer.  The  form  and  manner 
of  application  must  obviously  be  adapted  according  to  the  end  in  view — either  to 
favor  or  to  hinder  such  results. 

Tissues  and  Veins. — Soluble  substances  injected  under  the  skin  are  absorbed 
very  quickly,  commonly  in  much  less  than  half  the  time  required  when  they  are 
given  by  mouth.  Medicaments  injected  into  a  vein  thereby  enter  the  circulation 
at  once  and  pass  immediately  to  the  right  heart.  Intramuscular  injections  stand, 
as  regards  rapidity  of  absorption,  between  subcutaneous  and  intravenous  injections. 
Intracutaneous  injections,  although  much  utilized  for  diagnostic  purposes  and  for 
Jennerian  vaccination,  are  little  employed  for  administration  of  medicaments. 

For  injection  under  the  skin,  or  into  a  muscle  or  vein,  only  substances  soluble 
in  water  with  an  alkaline  or  very  slightly  acid  reaction,  and  which  do  not  tend  to 
form  insoluble  compounds  with  tissue  or  plasma  constituents  should,  as  a  rule,  be 
chosen.  The  volume  of  fluid  which  can  conveniently  be  injected  into  the  tissues  is 
small,  not  more  than  2  to  5  cc. ;  hence  drugs  active  in  small  dose,  as  the  soluble 
alkaloidal  salts,  are  eligible.  JSTo  such  limitation  applies  to  intravenous  injections 
if  given  sufficiently  slowly.  The  method  is  thus  available  for  any  non-irritant, 
non-coagulant  medicament  in  perfect  solution;  from  10  to  100  cc.  being  the  common 
range  of  volume.  The  organic  arsenicals,  certain  iron  compounds,  sodium  salicylate, 
sodium  iodide,  quinine  salts,  formaldehyde,  serums,  antibodies,  are  some  of  the 
many  types  of  active  drugs  so  given;  while  venous  infusions  of  physiologic  salt 
solution,  glucose,  sodium  citrate,  weak  alkalies,  etc.,  or  transfusions  of  blood,  may 
reach  500  or  1000  cc. 

Diffusible  agents  which  are  insoluble  in  water,  such  as  camphor,  may  be  dis- 
solved in  a  vegetable  oil  and  injected  under  the  skin  or  into  a  muscle.  Intravenous 
injections  of  oils  are  dangerous  on  account  of  embolism,  and  mineral  oils,  whicK 
are  not  absorbed  may,  by  blocking  the  local  lymph  vessels,  induce  a  condition  like 
elephantiasis.  Oily  suspensions  of  insoluble  agents  as  bismuth  and  mercurials, 
injected  into  muscles  are  very  slowly  absorbed  and  must  be  used  with  caution. 
More  or  less  permanent  compounds  with  proteins  are  formed,  and  not  only  may 
considerable  local  injury  be  done,  but  there  is  danger  of  systemic  poisoning  from 
sudden  release  of  a  toxic  quantity  after  long  retention.  ] 

Although  the  systemic  action  of  any  substance  is  commonly  the  same,  whether 
the  injection  be  subcutaneous,  intramuscular  or  intravenous,  this  is  not  always  the 
case.  Differences  in  quantitative  effect  are  frequent  and  qualitative  differences  may 
arise  from  several  factors. 

A  few  substances  are  destroyed  or  neutralized  so  rapidly  in  the  body  that 
effects  seeii  after  intravenous  injection  are  wanting  after  subcutaneous  use. 

Epinephrine,  for  example,  if  given  intravenously,  causes  a  marked  but  very  transient 
rise  of  blood  pressure  and  a  momentary  dilatation  of  the  pupil.  When  it  reaches  the 
tissues  less  abruptly,  as  after  subcutaneous  injection,  no  rise  occurs  and  no  mydriasis. 
That  absorption  from  the  subcutaneous  tissues  occurs,  however,  is  shown  by  the  appear- 
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ance  of  certain  effects  which  are  normally  more  lasting,  such  as  dilatation  of  the  iris, 
which  has  been  made  sensitive  by  denervation,  and  dilatation  of  the  constricted  bronchi 
in  asthma.  Intramuscular  injections  of  epinephrine  produce  a  rise  in  blood  pressure 
more  gradual  and  less  marked  than  injection  in  a  vein.  A  similar  phenomenon  is  seen 
in  regard  to  nicotine.  Doses  which  are  immediately  fatal  by  vein  have  no  serious  effect 
when  injected  subcutaneously. 

Certain  niedioamonts  ^vhicIl  are  available  lor  intravonoiiy  and  in  some  instances 
for  intramuscular  use  are  ineligible  for  subcutaneous  injection  because  of  the  local 
irritation  produced.  This  is  lari^cly  true  of  preparations  containing  a  high  per- 
centage of  alcohol.  Such  ])rodu('ts  as  tincture  of  digitalis  and  tiiu'turo  of  ergot, 
suitably  diluted  (at  least  1  to  10)  may  be  administered  intravenously  witlumt 
harm,  but  if  injected  into  the  tissues  they  will  give  rise  to  severe  local  irritation 
and  even  necrosis.  The  systemic  effect  will  not,  however,  be  interfered  with.  The 
same  is  true  of  solutions  of  calcium  chloride. 

Arsphcnaminc,  which  immediately  before  injecting  is  dissolved  with  the  help 
of  alkali,  is  quite  suited  to  intravenous  use,  but  given  subcutaneously  or  intra- 
muscularly, it  is  precipitated  as  the  insoluble  neutral  compound,  so  that  arsenic 
may  be  found  at  the  site  of  injection  even  after  several  weeks.  This  not  only 
results  in  severe  local  reaction,  but  interferes  seriously  with  the  remedial  effect. 

(3)  Inhalation. — Absor])tiou  from  the  lungs — i.e.,  from  the  alveolar  surfaces — 
differs  materially  from  absorption  by  other  mucous  membranes.  The  stomach  and 
bowel,  and  even  the  exposed  mucosae,  exercise  a  selective  action,  certain  substances 
being  absorbed  promj)tly  and  fully,  while  others,  equally  soluble,  are  taken  u]) 
slowly  and  incompletely.  With  the  lungs,  no  such  selection  is  manifest.  All 
volatile  substances  in  the  inspired  air,  except  violent  irritants,  which  injure 
the  alveolar  cells,  pass  freely  through  the  walls  of  the  alveoli  and  those  of  the 
pulmonary  capillaries,  until  the  partial  pressure  of  such  substances — that  is  to 
say,  their  volume  percent. — becomes  equalized  on  the  two  sides  of  the  membrane. 
The  egress  from  the  alveoli  is,  in  like  manner,  determined  by  its  partial  pressure 
at  various  levels  in  the  air  of  the  lungs,  on  the  one  hand,  and  in  the  external 
atmosphere,  on  the  other. 

As  in  all  cases,  the  movement  is  from  the  area  of  higher  pressure  and  to  that 
of  lower  pressure.  When  the  partial  pressure  of  any  gas  or  vapor  in  the  alveolar 
air  is  greater  than  that  of  the  same  substance  in  the  blood,  absorption  takes  place. 
When  the  conditions  are  reversed,  elimination  follows.  When  equilibrium  has  been 
reached,  there  will  be  no  change  in  the  distribution,  since,  for  every  portion  pass- 
ing in  one  direction  an  equal  quantity  passes  in  the  other  direction,  virtually 
neither  absorption  nor  elimination  can  occur.  If,  however,  the  substance  be  yielded 
by  the  blood  to  the  tissues,  the  equilibrium  between  blood  and  alveolar  air  is  thus 
destroyed,  and  a  quantity  equal  to  that  taken  up  by  the  tissues  will  pass  into  the 
capillaries  of  the  lung.  This  process  will  continue  until  equilibrium  again  obtains, 
and  thus,  by  degrees,  a  large  amount  may  be  absorbed.  In  excretion,  the  process 
is  reversed.  The  volatile  substance,  being  in  relatively  greater  volume  {i.e.,  at 
higher  partial  pressure)  in  the  blood,  passes  out  to  the  alveolar  air,  and  thence 
to  the  external  atmosphere.  The  process  continues  until  partial  pressures  are  equal- 
ized, or  the  entire  quantity  of  gas  or  vapor  in  the  blood  becomes  eliminated.  This 
is  illustrated  in  normal  physiology  by  the  excretion  of  COo  and  absorption  of  oxy- 
gen; in  toxicolog}'  by  the  behavior  of  carbon  monoxide  and  hydrogen  sulphide; 
and  in  therapeutics  by  that  of  other  and  other  volatile  anesthetics. 

For  substances  that  can  be  absorbed  from  the  alveolar  mucous  membrane, 
inhalation  is  in  general  the  obvious  method  of  choice  for  administration.  Thus, 
gaseous  and  volatile  anesthetics — as  nitrous  oxide,  ether  and  chloroform — as  also 
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amyl  nitrite  and  carbon  dioxide,  oxygen  and  other  gases — are  commonly  given  in 
this  way,  and  volatile  oils  may  be  so  exhibited,  when  it  is  desirable.  After  absorp- 
tion, such  substances  arc  carried  to  the  left  heart  in  concentrated  form,  and  often 
affect  this  organ  more  promptly  and  more  markedly  than  do  the  same  drugs  when 
introduced  into  the  general  circulation.  Certain  sul)stances,  inhaled  into  the  nose 
(e.g.,  amyl  nitrite,  ammonia,  musk  and  ethyl  iodide),  arc  absorbed  in  part  from 
the  Schneiderian  membrane,  in  part  from  the  alveoli. 

Volatile  agents  administered  by  inhalation  develop  toxic  effects  from  a  smaller 
quantity  of  drug  than  is  required  to  produce  them  by  any  other  method.  This 
results  from  the  blocking  of  excretion  by  the  partial  pressure  of  the  gas  or  vapor 
in  the  alveolar  air,  and  its  consequent  retention  and  accumulation  in  the  circulat- 
ing blood  and  tissues.  On  the  other  hand,  when  the  medicament  is  swallowed  or 
injected  suljcutaneously,  elimination  into  the  alveolar  air  begins  promptly,  and  can 
continue  until  blood  and  tissues  are  completely  freed. 

Thus,  ether  and  chloroform  may  be  given  by  mouth  in  comparatively  large  quan- 
tity, without  producing  systemic  effects,  while  the  same  amount  given  in  a  closed  type 
of  inhaler  would  produce  profound  narcosis. 

Again,  hydrogen  sulphide,  when  inhaled,  so  that  its  elimination  by  the  lungs  is 
interfered  with,  is  a  violent  poison.  It  may,  however,  be  safely,  and  perhaps  bene- 
ficially, administered  in  a  mineral  water  by  the  stomach,  or  injected  in  moderate  quan- 
tity, diluted  with  nitrogen,  carbon  dioxide  or  air,  into  the  rectum. 

Transformations. — Some  medicaments  are  absorbed  without  alteration ;  others 
are  modified  in  the  alimentary  canal.  Such  changes  may  even  be  of  the  nature 
of  digestion  under  the  influence  of  the  gastric,  pancreatic  or  enteric  enzymes,  as 
is  the  case  with  abrin  and  ricin.  The  enzymes  affect  chiefly  the  inert  albuminous, 
fatty  and  carbohydrate  constituents  of  drugs,  and  rarely  alter  the  active  constitu- 
ents. Those  changes,  however,  which  depend  upon  the  hydrochloric  acid  of  the 
gastric  juice,  are  of  considerable  importance.  Carbonates,  for  example,  are  decom- 
posed, as  may  also  be  salts  of  organic  and  other  relatively  feeble  acids.  Ferric 
salts  are  transformed  into  ferrous  compounds.  Many  substances,  e.g.,  alkaloids, 
are  made  soluble;  others,  like  silver,  are  precipitated. 

The  fluids  of  the  small  intestine  have  an  alkaline  reaction.  Acids  are  neutral- 
ized; many  substances,  such  as  the  resins,  insoluble  in  water  and  in  acids,  are 
dissolved;  and  certain  organic  compounds — for  example,  salol  (phenolsalicylic  ester) 
— are  broken  up,  partly  under  the  influence  of  the  alkaline  intestine  juices,  and 
partly  under  that  of  the  pancreatic  ferments.  The  bile,  moreover,  dissolves  certain 
agents  which  have  passed  unchanged  through  the  stomach — for  example,  iodoform. 

In  the  lower  portion  of  the  bowel,  and  especially  in  the  colon,  the  presence 
of  hydrogen  sulphide  gives  rise  to  the  formation  of  sulphur  compounds  of  all 
the  heavy  metals. 

After  absorption,  and  during  their  sojourn  in  the  body,  medicinal  agents  are 
exposed  to  reactions  of  many  kinds.  Some,  however,  both  enter  and  leave  the  body, 
without  other  change  than  the  dissociation  of  electrolytes,  and,  through  reassociation, 
can  be  recovered  from  the  secretions  and  excretions  in  their  original  form.  This 
is  true,  for  example,  of  the  inorganic  salts  of  the  alkalies  and  certain  soluble  salts 
of  the  metals,  e.g.,  tartar  emetic.  Such  synthetic  compounds  as  phenolsulphone- 
phthalein  and  methylene  blue  are  likewise  excreted  unchanged. 

The  salts  of  the  metals  are  likely  to  suffer  change  of  some  sort.  Iron  may 
be  converted  to  a  soluble  double  salt,  or,  like  most  of  the  heavy  metals,  combine 
with  protein  to  form  more  or  less  stable  and  slightly   soluble  compounds,  from 
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which  the  metal  is  slowly  roloiised.  Pcntavaleut  arsenic  is  slowly  reduced  to  the 
more  active,  trivaleiit  form. 

Most  organic  medicaments  are  altered  more  or  less  profoundly  either  during 
absorption  or  during  their  passage  through  the  organism.  Some  are  reduced,  e.g., 
resorcin ;  others  are  partially  or  completely  oxidized — as  morphine  and  the  vegetable 
acids.  Others,  again,  are  detoxicated  by  combination,  most  commonly  with  glycu- 
ronic  or  sulphuric  acid ;  menthol,  for  example,  is  converted  to  a  glycuronate  and 
phenol  to  a  sulphonate.  Certain  substances,  including  many  of  the  glucosides  and 
saponins,  are  so  completely  decomposed  that  they  cannot  be  recognized  in  the 
excreta. 

Finally,  decompositions  and  combinations,  oxidations  and  other  chemical 
changes  may  take  place  at  the  points  of  elimination.  Thus,  in  the  kidney,  some 
of  the  salts  of  the  vegetable  acids  are  decomposed,  benzoic  acid,  for  example,  being 
transformed  into  hippuric  acid.  Formaldehyde  is  released  from  hexamethylenamine 
by  the  acidity  of  the  urine.  Iodine  may  be  lil)erated  from  organic  or  alkaline  com- 
bination in  the  course  of  its  excretion  by  the  sweat  glands.  In  the  lungs  some 
agents  are  completely,  others  partially,  oxidized — for  example,  alcohol. 

Although  the  decomposition  product  or  other  educt  of  a  medicament  may 
often  be  recognized  without  difficulty  in  the  nrine  or  other  excreta,  it  is  often  very 
difficult  to  determine  whether  the  chemical  changes  which  have  affected  it  have 
occurred  in  the  gastrointestinal  wall,  in  the  blood,  in  the  liver,  in  the  body  tissues 
or  during  the  course  of  excretion.  Comparison  of  gastroenteric  and  parenteral 
administration  will  often  throw  much  light  on  the  subject,  as  may  also  comparison 
of  the  form  of  excretion  in  the  urine  and  in  other  excretions  and  secretions.  Benzoic 
acid  and  hexamethylenamine,  for  example,  appear  in  the  bile  and  saliva  in  the 
form  in  which  they  were  administered,  and  hippuric  acid  in  the  one  case  and  for- 
maldehyde in  the  other  are  found  only  in  the  urine. 

Elimination. — The  chief  routes  of  elimination  of  drugs  and  of  the  products 
of  their  metamorphosis  are  through  the  kidney  and  the  gastroenteric  tract. 

The  kidney  is  the  chief  organ  concerned  in  getting  rid  of  the  soluble  salts 
of  sodium,  potassium,  ammonium  and  magnesium,  provided,  of  course,  that  these 
are  not  given  by  mouth  in  purgative  dose.  Soluble  salts  of  antimony  may  also 
appear  unchanged  in  the  urine. 

The  alkaline  earths,  calcium,  strontium  and  barium,  appear  chiefly  as  insoluble 
salts  in  the  feces.  The  heavy  metals,  iron,  aluminum,  copper,  silver,  etc.,  are  found 
in  the  feces  as  sulphides  and  more  complex  com]:)ounds.  xArsenic,  lead  and  mercury, 
while  discharged  chiefly  with  the  feces,  are  eliminated  also  in  the  urine,  sweat  and 
other  excretions. 

Organic  compounds  vary  considerably  in  regard  to  the  route  of  excretion.  The 
simple  organic  acids,  salicylic,  etc.,  as  far  as  they  escape  decomposition,  are  excreted 
mainly  by  the  kidneys,  as  are  the  coal  tar  antipyretics,  urea,  saccharin  and  similar 
compounds  of  relatively  simple  structure.  Alkaloids  are  excreted  in  the  urine, 
either  wholly,  as  caffeine,  or  partly  in  the  urine  and  partly  in  the  stool,  as  morphine 
and  strychniiie.  Glucosides  are  rarely  excreted  unchanged  but  their  end  products 
may  appear  either  in  the  urine  or  in  the  feces. 

The  lungs  are  the  main  route  of  elimination  for  all  volatile  substances.  As 
explained  in  the  discussion  of  absorption,  it  is  a  phenomenon  of  partial  pressure, 
occurring  when,  and  continuing  as  long  as,  the  blood  contains  the  substance  to 
be  excreted  in  greater  volume  })crcent.  than  does  the  alveolar  air.  Exhalation  must 
therefore  be  unimpeded,  so  that  the  alveoli,  being  emptied  of  the  gas,  new^  incre- 
ments may  be  yielded  to  them  by  the  blood.     Hence,  respiration  must  take  place 
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in  an  atmosphere  free  from  the  drug  or,  at  all  events,  in  which  the  partial  pressure 
of  the  gas  is  much  less  than  that  of  the  alveolar  air.  Almost  the  entire  amount  of 
ether,  chloroform  and  hydrogen  sulphide,  however  administered,  are  excreted  in  this 
way,  as  well  as  large  portions  of  alcohol,  of  creosote,  of  turpentine  and  of  most 
volatile  oils. 

Other  channels  of  excretion  are  relatively  unimportant.  Many  drugs  may  be 
found  in  the  saliva,  but  the  quantity  is  rarely  great,  and  as  the  saliva  is  mostly 
swallowed,  the  drug  is  reabsorbed  and  not  gotten  rid  of. 

Traces  of  drugs  are  often  found  in  the  sweat,  but  the  total  quantity  thus 
eliminated  is  never  enough  to  be  of  material  consequence. 

The  excretion  of  drugs  in  the  milk  is  never  sutficient  to  aid  materially  in 
ridding  the  body  of  them,  but  it  may  be  of  importance  in  causing  poisoning  of 
the  infant,  as  in  the  case  of  mercury,  iodine  and  certain  irritant  cathartics.  Occa- 
sionally, perhaps,  it  may  be  utilized  for  the  administration  of  medicine  to  the 
child  by  way  of  the  mother. 

Certain  conditions  may  favor  or  liinder  the  general  elimination  of  drugs,  or 
their  elimination  by  a  special  channel.  These  conditions  may  exist  within  the 
organism  itself,  or  be  induced  artificially.  Thus,  the  external  application  of  heat 
may  determine  elimination  by  way  of  the  skin  in  preference  to  other  routes,  and 
in  this  way  assist  the  action  of  diaphoretic  agents.  The  elimination  of  mercurials 
is  favored  by  the  simultaneous  use  of  iodides  or  of  diaphoretic  agents,  or  of  laxa- 
tives. The  elimination  of  alkaloids,  and  indeed  of  most  drugs,  is  favored  by  meas- 
ures that  increase  diuresis.  The  condition  of  the  kidneys  must  especially  be  observed, 
in  considering  drug  elimination.  In  early  life,  these  organs  are  normally  very 
active,  but  in  advanced  years  they  become  sluggish.  Thus  children  usually  bear 
relatively  larger  doses  of  most  drugs  than  do  the  aged,  with  Avhom  greater  caution 
is  to  be  observed,  especially  in  the  use  of  alkaloids,  hypnotics,  and  irritants.  When 
the  drug  itself,  or  some  product  of  its  metamorphosis,  or  some  substance  produced 
through  its  influence,  irritates  the  kidney,  or  reduces  renal  activity,  elimination  is 
retarded  and  poisoning  or  untoward  drug  efi^ects  may  readily  occur.  CTcneral  elim- 
ination-is retarded  in  many  infectious  fevers,  or  when  kidney  disease  exists.  In 
nephritis,  moreover,  certain  substances,  e.g.,  potassium,  pass  through  the  kidney 
with  unwonted  difficulty.  In  Bright's  disease,  the  ammonium  or  sodium  salts  of 
iodides,  bromides,  citrates,  etc.,  are  therefore  to  be  preferred. 

The  time  during  which  a  drug  is  retained  in  the  organism,  either  in  its  orig- 
inal or  a  modified  form,  differs  considerably  not  only  for  different  agents,  but  also 
for  the  same  agent  under  varying  conditions.  Some  drugs  remain  in  the  circula- 
tion or  tissues  for  a  short  time  only ;  others  are  stored  up  in  the  body  and  retained 
for  weeks,  months  and  years.  In  most  cases,  elimination  begins  in  a  few  minutes 
or  within  an  hour  or  two,  and  the  process  is  complete  within  24  to  48  hours. 
With  some  drugs  elimination  begins  promptly  but  is  completed  very  slowly.  In 
general,  the  most  soluble  substances  are  those  the  most  quickly  eliminated.  Slightly 
insoluble  substances,  and  those  which  form  insoluble  or  sparingly  soluble  com- 
pounds in  the  blood  or  in  the  tissues  are  retained  the  longest.  Thus,  certain  metals 
as  lead,  mercury,  and  especially  silver,  may  be  precipitated  in  the  tissues,  and 
remain  in  the  body  for  years. 

The  tolerance  of  the  body  cells  for  a  medicament  may  influence  the  rapidity 
of  its  elimination.  Substances  against  which  the  reaction  is  violent,  if  not  in  too 
great  quantity,  are  quickly  thrown  out,  as,  for  example,  phenol;  while  those  which 
do  not  excite  the  same  repugnance  on  the  part  of  the  tissues  may  be  retained 
longer.    Sodium  bromide,  for  example,  may  circulate  for  days,  replacing  a  portion 
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of  the  sodium  chloride  of  the  blood.  The  same  is  true  of  sodium  iodide.  After  a 
single  moderate  dose,  although  traces  may  be  found  in  the  urine  within  5  minutes, 
excretion  may  not  be  complete  for  several  days. 

When  a  medicament  is  neither  destroyed,  nor  transfonned,  neither  precipitated 
in  the  tissues  nor  eliminated,  it  may  either  continue  in  modifying  union  With  tissue 
cells  or  make  the  round  of  the  circulation  again  and  again,  and  thus  influence  for 
a  considerable  period  {i.e.,  until  ultimately  disposed  of)  the  various  systems,  organs 
and  functions. 

The  duration  of  eUminatioii,  when  there  is  no  storing  up  of  the  drug,  depends 
in  some  degree  upon  the  quantity  within  the  body  at  any  one  time,  independent 
of  the  frequency  with  which  doses  have  been  repeated.  As  a  rule,  the  greater  the 
active  quantity,  the  more  rapid  at  first,  but  also  the  more  prolonged,  the  elimination. 
On  the  other  hand,  large  doses  of  certain  drugs  may  exalt  the  functions  of  the 
various  organs  concerned  in  circulation  or  excretion,  thus  hastening  elimination; 
large  doses  of  others  interfere  Avith  such  functions,  thus  delaying  it. 

The  sojourn  of  a  drug  in  the  body  may  be  markedly  prolonged  by  reabsorption 
of  that  which  has  been  already  eliminated,  but  not  excreted. 

This  applies  especially  to  agents  eliminated  by  way  of  the  gastroenteric  mucosa 
or  in  the  bile.  Morphine,  for  example,  eliminated  into  the  stomach,  will  again  be 
absorbed  and  go  its  rounds,  producing  additional  toxic  effects;  hence,  it  is  always 
well  to  wash  out  the  stomach  in  morphine  or  other  alkaloidal  poisoning,  even  when 
the  time  elapsed  since  ingestion  has  been  sufficient  to  permit  of  complete  absorption. 
Repeated  lavage  of  the  stomach  and  bowel  is  likewise  of  great  importance  in  poison- 
ing by  arsenic,  mercuric  chloride  and  other  irritant  agents,  many  of  which  are 
excreted,  in  part,  in  the  feces. 

Absorption  from  the  bladder,  while  less  important,  is  not  so  rare  as  once 
believed,  and  it  is  advisable,  in  poisoning  by  many  drugs,  to  avoid  the  danger  of 
such  reabsorption  by  making  sure  that  the  bladder  is  emptied  at  short  intervals. 

Effects  at  Points  of  Elimination: — Drugs  affect  all  structures  through  which 
the}^  are  eliminated,  and  this  action  may  be  indifferent,  beneficial,  or  harmful, 
according  to  the  nature  and  quantity  of  the  agent  and  the  condition  of  the  organ. 
In  general,  the  effect  is  not  striking ;  but  in  certain  cases  it  is  of  importance.  It 
may  be  functional,  taking  the  form  of  stimulation  or  that  of  sedation.  It  may  be 
chiefly  structural,  showing  as  a  remedial  change,  or  as  irritation  or  even  inflamma- 
tion.   It  may  be  an  antipathogenic  action. 

Thus  certain  agents  act  as  diuretics  chiefly  or  in  part  by  an  action  on  the  kidney 
exerted  during  excretion,  for  example,  the  alkaline  acetates  and  citrates,  scoparin  and 
perhaps  caffeine.  Irritant  agents,  such  as  arsenic,  mercury,  salicylic  acid  and  aloin, 
may  cause  albuminuria  or  even  severe  nephritis  or  hematuria,  and  as  this  action  will 
be  much  increased  if  the  kidneys  are  already  damaged,  such  drugs  must  be  given  with 
caution  to  patients  with  even  slight  renal  lesions.  Valuable  antiseptic  actions  on  the 
vesical  and  urethral  mucosae  may  be  exerted  by  hexamethylenamine,  as  well  as  by  cubebs 
and  other  balsamics  excreted  in  the  urine. 

Drugs  eliminated  in  the  saliva,  such  as  mercury  and  iodides,  may  excite  the 
activity  of  the  salivary  glands,  and  if  too  long  continued,  may  cause  inflammation 
of  the  glands  and  stomatitis.  On  the  other  hand,  under  appropriate  conditions, 
these  agents,  as  well  as  potassium  chlorate,  may  exliibit  beneficial  actions  in  the 
mouth  and  throat. 

Arsenic,  by  whatever  channel  it  may  have  been  introduced,  is  eliminated  into 
the  stomach,  and,  if  in  poisonous  quantity,  ])roduces  characteristic  erosions  and 
ulcerations  of  the  mucosa.    Mercury  is  excreted  by  the  glands  of  the  lower  bowel; 
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in  medicinal  quantity  stimulating  their  action  and  perhaps  improving  the  condi- 
tion of  the  stools;  in  larger  qiiantity  exciting  painful  diarrhea;  and  in  poisonous 
dose  producing  ulceration  or  violent  inflammation,  partly  hy  destructive  irritation 
of  the  structures  through  which  it  is  excreted,  partly  hy  reducing  their  resistance 
to  bacterial  infection. 

Equally  important  irritative  and  medicinal  effects  are  produced  during  elim- 
ination by  way  of  the  respiratory  tract.  Iodides  in  the  nasal  mucosa  may  set  up 
an  acute  rhinorrhea  or  may  help  to  control  a  subacute  or  chronic  coryza.  Certain 
agents,  as  essential  oils,  balsamics,  and  terebinthinates,  are  excreted  by  the  bronchial 
mucous  membrane  in  sufficient  amount  to  act  irritantly  or  medicinally.  Indeed, 
most  drugs  used  systemically  to  influence  the  bronchial,  as  well  as  the  vesical 
and  urethral  mucous  membranes,  do  so  during  excretion. 

Elimination  by  the  sweat  glands  of  such  drugs  as  bromides  and  arsenic  induce 
cutaneous  eruptions,  while  the  latter  may  also  exert  a  good  influence  upon  certain 
skin  lesions. 

Accumulation. — The  retention  of  a  drug  or  the  products  of  its  alteration 
within  the  organism  for  an  unduly  long  time,  as  when  deposits  remain  in  the 
tissues  for  several  months,  is  termed  retention  or  tissue  accumulation  or  passive 
accumulation. 

Certain  phases  of  drug  action  resemble  retention  in  some  of  its  characteristics, 
and  may  well  be  considered  with  it.  Thus,  when  elimination  does  not  keep  up 
with  absorption,  the  drug  piles  up  in  the  body,  and  a  condition  known  as  cumu- 
lative action  is  likely  to  develop.  A  similar  condition  arises  when  absorption  does 
not  keep  pace  with  administration  and  a  toxic  quantity  of  the  drug  thus  piles  up 
in  the  gastroenteric  tract. 

These  forms  of  accumulation,  together  with  another,  which  is  termed  dynamic 
accumulation,  will  be  taken  up  successively. 

Retention. — Drugs  may  be  neither  wholly  consumed  nor  whollj''  eliminated, 
but  be  retained  in  part,  in  the  tissues.  Such  deposits  (tissue  accumulations)  occur 
mainly  in  the  liver  and  bones,  but  may  take  place  in  any  or  all  of  the  tissues, 
the  spleen,  the  kidneys,  the  endocrine  glands,  the  nerve  tissues,  mucous  and  serous 
membranes  and  the  skin  and  its  appendages. 

The  liver  is  the  chief  depository  for  the  heavy  metals,  such  as  iron,  copper, 
lead  and  mercury.  Phosphorus  and  arsenic  are  also  deposited  there.  Many  of  the 
metals  are  also  deposited  in  the  spleen. 

Deposits  in  the  skin  and  exposed  mucous  membranes  may  lead  to  disfigure- 
ment. Silver  is  chiefly  deposited  in  those  areas  of  the  skin  which  are  exposed  to 
light,  where  it  causes  a  characteristic  bluish  discoloration,  known  as  argyria. 
Arsenic  is  found  chiefly  in  protected  parts,  where  it  may  cause  a  brown  pigmenta- 
tion. Arsenic  and  bromine  form  deposits  in  the  hair,  the  former  in  the  nails  as 
well.  A  deposit  of  lead  in  the  gums  gives  rise  to  the  so-called  "blue-line,"  which 
is  made  up  of  particles  of  lead  sulphide,  formed  by  the  interaction  of  the  salivary 
sulphur  compounds  and  the  lead  albuminate  located  at  the  gingival  margin.  Bis- 
muth gives  a  somewhat  similar  line. 

Such  deposits  may  influence  the  function  of  the  tissues,  as  exemplifled  by 
the  relation  to  the  thyroid  gland  of  iodine,  which  excites  the  function  when  defi- 
cient, and  checks  or  modifies  the  perverted  secretion  of  Graves'  syndrome.  The 
presence  of  arsenic  or  of  lead  in  the  nerve  trunks  or  cells  leads  to  localized  or 
widespread  paralyses.  Barium  or  strontium  may  be  deposited  in  the  bones,  and 
fluoride,  replacing  their  phosphate,  may  make  tliem  very  brittle. 

Sometimes  drugs  that  have  been  stored  up  in  the  tissues — for  example,  mer- 
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cury — are  set  free  under  unknown  circumstances,  or  perhaps  through  treatment, 
as  by  hot  baths  or  tlie  use  of  iodides.  Elimination  may  take  place  quietly;  or,  if 
tlie  treatment  has  been  too  active,  disturbances  of  various  kinds  may  occur  from 
tlie  reentrance  of  the  jwison  into  tiu^  circulation. 

Active  {Quantitative)  Accumulation. — We  have  described  as  reienlion  a  form 
of  accumulation  of  a  medicinal  substance  within  the  body,  in  which — as  exemplified 
by  silver-staining — it  becomes  an  inert  deposit,  or — as  in  fluoride  bone-changes — 
the  harm  wrouglit  is,  for  the  most  part,  local. 

There  is  another  form,  in  which,  not  only  does  the  drug  pile  up,  but  also 
systemic  effects  become  more  marked.  This  is  commonly  spoken  of  as  cumulative 
action,  and  the  agents  which  most  typically  exhibit  it  are  known  as  cuniulalive 
poisons.  We  prefer  to  call  it  actire  accuniulaiion ;  with  the  qualifying  term  quan- 
titative, to  distinguish  it  from  the  purely  dynamic  type  of  cumulative  action,  to 
be  described  later.  It  results  from  continuous  administration  associated  with  slow, 
or  relatively  slow,  elimination,  of  a  drug  that  remains  systemically  active,  as  long 
as  it  is  retained.  Suppose  such  a  drug  to  be  so  exhibited  that  some  considerable 
portion  of  each  dose  stays  within  the  body  for  a  longer  period  than  the  intervals 
between  the  absorption  of  successive  doses.  Obviously,  the  maximum  active  quan- 
tity at  a  given  moment  is  not  to  be  measured  by  any  single  dose,  but  will  be  the 
remainder  of  the  first  dose,  added  to  the  second  dose;  a  still  greater  remainder 
added  to  the  third  dose,  and  so  on.  Through  such  fractional  increments,  the  amount 
of  active  medicament  accumulating  within  the  body  may  become  much  greater 
than  is  realized,  and  perhaps  enough  to  produce  undesirable  results.  These  may 
occur — as  not  uncommonly,  in  the  case  of  digitalis — with  apparent  suddenness.  It 
is  therefore  necessary,  both  in  fixing  the  dose  of  a  medicine,  and  in  determining 
how  often  the  successive  doses  are  to  be  given,  to  take  into  account  both  the  rate 
of  absorption  and  the  rate  of  elimination. 

Not  only  may  the  normal  elimination  of  a  drug  be  slow,  but  there  may  be 
at  times  a  diminislied  rate,  or  even  a  sudden  failure  of  e.rcretion.  This  may  result 
from  the  continuing  influence  of  the  drug  itself,  as  commonly  with  opium,  and 
less  commonly  with  digitalis  or  strychnine;  or  it  may  be  part  of  the  pathologic 
physiology  of  the  disease,  as  in  acute  lobar  pneumonia,  acute  nephritis,  acute  peri- 
tonitis, and  chronic  cardiac  affections.  These  possibilities  also  must  be  kept  in 
mind,  in  connection  with  cnnnilative  poisoning. 

Active  quantitative  accumulation  is  not  always  evil.  It  may  be  utilized  thera- 
peutically. Sometimes,  as  in  the  case  of  salicylates  and  quinine,  there  are  certain 
pronounced  effects  (e.g.,  ringing  in  the  ears),  which  guide  one  as  to  the  time  at 
which  a  quantity  of  the  drug,  both  safe  and  effective,  is  present.  Sometimes,  as 
in  the  case  of  atropine  or  of  calomel,  one  gives  by  preference  very  small  doses, 
with  very  short  intervals,  so  that  the  total  quantity  administered  may  be  kept 
down  to  a  minimum,  and  yet  a  decided  effect  be  produced,  and  perhaps  maintained, 
when  a  sufficient  active  dose  has  accumidated.  On  the  other  hand,  negligence  may 
give  rise  to  untoward  salicylism,  cinchonism,  atropinism,  mercurialism,  etc.  Caution 
is  particularly*  needful  in  the  use  of  guch  drugs  as  digitalis  which,  being  slowly 
absorbed  and  still  more  slowly  excreted,  may  be  late  in  showing  either  medicinal 
or  toxic  effects. 

Delayed  Quantitative  Accumulation. — Another  form  of  quantitative  accumu- 
lation results  when,  from  any  cause— for  example,  the  sparing  solubility  of  the 
drug,  the  presence  of  retarding  substances,  or  the  conditions  of  disease — absorption 
is  delayed,  and  successive  doses  of  medicine  are  thus  added  to  one  another  in 
the  stomach,  the  bowel,  the  liver,  or  even  the  cellular  or  parenchymatous  tissues. 
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Absorption  being  resumed,  tbe  wbole  quantity  may  then  enter  the  circulation  at 
once,  with  perhaps  dangerous  effect.  Death  has  thus  followed  repeated  intramus- 
cular injections  of  insoluble  mercurials.  It  is  quite  probable  that  the  enormous 
doses  of  opium  apparently  tolerated  by  the  subjects  of  acute  peritonitis,  at  the 
time  when  this  treatment  was  fashionable,  were  not  absorbed,  but  remained,  in 
large  jmrt,  within  the  alimentary  canal.  The  subsequent  fate  of  the  patient  (pro- 
viding he  survived  the,  disease)  M'ould  depend  upon  what  happened  when  peris- 
talsis was  resumed.  If  the  drug  was  carried  off  with  the  feces,  or  was  absorbed 
slowly  and  gradually,  he  would  be  safe.  If  absorption  was  rapid,  opium  poisoning 
might  result.  Fatty  food  in  the  stomach  will  retard  the  solution  and  absorption 
of  arsenic  trioxide.  Failure  to  take  account  of  this  fact  might  result  in  adding 
one  dose  to  another  until  such  time  as  all  could  readily  be  absorbed  together. 

Dynamic  Accumulation. — The  forms  of  accumulation  thus  far  discussed  are 
alike,  in  being  quantitative.  That  now  to  be  taken  up  differs  in  type;  it  is  quali- 
tative.  It  refers  not  to  amount  of  material,  but  to  amount  of  energy. 

Whatever  the  ultimate  mechanism  of  drug  iniluence  upon  cell  structure  may 
be,  it  can  be  pictured  dynamically  as  an  impact  disturbing  the  molecular  arrange- 
ment. A  single  feeble  shock  may  produce  but  slight  and  transient  disturbance.  A 
single  powerful  shock  will  produce  a  decided  disturbance,  which  may,  nevertheless, 
subside  without  permanent  result.  A  succession  of  feeble  impulses,  however,  may 
culminate  in  a  disturbance  both  decided  and  permanent.  Thus,  the  continuous 
administration  of  a  drug,  even  when  elimination  keeps  pace  with  absorption,  may 
bring  about  changes  in  tissue  and  function  that  will  persist  long  after  its  exhibi- 
tion has  ceased. 

This  summation  of  effects  we  term  cumulative  effect  or,  better,  dynamic 
accumulation.. 

Dynamic  accumulation  may  have  marked  results,  medicinal  or  poisonous.  The 
physician  must  be  able  to  take  advantage  of  it  as  a  method  of  treatment  and,  at 
the  same  time,  be  on  his  guard  against  possible  ill  effects.  It  occurs  especially 
with  those  drugs  commonly  recognized  as  poisons  (e.g.,  arsenic  and  strychnine), 
and  more  particularly  with  those  poisons  through  use  of  which  a  drug  habit  is 
usually  formed — as  morphine,  cocaine,  chloral,  aspirin,  phenacetin,  and  the  like. 
It  also  forms  a  part  of  the  desirable  therapeutic  influence  of  the  tonic  purgatives 
and  of  certain  drugs  useful  in  the  treatment  of  affections  of  the  heart  and  vessels — 
for  example,  aconite,  digitalis,  cratsegus,  and  the  nitrites. 

By  overlooking  the  possibility  of  dynamic  accumulation,  and  considering  only 
quantitative  accumulation,  one  will  fail  of  achieving  the  best  results  with  such 
agents.  Not  only  may  the  physician  abandon  too  soon  the  use  of  a  drug  whose 
helpful  action  develops  slowly,  and  thus  lose  its  benefit,  but  he  may  also  fall  into 
the  opposite  error,  and  do  harm  by  continuing  a  powerful  agent  too  long,  or  by 
giving  it  in  too  large  quantities. 


Features  of  Drug  Influence 

Factors  Involved  in  the  Reaction  Between  Drugs  and  Organism 

In  studying  the  physiologic  action  of  drugs  upon  highly  organized  beings, 
consideration  must  be  given,  as  in  all  other  biologic  studies,  to:  "If  .Vf/!' 

First,  the  organism  and  -its  components — i.e.,  the  fluids,  the  tissue  eleih6nts, 
the  anatomic  systems,  tlie  organs,  the  specially  coordinated  series  of  organs  with 


their  Tplatcd  nerves  I'onning  the  various  physiologic  apparatus,  and  the  body  as 
a  whole  (soma). 

Second,  ihe  relaiionf;  hotweon  part  and  part  and  hetweon  the  various  parts 
and  the  whole,  whioli  constitute  tiie  internal  or  organic  harmony. 

Third,  the  ecologic  equilibrmin — the  relations  between  the  organism  and 
its  environment. 

Medicaments  affect  in  tlie  first  instance — sometimes  by  action  external  to  the 
cell  (eririronmental) ,  sometimes  by  action  witliin  the  cell  {intraccUular) — the 
tissue  elements  and  their  functions,  and  thus  the  functions  of  organs  and  of 
complex  physiologic  apparatus.  Such  influence  upon  function  may  be  exerted 
directly,  either  (a)  immedkiiely  upon  the  parenchymatous  {e.g.,  secreting  or  con- 
tracting) cells,  or  {h)  mediately  through  the  nerves  (excitor  or  inhibitor)  govern- 
ing the  activities  of  these  cells.  The  resulting  functional  modifications,  even  when 
these  do  not  exceed  the  range  of  normal  variation,  may  give  rise,  further,  to  indirect 
results — {a)  sequential  and  (6)  reft  ex  stimulations  and  inhibitions — physiologic 
excitations — which  may  extend  to  various  parts  or  indeed  throughout  the  whole 
organism.  Such  indirect  results  of  limited  or  extended  modifications  of  function 
are  independent  of  their  inciting  cause.  Thus  an  increased  flow  of  saliva  may  be 
^'xcited  by  the  sight  or  odor  of  food,  by  the  presence  of  food  in  the  mouth  or  by  the 
influence  of  pyrethrum  or  of  calumba  ;  emotion,  or  the  influence  of  atropine  or  of 
amyl  nitrite,  may  flush  the  face  or  quicken  the  pulse.  In  either  event,  the  original 
disturbance  having  occurred,  a  like  series  of  physiologic  changes — chemical,  nervous 
and  circulatory — with  their  immediate  and  remote  consequences  must  be  passed 
through,  before  equilibrium  is  reestablished.  In  most  cases,  moreover,  the  exalta- 
tions and  depressions  of  function  brought  about  by  physiologic  drug  influence  must, 
for  proof  of  origin,  be  pushed  beyond  the  limits  of  normal  variation.  They  then 
become  veritable  derangements ;  other  derangements  follow,  compensatory  mech- 
anisms are  brought  into  play  and  the  whole  series  of  events  becomes  extremely  com- 
plex and  difficult  to  analyze. 

Action  upon  Tissue  Elements. — Seeking  to  reduce  the  problem  to  its  sim- 
plest terms,  pharmacologists  have  therefore  supplemented  the  experimental  study 
of  the  influence  of  drugs  upon  special  organs  and  their  functions,  by  an  investigation 
of  that  influence  as  exerted  upon  unicellular  organisms  and  upon  the  individual 
tissue  elements. 

Even  here,  however,  complexity  and  liability  to  error  persist.  Unicellular 
organisms  are  far  from  simple  and  their  adjustive  and  compensatory  reactions 
must  also  be  taken  into  account.  Moreover,  what  is  true  of  amebse  or  paramecia, 
for  example,  may  be  far  from  true  of  specialized  tissue  cells.  The  field  of  study 
is  narrowly  limited  to  certain  very  general  phenomena. 

Concerning  tUsue  elenvents,  two  additional  difficulties  are  presented.  On  the 
one  hand,  tissues  artificially  isolated  are  not  functioning  under  normal  conditions. 
On  the  other  hand,  when  drug  influence  upon  special  cells  is  studied  under  condi- 
tions otherwise  normal,  both  as  to  tissue  and  as  to  organism,  the  effect  is  compli- 
cated by  the  manner  in  which  the  sequential  and  restorative  disturbances  of  the 
organism  as  a  whole  (somatic  reacti^ou)  react  upon  the  partictilar  tissue  under 
investigation.  These  ^^  qualifying  facts  must  be  borne  in  mind  when  interpreting 
the  data  thus  ol)tain<'d. 

Action  upon  Somatic  Relations. — It  is  further  to  be  noted  that  certain  im- 
portant physiologic  and  therapeutic  reactions  tliat  may  occur  under  drug  influence 

"This  subject  is  considered  under  a  later  heading. 
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are  not  to  be  attributed  to  modifications  of  tissue  elements  in  the  first  instance,  but 
rather  to  changes  in  the  relations  among  certain  large  components  of  the  soma;  as 
shown  especially  in  the  distribution  of  fluids  and  in  the  chemotaxic  action.  In  so  far 
as  tissue  elements  are  sequentially  affected,  the  process  is  one  of  environmental 
change. 

Distribution  of  Fluids. — Thus  in  the  normal  body,  elevation  of  blood  pressure, 
however  caused,  increases  the  flow  of  urine.  To  bring  about  such  a  result  by  means 
of  drugs,  it  is  not  necessary  that  the  agent  chosen  should  act  directly  either  upon 
the  nerves,  or  the  parenchyma  of  the  cardiovascular  system,  or  of  the  kidney.  All 
that  is  needed  is  to  increase  the  volume  of  the  circulating  fluid.  A  very  simple 
means  would  be  to  introduce  water,  either  by  way  of  the  alimentary  tract  or  through 
the  injection  of  "physiologic"  (isoplasmotonic)  salt  solution  under  the  skin  or  into 
a  vein.  But  the  volume  of  circulating  hlood  may  be  increased  with  but  negligible 
addition  to  the  total  quantity  of  body  fluid  Ijy  altering  the  distribution  of  the  latter 
through  the  intravenous  injection  of  concentrated  (hyperplasmotonic)  solutions  of 
substances  otherwise  virtually  indifferent,  as  dextrose  or  sodium  chloride.  Osmotic 
pressure  within  the  blood  thus  becomes  relatively  high  and  in  order  to  bring  about 
equalization  by  dilution,  water  is  drawn  out  of  the  tissues  into  the  vessels.  This 
hydremic  plethora  raises  blood  pressure  or  dilutes  the  plasma  colloids,  and  diuresis 
follows.  The  diuretic  value  of  a  number  of  drugs  is  owing  in  greater  or  less  part  to 
this  sort  of  effect,  which  is  also  utilized  in  part  in  Fischer's  treatment  of  edema. 

On  the  other  hand,  outward  osmosis  from  the  vessels  may  be  set  up  by  intro- 
ducing into  the  bowel,  concentrated  (hyperplasmotonic)  solutions  of  salts  that 
cannot  readily  pass  through  the  intestinal  wall — for  example,  sodium  sulphate  or 
magnesium  sulphate — and  the  blood  may  thus  be  depleted  of  considerable  quanti- 
ties of  fluid. 

The  purgative  value  of  saline  cathartics  depends  largely  upon  action  of  this 
character — commonly  termed  salt  action;  and  which  will  be  mild  or  severe  accord- 
ing to  the  quantity  and  concentration  of  the  agent  employed. 

Such  liydragogue  catharsis,  however  produced,  has  many  therapeutic  applica- 
tions, especially  in  bringing  about  the  reabsorption  of  fluid  into  the  blood  from 
the  tissues  in  cases  of  general  and  localized  edema. 

A  similar  effect  is  produced  in  somewhat  contrary  fashion  by  withholding 
sodium  chloride  from  the  diet  and  thus  inducing  the  absorption  into  the  blood  of 
tissue  salts,  together  with  a  sufficient  quantity  of  water  to  equalize  the  osmotic 
pressure.  Dropsical  accumulations  in  certain  types  of  chronic  nephritis  may  some- 
times be  prevented  in  this  simple  manner. 

Modifications  of  Chemotaxic  Action. — Apart  from  their  direct  and  indirect 
influence  upon  tissue  and  function,  upon  distribution  of  fluids,  and  upon  alkalinity 
or  acidity,  certain  drugs  may  be  used  to  maintain  what  may  be  termed  the  cliemo- 
dynamic  balance  or  chemotaxic  action. 

Animal  cells,  whether  simple  aquatic  organisms  or  the  lymph-bathed  tissue 
elements  of  land  vertebrates,  thrive  and  function  best  in  fluid  media  containing  in 
approximately  definite  proportions  soluble  com])ounds  of  certain  cations — namely, 
sodium,  potassium,  calcium,  and  sometimes  magnesium. 

In  man,  as  a  rule,  these  are  supplied  in  more  than  sufficient  quantity  by  food 
and  drink;  the  normal  body  mechanisms  assimilating  the  necessary  amounts  and 
rejecting  the  excess.  Sometimes,  however,  owing  to  dietetic  or  other  privation,  or  to 
pathologic  conditions  as  in  rickets  and  other  disorders  of  nutrition,  the  normal 
balance  is  not  preserved;  or  pathologic  conditions  of  various  kinds  may  suggest  the 
wisdom  of  modifying  the  normal  balance ;  or  in  certain  cases  in  which  a  compound 
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of  one  of  the  elements  concerned  is  <2^iven  medicinally  it  may  be  considered  wise  to 
associate  with  it  one  or  more  of  the  others  for  the  sake  of  the  balance.  Hence, 
whether  to  restore,  to  modify,  or  to  preserve  normal  ('hemodynamic  eqiiilibrinm,  the 
])hysician  may  administer  either  (d)  compounds  of  the  elements  in  question, 
(b)  compounds  that  may  serve  as  substitutes  therefor,  or  (r)  substances  that 
may  favor  or  oppose  their  absor])lion  and  utilization,  as  notably  parathyroid  gland 
to  assist  in  the  utilization  of  calcium. 

Modifications  of  Alkalinity  and  Acidity. — Changes  in  the  alkalinity  or 
acidihj  (OH-ion  and  11-ion  concentration)  of  the  fluids  and  tissues  may  be  pro- 
duced l)oth  directly  and  indirectly  by  drugs;  and  these  changes  may  be  helpful  or 
harmful  according  to  circumstances.  Thus  the  acid  intoxication  (acidosis)  of 
diabetes  and  of  certain  acute  infections  may  be  remedied  at  times  by  the  prompt  and 
sutticient  use  of  certain  alkaline  compounds.  Diminished  H-ion  concentration 
{alkalosis)  of  the  blood  is  overcome  by  the  administration  of  acid  (monosodium) 
phosphate  or  dilute  acids,  and  an  undesirable  alkalinity  of  the  urine  may  be  cor- 
rected by  the  administration  of  ammonium  benzoate  which  is  transformed  and 
eliminated  as  hippuric  acid,  the  ammonia  being  eliminated  as  urea. 

Action  of  Vitamins. — These  substances,  of  unknown  composition,  are  com- 
monly supplied  in  sutlicient  quantity  in  our  daily  food.  We  know,  as  yet,  too  little 
of  the  mechanism  of  their  action  or  of  the  conditions  favoring  their  appropriation 
by  the  body  or  interfering  therewith,  to  attempt  in  any  rational  manner  to  influence 
these  processes  by  drug  action.  There  is  as  yet  no  evidence  that  the  vitamins  are 
ever  present  in  harmful  excess,  although  this  condition  is  not  beyond  the  limits  of 
probability.  The  only  therapeutic  procedure  certainly  available  in  connection  with 
them  is  to  ensure  the  sufficiency  of  their  supply,  or  to  aid  their  action,  as  the  action 
of  sunlight  (ultraviolet  rays)  and  proper  feeding  of  lime  and  phosphorus  aid  the 
action  of  the  antirachitic  vitamin. 

Action  of  Hormones. — Certain  substances,  chiefly  "internal  secretions"  and 
products  of  normal  metabolism,  e.g.,  carbon  dioxide,  help  to  maintain  the  general 
physiologic  balance  and  normal  harmony  of  function.  When  these  are  deficient,  the 
lack  may  sometimes  be  supplied  by  the  medicinal  use  of  similar  or  identical  prod- 
ucts of  nature  or  of  the  laboratory.  The  most  striking  illustration  of  this  is  the  use 
of  thyroid  gland  substance,  thyroglobulin  or  thyroxin  in  myxedema  and  cretinism. 

Pituitary  and  thyroid  substances  are  similarly  used  in  certain  types  of  obesity; 
ovarian  substance  and  corpus  luteum  in  the  disturbances  of  the  climacteric;  secretin  is 
employed  to  stimulate  the  pancreatic  secretion;  and  various  other  uses  are  made  of  the 
animal  organs  and  their  derivatives  as  detailed  in  Part  II  of  this  work.  In  this  category 
belongs  also  the  attempt  to  induce  rejuvenation  of  tissues  by  ligation  of  one  spermatic 
duct,  so  that  the  atrophy  of  the  sperm-producing  cells  and  consequent  increase  of  the 
interstitial  cells  of  the  testicle,  may  ensue.  The  endocrine  bodies  may  be  stimulated  or 
inhibited  and  perversions  of  their  secretions  modified  by  various  therapeutic  expedients, 
physical,  psychical  and  pharmacal.  Among  the  latter  is  the  use  of  iodine  to  alter  the 
secretion  of  the  thyroid  gland,  when  this  is  deficient  or  perverted.  Arsenic  also  has  some 
such  action  not  well  understood  at  present.  Sometimes  the  use  of  a  product  of  one  endo- 
crine body  will  modify  the  action  of  another,  stimulating,  inhibiting  or  correcting.  This 
is  notably  true  of  the  thymus  and  thyroid;  the  thyroid  and  the  adrenal  cortex;  the 
adrenal  medulla  and  the  thyroid;   the  thyroid  and  the  sex  glands. 

Carbon  dioxide,  as  already  mentioned,  may  be  used  therapeutically  in  certain  cases 
of  disturbed  respiratory  function,  in  accordance  with  its  physiologic  indication  as  excitant 
of  the  respiratory  center. 

Antipathogenic  Action. — In  addition,  drugs  may  be  employed  for  action  with- 
in the  body,  but  upon  foreign,  elements:  namely,  for  the  expulsian  and  destruction 
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of  parasitic  and  pathogenic  organisms ;  for  the  expulsion,  neutralization  or  destruc- 
tion of  poisons  ^^  elaborated  within  the  .body  or  introduced  from  without. 

Thet^e  .forms  of  drug  influence  being  directed  against  pathogenic  agents,  we 
term  them  antipaiho genie.  Such  efl'ects,  and  the  properties  of  drug  and  pathogen 
upon  which  they  depend,  are  likewise  investigated  in  the  laboratory,  and  utilized 
at  the  bedside.  They  are  discussed  in  connection  with  the  special  agents  employed 
for  the  purpose.    Here  general  mention  suffices. 

Preliminary  Survey 

'The  drug  effects  outlined,  which  comprise  all  the  actions  of  drugs  utilizahle  in 
medicine,  are  (a.)  modifications  of  the  normal  or  diseased  organism  and  its  com- 
ponent parts;  (&)  expulsion,  destruction  and  neutralization  of  pathogens.  The 
first  group  may  be  summed  up  as  follows : 

A.  Action  upon  tissue  elements  (cells,  organs,  systems — organic  modifications). 

I.    Alterations  of  Tissue: 

a.  Destructive 

b.  Eeconstructive 

c.  Alterative 

II.    Modifications  of  Function: 

a.  Exaltation 

b.  Depression 

c.  Diversion 

d.  Eevival 

B.  Action  upon  the  Soma  (Organism  as  a  whole)  : 

I.    Sequential  and  Reactionary  changes  in  Tissue  and  Function  owing 
to  drug  modification  of  special  organs  and  systems 

II.    Physical  changes    (Changes  of  distribution  of  fluid  within  the 
organism  or  removal  of  fluid  from  it) 

a.  Increase  in  vessel  content,  local  or  general 

b.  Decrease  in  vessel  content,  local  or  general 

III.    Chemical  changes: 

a.  Changes  in  H-  and  OH-  ion  concentration 

1.  Increase,  local  or  general 

2.  Decrease,  local  or  general 

b.  Changes  in  proportion  of  Alkalies  and  Alkaline  earths  (Chemo- 

dynamic  balance). 

1.  Addition,  or  increase  of  utilization 

2.  Decrease,  or  lessened  utilization 

3.  Substitution  of  other  elements 

c.  Changes  in  the  dynamic  actions  of  Vitamins 

d.  Changes  in  quantity  and  incidence  of  Hormones 

1.  Increase 

2.  Decrease 

e.  Changes  in  the  quantity  of  Ferments  and  Oxidases 

"Certain  poisons  resulting  from  perversions  of  normal  metabolic  and  other  func- 
tions are,  from  the  present  viewpoint,  akin  to  foreign  elements. 
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The  second  ^roup,  Antipathogenic  i\ctioji,  iiuludes: 

C.  Action  against  living  Parasites 

D.  Action  against  poisonous  l^rorlucts: 

1.    Of  external  origin 
1 1.    Arising  within  the  alimentary  canal 
111.    Arising  within  the  body  proper: 
a.  "Bacterial 
h.    Metabolic 

From  this  preliminary  survey  of  the  field  of  drug  influence,  a  survey  which 
does  not  purport  to  be  exhaustive,  it  will  be  apparent  without  further  multi])lifa- 
tion  of  illustrations  that  not  alone  the  special  actions  of  individual  drugs,  but  also 
the  phenomena  of  a  general  order  concerned  in  such  actions,  demand  careful  study. 
Such  study  must  also  pay  special  attention  to  the  many  factors — some  pertaining 
to  the  medicament,  some  pertaining  to  tlie  animal  organism — which  modify  what 
may  be  termed  the  normal  influence  of  drugs  in  general,  or  that  of  particular 
agents. 

These  influences  must  be  studied  both  by  the  pharmacologist  in  the  laboratory 
and  by  the  clinician  in  his  daily  work,  or  in  the  prosecution  of  some  sj)ecial 
research. 

The  influence  of  medicinal  agents  will  be  considered  under  three  heads : 

1.  The  influence  of  drugs  upon  tissue  elements  (cells  and  cell  a r/ g re (ja /('.<<) 

2.  The  influence  of  drugs  u])on  the  organism  as  a  whole  (body  or  soma) 

3.  Factors  modifying  drug  influence 

Separate  consideration  will  also  be  given  to 

4.  T]iera])eutic  utilization  of  drug  influence 

INFLUENCE  OF  DRUGS  UPON  TISSUE  ELEMENTS 

The  action  of  drugs  ^-  on  the  body  consists  in  the  sum  of  their  efl'ects  on  all  the 
various  tissues  and  cells  which  they  influence.  It  will  be  convenient  first  to  dis- 
cuss the  manner  in  which  this  influence  is  exerted  upon  individual  cells  and  tissues  ; 
and  then  to  consider  how  the  effects  thus  brought  about  react  on  the  entire  body. 

Conditions  Determining  Drug  Influence.— To  unfold  its  characteristic  action 
on  a  cell  it  is  requisite  that  the  drug  shall  reach  the  cell  in  an  active  form  and  that 
it  shall  either  act  on  the  surface  or  penetrate  the  cell — that  is,  be  absorbed  by  it. 
The  action  will  then  be  further  determined  and  limited  by  the  alterations  under- 
gone by  the  cell  as  well  as  by  the  foreign  substance  or  by  the  expulsion  of  the  latter 
(excretion)  from  the  cell. 

Dynamic  Contact  Between  Drug  and  Tv<sue. — The  various  methods  of  drug 
influence  are  not  always  described  or  divided  as  in  this  work.  It  is  sometimes  said 
that  a  drug  may  affect  living  tissues  in  one  of  three  ways:  {a)  by  contact  with  the 
cells  without  production  of  physical  or  chemical  change;  (&)  by  altering  their 
physical  state;  (c)  by  producing  chemical  transformations.  From  our  viewpoint 
this  is  but  partially  correct.  We  admit  that  in  some  instances  the  physical  or 
chemical  alteration  occurring  in  cells  under  drug  influence  is  not,  at  present,  demon- 


*^The  terms  "action"  and  "effects"  of  drugs,  however,  are  inexact,  in  so  far  as  they 
are  one-sided.  If  used  without  qualification,  implied  or  expressed,  they  become  mislead- 
ing. We  retain  them  for  convenience,  but  they  are  to  be  limited  by  the  considerations  pre- 
viously suggested  and  presently  to  be  taken  up  in  greater  detail. 
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strable;  but  there  is  no  good  reason  to  assert  that  none  occurs.  What  is  intended 
to  be  expressed  by  the  term  "contact  action"  is  simply  tliat  in  sucli  instances  the 
physicochemical  alteration  underlying  the  biologic  reaction  is  not  evident,  and  that 
the  latter  is  the  important  phenomenon. 

The  comparatively  small  quantities  of  drug  by  which  large  amounts  of  tissue 
may  be  influenced  indicates  indeed  that  the  alterations  are  not  altogether  such  as 
occur  under  ordinary  conditions  in  the  test  tube.  There  is  here  perhaps  a  problem 
in  velocity  of  reaction,  as  well  as  in  mass  action  and  reversible  action.  Boys  run- 
ning through  a  street  and  pulling  bell  after  bell  may  excite  quite  a  volume  of 
sound,  bring  about  the  opening  of  many  doors  and  provoke  the  eruption  of  many 
indignant  maids  and  housewives.  It  is  not  necessary  to  such  a  result  that  there 
should  be  as  many  boys  as  there  are  houses,  bells,  doors  and  women;  or  that  any 
permanent  change  should  be  induced  in  any  of  these.  In  the  same  way,  a- rela- 
tively small  number  of  drug  molecules  passing  rapidly  by  way  of  the  body  fluids 
into  and  out  of  the  tissue  elements  may  excite  numerous  cell  molecules  to  transient 
reaction.  The  modern  explanation  of  the  actions  of  enzymes  and  catalyzers  in 
general,  needs  but  little  modification  to  be  applied  to  this  dynamic  effect  ^^  of 
medicaments. 

When  a  drug  comes  into  such  relation  with  the  tissues  that  its  characteristic 
effects  may  be  developed — whether  these  be  physicochemical  or  physiologic,  extra- 
cellular or  intracellular — we  may  speak  of  dynamic  contact,  "which  means  simply  the 
incidence  of  drug  upon  tissue  under  conditions  which  permit  the  vital  processes  to 
be  influenced  by  action  and  reaction. 

A  medicament  may  be  brought  into  dynamic  contact  with  the  cells  to  be 
influenced,  in  one  of  three  ways : 

1.  By  its  application  to  the  external  or  internal  tegument;  i.e.,  the  skin  and 
its  continuation  in  the  mucous  surfaces. 

3.  By  its  penetration  or  its  direct  introduction  into  the  circulating  fluids, 
which  consistently  with  their  normal  function,  convey  it  to  all  tissues  and  organs. 

3.  By  its  artificial  introduction  directly  into  the  substance  of  the  tissue  to  be 
influenced. 

These  methods  are  considered  in  detail  under  the  head  of  Administration. 

Absorption,  Transformation  and  Elimination. — The  conditions  under  which 
drugs  enter  and  leave  the  body  have  already  been  discussed.  These  questions  must 
now  be  considered  as  they  affect  the  individual  cell. 

However  introduced,  the  first  necessity  for  interaction  between  drug  and  tissue 
is  that  the  drug  shall  be  in  such  physical  condition  and  bear  such  physicochemical 
relations  to  the  particular  tissue  element  to  be  influenced,  that  it  can  be  adsorbed, 
absorbed  or  imbibed  by  this. 

In  general  this  requires  that  it  be  volatile  or  soluble  in  water  or  lipoids.  Solu- 
tion may  be  effected  outside  the  body ;  in  the  fluids  of  the  body  after  administra- 
tion ;  or  upon  contact  with  the  tissues.  Substances  insoluble  or  soluble  with  diffi- 
culty in  the  reagents  of  the  laboratory  may  be  dissolved  readily  by  the  body  juices 
and  by  certain  living  cells.  On  the  other  hand,  certain  substances  extremely  soluble, 
even  in  water,  are  able  to  penetrate  living  cells  with  difficulty  and  in  some  instances 
not  at  all. 

Sometimes  the  effective  agent  is  the  drug  as  applied  or  administered;  at  other  times, 
that  which  enters  or  adheres  to  the  cell  and  affects  its  function  is  a  product  of  chemical 
change  or  of  ionic  dissociation. 

"^  Perhaps  the  progress  of  science  will  permit  all  forms  of  drug  influence  to  be  reduced 
to  terms  of  electric  change;  but  that  is  beyond  present-day  limits  of  discussion. 
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Within  the  cell,  mok^cular  changes  more  or  less  complex,  take  place  in  drug,  in 
protoplasm  or  in  both.  These  may  be  of  a  gross  physical  or  chemical  order  recognizable 
by  known  methods  of  investigation  or  they  may  be  of  a  character  so  recondite  as  to 
escape  detection.  They  may  be  such  as  would  occur  upon  contact  between  drug  and  dead 
protoplasm,  or  life  may  be  necessary  to  their  production.  They  may  be  permanent  or 
transient,  and  in  the  latter  case,  as  regards  the  cell,  their  duration  may  be  brief  or  pro- 
longed. When  gross  chemical  changes  have  not  occurred  in  the  cell — and  sometimes  in 
that  event,  also — the  drug  and  its  decomposition  products  are  usually  expelled  after  a 
longer  or  shorter,  perhaps  momentary,  sojourn,  and  with  this  elimination  the  cell  more 
or  less  quickly  returns  to  its  normal  constitution  and  action. 

Types  of  Drug  Influence. — T)tu<x  influence  upon  living  colls  is  shown  by 
three  types  of  reaction.  At  the  one  extreme,  the  j)urely  physic o chemical  reactions; 
at  the  other  extreme,  those  vital  or  physiological  responses  consisting  of  modifica- 
tions of  function,^*  whose  pliysicocliemical  basis  is  not  yet  demonstrable;  between 
the  two  extremes  are  those  borderland  reactions  which  exhibit  both  physicochemical 
and  vital  characteristics  and  which,  for  distinction,  since  they  are  marked  by 
demonstrable   structural   changes,  we  term   morphologic. 

Physicochemical  In/hieiicc. — By  the  physicochemical  influence  of  drugs  upon 
cells  Ave  understand  the  production  of  gross  (molar),  abnormal,  and  for  the  most 
part  permanent,  alterations  in  the  cell  substance,  which  are  visible  under  the  micro- 
scope and  often  to  the  naked  eye.  The  action  is  general ;  that  is,  the  character  of 
the  changes  induced  is  the  same  in  all  types  of  cell,  although  some  cells  may  be 
more  resistant  than  others.  The  effect,  varying  with  the  degree  and  extent  of 
the  structural  (compositional)  changes,  is  to  impair  or  abolish  function  ^^  or  to 
destroy  life.  So  far  as  concerns  the  portion  of  cell  substance  immediately  affected, 
there  is  no  physiologic  response ;  the  phenomena,  indeed,  being  identical  in  dead 
protoplasm  and  in  living — i.e.,  functioning,  tissue. 

Agents  producing  effects  of  this  type  are  therefore  termed  protoplasm  poisons. 
They  act  at  times  physically,  as  in  the  destruction  of  red  blood  cells  by  disturbance 
of  osmotic  equilibrium;  but  for  tlie  most  part  cliemicall}' — coagulating,  charring, 
dissolving  or  disrupting  the  cell-substance.  Thus  metals  precipitate  the  cell  pro- 
teids;  acids  coagulate  the  proteids  and  form  new  combinations  with  the  basic  ele- 
ments; alkalies  dehydrate  and  dissolve  the  tissues.  Such  destructive  effects  are 
commonly  termed  corrosive. 

Corrosive  action  is  characteristic  of  the  harmful  influence  of  many  poisons ; 
for  example,  arsenic,  zinc  chloride  and  phenol.  Kept  within  bounds,  however,  it  is 
frequently  utilized  in  therapeutics,  as  when  superficial  epitheliomata  are  destroyed 
by  the  caustic  action  of  zinc  paste,  or  when  mercuric  chloride  and  arsphenamine 
are  used  as  spirillicides  in  syphilis. 

Morphologic  Influence. — When  by  reason  of  the  dilution  of  a  coagulative 
agent,  or  because  of  its  relatively  feeble  action,  cells  are  shriveled  without  being 
killed,  the  effect  is  termed  astringent;  when,  for  like  reason,  corrosive  or  other 
form  of  chemical  destruction  is  incomplete,  the  effect  is  said  to  be  irritant.  The 
changes  are,  for  the  most  part,  molecular  only.  A  vital  response  is  induced,  the 
surviving  cell-substance  and  intact  cells  seeking  to  expel  the  disturbing  factor,  to 
retain  their  integrity  and  to  reconstitute  the  tissue  or  organ  of  which  they  form 
part.  According  to  the  severity  of  the  irritation,  the  extent  of  the  tissue  involved 
and  file  degree  of  injury  to  the   individual   cells,  this  restorative  action  of  the 

'*  Alteration  in  function  may  lead  to  changes  in  structure:  and  changes  in  structure 
may  lead  to  alterations  in  function.     But  these  are  sequential  effects 

"  Special  functions  may  be  abolished,  yet  nutritive  function  and  therefore  life  may 
be  retained;  hence  abolition  of  function  and  death  are  not  synonymous. 
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organism  will  be  manifested  by  an  increase  in  the  nutritional  activities  ^^  of  the 
part,  or  by  the  phenomena  of  congestion  or  inflammation. 

In  escharotic  action  there  is  a  destruction  of  superficial  cells  with  the  forma- 
tion of  a  protective  crust  and  healing  beneath.  The  effect  on  the  superficial  cells 
is  purely  physicochemical.  It  is  a  limited  caustic  action.  The  deeper  tissues  are 
stimulated  to  repair  and  in  this  phase  the  effect  enters  the  borderland  and  becomes 
what  is  here  termed  morphologic. 

When  neither  sufficiently  concentrated  (or  active)  to  corrode^  nor  sufficiently 
dilute  (or  feeble)  to  permit  the  cells  to  recover  from  its  attack,  a  protoplasm 
poison  will  neither  disrupt  living  matter  completely  nor  induce  reparative  irrita- 
tion; but,  instead,  brings  about  a  persistent  degeneratim>  change,  such  as  fatty 
metamorphosis  or  cloudy  swelling. 

Thus,  in  arsenic  and  phosphorus  poisoning,  fatty  degeneration  may  be  found  in 
many  organs,*^  especially  the  liver.  Notwithstanding  their  power  to  produce  such  effects 
when  given  in  large  doses,  arsenic  and  phosphorus  are  of'ten  administered  in  small  doses 
to  improve  general  nutrition.  This  is  in  part  an  exemplification  of  alterative  influence; 
a  utilization  of  the  reparative  powers  of  the  organism.  Indeed  many  protoplasm  poisons 
produce  effects  so  different  quantitatively  as  to  take  on  different  qualities — necrosis  or 
degeneration  or  inflammation  or  heightened  nutritive  activity — according  to  the  quantity 
of  drug  employed  and  the  method  and  duration  of  its  use. 

Borderland  Effects. — Certain  phases  of  the  borderland  influence  of  drugs  re- 
quire a  little  further  elucidation.  As  the  morphologic  effects  of  drugs  constitute 
a  borderland  between  the  molar  (physicochemical)  and  the  molecular  (physio- 
logic) forms  of  drug  influence,  so  are  there  many  intermediate  degrees  between 
those  divisions  of  the  borderland  that  are  designated  by  special  names — as  astringent 
irritative,  escharotic  and  alterative.  Moreover,  certain  of  these  effects  may  be 
produced  by  agents  of  very  different  general  types.  For  example,  zinc  salts,  which 
are  in  general  irritating  and  some  of  which  are  caustic,  may  in  dilute  solution  exert 
only  an  astringent  action  ;  but  astringent  effects  may  likewise  be  produced  by  tannin, 
which  is  never  caustic.  Physicochemical  action  of  a  destructive  order  may,  as  we 
have  seen,  be  feeble  or  incomplete  and  vital  reaction  be  manifested  as  irritation 
But  irritation  may  likewise  be  set  up  by  agents  such  as  menthol  and  mustard, 
which  are  not  corrosive.  Certain  substances,  e.g.,  arsenic,  mercury  and  the 
iodides,  destroy — probably  by  chemical  action — the  weaker  cells  of  various  organs 
without  necessarily  inducing  gross  alterations  of  structure  in  the  organ.  Such 
medicinal  destruction  is  followed  by  repair,  which  is  a  vital  response,  a  secondary 
effect  brought  about  by  the  use  of  small  doses.  Even  the  action  of  arsenic  in  in- 
creasing the  number  of  red  blood  cells  may  be  partly  of  this  character.    To  effects  of 

•'  Hence,  certain  irritant  agents  are  said  to  "stimulate  nutrition."  The  term  "stimu- 
lation," however,  as  applied  to  drug  influence  should  be  restricted  to  excitation  or  exalta- 
tion of  the  special  functions  of  cells  as  constituents  of  certain  organs  and  systems,  i.e., 
physiologic  reaction.  Such  modification  of  the  activity  of  special  function  is,  as  we  have 
stated,  brought  about  by  agents  which  produce  in  the  tissue  elements  no  physical  or 
chemical  change  demonstrable  by  present  methods  of  observation.  Fundamentally,  this 
type  of  drug  influence  may  be  the  same  as  irritation;  but  it  is  so  much  less  in  degree  that 
the  quantitative  difference  becomes  qualitative  and  necessitates  distinction  in  study. 
The  distinction  is  not  academic,  but  of  great  practical  importance,  for  it  permits  the  use 
of  drugs  to  exalt  or  depress  special  functions  without  fear  of  injury  to  the  tissue  elements 
concerned.    See  fiirther  under  Selective  Influence. 

^'The  destruction  or  degeneration  of  the  cells  of  an  organ  under  the  influence  of  a 
protoplasm  poison  necessarily  interferes  with  (depresses)  its  functional  activity  to  an 
extent  corresponding  with  the  lesion.  As,  however,  in  the  parallel  case  of  irritation  and 
stimulation,  this  order  of  effects  differs  in  degree,  at  least,  from  the  influence  of  agents 
which  depress  specific  functions,  to  an  extent  constituting  a  veritable  difference  in  kind. 
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this  latter  order  the  term  alterative  has  been  applied.  But  alterative  result — the 
disappearance  of  abnormal  tissue  and  its  rophicenient  by  normal  tissue — may  also 
be  brought  about  by  uou-destructive  agents  {<.(/.,  the  internal  secretions)  ;  and  l)y 
agents  whifh  do  not  act  directly  upon  the  niorl)idly  altered  structure,  but  influence 
nutrition  in  some  special  or  general  numncr  {('.(/.,  light,  calcium  compouiifls, 
vitamins). 

Even  as  a  mere  matter  of  terminology,  tJie  existence  of  these  various  methods 
of  action  is  not,  as  a  previous  citation  from  Trousseau  ])oints  out,  a  matter  of 
complete  indifference,  for  terms  must  be  clear.  Jn  so  far  as  it  extends  beyond 
temis  to  the  facts  they  designate,  sucli  facts  arc  of  high  importance  in  the  practice 
of  drug  tlierapy. 

Physiologic  or  Biurgic  Influence. — By  the  physiologic  influence  of  drugs  upon 
cells  we  understand  the  induction  of  certain  definite  modifications  in  the  vital 
activities  (general  and  special  functions)  of  the  tissue  elements.  These  depend,  it 
is  true,  upon  pliysical  and  chemical  changes,  but  the  latter  are  transient  and  there 
is  no  demonstrable  alteration  in  cell  composition  or  in  structure.  We  may  con- 
veniently term  such  changes  molecular,  to  distinguish  them  from  the  gross  or  molar 
changes  of  the  physicochemical  and  structural  types  of  reaction. 

The  effect  may  be  brought  al)0ut  through  chemical  (or  electric)  reaction 
between  the  drug  and  some  of  the  cell  constituents,  or  through  solution  or  adsorp- 
tion of  the  drug  by  cell  constituents.  In  either  case  it  is  commonly  reversible — ■ 
except  after  doses  much  larger  than  those  required  to  influence  the  performance 
of  function — as  the  cell  tends  to  expel  the  drug  and  recover  its  former  state.  The 
reaction  is  selective;  it  may  be  conflned  to  one  type  of  cell  almost  exclusively,  or 
even  to  one  function  of  a  particular  type.  More  commonly,  many  types  and  many 
functions  are  affected. 

Physiologic,  or  as  we  shall  sometimes  term  it,  hiologic  or  biurgic  drug  in- 
fluence, may  be  helpful  or  harmful.  Its  important  characteristic  is  that  it  is  the 
evocation  of  a  vital  response  and  is  therefore  possible  only  in  a  living  tissue. 

Therapeutic  Utilization  of  Physicochemical  and  Biologic  Drug  Influ- 
ence.—  (1)  The  purely  physicochemical  effects  of  drugs  upon  living  cells  are 
utilized  in  medicine  chiefly  by  topical  apj)lications ;  (a)  to  kill  or  weaken  infesting 
or  infecting  organisms  or  inhibit  their  growth  (parasiticidal,  germicidal,  antiseptic 
actions);  (6)  to  destroy  abnormal  tissue  (caustic  action).  Against  parasitic  and 
pathogenic  organisms,  they  are  also  utilized  systemically.  Care  is  necessary  in  the 
use  of  parasiticides  and  germicides,  even  when  they  are  applied  locally,  to  avoid 
injury  to  tissue;  and  in  their  systemic  use  to  avoid  corrosive,  irritant  and  toxic 
effects.  Physicochemical  actions  are  also  utilized  (a)  to  deplete  the  body  of  fluids, 
or  to  increase  or  diminish  the  amount  of  fluid  contained  in  vessels,  canals,  lymph- 
spaces,  serous  sacs,  tissue  cells,  etc. ;  {h)  to  alter  tlu^  alkalinity  or  acidity  of  tissues 
and  fluids;  and  (c)  to  antidote  poisons. 

(2)  Those  (attenuated)  physicochemical  drug  actions  which  induce  vital  re- 
sponse in  cells  and  which,  because  of  their  obvious  influence  upon  structure  we  have 
termed  morphologic,  are  also  in  the  nuiin  utilized  for  local  etfect  as  follows: 

Astringent  Action — to  check  bleeding  from  capillaries  and  venules,  to  restrain 
excessive  secretions  and  morbid  discharges,  to  reduce  swellings,  and  the  like. 

Irritant  Action — to  induce  hyperemia,  inflammation,  vesication  or  pustulation, 
in  order  to  relieve  pain  or  to  reawaken  or  quicken  resorptive  and  reparative  reac- 
tions in  tissues  the  seat  of  chronic  lesions;  or,  by  reflex  impression,  by  activation 
of  defensive  processes  or  in  other,  perhaps  unsuspected,  ways  to  influence  morbid 
processes  at  a  distance. 
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Escharotic  Action — to  alter  or  destroy  tissue  in  limited  surface  lesions,  as 
warts,  chancroids,  etc.;  or  unhealthy  (exuberant  or  sluggish)  granulations  in 
wounds  and  ulcers;  to  seal  oozing  or  bleeding  points  in  the  floor  of  ulcers  or 
erosions;  to  protect  eroded  surfaces  by  production  of  an  eschar  or  artificial  scab 
under  which  healing  may  take  place;  and  for  various  similar  purposes. 

W^iat  takes  place  obviously  and  on  a  gross  scale  in  the  external  application  of 
agents  which,  while  acting  physicochemically,  excite  a  reconstructive  response, 
occurs  less  obviously  and  perhaps  ultra-microscopically  when  they  are  administered 
systemically ;  and  may  result  either  in  (a)  alterative  effects  upon  tissue;  or  (&)  in 
general  or  local  heightening  of  nutritive  activity,  or  (c)  in  certain  cases  even  in  a 
limited  modification  of  specud  f miction. 

(3)  The  purely  physiologic  effects  of  drugs  are  utilized  both  topically  and 
systemically  chiefly  for  the  modification  of  special  functions,  and  such  utilization 
constitutes  the  major  portion  of  pharmacotherapeutics.  The  action  of  the  drug 
wdien  used  in  medicinal  doses  is  frequently  exerted  on  one  type  of  tissue  element — 
as  nerve  cells  or  unstriped  muscle ;  or  on  one  functional  system — as  the  digestive  or 
the  circulatory  apparatus.  Some  drugs,  however,  have  an  extended  range  of  action 
even  when  administered  in  small  quantities. 


PHASES  OF  DRUG  INFLUENCE 

The  biologic  reaction  of  a  cell  to  a  drug  influence  exhibits  two  phases,  (1)  inter- 
ference, and  (2)  restoration.  In  relation  to  drug  action  we  term  these  phases  the 
primary  and  secondary  effects  of  the  drug. 

Interference  is  the  "essential,"  "characteristic,"  "original,"  or  primary  action 
(or  effect)  of  the  drug.  It  differs  in  kind  and  varies  in  degree  and  duration  with 
the  agent,  the  quantity,  the  method  of  use  and  the  special  tissue  elements  affected. 

Restoration  may  be  partial  or  complete,  prompt  or  delayed.  Among  its  phe- 
nomena, as  we  have  seen,  is  the  expulsion  of  the  disturbing  agent — elimination — 
and  with  this  the  commotion  may  subside.  Sometimes,  however,  restorative  activity 
is  excessive  and  thus  passes  over  into  a  secondary  disturbance,  opposite  in  kind 
to  the  original  effect  of  the  drug.  In  not  a  few  instances  the  efficacy  of  a  medica- 
ment depends  largely,  if  not  wholly,  upon  such  secondary  reactions.  In  other  cases 
both  reactions  are  utilized,  one  or  the  other  being  evoked  as  desired  by  regulation 
of  the  dose.    In  general,  however,  primary  effects  are  sought. 

It  is  again  necessary  to  point  out  that  all  authors  of  pharmacologic  and  thera- 
peutic textbooks  do  not  use  terms  identically;  and  that  in  comparing  different 
statements  of  the  same  facts,  every  writer's  teaching  and  opinions  must  be  under- 
stood to  be  limited  by  his  own  definitions.  Thus  the  terms  primary  effect  (by 
which  we  mean  the  original  interference  of  a  drug  with  function)  and  secondary 
effect  (by  which  we  mean  the  excess  of  restorative  reaction)  are  used  by  many 
writers  in  exactly  the  opposite  manner.  Such  sharp  reversal  of  terminology  is  not 
made  without  some  hesitation;  but  the  older  and  incorrect  usage  has  been  the 
source  of  so  much  confusion  in  thought,  statement  and  practice,  that  there  seems 
no  alternative.  The  drug's  interference  with  function,  whether  this  be  to  lessen 
or  to  increase  activity,  is  its  original,  or  primary,  effect ;  the  reactive  swing  of  the 
tissue  is  secondary.  Consequently,  we  may  have  the  apparent  paradox,  upon 
which  so  much  misleading  doctrine  has  been  based,  of  opposite  effects  from  small 
and  large  doses.  But  contrary  to  the  usual  statement,  it  is  the  large  dose  that 
causes  the  primary  influence  to  prevail;  while  the  small  dose  permits  the  reaction 
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to  become  manifest.  When  this  cardinal  fact  is  clearly  gras])ed,  the  aj)i)areiit 
contradictions  disa])pear,  and  tlie  use  of  drugs  becomes  more  definite  and  precise. 
Whether  the  original  (i)rimary)  phase  or  the  reactive  (secondary)  phase  shall, 
in  a  given  instance,  be  the  more  intense  or  the  more  lasting,  and  which  shall  first 
become  evident,  will  depend  not  only  upon  the  size  of  the  dose  ^*  but  also  upon  tlie 
frequency  of  administration  relative  to  the  velocity  of  elimination  ;  that  is,  upon  the 
quantity  active  at  any  one  moment.  If  the  original  dose  and  the  frequency  of 
repetition  be  so  adjusted  that  the  active  quantity  is  always  small  enough,  secondary 
effects  will  appear  and  will  continue  to  be  shown.  If,  however,  notwithstanding- 
the  smallness  of  the  individual  doses,  elimination  is  less  ra])id  tlian  absorption  of 
new  increments  of  drug,  a  sufficient  quantity  may  accumulate  and  become  active 
to  permit  the  primary  influence  to  develop  and  continue.  So,  too,  when  large  doses 
are  given  in  the  first  instance  and  continued  with  sufficient  frequency,  the  over- 
powering original  influence  of  the  drug  is  sufficient  to  suppress  the  reaction  and 
only  primary  effects  appear. 

At  this  stage  of  our  studies,  the  subject  can  perhaps  be  best  illustrated  by  referring, 
not  to  the  disputed  action  of  drugs,  but  to  the  known  and  aclvnowledged  effects  of  heat 
and  cold  upon  the  blood  vessels.  Intense  or  prolonged  application  of  cold  causes  con- 
striction of  the  vessels;  prolonged  application  of  moderate  heat  causes  relaxation  of  the 
vessels.    These  are  the  characteristic  and  primary  effects  of  the  respective  temperatures. 

"When,  however,  the  application  of  cold  is  transient,  the  constriction  of  the  vessels  is 
likewise  transient;  and  the  physiologic  readjustment,  passing  beyond  the  point  necessary 
to  overcome  this  transient  constriction,  is  manifested  as  a  tonic  dilatation,  with  increased 
warmth  in  consequence.  This  is  the  secondary  action.  So,  too,  when  the  application  of 
moderate  heat  is  transient,  the  primary  dilatation  passes  away  and  the  tonic  constriction 
of  physiologic  readjustment  is  manifested  as  a  secondary  effect. 

It  is  sometimes  said  that,  although  a  nitrite  in  full  dose  will  induce  relaxation  of 
the  blood  vessels,  the  vasodilatation  is  a  secondary  effect  of  the  drug;  the  primary 
influence,  according  to  this  view,  being  one  of  constriction,  which  can  be  brought  about 
by  the  use  of  very  minute  doses.  Clinically  we  have  not  been  able  to  verify  this  assertion; 
even  the  most  minute  doses  which  produce  any  appreciable  effect  being  followed  in  our 
observation,  by  dilatation.  Assuming,  however,  purely  for  the  sake  of  discussion,  that 
there  is  a  dose  sufficient  to  act  and  yet  sufficiently  minute  to  induce  constriction,  such 
effect  would,  according  to  our  definition,  be  secondary.  It  would  be  the  physiologic  reac- 
tion overcoming  the  feeble  primary  dilatation.  This  hypothetical  nitrite  effect  is  exactly 
paralleled  by  the  effect  of  moderate  heat. 

Perhaps  no  better  pharmacodynamic  example  of  the  relation  between  primary  and 
secondary  actions  could  be  cited  than  is  seen  in  the  emetic  and  antemetic  action  of 
ipecac.  If  a  full  dose  of  ipecac  be  given  it  will  induce  vomiting.  Emesis,  therefore,  is 
its  true  physiologic  manifestation,  the  primary  effect.  If,  however,  a  very  small  dose  be 
given,  no  vomiting  nor  even  nausea  will  result,  but  pathologic  vomiting  may,  in  some 
cases,  be  thus  controlled.  Presumably,  the  cells  of  the  vomiting  center  were  sufficiently 
stimulated  to  respond,  but  the  response  was  not  strong  enough  to  result  in  the  discharge 
of  a  motor  impulse.  It  was,  however,  strong  enough  to  induce  a  contrary  reaction,  or, 
as  we  term  it,  a  secondary  effect;  and  in  the  therapeutic  instance  cited  this  effect  be- 
comes sufficient  to  antagonize  successfully  the  morbid  emetogenic  impulses.  Similarly, 
minute  doses  of  pilocarpine  may  be  used  to  overcome,  by  secondary  effect,  certain  forms 
of  salivation  and  of  morbid  sweating.  The  primary  effect  of  the  drug  in  decided  doses 
is  to  produce  these  symptoms. 

The  view  here  taken  of  the  "contrary  actions"  of  drugs  and  other  remedial  measures 
under  different  circumstances  and  methods  of  use,  supplies  at  least  a  plausible  working 
hypothesis,  which  includes  all  the  known  facts  and  is  frequently  justified  by  the  success 
of  its  clinical  applications.  The  student  is  advised  to  consider  it  carefully;  remember- 
ing, however,  that  it  does  not  afford  an  infallible  and  invariable  "rule  of  practice,"  but 


^  As  pointed  out  later  under  Dosage,  the  terms  large  and  small  in  this  connec- 
tion do  not  refer  to  any  fixed  amount,  but  to  a  quantity  relative  to  the  activity  of  the 
special  drug. 
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points  only  to  one  of  the  many  ways  in  which  functions  may  be  modified  by  drug  in- 
fluence to  the  benefit — or  detriment — of  the  sicli. 

To  repeat :  The  priinarj/  effect  of  a  drug  is  its  domiuant  action — that  Avhich 
characterizes  it  when  given  in  full  dose.  It  is  the  original  and  essential  drug 
influence  upon  the  tissue.  The  secondary  effect  ^^  is  that  which  follows  in  reaction 
against  the  original  disturbance;  and  it  is  manifest  as  the  chief  effect  only  when 
the  dose  is  so  small,  or  its  action  so  transient,  that  the  primary  influence  is  fleeting 
or  inappreciable. 

It  is  quite  probable  that  the  homeopathic  ''provings"  of  certain  drugs  upon 
healthy  persons  induce  secondary  effects,  although  in  disease,  owing  to  lowered 
resistance,  primary  effects  would  follow.  In  certain  other  instances,  primary  effects 
may  be  induced  in  normal  individuals,  although,  owing  to  the  morbid  changes  in 
certain  organs  and  tissues,  secondary  effects  would  be  more  rapidly  elicited  in  dis- 
ease. This  may  account  for  some  of  the  observations  on  which  a  mistaken  "rule  of 
practice"  has  been  built.  At  all  events,  the  subject  is  worthy  of  investigation.  Cer- 
tain it  is  that  drug  influence  is  modified  by  the  presence  of  disease  in  many  ways 
inexplicable  upon  available  data. 

Therapeutic  Utilization  of  Primary  and  Secondary  Effects. — Both  pri- 
mary and  secondary  effects  are  availed  of  both  for  the  physicochemical  and  the 
physiologic  action  of  drugs. 

Primnry  physicochemical  actions  and  morphologic  actions  are  utilized  for 
the  destruction  of  tissues,  as  with  caustics,  and  in  the  shrinking  of  tissues  and 
checking  of  bleeding  by  astringents.  The  various  destructive  uses  of  Roentgen 
ray  *"  and  of  radioactive  drugs  are  also  illustrative. 

Secondary  physlcocliemical  actions  are  utilized  chiefly  for  the  stimulation 
of  repair,  which  will  follow  the  proper  use  of  destructive  agents.  The  applica- 
tion of  caustics  to  the  edge  of  indolent  ulcers  is  a  typical  example  of  such  use. 

The  selective  destruction  of  morbidity  altered  cells  may  at  times  be  brought 
about  with  certain  medicaments  as  arsenic  and  mercury,  and  the  regenerative 
process  following,  in  repair  of  the  destruction,  may  improve  the  condition  of  the 
organ  involved. 

Primary  physiologic  actions  give  the  chief  method  of  utilizing  medicaments. 
Almost  all  of  the  drugs  classed  as  "Function  Modiflers"  in  Part  II  are  employed 
for  their  primary  physiologic  effects.  For  such  effects  the  drug  should  commonly 
be  given  in  full  dose. 

Secondary  physiologic  actions  are  shown  by  the  same  drugs  as  those  used 
for  their  primary  actions,  but  are  much  less  often  availed  of.  Eeactions  of  this 
nature  are  perhaps  most  often  useful  with  drugs  acting  on  the  digestive  tract  and 
on  the  nerve  system.  We  may  cite  as  examples  the  antemetic  action  of  ipecac,  the 
constipating  action  of  castor  oil,  the  stimulant  action  of  morphine,  the  anhydrotic 
action  of  pilocarpine,  and  the  sedative  action  of  atro])ine.  Commonly  (castor  oil 
being  the  exception  among  those  cited),  the  drug  is  given  in  doses  relatively  so 
small  that  they  do  not  produce  any  apparent  primary  effect.  This  method  may  be 
termed  appositional  stimulation. 

"The  term  secondary  effect  has  also  been  misapplied  in  other  ways  which  are  dis- 
cussed in  connection  with  the  range  of  inffu.fnce  of  drugs  with  mediate,  reflex  and 
sequential  effects:   and  with  chemical  transformations. 

■*  The  stimulant  uses  of  Roentgen  rays  and  the  radioactive  drugs  illustrate  the  same 
principle;  and  their  lamentable  effects  in  the  production  of  epithelial  overgrowth, 
through  which  so  many  pioneer  investigators — Kassabian,  Leonard  and  others — have  lost 
limb  and  life,  emphasize  the  dangers  of  repeated  stimulation  in  this  manner. 
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MODALITIES  OF  DRUG  INFLUENCE 

Drugs  may  exert  ])liysico(lu'mical  or  physiologic  iiifluoncc  in  one  or  both  of 
two  ways:  (a)  Through  alteration  in  the  cell  environment  {cxtra<:clluJar  reac- 
tion),    (b)     Through  alteration  in  the  cell-substance  {iniracellular  reaction). 

Extracellular  Reaction. — Alterations  of  cell  environment  are  of  many  kinds 
and  their  infhu'iue  dillVrs  accordingly. 

While  some  bring  about  gross  structural  changes  in  the  tissues  and  others 
provoke  what  we  have  termed  borderland  effects,  still  others  may  induce  recognizable 
modifications  of  function. 

In  this  mode  of  drug  influence;,  however,  the  action  of  tlie  medicament  is 
largely — at  times  wholly — indirect.  The  cells  react  to  the  factors  of  their  environ- 
ment, as  altered  by  the  presence  of  the  medicament — not  to  the  medicament  per  se. 

Except  within  certain  narrow  limits,  any  change  of  the  temperature,  specific  gravity, 
osmotic  pressure,  electric  charge,  chemical  constitution,  H-ion  concentration  or  other 
physical  or  chemical  characteristic  of  a  medium  will  affect  living  cells  therein  con- 
tained. The  change  may  be  beneficial  or  injurious;  the  result  may  be  prompt  or  delayed. 
The  late  effect  may  differ  from  the  early  effect.  In  any  event,  there  will  be  brought  to 
bear  upon  the  cell  a  disturbing  factor  and  according  to  the  character*  of  the  response 
excited  in  the  living  substance  will  the  cell  be  harmed  or  benefited. 

Refrigeration  suspends  and  boiling  abolishes  the  vital  activity  of  microbes,  which, 
however,  proceeds  more  or  less  energetically  at  favorable  temperatures  between  these 
extremes. 

Cultivation  of  pathogenic  germs  in  the  laboratory  affords  many  examples  of  the 
ways  in  which  growth  may  be  increased,  inhibited  or  modified,  and  certain  functional 
activities,  such  as  virulence  or  the  production  of  toxin  or  pigment,  be  controlled  at  will 
by  changes  in  the  composition  of  the  culture  medium  or  of  other  factors  in  the  environ- 
ment. Certain  microiirganisms,  as  the  bacilli  of  tetanus,  die  when  exposed  to  air  or 
when  oxygen  is  introduced  into  the  culture  medium;  others,  as  tubercle  bacilli,  die  when 
oxygen  is  excluded.  Some  bacteria  thrive  best  in  alkaline,  others  in  neutral,  others  in 
acid  media.  Many  forms  may  by  gradual  change  be  brought  to  tolerate  an  increase  or 
diminution  of  oxygen  or  of  alkalinity  or  acidity,  but  a  sudden  or  decided  alteration 
most  often  proves  fatal. 

Sometimes  this  environmental  action  is  of  a  purely  passive  or  mechanical  order. 
Thus  adhesion  of  a  drug  to  the  surface  of  a  cell  may  protect  it,  on  the  one  hand,  from 
contact  with  some  harmful  agent;  or  on  the  other  hand,  may  prevent  its  access  to  some 
substance  necessary  to  nutrition.  Changes  in  the  viscosity  of  the  blood  plasma  brought 
about  by  addition  of  certain  substances,  affect  its  flow  in  the  vessels  and  thereby  produce 
indirect  changes  in  various  functions. 

More  often,  however,  there  is  a  borderland  influence;  chemical  or  physical  action 
and  reaction  altering  the  exchanges  between  the  cell  and  the  surrounding  medium.  Thus 
red  blood  cells  "lake"  in  distilled  water  and  shrink  in  highly  concentrated  salt  solutions; 
but  may  be  preserved  for  several  hours  in  a  salt  solution  isotonic  with  blood  plasma. 

Sometimes  an  environmental  change  acts  by  purveying  to  a  cell  a  needed  or  noxious 
stimulating  or  depressing  substance.  Among  physiologic  adjustments  that  apparently 
depend  upon  this  sort  of  borderland  change  in  the  environment  may  be  cited  the  varying 
activity  of  the  respiratory  center  in  accordance  with  the  increase  or  decrease  of  carboa 
dioxide  tension   (practically,  H-ion  concentration)   in  the  blood. 

A  still  more  striking  example  of  the  normal  physiologic  influence  of  increased  H-ion 
concentration  is  the  greater  diastolic  relaxation  of  the  cardiac  ventricles,  with  conse- 
quent increase  of  capacity— hence  greater  intake  and  output  of  blood — that  is  brought 
about  through  rise  of  CO,  tension  in  the  blood.  That  the  effect  is  owing  to  H-ion  con- 
centration and  not  to  the  influence  of  CO^  per  se  is  shown  by  the  production  of  like 
relaxation  between  beats  and  like  increase  of  efficiency,  in  perfusion  experiments  with 
a  heart-lung  preparation  when  weak  non-volatile  acids  are  added  to  the  perfusion  liquid. 

It  is  thus  evident  that  the  vital  activities  of  cells  may  be  modified  indirectly,  through 
alterations  of  their  environment  by  the  use  of  drugs;  and  this  not  only  by  direct  applica* 
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tions  to  accessible  surfaces,  but  also  within  the  interior  of  the  body,  through  the  intro- 
duction of  medicaments  into  the  blood  and  lymph  stream. 

Intracellular  Reactions. — Intracellular  reactions  following  the  incidence  of 
drugs  are  complex  and,  as  yet,  in  many  respects  obscure.  For  their  development 
mere  mechanical  contact  does  not  suffice;  the  drug  molecule  must  enter  the  cell  or 
form  some  sort  of  intimate — if  loose  and  temporary — connection  with  its  external 
surface.  The  possibility,  and  the  result,  of  such  penetration  or  external  modifica- 
tion, depend  on  conditions  only  partially  known.  Of  the  known  conditions,  and 
probably  of  the  unknown,  some  pertain  to  the  tissue  element  and  some  to  the 
medicament.  Known  conditions  differ  with  regard  to  different  tissues,  different 
agents  and  even  different  individuals. 

Mineral  acids,  for  example,  bring  about  chemical  disintegration  of  protoplasm, 
whether  it  be  living  or  dead;  arsenious  acid  mummifies  dead  tissue,  but  exerts  disruptive 
Influence  upon  living  tissue  only.  In  the  living  body,  hydrochloric  acid,  potassium 
hydroxide  or  silver  nitrate  will  affect  both  the  intact  skin  and  the  mucous  membranes; 
while  a  weak  solution  of  arsenious  acid  will  have  no  effect  upon  the  epidermis,  but  will 
attack  the  mucous  surfaces  or  the  denuded  cutis.  Ipecac,  as  a  rule,  develops  physiologic 
effects  only  after  it  has  been  absorbed  into  the  blood  and  is  thus  carried  to  the  cells 
amenable  to  its  specific  influence;  but  some  persons  are  thrown  into  asthmatic  paroxysms 
by  handling  it,  or  even  entering  a  room  in  which  it  is  exposed  to  the  air — probably 
through  inhalation  of  its  dust  or  of  some  subtle  emanation  appreciable  only  by  their 
specially  sensitive  respiratory  apparatus. 

The  conditions  governing  intracellular  reaction  to  drug  influence  may  be  variously 
combined;  and  the  results  will  vary  accordingly.  Hence  caution  is  to  be  observed  in  the 
interpretation  of  pharmacologic  observations,  whether  in  the  laboratory  or  at  the  bedside. 

Utilization  of  Intracellular  and  Environmental  Effects. — The  environmental 
effects  of  drugs  are  utilized  in  medicine  chiefly  for  the  following  objects: 

1.  The  mechanical  protection  of  injured  or  inflamed  tissues  by  exclusion  of 
irritating  and  destructive  contacts  and  by  provision  of  the  physical  conditions 
necessary  to  comfort  and  repair. 

2.  The  removal,  inhibition  and  destruction  of  pathogenic  microbes  and 
parasites. 

3.  The  neutralization  of  toxins  and  other  poisons  by  antidotes. 

4.  The  alteration  of  the  alkalinity  or  acidity  of  the  body  fluids,  including  the 
secretions,  and  of  the  contents  of  the  alimentary  canal,  and  the  supply  of  digestive 
ferments  and  other  secretions  which  may  be  deficient. 

5.  The  modification  of  the  inspired  air. 

Some  of  the  agents  thus  employed,  especially  those  acting  as  antiseptics, 
parasiticides  and  antidotes,  have  also  other  important  pharmacodynamic  influences 
and  are  therefore  studied  in  several  connections.  Moreover,  changes  internal  to 
one  part  of  the  organism  may  be  environmental  to  another.  Thus,  here  as  else- 
where we  find  the  absence  in  nature  of  the  sharp  distinctions  necessarily  made  in 
studying  nature. 

The  intracellular  effects  of  drugs  are  utilized  for  provocation  of  growth  or 
repair  promotion  and  modification  of  general  and  special  nutrition;  and  modifica- 
tion (exaltation  or  depression)  of  special  function.  Thus  they  include  almost  the 
entire  range  of  pharmacotherapeutics.  The  action  of  antipathogens  is  commonly 
intracellular  to  the  parasite,  although  not  to  the  cells  of  the  host.  Both  alterations 
of  structure  and  modifications  of  function  are  likely  to  be  the  result  of  intracellular 
effects;  the  latter  almost  always  are  such. 
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RESPONSES  TO  DRUG  INFLUENCE 

Modification  of  Function  by  Drugs. — The  runctioiis  alTected  by  drugs  may 
be  (a)  the  general  iiiiictions  coiniuon  to  all  living  cells — the  processes  of  nutrition 
and  reproduction;  or  they  may  be  (b)  the  specific  functions  peculiar  to  the  spe- 
cialized tissue  element.  In  either  event,  the  modification  is  quantitative,  not 
qualitative.  It  may  be  manifested  in  time,  in  degree,  or  in  both.  Functional 
activity  is  hastened  or  retarded,  increaseil  or  diminished;  but  it  is  not  altered  in 
kind.  Muscle  fiber  may  be  prevented  from  contracting,  or  made  to  contract  more 
vigorously,  but  it  cannot  be  induced  to  convey  sensory  impressions.  Kidney  cells 
may  be  provoked  to  more  rapid  eliminative  action,  or  their  output  in  a  given  time 
be  lessened ;  but  they  cannot  be  made  to  secrete  milk. 

Certain  nutritive,  and  especially  degenerative  changes,  occurring  in  cells  imder 
drug  influence  offer  an  apparent  exception  to  this  rule;  but  it  is  apparent  only. 
The  result  of  functional  activity  undergoes  a  qualitative  alteration,  but  not  the 
functional  action  itself.  Thus,  the  kidney  may  excrete  albumin  or  sugar,  which 
normally  do  not  pass  through  it;  but  the  action  is  eliminative  in  character  and  the 
fluid  containing  the  abnormal  substance  is  still  urine. 

Whether  nutritional  activity  or  special  function  be  modified,  its  increase  is 
commonly  termed  stimulation,  and  its  decrease,  depression. 

The  influence  of  drugs  u])on  the  nutrition  of  cells,  however,  is  manifested  not 
only  by  increase  or  decrease,  but  also,  at  times,  by  perversion,  resulting  in  degener- 
ative changes,  and  by  that  little-understood,  but  nevertheless  real  influence  spoken 
of  as  alterative,  through  which  tissue  which  has  undergone  morbid  change  is  re- 
stored more  or  less  completely  to  its  normal  condition.  When  the  resolution  of 
inflammations  and  the  resorption  of  transudates  and  exudates  is  brought  about, 
the  effect  is  said  to  be  resolvent  or  sorbifacient.  These  various  tissue  alterations 
differ  from  the  gross  changes  produced  by  protoplasm  poisons  in  that  they  are  of 
a  vital,  rather  than  a  merely  ])hysicochemical  character. 

The  increase  of  a  specialized  function  under  drug  influence  is  sometimes  termed 
exaltation  or  activation,  and  its  diminution,  sedation.  These  designations  are  jjer- 
haps  preferable  to  stimulation  and  depression,  but  any  one  of  them  is  understand- 
able. 

When  the  function  exalted  is  latent  in  the  tissue  elements  affected,  although 
not  commonly  manifested  under  normal  conditions,  we  may  speak  of  its  revival  or 
resumption  or  of  the  reversion  of  the  tissue.  Thus,  sympathetic  nerve  fibers  may, 
under  certain  pathologic  conditions,  transmit  pain-sensation,  and  the  sweat  glands 
may  excrete  urea. 

When  the  primary  influence  of  a  drug  is  to  depress,  the  depression  may  be 
preceded  by  an  apparent  exaltation  Avhich  is  in  reality  a  secondary  effect  of  the 
small  quantity  of  the  drug  first  acting.  This  precedent  exaltation  is  not  always 
manifest.  When  a  drug  exalts  primarily  there  is  a})parently  no  precedent 
depression. 

^^^len  we  turn  from  the  cell  {tissue  element)  or  organ  (tissue  aggi'egate)  to 
the  organism  as  a  whole,  we  may  also  speak  of  the  excitation  and  inhibition  of 
special  functions.  These  expressions,  however,  need  to  l)e  scrutinized  closely.  Be- 
tween "excitation"  and  "exaltation"  on  the  one  hand,  as  between  "depression"  and 
"inhibition"  on  the  other,  there  is  an  important  distinction  which  must  especially 
be  kept  in  mind  in  considering  the  effect  of  drug  action  upon  the  exercise  or  with- 
drawal of  inhibitory  function.    Any  increase  in  the  functional  activity  of  an  organ 
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is  an  exaltation,  but  not  every  exaltation  is  the  result  of  direct  excitation.  Any 
decrease  in  the  functional  activity  of  an  organ  is  a  depression,  but  every  depression 
is  not  an  inhibition. 

Every  special  function  is  controlled  by  two  sets  of  nerve  impulses,  one  set 
tending  to  increase  activity,  the  other  to  lessen  it.  The  former  are  called  exciting 
or  acceleraior  impulses ;  the  latter,  inhibitory  impulses. 

Increase  of  function,  therefore,  may  result  from  activation  of  the  excitor 
mechanisms  as  well  as  from  direct  stimulation  of  the  cells  whose  special  function  is 
exalted. 

Conversely,  lessening  of  function  may  result  either  from  activation  of  the 
inhibitory  mechanisms  or  from  sedation  of  the  excitor  mechanisms,  as  well  as  from 
action  upon  the  functionating  tissue  itself. 

Thus,  stimulation  of  the  accelerator  center  or  nerve  exalts  the  heart  action, 
while  stimulation  of  the  vagus  center  or  nerve  depresses  it.  Sedation  of  the  nervous 
mechanism  has  an  opposite  effect,  accelerator  sedation  depressing,  and  vagus  seda- 
tion exalting,  the  rate  and  force  of  the  cardiac  contractions. 

Inhibition  of  function  is  thus  seen  to  depend  upon  excitation  of  a  special  nerve 
mechanism  and  not  to  partake  of  the  nature  of  a  paralysis ;  while  exaltation  of  func- 
tion may  not  indicate  excitation,  direct  or  indirect,  but  merely  the  withdrawal  of 
inhibitory  influence. 

Inhibition,  then,  is  itself  a  special  function  exercised  upon  other  functions  and 
may  be  depressed  or  exalted  by  drug  influence,  with  contrary  result  upon  the  func- 
tion regulated.  The  important  bearing  of  this  fact  will  be  further  seen  in  the 
discussion  of  immediate  and  mediate  actions,  in  connection  with  drug  influence 
upon  the  body  as  a  whole. 

Function  may  cease  under  drug  influence,  temporarily  or  permanently.  Such 
suspension  or  extinction  may  result  from  depression  of  sufficient  degree  or  from 
exhaustion  or  fatigue  following  activity. 

Diminution  or  cessation  of  function  owing  to  exhaustion  or  fatigue  must  be 
distinguished  from  that  which  depends  on  the  primary  influence  of  the  drug,  not- 
withstanding the  fact  that  both  forms  are  commonly  preceded  by  excitation. 

Either  form  of  cessation  may  affect  specialized  function  only ;  or  this  first,  and 
nutritive  function  later.  When  nutritive  function  ceases  primarily,  specific  func- 
tion necessarily  disappears. 

The  extinction  of  specific  function  is  paralysis;  that  of  nutritive  function  is 
deatli. 

Such  modifications  of  general  or  specialized  function,  ranging  from  exaltation 
or  depression  to  paralysis  and  death,  may  justifiably  be  discussed  as  "effects"  of 
drugs;  but  only  when  we  recognize  that  these  effects  depend  essentially  upon  the 
properties  of  the  living  tissues  and  are  "caused"  by  the  drug  only  as  a  player 
^''causes"  the  peculiar  qualities  of  the  music  of  his  instrument. 

Thus  medicaments  so  diverse  in  physical  and  chemical  qualities  as  mercury  and 
pilocarpine  excite  the  salivary  glands  to  increased  secretion;  potassium  acetate  and 
caffeine  alike  exert  a  diuretic  influence  on  the  renal  epithelium;  arsenic  and  phosphorus 
induce  the  same  kind  of  nutritive  perversion  (fatty  degeneration)  in  the  cells  of  the 
hepatic  parenchyma;  while  the  agents  which  by  their  irritant  qualities  provoke  conges- 
tions and  transitory  inflammations,  include  substances  so  unlike  as  iodine,  turpentine, 
abrin  and  various  alkaloids. 

Identity  of  results  does  not,  however,  characterize  the  influence  of  all  medicaments. 
Were  this  so,  treatises  on  materia  medica  and  therapeutics  would  be  superfluous.  We 
have  just  cited  a  number  of  imlike  reactions,  each  of  which  may  be  provoked  by  one 
of  several  agents,  but  all  of  which  are  not  provoked  by  any  one  agent.     Since  the  effects 
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of  drugs  thus  differ,  it  is  necessary  to  discriminate  among  them  carefully;  and  since 
they  are  all  disturbances  of  the  normal  order,  they  may  justly  be  compared  with  the 
phenomena  of  disease.  Thus,  as  the  pathologist  and  the  diagnostician  speak  of  the 
"lesions"  and  "symptoms"  of  diphtheria  and  of  typhoid  fever,  so  the  pharmacologist 
speaks  of  the  "lesions"  and  "symptoms"  of  arsenic  and  quinine. 

As,  moreover,  the  phenomena  of  intoxication  with  the  diphtheria  poison  or  with  the 
typhoid  poison  are  in  part  disturbances  of  derangement  and  in  part  disturbances  of 
restoration,  so,  too,  the  phenomena  of  intoxication  with  arsenic  or  with  quinine  are  in 
part  interferences  and  in  part  restorative  reactions — i.e.,  primary  effects  and  secondary 
effects.  Interference  and  restoration  are  commonly  simpler  in  the  case  of  the  drug 
than  in  the  case  of  the  toxin,  but  this  is  a  question  of  detail,  rather  than  of  principle. 

Therapeutic  Utilization  of  Exaltation  and  Depk^ssion. — Exalialwiv 
of  nutrition-  is  utilized  in  therapeutics  in  two  forms.  First;,  the  heighteninfr  of 
general  nutrition,  and  second,  the  heightening  of  the  nutrition  of  special  tissues 
and  organs.  It  is  a  noteworthy  fact  that  the  dormant  nutritional  im])ulse  is  fre- 
quently reawakened  when  some  constituent  of  the  tissues  or  cells  is  olfered  in  an 
unusual  form  or  in  excess.  Thus,  the  deposition  of  fat  may  he  favored  by  very 
inconsiderable  amounts  of  cod-liver  oil,  even  if  the  diet  already  contains  sufficient 
fatty  matters.  Deficient  growth  of  bone  is  increased  in  some  instances  by  adding 
an  excess  of  lime  or  of  phosphorus  to  a  diet  which  api>ears  to  contain  a  sufficiency 
of  these  substances.  The  nutrition  of  the  thyroid  gland  and  of  the  blood  may  be 
exalted  in  like  manner  by  an  excess  of  iodine  and  of  iron,  respectively.  The  action 
of  vitamins  is  a  noteworthy  example  of  this  form  of  therapy. 

Depression  of  nutrition  is  not  often  attempted  by  drug  action.  The  effect  of 
certain  agents  used  in  the  treatment  of  obesity  might  seem  to  exemplify  it,  but  in 
reality  they  increase  tissue  waste  and  thus  actually  exalt  metabolic  activity. 

Exaltation  and  depn'ssion-  of  special  function-  are  so  closely  associated  in  the 
complex  action  of  most  drugs  that  it  is  not  easy  to  distinguish  between  them  and 
in  therapeutics  no  attempt  is  made  ordinarily  to  do  so.  ^^'e  note  of  course  whether 
a  drug  increases  or  reduces  the  function  of  any  organ,  but  wdiether  it  does  so  by 
direct  excitation  or  by  sedation  of  inhibitory  influences,  is  commonly  of  little 
importance  in  clinical  medicine.  x\lmost  all  drugs  are  used  to  exalt,  depress  or 
modify  function,  and  as  most  drugs  exalt  some  functions  and  depress  others,  it  is 
almost  impossible  to  lay  down  any  generalizations  in  regard  to  the  therapeutic 
use  of  their  complex  actions. 


RANGE  OF  DRUG  INFLUENCE 

General  and  Selective  Actions. — It  cannot  be  repeated  too  often  that  there 
are  two  agents  concerned  in  the  medicinal  and  toxic  ett'ects  of  drugs — the  drug  and 
the  living  cell.  This  truth  demands  special  emphasis  in  relation  with  the  particular 
aspects  of  the  influence  of  drugs  upon  tissue  that  are  now  to  be  considered. 

While  the  number  and  character  of  the  possible  responses  of  tissue  elements  to 
drug  influence  are  limited  by  the  constitution  and  properties  of  the  special  cells 
affected,  there  is  also  something  in  the  constitution  and  properties  of  the  particular 
agent  employed  that  determines  which  cells  it  shall  atfect  and  what  response  it 
shall  elicit.  In  other  words,  there  is  a  factor  of  reciprocal  influence,  general  or 
elective,  depending  aj)])arently  upon  drug  and  tissue  affinities. ■*' 

"Concerning  the  intimate  relations  expressed  by  this  vague  term,  we  have  at  present 
but  scanty  information;  and  systematic  discussion  is  impossible.  Concerning  the  actual 
elective  affinities  manifested  by  individual  drugs  and  tissues  and  their  practical  results, 
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General  Effects. — Some  drugs  affect  all  forms  of  living  substance  and  in  vir- 
tually the  same  manner — ^their  action  is  general.  These  are  the  agents  termed 
protoplasm  poisons;  and  we  have  sufficiently  discussed  their  effects  upon  tissue 
under  the  head  of  physicochemical  influence. 

Selective  Action. — Some  drugs  affect  only,  or  chiefly,  certain  tissue  elements, 
exciting  a  physiologic  response  and  thus  modifying  function.  They  are  said  to 
exert  a  specific  or  selective  influence/"  or,  as  it  is  frequently  termed,  an  elective 
action. 

The  distinction  thus  drawn  between  general  and  specific  (or  elective)  influence 
is  often  misunderstood.  It  might  at  first  glance  appear  to  be  strictly  parallel  with 
the  differentiation  between  influence  on  general  function  and  influence  on  special 
function.  But  this  is  not  the  case.  It  is  a  discrimination  among  medicaments 
as  to  the  i-ange  of  their  influence  upon  the  anatomic  elements  of  the  body. 
Whether  an  agent  has  general  influence  or  a  wider  or  narrower  elective  influence, 
it  must,  in  affecting  any  tissue,  necessarily  modify  either  nutritive  or  specialized 
function,  and  may  modify  both. 

The  elective  influence  of  a  drug  depends  primarily  upon  interaction  between 
the  medicament  and  the  special  tissue  concerned.  It  is  a  mutual  electivity  of  tissue 
for  drug  and  of  drug  for  tissue,  and  is  thus  an  expression  of  the  physical  and  chemi- 
cal relations  existing  between  them.  It  may  be  manifested  by  (nutritional)  tissue 
alterations  in  cells  of  a  certain  type — as  epithelia  in  the  case  of  arsenic,  lymphoid 
cells  in  the  case  of  iodine — or  by  modification  of  the  special  functions  of  cells  and 
organs.  Also  in  modifying  function,  the  elective  influence  of  a  given  agent  may 
be  shown  by  the  evocation  of  like  reactions  in  a  certain  type  of  cells  found  in  dif- 
ferent organs  and  anatomic  systems;  as,  for  example,  ergot  induces  contraction  of 
unstriped  fiber  in  the  circulatory  apparatus  as  well  as  in  the  uterus. 

On  the  other  hand,  an  elective  agent  that  exalts  the  functions  of  one  tissue  or 
organ  may  depress  those  of  another;  thus  atropine  activates  the  respiratory  center 
but  sedates  the  vagus  center.  In  addition,  there  are  marked  differences  in  the 
relative  sensitiveness  of  different  tissues  to  the  same  drug,  and  of  the  same  tissues 
to  different  drugs. 

Electivity,  however,  does  not  imply  exclusiveness,  either  as  to  medicament  or  as 
to  tissue.  An  agent  affects  a  certain  tissue  element  first  or  in  greatest  degree,  but 
no  class  of  cells  responds  to  but  one  drug;  and  no  drvig  affects  one  tissue  element 
only.  To  every  agent  there  is  a  more  or  less  definite  range  of  influence  depending 
— other  things  being  equal — upon  the  quantity  used  and  the  time  for  which  its  use 
is  continued;  but  in  sufficient  quantity,  under  experimental  conditions,  most  drugs 
will  influence  all  the  tissues.  Clinically  this  universal  influence  is  not  developed, 
for  two  reasons;  first,  that  only  certain  effects  are  desired,  and  the  dosage  is  regu- 
lated accordingly;  second,  that  the  dose  necessary  to  affect  all  tissue  elements 
would  exert  so  profound  an  influence  upon  the  elective  tissues  that  the  indirect 
effects  on  other  tissues  would  be  greater  than  the  direct.  Moreover,  such  pro- 
found effects  would  probably  kill  the  elective  tissues  either  by  intensity  of  reaction 
or  by  exhaustion. 

It  is  often  necessary,  however,  in  order  to  obtain  a  certain  desired  effect  of  a  given 
agent,  to  develop — eitlier  on  the  way  to  that  effect,  or  beyond  it — other  effects  not  desired, 
or  even  objectionable.    Thus  with  opium,  diarrhea  may  be  arrested  with  a  dose  that  will 

we  have  an  enormous  mass  of  information,  the  fruit  in  part  of  clinical  observation,  and 
in  part  of  laboratory  studies.    This  information  is  given  in  detail  in  Part  II  of  this  work, 
in  the  discussion  of  drugs  and  drug  groups,  under  Pharmacodynamic  Action. 
*^  We  use  the  two  terms — selective  and  elective — indifferently. 
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not  produce  sleep;  but  in  order  to  induce  sleep,  a  constipating  dose  must  commonly  be 
given.  To  relieve  the  joint  pains  of  acute  rheumatic  fever  with  sodium  salicylate,  one 
must  frequently  give  a  dose  that  will  cause  ringing  in  the  ears.  In  these  instances  the 
objectionable  effect  must  be  reached  on  the  way  to  the  one  sought. 

Nasal  secretions  may  ordinarily  be  arrested  with  doses  of  atropine  that  do  not  affect 
the  eye,  or  which  bring  about  but  slight  dilatation  of  the  pupil;  but  in  some  cases  it  is 
necessary  to  use  the  drug  in  sufficient  quantity  to  paralyze  the  accommodation.  Digitalis 
may  slow  and  steady  the  heart  without  disturbing  the  stomach;  but  too  frequently  its 
continued  use,  or  an  indicated  single  dose,  even  by  hypodermic  injection,  will  set  up 
vomiting.  In  these  instances,  the  action  of  the  needful  doses  passes  beyond  the  effect 
desired.^'     Such   undesired   results  are  termed   by-effects  of  the   drug. 

As  wo  liave  already  seen,  specific  drug  effects  arc  strictly  UmUcd  to  increase 
or  diminution  of  the  liabitual  functions  of  an  organ,  or  the  revival  of  functions 
physiologically  latent  in  its  constitnont  cells,  of  which  latter  form  of  response  a 
striking  example  is  the  elimination  of  urea  by  the  skin,  that  sometimes  occurs  under 
the  influence  of  pilocarpine.  No  novel  function  is  imparted  originally  to  any  organ 
or  tissue,  directly  or  indirectly,  by  any  drtig. 

Withal  it  is  to  be  remembered  that  the  elective  action  of  drugs  is  not  mani- 
fested regarding  functions  in  themselves.  It  is  not,  for  example,  an  exaltation  or 
depression  of  digestive  activity,  or  respiratory  activity,  or  reflex  excitability  as  such, 
but  a  modification  of  the  normal  behavior  of  certain  types  of  cells — gland  cells, 
muscle  cells,  nerve  cells,  etc.  In  relation  to  nerve  cells  in  particular,  such  electivity 
may  be  so  highly  specialized  that  a  drug  will  affect  the  centers  in  preference  to 
trunks  or  peripheral  endings  (or  vice  versa) — as  illustrated  by  strychnine  on  the 
one  hand  and  curare  on  the  other;  motor  cells  rather  than  sensory  cells  (or  the 
reverse)  as  shown  by  atropine  or  aconite;  or  will  seek  out  the  nerve  mechanism 
governing  a  special  organ — as  strikingly  illustrated  by  the  action  of  digitalis  upon 
the  heart,  through  stimulation  of  the  vagus  inhibition. 

Pseudo-elective  and  Elective  Actions  of  Protoplasm  Poisons. — The  distinction 
between  protoplasm  poisons  and  elective  agents  is  not  so  sharp  as  the  foregoing 
discussion  might  seem  to  imply.  Drug  effects  apparently  specific  occur  under  the 
influence  of  protoplasm  poisons,  when  these  agents  are  used  in  such  manner  or  in 
such  quantity  as  to  avoid  overwhelming  the  tissues  by  their  destructive  action,  or 
exciting  an  irritative  response.  This  form  of  action,  termed  pseudo-elective  in- 
fluence, is  evidenced  more  particularly  by  agents  which  during  their  excretion 
affect  the  eliminative  organs  through  direct  action  upon  functional  cells.  Such  an 
effect,  when  of  the  nature  of  activation  (stimulation)  seems,  however,  to  be  only  an 
attenuated  irritation;  the  quantity  of  drug  active  at  a  given  time  and  place  being 
reduced  by  its  dilution  in  the  great  mass  of  the  blood. 

Thus,  for  example,  a  quantity  of  cantharides  that  would  raise  a  blister  if  applied  at 
once  upon  the  skin  excites  simply  an  increased  flow  of  urine,  as  it  reaches  the  renal 
epithelium  in  successive  portions,  highly  diluted,  after  internal  administration.  More- 
over, should  the  dose  be  increased  beyond  a  certain  point,  frank  irritation  would  result. 
The  effects  of  this  irritation  differ  from  the  cutaneous  effects  of  the  drug  only  as  the 
structure  and  function  of  the  kidney — and  therefore  its  possibilities  of  response — differ 
from  those  of  the  integument.  Facts  of  this  nature  suggest  that  the  influence  is  similar, 
if  not  the  same,  in  both  cases;  the  difference  being  in  degree  merely. 

"It  becomes  needful  to  point  out  a  common  but  incorrect  application  of  the  term 
"secondary  effect"  in  distinguishing  between  the  results  of  the  smaller  and  larger  doses. 
This  use  of  the  term,  however,  does  not  refer  to  contrary  modifications  of  function,  but 
to  a  difference  in  extent  of  influence.  A  certain  dose  of  a  given  drug  will  affect  certain 
tissues  and  their  functions;  a  larger  dose  will  affect  other  tissues  and  functions,  in  addi- 
tion. The  restricted  effect  is  sometimes  termed  "primary"  and  the  extended,  effect  "sec- 
ondary."    As  thus  stated,  the  error  in  terminology  is  obvious. 
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Certain  protoplasm  jioisoiis,  however,  appear  to  exert,  under  appropriate 
methods  of  administration  and  in  addition  to  their  general  and  pseudo-elective 
eft'eets,  what  seems  to  be  a  true  elective  influen(;e.  For  example,  arsenic  may  stimu- 
late the  secretion  of  the  gastric  juice,  and  chloroform  bring  about  general  anesthe- 
sia ;  and  yet  there  be  no  develo})ment  of  olivious  irritant  effects.  The  antipatho- 
genic  (chemotherapeutic)  influence  of  certain  protoplasm  poisons  is  also  elective 
as  to  specific  types  of  parasites;  but  this  is  apart  from  the  question  of  influence  on 
the  functions  of  the  host. 

Thus,  according  to  (a)  its  quantity,  (1))  its  conceMrntion  at  the  time  it  comes 
into  dynamic  contact  with  tlie  tissues,  and  (c)  the  manner  of  that  contact,  a  pro- 
toplasm poison  may  induce : 

(1)  Modification  of  special  function.**  (2)  Eeparative  alteration  of  nutri- 
tion in  certain  conditions  of  disease  and  with  certain  agents.  (3)  Irritation. 
(4)    Degenerative  alteration  of  nutrition. 

Sensitiveness  and  Susceptihility. — The  tissue  element  most  readily  affected  by 
a  drug  is  not  always  the  first  to  die  under  its  toxic  action.  Maurel  has  therefore 
drawn  an  important  distinction  between  sensitiveness  and  susceptibility,  terms 
commonly  used   interchangeably. 

Those  cells  whose  function  is  modified  by  the  smallest  quantity  of  a  given  agent 
he  terms  the  most  sensitive  to  its  influence ;  those  whose  functional  activity  ceases 
first,  he  terms  the  most  susceptible. 

"Two  orders  of  electivity  are  thus  to  be  distinguished:  (1)  sensitiveness,  which 
is  measured  by  time;  and  (2)  susceptibility,  which  is  measured  by  intensity  of 
effect,  irrespective  of  time." 

This  distinction  is  not  a  mere  pharmacologic  refinement,  but  is  of  high  clinical 
importance.  One  tissue  element  may  be  readily  influenced  by  a  certain  agent,  yet 
be  able  to  endure  without  injury  its  prolonged  use  in  large  quantities;  while  another 
class  of  cells  may  be  comparatively  insensitive  to  the  drug,  yet,  when  once  affected, 
succumb  quickly  to  its  i^oisonous  influence.  With  some  agents  the  most  sensitive 
and  the  most  susceptible  cells  are  the  same;  toward  others  the  two  types  of  elec- 
tivity are  shown  by  different  tissue  elements. 

The  various  tissues  exhibit  towards  any  therapeutic  or  toxic  agent  "a  definite 
order  of  sensitiveness  and  a  definite  order  of  susceptibility,  both  of  which  are  appar- 
ently constant  in  the  entire  series  of  vertebrates."  The  quantity  necessary  to 
influence  a  given  element  differs  very  much,  however,  in  the  different  species,  and 
this  difference  apparently  bears  no  relation  to  the  zoologic  rank  of  the  animal. 

No  anatomic  element  is  intrinsically  more  sensitive  or  more  susceptible  to 
therapeutic  and  toxic  agents  in  general,  than  any  other.  Any  one  of  them  may  be 
the  first  to  be  affected  or  the  first  to  die,  depending  altogether  upon  the  particular 
agent  employed  (Maurel). 

With  digitalis,  for  example,  the  element  first  affected  was  found  to  be  smooth  muscle, 
then  heart  fiber,  sensory  nerve,  motor  nerve,  striped  muscle  and  blood  cells.  With 
strophanthin  the  orders  of  sensitiveness  and  susceptibility  were  found  to  be  alike — 
heart  fiber,  sensory  nerve,  motor  nerve,  striped  muscle  fiber,  smooth  muscle  fiber,  red 
blood  cells  and  leucocytes.    For  mercury  both  orders  were  the  same  as  to  leucocyte,  red 

*^  As  a  rule,  however,  the  specific  modifications  of  function  utilized  in  therapeutics 
are  Induced — as  has  already  been  repeatedly  stated — by  the  use  of  agents  that  have  no 
obvious  general  action;  and  concerning  the  character  of  whose  physical  and  chemical 
effect  upon  the  cells  for  which  they  show  elective  affinity,  definite  statements  can 
rarely  be  made.  When  their  action  is  sufficiently  prolonged,  or  the  quantity  used  suffi- 
ciently great,  these  agents  also  bring  about — probably  by  exhaustion — the  death  of  the 
cells  affected. 
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blood  cell  and  cardiac  fiber;  after  which  were  affected  in  the  order  of  sensitiveness, 
sensory  nerve,  motor  nerve,  striped  muscle  and  smooth  muscle;  and  in  the  order  of 
susceptibility,  smooth  muscle,  sensory  nerve,  motor  nerve,  and  striped  muscle.  Ergotin 
influenced  the  tissue  elements  in  the  following  order,  both  as  to  sensitiveness  and  sus- 
ceptibility; smooth  muscle,  red  blood  cell,  sensory  nerve,  leucocyte  and  heart  muscle; 
very  little  difference,  however,  being  noted  after  the  red  cell  was  affected. 

The  clinical  study  of  chronic  intoxication  gives,  according  to  Maurel,  results  con- 
firmatory of  these  experimental  observations.  Thus,  the  order  of  toxicity  for  lead  is  red 
blood  cell,  smooth  fiber,  sensory  nerve,  motor  nerve,  striped  fiber,  heart  muscle,  leucocyte. 
Clinically,  the  first  sign  of  lead  poisoning,  if  sought  for,  is  anemia.  It  is  true  that  most 
cases  do  not  come  under  observation  until  the  motor  nerves  have  been  affected.  At  this 
time,  however,  there  is  always  a  marked  degree  of  destructive  effect  upon  the  red  cells, 
showing  that  the  process  has  been  long  continued.  The  leucocyte  is  extremely  resistant; 
thus  microbic  complications  are  rare  in  chronic  lead  poisoning,  the  phagocytic  and 
cytolytic  function  of  these  elements  not  being  interfered  with.  So,  too,  anemia  is  con- 
stant in  mercurialism;  but  there  the  leucocyte  is  early  affected  and  in  consequence  sec- 
ondary infections  are  common. 

'"The  importance  of  establishing  the  orders  of  sensitivity  and  of  susceptibility  for 
the  various  agents  is  evident  from  the  fact  that  it  is  impossible  to  influence  any  tissue 
element  without  at  the  same  time  affecting  those  that  precede  it  in  sensitiveness  or  in 
susceptibility,  and  the  cells  which  the  physician  desires  to  affect  may  not  be  those  which 
first  respond  to  the  influence  of  the  drug."  One  has  therefore  to  consider,  for  example, 
the  possibility  of  producing  a  toxic  effect  upon  heart  fiber  or  upon  the  vital  centers  in 
the  medulla,  before  influencing  sensory  nerve  or  cerebral  perceptive  center,  in  the  effort 
to  relieve  pain  with  antipyrine,  aconite,  veratrine  and  other  analgesics. 

"The  position  which  a  tissue  occupies  in  the  order  of  susceptibility  as  regards  a  given 
agent  is  of  consequence  in  proportion  to  its  functional  importance."  For  example,  the 
sensory  nerves  are  not  so  indispensable  to  the  continuance  of  life  as  is  the  heart  muscle; 
hence,  if  the  cardiac  fiber  be  an  early  element  of  election  in  susceptibility,  the  position  of 
the  sensory  nerve  elements  becomes  relatively  insignificant. 

The  toxic  influence  of  a  drug  upon  any  given  tissue  element  may  be  the  same  as  that 
which  is  utilized  therapeutically,  or  the  reverse.  Thus  digitalis,  strophanthin  and  tartar 
emetic  kill  the  cell  in  the  same  manner — that  is  to  say,  by  the  same  kind  of  influence — 
as  they  produce  therapeutic  effects. 

With  caffeine  and  sparteine  the  therapeutic  action  upon  the  tissue  element  differs 
from  the  toxic  action. 

From  the  foregoing  considerations  it  will  be  seen  that,  as  regards  the  organism 
as  a  whole,  "we  can  differentiate  between  therapeutic  reactions  to  elective  agents  in 
three  respects:  (1)  the  intensity  of  the  response  of  a  given  tissue  element;  (v)  the 
character  of  the  response;  (3)  the  special  tissue  elements  affected. 

1.  Drugs  may  thus  be  used  medicinally  to  produce  effects  which  if  pushed  fur- 
ther might  in  themselves  be  poisonous — the  distinction  is  one  of  degree  only. 

For  example,  both  aconite  and  digitalis — acting,  however,  in  different  manners 
— are  used  to  reduce  the  rapidity  of  the  heart's  action;  one  decreasing,  the  other 
increasing,  its  force.  But  in  either  case  the  same  effects  on  cardiac  nerve  and 
muscle,  continued  to  an  extreme,  might  threaten  or  even  destroy  life.  The  distinc- 
tion is  of  degree,  but  not  of  kind. 

2.  Or  drugs  may  be  used  to  produce  medicinal  effects  which  further  increase 
of  dosage  dangerously  reverses.  Thus,  atropine,  which  is  used  therapeutically  to 
stimulate  the  respiratory  center,  paralyzes  it  in  toxic  dose.  Cupper  arsenite,  which 
is  used  to  control  diarrhea,  causes  in  poisonous  doses,  both  purging  and  vomiting. 

3.  Or  drugs  may  be  used  to  improve  the  function  of  a  certain  tissue  or  organ, 
and  in  overdose  kill  by  effect  on  other  tissues  or  organs.  The  distinction  is  entirely 
one  of  kind.  Nux  vomica,  for  example,  is  often  prescribed  to  increase  appetite  and 
promote  the  secretion  of  gastric  juice;  but  the  danger  of  poisoning  hy  nux  vomica 
alkaloids  (strychnine  and  brucine)  lies  not  in  any  excess  or  reversal  of  their  action 
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on  the  gastric  glands,  but  from  heightening  of  the  reflex  sensibility  of  the  spinal 
cord,  with  consequent  convulsions  and  tetanic  fixation  of  the  respiratory  muscles. 

Thus  the  action  by  which  an  elective  medicament  kills  may  differ  from  that 
to  which  it  owes  its  therapeutic  value  ( 1 )  by  affecting  the  same  tissues  In  the  same 
manner,  but  to  an  injurious  degree;  or  (2)  by  affecting  the  same  tissues  in  an 
opposite  way;  or  (3)  by  affecting  other  tissues. 

Therapeutic  Utilization  of  Elective  and  Pseudo-elective  Influence. — 
Agents  exhibiting  elective  or  pseudo-elective  influence  make  up  the  larger  portion 
of  materia  medica.  Some,  as  opium  and  strychnine,  affect  chiefly  the  nerve  func- 
tions; others,  as  amyl  nitrite,  digitalis  and  stroj)hanthus,  influence  principally  the 
circulation;  others,  as  castor  oil,  rhubarb,  cascara,  induce  purgation;  while  still 
others,  atropine  and  pilocarpine,  modify  the  activity  of  secretory  glands,  and  so  on. 

Thus  far  we  have  been  more  particularly  concerned  with  the  tissue  elements 
considered  singly ;  but  in  practice,  the  physician  gives  attention  rather  to  the  spe- 
cial organ,  system,  or  apparatus,  or  to  the  organism  as  a  whole. 

]\Iodifications  of  the  functional  activity  of  an  organ  under  specific  drug  influ- 
ence may  be  attributable  directly  to  the  reaction  of  its  parenchymatous  cells  {imme- 
diate action),  or  to  the  reaction  of  the  nerve  apparatus,  central  or  peripheral,  which 
governs  the  function  affected  {medmte  action),  or  to  both.  It  may  involve  one, 
or  several,  or  all  of  the  various  tissues  making  up  the  organ.  Functional  modifica- 
tion of  an  organ  may  likewise  occur  non-specifically,  as  an  indirect  result  of  specific 
drug  inffuence  upon  other  parts;  sequentially,  through  the  medium  of  digestion, 
circulation,  respiration,  secretion  and  excretion,  etc.,  or  reflexly,  through  nerve 
mechanisms. 

As  previously  pointed  out,  the  nature  of  the  response  of  the  tissue  to  drug 
influence  may  also  vary  Witli  quantity  of  drug  and  duration  of  use.  Such  difference 
may  be  simply  that  between  the  primary  and  secondary  phases  of  the  tissue  reaction, 
e.g.,  stimulation  passing  over  into  depression — or  it  may  be  the  paralysis  of  exhaus- 
tion following  overstimulation.  These  facts,  as  we  shall  see  later,  have  an  impor- 
tant bearing  upon  the  therapeutic  and  toxic  influence  of  medicaments. 


CONCORDANCE  OF  DRUG  INFLUENCE 

It  has  been  stated  that  the  distinction  drawn  between  the  nutritional  and 
the  specialized  effects  of  drugs  is  not  precisely  paralleled  by  the  discrimination 
between  general  and  elective  actions.  Nevertheless,  it  will  be  observed  in  reviewing 
the  facts  that  there  is  a  certain  degree  of  concordance,  on  the  one  hand,  between 
the  general  influence  of  drugs  and  tissue  alterations ;  and  on  the  other  hand,  between 
the  elective  influence  of  drugs  and  modifications  of  function.  The  concordance, 
however,  is  not  absolute. 

The  tissue  alterations  caused  by  drug  influence  directly,  are  chiefly  the 
necrotic,  degenerative,  irritative  and  reconstructive  changes  described  as  the  effects 
of  protoplasm  poisons.  It  is  obvious,  however,  that  irritation  and  reconstruction 
constitute  a  complex  biologic  reaction  which  involves  modifications  and  evocations 
of  the  primitive  cell  functions  of  nutrition,  growth  and  reproduction ;  while  inflam- 
mation involves  as  well  certain  changes  in  the  specialized  functions  of  circulation. 
Also  tissue  may  be  altered  indirectly,  through  modifications  of  the  digestive,  secre- 
tory, respiratory,  circulatory  and  excretory  functions. 

As  regards  elective  affinity,  certain  effects  pertain  to  influence  upon  tissue 
in  the  narrower  sense;  while,  in  the  broader  view,  even  highly  specialized  elective 
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functional  modi lieat ions  rle])on(l.  as  wo  have  seen,  upon  the  ultimate  and  as  yet 
obscure  facts  of  minute  cell  constitution  in  its  rehition  to  minute  drii^-  constitution. 

Vie\ving  the  other  side  of  the  shield,  we  see  tluit  effects  upon  function  are  not 
confined  to  modifications  of  the  specialized  activities  of  systems  and  organs;  but 
include  also  changes  in  th(>  most  general  functions  of  living  suljstance,  and  even 
beyond  this  in  tiie  somatic  metabolism.  In  other  words,  the  cell  is  affected  not  only 
in  specific  function.  l)iit  also  in  metabolism,  growth,  repair;  and  the  multicellular 
organism  is  affected  as  a  whole,  in  its  internal  harmony  and  in  its  chemical  ex- 
changes. Hence,  functional  modifications  may  be  expressed  structurally  as  well  as 
dynamically. 

Summary. — li  was  pointed  out  in  the  preceding  section  that  to  permit  a  drug 
to  exert  influence  on  a  living  cell,  it  is  first  necessary  that  it  should  come  into 
di/namic  contact  with  the  cell,  either  by  (1)  direct  application  to  the  skin  or  mucous 
membranes;  (3)  by  access  to  the  circulating  fluids;  or  (;>)  by  artificial  introduction 
directly  into  the  tissue  to  be  affected.  Its  action  on  the  cell  is  then  conditioned  by 
(■i)  its  absorption  into  the  cell;  (5)  the  alterations  which  it  undergoes  within  the 
cell;  and  (6)  its  elimination  from  the  cell. 

Its  action  on  the  cell  may  be  shown  by  a  reaction  of  (1)  physicochemical, 
(2)  morphologic,  (3)  physiologic  nature.  The  physicochemical  reactions  are  gen- 
eral in  nature,  that  is,  alike  in  all  cells,  and  are  often  not  reversible  (permanent). 
The  physiologic  reactions  are  specific,  that  is,  they  differ  according  to  the  nature  of 
the  cell  and  are  reversible;  the  cell* returns  to  its  former  state  after  the  action  hag 
passed  off.     The  morphologic  reactions  form  a  borderland  between  the  two. 

If  the  action  of  a  drug  is  physiologic  it  has  two  phases:  (l)a  prinuiry  phase, 
of  interference  with  function;  and  (2)  a  secondary  plmse,  of  restoration,  which 
often  passes  beyond  the  normal  balance  and  reverses  the  primary  effect.  There  may 
also  be  (3)  a  secondary  physicochemical  action,  which  is  termed  reparative  or,  often, 
alterative. 

A  drug  may  exert  its  action  on  the  cell  by  either  of  two  mechanisms;  that  is, 
by  action  on  either  of  two  factors:  (1)  the  cell  itself — intracellular  action;  and 
(2)  the  environment  of  the  cell — e.rtracelhdar' action.  Either  of  these  may  show 
a  reaction  of  a  physicochemical  or  of  a  physiologic  nature. 

The  influence  of  the  drug,  whether  physicochemical  or  physiologic  in  nature, 
whether  primary  or  secondary  in  phase,  whether  intra-  or  extra-cellular  in  mech- 
anism,  is  indicated  by  modifi  cat  ions  of  function  in  the  cells  affected.  These  modi- 
fications may  affect  (1)  the  general  functions  of  cell  nutrition  and  reproduction, 
in  which  case  we  speak  of  the  agents  as  tissue  alterants;  or  they  may  affect  (2) 
the  specific  functions  peculiar  to  certain  cells,  in  which  case  we  speak  of  the  agents 
as  (special)  function  modifiers.  Either  special  or  general  functions  may  he  (1) 
augmented,  that  is,  hastened  or  increased;  or  (2)  diminished,  that  is,  lessened  or 
retarded;  (3)  special  functions  ordinarily  latent  or  dormant  may  be  reawakened; 
(4)  undeveloped  functions  normal  to  the  cell  may  be  aroused.  In  the  case  of  special 
function,  these  effects  may  depend  on  (a)  excitation  or  (6)  inhibition  of  the  cells 
or  of  their  nerve  connections. 

A  drug  may  affect  all  tissues  similarly,  or  it  may  show  a  selective  action  on 
certain  tissue  elements,  either  as  regards  (1)  the  character  or  (2)  the  intensity  of 
its  action.  The  various  tissues  thus  differ  (1)  in  their  sensitiveness  to  drugs,  that 
is,  as  regards  the  smallest  dose  which  will  exert  an  apprei-iable  effect  on  them ;  and 
(2)  in  their  susceptil)ility,  that  is,  as  regards  the  dose  required  to  terminate  their 
functional  activity  altogether.  In  this  connection,  attention  was  called  to  three 
possible  relationships  between  the  therapeutic  utilization  of  drugs  and  their  toxic 
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action.  The  therapeutic  and  toxic  actions  may  influence  (1)  the  same  tissue  ele- 
ments in  the  same  manner;  (2)  the  same  element,  hut  in  different  manners;  or 
(3)  the  two  actions  may  involve  different  tissue  elements. 

Influence  of  Drugs  upon  the  Body  as  a  Whole  (Somatic  Effects) 

As  previously  pointed  out,  drugs  may  be  of  such  a  nature,  or  may  be  so  used, 
that  their  influence  affects  principally  or  exclusively  a  single  tissue  or  function; 
or  by  their  nature,  or  through  the  manner  of  their  use,  they  may  influence  several 
tissues  or  functions,  or  even  the  entire  body. 

Thus  far,  we  have  considered  their  action  chiefly  ui)on  individual  cells  and 
tissue  aggregates.  We  have  now  to  examine  the  manner  in  which  the  effects  of 
such  action  may  influence  other  organs  and  systems  and  the  organism  as  a  whole 
(soma).    Such  generalized  influence  may  be  termed  Somatic  Efl'ect.^'^ 

We  have  discriminated  between  the  physicochemical  and  the  physiologic,  the 
general  and  the  elective  types  of  drug  influence,  with  their  respective  borderlands 
of  morphologic  and  pseudo-elective  reactions.  As  to  both  types,  we  have  distin- 
guished between  extracellular  (environmental)  and  intracellular  reactions;  and 
between  primary  and  secondary  phases.  It  is  now  to  be  emphasized  that  the 
effects  of  a  drug  upon  given  tissues  or  functions — whether  few  or  many — may 
be  exerted  directly  or  indirectly — in  the  former  case  iminediately  or  mediately,  in 
the  latter  case  sequentially  or  reflexly  ^"^  and  that  they  may  be  utilized  locally  or 
systemically. 

The  student  must  again  be  reminded  that  the  terms  applied  to  various  phases  and 
aspects  of  drug  influence  are  not  used  in  an  invariable  way  by  all  writers;  and  one  must 
be  careful,  therefore,  not  to  apply  any  author's  teaching  on  this  subject  beyond  the  limits 
of  the  same  author's  definitions. 

Confusion  is  especially  marked  in  relation  to  the  terms:  (1)  primary  action,  imme- 
diate action  and  direct  action;  (2)  secondary  action,  mediate  action  and  indirect  action. 
The  term  "remote"  action  we  shall  try  to  avoid  altogether.  Primary  and  secondary  action 
have  been  defined.  In  discussing  the  direct  and  indirect,  as  well  as  the  immediate  and 
mediate,  results  of  drug  influence,  we  shall  try  to  limit  the  terms  with  like  strictness. 

Direct  Influences. — The  direct  influence  of  a  drug  upon  any  part  of  the 
organism  consists  of  all  the  changes,  physicochemical  and  biologic,  that  ensue  upon 
its  dynamic  contact  wdth  that  part.  The  direct  influence  of  a  drug  upon  the  organ- 
ism as  a  whole  (soma)  consists  of  the  sum  of  its  direct  influence  upon  parts. 

Direct  drug  influences  are  of  two  kinds:  (a)  immediate  or  parenchymatous; 
(&)  mediate  or  neural. 

Immediate  or  Parencliymal. — The  part  to  be  affected  is  modified  in  structure 
or  function  by  the  immediate  contact  of  the  drug.  Thus  arsenic  dilates  the  blood 
vessels  by  action  on  their  walls ;  potassium  slows  and  weakens  the  heart  by  depress- 
ing the  muscle  fiber;  cocaine  abolishes  sensation  by  sedation  of  nerve  cells. 

Mediate  or  Neural. — Change  in  fimctional  activity  is  brought  about  mediately 
through  the  influence  of  the  drug  upon  the  nerire  apparatus  that  controls  the  part 
to  be  affected.  This  form  of  influence,  depending  on  immediate  exaltation  or  depres- 
sion of  activating  or  inhibiting  nerves  or  centers,  has  been  discussed  in  connection 

*'•  The  somatic  influence  or  effect  of  drugs  is  sometimes  called  systemic  influence  or 
effect.  In  this  book,  however,  the  latter  term  (systemic  influence)  is  used  to  indicate 
effect  after  absorption,  and  might  thus  either  refer  to  a  single  tissue  or  function,  or  to 
the  body  as  a  whole,  or  to  both. 

**  In  this  connection,  we  have  to  take  up  again  the  question  of  true  primary  and 
secondary  effects  in  order  to  discriminate  them  from  effects  improperly  so  termed. 
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witli   modificatioiis  of  function   in   fjcncial.      1 1  ere   we  ncfd   only  cite  some  illus- 
trative examj)lps. 

Nitroglycerin  causes  relaxation  of  blood  vessels  through  action  upon  the  vasomotor 
center;  digitalis  slows  the  heart,  by  stimulation  of  the  vagus  nerve  mechanism;  strych- 
nine induces  contraction  of  the  voluntary  muscles  by  stimulation  of  the  spinal  cord. 
These,  therefore,  are  instances  of  direct  drug  influence,  although  the  symptom  is  mani- 
fested in  a  tissue  other  than  that  originally  affected  and  is  therefore  produced  mediately. 

From  a  purely  functional  viewpoint,  the  governing  mechanism  is,  it  is  true,  a  part 
of  the  organ.  Nevertheless  the  physician  should  know,  if  possible,  and  keep  in  mind  when 
using  a  drug,  whether  its  influence  upon  function  is  exerted  immediately  on  the  cells  of 
the  parenchyma  or  through  the  intermediation  of  the  nerve  system.  Under  certain  patho- 
logic conditions,  one  form  of  action  may  be  more  desirable  or  more  feasible  than  the 
other. 

Sometimes  a  drug  affects  an  organ  both  immediately  and  mediately;  while  in  many 
instances  it  is  as  yet  uncertain  whether  the  results  observed  are  to  be  attributed  to  the 
one  or  to  the  other  method  of  influence,  or  to  both.  Digitalis  may  be  cited;  although  the 
dispute  will  probably  be  ended  by  the  admission  that  it  acts  both  upon  nerve  and  muscle. 

Indirect  Influence. — Tlie  indirect  influence  of  a  drug  \ipoii  any  part  of  the 
organism  consists  of  the  changes,  physicochemical  and  l)iologic,  occurring  in  that 
part  as  the  result  of  direct  influence  of  the  drug  upon  otlun-  parts.  The  indirect 
influence  of  a  drug  upon  the  organism  as  a  whole  (the  soma)  consists  of  the  sum 
of  its  indirect  influences  upon  parts. 

Indirect  influences  are  of  tw'o  kinds : 

(a)  Sequential,  corresponding  with  the  immediate  type  of  direct  drug  influ- 
ence; (6)  Refex,  corresponding  with  the  mediate  type  of  direct  drug  influence. 

Sequemtial. — The  changes  in  the  structure  or  function  of  the  part  indirectly 
affected  follow  as  a  natural  (physiologic)  consequence  upon  the  increase  or  diminu- 
tion of  activity  in  some  other  part,  nnder  the  direct  influence  of  the  drug.  For 
example,  the  quantity  of  urine  excreted  may  be  increased  as  the  result  of  the  eleva- 
tion of  blood  pressure  brought  about  by  the  direct  influence  of  digitalis  upon  the 
circulatory  system;  general  improvement  of  nutrition  may  result  from  the  height- 
ened activity  of  the  gastric  glands  under  the  direct  stimulation  of  nux  vomica; 
loss  of  body  fluids  through  the  profuse  watery  stools  caused  by  jalap  may  induce 
reabsorption  of  fluids  from  edematous  parts ;  dilatation  of  blood  vessels  by  a  nitrite, 
relieving  the  load  upon  the  heart,  is  often  followed  by  increased  vigor  of  the  cardiac 
systole.  This  form  of  indirect  drug  influence  is  evidently  of  the  highest  imj)ortance 
in  therapeutics. 

In  some  cases,  there  may  be  a  compound  sequential  in/Juence.  Thus  the  sequen- 
tial diuresis  of  digitalis  is  followed  in  turn  by  resorption  of  fluid  from  dropsical 
tissues;  a  sequence  to  a  sequence. 

Reflea-. — As  a  resiilt  of  direct  drug  influence  upon  a  part,  a  reflex  nerve  dis- 
turbance may  be  excited  which  brings  about  functional  change  in  other,  perhaps 
distant,  parts.  Thus,  irritation  of  the  pneumogastric  terminals  in  the  stomach  by 
a  corrosive  poison  may  cause  arrest  of  the  heart  and  general  collapse.  The  applica- 
tion of  counterirritants  to  certain  areas  of  the  skin  may  relieve  pain  and  congestion 
in  the  viscera,  through  a  reflex  influence  upon  the  spinal  sensory  centers  and  upon 
the  blood  vessels  of  the  affected  organ. 

'Negation  of  Reflexes:  In  connection  with  the  subject  of  reflex  effects,  it  is  perhaps 
well  to  call  attention  to  the  fact  that  the  suppression  of  normal  reflexes  is  often  of  great 
importance  in  treatment.  Although  such  expedients  pertain  to  therapeutic  methods  dis- 
cussed in  other  connections,  a  few  characteristic  examples  may  appropriately  be  men- 
tioned here. 
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Thus,  gagging,  or  even  vomiting,  will  normally  be  provoked  by  manipulations  in  the 
mouth  and  pharynx,  and  in  some  sensitive  persons  even  by  the  contact  of  a  laryngeal 
mirror  with  the  soft  palate.  Previous  administration  of  bromides  for  a  day  or  two,  or 
the  use  of  cocaine  to  induce  local  anesthesia,  will  permit  the  examination,  application  or 
operation  to  be  carried  out.  So,  too,  in  certain  conditions,  e.g.,  the  gastric  crises  of 
tabes  and  after  over-digitalization  in  acute  lobar  pneumonia,  when  it  is  difficult  to  admin- 
ister food  or  medicines  by  mouth  on  account  of  vomiting,  if  the  nerve  terminals  in  the 
gastric  mucosa  are  sedated  by  giving  a  small  quantity  of  a  suitable  local  anesthetic  (0.03 
Gm.  (gr.  y.)  of  cocaine,  or  0.05  Gm.  (gr.  1)  of  apothesine,  in  a  teaspoonful  of  water) 
some  ten  to  twenty  minutes  earlier,  the  food  or  medicine  can  be  taken  and  retained.  This 
principle,  which  is  termed  "breaking  the  reflex  arc"  has  many  applications.  The  phar- 
macodynamic action  in  such  instances  is,  of  course,  direct,  but  the  therapeutic  effect 
is  indirect  in  that  it  depends  upon  the  negation  of  a  reflex. 

Combined  Influence. — In  some  instances  special  functions  may  be  affected 
by  a  medicinal  agent,  both  directly  and  indirectly;  although  one  or  the  other 
mode  of  action  may  predominate.  Digitalis  once  more  serves  as  an  example.  Its 
diuretic  action  is  probably  to  be  attributed  in  small  part  to  direct  stimulation 
of  the  renal  epithelium,  as  well  as  in  large  part  to  an  indirect  influence  through 
the  circulatory  system.  The  same  is  almost  certainly  true  of  sparteine;  while 
caffeine,  which  is  chiefly  a  direct  diuretic,  probal)ly  increases  urinary  flow  by 
heightening  blood  pressure  as  well. 

Total  Influence. — The  total  influence  of  a  drug  is  the  sum  of  all  the  changes 
in  the  organism  and  its  parts  resulting  from  the  administration  of  the  drug — or, 
to  borrow  a  happy  phrase  from  the  founder  of  homeopathy,  the  totality  of  its 
symptoms. 

Few  drugs,  if  any,  influence  but  a  single  tissue  or  an  isolated  function.  On 
the  contrary,  nearly  all  medicinal  substances  exert,  as  we  have  seen,  a  wide  range 
of  influence,  direct  and  indirect.  Of  some — for  example,  most  of  those  used  as 
cathartics — it  is  true  that  their  medicinal  value  depends  largely  upon  a  single 
action  or  a  class  of  actions  which  is  often  exploited  to  the  exclusion  of  all  others. 
Yet  the  selection  or  rejection  even  of  a  purgative  agent  may  depend,  in  a  given 
case,  upon  one  of  its  usually  unconsidered  by-effects;  i.e.,  upon  those  reactions 
which  are  not  necessarily  involved  in  the  particular  therapeutic  result  sought  at 
the  time. 

Perhaps  the  cathartics  are  more  limited  in  this  respect  than  any  other  drugs  acting 
after  absorption.  In  some  cases  drugs  show  undesirable  side  actions  which  may  require 
correction  by  other  remedies  (see  Association).  In  other  cases  the  side  effects  are 
of  value.  Thus,  while  the  somnifacient  and  pain-relieving  actions  of  opium  are  mu- 
tually helpful,  a  constipating  action  may  seriously  interfere  with  the  use  of  the  drug, 
either  as  hypnotic  or  anodyne.  By-effects  of  both  orders  may  be  shown  by  actions  at 
points  of  absorption  or  elimination,  as  when  creosote,  given  for  bronchial  alTection, 
helps  to  restrain  fermentations  in  the  intestine  or  in  the  bladder,  or  when  injections  of 
quinine  irritate  the  subcutaneous  tissues,  or  acne  results  from  elimination  of  bromine 
through  the  sweat  glands.  Considerations  of  this  order  are  mentioned  in  large  numbers 
under  other  headings;  such  examples  serve  to  illustrate  the  care  with  which  the  entire 
range  of  somatic  action  of  a  remedy  must  be  considered,  when  selecting  it  for  its  special 
action  upon  a  function  or  tissue.  A  special  type  of  systemic  action,  sometimes  sought, 
sometimes  to  be  avoided  if  possible,  is  that  often  designated  as  local  action  at  the  point 
of  elimination  (Parthian  Action). 

Concerning  many  agents,  unfortunately,  our  knowledge  as  to  various  phases  of 
their  influence  is  as  yet  meager.  A  number  of  drugs  of  great  importance — such  as 
digitalis,  opium,  arsenic,  mercury,  salicylates,  acetanilid,  bromides — have,  together  with 
desirable  influence  upon  certain  organs  and  functions,  well  recognized  undesirable  in- 
fluence upon  others.  Thus,  although  their  action  may  be  on  the  whole  beneficial  under 
certain  conditions  of  disease,  it  is  always  accompanied  by  definite  drawbacks;  and  under 
other  conditions,  while  some  of  their  effects  may  be  useful,  some  may  be  harmful,  and  the 
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balance  may  incline  either  way.     Great  care  and  close  observation  is  therefore  requisite 
in  every  case. 

For  example,  the  pain-relieving  action  of  acetanilid  is  accompanied  with  a  depressing 
influence  on  the  heart  that  may  prove  extremely  dangerous.  Opium  may  so  interfere 
with  kidney  function  that  it  cannot  be  used  as  a  hypnotic.  Sodium  salicylate  may  so 
nauseate,  or  may  excite  such  distressing  and  even  threatening  nervous  symptoms,  that 
its  administration  as  a  specific  in  rheumatic  fever  cannot  be  continued.  Digitalis  may 
excite  vomiting  and  its  action  in  heightening  arterial  tension  may,  according  to  all  the 
conditions  present,  either  favor  or  oppose  the  improvement  of  the  circulation  brought 
about  through  its  tonic  influence  upon  the  heart. 

It  is  obvious,  thoroforo,  that  in  the  use  of  any  drug  tlic  totality  of  its  symp- 
toms must  be  considered  earetully;  and  thus,  desi)ite  the  general  rule  of  sim- 
plicity iu  prescription,  it  frequently  becomes  necessary  to  associate  two  or  more 
agents  in  order  to  correct  tlie  undesirable  effects  of  a  drug  otherwise   indicated. 

Complications  of  Drug-  Action.— Substances  formed  in  the  body  as  the 
result  of  chemical  transformations  in  the  course  of  the  absorption,  distribution 
and  elimination  of  a  drug  may  be  more  poisonous  than  the  original  medicament; 
or  may  have  a  different  action;  or  may  be  slow  of  elimination  and,  remaining  in 
the  system  after  the  cliaracteristic  effects  of  the  agent  have  passed  away,  may 
induce  additional  reactions,  harmful  or  beneficial.  Thus,  the  organic  compounds 
of  arsenic  may  become  toxic  through  obscure  chemical  change;  the  nausea  and 
vomiting  which  sometimes  follow  the  use  of  morphine  after  its  narcotic  influence 
has  subsided  have  been  attril)uted  to  an  uneliminated  oxidation  product- — oxydi- 
morphine.  Such  effects  are  sometimes  incorrectly  termed  "secondary."  Since,  how- 
ever, they  are  not  always  manifested  and  are  never  an  essential  element  of  the 
drug's  influence,  they  are  designated  in  this  book  as  "complications.'' 

AVe  can  thus  avoid  confusion  and  preserve  our  limitation  of  the  tenn  "secon- 
dary effect"  to  the  reactive  phenomena,  early  or  late,  already  described. 

TiiEKAPEUTic  Utilization  of  Somatic  Effects  Obtained  tiirougii  Local 
AND  Systemic  Application. — We  have  seen  that  drug  action  is  manifested  only 
when  the  drug  comes  into  dynamic  contact  witli  certain  cells  of  the  organism. 
This  contact  may  be  either  (1)  with  the  cells  manifesting  its  effects  (direct, 
immediate  influence)  ;  (2)  with  the  nerve  cells  controlling  tliem  (direct,  mediate 
influence)  ;  (3)  with  cells,  modification  of  whose  function  brings  about  auto- 
matically changes  in  the  function  of  other  cells  (indirect,  sequential  influence) ; 
or  (4)  with  cells,  changes  in  Avhich  react  reflexly  on  other  cells  (indirect,  reflex 
influence).  Several  of  these  modes  of  influence  may  l)e  associated  in  the  action 
of  a  given  drug;  direct  and  sequential  actions,  especially. 

In  practice  this  dynamic  contact  may  be  brought  about  (1)  at  the  seat  of 
action,  by  direct  application  (lopir/iUij)  ;  (2)  at  ])oints  to  which  the  drug  is 
carried  mechanically  without  absori)tion  into  the  blood  stream  {Jocally  at  a  dis- 
tance) ;  (3)  in  the  blood,  at  points  to  which  the  drug  is  carried  after  al)sorption 
into  the  blood  or  lymph  (systemically)  ;  (\)  at  the  point  of  elimination  (Parthian 
local  action).  Hence,  we  may  speak  of  I.  Local  Influence,  which  is  exerted  either 
(a)  without  absorption;  (h)  after  absorption  into  the  tissues:  (1)  at  the  site  of 
application;  (2)  at  the  point  of  absorption,  or  (3)  at  the  point  of  elimination. 
II.  Systemic  Influence,  which  is  exerted  only  after  absorption  of  the  agent  into 
the  circulation. 

In  respect  to  local  use,  the  physician  must  take  into  account  not  only  all  the 
immediate  and  late  actions  and  reactions,  physicochemical  and  physiologic,  att'ecting 
drug  or  tissues  at  the  site  of  aj)plication  (toiiical  influence),  but  also  the  effects, 
whether  limited  or  general,  that  by  sequential  or  indirect  action  may  result  locally 
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or  systemically,  elsewhere — as,  ior  instance,  in  counterirritation,  or  in  the  use  of 
arsenic  as  a  caustic. 

In  respect  to  systemic  use,  attention  is  to  be  given  first  to  the  entrance, 
sojourn  and  departure  of  the  drug. 

This  includes  (a)  the  method  by  which  the  drug  is  to  be  introduced  into 
the  blood  stream  (administration  and  absorption  in  general),  (b)  the  manner  in 
which,  it  enters  into  the  tissues  (tissue  absorption  or  penetration),  and  (c)  the 
factors  that  influence  these  processes;  (d)  the  ])hysical  and  chemical  changes 
(transformations)  that  the  drug  undergoes  in  the  process  of  absorption  and  dur- 
ing its  stay  in  the  body;  (e)  the  site  and  manner  of  that  stay,  and  (/)  the  route 
or  routes  by  which  the  drug  (or  the  end  products  of  its  chemical  changes)  leaves 
the  body    (elimination). 

The  prescriber  has  then  to  consider  all  the  modifications  of  structure  and 
function  that  result  from  the  reactions  between  drug  and  animal  organism;  first 
in  detail  and  then  synthetized  into  a  comprehensive  picture.  Thus,  (a)  the  effects, 
both  local  and  general,  direct  and  indirect,  produced  by  drug  action  at  the  point 
of  entry;  (b)  those  that  result  from  action  upon  the  various  tissues  encountered 
by  the  drug  or  its  transformation  products  between  entrance  and  exit,  including 
both  transient  and  prolonged  contacts;  (c)  those  that  follow  action  at  the  various 
points  of  elimination;  (d)  those  that  result  from  modification  of  the  effect  upon 
one  tissue  or  system  by  effect  upon  another  tissue  or  system. 

In  addition  there  nnist  be  taken  into  account  the  various  factors  that  in 
special  instances  affect  or  alter  the  normal  interaction  of  drug  and  tissue,  whether 
on  the  side  of  the  medicinal  agent  or  the  side  of  the  organism — e.g.,  method  and 
time  of  administration,  dosage,  pathologic  conditions,  racial  and  individual  pecu- 
liarities, therapeutic  and  morbid  habituation,  etc.;  as  also  the  modifications,  help- 
ful and  harmful,  in  the  intensity  and  character  of  certain  drug  effects  that  may 
be  produced  by  the  association  of  remedies. 

These  matters  are  discussed  in  this  book  in  various  appropriate  connections.  But 
such  discussion,  although  including  more  or  less  detail,  is  necessarily  general,  while  the 
practical  application  deals  in  each  case  with  a  particular  instance,  differing  in  some 
respect  of  kind  or  degree  from  all  other  instances;  and  success  or  failure  in  treatment 
may  depend  upon  attention  to  such  differences  or  their  neglect. 

As  already  pointed  out,  we  may,  in  studying  a  particular  agent,  vary  our  view- 
point. Its  influence  is  sometimes  to  be  envisaged  broadly,  as  affecting  the  organic 
functions  (digestion,  metabolism,  blood  making,  circulation,  respiration,  secretion,  elimi- 
nation, reproduction),  the  functions  of  animal  life  (sensation,  motility,  consciousness, 
emotion),  and  the  human  function  (intellection).  Sometimes  it  is  to  be  scanned  more 
narrowly  as  affecting  some  special  phase  of  function  (the  rate  of  respiration,  the  time 
or  the  vigor  of  the  cardiac  systole,  the  energy  or  the  rapidity  of  voluntary  or  involun- 
tary muscular  contraction,  the  excitability  of  sensory  or  motor  nerve  endings,  of  neiwe 
trunks,  of  spinal  or  cerebral  centers,  the  degree  of  arterial  tension,  the  quantity  and 
quality  of  biliary  secretion,  etc.).  Attention  may  be  given  to  a  special  organ,  as  the 
stomach,  or  to  all  the  organs  making  up  a  physiologic  apparatus;  thus,  in  the  case  of  the 
digestive  apparatus,  to  the  salivary  glands,  teeth,  tongue,  alimentary  tract,  pancreas, 
liver.  Concerning  a  special  organ  we  have  further  to  consider  all  of  its  tissues — 
parenchymatous,  investing,  connective,  blood  vessels  and  their  contents,  nerves,  ducts, 
etc. — and  their  several  functions,  for  example,  in  the  gastroenteric  canal,  motility,  secre- 
tion, absorption.  Concerning  tissues,  moreover,  we  have  to  consider  all  the  organs  into 
which  similar  elements  enter — as  unstriped  muscle  fiber  in  the  uterus  and  the  vessels; 
glandular  epithelium  in  the  stomach,  liver  and  kidneys;  lymphoid  tissue  in  the  spleen 
and  hemolymph  glands;  serous  endothelium  in  the  pleura,  synovise  and  peritoneum. 

Thus,  increase  of  quantity  or  lengthened  time  of  use  may  alter  the  special  as 
well  as  the  total  effect  of  an  elective  agent,  not  only  by  increasing  the  intensity  of 
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its  action  upon  some  particular  tissue  and  rmution,  hut  also  by  increasing  the 
number  of  tissues  and  functions  iuHuencod. 

Sometimes  the  problem  is  relatively  simple,  as  when  one  wishes  to  reduce  blood 
pressure  by  dilating  the  vessels  through  the  action  of  a  nitrite.  It  is  never  entirely 
simple,  however.  In  the  instance  cited  there  are  sequential  effects  upon  the  heart  and 
viscera.  But  even  should  attention  be  confined  to  the  influence  of  the  drug  upon  a  single 
organ  or  physiologic  apparatus,  this  is  at  times  a  highly  complex  matter,  being  the  sum 
of  influences  on  all  the  tissues  making  up  that  organ  or  apparatus.  Thus,  for  example, 
in  studying  the  effects  of  nux  vomica  upon  the  gastroenteric  tract,  the  mucosa,  vessels, 
glands,  muscles  and  nerve  supply  and  the  alterations  in  motility,  secretion  and  absorption 
are  all  to  be  taken  into  account.  On  the  other  hand,  we  have  also  to  consider  the  range 
of  action  of  the  drug  outskle  the  special  organ  or  physiologic  apparatus  that  we  wish 
to  influence.  This  includes  both  (a)  its  effects  upon  the  special  type  of  cells  for  which 
it  shows  electivity,  wherever  they  may  be  situated;  and  (b)  its  effects  upon  cells  and 
functions  in  general.  Thus  in  the  case  of  ergot,  which  might  be  administered  to  control 
urticaria  or  arrest  hemorrhage  under  certain  conditions,  its  action  on  the  uterine  muscle 
would  forbid  its  use  during  pregnancy;  in  the  case  of  nnx  vomica,  it  is  necessary  to 
remember  that  excessive  doses  might  induce  tetanic  convulsions,  through  overstimula- 
tion of  the  reflex  mechanism  in  the  spinal  cord. 

Methods  of  Utilizing  Drugs 

The  utilization  of  drugs  may,  from  the  viewpoint  of  the  foregoing  discussion, 
be  divided  as  follows : 

I.    Local  Influences : 

a.  Topical  influence  at  point  of  application  {direct  local  action). 

1.  Without  absorption. 

2.  After  absorption. 

b.  Topical    influence    upon    contiguous    surfaces    {local    action    at    a 

distance). 

1.  Without  absorption. 

2.  After  absorption. 

C.    Topical  influence  at  point  of  elimination  {parlhian  local  action). 

d.  Topical    influence   for   effects   at    a   distance    (without   absorption) 

{reflex  action). 
IL    Systemic  Influences : 

e.  Systemic  influence  on  the  cells  manifesting  the  effect  {direct  imme- 

diate action). 
i.    Systemic  influence  on  controlling  nerve  cells  {direct  mediate  action). 
g.    Systemic    influence    on    a   functionally    associated    system    {indirect 

sequential  action). 
III.    Antipathogenic  Influences : 

h.    Destructive  influence  on  })arasitic  organisms  {aniipallio(fenic 'action) . 
i.     Destructive  influence  on  {)oisoiis  (aniitoxic  action). 

Local  Influences. —  (a)  Direct  local  action,  topical  action,  may  be  effected  with- 
out absorption  of  the  drug,  as  in  the  application  of  oily  dressings  to  burns  to 
protect  them  from  air;  or  they  may  be  dependent  upon  its  entrance  into  the 
tissues  at  the  site  of  application,  as  in  the  application  of  a  local  anesthetic  to  an 
inflamed  eye.  They  are  utilized  most  largely  for  direct  effect  ujjon  the  external 
integument,  that  is  to  say,  the  skin  and  its  mucous  continuations — the  conjunc- 
tiva, the  auditory  canal,  and  the  alimentary,  respiratory  and  genito-uriuary  tracts. 
This  is,  however,  merely  a  matter  of  convenience  and  feasibility.  By  subconjunc- 
tival,   hypodermic,    intramuscular,    intra-articular,    intrapleural,    intraperitoneal, 
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parenchymal,  subdural,  subarachnoid,  intraneural  and  other  injections  and  instil- 
lations, it  is  possible  to  produce  topical  effects  upon  the  various  organs  and  tissues 
that  can  thus  be  reached.'*^ 

(b)  Local  action  at  a>  distance,  without  absorjition,  may  be  exemplified  by 
the  administration  of  bismuth  by  mouth  for  influence  on  gastric  or  duodenal  ulcer; 
and  with  absorption,  by  the  injection  of  iodoform  emulsion  into  the  trachea  for 
influence  upon  bronchial  mucous  membrane. 

(c)  Farthian  local  action  is  utilized  chiefly  in  affections  of  the  urinary 
organs  and  of  the  skin.  It  may  be  instanced  by  the  administration  of  arsenicals 
in  various  maladies  of  the  skin  or  by  the  use  of  boric  acid  and  balsams  in  inflam- 
matory conditions  of  the  urinary  tract. 

(d)  Be/lex  action  is  utilized  very  frequently  in  medical  practice,  chiefly  for 
influence  on  the  nerves  of  sensation  and  vasomotion  of  deep-seated  organs  or 
tissues,  l)y  means  of  painful  applications  to  the  skin.  The  methods  chiefly 
emploA^d  are  counterirritation,  vesication,  and  pustulation. 

Couuterirritation. — Certain  irritating  substances — for  example,  iodine^  mus- 
tard, camphor,  chloral — are  used  upon  the  skin,  neither  for  their  local  effect,  nor 
for  systemic  effect  through  absorption,  but  for  indirect  influence  upon  the  deep- 
lying  viscera.  The  action — decongestion  and  relief  of  pain — though  disputed,  is 
real;. but  how  it  is  brought  about  is  by  no  means  clear.  It  was  formerly  spoken 
of  as  a  "revulsion,"  i.e.,  transposition  of  morbid  influence.  Modern  writers 
attribute  it  to  the  reflex  nerve  impression  made  upon  the  viscera  innervated  from 
the  same  spinal  segments  as  the  areas  of  the  skin  irritated.  This  theory — which 
is  closely  akin  to  a  restatement  in  modern  phraseology  of  Trousseau's  exposition 
of  revulsion,  elsewhere  quoted — finds  strong  support  in  the  studies  of  Head  and 
Mackenzie  upon  the  cutaneous  areas  connected  with  the  viscera.  While  not  a 
complete  explanation,  it  is  at  least  a  good  working  hypothesis  and  may  be  set 
forth  in  abstract  as  follows: 

Although  said  to  be  insensitive  to  stimuli  which,  if  applied  externally,  would  pro- 
duce pain  at  the  site  of  application,  the  viscera  are  subject  to  various  painful  affections. 
In  such  cases  the  sensation  is  referred  by  the  patients  to  certain  superficial  areas,  and 
upon  examination  cutaneous  hyperalgesia  can  be  demonstrated,  sometimes  at  a  consider- 
able distance  from  the  affected  organs.  Thus  in  ureteral  colic,  the  patient  complains  of 
pains  starting  in  the  flank  and  radiating  to  the  groin  and  testicle.  The  skin  over  this 
area  is  abnormally  sensitive  to  pinching  or  pricking.  It  is  assumed,  in  explanation,  that 
under  normal  conditions  a  constant  series  of  nerve  impulses  arising  from  the  viscera 
is  flowing  along  the  nerve  paths  to  centers  in  the  spinal  cord.  These  normal  impulses  act 
upon  the  other  spinal  centers  in  the  immediate  neighborhood,  which  send  fibers  to  supply 
the  blood  vessels,  the  secreting  structures,  etc.;  but  they  give  rise  to  no  sensation.  If, 
however,  through  some  morbid  process  in  a  viscus,  abnormally  powerful  impulses  are 
sent  to  the  cord,  these  will  overflow  strongly  upon  neighboring  centers  which  will  react 
according  to  their  specific  functions.  Stimulation  of  motor  centers  may  cause,  not  only 
that  contraction  of  muscles  over  inflamed  tissues  which  is  rightly  regarded  as  a  protective 
phenomenon,  but  also  the  contractions  not  uncommonly  found  in  distant  parts  and  espe- 
cially along  the  spine.  Stimulation  of  sensory  centers  results  in  a  sensation  of  pain 
which  is  of  course  referred  to  the  periphery.  This  pain  is  thus,  according  to  Mackenzie, 
a  "viscero-sensory  reflex."  Moreover,  all  of  the  sensory  nerve  centers  in  the  section  or 
sections  of  the  spinal  cord  related  with  the  diseased  viscus  are  made  irritable,  so  that 
even  light  stimulation  of  the  skin  innervated  from  such  sections  causes  increased  or 
painful  sensation. 

In  such  conditions,  counterlrritants  applied  at  those  areas  of  the  skin  found  to  be 

■"  The  local  application  of  drugs — chiefly  upon  the  skin  and  by  means  of  oils  and  fats 
either  in  themselves  medicinal,  or  used  as  vehicles  for  active  medicaments — to  produce 
systemic  rather  than  local  effects,  calls  merely  for  mention  here.  It  is  simply  one  of  the 
expedients  of  administration,  as  exemplified  by  mercurial  inunction. 
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the  seat  of  referred  pains  and  of  the  hyperalgesias  will  often  bring  marked  relief.  This 
is  thought  to  be  owing  to  the  inhibition,  through  the  strong  stimulus  from  the  skin,  of 
abnormal  visceral  impulses  to  the  spinal  sensory  centers. 

Probably  some  degree  of  influence,  varying  with  the  extent  of  the  irritated  area, 
is  likewise  to  be  attributed  to  the  cutaneous  hyperemia  induced  by  mustard  and  similar 
agents.  This  would  act  in  part  mechanically  by  dispersion  of  blood  .flow,  and  in  part 
through  the  autonomic  nerve  system. 

Nor  is  the  idea  of  the  solicitation  of  toxic  materials  to  a  hyperemic  area,  where 
various  defensive  reactions  might  readily  be  initiated,  too  fantastic* to  be  considered. 

Whatever  the  explanation,  the  combined  result  is  the  relief,  not  only  of  visceral  pain, 
but  also,  in  a  measure,  of  visceral  congestion.  Such  practices  as  the  application  of  mus- 
tard poultices  or  dry  cups  to  the  chest  at  the  outset  of  acute  inflammation  of  the  bronchi, 
lungs  or  pleura  ara,  thus,  to  be  commended. 

Vesication  and  Pustulation. — In  the  case  of  certain  drugs  applied  locally  for 
systemic  effect  through  cutaneous  irritation,  the  reaction  is  much  more  severe 
than  in  the  case  of  mustard ;  blisters  or  pustules  are  formed.  The  chief  blistering 
agent  or  vesicant  is  cantharides;  the  chief  pustulant  is  croton  oil,  although  anti- 
mony and  potassium  tartrate  (tartar  emetic)  has  also  been  used.  These  agents 
are  credited  with  the  power  not  only  of  relieving  pain  and  decongesting  viscera, 
as  in  the  use  of  sinapisms,  but  also  of  exerting  some  form  of  curative  influence 
in    addition. 

Thus  small  blisters  are  applied  to  the  skin  over  the  heart  area  in  cases  of  endocarditis 
and  pericarditis;  over  the  joints  in  cases  of  prolonged  rheumatism;  over  painful  areas 
or  points  of  nerve  exit  in  peripheral  neuritis,  and  especially  in  cases  of  Bell's  palsy; 
over  areas  of  active  pulmonary  softening  and   cavitation   in   tuberculosis  of  the  lungs. 

The  practice  is  empirical  and  was  at  one  time  much  abused.  It  is  to  be  justified 
only  by  its  good  results  which,  within  limits,  are  sometimes  striking.  It  has  been  sug- 
gested that  in  addition  to  the  reflex  influence  already  discussed,  the  blister  may  do  good 
by  attracting  to  the  area  of  vesication  protective  substances  which  are  afterwards 
absorbed  into  the  circulation  and  thus  increase  the  quantity  of  antibodies.  For  this 
reason  many  physicians  refrain  from  opening  a  blister  and  allow  it  to  dry  up.  Although, 
much  might  be  said  against  this  theory,  we  must  confess  inability  to  explain  the  unde- 
niable benefit  from  blisters  skillfully  applied. 

Pustulation  may  be  effected  by  application  of  croton  oil  to  the  skin,  or  by  injection 
of  silver  nitrate  solution  or  turpentine — the  so-called  fixation  abscess.  We  are  not  able 
to  say  how  pustulation  aids  in  controlling  pathologic  processes.  It  may  be  by  activation 
of  protective  reactions  of  various  kinds,  including  phagocytosis.  But  whatever  it  is 
or  is  not,  the  fact  remains.     In  selected  cases  the  method  may  be  used  restrictedly. 

Systemic  Influences. — Systemic  drug  action  is  utilized  to  affect  general  nutri- 
tion or  to  bring  about  tissue  alterations  and  modifications  of  function  in  organs 
and  systems  that  can  be  reached  only  through  the  general  circulation. 

There  is  sometimes  a  decided  difference  between  the  topical  action  of  a  drug 
and  its  systemic  influence  upon  the  same  part.  Before  absorption,  for  example, 
it  may  act  corrosively;  but  reaching  the  tissue  elements  by  way  of  the  blood  or 
lymph  stream,  and  in  dilution,  it  may  promote  nutrition  or  stimulate  special 
function.  The  difference  is  evidently  in  part  quantitative ;  but  in  part  also  it 
may  be  due  to  the  differing  conditions  of  incidence  or  to  changes  occurring  in 
the  composition  of  the  drug  during  and  after  absorption,  e.g.,  the  entrance  of 
heavy  metals  into  combination  with  protein. 

The  peculiar  mechanism  by  which  a  drug  exerts  its  action,  whether  direct,  indirect 
or  sequential,  is  often  of  importance  in  guiding  our  choice  of  a  medicament.  Thus  in 
cases  of  lowered  functional  activity  due  to  alterations  in  the  cells  of  a  particular  organ, 
it  might  be  unwise  to  promote  its  activity  by  means  of  drugs  acting  directly  on  the  func- 
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tional  cells.  When,  for  example,  the  secretion  of  urine  is  diminished  by  reason  of  inflam- 
matory changes  in  the  kidneys,  drugs  such  as  cantharides,  which  directly  stimulate  the 
secreting  cells,  are  commonly  contraindicated,  but  increased  urinary  secretion  may  be 
brought  about  indirectly  by  the  use-  of  alkaline  diuretics  or  even  heart  stimulants.  In 
myocardial  degeneration,  the  heart  should  be  relieved  indirectly  by  lessening  the  amount 
of  work  it  has  to  do,  rather  than  stimulated  with  strychnine  or  digitalis.  This  rule, 
however,  is  by  no  means  without  exceptions. 

The  fact  that  many  drugs  exert  both  a  direct  and  an  indirect  action  on  the  same 
organ  is  of  great  importance  in  therapeutics.  This  is  well  exemplified  by  digitalis,  which 
has  several  distinct  actions  on  the  circulatory  system.  It  slows  the  heart  indirectly  by 
action  on  the  vagus  center,  and  perhaps  reflexly  by  action  on  the  vagus  terminals  in  the 
stomach.  It  increases  diastolic  dilatation  by  a  similar  mechanism,  and  increases  systolic 
contraction  by  direct  action  on  the  heart  muscle.  It  delays  auriculoventricular  conduc- 
tion time,  both  directly  and  indirectly,  and«  raises  blood  pressure  both  by  increasing  the 
output  of  the  heart  and  by  direct  stimulation  of  the  vessel  walls.  Although  all  these 
actions  are  not  developed  by  the  doses  used  in  therapeutics,  they  must  be  considered  in 
using  the  drug. 

Direct  immediate  influence  is  of  special  value  in  enhancing  the  nutrition  of 
tissues.  It  may  be  instanced  by  the  use  of  small  closes  of  arsenic  in  neuritis,  of 
phosphorus  in  rachitis,  or  of  iron  in  anemia.  It  is  likewise  highly  useful  at  times 
in  exalting  or  depressing  special  functions  under  various  pathologic  conditions.  As 
examples  may  be  cited  the  injection  of  cocaine  to  produce  local  anesthesia ;  of 
alcohol  or  osmic  acid  to  abolish  pain  in  tic  douloureux  or  scia,tica ;  the  intraeardial 
injection  of  epinephrine  to  overcome  sudden  collapse;  the  hypodermic  or  intra- 
muscular use  of  caffeine  to  sustain  arterial  pressure  in  acute"  lobar  pneumonia,  and 
the  use  of  the  same  drug  or  of  milk  sugar  to  increase  renal  function. 

Direct  Mediate  Influence. — This  is  probably  the  most  common  method  of 
utilizing  systemic  drug  influence.  It  is  seen  in  all  the  manifold  ways  in  which 
drugs  affect  the  activity  of  organs  by  excitation  or  inhibition  of  their  controlling 
nerve  mechanism.  In  certain  cases  in  which  the  exciting  nerves  are  stimulated, 
there  may  be  improvement  in  nutrition,  suggesting  a  direct  action  on  the  tissues, 
as  when  the  effect  of  strychnine  on  the  motor  cells  of  the  cord  brings  about  an 
improved  functioning  associated  with  improved  nutrition  of  the  muscles.  In  other 
instances,  an  inhibitory  effect  may  similarly  enhance  nutrition,  as  when  digitalis 
slows  the  heart  by  excitation  of  the  vagus  mechanism.  Often,  however,  the  func- 
tional alteration  induced  by  the  medicament  brings  with  it  no  permanent  change 
in  the  nutrition  or  activity  of  the  organ  involved.  Thus,  the  iris  dilated  by  atro- 
pine, the  salivary  gland  stimulated  by  pilocarpine,  the  artery  dilated  by  nitrites, 
all  return  to  their  former  condition  as  soon  as  the  effect  of  the  drug  has  passed 
away. 

Indirect  sequential  influence  is  utilized  for  many  and  varied  purposes.  Many 
of  the  effects  that  have  been  described  as  intercellular  or  environmental  are  of 
this  nature.  Thus,  the  alteration  in  the  blood  brought  about  by  sodium  acetate 
or  lithium  chloride  results  in  an  outpouring  of  fluid  from  the  kidneys  and,  secon- 
darily, in  a  reduction  of  edema.  Such  influences  may  indeed  have  permanent  effects 
on  nutrition,  as  when  by  the  use  of  bitters,  appetite  is  improved  and  the  increased 
food  consumption  leads  sequentially  to  increase  of  weight. 

Antipathogenic  Influences. — In  addition  to  the  utilization  of  drug  influence 
upon  tissues  and  functions,  drugs  are  employed  both  topically  and  systemically  to 
combat  pathogenic  agents,  with  but  incidental  reference  to  their  influence  upon 
tissue  or  function.  Strictly  speaking,  this  use  includes  the  neutralization  and 
destruction  of  snake  venoms  and  other  poisons,  as  well  as  the  destruction  and 
elimination  of  living  parasites,  but  the  latter  is  of  much  greater  importance. 
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The  purpose  of  antipathogenic  therapy  may  be  the  destruction  or  elimination  of  living 
parasites  or  the  neutralization  and  destruction  of  poisons.  The  destruction  of  parasites 
which  are  not  at  the  time  either  on  the  body  or  in  it,  belongs  to  the  domain  of  public 
health  rather  than  to  that  of  therapeutics.  It  may  be  exemplified  by  the  delousing  of 
garments  and  by  the  disinfection  of  typhoid  fever  excretions.  Parasites  in  the  skin,  such 
as  those  of  ringworm  and  scabies,  may  be  destroyed  by  various  antiseptic  agents.  Intesti- 
nal worms  are  expelled  by  anthelmintics.  Certain  bacteria  in  the  intestine  may  yield 
either  to  the  direct  action  of  antis'eptic  agents  or  to  the  unfavorable  modification  of  their 
habitat  by  acid-forming  bacilli.  Some  agents  have  special  fields  of  usefulness,  as 
methenamine  in  the  urinary  tract,  boric  acid  and  silver  salts  in  the  eye,  and  menthol, 
camphor  and  other  essential  oils  in  the  nasal  passages. 

Parasites  within  the  tissues  are  less  readily  attacked.  The  specific  chemotherapy  of 
protozoan  infections  has  been  more  successfully  developed  than  that  of  the  bacterial.  We 
may  instance  the  action  of  quinine  in  malaria,  of  mercury  and  arsphenamine  in  syphilis, 
of  arsenicals  and  antimonials  in  kala  azar  and  sleeping  sickness,  and  of  emetine  in 
amebic  dysentery.  In  bacterial  infections,  with  few  exceptions,  specific  biologic  therapy 
is  at  present  of  greater  utility.  The  antitoxic  treatment  of  diphtheria  and  of  tetanus 
offers  the  most  striking  examples. 

Certain  antipathogenic  agents  which  are  under  ordinary  circumstances  disturbing 
and  even  toxic  in  small  dose,  appear  to  lose  wholly  or  in  part  their  poisonous  influence 
upon  the  body  cells  in  the  presence  of  the  special  pathogens  against  which  they  are 
directed.  Thus  in  malaria  and  in  lobar  pneumonia,  enormous  doses  of  quinine  may  be 
taken  without  giving  rise  to  cinchonism. 

In  acute  rheumatic  fever  a  similar  condition  exists  with  regard  to  salicylic  com- 
pounds. To  syphilitic  patients  mercury  and  iodides  may  be  given  beneficially  in  quan- 
tities that  to  others  would  be  poisonous.  Probably  the  distribution  of  the  agent  is  modi- 
fied by  the  presence  of  the  parasite,  especially  with  certain  synthetics — as  the  arsphena- 
mines;  but  whether  other  factors  may  not  come  into  play  also,  is  not  yet  determined. 

The  method  of  dealing  with  poisons  differs  according  to  the  nature  of  the 
poisonous  principle  and  especially  according  to  the  manner  of  its  introduction  into 
the  circulation — whether  from  outside  the  body  or  from  within  it — since  in  the 
latter  event  its  formation  is  probably  continuing,  while  in  the  former  we  have  to 
deal  only  with  that  already  present  when  the  patient  comes  under  observation. 

In  the  case  of  external  poisons,  whether  foods  or  inorganic  or  organic  chemicals, 
effort  will  generally  be  directed  promptly  toward  expelling  or  rendering  innocuous  such 
portions  of  the  toxic  agent  as  may  still  remain  within  the  alimentary  tract  in  case  the 
substance  was  swallowed,  or  which  may  have  been  excreted  into  it,  however  the  poison 
was  introduced.  The  use  of  stomach  washing,  colonic  irrigation,  emetics  and  cathartics, 
will  be  associated  with  the  administration  of  chemical  antidotes  to  precipitate  the  poison 
in  an  insoluble  form  (as  tannic  acid  reacts  with  most  alkaloids),  or  to  convert  the  poison 
into  a  less  dangerous  form  (as  in  .the  use  of  "soda"  in  poisoning  by  acids).  Elimination 
of  that  portion  of  the  poison  which  has  already  been  absorbed  into  the  system  will  be 
favored  by  increasing  the  activity  of  the  kidneys.  Chemical  destruction  or  neutralization 
of  poisons  within  the  blood  or  tissues  is  rarely  practicable. 

Poisons  formed  within  the  alimentary  tract  may  give  rise  to  either  acute  or  chronic 
illness.  They  are  best  dealt  with  by  expulsion  (purgation,  irrigation  or  emesis)  and  by 
avoidance.     Antibacterial  treatment  may  be  necessary  in  borderland  conditions. 

Of  the  poisons  formed  within  the  body  proper,  the  most  important  from  the  stand- 
point of  antipathogenic  therapy  are  the  bacterial  toxins,  especially  those  of  diphtheria 
and  tetanus,  both  of  which  may  be  neutralized  by  the  use  of  specific  antitoxic  serums. 

Poisons  arising  from  disturbed  metabolism  are  not  yet  sufficiently  understood  to 
make  a  truly  antipathogenic  therapy  available.  The  use  of  antithyroid  serum  may  be 
instanced  as  an  effort  in  this   direction. 

Factors  Modifying  the  Influence  of  Drugfs 

The  factors  modifying  the  relations  between  drugs  and  tissues  may  be  con- 
sidered from  two  viewpoints:  (A)  personal — i.e.,  in  relation  to  the  living  organism 
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or  animal  acted  mxtn  by  the  drug;  and  (B)  medicinal — i.e.,  in  relation  to  the 
medicament  itself.  Concerning  the  form^er  we  have  to  consider  (a)  the  organism 
itself,  and  (&)  its  environment.  Concerning  the  latter  we  have  to  consider  {a}  the 
physical  and  chemical  characteristics  of  the  drug,  (b)  the  manner  of  its  use,  and 
(c)  the  utilization  of  drug  influence.  As  borderline  topics,  attention  must  be  given 
to  the  modification  of  drug  influence  resulting  from  previous  use  of  the  same  agent — 
acquired  tolerance  and  drug  habit — as  well  as  anaphylaxis  and  allergy  or  atopy. 

Personal  Factors 

The  Organism  Itself.— Factors  relating  to  the  organism  itself  may  be  divided 
into  three  grou})s,  according  as  the  differences  observed  in  drug  influence  arise 
(1)  from  innate  and  permanent  conditions,  (2)  from  normal  variable  conditions, 
and  (3)  from  accidental  or  occasional  conditions.  The  innate  and  permanent 
conditions  to  be  considered  are:  species,  and,  in  man,  raciul  and  incUvidiial  pecu- 
liarities; psychic  peculiarities;  sex;  and  the  part  of  the  body  acted  upon.  As 
normal  variable  conditions,  we  may  particularize  age,  weight,  vigor;  and  the 
states  of  rest,  exercise  and  fatigue.  The  chief  accidental  or  occasional  conditions 
requiring  discussion  are  menstruation,  pregnancy  and  lactation;  the  state  of  the 
gastroenteric  tract;  and  certain  pathologic  processes  or  changes,  which  may  be  part 
of  the  ailment  under  treatment  or  the  result  of  other  ailments,  jDast  or  continuing. 

Innate  and  Permanent  Conditions. — Species. — It  is  probably  in  this  category 
that  the  widest  divergences  in  drug  action  are  found  and  those  which  most  dis- 
courage attempts  at  formulating  generalizations  in  regard  to  the  action  of  any 
drug.  Differences  are  most  commonly  seen  in  regard  to  drugs  acting  on  the  cen- 
tral nerve  system,  opium  being  one  of  the  most  striking  examples.  Morphine  is 
almost  purely  sedative  in  man,  but  almost  purely  excitant  in  hoofed  animals  and 
cats;  while  in  rabbits  it  causes  narcosis  followed  by  excitement  or  convulsions. 
Goats  are  almost  insusceptible  to  morphine,  as  well  as  to  belladonna;  but  rabbits, 
while  not  readily  poisoned  by  belladonna,  are  quite  susceptible  to  morphine.  Dif- 
ferences between  the  actions  of  drugs  on  the  frog  and  on  mammals  are  common. 

Thus  camphor,  which  causes  convulsions  in  mammals,  is  purely  paralyzant  to  the 
frog.  Such  differences  are  very  frequent  in  connection  with  drugs  acting  on  the  auto- 
nomic nerve  system,  thus  offering  a  contradiction  to  Langley's  law.  Morphine,  for 
example,  causes  contraction  of  the  pupil  in  man  and  rabbit,  but  dilatation  in  the 
cat;  while  ergotoxine,  which  dilates  the  pupil  of  the  rabbit,  acts  in  the  dog  and  cat  as  a 
myotic.  Atropine,  on  the  other  hand,  causes  mydriasis  in  all  animals,  so  that  the  explana- 
tion is  not  to  be  found  in  differences  of  innervation  among  the  species.  Ergotoxine  causes 
a  very  marked  rise  of  temperature  in  rabbits  and  dogs,  but  a  fall  in  mice  and  guinea-pigs. 
Antipyrine  and  other  antipyretics  have  no  effect  on  the  temperature  of  normal  man,  but 
depress  that  of  normal  mice  and  birds. 

In  some  instances,  such  differences  depend  on  peculiarities  of  metabolism. 
Certain  drugs,  active  in  warm-blooded  animals,  are  without  demonstrable  effect 
on  the  cold-blooded. 

Arsphenamine,  for  example,  is  not  toxic  to  frogs  under  normal  conditions.  They  are, 
however,  poisoned  if  l<ept  in  the  incubator  at  30°  C,  which  although  far  above  their  nor- 
mal temperature  is  not  of  itself  injurious. 

There  are  often  great  differences  in  the  susceptibility  of  herbivora  and  car- 
nivora.  Tlie  latter  are  able  to  form  ammonia  more  freely  to  neutralize  acids,  and 
are,  tlierefore,  able  to  withstand  much  larger  doses  of  such  substances.  Herbivora 
are  very  resistant,  on  the  other  hand,  to  certain  poisons  which  are  neutralized  in 
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tlio  liver — j)lieiiol,  for  example — as  similar  sulistanees  are  normally  formed  in  laro-e 
amount  hy  bacterial  ])utrel'action  in  their  intestine,  and  they  are  thus  physiologically 
prepared  to  take  care  of  such  com{)ounds. 

Eacial  Peculiarities  in  Man. — Concerning  the  differences  in  reaction  to  druf^s 
in  general,  or  to  particular  drugs,  commonly  referred  to  race,  the  influences  of 
climate,  of  mental  hahit,  and  of  what  may  be  termed — even  with  respect  to  the 
unlettered — the  edui-ational  tradition  and  environment,  cannot  be  excluded.  These 
may,  indeed,  be  important  contributing  factors.  The  differences  in  respect  to 
opium  are  especially  striking  and  probably  depend  in  largest  degree  upon  race. 
Jn  certain  aspects  they  appear  to  mark  a  sharp  distinction  between  the  peoples 
of  the  Occident  and  those  of  the  Orient.  Apart  from  individual  differences  in 
sensitiveness,  which  affect  chiefly  the  question  of  dosage,  the  physiologic  influence 
of  opium  is  much  the  same  in  most  Europeans  and  white  Americans,  and  under 
doses  suilicient  to  develop  the  full  range  of  drug  action — but  still  short  of  the 
dangerous  quantity — they  experience,  as  a  rule,  merely  the  soothing  (and  some- 
times only  the  pain-relieving  and  sleep-producing)  effects.  In  not  a  few  white 
Occidentals,  however,  the  drug  induces  symptoms  resembling  those  commonly  seen 
in  Orientals,  insomnia,  agitation,  or  even  wild  excitement.  It  is  only  perhaps  to 
a  DeQuincey  or  a  Coleridge  that  ])oetic  visions  come,  but  such  exquisitely  sensitive 
mentalities  may  be  profoundly  affected — now  exalted,  as  to  Heaven,  now  cast  down 
as  to  the  pit.  With  the  natives  of  India  and  other  Orientals,  marked  psychic 
phenomena,  both  pleasurable  and  painful,  appear  to  be  frequent.  A  Chinaman, 
it  is  said,  rarely  shows  excitement  or  depression ;  pleasing,  if  not  delectable,  dreams 
and  hallucinations — woven  into  a  half-conscious,  wholly  agreeable  confusion  or 
delirium — seem  to  be  the  rule.  The  Malay  commonly  becomes  stuporous  or  violently 
delirious,  and  may  even  be  incited  to  "run  amok"  in  homicidal  frenzy. 

Small  amounts  of  alcohol  commonly  cause  mental  exhilaration  in  white  per- 
sons, passing  with  larger  doses  into  a  maudlin,  more  rarely  a  quarrelsome,  state, 
and  finally  into  mental  torpor.  Negroes  are  likely  to  become  surly  and  quarrelsome 
after  even  small  amounts,  and  not  infrequently  are  aggressively  violent  when  drunk. 

Differences  Due  to  Individual  Peculiarities. — Certain  individuals  show  pecu- 
liar reactions  to  particular  drugs.  This  phenomenon  is  termed  idioi^yncmsi/.  The 
word,  it  is  true,  literally  designates  reactions  peculiar  to  the  individual,  but  it  is 
in  common  use  to  indicate  a  reaction  shown  by  a  number  of  persons — constituting, 
however,  a  small  minority  of  the  race.  The  individual  may  show  abnormal  response 
to  many  drugs,  but  more  frequently  to  some  special  drug  or  a  few  drugs.  The 
reaction  may  be  abnormal  in  degree — relatively  small,  or  even  minute  doses  of  the 
drug  being  followed  by  symptoms  such  as  are  commonly  observed  only  after  very 
large  amounts  (intolerance)  ;  or  uncommonly  large  doses  being  required  to  pro- 
duce an  effect  (tolerance) — or  it  may  be  abnormal  in  Idnd,  by  which  is  meant 
that  symptoms  totally  different  from  those  commonly  following  the  use  of  the 
drug  in  any  dosage,  are  exhibited  by  the  individual.  Thus  opium  is  to  some 
persons  a  pure  excitant  and  may  even  cause  convulsions,  while  chloral,  in  rare 
instances,  induces  delirium. 

The  first  of  these  abnormal  responses,  which  is  kno\vai  as  iirtolerance  is  by 
far  the  most  common.  Intolerance,  the  inability  to  endure  a  drug  in  average  dose, 
or  a  tendency  to  show  unduly  some  particular  effect,  may  be  original  or  may  be 
developed  (acquired)  in  the  course  of  administration  of  an  agent.  Original  intol- 
erance (which  alone  is  idiosyncratic)  is  manifested  by  a  relatively  small  number 
of  individuals;  while  the  intolerance  that  develops  during  medication  is  common; 
being  indeed  a  minor  phase  of  the  untoward  or  poisonous   influence  of  certain 
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drugs.  In  either  case,  the  reaction  may  be  so  great,  so  unpleasant  or  so  dangerous, 
as  to  absolutely  forbid  the  use  of  the  drug  by  the  person  showing  it. 

The  nature  of  this  intolerance  differs  with  different  drugs.  In  some  cases 
it  may  be  related  to  the  absorption,  transformation  or  elimination  of  the  medica- 
ment; but  it  is  most  frequently  to  be  ascribed  to  an  undue  sensitiveness  of  the 
cells  upon  which  the  medicament  acts. 

There  are  a  number  of  drugs,  to  which  peculiar  individual  sensitiveness  is 
by  no  means  rare,  necessitating  constant  mindfulness  of  the  fact  in  their  use. 
Among  them  are  remedies  of  considerable  importance;  e.g.,  bromides,  iodides, 
quinine,*®  salicvlates,  opium,  belladonna  and  the  other  mydriatics,  cannabis, 
strychnine,  caffeine,  cocaine,  chloral,  iron,  arsenic,  mercurials,  bismuth,  digitalis, 
strophanthus,  and  various  coal  tar  derivatives.  With  other  agents,  as  the  nitrites, 
the  sulphonhypnotics,  epinephrine,  pituitary  gland  and  thyroid  gland,  idiosyncratic 
intolerance  is  shown — but  more  rarely.  With  numerous  drugs,  it  is  literally  excep- 
tional.   Yet  it  is  possible  with  any. 

The  first  time  the  physician  prescribes  for  an  individual,  therefore,  the  dose 
of  any  of  these  agents  should,  if  possible,  be  a  tentative  one,  to  be  increased  or 
diminished  according  to  result.  Should  the  medicament  that  seems  to  be  indicated 
be  one  that  is  likely  to  produce  unpleasant  or  dangerous  symptoms  in  sensitive 
persons,  inquiry  should  be  made  guardedly  or  frankly,"*^  according  to  the  circum- 
stances, as  to  previous  use. 

It  is  well  to  remember  that  apparent  idiosyncrasies  may  be  owing  to  the 
pgitient's  age,  or  to  pathologic  conditions. 

Idiosyncrasies  are  necessarily  discoverable  only  after  the  fact  and  not  in 
advance.  We  have,  however,  made  an  attempt  to  accumulate  observations  from 
which  might  be  gathered  signs  of  warning;  and  these,  incomplete  and  tentative 
though  they  are,  are  perhaps  worth  the  stating. 

Gouty  or  lithemic  persons,  especially  those  prone  to  eczematous  outbreaks, 
very  frequently  exhibit  undue  sensitiveness  to  drug  influence  in  general ;  and  some- 
times to  the  very  drugs  one  would  otherwise  be  likely  to  prescribe,  as  arsenic,  sali- 
cylates,  colchicum,  mercurials,  quinine. 

Fair-skinned  persons,  especially  those  with  blue  eyes  and  red  hair,  that  is  to 
say,  the  frank  blonde  type,  are  often  unduly  susceptible  to  quinine.  Nevertheless, 
the  most  marked  case  of  quinine  intolerance  that  Ave  have  seen,  occurred  in  a 
child  of  as  dark  complexion  as  is  at  all  likely  to  be  found  among  Caucasians 
born  in  northern  latitudes. 

Persons  of  that  puzzling  heredity  we  have  termed  "autonomic-endocrine 
ataxia''  ^^  are  in  general  oversensitive  to  the  action  of  drugs,  and  may  exhibit 
curious  idiosyncrasies  toward  very  many  agents.  Thus,  one  woman,  in  whom  swell- 
ing (angioneurotic  edema)  of  the  face  followed  administration  of  a  minute  dose 
of  strychnine,  nux  vomica  or  ignatia  amara,  and  general  anasarca  was  induced 

**  In  respect  to  such  agents  as  quinine  and  salicylic  acid,  intolerance  may  be  so 
great  that  the  permissible  doses  would  be  insufficient  for  specific  therapeutic  effects;  in 
respect  to  such  an  agent  as  belladonna,  on  the  other  hand,  idiosyncrasy  may  permit  thera- 
peutic effects  to  be  attained  with  very  minute  quantities. 

**One  reason  for  being  guarded  with  certain  patients  in  inquiries  as  to  possible 
idiosyncrasies  is  to  avoid  not  only  special  suggestion  but  the  induction  of  fear  or  other 
untoward  psychic  effect. 

**  Since  this  term  was  introduced,  and  the  individuals  in  question  classed  for  the  first 
time  by  the  senior  author,  a  French  writer  has  named  the  condition  "the  angioneurotic 
diathesis,"  and  to  one  of  its  varieties  some  German  writers  have  applied  the  term 
"exudative  diathesis"  and  "eosinophilic  diathesis,"  while  others  (Bppinger  and  Hess  and 
their  followers)  speak  of  "sympathicotonia"  and  "vagotonia." 
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by  large  doses  of  any  of  these  drugs,  could  take  j>icrotoL\in  in  relatively  large 
quantity,  not  only  without  discomfort,  but  with  apparent  benefit.  Some  of  these 
persons  have  thyroid  onhirgenienl  ;  some  show,  on  testing,  deranged  action  of 
the  eyelid  and  eye-muscles,  and  iiypcropic  astigmatism  is  quite  common  among 
them;  some  have  marked  mottlings  of  the  skin,  and,  especially  under  the  influence 
of  emotion  or  of  changes  of  temperature,  as  well  as  of  food  poisoning  and  entero- 
intoxication,  are  liable  to  phenomena  of  vasomotor  disturbance,  which  may  even 
be  so  severe  as  to  suggest  Kaynaud's  syndrome,  or  present  marked  resemblance 
to  Graves'  syndrome.  Such  individuals  are  quite  likely  to  show  hypersensitiveness 
— so-ealled  atopic  reactions — to  many  substances,  and  frequently  react  to  the  influ- 
ence of  various  drugs  by  erythematous  and  urticarial  or  edematous  eruptions, 
which  may  even  be  mistaken  for  infectious  exanthemata,  as  scarlet  fever,  measles, 
erysipelas;  ^^  or  in  cases  with  extensive  edema,  especially  "when  the  not  uncom- 
mon "trace  of  albumin"  is  found  in  the  urine,  for  acute  nephritis. 

The  vasomotor  derangement  from  drugs  and  other  causes  is  not  always  con- 
fined to  the  skin,  but  may  also  extend  to  the  respiratory  or  gastroenteric  tract, 
producing  paroxysms  resembling  hay  fever  or  asthma,  or  nausea,  vomiting  and 
diarrhea — at  times  colic  and  abdominal  pain,  simulating  appendicitis.  In  some 
instances — whether  reflexly  or  by  actual  involvement  of  biliary  and  urinary  canals 
— the  "tits"  may  simulate  hepatic,  renal  or  ureteral  calculus;  there  may  even  be 
slight  icterus  or  transient  hematuria,  more  rarely  glycosuria.  Sometimes  these 
patients  exhibit  marked  nervous  and  circulatory  disturbances,  headache,  vertigo, 
palpitation,  even  delirium.  Caution  must,  therefore,  be  observed  wdth  such 
subjects,  both  in  the  administration  of  remedies,  and  in  the  interpretation  of 
symptoihs. 

In  this  connection  we  may  point  out  the  difference  between  the  idiosyncratic 
reactions  manifested  by  subjects  of  autonomic  endocrine  imbalance  and  the  phe- 
nomena of  anaphylaxis  with  which  they  are  sometimes  confused.  Attacks  of  hay 
fever  and  asthma  are  excited  by  certain  proteins  entering  through  the  nasopharyn- 
geal passages  or  the  alimentary  tract.  In  hay  fever  these  are  almost  exclusively 
derived  from  wind-borne  pollens  inhaled  with  the  air.  In  asthma,  emanations  from 
the  skin,  hair  and  feathers  of  domestic  animals  and  birds,  the  furs  of  wild 
animals,  ingredients  of  tooth  and  face  powders,  occupational,  'T)edroom"  and  other 
dusts,  proteins  from  certain  foods,  bacterial  proteins  absorbed  from  a  focus  of 
latent  infection  and  similar  agents — so-called  "allergens"  and  "atopens" — the  list 
of  which  increases  daily — are  likewise  responsible.  Because  many  of  these  patho- 
gens are  proteins  and  because  attacks  of  asthma  are  characterized  by  a  contraction 
of  the  bronchi  similar  to  that  seen  in  anaplwlactic  shock  in  guinea-pigs,  the 
attempt  has  been  made  to  explain  asthma  and  hay  fever  as  phenomena  of 
anaphylaxis.  The  following  considerations  suffice  to  discriminate.  (1)  Anaphy- 
laxis is  a  state  of  undue  sensitiveness  to  a  protein,  induced  by  a  previous  a-dminis- 
trafion  of  the  same  protein  to  the  affected  individual  (or,  rarely,  to  the  pregnant 
mother).  In  hay  fever,  on  the  other  hand,  the  first  exposure  to  the  specific  protein 
may  excite  an  attack.  Thus,  travellers  meeting  with  a  foreign  plant  for  the  first 
time  may  suffer  from  hay  fever  incited  by  its  pollen.  (2)  In  anaphylaxis,  an 
attack  or  "shock"  brought  on  by  renewed  exposure  to  the  excitiiig  protein  results 
in  a  state  of  immunity,  or  second  latent  period,  which  lasts  ten  days  or  so.  In  hay 
fever,  attacks  follow  one  another  at  close  intervals  for  weeks  at  a  time.     (3)  In 

"  In  treating  such  individuals,  the  agents  derived  from  the  endocrine  glands  are 
useful,  when  well  selected;  but  we  have  seen  great  harm  from  such  agents  unwisely 
chosen.    The  best  rule  is  "When  in  doubt — don't." 
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anaphylaxis,  a  series  of  increasing  doses  of  the  offending  protein  leads  to  extreme 
sensitiveness,  while  a  single  large  dose  leads  to  desensitization.  In  asthma  and  hay 
fever  the  reverse  is  true;  a  single  large  dose  increases  the  sensitiveness,  while 
desensitization  may  be  brought  about  by  a  series  of  increasing  doses.  On  the  whole, 
it  seems  better,  for  the  present,  not  to  attempt  to  range  asthma  and  hay  fever  with 
anaphylaxis. •"'- 

Drug  tolerance  is  an  uncommon  or  extraordinary  degree  of  resistance  to  the 
influence  of  medicaments  and  poisons  in  general,  or  to  that  of  particular  agents. 
It  may  be  manifested  in  regard  to  the  entire  sphere  of  action  of  a  drug,  or  in 
regard  to  special  phases  only.  It  is  exhibited  in  two  forms,  which  may  be  termed 
respectively  original  and  acquired. 

Original  tolerance  is  a  phenomenon  somewhat  akin  to  natural  immunity, 
racial  or  individual,  against  infectious  maladies.  It  is  rarely  absolute,  and  not 
only  do  individuals  possess  it  in  different  relative  degrees,  but  its  intensity  may 
vary  in  the  same  individual  under  different  conditions.  It  is  an  idiosyncratic  resis- 
tance, as  contrasted  with  an  idiosyncratic  susceptibility.  Original  tolerance  com- 
monly influences  therapeutic  intervention  only  as  it  requires  a  particular  drug 
to  be  given  in  larger  dose  than  ordinary.  In  less  frequent  instances^  it  may  neces- 
sitate either  supplementation  by  another  drug  or  other  drugs,  or  the  substitution 
of  a  different  agent  or  method. 

Acquired  tolerance  is  discussed  in  connection  with  drug  habits. 

Psychic  Factors.— Psi/c/mc  peculiarities  of  the  individual  or  his  emotional  state 
at  the  time  of  administration  of  a  drug  may  modify  the  effect.  The  patient's 
report  of  subjective,  and  even  of  objective,  effects  may  also  be  influenced — either 
to  exaggeration  or  to  minimization.  The  possible  effect  of  suggestion,  moreover, 
is  always  to  be  thought  of. 

While  mentality  is  a  permanent  condition,  and  emotion  an  occasional  condi- 
tion, and  both  may  be  altered  by  disease,  it  is  convenient  to  include  the  whole 
subject  in  a  brief  discussion. 

Pules  are  not  easy  of  statement.  When,  for  instance,  excitation  or  depression, 
or  fear,  is  part  of  the  symptomatology  of  disease,  and  calls  for  medicinal  treat- 
ment, the  choice  of  remedy  and  the  effect  of  the  drug  chosen  will  depend  on  all 
the  factors,  as  in  the  management  of  any  other  symptom.  But  when  medicines 
are  administered  for  any  other  purpose  than  to  calm  excitement  or  to  overcome 
depression,  and  the  psychic  state  masks  or  magnifies  their  effects,  judgment  becomes 
more  than  ever  difficult.  This  applies  to  persons  of  normal  mentality,  as  well  as 
to  the  insane,  to  the  hysterical,  and  to  the  very  many  persons  whose  psychic 
imbalance  cannot  be  defined  by  any  of  these  terms.  It  is  peculiarly  true  of  those 
aged  persons  in  whom  cerebral  or  general  arteriosclerosis  interferes  persistently 
with  the  nutrition  or  functioning  of  the  brain,  inducing  a  condition  of  persistent 
or  recurring  pessimism,  discontent,  or  mere  "contrariness."  ^^ 

"  Certain  authors  have  introduced  the  use  of  the  term  "allergy"  to  denote  these 
apparently  original  states  of  hypersensitiveness.  It  is,  however,  wiser  to  restrict  this 
term  to  its  original  signification,  namely,  an  acquired  alteration  in  susceptibility  to  a  spe- 
cific agent.  "Atopy"  is  now  coming  into  use,  and  the  provocatives  formerly  termed 
"allergens"  are  being  named  "atopens."  We  have  no  desire  to  increase  the  confusion 
by   adding  a   new   term. 

^'  It  may  be  said  in  passing  that  this  condition  is  sometimes  relieved  in  almost 
marvelous  degree  by  the  use,  occasionally  or  frequently,  of  very  small  doses  of  nitro- 
glycerin or  other  nitrite;  aided,  perhaps,  by  occasional  or  persistent  use — also  in  small 
doses — of  digitalis,  or  strophanthus  or  sparteine;  less  frequently,  by  intermittent  or  pro- 
longed use  of  anhalonium  or  Crataegus— or  even  a  very  occasional  and  sparing  resort  to 
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Whether  such  conditions  are  more  likely  to  increase  or  diminish  the  effect  of  any 
given  drug  cannot  be  stated.  P^ailure  to  attain  ordinary  results  may  be  attributable  to 
lessened  sensitiveness  of  the  tissues,  or,  when  subjective  symptoms  are  in  question,  to 
the  patient's  diminished  keenness  in  perception.  On  the  other  hand,  varied  or  decreased 
tissue  resistance,  may  heighten  drug  effects  in  a  degree  not  easily  estimated. 

We  must  be  satisfied  with  calling  the  student's  attention  to  the  possibilities,  so  that 
he  will  be  prepared  to  take  them  into  consideration  in  the  actual  case,  and  act  as  then 
seems  best  under  all  the  circumstances." 

Sex. — Sensitiveness  to  (1ni<^s  is  slightly  affected  by  sp:i',  females  beinj:^  usually 
more  easily  influenced  than  males  of  tiie  same  age  and  weight.  ^Menorrhagia  may 
be  induced  by  some  drugs  which  tend  to  cause  pelvic  congestion.  Certain  drugs, 
too,  are  thought  to  have  special  influences  upon  women,  not  only  as  concerns 
menstruation,  gestation  and  other  sex  functions,  but  also  in  respect  to  the  nerve 
system  (e.g.,  valerian).  Males  are  specially  subject  to  strangury  from  turpentine 
and  cantharides. 

Structure  or  Part  of  Body  Acted  On. — A  drug  may  exalt  one  function  and 
reduce  anotlier — even  closely  related — function.  For  example,  morphine  depresses 
the  association  center,  but  stimulates  the  reflex  arc.  It  depresses  the  respiratory 
center,  but  excites  the  vagus  center. 

Langley,  Starling  and  the  English  physiologists  have  attempted  to  show  that 
each  drug  affects  all  homologous  parts  of  the  autonomic  ^^  system  in  the  same 
manner.  Thus,  a  substance  which  stimulates  the  true  sympathetic  endings  in  one 
organ  will  stimulate  them  in  all  organs;  in  their  own  words,  will  be  "sympathico- 
mimetic."  If  one  part  of  the  sympathetic  is  paralyzed,  all  parts  will  be  paralyzed 
in  the  same  manner.  This  is  frequently  true.  Atropine,  for  example,  parah'zes 
the  vagus  endings,  both  in  the  heart  and  in  the  stomach.  It  should,  therefore, 
paralyze  the  parasympathetic  in  the  eye,  and  it  does,  giving  rise  to  dilatation  of 
the  pupil  and  loss  of  accommodation.  Nicotine  is  found  to  paralyze  all  autonomic 
ganglia,  both  sympathetic  and  parasympathetic.  Discrepancies  and  exceptions  to 
the  law  are,  however,  unfortunately  numerous.  Langley  attempts  to  explain  all 
such  exceptions  by  assuming  that  the  drug  in  question  always  paralyzes  one  and 
the  same  part  of  the  autonomic  system  and  always  stimulates  another  part,  and 
that  under  some  conditions  or  in  some  organs  the  stimulating  effect  is  paramount 
and  in  other  cases  depression  predominates.  This  explanation  is  frequently 
extremely  forced,  'as,  for  instance,  in  attempting  to  explain  the  effects  of  ergo- 
toxine  on  the  iris. 

Normal  Variable  Condifiotis. — Age,  Weight  and  Normal  Vigor. — Age,  weight 
and  normal  vigor  do  not,  strictly  speaking,  modify  drug  influence,  but  are  impor- 
tant factors  in  dosage,  and  are  considered  under  that  head. 

Eest,  Exercise  and  Fatigue. — In  itself,  resl  is  a  potent  remedial  agent ;  fre- 
quently the  only  one  required.  Apart  from  this,  however,  it  must  be  considered 
in  choosing  medicines  and  estimating  their  effect.  Agents  affecting  the  heart  have 
much  greater  influence,  both  in  supporting  feeble  action,  and  in  calming  excessive 
action,  when  the  patient  is  quiet;  most  of  all,  when  he  is  recumbent — since  tlien 

"Emotion  may  not  infrequently  be  utilized,  especially  with  hysterical  patients,  to 
whom  a  capsule  containing  an  inert  powder — or,  perhaps,  at  first  a  very  small  dose  of 
active  drug — may  be  administered  to  produce  sleep  by  suggestion,  thus  avoiding  the 
depressing  influence  of  full  doses  of  hypnotic  agents,  or  the  possible  induction  of  a  drug 
habit.  It  is  also,  however,  capable  of  interfering  with  the  intention  of  the  physician,  by 
making  the  patient  unduly  timid  or  avid  of  the  effects  of  a  certain  medicine,  or  by  excit- 
ing a  morbid  attention  to  drug  symptoms. 

"We  use  Langley's  original  terminology,  including  both  sympathetic  and  parasym- 
pathetic under  this  general  terra. 
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the  resistance  of  gravity,  both  to  the  arterial  circulation  above,  and  to  the  venous 
circulation  below,  is  at  a  minimum.  The  effect  of  posture  on  the  action  of  digi- 
talis is  especially  marked.  It  is  dangerous — and  may  be  fatal — for  one  resting  in 
bed  under  the  full  influence  of  this  drug  to  rise  suddenly,  and  especially  to  urinate 
or  defecate  after  thus  rising.  Patients  and  their  attendants  should  be  warned  of 
this  danger ;  and  the  fact  should  be  remembered  also  in  the  case  of  walking  patients. 
A  like  danger  from  sudden  change  to  the  upright  posture  attends  the  use  of  chloro- 
form, ether,  and  other  anesthetics  that  relax  the  peripheral  blood  vessels;  and 
in  poisoning  by  agents  of  this  type  the  head  should  be  lowered. 

Agents  that  lower  blood  pressure  by  action  on  the  vessels  are  more  effective 
when  the  patient  rests,  as  are  also  those  that  heighten  blood  pressure  by  central, 
i.e.,  cardiac,  stimulation;  but  larger  doses  may  be  required  of  drugs  that  increase 
blood  pressure  by  contracting  the  vessels. 

All  types  of  sedative  action — analgesic,  antispastic,  hypnotic,  narcotic — are 
aided  by  rest.  Thus,  it  is  not  uncommon,  in  poisoning  by  opium,  to  walk  the  patient 
up  and  down;  and  even  to  switch  him  so  that  powerful  sensorial  impressions  may 
prevent  the  oncoming  of  stuporous  sleep.  On  the  other  hand,  when  one  is  moving 
about,  a  smaller  dose  of  caffeine  will  keep  him  awake  than  would  be  necessary  if 
he  remained  still. 

Exercise,  too,  increases  the  effect  of  all  agents  that  stimulate  oxidations  and 
metabolic  exchanges  in  general ;  or  that  act  by  reason  thereof, — for  example,  oxygen 
and  cincophen. 

Fatigue  increases  the  action  of  many  drugs,  and  lessens  the  effect  of  others. 
Cardiac  stimulants  may  not  induce  the  reaction  sought  until  the  patient  is  put 
at  rest  in  bed,  and,  in  cases  of  exhaustion,  drugs  which  ordinarily  stimulate  any 
function  may  remain  ineffective  in  the  common  doses.  Great  caution  must,  how- 
ever, be  observed  in  increasing  the  dose.  The  immediate  effect  of  violent  after- 
exercise  may  be  just  the  opposite  of  prolonged  exhaustion,  Convulsant  drugs — for 
example,  strychnine — will  cause  tetanus  in  dogs  that  have  just  been  exercised,  in 
much  smaller  doses  than  are  required  in  the  resting  animal.  General  exhaustion, 
especially  if  associated  with  starvation,  increases  the  effect  of  narcotic  drugs  in 
general.  The  tendency  of  underfed  persons  to  succumb  to  small  amounts  of  alcohol 
is  well  known. 

Occasional  and  Accidental  Conditions. — Menstruation  and  Pregnancy. — It  is 
obvious  that  during  the  normal  uterine  bleeding  the  action  of  drugs  that  tend  to 
raise  or  lower  blood  pressure,  or  to  increase  or  diminish  bleeding,  that  cause  pelvic 
congestion,  or  that  in  any  way  affect  uterine  function,  will  be  increased.  Hence, 
such  agents  must  be  avoided  or  much  reduced  in  dose,  unless  indicated  by  some 
disturbance  of  the  menstrual  function  itself.  Fever  frequently  subsides  spontane- 
ously during  this  period,  and,  in  many  acute  cases,  medication  of  all  kinds  can 
safely  be  intermitted.  It  is  customary  also,  in  chronic  cases,  to  intermit  hematinics. 

Pregnancy  influences  particularly  the  action  of  drugs  that  affect  the  uterus. 
Epinephrine,  for  example,  causes  contraction  of  the  pregnant  uterus  of  the  rabbit 
and  guinea-pig,  but  relaxation  and  paralysis  of  the  virgin  uterus.  Other  drugs 
show  similar  differences.  In  general,  the  pregnant  uterus  is  much  more  likely  to 
be  influenced  by  drugs  than  the  puerperal  womb,  and  the  latter  more  than  the 
virgin  organ.  This  is  specially  true  of  stimulant  drugs.  Frogs  show  great  irregu- 
larity of  response  to  certain  drugs  in  the  spring  when  the  egg  sacs  are  large. 
The  difference  is  mainly  quantitative,  but  the  cause  may  reside  in  the  character 
of  the  reaction,  and  at  this  time  female  frogs  cannot  be  used  for  the  standardiza- 
tion of  digitalis. 
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It  is  not  uncommou  for  pregnant  women,  perhaps  originally  through  incau- 
tious advice  of  a  medical  attendant,  to  take  various  sorts  of  "headache  powders" 
and  "neuralgia  tablets,"  to  relieve  some  of  the  minor  disturbances  of  their  state. 
Acetanilid,  acetphenetidin  (phenacetin)  and  acetyl  salicylic  ester  (aspirin)  are  the 
drugs  most  frequently  so  misused.  Tliese  are  all  general  nerve  and  heart  depres- 
sants. The  heart  may  be  so  weakened  by  their  continuous  or  repeated  influence 
as  to  be  unable  to  withstand  the  puerperal  strain,  and  serious,  and  even  fatal, 
accidents  may  result  during  or  after  delivery. 

Many  of  the  deaths  of  pregnant  women  from  influenza  are  to  be  attributed 
to  the  use  of  this  group  of  medicaments,  either  before  or  during  the  attack.  On 
the  other  hand,  in  the  presence  of  a  malady  like  influenza  or  pneumococcus  pneu- 
monia, the  pregnant  state  would  not  interdict  the  use  of  salicin  or  quinine  com- 
pounds, even  were  tliese  agents  likely — as  they  are  not — to  induce  abortion.  The 
object  must  be  to  save  the  mother;  if  she  dies,  the  fetus  is  necessarily  doomed. 
Quinine  dihydrobromide,  fearlessly  employed,  has  in  many  cases  under  our  observa- 
tion saved  both. 

Influence  of  Drugs  upon  the  Fetus. — As  nutriment  passes  from  the  maternal 
circulation  to  that  of  the  feiu.s,  it  is  obvious  that  drugs  must  do  the  same.  In 
some  instances  it  is  possible  to  observe  in  the  fetus  the  effect  of  a  drug  adminis- 
tered to  the  mother.  JMorphine,  for  example,  given  late  in  pregnancy,  will  not 
only  quiet  fetal  movements,  but  slow  the  fetal  heart.  It  is  not  always  possible 
to  observe  such  effects  directly  during  life,  but  evidence  of  the  passage  of  drugs 
to  the  fetus  has  been  brought  by  the  finding  of  mercury,  arsenic,  and  other  drug.? 
in  the  tissues  of  stillborn  children.  Abortion  not  uncommonly  results  from  severe 
lead  poisoning,  and  in  such  cases  lead  may  be  found  in  the  tissues  of  the  fetus. 
Arsenic  and  the  heavy  metals  are  apparently  likely  to  prove  injurious  to  the  unborn 
child  and  great  caution  must  be  observed  if  they  are  given  to  pregnant  women. 

Gastroenteric  Conditions. — Attention  must  always  be  given  to  the  condition 
of  the  stoniacJi  and  howcl,  for  drug  influence  may  be  modified,  not  only  by  morbid 
changes  in  the  alimentary  canal,  but  also  by  the  variable  conditions  of  the  normal 
tract.  As  a  rule,  when  the  stomach  and  bowel  are  empty,  absorption  is  more  rapid, 
and  local  action  on  the  gastric  and  intestinal  mucous  membrane  is  likewise  favored. 
Certain  foods  delay  especially  the  absorption  of  certain  drugs — for  example,  fats 
and  oils  that  of  arsenic;  starches  that  of  iodine;  proteids  that  of  acids  and  most 
metals.  On  the  other  hand,  oils  may  favor  the  solution  and  absorption  of  certain 
substances,  e.g.,  calomel,  thymol,  and  the  poisonous  principles  of  the  male  fern 
(aspidium).  When  there  is  considerable  accumulation  of  feces,  mercurial  cathar- 
tics are  contraindicated,  since  failure  to  purge  may  result  in  poisoning.  Generally, 
it  is  well  to  give  a  laxative  (non-saline)  or  an  enema,  before  using  quinine  by 
mouth,  in  acute  malaria  or  acute  pneumonia ;  as  also,  before  intestinal  antiseptics 
and  opiates  in  any  condition,  and  before  vermifuges.  On  the  other  hand,  salicylates, 
arsenic,  iron  and  irritant  drugs  in  general  are  best  administered  with  or  after  food, 
unless  there  is  some  special  reason  to  the  contrary.  When  saline  purgatives  have 
been  administered,  causing  intestinal  exosmosis,  absorption  of  other  drugs  is 
delayed  during  its  continuance  (Macht). 

Patliolof/ic  Condiiions. —  iModifications  in  drug  action  dependent  on  pathologic 
conditions  are  of  the  utmost  importance  to  the  practicing  physician.  They  are  to 
be  studied  in  connection  with  the  special  drugs,  and  to  be  observed  and  noted 
at  the  bedside,  when  instances  are  encountered  that  are  not  recorded  in  the  texts. 
Failure  to  take  them  into  account  will  result  in  disappointment  and  failure,  if 
nothing  worse.    This  discussion  makes  no  attempt  to  be  exhaustive;  it  will  point 
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out  the  general  nature  of  these  modifications,  and  illustrate  them  by  typical 
examples. 

The  factors  determining  the  variations  are  many,  and  they  are  known  only 
in  part.  Among  them  are  increased  or  diminished  absorption  or  elimination  of 
the  drug;  changes  in  general  or  local  circulation  affecting  the  distribution  of  the 
agent  as  well  as  oxidative  processes  and  H-ion  concentration  in  the  tissues ;  morbid 
alterations  of  tissues  exalting  or  lowering  the  threshold  of  sensibility  to  drug  action 
in  general  or  to  that  of  certain  drugs,  or  preventing  response  altogether;  altera- 
tions in  secretions,  in  the  physical  state  or  chemical  composition  of  the  blood  and 
other  body  fluids;  the  presence  of  microorganisms  and  of  their  products,  and  of 
poisons  generated  in  the  tissues;  changes  in  the  relation  of  one  part  of  the  organ- 
ism to  another;  and,  finally,  the  very  condition  of  morbidly  altered  function  that 
the  drug  is  intended  to  remedy.  Many  of  the  discrepancies  between  laboratory 
experiments  and  clinical  experience  could  be  explained,  if  these  factors  were  known 
and  given  due  consideration. 

Both  the  changes  in  tissue  and  function  characterizing  the  ailment  under 
treatment,  and  those  pertaining  to  chronic  conditions  of  other  origin,  or  the  result 
of  past  disease,  must  be  taken  into  account.  The  subject  is  large;  we  can  here 
give  only  a  few  illustrations.  The  general  types  of  departure  from  normal  action 
are  best  illustrated  by  examples  taken  from  the  first  mentioned  group  of  condi- 
tions. The  special  changes  dependent  on  disease  of  particular  organs  are  best 
illustrated  by  examples  taken  from  the  last  mentioned  group. 

Present  Ailment. — Four  general  types  of  divergence  from  normal  pharmaco- 
dynamic influence  are  to  be  noted: 

A.  The  characteristic  drug  effects  require  exceptionally  large  doses,  or  may 
not  be  developed  at  all. 

B.  The  typical  effects  develop  after  doses  much  smaller  than  normal. 

C.  Effects  appear  that  are  not  seen  when  the  drug  is  given   in  health  or 
under  other  conditions  of  disease. 

D.  Contradictory  results  are  seen. 

(A)  Under  certain  conditions  of  disease,  doses  much  larger  than  ordinary 
are  required  to  produce  the  therapeutic  or  toxic  eft'ects  of  drugs. 

At  times,  in  the  presence  of  symptoms  which  the  medicament  relieves,  and 
of  infections  and  intoxications  which  it  opposes,  doses  may  be  useful  which  would 
be  poisonous  to  normal  persons.  When  there  is  severe  pain,  large  doses  of  mor- 
phine may  be  required  to  give  relief  or  to  induce  sleep,  and,  as  a  rule,  they  inter- 
fere, in  much  less  degree  than  commonly,  with  the  functions  of  the  kidney  and 
of  the  bowel.  To  overcome  acute  pulmonary  edema,  especially  in  the  course  of 
acute  pneumonia,  atropine  may  be  used  by  hypodermic  injection  in  quantities 
many  times  larger  than  the  ordinary  safe  dose.  In  fact,  2.5  mgm.  (gr.  1/25) 
may  be  given,  and  repeated  in  30  minutes  if  still  indicated. 

An  organ  functionally  depressed  or  structurally  altered  by  poisons  may  not 
respond  readily.  Digitalis  frequently  loses  its  characteristic  effects  in  fevers,  and 
especially  in  acute  lobar  pneumonia,  unless  very  large  doses  be  given.  This  is 
not  owing  to  the  high  temperature  as  such,  but  to  the  injury  of  the  heart  muscle 
by  the  poisons  of  the  malady.  In  chloroform  poisoning,  and  indeed  in  acute  heart 
failure  of  any  origin,  strychnine  is  to  be  used  hypodermically  in  what  would  other- 
wise be  a  dangerous  dose. 

\Yhen  there  is  a  great  structural  alteration  of  an  organ,  the  ordinary  effect 
may  not  be  shown  at  all,  or  only  to  a  very  limited  extent,  even  from  very  large 
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doses.  Scanty  excretion  of  urine,  dependent  on  severe  kidney  lesions,  may  be 
improved  little,  if  at  all,  by  diuretics;  atheromatous  blood  vessels  show  Imt  little 
rt'hixation  even  from  enormous  doses  of  nitrites;  the  dilated  pupil  of  chronic 
glaucoma  is  constricted  only  by  large  doses  of  eserine. 

I'ituitary  lias  a  much  more  marked  ell'ect  on  normal  blood  pressure  than  on 
lowered  pressure,  and  less  in  Graves'  disorder  than  in  pneumonia.  In  the  presence 
of  inflammation,  opinej)lirine  produces  a  much  less  marked  constriction  of  vessels. 
In  paroxysmal  tachycardia,  even  enormous  doses  of  digitalis  may  utterly  fail  to 
quiet  the  heart  unless  auricular  flutter,  or,  more  especially,  fibrillation  supervene 
— perhaps  assisted  by  the  drug,  as  sometimes  observed  in  experiments  on  animals. 
If  the  drug  now  be  withdrawn,  the  fibrillation  will  soon  disappear  in  most  cases. 

In  paralyses  from  toxic  neuritis,  as  in  post-diphtheritic  ]:)alsy,  and,  even,  as 
in  the  case  of  Bell's  palsy  from  cold,  very  large  doses  of  strychnine  are  commonly 
necessary  to  induce  nuiscular  response,  and — provided  due  regard  be  paid  to  the 
gradual  inthu'tion  of  tolerance — may  usefully  be  given. 

Mackenzie  has  pointed  out  that  the  fact  shown  by  Krogh  in  regard  to  the  capillaries, 
that  not  all  cells  functionate  at  the  same  time,  is  probably  true  of  other  organs  also. 
Some  cells  work  while  others  rest,  like  shifts  of  workmen  in  a  factory.  Under  normal 
conditions  of  stress  or  increased  functional  activity,  the  number  of  active  cells  is  tem- 
porarily increased.  A  similar  increase  in  the  number  of  functionating  cells  can  be 
brought  about  by  drug  action.  Hence,  when  there  are  a  sufficient  number  of  cells  un- 
affected by  the  malady,  we  can  call  on  them  to  do  extra  work  while  the  affected  cells  are 
recovering.  When  the  number  of  intact  cells  is  not  sufficient  the  organ  cannot  be  stimu- 
lated effectively. 

In  other  instances,  effective  drug  action  is  prevented  in  a  less  direct  manner. 
Heart  failure,  even  when  the  organ  is  not  irreparaljly  damaged,  may  prevent  its 
own  relief,  since,  through  failure  of  circulation,  the  drug,  even  when  injected  into 
the  tissues,  may  remain  at  the  site  of  administration  and  fail  to  reach  the  central 
or  peripheral  structure  on  which  its  action  must  be  exerted.  For  this  reason, 
volatile  agents,  such  as  musk,  camphor,  and  ammonia,  may  be  required,  or  the 
pericardial  or  even  intracardial  injection  of  a  quickly  acting  stimulant,  such  as 
epinephrine. 

In  infectious  disease  there  is  a  marked  increase  of  tolerance  to  certain  drugs 
having  a  specific  or  quasi-specific  influence.  In  pneumococcic  or  malarial  infections, 
massive  injections  of  quinine  may  be  given  without  inducing  cinchonism,  and  are 
often  necessary  for  therapeutic  effect.  Large  doses  of  salicin  are  necessary,  and  are 
well  borne,  in  influenza.  The  same  is  true  of  salicylates  in  rheumatic  fever,  of 
mercurials  in  early  syphilis  and  of  iodides  in  late  syphilis.  The  resistance  to  pois- 
oning is  partly  dependent  on  the  proportional  distribution  of  the  drug  to  the  af- 
fected tissues.  There  may  be,  also,  some  reciprocal  neutralization  of  drug  and  toxic 
products  of  bacterial  or  tissue  origin.  There  is  no  increased  resistance  to  the  newer 
arsenicals  in  trypanosomiasis,  syphilis  and  other  diseases  in  which  these  drugs  are 
indicated  and  used. 

(B)  Increased  sensitiveness  to  drug  action,  as  a  rule,  accompanies  func- 
tional (Usturhance,  rather  than  structural  change.  Not  uncommonly  an  organ 
whose  function  is  disturbed  responds  readily  to  a  drug  which  tends  to  restore  it  to 
normal,  whether  such  action  be  a  primary  or  secondary  effect.  Aconite  or  digitalis, 
in  quantity  that  would  not  affect  the  rate  of  the  normal  heart,  may  overcome  a 
rapid  or  tumultuous  beating  dependent  on  nervous  disturbance  or  toxemia.  Doses 
of  morphine  too  small  to  diminish  normal  sensation  may  relieve  certain  forms  of 
neuralgic  pain.    Spasmodic  contractions  of  the  bowel  may  be  inhibited  by  doses 
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of  atropine  that  would  not  interfere  with  normal  peristalsis.  If  certain  blood 
vessels  are  contracted  by  emotion  or  toxemia,  a  moderate  dose  of  aconite  or  of 
a  nitrite  may  dilate  them  without  influencing  other  vessels,  and  thus  bring  about 
equalization  of  the  circulation.  Certain  forms  of  coryza  and  sialorrhea,  of  nervous 
origin,  yield  to  doses  of  pilocarpine  too  minute  to  influence  normal  secretion — in 
this  instance,  a  secondary  eft'ect.  Certain  drugs,  as  cactus  and  Crataegus,  which 
have  no  demonstrable  effect  on  normal  human  hearts  or  the  hearts  of  animals 
in  laboratory  experiments,  tend  to  stabilize  cardiac  action  in  certain  nervous 
derangements. 

Interference  with  nerve  supply  often  increases  the  sensitiveness  of  organs  to 
the  action  of  drugs.  Probably  the  most  striking  example  of  this  is  the  reaction 
of  the  pupil  to  the  dilating  action  of  epinephrine  after  excision  of  the  superior 
cervical  ganglion.  As  pointed  out  by  Meltzer,  who  discovered  the  phenomenon, 
section  of  the  sympathetic  nerve,  distal  to  the  ganglion,  has  no  such  effect;  it  is 
necessary  that  the  nerve  fibers  should  degenerate.  Subcutaneous  injections  of 
epinephrine,  which  have  no  effect  on  the  normal  pupil,  cause  maximal  dilatation 
after  denervation.  A  like  instance  is  the  increased  effect  of  peripheral  vasocon- 
striction when  epinephrine  is  perfused  through  the  leg  a  few  days  after  the  cutting 
of  the  sciatic  nerve.  This  peculiar  heightening  of  action  is  not  often  to  be  recog- 
nized in  the  therapeutic  action  of  drugs. 

(C)  A  few  drugs  and  classes  of  drugs  produce  definite  effects  under  the 
conditions  of  disease,  while  apparently  having  no  effect,  or  at  least  no  similar 
effect,  in  health.  By  far  the  most  important  of  these  are  the  antipyretics.  They 
reduce  the  pyrexia  of  fever,  but  are  without  evident  action  on  the  normal  tem- 
perature.^^ Cocaine,  which  has  little  or  no  influence  on  normal  temperature,  will 
overcome,  to  some  extent,  the  subnormal  temperature  of  influenza,  and  atropine 
may  have  a  similar  action  in  cholera. 

Iron  and  arsenic  cause  an  increase  in  the  number  of  red  blood  cells  or  in 
hemoglobin,  in  cases  of  secondary  anemia,  and  chlorosis,  although  they  have  no 
such  effect  on  the  normal  blood.  In  some  instances  the  fault  may  lie  in  a  func- 
tional disturbance  of  the  blood-making  organs,  and  not  in  an  organic  lesion.  In 
others,  the  improvement  may  depend  on  a  destructive-reparative  reaction ;  in  others, 
on  correction  of  some  toxemia,  or  local  aberration  of  chemism,  as  the  presence  of 
sulphur  in  combining  form  in  the  intestine.  In  epilepsy,  bromides  appear  to  depress 
markedly  the  motor  centers,  but  have  a  much  weaker  action  on  these  tissues  under 
other  conditions. 

Some  drugs  seem  to  improve  certain  conditions  of  circulatory  disorder, 
although  without  demonstrable  effect  on  the  normal  heart  and  vessels.  Cocaine, 
for  example,  hardly  affects  normal  blood  pressure,  but  may  bring  about  a  distinct 
elevation  of  the  lowered  pressure  in  influenza  and  pneumonia.  Cactus  seems,  in 
many  instances,  to  improve  disturbed  cardiac  rhythm,  and  Crataegus  to  overcome  a 
tendency  to  angiospasm.  The  fact  that  these  two  drugs  have  no  demonstrable 
effect  on  the  circulation  of  normal  man  and  animals  has  led  almost  all  pharma- 
cologists to  deny  that  they  have  any  influence  whatever. 

Such  unexpected  actions  may  constitute  dangers  to  be  watclied  for.  Morphine 
may  cause  suppression  of  urine  in  acute  lobar  pneumonia  and  sometimes  after 
abdominal  operations,  but  very  rarely  does  so  in  other  febrile  conditions.  In  renal 
disease,  and  in  bronchial  and  pulmonary  inflammations,  pilocarpine  may  cause  pro- 
fuse, and  even  fatal,  edema  of  the  lungs,  instead  of  the  anticipated  diaphoresis. 

^They  probably  reduce  normal  temperature  a  fraction  of  a  degree,  but,  if  so,  the 
fall  is  too  slight  to  be  measured  readily,  or  demonstrated. 
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Kacial  factors  somotiines  como  into  play,  also.  Tiius,  ])ilocarpiiie  as  used  at 
ono  tinio  in  erysipelas  was  observed  to  be  much  more  likely  to  iiuluce  pulmonary 
edema  in  jiegroes  than  in  white  men. 

(D)  Complete  alteration  or  reversal  oi  the  action  of  drugs,  as  a  result  of 
disease,  is  less  often  seen.  When  the  toxic  eil'ect  of  a  drug  is  to  lower  the  body 
temperature  or  to  induce  profuse  sweating,  the  dilatation  of  the  peripheral  vessels 
is  sometimes  counteracted  by  the  ai)plication  ol'  external  warmth,  as  in  the  case 
of  opium  and  chloral  poisoning  or  poisoning  by  gastroenteric  irritants;  but  in  the 
medicinal  use  of  pilocarpine  or  of  spirit  of  nitrous  ether,  or  even  of  Dover's  powder, 
the  diaphoretic  etl'ect  is  increased  by  a  hot  pack.  Stimulant  diuretics,  such  as 
juniper,  may  cause  suppression  of  urine  in  certain  types  of  kidney  affection.  In 
the  lowered  ])ressure  of  Addison's  syndrome,  epine])hrine  may  not  only  fail  to 
elevate  arterial  tension,  but  even  depress  it  still  further,  and  a  like  ])ara<loxic 
action  is  sometimes  shown  in  the  depression  accompanying  severe  gastroenteric 
irritation,  as  in  mercurial  poisoning. 

Previous  or  Chronic  Ailments. — Chronic  affections,  as  well  as  impairments 
resulting-  from  past  ailments  (acute  or  chronic),  may  make  it  dangerous  to 
give  certain  drugs,  otherwise  indicated,  or  necessitate  great  reduction  in  dosage. 
On  the  other  hand,  such  conditions  may  hinder  the  good  effect  of  certain  drugs 
and  necessitate  increase  of  dose. 

The  condition  of  the  Tcidney  must  especially  be  taken  into  consideration. 
Affections  of  this  organ  modify  the  general  effects  of  drugs  in  two  ways:  (1)  by 
diminishing  excretion;  (2)  by  increasing  the  sensitiveness  of  the  organ  to  irri- 
tants. Care  is  therefore  necessary  in  the  administration  of  toxic  drugs  ordinarily 
eliminated  by  way  of  the  urine.  Potassium  salts,  which  normally  can  be  given 
as  freely  as  the  corresponding  sodium  compounds  because  they  are  excreted  as 
fast  as  they  are  absorbed,  may  become  dangerous  if  elimination  is  delayed.  Curare, 
which  has  no  effect  on  normal  animals  when  given  by  mouth,  will  kill  if  the 
ureters  are  ligated  and  its  excretion  prevented.  Salicylic  compounds,  given  in 
doses  that  would  be  harmless  to  persons  with  healthy  kidneys,  may  induce  delirium 
and  perhaps  suppression  of  urine  in  subjects  of  chronic  nephritis.  The  synthetic 
hypnotics  are  peculiarly  dangerous  in  persons  with  impaired  renal  function.  The 
danger  from  giving  pilocarpine  to  patients  with  nephritic  edema  has  been  mentioned. 

Diseased  kidneys  may  be  adversely  affected  by  external  application,  as  well 
as  by  internal  administration,  of  irritant  agents.  For  example,  if  a  blister  be 
required  it  would  be  unwise  to  use  cantharides  or  turpentine  for  this  purpose. 
Even  the  small  amount  thus  absorbed  might  be  injurious  to  an  already  damaged 
organ. 

In  subjects  of  arteriosclerosis,  pressor  agents  are  to  be  given,  if  at  all,  with 
great  caution ;  but  agents  such  as  aconite  and  veratrum  may  be  used  with  more 
than  ordinary  freedom.  Sometimes  the  incidence  of  acute  disease  in  patients  of 
this  typo  may  necessitate  not  the  giving  but  the  withdrawal  of  medicine.  In 
acute  lobar  pneumonia,  for  example,  it  is  frequently  necessary  to  use  injections 
of  pituitary  extract  to  raise  blood  pressure,  but  in  an  arteriosclerotic  person  an 
equivalent  effect  may  be  brought  about  simply  by  reducing  or  withholding  the  de- 
pressor drug  that  he  may  be  taking. 

Faulty  circulation,  from  whatever  cause,  may  interfere  with  the  action  of 
all  drugs  by  delaying  their  absorption  or  distribution.  In  cases  of  cardiac  edema, 
on  the  other  hand,  the  action  of  diuretics  may  be  enormous  on  account  of  the 
large  amount  of  water  at  the  disposal  of  the  organism.  Interrupted  circulation 
may  alter  drug  action  by  causing  asphyxia. 
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Frogs  deprived  of  their  circulation  by  excision  of  the  heart  will  live  for  several 
hours  in  a  cool  place.  Such  frogs  show  tetanus  after  doses  of  morphine,  acid  fuchsin  and 
certain  other  substances  in  doses  entirely  ineffective  in  normal  animals.  The  response 
is  also  hastened;  a  dose  which  causes  tetanus  only  after  several  hours  in  the  normal 
frog,  bringing  it  on  in  a  few  minutes  in  the  cardiectomized  animal. 

Affections  of  the  alimentary  system  ^^  and  its  adnexa  may  interfere  with  the 
action  of  drugs  by  preventing  or  delaying  their  absorption.  It  is  supposed,  for 
example,  that  bile  is  requisite  for  the  solution  of  the  cathartic  resins,  such  as  jalap 
and  gamboge,  and  this  accounts  for  their  ineffectiveness  in  complete  obstructive 
jaundice,  unless  they  are  given  in   association  with  bile. 

In  affections  of  the  thyroid  gland  the  effects  of  iodine  and  its  compounds 
are  often  markedly  altered,  but  great  differences  are  to  be  observed  in  individual 
reaction.  Even  small  doses  may  prove  toxic  in  certain  cases  of  exophthalmic  goiter, 
while  in  others  benefit  apparently  results,  especially  from  the  use  of  iodoform. 
It  may  be  that  strict  observation  of  Plummer's  distinction  between  Graves'  syn- 
drome and  toxic  thyroid  adenoma  will  serve  to  differentiate  the  cases.  In  Graves' 
disorder,  we  have  long  taught,  the  goiter  is  an  incident,  and  the  toxemia  depends 
on  perversion  (morbid  alteration)  of  the  thyroid  hormone,  making  it  qualitatively 
poisonous,  rather  than  upon  mere  excessive  secretion.  In  toxic  adenoma,  the  thyroid 
disorder  is  an  essential  part  of  the  morbid  complex — if  not  its  origin — and  there 
is  oversecretion  of  thyroxin  which  is  thus  quantitatively  poisonous.  Iodine  corrects 
the  perverted  secretion,  remedying  the  qualitative  toxemia,  but  adds  to  the  quan- 
titative poisoning. 

Thyroid  enlargement,  moreover,  may  result  from  deficient  intake  of  iodine 
in  food  and  water,  the  organism  presumably  attempting  to  compensate  by  increase 
of  quantity  for  defective  quality  of  secretion,  or  by  velocity  of  movement  for 
diminution  in  quantity.  Medicinal  administration  of  iodine  or  thyroid  extract  per- 
mits this  form  of  overactivity  to  subside.  Hence,  the  benefit  of  Marine's  prophy- 
lactic use  of  iodides  by  adolescents  in  goitrous  regions. 

Wlien,  however,  the  excessive  functioning  of  the  thyroid  has  other  origin, 
iodine  and  its  compounds  have  no  such  indications  and  are  toxic.  Patients  with 
myxedema  are  more  tolerant  than  others  to  the  action  of  iodine  compounds. 
Epinephrine  tolerance  may  be  increased  or  diminished  in  states  associated  with 
excessive  thyroid  activity,  and  is  commonly  increased  in  states  of  lowered  thyroid 
function.  The  cortex  of  the  adrenals,  however,  tends  to  inhibit  thyroid  activity, 
at  least  in  part  (Marine). 

Inhalation  of  ether  or  chloroform  for  surgical  applications  may  provoke 
bronchopneumonia  in  patients  with  chronic  catarrhal  conditions  of  the  lower  air 
tract.     Ether  seems  to  have  a  bad  effect  and  nitrous  oxide  a  good  effect  on  the 

"  Certain  counterindications  against  the  use  of  drugs  in  affections  of  the  alimentary 
tract  do  not  involve  any  modification  in  the  action  of  the  drug  but  are  of  sufficient  impor- 
tance to  be  mentioned  in  this  connection  by  way  of  illustration.  Cathartics  may  be 
extremely  dangerous  in  intestinal  obstruction,  as  they  cause  the  food  or  feces  to  be  driven 
more  and  more  strongly  against  the  closed  portion,  and  may  distend  the  bowel  enough  to 
rupture  it. 

In  using  morphine  to  relieve  pain  in  affections  of  the  bowel  its  constipating  action 
must  never  be  forgotten. 

In  gastric  ulcer,  acids  may  increase  the  destruction,  and  drugs  that  increase  motility 
may  bring  about  hemorrhage  and  even  induce  perforation.  The  use  of  purgatives  may 
determine  the  untoward  result. 

In  typhoid  fever  increase  of  peristalsis  may  determine  hemorrhage,  but  so  will 
overdistension.  In  acute  appendicitis  perforation  may  result  from  the  incautious  use  of 
purgatives.  It  is  a  question  of  recognition  of  the  stage  of  the  morbid  process,  i.e.,  the 
pathologic  diagnosis. 


DKUG  INFLUENCE  259 

lung  tissue  in  chronic  pulmonary  tuberculosis.  Systemic  anesthetics,  even  when 
they  are  not  absolutely  contraindicated,  must  ])e  used  with  care  in  sul)jects  of 
muscular  or  valvular  all'ections  of  tiie  heart. 

Changes  Dependent  on  Previous  Use  of  the  Drug. — Acquired  tolerance  to 
drugs  may  be  developed  by  anyone,  but  by  some  with  much  greater  readiness,  in 
higher  degree  and  for  longer  periods.  It  is  more  easily  induced  in  the  case  of 
certain  agents — such  as  opium,  coca,  tobacco  and  alcoliol — whose  continued  use 
may  beget  a  morbid  craving;  and  wiiich  are,  therefore,  termed  "habit-forming" 
drugs. 

For  the  great  mass  of  drugs,  tolerance  (in  the  sense  here  used,  of  more  than 
ordinary  resistance)  either  does  not  occur  at  all,  or  is  limited  and  transient.^* 
Its  m(H'hanism  is  complex  and  not  yet  unravelled.  To  say  that  acquired  tolerance 
results  from  custom  or  habit,  and  that  it  is  induced  by  the  use  of  small  doses, 
gradually  increased  to  large  ones,  describes  its  production,  but  does  not  explain 
its   character. 

In  the  case  of  certain  toxalbumins  derived  from  plants  (ricin,  abrin)  anti- 
bodies are  formed,  as  in  acquired  immunity  to  microbic  poisons. '^^ 

In  regard  to  certain  drugs,  the  mechanism  of  tolerance  has  been  in  part  estab- 
lished. Increased  destruction  is  probably  the  common  way  with  alkaloids.  It  has 
been  shown,  for  instance,  that  subjects  of  tlie  mor{)hine  habit  oxidize  the  poison 
(or  destroy  it  in  some  other  manner)  much  more  rapidly  than  do  normal  persons; 
and  a  smaller  quantity  thus  reaches  the  central  nerve  system.  Furthermore, 
rabbits  that  have  been  experimentally  hal)ituated  to  withstand  large  doses  of  mor- 
phine by  mouth  will  succumb  to  very  small  intracerebral  injections. 

Abnormal  tolerance  to  arsenic,  such  as  is  said  to  be  developed  by  Styrian 
peasants,  is  shown  only  when  the  drug  is  taken  by  mouth,  and,  in  view  of  the 
local  changes  induced  by  the  irritant  action  of  the  poison  in  the  alimentary  canal, 
such  tolerance  is  thought  to  be  dependent  largely  upon  failure  of  absorption. 
Medicinal  tolerance,  however,  may  be  induced  to  a  limited  extent,  by  subcutaneous 
and  intramuscular  injections.  Hence,  both  with  agents  of  this  type  and  with 
the  habit  forming  alkaloids,  there  must  develop  an  actual  resistance  of  the  tissue 
cells  to  larger  quantities  of  the  drug  than  the  same  cells  normally  endure. 

There  may  possibly  be  in  some  instances  an  alteration  of  cell-walls,  to  which 
crude  analogies  are  offered  by  the  epidermic  thickening  that  results  from  con- 
tinued friction  or  pressure,  the  superficial  coagulation  produced  by  alum  and 
similar  agents  acting  topically,  and  the  thickening  of  bacterial  cell  walls  brought 
about  by  arsenic.  Either  method  would  almost  mechanically  exclude  a  disturbing 
influence,  and  thus  protect  the  functioning  protoplasm.  In  other  instances,  there 
may  be  changes  within  the  cells  that  prevent  or  minimize  disturbances. 

""With  certain  agents  such  as  mercury,  iodides,  arsenic,  lead,  an  apparent  tolerance 
may  pass  over  suddenly  or  gradually  into  evident  chronic  poisoning.  A  few  medicaments, 
of  which  quinine  and  the  salicylates  are  the  most  striking  examples,  can  be  tolerated  in 
extraordinary  amounts  during  some  specific  infection  (e.g.,  pneumonia,  rheumatism), 
even  by  persons  who  in  health  are  markedly  intolerant  of  the  same  drugs;  but  this  form 
of  endurance  disappears  upon,  or  shortly  after,  recovery.  It  is  a  different  phenomenon, 
and  is  discussed  elsewhere. 

•"The  desensitization  of  persons  who  are  unduly  susceptible,  or  who  react  in  an 
uncommon  way  to  certain  proteins  (serums,  foods,  pollens,  bacillary  proteids,  the  hair 
of  animals)   is  perhaps  dependent  upon  a  like  protective  reaction  against  the  antigens. 

Ehrlich  has  pointed  out  that  antibody  production  does  not  occur  with  alkaloids  which 
do  not  enter  into  firm  union  with  cells,  but  can,  as  he  expresses  it,  be  "shaken  out." 
Metals  do  form  combinations  with  protoplasm,  but  there  is  no  definite  evidence  that 
antibodies  are  produced  against  them.  The  methods  of  resistance  developed  by  the 
tissues  against  poisonous  agents  are  certainly  of  more  than  one  kind. 
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In  addition  to  protective  changes  in  the  tissue  elements  directly  concerned, 
there  may  be  a  somatic  reaction — inhibitive  or  compensatory — preventing  or  mini- 
mizing derangement  of  organic  equilibrium,  even  should  there  be  no  lessening 
of  sensitiveness  on  the  part  of  the  cells.  Our  present  methods  of  research  will 
scarcely  reveal  either  order  of  phenomena. 

Whatever  its  details  the  phenomenon  is  clearly  adaptive;  in  part  an  adapta- 
tion of  tissue  elements,  regarded  as  unicellular  beings,  to  a  chemically  changed 
environment;  in  part  an  adjustment  of  the  organism  to  new  habits  of  the  tissue 
elements.  The  gradual  manner  in  which  the  underlying  environmental  change 
is  brought  about  gives  time  for  the  development  of  the  vital  readjustments  which 
constitute  cell  and  soma  adaptation. 

It  is  said  tliat  Mithridates  VI,  King  of  Pergamos  and  Phrygia,  circa  120  B.  C,  fearing 
to  be  poisoned  by  his  enemies,  hit  upon  the  expedient  of  fortifying  himself  against  the 
action  of  all  poisons  then  known  to  the  world  by  their  prolonged  use  in  small  doses, 
gradually  increased,  acquiring  thus  a  high  degree  of  universal  tolerance.  According  to 
one  version  his  immunizing  draft  was  a  pan-toxic  mixture;  according  to  another  version 
the  poisons  were  taken  separately  in  succession.  The  term  mithridatism  has  therefore 
been  applied  both  to  the  administration  of  complex  preparations  and  to  the  prophylactic 
production  of  drug  tolerance.** 

The  legend  has,  at  least,  this  much  historic  truth — Mithridates  was  conquered  in 
battle,  but  not  poisoned.  Unfortunately,  one  cannot  always  regulate  the  dose  of  an 
opposing  army. 

Medicinal  Tolerance. — This  is  a  special  and  limited  form  of  acquired  tolerance 
deliberately  induced  for  remedial  purposes.  The  object  of  the  physician  is  com- 
monly to  avoid  the  disagreeable  or  dangerous  side  actions  or  by-effects  '^^  of  medica- 
ments, while  pushing  or  continuing  them  far  enough  or  long  enough  to  bring  about 
the  desired  therapeutic  results.  It  is  possible  only  with  certain  agents,  and  only  as 
regards  some  particular  effects  of  these  agents ;  but  when  it  can  be  attained  it 
permits  the  remedies  in  question  to  be  given  in  larger  doses,  or  for  longer  periods, 
than  would  otherwise  be  safe  or  possible.  The  method  is  to  give  very  small 
initial  doses  with  very  gradual  increase  of  dose  and  often  to  an  uncommon 
maximum. 

Thus,  irritant  drugs,  such  as  arsenic,  mercury,  iodides,  when  given  at  first 
in  quantities  not  necessarily  dangerous  or  excessive,  but  simply  large,  may  upset 
digestion,  provoke  vomiting  or  diarrhea,  cause  unpleasant  increase  of  conjunctival, 
nasal  and  salivary  secretions,  or  disturb  the  action  of  the  kidneys ;  while  such 
effects  may  be  escaped  through  the  use  of  small  doses  gradually  increased. 

Bromides,  if  continued  in  full  doses,  will  produce  acne;  a  result  that  may 
be  avoided  at  times  by  gradual  induction  of  skin  tolerance.  The  delirifacient 
and  mydriatic  effects  of  belladonna  and  hyoscyamus  (or  atropine)  may  be  averted 
in  a  similar  way,  while  preserving  their  influence  in  overcoming  pyloric,  intestinal 
or  vesical  spasm. 

*  In  Dumas'  novel,  "The  Count  of  Monte  Cristo,"  mithridatism  is  the  pivot  around 
which  some  of  the  most  important  incidents  of  the  plot  revolve.  Monte  Cristo  so  uses 
brucine  as  to  induce  tolerance  in  one  person,  while  others,  unhabituated,  succumb  to  its 
criminal  use. 

The  parallel  between  this  practice  of  the  fictitious  Edmond  Dantes  and  modern 
"viroid  therapy" — active  immunization — is  superficially  close,  and  fundamentally  strik- 
ing. There  is  no  proof,  however,  that  antibodies  are  produced  against  the  common 
poisons.     Art  may  assume  similarity,  or  even  identity,  where  science  fails  to  find  it. 

"By  this  term  (by-effects)  we  designate  those  reactions  induced  by  a  drug  in  special 
tissues  or  organs,  or  in  the  organism  as  a  whole,  which  are  not  necessary  to  the  thera- 
peutic effect  desired. 
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In  cases  of  thyro-aiytoiioid  i)aresis,  or  of  post-diphtheritic  paralysis  of  the 
palate,  strychnine  may  1)0  <iiven  in  very  minute  doses,  very  gradually  increased, 
up  to  relatively  great  doses,  to  restore  the  tone  of  the  throat  muscles,  without 
inducing  a  general  convulsant  action. 

Medicinal  tolerance,  however,  has  its  limits,  both  of  time  and  quantity.  The 
patient  must  always  be  watched  with  care  and  the  drug  be  interrupted  or  with- 
drawn on  the  appearance  of  the  first  untoward  symptom. 

Untoward  Tolerance. — Tolerance  may  likewise  be  an  undesirable  result  of  the 
long  continued  use  of  certain  medicines — especially  purgatives  and  hypnotics — 
thus  necessitating  continual  increase  of  dose  as  they  "lose  their  effect.'^  For 
this  reason  it  is  always  wise  to  intermit  the  use  of  such  agents  from  time  to 
time,  employing  succedanea  if  necessary;  while  in  any  event  physiologic  measures 
— diet,  massage,  electricity,  hydrotherapy,  suggestion,  persuasion — are  preferable 
to  the  prolonged  use  of  drugs  for  the  relief  of  such  symptoms  as  constipation  and 
sleeplessness. 

Crossed  Tolerance. — There  is  also  a  condition  known  as  crossed  tolerance — 
that  is  to  say,  tolerance  for  one  drug  acquired  through  habituation  to  another. 
Thus,  alcoholics  are  notably  difficult  to  anesthetize  with  other  diffusible  narcotics. 
One  opium  alkaloid  may  induce  heightened  resistance  to  others.  Such  phenomena 
may  be  desirable  or  objectionable,  according  to  circumstances. 

Exhaustion. — Finally,  it  is  to  be  observed  that  tolerance  is  something  other 
than  the  exhaustion  of  overstimulation  which  results,  at  times,  from  the  long 
continued  use  of  certain  agents,  even  in  moderate  doses.  The  tissues  fail  to 
respond  because  they  have  lost  their  ability  to  do  so.  This  condition  is  not 
uncommon,  for  example,  after  the  protracted  administration  of  strychnine,  or 
the  persistent  local  application  of  cocaine  or  epinephrine.  It  is  especially  marked 
with  saline  cathartics,  which  indirectly  bring  about  a  relaxation  of  the  muscular 
tissues  of  the  intestine  and  a  sogg}',  inelastic,  atonic  state  of  the  mucous  mem- 
brane.    It  is  sometimes  observed  with  digitalis. 

Drug  Habit  or  Addiction. — Drug  habit  or  addiction  is  acquired  tolerance 
and  something  more.  It  is  a  morhid  craving  that  results  from  the  habitual  use — 
or  rather  abuse — of  certain  drugs,  chiefly  stimulants,  narcotics,  analgesics  and 
hypnotics.  It  is  not  necessarily  sensual,  degenerative,  or  in  anywise  blameworthy, 
for  it  may  have  supervened  upon  an  original  resort  to  the  drug  for  a  necessary 
purpose.^^  Drugs  which  give  rise  to  this  morbid  desire  are  termed  "habit  form- 
ing" and  persons  subject  to  drug  habits  are  called  "addicts"  or  "habitues." 

The  chief  habit-forming  drugs,  at  this  writing,  are  opium  (including  mor- 
phine and  heroine),  cocaine,  alcohol,  tobacco,  coffee  and  tea  (including  caffeine), 
hyoscyamus,  cannabis,  chloral,  ether,  chloroform,  trional,  sulphonal,  veronal,  nied- 

•"  The  drug  may  have  been  prescribed  in  the  first  instance  by  a  physician,  or  taken 
in  a  "patent  medicine"  advertised  in  an  otherwise  reputable  newspaper  or  magazine, 
or  recommended  by  a  friend.  Physicians,  however,  have  learned  their  responsibility  and 
are,  as  a  rule,  guarded  in  their  use  of  habit-producing  remedies.  A  number  of  periodical 
publications,  and  a  few  daily  newspapers  are  excluding  the  advertisements  of  patent  or 
proprietary  medicines  into  which  such  drugs  enter.  Reputable  pharmacists  have  always 
refused  to  sell  morphine  or  cocaine,  except  upon  a  physician's  prescription.  "Friendly 
advice"  is  veering  more  towards  the  quicksands  of  "Christian  Science,"  "New  Thought," 
"Chiropraxy,"  "Osteopathy,"  etc.,  and  away  from  the  reefs  of  ignorant  drugging.  Yet 
there  are  still  a  sufficient  number  of  thoughtless  physicians,  of  irresponsible  acquaintances, 
of  avaricious  druggists,  nostrum  makers  and  publishers,  to  have  it  made  necessary  to 
create  a  national  association  for  the  defense  of  the  public  health  against  habit-inducing 
drugs,  to  induce  national  and  state  legislatures  to  enact  laws  designed  to  suppress 
illicit  traffic  therein,  and  to  make  the  opium  trade,  in  especial,  a  subject  of  international 
conference. 
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inal,  luminal,  phenacetin,  acetanilid  and  aspirin;  but  new  synthetics  appear  every 
little  while  and  some  of  them  must  be  added  to  this  list.  Gasoline  has  been 
used  as  a  tipple  when  alcohol  could  not  be  obtained,  and  it  is  said  to  be  preferred  to 
alcohol  by  its  addicts.  Mescal  also  may  be  mentioned,  although  it  is  probably 
not  used  as  an  intoxicant  north  of  Mexico,  and  is  not  dangerously  habit-forming. 

There  may  be  some  question  as  to  the  propriety  of  including  tobacco,  tea  and  coffee 
among  the  agents  causing  morbid  drug  addiction,  inasmuch  as  their  habitual  moderate 
use  is  not  necessarily  harmful,  and  is  sometimes  helpful.  The  same  might  be  said,  how- 
ever, of  alcohol;  and  physicians  do  meet  with  many  cases  in  which  the  abuse  of  tobacco, 
tea  or  coffee  has  been  harmful,  and  in  which  the  craving  for  the  accustomed  indulgence 
is  difficult  to  overcome. 

In  drug-habituation  there  is  not  only  an  acquired  immunity  against  the 
lethal  effect  of  the  special  agent  abused  and  against  some  of  its  toxic  symptoms, 
but  also  a  condition  of  chronic  poisoning,  one  manifestation  of  which  is  a  morbid 
change  in  the  nerve  system  of  the  drug  user. 

Even  in  those  cases  in  which  the  effects  of  the  drug  are  at  first  actually 
pleasurable — e.g.,  opium,  cocaine,  cannabis  indica,  and,  although  to  a  less  degree, 
alcohol — such  pleasure  may  soon  pass  away,  and  a  state  of  depression  and  irrita- 
bility ensue,  which  at  lengih  becomes  so  severe^  that  the  intoxication  is  necessary 
to  relieve  the  suffering  caused  by  deprivation.  At  the  same  time  the  high  degree 
of  tolerance  acquired  makes  it  necessary  to  take  very  large  doses  in  order  to 
satisfy  the  craving  for  sedation,  or  for  actual  toxic  effects,  and  these  large  doses 
exert  further  deleterious  influences  upon  various  tissues  and  functions.  Thus,  a 
vicious  circle  is  constituted;  the  condition  becoming  not  merely  one  of  tolerance 
to  the  drug  but,  paradoxically,  as  we  have  said,  tolerance  existing  side  by  side 
with  chronic  intoxication — a  morbid,  not  a  restorative,  adaptation  of  the  organism 
to  its  changed  environment.^^ 

Concerning  those  agents — e.g.,  chloral,  chloroform  and  the  synthetic  hyp- 
notics and  analgesics — which  give  no  pleasurable  effects,  but  have  been  used  in 
the  first  instance  simply  to  relieve  some  discomfort  (headache,  neuralgia,  muscular 
and  joint  pains,  etc.),  or  to  induce  sleep,  much  the  same  may  be  said.  There 
is  a  psychologic  as  well  as  a  pharmacologic  problem.  The  drug  does  not  cure 
the  underlying  pathologic  condition ;  "'^  it  may  even  decrease  the  general  or 
special  resistance  to  pathogenic  forces  and  agents.  Following  its  elimination  from 
the  nerve  cells  affected  there  is  a  secondary  reaction  of  overexaltation,  the  patient's 
sensorium  becoming  more  sensitive  to  slight  impulses.  The  pain  or  sleeplessness 
recurs,  accompanied  with  added  irritability,  and  the  frequency  of  recurrence  and 
the  degree  of  secondary  reaction  increase  with  the  increased  resort  to  the  drug. 
There  is  lessening,  not  so  much  of  the  power,  as  of  the  will,  to  endure.  Slighter 
and  slighter  discomfort  sends  the  patient  to  his  "dope" — for  the  negative  pleasure 
of  relief.  There  is  chronic  poisoning  and  often  serious  cardiac  weakening,  together 
with  an  ever  increasing  morbid  desire  for  the  drug. 

While  such  is,  in  general,  the  condition  induced  by  habit-forming  drugs,  there  are 
differences  of  greater  or  less  importance  in  respect  to  the  individual  agents.     Of  those 

"  From  this  viewpoint,  therefore,  it  is  not  necessary  to  assume  the  existence  of  an 
hypothetical  anti-morphine,  or  anfi-cocaine,  or  anti-alcohol,  which  produces  ill-effects  in 
the  absence  of  the  accustomed  stimulant.  Whether  or  not  such  anti-bodies  are  produced, 
is  a  question  of  fact — not  of  theory.    As  yet  their  existence  is  not  demonstrated. 

*•  Very  often,  the  exciting  cause  of  migraine  and  other  forms  of  headache  is  eye-strain, 
and  the  proper  glasses  give  relief,  while  without  them,  the  patient  either  goes  from  one 
harmful  drug  to  another,  or  becomes  an  addict  of  some  coal-tar  product. 
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mentioned  in  our  list,  ether,  chloral,  cannabis  and  hyoscyamus  are  so  little  used  by 
addicts  in  Europe  and  in  America  that  they  do  not  call  for  separate  consideration  here; 
nor  need  we,  at  this  place,  anticipate  the  detailed  discussion  of  sleep-producing  and 
pain-relieving  synthetics.  It  is  necessary,  however,  to  emphasize  certain  features  of 
addiction  to  opium,  cocaine,  alcohol,  tobacco,  coffee  and  tea. 

Opium. — Opium  addicts  acquire  the  habit  by  the  use  of  small  doses,  which 
are  gradually  but  constantly  increased,  until  tlnally  enormous  quantities  are 
taken.  What  the  real  limit  may  be  is  hard  to  say.  The  statements  of  habitues 
are  doubtless  exaggerated.  A  morphine  user,  himself  a  physician,  said:  "We  are 
all  liars."  If  the  drug  is  withdrawn  suddenly  or  rapidly,  violent  and  distressful 
reactions  ensue,  suggesting  severe  intoxication.  8ym})toms  become  more  and  more 
intense  for  several  days,  but  if  this  period  can  be  tided  over — and  certain  methods 
of  treatment  do  aid  in  this — they  gradually  lessen  and  finally  disappear.  The 
patient  is  left  in  a  state  of  extreme  prostration,  but  with  no  further  desire  for 
the  drug,  and  the  desire  does  not  recur  until,  and  unless,  another  dose  is  taken. 
Gradual  withdrawal  entails  less  sulfering,  but  is  said  to  be  less  effective  in  quench- 
ing desire.  Morphine  and  heroine  act  similarly.  Tolerance  appears  to  be  largely 
owing  to  increased  power  of  the  body  to  destroy  the  alkaloids,  as  experimentally 
habituated  animals  may  be  narcotized  or  killed  by  intracerebral  injections  no 
larger  than  those  required  to  produce  the  same  effects  in  normal  animals. 

Cocaine  addicts  show  much  less  tendency  than  opium  addicts  to  increase 
the  dose,  unless,  as  in  the  most  severe  cases,  the  cocaine  habit  is  associated  with 
morphine  or  alcohol  addiction.  Withdrawal,  too,  is  less  difficult  than  in  the  case 
of  morphine,  even  when  very  large  doses  have  been  taken  daily. 

There  is  commonly  extreme  desire  for  the  drug,  and  often  temporary  mental 
derangement;  but  the  severe  physical  disturbances  or  "abstinence  symptoms"  that 
accompany  withdrawal  of  opium  are  not  manifested. 

On  the  other  hand,  desire  for  the  drug  is  not  lost  for  months  or  years  after- 
ward, and  cure  of  the  habit  can  be  attained  only  by  the  long-continued  exercise 
of  will  power. 

Alcohol  addicts  behave  in  an  entirely  different  manner  from  the  slaves  of 
either  cocaine  or  morphine.  It  is  not  uncommon  for  the  desire  to  be  shown  only 
periodically.  A  hard  drinker  may  go  on  a  "spree"  once  in  a  month,  or  even  once 
in  a  year,  and  experience  no  craving  for  the  drug  between  times. 

Withdrawal  symptoms  depend  in  large  measure  on  the  method  of  use  of 
the  drug  and  the  quantity  ordinarily  consumed.  They  differ  much,  however, 
in  different  individuals.  Persons  who  have  been  accustomed  to  taking  even  so 
much  as  a  pint  of  whiskey  daily  may  suddenly  stop  drinking  and  show  no  severe 
disturbance.  Others — even  so-called  moderate  topers — may  become  violently 
delirious  and  suft'er  considerable  circulatory  depression.  With  moderate  drinkers, 
however,  severe  withdrawal  symptoms  are  rare.  A  sense  of  fatigue,  and  more  or 
less  mental  irritability  are  the  more  ordinary  phenomena.  Constant  drinkers  do 
not  readily  lose  their  desire  for  the  drug;  and  wdiile  some  give  perennial  evidence 
of  their  excited  or  muddled  state,  others  reveal  little  to  casual  observation.  Never- 
theless they  may  suffer  keenly  from  abstinence.  It  is  probable  that  the  nerve 
cells  become  less  and  less  sensitive  to  the  action  of  alcohol,  and  this  tolerance 
extends  to  other  volatile  narcotics,  such  as  ether.  Persons  in  middle  and  later 
life  who  use  alcohol  temperately,  especially  if  their  drinking  be  confined  to  the 
midday  and  evening  meals,  and  a  not  too  heavy  wine  be  used,  do  not,  as  a  rule, 
develop  untoward  symptoms  or  morbid  addiction. 

Xicotine. — Tobacco  resembles  opium  in  respect  to  the  ability  of  smokers  to 
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increase  the  amount  consumed,  and,  probably,  in  that  an  increased  power  of 
destruction  is  acquired  by  the  body. 

Although  tolerance  is  rapidly  developed  in  respect  to  the  nauseating  effects 
of  nicotine,  it  is  acquired  much  more  slowly,  if  at  all,  in  respect  to  the  disturbing 
action  on  the  nervous  mechanism  of  the  heart.  As  with  opium,  tobacco  users 
are  likely  to  show  abstinence  phenomena,  chiefly  nervous  irritability  and  insomnia, 
when  the  drug  is  suddenly  withdrawn.  These  are  rarely  severe,  however,  and 
they  may  be  so  slight  as  to  be  negligible.  On  the  other  hand,  sudden  cessation 
is  commonly  easier  than  gradual  reduction.  When  tlie  habit  is  once  broken  off, 
the  desire  is  likely  to  cease,  and  does  not  remain  almost  undiminished,  as  with 
cocaine,  or  recur  periodically,  as  with  alcohol. 

Caffeine. — Coffee  and  tea  differ  from  all  the  drugs  mentioned  in  the  very 
slight  tendency  to  acquired  increase  of  tolerance.  Certain  persons  possess  an 
original  power  to  withstand  large  quantities  without  showing  either  nervousness 
or  insomnia,  while  others  are  kept  awake  by  comparatively  small  doses.  Even 
constant  use  of  coffee  every  morning  for  years  does  not  bestow  on  such  persons 
the  ability  to  sleep  after  taking  a  small  cup  at  night.  There  is  no  increase  in 
destruction  of  caffeine  in  habituated  persons,  and  no  lessening  of  sensitiveness  to  it. 
Severe  abstinence  symptoms  on  withdrawal  are  not  common;  but  there  is  more 
or  less  restlessness  or  nervous  irritability,  and  quite  frequently  a  sense  of  weak- 
ness— an  abnormal  fatigue  (in  mental  workers  "brain  fag")  until  a  state  of  read- 
justment is  reached.  The  period  of  distress  differs  in  length  with  different  per- 
sons, depending  in  part  upon  the  duration  and  intensity  of  the  habit.  Desire  is 
minimized,  and  can  hardly  be  termed  a  craving;  but  it  is  rarely  lost  entirely. 

Decreased  Tolerance — Induced  Sensitiveness. — It  is  not  always  easy  to  draw 
the  line  between  acquired  decrease  of  tolerance  and  natural  h3'persensitiveness. 
It  is  well  established  in  regard  to  pollens  causing  hay  fever,  for  example,  that 
persons  who  do  not  ordinarily  suffer  from  the  condition  may  show  symptoms  after 
unusually  severe  exposure  to  the  noxa,  and  an  attack  thus  induced  may  so  lessen 
resistance  that  soon  after,  or,  even  the  next  season,  moderate  exposure  may  suffice 
to  renew  the  symptoms.  As  the  condition  (autonomic-endocrine  imbalance) 
imderlying  hay  fever,  however,  appears  to  be  commonly  a  congenital  idiosyncrasy 
it  has  been  treated  under  that  head.  Here  we  shall  take  up  anaphylaxis  and  allergy, 
which  are  or  may  be  induced. 

Anaphylaxis. — The  term  anaphylaxis  (ava,  against,  and  <pv\a^Ls,  protection) 
was  originally  introduced  to  denote  any  induced  condition  of  hypersusceptibility 
to  the  action  of  a  foreign  substance.  The  definition  is  now,  however,  commonly 
limited  to  that  group  of  symptoms  which  follows  the  injection  (or  inhalation,  etc.) 
of  a  foreign  non-toxic  protein  into  an  animal  that  has  already  been  subjected 
to  the  action  of  the  same  protein. 

In  1839  Magendie  recorded  the  fact  that  rabbits  which  had  suffered  no  ill  effect 
from  two  injections  of  egg  white  given  close  together,  died  as  a  result  of  an  injection 
given  several  days  later. 

In  1902  Portier  and  Richet  found  that  if  dogs  were  given  a  very  small  injection  of 
an  extract  of  the  tentacles  of  actinia  they  showed  no  .symptoms,  but  that  if  given  a 
second  dose  15  to  20  days  later  they  died  of  acute  poisoning.  Richet  suggested  the  name 
"anaphylaxis"  to  denote  the  condition  of  increased  susceptibility  thus  indicated,  but 
believed  that  it  was  due  to  the  toxic  properties  of  the  extract,  not  realizing  that  it  was 
a  more  general  phenomenon. 

In  1904  Theobald  Smith  told  Ehrlich,  who  was  then  visiting  America,  that  guinea- 
pigs  which  had  been  used  in  testing  diphtheria  antitoxin  died  if  given  an  injection  of 
normal  horse  serum  several  weeks  later.    Otto  in  1905  published  from  Ehrlich's  laboratory 
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evidence  that  the  serum  alone,  and  not  the  antitoxin,  was  concerned,  and  termed  the 
condition  the  "Theobald  Smith  Phenomenon."  Since  that  time  many  hundreds  of  articles 
have  been  written  on  the  subject  and  the  main  features  of  the  condition  determined. 

Anaphylaxis  is  a  state  of  sensitization  which  results  from  tlie  injection  into 
an  animal  of  any  foreign  protein,  either  of  animal  or  vegetable  origin.  In  the 
course  of  10  to  :^0  days  (latent  period)  a  condition  of  susceptibility  to  the  same 
protein  develops,  and  if,  after  this  time,  a  second  injection  be  given,  a  severe  and 
often  fatal  reaction  ensues.  The  amount  of  protein  required  to  produce  sensitiza- 
tion is  extremely  minute;  0.000,001  cc.  of  horse  serum,  or  one  tvi^entieth  of  this 
amount  of  egg-albumin  sullices.  Hosenau  and  Anderson  state  that  in  tlie  guinea- 
pig  the  smaller  the  dose  the  shorter  will  be  the  latent  period,  and  the  less  (with 
very  small  doses)  the  degree  of  sensitization.  The  sensitizing  dose  may  be  given 
by  injection  intravenously,  subcutaneously,  intratracheally,  or  otherwise.  When 
the  digestive  system  is  not  adaj)ted  to  care  for  large  amounts  of  proteins,  as  in 
sucklings  and  in  adult  herbivora  {e.g.,  rabbits,  guinea-pigs),  sensitization  may 
apparently  be  brought  about  through  large  doses  by  mouth. 

Different  species  differ  markedly  in  the  readiness  with  which  they  are  sensitized. 
Guinea-pigs,  of  all  laboratory  animals,  respond  most  readily.  Rabbits  and  dogs  are 
also  quite  susceptible.  Fowl  and  man  are  refractory.  Mice  and  rats  hardly  react  at  all. 
The  degree  and  duration  of  the  sensitization  also  differ.  In  the  guinea-pig  it  lasts  for 
life  (about  3  years);  in  the  rabbit  it  decreases  after  a  few  months,  and  in  man  it  lasts, 
in  moderate  degree,  for  several  years. 

In  sensitized  animals  there  are  alterations  both  in  the  blood  plasma  and  in 
the  tissue  cells.  The  peculiar  alteration  in  the  blood  is  shown  by  the  production 
of  so-called  passive  an^ipliylaxis.  If  about  3  cc.  or  more  of  serum  from  a  sensi- 
tized guinea-pig  is  injected  into  a  normal  guinea-pig,  and  the  latter  injected  a 
day  or  more  later  with  the  protein  used  for  the  sensitization,  it  will  show  typical 
anaphylactic  symptoms.  This  shows  that  there  is  present  in  the  blood  of  the 
sensitized  animal  a  substance  (termed  anaphijlatoa-in  by  Friedberger;  ana  phyla  din 
by  Gay  and  Southard,  and  all er gin  by  Anderson)  which  can  fully  sensitize  a 
normal  animal.  That  the  tissue  cells  are  also  altered  in  the  sensitized  animal  is 
shown  by  removing  from  such  animals  certain  organs  (e.g.,  the  uterus),  washing 
them  free  of  blood,  and  suspending  them  in  Einger  solution.  On  adding  the 
protein  used  for  sensitizing,  characteristic  reactions  (e.g.,  contraction  of  the 
uterus)   occur  in  the  excised  and  suspended  organs. 

One  of  the  most  interesting  and  important  facts  in  regard  to  anaphylaxis 
is  that  the  anaphylactic  reaction  not  only  differs  in  severity  in  different  species 
of  animals,  but  also  in  its  character.  In  the  guinea-pig,  which  has  been  most 
carefully  studied,  death  was  shown  by  Auer  and  Lewis  in  1910  to  be  due  to 
asphyxia.  After  death  the  lungs  do  not  collapse,  but  remain  widely  distended, 
forming  a  cast  of  the  overexpanded  chest  walls.  It  was  shown  further  that 
this  condition  depends  on  the  contraction  of  the  bronchioles  which  prevents  the 
air  vesicles  from  emptying.  Severance  of  all  nerve  connections  did  not  alter 
the  picture,  indicating  that  the  reaction  is  peripheral.  The  heart  is  not  much 
affected,  and  continues  beating  for  several  minutes  after  respiration  has  ceased. 
In  the  rabbit,  although  the  lungs  present  areas  of  emphysema,  death  results  from 
cardiac  arrest  dependent  on  loss  of  irritability  of  tlie  heart  muscle.  In  the  dog, 
on  the  contrary,  there  is  no  marked  alteration  in  either  the  lungs  or  heart.  The 
chief  symptom  is  a  profound  fall  of  blood  pressure,  which  Mainwaring  has  shown 
to  be  dependent  upon  loss  of  tone  in  the  vessels  of  the  portal  system,  since  it  can 
be  prevented  by  excluding  that  system  from  the  circulation. 
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In  addition  to  the  phenomena  discussed,  certain  changes  in  the  blood  com- 
monly accompany  the  anaphylactic  reaction.  Lessened  coagulability  is  most 
marked  in  the  dog,  although  seen  also  in  other  species.  Loss  of  complement  has 
been  noted,  as  has  also  eosinophilia.  Aberhalden  states  that  diffusible  split 
proteins  capable  of  giving  the  biuret  reaction  appear  in  the  serum,  but  this  has 
been  disputed  by  others. 

Two  types  of  reaction  to  injections  of  foreign  protein  are  seen  in  man.  The 
first  bears  a  close  resemblance  to  acute  anaphylactic  shock  in  the  guinea-pig. 
Within  a  few  minutes  after  the  injection  there  is  extreme  dyspnea  and  asthmatic 
breathing  due  to  contraction  of  the  bronchioles,  which  may  even  lead  to  fatal 
asphyxia.  Many  cases  have  been  reported ;  some  of  them  in  children  treated 
with  diphtheria  antitoxin.  In  most  instances,  however,  the  victims  were  asthmatics, 
and  of  the  class  whose  paroxysms  are  provoked  by  the  presence  of  horses.  In 
one  of  these,  1  cc.  of  horse  serum,  given  for  desensitization,  induced  a  fatal 
seizure.  In  very  few  had  there  been  a  previous  injection  of  horse  serum.  Such 
acute  fatalities  resemble  so  closely  the  reaction  in  guinea-pigs  that  most  authori- 
ties regard  them  as  anaphylactic.  The  original  sensitization,  however,  remains 
unexplained.  Assumptions  in  this  respect  are,  if  unconvincing,  ingenious — as  that 
the  individual  may  at  some  time  have  eat«n  uncooked  horse  meat  or  absorbed 
through  the  air  passages  protein  emanation  from  horses.  The  attacks  also  re- 
semble the  reactions  of  the  guinea-pig  in  that  they  may  be  relieved  or  mitigated 
by  full  doses  of  atropine. 

The  second  type  of  reaction  is  that  which  is  known  as  serum  sicJcness.  After 
injection  of  foreign  serum  in  man,  commonly  an  antitoxic  horse  serum,  there 
often  occurs,  after  an  interval  of  four  to  ten  days,  a  reaction  consisting  of  a  more 
or  less  widespread  urticarial  rash,  with  swelling  of  lymph  glands,  some  fever, 
and  at  times  slight  laryngeal  edema,  with  cough.  Such  reactions  are  rather  more 
common  in  persons  who  have  been  previously  injected  with  horse  serum,  and 
tend  to  be  more  severe  in  them. 

For  convenience,  we  may  here  discuss  (a)  the  prevention  and  treatment  of 
anaphylactic  shock,  and  (b)  the  relation  of  the  anaphylactic  reaction  to  certain 
conditions  presenting  various  points  of  contact. 

A.  It  has  been  shown  that  after  a  non-fatal  anaphylactic  reaction,  no  matter 
how  mild  or  how  small  the  dose  producing  it,  the  animal  becomes  antianaphylactic, 
and  does  not  show  any  response  to  subsequent — even  very  large — doses  of  the 
sensitizing  protein.  This  state  of  antianaphylaxis  lasts  for  about  ten  days ;  that  is, 
there  is  the  same  latent  period  as  after  the  first  sensitizing  injection.  This  fact 
may  be  taken  advantage  of  in  the  prevention  of  anaphylactic  shock  by  giving  a 
very  minute  dose  of  protein,  for  example,  a  fraction  of  1  cc.  of  serum,  and  follow- 
ing it,  after  an  interval,  by  the  full  dose.  This  method  is  often  utilized  in  human 
medicine  when,  because  of  previous  injection  or  for  other  reasons,  severe  reactions 
are  anticipated  from  the  injection  of  therapeutic  serums.  In  the  guinea-pig  the 
contraction  of  the  bronchi  can  be  prevented,  and  death  thereby  often  averted, 
by  giving  a  full  dose  of  atropine  just  before  the  protein.  This  is  of  no  avail 
in  dogs  and  rabbits  and  does  not  prevent  the  so-called  serum  sickness  in  man, 
although  it  might  mitigate  the  acute  asthma-like  attacks. 

B.  Hay  fever  and  asthma  have  certain  superficial  resemblances  to  anaphylaxis, 
but  the  latter  term  should,  for  the  present,  be  restricted  to  phenomena  following 
a  knowTi  previous  injection  of  the  offending  protein.  The  part  possibly  played 
by  inherited  modifications  of  body  chemism  may,  hereafter,  be  a  subject  of  study 
9,nd  comment. 
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Allergy. — In  1906,  von  Tirquet  pointed  out  the  fact  that  the  phenomenon 
commonly  termed  immunity  ])re8ented  evidences  of  decreased  as  well  as  of  in- 
creased sensitiveness.  When  an  \invaccinated  person  is  inoculated  with  cowpox 
no  reaction  is  seen  for  several  days,  after  which  a  vesicle  develops,  followed  by  a 
pustule  and  more  or  less  scarrincr.  If  a  previously  vaccinated  person  be  similarly 
inoculated,  the  reaction  will  occur  much  more  prom])tly  (showing  greater  sensi- 
tiveness), but  will  also  be  milder,  not  developing  a  pustule  or  even  a  vesicle,  thus 
indicating  a  greater  degree  of  immunity.  He  discussed  at  length  the  idea  that 
immunity  was  really  a  form  of  increased  sensitiveness,  the  defensive  forces  reacting 
to  a  smaller  amount  of  the  foreign  poison,  and  thus  being  able  to  overcome  the 
infection  at  an  earlier  stage.  The  reaction  cannot  be  spoken  of,  therefore,  as 
increased  or  decreased,  but  merely  as  altered.  To  designate  that  altered  reaction 
brought  about  by  previous  infection  with  a  living  parasite  or  by  previous  adminis- 
tration of  a  toxin,  he  introduced  the  term  allergy  (from  aXXos,  different;  iypov, 
reaction).  Anaphylaxis  is  not  something  different  from  allergy,  as  positive  from 
negative,  but  one  of  the  forms  which  allergy  takes. 

Factors  Relating  to  the  Environment. — Ecologic  modifications  of  drug  in- 
fluence cannot  be  wholly  separated  from  personal  factors;  since  it  is  not  the 
environment  per  se  with  which  we  are  concerned,  but  the  patient's  relation  there- 
with. Hence,  such  diverse  conditions  as  diet  on  the  one  hand,  and  climate  and 
temperature  on  the  other  hand,  must  be  included,  since  all  of  these  modify  the 
sensitiveness  of  the  tissues  to  certain  drugs.  The  result  may  be  merely  an 
increase  or  a  diminution  of  the  dose  required  to  produce  a  given  effect,  or  it  may 
change  the  character  of  the  effect  irrespective  of  dose. 

Did. — We  are  not  concerned  here  with  the  question  of  nutrition  or  with  the 
therapeutic  modification  of  the  dietary  in  acute  infections,  such  as  typhoid  fever; 
or  chronic  metabolic  disturbances,  such  as  gout.  The  effects  of  food  in  hastening, 
delaying  or  preventing  the  absorption  of  drugs  in  general  has  been  considered, 
as  has  also  the  condition  of  the  alimentary  canal.  When  the  diet  is  habitually 
such  as  to  leave  residues  in  the  stomach  and  bowel  for  some  hours  after  eating, 
and  change  of  food  is  impracticable,  larger  doses  of  medicines,  especially  of 
purgatives  and  sedatives,  must  commonly  be  used,  and  agents  intended  to  affect 
the  mucous  membranes  of  the  stomach  must  be  given  a  short  time  before  meals. 
\Mien  there  is  an  opposite  extreme,  smaller  doses  of  all  medicines  are  indicated, 
and  care  must  be  observed  not  to  irritate  the  stomach  or  bowel  by  undesired  local 
reactions. 

Climate  and  Temperature. — These  terms  are  by  no  means  synonymous,  since 
temperature  varies  in  all  climates,  and  artificial  heat  and  cold  are  available;  but 
the  conditions  are  conveniently  discussed  together.  Heat  relaxes  the  peripheral 
vessels  and  intensifies  the  action  of  vasodilators  and  diaphoretics,  while  the 
increased  activity  of  insensible,  as  well  as  sensible,  normal  perspiration  tends  to 
diminish  the  output  of  urine,  and  thus  necessitates  larger  quantities  of  water  to 
support  the  action  of  diuretic  drugs.  Cold  has  the  opposite  effect.  On  the  other 
hand,  the  danger  of  untoward  effects  from  excessive  doses  of  vasodilator  drugs 
{e.g.,  alcohol)  in  cold  weather,  or  from  even  moderate  doses  in  very  cold  climates, 
is  increased,  since  constriction  of  vessels  is  one  of  the  normal  protective  reactions. 
Even  in  the  temperate  zone,  an  alcoholic  debauch  in  winter  is  quite  likely  to 
wind  up  in  pneumonia. 

When  the  toxic  effect  of  a  drug  is  to  lower  the  body  temperature  or  to 
induce  profuse  sweating,  the  dilatation  of  the  peripheral  vessels  may  sometimes 
be  counteracted  by  the  application  of  external  warmth,  as  in  the  case  of  opium 
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or  chloral  poisoning,  and  poisoning  by  gastroenteric  irritants,  but  in  the  medicinal 
use  of  pilocarpine,  or  of  spirit  of  nitrous  ether,  or  even  of  Dover's  powder,  the 
diaphoretic  effect  is  increased  by  a  hot  pack.  '  In  maladies  such  as  cholera — and, 
less  markedly,  in  certain  types  of  influenza — in  which  there  is  a  tendency  to 
depression  of  body  temperature  and  a  failure  of  response  to  so-called  stimulants — 
the  efllects  of  medicaments  may  be  assisted  to  some  extent  by  artificial  heat,  as 
well  as  by  energetic  use  of  rubefacients. 

Apart  from  the  treatment  of  those  forms  of  disease  peculiar  to  the  tropics, 
physicians  practicing  in  warm  countries,  both  those  of  native  and  those  of  Euro- 
pean birth,  have  developed  numerous  special  uses  of  drugs,  or  make  use  of  drugs 
not  much  employed  elsewhere.  Here  we  can  only  call  the  student's  attention  to 
this  enormous  subject,  and  cite  a  very  few  illustrative  examples. 

British  physicians  in  India,  and  even  the  medical  men,  as  well  as  the  laity,  of  the 
southern  States  of  the  American  Union,  use  calomel  in  much  larger  doses  than  are 
common  in  England  or  in  the  northern  States.  Their  use  of  quinine  in  very  large  doses, 
and  the  apparently  greater  tolerance  of  their  patients  for  that  drug  may,  in  part,  be 
owing  to  the  prevalence  of  unsuspected  malaria  and  malarial  complications — but  not 
entirely  so. 

The  warning  sounded  by  certain  British  physicians  of  India  against  subcutaneous, 
intravenous  and  intramuscular  injections  of  quinine,  on  the  ground  that  these  conduce 
to  tetanus,  can  be  disregarded  elsewhere  than  in  that  country.  It  is  hardly  a  question 
of  climate,  however,  since  tetanus  develops  from  a  specific  infection.  Moreover,  American 
medical  missionaries  in  India  have  informed  us  that  they  have  observed  no  such  acci- 
dents, attributing  the  reported  cases  to  want  of  care  on  the  part  of  the  patients  to  pre- 
serve cleanliness. 

Separation  of  racial  from  climatic  divergences,  and  both  from  the  effect  of  habit, 
social  status  and  occupation,  is  difficult,  but  certain  phenomena  seem  to  be  true  alike 
of  white  and  colored  peoples,  and  of  persons  of  all  nations  living  in  tropical,  and  espe- 
cially in  Asiatic  countries.  There  is  a  tendency  to  a  greater  use  of  condiments  in  food, 
to  less  consumption  of  meats  and  fats — although  not  of  carbohydrates,  since  rice  is  a 
chief  article  of  diet — and  to  a  greater  use  of  certain  narcotic  drugs — e.g.,  opium  and 
hasheesh.  Alcoholic  excess  is  apparently  more  injurious.  Ether  seems  to  gain,  and 
chloroform  to  lose,  in  toxic  effects.  Narcotics  in  general  as  well  as  disease  poisons,  seem 
to  produce  preliminary  excitement  and  delirium  more  readily,  but  this  passes  sooner  into 
depression  and  stupor. 

The  liver  seems  especially  prone  to  both  acute  infections  and  chronic  affections; 
and  while  some  physicians  appear  to  consider  mercurials  especially  useful  in  such  condi- 
tions, others  condemn  them  with  equal  emphasis.  Ipecac,  however,  is,  by  common  con- 
sent, much  more  useful  than  it  appears  to  be  in  the  temperate  zones."^  The  special 
native  materia  medica  of  India,  the  Philippines,  Japan,  China,  Mexico,  South  America, 
Africa  may  owe  part  of  the  reported  effects  to  climate  as  well  as  to  racial  factors,  but 
would  doubtless  repay  more  scientific  study  than  has  yet  been  given.  Remembering 
cinchona,  nux  vomica,  strophanthus,  curare,  cubeb,  quebracho  and  chaulmoogra  oil  and 
their  sources,  it  is  well  not  to  be  too  skeptical  a  priori. 

Altitude  is  a  factor  of  no  mean  influence  in  climatic  eifect.  It  brings  about 
increase  in  the  depth,  and  sometimes  in  the  frequency,  of  respiration  to  com- 
pensate for  the  quantitative  lack  of  oxygen  in  a  given  volume  of  the  rarefied  air. 
Pressure  influences  upon  the  circulatory  organs  and  their  pressure  adjustments 
are  likewise  affected;  both  heart  and  vessels  tend  to  dilate,  and,  until  acclima- 
tion is  perfected,  a  tendency  to  congestion  of  mucous  membranes  and  to  various 
hemorrliages — especially  epistaxis  and  hemoptysis — is  shown. 

"This  greater  influence  is  probably  largely,  if  not  entirely,  due  to  the  prevalence  of 
amebic  dysentery  in  the  tropics,  and  to  the  specific  action  of  ipecac  on  the  hepatic  infec- 
tions thus  originated. 
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Variations  in  pathologic  blood  pressures  are  reported  by  physicians  living  in  moun- 
tain regions,  that  have  at  least  escaped  the  attention  of  their  lowland  brethren.  Certain 
cases  of  Graves'  disorder  with  marked  tachycardia  are  benefited  by  mountain  residence. 
On  the  other  hand,  there  develops  in  some  persons,  as  a  rule  gradually,  an  intense 
nervous  erethism  finally  amounting  to  a  persistent  insomnia  rebellious  to  all  medication 
but  opiates.  Such  individuals  are  compelled  every  few  years  to  seek  residence  at  sea 
level  until  their  equilibrium  is  restored — when  they  can  again  endure  for  a  time  the 
influence  of  altitude. 

It  seems  reasonable  to  expect  modifications  of  some  importance — and  more  than 
have  been  recorded — in  the  influence  of  many  of  the  drugs  affecting  both  the  cerebro- 
spinal and  autonomic  nerve  systems,  as  well  as  the  lungs,  the  heart,  the  vessels,  the 
kidneys — in  other  words,  quite  a  section  of  the  materia  medica. 

Medicinal  or  Drug  Factors 

Physical  and  Chemical  Characteristics:  Modificatiorb  of  Drugs: — The  gen- 
eral Jiillucnce  which  the  physicochi'inical  qualities  and  chemical  constitution  of 
drugs  have  on  the  character  of  their  action  in  the  hody  have  already  heen  dis- 
cussed. We  now  take  up  the  modifications  which  these  actions  undergo,  through 
changes  deliberately  made  in  the  molecule. 

The  chief  purposes  of  stu'h  modifications  in  the  structure  of  medicinal 
agents  are : 

1.  Alterations  in  solubility  and  absorbability. 

a.  To  avoid  systemic  poisoning. 

b.  To  avoid  topical  irritation. 

c.  To  avoid  unpleasant  taste. 

d.  To  avoid  gastric  disturbance. 

2.  Alterations  in  electivity. 

Solubility  and  Ahsorhahility. — Avoidance  of  Systemic  Poisoning. — Certain 
drugs  which  are  intended  for  use  topically,  or  as  anthelmintics  or  parasiticides 
may  be  so  modified  as  to  lessen  their  sohil)ihty  and  thus  check  absorption.  The 
combination  with  tannin  of  arecaline,  pelletierine  and  other  alkaloids  used  as 
anthelmintics  will  prevent  the  absorption  of  poisonous  quantities  from  the  bowel 
without  interfering  with  their  ability  to  destroy  the  worms.  Bismuth  beta-naphthol- 
ate  may  similarly  be  employed  in  place  of  the  more  soluble  beta-naphthol  as  an 
intestinal  antiseptic.  Lessened  solubility  may  also  be  availed  of  to  retain  a 
drug  in  the  place  where  its  action  on  the  tissues  is  desired.  Thus,  tannic  acid 
when  administered  by  mouth  is  rapidly  absorbed  and  has  but  little  astringent 
action  on  the  small  bowel.  If,  however,  it  be  combined  with  protein  or  other 
substance  as  an  insoluble  compound,  it  may  be  used  with  advantage. 

Avoidance  of  Topical  Irritation. — Lessened  solubility  is  of  advantage  with 
certain  drugs  which  are  topical  irritants  in  their  common  form.  Lessening  of  solu- 
bility and  of  ionization,  which  is  closely  related  thereto,  are  much  availed  of  to 
make  possible  the  use  of  the  heavy  metals,  especially  for  topical  application  and 
parenteral  administration.  Thus,  the  organic  compounds  of  silver,  protargin  strong 
and  protargin  mild,  can  be  utilized  for  the  treatment  of  infection  of  the  con- 
junctiva with  a  freedom  quite  impossible  with  silver  nitrate.  Compounds  which 
release  iodine  slowly  may  be  applied  where  the  tincture  of  iodine  would  be  too 
irritating.  If  it  is  desirable  to  give  iron  parenterally,  colloidal  iron  or  colloidal 
iron  cacodylate  may  be  injected  intravenously,  the  inorganic  salts  being  extremely 
toxic  when  so  given.     Organic  medicaments  also  yield  many  examples. 

Thus,  creosote  carbonate  may  be  administered  to  certain  persons  who  cannot  take 
the  more  soluble  creosote.    Turpentine  is  too  irritating  to  be  given  by  mouth  except  in 
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relatively  small  doses,  or  for  a  short  time,  but  oxidized  to  terebene  it  may  be  given  more 
freely  and  its  stimulating  influence  on  the  bronchial  mucosa  obtained.  Thymol  and 
menthol,  also,  have  been  presented  in  commercial  forms  which  are  insoluble  and  non- 
irritating,  but  which  have  not  found  widespread  use. 

The  ordinary  salts  of  quinine  give  rise  to  topical  inflammation  and  even  local 
necrosis  when  injected  subcutaueously,  but  the  soluble  double  salts  of  quinine 
and  urea  and  of  quinine  and  caffeine  may  be  used  in  this  way  with  little  dis- 
turbance, if  properly  diluted. 

Avoidance  of  Unpleasant  Taste. — The  bad  taste  of  medicaments  may  be 
done  away  with  either  by  presenting  them  in  a  relatively  insoluble  form,  such 
as  quinine  tannate,  by  removing  the  portion  of  the  drug  which  is  responsible 
for  the  taste,  as  in  the  vitamin-containing  alcoholic  extract  of  cod-liver  oil,  or 
by  altering  the  molecule  to  a  form  less  objectionable  in  this  respect,  as  in  forming 
the  methyl  ester  (oil  of  wintergreen)  from  salicylic  acid,  or  quinine  and  urea 
hydrochloride  from  quinine.  The  bitters  are  peculiar  in  that  their  effect  depends 
on  their  taste  and  they  have  little  or  no  virtue  if  given  in  pill  form. 

Avoidance  of  Gastric  Disturbance. — Similar  in  their  purpose  are  the  modifica- 
tions of  drugs  to  avoid  disturbance  of  gastric  digestion  by  administration  in  a 
form  which  will  pass  through  the  stomach  unabsorbed,  but  will  be  broken  down 
in  the  bowel  and  the  effective  medicament  released.  The  first  compound  of 
this  type  was  salol,  to  which  reference  has  already  been  made.  Similar  in  purpose 
and  effect  are  the  various  protein  and  fatty  compounds  of  iodine.  Insoluble  and 
non-ionized  salts  of  iron,  such  as  dialyzed  iron,  prussian  blue  and  hemoglobin, 
are  used  with  like  purpose. 

Alterations  in  Electivity. — Alterations  in  electivity  through  modification  of 
the  structure  of  the  molecule  are  of  great  importance  but  not  easily  classified. 
Perhaps  the  earliest  modification  of  this  kind  followed  the  discovery  that  removing 
H2O  from  morphine  gave  rise  to  a  compound,  apomorphine,  which  showed  more 
power  to  stimulate  the  vomiting  center  than  the  original  alkaloid,  but  relatively 
lessened  narcotic  action.  Eemoval  of  a  CHo  group  from  the  molecule  of  atropine 
gives  rise  to  homatropine,  which  retains  full  mydriatic  power,  but  has  much 
less  effect  on  the  central  nerve  system  and  other  structures.  The  ability  of  mor- 
phine to  check  excessive  cough  is  shared  by  dionine  (ethylmorphine),  which 
has  much  less  of  the  constipating  and  narcotic  actions,  and  by  heroine  (diacetyl- 
morphine)  which  is  perhaps  even  more  dangerous  than  morphine  as  regards  forma- 
tion of  drug  habit,  but  like  dionine  is  less  constipating.  Aspirin  or  acetyl  sali- 
cylic acid  shows  to  an  exaggerated  degree  the  antineuralgic  power  of  the  salicylates. 

Having  shown  the  chief  purposes  for  which  changes  in  the  constitution  of 
medicaments  are  deliberately  made,  it  will  be  advisable  to  describe  briefly  a  few 
of  the  organic  bodies  obtained  in  this  way,  grouping  them  according  to  the 
compounds  from  which  they  are  severally  derived. 

1.  Aromatic  Antiseptics. — The  addition  of  alkyl  groups  to  the  benzyl  alco- 
hols is  likely  to  lead  to  increase  of  bactericidal  efficiency  with  coincident  lessening 
of  toxicity  to  higher  animals.  Thus  the  cresols,  CH3C6H4OH,  are  about  three 
times  as  effective  as  phenol,  CeHgOH,  as  antiseptics,  but  considerably  less  toxic 
to  higher  animals.  Eecently  Johnson,  Hale,  Leonard  and  others  have  shown 
that  the  addition  of  alkyl  groups  to  the  carbon  atom  of  resorcin,  C6H4(0H)2, 
adjacent  to  the  hydroxyl  groups,  leads  to  greater  bactericidal  efficiency.  The 
greatest  power  was  shown  by  hexyl-resorcinol,  C6Hi2C6H3(0H)2,  which  was  150 
times  as  active  as  a  bactericide  yet  hardly  toxic  to  mammals. 

Salicylic  Acid  Substitutes. — In  addition  to  the  artificial  production  of  methyl 
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salicylate,  -which  is  chemically  the  same  as  oils  of  wintergreen  and  birch,  various 
organic  esters  of  salicylic  acid  have  been  introduced,  the  chief  purpose  of  which 
has  been  to  lessen  gastric  disturbance  by  having  them  pass  through  the  stomach 
undissolved.  The  first  such  product  was  salol,  or  phenyl  salicylate,  and  it  is 
still  the  most  used.  Of  more  recent  products,  aspirin,  or  acetyl  salicylic  acid,  is 
of  most  importance. 

Of  the  aromatics  largely  employed  for  other  than  antibacterial  purposes, 
chrysarobin  may  be  cited,  which  although  very  useful  in  certain  skin  conditions 
has  the  disagreeable  property  of  staining  the  skin  and  clothing.  Several  substi- 
tutes have  been  developed,  among  which  may  be  mentioned  lenirobin  (chrysarobin 
tetracetate),  anthrarobin  and  neorobin. 

Phloroglucin  alkyl  compounds  are  the  active  agents  in  several  teniacides, 
for  example,  aspidinm,  kamala  and  cousso,  and  several  attempts  have  been  made 
to  develop  improved  remedies  on  this  nucleus.  As  yet  none  has  been  found  as 
good  as  the  natural  drugs. 

2.  Tannic  Acid  Compounds. — The  astringent  action  of  certain  drugs,  such 
as  kino,  catechu,  logwood,  etc.,  depends  upon  the  combined  tannic  acids  (tannins) 
which  they  contain.  It  was  hoped  to  improve  on  them  by  using  pure  tannic  acid. 
This  was  found  to  be  ineffective  in  the  bowel,  as  the  drug  is  absorbed  from  the 
upper  portion  of  the  tract  and  thus  has  no  astringent  action  on  the  lower  intestine 
where  it  is  most  needed.  Numerous  compounds  have,  therefore,  been  introduced, 
which  are  designed  to  break  down  slowly,  releasing  tannic  acid  in  such  a  way 
as  to  exhibit  its  action  throughout  the  bowel.  Of  such  compounds  may  be  men- 
tioned tannalbin,  tannigen,  tannoform  and  protan.  These  have  certain  prescrip- 
tion and  dispensing  advantages,  but  the  original  plant-drugs  are  better  in  most 
cases. 

3.  Anthraquinone  Compounds. — The  discovery  that  many  of  the  natural 
cathartics  were  anthraquinone  compounds  led  to  the  search  for  improved  products 
containing  this  nucleus.  The  only  important  synthetic  of  this  type  is  phenolphtha- 
lein  formed  by  oxidation  of  aloin.  Anthropurpurin  was  introduced  under  the 
trade  name  of  purgatin,  but  is  not  better  than  aloin. 

4.  Essential  Oils. — Camphor,  apparently  identical  with  that  obtained  from 
the  natural  wood,  has  been  synthetized  from  oil  of  turpentine  and  from  borneol. 
Various  preparations  based  on  essential  oil  constituents  have  been  produced  to 
lessen  the  irritant  properties  or  to  avoid  the  bad  taste  or  odor  of  the  original 
drug.  Camphor  monobromide,  thymacetin  and  menthol  carbonate  are  examples 
of  such  products. 

5.  Aniline  Dyes. — The  property  of  many  dyestuffs  of  coloring  only  certain 
types  of  tissue,  as  well  as  their  power  to  penetrate  living  cells,  gave  rise  to  the 
idea  of  using  this  specific  power  of  selection  by  attaching  physiologically  active 
groups  to  such  dyes  and  producing  bodies  at  once  selective  and  of  high  toxicity 
to  microbes.  A  few  of  these  attempts  have  been  successful,  among  them  the  re- 
cently introduced  mercurochrome  is,  perhaps,  the  most  conspicuous.  Modification 
of  the  structure  of  dyes  may,  hoAvever,  lead  to  peculiarities  of  excretion,  which  are 
of  great  diagnostic  importance.  Thus,  phenolsulphonephthalein  is  excreted  by 
the  kidneys  alone  and  its  rate  of  excretion  is  an  index  to  the  condition  of  the 
organs.  Phenolchlorphthalein  passes  out  with  the  bile,  and  its  presence  in  the 
digestive  tract  shows  that  this  is  escaping  from  the  liver.  Sudan  111  is  not  ex- 
creted by  the  normal  gastric  mucosa  but  escapes  from  the  surface  of  ulcers  and 
may  aid  in  their  recognition. 

6.  Alkaloids. — The    modifications   of   alkaloidal   structure   which    have   been 
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introduced  into  pharmaceutic  practice  are  very  numerous  and  of  great  importance. 
Three  general  purposes  are  realized:  (a.)  increase,  decrease  or  delay  of  absorption; 
(&)  improved  action  or  lessening  of  undesirable  by-effects;  (c)  more  or  less  com- 
plete transformation  of  action.  These  changes  in  physiologic  action  have  been 
brought  about  by  chemical  alterations,  which  are  of  three  types:  (1)  Combination 
of  the  alkaloidal  base  with  an  acid  other  than  that  naturally  occurring  with  it; 
(3)  alteration  of  the  configuration  of  the  molecule;  (3)  splitting  off  of  that 
portion  of  the  molecule  which  exhibits  in  itself  the  desired  action. 

(1)  The  combination  of  an  alkaloidal  base  with  another  acid  does  not  com- 
monly alter  its  physiologic  action,  but  influences  merely  its  absorption  and  irritat- 
ing properties.  The  purpose  may  be  to  lessen  solubility,  either  to  evade  a 
disagreeable  taste,  as  with  quinine  tannate,  or  to  prevent  absorption  more  or  less 
completely,  as  in  the  case  of  anthelmintics,  such  as  arecaline  tannate  or  pelletierine 
tannate,  permitting  the  full  action  on  the  parasite  to  develop,  but  avoiding 
absorption  of  the  anthelmintic  alkaloidal  base  with  consequent  toxic  action  on 
the  nerve  system  of  the  host. 

On  the  other  hand,  increased  solubility  may  be  the  aim,  as  in  the  double  salt, 
quinine  and  urea  hydrochloride,  which  may  be  administered  parenterally,  and 
which  also  has  a  local  anesthetic  action  not  shown  by  other  quinine  salts. 

(2)  The  second  type  of  change  most  often  consists  in  addition  of  side-chains 
to  the  alkaloidal  molecule,  as  in  the  tasteless  quinine  substitutes,  aristochin, 
euquinine  and  saloquinine,  which  are  intended  to  dissolve  only  after  passing 
through  the  stomach.  The  specific  bacteriotropism  of  quinine  and  of  cupreine  for 
the  pneumococcus  led  Morgenroth  to  the  synthetization  of  ethylhydrocupreine 
(optochin),  which  although  too  toxic  for  general  internal  administration,  is  8  to 
10  times  more  active  than  the  most  active  of  the  quinine  salts  (the  dihydrobro- 
mide)  as  a  local  germicide  in  pneumococcic  infections.  The  addition  of  acetyl 
and  of  ethyl  groups  to  morphine  gives  rise  respectively  to  the  dangerous  heroine 
and  to  dionine,  which  were  introduced  as  substitutes  for  morphine  as  cough 
sedatives,  and  the  latter  of  which  has  certain  useful  antispasmodic  powers.  Caf- 
feine derivatives  with  increased  diuretic  power  and  lacking  its  eft'ects  on  the 
central  nerve  system,  such  as  diuretine,  agurine  and  theocine,  are  also  examples 
of  additions  to  the  central  nucleus.  The  oxidation  of  narcotine  leads  to  the 
formation  of  cotarnine,  and  that  of  hydrastine  to  hydrastinine,  both  of  which  are 
employed  as  astringents. 

Removal  of  atoms  from  the  alkaloidal  molecule  is  less  practiced,  but  often 
brings  about  desirable  changes  in  physiologic  action.  Thus,  removal  of  a  CH, 
group  from  atropine  gives  rise  to  homatropine,  which  retains  the  topical  action 
on  the  pupil  but  lacks  to  a  great  extent  that  on  the  central  nerve  system.  Apo- 
morphine,  which  is  formed  by  removing  HoO  from  morphine,  shows  a  markedly 
increased  action  on  the  vomiting  center,  and  increases  the  bronchial  secretion. 

(3)  Division  of  the  alkaloidal  molecule  into  two  portions  and  selection  of 
that  which  carries  the  desired  action  is  well  instanced  by  Macht's  demonstration 
that  the  benzyl  and  not  the  quinoline  portion  of  the  nucleus  of  papaverine  and 
similar  alkaloids  exercises  the  relaxing  effect  on  smooth  muscle  shown  by  these 
bodies.  Synthetics  containing  a  benzyl  nucleus,  such  as  benzyl  benzoate  and 
benzyl  acetate  exhibit  the  relaxing  effect  as  strongly  as  the  natural  alkaloids.  The 
undesirable  constitutional  actions  of  cocaine  led  to  many  attempts  to  obtain  a 
similar  compound  without  these,  but  sharing  its  local  anesthetic  action.  Eucaine, 
the  first  of  these,  was  even  more  toxic  than  cocaine.  Tropacocaine  and  other 
modifications  are  not  well  absorbed  from  mucous  membranes  and  are  rather  toxic. 
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No  real  advance  was  made  until  it  was  found  that  the  cocaine  nucleus  could  be 
broken  into  portions  and  that  one  oi'  these  had  the  local  without  the  coiistitutional 
action.  Jn  the  aecompanyin<^  fornuila  the  essential  portion  oi'  the  nucleus  is 
printed  in  capitals,  the  rest  in  small  letters. 

cha  —  cho  ('112 

I          N  — CH3    CH— 0  — CO  — CJI5 
ch2  —  CII CH2 

Synthetic  compounds  containing  only  this  portion  of  the  nucleus,  such  as 
alypin,  stovaine  and  procaine,  show  the  topical  effect  of  cocaine  on  sensory  and 
motor  nerves,  but  not  the  topical  constriction  of  blood  vessels,  nor  the  excitant 
action  on  the  brain.  The  splitting  up  of  the  quinine  nucleus  has  led  to  the 
introduction  of  antiseptic  agents,  such  as  chinosol,  which  contain  only  the 
quinoline  portion. 

7.  Synthetic  Amines. — The  working  out  of  the  chemical  formula  of  ejjinephrine 
was  followed  by  the  discovery  that  putrefying  meat  contained  principles  that 
raise  blood  pressure  in  a  similar  manner,  and  which  also  bear  a  certain  chemical 
resemblance  to  it.  Various  amino-compoimds  have  been  produced  containing  the 
molecular  groups  which  these  substances  have  in  common.  The  most  important 
of  these  arc  parahydroxyphenylethylamine  (tyramine)  and  beta-imidazolylethyl- 
amine  (histamine),  both  of  which  are  present  in  ergot,  but  which  can  be  more 
readily  obtained  in  large  quantity  from  certain  putrid  meat  products. 

Conjoint  Use  of  Medicaments. — To  nuike  this  subject  clear  we  shall  have 
to  consider  lirst,  the  manner  in  which  one  drug  may  favor  or  oppose  the  action 
of  another;  and  secondl}^  the  methods  by  which  such  reenforcement  or  opposition 
may  be  utilized  in  the  association  of  remedies  (see  also  Chapter  V). 

Synergism. — 'When  one  drug  reenforces  the  action  of  another,  they  are  said 
to  be  synergistic. 

There  are  two  main  forms  of  synergism:  (a)  cumulative;  (b)  adjuvant,  or 
general  synergism;  the  former  relating  to  the  influence  of  drugs  upon  tissue 
elements,  the  latter  to  their  systemic  influence.  We  may  distinguish  in  cumulative 
synergism  two  varieties:  (1)  homohistic,  or  histologic  synergism,  and  (2)  hetero- 
histic  or  physiologic  synergism. 

Cumulative  Synergism. — (1)  Agents  are  histologic  or  homohistic  syner- 
gists when  they  act  in  like  manner  upon  the  same  tissue  elements.  The  following 
examples  may  be  cited : 

Epinephrine  (the  adrenal  pressor-principle)  and  digitaline,  though  dill'ering 
from  one  another  in  the  intensity  and  duration  of  their  action,  have  a  similar 
stimulating  influence  on  cardiac  muscle  fiber,  and  upon  the  cardio-inhibitory 
center  in  the  medulla.  Either  Avill  cause  the  heart  to  beat  more  forcibl}^  but  more 
slowly,  and  the  combined  effect  is  greater  than  that  of  either  alone. 

Both  caffeine  and  strychnine  heighten  the  activity  of  nerve  cells  in  the 
vasorrotor  and  respiratory  centers  of  the  medulla.  Following  their  use  the  depth 
and  frequency  of  respiration  are  increased,  and  arterioles  are  constricted. 

Nnx  vomica;  cinchona  and  hitter  suhstan-ces  in  gejieral  cause  a  reflex  increase 
in  the  gastric,  as  well  as  the  salivary  secretions  through  their  influence  on  the 
ends  of  the  nerves  of  taste  in  the  tonigue.     Sapid  food  substances  act  similarly. 

(2)  Physiologic  or  heterohistic  synergists  are  so  called  because  they  influ- 
ence the  same  function  in  like  manner  by  acting  upon  different  tissue  elements."' 

**  In  purely  -pharmacodynamic  writings,  the  term  synergism,  is  used  with  a  special 
and  more  limited  meaning.    It  implies  that  the  effect  of  associating  two  drugs  is  greater 
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Thus,  while  dilatation  of  the  pupil  follows  the  local  application  of  solutions 
of  either  cocaine  or  atropine,  the  mechanism  differs  in  the  two  cases.  The  nerve 
endings  of  the  sympathetic  nerves  supplying  the  radial  fibers  of  the  iris  are  stimu- 
lated by  cocaine,  while  atropine  depresses  the  myoneural  junctions  of  the  third 
cranial  nerve. 

Again,  there  is  a  decided  rise  in  blood  pressure  after  the  administration  of 
caffeine,  as  of  epinephrine.  Caffeine,  however,  produces  its  effect  by  increasing 
the  activity  of  the  vasomotor  center;  while  the  action  of  the  adrenal  principle  is, 
for  the  most  part,  a  stimulation  of  the  arterial  wall. 

Mercury  and  lead  are  both  blood  poisons,  the  former  by  reason  of  a  destruc- 
tive action  on  the  white  corpuscles,  the  latter  by  a  similar  action  on  the  red  cells. 

Adjuvant  Synergism. — Adjuvant  or  general  synergists  reenforce  the  action 
of  one  another  by  influencing  several  related  functions  to  a  common  end;  in  other 
words,  they  act  somatically. 

The  well-known  "Niemeyer's  pill"  is  an  effective  association  of  this  kind, 
with  the  object  of  relieving  dropsy.  The  calomel  in  the  preparation  acts  as  a 
purge,  and,  in  some  measure,  as  a  diuretic ;  the  digitalis  improves  the  circulation 
in  general,  and  especially  that  in  the  kidney,  and  the  squill,  in  addition  to  a 
digitalis-like  action  on  the  circulation,  exerts  a  direct  stimulating  influence  on 
the  cells  of  the  kidney. 

Strychnine,  quinine  and  iron  are  often  associated  in  "tonic"  mixtures.  Here 
the  strychnine  acts  by  increasing  the  excitability  of  sensory  elements  in  the 
spinal  cord  and,  to  some  extent,  also,  by  improving  the  circulation.  The  quinine 
lessens  tissue  waste  by  reducing  nitrogen  catabolism.  The  iron  facilitates  tissue 
respiration  by  increasing  the  hemoglobin  content  of  the  blood,  and,  perhaps,  by 
action  on  the  oxidases. 

The  difference,  therefore,  between  this  third  group  of  synergists  and  the 
two  groups  (histologic  and  physiologic)  previously  mentioned  lies  in  the  fact 
that  the  latter  influence  the  sarne  function,  although  the  manner  of  their  respective 
actions  is  different  (homohistic  agents  acting  on  the  same  tissue:  heterohistic 
agents  acting  on  different  tissues) — while  the  adjuvant  synergists  influence  not 
only  different  tissues,  but  different  functions. 

Synergism  may  be  partial,  that  is  to  say,  the  two  agents  may  be  auxiliary  as 
regards  a  portion  only  of  their  respective  spheres  of  influence;  or  it  may  be 
complete,  the  two  agents  reenforcing  each  other  throughout  the  whole  range  of 
their  activities.  Complete  synergism,  or  even  extensive  partial  synergism,  rarely 
exists,  and,  when  it  does,  it  is  not  purely  homohistic.  As  a  rule,  therapeutic 
synergism  is  in  part  histologic,  in  part  physiologic,  and  in  part  adjuvant.  This 
combination  of  effects  is  shown  in  the  illustrations  already  cited. 

Antagonism. — Wlien  one  drug  tends  to  inhibit  or  oppose  the  influence  of 
another,  the  two  agents  are  said  to  be  antagonistic. 

than  would  be  anticipated  from  their  individual  effects.  Thus  if  100  mgm.  of  morphine 
will  cause  in  a  rabbit  sleep  lasting  four  hours,  and  500  mgm.  of  chloral  will  have  a  like 
effect,  it  would  be  termed  synergism  if  the  same  effect  could  be  obtained  with  40  mgm. 
of  morphine  associated  with  200  mgm.  of  chloral.  If,  however,  50  mgm.  of  the  former 
with  250  mgm.  of  the  latter  were  required,  this  would  be  termed  summation  and  not 
synergism.  According  to  Biirgi,  synergism  is  obtained  with  drugs  of  unlike  nature,  and 
summation  with  drugs  of  like  nature  and  point  of  attack.  For  example,  synergistic 
hypnotic  effect  is  obtained  with  morphine  and  chloral,  morphine  and  sulphonal,  etc. 
Synergistic  diuresis  is  obtained  by  associating  caffeine  with  a  saline,  but  only  summation 
by  associating  two  salines,  e.g.,  potassium  citrate  and  ammonium  acetate,  two  purine 
derivatives,  e.g.,  caffeine  and  theobromine.  This  rule  is,  however,  not  without  exceptions. 
From  the  therapeutic  viewpoint,  summation  is  a  special  form  of  cumulative  synergism, 
corresponding  on  the  whole  with  that  designated  in  the  text  as  homohistic. 
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The  antagonism  may  bo  nearly  C'om])loto  tliroughout  tlic  whole  range  of 
influence  of  both  agents,  or  may  be  confined  to  certain  very  limited  portions  of 
their  respective  s])iieres. 

It  does  not  depend  upon  any  destructive  influence  of  one  agent  upon  the 
other,  but  upon  their  contrary  influence  over  the  function  of  the  tissue  elements 
affected. 

Antagonism  thus  differs  from  chemical  neutralization  (antidotism),  such  as  is  shown, 
for  example,  by  the  action  of  potassium  permanganate  on  morphine.  Chemical  anti- 
dotism between  drugs  is  not,  as  a  rule,  exhibited  within  the  body,  but  can  be  utilized 
only  in  the  stomach  or  on  the  exterior — as,  for  example,  when  acids  neutralize  alkalies; 
when  tannic  acid  is  used  to  precipitate  an  alkaloid,  such  as  morphine;  when  albumin 
(egg  white)   combines  with  a  corrosive  poison   {e.g.,  mercuric  chloride).'" 

It  differs,  likewise,  from  counteraction,  in  wliieh  the  ill-offocts  of  a  drug  are 
guarded  against  by  influencing  some  other  function  from  that  directly  or  pri- 
marily disturbed  by  the  poison.  Hahnemann's  terms  might  here  be  adopted:  an- 
tagonism is  "antipathic,"  counteraction  is  "allopathic." 

As  in  the  parallel  case  of  synergism,  we  may  distinguish  two  varieties  of 
antagonism:  (1)  homohistic  or  histologic  antagonism,  also  called  direct  or  true 
antagonism;  and  (2)  heterohistic  or  physiolog'io  antagonism,  also  called  indirect 
or  apparent  antagonism. 

Although  we  do  not  commonly  speak  of  general  or  adjuvant  antagonism, 
there  is  in  fact  such  a  relationship  of  opposition  among  drugs — a  relationship 
analogous  to  that  which,  in  the  case  of  reenforcement,  we  have  termed  adjuvant  or 
general  synergism.  In  this  form  of  oppositional  action,  the  endeavor  is  made  to 
counteract  the  untoward  effects  of  drugs  by  influencing  functions  other  than  those 
compromised  by  the  toxic  agent.  This  order  of  influence  we  prefer,  therefore, 
to  term  counteraction  in  consonance  with  the  principles  and  terminology  of 
Chapter  II. 

(1)  Histologic  antagonism  is  manifested  when  the  two  agents  induce  oppo- 
site functional  effects  by  contrary  action  upon  the  same  anatomic  elements. 

For  example,  muscarine,  the  active  principle  of  certain  poisonous  mushrooms, 
causes  contraction  of  the  pupil  by  stimulating  the  myoneural  receptors  of  the 
oculomotor  nerve,  while  atropine  causes  pupillary  dilatation  by  paralyzing  them; 
and,  in  general,  muscarine  and  atropine  act  in  opposite  manner  upon  the  same 
peripheral  or  central  nerve  mechanisms. 

Pilocarpine  stimulates  the  nerve  endings  which  excite  increased  action  of  the 
salivary  gland,  while  atropine  reduces  salivation  by  paralyzing  the  same  nerve 
endings. 

(2)  Physiologic  antagonism  is  showm  when  the  contrary  functional  results 
are  brought  about  by  influence  upon  different  tissue  elements,  although  the  latter 
may  be  part  of  the  same  anatomic  system.  This  is  not  only  the  most  frequent 
form  of  opposition  among  drugs,  but  also  that  most  readily  utilized  in  medicine, 
and  especially  in  the  treatment  of  poisoning.  For  example,  the  opposite  actions 
of  opium  and  liellndonna  upon  the  iris — the  first  causing  contraction  of  the  pupil, 
the  second  dilating  it — are  effected  through  difl^erent  portions  of  the  nerve  system. 
Caffeine,  which  causes  vasoconstriction  and  elevation  of  blood  pressure,  and  amyl 
nitrite,  which  causes  va.sodilatation  and  fall  of  pressure,  are  physiologic  and  not 

"  Wilm  maintains  that  calcium  sulphide  antidotes  mercury,  even  in  the  blood  and 
tissues,  by  forming  an  insoluble  sulphide  of  the  latter. 
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histologic  antagonists,  because  one  stimulates  the  vasoconstrictor  center  in  the 
medulla,  and  the  other  depresses  the  smooth  muscles  of  the  arteries. 
Antagonism,  like  synergism,  may  be  partial  or  complete. 

Of  complete  antagonism  the  best  examples  known  are  that  of  muscarine  and  atropine, 
and  that  of  chloral  and  strychnine,  but,  even  in  these  instances,  the  completeness  of  the 
antagonism  is  markedly  affected  by  the  time  of  administration  and  the  quantities  of  the 
drug  employed.  Thus,  the  effects  of  strychnine  upon  an  animal  may  be  completely 
averted  by  previous  chloralization,  but  the  use  of  chloral  after  strychnine  has  begun 
to  act  is  not  nearly  so  effective.  Minute  doses  of  atropine  will  prevent,  or  promptly 
annul,  the  various  effects  of  pilocarpine;  but  relatively  large  amounts  of  the  latter  agent 
ai'e  necessary  to  combat  the  symptoms  caused  by  atropine,  and,  moreover,  the  effect  is 
developed  very  slowly. 

Partial  antagonism  has  many  illustrations:  thus,  the  increase  of  vascular  tension  by 
caffeine  and  its  diminution  by  nitroglycerin;  the  constriction  of  the  uterus  by  ergot,  and 
its  relaxation  by  chloral;  the  excitation  of  intestinal  peristalsis  by  aloes,  and  the  oppo- 
site effect  of  belladonna;  the  dilatation  of  the  pupil  by  cocaine,  and  its  contraction  by 
physostigmine. 

Complete  antagonisms  can  be  of  service  only  in  experimental  studies  and  in  the  treat- 
ment of  poisoning.  Partial  antagonisms  are  of  use  in  the  same  ways,  and,  in  addition, 
are  frequently  utilized  in  the  therapeutic  association  of  remedies,  especially  for  correo 
tion. 

Distinction  is  also  made  by  some  writers  between  physiologic  antagonism  produced 
by  safe  doses;  toxic  antagonism,,  which  is  manifest  only  when  poisonous  doses  are 
employed;  and  therapeutic  antagonism,  which  is  sometimes  made  use  of,  but  against 
the  unintended  effects  of  which  one  must  be  on  guard.  It  will  be  observed  that  the 
term  "physiologic"  is  used  in  a  different  sense  from  that  given  to  it  in  this  book. 

In  antagonism,  even  that  which  is  directly  histologic,  the  toxic  effects  of  the 
opposing  agents  are  by  no  means  averted.  Any  toxic  influence  compromises  the 
functional  integrity  of  the  anatomic  elements  affected,  and,  although  two  toxic 
influences  may  neutralize  each  other  in  gross  manifestation,  the  combined  effect 
is  injurious.  A  man  who  is  simultaneously  struck  with  equal  force  on  both  sides 
of  the  body  may  not  fall  either  to  right  or  left,  but  there  will  be,  nevertheless,  a 
bruise  on  both  sides,  and  a  double  shock.  The  functionating  capacity  of  living 
substance  will  always  be  diminished,  when  acted  upon  by  two  toxic  substances, 
one  of  which  stimulates,  while  the  other  depresses.  Thus,  in  a  case  of  drug 
poisoning,  it  is  quite  possible  so  to  misuse  an  antagonist  as  simply  to  pile  Ossa 
upon  Pelion,  adding,  for  example,  belladonna  intoxication  to  opium  narcosis. 
Whether  it  is  best  in  a  given  instance  to  avail  one's  self  of  indirect  antagonism 
(as  in  the  use  of  strychnine  and  caffeine  against  opium),  or  to  reenforce  the 
cautious  use  of  direct  antagonists  by  that  of  indirect  antagonists  and  agents  of 
counteraction,  must  depend  largely  on  the  special  phenomena  presented  and  will 
necessarily  differ,  not  only  with  the  agent,  but  also  with  the  intensity  and  stage 
of  the  poisoning. 

There  are,  indeed,  certain  guiding  facts  of  experience,  but  these  are  only  to 
be  learned  by  studying  the  effects  of  each  drug.  They  are  set  forth  under  the 
head  of  "toxicity"  in  the  special  discussions  of  drug  effects  (Part  II). 

As  pointed  out  by  Claude  Bernard  in  relation  to  indirect  antagonism,  both 
this  and  counteraction  have  the  advantage  of  sustaining  life  while  giving  time 
for  the  poison  to  be  eliminated.  In  this  they  resemble  the  symptomatic  treatment 
of  certain  forms  of  disease. 

Antidotism. — The  term  antidote  is  sometimes  limited  to  those  substances 
which  chemically  neutralize  one  another;  in  other  words,  to  pharmaceutic  incom- 
patibles.     In  common  speech,  however,  it  is  applied  to  any  substance  that  will 


i 


DRUG  INFLUENCE  277 

hinder  or  op{X)sc  the  effects  of  a  poison,  whether  hy  physical  or  chemical  action,  or 
through  hiologic  influence.  Thus  used,  it  includes  counteragents  and  antagonists 
as  well  as  inconipatibles. 

Chemical  antidotism  is  more  frequently  reciprocal  tlian  counteraction  or 
antagonism.  For  example,  an  acid  will  always  neutralize  an  alkali,  or  an  alkali 
an  acid.  On  the  other  hand,  an  alkaloid  would  not  be  useful  in  a  case  of  poisoning 
by  tannic  acid,  nor  could  phenol  be  given  to  relieve  poisoning  by  sulphites.  In 
physiologic  antagonism  reciprocal  action  is  quite  rare.  For  example,  atropine 
and  strychnine  are  useful  to  a  certain  extent  in  opium  poisoning,  but  morphine 
should  not  commonly  be  used  in  belladonna  or  strychnine  poisoning.  Under 
special  circumstances,  morphine  may,  indeed,  prove  useful,  but  these  circumstances 
relate  to  the  morbid  conditions  present  rather  than  to  the  toxic  agent.  Even  in 
cases  of  reciprocal  antidotism  caution  may  be  necessary,  as  previously  indicated,  to 
avoid  the  casting  out  of  Satan  by  Beelzebub. 
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Sources  and  Forms  of  Drugs 

Drugs  are  derived  from  the  most  diverse  sources,  and  are  subjected  to  very- 
varied  processes  before  being  adapted  to  therapeutic  use.  It  is  well  for  the 
physician  to  know  the  origins  of  the  medicines  which  he  prescribes  and  the  forms 
in  which  they  are  found  in  commerce.  For  the  student  of  medicine,  such  facts 
can,  however,  be  set  forth  with  much  less  detail  than  for  the  student  of  pharmacy, 
and  a  brief  outline  will  here  suffice. 

The  subject  will  first  be  considered  from  the  standpoint  of  the  chemical 
nature,  and  ultimate  source  of  the  drugs,  and  afterwards  the  methods  by  which 
the  useful  medicaments  are  derived  from  these  crude  substances  will  be  briefly 
discussed. 

Medicaments  can  be  classified  according  to  their  forms  and  sources  as  follows : 

1.  Inorganic  chemicals 

2.  Organic  chemical  compounds 

3.  Plant  principles,  parts  and  products 

4.  Products  of  animal  origin. 

In  the  subsequent  discussion  the  drugs  will  be  arranged  in  the  following 
groups,  based  on  the  method  of  preparation : 

A.  Drugs  of  natural  origin 

1.  Crude  substances 

2.  Refined  natural  products 

B.  Substances  designedly  made 

1.  Inorganic  compounds 

2.  Organic  compounds. 
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Sources  of  Drugs 

Inorganic  Chemicals. — The  iiiorganic  clioniieals  used  in  medicine  may  be 
arranged  in  the  following  groups  according  to   their  elemental   constituent: 

Halogens  (chlorine,  bromine,  iodine,  fluorine).  Oxygen  group  (oxygen,  sul- 
phur, selenium,  tellurium).  Nitrogen  group  (nitrogen,  phosphorus,  arsenic,  anti- 
mony). Boron  group  (hor on).  Carbon  group  ( carbon,  silicon).  Hydrogen  group 
(hydrogen).  AlJcali  niefah  (potassium,  sodium,  lithium,  ammonium).  Alkali 
earths  (calcium,  strontium,  l)arium).  Magnesium  group  (magnesium,  zinc, 
cadmium,  mercury).  Silver  group  (silver,  copper,  gold).  Aluminum  group 
(aluminium).  Tin  group  (tin,  lead,  germanium,  cerium).  Bismuth  group 
(bismuth,  vanadium).  Chromium  group  (cliromium).  Iron  group  (iron,  cobalt, 
nickel,  manganese).  Platinum  group  (platinum,  palladium,  osmium).  Radium 
group  (radium,  thorium,  uranium). 

Halogens. — Chlorine  is  not  found  in  tlie  free  state  l)ut  is  found  abundantly 
as  sodium  chloride.  Hydrochloric  acid,  strong  and  dilute,  is  official  as  are  the 
chlorides  of  ammonium,  calcium,  iron,  sodium,  mercury  (mild  and  corrosive), 
and  zinc.  Many  chlorides  of  alkaloids  are  recognized  as  well  as  those  of  epinephrine 
(solution)  and  methylene  blue.  Other  official  compounds  include,  potassium 
chlorate,  trichloracetic  acid,  chlorinated  lime,  chlorinated  soda  (solution  and 
surgical  solution),  cbloramine,  dichloramine,  chlorinated  paraffin,  chloral  hydrate, 
chloroform  and  carbon  tetrachloride.  Bromine  occurs  as  sodium,  calcium  or  mag- 
nesium bromide  in  rock  salt  deposits  and  salt  wells,  and  in  small  amount  in  sea 
water.  The  official  compounds  containing  bromine  are  the  bromides  of  ammonium, 
calcium,  potassium,  quinine  and  sodium;  bromoform  and  carbromalum. 

Iodine  is  found  in  combination  with  potassium,  sodium  or  magnesium  in 
mineral  springs,  sea  water,  sea  plants,  in  rock  salt,  and  in  Chili  saltpeter.  Iodine 
is  official  as  are  the  following  compounds :  Hydriodic  acid  and  the  iodides  of 
potassium,  sodium,  and  iron  (syrup);  mercurous  iodide;  mercuric  iodide;  thymol 
iodide;  arsenous  and  mercuric  iodides  (Donovan  solution)  ;  iodine  and  potassium 
iodide  (solution);  calcium  iodobehenate ;  iodoform;  syrup  of  hydriodic  acid;  tinc- 
ture and  ointment  of  iodine,  and  ointment  of  iodoform.  Fluorine  occurs  as  fluor- 
s})ar  (native  calcium  fluoride),  and  as  cryolite  (native  sodium  and  aluminum 
fluoride).    No  fluorine  compound  is  official. 

Oxygen  Group. — Oxygen  is  found  in  the  free  state  in  the  atmosphere  mixed 
with  four  times  its  volume  of  nitrogen,  and  also  in  combination  in  a  very  large 
number  of  both  the  inorganic  and  organic  compounds.  Oxygen  is  official  as  are 
hydrogen  dioxide  (solution)  and  many  of  the  oxyacids  and  their  salts.  Sulphur 
occurs  in  the  free  state  as  mineral  deposits  and  as  sulphides  in  the  ores  of  heavy 
metals.  The  element  is  official  as  precipitated,  washed  and  sublimed  sulphur,  sul- 
phur ointment  and  compound  licorice  powder.  Many  sulphates  are  official  as  are 
sodium  sulphite  and  thiosulphate,  and  the  following  organic  compounds,  phenol- 
sulphonephthalein,  sodium  indigotindisulphonate,  sodium  phenolsulphonate,  sul- 
phonmethane,  sulphonmethylmethane,  and  neoarsphenamine.  Selenium  is  found 
in  nature  associated  with  sulphur,  and  tellurium  occurs  in  the  free  state  and  as 
tellurides  of  gold,  silver,  lead  and  mercury.    Neither  is  official. 

Nitrogen  Group. — Nitrogen  in  the  free  state  forms  80  percent,  of  the  atmos- 
phere. It  also  occurs  in  com])ination,  as  sodium  nitrate  in  Chili  saltpeter  and 
as  an  essential  element  of  nitrogenous  organic  matter.  Nitric  and  nitrous  acids 
and  many   of   their  salts   are   official,   as   are   the    ammonium   salts   listed   below, 
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several  amino-compounds,  nitrous  oxide  and  picric  acid.  Phosphorus  is  found  in 
various  rocks,  but  the  chief  commercial  source  is  bone  ash.  Phosphorus  and  its 
pill  are  official,  as  are  hypophosphorous  and  phosphoric  acids,  ferric  phosphate 
(sohible),  monosodium  phosphate,  disodium  phosphate  (and  effervescent  sodium 
phosphate),  and  calcium  glycerophosphate.  Boron  occurs  combined  with  oxygen 
as  boric  acid  and  as  alkali  borates  in  salt  lakes  and  in  the  deposits  left  by  their 
evaporation.    Boric  acid  and  borax  are  official. 

Carbon  Group. — Carbon  is  widely  distributed  in  the  free  state  as  coal  and 
graphite.  It  is  contained  in  the  alkali,  alkaline  earth  and  other  carbonates  and 
in  all  organic  compounds.  Wood  charcoal,  bone  charcoal  and  many  carbonates 
are  official.  Carbon  disulphide  is  an  official  reagent.  Carbon  dioxide  gas  has 
many  therapeutic  applications  and  the  solidified  compound  (carbon  dioxide  snow) 
is  used  as  an  escharotic.  Silicon  is  very  widely  and  abundantly  distributed  com- 
bined as  silicates  in  clay,  sand,  quartz  and  rocks.  Talc  infusorial  and  earth  are 
official  in  the  U.  S.  P.  and  aluminium  silicate  (kaolin)  in  the  Br.  P. 

Hydrogen  Group. — Hydrogen  occurs  in  free  state  in  volcanic  and  other  nat- 
ural gases.  It  forms  part  of  water  and  of  all  acids,  and  is  an  essential  component 
of  all  forms  of  organic  matter.  Water  is  official,  as  are  many  inorganic  and  organic 
acids  and  other  compounds  containing  it. 

Alkalies. — Potassium  occurs  as  silicate  in  many  rocks;  as  saltpeter  (a  native 
nitrate)  ;  as  carnallite  (a  double  potassium  and  magnesium  chloride),  and  as 
sylvite  (a  native  chloride).  Potassium  salts  of  organic  acids  are  found  in  all 
land  plants,  often  in  large  amount.  The  animal  body  contains  a  considerable 
quantity  of  potassium  as  well  as  of  sodium  salts,  the  former  chiefly  in  the  tissues, 
the  latter  in  the  fluids.  The  official  potassium  compounds  are  the  acetate,  arsenite, 
bicarbonate,  bitartrate,  bromide,  carbonate,  chlorate,  citrate,  hydroxide,  iodide, 
nitrate,  permanganate,  sulphurated  potassa,  soft  soap,  and  the  tartrate  of  potas- 
sium and  sodium.  Sodium,  in  combination,  is  very  generally  distributed,  as 
native  sodium  chloride  (rock  salt,  sea  salt,  mineral  salts),  and  as  an  essential 
constituent  of  animal  and  vegetable  organisms.  It  is  found  as  a  native  silicate; 
as  Chili  saltpeter  (native  sodium  nitrate)  ;  as  cryolite  (a  double  fluoride  of  sodium 
and  aluminum),  and  in  natural  deposits  of  carbonate  in  India,  Eg}''pt,  South 
America  and  other  warm  countries.  The  official  sodium  compounds  are :  acetate, 
arsenate,  benzoate,  bicarbonate,  biphosphate,  borate,  bromide,  cacodylate,  carbonate, 
chloride,  citrate,  hydroxide,  indigotindisulphonate,  iodide,  nitrite,  phosphate,  salic- 
ylate, sulphate  and  thiosulphate.  The  ammonium  salts  occur  as  carbonate  in 
the  guano  deposits  of  South  America  and  as  native  sulphate  in  Tuscany.  The 
commercial  source  of  supply,  however,  is  the  ammonical  gas  liquor  obtained  by 
distillation  of  coal  in  the  manufacture  of  illuminating  gas  and  coke.  The  official 
ammonium  compounds  are  the  acetate  (solution),  benzoate,  bromide,  carbonate, 
chloride,  and  salicylate.  Lithium  is  found  chiefly  in  the  form  of  certain  minerals 
containing  mixtures  of  the  silicates  of  aluminum,  sodium  and  lithium.  No  lithium 
compound  is  official. 

Alkali  Earths. — Calcium.  Of  the  calcium  compounds  the  most  abundant  are 
the  native  carbonate  (chalk,  marble  and  limestone)  ;  and,  the  native  fluoride 
(fluorspar).  Less  common  are  the  hydrated  sulphate  (gypsum),  and  the  phos- 
phate (phosphate  rock).  As  phosphate  and  carbonate  it  constitutes  the  mineral 
matter  of  bone,  and  is  found  in  lesser  amount  in  other  animal  and  plant  tissues. 
The  official  calcium  compounds  are  the  bromide,  carbonate,  precipitated  carbonate, 
chloride,  hydroxide  (solution  of),  glycerophosphate,  iodobehenate,  lactate,  oxide, 
chlorinated  oxide,  precipitated  carbonate,  sulphate  and  crude  sulphide.    Strontium 
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occurs  native  as  sulphate  (celistine),  as  carbonate  (strontianite),  and,  in  small 
amounts,  in  certain  lime  minerals;  and  in  some  sea-i)lants.  The  only  official 
strontium  compound  is  the  salicylate.  Barium  is  found  native  as  sulphate  (heavy 
spar),  as  carbonate  (witherite)  and  in  many  ores  of  manganese.  The  only  official 
representative  is  the  sulphate. 

Magnesium  occurs,  chiefly,  as  native  carbonates,  alone  (magnesite),  or  as  a 
double  magnesite  combined  with  calcium  (dolomite  or  dolomitic  limestone)  ;  also, 
as  a  hydrated  sulphate  (kieserite),  as  a  double  chloride  of  potassium  and  mag- 
nesium (carnallite),  and  as  various  silicates  (talc,  asbestos,  etc.).  The  magnesium 
salts  are  found  in  animals  and  plants,  associated  with  salts  of  calcium,  as  in  the 
bones.  The  official  magnesium  compounds  are  the  carlionate,  citrate  (solution), 
oxides  (including  the  arsenic  antidote  with  iron  liydroxide),  and  sulphate.  Zinc 
occurs  as  native  oxide  (zincite),  as  sulphide  (zinc  blende),  as  silicate  (calamine), 
as  carbonate  (smithsonite),  and  as  zinc  oxide  with  manganese  and  iron  oxide 
(franklinite).  The  official  zinc  com])ounds  are  the  acetate,  chloride,  oxide, 
stearate,  and  sulphate.  Cadmium  is  usually  found  as  native  sulphide,  although 
present  in  small  amount  in  certain  of  the  zinc  ores.    It  is  not  official. 

Silver  is  found  native,  alone,  or  mixed  with  copper;  also,  in  combination  as 
sulphide  (argentite),  and  in  minerals,  associated  with  copper,  mercury,  gold  and 
lead.  The  official  silver  compounds  are  the  nitrate,  oxide,  and  mild  and  strong 
protargentum.  Gold  occurs  usually  in  the  free  state;  sometimes,  but  rarely,  it  is 
associated  with  mercur}',  silver,  iron,  copper  and  platinum.  It  is  not  officially 
recognized. 

Copper  is  found  abundantly  as  metallic  copper;  also,  as  native  copper  oxides, 
as  sulphides  (copper  glance),  and  as  carbonate  (malachite).  Copper  sulphate  is 
the  only  official  representative.  Mercury  is  found  chiefly  as  mercuric  sulphide 
(cinnabar).  It  also  occurs  as  a  silver  amalgam  and  as  native  mercurous  chloride. 
Metallic  mercury  is  official,  as  are  (mild)  mercurous  chloride,  (yellow)  mercurous 
iodide,  (corrosive)  mercuric  chloride,  (red)  mercuric  iodide,  mercuric  nitrate  (solu- 
tion), (yellow)  mercuric  oxide,  mercuric  salicylate,  mercuric  oleate,  and  ammoni- 
ated  mercury. 

Aluminum  exists  chiefly  in  the  form  of  oxides,  hydrates  and  silicates.  Clays 
are  native  aluminum  silicates.  The  official  aluminum  representatives  are  the 
alums,  aluminum  and  ammonium  sulphate,  and  aluminum  and  potassium  sul- 
phate. Ceriwn  occurs  in  certain  rare  minerals  like  cerite,  which  contains  about 
60  percent  of  the  oxide.    The  oxalate  was  formerly  official. 

The  most  abundant  form  of  tin,  is  the  tin-stone,  a  native  oxide;  the  native 
sulphide  is  sometimes  found.  No  compound  is  official.  The  most  important 
ores  of  lead  are  the  sulphide  (galena)  the  carbonate  (cerusite),  the  sulphate 
(anglesite).  Oxides  are  less  abundant.  The  official  lead  compounds  are  the 
acetate,  oleate,  oxide,  and  sub-acetate   (solution). 

Arsenic  occurs  widely  distributed  in  nature,  both  free  and  in  the  combined 
state  as  arsenic  trioxide  (AS2O3)  and  as  various  native  sulphides.  The  official 
arsenic  representatives  are  the  iodide,  trioxide,  arsenous  acid  (solution  of),  potas- 
sium arsenite  (solution),  arsenous  and  mercuric  iodides  (solution)  and  sodium 
cacodylate,  arsphenamine  and  neoarsphenamine.  Antimony  is  obtained  chiefly 
from  the  native  sulphide  (stibnite).  It  occurs  also  in  various  ores  which  contain, 
in  addition,  arsenic,  nickel  and  silver.  It  is  officMilUj  recognized  in  the  form  of 
antimony  and  potassium  tartrate.  Bismuth  is  found  chiefly  in  the  metallic  state, 
generally  disseminated  through  rock ;  it  is  also  found,  to  a  very  limited  extent,  as 
native  oxide  (bismuth  ochre),  sulphide  (bismuthite),  carbonate  and  silicate.    The 
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official  bismuth  compounds  are  the  subcarbonate,  subgallate,  subnitrate,  and 
subsalicylate. 

Cliromium  is  an  element  of  infrequent  occurrence,  being  found  chiefly  in 
chrome  iron  ore  or  chromite.  Chromium  is  officially  represented  l)y  the  trioxide. 
Manganese  occurs  in  native  oxides,  chief  among  which  is  manganese  dioxide 
(pyrolusite),  and  also  as  native  carbonate  (manganese  spar),  as  sulphide  (man- 
ganese blende),  and  in  small  amounts  in  plant  and  animal  tissues.  The  only  official 
manganese  compound  is  potassium  permanganate. 

Iron  is  found  as  a  native  ferric  oxide  (hematite)  as  hydrated  ferric  oxide 
(brown  hematite),  as  ferroso-ferric  oxide  (magnetite),  and  as  carbonate  (sterite). 
The  native  ferric  sulphide  (iron  pyrites)  is  also  a  source  of  sulphuric  acid.  Less 
important  iron  minerals  are  the  native  phosphate  (vivianite),  the  sulpharsenite, 
and  the  tungstate  (wolframite).  The  official  iron  compounds  are  exceedingly 
numerous.  The  feme  salts  are  the  chloride,  citrate  (with  ammonium),  hydroxide 
with  magnesium  oxide  (arsenic  antidote),  phosphate  (soluble),  sulphate  (solution 
of)  and  iron  and  ammonium  acetate  (solution  of).  The  ferrous  salts  are  the 
carbonate  (saccharated,  mass,  mixture  and  pills  of)  and  sulphate.  Metallic  iron 
and  reduced  iron  are  also  official.  Cobalt  occurs  as  native  sulphide  (linnaeite),  as  a 
mixed  arsenide  and  sulpharsenide  with  nickel  (speiss-cobalt  and  cobalt-glance), 
and  as  arsenate  (cobalt-bloom).  NicJcel  is  found  in  ores  as  sulphide  (millerite),  as 
arsenide  (nicollite),  as  the  hydrated  silicate  of  nickel  and  magnesium  (garnierite) 
and  nickel  pyrrhotite  (magnetic  pyrites).  Neither  cobalt  nor  nickel  is  officially 
represented. 

Platinum  is  found  native,  generally  as  an  alloy  with  other  metals  of  the 
platinum  group,  together  with  gold,  silver  and  copper.  Palladium  occurs  in  the 
platinum  ores.  Osmium  is  also  present  in  the  platinum  ores.  None  of  this  group 
is  official. 

Radium  is  found  in  small  amounts  in  certain  ores,  associated  with  thorium 
and  uranium.     There  is  no  official  member  of  this  group. 

Organic  Chemical  Compounds. — The  organic  chemical  compounds  are  very 
numerous,  and  many  of  them  are  exceedingly  complex  in  composition.  They  may 
be  classed  as  open  chain  compounds,  benzene  Hng  compounds  and  irregular  ring 
compounds. 

With  the  open  chain,  or  aliphatic  hydrocarbons,  are  grouped  their  halogen 
derivatives,  alcohols,  aldehydes,  ketones,  acids,  ethers,  esters,  or  ethereal  salts, 
sulpho-derivatives,  as  well  as  amines  (amides),  carbonic  acid  derivatives,  carbo- 
hydrates and  cyanogens. 

The  closed  chain,  or  benzene  hydrocarbons,  include  the  aromatic  compounds, 
phenol-derivatives,  aromatic  alcohols,  aromatic  aldehydes,  aromatic  ketones,  aro- 
matic acids,  phenol  alcohols,  phenol  aldehydes  and  phenol  acids,  with  their  halogen 
derivatives,  sulpho-derivatives,  nitro-derivatives,  amido-derivatives,  and  azo-com- 
pounds. 

The  irregular  rings,  including  the  naphthalene  hydrocarbons  and  anthracene 
hydrocarbons,  are  of  little  medicinal  importance,  as  are  the  nitrogenous  rings  such 
as  the  pyridine  bases,  quinoline  bases  and  acridine  compounds,  apart  from  those 
classed  with  plant  alkaloids. 

The  organic  chemical  compounds  include  also  certain  plant  products  and 
educts  such  as  the  alkaloids,  glucosides,  bitter  and  neutral  principles,  tannins  and 
essential  oils. 

Open  Chain  Hydrocarbons. — The  open  chain  or  alipliatic  hydrocarbons  are 
divisible  into  the  paraffin  (or  methane)  series;  the  ol&fine  series,  and  the  acetylene 
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series;  the   first   having  the  algehraic   formula    Cnllon+oj   grapliically   pictured   as 

H  H 
ethane,  H  •  0  •  C  •  II ;  the  second,  CnHoQ,  graphically  pictured  as  ethylene,  II  •  C  :  C  •  H; 

HH 

HH 

the  third,  Cnllcn-:,  graphically  pictured  as  ethylidene,  H"C:,C*H  (acetylene). 

The  paraffin  hydrocarbons  (methane,  ethane,  propane,  butane,  pentane,  hexane, 
etc. — the  last  two  being  the  chief  constituents  of  the  official  beiizin — occur  in  various 
crude  petroleums,  as  do  also  the  olefine  hydrocarbons  (ethylene,  propylene,  etc.). 
The  acetylene  hydrocarbons  (acetylene,  allylene,  etc.)  are  produced  by  destructive 
distillation  of  bituminous  coal  and  other  organic  material.  The  official  petrolatums 
consist  chiefly  of  the  higher  hydrocarbons  of  the  paraffin  series. 

The  halogen  derivatives  of  these  hydrocarbons  are  made  by  replacing  one 
or  more  atoms  of  hydrogen  with  halogen  atoms,  either  directly  or  by  the  action 
of  the  haloid  acids  upon  the  corresponding  alcohol;  or  by  the  direct  addition  of 
the  haloid  acids  to  the  olefine  hydrocarbons. 

The  alcohols  are  obtained  by  replacing  one  or  more  hydrogen  atoms  of  a 
hydrocarbon  with  an  equal  number  of  hydroxyl  (OH)  groups.  When  one  hydrogen 
atom  of  the  hydrocarbon  is  replaced  by  one  hydroxyl  (OH)  group,  the  alcohol  is 
known  as  a  monatomic  alcohol;  when  two  atoms  are  replaced  by  two  groups,  as 
diatomic  alcohol;  and  when  three  atoms  are  replaced,  as  in  glycerin,  as  a  tri- 
atomic  alcohol.  There  exist,  also,  tetratomic,  pentatomic,  hexatomic,  heptatomic, 
octatomic  and  nonatomic  alcohols.  The  alcohols  are  made  by  boiling  esters  with 
caustic  alkalies;  by  fermenting  carbohydrates  (like  grape  sugar)  with  yeast  (pro- 
ducing the  lower  alcohols)  ;  by  saponifying  fats  (the  fatty  acid  salts  of  the  radical 
glyceryl,  of  which  latter  glycerin  is  the  alcohol)  ;  they  also  occur  naturally  as 
certain  sugars. 

The  aldehydes  and  ketones  are  oxidation-products  of  alcohols;  the  former 
yield  acids  on  continued  or  secondary  oxidation,  while  the  latter  do  not.  This  is 
because  the  oxidation  occurs  on  an  end  carbon  in  aldehydes  and  on  a  central 
carbon  in  ketones. 

The  acids  are  divided  into  the  fatty  acid  series  (CnHanOa),  the  oleic  acid 
series  (CnHsn-oOo),  the  propionic  acid  series  (CnH2n-40o)  ;  and  those  derived  from 
the  diatomic,  triatomic,  and  polyatomic  alcohols.  Among  the  fatty  acids  are  formic, 
acetic,  propionic,  butyric,  valeric,  palmitic  and  stearic.  The  oleic  acid  series 
embraces  oleic  and  acrylic  acids.  The  propionic  acid  series  includes  propionic 
and  limoleic  acids.  Lactic,  malic,  oxalic,  tartaric,  and  citric  acids  are  derived 
from  diatomic  and  polyatomic  alcohols. 

The  ethers  consist  of  two  hydrocarbon  radicals  joined  together  by  an  oxygen 
atom.  When  the  two  radicals  are  identical,  they  are  termed  simple  ethers,  as  the 
official  (di-ethyl)  ether.  When  the  two  radicals  differ,  they  are  mixed  ethers 
(such  as  methyl-ethyl  ether).  When  the  basic  radical  is  united  by  oxygen  to  an 
acid  radical,  the  compound  is  called  an  ester  or  compound  ether.  The  ethers  are 
made  by  heating  monatomic  alcohols  with  sulphuric  acid,  or  by  decomposing  the 
halogen  derivatives  of  the  diatomic  alcohols  (glycols)  with  alkali  hydroxids.  The 
esters,  or  ethereal  salts,  are  derived  from  organic  or  inorganic  acids  by  reidacing 
the  hydrogen  of  the  latter  with  alcohol  radicals.  They  include  the  nitro-deriva- 
tives  of  glyceryl,  such  as  nitroglycerin,  various  waxes,  and  all  fats. 

The  sulpho-alcohols,  or  mercaptans,  are  theoretically  derived  from  the  hydro- 
carbons by  replacing  one  or  more  atoms  of  hydrogen  with  S-II  groups.  Practically, 
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they  are  made  by  decomposing  the  iodo-derivatives  of  the  paraffin  hydrocarbons 
with  potassium  sulphydrate. 

The  sulplio-ethers  are  obtained  by  distilling  the  iodo-derivatives  of  the  hydro- 
carbon radicals  with  potassium  sulphide.  By  oxidation  they  yield  sulphones,  deriva- 
tives of  which  are  officially  represented  by  sulphon-methane  (sulphonal)  and 
sulphon-methyl-methane   ( trional ) . 

The  amines  are  obtained  from  the  ammonia  molecule  (JSTHs)  by  replacing 
one,  two  or  three  of  its  hydrogen  atoms  by  alcohol  radicals,  and  are,  therefore, 
primary,  secondary  or  tertiary.  They  may  be  monamines,  diamines  or  triamines, 
according  as  one,  two  or  three  molecules  of  ammonia  are  represented.  The  amines 
are  made  by  treating  ammonia  with  the  halogen  derivatives  of  the  alcohol  radicals. 

The  amides  are  analogous  to  the  amines,  except  that  the  hydrogen  atoms  of 
the  ammonia  molecules  are  replaced  by  acid  radicals.  They  are  produced  by  treat- 
ing ammonia  with  the  chlorides  of  acid  radicals,  or  by  the  destructive  distillation 
of  the  ammonium  salts  of  the  fatty  acids. 

Carbon  dioxide  (CO2)  and  carbonic  acid  (H2CO3)  yield  several  organic 
derivatives,  among  which  may  be  mentioned  carbonic  amide,  carbamide  or  urea, 
and  ethyl  carbamate  or  urethane. 

The  carbohydrates  form  a  group  of  compounds  of  high  food  value.  They 
are  universally  distributed  in  plants,  and  in  some  instances  have  been  made  syn- 
thetically. Formerly  grouped  under  three  classes,  glucoses  (CeHioOg),  sucroses 
(C12H22O11)  and  amyloses  (CsHioOgn),  they  are  now  classified  by  indicating  the 
number  of  carbon  atoms  in  the  carbohydrate  molecule,  with  the  prefixes  di,  tri, 
tetra,  penta,  hexa,  etc.  They  are  further  subdivided  into  groups  called  monoses, 
bioses,  polyoses,  etc.,  according  to  the  number  of  monoses  in  the  molecule. 

The  monoses  embrace  (1)  the  saccharids  (CnHon+oOn),  which  are  alcoholic 
in  chemical  character  and  non-fermentable,  and  include  the  triatomic  alcohol, 
glycerine,  and  (2)  the  monosaccharids  (CnH2nOn),  which  are  aldehydic  in  char- 
acter and  fermentable,  and  include  the  trioses,  pentoses,  hexoses  (glucoses),  hep- 
toses,  octoses  and  nonoses. 

The  dioses  embrace  the  disaccharids,  which  include  the  dipentoses  (CioHigOg) 
and  dihexoses  (C12H22O11)    (cane  sugar,  beet  sugar,  milk  sugar,  maltose). 

The  trioses  embrace  the  trisaccharids  (C18H32O16),  and  the  polyoses  embrace 
the  polysaccharids  (CeHioOsn),  which  latter  include  the  amorphous  compounds: 
cellulose,  dextrin,  gums,  glycogen,  inulin,  pectin  and  starch. 

The  cyanogen  compounds  contain  one  or  more  groups  of  the  cyanogen  radi- 
cal (-CN).  Combined  with  hydrogen,  the  group  forms  hydrocyanic  acid  (HCN), 
which  occurs  as  a  decomposition  product  of  many  nitrogenous  compounds.  By 
replacing  the  hydrogen  atom  of  the  HCN  group  with  a  hydroxyl  (OH)  group, 
cyanic  acid  (CN.OH)  is  obtained,  and  also  its  isomer,  isocyanic  acid  (CO.NH). 
Analogous  sulphur  compounds  exist,  the  sulphur  replacing  the  hydrogen  atoms— 
thus,  sulphocyanic  acid  (CN.SH)  and  isosulphocyanic  acid  (CS.NH).  There 
are  also  amides  of  cyanogen,  etc. 

As  transition  compounds  from  the  open  chain  compounds  to  the  benzene  or 
aromatic  compounds  there  exist  furfurane  (C4H4O),  thiophene  (C4H4S)  and 
pyrrol  (C4H4NH).  From  the  last  named  are  derived  iodol  (C4I4.NH)  and  anti- 
pyrine  (C,iHi2N20).  . 

Benzene  Ring  Compounds. — The  benzene  hydrocarbons  from  which  are  derived 
the  aromatic  compounds  have  the  general  formula  CnH2n-6.  They  embrace  benzene, 
toluene,  the  xylenes,  ethyl-benzene,  trimethyl-benzene,  methyl-ethyl  benzene, 
propyl-benzene,  etc. 
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The  halogen  derivatives  of  the  benzene  hydrocarbons  are  formed  by  substi- 
tution. 

The  sidpho-dcrivativcs  are  analo2:ous  to  those  of  the  methane  hydrocarbons, 
and  are  produced  by  the  action  of  sul[)hiiric  acid  upon  aromatic  compounds  form- 
ing various  sulphonic  acids,  such  as  benzene-sulphonic  acid  (CgHnilSOs),  phenol- 
sulphonic  acid  (CeH40H.IiS03),  amido-benzcue  sulphonic  acid  (CslUNlL.HSOg), 
diazo-benzene-sulphonic  acid  (CfiH4S03N.N),  azo-benzene-sulphonic  acid  (CeHsN: 
N-CCH4HSO3)  and  phonyl-hydrazinc-sulphonic  acid  (CoHnNIl-NH-IISOs).  These 
compounds  are  the  bases  or  starting  points  in  the  manufacture  of  many  synthetic 
compounds. 

The  niiro-derivatives  are  formed  by  the  action  of  nitric  acid  upon  the  aro- 
matic hydrocarbons. 

The  amid-o-derivatives  are  derived  from  benzene  by  rephicing  one  or  more 
hydrogen  atoms  with  NHo  groups,  forming  amido-benzene  (CeHgNHs)  ;  or  they 
may  be  regarded  as  derived  from  ammonia  with  its  hydrogen  atoms  replaced  by 
radicals  from  benzene  or  other  aromatic  hydrocarbons,  in  which  case  they  may 
be  called  phenylamines. 

They  are  monamines  or  diamines,  according  as  they  contain  one  or  two  ammonia 
groups.  The  monamines  are  divided  into  primary,  secondary  and  tertiary.  Under 
the  first  group  are  placed  aniline  (amido-benzene  or  phenylamin),  acetanilid,  and 
methyl-acetanilid    ( exalgin ) . 

The  azo-compounds  contain  the  nitrogen  group  N=:N;  the  diazo-group  is 
analogous,  but  links  an  acid  and  a  hydrocarbon  radical.  Examples  are  azo-benzene, 
CcHg-NrrrN-CGHg ;  and  diazo-benzene  chloride,  CeHg-N^N-Cl.  The  hgdrazines 
are  derived  from  hydrazine  (H2N-NH2)  by  replacing  its  hydrogen  atoms  with 
hydrocarbon  radicals,  e.g.,  phenyl-hydrazine  (CeHs-NH— NH2),  a  compound  made 
by  reducing  diazo-benzene  chloride. 

The  phenols  are  derived  from  the  benzene  hydrocarbons  by  replacing  the  hydro- 
gen atoms  of  the  nucleus  with  OH  groups.  They  may  be  monatomic,  diatomic, 
triatomic,  etc.,  according  to  the  number  of  hydrogen  atoms  replaced.  Chemically 
they  are  intermediate  between  true  alcohols  and  organic  acids.  They  cannot  be 
oxidized  without  entire  decomposition. 

The  monatomic  phenols  embrace  phenol,  trinitro-phenol  or  picric  acid,  and 
the  amido-phenols  formed  by  the  reduction  of  the  nitro-phenols.  The  ethyl  ethers 
of  the  amido-phenols  form  the  phenetidins  from  which  are  derived  acetophenetidin 
(phenacetin),  and  glycocollphenetidin  (phenocoll).  Phenol-sulphonic  acid  is  made 
by  the  action  of  sulphuric  acid  on  phenol  at  a  low  temperature.  The  group  in- 
cludes also  the  cresols,  thymol  (or  para-propyl-meta-cresol)  and  its  isomer,  carva- 
crol  (para-propyl-ortho-cresol  or  methylisopropylphenol). 

The  diatomic  phenols  embrace  pyrocatechin,  and  its  mouomethyl-ether, 
guaiacol;  also  resorcinol,  hydroquinone,  orexin  and  eugenol. 

The  trudomic  phenols  include  pyrogallol  and  phloroglucin. 

The  aromatic  alcohols  differ  radically  from  the  phenols.  They  are  derived 
from  the  benzene  hydrocarbons  by  replacing  the  hydrogen  atoms  of  the  side  group 
instead  of  the  hydrogen  atoms  of  the  nucleus,  by  hydroxyl.  Like  the  paraffin 
alcohols,  the  aromatic  alcohols  may  be  primary,  secondary  or  tertiary.  Diatomic 
and  triatomic  alcohols  can  also  be  produced.  The  primary  aromatic  alcohols,  on 
oxidation,  form  aldehydes  and  monobasic  acids;  the  secondary  alcohols  form,  under 
similar  conditions,  ketones.  Ethers,  esters,  amines,  etc.,  may  be  produced  also. 
P>enzyl  alcohol  and  cinnamyl  alcohol  (styrene)  belong  to  the  grou2>  of  aromatic 
alcohols. 
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The  aromatic  aldehydes  correspond  to  the  aldehydes  of  the  paraffin  series.  They 
embrace  benzaldehyde  or  benzoic  aldehyde  and  cinnamic  aldehyde. 

The  aromatic  ketones  resemble  the  ketones  of  the  methane  series,  and  include 
phenyl-methyl  ketone   (hypnone). 

The  aromatic  acids  are  divisible  into  several  groups.  The  monobasic  saturated 
acids  embrace  benzoic  acid  and  hippuric  acid;  the  polybasic  saturated  acids  are 
represented  by  phthalic  acid,  and  the  unsaturated  aromatic  acids  by  cinnamic  acid 
and  atropic  acid. 

The  phenol  alcohols  resemble  both  the  phenols  and  aromatic  alcohols. 

The  phenol  aldehydes  contain  the  aldehydic  group  (-COH)  and  the  phenolic 
group  (-0H),  exhibiting  the  characteristics  of  both  aldehydes  and  phenols.  They 
include  salicylic  aldehyde,  anisic  aldehyde  and  protocatechuic  aldehyde,  the  last 
named  being  used  to  make  synthetic  vanillin   (methylprotocatechuic  aldehyde). 

The  phenol  acids  include  oxybenzoic  or  salicylic  acid,  gallic  acid,  gallotannic 
acid  and  quinic  acid,  and  the  unsaturated  phenol  acids  are  represented  by  oxycin- 
namic  or  coumaric  acid,  and  coumarin  or  coumaric  anhydrid. 

Irregular  Rings. — The  naphthalene  hydrocarbons  have  the  general  form 
CnH2n-i2,  and  are  represented  by  naphthalene  CioHg.  The  two  naphthalene-mono- 
sulphonic  acids  (formed  from  fuming  sulphuric  acid  and  naphthalene),  when  fused 
with  caustic  alkali,  produce  the  alpha-  and  beta-  naphthols  which  are  found  also 
in  coal-tar. 

The  anthracene  hydrocarbons  have  the  general  formula  CnHan-is  and  include 
anthracene  (Ci4Hio)  and  its  isomer  phenanthrene,  both  of  which  are  found  in 
coal-tar.  When  anthracene  is  oxidized  it  yields  anthraquinone,  and  from  this  is 
produced  alizarin,  or  orthodioxi-anthraquinone.  Chrysophanic  acid  is  dioxi-meihyl- 
anthraquinone.    Emodin  is  trioxymethyl-anthraquinone. 

The  three  groups  of  nitrogenous  compounds  derived  from  benzin,  from  naph- 
thalene and  anthracene  are,  respectively,  the  pyridin  bases,  the  quinoline  bases  and 
the  acridin  compounds.  Pyridin  (C5H5N)  is  found  in  coal-tar  and  in  animal 
oils,  and  is  represented  by  the  plant  alkaloids  piperidine  (hexa-hydro-pyridin), 
coniine  (dextro-rotary  a-normal  propyl -piperidine)  and  nicotine  (hexa-hydro- 
dipyridil).  Tropine,  cocaine  and  ecgonine  have  pyridin  groups  in  their  molecules. 
Quinoline  (C9H7N),  the  base" of  many  plant  alkaloids),  may  be  obtained  by  the 
distillation  of  quinine  with  sodium  hydroxide.  Acridin  (C13H9N)  is  found  in 
coal-tar. 

Plant  Principles,  Parts  and  Products:  Plant  Principles. — The  alkaloids 
are  a  numerous  and  most  important  class  of  medicinal  principles.  They  are  gen- 
erally of  vegetable  origin  and  are  complex  derivatives  based  on  carbon  rings  con- 
taining one  or  more  nitrogens.  Included  with  them  are  certain  derivatives  related 
to  uric  acid  (caffeine  and  theobromine).  The  chemical  analogy  between  these 
vegetable  principles  and  leucomaines  and  ptomaines  is  so  close  that  the  latter  have 
been  termed  "animal  alkaloids." 

The  alkaloids  are  all  derived  ammonias,  that  is,  amines  or  amides,  and  are 
capable  of  forming  salts  with  acids.  They  are  divisible  into  volatile  and  non- 
volatile alkaloids,  the  former  being  liquid  and  non-oxygenated  (CxHxNx),  and  the 
latter  solid  and  oxygenated  (CxH^NxOx). 

The  vegetable  alkaloids  do  not  naturally  exist  free,  but  are  found  in  com- 
bination with  tannic  acid,  quinic  acid,  quinovic  acid,  meconic  acid,  igasuric  acid, 
or  other  organic  acid. 

The  volatile  alkaloids  embrace  coniine,  nicotine,  lobeline,  sparteine  and 
spigeliine. 
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The  non-volatile  alkaloids  include  the  solanaceous  group — atropine,  daturine, 
hyoscyamine,  hyoscine,  homatropine,  scopolamine,  solanine,  etc. ;  the  cinchona  alka- 
loids— quinine,  quinidine,  cinchonine,  cinchonidine,  etc.;  the  coca  alkaloids;  the 
opium  principles — morphine,  narcotine,  papaverine,  codeine,  thebaine,  etc.;  the 
stryclmine  principles — stiTchnine,  brucine ;  the  alkaloids  of  aconite;  the  veratrines; 
the  alkaloids  of  jaborandi,  and  others.     For  list  of  official  alkaloids,  see  page  395. 

The  glucosides  are  proximate  principles,  generally  of  vegetable  origin.  They 
are  readily  hydrolyzed  by  ferments  or  dilute  ac-ids  into  glucose  and  other  j^roducts. 
They  are  generally  neutral  in  reaction  and  non-nitrogenous.  The  group  includes 
some  xery  important  medicinal  substances,  among  which  are :  convolvulin,  jalapin, 
digitalin,  frangulin,  amygdalin,  a^sculin,  carminic  acid,  glycyrrhizin,  salicin,  sapo- 
nin, sinalbin  and  others. 

The  bitter  and  neutral  principles  are  mostly  of  ill-defined  chemical  character. 
Some  are  amorphous,  some  resinous,  and  some  crystalline :  aloin,  cantharidin, 
cubebin,  ha}matoxylin,  picrotoxin,  quassin,  santalin  and  santonin  are  examples. 

The  terpenes  are  hydrocarbons  having  the  general  formula  ((CsIIs)^),  and  are 
closely  related  to  the  benzene  hydrocarjjons,  being  hydrogen  addition  compounds. 
They  include  pinene,  limonene,  dipentene,  etc. ;  and  various  sesquiterpenes 
(Ci5ll24),  diterpenes  (C20H32),  and  polyterpenes  (CioHis).  Almost  all  the  con- 
stituents of  essential  oils  are  terpenes. 

The  camphors  are  oxygenated  derivatives  of  the  terpenes.  They  are  chiefly 
alcohols  and  can  be  split  by  dehydrating  agents  into  hydrocarbons  and  water. 
Carvol  and  ordinary  camphor  are  ketones.  The  group  includes  camphor,  borneol, 
geraniol,  citral,  menthol,  etc. 

The  resins  are  usually  derived  from  the  terpenes  or  volatile  oils  by  oxidation, 
and  are  generally  acids  or  acid  anhydrids;  when  they  are  plant  exudates  they  are, 
chemically,  mixtures  of  resins  and  other  proximate  principles. 

The  vegetable  drugs  may  be  grouped  under  plant  parts  and  plant  products, 
which  groups  are  classified  as  follows  (the  English  title  being  the  first,  and  the 
official  title  (when  different,  in  brackets)  second)  : 

Plant  Parts. — A  root  is  the  descending  axis  of  a  plant,  usually  attaching  it 
to  the  soil  and  absorbing  inorganic  food  material  from  the  latter.  It  may  also 
serve  as  a  storehouse  for  food  material.  The  apex  of  a  root  is  the  point  of  most 
rapid  growth.  The  official  roots  are:  Marshmallow  (Altha?a)  ;  Belladonna  Root 
(Belladonna  Radix);  Calumba;  Ipecac  (Ipecacuanha);  Krameria;  Burdock 
(Lappa);  Sarsaparilla ;  Senega. 

A  rhizome,  or  root  stock,  is  an  underground  stem  giving  off  branches  above 
the  ground  and  roots  below.  The  official  rhizomes  are  all  derived  from  flowering 
plants,  with  the  exception  of  Aspidium,  or  Male  Fern.  The  other  official  rhizomes 
are:  Black  Snake  Root  (Cimicifuga) ;  Gentian  (Gentiana)  ;  Ginger  (Zingiber); 
Golden  Seal  (Hydrastis);  Licorice  (Glycyrrhiza)  ;  May  Apple  (Podophyllum); 
Rhubarb  (Rheum);  Scopola ;  Virginia  Snakeroot  (Serpentaria)  ;  Valerian  (Vale- 
riana); Green  Hellebore  (Veratrum). 

A  tuber  is  an  excessively  thick  rhizome.  A  tuberous  root  is  like  a  tuber  except 
that  it  has  the  structure  of  a  root,  and  not  that  of  a  stem.  The  official  tubers  are : 
Aconite  (Aconitum)  ;  Jalap  (Jalapa). 

A  bulb  is  a  permanently  shortened  stem  with  thickened  and  fleshy  leaves. 
The  only  official  representative  is  Squill  (Scilla). 

A  corm  is  a  thickened  rhizome  resembling  both  a  tuber  and  a  bulb,  and,  in 
8ome  instances,  enveloped  by  thin  membranous  scales,  as  in  the  sole  official  example, 
Colchicum  Corm   (Colchicum  Cormus). 
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The  woods  embrace  the  tissue  of  roots  and  stems  inside  of  the  cambium  circle, 
i.e.,  the  pith,  medullary  rays  and  xylem.  Of  the  official  representatives,  Logwood 
(Hematoxylon)  is  marketed  in  chips,  and  Bitterwood  (Quassia)  in  various  forms, 
such  as  chips,  raspings  and  billets.  The  group  also  includes  Sassafras  Pith  (Sas- 
safras Medulla). 

A  hark  includes  the  tissue  of  a  root  or  stem  outside  of  the  cambium  circle. 
The  barks  are  all  derived  from  the  dicotyledonous  plants,  as  the  monocotyledons 
have  no  cambium  layer  and  no  tnie  bark.  The  official  barks  are :  Cascara  Sagrada 
(Rhamnus  Purshiana)  ;  Peruvian  Bark  (Cinchona)  ;  Eed  Cinchona  (Cinchona 
Eubra) ;  Calisaya;  Elm  (Ulmus)  ;  Pomegranate  (Granatum) ;  Saigon  Cinnamon 
( Cinnamomum  Saigonicum ) . 

A  lenf  is  a  lateral  extension  of  stem  or  branch  in  the  axil  of  which  a  bud 
develops.   Leaves  differ  in  form,  structure  and  distribution. 

An  herb  is  a  plant  with  a  non-woody  stem,  and  the  official  form  may  be  leafy, 
flowering  or  fruiting.  Of  some  plants,  generally  shrubs  or  trees,  the  leaves  alone 
are  collected;  of  the  herbaceous  plants,  both  the  leaves  and  leafy  tops  are  gath- 
ered. In  several  instances  (Cannabis  Indica  and  Scoparius)  the  tops,  with  but 
few  leaves,  are  used,  and  in  one  instance  (Chirata)  the  entire  plant  is  employed. 
Commercially,  the  solanaceous  leaves  often  contain  tops,  while  some  of  the  herbs, 
like  Lobelia,  may  be  all  leaves. 

The  official  leaves  and  herbs  are:  Belladonna  Leaves  (Belladonnas  Foliae)  ; 
Henbane  (Hyoseyamus)  ;  Buchu;  Coca;  Fox  Glove  (Digitalis);  Eriodietyon; 
Eucalyptus;  Senna;  Jimson  Weed  (Stramonium)  ;  Bear  Berry  (Uva  Ursi). 

Leafy  Tops:  Broom  (Scoparius)  ;  Indian  Hemp  (Cannabis  Indica)  ;  Indian 
Tobacco  (Lobelia)  ;  Hoarhound  (Marrubium)  ;  Peppermint  (Mentha  Piperita) ; 
Spearmint  (Mentha  Viridis). 

A  flower  is  the  organ  of  reproduction  of  a  flowering  plant.  It  consists  of  a 
stamen  and  pistil,  the  organs  of  generation  which  produce  the  seed,  the  petals 
(the  inner  floral  envelope)  and  the  sepals  (the  outer  floral  envelope).  The  group 
of  official  flowers,  including  flower-buds  and  flower-heads,  are:  Cloves  (Cary- 
ophylli)  ;  Levant  Worm  Seed  (Santonica)  ;  Eed  Eose  (Eosa  Gallica). 

A  fruit  is  the  fertilized  and  ripened  ovary  of  the  flower,  with  whatever  organs 
may  be  adnate  to,  or  developed  with,  it.  It  includes  the  pericarp  and  seed.  The 
former  may  be  thin  and  adherent  to  the  seed  (as  in  anise,  caraway,  coriander 
and  fennel,  which  are  entire  fruits  and  not  seeds  as  they  are  often  called) ;  it 
may  be  thick  and  fleshy  (as  in  capsicum,  fig,  colocynth  and  prune)  or  dry  and 
loose  (as  in  vanilla).  The  official  fruits  are  generally  collected  in  the  mature, 
but  imripe,  state,  as  the  green  fruits  often  contain  poisonous  principles  which 
disappear  on  ripening.  The  group  of  official  fruits  include  certain  fruit-parts  as 
the  rinds  of  the  orange  and  lemon,  the  pul]}  of  the  tamarind,  and  the  trichomes 
of  the  fruit  of  the  hop-plant.  The  list  is:  Allspice  (Pimenta) ;  Anise  (Anisum)  ; 
Capsicum;  Caraway  (Carum)  ;  Cardamon  (Cardamomum)  ;  Cassia  Fistula;  Colo- 
cynth (Colocynthus)  ;  Coriander  (Coriandrum)  ;  Cubeb  (Cubeba)  ;  Fennel 
(Foeniculum)  ;  Hops  (Humulus)  ;  Pepper  (Piper)  ;  Sumach  (Ehus  Glabra)  ; 
Vanilla. 

Fruit-Parts:  Bitter  Orange  Peel  (Aurantii  Amari  Cortex)  ;  Lemon  Peel 
(Limonis  Cortex)  ;  Lupulin  (Lupulinum)  ;  Sweet  Orange  Peel  (Aurantii  Dulcis 
Cortex). 

A  seed  is  the  developed  and  fertilized  ovule  of  the  fruit.  It  is  a  ready-formed 
plantlet  in  a  rudimentary  state,  surrounded  by  one  or  more  coverings.  (Flower- 
less  plants  spring  from  spores  or  single  cells  which,  when  they  germinate,  produce 
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a  tissue  or  an  aggregation  of  cells  that  grows  and  forms  a  ])lantlet;  but  a  seed 
contains  a  plantlet  ready-formed  which  is  called  an  embryo  (Gray).)  The  official 
seeds  are  usually  entire  seeds,  or  else  parts  or  products  of  seeds,  such  as  hairs 
(Gossypium  purificatum),  and  the  dried  paste  of  crushed  seeds  (Guarana).  Guarana 
is  no  longer  otlicial.  Tlie  spores  of  a  flowerless  plant  (Lycoj)odium)  are  also  official. 
Black  ]\Iustard  (Sinapis  Nigra);  Colchicum  Seed  (Colchici  Semen);  Linseed 
(Linum)  ;  Malt  (]\Ialtum)  ;  Nux  Vomica;  Pumpkin  (Pepo)  ;  Physostigma,  and 
Strophanthus  are  official.  Nutmeg  (.Myristica)  and  White  Mustard  (Sinapis  Alba) 
were  fornu'rly  oHicial. 

The  fungus  is  a  parasitic,  flowerless  plant.  Ergot  (Ergota)  is  the  only  official 
representative. 

The  algce  are  flowerless  aquatic  plants,  found  both  in  fresh  w-ater  and  salt 
water.    Irish  Moss  (Chondrus)  was  formerly  official. 

Plant  Products. — This  group  embraces  a  variety  of  products  of  a  very  diverse 
character,  such  as  natural  exudations,  excrescences  and  artificial  products. 

Gums  are  solid  exudations  which  form  mucilaginous  solutions  or  mixtures 
with  water.  They  contain  both  soluble  and  insoluble  principles,  which  are  also 
termed  gums.  They  are  formed  by  changes  in  the  cell  contents  or  the  cell  wall. 
The  three  proximate  principles  of  gums  are :  the  water  soluble  arahin,  or  arable 
acid,  found  as  a  calcium  salt  in  acacia;  the  slightly  soluble  hassorin,  found  in 
tragacanth;  and  the  insoluble  cerasin,  found  in  cherry  gum.  Chemically  these 
substances  are  amorphous  carbohydrates,  or  polysaccharides.  They  differ  from 
starch  by  being  soluble  in  water,  or  swelling  in  contact  therewith,  and  from 
sugar  in  not  being  capable  of  vinous  fermentation.  The  two  offcial  gums  are 
Gum- Arabic  (Acacia)  and  Tragacanth  (Tragacantha).  Quite  a  number  of  official 
drugs,  however,  contain  mucilaginous  principles — for  example.  Elm  (Ulmus), 
Sassafras  pith  (Sassafras  medulla),  Marshmallow  (Altha?a),  and  Linseed  (Linum). 

The  resins  are  amorphous,  hard  and  brittle  plant  juices,  which  are  insoluble 
in  water  but  dissolve  in  alcohol,  and  combine  with  alkalies  to  form  resin  soaps. 
They  have  little  taste,  and  are  transparent  when  pure  and  opaque  when  they 
contain  w^ater.  They  soften  with  heat.  The  resins  are  of  natural  origin,  or  are 
prepared  from  the  plant-parts  or  plant-products  by  exhaustion  with  alcohol  and 
precipitation  with  water.  Resins  of  the  former  class  are  solid  or  semi-solid  exuda- 
tions from  plants  or  the  solid  residues  left  after  the  distillation  of  oleoresins  such 
as  Rosin  (Resina).  Unofficial  resins  of  the  first  class  are  Guaiac  (Guaiacum) 
and  Elastic  (^lasticum).  The  official  resins  of  the  second  class  embrace  resin  of 
Jalap  (Resina  Jalapa^),  resin  of  Podophyllum  (Resina  Podophylli)  and  resin  of 
Scammony  (Resina  Scammonii).  Some  of  these  are  not  pure  resins,  but  mixtures 
of  resins  with  other  proximate  plant-principles. 

Gum  resins  are  mixtures  of  gum  and  resin,  and  are  generally  obtained  as 
plant-exudations.  The  offcial  group  includes  Asafetida  (Asafcetida),  Gamboge 
(Cambogia),  Myrrh  (Mj-rrha),  and  Scammony  (Scammonium). 

OleoreMns  are  solutions  of  resins  and  volatile  oils.  When  of  natural  origin, 
they  are  usually  obtained  by  incising  the  trunks  of  trees  and,  when  prepared 
artificially,  they  are  made  by  exhausting  the  plant-part  with  acetone  or  ether, 
and,  in  one  case  (Cubeb),  with  alcohol,  and  distilling  off  the  solvent.  The  offcial 
natural  oleoresins  are  Turpentine  (Terebinthina)  and  Canada  Turpentine  (Tere- 
benthina  Canadensis).  The  offcial  artificially  prepared  oleoresins  are  those  of 
Male  Fern  (Oleoresina  aspidii),  Capsicum  (Oleoresina  capsici),  Cubeb  (Oleoresina 
cubebfe).  Hops  (Oleoresina  lupulini).  Pepper  (Oleoresina  piperis),  and  Ginger 
(Oleoresina  zingiberis ) . 
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TABLE  SHOWING  THE  PARTS  OF  MEDICINAL  PLANTS 


ROOTS 

RHIZOMES 

BULBS 
TUBERS 
CORMS 

WOODS 
PITHS 

BARKS 

Whole  drug 

Ipecac 

Pyrethrum 

Phytolacca 

Ginger 
Rhubarb 
Sumbul 
Geranium 

Granatum 
Cinnamon 
Xanthoxylum 

Sassafras 

Extemporaneous 
Crude 
Watery 
Extracts 

Calumba 
Pareira 

Triticum 
Geranium 

Quassia 

Granatum 

Xanthoxylum 

Sassafras 

Rubus 

Gossypium 

Quillaja 

Crude 

Permanent 

Extracts 

Calumba 

Taraxacum 

Belladonna 

Ipecac 

Lappa 

Phytolacca 

Sarsaparilla 

Senega 

Stillingia 

Veratrum 

Valerian 

Sumbul 

Spigelia 

Apocynum 

Cimicifuga 

Convallaria 

Gelseminum 

Gentian 

Geranium 

Hydrastis 

Leptandra 

Sanguinaria 

Serpentaria 

Aconite 

Scilla 

Colchicum 

Hematoxylon 

Rubus 

Cascara 

Cinchona 

Gossypium 

Euonymus 

Mezereum 

Granatum 

Viburnum 

Hamamelis 

Frangula 

Saponaria 

Crudely  Purified 

Convallarin 
Cimicifugin 

Aconitin 
Scillitin 

Catechu 

Kino 

Gums 
Mucilages 

Althaea 

Calamus 

Sassafras 
Guttapercha 

Ulmus 

Frangula 

Sassafras 

Acacia 

Tragacanth 

Exudates 

Gambir 
Myrrha 
Elastica 

Kino 

Lactucarium 

Benzoin 

Balsams 
Resinoids 
Resins 
Gum  Resins 

Scammony 
Asafetida 

Cypripedium 

Leptandra 

Podophyllum 

Spigelia 

Sumbul 

Jalap 

Rosin 
Guaiac 
Peru  Balsam 
Tolu  Balsam 

Ammoniac 

Euonymus 

Mastic 

Gamboge 

Myrrha 

Styrax 

Essential  Oils 
Oleoresins 

Valerian 
Aspidium 

Camphor 

Turpentine 

Canada 

Balsam 
Copaiba 

Hamamelis 
Birch 
Cinnamon 
Sassafras 
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LEAVES 
HERBS 


Belladonna 

Chirata 

Hyoscyamus 

Senna 

Stramonium 

Lobelia 

Hoarhound 

Peppermint 

Spearmint 

Scoparius 


Buchu 

Chimophila 

Digitalis 

Uva  Ursi 

Tabacum 

Broom 

Eupatorium 

Grindelia 

Salvia 


Coca 

Digitalis 

Eriodictyon 

Matico 

Jaborandi 

Witch  Hazel 

Cannabis 

Lobelia 

Eupatorium 


Aloe 


Aloe 


Senna 


Eucalyptus 

Salvia 

Hedeoma 

Cannabis 

Hoarhound 


FLOWERS 
[•"LOWER  PARTS 


Cloves 
Kusso 
Santonica 
Crocus 


Caraway 

Capsicum 

Cardamon 

Colocynth 

Coriander 

Fennel 

Ficus 

Piper 

Pimenta 

Prune 

Vanilla 

Lupulin 

Cassia  Fistula 


Anthemis 
Matricaria 
Calendula 
Rhus 


Arnica 
Rose  Gallica 
Rhus 


Santonin 


Cloves 

Lavender 

Rose 


Almond 
Mustard 

"       White 
Linseed 
Malt 

Myristica 
Pepo 


FIINdl 
Al.GAE 


Ergot 


Conium 
Sumach 
Sabal 
Vanilla 
Orange  Peel 
Lemon  Peel 


Tamarind 


Opium 


Cubeb 


Anise 

Capsicum 

Caraway 

Fennel 

Coriander 


Colchicum 
Nux  Vomica 
Physostigmum 
Stavesacre 
Strophanthus 


Guarana 


Fennel 

Mustard 

Nutmeg 


Ergot 


Cantharis 


Chondrus 
Agar 
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TABLE  SHOWING  THE  PARTS'  OF  MEDICINAL  PLANTS 


BOOTS 

RHIZOMES 

BULBS 
TUBERS 
CORMS 

WOODS 
PITHS 

BABES 

Sandalwood 

Fixed  Oils 

Fats 

Fatty  Acids 

* 

Tannins 
Glucosides 

Krameria 

Cascara 

Alkaloids 

Belladonna 
Ipecac 

Cimicifuga 

Berberis 

Gelsemium 

Hydrastis 

Scopola 

Veratrum 

Aconitum 
Colchicum 

Cinchona 
Granatum 

Ferments 

Other 

Valerian 

Charcoal 

Balsams  are  resinous  solids  which  contain  resin,  benzoic  and  cinnamic  acids 
and  derivatives.  The  official  balsams  are:  Peruvian  Balsam  (Balsamum  Peruvi- 
anum).  Balsam  of  Tolu  (Balsamum  Tolutanum),  and  Storax  (Styrax). 

Miscellaneous  Products. — The  unclassified  plant  products  include  sugar  exu- 
dations (Honey,  Manna),  fruit  juices  (Lemon  Juice)  and  milk  juices  (Elastica, 
Lactucarium  and  Opium).  The  excrescences  have  but  one  official  representative, 
Nutgall  (Galla).  The  artificial  products  embrace  starch  grains  (Amylum),  extracts 
(Gambir),  inspissated  juices  (Aloe  and  Kino),  products  of  destructive  distillation 
such  as  tar  (Pix  liquida),  oil  of  cade  (Oleum  cadinum)  and  wood  charcoal  (Carbo 
Ligni). 

Fixed  oils  and  fatty  substances  are  derived  from  both  plants  and  animals. 
They  are  colorless  or  yellowish,  have  characteristic  odors,  are  greasy  to  the  touch, 
and  leave  a  permanent  stain  on  paper.  They  mix  with  one  another  without  sep- 
aration, and  are  soluble  in  ether,  chloroform,  petroleum,  benzin  and  volatile  oils. 
They  melt  and  become  thinner  when  heated  at  a  low  temperature,  and  decompose 
when  heated  at  a  high  temperature.  On  exposure  to  air,  warmth  and  moisture 
they  become  rancid,  setting  free  fatty  acids.  Chemically,  all  fatty  substances  are 
fatty  acid  esters  of  the  alcohol  radical,  glyceryl,  the  acids  being  oleic,  palmitic, 
stearic  and  others.     Fats  are  decomposable  by  alkalies  and  water,  with  the  forma- 
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LEAVES 
1IEKHS 

FLOWERS 
1  IX)WER  PARTS 

FRtUTS 

•SEE!) 

FUNGI 
Al/IAE 

ANIMAL 

Peppermint 

Savin 

Spearmint 

Cajuput 

Erigeron 

Gaultheria 

Rosemary 

Rue 

Thyme 

Cubeb 

Hops 

Pepper 

Ginger 

Juniper 

Lemon 

Orange 

Allspice 

Olive 
Oleic  Acid 

Linseed 

Castor  Oil 

Almond 

Cottonseed 

Theobroma 

Chaulmoogra 

Croton 

Cod  Liver  Oil 
Lanolin 
Lard 
Stearic  Acid 

Digitalis 

Rosa  Gallica 

Strophanthus 

Coca 

Belladonna 

Hysocyamus 

Jaborandi 

Stramonium 

Broom 

Lobelia 

Conium 

Colchicum 
Nux  Vomica 
Physostigma 

Ergot 

Papaya 

Soy  Bean 
(Urease) 

Pepsin 
Trypsin 

Peppermint 

Thyme 

Gaultheria 

Santonin 

Citric  Acid 
Tartaric  Acid 

Starch 

Ergot 

Adrenalin 
Thyroid 
Pituitary 
Lactic  Acid 

tion  of  soaps  and  glycerin.  The  differing  consistence  of  fats  is  owing  to  the 
difference  in  the  relative  proportions  of  the  three  esters,  olein,  palmitin  and 
stearin — the  first  being  a  liquid,  and  the  last  two,  solids. 

The  official  fixed  oils  are:  Expressed  Oil  of  Almond  (Oleum  Amygdalee 
Expressuni)  ;  Cotton  Seed  Oil  (Oleum  Cossypii  Seminis)  ;  Linseed  Oil  (Oleum 
Lini)  ;  Olive  Oil  (Oleum  Olivaa)  ;  Castor  Oil  (Oleum  Ricini) ;  Croton  Oil  (Oleum 
Tiglii)  ;  Oil  of  Theobroma  (Oleum  Theobroraatis),  also  called  coca  butter; 
Chaulmoogra  Oil  (Oleum  Chaulmoogrge) . 

The  volatile  oils,  so-called  essential  oils,  are  the  odorous  principles  of  plants. 
They  exist  naturally,  or  are  the  result  of  interaction  of  certain  of  the  plant  prin- 
ciples with  water.  When  freshly  distilled  they  are  generally  colorless  liquids. 
They  have  characteristic  odors  and  tastes,  and  on  continuous  exposure  to  air  a 
few  decompose  and  become  rancid.  They  are  but  sparingly  soluble  in  water,  but  dis- 
solve freely  in  alcohol,  ether,  chloroform  and  fatty  substances.  They  are  made  by 
distillation  alone  or  with  steam,  expression,  solution,  or  absorption. 

The  official  oils  are:  Anise  (Oleum  Anisi)  ;  Bitter  Almond  (Oleum  Amyg- 
dalae Amarse)  ;  Cajuput  (Oleum  Cajuputi)  ;  Caraway  (Oleum  Cari)  ;  Chenopodiura 
(Oleum  Chenopodi)  ;  Cinnamon  (Oleum  Cinnamoni)  ;  Cloves  (Oleum  Caryoj^hilli)  ; 
Coriander  (Oleum  Coriandri)  ;  Erigeron  (Oleum  Erigeroutis)  ;  Eucalyptus  (Oleum 
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Eucalypti);  Fennel  (Oleum  FcEniculi) ;  Juniper  (Oleum  Juniperi) ;  Lavender 
Flowers  (Oleum  Lavandula?)  ;  Lemon  (Oleum  Limonis)  ;  Mustard  (Oleum  Sinapis 
Volatile)  ;  J^utmeg  (Oleum  Myristicte)  ;  Orange  Peel  (Oleum  Aurantii) ;  Pepper- 
mint (Oleum  Menthae  Piperitge) ;  Pine  Xeedles  (Oleum  Pini  Pumilionis)  ;  Eose- 
mar}'-  (Oleum  Eosmariui)  ;  Sandalwood  (Oleum  Santali)  ;  Sassafras  (Oleum 
Sassafras) ;  Spearmint  (Oleum  Menthae  Viridis) ;  Tar  (Oleum  Picis  Eectificatum) ; 
Turpentine  (Oleum  Terebinthina?), 

Products  of  Animal  Origin. — The  animal  products  used  in  medicine  com- 
prise the  following  classes : 

True  Ferments. — The  animal  ferments  employed  in  therapeutics  include  the 
digestive  ferments,  pepsin,  trypsin,  etc.,  used  as  digestive  adjuvants.  It  is  prob- 
able that  the  oxidases  are  true  ferments,  but  these  have  not  been  isolated  for  thera- 
peutic use.  Secretin,  a  hormone,  is  related  to  the  ferments.  Pepsin  and  trypsin  are 
o'lJicial. 

General  or  Special  Nutrients. — These  include  cod-liver  oil,  lecithin,  bone 
marrow,  blood  (as  in  transfusion),  hemoglobin,  etc.    The  first  is  official. 

Coagulants. — All  animal  tissues  contain  so-called  tissue  coagulins,  and  puri- 
fied extracts  of  various  organs,  brain,  lungs,  blood  platelets,  etc.,  have  been  pre- 
pared and  are  used  to  check  undue  bleeding.    ISTone  is  official. 

Secret io7is  of  Endocrine  Glands. — These  are  by  far  the  most  important  of 
the  animal  products.  They  are  nitrogenous  bodies,  often  fairly  simple  in  chemical 
structure,  as  instanced  by  epinephrine,  thymin,  and  thyroxin.  Generally  in- 
fluencing a  group  of  related  functions,  the  effect  is,  in  some  instances,  similar  to 
stimulation  of  a  particular  type  of  nerve;  the  effect  of  epinephrine,  for  example, 
resembling  that  of  stimulation  of  the  true  sympathetic;  the  pituitary  extract 
energizing  unstriped  muscle,  including  that  of  the  blood  vessels  and  of  the  uterus. 
Other  products,  for  example  the  extracts  of  thyroid,  thymus  and  pituitary  glands, 
influence  nutritive  functions,  or  special  forms  of  metabolic  activity.  The  para- 
thyroid extract  bears  a  special  relation  to  the  assimilation  of  calcium.  Epinephrine, 
thyroxine,  pituitar}-  and  thyroid  are  official. 

Forms  of  Drugs 

The  preceding  section  has  shown  the  different  sources  from  which  drugs  are 
derived  and  has  given  consideration  to  the  chemical  and  physical  characteristics 
of  the  various  products  derived  from  each. 

In  the  following  pages,  the  methods  of  preparation  employed  in  the  produc- 
tion of  medicaments  will  be  enumerated  and  examples  given  to  indicate  the  more 
important  agents  prepared  in  each  way.  Certain  aspects  of  the  subject  are  dis- 
cussed at  greater  length  under  Pharmaceutic  Operations. 

According  to  the  general  process  utilized  in  their  manufacture,  the  medicinal 
agents  may  be  arranged  as  follows : 

A.    Drugs  of  Natural  Origin. 

I.    Crude  Substances  (used  in  the  natural  state). 

a.  "Whole  drugs  (If  solids,  commonly  powdered  before  use). 
1.  Mineral.   2.  Vegetable.   3.  Animal. 

b.  Unpurified  extracts. 

1.  Fresh  infusions.     2.  Stable  extracts. 
II.    Eefined  Xatural  Products  (found  preformed), 
a.    Eefined  by  removal  of  impurities. 

1.  Inorganic.     2.  Plant  juices  and  exudates.     3  Animal  products. 
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b.  Partially  purified  products  not  chemical  individuals. 
1.  Resinoids.     2.  Glucosides.     3.  Alkaloids. 

4.  Essential  oils.     5.  Ferments.     6.  Hormones. 

c.  Obtained  as   chemically  pure  substances    (or  mechanically   sepa- 

rated). 
1.  Acids.     2.  Camphors.     3.  Alkaloids. 

4.  Fixed  oils.     5.  Miscellaneous  compounds. 
B.    Substances  Designedly  Made. 

I.    Inorganic. 

a.    Metalloids,    b.  Metals. 
II.    Organic. 

a.  Created  from  remote  sources. 

1.  By  fermentation. 

2.  By  destructive  distillation. 

3.  By  decomposition  with  acids. 

b.  Slight  modifications  of  preexisting  compounds. 
1.  Salicylic  acid  compounds.     2.  Tannins. 

3.  Anthraquinones.     4.  Essential  oils. 

5.  Alkaloids.     6.  Synthetic  amines. 

The  organic  compounds  which  are  to-day  designedly  made  are  separable,  from 
the  historical  standpoint,  into  two  classes.  Certain  of  them  were  originally  dis- 
covered as  products  of  spontaneous  fermentation,  as  alcohol  and  acetic  acid,  or 
were  accidental  by-products  as  creosote.  Others  of  them  were  deliberately  con- 
structed by  pharmaceutical  chemists  with  the  hope  that  they  might  possess  cer- 
tain properties  advantageous  in  medical  practice,  for  example,  di-ethyl-morphine, 
homatropine  and  salol. 

Crude  Substances. — Drugs  ^yhicll  Are  Used  Wlioh  or  Powdered. — Mineral 
Drugs. — The  only  drugs  of  mineral  origin  which  are  used  without  refining  are  talc 
and  kaolin  or  clay,  which  is  added  to  glycerin  as  a  basis  for  cataplasms.  Fullers' 
earth  (Lloyd's  reagent),  sometimes  administered  internally  to  sweep  out  bacteria 
and  poisons  from  the  alimentary-  tract  by  absorption,  and  sometimes  used  as  a  coat- 
ing for  pills  to  ensure  their  passage  through  the  stomach,  unchanged,  is  a  refined 
kaolin. 

Vegetable  Drugs. — The  crude  drugs  of  vegetable  origin  include  all  parts  of 
the  plant — root,  stem,  leaf,  flower  and  fruit — and  each  of  these  is  presented  for 
medicinal  use  in  various  forms.  Iklany  crude  drugs  are  merely  powdered  and 
administered  in  this  form  or  are  used  for  external  application  after  being  wet  with 
hot  or  cold  water  or  alcohol.  Of  such  local  applications  we  may  cite  lycopodium 
as  a  dusting  powder;  flaxseed  meal,  figs  and  hops  as  poultice  masses  with  hot 
water;  and  mustard  and  pepper  as  rubefacients. 

Many  crude  plant-drugs  are  administered  internally  in  the  form  of  pill  or 
powder.  Among  the  more  important  are :  digitalis,  ergot,  ginger,  ipecac,  jalap, 
podophyllum,  rhubarb,  granatum,  senna.  Lobelia,  belladonna  and  stramonium 
leaves  are  used  in  crude  form  as  components  of  cigarets  and  fuming  powders  for 
the  alleviation  of  asthma. 

Animal  Drugs. — In  this  group  are  included  such  agents  as  Cantharis  (Span- 
ish fly),  Blatta  orientalis  (Russian  cockroach)  as  well  as  the  fresh  and  dried  pow- 
dered glands  and  animal  organs  and  secretions  such  as  adrenal  gland,  pitiiitary 
gland,  thyroid  gland,  th}-mus  gland,  corpus  luteum,  blood,  bonemarrow,  oxgall, 
musk  and  the  like. 
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Drugs  Used  in  tlw  Form  of  Unpunfied  Extracts. — Solid  or  liquid  extracts 
containing  all  the  constituents  of  the  drug  which  are  soluble  in  the  menstruum 
employed,  may  be  classed  as  crude  products.  Such  preparations  are  available  for 
almost  all  the  vegetable  drugs. 

Fresh  Watery  Infusions. — This  class  of  preparations  is  especially  availed  of 
for  drugs  which  are  not  markedly  toxic  in  overdose  or  which  are  essentially 
domestic  remedies.  Boneset,  sage  and  camomile  teas  may  be  cited  as  examples. 
Diuretic  remedies  are  often  presented  in  this  form,  as  the  water  aids  in  flushing 
the  kidneys,  for  example,  uva  ursi,  triticum,  buchu,  chimaphila  and  broom.  Decoc- 
tions of  calumba,  pareira,  geranium,  quassia,  granatum,  xanthoxylum,  rubus, 
gossypium,  grindelia,  calendula  and  rhus  are  in  common  use.  Demulcents,  such 
as  slippery  elm  and  sassafras  are  also  usod  in  such  watery  extracts.  Infusion  of 
digitalis  is  the  most  important  aqueous  preparation  of  an  active  drug. 

Stable  Extracts. — Preparations  of  this  sort,  designed  to  contain  all  the  active 
matters  of  the  drug  in  a  form  more  convenient  for  administration  than  the  pow- 
dered drug  or  extemporaneous  extracts  of  it,  are  available  for  all  the  more  active 
and  more  important  drugs,  both  plant  and  animal. 

Refined  Natural  Products. — Substances  Refined  hy  Rsmoval  of  Impuri- 
ties.— This  group  includes  mineral,  vegetable  and  animal  products,  and  the  line 
between  it  and  the  next  group  is  not  always  sharp.  The  official  drugs  occurring  in 
nature  but  requiring  purification  before  being  adapted  to  medicinal  use  may  be 
arranged  as  follows. 

Inorganic  or  Mineral  Substances. — In  this  class  we  find  oxygen,  made  from 
the  air  by  removal  of  nitrogen;  nitrogen  itself;  sodium  chloride  and  bromide, 
obtained  from  sea  water,  from  saline  springs  and  salt  deposits;  sulphur;  sodium  and 
potassium  nitrates,  boric  acid  and  borax,  sodium  carbonate,  talcum  and  magne- 
sium carbonate  and  calamine,  all  of  which  are  mined  or  obtained  by  similar 
operations. 

Plant  Juices  and  Exudates. — Most  of  these  are  resinous  or  gummy  sub- 
stances which  exude  when  cuts  are  made  in  the  bark  or  wood  of  trees,  for  example, 
acacia,  manna,  tragacanth,  myrrh,  styrax,  kino,  balsam  of  peru,  balsam  of  tolu, 
copaiba,  gambir,  guaiac,  gamboge,  turpentine  and  resin,  mastic,  gutta-percha  and 
india  rubber.  Lactucarium  is  similarly  obtained  from  incisions  in  the  stem  of  an 
herb,  aloes  exudes  from  the  stalks  of  freshly  cut  leaves,  opium  from  incisions  in 
the  unripe  fruit,  while  scammony  escapes  from  cuts  in  the  exposed  root  of  the 
living  plant.  Certain  of  these  plant  juices  are  less  readily  obtained.  Thus, 
chrysarobin  is  scraped  from  lacunae  in  the  wood  of  a  felled  tree,  and  other  bodies — 
for  example,  guaiac,  catechu,  styrax  and  curare — are  obtained  by  heating  or  boil- 
ing the  woods  in  which  they  occur.  Crude  camphor  is  distilled  from  roots  and 
small  branches,  and  purified  by  further  distillation  in  a  current  of  steam. 

Animal  Products. — Cod-liver  oil  is  separated  by  heating  the  livers  of  the  fish, 
with  or  without  water,  and  is  purified  by  decantatiou. 

Partially  Purified  Products  Not  Chemical  Individuals. — This  is  a  very  large 
and  diverse  group,  including  products  of  vegetable  origin,  products  of  animal 
origin,  and  products  prepared  from  mineral  oils.  They  may  be  classed  according 
to  the  probable  chemical  nature  of  the  most  important  constituent. 

Eesinoids. — Jalapin,  leptandrin,  euonymin,  cimicifugin,  podophyllin. 

Glucosides. — Convallamarin,  digitoxin,  digitalin,  scillitoxin,  strophanthin. 

Alkaloids. — Amorphous  aconitine.     Amorphous  aspidospermine. 

Essential  Oils. — All  the  essential  oils  with  the  exception  of  oil  of  winter- 
green. 
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Ferments. — Diastase,  papain,  trypsin  and  other  preparations  of  the  pancreas, 
pepsin,  urease. 

Hormones  and  Hormonopliores. — Insulin  and  tethelin  may  perhaps  he 
classed  as  hormones,  as  well  as  thyroglobulin,  lutein,  and  certain  other  products 
made  from  endocrine  glands. 

Drugs  Obtained  as  Chemically  Pure  Substances. — Certain  pure  substances 
of  vegetable  and  animal  origin,  are  obtained  by  laboratory  or  industrial  processes, 
in  a  form  similar  to,  or  identical  witii,  that  in  which  they  occur  in  nature.  They 
may  be  arranged  in  a  chemical  grouping. 

Acrids. — Benzoic,  citric,  lactic,  oxalici,  formic,  salicylic,  succinic,  tartaric, 
tannic,  valerianic,  etc. 

Camphors. — Camphor,  thymol,  menthol. 

Alkaloids. — A  very  long  list,  including  among  agents  of  daily  use,  chiefly  in 
the  form  of  their  salts,  aconitine,  atropine,  cocaine,  emetine,  codeine,  ergotoxine, 
morphine,  pilocarpine,  quinine,  and  strychnine.  Caffeine  and  theobromine  are 
pharmaceutically  included  here,  although  some  chemists  dispute  their  alkaloidal 
nature. 

Fixed  Oils. — Castor,  cottonseed,  croton,  almond,  linseed,  olive,  sesame,  theo- 
broma,  lanolin  and  cod  liver  oil. 

Miscellaneous. — Glycerin,  starch,  oil  of  wintergreen,  picrotoxin,  santonin, 
epinephrine,  orgnmiiie  and  thyroxin. 

Substances  made  artificially  are  hest  grouped  according  to  their  chemical 
nature  rather  than  their  source,  and  may  be  classified  as  respectively  inorganic 
and  organic. 

Inorganic  Substances  Designedly  Made. — In  this  group  belong  practically 
all  the  inorganic  bodies  used  in  medicine.  They  are  formed  in  the  laboratory  by 
composition  and  decomposition  of  existing  substances.  Given  the  constituents 
there  is,  as  a  rule,  no  difficulty  in  making  a  desired  combination,  so  that  the 
sources  of  such  compounds  may  be  said  to  be  those  of  their  components.  Nearly 
all  of  the  constituents  of  inorganic  medicaments  are  mined  or  obtained  in  a  simi- 
lar manner  from  the  earth.  A  few  are  gotten  by  evaporating  sea  water  or  natural 
mineral  waters  and  a  smaller  number  from  the  ashes  of  seaweed,  sponges  and  other 
marine  organisms  burnt  in  the  presence  of  alkali.  Iodine  is  the  most  important 
of  these.  Potassium  and  sodium;  chlorine  and  bromine,  occur  both  in  mineral 
deposits  and  in  sea  and  mineral  waters.  Phosphorus  is  ol)tained  chiefly  from 
bone  ash.  Borax  is  found  in  hot  springs  and  in  the  deposits  left  by  their  evapora- 
tion. All  the  alkali  earths  and  heavy  metals  are  obtained  from  minerals  by  min- 
ing, quarrying,  digging  and  purifying  operations. 

Organic  Substances  Designedly  Made. — The  organic  compounds  prepared 
artificially  are  of  two  sorts;  (a)  those  which  are  entirely  new  and  may  be  said, 
therefore,  to  be  created  from  simple  origins  by  fermentation  or  chemical  manipula- 
tion, and  (b)  those  made  by  modifying  complex  preexisting  bodies  whose  exact 
chemical  structure  may  or  may  not  be  known. 

Created  from  Remote  Sources. — Most  of  the  organic  bodies  made  artificially 
are  built  up  from  comparatively  simple  origins  by  complex  processes  of  manipula- 
tion, or  are  purified  from  products  of  fermentation,  digestion  and  other  natural 
processes  which  have  been  adapted  to  particular  ends. 

Fermentation. — Only  two  medicinal  substances  are  prepared  artificially  by 
fermentation.  Both  result  from  the  action  of  yeast  on  sugar  or  other  carbo- 
hydrates. Alcohol  is  formed  when  the  supply  of  oxygen  is  limited,  acetic  acid 
when  oxygen  is  freely  supplied. 
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Destructive  Distillation  and  Decomposition. — By  the  destructive  distillation 
of  wood,  with  partial  exclusion  of  oxygen,  wood  alcohol  is  formed;  formaldehyde 
being  derived  from  this  by  glassing  it  over  heated  copper.  Beech  wood  and  certain 
other  woods  when  heated  with  poor  access  of  air  yield  charcoal  and  wood-tar. 
From  this  tar,  creosote  is  obtained  by  distillation  after  treatment  with  sodium 
carbonate.  Guaiacol  is  derived  from  creosote.  Destructive  distillation  of  juniper 
wood  yields  oil  of  cade.  The  cyanides  are  manufactured  from  potassium  ferro- 
cyanide  which  forms  when  hide,  hoofs,  etc.,  are  heated  in  an  iron  pot  with  pearlash. 
A  special  form  of  destructive  distillation  is  that  which  yields  coal-tar.  When 
bituminous  coal  is  heated  in  retorts  it  gives  rise  to  coal-gas,  to  charcoal  and  to  a 
third  product  known  as  coal-tar  or  bitumen.  This  is  a  mixture  of  varying  com- 
position which  is  purified  by  distillation  and  other  methods  yielding  a  wide  variety 
of  substances.  These  include  the  entire  range  of  open  chain  hydrocarbons,  acety- 
lene, benzin,  liquid  and  solid  petrolatum,  and  hard  and  soft  paraffin.  More 
important  in  therapeutic  practice  are  the  benzol  ring  compounds  (benzene,  toluene, 
phenol,  the  cresols,  resorcin,  pyrocatechin,  pyrogallol)  and  aniline  (from  which 
many  of  the  s^'nthetic  antipyretics  and  artificial  dj'es  are  derived).  Naphthaline, 
from  which  beta-naphthol  is  formed,  is  also  present  in  certain  coal-tars.  Among 
the  nitrogenous  products  two  are  of  especial  importance,  ammonia  and  cyanogen. 

Decomposition  by  Acids. — Terebene  and  terpin  hydrate  are  formed  by  the 
action  of  sulphuric  and  nitric  acids,  respectively,  on  oil  of  turpentine,  while  ether 
is  made  by  the  action  of  sulphuric  acid  on  alcohol.  Spirit  of  nitrous  ether  de- 
velops as  a  result  of  the  action  of  sulphuric  acid  and  sodium  nitrite  on  alcohol. 

In  addition  to  the  three  processes  mentioned  all  the  resources  of  the  chemical 
laboratory  are  invoked  for  the  production  of  new  compounds,  but  other  methods 
cannot  be  gone  into  here. 

Slight  Modifications  of  Preexisting  Compounds. — The  discovery,  to  which 
reference  has  already  been  made,  that  the  character  of  the  effects  of  medicaments 
on  the  animal  body  was  determined  by  their  physical  and  chemical  nature,  led  to 
attempts  to  modify  physiologically  active  agents  in  such  a  manner  as  to  change 
their  action  on  the  body  in  certain  desired  directions. 

The  purposes  and  general  laws  underlying  such  molecular  changes  have 
already  been  stated  and  the  detailed  discussion  of  the  more  important  compounds 
derived  in  this  manner  will  be  found  under  Factors  Modifying  the  Action  of 
Drugs. 

Pharmaceutic  Operations 

Pharmaceutic al  Operations. — Certain  processes  or  "operations"  as  they  are 
technically  termed,  by  which  crude  drugs  are  brought  into  form  for  dispensing 
and  medicinal  use,  may  be  described  briefly. 

Comminution  is  the  mechanical  reduction  of  solids  into  smaller  particles,  by 
cutting,  crushing,  grinding,  powdering  and  similar  operations.     The  surface  of 

the  solid^  as  well  as  its  bulk,  is  increased  according  to  the  degree  of.  comminution. 

/ 

The  fineness  of  powders  is  indicated  by  numbers,  the  U.S.P.  standardizing  those 
from  No.  6  to  No.  100.  These  numbers  originally  indicated  the  number  of  openings  to 
the  linear  inch  in  the  sieve  cloth  through  which  the  powder  would  pass.  Thus,  No.  6 
was  a  coarse  powder,  the  sieve  having  six  spaces  to  the  inch,  while  No.  100  was  very  fine, 
the  sieve  having  100  openings  to  the  inch.  Intermediate  powders,  as  Nos.  12,  20,  30,  40, 
50,  60  and  80  are  recognized.  The  latest  U.S. P.,  however,  specifies  a  definite  diameter  for 
the  particles.  Thus  in  "A"  or  No.  100  powder,  the  particles  must  be  less  than  0.14  milli- 
meter in  diameter. 
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Trituration  is  the  operation  of  reducing  solid  substances  to  finer  particles  by 
triturating  in  a  mortar  with  a  pestle,  or  in  a  mill  by  balls  or  other  means. 

Levigation  is  the  trituration  of  solid  particles  with  water  or  other  liquid 
whereby  they  are  more  readily  reduced  to  a  very  fine  powder. 

Solution  is  the  process  by  which  solids  are  evenly  difl'usod  through  liquids, 
thereby  losing  their  physical  identity  as  solids.  The  dissolving  liquid  is  termed 
the  solvent;  the  dissolved  solid  is  the  solute;  and  the  product  is  known  as  a 
solution.  A  saturated  solution  is  one  in  which  the  limit  of  solubility  of  the  solute 
has  been  reached,  and  no  more  can  be  taken  up. 

Substances  which  cannot  be  dissolved  are  termed  insoluble,  but  many  substances 
insoluble  in  one  medium  are  readily  dissolved  in  another.  In  pharmacy  the  term 
vicnstruum  is  frequently  applied  to  the  solvent  used  to  extract  the  medicinal  principles 
of  a  vegetable  drug. 

It  is  highly  necessary  for  the  physician  to  know,  at  ^east  in  a  general  way,  the 
solubility  of  medicaments  and  the  special  menstruums  employed  in  the  various  oflficial 
and  kindred  preparations,  as  well  as  the  physical  and  chemical  changes  that  may  take 
place  when  two  or  more  solutes  are  introduced  into  one  solution,  or  a  mixture  is  made 
of  solutions  prepared  with  different  menstruums.  Such  changes  not  rarely  result  in 
the  precipitation  (throwing  out  of  solution)  of  one  or  another  substance,  sometimes  a 
compound  newly  formed  by  chemical  reaction,  sometimes  a  constituent  of  one  of  the 
galenicals  (see  Incompatibles). 

The  solvents  of  most  frequent  use  in  pharmacy  are  water,  alcohol  (ethyl-),  glycerin, 
ether,  chloroform,  petroleum  benzin  and  acetone.  Among  these,  water  holds  the  first 
place,  being  known  as  the  "universal  solvent"  because  of  its  power  to  dissolve  so  large 
a  number  of  substances.  Alcohol,  likewise,  dissolves  many  organic  as  well  as  inorganic 
compounds  and  is,  additionally,  of  great  value  as  a  preservative.  Alcoholic  solutions  of 
the  proximate  principles  of  vegetable  drugs  remain  unchanged  for  long  periods,  whereas 
solutions  of  vegetable  substances  in  water  generally  decompose  in  a  short  time. 

Glycerin  is  an  excellent  solvent,  and,  to  some  extent,  a  preservative  for  such  sub- 
stances as  pepsin,  tannin,  and  starch,  and  forms  a  constituent  of  certain  pharmaceutical 
preparations;    its  usefulness  as  a  menstruum,  however,  has  been  greatly  exaggerated. 

Ether  is  emiJloyed  for  making  the  official  oleoresins,  except  in  the  preparation  of 
oleoresin  of  cubeb  wherein  alcohol  is  used.  Both  ether  and  chloroform  are  largely  used 
as  solvents  for  the  extraction  of  alkaloids  in  drug  assays.  They  are  immiscible  with 
aqueous  liquids,  and  are  readily  separated  by  mechanical  means,  and  the  amount  of 
alkaloid  determined. 

Acetone  stands,  as  a  solvent,  between  alcohol  and  ether.  Acetic  acid  is  an  excellent 
solvent  for  certain  substances,  being  used  in  the  official  vinegar  of  squill,  and  the 
formerly  official  vinegars  of  opium  and  sanguinaria. 

Maceration  is  the  process  of  steeping  or  soaking  a  ground  drug  in  a  solvent  with 
occasional  agitation  until  the  drug  has  become  softened,  and  the  active  constituents 
dissolved.  The  fluid  is  then  removed  by  expressing  or  straining,  and  filtered. 
Maceration  was  formerly  employed  in  making  many  of  the  official  tinctures,  but 
has  been  almost  entirely  discarded  by  American  pharmacists,  except  in  the  making 
of  tinctures  from  those  drugs  which  dissolve  almost  completely,  as  aloes,  asafetida, 
benzoin,  sweet  orange  and  tolu.  The  maceration  process  is  still  widely  used  by 
the  German  pharmacists.     It  is  inferior  to  the  process  of  percolation. 

Digestion  is  simply  maceration  with  hot  liquid. 

Expression  is  the  separation  of  liquids  from  insoluble  solids  by  means  of 
pressure  or  centrifugation. 

Fercolalion  is  the  process  of  removing  the  soluble  princi])les  of  a  powdered 
drug,  or  mixture  of  drugs,  contained  in  a  vessel  termed  a  percolator,  by  passing 
through  it  successive  portions  of  a  solvent  (called  a  menstruum)  in  such  a  way 
that  the  latter  in  its  descent  takes  up  the  soluble  principles,  and  holding  them 
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in  solution  passes  into  the  receiving  vessel.  When  the  operation  is  successfully  con- 
ducted the  first  portion  of  the  percolate  will  be  nearly  saturated  with  the  soluble 
principles,  while,  if  sufficient  menstruum  be  used  for  exhaustion  the  last  portion  of 
the  percolate  will  be  colorless,  free  from  drug  odor,  and  tasteless.  The  process  is 
one  of  the  most  important  in  practical  pharmacy.  It  is  of  constant  use  in  the 
United  States,  but  is  not  much  employed  elsewhere. 

Eepercolation  is  the  process  of  percolating  drugs  with  percolates,  or  "the 
successive  application  of  the  same  percolating  'menstruum  to  fresh  portions  of 
the  substance  to  be  percolated"  (Squibb).  The  process  is  authorized  by  the  U.  S. 
Fharmacopccia,  provided  there  is  no  change  of  menstruum.  It  is  of  special  value 
in  the  manufacture  of  fluidextracts  on  a  large  scale,  because  of  the  saving  of 
alcohol  and  the  elimination  of  the  injurious  effects  that  result  when  the  final 
percolates  of  fluidextracts  made  by  percolation  are  evaporated  by  heat. 

Evaporation  is  the  conversion  by  heat  of  a  liquid  into  vapor,  with  no  subse- 
quent condensation  of  the  vapor.  The  object  is  to  get  rid  of  a  part  or  all  of  the 
liquid  portion  of  a  solution,  while  retaining  the  solids,  as,  for  example,  in  the 
concentration  of  solutions'  of  a  chemical  compound  for  crystallization  or  granula- 
tion, and  in  the  concentration  of  the  final  percolates  in  the  making  of  fluid  extracts. 

EhulUtion  is  the  rapid  production  of  vapor  from  a  liquid  through  the  applica- 
tion of  heat — the  familiar  process  of  boiling.  Bubbles  of  vapor  form  upon  the 
inner  surface  of  the  container,  and,  arising  to  the  surface  of  the  liquid  burst  and 
become  diffused  in  the  surrounding  space.  The  boiling  point  of  liquids  may  be 
increased  or  decreased,  by  varying  the  atmospheric  pressure.  The  removal  of 
pressure,  as  in  a  vacuum  still,  lowers  it  markedly.  Alcohol,  for  example,  boils 
at  78°  C.  (172.4  F.),  at  standard  atmospheric  pressure,  and  at  about  25°  C. 
(79°  P.)  in  vacuo.  Water  boils  at  100°  C.  (212°  F.)  in  the  air,  and  at  about 
40°  C.  (104°  F.)  in  vacuo} 

This  fact  is  of  decided  practical  importance  in  the  manufacture  of  many 
vegetable  extracts,  since  exposure  to  high  heat  and  oxidation  by  the  air,  which 
might  result  in  marked  impairment  of  quality,  is  avoided  or  minimized. 

Temperature  reactions,  it  may  here  be  noted,  afford  valuable  aid  in  determin- 
ing the  identity,  purity  and  strength  of  medicinal  substances.  Both  the  toiling 
points  of  liquids  and  the  melting  points  of  solids  are  among  the  criteria  included 
in  the  official  rubrics,  w^hile  in  several  instances  the  congealing  points  of  volatile 
oils  are  thus  utilized.  The  U.S.P.  prescribes  standardized  methods  for  ascertain- 
ing these  factors.  It  now  employs  the  Centigrade  scale-  (0°  =  freezing  point  of 
water  at  standard  pressure;  100°  =  boiling  point  of  water  at  standard  pressure) 
exclusively. 

Distillation  is  a  process  involving  the  conversion  of  a  liquid  into  vapor  by 
heat  and  the  subsequent  condensation  of  the  vapor  by  cold.  It  is  used  for  separat- 
ing from  a  solution  or  a  liquid  mixture  the  residue  of  dissolved  solids,  or  liquids 
of  a  higher  boiling  point  than  the  one  distilled.  The  latter  is  termed  distillate. 
Sometimes  the  distillate  only  is  sought,  sometimes  both  distillate  and  residue. 
The  apparatus  employed  is  known  as  a  still.  Various  forms  are  used,  ranging 
from  a  glass  flask  and  retort  to  metallic  appliances  of  considerable  complexity.  In 
all,  however,  the  essential  principle  is  the  same.    From  a  heated  vessel,  vapor  passes 


*  Certain  unpublished  observations  by  a  well-known  engineer  may  modify  this  state- 
ment, but  representing  the  hitherto  accepted  facts,  it  answers  our  present  purpose. 

^^To  convert  Centigrade  degree  (C)  into  Fahrenheit  degrees  (F),  multiply  by  1.8, 
and  add  32.  Thus,  100  C.  X  1.8  =  180;  -+-32  =  212  F.  To  convert  degrees  F.  into  C, 
subtract  32  and  divide  by  1.8.    Thus,  98.6  F.  —  32  =  66.6;   -^  1.8  =  37  C. 
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into  a  condenser  consisting  of  a  glass  or  metallic  tube,  which  is  sometimes  cooled 
artificially.  AVhen  spiral  in  form  it  is  dubbed  a  "worm."  The  distillates  are 
received  in  flasks,  bottles  or  other  containers — also  at  times  artificially  cooled. 
In  many  processes  a  vacuum  is  produced  in  the  still  to  hasten  vaporization  or  to 
reduce  the  temperature  required,  and  tiius  avoid  injury  to  the  produ(;t  by  heat. 

Frcbctional  distillation  is  the  process  of  separating  into  its  various  constituents 
a  mixture  of  liquids  having  different  boiling  points,  by  distilling  at  different 
temperatures,  and  collecting  the  distillates  of  each  temperature  separately.  In 
this  way,  for  example,  various  products  are  separated  from  crude  petroleum ;  the 
terpenes  of  certain  volatile  oils  are  obtained  separately  from  their  terpeneless 
associates,  and  the  various  fractions  from  coal-tar  removed,  as  phenol  and 
cresol,  etc. 

Destructive  Jislillalion  is  the  operation  of  heating  dry  organic  matter  in  a 
still  until  all  volatile  principles  have  been  removed.  The  residue  is  carbon  in  a 
more  or  less  impure  form.  By  this  process  acetic  acid,  acetone,  methyl  alcohol, 
creosote  and  other  organic  products  are  obtained  from  wood ;  and  ammonia  gas, 
illuminating  gas,  and  coal-tar  from  coal. 

Suhlimation  is  the  process  by  which  volatile  solids  are  converted  into  vapor 
by  heat,  and  the  vapor  condensed  by  cold.  It  is  used  for  the  purpose  of  separating 
fixed  impurities  from  sublimable  solids.  Camphor,  iodine,  mercurous  chloride, 
sulphur  and  other  official  chemicals  are  purified  by  sublimation. 

Desiccation  is  the  process  of  removing  moisture  from  solid  substances  by  heat. 
It  is  done  for  the  purpose  of  effecting  preservation,  or  for  reduction  in  bulk,  or  to 
render  grinding  easier. 

Exsiccation  is  simply  the  desiccation  of  crystals  containing  water  of 
crystallization. 

Granulation  is  the  process  of  heating  a  concentrated  solution  of  a  chemical 
compound,  with  constant  stirring,  until  the  moisture  is  largely,  if  not  wholly, 
eliminated  and  a  granular  powder  results. 

Decaniation  is  the  separation  of  a  fluid  from  an  insoluble  solid  after  sub- 
sidence, by  pouring,  or  syphoning  off,  the  clear  supernatant  solution. 

Elutriation  is  the  separation  by  fractional  decantation,  of  particles  of  different 
fineness  or  density.  The  heavier  or  coarser  particles  having  settled,  the  liquid 
still  holding  the  finer  particles  in  suspension  is  decanted  from  them,  and  the 
finer  particles  collected  by  continued  sedimentation. 

Trochization  is  the  conversion  of  pasty  masses  of  insoluble  powders,  prepared 
by  elutriation,  into  smaller  and  more  compact  masses  by  means  of  a  special  cone 
shaped  apparatus,  and  drying.     Prepared  chalk  is  an  example. 

Lotion  is  the  process  by  which  soluble  constituents  are  washed  out  of  insoluble 
matters.  The  material  is  first  macerated  with  the  solvent,  then  filtered  and  the 
residue  on  the  filter  washed  with  the  solvent  until  all  the  soluble  portion  has 
been  removed. 

Straining  is  the  operation  of  separating  coarse  particles  of  a  solid  from  a 
fluid  by  pouring  the  mixture  upon  a  loosely  woven  fabric,  such  as  gauze,  muslin 
or  canton  flannel  stretched  on  a  frame.  The  fluid  portion  passes  through  the 
strainer,  but  the  solid  is  retained. 

Filtration  is  the  operation  of  separating  a  suspended  solid  from  a  liquid 
through  the  aid  of  a  porous  medium  which  retains  the  former  but  allows  the 
latter  to  pass  through,  with  or  without  the  aid  of  pressure.  This  medium  is  termed 
the  filer.    The  clear  liquid  tluit  passes  through  is  termed  the  filtrate. 

The  procedure  is  one  of  the  most  useful  in  practical  pharmacy. 
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The  filtering  medium  is  generally  the  pulp  of  a  certain  kind  of  paper,  siliceous 
earth  or  animal  charcoal.  Paper  in  sheets  is  perhaps  most  commonly  used.  Often,  in 
large  operations  especially,  paper  pulp,  siliceous  earth,  talc,  precipitated  calcium  phos- 
phate or  other  clarifying  substance  is  mixed  with  the  liquid  to  be  filtered,  and  the 
mixture  poured  on  a  filter  paper  which  has  been  folded  or  plaited,  and  placed  in  a 
funnel.  Magnesium  carbonate,  formerly  much  used  as  a  clarifying  agent,  is  slightly 
soluble  in  water,  and  renders  the  filtrate  alkaline.  Numerous  forms  of  special  filtering 
apparatus  have  been  devised,  sand,  charcoal,  quartz,  porous  stone  and  the  like  being 
employed  as  the  filtering  medium.  In  the  case  of  certain  fatty  materials  hot  filtration 
is  used.  Diatomaceous  earth  formed  into  cylinders  (candles)  allows  water  to  pass 
through,  but  absorbs  bacteria  and  thus  permits  sterilization  of  fluids  without  heat. 

Dialysis  is  the  process  of  separating  soluble,  mostly  crystallizable,  substances 
from  colloidal,  mostly  non-crystallizable,  matter,  by  dividing  a  solution  contain- 
ing both  from  distilled  water,  by  a  membrane  of  parchment,  parchment  paper  or 
other  so  called  semi-permeable  material.  The  separation  depends  on  the  fact 
that  the  pores  in  the  membrane  are  too  fine  to  permit  the  passage  of  colloidal 
particles,  while  the  smaller  molecules  of  crystalloids  pass  through  readily.  The 
portion  passing  through  the  membrane  is  known  as  the  dialysate  (corresponding 
to  filtrate). 

Clarification  is  the  process  by  which  solid  particles  are  removed  from  a 
turbid  solution  without  the  aid  of  strainer  or  filter,  so  that  a  transparent  solution 
results.  It  is  accomplished  by  subsidence ;  by  the  use  of  heat ;  by  dilution  with 
an  appropriate  solvent;  by  coagulation  with  albumin  or  gelatin  in  a  heated 
solution;  by  the  use  of  skimmed  milk,  and  in  various  other  ways — the  method 
varying  with  the  nature  of  the  substance  to  be  clarified.  It  is  of  service  in 
clearing  certain  medicinal  syrups,  wines,  fixed  oils  and  similar  fluids. 

Decoloraiion  is  the  process  by  which  liquids  are  deprived  of  their  color;  it 
is  effected  by  the  use  of  animal  charcoal,  or  bone  black.  The  process  is  of  special 
value  in  purifying  sugars,  fats,  and  the  liquid  and  semi-solid  petrolatums,  as  well 
as  in  the  manufacture  of  alkaloids. 

Drug  Assay 

It  is  evident  to  the  student,  from  the  facts  already  given  in  regard  to  the 
composition  of  crude  drugs,  that  these  are  complex  bodies,  each  containing  a 
large  number  of  substances,  unrelated  chemically,  and  of  which  only  one  is,  or 
at  most  a  few  are,  responsible  for  the  physiologic  action  and  the  therapeutic 
virtues  of  the  drug.  It  is,  moreover,  a  fact  of  the  very  greatest  importance  to 
the  pharmacist  and  to  the  practicing  physician,  that  both  vegetable  and  animal 
drugs  vary  enormously  in  their  content  of  these  active  principles.  The  cause 
of  these  variations,  especially  in  plant  products,  is  only  imperfectly  understood, 
but  they  depend  in  part  on  differences  in  variety  and  strain  of  the  plant,  on 
climatic  conditions,  on  weather,  on  soil  composition,  on  sun  and  shade,  on  moisture, 
on  the  state  of  maturity  of  the  plant  when  collected,  and  on  many  less  well- 
recognized  factors.  Thus,  to  cite  a  few  illustrative  examples,  opium  poppies 
grow  well  and  produce  well-formed  capsules  in  temperate  climates,  but  the  opium 
is  almost  devoid  of  morphine;  digitalis  grows  best  and  is  most  active  in  soils 
containing  iron ;  pyrethrum  grown  in  wet  soil  does  not  develop  the  full  amount 
of  pyrethone;  belladonna  grown  in  the  shade  contains  less  of  the  characteristic 
alkaloids  than  when  exposed  to  the  sun.  If  the  conditions  suitable  for  proper 
growth  are  adhered  to,  drugs  grown  under  artificial  conditions  are  as  active, 
and  by  suitable   culture   may  be  made  much  more   active,   than   those   collected 
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from  wild  plants.  In  addition  to  the  variation  in  the  drugs  at  the  time  of 
collection,  further  changes,  commonly  in  the  direction  of  lessening  of  activity, 
may  result  from  differences  in  the  method  and  time  of  collection.  Certain  plants 
must  he  dried  quickly  in  order  to  jjreserve  their  activity,  some  should  he  col- 
lotted  only  in  the  afternoon  (to  ohtain  the  influence  of  recent  sunlight),  or 
only  on  sunny  days,  or  at  certain  periods  of  the  year.  Exposure  to  dampness, 
even  after  careful  drying,  may  lead  to  partial  destruction  of  the  more  sensitive 
])rinciples,  especially  glucosides,  partly  through  the  action  of  the  plant  enzymes, 
])artly  hy  the  effect  of  molds.  In  general  it  will  he  found  that  if  a  numher  of 
samples  of  the  same  drug,  all  conforming  to  pharmacopeial  description,  be  com- 
pared, the  strongest  samples  will  be  from  2  to  3  times  as  strong  as  the  poorest, 
while  with  certain  drugs,  such  as  ergot  and  digitalis,  differences  between  diil'cr- 
ent  lots  may  be  as  much  as  15  to  20  times. 

The  impossibility  of  accuracy  in  dosage  and  of  precision  in  theraj)cutics  with 
such  uncertain  and  irregular  agents,  is  sufficiently  obvious.  Fortunately,  how- 
ever, modern  chemical  and  pharmaceutic  science  has  provided  the  physician  and 
druggist  with  methods  of  controlling  these  irregularities  and  of  providing  thera- 
peutic agents  of  standard  activity.  These  methods  comprise  two  parts :  First, 
the  determination  of  the  quality  of  the  given  drug  or  preparation,  this  process 
being  known  as  Drug  Assay;  second,  the  adjustment  of  its  activity  to  a  definite 
generally  accepted  standard,  Staxdakdization. 

The  methods  of  assay  for  drugs  of  vegetable  origin,  and  for  those  of  animal 
origin  as  well,  are  of  two  general  types,  known  respectively  as  chemical  assay 
and  as  physiologic  or  biologic  assay. 

Methods  of  Chemical  Assay 

Chemical  assay  consists  in  the  separation  of  a  certain  constituent  (or  group 
of  related  constituents)  from  the  crude  drug,  and  its  estimation  by  physical  means 
(commonly  by  weighing)  or  by  chemical  means  (commonly  by  titration). 

The  simplest  method  of  chemical  assay  is  performed  by  extracting  the  powdered 
drug  with  a  special  solvent  and  carefully  drying  and  weighing  the  extracted 
material.  Appropriate  solvents  are  selected,  such  as  alcohol  for  resins  and  tannins 
(asafetida,  benzoin,  gamboge,  cannabis,  gaml)ir,  kino,  manna,  myrrh),  petroleum 
benzin  (colocynth),  water  for  tannins  (gambir,  gentian,  kino).  Ether  extracts  are 
specified  as  non- volatile,  oleoresins  and  fixed  oils  (aspidium,  capsicum,  linum,  nut- 
meg, piper,  scammony),  or  as  volatile,  essential  oils   (clove,  cinnamon,  cubeb). 

When  the  active  principle  is  less  readily  ol)tained  in  a  pure  state,  the  drug 
may  be  extracted  with  a  suitable  menstruum — water  (colchicum),  dilute  HCl 
(cinchona),  hot  alcohol  (jalap,  etc.) — the  active  principle  shaken  out  with  chloro- 
form and  weighed  directly  (jalap,  ipomea,  podophyllum)  or  after  further  purifi- 
cation (colchicum).  Hydrastis  is  extracted  with  ether  and  the  purified  extract 
weighed.  Cinchona  is  shaken  out  with  a  mixture  of  chloroform  and  ether,  this 
extract  is  shaken  with  dilute  sulphuric  acid.  The  alkaloids  are  finally  removed 
from  the  acid  by  alkalinizing  with  ammonia  and  shaking  with  chloroform,  and 
weighed. 

Alkaloids  are  commonly  determined  by  extracting  the  drug  with  a  special 
menstruum  (ether,  ether-chloroform  mixture)  and  shaking  this  with  acidulated 
water,  which  takes  up  the  alkaloid  as  a  water  soluble  salt.  The  water  is  treated 
with  ammonia  to  alkalinity  and  the  released  alkaloid  removed  from  it  by  shaking 
with  ether    (ipecac,  physostigraa)    or  chloroform    (belladonna,  hyoscyamus,   nux 
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vomica,  pilocarpus,  stramonium).  The  purified  alkaloid  is  dried  and  dissolved  in 
water  with  the  help  of  a  known  amount  of  0.1  normal  acid,  part  of  which  com- 
bines with  the  alkaloid  to  form  a  salt-like  compound.  The  residual  acid  is 
determined  by  titration  with  0.1  normal  sodium  hydrate,  and  the  quantity  of  alka- 
loid present  is  calculated  from  the  amount  of  acid  with  which  it  has  combined. 

For  certain  drugs,  special  methods  of  greater  complexity  are  requisite.  The 
volumetric  determination  of  the  amount  of  carvone  in  oil  of  caraAvay  and  oil 
of  spearmint ;  of  ascaridol  in  oil  of  chenopodium,  and  of  borneol  in  oil  of  rosemary 
is  made  by  decomposing  the  oils  and  allowing  the  constituent  to  be  assayed  to 
float  on  a  special  watery  liquid.  The  esters  in  oils  of  lavender,  peppermint,  pinus 
pumilionis  are  determined  by  their  power  of  fixing  alkalis  and  those  of  sinapis 
by  their  reaction  with  silver,  the  excess  of  alkali  in  the  one  case  and  of  silver 
in  the  other,  being  assayed  volumetrically.  Special  methods,  too  involved  to  be 
described  here,  are  used  for  the  determination  of  morphine  in  opium,  of  benzalde- 
hyde  in  oil  of  bitter  almonds,  of  cantharidin  in  Spanish  fly,  and  of  cinnamic  acid 
in  styrax. 

Two  animal  tissues  are  assayed  by  chemical  m^ethods.  Thyroid  is  tested  to 
determine  the  amount  of  a  special  iodine  compound,  which  must  approximate 
0.3  percent.  Adrenal  glands  are  so  treated  as  to  change  the  epinephrine  to  a 
reddish  colored  substance,  which  is  determined  colorimetrically. 

The  animal  products,  pepsin  and  pancreatin,  are  assayed  by  means  of  their 
digestive  action  on  proteins,  and  diastase  by  its  effect  on  starch. 

Among  unofficial  chemical  assay  methods  may  be  mentioned  the  hide  powder 
assay  of  tannin-containing  drugs,  in  which  an  extract  of  the  drug  is  shaken  with 
powdered  hide  and  the  loss  of  solids  determined  gravimetrically.  Color  reactions 
characteristic  of  emodin-containing  plants  (aloes,  senna,  etc.),  and  of  the  digitalis 
bodies,  have  been  used  as  quantitative  tests. 

In  addition  to  the  assays  of  active  principles,  the  Pharmacopeia  requires 
determination  of  the  alcoholic  content  of  most  of  the  liquid  preparations,  com- 
monly allowing  a  deviation  of  5  percent,  on  either  side  of  a  standard.  Standards 
are  also  provided  for  the  content  of  total  solids  in  fluidextracts  and  tinctures. 

Methods  of  Biologic  Assay 

Most  of  those  active  principles  which  are  poisonous  in  overdose  and  for  which 
precision  in  dosage  is  therefore  especially  imperative,  can  be  quantitatively  assayed 
by  the  chemical  methods  described  above.  There  are  several  drugs,  however, 
of  vegetable  and  of  animal  origin,  the  activity  of  which  cannot  be  accurately 
measured  by  chemical  tests,  either  because  their  active  principles  are  not  at  pres- 
ent readily  isolated,  as  in  the  digitalis  bodies,  or  because  several  principles  not 
separable  by  means  of  chemical  assay  methods,  because  of  close  chemical  relation- 
ship, differ  widely  in  physiologic  action.  This  is  the  case  in  aconite,  veratrumi 
and  ergot. 

Drugs  not  amenable  to  chemical  standardization,  but  containing  physio- 
logically active  principles,  may  be  assayed  by  means  of  the  reaction  of  the  living 
animal  or  its  tissues.  Such  tests  are  termed  physiologic  or  biologic  assays.  They 
are  required  for  most  drugs  containing  powerful  glucosides,  for  example  apocynum, 
convallaria,  digitalis,  squill  and  strophanthus,  and  for  those  which  contain  several 
alkaloids  of  widely  differing  activity,  as  aconite,  ergot,  gelsemium  and  veratrum. 
One  drug,  the  active  principle  of  which  is  a  volatile  oil,  namely,  cannabis,  also 
demands  such  a  method.     Several  animal  organs  and  preparations  are  assayed 
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biologically,  including  epinephrine,  pituitary,  and  insulin.  Biologic  methods 
are  available  for  thyroid,  for  ovarian  products  and  for  the  vitamin  content  of 
cod-liver  oil,  but  tliose  are  not  required  l)y  the  Pharmacopeia,  although  the  last 
is  described  among  the  unofficial  tests. 

The  methods  of  biologic  assay  are  of  three  general  kinds.  (1)  Toxic  methods: 
Determination  of  the  amount  of  a  drug  or  preparation  required  to  cause  the 
death  of  an  animal.  (2)  Symptomatic  methods:  Special  etl'ects  on  particular 
tissues  or  functions  of  an  intact  animal.  (3)  Tissue  methods:  Action  on  iso- 
lated organs  or  tissues  removed  from  the  body  and  suspended  in  Ringer  or  other 
appropriate  fluid. 

Toxic  Methods 

Caxdiac  Stimulants. — Digitalis  and  the  drugs  which  have  a  similar  action 
on  the  heart,  including  apocynum,  convallaria,  squill  and  strophanthus,  and  their 
preparations,  may  be  assayed  by  any  one  of  several  methods.  Of  these  the  most 
important,  because  of  its  adoption  as  the  official  method  in  the  United  States, 
is  the  so-called  "One  hour  frog  method." 

The  One  Hour  Frog  Method. — This  test  is  performed  by  injecting  leopard 
frogs  (Rana  pipiens)  of  1  to  II/2  ounce  (30  to  45  Gra.)  weight,  through  the 
floor  of  the  mouth,  into  the  ventral  lymph  sac.  The  frogs  used  in  the  test  must 
be  in  good  condition  and  all  of  the  same  lot,  captured  at  the  same  time  and 
kept,  since  capture,  under  identical  conditions.  As  each  lot  of  frogs  differs 
slightly  from  every  other  lot  in  its  reaction  to  digitalis,  it  is  necessary  to  stand- 
ardize each  lot  by  a  control  test  in  order  to  utilize  the  results  of  the  assay.  One 
drug  of  the  digitalis  group  can  be  purified  sufficiently  to  serve  as  a  standard 
with  which  unknown  specimens  can  be  compared.  This  useful  agent  is  ouabain, 
a  glucoside  obtained  from  the  seed  of  Strophanthus  gratus.  Standard  frogs  are 
killed  by  a  dose  of  ouabain  corresponding  to  0.000,000,5  Gm.  for  each  gram  of 
body  weight,  and  if  the  frogs  in  the  test  are  killed  by  a  larger  or  smaller  dose 
of  ouabain  than  this,  the  dose  of  the  material  under  test  must  be  corrected 
accordingly.  All  frogs  used,  both  for  the  ouabain  and  the  preparation  being 
tested,  must  be  kept  at  a  constant  temperature  of  20°  C.  for  a  day  before 
the  test  and  during  its  course.  They  are  carefully  weighed  one  hour  before 
being  injected  and  the  dose  is  adjusted  to  the  weight,  the  preparation  being 
so  diluted  that  the  dose  for  a  1  ounce  (30  Gm.)  frog  is  about  0.5  cc.  One  hour 
after  the  injection,  all  the  frogs  are  killed  by  destroying  the  brain  and  cord, 
and  the  heart  is  exposed.  If  this  is  still  beating  the  dose  is  below  the  "fatal 
dose."  If  the  heart  is  quiet  and  does  not  respond  to  stimulation,  the  dose  is 
too  large.  If  the  ventricle  is  in  systole,  but  either  this  or  the  auricle  shows 
some  contraction  when  touched,  the  dose  is  considered  to  be  the  "fatal  dose" 
by  this  method. 

llie  12  Hour  Frog  Method. — This  method  is  similar  in  all  respects  to  the 
1  hour  method,  except  that  instead  of  observing  the  frogs  at  the  end  of  an  hour, 
they  are  examined  at  the  end  of  13  hours,  and  death  of  the  frog,  instead  of 
stoppage  of  the  heart,  is  the  criterion  of  the  "fatal  dose."  It  is  believed  that 
certain  irregularities  in  the  time  required  for  absorption  of  the  difl:erent  glucosides 
are  obviated  by  the  longer  time  allowed.  The  dose  as  determined  by  this  method 
may  be  slightly  larger  or  smaller  than  that  found  by  the  1  hour  method,  accord- 
ing to  the  drug  and  preparation. 

The  Guinea-pig  Method. — This  is  performed  by  injecting  several  guinea-pigs 
with  gradually  increasing  doses  of  the  preparation  to  be  tested.     The  pigs  are 
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carefully  weighed  and  the  doses  adjusted  to  the  weight.  If  this  be  done,  pigs 
of  either  sex  and  of  any  weight  from  8  to  16  ounces  (250  to  500  Gm.)  may  be 
used.  They  are  observed  at  the  end  of  24:  hours,  death  of  the  pig  or  its  survival 
being  noted.  Death  commonly  is  not  delayed  beyond  4  hours.  Guinea-pigs  differ 
from  one  another  so  little  that  checking  with  ouabain  is  unnecessary.  Alcohol 
interferes  less  with  the  result  than  it  does  in  frogs,  but  if  the  dose  be  larger 
than  3  cc,  should  be  reduced  to  20  percent.  This  method  is  the  most  accurate 
of  those  in  common  use  and  can  readily  be  made  to  give  results  within  5  percent., 
the  limit  of  accuracy  of  most  biologic  assays  being  from  10  to  20  percent. 

The  Cat  Method. — The  material  to  be  tested  is  run  slowly  and  continuously 
into  the  vein  of  an  anesthetized  cat,  the  strength  of  the  preparation  being  cal- 
culated from  the  amount  run  in  before  death  results.  Death  must  result  in  1  to 
11/2  hours.  The  fatal  dose  is  divided  by  the  weight  of  the  cat  in  kilograms  and 
the  product  is  termed  a  "cat  unit."  The  test  is  most  conveniently  performed  by 
running  in  a  standard  solution  of  ouabain  up  to  %  of  a  fatal  dose,  and  then 
continuing  the  flow  with  the  preparation  under  test.  The  volume  consumed 
before  the  heart  is  fatally  poisoned,  is  then  multiplied  by  4,  as  I/4  of  a  fatal 
dose  was  required  to  complete  the  toxic  action  of  the  ouabain.  The  method  is 
both  less  convenient  and  less  accurate  than  the  guinea-pig  method,  but  is  some- 
what cheaper. 

Cardiac  Depressants. — Drugs  containing  alkaloids  which  have  a  depressant 
action  on  the  heart  (aconite,  veratrum,  gelsemium)  are  assayed  by  a  toxic  method 
on  guinea-pigs  identical  with  that  described.  The  Pharmacopeia  requires  this 
test  on  aconite  and  its  preparations.  Aconite  may  also  be  assayed  by  determin- 
ing its  power  to  cause  tingling  of  the  tongue  and  lips.  A  distinct  effect  should 
be  experienced  after  %o  grain  (6.5  mgm.)  of  the  powdered  root  or,  1  grain 
(60  mgm.)  of  the  leaf  is  chewed  for  1  minute  and  the  mouth  then  rinsed  with  cool 
water.     Individual  variations  in  sensitiveness,  however,  preclude  accuracy. 

Anthelmintics. — ^A^ermifuges  and  vermicides  may  be  assayed  with  consider- 
able accuracy  by  determining  their  effect  on  earthworms,  or  even  better  on  round- 
worms from  dogs,  kept  in  oxygenated  Kinger  solution  at  body  temperature.  The 
worms  are  distributed  into  separate  vessels  containing  a  carefully  measured  volume 
of  liquid;  a  different  amount  of  the  drug  to  be  tested  is  put  in  each,  except 
one  vessel  which  is  held  as  a  control.  The  behavior  of  the  worm  is  noted,  ex- 
treme restlessness  or  spastic  contractions  indicating  irritation  (possible  vermifugal 
activity)  and  the  time  of  death  is  noted.  The  results  are  compared  with  a  similar 
series  made  with  a  standard  preparation,  and  the  result  expressed  as  percentage 
of  this.  This  method  is  available  for  aspidium,  chenopodium,  santonica,  spigelia, 
etc. 

Thyroid. — Eelated  to  the  toxic  methods  is  the  assay  of  thyroid,  based  on 
the  peculiar  change  which  this  product  causes  in  the  toxicity  of  acetonitril,  which 
is  converted  to  prussic  acid  in  the  body.  In  mice  the  alteration  in  metabolism 
brought  about  by  thyroid  feeding  results  in  delaying  this  change  and  thus  reducing 
the  toxicity  of  acetonitril  given  subcutaneously.  Mice  which  have  been  given 
0.1  Gm.  of  thyroid  gland  on  3  successive  days,  should,  the  next  day  be  killed 
by  not  less  than  twice  the  dose  which  is  fatal  to  normal  controls. 

Symptomatic  Methods 

Three  special  methods  which  come  under  this  head  are  required  by  the 
Pharmacopeia.    In' each  case  a  standard  drug  or  preparation,  obtainable  from  the 
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Bureau  of  Chemistry,  is  used  for  comparison  and  the  results  of  the  assay  are 
expressed  as  a  percentage  of  this. 

Epinephrine. — Epincjihrine  is  tested  by  comparing:  its  action  in  raising  the 
blood  pressure  of  the  dog,  with  that  of  a  standard  solution,  the  maximum  rise 
after  2  different  small  doses  (say  0.01  and  0.02  cc.  of  a  1 :  lUOO  solution  per  kilo) 
given  by  vein,  being  compared.  Epinephrine  may  be  given  repeatedly  to  the  same 
animal  at  intervals  of  a  few  minutes  and  the  same  rise  will  constantly  follow  the 
same  dose. 

Ergot. — The  official  test  for  ergot  depends  on  its  effect  on  the  cock's  comb; 
single  comb,  white  leghorn  roosters  less  than  18  months  of  age  and  weighing 
approximately  2  kilograms  being  alone  used.  A  sufficient  dose  injected  into  the 
breast  muscles  causes  a  coldness  and  discoloration  of  the  comb  and  wattles,  reach- 
ing a  maximum  in  an  hour,  at  which  time  the  observation  is  made.  Two 
roosters  are  used,  one  receiving  a  standard  preparation,  the  other  the  same  dose 
of  the  material  under  test.  The  latter  must  produce  discoloration  equal  in  degree 
to  that  caused  by  the  standard,  which  is  given  in  a  dose  of  0.5  cc.  per  kilogram 
of  body  weight.  This  method  is  extremely  inexact,  but  sufficient  to  eliminate 
very  poor  drugs  or  preparations. 

Ergot  may  be  assayed  with  greater  exactness  by  its  effect  on  the  blood  pressure 
of  the  dog.  The  results  are,  however,  complicated  by  the  fact  that  certain  lots  of 
ergot  contain  large  amounts  of  histamine,  which  causes  a  fall  of  blood  pressure 
but  has  the  stimulating  effect  of  other  ergot  principles  on  the  uterus.  In  using 
this  method,  an  intravenous  injection  of  0.08  cc.  of  the  fluidextract  per  kilo  is 
given.  The  blood  pressure  should  rise  and,  if  the  preparation  is  of  proper  activity, 
should  reach  a  maximum  rise  of  30  mm.  Hg.  The  pressure  should  be  observed 
5,  10  and  15  minutes  after  the  injection  and  should  remain  distinctly  elevated  for 
this  period.  If  the  pressure  falls  too  promptly,  the  drug  is  lacking  in  the  specific 
alkaloids,  the  rise  being  caused  by  tyramine  and  other  pressor  amines.  If  it  is  still 
elevated  after  15  minutes,  the  drug  is  rich  in  the  specific  alkaloids. 

Cannabis. — Cannabis  is  a  narcotic  drug,  the  first  effect  of  which  is  a  loss  of 
muscular  control,  resulting  in  ataxia.  A  dog  is  selected  which  reacts  fairly  regu- 
larly to  the  same  dose  repeated  at  intervals  of  a  few  days,  and.  is  kept  for  test  pur- 
poses. The  degree  of  ataxia  caused  by  0.05  cc.  per  kilo  of  the  standard  preparation 
is  observed,  and  at  least  as  much  ataxia  must  be  caused  by  0.1*  cc.  of  the  material 
under  test  given  to  the  same  dog  a  few  days  later. 

Insuline. — Insuline  is  tested  by  giving"  doses. of  0.3,  0.4  and  0.5  cc.  per  kilo  to 
each  of  3  rabbits.  The  blood-sugar  is  determined  before  the  injection  and  l^/o,  21/. 
and  5  hours  after.  A  similar  test  is  made  on  the  same  lot  of  rabbits  with  a  standard 
preparation  and  the  averages  of  all  tests  on  each  lot  is  compared.  The  rabbits  are 
kept  on  a  standard  diet  and  are  starved  for  a  day  before  the  test.  One-third  of  the 
dose  which  causes  an  average  fall  of  0.45  percent,  blood-sugar  is  a  unit.  The  final 
product  contains  10  or  20  units  per  cc. 

Ovarian  Preparations. — No  definite  standard  is  available  for  these  but  they 
can  be  assayed  by  determining  the  dose  required  to  bring  about,  in  a  castrated 
female  mouse  or  rat,  the  changes  in  vaginal  secretion  which  characterize  oestrus 
in  the  normal  animal.  The  injections  are  given  subcutaneously  and  the  vaginal 
smear  examined  the  next  day. 

Tissue  Methods 

Only  pituitary  preparations  are  tested  on  isolated  organs,  the  test  object  in  this 
case  being  the  horn  of  the  guinea-pig  uterus,  carefully  removed  from  the  body  and 
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TABLE  OF  BIOLOGIC  ASSAY  STANDARDS— TOXIC  METHODS 


Drug 
Preparation 


Digitalis 

Drug  

Fluidextract 
Tincture    . . . . 
Solid  extract 
Digitoxin    . . . 


Squill 

Drug    

Fluidextract    . 
Acetic  extract 

Tincture    

Scillain      .... 

Strophanthus 

Drug   

Tincture    

Strophantliin 
Ouabain   


Apocynum 
Fluidextract 

Convallaria 
Fluidextract 

Adonis 

Drug   

Helleborus 
Drug   


Aconite 

Root    

Leaf    , 

Fluidextract  , 
Tincture  . . . . 
Solid  extract 

Veratrum 

Drug  

Fluidextract 
Tincture    .  . . . 
Solid  extract 

Gelsemium 
Fluidextract 
Solid  extract 


Frog, 

1  Hour 

(Gm.) 

(Official) 


0.0006 

0.0006 

0.006 

0.0002 

0.000008 

0.0005 
0.0006 
0.002 
0.006 


0.000006 
0.00006 
0.0000006 
0.0000005 

0.0002. 


0.0002 


Frog, 

24  Hour 

(Gm.) 


0.001 

0.001 

0.01 

0.00033 

0.0000067 

0.00083 
0.00083 

0.0083 


0.000005 
0.00005 
0.00000066 
0.00000033 


Guinea- 
Pig, 

24  Hour 
(250 
Gm.) 


0.00025 


0.1 
0.1 
1.0 
0.025 


0.075 
0.25 
0.75 
0.75 


0.0025 
0.025 


0.075 
0.075 


0.01 

0.015 

0.01 

0.1 

0.002 

0.005 
0.005 
0.5 
0.015 

0.025 
0.375 
0.1 


Cat, 

1  Hour 

(Kilo) 


Reduced  to  1  Kilogram 


0.1 
0.1 
1.0 

0.025 
0.00017 


0.0015 
0.018 
0.00013 
0.0001 

0.066 

0.05 

0.1 

0.1 


Frog, 

1 
Hour 


0.6 
0.6 
6.0 

0.2 
0.008 

0.5 
0.6 
2.0 
6.0 


0.006 
0.06 
0.0006 
0.0005 

0.2 

0.2 


Frog, 
24  Hour 


1.0 
1.0 
10.0 
0.33 
0.0067 

0.83 
0.83 

8.3 


0.005 
0.05 
0.00066 
0.00033 


0.25 


Gui- 
nea- 
Pig 


0.4 
0.4 
4.0 
0.1 


0.3 
LO 
3.0 
3.0 

0.01 
0.1 


0.3 
0.3 


suspended  in  oxygenated  Einger  solution.  A  small  amount  (0.2  cc.)  of  a  0.5  per- 
cent, solution  of  a  standard  pituitary  powder  supplied  by  the  Bureau  of  Chemistry 
is  added  to  the  bath  containing  the  uterus,  and  causes  a  contraction  of  the  horn. 
When  this  begins  to  relax,  the  bath  is  renewed  with  fresh  Einger,  and  after  3  or  4 
normal  contractions,  the  solution  is  again  added.     After  a  few  additions  of  dif- 
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ferent  amounts  of  the  standard  and  of  a  similar  solution  of  the  material  under  test, 
a  comparison  between  them  may  readily  be  made,  and  expressed  as  percentage  of 
the  standard. 

Standardization    after   Assay 

The  strength  of  the  material  or  preparation  having  been  determined  by  one 
of  the  methods  of  assay  which  have  just  been  briefly  sketched,  it  is  necessary  to 
adjust  it  to  the  same  activity  as  that  of  the  standard. 

If  the  material  is  over  strength,  it  is  merely  requisite  to  dilute  it  with  the 
proper  menstruum,  an  excess  of  10  percent,  being  commonly  allowed  to  provide 
against  deterioration  or  inaccuracy  in  the  test. 

If  the  material  is  under  strength  it  may  be  concentrated  in  one  of  several  ways. 
The  best  method  is  by  addition  of  a  proper  amount  of  a  preparation  which  is  too 
strong,  if  such  is  available.  If  no  overstrength  material  is  at  hand,  weak  liquid 
preparations  may  be  concentrated  by  evaporation  in  vacuo  at  a  low  temperature 
to  a  volume  somewhat  smaller  than  that  desired.  After  renewed  test,  the  alcohol 
content  is  determined  and  both  the  active  principles  and  the  alcohol  content  brought 
to  the  proper  level  by  dilution  with  alcohol  of  the  necessary  percentage  strength. 
Fluidextracts  and  tinctures  may  be  brought  up  to  proper  activity  by  repercolation 
through  the  same  drug,  if  extraction  has  been  incomplete;  or  a  fresh  lot  of  drug 
may  be  percolated  with  the  preparation.  Thus,  if  the  fiuidextract  be  only  80  per- 
cent, of  standard,  it  is  percolated  through  25  percent,  of  the  amount  of  drug  orig- 
inally used.  This  should  bring  it  to  slightly  above  the  standard,  when,  after  retest, 
it  may  be  diluted,  or  not,  as  desired. 

Solid  preparations,  if  overstrength,  may  be  diluted  with  a  proper  amount  of 
milk  sugar  or  other  appropriate  substance,  and  if  under  strength  must  be  brought 
up  by  admixture  with  a  specially  made,  over  strength  lot. 

Without  attention  to  this  process  of  adjustment,  the  advantages  of  assay  are 
largely  lost.  If  all  preparations  of  powerful  drugs  are  brought  to  the  same  standard, 
however,  the  benefits  in  the  direction  of  accuracy  of  dosage  and  dependability  of 
results,  are  incalculable. 

The  table  on  page  308  shows  the  fatal  doses  of  those  drugs  which  are  tested  by 
toxic  methods,  including  the  four  chief  methods  of  assay. 

Therapeutic  Use  of  Drugs 

General  Principles  and  Schools  of  Medicine. — In  the  foregoing  discussions 
the  endeavor  has  been  to  make  clear  the  considerations  that,  in  the  present  state 
of  knowledge,  must  govern  the  intelligent  utilization  of  drugs  in  medical  prac- 
tice. Future  discoveries  will  clarify  many  things  now  obscure,  and  reveal  new 
things,  but  the  main  principles  must  remain  the  same,  however  much  the  details 
of  their  application  may  be  modified.  These  main  principles  and  the  rules  of 
action  flowing  from  them  may  here  be  reviewed  briefly. 

It  is  to  be  assumed,  of  course,  that  careful  analysis  of  symptoms  has  demon- 
strated the  necessity  for  intervention  and  indicated  its  general  purpose,  and  that  the 
special  indications  to  be  fulfilled  in  the  given  case  have  been  made  clear  by  considera- 
tions of  prognosis,  of  etiology,  of  pathology,  and  of  symptomatology,  as  set  forth  in 
Chapter  III. 

In  considering  these  various  indications  for  treatment,  the  physician  must,  first  of 
all,  ask  of  himself:  Is  the  patient's  life  in  danger,  and,  if  so,  what  means  are  best  adapted 
to  avert  death?  Until  this  question  of  urgency  is  satisfactorily  met,  all  other  matters 
must  remain  in  the  background.    In  some  cases,  as  in  the  severe  anemias  of  hookworm 
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infestation,  death  may  be  averted  by  treatment  directed  to  the  causative  factor;  in  other 
cases,  as  in  the  inhalation  of  amyl  nitrite  or  injection  of  morphine,  to  relieve  an  attaclc 
of  angina  pectoris,  or  the  injection  of  atropine  to  overcome  pulmonary  edema,  the  patho- 
logic condition  which  threatens  life  is  met;  in  other  cases,  some  symptom,  as  vomiting 
and  diarrhea,  or  insomnia,  must  be  stopped  by  symptomatic  treatment,  before  considera- 
tion can  be  given  to  any  measures  which  might  more  slowly  remove  the  cause,  but  mean- 
while allow  the  exhausting  manifestation  to  be  fatal.  Patients  should  not  be  suffered 
to  die  because  of  the  false  idea  that  our  first  duty  is  lo  make  a  complete  diagnosis,  and 
only  after  that  to  relieve  the  patient's  distress.  Time  permitting,  such  is  the  correct 
practice,  but  time  does  not  always  permit.  Having  decided  that  life  or  integrity  of  tissue 
or  function  is  not  immediately  threatened,  or  having  relieved  the  most  urgent  conditions, 
we  next  decide  whether  treatment  can  be  directed  to  the  elimination  or  destruction  of 
etiologic  factors.  The  use  of  antipathogens,  the  removal  of  poisonous  matters  from  the 
gastroenteric  tract  by  emesis  or  purgation;  the  discarding  of  feather  pillows  or  of 
certain  kinds  of  face  powder,  in  asthma  due  to  these,  may  be  cited  as  examples  of  such 
measures. 

Indications  derived  from  pathologic  alterations  in  structure  are  commonly  met  more 
efficiently  by  mechanical  and  surgical  measures  than  by  the  use  of  drugs.  There  are, 
however,  exceptions  to  this  rule.  Thus,  the  continuous  administration  of  alkalies  may 
assist  the  healing  of  a  gastric  ulcer;  iron  and  arsenic  may  increase  the  number  and 
improve  the  quality  of  the  red  blood  cells;  and  phenylhydrazine  diminish  their  number  if 
excessive.  The  judicious  use  of  digitalis  reduces  the  size  of  the  dilated  heart  and  im- 
proves the  nutrition  of  the  muscle. 

The  indications  of  fu7ictional  pathology  are  most  largely  met  by  the  use  of  drugs. 
The  original  indication  for  the  use  of  digitalis  in  cardiac  affections  is  its  influence  on 
function  and  through  this  is  brought  about  the  restoration  of  the  structural  integrity  of 
the  muscle.  The  various  symptoms  dependent  on  the  cardiac  weakness,  as  congestive 
headache,  dyspnea  and  dropsy,  disappear  as  the  functional  efficiency  of  the  heart  returns. 

The  inhalation  of  oxygen  or  even  its  cautious  injection  under  the  skin  may  some- 
times save  life  in  pneumonia,  carbon  monoxide  poisoning  and  other  conditions  associated 
with  defective  aeration.  The  physiologic  laboratory  furnishes  a  striking  illustration  of 
the  value  of  artificial  oxygenation.  Despite  the  complete  abeyance  of  respiratory  func- 
tion in  animals  poisoned  by  curare,  it  is  possible  to  maintain  life  and  even  full  tissue 
oxidation  by  continuous  intravenous  injection  of  the  pure  gas. 

If  the  malady  is  not  to  be  overcome  by  removing  the  causative  factor,  nor  by  resolv- 
ing the  lesion,  recourse  must  be  had  to  measures  which  give  relief  to  the  more  distressing 
symptoms.  Edema  may  thus  be  removed  by  the  use  of  diuretics,  pain  relieved  by  ano- 
dynes, diarrhea  stopped  by  astringents.  In  many  cases  temporary  relief  of  this  character 
will  be  all  that  is  necessary  to  direct  the  natural  forces  into  the  path  of  health. 

It  then  remains  to  determine  whether  such  indications  can,  under  all  the  circum- 
stances present — including  the  environment  and  the  personality,  as  well  as  the  means  of 
the  patient — be  best  met  by  the  use  of  drugs  or  of  other  remedial  measures.  If,  after  all 
necessary  regulations  have  been  made  as  to  rest,  diet,  nursing,  ventilation,  care  of  the 
sickroom,  etc.,  in  the  case  of  bed-patients;  as  to  diet,  rest,  occupation,  fresh  air,  bathing, 
etc.,  in  the  case  of  walking  patients — it  appears  that  drugs  offer  the  best  or  most  avail- 
able means  for  the  additional  treatment  required,  one  has  then  to  choose  from  among 
medicaments  capable  of  doing  the  work  indicated,  that  which  is  best  suited  to  the  particu- 
lar needs  of  the  patient  and  the  moment. 

In  so  choosing,  one  is  governed  by  his  own  clinical  experience,  and  by  the  records 
of  the  clinical  observation  of  others  as  to  the  manner  in  which  the  normal  pharmaco- 
dynamic effects  of  the  various  drugs  under  consideration  are  modified  by  the  conditions 
present  in  that  case  at  that  tttne.  He  must  take  into  account  the  by-effects  of  each 
agent,  and  the  possibilities  of  modification  by  corrective,  synergistic  and  directive  asso- 
ciation. The  susceptibilities  of  the  patient  again  come  under  review.  It  must  further 
be  considered  whether  in  the  particular  instance,  m'arked  or  gentle,  rapid  or  gradual, 
intermittent  or  continuous,  persistent  or  fugacious  effect  is  the  more  desirable;  as  also 
whether  the  primary  or  secondary,  complete  or  partial  influence  of  the  chosen  medica- 
ment is  to  be  elicited,  and  in  this  will  be  involved  the  choice  of  the  special  preparation 
and  the  method  of  administration  as  well  as  the  size,  frequency  and  number  of  the  doses 
to  be  given. 

Injection  under  the  skin,  into  a  muscle,  into  a  vein,  gives  quicker  absorption,  there- 
fore quicker  and  more  Intense  effect,  than  administration  by  the  mouth.    Inhalation,  in 
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the  case  of  certain  volatile  substances,  may  be  more  rapid  than  injection.  A  special 
effect,  desired  or  undesirable,  may  appear  under  one  method  of  administration  and  not 
under  another.  Alteration  in  the  concentration  of  a  medicament  will  often  influence 
the  rate  of  absorption  materially  and  may  even  alter  the  character  of  its  influence. 

The  secondary  action  of  drugs  is  not,  as  a  rule,  as  prompt  in  its  development  as  the 
primary,  but  it  is  often  equally  marked,  and  when  it  follows  a  distinct  primary  effect 
may  be  more  lasting.  Thus,  the  purgative  effect  of  a  large  dose  of  castor  oil  is  likely 
to  be  over  in  a  few  hours,  while  the  secondary  constipation  may  last  several  days.  A 
marked  primary  effect  cannot  commonly  be  safely  repeated  or  continued  so  long  as  a 
gentle  one,  and  in  the  absence  of  such  repetition  is  much  more  likely  to  change  to  the 
secondary.  Thus,  strong  solutions  of  cocaine  or  epinephrine  will  cause  more  extreme 
blanching  than  dilute  solutions,  but  will  soon  be  followed  by  congestion;  while  milder 
constriction  may  be  continued  a  long  time  by  means  of  dilute  solutions. 

Certain  drugs  and  preparations  also  produce  more  prompt,  more  intense  or  more 
lasting  effects  than  others  of  the  same  general  nature  and  powers.  Thus,  the  vaso- 
constrictor actions  of  epinephrine  and  of  cocaine  are  much  more  prompt  than  that  of 
pituitary;  the  epinephrine  influence  and  the  pituitary  influence  more  intense  than  that 
of  cocaine;  the  cocaine  influence  more  lasting  than  that  of  epinephrine,  and  the  pituitary 
influence  more  lasting  than  that  of  cocaine.  In  choosing  remedies  all  such  facts  must 
be  considered. 

The  therapeutic  utilization  of  drugs  which  is  based  on  proper  consideration  of  all 
the  factors  enumerated,  without  undue  emphasis  on  any  one,  is  what  we  may  term  the 
"rational  method.'' 

Homeopathy. — There  is  a  school  of  practitioners  professing  as  a  guiding  rule  the 
induction  of  secondary  drug-influence  by  means  of  minute,  indeed,  infinitesimal  doses. 
This  practice,  organized  into  a  system  by  Samuel  Hahnemann  (1755-1843)  is  termed 
hoyneopath]/. 

The  designation  "pathy"  as  applied  to  a  "school"  or  "system"  of  practice  is  crude 
and  objectionable;  but  it  is  in  common  use  and  one  cannot  quarrel  with  the  dictionary. 
Its  vogue,  historically,  arises  with  the  schism  of  Hahnemann  and  his  followers,  whose 
success  in  attracting  patients  has  led  to  still  more  crude  and  objectionable  imitations 
of  the  term — as  "electropathy,"  "hydropathy,"  "rectopathy,"  "osteopathy,"  etc. — which 
have  neither  scientific  nor  etymologic  warrant. 

Hahnemann,  following  in  a  measure  Hippocrates,  taught  that  there  were  three  pos- 
sible systems  of  treatment:  (1)  The  use  of  remedies  whose  effects  were  opposite  to  the 
symptoms  of  disease — antupathia.  (2)  The  use  of  remedies  whose  effects  resembled  the 
symptoms  of  disease — homao-pathia.  (3)  The  use  of  remedies  whose  effects  were  neither 
like  nor  directly  contrary  to  the  symptoms  of  disease,  but  were  simply  other  than  the 
latter — alleo-pathia.  Homeopathia,  he  contended,  was  the  only  right  system;  and  since 
the  effects  of  drugs  administered  upon  this  system  in  sensible  doses  were  clearly  undesir- 
able, he  resorted  to  the  expedient  of  attenuation — later  pushed  to  an  absurd  extreme.  Two 
theories  were  put  forth  in  explanation:  (1)  That  any  medicine  given  in  infinitesimal 
quantity  will  have  effects  exactly  opposite  to  those  of  the  same  medicine  in  ordinary 
quantities;  and  (2)  that  this  "contrary  action"  of  the  small  dose  is  owing  to  a  "dynamic 
potency"  which  cannot  be  developed  or  liberated  unless  the  medicinal  substance  be  sub- 
jected (if  a  liquid)  to  repeated  shakings  and  progressive  dilutions  with  a  solvent 
(alcohol),  or  (if  a  solid)  to  repeated  triturations  and  progressive  dilutions  with  an 
inert  powder    (milk  sugar). 

Hahnemann  designated  the  common  practice  of  his  time  as  allcopathic.  and  in  that 
way  the  name  "allopathists"  has  erroneously  come  to  be  applied  to  the  great  body  of 
physicians  who  necessarily  reject  the  Hahnemannian  dogmas.  It  is,  of  course,  repudiated 
by  them.  As  the  writer  has  elsewhere  said,  "The  only  title  we  claim  is  'physician' — 
anything   more   belittles   it." 

The  terms  "regular"  and  "irregular" — "old  school"  and  "new  school,"  etc.,  are  like- 
wise to  be  repudiated,  either  because  of  their  offensiveness  on  the  one  hand,  or  of  their 
inaccuracy  on  the  other  hand. 

That  Hahnemann  was  right  in  opposing  the  unnecessary  bloodlettings,  purgings, 
blisterings,  sweatings  and  druggings  of  his  day  may  be  granted,  without  condemning 
necessary  bloodletting,  purging,  blistering,  sweating  and  drug-giving  then  or  now.  That 
his  endeavor  to  "prove"  drugs  by  observing  their  action  on  normal  persons  was,  in 
essence,  a  scientific  method,  may  likewise  be  granted,  without  overlooking  its  essentially 
faulty  technic  or  accepting  its  largely  erroneous  results  or  the  faulty  conclusions  often 
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drawn  therefrom.  The  truth  may  be  admitted  that  in  ability  to  envisage  and  analyze 
known  facts  and  to  synthetize  into  general  statements  the  results  of  such  analysis,  the 
founder  of  homeopathy  was  superior  to  the  ordinary  mind,  though  inferior  to  the  greatest 
minds,  among  the  physicians  of  his  day.  Unfortunately,  he  failed  lo  realize  the  necessity 
of  testing  theory  by  accurately  controlled  experiment;  or  to  see  that  despite  the  imper- 
fections of  the  physiologic  and  pathologic  data  of  the  time  their  indiscriminate  rejection 
offered  no  more  secure  basis  than  their  indiscriminate  acceptance,  for  a  dogmatic  philos- 
ophy. 

The  bitter  controversies  which  drove  him  out  of  the  ranks  of  catholic  medicine  to 
become  the  founder  of  a  "new  school,"  based  upon  the  exclusive  doctrine  of  "similars" 
and  the  exclusive  practice  of  administering  "potencies"  are  much  to  be  regretted.  They 
have  had  both  good  and  bad  results. 

Among  the  good  results  were  (a)  the  demonstration  on  a  large  scale  of  two  facts 
of  cardinal  importance — (1)  the  limited  number  of  medicinal  specifics,  and  (2)  the  innate 
recuperative  power  of  the  organism — i.e.,  the  tendency  of  persons  acutely  ill  to  get  well 
when  recovery  is  not  hampered  by  unwise  medical  meddling,^  and,  (b)  in  connection 
therewith,  substantial  contributions  to  dietetics  and  to  the  hygiene  of  the  sick-room. 

Among  the  ill  results  were  needless  and  humiliating  acrimonies  that  have  survived — 
albeit  in  attenuated  form — almost  to  this  instant;  but,  above  all,  two  opposite  errors  In 
investigation:  (1)  The  diversion  from  the  main  road  of  medical  research  and  progress 
into  blind  alleys  and  bypaths  leading  nowhere,  of  a  number  of  keen  intellects  whose 
studies  might  have  added  much  to  the  sum  total  of  useful  diagnostic  and  pharmacologic 
knowledge,  and  (2)  the  ignoring  by  "orthodox"  medicine  of  many  empirically  established 
facts  concerning  the  actions  and  uses  of  medicaments,  accumulated  by  generations  of 
acute   observers,  and   doubtless  having   important  bearings   in   practice. 

Fault,  therefore,  lies  on  both  sides. 

Neither  in  passing  judgment  upon  scientific  hypothesis  nor  in  estimating  the  value 
of  experimental  and  clinical  observation — least  of  all  in  the  practical  exercise  of  his 
art — should  the  true  physician  submit  his  mind  or  his  hand  to  the  fetters  of  caste  or 
dogma,  whether  orthodox  or  heretic.  Established  principles  and  orderly  progress  are 
not  to  be  scouted  because  they  are  "old";  nor  facts  flouted  because  they  come  from  a 
source  contemned.* 

The  tendency  of  the  day  is,  happily,  to  bring  all  educated  practitioners  of  medicine 
back  into  one  common  body,  where  differences  of  opinion  and  experience  can  be  dis- 
cussed in  the  light  of  common  and  established  knowledge,  and  truth  thus  made  evident. 
This  tendency  is  to  be  encouraged  until  finally  the  only  distinction  shall  be  between 
physicians  and  pretenders — and  with  this  the  State,  not  the  profession,  must  deal. 

The  purpose  of  "homeopathic"  treatment — if  we  may  translate  Hahnemann's 
eighteenth  century  terminology  into  our  own — is  to  induce  a  physiologic  reaction  which 
shall  be  directed  against  the  drug-action;  and,  being  in  excess,  shall  thus  overcome  the 
similar  morbid  phenomena  present.^  Accordingly,  the  drug  chosen  is  theoretically  one, 
which,  if  given  in  appreciable  doses  to  a  healthy  person,  would  produce  a  "totality  of 
symptoms"  resembling,  but  not  identical  with,  the  totality  of  symptoms  presented  by  the 
patient.  The  "single  remedy"  is  thus  the  ideal.  In  practice  a  number  of  remedies  may 
be  associated — commonly  by  alternate  use. 

The  Hahnemannian  doctrine  is  expressed  in  the  phrase  similia  similibus  curantur — 
"likes  are  cured  by  likes."  We  have  seen,  and  shall  see  further,  that  this  statement 
contains  a  partial  truth.  That  it  is  inadequate  as  an  exclusive  rule  of  practice  is 
demonstrated  by  the  fact  that  some  of  the  most  eminent  graduates  of  the  homeopathic 
schools  have  largely  abandoned  it — often  using  the  same  remedies,  In  the  same  doses, 

^  This  is  indeed  one  of  the  "ironies  of  fate" — that  through  the  impotence  of  his 
"potencies"  the  disciples  of  Hahnemann  should  have  proved  beyond  the  doubting  powers 
of  Xeno  himself  the  existence  and  efficacy  of  that  very  ''vis  medicatrix  naturw,"  which  in 
the  "Organon"  of  their  Master  is  so  scathingly  ridiculed. 

*  "Never  be  afraid  to  learn,  even  from  a  quack  or  an  old  woman,"  said  Benjamin 
Rush. 

"I  have  journeyed  far,  studied  and  observed  much.  I  have  consorted  with  princes 
and  beggars,  burghers  and  soldiers,  gypsies  and  witches,  thieves  and  vagabonds,  hang- 
men and  harlots,  and  also  with  learned  professors;  and  everywhere  and  from  all  have  I 
learned   something — even   from   the   professors."     Paracelsus. 

^  In  this  purpose  it  resembles  the  method  to  which  some  teachers  of  the  last  century 
applied  the  term  "substitutive  action." 
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and  for  the  same  purposes,  as  physicians  in  general.  Nevertheless,  they  retain  some  of 
the  old  homeopathic  methods,  especially  in  the  administration  of  drugs  by  means  of 
powders,  tablet  triturates  and  solutions  (the  latter  often  poured  upon  "blank"  globules 
of  milk  sugar),  attenuated  or  diluted  upon   the  decimal  system. 

One  part  of  a  medicinal  substance  thoroughly  triturated  with  nine  parts  of  milk 
sugar  is  the  first  (decimal)  trituration,  expressed  as  (1  x);  one  part  of  this  with  nine 
parts  of  diluent  is  the  second  decimal  (2x);  one  part  of  this  with  nine  parts  of  the 
inert  substance  makes  the  third  decimal  (3x)  trituration,  and  so  on.  Liquids  are  simi- 
larly dissolved  in  increasing  quantities  of  alcohol,  making  1  x,  2  x,  3  x,  solutions,  etc. 

As  the  denomination  of  a  fraction  representing  the  quantity  of  medicine  in  a  given 
bulk  of  powder  or  solution  increases  geometrically  as  the  powers  of  10  (thus  1/10,  1/100, 
1/1000,  1/10,000,  1/100,000,  etc.),  it  will  be  seen  that  the  higher  "dilutions"  or  "potencies" 
— for  example,  100  x,  in  which  the  denominator  contains  100  ciphers — must,  except  in 
the  rarest  instances,  be  practically  inert.  Even  in  4th  and  5th  decimal  dilutions,  when 
a  drop  of  solution  would  represent  only  1/10,000  or  1/100,000  of  a  drop  of  the  original 
medicinal  preparation,  the  primary  activity  must,  in  most  cases,  be  lost;  and,  even  the 
power  of  inducing  secondary  reactions,  except  in  the  case  of  very  powerful  substances 
and  considerable  quantities  of  the  dilution,  be,  at  least  dubious.  Still  less  must  be  the 
activity  recognizable  in  the  "centesimal"  potencies  (Ic,  2c,  3c,  4c,  etc.),  in  which  the 
successive  denominators  are  powers  of  100— thus,  100;  10,000;  1,000,000;  100,000,000,  etc.« 

Nevertheless,  it  is  a  fact  that  positive  neurovascular  reactions  can  be  induced  with 
such  substances  as  epinephrine  in  very  minute  amounts;  that  one-twentieth  part  of 
one-millionth  grain  of  protein  may  so  sensitize  a  guinea-pig  that  a  second  injection  will 
produce  toxic  symptoms  (anaphylaxis);  and  that  the  quantity  of  musk,  for  example, 
capable  of  stimulating  the  olfactory  nerve  is  so  small  as  to  be  not  only  immeasurable, 
but  incalculable.  Facts  like  these,  while  they  do  not  alter  the  necessity  of  proof,  and 
while  they  do  not  obscure  the  difference  between  a  simple  element  like  carbon,  or  a 
binary  compound  like  sodium  chloride,  and  the  complex  organic  molecules  concerned  in 
our  illustrations  must,  at  least,  prevent  dogmatic  denial  of  any  well-established  fact 
of  clinical  observation  concerning  the  effect  of  homeopathic  medication. 

The  principle  of  "similars,"  however,  does  not  appeal  to  us  as  one  capable  of 
extended  application.  Certainly  in  the  present  state  of  knowledge  it  is  not  susceptible 
of  many  exact  uses. 

To  any  special  disease-form,  as  such,  it  cannot  apply,  for  In  maladies  it  is  usually 
the  etiology,  in  affections  the  pathology,  that  must  control  treatment.  The  symptoms 
are  of  importance  chiefly  as  they  indicate  their  origin.  When  symptomatic  medication 
is  called  for  it  is  to  overcome  some  special  danger  or  distress,  not  to  mask  the  progress 
of  the  case  as  a  whole.  Moreover,  the  "totality  of  symptoms"  of  remedies — that  is  to 
say,  their  entire  range  of  influence — by  no  means  corresponds  with  the  ''totality  of 
symptoms"  of  recognized  disease  forms.  The  recognition  of  this  fact  has  indeed  led 
homeopathists  to  an  exaggerated  individualizing  of  cases,  formerly  to  a  neglect  of 
diagnosis  and  pathology,  that  is  now  happily  amended. 

A  patient  wath  typhoid  fever  may  or  may  not  vomit  or  cough;  may  or  may  not  be 
apathetic;  may  or  may  not  complain  of  pains.  To  the  orthodox  homeopathist  (for 
heresies  have  their  heretics),  the  cough,  or  vomiting,  or  apathy,  or  pain,  or  their  com- 
bination would  be  an  important  factor  in  the  "totality  of  symptoms"  to  which  some  one 
remedy  must  be  found  to  correspond.  To  the  physician  unfettered  by  dogma  such  symp- 
toms might  or  might  not  be  important  enough  to  call  for  modification  of  his  general 
plan  of  treatment  which  is,  in  essence,  etiologic  or  prognostic.  Much  would  depend 
upon  the  proximate  cause  or  causes  of  the  symptoms  in  question.  They  might  call  for 
drug  treatment,  physical  treatment,  or  no  treatment;  they  might  be  treated  causally  or 
symptomatically. 

It  is  thus  only  for  the  management — usually  temporary — of  symptoms  as  such,  and 
upon  the  plan  of  oppositional  stimulation,  that  drugs  may  be  employed  both  "homeo- 
pathically"  and  rationally.  The  use  of  "viroids"  as  specific  stimuli  to  the  production 
of  immunizing  bodies  is  not  homeopathic,  but  "isopathic,"  and  rests  upon  an  entirely 
different  principle,  set  forth  in  the  appropriate  connection. 

"  Speculations  as  to  the  possible  relation  of  "potentization"  with  rupture  of  mole- 
cules and  liberation  of  electrons  have  been  Indulged  in.  This  is  a  question  of  fact  not 
of  theory,  and  until  there  is  physical  demonstration  of  the  fact,  discussion  based  on  It 
leads  nowhere.    One  should  not  deny  its  possibility.    None  can  affirm  its  existence. 
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Homeopathists  have,  however,  a  number  of  empirically  useful  applications  of  drugs 
which  it  would  be  worth  while  for  other  physicians  to  study  more  seriously  than  they 
have  hitherto  been  inclined  to  do.  Among  the  drugs  which  the  homeopathists  use 
efficiently  and  others  employ  but  rarely  are,  for  example,  rhus  toxicodendron,  hryonia 
and  thuja.  On  the  other  hand  one  who  has  seen,  as  has  the  writer,  a  patient  with 
anasarca  and  pulmonary  edema,  consequent  upon  mitral  regurgitation,  suffering  for  days 
with  intense  distress  that  could  unquestionably  have  been  relieved  by  the  proper  use  of 
digitalis,  yet  kept  upon  "arsenicum  30"  because  edema  is  among  the  toxic  effects  of 
arsenic — one  who  has  seen  this  can  have  little  patience  with  such  superstitious  adherence 
to  a  blind  routine.  "Arsenicum,"  indeed,  seems  to  be  a  favorite  prescription  with 
"similia"  worshippers.  Thus  in  a  case  of  acute  lobar  pneumonia  attended  with  epi- 
gastric pain  and  nausea  it  had  been  administered — needless  to  say,  without  relief — 
because  epigastric  pain  and  vomiting,  like  edema,  are  among  the  symptoms  of  arsenic 
poisoning.  This  sort  of  "symptom-matching"  is,  however,  going  out  of  vogue  among 
physicians  educated  in  modern  homeopathic  colleges.  It  is  for  these  trained  men  to 
study  critically  the  traditional  expedients  of  their  school,  to  select  those  whose  value 
can  best  be  demonstrated,  and  to  present  the  latter  to  the  general  medical  profession 
in  an  understandable  shape,  and  so  fortified  by  exact  observations — ^not  mere  statistics — 
as  to  convince  the  skeptical. 

Eclecticism. — Another  school  of  practitioners,  whose  doctrines  were  systematized 
chiefly  by  John  King,  uses  drugs  in  what  it  terms  a  "specific"  manner;  which  is,  how- 
ever, something  other  than  "specific  medication"  as  we  have  defined  it.  These  physi- 
cians»  call  themselves  "eclectic'' ;  but  the  term  is  not  etymologically  appropriate — in 
that  they  are  not  "choosers  of  the  best"  from  all  sources.  So  far  as  we  can  under- 
stand their  view,  they  devote  themselves,  like  the  homeopathists,  to  the  study  of  symp- 
toms rather  than  that  of  causes  or  of  pathologic  processes.  Their  reported  diagnoses 
are  far  from  pathologic  exactness,  and  indeed  their  philosophy,  like  that  of  Hahnemann, 
virtually,  if  not  in  terms,  ignores  both  diagnosis  and  systematic  pathology.  It  is  the 
symptoms,  or  collocation  of  symptoms,  presented  by  the  individual  patient  that  they 
seek  to  overcome,  irrespective  of  its  cause  or  mechanism.  They  therefore  choose,  and 
so  administer  medicines,  whether  in  large  or  small  doses,  as  to  beat  down  the  particular 
symptom  or  group  of  symptoms  that  appears  of  most  consequence,  and  it  is  this  sup- 
posed specific  applicability  of  drug  to  symptom  that  constitutes  the  "specificity"  of  their 
practice.    As  a  rule  they  use  concurrent  administration  when  associating  remedies. 

The  fallacy  of  their  reasoning  is  apparent.  Nevertheless  their  practice  is  attended 
with  considerable  success.  Here,  as  elsewhere,  art  outruns  science.  Needless  to  say, 
their  dietetic  and  general  hygienic  measures  are  such  as  all  good  physicians  employ. 
Moreover,  they  have  added  much  to  the  general  store  of  knowledge  concerning  the 
influence  of  drugs,  especially  the  indigenous  flora  of  the  United  States,  under  clinical 
conditions;  thus  enlarging  not  only  the  field  of  symptomatic — and  especially  of  palliative 
— medication,  but  also  the  resources  available.  We  have  gleaned  from  their  publica- 
tions a  number  of  highly  useful  expedients — among  which  may  be  mentioned  various 
applications  of  passiflora,  macrotys,  cactus  and  Crataegus — and  have  no  doubt  that 
many  other  of  their  empirical  applications  of  drugs  rest  upon  a  sound  basis  of  clinical 
observation.  A  study  of  "comparative  therapeutics"  from  books  alone  is  unsatisfactory; 
and  the  limitations  of  a  practical  study  are  too  obvious  to  require  mention.  Yet, 
within  the  necessary  limits,  such  a  study  would  prove  highly  useful. 

Dosimetry  (meaning  dose-measurement)  is  a  term  applied  by  Burgraeve  and  his 
followers  to  the  use  of  minute  but  definite  doses  of  single,  active  medicaments  (as  a  rule, 
alkaloids  and  other  potent  principles)  often  given  in  rather  quick  succession  and,  as  a 
rule,  in  the  form  of  pellets  of  solid  drugs,  or  drops  of  liquid  preparations,  the  latter 
being  well  diluted  with  water.  Association,  when  deemed  necessary,  is  attained  by 
concurrent,  and  commonly  alternating,  administration.  The  name — singularly  inept,  as 
a  designation  of  a  school  of  practice,  since  most  physicians  measure  the  dose — was 
apparently  adopted  to  distinguish  the  "dosimetric"  from  the  "homeopathic"  use  of 
globules  and  triturates;  the  latter  method  being — theoretically  at  least — concerned  with 
"potency"  and  paying  little,  if  any,  attention  to  quantity.  Professed  "dosimetrists" 
apparently  follow  the  "symptomatically  specific"  practice  of  the  eclectics — at  least  in 
the  majority  of  cases.  Apart  from  this,  and  apart  from  the  folly  of  erecting  an  expedient 
of  administration  into  a  "school"  or  "system,"  their  method  of  giving  medicine  has,  at 
times,  much  to  commend  it.  It  loses,  however,  the  great  value  of  natural  associations 
of  synergistic,  corrective  and  directive  principles,  often  preserved  in  crude  drugs  and 
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their  "galenical"  preparations.  Thus,  to  take  familiar  illustrations,  quinine  is  not 
cinchona;  morphine  is  not  opium;  strychnine  is  not  mix  vomica;  digitoxin  is  not 
digitalis. 

The  rational  method  of  utilizing  drugs  is  their  administration  at  such  time,  in  such 
way,  and  in  such  quantity  as  will  tend  to  further  a  definitely  conceived  and  useful 
purpose.  This  purpose  may  be  the  destruction  or  expulsion  of  a  parasite,  the  neutraliza- 
tion or  counteraction  of  a  toxic  substance,  or  some  other  method  of  combating  a  path- 
ogenic agent.  It  may  be  the  exaltation  or  depression  of  a  function  or  a  group  of  func- 
tions, temporarily  or  persistently,  directly  or  indirectly.  It  may  be  the  protection,  the 
destruction,  or  the  alteration  of  tissue.  It  may  be  the  modification  of  the  physical  state 
or  chemical  reaction  of  the  canals  and  fluids  of  the  body.  It  may  be  the  artificial  supply 
of  some  physiologic  product — as  an  enzyme  or  an  internal  secretion — lacking  in  the  sick 
person.  Its  accomplishment  may  be  sought  through  intracellular  change,  or  through 
environmental  action.  In  any  event  the  physician's  object  will  not  be  to  oppose  any 
symptom  or  group  of  symptoms  as  such,  but  to  oppose  or  favor,  evoke  or  modify  symp- 
toms as  they  appear  to  indicate  the  predominance  of  destructive  or  of  recuperative 
processes,  or  in  the  latter  case  as  they  appear  to  be  of  sufficient,  excessive  or  defective 
intensity.  In  so  doing  the  endeavor  will  always  be  made  to  control  many  secondary 
symptoms  through  the  effect  produced  upon  some  central  mechanism  rather  than  to 
give  a  separate  remedy  for  each  symptom.  Thus  the  anasarca,  the  ascites,  the  dyspnea 
of  cardiorenal  disease  may  all  disappear  under  the  influence  of  digitalis,  of  caffeine 
or  of  sparteine.  The  vertigo,  the  headache,  the  visual  disturbance,  the  epigastric  distress, 
the  air  hunger  of  arteriosclerosis  may  at  times  be  quickly  remedied  by  a  few  doses  of 
some  nitrite  and  prevented  from  returning  by  the  influence  of  diet  and  regimen,  aided 
perhaps  by  Crataegus  and  autocondensation.  The  pain  and  the  fever  of  acute  articular 
rheumatism  are  both  relieved,  if  not  dissipated,  by  the  action  of  a  salicylate.  In  none 
of  these  instances  is  the  remedy  one  which  influences  directly  the  particular  symptom, 
or  which  in  health  affects  directly  the  particular  organ,  tissue  or  physiologic  apparatus 
in  which  the  symptom  is  displayed.  In  other  instances — for  example,  the  relief  of  pain 
by  opiates — the  effect  is  more  direct,  but  in  each  instance  the  physician  has  selected 
the  remedy  most  applicable  or  most  available  under  the  conditions  present. 

The  writer  has  elsewhere  described  this  method  as  the  giving  of  the  right  drug  to 
the  right  patient  in  the  right  dose  and  the  right  way  at  the  right  time. 

In  rational  practice  the  influence  of  medicaments  upon  normal  animals  in  the 
laboratory  will  always  be  a  useful  basis  for  selection,  but  never  the  exclusive  one.  The 
modifying  factors  that  affect  the  influence  of  drugs  in  disease,  the  peculiarities  of  the 
case  and  of  the  patient  must  also  be  considered,  while  clinical  experience  will  finally 
determine  the  choice. 

A  necessary  general  warning  must  here  be  repeated.  Throughout  our  discussionB 
of  special  agents  we  shall  tell  of  what  may  be  accomplished  by  their  aid,  when  used 
rightly.  We  shall  only  occasionally  caution  the  student  against  using  them  wrongly. 
It  is  assumed  that  when  prescribed  under  the  conditions  and  for  the  purposes  set  forth, 
the  physician  has  first  made  as  complete  a  general  diagnosis,  clinical,  anatomic,  patho- 
logic and  etiologic  as  is  possible;  and  that  the  therapeutic  diagnosis  has  been  equally 
careful.  Only  after  he  is  satisfied  that  intervention  is  needed  and  of  the  direction  that 
it  should  take,  should  one  ask  himself  what  means  will  best  accomplish  the  purpose  in 
view.  It  may  be  simple  rest,  or  diet,  or  the  use  of  a  physical  force,  or  of  mental  sug- 
gestion— or  of  some  or  all  of  these  reenforced  by  a  drug  or  drugs — or  it  may  be  only 
or  chiefly  drug  action.  If  a  medicament  be  indicated,  the  physician  having  chosen  and 
prescribed  it,  must  watch  its  effect  carefully,  lest  it  harm  instead  of  helping.  Knowing 
he  is  right  he  need  not  fear  or  hesitate  to  use  the  potent  influence  of  drugs  to  exalt  or 
to  restrain  function,  to  destroy  or  alter  tissue,  but  over-stimulating,  over-restraint,  over- 
meddling  of  any  and  every  kind  must  be  avoided.  After  all,  it  is  the  innate  power  of 
the  organism  upon  which  he  must  depend  for  restoration  of  health.  Whip,  spur,  call — 
rein,  curb  and  steadying  word,  applied  aright  may  urge,  sustain  and  guide  to  victory. 
But  it  is  the  horse  that  must  win  the  race;  the  rider  can  only  help — or  hinder. 
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Administration  of  Drugs 

Medicines  may  be  administered  for  local  effect,  for  systemic  effect,  or  for 
both. 

By  local  effect  is  meant,  primarily,  action  upon  a  tissue  at  the  point  of  applica- 
tion; by  systemic  effect  is  meant,  primarily,  influence  upon  nutrition  and  special 
functions  of  tissues  reached  by  way  of  the  circulation. 

For  purely  local  effect,  the  drug  must  come  into  contact  with  the  tissues  to 
be  affected  only;  for  systemic  effect,  it  must  pass  into  the  blood,  and  reach  all 
tissues. 

As  a  rule,  local  effect  is  sought  by  local  (external)  administration,  and 
systemic  effect  by  systemic  (internal)  administration.  Here,  as  elsewhere,  how- 
ever, there  is  a  borderland.  Certain  agents,  when  applied  locally,  may  be  absorbed; 
and  the  possibility  of  a  systemic  action  cannot  be  ignored.  Thus,  poisoning,  and 
even  death,  have  resulted  from  the  incautious  use  of  an  alcoholic  preparation  of 
fishberries  (Cocculus  indicus)  to  destroy  lice,  and  from  arsenic  applied  to  a  broken 
surface,  or  so  applied  as  to  fail  to  seal  the  tissues  by  the  reaction  it  excites.  On 
the  other  hand,  certain  regions  cannot  be  reached  except  through  the  blood  stream, 
and,  in  order  to  influence  them,  medicaments  must  be  administered  systemically 
(internally),  although  the  general  effects  of  these  drugs  on  function  or  tissue 
are  not  desired,  but  merely  those  which  are  developed  on  contact  with  a  special 
surface.  In  such  cases,  also,  the  entire  range  of  effect  must  be  taken  into  account. 
Iodine,  mercury,  the  plienol  group,  and  methyl  salicylate,  illustrate  both  categories. 
Applied  to  the  skin  as  disinfectants,  discutients,  or  anodynes,  they  must  pass 
into  the  blood  and  be  detected  in  the  urine;  and  indeed,  are  often  applied  to  the 
skin  for  absorption  and  systemic  effect.  Administered  internally,  they  may  give 
rise  to  local  effects  either  therapeutic  or  toxic  (irritant,  destructive)  at  the  points 
of  elimination.  Some  drugs,  of  which  oil  of  sandalwood,  turpentine,  myrtol, 
creosote  and  its  congeners,  and  methylene  blue,  are  familiar  examples,  are  indeed 
frequently  administered  by  mouth  solely  for  their  local  effect  in  the  urinary  or 
bronchial  tract  during  elimination. 

While  therapeutic  statements  concerning  the  doses  of  special  agents  for  sys- 
temic effect  under  given  conditions  are  necessarily  general,  and  merely  approxi- 
mations, statements  concerning  external  applications  can  be  more  nearly  exact. 
They  still  have,  however,  a  certain  elasticity,  authors  as  well  as  practitioners  pre- 
ferring to  err,  as  err  they  must,  on  the  safe  side. 

Local  Administration 

In  local  administration  the  agent  is  brought  directly  into  contact  with  the 
tissue  to  be  influenced.  It  is  termed  topical  application  when  made  to  the  sur- 
face; topical  injection  if  made  by  penetrating  the  surface.  The  term  injection, 
however,  is  not  always  restricted  as  here;  but  is  quite  commonly  applied  to 
douches,  enemas,  irrigations,  and  other  procedures  by  which  a  cleansing  or 
medicinal  solution  or  emulsion  is  made  to  flow  into  a  sinus  or  into  a  natural  canal 
(as  the  intestine,  vagina,  urethra,  ureter),  or  a  hollow  organ  (stomach,  bladder, 
uterus),  by  way  of  the  natural  passages,  without  piercing  the  tissues.  The  term 
instillation  is  used  to  denote  the  introduction  of  a  small  quantity  of  liquid,  gen- 
erally by  drops.  This  form  of  medication  is  more  particularly  applied  to  the 
lachrymal  duct,  the  conjunctival  sac,  the  external  ear,  and  the  upper  respiratory 
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passages.  We  include  such  injections  and  instillations  for  local  effect,  under  the 
general  head  of  topical  applications. 

Topical  applications  may  be  made  to  the  skin,  to  the  mucous  membranes  of 
the  alimentary  tract,  the  respiratory  tract,  the  genito-urinary  tract  and  to  the 
external  surfaces  of  the  eye  and  ear. 

Topical  injections,  in  the  restricted  sense,  are  made  into  cysts,  into  synovial 
and  serous  sacs,  into  the  spinal  canal  and  the  cisternal,  into  the  nerves,  and,  more 
rarely,  into  the  tissues  of  organs.  Such  injections  fall  mainly  under  the  domain 
of  surgery  and  need  receive  but  passing  mention  here.  Injections  of  various  kinds 
made  for  the  systemic  effect  of  medicaments  are  described  in  their  appropriate 
connections. 

Skin. — Topical  applications  to  the  skin  may  be  either  cleansing  or  medicinal. 
Thus,  lavements,  baths,  wet  compresses,  poultices  and  detergents,  and  even  mildly 
destructive  agents,  are  used  not  only  to  get  rid  of  dirt,  but  also  to  remove  scabs, 
clots,  pus,  dead  tissues  and  debris,  previous  to  the  application  of  protective  dress- 
ings or  more  active  remedies. 

Agents  applied  to  the  skin  may  be  divided  into  (a)  protectives  and  emollients, 
(b)  simple  sedatives,  (c)  astringents,  (d)  irritants,  (e)  destructives,  (f)  repara- 
tives, (g)  antipathogens,  (h)  anesthetics.  They  may  be  used  in  various  forms, 
differing  obviously  with  the  nature  of  the  agent  and  the  purpose  of  the  application. 

Thus,  liquids  may  be  undiluted,  suitably  diluted,  or  mixed  with  inert  or  emollient 
substances.  Solids  may  be  used  as  powders,  undiluted  or  mixed  with  an  inert  or  mollify- 
ing substance;  dissolved  or  suspended  in  a  liquid  to  form  a  lotion  or  a  liniment;  mixed 
with  water  or  mucilaginous  material  to  form  a  paste;  mixed  with  litharge,  olive  oil, 
resinous  substance  or  rubber,  and  spread  upon  leather,  linen  or  muslin  to  form  a  plaster 
(emplastrum) ;  incorporated,  with  or  without  solution,  in  an  oil  or  a  fatty  base  to  form 
a  pigment  or  unguent  (ointment,  cerate).  Proper  selection  of  an  ointment  base  is 
important.  Substances  intended  to  have  a  purely  topical  effect,  without  any  absorption 
by  the  skin,  should  be  incorporated  in  the  mineral  bases,  like  petrolatum,  or  a  base 
containing  parafBn,  wax,  or  spermaceti.  When,  however,  oleic  acid  is  added  to  a  petro- 
latum base,  as  in  the  so-called  saponified  petrolatums,  absorption  is  accelerated.  Oint- 
ments made  with  the  animal  fats ''  or  ordinary  vegetable  fats  are  always  more  or  less 
absorbable.  Oils  and  fats,  and  medicaments  resembling  these,  are,  of  course,  used  at 
times  without  the  addition  of  any  other  substance;  sometimes  as  protectives,  sometimes 
as  active  agents.  Either  solid  or  liquid  medicaments  may  sometimes  be  dissolved  in 
collodion,  especially  when  prolonged  contact  is  to  be  ensured  or  the  application  is  to  be 
restricted  to  a  definite  and  circumscribed  area. 

Protectives  and  Emollients. — The  intact  healthy  skin  rarely  calls  for  treat- 
ment, although,  after  bruises,  lotions  or  poultices  may  aid  in  preventing  inflam- 
mation, not  only  of  the  skin,  but  also  of  the  deeper-lying  tissues.  Simple  inflam- 
mations of  the  skin,  due  to  local  irritation,  as  sunburn  and  intertrigo,  may  be 
commonly  treated  with  powders  or  with  lotions  which  dry,  leaving  a  powdery 
coating.  Ulcers  often  demand  protective  treatment,  either  by  powders,  oint- 
ments, or  plasters.  Wounds  may  be  protected  by  dry  dressings,  cloths  wet  with 
antiseptic  solutions,  or,  if  small  and  not  infected,  may  be  sealed  with  collodion. 

Oiled  silk,  gutta-percha  tissue,  rubber  dam,  waxed  or  paraffined  paper, 
Cargile  membrane  and  silver  leaf,  although  not  drugs,  may  be  mentioned  in 
passing. 

In  the  treatment  of  burns,  exclusion  of  the  air  is  often  an  important  object; 
for  this  purpose,  a  mixture  of  paraffin  with  wax,  resins  and  oil  of  amber,  known  as 

'Lard  is  to  be  avoided,  in  many  instances,  especially  cases  of  acute  inflammation, 
as  by  its  decomposition,  irritating  fatty  acids  are  developed. 
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ambrine,  and  various  substitutes  for  it,  are  applied  in  a  molten  state,  by  spraying 
or  otherwise,  and  allowed  to  harden  in  situ.  The  neutralization  of  acids  by  weak 
alkalies,  and  of  alkalies  by  weak  acids,  may  be  considered  as  a  process  of  protection. 
Fats  and  oils,  animal,  vegetable  and  mineral,  are  used  either  purely  for  their 
emollient  properties,  or  as  an  emollient  basis  for  sedative  and  other  medicaments, 
in  the  treatment  of  various  forms  of  irritation,  inflammation,  and  solution  of 
continuity  of  the  skin. 

Simple  Sedatives. — Some  cutaneous  lesions,  especially  those  attended  with 
burning  and  itching — as  hives  and  the  dermatitis  of  scarlet  fever,  various  forms 
of  pruritus  without  obvious  lesion,  and  certain  kinds  of  ulcers — may  need  greater 
palliation  than  can  be  afforded  by  the  protectives  and  emollients,  but  not  require 
the  more  active  anesthetics.  Oils,  pastes,  ointments,  or  lotions,  containing  such 
agents  as  phenol,  menthol  and  alkalies,  may  be  applied.  In  the  case  of  ulcers, 
powders,  ranging  in  anodyne  effect  from  boric  acid  to  orthoform,  are  often  used. 

Astringents. — Astringents  are  commonly,  but  not  always,  used  in  solution. 
Thus,  zinc  oxide,  or  its  impure  form,  calamine,  may  be  applied  as  powder,  sedi- 
mentary lotion,  paste,  or  ointment ;  tannic  acid,  as  powder  or  glycerite.  Vegetable 
drugs  dependent  on  tannin  for  their  action  are  frequently  made  into  ointments. 
To  restrain  bleeding  from  a  slight  cut,  alum  is  sometimes  used  in  substance  or 
as  powder.  Special  forms  of  coagulants,  used  to  restrain  hemorrhagic  oozing  in 
scurvy,  hemophilia,  and  similar  conditions,  are  applied  in  liquid,  in  powder,  in 
paste,  or  dissolved  in  collodion.  .^nj-IT 

Irritants. — Irritant  agents  may  be  applied  to  the  skin  for  the  purpbse  of 
inducing  local  reactions  varying  from  hyperemia  to  vesication.  These  are  some- 
times intended  to  reawaken  local  healing,  as  in  the  case  of  indolent  ulcers,  but,  as 
a  rule,  the  therapeutic  result  sought  by  such  applications  is  the  modification  of 
morbid  processes  in  the  underlying  tissues,  or  in  organs  at  a  distance.  Similarly, 
poultices  may  be  applied  for  the  purpose  of  maintaining  heat  in  subcutaneoUiS 
tissues  and  underlying  organs,  and  sometimes  to  promote  suppuration,  in  boils, 
carbuncles,  infected  glands,  etc.  The  latter  effect  is  sometimes  aided  by  the  use 
of  so-called  stimulating  ointments,  as  in  the  well  known  compound  resin  cerate, 
or  Deshler  salve. 

Destructives. — Local  application  of  destructive  medicaments,  although  largely 
supplanted  by  x-rays,  radium  and  electric  fulguration,  is  still  employed,  at  times, 
in  the  treatment  of  certain  chronic  lesions  of  the  skin,  as  indolent  ulcers,  benign 
tumors,  warts,  keratoses,  and  even  some  forms  of  syphilitic  lesions  and  superficial 
epitheliomata.  Solutions  of  salicylic  acid,  lactic  acid,  etc.,  in  collodion,  are  era- 
ployed  in  the  treatment  of  corns. 

More  active  cauterizing  agents,  such  as  silver  nitrate,  chromic  acid  and  cupric 
sulphate,  may  be  applied  in  solution  or  in  substance.  These  agents  are  used  also  to 
form  protective  eschars,  through  the  reaction  of  the  tissues  to  their  limited  de- 
structive effect;  an  illustration  of  what  we  have  elsewhere  termed  the  secondary 
influence  of  drugs.  Trichloracetic  acid,  nitric  acid,  potassium  hydroxide,  zinc 
chloride  and  similar  agents,  may  be  applied  either  in  pure  state,  or  in  more  or 
less  concentrated  solution,  depending  upon  the  activity  of  the  substance  and  the 
degree  of  tissue  destruction  desired.  Arsenic  is  applied  to  certain  forms  of 
epithelioma  in  the  form  of  paste. 

Reparatives. — Commonly,  after  extensive,  and  sometimes  after  limited,  de- 
struction of  tissue,  it  may  be  necessary  to  facilitate  healing  by  means  of  topical 
applications  which  increase  the  nutrition  of  the  parts  (as  preparations  of  blood), 
or  to  stimulate  reproduction  of  epidermis  (as  picric  acid  or  scarlet  red). 
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AntipatJiogens. — All  the  parasiticides  are  used  on  the  skin,  most  commonly 
as  oleates  or  ointments,  sometimes  as  lotions.  The  antiseptics  most  frequently 
applied  are  iodine,  mercuric  chloride  and  organic  mercurials,  sodium  hypochlorite, 
or  thiosulj)hate,  boric  acid  and  j)henol,  with  its  congeners,  creosol,  resorcin,  etc. 
The  method  of  application  will  ditt'er  witli  tlie  lesion  and  the  agent.  Powders, 
ointments,  and  solutions  in  alcohol,  water  or  other  solvents,'*  are  the  most  frequent 
forms. 

Anesthetics. — The  drugs  thus  far  considered  exert  their  influence,  as  a  rule, 
with  little  or  no  penetration.  Anesthetics,  however,  to  be  effective,  nmst  enter 
the  skin  as  far  as  the  termination  of  the  sensory  nerves.  A  few  drugs,  especially 
certain  aromatics  and  essential  oils,  penetrate  the  intact  skin  (phenol,  menthol), 
but  in  most  cases,  the  agent  is  given  by  subdermal  injection.  When  a  toxic  anes- 
thetic, such  as  cocaine  or  novocaine,  is  used,  it  is  best  to  associate  with  it  epine- 
phrine, which,  by  inducing  or  recnforcing  a  local  anemia  (ischemia),  delays  escape 
of  the  drug  into  the  general  circulation.  Painful  ulcers  may  frequently  be 
soothed  by  the  application  of  almost  insoluble  powders,  e.g.,  acetanilid,  which  are 
not  commonly  classed  with  the  local  anesthetics. 

Alimentary  Tract. — The  method  of  administration  of  drugs  intended  to 
exert  a  local  influence  on  the  alimentary  tract  will  differ  according  to  the  part  on 
which  their  influence  is  to  be  exerted. 

For  local  influence  in  the  mouth,  either  liquids  (mouth  washes)  or  soluble 
tablets  (lozenges)  may  be  employed.  Compressed  tablets  of  potassium  chlorate 
(potash  tablets)  in  ulcerative  stomatitis  are  a  familiar  example.  In  the  pharynx, 
the  same  methods  are  available  as  in  the  mouth,  and,  in  addition,  gargles  and 
coarse  sprays  from  an  atomizer  may  be  employed.  More  active  drugs,  such  as 
tincture  of  iodine  or  silver  nitrate  in  solution,  or  agents  of  the  phenol  group,  may 
be  applied  directly  with  a  cotton-wrapped  applicator.  Chromic  acid,  when  used 
as  a  cauterant  in  the  treatment  of  enlarged  tonsils,  is  fused  on  an  applicator. 
Lunar  caustic  (silver  nitrate)  may  be  similarly  used. 

It  is  hardly  necessary  to  remind  the  reader  that  all  soluble  drugs  admin- 
istered by  mouth  for  systemic  effect  are  likely  also  to  influence  the  mucosa  of 
the  stomach.  Solutions  may  also  be  administered  for  a  primary  local  action,  in 
which  case  agents  must  be  chosen,  which  are  either  devoid  of  marked  systemic 
influence  or,  at  all  events,  have  no  undesirable  effect. 

Thus  in  certain  nervous  disorders,  e.g.,  tabetic  crises,  Graves'  syndrome  and  in  some 
febrile  maladies,  typhoid,  influenza,  pneumonia,  for  example,  there  may  be  a  type  of 
vomiting  susceptible  to  control  by  interrupting  the  reflex  through  anesthetization  of 
the  pneumogastric  terminals.  Cocaine  solution  (0.03  Gm.  —  0.5  grain  in  a  teaspoonful 
of  water),  or  apothesine  (0.1  Gm.  — 1.5  grains)  may  be  used  for  this  purpose,  some 
15  or  20  minutes  before  food  is  given,  and,  as  a  rule,  the  systemic  action  of  the  drug 
proves  beneficial  rather  than  the  reverse.  Certain  forms  of  gastric  hemorrhage  may  be 
controlled  by  the  administration  of  epinephrine  (4  cc.  —  1  fluidrachm  —  of  a  1:  1000  solu- 
tion)  which,  given  in  this  way,  has  a  local  effect  only. 

Bulky  powders,  such  as  bismuth  subcarbonate,  spread  over  the  wall  of  the 
stomach,  exert  a  soothing  influence,  in  certain  cases  of  inflammation  and  ulcer. 
More  rarely,  pills  of  silver  nitrate  are  given,  to  stimulate  healing  of  gastric 
lesions.  As  a  rule,  no  special  limiting  or  localizing  methods  are  used,  but,  in 
case  more  controlled  medication  is  desirable,  a  stomach  tube  may  be  passed  and 

'Thus,  tincture  of  iodine  or  acetone-iodine  may  be  painted  on  the  skin  with  brush 
or  cotton;  the  solvent  evaporates  and  there  is  left  a  coating  of  the  element. 
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the  drug  applied  through  this  to  the  part  of  the  mucosa  to  be  influenced.  The 
description  of  special  intragastric  brushes,  electrodes  and  so  forth,  hardly  belongs 
to  the  scope  of  this  work.  When  the  drug  is  not  intended  to  affect  the  mucous 
membrane  of  the  stomach,  but  to  be  liberated  upon  the  intestinal  surface,  for 
local  effect  there,  or  when  it  is  desired  (as  in  the  case  of  a  ferment,  such  as  trypsin) 
to  protect  it  from  destructive  action  of  the  gastric  juice,  resort  is  had  to  the  special 
expedients  described  under  Systemic  Administration. 

Topical  applications  to  localized  areas  in  the  rectum  and  lower  colon  may 
be  made  through  a  rectal  speculum,  sigmoidoscope,  or  proctoscope.  A  common 
method  of  medicating  these  parts,  as  well  as  of  cleansing  them,  is  to  introduce  a 
fluid  through  a  tube  passed  into  the  rectum.  This  sort  of  application  is  known  as 
an  enema  or  clyster.  To  obtain  the  greatest  degree  of  efficacy,  and  to  avoid  injury 
to  the  bowel,  certain  precautions  are  necessary:  (1)  The  patient  must  be  in  correct 
posture;  (3)  the  pressure  of  the  fluid  must  not  be  too  great;  (3)  the  fluid  must  be 
at  the  proper  temperature;  (4)  The  medicament  must  be  thoroughly  dissolved  (or 
suspended)  and  distributed  in  the  menstruum. 

While  the  rectum  may  be  cleansed  fairly  well  by  an  enema  given  with  the 
patient  in  a  sitting  posture,  better  results  are  obtained  when  the  patient  is  recum- 
bent, with  the  buttocks  elevated.  The  fluid  then,  by  gravity,  enters  the  sigmoid 
and  the  descending  colon.  When  it  is  necessary  that  the  fluid  should  reach  the 
transverse  colon,  the  patient  must  assume  the  knee-chest  posture.  When  oil  is 
given,  to  he  retained.,  the  patient  should  remain  on  his  back,  with  the  hips  elevated 
some  8  to  10  inches,  for  about  30  minutes,  and  then  turn,  still  maintaining  the 
elevation,  upon  the  right  side  for  fifteen  minutes,  and  then  upon  the  left  side,  for 
fifteen  minutes.  Or,  the  patient  lying  flat,  the  foot  of  the  bed  or  mattress,  may 
be  elevated.  In  typhoid  fever,  and  other  debilitating  states,  the  latter  methods  are 
preferable.  Attempts  to  introduce  a  flexible  tube  into  the  rectum  further  than 
six  inches  may  result  in  the  tube  kinking  upon  itself,  thus  defeating  the  object 
of  its  employment."  The  reservoir  containing  the  fluid  should  be  elevated  not 
more  than  two  feet  above  the  buttocks.  Undue  rapidity  of  the  flow  excites  irrita- 
tion and  contraction  of  the  rectum,  and  consequent  premature  expulsion  of  the 
fluid. 

For  ordinary  purposes  the  fluid  should  be  warm  (98°  to  100°  F.).  A  tem- 
perature above  110°  F.  is  likely  to  cause  irritation  and  inflammation.  Enemas  of 
cold  water  (40°  to  50°  F.)  are  well  tolerated  and  are  useful  not  only  in  the  treat- 
ment of  hemorrhoids  and  other  forms  of  congestion,  but  sometimes  act  as  a  hepatic 
and  peristaltic  stimulus. 

The  selection  of  the  vehicle  for  an  enema  is  of  primary  importance.  Water 
is  preferable.  Solution  should  be  complete.  Strong  solutions  of  irritating  sub- 
stances, as  silver  nitrate,  should  be  avoided.  Medicaments  insoluble  in  water  may 
be  dissolved  in  bland  oil  or  suspended  in  water  with  the  aid  of  gums,  soap  and 
starch. 

Respiratory  Tract. — Topical  medication  of  the  respiratory  tract  may  be 
direct  or  indirect,  diffuse  or  localized.  The  same  general  principles  apply,  whether 
the  medicament  is  introduced  into  the  nasal  passages,  the  respiratory  pharynx, 
the  larynx,  trachea,  or  bronchi.  Direct  localized  application  of  medicaments  by 
instrumental  manipulation  of  any  kind  should  be  done  only  by  the  physician  or  a 
trained  attendant,  and  if  it  involves  the  passage  of  the  instrument  beyond  the 

"The  technique  of  high  colonic  lavage,  and  that  of  the  copious  cleansing  irrigations, 
sometimes  employed,  are  not  here  under  consideration. 
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epiglottis,  a  fortiori  beyond  the  vocal  bauds,  only  by  a  specially  skilled  physician. 
Caustics,  such  as  chromic  acid  and  silver  nitrate,  are  conimoidy  fused  upon  suit- 
able curved  probes,  but  solutions  of  tlicse  or  milder  agents  of  the  same  or  other 
types,  may  be  applied  upon  cotton,  sponge  or  brush  securely  held.  Sprays  of 
aqueous  or  oily  solutions  may,  under  visual  guidance,  be  directed  upon  a  limited 
area,  or  over  a  considerable  surface. 

Syringing  is  sometimes  employed,  and,  in  the  nasal  passages,  douching.  The 
latter  is  not  to  be  conimendod  as  a  general  method,  involving  as  it  does  the  danger 
of  setting  up  an  inflammation  of  the  eustachian  tubes  and  even  an  otitis  media. 
It  is  permissible,  however,  to  instill  into  or  through  the  nose,  with  proper  care, 
and  preferably  drop  by  drop,  small  quantities  of  warmed  (37.5°  C,  100°  F.) 
aqueous  or  oily  solutions.  Only  exceptionally  and  from  necessity,  as  when  a 
tuberculous  laryngeal  ulcer  is  to  be  coated  with  iodoform,  should  ether  or  alcohol 
be  used  as  a  solvent  for  medicaments  to  be  applied  topically  in  the  air  passages. 
Solutions  should  not  commonly  be  concentrated,  especially  if  the  mucous  mem- 
brane is  acutely  inflamed,  or  the  agents  are  irritant,  as  in  the  case  of  menthol  or 
thymol.  An  exception  to  this  rule  is  to  be  noted,  however,  in  the  case  of  silver 
nitrate,  of  which  the  more  concentrated  solutions  (18  to  20  percent.)  are  often 
used  in  acute  conditions,  and  weaker  solutions  (2  to  5  percent.)  in  chronic 
affections. 

Insufflation  to-day  is  more  or  less  out  of  vogue  as  a  method  of  medicating  the 
larynx;  the  deposit  of  dry  powders  in  the  nasal  or  pharyngeal  cavities  is  rarely 
practiced.  Nevertheless,  it  is  to  be  borne  in  mind  among  possible  methods  under 
exceptional  circumstances,  especially  in  the  case  of  infants  or  children  who  will 
not  gargle  properly.     It  is  performed  as  follows : 

The  medicament  is  placed  in  a  flexible  or  suitably  curved  tube,  commonly  of  rubber, 
the  distal  extremity  of  which  is  brought  into  such  position  that,  when  the  contents  of 
the  insufflator  are  discharged,  the  powder  will  be  deposited  on  the  area  to  be  medfcated. 

Medicaments  may  be  applied  directly  and  with  more  or  less  circumscribed 
localization  to  the  trachea,  bronchi  and  even  bronchioles,  by  means  of  suitable 
forceps,  cotton  carriers,  insufflators,  syringes;  and  diffusely,  by  inhalation  methods. 
It  is  to  be  pointed  out,  however,  that  while  local  medication  and  cleansing  of 
the  larynx  and  even,  to  a  certain  degree,  of  the  trachea,  is  possible  with  a  spray 
under  laryngoscopic  guidance,  inhalation  cannot,  as  a  rule,  be  successfully  accom- 
plished with  the  ordinary  atomizer.  The  spray  is  not  in  a  fine  enough  state  of 
division ;  it  condenses  on  contact  with  the  pharyngeal  wall  and  does  not  enter  the 
larynx.  The  very  fine  spray  delivered  by  the  Alanson  nebulizer,  in  which  the  medi- 
cated fluid  is  heated  before  it  is  vaporized,  will  enter  the  larynx  and  penetrate  into 
the  bronchioles  and  pulmonary  vesicles;  and  so,  also  to  a  certain  extent,  will  the 
spray  of  a  steam  nebulizer  and  the  doubly  comminuted  spray  from  an  Oliver 
nebulizer,  or  some  of  its  modifications.  The  latter  instruments  are  most  efficacious 
with  oily  solutions,  or  solutions  containing  glycerin,  the  fine  cloud  remaining  sus- 
pended in  the  air  long  enough  to  be  drawn  in  with  the  act  of  breathing. 

A  simple  and  satisfactory  method  of  applying  certain  volatile  agents,  as  tincture  of 
benzoin  or  oil  of  eucalyptus,  to  the  mucous  membrane  of  the  lower  respiratory  tract,  is 
to  float  the  medicament  on  boiling  water;  the  steam  becomes  laden  with  the  volatile 
substance,  and  upon  inhalation  is  carried  to  the  bronchi,  and  sometimes  to  the  alveoli. 
A  bowl  or  pitcher,  with  an  air  space  above  the  surface  of  the  water  and  a  funnel, 
or  a  cone  of  paper  or  toweling  about  its  mouth,  is  sufficient  apparatus.  A  croup  kettle 
may  be  used.  Sometimes,  a  tent  is  made  about  the  patient's  bed,  and  medicated  (or 
unmedicated)  steam  diffused  through  the  enclosure.  At  times,  aqueous  or  medicinal 
vapors  are  simply  diffused  through  the  air  of  an  apartment. 
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Local  medication  through  the  bronchoscope  is  a  feat  requiring  special  skill 
and  training;  and  its  description  belongs  to  special  treatises.  Here  we  are  content 
to  mention,  in  passing,  the  excellent  results  of  such  treatment,  in  suitable  cases. 

Eye  and  Ear. — Applications  are  commonly  made  to  the  conjunctiva  by 
drawing  down  the  lid  to  form  a  cup,  and  dropping  a  solution  of  the  substance  to 
be  employed,  into  it.  Strong  solutions,  as  those  of  silver  nitrate,  are  used  on 
cotton-wrapped  applicators.  Ointments,  as  that  of  yellow  oxide  of  mercury,  may 
be  applied  to  the  lids. 

Topical  treatment  of  the  external  ear  may  be  practiced  by  use  of  delicate 
applicators,  by  applying  powders  by  means  of  special  powder  blowers,  or  by 
douching  with  watery  solutions.  Except  in  special  instances,  these  should  be  at  or 
slightly  above  body  temperature,  as  cold  and  very  hot  douches  may  cause  dizzi- 
ness by  action  on  the  internal  ear.  Douches  should  never  be  used,  unless  the 
drum  membrane  is  intact,  on  account  of  the  danger  of  injuring  the  middle  ear  or 
sinuses.  Dry  boric  acid  in  fine  powder  may,  however,  be  blown  in,  gently,  without 
danger.  Ointments  may  be  introduced  into  the  external  auditory  canal  on  cotton. 
Other  than  simple  applications  to  eye  and  ear  should  be  left  to  those  specially 
skilled. 

Genito-urinary  Tract. — Topical  applications  to  the  urethra  find  their  most 
frequent  use  in  the  treatment  of  urethritis,  especially  that  of  gonorrheal  origin. 
Their  description  belongs  to  the  domain  of  surgical  technique.  Solutions  of 
various  antiseptics,  silver  salts  for  example,  may  be  injected  through  a  syringe, 
introduced  deeply  enough  to  reach  the  infected  area,  or  may  be  used  on  special 
applicators.  Soft  ointments  may  be  injected  into  the  urethra,  or  those  of  firm 
consistence  may  be  inserted  as  bougies,  incorporating  soothing  or  antiseptic  agents. 
These  bougies  melt  in  situ,  and  gradually  release  the  medicinal  agents. 

The  bladder  may  readily  be  treated  with  liquids  or  solutions  introduced  by 
means  of  a  catheter.  In  cases  of  acute  or  chronic  cystitis,  lavage  with  a  solution 
of  boric  acid  or  very  dilute  silver  nitrate  is  often  of  great  benefit  and  may  be 
repeated  several  times  daily.  By  this  method,  the  organ  may  be  distended  and 
the  folds  of  the  mucosa  cleansed.  Intravesical  medication  through  the  cystoscope 
belongs  to  the  specialist. 

Topical  treatment  of  the  ureter  and  kidney  have  been  made  possible  by  the 
development  of  ureteral  catheterization — also  pertaining  to  the  skilled  specialist. 
In  cases  of  pyelitis,  the  ureteral  catheter  may  be  passed  into  the  pelvis  and,  after 
flushing  out  the  pus  with  saline  or  other  wash,  it  may  be  filled  with  a  one  percent, 
solution  of  mercurochrome,  or  other  appropriate  medicament,  which  is  retained 
for  five  minutes.  This  treatment  may  be  repeated  twice  a  week,  until  there  is  no 
longer  any  pus  in  the  urine.  The  topical  treatment  of  the  vagina  and  uterua  is 
discussed  at  length  in  textbooks  on  gynecology.  Here  it  will  suffice  to  note  that 
the  mucosa  of  the  vagina  is  readily  exposed,  and  may  be  treated  either  by  douches 
or  applications,  no  special  armamentarium  being  required.  The  inside  of  the 
uterus  may  be  reached  by  dilating  the  os  uteri,  if  this  is  not  patulous,  and  intro- 
ducing bougies  or  cotton-wicks  bearing  the  active  agent;  a  cotton-wrapped  appli- 
cator may  be  used  for  the  more  active  substances. 

Topical  injections  are  occasionally  made  into  serous  and  synovial  cavities 
and  into  the  spinal  canal.    A  few  illustrative  examples  may  be  given. 

In  cases  of  purulent  arthritis,  Churchman  inserts  a  large  cannula  into  the  joint  and, 
after  washing  repeatedly  with  salt  solution  under  pressure  until  the  washings  return 
clear,  distends  the  sac  with  a  1:  10,000  solution  of  gentian  violet.  This  is  left  in  for 
fifteen  minutes,  and  then  allowed  to  flow  out.    Half  the  amount  of  the  1:  10,000  solution 
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Is  then  run  in,  and  the  cannula  withdrawn.    The  treatment  may  be  repeated  in  a  week 
or  so  if  pus  collects  again. 

In  septic  infection  of  the  pleura,  a  similar  technique  may  be  used,  or,  if  the 
empyema  does  not  yield,  the  pleural  sac  may  be  opened  by  resection  of  a  rib  and 
the  solution  of  sodium  hypochlorite,  known  as  Dakin's  solution  may  be  employed 
by  intermittent  irrigation,  according  to  the  plan  used  in  wounds. 

Intraspinal  injection  is  practiced  by  withdrawing  a  portion  (commonly 
20  cc.)  of  the  spinal  fluid,  permitting  this  to  mingle  with  the  medicinal  solution 
in  a  sterile  syringe,  and  reinjecting.  Thus,  in  cases  of  syphilitic  meningitis, 
mercurial  solutions  and  solutions  of  arsphenamine  are  employed;  and  in  cases 
of  meningococcic  infection,  the  appropriate  serum.  When  intraspinal  pressure  is 
high,  a  certain  amount  of  the  fluid  should  be  withheld  from  reinjection. 

Injections  into  the  scrotum  (tunica  vaginalis)  are  made  in  cases  of  hydro- 
cele. Commonly,  the  sac  is  iirst  drained  through  a  cannula,  and  a  solution  of 
iodine  introduced,  the  object  being  to  cause  an  inflammation  of  the  walls  of  the 
sac,  witii  consequent  adhesions  and  closure.  A  similar  procedure  is  sometimes 
employed  in  the  treatment  of  the  so-called  "ganglion"  or  cystic  bursa. 

Injections  of  various  antiseptics  have  been  employed  in  the  treatment  of 
abscesses,  tuberculous  sinuses,  anal  fistulas  and  similar  cavities.  The  technique 
of  such  injections  need  not  be  discussed  here. 

Parenchymatous  injections,  i.e.,  injections  into  the  tissues  themselves,  are 
occasionally  utilized  for  local  treatment. 

Thus,  alcohol  may  be  introduced  into  a  nerve  for  the  relief  of  neuralgia.  The  skin 
having  been  anesthetized,  a  long  hypodermic  needle,  1  to  2  mm.  in  diameter,  with  stylet 
in  place,  is  passed  down  through  the  tissues  until  a  shoot  of  pain  or  a  twitching  of 
muscles,  supplied  by  the  nerve,  shows  that  the  latter  has  been  reached.  The  stylet  having 
been  withdrawn,  a  syringe  containing  alcohol,  sometimes  plus  0.5  percent,  cocaine,  is  then 
attached  to  the  needle,  and  the  alcohol  is  injected  slowly  until  anesthesia  is  found  to 
have  developed  in  the  skin  supplied  by  the  infiltrated  nerve.  In  the  treatment  of  facial 
neuralgia,  not  more  than  2  cc.  should  be  injected. 

Intramuscular  injections  are  at  times  used  for  topical  effect,  as  in  acute 
lumbago  and  acute  torticollis,  which  conditions  can  commonly  be  relieved  promptly 
by  the  introduction  of  a  solution  containing  1/G  grain  (0.01  Gm.)  of  a  morphine 
salt,  and  1/60  grain  (0.001  Gm.)  of  an  atropine  salt.  Simple  saline  solution  is 
sometimes  effective. 

A  more  important  procedure  is  the  injection  of  stimulating  medicaments — 
in  especial  epinephrine — into  the  heart  muscle  or  cavities.  The  purpose,  of 
course,  is  to  maintain  heart  function,  and  thus  the  life  of  the  whole  body,  but  as 
the  effect  is  produced  by  action  upon  cardiac  muscle  fibers,  it  may  be  considered 
among  topical  injections. 

Apparently  intracardiac  injection  was  introduced  by  Winter  in  1895.  Many  other 
stimulants,  such  as  camphor  oil,  caffeine,  glucosides  of  the  digitalis  group,  strophanthin, 
pituitrin  and  strychnine,  have  been  used  for  this  purpose,  but  none  seems  so  efficacious 
as  the  adrenal  principle  which  instantaneously,  by  direct  stimulation  of  the  heart, 
produces  a  powerful  contraction  of  the  whole  muscle. 

Technique.— According  to  Bodon,  the  site  of  election  is  the  fourth  interspace  to  the 
left  of  the  sternum,  one  finger-breadth  inward  from  the  left  border  of  the  relative  heart 
dullness,  or  somewhat  inward  from  the  apex  beat,  if  this  can  be  determined.  He  uses  a 
thin  needle,  8  centimeters  in  length,  inserting  it  cautiously  Inwards  and  upwards.  As 
the  needle  enters  the  heart  muscle  a  light  pendulum  movement  is  felt,  and  then  a  more 
stubborn  resistance,  as  the  heart  muscle  contracts  from  the  irritation  of  the  needle.  A 
little  deeper,  resistance  ceases  as  the  needle  enters  the  ventricle.     This  is  definitely 
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ascertained  by  aspiration  of  blood.  About  0.3  to  1.5  cc.  of  the  1:  1000  solution  of  epineph- 
rine (adrenalin  chloride)  is  injected.  The  method  is  not  to  be  used  in  hopeless  cases, 
such  as  cachexia  from  cancer  or  tuberculosis;  but  it  is  applicable  in  collapse  resulting 
from  embolism  of  the  coronary  artery;  valvular  involvement;  toxic  paralysis  of  the  heart, 
and  similar  conditions  in  which  there  may  be  a  fair  hope  of  continuance  of  life  if  the 
immediate  danger  can  be  overcome. 

Intracutaneous  injections  are  as  a  rule  made  for  diagnostic  rather  than  for 
therapeutic  purposes.  Vaccination  (with  cowpox  virus)  is,  however,  sometimes 
done  in  this  way. 

The  flexor  surface  of  the  forearm  having  been  washed  with  alcohol  and  dried,  a  very 
fine  hypodermic  needle,  V^  to  Va  inch  long,  attached  to  a  small  syringe  graduated  in 
tenths  of  a  cc,  is  introduced  between  the  layers  of  the  skin.  When  the  needle  is  in 
proper  position  the  opening  of  the  bevel  is  visible  through  the  epidermis. 

In  diagnostic  injections,  from  0.3  to  0.1  cc.  of  the  test  solution  is  thrown  into 
the  skin.  The  reaction  is  deemed  positive  when  there  develops  in  a  certain  time — 
differing  with  the  special  test — an  area  of  redness  from  1  to  4  cm.  (I/2  to  1^2  inches) 
in  diameter.  Failure  of  such  reaction  is  interpreted  as  a  negative  result  and  may 
be  accepted  as  such  in  most  instances,  if  one  is  sure  of  the  activity  of  his  mate- 
rials.   Saline  solution  may  be  injected  at  the  same  time,  nearby  as  a  control. 

Among  the  most  important  of  these  tests  is  that  of  Schick  for  determining 
susceptibility  to  diphtheritic  infection.  An  amount  of  diphtheria  toxin  equal  to 
1/50  of  the  fatal  dose  for  a  250  Gm.  (8  oz.)  guinea-pig  is  injected.  In  an  indi- 
vidual susceptible  to  diphtheria,  an  area  of  redness  and  tenderness  appears  a  day 
or  two  after  the  injection  and  lasts  several  days.  This  is  termed  a  positive  reac- 
tion. It  is  followed  by  scaling  and  a  brown  discoloration  that  persists  for  several 
weeks.  Absence  of  reaction  (negative  reaction)  indicates  that  the  individual  has 
sufficient  antitoxin  in  the  blood  to  protect  him  from  the  infection. 

Closely  resembling  the  Schick  test  is  the  more  recent  Dick  test  for  the  deter- 
mination of  susceptibility  and  immunity  to  scarlet  fever.  The  material  injected 
intracutaneously  is  secured  from  cultures  of  the  hemolytic  streptococcus  of  the 
scarlatinal  type.  A  slight  redness  of  the  skin  around  the  point  of  injection  indi- 
dates  a  positive  reaction,  i.e.,  the  patient  has  not  had  scarlet  fever,  or  is  in  the 
early  stages  of  the  affection.  The  reaction  becomes  less  marked  as  the  disease  pro- 
gresses and  is  absent  after  recovery.  A  control,  recommended  by  Zingher,  con- 
sists of  toxin  heated,  in  its  final  dilution,  at  the  boiling  point  for  one  hour. 

The  luetin  test  for  syphilis  is  similarly  made.  Luetin  is  a  suspension  of  the 
killed  microbes  of  syphilis  (Treponema  pallida),  in  a  broth  of  agar  and  ascitic 
fluid  bouillon.  For  use,  it  is  diluted  with  an  equal  volume  of  sterile  salt  solution 
and  0.07  cc.  injected  as  described.  In  normal  persons  a  slight  red  area  appears 
next  day,  not  accompanied  by  pain  or  itching.  This  is  a  negative  reaction.  The 
positive  reactions,  indicating  the  presence  of  syphilis,  are  much  more  severe 
than  those  occurring  in  the  tests  for  diphtheria.  There  are  two  common 
types,  the  papular  and  the  pustular.  The  papular  form  is  most  common  in 
hereditary  infections  and  in  persons  undergoing  mercurial  treatment.  The  pustu- 
lar form  is  seen  in  the  secondary  and  tertiary  stages  of  the  malady.  In  latent  and 
tertiary  lues,  the  results  are  positive  in  80  and  95  percent,  of  cases,  respectively. 
In  congenital  lues,  they  are  likely  to  be  negative  in  very  young  infants,  and 
become  positive  in  later  life.  Reactions  to  luetin  are  almost  unknown  in^other 
conditions,  when  the  test  is  properly  made.  After  clinical  recovery  the  luetin  reac- 
tion disappears  later  than  the  Wassermann  reaction. 
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Diagnostic  cutaneous  tests  are  also  of  importance  in  hay  fever,  asthma,  urti- 
caria and  even  eczema.  Since  the  etioloji^ic  role  of  hypersensitiveness  to  certain 
proteins  has  become  fully  recognized,  tests  have  been  introduced  to  aid  in  the 
verification  of  the  special  excitant  or  excitants  to  which  the  individual  patient  is 
responsive. 

For  this  purpose,  solutions  of  several  of  various  suspected  proteins — foods,  pollens, 
keratins,  dusts,  etc. — and  a  control  solution  (physiologic  saline)  are  injected  simul- 
taneously, an  inch  or  two  apart.  In  a  few  minutes  an  urticarial  wheal  will  form  around 
the  seat  of  injection  of  the  offending  protein  or  proteins.  A  positive  reaction  is  much 
more  severe  than  that  from  the  control  solution.'"  This  test  may  be  varied  by  making 
superficial  scratches  on  the  skin  and  rubbing  into  them  the  protein  wet  with  dilute  solu- 
tion of  sodium  hydrate.  The  urticarial  reaction  is  the  same  as  after  injection  of  the 
corresponding  solution.    The  control  test  is  made  with  sodium  hydrate  solution  alone. 

Systemic  Administration 

To  have  systemic  effect,  medicines  must  be  a})sorbed  into  the  blood  stream. 
Several  routes  or  channels  of  introduction  are  available.  Administration  by  way 
of  the  digestive  tract  is  enteral;  by  other  avenues,  parenteral. 

In  enteral  administration  the  medicament  may  be  introduced  in  any  one  of 
three  ways:  (a)  hij  mouth  {per  os),  to  be  swallowed,  for  absorption  from  the 
stomach  and  bowel;  (b)  by  stomach  or  duodenum,  through  the  medium  of  a  gastric 
or  duodenal  tube  (medicinal  intubation)  ;  (c)  by  rectum  or  colon,  through  a  tube 
(medicinal  enema)  or  by  direct  emplacement. 

Enteral  administration  exposes  the  drug  to  the  action  of  the  gastroenteric 
secretions,  or  the  liver,  or  both,  and  to  possible  deleterious  change  in  consequence. 
This  is  escaped  by  the  parenteral  method.  The  parenteral  method  is  also  adopted, 
if  feasible,  when  ingestion  is  impracticable;  or  to  obtain  a  prompt  effect;  or  when 
the  agent  employed  is  one  not  well  absorbed  from  stomach  or  bowel,  or  one  that,  if 
swallowed,  might  cause  local  irritation  or  injury.  With  certain  medicaments,  more- 
over, especially  the  "inhalation  anesthetics"  absorption  from  the  gastroenteric  tract 
is  so  slow,  and  elimination  so  rapid,  that  the  drug  may  never  reach  a  sufficient 
concentration  in  the  blood  or  tissues  to  develop  its  characteristic  action.  Other 
reasons  for  preferring  special  parenteral  routes  will  be  set  forth  in  the  appropriate 
connections. 

Parenteral  administration  may  be  accomplished  (I)  without,  (II)  with, 
penetration  of  the  tissues  by  a  needle,  or,  (III)  via  the  lungs  by  inhalation. 

Medicaments  may  be  introduced  parenterally  without  penetration,  (a)  upon 
the  accessible  mucous  memhranes  (eyes,  ear,  nose,  tongue,  mouth,  throat,  bronchi) 
for  direct  absorption,  by  the  same  methods  (emplacement,  instillation,  use  of  syringe 
and  cannula)  as  are  used  in  local  applications;  (b)  through  the  skiiij  commonly  by 
inunction — sometimes  by  ionization. 

Penetrating  injections  are  made:  (a)  into  lymph  spaces  wider  the  sl-in  (suh- 
cutaneously  or  hypodermically ;  (b)  into  the  muscular  tissues  and  lymph  spaces 
(intramuscularly)  ;  (c)  into  the  blood  by  way  of  a  vein  (intravenow^ly),  or  rarely, 
of  an  artery  {intraartcrially)  \  less  commonly  (d)  into  the  serous  sacs  {intrapleu- 
ralJy,  intra pericardially,  intraperitoneally ;  or   (e)    into  the  spinal  canal,  cisterna 

"Some  persons  are  so  sensitive  that  they  react  to  mere  scratches;  others  react  to 
so  many  proteins  that  the  one  or  the  few  specially  noxious  cannot  well  be  determined. 
In  others,  no  protein  hypersensitiveness  can  be  demonstrated  by  the  methods  cited. 
The  test,  therefore,  like  all  others,  has  limitations. 
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magna,  or  (in  infants)  the  longitudinal  sinus,  through  the  anterior  fontanel — this 
last  being  really,  a  special  form  of  intravenous  injection. 

Injections  are  made  likewise  into  the  tissues  of  organs  (intraparencJiymally) , 
even,  in  certain  emergencies,  into  the  heart  muscle  or  cavities  {intracardially) ;  but 
for  reasons  stated,  we  have  discussed  these,  as  well  as  intraspinal  injections,  under 
topical  administration. 

The  parenteral  administration  of  medicaments  into  the  lungs  for  absorption 
into  the  blood  of  the  pulmonary  capillaries  may  be  secured  by  inhalation  with  the 
aid  of  suitable  apparatus. 

Enteral  Methods. — Administration  by  Mouth. — The  most  common  method 
of  taking  medicine  is  to  swallow  it ;  and  when  there  is  nothing  in  the  nature  of  the 
drug  or  the  condition  of  the  patient  necessitating  another  way,  this  is  the  best  as 
well  as  the  most  convenient.  Although  intended  to  effect  absorption  of  the  medica- 
ment from  the  gastroenteric  tract,  the  method  is  termed  administration  hy  mouth 
{per  os). 

The  term  oral  administration  is  ambiguous,  and  is  therefore  to  be  discarded.  While 
it  commonly  means  administration  per  os,  it  sometimes  indicates  emplacement  of  the 
medicament  upon  or  beneath  the  tongue,  or  the  painting  or  anointing  of  the  mucous 
membranes  of  lips,  cheeks,  or  fauces.  These  are  parenteral  methods,  and  are  considered 
under  that  head. 

Statements  concerning  the  absorbability  and  dosage  of  drugs,  unless  otherwise 
qualified,  refer  to  administration  by  mouth.  As  already  pointed  out,  the  absorption 
takes,  place  from  the  gastroenteric  tract,  and  in  the  greatest  number  of  instances, 
more  readily  from  the  upper  intestine  than  from  the  stomach.  While  medicaments 
differ  in  rapidity  and  completeness  of  absorption,  certain  circumstances  affect  all 
agents.  These  pertain  first  to  the  form  of  the  medicament,  and  second  to  the  con- 
dition of  the  organs. 

Form  of  the  Medicament. — The  form  in  which  the  medicament  is  to  be 
administered  depends  both  on  the  character  of  the  drug  and  the  purpose  for  which 
it  is  used. 

Palatability  is  a  matter  of  considerable  importance  and  the  physician  should 
give  sufficient  attention  to  pharmacy  to  be  able  to  select  the  most  appropriate 
vehicles  and  flavors,  as  well  as  the  least  unpalatable  preparations,  of  the  drug  he 
wishes  to  employ. 

Liquids  are  commonly  more  rapidly  absorbed  than  solids,  as  the  latter  have 
to  be  brought  into  solution  before  they  can  be  taken  up.  Hence,  tinctures  and 
other  alcoholic  preparations  and  aqueous  solutions  are  sometimes  preferred  to  the 
solid  forms  of  the  corresponding  drugs.  WHien  it  is  necessary  to  use  liquids  which 
in  their  ordinary  condition  have  an  unpleasant  taste,  this  may  be  disguised  or 
modified  by  the  use  of  appropriate  vehicles  or  flavoring  agents. 

Sometimes  unpalatable  or  irritating  oils  and  mineral  liquids  are  inclosed  in 
sealed  gelatin  capsules,  so-called  soft  or  elastic  capsules.  In  the  case  of  unpalata- 
bility  there  is  no  objection  to  this  practice,  but  in  that  of  irritation  it  is  much  better 
to  use  an  emulsion  or  a  solution  or  mixture  in  a  bland  oil,  to  avoid  the  risk  of 
having  the  entire  dose  or  its  greater  portion  liberated  at  one  point  on  the  mucosa. 
Concentrated  aqueous  solutions  and  undiluted  fluid  extracts  or  tinctures  are  also 
likely  to  cause  gastric  irritation  and  hence  should  be  sufficiently  diluted,  either  in 
the  dose  as  prescribed,  or  by  the  addition  of  water  when  taken. 

Irritation  may  also  be  guarded  against  in  some  degree  by  administering  the 
drug  only  when  the  stomach  contains  food,  which  will  serve  both  as  a  diluent  and 
as  a  protective  to  the  mucous  membrane. 
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Acid  solutions  should  be  sucked  through  a  glass  tube,  and  the  mouth  rinsed 
after  them  with  plain  water  or  a  solution  of  sodium  bicarbonate,  to  protect  the 
teeth.     Liquid  preparations  of  iron  should  be  given  in  the  same  way. 

Colloids  (demulcent  substances — gums  and  the  like),  while  most  frequently 
administered  as  protectives,  are  sometimes  given  for  systemic  effect.  Dilute  solu- 
tions or  emulsions  are  commonly  the  best  forms  for  both  purposes. 

Drugs  which  are  not  soluble  in  water  or  the  ordinary  medicinal  vehicles  must 
be  administered  in  solid  form,  to  be  broken  up  by  the  action  of  the  digestive 
juices.  Apart  from  this  necessity,  there  are  circumstances  which  may  give  pref- 
erence to  the  solid  form,  even  when  a  liquid  preparation  is  available.  Thus,  a  man 
whose  business  keeps  him  away  from  home  the  greater  part  of  the  day  finds  it 
much  more  convenient  to  swallow  a  pill  or  capsule  than  something  which  has  to 
be  poured  from  a  bottle  into  a  measuring  instrument.  Sometimes  also  the  solid 
form  with  its  possibility  of  accurate  division  in  single  doses  is  preferable  because 
of  the  danger  of  taking  an  overdose  of  liquid.  Again,  an  unpleasant  taste  may  be 
avoided  by  the  use  of  a  solid  preparation  that  may  be  enclosed  in  a  cachet  or  a 
capsule  or  coated  with  sugar,  gelatin,  chocolate,  etc. 

Solid  medicaments  are  commonly  prescribed  as  powders,  triturations,  pills 
or  tablets.  Sometimes  they  are  suspended  in  liquids,  as  mixtures  which  are  to  be 
shaken.  Quite  frequently  they  are  enclosed,  with  or  without  excipient,  in  capsules 
or  cachets. 

Powders  and  fresh,  well  made  tablet  triturates  are  dissolved  sooner,  as  a  rule, 
than  compressed  tablets  or  stock  pills  coated  with  sugar,  gelatin,  etc.  Sometimes 
extemporaneous  pills  are  wrapped  in  silver  foil  and  their  solution  is  thus  some- 
what, but  not  much  delayed.  Compressed  tablets,  plain  or  coated,  afford  an  eligible 
method  of  administration  with  certain  drugs  only.  One  must  be  sure  of  their 
solubility,  of  their  lack  of  irritating  properties  and,  in  most  cases,  of  their 
freshness. 

Old  pills,  coated  or  uncoated,  as  well  as  old  tablets,  may  fail  of  solution  and 
pass  out  by  the  rectum  unchanged.  In  such  conditions  as  dysentery  and  typhoid 
fever,  harm  may  result  from  mechanical  injury  to  the  bowel.  Gelatin  capsules 
as  a  rule  undergo  solution  in  a  few  minutes.  The  enclosed  medicament  will  be 
dissolved  more  quickly  if  in  the  form  of  a  dry  powder  than  when  an  excipient  has 
been  used,  especially  if  the  latter  be  of  a  gummy  or  mucilaginous  character. 
The  difference,  after  solution  of  the  envelope,  is  the  same  as  that  between  pow- 
ders and  extemporaneous  pills.  Solution  of  the  capsule  itself  can  be  facilitated  by 
placing  it  in  water  for  a  minute  or  two,  to  soften  the  gelatin,  just  before  the  dose 
is  taken. 

Cachets  made  of  flour,  gluten  and  similar  substances  dissolve  almost  as 
quickly  as  capsules  and  thus  delay  but  little  the  liberation  in  the  stomach  of  the 
medicaments  contained,  and  their  final  absorption  by  the  gastroenteric  mucosa. 

Solution  of  medicaments  administered  in  solid  form  is  facilitated  by  drink- 
ing water  before  or  after  them,  and  when  the  substance  is  irritating  the  quantity 
of  water  should  be  sufficient  to  effect  considerable  dilution.  When  the  substance 
is  very  slow  of  solution,  water  may  be  given  a  second  time,  fifteen  to  thirty  minutes 
after  the  dose  has  been  taken.  Acrid  or  highly  irritating  substances  given  in  solid 
form  should  be  thoroughly  incorporated  in  a  gummy  or  mucilaginous  mass,  or 
they  may  be  administered  in  milk  or  cream,  to  be  followed  by  a  draught  of  milk. 

Conditions  Affecting  the  Gastroenteric  Tract. — When  drugs  are  administered 
for  local  effect  upon  the  stomach,  they  should  be  given  when  the  organ  is  empty; 
thus  bitters  are  commonly  taken  an  hour  or  so  before  eating.    When  systemic  effect 
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is  desired,  it  is  best  to  give  the  drug  with  food  or  shortly  after  eating.  Some  drugs, 
moreover,  if  given  when  the  stomach  is  empty,  have  an  irritant  effect  upon  the 
mucous  membrane,  which  can  be  avoided  by  giving  them  at  meal  time  or  not  too 
long  thereafter;  or  by  giving  them  with  milk,  or  barley  water,  or  other  bland  and 
easily  absorbed  nutrient.  Certain  agents — as  most  of  the  hormone-bearing  gland- 
powders — are  given  i/^  to  1  hour  before  food,  to  avoid,  so  far  as  possible,  digestive 
changes. 

Sometimes  both  local  and  systemic  effects  are  aimed  at,  in  which  case  the  drug 
may  be  given  shortly  before  food  is  taken.  At  other  times,  the  drug  may  interfere 
with  the  process  of  digestion ;  it  should  then  be  given  about  two  hours  after  a  meal 
so  that  it  can  be  absorbed  with  the  products  of  completed  digestion.  Some  drugs 
administered  with  food,  or  with  certain  kinds  of  food,  undergo  chemical  changes 
delaying  or  preventing  their  absorption,  interfering  with  their  action,  or  even 
making,  them  dangerous.  The  retarding  of  absorption,  or  alteration  of  form  of  a 
drug  by  certain  kinds  of  food  can  likewise  be  utilized  therapeutically.  .  . 

It  is  sometimes  necessary  to  administer  medicaments  in  such  a  way  that  they 
will  neither  act  topically  upon  the  stomach  nor  be  affected  by  its  secretions.  The 
object  may  be  to  protect  the  stomach  or  to  preserve  the  chemical  form  of  the  drug 
until  it  reaches  the  intestine  for  solution,  modification  and  absorption;  or  it  may 
be  to  insure  a  topical  action  in  the  intestine.  For  this  purpose  various  expedients 
have  been  employed.  Sometimes  when  the  medicament  itself  will  not  disturb  the 
stomach  and  the  object  is  merely  to  protect  it  from  the  gastric  acid,  it  is  given 
in  association  with  sodium  bicarbonate  or  other  alkaline  salt.  Usually,  however, 
in  order  to  make  sure  that  the  medicament  passes  through  the  stomach  unliberated 
and  unchanged,  it  is  made  into  pills  which  are  coated  with  a- substance  insoluble 
in  the  stomach  but  soluble  in  the  intestines ;  or  is  placed  in  capsules  of  gelatin  so 
treated  as  to  pass  through  the  stomach  without  solution.  Among  the  substances 
most  commonly  used  for  coatings  are  salol,  keratin,  and  resins. 

Keratin  coating  is  made  by  thoroughly  working  horn  shavings  into  alcohol  and 
ether,  then  removing  all  that  is  soluble  in  pepsin  and  hydrochloric  acid,  dissolving  the 
residue  in  weak  alcoholic  solution  of  ammonia  and  evaporating  to  a  mucilaginous  con- 
sistence, forming  a  gum-like  liquid,  keratin  solution.  The  pills  require  at  least  three 
coatings  of  this  liquid. 

Salol  coating  is  accomplished  by  immersing  the  pills  in  salol  which  has  been  melted 
or  liquefied  over  a  water  bath;  or  by  applying  a  varnish  composed  of  salol  2,  shellac  3, 
absolute  alcohol  3,  ether  3. 

Ordinary  gelatin  capsules  may  be  made  to  resist  the  action  of  the  gastric  juice  by 
immersing  them  in  an  aqueous  solution  of  formaldehyde  (37  percent.)  for  twenty  min- 
utes. This  is.  best  done  after  the  medicament  has  been  placed  in  the  capsule,  and  this 
has  been  sealed  by  moistening  the  inner  surface  of  the  cap  with  water.  When  thus 
treated  they  are  known  as  glutoids  (Sahli  capsules). 

The  coating  of  pills  with  wax,  paraffin  or  resins  is  less  effective  than  the  methods 
here  described. 

In  certain  pathologic  conditions,  administration  by  mouth  may  present  not 
merely  disadvantages,  but  dangers.  Thus  in  migraine,  absorption  from  the  stom- 
ach is  often  in  abeyance  during  the  attack  and  medicines  to  relieve  the  headache 
may  remain  in  the  stomach  or  be  vomited  without  producing  any  therapeutic 
effect.  When  coal-tar  derivatives  are  given  under  such  conditions  and  vomiting 
does  not  expel  them,  a  dangerous  dose  may  accumulate  in  the  stomach,  to  be 
absorbed  when  the  paroxysm  passes,  producing  cardiac  depression,  or  even  death. 

In  other  pathologic  conditions  also,  especially  those  which  affect  the  nerve 
isystem,  as  shock  or  collapse,  or  when  there  is  severe  pain  or  delirium,  or  when 
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the  stomach  has  manifested  its  deranpjed  condition  by  continuous  vomiting,  there 
is  considerable  danger  in  i)ushing  the  administration  of  drugs  by  mouth.  If  the 
effect  of  the  drug  is  manifested,  it  is,  of  course,  evidence  that  absorption  is  going 
on,  but  when  the  effect  fails  to  be  evident  it  is  not  wise  to  conclude  that  a  repe- 
tition of  the  dose,  or  a  larger  quantity,  is  needed.  It  is  better  to  wait  and  make 
sure  tliat  there  is  no  danger  of  mechanical  accunnilation. 

Tlie  danger  of  giving  opium  to  relieve  the  pain  of  peritonitis,  discussed  in 
connection  with  passive  accumulation,  may  again  be  cited. 

Gastkic  or  Duodenal  Tubk. — Administration  by  gastric  or  duodenal  tube 
may  be  necessary  under  certain  conditions.  A  tube  may  be  passed  through  the 
nostril  into  the  pharynx  and  then  into  the  esophagus,  or  it  may  be  introduced 
through  the  mouth.  The  former  is  the  better  method  when  the  patient's  co- 
operation cannot  be  depended  npon,  the  danger  of  entering  the  larynx  being  much 
lessened.  This  danger  can  also  be  avoided,  even  in  the  case  of  unconscious 
patients,  by  inserting  a  finger  alongside  the  epiglottis  as  a  guide.  Sometimes  when 
the  stomach  rejects  both  food  and  medicine,  these  will  be  absorbed  from  the  upper 
bowel.  This  method  has  been  practiced  with  great  success,  especially  in  anuria 
and  acid  intoxication,  for  the  introduction  of  solutions  of  glucose  and  sodium 
bicarbonate  (McCarthy,  Killian  and  Chace). 

Rectal  Administration.— When  the  stomach  is  not  available,  or  it  is  desired 
to  keep  that  organ  at  rest,  administration  by  the  rectum  is  sometimes  resorted  to. 
Absorption  from  the  rectum  is  slow  and  incomplete  and  in  most  cases,  when  the 
drug  is  intended  for  systemic  action,  the  quantity  must  be  much  larger,  even 
double  that  given  by  the  stomach.  Suppositories,  ointment  masses,  rectal  capsules 
or  enemas  may  be  used,  ^\^len  a  medicinal  enema  is  given,  care  should  be  taken 
to  have  the  absorbing  surface  clean;  the  liquid  should  be  warm  (98°  to  100°  F.) 
and  the  volume  should  not  exceed  30  to  (at  most)  GO  cc.  (2  fluid  ounces).  The 
solution  is  preferably  introduced  through  a  soft  catheter  attached  to  a  funnel,  held 
only  a  few  inches  above  the  buttocks  so  that  the  flow  may  be  gentle.  The  catheter, 
well  lubricated,  should  penetrate  three  or  four  inches  beyond  the  sphincter,  and 
the  menstruum  should  be  chosen  with  regard  to  the  character  of  the  dissolved 
substance  so  that  irritation  may  be  minimized.  Other  things  being  equal,  water  is 
the  preferable  vehicle,  but  oils,  or  even  mucilaginous  substances,  may  be  employed. 
Starch  water  and  laudanum  are  frequently  associated.  "Physiologic  saline,  weak 
alkaline  and  glucose  solutions — to  which  active  medicaments  may  sometimes  be 
added — are  often  given  by  slow  proctoclysis  (^lurphy  drip).  When  aqueous  solu- 
tions are  not  admissible,  suppositories  made  with  cocoa  butter,  or  ointments  made 
with  saponified  petrolatum,  or  anhydrous  wool  fat,  are  to  be  preferred. 

For  surgical  anesthesia,  ether  mixed  with  a  double  volume  of  olive  oil  has  l)een 
injected  through  a  colonic  tube.  The  method  is  not  in  favor,  save  under  exceptional 
conditions. 

Rectal  feeding  is  occasionally  necessary'.  It  is  best,  as  a  rule,  to  give  small 
quantities  (from  two  to  six  fluidounces)  of  easily  absorbed  nutrients,  such  as 
solutions  of  glucose,  predigested  milk,  egg  albumin  (also  predigested),  peptonized 
beef  or  suspensions  of  sweetbread,  and  not  to  repeat  the  nutritive  enema  more  than 
twice,  or  at  most  four  times,  daily.  Alcohol  also  may  be  mixed  with  solution  of 
acacia  or  with  milk  (to  minimize  irritation)  and  given  by  enema  when  necessarv. 
Absor})tion  of  foodstuffs  is  slow  and  incomplete,  but  enough  is  taken  up  to  preserve 
life  for  a  time,  and  often  until  gastric  feeding  may  be  resumed. 

In  cases  of  increased  intracranial  tension,  especially  in  preparation  for  surgi- 
cal procedure,  highly  hypertonic  salt  solutions  (35  percent.),  or,  still  better,  mag- 
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nesium  sulphate  solutions  (50  percent.)  are  given  by  rectum  for  local  dehydrating 
effect  with  compensatory  absorption  by  the  blood  from  the  fluid  spaces,  especially 
in  the  ventricular  system.  About  six  ounces  of  the  dehydrating  solution  are  intro- 
duced and  the  fluid  accumulating  in  the  bowel  is  siphoned  oft*  as  necessary.  The 
measure  may  be  repeated  in  four  hours  and  again  in  four  or  more  hours,  according 
to  the  effect.     This  method  may  also  be  employed  to  relieve  other  forms  of  edema. 

Non-Penetratixg  Methods:  Adminiairatioti  by  Accessible  Mucous  Mem- 
branes.— This  method  is  to  be  adopted  when  ingestion  is  impracticable  (as  when 
the  patient  is  unconscious  or  unable  to  swallow)  and  the  medicament  is  not  adapt- 
able to  use  by  injection  or  inhalation,  or  when  intubation  is  not  desirable,  or  not 
feasible.  It  may  also  be  employed  in  place  of  hypodermic  or  other  injection,  for 
prompt  effect  with  certain  quickly  absorbed  drugs,  such  as  nitroglycerin:  or  to 
escape  modifications  of  the  drug  in  the  gastroenteric  tract,  liver,  or  elsewhere,  which 
would  interfere  with  the  action  desired — as  with  epinephrine  or  insulin,  which  are 
destroyed  or  rendered  inert  by  the  digestive  juices  or  the  liver. 

For  use  in  this  way  medicines  must  be  non-irritant  in  form,  active  in  relatively 
small  quantity  and  quickly  absorbable  from  the  nasal,  lingual  or  oral  mucosa. 

Liquids  (oily  or  watery  solutions)  may  be  instilled  or  sprayed  into  the  na^al 
passages,  or  may  be  dropped  upon  cotton  pledgets  which  are  inserted  and  retained 
in  position  for  from  5  to  30  minutes ;  or  ointments  or  nasal  suppositories  may  be 
introduced;  or  the  Schneiderian  membrane  may  be  painted  with  medicinal  solu- 
tions; or  powders  may  be  inhaled  (sniffed)  or  insufflated. 

Liquids  may  be  dropped,  or  soluble  powders  or  small  tablets  placed  directly 
upon  or  under  the  tongue;  or  the  lips,  the  tongue,  the  buccal  or  faucial  mucous 
membrane  may  be  painted  with  the  medicine.  Irritating  substances  such  as  croton 
oil,  should  be  mixed  with  butter  or  a  bland  oil. 

The  ear  (external  auditory  canal)  may  also  be  utilized,  as  in  the  celebrated  case 
of  Hamlet's  father;  but  the  method  is  not  common  in  medical  practice. 

Administration  by  the  Shin. — Ixukction. — Medicaments  are  said  to  be  in- 
uncted  when  they  are  rubbed  into  the  skin.  Inunction  is  an  inconvenient  method 
of  systemic  administration,  partly  because  of  the  relative  slo^vness  with  which  the 
drugs  are  taken  up,  partly  by  reason  of  its  uncleanliness.  Not  many  drugs  are 
absorbed  by  the  intact  skin  in  sufficient  quantity  to  assure  their  action.  Hence, 
the  method  is  rarely  emplftyed  when  prompt  effect  upon  function  is  desired,  but 
chiefly  when  the  stomach  is  disordered  or  will  no  longer  tolerate  a  drug  which  is  to 
be  given  over  a  long  period.  Sometimes,  however,  an  effect  can  be  produced  by 
inunction  that  other  methods  of  administration  give  less  promptly  or  not  at  all. 

Ionization. — Medicaments  may  be  administered  for  either  local  or  systemic 
effect,  or  both,  by  utilizing  the  power  of  the  electric  current  to  cause  migration  of 
the  dissociated  ions  of  solutions  of  electrolytes.  The  process  is  termed  ionic 
medication  and  was  applied  in  local  anesthesia  by  Benjamin  Ward  Eichardson 
as  early  as  1859.  W.  J.  Morton,  Betton  Massey  and  more  recently  Leduc,  have 
contributed  largely  to  its  development. 

So-called  cata phoresis  is  simply  a  variety  of  ionic  medication  in  which  the 
medicament,  commonly  an  alkaloidal  salt,  is  applied  at  the  anode.  But  the  cathode 
also  is  utilizable;  and  according  to  the  choice  of  electrodes  and  agents,  medicinal 
effects  may  be  produced  upon  the  surface  of  the  body  or  within  the  deeper  tissues. 

The  procedure  may  therefore  be  used  for  local  effect — when  either  superficial 
or  deep  ionization  may  be  called  into  play;  or  for  systemic  effect — when  deep 
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ionization  will  be  resorted  to.     In  either  case  the  principle  is  simple;  it  is  that 
"unlikes  attract ;  likes  repel." 

Negative  elements,  acid  radicals  and  OH  (anions)  tend  to  gather  about 
the  positive  electrode  (anode).  Positive  elements  and  basic  radicals  ^^  (cations) 
tend  to  accumulate  at  the  negative  electrode  (cathode).  These  movements  are 
illustrated   in   the  following  diagram : 

Cathode  Solution  Anode 

-  + 

Cations  K  < — KI    >       I  Anions 

K  < K0SO4 >  SO4 

H  < H,S04 >  SO, 

K  < KOH >  OH 

Diagram  illustrating  motion  of  ions  under  the  influence  of  a  continuous 

electric   current. 

Thus,  if  a  solution  of  Kl  be  aj)plied  to  the  surface  of  the  body  by  means  of 
the  anode,  the  cathode  being  placed  at  any  indifferent  point,  the  positive  ion  K 
will  seek  the  cathode  and  thus  enter  into  the  tissues,  while  the  negative  ion  I, 
released  from  the  combination,  will  be  deposited  upon  the  surface.  If,  on  the 
other  hand,  the  solution  of  KI  be  applied  at  the  cathode,  the  anion  I  will  seek 
the  anode  and  penetrate  the  tissues,  while  the  cation  K  remains  at  the  surface, 
probably  forming  KOH  or  some  neutralizing  combination. 

In  ionic  therapy,  therefore,  the  first  point  to  be  determined  is  whether  action 
is  desired  at  the  skin  surface  or  in  the  deeper  tissues.  The  electric  sign  (+  or  — ) 
of  the  special  agent  whose  effect  is  sought  will  then  govern  the  choice  of  the 
electrode  by  which  it  is  to  be  applied  (active  electrode).  For  superficial  effect, 
anions  ( — )  are  to  be  applied  at  the  anode  (  +  )  ;  cations  (  +  )  are  to  be  applied 
at  the  cathode  ( — ).  (The  names  of  pole  and  ion  are  alike,  but  their  signs  are 
opposite.)  When  penetration  is  sought,  anions  ( — )  must  be  applied  at  the  cathode 
( — )  and  cations  (  +  )  at  the  anode  (+).  (The  names  of  pole  and  ion  are  unlike, 
but  their  signs  are  the  same.)  The  medicament,  it  is  held,  enters  the  skin  through 
the  orifices  of  the  glands. 

That  a  cation  will  not  pass  into  the  tissues  when  applied  at  the  cathode, 
nor  an  anion  when  applied  at  the  anode,  is  demonstrated  by  the  classical  experi- 
ment of  Leduc. 

Connecting  two  rabbits  in  a  series  in  the  same  galvanic  current,  he  applied  a  solu- 
tion of  strychnine  sulphate  by  the  anode  to  one,  and  by  the  cathode  to  the  other.  The 
rabbit  at  the  anode  died  in  convulsions,  demonstrating  the  penetration  and  absorption 
of  the  cation  strychnine.  The  other  rabbit  was  unaffected  by  the  sulphuric  anion  (SOJ, 
which  was  introduced  at  the  cathode.  When  the  experiment  was  repeated  with  potassium 
cyanide  (KCN),  the  rabbit  at  the  cathode  was  poisoned  by  the  toxic  anion  cyanogen 
(CN),  while  the  rabbit  at  the  anode  was  affected  only  by  the  cation  K. 

Bordier,  using  as  positive  electrodes  (anode)  baths  containing  a  salt  of  lithium 
(the  cathodes  being  applied  elsewhere),  demonstrated  the  presence  of  lithium  in  the 
patient's  urine,  and  that  of  uric  acid  in  the  liquid  of  the  baths,  thus  proving  the  intro- 
duction of  the  cation  lithium  and  the  extraction  of  the  anion  uric  acid  at  one  operation. 

Any  electrolyte  is  available  for  ionization  therapy  if  the  influence  of  either 
or  both  of  its  dissociated  ions  is  desired  for  superficial  or  deep  local  action.    In 

"In  the  case  of  an  acid  solution,  the  H-ions  may  be  considered  either  positive  ele- 
ments, or  monatomic  basic  radicals — at  all  events  they  go  to  the  cathode. 
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the  latter  event,  the  possibility  of  systemic  action  must  also  be  kept  in  mind. 
The  method  may  likewise  be  employed  purely  for  systemic  action,  ions  then  being 
chosen  which  have  no  physicochemical  effect  upon  the  tissues.  The  ions  are  driven 
into  the  tissues  either  as  elements  {e.g.,  the  charged  atom  of  a  metal)  or  as  charged 
molecules  {e.g.,  the  basic  radical  of  a  salt  such  as  cocaine  hydrochloride).  Ionized 
molecules  behave  in  the  same  way  as  simple  ions.  Thus  an  actual  cocaine  cation 
enters  from  the  positive  pole;  while,  if  the  cocaine  hydrochloride  solution  were 
applied  at  the  negative  pole,  CI  and  H  would  be  driven  in  and  the  base  precipi- 
tated backward  upon  the  electrode.  In  a  compound  such  as  sodium  salicylate,  the 
salicylic  radical  is  an  anion  and  is  to  be  driven  in  from  the  negative  pole,  or 
precipitated  locally  at  the  site  of  the  positive  pole. 

According  to  Leduc,  the  quantity  of  ions  driven  in  depends  upon  the  strength 
of  the  current  and  the  time  of  application  and  may  be  calculated  for  the  coulomb 
(amperes  per  second)  for  any  substance,  by  multiplying  its  combining  weight  by 
0.01.  This  gives  the  quantity  in  grams  driven  by  an  ampere  per  second. 
Dividing  the  figure  thus  obtained  by  1000  gives  the  quantity  for  a  current  of 
one  milliampere  per  second.  Multiplying  the  last  figure  by  60  will  give  the  prac- 
tical figure  of  the  amount  driven  per  milliampere  per  minute  of  application. 
Thus,  the  combining  weight  of  iodine  being  circa  127,  X  0.01  -^  1000  X  60  X  2  X 
5  :=  0.76  grams  of  the  anion  I  with  a  current  of  2  ma.  for  five  minutes.  Metal 
ions  penetrate  little  as  ions,  because  of  their  tendency  to  form  insoluble  compounds 
with  the  phosphoric  acid  of  the  plasma  and  the  albumin  of  the  tissue  cells  (Betton 
Massey).    Their  use  is  thus  chiefly  antiseptic  and  destructive. 

In  the  application  of  salts  for  ionic  penetration,  the  basic-radical  (cation)  is,  as 
a  rule,  the  more  important  ion  in  the  salts  of  organic  bases,  and  the  application 
must  be  made  at  the  anode.  This  is  particularly  true  of  the  salts  of  the  alkaloids 
(morphine,  cocaine,  strychnine,  aconitine,  etc.).  With  the  inorganic  compounds, 
as  a  rule,  the  acidic  radical  (anion)  is  the  more  important  and  the  application 
must  be  made  at  the  cuthode.  This  is  particularly  true  of  bromides,  iodides  and 
salicylates.  Exceptions  are  to  be  found,  however,  in  each  class.  Thus  it  may  be 
desired  to  introduce  potassium  or  lithium  into  a  gouty  joint.  In  that  instance 
the  cation  would  be  the  more  important  ion  of  the  inorganic  compound  and  the 
anode  would  become  the  active  electrode.  If  a  superficial  action  of  iodine  were 
also  desired,  an  iodide  of  the  base  would  be  used ;  otherwise  a  carbonate. 

In  acids,  the  hydrogen  (-1-)  is  the  cation  and  the  electronegative  element  or 
group  of  elements  the  anion.  In  bases  (oxides  as  well  as  hydroxides)  the  hydroxyl 
group  (OH)  (which  will  be  present  in  an  electrolyzed  solution  of  an  oxide)  is 
the  anion  and  the  electropositive  element  or  group  of  elements  is  the  cation. 

Technique. — A  pad  of  absorbent  cotton  is  saturated  with  the  solution  to  be  ionized, 
and  fastened  to  a  metal  or  carbon  plate,  which  is  to  be  the  active  electrode.  This, 
applied  to  the  part  treated,  is  relatively  small,  the  aim  being  to  concentrate  the  electric 
energy  upon  a  limited  area.  The  other  (indifferent  or  dispersing  electrode)  is  commonly 
a  large  metal  plate  covered  with  lint  or  cotton,  the  covering  being  saturated  with  water 
or  with  a  weak  solution  (circa  1  percent.)  of  sodium  chloride.  It  is  applied  at  any 
convenient,  and,  as  a  rule,  distant  point.  The  aim  is  to  diffuse  the  electiic  energy  over 
a  considerable  area.  Contact  between  the  patient  and  the  generator  must  be  as  perfect 
as  possible.  Any  interruption  of  the  current  through  faulty  connections  will  cause  a 
painful  and  sometimes  dangerous  shock.    Connections  should  be  soldered.  ! 

In  antiseptic  and  destructive  (surgical)  applications,  the  metal  of  the  active  elec- 
trode may  be  that  of  the  ion  whose  influence  is  sought — zinc,  copper,  copper  amalgamated 
with  mercury,  etc. — or  one  resistant  to  acids,  as  platinum  or  gold.  Tinfoil,  and  in  less 
degree  tinplate  and  lead,  have  the  advantage  of  being  easily  adapted  to  the  contours  of 
the  body,  thus  making  good  contact  at  every  point  of  the  surface.    These  materials  are 
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therefore  preferred  by  some  operators  in  certain  cases  where  such  contact  is  of  import- 
ance; but  if  the  application  is  to  be  at  all  prolonged,  it  will  be  necessary  to  use  thick 
pads  in  order  to  absorb  the  ions  or  salts  of  lead  and  tin  formed  by  the  electro-chemical 
attack  upon  the  plate."  New  pads  are  to  be  used  at  each  application.  When  the  active 
electrode  is  applied  to  the  surface,  zinc  sulphate,  copper  sulphate  and  the  like  are 
employed  as  antiseptic  or  destructive  agents  at  the  anode  in  from  2  to  5  percent,  solu- 
tion. For  the  treatment  of  sinuses,  cavities,  etc.,  rods — and  for  destruction  of  warts 
and  other  superficial  growths,  needles — of  the  metal  to  be  ionized  (preferably  zinc)  are 
used.  Amalgamating  the  metal  by  dipping  it  in  a  bath  of  liquid  mercury  after  a  short 
immersion  in  dilute  sulphuric  acid,  will  facilitate  the  process,  and  prevent  the  otherwise 
indelible  black  or  green  stain  following  ionization  by  iron  or  copper  (Betton  Massey). 

Such  applications  have  been  advocated  also  in  inoperable  carcinomas  and  in  various 
uterine  affections.  In  the  former,  the  use  of  arsenic — driven  as  an  anion  from  the 
cathode  when  a  solution  of  potassium  arsenate  or  arsenite  is  the  electrolyte  chosen,  or 
as  a  cation  from  the  anode  when  arsenious  acid  (trioxide)  is  applied — is  also  among  the 
measures  that  have  been  recommended.  But  we  shall  not  enter  into  the  details  of  these 
surgical  uses,  nor  shall  we  discuss  general  anesthesia  by  Leduc's  method.  That  should 
be  attempted  only  by  physicians  specially  trained. 

For  local  anesthesia,  cocaine  hydrochloride  (or  other  electrolyzable  compound)  may 
be  used  at  the  anode  in  from  2  to  10  percent,  solution — the  cocaine  radical  being  the 
cation.  For  resolvent  local  action:  with  some  systemic  effect  from  absorption,  the  iodine 
ion  (anion)  may  be  driven  in-  from  the  cathode  by  using  a  2  to  10  percent,  solution  of 
potassium  or  sodium  iodide.  The  method  is  used  in  simple  or  fibroid  goiter;  less  fre- 
quently and  with,  less  success  in  the  goiter  of  Graves'  disorder;  in  arthritis-  deformans, 
and  in  some  cases  of  obstinate  neuritis.  The  salicylic  ion  (anion)  driven  in  from  a 
2  to  5  percent,  or  even  10  percent,  solution  of  sodium  salicylate  at  the  cathode,  is  useful 
in  various  forms  of  arthritis,  neuritis,  perineuritis,  neuralgia.  It  has  also  been  used 
for  pruritus,  both  at  the  anode  and  cathode,  in  the  former  instance  for  superficial  effect. 
The  magnesium  ion  (cation),  driven  in  from  the  anode,  is  said  to  have  a  useful  effeot 
in  subduing  local  inflammations  and  in  destroying  warts.  A  5  percent,  solution  of 
magnesium  sulphate  in  water  is  the  electrolyte  employed.  The  quinine  cation,  from  a  5 
or  10  percent,  solution  of  one  of  its  salts,  applied  at  the  anode,  is  said  to  give  relief  in 
trigeminal  neuralgia;  and  prolonged  applications  of  the  same  ion  have  been  made  with 
asserted  good  result  in  facial  paralysis  and  in  septic  joint  affection  after  removal  of  the 
source  of  infection.  Chlorine  anions  (with  the  concomitant  OH  ions),  from  a  5  percent, 
solution  of  NaCl,  at  the  active  cathode,  are  said  to  have  proved  of  benefit  in  the  treat- 
ment of  scars,  keloids,  corneal  opacities,  Dupuytren's  contractions,  and  ankylosis  of 
joints. 

The  illustrations  might  be  multiplied,  but  those  cited  will  be  sufficient  to 
give  an  idea  of  the  method  and  its  range  of  usefulness. 

Intensity  of  Current. — The  resistance  offered  by  the  tissues  to  the  voltage 
used  in  ionic  medication  differs  so  greatly  with  the  site  and  method  of  the  appli- 
cation that  no  fixed  rule  can  be  given  as  to  the  strength  of  current.  It  is  best 
to  put  the  electrodes  in  place,  fastened,  if  necessary,  by  adhesive  strips,  and  make 
sure  of  the  integrity  of  all  connections  and  of  the  interposition  of  the  full  resis- 
tance of  the  rheostat  employed,  before  turning  on  the  current.  The  rheostat- 
resistance  is  then  to  be  very  gradually  lessened,  so  that  one  begins  with  a  minute 

"  When  the  electrode  is  made  of  carbon  or  a  resistant  metal,  the  anions  aban- 
doning their  charge  on  contact  with  the  anode,  become  anhydrides,  which,  to  recon- 
stitute the  corresponding  acid,  rob  H  from  the  tissues  which  they  destroy.  Thus, 
2C1  +  H,0  =  2HC1  -f  O. 

The  cations,  being  likewise  discharged  at  the  cathode,  take  on  the  chemical  char- 
acteristics of  the  alkali  metals,  robbing  the  OH  group  from  the  tissues,  to  the  destruc- 
tion of  the  latter,  and  generating  H.  Thus  K  -f  H^O  =  KOH  +  H.  When  metals  are 
used  which  are  non-resistant  to  acids,  the  phenomena  at  the  anode  are,  first,  the  forma- 
tion of  an  acid  with  destruction  of  tissues,  followed  by  attack  upon  and  destruction  of 
the  electrode.  Oxychlorides  of  silver  and  zinc  formed  in  this  way  are  diffused  so  rapidly 
that  except  where  great  destructive  action  is  desired,  they  must  be  used,  if  at  all,  with 
caution. 
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current  and  slowly  increases,  watching  the  ammeter  closely  in  order  not  to  exceed 
a  maximum  determined,  and  also  to  facilitate  estimation  of  the  active  quantity 
of  current  required. 

According  to  Leduc,  ordinary  ionic  methods  give  a  total  resistance  of  apparatus  and 
tissues  of  about  400  to  500  ohms.  An  electromotive  force  of  50  volts  vi^ould  therefore 
yield,  under  these  conditions,  100  to  125  milliamperes. 

Animals  have  supported,  without  injury,  a  gradually  established  current  of 
14  to  15  milliamperes  per  square  centimeter  of  electrode,  for  30  minutes.  In 
the  treatment  of  human  beings,  Leduc  suggests  as  a  maximum  not  ordinarily  to 
be  exceeded  2  milliamperes  per  square  centimeter  of  active  electrode,  for  ]5  to 
20  minutes,  L.  Jones  uses  rather  stronger  currents  for  proportionately  shorter 
times.  Stronger  currents,  of  course,  will  be  used  in  what  we  have  termed  the 
surgical  applications  of  ionic  therapy  than  in  the  medicinal  applications,  which 
latter  may  be  from  a  half  to  one-tenth  the  strength  of  the  former.  When  the  cur- 
rent is  too  strong,  the  application  may  cause  discomfort.  This  may  be  prevented 
by  the  previous  introduction  of  cocaine  or  relieved  in  a  similar  way  when  it  occurs. 
Of  course,  the  cocaine  must  be  applied  by  means  of  a  separate  pad. 

Ervdermic  Administration: — The  endermic  method  has  been  superseded  by 
the  use  of  the  hypodermic  syringe.  It  was  practiced  by  producing  a  blister  from 
which  the  top  was  removed,  exposing  the  dermis.  Upon  this  was  placed  a  concen- 
trated solution  of  an  active  medicament  which  was  absorbed  from  the  exposed 
tissue. 

Penetrating  Methods  :  When  administration  by  the  stomach  is  not  feasible, 
or  when  prompt  action  is  necessary,  medicines  may  be  thrbwn  under  the  skin  (sub- 
cutaneous or  hypodermic  injection)  ;  into  a  muscle  (intramuscular  injection),  into 
a  vein  (intravenous  injection),  or  into  the  peritoneum,  etc. 

Hypodermic  Administrationt. — Hypodermic  injections  are.  made  by  means  of 
a  fine  hollow  needle  (commonly  an  inch  or  so  in  length)  attached  to  a  suitable 
(preferably  graduated  and  all-glass)  syringe.  Instruments  and  solutions  should, 
of  course,  be  sterile  and  the  skin  at  the  site  of  injection  should  be  cleansed,  rubbed 
with  alcohol  or  ether,  or  painted  with  tincture  of  iodine.  In  an  emergency,  when 
seconds  count,  these  precautions  may  be  neglected. 

The  injection  is  commonly  made  rather  deeply  into  the  subcutaneous  areolar 
tissues.  Active  drugs — especially  alkaloids  and  glucosides — are  the  most  suitable, 
since  they  can  be  given  in  a  small  quantity.  Irritating  agents  are  to  be  avoided 
as  a  rule.  Sterilized  Oiqueous  solutions  are  preferred,  but  diluted  alcohol,  ether, 
diluted  glycerin  and  bland  vegetable  oils  are  admissible  as  solvents  or  vehicles. 
Alcohol,  up  to  10  or  12  percent.,  does  not  commonly  irritate. 

In  ordinary  hypodermic  administration  the  bulk  of  fluid  injected  is  small — 
from  5  to  20  or  30  minims  (0.3  to  2  cc),  but  much  larger  quantities  may  be  used 
if  the  nature  of  the  medicament  demands  it.  In  the  case  of  antitoxins  and  other 
serums,  the  ordinary  dose  is  from  5  to  13  cc.  (1  to  3  fl.  drams),  while  15  to  30  cc. 
(1/2  to  1  fl.  oz)  or  more,  is  sometimes  necessary. 

Hypodermic  or,  still  more,  intramuscular  administration  has  the  advantage 
not  only  of  greater  promptness  of  action  and  accuracy  of  dosage,  but  also  in 
many  cases  of  greater  efficacy,  as  in  the  use  of  quinine  in  malaria  and  of  arsenic 
and  iron  in  anemia.  It  avoids,  moreover,  the  destructive  action  of  the  digestive 
tract — a  matter  of  prime  importance  in  the  use  of  antitoxins,  serums,  bacterines 
and  the  entire  range  of  biologic  antipathogens,  as  well  as  certain  organ  extracts, 
such  as  epinephrine  and  pituitary,  and  drug  principles  such  as  strophanthin,  and 
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one  at  least  of  the  active  princij)les  of  digitalis  leaf.  ]\Iost  medicines  adapted  to 
this  form  of  administration  are  now  to  be  obtained  in  soluble  tablets  and  in  sterile 
solutions  in  sealed  glass  containers  known  as  ampules. 

Some  physicians  in  making  hypodermic,  intramuscular  or  even  intravenous  injec- 
tions, prefer  to  use  oily  rather  than  aqaeous  solutions.  H.  R.  Miller  asserts  that  the 
local  action,  especially  of  epinephrine  and  local  anesthetics,  is  much  prolonged;  that  in 
the  case  of  epinephrine  there  is  also  a  prolonged  systemic  effect  from  the  establishment 
of  a  local  subcutaneous  deposit  of  the  drug,  from  which  absorption  takes  place  grad- 
ually, so  that  continuous  effect  can  be  maintained  without  danger  by  repeating  the 
subcutaneous  inoculation  every  8  to  12  hours.  Intravenously,  the  danger  of  producing 
emboli  by  the  use  of  oil  is  great  in  rabbits,  but  apparently  not  great  in  larger  animals; 
dogs  received  10  cc.  every  third  or  fourth  day  until  as  much  as  100  cc.  had  been  admin- 
istered, without  apparent  ill  effects.  In  man,  doses  of  from  0.25  to  1.5  cc.  were  used 
without  untoward  results,  the  effect  of  the  drug  being  gradual,  uniform,  even  and  pro- 
longed, but  of  less  intensity  as  compared  with  that  of  the  same  drug  in  aqueous  solu- 
tion. It  has  also  been  shown  that  increasing  amounts  of  oil,  when  added  to  a  definite 
and  constant  amount  of  drug,  will  diminish  the  effect  until  finally  no  drug  effect  what- 
ever Is  observed. 

Miller  and  his  associates  used  in  their  observations  oily  solutions  of  epineph- 
riue,  strophanthin,  nitroglycerin  and  pituitary  extract.  Camphor  in  oil  is  quite 
commonly  used  for  subcutaneous  and  intramuscular  injections,  and  the  employ- 
ment of  gray  oil  (mercury),  also  intramuscularly,  had,  at  one  time,  a  great  vogue 
— and  is  still  advocated  by  some — in  syphilis.  It  has  been  found,  however,  that 
dangerous  and  even  fatal  mercurial  poisoning  might  occur  from  delayed  absorption 
with  sudden  release  of  a  toxic  quantity. 

Ilypodermoclysis. — When  large  quantities  of  fluid  are  to  be  thrown  under 
the  skin  (hypodermoclysis,  subcutaneous  infusion),  the  cannula  should  be  larger 
than  that  used  for  hypodermic  injection  and  attached  by  means  of  rubber  tubing 
to  a  vessel,  preferably  of  glass,  which  is  suspended  at  the  height  of  three  feet 
above  the  bed.  The  fluid  in  the  container  should  be  kept  at  or  above  body  tem- 
perature by  wrapping  hot  cloths  about  it,  attaching  hot  water  bottles  or  other 
suitable  device.  The  best  device  is  a  double- walled  glass  container  with  a  vacuum 
between  the  walls.  The  sites  commonly  selected  for  introduction  of  the  fluid  are 
the  loose  areolar  tissue  below  the  breasts,  the  buttocks,  and  the  abdominal  wall. 

Hypodermoclysis  is  not  commonly  utilized  for  the  purpose  of  administering 
drugs,  but  rather  to  restore  fluid  lost  to  the  body  by  hemorrhage  or  serous  dis- 
charges, or  in  an  attempt  to  stimulate  the  renal  functions,  or  to  accomplish  what 
is  called  lavage  of  the  blood — that  is  to  say,  dilution  and  elimination  of  toxic  sub- 
stances.^^ It  is  sometimes  employed  for  the  introduction  of  a  suitable  food,  e.g., 
glucose,  when  for  any  reason  the  stomach  is  not  available  and  rectal  or  intravenous 
injection  impracticable.  The  quantity  of  fluid  employed  for  hypodermoclysis  may 
be  from  50  to  500  cc,  seldom  above  this  (very  rarely  up  to  1000  cc).  It  should 
always  be  introduced  slowly,  taking  from  thirty  minutes  to  an  hour  for  the  intro- 
duction of  500  cc ;  and  when  distention  of  the  tissues  shows  absorption  to  be  defi- 
cient, the  process  should  be  suspended  for  a  time,  or  even  abandoned.  Lack  of 
caution,  either  as  to  quantity  administered  or  rapidity  of  introduction,  may 
embarrass  the  heart  and  even  produce  fatal  edema  of  the  lungs. 

'^  The  intestine  or  veins  may  be  utilized  similarly  (proctoclysis,  enteroclysis,  angio- 
clysis,  q.v. ).  This  procedure  is  discussed  in  connection  with  the  therapeutic  uses  of 
sodium  chloride.  The  saline  solution  is.  however,  sometimes  employed  as  a  means  for 
introducing  drugs,  for  example,  the  adrenal  principle,  sodium  bicarbonate,  or  calcium 
salts,  especially  in  the  case  of  shock,  collapse,  severe  hemorrhage,  tetany,  acidosis  and 
certain  forms  of  narcotic  poisoning. 
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Intramuscular  Injection. — By  use  of  a  sufficiently  long  needle  attached  to  a 
hypodermic  syringe,  medicinal  solutions  may  be  thrown  deeply  into  the  muscular 
tissue.  The  same  aseptic  precautions  should  be  practiced  as  in  the  case  of  sub- 
cutaneous injections.  Any  convenient  muscle  may  be  selected  to  receive  the 
injection,  the.  deltoid^  triceps,  and  thigh  muscles  being  the  most  commonly  selected. 
The  biceps  should  be  avoided  as  the  musculospiral  nerve  may  be  entered  and 
paralyzed. 

Solutions  of  alkaloidal  salts  and  other  water  soluble  substances  are  quickly 
absorbed  and  act  almost  as  promptly  as  by  intravenous  injection.^* 

In  addition  to  the  rapidity  of  absorption,  the  method  is  preferable  to  sub- 
cutaneous injection,  particularly  with  irritating  substances^  such  as  quinine  and 
urea  hydrochloride,  or  highly  acid  solutions  of  other  quinine  salts,  in  that  topical 
accidents,  such  as  inflammation,  infection,  necrosis  and  abscess  formation  are  less 
likely  to  result.  Moreover,  when  bulky  injections,  as  of  certain  antitoxic  serums, 
are  to  be  made,  the  intrascapular,  infrascapular  and  gluteal  muscular  masses  afford 
greater  space  than  any  subcutaneous  area. 

Intramuscular  injections  of  insoluble  substances  in  suspension  in  water  or  oil 
are  sometimes  made  for  gradual  absorption  and  prolonged  effect.  Mercurials,  espe- 
cially, are  used  in  this  way ;  metallic  mercury — 30  to  50  percent,  in  sterile  lanolin 
and  almond  oil ;  calomel — 1 :  15  or  1 :  30  in  a  sterile  vegetable  oil ;  mercuric  salicy- 
late, 3,  lanolin,  1,  olive  oil  to  make  15.  This  use  of  mercurials,  however,  is  not 
without  danger.  The  concentrated  injections  (e.g.,  -±0  percent.)  advised  by  some 
writers  are  quite  painful. 

Intravenous  Injection. — The  introduction  of  agents  directly  into  the  venous 
circulation  is  resorted  to,  first,  to  insure  the  rapid  effect  of  the  agent  employed; 
second,  to  prevent  a  change  in  the  chemical  composition  of  the  drug,  before  it 
enters  the  blood ;  third,  to  avoid  local  irritation ;  and,  fourth,  to  bring  the  medica- 
ment directly  into  contact  with  certain  organisms  in  the  blood,  as  streptococci, 
pneumococci,  the  parasites  of  malaria,  of  relapsing  fever,  of  syphilis.  It  is 
prompter  and  more  effective  than  hypodermic  injection,  particularly  under  indi- 

"  The  rate  of  absorption  differs  according  to  the  muscle  into  which  the  injection  is 
made,  and  depends  upon  the  supply  of  blood  capillaries,  the  compactness  of  the  muscle 
bundles  and  the  streng'th  of  the  fascial  sheath.  It  is  most  rapid  from  the  lumbar  region, 
especially  the  sacrospinal  mass. 

According  to  Meltzer,  intramuscular  injection  of  epinephrine  in  this  region  causes 
blood  pressure  to  rise  almost  as  rapidly  as  after  intravenous  injection,  'while  the  effect 
is'  more  prolonged.  Two  factors  contribute  to  the  result:  first,  the  abundant  provision 
of  blood  capillaries  in  the  muscular  tissue  itself;  second,  the  rise  of  intramuscular 
pressure  which  takes  place  when  additional  quantity  of  fluid  is  introduced,  this  being 
more  marked  in  the  lumbar  region,  especially  the  sacrospinal  muscle,  where  the  muscle 
bundles  are  firm  and  compact,  with  very  little  connective  tissue  between,  and  encased  in 
strong  Inelastic  fascia.  In  regions,  notably  the  gluteal,  in  which  the  muscle  bundles 
and  strata  are  loosely  bound  and  separated  by  considerable  connective  tissue,  the  injected 
fluids  escape  into  the  areolar  spaces,  so  that  there  is  little  or  no  advantage  over  the 
subcutaneous  method.  Meltzer,  therefore,  proposed  lumbar  (i.e.,  sacrospinal)  intra- 
muscular injection  as  a  method  of  choice  for  the  administration  of  certain  medicines. 
In  particular  he  put  forth  the  specific  proposition  that  arsphenamine  should  be  injected 
into  the  spinosacral  muscle. 

Certain  details  are  important.  The  patient  should  lie  on  the  abdomen,  the  part 
opposite  the  lumbar  region  being  supported  by  pillows.  The  sacrospinal  muscles  are 
thus  sharply  outlined.  At  about  the  junction  of  an  imaginary  line  uniting  the  highest 
(most  cephalic)  point  of  the  iliac  crest  with  the  third  or  fourth  spinal  process,  the 
needle  should  first  be  pushed  vertically  in  the  ventral  direction  until  a  sudden  resistance 
shows  that  it  has  reached  the  fascia.  After  penetrating  the  fascia,  the  point  should 
be  turned  forward  (toward  the  head)  and  very  slightly  outward,  deviating  somewhat 
from  the  vertical.  The  needle  must  be  strong,  of  fairly  wide  lumen,  and  not  less  than 
three  inches  long.  With  shorter  needles  the  injected  solutions  may,  in  obese  subjects, 
remain  outside  the  fascia. 
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cations  of  urgency,  as  malignant,  malaria.  It  is  especially  useful  in  some  forms  of 
chemical  antidotism,  with  certain  chemical  and  hiologic  antitoxins,  in  alkaliniza- 
tion,  and  in  the  administration  of  glucose  as  a  quickly  utilizable  energy-food. 

Intravenous  injection  of  remedies  is  commonly  done  by  the  use  of  a  suitable  glass 
syringe  with  a  fine  needle.  An  all-glass  syringe  with  an  iridoplatinum  needle  is  to  be 
preferred,  but  the  ordinary  hypodermic  syringe  may  be  used  when  a  better  instrument 
is  not  available.  Some  physicians  give  preference  to  steel  needles,  which  can  be  thrown 
away  after  use,  insuring  a  new  needle  for  each  injection.  Certain  agents,  notably 
arsphenamine,  are  dissolved  in  a  considerable  quantity  of  saline  solution  and  placed  in 
a  gravity  flask,  which  is  attached  to  the  needle  by  rubber  tubing. 

A  superficial  vein  of  the  arm  or  leg  is  commonly  selected.  After  thorough  steriliza- 
tion of  the  area  of  injection,  the  hands  of  the  operator  and  the  instrument  to  be  employed, 
a  fillet  is  placed  tightly  on  the  extremity  above  the  site  selected  for  the  injection,  in 
order  to  produce  distension  of  the  vein;  or,  if  time  is  lacking,  the  arm  above  the  elbow 
may  be  tightly  grasped  by  the  hand  of  the  patient,  attendant  or  physician.  The  needle 
is  then  introduced  into  the  distended  vessel,  in  the  direction  of  the  blood  current.  When 
the  blood  begins  to  drop  from  the  needle,  showing  that  it  is  in  the  lumen  of  the  vessel 
and  not  protruding  through  the  opposite  wall  or  engaged  in  the  perivascular  tissues, 
the  syringe  containing  the  solution  of  the  medicament  is  attached,  and  the  pressure 
being  released,  its  contents  are  slowly  discharged  into  the  blood.  Some  prefer  not  to 
depend  on  dripping,  but  aspirate  a  few  drops  of  blood  into  the  barrel  of  the  syringe, 
where  it  mingles  with  the  medicinal  solution.  The  medicinal  solution  must  be  clear 
and  not  too  concentrated.  Water  is  the  solvent  of  choice;  alcohol,  ether,  oil,  etc.,  are 
likely  to  produce  emboli  or  destruction  of  blood  cells. 

At  one  time,  but  a  few  medicaments  were  introduced  by  vein.  The  tendency 
to-day  is  to  extend  the  range  of  the  method;  its  safety,  in  the  absence  of  contra- 
indications, having  been  demonstrated,  and.  the  time  gained,  especially  in  cases  of 
infection,  often  determining  the  difference  between  success  and  failure.  Never- 
theless, it  should  not  be  abused,  either  by  unnecessary  resort  or  undue  repetition. 

Intravenous  infusion  of  sterile  salt  solution  is  practiced  commonly  with  a 
solution  isotonic  with  blood  senmi,  and  containing  sodium  chloride  only,  or  a 
mixture  of  sodium,  potassium  and  calcium  chlorides,  in  the  proportions  in  which 
these  substances  exist  in  the  blood.  The  temperature  of  the  solution  should  not 
be  less  than  100°  F.  (37.7°  C.)  and  may  be  104°  F.  (-40°  C.)  or  more.  A  long 
thin  needle  is  introduced  into  a  vein  of  the  arm  or  leg  and  connected  by  means 
of  rubber  tubing  with  a  container  kept  warm  and  elevated  thirteen  inches  or  more, 
according  to  the  rapidity  of  the  flow  desired,  which  should  never  be  great.  Of 
course,  all  instnmients  must  be  properly  sterilized  and  the  injection  made  under 
aseptic  conditions.  The  quantity  is  commonly  from  100  to  250  cc,  or  even  500  cc, 
and  very  rarely  1000  cc.  When  sodium  chloride  alone  is  used,  the  solution  should 
contain  0.7  to  0.0  percent,  of  the  salt,  approximately  one  dram  to  the  pint,  or 
7  to  9  grams  to  the  liter.  Solutions  weaker  than  0.6  percent,  are  likely  to  cause 
hemolysis,  and  too  strong  solutions  (more  than  0.9  percent.)  may  produce  crena- 
tion  of  the  corpuscles.  Hence,  such  solutions  should  not  be  used  without  definite 
purpose.  But  if  the  disparity  is  not  too  great,  the  quantity  not  excessive  and 
the  rate  of  introduction  is  slow  (10  to  15  cc.  per  minute),  the  readjustment  which 
hypertonic  or  hypotonic  solutions  are  intended  to  effect  will  take  place  withoiit 
material  damage  to  the  mass  of  cells.  Indeed,  the  experience  of  some  physicians 
with  Fischer's  treatment  of  edema,  and  of  surgeons  who  use  from  30  to  120  cc. 
of  salt  solutions  highly  hypertonic  (15  to  35  percent.)  to  reduce  intracranial  ten- 
sion by  causing  absorption  of  fluid  from  the  ventricular  system  into  the  blood, 
shows  that  the  importance  of  this  tlworetical  danger  has  been  highly  exaggerated. 

Medicaments  may  be  added  to  the  salt  solution.   Of  these,  apart  from  arsphen- 
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amine  and  its  congeners,  the  most  important  is  the  adrenal  principle,  a  solution 
of  Avhich  (1:1000)  is  added  in  quantities  of  30  minims  to  one  fiuidram  to  the 
quart  (2  to  5  cc.  to  the  liter).  A  solution  of  glucose  (5  to  10  percent.)  is  often 
added,  especially  in  cases  of  diabetic  coma.^^  Sodium  liicarbonate  or  carbonate' 
may  be  used  to  alkalinize  the  blood,  the  amount  of  sodium  chloride  sometimes 
being  reduced  to  preserve  isotonicity.  In  some  cases  of  nephritis  associated  with 
uremia  or  dropsy,  however,  Fischer's  solution,  which  is  not  only  saline  and  alka- 
line, but  also  purposefully  hypertonic  (1.5  to  3.5  percent.)  is  used  instead  of  the 
isotonic  saline. 

Blood  of  an  appropriate  type,  preserved  in  a  fluid  state  by  addition  to  it  of 
a  third  of  its  volume  of  a  10  percent,  solution  of  sodium  citrate  (thus  making 
a  final  solution  of  citrate  of  3.33  percent.)  may  also  be  introduced  by  intravenous 
infusion;  but  the  method  of  linger  by  which  imtreated  blood  is  transferred  almost 
directly  from  donor  to  patient,  through  a  three-Avay  syringe,  is  to  be  preferred. 

Intraperitoneal  Injection. — Practiced  by  inserting  a  needle  through  the  ab- 
dominal wall ;  commonly  at  McBirney's  point,  or  a  corresponding  area  on  the  left. 
It  is  contraindicated  in  cases  of  distention,  l)ecause  of  the  danger  of  penetrating 
the  howel.  The  method  is  used  only  occasionally  with  adults,  but  is  becoming 
quite  common  in  the  treatment  of  children,  for  medication  and  for  blood  transfu- 
sion. 

Administratiox  by  the  Luxgs  :  Administration  hy  the  air  passages  for  sys- 
temic effect  is  carried  out  chiefly  by  inhalation;  but  certain  substances,  as  epineph- 
rine, may  be  injected  directly  into  the  bronchi  by  means  of  a  tube  passed  through 
the  windpipe.  In  the  instance  cited,  absorption  is  extremely  rapid  and  the  effect 
on  the  left  heart,  to  which  the  drug  is  at  once  carried,  is  almost  immediate.  The 
method,  nevertheless,  has  no  special  advantage  and  would  be  resorted  to  only 
under  exceptional  circumstances. 

Inhalation. — Inhalation,  however,  is  a  procedure  of  considerable  importance. 
The  underlying  principles  are  discussed  in  the  section  on  absorption.  It  is  utilized 
chiefly  for  the  administration  of  gases,  of  the  volatile  anesthetics  employed  in 
surgery,  and  of  quick-acting  vapors,  such  as  those  of  musk  and  amyl  nitrite.  A 
few  other  volatile  liquids,  however,  such  as  iodine,  ethyl  iodide,  carbon  disulphide, 
creosote  and  the  terebinthinates — less  frequently  bromine — find  occasional  use  in 
this  way,  for  the  combined  local  and  systemic  effect  of  the  inhaled  vapors. 

Bromine  inhalations  require  special  precautions,  elsewhere  stated.  With  amyl 
nitrate  a  very  small  quantity  (circa  3  to  5  minims)  is  needed  or  safe,  and  this  is 
commonly  dispensed  in  a  glass  "perle"  to  be  crushed  in  a  handkerchief,  gauze  pad 
or  cotton  wad,  when  the  emergency  arises.  The  other  vapors  mentioned  may  be 
inhaled  in  any  simple  way.  Thus,  for  continuous  use,  they  may  be  dropped  on 
the  sponge  of  the  perforated  zinc  respirator  of  Yeo,  which  may  be  worn  over  the 
patient's  nose  and  mouth,  without  discomfort,  for  many  hours.  For  brief  effect, 
the  opened  vial  may  be  held  to  the  nostril,  the  heat  of  the  hand  sufficing  to  vola- 
tilize the  medicament. 

Vapors  or  fumes  for  medicinal  inhalation  can  be  produced  from  certain  solid 
medicaments  by  the  application  of  heat.  The  drug  may  be  placed  in  an  open 
vessel  or  in  a  vessel  fitted  with  a  delivery  tube.  In  the  former  plan,  the  fumes 
are  allowed  to  diffuse  through  the  air  of  the  room  or  "tent"  in  which  the  patient 

"  This  illustrates  one  of  the  advantages  of  intravenous  over  subcutaneous  infusions, 
since  sodium  carbonate  injected  into  the  subcutaneous  areolar  tissue  produces  slough. 
M.  H.  Fischer,  indeed,  complains  that  his  caution  in  this  respect  is  sometimes  disregarded 
and  his  method  is  thereby  unjustly  discredited. 


SOUECES,  rEEPAEATION  AND  THERAPEUTIC  USE  OF  DHUGS  339 

is  placed;  in  the  latter  plan  they  are  taken  directly  into  the  air  passages  "without 
diffusion.  This  method,  termed  fiunigafion,  was  used  chiefly  for  the  administra- 
tion of  mercury  (calomel)  and  of  sulphur  dioxide,  and  has  passed  into  almost 
complete  disuse. 

The  gases  of  most  frequent  use  are  compressed  and  rarefied  air,  oxygen, 
nitrogen,  carhon  dioxide  and  nitrous  oxide.  Chlorine,  sulphur  dioxide,  and  nascent 
ammonium  chloride,  suitahly  guarded  and  diluted,  have,  however,  occasional  appli- 
cation.   The  technique  difl'ers  with  the  agent  and  the  purpose  of  inhalation. 

It  is  obvious  that  inhalation  is  a  quite  difTerent  procedure  in  the  case  of  an 
ambulant  patient,  or  of  a  fully  conscious  and  fairly  strong  bed  patient  who  can 
actively  cooperate,,  and  one  who  is  weak,  semi-conscious,  delirious  or  comatose, 
as  in  narcosis  or  acute  infections.  In  these  latter  conditions,  especially,  the  use 
of  oxygen  by  inhalation  is  of  high  importance,  but  it  is  frequently  carried  out 
in  such  a  manner  as  to  be  useless.  The  suspension  of  a  funnel  or  similar  con- 
trivance above  the  patient's  mouth  and  nose  is  among  the  worst  of  these  pro- 
cedures. Either  a  tight  fitting,  but  light,  face  mask  with  an  easily  opened  auto- 
matic valve  for  the  escape  of  the  expired  gas  should  be  used,  or  a  terminal 
mouthpiece  of  metal,  bone  or  hard  rubber  with  a  sufficient  aperture.  The  mouth- 
piece may  be  flat  or  curved  to  fit  the  tongue.  A  soft  rubber  tube  will  be  com- 
pressed by  the  patient's  teeth,  and  glass  may  be  broken.  An  ingenious  two-way 
metal  mouthpiece  was  devised  by  ]\Ieltzer,  associated  with  a  valve  which  the 
attendant  closes  during  inspiration  and  opens  during  expiration,  the  manipulation 
being  rhythmically  conducted  at  a  previously  determined  rate,  or  in  correspondence 
with  the  patient's  spontaneous  breathing.  This  device  is  also  useful  for  artificial 
respiration,  especially  in  asphyxia.  In  pneumonia  the  manipulation  of  such  a 
valve  is  difficult,  fatiguing  and  unnecessary.  The  curve  of  Meltzer's  mouthpiece, 
by  which  it  can  be  introduced  well  back  upon  the  tongue,  is  a  valuable  feature,  and 
the  device  may  readily  be  attached  by  suitable  tubing  and  connections  to  the 
apparatus  supplied  by  the  dealers.  The  best  plan,  whether  one  uses  a  mouthpiece 
or  a  light  mask  with  automatic  valve,  is  to  allow  the  oxygen  to  run  over  continu- 
ously under  pressure  such  that  the  separate  bubbles  in  the  stream  of  gas  passing 
through  the  water  of  the  washbottle  can  barely  be  distinguished. 

The  technique  of  administering  the  volatile  anesthetics  belongs  rather  to  the 
domain  of  surgery,  but  it  may  be  considered  here. 

The  simplest  method  of  giving  chloroform  and  ether,  the  two  surgical  anesthetics 
of  greatest  importance,  is  to  place  a  folded  towel  or  gauze  mask  over  the  patient's  mouth 
and  nose  and  to  pour  or  drop  the  liquid  anesthetic  upon  this,  permitting  it  to  be  volatil- 
ized and  drawn  into  the  lungs  during  inspiration.  If  it  be  desired  to  give  oxygen  with 
the  anesthetic,  a  nozzle  connected  with  a  tube  from  an  oxygen  tank  may  be  inserted 
into  the  patient's  nostril,  or  preferably  into  the  pharynx,  as  previously  described.  The 
objection  to  this  method  is  that  the  quantity  of  anesthetic  inhaled  is  largely  beyond  the 
control  of  the  anesthetist.  During  expiration  an  uncertain  and  varying  quantity  is  blown 
away  and  lost,  and  the  amount  drawn  into  the  lungs  is  dependent  to  a  great  extent  on  the 
depth  of  the  inspirations.  Deep  and  rapid  breathing  may  lead  to  the  sudden  flooding  of 
the  body  with  a  dangerous  quantity,  while  shallow  and  slow  breathing  will  reduce  the 
amount  inhaled.  As  deep  respiration  is  most  often  associated  with  light  narcosis,  the 
variation  indicated  may  exactly  meet  the  indications.  If,  however,  there  comes  in  the 
first  stage  a  spasm  of  the  larynx,  it  may  be  very  difficult  to  bring  about  absorption  of 
enough  anesthetic  to  overcome  this.  A  more  dangerous  condition  arises  when  the 
narcosis  becomes  too  deep  and  the  respiratory  movements  are  insufficient  to  carry  off 
the  excess  of  narcotic  from  the  blood. 

To  overcome  these  difficulties  and  dangers,  a  number  of  devices  have  been  intro- 
duced, the  purpose  of  which  is  to  permit  exact  control  of  the  quantity  of  anesthetic 
drug  reaching  the  patient,  or,  which  amounts  to  the  same  thing,  the  degree  of  saturation 
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of  the  air  entering  the  lungs.  Provision  is  made  also  for  the  use  of  oxygen  in  place  of 
air,  or  the  introduction  of  artificial  respiration  should  occasion  require  it. 

Two  types  of  apparatus  are  in  common  use.  The  first  type  was  devised  by  Meltzer 
for  animal  experiments,  but  has  been  extensively  used  in  human  surgery.  In  this 
method,  air  or  oxygen,  under  a  pressure  of  a  few  millimeters  of  mercury,  is  driven  along 
a  tube  to  a  Y  coupling  where  it  divides  into  two  streams.  One  stream  passes  above  the 
surface  of  the  ether  (or  chloroform)  contained  in  a  two-necked  bottle,  thus  becoming 
saturated  with  the  vapor.  The  other  stream,  which  consists  of  pure  air,  passes  to  a 
second  Y  tube,  where  it  meets  the  tube  from  the  other  bottle.  From  this  second  Y  tube 
the  air  is  conveyed  to  the  patient.  Stopcocks  or  valves  are  provided,  by  adjusting  which, 
all  or  none  or  any  desired  proportion  of  the  air  may  be  made  to  pass  over  the  anesthetic. 
The  greater  the  proportionate  amount  thus  directed,  the  greater  will  be  the  saturation 
of  the  air  inhaled  and  the  deeper  the  narcosis. 

In  the  other  type  of  apparatus  a  stream  of  air  or  oxygen  is  conveyed  to  a  mixing 
chamber,  from  which  it  passes  to  the  patient.  A  dropping  bottle  is  connected  to  this 
mixing  chamber  in  such  a  manner  that  the  anesthetic  which  it  contains  will  drop  into 
the  chamber  in  a  regular  stream,  the  rate  of  flow  being  controlled  by  a  valve.  The 
amount  of  anesthetic  received  by  the  patient  will  obviously  correspond  to  the  volume 
which  is  allowed  to  flow  into  the  chamber  during  any  given  time,  and  is  thus  always 
under  exact  control. 

The  stream  of  air  (with  or  without  ether  or  chloroform  vapor)  supplied  by  these 
devices  may  be  conveyed  to  the  patient  by  means  of  a  close-fitting  rubber  mask  which 
covers  the  mouth  and  nostrils  and  is  fitted  with  an  expiration  valve;  or  by  a  mouth- 
piece, the  nostrils  being  closed  by  an  elastic  clip;  or  by  tubes  inserted  in  the  nostrils; 
or  by  rubber  tubes  passed  into  the  larynx  or  even  deep  into  the  trachea. 

Such  appliances  may  be  utilized  as  a  most  efficient  means  of  artificial  respiration  by 
providing  for  rhythmic  interruption  of  the  air  stream. 

Dosage 
Terms  Employed  and  Their  Practical  Bearings 

Drugs  differ  greatly  in  their  degree  of  pharmacodynamic  activity — i.e.,  in 
power  to  influence  tissue  and  function  under  like  conditions,  as  showai  by  either 
the  character,  promptness,  intensity  and  duration  of  the  responses  elicited  by 
equal  quantities,  or  by  the  quantities  respectively  needed  to  produce  a  given  effect 
in  a  given  time.  Hence,  having  determined  the  purpose  and  chosen  the  agent 
of  medicinal  intervention,  the  physician  has  still  to  answer  several  highly  impor- 
tant questions:  When?  How?  How  much?  How  often?  How  long?  In  other 
words,  he  must  decide  upon  the  dosage  and  with  it  upon  the  time  and  method 
of    use. 

The  study  of  dosage  thus  includes  the  consideration  of  all  those  factors  relat- 
ing to  the  drug,  the  patient,  the  pathologic  conditions  present  and  the  therapeutic 
effect  desired,  which  influence : 

A.  The  quantity  of  a  remedial  agent  to  be  used  systemically,  or  the  con- 
centration, in  which  it  is  to  be  applied  topically. 

B.  The  time  and  manner  of  its  administration  or  application,  including  fre- 
quency and  intervals. 

C.  The  period  of  continuance  of  the  treatment. 

Under  the  fi^'st  head,  the  reference  may  be  to  a  single  moment  or  to  a  con- 
siderable time.  Commonly  the  limit  is  twenty-four  hours.  It  should  always  be 
stated  explicitly. 

Under  the  second  head  are  considered:  (1)  the  time  at  which  the  medicine 
is  to  be  given  or  the  application  made;  (2)  the  route  of  introduction  or  method 
of  application;  (3)  the  form  in  which  the  drug  is  to  be  administered  or  applied; 
(4)  the  number  of  parts  into  which  the  total  daily   (or  other)   quantity  is  to  be 
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divided  or  the  duration  of  a  single  appiieation  ;  and  (5)  the  length  of  the  inter- 
vals elapsing  between  the  administration  of  the  successive  portions  of  the  systemic 
dose  or  the  renewals  of  the  local  applications. 

Each  of  these  considerations  inlluences  all  the  others. 

Under  the  fliird  hend  are  considered:  total  duration  of  medication,  intermis- 
sions, resumptions  and  modifications  of  the  general  routine  that  may  be  indicated 
either  by  the  progress  of  disease  or  by  the  results  of  treatment. 

The  consideration  of  these  various  elements  will  be  taken  up  in  the  following 
order : 

A.  Varieties  of  dose  in  general  and  terms  used  in  describing  them. 

B.  Factors  depending  on  the  character  of  the  drug  and  the  time  and  the  method 
of  its  administration,  by  which  dosage  is  influenced.  These  we  shall  term  drug 
factors. 

C.  Considerations  relating  to  the  patient  and  his  environment.  These — which 
we  shall  term  personal  factors — have  for  the  most  part  been  discussed  in  connection 
with  the  factors  modifying  drug  influence. 

General  Varieties  of  Dose  and  Descriptive  Terms 

The  word  dose,  as  commonly  used  without  qualification,  means  the  quantity 
given  hy  mouth,  at  any  one  time.  If  other  method  of  administration  or  other  time 
is  intended,  the  statement  is  appropriately  qualified,  since  the  quantity  will  have 
to  be  increased  or  diminished  accordingly. 

Doses  differ  also  with  the  age,  sex,  size  or  weight  and  vigor  of  the  patient 
and  are  to  be  modified  in  accordance  with  peculiar  individual  reactions,  special 
pathologic  indications  and,  at  times,  the  environment. 

To  establish  a  definite  standard  of  comparison  in  laboratory  research,  it  has  been 
found  convenient  to  estimate  in  terms  of  the  weight  of  the  animal  the  quantity  that 
must  be  used  to  produce  a  given  systemic  result — so  many  grams  of  the  drug  to  so 
many  kilograms  of  frog,  mouse,  rabbit,  dog,  etc. 

As  the  effect  depends  not  so  much  upon  the  total  quantity  of  drug  relative  to  the 
total  quantity  of  living  and  non-living  substance  in  the  animal,  as  upon  the  quantity 
that  comes  into  dynamic  contact  with  the  special  cells  affected — i.e.,  the  active  dose — 
and  the  duration  of  such  contact,  this  apparent  exactitude  in  statement  is  merely  an 
approximation  to  scientific  accuracy.  The  dilution  of  the  dose  by  the  whole  mass  of 
circulating  fluid  and  its  diffusion  throughout  all  parts  of  the  organism  are,  however, 
important  factors  in  determining  this  fractional  active  quantity,  and  these  are  approx- 
imately equal  in  animals  of  equal  weight  and  of  the  same  species. 

For  human  beings  a  similar  standard  of  approximation  is  clinically  convenient.  A 
large  person  can  take  a  relatively  big  dose;  a  small  person  should  receive  a  dose  pro- 
portionately little.  This  rule,  however,  is  to  be  modified  by  the  general  make-up, 
especially  obesity  or  the  reverse,  and  the  other  considerations  stated. 

To  avoid  ambiguity,  statements  of  dose  in  this  book,  when  not  otherwise 
implied  or  specified,  will  refer  (1)  to  administration  hy  mouth ;  (2)  to  single  doses 
intended  for  repetition;  and  (3)  to  amounts  suited,  in  the  absence  of  special 
(racial  or  personal)  sensitiveness,  for  young  male  adults  in  full  vigor,  estimated 
as  of  a  standard  m^an  n-eight  of  Go  kilograms  (circ/i  145  pounds).  The  quantity, 
or  range  of  quantities,  thus  stated  may  be  termed  the  standard  dose  of  any  sub- 
stance. The  factors  modifying  it  are  discussed  later  in  this  section.  It  will  be 
convenient  to  take  up  with  systemic  dosage,  here  and  there,  the  strength  of  ex- 
ternal applications. 

Certain  additional  terms  frequently  or  occasionally  used  may  first  be  defined: 
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The  single  dose  ^^  is  the  quantity  administered  at  any  one  time,  whether 
or  not  it  is  intended  to  be  repeated. 

The  daily  dose  is  the  quantity  administered  in  twenty-four  hours.  Accord- 
ing to  the  activity  of  the  drug  and  the  purpose  in  view,  this  may  be  taken  all 
at  once  (single  daily  dose)  or  be  divided  into  several  portions  given  at  different 
times.  In  the  former  method,  a  smaller  total  quantity  must  in  most  instances 
be  used.  When  the  latter  method  is  chosen,  we  may  speak  of  a  divided  dose  (or 
of  divided  doses). 

The  terms  broken  doses  and  fractional  doses  are  equivalent  and  are  some- 
times used  synonymously  with  divided  doses.  They  are,  however,  commonly  applied 
to  quite  small  doses  given  in  rather  quick  succession.  It  is  better,  therefore,  to 
restrict  their  use  accordingly. 

We  may  say,  for  example,  that  strychnine  can  be  given  in  divided  dose  up  to  a 
maximum  daily  quantity  of  140  grain  (6  mgm.)-  This  might  mean  one  milligram 
every  hour,  or  every  two  or  three  hours,  up  to  six  single  doses;  or  it  might  mean  two 
milligrams  three  times  daily  at  mealtimes;  or  three  milligrams  morning  and  night.  Or 
it  may  be  said  that  1  grain  (0.06  Gm.)  of  calomel  is  to  be  given  in  fractional  doses— 
which  would  mean  1/10  grain  (6  mgm.)  every  ten  or  fifteen  minutes  until  the  whole 
quantity  has  been  taken. 

By  maximum  dose  is  commonly  understood  the  maa-imum  single  dose — that 
is,  the  largest  quantity  that  can  ordinarily  be  given  with  safety  either  at  one  time 
or  in  fractional  doses  within  a  short  time.  The  nuurimum  daily  dose  is  the  largest 
quantity  ordinarily  to  be  given  with  safety  during  twenty-four  hours. 

The  sufficient  dose  is  that  which  in  the  individual  patient,  at  the  given 
moment,  produces  the  effect  desired  and  maintains  it  for  the  necessary  time. 

The  term  full  dose  is  sometimes  used  as  a  synonym  for  maximum  dose,  but 
has  a  special  meaning  to  which  we  prefer  to  restrict  it — namely,  the  quantity 
which,  when  used  medicinally  in  a  specified  way,  develops  the  full  range  of  physio- 
logic influence  of  the  drug  without  passing  the  limit  of  safety. 

Quantities  which  may  safely  be  given  for  remedial  influence  are  commonly 
termed  therapeutic  or  medicinal  doses.  It  is  to  be  observed  that  both  remedial 
influence  and  safety  are  essential  elements  in  the  characterization.  The  purpose  is 
to  alter  the  tissues  or  modify  the  functions  of  a  sick  person  in  such  manner  as  to 
relieve  suffering,  prolong  life  or  promote  recovery — and  without  introducing  new 
dangers.  Hence,  those  quantities  that,  under  the  pathologic  conditions  present,  are 
either  too  small  to  be  of  effect  or  so  great  as  to  threaten  danger,  are  alike  excluded 
from  the  category. 

Therapeutic  doses  may  fall  short  of,  coincide  with,  or  exceed  full  doses. 
While  the  induction  of  the  utmost  safe  effect  of  a  drug,  or  even  the  development 
of  the  entire  sphere  of  physiologic  influence,  in  a  degree  sufficiently  great  to  be 
recognized,  is  not  commonly  sought,  there  are  cases  in  which  such  limits  must 
be  reached,  or  even  passed,  if  true  remedial  influence  is  to  be  exercised.  Dis- 
appointment in  the  use  of  drugs  is  not  uncommonly  due  to  want  of  intelligent 
boldness — a  different  thing  from  recklessness — in  dosage. 

Often,  indeed,  it  is  necessary  to  develop  only  a  mild  effect  or  even  a  restricted 
portion  of  the  sphere  of  influence  of  the  medicament.  Tlie  doses  will  then  be 
moderate,  small,  or  even  minute.  This  is  particularly  the  case,  for  example,  in 
the  treatment  of  chronic  affections  of  the  heart  and  vessels  when  poAverful  agents 

^''  The  term  single  dose  is  sometimes  erroneously  applied  to  the  24-hour  quantity 
(daily  dose)  given  at  one  time.  To  avoid  mistake,  this  should  be  called  single  daily  dose, 
or  the  context  should  make  the  intention  clear. 
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vliich  liave  undesirable  by-effects — sueli  as  nitroijlYcerin,  dioitalis,  strophanthin, 
iodides — have  to  be  used  over  prolonged  periods.  Sometimes,  however^  it  is  neces- 
sary to  induce,  and  even  to  maintain,  full  medicinal  effect  (or,  as  it  is  often  termed, 
full  "physiologic"  action)  in  order  to  obtain  positive  results;  and,  in  that  event, 
the  doses  will  be  correspondingly  largo.  With  some  drugs,  moreover,  and  in  special 
ailments,  certain  characteristic  reactions,  even  verging  upon  the  danger  line,  must 
be  brought  about  to  make  sure  that  the  medicament  is  actually  exerting  its  influ- 
ence. Such  a  dose  might  be  called  decided.  When  the  desired  effect  is  shown, 
the  medication  is  withdrawn  or  the  dose  reduced.  In  other  cases,  the  danger  line 
must  be  approached  still  more  nearly,  since  the  ordinary  signals  of  full  physiologic 
effect  will  be  wanting  and  the  only  available  indication  of  the  degree  of  drug 
influence  attained  will  be  the  effect  upon  the  particular  pathologic  condition  which 
it  is  desired  to  remedy,  or  upon  some  symptom  selected  as  an  index. 

In  acute  articular  rheumatism,  for  example,  it  may  be  necessary  to  induce  tinnitus 
aurium  to  make  sure  of  full  therapeutic  salicylization;  but  as  soon  as  this  appears,  the 
quantity  of  salicylate  given  at  one  time  is  lessened  or  the  intervals  between  doses 
lengthened.  In  the  treatment  of  postdiphtheritic  paralyses  with  strychnine,  it  is  neces- 
sary to  maintain  the  full  effect  of  the  drug  for  days  or  even  weeks.  The  sign  by  which 
the  "sufficient  dose"  may  be  known  is  the  first  sensation  of  constriction  of  the  throat 
or  the  first  twitching  of  the  fingers  or  of  the  facial  muscles.  When  these  danger  signals 
are  observed  the  drug  is  stopped;  perhaps  to  be  resumed  later  in  doses  carefully  regu- 
lated to  the  necessary  effect. 

When  quinine  is  used  in  the  acute  pneumococcus  pneumonias,  the  ordinary  signs 
of  cinchonism  do  not,  as  a  rule,  appear;  and  although  the  drug  is  not  given  as  an  anti- 
pyretic, the  temperature  curve  is  chosen  as  the  index  of  quinine  influence.  With  a 
sufficient  fall  the  drug  is  withdrawn  or  the  dose  reduced  in  size  or  in  frequency. 

In  acute  pulmonary  edema  of  certain  types,  atropine  is  used  in  very  large,  and  often 
quite  frequent,  doses,  hypodermically,  or  even  intravenously.  Mydriasis  and  flushing  of 
the  skin  do  not  ordinarily  result;  the  pulse  becomes  less  frequent,  instead  of  more 
frequent;  while  increase  of  blood  pressure  is  a  favorable  symptom  and  not  an  indication 
of  excessive  action.  Systemic  improvement  of  this  character,  dryness  of  the  tongue  and 
skin  and  diminution  of  moist  rales  in  the  chest,  are  indications  that  the  effect  of  the 
drug  is  sufficient. 

In  some  instances,  the  action  of  a  single  large  dose  will  differ  from  that  of 
the  same  quantity  divided  or  fractioned.  This  is  especially  true  of  the  mercurial 
chlorides,  both  calomel  and  corrosive  sublimate.  A  large  dose,  say  5  grains  (0.3 
Gm.)  of  calomel  will  ordinarily  produce  purgation  without  causing  constitutional 
effects,  especially  if  it  is  followed  by  a  saline  laxative.  Equally  good  results,  how- 
ever, will  follow  the  use  of  one-fifth  of  that  quantity  broken  into  five  or  six  portions, 
of  which  one  is  taken  every  fifteen  or  thirty  minutes;  while  the  larger  amount,  if 
given  in  fractional  or  divided  doses,  would  be  very  likely  to  produce  salivation. 
A  single  dose  of  lA  grain  (30  mgm.)  of  the  bichloride  is  very  likely  to  cause 
epigastric  pain  and  vomiting,  if  nothing  more;  but  the  same  quantity  given  in  four 
doses  four  hours  apart  will,  as  a  rule,  not  produce  the  least  irritation. 

It  is  thus  obvious  that,  concerning  the  medicinal  dose,  as  concerning  all  other 
questions  of  therapeutic  art,  hard  and  fast  rules  are  impossible.  The  best  judg- 
ment of  the  physician  must  be  applied  to  the  conditions  before  liim. 

The  terms  small,  moderate  (or  medium),  large,  very  large,  and  the  like,  as 
applied  to  medicinal  doses,  have  their  ordinary  and  indefinite  meanings.  IMore- 
over,  they  are  always  to  be  understood,  not  according  to  absolute  weight  or 
measure,  but  with  reference  to  the  special  agent  under  consideration. 

The  quantity — say  0.5  Gm.  (8  grains) — which  would  be  a  small  dose  of  one  substance 
(say  sodium  bromide)   would  be  a  moderate  dose  of  another   (say  sodium  salicylate),  a 
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large  dose  of  another  (say  calomel),  and  a  very  large  dose  of  a  fourth  (say  ergot) ;  while 
the  quantity  that  might  be  considered  a  small  dose  of  tincture  of  cinchona—:)ay  4  cc. 
(60  minims) — would  be  poisonous  in  the  case  of  Fowler  solution  of  arsenic. 

The  term  minute,  while  still  indefinite,  is  somewhat  more  restricted,  being 
commonly  used  only  of  those  drugs — for  example,  arsenic,  epinephrine,  nitro- 
glycerin, or  aconitine — which  have  pronounced  or  recognizable  effects  in  very  small 
(but  still  measurable)  quantities — fractions  of  a  milligram. ^'^  If  used  in  connec- 
tion with  the  consideration  of  other  drugs,  the  intention  is  to  emphasize  the 
departure  from  the  rule.  Thus  65  mgm.  (1  grain)  might  be  termed  a  minute  dose 
of  ipecac,  but  that  quantity  is  at  least  twenty  times  the  weight  of  a  decided  dose 
of  atropine  or  of  strychnine. 

Doses  may  be  characterized  according  to  the  effect  they  tend  to  produce  on 
healthy  men  and  animals,  as  safe,  dangerous,  poisonous  and  deadly .  Frequently, 
the  poisonous  dose  is  termed  toxic,  and  the  deadly  dose  lethal  or  fatal.  It  would 
ibe  better  to  use  the  term  "quantity"  rather  than  "dose''  in  these  instances,  since 
poii^onous  and  deadly  amounts  of  drugs  are  not  to  be  intentionally  administered 
to  human  beings.  However,  the  usage  is  common  and  perhaps  serves  to  convey 
a  necessary  warning. 

A  drug  having  been  absorbed  induces  modifications  of  tissue  or  function  and 
then  passes  out  of  the  body.  The  changes  induced  may  be  fleeting  or  may  persist 
for  a  longer  or  shorter  time.    If  they  are  not  in  themselves  destructive  of  tissue 

"  Homeopathists,  however,  give  at  times  very  minute  or  practically  infinitesimal 
closes  (decimal  and  centesimal  dilutions  and  triturations,  also  called  "potencies")  of 
nearly  all  the  medicaments  they  employ.  Thus  a  recent  homeopathic  work  (Blackwood's 
Materia  Medica,  Therapeutics  and  Pharmacology)    contains  the  following  statement: 

"Remedies  which  in  their  crude  state  are  inert  or  practically  so.  are  employed  in 
potencies  ranging  from  the  12th  decimal  to  the  30th  and  200th  centesimal.  Remedies 
which  are  active  in  their  crude  state  are  employed  in  potencies  ranging  from  1  x  to  the 
200.  The  patient  with  a  highly  developed  nervous  system,  on  whom  medicines  act 
quickly,  should  have,  as  a  rule,  the  lower  potencies,  as  these  are  slower  in  their  action 
and  less  potent;  whereas  the  patient  with  a  sluggish  temperament  that  needs  arousing, 
should  be  given  the  higher  potencies.  In  diseases  which  present  a  chronic  history,  the 
potency  selected  is  from  the  30th  to  the  200th  centesimal,  and  higher. 

"The  repetition  of  the  dose  depends  upon  the  stage  of  the  disease.  In  acute  cases 
twenty  drops  of  a  dilution,  ten  to  fifteen  tablets,  or  an  equal  amount  of  powder,  are 
dissolved  in  a  glass  half  full  of  water.  Of  this,  two  teaspoonfuls  are  administered  at 
intervals  of  from  ten  minutes  to  one,  two  or  three  hours,  according  to  the  severity  of 
the  symptoms,  and  whether  or  not  prompt  action  is  desired.  The  intervals  are  lengthened 
as  the  symptoms  abate. 

"In  chronic  cases  two  or  three  doses  of  the  remedy  are  administered  within  twelve 
hours,  when  a  placebo  is  given  and  the  effects  of  the  remedy  watched.  No  more  medicine 
should  be  administered  so  long  as  improvement  continues. 

"When  a  remedy  is  indicated,  but  its  administration  fails  to  modify  the  symptoms, 
the  potency  should  be  changed,  not  the  remedy.  When  a  remedy  has  ceased  to  act,  the 
case  should  carefully  be  reviewed  and,  if  it  is  decided  to  continue  the  remedy,  it  should 
be  administered  in  another  potency. 

"...  .The  size  of  the  dose  of  potentized  drugs  is  the  same  in  all  cases." 

It  is  evident  that  under  this  practice  the  exact  fraction  of  grain,  milligram  or  minim 
of  active  medicament  received  by  the  patient  can  rarely  be  stated.  Hence  certain  prac- 
titioners who  prefer  to  prescribe  the  highly  active  medicines  in  fractional  doses — some- 
what after  the  manner  of  homeopathists,  although  not  upon  the  homeopathic  principle — 
use  granules  and  triturates  containing  a  minute,  but  definite,  quantity  of  drug.  Since 
they  employ  a  measured  dose  they  call  the  practice  "Dosimetry." 

"Eclectic"  practitioners  commonly  administer  the  liquid  preparations  of  plants, 
which  they  chiefly  employ,  in  a  manner  similar  to  that  described  for  the  homeopathic 
dilutions.  A  certain  quantity  is  put  in  half  a  tumblerful  of  water,  and  a  teaspoonful  or 
two  of  this  solution  is  given  at  the  intervals  directed;  from  every  ten  minutes  to  every 
hour  or  two.  The  object,  as  stated  by  Scudder,  is  to  attain  dilution  without  risking  de- 
terioration by  long  standing. 
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or  threatening  to  lit'o,  and  if  after  the  drug  has  been  eliniinalod  and  its  imme- 
diate effects  have  subsided  there  remains  no  permaneiit  alteration  in  the  body, 
the  dose  has  been  safe.  The  medicament  has  affected  the  body  temporarily  in  a 
definite  manner,  manifested  by  certain  symptoms;  but  its  influence  has  ceased. 
It  has  not  threatened  life;  it  has  not  imjjaired  structure;  it  has  not  permanently 
modified  function;  it  has  been  cast  out.  The  reactions  have  all  kept  within  bounds 
compatible  with  continued  life  and  health. 

If,  however,  in  its  passage  through  the  organism  the  drug  injures  tissue  or 
disturbs  function  in  such  a  manner  or  to  such  a  degree  that  health  and  life  are 
threatened;  or  if  after  elimination  of  the  agent  and  subsidence  of  its  immediate 
effects  there  remains  disablement  of  any  kind,  the  reaction  has  passed  beyond 
the  limits  of  safety  and  is  to  be  considered  harmful.  When  drugs  act  harmfully, 
they  arc  poisons.  Quantities  producing  such  results  are  properly  termed  poisonous 
or  toxic. 

Sometimes  quantities  that  would  ordinarily  produce  toxic  effects  fail  to  do 
so,  or  quantities  that  exceed  what  is  ordinarily  considered  a  safe  amount  may  yet 
fall  short  of  poisonous  activity.  Such  quantities  are,  nevertheless^  to  be  considered 
dang"eroiis.  The  distinction  is  by  no  means  sharp,  yet  it  is  not  Tinimportant. 
There  are  certain  emergencies  of  practice  in  which  doses  that  would  be  poisonous 
under  other  circumstances  may  properly  be  given,  albeit  with  due  caution  and 
watchfulness. 

A  notable  example  is  that  already  cited  of  the  use  of  atropine  in  certain  cases  of 
pulmonary  edema.  The  effect  Is  not  toxic,  for  life  may  be  saved  and  none  of  the 
untoward  symptoms  of  atropinism  be  shown.  Yet  one  cannot  say  that  5  or  10  milligrams 
(1/12  to  1/6  grain)  of  atropine  hypodermically  injected  at  one  moment,  or  Avithin  a 
short  time,  is  not  potentially,  under  all  circumstances,  a  dangerous  quantity.  One  may 
choose  to  take  the  risk  in  order  to  avert  a  greater  danger;  but  he  must  do  so  with 
eyes  open. 

Occasionally  by  certain  writers  a  distinction  is  drawn  between  toxic  and 
so-called  "physiologic"  doses,  the  latter  term  being  applied  to  that  variety  of  the 
safe  quantity  that  we  have  elsewhere  characterized  as  the  full  dose.  The 
term  "physiologic,"  however,  cannot  properly  be  used  as  a  measure  of  quantity. 
Nor  does  the  distinction  indicated  hold  good  as  to  the  character  of  the  reaction 
set  up  in  the  animal  organism.  Any  reaction  of  animal  tissue  to  disturbing  influ- 
ence is  ''physiologic"  so  long  as  the  life  of  the  reacting  tissue  persists.  Moreover, 
in  the  section  on  Drug  Influence,  it  has  been  shown  that  all  drug  effects,  no  mat- 
ter how  fleeting,  are  derangements  of  the  normal  order;  and,  hence,  in  any  strict 
use  of  terms,  qualitatively  toxic,  though  not  always  quantitatively  harmful. 

The  true  distinction  to  be  drawn  is  between  Mrniful  and  helpful  influence 
in  the  treatment  of  the  sick.  In  this  more  restricted  sense  the  term  "toxic"  may 
well  be  used  in  contrast  with  "therapeutic"  to  characterize  both  an  injurious  result 
and  the  quantity  producing  it. 

When  life  is  not  only  threatened  but  brought  to  an  end  through  the  adminis- 
tration of  a  drug,  the  effect  is  lethnl.  The  poisonous  quantity  which  reaches  this 
degree  of  activity  is  a  deadly  dose.  The  terms  lethal,  deadly  and  fatal  doses 
or  quantities  are  interchangeable. 

The  important  practical  point  concerning  the  deadly  doses  of  the  various 
drugs  prescribed  as  medicines  is  to  learn,  in  order  to  avoid  using,  the  smallest 
quantity  that  might  prove  fatal  to  man.  By  the  very  nature  of  things  this  can 
hardly  be  stated  with  accuracy.  Fatal  poisonings  are  either  accidental,  suicidal 
or  homicidal.    The  quantity  of  poison  taken  is  not  known  or,  even  if  known,  is 
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in  most  instances  more  than  the  least  fatal  quantity.  We  turn,  therefore,  to 
animal  experimentation,  with  measured  quantity  of  drug,  to  supplement  such 
approximations  as  we  are  able  to  make  from  observations  of  cases  of  poisoning, 
fatal  and  non-fatal,  in  man.  The  results  of  such  observations  are  best,  but  not 
always,  stated  in  terms  of  quantity  of  poison  and  weight  of  animal,  but  even 
with  careful  measurement  the  results  are  still  far  from  exact. 

The  term  toxic  equivalent  is  used,  by  French  authors  in  especial,  to  indicate  the 
decimal  fraction  of  1  gram  of  drug  necessary  to  kill  one  kilogram  of  animal.  The 
usage,  however,  is  not  uniform.  Moreover,  the  term  should  be  lethal  equivalent,  rather 
than  toxic  equivalent.  A  difference  is  also  drawn,  by  some  authors,  between  the  "experi- 
mental toxic  equivalent"  and  the  "true  toxic  equivalent";  the  former  term  being  used 
to  indicate  the  quantity  of  drug  which  kills  the  animal  by  intravenous  injection  of  a 
dilute  solution  continued  up  to  the  moment  of  death;  the  latter  term  to  indicate  the 
quantity  which,  injected  intravenously  at  one  moment,  is  necessary  and  sufficient  to 
bring  about  the  death  of  the  animal  within  a  short  time.  Thus,  if  an  animal  of  a  certain 
species,  weighing,  let  us  say,  10  kilograms,  is  killed  by  50  milligrams  of  a  certain  drug 
(i.e.,  5  milligrams  per  kilogram)  then,  according  as  death  is  produced  in  one  or  the 
other  of  the  ways  described,  the  true  or  the  experimental  toxic  equivalent  of  that  drug 
for  that  animal  would  be  0.005. 

The  maximum  tolerated  dose  of  any  drug  is  the  highest  quantity  (usually 
stated  in  milligrams  per  kilo)  which  can  be  injected  in  a  specified  manner  into 
a  definite  species  and  variety  of  animal,  without  causing  death  within  a  given  time. 
It  is  therefore  somewhat  less  than  the  so-called  "experimental  toxic  dose''  for  the 
same  animal.     The  time,  arbitrarily  fixed,  is  commonly  about  10  days. 

While  it  is  well  for  the  student  to  understand  what  is  meant  by  the  quoted 
terms,  we  shall  in  this  work  so  far  as  possible  express  the  lethal  and  highest 
tolerated  doses  of  different  drugs  by  a  direct  quantitative  statement. 

The  minimum  lethal  dose  (m.l.d.)  for  any  species  is  the  smallest  quantity 
that,  injected  rapidly  by  the  method  stated,  will  kill  most  individuals. 

The  minimum  lethal  dose  for  man  (often  incorrectly  termed  the  "minimal 
toxic  dose")  is  the  least  quantity  known  to  have  caused  death,  by  any  method 
of  administration. 

All  such  figures  are  approximate.  Some  drugs  show  a  wide  range  of  varia- 
tion, and  for  many  certain  data  are  lacking.  For  this  reason  the  instances  chosen 
must  necessarily  be  varied  in  accordance  with  the  facts  at  command. 

It  is  evident  that,  in  reports  of  the  m.l.d.,  the  method  of  administration 
must  be  stated  as  well  as  the  species  and  variety  of  animal  and  sometimes  the 
age,  sex  and  vigor  as  well.  The  modifying  influence  of  those  factors  is  discussed 
at  length  elsewhere  and  is  mentioned  frequently  throughout  our  studies.  Here 
the  student  may  again  be  reminded  that  not  only  do  the  doses  of  each  drug 
fatal  to  warm-blooded  animals  differ  from  those  fatal  to  cold-blooded  animals, 
but  also  marked  discrepancies  may  be  shown  by  different  genera  of  the  same  order, 
different  species  of  the  same  genus  and  different  varieties  of  the  same  species — 
even  different  individuals  of  one  variety.  It  would  therefore  be  rash  to  conclude 
that  because  frogs,  dogs  or  horses  can  survive  a  certain  quantity  of  a  given  drug, 
the  same  drug  may  safely  be  administered  to  a  man  in  the  same  proportion  to 
his  weight.  Thus,  to  take  another  example,  the  lethal  dose  of  nicotine  in  grams 
per  kilo  of  animal  is  stated  as  0.035  for  the  frog;  0.013  for  the  guinea-pig;  0.007 
for  the  rabbit;  0.005  for  the  dog;  but  0.0005  for  man.  In  this  instance  there  is 
a  progressive  diminution,  and  at  the  last  an  abrupt  fall,  in  the  fatal  quantity, 
from  the  lower  to  the  more  highly  organized  beings,  and  from  the  smaller  to 
the  larger  animals.    Such  is  indeed  the  common  order,  but  it  is  not  invariable; 
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and,  moreover,  consideration  mnst  likewise  be  given  to  the  differences  in  resist- 
In"-  power  between  healthy  animals  and  sick  men. 

In  view  of  the  fact  that,  as  between  two  animals  approximately  equal  in  grade  of 
organization,  a  larger  proportional  weight  of  drug  will,  as  a  rule,  be  required  to  kill 
the  smaller  animal,  it  has  been  suggested  that  perhaps  drug  influence  is  often  a  form  of 
"surface  action,"  and  that  the  comparison  between  two  animals  should  be  one  of  relative 
surface  rather  than  of  relative  bulk  (weight).  Assuming  that,  in  two  animals  to  be 
compared,  the  cells  are  of  equal  average  size  and  density,  the  total  surfaces  of  all  cells 
in  one  will  differ  from  the  total  surfaces  of  all  cells  in  the  other  as  the  squares  of  the 
respective  surfaces  of  the  two  animals,  while  the  respective  volumes  and  weight  will 
differ  as  cubes.  To  find  the  equivalent  doses  for  two  animals  of  widely  different  size, 
we  should,  upon  this  hypothesis,  compare  the  2/3  powers  of  the  weights,  rather  than 
the  weights  themselves.  Thus,  in  determining  the  equivalent  quantities  for  a  rabbit 
of  2,000  Gm.  and  a  mouse  of  20  Gm.,  based  on  a  10-milligram  dose  for  the  mouse,  we 
should  give  10  milligrams  multiplied  by  the  2/3  power  of  100;  i.e.,  10  X  22  =  220  milli- 
grams; whereas,  if  the  dosage  were  based  upon  weight,  we  should  give  10  X  100  =  1,000 
milligrams.  It  is  said  that  by  following  the  rule  of  surface  rather  than  that  of  weight 
the  apparent  discrepancies  in  the  lethal  equivalents  for  animals  of  equal  organization 
will  be  much  diminished.  With  animals  of  the  same  species,  however,  the  effective 
dose  and  the  fatal  dose  vary  directly  with  the  weight,  and  this  is  true  as  often  as  the 
other  when  different  species  are  compared. 

The  smallest  safe  quantity  that  will  produce  either  full  physiologic  action 
or  some  specially  desired  effect  in  animals,  or  a  necessary  medicinal  effect  in  man, 
is  sometimes  expressed  in  a  numeral  representing  grams  per  kilo,  as  the  thera- 
peutic equwaJent.  Thus,  of  ethyl  hydrocupreine  hydrochloride,  the  therapeutic 
equivalent  is  stated  as  0.002  to  0,004.  The  therapeutic  equivalent  is  virtually  the 
sufficierU  dose. 

The  excess  of  the  toxic  (lethal)  equivalent  over  the  therapeutic  equivalent — 
in  other  words,  the  margin  of  safety — is  termed  the  therapeutic  interval. 

Thus,  the  lethal  equivalent  of  ethyl  hydrocupreine  hydrochloride  being  0.003 
(for  frogs)  to  0.005  (for  white  mice),,  the  therapeutic  interval  is  too  small  to  war- 
rant the  systemic  use  of  this  substance  in  man,  except  in  those  hospitals  wherein 
special  watchful  care  is  provided.  This,  however,  does  not  detract  from  the  extraor- 
dinary value  of  the  drug  as  a  topical  application  in  local  pneumococcus  infections. 

The  chemotherapeutic  index — a  term  coined  by  Ehrlieh — is  another  method 
of  expressing  the  therapeutic  interval,  or  margin  of  safety,  under  special  conditions 
and  with  reference  to  a  special  form  of  antipathogenic  therapy,  only.  It  is  the  ratio 
between  the  sufficient  d€Se  (termed  by  Ehrlieh  the  minimal  curative  dose")  of  an 
antipathogenic  (or  chemotherapeutic)  agent — as  determined  by  its  power  to  kill 
the  specific  organisms  in  the  blood  and  tissues  of  an  infected  animal — and  the 
maximal  tolerated  dose  of  that  drug  for  animals  of  the  same  species  and  variety. 
In  other  words,  it  expresses  the  relative  degrees  of  organotropism  and  parasites 
tropism-  of  the  remedy,  as  manifested  in  the  special  animal.  Its  formulae  are  given 
in  terms  of  milligram  of  drug  to  kilogram  of  body  weight. 

Thus:  In  white  rats,  a  dose  of  120  milligrams  of  disodium  arsphenamine  per  kilo,  is 
borne  well  for  an  indefinite  period,  while  140  milligrams  per. kilo  will  prove  fatal  in  a 
few  days.  Hence,  120  indicates  the  maximal  tolerated  dose.  The  smallest  dose  that  will 
completely  eradicate  the  infection  with  a  certain  trypanosome  (Tr.  equiperdum)  in  these 
animals  is  4  milligrams  per  kilo  (Kolmer).  The  chemotherapeutic  index  of  arsphena- 
mine under  the  conditions  stated  is,  therefore,  120  -f-  4  =  30.  In  other  words,  the 
drug  is  thirty  times  more  toxic  to  the  trypanosome  than  to  the  white  rat  (some  authori- 
ties use  the  minimal  lethal  dose  as  numerator,  instead  of  the  maximal  tolerated  dose. 
Taking  this  example  stated  would  give  an  index  of  32.5  instead  of  30).  Such  results 
are  approximations  only  and  cannot  be  transferred  without  modification  from  species 
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to  species  of  animal,  or  from  any  animal  to  man.  But  they  enable  us  to  estimate,  in  a 
general  way,  the  excess  of  the  antipathogenic  power  of  a  drug  over  its  toxicity;  and  they 
permit  fair  comparisons  between  drug  and  drug.  A  compound  with  a  chemotherapeutic 
index  of  30  is — other  things  being  equal — commonly  superior  to,  and  safer  than,  one  with 
an  index  of  only  3. 

Time,  as  well  as  quantity,  must  be  taken  into  consideration  in  prescribing 
drugs;  not  only  as  concerns  the  frequency  of  repetition  (i.e.,  the  length  of  the 
intervals  between  successive  doses),  but  also  as  to  the  duration  of  the  treatment. 
Neither  time  nor  frequency  nor  duration  is  arbitrary  or  invariable.  Each — like  the 
quaniity  administered — should  be  enough  ^®  to  bring  about  the  desired  effect  and 
no  more.  In  other  words,  not  only  is  individualization  necessary,  but  also  the 
physician  must  have  in  view  a  definite  therapeutic  end.  Sometimes  this  end  will 
be  reached  quickly  through  the  brief  use  of  a  minute,  almost  an  infinitesimal, 
portion  of  a  highly  active  substance,  such  as  nitroglycerin  or  epinephrine.  Some- 
times it  can  be  attained  only  by  prolonged  employment  of  large  amounts  of  medi- 
cine, as  in  the  case  of  natural  or  artificial  mineral  waters.  Or  it  may  be  that  a 
single  large  dose  or  a  few  (or  many)  moderate  or  small  doses,  long  continued, 
will  be  best  in  a  particular  case. 

In  determining  the  frequency  of  administration,  consideration  must  be 
given  (a)  to  the  method  of  introduction;  (b)  to  the  character  of  the  ejfect  desired 
{e.cf.j  whether  maximum  or  minimum,  quick  or  slow,  transient  or  lasting) ;  and 
(c)  to  the  ratio  between  the  absorption  and  the  elimination  of  the  special  agent. 

(a)  A  drug  injected  under  the  skin  {a  fortiori  into  a  muscle  or  vein)  is 
absorbed  more  rapidly,  and  the  effect  developed  by  a  given  quantity  within  a 
certain  time  is  greater  than  when  the  medicine  is  swallowed;  while  administration 
per  OS  similarly  surpasses  inunction  (with  the  notable  exception  of  mercury). 
Obviously,  the  necessity  to  repeat  doses  is  frequent  when  injection  is  practiced. 

(b)  When  a  quick  or  marked  effect  is  aimed  at,  a  relatively  large  dose  may 
be  given  and  not  repeated  until  special  indication  arises  {e.g.,  morphine  to  pro- 
duce sleep),  or  smaller  doses  may  be  employed,  and  repeated  at  relatively  short 
intervals  {e.g.,  calomel  for  purgation).  When  a  transient  action  is  desired,  repeti- 
tion will  depend  on  the  size  of  the  dose;  a  single  full  dose  or  fractional  doses 
at  comparatively  short  intervals  being  chosen  according  to  circumstances — the  latter 
being  sometimes  preferable  with  a  powerful  agent  and  a  patient  of  unknown 
sensibility  thereto  {e.g.,  the  emergency  use  of  epinephrine  or  nitroglycerin).  When 
he  wishes  to  produce  a  lasting  impression  one  may  use  a  large  initial  dose,  fol- 
lowed by  smaller  doses  at  gradually  lengthening  intervals  {e.g.,  the  treatment  of 
auricular  fibrillation  with  digitalis,  or  of  lobar  pneumonia  with  quinine),  or  he 
may  give  moderate  doses  at  moderate  intervals — say  every  two  to  four  hours  in 
an  acute  malady  {e.g.,  sodium  salicylate  in  acute  rheumatic  fever),  or  two  to 
four  times  a  day  in  a  chronic  affection  {e.g.,  digitalis  in  valvular  heart-disease 
with  broken  compensation,  or  potassium  iodide  in  atherosclerosis). 

(c)  In  considering  absorption  and  elimination  with  regard  to  frequency 
of  administration,  we  must  take  into  account  both  the  special  agent  employed 
and  the  method  of  use. 

As  a  rule,  drugs  which  are  absorbed  rapidly  tend  to  be  eliminated  rapidly, 
and  vice  versa.    The  rate  of  excretion  also  tends  to  increase  proportionately  to 

^  Ellerslie  "Wallace,  Professor  of  Obstetrics  at  Jefferson  Medical  College,  had  but  one 
measure  for  the  quantity  of  blood  to  be  abstracted  at  a  venesection:  "Enough."  Cor- 
respondingly, the  quantity  of  drug  to  be  given  is  enough;  the  repetitions  of  dose  often 
enough;  and  the  duration  of  treatment,  long  enough. 
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the  amount  of  drug  iu  the  body,  so  that  during  coutinuoiis  administration  a 
balance  is  reached  in  a  short  time,  and,  if  the  size  of  the  dose  given  be  not  altered, 
the  active  dose  ^vill  bo  maintained  at  an  approximate  level.  When,  however,  excre- 
tion or  destruction  is  much  slower  than  absorption,  the  quantity  taken  up  will 
be  added  to  that  remaining  in  the  system  and  accumulation  will  gradually  occur. 
Thus,  an  apparently  small  addition  will  transform  a  moderate  active  dose 
into  a  large  one,  or  even  into  a  toxic  quantity.  This  danger  must  be  guarded 
against  with  digitalis,  arsenic,  nunvury,  etc.  If,  on  the  other  hand,  excretion  is 
much  more  rapid  than  absorption,  the  active  amount  will  always  be  much  less 
than  the  amount  administered,  and  even  very  toxic  drugs,  being  slowly  absorbed 
from  the  alimentary  tract  and  rapidly  excreted  by  the  kidneys,  may  pass  through 
the  body  without  producing  systemic  symptoms.  This  is  true,  for  example,  of 
curare,  of  potassium  chloride  and  of  magnesium  sulphate. 

The  last-mentioned  instance  is  to  be  stressed;  for  safety  in  the  use  of  this  very 
popular  household  medicament  depends  upon  the  factor  under  discussion.  Epsom  salt 
is  very  poisonous  when  injected  subcutaneously;  yet  it  is  often  taken  in  doses  of  30 
grams  (1  ounce)  or  more  by  mouth  with  no  danger  whatever.  This  is  because  it  is  so 
rapidly  carried  off  by  the  bowel  and  kidneys  that  a  toxic  amount  does  not  collect  in  the 
body.  But  if,  in  animal  experiment,  the  kidneys  be  removed  and  excretion  thus  inter- 
fered with,  death  results  from  the  administration  of  the  drug  by  mouth.  Obviously,  then, 
Epsom  salt  is  not  to  be  used  as  a  purge  in  cases  of  intestinal  obstruction,  even  should 
the  use  of  a  purgative  be  not  otherwise  contraindicated,  for  elimination  by  the  bowel 
being  prevented,  absorption  of  the  whole  amount  administered  is  favored.  Death  has, 
indeed,  followed  its  clinical  use  in  such  cases. 

When  the  intervals  between  successive  doses  of  any  drugs  are  short,  a  larger 
amount  will  obviously  be  active  at  any  given  time  than  when  doses  are  infrequently 
repeated.  Furthermore,  certain  effects  of  drugs  persist  for  some  time  after  elim- 
ination of  the  agent.  A  dose  administered  and  acting  while  the  influence  of  a 
previous  dose  continues  is,  therefore,  as  we  have  seen,  relatively  larger  than  an 
equal  dose  under  other  circumstances. 

By  regulating  their  quantity  in  connection  with  their  frequency  of  use,  drugs 
may  thus  be  given  to  produce  quick  maximum  effect,  gradmdly  increasing  effects, 
continuous  effects  of  about  the  same  degree,  dintinishing  effects,  transient  effects, 
or  intermittent   (and,  if  necessary,  variable)   action. 

Such  regulation  of  dosage  demands  the  closest  attention  of  the  prescriber; 
for  success  or  failure  in  treatment,  not  only  of  chronic  affections  but  also  of  acute 
maladies,  may  in  the  final  issue  depend  upon  it.  Some  of  the  most  striking  illus- 
trations of  its  benefits  are  afforded  by  the  use  of  such  drugs  as  sparteine,  aconite, 
digitalis,  the  nitrites,  the  iodides,  the  bromides,  arsenic  and  mercur}%  in  patients 
Mith  long-standing  infections  and  degenerative  lesions  in  heart,  vessels,  kidneys 
and  central  nerve  system. 

When  drugs  are  applied  topically  we  speak  of  the  strength  or  concentration 
to  be  used,  generally  expressing  this  in  percentage  or  proportion,  but  sometimes 
in  quantity,  of  agent  to  quantity  of  diluent. 

Thus  we  speak,  for  example,  of  a  1:  50  or  of  a  2  percent,  solution  or  ointment  of 
phenol;  or  of  an  ointment  containing  1  gram  of  phenol  in  50  grams  of  petrolatum,  or  a 
solution  of  1  gram  of  phenol  and  5  cubic  centimeters  of  glycerin  in  water  enough  to 
make  50  cubic  centimeters.  Since  differences  of  specific  gravity  make  a  discrepancy 
between  grams  and  cubic  centimeters  of  liquid  solvents  other  than  water  at  standard 
temperature  (40°  C),  it  is  best  when  referring  to  other  than  aqueous  solutions,  in  all 
cases  in  which  accuracy  is  desirable,  to  specify  quantities,  either  by  weight  or  volume, 
as  preferred.  The  term  application  is  used  to  designate  the  medicament  as  well  as  the 
method. 
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Considerations  of  timej  in  resiDect  to  local  applications,  apply  both  to  the  fre- 
quency and  the  duration  of  individual  applications,  as  well  as  to  the  period  for 
which  the  treatment  is  to  be  continued. 

As  a  rule,  not  without  exceptions,  acute  cases  call  for  relatively  weak  appli- 
cations; chronic  cases  demand  relatively  strong  ones. 

When  the  purpose  is  to  destroy  tissue,  the  application  is  concentrated  and 
relatively  prolonged;  when  irritation  without  destruction  is  intended,  the  applica- 
tion is  dilute  and  relatively  brief.  But  the  proportion  of  any  active  substance 
which  constitutes  a  strong  or  weak  application,  and  the  exact  time  which  is  to 
be  considered  brief  or  prolonged  for  that  particular  substance,  will  obviously  differ 
with  the  properties  of  the  agent,  the  medium  of  dilution  and  the  method  of  use. 

Protective  and  sedative  substances  are  commonly  applied  continuously  and 
with  little  dilution,  if  any;  antipruritics,  diluted  and  for  a  long  time;  local 
anesthetics,  for  a  short  time.  But  here  again  both  the  physical  and  pharmacody- 
namic properties  of  the  special  substances  are  to  be  taken  into  account  and  modifi- 
cations made  accordingly.  Local  anesthetics,  moreover,  are,  in  the  majority  of  in- 
stances, injected  into  the  tissues  to  be  affected  and,  hence,  questions  of  absorption 
and  of  systemic  effect  must  be  considered  in  determining  dosage. 

Antiseptic  applications  are  commonly  made  as  strong  as  possible  and  con- 
tinued as  long  as  possible,  with  due  regard  to  the  safety  of  the  tissues;  and  this 
latter  factor  will  differ  not  only  with  the  agent  but  with  the  site  of  application 
and  sometimes  with  the  particular  infective  organism.  It  is  unnecessary  to  cite 
examples  here.  The  general  statement  suffices  to  put  the  student  on  guard,  and 
the  facts  concerning  the  special  agents  are  set  forth  in  the  appropriate  connections. 

Factors  Modifying  Dosage 

From  the  foregoing  survey  of  the  subject  it  should  be  evident  that  dosage 
is  not  a  simple  matter  to  be  dismissed  summarily.  Its  due  consideration  involves 
the  more  or  less  detailed  study  of  many  modifying  factors  always  to  be  taken  into 
account  by  the  careful  physician. 

As  appears  from  the  instances  already  given,  these  modifying  factors  are,  in 
general,  of  two  kinds:  Those  that  relate  to  the  medicament  (drug  factors);  and 
those  that  relate  to  the  patient  and  his  environment  (personal  factors).  In  other 
words,  they  parallel  closely  the  factors  modifying  drug  influence,  as  considered  in  a 
previous  chapter. 

Drug  Factors 

Under  this  head  we  have  to  consider: 

1.  The  character  (including  chemical  and  physical  qualities)  and  pharmaco- 
dynamic activity  of :  first,  the  special  drug  to  be  used ;  second,  the  special  prepara- 
tion and  dispensing  form  of  that  drug. 

2.  The  method  of  administration  or  application,  including  the  route  of 
entrance  or  site  of  application;  the  division  of  the  daily  dose  into  portions;  the 
time,  frequency  and  continuance  of  administration. 

3.  The  particular  effect  desired. 

4.  The  quantity  of  the  drug  previously  used,  together  Avith  the  influence 
which  it  has  already  exerted  and  the  interval  that  has  elapsed  since  the  previous 
dose  or  application. 

5.  The  other  drugs,  if  any,  that  have  been  given  before,  or  are  to  be  employed 
with  or  after,  the  present  dose  or  application. 

6.  A  possible  drug  habit  on  the  part  of  the  patient. 
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Most  of  these  modifying  influences,  of  all  classes,  have  been  considered  in 
connection  with  their  effect  on  drug  action  in  general,  and  may  here  be  dismissed 
briefly  or  with  the  mere  reminder.  Others  are  of  sufficient  importance  to  call  for 
more  or  less  extended  discussion. 

Character  and  Activity. — Difl'erences  in  the  quantity  of  a  medicament  neces- 
sary to  produce  a  given  effect  upon  tissue  or  function  depend  upon  the  character 
of  the  agent  rather  than  upon  the  j)articular  result  aimed  at. 

Thus,  for  purgative  action,  1  minim  of  croton  oil  is  sufficient,  wliile  of  powdered 
rhubarb  or  of  extract  of  cascara  5  grains  (0.3  Gm.)  or  more,  and  of  sodium  sulphate  2  to 
4  drams  (8  to  15  Gm.)  may  be  required.  To  induce  sleep,  less  than  0.5  milligram  (1/130 
grain)  of  scopolamine  hydrobromide  or  Yy  grain  (30  mgm. )  of  morphine  may  suffice, 
while  10  grains  (0.6  Gm.)  of  veronal,  or  20  grains  (1.3  Gm.)  of  chloral,  or  2  tluidrams 
(8  cc.)   of  paraldehyde  will  not  rarely  be  required  for  the  same  purpose. 

Similar  differences  obtain  in  the  action  of  drugs  used  topically.  Among  caus- 
tics applied  to  destroy  superficial  epitheliomata  and  other  morbid  growths — a  prac- 
tice formerly  much  in  vogue  ^° — certain  agents — for  example,  nitric  acid  and  caustic 
soda — act  so  promptly  and  violently  that  they  can  be  used  only  under  the  direct 
observation  of  a  physician.  For  such  immediate  action,  nitric  acid  may  be  used 
in  concentrated  form,  and  caustic  soda  either  in  full  strength  or  mitigated  with 
an  equal  quantity  of  calcium  hydroxide.  Other  agents — for  example,  arsenic  and 
pyrogallic  acid — act  more  slowly,  and  for  this  reason  they  may  be  applied  as 
pastes  which  are  left  in  place  continuously.  For  such  prolonged  application  it  is, 
however,  necessary  to  dilute  them,  making  10  to  15  or,  with  pyrogallic  acid,  even 
20  percent,  ointments. 

Both  in  the  systemic  use  and  the  local  application  of  any  substance,  the  phar- 
maceutic or  dispensing  form — as  pill,  powder,  solution,  tablet,  confection,  syrup, 
lotion,  ointment,  liniment,  etc. — is  also  to  be  taken  into  account;  but  unless  the 
chemical  nature  of  the  substance  is  altered,  this  modifies  dosage  or  concentration 
only  as  it  affects  the  promptitude  or  completeness  of  general  or  local  absorption, 
the  closeness  of  topical  contact,  the  mitigation  or  aggravation  of  irritant  influence, 
and  other  factors  of  a  like  order. 

Thus,  soluble  quinine  salts  are  commonly  absorbed  from  the  gastroenteric  tract 
almost  as  well  if  given  in  recently  made  pill,  or  in  capsule,  as  when  given  in  solution, 
and  the  dose  is  not  affected  materially  by  the  choice  of  form.  Absorption  of  cod-liver 
oil,  however,  is  facilitated  by  emulsification  and  a  tablespoonful  of  a  50  percent,  solution 
will  have  a  nutritive  value  equal  to  the  same  volume  of  the  pure  oil. 

,  That  similarity  in  physical  state  does  not  give  a  safe  basis  for  even  approxi- 
mate similarity  of  dosage,  is  obvious  from  the  fact  that  substances  so  diverse  in 
action  and  toxicity  as  sugar  and  oxalic  acid  are  very  similar  in  appearance.  Altera- 
tions in  physical  state  may,  however,  influence  absorption  and  thus  affect  dosage 
indirectly.  Drugs  in  large  masses  are,  unless  very  soluble,  likely  to  be  less  promptly 
and  perhaps  less  completely  absorbed  than  when  presented  in  fine  powder.  In 
the  case  of  certain  insoluble  substances,  such  as  calomel,  trituration  to  a  very 
fine  state  of  subdivision  with  an  inert  powder  may  increase  the  effect  many  fold. 

Alterations  of  dose  or  concentration  necessary  in  the  case  of  agents  or  prep- 
arations ordinarily  or  always  used  in  a  special  way — as  gases  and  vapors  for 
inhalation;  suppositories  for  rectal  use — are  considered  with  the  general  modify- 
ing influence  of  the  various  methods  of  administration. 

For  the  study  of  their  differences  in  activity,  drugs  may  be  arranged,  irre- 

"  We  are  not  here  concerned  with  the  wisdom  of  the  practice,  but  simply  with  the 
differences  in  the  destructive  activity  of  the  different  caustic  agents. 
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spective  of  their  special  actions,  in  certain  large  classes  constituted  by  a  broad 
similarity  of  physical  and  chemical  characters,  or  by  a  likeness  of  natural  sources. 
Thus  we  may  discriminate,  as  to  chemical  constitution,  between  inorganic  and 
organic  substances,  and,  among  the  latter,  distinguish  those  of  artijicial  (synthetic) 
production,  those  of  vegefahle  origin  and  those  of  animal  nature.  Within  each  of 
these  classes  we  lind  that,  in  spite  of  wide  differences,  there  is  a  certain  tendency  for 
substances  similar  in  dosage  to  be  found  in  the  same  group,  and  the  classification 
is  thus  justified  from  the  pharmaceutic  and  medical  viewpoints,  as  well  as  from 
the  chemical. 

It  will  therefore  be  convenient,  while  recognizing  the  marked  subgroup  and 
individual  divergencies,  to  consider  the  subject  under  the  class  heads  indicated. 

Inorganic  Compounds. — In  general,  it  may  be  stated  that,  with  the  excep- 
tion of  certain  toxic  metals,  the  inorganic  compounds  are  given  in  relatively  large 
dose.  Several  of  the  inorganic  salts  of  sodium,  potassium  and  lithium,  as  well 
as  the  simple  organic  salts  commonly  classed  with  them,  and  the  corresponding 
compounds  of  magnesium  and  strontium,  can  be  exhibited  by  mouth  in  doses  which 
are  limited  only  by  convenience,  or  by  such  physical  factors  as  salt  action  or 
mechanical  disturbance  of  digestion.  Thus  the  chlorides,  bicarbonates,  acetates, 
citrates,  tartrates  of  these  bases,  are  used  in  doses  ranging  from  10  to  20  grains 
(0.6  to  1.5  Gm.).  Calcium  compounds,  of  which  the  chloride,  the  carbonate  (chalk) 
and  the  lactate  are  the  most  frequently  used,  are  commonly  prescribed  in  much 
smaller  doses — 5  to  15  grains  (0.3  to  1  Gm.)  ;  but  in  cases  of  edema  with  salt  reten- 
tion in  affections  of  the  kidney,  as  much  as  155  grains  (10  Gm.)  of  calcium  chloride 
is  given,  as  a  single  daily  dose,  by  some  observers.  The  soluble  sulphates  which 
are  used  as  purgatives  are  ordinarily  given  in  a  single  daily  dose  of  ^  ounce 
(10  to  20  Gm.)  or  more.  The  ordinary  dose  of  sodium  phosphate  is  (1  dr.),  per- 
haps repeated  up  to  thrice  daily. 

The  inorganic '(and  related)  compounds  which  depend  on  the  acid  radical 
for  their  activity,  such  as  iodides,  bromides,  nitrates,  are  commonly  given  in  doses 
of  5  to  30  grains  (0.3  to  2  Gm.)  ;  nitrites  and  cyanides  (the  latter  properly  to  be 
considered  organic)  are  given  in  much  smaller  quantity;  the  ordinary  dose  of 
sodium  nitrite  and  the  maximum  dose  of  potassium  cyanide  being  a  fraction 
of  a  grain. 

The  heavy  metals  differ  markedly  in  toxicity,  and  thus  in  dosage.  Certain 
metallic  compounds,  as  the  salts  of  iron,  may  be  given  in  centigram,  or  grain, 
doses  at  first  and  increased  without  fear  to  decigrams  (several  grains).  When, 
however,  the  more  active  metallic  salts,  e.g.,  the  inorganic  arsenicals  and  anti- 
monials  and  the  soluble  mercurials,  are  used,  quite  small  quantities — 1/120  to  1/30 
grain  (0.5  to  2  mgm.)  are  prescribed  at  first,  although  acquired  tolerance  may 
later  permit  or  necessitate  cautious  increase.  Copper  sulphate  may  be  given  in 
doses  of  Ys  grain  (8  mgm.)  in  chronic  diarrhea. 

On  the  other  hand,  insoluble  salts  of  certain  metals,  such  as  bismuth  and 
cerium,  are  given  for  topical  effect  on  the  gastroenteric  mucosa,  and  as  they  are 
not  absorbed,  their  doses  are  often  very  large — 30  grains  (2  Gm.)  of  bismuth  sub- 
nitrate,  for  instance,  being  given  at  a  single  dose.  Indeed,  before  it  was  super- 
seded by  barium  sulphate,  as  much  as  an  ounce  of  the  bismuth  salt  was  given  with 
buttermilk  to  produce  x-ray  shadows  in  diagnostic  studies  of  the  alimentary 
tract.     The  soluble  salts  of  bismuth  and  barium  obviously  are  not  to  be  so  used. 

Organic  Compounds. — Artificial. — Drugs  of  this  class  may  commonly  be 
given  safely  in  relatively  large  doses.  The  most  important  exceptions  are  phenol 
and  hydrocyanic  acid  and  its  salts. 
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Among  the  antiseptics,  salicylic  acid  or  sodium  salicylate  is  commonly  prescribed 
in  doses  of  5  grains  (0.3  Gm.)  thrice  daily,  and  in  acute  articular  rheumatism  may  be 
given  every  hour  or  two  in  doses  of  10  to  15  grains  (0.6  to  1  Gm. ),  perhaps  more. 
Guaiacol  carbonate  may  be  used  in  like  dosage,  say  in  typhoid  fever.  Of  phenol,  on  the 
other  hand,  y^  grain  (0.0:5  Gm.),  properly  guarded,  is  a  fairly  large — and  commonly  a 
sufficient  dose — by  the  mouth;  but  larger  quantities  may  be  given,  and  10  minims  in  oil 
or  glycerin  may  be  injected  subcutaneously.  Of  salol,  which  is  virtually  a  combination 
of  phenol  and  salicylic  acid,  not  more  than  5  grains  (0.3  Gm.)  at  a  single  dose,  or  25 
grains  (1.5  Gm.)  in  a  day,  should  ordinarily  be  given. 

The  synthetic  coal-tar  products  (for  the  most  part  aniline  derivatives)  while 
extensively  misused,  alike  quantitatively  and  qualitatively,  as  analgesics,  antipy- 
retics and  hypnotics,  have  none  the  less  a  field  of  rational  employment.  In  this  field 
the  necessary  and  suilicient  dose  may  he  as  little  as  3^  to  21/0  grains  (30  to  150 
mgm.),  and  hut  exceptionally  exceeds  5,  or  at  most  10  grains  (0.3  to  O.G  Gm.). 
The  last  named  figure  indeed  is  ordinarily  to  he  looked  upon  as  a  potentially 
poisonous  quantity  of  such  agents  as  acetanilid,  acetphenetidin  or  acetyl  salicylic 
acid. 

The  liquid  and  volatile  artificial  compounds  are  also  prescrihed  in  relatively 
large  amounts.  Thus,  of  alcohol,  doses  up  to  1  fluidounce  (30  cc.)  or  more  may 
he  given  hy  mouth  if  precautions  are  taken  to  avoid  local  irritation.  Creosote,  how- 
ever, must  he  given  in  small  dose  at  first,  although  as  tolerance  is  established  the 
amount  may  be  increased  until  as  much  as  15  minims  (1  cc.)  is  taken  several  times 
a  day;  or  of  creosote  carbonate,  GO  minims  (4  cc). 

The  dosage  of  the  volatile  members  of  the  group,  such  as  ether  and  chloro- 
form, is  not  readily  stated,  but  as  much  as  1  fluidrara  (4  cc.)  of  chloroform^ 
may  be  given  by  mouth,  and  ether,  being  less  toxic,  might  be  given  in  larger  doses 
if  it  were  not  for  local  irritation. 

Many  volatile  drugs  may  be  more  readily  handled  in  alcoholic  solution. 
Such  solutions  are  known  as  spirits  and  although  other  volatile  substances  than 
those  of  this  class  are  included,  they  may  well  be  mentioned  here.  The  power  of 
the  medicinal  ingredients,  as  well  as  the  percentage  contained,  differs  so  much  in 
different  members  of  the  group  that  generalized  statement  of  dose  is  impossible. 
The  quantity  needed  for  effect  may,  in  one  instance,  be  a  drop  or  a  fraction  of  a 
drop  of  spirit  of  glycerylnitrate  (nitroglycerin)  ;  in  another,  0.7  cubic  centimeter 
(10  min.)  of  spirit  of  chloroform  or  spirit  of  camphor;  and  in  a  third,  up  to  a  tea- 
spoonful  (4  cc.)  of  aromatic  spirit  of  ammonia  or  compound  spirit  of  lavender. 

Vegetable. — Discrimination  is  necessary  between  crude  plant  drugs,  their 
various  galenical  preparations  and  their  isolated  proximal  principles.  With  the 
concentration  of  active  medicament  and  the  removal  of  the  less  active  or  inert 
constituents,  the  dose  is  obviously  increased.  In  the  case  of  a  liquid  galenical,  the 
menstruum  also  is  to  be  considered. 

Crude  Plant  Parts. — These  are  not  much  used,  their  pharmaceutic  prepara- 
tions being  preferred  in  most  instances.  The  crude  drugs  differ  considerably  in 
activit}',  and  while  few  are  commonly  prescribed  in  quantities  of  more  than  a  few 
centigrams  (grains),  there  are  notable  exceptions.  The  difference  between  the 
single  dmly  dose  and  the  single  dose  intended  to  be  repeated  is  perhaps  more 
marked  with  drugs  of  this  group  than  with  most  others.  It  depends  in  many 
instances  upon  a  radical  difference  of  purpose  in  use,  rather  than  upon  any 
]ieculiarity  of  the  medicament. 

^  U.  S.  Army  officers  give  %  fluidounce  (15  cc.)  with  an  equal  volume  of  castor  oil, 
to  remove  tapeworm. 
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Thus,  although  powdered  ipecac  may  be  given  as  an  emetic  in  a  single  dose  of  8 
grains  (0.5  Gm.)  or,  in  cases  of  amebic  dysentery,  cautiously  increased  to  the  same 
amount,  or  even  more,  several  times  daily,  the  dose  for  continuous  and  repeated  admin- 
istration in  bronchitis,  or,  as  an  antemetic,  does  not  exceed  1  to  2  grains  (0.05  to  0.1  Gm.) 
and  may  be  much  less.  Ergot  may  indeed  be  given  in  repeated  doses  of  from  15  to  45 
grains  (1  to  3  Gm.),  but  such  quantities  are  continued  for  a  short  time  only.  Powdered 
rhubarb  as  a  purgative  is  given  in  smaller  amounts  say,  5  grains  (0.3  Gm.)  for  repeated 
administration  and  15  to  30  grains  (1  to  2  Gm.)  as  a  single  daily  dose.  The  single  dose 
of  jalap  powder  ranges  from  5  to  20  grains  (0.3  to  1.3  Gm.),  according  to  the  intensity 
of  hydragogue  effect  desired  and  the  number  of  doses  to  be  given;  the  maximum  daily 
quantity  permissible,  according  to  the  Swiss  Pharmacopaia,  being  75  grains  (5  Gm.). 

These  instances  are  fairly  illustrative  of  the  general  usage.  In  one  respect  an 
important  exception  to  the  general  rule  concerning  plant  parts  is  presented  by 
digitalis;  the  powdered  leaves  often  being  preferable  to  the  official  preparations. 
The  dosGj  however,  is  relatively  small;  1  grain  (65  mgm.)  thrice  daily  being  an 
average  quantity,  3  grains  (0.3  Gm.)  twice  daily  is  ordinarily  a  full  and  sufficient 
dose.  Certain  exudations  which  are  used  in  crude  form  may  be  mentioned  with 
crude  plant  parts.  These  vary  in  activity  from  opium,  which  is  given  in  doses  of 
14  to  1  grain  (15  to  65  mgm.)  as  a  sedative,  and  aloes  used  in  like  doses  as  a 
cathartic,  to  asafetida  and  myrrh,  the  doses  of  which  are  hardly  limited  except  by 
convenience. 

Galenicals. — Pharmacists  from  the  earliest  times  have,  however,  attempted  to 
avoid  the  disadvantages  inherent  in  the  use  of  crude  drugs  by  devising  preparations 
that  should  be  more  readily  handled,  more  stable,  less  burdened  with  inert  and  often 
uselessly  irritating  matters,  and  efficacious,  therefore,  in  smaller  quantity.  Such 
preparations  have  been  of  various  types,  a  number  of  which  became  and  remain, 
perhaps  with  slight  modification,  the  official  forms  of  pharmacy.  Of  the  others, 
some  have  fallen  into  complete  disuse,  while  some  are  still  officinni,  i.e.,.  to  be  found 
in  the  shops  although  discarded  from  the  pharmacopeias.  These  (official,  obsolete 
and  officinal)  preparations  are  termed  galenicals.  The  galenicals  now  in  use  are 
commonly  made  by  extracting  the  drug  with  fairly  concentrated  or  dilute'  alcohol — 
occasionally  wath  acetic  acid  or  w^ater;  sometimes  wdth  the  aid  of  chloroform  or 
some  other  special  solvent — and  concentrating  the  product  until  a  fixed  proportion 
between  the  amount  of  drug  o])erated  upon  and  the  volume  or  weight  of  the  prepa- 
ration is  reached.  The  dosage  of  ill  e-  galenicals  ordinarily  corresponds  closely  with 
the  amount  of  drug  represented. 

Preparations,  both  liquid  and  solid,  of  very  active  plants  are  standardized  to 
a  certain  content  of  active  principle  or  a  certain  definite  biologic  effect.  Some- 
times, as  in  the  case  of  opium,  the  standard  is  expressed  in*  terms  of  the  most 
active  principle  (morphine)  ;  sometimes,  as  with  nux  vomica  (U.S.P.)  ^^  and  bella- 
donna, in  total  alkaloids.  Sometimes,  as  with  digitalis,  cannabis  and  ergot,  the 
quantity  required  for  lethal  or  other  effect  on  a  given  animal  or  isolated  organ  is 
specified.  Nevertheless,  there  is  always  a  difference  in  composition  or  biologic 
reaction  between  the-  whole  plant  and  any  of  its  preparations,  between  one  prepa- 
ration and  another  and  between  galenical  preparations  and  isolated  principles 
(alkaloids  or  glucosides).  Such  differences  affect  materially  the  determination  of 
the  dose.  They  must  be  learned  first  in  the  study  of  materia  medica,  which  is 
therefore  given  a  prominent  place  in  this  book;  and  then,  Avitli  the  pharmaceutic 
facts  in  mind,  by  observation  of  the  quantitative  and  qualitative  differences  of 
effect — in  the  laboratory  when  possible,  and  always  at  the  bedside, 

^  The  British  Pharmacopeia  directs  that  tincture  of  nux  vomica  shall  contain,  in  100 
milliliters,  0.125  Gm.  of  strychnine. 
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The  most  important  galenicals  in  common  use  are  solid  extracts,  ftuidex- 
tracts,  tinctures  and  infusions.  They  are  described  more  fully  in  connection  with 
Pharmaceutic  Operations  and  Preparations. 

Solid  ejimcts  are  intended  to  contain  the  entire  medicinal  principles  of  a 
plant  and  the  soluI)lc  portion  of  the  inert  matter.  Mostly  (in  the  U.S. P.)  they  aim 
at  fourfold  concentration;  but  this  is  not  an  invariable  rule,-^  nor  is  it  always 
certain  that  all  the  active  constituents  of  the  plant  are  extracted.^^  Extracts 
differ  in  activity,  of  course,  as  the  respective  plants  differ. 

Thus,  while  it  is  not  uncommon  to  give  5  to  10  grains  (0.3  to  0.6  Gm.)  of  extract  of 
ergot  three  times  daily  other  extracts  are  ordinarily  used  in  less  than  one-tenth  of  this 
amount.  For  example,  %  grain  (1.5  mgm.)  of  extract  of  belladonna,  V.  grain  (0.03  Gm.) 
of  extract  of  nux  vomica,  and  1  grain  (0.06  Gm.)  of  opium,  while  hardly  maximum  doses, 
are  yet  not  to  be  exceeded  without  good  reason.  Warning  is  needful  of  the  very  small 
average  dose — %  grain  (8  mgm.) — of  extract  of  physostigma,  owing  to  its  exceptionally 
high  concentration. 

Fluidextracts  are  concentrated  liquid  preparations  of  vegetable  drugs,  con- 
taining alcohol  either  as  a  solvent  or  as  a  preservative,  and  bearing  a  uniform  rela- 
tion to  the  drug  used,  so  that  one  cubic  centimeter  of  the  fluidextract  approximately 
represents  the  activity  of  one  gram  of  the  air-dried  and  powdered  drug  of  standard 
quality  (U.S.P.).  Fluidextracts  are,  as  a  rule,  prescribed  in  a  dose  corresponding 
to  that  of  the  crude  drug;  that  is,  in  the  case  of  toxic  plants  such  as  belladonna, 
aconite,  digitalis  and  nux  vomica,  a  very  few  drops  or  minims,  or  perhaps  a  fraction 
of  a  minim.  For  this  reason,  more  dilute  preparations,  the  doses  of  which  are 
more  readily  measured,  may  at  times  be  preferable.  With  less  active  drugs,  the 
limit  is  not  so  narrow.  For  example,  the  fluidextract  of  cinchona,  or  even  that 
of  ergot,  may  be  prescribed  in  doses  of  15  minims  (1  cc.)  or  more.  Of  such 
fluidextracts  as  quebracho,  cascara  and  triticum,  up  to  1  fluidram  (4  cc.)  may 
be  given,  while  liquid  extract  of  bael  (Br.)  has  an  average  dose  of  1  to  2  fluidrams 
(4  to  8  cc). 

Tinctures  of  plant  drugs  ^*  are  dilute  alcoholic  solutions  made  by  extracting 
with  33  percent,  to  95  percent,  alcohol,  often  with  the  addition  of  glvcerin. 
The  official  strength  of  different  tinctures  has  undergone  change  from  time  to 
time,  but  in  the  U.S.P.  X.  they  have  nearly  all  been  brought  into  two  classes, 
frequently  spoken  of  as  "10  percent."  and  "20  percent."  Speaking  more  accu- 
rately, they  represent  10  and  20  grams  of  drugs,  respectively,  in  100  cc.  of 
tincture.  Tinctures  of  potent  drugs  such  as  opium,  aconite,  belladonna,  etc.,  are, 
in  accordance  with  the  International  Protocol,  10  percent,  preparations;  most 
drugs  of  low  activity  are  twice  this  strength;  while  three — orange,  lemon  and 
lactucarium — are  50  percent,  preparations.  Most  compound  tinctures  are  less  than 
10  percent. 

Tinctures  of  active  plants  are  to  be  prescribed  in  minims,  although  with  a 
numerical  dose  limit  five  or  ten  times  higher  than  that  of  the  corresponding  fluid 
extract.  When  circumstances  so  require,  the  dose  of  these  liquid  preparations  is, 
of  course,  pushed  beyond  the  ordinary,  as  in  any  other  instance.     Warning  should 

-The  chief  exceptions  are  opium  and  rhubarb,  which  are  but  twice  as  concentrated 
as  the  crude  drug;  cascara,  three  times;  cannabis,  ergot  and  nux  vomica,  eight  times; 
and  physostigma,  thirteen  times. 

^'  Digitalis  extract,  for  example,  is  inferior  to  the  leaves  as  a  medicinal  agent. 

^  There  are  two  tinctures  of  inorganic  substances:  tincture  of  iodine,  a  7.5  percent, 
preparation,  which  is  rarely  given  by  mouth  in  more  than  minim  doses,  the  compound 
solution  (Lugol's  solution),  dose  1  to  10  minims,  being  preferred;  and  tincture  of  ferric 
chloride,  which  contains  about  13  percent,  of  the  drug  and  is  given  in  doses  of  5  to  15 
minims  or  more. 
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be  given  that  the  doses  of  those  tinctures  whose  alcohol  content  is  high  are  fre- 
quently limited  by  this  fact.  This  is  strikingly  true  of  the  tinctures  of  asafetida, 
guaiac,  ginger  and  myrrh,  which  are  prepared  with  95  percent,  alcohol. 

Infusions  and  Decoctions — ^the  latter  made  by  boiling — are  aqueous  solutions 
of  vegetable  principles,  commonly  of  a  strength  of  5  percent.;  i.e.,  representing  5 
grams  of  drug  in  100  cc. ;  often,  however,  much  less  concentrated,  and  rarely 
stronger.  They  are  as  a  rule  quite  uncertain  preparations,  although  one — the 
recent  infusion  of  digitalis — is  preferred  by  many  physicians  to  other  preparations 
of  the  same  drug.  While  infusions  were  once  much  in  vogue,  the  U.S.P".  now 
recognizes  but  one,  that  of  digitalis,  with  an  average  dose  of  Vo  fluidounce  (15  cc). 
Preparations  of  less  active  drugs  are  prescribed  on  occasion,  and  some  are  still 
officinal.  It  is  best  in  prescribing  them  to  specify  the  concentration  desired, 
and  regulate  the  dose  accordingly.  They  have  an  extended  range  of  dosage;  in- 
fusion of  buchu,  for  example,  being  given  in  quantities  ranging  from  a  tablespoon- 
ful  to  a  tumblerful.  The  quantity  of  water  thus  taken  may  be — with  diuretic 
drugs,  especially,  and  in  the  absence  of  edema — of  much  benefit.  The  doses  of 
decoctions  are  ordinarily  quite  large,  from  15  to  500  cc.  or  even  1000  cc.  (half  an 
ounce  to  a  quart),  as  active  drugs  are  not,  as  a  rule,  employed  in  this  way.  If 
energetic  substances  should  be  ordered  in  decoction,  "the  strength  should  be  spe- 
cially prescribed"  (U.S.).  Without  special  orders,  5  percent,  preparations  wull  be 
dispensed. 

Both  infusions  and  decoctions,  being  made  without  alcohol,  are  impermanent ; 
hence  they  are  best  prepared  extemporaneously.  Both — but  especially  decoctions, 
known  often  as  "teas" — are  common  in  domestic  practice.  Fresh  decoction  of 
pomegranate  bark  is  a  potent — and  was  at  one  time  a  secret — teniafuge.  The  two 
decoctions  of  the  U.S. P.  of  1890  (decoctum  cetrarise  and  decoctum  sarsparillse 
compositum)  were  both  dismissed  from  U.S. P.  VIII  and  only  the  general  formula 
is  now  retained. 

Syrups  are  solutions  or  extracts  prepared  with  syrup.  They  include  both 
solutions  of  pure  substances,  organic  and  inorganic  (Syrup  ferri  iodidi,  Syr. 
picis  liquidi)  and  extracts  of  plant  drugs.  Most  of  the  latter  are  of  inactive  drugs 
used  chiefly  for  flavoring  and  the  like,  but  a  few  are  of  active  drugs.  These  vary 
in  strength  from  7  percent,  (ipecac)  to  25  percent,  (senna)  and  the  doses  range 
from  that  of  squill  (2  cc,  %  dram)  to  that  of  orange  which,  if  the  sugar  be 
not  an  objection,  may  be  several  ounces. 

Vinegars  are  extracts  with  dilute  acetic  acid.  Only  one  is  included  in  the 
U.S.P.X.,  that  of  squill.  Although  a  10  percent,  preparation,  it  is  less  active  than 
the  corresponding  tincture. 

Syrups  and  vinegars  are  free  from  alcohol,  but  in  spite  of  this  are  comparable 
to  alcoholic  preparations  in  permanence. 

In  addition  to  fluid  extracts  and  tinctures  there  are  in  most  pharmacopeias 
a  number  of  forms,  mostly  of  minor  importance,  which  contain  alcohol.  Wines 
are  solutions  of  drugs  in  a  prescribed  vinous  menstruum,  usually  sherry.  They 
are  no  longer  official  in  the  U.S. P.,  though  some  are  retained  in  the  N.F.  as  well 
as  in  the  Br.  P.  The  doses  vary  from  a  few  minims,  as  with  wine  of  colchicum 
and  wine  of  antimony  to  I/2  to  1  ounce  (15  to  30  cc.)  as  with  wine  of  quinine.\ 
Elixirs  are  commonly  used  as  vehicles  rather  than  on  account  of  the  active  drugs 
which  they  contain.  The  dose  is  therefore  to  be  regulated  by  circumstances.  The 
alcohol  may  prove  to  be  the  most  important  constituent.  Aromatic  elixir,  for 
example,  contains  22  percent,  (by  volume)  of  alcohol  and  almost  25  percent,  of 
cane  sugar.    Both  of  these  ingredients  must  be  considered  in  prescribing. 


SOURCES,  PEEPAEATION  AND  THERAPEUTIC  USE  OF  DRUGS  357 

In  estimating  the  dosage  of  all  liquid  preparations  of  plants  we  have  to  con- 
sider not  only  the  activity  of  the  drug  as  a  whole  but  also  the  concentration  and 
special  composition,  both  as  to  menstruum  and  active  constituents,  of  the  particular 
galenical  employed. 

Most  plants  contain  several  active  constituents  (alkaloids,  glucosides,  oils, 
resins,  tannins,  etc.),  some  of  which  are  less  desirable  than  others,  and  some  even 
objectionable.  As  these  constituents  have  different  degrees  of  solubility  in  different 
solvents  it  is  obvious  that  any  change  in  the  composition  of  the  menstruum  will 
entail  a  ditl'erence  in  the  constituents  extracted  by  it.  Preparations  made  from 
the  same  dni^-  with  ditlorent  menstruums  will  thus  differ  not  only  in  strength 
(concentration)  but  also  in  composition.  They  may  be  unlike  in  the  several  con- 
stituents (desired  or  undesirable)  present,  or  merely  in  the  proportionate  (rela- 
tive) content  of  such  substances. 

An  excellent  illustration  of  the  difference  entailed  by  the  use  of  different  menstruums 
is  afforded  by  squill.  The  glucosides  which  influence  heart  action  are  freely  soluble  in 
75  percent,  alcohol,  which  is  used  in  preparing  the  tincture;  less  soluble  in  50  percent, 
alcohol,  which  was  used  for  the  fluid  extract  (of  U.S. P.  VII);  and  still  less  soluble  in 
dilute  acetic  acid,  which  was  used  in  the  acetic  extract  (U.S. P.  VIII).  As  a  result  the 
relative  toxicity  of  these  preparations,  instead  of  being  1:  10:  10,  is  about  1:  5:  2.  In 
other  words,  the  tincture  is  relatively  twice  as  active  as  the  fluid  extract  and  five  times  as 
active  as  the  acetic  extract. 

Fluid  extract  of  quebracho,  again,  contains  a  nauseating  constituent,  which  often 
prevents  its  use  in  the  only  effective  manner,  namely,  administration  in  teaspoonful 
doses  hourly.  A  solid  extract  could  be  made,  comparatively,  if  not  wholly,  free  from 
this  objectionable  substance. 

Digitalis  affords  another  example.  It  is  commonly  accepted  by  clinicians  that  the 
infusion  acts  more  strongly  as  a  diuretic  and  the  tincture  as  a  cardiac  stimulant.  The 
explanation  was  formerly  offered  that  digitalis  contains  two  sets  of  active  principles, 
one  soluble  in  alcohol,  the  other  soluble  in  water.  The  tincture  would  thus  represent 
chiefly  the  alcohol-soluble  principles,  and  the  infusion  the  water-soluble  principles. 
Hence  it  was  believed  that  one  or  the  other  should  be  chosen,  according  to  the  effect 
(cardiac  stimulation  or  diuresis)  desired;  while  to  get  full  action  of  the  leaves  the  two 
preparations  should  be  mixed  together.  Later  studies  have  shown  the  inaccuracy  of 
this  teaching.  Digitalis  does  indeed  contain  several  active  principles,  but  all  are 
soluble  in  75  and  85  percent,  alcohol,  which  are  the  concentrations  of  the  menstruum 
used  In  the  tincture  and  fluid  extract  respectively.  Certain  of  them  are  insoluble  in 
pure  water,  but  are  soluble  in  a  watery  solution  of  digitonin,  a  saponin  present  in  the 
leaf.  All  of  the  active  glucosides  are  thus  present  in  all  the  preparations  and  the 
diuretic  action  of  the  infusion  has  been  shown,  in  carefully  controlled  experiments,  to 
be  no  greater  than  that  of  a  corresponding  quantity  of  tincture  given  with  an  equal 
volume,  relatively  as  well  as  actually,  of  water.  The  observed  differences  were  probably 
dependent  on  the  larger  doses  commonly  given  of  the  infusion,  and,  in  some  instances, 
no  doubt,  upon  a  more  careful  selection  of  the  leaf. 

Both  tincture  and  deodorized  tincture  of  opium  are  ten  percent,  preparations, 
standardized  at  an  alkaloidal  (anhydrous  morphine)  content  of  1  Gm.  in  100  cc. 
of  the  former,  and  not  less  than  0.95  Gm.  or  more  tlian  1.05  Gm.  in  100  cc.  of  the 
latter.  For  purely  anodyne  or  sedative  effect  the  deodorized  tincture  (which  is 
freed  from  narcotine  and  noxious  odorous  matters  by  dissolving  out  those  sub- 
stances with  ether  or  purified  benzine)  is  superior  to  the  simple  tincture.  If,  how- 
ever, the  antispasmodic  action  of  the  narcotine  be  desired,  the  deodorized  tincture 
is  ineligible.  The  dose  of  either  preparation  is  from  1  droj)  to  10  minims,  the  latter 
quantity  being  the  approximate  equivalent  of  1  grain  ((JO  mgm.)  of  opium. 

The  camphorated  tincture  of  opium  (paregoric)  is  much  weaker;  2-4  times  10 
minims  (15  cc,  %  fluidounce)  being  required  to  equal  1  grain  of  the  powdered 
drug.    But  from  this  very  attenuation,  together  with  the  stimulant  and  carminative 


358  PHARMACOTHERAPEUTICS 

effects  of  the  camphor  and  aromatics  added,  it  derives  certain  special  applicabilities. 
Thus,  it  is  eligible,  inter  alia,  for  a  mitigating  association  with  a  purgative,  such 
as  castor  oil;  or  to  check  excessive  peristalsis,  following  the  cleansing  effect  of 
purgatives  in  diarrhea;  as  an  ingredient  of  cough  mixtures;  as  a  local  palliative  in 
toothache.  When  an  opiate  is  needed  for  infants  and  children  it  is  more  readily 
handled  and  entails  less  risk  than  the  stronger  tincture ;  a  very  few  drops  com- 
monly sufficing.  Even  with  adults  its  action  is  developed  in  proportionately  smaller 
doses  than  those  of  the  simple  tincture  (laudanum) — from  15  minims  to  2  tea- 
spoonfuls  (1  to  8  cc.)  being  the  ordinary  range.  When  larger  doses  are  needful, 
the  simple  tincture  has  the  advantage  of  lesser  bulk. 

Influence  of  the  Menstruum  (Alcohol). — A  factor  frequently  having  an  im- 
portant bearing  on  the  dose  of  a  liquid  galenical  is  the  quantity  of  alcohol  con- 
tained in  the  dose  prescribed.  With  the  fluid  preparations  of  powerful  agents 
such  as  nux  vomica  or  belladonna,  which  are  not  given  in  doses  of  more  than  a 
few  drops,  the  matter  is  negligible;  but  with  less  concentrated  preparations  and 
especially  with  those  of  weaker  drugs,  the  alcohol  is  sometimes  the  most  important 
constituent.  This  is  probably  true  of  many  of  the  tinctures  used  to  relieve 
dysmenorrhea;  and  certain  patent  medicines  said  to  be  of  service  in  that  condi- 
tion doubtless  owe  whatever  palliative  virtue  they  may  have,  chiefly  if  not  entirely 
to  their  alcohol.  While  these  are  perhaps  extreme  instances,  yet  in  most  cases 
the  quantity  of  alcohol  contained  in  the  dose  needed  to  obtain  the  sufficient  drug 
effect  must  be  taken  into  serious  account.  It  might  be-  helpful  in  some  instances, 
harmful  in  others.  Moreover,  and  especially  in  the  treatment  of  recurrent  or 
chronic  ailments,  due  consideration  must  be  given  to  the  danger  of  initiating  a 
habit.  W^hile  such  preparations  are  entirely  ineligible  -^  in  cases  in  which  alcohol 
is  to  be  avoided  altogether,  the  fluidextracts  and  tinctures  of  weak  drugs,  such  as 
gentian  or  even  cinchona,  may  be  of  service  when  one  desires  to  prescribe  alcohol 
but  wishes  to  avoid  the  usual  beverages. 

Active  Principles. — The  uncertainties  entailed  by  the  great  differences  in 
the  activity  of  galenical  preparations  has  led  to  the  isolation  wherever  possible  of 
active  principles.  These,  it  is  true,  fail  in  many  cases,  and  with  some  highly 
important  agents,  as,  for  example,  opium,  digitalis,  ergot,  and  aconite — to  repre- 
sent the  full  medicinal  activity  of  the  plant,  or  even  some  of  its  most  desirable 
phases.  But  they  have  the  advantage  of  being  definite  compounds  relatively  easy 
to  study,  alike  in  the  laboratory  and  at  the  bedside.  Moreover  they  can  be  ex- 
hibited in  the  exact  quantity,  and  by  any  method,  desired.  They  are  thus,  in 
most  instances,  to  be  preferred  in  prescription. 

It  is  obvious  that  purified  active  principles  are  to  be  given  in  much  smaller 
quantity  than  the  corresponding  galenicals.  They  are  chiefly  of  five  types — essen- 
tial oils,  resinoids,  bitters,  alkaloids  and  glucosides. 

The  various  essential  oils  differ  very  much  in  dose.  The  more  irritant,  such 
as  oil  of  cajuput,  are  given  in  doses  of  1  minim  (0.06  cc.)  or  so.  Peppermint^  is 
given  by  mouth  (as  spirit),  or  by  injection  in  oily  solution,  in  doses  up  to  5  minims 
(0.3  cc).  Oil  of  turpentine,  myrtol  and  oil  of  sandalwood  are  given  in  doses 
of  five  to  ten  minims,  properly  guarded  or  diluted. 

The  resinoids  are  commonly  given  in  doses  of  a  few  grains;  e.g.  copaiba, 
cubeb;  or  in  fractions  of  a  grain,  as  gamboge  and  jalapin. 


^''The  National  Formulary  describes  several  elixirs  containing  ten  percent,  or  less 
of  alcohol  (e.g.,  compound  elixir  of  cardamom,  compound  elixir  of  vanillin,  and  aqueous 
elixir  of  glycyrrhiza),  which  might  be  available  as  vehicles  when  alcohol  can  be  used, 
but  must  be  restricted  to  a  minimum  quantity. 
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The  hitters  are  never  given  in  a  pure  state.  The  drugs  which  contain  them 
are  limited  in  dose,  but  not  in  toxicity,  by  the  gastric  irritation  they  set  up,  or 
by  convenience. 

The  active  principles  most  connnonly  employed  are  the  alJialoids  and  the 
glucosides. 

Alkaloids  in  general  are  active  in  quite  small  quantities,  so  that  the  dose  for 
the  ordinary  adult  is  frequently  as  little  as  0.5  or  O.'-iT)  mgm.  (1/120  to  1/250  of  a 
grain)  and  rarely  exceeds  15  mgm.  (V4  grain) — a  dose  which  would,  indeed, 
with  some  alkaloids  (for  example  atropine  or  strychnine),  be  a  poisonous  amount. 

Sometimes  the  quantity  medicinally  effective  may  be  very  minute;  thus  in  the 
case  of  atropine,  0.025  mgm.  (1/2500  grain)  or  less  may  under  certain  condi- 
tions be  sufficient.  On  the  other  hand,  strychnine  is  given  in  some  cases  in  doses 
as  large  as  3  mgm.  1/20  grain)  or  more;  and  codeine,  one  of  the  opium  alkaloids, 
is  commonly  prescribed  in  doses  of  15  to  30  mgm.  (I/4  to  1/2  grain)  and  not  rarely 
of  four  or  five  times  that  quantity. 

The  most  important  exception  to  the  small  dosage  of  alkaloids  is,  however, 
quinine,  which  may  be  given  in  so  high  a  single  dose  as  2  Gm.  (30  grains)  or 
exceptionally,  even  more. 

The  glucosides  vary  widely  in  dosage,  although  none  is  given  in  very  large 
quantities.  The  most  powerful  is  crystalline  strophanthin  (ouabain),  the  dose  of 
which  is  commonly  0.-4  mgm.  (1/150  grain).  Nativelle's  digitaline  (virtually 
digitoxin)  ranges  from  0.1  to  0.4  mgm;  Cloetta's  digitoxin  has  an  average  dose 
of  1/200  grain;  its  standard  commercial  solution  is  given  in  doses  of  from  5  to  15 
minims  (0.3  to  1  cc.)  ;  Merck's  German  digitalin  may  be  given  in  doses  of  0.03 
Gm.  (1/2  grain)  or  more.  Arbutin,  on  the  other  hand,  is  given  in  doses  of  1  Gm. 
(15  grains). 

AxiMAL. — Drugs  obtained  from  animal  sources  are  relatively  few  in  number 
and  in  regard  to  their  dosage  may  be  divided  into  three  general  classes:  First, 
substances  M-hich  are  nutrients  rather  than  true  medicaments;  for  example,  cod- 
liver  oil,  bone  marrow.  These  are  given  in  doses  of  a  dram  up  to  several  ounces, 
usually  limited  by  cost,  convenience  or  palatability.  Second,  crude  dried  glands 
and  more  or  less  pure  digestive  secretions,  such  as  thyroid  and  adrenal  glands,  bile 
salts,  dried  bile,  pancreatin.  These  are  given  in  doses  of  60  mgm.  (1  grain)  and 
upward.  Finally,  there  are  purified  products  of  glands  of  internal  secretion,  such 
as  epinephrine,  which  are  given  in  minute  quantity,  1  mgm.  (1/64  grain)  being 
a  fairh'  large  dose  of  the  adrenal  principle. 

Method  of  Administration. — Influence  of  Route  of  Administration  or  Site 
of  Application. — With  many  drugs  the  rate  of  absorption  and  the  modifications 
undergone  before  the  active  product  reaches  the  blood  stream  are  affected  by  the 
method  of  administration.  In  consequence  their  actions  may  differ  both  quali- 
tatively and  quantitatively  and  the  dose  is  to  be  modified  accordingly.  These 
factors  have  been  discussed  in  Chapter  IV,  under  the  head  of  Absorption,  Trans- 
formation and  Elimination. 

Concerning  drugs  which  are  not  materially  altered  in  the  digestive  tract, 
certain  general  rules  have  been  laid  down,  which  are,  however,  only  approxima- 
tions. Taking  as  a  standard  the  quantity  of  the  medicament  to  be  given  l)y  the 
gastroenteric  route  or,  as  it  is  generally  termed,  per  os  (by  the  mouth),  the  dose 
to  be  injected  intraveno'usly  is  generally  stated  as  from  Vj*  to  1/4  of  the  quantity; 
the  dose  to  be  injected  subculaneon.sly  or  intramuscularly  is  stated  to  be  y-y  of  the 
standard;  and  that  to  be  given  by  the  rectum  twice  as  great  as  that  given  by 
mouth. 
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The  exceptions  to  the  rule  are,  however,  so  numerous  that  it  can  hardly  be  con- 
sidered a  guide  in  practice.  For  example,  the  standard  dose  of  opium  by  rectum  is 
0.13  Gm.  (2  grains).  This  would  correspond  to  0.013  Gm.  (1/5  grain)  of  morphine,  and 
the  rule  would  thus  call  for  0.003  Gm.  (1/20  grain)  of  the  alkaloid,  as  the  corresponding 
dose  for  hypodermic  use.  As  a  matter  of  fact  the  average  hypodermic  dose  is  nearer 
0.013  Gm.  (1/5  grain)  than  0.003  (1/20  grain),  and  doses  of  0.03  Gm.  (i/o  grain),  or 
even  more,  are  not  uncommon. 

It  is  to  be  remembered,  moreover,  that,  in  ordinary  practice,  injections, 
whether  hypodermic,  intramuscular  or  intravenous,  are  commonly  given  at  long 
intervals  and,  often,  as  emergency  measures,  repetition  being  avoided  as  much  as 
possible.  For  this  reason  the  single  dose  of  an  active  drug  given  by  injection  will 
often  be  not  only  relatively  but  actually  greater  than  the  single  dose  by  mouth 
which  is  to  be  more  frequently  repeated.  If  the  manner  or  degree  of  action  of  a 
drug  when  given  otherwise  than  by  mouth  is  not  known,  it  is  wiser  to  err  on  the 
safe  side  and  to  inject  the  proportion  of  the  standard  dose  stated  in  the  rule;  but 
not  to  give  by  rectum  a  larger  quantity  than  the  average  dose  by  mouth. 

In  administration  by  inhalaMon  the  quantity  of  drug  which  is  absorbed  and 
reaches  the  tissues  is  not  determined  by  the  quantity  employed  but  by  the  relative 
saturation  of  the  alveolar  air  with  the  vapor.  Even  when  a  substance  such  as 
amyl  nitrite  is  used  by  inhalation  in  measured  quantity,  it  is  impossible  to  tell  how 
much  reaches  the  lung  and  is  there  absorbed  or  how  much  is  absorbed  from  the 
nose  and  upper  respiratory  tract  or  how  much  is  lost  by  diffusion  in  the  air.  Com- 
parison of  doses  with  those  given  by  other  methods  is  therefore  not  possible. 

Moreover  the  purpose  of  the  inhalation — i.e.,  whether  for  local  or  systemic 
effect,  for  action  on  tissue  or  on  function — its  method,  the  physical  characteristics 
of  the  drug  employed  and  many  other  circumstances  modify  each  case.  In  gen- 
eral it  may  be  said  that  volatile  substances  act  more  rapidly,  and  hence  seem  more 
active,  when  inhaled  than  when  swallowed.  Sometimes,  as  with  "smelling  salts" 
(sal  volatile,  ammonia)- — nowadays  much  neglected  but  never  to  be  despised  as  a 
potent  aid  in  cardiac  emergencies — part  of  the  effect  is  reflex,  owing  to  irritation  of 
the  nasal  (or  other)  mucosa;  sometimes — as  with  the  toxic  action  of  sulphur  com- 
pounds and  the  narcotic  effects  of  anesthetics — it  is  a  consequence  of  the  rapid 
entrance  of  the  drug  into  the  arterial  circulation  and  conveyance  to  nerve  cen- 
ters ;  or  it  may  depend,  in  part  or  in  whole,  on  the  absence  of  the  chemical  changes 
that  would  be  imdergone  in  alimentary  canal  or  liver,  as  elsewhere  discussed.  With 
sprays  and  nebulas  of  non-volatile  agents  also,  the  local  effect  in  the  air  passages 
of  the  special  concentration  used,  as  well  as  the  systemic  effect  of  the  medicament 
after  absorption,  enter  into  the  question. 

During  all  inhalations  of  powerful  substances,  and  especially  such  as  the 
systemic  anesthetics,  the  effect  is  to  be  continuously  watched  and  its  intensity 
must  finally  determine  the  dose  actually  given,  although  the  quantity  should  always 
be  measured  as  a  check  on  possible  dangerous  after-effects. 

When  oxygen  is  given,  especially  in  such  conditions  as  carbon  monoxide  poison- 
ing or  acute  lobar  pneumonia,  there  is  no  limit  save  convenience,  to  the  quantity 
that  may  be  administered. 

Certain  drugs  are  irritating  or  harmful  when  administered  by  one  route  in 
doses  which  are  not  injurious  in  another;  as  a  rule,  however,  there  is  a  certain 
quantity  of  these  agents  that  may  be  used  either  by  the  mouth  or  pareuterally 
without  developing  irritant  effects  to  a  harmful  degree.  Sometimes  gastric  or  intes- 
tinal irritation  or  digestive  disorders  would  be  produced  without  fail  if  a  large 
quantity  of  a  drug  were  given  at  once,  but  may  be  avoided  by  accustoming  the 
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alimentary  tract  to  its  presence  through  the  use  of  small  initial  doses,  increased 
little  by  little.  This  is  especially  the  case,  for  example,  with  alkali  iodides,  iodo- 
form, alkali  bromides,  arsenic  and  creosote.  On  the  other  hand,  some  agents  may 
be  given  at  first  in  large  doses  that  must  later  be  considerably  reduced.  In  such 
instances,  for  example,  digitalis,  the  gastric  disturbance  may  l)e  systemic  as  well 
as  of  local  origin.  Like  considerations  apply  not  only  to  local  action  on  the  stomach 
but  also  throiighout  the  whole  range  of  effects  of  such  medicaments. 

Certain  substaiu'cs — for  example,  hydrochloric  and  acetic  acids — irritate  the 
intact  skin  when  employed  in  concentrations  which  do  not  alfect  the  gastric  mucosa. 
Others,  as  well  as  the  alkali  salts  of  the  iodides  and  bromides,  cause  pain  when 
taken  into  the  stomach  in  concentrated  solution,  but  not  when  applied  to  the  skin. 
Some  substances,  like  formaldehyde,  irritate  all  exposed  mucosae  even  in  very  high 
dilution,  but  affect  the  unbroken  skin  only  in  much  stronger  solution.  Others,  as 
oil  of  mustard,  irritate  the  skin  as  well  as  the  gastric  mucosa  and  other  membranes, 
even  when  relatively  dilute.  Certain  substances  are  much  more  irritating  to  par- 
ticular mucous  membranes  than  to  others.  Thus  a  saturated  solution  of  boric 
acid  is  soothing  to  the  conjunctiva  but  causes  sneezing  when  applied  to  the  nose. 
Zinc  sulphate  can  be  borne  by  the  eye  in  greater  concentration  than  by  the  nose, 
but  camphor  in  oil  and  alkaline  washes  are  more  painful  to  the  eye. 

Many  drugs — for  example,  creosote  in  oil — have  irritant  effects  upon  the 
gastroenteric  mucous  membrane,  but  may  be  injected  under  the  skin  in  equivalent 
quantities  without  causing  like  irritation.  Others — for  example,  aromatic  spirit 
of  ammonia  and  fluidextract  of  ergot — irritate  the  subcutaneous  cellular  tissue  but 
may  readily  be  given  by  the  mouth,  if  properly  diluted.. 

Quinine  and  urea  hydrochloride  may  be  given  by  mouth,  encapsulated  or  in 
solution,  in  almost  unlimited  quantity  so  far  as  irritant  effects  are  concerned.  In 
dilute  solution  (l^  to  2  percent.)  it  is  a  local  anesthetic  and  may  be  painted  on 
mucous  surfaces  or  injected  subcutaneously.  In  concentrated  solution  (10  percent, 
or  more)  it  causes  necrosis  and  sloughing  if  injected  under  the  skin;  but  even 
fifty  percent,  can  be  injected  into  a  muscle  without  hann,  if  the  proper  precautions 
be  taken  to  protect  the  punctured  skin.  Arsphenamine  given  intramuscularly,  sets 
up  necrosis;  but  is  without  untoward  local  effect,  when  given  by  vein. 

Substances  which  are  relatively  insoluble  in  the  body  fluids  or  which  tend  to 
form  insoluble  compounds  in  the  body  tissues  w411,  if  injected  subcutaneously,  be 
deposited  at  the  site  of  injection  and  give  rise  to  inflammation,  but  can  be  injected 
slowly  into  a  vein  and,  being  at  once  diluted  by  the  whole  mass  of  the  blood,  will 
not  form  local  precipitates.  This  is  the  case,  for  example,  with  some  of  the  soluble 
salts  of  quinine,  with  calcium  chloride  (which  forms  an  insoluble  carbonate,  leading 
to  severe  local  irritation),  with  arsephenamine  and  with  many  other  compounds. 
Dilute  alkaline  and  acid  solutions  may  be  injected  into  the  blood  stream  and  will 
be  neutralized  promptly  by  the  buffer  salts,  while  injected  into  the  tissues  they 
woulf^l  prove  destructive. 

Solutions  for  intravenous  injection,  if  of  any  great  ])ulk,  should  preferably  be 
approximately  isotonic  with  the  blood.  They  may  either  be  made  up  of  this 
strength,  as  is  commonly  done  with  magnesium  sulphate  and  calcium  chloride,  or 
a  hypertonic  solution  may  be  diluted  with  hypotonic  sodium  chloride  solution  or 
finally,  if  the  molecular  weight  of  the  compound  be  high,  it  may  be  directly  dis- 
solved in  "therapeutic*' — so-called  physiologic — saline,  the  slight  addition  to 
tonicity  thus  brought  about  being  negligible.  Warning  must  be  given  that  large  in- 
travenous injections  are  to  be  made  slowly.  Several  fatalities  have  resulted  from 
too  rapid  injection  of  arsphenamine. 
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Frequency  of  Administration. — ^The  particular  plan  of  exhibition  to  be 
adopted  depends  on  many  factors,  including  the  form  and  method  of  medication, 
the  duration  of  the  effect  of  the  particular  drug,  the  convenience  of  the  patient, 
the  character  of  the  ailment,  the  indication  for  the  treatment  and  the  prescriber's 
intention  to  produce  primary  or  secondary  effect.  In  discussion  these  cannot  be 
kept  rigidly  apart. 

The  more  powerful  the  drug,  the  smaller  and  more  frequent  should  the  dose 
ordinarily  be  and  the  shorter  the  duration  of  its  use.  Drugs  quickly  absorbed  may 
be  effective  in  relatively  smaller  single  doses  than  those  taken  up  less  readily,  while 
drugs  slowly  eliminated  are  to  be  used  less  frequently  than  those  more  rapidly 
cast  out. 

With  drugs  that  are  slowly  absorbed  and  slowly  eliminated,  or  whose  action  is 
for  other  reasons  long  persistent,  a  single  daily  dose  is  sometimes  sufficient.  At 
first  this  may  approach  the  maximum,  and  later  when  its  effect  is  manifest,  be 
reduced  considera])ly.  Sometimes  after  an  effect  has  been  produced  by  a  relatively 
large  daily  quantity  divided  into  few  or  many  portions,  a  relatively  small  dose  once 
daily  will  suffice  to  maintain  it.  This  is  notably  the  case  with  digitalis  and 
sparteine. 

Thus  in  cases  of  cardiac  decompensation  attended  with  dropsy,  while  most  physi- 
cians prefer  to  give  moderate  doses  of  digitalis,  say  15  cc.  (i/o  ounce)  of  the  infusion 
or  1.5  cc.  (20  to  25  minims)  of  the  tincture,  two  to  four  times  daily,  others  give  one 
very  large  dose,  say  20  cc.  (5  fluidrams)  of  the  tincture,  and  may  wait  a  day  or  several 
days  before  repeating  the  medication  in  diminishing  doses.  Sparteine  is  commonly  use- 
less, in  cardiorenal  failure,  unless  given  in  large  and  frequent  doses  (0.03  to  0.06  Gm. — y, 
to  1  grain  or  more),  every  two  hours  at  iirst,  and  preferably  by  subcutaneous  injec- 
tion; but  after  three  or  four  such  doses  it  is  possible  to  lengthen  the  intervals  and 
perhaps  to  change  to  administration  by  mouth.  Both  quantity  and  frequency  are  then 
gradually  reduced  and,  finally,  one  or  two  doses  daily,  from  0.015  to  0.03  Gm.  (i/4  to  Va 
grain)  each,  may  suffice  to  maintain  the  effect. 

It  would  seem  unnecessary  to  say  that  in  an  acute  illness  sleep  is  ordinarily 
the  best  remedy ;  and  that  whether  few  or  many  doses  are  given  the  patient  should 
not  be  roused  from  natural  slumber  either  by  day  or  by  night  to  receive  a  drug; 
nor  should  time  of  medication  extend,  without  special  reason,  beyond  the  ordi- 
nary waking  hours,  say  at  most,  from  7  a.m.  to  9  p.m.  Yet  when  one  directs  that 
a  certain  remedy  be  given  every  so-many  hours  it  is  always  wise  to  add  "except 
during  sleep"  or  "not  after  such  an  hour"  to  make  sure  of  this.  We  have  known  of 
a  patient  being  awakened  to  take  a  sleeping  potion. 

Wlien  remedies  are  administered  by  mouth  and  for  continued  effect  it  is  cus- 
tomary to  divide  the  daily  dose  into  three  portions  to  be  taken  in  relation  with 
meals.^® 

For  ambulant  patients,  and  especially  with  liquid  medicines,  this  is  by  far 
the  most  convenient  plan  and  in  most  cases  it  answers  very  well,  the  drug  effect 
being  pretty  evenly  distributed  and  maintained  throughout  the  day.  Moreover,  with 
such  agents  as  the  organic  iodides  and  bromides,  most  preparations  of  iron  and 
arsenic,  the  soluble  mercurials,  etc.,  which,  in  absence  of  due  precaution,  may  irri- 
tate the  alimentary  mucosa,  it  is  in  most  in.stances  desirable  that  the  drug  should 

^  If  topical  influence  on  the  gastroenteric  tract,  or  quiclc  absorption  is  desired,  the 
drug  is  given  before  eating — in  the  common  phrase  "on  an  empty  stomach."  If  topical 
action  is  to  be  avoided  or  absorption  delayed,  the  drug  is  given  after  the  meal  so  that  it 
may  be  diluted  or  its  contact  with  the  mucosa  modified  by  the  food  present.  When  some 
particular  phase  of  digestion  is  to  be  modified — as  in  the  case  of  alkalies,  acids  and  the 
digestive  enzymes — the  time  is  fixed  accordingly. 
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bo  taken  aftor  eating.  On  the  other  hand,  agents  that  provoke  gastric  secretion  and 
thus  "give  appetite"  must,  to  exercise  their  appetizing  influence,  be  given  some 
little  time  before  meals,  the  exact  period  differing  with  the  special  agent. 

As  a  rule,  not  without  exceptions,  acute  ailments — other  things  being  equal — 
call  for  the  frequent  administration  (every  tM'o  hours  or  less)  of  small  and  some- 
times of  minute  doses  to  be  intermitted  and  resumed  according  to  effect;  or  of 
medium  doses  with  medium  frequency  (every  three  or  four  hours).  In  chronic 
ailments  it  is  best  to  administer  moderate  or  large  doses  a  few  times  (three)  daily, 
or  minute  doses  very  frequently  (hourly).  Emergencies  or  the  initial  stage  of  a 
malady,  demand  the  administration,  once  or  repeatedly,  of  doses  surely  sufficient. 

With  powerful  drugs  that  act  promptly,  division  or  fractioning  of  the  dose 
has  many  advantages.  This  is  especially  true  when  there  is  any  uncertainty  as  to 
the  strength  of  the  preparation  (as  with  certain  unassayed  or  even  unassayable 
galenicals),  or  as  to  the  reaction  of  the  patient,  or  as  to  the  degree  of  physiologic 
effect  necessary  for  therapeutic  result  in  the  particidar  case.  It  permits  tentative 
determination  of  the  quantity  needed  and  well  borne,  whether  large  or  small,  and 
thus  administration  of  either  single  or  divided  daily  doses  in  amount  to  produce 
therapeutic  result  without  the  risk  of  untoward  action.  It  enables  a  certain  uni- 
formity or  evenness  of  effect  to  be  maintained  throughout  the  entire  period  of  medi- 
cation. "When  secondary  reactions  are  to  be  induced  it  affords  the  opportunity  for 
their  development  and  continuance. 

The  administration  of  small  doses,  frequently  repeated,  is  particularly  useful 
for  the  relief  of  transient  but  distressing  symptoms  and  in  the  management  of  acute 
ailments  and  bad  cases;  more  rarely  in  chronic  conditions  and  with  ambulant 
patients.^^  There  are  many  ways  of  giving  fractional  doses  and  some  of  these  will 
be  described  as  illustrations. 

Some  practitioners  find  it  useful,  especially  with  children,  to  dissolve  a  quan- 
tity of  medicine  in  a  waneglassful  or  even  a  tumblerful  of  water,  administering 
teaspoonfuls  of  the  solution  hourly,  or  even  every  ten  to  fifteen  minutes,  until  a 
certain  effect  follows  or  a  definite  number  of  doses  has  been  taken.  Others  give 
in  much  the  same  way  a  certain  number  of  pilules,  granules  or  triturates  contain- 
ing minute  doses  of  medicine. 

The  daily  dose  may  be  divided  into  five  or  six  portions  to  be  taken  two  hours 
apart ;  or  into  ten  or  twelve  portions  to  be  taken  hourly.  One  may,  again,  doom  it 
best  to  leave  the  daily  quantity  undetermined  (except  ])y  fixing  a  maximum  limit) 
and  to  order  very  small  or  even  minute  doses  frequently  repeated  (from  every  ten 
minutes  to  every  two  hours),  until  a  certain  therapeutic  effect  is  manifest. 

In  a  case  of  supraorbital  neuralgia,  for  example,  gelseminine  hydrochloride  might 
be  prescribed  in  pilules  containing  from  0.12  to  0.3  mgm.  (1/GOO  to  1/200  grain)  each; 
one  pilule  to  be  taken  every  half  hour  or  every  hour  until  the  pain  disappears  or  the 
number  of  pilules  totaling  1  mgm.  of  the  drug  has  been  taken.  The  patient  is  cau- 
tioned that,  should  vertigo  or  disturbance  of  sight  develop  before  either  of  these  points 
has  been  reached,  the  medication  is  to  be  discontinued. 

In  certain  cases  of  cardiac  syncope  the  compound  spirit  of  ether  may  be  given  by 
mouth  in  doses  of  ten  minims  in  a  little  water  every  ten  or  fifteen  minutes,  while 
needed.     Aromatic  spirit  of  ammonia,  properly  diluted,  may  be  used  in  the  same  way. 

Again,  one  may  wish  to  give  a  child  with  catarrhal  bronchitis  a  dose  not  to  exceed 
0.3  mgm.  (1/200  grain)  of  atropine,  in  the  twenty-four  hours.  This  amount  may 
be  administered  in  two  or  four  fractions  (of  not  more  than  0.2  to  0.1  mgm.  each),  six  or 
four  hours  apart,  or  in  hourly  portions  of  1/2000  grain   (0.03  mgm.)   for  as  many  hours 

^' With  ambulant  patients,  tablets  or  pills  (triturates  or  granules)  will  ordinarily  be 
the  most  eligible  pharmaceutic  form  for  this  purpose. 
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as  necessary,  not  exceeding  ten.  Still  better,  the  whole  quantity  or  an  equivalent  amount 
of  tincture  of  belladonna  (circa  1  cc.  — 10  to  20  minims)  may  be  dissolved  in  2  or  3 
ounces  of  water,  and  a  teaspoonful  given  every  30  minutes,  until  the  full  effect  desired 
has  been  produced;    then  intermitting  until  the  drug  is   again  needed. 

Perhaps  the  direction  may  be  that,  after  a  certain  number  of  doses  or  a  given  effect, 
the  interval  between  doses  is  to  be  lengthened;  or  that  the  drug  is  to  be  intermitted 
for  a  certain  time  and  then  resumed,  either  in  the  same  way  as  before  or  in  some 
modified  manner.     There  is  considerable  room  here  for  the  exercise  of  therapeutic  skill. 

Acute  coryza,  especially  that  of  the  vasomotor  type,  and  some  forms  of  nervous 
ptyalism,  may  be  controlled,  in  certain  patients,  either  by  an  atropine  salt  given 
for  primary  influence,  or  by  a  pilocarpine  salt,  given  for  secondary  influence.  In  either 
instance,  the  dose  is  from  0.03  to  0.06  mgm.  (1/2000  to  1/1000  grain)  at  intervals  of  30  to 
60  minutes,  until  the  desired  effect  is  manifest,  and  then,  at  increasing  intervals  to  main- 
tain it.  A  salicylate  may  be  given  in  appropriate  dose  (0.3  to  1  Gm.,  5  to  15  grains)  every 
2  hours  until  rheumatic  pain  is  assuaged,  unless  ringing  in  the  ears  be  earlier  developed, 
in  which  event  medication  is  to  be  suspended  until  the  ringing  stops,  and  then  resumed 
every  third  or  fourth  hour — and  so  on.  In  the  rare  cases  in  which  coal-tar  synthetics 
may  properly  be  used  to  relieve  pain,  the  total  quantity  may  be  broken  into  two,  three 
or  more  portions,  to  be  taken  one  or  two  hours  apart  until  effective,  unless,  meanwhile, 
untoward  symptoms  are  shown.  Hypnotic  drugs  may  be  given  "for  effect"  in  a  similar 
manner. 

In  the  absence  of  such  recognizable  effect,  therapeutic  or  toxic,  a  definite  limit 
ma}'  be  set  to  the  number  of  doses  to  be  taken  within  a  given  time;  and  the  time 
at  wliich  medication  is  to  be  resumed  is  fixed  with  equal  definiteness.  When  con- 
tinuous treatment  is  intended,  this  is  commonly  the  next  day. 

Thus,  during  a  prolonged  convalescence,  as  from  influenza,  or  in  conditions  of 
cardiac  or  nervous  weakness,  it  may  be  deemed  advisable  to  prescribe  strychnine 
arsenate,  say  1/12  to  1/10  grain  (5  to  6  mgm.),  daily.  This  could  be  given  in  the  cus- 
tomary fashion  of  three  doses  of  two  milligrams  each.  Better  results,  however,  will 
follow  the  administration  of  1/120  grain  (0.5  mgm.)  every  hour  for  ten  or  twelve  hours, 
with  gradual  reduction  of  the  number  of  doses  to  be  taken  each  day,  as  improvement  is 
manifest.  The  effect  is  mild  and  continuous,  and  might  be  crudely  represented  by  a 
rising  and  gently  undulating  line  with  sustained  height,  and  later  a  gradual  decline 
(but  not  to  the  previous  low  level),  instead  of  a  curve  showing  three  great  peaks  with 
corresponding  abrupt  depressions. 

Illustrations  might  be  multiplied  but  those  cited  will  sufhce  to  impress  the 
lesson  that  better  results  may  be  brought  about  with  many  agents  and  in  many 
cases,  both  acute  and  chronic,  by  the  administration  of  small  and  sometimes  very 
small  doses,  either  continuously  during  the  day,  or  in  the  massed  and  intermittent 
ways  described,  than  by  the  common — not  to  say  orthodox — method  of  larger  doses 
Avith  greater  intervals.  The  doses,  however,  must  be  carefully  adapted  to  produce 
the  effect  sought,  whether  primary  or  secondary;  as  in  the  instance  cited  where 
either  atropine  or  its  antagonist  pilocarpine  might  be  used.  .,;..'. \,!1 

There  may  be  special  reasons  for  the  temporary  initial  use  of  small  doses 
to  be  increased  more  or  less  rapidly;  for  example,  to  produce  a  degree  of  tolerance 
that  will  permit  the  use  of  quantities  not  ordinarily  to  be  advised  or,  perhaps,  the 
continuance  of  the  medication  for  a  longer  period  than  would  otherwise  be  possible. 
This  is  the  case,  especially,  with  agents  such  as  iodides  and  mercurials  having 
undesirable  by-effects,  and  with  agents  like  arsenic  and  strychnine  in  which  toxic 
results  ordinarily  pertain  to  the  quantities  needed  for  therapeutic  effect  in  the 
special  conditions.  In  these  cases  it  is  best  to  begin  with  small,  or  even  minute, 
doses  to  be  gradually  increased.  The  drug  is  commonly  given  three  times  a  day. 
The  increments  may  be  made  in  various  ways:  at  each  dose,  or  daily,  or  once  in 
several  days ;  the  exact  plan  varying  with  the  agent  and  the  purpose  of  the  medica- 
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tion.    SoiiictiiiK^s  altoniate  increase  and  decrease  are  ordered.    It  is  almost  needless 
to  say  that  strict  watch  should  be  kept  for  symptoms  of  untoward  action. 

For  example,  mercurous  iodide  may  be  prescribed  in  pills  or  tablets  of  1/6  grain 
(10  nigm.)  each,  to  be  taken  three  times  daily,  after  meals,  in  the  following  manner: 
The  first  day  (or  two),  one  pill  each  time;  the  next  day  (or  two  or  three),  two  pills 
after  breakfast,  one  after  other  meals;  the  next  two  or  three  days  two  pills  after 
breakfast,  two  after  the  midday  meal,  one  after  the  evening  meal;  the  next  two  or  three 
days,  two  after  each  meal — and  so  on,  if  necessary,  to  the  point  of  tolerance  or  of 
sufficient  dose. 

Fowler's  solution  of  arsenic  may  be  given  in  doses  of  one  drop  thrice  daily,  after 
meals,  the  first  day;  2  drops  thrice  daily  the  second  day;  3  drops  thrice  daily  the  third 
day;  and  so  on,  up  to  a  fixed  number  of  drops — say  5  or  6 — thrice  daily,  and  then 
decreased  in  the  same  gradual  manner  (5,  4,  3,  2)  down  to  1  drop  thrice  daily,  and 
again  increased — say  to  8  drops  thrice  daily,  and  gradually  diminished  to  2  drops  thrice 
daily  and  so  on  by  successive  cautious  increases  and  decreases  to  10  or  15  drops  thrice 
daily,  or  whatever  may  be  the  maximum  desired.  Should  irritative  symptoms  appear, 
the  arsenic  is  to  be  intermitted  for  a  while,  and  then  resumed  at  one  drop  thrice  daily 
and  increased  cautiously;  at  first  to  a  point  short  of  that  at  which  intolerance  was 
shown,  but  later,  perhaps,  exceeding  it. 

Saturated  solution  of  potassium  iodide  is  often  given  thrice  daily,  after  meals,  in 
some  such  routine  as  this:  1  drop  the  first  dose,  2  drops  the  second  dose,  3  drops  the 
third  dose,  etc.,  up  to  8  or  10  drops;  then,  if  no  intolerance  has  been  shown,  either 
continuing  with  the  attained  dose— say  10  drops  thrice  a  day,  or  increasing  the  number 
of  drops  by  one  (thrice  daily)  each  day,  up  to  the  full  amount  desired  or  the  point  of 
tolerance.  Intolerance  at  any  point  of  the  program  calls  for  intermission  and  resump- 
tion, w'ith   a  somewhat  similar  dose. 

Strychnine  sulphate  may  be  ordered,  in  certain  cases  of  localized  toxic  or  functional 
palsies,  in  very  dilute  solution  (1:  500  or  1  grain  to  the  fluidounce)  of  which  the  dose  to 
be  given  thrice  daily  is  one  minim  (0.12  mgm.,  1/480  grain)  the  first  day,  two  minims 
the  second  day,  three  minims  the  third  day,  and  so  on,  up  to  the  point  of  tolerance  or 
of  full  therapeutic  effect.  It  is  not  uncommon  to  reach  a  dose  of  forty  minims  (5  mgm., 
1/12  grain  or  more,  thrice  daily,  without  the  slightest  sign  of  strychnine  poisoning.  A 
similar  method  of  Increasing  dosage  is  employed  in  desensitization  for  hay  fever, 
asthma  and  sensitiveness  to  poison  ivy. 

In  conditions  of  urgency  the  necessary  quantity  of  the  drug  chosen  (which 
may  be  more  than  the  ordinary  maximum  single  dose  and  often  approaches  or  even 
exceeds  the  ordinary  maximum  daily  dose)  is  to  be  given  at  once  by  the  most  feasible 
route  of  quickest  action — perhaps  into  a  vein  or  by  inhalation. 

Thus,  in  acute  cardiac  collapse,  ammonia,  epinephrine,  camphorated  oil,  pituitary 
solution,  tincture  of  musk  or  cardiazol  may  be  given;  in  auricular  fibrillation,  strophan- 
thin  or  digitalis;  in  laryngismus  stridulus,  chloroform  or  amyl  nitrite;  in  angina  pec- 
toris, morphine  and  nitroglycerin.  Repetition  will  be  pi'o  re  7iata,  according  to  effect 
and  necessity,  perhaps  in  a  few  minutes,  perhaps  not  for  many  hours,  or  even  several 
days.  Similar  p.r.n.  administration  may  likewise  be  ordered  for  the  relief  of  a  special 
symptom  or  symptom  complex,  not  necessarily  of  high  urgency;  for  example,  to  prevent 
or  control  an  asthmatic  paroxysm  by  epinephrine,  aspidospermine,  scopolamine,  an  opium 
derivative,  or  a  benzyl  compound. 

The  time  of  administration  will  be  determined  by  the  time  of  appearance  and 
tendency  to  persistence  or  recurrence  of  the  symptom  in  question,  together  with 
the  time  required  for  the  develojjment  of  the  therapeutic  ett'ect  of  the  medicine. 
Single  dose,  divided  dose  or  fractional  doses,  may  be  appropriate,  according  to 
circumstances. 

Perhaps  the  control  of  a  certain  form  of  asthmatic  paroxysm  Avill  best  illus- 
trate some  of  the  points  involved. 

A  single  hypodermic  injection  of  1:  1000  epinephrine  solution  (1  cc,  15  minims) 
will  give  almost  instant  relief;   but  relief  thus  induced  is  in  most  instances  transitory 
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and  one  cannot  well  repeat  such  injections  every  20  or  30  minutes.  Morphine  (0.03 
Gm.,  i/>  grain),  with  or  without  atropine  (1  mgm.,  1/64  grain),  acts  less  promptly,  but 
the  effect  is  more  lasting.  The  injection  may  have  to  be  repeated,  night  after  night,  and 
this  is  highly  undesirable.  Stramonium  fumes  and  the  like,  relieve,  but  for  a  time 
only,  and  it  is  at  least  an  open  question  whether  they  do  not,  to  some  degree,  induce 
a  habit.  The  quebracho  alkaloids  do  not  induce  a  morbid  habit,  and  are  at  least  equal 
to  morphine  for  the  relief  of  asthmatic  distress;  aspidospermine  hydrochloride  (3  mgm., 
1/20  grain)  may  be  injected  under  the  skin,  or  the  amorphous  aspidospermine  (a  mixture 
of  uncertain  composition)  be  administered  by  mouth  in  twenty  times  the  quantity 
(60  mgm.,  1  grain).  A  single  dose  of  that  amount  of  aspidospermine  would  not,  how- 
ever, be  tolerated,  and  might  not  be  effective,  but  if  the  dose  be  fractioned  and  8  to  10 
milligrams  (Vg  to  %  grain)  be  given  every  ten  minutes,  the  dyspnea  will  gradually  sub- 
side and  relief  be  complete  in  about  an  hour;  that  is  to  say,  with  six  to  eight  doses. 
If  the  asthmatic  paroxysm  is  expected  at  night,  it  can,  in  many  cases,  be  averted  by 
injecting  the  crystalline  alkaloid  at  bedtime  ^  or  by  continuing  the  use  of  the  amorphous 
product  in  eight  milligram  doses  hourly  through  the  day.  On  the  other  hand,  when 
benzyl  benzoate  is  used  to  subdue  or  prevent  the  paroxysms,  doses  of  one  or  two  cc. 
(15  to  30  minims)  of  the  20  percent,  solution  (3  to  6  minims  of  the  active  compound) 
may  be  given  two,  three  or  even  four  hours  apart,  the  intervals  being  lengthened  as 
the  drug  takes  effect.  All  this,  nevertheless,  is  but  temporary  palliation.  For  perma- 
nent relief  the  exciting  cause  of  the  disorder  is  to  be  found  and  removed  or  combated, 
and  the  fundamental  liability  upon  which  that  excitant  operates  (autonomic  imbalance) 
must  be  appropriately  treated. 

"When  hypodermic  medication  or  other  form  of  injection  is  necessary,  it  is 
often  advisable  to  reduce  the  number  of  punctures  as  much  as  possible  and,  hence, 
to  give  the  largest  single  doses  compatible  with  the  main  object  of  treatment  and 
the  activity  of  the  medicament.  Sometimes,  however,  even  in  conditions  of  urgency 
it  is  better  to  induce  continuous  mild  reaction,  and  small  injections  repeated  fre- 
quently are  needed.  Or  again,  large  doses  may  have  to  be  repeated  frequently  for 
effect,  as  with  pituitary  solution  and  eserine  in  intestinal  paralysis.  When  hypo- 
dermic or  other  injections  or  local  applications  are  to  be  made  in  chronic  cases, 
especially  when  the  patient  is  able  to  walk  about,  and  the  treatment  must  be  given 
by  the  physician  in  person,  it  is  commonly  more  convenient  both  for  the  patient 
and  his  medical  attendant,  to  keep  the  number  down  to  one  a  day,  or  perhaps  the 
effect  may  be  such  that  one  in  several  days  suffices — as  with  neoarsphenamine. 

Thus,  when  a  pituitary  preparation  is  used  in  suitable  cases  of  arterial  hypotension, 
the  injection  may  be  made  every  day  or  every  three  or  five  days,  according  to  the 
nature  of  the  case  and  the  intensity  of  the  reaction;  while  injections  of  iron  and 
arsenic  in  anemia,  or  of  arsphenamine  in  some  phases  of  lues,  may  need  to  be  repeated 
only  weekly. 

When  it  is  desired  to  influence  a  function  having  special  time  relations  the 
time  and  the  size  of  the  dose  are  adjusted  accordingly.  Thus,  purgatives  and  laxa- 
tives for  occasional  use  (say  compound  cathartic  pills)  may  be  given  at  any  time 
and  in  any  quantity  indicated;  but  commonly  when  they  have  no  purpose  beyond 
the  relief  of  constipation,  they  are  best  exhibited  in  a  single  sufficient  dose  at  bed- 
time, to  act  in  the  morning  (say  compound  licorice  powder,  compound  rhubarb  pill 
or  liquid  petrolatum)  ;  a  single  dose  ])efore  breakfast,  to  act  within  an  hour  or  two 

=«It  can  often  be  averted  by  the  injection  of  scopolamine  hydrochloride  (0.3  mgm., 
i/>oo  grain),  codeine  (15  mgm.,  %  grain),  strychnine  nitrate  (0.5  mgm.,  i/^o  grain)  at 
bedtime — say  2  to  3  hours  before  the  expected  onset.  It  may  be  possible  to  break  up  a 
series  of  paroxysms  by  using  this  injection  at  bedtime  for  three  nights  in  succession 
and  then  preventing  recurrence  by  the  use  of  the  quebracho  principles.  Dionine  (5  to  15 
mgm.,  i/jo  to  Vt  grain)  is  sometimes  better  than  codeine.  Some  patients  are  highly  sensi- 
tive to  scopolamine  and  the  dose  must  be  reduced  to  %  mgm.  (i/,oo  grain)  or  less. 
Should  the  quantity  prove  insufficient,  the  Injection  may  be  repeated  any  time  after  2 
hours,  that  symptoms  recur. 


SOURCES,  PREPARATION  AND  THERAPEUTIC  USE  OF  DRUGS  367 

(say  magnesia  magma  or  sodium  sulpliate)  ;  or  a  dose  that  may  be  taken  iiiuht  and 
morning,  or  thrice  daily,  and  yet  produce  but  one  or  two  stools  in  the  day— say 
sodium  phosphate,  cascara,  or  one  of  the  "tonic  purgative''  jjIHs  made  with  nux 
vomica,  aloin  or  resin  of  podophyllum,  and  extract  of  belladonna  or  extract  of 
hyoscyamus  or  one  of  the  preparations  of  bile  salts  and  phenol])hthalein. 

Hyimotics  are  commonly  so  administered  as  to  i)roduce  maximum  effect  at  the 
usual  hour  of  sleep.  For  tentative  determination  of  dose  the  maximum  quantity 
intended  for  use  may  be  broken  into  two  or  more  portions  to  be  given  at  intervals 
varying  with  the  activity  of  the  drug — generally  an  hour  or  two. 

In  the  absence  of  urgency  the  best  plan  with  active  somnifacients,  such  as  opium, 
Chloral  and  the  synthetic  products,  is  to  give  one-half  the  dose  at  bedtime  and  repeat,  if 
necessary,  in  an  hour  or  two.  Less  active  medicaments,  such  as  bromides,  intended  to 
favor  sleep,  may  be  given  in  the  early  evening  in  one  or  two  decided  doses;  but  some- 
times, especially  for  a  continued  effect,  it  is  better  to  give  medium  doses — say  8  to  15 
grains  (0.5  to  1  Gm.)  of  ammonium,  sodium,  potassium  or  calcium  bromide,  or  .30  grains 
(2  Gm.)  of  the  strontium  salt  three,  or  even  four,  times,  distributed  through  the  day.  A 
still  better  result  is  sometimes  brought  about  by  a  moderate  dose  of  a  bromide  in 
mid-afternoon  and  a  moderate  dose  of  a  more  active  hypnotic  at  bedtime.  Frequently 
it  is  necessary  to  give  a  single  large  (sufficient)  dose  of  an  active  drug,  perhaps  paren- 
terally,  will  be  needed.  Hypnotic  medication,  it  is  well  to  repeat,  should  have  a  very 
clear  indication,  and  is  never  to  be  continued  indefinitely. 

Agents  given  to  influence  digestion-  and  the  digestive  organs  must  be  adjusted 
to  the  times  at  which  food  is  taken,  whether  this  be  thrice  in  the  day  or  less  or 
more  frequently.  If  intended  to  act  locally  in  the  stomach  or  bowel  they  are  best 
given  a  short  time  before  meals  or  just  after  the  alimentary  tract  has  been  cleansed 
by  medicine  or  irrigation.  In  cases  of  gastric  ulcer,  alkaline  carbonates  are  timed 
to  neutralize  the  excess  of  gastric  acid;  in  subacidity  of  the  gastric  juice^  acids  are 
given  during  or  after  meals.  Digestive  ferments  are  to  be  administered  at  the  time 
when  they  best  supply  the  lack  of  normal  ferment. 

Similar  considerations  apply  to  functions  in  which  the  time  element,  nor- 
mally lacking  or  inconspicuous,  assumes  importance  in  disease.  The  diurnal  varia- 
tions and  other  changes  in  temperature,  pulse,  respiration,  blood  pressure,  urinary 
output  and  like  phenomena  will  influence  the  administration  of  drugs  designed 
to  affect  the  functions  in  question ;  and  under  certain  conditions,  as  in  the  definite 
management  of  pneumonia  ^^  these  functions  may  even  serve  as  indices  to  the 
appropriate  time  for  the  use  of  drugs  not  intended  to  affect  them  in  especial,  but 
only  as  parts  of  a  whole. 

When  a  malady  presents  periodic  phases,  or  a  symptom  that  calls  for  miti- 
gation recurs  periodically,  the  time  of  administration  and  the  intervals  between 
doses  will  be  governed  accordingly. 

Thus,  the  night  sweating  of  phthisis  is  best  met  by  the  use  of  picrotoxin,  agaracin, 
camphoric  acid  or  belladonna  in  a  decided  dose,  from  one  to  three  hours  ttefore  the 
anticipated  onset. 

A  more  striking  illustration  is  afforded  by  malaria.  Let  us  say  that  the  dose  of  a 
quinine  compound  sufficient  to  produce  recovery  in  an  ordinary  case  of  acute  tertian 
infection  is  24  grains  (1.6  Gm.)  in  each  twenty-four  hours,  over  a  sufficiently  long  period. 
If  this  be  divided  into  six  portions  of  4  grains  each,  every  second  hour,  it  will  eventually 
produce  cinchonism,  and  will  probably  be  but  partially  effective  in  destroying  the  para- 

™With  quinine  dihydrobromide,  digitalis  and  pituitary  solution.  The  quinine  is  not 
given  to  affect  the  temperature  per  sr,  but  the  incidental  reduction  of  pyrexia  is  an 
index  to  its  general  effect  and,  hence,  to  the  sufficient  dose  and  appropriate  time.  The 
digitalis  is  not  given  for  the  sake  of  respiration,  but  the  relation  between  this  and  the 
diastolic  pressure  is  a  guide  to  the  time  of  use. 


368  PHAEMACOTHEEAPEUTICS 

sites;  but  given  in  two  doses  of  12  grains  (0.8  Gm.)  each,  before  the  expected  period 
of  the  chill,  it  will  probably  avert  the  paroxysm  and  produce  but  a  minimum  of  undesir- 
able side  effects.  A  still  better  method  is  the  intramuscular  injection,  with  simple  but 
necessary  pi-ecautions,  of  1  Gm.  of  quinine  and  urea  hydrochloride  (50  percent,  extem- 
poraneous solution  in  hot  water).  If  this  precedes  the  expected  time  of  chill  by  two 
to  four  hours,  it  may  avert  the  paroxysm;  but,  in  any  event,  it  has  power  to  avert  the 
succeeding  paroxysms  either  for  six  and  one-half  or  thirteen  and  one-half  days,  v/hile 
one  such  injection  daily  for  a  week  suffices  to  ensure  recovery  from  the  immediate 
infection.  The  adequate  treatment  of  malarial  fever,  it  is  now  universally  admitted, 
requires  the  recurrent  use  of  quinine  over  a  number  of  months;  at  first,  let  us  say,  in 
one  sufficient  dose  every  week,  then  one  dose  every  fortnight;  or  perhaps  one  dose 
daily  for  a  week  in  each  month.  Physicians  differ  as  to  the  best  routine.  Our  present 
Interest  is  the  long  intervals  and  the  large  dose,  however  apportioned. 

The  Particular  Effect  Desired. — As  appeared  in  the  discussion  of  elective 
affinity,  lew  drugs  are  so  limited  in  their  influence  upon  the  human  body  in; 
health  or  in  disease  as  to  produce  functional  or  structural  effects  only,  or  to  induce 
modifications  of  but  a  single  function  or  organ  or  class  of  tissue  elements.  The 
number  of  functions,  organs  and  classes  of  cells  influenced,  as  well  as  the  character 
and  intensity  of  the  respective  reactions,  varies  however  with  the  quantity  of  drug 
employed  and  may  often  be  regulated  accordingly.  There  is  also  in  the  case  of  each 
drug  a  dose  or  a  plan  of  dosage  in  which  certain  of  its  effects  will  be  most  marked ; 
another  in  which  some  of  its  effects  will  be  wanting;  another  in  which  the  full 
effect  will  be  developed  quickly;  and  still  another  in  which  this  Avill  be  developed 
slowly.     One  dose  or  interval  will  induce  primary  effects,  another  secondary  effects. 

Thus,  alcohol  in  small  dose  stimulates  the  heart  reflexly  and  may  not  affect  the 
cerebral  functions;  in  somewhat  larger  dose,  it  depresses  the  cerebral  functions  in  a 
characteristic  manner;  in  still  larger  dose,  incoordination  of  the  muscular  movements 
results;  in  greater  quantity  it  produces  unconsciousness,  coma,  cardiac  paralysis,  and 
perhaps  death. 

As  a  rule  there  is  a  certain  consistency  in  the  range  of  influence  of  each  drug 
which  permits  of  its  therapeutic  utilization  with  some  degree  of  precision.  Never- 
theless, most  agents  have  contrary,  or  otherwise  incongruous  or  undesirable,  effects, 
in  certain  portions  of  their  cycle ;  and  one  or  the  other  of  such  results  may  be  mani- 
fested, or  one  may  pass  more  or  less  quickly  into  the  other,  according  to  the  quantity 
of  the  drug  that  is  acting  at  the  given  moment.  In  fixing  the  dose,  therefore,  the 
particular  effect  or  effects  desired,  out  of  all  the  effects  possible  to  be  produced  by 
the  drug  employed,  must  be  carefully  considered. 

Into  such  consideration  both  kind  and  degree  of  effect  enter  and  the  question 
of  primary  and  secondary  influence — the  so-called  contrary  action  of  large  and  small 
doses — must  be  taken  into  account.  The  injurious  effects  of  certain  drugs  must 
not  be  lost  sight  of. 

Thus,  corrosive  sublimate,  administered  by  the  stomach  in  doses  of  3  milligrams 
(1/20  grain)  or  less,  after  meals,  will  be  devoid  of  irritant  action;  and  in  syphilis,  for 
example,  it  will  produce  certain  desirable  systemic  effects.  In  doses  of  0.3  Gm.  (5  grains), 
it  will  excite  a  violent  gastroenteric  irritation  that  may  prove  fatal  before  there  has 
been  an  opportunity  for  the  unfolding  of  its  general  systemic  influence;  or,  if  death 
from  shock  be  delayed  or  averted,  a  fatal  nephritis  may  develop. 

A  morphine  salt  given  hypodermically  in  dose  of  2  to  4  milligrams  (1/32  to  1/16 
grain)  may  have  a  sedative  effect,  allaying  pain  or  spasm  without  inducing  sleep  or 
interfering  with  the  action  of  the  bowel  or  of  the  kidney.  Injection  of  5  to  15  milli- 
grams (1/12  to  1/4  grain)  may  be  followed  by  calm  and  refreshing  sleep,  but  less  quickly 
than  if  the  dose  were  30  milligrams  (i/.  grain).  The  excitant  effects  of  the  drug  will 
be  lacking,  and  its  quieting  influence  on  the  circulation  and  respiration,  while  present, 
may  not  attract  special  attention  in  cases  in  which  there  has  been   no   marked   dis- 
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turbance  of  these  functions.  The  waking  is  pleasant.  Injection  of  30  to  60  milligrams 
(of  V2  to  1  grain)  will  cause  sleep  promptly;  but  this  sleep  may  be  troubled  or  semi- 
stuporous,  with  considerable  depression  of  the  force  as  well  as  the  rate  of  the  heart  and 
of  the  respiratory  rate  and  volume.  Nausea,  even  vomiting,  may  appear  on  waking; 
the  mouth  and  tongue  will  be  dry;  there  will  be  constipation  and  diminution — perhaps 
suppression — of  urine.  In  a  sensitive  person  or  in  a  malady  like  pneumonia,  even  30 
milligrams  may  be  sufficient  to  produce  dangerous  poisoning,  if  not  death.  Atropine 
salts  in  doses  of  0.025  to  0.05  milligram  (1/2400  to  1/1200  grain)  may  be  without  any 
special  disturbing  influence  upon  the  eye  or  upon  function  in  general,  while  at  the 
same  time  lessening  morbid  secretion  from  the  nose  and  throat  and  reducing  the  sensi- 
tiveness of  the  nasal  mucous  membrane  to  irritants.  In  doses  of  0.3  to  O.G  milligram 
(1/200  to  1/100  grain),  given  hypodermically,  it  may — under  morbid  conditions  that  have 
interfered  with  these  functions — improve  the  action  of  the  heart  and  stimulate  the 
respiration;  at  the  same  time,  however,  slightly  drying  the  secretions  and  perhaps 
flushing  the  skin  and  dilating  the  pupil.  In  doses  of  1.5  to  3  milligrams  (1/40  to  1/20 
grain)  it  will  check  morbid  leaking  of  the  skin  and  may  even  abate  pulmonary  edema. 
In  large  doses,  say  12  milligrams  (1/5  grain),  stimulation  of  heart  and  respiration  may 
fail  or  quickly  be  followed  by  paralysis. 

So,  too,  in  regard  to  drugs  in  general,  we  find  that  as  the  quantity  administered  and 
time  of  action  increases,  not  only  does  their  influence  extend  from  one  tissue  and  func- 
tion to  another;  not  only  does  the  intensity  of  the  effect  upon  certain  tissues  and  func- 
tions become  greater,  but  also  the  tissues  and  functions  may  be  altered  in  a  different 
manner.  A  function  at  first  heightened  may  later  be  depressed;  a  function  excited  by 
small  doses  may  be  depressed  by  large  ones — and  vice  versa;  or  continuous  excitation, 
whether  by  small  or  large  doses,  may  be  followed  by  exhaustion. 

That  similar  difference  in  effect  can  be  obtained  by  varying  the  strength  of  topical 
applications  is  well  shown  by  the  effects  of  irritants.  These  act  directly  upon  living 
tissue,  irrespective  of  its  functions,  and  in  a  destructive  manner.  The  extent  of  the 
destruction  may  be  greater  or  less,  according  to  the  intimacy  of  their  contact  with  the 
cells,  the  duration  of  the  action,  and  the  quantity  active.  Tincture  of  iodine,  for  exam- 
ple, applied  to  the  skin  in  small  quantity  may  give  rise  only  to  a  transient  smarting. 
In  slightly  greater  concentration  it  may  excite  a  limited  superficial  dermatitis,  followed 
by  desquamation  of  dead  epithelium.  Iodine  in  concentrated  form,  kept  in  contact  with 
the  tissues,  may  produce  extensive  necrosis. 

In  considering  the  regulation  of  dosage  for  the  induction  of  primary  or 
secondary  drug  influence  (as  defined  in  this  book),  attention  must  be  given  first  to 
the  size  and  frequency  of  the  single  dose  and  later  to  the  total  quantity  of  drug 
taken  in  the  twenty-four  hours  (daily  dose). 

Generally  speaking,  primary  effect  pertains  to  the  medium  and  large  dose; 
secondary  effect,  when  producible,  to  the  very  small  or  minute  dose. 

This  is  not,  it  is  true,  an  al)Solute  rule.  We  have  given  a  number  of  instances 
of  the  continuous  primary  influence  of  repeated  small  doses,  and  others  could  be 
added.  Many  agents  indeed  show  primary  action  only,  in  any  dose  that  produces 
demonstrable  result.  In  certain  instances,  secondary  reaction  is  plausibly  to  be 
inferred  from  reported  therapeutic  results,  but  we  are  not  in  a  position  to  assert 
it  as  a  fact.  Moreover,  the  time  of  manifestation  of  the  effect  is  an  element  of  con- 
siderable  importance. 

With  castor  oil,  for  example,  repeated  small  doses  may  continue  to  purge,  while  a 
single  large  dose  will  first  purge,  then  constipate;  the  relief  of  pain  or  fall  of  tempera- 
ture, brought  about  by  certain  of  the  coal-tar  synthetics,  may  sometimes  be  followed  by 
increased  distress  or  greater  pyrexia;  and,  with  other  agents  as  well,  a  secondary  effect, 
not  so  obvious,  may  be  found,  if  looked  for,  after  the  primary  effect  has  subsided  upon 
discontinuance  of  the  medication. 

Effects  of  this  order,  while  of  considerable  importance,  are  not  the  subject  of 
present  consideration.  We  are  concerned  with  the  early  rather  than  the  late  results 
of  medication. 
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^^^len  an  original  ^°  and  continuous  primary  effect  is  sought,  a  sufficient  dose 
is  to  be  given  and  repeated  with  just  sufficient  frequency  to  maintain  the  action  at 
the  point  desired  for  the  required  time. 

The  sufficient  dose  of  any  agent  necessarily  varies  with  the  conditions  present 
and  the  special  effect  desired. 

Thus,  under  certain  circumstances,  it  might  be  0.03  mgm.  (1/2000  grain)  of  atropine, 
or  0.3  mgm.  (1/200  grain)  of  strychnine;  and,  under  other  circumstances,  3  mgm.  (1/20 
grain)  or  more  of  either — the  frequency  of  repetition  being,  as  a  rule,  increased  as  the 
size  of  the  dose  is  diminislied. 

For  earli/  and  continuous  secondary  effect  the  dose  must  be  sufficient  to  excite 
the  reaction  aimed  at,  but  not  large  enough  to  overcome  it;  and  is  to  be  repeated 
with  just  sufficient  frequency  to  keep  up  the  process. 

The  frequency  of  repetition  is  thus  an  important  and  difficult  part  of  the 
problem.  Small  doses,  as  has  been  shown,  may  be  given  in  such  a  way  as  to  pro- 
duce summation,  so  that  primary  influence  becomes  and  continues  paramount;  and 
large  doses  may  so  be  given  that  the  primary  action  disappears  and  the  secondary 
reaction  is  later  manifest.  It  is  largely  a  question  of  the  relation  of  absorption  to 
elimination,  as  expressed  in  the  active  dose  at  the  given  moment. 

If  the  interval  between  doses  is  so  short  that  elimination  is  incomplete,  a  suffi- 
cient quantity  of  the  drug  will  constantly  be  present  to  continue  its  primary  effect. 
If,  however,  the  interval  is  long  enough  to  permit  complete  elimination,  or  if  elimi- 
nation keeps  pace  with  absorption,  the  secondary  effect  may  develop  and  continue 
to  be  shown. 

To  determine  this  accurately  we  should  have  to  consider  not  alone  the  entrance 
of  the  medicament  into  the  blood  stream  and  its  final  departure  from  the  body,  but 
also  its  absorption  and  sojourn  within  the  special  tissues  to  be  affected. 

As  a  general  therapeutic  practice,  the  deliberate  induction  of  secondary  drug 
effects — at  least  on  any  known  basis  of  scientific  pharmacodynamics — would  thus 
be  indeed  difficult,  demanding  a  degree  of  particularized  pharmacologic  knowledge, 
of  skill  in  controlled  clinical  observation  and  of  facility  in  applied  mathematics,  that 
few  may  hope  for.  In  availing  himself  of  secondary  actions,  the  physician  must 
depend,  in  the  main,  on  a  certain  body  of  empirical  knowledge  that  has  been  accu- 
mulated, as  in  the  use  of  ipecac  to  control  vomiting ;  and  in  certain  special  instances 
that  now  and  again  arise  in  one's  practice,  the  method  may  with  reason  be  at- 
tempted.    Sometimes  it  succeeds  beyond  expectation. 

Thus,  in  a  case  of  vasomotor  ataxia  in  which  excessive  and  persistent  sweating  was 
the  chief  complaint,  all  the  ordinary,  and  some  extraordinary,  anhidrotics  failed,  while 
relief  followed  the  use  of  pilocarpine  hydrochloride  in  frequent  minute  doses  (0.08  to 
0.16  mgm.,  1/800  to  1/400  grain),  hourly.  Coryza  of  vasomotor  origin  can  sometimes  be 
relieved  by  the  use  of  still  smaller  doses  of  the  same  drug. 

Secondary  drug  action  is  therefore  to  be  kept  in  mind  and  utilized  if  possible, 
when  necessity  and  opportunity  arise.  Valuable  hints  as  to  the  drugs  that  can  thus 
be  used  and  the  classes  of  cases  in  which  such  use  may  be  appropriate  are  to  be 
derived  from  a  critical  (but  not  obstinately  skeptical)  study  of  some  of  the  case 
reports  in  the  "^'homeopathic,"  "eclectic"  and  "dosimetric"  publications. 

The  Quantity  of  the  Drug  Previously  Taken. — This  subject  has  be(en  dis- 
cussed to  a  certain  extent  under  fractioning  of  the  daily  dose  and  under  effect  de- 
sired; but  some  rather  important  phases  will  be  clearer  for  separate  consideration. 

*'This  term  is  used  to  avoid  the  ambiguity  of  "immediate,"  to  which,  in  connection 
with  drug  influence,,  we  have  given  a  special  meaning. 
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Obviously,  in  deciding  upon  the  contiiiuanoe,  intermission  or  discontinuance 
of  a  given  medicament,  one  must  take  into  account  the  quantity  already  taken  and 
the  effect  already  produced;  among  these  tolerance  and  intolerance  and,  if  the 
decision  be  to  continue,  the  same  considerations  govern  the  dosage.  More  im- 
portant than  quantity  here — especially  in  connection  with  effect  desired — 
may  be  lime.  Some  drugs  are  al)sorbed  rapidly,  act  promptly  and  are  eliminated 
quickly,  or  recovery  from  their  effect  is  prompt.  These  are  said  to  exert  a  fleeting 
or  fugacious  influence.  Others  are  taken  up  more  slowly,  act  less  promptly  and  are 
eliminated  sluggishly,  or  recovery  from  their  dynamic  effect  is  tardy;  their  influence 
is  said  to  be  continued  or  persist  en  t.  Others  occupy  intermediate  positions  both  as 
to  promptitude  and  duration  of  effect. 

Nitroglycerin  and  epinephrine  are  examples  of  the  first  or  fugacious  class;  digitalis, 
sparteine  and,  to  a  certain  extent,  aconite  (excretion  of  which  requires  many  hours, 
although  absorption  is  prompt)  may  represent  the  second  or  persistent  class;  while 
pituitary  solution,  strychnine,  castor  oil,  opium,  alcohol,  atropine  and  erythrol  tetra- 
nitrate  illustrate  the  many  grades  of  the   intermediate   class. 

For  persistent  or  marked  effect,  doses  of  fugacious  drugs  such  as  nitroglycerin 
must  be  given  rather  frequently,  sometimes  hourly  or  even  every  ten  minutes,  and 
when  there  is  no  great  urgency  small  doses  are  best  in  order  to  avoid  violent  fluctua- 
tion in  the  functions  affected.  In  either  event — taking  nitrogl3'cerin  as  the  ex- 
ample— whether  small  (0.06  mgm.,  1/1000  grain)  ;  or  large  ^^  (1  to  2  mgm.,  1/GO 
to  1/30  grain)  ;  or  medium  (0.25  to  0.5  mgm.,  1/250  to  1/125  grain)  doses  are 
being  given,  the  successive  portions  are  not  commonly  much  reduced  or  the  intervals 
lengthened  until  a  decided  result  has  been  manifested. 

There  may  be  demonstrable  fall  in  blood  pressure,  or  the  induction  of  flushing 
or  disappearance  of  pallor,  or  a  therapeutic  effect  such  as  relief  of  headache,  anginal 
pain,  vertigo  or  dyspnea.  On  the  other  hand,  should  flushing  or  depression  of 
arterial  tension  be  excessive  or  headache  or  dizziness  be  induced,  a  change  of  plan 
would  be  indicated,  the  detail  of  which  would  depend  on  the  case  and  on  the  object 
of  treatment.  In  acute  disease  or  emergency,  the  drug  might  be  stopped  for  a  time, 
or  even  permanently;  in  chronic  disease,  the  dose  be  decreased  in  size  or  frequency 
or  both.  In  elderly  patients  with  but  moderate  excess  of  arterial  tension  and  slight 
myocardial  change,  good  results  are  often  produced  by  so  little  as  0.25  mgm.  (1/250 
grain)  of  nitroglycerin  four  times  daily,  and  maintained  even  when  the  dose  is 
diminished  to  0.06  mgm.  (1/1000  grain)  once  daily. 

Doses  of  nitroglycerin  so  minute  as  this  are  neither  inert,  as  some  say,  nor 
productive  of  secondary  (miscalled  primary)  effects,  as  affirmed  by  others.  One 
case  is  recalled  in  which  0.06  mgm.  daily  kept  the  patient  in  comparative  comfort, 
but  any  increase  or  decrease  of  dose  was  followed  by  disagreeable  symptoms. 
Doubling  the  quantity,  either  by  the  use  of  0.12  mgm.  once  daily,  or  O.OG  mgm. 
twice  daily,  induced  headache  and  vertigo;  while  its  substitution  by  an  inert  drug 
led  to  irregularity  of  the  heart,  dyspnea,  headache  and  dizziness.  The  influence  of 
suggestion  was  excluded  by  changing  from  solution  to  tablets,  by  giving  two  doses — 
one  of  nitroglycerin  and  the  other  inert — and  by  other  measures.  However  the 
conditions  might  be  varied,  any  departure  from  the  dose  indicated  was  followed  by. 
distress. 

^The  student's  attention  may  here  be  recalled  to  the  fact,  so  aptly  illustrated,  that 
the  terms  large,  small,  etc.,  as  applied  to  dosage,  are  relative  only.  Thus  the  quantity 
constituting  a  large  dose  of  nitroglycerin  would  be  small,  even  for  morphine,  and  les3 
than  minute  for  ipecac. 
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The  effect  on  blood  pressure  of  epinephrine,  injected  intravenously,  appears  almost 
at  once,  and  is  commonly  gone  in  a  few  minutes;  while  that  of  pituitary  solution  is  not 
commonly  shown  for  twenty  minutes,  but  lasts  three  or  four  hours.  Hence,  epi- 
nephrine might  need  to  be  repeated  more  often  than  the  pituitary  preparation.  Should 
the  pituitary  effect,  however,  fail  to  appear  or  be  maintained — in  a  case  of  acute  lobar 
pneumonia,  for  example — larger  or  more  frequent  doses  would  be  required,  perhaps 
hourly  up  to  a  certain  maximum  number  (say  four)  of  doses.  Should  the  effect  desired 
be  not — or  not  only — to  raise  blood  pressure  but  (also)  to  overcome  abdominal  disten- 
tion, hourly  administration  of  pituitary  solution  might  wisely  be  instituted  at  once. 
On  the  other  hand,  to  prevent  such  distention,  the  three-hour  period  would  commonly 
suffice. 

In  cases  of  diminished  urinary  output  in  which  reasonably  prompt  effect  is  sought, 
sparteine  sulphate  injections  must  not  only  be  of  full  quantity — 30  to  120  milligrams 
(1/^  to  2  grains)  or  more — but  must  also  be  repeated  every  hour  or  two  at  first.  However, 
after  a  certain  quantity,  0.15  to  0.5  Gm.  (2  to  8  grains)  has  been  given  in  this  way,  not 
only  may  the  dose  be  greatly  reduced  (say  to  15  milligrams — 14  grain)  and  the  intervals 
lengthened  to  four  or  eight  hours,  but  administration  also  may  be  by  mouth.  If  caf- 
feine sodiobenzoate  be  used,  the  first  injection  should  be  not  less  than  8  grains  (0.5  Gm.). 

Morphine  and  alcohol  have  been  cited  in  discussing  the  range  of  effects  developed 
by  increase  of  dose.  This  development  takes  place  by  degrees,  instead  of  immediately, 
when  one  dose  follows  quickly  upon  another,  i.e.,  without  a  sufficient  interval  to  permit 
of  elimination  and  recovery.  This  is  the  way  some  men  get  drunk.  Others  achieve  an 
equally  great,  but  less  delectable,  result  by  taking  a  big  drink  in  the  first  place.  While 
still  others,  by  skillful  adjustment  of  quantity  and  interval,  preserve  a  certain  level  of 
muddled  exhilaration  that  they  have  come  to  believe  desirable. 

Previous  quantity  and  interval  are  of  great  importance  also  in  the  therapeutic  use 
of  aconite.  Since  different  specimens  of  the  tincture  may,  even  if  assayed,  differ  much 
in  activity,  and  different  patients  differ  in  sensitiveness  to  the  drug,  one  may,  in  an 
acute  case,  give  a  drop  or  two  every  hour  or  even  half  hour  until  the  desired  effect  is 
shown  by  a  marked  reduction  in  pulse  rate  or,  sometimes,  in  temperature.  Larger  doses 
with  longer  intervals  may  be  prescribed,  after  the  effectiveness  of  the  medication  has 
been  estimated  from  the  total  quantity  and  time  required  to  produce  the  observed 
result.  In  a  chronic  case  the  same  principle  applies;  but  the  original  intervals  between 
doses  are  longer  and  the  particular  result  taken  as  index  may  be  different;  for  instance, 
a  definite  reduction  in  blood  pressure.  The  tentative  quantity  would  probably  be 
greater,  but  this  again  would  necessarily  depend  on  the  particular  effect  desired.  Some- 
times, irrespective  of  the  previous  duration  of  the  case,  it  is  necessary  to  make  a 
decided  impression  quickly.  This  may  be  done  by  giving  a  single  relatively  large  dose 
at  first  and  smaller  doses  later;  or,  when  one  does  not  wish  to  risk  the  possibly  excessive 
action  of  a  large  undivided  dose,  the  intervals  may  be  cut  down  to  ten  minutes  and  a 
minim  or  two  given  at  a  time,  until  a  sufficient  effect  is  manifested;  after  which  both 
size  and  frequency  of  dose  may  be  adjusted  to  all  the  conditions. 

It  may  be  noted  in  passing  that  these  instances  ilhistrate  the  general  rule 
concerning  acuteness  and  chronicity  a,s  well  as  the  exceptions  caused  by  special 
circumstances. 

Both  in  the  case  of  aconite  and  in  the  case  of  digitalis,  however,  another  factor 
comes  prominently  into  play — that  which  is  commonly  termed  cumulative  influence 
and  which,  in  the  general  discussion  of  Drug  Influence,  we  divided  into 
(1)  quantitative  summation  and  (2)  dynamic  summation.  The  former  condition, 
as  we  saw,  is  simply  an  accumulation  or  piling  up  of  the  drug  itself — i.e.,  an  excess 
of  intake  (absorption)  over  outgo  (elimination).  The  latter  condition,  on  tlie 
other  hand,  is  a  piling  up  of  drug  effect — i.e.,  persistence  of  cells  in  the  new  (or 
restored)  form  of  activity  taken  on  under  the  influence  of  the  medicament.  The 
classic  example  of  quantitative  summation  is  digitalis,  but  the  condition  may  be 
brought  about  with  nearly  all  drugs  except  the  most  fugacious.  Dynamic  accumu- 
lation is  marked  with  aconite,  and  is  possible  to  some  degree  even  with  a  drug  so 
fleeting  as  nitroglycerin.  If  it  were  not,  we  could  accomplish  little  of  permanent 
value  with  drugs  in  chronic  ailments. 
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The  Previous,  Conjoint  or  (Intended)  Successive  Administration  of  Other 
Drugs. — ,Just  as  j)atliologie  conditions  ot  the  cell  and  oi'  the  soma  alter  their  re- 
actions with  drugs,  so  the  abnormal  conditions  oi'  cell  and  soma  induced  by  one 
drug,  will  alfect  their  reactions  with  another.  Thus,  the  effect  of  any  agent  may 
be  increased  by  some,  and  diminished  or  neutralized  l)y  other,  agents  given  with  it, 
or  present  in  the  body  previously  or  at  the  same  time. 

Resistance  to  morphine  may  be  lowered  wlien  tliyroid  preparations  have  previously 
been  given.  Alcohol  lowers  the  susceptibility  to  certain  agents  (as  bromides)  and  in- 
creases it  to  others  (as  ether).  Morphine  and  scopolamine  oppose  one  another  in  certain 
points  of  their  respective  influences  and  reenforce  one  another  at  other  points.  Obvi- 
ously, doses  must  be  adjusted  to  meet  all  such  conditions.  The  subject  is  further  dis- 
cussed in  connection  with  synergism  and  antagonism  and  in  relation  to  the  association 
of  remedies. 

Numerous  illustrations  of  the  guarding  or  the  reenforcing  of  one  drug  by  another 
appear  in  the  sections  on  the  special  therapeutic  uses  of  the  various  agents. 

Drug  Habit. — In  one  accustomed  to  the  use  of  a  special  hahit-l'ormiiig  drug, 
one  of  two  opposite  indications  may  be  present  should  that  drug  be  called  for 
medicinally  in  a  new  ailment.  Either  the  drug  is  to  be  avoided  or  at  least  given 
with  extreme  caution ;  or  if  it  is  used,  a  quantity  much  larger  than  that  ordinarily 
prescribed  may  be  required  to  produce  results.  In  general  it  may  be  said  that  resort 
to  synergists  or  succedanea  is  better  than  extraordinary  increase  of  dose.  In  some 
cases,  however,  especially  in  those  accustomed  to  the  use  of  opium  or  alcohol,  the 
administration  of  massive  doses  may  be  imperative.  During  a  severe  illness,  efforts 
at  reforming  the  patient  are  untimely.  ^Yhen  the  drug  to  which  the  patient  is 
accustomed  does  not  belong  to  the  habit-forming  class,  no  special  problem  is  pre- 
sented. 

Personal  Factors 

In  considering  the  modifying  influence  upon  dosage,  of  factors  pertaining  to 
patient  and  environment,  we  take  into  account: 

1.  Permanent  and  essential  conditions,  namely : 

a.  Invariables :  race,  sex,  constitution,  temperament,  mentality,  special 
sensitiveness  and  insensitiveness    (idiosyncrasies,  tolerances). ^- 

b.  Normal  variables :  age,  weight,  vigor.^^ 

2.  Occasional  and  accidental  conditions : 

a.  Normal  transitories,  such  as  emotion,  menstruation,  pregnancy,  and 
the  state  of  the  alimentary  canal. 

b.  Morbid  changes  pertaining  to  the  ailment  under  treatment. 

c.  Morbid  changes  resulting  from  previous  ailments. 

3.  Environmental  (or  ecologic)  conditions: 

Interpreted   broadly,   these    include    climate,   temperature,    domicile, 
occupation,  diet  and  like  factors. 

In  order  to  avoid  confusion  and  repetition,  only  the  factors  belonging  to 
Group  1  will  be  taken  up  here;  the  modification  of  dosage  recpiired  by  conditions 

="  Acquired  tolerance  and  acquired  intolerance  are  borderland  topics.  They  are  not 
essential  and  rarely  permanent  conditions.  They  might  be  considered  either  as  drug 
factors  or  as  personal  factors.  However,  this  subject  has  been  sufficiently  discussed 
elsewhere. 

^Mt  is  the  weight  and  vigor  at  the  time  of  treatment  that  count  most,  of  course. 
In  so  far  as  these  are  altered  by  disease,  the  alteration  constitutes  one  of  the  accidental 
conditions  or  morbid  changes  later  spoken  of. 
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enumerated  in  Groups  2  and  3  are  considered  with  the  Factors  Modifying  Drug 
Influence. 

Essential  and  Permanent  Conditions. — Invariable  Qualities. — We  have  seen 
(Personal  Factors  Modifying  Drug  Influence)  that  the  character,  degree  and  extent 
of  the  changes  excited  in  the  organism  under  the  influence  of  a  given  drug  differ 
much  in  difl:erent  species  and  varieties  of  animals,  and  in  different  individuals  of 
the  same  variety,  and  that  the  same  sort  of  differences  in  sensitiveness  to  drug 
action — or,  to  put  it  the  other  way,  in  resisting  power — are  found  among  races 
(varieties)  of  mankind  and  among  individuals  of  the  same  race.  Such  idiosyn- 
crasies, i.e.,  racial  and  individual  susceptibilities,  immimities  and  constitutional 
peculiarities,  physical,  mental  and  temperamental,  must  frequently  be  considered  in 
the  determination  of  dosage. 

Acquired  Tolerance. — While  not,  strictly  speaking,  essential  conditions, 
acquired  tolerances  are  sufficiently  like  them  to  be  mentioned  here,  as  requiring 
increase  in  quantity  of  drug  needed  for  certain  effects. 

Psychic  Peculiarities. — Psychic  peculiarities  of  the  individual  or  his  emotional 
state  at  the  time  of  administration  of  a  drug  may  modify  its  effect  and  in  conse- 
quence influence  the  dose.  The  patient's  statements  as  to  subjective,  and  even 
objective,  results  may  also  be  influenced,  and  either  to  exaggeration  or  minimiza- 
tion. The  possible  effect  of  suggestion  is  always  to  be  thought  of.  Mentality  is  a 
permanent,  emotion  an  occasional,  condition,  and  both  may  be  altered  by  disease; 
but  it  is  pertinent  to  include  the  whole  subject  in  a  brief  discussion.  Eules  are 
not  easy  of  statement.  When,  for  instance,  excitation  or  depression  or  fear  is  part 
of  the  symptomatology  of  disease  and  calls  for  medicinal  treatment,  the  choice  of 
remedy  and  the  dose  of  the  drug  chosen  will  depend  on  all  the  factors,  as  in  the 
management  of  any  other  symptom.  But  when  medicines  are  administered  for 
other  purposes  than  to  calm  excitement  or  overcome  depression,  and  the  psychic 
state  masks  or  magnifies  their  effects,  judgment  is  difficult.  This  applies  to  persons 
of  normal  mentality  as  well  as  to  the  insane  and  the  hysterical,  and  to  the  many 
persons  not  included  in  either  designation.  It  is  peculiarly  true  of  those  aged  per- 
sons in  whom  cerebral  or  general  arteriosclerosis  interferes  persistently  or  recur- 
rently with  the  nutrition  or  functioning  of  the  brain,  inducing  a  condition  of  per- 
sistent or  recurrent  pessimism,  discontent  or  mere  "contrariness."  ^*  It  would  not 
be  safe  to  say  that  the  dose  should  be  made  larger  or  smaller  for  that  reason,  in 
order  to  avoid  risk  of  untoward  result ;  for  the  opposite  may  be  true — that  a  larger 
dose  is  necessary  to  overcome  the  additional  resistance  or  that  a  smaller  dose  will 
suffice  because  the  effect  is  present  but  not  easily  estimated. 

Emotion. — This  is  not  infrequently  to  be  availed  of,  especially  with  hysterical 
patients,  to  whom  a  capsule  containing  an  inert  powder — or  perhaps  at  first  a  very 
small  dose  of  the  active  drug — may  be  administered  to  promote  sleep  by  sug- 
gestion, thus  avoiding  the  depressing  influence  of  full  doses  of  hypnotic  agents  or 
the  possible  induction  of  a  drug  habit.  It  is  also,  however,  capable  of  interfering 
with  the  intention  of  the  physician  by  making  the  patient  unduly  timid  or  avid 
of  the  effects  of  a  certain  medicine,  or  by  exciting  a  morbid  attention  to  drug 
symptoms. 

Sex. — Sensitiveness  to  drugs  is  but  little  influenced  by  sex,  although  females 
are  frequently  affected  by  smaller  doses  than  males.  This  is  probably  due  to  dif- 
ferences in  normal  vigor. 

^*This  condition,  it  may  be  said,  is  sometimes  marvelously  relieved  with  very  small 
doses  of  nitrites. 


I 
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Normal  Variables. — Age. — General. — The  common  statement  of  dose,  un- 
qualified, refers  to  a  young  or  middle-aged  adult  of  normal  weight  and  vigor;  that  is 
to  say,  between  the  ages  of  20  and  50  or  55.  Years  of  life  before  and  after  these 
approximate  limits  inliuence  dose  materially.  This  is  not  merely  a  difference 
between  "little  folk''  and  "big"  or  between  the  strong  and  the  weak;  many  fac- 
tors are  concerned,  of  which  a  few  may  be  discussed.  There  is  a  steady  decrease 
in  the  activity  of  most  vital  functions,  from  infancy  to  old  age;  while,  on  the 
other  hand,  certain  functions,  of  which  those  connected  with  the  reproductive  sys- 
tem are  most  important,  do  not  actively  exist  in  the  infant  and  have  in  the 
adolescent  and  adult  their  special  periods  of  unfolding,  activity  and  decline. 

In  young  animals  of  all  kinds,  including  man,  both  sensitiveness  to  the  influ- 
ence of  drugs  and  resisting  power  against  their  untoward  effects  is  in  general  higher 
than  in  adults  of  the  same  species.  Elimination  is  highly  active  and  thus  drug 
action,  whether  helpful  or  harmful,  is  less  prolonged.  In  the  old,  resistance  may 
be  diminished  less  than  scn^ntiveness ;  hence,  their  tissues  are  more  likely  to  suffer 
prolonged  or  permanent  i:'g"ury  from  irritation  or  overstimulation,  a  result  often 
exacerbated  by  the  relative  inactivity  of  elimination. 

The  dose  appropriate  for  a  child  may  thus  be  greater  or  less  than  the  fraction 
of  the  standard  dose  corresponding  to  the  child's  weight;  but  the  dose  for  the 
aged  is  nearly  always  to  be  materially  less  than  for  persons  of  equal  weight  in 
middle    life. 

Childhood. — In  the  young,  morbid  as  well  as  regenerative  changes  are  more 
active  than  in  later  life  with  its  lowered  general  level  of  vital  energy.  The  nerve 
system  and  especially  the  association  centers  and  the  inhibitory  apparatus  develop 
and  organize  slowly.  Hence,  temperature,  circulation,  respiration,  secretion  and 
excretion,  as  well  as  reflex  and  cerebral  functions,  are  easily  disturbed ;  and  the 
significance  of  the  disturbance  is  not  always  so  great  as  it  may  appear  to  the 
superficial  observer.  Although  the  pendulum  of  life  swings  through  a  greater  arc 
of  derangement  and  recovery,  the  vital  equilibrium  is  more  likely  to  be  spon- 
taneously regained.  Caution  is  therefore  to  be  observed  in  deciding  that  medication 
is  necessary.  Absorption  shares  the  general  activity  of  function,  and  elimination 
is  also  relatively  rapid;  drug  action,  whether  helpful  or  harmful,  is  thus  relatively 
quick  and  relatively  brief.  This  makes  it  more  difficult  to  state  a  definite  daily 
dose  than  in  the  case  of  adults,  and  a  larger  daily  quantity  than  might  at  first 
appear  safe  may  actually  be  requisite.  For  this  reason  the  rule  of  practice  in 
young  children  is  to  use  small  or  minute  doses,  frequently  repeated,  with  instruc- 
tions to  intermit  or  cease  on  the  appearance  of  certain  definite  effects.  It  must 
be  remembered,  too,  that  children,  no  less  than  adults,  differ  in  temperament  and 
other  qualities  that  modify  susceptibility.  The  sensitiveness  of  children  to  alcohol 
is  particularly  to  be  borne  in  mind  when  prescribing  galenical  or  other  prepara- 
tions containing  this  substance. 

Rules  for  Calculating  a  Child's  Dose. — Many  rules  have  been  proposed 
for  estimating  the  standard  fraction  of  the  standard  dose  proper  for  a  child. 

Clarke's  rule  depends  on  weight  and  applies  to  adults  as  well  as  to  children. 
The  weight  of  the  patient  (in  pounds)  is  made  the  numerator  and  150  the 
denominator.  Thus  a  new-born  infant  weighing  six  pounds  might  be  given 
6/150  (1/25),  or,  weighing  ten  pounds,  10/150  (1/15)  of  the  ordinary  dose  for 
a  man.    Such  a  result  is  too  large. 

Young's  rule,  based  on  age,  is  that  most  commonly  adopted.  Add  twelve  to 
the  age  of  the  child  at  its  nearest  birthday  and  divide  the  age  by  the  number 
thus    obtained.      Thus,    a    child    approaching    one    year    of    age    would    receive 
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1  -^  (12  +  1)  =  1/13,  a  child  approaching  4  years  4  ^  (12  +  4)  =  4/lG,  or  i^, 
of  the  average  quantity  for  an  adult.     These  results  are  also,  in  general^  too  large. 

Our  own  cusioni  is  to  estimate  that  an  average  child  of  twelve  years  (i.e.,  fast 
the  twelfth  hirthday)  may  take  about  one-half  the  adult  dose;  and  to  divide  the 
approximate  age  of  younger  children  by  10  or  13,  according  to  their  relative  size 
(weight),  to  obtain  the  fraction  of  a  half  dose  that  may  be  given.  In  other  words, 
the  dose  is,  for  a  large  child,  as  many  twentieths,  and  for  a  small  child,  as  many 
twenty-fourths,  of  the  adult's  dose,  as  the  child  has  years.  If  the  result  seems  too 
large,  it  is  reduced  as  appears  necessary. 

If  one  uses  the  metric  system,  however,  Brunton's  rule  will  be  more  con- 
venient. Assuming  the  full  adult  age  as  twenty-five,  this  is  made  the  denominator 
of  a  fraction  whose  numerator  is  the  year  of  life  that  the  child  has  begun;  thus 
for  a  child  of  two  years,  i.e.,  past  its  second  birth  anniversary,  3/25;  for  a  child 
entered  upon  its  fourth  year,  4/25;  and  so  on.  Instead  of  dividing  by  twenty-five, 
the  numerator  may  be  nmltiplied  by  four,  and  one  hundred  be  taken  as  the 
denominator. 

Thus,  if  the  adult's  dose  be  1  Gm.,  the  dose  for  a  child  of  two  years  would  be 
3  X  4  H-  100  =  12/100  of  1  Gm.,  that  is,  0.12  Gm.,  or  twelve  centigrams.  So  we  need 
simply  multiply  the  numher  of  the  child's  approaching  Mrthday  by  four  to  have  the 
number  of  centigrams  for  each  gram  of  the  adult's  dose. 

For  children  under  two  years  it  may  be  necessary  to  reduce  the  dose  calcu- 
lated on  any  of  these  plans;  and  in  all  cases  one  must  take  into  consideration  the 
comparative  size,  strength  and  development  of  the  individual  child.  These  are, 
indeed,  the  most  important  factors,  for  all  arbitrary  devices  are  clumsy,  inexact 
and  misleading.  They  serve  merely  to  suggest  maxima  that  should  not  ordinarily 
be  exceeded  until  the  physician  learns  from  the  example  of  his  preceptors  and  from 
his  own  experience  the  doses  of  special  agents  appropriate  for  different  children 
under  different  conditions. 

Old  Age. — In  old  persons  vital  energy  is  lessened;  elasticity,  alike  of  tissue 
and  of  function,  is  much  impaired.  Absorption  and  elimination  are  both  slow. 
The  balance  of  internal  relations  may  be  disturbed  by  some  special  degeneration 
of  structure,  as  in  vessels,  heart  or  kidney.  The  organism  as  a  whole  and  the 
various  organs  may  indeed  be  competent  to  meet  the  reduced  physical  activity, 
but  they  are  commonly  inadequate  to  resist  great  or  sudden  strain.  Drug  influence 
is  a  disturbing  element  not  to  be  added  without  good  reason  and  great  care.  The 
normal  tissue  changes  of  age  should  not  be  mistaken  for  those  of  degenerative 
disease,  nor  the  attempt  be  made  to  overestimate  dwindling  function  into  youth- 
ful activity.  Such  endeavors  to  accomplish  the  impossible  may  work  irreparable 
harm. 

Nevertheless,  wisely  chosen  agents  in  skillfully  graduated  doses  may  be  quite 
helpful  in  prolonging  the  life  and  promoting  the  comfort  of  the  aged.  Indeed, 
the  fact  that  the  practice  of  medicine  is  an  art  depending  on  good  judgment  in 
the  special  case  appears  in  nothing  more  clearly  than  in  the  choice  of  agents  and 
the  determination  of  doses  for  patients  advanced  in  years.  These  bear  certain 
drugs  very  well ;  for  example,  opium,  the  continued  use  of  which,  in  moderate  quan- 
tity, sometimes  tends  to  preserve  life — in  part  by  diminishing  susceptibility  to 
shocks,  physical  and  emotional. 

Nitroglycerin,  too,  is  well  borne  and  useful,  but  only  when  given  in  very  much 
smaller  doses  than  are  necessary  for  younger  persons  under  similar  pathologic  condi- 
tions.   The  same  need  for  diminution  of  dose  applies  to  agents  such  as  digitalis,  strophan- 


SOUECES,  PKEPAKATION  AND  THKKArEUTlC  USl^  OF  J)lJU(iS  377 


thus,  strychnine,  sparteine,  mercury,  iodides  and  arsenic.     Cathartics  of  any  kind  are  to 
be  used  with  caution,  lest  overaction  provolie  an  exhaustive  diarrhea. 

While  the  response  to  drugs  is  sometimes  slower  in  the  old  than  in  the  young, 
it  may  be  greater  in  degree  and  is  eommonly  less  gradual.  Jt  may  indeed  occnir 
suddenly.  To  gauge  the  necessary  dose  is  thus  difficult,  and  care  must  be  observed, 
not  only  in  the  tentative  ajiproach  but  also  in  waiting  for  the  effect  to  become 
manifest.  As  a  rule,  the  dose  for  a  person  past  fifty  years  of  age  should  be  about 
i/s  los.^,  and  for  a  person  seventy  years  of  age  or  more,  %  loss,  than  for  a  rol)ast 
adult  in  middle  life.    This  rule  also  is  subject  to  many  individual  modificatious. 


TABLE  OF  RESISTANCE  AS  RELATED  TO  AGE 


DRUQ 


Cathartics 
Habit-forming  drugs 
Alcohol 


Opium  and  morphine 


Cocaine 


CHILDREN 

Resistant 

Susceptible 

Toxic  action  readily  devel- 
oped, with  tendency  to 
disturbance  of  nutrition 

Should  take  smaller  doses 
than  indicated  by  the 
rule 

Susceptible 


Bromides,     chloral,     bella-         Bear  well 
donna 

Salicylates 

Epinephrine  and  other 
agents  raising  blood  pres- 
sure 

Caffeine 


Susceptible 
Normally  susceptible 


Nitrites    and    other  agents 

lowering  blood  pressure 
Emetics 

Coal-tar  antipyretics 
Aconite 

Renal  irritants 
Mercury,  arsenic,  iodides 


Normally   susceptible 

Very  susceptible 

Easily  affected 
Exceedingly  susceptible 
Bear  well 
Very  sensitive 
Very  sensitive 


OLD    PIJUSONS 

Very  susceptible 

Resistant 

Small  amounts  improve 
nutrition  and  there  is 
less  tendency  to  poison- 
ing 

Bear  opium  and  codeine 
well  but  caution  is 
needed  with  morphine 

More  susceptible  than 
young  adults 

Caution  is  necessary 

Very    susceptible 
Great   caution   needed 


Fairly  well  borne  in  mod- 
erate  dose 

Tolerate  small  doses  fairly 
well 

Caution  needed 

Not  to  be  risked 

Caution  necessary 

Very  sensitive 

Sensitive — caution  needed 


Weight. — The  quantity  of  living  substance  to  be  brought  under  the  influence 
of  a  drug  helps  to  determine  the  quantity  administered.  In  clinical  work  this 
factor  is  not  yet  reducible  to  mathematical  exactness  and  little  need  be  added  to 
previous  statements.  Children  being  smaller  than  adults,  their  standard  dose  of 
any  drug  is  proportionately  less.  In  certain  persons,  however,  and  at  all  ages, 
much  of  the  weight  may  be  bone,  while  in  others  it  may  be  fat — neither  of  which 
structures  may  the  drug  be  specially  intended  to  affect.  Some  persons  are  normally 
thin;  others  may  be  emaciated  by  illness.    The  facts  must  be  taken  into  account. 

Certain  drugs,  notably  the  volatile  narcotics  (ether,  chloroform,  ethyl  chloride, 
alcohol,  and  the  like)  are  readily  dissolved  or  taken  up  by  fatty  tissues.  Thus 
in  obese  subjects  the  quantity  of  the  agent  diverted  from  the  nerve  tissues  may 
render  anesthetization  slow  and  difficult.  Recovery  from  the  narcosis  iS  equally 
slow  as  the  fatty  tissues  gradually  give  up  their  content  of  drug  to  the  blood 
and  it  thus  continues  for  some  time  to  be  carried  to  the  brain,  exerting  there  its 
depressing  influence. 

For  a  few  drugs,  e.g.,  cthylhydrocuprcinc,  nu'rcurochrome,  the  daily  dose  is 
customarily  calculated  on  the  body  weight ;  but,  in  general,  a  range  of  dof?age  is 
expressed  in  somewhat  elastic  terms,  taking  as  a  standard  the  average  adult  of 
normal  vigor  estimated  as  weighing  sixty-five  kilograms   {olrca  145  lbs.). 
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For  example,  the  dose  of  atropine  is  stated  in  textbooks  as  0.25  to  1  milligram 
(1/250  to  1/60  gr.);  that  of  iodoform  as  0.03  to  0.3  Gm.  (i/4  to  5  gr.);  that  of  infusion 
of  digitalis  as  4  to  30  cc.  (1  fluidram  to  1  fluidounce)  or,  less  exactly,  as  a  teaspoonful 
to  two  tablespoonfuls. 

The  U.S. P.  X  states  an  "average  dose,"  which  is  merely  an  approximate 
estimate  of  a  safe  and  effective  quantity.  It  is  not  intended  to  set  forth  either 
the  maximum  quantity  possible  or  the  least  quantity  from  which  result  is  to  be 
expected.    All  such  statements  have  the  drawbacks  connnon  to  "averages." 

Vigor. — The  aged  are  in  a  measure  to  be  considered  weak;  children  are  also 
relatively  feeble  as  compared  with  young  adults.  But  the  true  standard  of  com- 
parison in  the  special  instance  is  a  normal,  vigorous  person  of  equivalent  age. 
Distinction  must  be  made,  moreover,  between  the  sudden  weakness  of  an  acute 
illness  and  the  feebleness  of  exhaustion  from  prolonged  disease  or  malnutrition. 
The  former  condition  may  indicate  relatively  large  doses  and  repeated  adminis- 
tration; the  latter  may  necessitate  small  doses  and  cautious  repetition. 

The  strong  will  ordinarily  resist  the  depressing  effects  of  drugs  better  than 
the  weak.  When  the  effect  on  any  special  organ,  particularly  on  the  heart,  is 
to  be  considered,  both  its  actual  and  relati.ve  vigor  must  be  taken  into  considera- 
tion ;  hence,  larger  doses  of  'heart  depressants,  such  as  antimony,  bromides  and 
aconite,  may  be  given  to  a  robust  individual  with  a  well  preserved  heart  muscle, 
than  to  a  feeble  person  or  one  afflicted  with  cardiac  myopathy.  On  the  other  hand, 
while  the  weak  ordinarily  require  larger  doses  of  stimulants  as  general  or  special 
tonics,  3^et  this  may  not  be  true  as  to  strychnine,  alcohol,  atropine,  digitalis,  or 
other  powerful  agents  to  which  persons  enfeebled  by  disease  may  be  oversusceptible. 
The  pathologic  conditions  present,  the  special  objects  of  treatment,  the  time  for 
which  treatment  is  to  be  continued  and  the  effect  of  tentative  doses  must  materially 
affect  the  final  decision. 

Association  of  Remedies 

It  is  sometimes  therapeutically  desirable  to  obtain  the  concurrent  action,  the 
conjoint  effect,  or  the  resultant  of  influence  of  two  or  more  agents.  This  is  termed 
the  association  of  remedies.  Each  of  the  purposes  enumerated  may  be  accom- 
plished (A)  by  concurrent  administration,  (B)  by  chemical  combination,  or  (C)  by 
pliarmaceutic  composition.  Pharmaceutic  composition  is,  likewise,  employed  to 
obtain  a  suitable  form  for  the  exhibition  ^^  of  remedies. 

Physical  measures,  likewise,  may  aid,  supplement  or  correct  the  effect  of  drugs, 
and  may  be  associated  in  use.   But  this  calls  only  for  mention  here. 

The  designations  commonly  applied  to  these  methods  are  ambiguous.  Thus, 
the  association  of  drugs  in  general  is  commonly  termed  "combination";  and  the 
druggist's  action  in  mixing  medicines  is  termed  "compounding."  The  Latin  adjec- 
tives indicating  a  complex  preparation — compositus  (-a,  -um) — becomes  "com- 
pound" in  the  English  title;  for  example,  Tinctura  Cinchonce  Composita — Com- 
pound Tincture  of  Cinchona. 

In  chemistry,  however,  substances  are  said  to  be  compound  when  their  molecules 
are  made  up  of  unlike  atoms  (as  distinguished  from  the  like  atoms  of  elements) ; 

^*  The  term,  exhibition,  although  not  much  used  at  the  present  day,  is  convenient. 
It  means  administration  in  a  certain  form  or  manner.  For  example,  we  may  say,  refer- 
ring to  the  form,  that  quinine  was  exhibited — i.e.,  given,  to  the  patient — in  solution  or 
in  pill,  or  in  powder,  or  in  suppository;  or,  referring  to  the  manner,  that  it  was  exhibited 
once  daily,  or  every  hour,  etc.;  or  by  mouth,  or  by  intramuscular  injection,  etc. 
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and  to  undergo  comhinalion,  when  they  enter  into  definite  molecular  unions.  This 
is  the  correct  and  scientific  use  of  the  terms  "comhination"  and  "compound,"  and 
they  are  limited,  in  this  work,  accordingly.  When  necessary  to  indicate  it  by  a  more 
specific  term  than  "association,"  the  conjoint  use  oi  several  drugs  in  one  medicine 
is  spoken  of  as  com  pos-ifion  or  con  junction.  Complex  medicinal  preparations  are 
designated  as  composites  (except  wlien  using  odic'ial  or  semi-ollicial  titles)  ;  and  the 
act  of  preparing  them  is  characterized  as  mixing  or  mingling. 

There  is  a  tendency  at  the  present  time  to  decry  the  association  of  remedies  as 
"polypharmacy,"  and  to  advocate  the  use  of  "single  medicines."  The  use  of  "single 
medicines"  is  also  one  of  the  cardinal  tenets  of  the  homeopathists  and  the  dosime- 
trists.  When  these  practitioners  wish  to  obtain  concurrently  the  effects  of  more  than 
one  drug,  they  administer  the  remedies  singly,  and  usually  some  little  time  apart. 
The  same  course  may  rationally  be  pursued  by  others ;  and  is  here  given  as  the  first, 
and  preferable,  method  of  association.  It  is  not  well^  however,  to  bind  oneself  by 
any  rigid  formula  of  thought  or  undeviating  routine  of  practice. 

Eeproach  is  justly  cast  upon  the  irrational  custom,  happily  passing  away,  of 
mingling  a  dozen  or  more  agents  in  a  more  or  less  nauseous  dose,  without  any  clear 
idea  of  why  or  wherefore.  Whether,  at  the  bottom,  is  a  vague  hope  that,  if  one  drug 
does  not  happen  to  help  the  patient,  another  may — the  so-called  "scattering"  or 
"shot-gun"  method — or  whether  there  is  simply  a  blind  following  or  imitation  of 
precedent,  the  practice  is  equally  unenlightened.  Quite  different,  however,  and  to 
be  commended,  rather  than  condemned,  is  the  scientific  association  of  remedies,  each 
of  which  has  been  chosen  with  a  view  to  necessary  and  definite  effect,  therapeutic 
or  pharmacal.   The  happiest  results  are  sometimes  obtained  by  such  associations. 

There  are  also  certain  empiric  associations  of  remedies — the  exact  pharmaco- 
dynamic reasons  for  which  have  not  yet  been  discovered — in  which  one  drug  greatly 
modifies  the  action  of  another,  producing  results  not  to  be  attained  by  either  agent 
alone.  These  also  are  rational  and  useful.  Perhaps  "Warburg's  tincture" — a 
complex  preparation  of  cinchona,  aloes  and  other  drugs — is  the  best  example. 

The  guiding  rules  for  the  rational  association  of  remedies  are  easily  deducible 
from  the  conclusions  reached  in  our  study  of  general  principles. 

The  simpler  a  prescription  can  be  made,  the  better.  If  a  single  agent  suffices, 
and  its  influence'or  form  needs  no  correction,  a  second  should  not  be  added.  Each 
additional  ingredient  complicates  the  action  and  the  result,  pharmaceutically  as 
well  as  therapeutically.  Moreover,  the  association  secundum  arlem  must  always  be 
of  congruous  agents,  for  related  purposes.  When  diverse  indications  are  in  view, 
the  medicines  to  fulfill  them  should  be  prepared  and  administered  separately. 

Thus,  with  agents  that  influence  the  heart,  we  may  at  times  usefully  conjoin 
agents  that  influence  the  kidneys,  or  the  respiratory  function;  but  an  agent  given 
to  induce  sleep  should  not  be  associated  with  a  cathartic. 

On  the  other  hand,  while  no  medicine  is  to  be  used  unnecessarily,  whether 
singly  or  in  association,  whatever  is  needed  is  to  be  used  unhesitatingly.  Jsot  the 
mere  number  of  ingredients  in  a  prescription  makes  it  scientific  or  the  reverse, 
but  their  appropriateness — or  lack  of  it — with  regard  to  one  another  and  to  their 
probable  conjoint  or  resultant  influence  upon  the  individual  patient. 

Methods  of  Association 

(A)  Concurrent  Administration. — Each  of  the  drugs  indicated  may  be 
prescribed  separately,  with  its  individual  dosage  and  general  directions.  They  may 
be  given  to  the  patient   (a.)   simultaneously,  or   {h)   in  a  definite  order  of  prece- 


3S0  PHAEMACOTHERAPEUTICS 

dence  and  succession,  or  (c)  in  alternation,  or  (d)  at  definite  and  widely  separated 
times.  This  will  depend  upon  the  agents,  the  ailment,  the  patient,  and  the  special 
objects  in  view.  This  method  of  association  is  especially  to  be  preferred  when  the 
object  is  to  affect  different  physiologic  functions  or  to  achieve  diverse  therapeutic 
ends.  Thus,  a  purgative  and  a  cardiac  stimulant  should  not  ordinarily  be  mingled 
in  one  dose.  So,  too,  when  one  medicine  is  intended  to  act  specifically  (e.g,^  a 
salicylate  in  acute  rheumatic  pleuritis),  and  another  to  mitigate  a  special  symptom 
(e.g.,  codeine  to  relieve  pain,  or  sodium  bromide  to  induce  sleep,  pending  the 
development  of  the  specific  influence)  it  is  easy  to  see  that  the  quantity  and  periods 
of  exhibition  of  each  can  best  be  regulated  by  giving  them  separately.  Only  thus 
is  it  feasible  for  one  drug  to  be  discontinued,  intermitted,  or  given  more  frequently, 
or  for  its  dose  to  be  increased  or  diminished,  without  involving  a  corresponding — 
and  perhaps  undesirable — change,  in  the  use  of  the  other. 

Nevertheless,  there  are  times  and  circumstances  when  the  remedies  mentioned, 
or  others,  may  usefully — or  even  of  necessity  must — be  conjoined  in  a  single  mix- 
ture, and  given  in  one  dose.  Concurrent  administration  has  two  drmirhachs :  it 
demands  a  certain  degree  of  intelligence  and  method  on  the  part  of  the  person 
charged  with  the  duty  of  administering  the  medicines  (whether  the  patient  or 
an  attendant)  ;  and  it  sometimes  gives  the  patient  the  notion  that  he  is  "taking 
a  lot  of  medicine,"  when  the  same  number  of  agents,  given  as  a  composite,  would 
not  excite  this  comment. 

(B)  Chemical  Combination. — To  associate  remedies  by  chemical  union, 
(1)  an  existing  compound  may  be  prescribed;  or  (2)  substances  may  be  mingled 
in  such  a  way  that  chemical  reactions  will  take  place,  producing  a  new  substance 
or  substances.  Thus,  one  may  produce  the  conjoint  effects  of  mercury  and  iodine 
in  a  certain  degree,  by  means  of  a  chemical  compound  containing  both  elements — 
for  example,  mercuric  iodide  or  mercuric  chloride  in  small  quantity  may  be  added 
to  a  solution  of  potassium  iodide  so  that  a  certain  proportion  of  potassio-mercuric 
iodide  will  be  formed.  In  the  latter  method,  the  resulting  medicine  is  partly  com- 
posite, and  in  part  chemically  combined.  A  bromide  influence,  and  simultaneously 
that  of  strontium,  can  be  obtained  in  quite  a  satisfactory  way  through  the  definite 
chemical  compound,  strontium  bromide;  and,  similarly,  magnesium  dioxide  may 
be  used  both  for  the  antiseptic  effect  of  its  liberated  oxygen  and 'the  antacid  effect 
of  the  residual  magnesia. 

In  the  use  of  chemical  compounds  for  concurrent  effect  of  the  components,  it 
is  necessary  to  know  whether,  and  in  what  manner,  the  ions  dissociate. 

When  the  compoand  molecule  acts  as  a  whole,  it  is  the  influence  of  the  whole 
drug,  and  not  that  of  either  component,  which  is  obtained.  Thus,  the  purgative 
effect  of  sodium  sulphate  depends  upon  the  salt  action  of  the  compound,  and  neither 
the  sodium  ion,  nor  the  sulphate  ion,  produces  a  separate  result. 

When  a  compound  dissociates  in  the  body,  each  of  the  ions  may  exercise  an 
appreciable  influence.  Thus,  in  the  case  of  the  alkali  or  the  alkali-earth  bro- 
mides, e.g.,  potassium  hromide  (KBr)  or  strontium  hromide  (SrBra),  the  basic 
ions  and  the  bromide  ions  both  take  part  in  the  result,  and  each  modifies  appre- 
ciably the  effect  of  the  other. 

Sometimes,  however,  the  quantity  of  one  component  may  be  so  small  or  its 
influence  so  slight,  in  comparison  wdth  that  of  the  other,  that  it  is  a  negligible 
factor  in  the  results.  The  atomic  and  molecular  weights  concerned  should  always 
be  taken  into  account. 

For  example,  the  special  base  combined  with  arsenou^  acid,  or  the  particular 
acid  radical   combined   with   an   alkaloid,   such   as   quinine   or  strychnine,   com- 
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monly  makes  no  therapeutic  difference.  This,  however,  is  not  an  invariable 
rule.  Apart  from  the  more  or  less  intense  or  rapid  effect  of  different  compounds 
of  the  same  active  drug,  depending  on  solubility,  or  on  other  j)iiysical  or  chemical 
qualities  not  connected  with  ionization,  there  may  be  differences  dependent  upon 
dissociation,  even  in  such  instances  as  salts  of  quinine,  arsenic,  or  strychnine.  For 
example,  in  strychnine  arsenate,  the  alkaloidal  and  not  the  arsenical  component 
is  of  the  greater  importance,  while  neither  is  negligible.  Many  physicians  con- 
sider strychnine  nitralc  superior  to  strychnine  sulphate  for  intramuscular  or  hypo- 
dermic use  in  diphtheritic  and  other  toxic  paralyses.  In  the  quinine  hydrobromides, 
the  acidic  ion  and  the  basic  ion  modify  each  other  in  marked  degree,  so  that  these 
salts  may  be  employed  for  theraj)eutic  purposes  to  which  the  sulphate  or  hydro- 
chloride of  the  alkaloid  on  the  one  hand,  or  alkali  bromides  on  the  other,  Avould  be 
less  applicable  or  even  inapplicable.  Tlius,  neutral  quinine  hydrobromide  has  a 
special  usefulness  in  the  treatment  of  Graves'  syndrome  and  allied  disorders;  and,  in 
the  acute  pneumonias,  quinine  dihydrobromide  is  far  and  away  more  effective  than 
any  other  agent  given  by  mouth.  Quinine  and  cinchonidine  salicylates  are  fre- 
quently to  be  preferred  in  mild  influenzas  and  so-called  muscular  rheumatism, 
for  example,  to  either  sodium  salicylate  or  quinine  or  cinchonidine  sulphate. 

In  some  instances,  the  addition  of  a  new  element  or  atom  group  may  so  modify 
the  manner  of  dissociation  of  a  compound  as  to  change  its  action  materially  or 
even  completely.  A  poisonous  compound  may  thus  be  rendered  innocuous,  or 
vice  versa. 

Thus,  potassium  cyanide  (KCN)  dissociates  into  potassium  ions  (K — )  and 
c3-anide  ions  ( —  C*N),  and  the  toxic  influence  of  the  latter  is  rapidly  developed.  On 
the  other  hand,  potassium  ferro-cyanide  (K4Fe(C.N)6)  dissociates  into  potassium 
ions  (K')  and  ferro-cyanide  ions  ( — Fe(CN)^).  In  the  latter  the  cyanogen  con- 
tinues bound  and  hence  exerts  no  toxic  effect.  Similarly,  the  sulphocyanide  ion 
( — SCX)  of  potassium  or  sodium  sulphocyanide  (K  —  or  NaSCN)  is  harmless  in 
any  ordinary  dose,  because  no  free  cyanide  ion  (CN')  is  split  off. 

There  is  another  form  of  chemical  combination  of  agents,  which  partakes 
largely  of  the  nature  of  pharmaceutic  expedient,  yet  is  sufficiently  related  to  the 
idea  of  associate  modification,  to  be  mentioned  here.  It  consists  in  the  putting 
together  of  two  substances  to  produce  a  third,  which  is  the  agent  desired.  This 
can  perhaps  best  be  made  clear  by  examples.  When  potassium  carbonate  and  fer- 
rous sulphate  are  mingled  with  a  suitable  excipient  in  a  pill  mass,  potassium  sul- 
phate and  ferrous  carbonate  are  formed  by  double  decomposition — the  latter  being 
the  remedial  agent  sought.  This  is  the  well-known  "Blaud  pill."  The  activity 
of  the  official  chlorinated  soda  solution  depends  upon  the  liberation  of  chlorine 
gas  when  sodium  bicarbonate  and  chlorinated  lime  are  brought  together  with  due 
precautions  in  the  presence  of  water.  A  similar  chemical  change  takes  place  in 
the  familiar  gargle  of  potassium  chlorate,  hydrochloric  acid,  glycerin,  and  tincture 
of  ferric  chloride,  lending  to  the  composite  mixture  much  of  its  efficacy.  In  the 
iron  tincture  itself,  chloric  ether  or  esters  are  slowly  formed,  so  that  an  old  prepara- 
tion is  better  than  a  recent  one.  Various  effervescent  preparations  are  made  by 
incorporating  sodium  bicarbonate  with  citric  or  tartaric  acid  or  a  bitartrate  so 
that  chemical  reaction  shall  take  place  on  the  addition  of  water,  with  liberation  of 
dioxide  as  carbonic  acid  gas. 

(C)  Pharmaceutic  Composition. — A  number  of  agents  may  be  mingled, 
with  no  intention  to  produce  a  new  compound. 

Indeed,  should  chemical  change  result  in  a  manner  to  impair  or  destroy  the 


383  PHARMACOTHERAPEUTICS 

therapeutic  influence  of  the  components  of  the  preparation  or  of  any  of  them, 
it  constitutes  an  incompatibility. 

The  purpose  of  composition  may  be  primarily  therapeutic — to  obtain  associa- 
tive efl'ects;  or  it  may  be  primarily  pharmacal — to  insure  solubility,  miscibility, 
divisibility,  coherence,  etc.  (according  to  the  special  character  of  the  preparation) ; 
or  to  mask  an  unpleasant,  or  impart  a  pleasant,  appearance,  taste,  or  odor.  Less 
frequently,  the  scent,  appearance  or  flavor  of  the  medicine  is  deliberately  made 
repugnant. 

Even  pharmacal  composition,  however,  may  have  distinct  therapeutic  value. 
Thus,  as  a  rule,  absorption  from  the  stomach  is  favored  by  complete  solution  and 
retarded  by  the  use  of  gummy  and  oily  substances;  and  either  action  may  be 
desired.  Medicines  agreeably  colored  and  flavored  will  be  taken  more  readily  than 
those  which  have  a  nasty  appearance  or  taste;  and  either  form  of  psychic  effect 
may  be  intended. 

Purposes  and  Modes  of  Association 

The  purposes  of  association  may  be  therapeutic  or  pharmaceutic,  or  both. 
Therapeutic  associations  may  be  designed  to  increase  the  therapeutic  effect,  either 
by  synergistic  action  on  the  same  or  on  different  tissues,  concerned  in  the  same 
function,  or  by  adjuvant  action  on  different  but  related  functions;  it  may  be 
designed  to  lessen  or  correct  undesirable  effects  of  a  medicament,  or  to  direct  its 
action  toward  some  special  tissue  or  function ;  it  may  finally  be  intended  to  fulfill 
with  one  composite  medicine  a  number  of  unrelated  indications. 

Pharmaceutic  associations  are  as  a  rule  accomplished  with  inactive,  or  slightly 
active,  medicaments.  They  are  designed  either  to  hasten  or  to  delay  the  absorption 
or  action  of  the  chief  drug,  or  to  mask  unpleasant  odor  or  taste. 

As  it  is  sometimes  difficult,  in  practice,  to  draw  hard  and  fast  lines  between 
therapeutic  and  pharmaceutic  association,  the  subject  will  be  treated  under  the 
following  heads,  showing  modes  of  pharmaceutic  and  therapeutic  association. 

I.  Synergistic  Association,  designed  to  increase  the  therapeutic  action  of  a 
medicament,  by 

A.  Cumulative  synergism  of  two  or  more  drugs  influencing  similarly  the 
same  functional  system. 

1,     Histologic  (homohistic)  synergism,  in  which  the  associated  drugs  act 

on  an  identical  tissue. 
3.     Physiologic   (heterohistic)   synergism,  in  which  the  associated  drugs 

influence  the  same  function  similarly  by  action  on  different  tissues. 

B.  Adjuvant  synergism,  in  which  the  associated  drugs  produce  a  single  or 
composite  therapeutic  effect  by  simultaneous  action  on  tissues  with  re- 
lated functions. 

II.  Corrective  Association,  designed  to  lessen  or  correct  untoward  or  un- 
desirable actions. 

A.  Therapeutic  correction,  which  decreases  undesirable  effects  upon  the  tissue 
under  treatment. 

B.  Pharmaceutic  correction,  which  masks  the  unpleasant  odor,  or  taste,  of 
a  medicament. 

III.  Directive  Association,  designed  to  determine  the  action  of  the  principal 
drug  toward  some  special  tissue  or  function. 

A.  Pharmacodynamic  direction,  which  is  based  on  the  physiologic  influence 
of  drugs,  and  may  be : 
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1.  Therapoutie  direction,  depending  on  functional  effects. 

2.  Pliarmacoutic  direction. 

(a)    Positive   pharmaceutic   direction,   depending  on   the  quickened 

rate  of  absorption  of  the  active  drug. 
(h)      Negative    pharmaceutic    direction^    depending    on    the    delayed 
rate  of  absorption  of  the   active  drug. 
B.     Empiric  direction,  which  is  based  on  unexplained  clinical  observations. 
IV.     Unrelated  Association,  designed  to  fulfill  with  one  composite  medicine, 
or   with   different   medicines   concurrently   administered,   a  number  of   different 
indications. 

I.  Synergistic  Association. — A  number  of  agents  influencing  the  same  func- 
tion in  like  manner  may  so  be  associated  as  to  produce  a  more  certain,  speedy, 
and  permanent  result  with  less  general  disturbance  and  with  a'  smaller  number 
of  undesirable  effects.  This  is  accom])lished  in  two  ways,  which  may  be  termed, 
respectively,  cumulative  association  and  adjuva'nt  association.  Both  are  varieties 
of  synergistic  association. 

The  term  synergism  is  often  somewhat  loosely  applied.  It  should  be  used  to 
designate  (A)  like  effects  of  different  agents  upon  a  single  function  (cumulative 
synergism),  or  (B)  helpful  effects  of  a  number  of  agents  upon  several  functions 
( a dju va nt  sy n ergis m ) . 

A.  Cumulative  association,  like  cumulative  synergism,  is  of  two  kinds,  homo- 
histic  or  histologic  and  heterohistic  or  physiologic. 

1.  By  homohistic  or  histologic  synergism  we  understand  the  like  influence 
of  different  agents  upon  the  same  function  by  concordant  action  upon  like  tissue 
elements.  Homohistic  (or  histologic)  association  is  the  conjoint  use  of  such 
agents.  They  act  directly,  and  either  all  immediately  or  all  mediately.  This  we 
may  term  also  direct  cumulative  asso^ciation.  As  examples  of  homohistic  synergism 
we  may  cite  the  association  of  caffeine  with  theobromine,  both  of  which  act  directly 
on  the  secreting  cells  of  the  kidney;  of  pituitary  extract  and  ergot,  both  of  which 
stimulate  directly  the  muscle  fibers  of  the  uterine  Avail;  again  potassium  hromide 
may  be  associated  with  opium  or  with  chloral  hydrate,  or  with  both.  The  bromide, 
the  chloral  and  the  opium  alkaloids  all  act  upon  the  central  nerve  system ;  all  have 
certain  effects  in  common;  each  tends  to  relieve  pain,  to  allay  spasm  and  induce 
sleep.  Each  has,  in  addition,  certain  undesirable,  or  even  dangerous,  influences 
which  however  differ  with  the  agent. 

Thus  chloral  injures  the  heart  muscle,  potassium  bromide  depresses  the  heart 
and  the  respiratory  center  and  opium  causes  constipation. 

In  a  given  case  the  use  of  any  of  these  agents  alone  in  quantity  great  enough 
to  produce  the  effect  desired  might  prove  harmful;  whereas,  by  associating  them, 
each  may  be  given  in  a  dose  devoid  of  danger,  adding  its  desirable  effects  to  that  of 
a  like  moderate  quantity  of  each  of  the  other  ingredients,  and  not  developing  its 
undesirable  effect.    Thus  the  total  result  is  happy  and  safe. 

2.  In  heterohistic  or  physiologic  synergism,  agents  affect  concordantly  the 
same  function,  by  action  upon  diverse  tissue  elements.  Heterohistic  association  is 
the  contemporaneous  administration  of  agents  of  this  class.  One  agent  may  act 
mediately  and  another  immediately ,  or  one  may  act  directly  and  the  other  indirectly. 
This  we  may  term  also  indirect  cumulative  association. 

Physiologic  synergism  is  shown  in  the  case  of  common  purgative  associations; 
for  example,  that  of  physostigma,  belladonna,  nux  vomica,  and  ipecac,  or  the  pill 
of  aloin,  strychnine,  and   belladonna.    One   agent   is  used  to   influence  the  liver 
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(ipecac),  one  to  increase  the  intestinal  secretions  (aloin),  others  to  act  upon  the 
muscles  of  the  bowel  (belladonna,  strychnine,  phj^sostigma),  all  of  them  heighten- 
ing the  function  of  intestinal  evacuation,  or  mitigating  unpleasant  accompani- 
ments.^'' It  is  shown,  likewise,  in  diuretic  mixtures,  as  when  caffeine  and  infusion 
of  digitalis  are  associated.  Caffeine  increases  diuresis  directly  and  promptly  by 
influencing  the  secreting  cells  of  the  kidney.  Digitalis  influences  principally  the 
heart  and  vessels,  secondarily  the  kidneys.  By  conjoining  them,  a  quicker,  greater 
and  more  prolonged  diuresis  is  produced  than  by  the  use  of  either  alone. 

Of  the  two  forms  of  cumulative  association,  the  latter  (indirect,  heterohistic, 
or  physiologic)  is  commonly  to  be  preferred  and  it  is  associations  of  this  character 
that  the  physician  is  most  frequently  called  upon  to  devise  extemporaneously  to 
meet  special,  perhaps  transient,  conditions  and  in  which  therapeutic  skill  is  best 
shown. 

Cumulative  association,  then,  consists  in  the  associated  employment  of  two 
or  more  drugs  which  influence  the  same  functional  system  in  the  same  manner. 
As  the  range  of  action  of  any  two  such  drugs  will  not  be  identical,  it  is  evident 
that,  while  they  will  exert  supplementary  actions  on  the  functions  influenced  in 
common,  the  effect  on  other  functions  will  be  that  of  the  separate  agents  only. 

If  we  represent  the  action  of  each  drug  by  a  line  passing  through  each  of  the 
various  functions  it  affects,  these  lines  will  cross  at  the  point  of  common  action, 
and  the  result  of  an  association  of  this  character  is  therefore  frequently  termed 
"crossed  action."  By  this  method  it  is  possible  (1)  to  obtain  a  given  therapeutic 
end  with  only  a  fraction  of  the  dose  of  either  medicament  which  would  be  required 
were  that  medicament  used  alone,  or  (2)  with  the  ordinary  dose  of  each  substance 
to  achieve  greater  effect. 

In  studying  the  elective  affinities  of  drugs,  it  was  seen  that  the  range  of  influ- 
ence of  any  agent — that  is  to  say,  the  number  of  tissues  and  functions  affected — 
increases  with  the  quantity  administered.  Conversely,  the  smaller  the  quantity  of 
drug,  the  fewer  the  tissues  and  functions  influenced.  Thus,  by  strict  limitation  of 
the  dose  it  may  be  possible  in  certain  instances  to  restrict  the  action  to  a  single 
function. 

From  the  viewpoint  of  elective  affinity,  cumulative  association  may  be  regarded 
as  advantageous  in  two  types  of  conditions :  ( 1 )  When  it  is  indeed  possible,  with 
a  sufficiently  small  dose,  to  limit  the  action  of  the  drug  to  a  given  function,  but 
the  result  of  such  action  is  not  therapeutically  adequate,  while  an  increase  of  dose 
would  develop  undesirable  influences  on  other  functions.  If,  under  such  conditions, 
we  associate  two  or  more  drugs  affecting  similarly  the  function  in  question,  but 
otherwise  unlike  in  their  range  of  action,  each  in  a  minimal  dose,  their  combined 
effect  will  often  be  sufficient  to  produce  the  result  desired,  without  any  of  the 
unwished-for  effects  of  their  extended  influence;  each  of  them,  indeed,  may  tend 
to  act  upon  other  organs  and  functions,  but  such  action  remains  subliminal — 
beneath  the  threshold  of  response — and  no  perceptible  influence  is  induced. 

For  example,  in  a  ease  of  renal  failure,  the  amount  of  caffeine  requisite  to 
produce  an  acute  diuresis  might  give  rise  to  insomnia  or  restlessness.  The  adequate 
quantity  of  potassium  acetate  might  disturb  digestion.  Neither,  however,  shows 
the  disagreeable  action  which  characterizes  the  other,  and  they  may  be  given  to- 
gether, each  in  amount  below  the  range  of  its  undesirable  effects,  and  yet,  by 
adding  or  combining  their  powers  at  one  point — the  diuresis  action — they  will 
influence  this  one  function  to  the  extent  desired.    (2)   When  the  smallest  dose  of 

^"This  last  effect,  of  course,  belongs  to  corrective  association. 
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a  given  drug  that  will  aU'ect  the  I'uiictioii  which  the  physician  desires  to  influence 
will  lirst  develop  a  ros])oiise  in  some  other  function.  In  such  instances  two  drugs 
witli  crossed  action  may  l)e  given  together,  and  a  therapeutic  eil'ect  ohtained,  wiiile 
producing  side  ell'ects  which,  although  not  imi)erceptil)le,  are  not  great  enough  to 
be  disagreeable.  Thus,  atropine  may  be  indicated  as  a  respiratory  stimulant,  but 
the  by-eft'ects  of  loss  of  accommodation,  dry  throat  and  flushed  face  are  caused  by 
even  smaller  doses  than  those  needed  to  stimulate  the  respiratory  center.  Strych- 
nine also  stimulates  this  center  but  the  spinal  cord  is  more  sensitive  to  its  action. 
By  associating  the  two,  doses  may  be  so  adjusted  that  the  effect  of  either,  other  than 
upon  the  respiration,  is  negligible. 

B.  Adjuvant  assQCudion,  depending  upon  adjuvant  or  general  synergism,  is 
the  use  of  medicines  intended  to  influence  simultaneously  a  numl)er  of  functions 
more  or  less  closely  related;  or  to  effect  related  remedial  objects  without  regard  to 
functional  action.  It  differs  from  cumulative  association  in  that  the  tissues  which 
are  a  fleeted  are  not  parts  of  the  same  functional  system. 

In  some  cases  the  associated  remedies  are  intended  to  effect  the  same  purpose 
in  different  manners;  thus,  diuretics  and  purgatives  are  given  concurrently  for  the 
relief  of  edema  by  removal  of  water.  In  other  cases  they  are  intended  to  produce 
related  effects  on  the  same  system,  as  iron  and  quinine  are  given  in  malaria,  one 
to  directly  stimulate  the  formation  of  new  red  blood  cells,  the  other  to  prevent 
their  further  destruction.  In  still  other  instances,  the  remedies  are  used  to  alle- 
viate conditions  caused  by  a  common  factor  but  by  actions  of  quite  dilferent  order. 
Thus,  in  neurosyphilis,  arsphenamine  is  used  as  an  antipathogen,  and  potassium 
iodide  as  a  tissue  alterant. 

Such  associations  are  probably  made  more  often  than  cumulative  combina- 
tions. The  various  uses  to  which  they  may  be  put  are  shown  by  the  following 
examples : 

In  a  case  of  chlorosis,  or  one  of  secondary  anemia,  it  may  be  necessary  to 
stimulate  the  appetite  and  heighten  the  digestive  activity  at  the  same  time  that 
the  attempt  is  made  to  increase  the  corpuscular  content  and  richness  of  the  blood. 
Hence  strychnine,  phosphoric  acid  and  a  preparation  of  iron  may  usefully  be 
associated,  whether  in  conjoint  form,  conjoint  administration,  or,  a  mixture  con- 
taining an  arsenical,  together  with  tincture  of  nux  vomica  with  dilute  hydrochloric 
acid  may  be  prescribed.  In  the  treatment  of  pulmonary  tuberculosis  it  is  some- 
times wise  to  check  (but  not  to  abolish)  coughing,  while  attempting  to  correct 
the  pathologic  conditions  that  excite  the  cough ;  and  for  the  latter  purpose  the 
eft'ort  to  heighten  general  resistance  through  increased  nutrition  may  be  conjoined 
with  the  eft'ort  to  influence  helpfully  the  broncho-alveolar  tract.  Thus,  a  prescrip- 
tion may  be  written  for  guaiacol  cinnamate,  arsenous  iodide  and  codeine,  or  a  con- 
tinuous mildly  sedative  inhalation  by  means  of  the  respiration  {e.g.,  eucalyptol, 
myrtol,  spirit  of  chloroform)  may  be  used  concurrently  with  the  administration  by 
mouth  of  appro])riate  reconstriictives  and  antituberculous  medicaments;  or,  in 
carefully  selected  cases,  with  the  hypodermic  employment  of  tuberculin  in  minimal 
dosage ;  or  for  cod-liver  oil,  creosote  and  an  opiate.  In  various  conditions  of  debil- 
ity, as  when  convalescence  from  a  severe  infectious  fever  is  unduly  delayed,  it  may 
be  judicious  to  administer  tonic  medication;  that  is  to  say,  to  stimulate  digestion, 
metabolism,  blood  making  and  the  autonomic  nerve  functions.  Associations  such 
as  quinine,  phosphorus  and  iron  are  both  familiar  and  useful. 

Adjuvant  association  is  at  times  quite  complex,  since  we  must  aim  to  influence 
at  the  same  time  several  functions,  which  cannot  all  be  affected  in  the  manner 
desired  by  any  one  medicine. 
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In  a  case  of  subacute  or  chronic  bronchitis  with  scanty,  viscid  secretion  and 
frequent,  irritative,  largely  unproductive  cough,  the  use  of  a  sedative  such  as  opium, 
or  a  bromide,  or  hydrocyanic  acid,  which  might  control  the  symptoms,  would  not 
relieve  the  condition  upon  which  the  symptoms  depend.  Indeed,  opium  might 
aggravate  that  condition  by  rendering  the  secretions  more  scanty.  On  the  other 
hand,  an  agent  that  would  merely  stimulate  bronchial  secretion,  and  thus  render 
expectoration  easier,  while  it  might  in  time  mitigate  the  condition,  would  not 
immediately  check  the  annoyance  of  useless  cough;  the  irritation  of  which,  mean- 
while, might  assist  in  prolonging  the  inflammation.  Hence  a  stimulating  expec- 
torant— for  example,  a  terebinthinate  or  an  ammonium  salt — might  usefully  be 
associated  with  opium.  Furthermore,  the  combination  of  a  bromide  effect  with 
that  of  ammonium  (leading  to  the  use  of  ammonium  bromide,  rather  than  the 
chloride  or  carbonate)  and  the  choice  of  paregoric  as  the  opium  preparation  (for 
the  influence  of  its  other  constituents  upon  the  bronchial  mucous  membrane) 
would  be  appropriate.  In  some  instances,  however,  a  nauseating  expectorant  such 
as  antimony,  squill  or  ipecac  might  be  more  useful  than  the  ammonium  or  the 
terebinthinate;  thus  the  old-fashioned  licorice  mixture,  containing  paregoric 
and  antimony,  or  the  association  with  this  of  ammonium  chloride  or  bromide,  is 
justified. 

II.  Corrective  Association. — In  corrective  association  one  medicine  may  be 
conjoined  with  another  to  mask  unpleasant  odor  and  taste  (pharmaceutical  correc- 
tion) or  to  lessen  the  untoward  or  irritating  effect  upon  certain  tissue  elements 
{local  therapeutic  correction)  or,  again,  to  increase  the  sum  total  of  beneficial 
results,  while  diminishing  or  suppressing  undesirable  by-effects  (somatic  thera- 
peutic correction). 

Innumerable  instances  of  pharmaceutical  correction  may  be  cited,  such  as  the 
solution  of  iodides  in  an  aromatic  water  (as  peppermint  or  cinnamon  water) ;  the 
addition  of  the  syrup  of  tolu  and  licorice  to  mask  the  saline  taste  of  ammonium 
chloride;  the  use  of  volatile  oils  in  association  with  cod-liver  oil  in  an  emulsion, 
etc.  Therapeutic  association  for  local  correction  is  illustrated  in  the  administration 
of  salicylates  or  iodides  in  carbonated  waters  or  in  a  pepsinated  vehicle  in  order 
to  avert  or  diminish  gastric  irritation.  Typical  instances  of  somatic  correction 
are  the  association  of  atropine  or  scopolamine  with  morphine  in  hypodermic  injec- 
tions, and  the  administration  of  the  nitrites,  together  with  digitalis. 

Digitalis  influence  diminishes  the  rate  and  augments  the  vigor  of  the  heart's 
action,  but  at  the  same  time  heightens  the  tension  of  the  arteries,  thus  offering 
to  the  blood  stream  an  added  resistance,  which  the  heart  must  labor  to  overcome. 
Under  the  influence  of  the  nitrites  the  blood  vessels  relax,  the  rate  of  cardiac  pulsa- 
tion increases  and,  if  the  relaxation  be  not  too  great,  a  greater  velocity  of  the 
blood  current  is  produced  with  a  given  expenditure  of  energy.  The  association  of 
nitroglycerin  and  digitalis  therefore  enables  the  physician,  while  lessening  the  fre- 
quency of  the  pulse,  to  increase  its  volume  and  force  without  that  undesirable 
elevation  of  tension  which  the  use  of  digitalis  alone  might  bring  about,  and  which 
(although  disputed)  is  a  fact  of  clinical  observation. 

In  certain  composites,  much  prescribed,  several  methods  of  association  are 
made  use  of;  for  example,  the  cathartic  pill,  commonly  known  as  "a  b  s  i"  (aloin, 
belladonna,  strychnine,  and  ipecac).  In  this  pill  the  aloin  may  be  looked  upon  as 
the  active  ingredient,  stimulating  both  peristalsis  and  secretion  by  direct,  imme- 
diate action  on  the  bowel  wall.  Strychnine  is  a  physiological  synergist  to  part  of 
this  action,  stimulating  intestinal  contractions  by  central  action.  Ipecac  is  an  adju- 
vant synergist,  increasing  the  flow  of  bile  from  the  liver  and  thus  heightening 
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peristalsis  indirectly.  Belladonna  is  a  corrective  associate,  preventing,  by  a  sedative 
action  on  the  autonomic  nerve  endings,  the  contractions  of  the  bowel  wall  from 
becoming  too  violent. 

III.  Directive  Association. — The  object  of  directive  association  may  be 
(1)  to  deicnitine  the  action  of  the  principal  agent  in  a  certain  direction — that  is 
to  say,  to  intensify  one  of  its  possible  effects  and  avoid,  avert  or  minimize  others; 
or  (2)  with  the  same  ends  in  view,  to  hasten  or  to  delay  the  absorption  of  the 
medicament. 

(1)  The  determinative  result  may  depend  either  upon  partial  synergism  or 
upon  partial  antagonism  of  the  associated  agents.  In  either  case^  when  the  asso- 
ciation is  founded  upon  definite  knowledge,  we  may  speak  of  it  as  pharmaco- 
dynamic. Sometimes,  however,  the  effect  produced  by  an  association  is  not  to  be 
predicated  upon  anything  known  of  the  ordinary  influence  of  either  agent,  but 
arises  only  when  they  are  brought  together;  and  hence  is  known  through  clinical 
observation  alone.    It  is  then  to  be  termed  empiric. 

(2)  While  the  second  form  of  directive  association — namely,  modification  of 
absorption — always  has  a  distinct  therapeutic  object,  it  is  most  frequently  attained 
through  pharmaceutic  means. 

Examples  of  both  kinds  may  be  cited.  When  it  is  desired  to  prolong  the  local 
action  of  a  drug  upon  the  stomach  and  intestine,  a  sparingly  soluble  form  will  be 
chosen,  and  with  this  will  be  mingled  colloid  material  to  delay  absorption.  This 
is  a  purely  pharmaceutic  expedient.  Partly  pharmaceutic  and  partly  pharmaco- 
dynamic is  the  mixture  of  opium  with  a  mercurial  to  prevent  or  delay  the  purga- 
tive effect  of  the  latter  and  retain  it  within  the  system  long  enough  to  obtain  its 
specific  influence.  The  association  of  opium  with  ipecac  in  Dover's  powder^  how- 
ever, was  originally  empiric.  It  tends  to  minimize  the  gastroenteric  action  of  both 
agents  and  to  induce  relaxation  of  the  cutaneous  vessels  with  stimulation  of  the 
sweat  glands,  so  that  in  a  sufficient  dose — and  especially  if  aided  by  external 
warmth — more  or  less  decided  diaphoresis  results.  The  association  of  Dover's  pow- 
der with  pilocarpine  which  assists  in  determining  a  diaphoretic  effect  from  the 
alkaloid,  rather  than  diuresis  or  exudation  within  the  bronchi,  is  purely  pharmaco- 
dynamic. 

The  use  of  relatively  small  doses  of  opium  with  large  quantities  of  ipecac  in 
dysentery — originally  empiric — may  now  be  explained  pharmacodynamically  by 
the  destructive  action  of  ipecac  on  the  Entaniaba  histolytica,  while  opium  mitigates 
its  irritative  action  on  the  stomach,  bowel  and  emetic  center ;  and  also  checks  peris- 
talsis. Apomorphine  is  a  nauseating  expectorant ;  the  ammonium  salts  are  stimulat- 
ing expectorants.  When  in  a  case  of  dry  bronchial  catarrh  a  minute  dose  of  the 
former  agent  is  associated  with  a  moderate  dose  of  one  of  the  latter  group,  the 
nauseating  effect  of  the  apomorphine  is  not  developed;  and,  on  tlie  other  hand, 
the  bronchial  secretions  are  reduced  in  viscidity  and  expelled  with  much  more 
ease  than  would  result  from  the  use  of  the  ammonium  compound  alone.  This  also 
is  an  expedient  based  on  known  pharmacodynamic  facts.  Very  different  is  the 
case  of  AVarburg's  tincture,  a  complex  mixture,  somewhat  diaphoretic  and  laxative, 
and  containing,  together  with  quinine  disulphate,  a  number  of  vegetable  ])rinciples 
of  various  kinds.  Upon  indisputable  testimony,  it  is  efficacious  in  cases  of  both 
acute  and  chronic  malarial  infections  which  have  proved  rebellious  to  quinine  salts 
alone;  possibly  by  relaxation  of  contracted  capillaries  in  which  parasitic  organisms 
are  retained  and  from  whicli  quinine  in  effective  quantity  is  excluded — but  possibly 
also  in  some  entirely  unguessable  manner.  In  this  empiric  association,  some  of  the 
many  ingredients  are  probably  superfluous;  yet  it  is  a  common  experience,  in 
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which  we  share,  that  none  of  the  "revised  formulas"  produces  a  preparation  equal 
to  the  original. 

Physical  measures  or  an  association  of  physical  and  medicinal  measures,  may 
likewise  be  employed  as  directives ;  thus  a  hot  batli,  a  hot  pack,  or  a  hot  drink  con- 
taining alcohol,  lemon  juice,  or  spirit  of  nitrous  ether,  will  aid  in  determining  to  the 
skin  the  effect  of  pilocarpine  or  of  Dover's  powder. 

It  is  interesting  to  recall  in  this  connection  that  the  effects  of  crude  vegetable 
drugs  and  those  of  their  pharmaceutic  preparations  frequently  differ;  and  that 
marked  differences  in  action  are  often  observed  between  both  of  these  dispensing 
forms  and  the  isolated  alkaloids,  glucosides,  or  other  active  principles,  to  which 
the  therapeutic  effect  is  chiefly  attributable.  Similarly,  natural  mineral  waters  may 
produce  effects  differing  more  or  less  from  the  effects  of  their  principal  constitu- 
ents.   Such  differences  depend  on  the  natural  associations. 

IV.  Unrelated  Association. — Like  adjuvant  association,  in  so  far  as  it  aims 
to  fulfill  a  number  of  different  indications  simultaneously,  unrelated  association 
differs  from  the  former  in  that  the  indications  in  question  have  no  logical  connec- 
tion with  one  another,  but  simply  exist  side  by  side  in  the  same  patient  at  the 
same  time.  Thus,  a  patient  with  chronic  articular  rheumatism  may  have  headache 
or  constipation,  not  dependent  in  any  degree  upon  the  chronic  affection  or  its  excit- 
ing causes.  In  such  cases,  while  remedies  intended  for  the  relief  of  diverse  symp- 
toms might,  for  convenience,  be  associated  in  one  composite  prescription,  it  is  best, 
in  most  instances,  to  resort  to  concurrent  administration. 

Disadvantag'es  of  Association. — Association,  whatever  its  purpose  and  by 
whichever  method  it  is  accomplished,  has  disadvantages,  as  well  as  advantages. 
The  chief  disadvantage  has  already  been  mentioned:  namely,  that  each  additional 
ingredient  in  a  prescription  complicates  the  result,  both  pharmaceutically  and  thera- 
peutically. This  not  only  introduces  the  risk  of  affecting  the  patient  untowardly, 
\m.i  also  may  mislead  the  practitioner  as  to  the  value  of  one  or  more  of  the  ingre- 
dients. When  a  mixture  proves  serviceable  in  a  given  case,  it  may  not  be  possible 
to  determine  which  of  tlie  constituents  is  the  effective  agent,  whether  any  one  of 
them  is  superfluous,  or  whether  the  composite  possesses  powers  different  from  the 
simple  sum  of  its  components.  Such  discrimination  is  even  more  difficult  when 
disease  is  present  to  complicate  the  result.  Only  a  careful  study  of  each  agent  sep- 
arately, and  comparison  of  the  "single"  effects  with  those  of  the  "composite/'  can 
determine  the  question. 

For  this  reason  careful  consideration  must  be  given  to  the  object  in  view, 
and  to  the  best  means  of  attaining  it,  before  attempting  to  associate  remedies. 
In  that  form  of  association  which  is  to  be  described  as  "corrective,"  it  is  par- 
ticularly difficult  to  determine  the  proportions  or  quantity  of  each  agent  necessary 
to  produce  the  particular  effect,  or  fraction  of  an  effect,  in  view.  Experience  is 
here  the  chief  guide  of  the  physician,  yet  "experience   (may  be)   fallacious." 

Incompatibility 

Medicaments  are  said  to  be  incompatible  when  their  association  produces  un- 
desired  physical  or  chemical  changes.  We  speak,  therefore,  of  pharmaceutic  incom- 
patihility,  which  may  be   (a)   physical,  or   (6)   chemical. 

Pharmaceutic  incompatibility  is  manifested  by  mechanical  separation  of  im- 
miscible or  insoluble  materials,  and  by  other  changes  in  physical  state,  independently 
of  chemical  reaction.    The  chief  factors  involved  are  the  solubilities  and  absorptive 
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powers  ol"  solids,  and  tlie  misoihilities  of  liquids.  Tlu>  most  frequent  physical  in- 
comj)atibilities  all'ecting  liquid  preparations  may  be  set  forth  briefly. 

When  preparations  made  with  different  solvents  (e.g.,  water  and  alcohol,  or 
with  alcoholic  menstrua  of  different  strengths)  are  admixed,  those  constituents 
which  are  soluble  in  one  medium,  but  not  in  the  other,  will  be  thrown  out  of 
solution. 

The  separation  may  be  caused  by  the  immiscibility  of  liquids,  as  with  volatile 
or  fixed  oils  and  water. 

Imniiscibilily. — The  attempt  is  sometimes  made  to  add  excessive  amounts  of 
liquids  to  pill  masses,  ointments  and  suj)positories.  As  a  rule,  the  quantity  of  any 
liquid  that  can  be  taken  up  by  such  preparations  is  relatively  small.  If  in  order- 
ing pills  an  excess  of  liquid  be  directed,  the  pills  are  likely  to  be  unduly  large;  or, 
if  the  product  be  an  ointment,  the  excess  of  liquid  is  likely  to  separate  on  standing. 
So,  too,  in  mixing  oils  and  fats  of  dilTercnt  consistencies,  and  esj)ecially  if  the  ani- 
mal or  vegetable  oils  be  associated  with  petrolatum,  a  smooth  preparation  may  at 
first  result.  But  separation  occur  later — more  quickly  in  warm  weather  than  in  cold. 

Incomplete  solution  results  when  the  quantity  of  solvent  is  insufficient. 

Gelatinization,  or  the  separation  of  gelatinous  material,  sometimes  occurs^  as 
when  mucilage  of  acacia  is  mixed  with  tincture  of  ferric  chloride. 

Cloudiness  may  result  from  the  separation  of  volatile  oils  when  soluble  salts 
are  dissolved  in  the  aromatic  waters. 

Physical  Incompatibilities. — The  chief  physical  incompatibilities  of  solids 
are: 

Liquefaction. — This  occurs  on  triturating  together  certain  substances,  chiefly 
hydrated  chloral,  phenols,  camphor-like  bodies,  coal-tar  derivatives,  and  certain 
salts. 

Absorption  of  Water. — Certain  salts,  as  calcium  chloride  and  sodium  nitrite, 
are  quite  hygroscopic.  They  are,  therefore,  unsuitable  for  incorporation  into  pills 
or  capsules,  although  the  nitrite  may  be  encapsulated  with  sufficient  starch  powder 
or  other  "drying"  protective,  if  there  be  some  overwhelming  reason  for  preferring 
that  form.  Otherwise,  it  is  best  to  prescribe  hygroscopic  substances  in  solution. 
Sodium  salts  are  commonly  more  troublesome  in  this  respect  than  those  of 
potassium. 

Lack  of  consistency  is  rather  a  pharmaceutical  defect  than  an  absolute  incom- 
patibility. It  occurs  in  pills,  suppositories  and  ointments  when  the  ingredients  do 
not  form  a  sufficiently  intimate  or  compact  mass. 

Chemical  Incompatibility. — Substances  chemically  incompatible  unite  with, 
or  decompose,  one  another,  producing  by  their  reaction  new  and  undesigned  com- 
pounds. Thus  their  association  may  result,  on  the  one  hand,  in  diminution  or 
loss  of  medicinal  virtue ;  on  the  other  hand,  in  undesired,  or  even  dangerous,  effects. 

Chemical  incompatibility  is  exhibited  in  many  ways,  of  which  the  most  impor- 
tant are:  (1)  Changes  of  color;  (2)  liberation  of  elementary  gases,  or  formation 
of  gaseous  compounds;  (3)  violent  oxidations  or  ex])losions;  (4)  ])roduction  of 
precipitates  from  solutions;  (o)  separation  of  insoluble  liquids;  (6)  reductions. 

We  cannot  here  give  a  complete  account  of  such  changes,  but  the  examples 
cited  will  illustrate  the  mistakes  to  which  uninstructed  prescribers  are  most  liable. 

(1)  Changes  of  Color. — Changes  in  color  in  liquids  are  to  he  found:  in  the 
decoloration  of  iodine  with  sodium  thiosulphate;  in  the  production  of  a  yellow  or 
brown  color,  due  to  the  liberation  of  free  iodine  when  solutions  of  alkali  iodides 
are  brought  in  contact  with  acids;  in  the  formation  of  "inks"  when  ferric  salts 
are  brought  in  contact  with  tannic  acid;  in  the  green  color  of  non-poisonous  iso- 
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antipyrine,  formed  on  mixing  antipyrine  with  spirit  of  nitrous  ether;  in  the  red- 
dish-violet color  developed  on  the  composition  of  certain  derivatives  of  phenol  with 
ferric  chloride;  in  the  oxidation  of  tincture  of  guaiac  with  nitric  acid  or  spirit  of 
nitrous  ether,  resulting  in  a  blue  color,  changing  to  green  and  red;  in  the  well- 
known  "blueing"  of  starch  with  iodine. 

(2)  Disengagement  of  Gases. — The  disengagement  of  gases  in  medicinal 
mixtures  may  take  place  in  several  ways :  the  disengagement  of  carbon  dioxide, 
through  the  decomposition  of  a  carbonate  or  a  bicarbonate  with  an  acid;  the  for- 
mation of  ammonia  gas,  through  the  decomposition  of  an  ammonium  compound 
with  a  salt  or  a  fixed  alkali,  as  with  ammonium  chloride  and  potassium  bicar- 
bonate; the  liberation  of  chlorine  gas,  through  the  decomposition  of  potassium 
chlorate  with  hydrochloric  acid;  the  liberation  of  oxygen  gas,  through  reductions, 
as  when  solution  of  hydrogen  dioxide  is  brought  in  contact  with  potassium  per- 
manganate; the  formation  of  sulphurous  acid  gas,  through  the  decomposition  of 
alkali  sulphites,  or  thiosulphates  (hyposulphites),  sulphur  being  precipitated  in 
the  latter  case. 

(3)  Explosions. — Explosive  Corn-pounds  result  from  the  admixture  of 
powerful  oxidizing  agents  with  substances  which  are  readily  oxidizable.  The  most 
important  members  of  these  two  classes  are  as  follows : 


Oxidizers 

Chlorine  and  its  Oxides. 
Free  Hydrochloric  Acid. 
Nitro-hydrochloric  Acid. 
Chlorates.    Hypochlorites. 
Chromates.     Chromic  Trioxide. 
Permanganates. 
Nitric  Acid.     Nitrates. 
Bromine.    Bromates. 
Iodine.    lodates. 
Silver  Oxide. 
Peroxides  (Dioxides). 


Oxidizable   (Combustible) 

Phosphorus.     Hypophosphites. 
Sulphur.     Sulphides. 
Glycerin.     Sugar.    Alcohols. 
Oils.     Ethers.     Tannin. 
Cork.    Charcoal.     Creosote. 
Dry  Organic  Substances. 
Powdered  Iron  and  Zinc. 
Arsenic  Trioxide. 
Cyanides. 
Oxalates. 

Ferrous,  Mercurous  and  Stannous 
Salts. 


Explosions  have  resulted  from  mixing  Fluidextract  of  Uva  Ursi  with  certain 
samples  of  Spirit  of  Niter,  Chromic  Trioxide  with  Glycerin,  Nitric  Acid  with 
Glycerin,  Silver  Nitrate  with  Creosote,  Silver  Oxide  in  pill  with  Extract  of  Gentian, 
Potassium  Chlorate  with  Glycerin  and  Tincture  of  Ferric  Chloride.  Calcium 
Chloride  triturated  with  Sulphur  in  a  mortar  has  exploded,  so  also  has  Calcium  or 
Sodium  Hypophosphite  when  triturated  alone.  Tincture  of  Iodine  with  Ammonia 
forms  the  Iodide  of  Nitrogen,  which  is  highly  explosive,  especially  if  triturated 
in  the  presence  of  water.  Catechu  and  Potassium  Chlorate  in  a  dentifrice  have  ex- 
ploded in  the  mouth  from  the  friction  produced  by  a  dry  tooth-brush.  Lozenges 
of  Potassium  Chlorate,  carried  in  the  pocket  with  a  box  of  safety  matches,  have 
exploded  by  rubbing  against  the  composition  on  the  outside  of  the  box,  causing  an 
extensive  burn  of  the  thigh. 

Hydrogen  Dioxide  is  peculiar  in  that  it  acts  both  as  an  oxidizer  and  as  an 
oxidizable  agent.  It  reduces  oxidizing  agents  and  is  itself  reduced  at  the  same  time, 
hence  it  is  incompatible  with  all  the  substances  mentioned  above.  Nitrites  may  act 
in  the  same  way  under  favorable  circumstances. 
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(4)  Precipitates. — The  production  of  a  precipitate  in  a  pharmaceutic  prep- 
aration may  be  without  detriment,  as  in  the  ease  of  the  insoluble  lead  meconate 
formed  in  the  well-known  "lead-water  and  laudanum,"  by  mixing  diluted  solution 
of  lead  sub-acetate  and  tincture  of  opium.  In  the  cited  instance,  indeed,  the  pre- 
cipitate is  of  decided  therapeutic  service  (as  much  as  the  soluble  alkaloidal  acetates 
present).  Sometimes  the  theraj)eutic  action  dei)ends  upon  the  precii)itate,  as  in 
"black  wash"  and  "yellow  wash,"  in  which  calomel  or  corrosive  sublimate  is  mixed 
with  limowater,  throwing  down  a  black  or  yellow  powder  (a  mercury  oxide)  which 
is  the  active  agent.  These  ])reparations,  however,  are  intended  for  external  appli- 
cation, and  it  is  not  advisable  to  adopt  a  similar  method  in  compounding  medicine 
for  internal  use. 

The  preci])itation  of  insoluble  compounds  from  a  mixture  of  soluble  salts,  or  of 
a  soluble  salt  and  an  acid,  takes  place  in  obedience  to  the  well-known  chemical 
law  that  when  by  an-  interchange  of  radicals  in  a  solution  containing  tivo  or  more 
compounds  an  insoluble  compound  becomes  possible,  such  insoluble  compound  will 
be  formed  and  precipitated. 

Acids  and  Salts. — Apart  from  the  question  of  precipitation,  acids  should  not, 
as  a  rule,  be  prescribed  with  salts  of  weaker  acids;  but  there  are  many  exceptions 
to  this  rule. 

An  acid  and  a  salt  may  be  associated  in  order  to  get  a  new  salt  freshly  formed. 
For  example,  the  Pharmacopeia  directs  that  citric  acid  and  potassium  bicarbonate 
shall  be  taken  for  the  official  solution  of  potassium  citrate;  diluted  acetic  acid  and 
ammonium  carbonate  for  the  official  solution  of  ammonium  acetate.  Salicylic  acid 
and  sodium  bicarbonate,  the  latter  somewhat  in  excess,  are  frequently  prescribed 
by  physicians  in  order  to  get  a  fresh  solution  of  sodium  salicylate  with  an  alkaline 
reaction.  C'arbonates  and  acid  carbonates  are  usually  employed  for  such  purposes, 
and  in  consequence  the  recent  solutions  contain  a  certain  amount  of  carbonic  acid 
gas  which  renders  them  more  acceptable  to  the  gastric  mucosa. 

Alkaloidal  Salts. — The  alkaloids  now  official,  either  free  or  as  salts,  are: 
aconitine,  apomorphine,  caffeine,  colchicine,  atropine,  homatropine,  cinchonidine, 
cinchonine,  quinidine,  quinine,  ethylmorphine,  diacetylmorphine,  cotarnine,  betaeu- 
caine,  cocaine,  emetine,  codeine,  morphine,  hydrastine,  hydrastinine,  hyoscine  or 
scopolamine,  hyoscyamine,  pelletierine,  physostigmine,  pilocarpine,  sparteine, 
strychnine.  Veratrine  is  an  unofficial  alkaloid.  Epinephrine  also  reacts  like  an 
alkaloid. 

Alkaloids  when  freed  from  their  combinations  with  acids  or  precipitated  in 
the  free  state  are,  as  a  class,  practically  insoluble  in  water,  codeine  and  especially 
caffeine  being  the  marked  exceptions.  Should  an  alkaloidal  salt  be  prescribed  with 
an  incompatil)le,  and  be  ])recipitated,  the  first  few  doses  of  the  mixture  would  con- 
tain little  or  none  of  the  active  agent,  while  a  dangerous  quantity  might  be  given  in 
the  last  few  doses.  Shaking  might  of  course  diffuse  the  precipitate  and  permit  the 
medicine  to  be  used  with  care,  but  the  risk  is  too  great  to  permit  the  method  to  be 
reconmiended. 

Free  alkaloids  should  be  exhibited  in  solid  form  only,  the  exception  of  caffeine 
being  again  noted.  Salts  of  alkaloids  should  not  be  prescribed  with  potassium 
hydroxide,  car])onate  or  bicarbonate;  sodium  hydroxide,  carbonate,  bicarbonate, 
borate  or  phosphate ;  ammonia  water  or  ammonium  carbonate ;  limewater ;  iodides 
or  bromides  in  concentrated  solution;  tannic  acid  or  tannin-containing  drugs; 
mercuric  chloride;  solution  of  arsenous  and  mercuric  iodides;  gold  (or  gold-and- 
sodium)  chloride.  Any  of  these  substances  will  cause  precipitation  either  of  free 
alkaloids  or  of  decomposition  products. 


393  PHAEMACOTHEEAPEUTICS 

(5)  Separation  of  Insoluble  Liquids. — The  separation  of  liquids  from 
solutions,  or  of  vxiter  of  crystallization  from  mixtures  of  solids,  is  a  rare  result  of 
chemical  action.  Examples  are  the  formation  of  the  oily  chloral  alcoholate  when 
hydrated  chloral  is  dissolved  in  alcohol  or  hydroalcoholic  liquids;  and  the  second 
is  illustrated  when  lithium  citrate  is  mixed  with  granulated  sodium  phosphate. 
The  remedy  in  the  first  case  is  not  to  use  an  alcoholic  fluid  (but  a  syrup),  and  in 
the  second  case  to  employ  the  exsiccated  sodium  phosphate  and  dispense  the  powder 
in  paraffin  paper. 

(6)  Eeductions. — Among  other  chemical  changes  occurring  in  medicaments 
under  various  circumstances,  and  which  may  be  considered  along  with  incompati- 
bilities, are  reductions  by  exposure  to  the  chemical  rays  of  light  or  by  the  action 
of  reducing  compounds.    The  following  may  be  cited: 

Mild  mercurous  chloride  (calomel)  is  reduced  to  metallic  mercury  by  the  hypo- 
phosphites  and  by  nitrous  acid  or  spirit  of  nitrous  ether.  In  alkaline  mixtures  it 
is  reduced  by  antimony,  soluble  arsenites  or  alkali  tartrates. 

Corrosive  mercuric  chloride  (corrosive  sublimate)  is  reduced  first  to  calomel, 
and  then  to  metallic  mercury,  by  metallic  copper,  zinc  or  iron,  when  water  is 
present.  When  in  alkaline  mixtures,  it  is  reduced  by  ferrous  salts,  soluble  arsenites, 
or  antimony  and  potassium  tartrate.    The  same  action  is  induced  by  sunlight. 

Yellow  mercurous  iodide  is  reducible  in  the  same  manner  as  calomel  and  is 
especially  sensitive  to  the  chemical  rays  of  light. 

Eed  mercuric  iodide  is  reducible  in  the  same  manner  as  corrosive  sublimate. 

Silver  nitrate  is  reduced  to  metallic  silver  by  copper,  mercury,  or  other  metals, 
by  sulphites,  by  hypophosphites ;  and,  in  alkaline  solutions,  by  antimonious,  man- 
ganous,  and  ferrous  salts,  and  by  double  arsenites.  With  sodium  chloride  it  forms 
insoluble  silver  chloride,  which  is  rapidly  reduced  by  light. 

Metric  Nomenclature 

When  expressing  volumetric  measurements,  the  term  mil  has  long  been  used, 
and  is  generally  found  in  older  literature,  but  the  United  States  Bureau  of  Stand- 
ards now  recommends  the  use  of  the  term  cubic  centimeter,  abbreviated  to  "cc." 
as  more  accurate.  The  British  Pharmacopeia  (1914)  adopted"^wi'r'  to  replace  cc, 
and  this  was  followed  by  the  U.S. P.  IX  and  the  .NF.  IV,  and  is  often  used  to-day 
in  medical  and  pharmaceutical  literature.  The  term  cubic  centimeter  should  be 
applied  to  the  quantities  below  1000  cc,  or  a  liter;  thus,  we  say  1  cc,  100  cc, 
250  cc.  and  500  cc,  rather  than  milliliter,  centiliter,  deciliter,  or,  in  English,  quar- 
ter liter  and  half  liter. 

The  subdivisions  of  the  cc,  however,  which  are  employed  mainly  in  volumetric 
analysis,  and  rarely,  if  ever,  beyond  the  first  point,  are  spoken  of  in  decimal  terms 
only;  thus,  0.1  cc.  is  %o   (one-tenth)  of  a  cc.  (or  mil). 

In  speaking  of  gravimetric  measurements,  the  term  gram  should  always  be 
used,  if  the  quantity  is  a  whole  number  less  than  1000  grams^  or  a  kilo ;  thus, 
250  Gm.  should  l)e  called  250  grams,  rather  than  a  quarter  kilo.  Of  the  subdivi- 
sions of  the  gram,  the  term  decigram  (the  first  number  to  the  right  of  the  unit) 
and  centigram  (the  second  number  to  the  right  of  the  unit)  are  not  commonly 
used.  When  used,  these  should  always  be  read  as  if  there  were  three  numbers  to 
the  right  of  the  decimal,  ciphers  being  imagined  as  present  if  the  decimal  does 
not  extend  beyond  the  first  or  second  number,  and  the  term  milligrams  being 
exclusively  employed.  Thus,  0.2  Gm.  would  be  read  as  if  written  0.200  Gm.,  and 
called  two  hundred  milligrams,  and  0.46  Gm.  would  be  read  as  four  hundred  and 
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sixty  milligrams.  It  is  perfectly  correct,  however,  and  quite  convenient,  to  read  the 
quantity  tirst  cited  as  ^3/10  gram,  and  the  last  cited  quantity  as  4G/1UU  of  a  gram, 
or  even  as  "point,  four,  six,  gram." 

In  this  book,  for  the  reader's  convenience,  quantities  are  commonly  stated  both 
in  "apothecaries'  weight  and  measure"  and  in  approximate  metric  equivalent,  but 
to  use  the  metric  system  with  satisfaction,  it  is  necessary  to  "think"  in  it,  for 
proficiency  in  its  use  cannot  be  acquired  if  the  older  systems  are  used  in  conjunction 
with  it. 

Of  tlie  two  methods  of  metric  orthography  used  in  the  United  States,  the  one 
is  the  original  French,  the  units  being  spelled  metre,  litre,  gramme;  in  the  other, 
approved  by  the  American  Metric  Bureau,  the  suggestions  of  Webster's  Dictionary 
are  meter,  liter,  gram.  The  U.S.  Pharmacopeia,  which  is  followed  in  this  book, 
uses  the  latter  forms.  In  abbreviations,  this  book  has  adopted  the  plan  of  writ- 
ing for  gram  Gm. — with  a  capital  G — and  spelling  out  the  word  grain.  The 
larger  subdivisions  of  the  gram  are  either  written  in  full  in  the  English  spelling, 
as  decigrams,  centigrams,  or  indicated  by  the  decimal  point  following  a  zero — thus, 
0.1  Gm.,  0.01  Gm.  The  milligram  is  written  in  full,  or  abbreviated  as  mgm.,  or 
expressed  in  decimals  as  0.001  Gm. 

The  Prescription 

A  prescription  is  an  order  by  a  physician  upon  the  pharmacist  for  medicinal 
material.  It  is  not  property,  and  hence  has  no  owner;  but,  in  the  United  States 
at  least,  the  courts  have  ruled  that  the  pharmacist  is  its  logical  custodian,  and  in 
a  number  of  states  the  law  requires  him  to  retain  it  in  his  possession  after  com- 
pounding. 

The  language  of  the  prescription  is  popularly  supposed  to  be  Latin,  which 
has  been  chosen  on  the  ground  that  it  is  uniform,  distinctive,  and  unintelligible 
to  the  general  public.  Unabridged  Latin  words  are,  however,  seldom  used,  the  pre- 
scriptions of  English-speaking  physicians  being,  as  a  rule,  a  series  of  arbitrary 
abbreviations  of  the  English  or  Latin  names  of  drugs  with  symbols  of  quantities, 
and  a  mixture  of  Latin  and  English  words,  or  abbreviations,  for  the  directions  to 
the  compounding  pharmacist  and  through  him  to  the  patient. 

Undoubtedly  it  is  sometimes  the  wisest  course  to  keep  from  the  patient  a 
knowledge  of  the  medicines  prescribed.  This  end  may  be  reached  as  well  by  the 
use  of  abbreviated  English  titles  that  are  technical,  and  unfamiliar  to  the  laity, 
as  by  the  use  of  a  conglomeration  of  more  or  less  legible  abbreviated  Latin  and 
English  words,  the  careless  use  of  which  opens  the  door  to  error  and  is  fraught 
with  serious  danger  to  the  patient. 

Thus,  Ac.  Ilydroc.  may  indicate  hydrochloric  acid  or  hydrocyanic  acid;  Calc. 
Chlor.  may  mean  calcium  chloride  or  chlorinated  lime;  Ilyd.  Chlor.  may  be 
hydrated  chloral,  calomel,  or  corrosive  sublimate;  Chlor.  may  stand  for  chlorine, 
chloride  or  chlorate;  Sulph.  for  sulphur,  sulphide,  sulphate,  sul])honate  or  sul- 
phite; and  Zinc  Phos.  may  be  understood  as  zinc  phosphite  or  zinc  phosphide.  An 
abbreviation  whicli  has  been  misunderstood  a  number  of  times  is  Bar.  Sulph.  for 
barium  sulphate.  This  is  frequently  given  in  large  doses  for  x-ray  study  of  the 
gastroenteric  tract,  and  the  poisonous  harium  sulphide  has  been  dis])ensed  in 
mistake,  with  fatal  consequence.  Numerous  other  illustrations  could  be  given. 
While  care  in  the  use  of  Latin  titles  is  all-sufficient,  our  personal  preference  is 
for  English  titles,  either  unabbreviated,  or  systematically  abbreviated  in  such  a 
manner  that  error  is  impossible. 
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The  late  revisions  of  the  U.S.  Pharmacopeia  contain  official  abbreviations  for 
the  Latin  titles  of  official  medicaments,  and  have  further  ruled  that  "Sulph."  shall 
be  understood  to  mean  sulphate;  that  "Chlor."  shall  mean  chloride,  and  "Phos." 
shall  stand  for  phosphate,  and  that  when  sulphite,  sulphide,  chlorate,  or  phosphide 
are  intended,  these  shall  be  clearly  indicated  in  the  abbreviation  or  written  out 
fully. 

The  several  parts  of  a  model  prescription  are : 

(1)  The  name  of  the  patient,  which  is  written  in  English  and  is  essential 
in  order  to  prevent  error  in  administration. 

(3)  The  superscription  ^-,  now  accepted  as  the  initial  letter  of  the  Latin 
word  recipe,  the  imperative  form  of  recipio.  It  is  an  order  to  the  compounder, 
and  signifies  'Hake."  That  is  to  be  borne  in  mind  in  choosing  the  case  forms  of 
the  other  Latin  words  in  the  prescription. 

(3)  The  inscription,  or  list  of  the  different  ingredients,  with  their  respective 
quantities.  This  classically  includes  the  basis,  or  active  ingredient;  the  adjuvant, 
or  modifying  ingredient;  the  corrigent,  or  corrective;  and  the  excipient,  or  vehicle 
which  dilutes  and  gives  suitable  form  to  the  medicine. 

The  terms  hasis,  adjuvant,  corrigent  have  become  almost  obsolete  with  the 
passing  of  the  polypharmaceutical  prescription. 

Nevertheless,  as  discussed  under  Association  of  Drugs,  it  is  sometimes  neces- 
sary to  employ  modifying  ingredients.  Moreover,  the  physician  should  be  able  to 
choose  the  most  suitable  menstruum  for  diluting  and  preserving  the  active  remedy 
and  should  know  how  to  flavor  a  mixture  to  make  it  palatable.  It  is  the  absence 
of  instruction  on  these  points  that  has  led  to  the  multiplication  of  proprietary 
medicines  and,  worse,  of  nostrums. 

The  Latin  titles  of  drugs  must  be  in  the  genitive  case.  The  quantities  of  each 
ingredient  are  expressed  in  Eoman  or  Arabic  numerals,  preceded  or  followed  by 
the  respective  symbols. 

When  diluted  or  otherwise  weakened  preparations  are  prescribed,  the  distinc- 
tive word  should  be  underlined,  to  obviate  every  chance  of  error. 

(4)  The  subscription,  or  directions  for  compounding  which,  since  this  is  now 
generally  left  to  the  knowledge  and  discretion  of  the  pharmacist,  are  in  a  contem- 
porary Latin  prescription  usually  covered  by  the  use  of  one  of  the  following  terms 
or  symbols : 

Misce  or  M.  (mix). 

Misce  et  fat  (or  pant)    (mix  and  let  there  be  made). 

Solve  or  '8.  (dissolve). 

Fiat  or  Fiant,  F.,  Ft.  or  Fnt.  (let  there  be  made). 

Pone  (put),  e.g.,  pone  in  capsulas  (put  in  capsules). 

Fac  (make),  e.g.,  fac  pilulam  (make  a  pill). 

Divide  (divide),  e.g.,  divide  in  chartulas  (divide,  i.e.,  distribute,  among  little 
papers — for  powders). 

Directions  to  make  pills,  capsules,  etc.,  must  be  accompanied  by  the  number, 
which  in  Latin  is  expressed  by  the  word  numero  (to  the  number  of),  usually  abbre- 
viated as  no.,  followed  by  a  Eoman  numeral  of  which,  if  the  last  letter  be  an  i,  it  is 
written  long  (like  a  ;')  to  indicate  the  end.  It  is  also  customary  to  dot  every  i 
and  the  terminal  j,  as  an  additional  precaution;  for  example,  xij.  Fractions 
(except  yo,  commonly  written  ss)  are  given  in  Arabic  numerals. 

(5)  The  signature,  or  directions  to  the  patient  (indicated  by  the  abbrevia- 
tion Sig.  or  S.). 

Composing"  the  Prescription. — The  first  step  in  the  composing  of  a  prescrip- 
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tion  is  the  selection  of  the  ingredients.  These  should  be  few,  and  none  should  be 
added  without  a  definite  purpose.  The  best  prescription  is  that  best  adapted  to 
the  conditions  presented  by  the  particular  patient  at  the  particular  time.  Into 
the  question  of  fitness  enters  not  only  the  agent  or  agents  selected,  but  also  the 
physical  form  in  which  it  or  they  shall  be  exhil)ited.  The  prescription  may  be 
simple  or  complex,  but  it  should  always  be  individual  andj  so  far  as  possible, 
extemporaneous.  The  real  objection  to  the  use  of  formularies  is  not  so  much  to 
the  formulas  contained — which  are  generally  useful  as  illustrations — but  that  the 
copying  of  formulas  encourages  routinism  and  discourages  the  composition  of  pre- 
scriptions adapted  to  the  case  in  hand.  When  the  proportions  of  active  principles 
are  inflexible  and,  the  quantities  fixed,  it  is  as  though  the  patient  were  made  to  fit 
the  preparation  rather  than  the  preparation  to  fit  the  patient. 

After  selecting  the  dominating  ingredients  of  a  prescrijition,  it  is  in  order 
to  determine  the  best  fonn  for  their  administration.  This  is  always  an  im])ortant 
question,  the  solution  of  which  hinges  upon  a  study  of  the  physical  and  chemical 
pro])erties  of  the  drugs  used  and  the  condition  of  the  patient  at  the  time  the  drugs 
are  given.  (Conditions  ])ertaining  to  the  patient  are  discussed  under  the  h^ad  of 
Administraiion.    See  Index). 

When  the  drugs  are  insoluble  in  water,  and  not  objectionable  in  odor  and 
taste,  they  may  be  given  by  the  mouth  in  powder  form  (if  the  dose  is  not  too 
bulky)  or  sus])ended  in  water  and  acacia,  and  flavored  with  a  syrup  or  aromatic 
substance.  When  odor  or  taste  is  objectionable,  the  drug  is  preferably  administered 
in  ])ill,  tablet,  capsule  or  cachet.  These  latter  forms  are  likewise  conveniently  used 
for  all  kinds  of  solid  drugs,  both  soluble  and  insoluble,  due  care  being  taken,  when 
necessary,  to  prevent  irritation  of  the  stomach.  This  may  generally  be  accomplished 
by  a  protective  excipient,  or  by  administration  with  or  after  food. 

If  the  drugs  are  soluble,  and  unobjectionable  in  odor  and  taste,  solution  is 
generally  the  best  form  in  which  to  exhibit  them.  The  solvent  or  vehicle  will 
depend  on  the  solul)ility  of  the  agent  or  agents.  Water  is  always  to  be  preferred, 
and  an  aromatic  or  flavored  water  may  judiciously  be  used,  peppermint  water  and 
cinnamon  water  appearing  to  be  the  general  favorites.  Sometimes  it  is  necessary 
to  add  alcohol  or  glycerin  to  ensure  solution  or  to  reduce  the  bulk  of  the  prepara- 
tion. Other  pharmaceutic  expedients,  as  the  addition  of  acids  or  alkalies,  are  at 
times  necessary. 

Prescription  Writing. — The  names  of  all  the  ingredients  should  be  written 
legibly,  each  on  a  separate  line,  in  the  order  of  their  importance,  the  diluent  or 
vehicle  last.  The  abbreviations  should  be  insusceptible  of  more  than  one  interpre- 
tation, as  unfortunate  and  dangerous  misunderstandings  may  follow  carelessness  in 
this  respect.  The  ingredients  having  been  stated,  the  dose  of  each  and  the  number 
of  doses  to  be  contained  in  the  prescription  must  be  decided  upon.  When  the 
usual  phrasing  is  followed,  the  single  dose  is  then  multiplied  by  the  whole  number 
of  doses  to  be  given,  and  the  total  quantity  of  the  ingredient  thus  arrived  at  is 
to  be  written  in  legil)le  characters  opposite  the  drug  name. 

AATienever  possible,  the  quantities  are  written  in  (approximately)  round 
numbers. 

Adjustment  of  quantity  to  number  of  doses  is  easier  in  the  metric  system  on 
a  scale  of  10;  in  the  apothecaries'  weights  and  measures  on  a  scale  of  8  or  12. 
In  a  prescription  of  16  doses,  the  total  quantity  in  Gm.  or  CC.  of  any  ingredient, 
will  be  represented  by  the  same  number  as  the  single  dose  in  grains  or  minims. 
Thus  if  1  Gm.  be  divided  into  Ifi  doses,  each  dose  will  be  approximately,  1  grain; 
if  2  CC.  be  divided  into  IG  doses,  each  of  the  doses  will  be  approximately  2  minims. 
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The  quantities  of  solvents,  diluents  and  flavoring  agents  are  determined  by  the 
nature  of  the  drugs  employed  and  the  individual  taste  of  the  patient. 

Occasions  arise  when  it  is  necessary  to  employ  unusual  doses.  These  should 
always  be  suitably  emphasized  in  the  prescription,  so  that  the  careful  pharmacist 
may  understand  that  the  dose  is  intended  and  delay  in  compounding  be  thus  avoided. 
The  general  custom  is  to  underscore  the  quantity  or  to  place  after  it  the  abbrevia- 
tion q.r.  (quantum  rectum),  or  an  exclamation  point  (  !). 

In  an  acute  illness  it  is  often  well  not  to  order  at  first  more  than  twenty-four 
hours'  or  at  the  most  forty-eight  hours'  supply  of  medicine,  especially  if  there  be 
any  likeliTiood  of  making  a  change  within  a  short  time.  It  is  lamentable  to  see 
in  a  sickroom  a  table  cluttered  with  half-filled  bottles  of  discarded  drugs. 

(For  Latin  terms,  abbreviations  and  definitions  see  Appendix.) 

Proprietary  Preparations  and  Their  Specification 

In  conclusion,  a  word  may  be  said  with  reference  to  the  use  and  specification 
of  so-called  proprietary  pharmaceutical  products.  In  the  first  place,  a  sharp  dis- 
tinction must  be  made  between  secret  and  non-secret  preparations.  Medicines  of 
unknown  composition  should  never  be  employed.  Secrecy  implies  either  fraud 
or  avarice,  usually  both;  of  necessity,  it  involves  ignorance,  and  ignorance  is  the 
antipode  of  science. 

A  medicine  of  known  composition,  made  under  patent  protection  or  other- 
wise controlled  by  a  single  manufacturer,  may  be  prescribed,  provided  [a)  that 
it  has  been  honestly  made;  (&)  that  it  is  honestly  marketed,  and  (c)  that  it  is 
actually  superior  for  the  purpose  desired  to  any  uncontrolled  preparation  available. 
Such  superiority  may  be  either  therapeutic  or  pharmaceutic.  For  the  fact  of  its 
existence,  however,  other  evidence  than  mere  advertising  claims  should  be  required. 

The  physician  should  write  prescriptions  adapted  to  present  time  and  indi- 
vidual conditions;  hence  he  should  not  ordinarily  order  ready-made  mixtures;  and, 
with  but  few  exceptions,  this  is  equally  true  whether  the  latter  be  put  forth  as 
proprietary  articles  or  be  made  in  accordance  with  an  official  or  semi-official  public 
formula. 

Specification  of  the  brand  of  a  manufacturer,  or  direction  of  the  patient  to  a 
particular  pharmacist,  is  undesirable,  except  when  such  action  is  necessary  to  assure 
the  purity,  quality  or  activity  of  the  preparation  dispensed.  It  is  then  perfectly 
proper. 

If,  for  example,  one  make  of  strontium  bromide  causes  vomiting,  and  another 
does  not;  or  if  one  chemist's  benzoic  acid  seriously  irritates  the  kidneys,  and 
another's  does  not;  or  if  one  brand  of  a  salicylate  contains  irritant  or  poisonous 
by-products,  and  another  does  not ;  or  if  the  common  preparations  of  a  certain  galen- 
ical or  of  a  biologic  product  fail,  and  a  special  individual  or  proprietary  prepara- 
tion is  to  be  depended  upon ;  or  if  the  prescription  calls  for  a  high  degree  of  pro- 
fessional skill  in  its  compounding;  or  if,  in  the  absence  of  specific  recommendation, 
the  prescription  is  likely  to  be  entrusted  to  a  pharmacist  known  to  be  unobservant 
of  the  scientific  and  ethical  standards  of  his  profession, — then,  and  in  all  like  cases, 
the  physician  who  does  not  take  such  precautions  as  the  circumstances  may  demand 
fails  in  his  duty  to  the  patient  and  to  himself,  as  well  as  to  scientific  medicine 
and  honest  pharmacy. 


CHAPTER  VI 

CLASSIFICATION  OF  REMEDIAL  AGENTS 

The  Viewpoint — Clinical  Uses — Correspondence  of  Agents  and  Classes — Remedies  to  Com- 
bat the  Cause  of  Disease — Antipathogens — Remedies  to  Modify  Tissue  and  Function 
— Tissue  Alterants — Function  Modifiers — Clinical  Considerations — Discussion  of  Indi- 
vidual Agents — Classifications  of  Remedial  Agents, 


There  is  no  accepted  classification  of  remedial  agents  and  it  may  be  admitted 
that  from  the  viewpoint  of  therapeutics  a  strictly  scientific  and  consistent  classi- 
fication is  at  present  impossible.  Nevertheless,  some  rational  and,  so  far  as  pos- 
sible, definite,  grou])in<i;  is  necessary  for  systematic  study.  Facile  association  of 
ideas  is  of  no  less  value  to  the  physician  at  the  bedside,  running  over  in  his  mind 
the  list  of  agents  available  for  a  purpose  determined  upon,  than  to  the  student 
accumulating  general  information  to  be  utilized  later  in  special  instances.  More- 
over, clearer  views  of  the  proj)erties  of  the  agents  of  the  materia  medica  and  of 
the  uses  to  which  they  may  be  put,  come  from  the  habit  of  systematic  thinking 
about  them.  Such  views  increase  the  prescriber's  ability  to  use  remedies  intelli- 
gently, discriminatingly  and  helpfully,  and  tend  to  diminish  his  liability  to  employ 
them  unnecessarily,  or  without  definite  idea  of  the  result  to  be  attained. 

In  view  of  the  existing  doubt  and  confusion,  and  of  tlie  discrepant  methods  of 
the  various  authors  and  compilers  of  textbooks,  it  may  be  useful  both  to  student 
and  to  teacher  to  set  forth  with  some  detail  the  principles  underlying  the  group- 
ings of  drugs  adopted  in  this  work. 

The  Viewpoint, — Remedial  agents,  and  especially  drugs,  may  be  examined 
for  the  purpose  of  classification  from  three  main  viewpoints:  (1)  pharmacog- 
nostic — having  regard  to  their  properties  and  relations,  physical,  chemical,  miu- 
eralogic,  botanic  and  zoologic;  (2)  pharmaood3niamic — with  respect  to  their 
actions  upon  the  animal  organism  and  the  physicochemical  and  physiologic  reac- 
tions thus  excited;  (3)  therapeutic — directed  toward  the  uses  to  which  pharmaco- 
dynamic actions  and  physicochemical  and  physiologic  reactions  may  be  put,  in  the 
prevention  of  disease  and  in  the  management  of  the  sick. 

Students  of  pharmacy  may  ])roperly  study  the  medicaments  from  the  view- 
point of  their  proparlies,  classifying  them  as  organic  and  inorganic  substances 
and  subdividing  each  of  these  main  classes  according  to  a  scheme  of  zoologic, 
botanic,  mineralogie  or  cheinical   relationships. 

The  student  of  pharmacodynamics  is  interested  more  particularly  in  the 
influence  of  agents  upon  living  tissues  and  upon  the  specific  functions  of  organs — 
until  recently,  it  is  to  be  remarked,  observed  principally  in  laboratory  studies  upon 
the  lower  animals.  His  classification  is  appropriately  one  of  drug  action-s:  It  con- 
cerns primarily  the  anatomic  elements  (tissue)  affected;  secondarily,  the  manner 
in  which  function  is  modified. 

The  student  of  therapeutics  should  indeed,  with  the  pharmacist,  bear  in  mind 
zoologic,  botanic  and  mineral  sources,  physical  qualities,  chemical  relationships  and 
])harniaceutical    possibilities;    he    nuist,   with    the   pharmacologist,    have   adequate 
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knowledge  of  pharmacodynamic  effects.  He  regards  drugs,  however,  chiefly  as 
agents  to  be  utilized  in  the  treatment  of  the  sick,  in  the  course  of  his  efforts  to 
aid  recovery,  to  prolong  life  and  to  promote  comfort.  In  other  words,  they  are 
to  be  studied  and  classified  according  to  the  uses  to  which  they  may  be  put; 
namely,  (1)  to  combat  the  exciting  causes  of  disease  and  (2)  to  influence  the 
performance  of  functions  and  modify  the  constitution  of  structures  in  the  sick 
person. 

Both  in  pharmacodynamics  and  in  therapeutics,  therefore,  the  physical  char- 
acteristics and  chemical  composition  of  medicaments  are  of  less  interest  than  is 
their  influence  upon  tissue  and  function.  Nevertheless,  as  the  physical  properties 
and  chemical  structure  of  drugs  have  been  found  in  many  instances  to  bear  cer- 
tain definite  relations  to  their  pharmacodynamic  action — i.e.,  to  the  reactions  they 
excite  in  living  substance — and  as  our  knowledge  of  these  relationships  is  likely 
to  be  greatly  increased,  the  former  considerations  cannot  be  entirely  ignored. 

In  therapeutics,  the  significance  of  such  relations,  actions  and  reactions 
depends  upon  their  influence  over  disease,  especially  in  the  phase  of  recovery. 
Hence,  the  clinical  uses  of  drugs  assume  first  place ;  pharmacodynamic  actions  are 
studied  for  their  aid  in  explaining,  suggesting  and  delimiting  clinical  use;  and 
chemical  and  other  relationships  fall  into  a  third  order  of  importance.^ 

These  considerations  determine  our  classification — which  is  primarily  clinical; 
secondarily  pharmacologic,  and  only  incidentally  chemical  or  botanical.  Pharmaco- 
dynamic, chemical  and  botanic  characters,  however,  all  possess  logical  associations 
through  which  one  remedy  may  suggest  another.  Comparison  or  contrast  then 
calls  to  mind  the  reasons  for  preferring  one  or  the  other  under  given  conditions 
of  disease.  That  such  associations  may  be  the  more  readily  utilized,  uniformity 
is  occasionally  sacrificed  to  convenience. 

Correspondence  of  Agents  and  Classes. — Our  classification,  it  has  been  said, 
is  primarily  one  of  uses.  It  is  obvious  that  therapeutic  use  does  not  determine 
the  physical  or  chemical  properties  of  a  drug,  but  is  dependent  thereon.  We 
cannot,  therefore,  expect  to  find  in  nature  any  considerable  number  of  agents  pre- 
senting, throughout  the  entire  range  of  their  pharmacodynamic  actions  a  strict 
correspondence  with  our  therapeutic  classes.  Such  correspondence  does,  however, 
obtain  to  a  considerable  extent  in  the  synthetic  chemicals  of  modern  science,  many 
of  which  have  indeed  been  built  up  to  meet  definite  therapeutic  ends,  the  most 
famous  example  being  Ehrlich's  "606"  (salvarsan  or  arsphenamine).  It  is  also  to 
be  found  in  the  antipathogenic  agents  of  biologic  origin — the  serums  and  bacterines, 
and  in  the  extracts  and  active  principles  of  the  animal  organs,  tissues  and  juices 
wherewith  we  have  learned  to  imitate  nature's  methods  of  preserving  and  restor- 
ing health.  Most  drugs  of  mineral  or  plant  origin,  however,  have  several  actions 
and  varied  uses  and  have  thus  to  be  mentioned  in  a  number  of  classes.  Such 
mention  is  accompanied  in  each  instance  with  sufficient  detail  to  make  it  useful, 
but,  to  avoid  excessive  diffusion,  the  full  discussion  of  any  agent  is  taken  up  only 
in  connection  with  that  class  of  remedies  to  which  our  plan  of  study  most  inti- 
mately relates  it. 

General  Grouping. — Agents  are  here  grouped,  therefore,  in  accordance  with: 
(1)  their  uses  in  medicine  (a)  to  combat  the  excitants  ^  of  disease,  (b)  to  alter 

^  While  zoologic  and*  botanic  origin  sometimes  assume  special  therapeutic  signifi- 
cance, general  botanic  affiliations  and  mineralogic  groupings  have  pharmaceutic  interest 
chiefly. 

^  Predisposing  causes,  as  we  have  seen,  are  to  be  met  by  measures  of  a  more  general 
character,  falling  in  part  under  the  head  of  hygiene,  and  in  part  under  the  head  of 
nutrition. 
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tissue,  ((•)  to  modify  Junction;  (2)  their  dominant  influences — which  necessarily 
(leteiniine  Iheir  chiel'  use;  (iJ)  their  predoniinant  chemical  components  or  proxi- 
mate |)rincij)les,  in  so  I'ar  as  these  determine  influence  and  therefore  use.^ 

In  a  few  instances  agents  not  falling  readily  into  any  of  the  groups  established 
upon  the  foregoing  plan  are  placed  where  some  other  association  of  ideas  can  be 
utilized. 

We  have  seen  in  the  study  of  the  therapeutic  diagnosis  that  the  determination 
(1)  whether  or  not  to  intervene  in  a  given  case  of  disease,  and  (2)  to  what  end 
intervention,  if  undertaken,  shall  be  directed,  is  reached  first  through  the  study  of 
proffnosi^,  which  dictates  the  general  plan  of  management — the  strategy  of  the 
jihysician  ;  and  then,  through  the  consideration  of  the  three  special  classes  of  indi- 
cations: eliologic,  pcifhologio  and  symptomatic — which  determine  the  tactics  to  be 
employed.  Logical^,  the  agents  of  intervention,  if  classified  according  to  their 
uses,  will  fall  into  a  similar  threefold  division. 

Remedies  to  Combat  the  Cause  of  Disease 

We  shall  first  consider  the  means  l)y  which  we  may  fulfill  etiologio  indica- 
tions— the  agents,  that  is  to  say,  wherewith  we  may  directly  combat  the  exciting 
causes  of  disease. 

Antipathogens. — For  convenience  we  have  applied  to  morbific  agents  in  gen- 
eral the  term  patliogens  (disease  producers)  ;  the  remedies  with  which  they  are 
to  be  opposed  may  correspondingly  be  termed  antipathogens. 

Pathogens  are  susceptible  of  classification  (1)  according  to  their  origin 
(a)  wathin,  or  (b)  without,  the  affected  organism  (intrin.sic  and  extrinsic  patho- 
gens) ;  (2)  according  to  their  cliaracters,  (a)  biologic,  (b)  chemical  and  (c) 
physical.  It  is  against  the  biologic  and  chemical  pathogens  that  antipathogenic 
therapeutics,  is  in  the  main,  directed. 

Living  pathogens,  both  animal  and  vegetal,  produce  disorder  in  two  widely 
contrasted  modes,  which  have  been  termed  respectively  infestation  and  infection. 
Infesting  organisms,  for  the  most  part,  take  up  their  habitat  upon  the  exterior 
of  the  body,  that  is  to  say,  upon  the  skin  and  mucous  surfaces,  or  within  the 
mucous  canals  that  communicate  with  the  outer  world  by  natural  orifices.  Cer- 
tain forms,  however,  most  of  which  are  tropical,  are  found  within  the  deeper 
tissues  or  in  the  circulating  fluids.  To  all,  the  general  term  "parasites"  is  applied, 
despite  the  fact  that  so  many  unrelated  groups  and  diverse  types  are  included 
thereunder — epiphytes,  epizoa  and  entozoa ;  some  microscopic,  others  of  considerable 
size;  some  in  the  larval,  others  in  the  adult,  stage.  Those  of  widest  distribution 
are  fungi  (hyphomycetes,  moulds  and  yeasts)  and  insects  (acarids,  pediculi)  that 
infest  the  hair,  the  skin  and  the  mucous  membranes;  and  worms  (cestodes,  nema- 
todes, trematodes)  that  inhabit  the  intestinal  canal  and  sometimes  penetrate  into 
the  viscera  or  into  the  muscles. 

The  parasites  of  the  blood  and  lymph  most  frequently  encountered  are  larval 
filaria,  the  progeny  of  adult  worms  domesticated  in  lymph  glands. 

Some  of  the  infesting  organisms  are  apparently  more  or  less  toxic  in  them- 
selves or  in  their  products;  some  convey  infection:  some  obstruct  canals:  some 
damage  tissue,  some  impoverish  the  blood;  but  on  the  whole  it  is  the  fact  of  their 

'  Botanic  and  other  association  of  pharmaceutic  interest  cannot  be  entirely  neglected 
by  the  physician.  They  aid  him  in  selecting  not  only  the  agent  most  desirable  in  the 
general  class  of  cases  under  treatment,  but  also  the  particular  preparations  best  suited 
to  individual  conditions  or  a  particular  use.  These  matters,  therefore,  although  they 
do  not  affect  classification  to  any  great  extent,  receive  due  attention  in  the  text. 
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physical  presence  or  their  interference  with  nutrition,  rather  than  any  widespread 
functional  disturbance,  that  renders  them  noxious. 

In  so  far  as  these  parasites  are  amenable  to  medicinal,  as  contradistinguished 
from  surgical,  measures,  therapeutic  agents  are  employed  for  their  destruction 
and  expulsion. 

Antiparasitics,  then,  constitute  the  first  group  of  antipathogenic  remedies, 
and  they  may  be  divided  for  convenience  into  (a)  parasiticides  and  (b)  anthel- 
mintics. 

The  infective  organisms  are  chiefly  hacteria  and  protozoa.  These  attack  not 
only  the  surface  of  the  body  but  penetrate  into  the  tissues  and  multiply  therein, 
giving  rise  to  tissue  changes,  localized  or  widespread,  as  well  as  to  intoxications. 
It  is  suspected  that  certain  bacteria  may  not  of  themselves  be  harmful,  but  act  by 
conveying  forms  of  living  virus,  difficult  of  detection  and  as  yet  of  undetermined 
nature.  Also  there  are  certain  pathogenic  organisms  or  viruses,  notably  that  of 
influenza,  which  seem  to  be  dangerous  chiefly  through  what  the  writer  has  termed 
a  malignant  symbiosis  with  other  organisms,  some  of  which,  at  least,  are  relatively 
harmless  under  ordinary  conditions.  A  marked  virulence,  absent  when  either  factor 
is  present  singly,  is  generated,  or  perhaps  revived,  through  the  association.  The 
filtrable  viruses  are  of  obscure  nature.  The  importance  of  infection  arises  chiefly 
from  the  deleterious  effect  upon  tissue  and  function  of  the  various  classes  of  toxic 
substances;  the  mere  presence  of  microorganisms  within  the  body  but  rarely  giving 
rise  to  disorder  or  danger. 

Against  the  agents  of  infection  we  oppose  remedies  intended  to  bring  about 
their  removal,  their  enfeeble nient,  or  their  destruction;  and  against  their  poisons 
and  the  tissue  poisons  resulting  from  their  activity  we  employ  likewise  agents 
of  expulsion,  of  attenuation,  and  of  neutralization:  It  Avould  be  logical  to  divide 
such  agents  into  antiinfective  and  antitoxic  remedies,  and  impending  develop- 
ments in  therapeutics  may  permit  such  a  division.  For  the  present,  however,  the 
two  groups  are  more  conveniently  taken  up  together. 

A  practical  distinction  is  to  be  made,  however,  between  (1)  agents  of  mineral 
or  plant  origin,  which  destroy  the  microbes,  inhibit  their  growth,  or  neutralize 
or  inhibit  their  toxic  products  chiefly  or  wholly  by  such  chemical  actions  as  might 
take  place  in  viiro,  and  (2)  agents  derived  from  infective  organisms,  immunized 
animals,  or  tissues  altered  by  infection,  which  excite  or  supplement,  or  vicariously 
replace  the  natural  defensive  processes — which  act,  that  is  to  say,  by  reactions 
of  biochemistry.*'  Among  the  latter  we  further  distinguish  those  that  call  into 
play  the  natural  defenses  (agents  of  active  immunization)  from  those  that  destroy 
microbes  or  neutralize  toxins,  in  part  at  least,  by  direct  action  (agents  of  passive 
immunization).  These  biologic  products,  as  they  are  commonly  termed,  include 
hacterines  (vaccines,  antigens),  serobacterines,  antibacterial  and  antitoxic  serums, 
precipitates  and  solutions  of  antibodies  and  attenuated  tissue  viroids  which  are,  for 
the  most  part,  of  specific  derivation. 

Intoxication  arises  also  in  the  absence  of  infection  through  (a)  the  intro- 
duction of  poisons  from  without;  (b)  the  generation  of  poisons  by  putrefactive 
decomposition  within  the  alimentary  tract  (enterointoxication)  ;  (c)  the  genera- 
tion of  poisons  within  the  tissues  and  fluids  of  the  organism  (autointoxication), 
as  a  result  of  disordered  metabolism  (perverse  chemical  changes,  as  in  gout  and 
acidemia),  of  actual  or  relative  deficiency  or  excess  in  certain  internal  secretions 


*  Other  important  differences  will  be  indicated  when  we  discuss  the  respective  agents 
in  detail. 
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(as  in  myxedema  and   toxic  goiter),  or  of  other  disturbances  of  function   (e.g., 
failure  of  elimination,  as  in  uremia  and  some  forms  of  cholemia). 

Enieroinioximiion,  from  the  viewpoint  of  causative  therapy,  is  to  be  met  iu 
the  same  general  manner  as  infection  with  its  accompanying  intoxication. 

Auiointoxicaiians — positive  or  negative — whether  due  to  metabolic  or  secretory 
perversions,  to  excess  or  deficiency  of  normal  secretions,  or  to  abnormal  retention 
either  of  morbid  ])roducts  or  of  the  normal  excretions,  are  best  considered  in  con- 
nection with  functional  disturbances  in  general.  For,  while  the  principles  of 
removal,  attenuation,  destruction,  neutralization  and  antagonism  still  apply,  a 
rational  cau.'ial  iJientpij  seeks  to  go  still  dec{)er  toward  the  origin  of  the  disturbance. 

Poisons  introduced  directly  from  without  are  best  considered  in  the  light 
of  special  pharmacodynamic  agents  affecting  the  organism  in  a  certain  manner, 
and  their  discussion  is,  therefore,  distributed  throughout  all  our  classes.  They 
are,  indeed,  largely  identical  with  remedial  agents,^  in  the  discussion  of  which 
due  attention  is  given  to  toxicity,  and  to  the  treatment  of  both  acute  and  chronic 
poisoning,  by  evacuation,  by  neutralization,  by  antagonism,  by  counteraction  and  by 
other  appropriate  general  and  specific  methods.  i- 

Classification,  therefore,  need  not  at  present  take  special  account  of  these  non- 
infective  forms  of  intoxication  in  connection  with  antipathogeus. 

Our  second  class  of  antipathogenic  remedies  is,  therefore,  termed  antiseptics 
and  is  divided  into  (a)  chemical  agents  and  (b)  biologic  specifics,  the  latter  being 
again  divided  into  (1)  agents  of  active  immunization  and  (2)  agents  of  passive 
immunization. 

Xot  only  perturbation  of  function  but  also  tissue  changes,  limited,  extensive 
or  diffuse,  may  result  from  the  local  action  of  infective  or  other  morbific  agents 
(biologic,  chemical,  physical)  and  the  local  reactions  of  anatomic  elements;  or 
from  the  action  and  reaction  initiated  by  generalized  physical,  infective  or  toxic 
influence.  The  remedial  agents  used  in  correction  may  likewise,  but  not  of  neces- 
sity, be  correspondingly  topical  or  systemic  iu  application  and  action.  It  is  to 
be  remembered,  however,  that  from  the  viewpoint  of  etiologic-therapeutic  indica- 
tions we  are  not  concerned  with  the  functional  or  structural  results  of  infection 
or  of  intoxication,  but  merely  with  the  pathogenic  agents;  seeking  means  to  exclude 
them,  to  protect  from  them,  to  expel  them,  to  destroy  them  or  to  neutralize  them. 
Opposition  to  their  perturbing  influences,  and  correction  or  counteraction  of  their 
effects  are  considered  elsewhere. 

In  addition  to  the  recognized  infective  and  toxic  pathogens,  extrinsic  and 
intrinsic,  there  are  certain  undiscovered  or  imperfectly  determined  pathogens, 
known  only  or  chiefly  by  their  effects,  against  which,  nevertheless,  specific  and 
fairly  effective  anticausative  treatment  has  been  developed  empirically.  Malaria, 
once  typical  of  the  class  of  maladies  of  unknown  causation  but  amenable  to 
specific  remedies,  was  removed  therefrom  but  a  few  decades  ago,  by  Laveran's 
discovery;  and  the  identification  of  Treponema  pallidum  as  the  infective  agent 
of  syphilis  was  made  about  still  later.  The  antipathogenic  agents  pertaining  to 
the  group  of  "empirical  specifics" — reduced  by  the  elimination  of  "antiperiodics" 
and  "antiluetics''  to  the  "antirheumatics"  and  "antilithics'' — the  salicylates,  the  col- 
chicum  preparations  and  derivatives,  the  synthetics  of  the  piperazin,  cinchophen  and 
allied  types — do  not,  however,  need  more  than  enumerative  mention  under  this  head 
as  they  receive  appro])riate  discussion  in  other  and  more  general  connections.    The 

'  Strictly  speaking,  such  toxic  agents  as  cantharides,  alcohol  and  strychnine,  as  well 
as  ptomaines,  should  be  included  with  the  extrinsic  pathogens  of  biologic  origin. 


402  PHARMACOTHERAPEUTICS 

same  is  to  be  said  of  arsenic  and  iron  which  appear  to  have  a  similar  (although  in 
grave  cases  less  effective)  specific  relation  to  the  anemias;  and,  in  case  of  arsenic 
(in  still  less  degree) — and  perhaps  of  lead — to  the  malignant  neoplasms. 

The  extracts  and  other  preparations  of  animal  organs  and  the  active  prin- 
ciples of  the  glands  that  furnish  internal  secretions  are  in  a  certain  sense  anti- 
pathogenic  remedies — for  example,  thymus,  adrenal  and  pituitary  preparations  in 
Graves'  disorder;  thyroid  gland  or  thyroxin  in  myxedema,  arteriosclerosis  and 
Raynaud's  syndrome;  parathyroid  substance  in  tetany.  In  the  existing  state  of 
knowledge,  however,  these  and  like  agents  are  best  considered  among  drugs  influ- 
encing tissue  and  function. 

From  the  practical  viewpoint,  therefore,  our  first  general  class  (or  order) 
of  remedies — antipathogens — narrows  down  to  two  smaller  special  classes,  both 
directed  against  living  organisms:  (1)  antiparasitic  agents,  employed  to  expel 
and  destroy  animal  and  vegetable  organisms  that  infest  the  skin,  the  alimentary 
tract,  the  blood  or  the  organs;  (2)  antiseptic  agents,  used  to  combat  micro- 
organisms (filterable  viruses,  schizomycetes  and  protozoa)  which  enter  the  body, 
multiply  therein  and  excite  intoxication  or  morbid  tissue  changes. 

The  foregoing  may  be  tabularly  expressed  as  follows : 

Order  I:    Antipathogens. 
Class  I :    Antiparasitics. 

Section  A:    Parasiticides. 

Section  B :    Anthelmintics. 
Class  II :    Antiseptics. 

Section  A :    Chemical  Antiseptics. 

Section  B :    Biologic  Specifics. 

Remedies  to  Modify  Tissue  and  Function 

Wlien  antipathogenic  therapy  is  unavailable,  ineffectual,  insufficient  or  inap- 
propriate, we  turn  to  non-specific  agents  that  may  (1)  antagonize  the  action  of 
jmthogens,  (2)  correct  the  evil  effects  of  such  action,  or  (3)  compensaie  for  its 
ill  results;  agents,  therefore,  that  will  influence  the  tissues  and  the  functions  of 
the  organism  in  some  definite  and  desired  manner. 

Antagonism  and  its  agents,  which  pertain  indeed  to  causal  but  not  to  anti- 
pathogenic  therapy,  thus  form  a  connecting  link  between  the  therapeutic  aims 
and  means  discussed  in  the  previous  section  and  those  now  to  be  considered. 

Without  here  entering  into  a  discussion  of  the  relation  between  structure  and 
function,  and  admitting  that  modifications  in  the  functioning  of  organs  are 
brought  about  only  by  influencing  the  cells  of  the  organ  affected,  we  must  never- 
theless for  practical  purposes  make  an  important  distinction.  At  times  the  physi- 
cian desires  to  act  upon  tissue  (that  is,  upon  cells,  normal  or  abnormal)  without 
regard  to  its  function.  At  other  times  he  desires  to  influence  the  special  per- 
formance of  an  organ  (that  is,  of  its  cells)  without  particular  regard  to  the 
anatomic  elements  in  themselves.  In  some  cases  hoth  tissue  and  function  have 
to  be  considered.  For  purposes  of  study,  and  following  in  a  general  way  our 
division  of  indications  into  those  of  morbid  anatomy  and  those  of  morbid  physi- 
ology, we  divide  our  use  of  drugs  other  than  antipathogens  into  alteration  of 
tissue  and  modification  of  function.  Our  second  and  third  general  classes  or 
orders  of  remedial  agents  are,  accordingly,  to  be  termed,  respectively,  tissue 
alterants  and  function  modifiers.  Of  these  we  shall  consider,  first,  the  agents 
that  affect  tissue  as  such. 
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Tissue  Alterants. — Allusion  has  been  made  to  tissue  change,  local  and  gen- 
eral, as  au  important  result  oi"  infection  and  intoxication;  that  is,  of  the  influence 
of  morbific  agents.  Among  the  agents  of  materia  medica  also,  there  are  many 
■which  possess  the  power  to  bring  about,  both  in  normal  and  in  abnormal  tissues, 
alterations  that  may  be  favoral)lc  or  the  reverse.  Against  the  latter  the  ])hysieiau 
must  be  on  his  guard;  they  belong  to  the  toxic  or  untoward  results  of  drug  action. 
The  other  order  of  tissue  changes  may  be  termed  therapeutic,  since  we  seek  to 
utilize  them  in  the  promotion  of  recovery.  At  present  such  use  is  largely  empiric. 
Both  toxic  and  therapeutic  eil'ects,  however,  depend  in  the  ultimate  analysis  upon 
physicochemieal  reactions;  and  with  the  advances  now  rapidly  being  made,  on 
the  one  hand  in  the  general  chemistry  of  colloids  and  the  relations  between  chemi- 
cal and  electric  reaction;  on  the  other  hand  in  the  special  chemistry  of  life  (bio- 
chemistn,'),  our  knowledge  of  the  possibilities  and  desirabilities,  as  well  as  of  the 
means,  of  elTectuating  recuperative  tissue  changes  may  be  expected  to  become 
more    definite. 

Agents  may  be  used  to  alter  (1)  normal  tissues  or  (2)  abnormal  tissues,  in 
either  case  by  (a)  direct  or  limited  (topical)  application,  or  (b)  indirect  or 
diffuse  {systemic)  application,  i.e.,  through  the  blood  stream. 

The  purpose  of  limited  application  of  tissue  alterants  may  be  the  protec- 
tion, the  destruction  or  the  alteration  of  the  cells  immediately  affected,  either 
(1)  as  an  end  in  itself  (as,  for  example,  caustic  applications  to  warts),  or  (2)  as 
a  means  to  some  other  end  (a)  directly  or  (b)  indirectly  depending  thereon  (as 
by  irritant  application  about  old  ulcers  to  reexcite  reparative  inflammation). 

The  purpose  of  diffuse  application  of  tissue  alterants  may  be  (1)  to  influ- 
ence the  processes  of  cell  nutrition  in  general,  either  by  (a)  promoting  con- 
structive metamorphosis,  or  (b)  increasing  destructive  metamorphosis;  or  (2)  to 
influence  certain  morhidly  altered  tissues  upon  which  the  agents  used  are  sup- 
posed to  exert  a  "selective  action"  (a)  destructively  or  (b)  alteratively  or  recon- 
structively. 

The  destructive,  alterative  and  reconstructive  influences  under  consideration 
are  assumed  to  be  exerted  upon  the  individual  tissue  elements  simply  as  living 
cells;  and  "without  reference  to  any  specific  function,  whether  of  the  tissue  as  a 
whole  or  of  the  organs  in  which  it  is  found. 

The  use  of  potassium  iodide  or  derivatives  of  oil  of  mustard  in  hepatic,  renal  or 
arterial  sclerosis,  for  example,  is  an  attempt  to  alter  the  condition  of  certain  morbidly 
affected  cells  without  reference  to  the  general  functions  of  interstitial  or  of  parenchy- 
matous tissues,  or  to  the  special  functions  of  the  liver,  of  the  kidney,  or  of  the  vessels. 

The  group  of  remedial  actions,  known  as  alterative  (and  sorbefacient)  effects,  is 
involved  in  much  obscurity.  While  evident  in  phototherapeutic,  electrotherapeutic, 
and  radiotherapeutic  results,  their  reality  in  pharmacotherapeutics  has  been  denied ; 
and  it  is  true  that  their  mechanism  has  not  been  demonstrated;  their  utilization 
resting  chiefly  upon  analogy  and  experience.  Limited  destruction  by  the  drug  may 
possibly  provoke  a  reconstructive  reaction  of  the  organism.  Be  that  as  it  may, 
these  effects  are  actual  and  have  much  importance  in  practical  medicine.  To 
avail  himself  of  them  intelligently  the  student  must  learn  to  distinguish  between 
the  nutrition  of  cells  and  their  specific  functions ;  even  though  the  latter,  as  in  the 
case  of  the  tissues  of  the  alimentary  tract,  be  directed  largely  or  exclusively  toward 
the  maintenance  of  somatic  nutrition. 

Our  second  general  class  (order)  of  remedial  agents,  therefore,  consists  of 
agents  used  to  alter  tissue  by  their  influence  upon  cell  nutrition  and  is  subdivided 
as   follows : 
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Order  II:    Tissue  Alterants. 

Class  I:    Agents  Employed  by  Direct  (Topical)  Application. 
Section  A:     Protectives,  Sedatives  and  Nutrients. 
Section  B :     Irritants  and  Destructives. 
Class  II:    Agents  Employed  by  Indirect  (Diffuse  or  Systemic)  Applica- 
tion   (Through  the  Blood). 
Section  A:    Nutrients. 
Section  B:    Destructives. 

Function  Modifiers. — Etiologic  and  anatomic  factors  in  disease  and  in  treat- 
ment having  received  consideration,  the  great  groups  of  functional  indications 
derived  from  pathologic  pliysiologij  and  from  pure  symptomaiologij  remain  for 
study.  For  present  purposes,  these  resemble  one  another  sufficiently  to  be  dis- 
cussed together  as  modifications  in  the  functional  activity  of  organs. 

In  studying  the  infiuence  of  a  drug  upon  an  organ  or  physiologic  apparatus, 
we  have  to  take  into  account  not  only  the  effect  of  the  drug  upon  the  organ  or  ap- 
paratus itself,  and  in  relation  to  its  various  tissues  as  well  as  to  its  varied 
activities,  but  also  the  manner  in  which  the  drug  modifies  the  performance  of 
each  special  phase  of  those  activities.  Such  modifications  are  brought  about 
not  only  through  the  direct  influence  of  the  agent  upon  the  functioning  cells, 
but  also  through  its  influence  upon  the  nerve  system  or  through  its  influence 
upon  nutrition.  Moreover,  organs  and  their  functions  may  be  modified  indirectly 
through  drug  influence,  as  the  result  of  irritation,  stimulation  or  depression  of 
other  organs  or  other  functions.  Whatever  grouping  we  may  make,  and  however 
elaborate  our  subdivisions,  exactitude  is  impossible  and  overlapping  unavoidable. 

It  is  thus  manifest  that  there  is  no  system  of  classification  free  from  objec- 
tion; and  none  which  can  be  carried  out  in  a  strictly  logical  manner  without  so 
dissecting  actions  and  diffusing  discussions  as  practically  to  defeat  its  own  object. 
To  obtain  clear,  consistent  and  complete  views  of  the  influence  of  drugs  and  other 
remedial  agents  and  agencies  upon  the  organism,  there  must  be  a  certain  degree 
of  liberty  in  the  manner  of  approaching  the  different  problems  presented  in  the 
course  of  study.  Convenience  in  discussion  and  facility  in  association  of  idea& 
suggest,  moreover,  that  functions  shall  be  considered,  so  far  as  possible,  in  con- 
nection with  anatomical  systems,  and  necessarily  those  systems  with  which  their 
relations  are  most  obvious. 

Clinical  Considerations. — As  the  physician  approaches  the  problems  pre- 
sented to  him  at  the  bedside,  he  may  consider,  first,  the  particular  functions 
modified  by  disease  and  the  manner  of  their  aberration;  second,  how  to  bring 
about  their  restoration  to  normal,  through  the  influence  of  drugs,  without  regard 
to  the  underlying  etiology  or  pathology.  This  use  of  medicines,  directed  solely 
against  symptoms  as  such,  is,  we  believe,  the  basic  method  of  that  system  of 
practice  termed  "eclecticism,"  and  partially  the  basis  of  "'homeopathy."  In  default 
of  etiologic  and  pathologic  indications  or  the  means  to  fulfill  them,  it  is  sometimes 
the  only  available  method. 

A  better  plan  is  to  consider  how  the  restoration  of  normal  functions  may 
be  assisted  by  taking  into  account  the  causes  and  mechanisms  of  their  disturbance. 

Best  of  all  is  it  for  the  physician  to  give  attention  primarily  to  the  7nain- 
tenance  of  life,  while  disease  is  passing  through  its  evolution;  and,  secondarily, 
to  consider  how  best  to  induce  such  modification  of  special  function,  normal  or 
disturbed,  as  may  be  suggested  by  the  whole  therapeuiic  diagnosis  (which  neces- 
sarily includes  causation  and  tissue  changes)   in  the  individual  case.    If  one  is 
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nevertheless  reduced  in  part  to  symptomatic  treatment,  it  is  a  deliberate  choice, 
made  with  full  knowledge  and  as  a  temporary  expedient  only.  This  method — 
which,  if  it  needs  an  adjective,  might  be  called  "rational"  or  "natural"  therapeu- 
tics— offers  also  the  best  general  approach  to  the  study  of  the  clinical  uses  of 
drugs  as  modifiers  of  function.    It  has  accordingly  been  adopted  in  this  work. 

The  org^anic  functions  fall  naturally  into  two  great  groups,  corresponding 
approximately  to  what  are  commonly  termed  the  vegetative  life  (somatic  nutri- 
tion) and  the  animal  life  (neuromuscular  activity).  Both  of  these  are  concerned' 
in  the  metabolic  exchanges,  in  which  latter  there  must  be  taken  into  account  not 
only  the  constructive  (anabolic)  and  destructive  {cataboUc)  actions  and  changes 
in  individual  cells  or  organs,  but  also  the  general  somatic  m^etaholism — which  may 
perhaps  be  termed  the  metabolic  equilibrium. 

In  the  ne7*vous  life — even  of  the  la])oratory  animals — moreover,  there  is  to 
be  distinguished  a  pst/chic  or — if  the  term  be  objectionable — an  emotional  phase; 
and  its  influence  upon  the  complexus  of  drug  and  tissue  action  and  reaction  needs 
to  be  considered  carefully.  This  aspect  of  the  pathologic-therapeutic  problem 
becomes  still  more  important  in  man.  To  ignore  the  emotions  and  the  intellect, 
whether  in  the  clinical,  the  pathological  or  the  etiological  diagnosis,  is  but  one 
degree  less  disastrous  than  to  ignore  them  in  treatment.  In  other  words,  the 
ii'hole  man  is  always  to  be  remembered,  and  in  all  the  varied  aspects  of  his  being. 

First  to  be  considered,  then,  is  the  question  of  somatic  nutrition  in  its  largest 
sense,  including  therein  all  the  functions  of  so-called  organic  or  vegetative  life — 
that  is  to  say,  general  assimilation  and  disassimilation — and  their  specialized  mech- 
anisms in  the  animal  organism — that  is  to  say,  (a)  digestion,  (b)  bio  o  d- male  in  g, 
(c)  circulation,  (d)  respiration,  (e)  metabolism  which  includes  nutrition,  tem- 
perature, endocrine  function  and  chemodynamic  balance,  (f)  elimination  and 
(g)  reproduction.  Strict  separation,  however,  is  not  possible  and  is  not  attempted. 
Consistency  yields  a  little  to  convenience. 

Each  of  these  somatic  functions  is  associated  with  that  anatomical  system 
through  which  it  is  chiefly  or  most  obviously  affected.  In  discussing  the  latter, 
convenience  demands  further  that  its  tissues  and  all  of  its  functions  be  considered 
together.  Thus,  with  (1)  digestion,  we  take  the  alimentary  tracts  the  liver  and 
the  pancreas;  with  (2)  blood-making,  the  blood,  the  spleen,  the  lymphatic  system 
and  the  bone-marrow;  with  (3)  circulation,  the  heart  and  blood  vessels;  wath 
(4)  respiration,  the  lungs  and  the  respiratory  muscles;  with  (5)  metabolism^j, 
certain  instances  of  internal  secretion,  the  thyroid,  the  thymus,  pituitary,  adrenal 
and,  in  ])art,  the  sex  glands,  and  necessary  incidental  references  are  made  to  general 
tissue  changes  and  chemical  processes.  This  is,  therefore,  the  proper  connection  in 
which  to  consider  (G)  temperature,  not,  however,  as  a  function  but  as  a  state  depend- 
ing on  the  activity  or  depression  of  metabolic  processes  as  modified  by  nerve 
regulations  and  other  factors.  With  elimination  are  considered  (7)  iirine  secre- 
tion— the  kidneys,  ureters  and  bladder,  with  incidental  reference  to  the  eliminative 
functions  of  the  skin  and  lower  bowel — and  (8)  cutaneous  functions  and  tissue — 
chiefly  those  of  the  appendages  of  the  skin,  such  as  the  sweat  glands,  sebaceous 
glands  and  hair.  The  function  of  (9)  reproduction  has  both  male  and  female 
aspects,  and  under  the  latter  not  only  tlie  ovary,  uterus,  etc.,  but  also  the  mammary 
glands  and  their  secretion"  are  to  be  given  consideration. 

In  the  second  group  of  functions — those  of  animal  life  (or  neuromuscular 
activity),  only  one  class  of  tissues  is  primarily  concerned — the  (10)  nerve  system. 

'  Secretion  is  not  in  any  respect  considered  under  a  separate  heading,  but  always  in 
connection  with  the  various  large  functions  in  which  it  participates. 


406  PHAKMACOTHERAPEUTICS 

Nerve  function  must,  indeed,  be  taken  into  account  in  connection  with  all  the 
vegetative  functions,  but  there  remain  certain  nervous  phenomena  which  do  not 
partake  of  the  vegetative  life  of  the  soma.  These  include  voluntary  motion,  with 
which  are  considered  motor  nerves  and  muscles;  and  sensation,  comprehending 
both  general  pain  sense  and  the  special  senses  of  touch,  sight  and  hearing,  with 
their  respective  organs/ 

In  man,  moreover,  we  recognize  additional  phases  of  nerve  action — conscious- 
ness and  intellection — and  these  must  receive  consideration  as  nerve  functions  con- 
nected with  the  psychic  life.  Here,  too,  is  an  appropriate  place  to  consider  sleep. 
Reference  has  been  made  to  emotion,  and  emotion  cannot  always  be  separated  from 
intellection.  It  is  an  integral  factor  in  consciousness  and  leads  to  muscular  action, 
becoming  thus  linked  to  the  volitional  life — but  it  also  influences  and  is  influenced 
by  the  autonomic  nerve  system  (sympathetic  and  parasympathetic)  and  the 
endocrine  adjuncts  or  appendages  of  that  system,  and  is  thus  linked  with  the  vege- 
tative life  as  well.  Agents  influencing  the  autonomic  nerve  system  ^  might  be  erected 
into  a  separate  class — but  it  is  obvious  that  many  of  these  agents  are  more  appro- 
priately placed  in  connection  with  the  somatic  functions  they  affect  by  such  influence 
(respiration,  circulation,  etc.).  It  has  seemed  best,  therefore,  to  distribute  most 
of  them  throughout  the  various  classes,  and  group  a  few  remaining  ones,  not  as  an 
independent  class  but  as  a  subdivision  of  the  agents  influencing  the  nerve  system. 
As  emotion  functions  to  link  volitional  and  vegetative  life,  so  these  drugs,  in  a 
measure,  link  our  two  great  classes  of  function-modifiers,  and  complete  the  circle 
of  drug-influence. 

Drugs  modifying  function  may  do  so  in  one  of  three  ways :  They  may 
cause  an  increase  in  the  functional  activities  of  the  tissue  cells  (stitnulants)  ; 
they  may  cause  a  decrease  in  such  activity  (depressants)  ;  or  they  may  alter  the 
function  without  causing  any  noteworthy  change  in  the  activity  of  these  cells 
(adjuvants) . 

An  illustration  of  the  three  types  may  be  found  in  the  modification  of  the  gastric 
secretion.  The  activity  of  the  secreting  cells  may  be  increased  by  gentian  (stimulant) ; 
it  may  be  decreased  by  atropine  (depressant);  or  gastric  digestion  may  be  modified 
without  action  on  the  secreting  cells  by  the  administration  of  dilute  hydrochloric  acid 
(adjuvant). 

In  each  class — wherever  practicable — the  drugs  will  accordingly  be  arranged 
in  these  three  sections,  with  such  further  subdivisions  as  may  be  necessary.  An 
exceptional  class  is  that  of  drugs  acting  on  the  autonomic  nerve  system.  These 
agents  often  depress  one  portion  of  the  system  and  stimulate  another;  so  that 
the  general  arrangement  does  not  apply  and  they  are  made  to  constitute  a  special 
section  without  division. 

The  agents  comprised  in  our  third  order  are  therefore  arranged  in  the  fol- 
lowing special  classes^  each  of  which  may  be  further  subdivided  into  many  groups : 

Order  III :    Function  Modifiers. 

Class  I :   Agents  Used  to  Influence  Digestion  and  the  Alimentary  Tract, 

the  Liver  and  the  Pancreas. 
Class  II :    Agents  Used  to  Influence  Hematopoiesis,  with  the  Blood  and 

Blood-Making  Organs. 

'  The  special  senses  of  smell  and  taste  are  taken  up  partly  here  and  partly  with  the 
respiratory  and   digestive   functions  respectively. 

*  We  might  justifiably  speak  of  the  autonomic-endocrine  system;  but  the  exact  rela- 
tionships between  nerves  and  glands  are  still  obscure,  and  hence  the  two  are  here  treated 
separately. 
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Class  III :    Agents  Used  to  Influence  Circulation  and  the  Cardiovascu- 
lar System. 
Class  IV :    Agents  Used  to  Influence  l^espiration  and  the  Respiratory 

System. 
Class  V  :    Agents  Used  to  Influence  ^letabolism  and  the  Endocrine  System. 
Class  VI  :    Agents   Vt^t'd  to   Influence  Temperature. 
Class  VII :    Agents  Used  to  Influence  Renal  Secretion  and  Other  Functions 

of  the  Urinary  Apparatus. 
Class  VIII :    Agents  Used  to  Influence  Perspiration  and  Other  Functions 

of  the  Skin  and  Appendages. 
Class  IX :    Agents   Used  to  Influence  the  Reproductive   Functions  and 

Organs,  the  Lacteal  Secretion  and  the  Mammary  Glands. 
Class  X :    Agents  Used  to  Influence  Sensation,  Motion,  Intellection,  Sleep 

and  Other  Functions  of  the  Nerve  System. 


Discussion  of  Individual  Agents 

In  tracing  the  effects  of  each  individual  medicament  throughout  the  sphere 
of  its  influence,  it  will  be  convenient  to  follow  on  the  whole  the  same  order  as  has 
been  adopted  in  the  foregoing  classification,  but  with  one  general  and  many  special 
modifications. 

The  general  modificcUion  will  be  a  division  of  the  subject  of  elimination  into 
(a)  elimination  of  the  drug  itself  and  (b)  the  effect  of  the  drug  upon  the  organs 
of    elimination. 

(a)  The  manner  and  form  of  the  elimination  of  a  drug  will  be  considered 
at  the  outset  of  the  discussion  of  its  influence,  in  connection  with  its  absorption 
and  the  cliemical  transformations  it  undergoes  upon  entering,  circulating  within, 
and  leaving  the  human  body,  (b)  Its  influence  upon  the  eliminative  function  and 
upon  the  organs  of  elimination  will  be  described  at  the  close  of  the  discussion.  Thus 
the  student  may  accustom  himself  to  follow  the  drug  from  its  point  of  entrance  to 
its  point  of  departure,  systematically  considering  its  influence  upon  all  organs 
and  tissues  it  may  meet  along  the  way,  and  upon  the  functions  associated  there- 
with. 

The  special  modifi<Mtions  are  instanced  by  our  discussion  of  individual  agents. 
We  have  attempted  as  far  as  possible  to  arrange  the  facts  concerning  each  in  the 
same  general  order.  In  an  introductory  portion  are  considered  the  history  of  the 
use  of  the  drug,  its  source  or  origin,  its  physical  and  chemical  characteristics, 
its  pharmaceutic  forms  and  the  related  drugs  which  will  be  discussed  with  it  or 
have  been  taken  up  elsewhere.  The  materia  medica  is  next  briefly  sketched  and 
this  is  followed  by  a  description  of  the  antipathogenic  action.  After  this  comes 
a  detailed  discussion  of  the  pharmacodynamic  action,  beginning  Avith  the  place 
ajid  form  of  absorption  and  of  elimination,  considering  next  the  topical  action, 
third  the  toxicology,  giving  the  toxic  and  fatal  quantities  in  man  and  other  animals, 
and  the  course  and  chief  symptoms  of  poisoning.  Finally,  the  systemic  action  is 
taken  up  in  the  order  followed  in  our  classification.  This  is  succeeded  by  a  detailed 
description  of  the  therapeutic  uses  of  the  drug  and  a  statement  of  the  most  appro- 
l)riate  methods  of  administration. 

With  many  drugs,  however,  the  discussion  is  too  brief  to  allow  of  such  a 
division  of  material,  and  the  pharmacodynamic  and  toxic  actions  are  frequently 
combined  in  one  general  discussion. 


408  PHARMACOTHEEAPEUTICS 


Classification  of  Remedial  Agents 


Order  I :    Antipathogens. 
Class  I :    Antiparasitics. 


Sect 
Sect 

Class  II 
Sect 
Sect 

Order  II:    T 

Class  I: 
Sect 
Sect 

Class  II 

Sect 
Sect 


on  A :    Parasiticides. 
on  B :    Anthelmintics. 

Antiseptics. 
on  A:    Chemical  Antiseptics, 
on  B:    Biologic  Specifics. 

ssue  Alterants. 

Agents  Employed  by  Direct  (Topical)  Application, 
on  A :    Protectives,  Sedatives  and  Nutrients.      • 
on  B.     Irritants  and  Destructives. 

Agents  Employed  by  Indirect  (Diffuse  or  Systemic)  Applica- 
tion   (Through  the  Blood). 

on  A :    Nutrients. 

on  B:    Destructives. 


Order  III :    Function  Modifiers. 

Class  I :    Agents  Used  to  Influence  Digestion  and  the  Alimentary  Tract, 
the  Liver  and  the  Pancreas. 
Section  A:    Stimulants. 
Section  B :    Depressants. 
Section  C :    Adjuvants. 

Class  II:    Agents  Used  to  Influence  Hematopoiesis,  with  the  Blood  and 
Blood-Making  Organs. 
Section  A :    Stimulants. 
Section  B:    Depressants. 
Section  C:    Adjuvants. 

Class  III:    Agents  Used  to  Influence  Circulation  and  the  Cardiovascu- 
lar System. 
Section  A :    Stimulants. 
Section  B:    Depressants. 
Section  C :    Adjuvants. 

Class  IV:    Agents  Used  to  Influence  Respiration  and  the  Respiratory 
System. 
Section  A:    Stimulants. 
Section  B:    Depressants. 
Section  C :    Adjuvants. 

Class  V :    Agents  Used  to  Influence  Metabolism  and  the  Endocrine  System. 
Section  A :    Stimulants. 
Section  B :    Depressants. 
Section  C :    Adjuvants. 

Class  VI :    Agents  Used  to  Influence  Temperature. 
Section  A:    Stimulants. 
Section  B :    Depressants. 
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Class  VII:    Agents  Used  to  Influence  Renal  Secretion  and  Other  Func- 
tions of  the  Urinary  Apparatus. 
Section  A :    Stimulants. 
Section  B :    Depressants. 
Section  C :    Adjuvants. 
Class  VIII:    Agents  Used  to  Influence  Perspiration  and  Other  Functions 
of  the  Skin  and  Appendages. 
Section  A :    Stimulants. 
Section  B :    Depressants. 
Section  C :    Adjuvants. 
Class  IX:    Agents  Used  to  Influence  the  Reproductive   Functions   and 
Organs,  the  Lacteal  Secretion  and  the  Mammary  Glands. 
Subclass  I :    Influencing  Sexual  Desire. 
Section  A :    Stimulants. 
Section  B :    Depressants. 
Section  C :    Adjuvants. 
Subclass  II :    Influencing  the  Uterus  and  Menses. 
Section  A :    Stimulants. 
Section  B :    Depressants. 
Subclass  III :    Influencing  Mammary  Glands. 
Section  A :    Stimulants. 
Section  B :    Depressants. 

Class  X :    Agents  Used  to  Influence  Sensation,  Motion,  Intellection,  Sleep 
and  Other  Functions  of  the  Nerve  System. 
Section  A :    Stimulants. 
Section  B :    Depressants. 
Section  C :    Autonomic  Modifiers. 


DRUGS  IN  THE  ORDER  OP  THEIR  CLASSIFICATION 

ORDER  I.    ANTIPATHOGENS 

The  drugs  used  to  combat,  directly  or  indirectly,  living  pathogenic  agents  and 
their  toxic  products,  we  term  antipathogens,  and  their  employment  is  one  of  the 
metliods  of  aniipatJiogenic  therapy. 

Direct  antipathogenic  therapy  attempts  to  attack  the  pathogens  immediately,  in 
order  to  effect  (1)  their  expulsion;  (2)  their  destruction,  or  attenuation;  (3)  neutrali- 
zation of  the  toxic  substances  to  which  they  give  rise. 

(1)  Expulsion  is  particularly  applicable  in  the  treatment  of  parasitism  of  the 
alimentary  tract;  as  in  the  ejection  of  intestinal  worms  by  anthelmintics,  and  of  the 
bacteria  of  putrefaction  by  purgatives. 

(2)  Destruction  or  attenuation  is,  however,  the  usual  method  of  attacking  para- 
sites. Anthelmintics  act  in  this  manner,  as  well  as  by  expulsion;  and  the  therapeutic 
virtue  of  all  antiseptics  depends  upon  their  power  to  kill  or  injure  pathogenic  microbes. 

(3)  Neutralization  of  toxic  substances  is  exemplified  by  the  use  of  antitoxins 
against  soluble  microbic  poisons  (e.g.,  in  diphtheria  and  tetanus). 

In  prophylaxis,  direct  antipathogenic  measures  are  illustrated  by  the  exclusion  of 
flies  and  mosquitoes,  by  screening;  the  destruction  of  pathogenic  germs  and  parasitic 
ova  and  larvae  by  chemicals  or  heat;  and  the  neutralization,  as  well  as  the  destruction, 
of  putrefying  miatters  outside  the  body — for  example,  in  the  disinfection  by  lime  of 
the  excretions  in  the  sick  room,  or  of  the  contents  of  sewers  and  cesspools. 

Indirect  antipathogenic  therapy  attempts  to  stimulate  the  natural  defensive  forces 
of  the  body,  so  that  these  may  overcome  the  parasites  or  poisons. 

This  method  is  at  present  chiefly  used  against  microbes.  It  may  be  specific — i.e., 
directed  against  a  particular  organism,  as  through  specific  vaccines  or  bacterins;  or, 
the  attempt  may  be  made  to  heighten  general  resistance,  either  by  direct  stimulation 
of  special  processes  of  general  defense,  as  by  phagocytotics,  or  non-specific  foreign 
proteids,  or  by  improving  the  general  physical  condition,  as  through  iron  or  strychnine. 

We  shall  arrange  the  antipathogens — both  those  used  in  direct  and  those  used  in 
indirect,  therapy — in  two  classes,  with  subgroups  according  to  their  principal  uses : 

I.  Antiparasitics. — Agents  used  against  other  than  unicellular  parasites. 

a.  Parasiticides. — Agents  used  against  parasites  (insects,  mites,  fungi)  on  the 
skin  and  exposed  mucous  membranes. 

b.  Anthelmintics. — Agents  used  against  parasites  (worms)  in  the  alimentary 
canal. 

II.  Antiseptics. — Agents  used  against  microorganisms  (bacteria,  protozoa)  and 
their  toxic  products. 

a.  Chemical  Antiseptics. — (inorganic,  organic.) 

b.  Biologic  Antipathogens. — (specific  serums,  vaccines,  bacterines,  etc.) 
Agents  used  to  heighten  general  resistance  to  infection  will  not  be  arranged  in  a 

third  distinct  group;  but  such  uses  will  be  pointed  out  in  the  discussion  of  the  several 
agents.  Thus,  iron  is  discussed  with  substances  acting  on  the  blood,  and  the  use  of 
foreign  non-specific  proteids  is  taken  up  in  conjunction  with  that  of  bacterines. 
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Hormones  and  vitamines,  whose  use  is,  in  a  broad  sense,  antipathogenic,  do  not, 
however,  fall  into  this  classification.  The  affections  (avitaminoses)  against  which  the 
vitamines  are  employed,  such  as  rickets  and  scurvy,  originate,  not  through  the  presence 
of  a  disease-producing  agent,  to  be  combated,  but  through  the  absence  of  a  health- 
preserving  factor,  which  they  supply. 

So,  too,  the  endocrine  bodies  and  their  principles,  when  used  as  hormones,  remedy 
the  lack  of  substances  needed  to  maintain  the  metabolic  and  chemodynamic  balance  of 
the  organism,  and  do  not  directly  oppose  the  etiologic  factors  concerned  in  the  failure 
of  pancreatic,  thyroid,  pituitary  functions. 

ANTIPARASITICS 

Remedies  used  against  multicellular  parasites  (chiefly  of  the  skin  and  alimentary 
tract) > 

Parasiticides 

The  term  parasiticide  (parasitus-cida)  is  properly  applicable  to  any  agent  that 
will  kill  parasites;  but  it  is  customarily  limited  to  those  employed  to  destroy  ani- 
mal and  vegetal  parasites  (pediculi,  acarinse,  oidia,  achoria,  tineae,  trichophyta, 
microspora,  furfures,  actinomyces,  etc.)  found  upon  the  skin,  hair  and  the  accessible 
mucous  membranes.  The  agents  are  taken  up  according  to  their  principal  uses,  under 
the  subheads,  respectively,  of  acaricides,  pediculicides,  and  fungicides.  A  number  of 
drugs,  however,  are  found  in  all  three  groups. 

The  chief  parasiticide  agents  ^  are : 

Sulphur,  Petroleum,  Staphisagria  and  allied  plants,  Chrysarobin  and  chrysophanic  acid, 
Cocculus  indicus,  Pyrethrum  flowers,  Balsam  of  Peru,  Storax,  Beta-naphthol,  Naphthalin, 
Phenol  and  congeners,  Resorcin,  Essential  oils  (sassafras,  cloves,  cajuput).  Salicylic  acid. 
Iodine  and  iodides,  Mercurials,  Copper  salts.  Silver  nitrate,  Boric  acid,  Acetic  acid  (vine- 
gar), Hydrogen  dioxide,  Potassium  permanganate  and  other  oxidizers. 

Acaricides  and  Pediculicides 

In  scabies,  the  agents  most  frequently  employed  are  sulphur,  beta-naphthol,  Peru- 
vian balsam,  ammoniated  mercury,  phenol,  and  soft  soap. 

Whatever  parasiticide  is  chosen,  certain  preparatory  and  precautionary  measures 
are  necessary.  The  patient  is  first  to  be  placed  in  a  hot  bath,  and  vigorously  scrubbed 
with  soap  and  water.  Some  physicians  prefer  alkaline  or  sulphurated  baths.  The 
underclothing  should  be  placed  at  once  in  soft  soap  solution  or  in  solution  of  mer- 
curic chloride  (1 :  500),  and  later  baked  or  boiled.  If  very  foul,  or  if  circumstances 
do  not  permit  thorough  disinfection  and  washing,  it  should  be  burned. 

As  soon  as  the  patient  leaves  the  bath,  the  parasiticide  should  be  applied  thor- 
oughly to  the  infested  parts.  It  is  to  be  renewed  daily  or  twice  a  day,  according  to 
circumstances,  for  two  or  three  days.  The  hot  alkaline  or  soap  bath  should  then  be 
repeated,  and  the  underclothing  treated  as  before.  After  this,  a  soothing  application, 
as  starch  or  talcum  powder,  may  be  made.  The  parasiticide  application  may  be  con- 
tinued in  somewhat  milder  form  for  two  or  three  days  longer,  and  the  treatment  then 
be  terminated  with  bath  and  powder.    Some  cases,  however,  are  obstinate,  and  require 

*  Except  in  those  cases  in  which  but  a  single  preparation  of  any  drug  is  used,  or 
some  particular  preparation  is  peculiarly  adapted  for  the  special  purpose  in  view,  only 
the  principal  title  of  the  drug  group  (plant,  element,  radical,  compound  or  type)  is 
given  in  the  various  preliminary  lists,  here  and  elsewhere.  Preparations  are  specified 
in  the  later  detailed  discussions. 

'The  names  of  agents  discussed  fully  are  printed  in  black  face;  the  names  of  agents 
discussed  chiefly  elsewhere,  appear  in  ordinary  type. 
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prolonged  treatment,  perhaps  for  several  weeks,  or  the  treatment  may  have  to  be 
repeated  from  time  to  time. 

In  pediculosis,  the  most  common  applications  are  soap,  cresol,  sfavesacre,  larkspur, 
fishherry,  petroleum,  ordinarily  kerosene  diluted,  one-half,  with  olive  oil,  cottonseed 
oil  or  linseed  oil,  oil  of  sassafras,  and  mercurials. 

In  pediculosis  corporis  and  in  pediculosis  pubis,  the  cleansing  baths  before  and 
after  treatment,  and  the  handling  of  the  underwear,  are  the  same  as  in  itch.  la 
addition,  the  body  is  often  sponged  with  mercuric  chloride  solution  (1:2000),  before 
other  parasiticide  applications  are  made.  The  frequency  and  number  of  the  latter 
will  depend  on  their  result.  Itching  that  persists  after  destruction  and  removal  of 
the  parasites  may  be  alleviated  by  the  application  of  sodium  hicarhonate  solution  (5  to 
20  percent.),  or  of  magnesium  sulphate  solution  (50  percent.).  It  is  now  known  that 
the  body  louse  transmits  typhus  fever.  The  necessity  for  care,  by  nurses  and  attend- 
ants, to  avoid  being  bitten,  needs  no  further  emphasis. 

Pubic  infestation  (pediculosis  pubis,  phthiriasis  inguinalis)  is  often  obstinate, 
and  demands,  in  addition  to  the  general  bath,  a  thorough  scrubbing  of  the  infested 
region.  Should  it  not  yield  to  applications  of  phenol,  or  mercurial  ointment,  the  parts 
should  be  shaved,  and  the  parasiticide  rubbed  well  into  the  skin.  Neighboring  parts 
should  be  ^searched  for  parasites,  and  treated  as  necessary. 

In  pediculosis  capitis,  it  is  usually  best  to  apply  the  parasiticide  lotion  by  thor- 
ough brushing,  and  to  cover  the  hair  with  a  cap  or  binder  of  appropriate  size — a  towel 
will  answer.  This  may  remain  in  place  over  night.  In  very  bad  cases,  the  hair  is 
sometimes  saturated  with  oil  of  sassafras,  kerosene  or  a  solution  (1:2000)  in  water, 
or  (1:500)  in  vinegar,  of  mercuric  chloride,  which  remains,  together  with  the  binder, 
for  twelve  to  twenty-four  hours.  When  the  binder  is  removed,  the  scalp  and  hair 
should  be  well  washed  with  hot  water  and  soap  (preferably  tincture  of  green  soap), 
and  after  a  thorough  drying,  the  parasiticide  may  again  be  applied;  or,  vinegar  (which 
is  credited  with  a  specially  destructive  action  on  the  nits),  may  be  used  instead.  As  a 
rule,  however,  the  single  application  suffices.  If  a  second  one  is  made,  the  head 
should  again  be  wrapped.  The  next  day  the  washing  should  be  repeated,  and  the  hair 
thoroughly  cleansed  with  a  fine-toothed  comb;  or,  in  the  case  of  a  male  or  a  very 
young  girl,  may  advisedly  be  clipped  close.  In  older  girls  or  women,  the  clipping  may 
be  omitted.  In  that  case,  or  when  there  has  been  but  one  parasiticide  application, 
the  hair  should  be  pulled,  strand  by  strand,  through  a  towel,  saturated  with  vinegar; 
after  which  it  is  to  be  brushed  thoroughly  with  a  stiff  brush. 

Fungicides 

The  chief  requisite  to  success,  in  the  treatment  by  drugs  of  the  various  affections 
of  the  hair  and  skin,  caused  by  hyphomycetic  parasites,  is  perseverance.  The  x-ray  is 
more  quickly  effective. 

Tinea  versicolor  yields  rather  readily  to  mild  applications,  especially  of  copper 
salts  or  peroxides,  but  in  most  of  the  other  affections  of  this  group  it  is  necessary  to 
use,  in  addition  to  the  parasiticide  selected,  certain  auxiliary  measures. 

In  tinea  circinata,  mild  applications  usually  suffice.  Unless  the  eruption  is  on 
the  face,  crusts  are  to  be  removed  with  soft  soap  and  flannel.  Lotions  or  ointments 
of  iodine,  acetic  acid,  sulphurous  acid,  sodium  thiosulphate,  boric  acid,  ammoniated 
mercury,  or  copper  oleate  may  be  used. 

In  eczema  marginatum,  more  powerful  applications  of  nascent  sulphur  and  sul- 
phurous acid  may  be  required,  and  in  the  topical  or  more  obstinate  cases  resort  to 
chrysarobin  or  chrysophanic  acid  may  be  necessary.  Mercuric  chloride  and  compound 
tincture  of  benzoin  are  likewise  employed. 
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In  tinea  tonsurans,  the*  hair  should  be  cut  away,  and  the  patch  cleansed  mechan- 
ically of  loose  epidermis,  hair  fragments,  etc.  It  should  then  be  curetted,  but  without 
drawing  blood;  a  preliminary  application  of  oil  or  liquid  petrolatum  often  being 
useful.  After  this,  the  parasiticide  chosen  is  to  be  applied  on  and  around  the  patch. 
A  brush  or  cotton  swab  may  be  dipped  into  a  lotion  with  which  the  parts  are  to  be 
dabbed  for  some  minutes.  Ointments  or  oily  fluids,  if  used,  are  to  be  well  rubbed  in. 
Parasiticide  soaps  may  be  employed  for  cleansing.  Epilation  is  necessary  from  time 
to  time,  and  may  be  facilitated  by  the  use  of  an  ointment  of  phenol  in  lanolin  (10 
percent.).  The  most  useful  fungicidal  agents  are:  copper  oleate,  salicylic  acid,  sul- 
phur, sulphurous  acid,  sodium  thiosulphate,  iodine,  glacial  acetic  acid,  creosote,  oil  of 
cade,  mercuric  chloride,  mercuric  oleate,  ammoniated  mercury,  chrysarohin,  heta- 
naphthol,  lyoric  acid;  and  as  solvents  of  crusts,  ether,  chloroform,  benzol,  turpentine, 
and  soft  soap. 

Sycosis  is  handled  in  much  the  same  way  as  mild  or  acutely  inflammatory  tinea 
tonsurans.    Copper  oleate  and  phenol  are  useful. 

In  tinea  ciliorum,  epilation  is  practiced,  and  followed  by  an  application  of  a  weak 
solution  of  mercuric  chloride. 

Favus  is  particularly  obstinate,  and  even  less  tractable  upon  the  scalp  than  upon 
the  skin.  Three  things  are  necessary:  thorough  removal  of  crusts;  efficient. epilation; 
and  deep  applications  of  the  parasiticide.  Treatment  is  usually  begun  with  a  copious 
application  of  carholized  olive  oil.  The  same  preparation  is  then  placed  upon  strips 
of  flannel  kept  in  position  with  a  cap,  and  allowed  to  remain  from  twelve  to  twenty-four 
hours.  The  application  is  then  removed  with  a  flat  blunt  blade,  such  as  a  thin  spatula 
or  a  paper  cutter,  the  whole  scalp  thoroughly  cleansed  with  soft  soap,  the  affected 
areas  epilated,  and  the  selected  parasiticide  rubbed  in  or  brushed  in  daily.  The  other 
measures  are  to  be  repeated  as  necessary.  The  agents  principally  employed  are :  tincture 
of  green  soap,  resorcin,  copper  oleate,  chrysarohin,  mercuric  chloride,  and  iodine. 

Certain  hyphomycetes  (and  allied  organisms)  infest  not  only  the  skin  and  hairy 
scalp,  but  the  mucous  membranes,  and  even  the  viscera.  Although  such  invasions  are 
often  inaccurately  spoken  of  as  "infections,"  and  discussed  in  medical  textbooks  with 
affections  of  the  special  structures  involved,  their  place,  from  the  viewpoint  of  thera- 
peutics is  with  other  implantations  of  fungi,  and  they  are,  accordingly,  considered 
here.' 

In  oidiomycoses  (or  blastomycoses)  (blastomycetic  dermatitis,  etc.)  potassium 
iodide  or  copper  sulphate  is  used  internally,  and  the  latter  agent  externally  also, 
in  supplementation  to  roentgenization,  fulguration  and  the  use  of  the  actual  cautery, 
with  or  without  excision  and  plastic  operations  or  skin  grafting.  Some  dermatologists 
advocate,  and  others  oppose,  curettement.  When  the  viscera  are  involved,  the  treat- 
ment is  much  the  same;  the  special  surgical  measures  depending,  however,  on  the 
localization  and  on  the  character  of  the  lesions. 

In  the  mouth  and  throat,  the  most  common  form  of  oidiomycosis  is  thrush  (the 
so-called  parasitic  stomatitis,  usually  attributable  to  O'idium  albicans,  but  sometimes 
to  Saccharomyces  albicans  huccalis).  The  patches  are  wiped  away  with  a  piece  of 
soft  linen  or  gauze  saturated  with  a  boric  acid  or  a  sodium  borate  solution;  after 
which,  the  mucous  membrane  is  brushed  with  the  same  solution,  or  with  a  weak  solu- 
tion of  mercuric  chloride.  Among  other  agents  sometimes  used  are  sodium  bicarbonate, 
salicylic  ucid  and  its  salts,  phenol,  potassium  permanganate,  tincture  of  iodine,  and 
sodium  hyposulphite. 

'Sprue  (Ashford),  pernicious  anemia  (E.  A.  Wood)  and  many  other  conditions  are 
now  attributed  to  monilium  infestation,  but  the  extended  discussion  of  such  conditions 
can  not  be  entered  into  here. 
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Rarely,  the  thrush  fungus  causes  pulmonary  and  other  visceral  lesions.  It  is  said 
that  immunization  may  be  effected  through  repeated  and  increasing  doses  of  a  viroid 
produced  by  slow  desiccation  of  the  fungus,  in  the  presence  of  potassium  hydroxide. 

The  tonsils  and  other  pharyngeal  structures,  and  not  rarely  the  tongue,  may 
become  the  seat  of  leptofhricosis  variously  termed — mycosis  tonsillaris  henigna  being 
the  most  common  designation.  Several  allied  species  of  mj'celial  growths  have  been 
found  in  association  with  a  hyperplasia  of  the  horny  layer  of  the  mucosa  (hyper- 
keratosis). Iodine  preparations  or  mercurochrome  may  be  applied,  but  the  most 
efficacious  procedure  is  destruction  of  the  altered  epithelium  and  fungus  filaments  by 
electrolysis,  the  electric  cautery,  or  fused  chromic  acid. 

Aspergillosis  is  of  interest  therapeutically,  chiefly  as  it  occurs  in  connection  with 
suppurative  or  eczematous  inflammation  of  the  external  ear  (otomycosis).  Dryness 
is  fatal  to  the  growth  of  the  fungus.  The  aural  canal  is  to  be  well  cleansed,  and 
mopped  with  an  alcoholic  solution  of  hydrogen  peroxide.  It  is  then  dried  and  dusted 
with  boric  acid.  Sometimes  horated  alcohol  is  used  before  the  powder  is  applied. 
Later,  applications  of  silver  nitrate  may  be  necessary. 

Aspergillus  fumigatus  is  sometimes  found  in  the  secretions  of  the  mouth  and 
throat,  but  rarely  gives  rise  to  disturbance,  objective  or  subjective.  Treatment,  if 
needed,  Avould  be  like  that  of  otomycosis,  or  that  of  mycosis  tonsillaris. 

Pvlmonary  aspergillosis  is  uncommon  and  of  diagnostic  interest  chiefly,  being 
commonly  mistaken  for,  and  sometimes  associated  with,  tuberculosis  of  the  lungs. 
Steam  atomization  with  weak  solutions  of  potassium  permanganate,  or  of  iodine;  the 
cautious  inhalation  of  iodized  or  hrominized  vapors,  or  rectal  insufflations  of  liydrogen 
sulphide  may  properly  be  tried.  Potassium  iodide  and  arsenic  have  been  administered 
internally,  not  only  in  aspergillosis,  but  in  all  forms  of  visceral  invasion  by  this  fungus. 
Underlying  disease,  when  present,  must,  if  possible,  be  so  treated  as  to  increase  vital 
resistance,  general  and  local. 

In  actinomycosis,  potassium  iodide  is  used  both  internally  and  locally.  It  is  said 
that  coincident  irradiation  with  the  roentgen  rays  increases  the  effect.  Iodine,  phenol, 
silver  nitrate,  copper  sulphate,  and  mercuric  chloride  have  been  applied  both  by 
injection  and  by  swabbing,  after  surgical  procedure. 

Sulphur 

Free  sulphur  was  well  known  to  the  ancients,  and  its  medicinal  applications  date 
back  to  the  earliest  period  of  therapeutics.  The  native  element  was  used  externally 
in  salves  for  the  treatment  of  skin  eruptions,  and  as  a  counterirritant.  Internally,  it 
was  employed  as  a  cathartic,  and  sulphur  waters  were  believed  to  be  alterative  and 
antiperiodic.  Fumigations  with  burning  sulphur  were  even  made  use  of  to  check 
the  course  of  epidemics.  In  the  middle  ages,  sulphur  was  used  extensively  in  a  wide 
range  of  ailments.  Recently,  it  has  fallen  largely  into  disuse,  partly  because  virtues 
were  attributed  to  it,  which  it  did  not  possess,  partly  because  many  of  the  conditions 
in  which  it  was  formerly  used  may  be  treated  effectively  with  less  unpleasant  medica- 
ments. Xevertheless,  sulphur  deserves  more  attention  than  it  now  receives,  and 
should  not  be  lost  sight  of. 

Its  chief  contemporary  use  being  to  destroy  infective  organisms  upon  the  skin, 
it  is  taken  up  as  the  first  of  the  parasiticides;  but  as  a  drug  that  may  be  ot  sen'ice 
in  a  wide  range  of  applications,  when  the  more  popular  remedies  of  the  present  day 
have  failed,  a  comprehensive  account  of  its  actions  and  of  the  conditions  in  which 
it  is  likely  to  be  useful  will  have  more  than  antiquarian  interest. 

Chemistry. — Sulphur  (S.32.0T)  is  a  non-metallic  solid  element,  having  several 
allotropic  states  and  complex  chemical  relationships.     The  native  element  consists  of 
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elongated,  octahedral  crystals,  of  a  characteristic,  pale  and  rather  bright  yellow  color 
and,  when  pure,  having  but  faint  taste  or  odor/    In  mass  it  is  brittle. 

With  certain  exceptions,  crude  brimstone  and  other  commercial  forms  of  sulphur 
contain  various  impurities,  such  as  arsenic,  antimony,  copper,  lead,  and  compounds  of 
sulphur  that  more  or  less  unfit  them  for  medicinal  use.  The  native  sulphur  obtained 
within  recent  years  from  Louisiana  is  exceptionally  free  from  impurities,  representing 
99  to  99.6  percent,  of  pure  sulphur. 

Readily  volatilizing  under  heat,  sulphur  is  refined  by  vaporization  and  condensa- 
tion. When  the  vapor  is  conducted  into  a  receiving  chamber  kept  at  a  temperature 
of  120°  C.  (248°  F.),  it  becomes  liquid  and  can  be  run  into  molds — roll  sulphur.  In 
a  large  brick  chamber,  kept  cold,  the  sulphur  vapors  deposit  as  a  fine  (crystalline) 
powder — sublimed  sulphur  (flowers  of  sulphur).  During  this  operation,  a  small  part 
of  the  heated  sulphur  combines  with  atmospheric  oxygen  and  water  to  form  various 
compounds,  and  chiefly  sulphurous  acid  (HJSO3).  For  internal  administration,  these, 
as  well  as  traces  of  arsenic  and  other  volatile  impurities  must  be  got  rid  of.  This  is 
accomplished  by  maceration  with  ammonia  water,  followed  by  prolonged  washing  with 
water  and  final  drying.  In  this  manner  washed  sulphur  is  produced.  To  obtain  the 
drug  in  a  state  of  fine  subdivision,  for  pharmaceutic  manipulations  and  certain  thera- 
peutic applications,  as  well  as  to  purify  it  still  further,  the  washed  sulphur  is  boiled 
with  calcium  hydroxide  and  the  resulting  calcium  compounds  removed  with  hydro- 
chloric acid,  leaving  the  pure  precipitated  sulphur  as  "milk  of  sulphur"  (lac  sulphuris). 

In  contact  with  organic  matter,  living  or  dead,  sulphur  forms  hydrogen  sulphide 
(H^S).  Upon  mere  exposure  to  moist  air,  it  is  slowly  converted  into  sulphur  dioxide 
(SO3),  hyposulphurous  acid  (H^SOJ,  and  sulphurous  acid  (H^SOg)  ;  and  those  changes 
occur  rapidly,  under  the  influence  of  heat.  "When  decomposable  alkaline  compounds 
are  present, — as  is  commonly  the  case  in  the  animal  body, — alkali  sulphides  and 
sulphites  result.  To  the  production  of  some  or  all  of  these  compounds,  the  toxic  and 
therapeutic  properties  of  the  drug  are,  by  most  authors,  attributed. 

Many  interesting  questions  are  raised  by  the  peculiar  chemistry  of  this  element, 
by  its  necessity  to  life  as  a  component  of  certain  proteins,  and  especially  by  its  relation 
to  the  endocrine  system,  and  the  aberrant  sulphur  metabolism  exhibited  by  certain 
persons  with  deficient  autonomic  control.  What  bearing,  if  any,  these  facts  have 
upon  the  pharmacodynamic  powers  of  sulphur,  is  not  evident;  but  they  are  to  be  held 
in  mind  as  possible  future  sources  of  explanation  for  actions  and  uses  that  now  rest 
upon  an  empiric  basis  only. 

The  Pharmacopeias  recognize  three  forms  of  elemental  sulphur.  These  and  the 
various  preparations  into  which  they  enter,  together  with  colloidal  sulphur,  are  alone 
considered  here.  Hydrogen  sulphide  and  other  sulphides,  as  well  as  the  oxygen  com- 
pounds of  sulphur,  as  sulphur  dioxide  and  sodium  and  other  sulphites  and  hypo- 
sulphites (thiosulphates),  sulphurous  and  sulphuric  acids,  and  such  compounds  as 
ichthyol,   are  discussed  with  the  antiseptics. 

The  allyl  sulphur  compounds  (mustard,  thiosinamine,  allium)  find  place  with 
tissue  alterants;  asafetida  is  classed  with  carminatives.  Sodium  sulphate  and  mag- 
nesium svilphate  are  placed  with  the  cathartics  and  metallic  sulphates  with  the  other 
salts  of  the  respective  metals. 

Summary  of  Actions  and  Uses. — Sulphur  is  almost  completely  insoluble  in  water, 
or  in  the  body  juices.  Apart  from  the  mechanical  effects  of  an  inert  powder,  the  action 
of  the  pharmaceutic  forms  of  the  drug,  therefore,  are  those  of  hydrogen  sulphide  and 

■•  The  so-called  sulphurous  odor  of  certain  mineral  waters,  like  the  fetid  odor  of 
decomposing  organic  matter,  is  that  of  hydrogen  sulphide;  the  suffocating  "sulphurous" 
acridity  of  burning  matches  is  due  to  sulphur  dioxide. 
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other  sulphur  compounds,  formed  through  exposure  to  the  air  and  tissues.  The  medicinal 
and  toxic  reactions  following  the  use  of  preformed  sulphur  compounds,  however,  differ 
materially  from  those  set  up  by  the  same  compounds  as  they  are  gradually  formed, 
after  application  or  ingestion  of  elemental  sulphur.  Such  discrepancies  probably  depend 
upon  differences  in  quantities  and  concentration.  The  milder  action  of  the  compounds 
developed  on  the  druggist's  shelf,  or  upon  and  within  the  body  being  attributable  in 
part  to  their  slow  and  minimal  production,  in  part  to  mitigation  by  distribution  through 
a  relatively  large  mass  of  inert  matter. 

Hydrogen  sulphide,  the  alkali  sulphides  and  the  oxides  of  sulphur  are  protoplasm 
poisons,  and,  therefore,  irritant  to  tissues  and,  in  sufficient  quantity  and  concentration, 
destructive  to  higher,  as  well  as  to  lower,  forms  of  life.  Sulphur  is  thus,  by  virtue  of 
its  compounds,  parasiticide,  antiseptic,  and  cathartic,  and,  through  action  at  the  point 
of  excretion,  diaphoretic,  expectorant,  and  perhaps  diuretic. 

Materia  Medica. — Sulphur  Lotu.m  (U.S.  X.),  Washed  Sulphur.  Ahhr.,  Sulphur 
Lot. 

A  lino  yellow  powder  without  odor  or  taste;  solubilities  the  same  as  those  of 
sublimed  sulphur.    Assays  not  less  than  99.5  percent,  of  sulphur. 

Antagonists  mid  Incompatihles. — Sulphur  should  not  be  triturated  with  strong 
oxidizing  substances  as  chlorates  or  permanganates,  which  form  explosive  mixtures. 
When  mixed  with  hot  aqueous  solutions  of  potassium,  sodium,  barium,  or  calcium 
hydroxide  it  readily  dissolves,  forming  polysulphides  and  hyposulphites. 

Synergists. — Topically  the  parasiticides  are  synergistic;  internally  the  laxatives. 

Dose,  5  grains  to  IV2  drams  (0.3  to  6  Gm.)  ;  externally  in  ointments. 

Sulphur  Pr.ecipitatum  (U.S.  X.),  Precipitated  Sulphur.  Ahhr.,  Sulphur  Praec. 
Synonyms:  Lac  Sulphuris,  Milk  of  Sulphur. 

A  fine  amorphous  powder,  of  a  pale  yellow  color,  without  odor  or  taste;  its 
solubilities  are  the  same  as  those  of  sublimed  sulphur. 

Dose,  5  grains  to  IV2  drams  (0.3  to  6  Gm.). 

Sulphur  Sublimatum  (U.S.  X.),  Sublimed  Sulphur.  Ahhr.,  Sulphur  Sublim. 
Synonym:  Flowers  of  Sulphur. 

A  fine  yellow  powder,  having  a  faint  odor  and  taste.  Practically  insoluble  in 
water,  nearly  insoluble  in  alcohol.  One  gram  dissolves  slowly  and  visually  incom- 
pletely in  about  2  cc.  of  carbon  disulphide.  One  gram  is  soluble  in  100  cc.  of  olive 
oil.  By  combustion  in.  air  it  forms  SOj,  characterized  by  its  odor.  Assays  99.5  per- 
cent, of  sulphur. 

Dose,  5  grains  to  iVo  drams  (0.3  to  6  Gm.).    Also  used  externally. 

Colloidal  Sulphur  (unofficial).  Ahhr.,  Colloid.  Sulph.  Synonyms:  Sulfidal, 
Sulfaform. 

Is  obtained  by  precipitating  sulphur  from  a  sulphide  by  means  of  an  acid  in  the 
presence  of  albumin,  or  extemporaneously  by  dropping  a  saturated  solution  of  sodium 
hyposulphite  into  cold  sulphuric  acid. 

Dose,  1  to  2  grains  (0.06  to  0.12  Gm.),  three  times  a  day,  taken  in  the  middle  of 
the  meals;  it  may  also  be  given  hypodermically  or  intravenously;  externally,  in  2  to 
20  percent,  strength. 

UxGUEXTUM  Sulphuris  (U.S.  X.),  Sulphur  Ointment.     Ahhr.,  Ung.  Sulphur. 

Sublimed  sulphur,  15  Gm.;  yellow  wax,  17  Gm. ;  petrolatum,  68  Gm.  (U.S.); 
Sublimed  sulphur,  10  Gm. ;  benzoated  lard,  90  Gm.  (Br.). 

Dose,  for  local  application. 

UxGUEXTUM  Sulphuris  Alkalinum  (N.F.),  Alkaline  Sulphur  Ointment.  Ahhr., 
Ung.  Sulphur.  Alk. 

Sublimed  sulphur,  20  Gm. ;  potassium  carbonate,  10  Gm. ;  -water,  5  cc. ;  benzoinated 
lard,  05  Gm. 

Dose,  for  local  application. 
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TJnguentum  Sulphuris  Compositum  (N.r.),  Compound  Sulphur  Ointment.  Ahhr., 
Ung.  Sulphur.  Co.    Synonyms:  Wilkinson's  Ointment,  Hebra's  Itch  Ointment. 

Precipitated  calcium  carbonate,  10  Gm. ;  sublimed  sulphur,  15  Gm.;  oil  of  cade, 
15  Gm. ;  soft  soap,  30  Gm. ;  lard,  30  Gm. 

Dose,  for  external  application. 

Pasta  Betanaphtholis  (N.F.),  Betanaphthol  Paste.  Ahhr.,  Past.  Betanaphthol. 
Synonym:  Lassar's  ISJ'aphthol  Paste. 

Betanaphthol,  10  Gm. ;  precipitated  sulphur,  50  Gra. ;  petrolatum  and  soft  soap, 
of  each  20  Gm. 

Dose,  for  external  use, 

Petroxolinum  Sulphuratum  (N.F.),  Sulphurated  Petroxolin.  Ahhr.,  Petrox. 
Sulphur. 

Sublimed  sulphur,  3  Gm.;  linseed  oil,  37  Gm. ;  oleic  acid,  30  Gm. ;  liquid  petrola- 
tum q.s.  to  make  100  Gm. 

Dose,  for  external  use. 

Petroxolinum  Sulphuratum  Compositum  (X.P.),  Compound  Sulphurated  Pe- 
troxolin.  Ahhr.,  Petrox.  Sulphur.  Co. 

Sulphurated  petroxolin,  10  Gm. ;  oil  of  cade,  10  Gm. ;  thymol,  0.3  Gm. ;  eucalyptol, 
3  Gm. ;  oil  of  turpentine,  30  Gm. ;  liquid  petroxolin,  q.s.  to  make  100  Gm. 

Dose,  for  external  use  only. 

LoTio  Sulphurata  (unofficial).  Sulphurated  Lotion.  Ahhr.,  Lot.  Sulphur. 
Synonym:  Lotio  Alba,  White  Wash. 

Zinc  sulphate  and  sulphurated  potassa,  of  each  5  Gm.;  rose  water,  q.s.  to  make 
125  CO. 

Dose,  for  external  use. 

LoTio  Sulphurata  Composita  (unofficial).  Compound  Sulphurated  Lotion.  Ahhr., 
Lot.  Sulphur.  Co.     Synonym:  Lotio  Alba  Composita,  Compound  White  Wash. 

Precipitated  sulphur,  zinc  sulphate,  and  sulphurated  potassa,  of  each  5  Gm.;  rose 
water,  q.s.  to  make  125  cc. 

Dose,  for  external  use. 

LoTio  Sulphuris  (unofficial).  Sulphur  Lotion,  Ahhr.,  Lot.  Sulphur.  Synonym: 
Sulphur  Wash. 

Precipitated  sulphur,  6.8  Gm.;  glycerin,  3.1  cc. ;  alcohol,  12.5  cc. ;  rose  water,  40 
cc. ;  lime  water,  q.s.  to  make  100  cc. 

Dose,  for  external  use. 

CoxFECTio  Sulphuris  (Br.),  Confection  of  Sulphur.    Ahhr.,  Conf,  Sulphur. 

Precipitated  sulphur,  450  Gm.;  acid  potassium  tartrate  in  powder,  110  Gm. ; 
tragacanth  in  powder,  5  Gm. ;  syrup,  210  cc. ;  tincture  of  orange,  55  cc. ;  glycerin,  170  cc. 

Dose,  1  to  2  drams  (4  to  8  Gm.). 

Tabell^  Sulphuris  et  Potassii  Bitartratis  (N.F.),  Tablets  of  Sulphur  and  Potas- 
sium Bitartrate.  Ahhr.,  Tab,  Sulphur,  et  Pot.  Bitart.  Synonym:  Tablets  of  Sulphur 
and  Cream  of  Tartar, 

Each  tablet  contains  about  3  grains  (0,2  Gm,)  of  washed  sulphur  and  1  grain 
(0.065  Gm.)  of  potassium  bitartrate,  flavored  with  oil  of  orange. 

Dose,  5  to  10  tablets. 

Trochiscus  Sulphuris  (Br.),  Sulphur  Lozenge,    Ahhr.,  Troch.  Sulphur. 

Precipitated  sulphur,  150  Gm. ;  acid  potassium  tartrate,  30  Gm. ;  refined  sugar, 
275  Gm. ;  gum  acacia,  30  Gm. ;  tincture  of  orange,  30  cc. ;  mucilage  of  gum  acacia,  30 
cc.  To  make  500  lozenges.  Each  lozenge  contains  approximately  5  grains  (0.3  Gm.) 
of  precipitated  sulphur. 

Dose,  one  to  six  lozenges. 
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Trochisci  SuLPiniins  kt  Potassii  Hitautkatis  (unofficial).  Troches  of  Sulphur  and 
Potassium  Bitartrate.  Ahhr.,  Troch.  Sulphur,  et  Pot.  Bitart.  Synonym:  Troches  of 
Sulphur  and  Cream  of  Tartar. 

Washed  sulphur,  30  Gm. ;  potassium  bitartrate,  6  Gm. ;  tragacanth,  4  Gra. ;  sucrose, 
60  Gm. ;  oil  of  orange,  0.5  cc. ;  water,  ci.s.  to  make  100  troches,  each  containing  approx- 
imately 5  grains  (0.3  Gm.)  of  washed  sulphur  and  1  grain  (O.OG  Gm.)  of  potassium 
bitartrate. 

Dose,  1  to  2  troches. 

Antipathogenic  Action. — Through  its  tendency  to  give  rise  to  hydrogen  sulphide  and 
sulphur  dioxide,  and  the  power  of  these  compounds  to  disrupt  the  protein  molecule, 
sulphur  is  destructive  to  low  forms  of  life,  both  animal  and  vegetal.  It  may  thus  be 
employed  against  pediculi,  itch  mites  and  the  fungi  that  infest  the  skin,  as  well  as 
against  intestinal  worms,  and,  to  a  less  extent,  against  bacteria.  Obviously,  no  quanti- 
tative statement  of  its  effectiveness  can  be  made. 

Powdered  sulphur  has  been  said  to  kill  insects  by  mechanically  plugging  their 
respiratory  pores;   but  this  effect,  even  if  true,  is  of  relatively  little  consequence. 

In  the  anthelmintic  use  of  sulphur,  the  local  irritant  and  cathartic  influences  assist 
in  Its  action. 

Soluble  agents  which  yield  sulphur  readily,  e.g.,  colloidal  sulphur,  calcium  sulphide 
and  sodium  thiosulphate,  precipitate,  as  insoluble  sulphides,  the  soluble  compounds  of 
mercury,  arsenic,  bismuth  and  other  heavy  metals.  Hence  they  are  administered  by 
mouth  or  by  vein  as  antidotes  in  poisoning  by  these  substances,  sodium  thiosulphate 
being  also  used  to  wash  out  the  stomach. 

Pharmacodynamic  Action:  Absorption  and  Elimination. — When  lotions  and  ointments 
of  sulphur  are  applied,  even  to  an  unbroken  skin,  there  is  some  slight  formation  and 
absorption  of  sulphides,  from  2  to  10  percent,  of  the  sulphur  applied  being  converted, 
according  to  the  amount  and  character  of  the  secretions.  From  the  mucous  membrayics, 
the  absorption  is  somewhat  greater,  relatively  to  the  time  of  contact,  and  especially  if 
precipitated  sulphur  be  applied  in  powder.  From  xcounds  and  ulcerated  surfaces,  the 
absorption  of  sulphides,  and  perhaps  sulphites,  is  sometimes  quite  rapid. 

When  sulphur  is  ingested,  no  change  takes  place  in  the  stomach,  under  ordinary 
conditions;  but  soon  after  the  drug  enters  the  duodenum,  hydrogen  sulphide  begins  to 
form,  and  the  amount  is  increased  as  the  intestine  is  traversed.  This  change  occurs 
in  part  through  the  action  of  bacteria,  and  in  part  from  reaction  with  the  contents  and 
wall  of  the  gut. 

The  proportion  of  sulphur  thus  combined  varies  considerably,  according  to  the 
preparation,  the  quantity  taken,  and  the  condition  of  the  bowel.  In  medicinal  doses 
in  man  it  has  been  estimated  as  from  30  to  50  percent,  of  precipitated  sulphur,  and 
from  5  to  15  percent,  of  other  forms.  Of  this  probably  one-half  to  two-thirds  is  absorbed, 
the  remainder  passing  out  with  the  bulk  of  unchanged  sulphur  in  the  feces,  or  being 
expelled  as  gas. 

There  is  some  difference  of  opinion  concerning  the  formation  of  alkali  sulphides  In 
the  lower  'bowel,  and  their  absorption.  Carbonic  acid,  it  is  held,  is  commonly  present 
in  quantities  sufficient  to  prevent  this,  since  alkali  sulphides  are  known  to  be  un- 
stable salts,  yielding  their  bases  even  to  the  carbon  dioxide  of  the  air,  with  the  for- 
mation of  hydrogen  sulphide.  If,  however,  heavy  metals  are  present,  the  sulphur 
will  combine  with  them,  and  the  stools  are  usually  dark  from  tlie  presence  of  iron 
sulphide. 

In  the  blood  a  portion  of  the  hydrogen  sulphide  absorbed  is  combined  with  organic 
matter,  and  a  part  oxidized  to  sulphates,  but  the  greater  part  is  eliminated  unchanged 
through  the  lungs,  and  lesser  amounts  through  the  skin  and  all  the  mucous  surfaces. 
It  imparts  a  fetid  odor  to  the  breath  and  perspiration  and  causes  blackening  of  silver 
jewelry,  and  even  of  coins  carried  in  the  pocket.  When  the  drug  has  been  taken  for  a 
long  time,  the  sweat  may  leave  yellow  stains  on  the  clothing.  Hydrogen  sulphide  also 
appears  in  the  bile  and  in  the  secretions  of  the  lower  bowel,  as  well  as  in  the  tears 
and  in  the  saliva.  In  the  latter,  the  sulphocyanides  are  increased.  If  sulphur  be  given 
to  a  nursing  mother,  hydrogen  sulphide  will  be  excreted  in  the  milk  and  may  cause 
diarrhea  in  the  infant.     The  organic  sulphur  compounds  and  sulphites  are  eliminated 
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in  the  urine,  in  which  may  also  appear  small  quantities  of  sodium  sulphide,  the  latter 
occasionally  giving  rise  to  irritation  of  the  kidneys  and  of  the  bladder. 

Topical  Action. — As  stated,  pure  sulphur  is  inert;  but,  when  powder  or  ointment  is 
applied  to  the  skin  or  mucous  membranes,  the  alkaline  secretions  bring  about  the 
formation  of  a  variable,  but  usually  small,  amount  of  sodium  sulphide;  and  the  moisture 
may  gradually  lead  to  the  evolution  of  sulphur  dioxide.  Both  of  these  compounds  are 
irritating,  so  that  prolonged  contact  of  sulphur  even  with  the  unbroken  skin  may 
produce  congestion  and  possibly  inflammation. 

Upon  wounds  or  ulcerated  or  abraded  surfaces,  especially  when  the  drug  is  in  a 
state  of  very  fine  subdivision  (i.e.,  precipitated  sulphur),  the  conversion  into  sulphides, 
and  possibly  sulphites,  is  comparatively  rapid;  and  these  may  give  rise  to  marked 
topical  reaction,  or,  being  absorbed,  may  occasionally  induce  more  or  less  systemic 
disturbance. 

In  strong  solution,  alkali  sulphides  dissolve  keratin,  and  thus  remove  the  hair 
and  superficial  layers  of  the  epidermis,  but  as  gradually  formed  from  powdered  sulphur 
are  never  present  in  concentration  sufiicient  to  be  more  than  mildly  irritant,  and  thus 
to  stimulate   corrective  and   reparative   processes. 

When  sulphur  is  taken  internally,  a  small  amount  of  hydrogen  sulphide  is  excreted 
by  the  skin,  and  this,  being  converted  into  sodium  sulphide  by  the  sodium  bicarbonate 
of  the  sweat,  may  exert  topical  influence. 

Toxic  and  Systemic  Action:  The  most  pronounced  effects  commonly  seen  after  the 
ingestion  of  sulphur  in  medicinal  doses  are  those  referable  to  its  action  on  the  bowel, 
the  gradual  evolution  of  hydrogen  sulphide  resulting  in  a  mild,  rather  than  an  extreme, 
degree  of  irritation  to  the  mucosa.  Although  the  secretion  of  fluids  as  well  as  the 
peristaltic  activity,  is  increased,  the  stools  are  rarely  liquid,  but  become  soft  and  pulta- 
ceous.  They  may  be  increased  in  bulk,  or  there  may  be  several  small  movements,  accord- 
ing to  the  size  of  the  dose,  and  the  frequency  of  administration.  The  cathartic  action 
of  sulphur  is  attributable  to  the  mechanical  effect  of  the  unaltered  sulphur,  and  to 
stimulation  of  the  muscles  and  glands  of  the  bowel  by  hydrogen  sulphide  and  other 
sulphides  which  give  the  stools  a  characteristic  fetid  odor. 

Full  doses  (4  Gm.-60  gr.)  of  sulphur  are  likely  to  cause  more  or  less  griping;  and 
large  doses  (15  Gm.-y^  ounce)  to  provoke  diarrhea,  and  perhaps  nausea  and  vomiting. 
Excessive  quantities  will  produce,  in  addition,  thirst,  abdominal  cramps,  frequent,  loose, 
offensive  stools  and,  in  general,  the  symptoms  of  gastroenteritis  or  enterocolitis. 

Such  compounds  of  sulphur  as  are  absorbed  from  the  bowel  may  irritate  the  organs 
through  which  they  are  excreted,  not  infrequently  resulting  in  increased  functional 
activity.  Thus  elimination  of  hydrogen  sulphide  through  the  lungs  induces  an  increased 
flow  of  bronchial  mucus,  and  elimination  of  sulphide  by  the  skin  and  kidney  results 
often  in  diuresis  and  increase  of  sweat  secretion.  The  nervous  and  other  toxic  phe- 
nomena that  occasionally  follow  the  ingestion  of  large  amounts  of  sulphur  are  due  to 
the  formation  of  sulphides  and  are  discussed  with  them. 

Toxicity. — The  toxic  dose  of  sulphur  by  mouth  cannot  be  stated  definitely,  since 
poisoning  is  not  brought  about  by  the  drug  directly,  but  through  its  compounds.  In 
adults,  less  than  0.5  gram  (8  gr.)  rarely  gives  rise  to  sensible  phenomena,  and  2  grams 
(30  gr.)  is  not  more  than  a  full  laxative  dose  for  a  child  of  twelve  years.  A  man  who 
had  taken  in  one  day  two  doses  of  30  grams  (1  ounce)  each,  is  reported  to  have  suffered 
with  headache,  fever,  partial  loss  of  consciousness,  contraction  of  the  pupils,  cold,  clammy 
perspiration,  and  severe  abdominal  pains,  accompanied  by  vomiting,  bloody  diarrhea,  and 
hematuria.  Some  of  these  symptoms,  however,  may  have  been  due  to  impurities  in  the 
preparation.  Violent  gastroenteritis  and  death  followed  the  administration  of  1  pound 
of  brimstone  to  a  horse,  but  there  seems  to  be  no  record  of  death,  in  man,  from  taking 
the  pure  element  by  mouth. 

If,  however,  the  sulphur  be  so  finely  divided  as  to  form  a  colloidal  suspension,  its 
transformation  proceeds  very  rapidly,  and  poisoning  readily  occurs.  As  elimination  of 
the  hydrogen  sulphide  gas  is  also  rapid,  the  toxicity  of  colloidal  sulphur  varies  with  the 
rate  of  administration.  Thus  when  given  by  vein  to  rabbits,  the  animal  dies  after  10  to 
15  mgm.  per  kilo  injected  rapidly,  but  if  the  injection  lasts  twenty  minutes,  twice  this 
amount  is  required  to  kill.  In  the  rat,  6  mgm.  injected  rapidly  causes  death.  Rabbits 
die  within  a  few  hours  if  given  0.15  Gm.  per  kilo  by  stomach  tube;  dogs,  on  the  other 
hand,  vomit  any  dose  and  thus  escape  injury.  The  symptoms  are  those  of  hydrogen 
sulphide  poisoning,  death  resulting  from  paralysis  of  the  respiration.     The  finer  the 
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colloidal  suspension,  the  smaller  is  the  fatal  dose,  as  the  rate  of  conversion  is  in  direct 
proportion  to  the  fineness.  , 

Therapeutics:  Topical. — In  acute  infections  of  the  throat  (tonsillitis,  scarlatina), 
sublimed  sulithur  may  be  insufflated  through  the  nose  or  mouth,  and  it  is  of  real,  but 
not  very  high,  value  in  inhibiting  the  growth  of  microorganisms  and  preventing  the 
extension  of  the  morbid  process.  Children  will  sometimes  submit  to  powder  blowing, 
when  they  resist  gargling,  spraying,  and  swabbing.  Insufflation  of  sulphur  thus  had, 
at  one  time,  a  considerable  vogue  in  the  treatment  of  diphtheria,  but  has  been  rendered 
practically  obsolete  by  the  introduction  of  antitoxin  and  more  efficient  local  anti- 
septics. For  local  eifect,  in  infections  of  the  throat,  when  this  is  deemed  advisable, 
a  child  may  be  induced  to  swallow,  from  time  to  time,  a  teaspoonful  or  two  of  a  mix- 
ture of  sulphur  (1  part)  and  sulphurous  acid  (2  parts)  in  glycerin  and  syrup  of  orange 
peel  (each  8  parts). 

In  ulcerative  stomatitis,  especially  in  scrofulous  and  poorly  nourished  children, 
sublimed  sulphur,  diluted  with  starch  or  chalk,  or  associated  with  borax  or  boric  acid, 
and  applied  lightly  as  a  dusting  powder,  promotes  healing.  It  is  similarly  useful  in 
impetiginous  lesions  of  the  skin.  Applications  containing  sulphur  are  of  much  benefit 
in  the  treatment  of  hemorrhoids,  and  of  rectal  ulcers  and  fistulas.  Both  sublimed  and 
precipitated  sulphur  are  used  as  antiseptic  dusting  powders,  on  wounds  or  ulcers,  and 
even  upon  soft  and  hard  chancres,  etc.  Ointments  and  powders  of  sulphur  have  also 
been  applied  to  the  scrotum,  in  cases  of  orchitis  and  epididymitis,  regardless  of  causa- 
tion. Their  good  effect  is  attributed  to  a  resolvent  influence  upon  inflammatory  proc- 
esses in  general. 

Benefit  has  been  reported  in  tuberculosis  and  other  affections  of  bones  and  joints 
from  injection  of  sulphur  suspended  in  glycerin  into  the  sinus  or  joint  cavity.  The 
mixture  is  allowed  to  remain  in  the  cavity  for  twenty-four  hours,  and  is  then  washed 
out  with  hot  sterile  saline  solution.  Soft  sulphur  has  been  used  for  the  same  purpose, 
and  also  for  temporary  fillings  in  carious  tooth  cavities. 

Sulphur,  either  alone  or  in  association  with  beta-naphthol,  balsam  of  Peru,  and 
other  substances,  is  one  of  the  most  commonly  employed  remedies  for  scabies.  In 
infants  an  ointment  of  equal  parts  of  balsam  of  Peru,  or  of  vaseline,  and  sulphur 
ointment  may  be  rubbed  into  the  skin  after  a  warm  bath  in  the  morning  and  washed 
off  again  at  night.  A  very  useful  method  is,  after  an  initial  bath,  to  rub  sulphur 
ointment  over  the  entire  body  every  morning  for  three  days  in  succession,  at  the  end 
of  the  third  day  washing  it  off  in  a  warm  bath  with  tar  soap.  Another  effective  but 
somewhat  severe  treatment  is  to  paint  the  entire  body  for  two  days  in  succession  with 
Yleminckx'  solution  (lotio  calcii  sulphurati),  washing  at  the  end  of  the  second  day. 
When  it  is  not  possible  to  devote  two  or  three  days  to  the  treatment,  Oppenheim  uses 
an  ointment  of  flowers  of  sulphur,  20;  potassium  carbonate,  10;  in  lard,  120,  which  is 
applied  to  the  entire  body,  the  patient  then  being  clothed  in  thick  woollen  garments 
and  remaining  in  a  hot  room,  so  that  he  perspires  profusely.  At  the  end  of  two  hours 
he  takes  a  warm  bath  and  goes  to  his  work.  Whatever  the  mode  of  treatment  adopted, 
the  patient's  clothes,  both  inner  and  outer  garments,  as  well  as  hat  and  gloves,  must 
be  thoroughly  disinfected  by  heat  before  being  put  on  at  the  conclusion  of  the  treat- 
ment. Strong  sulphur  ointments  may  aggravate  the  dermatitis  remaining  after  the 
itch-mite  has  been  killed ;  hence  their  use  should  not  be  unduly  prolonged  and,  in  the 
case  of  children,  the  official  ointment,  if  used,  should  be  diluted  with  an  equal  quantity 
of  vaseline.  It  may  be  necessary  to  follow  the  treatment  with  an  application  of 
ammoniated  mercury  or  zinc  oxide  ointment,  but  ordinarily  it  suffices  to  give  the 
patient  a  starch-water  bath,  and  dust  the  skin  with  starch  and  talcum  powder.  When 
for  any  reason  ointments  are  deemed  inadvisable  and  Vleminckx's  solution  is  too 
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irritating,  the  body  may  be  rubbed  with  sublimed  sulphur  at  night  and  a  small 
quantity  of  the  same  sprinkled  between  the  sheets.  If  a  second  or  third  course  is 
necessary,  an  interval  of  two  or  three  days,  without  treatment,  should  separate  them. 

In  pediculosis  capitis,  sulphur  is  useful,  but  inferior  to  such  agents  as  kerosene, 
corrosive  sublimate,  mercurial  ointment,  and  delphinium.  It  may  be  applied  with 
great  advantage,  however,  in  those  cases  of  pediculosis  pubis  and  of  pediculosis 
corporis,  in  which  mercury  or  stavesacre  is  contraindicated.  It  is  a  common  and 
useful  ingredient  of  lotions  and  ointments  used  in  the  treatment  of  ring-worm  and 
other  forms  of  hyphomycetic  parasiticism  of  the^skin  and  hair,  including  even  favus. 
As  a  remedy  for  skin  affections,  in  general,  sulphur  is  said  to  have  "a  much  higher 
reputation  among  the  laity  than  among  the  profession."  Nevertheless,  it  is  sometimes 
useful  in  association  with  other  agents,  as  an  antiseptic,  resolvent,  and  stimulant 
application  in  chronic  suppurative,  congestive,  and  indurative  processes  affecting  tho 
skin,  such  as  acne,  furunculosis,  eczema,  and  psoriasis. 

According  to  Sabouraud  it  is  in  dermatoses  affecting  the  hair-follicles  or  localized 
around  the  follicles  that  the  use  of  sulphur  externally  is  especially  indicated. 

In  acne  a  sulphur  lotion  may  be  mopped  oi  painted  twice  daily  over  the  affected 
area  and  allowed  to  dry.  In  rosacea,  sulphur  may  be  applied  in  lotion  or  as  incor- 
porated in  Lassar's  paste  (pasta  beta-naphtholis,  N.F.). 

In  sehorrhea,  sulphur  is  very  useful,  applied  in  10  percent,  vaseline  ointment;  as 
a  lotion  (sulphur,  10;  alcohol,  30;  glycerin,  10;  rosewater  and  distilled  water,  of  each 
60),  or  as  a  dusting  powder  (zinc  oxide,  10;  sulphur  and  talcum,  of  each  16).  For 
alopecia,  Sabouraud  uses  a  lotion  of  washed  sulphur,  9;  sulphide  of  carbon,  150; 
tetrachloride  of  carbon,  75;  benzoin,  acetone,  or  xylol,  75.  In  the  case  of  eczema  of 
the  hairy  parts,  a  5  percent,  sulphur  ointment  is  preferable  to  pastes  or  powders. 

Applied  in  the  form  of  a  lotion  or  as  a  dusting  powder,  sulphur  is  often  useful 
in  the  treatment  of  hyperidrosis  or  hromidrosis. 

Pruritus  vulvce  when  caused  by  ringworm  may  be  promptly  relieved  by  a  few 
applications  of  sulphur  ointment. 

Sulphur  is  contraindicated  in  acute  inflammatory  conditions  of  the  skin,  and 
even  in  chronic  affections  it  should  not  be  applied  to  the  face  too  frequently,  or  in 
too  great  quantity.  This  caution  is  especially  needful  when  the  sebaceous  glands 
are  patulous,  as  these  may  become  filled  with  metallic  sulphide,  giving  rise  to  numer- 
ous disfiguring  black  points.  Many  physicians,  therefore,  discountenance  the  use  of 
sulphur  ointment  in  acne,  and  advocate,  instead,  the  use  of  lotions,  while  others 
believe  the  vapor  bath  to  be  the  most  efficacious  method  of  applying  the  drug,  in  any 
form  of  cutaneous  affection. 

The  local  irritating  action  of  sulphur  is  sometimes  utilized  to  obtain  a  counter- 
irritant  effect  without  injury  to  the  skin.  For  relief  of  sciatica,  the  thigh  may  be 
covered  with  a  powder  or  paste  of  precipitated  or  sublimed  sulphur,  and  enveloped  in 
gauze,  over  which  a  flannel  bandage  is  applied.  Profuse  local  sweating  results,  but 
the  dressing  need  not  be  removed  unless  symptoms  of  systemic  intoxication  develop. 
The  treatment  is  repeated,  if  necessary,  for  two  or  three  nights  in  succession.  Fric- 
tions with  sulphur  are  employed  in  chronic  rheumatism,  in  rheumatoid  arthritis,  and 
in  various  late  manifestations  of  syphilis;  but,  as  a  rule,  the  sulphides  and  sulphur 
waters  are  to  be  preferred  in  the  treatment  of  these  affections. 

Systemic. — By  the  mouth,  sulphur  is  more  effective  when  given  in  a  state  of 
minute  subdivision  (precipitated  sulphur),  which  favors  its  conversion  into  active 
compounds.  These  compounds,  although  formed  slowly,  are  rapidly  absorbed,  and  are 
likely  to  set  up  a  gastroenteric  irritation,  if  given  when  the  stomach  or  bowel  is  empty. 

In  medium  doses  of  15  grains  (1  Gm.)  three  times  a  day  after  meals,  sulphur  is 
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often  beneficial  in  fermentative  indigestion,  gastric  or  intestinal,  accompanied  with 
heartburn,  waterbrash,  colic,  or  borborygmi  and  flatulence,  more  particularly  in 
scrofulous  individuals,  whether  children  or  adults;  and  when  there  is  a  tendency  to 
mucous  or  hemorrhagic  diarrhea,  or  to  diarrhea  alternating  with  constipation.  In 
mucous  colitis,  small  doses,  10  grains  (0.6  Gm.)  may  be  alternated  with  larger 
cathartic  doses,  40  to  60  grains  (2.6  to  4  Gm.),  as  part  of  a  varied  course  of  treatment 
including  other  drugs  and  remedial  measures. 

Sublimed  sulphur  has  given  excellent  results  in  the  treatment  of  amebic  dysen- 
tery. It  should  be  administered  in  full  doses  of  V2  to  1  dram  (2  to  4  Gm.)  three 
times  a  day,  so  that  both  its  parasiticide  and  its  cathartic  actions  may  be  utilized. 

When  sulphur  is  used  as  a  cathartic,  or  anthelmintic,  relatively  large  doses  are 
needed,  15  to  60  grains  (1  to  4  Gm.).  The  sulphides  formed  are  thus  retained  mechan- 
ically by  the  mass  of  material,  and  act  upon  the  bowel  more  strongly.  The  cathartic 
action  of  sulphur,  however,  is  not  entirely  local,  but  is  owing,  in  part,  to  the  effect 
of  the  eliminated  sulphides  upon  the  liver  and  the  glands  of  the  lower  bowel.  The 
stools  are  soft  (pultaceous),  but  not  liquid.  Their  bulk  may  be  increased,  or  there 
may  be  several  small  movements,  according  to  the  size  and  frequency  of  the  doses. 
The  drug  is  thus  of  greatest  service  in  cases  of  habitual  constipation  with  deficient 
biliary  and  intestinal  secretion,  in  which  the  feces  are  hard  and  clay-colored,  or  there 
is  a  tendency  to  the  formation  of  scybala.  Engorgements  of  the  hemorrhoidal  vessels, 
or  actual  (and  often  bleeding)  hemorrhoids,  are  common  in  such  cases,  and  furnish 
an  additional  indication  for  the  drug.  Since,  however,  cases  may  prove  sufficiently 
obstinate  to  require  two  or  more  doses  of  sulphur  daily,  and  its  continuance  every 
day  or  on  alternate  days,  for  weeks  or  even  months,  some  caution  must  be  observed 
as  to  the  size  of  the  dose.  It  is  not  well,  in  such  cases,  to  exceed  15  grains  (1  Gm.)  as 
a  single  dose,  or  30  grains  (2  Gm.)  as  a  daily  dose,  whether  given  in  two  or  three 
portions;  and  so  little  as  5  grains,  rubbed  up  with  milk  sugar  or  starch,  may  suffice. 
When  taken  continuously  for  long  periods,  sulphur  sometimes  causes  more  or  less 
griping.    In  such  cases  its  administration  should  be  discontinued  for  a  week  or  two. 

When  sulphur  is  prescribed  for  the  aged,  and  for  gouty  and  rheumatic  persons, 
there  will  sometimes  be  observed  a  marked  alleviation  of  the  headache,  or  muscular, 
neuralgic,  and  arthritic  pains,  of  which  the  patients  may  have  been  complaining. 
Such  result  is,  doubtless,  owing  in  large  part  to  diminution  of  entero-intoxication; 
but  there  is  also  some  eliminative  and  alterative  action.  Should  this  be  the  immediate 
object  of  the  medication,  however,  small,  non-laxative  doses  are  to  be  preferred,  and 
sulphur  waters  are  even  better. 

Confection  of  sulphur  is  useful  in  constipation  and  flatulent  dyspepsia  of  scrof- 
ulous children;  doubly  so,  when  threadworms  or  seatworms  are  present.  In  associa- 
tion with  senna,  as  in  the  official  compound  licorice  powder,  sulphur  may  be  given, 
after  the  use  of  a  more  potent  anthelmintic,  in  cases  of  lumbricoids  and  tapeworms. 
Alone,  or  as  an  ingredient  of  compound  licorice  powder,  it  is  an  eligible  aperient  for 
pregnant  women,  or  after  abdominal,  and  especially  pelvic,  operations. 

Sulphur  is  given,  often  with  benefit,  both  in  small  doses,  3  to  8  grains  (0.2  to  0.5 
Gm.),  and  in  purgative  quantity,  40  grains  (2.6  Gm.)  or  more,  for  the  relief  of  lead 
colic,  and  has  also  been  found  of  apparent  benefit  in  cases  of  hepatic  colic,  especially 
in  gouty  subjects. 

In  scrofulous  or  gouty  subjects,  sulphur  is  of  service,  in  conjunction  with  a  suit- 
able hygienic  regime  and  appropriate  local  measures,  in  chronic  catarrhal  affections 
of  the  eyes,  the  nose,  and  throat;  as  also,  both  in  these  and  other  persons,  in  chronic 
bronchitis,  and,  at  times,  in  the  asthma  dependent  thereon.  In  the  latter  condition, 
however,  it  can  never  be  a  sole  dependence,  nor  should  it  commonly  be  a  first  resort. 
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In  alternation  with  iron  and  arsenic  it  may  aid  in  overcoming  the  chloro-anemia 
of  scrofula,  but  rather  as  a  corrective  of  intestinal  conditions  than  through  any  direct 
influence  upon  the  blood-making  organs.  It  is,  however,  open  to  the  objection  that  it 
may  precipitate  the  iron  from  the  food;  and  it  must  not  be  used  in  conjunction  with 
iron. 

Sulphur  sometimes  relieves  leucorrhea,  and  it  is  said  to  be  useful  in  various  condi- 
tions of  disturbed  menstruation.  In  small  doses,  it  is  useful,  also,  in  certain  cases  of 
irritability  of  the  bladder,  in  cystitis  of  gouty  origin,  and  in  painful  cystitis  with 
nrine  fermentation.  Its  diuretic,  as  well  as  its  cathartic  action  may  be  heightened  by 
association  with  potassium  bitartrate. 

In  old  long-standing  cases  of  threadworm^  infestation,  expulsion  of  the  worms 
and  permanent  relief  may  sometimes  be  obtained  by  the  administration  of  1  or  2 
camphor  lozenges  after  each  meal  in  conjunction  with  a  morning  dose  of  one  of  the 
sulphate  salts.  These  cases  are  obstinate,  however,  and  the  treatment  must  be  con- 
tinued patiently  for  a  long  period. 

Sulphur,  in  20  to  30  grain  (1.2  to  2  Gm.)  doses  twice  a  day  has  been  recommended 
in  typhoid  fever,  and  in  the  exanthemata,  particularly  variola;  and  inhalations  of 
sulphur  vapors,  as  well  as  the  internal  administration  of  the  drug,  are  said  to  be 
quite  useful  in  whooping  cough.  These  uses  we  are  unable  to  confirm  by  personal 
observation. 

Sulphur  has  been  recommended  as  an  indirect  preventive  of  malaria,  yellow  fever, 
trypanosomiasis  and  other  mosquito-borne  and  fly-borne  infections,  the  statement 
being  made  that  mosquitoes  and  biting  flies  will  not  sting  persons  who  are  taking 
small  doses  of  sulphur  regularly.  The  correctness  of  this  assertion  is,  however,  ques- 
tioned by  Castellani  and  Chalmers. 

The  sprinkling  of  sulphur  into  the  stockings  is  a  common  domestic  practice  for 
the  relief  of  stiff  and  painful  joints,  and  its  use  internally  may  be  tried  in  ucute  and 
chronic  polyarthritis,  in  arthritis  deformans  and  in  all  rheumatic  joint  affections  in 
which  salicylates  and  antisyphilitics  have  failed  to  give  relief.  Thirty  minims  (2  cc.) 
of  a  5  percent,  solution  of  washed  sulphur  in  olive  oil,  with  or  without  the  addition 
of  eucalyptol,  may  be  injected  intramuscularly  every  5  days.  A  rather  severe  reaction — 
increased  pain  in  the  diseased  joints,  headache,  fever — may  follow  each  injection. 
Treatment  must  be  persisted  in  for  several  months.  The  usual  physiotherapeutic 
measures,  such  as  massage,  passive  movements,  and  heat — especially  electric  diathermy 
— are  useful  adjuvants.  Monaghan  and  Garai  speak  very  highly  of  intravenous  injec- 
tion of  colloidal  sulphur  in  joint  affections  as  well  as  in  septicemia.  They  give  from 
0.0003  to  0.0005  Gm.  of  sulphur  element  for  each  pound  of  body  weight  in  adults,  or, 
for  a  man  of  average  weight,  from  2.5  to  4  cc.  of  a  solution  of  0.02  Gm.  sulphur  element 
to  the  cubic  centimeter. 

Sulphur  is  employed  internally  as  well  as  externally  in  the  treatment  of  various 
dermatoses.  In  carbuncle,  a  dose  of  5  to  10  grains  (0.3  to  0.6  Gm.)  of  flowers  of 
sulphur  four  times  a  day  is  a  useful  adjunct  to  the  surgical  treatment.  In  psoriasis 
much  benefit  may  be  derived  from  a  biweekly  intramuscular  injection  into  the 
buttock  of  15  to  30  minims  (1  to  2  cc.)  of  a  solution  of  washed  sulphur,  8;  eucalyptol, 
20;  in  cholesterinated  oil,  80,  combined  with  a  local  application  of  chrysarobin. 
Similar  injections  are  useful  also  in  some  forms  of  alopecia  and  occasionally  in  acne 
(Pautrier). 

Administration. — For  external  application,  precipitated  sulphur  is  to  be  employed 
when  greatest  activity  is  desired;  washed  sulphur,  when  the  object  is  a  mild,  prolonged 
action;  and  sublimed  sulphur,  when  it  is  believed  that  the  traces  of  sulphurous  acid 
and  arsenic  sulphide  frequently  present  in  this  form  of  the  drug  will  have  a  beneficial 
influence.    Sulphur  may  be  used  as  a  powder,  lotion,  or  ointment,  or  sometimes,  in 
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the  treatment  of  generalized  skin  affections,  by  vapor  or  immersion  baths.  Methyl 
salicylate  will  usually  mask  the  disagreeable  odor  (see  illustrative  formula).  Sulphur 
soaps  are  more  useful  than  most  medicated  soaps,  but  caunot  be  depended  upon  alone 
for  a  decided  effect.  Tar  soaps,  used  in  conjunction  with  applications  of  sulphur,  in- 
crease its  efficiency  in  cases  of  acne  and  other  obstinate  cutaneous  lesions. 

Colloidal  sulphur  is  credited  with  greater  parasiticide  action  than  the  ordinary, 
official  forms.  It  is  applied  for  the  cure  of  ringworm  and  favus  in  dispersions  of  2  to 
10  or  15  percent,  strength. 

In  the  treatment  of  affections  of  the  skin,  the  strength  of  the  application  should, 
in  general,  be  in  direct  ratio  to  their  chronicity.  Sulphur  is  usually  contraindicated 
in  acute  dermatitis,  and  when  parasitic  disease  is  accompanied  with  marked  inflam- 
matory reaction,  the  proportion  of  the  drug  in  the  ointment  is  to  be  reduced  accord- 
ingly. It  is  customary  to  associate  other  drugs  with  sulphur,  either  to  enhance  or  to 
mitigate  its  action;  thus  permitting  a  smaller  or  a  larger  quantity  to  be  used,  as 
circumstances  may  indicate.  Alkalis  and  vegetable  acids  or  their  acid  salts  increase 
the  activity  of  sulphur  and  its  compounds;  the  former  by  the  production  of  sulphides, 
the  latter  by  the  liberation  of  sulphurous  acid,  and  sometimes  nascent  sulphur,  an 
action  which  seems  to  be  highly  beneficial  in  the  treatment  of  favus,  tinea  tonsurans, 
and  other  forms  of  vegetal  parasitism.  Zinc  oxide,  starch,  talc,  bismuth,  and  the  bal- 
sams are  useful  to  prevent  or  reduce  local  irritation.  Tar  and  beta-naphthol  are  appro- 
priate synergists,  as  are  likewise  oil  of  cade,  menthol,  thymol,  and  phenol,  which  have 
the  additional  advantage  of  allaying  itching.  A  solution  of  potassium  nitrate  (30  gr. 
to  the  pint)  has  been  recommended  as  a  useful  cleansing  agent,  to  be  used  in  the 
morning,  when  preparations  of  sulphur  have  been  applied  at  night.  It  is  particularly 
useful  in  obstinate  cases  of  acne  in  which  it  is  said  to  aid  materially  in  the  cure  of 
the  affection. 

For  oral  administration,  the  most  acceptable  form  of  the  drug  is  probably  ^cashed 
sulphiw.  This  is  an  ingredient  (8  percent.)  of  the  official  compound  powder  of  licorice. 
It  may  be  washed  with  hot  water,  and  then  given  mixed  with  cold  water.  English 
physicians  prefer  precipitated  sulpJiur,  which,  mixed  with  milk  and  rubbed  until  smooth, 
is  taken  readily  by  children.  Sublimed  sulphur  is  more  likely  to  contain  traces  of 
arsenical  and  other  impurities  (sulphides,  sulphites,  sulphurous  acid),  the  action  of 
which  may  or  may  not  be  desired.  In  domestic  practice,  "treacle  and  brimstone,"  a 
mixfure  of  flowers  of  sulphur  with  molasses  in  approximately  equal  bulk,  was  at  one 
time  much  used.  A  teaspoonful  of  this  mixture,  when  occasionally  needed,  is  a  good 
single-dose  laxative  for  a  child  of  ten  or  twelve  years.  Honey  may  be  substituted  for 
the  molasses.  Unless  prompt  and  free  purgation  be  the  effect  desired,  the  drug  should  be 
employed  in  small  doses  (i/o  to  5  gr.— 0.03  to  0.3  Gm.)  three  or  four  times  daily;  when 
administered  in  this  way,  its  effects  are  largely  limited  to  the  points  of  excretion.  This 
method  is  especially  applicable  when  the  drug  is  to  be  continued  over  long  periods,  for 
the  relief  of  chronic  affections,  as  in  the  management  of  chronic  and  recurrent  affections 
of  the  skin,  such  as  recurrent  furunculosis,  the  sulphides,  especially  calcium  sulphide,  are 
however,  usually  preferred.  For  the  relief  of  habitual  constipation  associated  with  colonic 
stasis  and  deficient  secretion,  from  5  to  15  grains  (0.3  to  1  Gm.)  of  precipitated  or 
washed  sulphur  may  be  shaken  up  with  liquid  petrolatum  and  given  from  one  to  three 
lime  daily  over  long  periods  of  time.  The  mixture  may  be  flavored  with  menthol.  It  is  best 
given  at  bedtime  and  before  breakfast.  Sulphur  may  also  be  administered  with  acid 
potassium  tartrate  or  magnesium  oxide  in  milk,  or,  less  conveniently,  dry  in  capsules; 
the  dose  being  bulky  the  capsules  must  be  large  or  numerous.  Compressed  tablets  are 
not  to  be  recommended.  The  sulphur  lozenges  and  confection  of  sulphur  of  the  Br.  P. 
are  eligible  preparations;  one  or  two  lozenges,  or  5  to  10  grains  of  the  confection  taken 
at  bedtime  will  usually  produce  an  easy  stool  in  the  morning. 

For  systemic  influence,  especially  when  the  drug,  in  small  doses,  is  to  be  continued, 
washed  sulphur  or  precipitated  sulphur  should  be  well  rubbed  with  an  inert  diluent 
powder,  as  starch  or  milk  sugar  (1:10);  or  the  triturations  of  homeopathic  pharmacy 
may  be  prescribed.  From  1  to  10  grains  of  the  10  percent,  preparation  may  be  given 
in  powder,  or  enclosed  in  cachet  or  capsule.  When  expectorant  or  diaphoretic  action  is 
sought,  sulphurated  antimony  (Br.),  popularly  known  as  kermes  mineral,  is  sometimes 
prescribed.  This  preparation  is  no  longer  official  in  the  U.S.P.,  and,  as  it  is  somewhat 
dangerous,  should  be  used,  if  at  all,  with  great  caution,  and  only  when  nothing  else 
would  be  of  equal  service.    A  rapid  systemic  impression,  without  gastroenteric  irrita- 
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tion,  may  be  produced  by  the  application  of  finely  divided  sulphur  to  the  skin  of  the 
trunk,  or  of  an  extremity,  beneath  a  layer  of  flannel,  wool,  or  cotton.  This  method, 
which  is  carried  out  in  domestic  practice  by  sprinkling  washed  sulphur  in  the  stock- 
ings, influences  also  the  tissues  beneath  the  skin  at  the  site  of  application. 

Colloidal  Sulphur  is  used  chiefly  by  intravenous  or  subcutaneous  injection  in  chronic 
septic  infection,  especially  when  this  is  associated  with  inflammatory  lesions  in  the  joints. 

Petroleum 

Crude  petroleum,  so-called  mineral  oil,'  has  long  been  used,  especially  in  primitive 
and  popular  medicine,  and  has  been  lauded  almost  as  a  panacea.  In  this  country  it 
has  been  widely  sold  under  the  name  of  "Rock  oil,"  "Seneca  oil,"  and  "Barbados  tar." 
Both  its  internal  and  external  use  have  been  advocated  for  the  relief  of  all  sorts  of 
parasitic  and  chronic  affections,  and,  particularly,  of  what  is  called  "chronic  rheuma- 
tism." In  recent  years  the  crude  oil  has  been  largely  replaced  by  certain  products, 
separated  by  fractional  distillation  and  other  measures.  The  commercial  aspect  of 
petroleum  products  has  been  revolutionized  by  the  widespread  use  of  explosion  engines, 
the  fraction  known  as  gasoline  being  employed  in  enormous  amounts.  Numerous 
cases  of  poisoning,  many  of  them  fatal,  have  resulted  from  the  inhalation  of  the 
mixed  fumes  of  gasoline  and  carbon  monoxide  which  arise  when  such  engines  run. 
in  an  enclosed  place. 

Chemistry. — Chemically,  petroleum  consists  chiefly  of  hydrocarbons  of  the  paraffin, 
naphthene  or  olefin  series,  the  exact  composition  depending  upon  its  source.'  It  is 
split  up  by  fractional  distillation,  the  portions  which  distill  between  certain  tempera- 
tures being  given  distinctive  names,  such  as  rhigolene,  gasoline  (boils  between  42°  and 
60°  C.  and  consists  chiefly  of  butane  and  pentane),  henzin  (boils  between  70°  to  90°  C. 
and  consists  chiefly  of  hexane  and  heptane),  Jcerosene  (boils  between  65°  and  80°  C. 
and  consists  chiefly  of  heptane  and  octane),  liquid  petrolatum,  petrolatum,  and  paraffin. 
All  of  these  fractions  are  not  present  in  all  oils,  and  the  proportions  dii?er  widely. 
The  portion  which  exhibits  best  the  parasiticidal  virtues  of  the  petroleum  distills 
between  45°  and  60°  C,  and  consists  chiefly  of  hexane  (C,HjJ,  although  varying 
amounts  of  pentane  and  heptane  are  also  present. 

Summary  of  Actions  and  Uses. — Crude  petroleum  is  variable  in  composition,  and,  on 
this  account,  no  exact  study  of  its  pharmacodynamic  action  can  be  made.  Its  toxic 
action  is  dominated  by  its  more  volatile  constituents,  which  are  protoplasm  poisons,  and, 
in«higher  animals,  act  chiefly  on  the  central  nerve  system.  They  are  at  the  same  time 
narcotic  and  irritant,  causing  headache  and  muscular  tremors,  with  loss  of  conscious- 
ness, and  even  fatal  coma.  Of  the  volatile  products,  benzin  is  the  only  one  whose 
physiologic  action  has  been  carefully  studied.  The  effects  of  kerosene  are  somewhat 
like  those  of  benzin,  but  the  drug  is  less  active,  because  less  well  absorbed.  Topically, 
the  more  volatile  substances  are  mildly  Irritant,  the  less  volatile  (which  are  not  dis- 
cussed here)   being  protective  and  emollient. 

The  effects  of  petroleum  as  an  external  application  depend  on  the  antiseptic  and 
Irritating  action  of  the  more  volatile  constituents,  and  of  certain  Impurities.  These 
components  are  all  toxic  to  insects,  and  it  is  as  Insecticides  and  parasiticides  that  they 
find  their  chief  use  in  medicine.  Its  virtue  as  an  internal  medicament  resides  chiefly 
in  its  laxative  action  which  is  best  obtained  from  that  fraction  which  Is  not  volatile  at 
body  temperature,  and  which  is  not  absorbed. 

Only  those  bodies  which  are  used  chiefly  as  parasiticides,  namely  crude  petroleum, 
benzin  and  kerosene,  are  discussed  here.  Liquid  petrolatum,  petrolatum  and  paraflln 
are  included  with  protectives;   naphthalin  is  included  with  antiseptics. 

"According  to  John  M.  MacFarlane,  of  the  University  of  Pennsylvania,  petroleum  is 
an  animal  product,  being  derived  from  the  bodies  of  fishes  killed  by  earthquakes  and 
other  geologic  disturbances. 

"The  Pennsylvania  oils  are  all  of  paraffin  base;  the  California  and  Russia  oils,  of 
olefin  base. 
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Materia  Medica. — Petroleum  (unofficial).    Synonyms :  Rock  Oil,  Mineral  Oil. 

A  substance  of  oily  consistence,  composed  of  a  mixture  of  hydrocarbons,  obtained 
by  boring  into  certain  rock  and  sand  strata  beneath  the  earth's  surface. 

Dose,  30  to  60  minims  (2  to  4  cc). 

Kerosene   (unofficial).     Synonyms :  Coal-oil,  Deodorized  Kerosene. 

An  oily  mixture  of  hydrocarbons  distilled  from  petroleum.  It  is  a  clear,  fluores- 
cent, volatile  and  inflammable  fluid,  having  a  characteristic  odor  and  disagreeable, 
nauseous  taste. 

Dose,  for  external  use  only. 

Bexzixum  Purificatum  (U.S.X.),  Purified  Petroleum  Bcnzin.  Ahhr.,  Benzin 
Purif.    ^^/?  on  ?/m;.  Petroleum  Ether. 

Purified  petroleum  benzin  is  a  purified  distillate  from  American  petroleum  con- 
sisting of  hj'drocarbons,  chiefly  of  the  methane  series.  It  is  a  clear,  colorless,  non- 
fluorescent,  volatile  liquid,  having  an  ethereal  or  faint  petroleum-like  odor  and  a 
neutral  reaction ;  insoluble  in  watei',  freely  soluble  in  alcohol  and  miscible  with  ether, 
chloroform,  benzene  and  fixed  and  volatile  oils  (castor  oil  excepted). 

Caution:  It  is  highly  inflammable  and  its  vapor,  mixed  with  air,  explodes  vio- 
lently when  brought  in  contact  with  fire. 

Dose,  mainly  used  as  a  solvent. 

Antipathogenic  Action. — Petroleum  benzin  has  but  little  injurious  effect  on  bacteria, 
which  may  be  exposed  to  the  pure  substance  for  hours  without  being  destroyed.  It  is, 
however,  a  powerful  and  valuable  insecticide,  useful  for  the  destruction  of  cutaneous 
animal  parasites  and  of  insects  outside  the  body. 

Crude  petroleum  is  extensively  used  to  cover  the  surface  of  ponds  and  marshes  to 
destroy  mosquitoes  and  similar  insects  with  aquatic  larvae.  The  crude  substance,  kero- 
sene or  benzin,  either  full  strength  or  as  emulsions,  are  used  as  washes  and  dips  to 
destroy  lice,  fleas,  and  mites  on  the  skin  or  on  clothing,  etc.  If  infested  material  is 
exposed  to  the  vapor  of  benzin  in  an  enclosed  space,  the  insects  and  other  vermin, 
and  even  their  eggs,  will  be  killed  in  a  few  hours.  The  exact  amount  of  benzin  vapor 
required  for  a  given  space  is  not  readily  estimated  and  an  excess  should  be  provided. 

Pharmacodynamic  Action:  Ahsorption  and  Elimination. — Benzin  is  not  absorbed 
from  the  unbroken  skin,  and  slightly,  if  at  all,  from  wounds.  The  reported  cases  of 
poisoning  by  external  application  are  probably  attributable  to  inhalation.  Taken  by 
mouth  in  large  quantity,  benzin  is  vomited;  in  small  amounts,  it  is  slowly  absorbed, 
being  still  found  in  the  stomach  hours  after  ingestion.  Inhaled,  it  is  rapidly  taken  up 
from  the  lungs  and  carried  to  the  nerve  centers.  Almost  all  fatal  cases  of  poisoning 
in  adults  have  occurred  in  this  way.  Benzin  is  not  destroyed  in  the  body,  but  is 
excreted  unchanged,  almost  wholly  by  the  lungs.  None  can  be  found  in  either  the  urine 
or  stools,  except  when  large  doses  induce  diarrhea,  in  which  case  small  amounts  pass 
out  unabsorbed. 

Topical  Action.— Pure  benzin  is  very  slightly,  if  at  all,  irritating  to  the  skin  or  to 
the  mucosa  of  the  stomach  and  bowel.  The  vomiting  which  follows  ingestion  of  large 
doses  is  probably  dependent  on  central  or  reflex  action  rather  than  local  irritation  of 
the  stomach.  Benzin  fumes  are,  however,  quite  irritating  to  the  lungs,  and  even 
their  elimination  by  the  respiratory  passages  leads  to  congestion  and  increased  secre- 
tion and,  in  cases  of  rapid  excretion  of  large  amounts,  to  multiple  hemorrhages.  Edema 
of  the  lungs  is  one  of  the  most  characteristic  findings,  in  fatal  cases  of  poisoning,  and 
may  be   accompanied   by  exudation   into   the   pleural   cavities. 

Toxic  and  Systemic  Action.— Benzin,  inhaled,  is  highly  toxic,  many  fatal  cases  of 
accidental  poisoning  having  been  reported.  In  dogs,  250  parts  of  gasoline  vapor  In 
10,000  of  air  cause  death  in  half  an  hour,  while  100  parts  cause  severe  illness  with 
convulsions    (Haggard). 

When  taken  by  mouth,  the  drug  is  not  very  poisonous  to  adults,  mainly  because 
absorption  is  rather  slow,  and  the  fumes  nauseating;  prompt  vomiting,  therefore, 
removes  most  of  the  substance  before  it  can  be  taken  up.  From  50  to  500  cubic  centi- 
meters (2  fluidounces  to  over  one-half  pint)  of  benzin  have  been  swallowed,  without 
dangerous  result.     Children,  however,  are  disproportionately  susceptible,  and  the  drink- 
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ing  of  small  amounts  has  caused  death  in  children  less  than  three  years  old.  In  cats 
and  rabbits,  the  fatal  dose  by  mouth  is  about  7.5  cubic  centimeters  per  kilo.  In  guinea- 
pigs,  3  cubic  centimeters  by  stomach  tube,  or  1  cubic  centimeter  into  a  vein,  kills  quickly. 

Acute  Intoxication. — Apart  from  nausea,  which  is  reflex  and  provoked  by  the  odor, 
the  effects  of  benzin  are  limited  almost  entirely  to  the  nerve  tissues,  the  most  constant 
symptom  being  frontal  headache,  or  the  sensation  of  a  tight  bandage  around  the  head; 
mental  confusion  is  frequent.  Extreme  weakness  of  all  voluntary  muscles  is  associated 
with  tremor,  which  may  be  severe,  but  is  never  convulsive.  The  temperature  falls 
rapidly,  and  may  go  below  96°  F.  The  skin  is  cold,  and  rigors  may  be  severe  enough 
to  prevent  speech.  After  the  inhalation  of  concentrated  fumes,  there  may  be  com- 
plete narcosis,  or  deep  coma,  with  labored  respiration.  The  breathing  becomes  slower 
and  slower,  until  asphyxia  occurs,  with  cyanosis,  dilatation  of  the  pupil,  and  even  death 
from  respiratory  failure.  There  is  also  congestion,  and,  sometimes,  inflammation  of  the 
lungs  from  irritation  by  the  fumes,  during  elimination.  An  infant  (aged  two  years), 
after  swallowing  an  unestimated  amount  of  petroleum,  exhibited  general  pallor,  with 
cyanosis  of  the  lips,  dyspnea,  delirium  cordis  and  vomiting  of  a  sanguinolent  fluid,  which, 
like  the  stools,  had  a  strong  odor  of  petroleum.  Death  occurred  in  coma.  The  symp- 
toms in  animal  experiments  are  similar. 

Recovery  is  usually  prompt,  even  in  severe  cases.  It  may  be  complete  in  a  day. 
In  fatal  cases,  the  lesions  found  are  congestion,  inflammation,  or  even  acute  edema  of 
the  lungs,  and  congestion  of  the  brain  and  cord.  The  stomach  and  the  bowels  may 
show  nothing;    at   least,   there   is   no   constant  change. 

The  treatment  of  acute  benzin  poisoning  consists  in  stimulation  of  the  heart,  applica- 
tion of  external  heat,  and,  if  the  drug  has  been  swallowed,  lavage  of  the  stomach. 
Artificial  respiration  should  be  practiced  if  there  is  a  tendency  to  cyanosis. 

Chronic  Intoxication. — There  is  a  form  of  chronic  poisoning  presented  by  persons 
working  in  petroleum  fumes,  the  symptoms  of  which  are  not  always  recognized.  Head- 
ache is  followed  by  loss  of  appetite,  diarrhea  alternating  with  constipation,  dizziness 
and  hebetude.  Extreme  weakness  of  the  arms  develops,  with  severe  pain  in  those 
muscles  most  used.  Chills  and  creepy  feelings  are  common,  and  the  skin  is  actually 
cold.  There  may  also  be  catarrh  of  the  nose  and  throat,  or  chronic  bronchitis.  After 
working  in  the  fumes  a  long  time,  habituation  occurs,  and  these  phenomena  pass  off. 
The  muscular  weakness  may  be  more  persistent  than  the  other  symptoms. 

Certain  persons  smell  benzin,  in  order  to  obtain  the  narcotic  effect,  which  is  found 
agreeably  like  that  of  alcohol. 

Therapeutics. — A  wide  and  useful  purpose  is  served  by  crude  petroleum,  in  exter- 
minating  insects,  especially  mosquitoes  and  their  larvae,  in  the  prophylaxis  of  malaria, 
yellow  fever  and  dengue.  The  oil  is  poured  on  the  surface  of  stagnant  waters,  where 
it  forms  a  protective  film,  destroying  the  "wrigglers."  The  unrefined  oil  is  also  useful 
as  an  enema  in  impaction  of  feces,  and  is  much  in  favor  in  the  oil  regions  of  Penn- 
sylvania, for  this  purpose. 

Kerosene  is  among  the  safest  and  most  efficacious  remedies  for  pediculosis  capitis. 
The  hair  and  scalp  are  washed  at  night  with  pure  oil,  and  the  hair  wrapped  in  cloths 
wet  "with  the  same  liquid,  these  being  covered  with  oiled  muslin  or  otherwise,  to 
prevent  evaporation  with  inhalation  of  the  fumes.  The  patient  sleeps  thus,  no  irrita- 
tion being  experienced.  In  the  morning  the  hair  is  washed  thoroughly  with  soft  soap 
to  remove  the  oil  and  parasites.  One  application  is  generally  sufficient  to  destroy  all 
insects  and  nits.    A  necessary  precaution  is  to  avoid  the  proximity  of  fire. 

A  mixture  of  kerosene,  110  parts,  soft  soap,  50,  and  about  10  of  water,  forming  a 
jelly,  is  used  as  an  insecticide  and  preventive  against  the  bites  of  flies,  mosquitoes,  fleas, 
lice,  and  other  insects.  It  is  applied  by  rubbing  a  little  on  the  skin  or  by  letting  it  dry 
in  the  clothes  (Maxwell-Lefroy).  It  is  destructive  to  pediculi  pubis  and  is  equally  effica- 
cious in  other  forms  of  phthiriasis.  Kerosene  has  also  been  employed  as  an  embroca- 
tion in  domestic  practice  to  relieve  rheumatic  and  gouty  pains  in  the  muscles  and 
joints,  and  as  an  application  to  chilblains. 

Though  said  to  fail  in  the  majority  of  cases,  kerosene  is  occasionally  efficacious 
in  the  treatment  of  scabies.     The  oil  is  to  be  rubbed  upon  the  skin  at  bedtime  and 
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allowed  to  remain  overnight.  This  may  be  repeated  for  two  or  three  nights  in  suc- 
cession. 

Kerosene  has  been  used,  much  as  is  oil  of  turpentine,  in  dressing  recent  incised 
wounds.  Some  care  should  be  exercised  in  applying  it  to  the  skin  of  infants,  for  it 
may  excite  severe  inflammation,  and  intoxication  may  result  from  inhalation  of  the 
fumes. 

The  drug  has  occasionally  been  used  as  a  teniafuge  in  doses  of  30  minims  (2  cc), 
given  in  emulsion  of  asafetida.  There  are  less  unpalatable  and  more  efficacious  rem- 
edies for  tapeworm. 

Bcnzin  and  Gasoline,  although  more  rapidly  fatal  to  insects  are  more  frequently 
employed  to  destroy  these  outside  the  body,  as  in  fumigation,  than  as  remedies  for  skin 
infections. 

Chrysarobin 

Chrysarobin  is  a  mixture  of  neutral  principles  obtained  from  Araroha  or  Ooa 
Powder.  It  has  long  been  used  as  a  remedy  for  skin  diseases  in  Brazil,  and  found 
its  way  through  Portuguese  traders  into  India,  where  it  has  also  been  extensively 
employed.  It  was  first  introduced  into  European  medicine  by  Sir  Joseph  Fayrer,  in 
1874,  as  a  remedy  in  chronic  eczema  and  psoriasis. 

Chemistry:  Chrysarobin  consists  chiefly  of  chrysoplianol-anthrn.no],  Cj.HijO^.  It 
viclds  by  oxidation,  in  the  presence  of  free  alkali,  chrysophanic  ucid  or  dioxy-methyl 
anthraquinone  C„H,^0„,  a  substance  which  is  present  in  small  amount  as  a  cathartic 
principle  in  rhubarb  and  senna. 

CH3    0         OH  .  CH,    OH     OH 

C         C         C  C         C         C 

//\/\/\  //\/\/\ 

HC       C        C       CH  HC       C        C       CH 

I        II  II         I  I        II  II         I 

HC       C         C       CH  HC       C         C       CH 

\/\/\//  \/\/\// 

C         C         C  C         C         C 

H         O        OH  H         O        OH 

Chrysophanic   Acid  Chrysophanol-anthranol 

The  powder  commonly  dispensed  as  chrysarobin  contains  more  or  less  chrysophanic 
acid,  and  possibly  a  number  of  other  decomposition  products.  The  Pharmacopeia  aims 
to  prevent  decomposition,  by  directing  the  exclusion  of  light  and  air,  and  lays  down 
certain  color  tests,  to  bar  the  use  of  altered  material.  Some  dermatologists,  however, 
prefer  the  partly  oxidized  chrysarobin,  and  it  is  at  least  open  to  question  whether  it 
is  not  therapeutically  superior  to  the  original  substance.  Unna  insists  that  the  kerato- 
plastic  action  of  chrysarobin  is  not  shared  by  chrysophanic  acid,  and  ascribes  the 
action  of  the  former  to  another  oxidation  product,  which  is  produced  by  the  action  of 
the  oleic  acid  normally  present  in  sweat.  He  calls  this  substance  "oxychrysarobin," 
and  suggests  that  the  drug  be  prescribed  with  lead  oleate  ointment,  to  aid  in  its 
formation.  In  recent  years  several  new  compounds  have  been  introduced  as  suc- 
cedanea  for  chrysarobin,  with  the  idea  of  avoiding  the  disagreeable  staining  of  the 
skin  by  the  natural  drug,  or  of  exhibiting  greater  reducing  power.  The  most  important 
of  these  are:  Neorobin,  a  reduced  chrysarobin  of  uncertain  composition;  eurobin 
(chrysarobin  triacetate);  lenirobin  (chrysarobin  tetracetate)  ;  anthrarobin  (C^H^^Oj), 
which  is  made  from  alizarin  by  reduction  and  is  contained  in  small  amount  in  madder, 
a  dyestuff,  and  differs  from  chrysophanol  only  in  the  replacement  of  the  methyl  group 
by  hydrogen. 
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Summary  of  Actions  and  Uses. — Chrysarobin  and  chrysophanic  acid  are  powerful 
reducing  agents,  and  their  antiseptic  and  antiparasitic  powers,  as  well  as  their  favorable 
influence  upon  repair  of  the  corneal  layer  of  the  skin,  have  been  attributed  to  their 
avidity  for  oxygen.  The  theory  cannot  be  sustained,  at  least  as  an  exclusive  explanation, 
since  other  reducing  agents  do  not  have  this  action.  Neither  chrysarobin  nor  chrys- 
ophanic acid  has  any  bactericidal  action  on  the  staphylococcus,  in  vitro  or  in  vivo.  Top- 
ically, chrysarobin  is  extremely  irritant,  and  chrysophanic  acid  somewhat  less  so.  Both 
are  dyes  of  considerable  penetrating  power  and  persistence,  giving  rise  to  yellow  stains 
which  become  violet  or  purple  in  the  presence  of  alkalis. 

Their  medicinal  uses  are  entirely  topical,  as  parasiticides  in  hyphomycetic  infesta- 
tion of  the  skin,  and  as  alterants,  discutients,  and  superficial  escharotics,  in  chronic 
affections  of  the  skin,  especially  psoriasis. 

Materia  Medica. — Araroba  (Br.),  Araroba.  Alhr.,  Ararob.  Synonyms :  Goa  Pow- 
der, Crude  Chrysarobin. 

A  substance  found  in  natural  cavities  in  the  trunk  of  a  tree  of  Brazil,  Andiru 
araroba  Aguiar,  freed  as  much  as  possible  from  fragments  of  wood,  dried  and  pow- 
dered.    The  powder  varies  in  color  from  brownish-yellow  to  dark  brown. 

Dose,  see  Chrysarobinum. 

Chrysarobinum  (U.S.  X.),  Chrysarobin.  Ahhr.j  Chrysarob.  Synonym  (erroneous)  : 
Chrysophanic  Acid. 

A  mixture  of  neutral  principles  obtained  from  Goa  powder.  It  is  a  brownish 
to  orange-yellow,  microcrystalline  powder.  It  is  tasteless,  odorless,  and  irritating  to 
the  mucous  membrane.  It  is  very  slightly  soluble  in  water.  One  gram  dissolves  in 
385  CO,  of  alcohol,  30  cc.  of  benzin,  180  cc.  of  carbon  disulphide,  13  cc.  of  chloroform, 
and  in  160  cc.  of  ether,  at  25°  C. 

Dose,  1/4  to  1/2  grain  (0.015  to  0.03  Gm.). 

Unguentum  Chrysarobini  (U.S.  X.),  Chrysarobin  Ointment.  Ahhr.,  Ung. 
Chrysarob. 

Chrysarobin,  6  grams;  hydrous  wool  fat,  94  grams  (U.S.).  Chrysarobin,  4  grams; 
soft  paraffin,  96  grams  (Br.). 

Dose,  for  external  application. 

Unguentum  Chrysarobini  Compositum  (unofficial),  Compound  Chrysarobin  Oint- 
ment.   Ahhr.,  Ung.  Chrysarob.  Co.     Synonym:  Unna  Ointment. 

Chrysarobin,  5  grams;  salicylic  acid,  2  grams;  ichthyol,  5  grams;  vaseline,  88 
grams  (Unna). 

Dose,  for  external  application. 

Chrysarobini  Oxidatum  (unofficial).  Oxidized  Chrysarobin.  Ahhr.,  Chrysarob. 
Oxid.    Synonym:  Unna  Powder. 

A  brownish-black  powder  obtained  by  boiling  chrysarobin  with  sodium  peroxide. 
Used  in  eczema  where  chrysarobin  is  too  irritating. 

Dose,  as  ointment  in  5  to  10  percent,  strength. 

Neorobin  (N.IST.E.) 

A  product  obtained  by  the  reduction  of  chrysarobin.  It  is  a  yellow  or  yellowish- 
gray  powder;  slightly  soluble  in  ether  and  methyl  alcohol;  more  soluble  in  glacial 
acetic  acid,  chloroform:,  benzene,  and  ethyl  alcohol;  readily  soluble  in  acetone. 
Neorobin  readily  oxidizes  when  exposed  to  the  air;  also  when  in  contact  with 
fats. 

Dose,  applied  in  form  of  an  ointment  made  with  petrolatum,  strength  1  to  5  grains 
to  the  ounce. 

Anthrarobin  (unofficial).    Synonym:  Leucoalizarin. 

A  reduction  agent  obtained  from  alizarin,  used  as  a  substitute  for  chrysarobin, 
than  which  it  is  less  irritating.  A  light  yellowish,  granular  powder,  growing  darker 
with  age;  soluble  in  alcohol,  sparingly  soluble  in  chloroform  and  ether,  but  almost 
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insoluble  in  water.  It  is  incompatible  with  oxidizing  agents  which  change  it  back  to 
alizarin. 

Dose,  employed  in  5  to  10  percent,  ointment  or  alcoholic  solution. 

AciDUM  Chrysophanicum  (unofficial),  Chrysophanic  Acid.  Ahhr.,  Acid. 
Chiysophan. 

This  term  is  sometimes  erroneously  used  as  a  synonym  of  chrysarobin.  Dioxy- 
methylanthraquinone  (Cj^Hj^OJ,  a  substance  obtained  from  araroba  and  contained 
also  in  rhubarb  and  senna,  and  by  oxidation  of  chrysarobin  in  alkaline  solutions, 
occurs  as  golden  yellow  acicular  or  prismatic  crystals. 

Dose,  for  external  use. 

Pharmacod3mamic  Action:  Alisorption  and  Elimination. — Chrysarobin  is  taken  up 
as  such  from  both  the  digestive  tract  and  the  skin,  and  enough  may  be  absorbed  from 
the  latter  to  give  rise  to  poisoning.  In  the  body,  it  is  oxidized  in  large  part  to  chrys- 
ophanic acid,  which  is  eliminated  in  the  bile,  the  perspiration  and  the  secretions,  of  the 
lower  bowel,  but  chiefly  in  the  urine,  which  is  stained  deep  yellow,  and  becomes  red  on 
addition  of  alkalis.  When  large  quantities  of  the  drug  are  administered  internally,  its 
elimination  may  lead  to  albuminuria,  or  even  severe  nephritis.  Following  therapeutic 
applications  to  the  skin,  excretion  in  appreciable  quantities  is  extremely  rare. 

Topical  Action. — When  applied  to  the  unbroken  skin,  chrysarobin  and  chrysophanic 
acid  are  violent  irritants.  They  stain  it  yellow  or  even  dark  brown,  and  induce  more 
or  less  erythema,  often  associated  with  exfoliation,  or  even  edema.  Areas  of  psoriasis 
do  not  show  the  peculiar  staining.  Prolonged  application  may  cause  papular,  vesicular 
or  even  pustular  eruptions,  sometimes  prolonged  and  recurrent.  There  is  also  painful 
swelling  of  neighboring  lymph  glands.  The  face  and  the  region  of  the  genitals  are 
peculiarly  sensitive  to  the  action  of  chrysarobin,  and  may  exhibit  its  effects,  when 
application  has  been  made  to  other  parts,  small  amounts  being  unconsciously  carried 
by  the  patient's  fingers.  The  degree  of  reaction  is  in  part  dependent  on  individual 
susceptibility  and,  in  some  persons,  conjunctivitis  or  swelling  of  the  eyelids,  irritation 
of  the  nasal  passages,  and  even  inflammation  and  edema  of  the  larynx  and  bronchi 
may  arise  from  mere  exposure  to  the  impalpable  dust. 

Toxic  and  Systemic  Action:  Toxic  Dose. — Applied  to  the  skin  in  7  percent,  oint- 
ment, chrysarobin  is  extremely  irritating,  and  enough  may  be  absorbed  to  give  rise  to 
poisoning.  In  children,  10  mgm.  (gr.  i,j),  and  in  adults  40  mgm.  (gr.  %)  may  give 
rise  to  nausea,  vomiting,  and  diarrhea,  with  palpitation,  precordial  anxiety,  vertigo 
and  sense  of  chilliness.  The  kidneys  are  irritated  by  its  excretion,  and  acute  nephritis 
may  result.  Injected  subcutaneously  in  dose  of  1  mgm.  (gr.  1/67)  it  is  likely  to  cause 
local  abscess. 

Systemic  Action. — The  systemic  action  of  chrysarobin  is  limited  to  the  effects  of 
irritation  at  its  points  of  entrance  and  of  exit;  the  alimentary  tract  and  the  kidneys. 
Chrysophanic  acid,  in  rather  large  dose,  produces  similar  symptoms. 

Administered  by  mouth,  in  doses  of  0.3  to  1  gram  (gr.  5  to  15),  either  chrysarobin 
or  chrysophanic  acid  is  likely  to  cause  vomiting  and  purgation.  When  repeated  small 
doses  are  given,  the  cathartic  action  may  sometimes  be  escaped  by  rapid  absorption. 
It  is  usually  of  slow  development,  and  prolonged.  The  effect  is  too  violent  to  permit 
these  agents  to  be  used  in  isolated  form  as  cathartics;  the  action  of  rhubarb  being 
rendered  mild  by  its  dilution  with  other  substances,  and  by  the  greater  part  of  the 
chrysophanic  acid  passing  out  unabsorbed,  with   the  feces. 

The  irritant  action  of  chrysarobin  and  chrysophanic  acid  on  the  kidney  should  lead 
to  frequent  examinations  of  the  urine,  whenever  these  drugs  are  being  used,  even  on  the 
skin. 

By  virtue  of  their  reducing  powers,  both  substances  have  the  power  of  converting 
hemoglobin  into  methemoglobin,  but  this  action  has  very  rarely  been  reported  in 
poisoning. 

Therapeutics:  Topical. — Upon  the  shin  and  scalp,  chrysarobin  and  chrysophanic 
acid  are  effective  remedial  agents  in  the  affections  caused  by  vegetal  parasites,  and 
various  forms  of  chronic  disease,  especially  psoriasis,  in  which  they  are  said  to  be 
superior  to  all  other  applications.     The  disagreeable  staining  of  the  tissues,  hair  and 
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linen,  attendant  upon  their  use,  and  the  violent  local,  and  even  general  reaction, 
frequently  set  up,  have,  nevertheless,  restricted  their  employment  to  the  most  obstinate 
cases.  Some  experienced  dermatologists  have,  indeed,  returned  to  the  use  of  Goa 
powder  (araroba),  as  milder  and  equally  effective,  when  prolonged  treatment  is  neces- 
sary. 

In  parasitic  affections,  the  quantity  of  chrysarobin  necessary  may  be  diminished 
by  the  conjoined  use  of  mercurials,  tar,  balsams  and  other  synergists.  In  affections 
of  the  horny  epithelium,  salicylic  acid  preparations  may  usefully  be  associated.  In 
any  case,  zinc  oxide,  boric  acid,  and  other  sedatives,  may  be  used  in  conjunction,  or 
in  alternation,  with  the  chrysarobin,  to  mitigate  the  reaction.  Chrysarobin  has  been 
recommended  as  an  application  to  hemorrhoids,  but  there  seems  to  be  no  great  neces- 
sity for  its  use  in  this  condition. 

Neorobin  was  developed  by  Schamberg  and  Kaiziss  in  an  effort  to  get  away  from 
the  objectionable  staining  properties  of  chrysarobin,  and  they  obtained  a  product 
which  not  only  lacks  much  of  the  staining  power  of  chrysarobin,  but  is  50  percent, 
more  active  as  a  reducing  agent.  The  chief  indications  for  neorobin  are:  psoriasis, 
seborrhea  capitis  or  dandruff,  and  certain  resistant  scaly  erytlirodermias  (Schamberg). 
It  is  said  by  some  to  equal  chrysarobin  remedially,  by  others  to  be  ineffective. 

Systemic. — Chrysarobin  and  chrysophanic  acid  have  no  application  in  internal 
medicine.  They  have  been  occasionally  prescribed  as  purgatives,  or  for  influence  upon 
the  skin  during  elimination,  especially  in  obstinate  cases  of  acne  and  psoriasis;  but 
the  practice  is  unnecessary  and  dangerous. 

Administration. — Chrysarobin  applications  are  to  be  restricted  with  care  to  the 
affected  areas.  The  official  ointment  of  the  drug  may  be  used,  but,  besides  being  less 
cleanly  than  the  unofficial  preparations  made  with  fixatives,  it  is  too  strong  for  ordinary 
cases,  and  too  weak  for  obstinate  ones.  It  is  best  to  make  an  extemporaneous  prescrip- 
tion, of  the  strength  required  by  the  individual  case.  Staining  of  adjacent  parts  and 
of  clothing  can  be  minimized  by  the  use  of  solutions  of  gutta  percha  or  collodion, 
which  are  to  be  painted  upon  the  lesions;  or  chloroform  may  be  used  as  a  solvent, 
and  the  site  of  the  application  covered  with  traumaticin.  "When  ointments  are  used, 
gauze  and  rubber  protectives  may  be  placed  over  them.  It  is  sometimes  useful,  before 
applying  the  drug,  to  protect  the  healthy  skin  around  the  area  to  be  treated,  by  collo- 
dion or  ointments,  or  a  paste  of  zinc  oxide.  Stains  can  be  removed  with  a  weak  solu- 
tion of  chlorinated  soda,  provided  soap  has  not  previously  been  used,  in  which  case 
they  will  be  turned  to  an  indelible  purple. 

In  psoriasis,  the  scales  are  to  be  removed  with  soap  and  water,  or  a  solution  of 
salicylic  acid  in  alcohol  (5  percent.).  The  chrysarobin  application  should  then  be  made 
thoroughly,  twice  a  day;  but  on  only  a  few  places  at  a  time,  and  with  a  mild  ointment 
or  solution,  at  first,  in  order  to  test  the  patient's  susceptibility,  as  well  as  the  curative 
effect  of  the  drug.  After  three  or  four  days,  when  a  sufficiently  strong  preparation 
can  be  used,  the  areas  treated  are  found  to  be  smooth,  of  a  peculiar  white  color,  sur- 
rounded by  a  violet-tinted  margin.  The  application  may  then  be  made  to  new  patches. 
A  strong  ointment  is  most  effective,  but  the  chloroform  and  gutta-percha  solutions  are 
more  cleanly.  The  course  is  to  be  intermitted  from  time  to  time,  and  renewed  if 
necessary. 

In  obstinate  and  widespread  psoriasis,  a  course  of  chrysarobin  baths  may  give  con- 
siderable relief.  There  should  be  sufficient  water  in  the  tub  to  cover  the  body  well;  its 
temperature  should  be  above  100°  F.  (37.75°  C),  as  hot,  indeed,  as  the  patient  can  bear. 
Into  this  is  poured  the  following  mixture:  chrysarobin  6  Gms.;  oil  of  cade  100  cc;  fluid- 
extract  of  quillaja  8  cc. ;  yolk  of  2  eggs;  distilled  water  to  make  1,000  cc.  The  patient 
remains  in  the  bath  for  an  hour,  rubbing  the  lesions  with  the  diluted  emulsion  as  fre- 
quently as  possible.  To  protect  the  finger-nails  from  discoloration,  rubber  gloves  should 
be  worn.  On  emerging  from  the  bath  the  patient  should  pat  himself  dry  with  an  absorb- 
ent towel,  disturbing  the  medicinal  deposit  as  little  as  possible.  It  is  best  to  take  the 
bath  at  night,  and  get  immediately  into  bed  between  warmed  sheets.  In  the  morning  a 
cleansing  bath  at  a  moderate  temperature  may  be  taken,  in  which  a  soap,  known  to  be 
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of  pure  vegetable  oil  and  not  highly  alkaline,  may  be  used.  If  the  skin  show  signs  of 
irritation  the  medicinal  baths  should  be  suspended  for  several  days.  In  the  meantime 
cold  cream  or  vaseline  may  be  applied  to  the  irritated  parts.  Commonly  from  five 
to  seven  baths  may  be  taken  before  intermission  is  necessary,  and  a  period  of  from 
three  to  five,  or  even  seven,  days  must  elapse  before  the  treatment  is  resumed. 
The  number  of  baths  in  each  series  and  the  length  of  the  Intermissions,  as  well  as 
the  entire  duration  of  treatment,  are,  however,  subject  to  modification  by  general  and 
special  results.  Commonly,  a  month  suffices  to  clear  up  the  lesions  after  which  one 
or  two  baths  weekly  will  keep  the  skin  clear.  Complete  recovery  is  not  ordinarily  to  be 
looked  for. 

In  cloa^ma^  lentigo,  and  other  discolorations  of  the  skin,  after  preliminary  cleans- 
ing with  soap  and  alcohol,  a  solution  of  chrysarobin  in  chloroform  (10  to  12  percent.) 
may  be  painted  in  successive  layers  upon  the  spots,  and,  when  dry,  covered  with  a 
solution  of  gutta  percha.  The  applications  are  renewed  as  they  wear  off.  Moles  and 
tvarts  may  be  similarly  treated,  after  a  preliminary  application  of  salicylic  acid  oint- 
ment; and  the  same  method  has  been  applied  in  lupus  erythematosus,  and  in  obstinate 
cases  of  acne.  In  alopecia  areata,  the  ointment  or  the  chloroform  or  gutta-percha  solu- 
tion may  be  used;  or  the  parts  may  be  rubbed  with  a  stick  containing  10  to  40  percent, 
of  chrysarobin  in  a  mass  made  up  with  resin  (5  or  6  percent.),  and  an  equal  part  of 
yellow  beeswax  and  olive  oil. 

In  favus,  in  the  course  of  the  prolonged  treatment  necessary,  applications  of  chrys- 
arobin may  be  made  from  time  to  time;  preferably  as  ointment  (3  to  10  percent.), 
thoroughly  rubbed  in.  In  ti7iea  tonsurans  an  ointment  of  5  to  10  percent,  of  chrysarobin 
with  ammoniated  mercury  or  mercury  oleate  (5  percent.)  is  preferred;  or  zinc  oxide 
ointment  and  lanolin,  equal  parts,  may  be  used  as  the  base;  or  chrysarobin  ointment 
may  be  applied  daily  for  a  short  time,  and  be  followed  by  boric  acid  ointment  or  other 
mild  applications.  In  ti7ica  circinata,  the  parts  may  be  painted  with  a  weak  solution 
of  chrysarobin  in  collodion  (2  to  5  percent.).  In  dhobie  itch,  or  epidermophytosis  of 
Eastern  Asia  and  the  Philippines,  the  parts  are  swabbed  every  day  with  cotton  wool 
wet  in  a  10  percent,  solution  of  chrysarobin  in  equal  parts  of  acetone  and  alcohol.  At 
night  an  ointment  of  5  percent,  benzoic  acid  and  3  percent,  salicylic  acid  is  substituted. 
This  alternation  is  continued  for  two  or  three  weeks,  or  until  a  cure  is  effected,  unless 
pronounced  erythema  is  produced,  in  which  case  the  chrysarobin  is  discontinued  and 
the  ointment  is  applied  continuously  day  and  night.  In  this  affection  and  in  tropical 
parasitic  affections  generally,  strong  and  repeated  applications,  are  often  needed;  for 
this  reason,  the  less  irritant  Goa  powder  is  advised  in  place  of  chrysarobin. 

To  apply  Goa  powder,  half  a  lemon,  or  a  bit  of  flannel  moistened  with  strong  acetic 
acid,  is  dipped  into  the  powder,  and  then  rubbed  upon  the  affected  part;  or  the  Goa 
powder  may  be  made  into  a  paste  with  acetic  acid,  vinegar  or  lemon  juice. 

Neorobin  is  used  chiefly  in  ointment  form,  incorporated  in  vaseline,  or  a  combina- 
tion of  vaseline  with  paraffin,  to  give  proper  consistence  to  the  ointment  base.  Lanolin 
or  other  organic  ointment  bases  should  not  be  employed,  inasmuch  as  they  hasten 
oxidation  of  the  neorobin.  To  avoid  the  same  inconvenience,  the  drug  is  best  dispensed 
in  a  collapsible  tube.  Anthrarobin  is  employed  in  10  percent,  strength,  in  ointment, 
dissolved  in  alcohol,  or  as  a  glycerite. 

To  escape  conjunctivitis,  or  keratitis,  and  nasal  irritation  and  obstruction,  appli- 
cations of  these  agents  should  not  be  made  upon  the  face  or  the  anterior  portion  of 
the  scalp,  unless  urgently  required.  The  neighborhood  of  the  genitalia  is  also  to  be 
avoided. 

Hydi'oxylamine  hydrochloride  (NHj.OH.HCl)  occurs  in  anhydrous  crystals  produced 
by  interaction  between  sodium  nitrite  and  acid  sodium  sulphite.  It  is  soluble  in  water 
(1  part),  in  alcohol   (15  parts),  and  in  glycerin. 

This  agent  possesses  strongly  reducing  properties,  for  which  reason,  and  because 
it  does  not  stain  the  skin,  it  has  been  advocated  as  a  substitute  for  the  chrysarobin 
group  of  remedies  in  the  cutaneous  affections  for  w^hich  the  latter  are  applicable.  It 
may,  however,  by  absorption,  give  rise  to  symptoms  of  irritant  poisoning;  and,  if  used 
at  all,  should  be  applied  to  but  a  small  area  at  a  time.  Successive  applications  should 
be  at  least  a  week  apart.  An  alcoholic  solution  (20  to  40  percent.)  may  be  painted  on 
the  parts;  or  the  drug  may  be  used  in  an  ointment  (10  to  20  percent.)  with  lanolin, 
lard,  or  a  petrolatum  base.  This  may  be  thinned,  if  so  desired,  with  olive  or  cotton- 
seed oil. 
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Delphinium 

Delphinium  (larkspur)  is  a  large  genus,  the  various  species  of  which  all  contain 
poisonous  alkaloids.  In  the  U.S.P.  1870,  various  species,  preferably  D.  consolida, 
were  recognized  under  the  official  title  "Delphinium" ;  but  at  present  none  is  official. 
Preparations  of  various  species  were  formerly  used  internally  as  nervines,  antispas- 
modics and  renal  and  uterine  stimulants.  They  were  also  used  as  vulneraries  and 
pediculicides,  but  have  been  almost  abandoned  in  favor  of  safer  remedies. 

Chemistry. — Many  of  the  European  and  Asiatic  species  of  Delphinium  are  poison- 
ous and  probably  contain  similar  alkaloids,  but  only  those  from  the  seeds  of  D.  staphis- 
agria  (Stavesacre)  appear  to  have  been  very  carefully  studied.  In  very  young  speci- 
mens, the  poison  seems  to  be  distributed  throughout  the  plant,  but  as  flowers  form,  it 
disappears  from  the  other  structures,  and  is  found  in  large  amount  in  the  flowers 
and  in  the  seeds. 

Stavesacre  seeds  contain  about  1  percent,  of  total  mixed  alkaloids.  Of  this  mix- 
ture, about  three-quarters  is  soluble  in  ether,  and  this  portion  contains  three  principles, 
delphinine  (or  delphine)  and  delphisine,  which  are  crystalline  and  apparently  isomeric 
(CjjHjjK'Og),  and  delpliinoidine,  which  is  amorphous.  The  insoluble  portion,  which  is 
a  mixture  of  several  alkaloids,  is  termed  staphisagrine.  The  constitution  of  these 
alkaloids  has  not  been  determined,  but  they  resemble  aconitine,  and  all  occur  as  salts 
of  aconitic  acid. 

The  roots  and  leaves  of  certain  Western  American  species  of  delphinium  {D. 
scopulorum,  D.  Nelsoni  and  D.  bicolor),  contain  an  alkaloid  which  seems  to  resemble 
those  of  stavesacre  chemically,  but  differs  in  physiologic  action,  and  is  known  as 
delphocurarine   (C^oHj^O-N). 

Summary  of  Actions  and  Uses. — The  pharmacodynamic  action  of  delphinium  is  very 
similar  to  that  of  aconite,  which,  for  internal  use,  has  entirely  replaced  it. 

The  alkaloids  resemble  one  another  in  general  effect,  the  chief  differences  being 
that  the  ether-soluble  principles  paralyze  the  myocardium,  and  cause  muscular  twitchings, 
by  stimulation  of  the  medulla.  All  produce  paralysis  of  the  cord  and  of  the  motor  nerve 
endings,  but  with  the  ether-soluble  alkaloids,  the  central  action  is  earlier  in  onset;  with 
the  insoluble  the  peripheral  paralysis  comes  on  soonest.  Delphocurarine  kills  by  paraly- 
sis of  motor  nerve  endings,  and  consequent  failure  of  respiration. 

Stavesacre  is  used  solely  as  an  application  for  destruction  of  animal  parasites  of  the 
skin.  It  was  formerly  used  extensively  as  a  "dip"  for  sheep  and  cattle,  but  has  been 
replaced  by  the  cheaper  and  better  cresol  dips.  For  other  topical  and  systemic  uses, 
aconite  is  to  be  preferred. 

Materia  Medica. — Staphisagria  (U.S.  IX.),  Staphisagria.  Ahlr.,  Staphisag. 
Synonym:  Stavesacre. 

The  ripe  seeds  of  Delphinium  staphisagria  Linne  (Earn.  Ranunculacece) ,  contain- 
ing not  more  than  2  percent,  of  foreign  vegetable  matter.  Irregularly  triangular  or 
obscurely  quadrangular,  one  side  convex,  dark  brown  when  fresh,  becoming  lighter 
with  age.    Odor  slight  but  disagreeable;  taste  intensely  bitter  and  acrid. 

Dose,  average,  1  grain  (0.06  Gm.). 

Eluidextractum  Staphisagria  (U.S.  IX.),  Eluidextract  of  Staphisagria.  Ahhr., 
Fldext.  Staphisag.     Synonym:  Eluidextract  of  Stavesacre. 

1  CO.  corresponds  to  1  Gm.  of  the  drug.     Contains  about  80  percent,  of  alcohol. 

Dose,  used  as  an  external  application. 

Unguentum  Staphisagria  (Br.),  Stavesacre  Ointment.    Ahtr.,  Ung.  Staphisag. 

Stavesacre  seeds  powdered,  20  grams;  yellow  beeswax,  10  grams;  benzoated  lard, 
85  grams. 

Dose,  for  external  application. 


DELPHINIUM  435 

Delphinium  (N.F.),  Larkspur  Seed.    Abbr.,  Delphin. 

The  dried  seeds  of  Delphinium  consolida  Linne,  or  of  Delphinium  ajacis  Linne 
(Fani.  Kanunculacece).  Irregularly  tetrahedral,  black  or  blackish-brown.  Odor  very 
faint;  taste  bitter,  afterward  biting  and  acrid. 

Dose,  see  Tinctura  Delphinii. 

TiNCTURA  Deli'IIINII  (N.F.),  Tincture  of  Larkspur.     Abhi:,  Tr.  Dolphin. 

1  ce.  represents  IY2.  grains  of  the  drug,  with  about  46  percent,  of  alcohol. 

Dose,  used  externally. 

Pharmacodynamic  Action:  Ahsorption  and  Elimination. — Absorption  from  the  skin 
is  slow,  but  although  it  is  denied  that  enough  could  be  taken  up  in  this  way  to  be  dan- 
gerous, a  child  is  reported  to  have  died,  following  free  application  of  staphisagria  to 
the  scalp.  From  the  alimentary  canal,  absorption  is  prompt.  The  route  of  elimination 
is  not  well  studied,  but  the  occurrence  of  vomiting  and  purging,  after  intravenous  injec- 
tion, would  point  to  the  digestive  tract. 

Topical  Action. — Delphinium,  like  all  Ranunculaceae,  contains  irritant  principles, 
and  its  application  to  an  abraded  surface  is  likely  to  cause  burning  pain.  Delphinine 
shares,  in  lesser  degree,  the  local  anesthetic  action  of  aconitine,  and  causes  tingling  of 
the  mouth  and  tongue. 

Toxicity. — Although  fatal  cases  of  poisoning  in  man  are  known,  the  lethal  dose  is 
not  certainly  established.  Doses  of  G  to  10  milligrams  (1/10  to  1/G  grain)  of  delphinine 
cause  tingling  of  the  lips,  followed  by  vomiting  and  diarrhea.  In  cats,  dogs  and  rabbits, 
the  lethal  dose,  by  intravenous  route,  is  1.5  to  3  milligrams  per  kilo.  Frogs  (R.  tem- 
poraria)  are  killed  by  injection  of  1/20  to  1/10  milligram.  Delphisine  and  delphinoidine 
are  about  three  times  as  toxic.  Staphisagrine  requires  about  ten  times  as  much 
to  kill.  Dogs  die  from  an  average  dose  of  250  milligrams  (4  gr.),  cats  150  milligrams 
(2.5  gr.),  rabbits  50  milligrams  (%  gr.).  The  first  symptom  of  poisoning  is  burn- 
ing pain  in  the  stomach,  followed  by  vomiting  and  diarrhea.  These  occur  whether 
the  drug  is  swallowed  or  injecfed.  Death  results  in  all  cases  from  respiratory 
failure. 

Treatment  is  the  same  as  for  aconite  poisoning;  emesis,  or  better,  lavage  of  the 
stomach,  administration  of  tannin,  purgation,  and  the  use  of  respiratory  and  vasomotor 
stimulants.  Strychnine  in  large  doses  is  the  best  physiologic  antidote.  Artificial  respira- 
tion should  be  provided  for. 

Toxic  and  Systemic  Actioji:  Delphinine. — The  first  symptom  noted,  after  a  large 
dose  of  delphinine,  is  twitching  of  all  the  voluntary  muscles,  beginning  with  those  of 
the  abdomen.  This  is  believed  to  depend  on  stimulation  of  the  medulla,  and  continues 
even  after  there  is  complete  loss  of  sensory  reflexes.  There  may  be,  even,  clonic  con- 
vulsions. There  follows  gradually  increasing  weakness  and  unsteadiness  of  gait,  passing 
into  complete  paralysis.  When  paralysis  is  complete,  and  stimulation  of  sensory  nerves 
no  longer  gives  any  response,  a  good  muscular  contraction  can  still  be  obtained  by 
stimulation  of  the  motor  nerve,  showing  that  paralysis  is  not  due  to  action  on  the 
motor  nerve  ending.  The  order  of  paralysis  seems  to  be,  first,  the  sensory  nerve  end- 
ings, next  the  centers,  sensory  and  motor,  then  the  motor  nerve  endings,  and,  finally, 
the  muscle  substance  itself.  The  heart  is  paralyzed  only  by  large  doses,  and  when  the 
animal  is  kept  alive  by  artificial  respiration.  Under  large  doses,  the  blood  pressure  falls 
rapidly.  This  fall  is  due  entirely  to  failure  of  the  heart,  as  small  doses  cause  a  rise  of 
pressure,  from  stimulation  of  the  vasomotors,  peripherally.  This  vascular  constriction 
Is  the  sole  difference  of  importance  between  the  action  of  delphinine  and  aconitine, 
except  that  delphinine  has  no  effect  on  the  pupil. 

/Sfap/itsagrr-ine.— Staphisagrine  is  much  less  toxic  than  delphinine.  Its  action  resem- 
bles that  of  the  latter,  the  chief  difference  being  the  absence  of  stimulation  of  the 
medulla,  and  therefore  the  absence  of  twitchings  and  convulsions;  paralysis  of  the  motor 
nervfe  endings  before  the  centers,  and  paralysis  of  the  vasomotor  center.  Death,  in  fatal 
cases  of  poisoning,  occurs  also  by  respiratory  failure,  partly  central  and  partly 
peripheral. 

Delphocurarine.  in  doses  of  1  milligram  per  gram,  causes  paralysis  in  frogs  from 
loss  of  conduction  in  the  motor  nerve  endings.  There  is  also  paralysis  of  the  vagus 
endings  in  the  heart.  The  alkaloid  is  probably  not  available  as  a  substitute  for  curare 
in  physiologic  experiments. 
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Therapeutics:  Topical. — Staphisagria  and  its  allies  are  efficient  parasiticides, 
but  must  be  used  cautiously,  and  removed  at  once,  should  symptoms  of  intoxication 
develop.  For  scabies  and  for  pediculosis  pubis,  stavesacre  ointment  (Br,),  or  an  oint- 
ment or  olive  oil  solution  of  unofficial  oil  of  staphisagria  (10  to  15  percent.)  is  an 
eligible  application.  For  pediculosis  capitis,  an  alcoholic  or  acetic  preparation  of 
bruised  stavesacre  seeds  or  the  official  (N.F.)  tincture  of  larkspur  is  to  be  preferred, 
Delphinine  was  formerly  applied  in  alcoholic  solution  or  in  ointment  (1  to  2  percent.) 
as  a  local  analgesic,  but  it  has  been  replaced  by  less  dangerous  drugs.  It  is  perhaps 
to  this  power  to  relieve  pain  that  stavesacre  and  larkspur  owe  their  ancient  reputation 
as  vulneraries.  Notwithstanding  the  risk  of  absorption  of  poisonous  principles,  which 
would  theoretically  contraindicate  their  application  to  wounds  or  to  raw  surfaces, 
there  seems  to  be  no  definite  record  of  death  thus  caused,  but  such  fatalities  may  have 
been  attributed  to  the  injury. 

Systemic. — For  internal  administration,  the  domestic  or  galenic  preparations  of 
these  plants  are  not  to  be  recommended.  They  were  formerly  used  as  anthelmintics, 
diuretics,  emmenagogues,  and  aperients,  as  anodynes  in  neuralgia  and  rheumatism,  as 
antispasmodics  in  asthma,  in  hepatic  colic,  and  in  renal  and  vesical  calculus,  as  seda- 
tives in  irritability  of  the  bladder,  and  were  even  advocated  in  the  treatment  of 
cholera  morbus,  dysentery,  and  intermittent  fever. 

Delphinine  has  been  used  internally  to  relieve  pain  in  neuralgia,  especially  of  the 
trigeminus;  and  as  an  antispasmodic,  as  in  asthma,  and  in  hepatic  and  renal  colic.  It 
has  likewise  been  successfully  employed,  similarly  to  aconite  or  aconitine  to  quiet 
cardiac  excitement  with  accompanying  restlessness  and  cerebral  irritability,  in  acute 
fevers.  Theoretically,  it  should  be  useful  in  chronic  cardiac  affections,  especially  if 
attended  with  pain,  in  which  there  is  overaction,  with  a  pulse  of  liigh  tension;  but 
there  is  no  occasion  to  use  the  alkaloid  in  preference  to  aconitine,  which  better  meets 
all  its  internal  indications,  or  to  aconite  which  is  safer  and  just  as  effective. 

Cocculus  Indious 

Fishberry  is  the  dried  berry  of  Anamirta  cocculus,  a  climbing  shrub  indigenous 
to  Malabar  and  the  East  Indies.  It  has  long  been  used  in  the  East  as  a  parasiticide,  and 
especially  as  a  pediculicide,  being  mentioned  in  the  writings  of  the  Arabian  school.  It 
tvas  introduced  into  European  medicine  as  a  remedy  for  parasitic  affections  of  the  skin. 

Cocculus  grains  derive  their  popular  name  from  the  fact  that  certain  small  fishes 
are  rendered  insensible  by  them,  and  rise  to  the  surface  of  a  pond  into  which  the 
berries  have  been  cast.    Apparently  the  flesh  of  such  fish  is  not  poisonous. 

The  berries,  or  their  active  principle,  have  also  been  used  to  adulterate  beer; 
partly  to  save  hops,  partly  in  an  endeavor  to  prevent  further  fermentation,  and,  per- 
haps, in  part,  to  increase  the  intoxicating  properties  of  the  beverage.  Such  practice 
is  dangerous  and  is  now  criminal. 

Chemistry. — The  seed  contains  about  1.5  percent,  of  a  bitter  principle,  picrotoxin 
(C^^TL^^O^J,  on  which  toxicity  and  activity  depend.  A  second  bitter  principle,  cocculin 
or  anamirtin  (C^JH^fi^^),  is  apparently  not  concerned  in  the  action  of  the  drug.  The 
husk  contains  two  non-toxic  alkaloids,  menispermine  and  paramenispermine. 

Materia  Medica, — Cocculus  (N.F.),  Cocculus.  Abhr. ,  Coccul.  Synonyms:  Coccu- 
lus Indicus,  Fish  Berry,  Indian  Berry. 

The  dried  fruit  of  Anamirta  cocculus  (Linne)  Wight  et  Arnott  (Fam.  Meni- 
spermuceoe) .  Reniform,  about  10  mm.  in  length  and  6  mm.  in  breadth  and  thickness; 
blackish-brown,  wrinkled.  Taste  slightly  bitter;  the  seed  whitish-yellow  and  intensely 
bitter. 

Dose,  1  to  3  grains  (0.06  to  0.2  Gm.)  of  the  powdered  berry. 
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TixcTURA  CoccuLi  Indici  (N.F.),  Tincture  of  Cocculus  Indicus.  Abbr.,  Tr.  Coccul. 
Ind.    Synonym:   Tincture  of  Fish  Berry. 

1  cc.  represents  iy2  grains  of  the  drug'  with  about  4G  percent,  of  alcohol. 
Dose,  for  external  application. 

Pharmacodynamic  Action:  Toxic  and  Systemic  Action. — Serious  poisoning,  with 
nausea,  vomiting,  sweating,  salivation,  colliquative  diarriiea,  convulsions  and  death  by 
respiratory  paralysis,  has  followed  the  accidental  or  intentional  ingestion  of  domestic 
preparations  of  fishberries — in  most  cases,  whisky  impregnated  with  the  drug,  and  in- 
tended for  the  destruction  of  lice  by  local  application. 

Picrotoxin  is  a  neurovascular  tonic-stimulant.  In  toxic  doses  it  paralyzes  the  bulbar 
centers  and  gives  rise  to  tremors  and  convulsions.  It  is  discussed  with  agents  acting 
on  the  spinal  cord. 

Therapeutics. — Besides  the  use  of  alcoholic  solutions  of  fishberry  to  destroy 
pcdiculi  of  the  body  and  scalp,  decoctions,  powders,  and  ointments  of  varying  and 
uncertain  strength  have  also  been  employed  in  ringworm  and  other  parasitic  affections 
of  the  skin.  There  is  no  occasion  for  this  use  of  so  dangerous  a  drug,  in  any  form. 
The  powdered  berries  have  been  administered  internally  in  doses  of  0.06  to  0.2  grams 
(1  to  3  gr.)  as  nervines  and  sedatives,  and  are  exploited  as  a  remedy  for  seasickness. 
The  tincture  and  fluidextract  have,  likewise,  been  given  in  comparable  dose,  and  are 
said  to  be  effective  in  controlling  the  tendency  to  epileptic  paroxysms  and  other  spas- 
modic disorders,  and  to  be  beneficial  in  the  atonic  conditions  of  vessels  and  mucous 
membranes,  for  which  picrotoxin  is  advantageously  prescribed.  None  of  these  prepara- 
tions is  to  be  recommended;  their  toxicity  is  too  uncertain  a  factor,  and  remedially, 
the  definite  and  controlled  dosage  obtained  by  using  the  active  principle  itself  is  much 
to  be  preferred. 

Pjo-ethrum  Flowers 

Pyrethrum  consists  of  the  powdered  flower  heads  of  several  species  of  chrysan- 
themum. These  plants  have  been  used  for  many  years  to  destroy  insects  of  all  sorts, 
being  employed  both  as  dusting  powders  and  for  fumigation,  the  fumes  of  the  burning 
powder  stupefying  and  killing  insects  in  concentrations  which  are  not  even  dis- 
agreeable to  higher  animals.  The  plants  are  related  to  Anacyclus  pyrethrum,  from  the 
root  of  which  a  drug  known  as  pyrethrum  root  or  Spanish  pellitory  is  obtained.  This 
has  no  insecticide  powers,  but  is  mildly  irritant,  and  was  formerly  used  as  a  sialogogue. 
It  was  official  in  the  U.S. P.  and  Br.P.  as  Pyrethrum. 

Chemistry. — Pyrethrum  flowers  depend  for  their  activity  on  pyrethron,  a  mixture 
of  two  volatile  esters,  which  contain  the  same  base,  pyrethrolone,  combined  either  with 
chrysanthemum,  monocarbonic  acid  (pyrethron  I,  CjjHj^OJ  or  with  chrysanthemum 
dicarbonic  acid  (pyrethron  II,  C^H^Os).  The  formula  of  pyrethron  I  is  given; 
pyrethron  II  differs  from  it  in  that  one  CH,  group  of  the  acid  is  replaced  by — COOCH,. 

CH3CH:C:CHCH, 


HCH,—  CH  —  CO  —  CH 

\               / 
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1 
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0  — CO  — CH  — CH  — CH:C:(CH,), 
\ 

\ 
\l 
C:(CH,), 

Pyrethrol 

Chrysanthemum  Monocarbonic  Acid 
Pyrethron 

Pyrethrolone,  the  insecticide  component,  is  a  volatile,  odorless  liquid,  insoluble 
in  water,  slightly  soluble  in  ether,  more  soluble  in  alcohol  and  chloroform  and  freely 
soluble  in  oils.  Pyrethron  is  found  in  various  parts  of  the  plant,  the  flowers  contain- 
ing about  1.4  percent.,  the  leaves  about  0.5  percent.  Dalmatian  insect  powder  contains 
more  than  the  other  speciee. 
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Materia  Medica. — Pyrethri  Flores  (unofficial),  Pyrethrum  Flowers.  Ahhr., 
Pyreth.  Flor.    Synonyms:   Insect  Flowers,  Insect  Powder. 

The  dried,  unexpanded,  or  partly  expanded,  flower  heads  of  Chrysanthemum 
cinerariifolium  (Trev.).  Bocc,  Dalmatian  Insect  Powder;  C  roseum  (Web.  et  Nohr) 
and  C.  marschallii  (Aschers),  Persian  Insect  Powder.  The  powdered  drug  is  yellowish- 
brown,  with  a  characteristic  faint  aromatic  odor  and  little  taste. 

Dose,  should  not  be  used  on  the  skin  or  internally. 

Antipathogenic  Action. — Pyrethrum  powder  is  an  active  insecticide,  effective  when 
insects  come  in  contact  with  it.  Pyrethron  kills  insects  in  a  dilution  of  1:10,000  in 
water  (Standinger  and  Rusicka).  Dusted  on  a  shelf,  it  will  keep  ants  at  a  distance 
for  a  year  or  more  without  renewal.  Sprinkled  in  the  bed  it  will  prevent  attacks  by 
bedbugs.  It  is  toxic  to  insects  which  eat  it;  thus  a  0.5  percent,  solution  in  syrup  destroys 
ants  which  feed  on  it,  and  boll  weevils  are  killed  by  eating  plants  treated  with  It. 
In  enclosed  spaces  insects  are  killed  if  4  lbs.  are  burned  for  every  1000  cu.  ft.,  and  a 
smaller  amount  will  stupefy  mosquitoes  and  flies  so  that  they  fall  on  the  floor  but 
recover  if  not  swept  up  and  destroyed.  A  smudge  of  it  burned  out  of  doors  will  keep 
mosquitoes  away.  It  is  volatile  even  without  heat  and  insects  enclosed  in  a  vessel  con- 
taining sawdust  wet  with  a  solution  of  0.001  percent,  are  stupefied  in  25  minutes. 
Sprinkled  on  the  surface  of  water  it  destroys  mosquito  larvae,  but  must  be  renewed 
frequently. 

Pharmacodynamic  Action:  Absoi-ption  and  Elimination. — Pyrethrum  is  absorbed  from 
the  digestive  tract  as  shown  by  its  power  to  kill  insects  and  to  poison  cats  and  dogs 
when  taken  by  mouth.  Elimination  is  slow  and  there  is  a  tendency  to  cumulation  in 
the  body   (Tocco  Tocco). 

Topical  Action. — Although  not  commonly  irritant,  pyrethrum  powder  may  cause  der- 
matitis in  persons  handling  it  continuously. 

Toxic  and  Systemic  Action. — Various  species  of  animals  differ  widely  in  susceptibil- 
ity, insects  being  especially  sensitive.  Amebae  are  not  affected  by  0.01  percent,  of  pyre- 
thron in  water,  while  fish  are  first  excited  and  in  an  hour  paralyzed  by  0.004  percent. 
(Fujitani).  In  frogs  0.02  mgm.  per  Gm.  of  pyrethron  causes  restlessness,  incoordination 
and  increased  reflexes,  soon  followed  by  paralysis,  and  death.  The  heart  is  little  influ- 
enced but  the  spinal  cord  is  first  excited  and  then  paralyzed  and  the  voluntary  muscles 
show  slow  relaxation,  as  after  veratrine.  Dogs,  cats  and  rabbits  given  0.01  Gm.  per  kilo 
by  vein  show  rise  of  blood-pressure  from  stimulation  of  the  vasomotor  center  followed  by 
convulsions  and  paralysis.    Death  may  result  from  failure  of  respiration. 

Therapeutics. — Pyrethrum  is  not  used  as  a  parasiticide  on  or  in  the  body,  but  is 
applied,  often  by  means  of  a  powder  blower,  to  the  haunts  of  insects  such  as  roaches, 
ants  and  bedbugs.  Rubbed  into  the  fur,  it  is  effective  in  ridding  cats  and  dogs  of  fleas. 
The  fumes  arising  from  the  burning  powder  stupefy  or  kill  flying  insects. 

Parasiticide  Agents  Having  Other  Important  Uses 

Certain  agents  having  more  important  general  uses  are  frequently  employed  as 
parasiticides,  or  as  adjuvants  in  parasitic  applications.  Their  full  discussion  is  found 
elsewhere,  in  the  appropriate  connections.  Here,  only  the  special  phase  of  their  utiliza- 
tion is  considered. 

Phenol. — This  drug  has,  through  recent  advances  in  chemistry,  lost  much  of  its 
former  importance  as  a  parasiticide.  It  is  still,  however,  of  considerable  adjuvant  value, 
when  properly  diluted,  because  of  its  anesthetic  and  antipruritic  actions,  and,  in  some 
instances,  of  its  power  of  destroying  obstinate  fungus  implantation,  perhaps  as  a  mild 
superficial  escharotic. 

"When  used  as  an  antiparasitic,  in  scabies,  pediculosis,  favus,  ringworm,  sycosis, 
etc.,  it  is  commonly  associated,  in  ointments  or  lotions,  with  sulphur,  naphthol,  the 
balsams,  mercurials,  iodine,  copper  oleate,  etc.  A  mixture  of  equal  parts  of  phenol 
and  camphor,  or  5  parts  of  phenol  and  1  part  of  menthol  has  much  of  the  antiparasitic 
power  of  pure  phenol,  but  is  not  caustic,  and  only  moderately  irritating.  Oily  and  fatty 
substances  and   glycerin  mitigate  the   immediate   local   action,  which   is   burning,   and, 
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sometimes,  quite  painful.  The  fats  and  oils  diminish  its  activity  and  hinder  absorption; 
but  glycerin  favors  both.  As  a  parasiticide,  it  is,  therefore,  best  used  as  an  ointment, 
or  in  oily  solution. 

Ointments  and  lotions  used  as  applications  against  scabies  and  pediculosis  may 
contain  as  little  as  1  to  2  percent.,  and  hardly  ever  exceed  5  to  G  percent.  When  a  large 
surface  is  to  be  covered,  phenol  is  seldom  employed  at  all.  In  favus,  treatment  is  gen- 
erally begun  by  applying  a  10  percent,  solution  in  olive  oil;  later,  applications  of  the 
same  strength  in  other  ointment  bases  may  be  made;  and  previously  to  epilation,  both 
in  this  and  other  mycotic  affections  of  the  hair  and  hairy  surfaces,  applications  of  vary- 
ing strength,  up  to  the  pure  substance,  are  sometimes  applied.  In  tinea  tonsurans,  the 
affected  areas  are  sometimes  painted  with  a  solution  of  phenol  in  glycerin,  stronger 
for  adults  than  for  children  (up  to  1:  3  for  the  former,  and  up  to  1:  10  for  the  latter); 
and  weaker  solutions  are  applied  prophylactically  to  the  healthy  portions  of  the  scalp. 

In  mycoses  of  the  mouth  and  throat  resistant  to  boric  acid,  phenol  dissolved  in 
glycerin  (0.5  to  1.5  percent.)  may  be  applied.  A  still  better  application  is  made  by  the 
addition  of  phenol  to  a  glycerin  solution  of  iodine  (2  to  3  percent.)  and  potassium  or 
sodium  iodide  (3  to  6  percent.). 

Creosote  and  Guaiacol. — These  are  rarely  employed  as  external  applications,  on 
account  of  their  persistent  odor;  but  diluted  guaiacol  (5  to  25  percent.)  in  glycerin  or 
olive  oil  may  usefully  be  painted  over  mucous  surfaces  affected  by  thrush  or  other  fungi 
resistant  to  the  boron  compounds.  Glycerin  and  olive  oil  are  the  best  vehicles.  The 
addition  of  menthol  (1  to  5  percent.)  lessens  the  disagreeable  character  of  the  applica- 
tion, and  increases  the  sedative  effect. 

Resorcin. — Like  phenol,  resorcin  is  a  local  anesthetic,  and  is  not  caustic,  nor  even 
irritating.  Strong  or  prolonged  applications  cause  exfoliation  of  the  superficial  epi- 
thelium. It  is  used  (1  to  10  percent.)  as  an  ingredient  of  ointments,  lotions,  and  other 
applications,  in  favus,  tinea  tonsurans,  scabies  and  sycosis.  Resorcin  soap,  or  resorcin- 
salicylic  soap  (superfatted)  may  be  used  upon  the  scalp,  or  other  affected  parts.  A 
5  percent,  solution  in  50  percent,  alcohol  is  an  effective  remedy  in  dandruff. 

Thymol  and  Oil  of  Cade. — These  and  various  preparations  of  wood  tar  and  of  coal 
tar  are  sometimes  used  in  about  the  same  strength  as  phenol,  and  in  preference  thereto, 
as  antipruritic  adjuvants,  in  parasiticide  applications  upon  the  skin;  but  they  have  not 
the  same  degree  of  anesthetic  action.  Menthol  (1  to  5  percent.)  is  likewise  antipruritic, 
but  scarcely  parasiticide  in  the  strength  in  which  it  can  be  employed.  Camphor  in 
saturated  solution,  in  oil  or  in  alcohol,  is  not  irritating,  and  may  be  soothing,  but  there 
is  danger  of  intoxication  from  its  absorption. 

Certain  volatile  oils,  for  example  oil  of  sassafras,  oil  of  cloves,  and  oil  of  cajuput, 
are  efficient  pediculicides.  In  applying  them,  care  should  be  taken  to  avoid  contact  with 
the  mucous  membranes,  as  well  as  too  great  irritation  of  the  scalp  or  skin.  Burning 
thus  caused  may,  however,  be  relieved  rather  quickly  by  the  use  of  olive  or  cottonseed 
oil;  or,  if  more  persistent,  by  application  of  zinc  oxide  ointment.  Oil  of  cajuput  has 
also  been  advised  in  tinea  tonsu7-ans. 

Balsam  of  Peru. — Balsam  of  Peru  is  often  useful  in  pediculosis,  and,  more  often, 
in  scabies;  it  may  be  applied  undiluted  or  incorporated  with  benzoinated  lard,  fixed 
oils,  or  a  petrolatum  base,  as  an  ointment  (10  to.  30  percent.),  alone  or  in  associa- 
tion with  sulphur  and  other  parasiticides;  camphor,  menthol,  tar,  oil  of  cade,  and 
oil  of  peppermint  (1  to  5  percent.)  are  useful  antiparasitic  adjuvants.  It  is  more 
rapidly  effective,  however,  when  applied  as  a  varnish,  for  which  purpose  it  may  be 
thinned  with  from  one-fourth  to  three-fourths  its  bulk  of  glycerin.  The  preliminary 
treatment  must  be  thorough.  After  rude  friction  with  soap  and  water  for  half  an  hour, 
while  lying  in  a  hot  alkaline  bath,  the  patient  is  quickly  dried  and  the  varnish  is  well 
rubbed  into  the  skin,  preferably  by  means  of  a  soft,  worn  nailbrush.  About  4  ounces 
of  the  mixture  are  required  for  a  man  of  average  size.  Usually,  a  single  application 
suffices  to  kill  all  the  acari,  but,  in  bad  cases,  the  worst  places  may  receive  a  second 
dressing  the  following  day. 

In  mild  cases,  the  balsam,  sufficiently  diluted,  may  be  rubbed  in  for  20  minutes  at 
night  and  followed  by  an  ordinary  soap  and  water  bath  in  the  morning.  It  is  some- 
times useful  to  impregnate  the  nightgown  with  the  drug.  The  application  is  to  be 
repeated  as  necessary;  but  overuse  must  be  avoided,  for  if  an  excessive  quantity  be 
absorbed,  it  may  irritate  the  kidney  during  elimination,  and  even  give  rise  to  nephritis. 
Peruol  is  a  synthetic  benzyl-benzoic  acid  ester.    It  may   be   applied   in   much   the 
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same  manner,  in  the  form  of  a  33  percent,  solution,  in  glycerin.  It  is  odorless,  and 
does  not  stain,  and  is  preferred  for  women  with  delicate  skins,  and  for  children. 
Its  expense  is  the  only  drawback  to  its  generalized  use.  Styrax  ointment  was,  at  one 
time,  employed  as  an  acaricide,  but  has  been  almost  completely  displaced  by  Peruvian 
balsam. 

Beta-naphthol. — This  is  used  as  both  an  acaricide  and  a  pediculicide.  It  is  best 
incorporated  in  an  ointment  (10  to  15  percent.)  for  adults,  and  5  to  8  percent,  for 
children.  It  may  be  employed  alone  or  in  association  with  sulphur  or  Peruvian  balsam, 
being  quite  effective  by  either  method. 

Naphthaleis'e. — This  is  less  efficacious  than  beta-naphthol  but  may  be  used  in  the 
same  manner. 

Salicylic  Acid. — This  is  a  useful  adjuvant  to  more  active  fungicides,  and  espe- 
cially in  those  cases  in  which  the  hair,  or  the  horny  layer  of  the  skin  is  affected. 
Strong  applications  soften  the  epithelium  and  promote  removal  of  crusts,  scabs,  and 
morbidly  altered  tissue.  If  this  action  is  not  desired,  not  more  than  5  percent,  of  the 
drug  should  Ue  prescribed.  In  favus,  it  is  sometimes  used  alone,  dissolved  in  castor  oil. 
In  tinea  tonsurans,  tinea  circinata,  and  tinea  versicolor,  alcoholic  solutions  (8  to  10 
percent.)  are  to  be  preferred.  In  obstinate  cases,  collodion  or  gutta  percha  solutions 
(2  to  10  percent.)  are  employed  to  keep  the  drug  longer  in  contact  with  the  parts.  A 
weak  solution  (0.5  percent.)  made  by  diluting  with  water  a  saturated  alcoholic  solution 
of  salicylic  acid,  is  useful  against  thrush  fungus,  and  is  said  to  be  analgetic  as  well  as 
antimycotic.  Salicylic  acid  is  also,  at  times,  added  to  acaricide  and  pediculicide  lotions 
and  ointments;  from  1  to  5,  or  even  10,  percent,  being  used. 

Hydrogen  Peroxide. — Solutions  of  hydrogen  peroxide  in  glycerin  (5  to  25  percent.), 
or  in  water  (1  to  3  percent.)  are  used  to  soften  and  remove  crusts  in  various  scabby 
affections  of  the  skin.  They  are  inapplicable  upon  the  scalp  (unless  this  is  to  be  kept 
shaved),  since  they  bleach  the  hair. 

Sodium  Perborate  and  Zinc  Perborate. — These  and  some  of  the  organic  peroxides 
are  used  in  ointments,  dusting  powders  or  lotions,  alone  or  in  conjunction  with  other 
remedies,  in  the  treatment  of  all  forms  of  fungus  implantation  on  the  skin  or  mucous 
membranes.  Their  efficacy  is  largely  owing  to  the  slow  liberation  of  hydrogen  dioxide, 
and  they  may  be  used  in  any  concentration  desired. 

Potassium  Permanganate. — This  is  rarely  used  upon  the  skin  because  of  staining, 
but  dilute  solutions  (1:  500  to  1:  3000)  are  sometimes  applied  by  spray  or  swab  to  fungi 
of  the  mucous  membranes. 

Boric  Acid  and  Borax. — These  are  useful  as  adjuvants,  in  the  treatment  of  para- 
sitic affections  of  the  skin.  According  to  circumstances,  they  are  applied  as  dusting 
powders,  as  saturated  solutions  (in  water,  camphor  water,  or  glycerin),  or  as  oint- 
ments (5  to  25  percent.),  alone  or  associated  with  other  remedies.  Their  chief  pur- 
pose is  to  reduce  irritation,  whether  this  be  caused  by  the  parasite,  or  by  some  active 
remedy  employed  previously  or  coincidently,  but  they  have  also  a  moderate  antiparasitic 
value,  for  example  in  ringworm.  They  seem  to  be  specific  against  certain  fungi  that  may 
become  implanted  upon  the  mucous  membranes  of  the  mouth  and  throat,  especially  the 
oi'dia;  they  are  of  but  little  use  in  the  leptothrix  and  similar  bacterial  infections  of  these 
structures  that  may  resemble  thrush  more  or  less  closely. 

Acetic  Acid. — This  is  efficacious  in  removing  the  ova  of  pediculi  (nits)  from  the 
hair.  For  this  purpose,  the  hair  is  pulled  through  a  cloth  saturated  with  vinegar  or 
dilute  acetic  acid.  Sometimes  mercuric  chloride  (1:500)  is  dissolved  in  the  acetic  liquid. 
Spraying  the  scalp  with  acetic  acid  has  been  recommended  in  favus. 

Tincture  6f  Iodine. — This  is  used  in  tinea  tonsurans,  favus  and  sycosis.  Coster's 
paste  consists  of  2  grams  of  iodine  and  four  grams  of  oil  of  cade,  or  light  oil  of  white 
tar.  It  is  applied  with  a  stiff  brush,  and  forms  a  black  crust,  which  is  removed  with 
forceps,  bringing  with  it  the  diseased  hair.  The  part  is  then  rubbed  with  soft  soap 
and  flannel,  and  again  painted,  either  at  once  or  after  an  interval  of  a  day  or  two. 
Tincture  of  iodine  alone  may  be  painted  over  patches  of  ringworm  or  of  ti^iea  tonsurans, 
two  or  three  layers  being  applied  and  allowed  to  dry. 

Iodine  in  any  desired  proportion  may  be  dissolved  in  glycerin  with  the  acid  ot 
potassium  iodide.  In  severe  cases,  as  much  as  10  percent,  of  iodine  and  an  equal  quan- 
tity of  phenol  may  be  used.  Sometimes  the  following  solutions  are  employed:  A.  Potas- 
sium iodate,  2  drams  (8  gm.),  distilled  water,  4  fluidounces  (60  cc);  B.  potassium 
iodide,  2  drams    (8  gm.),  distilled  water,  4  fluidounces    (60  cc).     The  scalp   is  shaved 
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once  a  week.  The  affected  areas  are  then  soaked  for  three  or  four  minutes  with  solution 
A  applied  upon  lint  or  cotton;  after  which  solution  B  is  applied  in  the  same  way. 
Nascent  iodine  is  formed  in  the  skin,  and  the  bottom  of  the  hair  root  is  frequently 
found  to  be  stained  with  it.  The  applications  are  repeated  as  necessary.  The  skin  may 
be  soaked  with  acetic  acid  solution  (1:16),  and  then  painted  with  tincture  of  iodine. 
Ointments  of  iodine,  of  sulphur  iodide,  or  of  iodoform,  or  solutions  of  iodoform  in 
chloroform  (1:  10)  may  be  similarly  employed, 

NouMAL,  Ci'PKic  Acetate. — This  is  used  chiefly  in  ringioorm  but  aloo  in  tinea  sycosis, 
preferably  as  an  ointment  (20  percent.),  or  as  a  saturated  solution  (6.7  percent.). 
Cupric  sulpJiate  has  been  used  as  a  lotion  in  scabies,  after  thorough  cleansing  of  the 
skin  with  soap  and  water.  In  favus,  after  the  crusts  have  been  thoroughly  removed, 
the  parts  may  be  well  rubbed  with  a  crystal  of  bluestone  moistened  with  water.  In 
Nastomycetic  dermatitis,  the  drug  is  used  both  topically  and  systemically.  For  the 
latter  purpose,  it  is  best  prescribed  in  pills  with  tragacanth  and  syrup,  which  may 
be  covered  with  silver  foil,  or  encapsulated.  The  dose  is  from  14  to  2  grains  (0.015 
to  0.13  gm.).  Crpuic  cahtjonate  in  ointment  (1:  8)  is  said  to  be  effective  in  ti7i('a  sycosis. 
Cui'Ric  OLEATE  is  used  chiefly  in  the  treatment  of  ringworm,  in  the  after  treatment  of 
scahies,  and  as  an  alternate  application  in  the  treatment  of  nearly  every  form  of  hypho- 
mycetic  parasiticism  of  the  skin.  The  strength  of  the  application  varies  with  the 
chronicity  and  severity  of  the  lesions,  from  2  to  20  percent.  It  may  be  diluted  with  any 
bland  oil  or  ointment  base. 

Silver  Nitrate. — This  is  sometimes  applied  to  obstinate  parasitic  lesions  of  the 
skin.  The  staining  is  not  a  serious  objection,  as  it  wears  off  in  time,  or  can  readily 
be  removed.  According  to  the  severity  and  chronicity  of  the  condition,  use  is  made 
of  the  solid  stick  or  of  more  or  less  dilute  solutions  (from  5  to  50  percent.).  Similar 
applications  may  be  made  in  resistant  cases  of  thrush  and  other  mycoses  of  the  mucous 
membranes. 

Anthelmintics 

Drugs  used  specifically  to  kill  or  expel  intestinal  worms  are  termed  anthelmintics 
(avri  eXuiPs ).  These  agents  are  commonly  but  inaccurately  divided  into  vermicides 
(vermis,  csedcre)  and  vermifuges  (vermis,  fugare).  Some,  however,  even  of  the 
most  vaunted  vermicides  may  only  irritate  and  expel  the  worms,  without  killing 
them.  Thus,  the  practical  value  of  the  distinction  is  chiefly  to  impress  upon  the 
physician  the  necessity  of  adding  measures  of  expulsion  to  vermicidal  medication. 

It  is  also  to  be  borne  in  mind  that  anthelmintics,  in  general,  are  not  toxic  to 
the  worms  alone,  or  specifically,  but,  in  greater  or  less  degree,  to  all  living  cells. 
Their  peculiar  value  depends  on  a  very  simple  fact.  They  arc  insoluble,  or  but 
slightly  soluble  in  the  gastric  and  intestinal  juices.  Hence,  their  absorption  from 
the  alimentary  tract  is  slow  and  minimal,  and  they  act  in  greater  concentration  upon 
the  parasites  than  upon  the  host.  Severe  and  even  fatal  poisoning,  however,  has 
resulted  from  the  incautious  use  of  certain  of  these  drugs,  which  are  partially  soluble. 

Certain  precautions  are  therefore  necessary.  The  dose  must  be  carefully  deter- 
mined; the  method  of  administration  must  be  such  as  to  preserve  and  enhance  the 
relative  insolubility  of  the  drug;  and  to  lessen  still  further  the  chances  of  absorption,  a 
purgative  should  be  given  with,  or  shortly  following,  the  anthelmintic.  Moreover,  to 
promote  intimate  contact  between  drug  and  parasites  (thus  assuring  maximum  effect 
with  minimum  risk)  a  detergent  cathartic,  or  an  enema,  to  remove  intestinal  mucus, 
should  be  given  several  hours  before  the  administration  of  the  active  medicament. 
For  the  same  reason,  and  in  order  to  diminish  the  volume  of  the  intestinal  content, 
food  should  be  withheld. 

Care  should  be  taken  to  avoid  coincident  administration  of  foods  or  medicaments 
which  increase  the  solubility  of  the  agent  already  given,  or  in  which  that  agent  is 
soluble.  Thus  a  danger  may  arise  from  the  use  of  castor  oil  as  a  purgative  when  such 
agents  as  aspidium  or  thymol  are  administered.     Fats  or  fatty  foods  and  alcoholic 
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beverages  must  be  avoided  for  from  twenty-four  to  forty-eight  hours  prior  to  the 
administration  of  such  agents. 

Many  of  the  vermicides  bring  about,  also,  the  expulsion  of  the  dead  or  stupefied 
worms.  It  is  best,  however,  to  aid  ejection  by  a  purgative — such  as  calomel,  castor  oil, 
salts,  senna,  jalap  and  to  follow  it  by  an  enema,  which  may  contain  a  parasiticide. 

Ova  frequently  adhere  to  the  integument,  after  the  expulsion  of  the  adult  worms. 
It  is  thus  necessary,  especially  with  children — and  in  the  case  of  seatworms  (thread- 
worms, pinworms,  whipworms)  with  adults  also — to  cleanse  the  skin  of  the  fundament 
and  the  separated  folds  of  the  anal  membrane  (in  females,  the  vulva  and  the  vagina  as 
well)  with  some  lotion  destructive  to  eggs.  Tincture  of  green  soap,  vinegar,  solution 
of  phenol,  or  of  cresol  (2  percent.),  alcohol,  saturated  solution  of  boric  acid,  and  bora- 
glyceride,  are  the  preparations  commonly  employed. 

As  infestation  is  spread  by  the  ova  expelled  from  the  bowel,  which  are  frequently 
viable,  notwithstanding  the  use  of  vermicides,  care  in  the  collection  and  disposition 
of  the  ejecta  is  always  imperative,  and  the  patients  must  be  definitely  instructed  to 
that  effect.  Milk  of  lime  or  chlorinated  lime  is  ordinarily  the  best  ovicide  for  admix- 
ture with  the  feces. 

Below  are  tabulated  the  classes  of  intestinal  worms  most  commonly  met  with; 
and,  in  the  order  of  discussion,  the  principal  remedies  employed  against  each  class. 
(The  drugs  in  black  face  type  are  taken  up  in  the  class  thus  indicated.) 


II. 


Roundworms  (Nematodes,  Nemathelminthes). 

A.  Threadworms  (Pinworms,  Ascarids)  and  Whipworms. 

B.  Roundworms  (Eelworms,  Lumbricoids). 

C.  Hookworms  and  Strongyloids. 
Tapeworms  (Cestodes). 


I.    Boimdworms 

A.    Agents  used  by 

enema  against  threadworms. 

Sodium  bicarbonate 

Myrtol 

Alcohol 

Sodium  carbonate 

Benzine 

Tannin 

Sodium  borate 

Quassia 

Krameria 

Sodium  chloride 

Quinine 

Kino 

Lime  water 

Salicylic  acid 

Logwood 

Boric  acid 

Papain 

Catechu 

Soap 

Hydrogen  peroxide 

Phenol 

Oil  of  turpentine 

Vinegar 

Cresol 

Oil  of  eucalyptus 

Ice  water 

The  uses  of  these  agents  are  discussed  here  only  in  a  general  way  in  the  section 
upon  general  routine. 


B.     Agents  administered  by  mouth  against  roundworms   (eelworms) 
bricoides)  and  sometimes  against  threadworms  and  whipworms. 


(Ascaris  lum- 


Santonica 

Santonin 

Spigella 

Azedarach 

Corsican  Moss 

Mucima 

Aspidium 

Oil  of  chenopodium 

Kousso 


Kamala 

Pepo 

Naphykalene 

Beta-naphthol 

Papain 

Menthol 

Thymol 

Myrtol 


Eucalyptol 

Bitter  tonics 

Calomel 

Ammoniated  mercury 

Castor  oil 

Sulphur 

Purgatives 

Oil  of  turpentine 


C.  Agents  administered  by  mouth  against  hookworms  {Ancylostoma  duodenale  or 
Vncinaria  duodenalis  and  Necator  americanus)  and  sometimes  against  strongyloids 
(Strongyloides  stercoralis). 
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Carbon  tetrachloride                  Aspidium  Eucalyptol 

Oil  of  chenopodium                    Spigelia  Myrtol 

Thymol                                           Chloroform  Calomel 

Beta-naphthol                              Turpentine  oil  Purgatives 
Naphthalene 

II.     Tapeworms  (Cestodes) 

Agents  administered  by  mouth  against  tapeworms  (Tania  solium,  T<rnia  saginata 
{Ta-nia  mcdiocanellata) ;  Dihothriocephalus  latus  (T.  lata);  Hymenolepis  nana  (T. 
nana)  ). 

Aspidiiun  Brayera  Turpentine  oil 

Granatiun  Areca  Eucalyptol 

Pomegranate  Musenna  Naphthalene 

Pepo  Coconut  Purgatives 

Kamala  Chloroform 

General  Routine  to  be  Followed  in  the  Treatment  of  Intestinal  Helminthiasis 

Threadworms  (Oxyuris  vermicularis). — The  supposition  that  only  local  meas- 
ures are  necessary,  in  the  treatment  of  threadworms,  is  a  mistake.  These  parasites 
infest  the  upper  bowel,  as  well  as  the  colon  and  rectum,  and  the  treatment  h. 
threefold : 

Removal  of  mature  females,  eggs  and  young  worms  from  the  rectum  and  perineum. 
Expulsion  of  parasites  and  mucus  from  any  portion  of  the  intestine,  by  means  of 
purgatives  and  other  vermifuges.  Regulation  of  diet,  and  the  administration  of  sys- 
temic tonics  and  of  remedies  designed  to  correct  the  atonic  and  catarrhal  condition 
of  the  intestinal  mucous  membrane. 

To  wash  out  the  worms  and  eggs  from  the  rectum  and  colon,  Jiigh  and  low  enemas, 
given  at  first  daily,  and  later,  weekly,  or  twice  weekly,  will  ordinarily  suffice.  The 
solution  should  be  tepid  or  hot  (unless,  for  some  reason,  iced  water  is  chosen)  and, 
by  preference,  slightly  alkaline,  in  order  to  dissolve  the  mucus  in  which,  the  parasites 
are  often  imbedded. 

The  buttocks,  or  the  foot  of  the  bed,  should  be  elevated;  or  the  patient  should 
assume  the  knee  chest  position.  Large  irrigation  (1  or  2  quarts)  may  be  given  at 
first;  later  smaller  quantities  (1  or  IV2  pints);  and  finally  a  few  ounces,  which  the 
patient  should  retain  as  long  as  possible. 

Solutions  of  sodium  bicarbonate,  sodium  carbonate,  sodium  borate,  or  sodium 
chloride  (1  to  2  or  3  percent.,  in  hot  water)  may  be  used  alone,  in  sufficient  quantity, 
0.5  to  1  liter  (1  to  2  pints),  or  added  to  other  solutions.  Lime  water  (90-120  cc.  (3  or 
4  fluidounces)  for  each  injection,  is  employed  undiluted,  or  mitigated  with  a  demul- 
cent.   Boric  acid  is  used  alone,  in  5  percent,  solution. 

Soapy  water  is  a  useful  vehicle  for  such  agents  as  oil  of  turpentine,  oil  of 
eucalyptus  and  myrtol — i  to  8  cubic  centimeters  to  250  cubic  centimeters  (1  or  2  tea- 
spoonfuls  to  the  pint).  For  adults,  it  may  likewise  be  injected  alone,  in  the  proportion 
of  2  or  3  grains  (0.12  to  0.2  Gm.)  of  castile  soap  to  each  ounce  (30  cc.)  of  distilled  or 
rain  water.  From  3  to  6  pints  (or  as  much  as  can  be  tolerated  without  straining)  are 
introduced  slowly,  while  the  patient  assumes  the  knee  chest  position. 

Eucalyptus  globulus  is  also  used  in  the  form  of  a  decoction  of  the  leaves. 

Benzin  (20  drops)  may  be  added  to  (a  pint  of)  warm  water  or  soapsuds. 

Quassia  is  employed  as  a  decoction  made  with  an  ounce  (30  Gm.)  of  the  chips 
in  750  cubic  centimeters  (V/i  pints)  of  water,  boiled  down  to  a  pint  (500  cc.)  and 
strained. 

Quinine  salts  are  injected  as  watery  solutions  (0.4  to  0.5  percent.).  Infusions  or 
decoctions  of  Peruvian  bark  may  be  employed  similarly. 
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Enemas  of  salicylic  acid  solution  contain  1  to  2  Grams  (15  to  30  gr.)  to  the  pint 
of  water. 

Weak  solutions  of  ferric  chloride,  15  cubic  centimeters  (4  fluidrams)  of  the  tinc- 
ture to  the  pint  of  water;  of  ferrous  sulphate,  1  to  3  percent.,  and  of  ferric  suh- 
sulphate,  1  to  2  percent.,  have  been  used  in  obstinate  cases. 

Santonin  may  be  employed  as  an  enema,  in  quantity  not  exceeding  0.1  to  0.3 
Gram  (2  to  5  gr.)  in  a  pint  or  quart  (0.5  to  1  liter)  of  hot  water. 

Garlic  bulbs  (cloves)  are  finely  chopped  and  steeped  in  water  for  12  hours,  the 
infusion  being  then  strained  through  cheese-cloth  or  linen,  and  injected  into  the  rectum. 

Papain  (0.3  to  0.6  Gm.  —  5  or  10  gr.)  in  a  half  pint  (250  cc.)  of  water  may  be 
thrown  into  the  colon  as  high  as  possible. 

Other  agents,  sometimes  employed  as  enemas,  are  weak  solutions  of  hydrogen 
peroxide  water  (1  to  5  or  10),  vinegar  diluted  with  2  or  3  volumes  of  water;  solutions 
of  sodium  perhorate  (5  percent.),  and  small  quantities  of  iced  water. 

Naphthalene  is  injected  in  the  form  of  a  mixture  with  olive  oil  (15  to  30  gr. 
in  3  fluid  ounces,  or  1  to  2  Gm.  in  100  cc). 

Tannin  is  employed  chiefly  as  a  constituent  of  various  vegetable  astringents 
(krameria,  logwood,  catechu,  kino,  etc.)  used  in  the  form  of  infusions  or  decoctions. 

Aloes  may  be  injected  in  the  form  of  a  weak  infusion  (4  Gm.  to  500  cc),  or  the 
tincture  be  mixed  in  water  (1  dram  to  the  pint). 

In  place  of,  or  following,  the  enema,  suppositories  are  employed;  ammoniated 
mercury,  naphthalene,  quinine  hisulphate,  santonin,  sulphur,  being  advised.  The 
perineum  and  anal  folds  (in  females,  the  vulva  and,  sometimes,  the  vagina),  must  be 
carefully  cleansed  with  saline  solution  or  with  soap  and  hot  water,  and  wiped  off  with 
cotton  swabs  soaked  in  a  weak  solution  (1  to  2  percent.)  of  phenol.  The  parts  may 
then  be  anointed  with  phenolated  petrolatum  (1  to  5  percent.)  or  horic  acid  ointment 
(5  to  10  percent.)  ;  or  lioi-ic  acid  may  be  used  as  a  dusting  powder. 

As  systemic  or  local  correctives,  infusion  of  gentian  and  other  hitter  tonics,  iron, 
or  terehinthinates  are  administered.  Gentian  is  said  also  to  act  as  a  vermifuge, 
whether  given  by  mouth  or  by  rectum.  f,,„i  .,,[; 

To  expel  mucus  and  to  drive  out  parasites  from  the  jejunum,  where  they  frequently 
abound,  calomel  and  sodium  hicarhonate,  or  sodium  phosphate  or  magnesia  or  sodium 
sulphate  and  the  like  are  applicable.  Sulphur  is  advised  as  a  vermicide  cathartic. 
It  may  be  given  at  bedtime,  and  be  followed  by  senrw,  or  castor  oil  in  the  morning. 

In  addition,  it  is  frequently  necessary  to  employ  an  anthelmintic  remedy  hy  the 
mouth.  Betanaphthol  or  naplithalene  (0.6  to  1.2  Gm.  — 10  to  20  gr.)  and  papain 
(0.3  to  1  Gm.  —  5  to  15  gr.)  are  useful.  They  may  be  given  separately  or  associated, 
in  powder,  capsule,  cachet;  or  to  children,  in  suspension  with  castor  oil,  suitably 
emulsified.  Thymol  may  be  given  to  adults,  in  relatively  small  doses,  however  (0.3 
Gm.  —  5  gr.).  The  terehinthinates,  especially  myrtol  (3  to  10  drops  on  sugar),  find 
here  a  double  application.  Santonin  used  cautiously  is,  however,  the  most  effective 
agent  at  command.  It  is  suitable  for  children  over  two  years  old  (Vs  to  %  gr.  —  8  to 
30  mgm.  with  calomel),  and  is  especially  applicable  to  the  treatment  of  obstinate  cases 
in  adults  (up  to  3  or  5  grains — 0.2  to  0.3  Gm.,  thrice  daily). 

Whipworms  (Tricocephalu^  dispar  or  Trichuris  trichiura). — While,  in  general, 
the  measures  used  against  pinworms  are  also  applicable  to  whipworm  infestation,  they 
are  much  less  effective.  The  best  results  have  been  gained  from  the  administration 
by  mouth  of  santonin  and  calomel  (2  or  3  grains  of  each  for  adults),  of  thymol  in 
relatively  large  doses  (10  grains  in  capsule  to  an  adult) ;  henzin  (5  to  15  minims  in 
emulsion);  oil  of  chenopodium  (5  to  15  minims  in  emulsion);  male  fern  (oleoresin 
of  aspidium)  (10  to  15  minims  in  emulsion).   The  number  and  frequency  of  the  doses 
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is  to  be  governed  by  the  effect  upon  the  patient,  as  discussed  under  the  respective 
drug-titles.  Purgation  is  an  essential  part  of  the  treatment,  as  already  pointed  out. 
Benzin  (1  fluidram  to  the  pint  of  warm  water)  has  also  been  used  as  an  enema.  The 
stools  must  be  watched,  and  the  treatment  repeated  from  time  to  time,  until  worms 
are  no  longer  found. 

Roundworms  (Eelworms)  (Ascaris  lumhricoides) . — The  day  before  the  authel- 
mintic  is  administered  the  patient  should  be  given  a  mild  laxative,  preferably  sodium 
phosphate,  magnesia,  or  other  saline.  At  bedtime  the  bowel  is  to  be  washed  out  with 
an  enema  of  soapsuds  and  turi)entine. 

In  the  morning,  before  breakfast,  the  vermifuge  should  be  administered  in  one 
dose  or  divided  into  several  portions.  A  purgative  may  be  associated  with  it,  or  be 
given  either  shortly  afterward,  or  in  the  course  of  3  or  4  hours,  according  to  the 
anthelmintic  chosen.  Santonin,  as  a  rule,  should  be  accompanied  by  calomel,  or 
quickly  followed  by  castor  oil.  Some  physicians  withliold  food  until  the  purgative 
has  been  administered;  but  this  course  is  not  to  be  advised  with  the  very  young,  the 
aged,  or  the  enfeebled.  Many  physicians  prefer  to  use  the 'Vermifuge  in  divided  doses 
for  two  or  three  days,  and  then  to  give  the  purgative.  Light  diet  is,  of  course,  per- 
mitted meanwhile;  and  the  anthelmintic  may  be  given  after  meals. 

After  the  worms  have  been  expelled  a  high  enema  of  soapsuds  and  turpentine 
should  be  given,  and  the  perineum  is  to  be  carefully  cleansed — preferably  with  tincture 
of  green  soap  and  water,  followed  by  2  percent,  solution  of  phenol.  If  the  patient  be 
much  depressed  a  small  dose  of  strychnine  may  be  injected  subcutaneously,  or  aromatic 
spirit  of  ammonia  be  given  by  mouth. 

It  is  sometimes  advisable  to  repeat  the  whole  course  of  treatment  after  a  week  or 
two,  to  make  sure  that  all  the  worms  have  been  expelled. 

The  agents  most  commonly  employed  against  lumbricoids  are  santonin,  spigelia, 
and  oil  of  clienopodium.  Azedarach  is  of  popular  repute  in  the  southern  United 
States,  and  in  its  far  eastern  home.  The  teniafuges  are  applicable  (in  reduced 
dosage),  but  are  rarely  needed.  The  terehinthinates  and  other  agents  to  improve 
digestion  and  hematosis  correct  intestinal  catarrh,  and  cleanse  the  alimentary  tract, 
are  useful,  as  discussed  in  connection  with  threadworms. 

Hookworms  and  Strongyloids  {Ancylostoma  duodenale — Uncinaria  duodenalis — 
Necator  Ainericanus — Strongyloides  stercoralis). — The  great  importance  of  hookworm 
infestation,  as  a  cause  of  profound  anemia  and  resulting  organic  degenerations,  need 
not  be  emphasized. 

The  preparation  of  the  patient  for  the  anthelmintic  is  much  the  same  as  in  the 
case  of  lumbricoids.  The  previous  day,  he  should  eat  lightly,  and  take,  early  in  the 
day,  a  mild  saline  la.xative,  or  a  moderate  dose  of  calomel,  followed  in  3  or  4  hours 
by  a  saline — for  example,  magnesium  sulphate,  8  to  15  Grams  (2  to  4  drams),  or  some 
such  mixture  as  the  following:  sodium  phosphate,  4  Grams  (60  gr.) ;  sodium  sulphate 
and  sodium  ticarhonate,  each  2  Grams  (30  gr.)  in  a  glassful  of  hot  water;  the  dose 
to  be  repeated  in  4  hours  if  necessary. 

One  object  of  this  treatment  is  to  remove  as  much  as  possible  of  the  intestinal 
mucus,  by  which  the  worms  are  often  protected  against  the  vermicide.  To  further 
this  result,  the  bowel  is  freely  irrigated,  at  bedtime,  with  hot  soapy  water  and  tur- 
pentine or  oil  of  eucalyptus  (2  fluidrams  to  the  quart).  In  the  morning,  before 
breakfast,  the  carbon  tetrachloride,  thymol,  or  oil  of  chenopodium,  is  given,  in  one 
dose,  or  in  divided  doses.  According  to  the  drug  chosen,  a  purgative  is  given  with 
it  or  some  time  later  {e.g.,  castor  oil  in  the  case  of  chenopodium;  magnesium  sulphate 
in  the  case  of  carbon  tetrachloride  or  thymol).  If  possible,  no  food  is  to  be  given  until 
the  purgative  has   acted;   but  this   will    depend   somewhat   on   the   strength   of   the 
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patient.  When  food  is  necessary,  a  small  amount  of  protein  or  carbohydrate,  coffee 
or  tea,  is  permissible.  No  oil  can  be  given  with  carbon  tetrachloride  or  thymol,  as 
they  aid  in  absorption  and  lead  to  poisoning.  Oil  of  chenopodium,  on  the  other  hand, 
is  best  given  with  castor  oil.  After  evacuation,  the  bowel  should  again  be  flushed 
with  an  enema  of  soapsuds  and  turpentine,  or  eucalyptol.  All  of  these  agents  are 
more  effective  against  necator  than  against  ancylostoma.  Chenopodium  is  more 
effective  against  the  males  and  carbon  tetrachloride  more  effective  against  the 
females  of  necator.  It  is  therefore  wise,  in  infestation  by  this  species,  to  give 
a  mixture  of  1  part  of  oil  of  chenopodium  and  two  parts  of  carbon  tetrachloride 
(Soper). 

After  an  interval  of  from  three  or  four  days  to  a  week,  the  stools  should  be 
examined,  and,  if  ova  are  found,  the  treatment  must  be  repeated.  It  is  often 
necessary  to  keep  this  up  for  several  weeks,  perhaps  varying  the  vermicide  agent 
occasionally.'  Meanwhile  the  patient's  strength  is  to  be  maintained  by  an  iron  and 
arsenic  tonic,  as  well  as  by  appropriate  regulation  of  the  diet,  and  treatment  of  the 
alimentary  system.  Strongyloids  may  be  found  in  association  with  hookworms  or 
independently.  Since  the  females  burrow  into  the  intestinal  wall,  they  are  hard  to 
dislodge.  In  general,  the  preparation  of  the  patient  and  the  medicaments  employed 
are  the  same  for  both  parasites. 

Chloroform  and  castor  oil  are  used  in  conjunction  with  chenopodium;  calomel 
and  magnesimn  sulphate  with  the  others.     Terehinthinates  are  also  useful. 

Tapeworms  (Cestodes). — In  the  treatment  of  tapeworm,  and  especially  of  the 
armed  species,*  a  definite  preparatory  routine  is  necessary,  which  may  be  varied 
slightly,  according  to  the  drug  chosen,  and  the  age  and  strength  of  the  patient. 

After  preliminary  cleansing  of  the  bowel  by  purgative  or  enema,  a  scanty  diet, 
chiefly  liquid,  and  excluding  bread,  vegetable  and  other  articles  likely  to  increase  the 
bulk  of  the  feces,  is  to  be  instituted  for  two  days.  A  soapsuds  enema  is  to  be  given 
each  night,  unless  there  has  been  a  satisfactory  stool  during  the  day.  When  consti- 
pation is  marked,  or  there  is  a  great  deal  of  mucus  in  the  stools,  it  may  be  well  to 
use  also  each  morning  an  alkaline-saline  cathartic,  such  as  one  of  the  natural  mineral 
waters,  or  a  mixture  of  sodium  phosphate,  magnesium  sulphate  and  sodium  hicarhonate 
(15  to  30  gr. — 1  to  2  Gm.  each,  in  half  a  tumblerful  of  hot  water). 

On  the  third  morning  the  patient  should  drink  a  glass  of  milk  and  then  refrain 
from  all  food  for  24  hours,  evacuating  the  bowel  by  an  enema  at  bedtime,  or  by  a 
calomel  or  saline  purge  during  the  afternoon. 

Many  physicians  reduce  the  entire  period  of  preparation,  especially  with  children 
and  debilitated  persons,  and  in  cases  of  unarmed  tapeworm,  to  this  24  hours  of  fasting, 
with  the  administration  of  a  purgative  at  bedtime.  Some,  indeed,  and  their  number 
is  increasing,  omit  the  preliminary  fasting  altogether,  simply  administering  a  saline 
aperient  about  an  hour  before  a  light  breakfast  of  coffee  and  toast,  and  beginning 
with  the  anthelmintic  an  hour  or  less  after  breakfast.  Usually,  however,  the  preceding 
and  following  routine  is  observed. 

On  the  morning  following  the  fast,  a  cup  of  coffee  is  given.  For  patients  old  or 
weak,  a  small  quantity  of  clear  soup  may  also  be  allowed.  When  male  fern  is  to  be 
used,  however,  and  as  a  rule  with  children,  a  glass  of  hot  milk  is  better  than  the 

^  In  the  case  of  a  Trinidad  negro,  treated  in  my  (S.  S-C.)  service  at  Jefferson  Hos- 
pital, we  continued  to  find  worms  in  the  feces  for  eight  weelis.  The  last  worms  were 
brought  out  by  oleoresin  of  aspidium,  after  thymol  and  beta-naphthol  had  ceased  to  he 
effective. 

•  It  is  taken  for  granted  that  the  diagnosis  has  been  made  correctly  by  a  careful 
examination  of  the  segments  spontaneously  passed  or  brought  out  by  a  mild  purge — 
calomel,  by  preference. 
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soup.  Shortly  after  this,  the  teniafuge  is  to  be  taken;  usually  in  divided  doses,  so 
that  it  may  be  stopped  should  untoward  reaction  be  induced. 

To  minimize  the  risk  and  lessen  the  severity  of  vertigo  and  other  unpleasant 
symptoms,  the  patient  should  remain  in  bed — or,  at  least,  recumbent. 

In  from  half  an  hour  to  two  or  more  hours  after  the  last  dose  of  the  anthelmintic, 
a  purgative,  saline  or  vegetable,  should  be  administered.  Castor  oil  is  contraindicated 
when  aspidium  has  been  used.  With  the  cathartic,  a  moderate  dose  (10  to  30  minims) 
of  ether,  compound  spirit  of  ether,  chloroform,  or  spirit  of  chloroform,  may  be  given 
in  a  demulcent  vehicle.  The  patient  should  evacuate  into  a  chamber-vessel  one-half 
filled  with  warm  water,  so  that  the  worm  may  not  be  broken  prematurely,  and  the 
head,  which  often  survives  the  treatment,  fail  to  pass.  Evacuation  should  be  fol- 
lowed or  assisted  by  a  turpentine  and  soapsuds  enema  (2  fluidrams  to  1  pint)  ;  and 
the  perineum  be  cleansed  with  mercurie-potassic  iodide  soap  or  with  a  solution  of 
phenol  or  cresol  (2  percent.)  or  mercuric  chloride  (1:1000). 

The  stool  should  be  examined  carefully  to  make  sure  that  the  head  has  passed. 
In  that  event,  no  further  vermifuge  treatment  may  be  needed;  but  the  stools  should 
still  be  watched  to  make  sure  that  there  has  not  been  multiple  infestation. 

If  comparatively  large  segments  only  have  been  expelled,  a  week  or  two  should 
be  allowed  to  elapse,  and  the  treatment  then  be  repeated  in  full.  If  most  of  the  worm, 
including  the  small  segments  (so-called  neck)  passes,  it  is  best  to  wait  for  8  or  10 
weeks  (watching  the  stools,  meanwhile,  for  the  reappearance  of  segments),  for  the 
head  may  have  passed  and  have  escaped  observation.  If  neither  segments  nor  ova  are 
found,  it  may  be  assumed,  that  this  is  the  case. 

Choice  of  Agents 

The  special  anthelmintic  drug  to  be  employed  will  depend  partly  upon  the 
species  of  the  parasite,  partly  upon  the  sex,  age,  and  vigor  of  the  host;  and,  to  some 
extent,  at  least,  upon  the  patient's  ability  to  pay  for  an  expensive  medicament — such, 
for  example,  as  pelletierine. 

Many  species  and  varieties  of  cestodes  have  been  reported  as  infesting  man;  but 
we  need  here  consider  only  four :  three  large  tapeworms.  Taenia  saginata  (or  T.  media 
canellata) ,  T.  solium,  and  Dibothriocephalus  latus,  also  called  Taenia  lata;  and  one 
small  tapeworm,  Hymenolepis  nana,  also  called  T.  nana. 

The  fat  (or  beef)  tapeworm  (T.  saginata)  is  most  frequently  found  in  the  eastern 
United  States.  In  California,  the  dwarf  tapeworm  (H.  nana)  is  perhaps  as  common, 
but  its  species  is  frequently  unrecognized.  The  armed  (or  pork)  tapeworm  {T.  solium) 
is  relatively  rare  in  the  U.  S.  and  Canada,  though  rather  frequent  in  certain  parts  of 
Europe. 

The  broad,  striped,  or  fish-infesting  tapeworm^  (B.  latus)  when  found  in  Korth 
America  occurs,  as  a  rule,  in  immigrants  from  North  Europe  and  Japan.  It  is  the 
cause  of  a  profound  debility,  resembling,  and  sometimes  mistaken  for,  pernicious 
anemia. 

Prevention  in  all  cases  is  best  assured  by  thorough  cooking  of  pork,  sausage,  beef 
or  fish,  and  the  preservation  of  all  food,  as  well  as  the  person,  from  contamination  by 
the  feces  of  rats,  mice,  cats  or  dogs.  To  prevent  spread  of  infestation  from  persons 
in  whom  teniasis  is  recognized,  instructions  as  to  the  proper  disposition  of  the  feces 
is  necessary.  Milk  of  lime  is  the  best  agent  to  destroy  ova  and  segments  passed  in 
the  stool;  and,  in  addition,  the  patient  should  cleanse  the  anus  and  perineum  with 
a  two  percent,  solution  of  phenol  or  cresol. 

When  Tivnia  solium  is  found,  especially  if  the  patient  be  inclined  to  vomit,  the 
treatment  should  be  instituted  as  promptly  as  possible,  since  cysticercus  infection  is 
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an  ever  present  danger.  In  other  varieties  of  cestode  infestation,  active  measures 
may,  in  most  instances,  be  put  off  until  a  convenient  time,  due  care,  however,  being 
observed  in  regard  to  the  excreta.  In  advanced  tuberculosis,  cancer,  diabetes,  or 
marked  debility  from  other  cause  than  the  presence  of  the  parasite,  treatment  may 
be  advisedly  omitted;  in  pregnancy  and  acute  infections,  it  should  be  postponed. 

For  the  expulsion  of  all  forms  of  tapeworm,  the  oleoresin  of  7nale  fern  (aspidium) 
is  the  most  useful  drug,  and  it  seems  to  be  the  only  one  entirely  successful  in  the 
case  of  the  dwarf  tapeworm.  Aspidium,  however,  often  fails  to  expel  the  head  of  the 
armed  (pork)  tapeworm  and  granatum  (pomegranate  root  bark),  or  its  active  prin- 
ciple, peUetierine,  should  then  be  employed.  Many  physicians  prefer  to  use  pome- 
granate in  all  cases — whether  the  worm  be  armed  or  unarmed — without  preliminary 
trial  of  aspidium. 

Both  of  these  drugs,  however,  are  rather  dangerous  to  the  host  and  for  weak 
persons,  the  very  young  and  the  aged,  less  disturbing  remedies  should  be  sought. 
Against  the  beef  tapeworm  (Tcenia  saginata),  pepo,  an  excellent  but  neglected  remedy, 
often  serves  the  purpose.  A  small  dose  of  the  more  active  anthelmintic  may  be 
given,  and  be  reinforced  by  pepo,  or  the  latter  may  be  used  singly,  or  in  association 
with  other  relatively  mild  agents. 

Other  agents  more  or  less  useful,  are  Kousso,  kamala,  areca,  musenna,  coconut, 
chloroform,  butylchloralhydrate,  oil  of  turpentine,  eucalyptol,  thymol,  naphthalene. 

Many  drugs,  in  addition  to  those  mentioned,  have  popular  reputations  as  tenia- 
fuges  for  the  expulsion  of  tapeworms,  or  are  in  more  or  less  limited  use  by  physicians. 
Most  of  these  are  either  included  in  other  classes,  or  are  unoflB.cial  exotics  difficult  to 
procure  in  the  United  States.    Hence,  they  are  not  discussed  here. 

Agents  Used  Against  Roundworms 
Santonin 

Santonin  is  derived  from  santonica,  or  Levant  wormseed,  the  dried  unexpanded 
flower  heads  of  Artemisia  paiiciflora  (or  A.  anthelminthica),  a  low  semi-shrubby, 
aromatic  plant,  indigenous  to  Turkestan.     It  is  obtained  through  Russia. 

Santonica  has  been  used  in  Europe  for  several  hundred  years  and  is  supposed  to 
have  been  introduced  by  returning  Crusaders. 

Chemistry .^ — Santonica  contains  a  volatile  oil;  an  aromatic  acid;  a  bitter  prin- 
ciple, arteviisin  (oxysantonin)  ;  santonic  acid;  and  a  neutral  principle,  santonin  (1.3 
percent,  to  2.2  percent.),  on  which  alone  the  physiologic  action  and  therapeutic  virtue 
depend. 

Santonin  is  a  white  crystalline  powder,  which  becomes  yellow  on  exposure  to  air. 
It  is  the  inner  lactone  or  anhydride  of  santonic  acid,  the  formula  being  C^^H^fi^'. 
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Summary  of  Actions  and  Uses. — Santonin  is  a  gastroenteric  irritant,  often  giving 
rise  to  vomiting  and  diarrtiea.   Toxic  quantities  cause  a  peculiar  yellow  vision  (xanthop- 
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sia)  and  first  excite,  and  then  paralyze,  the  central  nerve  system.  Convulsions  are 
followed  by  loss  of  power  and  failure  of  the  respiratory  center.  On  account  of  its 
toxicity  it  should  always  be  prescribed  with  caution,  and  never  for  a  child  of  less 
than  2  years,  as  children  are  disin-oportionately  susceptible. 

While  the  chief  use  of  santonin  is  as  a  vermifuge  (against  threadworms  and  round- 
worms), it  has  other  therapeutic  powers.  Thus,  it  has  also  been  employed  as  an  intes- 
tinal antiseptic  in  amebic  dysentery,  typhoid  fever  and  sprue.  For  this  purpose  golden 
santonin  is  said  to  be  more  efficacious.  It  is  helpful,  at  times,  in  diabetes  mellitus, 
especially  to  palliate  the  pains  of  complicating  neuritis;  and  is  of  similar  service  in 
the  lancinating  pains  of  tabes.  It  is  prescribed  by  some  practitioners  in  small,  even 
infinitesimal,  doses  for  the  relief  of  chronic  affections  of  the  genito-urinary  tract,  and 
as  a  retinal  stimulant. 

Materia  Medica. — Santonica  (unofficial),  Santonica.  Synonyms:  Levant  Worm- 
seed,  Semen  Ciua\  Flores  Arteniisife. 

The  dried  unexpanded  flower  heads  of  Artemisi(B  pauciflora  (Ledebour)  Weber 
(Artemisia  cina  Berg,  Artemisia  maritima  var.  stochmanni  Besser)  (Fam.  Compositce). 
Santonica  has  the  appearance  of  a  granular,  yellowish-green  or  greenish-brown,  some- 
what glossy  powder;  odor  strong,  peculiar,  somewhat  camphoraceous ;  taste  aromatic 
and  bitter. 

Dose,  8  to  30  grains   (0.5  to  2  Gm.). 

Santoninum  (U.S.  X.),  Santonin.     Ahhr.,  Santonin. 

A  crystalline  principle,  the  inner  anhydride  or  lactone  of  santonic  acid,  which, 
may  be  obtained  from  santonica.  It  occurs  in  colorless,  shining  flattened  rhombic 
prisms  or  as  a  white  crystalline  powder.  It  is  odorless,  and  nearly  tasteless  at  first, 
but  afterwards  develops  a  bitter  taste.  It  is  stable  in.  the  air  but  rapidly  becomes 
yellow  on  exposure  to  light.  It  is  almost  insoluble  in  cold  water  and  only  slightly 
soluble  in  boiling  water.  One  Gm.  of  santonin  is  soluble  in  43  cc.  of  alcohol,  1.7  cc. 
of  chloroform  and   110  cc.   of  ether  at   25°  C. 

Antagonists  and  Incompatihles. — Undetermined,  if  any  exist. 

Synergists. — Cathartics,  especially  calomel  (Bartholow).  Synergistic  to  all  simple 
bitters. 

Dose,  average,  1  grain  (0.06  Gm.). 

Chromosaxtonin  (unofficial).  Golden  Santonin. 

This  is  santonin  turned  yellow  by  the  action  of  light.  Its  properties,  save  color, 
are  the  same  as  those  of  official  santonin. 

Dose,  average,  1  grain  (0.06  Gm.). 

Tabell^  Santonini  (N.F.),  Tablets  of  Santonin.     Alhr.,  Tab.  Santonin. 

Compressed  tablets  containing  ^/^  grain  (0.03  Gm.)  of  santonin  flavored  with 
cocoa. 

Dose,  adult,  1  to  4  tablets. 

Tabell.e  Santonixi  Composite  (N.F.),  Compound  Tablets  of  Santonin.  Ahhr., 
Tab.  Santonin.  Co.    Synonym :   Tablets  of  Santonin  and  Calomel. 

Each  tablet  contains  about  Vo  grain  (0.03  Gm.)  each  of  santonin  and  calomel, 
flavored  with  vanilla  and  cocoa. 

Dose,  adult,  1  to  4  tablets. 

Trociiiscus  Santonini  (Br.),  Troches  of  Santonin.    Ahhr.,  Troch.  Santonin. 

Santonin,  3  Gm. ;  tragacanth,  3  Gm.;  sucrose,  54  Gm. ;  cocoa,  40  Gm. ;  vanillin, 
0.1  Gm. ;  water,  q.s.,  to  make  100  troches.    Each  troche  contains  about  Vz  grain. 

Dose,  1  to  3  troches. 

Trochisci  Saxtonini  Compositi  (unofficial).  Compound  Troches  of  Santonin. 
Ahhr.,  Troch.  Santonin.  Co.    Synonym:   Troches  of  Santonin  and  Calomel. 

Santonin,  mild  mercurous  chloride,  tragacanth,  of  each  3  Gm.;  sugar,  51  Gm.; 
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cocoa,  40  Gm. ;  vanillin,  0.1  Gm. ;  water,  q.s.,  to  make  100  troches.  Each  troche  con- 
tains about  y2  grain  each  of  santonin  and  calomel. 

Dose,  average,  1  to  2  troches. 

Calcii  Santoninas  (unofficial),  Calcium  Santoninate.    Ahhr.,  Calc.  Santonin. 

A  white,  tasteless  and  odorless  powder,  insoluble  in  water. 

Dose,  1  grain  (0.06  Gm.). 

Santoninoxime  (unofficial). 

Occurs  as  silky  white  levogyrous  needles,  soluble  in  alcohol  and  acetic  acid; 
slightly  soluble  in  boiling  water,  but  insoluble  in  cold  water. 

Dose,  1  to  5  grains  (0.06  to  0.3  Gm.),  according  to  age. 

Artemisin  (unofficial). 

It  is  a  crystalline  substance,  C^Hj^O^,  obtained  from  the  mother  liquor  after  the 
extraction  of  santonin  from  the  buds  of  Artemisia  maritima,  gradually  turns  yellow 
in  the  air  and  is  more  readily  soluble  in  water  and  dilute  alcohol  than  is  santonin. 

Dose,  1/640  grain  (0.0001  Gm.). 

Antipathogenic  Action. — Santonin  is  apparently  irritating  to  the  intestinal  worms, 
and  causes  them  to  relax  their  hold  upon  the  mucous  membrane,  at  the  same  time  driv- 
ing them  from  the  small  bowel  into  the  colon,  whence  they  may  be  expelled  by  purga- 
tives. When  expelled  they  are,  as  a  rule,  still  living,  although  they  become  quiet  on 
exposure  to  cold,  and  soon  die. 

Lumbricoid  worms,  placed  in  a  saturated,  watery  solution  of  santonin,  are  not 
killed,  but  become  extremely  active  and  restless,  and  try  to  climb  over  the  side  of 
the  beaker.  They  remain  active  almost  as  long  as  the  controls.  This  restlessness  is  due 
to  a  specific  irritation  of  the  muscle  fiber,  seen  even  in  muscle  strips,  and  is  dependent 
on  the  lactone  group.  It  is  not  caused  by  santonic  acid.  The  failure  to  kill  is  not 
dependent  on  insolubility,  as  santonin  dissolved  in  oil  is  also  ineffective  as  a  vermicide 
in  vitro.  According  to  Bachem,  however,  ascarides  in  saline  at  body  temperature  are 
killed  in  8  minutes  by  1  part  of  santonin  in  5000. 

Pharmacodynamics:  Absorption  and  Elimination. — Owing  to  its  very  slight  solu- 
bility, santonin  is  but  slowly  absorbed  from  the  alimentary  canal.  Yet  there  is  some 
absorption,  even  from  the  stomach,  as  has  been  shown  by  ligating  the  pylorus,  feeding 
santonin,  and  recovering  it  from  the  urine  and  the  intestinal  contents.  It  is  excreted 
partly  unchanged  and  partly  in  the  form  of  oxysantonins  (xanthopsin,  santogenin), 
giving  the  urine,  and  sometimes  the  feces,  a  deep  yellow  color,  which  changes  to  red 
or  purple  in  the  presence  of  alkalis,  or  sometimes  becomes  more  or  less  deeply  pink 
or  scarlet,  merely  from  exposure  to  the  air.  A  glucoside,  which  partially  reduces  cop- 
per and  bismuth,  is  frequently  present  in  the  urine.  Elimination  begins  quickly,  but 
may  be  prolonged  over  several  days. 

Toxic  and  Systemic  Action. — Santonin  has  a  stimulating  and  irritant  effect  upon 
the  gastroenteric  tract.  Small  doses  sharpen  the  appetite,  but,  in  susceptible  Indi- 
viduals, medicinal  doses  (and,  in  the  majority  of  persons,  a  quantity  approaching  the 
toxic  dose)  will  induce  nausea  and  vomiting;  less  frequently  abdominal  cramps  and 
diarrhea.  These  disturbances  may  be  owing  in  part  to  local  irritation  of  the  alimentary 
tract;  but  also,  no  doubt,  to  a  systemic  influence  upon  the  central  nerve  system. 

The  absorption  of  the  drug  is  commonly  followed  by  a  characteristic  perversion 
of  the  color  sense.  At  first,  for  a  short  time,  white  objects  appear  bluish,  but  this  Is 
soon  followed  by  a  period  in  which  white  seems  yellow — whence  the  term  xanthopsia 
(yellow  vision) ;  blue  seems  green,  and  violet  is  scarcely  perceived.  This  effect  is 
most  pronounced  in  a  bright  light.  It  is  not  merely  a  secondary  result  of  a  yellow 
coloration  of  the  ocular  humors  (a  coloration  which  is  denied  by  some  authorities), 
but  is  owing  to  a  specific  action  upon  the  nerve  mechanism  of  sight,  central  or  periph- 
eral— most  probably  the  retina.  In  children  such  color  disturbances  are  likely  to  follow 
a  dose  as  small  as  0.06  Gram   (1  gr.),  and,  in  adults,  0.3  Gram   (4  to  5  gr.). 

These  visual  disturbances  are  distinctive,  and  are  the  most  important  symptoms 
of  santonin  poisoning  generally  observed  in  man.  There  may,  indeed,  be  no  others. 
Sometimes,  however,  the  other  special  senses — smell,  taste,  even  hearing,  are  affected. 
In  mild  cases,  the  derangements  subside  in  a  few  hours;  the  patient,  perhaps,  having 
a  period  of  complementary  "purple  vision"  before  normal  color  sight  is  restored. 
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In  mild  poisoning  these  digestive  and  ocular  disturbances  are  alone  observed,  but 
in  severe  cases  evidences  of  central  nerve  disturbance  (excitation,  followed  by  depres- 
sion) dominate  the  picture.  Headache,  dizziness,  mental  confusion,  with  perhaps  mydri- 
asis and  tremors,  develop.  These  symptoms  arc  accompanied  by  coldness,  and  some- 
times clamminess,  of  the  surface,  and  profound  prostration,  passing  into  stupor,  coma, 
and  even  death.  In  addition,  the  abdominal  derangements  become  marked;  the  diarrhea 
being  profuse  and  often  bloody,  and  the  ocular  symptoms  are  exaggerated;  blue  and 
purple  being  seen  as  black,  apd  visual  hallucinations,  or  even  transient  blindness,  may 
develop. 

The  heart  becomes  slow  and  feeble,  and  there  may  be  syncope.  Blood  pressure 
falls,  both  from  cardiac  weakness  and  dilatation  of  the  vessels.  The  frequency  and 
depth  of  respiration  are  both  diminished;  breathing  may  become  stertorous,  slow  and 
difficult;  and  it  finally  ceases  before  the  heart,  from  paralysis  of  the  medullary  center. 

In  man,  convulsions  are  exceptional  but  in  dogs  and  rabbits  poisoned  with  san- 
tonin they  are  the  most  striking  phenomena.  That  they  are  cerebral  is  shown  by  their 
failure  to  appear  after  removal  of  the  cortex,  and  their  unilateral  occurrence  after 
removal  of  one  hemisphere.  In  man,  the  convulsions  are  sometimes  limited  to  the  face, 
but,  more  commonly,  involve  the  extremities.  They  may  be  tonic,  or  even  tetanic, 
with  opisthotonos  or  emprosthotonos;  or  they  may  be  clonic  or  epileptiform.  They 
may  be  manifested  for  a  few  hours  only,  or  may  recur  from  time  to  time  during 
several  days.  In  the  worst  cases,  there  may  be  little  intermission.  Convulsions  are 
also  induced  by  santonic  acid. 

Among  the  less  frequent  phenomena,  in  both  mild  and  fatal  cases,  are  erythematous, 
urticarial  and  morbiliform  rashes,  jaundice,  albuminuria,  hematuria,  aphasia.  Inflam- 
mation of  the  spleen  has  been  reported. 

While  the  temperature,  as  a  rule,  falls,  in  consequence  of  the  circulatory  paralysis, 
fever  Is  occasionally  observed. 

Toxic  Dose. — The  toxic  dose  in  man  is  markedly  influenced  both  by  individual 
susceptibility  and  by  conditions  in  the  alimentary  tract,  favoring  or  retarding  absorp- 
tion. Thus,  intoxication  is  much  more  likely  to  occur  when  the  drug  is  administered 
upon  an  empty  stomach,  or  to  feeble  and  anemic  persons;  and,  although  it  is  poorly 
absorbed,  when  taken  in  a  single  dose,  it  is  not  safe  to  give  large  doses  with  brief 
intervals.  Moreover,  one  must  bear  in  mind  the  extreme  susceptibility  of  the  young. 
Half-grown  animals  and  children  are  poisoned  by  y^  to  y^  the  dose  of  santonin,  rela- 
tive to  weight,  that  affects  full-grown  individuals  of  the  same  species;  and  human 
infants  are  one  hundred  times  as  sensitive  as  adults.  The  drug  should  not  be  given 
in  any  dose  to  a  child  of  less  than  2  years. 

Adults  are  not,  as  a  rule,  seriously  disturbed  by  doses  of  less  than  0.5  Gram  (8  gr.). 
The  fatal  cases  reported  have  been  almost  entirely  among  young  children.  In  an  infant 
of  six  months,  25  milligrams  (%  gr.)  induced  severe  symptoms,  and  in  a  child  of 
three  and  one-half  years,  60  milligrams  (1  gr.),  taken  in  divided  doses,  as  worm  lozenges, 
caused  death.  Repeated  use  leads  to  habituation. 

Treatment  of  Poisoning. — The  bowels  should  be  promptly  and  thoroughly  evacuated, 
by  purgatives  and  enemas.  Prompt  stimulants  (atropine  and  camphor)  should  be  admin- 
istered, and  external  warmth  applied.  If  the  respiration  fails,  artificial  respiration  should 
be  instituted,  and,  if  there  be  convulsions,  chloral  or  inhalation  anesthetics  are  indicated. 
If  the  instruments  can  be  obtained,  these  measures  may  be  combined  by  using  an 
insufflation  apparatus,  such  as  that  of  Meltzer  and  Auer  or  the  resuscitation  apparatus 
of  Meltzer. 

Therapeutics:  Topical, — Santonin  is  of  great  value  in  roundworm  infestation 
and  of  somewhat  less  in  that  by  threadworms.  Full  doses  must  be  given — 1/6  grain 
(0.01  Gm.)  for  each  year  up  to  the  age  of  18,  when  the  maximum  adult  dose  of  3  grains 
(0.02  Gm.)  is  reached.  This  is  a  single  dose,  which  should  not  be  repeated  more  than 
once  in  the  24  hours.  As  santonin  is  a  poisonous  drug  and  idiosyncrasy  in  regard  to  it 
is  not  uncommon,  it  is  the  best  practice  to  begin  tentatively  with  one-third  to  one-half 
the  maximum  dose  for  the  patient's  age,  and  repeat  if  no  special  sensitiveness  is  shown. 
When  santonin  is  given  as  a  vermifuge,  it  is  important  to  avoid  absorption  as  far  a3 
possible.  The  drug  should  therefore  be  associated  with  a  purgative,  preferably  calomel 
or  castor  oil,  given  with  it  or  shortly  after.    Objection  has  been  made  to  castor  oil  on 
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the  ground  that  oils  effect  a  solution  of  santonin  and  so  favor  its  absorption.  But 
apart  from  the  fact  that  the  solubility  of  santonin  in  oil  is  not  great,  it  is  the  experi- 
ence of  many  clinical  observers  that  oils  inhibit  rather  than  favor  absorption,  thereby 
lessening-  rather  than  increasing  the  risk  of  poisoning.  The  preliminary  use  of  garlic 
has  been  advised  as  rendering  the  parasites  more  susceptible  to  the  action  of  santonin. 
The  garlic  potion  is  prepared  by  cutting  a  garlic  clove  into  small  pieces  and  steeping 
for  ten  minutes  in  'a  glass  of  hot  milk,  then  straining  and  flavoring.  This  is  to  be 
taken  the  evening  before  the  santonin  is  given  and  repeated  the  following  morning 
(Pelissier). 

Apart  from  its  vermifuge  use  santonin  has  been  employed  with  reputed  success 
in  the  treatment  of  amebic  dysentery  and  sprue.  In  the  latter  ailment  old  santonin, 
discolored  by  exposure  to  light  (golden  santonin),  is  preferred,  a  specific  effect  being 
attributed  to  the  assumed  decomposition  products  (Begg).  It  is  given  in  dose  of  3 
grains  (0.2  Gm.)  twice  a  day  for  three  days.  Concomitantly  the  diet  is  to  be  regu- 
lated, and  alkaline  medicaments  or  mineral  waters  are  recommended,  but  alkalis 
must  be  taken  at  safe  intervals  before  or  after  the  santonin,  since  they  increase  the 
solubility  and  consequent  absorption  of  the  drug.  It  is  only  right  to  add  that  a 
number  of  careful  observers  deny  the  curative  action  of  santonin  in  sprue. 

Systemic. — Santonica  in  small  doses,  3  to  5  grains  (0.2  to  0.3  Gm.),  is  a  stomachic, 
increasing  the  appetite  (an  effect  partly  attributable  to  artemisin).  It  has  also  been 
given  with  good  effect  in  cases  of  intestinal  fermentation. 

Santonin  is  of  value  in  certain  cases  of  diabetes  mellitus,  especially  mild 
ones  of  long  standing,  not  readily  amenable  to  dietetic  measures,  and  associated 
with  nervous  disturbances,  in  particular  numbness  of  the  extremities  and  sciatic  or 
brachial  plexus  pains.  Such  pains  are  sometimes  relieved  by  minute  doses,  1/60 
grain  (0.001  Gm.)  or  less,  three  or  four  times  daily,  which  can  have  no  effect  on  the 
carbohydrate  metabolism.  The  urinary  sugar  may  diminish  and  even  disappear;  the 
nervous  symptoms  abate,  and  the  patient  gain  strength  and  weight  while  taking  full 
doses  of  santonin,  such  as  3  grains  (0.2  Gm.),  gradually  and  carefully  increased  to  as 
much  as  10  grains  (0.6  Gm.)  twice  or  thrice  daily.  In  the  beginning  the  patient's 
susceptibility  must  be  tested  by  giving  quite  small  doses,  ^2  grain  (0.03  Gm.)  or  less, 
until  it  is  seen  that  no  idiosyncrasy  exists.  Moreover,  the  course  should  not  be  con- 
tinued more  than  a  fortnight,  to  be  renewed  with  a  larger  dose  after  an  interval  of 
three  or  four  weeks,  and  again  intermitted.  Unfortunately  the  symptoms  commonly 
return  after  withdrawal  of  the  drug;  sometimes,  indeed,  during  its  administration, 
and  in  some  cases  the  treatment  fails.  Nevertheless,  even  with  the  exact  methods  of 
dietary  regulation  now  practised  and  the  advent  of  insulin,  it  is  worth  while  to  bear 
in  mind  the  possibility  of  exercising  some  control  over  diabetes  by  means  of  santonin, 
when  other  measures  fail  or  are  not  available. 

Santonin  relieves,  at  times,  the  lightning  pains  of  tabes  dorsalis,  the  initial  dose 
for  this  purpose  being  from  1/120  to  1/60  grain  (0.5  to  1  mgm.).  It  has  been  much 
praised  as  well  as  utterly  condemned  in  the  treatment  of  epilepsy,  the  dose  being 
from  2  to  5  grains  (0.12  to  0.3  Gm.)  three  or  four  times  a  day.  The  chromatopsia 
produced  by  santonin  led  to  employment  of  the  drug  in  the  treatment  of  chronic 
retinitis,  neurasthenic  amblyopia,  and  acquired  color-blindness.  In  those  conditions 
of  retinal  exhaustion  small  doses  (1/60  to  1/6  grain — 0.001  to  0.01  Gm.)  are  employed, 
the  initial  dose  being  somewhat  arbitrary  and  tentative,  its  increase  or  diminution 
being  dependent  upoa  the  effect  obtained. 

In  retention  of  urine  from  other  than  mechanical  causes  the  resort  to  catheteriza- 
tion may  often  be  avoided  by  giving  two  or  three  doses  of  1  to  2  grains  (0.06  to  0.12 
Gm.)  of  santonin  at  hourly  intervals.     Dysuria,  strangury,  vesical  and  urethral  irri- 
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tation,  nocturnal  enuresis  and  catarrhal  cystitis  may  also  be  relieved  by  minute 
doses,  1/4  to  4  grains  for  an  adult,  1/20  to  2  grains  for  a  child  or  2  or  3  grains  of 
the  2d  decimal  homeopathic  trituration  (Felter). 

Ad  mini  sr  at  \  on. — When  employed  as  a  vermifuge,  santonin  is  best  given  in  crys- 
talline form,  not  powdered,  as  it  is  less  readily  absorbable  in  that  form.  It  may  be 
preceded  by  a  garlic  potion  as  recommended  by  Pelissier,  and  administered  in  asso- 
ciation with  calomel,  or  preceded  by  a  laxative  and  followed  by  a  full  dose  of  castor  oil. 
It  is  best  not  given  on  an  empty  stomach,  as  that  is  believed  to  favor  absorption.  It 
is  fair  to  say,  however,  that  many  authorities  insist  that  the  santonin  and  calomel  be 
given  when  the  patient  is  fasting,  and  that  his  fast  be  not  broken  until  the  castor  oil, 
given  two  hours  after  the  santonin,  shall  have  acted.  The  treatment,  whether  the  first 
dose  cause  the  expulsion  of  worms  or  not,  should  be  repeated  in  two  or  three  days 
and  again  in  a  week  in  order  to  make  sure,  in  case  of  multiple  infestation,  that  all 
the  worms  have  been  expelled.  In  children  most  physicians  prefer  to  give  one-half  of 
the  prescribed  quantity  of  santonin  at  night,  after  a  light  supper,  and  repeat  in  the 
morning  before  breakfast;  or  the  full  dose  of  santonin  may  be  given  at  bedtime,  mixed 
with  a  teaspoonful  or  more  of  castor  oil;  and  more  oil  given  in  the  morning  if  neces- 
sary. Santonin  (0.25  Gm.)  associated  with  fluidextract  of  spigelia  (10  cc.)  and  fluid- 
extract  of  senna  (5  cc. )  may  be  given  in  four  doses  at  three  hour  intervals  to  young 
children.  Under  certain  conditions  of  age  or  debility,  when  the  small  amount  inevitably 
absorbed  when  a  full  dose  is  given  by  mouth  is  to  be  feared,  some  clinicians  advise 
the  rectal  administration  of  santonin,  2  grains  (0.12  Gm.);  oil  of  turpentine,  2  drams 
(8  cc);  starch  mucilage,  6.5  fluidounces  (200  cc).  This  mixture,  warmed,  is  to  be 
injected  slowly  every  other  night  for  three  doses,  the  last  dose  being  followed  the  next 
morning  by  a  brisk  purge,  and  should  be  effective  in  the  case  of  threadworms,  but  it 
is  difficult  to  imagine  how  it  can  be  of  service  against  roundworms  inhabiting  the  small 
intestine. 

In  a  case  of  threadworms,  after  the  preliminary  cleansing  of  the  bowel  by  enemas 
and  alkaline-saline  laxatives,  a  powder  containing  equal  quantities  of  calomel  and 
santonin,  rubbed  up  with  milk  sugar  and  flavored  with  a  drop  of  peppermint  oil,  may 
be  given  at  bedtime,  and  another  on  the  following  morning  before  breakfast  for  two 
or  three  days  consecutively.  The  last  dose  is  to  be  followed,  if  necessary,  after  four 
hours,  with  a  laxative  dose  of  magnesia,  senna  (licorice  powder),  or  castor  oil.  The 
course  should  be  repeated  after  an  interval  of  two  or  three  days. 

When  santonin  is  prescribed  for  constitutional  effect,  it  should  be  given  with  meals, 
once,  twice,  or  three  times  daily.  It  must  not  be  continued  indefinitely,  but  given  in 
interrupted  courses  of  10  or  15  days,  with  intervals  of  equal  or  double  duration.  The 
drug  may  be  given  in  powder,  alone,  or  rubbed  up  with  sugar  of  milk;  or  it  may  be 
enclosed  in  capsule  or  cachet,  or  made  into  pills  associated  with  cinnamon  powder, 
balsam  of  Tolu,  and  extract  of  licorice. 

Santomca. — Santonica,  which  has  a  santonin  content  of  from  1.5  to  3  percent.,  may 
be  given  in  doses  of  from  8  to  30  grains  (0.5  to  2  Gm.)  in  a  single  portion,  or  twice 
that  quantity  in  the  twenty-four  hours.  It  is  not  much  employed,  however,  nowadays, 
the  active  principle  being  superior  both  in  efficacy  and  convenience  of  administration. 
It  is  safe  to  assume  that  15  grains  (1  Gm.)  of  santonica  approximates  in  strength 
1/2  grain  (0.03  Gm.)  of  santonin. 

Sodium  Sa.ntoninate. — This  may  be  given  for  its  systemic  effects  in  doses  of 
1/50  grain  (0.0012  Gm.),  cautiously  increased  to  1/20  or  1/10  grain  (0.003  to  0.006  Gm.); 
hut  this  soluble  and  easily  absorbed  preparation  is  never  to  be  used  as  a  vermifuge. 

Calcium  Sa.ntoni.nate.— This  is  insoluble  and  therefore  absorbed  very  slowly  if  at 
all.  It  may  be  used  as  a  vermifuge  in  doses  of  1  grain  (0.06  Gm.)  in  the  same  way 
as  santonin. 

Sa.xtoninoxime. — This  is  recommended  for  use  in  doses  double  or  three  times  those 
of  santonin.  It  is  reputed  to  be  safer  than  santonin  and  equally  efficacious  both  as  a 
vermifuge  and  as  a  systemic  remedy. 

Aktkmusine.— This  may  be  given  alone,  in  doses  of  1/600  grain  (0.0001  Gm.)  as  a 
gastric  stimulant,  or  may  be  dissolved  in  tincture  or  fluidextract  of  the  simple  bitter 
to  increase  their  effect.  The  difficulty  of  procuring  the  drug  and  the  fact  that 
it  possesses  few,  if  any,  points  of  superiority  over  other  bitters,  preclude  its  extensive 
use. 
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Spigelia 

Spigelia  marilandica,  popularly  known  as  pinkroot,  was  used  as  worm  medicine 
by  the  aborigines.  A  related  species,  S.  anthelniia,  a  native  of  South  America  and 
the  West  Indies,  is  used  in  those  parts  as  an  anthelmintic. 

Chemistry. — Pinkroot  contains  an  acrid  resin  and  a  bitter  principle,  on  which  its 
anthelmintic  virtues  are  supposed  to  depend,  and  an  amorphous  volatile  alkaloid, 
spigeline,  which  is  responsible  for  the  toxic  elfects  on  higher  animals. 

Summary  of  Actions  and  Uses. — It  is  a  gastroenteric  irritant;  and,  in  poisonous 
doses,  convulsant  and  narcotic.  It  appears  to  be  absorbed  slowly,  so  that,  if  associated 
with  a  purgative,  to  hasten  its  passage  through  the  bowel,  its  toxic  influence  does  not 
become  manifest. 

Used  against  lumbricoids,  it  is  an  efficacious  vermifuge.  It  is  also  used  as  an  adju- 
vant to  chenopodium  in  cases  of  hookworm. 

Materia  Medica. — Spigelia  (U.S.  IX.),  Spigelia.  ^btr.^  Spigel.  Synonyms : 'Pink- 
root,  Carolina  Pink,  Maryland  Pink. 

The  dried  rhizome  and  roots  of  Spigelia  marilandica  Linne  (Fam.  Loganiaceoe). 
The  rhizome  is  of  oblique  and  sharply  flexuous  growth,  somewhat  branched.  It  is  of  a 
dark  purplish-brown  or  blackish  color.  Odor  slightly  aromatic;  taste  bitter  and 
pungent. 

Dose,  average,  1  dram  (4  Gm.). 

Fluidextractum  Spigelia  (U.S.  IX.),  Fluidextract  of  Spigelia.  Ahhr.,  Fldext. 
Spigel. 

1  cc.  corresponds  to  1  Gm.  of  the  drug.    Contains  about  80  percent,  of  alcohol. 

Dose,  %  to  2  fluidrams  (2  to  8  cc). 

Fluidextractum  Spigelia  et  Senn^  (unofficial),  Fluidextract  of  Spigelia  and 
Senna.    Ahhr.,  Fldext.  Spigel.  et  Senn. 

Fluidextract  of  spigelia,  320  cc. ;  fluidextract  of  senna,  180  cc. ;  oil  of  caraway, 
1.3  cc. ;  oil  of  anise,  1.3  cc. ;  alcohol  q.s.  to  make  1000  cc.  Alcoholic  content  about 
46  percent. 

Dose:  adult,  V^  to  2  fluidrams  (2  to  8  cc.) ;  children,  10  to  20  minims  (0.6  to 
1.3  cc). 

Pharmacodynamics. — Spigelia  was  formerly  supposed  to  benumb  intestinal  worms. 
Like  santonin,  however,  it  has  no  effect  on  the  vitality  of  the  parasites  in  vitro,  but 
makes  them  restless,  apparently  through  an  irritation  of  their  skin.  Its  probable  effect, 
therefore,  is  to  cause  them  to  migrate  into  the  large  intestine,  whence  they  can  be 
carried  out  by  purgatives. 

Spigelia  is  not  markedly  irritant  to  the  digestive  tract,  and,  taken  in  small  dose 
by  mouth,  commonly  induces  no  systemic  disturbance.  Poisonous  quantities  produce 
symptoms  suggesting  those  of  belladonna  poisoning.  If  taken  by  mouth,  there  is  nausea, 
which  may  or  may  not  be  followed  by  vomiting.  In  man,  there  is  vertigo,  faintness, 
stupor  and  semi-narcotic  sleep,  passing  with  fatal  doses  into  coma,  with  failure  of 
respiration.  The  mouth  is  dry,  the  pupils  dilated,  near  accommodation  is  lost,  and 
exophthalmos  is  marked.  Internal  strabismus  is  often  noted.  The  blood  pressure  falls 
from  depression  of  the  heart,  the  vessels  and  vasomotor  center  being  less  depressed. 
There  may  be  twitching  of  voluntary  muscles  or  general  convulsions.  Smaller  doses 
(1  cc.  of  the  fluidextract  per  kilo)  slow  the  dog's  heart  by  stimulation  of  the  vagus  center. 

In  the  frog,  a  dose  of  20  minims  (1  cc.)  causes  mydriasis,  exophthalmos,  and  spinal 
paralysis.  The  heart  is  slow  and  shows  lessened  expansion  in  diastole,  such  as  is  seen 
with  digitalis.    Finally,  it  dilates  suddenly  and  ceases  to  beat. 

Toxic  Dose. — In  man,  doses  below  4  to  8  grams  (1  to  2  drams),  administered  by 
mouth,  are  without  danger.  Larger  amounts  may  produce  some  narcotic  effect.  In  the 
dog,  the  fatal  dose  by  mouth  is  1  to  2  cc.  per  kilo. 

Therapeutics:  Antipathogenic  Use. — Pinkroot  is  used  chiefly  as  a  vermifuge 
against  roundworms,  in  which  capacity  it  is  very  effective.     It  is  poisonous  in  over- 
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dose,  as  are  most  remedies  of  real  value,  and  should  be  used  with  caution,  especially 
in  children;  but  reported  instances  of  serious  or  fatal  poisoning  are  comparatively 
rare,  and  the  wisdom  of  dropping  it  from  the  U.S. P.  is  not  apparent. 

Systemic. — Other  applications  of  the  drug  may  be  mentioned.  In  high  dilution 
(2d  or  3d  potency  for  cardiac  and  inflammatory  symptoms,  0th  to  30th  potency  for 
neuralgic  symptoms),  it  is  prescribed  by  homeopathic  practitioners  in  the  treatment 
of  rheumatic  endocarditis  and  to  relieve  various  neuralgic  and  rheumatic  pains, 
especially  in  the  face,  eyes  and  precordium.  Success  is  likewise  reported  in  cases  of 
gastroenteric  catarrh,  with  restlessness  and  irritability,  more  especially  in  scrofulous 
children  who,  in  the  absence  of  worms,  yet  exhibit  the  clinical  picture  of  lumbricosis. 

Administration. — The  anthelmintic  dose  of  the  fluidextract  of  spigelia,  or,  better, 
of  the  fluidextract  of  spigelia  and  senna,  is  from  10  to  20  minims  (0.6  to  1.2  cc.)  for  a 
child  of  4  to  8  years,  and  from  1  to  2  fluidrams  (4  to  8  cc.)  for  an  adult,  the  latter 
preparation  given  every  hour  until  it  begins  to  purge.  In  domestic  practice  the  pow- 
dered root  is  given  in  doses  of  5  to  20  grains  (0.3  to  1.2  Gm.)  for  a  child  of  2  to  6 
years,  and  1  or  2  drams  (4  to  8  Gm.)  for  an  adult,  every  three  or  four  hours,  followed 
by  a  purgative  dose  of  Epsom  or  Rochelle  salts.  A  strong  infusion  ( y.,  ounce  to 
the  pint)  may  be  made,  the  dose  for  a  child  of  4  years  being  1  or  2  fluidounces  (30  to 
60  cc).  A  jelly  may  be  prepared  according  to  the  following  formula:  Pulverized  pink- 
root,  8  ounces;  Corsican  moss,  4  drams;  water,  1  pint.  Boil  down  to  10  fluidounces. 
Decant  in  a  saucepan  containing  2.5  ounces  of  white  sugar,  and  again  boil  down,  with 
careful  stirring,  until  4  ounces  of  jelly  are  obtained.  Strain  through  a  sieve  into  a  jar 
containing  2  or  3  drops  of  flavoring  and  carminative  essential  oil — peppermint,  cinna- 
mon, anise,  cloves,  citron,  caraway,  etc.  Syrup  of  raspberry,  or  other  fruit  syrup,  may 
be  used  instead  of  sugar.  In  a  cool  place  the  preparation  will  keep  for  some  weeks. 
The  dose  of  the  jelly  is  from  one-half  teaspoonful  to  one  tablespoonful,  three  or  four 
times  a  day.  It  is  always  best  to  give  a  purgative  with  the  anthelmintic.  "Worm  tea" 
is  made  by  infusing  i/o  ounce  (15  Gm.)  of  spigelia,  2  drams  (8  Gm.)  each  of  senna  and 
fennel  seed,  and  1  ounce  (30  Gm.)  of  manna,  in  1  pint  (0.5  liter)  of  boiling  water. 
For  a  child  2  years  old,  the  dose  of  this  infusion  is  y^  a  wineglassful  (5  fluidrams — 
20  cc),  three  times  a  day, 

Azedarach 

Azedarach  is  the  bark  of  the  root  of  Melia  azadirachta  or  Pride  of  India,  a  tree 
native  to  the  East,  but  cultivated  in  the  warmer  regions  of  Europe  and  America. 
Chemists  are  not  agreed  as  to  the  active  principle,  or  principles,  of  the  drug.  Among 
its  constituents  is  a  bitter,  yellowish  white  resin,  almost  insoluble  in  water,  but  freely 
soluble  in  alcohol,  ether  and  chloroform. 

Materia  Medica. — Azadirachta  Indica  (Br,  Add."),  Azedarach.  Ahhr-.,  Azadir.  Ind. 
Synonyms :  Neem  Bark,  Margosa  Bark. 

The  bark  of  the  root  of  Melia  azadirachta  Linne  (Fam.  Meliaceoe).  Occurs  in 
curved  pieces  or  quills  of  variable  size  and  thickness,  outer  surface  reddish-brown,  inner 
surface  whitish  or  brownish.    Odorless,  taste  sweetish,  afterward  bitter  and  nauseous. 

Dose,  in  form  of  decoction  (1  quart  of  water  boiled  with  4  ounces  of  bark  to 
1  pint),  1  tablespoonful  every  2  hours,  until  bowels  are  affected. 

Infusum  Azadiracht.e  Indic/E  (Br.  Add.),  Infusion  of  Azedarach.  Ahhr.,  Inf. 
Azadir.  Ind. 

A  cold  infusion  of  azedarach,  1  Gm.  in  cold  water,  100  cc. 

Dose,  V2  to  1  fluidounce  (15  to  30  cc). 

Tinctura  Azadiraciit.e  Indic.e  (Br.  Add.),  Tincture  of  Azedarach. 

Prepared  by  percolating  azedarach,  10  Gm.,  with  45  percent,  alcohol,  to  make 
100  cc. 

Dose,  V2  to  1  fluidram  (2  to  4  cc). 

•Br.  Add. — Indian  and  Colonial  Addenda  to  the  British  Pharmacopeia,  1898. 
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Pharmacodynamic  Action:  Toxic  and  Systemic  Action. — In  excessive  quantity  the 
drug  is  poisonous,  producing  faintness,  dizziness,  dimness  of  vision,  mental  confusion, 
vomiting,  purging,  and  sometimes  coma  and  collapse,  with  dilated  pupils,  cold  sweats  and 
stertorous  breathing.  These  effects  are  said  to  be  most  pronounced  when  the  prepara- 
tion used  has  been  made  from  bark  gathered  in  the  spring,  during  the  ascent  of  the  sap. 
The  treatment  of  poisoning  is  stimulation,  heat,  and,  if  necessary,  artificial  respiration. 

Therapeutics. — In  India  and  the  southern  United  States,  the  fresh  bark  of  the 
root  is  employed,  chiefly  in  domestic  practice,  as  an  anthelmintic  (against  lumbricoids). 
It  is  given  in  powder  in  doses  of  20  grains;  or,  better,  in  a  decoction  (made  by  boiling 
2  ounces  of  the  fresh  bark  in  a  pint  of  water  until  reduced  one-half),  of  which  the 
dose  is  one  tablespoonful  repeated  hourly,  or  every  second  or  third  hour,  until  effective. 
A  purgative  should  be  given  with  the  second  or  third  dose. 

Other  uses  are  made  both  of  the  bark  and  of  the  berries,  but  these  need  not 
concern  us. 

Corsican  Moss 

Corsican  Moss  (helminthochorton)  is  a  mixture  of  various  marine  algse  used  to 
some  extent  in  continental  Europe,  especially  in  France  and  Italy,  against  lumhricoids. 
Its  virtue  depends  chiefly  on  Fucus  (or  Sphcerococcus)  helminthochorton.  It  is  best 
administered  in  a  sweetened  decoction,  with  milk,  in  a  single  dose  before  breakfast. 
Sometimes  this  is  preceded  by  chloroform  water,  and  it  is  commonly  followed  by  castor 
oil.  The  quantity  of  moss  employed  in  making  the  decoction  differs  with  the  age  of 
the  patient;  for  a  child  of  15  months  from  15  to  45  grains  (1  to  3  Gm.) ;  for  a  child 
of  3  years,  45  to  75  grains  (3  to  5  Gm.)  ;  for  one  of  10  years,  3  to  4  drams  (12  to  16 
Gm.).  It  may  also  be  given  rubbed  up  with  santonica  or  santonin  and  sugar,  thus: 
Levant  wormseed  and  Corsican  moss,  each  12  grains  (0.8  Gm.),  white  sugar,  15  grains 
(1  Gm.).  Mix  and  divide  into  4  or  6  powders,  of  which  one  may  be  given  night  and 
morning,  with  a  spoonful  of  jelly  or  preserves,  to  a  child  of  2  or  3  years. 

Mucuna  (Cowhage) 

Mucuna,  or  cowhage,  is  the  fruit  of  Mucuna  pruricns  de  Candolle  (Fam.  Legumi- 
nosce),  a  climbing  plant  of  tropical  America.  This  is  a  pod  covered  with  sharp  stiff 
hairs,  which  are  readily  detached  and,  when  handled,  penetrate  the  skin,  causing  in- 
tense itching.  Cowhage  acts  mechanically,  the  hairs  piercing  the  round  worms  and  so 
destroying  them,  but  it  has  no  medicinal  action.  An  efficient  preparation  is  made  by 
dipping  the  pods  in  molasses  and  removing  the  hairs  by  scraping  until  the  consistence 
is  such  that  it  barely  pours.  A  teaspoonful  (child)  to  a  tablespoonful  (adult)  of  this 
mixture  is  given  morning  and  evening  for  three  or  four  days,  and  then  followed  by  a 
purgative.  It  has  been  employed  for  both  lumhricoids  and  tapeworms,  but  it  is  too 
disagreeable  as  well  as  too  uncertain  to  be  recommended.  The  preparation  mentioned 
is  the  only  one  of  any  use,  a  tincture  of  fluidextract  of  the  pods  being  ineffective. 

Agents   Used  Against  Hookworms 

Carbon  Tetrachloride 

Carbon  tetrachloride,  formerly  known  as  tetrachlormethane,  was  discovered  in 
1839  by  Regnault  and  introduced  as  a  surgical  and  obstetrical  anesthetic  by  Simpson 
in  1865 ;  proving  inferior  to  chloroform,  however,  it  did  not  come  into  general  use. 
Inhalation,  injection,  and  exposure  to  the  vapors  were  employed  by  individual  observers 
for  the  relief  of  pain ;  but  the  drug  never  came  into  vogue  and  was  practically  for- 
gotten, until  revived  by  Hall  in  1921  for  the  treatment  of  hookworm  in  dogs. 
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Chemistry. — Carbon  tetrachloride  (CCIJ  is  prepared  by  passing  chlorine  gas 
through  carbon  disulphide,  and  then  through  a  hot  porcelain  tube.  The  condensed 
vapor  contains  also  sulphur  chloride  and  carbon  disulphide,  and  those  must  be  com- 
pletely removed  before  the  product  is  safe  for  medicinal  use.  Hall  argues  that  carbon 
tetrachloride  is  preferable  to  oil  of  chenopodium  because  it  is  a  pure  product  of  known 
composition.  It  should  be  borne  in  mind,  however,  that  the  impurities  of  carbon 
tetrachloride  are  dangerous,  while  those  of  oil  of  chenopodium  merely  impair  the 
power  of  the  drug. 

Siunmary  of  Actions  and  Uses. — Carbon  tetrachloride  is  a  narcotic  of  the  chloroform 
type.  It  stimulates  peristalsis  slightly.  In  overdose,  it  sets  up  degenerative  changes 
in  the  liver,  which  may  prove  fatal. 

In  human  medicine,  its  sole  use  at  present  is  to  destroy  and  expel  hookworms,  and 
it  is,  indeed,  the  most  effective  agent  available  for  this  purpose.  A  single  dose  ordinarily 
removes  at  least  95  percent,  of  the  worms.  Against  oxyuris  and  trichuris  it  Is  of  less 
service.  It  should  not  be  used  alone  against  Ascaris  lumbricoides,  and  is  almost  devoid 
of   power    against    tenia. 

Materia  Medica. — Carbonei  Tetr.\chloriduh  (U.S.  X.),  Carbon  Tetrachloride. 
Ahhr.,  Carb.  Tetrachlor.     Synonym:  Totrachlormethane. 

A  clear,  colorless,  mobile  liquid.  It  has  a  characteristic  ethereal  odor,  resembling 
that  of  chloroform.  It  is  not  inflammable.  It  is  slowly  decomposed  by  light  if  moisture 
is  present.  Carbon  tetrachloride  is  soluble  in  2000  times  its  volume  of  water.  It  is 
miscible  with  alcohol,  chloroform,  ether,  benzene  and  benzin,  and  is  soluble  in  most 
of  the  fixed  and  volatile  oils. 

Dose,  as  anthelmintic  for  adults,  single  dose,  40  minims  (2.5  cc).  Reduced  for 
children.    Not  to  be  repeated  within  three  weeks. 

Antipathogenic  Action. — Earthworms  placed  in  an  aqueous  saturated  solution  of  car- 
bon tetrachloride  are  at  once  affected  as  shown  by  awkwardness  of  motions  followed 
shortly  by  paralysis.  Even  after  an  hour's  exposure  they  are  not  dead  but  show  move- 
ment if  transferred  to  fresh  water.  In  half-saturated  solution,  paralysis  occurs  in 
21/2  hours,  while  in  1:  5000  solution  there  is  only  partial  loss  of  activity  (Githens, 
unpublished). 

Hookworms  are  peculiarly  susceptible  to  the  action  of  carbon  tetrachloride.  Both 
species  infesting  man  are  destroyed  by  it,  and  sometimes  a  single  dose  is  effective. 
Carbon  tetrachloride  is  sometimes  effective  against  trichocephalus  and  frequently  kills 
and  expels  oxyuris;  it  also  expels  a  fair  proportion  of  roundworms,  but  when  given  to 
patients  who  are  heavily  infected  seems  to  excite  the  worms  to  violent  motion,  and 
may  thus  induce  disagreeable  and  even  dangerous  reactions.  Hence,  when  hookworms 
and  roundworms  are  both  present,  a  small  amount  of  oil  of  chenopodium  should  be 
associated  with  the  tetrachloride,  as  this  will  kill  the  ascarides,  and  thus  avert  untoward 
results  (Lambert).  The  drug  is  of  little  value  against  the  various  species  of  tape- 
worms. 

It  has  proved  effective  against  hookicorm  in  dogs,  cats,  sheep,  and  cattle;  against 
strongylosis  in  the  horse,  and  against  vcmatodiasis.  trichostrongylosis  and  infestation 
by  stomach  worms  in  sheep.  It  removes  ascaris  frem  dogs,  cats,  swine,  and  horses,  but 
is  not  efficient  in  other  hosts.  Inconstant  results  followed  its  use  against  stomach  bots 
of  horses,  and  whipworjus  in  various  animals.  Against  ancylostomiasis  of  horses  it  is 
ineffective. 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Absorption  of  carbon  tetra- 
chloride occurs  from  all  mucous  membranes,  but  is  less  rapid  than  that  of  chloroform. 
The  drowsiness  and  headache,  which  characterize  its  action,  are  often  delayed  until 
several  hours  after  swallowing  a  full  dose,  and  narcosis  develops  rather  slowly,  even 
when  the  drug  is  inhaled. 

Ingestion  of  food  just  before  or  just  after  the  drug  is  taken  prevents  cathartic  action 
and  thus  leads  to  increased  absorption.  Absorption  may  be  prevented  or  much  dimin- 
ished by  associating  with  the  drug  a  saline  purgative.  If  the  saline  be  given  before  the 
medicament,  the  cathartic  action  is  less  than  if  administered  several  hours  afterward. 
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Absorption  is  favored  by  the  presence  of  alcohol  in  the  alimentary  tract,  but  is  little 
influenced  by  fixed  oils.  Lamson's  experiments  on  dogs  showed  that  absorption  from 
an  isolated  loop  of  bowel  was  not  hastened  by  the  concomitant  administration  of  alcohol, 
but  that  the  increased  toxicity  depended  on  a  synergistic  action. 

Elimination  takes  place  partly  through  the  liver  and  partly  through  the  lungs,  but 
that  which  is  excreted  by  the  liver  is  again  absorbed,  and  eventually,  in  both  men  and 
dogs,  from  70  to  96  percent,  can  be  collected  in  the  expired  air  (Lamson).  Excretion 
is  more  rapid  in  man  than  in  the  dog.  It  is  likely  to  be  slow,  several  days  being  required 
for  removal  of  a  single  large  dose,  even  though  this  be  aided  by  the  slight  cathartic 
action  of  the  drug. 

Topical  Action. — Carbon  tetrachloride  is  said  to  have  local  anesthetic  properties.  It 
is  not  irritating  to  the  unbroken  skin,  or  to  the  moist  mucous  membranes,  but,  when 
swallowed,  it  may  produce  a  sensation  of  heat.  The  nausea  and  vomiting,  sometimes 
reported  after  its  use,  are  probably  systemic  reactions;  but  the  purgative  effect  observed 
when  the  drug  is  taken  in  sufficient  dosage  on  an  empty  stomach  seems  to  be,  in  part 
at  least,  local,  since  it  is  diminished  or  lost,  in  cases  of  habitual  constipation,  or  when 
food  is  taken  just  previously,  or  just  afterward.  Hypodermic  injections  induce  local 
necrosis  and  may  lead  to  sterile  abscess. 

Toxic  and  Systemic  Action. — The  systemic  action  of  carbon  tetrachloride  resembles 
that  of  chloroform,  differing  from  it,  however,  in  its  slower  onset  and  in  its  more  pro- 
longed after-effects.  Inhalation  of  a  small  quantity  produces  a  not  unpleasant  drowsi- 
ness, and  it  is  said  that  the  drug  is  used  as  an  ingredient  of  cleansing  washes  (sham- 
poos) in  certain  hairdressing  establishments,  because  some  of  the  patrons  enjoy  the 
incidental  intoxication.  Syncope  has  been  reported  as  an  untoward  result  of  such  use, 
and  one  death  is  on  record  in  a  woman  of  29  years  of  age,  a  subject  of  status  lymphat- 
icus.  Hall  notes  that  carbon  tetrachloride,  like  chloroform,  may  develop  carbonyl  chloride 
(phosgene),  under  certain  conditions,  and  that  such  an  impurity  might  have  been  pres- 
ent in  the  liquid  used  for  shampooing. 

The  portion  which  is  absorbed  is  held  in  the  liver  and  slowly  released  so  that  when 
given  by  the  mouth  in  therapeutic  dose,  systemic  poisoning  is  rarely  seen.  In  dogs, 
injections  into  the  portal  vein  are  harmless,  while  injections  of  much  smaller  doses  into 
the  systemic  circulation  cause  a  fall  of  blood-pressure. 

In  healthy  adults,  a  dose  of  from  60  to  90  minims  (4  to  6  cc),  inhaled  or  swal- 
lowed, is  commonly  followed  by  drowsiness,  with  irregularity  or  slowing  of  the  pulse, 
and  thicViness  of  speech.  This  condition  is,  not  rarely,  preceded  by  a  stage  of  excite- 
ment like  that  from  ether,  and  is  followed  by  headache,  dizziness  and  perhaps  vomit- 
ing. Larger  quantities  produce  stupor,  with  dilatation  of  the  pupil.  There  Is  more 
confusion  of  thought  and  loss  of  pain  sense  than  in  the  partial  narcosis  from  chloro- 
form. This  amount  may  induce  jaundice,  and  occasionally  gives  rise  to  serious  or  even 
fatal  lesions  of  the  liver,  chiefly  subcapsular  hemorrhages  and  widespread  fatty  degenera- 
tion, with  central  necrosis  of  the  lobules.  Anemia  also  has  been  observed  in  persons 
exposed  to  the  vapors  of  the  drug,  by  virtue  of  their  occupation. 

Very  rarely,  danger  attends  the  use  of  even  relatively  small  quantities.  Thus,  among 
50,000  persons  in  Fiji,  to  whom  doses  of  45  minims  (3cc.)  were  administered  for 
destruction  of  hookworms  there  were  three  deaths.  About  a  million  and  a  half  persons 
have  now  been  treated,  with  1  death  in  50,000  cases.  Almost  all  the  fatalities  were  in 
alcoholics  or  in  persons  so  heavily  infested  with  ascarides  that  these  probably  caused 
mechanical  obstruction  of  the  bowel  or  absorption  of  toxic  products  from  the  mass  of 
dead  worms  occurred. 

Fatalities  are  thought  to  be  dependent  on  individual  hypersusceptibility,  but  the 
dose  stated  (3cc.),  which  was  fixed  by  Hall  as  the  ordinary  dose  for  adults  after  he 
had  tried  its  effect  upon  himself,  appears  to  be  free  from  danger,  even  in  susceptible 
individuals,  if  absorption  be  hindered  by  concurrent  administration  of  a  saline  purge. 

Dogs  and  monkeys  are  much  less  susceptible  to  the  toxic  action  of  the  tetrachloride 
than  is  man.  Thus,  Hall  and  Shillinger  gave  one  dog  300  cc.  without  bad  effects,  and 
the  others  almost  as  much.  They  give  the  following  statement  of  fatal  doses,  per  kilo- 
gram: chickens,  above  20  cc;  dogs,  above  16  cc;  cats,  a  little  above  8  cc;  foxes,  above 
2.7  cc;  rabbits,  fatal  dose,  about  10  cc;  monkeys,  above  6  cc;  swine,  adults,  a  little 
above,  young  animals  a  little  below,  1.7  cc;  sheep,  fatal  dose,  about  2  cc;  young  cattle, 
fatal  dose,  about  1.25  cc. 

The  habitual  use  of  alcohol  in  excess  increases  susceptibility  to  carbon  tetrachloride 
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and  the  severest  symptoms  have  been  observed  in  persons  who  have  imbibed  alcoholic 
beverages  concurrently,  i.e.,  a  few  hours  before  or  after  tlie  anthelmintic. 

Therapeutics. — Carbon  tetracliloride  appears  to  be  the  safest,  as  well  as  the  most 
effective,  of  the  drugs  now  used  against  hookworms,  curing  95  to  98  percent,  of  all 
cases  (Lamson),  and  has  a  decided,  though  lesser,  power  against  oxyuris.  In  hel- 
minthiasis in  man,  other  than  these,  the  drug  is  of  relatively  little  service,  although 
it  seems,  at  times,  to  remove  Trichocephalus  dispar  (trichuris,  whipworm)  and  a 
fair  proportion  of  roundworms.  For  reasons  given  in  the  discussion  of  antipatho- 
genic  action,  oil  of  chenopodium  should  be  associated  with  it,  in  the  presence  of 
the  last  named  parasite.  In  uncylostomiasis,  it  is  commonly  to  be  preferred  to  oil 
of  chenopodium,  and  especially  in  aged  or  debilitated  patients,  in  pregnant  women, 
and  in  persons  -with  impaired  kidneys.  Affections  of  the  liver  contraindicate  its 
use;  and  care  is  especially  necessary  with  persons  addicted  to  alcoholic  excess,  or 
who  have  recently  taken  a  volatile  anesthetic. 

Previous  to  its  introduction  as  an  anthelmintic,  the  drug  had  a  brief  career  as  a 
general  anesthetic  (Sir  J.  Y.  Simpson).  Owing  partly  to  the  belief  that  it  depressed 
the  heart  more  than  chloroform,  and  partly  to  its  slower  and  less  benumbing  effect, 
it  failed  to  come  into  general  use.  It  was  recommended  in  doses  not  exceeding 
30  minims  (2  cc.)  by  open  inhalation,  as  from  a  handkerchief,  for  the  symptomatic 
relief  of  pain,  as  in  headache,  tic  douloureux,  toothache,  dysmenorrhea,  hepatic,  renal 
and  other  forms  of  colic,  etc.  Applied  to  the  eye  by  evaporating  a  few  drops  from 
the  hand  held  just  beneath  the  orbit,  it  was  said  to  relieve  the  pain  of  certain  forms 
of  conjunctivitis  and  corneal  ulceration,  and  even  to  overcome  photophobia.  Pro- 
tlieroe  Smith  found  it  to  diminish  the  agony  of  labor,  without  interfering  with  the 
uterine  contractions.  Internally,  in  very  small  doses,  it  was  used,  like  chloroform, 
to  relieve  gastrodynia.  It  has  also  been  injected  subcutaneously,  in  doses  of  from 
10  to  20  minims  (0.6  to  1.3  cc.)  for  various  forms  of  pain  in  the  chest  wall  and  in 
the  abdomen ;  and,  introduced  in  like  small  quantity  into  the  rectum,  for  local  ano- 
dyne effect,  in  various  painful  conditions.  It  is  possible  that  more  extended  obser- 
vation might  confirm  these  results,  and  establish  both  the  uses  and  limitations  of  the 
agents  more  accurately.  Apart  from  its  anthelmintic  powers,  it  apparently  has  no 
curative  virtue;  but  it  might  be  worthy  of  consideration  as  a  palliative  in  individual 
instances. 

Administration. — Care  in  administration  of  the  drug  is  necessary.  Lambert,  who 
has  had  the  greatest  experience  (60,000  cases,  up  to  July,  1923)  advises  that  it  be 
placed  in  a  tablespoon  or  a  small  glass  and  covered  with  water.  This  is  the  easiest 
way,  and  the  cheapest,  for  mass  use.  As  carbon  tetrachloride  is  almost  insoluble  in 
water,  and  very  heavy,  the  dose  remains  at  the  bottom  of  the  container,  and  the  patient 
probably  gets,  first,  a  drink  of  water,  then  the  drug,  and  then  more  water.  Milk,  liquid 
petrolatum,  and  castor  oil  have  also  been  used  as  vehicles,  but  the  first  and  last  named 
are  not  to  be  recommended. 

Hall  advises  that  there  should  be  no  period  of  prolonged  preliminary  fasting,  as  it 
tends  to  weaken  the  patient  and  might  perhaps  predispose  to  gastric  irritation.  The 
patient  should  be  allowed  to  eat  his  customary  evening  meal,  and  take  the  tetrachloride 
about  breakfast  time,  next  morning;  but  the  meal  should  be  postponed  for  at  least  two, 
or  preferably  three,  hours.  Administration  of  the  drug  immediately  before  or  after  a 
meal,  as  advised  by  some  writers,  is  not  desirable,  for  reasons  stated  under  absorption. 
It  should  not  be  given  with  fats  or  with  alcohol,  the  latter  especially.  Indeed,  in  per- 
sons addicted  to  alcohol  carbon  tetrachloride  is  liable  to  cause  serious  symptoms  of 
poisoning. 

When  carbon  tetrachloride  has  been  taken  without  an  accompanying  purgative,  a 
mild  laxative  effect  is  commonly  observed,  in  the  course  of  4  or  5  hours,  except  in  cases 
of  habitual  constipation,  when  there  may  be  no  motion  of  the  bowels  for  24  hours.  It 
is,  therefore,  well  to  use  an  adequate  dose  of  magnesium  sulphate.    The  carbon  tetra- 
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chloride  may  be  placed  in  the  purgative  solution,  instead  of  the  plain  water  advocated 
by  Lambert,  and  the  two  thus  taken  together,  or  the  salt  may  be  given  3  or  4  hours 
after  the  anthelmintic.  Lambert  believes  the  latter  plan  preferable.  It  is  also  well,  in 
persons  habitually  constipated,  to  administer  castor  oil  or  a  mild  saline  aperient  the 
previous  day. 

Lake  incloses  the  medicament  in  hard  gelatin  capsules  containing  1  cubic  centi- 
meter each.  The  patient  is  to  be  cautioned  to  make  sure,  before  placing  the  capsule 
in  his  mouth,  that  its  cover  is  on  tightly;  and  he  should  swallow  it  promptly,  to  avoid 
the  chance  of  spilling  the  liquid  into  the  trachea.  This  advice  was  based  upon  the 
frequent  occurrence  of  inhalation  pneumonia  in  animals  treated  with  "douches"  of  the 
d^ug.    The  use  of  sealed  soft  gelatin  capsules  obviates  this   risk. 

The  ordinary  dose  for  adults  is  given  as  30  to  45  minims  (2  to  3  cc).  Should  this 
be  ineffective,  it  may  be  increased.  So  much  as  150  minims  (10  cc.)  is  considered  safe, 
in  the  absence  of  alcoholism  or  idiosyncrasy,  but  caution  is  necessary  in  the  use  of  such 
a  quantity.  Leach  gives  large  doses,  1  cubic  centimeter  to  5.5  kilograms  (12  lbs.)  up  to 
15  cubic  centimeters.  Children  can  take  2  minims  (0.12  cc.)  for  each  year  of  age,  up  to 
15  years. 

To  make  sure  of  the  complete  expulsion  of  the  hookworms,  a  test  dose  of  oil  of 
chenopodium,  45  minims  (3  cc),  is  given  about  a  week  later,  but  a  second  dose  of  the 
carbon  tetrachloride  should  not  be  given  until  after  the  lapse  of  two  weeks  more.  In 
children,  it  is  well,  also,  to  associate  oil  of  chenopodium  with  the  original  dose  of  car- 
bon tetrachloride  to  meet  the  possibility  of  ascaris  infestation.  The  oil  of  chenopodium 
is  held  in  perfect  solution  in  carbon  tetrachloride  in  the  proportions  used  by  Lambert 
(1  in  11).  The  dose  of  the  mixture  remains  2  minims  for  each  year  of  age  to  15  years 
and  45  to  60  minims  (3  to  4  cc.)  for  adults.  Larger  doses,  75  minims  (5  cc.)  or  more, 
may  cause  fatty  or  granular  degeneration  of  the  liver.  The  same  mixture  is  given  to 
adults  in  whom  roundworm  infestation  is  suspected.  We  see  no  reason  why  it  should 
not  be  a  routine  measure,  since  the  drugs  are  synergistic,  and  one  may  complete  the 
effect  of  the  other.  Soper  advises  a  mixture  of  carbon  tetrachloride  and  oil  of  chen- 
opodium in  the  proportion  of  1.8  cc.  of  the  former  to  0.6  cc.  of  the  latter,  which  he  says 
is  very  effective  against  Necator. 

Chenopodium 

Chenopodium,  popularly  known  as  American  wormseed,  is  the  fruit  of  Cheno- 
podium anthelTninticum,  a  roadside  weed  native  to  the  United  States,  and  common 
throughout  a  large  part  of  the  country,  especially  in  the  South  Atlantic  States,  and 
on  the  American  continent  in  general.  Its  medicinal  component  is  a  volatile  oil  con- 
tained in  the  fruit  (2  mm.  diameter),  and  obtained  by  distillation.  This  is  now  the 
only  official  preparation.  The  crude  drug  was  formerly  used,  both  in  professional 
practice  and  in  domestic  medicine,  as  an  agent  against  roundworm.  The  dose  was 
1.3  to  3.5  Grams  (30  to  40  gr.). 

Oil  of  chenopodium  is  of  comparatively  recent  introduction,  having  been  used 
for  less  than  a  century.  It  has  always  retained  recognition  as  an  effective  ascaricide, 
but  had  fallen  into  partial  disuse,  until  recent  years,  when  it  was  revived  as  a  remedy 
for  hookworm  infestation. 

The  oil  is  somewhat  irritating  to  the  stomach,  but  hardly  enough  so  to  interfere 
with  its  usefulness.  It  has  the  great  advantage,  over  certain  other  vermicides,  that 
its  action  is  not  markedly  lessened  by  the  presence  of  food,  and  that  fats  do  not 
increase  its  toxicity.    It  may,  indeed,  be  administered  dissolved  in  a  fixed  oil. 

Chemistry. — Oil  of  chenopodium  consists  largely  (40  to  80  percent.)  of  ascaridol 
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(C,„H,gO,),  a  liquid  belonging,  chemically,  to  the  essential  oils.  This  is  the  toxic,  as 
well  as  the  vermicidal,  principle,  and  seems  to  have  no  advantage,  in  practice,  over 
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the  whole  oil.  Both  the  whole  oil  and  its  active  principle  are  almost  insoluble  in  water, 
and  are  but  slightly  absorbed.  On  this  property  their  anthelmintic  virtue  largely 
depends.  Ascaridol  is  altered  by  heat  into  a  less  volatile  and  less  active  form.  Great 
caro  is  therefore  necessary  in  its  distillation.  Analyses  of  specimens  of  oil  showing 
very  low  ascaridol  content  indicate  injury  by  overheating. 

In  addition  to  the  volatile  principle,  oil  of  ehenopodium  contains  certain  ter- 
penes — limoniene,  cymene  and  terpinene.  Oil  from  Maryland  contains  almost  twice 
as  much  ascaridol  as  oil  from  Michigan  plants  (which  average  40-45  percent.)  (Wirth). 

Svunmary  of  Actions  and  Uses. — The  oil  wormseed  is  a  diffusible  stimulant,  and, 
in  excessive  doses,  a  gastroenteric  irritant.  It  kills,  but  does  not  expel,  lumbricoid  worms 
and  hookworms. 

Like  most  of  the  volatile  oils,  it  excites  a  sensation  of  warmth  at  the  epigastrium; 
increases  cardiac  and  peristaltic  activity;  and  stimulates  the  gastroenteric,  cutaneous, 
bronchial  and  renal  secretions.  Some  practitioners  look  upon  it  as  an  antispasmodic 
and  an  emmenaj:rogue. 

Its  principal  use  is  as  a  vermicide  against  hookworms,  although  it  is  also  employed 
against  lumbricoid  worms,  especially  in  children  too  weak  to  be  given  santonin.  In 
recent  years  it  has  become  the  favorite  agent  against  hookworm,  being  preferred  even 
to  thymol. 

Chenopodium  has  also  been  prescribed  in  malarial  fevers,  in  nerve  disorders  (chorea, 
hysteria,  hypochondria),  in  flatulent  dyspepsia,  in  the  colic  of  infants,  and  in  cases  of 
scanty  and  painful  menstruation;  but  it  is  not  needed  for  these  purposes,  and  is  not 
to  be  advised. 

Materia  Medica. — Chenopodium  (unofficial),  Chenopodium.  Ahhr.,  Chenopod. 
Synonyms :  American  Wormseed,  Mexican  Tea. 

The  fruit  of  Chenopodium  amhrosioides  var.  anthelniinticum  (L.)  Gray  (Fam. 
Chenopodiacc(v) .  A  plant  indigenous  to  the  West  Indies  and  Central  America,  natur- 
alized in  the  United  States.  The  drug  consists  of  small,  irregular,  globular  fruits,  of 
pin-head  size.    The  odor  is  strong,  resembling  eucalyptus ;  taste  pungent  and  bitter. 

Dose,  15  to  30  grains  (1  to  2  Gm.). 

Oleum  Chenopodh  (U.S.  X.),  Oil  of  Chenopodium.    Ahhr.,  01.  Chenopod. 

The  volatile  oil  distilled  with  steam  from  the  fresh,  above-ground  parts  of  the 
flowering  and  fruiting  plant  of  Chenopodium  amhrosioides.  A  colorless  or  pale 
yellowish  liquid,  having  a  peculiar,  disagreeable  odor,  and  a  bitter,  burning  taste. 
Soluble  in  8  parts  of  70  percent,  alcohol. 

Dose,  10  to  15  minims  (0.6  to  1  cc.)  for  adults. 

Antipathogenic  Action. — In  vitro,  oil  of  chenopodium  (1:5000),  or  ascaridol  (1:10,000) 
stupefies  ascarides  in  about  two  hours,  producing  death  an  hour  or  so  later.  Earth- 
worms are  killed  by  slightly  stronger  solutions.  After  death,  the  muscle  is  found  to  be 
in  a  state  of  partial  degeneration. 

A  large  number  of  patients  with  hookworm  were  divided  into  two  equal  groups. 
The  membei's  of  one  group  were  first  treated  with  thymol,  and  when  no  more  worms 
appeared,  received  oil  of  chenopodium.  With  the  other  group,  the  order  of  administra- 
tion was  reversed.  In  each  group,  the  number  of  worms  expelled  by  the  drug  first  given 
was  divided  by  the  total  number  expelled  by  both  drugs,  thus  giving  a  percentage  figure 
admitting  of  comparison.  Oil  of  chenopodium  was  thus  demonstrated  to  be  more  effica- 
cious than  thymol  (as  91  to  83).  Its  action,  however,  can  be  reinforced  by  that  of 
chloroform;  3  Grams  of  oil  of  chenopodium  with  3.5  Grams  of  chloroform  being  added 
to  40  Grams  of  castor  oil,  and  one-third  of  this  mixture  given  every  2  hours.  Or  oil 
of  chenopodium  (16  drops  with  sugar)  may  be  administered  every  2  hours  for  3  doses, 
and  2  hours  after  the  last  dose  chloroform  (3  Gm.)  given  together  with  castor  oil 
(17  Gm.)  (approximately  5  teaspoonfuls  of  oil  and  30  minims  of  chloroform)  (Schauffner). 

The  oil  has  little  antiseptic  action,  a  suspension  of  1  to  200  being  required  to  stop 
the  growth  of  putrefactive  bacteria. 

Pharmacodjmamics:  Absorption  and  Elimination. — Owing  to  its  insolubility  in  the 
blood,  oil  of  chenopodium  is  but  slowly  absorbed,  even  when  injected  hypodermically. 
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It  does  not  seem  to  be  taken  up  from  the  air  by  mammals  in  sufficient  quantity  to  be 
injurious;  but  frogs  are  paralyzed  by  exposure  to  its  vapors. 

Elimination  is  slow,  and  neither  the  oil  nor  the  products  of  its  decomposition  are 
readily  found.  It  does  not  seem  to  be  excreted  in  the  urine,  although  a  product  has 
been  reported  there  which  becomes  red  on  addition  of  sodium  hydrate. 

Topical  Action. — Applied  to  the  skin,  oil  of  chenopodium  causes  a  slight  reaction. 
Taken  by  mouth,  undiluted,  it  incites  congestion  and  even  scattered  hemorrhages  in  the 
stomach  and  small  bowel.  The  irritation  may  be  prevented  by  administering  the  drug 
in  a  fixed  oil  or  as  a  dilute  emulsion. 

Toxic  Dose. — Oil  of  chenopodium  is  quite  toxic  to  cold-blooded  animals.  Fish  are 
narcotized  by  1  part  in  25,000  of  water,  and  killed  by  1  part  in  8000.  In  frogs,  1  milli- 
gram per  Gram  produces  total  paralysis,  followed  by  recovery,  and  a  dose  of  2  milli- 
grams per  Gram  causes  death  in  about  5  hours. 

In  warm-blooded  animals,  owing  to  slowness  of  absorption,  toxic  symptoms  may 
occur  a  day  or  more  after  administration,  and  cumulative  action  results  from  repeated 
doses  several  days  apart.  Chickens  given  0.4  Gram  per  kilo,  by  mouth,  become  narcotized 
after  a  few  hours,  and  die  a  day  later  from  asphyxia. 

Guinea-pigs  are  killed  by  0.3  Gram  per  kilo  subcutaneously,  or  0.4  by  mouth.  Dogs 
and  cats  show  no  symptoms  after  0.1  Gram  per  kilo,  but  die  in  about  48  hours  after 
taking  0.2  Gram  per  kilo  by  mouth. 

In  man,  death  has  been  reported  from  the  ingestion  of  2y„  ounces  (75  Gm.).  Tol- 
erance is  lessened  by  prolonged  starvation,  but  increased  by  fixed  oils,  and,  apparently, 
by  chronic  alcoholism. 

Mild  degrees  of  poisoning  are  not  uncommon  in  man,  after  the  anthelmintic  use  of 
chenopodium.  Severe,  and  even  fatal,  intoxication  has  occasionally  been  seen  in  young 
children,  after  doses  of  48  minims  to  Va  ounce  (3  cc.  to  15  cc).  Doses  of  2  to  3  drops 
for  every  year  of  age  are  perfectly  safe  in  children.  It  is  more  dangerous  if  no  worms 
are  present   (Briining). 

Toxic  and  Systemic  Action. — Oil  of  chenopodium  depresses  all  muscle,  both  striped 
and  unstriped.  Injected  into  an  isolated  loop  of  intestine,  it  causes,  by  action  on  the 
nerve,  loss  of  tone  and  cessation  of  peristalsis.  The  heart  is  slowed  and  weakened  by 
doses  so  small  as  0.01  Gram  per  kilo,  given  intravenously,  although  the  isolated  heart 
of  the  frog  is  not  stopped  by  suspensions  weaker  than  3  percent.  The  fall  of  blood  pres- 
sure seen  after  small  doses  results  from  cardiac  enfeeblement.  Doses  larger  than  those 
required  to  affect  the  blood-pressure  make  the  respiration  slow  and  shallow.  This  par- 
alytic effect  progresses  more  rapidly  than  does  the  depression  of  the  heart,  and  is  the 
cause  of  death.  In  vitro,  blood,  to  which  chenopodium  has  been  added  (1:  500),  shows 
hemolysis  and  formation  of  methemoglobin,  but  these  effects  have  never  been  observed 
in  the  living  animal.  In  cases  of  poisoning,  in  man,  the  most  striking  symptoms  are 
those  arising  from  action  on  the  central  nerve  system.  These  are  dizziness  and  mental 
depression,  followed  by  incofirdination  and  extreme  muscular  weakness.  Respiration 
becomes  extremely  slow  and  shallow,  and  coma  gradually  supervenes.  Convulsions,  com- 
monly clonic,  but  occasionally  tetanic,  alternate  with  periods  of  complete  paralysis,  with 
loss  of  reflexes.  The  convulsions  are,  apparently,  not  owing  to  asphyxia,  as  muscular 
irritability  is  shown  before  respiration  is  affected. 

Autopsy  reveals  hyperemia,  and  even  hemorrhages  in  the  wall  of  the  stomach  and 
bowel  and  irritation  of  the  kidneys. 

Treatment  of  poisoning  should  include  :iastric  lavage,  purgation  and  general  stimu- 
lant treatment,  directed  especially  to  the  respiration.  Artificial  respiration  should  be 
practised,  with  or  without  the  aid  of  oxygen. 

Therapeutics. — Oil  of  clienopodiuin  was  originally  used  only  in  the  treat- 
ment of  ascariasis,  or  infestation  with  the  roundworm,  but  experience  has  shown 
that  it  is  destructive  to  nearly  all  the  nematodes  and  cestodes,  and  especially  to 
the  hooJcivorm,  against  which  it  is  almost  as  efficacious  as  carbon  tetrachloride. 
It  is  effective  in  the  treatment  of  amebic  dysentery,  and  other  intestinal  protozoan 
infection,  and  may  relieve  carriers  of  pathogenic  amebas,  resistant  to  ipecac  and 
emetine. 

By  virtue  of  its  action  as  a  diffusible  stimulant  the  oil  might  be  serviceable  in 
flatulence,  especially  of  hysterical  origin. 
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Administraiion. — The  oil  is  almost  solely  used  but  the  crude  plant  in  the  form  of 
a  powder  of  the  fruit  (usually  called  seeds)  may  be  given  if  preferred,  being  mixed  with 
syrup  and  administered  as  an  electuary.  For  a  child  2  or  3  years  old  the 
anthelmintic  dose  is  from  10  to  15  grains  (0.6  to  1  Gm.);  for  an  adult,  30  to  45  grains 
(2   to   3   Gm.). 

The  volatile  oil,  while  more  efficacious,  has  the  disadvantages  of  offensive  odor  and 
disagreeable  taste.  It  may  be  dropped  on  sugar  or  mixed  with  essential  oil  of  almond 
and  emulsified  with  powdered  acacia,  sugar  or  syrup,  and  cinnamon  or  other  aromatic 
water.  Fluidextract  of  eucalyptus,  eucalyptol,  myrtol,  and  oil  of  gaultheria  are  appro- 
priate synergists.  The  dose  for  a  child  of  5  years  or  more  is  3  to  5  drops  (for 
an  adult  10  to  15  drops)  of  the  oil,  contained  in  a  teaspoonful  or  two  of  the  vehicle. 
For  ascarides,  after  a  preliminary  dose  of  1  fluidounce  (32  cc. )  of  castor  oil  the 
evening  before  beginning  treatment,  the  above  dose  is  given  twice  a  day  (before  break- 
fast and  at  bedtime)  for  2  or  3  days,  after  which  1  fluidounce  (32  cc.)  of  castor  oil  is 
repeated. 

In  the  treatment  of  tmcinoriasis,  a  preliminary  purge  is  not  necessary  and  it  is 
quite  generally  believed  that  strict  fasting  impairs  the  efficacy  of  the  remedy;  yet  it 
is  not  advisable  to  give  the  drug  at  mealtime.  In  the  case  of  an  adult  it  is  recom- 
mended that  three  doses  of  15  minims  (1  cc.)  each  be  given  at  7,  8,  and  9  A.M.,  or 
one  dose  of  40  minims  (2.5  cc.)  at  8  A.M.,  and  followed  2  hours  later  by  a  purge  of 
magnesium  sulphate  or  castor  oil.  Certain  authorities  advise  longer  intervals,  2  or  3 
hours,  between  the  doses  and  some  prefer  to  give  the  anthelmintic  and  the  purgative 
together.  Thus  5  to  15  or  20  drops  (according  to  the  age  of  the  patient)  may  be  admin- 
istered in  a  teaspoonful  of  fluidextract  of  spigelia  and  senna;  or  the  desired  dose  may 
be  emulsified  with  10  to  20  times  its  bulk  of  castor  oil.  Sometimes  chloroform  is  added. 
When  taste  and  odor  bar  these  methods,  the  dose  of  wormseed  oil  may  be  mixed  with 
twice  the  quantity  of  almond  or  olive  oil  and  enclosed  in  a  flexible  capsule,  or  rubbed 
up  with  starch  and  administered  in  one  or  more  ordinary  gelatin  capsules;  following 
which,  a  full  dose  of  castor  oil  or  magnesium  sulphate  is  to  be  given. 

In  the  treatment  of  amebic  dysentery  or  for  the  disinfection  of  ameba  carriers, 
three  15  minim  (1  cc.)  doses  of  the  oil  of  chenopodium  should  be  given  at  3  hour  inter- 
vals, the  course  being  preceded  by  a  dose  of  magnesium  sulphate  and  followed  by  castor 
oil.  If  at  any  time  it  were  desired  to  employ  it  for  systemic  effect,  oil  of  chenopodium 
could  be  prescribed  in  the  same  manner  as  other  essential  oils. 

Agents   Used  Against  Tapeworms 
Aspidium 

Male  fern  is  mentioned  by  Dioscorides,  but  was  lost  to  medicine  until  Louis  XVI 
of  France  bought  the  formula  of  a  famous  tapeworm  cure  from  Madame  Nouffer 
for  the  sum  of  18,000  livres  and  made  it  public.  The  treatment  consisted  of  3  drams 
of  powdered  male  fern  followed  in  two  hours  by  a  bolus  containing  12  grains  each 
of  calomel  and  scammony  and  5  grains  of  gamboge.  The  drug  has  since  become 
by  far  the  most  used  remedy  for  tapeworm. 

Chemistry. — Aspidium  is  rarely  employed  in  its  crude  form,  the  oleoresin,  which 
is  extracted  from  the  drug  by  ether  or  acetone  being  pi*eferable.  These  take  out  not 
only  the  oil  but  also  the  active  constituents,  which  are  as  follows:  Filmaron 
(C^-Hj^Oj,),  5  percent.;  fiJicic  acid  (CJI^^OJ,  2  to  4  percent.;  and  smaller  quantities 
of  aspidin  (C^JI^fi^),  aspidinol  (CjJI^OJ  and  fdic  acid  (C^.Tl^fi^^).  In  addition  are 
found  filixtannic  acid,  10  percent. ;  inactive  filicic  anhydride  (filicin)  produced  in 
old  specimens  by  the  transformation  of  filicic  acid,  19  to  31  percent.;  a  green  fixed 
oil,  6  to  7  percent.;  a  volatile  oil,  0.04  percent.;  an  uncrystallizable  sugar,  11  percent.; 
resins;  starch,  and  wax. 

On  standing  the  filicic  acid  separates  out  as  white  crystals  which  must  be  thor- 
oughly mixed  with  the  oily  portion  before  use. 

The  following  formulas  have  been  assigned  to  the  chief  constituents  (Boehm) 
(Kraft)  : 


464 


ANTHELMINTICS 


(H,C),  =  C 


OH 
C 

/\ 
/       \ 


\-l- 


HO  — C 

\ 


CO 


c 
o 

C.H, 
Filmaron. 


HaC  CHj 

\/ 
C 

/\ 

/        \ 

OC  COH 


OH  OH 

C  C 

^        \       H,      /        \        H, 

c         c— c  — c  c  — c- 

1/1         II 


OC 


\ 


\/ 

c 
o 

C,H, 


/ 

HOC 


CO  COH       COH 

/  \         // 

\// 

c 

O 
C,H, 


OCH, 
C 


/        \ 


COH 

\/ 

c 

H 


COCjH, 


COH 
/ 


C,H, 

C  =  0  HjC         CH,  CH, 

i  V  i 

COH  HOC  COH       HOC  COCH, 


HtC.  —  c 


:;  c  — c  — c 

\      /     H3 

\/ 
c 

OH 

Aspidin 
CjsHjjOg 


CCH3 

\/ 

C 

o 

CH, 


HC  CH 

\         / 

\y 

CO 


Filicic  Acid 

CrHioO, 


HC 

\         / 
\/ 
C 
OH 


C  — C  — C,H, 


Aspidinol 
CijHioO, 


Of  these  substances  filicic  acid,  filmaron,  and  aspidin  are  active,  aspidinol  is 
not.  The  crystalline  inactive  filicic  acid  is  the  lactone  of  the  active  amorphous  acid, 
and  the  latter  changes  readily  into  the  former.  This  may  explain  the  deterioration 
of  the  root  on  keeping. 

Summary  of  Actions  and  Uses. — The  active  constituents  of  aspidium  are  contained 
in  the  oleoresin.  The  most  important  is  filicic  acid,  but  the  others  act  similarly.  They 
are  convulsants  and  paralysants  but  are  rarely  absorbed  in  sufficient  quantity  to  develop 
this  action  in  the  animal  body.  The  oil  itself  is  of  importance  merely  in  aiding  the 
solubility  of  the  more  toxic  bodies,  and  permitting  them  to  develop  their  effects. 

The  only  use  of  aspidium  or  its  principles  in  medicine  is  anthelmintic,  especially 
as  a  teniafuge.  It  owes  its  usefulness,  in  this  connection,  to  the  fact  that  it  is  not 
absorbed  from  the  digestive  tract.  When  absorption  does  occur,  the  drug  is  extremely 
toxic,  causing  irritation  of  the  gastroenteric  tract,  with  diarrhea  and  vomiting,  as  well 
as  inflammation  of  the  kidneys,  through  which  a  certain  part  is  eliminated.  The  chief 
systemic  symptoms  are  nervous  convulsions  followed  by  coma. 

According  to  veterinary  surgeons,  filicic  acid  is  absorbed  from  the  intestine  of  the 
sheep,  only  to  be  held  in  the  liver  and  excreted  in  the  bile.  In  this  way  it  may  circulate 
a  long  time  and  is  very  effective  in  destroying  a  liver  fluke  which  inhabits  the  bile  ducts 
of  these  animals   (Busquet). 

Materia  Medica. — Aspidium  (U.S.  X.),  Aspidium.  Filix-mas  (Br.),  Male  Fern. 
Synonyms:  Stipides  Aspidii,  Eadix  Filicis  Maris,  Sweet  Brake. 

The  rhizome  and  stipes  of  Dryopteris  filix-mas  (Linne)  Schott  (Fam.  Polypodi- 
aceoe).  Rhizome  1  to  3  cm.  in  thickness,  cylindraceous  and  nearly  straight  or  curved 
and  tapering  toward  one  end.  Stipes  nearly  cylindrical  and  also  tapering  toward  one 
end,  3  to  5  cm.  in  length,  about  8  mm.  in  thickness.  Odor  slight,  taste  astringent,  bitter 
and  acrid.    Yields  not  less  than  6.5  percent,  of  oleoresin. 

Dose,  1  to  2  drams  (4  to  8  Gm.).   To  be  followed  by  a  purgative. 
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Oleoresina  Aspidii  (U.S.  X.),  Oleoresin  of  Aspidium.  Ahhr.,  Oleores.  Aspid. 
Fxtractum  Filicis  Liquidujn  (Br.),  Liquid  Extract  of  Male  Fern.  Ahhr.,  Ext.  Filic. 
Liq.    Synonyms:  Oleoresin  of  Male  Fern,  Oleum  Filicis  Maris,  Oil  of  Fern, 

Aspidium  in  coarse  powder  is  exhausted  by  percolation  with  ether,  the  latter 
being  recovered  by  distillation,  tlie  remainder  evaporated  in  a  water-bath,  leaving  a 
dark-green,  thick  liquid,  and  usually  depositing  a  granular  crystalline  substance,  which 
should  be  thoroughly  mixed  with  the  liquid  portion  before  use.  Not  less  than  85  per- 
cent, of  the  oleoresin  is  soluble  in  purified  benzin. "  It  contains  not  less  than  24  percent, 
of  filicin. 

Dose,  i/o  to  1  dram  (2  to  4  Gm.). 

FiLMARON  (unofficial). 

An  amorphous  acid  obtained  from  aspidium  and  said  to  constitute  the  vermifuge 
principle  of  this  drug.  It  is  a  pale  yellow  or  yellowish-brown  powder,  insoluble  in 
water  but  soluble  in  ether  and  alkaline  solutions  and  slightly  soluble  in  alcohol. 

Dose,  10  to  15  grains  (0.6  to  1  Gm.). 

AciDlUM   FiLicicuM    (unofficial),   Filicic  Acid    (amorphous).     Ahhr.,   Acid.   Filic. 

An  amorphous  white  powder  without  odor  or  taste,  insoluble  in  water  but  soluble 
in  alkaline  solution,  alcohol  and  fixed  and  volatile  oils. 

Dose,  8  to  15  grains  (0.5  to  1  Gm.). 

Antipathogenic  Action. — Tapeworms  from  cats  and  other  animals  live  well  after 
removal  from  the  bowel  if  kept  at  body  temperature  in  a  solution  containing  1  percent, 
each  of  sodium  chloride  and  sodium  carbonate.  If  0.01  percent,  of  aspidium  or  filicic 
acid  be  added  to  such  a  solution  containing  living  teniae,  they  are  paralyzed  in  3  hours 
by  direct  action  on  the  muscles.  Death  presumably  occurs  after  a  somewhat  longer  time. 
The  drug  is  thus  much  feebler  than  pelletierine  as  a  teniacide.  The  vermicidal  power 
of  the  drug  may  be  tested  on  small  fish.  These  are  killed  in  one-half  hour  by  5  mgm. 
of  filicic  acid  in  100  cc.  of  water  or  by  30  mgm.  of  the  powdered  drug   (Wasicky). 

Pharmacod3mamics:  Absorption  and  Elimination. — Oleoresin  of  male  fern,  as  well  as 
its  active  constituents,  are  not  readily  absorbed  from  the  digestive  tract  and  ordinarily 
give  rise  to  no  systemic  symptoms.  The  poor  absorption  is  dependent  on  the  insolubility 
of  the  active  principles  in  water.  Oils  favor  their  solution  and  absorption;  and  in  the 
majority  of  cases  of  poisoning  which  have  been  reported,  castor  oil  had  been  given  with 
or  after  the  aspidium.  The  principles  freed  entirely  from  oil  seem  to  be  inactive  and 
the  oil  of  the  oleoresin  is  probably  necessary  to  permit  their  absorption  even  by  the 
parasites.  After  absorption,  the  active  principles  are  largely  destroyed  in  the  blood,  and 
are  found  neither  in  the  urine  nor  in  other  excretions.  In  fatal  experimental  poisoning, 
filicic  acid  has  been  obtained  from  various  tissues. 

Apart  from  its  teniacidal  effect,  oleoresin  of  male  fern,  in  medicinal  doses,  has  no 
important  action  except  upon  the  stomach  and  'bowel.  It  is  an  irritant  cathartic  and 
may  cause  slight  nausea  as  well  as  purging. 

Toxicity. — When  absorption  has  taken  place,  whether  from  the  unwise  association 
with  the  drug  of  a  solvent,  such  as  castor  oil,  or  from  ingestion  of  an  excessive  amount 
(more  than  2  drams — 8  Gm.);  or  the  taking  of  even  a  moderate  quantity  into  an  ali- 
mentary canal  kept  too  rigorously  devoid  of  food,  or  by  a  person  unduly  susceptible  to  the 
drug— as  the  very  young,  the  aged,  the  weak,  the  anemic — severe  disturbances  are  set  up. 

These  are  of  three  kinds:  gastroenteric  (and  hemic),  nervous  (including  cardio- 
respiratory phenomena),  and  renal. 

The  gastroenteric  symptoms  are  the  earliest,  and  may  be  the  only  ones  to  develop. 
There  is  nausea,  with  repeated,  usually  bilious  or  bloody,  vomiting,  and  profuse,  colicky, 
and  often  hemorrhagic  diarrhea — sometimes,  indeed,  a  severe  and  persistent  gastro- 
enteritis. Jaundice,  which  is  not  uncommon,  may  be  owing  either  to  inflammation  of 
the  liver  or  to  disorganization  of  the  blood,  and  in  the  latter  event  may  be  accompanied 
with  hemoglobinuria.  Kidney  irritation  is  rarely  absent.  As  a  rule,  albuminuria,  at 
least,  is  observed;  sometimes  hematuria  as  well.  In  grave  cases,  the  nephritis  may  be 
of  such  degree  as  to  result  in  permanent  damage. 

The  nervous  symptoms  appear  later.  They  are  indicative  of  central  excitation,  both 
cerebral  and  spinal,  followed  by  paralysis.    Headache,  dizziness,  and  dimness  of  vision 
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are  present  always.  Delirium  occurs  frequently,  and  may  pass  into  unconsciousness, 
coma  and  collapse.  In  about  one-third  of  the  cases  there  is  optic  neuritis;  and  in  about 
half  of  these,  permanent  blindness  results. 

Neuromuscular  disturbances  range  from  hiccough  and  muscular  twitchings  to  tetan- 
iform  convulsions,  followed  by  general  muscular  relaxation  with  immobility  of  the  pupils 
and  total  abolition  of  reflexes. 

Respiratory  and  circulatory  embarrassment  is  present  to  some  extent  even  in  the 
milder  cases,  as  shown  by  a  greater  or  less  degree  of  dyspnea  with  feebleness  and  rapid- 
ity of  the  pulse.  In  severe  poisoning  these  symptoms  are  marked  and  lead  to  cyanosis 
of  both  pulmonary  and  cardiac  origin. 

Death  may  result  from  paralysis  of  the  respiratory  center  or  direct  paralysis  of 
the    heart. 

In  the  rabbit,  filicic  acid  gives  rise  at  first  to  twitchings  of  the  limbs  with  exagger- 
ation of  the  reflexes;  then  to  tetaniform  convulsions,  followed  by  general  paralysis  of 
the  skeletal  muscles,  and  lastly  by  paralysis  of  the  heart.  The  drug  is  however  much 
more  toxic  to  lower  animals  than  to  man. 

Toxic  Dose. — The  toxic  dose  varies  within  wide  limits,  the  differences  observed  de- 
pending in  part  upon  differences  in  the  activity  of  various  specimens  of  the  drug  (that 
gathered  in  the  Baltic  provinces  of  Russia  being  said  to  be  five  times  as  toxic  as  that 
from  Germany)  and  in  part  upon  differences  in  resistance  of  individual  patients; 
anemia,  debility,  chronic  alcoholism,  old  age  and  infancy  being  among  the  factors  pre- 
disposing to  poisoning. 

Toxic  symptoms  are  likely  to  occur  in  man  after  the  ingestion  of  2  to  2V2  drams 
(8  to  10  Gm.)  of  the  ethereal  extract  (which  is  slightly  less  active  than  the  oleoresin), 
but  severe  poisoning  has  been  produced  by  1  dram  (4  Gm.)  given  in  the  course  of  a  day, 
and  twice  this  amount  of  either  preparation  should  rarely  be  given  and  never  exceeded. 

Treatment  of  Poisoning. — It  is  usually  well  to  give  a  quickly  acting  purgative— 
preferably  a  mild  saline,  such  as  magnesium  citrate — to  carry  out  from  the  intestine 
any  unabsorbed  poison.  Castor  and  croton  oils  should  be  avoided  as  they  aid  absorption. 
Demulcent  drinks,  such  as  flaxseed  tea,  are  also  applicable,  and  if  there  is  already 
severe  diarrhea  or  vomiting,  opium  may  be  required.  The  patient  should  be  kept  recum- 
bent, even  during  the  action  of  the  bowels.  Promptly  diffusible  stimulants  (ether,  cam- 
phorated oil,  aromatic  spirit  of  ammonia,  tincture  of  musk)  should  be  administered  by 
the  mouth,  or  hypodermically.  External  heat  should  be  applied.  Convulsions  may  call 
for  restraint  by  the  cautious  inhalation  of  chloroform  or  ether,  or  paralytic  phenomena 
indicate  the  use  of  atropine  and  strychnine;  perhaps  in  the  presence  of  great  fall  of 
blood-pressure,  adrenaline  or  pituitrine;  or  if  there  be  suppression  of  urine,  caffeine 
or  cocaine.  Hematuria  calls  for  the  administration  of  an  alkaline  saline  solution  by 
the  mouth,  or  under  the  skin. 

Therapeutics. — For  the  expulsion  of  tapeworms,  the  oleoresin  of  male  fern  is 
one  of  the  most  certain  agents  at  our  command.  It  is  more  eif active  against  the 
unarmed  than  against  the  armed  species.  Skillfully  managed,  however,  it  will,  in 
most  cases,  kill,  or  at  least  stupefy  and  dislodge,  even  Tcenia  solium;  more  espe- 
cially, if  it  be  reinforced  by  association  with  brayera  (cusso),  kamala,  or  pome- 
granate— the  use  of  a  minimal  dose  of  each  agent  being  then  possible. 

The  oleoresin  must  be  given  cautiously,  and  yet  in  sufficient  quantity,  1  to  2 
drams  (4  to  8  Gm.)  for  an  adult,  15  to  30  grains  (1  to  2  Gm.)  for  a  child.  It  is 
best,  especially  with  children,  to  divide  the  dose  determined  upon  into  several 
(4  to  6)  comparatively  small  portions,  to  be  taken  from  10  to  30  minutes  apart,  the 
last  portion  being  followed  by  a  saline  or  vegetable  cathartic.  Should  the  desired 
result  not  be  attained  by  the  use  of  a  total  quantity  well  within  the  limit  of  safety, 
treatment  should  be  intermitted  for  from^  36  to  48  hours. 

Oleoresin  of  aspidium  is  also  of  use  for  the  expulsion  of  hookworms.  It  may 
be  regarded  as  an  emergency  remedy  and  not  to  be  used  when  the  patients  are  debili- 
tated and  greatly  emaciated.  An  objection  to  its  use  for  this  purpose  is  that  very 
large  doses  are  necessary — about  twice  the  size  of  those  needed  for  the  expulsion 
of  a  tapeworm. 
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Against  whipworms,  one  moderate  dose  (V2  dram)  or  several  very  small  doses 
(15  grains)  may  be  used,  daily,  for  two  or  three  days  in  succession  and  the  course 
be  repeated,  after  an  interval  of  about  10  days.  This  should  be  done  several  times, 
until  repeated  microscopic  examination  of  the  feces  shows  the  complete  absence  of 
worms  and  eggs. 

Aspidiuni  is  eontraindicated  by  pregnancy,  chronic  alcoholism,  severe  anemia, 
marked  debility,  gastroenteric  affections  and  advanced  organic  lesions,  especially 
those  affecting  the  heart,  the  kidneys  and  the  nerve  system,  as  well  as  by  old  age 
and  infancy. 

Administration. — The  usual  preparatory  routine  should  be  carried  out.  Before  the 
drug  is  exhibited,  the  patient  should  drink  a  glass  of  milk.  The  unmixea  oleoresin  is. 
to  be  preferred.  This  may  be  enclosed  iu  a  gelatin  capsule.  When  the  taste  is  not 
objected  to  (it  usually  is),  one  may  make  use  of  an  emulsion  prepared  with  1  dram 
(4  Gm.)  each  of  oleoresin  of  male  fern  and  powdered  acacia  and  sufficient  cinnamon 
water  to  make  1  ounce,  which  may  be  further  flavored  with  aromatics  or  syrup  of 
ginger.  A  small  quantity  of  chloroform,  2  to  10  minims  (0.1  to  0.6  cc),  enhances  the 
efficacy  of  the  dose.  Should  any  untoward  sign  appear,  the  drug  should  be  discontinued, 
and  a  saline  purge  at  once  administered.  If  necessary,  a  stimulant  (aromatic  spirit 
of  ammonia)  may  be  given;  ordinarily,  however,  it  is  advisable  to  wait  for  three  or 
four  hours  before  giving  the  cathartic.  Magnesium  sulphate  and  sodium  sulphate  are 
eligible.  The  patient  should  eat  sparingly  during  the  day,  and  toward  evening,  if  there 
has  been  no  stool,  an  enema  or  a  glycerin  suppository  may  be  used.  Castor  oil  should 
neither  he  exhibited  loith  aspidiuni,  nor  given  later  as  a  purgative,  as  it  favors  absorp- 
tion of  the  poisonous  filicic  acid.  For  the  same  reason,  other  oils  are  objectionable,  if 
given  in  quantity. 

Pomegranate 

Pomegranate,  or  Granatum  is  the  root  bark  of  Punica  granatum  (Linne),  a  shrub 
or  small  tree  indigenous  to  southwestern  Asia  and  cultivated  in  all  subtropical 
countries  on  account  of  its  fruit.  The  bark  has  been  used  as  an  anthelmintic  since 
Eoman  times. 

Chemistry. — The  root  bark  yields  four  alkaloids  which  were  isolated  by  Tanret 
and  named,  in  honor  of  his  master,  Pelletier,  pelletlerine,  isopelleiierine,  pseudopelle- 
tierine  and  metliylpelletierine.  Later  the  mixed  alkaloids  were  marketed  under  the 
name  of  "pelletierine"  and  to  avoid  confusion  the  names  of  punicine,  isopunicine, 
etc.,  were  adopted  for  the  pure  alkaloids. 

The  anthelmintic  properties  reside  chiefly  in  punicine  and  isopunicine,  the  other 
alkaloids  being  less  active.  The  bark  also  contains  a  large  amount  (20  to  25  percent.) 
of  a  peculiar  tannin,  punicotannic  acid,  to  which  the  preparations  owe  their  useful- 
ness as  teniafuges,  as  it  renders  the  alkaloids  insoluble  and  thus  prevents  their 
absorption.  The  sulphates  of  the  alkaloids  are  not  anthelmintic  as  they  are  absorbed 
before  reaching  the  lower  bowel.  For  this  reason  the  poorly  soluble  tannate  (solubility 
1  in  240)  is  the  only  alkaloidal  salt  which  is  to  be  employed.  If  it  is  necessary  to 
use  any  other  salt,  this  must  be  associated  with  twice  its  weight  of  tannic  acid,  so 
that  the  tannate  may  be  formed  at  once. 

The  exact  chemical  constitution  of  the  more  important  alkaloids  has  not  been 
determined,  but  they  are  similar  to  that  of  pseudopunicine,  CgHj^ON. 

H,C— CH-CH, 

/        I        \ 
HjC  NCH3    CO 

\        I        / 
H,C— CH-CH, 

Pseudopunicine. 
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Summary  of  Actions  and  Uses. — Granatum  and  its  alkaloids  are  used  only  as  anthel- 
mintics and  almost  exclusively  as  teniafuges.  The  soluble  salts  are  quite  toxic.  Over- 
doses or  unguarded  doses  excite  violent  gastroenteric  irritation,  with  vomiting  and 
diarrhea,  followed  by  weakness  of  voluntary  muscles  and  later  by  cardiac  depression, 
both  dependent  on  paralysis  of  the  motor  nerve  endings.  With  the  crude  drug,  the 
large  amount  of  tannin  present  acts  also  as  a  gastric  irritant.  Even  cautious  use  of 
any  preparation  of  bark  or  alkaloids  commonly  gives  rise  to  some  degree  of  nausea 
and  of  dizziness.  In  spite  of  this  drawback,  granatum  seems  to  be  the  agent  of  pref- 
erence in  infestation  with  Tccnia  solium. 

Materia  Medica. — Granatum  (U.S.  X.),  Pomegranate.  Ahhr. ,  Granat.  Synonym: 
Pomegranate  Bark. 

The  dried  bark  of  the  stem  and  root  of  Punica  granatum  Linne  (Fam.  Grana- 
tacece).     Odor  slight;  taste  astringent,  somewhat  bitter  and  nauseous. 

Dose,  20  to  40  grains  (1.3  to  2.6  Gm.). 

Fluidextractum  Granati  (U.S.  X.),  Fluidextract  of  Pomegranate.  Ahhr.,  Fldext. 
Granat.    Synonym:  Fluidextractum  Granati  Cortex. 

Powdered  pomegranate,  percolated  to  exhaustion  with  diluted  alcohol  and  glycerin, 
each  cc.  representing  1  Gm.  of  the  drug,  with  an  alcoholic  content  of  about  37  percent, 
and  10  percent,  glycerin. 

Dose,  Vz  to  1  fluidram  (2  to  4  cc). 

Pelletierin^  Tannas  (U.S.  X.),  Pelletierine  Tannate.    Ahhr.,  Pellet.  Tann. 

A  mixture  of  the  tannates  of  the  several  alkaloids  obtained  from  pomegranate.  A 
light  yellow,  odorless,  amorphous  powder,  having  an  astringent  taste.  One  gram  is 
soluble  in  about  250  cubic  centimeters  of  water  and  in  16  cubic  centimeters  of  alcohol 
at  25°  C.  It  is  only  slightly  soluble  in  ether  and  is  insoluble  in  chloroform^.  It  is 
dissolved  by  warm  dilute  acids. 

Dose,  2  to  6  grains  (0.12  to  0.36  Gm.). 

Antipathogenic  Action. — Tfcnia  saginata,  kept  at  body  temperature  in  a  solution  of 
sodium  chloride,  will  live  for  several  hours.  The  addition  of  0.01  percent,  of  pelletierine 
quickly  inhibits  the  movements,  and  kills  the  worm  in  about  10  minutes    (Schroeder). 

The  teniacidal  effect  is  aided  by  the  purgative  action  of  the  drug. 

Pharmacodynamics:  Absorption  and  Elimination. — The  presence  of  tannic  acid  in 
the  crude  drug  renders  the  alkaloids  of  pomegranate  insoluble,  and  prevents  their 
absorption.  This  explains  the  more  favorable  action  of  the  bark  as  compared  with  the 
separate  principles.  Absorption  is  favored  by  alcohol;  hence,  the  fluidextract  is  inferior 
to  the  decoction  as  a  teniafuge;  in  fact,  alcoholic  preparations  should  be  avoided.  Pel- 
letierine is  readily  decomposed,  and  is  destroyed  in  the  body. 

Toxic  and  Systemic  Action. — Pomegranate  bark  has  a  bitter,  disagreeable  taste,  and 
is  quite  astringent.  Its  most  striking  effect  is  irritation  of  the  stomach  and  bowel,  with 
nausea,  griping,  pain  and  diarrhea.  This  action  is  largely  owing  to  the  great  excess  of 
tannic  acid  present,  and  may  be  avoided  or  reduced  if  a  portion  of  the  tannin  be  removed 
by  means  of  lime. 

The  pure  alkaloids,  pelletierine  and  isopelletierine,  however,  are  also  local  irritants; 
and  even  in  small  doses  give  rise  to  vomiting  and  colicky  diarrhea.  Pelletierine,  in  mod- 
erate quantity,  likewise  causes  nervous  disturbances — commonly  headache  and  vertigo. 
Full  doses,  6  grains  (0.4  Gm.)  of  a  soluble  salt  {e.g.,  the  sulphate)  may  induce  drowsi- 
ness, congestive  ocular  disturbances  and  dimness  of  vision. 

Toxic  doses  (more  than  10  grains — 0.6  Gm.)  exert  a  paralyzing  influence  (curare- 
action)  upon  the  peripheral  ends  of  the  motor  nerves;  the  first  manifestations  of  which 
are  numbness  and  cramps,  especially  in  the  lower  extremities,  while  sensibility  is  pre- 
served. The  cardiac  contractions  are  generally  diminished  both  in  force  and  in  frequency, 
but  sometimes  the  rate  is  increased.  Death  results  usually  from  failure  of  respiration 
dependent  on  peripheral  paralysis  of  the  muscles.  The  stimulation  of  the  cord  by  asphyxia 
may  break  through  the  block  of  the  myoneural  junction  and  cause  convulsions.  It  is 
possible  that  in  the  convulsive  cases  the  action  on  the  heart  may  be  the  cause  of  death. 
In   rabbits   there   is  a  progressive   muscular  paralysis,   voluntary   motion   disappearing 
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before  reflex  movements.  Unstriped  muscle  fiber  is  first  stimulated,  then  paralyzed;  the 
action  of  the  heart  becomes  tumultuous,  and  death  is  preceded  by  convulsions. 

The  toxic  quantity  of  the  soluble  pelletierine  salts  for  man  is  not  definitely  deter- 
mined. Any  preexisting  affection  or  debility  probably  lessens  resistance.  An  epileptic 
male,  34  years  of  age,  died  in  coma  some  hours  after  taking  8  grains  (0.5  Gm.)  of  the 
sulphate.  In  a  susceptible  female,  5  grains  (0.3  Gm.)  produced  distressing  nerve  and 
circulatory  symptoms.  The  lethal  dose  for  rabbits  is  stated  to  be  0.15  Gram  to  0.3  Gram 
of  pelletierine,  0.2  to  0.3  Gram  of  isopelletierine  and  0.4  to  0.5  Gram  of  the  other  alkaloids. 

Treatment  of  Poisonincj. — The  prompt  expulsion  of  the  drug  through  the  bowel  should 
be  attempted;  best  by  means  of  calomel  and  a  saline.  Gastroenteric  irritation  may  be 
met  by  the  use  of  demulcents  and  sedatives.  When  a  patient  is  seen  very  shortly  after 
the  ingestion  of  a  large  amount,  gastric  lavage  should  be  practised,  titrychninc  and 
diffusible  stimulants  ma.y  be  given  if  needed.    Tannic  acid  may  also  be  administered. 

Therapeutics. — In  cases  of  infestation  with  Taenia  solium,  pelletierine  tannate  or 
the-  decoction  of  pomegranate  bark  is  ordinarily  to  be  preferred  to  other  teniafuges. 
Granatum  and  its  alkaloid  are  likewise  the  most  potent,  although  not  necessarily  the 
most  desirable,  remedies,  in  infestation  with  unarmed  tapeworm,  with  the  apparent 
exception  of  Uymenolepis  nana.  They  have,  at  the  present  day,  no  other  application 
in  medicine. 

Pomegranate  and  its  alkaloids  have  no  place  as  systemic  remedies.  Even  as 
anthelmintics  they  are  contraindicated  in  children  under  seven  years  of  age  and  in 
old  people;  also  by  pregnancy,  by  chronic  organic  disease,  and  by  ejnlepsy  or  any 
tendency  to  convulsions  or  paralysis. 

Administration . — Against  tapeworm,  a  fresh  decoction  of  the  hark  of  the  root  should 
be  employed:  2  ounces  (60  Gm.)  being  steeped  in  a  quart  of  water,  and  boiled  down 
to  1  pint.  The  patient  having  been  prepared  in  the  ordinary  way,  a  wineglassful  of 
the  decoction  may  be  given  every  hour,  until  the  whole  quantity  has  been  taken.  For 
delicate  persons  and  women,  the  dose  is  two-thirds  and  for  children  of  about  10  years, 
half  of  this  amount.  After  4  portions  have  been  taken,  calomel,  castor  oil,  senna,  or 
compound  jalap  powder  should  be  given  to  assist  the  cathartic  action.  Oleoresin  of 
aspidium,  2  drams  (8  Gm.),  may  be  suspended  in  2  ounces  (60  cc.)  of  this  decoction 
and  given  in  4  doses  an  hour  apart. 

Eclectic  physicians  use  a  stronger  preparation:  8  ounces  of  the  coarse  bark,  not 
powdered,  are  pressed  into  a  vessel  and  covered  with  3  pints  of  boiling  water.  After 
boiling  and  straining,  the  liquid  is  again  boiled  down  to  1  pint.  The  patient,  having 
been  given  a  brisk  cathartic  the  previous  night,  receives,  about  2  or  3  hours  after  a 
light  breakfast,  4  fluidounces  of  the  decoction,  together  with  a  teaspoonful  of  extract 
of  jalap,  and  a  drop  of  oil  of  anise.  Nausea  is  said  to  be  overcome  by  keeping  the 
patient  quiet,  and  giving  a  little  lemon  juice.  The  dose  of  the  teniafuge  is  repeated 
in  2  or  3  hours.  When  its  action  begins,  an  enema  is  administered  to  hasten  the  process. 
In  case  of  failure,  the  treatment  is  repeated  on  the  following  day  in  the  same  manner. 

Not  only  is  the  disagreeable,  and  somewhat  nauseous,  taste  of  pomegranate  decoc- 
tions a  serious  drawback,  but  also  the  quantity  of  active  principles  present  varies  very 
much  in  different  specimens  of  the  bark,  hence  the  many  different  directions  as  to 
dosage.  For  these  reasons  it  is  well,  when  expense  does  not  prevent,  to  use  some  prep- 
aration of  the  more  dependable  pelletierine,   preferably  the  tannate. 

A  copious  enema  having  been  administered  in  the  evening,  the  patient  may  take, 
next  morning,  a  glass  of  milk,  and  follow  this  with  the  prescribed  dose  of  pelletierine 
preparation,  suspended  in  sweetened  water.  The  quantity  is  to  be  regulated  in  the  same 
way  and  in  the  same  proportions  as  in  the  case  of  decoction;  and,  for  younger  children 
or  much  debilitated  persons,  should  be  divided  into  two  or  three  portions,  to  be  given 
2  or  3  hours  apart— the  effect  being  carefully  watched.  The  purgative  should  follow  in 
from  15  to  30  minutes.  The  patient  should  lie  ^oum  after  taking  the  medicine,  as  more 
or  less  dizziness  will  be  experienced  within  a  short  time.  The  worm  may  be  expected 
to  pass  in  from  2  to  4  hours.  If  it  does  not,  another  dose  of  the  purgative  or,  better,  an 
enema  containing  1  ounce  (30  Gm.)  of  sodium  or  magnesium  sulphate  should  be 
administered. 

Pelletierine  tannate   is  given,  to  a  robust  adult,   in  a  single  dose  of  from   3   to   8 
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grains  (0.2  to  0.5  Gm.),  and  in  total  quantity  not  to  exceed  15  to  24  grains  (1  to  1.5  Gm.). 
It  is  best  administered  in  a  sweetened,  demulcent  vehicle,  of  which  1  ounce  (30  cc.) 
may  contain  5  grains  (0.3  Gm.)  of  the  drug.  A  few  drops  (10  to  20)  of  chloroform 
may  be  added  to  the  entire  quantity.  The  tannate  may  also  be  exhibited  as  an  electuary 
in  a  tablespoonful  or  less  of  honey  or  syrup,  which  may  be  given  with  1  ounce  (30  cc.) 
or  so  of  water,  or  diluted  chloroform  water;  or  the  dose  may  be  enclosed  in  a  capsule 
to  be  washed  down  with  not  more  than  2  ounces  (60  cc.)  of  water  of  flaxseed  tea.  If 
too  much  fluid  be  not  given  with  it,  the  comparative  insolubility  and  consequent  lack 
of  absorption  of  the  tannate  permit  it  to  reach  the  worm  with  a  minimum  of  disturbance 
to  the  patient.  An  additional  quantity  of  tannin  may  be  added,  if  there  seems  to  be  a 
necessity  for  excess  of  caution. 

The  sulphate,  being  soluble,  is  not  to  be  given  under  ordinary  circumstances.  If 
no  other  remedy  be  available,  it  may  be  used  cautiously,  in  small  doses,  associated  with 
twice  their  quantity  of  tannin.  Tanret's  pelletierine,  which  is  preferred  by  some  physi- 
cians, is  not  a  tannate.  It  is  marketed  in  the  form  of  an  electuary,  said  to  contain, 
in  the  vial  of  5/6  fluidounce  (25  cc),  about  5  grains  (0.3  Gm.)  of  pelletierine  sulphate, 
with  an  equal  quantity  of  isopelletierine,  and  8  to  10  grains  (0.5  to  0.6  Gm.)  of  tannin. 
This  quantity  is  intended  as  a  single,  full  dose  for  an  adult.  It  is  given  in  a  glass  of 
sweetened  water.  As  for  many  years  it  was  the  only  available  preparation  of  the  alka- 
loid of  pomegranate,  the  senior  author  (S.  S.  C.)  had  to  prescribe  it  in  a  number  of 
cases,  and,  despite  the  presence  of  the  sulphate,  he  saw  no  untoward  result.  It  may  be 
the  true  composition  is  other  than  stated  above,  or  that  the  tannin  prevents  absorption 
of  an  undue  amount  of  the  alkaloid. 

The  fluidextract  of  pomegranate  is  not  a  good  preparation,  its  alcoholic  content 
favoring  absorption  of  the  drug  and  consequent  increase  of  the  toxic  symptoms. 

Pepo 

Pumpkin  seed  has  long  been  used  as  an  antlielmintic  in  domestic  practice  in 
the  East,  as  well  as  in  France  and  Italy,  and  to  a  less  extent  in  England  and 
America.  In  the  "West  Indies,  the  flesh  of  the  pumpkin  is  also  employed  success- 
fully for  the  same  purpose.  Scientific  medicine  has  been  rather  neglectful  of  this 
excellent  remedy,  which  is  harmless  in  almost  any  dose,  and  is,  therefore,  peculiarly 
applicable  in  the  treatment  of  children,  pregnant  women,  old  people  and  weak  in- 
dividuals. 

Chemistry. — The  seeds  contain  a  soft,  bitter,  acrid  resin,  which  is  believed  to 
be  the  active  constituent;  fixed  oil,  volatile  oil,  proteids,  sugar,  and  starch.  The 
active  constituents  are  found  in  the  embryo,  and  the  decorticated  seeds  are  used. 
The  hard  seed  coat,  coarsely  ground,  may  be  swallowed  with  it,  and  may  injure 
the  worm  mechanically. 

Materia  Medica. — Pepo  (U.S.  X.),  Pumpkin  Seed.  Ciicurbita  Semina  Proeparata 
(Br.). 

The  dried  ripe  seed  of  cultivated  varieties  of  Cuciirhita  pepo  Linne  (Fam. 
Cucurhitacece).  Slightly  odorous  when  contused;  taste  bland  and  oily.  The  Br.P. 
direct  that  the  seeds  must  not  be  more  than  one  month  old  when  used. 

Dose,  1  to  2  ounces  (30  to  60  Gm.). 

Oleu:n[  Pepoxis  (unofficial),  Oil  of  Pumpkin  Seed.    Ahhr.,  01.  Pepo. 

An  oil  obtained  by  extraction  with  acetone  from  the  ground  seed.  A  thick;  red- 
dish-brown, oily  liquid  of  agreeable  odor  and  taste.  Soluble  in  carbon  disulphide,  ether 
and  chloroform,  and  in  20  parts  of  alcohol. 

Dose,  10  to  15  minims  (0.6  to  1  cc). 

Antipathogenic  Action.  Lum'bricoids,  Tcrnia  saginata  and  Bothriocephalus  latus  are 
irritated  by  and  dislodged  by  the  husks  of  pepo  and  paralyzed  and  killed  by  the  oil  and 
resin.  T(rnia  solium  and  Hymenolcpis  nana  are  apparently  more  resistant,  and  the  head 
may  escape  destruction.  Studies  on  worms  in  vitro  have  not  shown  any  destructive 
action   (Power  and  Sollmann). 
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Pharmacodynamics. — Apparently,  neither  the  seed  nor  the  oil  has  any  marked  phar- 
macodynamic effect  upon  human  beings  in  health,  except  that  the  dose  may  prove 
nauseating  and  thus  induce  vomiting;  and  that  the  seeds,  less  frequently  the  oil,  may 
act  as  a  purgative. 

Eclectic  physicians  have  observed  a  sedative  influence  of  the  oil  ui)on  the  alimen- 
tary and  urinari/  tracts;   and  a  certain  degree  of  diuresis  follows  its  ingestion. 

Therapeutics:  Anthelmintic. — Pumpkin  seed  may  be  used  with  considerable  con- 
fidence ayainst  tapeworms,  especially  the  unarmed  variety,  and  is  to  be  preferred 
with  very  young,  or  aged,  or  debilitated  persons  and  pregnant  women.  It  is  pos- 
sibly less  effective  against  the  armed  and  dwarf  tapeworms,  but  can  be  used  with 
perseverance  to  get  rid  of  tliem  when  the  patient  may  not  seem  able  to  endure  the 
more  severe  action  of  male  fern,  kousso,  or  pomegranate.  It  may  be  employed  in  a 
like  manner  against  roundworms  when  for  any  reason  the  physician  hesitates  to 
prescribe  santonin  or  spigelia. 

Systemic. — Oil  of  pumpkin  seed  in  doses  of  5  or  10  drops  (0.3  to  0.6  cc.)  sev- 
eral times  daily,  or  an  infusion  of  the  seeds  (2  ounces  to  the  pint)  taken  during 
the  day,  is  said  to  be  an  excellent  diuretic  and  to  give  prompt  relief  in  cases  of 
scalding  urine  and  in  spasmodic  affections  of  the  urinary  tract. 

Administration. — The  usual  preparatory  starvation  is  to  be  carried  out.  It  is  advis- 
able to  give  a  large  dose  of  a  saline  cathartic  the  night  preceding  the  exhibition  of  the 
pepo,  and  again  in  the  early  morning.  A  very  light  breakfast  is  to  be  taken.  Two  hours 
later  the  administration  of  the  anthelmintic  is  begun.  It  is  best  given  in  3  portions, 
2  hours  apart.  The  patient  should  remain  quietly  in  bed  to  avoid  vomiting.  If  effective 
catharsis  does  not  occur  within  3  hours  after  the  last  dose  of  pumpkin  seed,  a  purgative, 
preferably  castor  oil,  is  indicated.  The  dose  of  pepo  for  an  adult  is  from  2  to  4  ounces 
(60  to  120  Gm.).  This  quantity  of  fresh  seeds  is  beaten  into  a  paste,  with  water  and 
finely  powdered  sugar,  to  loosen  the  husks,  and  water  or  milk  is  added  to  make  up 
1  pint  (half  a  liter).  The  preparation  may  be  flavored  with  any  essential  oil.  Some- 
times, especially  for  young  children,  it  is  strained;  but  it  is  always  more  effective  when 
husks  and  all  are  swallowed.  Instead  of  the  milk-and-water  vehicle,  the  pepo  paste  may 
be  made  into  an  emulsion  with  mucilage  of  acacia  and  olive  oil,  and  suitably  flavored. 
A  strong  person  whose  stomach  is  not  easily  upset  may  perhaps  take  the  full  quantity 
in  two  portions — or  even  in  one. 

Oil  of  pumpkin  seed,  which  is  bland  and  unirritating,  may  be  used  instead  of  the 
seeds  but  is  less  certain  in  its  effect.  The  dose  for  an  adult  is  from  half  an  ounce  to 
1  or  2  ounces,  divided  into  2  or  4  portions,  followed  by  or  associated  with  castor  oil. 
An  emulsion  may  be  made  with  acacia  syrup  and  chloroform  water  and  flavored  with 
oil  of  peppermint  or  oil  of  cloves.  A  mixture  of  castor  oil,  pumpkin  seed  oil,  chloroform 
and  oil  of  turpentine  is  sometimes  better  than  any  one  of  these  drugs  given  separately, 
and  as  the  dose  of  each  agent  can  be  diminished,  the  danger  of  unpleasant  symptoms 
is  correspondingly  reduced.  Other  associations  may  be  made  similarly;  remembering, 
however,  that  if  aspidium  be  used  castor  oil  must  be  excluded. 

Brayera 

Hagenia  ahyssinica,  Lamarck,  is  a  handsome  tree  indigenous  to  Africa  and 
cultivated  in  Abyssinia.  The  natives  of  the  latter,  among  whom  tapeworm  is  rife, 
have  long  employed  as  a  remedy  its  female  flowers,  wliich  they  term  ''kousson." 
Dr.  Brayer,  a  French  physician  practicing  in  Constantinople,  wrote  of  the  drug  in 
1823,  and  Kunth  named  the  tree,  in  his  honor,  Brayera  antJielmintica.  The  dried, 
pulverized  panicles  make  an  effective  teniafuge,  acting  rapidly  against  T.  solium 
as  well  as  T.  saginata  and  Bothriocephalus  latus.  The  fresh  flowers  are  more  potent 
than  the  drug  of  commerce,  and  are  reported  by  travellers  to  be  severe  in  action, 
setting  up  nervous  and  cardiac  disturbances,  and  in  pregnant  women  causing  abor- 
tion and  even  death.  It  is  said  that  the  Abyssinians  do  not  use  kousso  to  kill  the 
worm  but  merely  to  obtain  respite  by  expulsion  of  a  series  of  links  when  the  para- 
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site  becomes  troublesome,  and  that  they  consider  musenna  a  better  teniacide.  In 
view  of  the  strong  teniacidal  powers  of  kousso,  this  story  is  probably  not  true. 

Chemistry. — Kousso  contains  two  chemically  and  morphologically  distinct  parts : 
(a)  the  glands  of  the  flower  panicles,  containing  the  active  principles,  and  (h)  sharp 
microscopic  hairs,  which  are  mechanically  irritating  to  the  worm  and  to  the  bowel 
wall. 

The  chemical  constituents  of  kousso  are  kosoioxin  (C^Ji^fi^J,  an  amorphous 
yellow  powder,  in  which  the  chief  activity  resides;  hosin  or  Jcoussein  (brayerin) 
(CgjHjsOij),  an  indistinctly  crystalline  bitter  acrid  resin;  a  volatile  oil,  and  kousso- 
tannic  acid. 

Kosotoxin,  like  the  active  principle  of  aspidium,  is  a  compovmd  of  phloroglucin 
and  butyric  acid.  The  other  components  are  of  less  importance.  The  commercial 
houssein  is  apparently  a  mixture  of  various  principles.  The  powder  deteriorates  on 
keeping  and  the  crude  drug  is  therefore  uncertain  in  action. 

Summary  of  Action  and  Uses. — Owing  to  the  variability  of  the  crude  drug,  phar- 
macodynamic studies  liave  been  chiefly  made  on  its  most  active  constituent,  kosotoxin, 
wlaich  is  a  protoplasm  poison.  In  frogs  it  paralyzes  the  motor  nerve  endings  (curare 
action),  the  striped  muscles,  the  diaphragm  and  eventually  the  heart.  In  mammals  it 
sets  up,  additionally,  an  excitation  of  the  medullary  centers,  shown  by  hurried,  labored 
respiration,  salivation  and  vomiting.  Intravenous  injection  causes  muscular  twitching 
or  convulsions   with   cardiac   paralysis. 

Kousso  is  used  only  as  a  teniacide.  The  teniacidal  action  resides  chiefly  in  the 
Kosotoxin.    In  addition,  the  sharp  hairs  exercise  a  teniafugal  effect. 

Materia  Medica. — Brayera  (N.F.),  Brayera.  Ahhr.,  Brayer.  Synonyms:  Kousso 
Cusso. 

The  dried  panicles  of  the  pistillate  flowers  of  Hagenia  ahyssinica  (Bruce)  Gmelin 
(Fam.  Rosacece).  Occurs  usually  in  rolls  or  flattened  bundles  from  25  to  50  cm.  in 
length;  reddish-brown  in  color;  odor,  slight;  taste,  bitter. 

Dose,  2  to  4  drams  (8  to  16  Gm.). 

KosiN  (unofficial). 

Prepared  by  treating  kousso  with  alcohol  to  which  calcium  hydroxide  has  been 
added.  Contains  3  percent,  of  kousso.  It  is  a  yellowish,  crystalline  mass,  with  the 
odor  of  Russian  leather,  and  a  persistent,  bitter,  acrid  taste.  Sparingly  soluble  in 
water  but  freely  so  in  alcohol,  ether  or  alkaline  solutions. 

Dose,  7  to  15  grains  (0.45  to  1.0  Gm.),  repeated  every  half  hour  until  four  doses 
have  been  given.    Follow  last  dose  in  one  hour  by  large  dose  of  castor  oil. 

Infusum  Brayera  (N.F.),  Infusion  of  Brayera.  Ahhr.,  Inf.  Brayer.  Synonym: 
Infusion  of  Cusso  or  Kousso. 

Prepared  by  pouring  1000  cc.  of  boiling  water  over  60  Gm.  of  powdered  brayera 
and  allowing  it  to  macerate  in  a  covered  vessel  until  cool.  To  be  dispensed  without 
straining  and  only  when  recently  prepared. 

Dose,  6  to  10  fluidounces  (180  to  300  cc). 

Antipathogenic  Action. — Kousso  is  both  teniacidal  and  teniafugal  and  its  anthel- 
mintic action  is  aided  by  its  purgative  properties.  The  teniacidal  power  resides  chiefly 
in  the  kosotoxin  and  kosin  which  have  an  effective  paralyzant  action  on  the  muscle 
tissue  of  invertebrates.  Both  tapeworms  and  lumbricoids  die  when  exposed  for  30  min- 
utes to  a  milky  infusion  of  kousso.  The  teniafugal  property  is  partly  dependent  on 
the  purgative  action  of  the  active  principles  and  partly  on  the  numerous  fine  pointed 
hairs  of  the  crude  drug.  These  are  supposed  to  irritate  the  worm  and  drive  it  out,  and 
to  like  irritation  of  the  bowel  wall  of  the  host,  part  of  the  purgative  action  is  attributed. 

Fragments  of  the  parasite  may  appear  in  the  first  movement,  but  the  greater  part 
Is  found  in  the  third  or  fourth  stool.  As  a  rule,  the  worm  is  discharged  dead  and  so 
macerated  that  it  is  difficult  to  detect  the  head. 
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Pharmacodynamic  Action:  Absorption  and  Elimination. — Kosotoxin  is  only  slightly 
soluble  in  water,  but  can  be  dissolved  with  the  help  of  alkalis.  Injected  subcutaneously, 
it  is  slowly  taken  up.  When  taken  by  mouth,  only  a  very  small  part  of  that  ingested  is 
absorbed.    Very  little  is  eliminated,  the  greater  part  being  destroyed   in  the  body. 

Toxic  Dose.— The  fatal  dose  of  kosotoxin  is  1  mgm.  (1/G7  gr.)  for  an  average  frog. 
Rabbits,  cats,  and  dogs  are  killed  by  50  mgm.  per  kilo.  About  half  this  dose  causes 
weakness  and  labored  respiration.  The  lethal  dose  in  man  is  not  established.  Inverte- 
brates are  relatively  more  susceptible  to  its  action. 

Toxic  and  Systevvic  Action. — Kousso  is  astringent  and  irritant.  Small  doses,  i/,  to 
1  dram  (2  to  4  Gm.),  excite  a  sensation  of  epigastric  warmth,  perhaps  slight  nausea. 
A  dose  of  4  drams  (15  Gm.)  is  quite  likely  to  provoke  decided  nausea,  more  or  less 
faintness  and  vomiting.  After  such  a  dose,  purgation  usually  begins  in  about  an  hour; 
in  most  cases,  without  colic.  The  stools  are  first  fecaloid,  then  watery.  Sometimes  the 
purgative  effect  develops  slowly  and  may  need  assistance. 

Larger  doses  may  cause  extreme  gastroenteric  irritation,  with  continued  vomiting 
and  violent  purgation.  Symptoms  due  to  absorption  are  rare.  Those  reported  have  been 
headache,  vertigo,  mental  disturbances,  dyspnea,  precordial  pain,  cardiac  palpitation, 
syncope,  frequent,  painful  or  difficult  urination  and,  very  rarely,  convulsions.  These 
symptdms  may  not  all  be  owing  to  the  direct  effect  of  the  medicament.  Pregnant  women 
may  abort  under  its  influence  and  death  may  result. 

The  systemic  effect  of  kosotoxin,  as  seen  experimentally,  is  limited  to  nerve  and 
muscle.  Its  first  manifestation  is  weakness  and  lessened  reflexes,  dependent  on  paralysis 
of  the  motor  nerve  ending,  followed  shortly  by  that  of  the  muscle  fiber.  The  diaphragm 
is  paralyzed  early  and  failure  of  respiration  may  lead  to  death.  The  heart  is  weakened 
by  large  doses  given  intravenously.  In  man  and  other  mammals  there  may  be  direct 
stimulation  of  the  medulla,  causing  clonic  convulsions,  which  cease  as  peripheral  paral- 
ysis   develops. 

Therapeutics. — Kousso  is  used  almost  exclusively  as  a  teniafuge,  and  is  ranked 
by  many  authorities  among  the  best  and  safest  of  its  class.  It  appears  to  be  equally 
effective  against  all  species,  except  possibly  the  dwarf  tapeworm.  It  has  also  been 
employed  against  lumbricoids.  Those  who  advocate  the  drug  for  this  purpose,  how- 
ever, prefer  the  use  of  koussein,  in  very  small,  frequent  doses;  sometimes  conjoining 
it  with  santonin. 

Kousso  and  its  active  principles  are  contraindicated  by  pregnancy,  serious 
organic  disease,  old  age,  infancy  and  marked  debility  from  any  cause  other  than  the 
presence  of  the  tapeworm. 

Administration. — The  efficacy  of  kousso  depends  upon  its  freshness.  The  common 
dose  for  a  robust  man  is  about  2  to  4  drams  (7  to  15  Gm.),  and  for  a  child  of  6  years 
1  to  2  drams  (4  to  8  Gm. ).  Larger  doses,  from  4  drams  to  1  ounce  (15  to  30  Gm.), 
are  advised  by  those  whose  experience  seems  to  have  been  the  most  favorable.  Ordi- 
narily, the  patient  fasts  the  previous  day,  but  takes  a  fair  meal  in  the  evening.  The 
fast,  however,  may  be  omitted.  The  anthelmintic  is  given  in  the  morning,  upon  an 
empty  stomach,  after  the  bowels  have  been  moved;  and  the  patient  commonly  continues 
to  abstain  from  food  until  the  worm  has  been  expelled.  Weak  persons,  however,  may 
take  a  little  wine  or  coffee  from  time  to  time,  or  even  a  small  portion  of  clear  soup. 

The  infusion  is  given  in  one  dose  of  8  fluidounces  (250  cc.)  or  in  two  or  three 
portions  one  hour  apart.  Lemonade  taken  shortly  afterwards  is  said  to  prevent  or 
diminish   nausea. 

Powdered  kousso,  30  to  75  grains  (2  to  5  Gm.),  may  be  given  in  lemonade  every 
half  hour  for  two  hours  (4  doses).  It  is  sometimes  mixed  with  honey  as  an  electuary, 
or  enclosed  in  capsules  with  pulverized  sugar;  occasionally  in  association  with  aspidium. 
Compressed   tablets  of  various  sizes  are  marketed. 

Fluidextract  of  kousso,  although  unofficial,  is  a  more  eligible  preparation  than  the 
crude  drug.  To  an  adult  4  fluidrams  (15  cc),  to  a  child  one-half  or  one-third  as  much, 
may  be  given  in  a  sweetened  and  flavored,  demulcent  beverage. 

As  a  rule,  no  purgative  is  required  with  kousso,  although  many  writers  advise  the 
use  of  castor  oil,  senna,  jalap  or  magnesium  sulphate  if  there  has  been  no  stool  after 
an  hour.    Certainly,  if  evacuation  does  not  take  place   within  4   or   5   hours   after  the 
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administration  of  the  last  portion  of  the  anthelmintic,  one  of  these  purgatives,  or  even 
elaterium,  should  be  given. 

Koussein,  15  to  60  grains  (1  to  4  Gm.),  may  be  given  cautiously  in  divided  doses 
half-hourly  or  hourly,  in  much  the  same  manner  as  the  oleoresin  of  male  fern.  The 
drug  may  be  given  in  3  or  4  portions  in  capsules  with  sugar,  the  last  dose  being  followed 
by  castor  oil.  "Dosimetric"  physicians  employ  granules  of  koussein  containing  %  grain 
(0.01  Gm.)  each,  giving  one  or  more  every  fifteen  minutes,  until  a  suflBcient  quantity 
has  been  given.  After  the  fourth  dose,  castor  oil  is  given,  and  this  process  is  repeated 
until  the  tapeworm  is  expelled.  A  similar  routine  is  followed  in  children  with  round- 
worms; a  total  quantity  of  y^  grain  (0.02  Gm.)  each  of  koussein  and  santonin  being 
administered  during  the  day  to  a  child  of  2  years.  Older  children  receive  proportion- 
ately larger  doses. 

Areca  Nut 

The  areca  nut,  which  is  found  in  commerce  under  the  popular  name  of  Betel 
nut,  has  long  been  used  in  Asiatic  lands  as  a  masticatory.  The  natives  chew  the 
powdered  nut,  usually  mixed  with  Piper  betel  leaves  and  lime,  and  believe  that  so 
doing  hardens  the  gums,  sweetens  the  breath,  and  improves  digestion.  The  blacken- 
ing of  the  teeth  which  results  is  not  considered  objectionable.  Betel  nut  charcoal, 
made  into  a  paste,  is  an  excellent  dentifrice. 

The  grated  nut  has  long  been  used  as  a  vermifuge  in  India,  and  it  was  intro- 
duced into  Western  medicine  for  the  same  indication  about  1870.  The  chief  alkaloid, 
arecoline,  has  within  the  last  few  years  been  utilized  to  some  extent  as  a  hypodermic 
cathartic   in   horses   and   cattle. 

Chemistry. — The  nut  contains  about  14  percent,  of  a  fixed  oil  and  about  the 
same  amount  of  a  red  tannin,  which  is  insoluble  in  ether  and  resembles  catechu- 
tannic  acid  in  most  respects.  Four  alkaloids  have  been  separated:  arecoline 
(C^H^jNOj),  the  methyl-ester  of  arecaidine  (see  formula  below)  is  the  active,  poison- 
ous principle  (average  content  0.1  percent.)  ;  arecaine  is  present  in  about  the  same 
amount,  and  arecaidine  and  guvacine  in  smaller  quantities.  The  last  three  are  prob- 
ably inert.  The  nut  also  contains  gum,  a  volatile  oil  consisting  of  laurin  and  myristin, 
several  sugars,  iron,  magnesium  and  other  salts. 
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Arecoline 

Summary  of  Actions  and  Uses:  The  action  of  arecoline  is  exerted  chiefly  on  the 
autonomic  and  central  nerve  systems.  Its  action  on  the  former  closely  resembles  that 
of  pilocarpine.  It  stimulates  and  then  paralyzes  the  spinal  cord,  depresses  the  respira- 
tory and  stimulates  the  vagus  center. 

In  the  East  it  is  used  as  a  teniacide  and  masticatory.  In  medical  practice,  arecoline 
has  a  restricted  use  in  ophthalmology,  to  reduce  intraocular  pressure.  In  veterinary 
medicine  it  is  considerably  used  by  hypodermic  injection  as  a  cathartic  in  horses  and 
cattle,  and  as  a  teniacide  in  dogs. 

Materia  Medica. — Arec^  Semina  (unofficial),  Areca  Nuts.    Synonym:  Betel  Nut. 

The  seed  of  the  Areca  palm  {A.  catechu  Linne).  The  nuts,  known  in  commerce 
as  Betel  nuts,  vary  considerably  in  size  and  shape,  but  in  general  are  somewhat  conical, 
resembling  nutmegs,  and  being  a  little  larger  than  chestnuts.  Externally  they  are 
of  a  deep  brown  tint  mottled  with  fawn  color.    The  larger  and  more  conical  nuts  are  to 
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1)0  preferred,  a  smaller  variety  beinp:  less  active.  The  nut  is  heavy  and  very  hard,  and 
when  recently  broken  has  a  faint  cheese-like  odor,  and  an  astringent,  slightly  acrid 
taste. 

Dose,  for  the  human,  is  from  1  to  2  drams  (4  to  8  Gm.)  of  the  freshly  grated  nut. 

Arecoline  (unofficial). 

A  strongly  alkaline,  colorless,  volatile,  oily  liquid,  miscible  with  water,  alcohol, 
chloroform  and  ether.  Its  salts  are  mostly  crystallizable  and  soluble  in  water.  Some 
are  deliciuescent.  The  dihydrobromide  and  dihydrochloride  are  white  crystals  soluble  in 
water  and  alcohol. 

Dose,  1/15  to  1/10  grain  (0.004  to  0.006  Gm.),  of  the  hydrobromide. 

Antipathogenic  Action. — Tapeworms  and  liver  flukes  placed  in  dilute  solutions  of 
arecoline  salts  are  rapidly  paralyzed,  the  action  resembling  that  of  pelletierine. 

Pharmacodynamic  Action:  Absorption  and  Elimination. — The  only  active  poisonous 
constituent  of  areca,  the  alkaloid  arecoline,  is  contained  in  the  drug  in  a  form  which 
is  not  soluble  in  water  and  which  is  not  readily  absorbed  by  the  mucosa  of  the  gastro- 
enteric tract.  The  soluble  salts  of  arecoline  are,  on  the  other  hand,  taken  up  with  great 
rapidity  from  all  mucous  membranes  and  poisoning  may  readily  be  brought  about  by 
instillation  of  1  percent,  solution  in  the  eye.    It  is  eliminated  unchanged  in  the  urine. 

Topical  Action. — Soluble  salts  of  arecoline  are  irritating  to  mucous  membranes,  solu- 
tions as  weak  as  0.04  percent,  causing  burning  sensation  with  hyperemia  when  applied 
to  the  tongue,  pharynx  or  eye.    Hypodermic  injections  cause  no  local  reaction  in  horses. 

Toxic  Action. — In  frogs  receiving  poisonous  doses  the  chief  manifestations  are  cir- 
culatory and  nervous.  There  is  general  weakness  followed  by  convulsions,  tetanic  in 
character,  but  less  violent  and  lasting  than  those  of  strychnine.  The  heart  becomes 
slower  and  slower,  making  very  long  pauses  in  diastole,  which,  however,  becomes  less 
complete  after  each  contraction  until  there  is  stoppage  in  systole.  Frogs  given  doses 
of  1/200  mgm.  (1/13,000  gr. )  show  only  transient  weakness  but  are  afterward  resistant 
to  otherwise  poisonous  doses   (Meier). 

In  cats  and  dogs,  toxic  doses  of  arecoline  given  by  mouth  cause  profuse  salivation 
with  vomiting  and  diarrhea,  followed  by  dyspnea,  which  is  partly  due  to  excessive  bron- 
chial secretion  and  partly  to  disturbed  heart  action.  Spinal  reflexes  are  increased  and 
tetanic  convulsions  may  occur.  The  heart  is  slowed  and  stops  in  diastole.  Respiration 
is  not  directly   Influenced,   death   resulting  from  paralysis  of  the  heart. 

Toxic  Dose. — Wide  discrepancies  are  found  in  the  fatal  dose  as  stated  by  different 
authors,  perhaps  because  of  differences  in  the  purity  of  the  preparations  used.  The 
following  data  give  the  approximate  minimum  lethal  dose  of  arecoline  hydrobromide 
in  mgm.  per  kilo,  as  given  subcutaneously,  to  the  species  named:  horse,  0.25;  cattle,  0.3; 
hog,  0.1;  dog,  8  to  10;  cat,  3  to  8;  rabbit,  10  to  25;  guinea-pig,  15;  chicken,  25;  pigeon, 
20;    frog,  15. 

Systemic  Action:  Alimentary  Tract. — Arecoline  stimulates  the  secretion  of  most 
of  the  digestive  glands,  causing  extreme  salivation  and  increase  of  the  gastric  and 
intestinal  secretions.  Whether  given  by  mouth  or  hypodermically,  it  also  stimulates 
the  movements  of  the  stomach  and  bowel,  diarrhea  and  often  severe  cramps  resulting. 
Vomiting  is  seen  in  cats  and  dogs  as  well  as  in  man.  The  increase  of  peristalsis  is 
peripheral,  strips  of  isolated  bowel  showing  increased  motions  from  1  part  in  80  mil- 
lions of  Ringer  solution.  With  1  part  in  4  millions,  the  tonus  is  also  increased.  Stronger 
concentrations  cause  tetanic  contractions.  The  action  is  mainly  on  Auerbach's  plexus 
and  continues  in  strips  from  which  Meissner's  plexus  is  removed  (Paetz).  The  motor 
stimulation  is  prevented  or  stopped  by  small  amounts  of  atropine  but  not  -by  morphine. 
Arecoline  is  used  freely  in  veterinary  practice  in  doses  of  %  to  2  grains  (0.05  to 
0.15  Gm.)  by  subcutaneous  injection  as  a  purgative  for  horses.  It  is  somewhat  dangerous 
used  in  this  way  in  cattle. 

Circulation.— The  chief  action  of  arecoline  on  the  circulatory  system  is  a  stimula- 
tion of  the  vagus  endings  and  of  the  entire  intracardiac  inhibitory  mechanism.  The 
action  on  the  intact  and  on  the  isolated  heart  is  the  same.  A  solution  of  1:  25,000  per- 
fused through  the  frog's  heart,  1:600  through  the  isolated  cat's  heart,  leads  to  slowing 
with  increased  diastolic  dilatation  and  final  stoppage  in  diastole.  The  action  is  pre- 
vented by  atropine  and  even  more  efficiently  by  curarine  which  paralyzes  the  entire 
intracardiac  inhibitory  mechanism. 
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The  blood  vessels  are  not  affected,  but  blood  pressure  falls  as  a  result  of  the  heart 
action. 

The  blood  is  thickened  by  loss  of  water  from  the  salivary  glands  and  bowel. 

Respiration. — Arecoline  has  little  influence  on  the  respiratory  center  but  markedly 
stimulates  the  bronchial  glands  and  muscles.  Intravenous  injection  of  0.12  mgm. 
(1/600  gr.)  in  the  intact  cat  or  dog  leads  to  marked  constriction  of  the  bronchioles, 
much  more  marked  but  less  lasting  than  that  from  pilocarpine  (Jackson).  This,  with 
the  increased  secretion  of  bronchial  mucus,  may  lead  to  dyspnea.  Prompt  relaxation 
is  brought  about  by  epinephrine,  atropine  or  hyoscine. 

Nerve  System. — Arecoline  causes  depression  of  the  cerebral  functions  (Marme) 
and  stimulation  of  the  reflex  centers  in  the  cord,  leading  to  clonic,  or  more  rarely 
tetanic,  convulsions.  In  invertebrates  there  is  a  direct  depressing  action  on  the  motor 
nerve  ending  or  muscle,  causing  paralysis. 

The  action  of  arecoline  on  the  autonomic  nerve  system  closely  resembles  that  of 
pilocarpine.  The  salivation,  lacrymation,  increase  of  other  secretions,  vasoconstriction, 
increased  peristalsis,  and  stimulation  of  the  isolated  vagina  and  uterus  (Waddell)  are 
points  of  resemblance.  As  is  the  case  with  pilocarpine,  all  of  these  actions  are  antag- 
onized by  atropine.  The  action  on  the  heart  and  respiration,  unless  obscured  by  the 
abdominal  pain,  resembles  that  of  muscarine. 

Instilled  into  the  human  eye,  one  drop  of  a  0.4  percent,  solution  induces  tingling, 
followed  in  five  minutes  by  contraction  of  the  pupil,  which  reaches  its  maximum  in 
twenty  minutes  and  disappears  in  an  hour.  Far  accommodation  is  also  lost  and  intra- 
ocular tension  reduced.  Stronger  solutions,  up  to  2  percent.,  may  be  instilled  with  more 
prolonged  effect. 

Therapeutics. — Powdered  areca  is  used  solely  as  a  teniafuge,  for  whieli  purpose 
arecoline  associated  with  excess  tannic  acid,  to  j)revent  absorption,  is  also  available. 
It  is  probably  the  best  teniafuge  for  use  in  dogs,  being  administered  alone,  the  purgative 
action  serving  to  carry  out  the  worms. 

Arecoline  is  a  powerful  siaiogogue  and  also  a  miotic,  useful  in  reducing  intra- 
ocular pressure  in  glaucoma,  although  its  effects  are  of  short  duration,  necessitating 
frequent  instillation  of  0.5  to  1  percent,  solution.  It  is  irritating  to  the  conjunctiva. 
If  used  cautiously,  it  may  prove  of  service  in  conditions  of  autonomic  imbalance, 
especially  when  vagus  stimulation  is  called  for,  but  as  yet  such  uses  have  not  been 
sufficiently  studied.  Arecoline  salts  by  hypodermic  injection  are  used  extensively 
in  veterinary  medicine,  and  occasionally  in  man,  as  purgatives,  but  the  severe  griping 
which  accompanies  their  action  in  man  renders  their  use  unpopular. 

Administration, — Powdered  betel  nuts  may  be  given  in  a  dose  of  1  to  3  drams  (4  to 
12  Gm.)  in  gruel  or  syrup,  perhaps  with  the  addition  of  senna  {e.g.,  1  dram  of  licorice 
powder)   to  aid  catharsis. 

Arecoline  salts  are  given  by  mouth  to  man  in  dose  of  145  to  140  grain  (4  to  6  mgm.), 
or  hypodermically  in  about  %  this  amount.  As  much  as  %  to  2  grains  (0.05  to  0.15  Gm.) 
is  given  in  this  way  to  horses  and  somewhat  smaller  doses  to  cattle,  to  relieve  wind  colic 
and  similar  conditions. 

Kamala 

Kamala,  or  rottlera,  has  long  been  used  as  a  teniacide  in  Hindustan  and  was 
introduced  into  Western  medicine  in  1865  by  Dr.  C.  A.  Gordon  of  the  East  India 
Company. 

Chemistry. — The  active  principle  of  kamala  is  believed  to  be  a  resin  or  resinoid, 
rottlerin  (mallotoxin)  (C^Jl^fig,  or  C^Hj^Oj),  which  is  probably  the  same  as  Jcamaline 
and  may  be  a  product  of  manipulation.  It  contains  50  to  80  percent,  of  resins  and 
25  percent,  of  ash,  which  is  chiefly  sand. 

Materia  Medica. — Kamala  (unofficial),  Kamala.  Synonyms:  Kameela,  Rottlera, 
Eeroo. 

The  glands  and  hairs  from  the  ripe  capsules  of  the  Mallotus  philippinen^is 
(Lamarck)    Mueller   (Fam.  Euphorhiacew).     It   occurs   as   a   light,   finely   granular, 
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brownisli-rcd,  mobile  powder,  with  little  odor  or  taste  but  slightly  acrid  and  gritty  in 
the  mouth.  It  is  insoluble  in  cold  water  and  only  slightly  in  hot,  but  alkalis,  alcohol 
aud  ether  dissolve  the  resin  and  certain  other  constituents,  forming  a  deep  red  solution 
from  which  water  precipitates  resinous  matter.  It  is  given  (without  previous  prepara- 
tion of  the  patient)  suspended  in  syrup. 

Dose,  V-y  to  3  drams  (2  to  12  Gra.)  of  the  substance. 

Therapeutics. — In  India  and  Eastern  Asia  kamala  is  applied  externally  in  ten 
percent,  ointment  or  lotion  as  a  remedy  for  scabies  and  other  parasitic  ajfections  of 
tlie  skin.  Its  chief  employment  is  as  a  teniacide,  although  it  is  occasionally  employed 
against  roundworms.  Its  anthelmintic  properties  have  long  been  known  to  the  Hindus 
and  are  vouched  for  by  British  Army  surgeons.  Kamala  is  purgative  and  may  cause 
nausea  and  griping,  but  headache,  vertigo  and  other  nervous  symptoms  are  exceptional 
and  it  is  reported  that  "soldiers  swallow  a  full  dose,  get  rid  of  the  dead  worm  in  3  to  4 
hours  and  go  about  their  business  as  if  nothing  had  happened."  Kamala  commonly 
induces  a  number  of  stools,  the  worm  passing  in  the  third  or  fourth. 

Administration. — Kamala  is  not  often  employed  in  Europe  or  America,  at  the  present 
time,  except  as  an  adjuvant  to  other  teniafuges  in  order  to  make  possible  a  reduction 
of  dose.  In  persons  with  tapeworm,  the  powder  may  be  given  without  previous  starva- 
tion, in  doses  of  Va  to  3  drams  (2  to  12  Gm.)  suspended  in  gruel,  mucilage,  syrup  or 
chloroform  water.  A  20  percent,  tincture  in  60  percent,  alcohol  may  be  taken  instead, 
in  dose  of  1  to  2  drams  (4  to  8  cc).  The  whole  quantity  may  be  swallowed  at  once, 
or  it  may  be  divided  into  3  or  4  portions  to  be  taken  at  intervals  of  10  to  20  minutes. 
Sometimes  a  large  dose  is  divided  into  2  portions,  the  second  portion  being  taken  only 
in  case  the  worm  fails  to  pass  in  four  hours.  An  ounce  of  castor  oil  may  be  taken 
in  place  of  the  second  dose.  The  action  of  kamala  may  be  assisted  by  castor  oil,  senna, 
or  a  saline  purge  administered  about  an  hour  later.  Paregoric,  powdered  opium  or  a 
preparation  of  hyoscyamus  or  belladonna  may  be  associated  with  the  drug  to  mitigate 
the  griping. 

Musenna 

The  bark  of  Acacia  anthelminiica  Baillon,  or  Alhizzia  anthelmintica  Brongniart, 
an  Abyssinian  tree  of  the  order  LeguminoscB.  The  bark  is  marketed  in  flat  pieces  from 
5  to  10  inches  long,  smooth,  slightly  fissured,  of  a  rusty  gray  color  externally,  and  pale 
yellow  and  fibrous  within.  It  has  an  acrid  taste  and  contains  resins,  musennine  (or 
musannine),  an  amorphous,  saponin-like  principle,  and,  it  is  said,  an  alkaloid 
moiLssenine. 

The  Abyssinians  use  as  a  teniacide  about  2  to  4  ounces  of  the  powdered  bark, 
suspended  in  water,  or  mixed  with  flour  in  the  form  of  bread,  or  made  into  an 
electuary  with  honey.  This  is  taken  in  the  morning,  three  or  four  hours  before  break- 
fast. Its  action  is  said  to  be  mild  even  as  a  purge.  It  may  cause  more  or  less  nausea, 
but  neither  colic  nor  nervous  disturbances  are  reported.  Fragments  of  the  worm 
ai*e  voided  in  the  evening,  and  the  greater  portion  the  next  day;  not  in  a  series  of 
links  but  in  a  disorganized,  pulpy  mass.  In  European  practice  musenna  is  employed 
following  the  usual  preparatory  routine  as  an  infusion,  in  doses  of  from  1  to  6 
fluidounces,  given  in  several  portions,  and  followed  by  senna.  The  dose  of  musannine 
is  stated  as  from  1  to  2  ounces  (30  to  60  Gm.)  in  infusion  or  electuary,  given  in 
two  or  four  portions,  about  an  hour  apart.  Moussenine,  it  is  said,  is  given  in  doses 
of  3  or  4  grains  (0.2  to  0.25  Gm.). 

Embelia 

Embelia  is  a  native  of  India,  where  the  powdered  fruit  has  long  been  used  as  a 
remedy  for  tapeworm.  It  has  hardly  been  introduced  into  European  practice.  It  con- 
tains about  2y2  percent,  of  embelic  acid,  on  which  its  virtues  depend. 
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Materia  Medica. — ^Embelia  (Br.),  Embelia.    Alhr.,  Embel. 

The  dried  fruit  of  Emhelia  rihes  Burn,  filius,  and  E.  rohusta  Eoxb.  (Earn. 
Myrsinece).  Spherical  shape,  about  4  mm.  in  diameter;  varying  in  color  from  red 
to  nearly  black.  The  fruit  of  E.  rolusta  are  striated  longitudinally,  those  of  E.  rihes 
are  warty.  The  fruits  have  a  slightly  astringent,  aromatic  taste ;  the  chief  constituent, 
embolic  acid,  occurs  in  golden  yellow  crystals ;  insoluble  in  water  but  soluble  in  ether, 
alcohol,  chloroform  and  benzene.  They  also  contain  an  alkaloid,  christemhine,  resin 
and  tannin. 

Dose,  60  to  240  gi-ains  (4  to  16  Gm.)  of  the  powdered  drug. 

Therapeutics. — The  powdered  drug  is  widely  used  throughout  India  as  an  efficient 
remedy  against  tapeworms.    The  ammonium  salt  of  embelic  acid  is  also  effective. 

Coconut 

The  fruit  of  a  palm,  Cocos  nucifera,  commonly  spelled  cocoanut,  has  long  been 
used  as  a  vermicide,  and  especially  a  teniacide,  in  India  and  other  Eastern  lands 
where  the  tree  is  indigenous  or  cultivated  and  is  now  coming  into  general  repute.  The 
patient,  after  a  twenty-four  hour  fast,  drinks  the  milk  and  eats  the  meat  of  an  entire 
nut,  and  later  takes  an  active  cathartic. 

Anthelmintic  Agents  Having   Other  Important  Uses 

Thymol. — Chief  anthelmintic  use  of  thymol  is  against  hoohworni.  It  is  preferred 
for  this  purpose  over  male  fern  and  beta-naphthol  by  observers  of  the  largest  experience. 
Unfortunately,  while  it  kills  the  worms,  the  eggs  survive.  Ascarides  in  vitro  are  killed 
in  eighteen  hours  by  1 :  5000  and  in  1^2  hours  by  1 :  1700  parts  (Bachem). 

Magnesium  sulphate  or  other  saline  laxative  is  administered  in  the  evening. 
Early  the  next  morning,  while  fasting,  a  young  adult  takes  30  grains  (2  Gm.)  of 
finely  powdered  thymol,  in  capsules.  The  dose  is  repeated  two  hours  later;  and  the 
patient  should  lie  in  bed  upon  his  right  side  for  an  hour  or  two  after  this.  Then 
two  full  hours  after  the  second  dose  of  thymol  another  dose  of  "salts"  is  given. 

When  patients  are  old  or  very  weak,  much  smaller  quantities  must  be  used, 
or  the  drug  avoided  altogether.  Eor  children,  the  dose  should  be  proportionately 
much  diminished.  A  child  of  6  years  may  receive  from  1/6  to  1/5  of  the  adult 
dose.    Very  young  children  should  not  be  treated  with  thymol  at   all. 

The  drug  is  also  contraindicated  by  pregnancy,  advanced  cardiac,  respiratory, 
and  renal  affections,  excessive  debility,  chronic  intestinal  ailments,  and  irritability 
of  the  gastroenteric  tract,  as  manifested  by  a  tendency  to  vomiting  or   diarrhea. 

Alcohol,  oil  or  other  solvent  of  thymol  should  not  be  given  by  the  mouth  on 
the  day  of  or  day  before  the  treatment.  Castor  oil  is  inappropriate  as  an  associated 
laxative.     Stimulants,  if  needed,  may  be  given  hypodermically. 

When  for  any  reason  it  is  considered  inadvisable  to  give  the  large  doses  of 
thymol  commonly  employed,  smaller  quantities,  not  beyond  the  resisting  power  of 
the  patient,  may  be  repeated  from  time  to  time.  Each  dose  will  expel  a  few  worms, 
until  all  have  been  passed.  Or,  thymol  may  be  alternated  with  other  uncinaricides : 
heta-naphthol,  chenopodium,  or  carbon  tetrachloride. 

Naphthalkne  and  Beta-naphthol, — Naphthalene  and  beta-naphthol  are  used 
against  hookworm  in  the  same  way  as  thymol;  and,  like  it,  kill  the  worm  but  not  the 
eggs ;  beta-naphthol  appears  to  be  the  more  effective  of  the  two  agents  in  uncinariasis; 
but  naphthalene  is  to  be  preferred  as  a  teniafuge. 

The  dose  is  one-half  less  than  that  of  thymol,  an  adult  receiving  15  grains 
(1  Gm.)  instead  of  30  grains.  A  child  can  take  a  larger  proportionate  dose  than 
the  rule,  as  naphthalene  is  practically  insoluble  and  beta-naphthol  but  slightly  soluble 
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ill  the  intestine.  For  the  same  reason,  the  dang:er  of  accident  in  the  aged  or  in 
the  weak  or  in  those  suffering  from  chronic  organic  affections  is  much  less  than 
when  thymol  is  given. 

Salicylic  Acid. — In  doses  of  from  5  to  8  grains  (0.3  to  0..5  (Jm.),  repeated  liourly 
for  four  or  live  hours,  and  followed  by  castor  oil,  salicylic  acid  is  sometimes  effective 
against  both  roundworm  and  tapeworm.  A  demulcent  or  pepsinated  vehicle  should  be 
used,  and  the  patient  must  be  prepared  in  the  usual  manner. 

Oil  of  Eucalyptus. — In  cases  of  hoohworm  anemia,  wlien  the  patient  is  very  mucL 
debilitated  and  the  effect  of  thymol  or  aspidium  is  feared,  cucalyptol  or  eucalyptus  oil, 
30  to  40  minims  (2  to  5  cc),  may  be  given  in  conjunction  with  chloroform,  45  to  60 
minims  (3  to  4  cc).  The  mixture  may  be  emulsified,  if  necessary,  with  acacia  and 
syrup.  This  is  to  be  divided,  according  to  the  age  and  condition  of  the  patient,  into 
two  or  three  doses,  to  be  given  at  intervals  of  from  20  to  30  minutes,  beginning  early  in 
the  morning  while  the  patient  fasts.  Should  the  first  dose  cause  any  distressing  symp- 
tom, the  medicine  is  not  to  be  repeated.  The  same  procedure  is  advised  against  tape- 
icorms  and  lumhricoids.  Ascarides  in  vitro  are  killed  by  1:1000  in  eight  hours 
(Bachem). 

Myrtol. — This  may  be  used  in  the  same  way  as  eucalyptol,  or  given  in  capsules,  or 
on  sugar,  or  emulsified  with  acacia  or  Irish  moss,  in  doses  of  5  to  10  minims  (0.3  to 
0.6  cc),  repeated  four  or  five  times  daily,  an  hour  or  two  apart,  the  last  portion  on 
each  day  being  followed  by  a  purgative,  preferably  castor  oil. 

As  neither  eucalyptol  nor  myrtol  has  any  action  on  the  worms  in  vitro,  it  is 
probable  that  the  only  effective  agent  in  such  mixtures  is  the  chloroform. 

CHLOROFORjr. — Ascarides  exposed  to  0.4  percent,  of  chloroform  in  salt  solution  are 
killed  in  19  minutes  (Bachem).  Chloroform  is  occasionally  taken  to  exjjel  roundworms 
from  the  intestine,  but  its  chief  anthelmintic  use  is  against  hookworm,  for  which  pur- 
pose it  is  associated  with  castor  oil,  or  more  commonly  with  oil  of  wormseed  or  carbon 
tetrachloride.  Army  surgeons  have  advocated  its  use  as  a  teniafuge  in  what  seem  to 
be  heroic  doses.  They  affirm  that  the  treatment  is  successful  and  not  attended  with 
accident.    It  must  be  remembered,  however,  that  their  patients  are  robust  young  adults. 

The  dose  recommended  is  1  tablespoonful  (15  cc.)  with  twice  the  quantity 
(30  cc.)  of  castor  oil,  repeated  if  necessary  in  two  to  four  hours.  We  have  never 
used  quite  such  large  doses  but  have  frequently  given  to  a  young  adult  1  or  2  teaspoon- 
fuls  (4  to  8  cc.)  of  chloroform  in  an  ounce  of  castor  oil  (flavoring  the  mixture  with  a 
few  drops  of  oil  of  bitter  almond) ;  or  we  have  prescribed  an  emulsion  containing  these 
drugs  (in  the  quantities  stated),  together  with  oil  of  turpentine  (10  to  15  minims)  or 
pumpkin  seed  oil  (4  fluidrams)  or  both;  and  we  have  seen  no  untoward  result,  either 
local  or  systemic  A  mixture  of  this  kind  given  in  two  or  three  portions  2  hours  apart, 
has  frequently  been  successful.  The  chloroform  stupefies  the  worm,  the  castor  oil  carries 
it  out,  and  the  general  effect  is  reinforced  by  the  action  of  the  oil  of  turpentine  or  oil 
of  pepo. 

Oil  of  Turpentine. — To  be  effective  as  a  teniafuge,  oil  of  turpentine  when  given 
alone  must  be  used  in  large  doses,  from  4  to  16  fluidrams  (15  to  60  cc).  Such  quan- 
tities are  likely  to  cause  gastroenteric  irritation,  while  absorption  of  any  considerable 
portion  will  likewise  set  up  irritation  and  inflammation  of  the  kidneys  with  hematuria 
and  strangury.  Hence  the  drug  should  be  associated  with  a  demulcent  and  a  purga- 
tive. It  is  best  prescribed,  however,  in  smaller  quantity,  ^2  to  2  fluidrams  (2  to 
8  cc.)  as  an  adjuvant  to  other  anthelmintics.  Thus  it  may  be  conjoined  (in  an  emul- 
sion with  syrup  of  acacia)  with  chloroform,  pepo  and  castor  oil;  or  may  be  given  with 
castor  oil  following  the  use  of  pomegranate  or  pelletierine.  In  doses  of  from  3  to 
10  drops  on  sugar,  or  with  fresh  syrup  of  acacia,  turpentine  may  likewise  be  used 
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against  lumbricoid  worms  and  threadworms  to  assist  the  action  of  other  remedies. 
It  is  also  useful  by  enema  in  these  cases,  a  dram  or  two  being  used  with  a  pint  of 
hot  soapsuds.  Against  hookworm  it  may  be  used  in  much  the  same  manner  as  against 
tapeworm;  best  as  an  adjuvant  after  beta-naphthol. 

ANTISEPTICS 

Since  the  dawn  of  history  it  has  been  recognized  even  by  the  most  primitive 
peoples  that  the  application  of  certain  agents  to  wounds  aided  in  their  healing  and 
tended  to  prevent  blood  poisoning  and  other  serious  local  and  general  accidents. 
Spices  and  other  substances — for  example,  arsenical  minerals  which  we  now  recognize 
as  having  antiseptic  properties — were  applied  in  diseases  of  the  skin  and  used  for 
embalming.    The  use  of  spices  as  food  preservatives  is  also  of  great  antiquity. 

Such  practices  thus  antedate  by  many  years  the  discovery  of  microorganisms, 
and  empirical  use  was  firmly  established  before  advancing  knowledge  supplied  a 
rational  explanation.  The  ancient  antipathogens  were  largely  organic  antiseptics, 
and  especially  those  occurring  preformed  in  nature,  such  as  the  essential  oils.  Many 
inorganic  antiseptics,  as  mercury  and  arsenic,  were  introduced  or  found  more  extended 
use  in  the  Middle  Ages. 

The  first  deliberate  use  of  antiseptics  to  destroy  the  exciting  agents  of  disease  was 
in  the  obstetric  wards  of  the  Vienna  General  Hospital  to  prevent  puerperal  fever, 
which  it  was  believed  might  be  caused  by  putrefactive  agents  carried  by  students  from 
the  dissecting  rooms  to  the  wards. 

Under  the  general  heading  of  Antiseptic  Agents  we  include: 

(1)  Those  substances  which  are  used  to  kill  or  enfeeble  pathogenic  microbes, 
to  inhibit  their  growth,  to  lessen  their  injurious  actions,  or  to  destroy,  neutralize, 
or  in  some  other  way  antidote  their  toxic  products  or  the  poisons  resulting  from 
their  action  upon  the  tissues  and  fluids  of  the  human  body. 

(2)  Those  substances  which  are  used  to  provoke  specific  or  general  defensive 
reactions  against  pathogenic  microbes  and  their  toxic  products,  or  which,  having  been 
themselves  thus  produced  in  animals  or  man,  are  used  as  protective  agents  in  other 
animals  or  men. 

(3)  Those  substances  which,  having  no  known  destructive  or  antidotal  action 
upon  microbes  or  their  toxic  products,  and  no  known  power  directly  to  induce  defen- 
sive reactions,  yet  by  some  general  or  specific  stimulus  or  support  to  vital  powers 
enable  the  infected  subject  better  to  combat  the  infection. 

These  agents  are  of  various  types  and  act  in  various  ways.  They  may  con- 
veniently be  grouped  as  follows: 

A.  Chemical  Antiseptics — with  various  subclasses,  in  a  chemical  grouping. 

B.  Agents  of  Biologic  Defense. 

1.  Biologic  specifics   (vaccines,  bacterines,  serums,  antibodies,  etc.). 

2.  Bacterial  cultures,  serums,  toxalbumins,  proteins,  and  enzymes,  not  used 
specifically. 

3.  Vitamines,   blood   and   blood-fractions    and   other   substances    of   biologic 
origin  used  to  supply  deficiencies  in  the  infected  human  organism. 

Chemical  Antiseptics 

Chemical  antiseptics  are,  generally  speaking,  substances  of  known  and  definite,  if 
at  times  complex,  chemical  composition — inorganic  or  non-proteid  organic  compounds 
of  nature  or  the  laboratory.  While  they  are  used  chiefly  to  destroy  the  agents  of 
infection  both  without  and  within  the  body,  they  may  likewise  be  employed  to  com- 
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bat  the  poisons — whether  of  microbial  or  tissue  origin — resulting  directly  or  indirectly 
from  the  action  of  the  pathogenic  invaders.  Some  of  them  exhibit  a  distinct  bacterio- 
tropism  (or,  more  generally,  microbo-tropism) — that  is  to  say,  an  apparent  chemical 
affinity  for  certain  constituents  of  the  protoplasm  of  definite  genera  or  species  of 
pi'otozoa  or  bacteria — constituting  them  veritable  specific  germicides  for  those  micro- 
organisms. Others  possess  a  more  general  range  of  influence.  Some  are  specifically 
germicidal  when  used  in  very  minute  quantities,  and  destructive  to  microbes  in 
general  wlien  used  in  larger  amounts.  Some  are  available  for  use  only  as  disinfectants 
outside  tlie  body,  and  others  are  suitable  for  use  as  antiseptics,  special  or  general, 
upon  or  within  the  body.  Some  appear  to  have  therapeutic  virtue  rather  by  reason 
of  antidotal  action  against  bacterial  toxins  and  tissue  poisons  (chemical  antitoxics) 
than  because  of  their  germicidal  effect;  and  some  appear  to  combine  both  forms  of 
usefulness.  Some  act  chiefly  by  preventing  or  restraining  the  decomposition  of  organic 
matter  under  bacterial  attack,  whether  without,  upon,  or  within  the  body,  and  may 
be  used  partly  or  wholly  as  antiputrefactives  or  as  deodorants. 

Some  act  in  an  obscure  manner,  seemingly  affording,  under  the  conditions  of 
infection,  a  general  support  to  vital  processes — other  and  bej'ond  their  customary 
actions  upon  tissue  and  function — without  directly  combating  either  the  pathogenic 
organism  or  the  disease-poisons   (indirect  antiseptics  and  antitoxics). 

Chemical  antiseptics  destroy  microbial  cells,  hinder  their  life  processes,  or  inhibit 
their  proliferation  (o)  chemically,  through  combination  with  some  necessary  constitu- 
ent of  the  cell,  thus  rupturing  or  transforming  it;  (h)  physically,  through  adsorption, 
or  through  solution  in  or  of  some  cell  constituent,  thus  interfering  with  the  vital 
activities  of  the  microorganism;  (c)  in  various  undetermined  ways,  that  affect  the 
functioning  of  the  cell,  and  thus — if  a  special  designation  be  necessary — might  be 
styled  dynamic.  The  parallelism  with  the  influence  of  drugs  upon  the  animal  tissues 
and  functions  is  obvious.     Obviously,  also,  only  the  known  actions  can  be  discussed. 

In  general,  the  inorganic  antiseptics  form  chemical  combinations  with  the  pro- 
teins, oxidizing  them  in  some  cases,  converting  them  into  so-called  albuminates  and 
precipitating  them  in  others. 

The  organic  antiseptics  more  frequently  form  physical  or  physico-chemical  asso- 
ciations, often  dissolving  in  the  lipoids  of  the  cells.  They  are  commonly  more  easily 
washed  out  of  the  cells  than  are  the  inorganic  compounds. 

The  efficiency  of  chemical  antiseptics  is  greatly  influenced  by  the  composition 
of  the  surrounding  medium.  The  drug  may  react  chemically  with  the  medium  and 
may  either  be  used  up  in  this  way  or  produce  a  precipitate  which  acts  as  a  protec- 
tive to  the  cells. 

All  inorganic,  and  most  organic,  antiseptics  act  more  strongly  on  bacteria  sus- 
pended in  water  than  in  peptone;  and  proteins  interfere  still  more  markedly. 

Some  chemical  antiseptics  act  directly,  either  as  compound  molecules  or  after 
dissociation.  Others,  however,  are  ineffective  until  broken  up  in  contact  either  with 
the  substance  to  be  disinfected,  with  the  microbian  protoplasm,  or  with  the  fluids  and 
tissues  of  the  body,  when  they  liberate  constituents,  or  give  rise  to  new  compounds, 
which  are  the  real  active  agents.  Familiar  instances  are  the  peroxides,  the  hypo- 
chlorites, and  iodoform. 

In  addition  to  their  action  upon  the  cell  itself,  chemical  antiseptics  may  kill  or 
injure  microorganisms  in  various  indirect  ways.  Some  change  the  reaction  or  com- 
position of  the  medium  unfavorably.  Some  consume  all  the  available  oxygen.  Some 
stimulate  proliferation  or  other  forms  of  cell-activity  to  such  an  extent  that  the 
bacteria  themselves  form  compounds  inimical  to  their  own  life.  There  are  otherj 
still  more  obscure,  modes  of  action  which  can  only  be  utilized  empirically. 
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The  effectiveness  of  inorganic  compounds  depends  largely  on  the  degree  of  dis- 
sociation, and  various  factors  aid  or  hinder  this.  Dissociation  is  favored  by  heat  and 
this  is  one  of  the  factors  which  determines  the  increased  efficiency  noted  at  higher 
temperatures.  The  dissociation  of  mercuric  chloride  is  favored  by  tartaric  acid,  but 
hindered  by  hydrochloric  acid,  sodium  chloride  and  other  haloids. 

Similarly,  the  organic  antiseptics  are  influenced  by  any  substance  which  affects 
their  coefficient  of  distribution — that  is  to  say,  their  relative  solubility  in  the  cells 
and  the  medium.  Anything  that  lessens  the  solubility  of  the  drug  outside  the  cell 
increases  the  proportional  amount  that  enters  the  latter  and  hence  adds  to  the  effect 
of  the  agent.  Conversely,  anything  increasing  this  external  solubility  will  diminish 
the  antiseptic  or  destructive  effect. 

Thus  the  action  of  phenol  is  favored  by  salt  and  lessened  by  alcohol  and  proteins, 
and  still  more  by  fats  in  which  it  is  very  soluble.  Both  glycerin  and  alcohol  reduce 
the  activity  of  formaldehyde  water.  Certain  quinine  compounds  are  more  active 
against  pneumococci  in  vitro  when  dissolved  in  salt  solution ;  others  when  dissolved 
in  serum,  the  latter  being  clinically  the  more  effective. 

Factors  in  Chemical  Antisepsis. — Drugs  added  to  media  in  which  bacteria  are 
growing  may  either  arrest  (inhibit)  their  growth,  or  kill  them.  The  former  effect 
is  termed  hactenostatic,  the  latter  bactericidal.  It  is  also  common  to  call  the  inhibi- 
tory result  antiseptic,  and  the  destructive  result  germicidal. 

Much  more  concentrated  solutions  are  commonly  required  for  germicidal  than 
for  antiseptic  pvirposes,  and  when  spores  are  present  even  stronger  solutions  are 
needed  to  destroy  them  than  to  kill  the  growing  organism  (vegetative  form).  On 
the  other  hand,  organisms  newly  produced  by  division  succumb  more  readily  than 
the  older  individuals.  This  is  true  also  of  the  early  stages  of  certain  protozoa,  espe- 
cially the  hemameba  of  malaria — a  fact  of  great  importance  in  specific  treatment 
with  quinine. 

Time  of  exposure,  however,  must  be  taken  into  account,  as  well  as  concentration. 
A  weak  solution  acting  for  several  hours  may  be  equally  effective  with  a  strong 
solution  acting  for  a  few  minutes;  and  upon  this  fact  depends  the  availability  of 
certain   medicaments  for  internal   administration   as   antiseptics. 

Laboratory  observations  apply  only  to  the  particular  organisms  studied;  and  the 
results  vary  considerably  with  differences  in  the  age,  and  sometimes  the  source,  of 
the  culture  tested,  the  inorganic  and  organic  constituents  of  the  surrounding  medium 
and  many  other  factors. 

The  statements  of  bacteriostatic  and  bactericidal  power  found  in  this  volume  in 
the  detailed  studies  of  special  agents  are  derived  from  various  sources;  and  the  different 
authors  having  employed  different  methods,  the  figures  quoted  are  to  be  taken,  not  as 
mathematically  exact  data,  but  as  conser\^ative  approximations. 

As  yet,  studies  have  not  been  sufficient  to  permit  the  varied  bacteriotropic  ten- 
dencies of  every  antiseptic  agent  to  be  definitely  stated.  As  a  rule,  in  laboratory 
work,  a  few  pathogenic  organisms  have  been  used  as  a  sort  of  general  standard,  and 
the  power  of  various  drugs  tested  against  these.  The  greater  number  of  observations 
has,  perhaps,  been  made  on  streptococci  and  staphylococci,  among  pyogenic  organisms, 
on  Bacillus  typhosus  and  B.  diphtherlce,  among  the  organisms  of  common  maladies, 
and  on  the  spores  of  anthrax. 

The  concentration  required  to  prevent  growth  is  determined  by  adding  differing 
amounts  of  the  agent  under  test  to  a  series  of  cultures  in  peptone  or  other  medium 
and  placing  these  in  the  incubator.  Inspection  after  a  certain  time  will  show  the 
presence  or  absence  of  growth. 

In  determining  the  power  to  Tcill,  the  bacteria  are  suspended  in  water  or  placed 
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in  bouillon  or  other  suitable  medium,  and  after  growth  has  begun  the  antiseptic  is 
added.  After  a  definite  time  the  culture  is  diluted  and  plated  on  Petri's  dishes  with 
gelatin  or  agar.  As  even  small  amounts  of  certain  antiseptics  will  prevent  growth, 
it  is  often  necessary,  before  plating,  to  ccntrifugate  the  bacteria  off  from  the  fluid 
and  wash  them  with  some  substance  that  will  precipitate  or  neutralize  the  antiseptic. 
Hydrogen  sulphide  water  is  usually  employed  for  this  purpose  with  the  heavy  metals 
and  dilute  alcohol  with  phenol  and  similar  compounds. 

Spo7rs  are  studied  by  drying  an  old  anthrax  culture  on  threads  and  exposing 
these  to  the  antiseptic.  The  threads  after  removal  are  washed  in  water  and  then  in 
some  solution  that  will  neutralize  or  precipitate  the  antiseptic,  and  finally  plated 
on  agar. 

There  are  manj'  different  methods  of  stating  the  results  of  experimental  observa- 
tions upon  the  germicidal  and  antiseptic  properties  of  drugs.  One  is  to  give  the  per- 
centage dilution  and  the  time  of  exposure  required  to  kill  a  certain  species  of  micro- 
organism in  a  specified  medium  at  a  particular  temperature  (commonly  37°  C). 

Another  mode  of  statement,  especially  favored  by  French  writers,  but  little  used 
by  American  authors,  is  in  the  form  of  "equivalents."  Thus  the  germicidal  equiva- 
lent of  any  agent  is  the  numeral  representing  the  quantity  (in  grams)  that,  added 
to  one  kilogram  of  a  given  vigorous  culture,  will  in  unit  time  (say  one  hour)  kill 
all  the  microbes,  so  that  when  centrifuged  and  plated  no  colonies  will  develop.  The 
antisepiic  equivalent  is  the  numeral  representing  the  quantity  (in  grams)  that,  added 
to  one  kilogram  of  culture  medium,  will  prevent  the  growth  therein  within  a  given 
time  (commonly  24  or  48  hours)  of  a  given  organism  under  standard  conditions 
of  implantation  and  incubation.  The  antiputrefactive  equivalent  is  the  numeral  rep- 
resenting the  quantity  (in  grams)  that  will  prevent  putrefactive  decomposition  in 
one  kilogram  of  culture  medium  of  putrescible  substance.  Thus,  for  example,  in 
one  method  of  statement  the  antiseptic  equivalent  of  quinine  dihydrohromide  against 
pneumococcus  II  is  0.005;  in  the  other,  it  is  said  to  inhibit  growth  in  a  dilution  of 
1 :  200,000. 

Although  it  is  important  to  determine  the  exact  dilution  in  which  a  given  anti- 
septic agent  will  kill  or  prevent  the  growth  of  any  given  germ,  it  is  only  possible 
to  make  comparisons  between  different  agents  w^hen  the  media  and  other  conditions 
are  the  same  in  all  the  tests.  For  this  reason  the  value  of  antiseptics  is  studied  by 
comparing  them  with  phenol,  which  is  tested  on  the  same  organisms  at  the  same 
time. 

The  quantity  of  the  agent  which  must  be  added  to  a  given  culture  to  kill  micro- 
organisms in  the  same  time  as  a  given  amount  of  phenol  being  determined,  that 
quantity  divided  by  the  amount  of  phenol  is  known  as  the  phenol  number  (phenol 
coefficient).  The  object  usually  employed  is  a  mixed  culture  of  staphj'lococcus  pyogenes 
and  diphtheroids.    The  method  is  strictly  applicable  only  to  phenolic  substances. 

With  most  inorganic  agents,  bacterostatic  tests  are  found  to  give  more  constant 
results,  and  the  concentration  required  to  prevent  gas  formation  by  yeast  has  been 
found  particularly  useful  as  a  basis  for  comparison. 

While  due  regard  must  be  paid  to  the  differences  in  the  conditions  of  laboratory 
experiment  and  those  presented  at  the  bedside,  the  experimental  data  assist  us  to 
determine: 

I.  The  strength  in  which  the  respective  agents  should  be  employed  for  the 
disinfection  of  cesspools,  dejecta,  apartments,  fomites,  instruments,  etc. 

II.  The  strength  in  which  they  are  to  be  employed  for  hands,  surgical  dressings, 
etc.,  having  due  regard  to  their  possible  deleterious  effects  on  the  tissues  locally  and 
their  poisonous  effects  when  absorbed. 
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III.  The  strength  in  which  they  may  be  used  for  irrigations  or  topical  appli- 
cations, with  due  regard  to  local  and  systemic   influences. 

IV.  The  strength  in  which  they  may  usefully  be  prescribed  for  internal  medi- 
cation, in  which,  as  we  have  seen,  their  possible  toxic  influence  becomes  of  the 
highest  importance. 

Uses  of  Chemical  Antiseptics. — Chemical  antiseptics  are  used  for  inhibition  and 
destruction  of  bacteria  either  (1)  outside  the  body  (disinfection);  (2)  on  the  surface 
of  the  body  {disinfection,  antisepsis) ;  or  (3)  within  the  tissues,  including  the  blood 
and  lymph  streams  (antisepsis).   Each  of  these  actions  must  be  considered  separately. 

For  disinfection  outside  the  body  we  are  not  limited  by  the  fact  that  solutions 
must  be  weak  enough  not  to  injure  other  than  bacterial  cells;  and  in  most  cases  it 
is  necessary  to  kill  the  microorganisms  and  not  merely  to  stop  their  growth.  From 
the  viewpoint  of  the  sanitarian  or  surgeon  there  can  be  no  such  thing  as  partial 
disinfection.  Under  ordinary  conditions  of  practice  the  surgeon  demands  that  his 
dressings  and  instruments  shall  be  absolutely  sterile.  The  sanitarian  requires  that 
pathogenic  germs  shall  be  destroyed.  When  heat  is  available  and  applicable,  it  is 
of  course  to  be  preferred  as  a  sterilizing  agent,  but  frequently  the  resort  to  drugs 
is  necessary.  For  application  to  clothing  and  other  destructible  or  corrodible  objects, 
the  organic  antiseptics  are  to  be  preferred,  since  they  do  not,  as  a  rule,  injure  fabrics 
or  metals.  In  the  disinfection  of  cesspools  and  dejecta  the  main  considerations  are 
that  the  chemical  shall  be  cheap  enough  to  be  used  in  large  quantities,  and  that  its 
action  shall  not  be  hindered  by  other  substances  present.  Quicklime  and  chlorinated 
lime  are  thus  commonly  employed. 

Deodorants  are  agents  which  inhibit,  mask,  destroy  or  absorb  foul-smelling  gases, 
the  results  of  putrefaction,  gangrene,  etc.,  and  are  not,  strictly  speaking,  either  anti- 
septics or  disinfectants.  They  are,  however,  of  distinct  service  in  the  sick-room, 
sweetening  or  purifying  the  atmosphere.  Some  of  them,  as  charcoaT  and  terebin- 
thinate  vapors,  have,  in  addition,  direct  therapeutic  usefulness.  This  is  owing,  at 
times,  to  a  topical  deodorant  action — externally,  or  in  the  alimentary  tract,  or  in 
the  air  passages.  At  other  times  it  depends  upon  modifications  of  function.  In  some 
instances  both  forms  of  influence  are  exerted.  On  the  other  hand,  many  powerful 
germicides — as  the  oxidizers,  haloids,  acids,  and  metallic  salts — are  likewise  deodorants; 
and  certain  agents  strongly  germicidal  or  antiseptic  in  the  laboratory  or  even  in 
therapeutic  use  are  at  times  little  more  than  topical  deodorants  under  the  special 
circumstances  of  their  clinical  application. 

For  use  on  the  surface  of  the  body  we  must  distinguish  between  the  disinfection 
of  the  healthy  and  intact  integument,  as  the  surgeon's  hands,  or  the  site  of  opera- 
tion, and  the  treatment  of  a  broken  or  diseased  surface,  as  a  wound  or  ulcer. 

For  the  disinfection  of  hands  such  powerful  agents  as  mercury  bichloride  may 
be  employed  or  dilute  solutions  of  phenol.  A  favorite  application  is  a  concentrated 
solution  of  potassium  permanganate,  followed  by  a  solution  of  oxalic  acid. 

For  disinfection  of  the  site  of  operation,  the  skin  may  be  painted  with  tincture 
of  iodine  or  a  weak  (1  percent.)  solution  of  picric  acid  or  a  wet  dressing  of  dilute 
alcohol  or  very  dilute  bichloride  may  be  kept  in  place  for  several  hours.  Surgical 
dressings  in  which  active  antiseptics  are  used  are  most  frequently  applied  to  open, 
infected  wounds,  and  less  powerful  agents  can  be  utilized.  Here  the  substances  which 
give  off  chlorine  slowly,  such  as  "Dakin's  solution,"  are  appropriate,  althovigh  very 
dilute  solutions  of  mercuric  chloride  may  be  applied.  Dry  dressings,  as  represented 
by  powdered  boric  acid,  with  or  without  the  addition  of  other  antiseptic  powder,  are 
often  to  be  preferred. 

A  peculiar  relationship  between  the  tissues   and  antiseptic   agents   is   indicated 
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by  the  fact  that  certain  drugs  will  combat  infections  of  particular  tissues,  yet  prove 
almost  wholly  ineffective  elsewhere.  Thus  boric  acid  is  of  distinct  service  as  an 
antiseptic  in  certain  staphylococcic  and  streptococcic  infections  of  the  conjunctiva 
but  comparatively  useless  on  wounds  infected  with  the  same  or^ranisms.  Potassium 
chlorate  will  relieve  infections  of  the  mouth  under  conditions  in  which  it  is  else- 
where useless.  Camphor  in  oil  is  of  greater  activity  in  infections  of  the  nasal  mucous 
membrane  than  in  those  of  other  tissues. 

In  the  treatment  of  wounds  and  lesions  of  the  surface  the  antiseptic  chosen 
must  be  one  which,  in  the  strength  employed,  will  not  injure  the  deeper  cells  or 
the  tender  growing  cells  of  repair.  It  is  not  necessary  to  use  a  concentration  that 
will  kill  the  germs  present.  To  prevent,  or  sometimes  even  to  retard,  their  growth 
is  sufficient.  The  effect  may  thus  atop  far  short  of  the  destruction,  or  even  the  com- 
plete inhibition,  of  the  bacteria,  and  yet  be  sufficient  by  its  lessening  of  their  growth 
and  toxic  activities  to  remove  an  obstacle  in  the  way  of  recovery. 

This  local  use  of  antiseptics  includes  not  only  their  immediate  (topical)  applica- 
tion to  an  external  infected  area  (as  the  skin,  the  conjunctiva,  the  mucous  mem- 
branes of  the  mouth,  the  throat,  the  nose,  the  ear,  etc.),  but  also  their  administration 
hy  mouth  to  reach  the  esophagus,  the  stomach  and  at  least  the  upper  bowel,  or  to 
produce  an  effect  at  the  point  of  exit  (intestine,  gall  bladder,  kidney  bladder,  lung,  etc.). 

The  tendency  of  certain  writers  to  belittle  the  value  of  intestinal  antiseptics — • 
in  typhoid  fever,  for  example — is  based  upon  a  misconception  of  the  real  purpose  of 
this  form  of  treatment. 

Within  the  body  (blood,  lymph,  tissues)  no  antiseptic,  so  far  as  known,  can  be 
present  in  sufficient  concentration  to  prevent,  absolutely,  the  growth  of  pathogenic 
bacteria  ^"  without  the  risk  of  doing  more  or  less  injury  to  the  body  cells  either 
destructively  or  by  interference  with  function.  Chemical  antisepsis  of  this  type, 
however,  has  been  attained  in  the  case  of  certain  parasitic  protozoa — e.g.,  spirochetse 
(mercury,  arsenic),  ha?mosporidia  (quinine),  trypanosomes  (arsenic,  antimony),  and 
it  is  possible,  by  correct  methods  of  administration  of  organic  antiseptics,  in  certain 
cases  of  bacterial  infection — and  notably  with  the  use  of  quinine  salts — to  render 
the  blood  an  unfavorable  culture  medium  for  microorganisms. 

The  availability  of  the  agents  as  systemic  antiseptics  depends  upon  certain  facts: 
(1)  In  many  instances  it  is  possible  to  employ  them  under  conditions  in  which  they 
are  absorbed  by  the  parasites  in  greater  degree  than  by  the  tissues  of  the  host,  e.g., 
in  cleansing  the  skin  or  certain  mucous  membranes.  (2)  Certain  organisms  are  par- 
ticularly susceptible  to  the  action  of  certain  poisons,  so  that  they  succumb  to  con- 
centrations which  do  not  injure  the  body  cells,  e.g.,  quinine  against  the  malarial 
hemameba.  (3)  It  is  possible  by  certain  molecular  modifications  so  to  alter  the  elec- 
tive affinities  between  a  drug  and  the  tissue-cells  on  the  one  hand  and  between  that 
drug  and  specific  parasites  on  the  other  hand,  that  it  may  be  administered  in  con- 
centrations which  will  kill  the  parasite  without  injuring  the  body,  although  the 
same  concentration  of  the  unmodified  drug  might  prove  toxic,  or  even  fatal,  to 
man,  e.g.,  arsphenamine  against  the  spirochete  of  syphilis.  (4)  Total  destruction  of 
the  invading  microbe  by  the  antiseptic  medicament,  while  always  desirable,  is  not  in 
many  instances  the  essential  therapeutic  aim.  It  may  be  sufficient  so  to  injure  them 
as  to  prevent  their  reproduction,  reduce  their  penetrative  ability,  lessen  their  pro- 
duction of  toxins,  or  in  other  ways  lower  their  aggressive  powers  to  a  point  at 
which   they  may   become   relatively   harmless,   or   succumb    to    the   natural   defensive 

^''  The  influence  of  salicylates  in  acute  articular  rheumatism  may,  possibly,  be  an 
exception  to  this  statement,  the  pathogenic  microorganism  not  being  certainly  known. 
The  status  of  mercurochrome  and  of  certain  dyes  in  this  connection  is  still  sub  jtidice. 
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forces  of  the  human  organism.   At  the  same  time,  the  necessity  for  care  and  caution 
in  the  use  of  antiseptic  agents  is  evident. 

Nor  is  the  question  simply  that  of  the  quantity  of  medicament  to  be  employed; 
a  number  of  factors  must  be  considered,  and  these  will  be  taken  up  in  appropriate 
connections.  Here,  by  way  of  illustration,  we  need  mention  only  (a)  the  character 
of  the  infection — i.e.,  whether  local  or  systemic,  and  thus  calling  for  topical  or  sys- 
temic treatment;  whether  rapid  or  slow  in  its  progress,  and  thus  calling  for  prompt 
and  energetic  measures,  or  permitting  a  less  active  defense;  and  (&)  the  character 
of  the  remedy — i.e.,  whether  of  mild  or  of  violent  action;  whether  injurious  to  the 
body,  chiefly  by  destruction  of  tissues,  or  by  interference  with  function,  or  in  both 
ways.  It  is  obvious  that  both  the  toxic  influence  and  the  toxic  equivalent  of  every 
drug  of  this  class  must  be  studied,  along  with  the  study  of  its  antiseptic  powers; 
and  that  these  last  must  be  studied,  not  in  terms  of  the  body  cells  only,  but  with  specific 
reference  to  each  form  and  agent  of  infection. 

Antiseptic  Chemothera'py. — But  few  substances  have  been  found  to  possess  suffi- 
ciently marked  germicidal  powers  against  true  bacteria  to  be  termed  therapeutically 
microhotropic  (hacteriotropic).  Quinine  against  pneumococci  and  certain  dyes  (gen- 
tian violet,  acriflavine)  against  staphylococci  and  streptococci  are  the  chief  examples. 

To  incorporate  agents  of  this  type  into  new  chemical  compounds  in  such  a 
manner  as  to  increase  their  specific  germicidal  activity  and  at  the  same  time  guard 
against  destruction  of  tissue  cells  is  the  aim  of  the  new  study  founded  by  Ehrlich 
and  termed  by  him-  Chemotherapy.  Its  working  hypothesis  is  that  of  the  affinities 
and  repulsions  between  cell  receptors  and  drug  side-chains,  as  introduced  by  the  same 
investigator  to  explain  the  phenomena  of  immunity.  If  the  active  molecule  of  the 
germicide  can  be  supplied  with  side-chains  that  will  facilitate  its  penetration  into 
the  pathogenic  cells  and  prevent  or  hinder  its  penetration  into  the  tissue  cells,  it 
can  evidently  be  used  much  more  effectively  and  much  more  freely  as  a  therapeutic 
agent.  On  this  plan  were  produced  the  highly  successful  arsphenamine  (or  salvarsan) 
group  of  compounds  by  Ehrlich  and  the  less  successful  optochin  (ethylhydrocuprein) 
group  by  Morgenroth.    It  is  also  the  basis  of  mercurochrome  and  mercurophen. 

Antitoxic  Effects  of  Chemical  Antiseptics. — The  antibacterial  action  of  a  medica- 
ment is  not  the  sole  criterion  of  antiseptic  value  as  the  term  is  here  employed.  The 
products,  direct  and  indirect,  of  the  vital  activity  of  microbes — toxins,  ptomaines, 
tissue-poisons,  etc. — are  of  high  pathogenic  importance — greater  sometimes  than  that 
of  the  organisms  themselves.  In  addition  to  the  chemical  destruction  of  such  toxic 
products  by  certain  agents — e.g.,  oxidizers — demonstrable  outside  the  body,  clinical 
observation  points  to  an  antitoxic  or  antidotal  action,  of  a  nature  as  yet  undeter- 
mined, exerted  against  certain  of  these  disease  poisons  by  a  small  group  of  anti- 
septic drugs,  when  these  are  administered  systemically. 

That  the  indisputable  therapeutic  effects  of  quinine  salts  in  pneumonia,  of  sali- 
cylic compounds  in  rheumatism,  and  of  salicin  and  the  henzoates  in  influenza,  are 
really  of  the  character  suggested  has  not  indeed  been  established.  Experimental 
researches  in  pneumococcus  infections  undertaken  to  determine  this  fact  among 
others,  have  however  proved  (a)  that  there  can  be  extracted  from  pneumonic  lungs 
a  highly  toxic  substance  not  to  be  found  in  the  normal  lung;  (h)  that  the  hemolysis 
in  vitro,  which  is  a  part  of  its  action,  can  be  inhibited  by  certain  quinine  com- 
pounds which  under  other  conditions  are  themselves  hemolytic;  and  (c)  that  the 
same  apparent  opposition  in  the  test-tube  exists  between  Cole's  hemolytic  pneumo- 
toxin  and  certain  quinine  compounds  (Solis-Cohen,  Kolmer  and  Weiss)."  These 
researches   are  suggestive  merely,  not   conclusive,   but  so   far   as   they  go  they  lend 

"  Summarized  in  Penna.  Med.  Journ.,  May,  1919. 
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support  to  the  liypothesis.  The  strongest  evidence,  however,  is  clinical — the  absence 
of  cinchonism  in  a  pneumonia  patient  and  of  salieylism  in  a  subject  of  rheumatism 
or  influenza  under  a  dosage  that  could  not  be  tolerated  by  the  same  individual  in 
health;  and  with  this,  the  subsidence  or  mitigation  of  toxemic  symptoms.  These 
phenomena  are  so  constant  and  so  striking  in  each  instance  that  in  the  lack  of 
other  and  adequate  explanation  it  is  difficult  to  avoid  the  conclusion  that  they  depend 
upon  some  sort  of  reciprocal  neutralization  or  inhil)ition  of  drug  and  disease  poisons. 

Some  authors  are  inclined  to  attribute  a  like  recii)rocal  opposition  to  digitalis 
and  the  pneumonia  poisons,  basing  this  opinion  upon  the  slight  result  of  small  doses 
and  the  good  etTect  of  large  doses  of  this  drug  in  acute  lobar  pneumonia.  This  idea 
receives  a  measure  of  confirmation  in  a  fact  that  we  have  repeatedly  pointed  out, 
namely,  that  digitalis  acts  both  more  promptly  and  more  effectively  in  the  pneu- 
monias when  quinine  is  used  at  the  same  time.  There  is  here,  however,  another 
factor  to  be  considered,  namely,  early  digitalization,  as  discussed  in  connection  with 
foxglove.  Nevertheless,  taking  all  the  facts  together,  there  can  be  little  doubt  that 
some  peculiar  antagonistic  relation  of  drugs  and  pathogens  exists  in  these  and  similar 
instances,  concerning  which  further  investigation  is  highly  desirable. 

A  few  other  facts  of  the  same  order  may  be  cited:  Thus  it  is  still  an  unsettled 
question  whether  or  not  mercury  and  potassium  iodide  act  chemically  against  the 
toxic  products  of  syphilis.  The  clinical  value  of  tincture  of  ferric  chloride  in  septic 
diseases  is  well  attested,  but  would  seem  to  depend  rather  on  an  antidotal  action 
than  on  any  microbicide  effect  or  any  direct  influence  upon  function ;  data  for  definite 
opinion  are  however  lacking. 

Colloidal  metals  appear  to  behave  somewhat  as  enzymes  and  to  destroy  toxins 
rather  than  germs;  possibly  by  superoxidation. 

Oxidizing  agents  apparently  owe  their  antiseptic  power  to  the  readiness  with 
which  they  yield  oxygen  to  organic  matter,  destroying  germ-poisons  as  veell  as  germs; 
and  the  like  effects  of  the  halogens  and  haloid  compounds  seem  similarly  to  be  wrought 
through  indirect  oxidation. 

In  one  notable  instance,  that  of  iodoform,  bacteriologists  even  deny  the  title  of 
antiseptic  to  an  agent  which  physicians  and  surgeons  esteem  as  of  great  usefulness. 
Pyogenic  and  other  germs  have  been  found  to  thrive  in  culture  media  impregnated 
"with  this  drug,  yet  locally  it  restrains  suppuration  and  systemically  it  antagonizes 
certain  forms  of  general  infection.  This  power  is  doubtless  owing  in  part  to  the 
bactericidal  value  of  nascent  iodine  and  other  substances  liberated  in  contact  with 
the  tissues,  but  in  part  also  is  reasonably  attributable  to  chemical  inhibition  or 
alteration  of  bacterial  or  tissue  products. 

In  the  group  of  chemical  antiseptics  we  consider  all  those  substances,  both 
inorganic  and  organic,  which  have  important  therapeutic  use  as  antimicrobial  agents, 
even  though  they  may  have  in  addition  important  topical  or  systemic  uses  in  other 
connections. 

Inorganic  Agents. — The  inorganic  antiseptics  are  taken  up  under  the  following 
heads: 

Oxidizing  agents  (ozone,  hydrogen  peroxide  and  other  peroxides,  perborates,  per- 
sulphates  and  permanganates) ;  halogens  (chlorine,  bromine,  iodine,  fluorine,  hypo- 
chlorites, chloramine,  chlorates,  iodates,  iodoform,  etc.) ;  sulphur  compoimds  (sulphides, 
ichthyol,  sulphites);  boron  compounds  (boric  acid,  borates);  acids;  alkalis  (lye, 
soaps) ;  metals,  including  antimony  compounds,  arsenic  compounds  (oxides,  cacodyl- 
ates,  atoxyl,  arsphenamine),  bismuth  compounds,  copper  compounds,  mercury  com- 
pounds, uranium  compounds,  vanadium  compounds,  and  a  few  salts  of  gold,  nickel, 
selenium,  thallium  and  tin. 
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Organic  Agents. — The  organic  compounds  discussed  as  antiseptics  include : 

Formaldehyde  (formic  acid,  methenamine) ;  benzol  and  its  oxidation  products 
(phenol,  hydroxybenzols,  cresols,  creosote,  guaiacol,  benzoic  acid) ;  salicylates  (oil 
of  wintergreen,  salol) ;  essential  oils  (camphor,  menthol,  thymol,  turpentine) ;' 
naphthalin;  anilin  and  nitrodyes  (methylene  blue,  methyl  violet,  gentian  violet,  acrifla- 
vine,  picric  acid) ;  cinchona  alkaloids  (quinine,  quinoline,  cinchonine,  cinchonidine, 
cupreine) . 

In  certain  cases  a  substance  having  relationships  to  two  or  more  chemical  groups 
must  be  placed  more  or  less  arbitrarily  in  that  group  to  which  its  action  is  most  akin. 
Iodoform,  for  example,  although  commonly  classed  with  organic  substances,  is 
best  studied  in  conjunction  with  the  inorganic  (iodine)  group  of  remedies.  The 
phenolsulphonates,  on  the  other  hand,  have  closer  therapeutic  relationships  with 
phenol  than  with  their  inorganic  bases  or  with  sulphur.  Similar  difficulties  arise  in 
regard  to  elementary  composition,  chemical  status,  or  characteristic  reactions  as  a 
basis  for  grouping.  Thus  hydrochloric  acid  might  be  aligned,  like  hydrofluoric  and 
hydrobromic  acids,  with  the  haloids,  or  nitric  acid  grouped  with  oxidizing  agents, 
instead  of  which  both  are  here  placed  with  the  other  mineral  acids. 

Among  the  agents  which  are  related  to  the  antipathogens,  although  having  more 
important  uses  in  other  connections,  may  be  mentioned  sulphur  and  benzin,  taken 
up  with  the  parasiticides,  cerium,  scarlet  red,  capsicum,  mustard,  tannic  acid,  chromic 
acid,  radium  and  thorium,  in  Order  II;  hydrochloric  acid,  with  agents  acting  on  the 
digestive  tract;  manganese  and  iron,  under  blood  remedies;  ammonia,  with  drugs 
acting  on  the  heart.  Of  the  heavy  metals,  aluminum,  lead  and  zinc  are  included 
among  astringents. 

Inorganic  Chemical  Antiseptics 

Oxidizing  Agents 

The  oxidizing  agents — ozone,  potassium  permanganate,  and  hydrogen  peroxide — 
have  been  used  chiefly  for  disinfection  and  cleansing.  Potassium  permanganate 
has  been  extensively  used  since  its  introduction  by  Condy  in  1857.  Hydrogen  peroxide 
was  discovered  in  1818  by  Thenard,  but  was  not  used  in  medicine  until  B.  W.  Richard- 
son's work,  done  some  years  before,  finally  made  an  impression  on  the  profession  in 
the  early  1880's.  The  other  peroxides  have  been  introducd  in  recent  years  as  substitutes 
for  the  earlier  preparations  in  attempts  to  avoid  the  staining  properties  of  perman- 
ganate and  the  loss  of  activity  which  occurs  in  hydrogen  peroxide  solution. 

Chemistry. — The  oxidizing  agents  all  resemble  one  another  in  their  power  to 
release  one  atom  of  oxygen  (rarely  more)  from  each  molecule.  This  extra  atom  of 
oxygen  may  be  combined,  as  in  hydrogen  peroxide  (H — O — O — H),  two  atoms  of 
oxygen  being  united  by  a  single  bond,  and  one  of  these  being  released.  Of  this  type 
are  the  organic  peroxides,  benzoyl-acetyl  peroxide  (acetozone,  C,Hj,CO — 00 — OCCH,), 
and  disuccinyl  peroxide  (alphazone,  COOHC,H,CO— 00— COC,H,CCOH)  and  the 
metallic  dioxides,  as  zinc  peroxide  (ZnOJ,  magnesium  peroxide  (MgO,),  and  calcium 
peroxide  (CaO,).  A  different  type  of  compound  is  seen  in  the  superoxides  of  metallic 
salts,  such  as  potassium  permanganate  (KMnOJ  and  sodium  perborate  (NaBO^),  but 
they  also  have  one  loosely  attached  oxygen  atom. 

The  chlorates,  which  also  release  oxygen,  are  taken  up  with  antiseptic  chlorine 
compounds. 

All  these  agents  are  relatively  unstable  compounds,  rich  in  oxygen,  which  they 
readily  yield  in  the  presence  of  moisture  and  reducing  substances,  and  even  of  certain 
other  oxidizers.     They  are  especially  prone  to  react  with  organic  matter,  including 
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living  and  dead  cells,  ptomaines,  toxins  and  alkaloids.  Except  in  great  concentration 
or  in  large  quantity,  they  are,  as  a  rule,  comparatively  harmless  to  living  animal 
tissue,  but  they  attack  dead  tissue,  pus,  and  living  microorganisms  energetically. 
Their  residues  are,  in  general,  non-toxic.  They  are  therefore  of  considerable  anti- 
septic value  when  they  can  be  brought  into  contact,  under  favorable  conditions, 
with  the  substances  to  be  destroyed.  Care  is  requisite,  however,  to  avoid  accident 
through  the  liberation  of  gas  in  closed  cavities,  or  in  other  situations  where  it  might 
do  harm — as,  for  example,  by  the  formation  of  gaseous  emboli  in  the  blood,  or  by 
dislodging  surface  bacteria  and  carrying  them  into  the  deeper  tissues  instead  of 
outward.  Both  the  solid  and  liquid  preparations  of  drugs  of  this  group  are  largely, 
if  not  completely,  reduced  in  the  gastroenteric  tract.  Hence  they  exert  little,  and 
sometimes  no,  oxidizing  influence,  through  absorption  when  administered  by  this 
route. 

The  group  embraces  a  large  number  of  agents,  both  inorganic  and  organic,  only 
a  few  of  which,  however,  are  official.    The  most  important  are: 

Ozone,  Hydrogen  peroxide,  Diacetyl  peroxide,  Benzoacetyl  peroxide,  Succinic 
peroxide,  Sodium  peroxide,  Calcium  peroxide,  Magnesiiim  peroxide,  Strontium 
peroxide,  Zinc  peroxide,  Sodium  perborate.  Calcium  perborate.  Magnesium  perborate, 
Strontium  perborate,  Zinc  perborate,  Sodium  persulphate,  Ammonium  persulphate, 
Potassium  persulphate,  Potassium  permanganate,  Strontium  permanganate,  Sodium 
permanganate. 

The  haloid  bodies,  as  well  as  the  alkaline  bases  and  certain  organic  antiseptics 
which  act  by  release  of  hydroxyl  ions  (OH),  owe  a  part  of  their  antiseptic  power  to 
the  liberation  of  nascent  oxygen. 

Terebinthinates  likewise  act,  both  within  and  without  the  body,  as  oxidizers; 
and  there  is  some  evidence  to  show  that  germanium  vanadium,  the  colloidal  metals,  and 
possibly  arsenic,  augment  directly  or  indirectly  the  body  oxidations. 

A  number  of  drugs  not  used  as  antiseptics  but  which  modify  respiration  or  nuiri- 
tion  are  supposed  to  act  in  part  by  heightening  oxidation.  Among  these  are  quebracho 
and  its  alkaloids;  jambul,  phosphorus;  chromaffin  (epinephrine),  and  spermin. 

These  agents,  however,  are  more  conveniently  discussed  elsewhere. 

Loevenhart  and  Grove  have  shown  that  certain  compounds  of  iodine  and  benzoic 
acid  (iodosobenzoic  acid  and  iodoxybenzoic  acid  and  their  sodium  salts)  liberate  oxygen 
in  the  body  and  influence  both  respiration  and  circulation  accordingly.  Direct  antag- 
onism was  observed  between  hydrocyanic  acid  and  iodosobenzoic  acid  in  their  respective 
effects  on  the  respiratory  center.  Thus  far  these  observations  have  no  therapeutic 
utilization. 

Siunmary  of  Actions  and  Uses. — Oxidizing  agents  owe  their  power,  as  their  name 
implies,  to  their  tendency  to  release  nascent  oxygen,  on  contact  with  organic  matter. 
In  general,  this  action  is  more  marked  with  dead  matter,  than  with  living  tissues. 
Among  the  true  peroxides,  there  is  a  tendency  to  spontaneous  reduction,  with  release 
of  oxygen  into  the  air.  This  is  especially  marked  with  ozone,  somewhat  less  with  solution 
of  hydrogen  peroxide,  less  still  with  the  organic  peroxides,  and  least  noticeable  in  the 
persulphate,  perborate  and  permanganate.  Solid  compounds  are  much  more  rapidly 
reduced  when  in  solution. 

Hydrogen  peroxide,  owing  to  the  rapidity  with  which  its  available  oxygen  is  released, 
is  of  chief  value  as  a  cleansing  agent  in  open  wounds,  and  on  inflamed  mucosse.  The 
other  oxidizing  agents  attack  the  tissue  cells  and  especially  lower  forms  of  life,  by 
oxidation  of  some  of  their  cell  constituents.  They  have  very  little  toxicity  and  can  be 
used  under  circumstances  in  which  many  other  antiseptics  would  be  dangerous,  as  in 
wounds  and  ulcers  of  the  mouth  and  throat.  Although  their  bactericidal  action  is  not 
fully  developed  on  the  surface  of  wounds,  peroxides  act  antiseptically,  since   the  gas 
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formed  in  the  superficial  layers  dislodges  bacteria  and  washes  them  out.  They  also  tend 
to  destroy  necrosing  and  unhealthy  tissue,  and  the  products  of  decomposition.  Potas- 
sium permanganate  is  chiefly  used  in  watery  solution  as  a  disinfectant  of  the  intact 
skin  and  of  infective  and  putrefactive  discharges. 

Peroxides  should  not  be  used,  unless  there  is  a  free  escape  for  the  gas;  otherwise 
this  will  carry  the  germs  deeper  into  the  tissues,  and  cause  mechanical  distention. 

Materia  Medica. — Ozone    (unofficial),  Allotropic  Oxygen,  O3  =  48. 

A  colorless  gas,  having  a  peculiar,  characteristic,  pungent  odor  which  is  likened 
to  that  of  chlorine;  it  is  the  odor  detected  in  the  neighborhood  of  an  active  frictional 
electric  machine  or  coil.  Ozone  is  sparingly  soluble  in  water,  more  so  in  cold  than 
in  warm  water;  in  solution  it  is  gradually  converted  into  oxygen,  possibly  with  the 
intermediary  formation  of  hydrogen  dioxide. 

Dose,  not  used  in  substance. 

Liquor  Hydrogenii  Dioxidi  (U.S.  X.),  Solution  of  Hydrogen  Dioxide.  Alhr.,  Liq. 
Hydrog.  Diox.     Synonym:    Solution  of  Hydrogen  Peroxide. 

An  aqueous  solution  containing  not  less  than  3  percent,  by  weight  of  HjO„  cor- 
responding to  not  less  than  10  volumes  of  available  oxygen.  A  colorless  liquid, 
odorless  or  having  an  odor  suggesting  ozone.  It  is  slightly  acid  to  the  taste  and 
produces  a  peculiar  sensation  and  froth  in  the  mouth.  To  preserve,  keep  in  cool 
place,  tightly  corked  and  free  from  light. 

Antagonists  and  Incompatihles. — Oxygen  is  released  in  contact  with  alkalis,  ferric 
salts,  mercurous  salts,  glycerin,  phenol,  albumin,  and  organic  matters  generally,  also 
with  chlorine  and  chlorides,  bromides,  iodides,  nitrates,  sulphates,  permanganates, 
arsenites,  hypophosphites,  alkali  citrates  and  tartrates,  and  soluble  cyanides. 

Dose,  y-2  to  2  fluidrams  (2  to  8  cc).    Chiefly  used  externally. 

Calcii  Peroxidum  (N.N.R.),  Calcium  Peroxide.  A'h'br.,  Calc.  Perox.  Synonym: 
Gorite. 

A  mixture  of  the  calcium  salt  of  hydrogen  peroxide  and  calcium  hydroxide  and 
carbonate,  containing  not  less  than  60  percent,  calcium  peroxide,  equivalent  to 
13.3  percent,  available  oxygen.  A  light  cream-colored,  odorless  and  tasteless  powder; 
practically  insoluble  in  water,  but  by  such  contact  it  is  gradually  decomposed  into 
hydrogen  peroxide  and  calcium  hydroxide,  the  hydrogen  peroxide  being  further  decom- 
posed by  the  alkaline  calcium  hydroxide  with  liberation  of  oxygen.  It  is  decomposed 
by  weak  acids  with  formation  of  a  solution  containing  hydrogen  peroxide. 

Dose,  5  to  15  grains  (0.3  to  1.0  Gm.)  in  water  or  with  sodium  bicarbonate.  Its 
chief  use  is  to  furnish  nascent  oxygen  for  inhalation,  etc. 

Magnesii  Peroxidum  (N.IST.R.),  Magnesium  Peroxide.  Ahhr.,  Mag.  Perox. 
Synonyms:    Magnesium  Superoxide,  Magnesium  Dioxide. 

A  mixture  of  the  magnesium  salt  of  hydrogen  peroxide  and  magnesium  oxide 
with  water  of  hydration,  containing  not  less  than  15  percent,  of  magnesium  peroxide, 
equivalent  to  4.2  percent,  of  available  oxygen.  Magnesium  peroxide  is  a  white  powder. 
It  is  practically  insoluble  in  water,  but  by  such  contact  is  gradually  decomposed  into 
hydrogen  peroxide  and  magnesium  hydroxide  with  liberation  of  oxygen.  It  is 
decomposed  by  dilute  aqids  with  formation  of  a  solution  containing  hydrogen 
peroxide. 

Dose,  4  to  8  grains  (0.25  to  0.5  Gm.). 

SoDir  Peroxidum  (N.N.R.),  Sodium  Peroxide.    Ahhr.,  Sod.  Perox. 

The  sodium  salt  of  hydrogen  peroxide  containing  at  least  90  percent,  of  sodium 
peroxide,  equivalent  to  18.4  percent,  of  available  oxygen.  A  white  or  yellowish  amor- 
phous powder ;  soluble  in  water  with  evolution  of  heat,  forming  a  solution  of  hydrogen 
peroxide  from  which  oxygen  is  liberated  by  the  heat  of  the  reaction.  It  dissolves 
in  cold  dilute  acids,  forming  a  solution  of  hydrogen  peroxide.    It  does  not  react  with 
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alcohol,  but  it  ignites  ether  on  contact.  A  mixture  with  red  phosphorus  explodes 
under  pressure  or  on  being  struck. 

Dose,  used  externally  only ;  generally  as  a  paste. 

Strontii  Pehoxidum  (N.N.R.),  Strontium  Peroxide.    Ahhr.,  Stront.  Perox. 

A  mixture  of  the  strontium  salt  of  hydrogen  peroxide  and  strontium  hydroxide, 
containing  at  least  80  percent,  of  strontium  peroxide,  equivalent  to  10.7  percent,  of 
available  oxygen ;  a  fine,  white,  odorless  and  tasteless  powder.  It  is  practically  in- 
soluble in  water,  but  by  such  contact  is  gradually  decomposed  into  hydrogen  peroxide 
and  strontium  hydroxide,  the  hydrogen  peroxide  being  further  decomposed  by  the 
alkaline  strontium  hydroxide  with  liberation  of  oxygen, 

Vose,  5  to  10  grains  (0.3  to  O.G  Gm.).    Chiefly  used  externally  and  in  dentifrices. 

ZiNCii  Peroxidum  (N.N.E.),  Zinc  Peroxide.     Ahhr.,  Zinc.  Perox. 

A  mixture  of  the  zinc  salt  of  hydrogen  peroxide  and  zinc  oxide,  containing  at 
least  45  percent,  of  zinc  peroxide,  equivalent  to  7.4  percent,  of  available  oxygen.  It 
is  a  yellowish-white,  voluminous,  tasteless  and  odorless  powder;  practically  insoluble 
in  water,  but  by  such  contact  is  gradually  decomposed  into  hydrogen  peroxide  and 
zinc  hydroxide,  the  hydrogen  peroxide  being  further  decomposed  by  the  alkaline  zinc 
hydroxide  with  the  liberation  of  oxygen.  It  is  decomposed  by  dilute  acids  with  forma- 
tion of  a  solution  containing  hydrogen  peroxide.  It  is  stable  at  120°  C,  and  thus  may 
be  sterilized. 

Dose,  used  externally  either  as  dusting  powder  or  an  ointment. 

Succinic  Peroxidum  (unofficial).  Succinic  Peroxide.  Ahhr.,  Succin.  Perox.  Syn- 
onyms:   Alphozone,  Succinic  Dioxide. 

A  light,  crystalline  powder;  odorless;  soluble  in  30  parts  of  water  and  in  alcohol, 
slightly  so  in  ether ;  insoluble  in  chloroform. 

Dose,  1  to  5  grains  (0.06  to  0.3  Gm.).  Also  in  1:1000  aqueous  solution 
externally. 

Benzoyl-acetyl-peroxide  (unofficial).  Acetyl  Benzyl  Peroxide.  Synonyms: 
Benzozone,  Acetozone. 

The  pure  peroxide  occurs  as  a  crystalline  mass;  fairly  soluble  in  water,  ether,  and 
chloroform,  slightly  so  in  alcohol,  and  soluble  in  20  parts  of  oil.  Acetozone  is  benzoyl- 
acetyl-peroxide  mixed  with  equal  parts  of  a  neutral  absorbent  powder. 

Dose,  acetozone  3  to  5  grains  (0.2  to  0.3  Gm.)  in  capsules  every  2  to  4  hours.  Also 
locally  as  a  dusting  powder  and  internally  in  1 :  1000  sol. 

Soon  Perboras  (U.S.  IX.),  Sodium  Perborate.     Ahhr.,  Sod.  Perbor. 

Sodium  perborate  contains  not  less  than  9  percent,  of  available  oxygen,  cor- 
responding to  about  86,5  percent,  of  sodium  borate  with  water  of  crystallization. 
Occurs  as  white  crystalline  granules  or  as  a  powder;  odorless,  and  having  a  saline 
taste.  It  is  soluble  in  water,  and  is  decomposed  with  the  evolution  of  oxygen  in  warm 
or  moist  air. 

Dose,  1  to  2  grains  (0,06  to  0.12  Gm.), 

Perogen  Bath  (N,N.R.).     Synonyms:    Oxygen  Bath  Salts,  Perogen. 

A  preparation  consisting  of  a  catalyzer  and  sodium  perborate,  capable  of  yielding 
10  percent,  of  oxygen.     Each  wrapped  separately. 

Dose,  mix  the  two  substances  in  bath;  daily  use, 

PoTASSii  Permanganas  (U.S.X.),  Potassium  Permanganate,    Ahhr.,  Pot.  Permang. 

Potassium  permanganate  contains,  when  dried  to  constant  weight  over  sulphuric 
acid,  not  less  than  99  percent,  of  pure  potassium  permanganate,  KMnO^,  It  occurs 
as  slender,  mouoclinic  prisms,  of  a  dark  purple  color,  almost  opaque  by  transmitted 
light,  and  of  a  blue  metallic  luster  by  reflected  light;  odorless,  and  having  (in  solution) 
a  taste  at  first  sweet,  but  afterwards  disagreeable  and  astringent.     One  Gm.  dissolves 
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in  13.5  cc.  of  water  at  25°  C,  also  in  3.5  cc.  of  boiling  water.  It  is  decomposed  by 
alcobol. 

Antagonists  and  Incompatibles. — Hydrogen  dioxide,  hydrogen  sulphide,  iodine, 
iodides,  hypophosphites,  and  nearly  all  organic  substances.  It  forms  explosive  mix- 
tures with  tannic  acid,  sulphur,  sugar,  glycerin,  and  other  easily  oxidizable  substances. 

Caution. — Great  caution  should  be  observed  in  handling  it,  as  dangerous 
explosions  are  liable  to  occur  when  permanganate,  either  dry  or  in  solution,  is  brought 
in  contact  with  organic  or  other  readily  oxidizable  substances. 

Dose,  1  grain  (0.06  Gm.) 

Liquor  Potassii  Permanganatis  (Br.),  Solution  of  Potassium  Permanganate 
Alihr.,  Liq.  Potass.  Permang. 

Potassium  permanganate,  10  Gm. ;  distilled  water,  q.s.  to  make  1000  cc. ;  each  110 
minims  containing  1  grain  of  the  drug. 

Dose,  2  to  4  fluidrams  (8  to  15  cc). 

ZiNCi  Permanganas  (N.N.R.),  Zinc  Permanganate.    Ahhr.,  Zinc.  Permang. 

The  zinc  salt  of  permanganic  acid,  containing  not  less  than  90  percent,  of  zinc 
permanganate.  Dark  brown,  nearly  black,  lustrous  deliquescent  crystals  or  crystalline 
masses;  readily  soluble  in  water  (1:3),  generally  leaving  a  slight  residue.  It  gives 
up  oxygen  more  easily  than  does  the  potassium  salt,  hence  great  care  should  be  taken 
in  bringing  it  in  contact  with  easily  oxidizable  substances. 

Dose,  external  application  only. 

Persulphates  (unofficial). 

Obtained  by  electrolysis  of  solution  of  sulphates.  Ammonium,  potassium  and 
sodium  persulphates  are  the  most  important  of  these  salts.  They  occur  as  colorless 
crystals  or  a  crystalline  powder,  more  or  less  soluble  in  water. 

Dose,  of  sodium  persulphate,  3  grain  (0.2  Gm.)  in  a  day.  Vz  of  1  percent,  aqueous 
solution  of  any  of  the  persulphates  may  be  used  externally. 

Ozone 

Chemistry. — Ozone  (0,)  is  an  active  oxidizer,  especially  in  the  presence  of  mois- 
ture. It  converts  elemental  sulphur,  phosphorus  and  arsenic  into  oxides.  It  also 
oxidizes  metals,  mercury  and  silver  quickly  losing  their  luster  when  exposed  to  it. 
It  liberates  iodine  from  potassium  iodide.  Organic  substances,  such  as  cork  and 
rubber,  are  corroded,  and  dyed  fabrics  are  bleached.  Ozone  changes  gradually  at 
ordinary  temperature  into  oxygen,  and  at  237°  C.  the  change  is  instantaneous. 

Summary  of  Actions  and  Uses. — The  most  divergent  statements  have  been  made,  in 
regard  to  the  antiseptic,  toxic  and  pharmacodynamic  actions  of  ozone.  The  amount 
required  to  kill  bacteria  in  moist  air  is  estimated,  by  some,  as  1  part  in  50,000,  by 
others,  as  1:300,000,000,  and  similar  discrepancies  are  found  in  the  reports  concerning 
the  action  of  the  gas  when  dissolved  in  water  in  which  bacteria  are  suspended. 

Some  authors  consider  ozone  to  be  practically  devoid  of  toxic  power;  others  have 
seen  irritation  of  exposed  mucosae,  bronchitis,  formation  of  false  membranes  in  the 
trachea,  and  fatal  pulmonary  edema,  from  the  inhalation  of  less  than  one  part  in  a 
million  parts  of  air.  Some  affirm  a  stimulation  of  the  spinal  cord;  others,  narcosis 
and  paralysis. 

This  divergence  is  partly  to  be  accounted  for  by  the  fact  that,  when  ozone  is 
formed  by  the  electric  spark  in  the  air,  which  is  the  usual  method,  both  in  the  laboratory 
and  in  nature,  a  varying  amount  of  nitrous  oxide  (NO)  and  nitrous  anhydride  (NOJ 
are  formed  at  the  same  time.  The  presence  of  these  would  markedly  increase  the  toxicity 
of  the  ozonized  air. 

Recently,  methods  have  been  developed,  which  permit  the  preparation  of  ozone  free 
from  oxides  of  nitrogen,  and  experiments  with  such  ozone  has  confirmed  in  large  part 
the  observations   of   its   bactericidal   power   in   water,   and    its    irritant   effect   on   the 
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respiratory  tract.  In  culture  media,  It  is  almost  valueless  as  an  antiseptic,  and  in  the 
animal  body  it  exerts  but  slight  systemic  effect  except  reflexly  by  irritation  of  the 
respiratory  passages,  because  it  is  destroyed  almost  as  soon  as  it  is  absorbed. 

Antiseptic  Action. — The  antiseptic  action  of  ozone  is  not  exerted  in  the  presence  of 
excess  of  organic  matter  and  it  is  therefore  not  eligible  for  destroying  germs  on  or  in 
the  body,  or  in  foodstuffs,  etc.  In  water,  however,  it  shows  a  marked  bactericidal  action 
and  sterilizes  polluted  water  even  in  concentrations  so  low  as  not  to  be  disagreeable 
to  the  taste  and  which  pass  off  rapidly.  It  has  been  used  successfully  for  the  steriliza- 
tion of  water  supply  in  cities  and  may  be  more  effective  and  cheaper  than  filtration. 
The  amount  required  varies  markedly  with  the  composition  of  the  water  and  the  degree 
of  pollution  and  must  be  determined  for  each  place.  It  approximates  one  part  in  a 
million.  The  destruction  of  bacteria  in  moist  air  requires  stronger  concentrations, 
much  stronger  than  can  be  borne  by  the  respiratory  tract.  In  dry  air  ozone  has  little 
if  any  germicidal  action. 

In  water,  ozone  seems  to  have  an  oxidizing  effect  on  small  amounts  of  organic 
matter,  but  in  air  this  action  is  doubtful.  Even  in  high  dilution  it  nullifies  bad  odors, 
especially  those  of  putrid  substances,  but  as  the  odors  return  with  the  disappearance  of 
the  ozone,  and  as  the  same  effect  Is  seen  on  the  odors  of  tobacco  and  carbon  disulphide, 
It  would  seem  that  an  influence  on  the  nose  obtunds  the  olfactory  sense,  rather  than  that 
the  odorous  substances  are  destroyed. 

Benefit  has  been  said  to  result  from  inhalations  of  air  charged  with  ozone  in  Infec- 
tious disease  of  the  lungs  (tuberculosis).  Such  Influence  is  not  dependent  on  bac- 
tericidal action. 

Pharmacodynamic  Action. — The  action  of  ozone  is  chiefly  topical  and  is  attributed 
largely  to  local  irritation  and  the  resulting  reflex  effects.  When  present  in  the  air  in 
high  dilution,  less  than  one  part  in  one  million,  the  only  sign  of  its  presence  is  the  odor 
and  taste  which  are  observed  even  in  much  greater  dilution.  On  breathing  2  or  3  parts 
per  million,  there  is  irritation  of  the  respiratory  tract  with  congestion  of  the  eyes  and 
nose,  accompanied  by  headache  and  dulness.  Air  containing  5  to  10  parts  in  1,000,000 
is  too  irritating  to  be  breathed  willingly.  Animals  exposed  to  such  concentrations  for 
several  hours  show  congestion  of  the  eyes,  nose,  larynx,  and  bronchi,  with  cough  and 
perhaps  mucous  discharges.  Rats,  cats  and  mice  become  quiet,  the  hair  erects,  there 
is  shivering  and  fall  of  temperature.  With  12  to  15  parts  per  million,  these  phenomena 
are  followed  by  edema  of  the  lungs  which  may  prove  fatal.  A  remarkable  effect  seen 
even  in  concentrations  of  1:1,000,000  is  a  marked  and  even  extreme  reduction  in  the 
excretion  of  carbon  dioxide.  No  other  marked  effect  on  metabolism  is  noted,  even 
when  the  excretion  is  only  one-seventh  of  the  normal.  It  may  depend  on  interference 
with  the  permeability  of  the  lung  to  carbon  dioxide,  but  is  largely  accounted  for  by 
the  quietness  of  the  animals. 

No  direct  influence  of  ozone  on  normal  blood  production  has  been  established,  but 
the  formation  of  oxyhemoglobin  is  augmented  (Henocque)  and  clinical  observation  indi- 
cates a  hemopoietic  influence  in  secondary  anemias,  both  hemoglobin  and  cell  count 
being  increased,  especially  in  anemias  of  infectious  origin.  The  injection  of  ozonized 
terpenes  in  acute  infections,  stimulates  leucocytosis  as  well,  the  effect  being  markedly 
shown  in  the  relative  increase  of  polynuclears  (J.  Gautier). 

Hydrogen  Peroxide 

Antipathogenic  Action. — The  effect  of  hydrogen  peroxide  is  entirely  dependent  upon 
its  power  to  liberate  oxygen  in  contact  with  living  tissues,  dead  tissues,  and  various 
oxidizing  and  reducing  substances.  In  living  tissues,  and  especially  in  the  blood,  the 
oxygen  is  released  by  the  action  of  a  ferment  (oxydase),  but  dead  matters  are  attacked 
directly,  and  oxidized.  When  the  dritg  is  used  in  strong  solution  (30  percent.)  albumin 
is  promptly  coagulated,  but  with  the  official  3  percent,  solution  this  effect  is  slow  and  not 
marked. 

In  contact  with  the  tissues,  or  even  in  culture  media  rich  in  proteins,  there  is  little 
bactericidal  effect,  as  the  released  oxygen  is  at  once  taken  up  by  the  organic  matters. 
Bacteria  suspended  directly  in  the  3  percent  solution  are  rapidly  destroyed;  thus, 
typhoid,  cholera  and  diphtheria  bacilli  are  killed  in  5  minutes.  Upwards  of  an  hour 
is  required  to  kill  anthrax  spores.  In  1  percent  solution,  streptococci  are  killed  in  10 
minutes,  and  B.  pyocyaneus  in  5  minutes.     Non-spore-bearing  fofms  are  destroyed  by  0.1 
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percent  solution  in  about  24  hours.  Neutral  solutions  act  less  rapidly  than  those  which 
are  faintly  acid. 

Hydrogen  dioxide  in  the  proportion  of  1:  3000  will  preserve  milk  unaltered  for 
several  days,  but  for  this  purpose  is  inferior  to  calcium  peroxide. 

Topical  Action. — The  official  3  percent,  solution  applied  to  the  skin  releases  some 
bubbles  of  oxygen  but  has  no  further  effect.  Applied  to  wounds  or  to  the  eye  it  is 
irritating  and  should  usually  be  diluted.  In  the  mouth  there  is  no  pain  although  large 
amounts  swallowed  may  lead  to  vomiting  from  irritation  of  the  mucosa  by  the  oxygen. 
In  stronger  concentrations  (30  percent),  it  causes  redness  and  desquamation  when 
applied  to  the  skin  and  severe  pain  on  wounds.  Proteins  are  precipitated  and  after 
the  bubbling  has  ceased  the  wound  is  covered  with  a  white  eschar.  The  pure  crystalline 
substance  applied  to  the  skin  destroys  it,  causing  considerable  pain  and  leaving  a  dead 
patch  of  white  color  (Kobert).  Injected  under  the  skin  even  dilute  solutions  give  rise 
to  a  local  formation  of  gas,  which  may  interfere  with  local  nutrition.  Perez  Miro 
employs  the  concentrated  (30  percent.)  solution  of  H2O2  diagnostically  to  determine  the 
condition  of  tissues  underlying  apparently  healthy  skin  or  mucous  areas.  The  suspected 
area  is  touched  with  pure  liquid  crystallizable  phenol,  and  the  blanched  spot  thus  pro- 
duced treated  with  a  drop  or  two  of  the  hydi'ogen  dioxide  solution.  If  the  underlying 
tissue  be  normal  the  spot  remains  white;  if  pus  or  necrotic  detritus  be  present  it  be- 
comes black  or  gray,  indicating  the  line  or  site  for  incision. 

When  peroxide  is  injected  into  the  blood,  there  is  immediate  decomposition  with 
release  of  oxygen  and  gas  embolism  which  is  more  or  less  severe  according  to  the  amount 
injected.     Destruction  of  the  red  cells  also  occurs. 

Organic  Dioxides 

The  organic  dioxides  in  contact  with  water  undergo  hydrolysis,  forming  peracids 
of  the  respective  radicals.  These  are  much  more  powerful  germicides  than  hydrogen 
dioxide,  though  they  give  cfF  their  oxygen  less  readily.  It  has  been  suggested  that 
their  superior  activity  is  due  to  their  penetrative  power,  by  which  they  pass  through 
the  cell-wall  of  the  microbes  and  liberate  active  oxygen  inside  the  cell,  whereas 
hydrogen  dioxide  is  reduced  on  the  exterior.  Succinic  dioxide  (1 :  2500  in  water) 
destroys  typhoid,  diphtheria  and  cholera  bacilli  in  one  minute,  and  staphylococcus 
pyogenes  aureus  in  two  minutes.  In  1 :  1000  solution  it  is  approximately  equivalent 
to  the  same  strength  of  mercuric  chloride  for  non-sporulating  organisms.  Benzoacetyl 
peroxide  is  but  slightly  less  active.  They  have  little  or  no  physiologic  action  in 
the   animal  body. 

Inorganic  Dioxides  and  Perborates 

The  inorganic  dioxides  and  perborates  have  the  true  peroxide  property  of  liberat- 
ing one  available  atom  of  oxygen  from  each  molecule,  either  in  the  active  atomic 
state  or  as  H.fi^.  Reduction  occurs  only  as  each  atom  takes  part  in  the  oxidation 
of  organic  matter,  hence  effervescence  does  not  usually  occur  and  their  germicidal 
power  greatly  exceeds  that  of  hydrogen  peroxide  solutions  with  the  same  amount 
of  available  oxygen. 

Molecular  oxygen  is  not  formed  except  in  the  presence  of  large  quantities  of 
organic  matter,  or  when  metallic  salts  act  as  catalyzers.  After  yielding  the  available 
oxygen,  there  will  he  left  an  oxide,  hydroxide  or  borate,  of  the  base,  and  this  salt 
must  be  taken  into  account  in  estimating  the  total  effect.  It  may  be  caustic,  if  in 
sufficient  quantity,  as  notably  in  the  case  of  sodium  dioxide.  It  may  have  astringent 
properties,  as  in  the  ease  of  zinc  dioxide.  It  may  be  a  neutral  salt  of  additional 
antiseptic  power,  as  in  the  case  of  sodium  perborate.  When  these  residual  salts  have 
no  other  property,  they  at  least  neutralize  acidity  and  absorb  carbon  dioxide.  The 
latter  being  a  frequent  end  product  of  oxidation,  its  fixation  may  be  of  considerable 
importance  in  permitting  the  work  of  germ  destruction  and  deodorization  to  be 
completed. 
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Persulphates 

The  persulphates,  in  0.5  percent,  solution,  inhibit  the  growth  of  most  bacteria 
and,  in  2  to  5  percent,  solutions,  destroy  them. 

These  salts  are  lethal  to  small  animals,  in  quantities  of  0.25  to  0.35  Gm.  per 
kilo,  when  given  by  the  stomach — approximately  equivalent  to  a  dose  of  15  Gm. 
(V2  ounce)  for  an  adult  man.  For  a  dog,  the  lethal  dose  of  sodium  persulphate 
intravenously  is  0.75  Gm.  per  kilo.  The  symptoms  of  poisoning  are  those  of  col- 
lapse. The  animal  is  salivated,  its  temperature  becomes  subnormal,  the  heart  action 
is  feeble  and  disturbed,  the  breathing  at  first  shallow  and  rapid,  later  irregular. 
Death  occurs   by   arrest   of   respiration,   and   is   sometimes   preceded   by   convulsions. 

The  persulphates  and  permanganates  differ  from  the  true  peroxides  in  being 
much  more  irritating  topically  and  in  exercising,  through  absorption,  a  destructive 
action  on  the  blood,  which  is  black  and  disorganized,  and  the  organs  congested.  The 
hemoglobin  is  altered,  but  becomes  red  when  exposed  to  oxygen,  and  the  nature  of  its 
discoloration  is  not  clear. 

Permanganates 

Potassium  permanganate  exhibits  but  slight  germicidal  action  in  the  presence 
of  organic  matter,  but  pus  cocci  suspended  in  water  are  killed  in  two  hours  by  a 
0.1  percent,  solution. 

Outside  the  body  the  salt  has  the  power  to  destroy  certain  alkaloids,  such  as 
morphine  and  cocaine;  and  toxalbumins,  such  as  snake  venom.  It  is  not  possible  for 
this  effect  to  be  produced  in  the  circulating  blood  or  deeper  tissues.  A  saturated 
solution  (15  percent.)  applied  to  the  shin  causes  a  deep  brown  discoloration  and 
kills,  largely  through  the  oxygen  released,  the  superficial  layers,  thus  producing  a 
shallow  ulcer.  Such  a  solution  applied  to  a  mucous  membrane  is  destructive  and 
caustic.  Even  solutions  of  1  percent,  are  destructive  to  the  superficial  layers  of 
mucous  membranes,  although  they  cause  no  change  in  the  skin  except  a  reddish 
discoloration,  which  soon  becomes  brown.  This  discoloration  can  be  removed  with 
oxalic  acid,  and  the  subsequent  itching  relieved  by  lime  water.  Solutions  of  0.1  per- 
cent, have  an  astringent  action  on  mucosae. 

Taken  Tjy  mouth,  the  permanganate  is  decomposed  in  the  stomach  and  the  only 
effects  are  those  of  local  irritation.  In  concentrated  solution,  0.13  Gm.  (2  grains) 
may  cause  vomiting;  but  if  well  diluted  much  more  can  be  taken  without  discom- 
fort. Acute  gastritis  results  from  large  doses,  and  collapse  and  death  have  followed 
the  swallowing  of  15  cc.  (1  dram)  of  a  saturated  solution. 

Therapeutics  of  Oxidizing  Agents. — Ozone  is  a  deodorant  and  a  disinfectant  of 
great  power.  Its  usefulness  in  the  sick-room  is  somewhat  diminished  by  its  tendency 
to  oxidize  metals  and  bleach  fabrics,  but  this  can  be  guarded  against;  and  is  scarcely 
in  evidence  when  one  utilizes  the  slow,  spontaneous  action  of  terebinthinate  oils  or 
potassium  permanganate.  It  purifies  drinking  water,  and  may  be  liberated  in  theatres, 
lecture  halls,  and  other  apartments  where  large  crowds  are  gathered,  to  destroy  odors 
and  organic  exhalations. 

Both  oxygen  and  ozone  have  a  wide  field  of  usefulness  in  surgery,  that  seems 
as  yet  to  be  little  appreciated.  G.  Stoker  (1895)  treated  wounds  and  ulcers  by  incar- 
ceration of  the  affected  part  for  several  hours  daily  in  a  chamber  charged  with  oxygen. 
It  has  no  germicidal  effect,  but  healing  progressed  more  rai)idly  than  in  control  lesions 
treated  antiseptically.  Evidently  the  destruction  of  morbid  tissue  and  reproduction 
of  normal  tissue  were  favored.  Complete  recovery  ensued  in  cases  of  leg  ulcer  of 
many  years'  standing.  Thiriad  (1903)  carried  a  current  of  oxygen  over  the  raw 
surfaces  and  into  the  infected  tissues,  and  observed  recovery  in  suppurative  arthritis 
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of  the  knee  (after  incision  and  evacuation),  in  purulent  and  tuberculous  peritonitis, 
in  empyema,  in  gaseous  gangrene,  in  furuncles,  carbuncles,  and  anthrax. 

Stoker  having  to  apply  his  method  in  military  practice  (1915)  substituted  ozone 
for  the  non-ionized  oxygen,  and  observed  quicker  and  even  more  brilliant  results  in 
wounds,  fistulas,  hone  affections  and  gangrenous  and  necrotic  areas  of  various  sites 
and  origin.  A  current  of  oxygen  is  led  through  a  suitable  electrifying  apparatus  and 
the  ozone  is  conducted  by  means  of  flexible  tubes  and  needles  or  other  appropriate 
terminals  over  or  into  the  affected  tissues.  Stoker  attributes  the  good  results  to  (1) 
marked  determination  of  blood  to  the  part;  (2)  germicidal  action;  (3)  increased  forma- 
tion of  oxyhemoglobin;  (4)  destruction  of  unhealthy  granulations.  Stimulation  of 
repair  is  a  necessary  concomitant.  One  great  advantage  of  the  method  is  the  glazing 
of  the  surface  occurring  after  15  minutes'  application,  which  reveals  dead  bone,  foreign 
bodies,  septic  deposits,  etc.,  which  the  surgeon  deals  with  as  necessary.  Wounds  and 
sinuses  are  also  washed  thrice  daily  with  boiling  water  and  dressed  with  dry  gauze. 
The  inexperienced  are  warned  not  to  be  deterred  by  the  increased  formation  of  pus 
which  at  first  occurs;  this  is  later  replaced  by  clear  serum.  Still  later  a  pinkish, 
parchment-like  film  of  oxidized  serum  is  formed.  This  must  be  removed  by  applica- 
tion of  a  hot  compress  for  15  minutes,  before  the  stream  of  ozone  is  again  led  over  the 
part. 

The  Surgical  Uses  of  Ozone. — Stoker  insists  on  the  strict  observance  of  the 
following  points : 

The  accumulator  should  not  be  let  down  below  3i/^  volts;  if  it  is,  the  ozone  (if 
any)  produced  will  not  be  strong  enough  to  produce  satisfactory  results.  The  accu- 
mulators should  be  tested  daily  with  a  voltmeter,  and  should  be  recharged  every  second 
day. 

The  coil  should  be  examined  daily  to  see  if  it  is  sparking  properly,  and  the  pro- 
duction of  ozone  should  be  tested  before  each  patient  is  treated. 

After  using  the  flexible  tubes  they  should  be  carefully  wiped  and  steeped  in 
h oiling  water  for  2  minutes  and  then  placed  in  cold  water  until  they  are  again  required. 
Ozone  should  be  passed  through  the  tubes  to  cleanse  them  thoroughly  inside. 

Boiling  water  only  should  be  used  for  dressing  and  cleansing  the  wounds,  sinuses, 
etc.  Solutions  such  as  lysol,  carbolic  acid,  saline,  etc.,  destroy  the  ozone  by  offering 
a  field  for  chemical  action. 

It  is  reasonable  to  allow  one  week  of  treatment  for  every  month  of  previous  dura- 
tion without  healing,  before  healing  can  be  expected. 

The  duration  of  each  application  depends  on  the  size  of  the  surface  to  be  treated. 
The  maximum  time  is  about  15  minutes. 

In  a  general  way,  Stoker's  views  can  be  confirmed  by  our  personal  observations  of 
the  effect  of  ozonized  oxygen  blown  upon  bedsores  and  upon  large  excavations  in  areas 
of  gangrene  and  necrosis,  during  typhoid  fever,  as  well  as  upon  deep  areas  of  necrosis 
in  the  skin  and  subcutaneous  tissues. 

In  ozena,  ozone  is  sometimes  of  benefit,  not  only  as  a  deodorizer,  but  also  as  a 
stimulant  to  the  atrophic  mucous  membrane,  increasing  watery  secretion,  and  pro- 
moting the  reproduction  of  healthy  epithelium.  Solutions  of  ozone  in  water,  in  various 
fixed  and  essential  vegetable  oils,  and  in  cod-liver  oil,  with  or  without  the  addition  of 
compatible  synergists,  such  as  sodium  hypophosphite,  have  been  used  as  gastroenteric 
antiseptics  and  stimulants  and  as  aids  to  nutrition.  In  whooping  cough,  the  inhala- 
tion of  ozone  is  so  nearly  specific  that  the  difficulties  and  expenses  attending  its 
production,  and  thus  limiting  its  use,  are  much  to  be  regretted. 

Ozonized  terpene,  prepared  as  an  aqueous  solution  for  intravenous  injection, 
is  sometimes  of  remarkable  benefit  in  the  toxemias  of  both  known  and  unrecognized 
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infections.  Veterinarians  praise  it  highly,  especially  in  tetanus,  and  we  have  seen  it 
of  apparent  service  to  the  human  being  in  typhoid  fever,  in  acute  pneumonia  (both 
lobar  and  lobular),  and  in  various  septic  conditions. 

SoLiiTiON  OF  HYDROGEN  DioxiPK  is  a  hcniostalic  of  moderate  power,  as  well  as  an 
efficacious  cleansing  agent,  and  topical  disinfectant  and  decolorizer.  It  is  thus  useful 
(diluted  with  1  to  4  parts  of  distilled  water)  in  the  treatment  of  wounds,  especially 
when  the  injury  is  recent.  Later  it  may  do  more  harm  to  the  tender,  newly-formed 
cells  on  the  wound  surface  than  to  the  bacteria.  Punctured  wounds,  and  in  par- 
ticular those  which  arouse  suspicion  of  tetanus  infection,  should  be  thoroughly  flooded 
with  hydrogen  dioxide  solution  in  full  strength ;  and  this  may  be  repeated  after  they 
are  laid  open.  Other  peroxides,  the  perborates,  or  potassium  permanganate  may  be 
used  similarly,  as  also  in  other  conditions  in  which  a  local  oxidizing  agent  is 
indicated. 

In  the  treatment  of  chronic  ulcers  and  of  gangrene,  especially  in  the  aged, 
hydrogen  dioxide  (diluted  with  2  or  3  parts  of  distilled  water)  may  be  employed 
as  a  stimulant,  cleanser,  and  disinfectant,  and  it  has  been  applied  to  the  skin  in 
cases  of  phlegmonous  erysipelas.  Its  solution  in  glycerin  is  usually  preferable  in 
these  conditions,  as  well  as  in  psoriasis  and  eczema,  and  the  so-called  psoriasis  and 
eczema  of  syphilitic  origin.  It  is  useful  also  to  cleanse  and  dress  chancres,  chan- 
croids, syphilitic  rupia,  and,  in  general,  cutaneous  lesions,  mild  or  severe,  attended 
with  sloughing,  scabbing  or  scaling.  It  is  said  to  be  of  benefit  in  acne,  and  an  oint- 
ment containing  it  has  been  applied  to  comedones.  As  a  parasiticide  it  is  preferred 
by  some  dermatologists  in  tinea  versicolor,  and  is  recommended  for  occasional  appli- 
cation in  favus,  tinea  tonsurans,  sycosis,  etc.  In  thrush  and  aphthous  stomatitis  it 
is  inferior  to  boric  acid,  but  is  of  great  value  during  the  prolonged  use  of  mercury 
in  the  prevention  as  well  as  in  the  treatment  of  mercurial  stomatitis.  Solution  of 
hydrogen  dioxide  destroys  the  irritant  principle  of  poison  ivy,  etc.,  and  is  useful 
in  allaying  the  distress  of  toxic  dermatitis  if  applied  early. 

Its  power  to  restrain  capillary  bleeding  makes  it  a  useful  topical  application 
in  epistajcis  and  in  superficial  hemorrhages  in  general.  It  may  be  employed,  but 
with  caution,  in  the  superficial  catarrhal  and  purulent  affections  of  mucous  mem- 
branes, and  for  irrigation  of  fistulas,  of  sinuses  and  of  ahscess  cavities.  It  destroys 
pus,  and  brings  about  the  disintegration  of  carious  and  necrosed  tissue,  leaving  a 
clean  surface,  which  is  stimulated  to  recovery.  It  is  therefore  peculiarly  adapted  to 
the  treatment  of  affections  of  the  hones  and  joints,  and  has  been  much  used  in  ozena. 
A  free  outlet  for  the  solution,  the  gas  and  the  disintegrated  material  is  however  neces- 
sary, and  the  solution  should  never  be  introduced  where  this  is  wanting,  as  in  the 
bladder,  and  where,  in  consequence,  infection  might  be  spread  or  distention  might  lead 
to  rupture  or  other  accidents.  In  the  external  auditory  canal,  when  perforation  of 
the  drum  membrane  exists,  great  care  is  especially  necessary  in  its  use,  which  should 
be  restricted  to  experts,  and  to  applications  made  by  means  of  a  small  cotton  swab. 
It  should  not  be  employed  in  the  irrigation  of  the  antrum  when  there  is  no  counter 
opening,  or  in  the  nasal  passages  when  there  is  a  risk  of  carrying  infective  material 
into  the  Eustachian  tubes. 

In  aural  practice  it  may  be  used  to  soften  cerumen,  preparatory  to  removal,  by 
syringing  or  otherwise,  as  well  as  in  suppuration  or  mycosis  of  the  external  ear,  and 
may  be  applied  with  caution  to  the  external  meatus  in  certain  cases  of  otitis  media. 

In  tuberculosis  of  the  tongue,  of  the  pharynx  and  of  the  larynx,  the  ulcers  may 
first  be  cleansed  with  an  alkaline  detergent  solution,  then  with  the  full-strength  solu- 
tion of  hydrogen  dioxide,  the  froth  washed  away  and  iodoform,  lactic  acid,  formalin, 
chaulmoogra  oil,  scarlet  red,  or  other  appropriate  agent  finally  applied. 
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Hydrogen  dioxide  in  1  to  4  percent,  solution  is  an  extremely  useful  application 
in  tonsillitis,  scarlatinal  sore  throat,  and  similar  infections.  Properly  and  thoroughly 
applied  in  dipldheria,  it  removes  the  false  membrane,  diminishing  the  extent  and 
virulence  of  both  diphtheritic  and  streptococcic  infection.  Care  should  be  taken, 
however,  that  the  solution  employed  is  neutral  or  only  slightly  acid,  and  the  treat- 
ment should  not  be  kept  up  for  more  than  3  or  4  days  uninterruptedly  lest  irritation 
of  the  superficial  epithelium  be  set  up.  Since  antitoxin  has  come  into  use,  the  occa- 
sions for  such  applications  have  become  less  frequent,  but  at  times  present  themselves. 
It  is  much  less  used  today  in  diphtheria  than  in  the  pre-antitoxin  period.  In  Vincent's 
angina  both  the  spirillum  and  the  fusiform  bacillus  are  destroyed  by  hydrogen  dioxide 
solution  in  full  strength.  The  application  is  painful,  especially  if  the  solution  is  acid, 
but  it  is  effectual. 

In  empyema,  especially  when  the  pus  is  viscid  and  flows  with  difficulty  through 
the  trocar  or  drainage  tube,  hydrogen  dioxide  solution,  diluted  with  4  to  6  parts  of 
distilled  water,  may  sometimes  be  of  service  to  wash  out  the  pleural  cavity,  but  is 
unnecessary  and  may  be  dangei'ous.  In  gonorrhea  of  the  female,  in  leucorrhea, 
and  in  various  forms  of  purulent  and  catarrhal  vaginitis,  it  is  of  some  benefit;  and  it 
may  be  useful  at  times  as  a  deodorant  cleanser  in  carcinoma  of  the  cervix  as  it  is  in 
mammary  and  other  carcinomatous  ulcerations.  It  may  be  injected,  dropwise  and 
undiluted,  into  carbuncles  in  the  course  of  formation  or  in  which  suppuration  is 
not  proceeding  favorably.  As  an  active  bleaching  agent,  "peroxide"  is  much  used  by 
women  who  desire  auburn,  golden  or  flaxen  hair,  and  may  properly  be  applied  to 
decolorize  the  dark  lanugo  hairs  which  sometimes  disfigure  the  face.  It  is  less  suc- 
cessful in  chloasma  and  other  pigmentations.  Dentists  employ  it  to  blanch  discolored 
teeth,  as  well  as  to  disinfect  cavities,  and  to  treat  pyorrhea  alveolaris  and  the  various 
forms  of  caries  and  abscess  of  the  teeth  and  jaws. 

Enemata  of  hydrogen  or  other  dioxide  solutions  may  be  of  use  in  obstinate  cases 
of  threadivorrn  infestation.  In  mucous  colitis,  in  chronic  diarrhea,  in  dysentery,  and  in 
various  forms  of  entero-intoxication,  lavage  of  the  bowel  with  these  agents  is  some- 
times of  remarkable  service.  In  acute  cases  of  'amebic  or  bacillary  dysentery,  the 
washing  should  be  repeated  two  or  three  times  daily — in  the  more  chronic  conditions, 
occasionally,  according  to  effects. 

By  the  mouth,  hydrogen  dioxide  is  used  as  a  gastroenteric  disinfectant  and 
stimulant.  In  catarrhal  affections  of  the  alimentary  tract,  or  when  disinfection  of 
the  bowel  is  indicated,  and  especially  in  the  presence  of  diarrhea,  sodium  perborate 
or  persulphate  or  an  organic  or  earthy  (magnesium  or  calcium)  peroxide  is  to  be 
preferred.  One  of  the  latter  is  to  be  chosen,  when  its  antacid  properties  may  be 
of  use. 

The  systemic  uses  of  hydrogen  dioxide  are  not  many,  since  decomposition  and 
fixation  of  the  liberated  oxygen  occur  quickly  in  the  stomach  and  bowel.  Nevertheless 
some  absorption  of  oxygen  seems  to  take  place,  and  certain  clinical  effects  are  well 
attested  (B.  W.  Richardson).  Thus,  the  drug  is  of  occasional  and  limited  usefulness 
in  Usthma;  it  tends  to  mitigate  the  severity  of  the  paroxysms  in  pertussis,  and  con- 
joined with  arsenic  and  iron,  it  increases  the  good  effects  of  these  agents  in  the 
anemias;  conjoined  with  alkalis  it  is  of  service  in  some  cases  of  gout  and  of  diabetes 
in  gouty  subjects.  The  dioxide  solution  (1  or  2  drams — 5  or  10  cc.)  should  be  admin- 
istered when  the  stomach  is  empty,  about  an  hour  before  meals,  and  with  a  sufficient 
quantity  (2  to  3  ounces — 60  to  100  cc.)  of  water.  Except  in  cases  calling  for  alkaline 
medication,  it  may  usefully  be  associated  with  phosphoric  acid. 

Peroxides  in  general  are  helpful  at  times,  in  debility  from  any  cause,  and  particu- 
larly when  it  attends  chronic  infections  and  disorders  of  nutrition;  in  the  after  treat- 
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ment  of  carhon  monoxide  poisoning ;  in  the  obstinate  vomiting  of  pregnancy;  in 
nervous  vomiting  and  anorexia.  When  the  medication  needs  to  be  long  continued,  it 
is  well  to  change  from  one  preparation  to  another.  Otherwise  the  choice  will  be 
guided  by  the  properties  of  the  basic  ion  or  of  the  compound  molecule. 

The  ORGANIC  PERoxiiJKS  (alphozonc,  acetozone)  are  sometimes  more  useful  than 
hydrogen  dioxide  as  intestinal  antiseptics,  especially  in  typhoid  fever,  dysentery  and 
chronic  diarrhea,  possibly  in  Asiatic  cholera,  certainly  in  cholera  infantum.  A  solu- 
tion in  water  is  prescribed  to  be  taken  freely  at  stated,  short  intervals.  They  are 
also  useful  as  sprays,  douches,  and  gargles  (15  grains  to  1  quart)  in  all  forms  of 
catarrhal  and  septic  affections  of  the  nose,  mouth  and  throat,  being  of  particular 
value  in  streptococcic  infections,  whether  acute  or  chronic.  Their  local  disinfectant 
action  in  the  whole  alimentary  tract  is  often  of  considerable  benefit  in  the  treatment 
of  acute  articular  rheumatism  and  in  the  prevention  of  recurrences  of  this  malady, 
as  "well  as  in  chronic  rlieumatism,  rheumatoid  arthritis  and  certain  other  conditions 
of  anemia  and  general  debility  apparently  dependent  upon  absorption  of  toxic  products 
from  the  mouth,  throat  or  bowel.  They  ai*e  also  applicable  as  topical  antiseptics  in 
1 :  1000  solution  to  destroy  pus  and  to  cleanse  foul  sui-faces  in  the  same  manner  as 
hydrogen  dioxide,  but  in  situations  in  which  the  latter  agent  is  contraindicated  on 
account  of  its  effervescence.  Thus  they  may  be  used  in  the  urethra,  in  the  bladder, 
in  the  maxillary  antrum,  and  in  the  ear.  For  direct  application,  succinic  peroxide 
(alphozone)  seems  to  be  preferable.  If  the  lower  bowel  is  to  be  reached,  diacetyl 
peroxide  (acetozone),  which  is  more  slowly  hydrolyzed  and  thus  escapes  reduction 
for  a  longer  period,  has  apparent  advantages. 

The  INORGANIC  PEROXIDES  liave  the  same  range  of  activities  as  hydrogen  peroxide 
but  are  more  convenient  in  parasitic  and  other  affections  of  the  skin,  for  local  appli- 
cations or  as  ingredients  of  mouth  washes  and  dentifrices,  or  to  sterilize  suspected 
milk  or  drinking  water.  As  dressings  for  wounds,  ulcers,  etc.,  they  have  the  advan- 
tage of  liberating  oxygen  slowly  and  continuously,  so  that  an  anaerobic  organism, 
as  the  tetanus  bacillus,  is  inhibited.  The  best  of  the  inorganic  oxygen-liberating  salts 
for  general  use  as  topical  antiseptics  are  zinc  peroxide  and  the  perborates.  Zinc 
peroxide  is  especially  available. 

It  may  be  used  as  a  dusting  powder  or  ointment  in  any  strength  desired,  1 :  10 
being  usually  sufficient.  In  prescribing  salves,  animal  fats  are  to  be  avoided,  as  an 
irritating  oleate  will  eventually  be  formed.  The  drug  is  emollient,  antiseptic  and 
somewhat  astringent.  It  is  of  service  in  eczema,  psoriasis,  various  parasitic  affec'.ions 
of  the  skin,  hyperhidrosis,  hromidrosis,  etc. 

Magnesium  dioxide  as  commercially  obtained  has  about  the  same  grittincss  and 
enamel-destroying  power  as  chalk,  but  loses  this  property  when  rubbed  in  a  mortar 
to  an  impalpable  powder.  While  practically  insoluble  in  water,  it  yields  its  oxygen 
in  the  presence  of  the  acid  secretions  of  the  mouth,  100  grains  (6  (Jm.)  of  the  salt 
being  approximately  equivalent  to  half  an  ounce  (15  cc.)  of  the  official  3  percent, 
hydrogen  dioxide  solution.  As  a  tooth-powder  it  should  be  used  just  before  going 
to  bed.  A  suitable  quantity  can  be  placed  on  the  brush  and  the  teeth  thoroughly 
rubbed  with  it.  Afterward  a  teaspoonful  may  be  taken  into  the  mouth  with  a  sip 
of  water  and  the  mouth  rinsed  for  from  two  to  five  minutes.  When  the  rinsing  fluid 
is  ejected,  a  certain  quantity  of  the  undissolved  powder  will  adhere  to  the  teeth, 
acting  not  only  as  an  antiseptic  but  also  as  a  safeguard  against  the  destructive  effect 
of  free  acid  in  the  fluids  of  the  mouth,  since  oxygen  will  be  liberated  with  the  forma- 
tion of  alkaline  magnesium  oxide  or  hydroxide.  If  swallowed,  the  powder  is  harmless. 
It  is  thus  a  dentifrice,  an  antiseptic  and  an  antacid.  To  make  it  more  agreeable, 
as  well  as  to  increase  its  detergent  power,  it  may  be  mixed  with  10  percent,  of  finely 
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powdered  castile  soap  and  suitably  flavored.  It  is  likewise  of  service  as  an  antacid  for 
stomachal  administration,  as  well  as  an  antifermentative  and  gastroenteric  disinfect- 
ant. The  magnesium  compound,  which  in  sufficient  quantity  acts  also  as  a  laxative,  is 
said  to  yield  its  oxygen  in  such  a  way  as  to  permit  absorption  from  the  intestine  with 
systemic  effect,  especially  marked  in  certain  cases  of  gout  and  diabetes. 

Calcium  dioxide  is  well  adapted  for  use  as  a  preservative  of  foods  and  especially 
of  milk.  Small  quantities  are  sufficient — 1 :  4000  to  1 :  2000,  according  to  the  con- 
sistency of  the  substance  to  be  preserved.  It  may  similarly  be  used  to  disinfect  drink- 
ing water  and  suspected  vegetables.  Like  the  magnesium  compound  it  may  be  used 
as  an  antacid  and  antifermentative,  and  by  reason  of  its  calcium  component  it  is 
peculiarly  appropriate  in  the  digestive  derangements  of  tuberculosis.  Calcium  dioxide 
has  been  lauded  as  an  ingredient  of  tooth  powders,  but  its  chalky,  gritty  character, 
tending  to  destroy  the  enamel,  renders  it  rather  unsuitable  for  this  purpose. 

Stroktium  dioxide  liberates  a  part  of  its  oxygen  in  neutral  or  alkaline  media, 
giving  it  peculiar  usefulness  for  dental  purposes,  but  when  the  secretions  are  acid, 
magnesium  dioxide  is  to  be  preferred. 

Sodium  perborate  is  devoid  of  erosive  action  upon  the  teeth.  When  mixed  with 
water,  it  liberates  from  9  to  10  percent,  of  oxygen,  so  that  80  grains  (5  Gm.)  is 
the  approximate  equivalent  of  an  ounce  (30  cc.)  of  the  official  3  percent,  hydrogen 
dioxide  solution.  In  the  presence  of  weak  acids,  it  forms  a  strong  alkaline  peroxide 
solution.  It  is,  therefore,  extremely  eligible  as  a  dentifrice,  antacid,  and  antiseptic 
in  the  mouth.  Suitably  flavored,  it  may  be  used  both  upon  the  brush  and  in  solution. 
Solutions  of  2  to  3  percent,  in  tepid  water  (corresponding  to  1.5  to  2  volumes  of 
hydrogen  dioxide  solution)  are  excellent  for  mouth  washes,  both  prophylactic  and 
disinfectant,  as  likewise  for  sprays  and  douches.  Such  a  solution  is  especially  useful 
in  purulent  affections  of  the  ear,  or,  if  preferred,  the  powder  may  be  used  for  insuf- 
flation. It  may  be  used  as  a  dusting  powder  in  hyperhidrosis  and  hromidrosis ;  in 
wounds  and  fistulas  having  free  communication  with  the  exterior;  as  a  styptic,  and 
in  all  conditions  in  which  hydrogen  dioxide  or  sodium  borate  is  useful,  since  it 
combines  the  advantages  of  both. 

It  will  often  greatly  reduce  or  even  remove  pigmentary  blotches  upon  the  skin 
of  the  face,  a  small  quantity  being  made  into  a  paste  with  water,  applied  to  the 
part  and  left  in  position  for  from  a  few  minutes  to  an  hour  or  more,  according  to 
the  intensity  of  the  local  irritation  which  sometimes  results.  It  is  also  useful  in 
the  treatment  of  various  parasitic  affections  of  the  skin.  Sodium  perborate  is  said 
to  be  of  considerable  service  as  a  rectal  injection  in  cases  of  chronic  constipation — 
not  only  cleansing,  like  an  ordinary  enema,  but  tending  to  increase  the  tonicity  of 
the  relaxed  mucosa  of  the  bowel. 

Zinc  perborate  is  less  active  than  sodium  perborate  or  zinc  peroxide.  It  may 
therefore  be  used  in  similar  conditions  for  a  more  continuous  and  milder  effect. 

Sodium  persulphate  is  antiseptic,  aperient  and  stomachic.  Its  use  is  said  to 
bring  about  an  improvement  in  nutrition  and  gain  in  weight,  with  increased  excre- 
tion of  urinary  solids.  It  is  therefore  recommended  in  early  tuberculosis  and  in 
convalescence  from  acute  infectious  disease,  as  also  in  chlorosis  and  neurasthenia, 
especially  when  these  ailments  are  accompanied  by  gastric  atony.  It  should  not  be 
used  continuously  for  more  than  three  weeks.  It  is  best  given  in  water,  in  a  single 
daily  dose  of  about  3  grains  (0.2  Gm.),  one  hour  before  the  principal  meal. 

Potassium  permanganate,  employed  topically,  is  astringent,  irritant  or  caustic, 
according  to  concentration.  Solutions  of  from  1 :  2000  to  1 :  5000  may  be  used  in 
general,  in  the  same  way  as  other  oxidizers,  but  the  staining,  although  removable, 
is  a  drawback.    "Permanganate  and  oxalis"  had  a  great  vogue  at  one  time  to  prepare 
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tlie  hands  of  surgeons,  and  occasionally  the  skin  of  patients,  for  operation;  it  is  rarely- 
used  now.  It  is  of  great  value,  at  times,  for  the  extemporaneous  production  of 
oxygen  or  ozone.  A  teaspoonful  of  permanganate  crystals  with  about  half  an  ounce 
of  water  placed  in  a  saucer  under  the  bed  or  in  any  other  convenient  place  in  the 
sick-room  destroys  odors.  It  may  be  used  as  a  deodorizing  disinfectant  after  post- 
mortem examinations  and  in  obstinate  cases  of  bromidrosis.  Its  special  applicability, 
however,  is  in  situations  where  destruction  of  malodorous  noxse,  bacterial  products, 
and  moribund  tissue  is  the  object,  rather  than  a  powerful  germicidal  action.  It  is 
therefore  to  be  used  as  an  irrigating  solution  (1:1000),  dressing  (1:500),  or  direct 
application  (0.5  to  2.5  percent.)  in  cases  of  foul,  gangrenous  and  ill-conditioned 
abscesses  and  ulcerations,  especially  when  the  surrounding  tissue  is  infiltrated  and 
unhealthy  and  the  granulations  are  feeble  or  fungous.  In  cases  of  ulcerated  and 
inoperable  carcinoma,  it  abolishes  the  fetor.  It  may  likewise  be  used  in  ozena,  in 
beginning  diphtheria,  in  noma,  in  putrid  sore  throat,  in  cases  of  fetid  discharge 
from  the  vagina,  etc.  In  persistent  and  recurrent  carbuncle  it  may  be  applied 
in  concentrated  solution,  after  incision  and  partial  or  complete  evacuation.  Inha- 
lation from  a  steam  atomizer  of  a  5  percent,  solution  of  potassium  permanganate 
several  times  daily  is  not  only  a  useful  deodorant  measure  in  bronchiectasis  and 
limited  pulmonary  gangrene  but  also  has  appeared  to  determine  recovery  in  certain 
cases  of  this  kind,  occurring  in  tuberculous  subjects.  We  have  also  seen  benefit 
from  permanganate  irrigations  (1 :  30,000  to  1 :  3000)  in  obstinate  cases  of  purulent 
cystitis. 

Permanganate  has  been  much  lauded  in  the  treatment  of  gonorrhea,  and  is  said 
to  be  especially  advantageous  in  women  for  whom  solutions  somewhat  stronger  than 
ordinary  (1 :  500)  may  be  employed.  The  treatment,  however,  must  be  instituted 
promptly.  After  the  gonococci  have  infiltrated  the  urethral  membrane,  it  is  useless. 
A  man  may  inject,  after  each  micturition,  a  warm  weak  solution  (1 :  1000)  and  retain 
it  for  at  least  a  minute;  but  if  this  causes  much  pain  the  strength  must  be  reduced 
(1:2000  or  1:4000).  As  recovery  progresses,  stronger  and  less  frequent  applications 
are  made.  When  the  method  of  irrigation  is  used,  at  least  a  quart  is  employed  and 
the  concentration  is  not  usually  greater  than  1 :  2000.  The  solution  is  sometimes 
allowed  to  enter  the  bladder  and  be  retained,  and  is  afterward  expelled  by  micturi- 
tion; but  it  may  provoke  edema  of  the  vesico-urethral  mucous  membrane.  Epididymi- 
tis is  not  considered  a  contraindication. 

As  an  antidote  to  snal'e  venom,  to  phosphorus,  and  to  morphine  and  other  alka- 
loids, its  action  is  purely  chemical  and  dependent  on  contact.  It  must  therefore  be 
employed  locally  and  promptly  before  absorption  of  the  poison  can  take  place — thus, 
rationally,  in  a  case  of  morphine  poisoning  by  lavage  with  a  warm  solution  (about 
1 :  300)  which  at  the  same  time  empties  the  stomach.  Moreover,  as  morphine  is 
continually  excreted  into  the  stomach  and  reabsorbed,  it  has  been  advised  that  small 
doses  of  permanganate  solution  should  be  administered  by  the  mouth  from  time  to 
time  during  the  progress  of  the  case.  In  the  treatment  of  snake  bite,  a  ligature 
should  be  placed  about  the  limb  to  prevent  the  diffusion  of  the  poison;  the  perman- 
ganate in  crystals  and  in  saturated  solution  should  be  well  rubbed  into  the  opened 
wound,  and  injection  of  as  strong  a  solution  as  practicable  be  made  into  the  neighbor- 
ing tissues.  It  is  a  useful  application  in  poison  ivy  dermatitis,  presumably  oxidizing 
the  active  principle. 

We  have  no  personal  observation  to  offer  concerning  the  internal  administration 
of  potassium  permanganate,  except  in  cases  of  difficult  or  suppressed  menstruation 
occurring  in  chlorotic  girls  and  flabby,  anemic  women.  Occasionally  it  seems  to 
produce  strikingly  good  results.    It  should  be  given  in  kaolin-coated  pill  or   com- 
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pressed  tablet  in  doses  of  Vz  to  2^2  grains  (0.03  to  0.15  Gm.),  three  times  daily  for 
two  days  preceding  the  anticipated  period,  and  may  be  continued  during  the  first 
day  of  the  How  if  necessary.  Similar  treatment  may  be  effective  when  basic  metabolism 
is  deficient,  as  in  hypothyroidism,  and  perhaps  in  gout  and  diabetes. 

Acids  and  Acidic  Salts 

The  acids,  which  are  compounds  of  an  acid  radical  (anion)  with  hydrogen,  may 
be  divided  into  inorganic  or  mineral  acids  and  organic  acids.  But  few  inorganic 
acids  occur  preformed  in  nature,  and  none  of  the  stronger  mineral  acids.  Free 
inorganic  acids  are  common  plant  constituents  and  are  also  formed  in  acid  fer- 
mentation. 

Acetic  acid,  in  the  form  of  vinegar,  was  well  known  to  the  ancients  and  much 
used  by  them  both  internally  and  externally.  Hippocrates  speaks  of  external  appli- 
cations of  cloths  soaked  in  vinegar  as  a  remedy  for  bruises  and  wounds,  and  Dios- 
corides  recommends  it  to  prevent  inflammation  in  recent  wounds  and  to  improve  the 
condition  of  unhealthy  ulcers.  The  latter  also  used  vinegar  internally  in  certain 
types  of  indigestion  and  for  various  other  conditions. 

The  use  of  citric  acid,  as  lemon  juice,  and  of  lactic  acid,  as  sour  milk,  is  also 
very  ancient.  Both  have  been  used  to  correct  various  digestive  disturbances,  and 
the  former  also  for  certain  metabolic  troubles,  especially  scurvy. 

The  mineral  acids  were  introduced  into  medicine  a  little  more  than  a  century 
ago.  In  the  latter  part  of  the  eighteenth  century  nitric  acid  was  used  as  a  fumigant 
to  destroy  the  supposed  effluvia  of  plague  and,  soon  after,  this  and  other  acids  were 
used  internally  in  diluted  form  to  prevent  the  infection.  A  so-called  sulphuric  acid 
lemonade  was  substituted  for  all  water  drunk  in  certain  hospitals  in  Philadelphia 
during  a  cholera  epidemic  in  1867  and  had  the  effect  of  preventing  the  spread  of 
the  malady  within  the  walls. 

Chemically  the  acids  are  distinguished  as  organic  and  inorganic.  Therapeutically 
both  kinds  are  best  classified  according  to  the  activity  of  their  dissociation.  Those 
which  dissociate  strongly  act  as  acids,  owing  their  effects  to  their  H  ions.  Those 
which  dissociate  weakly  show  but  little  acidic  activity  and  in  pharmacodynamic  effect 
share  the  properties  and  powers  of  their  acid  radicals  (anions). 

To  the  first  group  (dissociating  actively)  belong  the  following  acids:  hydro- 
chloric (HCl),  nitric  (HNO3),  nitrous  (HNOO,  sulphuric  (H2SO4),  sulphurous 
(HjSOj),  phosphoric  (H3POJ,  phosphorous  (H3PO3),  chromic  (H^CrO^),  among 
inorganic  compounds;  and  formic  (HCOOH),  acetic  (CH3COOH),  citric  (CjH.OH- 
(C00H)3),  lactic  (CH^H.COOH),  oxalic  ((COOH),),  tartaric  ((CHOH.- 
COOH)^),  among  the  organic  ones. 

The  second  group  (dissociating  slightly)  includes :  hydrobromic,  hydriodic,  hydro- 
sulphuric,  hydrocyanic,  arsenious,  and  boric,  among  the  inorganic  acids;  and  among 
the  organic  acids:  benzoic,  gallic,  tannic,  and  salicylic.  These  will  be  considered 
with  their  salts. 

With  the  acids  are  also  taken  up  certain  acidic  salts  containing  hydrogen  and 
a  base  united  to  an  acid  radical,  and  which,  therefore,  functionate  as  acids  of  half 
strength.  These  salts  are  potassium  bitartrate  (KHC.H^O,),  sodium  disulphate 
(NaHSO^),  and  acid  sodium  phosphate  (NaH^POJ. 

In  addition,  a  substance,  betain  hydrochloride,  which  releases  hydrochloric  acid 
by  dissociation,  may  be  mentioned.  Its  action  is  similar  to  that  of  HCl  but  much 
weaker. 

Materia  Medica. — Acidum  Hydrochloricum  (U.S.  X.),  Hydrochloric  Acid. 
Abhr.,  Acid.  Hydrochl. 
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Hydrochloric  acid  is  an  aqueous  solution  containing  not  loss  than  31  percent, 
and  not  more  than  33  percent,  of  HCl.  It  is  a  colorless,  fuming  liciuid,  having  a 
pungent  odor. 

Dose,  sec  Acidum  Hydrochloricuiu  Dilutuni. 

AciDUM  IIvDHOciiLOHicuM  DiLUTUM  (U.S.  X.),  Diluted  Hydrochloric  Acid.  Ahhr., 
Acid.  Hydrochl.  Dil. 

An  aqueous  solution  containing  not  less  than  9.5  percent,  and  not  more  than 
10.5  percent,  of  HCl ;  a  colorless,  odorless  liquid,  obtained  by  mixing  313  parts  by 
weight  of  hydrochloric  acid  and  087  parts  of  water. 

Dose,  5  to  20  minims  (0.3  to  1.2  cc),  properly  diluted. 

Acidum  Nitricum  (U.S.  X.),  Nitric  Acid.    Ahhr.,  Acid.  Nitric. 

Nitric  acid  contains  not  less  than  67  percent,  and  not  more  than  69  percent, 
of  HNO,.  A  fuming  liquid,  very  caustic  and  corrosive  and  having  a  characteristic, 
somewhat  suffocating  odor. 

Dose,  external  as  a  caustic;  internal,  see  Acidum  Nitricum  Dilutum. 

Acidum  Nitricum  Dilutum  (Br.),  Diluted  Nitric  Acid.   Ahhr.,  Acid.  Nitric.  Dil. 

Diluted  nitric  acid  contains  10  percent,  by  weight  of  hydrogen  nitrate,  UNO,. 

Dose,  5  to  30  minims  (0.3  to  1.9  cc),  properly  diluted. 

Acidum  Nitroiivdrochloricum  (U.S.  IX.),  Nitrohydrochloric  Acid.  Ahhr.,  Acid, 
Nitrohydrochl.     Synonyms:  Nitromuriatic  Acid,  Aqua  regia. 

A  strong,  aqueous  solution  containing  hydrochloric  acid,  nitric  acid,  nitrosyl 
chloride,  and  chlorine.  Nitric  acid,  18  cc. ;  hydrochloric  acid,  82  cc,  to  each  100  cc.  of 
solution. 

Note. — Do  not  dispense  nitrohydrochloric  acid  which  does  not  immediately 
liberate  iodine  when  one  drop  of  the  acid  is  added  to  1  cc.  of  a  1 :  5  aqueous  solution 
of  KI. 

Dose,  3  minims  (0.3  cc). 

Acidum  Nitrohydrochloricum  Dilutum  (U.S.  IX.),  Diluted  Nitrohydrochloric 
Acid.    Ahhr.,  Acid.  Nitrohydrochl.  Dil.     Synonym:  Diluted  Nitromuriatic  Acid. 

Nitric  acid,  10  cc. ;  hydrochloric  acid,  45.5  cc. ;  distilled  water,  194.5  cc.  (U.S.). 
Nitric  acid,  60  cc;  hydrochloric  acid,  80  cc. ;  distilled  water,  500  cc  The  mix- 
ture is  to  be  kept  in  a  glass-stoppered  bottle  for  fourteen  days  before  use  (Br.). 
A  colorless  or  pale  yellow  liquid  with  a  faint  odor  of  chlorine  and  a  very  acid 
taste. 

Dose,  5  to  20  minims  (0.3  to  1.2  cc). 

Acidum  Sulpiiuricum  (U.S.  X.),  Sulphuric  Acid.  Ahhr.,  Acid  Sulphuric 
Synonyms:  Oil  of  Vitriol,  Vitriolic  Acid. 

Sulphuric  acid  contains  not  less  than  93  percent,  and  not  more  than  95  percent. 
HjSO^.  It  is  a  colorless,  odorless  liquid  of  oily  consistence,  very  caustic  and  corrosive. 
It  is  miscible  witli  water  and  alcohol  with  the  evolution  of  much  heat. 

Dose,  see  dilute  and  aromatic  sulphuric  acid. 

Acidum  Sulpiiuricum  Arumatkum  (U.S.  X.),  Aromatic  Sulphuric  Acid.  Ahhr., 
Acid.  Sulph.  Arom. 

Sulphuric  acid,  109  cc. ;  tincture  of  ginger,  50  cc. ;  oil  of  cinnamon,  1  cc;  alcohol, 
q.s.  to  make  1000  cc  (U.S.).  Tincture  of  ginger,  250  cc ;  spirit  of  cinnamon,  15  cc. ; 
sulphuric  acid,  70  cc. ;  alcohol  (90  percent.),  q.s.  to  produce  1000  cc.  (Br.).  A  clear, 
reddish-brown  liquid,  having  a  jjleasant,  aromatic  odor. 

Dose,  5  to  20  minims  (0.3  to  1.2  cc). 

Acidum  Sulphuricum  Dilutum  (U.S.  X.),  Diluted  Sulphuric  Acid.  Ahhr.,  Acid. 
Sulph.  Dil. 

Diluted  sulphuric  acid  is  an  aqueous  solution  containing  not  less  than  9.5  per- 
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cent,  and  not  more  than  10.5  percent,  of  H^SO^.  Sulphuric  acid,  107  Gm. ;  distilled 
water,  893  cc.  (U.S.).  Sulphuric  acid,  112.5  Gm.;  distilled  water,  940  cc.  (Br.).  It 
is  a  colorless,  odorless   liquid,  having  a  strongly  acid  taste. 

Dose,  5  to  20  minims  (0.3  to  1.2  cc). 

AciDUM  Phosphoricum  (U.S.  X.),  Phosphoric  Acid.  Ahhr.,  Acid.  Phos.  Acidum 
PJiosplioricum  C oncentratuni  (Br.),  Concentrated  Phosphoric  Acid.  Ahhr.,  Acid. 
Phos.  Cone. 

Contains  not  less  than  85  percent,  and  not  more  than  88  percent,  of  H^PO^  (U.S.). 
A  liquid  containing  66.3  percent,  by  weight  of  hydrogen  orthophosphate,  H^PO^,  and 
33.7  percent,  by  weight  of  water  (Br.).  A  colorless,  odorless  liquid  of  a  syrupy  con- 
sistence, miscible  with  water  and  alcohol. 

Dose,  see  Acidum  Phosphoricum  Dilutum. 

Acidum  Phosphoricum  Dilutum  (U.S.  X.),  Diluted  Phosphoric  Acid.  Ahhr., 
Acid.  Phos.  Dil. 

An  aqueous  solution  containing  not  less  than  9.5  percent,  and  not  more  than 
10.5  percent,  of  H^PO^.    A  clear,  colorless,  odorless  liquid. 

Dose,  10  to  40  minims  (0.6  to  2.5  cc). 

Liquor  Phosphatum  Acidus  (N.F.),  Acid  Solution  of  Phosphates.  Ahhr.,  Liq. 
Phos.  Acid.     Synonym:    Solution  of  Acid  Phosphates. 

Contains  precipitated  calcium  carbonate,  5  percent. ;  magnesium  carbonate,  0.5 
percent.;  phosphoric  acid,  12  percent.;  distilled  water  q.s.ad  100  percent.  Represents 
7^  grains  (0.5  Gm.)  of  dibasic  calcium  phosphate  in  each  fluidram. 

Dose,  1  fluidram  (4  cc). 

Acidum  Aceticum  (U.S.  X.),  Acetic  Acid.    Ahhr.,  Acid.  Acet. 

Acetic  acid  may  be  obtained  by  the  destructive  distillation  of  wood.  It  contains 
not  less  than  36  percent,  and  not  more  than  37  percent,  of  CHj.COOH  (U.S.); 
33  percent,  by  weight  of  hydrogen  acetate  and  67  percent,  by  weight  of  water  (Br.). 
It  is  a  clear,  colorless  liquid,  having  a  strong,  characteristic  odor,  and  a  sharply  acid 
taste;  is  miscible  with  water,  alcohol  and  glycerin. 

Dose,  see  Acidum  Aceticum  Dilutum. 

Acidum  Aceticum  Dilutum  (U.S.  X.),  Diluted  Acetic  Acid.  Ahhr.,  Acid.  Acet. 
Dil. 

Diluted  acetic  acid  contains  not  less  than  5.7  percent,  and  not  more  than  6.3  per- 
cent, of  hydrogen  acetate,  made  by  adding  835  Gm.  distilled  water  to  165  Gm.  acetic 
acid. 

Dose,  20  to  40  minims  (2  cc). 

Acidum  Aceticum  Glaciale  (U.S.  X.),  Glacial  Acetic  Acid.  Ahhr.,  Acid.  Acet. 
Glac. 

Glacial  acetic  acid  contains  not  less  than  99  percent,  of  hydrogen  acetate, 
CH3.COOH.  A  clear,  colorless  liquid,  having  a  strong,  characteristic  odor,  and  a  very 
pungent,  acid  taste.    It  is  miscible  with  water,  alcohol  and  glycerin. 

Dose,  for  external  use  only. 

Acidum  Citricum  (U.S.  X.),  Citric  Acid.    Ahhr.,  Acid.  Cit. 

Citric  acid  contains  not  less  than  99.5  percent,  of  hydrogen  citrate, 
HjCjHjO, .  HjO.  It  occurs  as  colorless,  translucent  crystals  or  a  white  powder.  It  is 
odorless,  has  an  acid  taste,  and  is  efflorescent  in  warm  air. 

Dose,  5  to  20  grains  (0.3  to  1.2  Gm.). 

Acidum  Tartaricum  (U.S.X.),  Tartaric  Acid.  Ahhr.,  Acid.  Tart.  Synonym: 
Dextrotartaric  Acid. 

A  dibasic  organic  acid,  usually  obtained  from  wine  lees,  or  argal,  and  containing 
not  less  than  99.5  percent,  of  hydrogen  tartrate,  C2H2(OH)j(COOH)j.    Colorless  trans- 
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liu'cnt  crystals  or  a  white  powder;  odorless;  acid  taste.  One  part  s(jlublo  in  %  part 
of  water  and  in  3  parts  alcohol  at  25°  C.     Insoluble  in  chloroform. 

Dose,  5  to  30  grains  (0.3  to  2  Gm.). 

PoTASsil  BiTAKTRAS  (U.S.  X.),  Potassium  Bitartrate.  Ahhr.,  Pot.  Bitart.  Pota^sii 
Tartras  Acidus  (Br.),  Acid  Potassium  Tartrate.  Abbr.,  Pot.  Tart.  Acid.  Synonytn: 
Cream  of  Tartar. 

Colorless  or  slightly  opaque,  rhombic  crystals,  or  a  white,  somewhat  gritty 
powder.  It  is  odorless,  and  has  a  pleasant,  acidulous  taste.  One  Gm.  is  soluble  in 
155  cc.  of  water  and  in  8820  cc.  of  alcohol  at  25°  C,  and  in  16  cc.  of  boiling  water. 
Contains  not  less  than  99.5  percent.  KHC^H^O,. 

Dose,  15  to  60  grains  (1  to  4  Gm.). 

SoDii  BiPHosi'HAS  (U.S.X.),  Sodium  Biphosphate.  Ahhr.,  Sod.  Biphosph.  Syno- 
nyms: Sodium  Dihydrogen  Phosphate,  Monosodium  Orthophosphate,  Sodium  Biphos- 
phate, Sodii  Phosphas  Acidus,  Acid  Sodium  Phosphate,  Sodium  Acid  Phosplmte  (mono- 
basic). Sodium  Phosphate  (monobasic),  Sodium  Acid  Phosphate. 

Occurs  in  colorless,  transparent  crystals  or  a  white,  granular,  crystalline  powder; 
odorless,  and  of  an  acid,  saline  taste;  freely  soluble  in  water,  but  practically  in- 
soluble in  alcohol,  chloroform,  and  ether. 

Dose,  10  to  30  grains   (0.6  to  2  Gm.). 

Antipathogenic  Action. — Most  bacteria,  and,  indeed,  most  living  cells  can  flourish 
only  in  media  which  are  neutral  or  faintly  alkaline;  only  exceptionally  or  through  special 
adaptive  cultivation,  can  they  maintain  their  vitality  even  in  weakly  acid  media.  Lactic 
acid  producing  bacilli,  certain  fungi  (Oidium,  Saccharomyces  albicans,  Sarcina  ventriculi) 
and  certain  bacteria  of  putrefaction  (Bacillus  subtilis)  constitute  the  exceptions  of  chief 
interest  to  physicians.  Most,  if  not  all,  of  the  pathogenic  bacteria  fail  to  grow  in  acid 
media. 

All  acfds,  both  inorganic  and  organic,  are  therefore  antiseptics,  though  they  are  not 
all  germicides.  According  to  their  activity  and  concentration  they  may  simply  render 
the  culture  medium  unfavorable  to  the  development  and  reproduction  of  microorganisms, 
or  they  may  injure  or  destroy  the  cell  protoplasm  by  abstracting  water,  decomposing 
salts,  overcoming  natural  alkalinity,  and  coagulating  proteins  with  the  formation  of 
acid  albuminates  which  are  frequently  soluble  in  excess  of  the  acid. 

The  action,  depending  on  the  free  H  ions,  is  related  to  the  degree  of  dissociation 
of  the  acid  as  well  as  to  its  concentration.  The  presence  of  alkali  or  other  substance 
which  tends  to  bind  the  acid  will,  of  course,  reduce  its  power. 

In  alkali-free  peptone  solution,  most  spore-free  bacteria  are  killed  in  about  two 
hours  by  concentrations  of  the  mineral  acids  varying  from  N/25  (hydrochloric  0.5 
percent.;  sulphuric  0.2  percent.)  for  diphtheria,  to  N/10  to  N/20  for  glanders.  Staphylo- 
cocci and  spore-free  anthrax  lie  between  these  limits.  Cholera  and  typhoid  resemble 
diphtheria  and  may  be  even  more  susceptible.  In  water  polluted  with  these  organisms 
N/100  sulphuric  acid  (0.05  percent.)  will  destroy  the  bacilli  in  Vi  to  1  hour.  Spirochseta 
pallida  is  very  sensitive  to  acidity.  Anthrax  spores  are  not  certainly  destroyed  by  solu- 
tions of  less  than  2  to  6  percent.,  that  is,  approximately  normal.  Gastric  acidity  of  30°, 
corresponding  to  0.1  percent,  free  HCl,  has  a  marked  bactericidal  power  (Bartle  and 
Haskins.) 

Acid  salts  are  less  efficient,  but  acid  phosphates  will  disinfect  sewage  when  used  in 
a  proportion  of  1:1000,  and  acid  salts  will  combine  in  the  test  tube  with  some  of  the 
alkaloidal  products  of  intestinal  bacteria  (including  the  cadaverine  of  the  cholera 
bacillus)  converting  them  into  neutral  salts  and  diminishing  their  toxicity.  The  same 
process  is  believed  to  occur  in  the  alimentary  canal. 

The  organic  acids  must  be  used  in  higher  concentrations,  although  citric  and  formic 
are  more  active  than  lactic  and  acetic. 

As  they  attack  all  animal  tissues,  the  acids  are  not  adapted  for  therapeutic  use  as 
antiseptics  except  in  the  alimentary  canal,  the  mucosa  of  which  is  able  to  resist  even 
greater  concentrations  than  those  which  destroy  bacteria. 

Pharmacodsmamic  Action.— The  action  of  acids  on  the  body  depends  (1)  on  their 
power  to  neutralize  alkalis  and  thus  reduce  the  alkaline  reserve  of  the  blood;    (2)   on 
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their  destructive  action  on  proteins;  and  (3)  on  salt  action.  Tlie  first  of  these  effects 
is  seen  in  poisoning  with  weak  or  dilute  acids,  the  second  with  strong,  concentrated 
acids,  while  the  third  is  usually  not  of  great  importance  except  as  regards  the  strong 
attraction  of  sulphuric  acid  for  water. 

Ahsorption  and  Elimination. — Acids  are  not  absorhed  as  such  from  the  alimentary 
tract,  but  are  neutralized  before  entering  the  blood  stream  and  circulate  as  sodium  salts. 
This  neutralization  leads  to  a  depletion  of  the  reserve  alkali  of  the  blood  and  tissues; 
but,  in  intoxication  with  acids  death  occurs  before  the  depletion  is  sufficient  to  render 
the  blood  acid  in  reaction.  In  the  herbivora — rabbits,  for  example — the  available  alkali 
is  used  up  rapidly  and  death  results  from  small  doses.  In  carnivora  and  man,  on  the 
other  hand,  an  alteration  occurs  in  the  metabolism,  leading  to  the  formation  of  ammonia 
instead  of  urea  from  the  nitrogen  of  the  proteids.  This  ammonia  is  utilized  for  neu- 
tralization and  the  reserve  alkali  being  thus  for  a  time  spared,  much  larger  doses  can 
be  withstood. 

Excretion  of  acids  takes  place  as  compounds  with  sodium,  potassium  and  ammonium; 
chiefly  the  first  in  herbivora  and  the  last  in  carnivora,  although  in  the  latter  the 
excretion  of  sodium  is  also  considerable.  The  acidity  (H  ion  concentration)  of  the 
urine  is  markedly  increased — but  by  the  presence  of  acid  salts,  not  of  free  acids — and  it 
becomes  highly  irritating  to  the  kidneys  and  bladder.  Albuminuria,  and  even  hematuria, 
may  result. 

The  organic  acids,  with  the  exception  of  oxalic,  are  burned  in  the  body  with  the 
formation  of  carbon  dioxide,  which  escapes  and  leaves  in  the  blood  or  tissues  the  alkali 
with  which  it  was  combined.  Salts  of  such  acids  thus  act — similarly  to  the  carbonates — 
as  alkalis. 

Topical:  Skin. — The  exact  concentration  in  which  acids  act  destructively  on  the  skin, 
varies  so  much  with  the  duration  of  exposure  and  the  temperature  of  the  acid,  that 
only  rough  figures  can  be  given.  The  concentrated  acids  of  the  U.S. P.  are  mostly  promptly 
destructive,  the  dilute  acids  not. 

Hydrochloric. — Even  the  concentrated  acid  (40  percent.)  applied  to  the  skin  is  not 
immediately  destructive  and  if  washed  off  promptly  causes  only  slight  redness.  If  the 
application  be  continued,  the  skin  becomes  white  and  swollen  and  the  upper  layers 
necrotic.     Ten  percent  hydrochloric  acid  is  hardly  irritating  and  not  destructive. 

Nitric. — Concentrated  nitric  acid  destroys  the  skin  with  the  formation  of  nitropro- 
teins.  As  these  are  not  readily  soluble  they  form  a  sort  of  barrier;  penetration  is  not 
rapid  and,  if  the  acid  be  promptly  removed,  there  is  left  a  dry  brown  or  yellow  area  of 
dead  skin,  which  separates  very  slowly.  Weak  nitric  acid  discolors  the  skin  but  causes 
no  further  change. 

StjXphuric. — Owing  to  its  avidity  for  water  and  the  softness  and  solubility  of  the 
eschar  formed,  sulphuric  acid  penetrates  much  more  deeply  than  any  other  acid  and 
causes  worse  burns.  Concentrated  acid  (90  percent.)  on  the  skin  causes  immediate, 
severe  burning  pain  with  whitish  and  later  brownish  or  black  discoloration  (carboniza- 
tion). The  eschar  separates  and  the  surrounding  parts  become  swollen  and  painful. 
The  ulcer  remaining  is  deep  and,  if  extensive,  heals  with  extreme  scarring.  Even  dilute 
acid  has  a  destructive  effect  on  the  skin,  causing  burning  pain  followed  by  loss  of  the 
cuticle  and  a  condition  resembling  a  broken  blister. 

S11.PHUEOUS. — This  is  a  powerful  reducing  agent,  withdrawing  oxygen  from  the  tis- 
sues and  becoming  sulphuric  acid,  whose  action  it  then  shares.  Acid  Sodium  Sulphate 
(NaHSOi)  does  not  have  the  topical  action  of  acids. 

Phosphoric. — The  concentrated  acid  acts  as  an  escharotic  on  the  skin  somewhat  like 
sulphuric.    When  diluted  it  loses  this  action. 

Chromic. — The  fused  chromic  acid  has  little  effect  on  the  skin  or  causes  dry  necrosis 
of  the  superficial  layers.     In  solution  it  causes  drying  and  discoloration. 

Formic. — Formic  acid  in  strong  solution  applied  to  the  skin  does  not  destroy  it, 
but  penetrates  and  gives  rise  to  blisters  with  severe  pain  and,  rarely,  to  superficial 
necrosis.  Dilute  solutions  induce  urticaria  with  extreme  itching.  It  is  claimed,  with 
insufficient  proof,  that  formic  acid  is  largely  responsible  for  the  irritation  of  mosquito 
bites,  bee  stings  and  nettle  poisoning. 

Acetic  and  Lactic. — Glacial  acetic  and  pure  lactic  acids  share  the  caustic  properties 
of  other  concentrated  acids,  but  even  strong  solutions  are  not  destructive  to  the  skin. 

Oxalic  and  Tartaric. — These  acids  bleach  the  skin  and  hair  but  have  little  other 
effect  except  in  very  concentrated  solution. 
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Topical  Actio7i:  Mucous  Membranes. — On  exposed  mucous  membranes,  especially  the 
eye  and  nose,  even  very  dilute  acids  are  irritating.  It  may  be  said  roughly  that  any  acid 
■which  will  promptly  affect  litmus  paper,  will  cause  sneezing  or  lacrymation.  (This  is 
only  true  of  acids  of  the  first  group.)  Strong  acids  act  much  as  on  the  skin,  destroying 
the  mucosa  and  causing  eschars  and  deep  ulcers.  The  mouth  is  much  more  resistant  to 
acids  than  the  nose,  even  5  percent,  hydrochloric  not  causing  any  pain  or  destruction  if 
held  in  the  mouth  for  several  minutes.  It  must  not  be  forgotten  that  mineral  acids  in 
the  mouth  attack  the  teeth  and  therefore  when  given  by  mouth  they  must  be  taken 
through  a  tube.  The  stomach,  being  always  exposed  to  acid,  has  developed  a  strong 
resistance  and  even  10  percent,  hydrochloric  acid  may  be  swallowed  with  no  further 
symptoms  than  some  burning  pain. 

The  concentrated  acids  cause  necrosis  and  sloughing  even  more  than  on  the  skin. 

The  vapor  of  hydrochloric  acid  is  extremely  irritating.  A  concentration  of  0.005 
percent,  is  too  irritant  to  the  eyes,  nose  and  throat  of  man  to  be  long  supported.  Cats 
are  more  resistant  than  man,  but,  exposed  to  0.15  percent,  of  the  gas,  soon  show  restless- 
ness, pain,  lacrymation,  edema  of  the  larynx  with  dyspnea  followed  by  stupor.  If  re- 
moved they  have  bronchitis  and  laryngitis,  with  false  membrane  formation.  If  the  gas 
is  somewhat  weaker,  no  severe  symptoms  may  occur  during  the  exposure,  yet  the  animals 
die  several  days  later  from  edema  of  the  lungs  or  glottis.  When  concentrated  solutions 
are  swallowed,  there  is  severe  pain  in  the  throat  and  stomach,  vomiting  of  yellow,  brown 
or  blood-stained  masses,  distention  of  the  abdomen,  cramps  and  collapse.  The  mouth  is 
less  burned  than  by  other  acids.  Ulceration  and  perforation  of  the  stomacli  is  frequent. 
In  case  of  recovery,  there  is  extensive  scarring  of  the  mucosa,  leading  to  strictures, 
especially  in  the  esophagus.  Stricture  of  the  pylorus  and  hourglass  stomach  may  also 
result. 

The  fumes  of  nitric  acid  are  very  irritating,  but  they  tend  to  cause  edema  less  than 
do  those  of  HCl.  If  drawn  into  the  lung  they  may  cause  bronchitis  or  bronchopneumonia. 
Solutions  stronger  than  30  percent,  when  swallowed,  act  destructively  on  the  mucosa. 
There  is  yellow  or  brown  discoloration  of  the  lips  and  tongue,  severe  pain  and  symptoms 
resembling  those  produced  by  hydrochloric  acid. 

The  destruction  of  the  mucosa  of  the  mouth  and  throat  by  sulphuric  acid  is  greater 
and  the  vomitus  contains  pieces  of  the  mucous  lining  of  the  stomach.  The  pain  is  even 
more  severe  than  from  hydrochloric  acid.  If  the  acid  is  as  strong  as  50  percent,  tliere  is 
likely  to  be  perforation  of  the  stomach. 

Chromic  acid  even  in  dilute  solution  is  an  active  precipitant  of  protein.  When  it  is 
applied  to  mucous  membranes  in  strong  solution  or  as  a  solid,  there  results  a  superficial 
eschar,  accompanied  by  little  pain  but  followed  by  considerable  retraction  of  the  scar. 
Workmen  exposed  to  the  fumes  of  chromic  acid  develop  a  peculiar  ulceration  of  the 
septal  mucosa  which  may  lead  to  perforation  of  the  septum. 

The  organic  acids  show  effects  similar  to  those  described  as  characteristic  of  the 
mineral  acids,  but  although  the  pain  is  very  severe,  there  is  less  destruction  of  tissue, 
and  perforation  of  the  stomach  does  not  result.    Severe  strictures  are  not  commonly  seen. 

Toxicity. — Concentrated  acids,  when  swallowed,  induce  severe,  burning  pain  in  the 
mouth,  throat  and  stomach,  followed  by  vomiting  of  discolored  mucus,  which  contains 
blood  and  often  shreds  of  tissue.  The  abdomen  becomes  distended,  colicky  pain  sets  in 
and  may  be  severe  enough  to  cause  fainting.  If  the  dose  has  been  large,  death  may  occur 
from  exhaustion  before  other  symptoms  come  on.  With  the  strong  mineral  acids  the 
vomiting  commonly  leads  to  constipation.  The  organic  acids  and  more  dilute  mineral 
acids  may  cause  gastroenteritis  with  diarrhea.  If  life  is  prolonged,  symptoms  of  renal 
irritation  appear  and  death  may  then  result  from  nephritis  with  anuria.  Irritation  of 
the  pharynx  and  larynx  by  fumes  or  droplets  often  leads  to  acute  edema  of  the  larynx, 
which  may  prove  fatal  immediately  or  even  after  tracheotomy.  When  death  is  averted, 
there  is  likely  to  be  scarring  of  the  esophagus  and  stomach,  with  strictures. 

The  lethal  dose  by  mouth  varies  with  the  condition  of  the  stomach  and  other 
factors.  In  man  death  is  likely  to  occur  from  the  following  amounts  of  the  concen- 
trated acids:  Hydrochloric,  2i/j  drams  (10  cc.)  of  35  percent.;  nitric,  2  drams  (8  cc.) 
of  40  percent.;  sulphuric,  2  drams  (8  cc.)  of  50  percent.;  oxalic,  70  grains  (5  Gm.)  of 
pure;  acetic  and  lactic,  3  drams  (12  Gm.)  of  glacial;  citric,  7  drams  (30  Gm.)   of  pure. 

The  symptoms  which  result  from  absorption  are  in  certain  respects  different  with 
each  acid  and  are  described  under  systemic  action.  The  nephritis  and  the  degenerative 
changes  in  other  viscera  are,  however,  common  to  all  acids. 
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Systemic  Action. — The  administration  of  acids  by  mouth  has  been  chiefly  used  to 
determine  their  alimentary  action;  while  their  remote  effects  have  been  studied  by  the 
intravenous  injection  of  very  dilute  acids.  Studies  have  also  been  made  by  perfusion  of 
isolated  organs.  In  these  experiments,  the  fluid  could  be  made  actually  acid  in  reaction, 
which  never  occurs  within  the  body. 

When  dilute  acids  are  taken  by  mouth,  they  have  an  acid,  astringent  taste  and  cause, 
reflexly,  a  slight  increase  in  the  flow  of  saliva.  They  act  destructively  on  the  teeth,  dis- 
solving the  enamel.  They  should  therefore  be  taken  through  a  tube.  In  the  stomach 
they  act  as  antiseptics  and  if  the  natural  acid  is  deficient,  aid  in  peptic  digestion  if 
given  toward  the  end  of  or  shortly  after  a  meal.  It  is  claimed  by  some  that  the  secretion 
of  pepsin  and  the  motility  of  the  stomach  are  increased.  Small  doses  of  dilute  mineral 
acids,  taken  when  the  stomach  is  empty,  tend  to  check  the  outpouring  of  gastric  juice, 
and  are  thus  applied  in  cases  with  moderate  hypersecretion.  Acids  are  usually  com- 
pletely or  largely  neutralized  in  the  stomach,  but  if  any  escape  through  the  pylorus  it 
increases  the  peristalsis  of  the  bowel  and  also  stimulates  the  secretion  of  secretin,  which 
is  the  physiologic  stimulant  of  the  pancreas.  In  this  way  acids  may  aid  pancreatic  as 
well  as  peptic  digestion,  especially  in  cases  of  subacidity.  Digestion  is  also  influenced 
by  the  fact  that  larger  quantities  of  acidulated  drinks  can  ordinarily  be  taken  than  of 
plain  water.  , 

"When  dilute  acids  are  injected,  or  when  enough  is  absorbed  to  alter  materially  the 
reaction  of  the  blood,  the  respiratory  metabolism  and  control  is  markedly  influenced. 
All  acids  stimulate  the  respiratory  center  directly,  like  carbonic  acid,  and  thus  primarily 
increase  the  rate  and  depth  of  respiration.  This  leads  to  an  increase  in  the  escape  of 
carbonic  acid  and  at  the  same  time,  the  alkali  of  the  blood,  which  carries  the  carbon 
dioxide  in  the  form  of  carbonates,  is  bound  by  the  acid  administered  and  the  carrying 
power  of  the  blood  for  carbon  dioxide  is  thus  enormously  decreased.  In  a  rabbit  poisoned 
by  intravenous  injection  of  HCl,  it  was  found  that  the  solvent  power  of  the  blood  was 
reduced  from  the  normal  of  25  volumes  percent,  to  2  volumes  percent.,  about  that  of 
water.  This  decrease  in  the  amount  of  carbon  dioxide  in  the  blood  leads  secondarily  to 
depression  of  the  respiratory  center  and  weak  respiration  with  resulting  asphyxia.. 
The  acid  seems  also  to  interfere  with  the  formation  of  carbon  dioxide  by  the  tissues. 
In  the  rabbit  about  1  cc.  per  kilo  of  HCl  is  required  to  cause  paralysis  of  the  respiratory 
center.  The  heart  is  weakened  by  direct  and  central  action  and  the  blood  pressure  falls. 
The  central  nerve  system  is  depressed,  reflexes  are  weak  and  there  is  paralysis  or 
weakness  followed  by  somnolence  and  coma.  Convulsions  may  result  from  asphyxia. 
The  neutralized  acid  is  excreted  by  the  kidneys  and  acts  as  an  irritant  diuretic  as  well 
as  a  saline  one.  The  ammonia  excretion  is  markedly  increased  and  this  leads  to  an 
increase  in  the  total  nitrogen  excretion  but  a  marked  lessening  in  that  of  the  urea.  Cal- 
cium excretion  is  also  increased.  The  temperature  is  low  as  a  result  of  decreased  heat 
formation. 

Perfusion  of  isolated  organs  shows  a  depressing  action  on  the  heart  and  voluntary 
muscle,  and  a  dilatation  of  isolated  vessels. 

Therapeutics:  Topical. — Applied  in  concentrated  form,  the  mineral  acids,  lactic 
acid  and  glacial  acetic  acid,  are  corrosive  and  caustic  and  are  used  cautiously  to 
destroy  venereal  and  other  warts,  corns,  telangiectases,  etc.  Diluted,  the  mineral 
acids,  but  especially  acetic  and  citric  acids,  are  employed  as  cooling  lotions  in  fever 
and  to  restrain  excessive  sweating;  they  are  also  of  value  as  hemostatics  and  astrin- 
gents to  arrest  oozing  of  blood  from  abraded  surfaces  and  bleeding  from  slight  cuts. 
In  stronger  solution  the  mineral,  lactic,  and  tartaric  acids  are  irritating.  In  alopecia 
areata  an  application  of  a  mixture  of  1  dram  (4  cc.)  each  of  lactic  acid  and  castor 
oil  in  4  ounces  (128  cc.)  of  alcohol  is  strongly  recommended.  In  lupus  erytheniatosis 
a  useful  application  is  a  mixture  of  1  part  of  phenol  and  4  parts  of  lactic  acid,  a 
few  drops  being  rubbed  onto  the  affected  area  by  the  bowl  of  a  glass  spoon.  In 
tuberculous  laryngitis  the  vocal  cords  may  be  touched  with  a  similar  mixture,  which 
Is  also  useful  as  an  application  to  lupus  of  the  mucous  membranes.  As  a  solvent  of 
false  membrane  a  lactic  acid  dilution  (30  or  40  minims  to  the  ounce — 2  cc.  to  32  cc.) 
may  be  sprayed  into  the  throat.  Chromic  acid  is  used  as  a  fused  bead  in  the  nose  and 
throat  to  cause  reduction  of  hypertrophied  turbinates  and  adenoids. 
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Systemic. — Acidulous  drinks,  especially  lemonade  and  a  weak  solution  of  sodium 
biphospliate,  are  refreshing  and  help  to  allay  the  thirst  of  fevers.  In  atonic  dyspepsia, 
or  that  due  to  lack  of  acidity  in  the  gastric  juice,  10  minims  (0.6  cc.)  of  diluted 
hydrochloric  or  lactic  acid  administered  half  an  hour  after  meals  is  of  great  service. 
Either  of  these  acids,  or  the  nitrohydrochloric  in  10  minim  (0.6  cc.)  doses  may  be 
given  in  association  with  tincture  of  nux  vomica  or  some  other  stomachic  bitter. 
In  cases  of  undue  acidity,  as  indicated  by  heartburn  and  acid  eructations,  diluted 
nitric  acid,  in  dose  of  5  to  10  minims  (0.3  to  0.6  cc.)  half  an  hour  before  meals  will 
render  good  service.  In  anorexia  with  acidity,  10  to  15  minims  (0.6  to  1  cc.)  of 
diluted  hydrochloric  acid  with  tincture  of  nux  vomica  or  compound  tincture  of  gen- 
tian is  often  very  useful. 

Diluted  or  aromatic  sulphuric  acid,  in  doses  of  5  to  10  minims  (0.3  to  0.6  cc.) 
every  three  hours,  is  useful  in  diarrhea,  its  action  being  both  astringent  and  anti- 
septic. As  a  preventative  in  cholera  epidemics  sulphuric  acid  lemonade  has  been 
found  most  efficacious;  it  is  made  by  the  addition  of  pure  sulphuric  acid  to  dis- 
tilled water  in  sufficient  quantity  (0.05  to  0.1  percent,  or  about  1  drop  to  2  to  4 
ounces)  to  acidulate  it  and  sweetening  to  taste;  a  glassful  of  this  may  be  taken 
every  three  or  four  hours,  or  a  wineglassful  every  two  hours.  If  preferred,  aromatic 
sulphuric  acid  (15  to  30  minims  in  an  ounce  of  sweetened  water  every  two  or  three 
hours)  may  be  substituted  for  the  sulphuric  lemonade. 

Congestion  of  the  liver  occurring  as  a  sequel  of  malarial  fever  is  well  treated 
by  10  to  15  minims  (0.6  to  1  cc.)  thrice  daily  of  diluted  nitric  acid  with  compound 
tincture  of  cinchona.  Diluted  sulphuric  acid  given  in  doses  of  15  to  20  minims  (1  to 
1.3  cc.)  three  or  four  times  a  day  is  of  great  service  in  lead  colic.  The  sulphuric 
acid  lemonade,  above  mentioned,  is  an  efficient  prophylactic  of  lead  poisoning  for 
workers  in  that  metal. 

Lactic  acid  is  serviceable  in  intestinal  toxemia,  given  in  doses  of  15  to  20  minims 
(1  to  1.3  cc.)  three  times  a  day  after  meals,  or  taken  in  the  form  of  buttermilk  or 
of  milk  artificially  soured  by  being  sown  with  lactic  acid  bacilli.  By  the  use  of  the 
latter  or  by  the  ingestion  of  a  culture  of  Bulgarian  bacilli  or  other  strains  of  lactic 
acid-forming  organisms  it  was  hoped  that  the  bacilli  would  become  permanent  denizens 
of  the  large  intestine,  overcoming,  by  the  lactic  acid  which  they  formed,  the  putre- 
factive germs  which  are  the  cause  of  the  toxemia.  For  permanent  results,  however, 
there  must  be  exceptionally  favorable  conditions  and  in  most  instances,  so  far  as  we 
can  judge  from  personal  observation,  treatment  must  be  continuous,  or  at  least 
frequently  recurrent.  Attempts  have  been  made  to  arrest  putrefaction  and  asepticize 
abscesses,  sinuses,  and  suppurating  wound  cavities  by  application  of  cultures  or  sus- 
pensions of  organisms  of  this  group,  but  the  results  are  not  as  yet  sufficiently  definite 
to  establish  the  value  of  the  procedure.  The  bacilli  used  are  various — Bacillus  hulgari- 
cus,  B.  hifidiis,  B.  acidophilus,  B.  acidi  lactici,  and  Streptococcus  lacticus.  There  are 
a  number  of  preparations  in  the  market  containing  these  organisms,  some  of  the 
preparations  being  tablets  or  concentrated  cultures,  others  milk  cultures. 

Hydrochloric  acid  has  been  used,  at  times  with  benefit,  in  the  treatment  of  per- 
nicious  anemia,  being  given  to  counterbalance  the  deficiency  of  gastric  juice  in  this 
affection  and  also  to  destroy  the  putrefactive  organisms  in  the  ingested  food.  The 
diluted  acid  should  be  given  in  fairly  large  doses — 10  minims  (0.6  cc.)  in  4  ounces 
(half  a  glassful)  of  water  at  the  beginning  of  the  meal  and  the  same  amount  one- 
half  and  one  hour  after  meals. 

Diluted  sulphuric  acid  in  doses  of  20  minims  (1.3  cc.)  in  half  a  glass  of  water 
three  times  a  day,  is  said  to  be  of  value  in  increasing  the  resisting  powers  in  cases 
of  obstinate  furunculosis,  often  putting  an  end  to  the  recurrences. 


510  INOEGANIC  CHEMICAL  ANTISEPTICS 

In  pJilegmasia  alba  dolens  a  mixture  of  10  to  15  grains  (0.6  to  1  Gm.)  of  citric 
acid  with  10  to  15  minims  (0.6  to  1  cc.)  of  tincture  of  the  chloride  of  iron,  given 
in  lemonade  three  times  a  day,  is  recommended  to  limit  the  extension  of  the  throm- 
botic process. 

Sodium  biphosphate  (acid  sodium  phosphate)  is  used  to  render  the  urine  acid 
in  cystitis  and  phosphatwia;  it  is  given  in  doses  of  10  to  30  grains  (0.6  to  2  Gm.) 
in  solution.  It  may  be  given  also  when  methenamine  is  prescribed,  since  it  is  held 
that  the  latter  is  decomposed  and  therefore  exerts  its  antiseptic  action  only  in  an 
acid  medium. 

Alkalis 

The  alkalis  are  a  group  of  compounds,  which  owe  their  peculiar  physiologic  and 
medicinal  properties  to  the  fact  that  their  solutions  show  alkalinity;  that  is,  contain 
an  excess  of  free  hydroxyl  ions,  by  virtue  of  which  they  are  able  to  neutralize  acids, 
and  to  give  characteristic  color  reactions  with  litmus,  phenolphthalein  and  other 
so-called  indicators. 

Certain  of  them  occur  preformed  in  nature  or  are  readily  prepared  from  natural 
substances,  and  several  of  these,  such  as  soda  and  borax,  have  been  used  since  ancient 
times  as  cleansing  agents.  Others,  such  as  burnt  and  slaked  lime,  have  long  been 
employed  as  deodorants  and  to  destroy  and  render  innocuous  various  putrid  matters. 
Soap  was  early  made  by  heating  fats  with  crude  lye.  In  fact,  most  of  the  compounds 
of  sodium,  potassium,  ammonium,  and  calcium  have  been  known  for  centuries  in 
crude  or  impure  form.  The  compounds  of  strontium  and  of  lithium  are  of  compara- 
tively recent  introduction. 

Chemistry. — The  alkalis  are  combinations  of  alkali  metals  and  alkaline  earths 
with  weak  acids,  and,  according  to  the  nature  of  this  acid,  they  may  be  divided  into 
the  following  groups,  which  correspond  also  with  their  medicinal  uses. 

1.  Alkali  hydroxides   (caustic  alkalis). 

Sodium  hydroxide  (caustic  soda)  (NaOH)  ;  potassium  hydroxide  (caustic 
potash)  (KOH) ;  ammonium  hydroxide  (ammonia)  (NH^OH) ;  lye 
(crude  caustic  soda  or  potash). 

2.  Calcium  oxides  and  hydroxides. 

Caustic  lime  (CaO) ;  slaked  lime  (Ca(OH),). 

3.  Alkali  salts  of  fatty  acids. 

Soda  soaps;  potash  soaps. 

4.  Alkali  carbonates  and  bicarbonates. 

Sodium  carbonate  (washing  soda)  (NajCOJ ;  sodium  bicarbonate  (baking 
soda)  (NaHCOj) ;  potassium  carbonate  (KjCO,) ;  potassium  bicar- 
bonate (KHCO3)  j  lithium  carbonate  (Li2C03) ;  ammonium  carbonate 
(  (NHJ.CO,). 

5.  Carbonates  of  alkaline  earths. 

Calcium  carbonate  (chalk)  (CaCOj)  ;  strontium  carbonate  (SrCO^) ;  mag- 
nesium carbonate   (MgCO,). 

6.  Alkali  salts  of  vegetable  acids. 

Sodium  acetate  (NaOjC^H^)  ;  potassium  acetate  (KO^C^Hj) ;  sodium  citrate 
(]Sra30,C„HJ ;  potassium  citrate  (KjO^C.H^) ;  sodium  and  potassium 
tartrate  (KNaO,C,HJ ;  potassium  bitartrate   (KHO,C,HJ. 

7.  Phosphates. 

Sodium  phosphate  (NajPO,) ;  disodium  phosphate  (JSTa^HPOJ ;  calcium 
phosphate  (Ca3(P0JJ. 

8.  Borates. 

Sodium  biborats'  (borax)   (NajB^O,). 
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The  compounds  with  weak  acids  release  hydroxy!  by  dissociating  in  solution  and 
forming  compounds  with  the  water  according  to  the  following  general  reaction. 
Xa,CO,  +  211,0  =  2lSraOH  +  H,CO,.  Only  a  very  small  proportion  of  the  dissolved 
substance  takes  pai't  in  such  reaction,  but  the  new  compounds  immediately  dissociate 
and  as  the  factor  of  dissociation  of  NaOH  is  very  high  and  that  of  weak  acids  is 
very  low,  there  are  more  free  hydroxyl  ions  than  free  hydrogen  ions,  the  solution  thus 
being  alkaline.  The  strength  or  degree  of  alkalinity  depends  entirely  on  the  number 
of  free  hydroxyl  ions  in  solution.  This  in  turn  depends  on  the  factor  of  dissocia- 
tion and  on  the  strength  of  the  solution,  so  that  strong  solutions  of  alkali  carbonates 
and  very  weak  solutions  of  caustic  alkalis  may  correspond  in  power. 

Summary  of  Actions  and  Uses. — The  caustic  alkalis,  even  in  moderately  strong  solu- 
tion, are  destructive  of  all  forms  of  organic  matter.  It  is  largely  to  this  action  that 
their  therapeutic  effects  are  due.  They  destroy  proteins,  with  the  formation  of  alkali 
albuminates.  These  last,  being  more  soluble  than  the  protein  compounds  resulting  from 
the  destructive  action  of  acids  and  corrosive  metals,  tend  less  to  offer  a  barrier  to  the 
further  penetration  of  the  poison,  which  therefore  causes  a  much  more  profound  destruc- 
tion of  tissue.  Tissue  fats  are  also  destroyed,  with  the  formation  of  soluble  soaps.  The 
carbohydrates  are  less  readily  attacked,  but  by  applications  sufficiently  concentrated  are 
charred  or  reduced  to  simpler  sugars.  Mucus  is,  likewise,  rendered  soluble — a  further 
distinction  from  the  action  of  acids — and  this,  too,  aids  in  the  penetration  of  the  agent 
into  the  tissues. 

Under  the  term  alkali  carbonates  are  here  included  the  carbonates  and  bicarbonates 
of  sodium,  potassium,  and  lithium.  These  are  less  powerful  alkalis  than  the  hydroxides, 
the  bicarbonates  being  the  weaker  of  the  two  forms.  Like  the  hydroxides,  they  neu- 
tralize acids;  but  except  at  temperatures  far  above  that  of  the  body,  they  do  not  decom- 
pose organic  tissue  or  destroy  living  cells.  The  alkalinity  of  the  blood  is  maintained 
in  large  part  by  the  presence  of  sodium  bicarbonate,  which  is  a  normal  constituent  of 
all  body  fluids.  The  alkaline  secretions  (which  includes  all  the  external  secretions  except 
the  gastric  juice  and  the  urine)  also  owe  their  alkalinity  largely  to  this  substance.  The 
alkali  carbonates  may  act  through  their  power  to  neutralize  acids,  through  their  salt 
action  or  through  topical  irritation  by  the  carbonic  acid  gas  liberated  when  they  are 
decomposed.  The  pharmacodynamic  influence  of  all  these  compounds  is  virtually  the 
same,  but  a  few  points  of  difference  may  be  noted.  The  bicarbonates,  having  only  one 
basic  atom  to  each  molecule,  as  against  the  two  basic  atoms  of  the  carbonates,  have 
less  tendency  to  ionize,  are  only  half  as  effective  in  neutralizing  acids  and  show  much 
less  salt  action.  The  carbonates  of  potassium  may  show,  of  course,  the  actions  peculiar 
to  their  basic  ion,  but,  as  such  effects  are  rarely  developed  by  the  relatively  small 
quantities  of  these  drugs  used  in  medicine,  the  pharmacodynamic  influence  of  potassium 
is  more  appropriately  taken  up  with  drugs  acting  on  the  circulation.  Bicarbonates, 
although  alkaline  to  litmus,  possess  the  peculiar  property  of  reducing  the  alkalinity 
of  solutions  containing  free  caustic  alkali  according  to  the  following  equation: 
NaOH-fNaHC03=NXC03+H,0. 

The  therapeutic  uses  of  the  alkalis  are  very  varied  and  their  antipathogenic  virtues 
form  but  a  small  part  of  their  value  to  the  physician's  armamentarium. 

The  following  alkalis,  belonging  to  the  first  four  of  the  groups  just  named,  alone 
show  distinct  bactericidal  or  disinfectant  action:  Calcium  oxide,  Calcium  hydroxide, 
Ammonium  hydroxide,  Sodium  hydroxide,  Potassium  hydroxide,  Lye,  Soft  soap,  Hard  soap,' 
Soda,  Potash. 

The  alkalis  find  use  as  antiseptic  and  disinfectant  agents  only  when  bacteria  are 
mixed  with  organic  matter  which  is  also  to  be  destroyed  or  when  they  are  mixed  with 
dirt,  which  is  to  be  removed  with  them.  The  caustic  alkalis  and  lime  find  their  only 
antiseptic  use  in  the  cleansing  of  drain  pipes,  the  disinfection  of  discharges,  etc.  The 
soaps  and  carbonates  are  used  for  cleansing  and  disinfecting  clothing,  instruments  and 
utensils  and  in  cleaning  and  stimulating  the  surface  of  the  body  and  even  infected 
wounds.     Ammonia  may  be  used  for  all  these  purposes  except  the  last. 

The  carbonates  and  bicarbonates  of  the  alkalis  and  alkaline  earths  are  used  chiefly 
as  antacids,  both  externally  (?,gainst  acid  perspiration  and  in  tooth  powders)  and 
internally  (in  acid  dyspepsia  and  systemic  acidosis).  On  account  of  their  use  as  cleans- 
mg    agents,    and    for    convenience,    their    pharmacodynamic    action    will    be    taken    up 
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here.  The  salts  of  most  vegetable  acids  are  used  only  internally  as  diuretics  and  to 
correct  excessive  acidity  of  the  urine.  Their  alkalinity  is  partly  analogous  to  that  of 
carbonates,  largely  due  to  the  fact  that  the  organic  acid  is  destroyed  in  the  body  with 
the  formation  of  carbonic  acid,  the  base  being  thus  set  free.  They  are  discussed  among 
diuretics.  The  citrate  and  tartrate  molecules  are  less  readily  broken  down  in  the  body, 
and  as  these  are  calcium  precipitants,  they  are  taken  up  with  anticoagulants. 

The  phosphates  are  not  much  used  as  antacids  and  are  included  among  the  cathartics. 

Apart  from  the  cleansing  and  antiseptic  action  of  ammonium  hydrate  the  discus- 
sion of  ammonium  compounds  will  be  found  with  other  respiratory  stimulants.  The 
pharmacodynamic  influence  of  the  potassium  ion,  as  well  as  that  of  calcium  and  that  of 
sodium,  is  treated  in  connection  with  circulatory  adjuvants. 

Borax  is  considered  with  boric  acid  as  a  special  group  of  antiseptics. 

Materia  Medica. — Sodii  Hydroxidum  (U.S.  X.),  Sodium  Hydroxide.  Ahhr.,  Sod. 
Hydrox.    Synonyms:  Sodium  Hydrate,  Caustic  Soda. 

Sodium  hydroxide  contains  not  less  than  90  percent,  of  NaOH.  It  occurs  in 
dry,  white  or  nearly  white,  fused  masses  or  sticks,  hard  and  brittle,  showing  a  crystal- 
line fracture.  Deliquesces  in  air.  One  Gm.  of  sodium  hydroxide  is  soluble  in  0.9  cc. 
of  water  at  25°  C;  one  Gm.  is  soluble  in  about  0.3  cc.  of  boiling  water.  It  is  very 
soluble  in  alcohol. 

Caution:  Great  care  is  necessary  in  handling,  as  it  rapidly  destroys  organic  tissues. 

Dose,  see  Liquor  Sodii  Hydroxidi. 

Liquor  Sodii  Hydroxidi  (U.S.  X.),  Solution  of  Sodium  Hydroxide.  Ahhr.,  Liq. 
Sod.  Hydrox. 

Solution  of  sodium  hydroxide  contains,  in  each  100  cc,  not  less  than  4.5  Gm. 
and  not  more  than  5.5  Gm.  of  NaOH.  Dekanormal  solution  of  sodium  hydroxide, 
125  cc. ;  distilled  water,  q.s. .  to  make  1000  cc.  A  clear,  colorless,  odorless  liquid, 
strongly  allcaline  and  caustic.     It  readily  absorbs  carbon  dioxide  from  the  air. 

Dose,  10  to  20  minims  (0.6  to  1.2  cc). 

PoTASSii  Hydroxidum  (U.S.  X.),  Potassium  Hydroxide.  Ahhr.,  Pot.  Hydrox. 
Potassa  Causticu  (Br.),  Caustic  Potash.    Synonym:  Potassium  Hydrate. 

Potassium  hydroxide  contains  not  less  than  85  percent,  of  KOH.  It  occurs  in 
dry,  white  or  nearly  white,  fused  masses  or  sticks,  hard  and  brittle,  showing  a  crystal- 
line fracture.  One  Gm.  is  soluble  in  0.9  cc.  of  water,  about  3  cc.  of  alcohol,  and  in 
2.5  cc.  of  glycerin  at  25°  C;  1  Gm.  is  soluble  in  0.6  cc.  of  boiling  water.  When 
exposed  to  the  air  it  readily  absorbs  carbon  dioxide  and  moisture  and  deliquesces. 

Caution:  Great  care  is  necessary  in  handling,  as  it  rapidly  destroys  organic  tissues. 

Dose,  see  Liquor  Potassii  Hydroxidi. 

Liquor  Potassii  Hydroxidi  (U.S.  X.),  Solution  of  Potassium  Hydroxide.  Ahhr., 
Liq.  Pot.  Hydrox.    Liquor  Potassce  (Br.),  Solution  of  Potash. 

Solution  of  potassium  hydroxide  contains,  in  each  100  cc,  not  less  than  4.5  Gm. 
and  not  more  than  5.5  Gm.  of  KOH.  Dekanormal  solution  of  potassium  hydroxide, 
90  cc. ;  distilled  water  q.s.  to  make  1000  cc.  A  clear,  colorless,  odorless  liquid,  strongly 
alkaline  and  caustic,  readily  absorbing  carbon  dioxide  from  the  air. 

Dose,  10  to  20  minims  (0.6  to  1.2  cc). 

Sapo  (U.S.  X.),  Soap.    Ahhr.,  Sapo.    Synonym:  Olive  Oil  Castile  Soap. 

Soap  prepared  from  olive  oil  and  sodium  hydroxide.  It  is  a  whitish  solid  or  a  fine 
yellowish-white  powder.  Has  a  faint,  characteristic  odor  free  from  rancidity,  and  a 
disagreeable  alkaline  taste.  Soluble  in  water  and  in  alcohol,  more  readily  with  the 
aid  of  heat. 

Dose,  for  external  use  and  as  an  ingredient  in  extracts  and  liniments. 

Sapo  Mollis  (U.S.  X.),  Soft  Soap.  Ahhr.,  Sapo  Moll.  Synonyms:  Sapo  Viridis, 
Green  Soap. 

Linseed  oil,  400  Gm. ;  dekanormal  solution  of  potassium  hydroxide,  29  cc;  deka- 
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normal  solution  of  sodium  hydroxide,  110  cc. ;  glycerin,  50  cc. ;  water,  q.s.  to  make 
1000  Gm.  (U.S.).  Soft  soap  is  made  from  potassium  hydroxide  and  olive  oil  (Br.). 
A  soft,  unctuous,  yellowish-white  to  brownish-yellow  mass,  having  a  slight,  character- 
istic odor  and  an  alkaline  taste. 

Dose,  alcoholic  solution,  2 :  3,  as  shampoo;  aqueous  solution,  1 :  40,  as  enema. 

Sapo  Animalis  (Br.),  Curd  Soap. 

Made  from  sodium  hydroxide  and  purified  animal  fats,  consisting  principally  of 
stearin,  and  contains  not  more  than  30  percent,  of  water.  It  is  plastic  on  heating 
and  horny  when  dried,  being  then  readily  powdered.  The  chief  constituent  is  sodium 
stearate.    Employed  in  the  preparation  of  liniments,  pill  excipients,  A'olatile  oils,  etc. 

Dose,  used  externally,  other  than  above. 

LixiMENTUM  Sapoxis  (U.S.  X.),  Soap  Liniment.  Ahhr.,  Lin.  Sapon.  Synonym: 
Liquid  Opodeldoc. 

Soap,  in  dried  powder,  60  Gm. ;  camphor,  45  Gm. ;  oil  of  rosemary,  10  cc. ;  alcohol, 
700  cc. ;  water  q.s.  to  make  1000  cc.     Mix  thoroughly  and  filter. 

Dose,  external  use. 

LiNiMENTUM  Saponis  Mollis  (U.S.  X.),  Liniment  of  Soft  Soap.  Ahhr.,  Lin.  Sapon. 
Moll.  Synonyms :  Soap  Liniment,  Tincture  Saponis  Viridis,  Tincture  of  Green  Soap, 
Hebra  Green  Soap. 

Soft  soap,  650  Gm. ;  oil  of  lavender,  20  cc. ;  alcohol,  q.s.  to  make  1000  cc.  (U.S.). 
Linimentum  Saponis:  Soft  soap,  80  Gm. ;  camphor,  40  Gm.;  oil  of  rosemary,  15  cc. ; 
distilled  water,  170  cc. ;  alcohol  (90  percent),  q.s.  to  make  1000  cc.  (Br.). 

Dose,  externally  as  counterirritant  and  diluent. 

LiNnrENTUM  Saponis  Mollis  Compositum  (IST.F.),  Compound  Liniment  of  Soft 
Soap.  Ahhr.,  Lin,  Sapon.  Mol.  Co.  Synonyms :  Tinctura  Saponis  "Viridis  Composita, 
Tincture  of  Green  Soap. 

Soft  soap,  15  percent. ;  oil  of  cade,  2  percent. ;  alcohol,  83  percent. 

Dose,  external  use. 

LixiMEXTUM  Sapoxato-Camphoratum  (KF.),  Camphorated  Soap  Liniment. 
Ahhr., 'Lin.  Sapon. -Camph.     Synonym:   Solid  Opodeldoc. 

Contains  freshly  prepared  sodiimi  stearate,  made  by  combining  monohydrated 
sodium  carbonate  and  stearic  acid,  perfumed  with  camphor,  oils  of  thyme  and  rose- 
mary and  ammonia  water. 

Dose,  external  use. 

Calx  (U.S.  X.),  Lime.    Synonyms:  Calcium  Oxide,  Quicklime. 

Occurs  as  hard,  white  or  grayish-white  masses  or  granules,  or  as  a  white  powder. 
It  is  odorless,  has  a  caustic  taste  and  is  deliquescent.  Prepared  by  calcining  by  strong 
heat  some  form  of  a  native  carbonate,  most  commonly  marble.  One  Gm.  is  soluble 
in  840  cc.  of  water  at  25°  C.   It  is  insoluble  in  alcohol, 

Incompatihles. — All  lime  preparations  are  incompatible  with  acids  and  metallic 
salts. 

Dose,  see  preparations  of  calcium. 

Calcii  Hydras  (Br,),  Calcium  Hydroxide.  Ahhr.,  Calc.  Hydr.  Synonym:  Slaked 
Lime. 

Calcium  hydroxide,  Ca(OH)„  is  the  product,  freshly  prepared,  of  the  interaction 
of  water  and  lime,  forming  a  white,  strongly  alkaline  powder;  with  a  solubility  of 
1  in  900  of  cold  water. 

Dose,  see  preparations  of  calcium, 

Calch  Carboxas  Pr^cipitatus  (U.S.  X.),  Precipitated  Calcium  Carbonate.  Ahhr., 
Calc.  Carb.  Pra^c.     Synonym:  Precipitated  Chalk. 

A  fine,   white,  microcrystalline  powder,   without   odor  or   taste,   obtained  by  the 
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interaction  of  calcium  chloride  and  sodium  carbonate;  contains  not  less  than  98  per- 
cent, of  CaC03;  insoluble  in  water  or  alcohol  and  decomposed  by  dilute  acids. 

Dose,  10  to  30  grains  (0.6  to  2  Gm.). 

LixiMENTUM  Calcis  (U.S.  X.),  Lime  Liniment.  Ahhr.,  Lin,  Calc.  Linimentum 
Calais  cum  Oleo  Lini  (Br.).    Synonym:  Carron  Oil. 

Solution  of  calcium  hydroxide  50  cc,  linseed  oil  50  cc.  Mix  thoroughly  by  agita- 
tion to  form  a  cream. 

Dose,  as  soothing  liniment,  especially  for  burns. 

Liquor  Calcii  Hydroxidi  (U.S.  X),  Solution  of  Calcium  Hydroxide.  Ahhr.,  Liq. 
Calc.  Hydrox.    Synonyms:  Lime  Water,  Liquor  Calcis. 

Solution  of  calcium  hydroxide  is  an  aquean  solution  containing,  in  each  100  cc, 
not  less  than  0.14  Gm.  of  Ca(OH)j  at  25°  C.  The  strength  in  calcium  hydroxide 
varies  with  the  temperature  at  which  the  solution  is  stored,  being  about  0.17  Gm. 
per  100  cc.  at  15°  C.  and  diminishing  as  the  temperature  rises. 

Dose,  Y2  to  2  fluidounces  (15  to  60  cc). 

Liquor  Calcis  Sacoharatus  (Br.),  Saccharated  Solution  of  Lime.  Ahhr.,  Liq. 
Calc.  Saech.  Synonyms:  Syrupus  Calcis,  Syrup  of  Lime,  Syrup  of  Calcium 
Hydroxide! 

Each  cc.  represents  3  grains  (0.2  Gm.)  of  calcium  hydroxide,  10  grains  (0.6  Gm.) 
powdered  sugar,  in  a  medium  of  distilled  water.     The  specific  gravity  should  be  1.055. 

Dose,  15  to  60  minims  (1  to  4  cc). 

SoDii  Carbonas  Monohydratus  (U.S.X.),  Monohydrated  Sodium  Carbonate. 
Ahhr.,  Sod.  Carb.  Monohyd.    Synonyms:  Sal  Soda,  Washing  Soda,  Sodium  Carbonate. 

Sodium  carbonate,  when  rendered  anhydrous  by  gentle  ignition,  contains  not 
less  than  99.5  percent,  of  NajCO,.  A  white,  odorless  crystalline,  granular  powder, 
soluble  in  3  parts  of  water  and. 7  of  glycerin;  insoluble  in  alcohol.  This  corresponds 
to  Sodii  Carhonas  Exsiccatus,  Exsiccated  Sodium  Carbonate,  of  the  Br.P.,  the  sub- 
stance listed  under  the  title  Sodii  Carbonas  in  that,  pharmacopoeia  containing  water 
of  crystallization-  (NajCO,.10H;O). 

Dose,  3  to  8  grains  (0.2  to  0.5  Gm.). 

SoDii  BiCARBONAS  (U.S.  X.),  Sodium  Bicarbonate.  Ahhr.,  Sod.  Bicarb.  Syno- 
nyms:   Acid  Sodium   Carbonate,   Soda   Saleratus. 

Sodium  bicarbonate,  when  dried  to  constant  weight  over  sulphuric  acid,  contains 
not  less  than  99  percent,  of  WaHCOj.  A  white,  opaque,  odorless  powder.  One  Gm. 
is  soluble  in  10  cc.  of  water  at  25°  C.  It  is  insoluble  in  alcohol.  Sodium  bicarbonate 
may  be  obtained  by  exposing  crystals  of  sodium  carbonate  to  carbon  dioxide,  or  by 
the  interaction  of  sodium  chloride  and  ammonium  bicarbonate. 

Antagonists  and  Incompatihles. — Sodium  salicylate  is  incompatible  with  sodium 
bicarbonate,  a  dark  color  developing  in  a  very  short  time  due  to  the  presence  of 
ammonia  in  the  atmosphere. 

Dose,  10  to  30  grains  (0.6  to  2  Gm.). 

Liquor  Sod^  et  Mentha  (N.F.),  Solution  of  Soda  and  Mint.  Ahhr.,  Liq.  Sod. 
et  Menth.     Synonyms :   Mistura  Sodaj  et  Menthae,  Soda  Mint. 

Each  fluidram  represents  3  grains  (0.2  Gm.)  of  sodium  bicarbonate  and  %o  minim 
(0.01  cc.)   of  aromatic  spirit  of  ammonia,  in  spearmint  or  peppermint  water. 

Dose,  2  to  4  fluidrams  (8  to  16  cc). 

Tabell^  Sodii  Bicarbonatis  (N.F.),  Tablets  of  Sodium  Bicarbonate.  Ahhr.,  Tab. 
Sod.  Bicarb.    Synonym:    Soda-Mint  Tablets. 

Compressed  tablets  each  containing  4  grains  (0.25  Gm.)  of  sodium  bicarbonate 
with  VzQ  minim  (0.003  cc.)  of  oil  of  peppermint. 

Dose,  1  to  6  tablets. 
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SoDii  Carbonas  (Br.),  Sodium  Carbonate.  Ahhr.,  Sod.  Carb.  Synonyms:  Sal 
Soda,  Washing  Soda. 

Occurs  in  transparent,  colorless,  rhombuidic  cr^'stals;  efflorescent;  taste  sti'ongly 
alkaline;  soluble  in  2  parts  of  water.  Contains  not  less  than  99  percent,  of  pure 
sodium  carbonate. 

Dose,  5  to  30  grains  (0.3  to  2  Gm.). 

SoDii  Cahboxas  Exsiccatus  (Br.),  Exsiccated  Sodium  Carbonate.  Ahhr.,  Sod. 
Carb.  Exsic. 

This  nearly  anhydrous  carbonate  is  obtained  by  heating  sodium  carbonate  until 
it  loses  approximately  03  percent,  of  its  weight.  It  should  contain  not  less  than 
95  percent,  of  the  pure  salt.  Occurs  as  a  white,  amorphous,  odorless,  loose  powder, 
which  does  not  cake  on  pressure  and  absorbs  moisture  from  the  air  without  becoming 
moist.  Each  53  grains  of  the  exsiccated  substance  is  equivalent  to  142  grains  of  the 
crystalline  salt.  It  is  largely  used  to  precipitate  lime  and  magnesia  salts  from  hard 
water,  and  as  the  basis  of  anti-uric  bath  salts. 

Dose,  3  to  10  grains  (0.2  to  0.6  Gm.). 

Trochisci  Sodii  Bicarbonatis  (U.S.  IX.),  Troches  of  Sodium  Bicarbonate.  Ahhr., 
Troeh.   Sod.  Bicarb.     Synonym:  Lozenges  of  Sodium  Bicarbonate. 

Sodium  bicarbonate,  18  Gm. ;  sucrose,  54  Gm. ;  myristica,  1  Gm. ;  mucilage  of 
tragacanth,  q.s.  to  make  100  troches.  Each  lozenge  contains  about  3  grains  (0.18 
Gm.). 

Dose:    1  to  6  troches. 

PoTASSll  Carboxas  (U.S.  X.),  Potassium  Carbonate.     Ahhr.,  Pot.  Carb. 

Potassium  carbonate,  when  dried  to  constant  weight  at  180°  C,  contains  not 
less  than  99  percent.  (81.5  percent.,  Br.)  of  KjCO,,  and  not  more  than  15  percent, 
of  water.  A  white,  granular  powder,  odorless,  and  having  a  strongly  alkaline  and 
caustic  taste.  It  is  very  deliquescent.  Soluble  in  0.9  part  of  water  at  25°  C;  insol- 
uble in  alcohol. 

Dose,  2  to  10  grains  (0.1  to  O.G  Gm.). 

PoTAssn  BiCARBONAS  (U.S.  X.),  Potassium  Bicarbonate.  Ahhr.,  Pot.  Bicarb.  Syno- 
nyms: Acid  Potassium  Carbonate,  Bicarbonate  of  Potash. 

Contains  not  less  than  99  percent,  of  KHCO^.  Occurs  as  colorless,  transparent, 
monoclinic  prisms  or  a  white,  granular  powder.  It  is  odorless,  and  has  a  saline,  slightly 
alkaline  taste.  It  is  stable  in  the  air.  One  Gm.  is  soluble  in  2.8  cc.  of  water  at  25°  C. 
It  is  almost  insoluble  in  alcohol.  Potassium  bicarbonate  may  be  obtained  by  saturat- 
ing a  strong  aqueous  solution  of  potassium  carbonate  with  carbon  dioxide. 

Dose,  10  to  30  grains  (0.6  to  2  Gm.). 

LiTHii  Carbonas  (U.S.  IX.),  Lithium  Carbonate.    Ahhr.,  Lith.  Carb. 

Contains  not  less  than  98.5  percent,  of  Li^COj,  and  is  a  light,  white  powder, 
odorless,  and  having  an  alkaline  taste;  permanent  in  the  air.  One  Gm.  dissolves  in 
18  cc.  of  water  at  25°  C. ;  also  in  140  cc.  of  boiling  water;  almost  insoluble  in  alcohol; 
dissolved  by  diluted  acids  with  effervescence. 

Dose,  4  to  8  grains  (0.25  to  0.5  Gm.). 

Stroxtii  Carboxas  (unofficial).  Strontium  Carbonate.     Ahhr.,  Stront.  Carb. 

It  contains,  when  dried  to  constant  weight  at  100°  C,  not  less  than  99  percent, 
of  SrCOj.  Occurs  as  a  white  powder,  odorless  and  tasteless.  Insoluble  in  water; 
dissolved  with  effervescence  by  diluted  hydrochloric,  nitric,  or  acetic  acid. 

Dose:  Not  used  internally  or  externally.  Introduced  for  the  preparation  of  the 
compound  elixir  of  formates. 

Pharmacodynamic  Action:  Antiseptic  Actio?}. — Excessive  alkalinity  is  destructive  not 
only  to  life,  but  to  all  organic  matter.    The  antiseptic  and  bactericidal  powers  of  alkaline 
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solutions  are  in  direct  proportion  to  the  number  of  free  liydroxyl  ions,  and  this  in  turn 
depends  on  the  concentration  of  the  solution  and  the  factor  of  dissociation. 

Heat  increases  the  degree  of  dissociation  in  such  solutions,  and  thus  increases  their 
destructive  and  germicidal  action.  In  equimolecular  solutions  the  relative  toxicity  and 
antiseptic  power  of  the  different  alkalis  is  in  direct  proportion  to  their  respective  factors 
of  dissociation.  The  hydroxides  of  potassium,  sodium  and  lithium  dissociate  very 
fully,  and  in  the  order  named;  their  antiseptic  powers  differ  accordingly  in  the  same 
order.  Since,  however,  the  degree  of  dissociation,  in  this  case,  increases  with  the  atomic 
weight,  it  happens  that  solutions  of  equal  percentage  value  are  so  nearly  equal  in 
antiseptic  power  that,  for  practical  purposes,  the  slight  differences  may  be  disregarded. 
A  1  percent.  (M/1)  solution  kills  Staphylococcus  pyogenes  in  less  than  10  minutes,  and 
a  4  percent.  (M/4)  solution  kills  the  spores  of  anthrax  in  about  twelve  hours.  Ammonium 
hydroxide,  however,  dissociates  very  weakly,  and  hence  possesses  little  bactericidal  power. 
Some  strains  of  pneumococcus  are  very  susceptible  to  alkali,  being  dissolved  by  a  solution 
so  weak  as  0.04  percent.   (M/100)NaOH. 

In  practice,  it  is  chiefly  as  '"lye"  and  as  soft  soap  that  the  caustic  alkalis  are  used 
as  antiseptics. 

Lye  is  an  aqueous  solution  of  crude  caustic  soda  (soda  lye)  or  of  crude  caustic 
potash  (potash  lye).  The  cans  of  lye  or  "concentrated  lye"  commonly  sold  in  the  shops 
contain  a  mixture  of  solid  matters,  of  which  about  sixty  percent,  is  free  alkali,  gen- 
erally the  potash  compound.  Dissolved  in  ten  to  twenty  parts  of  water,  it  is  used  to 
cleanse  and  disinfect  drains,  kitchen  sinks,  water  closets,  and  such  utensils  as  sputum 
receptacles.  It  should  not  be  used  for  washing  clothing,  as,  no  matter  how  weak  a 
solution,  it  injures  not  only  the  fabrics  but  also  the  hands  of  the  laundress. 

Soaps. — The  commercial  laundry  and  toilet  soaps  (hard  soaps)  should  contain  no 
free  alkali,  but  are  cleansing  and  have  a  slight  bactericidal  power.  Neutral  sodium 
and  potassium  soaps  in  warm  water,  will  kill  diphtheria  bacilli  and  streptococci  in 
15  minutes,  in  dilutions  of  1:  300  to  1:  1000,  but  they  are  almost  ineffective  against 
typhoid  bacilli  and  staphylococci.  Washing  the  hands  in  strong  suds  for  5  minutes,  will 
destroy  most  pathogenic  organisms  (Walker).  Soft  soaps,  on  the  other  hand,  contain 
an  excess  of  alkali,  and  owe  to  this  fact  their  efficacy  as  antiseptics. 

Soft  soap  is  among  the  very  best  disinfectants.  Added  to  culture  media,  in  the 
proportion  of  1:  10,  it  kills  anthrax  bacilli  in  2  hours;  to  the  ordinary  bacteria  of  the 
skin  it  is  fatal  in  the  proportion  of  1:  120.  Thorough  cleansing  with  soap  and  water 
should  precede  or  follow,  according  to  safety  of  procedure  under  the  special  conditions, 
the  application  of  germicides  to  apartments,  movables  and  fomites.  Crude  soft  soap 
(Schmierseife,  Sapo  kalinus  venalis,  G.)  quickly  destroys  cholera  bacilli,  and,  in  recent 
epidemics  in  Germany,  the  wash  has  been  put  into  a  solution  of  this  agent,  without 
preliminary  treatment. 

Potash  soap  in  the  proportion  of  1:  5000  restrains  the  growth  of  anthrax  bacilli, 
and  in  the  strength  of  1:  1000  inhibits  it  altogether.  In  equal  degrees  of  chemical 
alkalinity  it  is  8  times  as  powerful  as  potassium  hydroxide.  A  10  percent,  solution  kills 
typhoid  and  cholera  bacilli  in  1  minute;  a  5  percent,  solution  destroys  them  in  3  to  10 
minutes.  Soda  soap  dissolves  them  less  readily,  but  in  equal  concentration  is  fully  as 
efficient.  Some  observers  rank  it  higher.  Commercial  "almond  soap,"  which  is  scented 
with  nitrobenzol,  is  more  efficacious  than  the  same  soap  without  the  latter  agent. 
Against  pus  cocci,  commercial  soaps  are  not  effective  in  20  mniutes,  but  tincture  of 
green  soap  will  kill  them  in  from  30  to  60  seconds.  Preparatory  to  operations,  the 
surgeon's  hands  and  arms  should  be  scrubbed  with  this  preparation  in  full  strength  for 
five  minutes. 

Lime. — Calcium  oxide  (CaO),  as  it  occurs  in  commerce,  under  the  name  of  "lime" 
or  "quicklime,"  does  not  always  answer  the  pharmaceutical  tests  for  calx.  It  is  an 
effective  agent  for  the  destruction  of  organic  refuse,  animal  carcasses  and  the  like. 
The  "slaked  lime"  of  commerce  is  a  mixture  of  calcium  hydroxide  and  calcium  carbonate, 
with  various  impurities. 

For  disinfectant  purposes,  the  lime  should  be  freshly  slaked  by  hydrating  a  con- 
venient quantity  with  half  its  bulk  of  water.  From  the  moist  powder  thus  formed,  milk 
of  lime  may  be  prepared  by  adding  about  three  times  as  much  water,  and  stirring  well. 
It  deteriorates  by  absorption  of  CO2  from  the  air,  thus  forming  the  inert  carbonate;  but 
if  kept  covered,  will  be  sufficiently  active,  if  used  within  3  or  4  days.  As  both  operations 
are   attended    with    considerable   evolution    of   heat    and    the    disengagement   of    steam 
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charged  with  irritant  particles,  they  must  be  conducted  with  care  to  avoid  damage  to 
person   or   property. 

These  substances  answer  well  for  the  disinfection  of  cesspools,  drains,  latrines, 
etc.,  as  well  as  for  stools  and  other  discharges.  They  may  be  applied  as  "whitewash" 
to  floors  and  walls.  They  should  be  used  freely  about  barns,  stables,  camps  and  other 
places  where  flies  are  likely  to  breed  in  the  dung  heaps.  They  are  not  applicable  for 
hands,  instruments,  linen,  furniture,  etc. 

In  culture  media,  typhoid  and  cholera  bacilli  are  killed  by  lime  in  0.1  percent,  solu- 
tion, but  when  these  organisms  are  enveloped  in  fecal  matter,  much  larger  quantities 
are  necessary  for  their  complete  destruction.  Milk  of  lime  should  be  added  to  the 
stools,  in  at  least  equal  volume,  and  thoroughly  stirred  in.  The  vessel  should  then  be 
covered  and  allowed  to  stand  for  two  or  three  hours.  Milk  of  lime  quickly  kills  fleas, 
lice,  bedbugs,  roaches,  and  other  insects,  and  destroys  their  eggs,  but  it  is  not  always 
an  eligible  agent  for  this  purpose. 

When  lime  ceases  to  be  caustic,  that  is  to  say,  when  it  forms  insoluble  combinations, 
such  as  carbonates,  sulphates,   and   the  like,   it   loses   its   disinfectant  power. 

Of  the  soluble  salts  of  calcium  only  one,  the  chloride,  is  worth  noting  as  an  anti- 
septic, and  this  possesses  but  one-tenth  the  efficacy  of  lime.  "Chlorinated  lime,"  which 
must  be  shari)ly  distinguished  from  the  chloride,  owes  its  antiseptic  virtue  to  the 
chlorine  that  it  gives  off.  It  is  possible  that  part  of  the  usefulness  of  limewater  as  an 
addition  to  milk,  and  in  arresting  gastric  fermentation,  is  owing  to  partial  inhibition 
of  the  growth  of  fungi  and  bacteria;  and  chalk  mixture  may  act,  feebly,  in  the  same 
manner,  in  the  diarrheas  of  children. 

Topical  Actio7t:  Caustic  Alkalis. — Applied  to  the  skin,  the  caustic  alkalis  attack  the 
horny  layer,  and,  if  in  sufficient  concentration  (5  percent.),  dissolve  it.  They  also 
dissolve  the  hair.  They  attack  sebaceous  matter  and  penetrate  into  the  ducts  of  the 
sebaceous  glands,  destroying  the  epithelial  lining.  Owing  to  their  solvent  power  over 
all  tissues,  they  penetrate  rapidly,  and,  as  they  have  a  particularly  strong  action  on 
nerve  tissue,  they  paralyze  the  sensory  nerve  endings.  Burns  from  alkalis  are,  there- 
fore, less  painful  than  certain  others,  a  circumstance  which  may,  at  times,  make  them 
more  dangerous.  Their  chief  characteristic,  as  compared  to  burns  by  other  destructive 
agents  is,  however,  the  depth  of  penetration. 

Mucous  membranes  are  attacked  in  the  same  manner.  The  superficial  layer  Is 
quickly  dissolved  away  and  changed  into  a  homogeneous,  white,  sticky  mass,  which  can 
easily  be  separated  from  the  underlying  tissues. 

Alkali  Carbonates.— Except  in  fairly  strong  solutions,  alkali  carbonates  are  not  very 
irritating  to  either  skin  or  mucous  membranes.  Potassium  carbonate  is  more  irritating 
than  the  sodium  salt,  but  neither  of  the  carbonates  irritates  as  much  as  chloride  solutions 
of  corresponding  strength.  Applied  to  the  skin,  these  salts  dissolve  the  fatty  and 
sebaceous  matter  and  soften  the  superficial  layers  of  the  epidermis,  producing  redness 
and  itching.  Injected  subcutaneously  in  solutions  of  0.2  percent.,  sodium  or  potassium 
carbonate  may  cause  necrosis  of  the  tissue,  with  sloughing.  Solutions  for  hypodermo- 
clysis  should,  therefore,  be  far  weaker  than  this.  Although  solutions  containing  so 
much  as  0.25  percent,  of  sodium  carbonate  have  been  used  and  recommended,  the  bicar- 
bonate is  ordinarily  to  be  preferred.  Applied  to  mucous  membranes  in  concentrated 
solution,  potassium  carbonate  may  act  as  a  caustic.  All  of  these  substances  dissolve 
mucus,  and  thus  cleanse  mucous  membranes.  Any  acid  that  may  be  present  is  neutral- 
ized and  the  carbon  dioxide  thus  released  acts  as  an  irritant,  causing  congestion.  In 
the  stomach,  this  action  becomes  clinically  important. 

Absorption  and  Elimination. — When  caustic  alkalis,  in  solutions  sufficiently  dilute 
to  avoid  destructio-n  of  the  tissues,  are  swallowed,  they  are  either  neutralized  by  the 
acid  of  the  gastric  juice  with  the  formation  of  chloride,  or,  if  the  stomach  docs  not 
contain  acid,  are  converted  into  carbonates  and  absorbed  as  such.  In  the  blood  and 
tissues  they  behave  as  carbonates  and  are  eliminated  in  the  same  manner.  When 
injected  parenterally,  in  high  dilution,  they  are  promptly  converted  into  carbonates 
by  the  carbon  dioxide  of  the  blood. 

Alkali  Carbonates. — Although  it  Is  asserted  that,  after  alkaline  baths,  the  acidity 
of  the  urine  decreases,  alkali  carbonates  are  not  ordinarily  absorbed  by  the  unbroken 
skin.  When  they  are  taken  into  the  empty  stomach  in  large  quantity  a  portion  is 
absorbed  unchanged.  In  small  portions  or  taken  wflh  food,  they  are  converted  into 
chloride  and  absorbed  as  such.    If  very  large  amounts  of  sodium  bicarbonate  are  taken 
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into  an  empty  stomach,  a  portion  may  pass  through  the  stomach,  and;  by  salt  action 
in  the  bowel,  give  rise  to  diarrhea. 

After  absorption,  the  carbonates  circulate  in  the  blood,  but,  owing  to  the  increased 
power  of  taking  up  carbonic  acid,  which  they  confer,  there  is  no  increase  in  the 
alkalinity  of  this  tissue.  They  are  rapidly  excreted  in  the  urine,  partly  as  carbonates, 
partly  as  other  salts,  chiefly  chlorides  and  phosphates.  If  doses  of  2yo  to  4  drams  (10  to 
15  Gm.)  are  given  daily  to  a  normal  person,  enough  will  be  excreted  as  carbonates  to 
keep  the  urine  constantly  neutral  or  alkaline  in  reaction  to  litmus.  Under  certain 
pathologic  conditions,  much  larger  quantities  are  needed. 

Toxicity:  Toxic  Dose. — The  toxic  or  lethal  dose  of  the  caustic  alkalis  varies  with 
the  condition  of  the  stomach,  being  much  less  when  this  is  empty.  Sollmann  gives  the 
fatal  dose  in  man  as  15  cc.  (i/g  ounce)  of  the  official  5  percent,  solutions.  Potassium 
carbonate  is  also  quite  toxic,  although  probably  this  is  chiefly  owing  to  the  depressing 
action  of  the  potassium  on  the  heart.  Death  in  man  has  followed  15  Gm.  {y^  ounce) 
by  mouth. 

Symptoms  of  Poisoning. — When  lye  or  other  caustic  alkali  is  taken  by  mouth,  there 
results  burning  pain  of  such  intensity  that  all  of  the  fluid  that  can  be  is  rejected.  If 
any  be  swallowed,  it  causes  in  the  stomach  severe  burning  pain,  which  quickly  becomes 
agonizing.  Inspection  shows  burns  around  the  mouth  and  on  the  lips.  The  mouth  is 
lined  with  a  gray,  slimy  membrane,  which  separates  at  the  least  touch,  leaving  a  painful 
ulcer  beneath.  The  throat  is  also  coated  and  the  severe  vomiting  which  soon  sets  in 
brings  up  bits  of  the  lining  of  the  esophagus  and  stomach.  The  vomitus  consists  of 
slimy,  tough,  alkaline  masses  and  is  colored  by  altered  blood.  Free  hemorrhage  is  not 
common.  If  sodium  hydrate  has  been  swallowed,  there  are  no  symptoms  from  its  absorp- 
tion. If  potassium  hydrate  or  carbonate  has  been  taken,  the  heart  may  be  weak  and 
Blow,  from  the  action  of  the  potassium. 

Death  may  follow  within  a  few  hours,  from  exhaustion,  in  which  case  convulsions 
and  coma  usually  precede  the  fatal  termination.  More  commonly,  the  patient  recovers 
from  the  immediate  effects,  but  continues  to  suffer  severe  abdominal  pain.  Diarrhea, 
often  bloody,  sets  in.  The  functions  of  the  digestive  tract  are  so  much  disturbed  by  the 
widespread  lesions  that  inanition  results  and  death  follows  after  weeks  of  suffering, 
from  ulcers  or  strictures  or  starvation.  More  rarely,  death  results  from  abscesses  in  the 
mediastinum.  Kidney  lesions  are  not  common,  although  there  is  generally  albuminuria 
for  a  few  days. 

The  mortality  is  very  high.  In  accidental  poisoning  it  is  from  15  to  25  percent, 
and  in  attempted  suicide  is  well  above  50  percent. 

Treatment  of  Poisoning. — The  treatment  consists  in  the  administration  of  dilute 
acids,  to  neutralize  the  alkali,  and  of  oils,  albumen  or  mucilaginous  liquids,  to  protect 
the  mucosae.  Lemon  -juice,  vinegar,  citric  acid,  tartaric  acid,  or  even  a  very  dilute 
mineral  acid,  if  nothing  else  be  at  hand,  should  be  given  at  once.  Emetics  are  rarely, 
if  ever,  indicated;  and  no  attempt  should  be  made,  under  any  circumstances,  to  pass  a 
stomach  tube,  on  account  of  the  danger  of  perforation  of  the  esophagus  or  stomach. 
Local  pain  may  be  assuaged  by  orthoform,  alypin,  benzyl  alcohol  or  other  of  the  less 
toxic  local  anesthetics.  Morphine  should  be  given  hypodermically  to  relieve  pain,  and 
strychnine,  caffeine,  musk,  pituitrin,  camphor  or  atropine,  for  cardiac  failure. 

It  is  not  easy  to  judge  how  much  acid  should  be  given,  as,  even,  if  the  amount  of 
caustic  swallowed  be  known,  most  of  it  will  have  been  removed  by  vomiting.  If  one 
of  the  weaker  acids  is  used,  it  may  be  administered  freely,  until  the  vomitus  Is  dis- 
tinctly acid  in  reaction.  The  following  figures  give  the  relative  amounts  of  various 
acids  required  to  completely  neutralize  1  cc.  (15  minims)  of  concentrated  lye,  estimated 
as  60  percent,  caustic  potash;  vinegar  (6  percent,  acetic  acid),  3  drams  (11  cc.) ;  lemon 
juice,  3  drams  (12  cc),  equivalent  to  12  grains  (0.8  Gm.)  of  citric  acid;  tartaric  acid, 
14  grains  (0.85  Gm.) ;  dilute  hydrochloric  acid,  a  large  teaspoonful  (4.5  cc.) ;  dilute 
phosphoric  acid,  90  minims  (5.5  cc).  The  quantity  here  indicated  of  the  available 
agent  can  be  prepared  in  well  diluted  solution,  and  as  much  as  Is  considered  necessary 
be  given. 

The  following  table  shows  in  more  exact  figures  the  amount  of  various  acids 
required  to  neutralize  100  parts  of  potassium  hydroxide. 

Acetic  acid    (36  percent.)       296.8  parts 

Acetic  acid    (  6  percent. )     1781        " 

Acetic  acid    (99  percent.)       108        " 
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Benzoic  acid    (  pure       ^  217  parts 

Citric  acid    (  "          )  12o.4  " 

Salicylic  acid    (  "          )  245.7  " 

Tartaric    acid    (  "          )  112.5  " 

Hydrochloric  acid    (10  percent.)  649  " 

Lactic   acid    (75  percent.)  213.7  " 

Nitric    acid    (10  percent.)  1123 

Phosphoric  acid    (10  percent.)  871.5  " 

Sulphuric  acid    (10  percent. )  873 

Systemic  Actiori:  Alimentary  Tract. — In  the  mouth,  even  in  medicinal  doses,  alkali 
carbonates  and  dilute  caustic  alkalis  dissolve  the  mucus  and  remove  the  superficial 
epidermis,  giving  the  topgue  a  bright  red  color.  Through  local  irritation  they  induce 
reflexly  an  increased  secretion  of  saliva. 

The  effect  of  moderate  doses  on  the  stomach  varies  with  the  state  of  the  organ.  If 
it  is  empty,  they  act  as  in  the  mouth,  producing  irritation  with  consequent  congestion 
and  temporary  increase  of  circulation.  Secretion  of  acid  may  be  induced,  and  the 
carbonic  acid  thus  liberated  from  the  carbonates  increases  the  topical  stimulation.  The 
increased  flow  of  blood  may  lead  to  better  nutrition  and,  if  a  meal  be  taken  soon  after, 
there  is  often  increased  secretion,  both  of  pepsin  and  of  hydrochloric  acid.  Digestion 
may  be  improved  also  by  the  removal  of  adherent  mucus. 

When  the  alkali  is  given  with  a  meal,  it  has  no  influence  on  the  amount  of  acid 
secreted,  but  in  sufficient  quantity  may  prevent  peptic  digestion  entirely,  by  rendering 
the  gastric  contents  alkaline.  Even  smaller  amounts  lessen  the  activity  of  the  gastric 
juice  bj'  reducing  the  amount  of  free  acid  below  the  optimum  concentration.  Alkalis 
may  also  interfere  with  digestion,  in  another  way.  There  is  a  regulating  mech- 
anism which  closes  the  pylorus,  whenever  the  contents  of  the  duodenum  are  acid. 
Normally,  the  acid  products  of  gastric  digestion,  entering  the  duodenum,  excite  this 
action,  the  pylorus  remaining  closed  until  the  chyle  has  been  neutralized.  Thus,  through 
the  alternate  closing  and  opening  of  the  pylorus,  there  is  a  slow  and  gradual  emptying 
of  the  stomach.  If  there  be  too  little  acid  present,  it  is  obvious  that  the  stomach  will 
empty  too  rapidly.  In  the  duodenum,  acid  acts  as  a  hormone  to  stimulate  the  pan- 
creatic secretion,  and  if  the  acid  be  too  much  reduced  in  quantity,  too  little  trypsin  will 
be  thrown  out. 

Alkalis  administered  with  food  are  likely  to  lead  to  one  or  other  of  these  results. 

The  intestines  are  not  directly  affected  by  the  alkaline  salts,  nor  is  the  liver.  Even 
large  doses  do  not  increase  the  alkalinity  of  the  bile. 

Blood. — Alkalis  in  moderate  dose  by  mouth  have  no  effect  on  the  blood,  except  a 
very  brief  increase  in  the  amount  of  fixed  alkali.  When  the  alkalinity  of  the  blood  is 
decreased,  as  in  acidosis,  they  assist  in  restoring  and  maintaining  the  normal  balance. 
The  movements  of  the  leukocytes,  in  vitro,  are  first  stimulated,  and  later  depressed,  by 
the  alkalis. 

Circulatory  System. — Administered  to  the  intact  organism,  there  is  no  effect;  but 
increase  of  the  alkalinity  of  perfusion  fluids  causes  first  an  increase,  and  later  a  decrease, 
of  the  activity  of  the  isolated  heart,  which  is  stopped  in  systole  by  alkalis  (as  in 
diastole  by  acids). 

Blood  vessels  perfused  are  constricted  by  alkalis  (and  dilated  by  acids). 

Respiratory  System. — Any  influence  which  increases  the  alkalinity  of  the  blood 
lessens  the  rate  and  depth  of  respiration,  and  conversely  these  are  increased  by  any 
factors  which  lessen  alkalinity.  Injected  hypodermically,  the  carbonates  have  a  slight 
effect  in  the  former  direction. 

Their  administration  increases  the  secretion  of  bronchial  mucus,  and  renders  it  less 
viscid  and  adherent. 

Metabolism  and  Urinary  System. — The  urine  is  increased  by  alkalis  rather  more 
than  by  an  equal  amount  of  salt,  and  its  acidity  is  reduced  and  may  be  abolished.  The 
most  important  alteration,  apart  from  these,  results  from  the  neutralization  of  food 
acids  and  the  various  acids  produced  in  the  body.  These  are  normally  neutralized  by 
ammonia.  When  an  excess  of  fixed  alkali  is  present,  less  ammonia  is  produced  for  this 
purpose  and  a  lesser  amount  is  thus  excreted,  and  a  correspondingly  larger  quantity 
of  urea. 

It  was  formerly  believed  that  the  excretion  of  uric  acid  was  increased,  under  the 
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influence  of  alkalis,  but  this  is  no  longer  accepted.  They  apparently  have  no  effect  on 
deposits  of  uric  acid  in  the  tissues.  There  seems  to  be  no  doubt,  however,  that  an 
amount  sufficient  to  keep  the  urine  constantly  alkaline  may  disintegrate  uric  acid  stones 
in   the  urinary  passages. 

Isolated  Organs. — The  administration  of  alkalis  causes  so  little  change  in  the 
hydrogen-ion  concentration  of  the  blood  that  their  action  on  the  various  organs  cannot 
be  studied  in  the  body.  When,  however,  even  small  amounts  of  alkali  are  added  to 
liquids  used  for  perfusion  or  suspension  of  the  isolated  tissues,  distinct  effects  are 
observed.  With  almost  all  unstriped  muscle,  such  as  the  uterus  and  strips  of  intestine, 
this  consists  in  an  increase  in  tonus  and  motions  with  dilute  solutions,  which  passes 
over  into  depression,  if  the  solution  be  somewhat  stronger.  A  similar  effect  is  noted 
on  the  perfused  heart  and  on  the  activity  of  single  cells,  such  as  the  ameboid  motions 
of  leucocytes  and  the  ciliated  epithelium  of  the  respiratory  tract. 

Perfusion  of  Ringer  solution  of  varying  degrees  of  alkalinity  through  isolated  blood 
vessels  shows  that  the  greatest  vascular  dilatation  occurs  between  Ph  5.6  and  6.6. 
Increase  of  acidity  or  of  alkalinity  from  this  point  gives  a  steadily  increasing  constriction. 

Therapeutics:  Topical. — The  alkalis  are  used  in  baths,  lotions  and  irrigations 
of  various  kinds,  as  cleansing,  analgesic  and  stimulating  agents.  Sodium  bicarbonate 
and  sodium  borate  are  the  ones  most  frequently  employed  for  lavage  of  the  stomach 
and  intestine,  as  well  as  vaginal,  uterine,  and  nasal  douches,  or  as  ingredients  of  eye 
washes,  nasal  or  laryngeal  sprays  and  the  like.  The  strength  of  the  solution  is  generally 
about  1  percent.  (5  grains  to  the  ounce,  0.3  to  30  Gm.,  or  a  teaspoonful  to  a  pint). 

Potassium  carbonate  and  bicarbonate,  and  the  corresponding  salts  of  sodium, 
are  used  as  pastes  and  solutions,  to  allay  itching  in  pruritus  i-ulvce,  as  well  as  in 
various  affections  of  the  skin.  Especially  when  extensive  skin  eruptions  are  dry 
or  dry  and  scaly,  as  in  lichen,  psoriasis,  pityriasis,  prurigo,  ichthyosis,  etc.,  alkaline 
baths  made  with  100  to  300  Gm.  (cc.  SVo  to  10  ounces)  of  the  carbonate  to  a  tubful 
(150  to  160  liters  or  quarts)  of  tepid  water,  are  highly  recommended.  The  patient 
remains  immersed  for  an  hour.  When  the  affection  is  less  widespread — as  in 
dandruff — similar  applications  may  be  made  locally.  The  alkali  softens  and  removes 
the  diseased  epidermis  and  stimulates  the  underlying  areas  to  regeneration.  At 
the  same  time,  it  removes  sebum,  and  not  only  neutralizes  acid  and  fetid  secretions, 
but  cleanses  the  parts. 

When  there  is  much  irritation,  only  the  weaker  solution  should  be  used,  and 
bran  or  acacia  should  be  added,  to  mitigate  the  effect.  Similar,  but  less  active, 
treatment  is  advised  in  cases  of  hromidrosis  of  the  feet  or  axilla?. 

Sodium  bicarbonate  (saturated  solution,  powder  or  thick  paste)  is  one  of  the 
best  applications  to  suriburn  and  other  'burnSj  and  may  allay  the  pain  of  toxic  and 
other  forms  of  dermatitis.  It  is  not  without  value  in  erysipelas,  when  better  agents 
are   not   available. 

Soaps. — In  its  semi-solid  form,  or  moi»e  elegantly,  as  the  official  "liniment"  (tinc- 
ture of  green  soap),  soft  soap  is  much  used  for  surgical  cleansing;  and  in  cutaneous 
affections,  to  prepare  the  skin  for  the  application  of  more  active  remedies.  Some 
of  the  non-official  "ethereal"  and  "liquid"  soaps  are,  in  certain  cases,  even  better. 
They  are  pleasanter  in  odor  and  they  do  not  leave  the  hands  so  sticky  or  slippery. 
In  parasitic  affections  (favus,  ringworm,  sycosis,  scabies,  pediculosis,  etc.),  the  lini- 
ment of  soft  soap  is  not  only  useful  to  soften  and  remove  scabs  and  crusts  and  to 
facilitate  epilation,  but  it  also  aids  immeasurably  in  the  destruction  of  the  infest- 
ing organisms  with  their  spores  and  ova.  In  pityriasis  capitis  or  eczema  capitis  of 
infants,  especially  when  attended  with  scabbing  and  matting  of  the  hair,  a  few 
drops  of  the  tincture  should  be  rubbed  into  the  affected  areas,  a  lather  made  with 
warm  water,  and,  after  a  few  minutes  friction,  the  washing  completed  with  plain 
warm  water.     For  application  in  seborrheic  affections,  the  soft  soap  liniment  may 
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be  diluted  with  cologne  water.  In  i-lironic  eczema  attended  with  itching,  green 
soap  may  be  rubbed  in  until  the  oozing  of  a  slightly  blood-tinged  serum  shows  that 
the  lower  layer  of  the  epidermis  has  been  bared.  It  is  then  to  be  washed  off  at 
once  with  warm  water,  and  a  soothing  ointment,  such  as  zinc  stearate  or  bismuth 
oleate,  applied.  In  somewhat  similar  manner  it  is  used  to  remove  the  superficial 
layer  of  the  epidermis  in  chronic  indurative  afTeetions  of  the  skin,  and  in  psoriasis, 
acne,  and  the  like.  A  sufficient  interval  (1  to  3  or  4  days)  must  be  allowed  to 
elapse  between  successive  applications. 

Soft  soap  has  been  much  employed  in  Germany  as  a  local  application  in  the 
treatment  of  scrofulous  and  tuberculous  affections,  especially  of  the  skin,  the  glands, 
and  the  bones;  generally  in  conjunction  with  other  appropriate  measures.  Under 
its  influence,  appetite  is  said  to  increase,  resorption  to  be  quickened,  and  the  healing 
of  fistulous  tracts  hastened.  The  result  is  attributed  in  part  to  local  antiseptic 
influence,  and  in  part  to  systemic  modification  of  metabolism,  through  absorption  of 
alkali. 

Hard  (neutral)  soap  is  used  when  simple  cleansing,  rather  than  penetration, 
or  the  removal  of  epithelia,  scales  and  scabs,  is  desired.  It  may  also  be  employed 
as  a  mild  rubefacient,  in  conditions  attended  with  soreness  and  stiffness  of  the 
muscles  and  joints.  The  official  ''soap  liniment"  is  eligible  for  this  purpose.  Various 
stimulants  and  anodynes — arnica,  belladonna,  turpentine,  aconite,  chloral,  gaultheria, 
laudanum,  etc. — may  be  incorporated,  when  necessary,  or  the  official  "chloroform 
liniment"  may  be  used.  The  official  "liniment  of  ammonia"  (made  with  the  aid  of 
oleic  acid)  is  also  to  be  considered  therapeutically,  as  a  counterirritant  soap  lini- 
ment, reinforced  by  gaseous  ammonia.  For  the  stiffness  following  old  sprains  and 
fractures,  especially  about  the  wrists  and  ankles  of  aged  persons,  and  in  cases  of 
chronic  rheumatism  and  of  rheumatoid  arthritis,  the  limb  or  joint  may  be  immersed 
in  soapsuds  as  hot  as  can  be  borne,  while  gentle  friction  or  massage  is  applied. 
The  temperature  of  the  bath  is  to  be  maintained  by  the  addition  of  hot  water  from 
time  to  time  during  the  manipulation,-  which  should  be  continued  for  about  one 
hour.  The  treatment  is  to  be  repeated  daily,  or  every  other  day,  and  kept  up  for 
weeks  or  months. 

An  enema  of  a  pint  or  two  of  hot  soapsuds,  to  which,  if  a  stimulant  be  desirable, 
one  or  two  teaspoonfuls  of  oil  of  turpentine  may  be  added,  is  among  the  most  useful 
means  of  overcoming  temporary  constipation  and  may  be  employed  in  a  routine 
manner  with  bedridden  patients.  Copious  soapsuds  enemas  should  be  used  when 
there  is  impaction  in  the  colon  or  rectum — perhaps  preceded  by  the  injection  of 
a  pint  or  half-pint  of  hot  sweet  oil,  allowed  to  remain  in  situ  for  an  hour.  A  small 
suppository  of  Castile  soap,  made  extemporaneously  by  whittling  a  piece  to  the 
proper  size  is  useful  to  induce  defecation  in  infants.  Castile  soap  enters  into  many 
dentifrices,  both  powdered  and  liquid.  It  cleanses  the  teeth  without  injuring  the 
enamel  or  the  gums.  Some  persons  prefer  simply  to  brush  the  teeth  with  soap  and 
water. 

Medicated  soaps  containing  sulphur,  tar,  naphthol,  resorcin,  salicylic  acid,  mer- 
curials, phenol,  and  other  agents,  are  said  to  be  useful  as  adjuvants  and  prepara- 
tory applications,  but  not  dependable  for  the  sole  treatment  of  cutaneous  affections. 
They  are  not  to  be  trusted  as  general  disinfectants. 

Hot  sodium  carbonate  solution  or  potassium  carbonate  solution  (1  to  2  percent.) 
can  be  used  similarly  to  soap.  These  agents  are  also  employed  as  lotions,  oint- 
ments and  baths,  in  inflammatonj  and  other  conditions  of  the  skin  attended 
with  considerable  pruritus,  as  herpes  zoster,  psoriasis  eczema,  erythema,  exudation, 
ivy  poisoning,  urticaria,  etc,     A  solution  of  2  to  3  drams  (8  to  12  cc.)  to  the  pint 
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(half  liter)  is  applied  upon  cloths  or  gauze,  or  4  to  10  ounces  (120  to  300  Gm.) 
may  he  added  to  a  bath  of  30  to  40  gallons  of  water.  In  pruritus  ani  or  pruritus 
vulvae,  a  somewhat  weaker  solution,  or  an  ointment  containing  5  to  10  grains  to 
the  ounce  (0.3  to  0.6  Gm.  to  32  cc.)  of  benzoinated  lard  or  lanolin,  may  be  used. 

Systemic. — Alkalis  in  dilute  solution  are  indicated  as  chemical  antidotes  to 
poisoning  by  acids  and  acidic  salts.  When  a  strong  mineral  acid  is  believed  to  be 
still  present  in  the  stomach,  however,  the  carbonates  are  not  eligible  preparations, 
since  even  slight  distention  by  liberated  carbonic  acid  gas  may  cause  rupture  of 
the  weakened  wall  of  the  viscus.  Lime  water,  magnesia,  soap,  whiting,  plaster, 
ammonia  water  or  spirit,  citrates,  or  acetates  are  available.  The  carbonates  may, 
however,  be  used  against  the-  poisonous  metallic  salts,  particularly  those  of  zinc, 
which  they  decompose,  forming  insoluble  basic  compounds.  They  are  also  applicable 
against  bromine,  iodine,  and  potassium  bichromate.  They  should  not  be  used  against 
oxalic  acid,  as  the  resulting  oxalates  are  soluble  and  nearly  as  poisonous  as  the  acid 
itself. 

All  alkalis  in  some  degree  and  the  potassium  salts  in  particular  promote  de- 
structive metabolism.  Hence  their  misuse  to  reduce  ohesity;  and  the  emaciation, 
weakness  and  blood  impoverishment  that  sometimes  follow  excessive  alkaline  medi- 
cation. It  is  especially  in  the  treatment  of  disorders  and  ajfections  of  the  stomach 
that  these  agents  have  been  abused. 

Since  small  doses  of  alkalis  given  before  meals  excite  the  secretion  of  gastric 
juice,  they  may  be  utilized  tentatively,  and  with  due  watchfulness,  in  conditions  of 
atonic  dyspepsia,  with  diminished  or  subacid  secretion.  A  bitter,  such  as  gentian 
or  nux  vomica,  assists  the  action.  When  there  is  considerable  mucus  present,  as 
in  subacute  or  chronic  gastric  catarrh  of  any  origin,  a  mixture  of  sodium  phosphate 
and  sodium  bicarbonate,  given  in  hot  water  about  one  hour  before  meals,  is  often 
quite  helpful;  especially  in  chronic  alcoholic  gastritis,  and  when  there  is  associated 
catarrh  of  the  duodenum  with  an  icteroid  condition  of  the  conjunctiva  and  light 
colored  stools. 

Alkalis  tend  to  allay  the  nausea  and  vomiting  of  acute  indigestion  and  other 
conditions  associated  with  irritation  of  the  gastric  mucous  membrane,  whether  or 
not  there  is  organic  lesion.  Lime  water  is  probably  best  for  children,  and  this  or 
aromatic  spirit  of  ammonia  for  adults.  Owing  to  its  mild  stimulant  powers,  the 
latter  is  especially  useful  in  sudden  "sour  stomach"  with  headache,  as  well  as  nausea, 
and  is  a  favorite  household  remedy.  Sodium  and  potassium  bicarbonates,  however, 
are  also  useful,  and,  when  acute  acidity  is  marked,  have  the  advantage  of  setting 
free  small  quantities  of  carbonic  acid  ga:s,  which  exerts  a  distinct  helpful  influence. 
In  cases  of  hyperchlorhydria,  sodium  bicarbonate  is  indicated  as  a  temporary 
expedient,  to  neutralize  the  excessive  acidity.  It  may,  therefore,  be  given  with 
meals,  or  better,  at  the  time  (usually  2  or  3  hours  after  a  meal)  indicated — whether 
by  fractional  analysis  or  the  patient's  sensations — as  the  high  tide  of  acidity.  It 
must  be  given  in  sufficiently  large  doses — 20  to  30  grains  (1.5  to  2  Gm.)  not  only 
to  neutralize  the  excess  of  gastric  juice,  but  also  to  avert  the  later  recrudescence  of 
the  acidity;  or  it  may  be  repeated,  if  need  be. 

In  milder  cases  of  acid  dyspepsia,  sodium  bicarbonate  is  often  used,  with  or 
without  a  digestive  ferment,  as  a  corrective — usually  in  rather  small  doses,  5  to  10 
grains  (0.3  to  0.6  Gm.).  Frequently,  in  place  of  the  sodium  salt,  magnesium  car- 
bonate, 6  to  30  grains  (0.3  to  2  Gm.)  or  milk  of  magnesia,  1  to  4  teaspoonfuls 
(5  to  15  cc.)  is  prescribed.  The  mild  laxative  effect  is  often  additionally  useful. 
Lime  water  (one  to  four  teaspoonfuls)  may  be  used  to  correct  gastric  acidity,  espe- 
cially with  children,  and  as  an  addition  to  milk  to  prevent  the  formation  of  bulky 
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curds  in  the  stomach.  It  is  hest  to  keep  in  mind  that  alkalis,  as  such,  palliate, 
but  do  not  remedy,  hji^'i'secretion  or  hyperacidity.  Too  long  continued,  they  may 
bring  about  an  inveterate  perversion  of  the  stomach  juices  or  cause  wasting  and 
anemia.  To  restrain  acid  secretions,  a  small  dose  of  a  mineral  acid  may  bo  given 
before  meals. 

It  is  also  necessary  not  to  mistake  acid  fermentation  for  JtypercJdorhydria.  In 
the  former  condition,  decided  doses  of  the  alkalis  may  neutralize  acidity  for  the 
time  being,  but,  if  long  continued,  will  increase  the  difficulty,  by  interference  with 
digestion;  while  small  doses,  taken  habitually,  for  the  relief  of  "heartburn"  and 
its  accompaniments,  are  quite  likely  to  superinduce  a  condition  of  actual  hyper- 
acidity. The  real  remedy  is  very  often  either  a  small  stimulating  dose  of  alkali 
and  bitter  before  eating,  or  an  acid  adjuvant,  with  nux  vomica,  during  or  after 
meals. 

In  cases  of  hyperesthesia  of  the  stomach,  associated  with  a  tendency  to  pyloric 
spasm,  even  when  persistent  or  occasional  hyperacidity  cannot  be  demonstrated, 
sodium  or  potassium  bicarbonate  may  relieve  pain  and  relax  spasm. 

According  to  Bartholow,  alkalis  are  of  special  service  in  cases  of  faulty  diges- 
tion of  fats,  particularly  when  this  results  from  some  affection  of  the  liver,  or  from 
impediment  of  the  flow  of  bile.  They  are  said  to  hinder  the  formation  of  butyric 
acid,  as  well  as  to  aid  in  the  emulsification  and  absorption  of  the  fatty  foods.  Potas- 
sium bicarbonate  is  preferred  to  the  sodium  salt  for  this  purpose,  as  well  as  for 
the  correction  of  intestinal  acidity,  being  more  likely  to  reach  the  bowel  unchanged. 
The  alkaline-earthy  (calcium,  magnesium,  strontium)  compounds,  being  much  less 
soluble,  are  superior  to  both  in  the  latter  condition.  They  are  also  quite  useful 
in  acid  diarrhea,  chalk  mixture  being  a  favorite  prescription  in  pediatric  practice. 

In  ulcer  of  the  stomach,  alkalis  are  particularly  indicated,  to  neutralize  the 
acidity  and  to  hinder  the  digestion  of  the  tissues.  They  must  be  given  persistently, 
in  sufficient  quantity  with  due  reference  to  the  natural  acid  and  alkaline  tides,  and 
with  proper  dietetic  regulation.  In  the  milder  subacute  or  chronic  cases,  a  mixture 
of  magnesium  carbonate  or  oxide  and  bismuth  subcarbonate  (10  grains  —  0.6  Gm.  each) 
may  be  given,  every  three  hours,  or,  if  the  laxative  effect  be  too  great,  sodium  bicar- 
bonate may  be  used  in  place  of  magnesia.  Severe  and  acute  cases  require  more  active 
al^alinization. 

A  moderate  looseness  of  the  bowels  is  sometimes  to  be  favored,  and,  if  mag- 
nesium salts  are  undesirable,  sodium  phosphate  and  sodium  sulphate  may  be  "used 
in  association  with  the  bicarbonate  for  this  purpose.  When  there  is  actual  diarrhea, 
however,  these  should  be  omitted,  and  chalk  mixture  may  be  used  to  supplement 
the  sodium  salt,  with  opium,  if  needed.  Should  surgical  measures  be  necessary,  the 
alkaline  treatment  should  be  reinstituted  after  recovery,  and,  just  as  in  cases  that 
have  apparently  recovered  under  medicinal  management,  be  long  continued.  Alkaline, 
not  purgative,  mineral  waters  may  be  prescribed  for  a  time  but  their  too  long- 
continued  use  is  to  be  deprecated. 

In  ulcers  of  the  duodenum,  the  general  treatment  is  the  same  as  in  gastric  ulcer, 
but,  since  the  sodium  salt,  unless  introduced  by  tube,  is  quite  likely  to  be  neutralized 
or  absorbed  before  reaching  the  seat  of  the  trouble,  many  authors  advise  the  use 
of  the  alkaline-earthy  compounds  in  preference.  However,  the  neutralization  of 
stomach  acidity  is  often  sufficient. 

In  catarrhal  jaundice,  certain  alkaline  salts  have  special  indication,  and  they 
may  be  of  limited  service,  even  in  cholelithiasis.  When  gastro-enterie  catarrh  is 
the  remote  causative  condition,  and  especially  when  there  is  plugging  of  the  com- 
mon duct  by  mucus,  giving  rise  to  icterus,  sodium  phosphate  should  be  given  in  fairly 
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large  doses,  1  to  2  drams  (5  to  10  Gm.),  three  or  four  times  a  day,  preferably  be- 
fore eating,  and  with  large  drafts  of  water.  Smaller  doses  are  usefully  continued 
for  some  time  after  subsidence  of  the  acute  condition  to  prevent  the  supervention 
of  gallstones. 

Thus,  a  prescription  of  sodium  and  potassium  bicarbonates,  and  sodium  phos- 
phate, in  moderate  quantity  (20  to  30  grains — 1.3  to  2  Gm.  each),  in  a  glass  of 
water,  one  hour  before  meals  is  quite  useful;  the  ingredients  probably  acting  better 
in  association  than  singly,  and  still  better  when  associated  with  sodium  sulphate — 
20  to  30  grains  (1.3  to  2  Gm.),  sodium  salicylate,  10  grains  (0.6  Gm.),  and  sodium 
succinate,  5  grains  (0.3  Gm.).  The  bicarbonate  may  occasionally  be  omitted,  and 
sodium  benzoate  substituted;  and  the  mixture  can  be  varied  in  many  other  ways. 
Potassium  salts  are  sometimes  more  useful  than  those  of  sodium.  It  is  often  of 
advantage  to  use  hot  water. 

Alkalis  are,  at  times,  of  benefit  in  certain  conditions  evidently  associated  with 
perverted  metabolic  processes,  but  which  have  as  yet  no  exact  place  in  nosology. 
To  a  certain  extent,  they  resemble  gout,  and  thus  are  sometimes  termed  lithemic. 
There  is  imperfect  oxidation  associated  with  overproduction  of  uric  acid,  urates, 
oxalates,  and,  not  infrequently,  with  excessive  phosphatic  waste.  Nervous  and  hypo- 
chondriacal symptoms  are  manifested,  and  the  condition  is  very  likely  to  be  called 
neurasthenia.  Skillful  administration  of  alkalis,  especially  in  the  form  of  mineral 
waters,  is  here  of  great  service,  especially  in  subjects  whose  perspiration  and  saliva 
are  acid,  and  in  whom  the  breath  is  more  or  less  fouled  by  volatile  acids  emanating 
from  the  respiratory  mucous  membrane,  as  well  as  by  gases  from  the  alimentary 
tract.  Similar  conditions,  with  acid  and  fetid  stools,  may  be  observed  in  persons  who 
habitually  overeat,  in  certain  melancholies,  in  persons  who  are  the  subjects  of  endo- 
crine dystrophies,  and  in  very  feeble  individuals  with  no  manifest  organic  disease. 
The  administration  of  the  alkalis  should  be  continued  until  the  fetor  of  the  breath 
is  relieved,  the  acidity  of  the  sweat  and  saliva  controlled,  and  the  urine  kept  alkaline 
or  neutral. 

When  urinary  gravel  is  present,  we  have  a  more  or  less  definite  indication  for 
alkaline  medication;  but  there  are  certain  necessary  distinctions.  Uric  acid  and 
oxalic  acid  gravel  indicate  abnormal  constitutional  states.  Phosphatic  gravel  is 
generally  associated  with  inflammatory  or  even  ulcerative  conditions  of  the  mucous 
membrane  of  the  urinary  tract,  or  with  fermentation  of  the  urine,  without,  as  a 
rule,  depending  upon  general  disturbances  of  nutrition.  In  uric  acid  gravel,  alkalis 
do  good  by  diminishing  the  acidity  of  the  urine,  increasing  the  metabolic  activity, 
and  when  sufficient  water  is  given,  by  hastening  excretion.  They  may  also,  by  dis- 
solving the  mucus  which  holds  a  number  of  smaller  concretions  together  into  a 
fair-sized  stone,  break  up  the  calculus  into  fragments  which  can  pass  more  readily. 
They  do  not,  however,  dissolve  the  formed  uratic  calculi,  and  may  increase  the  size 
of  a  stone  already  in  the  bladder,  by  causing  precipitation  of  the  phosphates.  It 
is  therefore  advisable  to  interrupt  their  administration  from  time  to  time,  and 
even  to  administer  remedies  which  increase  temporarily  the  acidity  of  the  urine. 
During  the  alkaline  course,  salts  of  potassium,  especially  the  diuretic  citrate,  are 
to  be  preferred  to  those  of  sodium,  its  compounds  with  uric  acid  being  more  soluble. 
If  potassium  should  be,  for  any  reason,  contraindicated,  lithium  is  the  agent  of 
second  choice. 

Since  the  alkaline  tide  of  digestion  tends  to  diminish  the  acidity  of  the  urine 
for  some  time  after  each  meal,  and  thus  to  afford  less  opportunity  for  the  precipita- 
tion of  urates,  it  has  been  advised  that  the  alkali  be  taken  in  a  single  large  dose, 
1  dram  (4  Gm.)  at  bedtime,  to  overcome  the  acid  tide  of  fasting  during  the  night. 
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In  some  cases,  a  second  dose  toward  morning  will  also  be  necessary;  and,  in 
some,  a  third  dose  at  an  appropriate  hour  during  the  day,  to  be  ascertained  by  a 
study  of  the  excretion.  When  such  a  regime  is  instituted,  meal-times  should  be  so 
adjusted  as  to  avoid  too  long  periods  of  fasting. 

In  oxalic  gravel,  alkalis  neither  directly  prevent  the  formation  of  concretions, 
nor  affect  them  when  formed — except  that,  perhaps,  lime  salts,  if  given,  may  tend 
to  increase  the  size  or  number  of  these  stones  or  granules.  By  improving  the  gen- 
eral state  of  nutrition,  however,  the  alkalis  may  indirectly  prevent  additional  oxaluria; 
but,  as  a  rule,  dietetic  and  hygienic  management  is  better  than  medication. 

As  phosphatic  gravel  is  formed  in  alkaline  urine,  and  as  calcium  and  mag- 
nesium phosphates  are  precipitated  in  alkaline  media  and  dissolved  in  acid  media, 
it  is  evident  that  in  this  condition  the  administration  of  alkalis  is  contraindicated; 
and  the  acidity  of  the  urine  may  have  to  be  increased  either  by  food  or  by  the  use 
of  appropriate  medicaments. 

In  gout,  we  have  to  distinguish  between  the  chronic  state  and  the  paroxysm. 
In  addition  to  the  dietetic  restrictions,  eliminant  baths,  and  regulated  exercises  of 
general  life,  and  the  special  agents  and  empirical  specifics,  elsewhere  discussed, 
which  are  applicable  in  the  acute  outbreak,  the  citrate  or  carbonate  of  potassium 
may  be  employed  during  the  first  few  days  of  the  latter,  to  encourage  the  elimina- 
tion by  the  kidneys  of  the  toxic  agents  of  gout  and,  from  time  to  time,  in  the 
intervals  between  attacks,  to  combat  the  general  gouty  tendency.  The  citrate  is 
the  best  salt;  it  increases  the  volume  of  the  urine,  diminishes  its  acidity,  and  in- 
creases its  solvent  power  for  uric  acid  and  the  urates.  Potassium  salts  are  more  espe- 
cially indicated,  with  strong  and  plethoric  individuals  of  sluggish  or  sedentary  habit, 
but  are  contraindicated,  in  the  case  of  feeble  or  debilitated,  for  whom  strontium  or 
lithium  compounds  are  to  be  preferred.  Long  continued  use  of  sodium  bicar- 
bonate tends,  in  a  measure,  to  increase  the  deposits  of  sodium  urate  in  and  about 
the  joints.  However,  with  proper  regulation  of  life  and  diet,  with  careful  watching, 
and  with  occasional  substitution  of  lithium,  potassium,  or  strontium  compounds  or 
of  some  suitable  (and  especially  a  radio-active)  mineral  water,  and  with,  in  any 
event,  the  use  of  pure  water  rather  freely,  one  may  safely  administer  even  the 
sodium  compound  from  time  to  time,  over  many  years,  to  patients  with  gouty  ten- 
dencies. A  potassium  salt  is,  however,  preferable  in  most  cases,  and  this  is  particularly 
true  in  cases  belonging  to  that  category  termed  by  J.  M.  Da  Costa  "half-gout"  or 
"American  gout." 

The  effect  of  the  potassium  upon  the  heart  and  respiration  must  be  watched,  the 
drug  being  withheld  at  the  first  suggestion  of  toxic  action. 

Few  facts  are  so  well  established  clinically  as  the  good  influence  of  persistent, 
routine  alkaline  medication,  in  the  treatment  of  diabetes  mellitus,  especially  as  a 
means  of  averting  acid  intoxication. 

For  this  purpose,  natural  mineral  waters  or  sodium  bicarbonate,  lithium  carbonate 
or  citrate,  or  strontium  bromide  or  lactate,  or  various  associations  and  alternations  of 
these  may  be  used.  The  patient  should  be  instructed  to  test  the  urine  with  litmus 
paper  at  each  passing,  and  to  keep  it  persistently  neutral,  if  not  alkaline. 

Alkalinity  is,  however,  not  the  only  consideration.  Strontium  salts,  although 
less  energetic  alkalizers  than  sodium  compounds,  are  superior  in  the  amelioration  of 
diabetic  symptoms  in  general.  The  use  of  strontium  bromide  or  strontium  salicylate 
(accordingly  as  the  effect  of  the  bromide  or  salicylate  ion  is  desired)  may  therefore 
be  conjoined  with  the  use  of  sodium  bicarbonate. 

When  acidosis  is  actually  present,  more  energetic  treatment  becomes  necessary, 
in   accordance   with   its   grade.     Insulin,   properly    used,   may   correct   the   condition. 


536  INORGAMC  CHEMICAL  ANTISEPTICS 

If  insulin  be  not  available,  the  earlier  measures  must  be  used.  Ordinarily,  however, 
it  is  best,  as  in  acidosis  from  other  causes,  to  give  one  or  two  heaping  teaspoonfuls 
of  sodium  bicarbonate  (5  to  12  Gm.)  every  hour  or  two,  until  the  urine  and  the 
saliva  are  distinctly  alkaline  to  litmus ;  and  then  to  reduce  the  quantity  or  prolong 
tlie  intervals,  very  gradually,  still  watching  the  urine  and  saliva.  When  the  patient 
is  unconscious,  rectal,  subcutaneous,  or  intravenous  administration  of  the  alkaline 
solution  may  be  necessary.  Glucose  is  given  with  it  in  many  cases.  Lavage  of  the 
stomach  is  sometimes  helpful,  and  inhalations  of  ozonized  air  are  of  auxiliary  benefit. 
The  use  of  spermin  intramuscularly  in  conjunction  with  alkalization  and  ozonlzation, 
has  also,  in  our  observation,  been  of  decided  benefit. 

The  albuminuria  which  accompanies  glycuresis  or  glycosuria,  or  sometimes  inter- 
venes after  the  sugar  has  disappeared  from  the  urine  of  diabetics,  does  not  appear 
to  be  especially  amenable  to  alkaline  treatment.  In  many  cases  of  chronic  nephritis, 
however,  and  in  nearly  all  cases  of  acute  nephritis,  it  is  advisable  and  helpful  to 
keep  the  urine  constantly  alkaline  or  neutral;  and  the  alkaline  carbonates  and 
citrates  are  the  best  agents  for  the  purpose.  This  treatment  is  imperative  in  toxic 
nephritis,  especially  that  which  results  from  mercurial  poisoning ;  and  it  may  be 
necessary  to  give  the  alkaline  solution  by  intravenous  or  subcutaneous  injection,  or 
by  the  rectal  drip  (Murphy's  method).  Martin  Fischer  insists  on  the  use — by  vein 
or  rectum,  and  preferably  by  vein — of  a  hypertonic,  highly  saline  and  alkaline  solu- 
tion in  the  edemas  of  nephritic  and  cardiorenal  origin  and  many  striking  case- 
reports  from  good  observers  give  clinical  support  to  his  teaching.  Fischer  has  no 
single  formula,  but  an  average  ''Fischer  solution"  contains  15  parts  of  sodium  chloride 
and  20  parts  of  crystallized  sodium  carbonate  (or  8  parts  of  exsiccated)  to  1000  parts 
of  water. 

In  most  infective  fevers,  and  particularly  in  acute  articular  rheumatism,  in  in- 
fiuenza  and  in  the  pneumonias,  prompt  and  persistent  alkalinization  of  the  blood 
and  body  fluids  is  at  least  helpful,  even  if  it  is  not,  as  we  are  coming  to  believe, 
absolutely  necessary.  Caution,  however,  must  be  exercised  in  the  case  of  young  chil- 
dren; and  the  heroic  method  is  not  commonly  advisable  with  feeble  and  anemic  per- 
sons, or  with  the  aged.  Ordinarily,  it  is  best  to  begin  with  fairly  large  doses,  30  to 
40,  or  even  60  grains  (2  to  4  Gm.)  of  sodium,  rather  than  potassium,  bicarbonate, 
every  hour  or  two,  until  the  urine  becomes  neutral  or  alkaline,  and  then  to  give  simply 
enough  to  maintain  its  neutrality  or  alkalinity. 

In  rheumatic  fever,  the  salicylic  treatment  may  usefully  be  conjoined  with  this. 
Diminution  of  the  acidity  of  the  sweat  may  be  observed,  as  well  as  that  of  the  urine. 
Alkaline  medication  assists  also  in  the  prevention  of  cardiac  complications,  and  when 
these  do  supervene,  it  is  better  than  the  salicylates  for  their  relief.  Patients  who 
cannot  endure  an  active  alkaline  course,  and  especially  those  suffering  with  infective 
polyarthritis,  in  whom  the  heroic  use  of  salicylates  is  contraindicated,  may  some- 
times benefit  from  the  use  of  small  doses  of  alkaline  salts,  to  diminish  the  acidity 
of  the  body  fluids,  even  though  it  cannot  be  entirely  overcome.  In  such  cases,  the 
alkaline  citrates  (preferably  the  sodium  or  ammonium  compounds,  or  a  mixture  of 
one  or  both  of  fhese  with  potassium  citrate)  may  serve  better  than  the  bicarbonate, 
and  the  mild  diuretic  and  diaphoretic  effect  of  these  agents  is  of  additional  service. 

In  the  pneumonias,  and  especially  the  pneumonias  of  influenza,  alkalis  have  also 
been  advised  to  render  the  expectoration  less  viscid  and  to  facilitate  cough.  For 
this  purpose,  ammonium  compounds  have  a  special  applicability.  In  chronic  hron- 
chitis,  the  alkalis  have  been  employed  with  the  same  idea  as  in  pneumonia.  They  are 
especially  applicable  in  those  affections  of  the  larynx,  trachea  and  hronchi  associated 
with  rheumatism,  or  with  the  so-called  rheumatic  diathesis. 
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In  the  cyclic  vomiling  of  children,  if  a  symptom  of  acid  intoxication,  and 
in  similar  disturbances  both  in  children  and  in  adults,  following?  starvation  or  the 
administration  of  anesthetics,  or  associated  with  other  conditions  giving  rise  to  the 
appearance  of  ketone  bodies  in  the  urine,  and  dangerous  increase  of  H-ion  concen- 
tration in  the  blood,  alkalis  should  be  given  in  the  energetic  manner  described  above 
in  connection  with  the  acidosis  of  diabetes  mellitus.  Since  vomiting  and  purging 
often  prevent  administration  by  the  mouth  or  rectum,  intravenous  injection  (4  per- 
cent, sodium  bicarbonate  solution)  may  be  necessary,  and  may  be  preferred,  when 
time  is  an  object.  In  infants,  the  injection  may  have  to  be  made  into  the  femoral 
or  jugular  vein  or  the  superior  longitudinal  sinus.  If  this  be  impracticable,  a 
2  percent,  sodium  bicarbonate  solution  may  be  given  under  the  skin.  The  quantity 
will  depend  on  the  age  and  the  severity  of  the  symptoms.  Even  in  infants  under 
1  year,  as  much  as  2^/2  drams  (10  cc.)  may  be  required  in  twenty-four  hours.  In  some 
cases,  especially  when  blood  sugar  is  low,  glucose  injection,  intravenous  or  sub- 
cutaneous, may  usefully  be  conjoined  with  the  alkaline  treatment.  After  subsidence 
of  the  urgent  symptoms,  the  alkaline  medication  should  be  continued  by  the  mouth 
for  some  days. 

Hard  soap  is  often  used  as  an  excipient  in  the  preparation  of  pills.  In  associa- 
tion with  cathartics,  it  is  believed  to  prevent  griping  and  to  assist  in  lubricating  the 
bowel.  Either  hard  or  soft  soap  may  be  used  in  an  emergency,  as  a  chemical  anti- 
dote to  acid  poisoning.  Soap  was  at  one  time  prescribed  in  cases  of  cystitis.  An 
acid  sodium  oleate  is  occasionally  used  as  an  ingredient  of  cholagogue  pills. 

Haloids 

The  halogens  (dXos,  salt,  yipviv,  produce^  chlorine,  bromine,  iodine,  fluorine,  are 
univalent  elements,  called  by  this  name  because  they  combine  with  alkali  metals  and 
alkali  earths  to  form  compounds  of  the  structure  of  common  salt  (sodium  chloride), 
NaCI.    Such  salts  are  termed  ''haloids." 

The  compounds  of  halogen  elements  with  hydrogen  (HF,  HCl,  HBr,  HI)  are 
acids,  but  for  our  present  purpose  may  (with  the  exception  of  hydrochloric  acid) 
be  regarded  as  acidic  haloids,  since  their  therapeutic  powers  depend  largely  on  their 
fluorine,  bromine,  or  iodine  component.  These  elements  form  also  oxyacids,  some 
of  which  have  salts  of  medicinal  value;  partly — as  in  the  case  of  the  hypochlorites — 
for  the  readiness  with  which  they  liberate  the  active  halogen  element,  and  partly, 
as  in  the  case  of  the  chlorates  and  iodates,  for  other  and  special  properties.  In 
addition,  a  number  of  organic  compounds  of  the  halogens  are  used  in  medicine,  some 
as  antiseptics,  others  {e.g.,  chloroform)  chiefly  for  effect  in  modifying  nervous  (or 
other)   function. 

The  free  halogens  exert  a  threefold  action  on  living  substance.  (1)  They  enter 
into  direct  combination  with  the  protein  and  fatty  molecules  forming  chlorinated 
proteins,  iodized  proteins,  iodized  fats,  etc.  (2)  They  withdraw  hydrogen  from 
the  organic  molecule,  disrupting  it  and  forming  haloid  acids,  which  also  act  de- 
structively. (3)  In  the  presence  of  water  oxygen  is  liberated,  and  this  may  oxidize 
and  destroy  organic  matter.  Their  relative  availability  for  therapeutic  uses  differs 
with  the  purpose  for  which  they  are  intended,  and  depends,  in  part,  upon  their 
physical,  as  well  as  their  chemical  properties.  At  ordinary  temperatures  uncom- 
bined,  fluorine  and  chlorine  are  gases,  bromine  is  a  volatile  liquid  and  iodine  a 
volatile  solid;  these  differences  in  density  accompanj'ing  an  increase  in  atomic 
weight.  With  this  increase,  their  relative  activity  in  seizing  hydrogen,  and  in 
corresponding  degree — speaking  generally — their  antiseptic  power  decreases.  At  the 
same  time,  however,  they  become  more  manageable,  as  well  as  less  intensely  irritant. 
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Iodine  is  thus  the  most  commonly  used.  In  solution  in  alcohol  (tincture  of 
iodine)  or  in  acetone  (iodine-acetone)  or  in  an  aqueous  solution  of  potassium  iodide 
(Lugol's  solution),  it  can  be  applied  to  the  skin  and  even  to  wounds.  It  may  be 
volatilized  by  gentle  heat  and  inhaled  or  insufflated. 

Chlorine  is  occasionally  available  for  the  fumigation  of  infected  places,  but  its 
destructive  action  on  all  organic  matter,  restricts  its  employment.  It  is  also  used 
in  watery  solution  to  wash  infected  wounds.  More  often  its  action  is  obtained  by 
the  utilization  of  substances  which  give  off  chlorine  spontaneously  (chlorinated  com- 
pounds) or  in  contact  with  carbon  dioxide  and  organic  matter  (hypochlorites, 
chloramine,  etc.).  Fluorine  is  too  difficult  to  handle  to  be  available  as  a  disinfectant. 
The  expensiveness  and  extremely  irritating  character  of  bromine  render  it  practically 
inapplicable  to  such  purpose.  Carefully  handled,  as  a  germicidal  inhalation  or 
topical  application,  however,  its  use  has  had  some  brilliant  results — as  in  hospital 
gangrene,  and  in  diphtheria  before  the  days  of  antitoxin. 

The  haloid  compounds  may  owe  their  physiologic  and  therapeutic  importance  in 
tissue  alteration  and  modification  of  function  to  the  halogen  element  (especially 
Br.  and  I.)  or  to  the  basic  element  (especially  NH^,  Ca,  Ba,  Hg,  and  K)  or  to  salt 
action,  and  their  full  discussion  is  more  appropriate  in  other  connections.  Sodium 
chloride  is  so  nearly  indifferent  to  animal  tissues,  that  its  influence  depends  almost 
entirely  on  the  physical  effect  exerted  by  alteration  of  osmotic  tension.  Nearly 
the  same  may  be  said  of  lithium  chloride.  Setting  aside  a  somewhat  obscure  phase 
of  the  action  of  iodides,  the  haloid  compounds  have  no  marked  antipathogenic  powers, 
with  the  exception  of  the  fluorides,  which  have  not  come  into  general  use. 

The  oxygen-containing  salts  of  the  halogens  are  largely  possessed  of  antiseptic 
powers,  but  practically  only  the  chlorates  and  hypochlorites  are  utilized  medicinally. 

Many  organic  compounds  containing  halogens  have  been  introduced  as  anti- 
septics. Those  of  chlorine  and  iodine  are  of  especial  importance,  but  there  are  a 
few  useful  preparations  containing  the  bromine  molecule.  Most  of  them  are  de- 
signed to  yield  the  halogen  slowly  and  thus  exert  a  constant  effect,  but  many  act 
as  antipathogens  without  being  decomposed. 

The  substances  considered  as  antipathogenic  halogens  are  arranged  as  follows: 

1.  Fluorine,  fluorides,  sodium  silicofluoride,  fluordiphenyl,  fluoroform. 

2.  Chlorine  and  chlorinated  compounds  which  yield  it  readily:  Hypochlorites, 
including  Dakin  solution,  chlorinated  Ume  and  soda,  chloramine,  dicfaloramine-T,  and 
halazone. 

3.  Chlorates. 

4.  Iodine,  iodates  and  ethyl  iodide. 

5.  Organic  iodine  compounds. 

6.  Bromine,  bromoform,  tribromphenol  bismuth,  and  other  organic  bromine  anti- 
septics. 

Certain  halogen  compounds  which  possess  antipathogenic  properties  are  taken 
up  with  other  groups.  Thus,  hydrochloric  acid  is  taken  up  with  the  mineral  acids. 
Hydriodic  and  hydrobromic  acids,  on  the  other  hand,  are  considered  with  their  re- 
spective salts.  Barium  and  calcium  chlorides  and  the  halogen  compounds  of  other 
metals,  such  as  arsenic,  gold,  iron,  mercury,  zinc,  etc.,  are  placed  with  the  metallic 
element.  Certain  of  the  organic  compounds,  such  as  chloroform  and  chloral,  will 
be  found  with  agents  influencing  the  nerve  system. 

Chlorine 

Chlorine  was  discovered  by  Scheele  in  1774  and  eleven  years  later  its  disinfec- 
tant properties  were  pointed  out  by  Halle.     In   1803   chlorine  water  was  used  in 
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Holland  to  check  an  epidemic.  In  179fi  chlnrinate<l  limo,  or  bleaching  powder,  was 
made  in  France  and  within  a  few  years  it  was  extensively  used  for  disinfection 
of  cesspools,  and  even  of  hosi)ital  wards.  It  was  not  until  1826  that  chlorinated 
soda  was  introduced  into  medicine  by  Labarraque,  and  this  excellent  preparation 
was  much  employed  in  the  treatment  of  skin  lesions  and  for  general  disinfection. 
About  fifty  years  ago,  it  was  pointed  out  that  the  antiseptic  powers  of  Labarraque 
solution  depended  on  the  release  of  chlorine  and  chlorine  water  was  therefore  sub- 
stituted for  it.  This  was  of  little  service  as  its  chlorine  content  was  too  promptly 
dissipated,  but  its  failure  led  to  the  condemnation  of  all  chlorinated  compounds  and 
their  use  was  largely  abandoned  imtil  they  were  reintroduced  into  surgical  prac- 
tice by  Carrel,  Dak  in  and  others  during  the  World  War.  These  hypochlorite  solu- 
tions are  much  less  irritating  than  those  formerly  in  use,  and  hence  better  adapted 
to  wound  treatment.  Certain  organic  compounds  which  release  chlorine  gradually 
have  also  found  extensive  use  as  germicides. 

Chemistry:  Chlorine  (CI.  35.46)  is  destructive  to  all  organic  matter  and 
especially  to  proteins,  owing  to  its  ability  to  displace  hydrogen  with  the  forma- 
tion of  hydrochloric  acid  and  organic  chlorine  compounds.  This  action  is  exerted 
topically  but  not  systemically  in  the  living  body,  although  the  idea  that  chlorine 
and  hypochlorites  on  entering  the  system  were  at  once  converted  into  chlorides  and 
thus  deprived  of  activity,  has  been  proved  to  be  unfounded. 

The  hjTpochlorites  of  sodium  (NaOCl)  and  of  calcium  (CaClOCl)  owe  their 
activity  to  the  readiness  with  which  they  release  chlorine.  This  decomposition  occurs 
but  slowly  spontaneously  and  is  almost  completely  prevented  by  alkalis.  It  is 
hastened  by  acids,  and  even  by  carbonic  acid.  In  the  slow  decomposition  of  bleach- 
ing powder  in  an  alkaline  medium  free  from  organic  matter,  no  chlorine  is  released, 
but  calcium  chloride  is  formed  and  oxygen  gas  disengaged  according  to  the  follow- 
ing equation,  CaClOCl  -[-  0  =  CaCl,  -\-  0,.  In  the  presence  of  any  acid,  including 
CO,,  or  of  organic  matter,  chlorine  is  evolved  as  follows:  CaOClj -|~IIjCO,  = 
Cl,+  CaCO,-f  H,0. 

The  destructive  action  of  hypochlorites  on  proteins  is  effected  through  the  re- 
placing of  one  of  the  amino  hydrogens  by  chlorine.  The  released  hydrogen  in  turn 
replaces  the  chlorine  of  the  hypochlorite,  giving  rise  to  sodium  (or  calcium)  hydrate 
which  attacks  the  acid  group  of  the  amino  acid,  forming  a  soluble  alkali  albuminate. 
The  reaction  may  be  represented  thus : 
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HO  — C— (R)— N     +NaOH  =  NaO  — C— (R)  —  N     +  H^O. 
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Several  organic  compounds  have  also  the  power  to  release  chlorine  or  hypo- 
chlorites. Of  these  the  most  important  are  chloramine  (sodium  toluene  sulphone 
chloramide,  CH,  —  C,H,  —  SO^Na  —  NCI)  which  is  soluble  in  water  and  releases 
chlorine  slowly  in  contact  with  organic  matter;  and  dichloramine-T  (toluene  sulphone 
dichloramine,  CH,  —  C,II^  —  S0,NC1,)  which  is  soluble  in  oils  and  which  decomposes 
even  more  slowly.  Halazone  (sulphone-dichloramido  benzoic  acid,  IIOOC  —  CJI^  — 
SO,  —  NCI,)  is  rather  quickly  decomposed  on  solution  and  is  used  for  the  disinfec- 
tion of  drinking  water. 

Of  the  various  chlorine  compounds  used  in  medicine,  chlorine,  the  hypochlorites, 
the  above-mentioned  organic  compounds  and  the  chlorates,  will  alone  be  considered 
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here.  The  chlorinated  poison  gases  used  in  the  World  War,  including  mustard  gas, 
chlorpicrin  and  phosgene,  are  considered  with  the  topical  irritants.  Sodium,  potas- 
sium and  calcium  chlorides  are  included  with  circulatory  adjuvants.  Many  organic 
compounds  of  chlorine,  including  chloroform,  chloral,  etc.,  are  taken  up  with  agents 
influencing  the  nerve  system. 

Summary  of  Actions  and  Uses. — Chlorine  and  hypochlorites,  and  the  chlorinated 
compounds  which  give  rise  to  them  are  destructive  to  proteins,  and  thus  classed  as  proto- 
plasm poisons.  As  such  they  are  irritant  to  the  tissues  in  weak  concentrations  and 
destructive  in  strong.  Chlorine  gas,  even  in  high  dilution,  is  very  active  in  this  regard, 
while  the  neutral  solution  of  sodium  hypochlorite,  which  gives  off  its  chlorine  slowly  Is 
not  markedly  irritant  in  0.5  percent,  solution.  Added  to  blood  in  vitro  hypochlorites 
destroy  the  red  cells  and  alter  the  hemoglobin  into  a  substance  which  resembles  methemo- 
globin,  but  does  not  have  the  same  spectrum.  In  concentration  even  too  small  to  alter 
the  cells  they  interfere  with  clotting  in  an  obscure  manner,  apparently  through  an  action 
on  the  prothrombin. 

All  of  these  substances  are  potent  parasiticides  and  disinfectants.  Through  their 
destructive  influence  upon  organic  compounds  and  the  products  of  putrefactive  decom- 
position, they  are  active  deodorants  and  bleaching  agents.  They  are  employed  chiefly 
to  disinfect  outbuildings,  drains,  discharges  and  utensils.  Being  destructive  to  colors, 
they  cannot  be  used  upon  dyed  clothing  or  upholstered  furniture.  Cloths  wet  with 
solutions  of  them  are  often  hung  in  sick-rooms  to  act  as  deodorants. 

In  therapeutics  they  may  be  used  in  dilute  solution  topically  as  lotions,  douches, 
gargles,  etc.,  in  the  treatment  of  various  affections  of  the  skin  and  mucous  membranes, 
especially  those  characterized  by  fetid  discharges,  and  in  toxic  dermatitis.  They  are 
useful  for  cleansing  the  hands  after  autopsies  or  contact  with  foul  matters.  A  neutral 
solution  of  sodium  hypochlorite  has  been  used  with  great  success  as  a  continuous  douche 
in  deep  wounds  which  are  not  well  drained,  and  especially  in  wounds  infected  with  the 
gas  bacillus  and  other  anaerobic  organisms. 

The  following  modifications  of  Dakin  solution  are  used  topically: 

Daufresne  Solution. — If  sodium  bicarbonate  and  carbonate  are  used  together,  to 
mix  with  the  bleaching  powder,  no  boric  acid  need  be  added  to  reduce  the  alkalinity  to 
the  proper  point.  200  Gm.  of  bleaching  powder  of  between  24  and  28  per  cent,  avail- 
able chlorine  is  shaken  well  with  5  liters  of  water  and  allowed  to  stand  2  hours.  In 
another  vessel  dry  sodium  carbonate  (94  Gm.)  and  dry  sodium  bicarbonate  (86  Gm.) 
are  dissolved  in  5  liters  of  cold  water.  The  solution  is  added  to  the  bleaching  powder 
suspension  and  well  shaken.  The  calcium  carbonate  is  allowed  to  settle,  the  clear  fluid 
is  siphoned  off  on  to  a  filter,  and  the  solution  is  tested  for  excess  alkali.  If  it  is  too 
alkaline,  this  may  be  corrected  by  passing  COj  through  it  or  adding  boric  acid. 

Neutral  Sodium  Hypochlorite  (Rockefeller  Institute  Method). — This  solution  is  not 
strictly  neutral,  but  has  the  same  limit  of  alkali  as  the  last.  It  is  prepared  by  passing 
chlorine  gas  through  a  1.5  percent,  solution  of  sodium  carbonate  until  saturation.  This 
gives  a  concentration  of  sodium  hypochlorite  between  0.45  and  0.5  percent. 

In  each  of  these  solutions  and  in  bleaching  powder  the  "available  chlorine"  is  deter- 
mined by  adding  an  excess  of  acetic  acid  and  sodium  iodide  to  a  carefully  measured 
portion  of  solution.  Iodine  is  at  once  liberated  in  an  amount  equal  to  the  available 
chlorine  of  the  antiseptic,  and  the  iodine  thus  set  free  is  titrated  with  decinormal  thio- 
sulphate  solution. 

A  solution  containing  free  chlorine  and  hypochlorites  can  also  be  prepared  by  elec- 
trolytic decomposition   of  salt  solution  or  sea  water. 

Chloramine,  which  is  soluble  in  water,  is  used  in  a  manner  similar  to  sodium  hypo- 
chlorite, but  does  not  have  to  be  renewed  so  often  as  it  gives  off  its  chlorine  more 
slowly.  Dichloramine-T,  which  is  soluble  in  oil,  gives  off  chlorine  even  more  slowly. 
It  is  used  in  solution  in  a  special  chlorinated  oil  as  a  dressing  for  burns  and  ulcers. 
Halazone  is  employed  for  the  sterilization  of  drinking  water. 

Materia  Medica. — Liquor  Chlori  Compositus  (N.F.),  Compound  Solution  of 
Chlorine.    Ahhr.,  Liq.  Chlor.  Co.    Synonym:  Chlorine  Water. 

An  aqueous  solution  containing,  when  freshly  made,  a  mixture  of  chlorine  and 
chlorine  oxides  equivalent  to  about  0.35  Gm.  of  available  chlorine  to  each  100  cc.  of 
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the  solution,  with  some  potassium  chloride.  A  yellow  liquid  with  the  strong  odor 
and  taste  of  chlorine. 

Dose,  1  tluidram  (4  cc). 

Halazone    (N.N.R.),  Parasulphonedichloramido-benzoic   acid. 

A  white  powder  with  a  strong  odor  of  chlorine,  slightly  soluble  in  water.  It  is 
used  for  the  disinfection  of  drinking  water.  It  is  effective  in  both  hard  and 
soft  water,  has  little  taste,  and  is  reasonably  stable.  A  concentration  of  1 :  200,000 
to  1 :  500,000  suffices  to  sterilize  polluted  water  in  Yz  hour  to  1  hour.  Chlorine  content 
should  be  24  to  26  percent.  It  is  commonly  dispensed  in  2  grain  (0.12  Gm.)  tablets 
containing  0.004  (Jni.  each  of  the  acid  and  of  dry  sodium  carbonate  and  0.092  Gm.  of 
sodium  chloride;  0.8  cc.  of  borax  may  replace  the  carbonate.  Such  tablets  will  sterilize 
1  quart  (1  liter)  of  water. 

Dose,  for  the  sterilization  of  1  quart  of  water,  one  tablet  containing  0.004  Gm. 
of  halazone  (or  two  tablets)  may  be  used. 

Dkhlohamina  (U.S.  X.),  Dichloramiue-T.  Ahhr.,  Dichloram.  Synonym:  Para- 
toluenesulphonedichloramide. 

Dichloramine,  CgH/CH,)(SOjNClj),  contains  not  less  than  28  and  not  more 
than  30  percent,  of  active  chlorine.  Occurs  as  pale  yellow  crystals  or  a  yellowish 
crystalline  powder,  having  an  odor  of  chlorine.  It  gradually  decomposes  on  exposure 
to  air,  losing  chlorine.  It  is  almost  insoluble  in  water.  It  is  soluble  in  eucalyptol  and 
in  chlorinated  pai*affin  hydrocarbons,  also  in  glacial  acetic  acid.  One  Gm.  is  soluble 
in  about  1  cc.  of  benzene  or  chloroform  and  in  about  2.5  cc.  of  carbon  tetrachloride. 
It  is  decomposed  by  alcohol. 

Dose,  used  in  solution  externally. 

Paraffinum  Chlorinatum  (U.S.  X.),  Chlorinated  Paraffin.  Ahhr.,  Paraff.  Chlor- 
inat.    Synonym:  Chlorcosane. 

A  liquid  chlorinated  paraffin.  A  light  yellow  to  light  amber,  clear,  thick,  oily 
liquid;  odorless  and  stable  in  the  air.  It  is  insoluble  in  water;  slightly  soluble  in 
alcohol,  but  miscible  with  benzene,  carbon  tetrachloride,  chloroform,   and  ether. 

Dose,  used  as  a  vehicle  for  dichloramina. 

CuRATio  Paraffini  (N.F.),  Paraffin  Dressing.  Ahhr.,  Curat.  Paraf.  Synonym: 
Paraffin  Pilm. 

Paraffin  softened  by  the  addition  of  white  petrolatum  and  olive  oil  and  containing 

1  percent,  of  resorcinol  and  2  percent,  of  eucalyptol. 

Dose,  local  application  to  burns. 
Parresine  (N.N.R.). 

A  mixture  composed  of  paraffin,  94  to  96  percent.,  gum  elemi,  0.2  to  0.25  per 
cent.,    Japan    wax,    0.4    to    0.5    percent.,    asphalt,    0.2    to    0.25    percent.,    eucalyptol, 

2  percent.,  solution  of  alkannin,  0.5  to  1  percent.,  and  ti  minute  quantity  of  gentian 
violet. 

Dose,  external  use  in  treatment  of  burns. 

Liquor  Sod^e  Chlorinate  (U.S.  X.),  Solution  of  Chlorinated  Soda.  Ahhr.,  Liq. 
Sod.  Chlorinat.    Synonym:  Labarraque  Solution,  Bleaching  Fluid. 

An  aqueous  solution  of  chlorine  compounds  of  sodium,  containing,  in  each 
100  cc,  not  less  than  2.5  percent,  of  available  CI.  Contains  70  Gm.  sodium  carbonate 
and  100  Gm.  chlorinated  lime  in  each  1000  cc.  of  solution.  A  clear,  pale  greenish 
liquid,  having  a  faint  odor  of  chlorine,  and  a  disagreeable,  alkaline  taste. 

Dose,  for  external  use  only. 

Liquor  Sobje  Ciilorixat.e  CiiiRURfacALis  (U.S.  X.),  Surgical  Solution  of  Chlor- 
inated Soda.  Ahhr.,  Liq.  Sod.  Chlorinat.  Chir.  Synonyms:  Modified  Dakin  Solution, 
Carrel-Dakin  Solution,  Dakin  Solution. 


53S  INORGANIC  CHEMICAL  ANTISEPTICS 

An  aqueous  solution  of  chlorine  compounds  of  sodium,  containing  not  less  than 
0.45  percent,  and  not  more  than  0.50  percent,  of  sodium  hypochlorite.  Prepared  by 
mixing  solutions  of  chlorinated  lime  and  exsiccated  sodium  phosphate,  containing 
20  Gm.  of  each  in  each  1000  cc.  of  solution.  It  is  about  one-fifth  the  strength  of 
Labarraque  solution.  A  colorless  or  faintly  yellow  liquid  having  a  slight  odor  of  the 
oxides  of  chlorine. 

Dose,  for  external  use. 

Chloramina  (U.S.  X.),  Chloramine-T.  Ahhr,,  Chloram.  Synonym:  Sodium  Para- 
tolu  enesulphonechloramide. 

Chloramine,  CjH.CCHJCSOjNNaCl)  .3HjO,  contains  not  less  than  11.5  percent, 
and  not  more  than  13  percent,  of  active  chlorine.  Occurs  as  white  or  faintly  yellow 
crystals  or  a  crystalline  powder,  having  a  slight  odor  of  chlorine.  It  slowly  decomposes 
on  exposure  to  air,  losing  its  chlorine.  One  Gm.  is  soluble  in  about  7  cc.  of  water 
at  25°  C.  and  in  about  2  cc.  of  boiling  water.  It  is  decomposed  by  alcohol,  and  is 
insoluble  in  benzene,  chloroform,  and  ether. 

Dose,  for  external  use. 

Antiformin  (N.N.R.). 

A  strong  alkaline  solution  of  sodium  hypochlorite. 

Dose,  externally,  in  2  to  10  percent,  solutions. 

Hychlorite   (N.N.R.). 

A  solution  of  chlorinated  soda  that  contains  not  less  than  3.85  percent,  of  avail- 
able chlorine. 

Dose,  full  strength  or  diluted  one-half  for  direct  application  to  infected  tissue; 
for  irrigation  method,  diluted  1 :  7  with  water. 

Calx  Chlorinata  (U.S.  X.),  Chlorinated  Lime.  Ahh7\,  Calx  Chlorin.  Synonyms: 
Bleaching  Powder,  Javelle  Salt. 

Chlorinated  lime  is  a  product  resulting  from  the  action  of  chlorine  upon  calcium 
hydroxide,  and  contains  not  less  than  30  percent,  of  available  chlorine  (CI.).  It  is 
a  white,  or  grayish-white,  granular  powder,  having  the  odor  of  chlorine.  It  becomes 
moist  and  gradually  decomposes  on  exposure  to  air  and  when  in  such  condition  must 
not  be  used.  It  is  partially  soluble  in  water  and  alcohol,  the  insoluble  portion 
settling  readily  when  mixed  with  water. 

Dose,  4  grains  (0.26  Gm.) ;  also  used  in  solution  externally. 

Liquor  Calcis  Chlorinate  (Br.),  Solution  of  Chlorinated  Lime. 

Chlorinated  lime,  100  Gm. ;  distilled  water,  1000  cc.  Mix;  transfer  to  closed 
container;  shake  occasionally;  at  end  of  3  hours  filter  through  calico.  The  solution 
yields  about  3  percent,  of  available  chlorine  when  freshly  prepared. 

Dose,  10  to  30  minims  (0.6  to  2  cc.) 

Liquor  Acmi  HvPOCHLORasi  Compositus  (unofficial),  Compound  solution  of  Hypo- 
chlorous  Acid.     Synonym:  Eusol. 

Mix  12.5  parts  each  of  bleaching  powder  (calx  chlorinata)  and  boric  acid,  and 
shake  with  1000  parts  of  water.  Allow  to  stand  a  few  hours  (over  night)  and  filter.  Or 
dissolve  the  bleaching  powder  first,  add  the  boric  acid,  allow  to  stand  over  night  and 
filter.  Or  25  parts  of  eupad  may  be  dissolved  in  1000  parts  of  water.  Eusol  prepared 
in  this  way  contains  free  hypochlorous  acid,  sodium  hypochlorite,  and  calcium  hypo- 
chlorite. It  is  faintly  alkaline  to  litmus.  It  should  contain  the  equivalent  of  0.27 
percent,  of  hypochlorous  acid.  It  loses  strength  rapidly  when  kept,  and  is  best  made 
fresh  as  needed. 

Dose,  external  use. 

PuLVis  Calcis  Chlorinate  et  Acidi  Borici  (unofficial),  Powder  of  Chlorinated 
Lime  and  Boric  Acid.    Synonym:  Eupad, 
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Prepared  by  mixing  thoroughly  equal  parts  of  calx  chlorinata  and  boric  acid.  It 
is  used  as  a  dry  dressing  or  in  the  preparation  of  eusol. 

Antagonists  and  I ncompatihles.— AW  the  chlorine-yielding  preparations  are  chemi- 
cally incompatible  with  most  organic  substances. 

Dose,  external  use. 

Antiseptic  Action. — Chlorine  in  the  presence  of  water  is  an  effective  germicide;  in 
a  dry  atmosphere,  organisms,  and  especially  spore-bearers,  resist  it  for  prolonged 
periods,  even  v/hen  present  in  the  proportion  of  50  percent.  When  air  and  germs  are 
moist,  however,  4  percent,  of  chlorine  gas  will  kill  anthrax  spores  in  1  hour,  and  if  the 
exposure  be  continued  for  3  hours,  1  percent,  suffices;  while  less  resistant  spores  are 
destroyed  in  moist  air  by  an  exposure  of  3  hours  to  3  parts  in  1000.  In  the  proportion 
of  1:  2000,  chlorine  destroys  the  infectivity  of  vaccine  virus;  and  1:  4Q0  will  kill  the 
bacteria  of  putrid  urine. 

The  U.S.  Pharmacopoeia  requires  that  chlorinated  lime  shall  have  not  less  than 
30  percent,  available  chlorine  content,  but  the  commercial  article  (bleaching  powder) 
varies  in  this  respect  from  25  to  40  percent.  Taking  the  lower  figure,  a  solution  of 
1:  100  or  1  in  1:  120  suffices  for  all  ordinary  disinfectant  purposes;  and  in  such  strength 
it  is  neither  very  toxic  nor  very  caustic.  A  20  percent,  solution  will  destroy  anthrax 
spores  of  low  resistance  in  15  minutes.  Anthrax  bacilli  succumb  to  a  0.4  percent,  solu- 
tion in  1  minute.  Cholera  and  typhoid  bacilli  are  killed  in  5  minutes  by  a  0.5  percent, 
solution;  and  in  10  minutes  by  a  0.25  percent,  solution.  Streptococcus  pyogenes  aureus 
and  the  streptococcus  of  erysipelas  yield  to  a  0.6  percent,  solution  in  5  minutes  and  to  a 
0.8  percent,  solution  in  1  minute.  For  purifying  water  supplies  about  5  lbs.  per  million 
gallons  are   required. 

Commercial  specimens  of  chlorinated  soda  solution  (Labarraque  solution)  vary  in 
the  amount  of  available  chlorine  from  about  0.01  to  3.8  percent.  A  2  percent,  solution 
of  sodium  hypochlorite  destroys  anthrax  spores  in  30  minutes;  a  10  percent,  solution 
kills  both  spores  and  spore  bearers  in  20  minutes,  and  nonsporogenous  organisms  in  10 
minutes.  Chlorine  administered  in  medicinal  quantity  has  no  influence  upon  the 
tubercle  bacillus,  and  probably  little  or  none  on  other  organisms.  About  1  part  of 
available  chlorine  in  1  million  will  purify  polluted  water  supplies.  Any  bad  taste  due 
to  the  chlorine  may  be  removed  by  sodium  thiosulphate,  which,  of  course,  stops  the 
germicidal  action  at  the  same  time. 

Recently  more  exact  studies  of  the  bactericidal  power  of  hypochlorites  have  been 
made  possible  by  the  carefully  titrated  preparations  known  as  Dakin's  solution,  etc. 
"Neutral  sodium  hypochlorite"  kills  staphylococci  suspended  in  water  in  2  hours  in  a 
dilution  of  1:500,000;  in  serum  diluted  with  its  own  volume  of  water,  1:1500  was 
required:  in  serum  mixed  with  a  muscle  extract,  1:1100;  and  in  pus,  1:800.  Eusol 
gave  similar  figures.  It  was  found  that  if  sterilization  was  not  complete  within  a  few 
hours,  usually  within  2,  it  was  because  all  the  hypochlorite  had  been  destroyed  and 
the  bacteria  began  to  grow  again. 

Chloramine-T  is  effective  in  the  same  dilution  in  water,  but  is  more  effective 
because  more  slowly  destroyed,  in  contact  with  organic  matter.  Thus  in  50  percent, 
serum,   1:2000   is  sufficient;    in  the   serum   muscle  extract  mixture,   1:600. 

Dichloramine-T  is  a  very  efficient  antiseptic,  but  its  action  is  less  readily  studied 
on  account  of  its  insolubility  in  water.  A  solution  of  1:130  kills  staphylococci  in  serum 
muscle  extract  in  a  few  minutes. 

A  contaminated  water  supply  may  be  purified  by  the  addition  of  1  lb.  (480  Gm.) 
of  chlorinated  lime  to  33,000  gallons  (148,500  liters)  of  water,  this  solution  containing 
chlorine  in  the  proportion  of  1  part  per  million.  A  better  preparation  for  this  purpose 
is  halazone  which,  when  added  to  water  in  the  proportion  of  1:  200,000  to  1:  500,000,  will 
effect  sterilization  in  from  30  to  60  minutes.  This  concentration  is  barely  perceptible 
to  the  taste. 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Chlorine  water,  chlorinated 
compounds  and  hypochlorites  are  absorbed  readily  from  mucosae  and  the  stomach,  and 
at  once  undergo  certain  changes.  The  greater  amount  of  the  chlorine  is  soon  combined 
as  sodium  chloride.  When  given  by  mouth,  this  change  may  occur  in  the  stomach.  A 
certain  proportion,  however,  circulates  as  hypochlorite,  and  a  small  amount  of  this  is 
formed  even  from  chlorine  water.  This  sodium  hypochlorite  breaks  down  gradually, 
yielding  free  chlorine  constantly  in  small  amounts.     The  brains  of  rabbits  have  been 
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found  to  smell  of  chlorine  several  days  after  inhalation  of  chlorine  gas.  The  same 
phenomenon  may  occur  after  drinking  diluted  chlorine  water. 

Elimination  both  in  the  form  of  chlorides  and  hypochlorites  occurs  by  the  kidneys. 
The  urine  may  have  an  odor  of  chlorine.  Free  chlorine,  however,  in  solution  cannot 
escape  in  the  urine,  as  it  reacts  with  urea. 

Topical  Action. — Applied  to  the  skin  in  concentrated  form,  chlorine  water  and 
chlorinated  compounds  excite  tingling  with  papular  or  vesicular  eruptions  or  an  erysip- 
elatous  inflammation  surrounding  a  soft  superficial   eschar. 

Taken  by  mouth,  chlorine  water  is  a  violent  irritant,  producing  inflammation  and 
even  ulceration  of  the  mouth  and  throat,  with  severe  pain  in  the  stomach  and  vomiting. 

Chlorine  gas  is  extremely  irritant  to  all  mucous  membranes,  but  especially  to  the 
lung  and  to  the  smaller  bronchi;  1  part  in  1,000,000  is  irritating  to  the  lung,  although 
it  cannot  be  appreciated  by  the  upper  air  passages.  One  part  in  100,000  causes  itching  and 
tingling  of  the  eyes  and  noje,  and,  if  continued,  edema  and  inflammation  of  the  lungs, 
with  hemoptysis,  followed  by  peribronchitis  and  pulmonary  edema.  This  concentration 
has  not  a  strong  odor.  In  these  very  high  dilutions  chlorine  causes  dryness  of  the 
throat,  and  later  increased  secretion  of  bronchial  mucus,  with  liquefaction  of  any  secre- 
tion which  may  already  be  present.  Six  parts  in  100,000  kill  in  a  few  hours,  by  edema 
of  the  lungs.  Higher  concentrations  irritate  the  larynx  and  kill  by  spasm  of  the  glottis 
before  much  chlorine  has  reached  the  lungs.  On  autopsy  gassed  animals  show  conges- 
tion of  the  lungs  with  complete  stasis  of  the  pulmonary  circulation,  and  rapid  edema. 
The  bronchi  are  constricted,  but  their  narrowing  plays  no  part  in  producing  severe 
symptoms. 

Chlorine  gas  is  so  irritant  that  persons  do  not  willingly  inhale  it  in  acutely  toxic 
concentrations,  but  workmen  who  are  constantly  exposed  to  the  fumes  may  show  inflam- 
mation or  ulceration  of  the  mouth  and  throat,  with  indigestion,  emaciation  and  chronic 
headache.  A  peculiar  skin  eruption,  affecting  the  sebaceous  glands  and  showing  lesions 
like  comedones  and  like  acne,  whence  it  is  termed  "chlorine  acne,"  is  seen  in  workmen 
who  are  employed  in  plants  where  chlorine  is  made  electrolytically,  but  not  otherwise. 
It  is  not  due  to  a  direct  action  on  the  skin,  being  mostly  on  the  back.  It  is  probably 
due  to  some  chlorine  compound  of  undetermined  nature,  and  is  related  to  bromide  and 
iodide  acne. 

The  earlier  solutions  of  bleaching  powder,  as  well  as  of  Labarraque  solution,  were 
usually  of  high  alkalinity  and  irritating  for  this  reason.  The  neutral  solutions  of  sodium 
hypochlorite  in  concentration  of  0.5  percent,  (the  standard  strength)  are  hardly  at  all 
irritating  to  w^ounds  or  to  inflamed  mucosae.  Rabbits'  ears  exposed  to  such  solutions 
for  40  minutes  daily  show,  after  3  to  5  days,  a  severe  dermatitis  with  loss  of  hair, 
edema,  petechia,  and,  if  the  alkalinity  be  too  great,  superficial  ulceration  (Cullen  and 
Taylor).  Such  phenomena  are  not  seen  in  wounds  irrigated  with  hypochlorite,  perhaps 
because  it  is  quickly  destroyed. 

Hypochlorite  solution  of  proper  composition  injected  intraperitoneally  in  dogs 
causes  a  marked  inflammatory  reaction  manifested  by  pain,  profuse  serous  exudate, 
erosion  and  perforation  of  the  mesentery  and  fall  of  blood  pressure.  Amounts  too  small 
to  bring  about  intoxication  when  given  by  vein  are  followed  by  peribronchitis  and 
pulmonary  edema  when  injected  intraperitoneally.  Intrapleural  injections  induce  much 
less  response   (Mann  and  Crumley). 

Of  great  interest  is  the  power  of  hypochlorite  solutions  to  dissolve  necrotic  tissue. 
Normal  tissues  are  not  attacked,  but  pus  cells  and  dead  material  in  the  wound  are 
softened  and  washed  away.  Liver  emulsion  in  0.5  percent,  hypochlorite  solution  is 
reduced  to  1/25  of  its  original  bulk  in  2  hours.  The  solvent  action  is  greatly  increased 
by  excess  of  alkali  (Taylor  and  Austin).  Rabbits'  ears,  in  which  necrosis  had  been 
produced  by  exposure  to  x-rays,  were  gradually  cleansed  of  necrotic  tissue  by  repeated 
immersions  of  20  minutes  each  in  hypochlorite  solution.  The  action  of  chloramine  in 
this  respect  was  comparatively  slight    (Austin  and  Taylor). 

It  has  been  asserted  that  the  solvent  action  described  softens  freshly  formed  clots, 
and  is  likely  to  cause  bleeding  in  wounds.  This  is  denied  by  Carrel  and  Dehelly,  who 
have  had  as  much  experience  with  the  solution  as  any  one. 

Neither  the  irritating  action,  nor  the  solvent  power  on  necrotic  tissue  are  shared 
by  chloramine-T  and  dichloramine-T. 

The  action  on  pus  may  be  of  great  importance  in  this  way.  Bacteria  are  ingested 
by  phagocytes,  but  often  not  killed  promptly.     In  the  body  of  the  leucocyte,  they  may 
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be  protected  from  the  action  of  antiseptics  applied  to  the  pus,  and 'thus  escape  destruc- 
tion, even  though  the  leucocyte  is  killed.  Such  bacteria  are  attacked  by  hypochlorites 
as  the  pus  cell   is  dissolved. 

Tojcic  Action. — Chlorine  water,  chlorinated  soda  and  sodium  hypochlorite,  injected 
slowly  into  the  veins  of  animals,  give  rise  to  much  the  same  disturbances.  It  is  difficult 
to  separate  those  due  to  the  chlorine  from  those  caused  by  the  hydrochloric  acid  which 
is  formed,  and  by  the  hypochlorite.  The  chief  symptoms  are  rapid  pulse  and  respiration 
soon  followed  by  nausea  and  vomiting,  diarrhea,  weakness  and  tremors.  Dyspnea  and 
epigastric  pain  ensue  and,  when  the  dose  is  large,  collapse  and  death  result.  The  lethal 
dose  of  chlorinated  lime,  by  mouth  to  dogs,  is  more  than  1  Gm.  per  kilo  and  of  chlorine 
water  about  10  cc.  per  kilo. 

The  newer,  less  alkaline  solutions  are  not  very  toxic.  Large  amounts  can  be  injected 
intravenously  at  a  rate  which  gives  the  animal  time  to  decompose  them.  In  dogs  100  cc. 
can  be  injected  at  a  rate  of  10  cc.  per  minute.  Rabbits  may  be  given  45  cc.  and  guinea- 
pigs  4  cc.  of  eusol  intravenously  without  harm.  In  sepsis  in  man  100  cc.  (more  than 
3  oz.)  may  be  given  every  24  hours  (Lorrain  Smith).  This  corresponds  to  0.27  Gm.  of 
hypochlorous  acid.  Much  larger  doses  kill  by  causing  laking  of  the  red  cells  and  thick- 
ening of  the  blood.  Even  small  amounts  of  chloramine-T  intravenously  may  lead  to 
some  hemolysis,  but  unless  very  large  amounts  are  given  no  other  bad  effects  are  seen 
(Githens  and  INIeltzer,  unpublished).  Intraspinal  injections  of  1  cc.  (15  minims)  of 
1  percent,  chloramine  in  Ringer  solution  lead  to  signs  of  spinal  Irritation  in  cats,  and 
even  solutions  too  dilute  to  be  of  much  antiseptic  value  produce  permanent  alterations 
in  the  meninges  (Wegeforth  and  Essick). 

Treatment  of  Poisoning. — In  poisoning  by  chlorine  gas,  fresh  air  must  be  afforded, 
and,  if  possible,  oxygen  administered,  a  percentage  of  40  to  50  being  maintained.  The 
other  measures  will  depend  upon  the  special  symptoms  and  their  severity.  Ammonia 
vapor  (which,  however,  is  itself  very  irritant)  is  a  chemical  antidote,  forming  the 
harmless  ammonium  chloride.  Cough,  pain  and  spasm  may  be  relieved  by  inhalation 
of  ether,  chloroform,  or  steam  impregnated  with  benzoin  and  opium.  Strychnine  or 
atropine  or  morphine  or  a  combination  of  these,  or  digitalin  may  be  injected  sub- 
cutaneously.  Artificial  warmth  may  be  necessary.  When  irritant  chlorine  preparations 
have  been  swallowed,  the  stomach  should  be  emptied,  aromatic  spirit  of  ammonia, 
ammonium  carbonate,  or  diluted  ammonia  water  is  to  be  administered  with,  or  followed 
by,  demulcents  (milk,  eggs,  flour  water,  barley  water);  pain  is  to  be  relieved,  and  the 
special  symptoms  treated.  Free  blood  letting  will  lessen  the  tendency  to  edema  of  the 
lungs,  which  is  the  most  dangerous  immediate  complication. 

Systemic  Action. — Chlorine  and  hypochlorites,  whose  systemic  effects  are  indis- 
tinguishable, depress  all  the  vital  centers,  especially  that  of  respiration.  They  cause 
fall  of  blood  pressure  and  of  temperature,  partly  by  central,  partly  by  reflex,  action 
There  is  also  destruction  of  the  red  blood-cells,  which  clog  the  kidneys  with  debris, 
giving  rise  to  albuminuria  and  hematuria,  in  addition  to  the  anemia.  Small  doses  of 
sodium  hypochlorite  injected  intravenously  are  said  to  stimulate  the  blood-making 
organs.  This  effect  may  be  secondary.  Chlorine  water,  added  to  Locke  solution  con- 
taining excised  strips  of  pig's  bronchus  and  of  pulmonary  artery  and  vein,  cause  in 
all  three,  dilatation  in  dilute  solution  (below  200  mgm.  of  chlorine  per  liter),  and  very 
strong  contraction  in  higher  concentration  (350  to  1200  mgm.  per  liter)  (Barbour  and 
Williams).  Dogs  gassed  with  chlorine  showed  a  rise  of  temperature,  with  irritant  con- 
centrations (30  parts  per  million),  and  a  fall  with  toxic  concentrations  (200  to  800  parts 
per  million)    (Barbour). 

The  neutral  hypochlorite  solution  added  to  the  blood  in  vitro  in  a  proportion  of  1  to  5, 
that  is,  so  as  to  contain  0.15  per  cent.,  prevents  clotting  entirely.  Half  this  amount  may 
delay  it  for  several  hours.  These  concentrations  do  not  lake  the  blood,  as  occurs  with 
addition  of  1  part  of  hypochlorite  to  2  of  blood.  The  clotting  is  not  restored  by  calcium 
chloride,  but  occurs  promptly  on  addition  of  tissue  extract.  The  anticoagulant  action 
is  seen  in  dogs,  after  the  injection  of  7.5  cc.  per  kilo.  Blood  drawn  within  4  hours  of 
the  injection  remains  fluid  for  several  days,  at  room  temperature.  It  is  distinctly  laked, 
and  the  dogs  often  die,  in  the  course  of  a  few  days,  from  changes  in  the  blood  (Githens). 

Therapeutics:  Deodorant  and  Disinfectant  Uses. — Solution  of  elilorinated  lime 
(1  percent.)  can  be  used  to  sprinkle  privies,  stables,  and  other  places  wliore  there 
is  an  unpleasant  odor;  and  a  sheet  moistened  witli  this  solution   wrapped  arountl  a 
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dead  body  prevents  effluvia.  In  drains,  urinals  and  the  like  it  may  be  used  by  rule 
of  thumb ;  or  a  pound  of  the  powder  may  be  dissolved  in  a  bucket  of  water  and 
the  solution  used  freely.  For  the  disinfection  of  sputa,  feces,  urine,  and  other  dis- 
charges, in  cases  of  contagious  diseases,  either  30  Gm.  to  the  liter  (1  ounce  to  the 
quart)  or  Labarraque  solution  (1 : 5  chlorinated  lime)  is,  on  the  whole,  the  best 
agent  that  can  be  used  in  the  sick  room.  The  former  is  the  cheaper.  The  latter  ia 
the  more  elegant  and  the  more  easily  handled,  while  its  residuum  (sodium  chloride) 
is  harmless  to  person  or  property.  A  small  quantity  should  always  be  kept  in  the 
receptacles,   and   more   added   after   use. 

Even  when  there  is  no  contagious  disease  in  the  house,  and  no  known  defect 
in  the  plumbing,  chlorinated  lime  should  be  kept  in  the  water  closet  or  urinal,  to 
be  thrown  into  the  basins,  whenever  these  are  used  or  flushed  (unless  some  more 
expensive  preparation,  of  pleasanter  odor,  such  as  the  ozonized  terebinthinates, 
can  readily  be  afforded).     This  is  especially  necessary  in  public  places. 

Topical  Uses. — Until  Dakin  revived  the  use  of  hypochlorites,  the  clilorine  prep- 
arations had  been  largely  superseded  as  local  disinfectants  by  the  peroxides  in  one 
range  of  uses  and  by  mercuric  chloride  in  another ;  for  administration  per  os  there 
are  other  more  efficient  and  safer  antiseptics.  Many  occasions  arise,  however,  in 
which,  for  one  reason  or  another,  not  only  the  new  but  the  older  chlorine-yielding 
preparations   are  of  special   applicability. 

As  irrigations  for  wounds  and  pu.s  cavities,  including  the  pleural  sac  after 
incision  or  aspiration,  Dakin  solution,  chloramine-T,  dichloramine-T,  and  eusol 
now  hold  a  very  important,  if  not  the  first,  place.  Dakin  solution  was  first  used 
in  the  Carrel-Dakin  method  of  treating  wounds  by  thorough  irrigation,  the  solution 
being  carried  to  all  parts  of  the  wound,  even  the  deepest  pockets,  by  means  of  rub- 
ber tubes  with  numerous  lateral  openings  about  1/3  inch  apart.  The  irrigation  may 
be  continuous  or  intermittent;  when  the  former,  it  is  advisable  to  protect  the  neigh- 
boring skin  by  vaseline.  The  solution  is  used  for  irrigation  in  full  strength;  it 
dissolves  sloughing  tissue,  in  which  respect  it  is  superior  to  chloramine-T.  This 
latter  is  more  stable,  however,  is  less  irritating,  and  is  practically  non-toxic;  it  is 
employed  in  1  or  2  percent,  strength.  Dichloramine-T  more  nearly  resembles  Dakin 
solution  in  its  solvent  power;  it  is  more  irritating  to  the  tissues  than  chloramine-T 
and  is  less  rapidly  decomposed,  thus  exerting  a  more  sustained  antiseptic  action ;  it 
is  used  in  0.5  to  8  or  10  percent,  solutions  in  chlorinated  liquid  petrolatum  (chlor- 
cosane).  Eusol  is  a  solution  of  equal  parts  of  chlorinated  lime  and  boric  acid.  It 
is  a  potent  antiseptic  and  deodorant  and  very  efficient  in  irrigation,  but  is  irritant 
in  some  cases.  It  loses  strength  gradually,  becoming  inert  in  from  one  to  three  weeks, 
being  inferior  in  keeping  quality  to  Dakin  solution.  Eupad  is  an  undissolved  mix- 
ture of  chlorinated  lime  and  boric  acid.  It  can  be  used  as  a  dusting  powder  on 
septic  wounds,  or  gauze  dressings  may  be  impregnated  with  it.  It  is  sometimes 
exceedingly  irritating  and  may  then  with  advantage  be  diluted  with  kaolin,  or  the 
preparation  kepad  (chlorinated  lime,  1  part,  boric  acid  and  sterilized  kieselguhr, 
9.5  parts  each),  which  is  1/10  the  strength  of  eupad,  may  be  substituted  for  it. 

The  chlorine  preparations  are  used  with  benefit  in  chronic  indurated,  desquama- 
tive, and  ulcerative  affections  of  the  skin,  exerting  a  stimulant,  disinfectant,  and 
cleansing  action.  For  bedsores  and  ill-conditioned  ulcers  dusting  with  eupad,  diluted 
if  too  strong,  will  give  good  results.  An  application  of  an  ointment  of  chlorinated 
lime,  10  percent,  in  vaseline,  is  effective  in  the  treatment  of  sluggish  ulcerations 
and  acts  very  well  in  the  case  of  cJiilhlains.  Chlorine  water  is  an  effective  parasiti- 
cide in  scabies,  pityriasis,  ringworm,  faints,  sycosis,  etc.,  or  a  solution  (}/2  ounce 
to  the  pint)   of  chlorinated  lime  may  be  used.    The  solution  of  chlorinated  soda  is 
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useful  ill  moist  dressings  to  soften  the  crusts  in  syphilitic  rupia  and  similar  condi- 
tions. In  chancroid,  bathing-  with  a  hot  2  percent,  solution  of  chloramine-T  or  with 
eusol  is  often  of  great  service.  On  septic  sores  and  in  all  forms  of  sloughing ,  gan- 
grenous, and  phagedenic  lesions,  the  solution  of  chlorinated  soda  or  the  modified 
Dakin  solution  is  one  of  the  best  applications  that  can  be  made. 

In  snakehite,  the  prompt  injection  of  the  solution  of  chlorinated  soda  into  and 
around  the  site  of  the  bite  will  diminish  or  destroy  the  toxicity  of  the  venom. 

An  ointment  of  chlorinated  lime,  1  dram  (4  Gm.),  in  vaseline  and  lanoline, 
of  each  ^/2  ounce  (16  Gm.),  is  useful  to  promote  the  resolution  of  enlarged  cervical 
glands. 

In  stiff  joint  following  long  splinting  for  fracture,  a  restoration  of  mobility 
will  be  effected  by  three  or  four  applications  of  chlorine  by  ionization   (Savill). 

Some  ophthalmic  surgeons  advocate  chlorinated  solutions  as  antispetic  dressings, 
both  before  and  after  operadons  upon  the  eye.  They  are  said  to  be  less  irritating 
to  the  conjunctiva  than  mercuric  chloride,  and  less  likely  to  cause  corneal  infiltra- 
tion or  ulceration  after  the  instillation  of  cocaine.  They  are  also  applied  in  granular 
lids,  slougliing  cornea,  purulent  ophthalmia,  and  other  suppurative  and  necrotic  affec- 
tions of  the  ocular  structures.  A  0.5  to  1  percent.  dichloramine-T  solution  in  chlor- 
inated petrolatum  is  of  the  strength  usually  employed  in  ocular  therapeutics. 

In  the  ear  chlorinated  solutions  are  used  to  destroy  colonies  of  aspergillus  and 
the  larvcv  of  insects  that  may  invade  the  external  auditory  meatus;  they  are  useful 
to  cleanse  the  canal,  preparatory  to  boric-acid  packing,  in  purulent  otitis  externa; 
and  are  sometimes  employed  in  purulent  otitis  media.  Dakin  solution  in  full  strength 
may  be  used  in  tlie  external  auditory  meatus. 

In  the  nose,  throat,  and  mouth  these  solutions  are  sometimes  of  especial  service 
in  all  forms  of  infection,  of  ulceration,  of  purulent  and  especially  of  fetid-  discharge; 
thus,  in  chronic  nasal  catarrh  and  ozena,  in  aphthous,  mercurial  and  other  forms  of 
stomatitis ;  in  pyorrhea  alveolaris;  in  acute  and  chronic  tonsillitis  and  pharyngitis;  in 
Viiicent's  angin<i;  in  scarlatinal  and  diphtheroid  sore  throat;  and  in  diphtheria.  In 
chronic  streptococcal  glossitis,  Herbert  French  advises  rinsing  the  mouth  for  ten 
minutes  at  a  time  morning  and  night  and  after  each  meal  with  a  mouthful  of  chlorine 
water  diluted  just  sufficiently  to  be  bearable. 

The  nose  and  pharynx  will  tolerate  a  spray  of  2  percent.  dichloramine-T  in  liquid 
petrolatum,  used  for  15  minutes  at  a  time,  several  times  daily.  Such  applications  may 
abort  acute  coryza  and  sometimes  sterilize  the  nose,  mouth  and  throat  of  persons  carrying 
meningococci  and  other  pathogenic  organisms. 

In  cystitis,  vaginitis,  leucorrhea  and  gonorrhea,  irrigation  of  the  urethra,  bladder 
or  vagina  as  indicated,  with  solutions  of  eusol,  gives  good  results  in  many  cases.  For 
irrigation  of  the  bladder  and  urethra  12  percent,  is  strong  enough,  but  a  vaginal  douche 
may  be  20  percent.  Dakin  solution  can  be  used  full  strength  in  the  vagina,  half 
strength  in  the  bladder.  Douching  with  1  percent,  solution  of  chlorinated  lime  will 
not  only  benefit  the  local  infection  but  may  act  favorably  on  an  associated  gonococcal 
rheumatism. 

Inhalations  of  chlorine  gas  have  been  used  more  or  less  in  the  treatment  of 
respiratory  affections  ever  since  they  were  brought  to  the  notice  of  the  profession 
by  Wallace  of  Dublin  in  the  early  part  of  the  19th  century,  but  the  remedy  has 
been  generally  regarded  as  having  only  a  limited  field  of  usefulness.  The  experience 
of  the  American  medical  staff  during  the  World  War  has,  however,  revived  an  interest 
in  this  therapeutic  measure.  According  to  Lt.  Col.  Gilchrist,  it  has  been  said  that 
the  second  battle  of  the  Marne  was  delayed  by  reason  of  an  extensive  outbreak  of 
influenza  in  the  German  Army,  while  the  Allied  troops,  separated  from  the  enemy 
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only  by  a  strip  of  "No  Man's  Land,"  having  been  bombarded  in  the  trenches  by 
chlorine  gas,  were  thereby  immunized  by  the  enemy  and  suffered  little,  if  at  all, 
from  the  disease.  In  consequence  of  this  and  other  similar  observations  and  of  the 
related  fact  that  workers  in  chemical  plants  where  chlorine  gas  was  always  in  the 
atmosphere  were  remarkably  free  from  respiratory  diseases,  Lt.  Col.  Vedder  and 
Capt.  Sawyer  undertook  a  scientific  investigation  along  these  lines,  with  the  result 
that  it  was  demonstrated,  seemingly  most  conclusively,  that  chlorine  gas  has  an 
almost  specific  curative  effect  when  inhaled  in  certain  affections  of  the  upper  respir- 
atory tract.  A  tabulation  of  900  cases  treated  by  Gilchrist  during  a  part  of  the  year 
1924  shows  the  results  of  the  treatment  of  asthma,  acute  and  chronic  bronchitis, 
bronchiectasis,  coryza,  chronic  colds,  hay  fever,  laryngitis,  pharyngitis,  sinus  involve- 
ment, and  pertussis.  The  best  results  were  shown  in  acute  and  chronic  bronchitis 
(75  cured  and  62  improved  out  of  a  total  of  168  cases),  coryza  (234  cured  and  170 
improved  of  465  cases),  and  whooping  cough  (19  cured  and  19  improved  in  a  total 
of  45  cases). 

Vedder  and  Sawyer  have  also  reported  a  large  number  of  favorable  results  in 
a  series  of  similar  cases  treated  by  them,  and  many  other  observers  have  recorded 
like  successes.  In  a  few  instances,  most  prominently  the  reported  experience  of  offi- 
cials of  the  Health  Department  of  New  York  City,  the  verdict  has  been  adverse  to 
the  chlorine  method  of  treatment  of  respiratory  diseases.  The  statistics  in  general 
show  a  cure  or  marked  amelioration  of  the  symptoms  in  over  90  percent,  of  common 
colds  and  between  80  and  90  percent,  of  the  cases  of  pertussis. 

The  chlorine  gas  is  administered  in  a  variety  of  ways.  In  one  the  patient  or 
patients  sit  in  a  closed  room  while  a  special  form  of  apparatus  sends  out  an  amount 
of  chlorine  accurately  proportioned  to  the  cubic  contents  of  the  room  so  that  the 
concentration  may  be  neither  too  strong  nor  too  feeble.  With  another  form  of 
apparatus  the  patient  breathes  by  means  of  a  face  mask  through  a  tube  attached 
directly  to  the  generator  so  that  no  special  chamber  is  necessary.  Again,  the  chlorine 
may  be  discharged  from  a  generator  above  the  patient  who  inhales  the  gas  as  it 
sinks  down  over  his  face. 

In  the  absence  of  apparatus  one  may  resort  to  the  expedient  adopted  by  F.  S. 
Macy,  of  suspending  a  Turkish  towel  saturated  with  a  chlorinated-soda  (modified 
Dakin's)  solution  over  the  patient.  In  a  case  of  advanced  tuberculosis,  inhalation 
of  gas  from  this  source  was  almost  continuous  day  and  night,  and  the  improvement 
at  the  end  of  six  weeks  was  most  striking.  The  gas  from  this  source  was  admin- 
istered in  a  number  of  other  cases  of  respiratory  affection,  ranging  from  simple 
coryza  to  tuberculosis,  with  encouraging  results.  The  best  solution  for  use  in  this 
way  was  not  definitely  determined,  but  one  that  had  been  prepared  electrolytically 
seemed  the  most  efficacious. 

Systemic  Uses. — Chlorine  water  is  sometimes  given  with  benefit,  in  teaspoonful 
doses  well  diluted,  as  an  intestinal  antiseptic  in  typhoid  fever,  indicanuria  and  in- 
testinal toxemia.  Chlorinated  lime,  in  5  grain  (0.3  Gm.)  doses  dissolved  in  2  ounces  of 
sweetened  water,  may  be  used  for  this  purpose  if  preferred. 

Typhus  fever  has  been  successfully  treated  by  intravenous  injection  of  500  cc. 
of  chlorine  water  daily  for  from  2  to  8  days.  Eusol  might  be  better  (Danielopolu). 
Eusol  has  been  employed  with  benefit  in  septicemia,  given  intravenously  in  doses 
of  50  to  100  cc. 

In  cancer  subcutaneous  injections  of  a  weak  solution  of  the  hypochlorite  of 
potassium  and  sodium  have  been  recommended;  they  should  be  made  daily  over 
the  deltoid  muscle  or  the  great  trochanter,  but  not  into  the  substance  of  the  tumor 
or  its   immediate  vicinity. 
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Chlorates:  Summary  of  Actions  and  Uses. — Chlorates  exert  an  oxidizing  action  on  all 
organic  matter,  leading  to  explosions  when  they  are  rubbed  in  a  mortar  with  oxidizable 
substances.  This  reaction  does  not  occur  in  solutions  outside  the  body,  and  the  presence 
of  oxidizing  ferments  may  be  required  to  develop  it  in  the  blood.  That  such  a  ferment 
is  actually  present  is  shown  by  the  formation  of  methemoglobin  in  chlorate  intoxication 
and  when  chlorates  react  with  blood  in  vitro.  Their  physiologic  activity  has  two  chief 
features,  destruction  of  the  red  cells  with  resultant  formation  of  methemoglobin  and 
of  hemolysis,  and  salt  action  of  concentrated  solutions. 

Potassium  and  sodium  chlorate  are  used  in  all  forms  of  stomatitis,  including  mer- 
curial salivation  and  ulcerative,  aphthous  and  gangrenous  conditions  of  the  mouth,  as 
well  as  in  follicular  tonsillitis  and  other  forms  of  pharyngitis.  Internally  they  have 
been  employed  in  gastric  catarrh,  but  they  have  greater  toxic  than  therapeutic  power, 
and  must  be  prescribed  in  small  doses  and  with  great  caution,  and  never  when  the  kid- 
neys are  diseased  or  their  function  impaired. 

Materia  Medica. — PoTASsn  Chlor.\s  (U.S.  X.),  Potassium  Chlorate.  Ahhr.,  Pot. 
Chloras. 

Potassium  chlorate  contains  not  less  than  99  percent,  of  the  pure  salt.  Occurs 
as  colorless,  odorless,  lustrous,  monoclinic  prisms  or  plates,  or  a  white  granular 
powder;  it  is  stable  in  the  air.  One  Gm.  dissolves  in  16  cc.  of  water  at  25°  C; 
it  is  almost  insoluble  in  alcohol,  but  is  soluble  in  glycerin.  Potassium  chlorate,  KCIO,, 
may  be  obtained  by  passing  chlorine  into  water  holding  lime  or  magnesia  in  suspension, 
treating  the  clarified  liquid  with  potassium  chloride,  and  subsequently  crystallizing 
out  the  potassium  chlorate. 

Antagonists  and  Incompatihles. — The  ferrous  salts,  sugar,  calomel,  hypophos- 
phites,  nitrites   and   iodides. 

The  U.S. P.  warns  against  the  incautious  handling  of  potassium  chlorate,  say- 
ing that  "dangerous  explosions  are  liable  to  occur  when  it  is  heated  or  subjected  to 
concussion  or  to  trituration  with  organic  substances,  such  as  cork,  tannic  acid,  dust, 
sucrose,  etc.,  or  with  charcoal,  sulphur,  sulphides,  hypophosphites,  or  other  easily 
oxidizable  substances." 

Dose,  1/2  to  15  grains  (0.03  to  1  Gm.). 

Trochisci  Potassii  Chloratis  (U.S.  IX.),  Potassium  Chlorate  Troches.  Ahhr., 
Troch.  Pot.  Chlorat. 

Made  by  taking  potassium  chlorate,  15  grams;  sugar  (powdered),  60  grams;  trag- 
acanth  (fine  powder),  3  grams;  water,  q.s.  to  make  100  troches.  Each  troche  then 
contains  2.3  grains  of  potassium  chlorate. 

Dose,  1  to  2  troches. 

SoDir  Chloras  (unofficial).  Sodium  Chlorate.  Ahhr.,  Sod.  Chlor.  Synonym:  Nat- 
rium Chloricum. 

Occurs  as  colorless,  transparent  crystals,  or  a  crystalline  powder,  odorless  and 
having  a  cooling  saline  taste.    Soluble  in  1.1  part  of  water. 

Caution :  The  same  care  should  be  used  as  in  handling  potassii  chloras,  see  above. 

Dose,  5  to  15  grains  (0.32  to  1.0  Gm.). 

Antipathogenic  Action. — The  antipathogenic  power  of  chlorates  outside  the  body  Is 
little  greater  than  that  of  sodium  chloride,  and  is  dependent  largely  if  not  wholly  on 
salt  action.  In  the  body  they  seem  to  influence  certain  infectious  processes  favorably. 
The  method  of  action  is  not  clear,  although  it  may  be  related  to  their  oxidizing 
power. 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Chlorates  are  absorbed  un- 
changed from  the  stomach  and  other  mucous  surfaces  and  are  excreted  unchanged, 
chiefly  in  the  urine,  in  which  they  appear  within  5  minutes  of  administration  by  mouth. 
They  are  also  excreted  in  the  saliva,  the  bile,  the  tears  and  the  nasal,  bronchial,  and 
gastroenteric  mucus.  The  greater  part  thus  excreted  is,  however,  reabsorbed  and 
eventually  appears  In  the  urine  where  90  to  96  percent,  of  the  quantity  taken  may  be 
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found  within  48  hours.  Chlorates  are  found  in  traces  in  the  sweat  and  the  milk,  and  may 
be  conveyed  to  the  fetus  through  the  placenta. 

Topical  Action. — Chlorates  are  without  effect  on  the  unbroken  skin,  but  concentrated 
solutions  irritate  it  if  already  abraded,  and  tablets  allowed  to  dissolve  in  the  mouth  are 
quite  painful  to  sores  or  ulcers.  This  effect  may  be  owing  merely  to  salt  action  and  is 
of  brief  duration.  When  crystals  or  tablets  are  swallowed,  erosion  of  the  gastroenteric 
mucosa  may  ensue,  but  the  topical  effect  is  much  the  same  as  that  of  a  solution  of  table 
salt  equal  in  strength  to  saturated  chlorate.  Dilute  solutions  have  a  cooling,  sedative 
effect  and  an  astringent  taste.  As  chlorates  are  excreted  in  the  saliva,  their  topical 
action  on  the  mouth  and  throat  continues  for  a  long  time  after  administration  and 
through  salt  action,  or  some  more  specific  influence,  congestion  in  stomatitis  and 
gingivitis,  especially  of  mercurial  origin,  is  lessened  and  swelling  of  the  gums  reduced. 

Toxicity. — When  a  large  dose  of  a  chlorate  is  taken  by  mouth,  the  first  symptom  of 
poisoning  is  vomiting,  followed  by  abdominal  pain  and  diarrhea.  The  skin  and  mucous 
membranes  soon  show  a  cyanotic  hue,  extreme  dyspnea  is  manifest,  the  pulse  becomes 
quick  and  feeble,  and  the  blood-pressure  falls.  After  a  time  the  respiration  begins  to 
fail  and  with  this  coma  develops  and  deepens  until  death. 

When  repeated  small  doses  are  taken,  the  first  symptoms  are  commonly  salivation, 
vomiting  and  diarrhea,  with  an  icteric  discoloration  of  the  skin  and,  at  times,  petechiae. 
The  urine  is  increased  at  first  but  soon  becomes  scanty  and  of  a  cherry  red  color  from 
the  presence  of  methemoglobin.  It  throws  down  a  heavy  deposit  of  altered  red  cells 
and  hematin,  detritus  of  red  cells  and  brown,  amorphous  casts.  Large  amounts  of 
albumen  are  present  as  well  as  hemoglobin  and  methemoglobin.  Anuria  often  becomes 
complete.  Headache,  weakness  and  abdominal  pain  are  complained  of,  and  the  renal 
failure  may  lead  to  uremia  with  delirium  and  convulsions,  or  confusion  followed  by 
coma.  In  fatal  cases,  death  is  commonly  uremic,  but  may  result  from  the  gastroenteric 
lesions,  from  asphyxia  secondary  to  the  blood  destruction  or  from  destructive  lesions  in 
the  kidney.  In  case  of  recovery,  the  methemoglobin  usually  disappears  from  the  urine 
within  48  hours,  but  casts  are  found  for  many  days,  and  even  after  apparent  recovery, 
there  may  be  sudden  return  of  anuria,  with  fatal  issue. 

It  is  apparent  that  the  symptoms  fall  into  two  groups:  (1)  those  due  to  salt  action, 
e.ff.,  the  salivation,  the  vomiting  and  diarrhea  and  the  early  diuresis;  (2)  those  due  to 
morbid  blood  changes  such  as  dyspnea,  cyanosis,  jaundice,  cutaneous  hemorrhages,  and 
indirectly,  the  gamut  of  uremic  symptoms,  the  heart  failure,  and  the  paralysis  of 
respiration.  The  kidney  disturbance  is  partly  an  inflammatory  reaction  to  the  drug  and 
the  methemoglobin  excreted,  but  more  largely  is  due  to  the  stoppage  of  the  renal  capil- 
laries by  remnants  of  red  corpuscles  and  the  forcing  of  such  debris  through  the  secreting 
cells,  disrupting  them. 

The  lethal  dose  of  chlorates  differs  widely  in  different  species  of  animals,  herbivora 
being  extremely  resistant.  Dogs  show  toxic  symptoms  from  2  Gm.  per  kilo  by  mouth, 
destruction  of  the  blood  after  somewhat  larger  doses.  Cats  are  poisoned  by  even  smaller 
doses.  Men  show  very  wide  individual  variations.  Susceptibility  is  increased  by  acidosis 
of  the  blood  and  even  more  by  lesions  of  the  kidney,  perhaps  because  excretion  is  de- 
layed or  hindered.  Fever  also  increases  the  danger  of  intoxication.  In  certain  instances 
8  Gm.  (2  drams)  a  day  have  been  taken  for  several  days  without  bad  effect  and  50  Gm. 
(oz.  IV2)  within  a  single  day  without  causing  death,  but  fatal  issues  have  followed  much 
smaller  doses.  In  a  child,  nephritis  and  death  resulted  from  one  dose  of  0.3  Gm. 
(gr.  5)  and  in  an  adult  with  cystic  kidneys  death  was  caused  by  12  Gm.  (3  drams) 
taken  in  the  course  of  3  days.  Severe  intoxication  has  resulted  from  ingestion  of  10  Gm. 
(2y2  drams)  taken  within  24  hours  and  death  in  a  normal  adult  from  a  single  dose  of 
30  Gm.  (1  oz.). 

Autopsy  Findings. — On  opening  the  body  the  blood  is  seen  to  be  thick  and  of  a 
chocolate  color,  the  gastroenteric  tract  shows  inflammation  and  erosion;  the  kidneys 
are  inflamed  and  the  tubules  blocked  with  debris  of  red  cells;  the  liver  and  spleen  are 
swollen  and  filled  with  brownish  remnants  of  corpuscles.  Similar  discolorations  are  seen 
in  the  bone  marrow  and  even  in  the  brain  and  spinal  cord. 

Treatment  of  Acute  Poisoning. — Although  symptoms  rarely  appear  until  several 
hours  after  ingestion  of  the  drug,  when  little  if  any  remains  in  the  stomach,  lavage  with 
an  alkaline  solution,  preferably  sodium  carbonate,  should  be  practised.  Alkaline  drinks 
may  be  given,  at  first  in  small  quantities  at  frequent  intervals,  and  with  these,  ice, 
white  of  egg  and  demulcents.     Hypodermic  injections  of  morphine  may  be  needed  to 
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check  vomiting,  or  of  strychnine  to  support  the  heart.  Inhalation  of  oxygen,  by  raising 
the  partial  pressure  in  the  alveolar  air,  may  enable  the  remaining  hemoglobin  to  carry 
enough  for  the  needs  of  the  body.  The  oxygen  should  be  delivered  through  a  tube 
placed  in  the  patient's  mouth  and  not  by  a  cone  over  the  face,  as  by  this  method  most 
of  it  is  lost.  As  the  more  acute  symptoms  subside,  alkaline  diuretics  may  be  given  and 
saline  or  Ringer  solution  infused.  Transfusion  of  blood  may  supply  the  loss  of  red 
cells,  but  especial  care  should  be  taken  to  test  for  mutual  hemolysins. 

Systemic  Action. — Apart  from  topical  actions  on  the  digestive  tract,  the  effects  of 
chlorates  are  largely  limited  to  the  blood  and  the  kidneys.  Their  pharmacodynamic 
action  on  other  tissues  is  obscured  by  their  destructive  action  on  the  blood,  which  results 
in  interference  with  the  nutrition  of  every  organ,  producing  changes  more  severe  than 
those  attributable  to  the  drug  itself,  which  are  principally  effects  of  salt  action.  In  vitro 
the  effects  of  sodium  and  potassium  chlorate  may  not  be  very  different  from  those  of  the 
corresponding  chlorides. 

Blood. — When  chlorates  are  added  to  blood  outside  the  body,  it  soon  takes  on  a  deep 
brown  or  chocolate  color,  and  its  spectrum  reveals  methemoglobin  and  sometimes  hema- 
tin.  The  red  corpuscles  show  fine  granules  and  begin  to  disintegrate.  Later  they  dis- 
solve and  their  remnants  are  freed  in  the  plasma.  The  process  is  one  of  oxidation  but 
the  chlorate  ion  is  not  used  up  thereby,  (or  perhaps  reconstitutes  itself  by  taking  up 
oxygen  as  rapidly  as  it  parts  with  it)  and  a  small  quantity  can  thus  convert  much  more 
than  an  equimolecular  amount  of  hemoglobin.  The  same  reaction  occurs  in  the  cir- 
culating blood,  which  shows  the  same  chocolate  color. 

Kidneys. — Small  doses  induce  a  salt  diuresis  characterized  by  alkalinity  of  the 
urine  and  increased  excretion  of  sodium.  Large  doses  induce  inflammatory  changes 
secondary  to  the  blood  destruction. 

Therapeutics:  Topical. — The  chlorates  exert  a  cooling,  sedative,  deodorant  and 
disinfectant  influence  in  the  mouth  and  throat;  not  only  when  applied  locally,  but 
also  when  administered  internally,  owing  to  their  continuous  excretion  in  the  saliva. 
If  the  use  of  the  chlorate  he  too  long  continued,  however,  it  is  likely  to  delay  recov- 
ery, hy  keeping  up  a  local  irritation. 

In  gingivitis  and  stomatitis  of  all  forms  the  drug  is  of  service  but  its  specific 
value  is  in  cases  of  mercurial  ptyalism  and  stomatitis,  in  which  it  should  be  used 
freely  in  saturated  solution,  and  may  also  be  administered,  with  due  caution,  inter- 
nally. It  is,  likewise,  of  benefit  in  some  cases  of  pyorrhea  alveolaris,  for  canker  sores 
and  in  obstinate  cases  of  ulcerative  or  injlammatory  stomatitis  of  other  than  mer- 
curial origin,  in  which  the  gums  are  tender  and  spongy  and  bleed  readily,  or  there 
is  a  tendency  to  the  production  of  pseudomembrane. 

It  is  among  the  agents  that  may  usefully  be  applied  to  necrotic  and  septic  lesions, 
acute  or  chronic,  wherever  situated,  but  especially  in  those  affecting  the  nose,  mouth, 
tongue,  and  throat;  thus,  in  ozena,  in  noma,  in  putrid  sore  throat,  and  in  carcinoma 
and  gangrene  of  the  tongue.  Potassium  chlorate  is  thus  quite  commonly  employed 
in  the  treatment  of  acute  sore  throat,  and  even  of  diphtheria.  It  should  be  used 
early,  as  a  gargle,  in  sufficient  quantity,  care  being  taken  that  none  of  the  solution 
is  swallowed.  "When  lozenges  are  prescribed,  it  should  be  considered  that  the  drug 
is  practically  being  taken  internally  as  well  as  locally,  and  the  danger  of  poisoning 
must  be  kept  in  mind. 

Like  all  other  agents  reputed  to  be  of  antiseptic  and  deodorant  power,  the 
chlorates  have  been  employed  topically,  in  the  treatment  of  uterine  and  vaginal 
affections,  associated  with  mucopurulent  or  malodorous  discharges,  and  not  only  in 
cases  of  leucorrhea  and  erosions  of  the  cervix,  but  after  parturition,  when,  notwith- 
standing efficient  emptying  of  the  uterus,  the  lochia  continue  to  be  offensive.  They 
are  prescribed,  also,  in  cystitis  due  to  obstructive  retention,  and  in  acute  gonorrhea, 
chronic  urethritis,  and  gleet.  In  these  affections,  as  in  chronic  inflammation,  and  ulcer- 
ative processes  of  the  lower  howel,  they  have  been  used  both  internally  and  topically. 

Chlorates  are  said  to  retard  the  spread  of  epithelioma,  and  in  inoperable  cases 


543  INORGANIC  CHEMICAL  ANTISEPTICS 

to  relieve  the  pain  of  ulceration,  and  even  to  promote  cicatrization.  Epithelioma 
of  the  eyelids  is  said  to  have  been  destroyed  by  the  application  of  powdered  potas- 
sium chlorate,  without  resort  to  operation. 

The  association  of  a  weak  vegetable  acid  (e.g.,  diluted  lemon  juice  or  solution 
of  citric  acid)    with  the   chlorates   enhances   their  local   effect. 

Systemic. — Considerable  caution  is  necessary  in  the  internal  use  of  the  chlo- 
rates. Danger  of  intoxication  arises  not  only  from  the  great  individual  differences 
in  susceptibility,  but  from  the  varying  susceptibility  of  the  same  individual  under 
different  circumstances.  This  danger  is  increased  enormously  by  any  impairment 
of  renal  function,  and  these  agents  should  never  be  used  when  nephritis,  even  of 
a  mild  type,  is  suspected.  Susceptibility  is  also  increased  by  fever  and  by  any  factor 
which  lowers  the  alkalinity  of  the  blood.  It  is  stated  that  children  are  even  more 
easily  poisoned  than  adults.  Apart  from  its  use  in  moderate  doses,  in  diphtheria — in 
which  it  is  no  longer  needed — and  in  mercurial  stomatitis,  we  have  little  personal 
experience  with  this  agent  as  a  systemic  remedy.  We  cannot,  however,  ignore  the 
reports  of  trustworthy  observers,  and  must,  at  least,  catalogue  the  conditions  in  which 
the  chlorates  have  seemed  to  be  of  therapeutic  benefit.  They  are  highly  recommended 
in  cases  in  which  habitual  miscarriage  depends  upon  placental  disease  and  they  may, 
in  some  instances  at  least,  prevent  intrauterine  death  of  the  fetus. 

Doses  as  high  as  15  grains  (1  Gm.)  three  or  four  times  daily  have  been  recom- 
mended to  be  given  for  five  or  six  months,  beginning  with  the  second  month  of 
gestation ;  but  such  doses  are  far  too  large  and  may  damage  the  kidneys. 

A  total  daily  dose  of  15  grains  (1  Gm.)  a  day  should  never  be  exceeded  in  an  adult 
and  not  more  than  1  or  2  grains  (60  to  120  mgm.)  at  a  single  dose  should  be  given 
to  children  up  to  10  years.  Even  with  this  dosage  the  kidneys  must  be  watched  carefully. 

Chlorates  are  further  affirmed,  by  competent  observers,  to  be  useful  in  the  treat- 
ment of  various  suppurative  cutaneous  affections  and  they  are  likewise  reputed  to 
improve  nutrition  in  those  cases  in  which  tonics  and  alteratives  are  commonly 
employed — scrofula,  especially  in  children,  syphilitic  cachexia,  and  tardy  convales- 
cence. In  such  cases,  the  chlorate  is  usually  associated  with  ferric  chloride,  and 
the  combination  may  be  not  without  value. 

Sodium  chlorate,  which  is  less  dangerous  than  the  potassium  salt,  is  said  to 
relieve,  at  times,  the  pain  of  gastric  cancer.  Large  doses,  2  to  4  drams  (8  to  16  Gm.) 
daily,  are  advised.  We  have  never — it  may  be  repeated — tested  this  recommendation. 
Obviously,  great  care  is  needed,  to  ascertain  tolerance,  and  there  should  be  frequent 
intermissions.  The  drug  is  of  benefit  when  taken  occasionally  in  the  course  of  treat- 
ment, in  obstinate  cases  of  gastric  catarrh,  and  especially  in  hyperchlorhydria.  Tol- 
erance being  ascertained,  it  has  been  recommended  that  15  to  30  grains  (1  to  2  Gm.) 
dissolved  in  a  tumblerful  of  warm  water  may  be  sipped  slowly,  once,  twice,  or  thrice 
daily,  as  far  as  possible  from  mealtime.  We  believe  such  doses  unjustifiable  and  if 
smaller  doses  do  not  relieve,  recourse  should  be  had  to  some  other  remedy. 

In  chronic  hronchitis,  especially  when  the  sputum  is  purulent  or  offensive, 
potassium  chlorate  may  usefully  be  prescribed,  in  an  expectorant  mixture  with 
ipecac,  senega,  and  like  drugs. 

This  salt  was  at  one  time  given  without  discrimination  in  nearly  all  cases  of 
diphtheria,  the  toxic  symptoms  and  fatalities  to  which  it  doubtless  gave  rise  prob- 
ably being  attributed  to  the  disease.  With  the  recognition  of  its  dangers,  it  has 
perhaps  fallen  into  too  much  neglect;  but  it  is  scarcely  needed  when  antitoxin  is 
available. 

It  was  formerly  believed  that  chlorates  gave  up  oxygen  to  the  blood,  and,  with 
this  in  view,  their  use  was  recommended  in  various  diseases  associated  with  cyanosis. 
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It  is  now  proved  that  no  such  action  takes  place,  and  the  medication  would  be  not 
only  useless  but  dangerous.  The  possible  usefulness  in  acute  articular  rheumatism 
and  other  systemic  infections  sometimes  attributed  to  chlorates  is  likewise  more  than 
counterbalanced  by  positive  dangers. 

Felter  finds  potassium  chlorate,  given  in  V2  grain  or  1  grain  doses  well  diluted, 
every  2  to  4  hours,  of  peculiar  value  in  overcoming  fetor  of  any  of  the  secretions 
or  discharges — oflFcnsive  leucorrhea,  foul-smelling  stools,  fetid  urine,  and  especially 
the  cadaverous  odor  of  the  lochia.  He  even  advises  its  exhibition  immediately  upon 
the  termination  of  childbirth,  to  forestall  the  disagreeable  odor  so  likely  to  accom- 
pany the  appearance  of  the  lochia.  Of  course,  the  mechanical  removal  of  any  adher- 
ent remaina  of  the  after-birth  should  not  be  neglected. 

Iodine 

Burnt  sponge,  seaweed  and  other  marine  products  have  been  used  since  imme- 
morial times  as  alteratives,  and  iodine,  isolated  by  Courtois  in  1811,  was  introduced 
into  medicine  by  Coindet,  9  years  later,  to  replace  them.  Iodoform  was  prepared 
by  Serullas  in  1828  to  meet  the  same  indications.  The  use  of  iodine  as  an  antiseptic 
began  almost  30  years  later. 

Chemistry. — Iodine  (1=126.92)  is  the  heaviest  and  least  volatile  of  the  halo- 
gens and  the  only  one  which  is  solid  at  ordinary  temperatures.  It  enters  into  direct 
combination  with  metals  to  form  a  series  of  compounds  known  as  iodides  (Nal,  Ivi, 
Fel„  etc.)  which  may  be  looked  upon  as  salts  of  hydriodic  acid  (HI).  It  also  forms 
part  of  an  oxyacid,  iodic  acid  (HIO3)  which  forms  iodates  with  alkali  metals. 
Iodine  enters  into  combination  with  metalloids,  forming  compounds  of  little  medi- 
cinal interest  such  as  iodic  oxide  (IjOJ   and  sulphur  iodide  (IjSj). 

The  organic  compounds  of  iodine  are  of  great  importance,  both  in  physiology 
and  in  therapeutics. 

Chemically  and  physiologically  the  compounds  may  be  divided  into  five  groups, 
as  follows : 

1.  Compounds  which  release  iodine  slowly  and  which  owe  their  entire  activity 
to  the  iodine  thus  released.  Owing  to  the  gradual  liberation  of  the  iodine,  they  are 
only  slightly  irritating.  They  may  be  divided  into  substances  decomposed  by  water  or 
by  alkalis  (europhen,  formidine,  iodone,  iothion,  iodomuth,  airol),  and  substances 
which  are  decomposed  by  organic  matter  (aristol,  nosophen,  thymol  iodide,  iodine 
vasogen,  eigon-iodine,  iodonaphthol). 

2.  Compounds  possessing  activities  characterizing  the  molecule  as  a  whole  and 
entirely  distinct  from  those  of  iodine  and  iodides.  Most  of  these  substances  also 
release  iodine  and  thus  have  a  double  action,  that  of  the  iodine  and  their  own 
(iodoform,  diiodoform,  iodofomogen,  iothion,  isoform,  loretin,  losophan,  sozio- 
dol,  vioform,   nosophen,   antinosin,   picrol,   eudoxin,   iodol). 

3.  Compounds  intended  for  hypodermic  injection  either  to  release  iodine  in 
the  circulation  (aristol)  or  by  combining  the  iodine  with  a  fat  to  attempt  to  cause 
it  to  be  deposited  in  the  nerve  tissues,  where  very  little  of  the  inorganic  iodides 
are  found  (saiodin,  iodopin). 

4.  Compounds  administered  by  mouth  but  not  digested  in  the  stomach  and 
avoiding  gastric  irritation  by  release  of  iodine  in  the  bowel  (iodalbin,  peptone  iodine, 
iodipin,  iodoglidin,  iodol,  iodonucleoid,  iodocasein,  saiodin,  alpha  eigon  sodium  salt). 

5.  Compounds  like  that  occurring  in  the  thyroid  gland  and  intended  to  relieve 
thyroid  deficiency   (iodothyrin,  alpha-eigon,  thyroxin). 

It  will  be  seen  that  several  of  the  compounds  are  found  in  two  groups,  having 
certain  properties  in  common  with  each. 
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From  the  therapeutic  standpoint  the  preparations  of  iodine  fall  into  two  classes: 

(1)  those  which  share  the  antiseptic  action  of  iodine  and  which  are  considered  here; 

(2)  those  which  share  the  alterative  action  of  the  iodides  and  which  are  considered 
with  them.  In  the  first  class  are  included  iodine  itself,  iodic  acid  and  the  iodates,  and 
those  organic  compounds  belonging  to  the  first  two  gi'oups  above.  The  second  class 
includes  hydriodic  acid  and  the  iodides,  sulphur  iodide  and  the  organic  compounds  of 
the  remaining  three  groups. 

Summary  of  Actions  and  Uses. — The  topical  action  of  iodine,  which  is  alone  con- 
sidered here,  is  desiccant,  astringent  and  antiseptic.  Its  power  of  penetration  enables 
it  to  impregnate  the  superficial  tissues  and  render  them  unsuitable  for  bacterial  growth. 
Even  dilute  solutions  irritate  the  more  sensitive  mucosae  and  repeated  applications  of 
strong  solutions  lead  to  necrosis  and  ulceration. 

Iodine  is  employed  topically  as  an  antiseptic  on  the  skin  and  wounds  and  on  exposed 
mucosae,  and  as  an  astringent  in  chronic  inflammations  of  the  nose  and  throat. 

The  irritating  nature  of  iodine  and  its  tendency  to  cause  systemic  intoxication  has 
led  to  the  introduction  of  a  large  number  of  organic  compounds  containing  iodine,  which 
It  was  hoped  would  possess  its  virtues  without  its  drawbacks.  The  haloid  compounds 
of  iodine  are  devoid  of  antiseptic  power;  unlike  those  of  bromine,  however,  many  of  the 
organic  compounds  of  iodine  are  potent  and  useful  bactericides.  These  are  used  chiefly 
as  wound  dressings. 

The  systemic  uses  of  iodine  are  considered  with  iodides. 

Materia  Medica. — Iodum  (U.S.  X.),  Iodine. 

Iodine  occurs  as  heavy,  bluish-black,  brittle,  rhombic  plates,  having  a  metallic 
luster,  a  distinctive  odor,  and  a  sharp  and  acrid  taste.  One  Gm.  of  iodine  dissolves 
in  2950  cc.  of  water,  12.5  cc.  of  alcohol,  80  cc.  of  glycerin ;  freely  soluble  in  chloro- 
form, ether,  or  aqueous  solutions  of  iodides. 

Antagonists  and  Incompatihles. — Tannin  and  the  vegetable  astringents,  metal- 
lie  salts,  the  alkaloids,  volatile  oils,  alkalis,  and  starch  and  flour  containing  it. 

Synergists. — Mercury  and  drugs  favoring  waste  of  the  tissues. 

Dose,  1/12  to  1/6  grain  (0.005  to  0.01  Gm.)  well  diluted. 
'   .  Ampulla   Iodi    (N.F.),   Ampules    of   Iodine.     Ahhr.,   Ampul.    lod.     Synonym: 
Iodine  Swabs. 

Each  ampule  contains  a  solution  of  3.5  percent,  iodine  and  2.5  percent,  potassium 
iodide  in  70  percent,  alcohol. 

Dose,  used  as  a  surgical  antiseptic  in  place  of  U.S.P.  tincture. 

Liquor  Iodi  Compositus  (U.S.  X.),  Compound  Solution  of  Iodine.  Ahhr.,  Liq.  lod. 
Co.    Synonym:  Lugol  Solution. 

Iodine,  5  Gm. ;  potassium  iodide,  10  Gm. ;  distilled  water,  q.s.  to  make  100  cc, 
forming  a  transparent  liquid  having  a  deep  brown  color,  and  an  odor  of  iodine. 

Dose,  2  to  4  minims  (0.13  to  2.6  cc.)  three  times  daily. 

TiNCTURA  Iodi  (U.S.  X.),  Tincture  of  Iodine.    Ahhr.,  Tr.  Iodi. 

Iodine,  70  Gm.;  potassium  iodide,  50  Gm. ;  distilled  water,  50  cc. ;  alcohol  (90  per- 
cent.), q.s.  to  make  1000  cc. 

Dose,  1  to  5  minims  (0.06  to  0.3  cc). 

TiNCTURA  Iodi  Mitis  (Br.),  Weak  Tincture  of  Iodine.    Ahhr.,  Tr.  lod.  Mit. 

Iodine,  25  Gm. ;  potassium  iodide,  25  Gm. ;  distilled  water,  25  cc. ;  alcohol  (90 
percent.)  to  produce  1000  cc. 

Dose,  2  to  5  minims  (0,12  to  0.3  cc). 

TiNCTURA  Iodi  Fortis  (Br.),  Strong  Tincture  of  Iodine.    Ahhr.,  Tr.  lod.  Fort. 

Iodine,  100  Gm. ;  potassium  iodide,  60  Gm, ;  distilled  water,  100  cc. ;  alcohol 
(90  percent.)  to  produce  1000  cc. 

Dose,  for  external  use. 
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TixcTURA  loDi  FoRTiOR  (N.F.),  Stronger  Tincture  of  Iodine.  Ahhr.,  Tr.  lod.  Fort. 
Synonym:  Churt-hill  Tincture  of  Iodine. 

Iodine,  165  Gm. ;  potassium  iodide,  33  Gm. ;  water,  250  cc.;  alcohol  (TO  percent.), 
q.s.  to  make  1000  cc. 

Dose,  for  external  use. 

TiNCTURA  loDiDORUM  (N.F.),  Tincturc  of  Iodides.     Ahhr.,  Tr.  lodidor. 

Iodine,  83  Gm. ;  sodium  thiosulpliate,  83  Gm.;  water,  100  cc. ;  stronger  ammonia 
water,  05  cc. ;  alcohol  (90  percent),  q.s.  to  make  1000  cc. 

Dose,  used  as  a  discutient. 

Unguentuh  Iodi  (U.S.  X.),  Iodine  Ointment.    Ahhr.,  ling.  lodi. 

Iodine,  4  C>m. ;  potassium  iodide,  4  Gm. ;  glycerin,  12  Gm. ;  wool  fat  (U.S.)  or 
prepared  lard  (Br.),  80  Gm. 

Dose,  used  externally  as  a  counter! rritant  and  a  local  resolvent. 

Unguentum  Iodi  Denigrescens  (N.F.),  Stainless  Iodine  Ointment.  Ahhr.,  Ung. 
led.  Denig. 

Prepared  by  dissolving  iodine  (5  parts)  in  oleic  acid  (20  parts)  and  incorporating 
the  product  in  a  base  of  petrolatum  (70  parts)  and  paraffin  (5  parts). 

Dose,  external  use. 

Liquor  Iodi  Phexolatus  (N.F.),  Phenolated  Solution  of  Iodine.  Ahhr.,  Liq. 
lod.  Phenol.  Synonyms:  Carbolized  Solution  of  Iodine,  Boulton  Solution,  French 
Mixture. 

Compound  solution  of  iodine,  15  cc. ;  liquefied  phenol,  6  cc. ;  glycerin,  165  cc. ; 
water,  q.s.  to  make  1000  cc.  After  the  mixture  is  made  it  is  exposed  to  the  sunlight 
until  it  has  become  colorless. 

Dose,  for  external  use  only. 

Liquor  Iodi  et  Zixci  Phenolsulphonatis  (N.F.),  Solution  of  Iodine  and  Zinc 
Phenolsulphonate.  Ahhr.,  Liq.  lod.  et  Zinc.  Phenolsul.  Synonym:  Pyorrhea  As- 
tringent. 

Contains  15  percent,  each  of  potassium  iodide,  and  zinc  phenolsulphonate,  20 
percent,  of  iodine,  25  percent,  of  glycerin  and  distilled  water  q.s.ad  100  percent. 

Dose,  topical  application. 

Petroxolinuw  Iodi  (N.F.),  Iodine  Petroxolin.  Ahhr.,  Petrox,  lod.  Synonym: 
Iodine  Petrox,  10  percent. 

Iodine,  10  Gm. ;  oleic  acid,  40  Gm.;  alcohol,  20  Gm. ;  light  liquid  petrolatum, 
23  Gm. ;  oil  of  lavender,  2  Gm.;  stronger  ammonia  water,  5  Gm. 

Dose,  external  use  as  a  counterirritant  and  discutient. 

Petroxolinum  Iodi  Dilutum  (N.F.),  Diluted  Iodine  Petroxolin.  Ahhr.,  Petrox, 
lod.  Dil.    Synonym:  Iodine  Petrox,  5  percent. 

Iodine,  5  Gm. ;  liquid  petroxolin,  95  Gm. 

Dose,  external  use  as  an  absorbent. 

Iocamfen  (IST.N.E.). 

A  liquid  obtained  by  the  interaction  of  iodine,  10  parts;  phenol,  20  parts;  and 
camphor,  70  parts,  containing  about  7.25  percent,  free  iodine.  It  is  a  reddish-brown, 
viscid  liquid,  with  an  odor  of  camphor;  insoluble  in  water  but  soluble  in  alcohol,  ether, 
benzene,  and  liquid  petrolatum. 

Dose,  applied  in  small  quantities  directly  to  wounds,  the  skin,  cavities,  etc.,  or  on 
tampons.     Should  not  be  applied  to  wet  surfaces. 

Camiofen  Ointment  (N.N.R.). 

A  mixture  of  iocamfen  with  an  equal  weight  mixture  of  lard,  wax  and  oil  of 
theobroma. 

Dose,  applied  to  the  skin,  undiluted  or  mixed  with  fatty  substances. 
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loTHiON  (N.N.H.),  Di-iodo-hydroxypropane,  CHJ.CH(OH).CHJ. 

A  thick,  oily  liquid  of  yellowish  color  and  faint  odor,  containing  about  80  percent, 
of  iodine.  It  is  nearly  insoluble  in  water,  but  soluble  in  alcohol,  ether,  glycerin  and 
the  fixed  oils.  It  is  applied  in  the  form  of  an  ointment  or  in  solution  in  glycerin  to  the 
skin,  from  which  it  is  readily  absorbed. 

Dose,  externally  in  solution  or  ointment  (5  to  20  percent.). 

Fucus    (N.F.),   Fucus.     Synonyms:    Bladderwrack,   Sea-wrack,   Ivelp-ware. 

The  dried  thallus  of  Fucus  fesiculosus  Linne,  and  other  varieties  (Fam. 
Fucacece).  Odor  strongly  seaweedlike;  taste  saline  and  nauseous.  The  powdered  drug 
is  reddish-brown  in  color. 

Dose,  10  to  30  grains  (0.6  to  2  Gm.). 

Fluidextractum  Fuci  (N.F.),  Fluidextract  of  Fucus.     Ahhr.,  Fldext.  Fuel. 

Each  cc.  represents  1  Gm.  of  the  drug.     Alcoholic  content  about  70  percent. 

Dose,  10  minims  (0.6  cc). 

Antipathogenic  Action. — Iodine  is  a  powerful  disinfectant,  and  the  tincture  or  a 
more  or  less  dilute  alcoholic  solution  is  much  employed  as  an  antiseptic  application  to 
the  skin  immediately  before  major  surgical  operations.  A  solution  of  1  part  in  1500 
destroys  most  bacteria  in  less  than  twenty-four  hours;  1:  5000  inhibits  the  growth  of 
anthrax  bacilli  and  spores  are  kept  from  developing  by  a  concentration  of  1  in  500. 
Cultures  of  sti-eptococcus  pyogenes  are  rendered  sterile  by  such  a  solution  (0.2  percent.) 
in  two  minutes,  while  mercuric  chloride  (1:1000)  does  not  destroy  the  growth  until 
thirty  minutes'  exposure.  For  most  disinfectant  purposes,  therefore,  a  strength  of 
1:500  (0.2  percent.)  will  be  more  than  sufficient.  The  official  tincture  is  nearly  7  percent. 
The  action  of  enzymes  is  obstructed  by  dilutions  of  from  1  to  1000  to  1  to  7000,  invertin 
being  most  resistant.  The  curative  action  of  iodides  in  actinomycosis  is  not  explicable 
as  a  specific  effect  upon  the  organism,  and  is  not  manifested  in  far  advanced  cases. 
Application  of  the  tincture  to  slightly  infected  wounds  may  sterilize  the  exposed  surfaces 
without  injuring  the  tissues  sufficiently  to  delay  healing. 

Pharmacodjmamic  Action:  Absorption,  Transformation  and  Elimination. — Iodine 
enters  the  body  readily  by  all  the  tissues.  When  the  tincture  is  applied  to  the  skin 
the  action  is  principally  local,  but  some  of  the  elementary  iodine  becomes  volatilized  and 
readily  passes  through  the  superficial  epithelium;  part  being  absorbed  at  once  and 
part  being  deposited  in  the  contiguous  structures,  whence  it  is  taken  up  later,  both 
by  the  lymph  and  by  the  leucocytes.  Absorption  may  be  increased  greatly  (seven-fold 
or  more)  by  the  application  of  a  compress.  As  the  topical  effects  develop,  cutaneous 
absorption  becomes  diminished,  owing  to  the  alteration  of  the  skin.  If  the  iodine  be 
incorporated  in  a  suitable  ointment  base  and  well  rubbed  in,  local  action  will  be  less 
and  absorption  greater.  Some  of  the  vaporized  iodine  is  also  inhaled  and  absorbed  by 
the  respiratory  tract.  On  exposure  of  the  body  to  iodine  vapor,  this  may  be  deposited 
on  the  skin  and  absorbed  slowly.  If  inhaled  it  is  taken  up  promptly.  Iodine,  swallowed, 
is  in  the  main  combined  in  inorganic  or  organic  form  before  absorption;  the  resulting 
compounds  being  taken  up  rapidly. 

A  portion  of  the  iodine  is  dissolved  in  the  blood  as  such,  and  circulates  both  free 
and  in  loose  combination  with  fats  and  proteins.  These  iodized  proteins  and  fats  are 
largely  excreted  by  the  kidney  and  give  rise  to  irritation  with  albuminuria  or  even 
hematuria.  When  the  dose  is  not  excessive,  almost  all  of  the  iodine  is  converted  by  the 
reserve  alkali  of  the  blood,  into  sodium  iodide  and  is  excreted  as  such  in  the  urine. 
Apart  from  the  phenomena  of  poisoning  the  systemic  effect  is  that  of  sodium  iodide, 
and  will  not  be  described  here. 

Topical  Action:  Skin. — Iodine  is  an  irritant  to  all  living  cells.  It  precipitates  pro- 
teins and  disrupts  protoplasm  by  combining  with  hydrogen  and  the  alkaline  bases, 
liberating  oxygen  and,  in  the  presence  of  water,  forming  ozone.  Its  reaction  with  the 
tissues  gives  rise  to  iodo-protein  compounds,  iodic  and  hydriodic  acids,  iodates  and 
iodides,  as  well  as  combinations  with  fats  and  lipoids. 

Pure  iodine  kept  in  contact  with  the  skin  produces  a  brown,  dry  eschar.  Alcoholic 
solutions — for  example,  the  official  tincture  of  iodine — stain  the  skin  yellow  or  brown; 
cause  tingling  or  smarting;  and  excite  a  superficial  desquamative  inflammation  or,  in 
some  subjects,   vesication.     The   reaction   is   thus  comparatively   mild   or   more   severe. 
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according  to  the  strength  and  quantity  used  and  the  frequency  of  application.  It  de- 
velops more  slowly  and  is  more  prolonged  than  the  effect  of  most  other  irritants.  Iodine 
ointments    (5  to  15   percent.)    irritate  the  skin  but  slightly.     Repeated  applications  of 

7  percent,  alcoholic  solutions  hasten  the  absorption  of  fibrous  nodules  left  after  irritant 
hypodermic  injections   (Sollmann). 

Mucosse. — Alcoholic  solutions  affect  the  mucous  surfaces  more  severely  than  the  skin. 
The  superficial  epithelium  may  be  dissolved  and  detached,  exposing  the  sensory  nerve 
endings,  which  after  a  brief  irritation,  are  benumbed  or  even  destroyed  (iodine 
anesthesia). 

The  so-called  "soluble  iodine"  preparations  are  as  irritant  as  the  official  tincture 
(Sollmann). 

In  small  doses  iodine  affects  'the  mouth  or  throat  but  little,  inducing  only  a  bitter, 
metallic  taste  and  a  slight  flow  of  saliva.  It  stimulates  the  stomach,  and  if  taken  before 
food,  causes  an  increased  secretion  of  gastric  juice.  Ingestion  of  a  single  excessive 
dose  of  a  few  grains  may  give  rise  merely  to  gastric  discomfort,  with  burning  and  a 
disagreeable,  metallic  taste,  or  it  may  excite  salivation,  epigastric  and  abdominal  pain 
and  violent  emesfs  and  sometimes  purging.  Under  pathologic  conditions  it  may  restrain 
vomiting  due  to  fermentation,  reflex  irritation  or  nervous  depression,  acting  antiseptically 
or  by  counter-irritation  by,  or  by  stimulation  of  the  pneumogastric  terminals. 

Iodine  vapor  irritates  the  conjunctiva  and  mucous  membrane  of  the  air  passages, 
causing  lacrimation,  sneezing,  cough  and  serous  expectoration. 

Inhaled  in  quantity  it  may  excite  spasm  of  the  vocal  bands  and  even  severe  laryngitis 
or  laryngobronchitis. 

Toxicity. — Owing  largely  to  its  lesser  volatility  and  consequent  slower  absorption 
and  diffusion,  iodine  is  less  toxic  than  the  other  halogens.  It  acts,  however,  in  the  same 
mariner  by  chemical  destruction  of  all  animal  tissues. 

When  taken  by  mouth  in  concentrated  solution,  its  irritant  or  caustic  effect  becomes 
evident,  the  extent  and  degree  of  reaction  depending  in  part  on  the  quantity  and  strength 
of  the  solution  swallowed,  in  part  on  the  quantity  and  kind  of  food  present.  Starchy 
materials  take  up  iodine,  forming  an  unirritating  compound,  and  thus  tend  to  mitigate, 
or  even  prevent,  gastroenteric  disturbance.  There  is  ordinarily  burning  pain  in  the 
stomach,  which  may  go  on  to  epigastric  cramp,  vomiting  or  diarrhea.  The  vomited 
material  is  dyed  yellow,  or  if  the  stomach  contains  starchy  food,  is  colored  blue.  The 
stools,  as  well  as  the  vomitus,  may  be  bloody.  In  severe  poisoning  there  may  be 
sloughing  of  the  mucous  membranes. 

Even  when  iodine  is  otherwise  administered  there  is  usually  gastroenteric  irritation 
with  intense  thirst,  vomiting  of  matters  containing  iodine  and  often  blood,  and  diarrhea. 
Epistaxis,  hemoptysis  and  even  uterine  hemorrhage  have  been  observed.  Cardiac 
depression  is  marked,  the  pulse  being  frequent,  small  and  feeble.  The  skin  is  pale,  cold 
and  clammy,  the  extremities  cyanosed  and  erythematous  blotches  appear.  The  urine 
is  scanty,  dark  brown  in  color,  rich  in  iodine,  and  contains  albumin,  casts  and  often 
blood.  Strangury  or  anuria  may  occur.  Hiccough,  dyspnea  and  suffocative  paroxysms 
have  been  observed.  The  parotid  glands  usually  become  painful  and  swollen.  The 
saliva  and  bronchial  mucus  are  profuse  and  may  be  blood-stained.  Death  may  result 
from  gastroenteritis  or  from  anuria. 

The  minimum  lethal  dose  in  man  is  not  known.  Death  has  been  caused  by  20 
grains'  (1.3  Gm.)  and  recovery  has  followed  the  taking  of  150  grains  (10  Gm.).  The 
fatal  termination  may  be  delayed  for  several  days  and  occur  suddenly  and  unexpectedly 
from  heart  failure. 

Intravenous  injection  of  0.02  to  0.03  Gm.  per  kilogram  of  body  weight,  of  pure  iodine 
In  solution,  with  double  or  triple  the  quantity  of  sodium  iodide,  will  not  harm  a  dog; 
but  0.04  Gm.  per  kilogrami  will  kill  the  animal,  in  from  12  to  24  hours  with  general 
asthenia,  with  dyspnea  and  sometimes  convulsions. 

Dogs  inhaling  iodine  vapor  die  if  the  amount  in  the  air  breathed  is  18  mgm.  per 
kilogram  of  body  weight  (Luckhardt). 

Injections  of  tincture  of  iodine  into  goiters,  serous  cavities  and  cysts,  while  often 
practised  with  impunity,  have  at  times  proved  fatal,  producing  death  in  the  course  of 

8  or  10  hours.  For  example,  in  a  girl  of  sixteen  years  severe  disturbance  ensued 
shortly  after  the  injection  Into  an  ovarian  cyst  of  a  solution  containing  150  Gm.  of 
tincture  of  iodine  with  4  Gm.  of  potassium  iodide  in  150  Gm.  of  water  (representing 
about  15  Gm.  of  iodine)   of  which  nearly  one-half  escaped  after  the  operation,  so  that 
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the  active  quantity  was  abojit  2  drams  (8  Gm.)  of  pure  iodide.  Deatti  occurred  on  the 
tenth  day,  suddenly,  during  apparent  convalescence.  At  the  autopsy  no  iodine  was  found 
in  the  cyst  and  only  traces  in  the  blood-serum;  but  it  was  detected  in  the  stomach, 
intestine,  liver,  kidney  and  lungs,  all  of  which  showed  evidence  of  intense  congestion. 

Severe  poisoning,  and,  in  children,  death,  have  exceptionally  resulted  from  the  incau- 
tious use  of  iodine  externally.  Slight,  transient  albuminuria,  is  not  uncommon  in  children 
to  whom  external  applications  have  been  made  with  due  care.  In  a  boy  of  eleven  years, 
symptoms  developed  twenty-four  hours  after  an  external  application  of  2  drams  of  tinc- 
ture of  iodine,  which  had  caused  considerable  destruction  of  the  skin.  This  child  also 
exhibited  priapism,  headache,  and  increasing  vertigo,  and  died  on  the  sixth  day.  Milder 
degrees  of  intoxication,  subacute  or  chronic,  are  characterized  by  symptoms  resembling 
those  of  Graves'  syndrome — increased  appetite,  emaciation,  palpitation  of  the  heart,  and 
tremors.  These  symptoms  have  been  attributed  to  excessive  activity  of  the  thyroid  gland,, 
with  increased  production  of  iodothyrin  and  saturation  of  the  organism  with  this  or  some 
similar  iodine  compound. 

Only  acute  and  subacute  poisoning  are  discussed  here.  Chronic  poisoning  and 
the  disturbances  commonly  known  as  iodism,  which  are  produced  by  the  internal 
administration  of*  iodides  and  which  differ  from  iodine  intoxication,  are  described  with 
the  iodides. 

Treatynent  of  Poisoning. — Egg-albumin,  or  milk,  with  starch  in  warm  water,  or 
flour  and  water  should  be  swallowed  at  once,  and  followed  by  sodium  bicarbonate.  The 
iodine  compounds  thus  formed  are  to  be  removed  from  the  stomach,  preferably  by 
lavage,  but  by  vomiting  if  lavage  is  impracticable.  Apomorphine  hypodermically  is  bet- 
ter than  an  irritant  emetic  by  mouth.  The  gastritis  and  cardiac  depression  are  also  to 
be  treated.  Cocaine  (y,  grain— 30  mgm.  in  a  teaspoonful  of  water)  or  apothesine  (1/2  to 
2^2  grains — 0.03  to  0.15  Gm.)  may  be  swallowed  to  relieve  pain  and  check  vomiting 
through  local  anesthetic  action,  and  the  former  will  help  to  sustain  the  heart.  The 
frequency  of  repetition  will  depend  on  the  effect.  Protectives  (as  bismuth  subnitrate) 
and  demulcents  (as  acacia  or  flaxseed)  may  be  useful.  Parenteral  administration  of 
cardiants  and  sedatives — digitalis,  morphine — may  be  necessary. 

lodates. — Iodic  acid  and  the  alkali  iodates  in  concentrated  solution  are  caustic  and 
styptic,  the  acid  more  so  than  the  salts.  If  a  10  to  20  percent,  solution  of  iodic  acid  be 
applied  to  a  freely  bleeding  spot,  the  hemorrhage  will  cease,  the  blood  becoming  brownish 
yellow  in  color,  but  a  large  clot  is  not  produced.  In  the  test  tube,  10  percent,  iodic  acid 
solution  hemolyzes  and  dissolves  the  red  corpuscles;  the  oxyhemoglobin  band  disappear- 
ing from  the  spectrum.  It  has  no  influence  on  white  blood-cells  or  pus  corpuscles.  In 
the  presence  of  reducing  substances,  including  morphine  and  other  alkaloids,  and  certain 
organic  compounds  present  both  in  normal  and  abnormal  urine,  iodic  acid  parts  with  its 
oxygen  and  liberates  iodine.  It  is  also  decomposed  by  the  acid  gastric  juice;  by  bile, 
blood,  pus,  and  saliva  when  acidulated,  and  by  fresh  serum,  such  as  that  obtained  from 
blisters.  It  is  not  decomposed,  however,  by  urea  or  uric  acid,  creatinin,  glucose  or 
dextrin.  When  administered  internally,  it  is  reduced  in  the  blood,  tissues  and  body 
juices,  and  is  excreted  in  the  form  of  iodides  and  possibly  of  organic  compounds. 

lodates  in  contact  with  moisture  and  organic  matter  react  in  much  the  same  manner 
as  iodic  acid.  The  sodium  salt  is  not  frequently  employed.  The  calcium  salt  is  much 
less  soluble,  and  thus  may  be  used  for  a  more  continuous  influence,  especially  on  wounds 
and  within  the  alimentary  canal.  It  contains  51  percent,  of  iodine  and  16  percent, 
of  oxygen,  which  it  liberates  when  its  alkaline  solution  is  brought  into  contact  with 
putrescent  material.  A  portion  of  the  nascent  iodine  is  thought  to  combine  with  the 
elements  of  water,  reforming  iodic  acid  and  calcium  iodate,  which  is  decomposed  anew; 
and  so  on,  continuously.  It  thus  maintains  an  energetic  disinfectant  and  deodorant 
action.  The  systemic  inffiience  of  iodic  acid  and  the  iodates  is  very  similar  to  that  of 
iodine  and  the  iodides.  In  toxic  doses  they  set  up  gastroenteric  irritation,  depress 
temperature  and  produce  narcotic  symptoms.  Death  ordinarily  occurs  in  coma.  When 
the  dose'  is  large,  irritation,  inflammation  and  degeneration  of  the  organs  is  observed. 

Therapeutics:  Topical. — Tincture  of  iodine  is  applied  to  the  skin  and  to  small 
wounds  for  purposes  of  disinfection,  especially  when  there  is  a  suspicion  of  infection 
with  rabies  or  tetanus.  "Fourth-of-July  wounds,"  which  are  often  lacerated  and 
peculiarly  liable  to  be  infected  with  tetanus  germs,  should  (after  free  opening)  be 
thoroughly  cleansed  in  running  water,  irrigated  with  a  peroxide  solution,  swabbed 
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"witli  tincture  of  iodine  liberally  applied  and,  when  bits  of  rag  and  paper,  splinters, 
and  other  foreign  bodies  have  been  picked  out,  be  packed  with  gauze  soaked  in  the 
tincture.  Prophylactic  injection  of  tetanus  antitoxin  is  not  thereby  rendered  unneces- 
sary. Wounds  made  by  a  rabid  animal  are  best  treated  with  nitric  acid,  but  when 
that  is  not  immediately  available  tincture  of  iodine  is  the  choice. 

Iodine  in  the  form  of  tincture  or  ointment  is  employed  externally  in  the  treat- 
ment of  subcutaneous  inflammation,  phlehitis,  periostitis,  arthritis,  etc.,  and  to  pro- 
mote absorption  and  dispersion  of  indurations  following  inflammation.  An  ointment 
is  preferable  to  the  tincture  for  indurated  lumps  in  the  breast  remaining  after 
inflammation,  enlarged  cervical  glands,  orchitis  after  the  acute  inflammation  has 
subsided,  etc.,  in  which  dispersion  of  the  swelling  rather  than  relief  of  pain  is  the 
object  sought.  Enlargement  of  the  spleen  of  malarial  causation  is  often  markedly 
reduced  by  repeated  application  of  iodine  in  absorbable  form.  For  enlarged  cervical 
glands  Bartholow  advises  parenchymatous  injections  of  5  to  15  minims  (0.3  to  1  cc.) 
of  the  tincture  slowly  introduced. 

In  atrophic  rJiinitis  and  ozena,  in  conjunction  with  hypodermic  injections  of 
a  5  to  10  percent,  solution  of  iodine  in  almond  oil,  swabbing  the  mucous  membrane 
with  a  lotion  of  48  grains  of  iodine  and  16  of  potassium  iodide  in  one  ounce  each 
of  glycerin  and  water  will  overcome  the  fetor  and  often  excite  a  healthy  reaction 
in  the  tissues.  In  Vincent's  angina,  of  moderate  severity  when  the  lesions  are  not 
extensive  touching  them  with  tincture  of  iodine  or  Lugol  solution  will  promote 
healing.  In  the  membranous  angina  occurring  in  scarlet  fever,  the  small  gangrenous 
patches  may  be  cleaned  away  and  the  ulcers  healed  by  application  of  the  tincture 
of    iodine. 

During  epidemics  of  cerehrospinal  fever,  of  anterior  poliomyelitis,  and  possi- 
bly epidemic  encephalitis  and  pneumonia,  the  application  to  the  tongue  3  or  4 
times  a  day  of  a  mixture  of  equal  parts  of  tincture  of  iodine  and  honey  will 
excite  a  cleansing  flow  of  saliva  and  also  promote  antisepsis  of  the  mouth.  It 
should  be  practiced  as  a  prophylactic  measure,  especially  in  the  case  of  contacts 
(Taylor). 

After  operation  for  evacuation  of  the  pus  in  empyema,  the  cavity  may  with 
advantage  be  washed  out  with  an  ounce  to  the  pint  dilution  of  Lugol  solution. 

Hydrocele  is  treated  by  the  injection  of  tincture  of  iodine  or  Lugol  solution 
into  the  sac  after  aspiration  of  the  fluid.  The  injection  is  painful  and  is  followed 
by  a  reaccumulation  of  fluid,  but  this  is  soon  reabsorbed  and  the  adhesive  inflam- 
mation excited  by  the  iodine  obliterates  the  sac.  The  result  is,  however,  not  certain, 
and  surgeons  generally  prefer  operation. 

Spina  bifida,  has  been  treated  by  the  injection  into  the  tumor  of  30  minims 
of  Morton  fluid  (iodine.  10  grains;  potassium  iodide,  30  grains;  water,  25  minims; 
glycerin,  1  fluidounce). 

The  application  of  a  2.5  to  5  percent,  alcoholic  solution  of  iodine  is  of  value 
in  infections  of  the  cervix  uteri,  vagina,  or  vulva;  and  before  instrumentation  of 
the  interior  of  the  uterus,  the  cervix  should  be  swabbed  with  tincture  of  iodine 
to  avert  infection. 

Blepharitis  is  often  benefited  by  the  application  of  a  weak  tincture  of  iodine  (2  to 
2.5  percent.)  to  the  lid  margins  after  removal  of  the  crusts.  Corneal  vlcers,  espe- 
cially the  herpetic  or  dendritic  forms,  when  they  show  a  tendency  to  spread  may 
be  touched  with  tincture  of  iodine  after  cocainization.  The  subconjunctival  injection 
of  colloidal  iodine  twice  a  week  has  been  recommended  for  the  cure  of  severe  marginal 
ulcers. 

Iodine  externally  applied  is  useful  in  a  number  of  affections  of  the  akin.    For 
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intertrigo  Sabouraud  recommends  a  brisk  daily  rubbing  with  pledgets  of  cotton 
soaked  in  a  weak  iodine  lotion — 5  grains  to  the  ounce  (0.3  Gm.  to  30  cc.)  of  alcohol. 
Iodine  ointment  is  a  useful  application  to  chilblains  before  the  skin  has  broken.  Tinea 
circinata  may  be  destroyed  by  one  or  two  paintings  with  tincture  of  iodine,  or,  as 
highly  recommended  by  Murrell,  by  four  or  five  daily  applications  of  "Coster's  paste" — 
iodine,  2  drams  (8  Gm.),  in  tar,  1  ounce  (30  Gm.). 

In  smallpox,  Welch  and  Schamberg  advise  painting  the  confluent  patches,  every 
day  or  every  other  day,  with  the  tincture  of  iodine;  this  causes  an  early  separation 
of  the  scales  and  a  lessened  tendency  to  abscess  formation;  if  the  pure  tincture 
causes  too  much  irritation  it  should  be  diluted  one-half.  In  the  early  stage  the 
application  of  a  weak  tincture  to  the  papules  will  relieve  the  intense  itching  and 
will  often  prevent  pitting.  In  the  treatment  of  acne  by  soaping  and  sulphur  lotions, 
any  isolated  pustules  should  first  be  broken  by  a  sharpened  match  stick  dipped  in 
tincture  of  iodine. 

Sloughing  phagedena  of  the  tropics  may  be  arrested  by  incision,  scraping,  and 
sterilization  with  tincture  of  iodine. 

Systemic. — Iodine  internally  sometimes  renders  good  service  in  the  vomiting 
of  pregnancy,  given  in  drop  doses  of  the  tincture  or  of  Lugol  solution  every  hour 
or  two  in  a  teaspoonful  of  ice-cold  water.  In  seasicJcness  it  appears  to  act  better 
when  given  in  10  drop  doses  in  a  wineglass  of  water.  Passive  intestinal  hemorrhage 
and  atonic  diarrhea  sometimes  respond  promptly  to  1  or  2  drop  doses  of  Lugol'a 
solution  every  hour. 

Castellani's  bronchitis,  bronchopulmonary  spirochetosis,  yields,  according  to  Farah, 
to  intramuscular  injection  of  iodine;  it  might  be  given  in  15  minims  (1  cc.)  doses 
of  the  compound  solution  once  a  day. 

In  pidmonary  tuberculosis  and  in  nasal  lupus,  Pfannenstiel  advocated  the  use 
of  nascent  iodine.  Sodium  iodide  is  given  twice  daily  in  doses  of  15  to  30  grains 
by  mouth  and  this  is  followed  by  inhalation  of  oxygen  or  ozone,  the  oxygen  decom- 
posing the  iodide  in  the  pulmonary  circulation  and  setting  free  the  iodine.  In 
lupus  the  nascent  iodine  is  obtained  by  the  action  of  hydrogen  peroxide,  strips  of 
gauze  saturated  therewith  being  introduced  into  the  nasal  cavities. 

Iodine  has  been  administered  intravenously  in  plague  with  reputed  success.  A 
solution  of  1  dram  (4  Gm.)  of  iodine  and  1  ounce  (32  Gm.)  of  potassium  iodide 
in  20  fluidounces  (640  cc.)  of  alcohol,  10  to  15  minims  (0.6  to  1  cc.)  in  2  fluidounces 
(64  cc.)  of  distilled  water  is  injected  the  first  day,  and  the  injection  is  repeated 
the  following  day  in  one-half  the  dose  if  the  temperature  rises  again  after  the  fall 
occasioned  by  the  previous  injection  (Vassale,  Connor).  Lugol  solution  in  10  to 
15  minims  (0.6  to  1  cc.)  doses  three  times  a  day  one  hour  before  meals  will  some- 
times cure  a  mularial  attack;  it  is  not  so  certain  as  quinine,  but  may  be  thought 
of  in  situations  where  quinine  is  for  the  moment  unobtainable. 

Infantile  myxedema,  if  recognized  early  while  there  is  still  some  active  thyroid 
tissue  present,  can  be  relieved  by  daily  doses  of  1/30  to  1/12  grain  (0.002  to  0.005  Gm.) 
of  iodine.  In  adult  myxedema  iodine  is  also  useful,  provided  there  is  a  sufficiency 
of  potentially  active  thyroid  tissue  for  the  drug  to   act  upon. 

Small  doses,  5  to  8  drops  (0.3  to  0.5  cc.)  of  Lugol  solution  two  or  three  times 
a  day,  given  perseveringly  for  weeks  or  months,  will  often  relieve  apparent  sterility  in 
the  male  when  due  to  chronic  epididymitis. 

In  epidemic  encephalitis  Economo  recommends  intravenous  injections  of  Pregl's 
iodine  solution "  in  doses  of  10  cc.  the  first  day,  25  cc.   the  second  day,  50  cc.  the 

"Pregl's  solution  contains  the  sodium  salts  of  iodic  and  hydriodic  acids  with  0.04 
percent,  of  iodine  element. 
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third  day,  100  cc.  the  fifth  dsy,  then  100  cc.  two  or  three  times  a  week  until  a  total 
of  800  cc.  has  been  reached. 

In  leprosy  the  efficacy  of  chaulmoogra  oil  is  increased  by  the  addition  of  iodine. 
Harper  mixture — iodine,  15  grains  (1  Gm.),  and  sulphuric  ether  and  chaulmoogra 
oil,  of  each  1  fluidounce  (32  cc.) — is  given  intravenously  in  daily  dose  of  10  minims 
(0.6  cc),  increased  to  20  minims  after  3  days. 

Colloidal  iodine  is  recommended  as  of  great  service,  when  administered  intraven- 
ously, in  the  treatment  of  syphilides  in  the  later  stages. 

Iodine  finds  its  most  important  systemic  uses  in  the  prophylaxis  and  treatment 
of  goiter.  It  has  long  been  known  that  the  endemic  prevalence  of  goiter  in  certain 
regions  in  Switzerland  and  elsewhere  in  Europe  and  in  America  is  due  to  a  deficiency 
of  iodine  in  the  water  supply,  and  it  has  been  found  that  the  occurrence  of  the 
affection  can  be  prevented  by  iodinizing  the  water  supply  or  by  giving  iodine  indi- 
vidually to  the  children  in  the  community  and  to  pregnant  women.  The  latter  is 
the  better  plan  for  the  whole  adult  population  does  not  require  dosing  with  the  drug, 
and  in  some  cases,  such  as  adenomatous  enlargement  of  the  thyroid,  associated  v.'ith 
evidences  of  hyperthyroidism,  in  children  and  adults  iodine  may  do  harm.  The  drug 
may  be  given  in  doses  of  1/12  grain  (0.005  Gm.)  of  pure  iodine,  or  in  the  forni 
of  one  of  its  organic  preparations,  once  a  week,  or  one  fluidounce  (32  cc.)  of  syrup 
of  hydriodic  acid  may  be  given  in  doses  of  8  to  15  minims  (0.5  to  1  cc),  once  a  day, 
every  spring  and  autumn. 

The  treatment  of  thyroid  enlargements  by  iodine  must  be  guided  entirely  by 
the  nature  of  the  enlargement  and  of  the  symptoms  present,  whether  hypothyroid 
or  hyperthyroid.  Colloid  goiter  is  the  only  type  which  can  with  certainty  be  caused 
to  disappear  by  the  internal  and  external  use  of  iodine,  but  in  adults  there  is  fre- 
quently more  or  less  adenomatous  tissue  as  well,  and  in  these  cases,  as  well  as  in 
those  of  simple  hypertrophy  occurring  in  children  and  adolescents,  the  gland  may 
increase  in  size  and  a  condition  of  hyperthyroidism  develop  if  iodine  is  given  too 
frequently  or  in  too  large  amounts.  Cystic  goiter  is  uninfluenced  one  way  or  the 
other  by  iodine  unless  the  gland  itself  is  diseased  and  producing  an  abnormal 
secretion." 

In  actual  or  essential  hyperthyroidism  the  prolonged  administration  of  iodine  is 
distinctly  contraindicated,  but  in  certain  forms  of  perverted  and  possibly  excessive 
action  of  the  thyroid  gland  its  temporary  exhibition  may  be  of  great  benefit.  Some 
years  ago  Marine  and  Lenhart  reported  a  series  of  cases  of  exophthalmic  goiter  from 
Crile's  clinic  in  which  the  administration  of  small  doses  of  iodine  (5  drops  of  the 
syrup  of  hydriodic  acid  daily)  for  weeks  or  months  before  operation  greatly  facilitated 
the  latter  through  a  reduction  in  size  of  the  gland,  while  postoperative  temperature 
and  pulse  rate  and  the  postoperative  mortality  were  favorably  influenced.  Plummer 
and  Boothby,  in  the  Mayo  clinic,  give  larger  doses  (10  drops,  2  or  3  times  daily,  of 
Lugol's  solution  well  diluted)  for  6  to  15  days  before  operation  in  all  cases  of 
exophthalmic  goiter  in  order  to  prevent  the  cerebral  and  gastroenteric  crises  and  post- 
operative toxemia.  In  such  cases  the  improvement  is  sometimes  most  striking;  the 
tremors,  palpitation,  and  feeling  of  unrest  diminish  or  disappear;  the  "stare"  becomes 
less  prominent,  and  the  basal  metabolic  rate  drops.  In  some  patients  there  is  relapse 
sooner  or  later  after  the  operation,  with  tachycardia  and  a  return  of  the  nervous 
phenomena.  All  these  hyperthyroid  symptoms,  however,  disappear  within  a  week 
or  ten  days  under  the  administration  of  Lugol  solution. 

Lugol  solution  has  thus,  after  many  years  of  undeserved  neglect,  come  into  its 
own  in  Graves'  syndrome,  not  only  for  preoperative  treatment,  but  also  in  the  manage- 

"  This  matter  is  further  discussed  with  thyroid  gland  preparations  and  iodides. 
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ment  of  patients  who  do  not  need  operation;  or  who,  needing  operation,  refuse  it.  In 
the  cases  amenable  to  non-surgical  treatment  (which,  so  far  as  our  own  observation 
goes,  constitute  more  than  eight-tenths  of  all  cases  recognized  sufficiently  early), 
iodine  and  certain  of  its  compounds — ^preeminently  iodoform — are  of  real,  if  adjuvant, 
service.  Rest,  both  physical  and  psychic,  is  the  basic  factor  in  the  treatment,  but 
this  being  provided,  iodine  forms  an  important  part  in  the  therapeutic  regimen.  The 
method  of  administration  must  be  varied  to  suit  the  peculiarities  of  each  case.  In 
some  it  acts  best  if  given  several  times  daily;  in  others  once  daily.  It  may  be  best 
to  alternate  periods  of  administration  lasting  one  to  four  weeks,  with  drugless  intervals, 
or  periods  of  other  medication.  Commonly,  6  to  10  minims  of  Lugol  solution  daily 
suffices,  or  twice  this  dose,  if  the  period  of  administration  be  brief.  Following 
Plummer's  classification,  sharp  distinction  must  be  drawn  between  toxic  thyroma 
(thyroid  adenoma)  and  Graves'  syndrome.  The  former  is  aggravated  by  administration 
of  iodine.  When  the  diagnosis  is  in  doubt,  it  is  wise,  therefore,  to  test  the  patient's 
reaction  to  small  doses  before  beginning  intensive  treatment.  Basal  metabolism 
observations  are  the  best  guide  to  the  effect  of  iodine.  A  reading  should  be  made 
before  the  treatment  begins,  and  another  not  later  than  the  7th  day.  If  the  rate 
falls,  the  treatment  is  of  benefit  and,  as  it  becomes  more  normal,  the  dose  may  be 
reduced.  Blood  pressure,  cardiac  action,  temperature,  tremors  and  mental  poise  must 
also  be  considered  as  guides  in  determining  dosage  and  even  the  need  for  iodine. 
Exophthalmos  and  goiter  are  of  less  importance  as  guides. 

To  explain  the  benefit  derived  from  the  use  of  iodine  in  true  Graves'  syndrome 
it  has  been  suggested  that,  imder  the  peculiar  stimulus  of  this  disorder,  the  thyroid 
may  produce  a  perverted  or  incomplete  secretion,  which  under  the  influence  of  iodine, 
tends  to  become  normal.  Plummer's  work  indicates  that  greater  elevation  of  the  basal 
metabolic  rate  will  be  induced  by  a  given  quantity  of  imperfect  thyroxin  than  by  an 
equal  quantity  fully  saturated  with  iodine.  Upon  this  theory,  iodization  of  the 
thyroxin  molecule  should  be  followed  by  a  fall  in  the  basal  metabolic  rate,  and  such 
a  fall,  together  with  improvement  in  the  symptoms,  does  follow  the  administration  of 
iodine. 

Of  other  explanations  advanced,  the  most  plausible  is  that  iodine  diminishes  the 
output  of  thyroxin.  If  this  be  true,  it  cannot  be  attributed  to  any  direct  inhibitory 
influence,  since  normally  iodine  increases  thyroid  secretion.  It  is  quite  possible, 
however,  that  both  overaction  and  perverted  action  of  the  gland  cells  may  be  part  of 
an  unsuccessful  reaction,  intended  (if  one  may  use  that  expression)  to  furnish  iodine 
bearing  molecules  in  greater  quantity  to  an  organization  making  greater  than  normal 
demand,  or  whose  normal  demand  the  gland  is  unable  to  supply.  Independent  supply 
of  iodine  permits  rest  to  the  overstimulated  and  partly  exhausted  organ;  and  with 
rest,  comes  functional  correction  as  well  as  structural  repair — ^which  last,  in  this  in- 
stance, includes  not  only  the  cessation  of  proliferation,  but  some  degree  of  resorption 
of  superabundant  tissue  elements  and  products.  Mutatis  mutandis,  the  process  may 
be  likened  to  the  functional  rest  and  repair  of  tissue  in  the  pancreas  under  the  use 
of  insulin.  The  principle  is  broadly  that  of  vicarious  action,  and  those  scattered  and 
apparently  inexplicable  observations  (including  one  of  our  own,"  S.S-C.)  upon  the 
benefit  of  thyroid  feeding  in  certain  cases  of  Graves'  disorder,  may  be  included  in 
the  same  category.  One  cannot  be  dogmatic,  however,  for  some  of  the  basic  problems 
of  pathology  and  physiology  concerned  are,  as  yet,  unsolved.  In  especial,  we  await 
criteria  by  which  toxic  thyroid  adenoma  (Plummer)  can  readily  and  certainly  be 
distinguished   from  Graves'   disorder.     In   toxic   adenoma  there  seems  to   be  a   true 

"  In  reporting  the  case  alhided  to,  the  view  was  taken  that  overfunction  had  been 
followed  by  atrophy,  and  hence  the  vicarious  use  of  thyroid  substance  was  of  benefit. 
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hyperthyroidism,  the  jioiter  and  its  secretions  are  the  essential  factors  and  iodine 
will  only  aggravate  the  condition;  nor  should  the  drug  be  given  in  non-toxic 
adenomatous  goiter,  because  of  the  imminent  danger  of  thereby  arousing  hyperthyroid 
symptoms. 

IIvDHiDDU'  At'lD,  in  the  form  of  the  official  syrup,  is  employed  as  a  means  of 
introducing  iodine  into  the  system  and  is  largely  used  in  the  treatment  of  the 
scrofulous  affections  of  childhood. 

Iodic  Acid  is  employed  in  1 :  1000  solution  as  a  douche  in  ozena;  in  1 :  500  solu- 
tion as  an  irrigating  Huid  after  evacuation  of  the  pus  in  empyema:  it  is  also  used 
sometimes  to  saturate  the  dressings  in  the  topical  treatment  of  indolent  ulcers.  It 
is  an  efficient  hemostatic  and  may  be  used  to  control  bleeding  from  the  accessible 
surfaces  and  also  gastric  hemorrhage.  As  an  injection  in  tuberculous  arthritis  iodic 
acid  is  preferred  to  iodoform  by  some  surgeons;  15  minims  (1  cc.)  of  a  mixture 
of  2  drams  (S  dm.)  in  1  fluidounce  (32  cc.)  of  glycerin  may  be  injected.  The 
1 :  500  solution  may  be  used  with  benefit  as  an  application  to  hums  of  the  first  or 
second  degree. 

Internally  iodic  acid  may  be  given  in  doses  of  Yz  to  2  grains  (0.03  to  0.13  Gm.) 
in  1  percent,  solution,  three  or  four  times  a  day  as  an  intestinal  antiseptic  in  typhoid 
fever  and  other  septic  intestinal   conditions. 

The  lODATES,  especially  the  calcium  salt,  may  be  used  with  benefit  as  dusting 
powders  or  in  saturated  aqueous  solution  as  a  dressing  to  ulcers  and  septic  wounds, 
and  well  diluted  in  suppurative  and  gangrenous  affections  of  the  mucous  membranes. 
In  catarrhal  affections  of  the  respiratory  mucous  membranes  a  mixture  of  1  part 
of  sodium  or  calcium  iodate  and  10  parts  of  boric  acid  may  be  insufflated  as  a  snuff 
or  may  be  used  in  4  percent,  solution  as  a  spray  or  nasal  douche,  and  a  solution 
of  the  same  strength  may  find  service  as  a  collyrium  in  catarrhal  conjunctivitis.  The 
powder  mixture  may  be  insufflated  in  otorrhea. 

The  iodates  are  occasionally  used,  like  the  iodides,  in  rheumatic  affections  and 
in  syphilis,  but  they  offer  no  special  advantage  in  the  therapy  of  these  affections. 

Organic  Iodine  Compounds 

The  organic  compounds  which  release  iodine  in  contact  with  water  or  organic 
matter  have  essentially  the  same  action  as  iodine,  the  sole  distinctions  being  that  they 
are  less  irritating  and  that  the  substance  with  which  the  iodine  is  combined  may  exert 
an  action  of  its  own — e.g.,  thymol  in  thymol  iodide.  Since  reflex  irritation  is  one  of 
the  virtues  of  iodine  in  certain  conditions,  the  less  irritant  compounds  are  inferior  to 
tincture  of  iodine  when  this  is  applied  for  counterirritant  effect  over  deep  inflamma- 
tions or  to  promote  absorption  of  exudates,  as  well  as  to  indolent  ulcers.  They  may 
be  better  adapted  in  some  instances  for  application  to  mucous  membranes,  especially 
the  larynx  and  vagina,  and  to  acutely  inflamed  surfaces  where  topical  antiseptic 
action  is  desired  without  stimulation. 

Of  the  organic  iodine  compounds  possessing  peculiar  actions  apart  from  the 
release  of  iodine,  by  far  the  most  important  is  iodoform.  Iodoform,  being  practically 
insoluble  in  water  and  the  body  fluids,  has,  unless  it  is  decomposed,  little  effect  on 
either  bacteria  or  tissues  to  which  it  is  applied.  It  is  freely  soluble  in  fats  and  it  is 
possible  that  it  may  be  absorbed  by  the  fats  and  lipoids  of  the  cells,  but  this  is  proble- 
matical. When  applied  to  wounds,  it  is  decomposed  with  the  formation  of  iodine, 
iodates,  iodoalbuminates,  etc.,  and  it  is  to  these  that  its  effects  are  chiefly  attributable. 
When  absorbed  in  large  amount,  however,  it  gives  rise  to  poisoning  with  symptoms 
entirely  distinct  from  those  of  other  iodine  compounds. 

This  is  in  fact  the  only  one  which  demands  prolonged  discussion.    It  has  a  strong 
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and  particularly  disagreeable  odor  and  to  avoid  this  during  handling  two  substances 
have  been  made  which  gradually  yield  iodoform  in  contact  with  wounds.  These  are 
iodoformogen  (iodoform  coated  with  precipitated  protein)  and  iodoformin  (combined 
with  methenamine),  and  this  with  ethyl  iodide  (iodoformal). 

Materia  Medica. — Iodofokmum  (U.S.  X.),  Iodoform.    Ahhr.,  lodof. 

Iodoform  (triiodomethane,  CHI,)  is  usually  obtained  by  the  action  of  iodine  upon 
alcohol  or  acetone  in  the  presence  of  an  alkali  or  alkali  carbonate.  It  occurs  as  a  fine 
lemon-yellow  powder,  or  small  shining  hexagonal  crystals,  somewhat  unctuous  to  the 
touch,  having  a  peculiar,  very  penetrating,  persistent  odor,  and  a  persistent  and  dis- 
agreeable taste.  It  is  nearly  insoluble  in  water,  to  which,  however,  it  imparts  its 
odor  and  taste.  One  Gm.  is  soluble  in  60  cc.  of  alcohol,  80  cc.  of  glycerin,  34  cc.  of 
olive  oil.    It  contains  nearly  97  percent,  of  iodine. 

Antagonists  and  Incompatibles. — The  nitrates  and  nitrites,  chlorates,  and  calomel, 
as  well  as  all  of  the  silver  salts,  are  incompatible  with  iodoform. 

Dose,  2  to  6  grains  (0.12  to  0.4  Gm.). 

loDOFORMUM  Aromatisatum  (unofficial).  Aromatized  Iodoform.  Ahhr.,  lodof. 
Arom. 

Iodoform,  96  Gm. ;  coumarin,  4  Gm. 

Dose,  2  to  4  grains  (0.12  to  0.25  Gm.). 

SuPPOSiTORiA  loDOFORMi   (Br.),  Iodoform  Suppositories.    Ahhr.,  Supp.  lodof. 

Suppositories  each  containing  3  grains  (0.2  Gm.)  of  iodoform  with  sufficient  oil 
of  theobroma. 

Dose,  1  to  3  suppositories  daily. 

Unguentum  Iodoformi  (U.S.  X.),  Iodoform  Ointment.     Ahhr.,  Ung.  lodof. 

Iodoform,  10  Gm. ;  wool  fat,  20  Gm. ;  petrolatum,  70  Gm. 

Dose,  for  external  use. 

CoLLODiUM  loDOFORMr  (unofficial),  Iodoform  Collodion.     Ahhr.,  Collod.  lodof. 

Iodoform,  5  Gm. ;  flexible  collodion,  95  Gm. 

Dose,  used  externally  as  a  discutient  and  antiseptic, 

Glycerogelatinum  Iodoformi  (N.F.),  Iodoform  Glycerogelatin.  Ahhr.,  Glyeero- 
gel.  lodof. 

Iodoform,  10  Gm. ;  glycerin,  15  Gm. ;  in  a  glycerinated  gelatin  vehicle. 

Dose,  used  externally  as  an  antiseptic  dressing. 

Petroxolinum  Iodoformi  (unofficial).  Iodoform  Petroxolin.  Ahhr.,  Petrox. 
lodof. 

Iodoform,  3  Gm. ;  acetone,  20  Gm.;  oleic  acid,  10  Gm. ;  eucalyptol,  3  Gm. ;  liquid 
petroxolin,  64  Gm. 

Dose,  used  externally. 

Thymolis  Iodidum  (U.S.  X.),  Thymol  Iodide,  Ahhr.,  Thymol.  lod.  Synonym: 
Aristol, 

Thymol  iodide  is  a  mixture  of  iodine  derivatives  of  thymol,  principally  dithymol- 
diiodide  (  (C.IIj.CHj.C^Hj.OI)^,  containing  when  dried  to  constant  weight  over 
sulphuric  acid  not  less  than  43  percent,  of  iodine.  It  is  a  reddish-brown  or  reddish- 
yellow  powder,  with  a  very  slight,  aromatic  odor.  It  is  insoluble  in  water  and  glycerin; 
slightly  soluble  in  alcohol;  readily  soluble  in  chloroform,  ether,  collodion,  and  fixed 
and  volatile  oils. 

Dose,  from  2  to  3  grains  (0.13  to  0.2  Gm.).    Main  use  as  a  dusting  powder. 

Iodoformogen  (unofficial),  lodof ormalbumen. 

A  compound  of  albumin  and  iodoform,  occurring  as  a  fine,  yellow,  bulky  powder 
with  a  faint,  ethereal  odor. 

Dose,  used  locally  as  iodoform. 
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YlOFORM  (unofficial),  lodochloroxyquinoline  (CJI,N0HIC1).    Synonym:  Nioform. 

Occurs  as  a  greenish-yellow  powder,  with  faint  odor,  and  practically  tasteless; 
insoluble  in  water.    Less  toxic  and  of  greater  germicidal  power  than  iodoform. 

Dose,  for  local  application. 

PicROL   (unofficial).  Potassium  Diiodcresorcinolmonosulphonate. 

It  contains  53  percent,  of  iodine.  A  colorless,  crystalline  powder,  odorless,  but 
with  very  bitter  taste;  soluble  in  water,  glycerin,  and  ether. 

Dose,  used  as  a  substitute  for  iodoform  and  corrosive  sublimate. 

loDOLUM  (unofficial),  Tctraiodopyrrol  (CJ^NH).     Synonym:  lodol. 

Formed  by  the  interaction  of  iodine  and  pyrrol,  and  containing  88.9  percent,  of 
iodine.  It  occurs  as  a  yellowish-brown,  crystalline  powder;  tasteless  and  odorless; 
insoluble  in  water,  but  soluble  in  ether  and  slowly  soluble  in  chloroform,  alcohol,  and 
warm  fixed  oils. 

Dose,  2  to  3  grains  (0.12  to  0.2  Gm.). 

CuESOL  Triiodide  (unofficial),  Meta-cresol  Triiodide  (C,HI,OH.CHj).  Synonym: 
Losophan. 

A  compound  of  iodine  and  cresol  containing  78.39  percent,  of  iodine.  It  occurs 
in  colorless,  acicular  crystals,  without  odor  or  taste;  insoluble  in  water;  slightly  sol- 
uble in  alcohol ;  freely  soluble  in  chloroform,  ether  and  the  fixed  oils. 

Dose,  applied  as  a  2  to  10  percent,  ointment. 

NosoPHEN  (unofficial),  Tetraiodophenolphthalein  ((C,HJ,OH),.COC,H,CO). 
Synonym:  lodophen. 

Obtained  by  the  interaction  of  iodine  and  phenolphthalein,  and  contains  61.7  per- 
cent, of  iodine.  It  occurs  as  a  fine  yellowish  powder;  tasteless  and  odorless;  insoluble 
in  water;  difficultly  soluble  in  alcohol,  chloroform,  and  ether;  readily  soluble  in  alkalis. 

Dose,  applied  locally  in  powdered  form,  internally  as  an  antiseptic,  5  to  8  grains 
(0.32  to  0.5  Gm.). 

Antinosine  (unofficial).    The  sodium  salt  of  nosophen. 

A  dark-blue,  amorphous  powder,  freely  soluble  in  water  and  alcohol. 

Dose,  used  in  from  1  to  3  percent,  solutions  for  applications  to  mucous  mem- 
branes.   Externally  in  2  percent,  solution  in  inflammatory  conditions. 

EuDOXiNE   (unofficial).    The  bismuth  salt  of  nosophen. 

A  reddish-yellow  powder,  odorless  and  tasteless;  insoluble  in  water.  Contains 
52.9  percent,  of  iodine,  and  14.5  percent,  of  bismuth. 

Dose,  1/2  to  8  grains  (0.03  to  0.5  Gm.). 

Apallagin  (unofficial),  Mercury  Tetraiodophenolphthalein. 

A  combination  of  mercury,  phenol  and  iodine,  occurring  as  a  gray  powder. 

Dose,  externally  as  powerful  antiseptic  powder. 

EuROPHEN    (unofficial),   Diisobutylorthocresoliodide. 

Obtained  by  the  reaction  of  cresol  and  iodine  and  containing  28.1  percent,  of 
iodine.  A  yellow,  bulky,  amorphous  powder  with  a  faint  saffron  odor,  and  practically 
tasteless.  Insoluble  in  water  and  glycerin;  soluble  in  ether,  chloroform,  collodion, 
alcohol  and  fixed  oils. 

Dose,  Vo  to  2  grains  (0.03  to  0.12  Gm.) ;  externally  to  replace  iodoform. 

Antipathogenic  Action. — Although  It  can  be  shown  that  pure  iodoform  has  no 
germicidal  power  and  that  bacteria  exposed  to  its  fumes  arc  not  injured,  it  acts  as  a 
germicide  in  culture  media,  because  the  bacteria  in  their  growth  decompose  it  with  the 
liberation  of  iodine.  Applied  to  wounds  it  acts  partly  by  the  liberation  of  Iodine  and 
partly  by  its  drying  action  and  the  formation  of  a  crust  over  the  wound,  in  which 
bacteria  do  not  readily  grow. 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Iodoform  is  not  absorbed 
by  the  skin,  except  when  rubbed  in  with  an  ointment  or  as  an  oily  solution,  but  must  be 
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used  with  caution  in  wounds  exposing  fatty  tissue,  as  fats  take  it  up.  Tissue  juices 
decompose  it  with  the  liberation  of  iodine,  iodides  and  iodates,  which  are  readily 
absorbed.  In  vitro,  muscle  extract  has  little  effect  on  iodoform,  but  testicular  extract 
and  bowel  wall  decompose  it.  The  portion  absorbed  as  iodide,  etc.,  is  rapidly  excreted 
in  the  urine,  but  that  which  is  absorbed  unchanged  is  held  tenaciously  by  the  lipoids  and 
deposited  in  the  fatty  and  nerve  tissues.  It  may  remain  thus  held  for  weeks  as  shown 
by  the  appearance  of  iodine  in  the  urine  for  long  periods.  When  taken  by  mouth, 
iodoform  passes  through  the  stomach  largely  unchanged  but  is  broken  down  in  the 
bowel  from  which  inorganic  compounds  are  taken  up  as  well  as  the  substance  itself, 
dissolved  in  fat.  Excretion  occurs  in  the  urine  as  sodium  iodide.  A  portion  is  also 
found  in  the  saliva  both  as  iodoform  and  as  sodium  iodide. 

Topical  Action. — When  applied  to  the  skin,  iodoform  gives  rise,  in  certain  persons, 
to  various  skin  eruptions,  chiefly  erythematous  and  eczematous,  often  with  urticaria  or 
marked  edema.  On  mucous  membranes  it  is  not  usually  irritating;  in  fact  it  has  an 
analgesic  action.  Stools  may  be  passed  unconsciously  after  use  of  iodoform  supposi- 
tories. In  the  stomach  it  is  often  nauseating  but  probably  either  reflexly  by  its  odor  or 
by  irritation  from  release  of  iodine  and  other  decomposition  products.  Tolerance  may  be 
established  ordinarily  by  gradual  increase  of  dose.  Intolerance  is  manifested  by  eructa- 
tions, a  persistent  taste  of  iodoform,  or  garlic,  dryness  of  the  tongue  and  pharynx, 
indigestion  and  sometimes  hiccough.  Vomiting  and  diarrhea  rarely  occur  from  thera- 
peutic doses.  The  gastric  intolerance  is  probably  in  part  attributable  to  impurities  in 
commercial  specfmens  of  iodoform,  as  they  are  much  less  commonly  met  with  when  a 
preparation  of  known  purity,  especially  one  produced  by  electrolysis,  is  used. 

Toxic  and  Systeviio  Action. — Iodoform  intoxication  results  usually  from  the  applica- 
tion of  large  amounts  of  the  substance  to  wounds  and  only  a  few  cases  of  poisoning 
from  internal  administration,  have  been  reported.  It  occurs  in  several  forms  of  which 
the  nervous  is  at  the  same  time  the  most  severe  and  the  most  characteristic.  The  toxic 
dose  is  not  well  established.  In  most  cases  the  amount  absorbed  could  not  be  even 
approximately  ascertained.  It  is  said  that  by  mouth  1  Gm.  per  kilo  is  the  fatal  dose  but 
dogs  will  recover  after  twice  this  amount  and  as  little  as  8  Gm.  has  caused  severe  poi- 
soning in  a  woman. 

The  mild  type  of  intoxication  may  result  from  even  small  amounts  when  there  is 
an  idiosyncrasy  and  is  rarely  seen  otherwise.  This  is  an  eczema  either  limited  to  the 
region  around  the  wound  or  widespread.  It  usually  heals  at  once  when  the  cause  is 
removed.  The  middle  type  results  from  large  doses  taken  by  mouth."  This  is  shown  by 
diarrhea  with  cramps,  palpitation  and  irregular  heart  action,  headache,  vertigo,  and  the 
odor  of  iodoform  on  the  breath.  The  sevei-e  type  was  the  most  frequent,  but  it  is  much 
less  often  seen  now  than  in  the  days  when  large  amounts  of  the  antiseptic  were  applied 
to  every  wound  and  surgical  field  as  a  routine  measure. 

The  severe  type  of  intoxication  begins  usually  as  a  sense  of  discomfort  and  anxiety 
with  restlessness;  the  patient  experiences  headache  and  a  taste  of  iodoform  or  of  garlic, 
which  is  made  worse  by  putting  a  silver  coin  in  the  mouth.  The  saliva  added  to  calomel 
may  give  a  yellow  color  from  formation  of  mercuric  iodide.  Soon  delirium  occurs  with 
depressing  ideas  or  even  acute  melancholia  or  delusions  of  persecution  with  attempts 
at  suicide.  The  patient  may  require  asylum  care.  Hallucinations  of  an  unpleasant  type 
may  occur  or  wild  maniacal  outbursts  alternating  with  complete  inertia.  The  heart  is 
weak  and  very  rapid,  even  150  or  180  per  minute.  The  tachycardia  may  first  attract 
attention.  The  temperature  is  frequently  high  and  cases  have  been  reported  in  which 
this  pyrexia  was  the  chief  symptom.  The  urine  is  often  scanty,  sometimes  discolored 
with  iodine,  often  albuminous.  Symptoms  of  nervous  excitement,  although  usual  in 
animals  are  rare  in  man.  Occasionally  tremors  and  even  convulsions  occur.  More  often 
in  severe  cases  the  depression  deepens  into  somnolence  and  coma,  ending  in  death  from 
respiratory  failure.  In  rare  instances  the  coma  comes  on  very  early,  no  mental  disturb- 
ance preceding  it.  The  disturbance  of  mentality  may  last  for  several  days  or  weeks,  and 
in  a  few  cases,  permanent  insanity  has  resulted.     In  children  symptoms  similar  to  those 


"  We  have,  in  special  and  exceptional  instances,  given  to  tuberculous  adults,  by 
gradual  increase  of  dose,  as  much  as  20  to  30  grains  (1.5  to  2  Gm.)  daily  in  3  or  4  por- 
tions, for  a  week  or  two  at  a  time,  without  inducing  any  unpleasant  symptoms.  On  the 
other  hand,  we  have  seen  cardiac  and  digestive  disturbances  follow  much  smaller  doses, 
3  to  6  grains  (0.2  to  0.4  Gm.)   daily. 
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of  meningo-encephalitis  have  been  observed,  weakness,  vomiting,  rapid  and  feeble  pulse 
and  contractions  of  various  groups  of  muscles.     Fever  is  as  a  rule  absent. 

A  fourth  type  of  intoxication  is  seen  in  animal  experiments  especially  with  dogs. 
Extreme  excitement  is  noted,  with  attacks  of  violent  rage  and  convulsions.  Coma  soon 
occurs  between  the  attacks  and  death  follows  in  collapse,  with  falling  temperature  and 
failing  heart.  The  cord  is  depressed  and  reflexes  lessened,  early.  In  the  rabbit  the  con- 
vulsive phenomena  dominate  and  narcosis  does  not  occur.  In  the  frog,  there  is  paralysis 
of  the  brain  and  cord. 

After  death,  in  all  forms  of  acute  iodoform  intoxication,  fatty  degeneration  of  all  the 
viscera  is  found.  In  a  case  of  penetrating  wound  in  which  an  iodoform  gauze  tampon 
came  in  contact  with  the  liver,  the  condition  of  this  organ  resembled  that  of  phosphorus 
poisoning.  There  is  congestion  of  the  gastrointestinal  mucosa  as  well  as  of  serous  mem- 
branes, including  the  meninges.    Ecchymoses  may  occur  under  the  pericardium. 

Iodoform  can  rarely  be  recovered  from  the  tissues,  having  been  converted  to  iodides 
and  iodates.  Iodine  may  be  found  in  the  brain  which  is  never  the  case  in  poisoning  with 
inorganic  iodine. 

Treatment  of  Poisoning. — The  first  manifestation  of  poisoning  is  usually  the  occur- 
rence of  iodine  in  the  urine  or  saliva,  and  these  should  be  tested  at  frequent  intervals 
by  means  of  starch  paper  wet  with  dilute  hydrochloric  acid,  in  all  patients  in  whom 
iodoform  or  even  the  gauze  is  being  used.  If  iodine  be  found  or  if  symptoms  occur 
which  are  not  explained  by  the  malady  or  by  the  condition  of  the  wound,  administration 
should  be  stopped  or  the  dressing  should  be  removed  at  once.  Local  deposits  of  iodoform 
should  be  gotten  rid  of  as  far  as  possible  by  a  douche  of  hot  bicarbonate  of  sodium  solu- 
tion or  on  the  surface  of  an  ulcer,  by  sponging  with  ether  or  alcohol.  In  deep  wounds 
syringing  with  oil  is  better.  In  mild  poisoning  nothing  more  is  necessary.  If  a  toxic 
amount  has  been  absorbed,  alkaline  diuretics  and  diaphoretics  (acetates,  citrates)  are 
to  be  given  together  with  sodium  bicarbonate  to  aid  in  the  formation  of  sodium  iodide. 
If  the  heart  is  fairly  strong,  sweating  may  be  provoked.  If  the  heart  action  Is  weak, 
ammonium  carbonate  dissolved  in  solution  of  ammonium  acetate  may  be  used  or 
strychnine,  or  later,  digitalis,  etc.  To  calm  excitement  or  delirium,  morphine  with  per- 
haps scopolamine  is  preferable  to  the  coal-tar  hypnotics  and  chloral  which  depress  the 
heart.    Other  symptoms  are  met  as  they  arise.    The  prognosis  must  be  guarded. 

Therapeutics:  Topical. — ^Iodoform  is  chiefly  employed  externally  as  an  anti- 
septic and  analgesic  dusting  powder  and  dressing  (as  gauze)  to  wounds,  chancres, 
ulcers,  and  abraded  surfaces  of  skin  or  mucous  membranes.  The  odor  is  a  drawback 
and  has  led  to  the  disuse  of  the  drug  in  many  conditions  in,  which  nothing  has  been 
found  to  take  its  place  fully.  This  may  be  disguised  in  greater  or  less  degree,  however, 
by  admixture  with  tannin  (50  percent.),  pulverized  coilee  (50  percent.),  tribromphenol- 
bismuth  (50  percent.),  oil  of  rose  geranium,  oil  of  sandalwood  and  almost  completely 
by  attar  of  rose.  Of  these  last  three,  a  drop  or  two  added  to  the  quantity  of  drug 
to  be  used  at  the  time,  commonly  suffices;  or  a  stock  quantity  may  be  made  up  and 
kept  in  a  well-stoppered  vial.  One  or  other  of  these  expedients  is  appropriate  in 
each  of  the  applications  that  are  to  be  mentioned. 

In  the  form  of  suppositories  (3  grains  in  each)  it  is  used  in  the  treatment  of 
internal  hemorrhoids  and  in  mild  types  of  proctitis.  In  tuberculous  laryngitis, 
especially  when  there  is  ulceration,  iodoform  has  peculiar  applicability.  It  exerts  not 
only  a  healing,  but  also  a  sedative  influence;  thus  making  it  easier  for  the  patient 
to  take  food.  We  have  seen  considerable  improvement,  and  in  some  instances  recovery, 
follow  its  use,  in  conjunction  with  appropriate  constitutional  measures.  Recently 
we  have  conjoined  with  it,  local  and  general  phototherapy  (with  a  "quartz  light" 
yielding  ultraviolet  rays)  and  have  also  attempted  to  determine  whether  the  light 
alone  would  give  equal  benefit.  Subject  to  correction  by  further  study,  we  believe  the 
iodoform  plays  an  important  part  in  the  astonishing  betterment  that  ensues.  In- 
sufflation may  be  practiced  with  the  undiluted  powder  (2  to  5  grains  —  0.12  to  0.3  Gm.) 
well  triturated  to  get  rid  of  sharp  crystals,  or  addition  may  be  made  of  an  equal  part 
of  starch  powder,  tannin,  boric  acid  or  tribromphenol-bismuth.    Opothesine  (Va  grain — ' 
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0.03  Gm,),  orthoform  (2  grains — 0.12  Gm.),  or  in  selected  cases  morphine  acetate 
(Vg  grain — 0.01  Gm.)  or  cocaine  hydrochloride  (Viz  grain — 0.005  Gm.)  may  be  used  to 
aid  the  sedative  effect.  Iodoform  (10  percent.)  in  ether  or  chloroform  was  used  by 
L.  Elsberg  on  sponge  or  cotton  in  a  laryngeal  applicator.  When  there  is  ulceration  of 
the  epiglottis,  J.  Solis-Cohen  has  the  patient  swallow,  from  a  brush  or  sponge  firmly 
held  in  the  back  of  the  throat  (against  the  soft  palate  just  below  the  uvula,  or  even  on 
the  back  of  the  tongue,  an  emulsion  of  iodoform  and  orthoform  in  olive  oil  or  glycerin, 
which  in  its  descent  toward  the  esophagus  coats  the  sore  parts,  including  the  arytenoid 
eminences.  Food  may  be  taken  shortly  thereafter.  For  spray,  an  emulsion  of  a  2 
percent,  alcoholic  solution  (1  part)  in  water  (2  parts)  may  be  used. 

Tuberculous  joints,  enlarged  glands,  and  abscesses  are  sometimes  greatly  benefited 
by  injections  of  1  fluidram  of  a  5  to  10  percent,  solution  of  iodoform  in  sulphonic 
ether;  complete  recovery  may  result.  On  account  of  the  pain  caused  by  these  injections 
some  surgeons  prefer  a  10  per  cent,  suspension  of  iodoform  in  glycerin  or  oil.  In  the 
local  treatment  of  chancroid  and  also  of  syphilitic  ulcerations  iodoform  is  well-nigh 
a  specific.  In  chancroidal  bubo,  after  evacuation  of  the  pus,  the  cavity  may  be  injected 
with  an  emulsion  of  iodoform,  10  parts;  alcohol,  20  parts;  and  glycerin,  80  parts, 
with  the  addition  of  5  percent,  each  of  guaiacol  and  camphor. 

In  gonorrhea,  gelatin  bougies  impregnated  with  iodoform  alone  or  iodoform  and 
eucalyptus  oil  were  once  in  repute,  but  this  use  of  drug  is  largely  superseded. 

In  conjunctivitis,  a  5  per  cent,  iodoform  ointment  is  often  of  service. 

In  endocervicitis,  vaginitis,  and  other  affections  of  the  female  generative  organs, 
vaginal  tampons  of  iodoform  gauze,  are  of  service  in  subduing  the  inflammation,  pro- 
moting resolution,  and  checking  secretions ;  but  this  use  of  the  drug  has  been  generally 
abandoned  by  reason  of  the  persistent,  disagreeable,  and  tell-tale  odor.  When  no  other 
treatment  will  do  as  well,  however,  attempts  to  mask  the  odor  may  be  made,  and  the 
iodoform  application  carried  out. 

Systemic. — The  employment  of  iodoform  in  internal  medicine  was  formerly  much 
more  extensive  than  it  is  now.  It  was  advised  and  used  in  duodenal  catarrh  with 
involvement  of  the  bile  ducts,  and  Bartholow  recommended  it  in  the  early  hypertrophic 
stages  of  cirrhosis  of  the  liver.  It  was  also  given  to  some  extent  in  the  treatment  of 
syphilis  as  a  substitute  for  iodide.  In  various  metabolic  disorders  such  as  diabetes, 
obesity,  gout,  etc.,  iodoform  has  been  given  with  more  or  less  apparent  success,  but 
it  is  not  indispensable  and  less  disagreeable  medicaments  are  available. 

In  early  pulmonary  tuberculosis,  however,  the  drug  has  a  distinct  place,  as  an 
adjuvant  to  the  regime  of  open  air  life  and  other  measures  of  reinvigoration,  that 
cannot  be  taken  by  any  substitute  so  far  proposed.  Nor  is  the  regime  equally  suc- 
cessful without  it.  It  was  given  by  Glover  and  others  for  scrofula,  but  Shingleton 
Smith  became  the  most  earnest  advocate  of  its  use  in  phthisis.  Carefulness  and 
persistence  in  its  use  are  both  necessary,  if  the  best  results  are  to  be  achieved.  When 
there  is  extensive  or  active  breaking  down  of  tissue,  the  drug  is  not  to  be  given  and 
it  has  no  usefulness  in  far  advanced  cases.  It  appears  to  restrain  tuberculous  pro- 
liferation ;  and  its  special  applicability  is  in  the  stage  of  infiltration ;  but  the  presence  of 
slight  fever  or  of  scattered  moist  rales  is  not  a  counterindication.  It  may  also  be  used, 
though  with  less  rapid  benefit,  in  the  quiescent  stage  which  ensues  after  active  liquefac- 
tion, even  cavitation  has  subsided.  It  may,  therefore,  be  indicated  at  one  stage  and 
contraindicated  at  another  stage,  in  the  progress  of  the  same  patient.  Gastric  and 
general  tolerance  must  be  induced  gradually.  The  addition  of  a  small  dose  of  extract  of 
hyoscyamus,  grain  1/8  (0.008  Gm.)  will  sometimes  permit  the  drug  to  be  better  borne 
by  a  squeamish  stomach,  or  a  drop  or  two  of  dilute  hydrocyanic  acid,  or  a  powder  of 
cocaine,  grain  1/8   (0.008  Gm.),  or  apothesine,  grain  V2  (0.032  Gm.),  with  bismuth, 
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grain  5  (0.32  Gm.),  "i^iy  !>«  given  shortly  before  the  iodoform  is  to  be  taken.  Com- 
monly, however,  these  expedients  are  unnecessary.  Beginning  with  Yi  or  Ys  grain 
(0.016  to  0.008  Gm.)  after  meals,  thrice  daily,  the  dose  may  be  increased  by  increments 
of  Vs  to  Yi  grain  at  each  renewal  of  the  prescription — say  weekly  or  fortnightly — up 
to  the  point  of  tolerance,  which  may  be  2,  3  or  even  5  grains  (0.12  to  0.3  Gm.).  Com- 
monly, however,  the  improvement  in  general  vigor  and  in  special  symptoms  will  be 
such  that  increase  beyond  a  grain  or  two  (0.06  to  1.3  Gm.)  will  be  unnecessary.  After 
a  course  of  4  to  6  weeks  of  iodoform,  a  week's  intermission  may  be  desirable.  The 
medication  is  then  to  be  resumed,  intermitted  after  a  month  or  so,  and  again  resumed; 
and  so  on  for  from  six  months  to  a  year  or  more.  It  is  also  wise,  even  after  apparent 
recovery,  to  give  an  iodoform  course  of  a  few  weeks  every  half  year  for  several  years. 
Calcium — say  the  hji^ophosphite,  and,  if  necessary,  parathyroid,  should  of  course  be 
associated  with  it.  Encapsulation  with  Peruvian  balsam  (3  to  5  grains — 0.2  to  0.3 
(im.)  tends  to  reduce  the  liability  of  gastric  irritation  but  somewhat  retards  absorp- 
tion. The  balsam  appears  also  to  have  a  distinct  helpfulness  by  its  effect  on  the  con- 
comitant bronchoalveolar  catarrh.  Sodium  cinnamate  and  guaiacol  cinnamate  (3  to  5 
grains — 0.2  to  0.3  Gm.)  are  even  better  in  this  latter  respect  and,  as  elsewhere  stated, 
the  cinnamic  acid  tends  to  promote  cicatrization  of  the  tuberculous  areas.  Reduced 
iron  (8  grains — 0.5  Gm.)  or  arsenious  iodide  (1/25  to  1/10  grain — 0.0025  to  0,006  Gm.), 
or  both,  may  be  encapsulated  with  the  iodoform  and  the  calcium,  and  it  is  sometimes 
advisable  to  associate  a  digestive  ferment — as  pepsin  or  caroid  (papain).  Powdered 
benzoin  and  balsam  of  Tolu,  crude,  semi-solid  petroleum,  or  petrolatum,  are,  likewise, 
eligible  excipients  for  pill  mass,  to  be  gelatin-coated  or  sugar-coated,  or  for  capsules. 
In  these  and  other  ways  the  prescription  may  be  varied  from  time  to  time  during  the 
course  of  treatment,  using  now  one  adjuvant  or  excipient,  now  another,  according  to  the 
progress  and  necessities  of  the  case. 

In  exophthalmic  goiter,  iodoform  may  be  used  intermittently  as  an  auxiliary  agent, 
much  as  in  tuberculosis,  but  without  the  adjuvants  mentioned,  and  rarely  exceeding 
a  dose  of  3  grains  (0.2  Gm.)  in  the  2-1  hours.  The  duration  of  treatment  may  be 
several  months.  The  basal  metabolic  rate  is  to  be  watched,  as  in  the  use  of  Lugol 
solution.  The  drug  is  also  of  benefit  in  the  simple  goiter  of  adults,  but  the  doses 
should  be  small  (Vs  to  Yz  grain — 0.008  to  0.03  Gm.,  once  to  thrice  daily)  and  the  effect 
carefully  watched. 

Iodoform  dissolved  in  olive  oil,  almond  oil  or  liquid  petrolatum,  alone  or  with 
terebene,  eucalyptol  and  the  like, — for  example,  Meunier  solution  of  iodoform  (1 
percent.)  and  eucalyptol  (5  percent.)  in  liquid  vaseline — injected  hypodermically  or 
into  the  muscles,  is  of  benefit  in  various  forms  of  pulmonary  infection;  and  not  only 
in  obstinate  bronchitis,  acute  or  chronic,  or  even  bronchopneumonia,  but  also  in  pul- 
monary tuberculosis  accompanied  by  fever,  whether  or  not  cavitation  or  mixed  infec- 
tion can  be  demonstrated.  The  dose  is  from  0.5  to  2  cc.  or  more,  once  or  twice  daily, 
or  once  in  two  or  three  days,  according  to  reaction  and  result.  Similar  treatment  is 
useful  in  tuberculosis  of  bones  and  joints.  We  have  seen  no  recovery  under  its  use 
in  acute  miliary  tuberculosis,  but  in  tuberculous  meningitis  (if  the  diagnosis  was 
correct")  a  few  recoveries  have  been  encountered.  Inunctions  of  iodoform  in  cod 
liver  oil  and  in  other  oils  (3  to  10  percent.)  have  also  been  practiced  in  various  forms 
of  tuberculosis,  with  reported  good  results  in  a  proportion  of  cases.  Nillson  affirms 
an  undoubted  recovery  of  an  infant  with  tuberculous  meningitis  from  rubbing  upon 
the  shaved  scalp  a  10  percent,  iodoform  ointment. 

Iodoform  may  also  be  administered  for  systemic  effect  by  inhalation,  either  with 

"  Abraham  Jacobi  was  asked  whether  recovery  negatived  the  diagnosis  in  a  case  of 
this  kind,  but  replied  "No." 
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turpentine,  eucalyptol  or  creosote,  dissolved  in  ether,  or  in  chloroform.  When  applied 
locally,  whether  superficially  in  powder,  ointment  or  lotion,  or  by  injection  into  a 
cold  abscess  or  other  so-called  surgical  lesion,  some  portion  is  absorbed  and  acts 
constitutionally. 

Succedanea. — Thymol  iodide  (aristol),  bismuth  oxy-iodogallate  (airol),  diiodo- 
formogen,  diiodosalol,  vioform,  iodone,  loretin,  lodonaphthol,  picrol,  iodol,  and  many 
other  pi'eparations  containing  iodine  in  combination  have  antiseptic  properties  simi- 
lar to  those  of  iodoform  and  are  employed  externally  in  wound  dressings  and  in  the 
treatment  of  various  dermatoses  as  more  or  less  efficient  substitutes  for  iodoform. 
Although  for  the  most  part  weaker  in  antiseptic  action,  they  are  nevertheless  to 
be  preferred  to  that  drug  when  no  contraindications  exist,  because  of  their  lack 
of  nauseous  and  telltale  odor. 

loCAMFEN,  which  is  not  an  organic  protein  compound,  is  used  externally  only 
as  an  analgesic  and  antiphlogistic  application  to  contusions,  sprains,  and  other  joint 
and  muscle  traumata  with  intact  skin,  and  for  the  relief  of  rheumatic  pains;  and 
also  as  an  antiseptic  dressing  to  recent  traumatic  and  operative  wounds. 

Iodol  is  employed  as  a  dusting  powder  for  wounds  and  ulcers  and  is  also  given 
internally  for  its  iodine  effect  in  diabetes  and  in  tertiary  syphilis  in  doses  of  2  to 
4  grains  (0.12  to  0.25  Gm.).  lirvyiy.  - 

LosoPHAN  and  nosophen  are  not  perfect  substitutes  for  iodoform  as  they  do 
not  yield  up  their  iodine  content  on  contact  with  the  tissues.  The  former  is  em- 
ployed externally,  in  1  or  2  percent,  alcoholic  solution  or  in  ointment  of  1  to  10  per- 
cent, strength  with  vaseline  and  lanolin  base,  as  an  astringent  and  antiseptic  appli- 
cation in  various  dermatoses.  Nosophen  is  used  as  a  dusting  jwwder  in  various  inflam- 
matory affections  of  the  mucous  membrane  of  the  upper  respiratory  tract,  including 
laryngeal  tuberculosis,  and  is  given  internally  in  doses  of  4  to  8  grains  (0.25  to  0.5 
Gm.)  as  an  intestinal  antiseptic. 

Antestosin  and  eudoxine  are  the  sodium  and  bismuth  salts  of  nosophen  and  have 
in  general  the  same  therapeutic  action.  The  former  is  soluble  and  can  therefore 
be  applied  in  1  or  2  percent,  solution  as  a  spray  in  nose  and  throat  affections  and 
as  an  injection  in  cystitis  and  gonorrhea.  It  is  also  useful  in  gastric  lavage  and  as 
a  mouth  wash  in  stomatitis.  Eudoxine  is  said  to  combine  the  properties  of  nosophen 
and  bismuth,  and  to  be  of  service  in  gastroenteritis  and  intestinal  indigestion.  It  is 
used  internally  in  doses  of  4  to  8  grains  (0.25  to  0.5  Gm.)  three  or  four  times  a  day. 

EuROPHEN  is  employed  externally  to  meet  the  same  indications  as  iodoform; 
internally  in  tertiary  syphilis  in  doses  of  V2  to  2  grains  (0.3  to  0.12  Gm.). 

The  EIGONES  (alpha  or  beta)  are  efficient  substitutes  for  iodoform  externally; 
internally  they  are  given  in  doses  of  5  to  10  grains  (0.3  to  0.6  Gm.)  in  capsules 
or  pill  form,  three  times  a  day  in  the  same  conditions  in  which  potassium  iodide 
is  useful;  they  have  the  same  action  as  the  latter  but  are  more  slowly  absorbed. 

Bromine 

Bromine  was  isolated  by  Balard  in  1826  from  the  brine  left  after  the  crystal- 
lization of  salt  from  seawater.  It  is  said  that  a  German  company  of  salt  manu- 
facturers sent  to  Liebig  a  bottle  of  nearly  pure  bromine  for  examination.  He 
examined  it  superficially  and  decided  that  it  was  chloride  of  iodine.  He  kept 
the  bottle  and  when  he  heard  of  Balard's  discovery  was  chagrined  to  find  that  it 
was  bromine,  and  that  he  had  missed  such  an  opportunity.  It  is  said  that  he  kept 
it  in  a  special  cupboard  labelled  "Cupboard  of  Mistakes"  and  would  sometimes 
show  it  to  his  friends  as  an  example  of  the  danger  of  drawing  too  hasty  conclusions. 
The  use  of  bromine  compounds   as    antipathogens   is   comparatively  recent. 
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Bromine  differs  from  the  otlior  halogens  in  that  only  the  pure  element,  and 
not  its  compounds,  possesses  antiseptic  powers.  The  ionized  bromine,  as  present 
in  the  bromides,  is  devoid  of  such  action,  and  the  organic  compounds  are  narcotics 
rather  than  antiseptics. 

Materia  Medica. — Buomum  (ISr.F.),  Bromine. 

Bromine  is  a  heavy,  dark  brownish-red,  mobile  liquid,  evolving  even  at  ordinary 
temperatures,  reddish  fumes,  highly  irritating  to  the  eyes  and  lungs,  and  having  a 
peculiar,  suffocating  odor,  resembling  that  of  chlorine. 

One  cc.  dissolves  in  about  90  cc.  of  water  to  which  it  communicates  an  orange 
color;  it  is  freely  soluble  in  alcohol,  ether,  or  chloroform,  or  a  weak  aqueous  solu- 
tion of  potassium  bromide.  It  should  contain  not  less  than  98  percent,  of  the 
element  bromine  and  not  more  than  2  percent,  of  chlorine.  Commercial  bromine 
frequently  contains  6  to  8  percent,  of  carbon  tetrabromidc  and  sometimes  a  notable 
amount  of  cyanogen. 

Dose,  in  dilute  solutions,  10  to  40  minims  to  1  pint  of  water,  as  an  external  dis- 
infecting wash. 

Liquor  Bromi  (unofficial).  Solution  of  Bromine.  Ahhr.,  Li(].  Brom.  Synonym: 
Smith  Solution  of  Bromine. 

Bromine,  8.3  cc. ;  potassium  bromide,  12.5  Gm. ;  water,  q.n.  to  make  100  cc. 

Dose,  usetl  externally  as  a  germicide. 

Brometone  (unofficial),  Tribrom-tertiary-butylalcohol,  C^HjOBr^.  Synomjm:  Ace- 
tone Bromoform, 

Occurs  in  fine  white  prismatic  crystals  having  a  camphoraceous  odor  and  taste; 
soluble  in  water  and  all  organic  solvents. 

Dose,  5  grains  (0.3  Gm.). 

Bromipin  (unofficial),  Brominol. 

A  bromine  addition  product  of  sesame  oil  containing  from  9.8  to  11.2  percent, 
of  bromine  in  organic  combination, 

A  yellow,  oily  liquid  having  an  oleaginous  taste.  It  is  prepared  in  two  strengths 
— 10  percent,  and  ZZVz  percent. — the  latter  being  used  chiefly  by  rectal  injection. 

Dose,  1  to  2  fluidrams  (4  to  8  cc.)  of  the  10  percent,  preparation. 

Dibromobarbituric  Acid  (N.IST.R.),  Dibromomalonylureide.     Synonym:   Dibromin. 

A  crystalline,  colorless  powder,  almost  odorless,  slightly  astringent  taste;  soluble 
in  ether,  glycerin  and  alcohol ;  insoluble  in  fixed  oils,  but  soluble  in  33  parts  of  water. 

Dose,  in  solutions  of  1 :  10,000,  gradually  increased  in  strength,  for  irrigation  of 
infected  wounds. 

Antipathogenic  Action. — Although  bromine  is  as  effective  an  antiseptic  as  chlorine, 
it  is  much  less  used,  because  of  its  extremely  toxic  character,  and  the  difficulty  of  han- 
dling it.  In  bouillon,  0.06  percent,  will  prevent  putrefaction.  Its  bactericidal  power  re- 
sembles that  of  chlorine,  but  it  has  little  practical  value  in  medicine  or  surgery.  An- 
thrax spores  are  killed  by  exposure  to  a  3  percent,  (approximately  saturated)  watery 
solution  of  l)romine,  in  60  minutes;  staphylococcus,  by  a  0.02  percent,  solution  in  30  min- 
utes, and  lilaslomyces  by  a  0.02  percent,  solution  in  15  minutes  (Kinnaman). 

Pharmacodynamic  Action:  Topical. — Diffused  in  air,  it  has  about  the  same  toxicity 
as  chlorine,  1  part  in  1,000,000  irritating  the  respiratory  tract,  and  1:  100,000  causing 
death.  It  differs  from  chlorine  in  causing  softening  of  the  hair  of  animals  exposed  to 
its  fumes.  Bromine  water  (3i/j  percent.)  is  irritating  to  the  skin,  and  causes  inflamma- 
tion of  the  mouth,  throat,  and  stomach,  if  swallowed.  The  pure  liquid  is  a  rapid  and 
powerful  escharotic,  cauterizing  deeply  both  the  skin  and  mucous  membranes,  and  giving 
rise  to  severe  pain  and  an  extensive  brown  slough.  It  was  formerly  used  as  a  cauterant 
for  rapidly  spreading  w^ounds,  and  especially  in  cases  of  hospital  gangrene,  but  has  been 
replaced  by  phenol  and  nitric  acid.  Very  few  cases  of  systemic  poisoning  in  man  have 
been  reported,  and  in  all  a  dose  far  beyond  the  lethal  amount  was  swallowed.     In  dogs. 
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10  minims  (0.7  cc.)  is  a  fatal  dose.  The  symptoms  are  those  of  gastroenteric  irritation, 
with  corrosion  of  the  mucosa,  followed  by  coma  and  death.  Treatment  is  symptomatic, 
on  the  same  lines  as  that  of  chlorine  poisoning. 

Therapeutics. — Bromoform,  which  is  discussed  with  certain  other  bromine  com- 
pounds among  agents  acting  on  the  nerve  system,  has  some  antiseptic  use  in  affec- 
tions of  the  mouth  and  upper  air  tract.  Its  analgesic  and  decongestive  eflFect  when 
applied  locally  to  mucous  membranes  quickly  overcomes  the  initial  smarting.  It 
may  be  used  undiluted  upon  sponge  or  cotton.  We  have  found  it  of  apparent 
service  as  a  prophylactic  application  to  the  pharynx  and  tonsils  of  children  and 
others  exposed  to  tonsillitis,  and  of  demonstrable  service  in  checking  the  spread 
of  a  beginning  follicular  tonsillitis  or  pharyngitis.  It  may  be  added  to  other  volatile 
agents  and  employed  by  inhalation  in  ivhooping  cough,  in  laryngismus  stridulus,  and 
in  other  conditions  in  which  there  is  frequent  and  annoying  irritative  dry  cough, 
•with  respiratory  distress;  especially  in  such  cases  as  the  laryngo-tracheo-hronchitis 
of  influenza  and  certain  instances  of  pulmonary  tuberculosis,  both  acute  and  chronic. 
Internally  also  it  is  of  service  in  whooping  cough. 

The  use  of  the  element  bromine  was  never  extensive  and  has  been  practically 
abandoned.  Applied  in  the  form  of  the  N.F.  liquor  bromi,  it  is  serviceable  as  a 
disinfectant  and  caustic  in  hospital  gangrene,  but  this  use  is  as  rare  as  is  the  affection 
itself  at  the  present  day.  Inhalation  of  bromine  vapors  in  diphtheria  has  also  been 
given  up. 

Brometone  and  bromipin  are  used  for  the  same  purpose  as  the  inorganic  bro- 
mides to  which  it  is  claimed  they  are  superior  in  that  they  cause  few  or  none  of 
the  symptoms  of  bromism  and  no  digestive  disturbances. 

Brometone  is  useful  in  erethistic  states,  insomnia,  hysteria,  and  in  quieting 
abstinence  symptoms  of  narcotic  habitues.  It  is  given  with  benefit  sometimes  to 
repress  a  dry  hacking  cough,  and  also  in  seasickness  and  in  Meniere's  disease  and 
vertigo  associated  with  internal  ear  disturbances. 

Bromipin  is  very  similar  in  its  action  to  brometone  and  is  given  to  meet  the 
same  indications.  It  is  useful  in  functional  nervous  affections,  in  chorea,  epilepsy, 
tachycardia,  and  insomnia.  The  usual  dose  is  from  a  teaspoonful  to  a  tablespoonful 
(1  to  4  drams). 

Fluorine 

Although  fluorine  compounds  have  long  been  known  and  much  used  in  the  arts, 
their  introduction  into  medicine  is  recent  and  has  not  become  general  or  widespread. 

Chemistry. — ^Pure  fluorine  (F.IO)  is  a  gas  difficult  to  obtain  and  to  preserve,  is 
extremely  destructive  and  is  not  used  in  medicine. 

Hydrogen  fluoride  (hydrofluoric  acid,  HF)  is  employed  largely  in  the  arts  for 
etching  on  glass. 

The  fluorides  of  sodium  (NaF),  ammonium  (NH,F),  potassium  (KF)  and  silver 
(AgF)  are  also  used  in  the  arts,  and  are  protoplasm  poisons. 

Sodium  silicofluoride  (IsTa^SiFJ,  fluoroform  (CHFj)  and  difluordiphenyl  (FH^Cg — 
CjH^F)  have  been  introduced  into  medical  practice  as  antipathogens. 

Svunmary  of  Actions  and  Uses. — Hydrofluoric  acid  and  the  inorganic  fluorides  are 
of  relatively  little  pharmaceutic  or  medicinal  importance,  but  of  considerable  pharmaco- 
dynamic and  toxicologic  interest.  They  are  direct  protoplasm  poisons,  killing  all  living 
matter  with  which  they  come  into  contact  in  concentrated  form.  Part  of  their  physio- 
logic effect  on  animals  is  dependent  on  the  high  affinity  of  fluorine  for  calcium,  which  it 
fixes  as  an  insoluble  fluoride.  This  brings  about  loss  of  clotting  power  of  the  blood, 
irregularity  and  weakness  of  the  heart  beat,  motor  excitation  evidenced  by  fibrillary 
contractions  of  the  skeletal  muscles,  and  even  by  general  convulsions.    This  is  followed 
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by  central  depression,  with  fall  of  blood  pressure,  paralysis  and  coma,  with  death  from 
failure  of  respiration,  preceding  stoppage  of  the  heart. 

While  fluorides  are  not  extensively  used  in  medicine,  they  may  be  of  value  under 
certain  circumstances.  They  have  been  employed  systemically  in  the  treatment  of 
rheumatism,  phthisis,  epilepsy  and  goiter.  Bifluoride  of  ammonium  is  used  in  the 
treatment  of  pyorrhea  alveolaris.  Fluoroform,  the  analogue  of  chloroform,  has  a  certain 
sedative  effect  in  addition  to  its  antiseptic  power,  but  its  decomposition  in  the  body 
releases  products  which  irritate  the  kidney  so  seriously  as  to  preclude  its  use  in  man. 

Materia  Medica. — Acidum  IIvdrofluoricum  (unofficial),  Hydrofluoric  Acid  (HF). 

Obtained  by  the  action  of  sulphuric  action  on  fluor-spar.  It  contain  40  percent,  of 
hydrogen  fluoride  and  emits  suffocating  fumes.  Diluted  hydrofluoric  acid  is  0.2 
percent,  strength.    It  should  be  kept  in  gutta-percha  or  lead  containers. 

Dose,  by  inhalation  in  1 :  3  dilution. 

Ammonii  Fluoridum  (unofficial),  Ammonium  Fluoride  (NH.F). 

Occurs  in  the  form  of  small,  colorless,  hexagonal,  flat  crystals,  deliquescent  and 
of  strong  saline  taste;  soluble  in  water  (5  parts  in  6)  and  slightly  in  alcohol. 

Antagonists  and  IncompatUjles. — Salts  of  quinine,  nitric  acid,  spirit  of  nitrous 
ether,  and  the  soluble  calcium  salts  are  chemically  incompatible. 

Dose,  Vo  to  V2  grain  (0.012  to  0.03  Gm.),  or  5  to  30  minims  (0.3  to  2  cc.)  of 
the  standard  0.75  percent,  solution. 

PoTASsii  Fluoridum  (unofficial).  Potassium  Fluoride  (KF). 

Occurs  as  a  white,  deliquescent,  crystalline  powder  of  sharp  saline  taste;  soluble 
in  about  an  equal  weight  of  water. 

Dose,  1/2  grain  (0.03  Gm.). 

Soon    Fluoridum    (unofficial).    Sodium    Fluoride    (NaF).     Synonym:    Fluorol. 

Occurs  in  the  form  of  clear,  lustrous  crystals  or  as  a  white  powder;  soluble  in 
25  parts  of  water. 

Dose,  Vu  to  1  grain  (0.012  to  0.06  Gm.)  in  solution  with  sodium  bicarbonate. 

Argenti  Fluoridum    (unofficial).  Silver  Fluoride  (AgF).    Synonym:  Tachiol, 

Occurs  in  the  form  of  deliquescent  crystals  which  become  yellow  on  exposure 
to  the  air  and  later  conglomerate  in  black  masses.  Soluble  in  two  parts  of  water; 
the  solution  blackens  the  skin  and  fabrics. 

Dose,  used  in  a  1  percent,  solution  as  an  antiseptic. 

SoDii  Silico-Fluoridum  (unofficial),  Sodium  Silicofluoride. 

This  acid  (NujSiF,)  is  difficultly  soluble  in  water,  but  the  solution  is  nontoxic 
and  powerfully  antiseptic.  The  powder  is  a  strong  irritant  and  may  be  used  as  a 
mild  caustic. 

Dose,  external  use  only. 

Fluoroformum  (unofficial),  Fluoroform  (CHF,).    Synonym:   Fluoroformol. 

Prepared  by  the  action  of  silver  fluoride  on  iodoform  and  freed  from  carbon 
monoxide  by  passing  through  a  solution  of  cuprous  chloride. 

Dose,  1  fluidram  (3.85  cc),  three  times  daily  in  water. 

DiFLUORDiPHENYL  5  Percent,  (unofficial).    Synonym:  Antitussin. 

An  organic  fluorine  compound,  occurring  as  a  colorless,  crystalline  powder  of 
aromatic  odor;  readily  soluble  in  alcohol,  ether,  and  chloroform,  but  insoluble  in 
water. 

Dose,  60  to  75  grains  (4  to  5  Gm.)  of  a  5  percent,  ointment  (antitussin)  applied 
by  inunction  to  chest  and  throat. 

Antipathogenic  Action. — Sodium  fluoride  and  hydrofluoric  acid  are  moderately  power- 
ful bactericides,  preventing  the  growth  of  all  organisms  in  a  strength  of  0.5  percent., 
and  of  many  in  very  much  weaker  dilutions.  Putrefaction  does  not  occur  in  media 
protected  by  0.1  percent.,  but  actively  growing  germs  are  not  inhibited.     To  kill  patho- 
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genie  bacteria  requires  from  2  to  6  hours  in  a  2  percent,  solution.  In  dilutions  as  high 
as  1:  5000,  they  may  inhibit  hydrolysis  by  enzymes.  The  attempted  antiseptic  use  by 
inhalation  of  the  fumes  of  the  acid  and  application  of  solutions  of  sodium  fluoride,  as 
well  as  the  resort  to  the  latter  as  a  food  preservative  are  not  to  be  approved,  since 
danger  arises  from  their  uncertain  toxic  power  and  sodium  fluoride  interferes  with 
digestion. 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Hydrofluoric  acid  (hydro- 
gen fluoride)  and  other  fluorides  are  readily  absorbed  although  less  rapidly  than  other 
naloids.  In  the  blood  they  may  combine  with  calcium  to  form  the  difficultly  soluble 
calcium  fluoride.  Fluorine  also  enters  into  combination  with  proteins,  although  in  the 
concentration  in  which  it  circulates  this  action  is  slight.  It  is  partly  excreted  by  the 
kidneys  as  calcium,  sodium  and  other  fluorides  and  in  part  deposited  in  the  bones, 
partly  in  the  lamellae  and  partly  as  crystals  of  calcium  fluoride  in  the  Haversian  canals. 
This  gives  rise  to  marked  brittleness  of  the  bones.  The  proportion  deposited  in  the 
bones  and  that  excreted  varies  with  the  dose.  Small  doses  may  be  almost  completely 
retained.  Continued  doses  show  a  gradually  lessening  absorption,  although  excretion 
is  incomplete  even  after  a  year.  A  dog  was  given  403  Gm.  in  the  course  of  a  year, 
with  no  bad  effects.  Of  this  331  Gm.  was  recovered  from  the  urine  and  feces,  mostly 
from  the  former.  Sixty  Gm.  was  found  in  the  bones;  6  Gm.  in  other  tissues,  and  6  Gm. 
was  not  accounted  for.  Excretion  by  the  bowel  is  shown  by  the  irritation  of  the  mucosa 
which  occurs  even  when  the  fluorides  are  given  by  injection.  Analyses  indicate  the 
presence  of  fluorides  widely  diffused  in  probably  all  normal  animals.  This  is  probably 
due  to  the  storing  of  small  amounts  accidentally  taken,  as  fluorine  does  not  seem  to  be  an 
essential  constituent  of  the  tissues. 

Frogs  and  fish  in  a  1  percent,  solution  absorb  sodium  fluoride  readily  and  become 
paralyzed. 

Topical  Action. — Concentrated  hydrofluoric  acid  is  a  powerful  corrosive;  the  skin 
or  tissues  with  which  it  comes  into  contact  are  hardened  and,  beneath  this  superficial 
crust,  extensive  necrosis  proceeds.  A  1  percent,  solution  applied  to  the  skin  causes 
stinging  and  pallor,  followed  by  redness  and  desquamation.  A  15  to  20  percent,  solution 
causes  necrosis  with  formation  of  deep  ulcers,  which  heal  slowly.  Opinions  differ 
widely  as  to  the  topical  effects  of  the  vapors  of  the  acid.  Certain  authors  affirm  that 
even  when  dilute  they  cause  severe  inflammation  of  the  entire  respiratory  tract,  while 
others  recommend  much  greater  concentrations  as  antiseptic  inhalations  in  pulmonary 
tuberculosis.  The  last  is  undoubtedly  to  be  avoided,  although  in  view  of  the  rarity  of 
accidents  among  workmen  employed  in  etching  glass  and  other  occupations  involving 
the  use  of  the  gas,  its  toxicity  cannot  be  as  high  as  some  have  stated.  The  strong  vapor 
causes  laryngeal  spasm  and  may  produce  death  by  edema  of  the  larynx.  In  a  dilution 
of  1:  1500  of  air,  it  is  not  irritant. 

Sodium  fluoride  applied  to  the  skin  is  without  action  and,  even  in  the  eye,  it  is 
only  on  prolonged  application  that  2  percent,  solutions  become  markedly  irritating. 
Rabbits  whose  eyes  were  bathed  in  such  a  solution  for  an  hour  had  severe  inflamma- 
tion with  corneal  opacity.  Kept  in  contact  with  other  mucosa,  as  when  injected  irrto 
the  duct  of  a  gland,  or  kept  several  hours  in  an  isolated  loop  of  bowel,  such  a  solution 
causes  necroses  with  sloughing  of  the  entire  epithelial  layer  (Botazzi).  If  the  leg  of  a 
frog  is  kept  in  a  2  percent,  sodium  fluoride  solution  for  an  hour,  the  entire  leg  down 
to  the  bone  becomes  necrotic  and  sloughs  off   (Tappeiner). 

Toxicity. — In  all  mammals,  the  symptoms  arising  from  toxic  doses  of  fluorides  are 
similar,  however  the  drug  may  be  administered.  The  first  manifestations  are  salivation 
and  lacrymation  followed  by  sluggishness  and  weakness;  this  deepens  into  somnolence 
and  finally  into  coma.  If  large  doses  have  been  swallowed,  there  is  vomiting  with 
cramps.  At  first  the  respiration  is  rapid  and  deep,  but  later  becomes  shallow.  Blood 
pressure  falls  from  the  beginning.  With  the  somnolence  there  develops  a  strong  mus- 
cular fibrillation,  worse  on  attempting  movement.  Convulsions  later  occur,  and  in  fatal 
cases  deep  coma  follows  with  failure  of  respiration,  the  heart  continuing  to  beat  after 
this  has  ceased.  Progs  given  1  mgm.  per  gram  become  sluggish  and  cease  spontaneous 
motions.  The  reflexes  are  soon  lost  and  there  is  complete  paralysis.  At  this  time  there 
Is  no  respiration,  and  about  two  hours  later  the  heart  also  stops  beating.  Soon  after, 
indirect  irritability  of  the  muscles  is  lost  and  eventually  direct,  also.  The  postmortem 
changes  are  inconstant  but  there  is  usually  congestion  of  the  stomach  and  bowel  and 
often  scattered  petechial  hemorrhages.     Treatment  consists  in  stimulation  of  the  circu- 
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latlon  and  administration  of  calcium  salts.  Small  doses  of  calcium  chloride  may  be 
given  by  vein  in  desperate  cases. 

The  lethal  dose  by  mouth  to  most  mammals  is  about  0.5  Gm.  per  kilo;  by  vein  or 
subcutaneously  0.15  Gm.  per  kilo.  In  man  10  to  15  Gm.  {2y^  to  4  drams)  has  proved 
fatal  and   5  Gm.   has  produced   serious  poisoning. 

Inhalation  of  hydrogen  fluoride  gas  by  small  laboratory  animals  causes  death  after 
a  few  days,  even  if  the  air  contains  only  0.001  percent.  Death  occurs  in  a  few  hours  in 
an  atmosphere  containing  0.005  percent.  (Ronzani)  from  inflammation  and  edema  of 
the  lungs. 

Chronic  Poisoning. — The  administration  of  small,  repeated  doses  of  sodium  fluoride 
is  attended  by  widely  different  results  under  different  circumstances.  In  man,  from 
0.03  to  0.3  Gm.  (gr.  %  to  5)  may  prevent  digestion  and  destroy  appetite.  It  is  stated 
that  0.01  Gm.  (gr.  %)  fed  daily  to  small  animals  may  irritate  the  strength,  diminish 
the  force  and  frequency  of  the  heart,  reduce  temperature,  increase  slightly  the  urinary 
output,  produce  hardness  and  brittleness  of  the  bones  (in  which  are  found  deposits  of 
calcium  fluoride),  and  give  rise  to  a  progressive  anemia,  attributed  in  part  to  calcium 
fixation  and  in  part  to  destructive  action  on  the  spleen  (Waddell).  In  dogs,  the  pro- 
longed administration  of  fluorides  is  said  to  have  induced  the  development  of  goiter 
and  severe  nephritis.  On  the  other  hand,  0.5  Gm.  (gr.  8)  has  been  given  daily  to  dogs 
for  a  year  without  bad  effect  and  even  with  gain  in  weight.  In  man  there  are  pains 
in  the  bones  and  multiple  thromboses  (Schwyzer)  and  biliary  obstruction  from  calculi 
of   calcium   fluoride. 

Systemic  Actio7i:  Alimentary. — "While  large  doses  of  the  alkaline  fluorides  (0.3  Gm., 
gr.  5  or  more)  taken  by  mouth,  are  likely  to  excite  nausea  and  vomiting,  and  even 
gastroenteric  inflammation,  doses  of  0.03  to  0.1  Gm.  (gr.  y,  to  ly^)  are  not  markedly 
irritant,  although  repeated  use  lessens  appetite.  They  increase  the  salivary  secretion 
by  action  on  the  vessel  walls,  the  increased  salivation  not  being  checked  by  atropine. 

While  sodium  fluoride  interferes  with  the  action  of  the  digestive  enzymes,  ammonium 
fluoride  does  not,  and  hydrofluoric*  acid  can  replace  hydrochloric  in  peptic  digestion 
in  vitro. 

Blood. — Perhaps  the  most  interesting  action  of  the  fluorides  is  their  power  to  cause 
incoagulability  of  the  blood,  bound  up  as  this  is  with  the  precipitation  of  calcium, 
which  plays  a  part  in  all  of  their  effects. 

Fluoride  differs  in  its  action  from  all  the  other  calcium  precipitants,  as  shown  by 
the  following  facts.  Although  blood  contains  only  so  much  calcium  as  would  be  pre- 
cipitated by  0.25  cc.  of  an  M/5  solution  of  fluoride,  1  cc.  is  required  to  prevent  coagula- 
tion. Again,  if  an  excess  of  fluoride  is  added,  and  the  blood — after  remaining  fluid  for 
a  time  or  immediately — be  dialyzed  to  get  rid  of  excess  fluoride  and  then  diluted,  it 
will  clot.  This  is  probably  because  calcium  fluoride  is  soluble  in  water,  but  not  in  a 
solution  of  sodium  fluoride.  Enough  excess  must  therefore  be  present  to  prevent  its 
solution. 

Sodium  fluoride  alters  the  blood  in  some  way  in  addition  to  precipitating  the 
calcium,  as  is  shown  by  the  fact  that  in  the  presence  of  an  excess  of  fluoride,  the  addi- 
tion of  enough  calcium  lo  neutralize  it  entirely  does  not  bring  about  clotting.  If  an 
amount  which  is  barely  enough  to  prevent  clotting  is  present,  addition  of  calcium 
chloride  results  in  the  formation  of  a  rather  soft  clot.  Addition  of  tissue  extract  gives 
a  firm  clot,  so  that  it  would  seem  as  if  fluorides  acted  both  as  antithromblns  and  as 
calcium  precipitants.  That  there  is  no  destruction  of  fibrinogen  is  shown  by  the  forma- 
tion of  a  firm  clot  on  such  addition. 

Circulatory  System. — Owing  to  the  precipitation  of  calcium,  fluorides  cause  the  same 
alterations  in  the  heart  action  as  do  citrates.  In  addition,  they  have  a  direct  paralyzing 
action  on  the  muscle  cell  and  injure  the  intima.  Injected  in  such  a  manner  that  they 
come  into  intimate  contact  with  the  outside  of  small  vessels,  they  first  paralyze  the 
nerve  endings  and  render  vasomotor  stimuli  ineffective.  Then  the  vessel  wall  itself  is 
altered,  allowing  free  transudation  of  plasma  or  blood. 

The  flow  of  this  transudate  from  the  salivary  gland,  into  which  fluorides  were 
injected,  was  believed  by  earlier  authors  to  represent  an  increased  secretion  (Tappeiner, 
Asher).  When  administered  systemically  they  cause  a  rapid  fall  of  pressure  from 
paralysis  of  the  vasomotor  center.  Asphyxia  causes  no  subsequent  rise.  The  heart 
becomes  first  rapid  and  then  weaker,  while  the  perfused  heart  shows  first  marked  weak- 
ness and  then  moderate  slowing. 
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Respiration. — The  respiratory  center  is  first  stimulated,  respiration  being  rapid  and 
deep  duriiig  the  convulsive  period.  Later  it  is  paralyzed*  and  coincidently  the  muscles 
weakened,  the  two  influences  combining  to  cause  the  respiratory  stoppage  which  pre- 
cedes that  of  the  heart. 

Urinary. — The  universal  destructive  action  of  fluorides  on  epithelium  is  shown  also 
in  the  kidneys  by  which  they  are  excreted.  There  is  degeneration  of  the  cells  of  the 
tubules  with  albuminuria  and  casts.  Uremia  may  be  the  cause  of  death  in  chronic 
poisoning.    There  is  no  such  tendency  to  calculi  as  is  seen  with  oxalate. 

Nervous. — Fluorides  cause  throughout  the  nerve  system  a  peculiar  combination  of 
excitement  and  depression,  restlessness  being  associated  with  somnolence  and  convul- 
sions and  fibrillation  with  peripheral  paralysis.  In  the  frog,  there  is  progressive  loss 
of  power  involving  first  the  brain,  then  the  cord,  and  lastly  the  nerves  and  muscles. 
Before  reflexes  are  lost,  a  constant  fibrillary  twitching  begins  in  all  the  muscles  and 
continues  until  prevented  by  rigor  mortis.  This  tremor  is  partly  due  to  direct  action 
on  the  muscle  as  shown  by  its  occurrence  in  isolated  muscles;  but  that  it  originates 
partly  in  the  cord  is  indicated  by  its  earlier  onset  and  stronger  character  on  the  sound 
side,  if  one  nerve  is  cut.  As  it  may  be  stopped  by  curare,  although  it  is  not  prevented 
by  nerve  section,  it  is  asserted  by  some  that  the  tremor  from  small  doses  is  due  to  an 
action  on  the  motor  nerve  ending.  The  nerve,  however,  is  stimulated  as  shown  by 
tremors  in  a  muscle  nerve  preparation,  the  nerve  of  which  is  put  in  a  solution  of 
fluoride.  The  muscle  laid  in  fluoride  also  twitches,  and  in  both  cases  tremors  continue 
until  electric  reaction  is  lost.  This  occurs  in  five  minutes  in  2  percent,  and  in  ninety 
minutes  in  0.02  percent,  solutions.  At  this  time  the  muscle  becomes  stiff  and  con- 
tracted, passing  into  a  state  resembling  rigor  mortis.  All  or  any  of  these  phenomena 
may  be  due  in  part  or  in  whole  to  precipitation  of  calcium. 

The  central  nerve  system  is  also  excited  as  shown  by  the  occurrence  of  spinal  con- 
vulsions. Although  the  somnolence  depends  on  a  direct  action  on  the  brain,  the  coma 
is  largely  due  to  the  low  blood-pressure  and  insuflicient  cerebral  circulation. 

Therapeutics. — The  fluorides  are  not  recognized  in  either  the  U.  S.  or  British 
Pharmacopeia,  and  are  very  rarely  used  in  medicine.  They  have,  however,  occa- 
sionally been  employed  by  adventuresome  therapeutists  in  the  ways  noted  in  the  fol- 
lowing paragraphs. 

Topical. — A  2  percent,  solution  of  sodium  fluoride  has  been  used  as  an  antiseptic 
in  the  treatment  of  wounds  of  the  skin  and  mucous  membranes.  A  5  percent,  solu- 
tion has  been  recommended  as  an  eye  wash,  especially  in  dacryocystitis.  A  1 :  2000 
solution  is  used  as  a  gargle  in  dipJdheria  and  other  throat  infections.  Irrigations 
of  sodium  fluoride  solution  (1:4000  to  1:1000)  have  also  been  employed  in  vaginitis 
and  to  liquefy  the  secretion  in  certain  cases  of  cystitis,  accompanied  with  thick, 
glairy  discharge.  The  injection  is  made  every  second  or  third  day  until  the  desired 
modification  of  the  secretion  has  been  produced,  when  other  treatment  is  substituted. 

Sodium  Silicofluoride  in  saturated  (0.61  percent.)  watery  solution  has  been  recom- 
mended as  a  mouth  wash  in  pyorrhea  alveolaris,  and  is  said  in  some  instances  to 
retard  or  even  stop  the  formation  of  tartar  upon  the  teeth.  A  local  application  of 
23  percent,  ammonium  bifluoride  is  used  by  dentists  in  the  removal  of  tartar,  and 
for  the  correction  of  gingival  recession  from  pyorrhea. 

Silver  Fluoride  in  1 :  1000  solution  coagulates  albuminous  material  slightly,  but 
does  not  lose  penetrative  power,  and  it  may  be  applied  as  an  antiseptic  dressing  and 
irrigation,  much  in  the  same  manner  as  mercuric  chloride.  A  1  percent,  solution  is 
but  slightly  irritant  and  has  been  used  with  success  in  anthrax  as  an  injection  into 
the   pustules. 

DiFLUORDiPiiENYL  is  an  efficacious  dusting  powder  for  wounds,  burns  and  chronic 
ulcers  of  the  skin,  and  is  said  to  be  especially  applicable  in  syphilitic  lesions. 

Inhalations  of  Hydrofluoric  Acid  (hydrogen  fluoride)  had  an  ephemeral  use  in 
pulmonary  tuberculosis.  The  observed  immunity  of  etchers  in  glass  works  suggested 
the  procedure.     The  vapors  were  administered  in  a  crude  way,  by  simply  breathing 
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them,  mingled  wilh  the  air,  as  disengaged  from  a  special  apparatus;  or  with  better 
regulation,  by  having  the  patient  sit  for  a  definite  time  (15  to  GO  minutes)  in  a 
specially  devised  cabinet,  containing  a  definite  mixture  of  hydrogen  fluoride  and  air 
(1:25,000)  or  into  which  the  vapor  from  the  acid — 0.4  Gm.  per  cubic  meter — was 
diffused  from  a  lead  crucible  on  a  water  bath.  A  certain  degree  of  amelioration  ap- 
peared to  be  produced  in  cases  without  much  fever  or  softening  of  the  lung.  Cough 
was  checked,  dyspnea  relieved,  vomiting  controlled;  appetite  was  revived,  weight  in- 
creased ;  sleep  was  promoted  and  night-sweats  ceased.  The  physical  signs,  however, 
were  but  little  altered.  The  method  appears  to  have  been  generally  abandoned.  The 
vapor  of  hydrogen  fluoride  has  also  been  used  against  whooping  cough  and  diphtlieria, 
with  reported  benefit,  but  its  use  is  dangerous  and  of  doubtful  value. 

In  Alimentary  Tract. — The  best  established  uses  of  fluorine  compounds  depend  upon 
their  power  to  restrain  fermentation  and  putrefactive  decomposition  in  the  alimentary 
tract.  Thus,  while  hydrofluoric  acid  in  very  dilute  aqueous  solution  (1:  1000)  has  been 
found  to  be  of  benefit  in  pulmonary  tuberculosis,  the  effect  is  probably  eupeptic  in 
the  manner  stated. 

Sodium  Fluoride,  however,  interferes  with  the  action  of  soluble  ferments  and 
produces  anorexia.  It  has  therefore  been  prescribed  in  doses  of  from  1  to  5  grains 
(O.OG  to  0.3  Gm.)  to  check  excessive  appetite  in  pathological  obesity  and  in  boulimia 
of  nervous  origin.  This  is  not  to  be  recommended  as  a  routine  practice.  In  cases 
of  gastric  and  intestinal  fermentation,  Amimonium  Fluoride — which  destroys  organized 
ferments  (yeasts,  etc.)  but  does  not  interfere  with  the  digestive  enzymes — has 
been  advised.  If  taken  at  all,  it  should  be  in  dilute  aqueous  solution  (%  to  Vs 
grain — 0.01  to  0.02  Gm.)  in  a  glass  (4  to  G  ounces)  of  water,  sipped  during  the 
meal. 

Systemic. — Diluted  Hydrofluoric  Acid  has  been  given,  with  seeming  benefit,  to 
patients  suffering  from  goiter  and  from  malarial  and  other  form  of  splenomegaly. 
Small  doses  (5  minims — 0.3  cc. — or  less,  once  daily)  are  to  be  used  at  first,  and  may 
gradually  be  increased  in  size  and  frequency,  if  no  untoward  effect  is  seen. 

Potassium  Fluoride  in  subcutaneous  doses  of  Yz  grain  (0.03  Gm.)  is  said  to 
promote  absorption  of  neoplastic  tissue  in  osteomata,  fibromata,  and  lipoid  tumors. 
The  danger  of  causing  nephritis  by  hypodermic  injections  of  fluorides  makes  this 
use  dangerous. 

Fluoroform  probably  owes  its  chief  value  in  pidmonary  tuberculosis,  for  which 
malady  it  has  been  recommended,  to  its  eupeptic  influence.  It  is  said,  however,  to 
be  of  service  in  pneumonia  as  well.  It  is  given  in  1  fluidram  (3.85  cc.)  doses  three 
times  daily.  Similar  recommendations  have  been  made  for  the  use  of  this  and  other 
fluorine  compounds  in  subacute  and  chronic  malarial  fever,  in  asthma,  in  bronchitis, 
in  whooping-cough,  in  scrofula,  and  in  various  affections  of  the  slcin.  When  more 
assured  and  less  dangerous  remedies  fail,  these  may  be  considered. 

Although  by  no  means  the  infallible  remedy  sometimes  stated,  inunctions  of 
2  to  4  grams  (Vo  to  1  dram)  of  the  5  percent,  ointment  of  difluordipiienvl  in  lanoline 
are  sometimes  surprisingly  efficacious  in  diminishing  or  controlling  the  paroxysms 
of  pertussis.  After  cleansing  the  skin  of  the  neck  or  chest,  the  ointment  is  well  rubbed 
in  until  all  has  penetrated.    The  rationale  of  the  action  is  not  at  all  clear. 

Sulphur  Compounds 

The  earliest  use  of  sulphur  was  probably  in  fumigation  by  the  burning  of  sulphur, 
the  fumes  being  supposed  to  have  a  purifying  influence,  especially  after  epidemics. 
This  method  is  mentioned  by  Homer,  and  has  continued,  with  little  modification,  to 
the  present  day.    It  is  now  known  that  the  fumes  are  particularly  efficacious  in  destroy- 
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ing  vermin  and  other  insects,  and  that  the  method  is  most  valuable  in  checking 
insect-borne  infections,  such  as  typhus  fever,  yellow  fever,  and  plague. 

The  sulphides,  sulphites  and  thiosulphates  were  not  introduced  into  medical 
practice  until  after  the  middle  of  the  nineteenth  century.  Sodium  hyposulphite  was 
used  by  injection  about  1860,  in  the  hope  that  it  would  destroy  microorganisms 
within  the  body,  but  was  soon  abandoned.  In  1886,  the  rectal  injection  of  hydrogen  sul- 
phide diluted  with  carbon  dioxide  was  introduced  as  a  method  of  treating  pulmonary 
tuberculosis,  and  was  very  widely  used  for  a  few  years  only.  Ichthyol  is  of  com- 
paratively recent  introduction,  having  been  used  only  since  about  1890. 

The  compounds  of  sulphur  which  find  employment  as  antiseptic  agents  are 
chiefly  artificial  compounds  prepared  from  native  sulphur.  Ichthyol,  however,  is 
made  from  a  peculiar  bituminous  deposit  of  fossil  fish. 

Chemistry. — Sulphur  is  one  of  the  elements  which  combine  readily  with  oxygen 
and  other  metalloids  on  the  one  hand,  and  with  metals  on  the  other.  Compounds 
of  both  kinds  are  employed  as   antipathogens.    The  following  may  be  mentioned: 

Sulphides:  Hydrogen  sulphide  (H^S),  Sodium  sulphide  (Na^S),  Barium  sulphide 

(BaS),  Calcium  sulphide  (CaS). 
Loose  combinations  of  uncertain  composition,  which  release  sulphur  or  hydrogen 

sulphide:  Sulphurated  potash,  Sulphurated  lime,  Sulphur  iodide. 
Carbon  disulphide  (CSJ. 

Ichthyol,  Thigenol  and  similar  artificial  organic  bodies. 
Oxygen  compounds:   Sulphur  dioxide  (SOJ,  Sulphurous  acid   (H^SO,),  Sodium 

stdphite  (Na^SOj)   and  other  sulphites,  Sodium  hyposulphite  (NajSjOJ  and 

other  hyposulphites    (thiosulphates). 

Attention  should  be  called  to  the  fact  that  hydrogen  sulphide  is  very  weakly  acid, 
while  the  alkali  sulphides  are  intensely  alkaline. 

Sulphur  itself  is  discussed  with  the  parasiticides  but  as  it  is  in  part  combined 
as  hydrogen  sulphide  in  the  bowel,  it  is  mentioned  incidentally  here.  Sulphuric 
acid,  the  persulphates,  and  the  phenolsulphonates  are  placed  with  other  groups  of 
antiseptics.  Sulphates  are  considered  with  the  cathartics.  Certain  volatile  com- 
pounds containing  sulphur  such  as  asafetida,  garlic,  and  oil  of  mustard  are  used 
as  carminatives. 

Summary  of  Actions  and  Uses:  Although  sulphur  is  a  normal  constituent  of  many 
proteins,  its  medicinal  use  is  not  connected  with  this  fact,  but  with  the  antipathogenic 
power  and  other  properties  of  the  element  and  its  compounds." 

Although  many  of  these  are  parasiticides,  their  pharmacodynamic  action  varies  with 
their  composition,  the  chief  differences  appearing  to  depend  on  the  presence  or  absence 
of  oxygen  in  the  molecule. 

Among  the  oxygen-free  compounds,  the  sulphides  owe  their  topical  action  to  their 
power  to  dissolve  keratin.  They  have  the  property  of  dissolving  the  hair,  but  injure 
the  hails  as  well,  and  unless  well  diluted,  remove  also  the  superficial  layers  of  epidermis, 
leaving  a  raw   surface.     Systemically  they   are   protoplasm   poisons,   their   chief  action 

"  Hopkins  found  in  tissues  a  dipeptid,  glutathione,  whose  constituent  sulphur-con- 
taining groups  are  capable  of  functioning  in  an  oxidation-reduction  system  in  vitro, 
and,  according  to  the  experiments  of  Hopkins  and  Dixon,  do  function  similarly  within 
the  body,  under  certain  conditions  and  associations.  Whether  or  no  the  administration 
of  sulphur  or  sulphur-containing  medicaments  furnishes  additional  material  for  building 
up  such  compounds,  or  increases  in  any  way  such  catalytic  processes,  is  not  known,  and 
the  subject  is  as  yet  too  new  and  too  obscure  for  more  than  mention.  It  suggests,  how- 
ever, that  in  the  transport  of  H  and  O  within  the  body  through  the  medium  of  sulphur 
compounds  lies  a  possible  explanation  for  some  of  the  older  uses  of  the  drug,  especially 
in  those  conditions  of  deficient  oxidation,  commonly  referred  to  as  "gouty"  and 
"rheumatic." 
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being  the  same  as  that  of  hydrogen  sulphide,  irritation  of  the  central  nerve  system  fol- 
lowed by  paralysis. 

Hydrogen  sulphide  is  of  toxicologic  importance  from  the  frequent  occurrence  of 
poisoning  from  its  fumes,  which  are  found  in  sewer  gas  and  are  formed  in  certain 
industrial  processes.  Hydrogen  sulphide  poisoning,  occasionally  results  from  swallowing 
large  amounts  of  sulphur. 

The  sulphideB,  chiefly  sodium,  calcium,  and  barium  are  used  as  depilatories.  In 
human  practice  only  the  last  is  employed  because  of  its  milder  action.  In  dilute  form 
they  are  also  used  in  certain  skin  diseases  characterized  by  scaling. 

Hydrogen  sulphide  was  at  one  time  extensively  used  by  inhalation,  by  rectal  injec- 
tion and  in  aqueous  solution  by  mouth,  in  pulmonary  tuberculosis.  It  was  believed 
that  as  the  greater  part  of  the  gas  is  eliminated  by  the  lungs,  there  would  be  a  bac- 
tericidal action  manifested  there,  but  too  much  being  expected,  undue  disappointment 
ensued.  The  sulphurated  mineral  waters  especially  at  hot  springs,  enjoy  a  large  reputa- 
tion in  the  treatment  of  what  is  called  chronic  gout  and  rheumatism. 

Calcium  sulphide  is  used  internally  in  various  skin  affections,  especially  furunculosis. 
Carbon  disulphide  is  a  topical  irritant  and  systemically,  in  poisonous  quantity,  causes 
narcosis  and  hemolysis.  It  is  used  by  inhalation  as  a  disinfectant  of  the  respiratory 
tract.  Ichthyol  is  less  irritating  to  the  skin  and  mucosse,  and  has  little  if  any  systemic 
action.     It  is  used  as  an  antiseptic  in  infections  of  the  skin  and  of  the  bowel. 

Sulphur  dioxide  is  too  destructive  to  be  used  on  or  in  the  body,  but  is  employed 
by  fumigation  to  destroy  microorganisms  and  especially  insects.  The  sulphites  and 
thiosulphates  are  topically  irritant,  destroy  the  blood  and  act  on  the  central  nerve 
system,  causing  restlessness  followed  by  paralysis.  They  are  not  used  in  or  on  the  body 
as  antiseptics,  but  only  as  preservatives. 

Materia  Medica. — Calcii  Sulphidum  Crudum  (U.S.  IX),  Crude  Calcium  Sulphide. 
Ahhr.,  Calx  Sulphur.    Synoyiyins:   Calx  Sulphurata  (Br.),  Sulphurated  Lime. 

A  grayish-white  powder  Avith  an  odor  of  hydrogen  sulphide;  taste  nauseous. 
Very  slightly  soluble  in  cold  water;  more  readily  soluble  in  boiling  water  with  partial 
decomposition;  readily  dissolved  by  solutions  of  ammonium  salts;  insoluble  in  alcohol. 
Decomposes  on  exposure  to  moist  air.    Contains  not  less  than  50  percent,  of  CaS. 

Dose,  1/4  to  1  grain   (0.015  to  0.06  Gm.). 

Liquor  Calcis  Sulphurate  (N.F.),  Solution  of  Sulphurated  Lime.  Ahhr.,  Liq. 
Calc.  Sulphurat.  Synonyms:  Solution  of  Oxysulphuret  of  Calcium,  Vleminckx  Solu- 
tion or  Lotion. 

Calcium  oxide,  165  Gm. ;  sublimed  sulphur,  250  Gm. ;  water,  q.s.  to  make  1000  cc. 
After  being  slaked  the  calcium  oxide  is  mixed  with  the  sulphur  and  the  mixture 
is  added  slowly  to  boiling  water  and  boiled  for  an  hour,  enough  water  being  added 
from  time  to  time  to  maintain  a  volume  of  1000  cc. 

Dose,  external  use. 

SuLPHURis  loDiDUM  (N.F.),  Sulphur  Iodide  (IjSJ.    Ahhr.,  Sulph.  lod. 

Prepared  by  combining  20  Gm.  of  washed  sulphur  and  80  Gm.  of  iodine.  It 
occurs  in  brittle  masses  having  a  crystalline  fracture  and  a  grayish-black  metallic 
luster.  It  has  the  odor  of  iodine  and  a  somewhat  acrid  taste.  Almost  insoluble 
in  water ;  soluble  in  about  60  parts  of  glycerin ;  very  soluble  in  carbon  disulphide. 

Dose,  used  as  an  ointment  in  4  percent,  strength. 

PoTAssA  Sulphurata  (L^.S.  X.),  Sulphurated  Potassa,  Sulphurated  Potash. 
Ahhr.,  Pot.  Sulphurat.    Synonyms:  Hepar  Sulphuris,  Liver  of  Sulphur. 

A  mixture  composed  chiefly  of  potassium  polysulphldes  and  potassium  thio- 
sulphate.  Occurs  in  irregular  pieces,  liver-brown  when  freshly  made,  changing  to 
a  greenish-yellow  and  finally  to  gray  through  absorption  of  moisture,  oxygen  and 
carbon  dioxide.  It  has  a  strong  odor  of  hydrogen  sulphide  and  a  bitter,  acrid  and 
alkaline  taste;  very  soluble  in  water;  alcohol  dissolves  only  the  sulphides.  Contains  not 
less  than  12.8  percent,  of  sulphur  in  combination  as  sulphide. 

Dose,  2  to  10  grains  (0.12  to  0.6  Gm.). 
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Barii  Sulphidum  (unofficial),  Barium  Sulphide  (BaSj).     Ahhr.,  Barium  Sulphide. 

Occurs  commercially  in  three  forms,  "black,"  "gray,"  or  "yellow,"  the  black 
containing  from  60  to  70  percent,  of  sulphide  and  being  the  more  commonly  used. 
Barium  sulphide  is  very  poisonous,  and  a  number  of  deaths  have  resulted  from 
its  being  dispensed  by  mistake  for  the  insoluble  barium  sulphate  to  be  used  for 
x-ray  diagnosis  of  the  functions  of  the  digestive  tract. 

Dose,  used  externally. 

Carbon  Disulphidum  (Br.),  Carbon  Bisulphide.  Ahhr.,  Carbon  Disulph.  Syn^ 
onyms:  Carbon  Bisulphide,  Alcohol  Sulphuris. 

Carbon  disulphide  (CSj)  may  be  obtained  by  combining  carbon  and  sulphur  at 
a  high  temperature,  the  product  being  subsequently  condensed  and  purified.  It  is  a 
clear,  colorless,  highly  refractive  liquid,  with  a  characteristic  fetid  odor.  It  is  highly 
inflammable. 

Dose,  internally,  in  3,5  percent,  solution,  30  cc,  four  or  five  times  a  day. 

Bitumen  Sulphonatum  (N.F.),  Sulphonated  Bitumen.  Ahhr.,  Bitum.  Sulph.- 
Synonyms :  Ichthyol,  Ammonii  Sulphoichthyolas. 

A  thick,  reddish-brown,  syrupy  liquid,  of  a  bituminous  odor  and  taste;  soluble 
in  water,  partly  soluble  in  alcohol,  but  soluble  in  a  mixture  of  equal  parts  of  water, 
alcohol,  and  ether;  miscible  with  glycerin   and  fats. 

Antagonists  and  Incompatihles. — Potassium  iodide,  resorcinol,  corrosive  sub- 
limate, alkali  hydroxides  and  carbonates,  and  acids. 

Dose,  1  to  5  minims  (0.06  to  0.3  cc.)  internally;  its  main  use  is  external. 

CoLLODiuM  BiTUMiNis  SuLPHONATi  (N.F.),  Collodion  of  Sulphonated  Bitumen. 
Ahhr.,  Collod.  Bitum,  Sulphon.    Synonym:  Ichthyol  Collodion. 

Sulphonated  bitumen,  10  percent.,  in  flexible  collodion. 

Dose,  external  use. 

Petroxolinum  Bituminis  Sulphonati  (N.F.),  Sulphonated  Bitumen  Petroxolin. 
Ahhr.,  Petrox.  Bitum.  Sulphon. 

Sulphonated  bitumen,  10  percent,  in  liquid  petroxolin. 

Dose,  external  use. 

Unguentum  Bituminis  Sulphonati  (N.F,),  Ointment  of  Sulphonated  Bitumen. 
Ahhr.,  Ung,  Bitum,  Sulphon,     Synonym,:   Ichthyol  Ointment. 

Represents  10  percent,  of  sulphonated  bitumen  in  petrolatum. 

Dose,  external  use. 

SoDii  SuLPHO-iCHTHYOLAS  (unofficial),  Sodium  Sulpho-ichthyolate.  Synonym: 
Sodium  Ichthyol. 

A  thick  tarry  substance  of  bituminous  odor  and  taste,  soluble  in  water.  This 
preparation  and  Ichthyol  both  combine  readily  with  fats  in  all  proportions;  are  both 
very  rich  in  sulphur,  containing  an  average  of  10  percent,  of  S. 

Dose,  used  externally. 

IcHTHALBiN  (unofficial),  Ichthyol  Albuminate. 

A  greenish-brown  powder,  odorless  and  almost  tasteless;  soluble  in  alkaline  fluids, 
but  insoluble  in  acid  fluids  and  in  water.    Contains  75  percent,  of  Ichthyol. 

Dose,  10  to  30  grains  (0.6  to  2  Gm.)  in  capsules. 

IcHTHOFORM    (unofficial),  Ichthyol  Formaldehyde. 

Obtained  by  the  action  of  formaldehyde  upon  products  of  sulphonization  of 
ichthyol  hydrocarbons.  Occurs  as  a  blackish-brown  powder,  nearly  odorless  and  taste- 
less; insoluble  in  water  and  in  alcohol. 

Dose,  15  to  30  grains  (1  to  2  Gm.).    Externally  in  skin  diseases. 

Ammonium  Ichthynatum  (N.K.R.),  Ammonium  Ichthyolate.  Synonym:  Ich- 
thynat. 
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A  sulphonated  distillate  obtained  from  bituminous  slate.  It  is  a  thick,  reddish- 
brown,  syrupy  liquid,  of  a  characteristic  empyreumatic  odor  and  burning  taste;  freely 
soluble  in  water,  but  slightly  in  alcohol;  miscible  with  glycerin. 

Dose,  used  externally. 

Ammonii  Sulphoichtiiyolicum  (N.N.R.),  Ilirathiol. 

An  aqueous  solution  of  a  synthetic  product,  the  important  medicinal  constituents 
of  which  are  ammonium  compounds  containing  sulphur  in  the  form  of  sulphonates, 
sulphones  and  sulphides.  It  is  a  brownish-black,  syrupy  liquid,  with  a  characteristic 
empyreumatic  odor.    It  is  soluble  in  water,  in  glycerin,  and  in  alcohol. 

Dose,  used  externally. 

Thigenol  (N.N.K.) 

A  solution  of  the  sodium  salts  of  synthetic  sulpho-oleic  acids,  containing  2.85 
percent,  of  sulphur.  It  is  a  dark  brown  liquid,  having  a  faint  sulphurous  odor.  It  is 
soluble  in  one  or  more  parts  of  water,  dilute  alcohol,  glycerin,  chloroform,  or  oily  or 
fatty  bases,  with  any  one  of  which  it  mixes  freely. 

Antagonists  and  Incompatihles. — Mineral  acids  and  acetic  acid  are  incompatible. 

Dose,  3  to  10  minims  (0.2  to  0.6  cc). 

AciDUM  SuLPHUROSUM  (Br.),  Sulphurous  Acid.    Ahhr.,  Acid  Sulphuros. 

Sulphurous  acid  is  an  aqueous  solution  containing  6.4  percent,  by  weight  of 
hydrogen  sulphite  (H^SOj),  corresponding  to  5  percent,  by  weight  of  sulphur  dioxide 
(SOj,).  The  sulphur  dioxide  may  be  obtained  by  heating  sulphuric  acid  with  char- 
coal or  sulphur.   It  is  a  colorless  liquid  with  a  pungent,  sulphurous  odor. 

Antagonists  and  Incompatihles. — Alkalis,  carbonates,  oxydizing  agents  and 
metallic  salts  are  incompatible. 

Synergists. — Antifermentative  agents  assist  the  action  of  sulphurous  acid. 

Dose,  y2  to  1  fluidram  (2  to  4  cc). 

Soon  SuLPHis  (Br.),  Sodium  Sulphite.  Ahhr.,  Sod.  Sulphis. 

Sodium  sulphite  may  be  obtained  by  the  interaction  of  sulphurous  acid  and 
sodium  carbonate.  It  contains  not  less  than  94  percent,  of  pure  sodium  sulphite 
(NajSOj.THjO).  It  occurs  as  colorless,  transparent,  monoclinic  prisms,  inodorous, 
with  a  saline  and  sulphurous  taste.  It  is  efflorescent  in  dry  air;  soluble  in  2  parts  of 
water;  insoluble  in  alcohol. 

Antagonists  and  Incompatihles. — All  acids  are  incompatible. 

Dose,  5  to  20  grains  (0.3  to  1.3  Gm.). 

SoDii  Sulphis  Exsiccatus  (U.S.  IX),  Exsiccated  Sodium  Sulphite.  Ahhr.,  Sod. 
Sulphis.  Exsic. 

This  may  be  prepared  by  heating  the  crystallized  salt  at  a  temperature  a  little 
over  100°  C.  (212°  F.).  It  occurs  as  a  white  powder,  odorless,  and  having  a  cool- 
ing, saline,  sulphurous  taste.  It  contains  not  less  than  90  percent,  of  Na,SO,.  It 
is  soluble  in  3.2  parts  of  water  at  25°  C;  sparingly  soluble  in  alcohol. 

Dose,  5  to  20  grains  (0.3  to  1.3  Gm.). 

PoTASSii  Sulphis  (unofficial).  Potassium  Sulphite.     Ahhr.,  Pot.   Sulphis. 

Occurs  in  white  opaque  fragments,  or  as  a  white  powder,  having  a  saline  and 
sulphurous  taste;  readily  soluble  in  water.    It  has  the  formula  K^SOj. 211,0. 

Dose,  15  to  00  grains  (1  to  4  Gm.). 

Magnesii  Sulphis  (unofficial),  Magnesium  Sulphite.    Ahhr.,  Mag.  Sulphis. 

Occurs  as  a  white,  crystalline  powder,  soluble  in  20  parts  of  water,  but  insoluble 
in  alcohol.    Oxidizes  upon  exposure  to  air. 

Dose,  15  to  30  grains  (1  to  2  Gm.). 

SoDn  Bisulphis  (unofficial).  Sodium  Bisulphite.  Ahhr.,  Sod.  Bisulphis.  Synonym: 
Acid  Sodium  Sulphite. 
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Occurs  as  opaque,  prismatic  crystals  or  as  a  granular  or  crystalline  powder,  with 
a  slight  sulphurous  odor  and  taste;  soluble  in  4  parts  of  water. 

Dose,  3  to  10  grains  (0.2  to  0.6  Gm.)  for  gastric  fermentation.  Externally,  as  a 
parasiticide. 

SoDii  TmosuLPHAS  (U.S.  X.),  Sodium  Thiosulphate.  Ahhr.,  Sod.  Thiosulph. 
Synonym:   Sodium  Hyposulphite. 

Sodium  thiosulphate  contains  not  less  than  63.07  percent,  and  not  more  than 
67.48  percent,  of  anhydrous  sodium  thiosulphate,  corresponding  to  not  less  than 
99  percent,  of  the  crystallized  salt  (Na^S^Oj.SHjO). 

Occurs  as  colorless,  odorless,  transparent,  monoclinic  prisms,  efflorescent  in  dry 
air  of  a  temperature  above  33°  C.  (91.4°  F.) ;  it  is  slightly  deliquescent  in  moist 
air.     One  Gm.  is  soluble  in  0.5  ec.  of  water;  insoluble  in  alcohol. 

Antagonists  and  Incompatihles. — The  acids  and  the  haloids  are  incompatible. 
The  soluble  salts  of  silver  are  decomposed  by  sodium  thiosulphate.  Mercurials  are 
also  incompatible. 

Dose,  10  to  20  grains  (0.6  to  1.3  Gm.).  Externally  in  parasitic  affections  of  the 
skin  in  solution  of  1  dram  to  1  fluidounce  of  water. 

Sulphides:  Antipathogenic  Action. — There  is  considerable  difference  of  opinion  as  to 
the  antiseptic  power  of  hydrogen  sulphide  and  its  alkali  salts  and  although  certain  experi- 
ments seem  to  indicate  a  certain  protective  effect  against  infection  by  the  inhalation  of 
hydrogen  sulphide,  the  bactericidal  power  in  vitro  is  little  greater  than  can  be  accounted 
for  by  the  free  hydrogen  or  hydroxyl  ions  respectively.  In  sufficient  concentration  they 
are,  however,  destructive  to  all  protoplasm  and  thus  kill  bacteria  as  well  as  higher 
organisms.  A  saturated  solution  of  hydrogen  sulphide  in  bouillon  may  not,  however,  kill 
certain  bacteria  even  after  several  days'  exposure. 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Hydrogen  sulphide  is  very 
readily  absorbed  by  the  lungs,  whence  arises  the  danger  of  intoxication  from  sewer  gas. 
When  swallowed  it  is  also  rapidly  taken  up,  but  is  converted  in  large  part  into  sodium 
and  ammonium  sulphides  before  absorption  and  is  thus  less  toxic  than  when  inhaled. 
The  alkali  sulphides  are  readily  absorbed  from  the  stomach  and  bowel. 

Sulphur,  when  taken  into  the  system,  is  slowly  and  in  small  part  converted  to 
hydrogen  sulphide,  which  is  absorbed  partly  as  such,  partly  as  alkali  sulphides.  Loose 
combinations,  such  as  sulphur  iodide,  are  broken  down  before  absorption. 

In  whatever  form  absorption  occurs,  partial  decomposition  immediately  takes  place, 
a  balance  being  reached  by  a  reversible  reaction  between  the  amount  of  hydrogen  sul- 
phide and  of  alkali  sulphides.  In  the  arterial  blood  the  balance  favors  the  latter,  while 
in  the  venous  blood  the  excess  of  carbonic  acid  shifts  the  balance  in  the  other  direction. 

Part  of  these  sulphur  compounds,  the  proportion  varying  with  the  amount  and  rate 
of  absorption,  is  converted  into  sulphates,  sulphites  and  sulphocyanides  and  eliminated 
as  such  in  the  urine,  along  with  a  small  amount  of  sulphide.  A  smaller  part  escapes 
from  the  lungs  and  in  the  sweat  as  hydrogen  sulphide,  and  the  stools  as  iron  sulphide. 
If  only  small  portions,  such  as  are  contained  in  natural  sulphur  waters  are  swallowed, 
elimination  occurs  as  rapidly  as  absorption  and  no  intoxication  results.  If  larger  quan- 
tities are  taken,  part  becomes  fixed  in  the  blood  cells  and  those  of  the  central  nerve 
system,  resulting  in  destruction  of  the  blood  cells  and  inducing  nerve  symptoms. 

Topical  Action. — Hydrogen  sulphide  gas  is  extremely  irritant  to  all  mucosae,  even 
one  part  in  20,000  of  air  causing  lacrymation  with  redness  of  the  eyes,  sneezing  and 
coryza,  cough  and  increased  secretion  of  bronchial  mucus.  As  little  as  1  part  in  5000 
of  air  is  painful,  and  1  part  in  2000  is  apt  to  induce  edema  of  the  lungs  (Lehmann). 

The  alkali  sulphides  are  also  extremely  irritant,  this  property  being  largely 
bound  up  with  their  ability  to  soften  and  dissolve  the  horny  layer  of  the  epidermis. 
They  have  a  specific  solvent  action  on  keratin,  which  enables  them  to  dissolve  the  hair 
and  nails.  In  animal  work  a  solution  of  1  percent,  sodium  sulphide  may  be  used  for 
this  purpose.  This  is  not  irritating  if  thoroughly  rinsed  off  within  as  short  a  time  as 
possible  and  removes  the  hair  cleanly.  As  a  depilatory  in  man,  barium  sulphide  is  used 
almost  exclusively.  This  is  mixed  with  inert  powder  and  made  into  a  paste  before 
applying. 
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Toxicity:  Hydrogen  Sulphide. — Although  cases  of  poisoning  by  ingestion  of  sulphur 
itself  are  uncommon,  mild  degrees  of  hydrogen  sulphide  poisoning  are  frequently  seen 
from  the  formation  of  this  gas  from  proteins  by  bacteria  in  the  alimentary  tract.  In 
constipation  associated  with  increased  putrefaction  it  may  thus  be  dangerous  to  give 
sulphur. 

Intoxication  from  inhaling  hydrogen  sulphide  is  frequently  seen.  Many  cases  of 
poisoning  in  workers  in  chemical  laboratories  have  been  reported,  but  the  most  numerous 
cases  are  those  due  to  inhalation  of  mixed  gases  from  sewers  and  cesspools.  Of  these 
hydrogen  sulphide  is  by  far  the  most  poisonous. 

The  greatest  concentration  of  the  gas  which  can  be  borne  in  the  air  is  1  part  in 
10,000  and  even  half  this  concentration  causes  marked  distress.  Exposure  to  1  part  In 
1400  for  several  hours  threatens  life  and  1  part  in  700  kills  very  quickly.  Men  suddenly 
exposed  to  stronger  fumes  may  fall  dead  suddenly,  almost  as  if  struck  down. 

Persons  working  regularly  in  dilute  hydrogen  sulphide  fumes  seem  sometimes  to 
develop  immunity,  more  commonly  they  show  signs  of  chronic  poisoning. 

The  symptoms  and  course  of  intoxication  vary  markedly  with  the  concentration 
of  the  gas.  When  concentrated  fumes  (1:500)  are  inhaled,  there  is  immediate  uncon- 
sciousness, the  pupil  is  dilated,  the  cornea  insensitive,  the  limbs  rigid,  the  reflexea 
abolished.  The  heart  is  depressed,  the  pulse  being  slow  and  feeble  and  there  is  intense 
dyspnea,  death  by  respiratory  failure  following  often  within  a  few  seconds.  This  ful- 
minant effect  is  due  to  intense  action  on  the  medullary  centers. 

When  the  gas  is  more  dilute,  yet  still  in  lethal  concentration,  there  may  be  stupor 
followed  by  coma  or  immediate  unconsciousness  with  symptoms  similar  to  those  men- 
tioned. The  phenomena  vary  from  quiet  lapse  into  coma  with  respiratory  failure,  to  a 
troubled  exitus,  attended  by  Cheyne-Stokes  respiration  and  repeated  convulsions.  Death 
may  be  delayed  for  several  hours.  In  this  slower  torm  there  may  be  some  edema  of  the 
air  passages  from  local  irritation  and  poor  circulation  and  if  death  is  unusually  delayed, 
symptoms  of  disorganization  of  the  blood. 

Exposure  to  an  atmosphere  but  slightly  contaminated  with  hydrogen  sulphide 
(1:5000  to  1:10,000)  will  give  rise  to  irritation  of  the  conjunctiva  and  respiratory  tract, 
manifested  by  sneezing,  lacrymation,  dryness  and  burning  in  the  mouth,  and  throat 
and  more  or  less  dyspnea.  Some  hours  later  nervous  symptoms  may  appear — headache, 
vertigo  or  fainting  spells,  languor  and  muscular  and  cardiac  weakness  followed  by  severe 
cramp-like  pains.  Such  exposure  if  long  continued  may  give  rise  to  chronic  disorders  of 
digestion,  with  anorexia,  epigastric  distress,  irregular  action  of  the  bowels,  cachexia  and 
chronic  furunculosis  or  jaundice.    The  heart  is  often  slow  and  irregular. 

Alkali  Sulphides. — Alkali  sulphides  are  extremely  irritant  even  to  the  unbroken  skin, 
10  percent,  solutions  promptly  causing  redness  due  to  the  removal  of  the  superficial 
epithelium.  Much  weaker  solutions  act  in  the  same  way  if  left  on  somewhat  longer. 
The  nails  and  hair  are  softened  and  destroyed  before  any  distinct  irritation  occurs, 
necessitating  great  care  in  handling  such  solutions.  The  human  skin  is  much  more 
susceptible  than  that  of  rabbits  and  theirs  more  tender  than  that  of  dogs. 

The  toxic  dose  by  mouth  varies  with  the  amount  of  food  in  the  stomach  and  espe- 
cially with  the  presence  of  acid.  In  man,  3  to  4  drams  (12  to  15  Gm.)  have  caused 
death.    Dogs  and  rabbits  are  killed  by  6  mgm.  per  kilo  by  vein. 

Even  dilute  solutions  dissolve  off  the  outer  layer  of  epithelium  of  the  mouth,  throat 
and  esophagus  and  are  thus  extremely  irritant.  Their  strong  alkalinity  increases  the 
destructive  action.  Apart  from  the  severe  pain  in  the  throat  and  stomach  induced  by 
this  action,  the  symptoms  of  poisoning  are  the  same  as  those  from  hydrogen  sulphide. 
Intravenous  injections  lead  to  cerebral  convulsions  followed  by  paralysis  of  the  volun- 
tary muscles  and  of  the  respiratory  and  vasomotor  centers.  In  frogs  death  results  from 
direct  action  on  the  cardiac  muscle,  but  in  mammals  death  from  respiratory  failure 
occurs  before  this  is  manifested. 

Systemic  Action:  Alimentary.— Hydrogen  sulphide  acts  in  the  intestinal  tract  as 
a  local  irritant,  inducing  increased  peristalsis.  Although  neither  solutions  of  the  gas 
nor  of  its  salts  are  used  for  this  purpose,  flowers  of  sulphur  is  popular  as  a  cathartic 
in  domestic  medicine  and  owes  its  virtue  to  the  small  amounts  of  hydrogen  sulphide 
formed  in  the  intestinal  tract.  Sulphur  waters  containing  a  mixture  of  substances  includ- 
ing free  hydrogen  sulphide  act  in  the  same  manner  and  sometimes  induce  nausea 
and  even  vomiting.  Tolerance  is  usually  acquired  readily.  Certain  forms  of 
intestinal   putrefaction   lead   to   the  formation  of  large   amounts  of  hydrogen   sulphide 
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which  cause  more  or  less  colicky  pain  with  explosive  discharges  of  gas  and  of  soft  or 
liquid  feces. 

Blood. — Sulphides  added  to  blood  in  vitro  lead  to  the  formation  of  a  characteristic 
compound  of  hemoglobin  and  sulphur  which  is  known  as  sulphhemoglobin  or  sulph- 
methemoglobin.  Its  spectrum  and  color  resemble  those  of  methemoglobin  but  it  is 
doubtful  whether  it  has  any  chemical  relation  with  this  substance.  In  bulk  the  blood 
appears  brownish-red  while  a  thin  layer  by  transmitted  light  shows  a  greenish  tint. 
An  excess  of  sulphide  destroys  the  hemoglobin  and  the  spectrum  is  no  longer  seen. 
Frogs  poisoned  by  sulphides  exhibit  this  spectrum  during  life  but  it  has  not  been  shown 
in  mammals.  In  acute  poisoning  death  usually  occurs  before  it  has  had  time  to  be 
manifest  but  the  blood  will  be  found  to  be  largely  altered  a  short  time  after  death.  In 
chronic  sewer  gas  poisoning  and  after  excessive  use  of  sulphurous  mineral  waters  anemia 
is  commonly  seen  and  may  depend  on  this  action  on  the  hemoglobin,  but  even  in  such 
cases  the  blood  never  shows  the  presence  of  sulphhemoglobin  spectroscopically. 

Circulation  and  Respiration. — Both  the  respiratory  and  vasomotor  centers  are  directly 
depressed  by  hydrogen  sulphide  and  its  salts.  The  blood  vessels  are  also  dilated  by  per- 
ipheral action  as  is  shown  in  perfusion  experiments.  The  respiration  is  first  accelerated, 
later  becoming  labored  and  finally  ceasing,  while  the  heart  is  still  beating  well.  The 
heart  is  directly  weakened  but  in  mammals  this  action  is  obscured  by  the  previous 
effects  on  the  vasomotor  and  respiratory  centers.  In  the  frog  and  in  isolated  hearts  it  is 
clearly  seen. 

Respiration. — The  respiratory  center  is  primarily  affected,  the  respiration  first  becom- 
ing rapid  and  shallow,  then  slower  and  dyspneic  and  finally  stopping  while  the  heart  still 
beats  well.  Small  doses  injected  give  rise  to  increased  respiration  from  stimulation  of 
the  pulmonary  vagus  endings. 

Metabolism. — There  has  been  considerable  discussion  as  to  the  effects  of  sulphur  on 
the  metabolism  but  if  there  are  any  effects  they  are  not  constant.  In  mild  poisoning, 
the  excretion  of  urea  is  increased  but  this  effect  may  be  secondary.  The  temperature 
is  irregular,  being  sometimes  high  and  at  others  subnormal.  Various  skin  eruptions 
have  been  noted  but  whether  these  are  due  to  disturbed  nutrition  or  to  local  irritation 
is  not  decided. 

Nerve  System. — The  chief  action  of  the  sulphides  is  on  the  nerve  system.  The 
cerebral  cortex  is  depressed,  dulness  and  headache  resulting  from  small  doses  and  stupor 
and  coma  from  large.  The  motor  areas  of  the  brain  are  stimulated,  giving  rise  to 
cerebral  convulsions.  The  vital  centers  of  the  medulla,  especially  the  vasomotor  and 
respiratory  centers  are  depressed  by  small  and  paralyzed  by  large  doses.  In  mammals 
the  cord  seems  to  be  less  affected  but  in  frogs  it  is  stimulated  and  a  frog  poisoned  with 
sodium  sulphide  and  kept  cool  will  remain  without  spontaneous  motion  but  in  a  state 
of  hyperesthesia  for  days  or  weeks,  going  into  rigid  extensor  tetanus  whenever  touched. 

Carbon  Disulphide. — Carbon  disulphide  is  destructive  to  all  forms  of  life  and  is 
thus  an  effective  antiseptic  and  disinfectant.  On  account  of  its  toxicity  and  the  diffi- 
culty of  handling  it,  however,  it  finds  but  little  practical  use  in  medicine.  Its  interest 
is  derived  from  extensive  use  in  industry  and  the  frequent  occurrence  of  industrial 
poisoning. 

In  animals  its  action  is  dominated  by  an  intense  destructive  action  on  the 
red  blood-cells  and  hemoglobin  and  a  narcotic  action  on  the  central  nerve  system, 
resembling  that  of  chloroform,  but  with  a  greater  tendency  to  excitement. 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Carbon  disulphide,  being 
volatile,  is  readily  absorbed,  not  only  by  the  air  passages  but  by  mucous  membranes, 
exposed  tissues  and  even  by  the  skin.  It  is  eliminated  principally  by  the  lungs  and 
apparently  without  modification.  It  is  also  found  in  the  urine  and  both  the  lungs  and 
kidneys  are  the  subject  of  irritation  and  even  inflammation  as  a  result  of  its  passage. 
Unimportant  quantities  are  found  in  the  sweat.  If  taken  into  the  stomach,  it  escapes 
in  part  with  the  feces,  which  it  deprives  of  their  putridity. 

Topical  Action. — Carbon  disulphide  is  a  local  irritant.  When  applied  to  the  skin  It 
induces  a  sensation  of  cold,  and  causes,  as  it  evaporates,  burning  and  redness,  accom- 
panied at  times  by  such  intense  pain  that  the  application  cannot  be  continued  longer 
than  half  a  minute  or  so.  Repeated  contact  gives  rise  to  congestion  with  swelling  and 
itching.     It  does  not,  however,  vesicate.     Prolonged   exposure  of  the  hands   leads  to 
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anesthesia  of  the  fingers  and  loealized  paralysis,  apparently  dependent  on  absorption 
through  the  skin.  Both  in  liquid  and  vapor,  it  irritates  the  ocular  and  other  mucous 
membranes,  painfully  if  the  contact  be  at  all  prolonged.  Exposure  for  several  hours  to 
air  containing  l'/^  to  3  parts  in  1000  causes  distress  associated  with  irritation  of  the  eyes 
and  throat.  Similar  phenomena  occur  after  20  minutes'  exposure  to  6  parts  in  1000, 
while  12  parts  cause  after  a  few  minutes  paralytic  symptoms  lasting  several  days. 
Injected   into  the  subcutaneous  tissue,    it  is  escharotic. 

Toxic  and  Si/stcmic  Action.— In  experimental  poisoning  by  carbon  disulphide  the 
picture  is  dominated  by  the  alterations  in  the  blood  and  the  symptoms  presented  by  the 
central  nerve  system.  In  acute  poisoning  by  rapidly  fatal  doses  there  is  excitement 
followed  by  paralysis  and  coma.  In  cats  there  are  often  convulsions.  Death  results 
from  paralysis  of  the  respiratory  center  and  is  preceded  by  rapid,  irregular  respiration. 
If  life  is  prolonged  the  changes  in  the  blood  become  manifest.  There  is  extensive  destruc- 
tion of  the  red  blood-cells,  with  setting  free  of  fragments  of  cells  and  of  pigment 
granules  in  the  blood-stream.  This  leads  to  widespread  embolism  as  well  as  to  inter- 
ference with  the  respiratory  function  of  the  blood.  Experiments  with  intravenous  injec- 
tion are  practically  impossible,  as  capillary  embolism  is  produced  and  the  animal  dies  In 
a  few  minutes. 

Acute  Intoxication. — "When  large  doses  are  swallowed,  an  event  which  has  occurred 
many  times  in  man,  both  by  inadvertence  and  with  suicidal  intent,  there  are  symptoms 
resembling  both  acute  alcoholic  and  chloroform  poisoning.  There  are  first  incoordina- 
tion of  movements,  then  a  heavy,  dull  headache,  which  becomes  extremely  severe,  and 
is  increased  by  motion.  A  sweet  and  burning  taste  in  the  mouth  is  followed  by  bitter- 
ness, sore  throat,  nausea  and  hiccough,  followed  by  exhausting  vomiting.  The  face  is 
congested,  the  eyes  bloodshot,  with  burning  and  weeping.  Dizziness  and  partial  loss  of 
consciousness  follow,  with  complete  muscular  relaxation,  dilated  pupils,  dyspnea  and 
in  the  most  severe  cases  stuporous  sleep  lapsing  into  coma.  Death  may  follow  in  coma 
or  may  be  preceded  by  rigors  or  even  convulsions.  Similar  symptoms  occur  when  the 
concentrated  fumes  are  inhaled,  as  in  workmen  cleaning  vats  which  contained  carbon 
disulphide. 

Autopsy  will  disclose  congestion  of  the  mucosa  of  the  respiratory  and  digestive 
organs,  as  well  as  of  the  meninges  and  central  nerve  system.  If  life  has  continued  long 
enough,  acute  inflammation  of  the  kidneys  may  be  seen.  The  blood  will  show  evidences 
of  disorganization  in  the  form  of  fragmented  red  cells  and  pigment  granules.  The 
spectrum  is  peculiar,  resembling  that  of  methemoglobin,  the  presence  of  which  is, 
however,  denied  by  most  authorities. 

Treatment  of  Poisoning. — In  acute  poisoning  by  carbon  disulphide,  the  most  impor- 
tant thing  is  to  provide  for  rapid  elimination  of  the  poison.  Removal  to  the  fresh  air, 
respiratory  stimulation  associated  with  inhalations  of  oxygen  should  be  instituted  and 
cardiac  and  general  stimulants  should  be  freely  administered. 

Chronic  intoxication,  observed  most  frequently  in  workmen  engaged  in  the  vulcan- 
ization of  rubber,  exhibits  a  period  of  excitation,  followed  by  a  period  of  depression. 
In  the  first,  the  patient  experiences  severe  headache,  formication,  vertigo  and  muscular 
pain;  appetite  is  exaggerated;  loquacity,  irritability,  insomnia,  genital  excitement,  cough, 
respiratory  oppression  and  cardiac  palpitation  are  observed.  The  second  period  is  char- 
acterized, in  the  beginning,  by  digestive  and  sensory  troubles.  There  is  loss  of  appetite, 
nausea  and  vomiting,  with  disturbances  of  vision,  deafness  and  analgesia,  or  cutaneous 
hyperesthesia.  Later,  there  ensues  profound  fatigue,  dependent  upon  paralysis  and 
atrophy  of  the  muscles,  which,  however,  retain  electrical  contractility,  but  show  reactions 
of  degeneration.  Mental  failure  now  appears;  impairment  of  memory,  apathy,  melan- 
cholia, with  loss  of  sexual  desire  and  impotence.  Finally,  death  supervenes  upon  a  state 
of  cachexia,  with  profound  anemia  and  general  asthenia.  Among  other  symptoms 
reported  infrequently  are  a  peculiar  earthy  pallor  of  the  skin,  with  dark  pigmenta- 
tion, even  black  patches,  stomatitis,  epileptiform  convulsions,  ataxia  and  muscular 
spasms. 

Sometimes,  many  of  these  symptoms  are  wanting,  and  the  condition  may  be  one 
closely  resembling  hysteria — hemianesthesia  or  hyperesthesia;  contraction  of  the  visual 
field;  paralysis  of  a  limb,  or  part  of  a  limb;  genital  troubles,  mental  irritability.  Some 
of  the  phenomena  are  to  be  attributed  to  peripheral  neuritis,  but  at  autopsy  there  have 
also  been  found  degenerative  changes  in  the  central  nerve  system,  as  well  as  in  the  liver, 
lungs  and  kidneys. 
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Ichthyol. — Ichthyol  is  a  substance  prepared  by  distillation  of  bituminous  deposits 
containing  fossil  fisli.  It  is  treated  with  sulphuric  acid  before  distillation  and  later 
neutralized  with  ammonia  or  more  rarely  with  soda.  The  ichthyol  of  commerce  con- 
sists of  42  percent,  of  the  ammonium  salt  of  ichthyosulphonic  acid,  C^j^RggSCSO^ONHJ^j 
7  percent,  of  ammonium  sulphate,  1  percent,  of  a  strong  smelling  oil  and  50  percent, 
of  water. 

Antiseptic  Action. — Ichthyol  added  in  2  percent,  solution  does  not  hinder  the  growth 
of  most  pathogenic  bacteria.  Growth  is  prevented  by  3  to  4  percent,  in  bouillon.  A 
5  percent,  solution  requires  several  days  to  kill  gonococcus  and  typhoid  germs  and  is 
ineffective  ^.gainst  pus  cocci.  Pure  ichthyol  poured  on  the  surface  of  a  dry  culture  kills 
most  organisms  within  an  hour. 

Pharmacodynamic  Action:  Absorption  and  Elimination. — It  is  slowly  and  incom- 
pletely absorbed  both  from  the  sound  skin  and  from  the  digestive  tract.  It  is  broken 
down  in  the  body  and  excretion  of  sulphur  in  the  urine  is  increased. 

Topical  Action. — Pure  ichthyol  is  hardly  irritant  to  the  sound  skin,  causing  after 
some  hours  burning  and  redness.  Applied  to  ulcers  it  seems  to  stimulate  the  formation 
of  new  cells.    These  effects  may  be  dependent  on  its  reducing  action. 

Systemic  Action. — It  has  little  systemic  action.  Given  by  mouth,  doses  of  10  to  20 
Gm.  (dr.  214  to  5)  may  cause  gastric  distress,  eructations  and  diarrhea.  Putrefaction  in 
the  intestine  may  be  lessened.    No  other  symptoms  are  usually  noted. 

Sulphites:  Antipathogenic  Action. — The  sulphites  are  active  reducing  agents,  with- 
drawing oxygen  from  organic  matter  and  even  from  the  air  and  themselves  changing  to 
sulphates.  It  is  to  this  property  largely,  that  they  owe  their  antiseptic  powers.  They  will 
not  destroy  spores  and  most  pathogenic  bacteria  are  quite  resistant  to  their  action. 
They  have,  however,  a  marked  ability  to  hinder  the  growth  of  fermentative  and  putre- 
factive organisms  and  for  this  reason  have  been  employed  largely  for  the  preservation 
of  meat  and  other  foods,  a  practice  which  is  to  be  strongly  condemned  and  which  has 
rightly  been  prohibited  by  law. 

Sulphurous  acid  is  a  moderately  powerful  germicide.  It  adds  acidity  to  the  reducing 
power  above  mentioned.  Like  the  sulphites  it  acts  most  strongly  on  saprophytic  organ- 
isms. Most  fungi  are  killed  by  0.05  percent,  solution  in  water  in  15  minutes.  The 
thrush  fungus  requires  three  times  this  strength.  A  ten  percent,  solution  of  the  official 
(Br.)  acid  (about  0.06  percent.  H2SO3)  is  not  strong  enough  to  kill  most  pathogenic  germs. 

When  sulphur  is  burned  in  the  presence  of  moisture  it  forms  sulphur  dioxide  which 
combines  with  the  water  to  form  sulphurous  acid.  It  is  by  this  method  of  fumigation 
that  the  acid  is  most  often  used.  The  fumes  are  especially  destructive  to  animal  life  and 
sulphur  fumigation  is  the  best  means  of  destroying  vermin,  flies,  roaches,  bedbugs, 
mosquitoes  and  other  insects  as  well  as  rats  and  other  larger  animals.  It  is  especially 
useful  for  ridding  a  ship's  hold  of  rats,  and  in  the  prevention  of  infections  transmitted 
by  vermin  it  is  sometimes  of  greater  value  than  substances  such  as  formaldehyde, 
which  have  a  greater  germicidal  power  but  are  less  destructive  to  animal  life.  It  has 
the  advantage  over  hydrocyanic  acid  of  being  much  less  dangerous  to  handle,  but  the 
disadvantage  of  injuring  certain  fabrics  and  bleaching  many  colors. 

Whether  sulphur  fumigation  is  either  necessary  or  effective  in  disinfectiong  rooms 
and  fomites  after  contagious  maladies,  is  a  question  upon  which  health  boards  are 
divided;  but  for  whatever  efficacy  it  may  have,  much  larger  amounts  of  sulphur  must  be 
burned  than  is  usually  the  case.  By  the  usual  methods  of  combustion  as  little  as  20 
percent,  of  the  sulphur  may  be  burned,  the  rest  being  merely  volatilized.  The  Com- 
mittee on  Disinfectants  of  the  American  Public  Health  Association  advises  that  at 
least  4  volumes  percent,  of  the  gas  be  present  for  at  least  12  hours  in  the  space 
to  be  disinfected.  When  burned  in  the  usual  way  it  is  difficult  to  comply  with  this 
requirement  as  the  gas  diffuses  rapidly.  At  least  4  Gm.  (gr.  60)  should  be  burned  for 
each  cubic  meter  (yard)  of  air  space  and  there  should  be  simultaneous  liberation  of 
aqueous  vapor,  as  the  dioxide  must  be  converted  to  the  acid  to  be  effective.  The  sulphur 
should  be  well  wetted  with  alcohol  and  placed  as  high  in  the  space  as  possible  as  the 
fumes  sink  in  the  air  and  materials  below  its  level  are  more  thoroughly  disinfected  than 
those  above  it.  The  vessels  in  which  the  sulphur  is  burned  should  stand  each  in  a  pan 
of  water.     The  doors  and  windows  should  be  sealed  and  the  fireplace,  if  there  is  one, 
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should  be  closed  with  two  thicknesses  of  cloth  with  a  layer  of  paper  between.  After  the 
fumigation  the  room  should  be  left  undisturbed  for  twenty-four  hours,  and  then  opened 
up  and  thoroughly  aired. 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Sulphurous  acid,  owing  to 
its  volatility,  is  more  readily  absorbed  than  most  mineral  acids  and  is  taken  up  both 
by  the  respiratory  and  digestive  mucosa.  Sulphur  dioxide  (SOj)  is  converted  to  the 
acid  (H..SO3)  by  the  moisture  on  such  surfaces  and  thus  absorbed.  After  absorption, 
the  acid  is  at  once  neutralized,  forming  sodium  and  other  sulphites.  Sodium  sulphite 
(NajSOa)  and  hyposulphite  (or  thiosulphate,  NaaSjOj)  are  readily  absorbed  from  the 
stomach  and  bowel.  These  substances  ingested  in  moderate  quantity  are  largely  (sul- 
phites, 95  percent.;  thiosulphates,  70  percent.)  converted  to  sulphates  in  the  organism 
and  eliminated  as  such  in  the  urine.  When  swallowed  in  large  quantity  or  introduced 
directly  into  the  blood,  they  circulate  at  first  unchanged  and  exert  their  toxic  effects. 
In  a  short  time,  however,  they  are  in  part  converted  to  sulphates  and  In  part  eliminated 
unchanged   in  the   urine. 

Topical  Action. — Sulphur  dioxide  is  an  irritant  and  irrespirable  gas  and  when  pres- 
ent in  concentration  quickly  suffocates  by  inhibiting  respiration  or  inducing  spasm  of  the 
larynx.  Even  1:20,000  in  the  air  irritates  the  eyes,  the  nose,  and  bronchial  tract, 
causing  lacrymation,  sneezing  and  coughing,  and  may  give  rise  to  bronchitis  or  pneu- 
monia. A  concentration  of  1:1000  is  rapidly  fatal.  The  aqueous  solution  swallowed 
acts  like  other  acids  causing  gastric  irritation  with  pain  and  vomiting.  As  it  penetrates 
the  tissues  more  readily  thqin  other  mineral  acids  it  does  not  produce  local  corrosion  to 
the  same  degree. 

Sodium  sulphite  in  0.5  to  1  percent,  solution  causes  gastric  irritation  and  even  severe 
gastritis. 

Toxicity. — The  toxic  and  lethal  doses  of  sulphite  and  hyposulphites  have  not  been 
well  established.  As  sulphites  rapidly  oxidize  in  the  air,  there  is  some  doubt  as  to  what 
part  of  the  large  quantities  of  sodium  sulphite,  15  to  45  Gm.  (14  to  ly^  oz. )  reported  to 
have  been  taken  without  ill  effect  has  been  in  fact  sulphite  and  what  part  has  been  the 
harmless  sulphate.  As  the  slower  absorption  allows  partial  conversion  into  sulphate 
before  reaching  the  blood,  much  larger  quantities  can  be  given  by  mouth  than  sub- 
cutaneously.  Doses  of  1  to  2  Gm.  (15  to  30  gr.)  of  sodium  sulphite  may  cause  vomiting 
and  profuse  diarrhea.  Rabbits  are  killed  by  0.7  Gm.  per  kilo  subcutaneously  and  by 
0.23  Gm.  per  kilo  by  vein. 

Two  forms  of  poisoning  may  be  distinguished,  an  acute  and  a  chronic.  Large 
doses  of  sulphites  taken  by  mouth  give  rise  to  irritation  with  pain  and  vomiting  which 
are  increased  if  free  acid  is  present  in  the  stomach  as  this  develops  sulphurous  acid. 
The  chief  systemic  action  is  on  the  central  nerve  system  and  is  characterized  by  rest- 
lessness, depression,  weakness  and  dyspnea.  The  respiratory  and  vasomotor  centers  are 
depressed  and  collapse  while  very  low  blood-pressure  is  frequent.  With  fatal  doses  death 
results  from  respiratory  failure  and  life  may  be  prolonged  or  even  saved  by  use  of  arti- 
ficial respiration  as  the  poison  is  soon  oxidized  to  sulphate.  The  heart  is  depressed  by 
a  direct  actibn.  Even  sub-lethal  doses  destroy  the  red  blood  cells,  giving  rise  to  infarcts 
and  hemorrhages.  In  the  frog  there  is  a  gradual  descending  paralysis  of  the  entire 
central  nerve  system. 

Chronic  poisoning  occurs  as  a  result  of  working  in  factories  where  sulphites  are 
employed  or  by  the  use  of  foods  and  liquors  preserved  or  bleached  by  them.  Irritation 
of  the  stomach  and  bowel,  associated  with  inflammation  and  capillary  hemorrhage  is 
noted,  and  often  the  kidneys  and  liver  show  degenerative  changes.  There  is  also  de- 
struction of  the  red  blood  cells  resulting  in  anemia.  The  destruction  of  the  blood  may 
occur  without  other  symptoms  and  sulphites  even  in  small  amount  are  dangerous  as  food 
preservatives.  Digestion  is  also  interfered  with  by  sulphurous  acid  which  in  a  dilution 
of  1:5000  inhibits  the  action  of  most  digestive  ferments. 

Therapeutics:  Sulphides:  Topical. — The  sulphides  are  very  extensively  employed 
in  the  treatment  of  skin  diseases  of  a  chronic  nature,  such  as  chronic  eczema, 
psoriasis,  pruHgo,  pityriasis,  and  also  scahies.  The  potassium  preparation  (potassa 
sulphurata),  in  lotion  or  ointment  is  preferred  for  this.  The  lotions  are  usually 
of  5  to  10  percent,  strcnfjth  and  the  ointment  of  the  strength  of  1  dram  to  the 
ounce  of  vaseline  or  lanolin  or  a  mixture  of  the  two.  The  lotion  is  recommended 
in   the  treatment  of  eczema   and  psoriasis  the  ointment   in  prurigo,  pityriasis,   and 
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scabies.  When  the  dermatosis  covers  an  extensive  area  the  remedy  may  he  applied 
by  means  of  a  tub  bath  of  the  strength  of  2  to  4  ounces  to  30  gallons  of  water. 
Baths  of  the  same  strength  are  useful  also  in  chronic  gout  and  rheumatism,  rheumatoid 
arthritis,  and  lead  poisoning. 

The  keratin-dissolving  property  of  the  sulphides  is  taken  advantage  of  in  their 
employment  as  depilatories.  The  barium  salt  is  less  energetic  in  its  action  in  this 
respect  than  the  sodium  salt  or  sulphurated  potash,  which  are  likely  to  dissolve  the 
outer  layers  of  the  skin.  It  may  be  employed  in  full  strength  or  diluted  in  various 
proportions  with  starch.  If  calcium  sulphide  (calx  sulphurata)  is  used,  it  may  be 
made  into  a  paste  with  water  and  applied  for  15  minutes,  and  then  wiped  off,  the 
hair  coming  with  it.  The  sulphides  should  not  be  left  too  long  on  the  skin  as 
they  will  act  on  the  epidermis  as  well  as  on  the  hair. 

Systemic. — Calcium  sulphide,  given  internally,  acts  as  an  antiphlogistic,  re- 
straining suppuration.  Furuncles  and  pimples  are  sometimes  aborted  by  this  remedy 
given  in  doses  of  Y^  grain  (0.015  Gm.)  every  3  hours.  In  acne,  1/10  grain  (0.006  Gm.) 
every  3  hours  may  be  given,  the  treatment  being  aided  by  the  usual  external  remedies. 

In  follicular  tonsillitis  it  is  given  in  1/2  grain  (0.03  Gm.)  doses  every  hour  for 
3  hours,  then  every  2  hours  for  3  doses,  and  finally  every  3  hours,  but  other  methods 
of  treatment  are  to  be  preferred. 

Calcium  sulphide  has  been  recommended  in  the  treatment  of  measles  and  the 
other  acute  exanthemata.  Under  its  administration  in  ^  grain  (0.03  Gm.)  doses  three 
times  a  day,  or  14  grain  (0.015  Gm.)  every  3  hours,  the  severity  of  the  symptoms  is 
said  to  be  reduced,  the  temperature  lowered,  the  cutaneous  irritation  relieved  and  the 
liability  to  suppurative  complications  and  sequelae  lessened. 

It  is  said  also  to  be  of  service  as  a  prophylactic  in  influenza,  when  given  in  doses 
of  %,  grain  (0.015  Gm.)  four  times  a  day  during  the  epidemic  prevalence  of  that 
infection. 

J.  H.  Wilms  introduced  calcium  sulphide  as  an  antidote  in  acute  mercuric  chloride 
poisoning,  giving  by  vein  1  grain  (0.06  Gm.)  dissolved  in  1  fluidounce  (30  cc.)  of 
physiologic  saline  for  each  grain  of  the  poison  swallowed.  The  solution  must  be 
freshly  prepared  and  filtered  aseptically.  Or  the  drug  may  be  given  by  mouth  in  doses 
of  2  to  5  grains  (0.12  to  0.3  Gm.)  hourly  until  an  excess  over  the  amount  of  the 
poison  has  been  taken.  He  also  advocates  the  use  of  calcium  sulphide  in  connection 
with  intense  mercurialization,  in  severe  cases  of  syphilis,  as  a  safeguard  against  mer- 
curial poisoning.  He  begins  the  sulphide  about  6  hours  after  the  first  dose  of  mercury 
continuing  to  within  48  hours  of  remercurialization,  which  may  be  anywhere  from 
1  day  to  4  weeks,  depending  on  the  reaction  of  the  patient. 

Hydrogen  Sulphide  was  at  one  time  extensively  used  by  rectal  injection  and  in 
aqueous  solution  by  mouth,  in  the  treatment  of  pulmonary  tuberculosis.  It  was  be- 
lieved that  as  the  greater  part  of  the  gas  is  eliminated  by  the  lungs,  there  would 
be  a  bactericidal  action  manifested  there,  and  this  is  true  to  a  certain  extent  in  cases 
of  cavitation  with  mixed  infection.  Too  much,  however,  being  expected, — namely  a 
specific  action  on  the  tubercle  bacillus  within  the  pulmonary  tissues — undue  disap- 
pointment ensued.    It  is  little,  if  at  all,  used  at  the  present  day. 

The  sulphurated  mineral  waters,  especially  at  hot  springs,  are  also  used  to  some 
extent  in  that  malady. 

Natural  sulphur  waters  are  largely  employed,  both  internally  and  in  the  form  of 
baths,  in  the  treatment  of  sluggish  hepatic  functioning,  chronic  rheumatic  and  gouty 
affections  of  the  joints,  muscles,  nerves,  and  skin,  psoriasis,  eczema,  acne,  and  furuncu- 
losis,  syphilis,  and  chronic  mercury,  arsenic  and  lead  poisoning.  Their  therapeutic 
action  in  syphilis  is  explained  by  their  power  of  mobilizing  mineral  deposits  in  the 
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tissues.  Just  as  they  break  up  the  deposits  of  lead,  arsenic,  or  other  minerals  and 
bring  the  substance  into  the  circulation  to  be  excreted  through  the  various  emunctories, 
so  they  prevent  the  mercurials  given  in  syphilis  from  being  deposited  and  keep  them 
actively  moving  in  the  lymph  and  blood  circulation,  and  so  in  contact  with  the  patho- 
genic organisms. 

Sulphur  springs  are  now  largely  frequented  by  sufferers  from  chronic  catarrhal 
bronchitis  and  from  chronic  rheumutism  and  gouty  manifestations,  but  the  unques- 
tioned benefit  which  visitors  to  those  spas  derive  is  doubtless  due  in  a  measure  to  the 
mineral  constituents  of  the  waters,  the  change  of  scene,  and  the  dietary  restrictions, 
as  well  as  to  the  action  of  the  hydrogen  sulphide. 

Carbon  Disulphide. — The  vapor  of  carbon  disulphide  is  sometimes  applied  to 
the  moistened  skin  covering  enlarged  glands  to  cause  them  to  shrink,  and  to  other 
parts  for  the  relief  of  neuralgic  and  other  pains,  and  the  vapor  is  directed  into  the 
meatus  in  deafness. 

IcHTiiYOL :  Topical. — Ichthyol  is  used  with  great  benefit  in  a  large  number  of 
skin  diseases,  especially  those  of  a  sluggish  or  chronic  nature.  Among  these  are 
eczema,  psoriasis,  acne,  favus,  prurigo  senilis,  acne  rosacea,  lupus,  etc.  It  is  applied 
in  5  to  30  percent,  solutions  or  in  10  to  50  percent,  ointment.  For  urticaria,  intertrigo 
and  pruritus  a  10  percent,  solution  may  be  used,  but  for  burns,  frostbite,  and  ulcers 
better  results  are  obtained  from  applications  of  a  30  to  50  percent,  ointment  with 
lanolin  base.  The  same  ointment  may  be  used  for  sprains  and  to  reduce  the  size  of 
gouty  nodes  or  as  an  application  to  the  inflamed  parts  in  acute  articular  rheumatism 
and  other  forms  of  arthritis.  For  application  as  a  resolvent  to  indurated  tissues  and 
enlarged  glands,  an  ointment  of  10  to  25  percent,  suffices.  In  erysipelas  painting  the 
surface  with  a  30  percent,  solution  affords  symptomatic  relief  and  in  many  cases  expe- 
dites the  subsidence  of  the  inflammation;  cracked  nipples  also  heal  kindly  under  the 
application  of  ichthyol  ointment.  An  ointment  of  10  percent,  zinc  oxide  in  a  base  of 
equal  parts  of  lanolin  and  vaseline,  with  which  is  incorporated  5  percent,  of  ichthyol, 
is  an  excellent  application  for  blepharitis,  after  the  crusts  have  been  removed  by  soak- 
ing with  a  w^arm  sodium  carbonate  solution.  In  simple  vaginitis  tampons  wet  in  a 
5  to  10  percent,  solution  of  ichthyol  are  healing,  and  in  gonorrheal  inflammation 
even,  they  give  great  relief  and  may  prevent  its  further  spread.  In  pelvic  cellulitis 
absorption  of  the  inflammatory  products  is  promoted  by  continuous  tamponing  of 
the  vagina  with  cotton  soaked  in  a  30  percent,  ichthyol  solution.  In  prostatitis 
rectal  suppositories  composed  of  3  grains  of  ichthyol  in  12  grains  of  cacao  butter, 
inserted  morning  and  evening  tend  to  quiet  any  inflammatory  reaction  and  to 
prevent  further  hypertrophy.  Chancroidal  and  other  buboes  do  well  under  dress- 
ings of  ichthyol  ointment.  As  a  first  aid  dressing  to  extensive  wounds,  pure  ichthyol 
is  excellent,  but  later  it  should  be  diluted  with  an  equal  quantity  of  sterile  vaseline. 
Systemic. — Ichthyol  is  seldom  used  internally.  It  is,  however,  reputed  to  be 
of  value  in  rheumatism  and  as  an  intestinal  disinfectant  and  for  the  relief  of 
non-spastic  constipation.  Given  in  doses  of  1  to  10  drops  in  a  tumblerful  of  water 
it  will,  in  many  cases,  relieve  fermentative  dyspepsia;  and  we  have  seen  great  symp- 
tomatic relief  from  this  measure  followed  in  an  hour  or  so  by  copious  lavage,  in  pyloric 
obstruction  associated  with  gastrectasis.  Given  in  the  same  manner  or  encapsulated, 
ichthyol  (5  to  10  minims — 0.3  to  0.6  Gm.)  sometimes  reduces  expectoration  and  cough 
in  bronchitis  and  pulmonary  tuberculosis,  and  it  is  among  the  great  number  of  remedies 
alleged  to  be  of  benefit  in  pertussis.  Its  beneficial  influence  in  these  affections  awaits 
explanation. 

IciiTHALBiN  is  givcn  to  meet  the  same  indications  as  ichthyol,  and  is  especially 
recommended  for  chronic  colitis  and  enteritis. 
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There  are  a  number  of  other  preparations  made  from  ichthyol  or  oflfered  as  sub- 
stitutes therefor.     They  appear  to  be  in  general  similar  in  action  to  ichthyol. 

Sulphurous  Acid  and  thS  Sulphites:  Topical. — In  aphthous  sore  mouth  a  col- 
lutorium  of  1  dram  of  sodium  sulphite  to  the  fluidounce  of  water  affords  comfort  and 
promotes  healing.  In  tonsillitis  and  diphtheria  a  spray  of  y2  ounce  (16  Gm.)  of  sodium 
sulphite  in  1  fluidounce  (32  cc.)  of  water  relieves  pain  and  combats  sepsis. 

Tinea  versicolor  is  treated  with  a  lotion  of  sulphurous  acid  and  glycerin,  1  part 
to  2  of  glycerin,  applied  freely  after  washing  with  soap,  rinsing  well,  and  then  dabbing 
the  skin  with  lemon  juice  or  vinegar  to  neutralize  any  alkali  remaining.  The  same 
solution  is  effective  in  the  treatment  of  tinea  tonsurans  and  Hngworm  of  the  non-hmry 
parts,  and  it  relieves  and  prevents  chapping  of  the  hands  and  chilblains. 

Systemic. — Diluted  with  carbon  dioxide  it  is  useful  by  inhalation  in  tuberculous 
and  other  infections  of  the  respiratory  tract.  Sulphurous  acid  water  (diluted  sul- 
phurous acid)  is  not  without  value  as  a  disinfectant  of  the  alimentary  tract  and  has 
been  employed  as  a  prophylactic  in  times  of  cholera  epidemics  in  doses  of  10  to  30 
minims  (0.6  to  2  cc.)  three  times  daily.  In  typhoid  fever  it  has  been  given  in  15 
minim  (1  cc.)  doses  every  3  hours.  It  has  been  advocated  in  the  treatment  of  pul- 
monary tuberculosis  given  in  5  cc.  doses  by  intramuscular  injection  of  a  physiological 
saline  solution  containing  1  percent,  sulphur  dioxide,  5  percent,  sodium  bisulphite, 
and  5  percent,  calcium  chloride.  This  treatment  seemed  to  be  of  some  value,  but  it 
has  fallen  into  desuetude. 

In  Eclectic  medicine  sodium  sulphite  is  regarded  as  specially  indicated  in  any 
condition  in  which  there  is  a  broad,  flabby  tongue  with  a  white  or  dirty  white  coat, 
and  usually  an  extremely  fetid  odor  to  the  breath.  This  condition  is  encountered 
in  the  initial  or  prefebrile  stage  of  typhoid  and  other  infections,  erysipelas,  tonsillitis, 
and  in  fermentative  dyspepsia. 

Sodium  thiosulphate  is  used  for  the  same  purposes  as  sodium  sulphite.  It  is 
employed  as  a  deodorant  internally  in  15  to  30  grain  (1  to  2  Gm.)  doses  and  also 
externally  in  cancer  and  internally  in  the  same  doses  and  by  atomization  in  fetid 
bronchitis  and  pulmonary  gangrene.  French  physicians  recommend  it  as  a  purga- 
tive in  very  large  doses,  30  to  60  grains  (2  to  4  Gm.), 

Compounds  which  readily  yield  their  sulphur  element  form  insoluble  sulphides 
in  contact  with  mercury,  silver,  bismuth,  and  their  soluble  salts.  Hence,  sodium 
thiosulphate,  like  calcium  sulphide  and  colloidal  sulphur,  is  advocated  as  an  antidote 
in  poisoning  by  any  of  those  metals.  It  is  administered  by  the  mouth  or  intravenously, 
and  when  the  poison  has  been  very  recently  taken  a  solution  may  be  used  for  gastric 
lavage,  and  later  for  lavage  of  the  colon.  Solutions  of  5  percent,  or  stronger  may  be 
used  freely  at  blood  temperature,  and  the  lavage  should  be  repeated  from  time  to  time 
since  the  poisons  are  excreted  into  and  by  way  of  the  alimentary  tract.  This  antidote 
is  said  to  be  especially  efficacious  in  arsphenamine  dermatitis.  In  such  a  case  an 
intravenous  injection  is  given  daily  for  4  days,  then  on  the  sixth  and  eighth  days,  the 
dose  rising  progressively  from  5  grains  (0.3  Gm.)  on  the  1st  day  to  30  grains  (2  Gm.) 
on  the  8th.  Visible  improvement  is  said  to  follow  the  first  dose,  and  complete 
recovery  to  be  a  matter  of  a  few  weeks  instead  of  months.  If  the  intravenous 
medication  is  impracticable  the  remedy  may  be  given  by  the  mouth  in  doses  of 
15  grains  (1  Gm.)  in  solution  twice  daily.  Equally  good  results  are  obtained  in 
arsenical  jaundice.  To  prevent  arsphenamine  reaction  in  case  of  idiosyncrasy,  sodium 
thiosulphate  may  be  given  in  the  dose  of  10  to  15  grains  (0.6  to  1  Gm.)  a  few  minutes 
before  or  after  the  arsenical. 

Stomatitis  from  bismuth  or  mercurial  poisoning  yields  as  promptly  as  the  mani- 
festations of  arsenical  intoxication  to  treatment  with  sodium  thiosulphate. 
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Boron  Compounds 

Borax  was  known  to  the  ancients  as  a  valuable  cleansing  agent,  and  was  used 
internally  by  Ehazes  (875  A.D.)  and  the  physicians  of  the  Arabian  School.  Its 
chemical  nature  was  determined  by  Geoffrey  in  1732. 

Native  borax  was  originally  imi^orted  from  Persia,  China  and  Japan,  under 
the  name  of  Tincal  or  Taukar,  but,  in  177G,  a  purer  supply  of  borax  mixed  with 
boric  acid  was  found  in  certain  warm  springs  of  Tuscany.  In  185G,  borax  was  found 
in  a  lake  in  California,  and,  later,  enormous  deposits  were  discovered  in  Death  Valley, 
Nevada,  which  is  to-day  its  chief  commercial  source. 

Boric  acid  (ILEO^)  and  sodium  perborate  (borax,  NajB,0,)  are  mucli  used, 
both  in  domestic  and  professional  practice,  as  antiseptic  and  cleansing  agents.  The 
acid  dissociates  so  slightly,  that  even  a  saturated  (5  percent.)  solution  is  not  irritat- 
ing to  the  eye,  being,  on  the  contrary,  distinctly  soothing.  Borax  is  rather  strongly 
alkaline,  and  saturated  (6  percent.)  solutions  saponify  fats,  even  without  boiling. 
The  other  compounds  of  boron  are  of  no  importance  in  medicine,  with  the  exception 
of  boroglyceride,  which  is  an  ester  of  boric  acid  with  glycerin.  The  perborates,  which 
owe  their  value  to  the  facility  with  which  they  yield  oxygen,  are  discussed  with 
oxidizers. 

Summary  of  Actions  and  Uses. — Locally,  boric  acid  and  borax  are  parasiticidal, 
deodorant,  mildly  astringent,  protectant,  exsiccant  and  detergent.  Under  ordinary  cir- 
cumstances, they  are  non-irritant;  and  borax  (sodium  borate)  is  to  some  degree  sedative 
to  inflamed  mucous  membranes.  Administered  by  the  stomach,  they  may  hinder  diges- 
tion and  derange  metabolism.  Absorbed  from  the  alimentary  tract  or  from  raw  sur- 
faces and  serous  cavities,  they  may,  in  susceptible  subjects,  cause  cutaneous,  gastro- 
enteric, and  renal  irritation,  cerebrospinal  and  vasomotor  depression,  coma  and  death. 
Chronic  poisoning  may  be  produced  by  small  quantities  taken  for  prolonged  periods. 

Their  chief  applications  are  topical — as  surgical  dressings;  in  cutaneous  affections; 
and  as  collyria,  mouth  washes,  gargles,  douches,  etc.  Boric  dressings  do  not  interfere 
with  the  natural  healing  processes,  which  go  on  uninterrupted  beneath.  Boric  acid  is 
used  in  solution  when  a  non-irritating  and  antiseptic  wash  is  desired,  and  is  the  most 
useful  of  the  water-soluble  dusting  powders.  Borax  is  useful  as  a  cleansing  agent,  on 
account  of  its  solvent  action  on  grease  and  mucus.  A  solution  of  boroglycerid  in 
glycerin  (it  is  decomposed  by  solution  in  water)  is  useful  topically,  on  account  of  Its 
slight  antiseptic  action  and  its  great  power  of  withdrawing  water  from  the  tissues. 
The  boric  preparations  have  been  administered  internally  as  gastroenteric  disinfectants; 
and,  especially  in  epilepsy,  as  nerve  sedatives.  They  are  also  taken  unwittingly  with 
foods,  in  which  they  are  used  as  preservatives.  Such  uses  are  not  to  be  commended,  in 
view  of  the  possibility  of  toxic  effects.  Moreover,  while  the  growth  of  saprophytic  bacteria 
is  hindered,  pathogenic  organisms  (e.g.,  Bacillus  typhosus)  are  practically  unharmed 
by  the  drug. 

Materia  Medica.— Acidum  Boricum  (U.S.  X.),  Boric  Acid.  Ahhr.,  Acid.  Bor. 
Synonym  :     Boracic  Acid. 

Boric  acid  may  be  obtained  by  the  interaction  of  sulphuric  acid  and  borax  and 
contains  not  less  than  99.5  percent,  of  orthoboric  acid  (H3BO3).  Transparent,  color- 
less scales  of  a  somewhat  pearly  lustre,  or  six-sided,  trielinic  crystals,  or  a  white, 
bulky  powder,  slightly  unctuous  to  the  touch.  It  is  stable  in  the  air.  Soluble  in 
18  parts  of  water  and  the  same  of  alcohol,  and  in  4  parts  of  glycerin. 

Dose,  5  to  15  grains  (0.3  to  1  Gm.).  Used  in  concentrated  solutions  in  inflam- 
mations of  mucous  membranes. 

SoDir  BoR.AS  (U.S.X.),  Sodium  Borate.  Ahhr.,  Sod.  Bor.  Borax  Purificatus  (Br.), 
Purified  Borax.  Ahhr.,  Borax  Pur.  Synonyms:  Borax,  Sodium  Tetraborate,  Sodium 
Pyroborate,  Biborate  of  Sodium. 

Sodium  borate  contains  not  less  than  52.32  percent,  and  not  more  than  54.92  per- 
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cent,  of  anhydrous  sodium  tetraborate,  corresponding  to  not  less  than  99  percent,  of 
the  crystallized  salt  (NajB^Oj.lOHjO).  Colorless,  odorless,  transparent  monoclinic 
prisms,  or  a  white  powder,  efflorescent  in  warm,  dry  air;  soluble  in  15  parts  of  water 
and  in  about  1  of  glycerin;  insoluble  in  alcohol. 

Antagonists  and  Incompatihles. — Mineral  acids  and  most  metallic  salts  are  in- 
compatible. Many  alkaloids  are  precipitated  from  solutions  of  their  salts  by  sodium 
borate. 

Dose,  5  to  15  grains  (0.3  to  1  Gm.). 

PoTASsii  BoROTARTRAS  (unofficial),  Potassium  Borotartrate.  Ahhr.,  Pot.  Borotart. 
Synonyms :   Soluble  Cream  of  Tartar,  Tartraborate  of  Potassium. 

Prepared  by  dissolving  together  potassium  bitartrate,  4  parts,  and  boric  acid,  1  part 
(or  potassium  bitartrate,  5  parts,  and  borax,  2  parts)  in  hot  water  and  evaporating 
to  dryness.  Occurs  as  transparent  scales  or  an  amorphous  white  powder,  of  an  acidu- 
lous taste ;  soluble  in  1  or  2  parts  of  water. 

Dose,  diuretic,  15  to  45  grains  (1  to  3  Gm.) ;  cathartic,  2  to  6  drams  (8  to  23  Gm.). 

Glyceritum  Boroglycerini  (U.S.  X.),  Glycerite  of  Boroglycerin.  Ahhr.,  Glycer. 
Boroglyc.    Synonym:  Glycerinum  Acidi  Borici. 

Boric  acid  (powdered),  310  Gm. ;  glycerin,  q.s.  to  make  1000  Gm.  It  is  a  thick, 
sweet,  viscid,  colorless  liquid.    It  is  a  mechanical  mixture,  not  a  chemical  compound. 

Dose,  for  the  expression  of  boric  acid. 

SuPPOSiTORiA  Boroglycerini  (N.F.),  Suppositories  of  Boroglycerin.  Ahhr.,  Sup- 
pos.  Boroglycer. 

Glycerinated  gelatin,  20  Gm.;  glycerite  of  boroglycerin,  15  Gm. ;  glycerin,  15  Gm. 
To  make  12  suppositories. 

Dose,  used  as  vaginal  and  rectal  suppositories. 

Glycerinum  Boracis  (Br.),  Glycerin  of  Borax.    Ahhr.,  Glycer.  Borac. 

Purified  borax,  20  Gm.;  glycerin,  120  cc,  triturated  in  a  warmed  mortar  until 
solution  is  effected. 

Dose,  used  to  paint  skin  and  mucous  surfaces. 

Mel  Sodii  Boratis  (N.F.),  Honey  of  Sodium  Borate.  Ahhr.,  Mel  Sod.  Bor.  Mel 
Boracis   (Br.),  Honey  of  Borax.     Ahhr.,  Mel  Borac.     Synonym:  Honey  and  Borax. 

Purified  borax,  10  Gm. ;  glycerin,  5  Gm. ;  purified  honey,  85  Gm. 

Dose,  as  an  astringent  application. 

Mel  Hosje  et  Sodii  Boratis  (N.F.),  Honey  of  Kose  and  Sodium  Borate.  Ahhr., 
Mel  Eos.  et  Sod.  Bor.    Synonym:  Honey  of  Rose  with  Borax. 

Sodium  Borate,  10  Gm.;  glycerin,  5  Gm.;  honey  of  rose,  85  Gm. 

Dose,  used  in  aphthous  ulcerations  in  small  children. 

Unguentum  Acidi  Borici  (U.S.  X.),  Ointment  of  Boric  Acid.  Ahhr.,  Ting. 
Acid.  Bor. 

Boric  acid,  100  Gm.;  paraffin,  50  Gm.;  white  petrolatum,  850  Gm. 

Dose,  used  externally. 

Liquor  Sodii  Boratis  Compositus  (N.F.),  Compound  Solution  of  Sodium  Borate. 
Ahhr.,  Liq.  Sod.  Bor.  Co.   Synonym:  Dobell  Solution. 

Sodium  borate,  15  Gm. ;  sodium  bicarbonate,  15  Gm.;  liquefied  phenol,  3  cc; 
glycerin,  35  cc;  water,  q.s.  to  make  1000  cc. 

Dose,  used  as  a  cleansing  wash  in  nose  and  throat. 

Liquor  Antisepticus  (N.F.),  Antiseptic  Solution.     Ahhr.,  Liq.  Antisept. 

Boric  acid,  25  Gm.;  thymol,  1  Gm.;  eucalyptol,  5  cc;  methyl  salicylate,  1.2  cc; 
oil  of  thyme,  0.3  cc. ;  menthol,  1  Gm. ;  sodium  salicylate,  1.2  Gm. ;  sodium  benzoate, 
6  Gm.;  alcohol,  300  cc;  purified  talc,  20  Gm. ;  water,  q.s.  to  make  1000  cc. 

Dose,  60  to  90  minims  (4  to  6  cc).    Chiefly  used  to  flavor  mouth  washes. 
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Liquor  Antisepticus  Alkalinus  (N.F.),  Alkaline  Antiseptic  Solution.  Ahhr., 
Liq.  Antisept.  Alk. 

Potassium  bicarbonate,  32  Gm. ;  sodium  benzoato,  8  Gm.;  sodium  borate,  32  Gm. ; 
thymol,  0.2  Gm. ;  eucalyptol,  0.2  cc. ;  oil  of  peppermint,  0.2  cc. ;  methyl  salicylate, 
0.4  cc. ;  cudbear,  2  Gm. ;  alcohol,  60  cc. ;  glycerin,  150  cc. ;  magnesium  carbonate, 
10  Gm. ;  water,  q.s.  to  make  1000  cc. 

Dose,  used  as  an  alkaline  antiseptic  and  detergent. 

PuLVis  Talci  Compositus  (N.F.),  Compound  Powder  of  Talc.  Ahhr.,  Pulv.  Talc. 
Co.     Synonyms:    Pulvis  Talci  Salicylatus,  Borosalicylatcd  Powder  of  Talc. 

Salicylic  acid,  30  Gm. ;  boric  acid,  100  Gm. ;  talc,  870  Gm. 

Dose,  used  as  antiseptic  dusting  powder. 

Antipathogenic  Action. — The  antiseptic  action  of  boric  acid  and  of  borax  is  approxi- 
mately equal  but  does  not  seem  to  depend  on  acidity  or  alkalinity.  They  prevent  the 
growth  of  most  bacteria  in  2  to  3  percent,  solution  but  even  saturated  do  not  kill  patho- 
genic germs  in  24  hours.  Certain  fungi  (e.g.,  trichophyton)  are  killed,  by  very  dilute 
solutions,  stronger  being  fatal  to  the  thrush  fungus. 

Added  to  suspensions  of  bacteria  and  phagocytes  in  vitro,  boric  acid  1.5  percent, 
causes  transient  stimulation  of  phagocytosis  followed  by  depression.  If  2  percent,  is 
added,  no  phagocytosis  occurs. 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Boric  acid  is  quickly 
absorbed  by  the  alimentary  mucous  membrane.  It  can  also  enter  the  circulation  readily 
through  raw  or  abraded,  and  possibly  through  unbroken  cutaneous  and  mucous  sur- 
faces in  general,  and  from  serous  cavities.  In  the  blood  it  is  transformed  in  part  into 
the  sodium  salt,  and  as  such,  or  in  its  original  form,  it  is  eliminated  chiefly  in  the  urine 
(80  percent.).  Although  excretion  begins  within  15  minutes  and  may  be  quite  rapid 
at  first,  so  that  50  percent,  of  the  ingested  quantity  will  have  passed  out  in  the  course 
of  12  hours,  it  is  completed  slowly.  Thus  the  drug  may  be  detected  in  the  urine  several 
days  (3  to  5)  after  the  last  dose  has  been  taken.  When  boric  acid  is  administered,  the 
urinary  acidity  increases;  when  sodium  borate  is  given,  the  urine  becomes  less  acid,  or 
even  alkaline.  Elimination  takes  place  also  by  way  of  the  salivary  glands  and  of  the 
skin;  probably  by  the  respiratory  tract  as  well,  boric  acid  having  been  detected  in  the 
sputum  of  tuberculous  patients  receiving  the  drug.  A  very  small  proportion  of  the  in- 
gested acid  or  borax  passes  out  with  the  feces. 

Topical  Action. — Boric  acid  and  borax  are  somewhat  astringent,  but  even  in  satu- 
rated solution  they  are  rarely  irritant,  either  to  the  conjunctiva  or  the  nasal  mucosa. 
Both  in  powder  and  solution,  they  tend  to  allay  the  pain  of  burns,  wounds,  and  local 
inflammations.  Insufl3ation  of  powdered  boric  acid  into  the  nose,  when  it  is  rendered 
sensitive  by  coryza  or  hay-fever,  may,  however,  provoke  sneezing  and  lacrymation,  with 
increased  flow  of  mucus. 

Toxic  and  Systemic  Action:  Toxicity. — The  immediate  toxicity  of  boric  acid  is 
slight,  but  not  negligible.  Taking  into  account  its  frequent  and  widespread  use,  the 
number  of  accidents  recorded  in  consequence  of  its  employment  is  comparatively  small; 
and  yet  they  are  sometimes  serious  and  even  fatal.  In  one  reported  case  death  followed 
the  ingestion  of  Yz  ounce  (15  Gm.)  by  an  old  man,  the  subject  of  arteriosclerosis  and 
nephritis.  In  another  fatal  instance  the  stomach  had  been  irrigated  with  less  than  a 
pint  of  2.5  percent,  solution  of  the  drug.  Slight  symptoms  of  intoxication,  chiefly 
cutaneous  eruptions,  are  not  uncommon  after  its  external  use.  These  appear  to  be  of 
systemic  origin,  for  they  form  part  of  the  symptomatology  of  the  severe  poisoning 
sometimes  observed  after  irrigation  of  wounds,  of  serous  cavities,  and  even  of  the  blad- 
der. Fatal  diarrhea  has  followed  the  application  of  a  boric  acid  fomentation  to  the 
entire  leg,  continued  for  four  days,  and  severe  gastroenteritis  resulted  from  the  inges- 
tion of  six  ounces  (180  cc.)  of  a  saturated  solution  by  an  infant  eight  weeks  old. 

Idiosyncrasies  and  temporary  conditions  of  depression  probably  play  a  determining 
part  in  the  production  of  boric  intoxication;  at  all  events,  individuals  differ  widely  In 
susceptibility. 

The  phenomena  of  acnte  poisoning  are  those  of  irritation  of  the  alimentary  tract 
and  eliminative  organs,  with  depression  of  the  bulbar  and  cortical  centers.  They 
include,  in  varying  association,  nausea,  vomiting  (perhaps  of  blood),  diarrhea,  hiccough, 
dysphagia,  dysuria,  albuminuria^  skin  eruptions   (erythema,  urticaria,  circumscribed  or 
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diffuse  edema,  purpura),  cold  sweats,  cardiac  weakness,  dyspnea,  dysphonia,  fall  of 
temperature,  muscular  weakness.  Incoordination,  prostration,  vertigo,  insomnia,  delirium, 
hallucinations,  dimness  of  vision,  syncopal  attacks.  In  fatal  cases,  death  is,  as  a  rule, 
preceded  by  a  state  of  coma,  even  when  intellection  has  not  previously  been  disturbed; 
but  in  some  instances  the  mind  has  remained  clear  to  the  last. 

Chronic  poisoning  results  from  repeated  ingestion  of  large  doses  or  even  from 
prolonged  use  of  very  small  quantities,  continuously  or  intermittently,  as  when  taken 
in  preserved  foods.  This  may  apparently  occur  in  normal  persons,  but  is  likely  to  prove 
most  marked  in  those  presenting  other  drug  idiosyncrasies,  in  infants,  in  aged  and 
feeble  persons,  in  the  sick,  and  especially  in  persons  with  renal  insufficiency. 

Although  30  to  45  grains  (2  to  3  Gm.)  daily  of  boric  acid,  or  60  to  90  grains  (4  to 
6  Gm.)  daily  of  borax,  have  been  taken  by  young,  robust  adults  and  for  brief  periods 
without  evident  harm,  persistence  in  such  doses  may  lead  to  poisoning  even  in  the 
strong  and  healthy. 

The  phenomena  of  chronic  intoxication  are  disordered  digestion  with  gingivitis, 
glossitis,  and  gastroenteritis.  Absorption  is  diminished.  The  feces  become  soft,  but 
there  is  no  real  diarrhea.  Metabolism  is  deranged  and  there  is  loss  of  weight  or, 
especially  in  young  children,  marked  emaciation.  Excretion  of  sulphates  and  phosphates 
may  be  increased.  The  skin  shows  erythematous,  eczematous,  or  even  bullous  erup- 
tions. In  certain  cases  in  which  large  doses  of  boric  acid  were  administered  for  the 
relief  of  epilepsy,  there  was  an  eczematous  condition  with  loss  of  the  sebaceous  secretion 
and  falling  out  of  the  hair,  not  confined  to  the  scalp,  but  in  several  cases  involving  the 
entire  body  (Fere).  The  follicles  are  not  injured  and  normal  growth  of  hair  occurs 
when  the  administration  ceases. 

There  is  irritation  of  the  kidneys  with  decrease  of  urine  and  albuminuria,  or  rarely 
nephritis.  It  is  difficult  to  say  whether  nervous  disorders  are  directly  induced,  but  this 
is  not  improbable,  and  persistent  headache,  indisposition  to  work  and  nervous  irri- 
tability have  been  observed.  The  diagnosis  is  occasionally  aided  by  the  presence  of  a 
dark  line,  red,  purple  or  blue,  on  the  gums,  which  suggests  the  blue  line  of  lead 
poisoning. 

The  treatment  of  boric  intoxication  consists  chiefly  in  measures  to  promote  elimina- 
tion, such  as  ingestion  of  large  amounts  of  water  and  the  use  of  diuretics.  Other  treat- 
ment will  be  symptomatic. 

Other  actions  of  boric  acid  and  of  borax  are  mainly  due  to  their  acidity  or  alkalinity. 
Gunn  has  shown  that  the  increase  of  tonus  which  results  from  treatment  of  the  isolated 
uterus  with  borax  is  prevented  by  neutralization  of  the  solution. 

Therapeutics:  Topical. — Boric  acid  solution  is  extensively  used  as  an  irrigating 
fluid  and  dressing  for  recent  wounds  or  those  in  which  there  is  little  or  no  sepsis. 
The  drug  is  also  applied  dry  in  the  form  of  powder  or  of  borated  gauze.  In  foul 
ulcers  with  profuse  discharge  boric  acid  and  borax  are  of  little  use,  as  their  anti- 
septic action  is  feeble,  but  as  a  dressing  after  shm  grafting  and  for  hums  and  scalds 
it  is  most  satisfactory  in  5  to  10  percent,  ointment  with  vaseline  base.  This  oint- 
ment is  very  useful  also  in  pruritus  ani.  Cracked  nipples  should  be  washed  repeatedly 
with  a  boric  lotion  of  2  to  4  percent,  strength,  but  if  nursing  is  possible  they  should 
be  carefully  dried  before  putting  the  baby  to  the  breast. 

Solutions  of  boric  acid  (4  percent.)  or  of  borax  (6  percent.)  render  good  service 
in  dermatoses  of  fungus  origin,  such  as  ringworm  and  favus,  and  in  herpes  zoster, 
when  the  vesicles  break,  healing  may  be  promoted  by  applying  a  2  percent,  boric 
acid  ointment.  A  4  percent,  lotion  will  relieve  sunburn  and  sometimes  remove 
freckles  and  the  discolorations  of  tinea  versicolor. 

In  furunculosis  the  outcrop  of  boils  may  be  arrested  by  daily  baths  containing 
4  ounces  (128  Gm.)  of  boric  acid.  When  the  affection  takes  the  form  of  an  eruption 
of  multiple  small  pustules,  each  of  the  latter  may  be  touched  with  a  moistened  nitrate 
of  silver  pencil  and  the  part  then  covered  with  a  compress  wet  in  a  saturated  boric  acid 
solution.  Varicose  ulcers  sometimes  heal  promptly  under  the  application  of  borax 
and  zinc  oxide  made  into  a  thick  cream  with  lime  water  and  expressed  oil  of  almonds, 
covered  with  several  layers  of  gauze  and  a  starch  bandage.    A  saturated  solution  of 
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boric  acid  is  a  good  wash  in  hromidrosls  of  the  axillae,  and  dusting  into  the  stockings 
a  mixture  of  one  part  of  boric  acid  to  three  of  talcum  is  one  of  the  best  means  of 
overcoming  that  of  the  feet,  or  in  place  of  this  the  pulvis  talci  compositus  of  the  N.F. 
may  be  used. 

A  satisfactory  colhirium  is  made  by  mixing  saturated  solution  of  boric  acid  with 
an  equal  volume  of  camphor  water;  diluted  hydrocyanic  acid  being  added  in  the  pro- 
portion of  5  minims  to  the  ounce.  In  otitis  media,  when  the  drum  membrane  has 
ruptured  or  has  been  punctured,  the  discharge  is  removed  from  the  external  auditory 
canal  by  syringing  with  a  warm  2  percent,  solution  of  boric  acid,  and  when  the 
discharge  is  coi)ious  a  few  drops  of  an  alcoholic  solution  of  10  grains  to  the  ounce 
may  be  instilled  intp  the  canal.  The  advice  to  pack  the  meatus  with  boric  acid  in 
powder  is  not  sound,  for  the  pus  cakes  the  powder  and  interferes  with  the  exit  of 
the  discharge.  An  expert  may,  however,  lightly  dust  the  wall  of  the  canal  with  the 
powder. 

In  the  later  stages  of  an  'acute  coryza,  when  the  nose  becomes  stopped  with  a 
thick  mucopurulent  discharge,  the  snuffing  up  of  a  2  percent,  boric  solution  will 
loosen  the  inspissated  material  and  open  up  the  passages,  but  the  danger  of  infecting 
the  Eustachian  tubes,  negatives  all  such  procedures.  A  mouth  wash  of  a  2  or  3  percent, 
boric  acid  or  borax  solution  is  useful  in  catarrhal  stomatitis.  In  fevers  the  mouth 
should  be  cleansed  with  a  1  or  2  percent,  boric  solution  and  then  swabbed  with  borated 
vaseline,  one  dram  to  the  ounce  (4  in  32  Gm.),  flavored  with  4  or  5  drops  of  some 
agreeable  essential  oil.  In  measles  and  other  fevers  in  which  the  conjunctivae  are 
injected,  the  eyes  should  be  bathed  morning  and  evening  with  a  2  percent,  boric  solu- 
tion. In  aphthous  stomatitis  and  thrush  the  mouth  may  be  wiped  with  absorbent  cotton 
wet  with  a  saturated  (6  percent.)  solution  of  borax,  or  application  may  be  made  of 
the  glycerite  of  boro-glycerin  or  of  honey  of  borax.  The  latter  is  useful  also  in  cases 
of  IcucoplaJiia. 

In  cystitis  or  as  a  prevention  of  cystitis  when  the  bladder  is  paralyzed,  injec- 
tions of  warm  2  percent,  solution  of  boric  acid  are  useful;  this  dissolves  the  phos- 
phatic  debris  deposited  on  the  mucosa.  In  leucorrhea  vaginal  douching  with  a  boric 
acid  or  borax  solution  containing  an  addition  of  phenol  and  alum  is  serviceable. 

In  pruritus  vulvce,  especially  when  associated  with  glycosuria,  boric  acid  lotions 
in  saturated  solution  afford  great  relief.  In  non-specific  urethritis  irrigations  with 
a  sterile  solution  of  boric  acid  (10  grains  to  the  ounce)  sometimes  prove  curative. 
Crossen  uses  boric  acid,  three  parts;  tannic  acid  and  xeroform,  each  one  part,  for 
insufflation  of  the    vagina  in  leucorrhea  and  other  vaginal  discharges. 

Boric  acid  solution,  1  to  2  percent.,  may  be  used  in  lavage  of  the  stomach,  or 
of  the  rectum  in  colitis,  but  care  should  be  taken  that  practically  the  entire  amount 
introduced  is  regained,  lest  a  sufficient  amount  should  be  retained  to  cause  symptoms 
of   intoxication. 

Systemic. — In  small  doses,  5  grains  (0.3  Gm.)  boric  acid  is  sometimes  given  as 
a  diuretic  and  as  an  emmenagogue,  but  there  are  other  more  efficacious  drugs.  Boric 
acid  increases  the  acidity  of  the  urine,  while  borax  tends  to  lessen  it.  The  former 
is  sometimes  useful  in  cases  of  irritability  of  the  bladder.  Potassium  borotartrate 
was  formerly  reputed  to  be  an  efficient  solvent  of  uric  acid,  when  given  in  doses  of 
20  grains,  in  a  full  glass  of  water  3  times  a  day.  It  may  be  given  in  fetid  diarrhea 
to   deodorize  the  discharges. 

Favorable  reports  have  been  published  of  the  action  of  borax  in  epilepsy  either 
alone  or  preferably  in  conjunction  with  bromides.  Upon  the  addition  of  borax  to 
the  bromide,  in  many  cases  the  number  of  convulsions  was  notably  reduced  and 
it  became  possible  also  to  lessen  the  dose  of  bromide.    A  convenient  mixture  is  one 


586  INOEGANIC  CHEMICAL  ANTISEPTICS 

of  borax,  TV2  grains  (0.8  Gm.)  ;  potassium  bromide,  15  grains  (1  Gm.)  ;  Fowler  solu- 
tion, 2  minims  (0.12  cc),  three  times  daily.  We  regret  that  we  cannot  confirm  the 
observation. 

Administration. — The  methods  of  topical  application  have  been  sufficiently  detailed. 
At  ordinary  temperature,  saturated  aqueous  solutions  of  boric  acid  contain  about  25 
grains  (1.6  Gm.)  to  the  fluidounce  (32  cc).  When  this  is  not  strong  enough  for  the 
purpose  intended  and  the  glycerin  is  not  contraindicated,  the  glycerite  of  boroglycerin 
may  be  used  in  official  strength  or  diluted  with  glycerin.  The  addition  of  water  causes 
decomposition. 

Boric  acid  is  the  chief  ingredient  in  the  N.F.  Antiseptic  Solution,  which  is  in- 
tended to  displace  the  numerous  proprietary  preparations  of  similar  composition.  It 
may  be  diluted  with  water  in  any  desired  proportion;  thus,  1:  4  makes  a  useful  gargle; 
1:  6,  a  douche;  1:  8,  a  spraying  solution,  etc.  Thiersch'' s  antiseptic  solution  contains  12 
parts  of  boric  acid  and  2  parts  of  salicylic  acid  in  1000  parts  of  distilled  water. 

Borax  is  frequently  added  to  boric  acid  solutions.  A  much-used  eye  wash  has  the 
following  formula:  Boric  acid,  5  grains  (0.3  Gm.);  sodium  borate,  5  grains  (0.3  Gm.) ; 
camphor  water,  y^  fluidounce   (15  cc);   water,  i/$  fluidounce    (15  cc). 

A  saturated  aqueous  solution  of  borax  contains  about  22  grains  to  the  fluidounce. 
If  1  minim  of  glycerin  is  added  for  each  grain  of  borax,  twice  this  quantity  can  be 
dissolved,  and,  with  increase  of  glycerin,  still  more. 

Thompson's  fluid,  which  is  to  be  diluted  with  8  parts  of  warm  water  for  a  vesical 
irrigation,  consists  of  sodium  borate,  2  drams  (8  Gm.);  glycerin  and  water,  4  fluidrams 
(15  cc.)   each. 

DobelVs  solution  is  one  of  the  most  useful  of  the  boric  washes.  A  modified  prepara- 
tion is  known  as  the  compound  solution  of  sodium  borate    (N.F.). 

By  the  mouth,  boric  acid  and  borax  are  often  given  in  tablets  of  about  5  grains 
(0.3  Gm.)  each — an  objectionable  method.  It  is  better  to  inclose  the  dose  in  a  gelatin 
capsule  with  the  addition  of  charcoal  or  aromatic  powder.  An  eligible  solution  is  made 
"With  glycerin  and  water,  flavored  with  aromatic  elixir,  or  a  pepsinated  vehicle  may  be 
prescribed. 

Heavy  Metals 

The  heavy  metals  are  all  protoplasm  poisons,  that  is,  they,  or  at  least  their 
simple,  water-soluble  salts,  combine  with  proteins  to  form  albuminates.  In  this  way 
they  are  destructive  to  all  cells,  both  of  higher  and  of  lower  organisms.  The  albu- 
minates are,  in  general,  insoluble  in  water,  but  solution  is  often  effected  in  excess 
of  protein,  and  the  albuminates  may  thus  circulate  in  the  blood  and  exert  systemic 
action. 

Most  of  the  metals  attack  all  living  cells  with  approximately  equal  power  and 
therefore  cannot  be  used  as  antiseptics  on  or  in  the  body,  excepting  where  little  or 
no  injury  is  done  by  destruction  of  local  cells,  as  on  the  surface  of  redundant  ulcers. 
Certain  compounds,  however,  show  a  selective  action  on  particular  types  of  cells, 
and  those  which  exert  such  action  on  pathogenic  organisms  may  be  used  internally 
as  antipathogens.    This  is  most  often  true  of  the  organic   combinations. 

The  topical  action  of  the  simple  soluble  salts  is  associated  with  precipitation  of 
proteins.  In  general,  dilute  solutions  merely  throw  down  a  coagulated  membrane  on 
the  surface,  and  thus  act  as  protective  astringents,  while  concentrated  solutions  pene- 
trate more  deeply  and  act  as  caustics.  Insoluble  salts  act  as  mild  astringents,  anti- 
septics and  protectives. 

Swallowed  in  large,  single  dose,  soluble  salts  of  most  metals  act  as  gastroenteric 
irritants,  causing  vomiting  with  reflex  salivation,  and  diarrhea  accompanied  by  cramps 
in  the  abdomen  and  calves  and  even  hemorrhage  from  the  bowel.  These  local  symp- 
toms may  be  followed  by  weakness,  with  sweats,  weak,  thready  pulse  and  even  fatal 
collapse.  Insoluble  salts  are  less  likely  to  provoke  such  disturbance,  but  may  induce 
either  diarrhea  (mercury)   or  constipation  (iron).    Repeated  administration  of  small 
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doses  may  lead  to  chronic  poisoning,  characterized  by  digestive  disturbance;  fre- 
quently marked  by  inflanmiatory  or  degenerative  alterations  in  the  liver  or  kidneys; 
and  at  times  leading  to  grave  lesions  of  the  peripheral  or  central  nerve  systems. 

Colloidal  metallic  compounds,  which  do  not  ionize,  including  most  of  the  protein 
compounds,  are  not  true  protoplasm  poisons,  and  some  metals,  such  as  iron  and  man- 
ganese, can  circulate  in  the  blood  in  large  amount  in  such  form  without  harm  to 
any  of  the  body  cells. 

The  ii.se  of  heavy  metals  is  based  largely  on  their  destructive  action  on  proteins, 
which  makes  them  available  as  antipathogens,  astringents  and  destructives.  A  few 
have  a  special  stimulant  action  on  the  blood-making  organs.  Radium  and  thorium 
give  off  peculiar  emanations,  on  which  their  action  depends. 

The  following  metals  are  taken  up  in  this  class: 

Metals  used  internally  as  antipathogens — Antimony,  Arsenic,  Bismuth,  Mercury. 

Metals  used  externally  as  antipathogens — Copper,  Silver. 

Metals  rarely  used — Gold,  Uranium,  Vanadiimi,  Selenium,  Tellurium,  Thallium,  Tin. 

The  metals  which  have  their  chief  use  as  astringents  include  aluminum,  lead, 
and  zinc.  With  the  destructives  are  placed  chromium,  .radium,  and  thorium.  Cerium 
alone  is  considered  with  protective  powders.  Iron,  manganese,  and  germanium  are 
taken  up  with  agents  stimulating  the  hlood-malcing  organs. 

Certain  metals  receive  no  extended  consideration,  as  their  use  in  medicine  is 
not  sufficiently  important.  A  few  of  them  have  salts  which  are  discussed  with  their 
respective  anions.  These  unimportant  metals  are  cobalt,  cadmium,  caesium,  iridium, 
nickel,  palladium,  platinum,  and  the  entire  group  of  so-called  rare  metals. 

Antimony 

The  use  of  certain  compounds  of  antimony  as  cosmetics  appears  to  have  been 
very  ancient  in  the  East,  but  it  is  not  easy  to  determine  when  the  drug  was  intro- 
duced into  Western  medicine.  It  is  extravagantly  praised  in  the  writings  of  "Basil 
Valentine,"  which  is  now  supposed  to  have  been  a  pseudonym  of  Johann  Tholde, 
who  published  Valentine's  works  in  IGOl.  It  was  also  used  extensively  by  Theophras- 
tus  Bombast,  called  Paracelsus,  who  lived  almost  a  century  earlier.  The  myth-making 
tendency,  which  invents  etymologies,  gives  us  two  fanciful  tales  to  account  for  the 
French  term  "antimoine" — which  might  be  rendered  "bad  for  the  monk."  One  is 
to  the  effect  that  "Basil  Valentine,"  who  was  said  to  be  a  Benedictine  monk,  had 
given — whether  of  accident  or  purpose — fatal  overdoses  to  some  of  his  convent 
brothers.  The  other  is  that  he  threw  some  of  it  out,  and  observed  that  some  of 
the  pigs  eating  it  became  fat;  whereupon  he  gave  it  to  some  of  the  monks,  emaciated 
by  long  fasts,  and  they  promptly  died  from  its  action.  A  more  sober  suggestion  is 
that  the  Greek  word  "stimmi"  was  changed  in  Arabic  to  "isthimmi,"  thence  to  later 
Arabic,  "athmud,"  and  back  to  Latin,  "antimonium." 

Early  in  the  sixteenth  century,  a  violent  controversy  raged  in  France  concern- 
ing the  merits  and  demerits  of  the  drug.  Its  opponents  were  finally  victorious,  and 
in  1566  the  Faculty  of  Physicians  of  Paris  decreed  that  no  member  of  their  body 
should  use  or  prescribe  antimony.  One  of  their  members  was  actually  expelled,  in 
1603,  for  disobeying  this  injunction. 

In  1657,  the  Dauphin  was  cured  by  tartar  emetic,  administered  by  a  quack,  and 
soon  after,  in  16G6,  the  prohibitory  decree  was  annulled.  From  that  time  its  use 
has  been  continuous.  In  the  early  part  of  the  nineteenth  century  it  had  a  very 
extensive  use  as  an  "antiphlogistic"  in  pneumonia,  rheumatism,  and  other  infectious 
fevers — a  practice  not  to  be  commended — although  it  is  possible  that  the  metal  has 
microbotropic   properties,   which,   under   proper    guarding,    in    an    organic   molecule. 
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might  prove  as  useful  against  certain  bacteria  as  they  have  proved  to  be  against 
certain  pathogenic  protozoa. 

Chemistry. — The  chemistry  of  the  antimony  compounds  is  quite  complex,  and  as 
many  of  them  formerly  found  a  use  in  medicine,  it  will  be  of  interest  to  glance 
at  it  briefly.  Like  many  of  the  metals,  antimony  forms  two  series  of  compounds,  its 
valency  varying  from  3  to  5.  Its  more  important  compounds  are:  antimonii  oxidum 
(antimony  teroxide,  SbjO,),  antimony  tetroxide  (antimony  antimoniate,  SbjO^),  and 
antimony  pentoxide  (SbjO^).  The  first  of  these  unites  with  water  to  form  antimonious 
acid  (HjSbO,) ;  the  last,  to  form  antimonic  acid  (HjSbOJ.  The  sulphides  of  anti- 
mony are  quite  complex.  Among  them  are:  the  black  sulphide  (antimony  ore),  or 
tersulphide  (Sb^S^)  which  is  orange  red  if  precipitated  extemporaneously;  the  golden 
sulphide  (Sb^S^)  which  is  golden  yellow.  Various  mixtures  of  oxides  and  sulphides 
have  been  used  under  special  names:  sulphurated  antimony,  formerly  official  in  the 
U.S.P.,  was  a  mixture  of  (approximately)  Sb^S,  (5  molecules)  and  Sb^Oj  (1  mole- 
cule) ;  the  British  Pharmacopeia  applies  the  same  name  to  a  mixture  of  pentasulphide 
and  teroxide  (golden  sulphuret) ;  Kermes  mineral  is  a  mixture  of  2  molecules  of 
tersulphide  to  1  of  teroxide;  antimony  ash  is  an  impure  tetroxide;  James*  powder, 
or  antimonial  powder,  is  a  mixture,  in  varying  proportions,  of  the  teroxide  with  cal- 
cium phospbate  and  carbonate;  butter  of  antimony,  a  white,  spermaceti-like  substance, 
is  the  terchloride  (SbClj)  ;  powder  of  Algaroth  is  a  mixture  of  antimony  oxy chloride 
(OSbCl)  with  the  teroxide;  tartar  emetic  is  a  double  tartrate  of  antimony  oxide 
and  potassium  (OSb-OOC-C^H^-COOK).  The  last  is  the  only  one  which  finds 
extensive  use  to-day.  Some  trivalent  compounds  with  thioglycollic  acid  have  recently 
been  introduced  as  trypanocides  (Rowntree  and  Abel) ;  for  example,  sodium  antimony 
thioglycollate,  C,H,SSb.SCH,.COONa. 

Summary  of  Actions  and  Uses. — A  large  number  of  antimony  compounds  were,  at 
one  time,  used  in  medicine.  Most  of  these  were  slightly  soluble  substances,  of  more  or 
less  Irregular  composition.  Uncertainty  of  action  was  attributed  to  this  fact,  and  a 
soluble  salt  of  constant  composition,  tartar  emetic,  became  the  sole  representative  of 
antimony  in  use.  Topically,  this  resembles  the  less  caustic  salts  of  zinc  in  its  action. 
Systemically,  the  influence  of  antimony  closely  resembles  that  of  arsenic,  but  tartar 
emetic  has  a  special  nauseant  and  expectorant  action. 

Topically,  antimony  terchloride  was  formerly  used  as  a  caustic,  and  tartar  emetic 
Is  still  employed,  at  times,  as  a  counterirritant  "pustulant."  Systemically,  the  antimony 
compounds  are  used  as  expectorants  and  cough  sedatives.  In  pneumonia  and  bronchitis, 
their  influence  on  the  circulation  is  sometimes  of  value.  Their  chief  value  as  antipath- 
ogens  is  in  various  infestations  with  animal  parasites,  both  protozoan  and  metazoan,  and 
including  malaria,  kala-azar,  leishmaniasis,  trypanosomiasis,  bilharziasis,  and  filariasis. 

Materia  Medica. — Antimonii  et  Potassii  Tartras  (U.S.  X),  Antimony  and  Potas- 
sium Tartrate.  Ahhr.,  Antim.  et  Pot.  Tart.  Antimonium  Tartaratum  (Br.),  Tar- 
tarated  Antimony.  Ahhr.,  Antim.  Tart.  Synonyms :  Tartar  Emetic,  Potassio-tartrate 
of  Antimony,  Antimonyl  Potassium  Tartrate. 

Antimony  and  potassium  tartrate  contains  not  less  than  98.5  percent.  (99  per- 
cent., Br.)  of  K(SbO)C^H^Og.V2lIjO.  It  occurs  as  odorless,  colorless,  transparent 
crystals  of  the  rhombic  system,  or  a  white  granular  powder.  One  Gm.  is  soluble  in 
12  cc.  of  water  and  in  15  cc.  of  glycerin  at  25°  C.    It  is  insoluble  in  alcohol. 

Antagonists  and  Incompaiibles. — The  mineral  acids,  alkaline  carbonates,  lime 
water,  the  salts  of  most  metals,  tannic  and  gallic  acids,  lead  acetate,  silver  nitrate, 
mercuric  chloride,  albumin  and  soap  are  chemically  incompatible.  Alcohol,  chloro- 
form, ether,  opium  and  other  antispasmodics  are  physiological  antagonists. 

Synergists. — Emetics  and  depressants. 

Dose,  1/20  to  1/10  grain  (0.003  to  0.006  Gm.). 
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Antimonh  Oxidum  (N.F.)*  Antimony  Oxide.  Ahhr.,  Antim.  Oxid.  Synonym: 
Antimonious  Oxide. 

Occurs  as  a  white  or  grayish-white  powder,  odorless  and  tasteless.  It  is  insoluble 
in  water,  alcohol,  or  nitric  acid,  but  readily  soluble  in  hydrochloric  acid,  or  tartaric 
acid.    Contains  not  less  than  97  percent,  of  antimonious  oxide. 

Dose,  1  to  2  grains  (O.OG  to  0.12  Gm.). 

Antimonium  Sulphuratum  (Br.),  Sulphurated  Antimony.  Ahhr.,  Antim.  Sulphur. 
Sy7i07iyms:  Antimonium  Oxysulphuratuni,  Kermes  Mineral. 

A  mixture  containing  antimony  sulphides  and  oxides,  and  sulphur.  It  contains  not 
less  than  45  percent,  of  antimony.  Chiefly  antimony  trisulphide  with  small  quantities 
of  antimony  trioxide,  sodium  pyroantimoniate,  and  free  sulphur.  It  occurs  as  an 
orange-red  or  red-brown  powder,  odorless  and  tasteless;  readily  dissolved  by  hot 
hydrochloric  acid  with  evolution  of  hydrogen  sulphide  and  separation  of  sulphur. 

Incompatibles. — Acid  solutions  are  incompatible  with  this  preparation. 

Dose,  1  to  2  grains  (0.06  to  0.12  Gm.)  as  an  alterative  or  diaphoretic;  5  to 
20  grains  (0.3  to  1.3  Gm.)  as  an  emetic. 

PuLvis  Antimonialis  (N.F.),  Antimonial  Powder.  Ahhr.,  Pulv.  Antim,  Syno- 
nym: James'  Powder. 

Antimony  oxide,  33  Gm.;  precipitated  calcium  phosphate,  67  Gm. 

Dose,  3  grains  (0.2  Gm.).   Used  as  a  diaphoretic. 

TiNCTURA  Antimonii  (N.F.),  Tincture  of  Antimony.  Ahhr.,  Tr.  Antimon. 
Synonym:  Strength  of  Vinum  Stibiatum  P.I. 

Each  cc.  represents  about  Via  grain  (0.004  Gm.)  of  antimony  and  potassium  tar- 
trate.    Alcoholic  content  20  percent. 

Dose,  10  to  30  minims  (0.6  to  2  cc). 

YiNUM  Antimoniale  (Br.),  Antimonial  Wine.  Ahhr.,  Vin.  Antim.  Synonyms: 
Yinum  Antimonii,  Wine  of  Antimony. 

Antimony  and  potassium  tartrate,  4  Gm. ;  boiling  distilled  water,  65  cc. ;  alcohol, 
175  cc. ;  sherry  (or  white  wine),  q.s.  to  make  1000  cc. 

Dose,  10  to  20  minims  (0.6  to  1.3  cc.),  given  frequently. 

Antimony  Thioglycollamide  (N.N.E.). 

The  triamide  of  antimony  thioglycollic  acid.  It  contains  not  loss  than  30  percent, 
of  antimony.  A  white,  crystalline  powder;  soluble  in  about  200  parts  of  water;  slightly 
soluble  in  alcohol;  insoluble  in  ether. 

Dose,  lYi  grains  (0.08  Gm.),  dissolved  in  20  cc.  of  sterile  water,  given  each  second 
day  up  to  a  minimum  of  12  injections. 

Antimony  Sodium  Thioglycollate  (N.N.R.). 

The  compound  formed  by  dissolving  antimony  trioxide  in  a  solution  of  a  mixture 
of  sodium  thioglycollate  and  thioglycollic  acid.  It  contains  not  less  than  37  percent, 
of  antimony.  A  white  or  faintly  pinkish  powder;  odorless  or  having  a  faint  odor  of 
mercaptan;  very  soluble  in  water;  insoluble  in  alcohol. 

Dose,  1  to  2  grains  (0.05  to  0.1  Gm.)  dissolved  in  10  to  20  cc.  of  sterile  water,  in- 
jected either  intravenously  or  intramuscularly  every  third  or  fourth  day  with  a  mini- 
mum of  12  injections. 

PiLULA  IIvDKARGYRi  SuBCHLORiDl  CoMPOSlTA  (Br.),  Compound  Pill  of  Mercurous 
Chloride.  Ahhr.,  Pil.  Hydrarg.  Subchlor.  Co.  Synonyms:  Compound  Calomel  Pill, 
Compound  Pill  of  Antimony,  Plummer's  Pill. 

^lercurous  chloride,  20  parts;  sulphurated  antimony,  20  parts;  guaiacum  resin,  40 
parts;  gum  acacia,  1  part;  tragacanth,  1  part;  syrup  of  glucose,  q.s.  ad  100.  This  pill  is 
not  to  be  confounded  with  the  compound  calomel  pill  of  the  U.S.P. 

Dose,  4  to  8  grains  (0.25  to  0.5  Gm.). 
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Antipathogenic  Action. — The  soluble  salts  of  antimony  have  rather  less  bactericidal 
power  than  those  of  arsenic,  but  are  able  to  destroy  certain  parasitic  protozoa,  especially 
trypanosomes,  in  extremely  high  dilution,  1  part  in  500,000  being  sufficient,  in  drawn 
blood.  Concentrations  approximating  this  can  be  attained  in  the  circulating  blood,  and 
direct  sterilization  of  infected  animals  thus  brought  about.  This  has  been  shown  in  the 
trypanosome  infections  of  mice,  and  organic  preparations  (suggested  by  such  compounds 
of  arsenic  as  atoxyl,  salvarsan)  have  been  recently  introduced.  Intravenous  injections 
of  67  mgm.  (1  grain)  of  tartar  emetic  every  other  day  are  used  to  destroy  the  parasites 
of  kala  azar  in  the  blood.  A  concentration  of  1  to  1000  is,  however,  required,  to  stop 
the  movements  of  amebse  in  dysenteric  stools  (Dale  and  Dobell).  Rats  may  be  cured  of 
trypanosomiasis  by  a  single  intravenous  injection  of  2  cc.  per  kilogram  of  a  M/lOO  solu- 
tion of  antimonyllactate   (Voegtlin  and  Smith). 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Applied  to  the  skin,  there 
Is  very  little  absorption,  but,  if  the  skin  be  ulcerated,  the  drug  is  readily  absorbed,  and 
produces  the  same  gastroenteric  symptoms  as  when  swallowed.  This  is  largely  due 
to  its  excretion  into  the  stomach,  as  it  is  found  in  the  vomitus,  even  when  administered 
hypodermically.  When  taken  by  mouth,  tartar  emetic  is  eliminated  slowly,  but  un- 
changed, by  the  kidneys,  stomach,  and  intestine,  and,  in  small  amounts,  in  the  bile  and 
from  the  skin,  where  it  may  give  rise  to  pustular  eruptions,  if  given  over  a  long  period. 
When  given  in  repeated  small  doses,  a  large  amount  is  stored  in  the  liver,  and,  even 
after  a  single  dose,  a  small  amount  may  be  recovered  from  this  organ,  as  well  as  from 
the  bones. 

The  insoluble  compounds  are  much  more  slowly  absorbed,  and  therefore  are  not 
stored  in  the  tissues  to  so  great  an  extent,  and  are  much  less  toxic. 

Topical  Action.  Applied  to  the  skin,  as  ointment  or  otherwise,  tartar  emetic  causes 
redness  and  itching,  followed  by  eczema,  and,  if  continued  24  to  48  hours,  it  produces 
a  pustular  eruption,  closely  resembling  smallpox.  More  rarely,  a  superficial  necrosis 
occurs,  or  even  extensive  and  painful  ulceration.  When  injected  subcutaneously,  intense 
and  lasting  pain  is  caused,  and  often  extensive  sloughing,  which  may  be  deep  enough 
to  involve  the  muscles.  A  pustular  eruption  is  sometimes  caused  by  the  wearing  of 
stockings  dyed  with  antimony  compounds. 

The  same  irritant  action  is  observed  when  the  drug  is  swallowed.  The  effect  is  much 
the  same  as  that  of  arsenic,  but  the  vomiting  is  more  violent,  and  there  is  less  absorption. 
There  may  be  ulceration  of  the  stomach,  and  even  of  the  bowel,  after  very  large  doses. 

Toxicity. — It  is  impossible  to  state  definitely  the  toxic  or  lethal  dose  of  tartar  emetic, 
as,  when  a  large  dose  is  taken,  the  greater  part  of  it  is  at  once  vomited,  and  no  estimate 
can  be  made  of  what  is  actually  absorbed.  In  children,  30  mgm.  (14  grain)  has  proved 
fatal,  while  doses  as  small  as  0.1  Gm.  (li/o  grains)  have  been  fatal  to  adults.  On  the 
other  hand,  recovery  has  been  reported,  after  the  taking  of  10  Gm.  (3  drams).  The 
maximal  dose  is  0.1  Gm.  (li/,  grains)  at  one  time  and  0.3  Gm.  (5  gi-ains)  a  day.  The 
emetic  dose  is  about  0.03  to  0.2  Gm.  (14  to  3  grains).  Injected  intravenously  in  rats,  the 
acutely  fatal  dose  of  tartar  emetic  is  about  50  mgm.  per  kilo. 

In  very  small  doses  (2  to  6  mgm.  — 1/30  to  1/10  grain),  tartar  emetic  causes  no 
symptom  except  a  slight  increase  in  sensible  perspiration,  and  perhaps  an  increase  in 
salivary  secretion,  or  a  feeling  of  nausea.  Toxic  doses  act  as  a  severe  gastro-enteric 
irritant,  causing  severe  abdominal  pain,  violent  vomiting  and  the  sense  of  faintness 
which  accompanies  this  act.  There  is  a  metallic  taste  in  the  mouth,  salivation,  free 
expectoration,  uncontrollable  and  constant  vomiting,  pain  in  the  mouth  and  throat, 
formation  of  blisters  on  the  palate,  choleraic  or  dysenteric  watery  stools.  There  is 
marked  acceleration  of  the  pulse  followed  by  slowing;  weak  respiration;  fall  of  tem- 
perature; vertigo;  loss  of  consciousness,  and  finally  death  from  heart  failure.  Antimony 
Is  found  both  in  the  vomitus  and  in  the  stools. 

In  rare  instances  doses  of  0.5  to  1  Gm.  (8  to  15  grains)  have,  in  man,  caused  death 
with  no  gastroenteric  symptoms,  but  only  collapse  and  coma. 

Chronic  poisoning  from  the  repeated  use  of  small  amounts  of  antimony  compounds 
is  rare.  The  symptoms  are  loss  of  appetite,  diarrhea,  abdominal  pain,  albuminuria, 
headache,  depression,  muscular  pains  and  general  weakness.  The  blood  presents  a 
leucopenia  involving  the  lymphocytes  and  mononuclear  cells.  A  fatal  issue  is  rare. 
Such  intoxication  may  result  from  the  presence  of  antimony  in  food  and  as  industrial 
poisoning  in  type  founders  and  type  setters  in  whom  it  is  often  associated  with  lead 
poisoning.     In  any  case,  confusion  with  lead  poisoning  may  occur. 
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By  repeated  use  of  small  amounts,  a  certain  degree  of  tolerance  to  large  doses  may 
be  established,  although  the  phenomenon  Is  not  so  well  studied  as  the  tolerance  to 
arsenic.     Tolerance  to  the  emetic  action  is  readily  established. 

The  treatment  of  acute  antimony  poisoning  consists,  first,  in  the  administration  of  a 
solution  of  tannic  acid,  or  even  lavage  of  the  stomach  with  such  a  solution.  The  drug 
is  thus  precipitated  as  the  insoluble  tannate.  Calcium  or  magnesium  salts  also  pre- 
cipitate tartar  emetic,  and  may  be  used  in  place  of  tannic  acid.  Magnesium  sulphate 
may  be  given  as  a  purgative,  to  eliminate  the  drug  from  the  bowel.  Other  treatment  is 
symptomatic,  including  stimulants  of  the  heart,  external  warmth,  etc. 

Systemic  Actio7i:  Alimentary  Tract. — Even  in  small  doses,  antimony  increases  the 
secretion  of  saliva  by  a  reflex  action  on  the  salivary  center  in  the  medulla.  Such  reflex 
salivation  is  a  very  usual  accompaniment  of  nausea  from  whatever  cause. 

Large  doses  excite  congestion  and  inflammation  of  the  mouth  and  throat  with  the 
appearance  of  pustules  somewhat  resembling  those  produced  on  the  skin  by  topical 
application.  They  may  occur  in  the  esophagus  also,  and  have  occasionally  given  rise  to 
stenosis. 

All  preparations  of  antimony,  by  whatever  route  administered,  induce  nausea  and 
vomiting.  This  action  on  the  stomach  is  the  most  frequent  by-effect  of  medicinal  doses, 
and  the  most  striking  and  severe  manifestation  of  acute  poisoning.  The  emetic  dose  of 
tartar  emetic  in  man  is  0.05  to  0.2  Gm.  (%  to  3  grains)  by  mouth.  (It  is  never  used 
hypodermically  as  it  causes  local  sloughing.)  When  given  intravenously  or  sub- 
cutaneously  it  can  be  recovered  from  the  vomitus,  showing  that  it  is  excreted  into  the 
stomach  or  upper  bowel.    Such  excretion  probably  aids   its  emetic  effect. 

In  fatal  cases  the  kidneys  are  fatty  and  show  granular  degeneration,  or  even  severe 
parenchymatous   inflammation. 

The  first  matters  vomited  are  mucoid,  and  frequently  most  of  the  antimony  swal- 
lowed can  be  recovered  from  them.  Later  they  are  stained  with  bile  or,  in  severe 
cases,  with  blood. 

The  nausea  and  vomiting  are  partly  reflex,  partly  a  direct  action  on  the  gastric 
mucous  membrane.  It  has  been  shown  that  vomiting  motions  cannot  be  produced  by 
application  of  tartar  emetic  to  the  vomiting  center  in  dogs,  but  that  they  follow 
intravenous  injections  even  after  excision  of  the  entire  gastroenteric  tract.  Section  of 
the  cardiac  vagus  nerves  inhibits  the  emesis  and,  if  the  stellate  ganglion  is  also 
removed,  thus  severing  all  sympathetic  fibers  from  the  heart,  there  is  no  nausea.  This 
shows  that  the  reflex  arises  from  the  poisoned  heart    (Weiss  and  Hatcher). 

Doses  slightly  larger  than  the  usual  emetic  dose  cause  also  irritation  of  the  bowel, 
with  diarrhea  and  even  liquid  stools.  This  is  especially  the  case  if  tartar  emetic  is 
dissolved  in  a  large  amount  of  water,  "emesis  by  lavage".  In  chronic  poisoning,  and 
even  in  severe  acute  poisoning,  there  is  often  ulceration  of  the  intestine.  This  is  due, 
partly,  to  the  direct  irritant,  topical  action  of  antimony,  and  partly  to  its  paralyzing 
action  on  the  walls  of  the  blood  vessels,  which  affects  particularly  the  vessels  of  the 
stomach  and  bowel,  and  leads  to  edema,  with  loss  of  vitality  of  the  mucous  membrane. 
The  ulcerations  are  generally  limited  to  the  mucosa  and  have  rarely  been  diagnosed 
during  life. 

The  severe  effects  on  the  alimentary  canal  are  produced  more  easily  in  women  and 
children  than  in  men. 

The  biliary  and  pancreatic  secretions  are  increased.  This  is  probably  not  a  direct 
action,  but  a  reflex  stimulation  due  to  the  vomiting,  and,  from  the  same  cause,  as  well 
as  from  local  irritation,  a  very  marked  increase  takes  place  in  the  secretion  of  mucus 
by  the  wall  of  the  stomach  and  bowel.  Tartar  emetic  M/50  delays  the  action  of  pepsin 
and  of  ptyalin  in  vitro   (Smorodinzew  and  Riabonschinsky). 

In  fatal  antimony  poisoning,  there  is  fatty  degeneration  of  the  liver. 

Blood. — Antimony  compound^  administered  by  mouth  do  not  affect  the  blood  di- 
rectly, but  fatty  degeneration  of  the  blood-making  organs  may  be  occasioned,  as  well  of 
all  other  viscera.  Intravenous  injections  of  soluble  salts  of  antimony  may  lead  to 
hemolysis,  which  is  said  to  be  preventible  by  administration  in  hypertonic  salt  solution. 
They  also  cause  an  increase  in  the  non-protein  nitrogen  of  the  blood. 

Circulatory  System. — One  of  the  most  characteristic  effects  of  antimony  compounds 
is  paralysis  of  the  walls  of  the  arterioles.  This  is  due  to  a  specific  action  on  the  muscle, 
and  is  most  severe  in  the  vessels  supplied  by  the  splanchnic  nerves,  especially  those  of 
the  intestine  and  of  the  stomach. 
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The  vessels  of  the  lungs  perfused  in  vitro  by  Locke's  solution  containing  0.1  percent, 
of  tartar  emetic  are,  on  the  contrary,  strongly  constricted   (Busquet). 

In  poisoning  by  antimonial  tartrate,  widespread  hemorrhages  are  encountered. 

The  heart  is  depressed,  not  only  reflexly,  by  vagus  action  from  the  stomach,  but 
also  by  direct  action  on  the  cardiac  muscle;  there  takes  place  also  a  fall  of  blood 
pressure,  from  the  vasodilatation  which  results  from  the  vasomotor  paralysis. 

At  first,  the  heart  is  weak  and  rapid,  but  later  becomes  slow,  and  the  blood  pressure 
falls  rapidly.  The  rapid  rate  is  secondary  to  the  vomiting,  and  is  not  seen  in  the 
excised  heart  perfused  with,  antimony,  or  when  the  drug  is  injected  directly  into  a 
vein.  In  both  cases,  the  heart's  action  is  slow  and  feeble  from  the  beginning.  In  fatal 
cases,  death  is  due  to  this  effect  on  the  heart,  coupied  with  the  vasomotor  paralysis,  the 
heart  stopping  in  diastole.  In  such  cases,  fatty  degeneration  of  the  heart,  like  that 
due  to  arsenic,  is  also  seen. 

Respiratory  System. — After  a  brief  increase,  the  rate  of  respira'tion  falls.  Breathing 
is  shallow  and  irregular.  In  severe  poisoning,  the  rate  may  fall  as  low  as  six  in  the 
minute;   inspiration  being  brief,  rapid  and  jerky,  and  expiration  prolonged  and  sighing. 

The  effect  is  in  part  reflex  from  irritation  of  the  pneumogastric  terminals  in  the 
stomach,  and  in  part  the  result  of  a  direct  depressing  action  upon  the  respiratory  center, 
which  is  also  indirectly  depressed,  by  failure  of  the  circulation. 

Even  in  doses  which  are  too  small  to  produce  the  effects  described  above,  antimony 
produces  a  marked  increase  in  the  bronchial  secretion,  and  a  thinning  of  the  mucus. 
This  is  most  marked  in  inflammation  of  the  bronchi,  when  it  may  be  produced  by  doses 
too  small  to  induce  nausea. 

Toxic  doses  may  induce  inflammation  of  the  larynx  and  of  the  pharynx. 

Temperature. — Vomiting  is  generally  accompanied  by  a  fall  of  temperature  of  even 
1' C.  (1.5°  to  2°  F.).  During  the  period  of  reaction  the  temperature  again  rises,  but,  if 
collapse  supervene,  the  temperature  continues  to  fall,  and  may  go  far  below  normal. 
This  fall  of  temperature  is  secondary  to  the  fall  of  blood  pressure  and  to  the  profuse 
sweating. 

Nerve  System. — Although  symptoms  on  the  part  of  the  central  nerve  system  are 
prominent  in  the  picture  of  severe  antimony  poisoning,  it  is  not  easy  to  determine  to 
what  extent  they  are  direct,  and  to  what  extent  dependent  on  the  failure  of  circulation. 
Even  after  moderate  doses  of  antimony,  there  may  be  considerable  nervous  depression, 
headache,  vertigo  and  lassitude.  There  may  also  be  tremors  of  the  limbs,  and  drowsiness 
or  disturbed  sleep  with  unpleasant  dreams. 

The  symptoms  which  follow  toxic  doses,  such  as  dizziness,  cramps  in  the  calves, 
convulsions  and  coma,  are  due  to  the  vomiting  or  to  the  failing  circulation.  It  has  been 
shown,  however,  that  in  frogs  there  is  a  loss  of  reflex  irritability,  due  to  direct  action 
on  the  cord,  and  it  is  probable  that  a  similar  action  occurs  in  mammals. 

In  addition  to  the  effects  on  the  centers,  there  is  an  action  on  the  muscles  them- 
selves, with  loss  of  irritability. 

Skin. — The  eruptions  produced  by  antimony  have  been  discussed  under  topical  and 
toxic  actions.    The  sweating  is  due  to  the  vomiting,  and  not  to  direct  action. 

Urinary  System. — The  production  and  excretion  of  urea  appear  to  be  augmented 
under  the  influence  of  antimony,  but  the  urinary  water  is  diminished.  It  may  be 
increased,  however,  when  vomiting  and  purgation  do  not  occur,  or  are  not  copious,  or 
when  the  use  of  the  drug  is  continued  over  several  days,  and  large  quantities  of  fluid 
are,  at  the  same  time,  ingested.  Under  the  influence  of  toxic  doses,  especially  when 
there  is  much  depression  of  the  heart  and  frequent  copious  stools — antimonial  cholera — 
there  may  be  suppression  of  urine.  Albuminuria  is  also  observed  in  most  cases  of 
antimonial  intoxication. 

The  glycogen  is  said  to  disappear  from  the  liver,  and  glycosuria  is  seen  In  severe 
poisoning. 

Therapeutics:  Topical. — Tartar  emetic,  in  the  form  of  an  ointment  (1:4),  was 
formerly  used  more  or  less  to  produce  active  and  intense  counterirritation,  prolonged 
application  causing  a  severe  vesicular  and  pustular  eruption.  It  is  difficult  for  the  mod- 
ern practitioner  to  imagine  in  what  circumstances  such  a  procedure  would  be  indicated. 

Systemic. — At  one  time  tartar  emetic  was  much  used  to  produce  emesis  in  laryngeal 
diphtheria,  laryngismus  stridulus,  indigestion,  and  at  the  onset  of  a  continued  fever. 
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but  this  practice  has  been  abandoned.  Like  the  other  emetics,  when  given  in  small 
doses  it  is  an  expectorant  and  as  such  it  finds  its  special  field  of  usefulness.  It  is 
useful  in  doses  of  1/30  grain  (0.002  Gm.)  in  the  early  stages  of  a  sthenic  bronchitis 
and  may  then  be  advanta^'cously  given  in  the  form  of  the  compound  syrup  of 
squill.  Its  action  on  the  heart  must  be  watched,  for  it  is  a  rather  powerful  cardiac 
depressant. 

Tartar  emetic  and  other  antimonials  are  of  great  value  as  antipathogenic  remedies 
against  certain  maladies  endemic  in  the  tropics,  such  as  trypanosomiasis,  kala-azar, 
hilharziasis,  and  malaria. 

In  leAshmaniasis  (kala-azar)  the  initial  adult  dose  of  tartar  emetic  or  of  anti- 
mony and  sodium  tartrate  (the  latter  preferred  by  Kogers)  is  0.5  cc.  (8  drops)  of 
a  2  percent,  solution,  increasing  in  arithmetical  progression  up  to  5  cc.  The  remedy 
is  given  intravenously  every  other  day  for  from  2  to  4  months  so  long  as  no  toxic 
symptoms  arise.  Brahmachari  uses  antimony  and  ammonium  tartrate,  which  he  say8 
is  less  toxic  than  the  sodium  or  potassium  salt.  He  gives  biweekly  injections  of 
2  to  9  cc.  of  a  2  percent,  solution.  Napier  uses  the  potassium  salt  in  triweekly 
intravenous  injections,  beginning  with  1  cc.  of  a  1  percent,  solution  and  increasing 
by  1  cc.  each  time  up  to  10  cc.  in  adults.  Children  up  to  10  years  are  given  half 
these  doses.  The  average  duration  of  the  treatment  is  four  months,  the  total  amount 
of  drug  given  being  2  or  3  Gm.  Escomel  has  found  antimonium  oxide  curative  in 
South  American  leishmaniasis.  He  gives  1/100  to  1/50  grain  (0.0006  to  0.0012  Gm.) 
every  other  day  by  intravenous  injection  and  dusts  the  cutaneous  lesions  with  tar- 
tar  emetic. 

In  infection  by  Rliinosporldium  henealyi  good  results  have  been  obtained  by  drop 
doses  of  a  2  percent,  aqueous  solution  of  tartar  emetic  three  times  daily  for  2  or  3 
months.  In  gangosa  (rhinopharyngitis  mutilans)  Chrichlow  has  effected  a  cure  by 
six  biweekly  intravenous  injections  of  colloidal  antimony,  of  %  cc.  each. 

In  schistosomiasis  the  ova  as  well  as  the  adult  worms  are  destroyed  by  large 
doses  of  tartar  emetic  (5  intravenous  injections  being  given  every  second  day,  the  total 
amount  reaching  8  to  15  grains  (0.5  to  1  Gm.).) 

In  hilharziasis  tartar  emetic  by  mouth  is  curative,  but  H.  P.  Wilson  has  found 
rectal  administration  more  effective.  A  laxative  is  given  at  night,  and  the  following 
morning,  three  hours  after  the  bowels  have  moved,  1  or  2  ounces  (32  to  64  cc.)  of 
warm  water  containing  the  drug  in  solution  is  run  into  the  rectum,  the  patient  lying 
quiet  for  a  couple  of  hours.  To  children  the  drug  is  given  every  second  day,  begin- 
ning with  1  grain  (0.06  Gm.)  and  increasing  by  1  grain  at  each  injection  up  to 
12  grains  (0.8  Gm.).  Adults  received  four  injectfons  of  5,  8,  10  and  12  grains, 
respectively. 

In  filariasts,  tartar  emetic  must  be  given  in  large  doses,  an,  average  of  4  fluid- 
ounces  (128  cc.)  of  a  2  percent,  solution,  in  about  20  injections  being  necessary  to 
effect  a  cure. 

The  reports  of  the  use  of  antimony  in  leprosy  are  conflicting.  In  general,  some 
improvement,  but  not  cure,  follows  the  administration  of  15  to  20  minims  of  anti- 
monial  wine  three  times  daily  by  mouth.  Colloidal  antimony  in  intramuscular  doses 
of  2.5  to  4  cc.  is  also  of  benefit. 

Tartar  emetic  is  of  great  service,  indeed  almost  specific,  in  granuloma  venereum; 
it  may  be  given  in  daily  or  triweekly  intramuscular  injections  of  1/15  grain,  gradu- 
ally raised  to  11/2  grains  (0.004  to  0.1  Gm.). 

In  sleeping  sichness,  temporary  improvement  has  been  obtained  by  the  use  of 
tartrated  antimony,  but  its  action  must  be  supplemented  by  that  of  mercury  or 
arsphenamine,  as  the  trypanosomes  are  not  all  killed,  some  being  driven  into  the  spinal 
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fluid  out  of  the  reach  of  the  drug.  Antimonials  have  been  given  with  apparent  benefit 
in  chronic  malaria  when  the  hematobium  is  resistant  to  the  action  of  quinine. 

In  syphilis,  tartar  emetic  intravenously  admdnistered  may  lead  to  symptomatic 
improvement. 

Antimony  thioglycollamide  and  antimony  sodium  thioglyxollate  have  been 
recommended  by  Abel  in  the  treatment  of  trypanosomic  diseases,  by  intravenous  or 
intramuscular  injection.  They  have  been  recommended  by  Randall  in  granuloma 
inguinale,  who  claims  marked  success  with  their  use. 

Arsenic 

The  two  native  sulphides  of  arsenic,  realgar  (As^SJ  or  red  native  sulphide,  and 
orpiment  (auri-pigmentum)  (As^S^),  were  both  known  to,  and  used  by,  the  ancients. 
The  former  is  recommended  by  Dioscorides  as  a  caustic  and  depilatory.  The  latter 
was  used  for  the  same  purposes  and  also  as  a  dressing  for  ulcers  of  the  nose,  mouth 
and  anus,  and  to  destroy  lice.  Internally  it  was  given  for  chronic  cough  with  fetid 
expectoration.  Realgar  has  long  been  used  by  the  Chinese  as  a  remedy  in  intermit- 
tent fever,  and  orpiment  as  a  dressing  for  infected  wounds  and  internally  as  a  tonic. 
In  Turkey,  orpiment  is  one  of  the  chief  constituents  of  the  paste  used  to  remove  the 
pubic  hair  of  women,  as  required  by  Mohammedan  regulations. 

In  European  medicine,  compounds  of  arsenic  were  limited  to  external  uses  until 
about  the  end  of  the  seventeenth  century  when  they  were  largely  prescribed  for 
intermittent  fever  and  for  pulmonary  diseases  attended  with  dyspnea.  About  1780 
the  solution  which  bears  his  name  was  introduced  into  English  medicine  by 
Fowler,  and  since  that  time  its  internal  use  as  a  tonic  and  a  cure  for  agues  has  been 
assured. 

Some  decades  ago  the  application  of  a  paste  of  arsenious  acid  was  a  widespread 
practice  in  the  treatment  of  cancers  of  the  skin,  but  since  the  improvements  in 
surgical  technic  which  the  last  half  century  has  witnessed,  this  method  has  been 
largely  relegated  to  quacks. 

Chemistry. — The  compounds  of  arsenic  fall  sharply  into  two  groups  accordingly 
as  it  exists  in  trivalent  (As^Oj,  HjAsO,)  or  in  pentavalent  form  (As^O^,  HjAsO^). 
According  to  most  authorities,  the  trivalent  form  only  is  physiologically  active  and 
all  pentavalent  arsenic  must  be  converted  into  this  before  exhibiting  toxic  or  thera- 
peutic activity.  If  this  be  true,  it  must  also  be  admitted  that  the  body  possesses  such 
marked  power  to  reduce  inorganic,  pentavalent  arsenic  to  trivalent,  that  as  ordinarily 
administered  there  is  little  or  no  difference  in  their  activity.  The  action  of  the  pentava- 
lent form  on  microorganisms  and  on  isolated  organs  and  cells  in  vitro  is,  however,  very 
much  weaker. 

Intravenously  injected  in  mammals,  the  trivalent  form  (arsenious  acid)  is  only 
iy2  times  as  active  as  the  pentavalent  (arsenic  acid),  while  on  the  isolated  heart 
of  the  frog  it  is  300  times  as  active  (Joachimoglu).  Kionka  found  similar  differences 
but  could  find  no  trivalent  arsenic  in  animals  killed  by  arsenic  acid,  and  he  does 
not  believe  that  such  transformation  accounts  for  the  toxicity  of  pentavalent  arsenic. 

A  difference  in  composition  which  seems  more  important  from  the  physiologic 
standpoint,  is  that  between  inorganic  compounds  and  those  in  which  arsenic  is  com- 
bined with  an  organic  radical.  Certain  simple  salts  of  arsenic,  with  organic  bases, 
such  as  strychnine  arsenate,  are  promptly  broken  up  and  show  merely  the  combined 
action  of  their  components.  In  general,  the  organic  compounds  are,  however,  very 
much  less  toxic  than  the  inorganic. 

The  three  inorganic  arsenic  compounds  used  in  the  United  States  are  trivalent. 
They  are  arsenious  acid   (As^O,);   Fowler  solution  of   (met)arseiiite  of  potassium 
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(KOAsO);    and   Donovan   solution    of   the    iodides   of   mercury   and    arsenic    (Asl, 

The  action  of  the  organic  compounds  differs  so  completely  from  that  of  the 
inorganic  that  it  "will  be  considered  in  a  separate  division,  and  it  is  to  be  borne  in 
mind  that  in  the  succeeding  pages  all  statements  refer  to  the  inorganic  medicinal 
compounds,  except  when  the  organic  compounds  are  specifically  mentioned. 

Summary  of  Actions  and  Uses. — Although  we  speak,  for  convenience,  of  the  behavior 
and  effects  of  arsenic,  it  is  not  the  element-atom  (As),  but  the  arsenious  Ion  that 
influences  living  matter.  Hence,  substances  incapable  of  yielding  this  ion  to  the  cells 
do  not  Induce  the  vital  reactions  characteristic  of  the  drug.  Combination  of  arsenic 
with  the  tissues  is  apparently  effected  by  its  substitution  for  phosphorus  in  the  lecithin 
molecule;   this  breaks  up  slowly  and  elimination  may  be  a  prolonged  process. 

Arsenic  may  combine  with  the  — SH  group  of  glutathione  and  thus  prevent  cer- 
tain essential  oxidative  processes   (Voegtiin  and  Smith). 

Arsenic  is  a  protoplasm  poison,  and  as  such  is  injurious  and  eventually  fatal  to  all 
cells.  In  unicellular  organisms  this  results  in  the  death  of  the  individual.  In  higher 
animals  the  cells  thus  destroyed  may  be  replaced  by  new,  and  proper  doses  may  thus 
result  in  a  stimulation  of  new  formation  of  tissue,  and  a  general  "tonic '  action.  This 
is  supposed  to  be  the  basis  of  the  so-called  "alterative"  action.  In  slightly  larger  dose, 
inorganic  arsenicals  affect  chiefly  the  smaller  blood  vessels,  causing  a  paralysis  of  the 
finer  arterioles  and  wide  dilatation  of  the  capillaries,  especially  in  the  splanchnic  region. 
There  is  also  a  direct  action  on  the  musculature  of  the  heart.  Some  writers  ascribe 
the  entire  action  of  the  drug  to  alterations  in  nutrition  brought  about  Indirectly  by 
these  circulatory  changes.  The  systemic  action  of  arsenic  is  seen  with  toxic  rather 
than  medicinal  doses,  and  will  largely  be  considered  under  toxicity. 

Arsenic  is  much  used  as  an  antipathogen  against  microorganisms,  especially  pro- 
tozoa, and  for  such  purposes  the  organic  compounds  find  their  greatest  efficacy.  In 
certain  forms  of  anemia  arsenicals  are  of  great  value.  Their  usefulness  as  tonics  may 
depend  on  the  alterative  action  just  mentioned,  as  may  the  beneficial  effects  in  skin 
diseases,  in  which  excretion  through  the  skin  probably  plays  an  important  part.  Top- 
ically arsenious  acid  is  used  to  destroy  the  nerves  of  teeth  and  was  formerly  used  to 
remove  cancers  of  the  skin. 

Materia  Medica. — Arsenii  Iodidum  (U.S.  X.),  Arsenious  Iodide.  Ahhr.,  Arson, 
lod.    Synonyms:  Arsenic  Iodide. 

Arsenious  iodide,  when  dried  to  constant  weight  over  sulphuric  acid,  contains 
not  less  than  99  percent,  of  Aslj.  It  is  an  extremely  poisonous  crystalline  powder, 
orange-red,  inodorous;  stable  when  protected  from  direct  sunlight  and  kept  in  a  cool 
place.  One  Gm.  is  soluble  in  about  12  cc.  of  water  at  25°  C,  with  partial  decomposition. 
It  is  soluble  in  chloroform,  ether,  alcohol,  and  in  carbon  disulphide. 

Dose,  1/20  to  1/5  grain  (0.003  to  0.012). 

Arsenh  Trioxidum  (U.S.  X.),  Arsenic  Trioxide.  Alhr.,  Arsen.  Triox.  Acidum 
Arseniosum  (Br.),  Arsenious  Anhydride.  Ahhr.,  Acid.  Arsen.  Synonyms:  Arsenious 
Oxide,  Arsenious  Acid,  Arsenic,  White  Arsenic. 

Arsenic  trioxide  is  obtained  by  roasting  certain  arsenical  ores,  and  contains  not 
less  than  99.8  percent,  of  arsenious  oxide  (ASjO,).  It  is  an  extremely  poisonous  white 
powder  or  irregular  masses  of  two  varieties,  one  amorphous,  transparent,  and  colorless, 
like  glass;  the  other  crystalline,  opaque,  and  white,  resembling  porcelain.  It  is  slowly 
soluble  in  water,  the  amorphous  variety  being  somewhat  more  soluble  than  the  crys- 
talline; slightly  soluble  in  alcohol  and  in  ether,  and  freely  soluble  in  glycerin. 

Antagonists  und  Incompatihles. — Astringents  and  the  salts  of  iron,  magnesium, 
and  lime  are  chemically  incompatible. 

Synergists. — All  agents  promoting  anabolism,  or  constructive  metabolism  are 
therapeutically    synergistic. 

Dose,  1/60  to  1/20  grain  (0.001  to  0.003  Gm.). 
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SoDn  Arsenas  (U.S.  IX.),  Sodium  Arsenate.    Ahhr.,  Sod.  Arsen.     Arsenas  Sodii 

(P.L). 

It  contains  not  less  than  58.98  percent,  nor  more  than  61.92  percent,  of  anhy- 
drous sodium  arsenate  (disodium  ortho-arsenate),  corresponding  to  not  less  than 
99  percent,  of  the  crystallized  salt  (NajHAsO^-|-7HjO).  Occurs  as  colorless,  trans- 
parent, monoclinic  prisms;  odorless.  One  Gm.  dissolves  in  1.3  cc.  of  water;  slightly 
soluble  in  alcohol.    Great  caution  must  be  used  in  tasting. 

Dose,  1/20  to  1/10  grain  (0.003  to  0.006  Gm.). 

Sodii  Arsenas  Exsiccatus  (U.S.  IX.),  Exsiccated  Sodium  Arsenate.  Ahhr.,  Sod. 
Arsen.  Exsic.  Synonyms:  Disodium  Hydrogen  Arsenate,  Sodii  Arsenas  Anhydrosus, 
Anhydrous  Sodium  Arsenate. 

It  contains  not  less  than  98  percent,  of  pure  anhydrous  disodium  hydrogen  arsenate 
(Na^HAsO^).  An  odorless,  amorphous,  white  powder,  slightly  hygroscopic.  One  Gm. 
dissolves  in  3.1  cc.  of  water;  slightly  soluble  in  alcohol.  Great  caution  must  be  used 
in  tasting. 

Dose,  1/40  to  1/15  grain  (0.0016  to  0.004  Gm.). 

Ampulla  Sodh  Cacodylatis  (N.F.),  Ampules  of  Sodium  Cacodylate.  Ahhr., 
Ampul.  Sod.  Cacodyl. 

Each  ampule  contains  5  grains  (0.3  Gm.)  of  sodium  cacodylate. 

Dose,  1  ampule  hypodermically. 

Liquor  Acidi  Arseniosi  (U.S.  X.),  Solution  of  Arsenious  Acid.  Ahhr.,  Liq.  Acid. 
Arsen.  Liquor  Arsenici  Hydrochloricus  (Br.),  Hydrochloric  Solution  of  Arsenic. 
Synonym:  Solution  of  Arsenic  Chloride. 

Arsenic  trioxide,  10  Gm. ;  diluted  hydrochloric  acid,  50  cc. ;  distilled  water,  q.s. 
to  make  1000  cc.  A  clear,  colorless  liquid  without  odor.  It  contains  1  Gm.  of  arsenious 
acid  in  100  cc. ;  110  minims  contain  1  grain. 

Dose,  2  to  5  minims  (0.12  to  0.3  cc). 

Liquor  Arsenii  et  Hydrargyri  Iodidi  (U.S.  X.),  Solution  of  Arsenious  and  Mer- 
curic Iodide.  Ahhr.,  Liq.  Arsen.  et  Hydrarg.  lod.  Synonym:  Donovan  Solution. 
.^.  Solution  of  arsenious  and  mercuric  iodide  is  an  aqueous  solution  containing 
in  each  100  cc.  not  less  than  0.90  Gm.  and  not  more  than  1.05  Gm.  of  Aslj,  and  not 
less  than  0.95  and  not  more  than  1.05  Gm.  of  Hglj.  Arsenious  iodide,  10  Gm. ;  red 
mercuric  iodide,  10  Gm. ;  water,  q.s.  to  make  1000  cc.  A  clear,  colorless  or  pale  yellow 
liquid,  containing  the  equivalent  of  1  Gm.  each  of  arsenious  iodide  and  red  mercuric 
iodide  in  100  cc;  110  minims  contain  the  equivalent  of  1  grain  of  each  salt.  Should 
not  be  used  if  darker  than  pale  yellow. 

Dose,  1  to  5  minims  (0.06  to  0.3  cc.)  ter  in  die. 

Liquor  Auri  et  Arseni  Bromidi  (N.E.),  Solution  of  Gold  and  Arsenic  Bromide, 
Ahhr.,  Liq.  Aur.  et  Arsen.  Brom, 

A  reddish-brown  solution  resulting  from-  the  interaction  of  arsenic  trioxide  (0.25 
percent.),  bromauric  acid  (0.325  percent.)   and  bromine  (0.4  percent.)   in  water. 

Dose,  2  to  5  minims  (0.12  to  0.3  cc). 

Liquor  Potassii  Arsenitis  (U.S.  X.),  Solution  of  Potassium  Arsenite.  Ahhr.,  Liq. 
Pot.  Arsen.   Liquor  Arsenicalis  (Br.),  Arsenical  Solution.   Synonym:  Fowler  Solution. 

Arsenic  trioxide,  10  Gm. ;  potassium  bicarbonate,  20  Gm.;  compound  tincture  of 
lavender,  30  cc ;  distilled  water,  to  make  1000  cc.  A  clear  or  faintly  opalescent  liquid, 
having  a  pink  color  and  a  slight  odor  of  lavender.    It  has  the  formula  KAsO,. 

Dose,  2  to  8  minims  (0.12  to  0.5  cc),  with  gradual  increase. 

Liquor  Sodii  Arsenatis  (U.S.  IX.),  Solution  of  Sodium  Arsenate.  Ahhr.,  Liq. 
Sod.  Arsen. 

Anhydrous  sodium  arsenate,  1  Gm. ;  distilled  water,  to  make  100  cc.    The  solu- 
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tion  contains  the  equivalent  of  1  Gm.  of  exsiccated  sodium  arsenate  in  100  cc. ; 
110  minims  contain  the  equivalent  of  1  grain. 

Dose,  2  to  8  minims  (0.12  to  0.5  cc),  cautiously  increased  if  necessary. 

Injectio  Sodii  Arsekatis  et  Feuri  (unofficial).  Injection  of  Sodium  Arsenate  and 
Iron.  Abbr.,  Inj.  Sod.  Arscnat.  et  Ferr.  Si/noiii/ms:  The  Zambeletti  Fluids  are 
respectively  one-third  and  one-sixth  the  strengtli  of  this  preparation. 

Anhydrous  sodium  arsenate,  0.5  percent. ;  green  iron  and  ammonium  citrate, 
4  percent. ;  cherry-laurel  water  q.s.  ad,  100  percent. 

Dose,  5  to  10  minims  (0.03  to  O.OG  cc)  hypodermically. 

Liquor  Sodii  Arsknatis  Dilutus  (N.F.),  Diluted  Solution  of  Sodium  Arsenate. 
Ahhr.,  Liq.  Sod.  Arsenat.  Dil.  Synonyms :  Liquor  Sodii  Arsenatis  Pearsonii,  Liquor 
Arsenicalis  Pearsonii,  Pearson's  Solution  of  Sodium  Arsenate. 

A  1  percent,  solution  of  exsiccated  sodium  arsenate  in  distilled  water. 

Dose,  15  to  30  minims  (1  to  2  cc). 

Liquor  Arsenicalis  Clemens  (unofficial),  Clemens'  Solution  of  Arsenic.  Ahhr., 
Liq.  Arsen.  Clemens.  Synonym:  Liquor  Potassii  Arsenatis  et  Bromidi,  Solution  of 
Potassium  Arsenate  and  Bromide. 

Arsenic  trioxide,  10  Gm.;  potassium  bicarbonate,  40.5  Gm. ;  bromine,  5  cc; 
water,  q.s.  to  make  1000  cc.  This  is  an  aqueous  solution  containing  an  amount  of 
arsenic  in  combination  corresponding  to  about  1  percent,  of  arsenic  trioxide  (AsjOg). 

Dose,  2  to  8  minims  (0.12  to  0.5  cc). 

Antipathogenic  Action. — Arsenic  does  not,  like  most  of  the  metals,  precipitate  pro- 
teins, and  its  destructive  action  on  life  is  due  to  a  more  obscure  process.  Its  inorganic 
compounds  are  not  powerfully  bactericidal,  although  they  act  as  preservatives  of  dried 
substances  against  putrefaction  and  molding.  It  is  used  very  largely  to  preserve 
anatomical  specimens,  skins  and  all  sorts  of  animal  and  plant  exhibits  in  museums. 

Arsenious  acid  is  destructive  to  all  living  tissues,  to  animals  more  than  to  plants 
and  to  algae  and  the  seeds  of  higher  plants  more  than  to  molds  and  bacteria.  It  retards 
the  putrefaction  of  cadavers,  especially  If  a  solution  be  injected  into  the  peritoneal  cavity 
or  vessels.  The  bodies  of  those  poisoned  by  arsenic  occasionally  undergo  a  desiccation 
(mummification)   which  preserves  them  for  a  long  time. 

Arsenious  acid  prevents  growth  of  most  bacteria  in  0.01  percent,  solution,  and  a  0.1 
percent,  solution  kills  the  cholera  bacillus  after  brief  exposure.  To  kill  anthrax  spores 
a  0.1  percent,  solution  requires  10  days,  and  even  1  percent,  does  not  kill  the  spores  of 
all  molds,  although  it  destroys  yeast  cells  and  the  schizomycetes  of  milk  and  urine.  It 
possesses,  generally  speaking,  about  one-tenth  of  the  power  of  mercuric  chloride.  Potas- 
sium arsenite  stops  the  growth  of  anthrax  bacilli  in  bouillon  in  0.01  percent,  solution, 
but  even  ten  times  this  concentration  does  not  kill  the  spores. 

Arsenic  acid  is  very  much  weaker,  and  it  is  probable  that  a  small  portion  is  changed 
to  arsenious  acid  and  only  this  exerts  any  influence.  The  growth  of  molds  is  not  stopped 
by  1  percent.,  and  the  same  strength  of  potassium  arsenate  does  not  preserve  bouillon 
from  molding. 

Protozoa  are  in  general  much  more  susceptible,  and  many  of  the  parasitic  forms 
are  destroyed  in  high  dilution.  A  concentration  of  1  to  200,000  of  sodium  arsenite  in 
the  blood  is  sufficient  to  destroy  certain  trypanosomes.  Fowler  solution  was  originally 
introduced  as  a  remedy  for  malaria,  and  was  one  of  the  most  effective  available,  150 
years  ago. 

The  organic  compounds  of  arsenic  are  especially  important  as  remedies  against 
protozoan  infection,  and  the  compounds  from  which  arsenic  is  not  split  off  in  the  body 
possess  this  power  to  a  remarkable  degree.  Atoxyl  is  especially  valuable  in  trypano- 
somiasis and  galyl  in  malaria.  Arsphenamine  and  its  modifications,  as  well  as  tryparsa- 
mide  are  of  great  value  in  spirochetosis,  especially  in  syphilis.  The  use  of  these  bodies 
will  be  taken  up  with  organic  arsenicals,  in  the  next  section. 

Pharmacodjmamic  Action. — Soluble  arsenicals  are  readily  absorbed  from  all  possible 
avenues  of  entrance.    In  the  absence  of  wounds  or  abrasions,  absorption  from  the  intact 
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skin  is  usually  slight,  but  systemic  poisoning  has  often  resulted  from  the  use  of  dilute 
solutions  in  hair  washes  and  cosmetics  and  the  application  of  washes  and  ointments  as 
parasiticides.  Concentrated  solutions  kept  in  prolonged  contact  with  the  unbroken  skin 
may  kill  the  superficial  and  even  the  deeper  layers,  by  a  process  of  mummification 
which  interposes  a  barrier  to  absorption,  or  they  may  lead  to  ulceration  with  rapid 
absorption  from  the  abraded  surface.  When  the  skin  is  already  scratched  or  abraded, 
arsenicals  are  quite  rapidly  taken  up,  but  according  to  a  theory,  which  is  more  fully 
discussed  under  "habituation,"  arsenicals  are  not  absorbed  by  either  the  intact  skin  or 
intact  mucosae,  but  in  contact  with  these  cause  minute  areas  of  necrosis  through  which 
absorption  takes  place.  Hypodermic  injection  is  followed  by  prompt  distribution.  The 
accessible  mucosae  have  all  been  utilized  as  routes  of  administration  and  homicides  and 
suicides  have  resorted  to  the  rectum,  the  vagina  and  even  the  conjunctiva  and  the  ear. 
Arsenical  vapors  from  wall  papers,  hangings,  etc.,  and  dust  and  vapors  arising  in  Indus- 
trial processes  may  gain  entrance  to  the  blood  through  the  air  passages. 

From  the  empty  stomach,  soluble  arsenicals  are  taken  up  rapidly,  especially  if 
already  in  solution.  Within  a  few  minutes  after  ingestion  arsenic  can  be  detected  In 
the  blood,  and  shortly  after  in  the  urine.  Absorption  is  retarded,  but  not  prevented,  by 
the  presence  of  mucus  or  food;  and  as  oils  hinder  the  solution  and  hydrolysis  of  arsenic 
trioxide,  this  delay  is  marked  when  the  food  consists  of  milk  or  other  fat-containing 
substances.  Butter  fat  has,  in  addition,  a  tendency  to  form  organic  compounds  which 
are  not  readily  broken  up. 

The  modifications  which  certain  arsenicals  undergo  before  and  after  absorption  are 
of  great  interest.  Metallic  arsenic,  applied  locally  or  ingested,  is  oxidized  slowly  and 
in  small  part,  the  oxidized  portion  being  taken  up  as  arsenious  acid.  The  great  bulk 
remains  upon  the  surface  or  passes  through  the  alimentary  canal  unchanged.  Never- 
theless, cases  of  poisoning,  both  homicidal  and  accidental,  from  mixtures  containing  ele- 
mental arsenic,  partially  oxidized,  are  on  record.  Arsenic  trioxide  (ASoOj)  is  hydrolyzed 
into  arsenious  acid  (HoAsOa)  before  absorption,  and  this  is  converted  into  arsenites  in 
the  tissues.  Arsenites  are  absorbed  unchanged.  Arsenic  acid  and  the  arsenates  are 
taken  up  almost  as  promptly  but  are  less  active,  and  it  is  probable  that  they  must  be 
converted  to  the  trivalent  form  before  exerting  their  action.  The  arsenates  are  but 
slightly  toxic  to  bacteria  and  to  cold  blooded  animals,  and  this  is  explained  by  assuming 
that  these  do  not  effect  the  conversion  into  the  toxic  arsenites,  whereas  this  change 
occurs  readily  in  warm  blooded  animals.  Arsenious  iodide  (ASI3)  is  decomposed  in  the 
presence  of  the  salts  of  the  plasma  with  the  formation  of  an  arsenite  and  an  iodide. 
As  nearly  83  percent,  of  the  molecule  is  iodine,  its  arsenic  effect  is  mild.  Hydrogen 
arsenide  (AsHj),  which  enters  the  blood  quickly  through  the  air  passages  and  is 
peculiarly  toxic,  is  thought  by  some  to  be  similarly  decomposed,  and  some  of  its  charac- 
teristic effects  may  indeed  be  the  effect  of  collateral  chemical  changes  initiated  by 
the  nascent  hydrogen,  but  the  usual  view  is  that  the  arsenide  acts  as  a  molecule. 

If  ground  up  tissues  are  treated  with  ASjOj  or  ASoOs  it  is  found  that  the  blood  and 
liver  show  an  oxidizing  action;  the  gastric  mucosa,  pancreas  and  brain  oxidize  the 
former  if  fresh  but  reduce  the  latter  if  the  cells  are  dead   (Schultz). 

Ahsorption  and  Elimination. — Arsenic  circulates  partly  as  arsenites  and  partly  as 
imperfectly  determined  combinations  with  nucleins.  It  is  deposited  in  all  the  organs 
and  in  the  muscles,  and  not,  as  has  been  stated,  chiefly  in  the  liver.  After  a  single  dose 
of  sodium  arsenite  no  arsenic  can  be  found  in  the  cerebro-spinal  fluid  (Hall).  Of 
especial  interest  is  its  deposition  in  the  hair  and  in  the  bones.  Arsenic  is  excreted  by 
the  skin  but  is  also  found  in  fairly  large  amounts  in  the  shed  epidermic  scales  and  in 
the  hair,  in  which  it  may  remain  for  months.  In  the  bones  it  is  deposited  as  calcium 
arsenite  and  remains  for  a  long  time  after  it  has  disappeared  from  all  other  tissues. 
In  the  brain  it  is  usually  retained  longer  than  in  most  other  parts  of  the  body,  although 
it  is  not  at  first  present  in  large  proportion.  It  seems  probable  that  it  may  replace 
phosphorus  in  the  lecithin  molecule,  and  be  held  a  long  time  in  this  combination. 

When  repeated  doses  lead  to  chronic  poisoning,  elimination  is  notably  slow,  and  the 
drug  is  deposited  for  a  time  in  all  tissues,  including  the  muscles.  Appreciable  quan- 
tities have  indeed  been  removed  from  the  spongy  tissues  of  the  bones  and  from  the  hair 
10  weeks  and  more  after  the  total  cessation  of  absorption. 

In  one  recorded  instance,  the  head  had  been  shaved,  "the  hair  grew  again,  and  8 
months  after  the  poisoning,  yielded  a  considerable  quantity  of  arsenic."  If  life  persists 
sufficiently  long,  however,  the  arsenic  will  usually  be  carried  out  of  the  soft  parts.    Thus 
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in  a  number  of  instances  in  which  the  fatal  issue  has  been  delayed  for  two  weeks  or 
more  after  poisoning  by  a  single  large  dose,  chemical  methods  have  failed  to  detect 
arsenic  in  the  muscles  or  viscera.  In  cases  of  acute  poisoning  when  death  has  occurred, 
as  is  the  rule,  in  a  few  days  or  hours,  and  also  in  cases  of  chronic  or  mixed  poisoning 
in  which  the  administration  of  the  drug  has  gone  on,  with  or  without  intermissions,  up 
to  or  within  a  few  weeks  of  the  time  of  death,  arsenic  is  commonly  found  in  all  the 
organs,  especially  the  liver." 

Elimination  varies  according  to  many  circumstances;  thus  it  may  begin  early  or 
late,  and  in  either  event  be  rapid  or  prolonged,  complete  or  incomplete. 

When  absorption  is  prompt,  excretion  soon  begins;  it  is  delayed  when  absorption  has 
been  slow.  After  massive  doses  it  is  more  rapid  than  after  small  ones,  but  is  less  likely 
to  be  complete.  It  is  completed  more  quickly  after  a  single  dose  or  a  few  doses  than 
after  many.  Thus,  after  a  single  medicinal  dose,  elimination  is  usually  complete  in 
from  24  to  48  hours,  while  in  most  cases  of  large  or  repeated  doses,  arsenic  can  still 
be  demonstrated  in  the  excretions  for  from  three  days  to  as  long  as  three  weeks  after 
its  administration  has  been  discontinued. 

Moreover,  as  in  the  case  of  mercury  and  other  stored  poisons,  the  elimination  of 
arsenic  may  be  intermittent.  In  such  cases  it  is  found  in  the  urine,  from  time  to  time, 
over  a  considerable  period — extending  in  one  recorded  instance  to  93  days. 

Arsenic  leaves  the  body,  as  it  enters,  by  all  possible  ways;  chiefly  in  the  urine, 
where  it  makes  its  appearance  in  organic  combinations,  usually  in  an  hour  or  less,  but  as 
late  sometimes  as  14  hours,  after  ingestion.  It  is  also  to  be  found  in  the  feces,  bile, 
nasal  and  bronchial  mucus,  tears,  sweat  and  breath.  Nurslings  have  been  poisoned  by 
the  milk  of  mothers  taking  the  drug.  In  whatever  form  arsenic  may  be  administered 
and  by  whatever  channel  absorbed,  it  is  eliminated  into  the  stomach  and  intestines,  and 
in  fatal  poisoning  may  be  found  as  an  arsenite  or  in  some  organic  combination  in  the 
walls  and  contents  of  these  viscera.  Its  characteristic  effects  upon  the  stomach,  are  thus 
to  be  observed,  even  after  hypodermic  or  intravenous  administration. 

Topical  Actio7i. — Applications  of  arsenic  and  of  arsenious  acid  are  not  painful  to  the 
unbroken  skin  nor  even  when  this  is  abraded  or  cut.  Even  hypodermic  injections  give 
rise  to  little  irritation.  Prolonged  application  of  dilute  solutions  excites  eruptions 
which  may  be  erythematous,  vesiculous,  pustulous  or  ulcerative,  according  to  the  strength 
and  duration  of  the  application  and  the  susceptibility  of  the  individual.  Application  to 
a  hairy  region  may  result  in  destruction  of  the  hair  follicles.  Those  engaged  in  occupa- 
tions which  require  the  handling  of  arsenic,  show  such  eruptions  as  well  as  a  peculiar 
inflammation  of  the  finger  tips  with  ulcerations  at  the  root  of  the  nails.  The  edges  of 
any  wound  on  the  hands  or  face  tend  to  become  necrotic. 

In  more  concentrated  form  arsenious  acid  exercises  a  slow  caustic  action.  This  effect 
is  biochemical,  occurring  only  in  living  tissue.  The  reaction  is  complex,  apparently 
depending  in  part  upon  displacement  of  the  nuclear  phosphorus  and  consequent  inter- 
ference with  cell  nutrition;  in  part  upon  some  action  of  the  displaced  phosphorus;  and 
in  part  upon  paralysis  of  the  capillaries  with  transudation  of  fluid.  Arsenic  does  not 
destroy  the  structure  of  dead  tissue  but  mummifies  it.  Its  action  thus  differs  from 
that  of  acids  and  most  caustics,  which  is  the  same  on  living  and  on  dead  tissue. 

The  relatively  painless  character  of  the  destructive  action  is  evidenced  by  the  use  of 
arsenic  paste  for  devitalizing  teeth  and  by  the  extensive  use  of  arsenic  plasters,  especially 
by  quacks,  for  the  destruction  of  cancers  and  other  tumors  of  the  skin.  The  dry  necrosis 
which  is  brought  about  by  such  continued  applications  to  the  skin  is  largely  limited 
to  the  area  of  application  but  may  extend  to  a  great  depth,  especially  along  the 
lymphatics. 

Mucous  membranes  are  much  more  susceptible  to  arsenic  than  is  the  skin.  The 
effects  vary  from  congestion  and  swelling  to  ecchymosis  and  necrosis.  The  erosions, 
extravasations  and  ulcerations  found  in  the  digestive  tract  in  cases  of  arsenic  poisoning, 
arise,  however,  in  part  only,  from  direct  topical  effect.  They  are  to  be  attributed  chiefly 
to  systemic  influence  after  absorption  and  to  local  destructive  action  during  elimination. 
They  are  thus  present  even  when  the  poison  has  been  given  otherwise  than  by  the  mouth. 
In  the  same  manner,  arsenic  may  excite,  during  elimination,  various  cutaneous  erup- 
tions.   Ulceration  of  the  nasal  mucosa,  leading  even  to  perforation  of  the  septum,  may 

"  The  presence  of  arsenic  in  any  tissue,  however,  even  the  brain,  does  not  prove  that 
it  reached  that  part  during  life,  or  even  that  it  was  not  introduced  into  the  body  after 
death.    To  determine  such  questions  many  other  factors  must  be  considered. 
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be  occasioned  by  inhalation  of  arsenical  dust  which  escapes  into  the  air  in  the  process 
of  copper  smelting. 

Forms  of  Arsenic  Poisoning. — Intoxication  with  arsenic  is  of  two  kinds,  acute  and 
chronic.    There  is  also  a  mixed  form,  which  is  not  often  seen. 

Acute  arsenic  poisoniiig  results  from  attempts  at  suicide  and  murder,  as  well  as  by- 
accident.  It  follows  the  absorption  within  a  short  time  of  a  toxic  quantity, — however, 
this  may  be  introduced  and  whether  at  once  or  in  several  portions.  Commonly  It  follows 
the  ingestion  of  a  single  large  dose.  It  exhibits  two  main  types;  a  common  gastro- 
enteric type  more  or  less  closely  resembling  Asiatic  cholera  and  characterized  by  abdom- 
inal pain,  vomiting,  purging  and  collapse;  and  a  rare  cerebrospinal  type,  with  sudden 
coma  (narcotic  form)  or  stupor  (perhaps  delirious)  passing  into  coma,  which  can  be 
mistaken  for  uremia,  or  apoplexy.     It  may  also  follow  an  aberrant  course. 

Chronic  arsenic  poisoning  occurs  when  arsenic  is  given  medicinally  in  too  large 
dose  or  for  too  long  a  period,  and  when  foods  or  beverages  contaminated  with  arsenic 
are  repeatedly  taken.  Less  often  it  results  from  inhaling  the  dust  from  wall  paper,  etc., 
treated  with  arsenical  dyes  or  preservatives,  from  the  use  of  cosmetics  containing  arsenic 
or  the  wearing  of  stockings  and  underclothing  dyed  with  arsenical  pigments.  Chronic 
industrial  poisoning  is  seen  in  workmen  extracting  arsenic  from  the  ore  and,  more  rarely, 
in  brass  founders.  It  assumes  chiefly  the  form  of  a  peripheral  polyneuritis,  involving  first 
the  sensory  and  later  the  motor  nerves.  This  form  of  poisoning  is  described  with  the 
action  of  arsenic  on  the  nerve  system. 

The  mixed  form  results  from  the  use  of  increasing  doses,  an  acutely  toxic  dose 
being  finally  taken;  or  from  the  repeated  administration  of  large  but  not  fatal  doses. 
The  symptoms  are  most  obscure  and  remit,  intermit,  and  intensify  in  a  very  puzzling 
way.  The  condition  usually  leads  to  an  erroneous  diagnosis,  based  on  the  pulmonary, 
gastroenteric,  renal,  nutritional  or  other  disorders  most  prominent  in  the  particular 
case.  Diagnosis  is  especially  difficult  when  the  physician  has  to  depend  on  the  state- 
ments of  the  criminal  who  is  administering  the  poison.  The  variability  of  the  symptoms 
should  arouse  suspicion,  and  the  finding  of  arsenic  in  the  urine  will  clear  up  all  doubt. 

Gastroenteric  Form. — In  the  gastroenteric  form  of  acute  arsenical  poisoning  the 
symptoms  are  in  part  those  common  to  the  action  of  corrosive  poisons,  coming  on,  how- 
ever, somewhat  later,  because  the  corrosive  action  of  arsenic  is  of  a  peculiar  character 
and  systemic  rather  than  local.  Faintness,  depression,  pain  In  the  stomach  radiating 
to  the  back  and  loins  and  throughout  the  abdomen,  epigastric  and  abdominal  cramps, 
burning  and  constriction  in  the  throat,  burning  of  the  tongue,  perhaps  salivalion.  Intense 
and  increasing  thirst,  nausea  and  diarrhea,  appear  from  half  an  hour  to  several  hours 
after  the  ingestion  of  a  toxic  dose;  but  not  in  any  invariable  order.  Retching  and  vomit- 
ing are,  as  a  rule,  among  the  early  symptoms.  If  delayed,  they  may  be  provoked  by  the 
taking  of  food.  Once  started,  they  become  more  and  more  violent,  almost  incessant,  and 
may  be  excited  anew  by  the  administration  of  water  or  the  blandest  fluid. 

The  vomited  matters  may  at  first  consist  chiefly  of  food.  Later  they  are  largely 
made  up  of  mucus  and  watery  fluids,  often  discolored  with  bile  and  streaked  or  spotted 
with  blood.    They  may  have  a  bluish  tint. 

Purging  may  accompany,  or  even  precede,  vomiting,  but  it  is  most  frequently  late. 
The  alvine  discharges  are  at  first  fecal  and  serous;  later,  as  a  rule,  they  consist  of 
shreds  and  flakes  of  disintegrated  mucous  membrane  suspended  in  a  thin  fluid,  exactly 
resembling  the  "rice  water"  stools  of  cholera.  Blood  may  be  present.  With  the  purging 
there  is  pain  and  irritation  about  the  anus,  and  frequently,  tenesmus.  Sometimes  the 
stools  are  expelled  violently  in  the  midst  of  a  writhing  or  convulsion  which  involves  the 
lower  extremities. 

The  breath,  the  vomit,  and  the  stools  may  exhibit  a  characteristic  garlicky  odor. 
The  abdomen  becomes  tumid  and  is  tender  to  the  touch.  There  may  be  painful  cramps 
in  the  calves,  general  tremors  or  twitching  of  all  the  limbs,  sometimes  actual  clonic  or 
tonic  convulsions.  The  face  is  pallid,  later  cyanotic;  the  skin  is  cold  and  clammy.  The 
pulse,  at  first  small,  soft,  frequent  and  irregular,  becomes  toward  the  last  scarcely  per- 
ceptible. The  voice  Is  husky,  feeble,  or  lost.  The  urine  is  dark  and  scanty  or  sup- 
pressed from  the  great  loss  of  fluids.  Sometimes  there  is  fever  from  inflammatory 
reaction;  more  commonly  a  subnormal  temperature.  There  may  be  stupor,  attended 
with  delirium,  but  usually  the  mind  remains  clear  until  asthenia  and  collapse  usher  in 
cardiac  death.    The  end  comes,  perhaps  during  calm  sleep,  usually  within  24  hours. 

Sometimes,  however,  when  the  dose  has  been  comparatively  small,  absorption  difficult 
or  interrupted,  or  the  person  less  susceptible,  life  persists  longer.     The  vomiting  and 
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purging  remit,  intermit,  or  even  cease;  the  general  symptoms  may  ameliorate.  Com- 
monly, in  such  cases,  on  the  second  or  third  day,  petechia),  wheals,  vesicles,  pustules  or 
other  characteristic  rashes  may  appear.  The  patient  is  restless;  thirst  usually  persists; 
the  urine  remains  scanty  or  suppressed;  the  extremities  are  cold;  the  face  ia  swollen 
and  cyanotic.  Abdominal  pain  and  distention  return,  dyspnea  becomes  marked,  nervous 
symptoms  increase,  the  mind  is  clouded,  there  may  be  repeated  convulsions.  Death  occurs 
in  collapse  from  exhaustion  and  heart  failure  on  the  second  to  the  sixth  day;  excep- 
tionally, so  late  as  the  fifteenth  or  twentieth  day. 

When  a  sublethal  dose  of  poison  has  been  taken,  or  early  vomiting  has  removed, 
before  it  could  be  absorbed,  a  sufficient  portion  of  the  ingested  quantity,  the  symptoms 
are  less  severe,  and  some  of  those  enumerated  are  wanting.  The  mouth  and  pharynx 
sometimes  suffer  more  than  the  stomach  and  bowel.  In  these  so-called  "subacute  cases," 
as  also  when  death  from  acute  poisoning  has  been  averted  by  treatment,  recovery  may 
be  but  partial,  and  convalescence  is  slow  and  interrupted. 

Sometimes  the  symptoms  merge  into  those  of  chronic  poisoning.  Depression, 
anorexia,  gastroenteric  and  bronchial  catarrhs,  cutaneous  eruptions,  anemia,  nephritis, 
anesthesias,  parathesias,  paralyses,  may  develop  and  persist  obstinately. 

Cerebrospinal  Form. — Nervous  phenomena  may  and  usually  do  supervene  upon  the 
gastroenteric  attack;  but  in  the  pure  and  somewhat  rare  narcotic  type,  there  is  sudden 
coma,  and  abdominal  symptoms  are  slight  or  absent.  The  victim  does  not  recover  con- 
sciousness, and  the  case  is  quite  likely  to  be  mistaken  for  apoplexy,  embolism  or  uremia. 
Death  may  occur  from  failure  of  respiration;    usually,  however,   it  is  cardiac. 

In  less  fulminating  cases  there  may  be  slight  pain,  nausea,  perhaps  vomiting;  for- 
mication and  vertigo  are  complained  of.  Soon  drowsiness  comes  on,  perhaps  stuporous 
delirium,  the  pupils  are  dilated,  the  surface  is  cold,  the  pulse  small,  frequent,  feeble 
and  fluttering.    The  patient  becomes  more  and  more  prostrated  and  dies  comatose. 

Rarely,  death  is  preceded  by  convulsions;  sometimes  it  takes  place  during  calm 
sleep;  less  frequently,  in  stupor,  attended  with  delirium.  The  time  at  which  death 
occurs  is  usually  from  4  to  8  hours  after  the  onset  of  symptoms,  but  may  be  much 
greater  or  much  less  (one  hour  to  20  days),  as  it  is  influenced  by  many  variable  factors. 
In  the  prolonged  cases  suppression  of  urine  is  evident,  and  it  is  to  be  expected  in  all.  A 
few  instances  of  intermission  of  symptoms,  with  temporary  recovery  of  consciousness, 
are  on  record. 

Toxic  Dose. — There  is  considerable  difference  in  the  sensitiveness  of  different  indi- 
viduals to  the  action  of  arsenic.  From  1/24  to  1/20  grain  (2.5  to  3  mgm.)  of  arsenic 
trioxide  or  sodium  arsenate,  or  5  to  6  minims  (0.3  to  0.4  cc.)  of  the  official  1  percent. 
(Fowler)  solution  of  potassium  arsenite  will  ordinarily  be  well  borne  by  an  adult  not 
previously  habituated  to  the  drug;  but  symptoms  of  intolerance — irritation  of  all  the 
mucous  membranes — have  been  induced  by  a  much  smaller  quantity;  as  3  minims  of 
Fowler's  solution  in  one  of  our  cases.  An  initial  dose  of  1/10  grain  (6  mgm.)  of  sodium 
arsenate  or  10  minims  of  Fowler  solution  will  commonly  excite  distress;  indeed  some 
persons  cannot  readily  acquire  tolerance  to  this  Quantity,  even  by  gradual  approach. 

The  acutely  fatal  dose  in  man  by  mouth  is  said  to  be  0.1  to  0.3  Gm.  (gr.  I'/o  to  5) 
of  arsenious  acid,  but  commonly  much  more  than  this  has  been  taken  and  the  minimal 
lethal  dose  cannot  be  stated  accurately.  The  quantity  absorbed  may  be  much  less  than 
that  swallowed;  and  on  the  other  hand,  the  amount  found  in  the  body  after  death,  be 
much  less  than  that  absorbed.  In  an  instance  related  to  us,  3  cc.  (45  minims)  of  Fowler 
solution,  equivalent  at  most  to  30  mgm.  (gr.  y,)  of  potassium  arsenite,  proved  fatal  to  an 
adult.  Recovery  has,  however,  taken  place  after  the  ingestion  of  15  and  even  60  cc. 
(fldoz.  Va  and  2).  In  these  cases  either  early  copious  vomiting  had  ensued  or  treatment 
was  instituted  promptly. 

Guinea-pigs  have  fatal  diarrhea  from  3  mgm.  (gr.  1/20)  of  arsenious  acid  suhcu- 
taneously  and  rabbits  die  from  diarrhea  or  nephritis  after  14  mgm.  (gr.  ^4)  by  stomach 
tube,  10  mgm.  (gr.  %)  subcutaneously,  or  7  mgm.  (gr.  y^Q)  intravenously.  They  develop 
fatal  paralysis  after  an  intracerebral  injection  of  0.03  mgm.  (Moroshima).  In  dogs 
the  fatal  dose  of  Fowler  solution  varies  from  1  to  3  cc.  by  mouth  (10  to  30  mgm.,  gr.  % 
to  i/o'  of  arsenious  oxide),  and  is  about  3  mgm.  per  kilo  subcutaneously. 

Treatment  of  Acute  Poisoning. — Assuming  the  poison  to  have  been  swallowed,  any 
that  remains  in  the  stomach  unabsorbed  and  unvomited  is  to  be  removed  if  possible; 
what  cannot  be  removed  is  to  be  made  insoluble  or  difficult  of  solution.  Which  object 
shall  be  attempted  first,  or  whether  both  shall  be  aimed  at  simultaneously,  will  depend 
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on  the  means  promptly  available.  To  cleanse  the  stomach,  lavage  is  best,  provided  the 
tube  is  not  likely  to  be  clogged  by  particles  of  food.  Tepid  water  should  be  used,  in 
large  volume;  or  copious  draughts  of  hot  water,  or  hot  milk  and  water,  may  be  given, 
and  then  the  tube  be  inserted  and  the  siphon  current  started.  If  this  be  impracticable 
and  the  vomiting  provoked  by  the  poison  itself  be  insufficient,  salt  and  mustard,  or  some 
more  active  emetic,  as  ipecac,  zinc  sulphate  or  alum  should  be  given,  preferably  in  warm 
water,  to  which  a  demulcent  may  be  added;  or  better,  apomorphine  hydrochloride  may 
be  injected  under  the  skin,  guarded,  if  need  be,  by  strychnine,  atropine  or  camphor. 
Tartar  emetic,  being  an  antimonial,  should  not  be  used.  Whatever  method  be  employed 
to  empty  the  stomach,  care  is  needed,  but  some  risk  must  inevitably  be  taken.  The 
bowel  should  be  irrigated  with  hot  water,  to  which  magnesium  oxide  (magnesia)  may 
be  added. 

Chemical  antidotes  are  of  doubtful  value.  Magnesium  hydroxide,  freshly  prepared, 
converts  the  arsenic  into  a  relatively  insoluble  magnesium-arsenic  compound,  which  is 
carried  out  of  the  bowel  by  the  cathartic  action  of  the  magnesia.  It  is  commonly  believed 
that  iron  also  forms  an  insoluble  compound  with  arsenic,  and  the  official  arsenic  anti- 
dote is  a  mixture  of  freshly  precipitated  magnesium  hydroxide  and  ferric  hydroxide. 
Of  this  preparation  4  to  6  tablespoonfuls  (60  to  100  cc.)  should  be  given  every  15  min- 
utes until  4  or  more  doses  have  been  taken. 

Milk,  cream,  melted  butter,  lard  or  other  available  fat  or  oil  may  delay  further 
absorption  of  the  poison,  and  likewise  have  a  demulcent  effect  upon  the  mucous  mem- 
brane; for  which  reasons,  also,  castor  oil  is  a  good  evacuant.  For  a  similar  reason,  as  well 
as  to  replace  lost  fluids  and  maintain  urinary  secretion,  acacia  water,  barley  water, 
flaxseed  tea,  albumen  water  and  the  like,  preferably  alkalinized  slightly  with  sodium 
bicarbonate,  may  also  be  given.  A  carbonated  mineral  water  may  be  useful.  Vomiting 
may  be  so  great  that  no  drink  can  be  retained;  in  which  case  cracked  ice  should  be  used 
to  allay  thirst  and  burning,  and  physiologic  saline  solution  infused  under  the  skin 
(hypodermoclysis).  In  addition,  morphine,  strychnine,  atropine,  hyoscine  and  caffeine 
salts,  oil  solution  of  camphor,  tincture  of  musk,  alcohol,  epinephrine  solution,  digitalis 
preparations,  any  of  which  may  be  injected  hypodermically,  external  heat  and  friction 
are  among  the  agents  available  to  meet  the  symptomatic  indications. 

Postmortem  Appearances. — The  changes  most  evident  upon  inspection  of  the  body 
are  found  in  the  alimentary  tract. 

The  mouth,  throat  and  gullet  are  commonly  free  from  visible  lesions,  but  at  times 
congestion,  erosion,  hemorrhage  and  even  ulceration  may  be  found.  The  stomach  usually 
contains  a  quantity  of  viscid  mucus,  stained  with  blood  and  bile,  in  which,  when  a  solid 
arsenical  has  been  administered,  unabsorbed  particles  may  be  seen,  usually  glistening 
white  (arsenic  trioxide),  sometimes  yellow  from  conversion  into  sulphide,  or  green  if 
one  of  the  copper  salts  has  been  taken.  With  a  magnifying  glass  the  crystals  may  be 
detected  upon  the  stomach  wall,  often  in  the  midst  of  small  reddened  or  eroded  areas. 
The  mucous  membrane  is  reddened  and  thickened;  sometimes  throughout,  but  most  fre- 
quently in  patches.  If  examined  soon  after  death,  the  affected  portions,  especially  the 
swollen  rugae  of  the  greater  curvature,  may  be  of  a  bright  scarlet  or  vermilion  hue. 
Bright  red  dots  (petechiae)  may  be  scattered  over  the  surface,  irregularly  or  in  somewhat 
definite  curved  lines,  and,  as  a  rule,  hemorrhagic  extravasations,  more  or  less  massive, 
sometimes  submucous  and  of  black  color,  are  present.  Often  there  is  a  sort  of  grayish, 
slimy  coating  which  resembles  a  false  membrane,  but  consists  almost  entirely  of  the 
loosened  and  degenerated  epithelium.  Even  when  this  is  not  present,  the  surface 
epithelia  in  certain  places,  especially  the  posterior  surface,  can  easily  be  rubbed  off. 
Superficial  erosions  are  common,  deep  ulcerations  comparatively  rare,  perforations  excep- 
tional. The  intestine,  especially  the  duodenum,  the  ileum  in  the  neighborhood  of  Peyer's 
patches,  and  the  colon,  presents  similar  appearances;  it  contains  also  the  cholera-like 
"rice-water"  flakes  and  fluid.  Yellow  spots  are  sometimes  found  in  the  intestinal  wall, 
more  frequently  in  the  liver.  This  discoloration,  at  one  time  believed  to  be  characteristic 
of  arsenic  poisoning,  is  not  always  found,  and  similar  appearances  may  arise  from  other 
causes.  When  present  in  cases  of  arsenic  poisoning  it  may  be  caused  by  a  deposit  of 
arsenic  sulphide  and  not  by  fatty  degeneration.  The  same  deposit  can  occur  even  when 
the  arsenic  has  been  introduced  into  the  cadaver  after  death.  Congestions,  edema, 
ecchymoses  are  frequently  found  In  the  kidneys,  the  heart  and  pericardium,  the  lungs 
and  pleura. 

The  changes  in  the  digestive  tract  are  largely  dependent  on  extreme  dilatation  of 
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tlie  arterioles  and  capillaries  due  to  local  paralysis  and  associated  with  a  fatty  degenera- 
tion of  the  epithelial  cells  which  is  too  rapid  to  be  due  to  secondary  circulatory  inter- 
ference with  nutrition.  These  two  conditions  account  for  the  separation  of  the  mucosa 
in  blisters  and  false-membrane-like  patches,  and  for  the  ecchymoses  and  necroses.  The 
liver  is  large  and  fatty,  resembling  the  phosphorus  liver,  and  shows  necrotic  areas.  The 
glycogen  disappears  entirely.    The  bile  contains  fat  and  protein  and  often  blood. 

Microscopic  Alterations. — The  chief  characteristics  of  arsenic  lesions  are  (1)  fatty 
degeneration  of  parenchymatous  tissues,  only  exceptionally  to  be  detected  without  the 
microscope;  (2)  subepithelial  transudations  consequent  upon  vascular  paralysis;  (3) 
thrombi  in  the  minute  vessels  (venules,  capillaries,  arterioles),  with  extravasations  of 
blood;  (4)  cloudy  swelling  and  (5)  proliferations  of  epithelial,  endothelial,  and  connec- 
tive tissue-cells;  especially  round-celled  infiltrations  in  the  neighborhood  of  the  peptic 
glands  (gastro-adcnitis  arsenicalis  parenchymatosa) ,  the  glands  of  the  intestine  and  some- 
times the  mesenteric  lymph  glands  as  well.  The  cloudy  swelling,  fatty  degeneration  and 
hemorrhagic  extravasations  may  affect  all  the  viscera,  the  heart  and  skeletal  muscles,  as 
well  as  the  vessel  walls. 

The  term  "inflammation"  is  commonly  used  in  describing  these  changes,  but  its  cor- 
rectness has  been  challenged,  chiefly  on  the  ground  that  the  congestions  and  swellings 
observed  are  due  to  vascular  paresis.  It  is  well  to  bear  this  fact  in  mind,  but  in  view  of 
the  characteristic  cell-proliferations  found  microscopically,  and  often  when  no  gross 
abnormality  is  evident,  the  objection  seems  hypercritical. 

Habituation. — Individuals  are  met  with  whose  intolerance  to  arsenic,  even  in  minute 
doses,  cannot  be  overcome;  but  most  persons  readily  become  habituated  to  its  medicinal 
use,  and  some  to  its  use  in  large  quantities. 

That  resort  to  arsenic  to  improve  the  complexion  obtains  to  any  great  extent  among 
civilized  women  of  the  present  day  may  be  doubted;  but  it  is  apparently  true  that  in 
certain  districts  grooms  administer  it  to  horses  to  enliven  them  and  increase  their  glossi- 
ness, and  that  the  animals  suffer  when  they  change  masters  and  the  drug  is  withdrawn. 

The  story  of  the  "arsenic  eaters"  of  Styria  is  particularly  well  verified.  Many  of  the 
inhabitants  of  this  mountainous  region,  which  is  rich  in  arsenical  springs,  take  the 
waters  or  the  drug  itself  constantly  and  with  much  apparent  benefit,  supporting,  it  Is 
said,  from  ly,  to  8  grains  or  more  (0.1  to  0.5  Gm.)  two  or  three  times  weekly.  Excep- 
tionally the  intervals  are  shorter. 

The  immunity  of  the  arsenophages,  however,  is  far  from  absolute,  and  not  a  few 
fatalities  among  them  are  on  record.  Poisoning  will  result  if  the  dose  be  increased  too 
far;  or,  If  the  subject  give  up  out-door  life;  or  if  the  drug  be  suddenly  discontinued,  as 
when  a  Styrian  leaves  home  and  is  deprived  of  the  stimulus  of  his  daily  arsenical  ration. 
In  the  latter  case,  excretory  failure  ensues  and  the  stored  poison  sets  up  symptoms, 
which  are  usually  mild,  but  may  be  severe.    Gradual  withdrawal  appears  to  be  safe. 

In  many  cases  of  arsenic  habit,  however,  the  preparation  used  is  a  sulphide,  in  which 
form  the  drug  is  scarcely  absorbable;  while  some  persons  merely  hold  it  in  the  mouth 
without  swallowing,  and  others  avoid  taking  water  for  some  hours,  so  that  much  of  the 
poison  may  pass  out,  unabsorbed,  with  the  feces. 

When  dogs  are  habituated  to  arsenic,  it  is  found  that  whereas  in  the  unaccustomed 
dog  almost  all  the  arsenic  escapes  through  the  kidneys,  in  the  treated  dogs  it  almost  all 
Is  found  in  the  stool  and  evidently  has  not  been  absorbed.  If  arsenic  is  given  hypo- 
dermically  no  resistance  is  noted.  It  is  found  on  careful  examination  of  the  intestine 
of  a  normal  dog  after  a  moderate  dose  of  arsenic,  that  there  are  minute  erosions  of  the 
mucous  membrane.  In  the  habituated  animals  the  bowel  is  entirely  normal.  The  idea 
has  therefore  been  advanced  that  arsenic  is  not  absorbed  by  the  normal  (intact)  gastro- 
enteric mucosa  and  that  such  ulceration  Is  requisite  for  absorption  ( Joachimoglu). 
Habituation  consists  only  of  hardening  of  the  digestive  tract  and  not  of  insusceptibility 
of  the  tissues.  This  idea  is  borne  out  by  the  failure  of  the  miners  of  Reichenstein,  who 
inhale  the  dust  of  arsenic,  to  become  accustomed  to  it,  although  the  Styrian  peasants, 
who  take  it  by  mouth,  become  resistant.  Issekutz  and  Vegh  state  that  habituation  In 
dogs  is  seen  only  when  As.Oj  is  given  by  mouth  in  dry  form.  In  normal  dogs,  this  irri- 
tates the  bowel,  leading  to  excessive  secretion  of  fluid,  which  dissolves  the  arsenic.  In 
the  habituated  animal  there  is  less  Irritation,  consequently  less  fluid,  and  the  arsenic 
passes  out  undissolved.    Soluble  arsenicals  given  in  solution  will  poison  resistant  dogs. 

Causation. — Accidental  poisoning  may  occur  in  many  ways,  of  which  only  some  of 
the  more  typical  need  be  cited  for  illustration.     Thus  it  may  arise  from  the  medicinal 
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use  of  drugs  contaminated  with  arsenic  (e.g.,  impure  preparations  of  bismuth,  sodium 
sulphate,  magnesium  sulphate,  sodium  bicarbonate,  glycerin) ;  in  rare  instances  from 
a  druggist's  error  in  dispensing  (e.g.,  "white  arsenic"  for  quinine  or  magnesia);  from 
the  incautious,  excessive,  or  prolonged  administration  of  arsenical  vtedicaments  (arsen- 
ious  oxide  not  in  solution  being  especially  dangerous,  as  particles  are  retained  in  the 
folds  of  the  digestive  mucosa,  giving  rise  to  ulceration) — more  frequently  from  their 
external  apvUcation,  as  in  parasiticide  lotions,  and  quack  "cancer-pastes."  Similarly, 
from  powdering  the  face  with  "white  arsenic"  mistaken  for  a  cosmetic,  and  in  a  few 
recorded  instances,  chiefly  of  infants,  from  the  use  of  contaminated  dusting  powder.  It 
can  sometimes  be  traced  to  prolonged  exposure  to  arsenical  pigments  and  dyes  in  articles 
of  clothing  (e.g.,  underwear,  stockings),  wall-paper,  draperies  and  the  like,  either  by 
contact  or  by  inhaling  the  vapors  given  off  into  the  air  of  an  apartment.  Certain  indtis- 
trial  processes,  chiefly  of  chemical  manufacturing,  involve  hazardous  exposure  to  arsen- 
ical dust  and  fumes.  A  like  risk  attends  the  continuous  handling  of  arsenicals  or  of 
articles  impregnated  with  arsenic,  as  stuffed  animals,  or  even  sleeping  in  the  room  with 
the  latter. 

Contamination  of  food  and  drink  is  a  not  uncommon  source  of  poisoning.  Arsenic 
has  been  found  in  the  tin  or  solder  used  in  canning.  Glucose  contaminated  with  arsenic 
through  the  sulphuric  acid  used  in  its  manufacture,  has  been  employed  in  the  making 
of  candy,  cakes,  beer,  jellies,  etc.,  and  in  the  adulteration  of  honey  and  other  sweets. 
Perhaps  the  most  common  source  of  accidental  poisoning  is  the  use  of  arsenic  to  kill 
insects  and  vermin.  Very  dangerous  is  the  common  resort  to  this  substance  as  a  pro- 
tection against  bugs  and  caterpillars  in  farms  and  orchards,  and  criminally  foolish  its 
use  to  destroy  household  pests.  "White  arsenic"  or  "rat  poison"  has  been  mistaken  for 
salt,  sugar,  baking  powder,  flour,  cream  of  tartar,  and  the  like.  Children  have  been 
killed  by  "fly  paper,"  "rat  biscuit,"  and  other  disguised  preparations  of  this  active  poison. 

Intentional  poisoning  is  suicidal  or  homicidal.  The  deadliness  of  arsenic  in  compara- 
tively small  quantities  fs  well  known,  and  the  ease  with  which  it  can  be  obtained,  under 
our  extremely  lax  legislation,  is  a  constant  temptation  not  only  to  those  tired  of  life, 
but  also  to  those  meditating  crime.  Moreover,  as  in  certain  notorious  child-insurance 
cases,  skillful  lawyers  and  expert  witnesses  can  frequently — and  especially  (perhaps 
rightly)  in  the  absence  of  accurate  observation  of  symptoms  during  life  and  proper 
studies  of  tissues  after  death — raise  so  much  doubt  in  the  minds  of  jurors  as  to  render 
conviction  difficult.  This,  too,  is  well  known  to  intelligent  criminals.  Furthermore,  the 
use  of  arsenical  embalming  fluids  may  destroy  the  evidential  value  of  chemical  analysis; 
shielding  the  guilty  or  casting  unjust  suspicion  on  the  innocent.     It  should  be  prohibited. 

Acute  and  chronic  poisoning  by  arsenic,  both  accidental  and  intentional,  are  rela- 
tively frequent,  so  that  the  subject  is  of  great  importance  in  jurisprudence  as  well  as  in 
medicine. 

Questions  of  Jurisprudence. — Physicians  are  not  only  called  upon  to  make  the  dis- 
crimination, often  very  difficult,  between  poisoning  and  infectious  or  other  disease,  but 
also  to  testify  in  court  concerning  its  possible  origin,  its  symptomatology  and  its  pathol- 
ogy. One  should  be  very  sure  of  his  facts  in  giving  such  testimony,  whether  for  prosecu- 
tion or  defense.  An  opinion  as  to  the  cause  of  death  must  consider  together  the  symp- 
toms, the  post  mortem  findings  and  the  results  of  chemical  analysis,  and  be  based  upon 
the  "totality"  of  the  facts.  It  should  not  be  affected  by  its  possible  bearing  upon  the 
guilt  or  innocence  of  any  individual,  for  with  that  the  medical  witness  is  not  concerned. 
Frequently  the  symptoms  have  been  so  poorly  observed,  as  by  ignorant  relatives,  servants 
or  unsuspicious  medical  attendants — or  on  the  other  hand,  are*  so  exaggerated  by  some 
too-suspicious  witness — that  no  valid  opinion  can  be  based  upon  the  testimony  concern- 
ing them.  Coroner's  physicians  often  fail  to  note  the  appearances  at  autopsy  with  suffi- 
cient minuteness  or  exactness,  and  rarely  make  microscopic  or  bacteriologic  examinations. 
Organs  that  should  be  kept  apart  are  placed  in  the  same  jar.  Thus  the  chemist  even 
when  not  neglectful  of  these  points,  may  be  unable  to  differentiate  between  arsenic  in  the 
contents  of  the  stomach  and  bowel,  and  arsenic  in  the  tissues,  or  to  ascertain  with  any 
degree  of  accuracy  the  distribution  of  the  poison  in  the  cadaver. 

For  the  protection  alike  of  society  and  of  innocent  persons  accused  of  crime,  all  such 
investigations  should  be  made  in  the  most  exhaustive  manner;  under  consistent  direc- 
tion; and  in  the  presence  of  expert  representatives  of  the  defense.  Especially  should 
the  microscopic  study  of  tissues  be  insisted  upon;  for  this  may  yield  the  very  fact 
needed  to  determine  positively  the  cause  of  death. 
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It  is  also  to  be  remembered  in  discussing  the  forensic  question,  that  no  symptom  and 
no  sequence  of  symptoms  is  of  invariable  occurrence  in  arsenic  poisoning,  either  acute 
or  chronic.  Thus  the  mildness,  indeed  the  absence,  of  pain,  or  thirst,  or  nausea,  or 
vomiting,  or  purging,  or  of  some  important  nervous,  respiratory  or  cutaneous  symptom, 
would  not  of  itself  negative  the  diagnosis;  nor  would  any  one  sign,  even  discovery  of 
arsenic  in  the  vomit,  stomach-washings,  urine,  fecal  or  other  discharges,  alone  warrant 
it.  That  such  discovery  would  nevertheless  have  enormous  weight  in  a  positive  diag- 
nosis, needs  to  be  said  only  to  prevent  misunderstanding. 

No  conclusion  of  importance  can  be  drawn  from  the  occurrence  or  non-occurrence  of 
mummification  or  putrefaction  in  an  exhumed  body. 

The  time  at  which  the  toxic  effects  of  arsenic  first  appear,  may  become  the  subject 
of  judicial  investigation.  It  Is  Important,  therefore,  to  remember  that  the  quantity  and 
form  of  the  poison  and  the  manner  of  its  administration,  as  well  as  the  condition  of  the 
stomach  and  its  contents,  may  have  considerable  influence  upon  the  time  both  of  absorp- 
tion and  of  the  onset  of  intoxication.  Symptoms  are  accelerated  when  the  quantity 
Ingested  is  large;  when  the  drug  is  in  solution,  or  when  the  vomiting  induced  by  an 
irritating  compound  {e.g.,  Paris  green),  or  one  mixed  with  irritating  substance,  (e.g., 
"rough  on  rats")  is  not  sufficiently  prompt  or  copious;  also  when  the  local  conditions 
favor  absorption,  or  topical  and  reflex  action.  Symptoms  are  delayed  when  the  quantity 
approaches  the  minimal  toxic  dose;  when  the  preparation  used  is  comparatively  unirri- 
tating  or  difficult  of  solution  (e.g.,  lumps  of  arsenic  trioxide),  or  when,  being  irritating, 
it  is  promptly  vomited;  when  the  poison  has  been  distributed  throughout  a  substance 
that  must  be  digested  to  liberate  it  (e.g.,  cake,  cracker),  or  when  it  has  been  mixed  with 
a  fatty  substance  (e.g.,  milk,  butter);  and  when  local  conditions  are  unfavorable  to 
absorption  or  to  topical  action.  Sleep  occurring  shortly  after  the  drug  has  been  taken, 
retards  symptoms;  and  they  are  usually  delayed  and  modified  when  the  arsenical  is 
taken  with  opium  or  alcohol,  or  by  a  person  already  under  the  influence  of  either  of 
these  drugs,  or  of  any  agent  that  may  depress  circulation  or  act  as  a  stimulant  or  nar- 
cotic. There  are,  moreover,  unexplained  variations  in  time  of  onset.  Thus,  symptoms 
have  been  late  in  appearance  after  a  dose  of  2  ounces  (60  Gm.)  of  "white  arsenic"  and 
have  been  observed  within  five  minutes  after  the  ingestion  of  30  grains  (2  Gm.).  As 
a  rule  the  first  signs  of  poisoning  appear  in  from  thirty  minutes  to  an  hour;  rarely  do 
more  than  three  hours  elapse.  Exceptionally  they  have  occurred  within  ten  minutes — • 
in  one  recorded  instance,  almost  immediately — or  have  been  delayed  so  long  as  five,  six, 
and  even  ten  hours.  It  is  important  to  remember  in  this  connection  that  vomiting  is  not 
ordinarily  an  immediate  effect  of  the  poison  upon  its  entrance  into  the  stomach,  but 
results,  after  absorption,  when  the  arsenic  in  course  of  excretion  passes  out  of  the  blood, 
into  the  gastric  mucous  membrane. 

A  question  that  needs  attention  only  because  it  has  been  brought  into  court  In 
homicide  trials  is  the  existence  of  so-called  "normal  arsenic." 

Gautier  asserts  that  both  in  the  lower  animals  and  in  man,  arsenic  is  a  normal 
constituent  of  the  thyroid  and  thymus  glands,  the  skin,  hair,  nails,  mammary  gland, 
and  possibly  certain  brain  tissues.  He  found  the  greatest  quantity  in  the  thyroid  gland, 
but  never  more  than  0.75  milligram  in  100  grams.  An  average  human  thyroid  would 
thus  contain  0.15  to  0.2  mgm.  (1/430  to  1/320  grain)  of  ai'senic.  More  recent  studies 
have  shown  that  the  normal  body  contains  from  1  to  3  mgm.  (gr.  1/G7  to  1/20)  of 
arsenic,  and  only  the  presence  of  much  greater  amounts  fixed  in  the  tissues  in  general, 
should  be  considered  in  itself  evidence  of  arsenical  poisoning. 

As  to  foods,  Gautier  found  traces  of  arsenic  in  a  lamb's  thymus  gland,  in  a  cow's 
mammae  and  milk,  in  fresh  bone,  in  cereals,  turnips  and  potatoes.  Traces  may  likewise 
be  found  in  fish  and  eggs,  but  the  quantities  are  too  small  to  be  of  consequence,  even 
should  there  have  been  no  accidental  contamination.  Considerable  amounts  were  found 
in  a  commercial  brand  of  cocoa,  to  which  potassium  carbonate  found  to  contain  arsenic, 
had  been  added  to  increase  its  solubility. 

There  is  another  important  fact  that  physicians  giving  testimony  in  court,  should 
bear  in  mind;  namely,  the  osmotic  diffusion  of  certain  substances  throughout  a  dead 
body. 

Arsenic  introduced  into  a  cadaver,  as,  for  example,  in  an  undertaker's  embalming 
fluid  injected  into  the  peritoneal  cavity  without  perforating  the  intestine  or  stomach, 
will  be  carried  into  all  parts;  those  nearest  the  site  of  introduction  being  reached  earliest. 
Under  such  circumstances  the  drug  can  be  demonstrated  not  only  in  the  contents,  but 
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also  in  the  tissue  of  the  stomach,  as  well  as  in  the  liver  and  other  organs,  not  excepting 
the  brain,^*  the  muscles  and  the  bones.  It  will  be  later  in  reaching  the  muscles,  bones, 
Bkin  and  hair  than  if  introduced  during  life,  so  that  the  period  elapsing  between  death 
and  examination  must  be  considered  carefully. 

The  quantity  of  arsenic  found  in  the  cadaver  is  subject,  to  an  apparent  paradox.  It 
is  likely  to  be  comparatively  great  when  the  introduction  has  been  post  mortem,  while 
a  large  part  of  that  administered  during  life  will  have  been  eliminated.  The  appearances 
characteristic  of  the  reaction  of  arsenic  with  living  tissue  will,  moreover,  be  wanting 
when  arsenic  is  introduced  after  death. 

In  some  experiments  made  in  connection  with  a  legal  case  tried  at  Mt.  Holly, 
N.  J.,  it  was  in  evidence  that  the  stomach  of  the  child  alleged  to  have  been  poisoned 
by  arsenic,  was  normal  after  death,  and  a  verdict  of  acquittal  was  rendered.  The 
arsenic  was  in  such  large  quantity  in  the  stomach,  intestine,  liver,  lungs,  heart, 
muscles,  skin,  and  hair  that  immediate  suspicion  of  post  mortem  introduction  had 
been  aroused.  The  embalming  fluid  said  to  have  been  used  was  described  as  being  "free 
from  arsenic,"  but  a  specimen  of  the  same  brand  was  demonstrated  to  contain  a  small 
quantity.  The  source  of  the  mass  of  arsenic  in  the  body,  if  not  embalming  fluid,  was 
apparently  the  undertaker's  syringe,  which  had  previously  and  frequently  been  used  with 
arsenical  fluids. 

Systemic  Action. — The  possibility  of  the  medicinal  use  of  arsenic  depends  upon  the 
fact  that  small — relatively  minute — quantities  of  the  drug  induce  vital  reactions  that  do 
not  involve  the  destruction  of  normal  tissue.  These  effects  are  not  merely  less  in  degree 
than  those  of  poisonous  doses,  but  exhibit  a  virtual  difference  in  kind. 

nigestive  Apparatus. — Medicinal  arsenicals  have  a  somewhat  sweetish,  astringent 
taste.  In  small  doses  (1/200  to  1/100  grains,  0.3  to  0.6  mgm.)  especially  if  given  as  an 
arsenite  solution  shortly  before  eating,  arsenic  stimulates  appetite  and  assists  diges- 
tion; chiefly  by  increasing  the  activity  of  salivary,  peptic  and  intestinal  glands.  It 
likewise  improves  local  circulation  and  hastens  peristalsis.  In  the  absence  of  habitua- 
tion, full  doses  (1/60  to  1/12  grain;  1  to  5  mgm.)  excite  salivation,  nausea,  vomiting, 
epigastric  pain,  diarrhea,  or  constipation  and,  if  continued,  chronic  intoxication.  Larger 
doses,  (%  to  Ys  grain;  0.01  to  0.02  Gm.)  produce  dryness  and  burning  of  the  tongue, 
moufh  and  throat  and  perhaps  epigastric  cramp. 

Still  larger  doses  bring  on,  additionally,  the  gastroenteric  phenomena  of  acute 
corrosive  poisoning.  It  is  to  be  remembered  that  these  are  somewhat  later  in  their 
onset  than  those  of  corrosive  poisons  in  general,  being  developed  in  consequence  of  the 
systemic  influence  of  the  drug  and  its  local  action  during  elimination. 

Retching  and  vomiting  are  usually  among  the  first  symptoms  and,  if  delayed,  may  be 
provoked  by  food,  water,  or  the  blandest  drink.  Once  initiated  they  are  almost  incessant. 
At  first  the  vomitus  may  consist  chiefiy  of  food,  later  there  is  mucus,  glairy  and  watery 
fluid,  bile,  and  often  blood. 

In  addition  to  the  burning  and  constriction  of  the  throat  and  gullet,  there  is  intense 
thirst  from  the  great  loss  of  fiuids  through  vomiting,  and  finally,  purging.  Serous 
exudation  takes  place  beneath  the  epithelial  layer  of  the  mucous  membrane,  detaching  it 
here  and  there,  and  shreds  and  flakes  appearing  in  the  stools  give  them  a  characteristic 
"rice-water"  type.  There  is  more  or  less  constant  abdominal  pain,  which  may  radiate  to 
the  back  and  loins,  wiTh  tenderness,  sometimes  tumidity,  and  paroxysmal  cramps.  Later 
there  is  rectal  and  anal  irritation,  often  tenesmus.  The  stool  may  be  expelled  violently, 
with  writhing,  which  passes  on  into  convulsions. 

Liver. — That  there  is  a  selective  action  between  the  liver  cells  and  arsenic  seems 
well  established.  Upon  absorption  it  excites  the  outpouring  of  bile,  and  upon  elimination 
stimulates  again  at  the  point  of  excretion.  In  cases  of  poisoning,  the  liver  enlarges, 
many  of  its  cells  undergo  fatty  degeneration;  the  glycogen  diminishes  or  even  disappears, 
sometimes  in  advance  of  the  fatty  change. 

Puncture  of  the  medulla  will  not  cause  glycosuria  in  an  animal  poisoned  with 
arsenic,  although  curare  and  other  drugs  may  still  do  so. 

The  jaundice  of  hydrogen  arsenide  poisoning  is  caused  by  formation  in  excess  of 
altered  bile  from  the  hemoglobin  of  the  disintegrated  blood  cells. 

Blood. — The  direct  influence  of  arsenic  on  the  blood  and  blood-forming  organs  Is 

"According  to  Chittenden  and  others,  the  presence  of  even  minute  amounts  of 
arsenic  in  the  brain  is  evidence  of  antemortem  administration. 
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still  somewhat  obscure,  but  the  following  accou-nt  fairly  represents  the  main  results  of 
investigation. 

The  arsenious  ion  combines  with  the  blood  cells,  as  with  analogous  parenchymatous 
tissues.  In  the  normal  organism,  the-  number  of  red  cells  is  not  appreciably  affected 
by  moderate  doses  (less  than  i,,-,  grain,  0.01  Gm.).  It  is  lessened  by  doses  reaching  14 
grain  (0.015  Gm.).  Still  larger  quantities,  especially  in  repeated  doses,  cause  signif- 
icant morphologic  changes;  megalocytes,  microcytes,  vacuolated,  deformed  ami  nucle- 
ated cells  may  be  seen.  The  larger  cells  are  richer  in  hemoglobin,  as  shown  by  a 
practically  unchanged  percentage  reading,  with  a  higher  color-index;  but  the  power  of 
the  blood  to  take  up  oxygen  apparently  diminishes.  The  bone-marrow  is  stimulated, 
the  number  of  hematoblasts,  less  frequently  that  of  white  cells,  increasing. 

Somewhat  different  is  the  influence  of  arsenic  when  blood  changes  have  been  pro- 
duced by  disease.  It  reduces  abnormal  production  of  leucocytes,  and  tends  to  restore 
the  erythrocytes  to  normal  number,  appearance,  hemoglobin  content,  and  oxidizing  func- 
tion. The  amelioration  is  sometimes  very  rapid,  even  in  diseases  in  which  it  cannot 
be  maintained,  as  carcinoma,  leucemia,  and  pernicious  anemia.  It  is  probably  to  be 
ascribed  in  part  to  destruction  of  feeble  cells,  followed  by  reproduction  of  more  vigorous 
elements,  through  stimulation  not  alone  of  the  blood-making  tissues,  but  also  of  general 
nutritive,  especially  circulatory,  activity.  In  certain  cases,  there  is  perhaps  likewise  a 
destructive  action  upon  microJirganisms. 

In  normal  dogs  the  regeneration  of  blood  after  hemorrhage  is  not  hastened 
(Whipple). 

Arsenious  acid,  1:400,000,  mixed  with  blood  in  vitro,  renders  the  red  cells  more 
resistant  to  laking  by  distilled  water  (Gunn). 

There  are  also  certain  changes  in  the  plasma.  The  thrombi  characteristic  of  poison- 
ing are  composed  of  blood-plates,  but  there  is  also  a  thickening  and  Increased  tendency 
to'coagulate  from  loss  of  fluid.    A.lkalinity  is  diminished. 

In  hydrogen  arsenide  poisoning  the  blood  is  quickly  disorganized;  there  is  marked 
deformity  and  dissolution  of  red  cells,  hemoglobin,  methemoglobin  and  sometimes  hem- 
atin  crystals  being  set  free  in  the  plasma.  It  is  held  by  some  that  a  certain  amount 
of  hydrogen  arsenide  is  formed  in  the  intestine  or  in  the  blood  in  all  cases  of  acute 
arsenic  poisoning,  and  that  even  in  chronic  poisoning,  cytolysis  may,  in  part,  thus  be 
caused. 

Circulation. — In  warm  blooded  animals,  small  doses  of  arsenic  lessen  pneumo- 
gastric  inhibition  and  stimulate  the  intracardiac  ganglia,  thus  accelerating  the  action  of 
the  heart.  Medium  doses  increase  the  vigor,  but  lessen  the  number,  of  the  cardiac  con- 
tractions. Large  doses  diminish  both.  While  experimenters  are  divided  in  opinion,  the 
depressing  effect  of  large  doses  seems  to  be  due  in  part  to  direct  action  upon  the  myo- 
cardium, in  part  to  central  paralysis  and  in  part  to  paralysis  of  the  cardiac  ganglia. 

The  principal  circulatory  effects  of  arsenic,  however,  are  exerted  upon  the  vessels, 
and  especially  the  capillaries,  which  are  dilated  through  peripheral  vasomotor  depression, 
or  paralysis.  Solutions  of  arsenic  acid  or  of  arsenious  acid  added  to  the  perfusion 
fluids  cause  vasodilatation.  In  the  frog  1:100,000  of  either  sufflces;  while  in  the  rabbit 
kidney  1:  10,000  is  needed   .(Tscherkess). 

In  medicinal  degree,  the  effect  of  vascular  dilatation  and  increased  lymph  transuda- 
tion, combined  with  accelerated  cardiac  impulse,  is  to  favor  cell  nutrition;  this  in  turn 
strengthens  the  heart  and  further  improves  the  circulation. 

In  toxic  degree,  the  vessel  wall  becomes  permeable;  the  most  constant  and  wide- 
spread lesion  in  chronic  arsenic  poisoning  being  paralysis  of  the  arterioles  and  capil- 
laries, and  fatty  degeneration  of  their  walls.  This  leads  to  escape  of  fluid  and  cells,  to 
pufiiness  under  the  eyelids,  and  edema,  which  may  always  be  seen  if  an  infusion  of 
saline  be  given  to  animals  poisoned  with  arsenic.  The  distended  vessels  may  rupture, 
leading  to  ecchymoses  and  even  hemorrhages.  The  submucous  transudations,  epithelial 
desquamations  and  great  losses  of  fluid  characteristic  of  arsenic  poisoning  are  further 
consequences  of  the  vascular  paralysis  and  leakage.  These  effects  occur  chiefly  in  ,the 
splanchnic  area,  and  account  in  large  part  for  the  gastroenteric  symptoms.  Blood- 
pressure  is  reduced  markedly  and,  as  the  abdominal  congestion  increases,  may  fall 
nearly  to  zero.  When  this  fall  is  sudden,  the  central  nerve  system  becomes  ischemic  and 
the  narcotic  type  of  poisoning  is  thus  plausibly  explained. 

Respiration  and  Respiratory  Tract. — In  experiments  upon  warm  blooded  animals, 
the  respiratory  movements  are  at  first  accelerated  by  small  doses,  then  return  to  nor- 
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mal;    but  with  larger  doses  they  become  feebler  and   less  frequent,  and   finally  cease, 
while  the  heart  is  still  beating. 

Arsenic-eating  mountaineers  ascribe  ease  of  breathing  during  long  climbs  to  their 
habit.  Under  the  influence  of  moderate  doses  the  exchange  of  gases  diminishes  and  the 
need  of  oxygen  becomes  less   imperative. 

The  disturbances  of  respiration  observed  in  acute  poisoning  in  man  arise  chiefly 
from  restraint  of  the  diaphragm  by  abdominal  pain  and  from  the  circulatory  failure, 
especially  the  low  blood-pressure. 

In  therapeutic  doses  arsenic  stimulates  the  bronchial  mucous  membrane  and  the 
secretions  become  freer.  In  chronic  poisoning,  especially  by  inhalation,  it  causes  an 
irritative  cough  with  scanty,  tough  secretion  and  more  or  less  catarrhal  inflammation 
of  the  mucous  membranes  of  the  whole  air  tract. 

In  acute  poisoning  of  sufficient  duration  there  are  congestion  and  edema  of  the 
lungs  with  subpleural  hemorrhage  and  cell  changes  occur  as  in  other  organs. 

General  Metabolism  and  Nutrition. — It  has  been  maintained  that  arsenicals  act  in 
the  blood  and  tissues  somewhat  as  a  reversible  ferment,  an  oxydase;  passing  by  appro- 
priation of  oxygen  from  arsenite  to  arsenate — or;  rather,  from  arsenious  ion  (As^Oj,  tri- 
oxide)  to  arsenic  ion  (AS;j05,  pentoxide) — and  then  by  reduction  back  to  the  lower  state. 
The  perturbation  of  the  atomic  constituents  of  cells  by  this  alternate  oxidation  and 
deoxidation  is  said  'to  explain  the  influence  of  arsenic  upon  tissue.  The  theory  lacks 
experimental  evidence. 

Medicinal  doses  of  arsenicals  improve  nutrition  and  increase  the  deposit  of  adipose 
tissue;  partly  through  chemical  processes  favoring  fatty  change,  partly  through  stimula- 
tion of  appetite,  digestion  and  circulation  of  blood  and  lymph;  partly  through  the  regen- 
erative reaction  of  body  cells  in  general  against  a  gently  destructive  (alterative)  in- 
fluence. If  weight  increases,  the  total  metabolism  will  be  found  to  be  decreased  (Kramer 
and  Tonczek),  an  observation  which  seems  at  variance  with  the  theory  of  the  favoring 
influence  of  arsenic  on  oxidative  processes. 

In  young  animals,  the  growth  of  bone  is  stimulated,  both  length  and  density  In- 
creasing and  the  Haversian  canals  showing  a  tendency  to  fill  up.  The  children  of  the 
miners  of  Reichensteiu,  however,  who  are  much  exposed  to  arsenical  ores  suffer  with 
rickets  of  a  severe  type.  The  effect  thus  resembles  that  of  phosphorus.  It  may  perhaps 
be  attributable  to  the  tendency  of  arsenic  to  displace  phosphorus  from  its  combinations 
in  living  tissue;  small  doses  exciting  a  reparative  reaction,  which  may  go  too  far 
under  their  prolonged  use;  large  doses  setting  up  a  frank  destruction. 

Allusions  have  been  made  to  the  improvement  in  appearance,  weight,  liveliness, 
sexual  appetite,'  muscular  vigor  and  endurance  which  Styrian  peasants  and  horse  dealers 
attribute  to  the  habit  of  arsenophagia,  and  to  the  loss  of  strength  and  weight  following 
sudden  withdrawal  of  the  drug.  Cloetta  found  that  dogs  given  small  amounts  of  arsenious 
oxide  daily,  developed  better  than  controls,  but  the  reverse  was  seen  by  Sollmann  In  rat8 
receiving  from  1/25,000  to  1/120  mgm.  per  kilo  daily.  Suda  saw  no  benefit  from  admin- 
istration of  arsenic  to  animals  receiving  a  diet  deficient  in  vitamines.  Excessive  medici- 
nal doses,  however,  or  even  moderate  doses  too  long  continued  will  do  harm;  the  favor- 
able influence  on  metabolism  being  lost  and  the  unfavorable  effects  in  this,  as  in  other 
spheres,  predominating. 

In  therapeutic  doses,  arsenic  lessens,  as  a  rule,  the  production  of  urea.  The  excre- 
tion of  uric  and  phosphoric  acids  and  of  ammonium  compounds  is  increased.  The 
carbonic  acid  output  is  diminished. 

Apparently,  therefore,  oxidation  is  decreased.  This  is  notably  the  case  in  morbid 
hyperoxidations  such  as  certain  forms  of  pulmonary  tuberculosis — the  true  "consump- 
tion" with  fever  and  rapid  emaciation — certain  forms  of  Graves'  syndrome,  and  even 
toxic  thyroid  adenoma,  and  some  cases  of  diabetes  mellitus. 

In  toxic  doses,  as  we  have  seen,  the  drug  causes  fatty  degeneration  of  organs  with 
diminution  or  disappearance  of  hepatic  glycogen.  Failure  of  liver  function,  destruction 
of  various  tissues,  and  deficient  oxidation  are  evidenced  by  the  chemistry  of  the  urine; 
sarcolactic  acid  is  present,  and  with  great  increase  of  total  nitrogen,  there  is  marked 
excess  of  ammonium  compounds  and  deficiency  of  urea. 

Dogs  show,  after  prolonged  administration  of  arsenious  acid,  a  lessened  tendency  to 
alimentary  and  morphine  glycosuria,  but  no  diminution  in  epinephrin  hyperglycemia 
(Begermann).  This  may  be  related  to  the  increase  in  size  of  the  islands  of  Langerhans 
noted  in  chronic  arsenic  poisoning  in  guinea-pigs  (Hirata). 
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Temperature. — Therapeutic  quantities  of  arsenic  are  ordinarily  without  effect  upon 
temperature.  The  lessening  of  oxidation  brought  about  by  full  medicinal  doses  some- 
times depresses  it  slightly,  especially  in  febrile  cases.  In  conditions  of  asthenia  associated 
with  subnormal  temperature,  the  general  stimulation  of  function  may  bring  about  a  rise 
to  normal. 

Fall  of  temperature  is  an  accompaniment  of  the  collapse  of  acute  poisoning  and  is 
the  rule  in  the  narcotic  type,  and  when  nervous  symptoms  are  pronounced. 

Under  conditions  not  well  understood,  elevation  of  temperature  may  take  place. 
This  has  been  observed  in  exceptional  cases  of  acute  poisoning,  and  is  not  very  uncom- 
mon in  chronic  intoxication  of  the  respiratory  or  gastro-enteric  type;  possibly  as  a  sec- 
ondary result  of  the  inflammation  of  the  mucous  membranes. 

Genital  Organs. — Stimulation  of  the  genital  organs  by  small  doses  is  asserted,  and 
the  Styrians  believe  that  their  arsenic  eating  leads  to  this.  The  fact  is  not  established, 
however. 

Nerve  System. — The  effects  of  single  doses  of  arsenic  upon,  the  nerve  system,  as 
well  as  the  nervous  symptoms  encountered  in  acute  arsenic  poisoning,  are  chiefly  indirect, 
being  largely  occasioned  by  the  circulatory  disturbances  and  dependent  on  the  vascular 
lesions. 

That  there  is  also  a  direct  paralyzant  effect  on  the  nerve  centers  is  indicated  by  the 
occurrence  of  paralytic  phenomena  in  frogs;  in  which  animals,  interference  with  the 
circulation  produces  its  effects  more  slowly. 

It  is  possible  that  the  interference  with  the  functional  activity  of  the  centers  Is  due 
in  part  to  the  substitution  of  phosphorus  in  lecithin  by  arsenic.  Such  a  change  has 
been  shown  to  occur  outside  the  body,  but  has  not  been  demonstrated  in  the' nerve  cell. 

The  first  effect  of  small  doses  of  arsenicals  is  to  stimulate  the  activity  of 
nerve  cells  and  to  diminish  the  sense  of  fatigue  accompanying  and  following  voluntary 
exertion. 

In  acute  intoxication  the  centers  are  involved  before  the  peripheral  nerves  and  the 
nerves  before  the  muscles.  This  is  true  not  only  of  the  narcotic  type  of  poisoning,  in 
which  coma  occurs  suddenly  or  after  a  few  hours  of  drowsiness  or  stuporous  delirium, 
but  also  of  the  excited  type,  with  its  delirium  and  convulsions.  Even  in  the  gastro- 
enteric type,  the  cramps  and  tremors  of  skeletal  muscles  are  of  central  origin. 

Chronic  intoxication  is  characterized  chiefly  by  widespread  inflammation,  involving 
the  peripheral  nerve  structures.  The  peripheral  sensory  fibers  are  attacked  first,  then 
the  motor  fibers,  and  last  the  nerve  cells.  The  lower  extremities  suffer  before  and  more 
than,  the  upper;  the  leg  and  forearm  more  that,  the  thigh  and  upper  arm;  the  extensors, 
peroneals  and  supinators  more  than  the  flexors  and  pronators. 

The  multipolar  ganglion  cells  of  the  anterior  horns  of  the  cord  are  the  least  resistant 
of  the  central  structures,  but  none  is  immune,  and  the  picture  of  a  multiple  neuritis 
affecting  first  the  feet  and  legs,  then  the  hands  and  forearms,  lastly  the  thighs  and  arms, 
may  pass  over  info  that  of  an  anterior  poliomyelitis,  or  a  pseudo-tabes,  or  even  a  com- 
plete myelitis.  When  poisoning  is  unsuspected,  mistakes  in  diagnosis  are  easily  made; 
the  more  so  if  the  collateral  symptoms  in  the  alimentary  and  bronchial  tracts  be  slight, 
or  fail  to  receive  due  attention. 

Peripheral  neuritis  may  come  on  within  a  fortnight  of  beginning  arsenical  treat- 
ment and  may  be  occasioned  by  a  few  drops  of  Fowler  solution  daily.  The  early  symp- 
toms must  therefore,  be  looked  for  with  great  care  in  all  persons  who  are  undergoing 
arsenical  treatment.  The  first  indication  is  numbness  and  tingling  in  the  feet  and  legs 
with  perhaps  slight  headache.  The  pain,  at  first  paroxysmal,  becomes  more  persistent, 
severe  muscular  cramps  are  experienced;  pain  and  tenderness,  especially  in  the  lower 
extremities,  are  marked;  paresthetic  and  anesthetic  areas  develop  in  both  upper  and 
lower  limbs;  anesthesia  may  indeed  dominate  the  picture.  Muscular  feebleness  and 
paralysis,  steppage  gait,  perhaps  ataxia,  ensue;  the  knee  jerks,  at  first  exaggerated,  may 
be  lost.  The  affected  muscles  atrophy.  Percussion  irritability  increases,  while  faradic 
contractility  is  lessened  or  abolished  and  galvanic  response  impaired.  Reactions  of  degen- 
eration are  rare. 

If  any  of  these  phenomena  are  manifested  by  a  person  receiving  arsenic,  the  drug 
should  be  Immediately  withdrawn.  Cutaneous  eruptions  are  not  necessarily  a  sign  of 
impending  severe  intoxication. 

Recovery  from  arsenical  neuritis  of  the  milder  grades  may  be  prompt  if  the  diag- 
nosis be  made  early,  the  drug  withdrawn,  and  elimiuative  treatment  instituted.     From 
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severe  and  long  continued  poisoning  it  is  slow,  interrupted,  and  often  incomplete. 
Sensibility  returns  before  motility.  In  the  most  severe  cases,  there  may  be  paralysis  of 
almost  all  the  skeletal  muscles,  even  involving  those  of  the  trunk,  and — although  rarely — 
the  anal  and  vesical  sphincters.  In  such  cases  death  results  from  exhaustion  or  paralysis 
of  respiration. 

Optic  neuritis  is  rarely  encountered  in  poisoning  by  inorganic  arsenicals,  but  is  fre- 
quently met  with  in  intoxication  by  certain  organic  compounds.  Impairment  of  hearing 
is  rare. 

Apart  from  withdrawal  of  the  drug  and  measures  to  encourage  its  elimination,  such 
as  diuretics,  cathartics  and  measures  to  induce  sweating,  the  treatment  of  arsenical 
neuritis  is  the  same  as  that  of  neuritis  from  other  causes.  The  recovery  of  the  muscles 
may  be  aided  by  electricity,  massage  and  judicious  exercises.  Mechanical  measures 
should  not  be  severe  enough  to  be  painful.  The  use  of  anodynes  may  be  necessary  to 
relieve  the  severe  pain  of  the  early  stages. 

Kidneys. — Medicinal  doses  of  arsenic  stimulate  renal  function;  excessive  quantities 
or  prolonged  use  of  the  drug  may  cause  albuminuria,  parenchymatous  nephritis,  fatty 
degeneration.  In  acute  intoxication,  suppression  of  urine  results  from  the  paralysis  of 
the  renal  capillaries,  which  leads  to  compression  of  the  glomeruli,  and  from  loss  of  fluid 
by  purging.  When  death  occurs  early,  the  kidneys  may  show  microscopic  changes  only, 
but  if  it  be  delayed,  the  organ  is  enlarged  and  congested  and  hemorrhagic  infiltration 
may  be  evident.  In  hydrogen  arsenide  poisoning  the  gross  lesions  may  be  pronounced 
and  the  tubules  are  plugged  with  the  products  of  the  disintegration  of  blood-cells. 

Skin. — The  drug  is  eliminated  by  the  skin  and  is  believed  to  exercise  a  stimulant, 
nutritive,  perhaps  antiseptic,  effect  during  the  process.  It  may  improve,  for  a  time,  the 
local  circulation  of  blood  and  lymph,  giving  a  "milk  and  roses"  complexion.  It  imparts 
glossiness  to  the  coat  of  horses. 

When  given  in  large  doses  or  over  a  long  time  it  is  retained  in  the  cutaneous  struc- 
tures and  there  is  some  evidence  that  they  may  contain  a  trace,  normally.  In  acute 
intoxication,  when  life  is  prolonged  beyond  36  or  48  hours,  eruptions  appear.  The 
earliest  signs  of  intolerance  affect  the  skin  and  contiguous  membranes.  In  chronic  poison- 
ing the  skin  is  often  involved  in  severe  irritative,  hypertrophic,  inflammatory,  and 
even  destructive  processes.  Pigmentation,  scleroderma  and  keratosis,  multiple  ulcera- 
tions and  skin  cancer,  are  the  most  frequent  manifestations. 

The  pigmentations  observed  in  chronic  arsenicism  are  caused  by  the  deposit  of 
altered  hemoglobin  from  disintegration  of  blood-cells  and  the  other  phenomena  arise  in 
part  from  vascular  disturbances,  but  there  is  evidently,  in  addition,  an  action  upon  the 
cutaneous  epithelium  that  affects  the  deep  layers  as  well  as  the  surface.  It  is  not  to  be 
called  selective,  only  because  arsenic  affects  in  like  manner  all  epithelial  and  endothelial 
structures. 

Therapeutics. — The  contrast  between  the  poisonous  effects  and  the  medicinal  use 
of  arsenic  is  striking.  Superficially  interpreted,  it  might  lend  support  to  the  homeo- 
pathic dogma.  In  laxge  doses,  the  drug  injures  and  destroys  normal  blood  cells;  in 
small  doses,  it  corrects  the  moi-phology  of"  abnormal  blood.  Administered  for  brief 
periods,  it  stimulates  digestion  and  heightens  nutrition ;  continued  too  long,  it  impairs 
appetite  and  causes  wasting.  Similar  antitheses  might  be  cited  throughout  the  whole 
range  of  its  action.  Hence,  it  has  been  said  that  the  toxicology  of  arsenic  and  the  de- 
tailed study  of  its  influence  upon  tissue  and  function  throw  little  light  upon  its  thera- 
peutics. If,  however,  we  consider  the  general  principles  laid  down  in  considering  the 
general  subject  of  the  variability  of  drug  effects,  the  pharmacology  of  arsenic  becomes 
a  trustworthy  guide  to  its  use  as  a  medicament.  As  an  antiseptic  agent,  it  kills  try- 
panosomes  and  spirochetes,  and  inhibits  the  reproduction  of  the  malarial  hematozoa. 
As  a  tissue  alterant,  it  tends  to  destroy  morbid  cells,  including  the  blood  corpuscles, 
and  thus  stimulates  the  genesis  of  new  and  healthy  ones.  As  a  modifier  of  function, 
it  may  be  administered  to  depress  hyperoxidative  processes,  and  thus  conserve  nutri- 
tion; to  promote  glycolysis;  to  increase  adipose  deposits;  to  favor  osteogenesis;  to 
energize  the  functions  of  organic  life;  to  improve  the  secretions;  to  heighten  the 
general  resistance  to  pathogenic  agents.    Beyond  these  are  a  few  uses  still  empirical. 
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that  will  possibly  prove  to  be  dependent  upon  chemical  processes  only,  possibly  upon 
the  destruction  of  parasitic  organisms. 

It  is  a  potent  remedy;  but  also  and  always  a  potential  poison.  Care,  watchfulness, 
adaptation,  are  the  secrets  of  its  successful  use.  Both  in  quantity  and  in  time,  it 
must  be  ekillfully  adjusted  to  the  varying  nature  of  the  aifections  in  which  it  is 
prescribefl,  and  to  the  reactions  observed,  from  day  to  day,  and  week  to  week,  in 
the  indiv'dual  patient.  Moreover,  there  is  no  drug  in  tlie  administration  of  which  the 
knowledge  of  the  physician  can  more  helpfully  be  exerted,  to  devise  associations  and 
alternatiois  of  remedies. 

As  illustrative  of  such  associations,  mention  may  be  made  of  iron,  glycerophos- 
phates and  strychnine,  in  hematinic,  nervine  and  tonic  prescriptions;  of  methylene 
blue  and  quinine,  in  antiparasitic  medication;  of  iodoform,  in  the  treatment  of 
tuberculosis;  of  opium,  in  the  management  of  gastro-intestinal  disorders  and  of 
psychoses.  Other  affections,  often  the  individual  case,  will  suggest  other  associations. 
It  is  said  that  children  bear  proportionately  larger  doses  of  arsenicals  than  do  adults, 
and  that  girls  are  less  susceptible  to  it  than  boys;  but  we  cannot  confirm  this  dictum, 
when  the  same  classes  of  cases  are  compared. 

Arsenic  ranks  next  after  quinine  in  the  control  of  malaria;  it  is  less  efficacious — 
often,  indeed,  of  no  value  whatever — in  the  acute  malarial  paroxysms,  but  the  malarial 
cachexia  which  may  be  resistant  to  the  action  of  quinine  may  yield  readily  to  arsenic, 
and  the  drug  is  useful  also  to  prevent  a  relapse  after  the  attacks  have  been  con- 
trolled by  quinine.  It  may  be  given  as  arsenious  acid,  1/20  to  1/15  grain  (0.003 
to  0.004  Cm.),  in  pill  with  quinine.  If  a  relapse  occurs  nevertheless,  the  arsenious 
acid  may  be  replaced  by  another  arsenic  preparation,  such  as  one  of  the  cacodylates 
or  arsphenamine. 

In  subacute  and  clironic  malaria,  and  in  all  forms  of  malarial  sequelae — neuralgias, 
anemias,  splenomegalies,  hepatic  affections,  etc. — arsenic  has  a  decided  value,  proved 
by  long  experience.  According  to  the  special  symptomatology  or  the  patient's  idio- 
syncrasy, it  may  be  associated  with  iodine,  strychnine,  iron,  hydrastis,  salicin,  ergot, 
picrotoxin,  cinchona  preparations,  or  medicinal  methylene  blue.  Its  beneficial  action 
is  especially  manifest  in  those  cases  in  which  quinine  alone  has  proved  unequal  to 
the  complete  destruction  of  the  Plasmodium,  and  in  which  there  is  a  tendency  to 
periodic  recurrences.  As  a  rule,  it  is  of  much  less  service  in  the  acute  malarial  fevers 
of  temperate  climates,  but  may  be  given  in  the  form  of  Fowler  solution,  in  ascending 
doses,  to  patients  who  cannot  tolerate  quinine  or  its  congeners  in  effective  quantities. 

Blackwater  fever  has  been  treated  with  reported  success  by  arsenic  in  the  doses 
employed  in  malarial  cachexia,  but  theoretically  one  of  the  organic  derivatives  would 
be  more  suitable.  It  has  been  recommended  also  in  cases  of  paroxysmal  hemo- 
globinuria. 

Practitioners  of  experience 'recommend  most  highly  the  use  of  iron  and  arsenic, 
the  latter  in  full  dose  of  10  minims  (0.6  cc.)  of  Fowler  solution,  in  the  treatment  of 
relapsing  fever.  In  Carrion  disease  (Oroya  fever)  it  has  been  suggested  that,  as  the 
pathogenic  organism  is  probably  a  protozoon,  arsenic  in  some  form  should  prove  to  be 
specific.  Peruvian  physicians  have  made  a  trial  of  Fowler  solution  in  2  to  10  drop 
(0.12  to  0.6  cc.)  doses  and  of  atoxyl,  but  without  any  positive  result.  Arsphenamine 
offers  a  better  prospect  of  success. 

That  the  long-continued  use  of  Fowler  solution  in  small  doses  will,  at  times, 
retard  the  development,  spread,  and  metastasis  of  carcinomatous  growths  wherever 
situated,  seems  to  be  well  attested.  Demonstrative  proof  is,  of  course,  unattainable, 
but  in  the  absence  of  any  assured  method  of  effecting  such  result,  the  possibility 
of  "doing  good  and  no  harm"  with  arsenic  is  well  worth  trial.     The  drug  should  be 
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given  in  small  doses,  1/30  grain  of  arsenious  acid  or  2  drops  of  Fowler  solution,  three 
times  daily  after  meals ;  if  signs  of  intolerance  appear,  the  dose  must  be  lowered  but  the 
administration  of  the  drug  should  not  be  discontinued. 

The  method  may  properly  be  employed  in  conjunction  with  roentgenism,  radio- 
therapy, phototherapy,,  the  injection  of  indifferent  vegetable  proteins,  the  administra- 
tion of  fluorescent  substances  in  any  inoperable  cases.  It  may  also  help  to  prepare 
the  field,  previous  to  operation,  and  to  prevent  or  retard  occurrence  after  operation.  To 
promote  tolerance,  as  well  as  to  relieve  pain,  opium  may  be  administered  at  the  same 
time. 

Topical. — Arsenic  was  at  one  time  in  quite  extensive  .use  as  a  caustic  in  the  treat- 
ment of  warts,  lupus,  rodent  ulcer,  even  mammary  cancer,  but  it  is  seldom  so  employed 
at  the  present  day.  It  was  applied  in  the  form  of  a  paste  of  arsenious  acid,  2  parts; 
charcoal,  12  parts;  sufficiently  moistened.  On  account,  however,  of  the  ever-present 
danger  of  absorption  of  enough  arsenic  to  poison  the  patient  and  also  on  account  of  the 
great  pain  it  causes,  this  use  of  the  drug  as  a  caustic  has  been  abandoned  except  by 
quacks,  and  in  exceptional  instances.  Fowler  solution  is  sometimes  used  as  an  applica- 
tion to  corns.  Arsenic  is  employed  in  dentistry  to  destroy  the  pulp,  "kill  the  nerve," 
of  a  carious  tooth ;  arsenious  acid,  2  parts,  and  morphine  sulphate,  1  part,  are  made 
into  a  paste  with  liquid  phenol  and  inserted,  on  cotton,  into  the  cavity  of  the  tooth, 
which  is  then  capped  and  sealed. 

Systemic. — In  diseases  and  disorders  of  the  digestive  tract,  arsenic  has  a  wide 
range  of  usefulness.  It  frequently  overcomes  anorexia,  whether  due  to  nervous  depres- 
sion, to  general  asthenia,  or  to  affections,  slight  or  severe,  of  the  stomach  and  bowel. 
For  this  purpose,  as  likewise  in  so-called  atonic  dyspepsia,  especially  when  distress 
after  eating,  belching,  fermentative  diarrhea  and  colicky  "wind  pains"  are  marked 
symptoms,  small  doses  of  Fowler  solution — 0.03  to  0.06  cc,  {^2  to  1  minim,  in  1  to  4 
teaspoonfuls  of  water)  may  be  taken  from  10  to  30  minutes  before  eating — with  per- 
haps a  digestive  ferment,  during,  or  after,  the  meal. 

The  drug  is  to  be  used  in  the  same  manner,  for  the  relief  of  vomiting  of  gastric 
origin,  and  is,  at  times,  successful  in  controlling  the  vomiting  of  pregnancy.  In 
chronic  gastritis,  when  hydrochloric  acid  secretion  is  subnormal  or  variable,  the 
arsenite  solution  is  also  best  given  shortly  before  meals,  but  the  dose  may  be  in- 
creased to  0.15  cc.  (2  minims).  Alcoholic  gastritis,  in  particular,  is  much  benefited 
by  this  treatment,  the  vomiting  diminishing,  or  even  disappearing,  at  times,  with 
surprising  promptness.  Such  treatment  should  not  be  too  long  continued;  but  may 
be  intermitted  and  resumed  from  time  to  time,  if  necessary.  In  cases  of  hyperacidity, 
with  chronic,  torpid,  or  healed  ulceration  or  erosion,  arsenic  is  less  useful,  and,  if 
employed,  should  be  given  after  food.  It  is  contraindicated,  in  the  presence  of  acute 
or  severe  symptoms  of  active  ulceration.  In  carcinoma  of  the  alimentary  tract, 
however,  arsenicals  are  among  the  palliatives  useful  from  time  to  time.  Here,  too, 
and  in  general,  when  systemic,  rather  than  topical,  action  is  desired,  the  drug  is  to 
be  taken  after  food.  In  chronic  intestinal  catarrh,  and,  particularly,  in  obstinate 
cases  with  constipation  alternating  with  muco-memhranou&  diarrhea.  Fowler  solution 
in  small  doses  is  often  helpful,  for  a  limited  period,  and  may  be  repeated  occasionally 
in  the  course  of  treatment. 

Persistent  or  recurrent  diarrhea,  resulting  from  atonic,  irritative  or  catarrhal 
states  of  the  intestinal  mucous  membrane,  from  putrefactive  fermentation,  or  from 
chronic  ulcerative  enterocolitis,  is,  not  rarely,  controlled  by  small  doses  (0.06  to 
0.2  cc. — 1  to  3  minims)  of  Fowler  solution.  Similar  doses  are  of  value  in  diarrhea 
with  abdominal  pain  and  are  said  to  be  useful  in  acute  dysentery,  in  cholera  morbus, 
and  in  Asiatic  cholera,  but  we  have  had  no  experience  leading  us  to  expect  the  drug 
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to  be  of  service  in  these  conditions.  Cuprous  arsenite  in  very  small  closes  (1/1200  to 
1/fiOO  grain — 0.05  to  0.1  mgm.),  frequently  repeated,  has  been  used  as  an  intestinal 
disinfectant  and  astringent  in  various  forms  of  diarrhea,  including  mucous  colitis, 
typhoid  fever  and  dysentery.  Wliether  or  not  the  drug  is  to  be  given  when  the  stomach 
and  bowel  contain  food  and,  in  either  event,  the  exact  time  of  administration,  are  to 
be  determined  by  the  result  of  the  individual  case.  An  hour  or  two  before  eating  is 
often  the  pi'eferable  time.  Tuberculous  diarrhea  sometimes  yields  to  the  same  treat- 
ment. Small  doses  of  opium  (laudanum,  paregoric  or  Dover  powder)  may  be  given 
coincidently;  and  in  some  cases  the  use  of  colloidal  silver  by  stomach,  by  rectal  injec- 
tion or  by  suppository  is  additionally  useful.  The  diet  should,  if  possible,  be  restricted 
to  broiled,  chopped  beef,  and  hot  water. 

In  hepatic  torpor,  in  heginning  atrophy  of  the  liver,  in  catarrhal  jaundice,  and 
in  cases  of  intestinal  indigestion  apparently  dependent  upon  lack  of  pancreatic  secre- 
tion, the  stimulating  action  of  small  doses  of  arsenic  is  valuable,  and  Fowler  solu- 
tion, arsenious  iodide  or  sodium  arsenate  may  be  associated  with  the  other  remedies 
employed. 

The  arsenicals  find  one  of  their  greatest  fields  of  usefulness  in  affections  associated 
with  regressive  alterations  of  the  blood.  In  so-called  primary  anemias,  in  leucemia, 
in  splenomegalic  anemia,  in  Hodghin's  syndrome,  in  pernicious  anemia,  and  the  other 
obscure  affections  of  the  blood  and  blood-making  organs,  arsenic  is  more  or  less  helpful 
•^raore  helpful  than  any  other  medicament  so  far  known ;  less  helpful  than  our  wishes 
eometimes  make  it  seem.  The  largest  possible  dose  must  be  reached  in  the  shortest 
possible  time,  and  continued  as  long  as  tolerated.  Tolerance  will  be  best  maintained 
by  dosage  upon  a  modified  ascending  or  descending  plan,  with  frequent  intermissions, 
in  which  iron  may  be  substituted.  Hypodermic  medication  is  preferred  by  many  ob- 
servers, from  0.15  to  1.2  cc.  (2  to  20  minims)  of  one-quarter  or  one-half  percent,  solution 
of  sodium,  or  potassium  salts  (arsenite  or  arsenate)  being  employed. 

The  blood  should  be  watched  carefully  as  improvement  becomes  evident,  especially 
as  the  normal  picture  is  approached,  the  arsenical  must  be  diminished  or  suspended. 
The  optic  nerve  should  be  examined  frequently ;  and  early  signs  of  peripheral  neuritis 
be  looked  for.  Too  much  stress  cannot  be  laid  upon  this  point,  as  failure  frequently 
results  from  pushing  arsenic  too  far,  or  using  it  without  intermission.  We  have  seen 
the  symptomatology  of  arsenic  poisoning  substituted  for  that  of  pernicious  anemia, 
with  consequent  hastening  of  death.  In  pernicious  anemia  arsenic  appears  occasionally 
to  cause  a  temporary  improvement,  but  it  as  often  fails.  In  the  anemia  associated  with 
cachectic  conditions,  in  which  iron  is  of  little  or  no  use,  arsenic  in  the  form  of  arsenious 
acid  in  pill  with  nux  vomica  and  gentian,  or  of  Fowler  solution,  often  gives  excellent 
results,  though  not  necessarily  benefiting  the  undei'lying  condition.  Obstinate  cases  of 
chlorosis  which  are  resistant  to  iron  alone,  will  sometimes  yield  on  the  addition  of 
arsenic  in  moderate  doses  (5  drops  of  Fowler  solution  or  1/20  grain  of  arsenious  acid). 
In  pernicious  anemia,  red  bone  marrow  should  be  administered  with  the  arsenic  and 
continued  while  the  latter  is  temporarily  withdrawn.  In  splenic  and  lymphatic  leucemia, 
the  coincident  use  of  fluorescent  medicaments  (methylene  blue,  fluorescein,  quinine 
salts,  sesculin,  etc.),  with  skillful  applications  of  ultra-violet  light,  roentgen  rays  or 
radium,  will  help  enormously.  In  lymphatic  leucemia  good  results  have  been  obtained 
with  atoxyl  in  1  to  2  grain  doses,  or  with  sodium  cacodylate  in  doses  of  V2  to  IV2  grains, 
subcutaneously.  In  Hodglcin's  syndrome  improvement  sometimes  follows  the  exhibi- 
tion of  Fowler  solution  in  doses  of  3  minims,  increased  gradually  up  to  the  limit  of 
tolerance,  three  times  a  day,  or  sodium  cacodylate  in  doses  of  ^/i  grain,  rising  to  l^^ 
grains  (0.015  to  0.1  Gm.).  This  may  increase  the  itching,  in  which  case  some  other 
form  of  arsenic  must  be  substituted  far  it,  or  the  drug  abandoned  altogether.     In 
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leiicemia  it  may  be  possible  sometimes  to  increase  the  dose  of  Fowler  solution  gradually 
— say,  by  1  drop  every  two  days — from  the  initial  one  of  2  drops  (0.12  cc.)  up  to  20 
or  even  30  minims  (1.3  to  2  ce.),  three  times  a  day,  always  after  meals;  it  should  at 
all  events  be  pushed  up  to  the  limit  of  tolerance  and  given  continuously  for  months. 
Complete  and  permanent  recovery  is,  perhaps,  not  unknown,  but  certainly  rare.  Never- 
theless, great  and  long-maintained  improvement  has  been  observed  frequently.  To 
attain  this  result  dietetic  and  hygienic  management,  with  special  care  of  the  teeth, 
the  mouth  and  the  alimentary  tract,  to  reduce  sepsis  to  the  minimum,  must  also  be 
instituted.  In  Hodghin's  syndrome  and  in  lymphatic  leucemia;  injections  of  sodium 
arsenite  have  been  made  into  the  affected  glands.  The  cacodylates  are  well  suited  for 
subcutaneous  use  and  produce  marked  benefit,  but  it  is  doubtful  whether  this  is  a  true 
arsenic  effect. 

Arsenicals  are  administered  in  the  secondary  anemias,  not  only  to  improve  diges- 
tion, but  also  to  influence  the  blood  and  the  blood-making  organs.  The  treatment 
is  useful  in  all  varieties  of  these  affections,  though  in  chlorosis,  and,  especially,  when 
the  patient  is  a  girl  at  puberty,  iron  is  generally  to  be  preferred.  Full  medicinal 
doses  of  Fowler  solution  should  be  given,  but  it  is  rarely  necessary  to  push  them 
to  the  limit  of  tolerance,  except  in  cases  of  malarial  origin.  Hypodermics  of  sodium 
cacodylate  in  doses  up  to  0.5  Gm.  (1  gr.),  with  or  without  an  equal  quantity  of  a 
soluble  iron  salt  (as  iron  citrate),  may  be  given,  with  due  watchfulness,  once  or  twice 
a  week.  In  the  anemia  of  convalesence,  arsenious  acid,  1/30  to  1/20  grain  (0.002  to 
0.003  Gm.)  in  piU  with  iron,  quinine,  and  nux  vomica,  has  a  very  good  effect;  or 
Fowler  solution,  3  drops,  gradually  increased  to  8  (0.2  to  0.5  cc),  three  times  a  day 
after  meals,  with  a  bitter  tonic;  or  cacodylate  of  sodium  may  be  given  in  dose  of  2 
grains  (0.12  Gm.)  twice  a  week  hypodermically. 

Although  the  therapeutic  virtue,  as  well  as  the  toxicity,  of  arsenic  depends  in 
large  degree  on  its  influence  on  the  organs  of  circulation,  it  has  not  much  direct 
applicability  in  cases  of  actual  disease  of  the  heart  and  vessels';  as  it  does  not,  in  safe 
doses,  produce  dynamic  effects  qomparable,  for  example,  with  those  of  the  nitrites  or 
the  digitalis  group.  It  may  be  used,  of  course,  to  improve  nutrition  in  caxdiomy- 
opaihies,  whether  these  constitute  the  whole  disease  or  are  associated  with  valvular 
or  vascular  affections.  It  may  occasionally  be  prescribed  with  benefit  in  angina 
pectoris,  seeming  to  diminish  the  number  and  intensity  of  the  attacks,  and  is  especially 
useful  when  there  is  continuous  pain  and  distress  between  the  paroxysms.  It  should 
be  associated  with  Crataegus  or  with  erythrol  tetranitrate,  and  sodium  iodide.  In 
general  arteriosclerosis,  it  is  among  the  agents  to  be  employed,  from  time  to  time, 
in  like  association,  to   increase  nutrition  and   retard   degeneration. 

Arsenic  is  of  value  in  certain  affections  of  the  respiratory  tract.  Arsenious  iodide, 
or  Donovan  or  Fowler  solution  may  advantageously  be  associated  with  ammonium  or 
potassium  iodide,  in  the  treatment  of  chronic  bronchitis,  the  winter  cough  of  the  aged, 
and  emphysema,  and  other  chronic  catarrhal  affections  of  the  respiratory  passages, 
especially  when  there  is  frequent  ineffective  cough  or  scanty  and  viscid  expectoration. 
Arsenic  internally  in  the  form  of  Fowler  solution  or  solution  of  sodium  arsenate,  in 
doses  of  3  minims  (0.2  cc),  or  as  pills  of  dried  sodium  arsenate,  1/20  grain  (0.003 
Gm.),  with  extract  of  nux  vomica,  will  sometimes  break  up  the  asthma  habit,  and  may 
be  used  to  supplement  desensitization.  The  fumes  from  arsenical  cigarettes  may 
indeed  cut  short  the  asthmatic  paroxysm.  Bibulous  paper  is  dipped  into  a  solution  of 
potassium  arsenite,  15  grains  (1  Gm.)  to  the  ounce  (32  Gm.)  of  water,  or  of  sodium 
arseniate,  30  grains  (2  Gm.)  to  the  ounce  (32  Gm.),  and  when  dry  is  rolled  into  a 
cigarette  two  or  three  puffs  of  which  are  inhaled  deeply. 

Arsenical  medication  has,  likewise,  been  recommended  in  acute  coryza,  and  in 
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hay  fever.  During  the  actual  "season"  of  hay  fever,  the  treatment  is  useless.  How- 
ever, if  undertaken  some  weeks  in  advance,  it  aids  in  "toning  up"  the  autonomic  nerve 
system,  and  thus  tends  to  diminish  the  severity  of  the  paroxysms  which  it  does  not 
prevent. 

The  attack  may  then  the  more  readily  be  controlled  by  adrenal  preparations 
or  anti-pollenic  serum.  Fowler  solution  (0.03  to  0.15  cc. — V^  to  2  minims),  thrice 
daily,  sometimes  increased  to  0.6  (10  minim)  doses,  and  strychnine  arsenate  (0.005 
Gm. — 1/120  grain),  four  or  five  times  daily,  are  useful  preparations  for  the  purpose. 
Prophylactic  pollination  (desensitization)  is  better,  of  course,  but  this  sometimes  fails, 
and  is  often  declined.  Arsenic  may  supplement  it  well,  in  some  cases  of  partial  suc- 
cess.    Here,  also,  calcium  is  usefully  associated. 

In  other  forms  of  auionomic,  and  especially  of  vasomotor,  imhalance,  even  in 
migraine,  in  (Jraves^  and  Kaynaud's  syndromes  and  in  erytliromelalgia  occasional 
benefit  is  observed  from  moderate  courses  of  arsenic  during  the  progress  of  the  case. 

Arsenic,  skillfully  handled,  improves  somatic  nutrition.  Owing  to  its  action  in 
retarding  tissue  waste,  increasing  appetite  and  improving  digestion,  arsenicals  given 
in  very  small  dose — 1/40  grain  (0.0015  Gm.),  of  arsenious  acid  or  1  drop  (0.06  cc.)  of 
Fowler  solution — are  among  the  best  tonics  in  all  run-down  conditions.  The  dose 
should  be  small,  so  as  to  stimulate,  without  irritating,  the  stomach  and  the  adminis- 
tration should  be  continued  for  a  long  period  unless  the  symptoms  of  intolerance 
(suffusion  of  the  eyes,  a  metallic  taste  in  the  mouth,  tremor,  itching,  etc.)  appear. 
The  drug  may  profitably  be  given  in  association  with  nux  vomica,  quinine,  iron,  or 
other  tonics. 

Arsenicals  may  be  associated,  or  alternated  with,  calcium  lactophosphate,  in  the 
treatment  of  rickets;  and  may  be  given  alone  or  with  other  agents,  in  cases  of  tardy 
convalescence,  especially  after  severe  and  exhausting  disease,  or  "when  anemia  and 
depression  are  marked. 

In  the  hypotrophic  state  that  may  be  a  precursor  of  tuberculosis,  and  in  early 
tuberculosis,  moderate  doses  continued  over  a  long  period  with  occasional  intermissions, 
are  of  enormous  value.  Cell  life  is  stimulated,  vital  resistance  increased.  When 
there  is  demonstrable  joint  lesion,  glandular  disease  or  laryngeal  or  pulmonary  infil- 
tration, the  drug  is  best  given  in  association  with  iodoform  or  iodoform  and  iron. 
Arsenious  iodide  (0.0025  to  0.005  Gm.  — 1/24  to  1/12  grain)  is  usually  the  most 
eligible  preparation  for  this  purpose;  but  Donovan  solution  (0.06  to  0.3  cc.  —  1  to  5 
minims)  sometimes  answers  better  with  scrofulous  children.  When  pulmonary  soften- 
ing is  in  process  and,  especially,  if  there  be  continuous,  intermittent,  or  recurrent 
febrile  movement,  in  which  the  temperature  tends  to  exceed  100°  F.,  arsenicals  are  not 
useful  and  may  do  harm.  They  may  be  resumed,  however,  when  cavitation  has  ceased 
and  fever  has  subsided;  and  w'ill  then  assist  in  prolonging  the  stage  of  arrest.  In 
chronic  fibroid  tuberculosis  and  in  pulmonary  syphilis  they  are  continuously  useful. 
Calcium  is  always  an  eligible  adjuvant. 

In  gout  and  rheumatism,  no  special  benefit  is  to  be  anticipated  from  the  adminis- 
tration of  arsenic,  except  indirectly,  as  nutrition  is  improved.  In  arthritis  deformans, 
however,  it  has  a  useful  place  when  made  one  item  in  a  plan  of  persistent  treatment. 

Arsenious  iodide  (0.003  Gm. — 1/20  grain)  and  ferrous  iodide  (0.12  Gm. — 2  grains) 
may  be  encapsulated  with  any  appropriate  excipient  and  given  after  meals  thrice  daily 
for  a  fortnight;  tincture  of  ferric  chloride,  or  its  mixture  with  sodium  salicylate 
may  then  be  substituted  for  a  week  or  ten  days,  after  which  the  arsenical  is  to 
be  resumed  for  another  two  or  three  weeks,  again  intermitted,  again  administered, 
and  so  on.  Fowler  solution  or  Donovan  solution  may  be  used  in  like  manner. 
With  this,  radiumization,  or  the  use  of  radium  water,  may  be  conjoined.    "Eed  meat" 
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is  to  be  eaten  once  daily.  Sometimes  thyroid,  sometimes  thymus,  glands  will  be 
found  useful  adjuvants;  massage,  and  various  hydrotherapeutic  and  electrotherapeutic 
measures  assist  further.  Iodic  and  salicylic  ionization,  about  and  into  the  joints, 
diathermy,  etc.,  are  particularly  helpful.    Improvement  is  slow  but  sure. 

In  certain  forms  of  chronic  arthritis  unattended  with  articular  nodes,  arsenious 
acid  in  doses  of  1/20  grain  (0.003  Gm.)  in  pill  with  tonic  doses,  1  grain  (0.06  Gm.),  of 
quinine,  three  times  a  day,  will  sometimes  alleviate  the  discomfort  and  still  the  pain. 

In  diabetes  mellitus,  especially  in  children  in  recent  cases,  and  in  mild  cases  in 
persons  of  middle  and  advanced  ages,  arsenic  has  an  incontestable  usefulness,  which 
we  cannot  satisfactorily  explain,  although  observation  leaves  no  doubt  of  the  fact. 
There  is  good  empiric  ground  for  the  special  choice  of  arsenous  bromide;  we  cannot, 
however,  confirm  the  opinion  that  there  is  peculiar  virtue  in  its  association  with  a 
bromide  salt  of  gold.  A  few  drops  of  a  1  percent,  solution  may  be  prescribed  at  first 
(Clemens  solution)  (0.06  to  0.3  cc. — 1  to  5  minims),  and,  if  the  tolerance  be  good,  the 
quantity  should  be  increased  gradually,  according  to  the  effect  upon  blood-sugar  and 
glycuresis,  to  a  decided  medicinal  dose  (0.6  to  1.3  cc. — 10  to  20  minims,  if  necessary) 
and  then  decreased  for  a  while,  and  so  on.  Sometimes  Fowler  solution  may  be  added  to 
a  solution  of  strontium  bromide.  Arsenous  iodide  may  at  times  be  substituted.  Codeine 
may  be  used  coincidently,  when  necessary.  The  urine  must  be  kept  neutral  or  alkaline. 
Diet,  exercise,  rest  are  to  be  properly  regulated;  but  such  regulation  alone  will  not 
accomplish  all  that  medical  art  is  capable  of,  and  more  liberal  diet  is  sometimes 
possible  under  skillful  medication.  The  arsenical  should  be  intermitted  from  time 
to  time,  and  the  intermissions  may  become  more  and  more  prolonged,  until  they 
mount  to  virtual  withdrawal.  It  will  depend  on  the  individual  case,  whether  or  not 
an  appropriate  drug  should  be  substituted.  Such  measures  may  supplement  a  pre- 
liminary course  of  insulin,  or  even  obviate  the  necessity  of  insulin. 

Arsenic  is  of  value  in  the  treatment  of  many  disorders  of  the  nerve  system.  In 
chorea  of  young  persons,  arsenic  is  almost  a  specific ;  Fowler  solution  should  be  admin- 
istered in  full  doses — 3  drops  three  times  a  day  to  a  child  of  ten  years,  increased 
by  half  a  drop  daily  until  8  drops  (0.5  cc.)  is  reached  and  then  reduced  at  the  same 
rate  back  to  3  drops.  In  chorea  gravidarum,  also,  arsenic  is  of  service;  given  in  the 
form  of  Fowler  solution  in  10  drop  (0.6  cc.)  doses  three  times  a  day,  it  will  usually 
control  the  disordered  movements  within  a  week  or  ten  days. 

In  localized  chorea  and  hahit  spasm,  as  also  in  paralysis  agitans,  injections  of  the 
diluted  arsenite  solution  (1  part  to  3  or  4  of  water)  directly  into  the  affected  muscles, 
have  been  advised.  Fowler  solution  is  diluted  with  3  parts  of  distilled  water,  the 
dose  being  from  0.15  to  1.3  cc.  (2  to  20  minims)  of  this  solution  according  to  effect. 

In  spinal  progressive  amyotrophy  and  even  in  syringomyelia  benefit  is  reported 
from  the  administration  of  arsenious  acid  in  doses  of  1/6  to  as  high  as  1  grain 
(0.01  to  0.06  Gm.)  by  mouth,  and  more  particularly  from  hypodermics  of  %  to  2 
grains  (0.045  to  0.12  Gm.)  of  cacodylate  of  sodium  given  daily  for  3  weeks. 

Arsenicals  are  also  among  the  agents  useful,  from  time  to  time,  in  epilepsy,  and 
in  the  various  forms  of  cerebral,  cerebrospinal  and  spinal  degeneration  and  sclerosis, 
as  adjuvants  to  general  nutrition  and  to  the  nutrition  of  nerve  cells. 

It  seems  to  be  particularly  indicated  in  the  depressive  psychoses  of  old  age  and 
in  those  that  follow  acute  infections,  as  influenza  and  typhoid  fever.  Here  it  is  use- 
fully associated,  for  a  time,  with  opium,  and,  as  a  general  tonic,  with  strychnine. 
Thus,  strychnine  arsenate  is  again  an  eligible  preparation,  and  may  be  given  in  doses 
of  0.005  Gm.  (1/20  grain)  from  3  to  10  times  daily  over  a  period  of  several  weeks,  or 
even  months.  This  salt  is  likewise  of  service  in  many  forms  of  netiralgia,  and  may  be 
helpfully  associated  with  salicylates  or  sedatives  in  cases  calling  for  these  agents. 
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So,  too,  the  drug  may  be  used  with  advantage  from  time  to  time  in  neurasthenia,  in 
hypochondria  and  in  melancholia.  In  malarial  neuralgia.  Fowler  solution  in  decided 
doses  (0.3  cc. — 5  minims,  thrice  daily),  is  usually  to  be  preferred. 

Arsenic  has  been  much  employed  in  the  treatment  of  diseases  of  the  skin,  being 
recommended  by  one  or  another  writer  for  practically  all  forms  of  cutaneous  erup- 
tions. Doubtless,  it  has  a  useful  place  in  dermatology,  but  discrimination  is  desirable. 
It  acts  either  antiseptically,  destructively,  or  by  exciting  a  substitutive  inflammation. 
It  is  thus  indicated  in  certain  pustular  processes,  and  in  torpid  affections  of  the 
skin,  which  tend  to  persist  and  recur  as  psoriasis,  and  chronic  dry  and  scaly  eczema. 
Among  its  early  effects  are  increased  redness  and  swelling;  these  must  not  be 
mistaken  for  aggravation  of  the  morbid  condition.  It  is  contraindicated  in  acute 
eczema  and  in  all  those  forms  of  cutaneous  disease  which  exhibit  a  tendency  to  active 
inflammation.  In  recurrent  furunculosis,  Fowler's  solution  may  usefully  be  alternated 
with  calcium  sulphide. 

It  is  especially  serviceable  in  lichen  planus,  given  in  the  form  of  Fowler  solution 
in  ascending  doses  from  2  up  to  10  drops  (0.12  to  0.6  cc.)  or  as  the  Asiatic  pill,** 
1  to  3  pills  daily.  Good  results  are  obtained  also  in  Duhring  disease  (dermatitis 
herpetiformis)  and  in  alopecia  areata.  Griffen  states  that,  despite  the  usual  warning  to 
withhold  arsenic  in  acute  cases,  he  has  seen  great  benefit  in  acute  psoriasis  from  the 
administration  of  5  minims  (0.3  cc.)  of  Fowler  solution  three  times  a  day,  the  eruption 
disappearing  almost  entirely  within  six  weeks.  Even  in  the  chronic  cases  the  first 
effect  of  arsenic  is  often  an  apparent  lighting  up  of  the  trouble,  but  if  the  adminis- 
tration is  persevered  in  the  inflammatory  symptoms  subside  and  the  evidences  of  heal- 
ing appear. 

The  eruption  occurring  during  a  course  of  the  iodides  or  bromides  may  be  pre- 
vented by  the  simultaneous  exhibition  of  1  to  2  drop  doses  of  Fowler  solution.  In 
ichthyosis  arsenic  sometimes  softens  the  skin  but  it  is  apt  to  induce  or  increase  pig- 
mentation. 

Administration. — Arsenious  acid  (arsenic  trioxide)  and  liquor  potassi  arsenitis 
(liquor  arsenicalis,  B.P.,  or  Fowler  solution)  are  the  two  forms  in  which  arsenic  is 
commonly  administered,  one  or  the  other  being  selected  according  as  the  remedy  is 
to  be  given  in  pill  or  potion.  In  cases  in  which  an  intensive  treatment  is  not  called 
for,  especially  in  gastric  disturbances,  and  when  the  tonic  effects  only  are  aimed  at, 
the  arsenical  waters  offer  a  pleasant  form  of  administration.  The  best-known  of  these 
are  La  Bourboule  and  Mont  Dore  in  France,  Levico  and  Roncegno  in  Italy,  and  Crockett 
Arsenic  Lithia  Spring  in  Montgomery  County,  Virginia.  They  should  be  drunk  with 
meals,  a  glassful  at  the  mid-day  and  evening  meals.  The  last-named  is  weaker  in  arsenic 
content  and  may  be  taken  in  larger  quantity. 

When  arsenic  is  administered  medicinally,  for  periods  not  too  prolonged,  the  dose 
may  in  most  cases  be  increased  gradually,  and  perhaps  with  occasional  decrement  or 
even  intermission,  up  to  30,  40,  50  or  more  minims  (2  to  3.5  cc.)  of  Fowler  solution, 
or  i/y  grain  (0.03  Gm.)  of  arsenic  trioxide  thrice  daily.  It  is  wise,  also,  to  decrease 
gradually  and  to  intermit  occasionally  during  the  period  of  decrease. 

The  official  solution  of  arsenious  acid  (hydrochloric  solution  of  arsenic.  Br.)  is 
said,  by  those  who  have  had  experience  with  it,  to  act  better  than  Fowler  solution  in 
the  vomiting  of  pregnancy  as  well  as  in  the  morning  vomiting  of  drunkards.  It  is  given 
in  the  same  dosage. 

Organic  Arsenic  Compounds 

The  organic  arsenic  compounds  may  be  divided  chemically  into  four  groups,  cor- 
responding to  similar  nitrogen  compounds  and  with  corresponding  names.    1.  Arsines 

*Each  pill  contains  arsenious  acid,  142  grain  (0.005  Gm.)  and  black  pepper,  %  grain 
(0.045  Gm.). 


618  mOEGANIC  CHEMICAL  ANTISEPTICS 

(correspond  to  amines).  Trivalent  arsenic.  2.  Arsoniums  (correspond  to  ammonium). 
Pentavalent  arsenic.  3.  Arseno  compounds  (correspond  to  azo  compounds).  Two  tri- 
valent arsenics  are  united  by  a  double  bond.  E  —  As  =  As  —  E.  4.  Diarsines  (cor- 
respond to  diamines).  Two  arsenics  trivalent  are  united  by  a  single  bond. 
E  =  As  —  As  =  E. 

The  first  group,  of  which  methyl  arsenite  may  be  taken  as  an  example,  have  the 
same  effects  and  approximately  the  same  toxicity  as  inorganic  compounds.  This  is 
also  true  of  the  fourth  group. 

The  compounds  of  the  second  group  have  very  much  less  toxic  action  than  could 
be  expected  of  substances  containing  so  poisonous  a  substance  as  arsenic.  Various 
theories  have  been  advanced  to  account  for  this  fact.  Probably  these  forms  are 
relatively  inert  of  themselves,  and  must  be  changed  into  active  substances,  before  exert- 
ing either  therapeutic  or  toxic  effects ;  it  being  not  unlikely  that  their  arsenic  must  be 
converted  into  the  trivalent  form.  The  fact  that  inorganic  pentavalent  compounds 
are  almost  as  toxic  as  the  trivalent  when  given  by  mouth  and  thus  under  circumstances 
favorable  to  such  a  conversion,  while  they  are  only  1/300  as  toxic  to  the  isolated 
frog  heart,  points  strongly  in  that  direction  (Joachimoglu). 

It  can  be  shown  that  tissues  in  vitro  to  which  arsenic  is  added  may  change  com- 
pounds in  either  direction.  Living  tissues  cause  only  oxidation  (Schultz).  What- 
ever the  reason,  there  can  be  no  doubt  about  the  fact.  As  examples  of  organic  com- 
pounds containing  pentavalent  arsenic  may  be  mentioned  cacodylic  acid  and  its  salts 
(but  not  cacodyl),  arrhenal,  atoxyl,  arsacetin,  tryparsamide,  stovarsol,  and  orsudan. 

The  compounds  of  the  third  group,  although  containing  trivalent  arsenic,  are 
also  slowly  converted  to  an  active  form  in  the  body  and  are  in  some  cases  even  less 
toxic  than  the  best  compounds  so  far  used  of  the  second  type.  Examples  of  this 
class  are:  arsphenamine  (salvarsan,  606),  neoarsphenamine  (neosalvarsan),  and  galyl." 

Almost  all  of  these  substances  decompose  readily,  especially  in  solution,  and 
many  cases  of  poisoning  have  occurred,  especially  with  atoxyl  and  arsphenamine,  from 
the  use  of  partially  decomposed  solutions. 

AH  of  the  organic  arsenicals  are  decomposed  in  the  body  and  with  all  a  marked 
tendency  is  shown  toward  retention  of  a  large  part  of  the  arsenic  for  months  or  years. 
Most  of  the  excretion  occurs  as  inorganic  arsenic  in  the  urine,  although  the  bowel  and 
skin  throw  off  a  certain  amount  and  volatile  odorous  compounds  may  appear  in  the 
breath. 

The  most  important  peculiarity  of  the  organic  arsenic  compounds  is  their 
tendency  to  attack  certain  parasites,  especially  protozoa,  in  concentrations  lower 
than  those  in  which  they  attack  the  body  cells.  The  study  of  this  peculiarity  was 
undertaken  by  Ehrlich  who  advanced  the  following  hypothesis  in  accord  with  his  theory 
of  toxin-antitoxin  action. 

Every  living  cell,  microorganism  as  well  as  tissue  element,  is  directly  affected, 
beneficially  or  adversely,  only  by  such  chemical  complexes  as  come  into  intimate 
contact  with  its  functionating  substance  and  are  fixed  thereto.  For  this  fixation 
the  cell  must  possess  a  receptor  (chemoceptor)  for  the  substance  in  question,  and  the 
latter  must  have  in  its  molecule  an  anchoring  group,  haptophore,  which  binds  it  to 
the  cell.  The  chemoceptors  of  different  cells  differ  in  character  and  in  number,  so 
that  particular  cells  possess  special  affinities  for  particular  substances,  and  compounds 
supplied  only  with  haptophores  of  a  different  character  cannot  enter  into  and  there- 
fore cannot  influence  such  cells.  The  molecules  of  the  synthetic,  organic  arsenic  com- 
pounds are  composed  of  (a)  toxic  chemical  groups  and  (b)  haptophore  chemical 
groups  which  bind  the  former  to  the  cells,  thus  allowing  the  toxic  portion  to  unfold 
its   influence.      Spirochetse   and   spirilli   possess   chemoceptors   which   fit   the  binding 
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chemical  groups  of  arsphenamine  which  therefore  is  fixed  to  them,  allowing  the 
toxic  portion  of  the  molecule  to  cause  their  destruction.  The  cells  of  the  animal 
body,  lacking  such  chemoceptors,  escape  unharmed.  Thus,  when  this  drug  is  injected 
into  an  individual  infected  with  syphilis,  its  action  is  almost  entirely  limited  to  the 
parasitic  spirochetes  and  by  destroying  them  it  effects  a  specific  cure. 

Tlie  haptophores  of  a  pentavalent  organic  arsenic  compound  are  especially  attracted 
by  the  chemoceptors  of  trypanosonies  and  the  drug  therefore  attacks  them  and  spares 
the  body  cells.  It  would  appear,  however,  that  certain  cells  in  the  optic  tract  possess 
chemoceptors  which  attract  these  compounds  almost  as  strongly  as  do  the  parasites. 

The  whole  hypothesis  of  Ehrlich  has  been  discredited  to  a  large  extent  recently. 
In  regard  to  the  arsenic  compounds,  the  failure  of  these  bodies  to  act  on  the  protozoa 
in  vitro  is  not  explained  by  it. 

Voegtlin  has  shown  that  only  one  form  of  organic  arsenic  compound  acts  directly 
on  trypanosonies,  namely,  trivalent  arsenous  oxides,  R  —  As  =  O.  Those  compounds 
which  are  effective  in  the  treatment  of  trypanosomiasis  either  exist  in  tliis  form 
or  are  converted  into  it  in  the  body.  Even  with  these  compounds  it  is  difficult  to 
reach  parasites  in  the  central  nerve  system,  as  those  compounds  which  penetrate  these 
tissues  in  efficient  concentration,  such  as  arsacetin,  and  tryparsamide,  are  likely  to 
cause  optic  neuritis. 

Cacodylates. — Sodium  cacodylate  and  cacodylic  acid  were  introduced  into  thera- 
peutic practice  in  1896  by  Gautier,  not  as  specific  antipathogenic  agents,  but  for  their 
general  tonic  and  hematinic  powers.  Later  it  was  found  that  they  exerted  some  cura- 
tive effect  on  syphilis,  and  they  were  used  until  displaced  by  more  effective  arsenic 
compounds.  Iron  cacodylate  is  employed  in  anemias,  with  the  hope  of  combining  the 
hematinic  properties  of  the  two  metals. 

Chemistry. — Cacodylic  acid  is  arsenic  acid  in  which  two  hydroxyls  have  been 
replaced  by  two  methyl  groups,  the  formula  being  HO  —  AsO  =  (CH,),.  The  salts 
of  sodium  and  of  iron  are  also  used. 

Summary  of  Actions  and  Uses. — The  cacodylates  produce  no  obvious  effect  when  given 
in  small  dose.  Toxic  doses  cause  restlessness  with  weakness,  epigastric  pain,  albu- 
minuria and  rarely  optic  neuritis  or  cutaneous  eruptions. 

Tbe  cacodylates  are  used  chiefly  as  tonics  in  anemia  as  well  as  in  consumption  and 
other  debilitating  maladies.  They  are  also  employed  as  systemic  antipathogens  in  gen- 
eralized infections,  and  in  malarial  infections  which  have  proved  resistant  to  quinine. 

Materia  Medica. — Soon  Cacodylas  (U.S.  X.),  Sodium  Cacodylate.  Ahlr.,  Sod. 
Cacodyl.     Synonym:     Sodium  Dimethylarsenate. 

Contains  not  less  than  72  and  not  more  than  75  percent,  of  Na(CH,)jAsO,  with 
variable  amounts  of  HjO.  It  occurs  in  the  form  of  white  prisms  or  a  white  granular 
powder,  odorless  and  deliquescent.  One  Gm.  is  soluble  in  about  0.5  cc.  of  water 
and  in  about  2.5  cc.  of  alcohol  at  25°  C. 

Dose,  1/2  to  IV2  grains   (0.03  to  0.1  Gm.). 

Calcii  Cacodylas  (unofficial).  Calcium  Cacodylate. 

Contains  from  43.5  to  48  percent,  of  arsenic  in  the  form  of  cacodylic  acid  and 
free  from  arsenite,  arsenate,  and  monomethylarscnate.  It  occurs  as  a  white,  granular 
powder  with  a  slight  odor  of  hydrogen  arsenide;  soluble  in  water. 

Dose,  34  to  IV^  grains  (0.045  to  0.09  Gm.). 

Pharmacodynamic  Action:  Absorption  and  Elimination. — The  cacodylates  are  not 
absorbed,  or  but  in  small  part,  unaltered  from  the  digestive  tract,  they  must  therefore 
be  given  parenterally,  preferably  by  hypodermic  injection. 

However  administered,  they  are  gradually  converted  to  cacodyl  (CH3)j=As-As= 
(CH3)2,  and  then,  at  least  in  part  to  inorganic  arsenicals.  The  part  thus  converted  may 
account  for  the  entire  toxic  and  therapeutic  activity,  and  the  innocuousness  of  the  sub- 
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stance  be  due  merely  to  the  slow  conversion  and  absorption,  a  large  part  remaining  for 
some  time  at  the  site  of  injection. 

Elimination  is  very  slow.  From  6  to  10  percent,  passes  out  unchanged  through  the 
kidneys,  a  very  variable  portion  is  excreted  as  cacodyl  by  the  lungs,  and  the  rest  appears 
as  inorganic  arsenic  in  the  urine  or  stools.  In  a  healthy  man,  after  a  single  dose  of 
gr.  3  (200  mgm.)  of  sodium  cacodylate  about  a  third  of  the  arsenic  can  be  found  in  the 
urine  during  the  first  24  hours,  and  minute  amounts  daily  for  4  weeks,  the  whole  totalling 
about  half  of  the  quantity  taken.  After  repeated  doses,  deposition  of  arsenic  in  various 
tissues  occurs,  as  with  the  inorganic  preparations. 

Toxic  and  Systemic  Action:  Toxic  Dose. — The  amount  of  arsenic  which  is  changed 
to  more  active  forms  differs  under  varying  conditions,  but  the  toxic  and  fatal  doses  are 
fairly  constant,  when  sodium  cacodylate  is  given  intravenously  to  small  animals.  Rats 
die  after  intravenous  injection  of  0.8  mgm.  per  kilo,  weakness  appearing  immediately 
after  the  injection,  and  paralysis  interrupted  by  clonic  convulsions,  being  followed  by 
death  within  24  hours.  After  0.7  mgm.  per  kilo  there  is  extreme  weakness  with  eventual 
recovery.  R'abbits  are  killed  by  2  Gm.  per  kilo  of  sodium  cacodylate  by  mouth  or  0.5 
Gm.  subcutaneously.  Iron  cacodylate,  except  in  colloidal  form,  is  quite  toxic  when  given 
intravenously  and  causes  severe  local  reactions  when  injected  under  the  skin.  The 
ordinary  solution  given  by  vein  to  rats  kills  in  a  dose  of  0.2  Gm.  per  kilo,  while  0.6  Gm. 
given  in  colloidal  form  is  well  borne.  In  man,  gr.  Vz  to  2y2  (0.025  to  0.15  Gm.)  may  be 
given  daily  subcutaneously  without  danger,  but  on  account  of  slow  absorption  several 
days  should  elapse  between  injections.  Intoxication  is  more  likely  to  occur  when  the 
cacodylate  is  given  by  mouth.  Certain  persons  show  an  idiosyncrasy  and  develop  toxic 
symptoms  after  small  doses. 

Sometimes  cacodylate  stored  in  the  tissues  is  released  suddenly  and  undergoing 
decomposition,  induces  acute  arsenical  poisoning. 

Commonly,  the  first  symptom  of  intoxication  is  digestive  disturbance.  The  breath, 
urine  and  sweat  exhibit  a  marked  odor  of  garlic.  This  is  followed  by  colic,  epigastric 
pain,  loss  of  appetite,  dryness  of  the  mouth  and  lassitude.  When  the  poisoning  is 
severe  there  may  result  insomnia  and  restlessness,  weak  rapid  pulse,  albuminuria  or 
scanty  high  colored  urine,  pain,  numbness  and  weakness  of  the  legs  and  more  rarely  optic 
neuritis,  eczematous  eruptions  or  exfoliative  dermatitis,  with  fever  and  general 
intoxication. 

There  is  a  condition,  which  may  be  termed  habituation,  that  is  seen  after  cacodylic 
medication  has  been  continued  for  a  long  time.  The  improvement  noted  under  its  use 
gradually  ceases  and  is  not  renewed  unless  the  drug  be  discontinued  for  a  time. 

The  systemic  effects  and  therapeutic  indications  are  the  same  as  for  inorganic  arseni- 
cals.  Rabbits  given  small  doses  daily,  show  an  increase  in  weight  but  a  loss  of 
hemoglobin.  The  same  is  true  of  patients  with  tuberculous  and  other  infections,  whose 
general  condition  may  improve,  while  their  anemia  increases  (de  Biehler). 

Therapeutics. — Sodium  cacodylate  is  given  for  the  same  purposes  as  arsenious 
acid  and  Fowler  solution,  and  preferably  in  those  cases  in  which  a  continuous  effect 
is  desired.  By  reason  of  its  slow  conversion  within  the  body  into  the  active  arsenious 
acid  it  can  be  given  in  much  larger  doses  than  the  latter,  and  with  longer  intervals. 

Administration. — The  cacodylates  must  be  administered  parenterally,  as  they  are 
decomposed  in  the  digestive  tract.  Sodium  cacodylate  is  best  given  hypodermically 
in  a  dose  of  y,  to  ly,  grains  (0.03  to  0.1  Gm.)  repeated  every  2  or  3  days.  Intramuscularly 
it  may  be  administered  in  larger  doses,  the  amount  being  increased  during  3  weeks  from 
2  to  9  grains  (1.15  to  0.6  Gm.)  continued  at  this  dose  for  34  days  and  then  gradually 
decreased  with  intervals  of  omission.  In  all,  nearly  42  Gm.  of  sodium  cacodylate 
(equivalent  to  about  26  Gm.,  say  400  grains,  of  arsenic  trioxide)  were  given  over  a 
period  of  164  days  in  the  case  cited  (Dawes  and  Jackson). 

It  is  almost  needless  to  say  that  such  quantities  should  not  be  prescribed  unneces- 
sarily. 

Arrhenal. — Arrhenal,  methyl  arsenate  of  sodium,  CHjAsOCOlSra)^,  resembles  sodium 
cacodylate  in  action  and  properties. 

Materia  Medica. — Sodii  Methylarsenas  (unofficial),  Disodium  Methylarsenate. 
Synonym:  Arrhenal. 


ORGANIC  ARSENIC  CO^rPOTTXDS  631 

Occurs  as  a  white,  crystalline  powder,  containing  27.37  percent,  arsenic;  readily 
soluble  in  water,  slightly  so  in  alcohol;   insoluble  in   oils. 

Dose,  V2  to  1^/2  grains  (0.03  to  0.1  Gm.)  by  hypodermic  use. 

Sodium  Arsanilate  (Atoxyl,  Soamin). — Atoxyl  was  the  first  organic  preparation 
of  arsenic  to  present  therapeutic  and  toxic  effects  differing  entirely  from  those  of 
inorganic  arsenicals.  Its  name  is  misleading;  for  although  its  effects  are  quite  different 
from  those  of  arsenous  oxide,  it  is  still  about  1/40  as  toxic,  and  it  is  much  more 
poisonous  than  other  organic  arsenicals.  It  is  derived  from  sodium  arsenate  by  re- 
placing one  hydroxyl  with  anilin,  and  has  the  following  formula :  NH,  —  C,H^  —  AsO  — 
(OIT)ONa.  Atoxyl  has  been  known  for  about  thirty  years,  but  only  recently  was  it 
realized  that,  like  other  organic  arsenicals,  it  has  a  particularly  toxic  effect  on  certain 
pathogenic  protozoa,  especially  trypanosomes,  and,  to  a  less  extent,  spirilli.  The  rea- 
son for  this  is  not  clear.  It  may  be,  as  Ehrlich  suggests,  that  some  component  of  the 
microorganisms  has  a  binding  effect,  but  it  is  more  probable,  as  Cushny  believes,  that 
the  atoxyl  is  able  to  enter  the  protozoa,  whereas  inorganic  arsenicals  are  not,  and  that, 
once  inside,  it  is  decomposed,  and  toxic  substances  set  free,  which  act  desti'uctively  on 
the  parasites.  This  might  also  explain  its  tendency  to  attack  certain  structures  of  the 
body  which  are  not  often  attacked  by  inorganic  arsenicals,  for  examjde,  the  optic  nerve. 

Materia  Medica. — Sodii  Aminophenylarsenas  (unofficial).  Sodium  Aminophenyl- 
arsenate.  Synonyms:  Atoxyl,  Soamin,  Arsamine,  Sodium  Aminarsenate,  Sodium 
Arsanilate. 

A  compound  of  aniline  and  arsenious  acid,  containing  about  24  percent,  of  arsenic 
element.    It  occurs  as  a  white  crystalline  powder,  soluble  in  6  parts  of  water. 

Dose,  1  to  5  grains  (0.00  to  0.03  Gm.),  hypodermically. 

Antipathogenlc  Action. — Atoxyl  has  little  effect  on  bacteria  or  even  on  protozoa 
outside  the  body,  certain  chemical  alterations  being  necessary  before  its  action  is  de- 
veloped. These  would  seem  to  be  of  the  nature  of  reduction,  and  partially  reduced  atoxyl 
is  somewhat  parasiticide,  as  well  as  more  toxic.  Aqueous  extracts  of  liver  filtered  through 
collodion  sacs  are  able  to  render  atoxyl  destructive  to  trypanosomes  in  vitro  (Terry). 

In  trypanosome  infection,  atoxyl  is  much  more  efficacious  than  any  other  arsenical, 
and,  after  its  injection  into  an  infected  animal,  the  parasites  rapidly  disappear  from  the 
blood.  Certain  of  the  organisms,  however,  pass  into  a  resting  stage,  in  which  they  resist 
its  action,  and  it  is  extremely  rare  to  reach  a  cure  by  atoxyl  alone,  although,  by  con- 
tinued administration,  the  animal  may  be  kept  free  from  symptoms  of  the  infection. 
As  soon  as  the  drug  is  stopped,  there  is  a  recrudescence.  Gradually,  also,  the  organisms 
become  immune  to  arsenic,  and  even  the  symptoms  are  no  longer  relieved.  It  is  possible 
to  cure  rats  infected  with  trypanosomiasis  by  giving  atoxyl,  alternating  with  injections 
of  a  mercurial.  This  destroys  the  resting  stage  of  the  parasite  and  brings  about  com- 
plete cure  (Moore).  Malarial  parasites  are  destroyed  by  atoxyl,  which  has  been  used  with 
good  results  in  malignant  cases  resistant  to  quinine.  As  a  treatment  for  syphilis  it  has 
been  displaced  by  other  arsenicals. 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Atoxyl,  given  either  hypo- 
dermically or  intramuscularly  (it  is  not  given  by  mouth,  on  account  of  decomposition), 
is  rapidly  absorbed,  and  a  part  quickly  excreted,  unchanged,  by  the  kidney,  which  is 
irritated;  even  hemorrhagic  nephritis  resulting.  Most  of  the  drug  is  retained  in  the 
body;  largely  in  the  liver,  in  dogs,  but  chiefly  in  the  central  nerve  system,  in  cats 
(Igersheimer).  Here  its  slow  decomposition  in  the  cells  may,  as  Cushny  suggests,  give 
rise  to  the  nervous  symptoms. 

Toxicity. — Acute  intoxication  is  not  often  seen,  and  cannot  be  reproduced  at  will  In 
animals.  In  man,  it  is  likely  to  occur  with  doses  exceeding  0.5  Gm.  (7.5  grains).  The 
symptoms  are  those  of  arsenic  poisoning,  with  less  tendency  to  severe  gastroenteric 
symptoms,  and  more  to  deafness  and  loss  of  vision,  even  permanent  blindness.  The 
results  of  neuritis,  such  as  loss  of  control  of  sphincters,  pain  and  weakness,  may  resemble 
those  seen  in  chronic  poisoning.    It  is  about  one-fortieth  as  toxic  as  inorganic  arsenic. 

Frogs  are  much  more  susceptible  to  the  action  of  atoxyl,  if  they  are  kept  warm.  It 
is  possible  that  this  may  be  because  the  drug  is  more  rapidly  reduced  to  toxic  compounds. 
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For  example,  the  fatal  dose  per  Gm.  was  found  to  be:  at  8°  C,  15  mgm.;  at  18°  C,  6 
mgm.;  at  37°  C,  1.4  mgm.  (Sanno).    Rats  are  killed  by  125  to  130  mgm.  per  kilo  by  vein. 

Chronic  poisoning  is  caused  in  dogs  by  daily  doses  of  200  mgm.  (3  grains);  100 
mgm.  (ly^.  grains)  daily  has  no  effect.  The  symptoms  occur  after  several  weeks,  there 
appearing  up^et  digestion,  emaciation,  loss  of  hair,  painful  conjunctivitis,  and,  often, 
some  loss  of  vision  (Igersheimer).  The  kidneys  are  large  and  pale,  with  some  conges- 
tion and  hemorrhage  in  the  medulla  (Pearce  and  Brown).  Cats  bear  50  mgm.  per  day 
for  a  long  time,  but,  given  100  mgm.  daily,  they  show  in  six  or  eight  days  loss  of 
strength,  ataxia,  and  paralysis  of  the  legs,  with  incontinence  of  urine.  Conjunctivitis 
is  common,  but  there  is,  as  a  rule,  no  change  in  the  eyegrounds  (Igersheimer).  In  man, 
the  symptoms  are  similar  to  those  in  both  animals.  There  is  a  loss  of  appetite  and 
pain  in  the  abdomen,  with  dizziness  and  increase  of  spinal  reflexes.  There  occur  also 
pains  in  the  limbs,  with  weakness.  Control  of  the  vesical  and  rectal  sphincters  is  lost. 
Deafn'ess  and  blindness,  due  to  atrophy  of  the  auditory  nerve,  and  more  often,  to  the 
optic  nerve,  are  often  seen.  It  is  not  unusual  for  such  symptoms  to  develop  very  sud- 
denly, in  a  person  who  has  hitherto  borne  the  drug  well,  and  to  go  on  to  total  blindness, 
or  even  death,  in  spite  of  immediate  withdrawal  of  the  drug. 

The  lack  of  tendency  to  cause  intoxication  is  exemplified  by  the  fact  that  injections, 
even  of  fatal  doses,  cause  in  rabbits  no  fall  of  blood  pressure,  such  as  characterizes  the 
action  of  all  inorganic  arsenicals.  In  spite  of  the  lack  of  bad  effects  on  the  circulatory 
organs,  the  insidious  and  unexpected  character  of  the  blindness  has  led  to  a  fear  of  the 
remedy,  and  it  has  largely  fallen  into  disuse.  It  would,  no  doubt,  be  more  resorted  to,  if 
it  had  the  power  to  abolish  the  infection,  instead  of  merely  relieving  symptoms  for  a  time. 

Therapeutics. — Sodium  arsanilate  (atoxyl)  is  employed  chiefly  in  the  treatment  of 
protozoal  infection,  especially  trypanosomiasis.  It  is  often  of  benefit  in  chronic  malaria 
in  which  the  hematozoa  have  become  quinine-fast,  and  in  blackwater  fever.  Favorable 
results  have  been  reported  from  its  use  in  relapsing  fever,  and  in  cerebrospinal  menin- 
gitis. As  a  trypanocide  it  is  advantageously  given  in  association  with  tartar  emetic. 
It  is  administered  hypodermically  in  doses  of  1  or  2  grains  (0.06  to  0.12  Gm.)  every 
other  day  or  twice  a  week,  or  it  may  be  given  by  mouth  in  a  single  dose  of  %  to  1  grain 
(0.045  to  0.06  Gm.)  daily.  The  disadvantage  of  atoxyl  is  that  it  may  produce  toxic 
symptoms  unexpectedly,  its  conversion  into  arsenious  acid  occurring,  for  some  unex- 
plained reason,  with  unusual  rapidity.  The  most  serious  of  these  poisonous  effects  is 
optic  atrophy,  resulting  in  permanent  blindness,  the  great  danger  of  which  almost 
forbids  its  use. 

Arsacetin. — Arsacetin,  CH3CONH  —  CJI^  —  AsO —  (OH)ONa,  or  acetyl  sodium 
arsanilate,  is  from  1/3  to  1/10  as  toxic  to  mammals  as  atoxyl,  and  equally  efficacious 
against  protozoan  infections.  It  has  the  great  advantage  over  most  organic  arsenicals, 
that  its  solutions  are  stable  and  can  be  sterilized  by  heat.  Nevertheless,  it  has  been 
almost  entirely  abandoned  as  a  therapeutic  agent  on  account  of  its  tendency  to  cause 
optic  neuritis.  Apart  from  the  difference  in  dose,  its  effects  are  identical  with  those 
of  atoxyl  and  do  not  require  separate  discussion. 

Materia  Medica. — Soon  Acetylarsanilas  (unofficial).  Sodium  Acetylarsanilate. 
Synonyms :  Arsacetin,  Sodium  Acetarsenate. 

Prepared  by  the  introduction  of  an  acetyl  radical  into  the  atoxyl  molecule.  Occurs 
in  the  form  of  white  crystals,  soluble  in  10  parts  of  water. 

Dose,  34  to  IV2  grains  (0.045  to  0.1  Gm.)  by  hypodermic  use. 

Therapeutics. — Sodium  acetarsenate  (Arsacetin)  is  therapeutically  the  equivalent 
of  atoxyl,  but  is  less  toxic  than  the  latter,  and  its  solutions  keep  better.  It  is  given 
in  the  same  doses  as  atoxyl  and  whenever  procurable  is  to  be  preferred. 

Tryparsamide. — Tryparsamide,  introduced  in  1919  by  Brown  and  Pearce  of  the 
Rockefeller  Institute,  is  chemically  closely  related  to  atoxyl,  its  formula  being 
NH,  —  CO  —  CH,  —  NH  —  C,H,  —  As(  :  O)  :  (OH),.  But  slightly  toxic  to  laboratory 
animals,  it  produces  no  serious  symptom  in  less  than  fatal  doses.     Excretion  is  more 


ORGANIC  ARSENIC  COMPOITNDS  623 

rapid  than  with  most  organic  arsenicals,  the  drug  passing  out  unchanged  through  the 
kidneys.  The  fatal  dose  in  rats  by  vein  is  about  750  mgin.  per  kilo.  The  symptoms 
of  poisoning  resemble  those  produced  by  atoxyl  and  there  is  a  similar  tendency  to 
cause  optic  neuritis.  The  range  between  the  toxic  dose  and  that  effective  in  ridding 
animals  of  trypanosomes  or  spirochetes  is  much  narrower  than  with  arsphenamine, 
but  the  influence  on  the  nerve  system  gives  a  promise  of  usefulness  in  nerve  syphilis 
which  has  been  partly  fulfilled  by  clinical  results.  The  first  symptom  of  visual  dis- 
turbance is  a  "dazzling'  sensation  likened  to  that  produced  by  looking  at  snow  in 
the  sunlight.  At  this  time  tliere  is  hyperemia  of  the  fundus  which  is  followed  by 
narrowing  of  the  field  of  vision  and  occasionally  by  complete  blindness.  Optic 
neuritis  is  no  more  likely  to  occur  in  persons  with  pathologic  alterations  of  the 
retina  than  in  syphilitics  with  normal  eyegrounds    (Lillie). 

Materia  Medica. — Tryparsamide  (N.N.R.),  Sodium  N-phenylglycinamide-p- 
arsenate. 

It  contains  24.6  percent,  of  arsenic  in  organic  combination.  Occurs  as  a  color- 
less, odorless,  crystalline  powder;  freely  soluble  in  water,  forming  a  solution  neutral 
to  litmus;   insoluble  in  alcohol,  ether,  chloroform,  or  benzene. 

Dose,  8  to  30  grains  (0.5  to  2  Gm.),  hypodermically  or  intravenously. 

Therapeutics. — Tryparsamide  has  a  selective  afiinity  for  trypanosomes  and  has 
been  employed  with  good  results  in  the  treatment  of  African  sleeping  sickness.  Like 
the  other  pentavalent  arsenic  compounds,  tryparsamide  may  cause  toxic  phenomena 
affecting  chiefly  the  optic  nerve.  Its  use  has  been  suggested  in  neurosyphilis,  especially 
in  the  early  stages  of  paresis,  in  cases  which  have  not  responded  well  to  arsphenamine 
treatment,  and  improvement  has  been  noted  in  a  number  of  instances.  It  is  not  to  be 
recommended  for  the  general  treatment  of  syphilis  nor  of  cerebrospinal  syphilis  when 
there  is  much  physical  degeneration  or  any  sign  of  optic  neuritis.  It  may  be  adminis- 
tered in  doses  of  8  to  30  grains  (0.5  to  2  Gm.),  by  hypodermic,  intramuscular,  or 
intravenous  injection  once  a  week  or  every  ten  days. 

A  secret  German  arsenical  compound,  called  "Bayer  205,"  has  been  put  forth  as 
absolutely  curative  of  African  sleeping  sickness.  As  a  result  of  a  trial  of  the  drug  in 
a  small  series  of  cases  Low  and  Manson-Bahr  conclude  that,  while  the  most  powerfully 
trypanocidal  substance  yet  discovered  it  is  not  infallible.  It  is  given  in  1  Gm.  doses  in 
10  percent,  solution  intravenously  once  a  week  up  to  10  doses,  if  necessary.  It  gives 
rise  to  albuminuria  with  casts  which  is,  however,  apparently  only  temporary.  No 
serious  eye  trouble  was  observed  in  the  few  cases  studied.  In  8  cases  of  infection  with 
Trypanosoma  gamhiense  and  1  of  T.  rhodesiense  so  treated  there  were  7  recoveries 
and  2  deaths. 

Stovarsol. — Stovarsol  is  a  pentavalent  arsenical  chemically  related  to  tryparsa- 
mide. It  has  the  advantage  over  most  organic  arsenic  compounds  that  it  can  be  given 
by  mouth,  and  so  administered  it  has  been  found  effective  in  the  tropical  forms  of 
malaria,  in  amebic  dysentery,  and  to  some  extent  in  Vincent's  angina,  syphilis  prophy- 
laxis and  framboesia. 

Materia  Medica. — Stovarsol  (N.N.R.),  Acetyl-aminohydroxy-phenylarsonic  acid, 
CH3CONII  —  Cjr3(0H) As(  :  O)  :  (OH),.     Synonym  :    Acetarsone. 

It  contains  27.1  to  27.4  As.  It  is  a  white,  odorless  powder,  of  faintly  acid  taste; 
sparingly  soluble  in  water  and  alcohol ;  readily  soluble  in  solutions  of  alkalis  and  alkali 
carbonates.    Stable  at  ordinary  temperatures. 

Dose,  4  grains  (0.25  Gm.),  two  to  four  times  a  day. 

Pharmacodynamic  Action. — This  has  not  been  thoroughly  studied,  but  it  seems  to 
have  little  tendency  to  cause  optic  neuritis  and  to  have  less  disagreeable  effects  than 
tryparsamide. 
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Therapeutics. — Stovarsol  has  found  its  chief  usefulness  in  malaria,  both  tertian 
ond  tropical.  It  is  also  useful  in  amebic  dysentery.  In  either  condition  it  may  be 
given  by  mouth  in  dose  of  4  grains  (0.25  Gm.),  three  times  daily  for  7  days,  and  the 
course  repeated  after  7  days'  interval.  Recovery  is  commonly  complete  after  one  to 
four  such  courses.  If  not  manifest  in  this  time,  recourse  should  be  had  to  other 
remedies. 

Arsphenamine. — This  substance,  which  was  the  606th  arsenical  made  for  and  tested 
by  Ehrlich  in  his  original  chemotherapeutic  studies,  was  introduced  to  the  profession 
in  1910  as  a  remedy  for  syphilis,  under  the  name  of  "606,"  which  term  was  soon 
substituted  by  "salvarsan."  The  German  patents  were  abrogated  during  the  World 
War,  and  the  same  substance  was  manufactured  in  France  (under  the  name  of 
arsenobenzol),^  in  England  (as  diarsenol),  and  in  this  country,  where  the  name 
"Arsphenamine"  was  officially  adopted.  Various  modifications,  such  as  neoarsphenamine 
(neosalvarsan,  novarsenobenzol),  sulpharsphenaraine  (sulfosalvarsan,  sulpharseno- 
benzol)  and  silver  arsphenamine,  have  since  been  introduced,  but  do  not  seem  likely 
to  replace  the  original  material  as  a  basic  remedy. 

Chemistry. — Arsphenamine  is  chemically  the  hydrochloride  of  arsphenolamine. 
It  differs  from  the  organic  arsenicals  hitherto  considered  in  that  its  arsenic  is  in 
trivalent  form.  In  spite  of  this  fact,  it  is  one  of  the  least  toxic  arsenic  compounds 
yet  introduced. 

Arsphenamine  is  marketed  as  an  acidic  compound  which,  before  injection,  is 
dissolved  in  freshly  distilled  water  and  then  over-neutralized  with  sodium  hydrate 
(1.5  cc.  of  15  percent.  NaOH  to  0.6  Gm.  of  salvarsan).  The  neutral  salt  which  first 
results,  as  the  alkali  is  gradually  added,  is  insoluble  and  is  thrown  down  as  a  pre- 
cipitate, which  dissolves  when  sufficient  alkali  is  added,  soluble  mono-  and  di-sodium 
salts  being  formed.  This  final  product  is  very  unstable  and  must  be  injected  within 
a  few  minutes  of  preparation. 

The  changes  which  arsphenamine  undergoes  in  being  prepared  for  injection  may 
be  represented  as  follows: 

CH  =  CH  CH  =  CH 

/  \  /  \ 

HOC  C  — As:As  — C  COH 

\_/^  V-/ 

I  I 

HCl  =  N  =  H,  HCl  =  N  =  Ha 

Acid  Form,  Original 

CH  =  CH  CH  =  CH 

/  \  /  \ 

HOC  C  — As:As  — C  COH 

\  /  \  / 

C CH  CH  —  C 

I  I 

NH,  NHj 

Neutral  Form,  Insoluble 

CH  =  CH  CH  =  CH 

/  \  /  \ 

NaOC  C  — As:As  — C  COH 

\-/^  \u-/ 

I  I 

NHa  NHa 

Mono-sodium  Salt 

^  The  name  "arsenobenzol"  was  originally  applied  to  a  slightly  different  compound, 
CeH.  — As:  As  — CeHs. 
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CH  =  CH  CH  =  CH 

NaOC  C  —  As :  As  —  C  CONa 

\  —  c£  \h-/ 

I  I 

NH,  NHa 

Di-sodium  Salt 

The  acid  form  makes  a  true  solution  and  dialyzes  more  rapidly  than  the  alkaline, 
but  the  hydrochloric  acid  breaks  oiT  and  passes  through  the  membrane  more  rapidly 
than  the  corresponding  amount  of  arsenic.  Different  lots  of  arsphenamine  differ  widely 
in  the  viscosity  of  their  solutions,  and  the  more  viscous  the  solution  the  greater  the 
likelihood   of   undesirable   reactions. 

The  di-sodium  salt  is  very  strongly  alkaline,  and  irritating  for  this  reason.  When 
the  proper  amount  of  alkali  is  added,  a  mixture  of  di-  and  mono-sodium  salts  is 
obtained. 

Neoarsphenamine. — This   is   a   sulpho   compound   of  arsphenamine,  and  has  the 

following  structure: 

CH3=CH  CH=CH 

/         \  /         \ 

HO  — C  C  — As:As  — C  C  — OH 

\         //  \         // 

C  —  CH  C  —  CH 

I  I 

NH  HN  —  CH^  —  SO2  —  Na 

It  has  the  advantage  over  arsphenamine  of  being  more  soluble  and  more  stable, 
and  not  requiring  addition  of  alkali  for  its  solution.  Even  in  sealed  ampules,  however, 
its  solutions  show  gradual  deterioration  and  increase  of  toxicity.  This  alteration 
is  hastened  by  shaking  in  air. 

Sulpharsphenamine. — Sulpharsphenamine  is  formed  by  the  substitution  of  one 
or  both  of  the  amin  groups  of  neutral  arsphenamine  by  NH  —  CHj  —  SOjONa.  The 
singly  substituted  form  thus  differs  from  neoarsphenamine  merely  by  the  additional 
oxygen.  It  is  more  stable  in  solution  than  the  other  forms  of  the  drug  but  is  less 
effective  as  well  as  less  toxic. 

Silver-arsphenamine. — This  is  a  substance  of  uncertain  composition  and  it  is 
not  known  whether  the  silver  is  chemically  combined  with  the  salvarsan  nucleus  or 
merely  associated  with  it.    Two  formulas  have  been  suggested,  as  follows : 

AgCl(Hj)  ^  N  — CeH3(0H)  —As: As-  (0H)CeH3  =  N  ~  (H,)AgCl 

or 

NH  — CeHaCOH)  —  As:As=  (OH)CeH,— NH, 

/I      l\ 
ClAg    ClAg 

When  the  substance  is  dialyzed,  the  arsphenamine  passes  through,  leaving  the  silver 
behind,  suggesting  that  it  is  a  simple  colloidal  mixture. 

Summary  of  Actions  and  Uses. — Arsphenamine  is  one  of  the  least  toxic  compounds 
of  arsenic,  but  accidents  resulting  from  its  use  have  been  reported  frequently.  The  com- 
monest signs  of  intoxications  are:  vascular  dilatation  with  fall  of  blood  pressure,  nausea, 
faintness,  palpitation  and  low  temperature  often  followed  by  fever.  Skin  eruptions  are 
not  uncommon.  A  severe  affection  of  the  liver,  resembling  acute  yellow  atrophy  has  occa- 
sionally been  reported.  Nephritis  is  seen  especially  when  the  drug  is  used  in  association 
with  or  immediately  after  mercurials.  A  degenerative  condition  of  the  brain  resembling 
encephalitis  lethargica  may  also  result  from  its  use.  Apart  from  the  vascular  reaction, 
it  is  uncertain  to  what  extent  the  complications  are  dependent  on  syphilitic  disease  of 
the  organs  in  question.  The  more  severe  reactions  have  been  observed  only  in  syphilitics, 
but  as  the  drug  is  rarely  administered  to  others,  this  means  little. 
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Arsphenamine  was  introduced  as  a  remedy  for  syphilis,  Ehrlich  showing  that  it  had 
a  particular  tendency  to  attack  spirilli,  and  believing  that  it  was  possible  to  inject  enough 
at  one  dose  to  destroy  all  living  parasites  at  once.  Although  this  has  not  been  found 
possible  in  man  without  danger  of  poisoning  the  host,  the  drug  and  its  modifications  have 
found  an  enormous  use  in  syphilis.  It  is  the  most  effective  agent  at  our  command,  for 
the  destruction  of  the  infecting  organisms. 

It  is  less  used  in  other  conditions,  especially  those  associated  with  protozoan  para- 
sites, such  as  malaria,  trypanosomiasis,  and  certain  anemias  of  obscure  origin. 

Materia  Medica. — Arsphenamina  (U.S.  X.),  Arsphenamine.  Ahhr.,  Arsphen,  Di- 
aminohydroxy  arsenobenzene  Hydrochloride.  Bynonyms :  Salvarsan,  Kharsivan,  Arsen- 
obenzol,  Arsenobillion,  Diarsenol,   606. 

Contains  not  less  than  30  percent,  and  not  more  than  32  percent,  of  arsenic  ele- 
ment. Occurs  as  a  light  yellow  powder,  odorless  or  nearly  so,  and  hygroscopic;  soluble 
in  water,  alcohol,  and  glycerin. 

Dose,  5  to  10  grains  (0.3  to  0.6  Gm.).    Used  with  caution. 

Neoarsphenamina  (U.S.  X.),  Neoarsphenamine.  J.&&r.^  Neoarsphen.  Synonyms: 
Neosalvarsan,  Neokharsivan,  Novarsenobenzol,  JSTovarsenobillion,  Neodiarsenol,  914. 

A  product  obtained  by  the  action  of  sodium  methanol  sulphoxylate  or  arsphena- 
mine. It  contains  not  less  than  19  and  not  more  than  24  percent,  of  arsenic  element. 
Occurs  as  a  yellow  powder,  odorless  or  nearly  so;  very  soluble  in  water,  soluble  in 
glycerin,  slightly  soluble  in  alcohol. 

Dose,  8  to  15  grains  (0.5  to  1  Gm.).     Use  with  caution. 

Argentum  Arsphenamina  (N.N.K.),  Silver  Arsphenamine,  Sodium  Silver  Arsphen- 
amine. 

The  sodium  salt  of  silver-diamino-dihydroxy-arseno-benzene.  It  contains  approxi- 
mately 20  percent,  of  arsenic  and  approximately  15  percent,  of  silver.  A  brownish-black 
powder,  unstable  in  air;  readily  soluble  in  water,  forming  a  dark-brown  solution  of  an 
alkaline  reaction. 

Dose,  1^2  to  5  grains  (0.1  to  0.3  Gm.).    Used  immediately  after  being  made. 

SoDiARSPHENAMiNA  (IST.N.  E.),  Sodium  Arsphenamine,  Sodium  Arsenphenolamine. 
Synonym:  Sodium  Diarsenol. 

The  sodium  salt  of  diamino-dihydroxy-arsenobenzene.  The  arsenic  content  of 
3  parts  of  sodium  arsphenamine  is  equivalent  to  2  parts  of  arsphenamine.  It  is  a 
bright  yellow  powder,  very  unstable  in  air,  readily  soluble  in  water,  yielding  an 
orange-yellow  solution  of  alkaline  reaction. 

Dose,  7  to  14  grains  (0.45  to  0.9  Gm.).  Used  intravenously  immediately  after 
preparation. 

SuLPHARSPHENAMiNA   (N.N.E.),   Sulpharsphenamine.    Synonym:  Sulfarsenol. 

An  orange-yellow  powder  with  an  odor  resembling  that  of  sulphur  dioxide  and 
arsine;  readily  soluble  in  water,  yielding  a  yellow  solution  which  is  acid  to  litmus. 
It  has  an  arsenic  content  of  from  19  to  24  percent. 

Dose,  1  to  10  grains  (0.06  to  0.6  Gm.). 

BisMARSEN  (N.N.E.).    Synonym:  Sulpharsphenamine  Bismuth. 

The  sodium  salt  of  a  bismuth  derivative  of  arsphenamine  methylene  sulphonic 
acid,  containing  about  13  percent,  of  arsenic  and  24  percent,  of  bismuth. 

Dose,  administered  intramuscularly  only;  initial,  1^2  grain  (0.1  Gm.) ;  subsequent, 
3  grains  (0.2  Gm.). 

Antipathogenic  Action. — It  is  probable  that  salvarsan,  as  such,  resembles  other  non- 
toxic forms  of  arsenic  in  not  being  destructive  to  lower  forms  of  life.  If  this  be  the  case, 
bacteria  have  the  power  to  decompose  it  to  more  active  bodies,  as  it  is  bactericidal  in 
quite  high  dilution.  Staphylococci  in  broth  culture  are  killed  by  1  part  in  6000;  strepto- 
cocci  are   destroyed   by   1    in    3000   and    inhibited    by    1    in    14,000.      The    presence    of 
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blood  lessens  its  activity  (Douglas  and  Colebrook).  The  bactericidal  power  Is  also  evi- 
denced by  the  power  to  control  infections;  rabbits  infected  with  a  barely  fatal  dose  of 
streptococcus  can  be  saved  by  a  single  intravenovis  injection  of  5  to  10  cc.  of  a  0.2  percent, 
solution.  In  syphilitics  under  salvarsan  treatment,  wounds  infected  by  pyogenic  cocci 
heal  rapidly.  Septic  infections  and  puerperal  fever  have  been  treated  with  alleged 
benefit.  These  effects  are  in  part  explained  by  the  bactericidal  properties  of  the  blood 
of  animals  after  salvarsan  injections.  The  serum  of  men  receiving  a  single  injection 
of  0.6  Gm.  (gr.  10)  is  actively  bactericidal  for  staphylococci  (Douglas  and  Colebrook). 
Repeated  injections,  however,  reduce  the  ability  of  rabbits  to  produce  antibodies  (Kol- 
mer  and  Toyama). 

Salvarsan  does  not  kill  spirochetes  in  vitro  but  its  great  field  is  in  the  treatment 
of  spirillar  and  especially  spirochetal  infections.  Ehrlich  found  it  possible  in  mice 
infected  with  spirilli  and  in  monkeys  infected  with  the  spirochetes  of  syphilis  to  ad- 
minister safely  a  dose  of  such  size  that  all  the  parasites  were  killed  at  once  and  the 
animals  saved  by  the  single  injection.  He  termed  this  melhod  "Therapia  magna 
sterilisans"  or  "major  antisepsis."  It  is  possible,  also,  to  cure  by  a  single  injection  rata 
infected  with  trypanosomiasis,  although  the  dose  that  will  permanently  relieve  all 
the  animals  is  not  safe.  The  injection  of  2  mgm.  per  kilo  of  arsphenamine  or  3  to 
4  mgm.  of  neoarsphenamine  or  10  to  30  mgm.  of  sulpharsphenamine,  causes  the  com- 
plete disappearance  of  all  organisms  from  the  circulating  blood,  and  a  symptomatic, 
although  temporary,  "cure."  Kolmer  has  based  an  index  on  the  dose  required  to  bring 
about  this  disappearance  of  organisms,  and  the  fatal  dose  which  is  of  value  in  indicat- 
ing the  comparative  safety  of  different  preparations  or  lots  of  the  same  preparation. 
He  found  that  by  this  method,  intramuscular  injection  was  just  as  effective  as 
intravenous. 

Although  it  was  soon  found  that  syphilis  in  man  would  not  yield  to  a  single  safe 
dose,  the  use  of  arsphenamine  in  this  malady  gives  better  results,  as  regards  destruction 
of  the  parasites,  than  any  other  remedy,  including  mercury. 

Very  small  doses  given  to  rabbits  experimentally  infected  with  syphilis,  cause  the 
spirochetes  to  multiply  more  rapidly,  and  a  similar  lighting  up  of  syphilis  in  the  nursling 
may  be  seen  after  treatment  of  the  mother.  There  is,  however,  danger  that  if  doses  are 
given  which  are  too  small  to  be  promptly  effective,  the  parasites  will  become  habituated 
to  the  poison,  or  "arsenic  fast"  as  it  is  termed,  compelling  resort  to  mercurials  and  other 
remedies. 

Pharmacodynamic  Action. — Arsphenamine  cannot  be  administered  by  mouth,  as  it  Is 
largely  destroyed  in  the  digestive  tract  before  being  absorbed  or  is  altered  to  those  toxic 
compounds  the  presence  of  which  make  old  solutions  dangerous.  Given  to  rats  in  capsules, 
however,  enough  may  be  absorbed  unchanged  to  show  an  effect  on  experimental  trypano- 
somiasis equal  to  Vio  the  dose  by  vein.  (Schamberg,  Kolmer  and  Raiziss).  Dilute  solu- 
tions administered  by  rectum  are  fairly  completely  absorbed  and  this  method  of  adminis- 
tration is  extensively  used  in  the  treatment  of  syphilis  in  children.  Persons  handling 
arsphenamine  may  absorb  it  through  the  skin  (Slosse). 

Arsphenamine  injected  subcutaneously  or  intramuscularly  is  largely  precipitated  at 
the  point  of  injection,  and  very  slowly  taken  up  (Fischer  and  Hoppe).  Alkaline  solu- 
tions are  less  completely  thrown  down,  and  if  given  intramuscularly  do  not  cause  local 
induration  unless  there  is  excess  of  alkali  (Corbus).  Neosalvarsan  is  also  precipitated 
and  may  still  be  found  at  the  site  of  injection  after  6  weeks  (Swift). 

Intraperitoneal  injections  are  well  borne  and  well  absorbed  if  the  solution  is  con- 
centrated.    Dilute  solutions  are  not  taken  up  and  lead  to  irritation   (Rosenberg), 

On  intravenous  injection  the  acid  form  is  precipitated  in  the  blood  stream  and  the 
drug  itself  is  precipitated  when  blood  and  acid  salvarsan  solution  are  mixed  in  vitro 
(Joseph).  The  alkaline  salt  is  not  precipitated,  but  passes  rapidly  into  the  tissues, 
being  deposited  chiefly  in  the  liver  and  spleen.  After  a  single  large  dose  in  man, 
%  of  the  drug  is  still  found  ia  the  blood  after  2  hours  (Brecker),  but  only  a  small 
part  is  present  in  its  original  form  (Schreus  and  Hollander).  Fordyce  found  that  the 
amount  of  arsenic  in  the  blood  fell  steadily,  reaching  a  minimum  24  to  90  hours  after 
an  intravenous  injection,  and  then  rising  to  a  maximum  a  week  or  two  later. 

The  changes  which  salvarsan  undergoes  in  the  body  are  of  great  interest,  but  very 
incompletely  understood.  It  is  not  very  destructive  to  spirochetes  in  vitro  and  must 
be  converted  into  an  active  form;  this  may  be  an  arsinoxide  {e.g.,  NH2(OH)C6H3  —  As:0) 
(Voegtlin  and  Smith).     Raiziss  denies  the  formation  of  arslnoxides,  but  thinks  arsen- 
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phenylglycin  (HOOC  — CH^NHCgH^— As  =  As  — C6H4NHCHa— (COOH)  may  be  the  ac- 
tive form.  Voegtlin  and  Smith  believe  that  arsinoxide  combines  with  glutathione  or  some 
similar  compound,  which  is  supposed  to  be  concerned  in  normal  cell  oxidations,  and  thus 
destroys  life  by  interfering  with  cell  respiration. 

Elimination  is  extremely  slow,  and  is  chiefly  in  the  urine.  Excretion  of  arsenic  in 
the  urine  begins  1  to  24  hours  after  a  large  injection  and  may  continue  for  25  days. 
Usually  only  traces  are  found  after  3  days.  Considerable  amounts  are  excreted  in  the 
bile  (in  dogs,  Pomeret),  and  traces  are  found  in  the  sweat,  stools,  hair  and  desquamated 
skin.  The  arsenic  in  the  urine  is  almost  wholly  inorganic,  and  any  organic  compounds 
are  not  related  to  arsphenamine.  The  milk  of  nursing  women  who  are  receiving  arsphen- 
amine,  may  contain  some  related  compound,  which  may  be  absorbed  by  the  infant  in 
sufficient  amount  to  exert  a  favorable  influence  on  hereditary  syphilis.  A  large  proportion 
is  always  held  in  the  body  for  a  long  time,  but  this  amount  becomes  proportionally  less 
with  repeated  injections,  until  during  a  course  of  treatment,  elimination  may  keep  pace 
with  administration  (Underbill  and  Davis).  With  more  exact  methods,  Del  Baere  has 
shown  that  2  hours  after  an  intravenous  injection  of  neoarsphenamine  in  man,  26  percent. 
of  the  amount  injected  can  still  be  recovered  unaltered  from  the  blood,  9  percent,  having 
been  excreted  and  65  percent,  deposited  in  the  tissues.  Excretion  begins  within  a  few 
minutes  and  continues  more  than  3  days,  a  large  part  appearing  unchanged  in  the  bile 
and  the  urine. 

Arsphenamine  appears  to  be  deposited  in  all  the  tissues,  and  in  pregnant  rabbits 
considerable  amounts  are  found  in  the  placenta  and  in  the  fetus.  In  connection  with 
treatment  of  syphilis  of  the  central  nerve  system,  it  is  of  interest  to  note  that  arsenic 
can  be  found  in  the  cerebrospinal  fluid  in  less  than  one-third  of  the  cases  receiving 
intravenous  injections;  and  in  these  in  small  amount.  If,  however,  an  injection  of  the 
patient's  own  serum  be  given  8  hours  before  the  arsphenamine,  arsenic  is  found  in  the 
fluid  in  almost  all  cases,  and  averages  0.3  mgm.  per  cc.  (Mehrtens  and  West,  Rieger  and 
Solomon).  A  similar  increased  penetration  may  be  brought  about  by  withdrawing  a  small 
amount  of  spinal  fluid  soon  after  injection  of  the  drug  (Barbat).  The  permeability  of 
the  choroid  plexus  for  dyes  is  increased  by  intravenous  injections  of  arsphenamine 
(Siengalewicz). 

Topical  Action. — Arsphenamine  solutions  applied  to  mucous  membranes  have  no 
topical  action  except  such  as  is  given  by  the  acidity  or  alkalinity.  Injections  into  the 
large  body  cavities  are  followed  by  effusion  of  fluid  and  lymph  and  inflammatory  reac- 
tion with  adhesions.  The  solution  is  absorbed  more  promptly  if  concentrated,  and  reac- 
tion is  less.  Injected  intramuscularly  or  subcutaneously,  arsphenamine  is  precipitated 
at  the  point  of  injection,  giving  rise  to  local  necrosis  and  induration  which  passes  away 
very  slowly. 

Toxic  and  Systemic  Action. — The  toxic  effects  of  arsphenamine  and  of  its  modifica- 
tions are  of  two  sorts:  an  acute  poisoning  which  comes  in  an  hour  or  so  after  the 
injection,  and  a  chronic  form  which  develops  gradually  after  repeated  injections.  The 
second  form  is  perhaps  seen  only  in  syphilitics,  and  certain  of  its  manifestations  are 
probably  largely  luetic. 

Acute  Intoxication. — Acute  intoxication  is  likely  to  follow  intravenous  injection  of 
any  of  the  forms  of  arsphenamine.  It  is  most  frequent  after  acid  arsphenamine  and  is 
about  equally  common  with  the  alkaline  solution  and  with  neoarsphenamine.  Sulphars- 
phenamine  is  said  to  be  safer  in  this  respect  than  either.  The  tendency  to  such  reac- 
tions is  especially  marked  with  certain  lots,  which  cannot  be  distinguished  from  less 
toxic  preparations  by  any  tests  yet  devised.  Certain  samples  of  distilled  water  yield 
toxic  solutions  and  the  water  must  be  freshly  distilled,  as  the  presence  of  calcium  or  of 
living  or  dead  bacteria  in  it  greatly  increases  the  likelihood  of  reactions.  Passage  of 
the  solution  through  fresh  rubber  tubing  which  has  not  been  boiled  or  thoroughly 
washed  in  alkali,  increases  the  danger,  as  does  shaking  in  air  to  hasten  solution.  Sam- 
ples which  do  not  make  perfectly  clear  solutions  on  addition  of  the  prescribed  amount 
of  alkali  are  dangerous.  Accidents  are  not  entirely  due  to  improper  material  or  poor 
techriic,  as  they  occur  under  the  best  conditions  in  the  largest  clinics.  Rapid  injection, 
cold  solutions,  exposure  of  the  solution  to  air  before  injection,  etc.,  however,  greatly 
increase  danger. 

Acute  intoxication  commonly  presents  itself  as  a  vasomotor  syndrome,  which  resem- 
bles in  some  respects  anaphylactic  shock  and  also  nitrite  poisoning,  and  is  therefore 
known  as  "anaphylactoid"  or  "nitritoid"  crisis.    This  comes  on  from  40  minutes  to  several 
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hours  after  the  injection  and  is  characterized  by  chilliness  and  febrile  reaction,  throb- 
bing pain  in  the  liead,  congestion  and  cyanosis  of  the  face,  faintness,  dizziness  and 
nausea,  often  leading  to  vomiting.  There  is  a  sense  of  oppression  in  the  chest,  accom- 
panied by  dyspnea  and  palpitation.  Severe  pain  in  the  himbosacral  region  may  accom- 
pany or  precede  the  other  symptoms.  Intestinal  cramps  and  diarrhea  are  frequently 
noted.  The  blood  pressure  is  low,  the  pulse  rapid  and  at  times  imperceptible.  The 
symptoms  are  mitigated  by  injection  of  epinephrine  (Milian)  or  of  sodium  bicarbonate 
(Sicard),  and  it  is  suggested  that  they  may  depend  on  injury  to  the  adrenal  glands 
(Hirano).  The  attacks  can  be  prevented  by  previous  injection  of  1  mgm.  (gr.  1/GO) 
of  atropine. 

iiubacute  and  Chronic  Poisoning. — Occasionally  severe  poisoning  results  from  re- 
peated injections  of  arsphenamine. 

Disorders  of  the  hepatic  function  are  the  most  frequent  of  the  late  manifestations. 
Two  varieties  are  seen,  an  early,  usually  benign  form,  occurring  within  a  few  days  of 
an  injection,  and  commonly  ending  in  complete  recovery;  and  a  delayed  form,  occurring 
several  weeks  or  even  several  months  after  beginning  or  even  after  completing  treat- 
ment. This  form  also  usually  clears  up  in  the  course  of  a  few  weeks,  but  symptoms  of 
acute  yellow  atrophy  may  develop  and  death  ensue.  Fatty  changes  in  the  liver  are  usual 
In  persons  dying  while  under  arsphenamine  treatment  and  may  be  perhaps  looked  upon  as 
inevitable  concomitants  of  repeated  doses.  Liver  damage  may  be  foreseen  by  study  of 
the  bilirubin  content  of  the  blood   (Schamberg  and  Brown). 

Various  skin  eruptions  result  from  the  use  of  arsphenamine.  The  most  frequent 
are  urticaria  and  erythema;  the  most  serious  is  a  generalized  dermatitis  exfoliativa 
which  is  not  infrequently  fatal. 

Nephritis  is  rare  unless  the  kidneys  are  already  damaged,  but  arsphenamine  given 
after  mercurials  (Wechselman)  or  mercurials  after  arsphenamine  (Guy)  may  lead  to 
complete  and  even  fatal  anuria. 

Arsphenamine  does  not  have  the  tendency  to  cause  optic  and  other  forms  of  neuritis, 
which  is  shown  by  atoxyl,  etc.,  but  encephalitis  hemorrhagica  has  been  reported  several 
times  and  isolated  cases  of  myelitis,  meningitis  and  other  nervous  complications  have 
been  reported.  Although  inflammation  of  the  optic,  auditory  and  other  cranial  nerves 
are  seen  in  syphilitics  during  arsphenamine  treatment,  it  is  probable  that  these  are 
due  to  the  malady  and  not  to  the  remedy. 

Postmortem  examination  in  fatal  poisoning  discloses  multiple  hemorrhages  in  the 
central  nerve  system,  lungs  and  kidneys;  fatty  degeneration  in  the  liver;  congestion  and 
hemorrhages  in  the  renal  cortex,  with  alterations  in  both  the  glomeruli  and  tubules 
(Pearce  and  Brown), 

Ejrperimental  Poisoning. — In  studying  the  toxic  dose  in  animals,  it  is  noted  that 
different  lots  differ  widely  from  one  another  for  no  known  reason.  The  fatal  dose 
varies  with  the  strength  of  the  solution  and  the  rate  of  injection.  Acid  solutions 
are  much  more  toxic  than  alkaline  when  both  are  concentrated,  but  the  difference 
tends  to  disappear  as  both  are  diluted.  Owing  to  irregularity  of  absorption,  only 
intravenous  injections  give  consistent  results.  Rapid  injection  increases  the  toxic 
potentiality. 

If  an  alkaline  0.5  percent,  solution  is  injected  rapidly,  the  following  doses  (in  mgm. 
per  kilo)  may  be  expected  to  be  fatal;  rabbit,  112  to  175;  rat,  70  to  120;  mouse,  125  to 
150.  Subcutaneous  and  intraperitoneal  injections  require  somewhat  larger  doses.  With 
acid  solutions  the  strength  of  solution  and  rate  of  injection  are  most  important;  Fleig, 
for  example,  found  9  mgm.  per  kilo  fatal  in  rabbits  when  a  3  percent,  solution  was 
injected  rapidly,  while  it  required  190  mgm.  in  0.14  percent,  solution.  Dogs  are  killed 
by  rapid  injection  of  10  mgm.  (Hering),  but  by  6  to  8  times  as  much  if  injected  slowly 
(Jackson  and  Smith).  The  dose  usually  recommended  in  man  is  0.6  Gm.  (gr.  10),  and 
this  is  commonly  well  borne,  but  may  give  rise  to  vasomotor  disturbances. 

Systemic  Action:  Action  on  the  Blood. — Precipitates  arise  in  the  blood  both  in  vitro 
and  in  vivo  on  addition  (or  injection)  of  acid  arsphenamine.  In  some  bloods  such 
precipitates  occur  with  the  monosodium  salt,  but  never  if  there  is  excess  of  alkali.  The 
precipitate  contains  only  the  drug,  and  in  vitro,  dissolves  at  once  on  addition  of  alkali. 
The  addition  of  0.1  percent,  to  shed  blood  prevents  coagulation  and  clotting  power 
is  lost  in  vivo  for  an  hour  or  so  after  an  ordinary  therapeutic  dose.  It  has  even 
been  recommended  as  an  anticoagulant  for  use  in  indirect  transfusion.  After  full 
injections  of  arsphenamine  there  is  leucocytosis  preceded  by  brief  leucopenia.     The  red 
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cells   may  show  hemolysis,   due  partly  to   the  alkali,   partly   to   the   drug  itself.     Neo- 
arsphenamine  is  not  hemolytic. 

Circulatory  System. — The  toxic  effect  exerted  on  the  circulatory  system  of  dogs  is 
complex  and  is  markedly  increased  by  excess  of  potassium  in  the  plasma.  If  a  dilute 
solution  of  the  alkaline  salt  is  injected  slowly,  no  change  in  blood  pressure  occurs.  If, 
however,  the  injection  is  as  rapid  as  30  mgm.  per  kilo,  in  3  to  4  minutes  there  is  a 
marked  fall  of  systemic  blood  pressure  partly  due  to  depression  of  the  vasomotor  center, 
partly  to  direct  action  on  the  vasomotor  endings,  and  partly  to  depression  of  the  heart. 
At  the  same  time  the  pressure  in  the  pulmonary  artery  rises  enormously,  even  as  much 
as  IDO  percent.  The  vessels  of  the  spleen  are  dilated,  while  those  of  the  kidney  and  of 
the  gut  are  contracted.  The  obstruction  of  the  circulation  in  the  lung,  which  is  indi- 
cated by  the  high  pulmonary  pi'essure,  does  not  seem  to  be  due  to  multiple  embolism, 
as  has  been  stated,  but  is  probably  related  in  part  to  the  alkalinity  of  the  solution, 
alkalis  having  somewhat  the  same  effect.  The  sudden  rise  in  pressure  in  the  right 
ventricle,  with  fall  in  the  left,  causes  a  rapid  dilatation  of  the  former,  which  becomes 
very  sensitive  to  handling  or  strain  (Jackson  and  Smith),  and  when  touched  is  likely 
to  go  into  delirium  cordis  (Auer).  The  heart  is  markedly  depressed  by  acid  arsphena- 
mine,  but  alkaline  solutions  have  no  injurious  effect  on  the  isolated  heart  of  the  frog 
in  concentrations  in  which  the  alkali  itself  is  not  injurious   (Githens,  unpublished). 

Other  Actions. — Toxic  doses  of  arsphenamine  depress  the  respiratory  center  in  rab- 
bits, the  respiration  becoming  slow  and  deep  and  stopping  before  the  heart,  but  when 
the  blood  pressure  is  quite  low   (Hoke  and  Rihl). 

The  kidneys  are  seriously  injured  by  poisonous  doses,  a  small  red  kidney  resulting, 
with  congestion  and  hemorrhage  in  the  outer  half  of  the  cortex  and  inner  half  of  the 
boundary  zone,  and  necrosis  of  the  inner  half  of  the  cortex   (Pearce  and  Brown). 

There  is  but  little  action  on  the  nerve  system  of  healthy  animals,  and  nerve  muscle 
preparations  of  frogs  are  not  injured   (Joseph). 

N eoarsphenamine. — Neoarsphenamine  is  much  less  toxic  than  the  original  substance, 
as  shown  by  animal  experiment,  but  faintness  and  dyspnea,  headache,  nausea,  diarrhea, 
and  icterus  result  from  it  also,  and  deaths  have  been  reported  (Miller).  Different  lots 
differ  more  widely  than  do  those  of  arsphenamine  and  samples  which  do  not  dissolve 
readily  should  not  be  used.  The  minimal  fatal  dose  per  kilo  by  vein  is  in  rabbits  150 
to  300  mgm.;  in  rats,  100  to  200  mgm.;  in  mice,  150  to  400  mgm.;  in  guinea-pigs,  50  to 
70  mgm.  Intraperitoneally,  the  fatal  doses  are:  rats,  75  to  300  mgm.;  mice  and  guinea- 
pigs,  100  mgm.  (Pearce  and  Brown).  Dogs  show  acute  fall  of  blood  pressure  from  120 
to  180  mgm.  per  kilo  (Smith).  Lesions  of  the  kidneys  and  nerves,  similar  to  those 
resulting  from  arsphenamine,  may  be  induced.  Multiple  neuritis  has  been  reported 
several  times  and  fatal  paralysis  has  followed  intradural  injection. 

Sulpharsplienamine. — Sulpharsphenamine  is  much  less  toxic  than  arsphenamine,  the 
fatal  dose  for  rats  by  vein  being  about  400  mgm.  per  kilo.  The  toxicity  does  not  increase 
on  standing  in  solution,  and  the  drug  is  well  adapted  to  hypodermic  injection.  According 
to  Fordyce,  it  has  no  clinical  advantage;  but  others,  as  Stokes,  find  it  superior  to 
neoarsphenamine  under  certain  conditions.  It  is  21/2  times  less  efficient  than  arsphena- 
mine in  experimental  trypanosomiasis. 

Silver  Arsphenamine. — Silver  arsphenamine  has  been  found  very  effective  in  experi- 
mental syphilis  in  rabbits,  the  silver  being  thought  to  act  as  a  "catalysator"  of  the  arsen- 
ical. In  man  the  results  are  much  like  those  of  the  older  forms.  Extreme  argyria  has 
followed  a  course  of  12  injections    (Lochte). 

Therapeutics. — Arsphenamine  has  not  fulfilled  the  expectations  of  Ehrlich  that  it 
would  "cure  syphilis  at  a  single  stroke."  Nevertheless,  this  drug  and  its  modifications 
are  the  most  powerful  agents  now  at  our  command  for  the  treatment  of  lues  in  all 
stages  and  forms,  if  we  exclude  from  its  domain  syphilis  of  the  liver  and  of  the  kid- 
neys and  remember  that  in  the  presence  of  optic  neuritis  of  non-luetic  origin,  or  of 
serious  lesion  of  heart,  liver,  or  kidneys,  antedating  the  luetic  infection,  arsenical 
compounds  are  to  be  used,  if  at  all,  with  great  caution.  Moreover,  in  the  use  of 
arsphenamine,  the  possibility  of  arsenic  idiosyncrasy  mvist  be  kept  in  mind.  The 
patient's  sensitiveness  may  be — and  some  writers  say  "should  be" — tested  preliminarily 
with  a  few  doses  of  arsenous  acid  or  sodium  arsenate,  or  of  Fowler  or  Donovan 
solution,  but  the  common  practice,  now,  is  not  to  make  such  test  in  the  absence  of  a 
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history  of  supersensitiveness.  Should  untoward  reactions  develop,  the  arsenic  is  of 
course  to  be  discontinued  and  the  appropriate  antidote  (sodium  thio.sulphate)  promptly 
administered  intravenously  (5  f>rains — 0.3  Gm.  daily)  and  by  the  mouth  (10  to  15 
grains — 0.6  to  1  Gm.  t.i.d.).  Headache,  nausea  and  vomiting  are  not  ordinarily  con- 
sidered of  sufficient  moment  to  call  for  definite  interruption  of  the  arsenical  course, 
but  this  must  always  be  a  matter  of  good  judgment  in  the  individual  ease.  The 
intervals  between  doses  are,  of  course,  moderately  lengthened.  Dermatitis  and  jaun- 
dice, however,  commonly  forbid  the  further  use  of  arsenic. 

Discussion  of  the  therapy  of  syphilis  would  be  incomplete  were  attention  confined 
to  the  arsenicals  only.  Bismuth  preparations  must  also  be  considered;  and  neither 
mercurials  nor  iodides  can  be  ignored.  While  each  of  these  groups  of  remedies  has  its 
advantages  under  certain  conditions,  exclusive  dependence  cannot  be  placed  on  any 
one  of  them — new  or  old — no  matter  how  skilfully,  how  thoroughly,  or  how  persistently 
it  may  be  used. 

To  avoid  too  much  repetition,  the  special  applications  and  methods  of  adminis- 
tration of  the  various  antiluetic  agents  are  discussed  under  the  special  headings,  but 
allusions  to  their  associated  use  are  frequently  made  and  the  necessity  for  such  asso- 
ciation should  always  be  kept  in  mind. 

Arsphenamine  is  of  little  use  as  a  prophylactic  against  syphilis;  but  it  may  be 
used  to  abort  syphilis;  and  to  remedy  the  developed  infection.  As  emphasized  by 
Greenbaum,  prophylaxis  must  be  differentiated  from  abortive  treatment;  and  this  is 
not  a  mere  matter  of  phraseology  but  is  necessary  to  a  clear  conception  of  the  condi- 
tions to  be  met.  Prophylaxis  against  syphilis,  as  all  other  prophylaxis,  is  an  attempt 
to  prevent  infection.  Abortive  treatment  is  an  attempt  to  cut  short  an  established 
infection  and  thus  to  avert  the  consequent  changes  in  the  tissues  and  fluids  of  the  body. 

The  most  certain  method  of  prophylaxis  is  avoidance  of  exposure.  If,  however, 
exposure  have  occurred  or  be  suspected,  the  most  dependable  drug  that  can  be  used 
in  the  attempt  to  prevent  development  of  infection  is  mercury  (calomel  ointment). 
This  should  be  applied  as  promptly  as  possible,  and  is  probably  useless  after  four  hours. 

The  abortive  treatment  of  syphilis,  presumes  infection.  It  may  be  designated  as 
immediate  when  instituted  within  24  hours  after  contact  and  late  when  initiated  after 
that  period.  When  infection  is  certain,  as  in  the  case  of  a  physician  who  wounds 
himself  with  a  contaminated  instrument,  immediate  abortive  treatment  is  clearly 
indicated.  When  the  infection  is  merely  suspected,  treatment  may  be  delayed;  but 
if  decided  upon,  it  should  be  instituted  within  24  hours.  There  is  some  difference 
of  opinion  among  sj^ohilographers  concerning  the  late  abortive  treatment,  but  it  has 
been  shown,  both  experimentally  and  clinically,  that  insufficient  treatment  in  the 
early  course  of  syphilis  may  conceal,  but  not  eradicate,  the  infection,  and  unless  a  full 
series  each  of  arsphenamine  (or  neoarsphenamine)  and  of  bismuth  can  be  given,  many 
authorities  prefer  to  await  developments,  meaning  thereby  the  appearance  of  chancre, 
or  in  its  absence,  of  positive  serologic  findings.  Stress  is  laid  upon  repetitions  of  the 
serum  test  at  short  intervals,  say  3  days,  continuing  for  at  least  6  weeks  longer  than 
the  average  incubation  period,  before  concluding  that  infection  is  absent.  This  is  an 
important  feature  in  the  therapeutic  diagnosis. 

In  the  immediate  abortive  treatment,  three  full  doses  of  arsphenamine  (0.6  Gm, 
each;  total  1.8  Gm.)  or  of  neoarsphenamine  (0.9  Gm.  each;  total  2.7  Gm.)  are  given, 
as  closely  spaced  (1  or  2  or  3  day  intervals)  as  the  patient's  tolerance  will  permit.  It 
is  necessary  to  give  full  doses  and  to  avoid  long  intervals  in  order  to  obviate  the 
production  of  arsenic-fast  spirochetes.  An  interval  of  a  month  is  then  allowed,  when 
the  course  may  be  repeated,  for  security,  even  in  the  presence  of  negative  serologic 
findings ;  and  some  physicians  would  give  a  third  but  less  intense  course,  in  from  3  to 
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6  montlis.  Many,  however,  consider  that  it  is  sufl&cient  to  supplement  the  intensive 
arsenic  course  by  one  of  bismuth,  giving  a  compound  tartrate  intramuscularly — 1 
grain;  0.6  Gm.  in  single  doses  of  %  grain;  0.2  Gm.  each,  once  to  thrice  weekly;  repeat- 
ing the  arsphenamine  only  in  case  of  positive  serologic  findings,  but  testing  for  these 
every  2  or  3  months  for  at  least  a  year.  Others,  while  conceding  that  such  manage- 
ment will  almost  certainly  abort  the  malady,  prefer  to  "make  assurance  doubly  sure" 
by  the  use  of  mercury  in  addition;  beginning  its  administration  about  2  to  4  weeks 
after  conclusion  of  the  bismuth  course. 

In  certain  cases,  arsphenamine  is  used  to  provoke  a  positive  Wassermann  reaction 
for  diagnostic  purposes  (Gennerich).  An  intravenous  injection  of  0.3  Gm.  is  given, 
and  the  Wassermann  test  is  made  for  seven  days  in  succession  thereafter,  the  patient 
also  being  observed  for  clinical  signs.  It  is  by  no  means  an  infallible  procedure, 
both  false  positives  and  false  negatives  having  been  reported.  Interpreted  in  con- 
nection with  all  the  other  evidence,  however,  a  positive  response  may  help  to  identify 
cases  in  which  recovery  is  not  complete.  A  negative  test,  on  the  other  hand,  does 
not  necessarily  mean  complete  recovery.  In  neurosyphilis  of  all  types,  an  intensive 
systemic  treatment  is  first  indicated.  If  this  prove  insufficient,  intrathecal  adminis- 
tration may  be  resorted  to,  as  described  under  administration. 

In  the  late  abortive  treatment,  Kolmer  varies  the  dose  of  arsenical  according  to 
the  time  that  has  elapsed  since  exposure.  If  this  be  3  days,  he  gives  3  doses  of  10 
to  15  grains  (0.6  to  1  Gm.)  of  neoarsphenamine  or  7  grains  (0.4  Gm.)  of  sulphars- 
phenamine  at  3  day  intervals.  If  treatment  be  delayed  until  4  to  7  days  after  ex- 
posure, 4  doses  are  given;  and  if  7  to  10  days  after,  he  gives  6  doses. 

After  chancre  has  appeared,  or  the  serologic  test  is  positive,  the  term  abortive 
treatment  is  no  longer  applicable.  It  is  still  a  moot  point  whether  remedial  measures 
should  be  undertaken  until  dermal  syphilides  appear;  the  argument  for  waiting  being 
that  the  invading  organism  should  be  given  time  to  exercise  its  full  effect  in  stimu- 
lating the  production  of  antibodies.  The  consensus  of  opinion,  however,  is  that  treat- 
ment should  be  begun  so  soon  as  a  positive  diagnosis  has  been  made.  For  the  attain- 
ment of  an  early  diagnosis,  ultramicroscopie  studies  are  advocated.  When  chancre 
is  present  without  positive  serologic  findings,  Kolmer  and  others  urge  an  intensive 
arsenical  course,  with  large  daily  doses  of  arsphenamine  or  neoarsphenamine  intra- 
venously. Many,  however,  prefer  a  subintensive  course.  In  the  latter  method  the 
initial  dose  is  stated  as  2  grains  (0.13  Gm.)  of  arsphenamine  or  neoarsphenamine 
intravenously.  According  to  the  tolerance  of  the  patient,  the  dose  is  repeated  and 
increased  until  a  total  of  4.8  Gm.  of  arsphenamine  or  10.8  Gm.  of  neoarsphenamine  has 
been  attained  (Greenbaum).  The  intervals  between  doses  in  tolerant  patients  are  at 
first  two  days,  then  four  days,  then  five  days,  then  seven  days.  The  increases  are  so 
made  that  the  full  quantities  of  0.6  Gm.  of  arsphenamine  or  0.9  Gm.  of  neoarsphena- 
mine may  be  reached  within,  at  most,  3  weeks. 

The  arguments  brought  by  the  advocates  of  this  method  against  the  more  stren- 
uous one  of  maximum  daily  dosage  are:  (1)  That  24  hours  is  too  short  a  period  to 
estimate  the  sensitiveness  of  the  patient  to  the  drug,  (2)  That  once  the  body  has 
become  supersaturated  with  arsenic  there  is  no  certain  antidote.  (3)  That  death  has 
been  reported  from  even  so  small  a  dose  as  0.15  Gm.  of  neoarsphenamine.  (4)  That 
the  effect  of  the  intensive  method  is  not  the  complete  annihilation  of  all  spirochetes, 
since  visual,  cutaneous  and  neural  lesions  have  been  observed  even  after  the  produc- 
tion of  acute  arsenicism,  which  presumably  does  not  occur  until  after  the  medicament 
has  exerted  its  full  effect  upon  the  parasites.  Some  writers,  indeed,  assert  that  an 
increase  in  the  incidence  of  neurosyphilis  is  to  be  attributed  to  an  unjustified  con- 
fidence in  the  conquest  of  the  infection  by  early  intensive  treatment. 
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Following  the  arsenical  series,  whether  it  be  intensive  or  subintensive,  a  60  percent, 
bismuth  preparation  is  given  intramuscularly  in  doses  of  0.1  to  0.2  Gm.  up  to  a  total 
of  2  or  3  Gm.  Both  the  arsenical  and  the  bismuth  series  are  to  be  repeated.  Some 
believe  that  2  courses  are  sufficient,  provided  the  patient  does  well,  and  remains  sero- 
negative. Others  advocate  more  active  treatment.  A  program  that  meets  with  much 
favor  consists  of  four  courses  of  the  arsenicals,  with  intervening  periods  of  4,  6  and  8 
weeks,  respectively,  during  which  bismuth  or  mercury  is  administered.  This  program 
covers  one  continuous  year  of  treatment.  Serologic  examinations  are  to  be  made 
at  appropriate  times,  and  not  later  than  18  months  after  the  institution  of  treatment 
a  spinal  fluid  examination  and  a  provocative  test  are  advisable.  Those  who  consider 
two  arsenic  and  bismuth  courses  sufficient  in  seronegative  cases,  follow  the  more  active 
program  of  four  courses,  or  perhaps  an  intermediate  program  of  3  arsenic  courses,  2 
bismuth,  and  1  mercury  course,  in  cases  giving  a  positive  serologic  reaction  before 
treatment  is  instituted,  or  developing  it  in  the  course  of  treatment.  Those  who  advo- 
cate more  active  intervention  follow  the  fourth  course  of  arsenic  by  8  weeks  of  mer- 
cury or  bismuth;  then  giving  either  6  injections  of  arsphenamine  or  8  to  10  injections 
of  neoarsphenamine  at  intervals  of  5  to  7  days,  and  after  this  a  bismuth  course  of 
12  weeks.  This  makes  up  a  total  of  one  and  one-half  years  of  continuous  treatment. 
Serologic  tests  should  be  made  at  the  end  of  each  course  for  information;  but  treat- 
ment is  to  be  continued  regardless  of  a  negative  result.  If  at  the  conclusion  of  such 
a  course  the  reaction  be  still  positive,  arsenic  and  bismuth  should  give  way  to  mercury 
and  iodides.  If  the  reaction  be  negative,  treatment  may  be  intermitted,  and  serum 
tests  made  every  three  months  for  a  year  or  more,  when  complete  physical  examination 
and  spinal  fluid  study  should  be  made. 

Other  protozoan  infections  are  often  favorably  influenced.  African  sleeping  sick- 
ness may  be  treated  by  intraspinal  injection  of  arsphenamized  serum  in  dose  of  20 
minims  (1.3  cc),  although  atoxyl  is  more  effective.  In  inveterate  malaria  and  in 
relapsing  fever,  arsphenamine  is  no  more  efficacious  than  inorganic  arsenicals,  but 
in  yaius  and  rat-hite  fever,  brilliant  results  are  obtained.  Usually  one  injection  of 
5  to  8  grains  (0.3  to  0.5  Gm.)  suffices  to  destroy  the  parasites,  but  in  obstinate  cases 
a  second  injection  is  needed.  In  amebic  dysentery,  success  has  occasionally  followed  the 
intravenous  injection  of  arsphenamine,  sometimes  in  association  with  emetine.  Two  or 
three  injections  of  5  to  8  grains  (0.3  to  0.5  Gm.)  each  are  given  at  2  day  intervals. 
Such  practice  requires  caution,  and  a  better  method  is,  perhaps,  the  injection  of  a  full 
dose  of  neoarsphenamine  2  days  after  the  termination  of  an  intensive  course  of  ipecac. 

Vincent's  angina  and  infective  mononucleosis  (glandular  fever)  have  been  success- 
fully treated  by  topical  application  of  ai-sphenamine  in  dry  powder  to  the  nose  and 
throat.  In  ulcerative  and  gangrenous  halanoposthitis,  daily  dusting  of  the  lesion  with 
arsphenamine  or  neoarsphenamine,  after  cleansing  with  hydrogen  dioxide,  has  given 
good  results.  A  10  percent,  ointment  of  neoarsphenamine  has  been  useful  in  the  treat- 
ment of  chancroids. 

In  hronchial  spirochetosis,  arsphenamine  by  intravenous  injection  is  of  great  value, 
and  gangrene  of  the  lung  has  been  checked  by  such  injections,  the  expectoration  and 
cough  being  increased  as  an  immediate  effect,  but  beginning  to  subside  by  the  second 
day  and  ceasing  by  the  end  of  the  week  (Curschmann,  Reichmann).  Cutaneous 
Host  omy  CO  sis  yields  promptly,  as  a  rule,  to  3  or  4  full  doses  at  3  day  intervals.  In 
Oroya  fever  (Carrion  syndrome),  3  or  4  injections  of  neoarsphenamine  given  every 
other  day  offer  greater  hope  of  good  result  than  do  other  remedies.  Tropical  ulcer 
(tropical  sloughing  phagedena)  commonly  recovers  if  7  to  10  grains  (0.45  to  0.6  Gm.) 
of  neoarsphenamine  be  injected  intravenously  and  the  powdered  drug  also  dusted  on 
the  lesion. 
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The  fact  that  a  positive  Wassermann  reaction  is-  not  infrequently  obtained  in 
scarlatina  has  led  to  the  use  of  arsphenamine  injections  in  this  malady.  They  appear 
to  relieve  the  throat  symptoms  materially,  but  have  no  specific  action.  Guy  and  Page 
have  given  sulpharsphenamine  in  tuberculosis  with  good  result,  but  the  consensus  of 
opinion  is  that  arsenic  in  any  form  is  merely  a  tonic  and  metabolic  stimulant,  increas- 
ing the  patient's  power  of  resistance.  The  favorable  results  reported  in  anthrax  by 
Louw  and  Pijper  require  confirmation.  No -benefit  was  seen  in  s-mallpox.  Neoarsphena- 
mine  in  conjunction  with  minute  doses  of  tuberculin  is  recommended  in  the  treatment 
of  pityriasis  rubra  pilaris.  Several  arsenical  preparations  have  been  used  in  heriheri 
but  of  these  neoarsphenamine  appears  to  be  the  most  effective. 

The  beneficial  effects  seen  from  neoarsphenamine  in  disseminated  spinal  s.clerosis 
are  presumably  not  antipathogenic  in  character,  but  rather  related  to  the  nutritive 
influence  of  arsenic.  The  drug  may  be  given  in  6  increasing  doses  from  2V2  to  10 
grains  (0.15  to  0.6  Gm.),  at  intervals  of  a  week,  the  course  being  repeated  after  6 
months.  Arsenic  in  the  form  of  Fowler  solution  is  given  between  courses.  Cursch- 
mann  prefers  silver  arsphenamine  given  in  doses  of  IV2  to  7  grains  (0.1  to  0.45  Gm.) 
up  to  a  total  of  30  grains  (2  Gm.). 

Arsphenamine  has  been  used  as  an  anticoagulant  in  indirect  transfusion,  instead 
of  sodium  citrate.  The  blood  is  drawn  into  arsphenamine  solution  until  0.1  Gm.  of 
the  drug  is  contained  in  100  cc.  of  blood. 

Administration. — The  preparation  of  the  solutions  of  the  arsphenamines  to  be  used 
by  intravenous  or  intramuscular  injection,  and  especially  that  of  arsphenamine  itself 
(606) — which  is  to  be  used,  as  a  rule,  intravenously  only — requires  considerable  care. 
The  technic  is  complicated,  and  may  seem  overly  meticulous,  and  error  therein*  may  lead 
to  grave  consequences.  Attention  to  minute  details  is  troublesome  but  necessary.  The 
process  should  be  carried  out,  from  first  to  last,  with  all  the  rigidity  of  aseptic  precau- 
tion— not  only  as  concerns  apparatus,  but  also  on  the  part  of  the  operator  and  assistants 
— that  is  observed  in  surgical  operations.  It  could  well  be  discussed  at  much  greater 
length  than  is  done  here,  and  in  any  event,  brevity  must  be  sacrificed  to  explicitness. 
Experts  may  differ  in  this  or  that  detail  and  perhaps  permit  themselves  certain  liberties; 
but  the  general  physician  cannot  do  better  than  to  follow  the  routine  published  by  the 
U.  S.  Public  Health  Service  in  1922.  Each  manufacturer  issues  instructions  applicable 
to  his  own  product,  and  these  vary  somewhat  with  the  different  products.  They 
must  be  taken  into  consideration,  as  indicating  possible  modifications  of  the  general 
plan. 

Arsphenamine  and  its  congeners  are  powders.  They  are  supplied  by  manufacturers 
in  ampules  of  various  sizes,  from  which  the  air  has  been  replaced  by  nitrogen  or  carbon 
dioxide  in  order  to  exclude  oxygen  and  thus  prevent  chemical  change.  It  is  important 
to  know  that  the  drug  as  thus  received  has  not  deteriorated  or  become  dangerously  toxic. 
The  ampule  must  therefore  be  examined  carefully  before  opening,  and  one  which  is 
cracked,  or  in  which  the  powder  is  not  freely  movable,  or  has  become  discolored  to  a 
deep  orange  or  brown  tint,  shovild  be  rejected.  Stokes  emphasizes  the  responsibility  of 
the  physician — rather  than  nurse  or  technician — in  this  respect.  "He  should  see  the 
ampules  in  their  original  wrappings,  and  read  every  word  of  the  labels.  The  paler 
yellow  of  arsphenamine  as  compared  with  the  orange  yellow  neoarsphenamine,  and  the 
brown  of  the  silver  derivative,  both  in  powder  and  solution,  should  become  perfectly 
familiar."  An  ampule  having  satisfactorily  passed  preliminary  inspection,  should  be 
submerged  in  alcohol  for  at  least  ten  or  fifteen  minutes;  according  to  Stokes,  it  should 
be  placed  in  95  percent,  phenol  for  ten  minutes,  and  then  for  thirty  minutes  in  95  per- 
cent, alcohol,  preferably  pure,  but  at  all  events  containing  neither  metallic  compound 
nor  methyl  alcohol  as  a  denaturant.  This  procedure  not  only  sterilizes  the  surface  of 
the  ampule,  but  reveals  any  crack  or  perforation.  Should  such  be  present,  the  contained 
powder  will  be  slightly  moistened,  and  even  a  very  fine  crack  will  be  detected  if  the 
powder  be  shaken  around  in  the  ampule,  when  this  is  removed  from  the  alcohol.  The 
solution  is  to  be  made  up  immediately  on  opening  the  ampule.  Should  this,  however, 
be  prevented,  exposure  of  a  perfectly  dried  and  freely  movable  powder  in  the  open 
ampule  to  air  at  room  temperature  for  an  hour  or  two,  will  not  cause  deterioration  or 
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increased   toxicity    (Kolmer,   Schamberg).     The  technic  of  solution   is  discussed   later. 
Only  solutions  that  are  complete  and  "crystal  clear"  should  be  injected. 

The  purity  of  the  ivatcr  to  be  used  is  a  matter  of  great  importance.  It  should  be 
freshly  distilled  and  sterile,  but  even  that  is  not  sufficient.  The  presence  of  alum,  chlo- 
rine, copper,  etc.,  used  for  disinfection  of  water  or  of  the  mineral  constituents  of  certain 
springs  and  streams,  renders  such  waters  unfit  for  use.  At  least  two — and  some  authors 
say  three — distillations  are  requisite  to  obtain  a  solvent  that  can  be  depended  upon  not 
to  cause  untoward  change  or  produce  untoward  reaction.  When  the  pure  distilled  water 
has  been  obtained,  it  should  not  be  transferred  from  container  to  container,  but  it  is  to 
be  kept,  until  used,  in  the  flask  in  which  it  is  received  from  the  still.  The  U.  S.  Public 
Health  Service  advises  that  the  last  distillate  be  immediately  sterilized  by  autoclaving 
or  by  boiling  in  open  Erlenmeyer  flasks,  which  should  then  be  stoppered  with  gauze- 
wrapped  cotton  plugs,  and  capped  with  paper  or  tinfoil;  and  that  this  be  done  the  day 
before  the  water  is  to  be  used,  so  that  it  will  be  both  fresh  and  cool  at  the  time  needed. 
It  may,  how'ever,  be  sterilized  just  before  use,  provided  it  has  been  kept  on  ice  in  the 
intervening  time,  in  the  flask  in  which  it  was  caught,  and  which  has  been  properly 
stoppered.  If  more  than  twenty-four  hours  have  elapsed  since  the  last  distillation,  the 
water  is  presumably  unflt  for  use,  owing,  probably,  to  the  development  of  moulds  and 
other  microorganisms  which  may  be  present  in  spite  of  the  unimpaired  transparency 
of  the  fluid.  Kolmer,  however,  states  that  distilled  water  may  be  kept  for  weeks  in 
"flasks  of  hard  glass  giving  off  little  or  no  alkali  and  securely  sealed  with  gauze-covered 
cotton  stoppers." 

Unless  the  physician  is  specially  equipped  with  suitable  apparatus,  at  least  the  first 
distillation  should  be  procured  from  a  dependable  chemical  supply  house,  and  it  is  even 
better  to  get  double  distilled  water  from  such  a  source.  The  final  distillation  may  be 
made  by  the  physician  himself  in  an  apparatus  composed  of  glass  or  block  tin.  In  all 
distillates  the  first  fifth  and  last  two-fifths  should  be  discarded;  nor  should  the  attempt 
be  made  to  "boil  the  still  down."  The  apparatus  must  be  taken  down  and  cleansed 
frequently.  The  freshly  distilled  sterile  water  is  to  be  used  for  all  purposes  connected 
with  the  operation — solution,  rinsing,  etc. — and  may  be  referred  to  as  "special"  water. 

Physicians  who  inject  arsphenamine  solutions  infrequently  will  not  ordinarily  wish 
to  go  through  the  troublesome  routine  of  distilling  each  time.  Kolmer  thinks  they  may 
safely  use  supplies  obtained  as  needed,  from  a  hospital  or  from  a  dependable  pharmacy. 
In  view  of  the  great  divergence  of  authoritative  opinions,  wisdom  may  be  found  in 
another  plan  which  all  concede  to  be  safe.  Distilled  water  may  be  purchased  in  special 
ampules  of  hard  glass  which  have  been  filled  and  sealed  under  proper  precautions,  and 
are  labelled  with  a  limiting  date.  These  contain  10  or  20  cc,  sufficient  for  a  full  dose 
of  neo-arsphenamine.  The  solution  when  made  and  filtered  is  to  be  administered 
promptly  by  means  of  an  all-glass  syringe. 

For  arsphenamine,  which  requires  not  only  solution  and  filtration  but  alkalinization 
(according  to  the  technic  described  later)  more  elaborate  packages  are  needed.  Glass 
bulbs  are  marketed  containing  the  properly  prepared  and  sufficiently  diluted  dose  (0.5 
per  cent.)  preserved  according  to  the  method  of  Lowy  by  driving  out  the  air  and  sealing. 
Oxidation,  while  not  permanently  prevented,  is  much  delayed;  and  it  is  said  that  the 
solytion  will  keep  for  at  least  six  months.  Each  bulb  bears  a  limiting  date.  Sterile 
needles  and  tubing  are  supplied  with  the  package.  The  solution  should  be  clear,  and  of 
a  light  lemon  to  a  greenish-yellow  tint.  It  should  be  used  promptly  on  opening  the 
bulb. 

Even  the  glass  ware  and  tuhing  used  in  preparation  and  administration  of  arsphena- 
mine require  special  care  in  selection  and  in  keeping.  The  best  chemical  glass  should 
be  obtained  and  thoroughly  cleansed;  being  cleansed  again  before  and  after  use.  All 
apparatus  should  be  surgically  clean,  freshly  sterilized,  and  cool  at  time  of  use.  The 
rubber  tuhiyig  should  be  of  pure  gum,  with  heavy  wall,  inside  diameter  %2  i^^ch  (about 
4  millimeters),  of  lengths  to  limit  the  height  of  the  cylinder  to  three  feet  above  the 
patient's  arm,  when  the  injection  is  made  by  the  gravity  method.  (This  requirement 
tends  to  stabilize  the  rate  of  fiow  to  the  1  decigram  of  drug  per  minute,  advised).  Before 
its  first  using,  the  tubing  should  be  filled  with  normal  (or  4  per  cent.)  sodium  hydroxide 
solution  for  not  less  than  six  hours  and  then  thoroughly  rinsed  with  water.  It  is  to  be 
boiled,  and  again  thoroughly  rinsed  with  sterile  water  just  before  the  injection.  (The 
object  of  this  procedure  is  to  remove  certain  toxic  products  which  are  dissolved  out 
from  even  supposedly  pure  gum  by  weak  alkaline  solutions,  and  which  might  be  carried 
into  the  body  with  the  medicament,  if  not  previously  gotten  rid  of.)     It  is  best  to  use 
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either  non-corrodible  needles  (e.g.,  gold,  with  platino-iridium  points)  or  a  new  steel 
needle  each  time.  Disinfection,  by  metaphen  solution  (1:  1000)  followed  by  rinsing 
with  "special"  water  is  said  to  be  satisfactory  under  these  conditions.  Otherwise,  the 
needles  should  be  so  kept  as  to  be  free  from  dust  and  are  to  be  sterilized  by  boiling. 
Other  parts  of  the  apparatus  may  be  sterilized  by  dry  heat  or  autoclave. 

AlkalinizaUon  of  Arsphenamine. — The  precautions  outlined,  as  to  care  of  apparatus, 
condition  of  ampule  and  contents,  purity  of  solvent,  and  completeness  and  clarity  of 
solution,  apply  to  all  the  arsphenamines.  In  addition,  the  original  compound  (606) 
requires,  as  stated,  a  special  manipulation,  namely,  alkalinization,  (or,  as  it  is  often 
termed,    neutralization),   followed   by   fiUraiion. 

While  arsphenamine  poioder  as  marketed  is  not  of  uniform  or  invariable  composi- 
tion (differing  processes  of  manufacture  producing  somewhat  different  results,  and  even 
different  batches  of  the  same  brand  showing  some  variations)  it  is  essentially — and  in 
all  brands — a  double  hydrochloride  of  the  complex  arsenical  base;  one  HCl  being 
attached  to  each  of  its  rings.  In  this  acidic  form  it  is  highly  toxic  and  must  not  he 
injected.  The  object  of  alkalinization  is  to  displace  the  two  HCl  molecules,  and  add 
two  sodium  (Na)  atoms,  one  to  each  ring.  The  change  is  effected  through  the  action 
of  sodium  hydroxid   (NaOH)    upon  the  arsphenamine  in  solution. 

As  illustrated  under  Chemistry,  four  distinct  stages  are  recognized  in  the  alkaliniz- 
ing  (or  neutralizing)   process  and  it  is  important  to  know  them: 

(1)  One  HCl  is  displaced;  the  reaction  forming  NaCl  (4-HaO)  which  dissolves 
in  the  menstruum;  a  monohydrochloride  of  the  base  has  been  formed.  There  is  first  a 
precipitate,  then  re-solution.     The  clear  solution  is  still  acid,  and  is  too  toxic  for  use. 

(2)  The  second  HCl  is  displaced,  and  the  arsphenamine  base  falls  as  a  heavy,  in- 
soluble precipitate.     The  turbid  suspension,  then  present,  is  not  to  be  used. 

(3)  One  sodium  atom  is  linked  to  the  base,  forming  the  monosodium.  salt.  The 
precipitate  barely  redissolves.  The  solution  is  clear,  alkaline  and  unstable,  and  is  still 
too  toxic  to  be  injected.  The  U.  S.  Public  Health  Service  emphasizes  this  point,  assert- 
ing that  the  use  of  the  monosodium  salt  is  responsible  for  the  greatest  number  of  un- 
toward  reactions   reported. 

(4)  The  second  sodium  atom  is  linked,  completing  the  formation  of  the  disodiiim 
salt.  The  solution  is  clear,  alkaline,  stable.  This  is  the  form  in  which  the  medicameM 
is  to  be  used,  after  standing  for  30  to  40  minutes  to  permit  consummation  of  chemical 
changes  further  reducing  its  toxicity  (Hunt).  (Neoarsphenamine  and  sulpharsphena- 
mine,  on  the  contrary,  are  not  to  be  permitted  to  stand  after  solution). 

The  stages  of  chemical  transformation  just  outlined  are,  to  a  certain  extent,  visible 
when  the  sodium  hydroxide  solution  is  run  into  the  arsphenamine  solution  gradually — 
as  in  the  original  directions  of  Ehrlich  for  the  use  of  a  freshly  made  15  percent,  solution 
of  the  alkali.  This  was  added  to  the  arsphenamine  solution,  drop  by  drop,  until  the 
final  precipitate  formed  and  the  solution  again  cleared,  when  a  sufficient  excess  of  alkali 
was  added  to  show  an  alkaline  reaction  with  litmus  paper.  A  serious  error  that  some- 
times resulted  was  the  mistaking  of  the  first  (transient)  precipitate  and  re-solution  (in 
which  the  monohydrochloride  is  formed)  for  the  end  process,  in  which  the  base  is  pre- 
cipitated, with  re-solution  upon  the  formation  of  the  sodium  salts,  one  or  both.  There 
was  also  a  grave  risk  of  using  the  clear  solution  resulting  at  this  latter  time,  before 
alkalinization  was  complete  and  the  monosodium  compound  was  present,  therefore, 
exclusively  or  chiefly.  The  unmodified  "drop  method"  is  hence  to  be  discarded.  A 
modified  form  may,  however,  be  used  when  one  unavoidably  deals  with  an  alkaline 
solution  of  which  the  concentration  is  only  approximately  known.  Under  such  conditions 
it  may  be  assumed  that  each  of  the  four  stages  distinguished  requires  for  its  comple- 
tion, one-fourth  of  the  total  amount  of  alkali  needed  for  the  complete  reaction  (which! 
means  the  disappearance  of  the  mono-salt  and  entire  transformation  of  the  medicament 
into  the  di-sodium  compound).  A  graduated  pipet  or  buret  is  used,  and  the  alkali 
introduced  slowly  in  small  measured  quantities,  with  careful  watching  of  resulting 
changes.  The  amount  of  alkali  solution  needed  to  precipitate  the  base,  being  thus  ascer- 
tained, may  be  taken  to  represent  two-fourths  of  the  total  amount  requisite  for  the 
formation  of  the  disodic  salt.  This  estimate  can  be  further  tested  by  measuring  the 
additional  quantity  needed  to  effect  the  monosodic  re-solution,  which  should  be  one-half 
of  that  already  used,  i.e.,  one-fourth  of  the  total.  An  additional  one-fourth  is  then  to 
be  run  in,  to  consummate  the  process.  This  last  quantity,  while  one-fourth  (14)  of  the 
total  is  obviously  one-third  (14)  of  the  amount  previously  used,  the  latter  having  been 
%  +  1/4  =  %  of  the  total  (this  might  well  "go  without  saying"  but  is  added  to  preclude 
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any  chance  of  misunderstandiuj;).  If  the  solution  be  accurately  15  percent.,  there  will 
be  required  in  all  0.25  cc,  or  approximately  5  drops  for  each  decigram  of  arsphenamine 
powder;  for  0.4  Gm.,  therefore,  1  cc,  or  approximately  20  drops.  If  the  percentage  vary 
from  15,  these  quantities  will  vary  also. 

In  the  standard  process  now  favored,  a  normat  solution  of  the  alkali  is  used,  made 
with  "special"  water  and  pure  chemical,  and  properly  preserved  in  a  glass-stoppered 
bottle,  coated  on  the  inside  with  a  mixture  of  paraffin  and  beeswax  to  protect  the  glass 
from  the  action  of  the  alkali.  Not  more  than  a  week's  supply  should  be  prepared  at  one 
time,  unless  it  can  be  kept  in  a  closed  buret  system  to  avoid  absorption  of  carbon 
dioxide  and  moisture.  The  solution  is  self-sterilizing.  When  used,  the  proper  quantity 
for  the  dose  to  be  injected  (0.85  to  0.9  cc.  for  each  decigram  of  drug)  is  added  "all  at 
once." 

Saline  and  glucose. — The  use  of  saline  solution,  rather  than  plain  water,  as  a 
solvent  of  the  arsphenamines  is  opposed  by  some,  who  contend  that  it  produces  a  febrile 
reaction;  and  is  advocated  by  others,  who  believe  that  it  reduces  the  toxicity.  Kolmer 
has  observed  mild  leucocytosis  and  slight  fever  from  the  intravenous  injection  of  large 
quantities  of  either  distilled  water  or  sodium  chloride  solution,  in  animals  and  in  man. 
He  considers  the  so-called  "salt  fever"  negligible,  while  on  the  other  hand  the  saline 
content  may  reduce  or  prevent  the  hemolysis  that  is  likely  to  follow  injections  of  dilute 
solutions.  He  concludes  that  when  a  dose  of  neoarsphenamine  is  administered  in  con- 
centrated solution  (10  or  15  cc),  sterile  freshly  distilled  water  may  be  used;  but  that 
for  a  dilute  solution  (30  cc.  or  more)  of  these  drugs  or  one  of  arsphenamine  (circa 
100  cc),  it  is  better  to  employ  a  sterile  0.5  percent,  saline,  prepared  with  chemically  pure 
NaCl  and  freshly  distilled  water. 

Various  methods  of  reducing  the  potential  toxicity  of  arsphenamine  solutions  by 
buffering  with  colloid  bodies  have  been  advised.  If  this  plan  can  be  perfected,  it  will 
be  of  great  service.  A  solution  of  4.5  to  4.7  percent,  of  chemically  pure  glucose,  or  of 
9.2  to  9.5  percent,  of  lactose,  in  distilled  water,  is  isotonic  Fleig  (confirmed  by  Kolmer) 
found  both  to  reduce  the  toxicity  of  arsphenamine,  but  glucose  in  the  greater  degree. 
Others  have  advocated  glucose  solutions  of  50  percent.  (Duhot),  30  percent.  (Steinberg), 
25  to  50  percent.  (Cheinisse),  10  to  20  percent.  (Pranter).  Kolmer  sees  no  advantage 
in  the  use  of  glucose  for  concentrated  solutions  of  neoarsphenamine  or  sulpharsphena- 
mine,  but  believes  that  it  may  be  of  service  with  dilute  solutions  of  these  agents  or 
or  arsphenamine.  Oliver  and  associates  have  employed  gelatin  solutions  (0.5  to  2  per- 
cent.). Unquestionably  these  reduce  toxicity  in  the  experimental  animals,  but  it  is 
not  clear  that  they  do  so  in  man  (Kolmer),  and  it  is  well  known  that  they  may  cause 
febrile  and  other  unpleasant  reactions. 

The  various  steps  in  the  process  of  preparing  arsphenamine  for  use  may  now  be 
given  in  order,  with  certain  purposeful  repetitions. 

Technic  of  Preparation  of  Arsphenamine  Solution. — 1.  Solution;  The  ampule  having 
been  inspected  and  sterilized  as  described,  is  laid  on  a  sterile  towel  or  wiped  dry  with 
sterile  gauze.  Sterile,  freshly  distilled  water  (to  which  may  have  been  added  before 
sterilization — if  the  physician  so  decides — 0.5  to  0.85  percent,  of  chemically  pure  sodium 
chloride  or  5  percent,  sterile  glucose)  is  measured  into  an  Erlenmeyer  flask,  approxi- 
mately 10  cc.  being  used  for  each  0.1  Gm.  of  compound  to  be  dissolved.  Further  dilu- 
tion is  commonly  made  before  injection,  the  additional  fluid  being  used  to  wash  all  of 
the  arsphenamized  solution  out  of  the  filtering  apparatus;  and  some  authorities  prefer 
to  reserve  the  use  of  saline  or  glucose  until  this  stage. 

The  ampule  is  wiped  with  alcohol  or  other  disinfectant  solution  and  opened  by 
filing  the  neck  and  striking  it  a  sharp  blow.  The  powder  is  not  to  be  dumped  at  once 
into  the  solvent,  but  gently  sprinkled  on  the  surface  of  the  water,  little  by  little,  mean- 
while gently  agitating  (preferably  by  a  rotary  motion  of  the  container)  to  prevent  the 
formation  of  gummy  masses.  Excessive  shaking  is  to  be  avoided.  Another  method  is 
to  wet  the  sides  and  bottom  of  the  flask;  then  to  sprinkle  the  powder  around  them; 
then  to  add  the  water  (or  saline  solution)  and  gently  swing  the  flask  about  in  a  circle. 
The  drug  should  go  into  solution  in  a  few  minutes  by  either  method. 

Most  brands  of  arsphenamine  dissolve  without  diSiculty  in  water  at  room  tempera- 
ture. One  of  the  best  brands,  however,  does  not,  forming  gelatinous  masses  which  dis- 
solve only  upon  much  shaking.  The  manufacturers  advise  that  the  solvent  may  be 
heated,  but  not  to  boiling  point.  Care  must  be  taken  also  that  steam  does  not  enter 
the  ampule  to  gum  its  contents.  Solutions  made  with  heated  water  must  be  allowed 
to  cool  before  injection. 
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Kolmer,  who  employs  the  brand  in  question  routinely,  believes  it  to  be  a  better 
plan  to  pour  all  the  powder  at  once  into  a  dry  100  cc.  glass  stoppered  cylinder,  add  1 
to  2  cc.  of  pure  95  percent,  ethyl  alcohol,  and  moisten  thoroughly  by  gentle  stirring 
with  a  sterile  glass  rod.  Cold  water  or  saline  solution  is  now  added  in  the  proper 
quantity,  the  cylinder  is  stoppered,  and  with  a  few  shakes  a  perfect  solution  is  effected. 

2.  Alkalinizing:  When  the  arsphenamine  is  all  dissolved  a  clear  yellow  solution 
without  residue  is  obtained.  Imperfect  solutions  must  be  discarded.  For  alkaliniza- 
tion,  a  clear  normal  solution  of  sodium  hydroxide  is  to  be  added  all  at  once  (and  prefer- 
ably by  a  closed  buret  system)  in  the  quantity  of  0.85  to  0.9  cc.  for  each  decigram 
(0.1  Gm.)  of  drug.  For  0.4  Gm.  of  drug,  this  equals  3.4  to  3.6  cc.  of  alkali  solution; 
for  0.6  Gm.  of  drug,  5.10  to  5.4  cc.  of  alkali  solution.  In  the  absence  of  special  apparatus, 
the  ordinary  graduated  buret  used  for  quantitative  determinations  will  answer. 

As  the  alkali  is  added  to  the  arsphenamine  solution,  the  mixture  becomes  thick  and 
turbid,  indicating  the  precipitation  of  the  arsenical  base.  With  a  little  shaking  it  will 
become  perfectly  clear  again,  as  the  sodium  salt  is  formed  and  redissolved,  provided 
the  proper  quantity  of  alkali  has  been  used.  If  it  fails  tb  clear,  a  few  drops  only  of 
alkali  may  be  added.  Persistent  turbidity  in  any  degree  necessitates  rejection  of  the 
mixture.  Excessive  shaking  is  especially  to  be  avoided  at  this  time,  as  an  alkaline 
solution  of  arsphenamine  becomes  oxidized,  and  hence  additionally  toxic,  more  readily 
than  an  acid  solution.  If  by  accident  too  much  alkali  has  been  added,  it  is  possible 
to  bring  the  solution  back  to  the  proper  point  by  cautious  addition  of  normal  solution 
of  hydrochloric  acid;  but  it  is  much  better  practice  to  pour  the  solution  into  the  waste 
bucket. 

When  a  standard  titrated  normal  solution  of  sodium  hydroxide  cannot  be  obtained, 
a  solution  of  4  percent,  (by  weight)  may  be  added  in  small  measured  quantities  from 
the  buret  until  (1)  the  arsphenamine  base  has  been  precipitated  and  redissolved  to  form 
the  monosodium  salt.  This  requires  %  of  the  total  amount  necessary  for  the  complete 
process.  Then  (2)  an  additional  quantity  equalling  one-third  of  the  amount  already 
used  (i.e.,  i/i  of  the  total  quantity)  is  run  in  from  the  buret,  to  form  the  disodium  salt. 

One  who  prepares  arsphenamine  solutions  infrequently  should  test  the  alkalinity 
of  the  product  by  allowing  a  drop  to  fall  upon  the  litmus  test  paper  from  a  sterile  glass 
rod  which  has  been  dipped  into  the  solution.  The  rod  must  not  touch  the  paper,  since 
it  may  have  to  be  used  again. 

The  great  objective  underlying  the  careful  alkalinization  of  the  standard  process 
is  to  get  rid  of  the  monosodium  salt.  While  admitting  that  the  disodium  salt  is  the 
least  toxic,  certain  authors,  however,  point  out  that  it  is  more  irritant  to  the  vein  and 
more  destructive  to  the  red  blood  cells  than  the  mono-salt.  Hence,  they  advocate  the  use 
of  a  mixture  of  the  two  compounds,  obtained  by  the  use  of  a  total  of  0.75  cc.  normal 
sodium  hydroxide  solution  for  each  decigram  (3  cc.  per  0.4  Gm.)  of  arsphenamine. 
(Stokes.) 

Experts  may  follow  this  procedure.  For  others,  it  is  best  to  adhere  to  the  estab- 
lished rule. 

3.  Standing:  In  the  earlier  practice  the  alkalinized  solution  was  injected  promptly 
upon  completion  and  filtration.  At  the  present  time  it  is  set  aside,  after  alkalinization, 
for  from  thirty  to  forty  minutes,  the  top  of  the  flask  being  properly  covered,  as  with  a 
sterile  watch  crystal  or  inverted  beaker.  Reid  Hunt  has  shown  that  standing  reduces 
the  toxicity.  Kolmer  states  that  if  the  solution  be  protected  from  the  air,  not  shaken, 
and  the  temperature  does  not  exceed  30°  C.  it  may  stand  without  harm  for  two  or  three 
hours;  but  he  does  not  advocate  this  longer  standing  as  a  routine.  (Neoarsphenamine 
and  sulpharsphenamine  must  not  stand.) 

4.  Filtering:  After  standing,  the  alkalinized  solution  is  to  be  filtered  with  proper 
precautions  and  with  the  use  of  properly  cleansed  and  sterilized  apparatus,  either  into 
a  second  sterilized  flask  or  into  the  container  used  for  the  injections.  After  washing 
the  filtering  funnel,  a  sterile  gauze  (at  least  4-ply)  or  cotton  sponge  is  placed  over  its 
mouth,  with  sterile  forceps,  or  by  gloved  hand,  the  operator  being  careful  not  to  let  the 
fingers  come  in  contact  with  the  central  portion.  Hot  "special"  water  is  poured  through 
repeatedly,  until  the  sponge  settles  into  place  and  acts  as  a  filter.  The  excess  in  the 
funnel  tube  is  shaken  out  and  the  funnel  inserted  in  the  top  of  the  container. 

5.  Dilution:  The  alkalinized  solution  is  poured  through  the  filter  and  funnel  into 
the  container  and  enough  special  water  (or  saline  or  glucose  solution)  is  poured  through 
after  it,  to  bring  up  the  quantity  of  fluid  to  20  (0.5  percent.)  or  25  cc.  (0.4  percent.) 
for  each  decigram  (0.1  Gm.)  of  drug— thus  80  to  100  cc.  for  0.4  Gm.,  120  to  150  cc.  for 
0.6  Gm.     This  is  the  preferable  strength.     Some   authors,  however,   use   more  concen- 
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trated  solutions.  The  temperature  of  the  dilute  solution  should  he  not  greater  than 
32°  C. 

Injection  of  Arsphenamine  Solution. — The  preferable  method  is  by  gravity:  the  con- 
tainer being  attached  to  the  needle  by  about  40  inches  of  rubber  tubing.  The  needle 
should  be  19  standard  gauge,  medium  bevel,  length  of  cannula  ly.,  inch,  and  preferably 
of  the  Fordyce  type.  Care  must  be  taken  before  sterilization  of  the  needle  to  see  that 
its  point  is  sufficiently  sharp.  If  not,  it  must  be  freshened  upon  a  stone;  and  this, 
whether  the  needle  be  new  or  one  that  has  been  used.  The  patient  should  be  placed 
in  the  recumbent  position  and  the  gravity  apparatus  arranged  to  provide  a  column  of 
solution  not  over  3  feet  high.  Glass  tubing  G  mms.  in  diameter  should  be  in  place  as 
a  window,  a  few  inches  from  the  lower  end  of  the  rubber  tubing.  The  adapter  for 
attaching  the  needle  while  commonly  of  metal,  may  also  be  of  glass,  and  in  that  case, 
gives  an  additional  window.  The  tubing  having  been  rinsed  with  "special"  water,  the 
cylinder  (of  200  to  300  cc.  capacity  and  plainly  calibrated  from  above  downward)  and 
tube  should  be  filled  with  the  medicinal  solution,  the  air  expelled  by  lowering  the  end 
of  the  tube  below  the  fluid  level  in  the  cylinder,  and  the  pinch-cock  applied.  A  suitable 
vein  having  been  selected,  the  overlying  skin  is  to  be  sterilized  by  application  of  1:  1000 
nietaphen  or  tincture  of  iodine,  which  is  to  be  removed  with  95  percent,  alcohol,  after 
a  minute  or  two.     The  tourniquet  is  then  to  be  applied. 

The  needle  is  now  to  be  inserted,  bevel  up.  in  two  stages:  first,  through  the  skin, 
and  then  into  the  vein.  A  little  blood  is  to  be  permitted  to  escape  to  make  sure  that  the 
point  is  in  the  vessel.  The  flow  should  be  free;  if  only  drops  appear  the  lumen  is  par- 
tially obstructed.  The  needle  is  then  to  be  slid  well  into  the  vein,  to  avoid  displacement 
of  the  point  through  further  slight  manipulations.  Needle  and  gravity  apparatus  are 
then  to  be  connected  by  means  of  an  adapter,  the  pinch-cock  opened  and  the  injection 
begun.  Its  progress  must  be  carefully  observed.  Kolmer  prefers  to  let  plain  saline 
solution  flow  into  the  vein  before  pouring  the  arsphenamine  solution  into  the  container. 
There  should  be  no  pain  and  no  swelling  at  the  point  of  puncture;  the  saline  should 
flow  freely.  In  thus  making  sure  that  all  is  shipshape,  one  averts  the  dangers  attending 
the  introduction  of  arsphenamine  into  the  tissues  instead  of  the  vein.  Kolmer  also 
follows  the  arsenical  injection  with  one  of  30  cc.  of  saline.  When  an  assistant  is  not 
available  he  employs  two  cylinders,  one  for  saline  and  one  for  arsphenamine  solution, 
both  being  connected  with  the  needle  by  means  of  a  glass  y-tube  attached  to  6  inches 
of  rubber  tubing  carrying  a  glass  window;  two  pinch  cocks  or  three-way  glass  cocks  may 
be  employed. 

Rate  of  Injection. — The  rate  of  injection  is  to  be  carefully  timed.  It  should  be  not 
greater  than  1  decigram  of  drug  (20  to  25  cc.  of  solution)  per  minute,  approximately 
5  minutes  being  used  to  run  in  0.4  Gm.  (80  to  100  cc).  "With  sensitive  patients,  after 
injecting  the  first  10  or  20  cc,  it  is  well  to  wait  for  a  minute  or  two  before  introducing 
the  remainder  of  the  solution.  The  questions  of  rate  and  concentration  are,  however, 
intimately  related.  Nelkin  states  that  concentrated  solutions  given  rapidly  are  as  safe 
as  the  more  dilute  solutions  given  slowly;  but  Kolmer,  who  considers  a  2  percent,  filtered 
solution  of  a  good  arsphenamine,  properly  alkalinized,  no  more  dangerous  than  a  0.5 
percent,  solution,  agrees  that  administration  must  be  slow.  His  method  involves  a 
paradox.  The  volume  of  fluid  used  is  introduced  twice  as  slowly,  while  the  quantity 
of  drug  contained  is  introduced  twice  as  rapidly,  as  by  the  standard  plan.  Thus,  he 
injects  0.4  Gm.  of  disodium  arsphenamine  in  a  total  volume  of  25  cc.  of  fluid,  by  means 
of  a  Luer  syringe  fitted  with  a  No.  22  needle,  taking  tw'o  minutes  by  the  watch.  He 
concedes,  however,  that  if  any  of  the  solution  accidentally  infiltrates  the  perivascular 
tissues,  the  irritation  produced  will  be  greater  with  the  concentrated  solution,  and  also 
that  for  the  less  expert,  the  gravity  method  is  more  readily  timed  than  the  syringe 
method.     Hence  it  is  better  routine  practice  to  use  dilute  solutions  by  gravity. 

The  intramuscular  use  of  arsphenamine  solution  is  possible,  but  is  not  regarded  with 
favor.  Theoretically,  as  Ehrlich  pointed  out,  it  has  the  advantage  of  maintaining  in  the 
tissues  a  depot  of  the  drug  from  which  the  therapeutically  active  arsenoxid  is  slowly 
given  off.  The  pain  and  disablement  following  injection,  and  the  production  of  necroses 
and  abscesses  by  the  destructive  action  of  both  alkali  and  arsenic  have  led,  however, 
to  abandonment  of  the  method. 

Since  both  the  rate  of  absorption  and  that  of  elimination  depend  upon  the  method 
of  administration,  the  size  and  frequency  of  the  individual  dose  will  be  considerably 
modified  thereby. 

Should  arsphenamine  be  injected  intramuscularly  (which  is  not  desirable),  a  full 
month  should  elapse  between  injections  of  0.4  Gm.  each;   but  equivalent  doses  of  neo- 
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arsphenamine  (which  is  more  soluble  and  hence  more  rapidly  absorbed  and  eliminated) 
given  intramuscularly,  may  be  repeated  in  four  to  seven  days.  Intravenous  doses  of 
either  may  be  given  every  three  or  four  days  for  a  considerable  series.  Sulpharsphena- 
mine,  in  doses  of  0.4  Gm.,  either  by  vein  or  muscle,  requires  four  or  five  days  for  elimina- 
tion, and  larger  doses  should  not  be  given  at  shorter  intervals  than  seven  days.  There 
are  various  forms  of  intensive  technic,  but  in  none  is  a  full  dose  of  arsphenamine  to  be 
given  intravenously  for  more  than  three  days  in  succession,  and  careful  watching  for 
cumulative  effects  is  always  needful. 

Arsphenamine  encapsulated  and  given  bif  mouth  is  dangerous,  and  even  if  asso- 
ciated with  a  reducing  agent  such  as  sodium  sulphite,  is  useless  when  given  in  doses 
below  the  threshold  of  gastroenteric   irritation    (Schamberg). 

Suppositories  for  use  'by  rectum  have  been  prepared  and  are  advocated  especially 
for  use  v/ith  infants  and  persons  whose  veins  are  difficult  to  find  or  use;  but  syphilolo- 
gists  in  general  condemn  the  method  as  ineffective  and  point  out  that  sulpharsphenamine 
can  be  given  intramuscularly,  even  to  infants.  High  colonic  injections  with  a  solution 
containing  five  times  the  intravenous  dose  of  neoarsphenamine  (4  Gm.)  have  been 
used  by  Mehrtens  with  apparent  success.  The  resultant  concentration  of  the  drug  in 
the  blood  stream  is  said  to  be  relatively  greater  than  that  attained  by  intravenous  in- 
jecion.     This  method  is  worth  consideration,  but  is  not  to  be  considered  as  established. 

In  neurosyphilis  and  in  parasyphilitic  affections,  tabes  or  paresis,  the  arsphenamine 
may  have  to  be  added  directly  to  the  spinal  fluid,  since  its  power  of  penetration  into 
the  central  nerve  structures  is  slight,  and  in  order  to  bathe  them  with  a  solution  of 
sufficient  concentration  doses  of  dangerous  size  would  have  to  be  given  intravenously. 
This  spinal  treatment  is  carried  out  in  various  ways,  either  by  injection  of  arsphenamine 
into  the  spinal  theca  or  by  arsphenamizing  serum  from  the  patient  and  injecting  that. 
In  order  not  to  increase  the  intraspinal  pressure,  it  is  advisable  to  draw  out  first  an 
amount  of  the  spinal  fluid  equal  to  that  of  the  solution  or  the  serum  to  be  injected. 
In  brain  syphilis  better  results  are  obtained  by  injecting  the  solution  or  the  serum 
directly  into  the  cisterna  magna. 

The  method  most  commonly  employed  for  intraspinal  injections  is  that  called  after 
its  inventors,  the  Swift-Ellis  method.  The  technic  of  this  is  as  follows:  An  intravenous 
injection  of  from  0.4  to  0.6  Gm.  of  arsphenamine  or  0.6  to  0.9  Gm.  of  neoarsphenamine  is 
given  and,  half  an  hour  later,  30  to  50  cc.  of  blood  is  drawn  from  the  patient's  vein 
through  a  glass  syringe,  under  the  strictest  aseptic  precautions.  The  blood  so  drawn  is 
centrifuged  or  may  be  kept  in  the  refrigerator  until  the  serum  separates.  The  serum 
thus  obtained  is  then  injected  in  desired  amount  intrathecally,  after  the  previous  with- 
drawal of  an  equal  amount  of  spinal  fluid.  The  patient  should  be  kept  in  bed  for  18  to 
24  hours,  and  longer  if  a  reaction  occurs. 

Ogilvie  adds  arsphenamine  to  serum  obtained  by  centrifuging  blood  withdrawn 
without  a  preliminary  injection  of  the  arsenical.  The  arsphenamine  (0.0002  to  0.0003  Gm. 
in  alkaline  solution)  being  added  to  the  serum  and  mixed  by  gentle  agitation,  the  latter 
is  placed  for  half  an  hour  in  a  thermostat  at  50°  C,  and  then  for  three-quarters  of  an  hour 
in  a  thermostat  at  87°  C,  and  at  the  end  of  that  time  is  ready  for  injection.  Dercum 
and  others  avoid  intraspinal  injections  of  arsphenamine  or  arsphenamized  serum  by  a 
preliminary  lumbar  puncture,  draining  away  all  the  spinal  fluid  possible.  This  is 
followed  immediately  by  an  intravenous  injection  of  arsphenamine,  the  theory  being  that 
the  spinal  fluid  is  quickly  reformed  by  absorption  from  the  blood  serum,  and  as  that  is 
now  impregnated  with  the  arsenical  so  will  be  the  newly  formed  spinal  fluid.  Corbus 
believes  that  arsphenamine  may  be  so  given  as  to  reach  the  spinal  fluid  without  even 
the  need  of  lumbar  puncture.  Intravenous  injection  of  100  cc.  of  a  hypertonic  (15 
percent.)  sodium  chloride  solution  is  made  slowly,  and  six  hours  later  0.9  Gm.  of 
neoarsphenamine  is  injected  in  the  same  way.  At  this  time  the  intraspinal  fluid,  which 
has  been  drained  away  by  the  hypertonic  salt  solution,  is  beginning  to  be  reformed,  and 
the  arsphenamine  passes  with  the  new  flow  from  the  blood  into  the  spinal  theca.  During 
all  this  operation  the  patient  must  be  lying  down  and  eating  very  sparingly.  In  a  series 
of  patients  so  treated  an  examination  of  the  spinal  fluid  after  five  weekly  injections 
showed  it  to  contain  arsenic  in  higher  proportion  than  under  any  other  method. 

Sodium  arsphenamine  is  weaker  than  arsphenamine,  but  its  preparation  is  simpler 
as  no  alkali  need  be  added. 

'N eoarsphenamine. — Neoarsphenamine  is  weaker  than  arsphenamine  both  as  a  spirfl- 
licide  and  as  a  poison  to  higher  animals.  In  equivalent  doses,  however,  commonly  esti- 
mated as  0.15  Gm.  of  neoarsphenamine  to  0.10  Gm.  of  arsphenamine,  the  therapeutic 
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effects  are  approximately  the  samo.  Neoarsphenamine  is  by  far  the  less  troublesome 
to  prepare  and  administer,  even  when  the  gravity  method  is  used,  and  can  be  given  with 
perfect  safety  with  a  syringe.  The  intravenous  route  is  commonly  best,  but  is  not  always 
feasible.  While  intramuscular  injection  is  practiced,  it  is  sometimes  attended  with  con- 
siderable pain  and  discomfort,  and  for  this  method  of  administration,  sulpharsphenamine 
is  to  be  preferred.  Certain  brands  are  of  low  toxicity  but  of  correspondingly  feeble 
therapeutic  power;    and  a  biologic  assay  might  well  be  established. 

The  ampule  of  neoarsphenamine  ought  to  be  inspected  with  even  greater  care  than 
that  of  arsphenamine,  as  the  drug  sometimes  decomposes  even  in  intact  containers.  The 
powder  should  be  freely  mobile  and  lemon  or  canary  yellow  in  color.  If  the  color  be 
deep  orange  or  approaching  red,  or  if  the  substance  be  lumpy,  or  solidified,  the  ampule 
should  be  rejected.  Ampules  passing  preliminary  inspection  are  to  be  Immersed  in 
alcohol  to  cleanse  them  and  to  detect  leaks. 

Special  water,  or  the  commercial  certified  distilled  water  or  saline  or  glucose  solution 
as  supplied  in  sealed  ampules,  may  be  used  to  dissolve  the  powder;  distilled  water  for 
concentrated  solutions,  saline  or  glucose  for  dilute  ones.  For  the  gravity  method  the 
preferable  concentration  is  0.8  percent.  (12y^,  cc.  for  0.1  Gm.  of  drug).  For  the  syringe 
method,  the  dose,  0.4  to  0.9  Gm.,  is  dissolved  in  2  to  5  cc.  of  the  liquid,  so  that  the 
concentration  may  be  about  20  percent.  (0.5  cc.  for  0.1  Gm.).  The  solution  should  be 
perfectly  clear.  It  is  to  be  filtered  through  sterile  paper  or  gauze  to  remove  foreign 
matter  if  present,  and  should  by  preference  be  injected  immediately,  but  in  no  event 
should  it  stand  for  more  than  20  minutes  after  solution.  The  rate  of  injection  must 
not  exceed  0.1  Gm.  of  drug  in  30  seconds  or  0.6  Gm.  in  3  minutes.  This  is  about  half 
the  time  required  for  an  equal  quantity  of  arsphenamine. 

Sulphai-sphcnomine. — Sulpharsphenamine  is  administered  intramuscularly  and  for 
that  reason  is  preferred  in  children.  The  dose  is  about  the  same  as  for  neoarsphenamine. 
The  solution  is  to  be  prepared  with  the  same  precautions  as  in  the  case  of  neoarsphena- 
mine and  used  immediately. 

Silver  arsplienamine  is  said  to  be  more  active  therapeutically,  and  is  given  in  doses 
only  about  half  the  size  of  those  of  arsphenamine.  The  doses  recommended  are  0.15, 
0.2  at  a  week's  interval  follow-ed  by  5  weekly  intravenous  injections  of  0.3  Gm.  each; 
then  after  a  rest  of  30  days  a  second  course  of  7  weekly  injections  of  0.3  Gm.  each; 
after  2^.,  months  a  third  course  the  same  as  the  second  is  given,  and  finally,  three 
months  later,  a  fourth  course  of  the  same  doses  once  a  week  for  seven  weeks.  The 
injections  should  be  made  very  slowly.  Some  practitioners  regard  mercurial  or  bismuth 
treatment  as  unnecessary  when  silver  arsphenamine  is  used.  This  drug  is  said  by 
European   clinicians  to  render  special  service  in  neurosyphilis. 

Keosilver  arsphenamine  is  stated  to  be  more  stable  than  neoarsphenamine  as  well 
as  therapeutically  more  active,,  and  to  be  preferable  to  silver  arsphenamine  in  that  it 
never  causes  vasomotor  symptoms.  It  is  best  administered  intramuscularly  in  doses  of 
0.2  Gm.  in  a  mixture  of  1  cc,  2  percent,  novocaine  solution  and  1  cc.  of  water  holding 
1  Gm.  of  sugar  in  solution. 

Bismuth 

The  introduction  of  bismuth  into  medicine  as  well  as  the  arts  is  comparatively 
recent,  its  compounds  not  having  been  prepared  in  a  sufficiently  pure  state  until 
the  end  of  the  seventeenth  century,  although  impure  salts  had  previously  been  used 
in  cosmetic  powders.  About  1800,  bismuth  oxide  was  introduced  as  a  wound  dressing 
and  for  diarrheal  conditions,  and  soon  after  the  subnitrate  was  found  to  be  sui^erior. 
The  subcarbonate  was  more  recently  introduced  with  a  view  of  avoiding  the  occasional 
toxic  effects  associated  with  the  formation  of  nitric  acid  and  nitrites  from  the  sub- 
nitrate.  In  1921,  the  tartrobismuthate  of  sodium  and  potassium  was  brought  forward 
by  Sazerac  and  Levaditi  as  a  remedy  for  syphilis. 

Chemistry. — Bismuth  is  a  trivalent  metal,  belonging  chemically  in  the  same 
group  as  vanadium.  Pharmacodynamically,  it  resembles  lead  and,  to  a  less  extent, 
mercury.  It  forms  two  types  of  simple  salts:  (1)  Normal  salts,  all  three  valences  filled 
by  the  same  acid  radical:  e.g.,  bismuth  nitrate,  Bi(NO,),;  bismuth  citrate,  BiC.H.O,; 
and  bismuth  sulphide,  Bi^S,.    (2)  Sub-salts,  in  which  two  of  the  valences  are  filled  by 
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hydroxyl  or  oxygen,  and  the  other  by  an  acid  radical:  e.g.,  bismuth  subcarbonate, 
(BiO),C03;  bismuth  subgallate,  Bi(OH),C,II,0,;  bismuth  subnitrate,  Bi(0H),N03; 
bismuth  subsalicylate,  Bi(0H),C,Iip3;  bismuth  betanaphtholate,   (BiO)jOHC,„H,0. 

Certain  compound  salts,  such  as  sodium-potassium  tartro-bismuthate,  have  peculiar 
properties,  the  bismuth  not  ionizing  and  its  physiologic  powers  being  thus  mitigated. 
Two  forms  of  the  compound  named  are  recognized;  the  first  insoluble  in  water  and 
containing  about  55  percent,  of  Bi,  the  second,  soluble,  obtained  by  treating  this  with 
alkali.    Ammonio-bismuth  citrate  is  somewhat  similar  in  its  properties. 

Summary  of  Actions  and  Uses. — Pharmacodynamically  the  simple  bismuth  salts  may 
be  sharply  distinguished  as  soluble  and  insoluble,  the  double  salts  being  somewhat  dis- 
tinct, but  related  to  the  insoluble  compounds  in  properties.  The  soluble  salts  are 
protoplasm  poisons  destroying  all  tissue  with  which  they  come  in  contact  in  sufficient 
concentration.  The  insoluble  salts  form  powders  which  because  of  their  fineness,  weight, 
and  slight  solubility  adhere  firmly  to  mucous  membranes  and  ulcerated  surfaces.  The 
systemic  action  of  bismuth  resembles  that  of  mercury;  stomatitis,  gastroenteritis  with 
ulceration,  and  nephritis,  being  the  chief  toxic  manifestations. 

The  insoluble  salts  of  bismuth  are  used  as  protectives,  astringents  and  local  anti- 
septics, being  applied  to  irritated  and  infected  areas  as  powders  or  pastes,  and  injected 
into  tuberculous  and  other  sinuses  as  paste  or  ointment.  They  are  administered  by 
mouth  for  the  relief  of  gastric  ulcer,  enteritis,  and  occasionally  in  amebiasis  and  against 
intestinal  worms. 

Sodium-potassium  tartrobismuthate  and  other  special  compounds,  and  also  a  prepa- 
ration of  elementary  bismuth,  are  used  in  the  treatment  of  syphilis  and  have  been 
tried  in  other  spirochetal  and  trypanosomic  infections. 

The  simple  soluble  salts  are  not  employed  as  medicaments. 

On  account  of  their  weight  and  fineness,  bismuth  salts  spread  in  a  thin  layer  over 
any  moist  surface  and  infiltrate  any  small  pockets  which  may  be  present.  This  prop- 
erty gives  them  great  value  in  x-ray  work,  to  outline  the  stomach  and  bowel  and  show 
the  presence  of  ulcers  or  other  irregularities.  They  are  even  injected  into  the  bronchi 
to  outline  abscess  cavities  in  the  lungs. 

Materia  Medica. — Bismuth  Subcarbonas  (U.S.  X.),  Bismuth  Subcarbonate.  Ahhr., 
Bism.  Subcarb.  Bismuthi  Carhonas  (Br.),  Bismuth  Oxycarbonate.  Synonym:  Bis- 
muth Basic  Carbonate. 

A  basic  bismuth  carbonate  of  varying  chemical  composition,  containing  not  less 
than  90  percent,  of  bismuth  oxide  (BijOj).  A  white  or  pale  yellowish- white  powder; 
odorless  and  tasteless;  insoluble  in  alcohol  or  in  water. 

Dose,  10  to  20  grains  (0.6  to  1.3  Gm.). 

Bismuthi  Subgallas  (U.S.X.),  Bismuth  Subgallate.  Ahhr.,  Bism.,  Subgal.  Syno- 
nyms: Bismuth  Basic  Gallate,  Dermatol. 

A  basic  salt  of  varying  chemical  composition  containing  not  less  than  52  percent, 
and  not  more  than  57  percent,  of  bismuth  oxide.  An  amorphous  bright  yellow 
powder;  odorless  and  tasteless;  insoluble  in  water,  alcohol,  or  ether;  readily  soluble 
with  decomposition  in  warm,  moderately  dilute  hydrochloric,  nitric  or  sulphuric  acid. 

Antagonists  and  Incompatible s. — Sulphur  and  the  sulphides,  acids  and  acid  salts, 
alkalis,  and  tannins  are  incompatible. 

Dose,  10  to  20  grains  (0.6  to  1.3  Gm.). 

Bismuthi  Subnitras  (U.S.  X.),  Bismuth  Subnitrate.  Ahhr.,  Bism.  Subnit.  Syno- 
nym,s:  Bismuth  Basic  Nitrate,  Bismuth  Oxynitrate. 

A  basic  bismuth  nitrate  of  varying  chemical  composition,  containing  not  less 
than  Y9  percent,  of  bismuth  oxide.  A  white,  odorless  powder;  almost  insoluble  in 
water,  insoluble  in  alcohol;  readily  dissolved  by  hydrochloric  and  nitric  acids. 

Antagonists  Und  Incompatihles. — Sulphur  and  the  sulphides,  acids,  tannin,  sol- 
uble carbonates  and  bicarbonates  and  iodides. 

Dose,  10  to  20  grains  (0.6  to  1.3  Gm.). 
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MiSTURA  BiSMUTHi  SuBCARBONATis  Hydhati  (N.N.R.),  Hydrated  Mixture  of  Bis- 
muth Subcarbonate.     Synony77}s:    Cremo-Bismuth,  Lac  Bismo. 

A  mixture  consisting  of  bismuth  subcarbonate,  each  fluidounce  representing  the 
equivalent  of  40  grains  of  bismuth  subnitrate. 

Dose,  1  to  4  fluidrams  (4  to  15  cc). 

BisMUTHi  SuBSALiCYLAs  (U.S.  X.),  Bismuth  Subsalicylate.  Ahhr.,  Bism.  Subsalicyl. 
Bismuthi  SaUcylas  (Br.),  Bismuth  Salicylate,  Synonyms:  Bismuth  Basic  Salicylate, 
Bismuth  Oxysalicylate. 

A  basic  salt  of  varying  chemical  composition,  containing  not  less  than  62  percent, 
and  not  more  than  66  percent,  of  bismuth  oxide.  It  is  a  white  or  nearly  white 
amorphous  or  crystalline  powder,  odorless,  and  almost  insoluble  in  cold  water. 

Dose,  10  to  20  grains  (0.6  to  1.3  Gm.). 

Bismuth  Betanaphtiiolas  (U.S.  IX.),  Bismuth  Betanaphthol.  Ahhr.,  Bism. 
Betanaph.   Synonym:  Orpholron  Heyden. 

A  compound  of  bismuth  and  betanaphthol  of  somewhat  varying  composition, 
yielding  not  less  than  15  percent,  of  betanaphthol  (CioII,OH)  and,  upon  ignition,  not 
less  than  73  percent,  nor  more  than  78  percent,  of  bismuth  oxide  (Bi^O,).  It  is  a  bufE- 
colored  to  grayish-brown,  amorphous  powder;  odorless  or  liaving  a  faint  odor  of  beta- 
naphthol; tasteless;  permanent  in  the  air;  nearly  insoluble  in  water,  alcohol,  chloroform, 
or  ether. 

Bismuthi  TRiBROMniENAS  (N.N.R.),  Bismuth  Tribromphate.  Ahhr.,  Bism.  Tri- 
bromphen.    Synonyms :   Bismuth  Tribromphenol,  Xeroform. 

A  basic  bismuth  tribromphenate  of  variable  composition.  An  amorphous,  yellow, 
nearly  odorless  and  tasteless  powder,  only  slightly  soluble  in  water,  alcohol,  chloroform, 
liquid  petrolatum  and  vegetable  oils;  decomposed  by  alkalis  and  strong  acids;  contains 
between  40  and  49  percent,  of  bismuth. 

Dose,  15  to  45  grains  (1  to  3  Gm.),  for  adults;  2  to  5  grains  (0.125  to  0.3  Gm.), 
for  children. 

Dose,  5  to  10  grains  (0.3  to  0.6  Gm.). 

Bismuthi  et  Ammonii  Citras  (U.S.  IX.),  Bismuth  and  Ammonium  Citrate.  Alhr., 
Bism.  et  Amnion.   Synonym :  Bismuth  Ammonio-Citrate. 

It  is  bismuth  citrate  rendered  soluble  by  the  presence  of  ammonium  citrate.  It 
conta'ins  not  less  than  46  percent,  nor  more  than  52  percent,  of  bismuth  oxide 
(BijO,).  It  occurs  in  shining  pearly  or  translucent  scales,  or  white  powder,  becoming 
opaque,  with  loss  of  ammonia,  on  exposure  to  the  air ;  it  is  odorless  and  has  a  metallic 
taste.    It  is  very  soluble  in  water  and  sparingly  soluble  in  alcohol. 

Dose,  1  to  3  grains  (0.065  to  0.2  Gm.). 

Liquor  Bismuthi  et  Ammonh  Citras  (Br.),  Solution  of  Bismuth  and  Ammonium 
Citrate.     Ahhr.,  Liq.  Bism.  et  Ammon.  Cit. 

Bismuth  oxynitrate,  70  Gm.;  citric  acid,  52  Gm. ;  solution  of  ammonia  and  dis- 
tilled water,  of  each  a  sufficient  quantity  to  make  1000  cc.  A  colorless  liquid,  freely 
miscible  with  water;  taste  somewhat  metallic. 

Dose,  yi  to  1  fluidram  (2  to  4  cc). 

Trochiscus  Bismuthi  CoMrosiTus  (Br.),  Compound  Bismuth  Lozenge.  Ayhr., 
Troch.  Bism.  Co. 

Bismuth  oxycarbonate  0.15  Gm. ;  heavy  magnesium  carbonate,  0.15  Gm. ;  pre- 
cipitated calcium  carbonate,  0.3  Gm.  Mix  with  the  rose  basis  (refined  sugar  and 
oil  of  rose)  to  form  a  lozenge. 

Dose,  1  to  3  lozenges  in  throat  inflammations. 

Elixir  Bismuthi  (N.F.),  Elixir  of  Bismuth.    Ahhr.,  Elix.  Bismuth. 

Glycerite  of  bismuth,  125  cc. ;  glycerin,  125  cc. ;  distilled  water,  250  cc. ;  aromatic 
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elixir,  q.s.  to  make  1000  cc.  Each  cc.  represents  the  equivalent  of  0.016  Gm.  of  bis- 
muth oxide  in  the  form  of  a  tartrate. 

Dose,  V2  to  1  fluidram  (2  to  4  cc.)- 

Glyceritum  Bismuthi  (N.F.),  Glycerite  of  Bismuth.    Ahhr.,  Glycer.  Bism. 

Bismuth  subnitrate,  160  Gm. ;  nitric  acid,  150  cc. ;  tartaric  acid,  238  Gm. ;  sodium 
bicarbonate,  334  Gm. ;  glycerin  and  water,  of  each  q.s.  to  make  1000  cc.  This  forms 
a  colorless  or  pale  yellow  liquid  having  a  slight  odor,  and  a  sweet,  followed  by  a 
saline,  taste. 

Dose:  Is  used  in  making  other  preparations  of  bismuth. 

Liquor  Bismuthi  (N.F.),  Solution  of  Bismuth.  Abhr.,  Liq.  Bism.  Glycerite  of 
bismuth,  125  cc. ;  alcohol,  125  cc. ;  distilled  water,  q.s.  to  make  1000  cc. 

Dose,  1  to  2  fluidrams  (4  to  8  cc),  representing  1  grain  of  sodium  tartrate  and 
bismuth  in  each  fluidram. 

Magma  Bismuthi  (U.S. IX.),  Bismuth  Magma.  Ahhr.,  Magma  Bism.  Synonym: 
Milk  of  Bismuth. 

Bismuth  subnitrate,  80  Gm. ;  nitric  acid,  120  cc. ;  ammonium  carbonate,  10  Gm. ; 
ammonia  water  and  distilled  water,  of  each  q.s.  to  make  1000  cc.  A  thick,  white, 
opaque  liquid,  yielding  not  less  than  5.6  percent,  nor  more  than  6.2  percent,  of 
BijO,,  and  containing  bismuth  hydroxide  and  bismuth  subcarbonate  in  suspension 
in  water. 

Dose,  1  to  2  fluidrams  (4  to  8  cc). 

PoTAssii  Bismuth  Tartras  (N.N.E.),  Potassium  Bismuth  Tartrate. 

A  basic  potassium  bismuth  tartrate  containing  from  64  to  69  percent,  of  bismuth. 
A  finely  granulated  white  powder,  odorless  and  having  a  sweet  taste;  soluble  in  water; 
insoluble  in  ether,  alcohol,  or  chloroform.  Market  specimens  vary  greatly  in  compo- 
sition, containing  from  35  to  67  percent,  of  Bi.  Those  with  less  than  60  percent, 
should  not  be  used. 

Dose,  from  IV2  to  3  grains  (0.1  to  0.2  Gm.)  by  intramuscular  injection,  preferably 
into  the  gluteal  muscle.  Injections  repeated  each  four  to  six  days  until  3.0  Gm.  have 
been  administered. 

BisMosoL  (N.N.R.). 

A  sterilized  solution  of  potassium  sodium  bismuthotartrate,  containing  10  Gm. 
of  35  percent,  bismuth;  0.3  Gm.  piperazine,  in  an  aqueous  solution  of  glucose,  to 
make  100  cc. 

Dose,  intramuscularly  15  minims  (1  cc.)  each  2  to  7  days,  for  20  doses. 

Antipathogenic  Action. — The  insoluble  salts  of  bismuth,  which  are  used  as  wound 
dressings,  possess  but  little  direct  bactericidal  power,  but  owe  their  virtue  to  mechan- 
ically absorbing  the  secretions  of  the  wound  and  thus  drying  the  surface  and  ren- 
dering it  less  suitable  for  bacterial  growth.  In  contact  with  the  wound  dis- 
charges, small  amounts  of  a  soluble  albuminate  are  formed,  but  it  is  considered 
doubtful  whether  any  of  the  virtues  of  bismuth  salts  as  wound  dressings  are  to  be 
ascribed  to  the  action  of  this  compound.  Administered  internally  such  bismuth  salts 
adhere  to  the  surface  of  ulcers  in  the  stomach  and  bowel,  and  exert  a  similar  healing 
influence. 

Certain  compounds  of  bismuth  with  organic  acids,  especially  the  double  salt,  sodium- 
potassium  tartrobismuthate,  have  recently  been  found  of  service  as  antipathogenic 
agents  in  the  treatment  of  syphilis.  Experimental  infection  of  rabbits  is  controlled  by  a 
single  dose  of  100  mgm.  per  kilo  (Sazerac  and  Levaditi).  Rabbits  given  an  intra- 
muscular injection  of  a  similar  amount  of  an  insoluble  bismuth  compound  (e.g.,  bismuth 
carbonate),  are  protected  against  infection  with  syphilis  for  several  months  (Kolle).  In 
lues  in  man  several  compounds,  including  bismuth  ammoniocitrate  and  bismuth  sub- 
salicylate, have  given  good  results.  The  effect  of  the  first  doses  is  directly  on  the  para- 
sites, but  later  it  is  probable  that,  although  bismuth  does  not  directly  stimulate  the 
production  of  antibodies,  it  causes  the  liberation  from  the  parasites  of  a  toxic  principle 
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which  does  stimulate  production.  It  is  not  certain  whether  spirochetes  acquire  In- 
creased resistance  to  bismuth,  but  it  seems  probable   (Kolmer). 

Pharmacodynamic  Action:  Absorption  ami  EViviination. — Bismuth  salts  applied  to 
ulcerated  surfaces  are  slowly  converted  into  a  slightly  soluble  albuminate,  which  Is 
absorbed  into  the  body.  Insoluble  salts  administered  by  mouth  are  absorbed  only  In 
negligible  quantities  if  at  all,  and  when  given  in  large  dose,  as  for  x-ray  studies,  masses 
of  the  metal  may  form  large  calculi  in  the  lumen  of  the  bowel  and  may  even  require 
surgical  removal.    The  greater  part  passes  out  with  the  stool,  unchanged  or  as  sulphide. 

Intramuscular  injections  of  sodium-potassium  bismuthotartrate  in  man,  studied 
by  x-ray,  showed  a  shadow  fading  in  two  days  and  disappearing  in  3  to  4  days  (Muller). 
The  subcarbonate  disappears  more  slowly. 

The  bismuth,  which  is  absorbed,  is  partly  eliminated  as  albuminate,  but  is  largely 
deposited  in  the  tissues,  chiefly  in  the  liver  and  the  mucous  membrane  of  the  digestive 
tract,  particularly  the  mouth  and  the  first  part  of  the  large  bowel.  There  are  also 
deposits  in  the  bones  and  muscles.  A  small  amount  is  taken  up  by  both  the  red  and 
the  white  corpuscles,  leading  to  destruction  of  the  former  with  resulting  deposits  of 
hemosiderin  in  the  spleen  and  liver.  The  deposits  in  the  mouth  and  bowel  are  almost 
entirely  of  bismuth  sulphide,  those  in  the  liver  and  other  tissues  seem  to  be  principally 
the  metal  itself.  These  deposits  are  very  slowly  removed  and  eliminated,  so  that  traces 
of  bismuth  may  be  found  in  the  excreta  for  months  after  the  drug  is  discontinued. 

The  bismuth  which  escapes  precipitation  in  the  tissues,  as  well  as  that  which  la 
slowly  redissolved  from  the  deposits,  passes  out  with  all  the  excretions  and  secretions. 
It  is  found  principally  in  the  stools,  about  1/30  of  that  absorbed  escaping  in  the  urine, 
to  which  it  may  give  a  brownish  color.  After  an  intramuscular  injection,  most  of  the 
metal  is  found  in  the  stools  within  3  weeks. 

Topical  Action. — The  insoluble  salts  of  bismuth  are  not  at  all  irritating  either  to 
ulcer  surfaces  or  mucosae,  their  effects  being  mainly  mechanical  and  indirect.  Applied 
to  any  moist  surface  as  powder  they  absorb  moisture  and  form  a  protective  coating.  In 
this  way  they  save  mucous  membranes  from  irritation  and  thus  bring  about  a  lessened 
secretion  of  mucus,  especially  if  this  be  excessive. 

In  the  intestine  these  salts  may  exert  an  astringent  action  leading  to  constipation, 
which  effect  is  favored  by  their  combining  with  the  hydrogen  sulphide  in  the  bowel, 
thus  removing  this  natural  stimulant  of  peristalsis.  When  excessive  quantities  are 
swallowed,  compact  masses  may  form  in  the  bowel,  leading  to  mechanical  obstruction. 
Occasionally  the  insoluble  powder  irritates  the  bowel  wall  by  its  mass,  inducing  diarrhea, 
and  it  is  asserted,  without  firm  basis,  that  nitric  acid  set  free  from  the  subnitrate  may 
exercise  a  topical  irritation. 

The  soluble  salts  act  as  escharotics  both  on  the  skin  and  mucous  membranes,  killing 
the  tissues  by  combining  with  the  proteins. 

Toxic  and  Systemic  Action. — Insoluble  bismuth  salts  given  by  mouth  rarely  mduce 
systemic  poisoning,  but  when  applied  in  large  quantity  or  for  a  long  time  to  sinuses  or 
ulcerated  surfaces,  the  soluble  albuminate  is  slowly  formed  and  the  absorption  of  this 
may  give  rise  to  intoxication.  This  is  first  manifested  by  a  dai'k  line  on  the  gums,  due 
to  deposition  of  bismuth  sulphide  in  the  mucosa.  Stomatitis  may  develop  accompanied 
by  extensive  pigmentation  of  the  mouth,  which  may  last  for  months.  Salivation  becomes 
distressing,  the  teeth  being  loose  and  painful  as  in  mercury  poisoning.  In  certain  cases 
the  discolored  areas  ulcerate  and  secondary  infection  may  follow,  even  resulting  in 
gangrene  of  the  cheek.  Stomatitis  may  result  from  a  single  dose  of  0.4  Gm.  (gr.  6V2) 
of  bismuthotartrate  and  is  likely  to  result  after  about  2.5  Gm.   (gr.  40)  have  been  given. 

The  stomatitis  is  soon  followed  by  more  general  digestive  disturbance,  indicated  by 
foul  breath,  hiccough,  vomiting,  diarrhea  and  fever.  The  kidneys  are  irritated,  leading 
to  diuresis,  followed  by  albuminuria  and  a  brownish  discoloration  of  the  urine  due  to 
the  presence  of  bismuth  salts.  Acute  nephritis  commonly  follows  the  intravenous  injec- 
tion of  3  mgm.  per  kilo  of  a  soluble  salt  in  a  rabbit  (Raiziss  et  al).  Temporary  leucocy- 
tosis,  involving  chietly  the  polymorphonuclear  neutrophils,  may  follow  each  injection 
in  man. 

Certain  symptoms  observed  In  animal  experiment  are  never  seen  in  poisoning  in 
man.  The  respiration  is  slowed  by  action  on  the  center  and  the  heart  slowed  and  weak- 
ened by  an  effect  on  the  muscle.  The  spinal  cord  is  stimulated,  tonic  convulsions  fol- 
lowed by  central  paralysis  occurring. 

Autopsy  discloses  ulcerations  in  the  large   intestine,  especially  near  the  ileocecal 
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valve,  and  glomerular  nephritis.  The  intestinal  ulcers  are  seen  only  from  parenteral 
absorption  and  never  when  bismuth  is  given  by  "mouth.  This  is  no  doubt  partly  due 
to  the  very  slight  absorption  and  to  the  deposition  in  the  liver  of  the  greater  part  of 
that  absorbed.  Bismuth,  however,  may  be  found  in  the  urine  after  the  ingestion  of 
even  small  doses,  so  that  some  other  explanation  is  required.  It  is  known  that  the 
soluble  bismuth  salts  circulating  in  the  blood  are  precipitated  in  the  bowel  wall  by  the 
sulphides  normally  present  in  the  large  bowel.  When  bismuth  salts  are  given  by  mouth 
they  combine  with  the  sulphur  in  the  bowel,  preventing  its  absorption  and  thus  per- 
mitting the  circulating  bismuth  salts  to  be  excreted  instead  of  being  deposited  in  the 
tissues.  That  this  explanation  is  probably  correct  has  been  shown  by  feeding  bismuth 
subnitrate  to  animals  and  then  injecting  a  poisonous  dose  of  a  soluble  bismuth  salt. 
The  intestinal  ulcerations,  which  otherwise  result,  were  prevented  by  the  presence  of 
bismuth  in  the  bowel. 

In  connection  with  the  toxic  action  of  bismuth,  a  warning  should  be  given  in  regard 
to  the  possibility  of  the  decomposition  of  bismuth  subnitrate  by  putrefactive  bacteria 
in  the  bowel,  with  the  liberation  of  nitrous  acid,  which  is  a  powerful  poison,  depressing 
the  heart  and  destroying  the  red  blood  cells.  Death  from  nitrite  poisoning  has  several 
times  followed  administration  of  large  doses  of  this  salt  for  x-ray  studies  of  the  bowel. 
For  this  reason,  among  others,  it  has  been  displaced  to  a  great  extent,  in  Roentgenology, 
by  barium  sulphate. 

The  fatal  close  of  soluble  bismuth  salts  is  much  less  by  intravenous  injection  than 
by  intramuscular,  and  a  surely  fatal  dose  by  mouth  can  hardly  be  found.  White  rats 
are  killed  by  intravenous  injection  of  15  mgm.  per  kilo  of  the  tartrobismuthate,  and 
rabbits  by  5  mgm.  per  kilo.  These  animals  show  no  toxic  symptoms  from  10  times  as 
much  intramuscularly,  but  rabbits  are  killed  in  2  to  4  days  by  200  mgm.  (Sazerac  and 
Levaditi),  mice  by  47  mgm.  (Adler)  and  guinea-pigs  by  70  mgm.  per  kilo.  The  fatal 
dose  of  bismuth  ammoniocitrate  by  vein  in  the  dog  is  about  6  mgm.  per  kilo. 

Treatment  of  Poisoning. — In  intoxication  from  administration  per  os,  the  stomach 
should  be  washed  out  thoroughly  and  repeatedly  and  saline  purgatives  administered. 
Removal  of  the  bismuth  paste  is  the  first  necessity  in  absorption  from  topical  applica- 
tions. A  mouth  wash  containing  alum  or  potassium  chlorate  is  indicated.  The  enteric 
ulceration  is  relieved  by  suitable  regulation  of  the  diet,  and  demulcent  foods. 

Therapeutics:  Topical. — Whether  an  insoluble  bismuth  compound  be  applied  to 
the  external  surface  or  administered  by  mouth  the  action  is  topical — sedative,  pro- 
tective, or  both.  The  uses  of  the  drug  other  than  as  an  antiluetic,  will  therefore  be 
considered  under  the  one  head.  Bismuth  is  employed  as  a  dusting  powder  or  ointment 
in  the  treatment  of  ulcers  and  various  skin  diseases,  acting  as  an  astringent  as  well 
as  a  protective.  The  subgallate  is  often  employed  for  this  purpose,  but  the  sub- 
carbonate  is  a  serviceable  salt.  When  there  is  profuse  secretion  bismuth  is  not 
suitable,  as  it  may  form  a  hard  cake  under  which  the  secretion  collects  and  keeps  the 
sore  from  healing.  In  the  treatment  of  infected  wounds  a  cream  of  bismuth  subnitrate 
1,  iodoform  2,  in  liquid  paraffin  1,  called  BIPP  (bismuth-iodine-paraffin-paste)  by  its 
introducer,  Rutherford  Morison,  gives  excellent  results  in  many  cases.  The  wound  is 
thoroughly  cleansed  and  dried  and  ia  then  swabbed  vigorously  with  gauze  saturated 
with  the  cream.  The  excess  is  now  removed,  leaving  only  a  thin  film,  and  the  wound 
is  closed.  This  treatment  of  the  wound  is  done  under  an  anesthetic.  Beck  uses  a  paste 
of  1  part  of  bismuth  subnitrate  and  2  of  petrolatum  to  fill  fistulous  cavities  of  bone 
tuberculosis.  In  coryza  some  relief  is  obtained  by  snuffing  up  powdered  bismuth  sub- 
nitrate. In  gonorrhea  a  2  to  4  percent,  suspension  of  the  nitrate  in  mucilage  of  acacia 
and  water  acts  as  a  protective  and  astringent,  and  seems  even  to  have  some  antiseptic 
action.  The  same  preparation  is  of  value  also  in  leucorrhea.  An  ointment  of  bismuth 
subcarbonate,  with  cocaine  and  calomel,  in  vaseline  is  a  soothing  application  in  anal 
fissure,  and  often  affords  great  relief  in  prviritus  ani. 

Bismuth  powders,  subnitrate,  subcarbonate,  and  especially  subgallate  are  to  a 
certain  extent  astringent,  and  hence  are  used  to  check  diarrhea,  as  well  as  to  soothe 
inflamed  surfaces  in  the  alimentary  tract,  as  in  esophagitis,  gastritis,  enteritis  and 
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colitis.  They  are  also  associated  with  other  remedies,  both  to  protect  the  gastroenteric 
mucosa  from  the  irritant  action  of  the  latter,  or  for  a  conjoint  therapeutic  effect  as  when 
magnesium  oxide  or  carbonate  or  other  alkaline  substance  is  given  in  gastric  or 
duodenal  ulcer  or  hyperchlorhydria.  Sometimes  an  irritant  drug  is  actually  combined 
— not  merely  associated — with  bismuth  to  permit  of  its  administration  by  mouth.  Thus 
allyl-sulph-carbamide,  bismuth-di-iodide  represents  an  attempt  to  obtain  an  agent  that 
will  give  thiosinamin  effects,  without  necessitating  resort  to  subcutaneous  injection. 
In  such  combinations  either  the  bismuth  must  remain  in  an  insoluble  form  in  the 
intestine,  or  the  quantity  must  be  so  small  that  toxic  effects  will  not  follow  its  absorption. 

Various  bismuth  mixtures  are  used  for  x-ray  diagnosis  of  ulcers,  strictures  and 
other  conditions  in  the  esophagus  or  stomach,  as  well  as  the  rate  of  intestinal  peristal- 
sis. In  the  study  of  pulmonary  abscess  and  bronchiectasis,  the  cavity  is  emptied 
by  bronchoscopic  suction  and  the  sterile  bismuth  mixture  introduced.  The  sub- 
carbonate  rather  than  the  subnitrate  should  be  used  for  this  purpose.  A  suitable 
mixture  is  composed  of  bismuth  subcarbonate  24,  syrup  30,  acacia  4,  tragacanth  1, 
and  water  70;  or  a  more  simple  one  is  bismuth  subcarbonate  suspended  in  mucilage 
of  acacia  thinned  to  any  desired  degree  with  water. 

In  the  treatment  of  gastric  or  duodenal  ulcer,  bismuth  subcarbonate  or  sub- 
nitrate  renders  excellent  service,  its  action  being  purely  topical  as  it  is  in  the  case 
of  ulcers  of  the  outer  integument.  It  coats  the  surface  of  the  ulcer,  protecting  it 
from  irritation  by  the  food  or  the  digestive  secretions.  In  the  case  of  gastric  ulcer, 
large  doses  (30. grains — 2  Gm.)  either  in  the  form  of  dry  powder  or  of  a  concentrated 
suspension  should  be  given  on  an  empty  stomach,  or  a  smaller  dose,  5  to  15  grains 
(0.3  to  1  Gm.)  may  be  associated  with  heavy  magnesium  oxide  and  sodium  bicarbonate 
(as  powder,  or  enclosed  in  cachet),  this  dose  being  given  every  3  or  4  hours.  In  the 
treatment  of  duodenal  ulcer  it  should  be  given  about  an  hour  before  meals,  and  it  is 
sometimes  associated  with  an  organic  silver  salt,  say  5  grains  (0.3  Gm.)  of  a  colloid 
silver  preparation  and  5  grains  of  bismuth  subnitrate  in  capsule.  Caution  is  neces- 
sary, however,  not  to  give  the  silver  for  too  long  a  time  because  of  the  danger  of  pro- 
ducing argyria ;  it  is  better  to  give  it  only  occasionally  for  two  or  three  days  at  a  time, 
but  to  administer  the  bismuth  salt  continuously. 

Bismuth  acts  very  well  in  gastralgia  when  given  in  doses  of  30  grains  (2  Gm.),  in 
powder  or  suspension.  When  the  pain  is  due  to  the  irritant  action  of  the  gastric 
juice  on  the  surface  of  an  ulcer  or  any  abraded  portion  of  the  mucous  membrane,  the 
bismuth  acts  as  a  protective ;  but  when  the  mucous  membrane  is  intact,  we  must  assume 
a  direct  analgesic  effect.  In  hyperchlorhydria,  bismuth  lozenges  (trochiscus  bismuthi 
compositus,  Br.P.)  offer  a  convenient  means  of  medication,  1  to  2  being  sucked  slowly 
several  times  a  day.  In  simple  gastritis  15  grains  of  bismuth  subcarbonate  may  be 
given  in  conjunction  with  small  doses,  1  grain  (0.06  Gm.),  of  phenol.  In  the  nausea 
and  vomiting  of  pregnancy  bismuth  often  affords  relief.  The  subcarbonate  may  be 
given  in  doses  o^  15  to  20  grains  in  association  with  tincture  of  nux  vomica  and 
aromatic  spirit  of  ammonia.  In  cardiospasm,  septic  processes  may  be  averted  by  a 
powder  of  bismuth,  2  to  5  grains  (0.12  to  0.3  Gm.),  and  calomel,  Yz  grain  (0.03  Gm.), 
taken  dry. 

For  the  relief  of  intestinal  flatulence,  bismuth  subcarbonate  or  salicylate,  the 
former  in  doses  of  10  grains  (0.6  Gm.),  the  latter  of  3  to  5  grains  (0.2  to  0.3  Gm.), 
may  be  given  in  capsules  of  formalized  gelatin.  In  diarrhea  excited  by  some  irritant, 
bismuth  subcarbonate,  given  after  expulsion  of  the  offending  substance,  in  doses  of  15 
to  20  grains  (1  to  1.3  Gm.),  three  times  a  day  after  meals,  will  exert  a  soothing  effect 
upon  the  mucous  membrane.  In  obstinate  diarrhea  or  irritative  colitis  an  excellent 
prescription  is :  Bismuth  salicylate,  5  to  10  grains  (0.3  to  0.6  Gm.) ;  betanaphthol  ben- 
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zoate,  10  grains  (0.6  Gm.) ;  tannic  acid,  5  grains  (0.3  Gm.),  given  in  powder  or  en- 
closed in  a  cachet  or  in  two  capsules,  after  each  stool,  or  every  2  to  6  hours,  according 
to  the  severity  of  the  symptoms.  A  protein-tannin  compound  may  be  used  instead  of 
the  tannic  acid,  and  if  need  be,  a  small  dose  of  Dover  powder  or  other  opiate  may  be 
added.  Bismuth-betanaphthol  salicylate  may  be  substituted  for  the  separate  salicylic 
and  naphthol  compounds.  In  the  diarrhea  of  tuberculous  subjects,  and  in  acute  colitis, 
large  doses,  20  to  30  grains  (1.3  to  2  Gm.)  of  the  subcarbonate  or  subnitrate,  or  a 
smaller  dose  of  the  salicylate  or  the  naphthol-salicylate,  10  to  15  grains  (0.6  to  1  Gm.) 
every  four  hours,  will  often  prove  beneficial. 

In  amebic  dysentery,  one  of  the  insoluble  bismuth  salts,  in  dose  of  5  grains 
(0.3  Gm.)  three  times  daily,  often  clinches,  as  it  were,  the  recovery  effected  through 
emetine.  The  compound,  emetine-bismuth-iodide,  is  reputed  to  be  of  peculiar  efficacy 
in  the  treatment  of  amebic  dysentery,  being  successful  often  in  cases  which  have  re- 
sisted the  action  of  emetine  by  hypodermic  injection.  Owing  to  its  comparative  in- 
solubility, it  can  be  given  by  the  mouth  with  little  danger  of  producing  nausea. 

Infestation  with  threadworms  is  successfully  treated  by  bismuth  subcarbonate  in 
single  doses  of  2  drams  (8  Gm.)  on  2  successive  days  for  adults;  30  to  40  grains 
(2  to  2.6  Gm.)  for  children  under  6  years;  1  dram  (4  Gm.)  for  children  from  7  to  15 
years.  The  drug  is  best  given  stirred  in  a  glass  of  water  and  swallowed  quickly.  Three 
hours  after  the  second  dose  a  purgative  dose  of  calomel  should  be  administered. 

Bismuth  tribromphenate  (xeroform)  is  of  considerable  value  as  a  non-irritant, 
local  antiseptic  which  may  be  used  as  a  dusting  powder  and  by  insufflation,  as  a  sub- 
stitute for  iodoform,  especially  in  ulcerative  conditions  of  the  mucous  membrane,  for 
example,  in  syphilis  and  tuberculosis  of  the  pharynx  and  larynx. 

It  is  said  to  be  serviceable  also,  administered  by  the  mouth,  in  irritative  conditions 
of  the  alimentary  tract,  especially  in  those  accompanied  by  diarrhea. 

Systemic. — In  recent  years,  soluble  bismuth  salts  have  come  into  extensive  use  in 
the  treatment  of  syphilis,  the  results  of  early  experiments  on  animals  and  on  man 
having  been  most  convincing.  Its  use  is  now  no  longer  in  the  experimental  stage,  but 
it  holds  a  high  place  among  the  antiluetic  remedies.  While  sodium-potassium  tartro- 
bismuthate  has  only  14  to  Via  the  spirochetocidal  action  of  mercury,  its  therapeutic 
index  is  about  five  times'  higher,  because  it  is  five  times  more  toxic  to  the  Spirocheta 
pallida  than  to  the  body  cells.  Relatively  larger  doses  can  therefore  be  used  with 
safety.  Kolmer  injects  sodium-potassium  tartrobismuthate  as  well  as  potassium  tartro- 
bismuthate  in  saline  solution  or  in  oily  suspension,  using  by  preference  15  to  30 
minims  (1  or  2  cc.)  of  a  sterile  vegetable  oil,  such  as  almond  or  olive.  The  dose  is 
given  intramuscularly  or  epifascially — ly-z  to  3  grains  (0.1  to  0.2  Gm.) — weekly,  semi- 
weekly  or  biweekly,  until  30  to  45  grains  (2  to  3  Gm.)  have  been  taken.  Smaller  total 
amounts  are  required  if  the  injections  are  given  weekly  (Kolmer).  Bismuth  is  not 
commonly  indicated  in  abortive  treatment  or  in  initiating  the  treatment  of  early  acute 
syphilis.  If,  however,  arsenic  cannot  be  used  for  any  reason,  bismuth  becomes  the 
drug  of  choice.  Six  week  courses  of  bismuth  in  the  doses  suggested  should  follow 
immediately  on  a  course  of  arsphenamine,  followed  by  a  month  of  rest,  and  a  repetition 
of  the  arsenic  and  bismuth  courses.  This  associative  treatment  can  be  used  in  any 
form  of  syphilis  in  which  there  are  active  lesions.  Especially  if  associated  with  mer- 
cury, bismuth  appears  to  lead  to  an  increased  resistance  of  the  tissues  to  spirochetal 
infection,  which  may  be  of  as  great  value  as  its  spirochetocidal  action.  Non-syphilitic 
anemia  and  colitis  are  contraindications  to  its  use.    . 

Slowly  soluble  compounds  of  bismuth  suspended  in  oil,  in  saline  or  in  10  percent, 
glycerin,  are  used,  like  similar  compounds  of  mercury,  to  establish  in  the  muscles 
depots  from  which  gradual  absorption  may  occur.     This  method  of  use  has  with  both 
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metals  the  same  drawback,  that  the  absorptive  power  of  the  tissue  progressively  dimin- 
ishes and  may  finally  be  abolished  by  local  fibrosis,  giving  rise  to  nodules.  While  not 
as  extensive  as  those  from  arsphenamine,  they  sometinics  break  down,  iind  then  the 
same  danger  is  present  as  in  the  case  of  mercury,  of  sudden  absorption  of  a  toxic 
quantity  of  the  drug.  Potassio-tartrobismuthate  seems  least  objectionable,  from  this 
viewpoint,  since  x-ray  study  indicates  its  disappearance  from  the  site  of  injection,  as  a 
rule  within  2  weeks,  and  almost  invariably  within  G  weeks.  Bismuth  salicylate  may 
remain  in  large  part  unabsorbcd  after  45  days  and  metallic  bismuth  and  bismuth  oleate 
much  longer. 

During  a  course  of  bismuth  injections,  careful  watch  is  necessary  to  detect  the 
first  signs  of  poisoning,  commonly  stomatitis  and  salivation,  which  may  be  preceded 
by  fetor  of  the  breath,  a  dark  line  on  the  gums  and  sometimes  black  spots  on  the 
mucosa  of  the  cheeks  and  throat.  Such  phenomena  may  result  from  a  total  dosage  of 
so  little  as  8  grains  (0.5  Gm.)  and  are  not  uncommon  after  40  grains  (2.5  Gm.). 
The  patient  should  be  warned  to  look  out  for  these  sj'mptoms  and  to  observe  more 
than  ordinary  care  of  the  teeth  and  gums  which  may  be  painted  from  time  to  time 
"with  a  mixture  of  Tr.  kino  1  part,  Tr.  myrrh  2  parts,  or  washed  with  0.25  percent, 
zinc  chloride.  If  stomatitis  occur,  the  use  of  bismuth  should  be  immediately  sus- 
pended, as  otherwise  more  severe  poisoning  may  supervene,  with  headache,  nausea, 
ulcerative  stomatitis,  diarrhea,  dermatitis  and  even  hepatitis  with  jaundice.  Albu- 
minuria is  rare.  As  these  toxic  conditions  may  occur  without  the  preliminary  warn- 
ings referable  to  the  mouth,  it  is  necessary  to  watch  the  skin,  the  conjunctivae  and 
the  urine  during  and  after  bismuth  treatment. 

When  the  results  of  treatment  are  controlled  by  the  Wassermann  reaction,  it 
has  been  noted  that  arsphenamine  is  more  effective  than  bismuth  in  primary  syphilis, 
that  the  two  are  of  about  equal  potency  in  the  secondary  stage,  but  that  bismuth  is 
superior  to  either  arsenic  or  mercury  in  the  tertiary  period.  In  some  reported  cases 
bismuth  has  brought  about  a  definitive  recovery  after  numerous  relapses  following 
arsenical  and  mercurial  treatment.  As  showing  the  slow  but  continuous  action  of 
bismuth  it  has  been  observed  that  occasionally  the  Wassermann  reaction  becomes  nega- 
tive some  time  after  the  last  bismuth  injection.  Even  when  reliipses  occur  they  are 
later  in  their  appearance  after  bismuth  than  after  arsenic  or  mercury.  Bismuth  is 
especially  serviceable  in  long-standing  cases  in  which  the  spirochetes  have  become 
arsenic  fast  and  mercury  fast. 

Bismuth  appears  to  be  of  peculiar  efficacy  in  neurosyphilis,  especially  in  tabes; 
in  paresis  the  results  of  treatment  are  less  encouraging.  The  lightning  pains  are 
often  promptly  relieved  and  the  gait  becomes  steadier  and  less  ataxic.  Further 
observation  is  necessary  to  determine  the  value  of  the  drug  in  general  paralysis,  but 
as  the  spinal  Wassermann  sometimes  becomes  negative  under  bismuth  treatment, 
it  is  reasonable  to  hope  that  the  drug,  either  alone  or  in  association  with  arsphena- 
minized  serum,  administered  in  proper  dose  and  at  suitable  intervals,  may  prove  to 
exert  a  favorable  influence  over  paresis  as  well  as  over  locomotor  ataxia. 

Administration. — Bismuth  siibnitrate  and  Msmuth  subcarbonate  administered  by 
mouth  may  be  given  in  capsule  if  in  small  dose  (1  to  20  grains,  0.1  to  1.5  Gm.),  but  if 
large  doses  are  given,  cachets  may  be  used  or  the  drug  suspended  in  a  gummy  or  syrupy 
liquid,  dispensed  with  a  "shake  well"  label. 

For  use  in  syphilis,  a  large  number  of  bismuth  preparations  are  commercially  avail- 
able. Some  of  these  are,  however,  not  very  desirable  because  of  their  low  bismuth  con- 
tent or  because  of  pain  following  their  injection.  Preparations  containing  less  than  60 
percent,  of  bismuth  should  not  be  used.  Although  insoluble  preparations  injected  as 
suspensions  are  far  less  painful  than  soluble  ones,  yet  the  latter  are  to  be  preferred  be- 
cause of  their  lesser  toxic  and  relatively  greater  therapeutic  actions. 
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The  most  popular  preparations  are  the  tartroHsmutliate,  the  hydroxide  and  the 
iodoquinate.  These  are  most  commonly  used  intramuscularly.  There  are  a  few  prepa- 
rations adapted  to  intravenous  administration,  but  they  are  not  much  used  because  this 
route  has  no  advantage  over  the  intramuscular,  and  toxic  reactions  are  more  likely  to 
result.  Sodium-potassium  tartrohismuthate  and  potassium  tartrobismutliate  are  perhaps 
the  best  preparations,  the  former  being  preferred  in  America  because  of  its  low  toxicity. 
They  may  be  given  dissolved  in  distilled  water  or  in  saline  or  glucose  solution,  but  the 
preferable  menstruum  is  a  vegetable  oil.  A  local  anesthetic,  e.g.,  butyn,  %  grain  (12 
mgm.)  is  advantageously  added.  The  suspension  is  injected  intramuscularly,  commonly 
in  the  buttock.  A  new  site  is  selected  at  each  repetition,  the  right  and  left  sides  alter- 
nating. After  the  needle  is  inserted,  the  plunger  is  withdrawn  slightly  and  if  blood 
enters  the  syringe,  showing  that  a  vein  has  been  entered,  the  point  must  be  moved, 
as  intravenous  injection  is  dangerous.  The  first  injection  is  very  likely  to  be  attended 
by  more  or  less  pain  and  soreness  lasting  a  number  of  days,  and  for  this  reason  may 
well  be  smaller  than  is  planned  for  subsequent  ones.  The  second  injection  may  be  post- 
poned until  the  soreness  subsides,  say  10  to  14  days.  After  this  the  local  reaction  is 
not  likely  to  be  troublesome  even  from  the  full  dose   (3  grains;    0.2  Gm.). 

Mesurol  (see  also  mercury  therapeutics)  contains  1%  grain  (0.11  Gm.)  of  bismuth 
in  each  cc.  It  may  be  used  by  deep  intramuscular  injection,  beginning  for  the  adult 
with  0.5  cc,  increasing  with  the  second  dose  to  1  cc,  and  continued  with  1  cc.  dose  until 
a  total  of  8  to  12  injections,  i.e.,  14  to  20  grains  (0.9  to  1.3  Gm.)  of  bismuth,  have  been 
given. 

Copper 

Copper  and  its  salts,  especially  copper  sulphate  or  blue  vitriol,  were  known  to 
the  ancients  but  were  not  apparently  used  extensively  by  them  in  medical  practice. 
During  the  Middle  Ages  and  in  Arabian  practice  blue  stone  was  used  as  a  caustic 
and  perhaps  as  an  emetic.  During  the  last  century,  ammoniated  copper,  a  double 
sulphate  of  ammonia  and  copper,  prepared  by  rubbing  together  crystalline  copper 
sulphate  and  ammonium  carbonate  and  drying,  was  used  internally  in  spasmodic 
functional  affections,  such  as  chorea,  epilepsy  and  particularly,  croup. 

Chemistry. — Copper  forms  two  series  of  salts,  cuprous  (valency  1)  and  cupric 
(valency  2).  The  latter  alone  are  used  in  medicine,  and  only  two  of  these — cupric 
sulphate  (CuSOJ  and  cupric  acetate  (CuCCHjCOO)^).  Both  these  salts  are  strongly 
acid  to  litmus  when  dissolved  in  water,  and  any  attempt  to  neutralize  them  leads 
to  a  precipitate  of  cupric  hydrate.  Certain  organic  compounds  of  copper  have  been 
recently  introduced. 

Summary  of  Actions  and.  Uses. — The  copper  salts  find  their  chief  therapeutic  employ- 
ment as  astringents  and  caustics.  Bluestone  (crystalline  copper  sulphate)  is  used  to 
destroy  exuberant  granulation  tissue,  and  this  salt  and  copper  arsenite  are  occasionally 
employed  internally  to  check  diarrhea. 

Materia  Medica. — Cupri  Sulphas  (U.S.  X.),  Copper  Sulphate.  Alhr.,  Cupr.  Sulph. 
Synonyms :  Cupric  Sulphate,  Blue  Vitriol,  Blue  Stone. 

Copper  sulphate  may  be  obtained  by  the  interaction  of  sulphuric  acid,  copper 
or  copper  oxide,  and  water.  It  contains  not  less  than  63  percent,  and  not  more  than 
66.8  percent,  of  anhydrous  copper  sulphate,  corresponding  to  not  less  than  98.5  per- 
cent, of  the  crystallized  salt  (CuS0^.5H20).  It  occurs  as  deep  blue  triclinic  crystals 
or  a  blue,  granular  powder.  It  is  odorless  and  has  a  nauseous  metallic  taste.  It  is 
soluble  in  2.5  parts  of  water,  in  500  of  alcohol,  and  in  2.8  cc.  of  glycerin  at  25°  C, 
and  in  0.5  cc.  of  boiling  water. 

Antagonists  and  Incompatihles. — Alkalis  and  their  carbonates,  mineral  salts  (ex- 
cept sulphates),  the  iodides,  soluble  lead  salts,  limewater,  and  tannin  are  chemically 
incompatible. 

Synergists. — All  agents  which  promote  waste,  such  as  the  salts  of  zinc,  silver,  gold 
and  mercury,  and  the  insoluble  lead  salts. 

Dose,  1/2  to  4  grains  (0.03  to  0.25  Gm.). 
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CuPRi  Arsenis  (unofficial),  Copper  Arsenite.  Abhr.,  Cupr.  Arsenite.  Synonyms : 
Copper  Orthoarsenite,  Scheele  Green. 

This  is  a  copper  salt  carrying  the  formula  Cuj(AsO,)2, 

Dose,  Vioo  to  %o  grain  (0.0006  to  0.003  Gm.). 

Cuprum  Cithicum  (unofficial).  Copper  Citrate,  Cupric  Citrate.  Synonyms: 
Cusylol,  Cuprocitrol. 

The  cupric  salt  of  citric  acid,  containing  from  34  to  36  percent,  of  copper.  It 
occurs  as  a  green  or  bluish-green,  finely  crystalline,  odorless  powder;  but  slightly 
soluble  in  cold  water;  soluble  in  acids  and  alkalis. 

Dose,  ^,2  to  1  grain  (0.03  to  0.06  Gr.).  Also  used  in  solutions  of  5  and  10  percent, 
ointments. 

Antipathogenic  Action. — Copper  and  its  salts  are  efficacious  in  the  destruction  of 
certain  bacteria  and  other  low  forms  of  life,  in  drinking  water.  Thus,  a  proportion  of 
one  part  of  copper  sulphate  in  fifty  million  will  destroy  most  algae  in  a  few  days,  and 
more  concentrated  solutions  act  with  greater  speed.  Typhoid  and  colon  bacilli  are 
killed,  according  to  some  observers,  in  2  to  3  hours,  by  a  solution  of  1:  100,000,  but 
others  have  found  that  1:  1,000  is  necessary,  to  render  water,  polluted  with  these  organ- 
isms, safe  for  human  consumption.  No  other  pathogenic  bacteria  exhibit  such  great 
susceptibility  to  the  action  of  copper  salts,  though  all  are  destroyed  by  concentrated 
solutions. 

The  storage  of  water  in  copper  vessels  and  the  immersion  therein  of  copper  foil 
seem  to  be  less  efficacious  methods  of  disinfection  than  was  formerly  supposed.  Colloidal 
copper,  1/500,  will  sterilize  tap  water  in  two  minutes. 

Metallic  copper  is  hardly  soluble  in  water,  but,  if  the  metal  be  tarnished,  the  result- 
ing copper  oxide  is  more  readily  dissolved. 

A  1  percent,  solution  of  copper  sulphate  prevents  the  growth  of  most  bacteria,  and 
a  0.02  percent,  solution  prevents  growth  of  yeast. 

Koch  found  that  anthrax  spores  were  injured,  but  not  killed,  by  five  days'  exposure 
to  5  percent,  watery  solution  of  CUSO4. 

Behring  found  CuSO^  one-fifth  as  active  as  HgClji  Paul  and  Kronig  state  that 
spores  of  anthrax  bacnii  are  killed  or  injured,  in  7  days,  by  a  25  percent,  solution. 

Addition  of  2yo  parts  of  copper  per  million  destroys  the  antiscorbutic  vitamine  of 
milk    (Hess   and  Weinstock). 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Copper  Is  absorbed  in  but 
limited  quantity  through  the  intact  mucosa  of  the  stomach  and  intestine.  Wherever 
there  is  any  abrasion  or  erosion,  absorption  is  much  more  rapid.  Though  a  large  pro- 
portion of  a  small  dose  enters  the  circulation,  an  increase  of  dose  does  not  much  increase 
the  quantity  absorbed.  Most  of  the  drug  is  stored  in  the  liver  and  smaller  amounts  are 
to  be  found  in  the  kidneys,  spleen  and  thyroid  gland;   traces  may  remain  three  months. 

The  chief  avenue  of  excretion  is  the  bile,  though  traces  of  the  metal  leave  the  body 
In  the  urine,  saliva,  intestinal  juices  and  milk. 

Topical  Action. — Owing  to  their  power  of  precipitating  protein,  the  salts  of  copper 
are  astringent,  irritant,  styptic  and  in  concentration  even  caustic  and  corrosive,  the 
chloride  being  more  irritant  than  the  sulphate.  The  mucous  membranes  are  more 
readily  affected  than  the  skin.  The  precipitate  formed  by  the  action  of  the  copper  salt, 
being  very  slightly  soluble,  forms  a  coating  over  the  mucous  membrane  which  protects 
it  from  penetration  of  the  drug  and  materially  interferes  with  absorption. 

Toxic  and  Systemic  Action. — Copper  is,  apparently,  but  slightly  toxic  to  man;  so 
much  as  5  Gm.  (71/2  grains)  of  the  sulphate  having  been  given  daily  for  long  periods, 
without  noticeable  effect.  The  smallest  lethal  dose  in  man  is  variously  stated  as  any- 
where from  0.5  to  10  Gm.  1.25  Gm.  of  acetate  of  copper  killed  a  child,  10  Gm.  (dr.  21/2) 
of  this  salt  as  well  as  40  Gm.  (dr.  10)  of  copper  sulphate  have  caused  death  in  adults, 
while  30  Gm.  (dr.  71/,)  of  the  former  have  been  recovered  from.  The  slow  and  incom- 
plete absorption  is  responsible  for  this  apparent  lack  of  toxicity,  for  as  little  as  0.01  Gm. 
(1/6  grain),  given  intravenously,  suffices  to  kill  a  rabbit  of  ordinary  size,  and  even  2 
mgm.  per  kilo  may  cause  death,  the  fatal  dose  by  stomach  tube  being  0.5  Gm.  (Mallory, 
Parker  and  Nye). 

The  salts  of  copper  have  an  astringent,  metallic  taste.  In  the  stomach,  they  exert 
a  specific  Irritant  action  upon  those  nerve  ends  which  are  the  starting  point  of  the 
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vomiting  reflex.  Doses  of  0.3  to  0.6  Gm.  (5  to  10  grains)  in  solution  give  rise  to  emesis 
in  ten  to  twelve  minutes,  with  comparatively  slight  nausea  and  little  general  depression. 
In  animal  experiment,  no  emesis  follows  intravenous  injection,  and  oral  ingestion  after 
section  of  both  vagus  nerves  is  also  without  emetic  effect. 

Small  doses  have  an  astringent  action  through  the  precipitation  of  protein  in  the 
superficial  layers  of  the  mucosa.  Larger  quantities  (2  to  5  Gm.  —  30  to  75  grains)  cause 
erosion  of  the  gastric  epithelium    and  free  purgation. 

The  ingestion  of  a  large  dose  of  copper  sulphate  is  shortly  followed  by  vomiting  of 
green  masses  and  violent  purging,  with  bloody,  and  later,  dark  green  stools,  accom- 
panied by  severe  abdominal  pain.  If  mixed  with  food,  the  symptoms  may  not  start  for 
one-half  to  two  hours.  The  vomitus  may  contain  blood,  as  a  result  of  corrosion  of  the 
gastric  mucosa.     Both  vomitus  and  feces  are  colored  green. 

The  consequential  symptoms  of  intense  gastrointestinal  irritation — a  weak,  soft  and 
rapid  pulse,  shallow,  rapid  respiration,  headache,  faintness,  and  cold,  clammy  perspira- 
tion— soon  appear,  and  may  be  promptly  followed  by  unconsciousness,  convulsions,  col- 
lapse and  death.  Often,  however,  the  patient  survives  three  to  eight  days,  dying  finally 
from  exhaustion.  In  this  case,  icterus  is  added  to  the  symptoms,  and  there  may  be 
found  a  greenish  line  on  the  gums. 

A  form  of  acute  poisoning  has  been  described,  resembling  lead  colic,  except  that 
there  is  diarrhea,  instead  of  constipation. 

If  copper  be  absorbed  in  large  quantities  from  erosions  in  the  intestinal  tract,  or 
injected  intravenously,  a  compound  resembling  hemoglobin,  called  cuprohemol,  or  copper 
hemol,  is  found  in  the  blood. 

The  circulatory  and  nerve  systems  are  practically  unaffected  by  copper,  unless  it  be 
administered  intravenously,  when  it  acts  as  a  marked  depressant  to  cardiac  muscle  and 
nerve.  The  heart  action  becomes  slow  and  weak,  the  blood-pressure  falls,  and  there  is 
gradually  increasing  depression  of  the  respiratory  center  and  paralysis,  which  is  the 
cause  of  death.  Skeletal  muscle  is  also  markedly  depressed  by  direct  action.  Copper 
sulphate  added  to  the  Ringer  solution  perfusing  the  isolated  heart  of  the  frog,  in  a 
concentration  of  1  to  10,000,  brings  about  stoppage  in  a  few  minutes. 

The  most  striking  post-mortem  finding  in  acute  copper  poisoning  is  the  intense 
inflammation  of  the  gastrointestinal  mucosa,  which  becomes  red,  swollen  and  eroded, 
and  exhibits  numerous  extensive  hemorrhages.  The  tongue  and  throat  are  often  stained 
green.  Hemorrhage  is  also  found  in  the  substance  of  the  skeletal  and  cardiac  muscles, 
the  thymus  gland,  the  lungs,  the  kidneys  and  liver,  and  beneath  serous  membranes. 
Jaundice  is  frequent. 

Treatment  of  Acute  Poisoning. — Lavage  of  the  stomach  may  be  resorted  to,  but 
since  the  poison  is  promptly  evacuated  by  vomiting,  and  the  mucous  membrane  is  often 
deeply  eroded,  this  procedure  is,  as  a  rule,  unnecessary  and  is  somewhat  dangerous. 
The  administration  of  albuminous  substances  such  as  eggs  and  milk  is  indicated  or 
tannic  acid,  magnesium  oxide,  or  milk  of  magnesia  may  be  given  to  form  a  non-irritant 
precipitate.    Further  treatment  is  symptomatic. 

Chronic  poisoning  by  copper  is  said  by  some  to  occur  in  brass  workers,  though  many 
deny  that  the  dyspepsia,  anemia,  asthenia,  and  nervous  irritation  seen  in  them  have 
any  relation  to  copper,  these  symptoms  being  due,  possibly,  to  impurities,  such  as 
arsenic  or  to  other  metals,  such  as  zinc,  used  in  brass  works.  Many  of  the  tissues, 
including  the  hair  and  the  bones,  may  be  stained  green,  and  such  staining  is  not  incom- 
patible  with   perfect   health. 

Continued  ingestion  of  copper  is  said  to  give  rise  to  anemia.  In  guinea-pigs,  rabbits 
and  monkeys,  repeated  administration  of  non-toxic  doses  of  soluble  copper  salts  leads 
to  chronic  poisoning,  characterized  by  cirrhosis  and  pigmentation  of  the  liver  and  a 
condition  resembling  clinical  hemochromatosis.  In  fact  it  is  suggested  that  all  cases 
of  this  condition  in  man  are  dependent  on  chronic  copper  poisoning  (Mallory,  Parker 
and  Nye). 

Therapeutics:  Topical. — Copper  sulphate  is  astringent  and  caustic  and  its  thera- 
peutic uses  hinge  upon  these  properties.  It  is  employed  as  a  collyrium  in  catarrhal 
conjunctivitis  in  solution  of  0.1  to  0.5  percent.  In  the  treatment  of  granular  lids  or 
trachoma,  the  lid  is  everted  and  is  lightly  stroked  with  a  solid  crystal  and  immediately 
irrigated  with  water  so  that  none  of  the  caustic  solution  may  reach  the  cornea.  In 
some  cases  better  results  are  obtained  by  a  mixture  of  1  part  potassium  alum  and  2  parts 
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copper  sulphate  fused  together.  In  tinea  tarsi  a  light  touch  with  a  copper  sulphate 
crystal  often  suffices.  Fungous  infection  of  the  external  auditory  meatus  (Aspergillus 
rviger)  disappears  under  applications  of  a  10  percent,  solution  or  ointment  of  copper 
sulphate. 

Sluggish  ulcers  or  those  with  exuberant  granulations  may  be  stimulated  to 
heal  by  stroking  with  a  smooth  crystal.  Erosions  of  the  cervix  uteri  also  respond 
well  to  the  same  treatment.  In  leucorrhea  douching  with  a  2  or  3  percent,  solution 
may  be  of  sen-ice,  and  an  obstinate  gleet  may  yield  to  injections  of  1  percent,  solution. 
In  the  treatment  of  chancroid,  dressing  for  the  first  day  with  compresses  wet  in  a  20 
percent,  solution  of  copper  sulphate,  following  with  applications  of  iodoform  in 
glycerin,  will  sometimes  induce  prompt  healing. 

Catarrhal  stomatitis  with  aphthous  dots  or  patches  will  yield  to  the  fungicide 
action  of  copper  sulphate,  the  aphthte  being  swabbed  frequently  with  gauze  or  ab- 
sorbent cotton  wet  with  a  5  percent,  solution.  An  enema  of  4  or  5  grains  (0.25  to  0.3 
Gm.)  of  copper  sulphate  in  a  quart  of  hot  water  is  of  service  in  amebic  dysentery.  In 
chronic  diarrhea,  with  ulceration,  it  is  a  useful  remedy. 

A  useful  ointment  for  ringworm  consists  of  copper  oleate,  10  percent,  in  lanolin, 
and  favus  sometimes  responds  favorably  to   applications  of  the  same  preparation. 

By  reason  of  its  toxicity  toward  fungi  and  protozoa  copper  sulphate  may  be  used 
to  purify  the  water  of  ponds  and  cisterns.  A  strength  of  one  part  in  from  5  to  50 
million  of  water  is  sufficient  for  this  purpose  and  is  innocuous  to  man  and  live  stock. 
The  bactericidal  action  of  copper  is  comparatively  weak,  so  that  it  cannot  be  depended 
upon  in  contamination  with  colon  or  typhoid  organisms. 

Systetnic. — Internally  copper  sulphate  may  be  given  for  diarrhea,  in  doses  of 
Vs  to  1/2  grain  (8  to  30  mgm.),  four  times  a  day  by  mouth,  or  1  grain  twice  daily  by 
suppository.  Copper  arsenate,  in  doses  of  1/1200  to  1/120  grain  hourly,  is  often  suc- 
cessful in  controlling  diarrhea  dependent  on  various  forms  of  intestinal  infection,  and 
has  been  advocated  even  in  tuberculous  diarrhea,  as  well  as  in  bacillary  dysentery  and 
in  typhoid  fever. 

Copper  sulphate  is  used  as  an  emetic  in  doses  of  three  or  four  grains  (0.2  to  0.3 
Gm.)  in  approximately  a  1  percent,  solution  of  water  repeated  once  or  twice  at  5 
minute  intervals,  if  necessary;  or  8  grains  (0.5  Gm.)  may  be  given  in  one  dose.  If 
the  drug  fails  to  act  it  must  be  removed  by  lavage  lest  a  gastritis  be  set  up.  However, 
the  employment  of  copper  sulphate  as  an  emetic  is  not  to  be  recommended  except  in 
phosphorus  poisoning,  in  which  it  is  peculiarly  indicated,  since  it  coats  the  phosphorus 
particles  with  an  insoluble  envelope  and  then  expels  them. 

Gold 

Gold  was  not,  apparently,  used  as  a  medicine  by  the  ancients  nor  even  by  the 
Arabian  school,  but  was  credited  with  marvelous  virtues  by  the  alchemists,  such  as 
Paracelsus  and  Raymond  Tully.  It  is  well-nigh  impossible  to  determine  to-day  just 
what  they  meant  by  "aurum  potabile"  or  soluble  gold,  which  was  so  highly  extolled, 
as  a  general,  especially  sexual,  tonic  and  as  a  cure  for  syphilis.  Most  of  the  formulas 
for  its  manufacture  include  the  addition  of  mercury,  and,  as  several  of  them  require 
distillation  at  some  stage  of  the  process,  it  is  not  impossible  that  some  salt  of  mercury 
was  the  effective  agent,  and  that  the  gold  was  left  behind  in  the  waste  products. 

Chemistry. — Gold  is  almost  always  used,  in  physiologic  experiment  as  well  as 
in  medicine,  in  the  form  of  the  double  chloride  of  gold  and  sodium  (AuCljlSTaCl). 
The  solutions  of  this  salt  tend  to  be  more  or  less  strongly  acid,  and  it  is  probable 
that  certain  of  the  effects  ascribed  to  gold  are  due,  in  part  at  least,  to  the  acid.  The 
ulceration  of  the  stomach  and  duodenum,  which  is  among  the  characteristic  effects 
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of  gold  salts,  is  seen  not  only  after  administration  of  many  of  the  other  heavy  metals, 
but  also  after  that  of  acids. 

Metallic  gold  is  occasionally  used  in  medicine,  both  as  powder  and  as  colloidal 
solution,  but  it  is  almost  certain  that,  when  given  by  mouth,  none  is  absorbed,  and 
any  effects  resulting  are  to  be  attributed  to  suggestion.  Colloidal  gold  given  intra- 
venously has  about  the  same  action  and  uses  as  colloidal  silver. 

Recently  sodium-auric  thiosulphate  (sanocrysin)  has  been  proposed  as  a  remedy 
in  tuberculosis. 

Materia  Medica. — Auri  et  Soon  Chloridum  (U.S.  IX,),  Gold  and  Sodium  Chlo- 
ride.    Ahhr.,  Aur.  et  Sod.   Chlor. 

A  mixture  of  equal  parts  of  anhydrous  gold  chloride  and  anhydrous  sodium 
chloride  representing,  when  dried  to  constant  weight,  not  less  than  30  percent,  of 
metallic  gold.  It  occurs  as  an  orange-yellow  powder,  odorless,  having  a  saline  and 
metallic  taste,  and  deliquescent  when  exposed  to  damp  air.  It  is  very  soluble  in 
water;  alcohol  or  ether  dissolves  the  gold  chloride,  leaving  the  sodium  chloride.  It 
should  be  kept  in  well-stoppered,  amber  colored  vials. 

Antagonists  and  Incompatihles. — Most  of  the  substances  incompatible  with  mer- 
curials, including  albumin,  are  also  incompatible  with  the  gold  salts. 

Synergists. — Corrosive  chloride  and  other  salts  of  mtrcury  are  synergistic. 

Dose,  Vso  to  to  1/4  grain  (0.002  to  0.06  Gm.). 

AuRi  ET  PoTASSii  Cyanidum   (unofficial).  Gold  and  Potassium  Cyanide. 

A  double  salt  of  the  cyanide  of  gold  and  potassium,  KAu(CN)3-}~2lIjO.  It 
occurs  in  the  form  of  a  white,  crystalline  powder;  soluble  in  water. 

Dose,  1/30  to  1/10  grain  (0.002  to  0.006  Gm.).  Intravenously,  1/2  to  %  grain 
(0.03  to  0.05  Gm.),  two  to  three  times  a  week. 

Auri  Bromidum  (unofficial),  Gold  Bromide.  Synonyms:  Gold  Monobromide, 
Aureus  Bromide. 

Occurs  in  yellowish  masses;  insoluble  in  water. 

Dose,  1/20  to  1/5  grain  (0.003  to  0.012  Gm.).  Used  hypodermically  by  dissolving 
2  parts  of  the  salt  in  100  parts  of  distilled  water  and  injecting  8  minims  (0.5  cc), 
increasing  slowly  to  2.0  cc.    Advocated  in  epilepsy. 

AuRi  ET  SoDii  Thiosulphas  (unofficial).  Gold  and  Sodium  Thiosulphate,  Sodium 
Auric  Thiosulphate.    Ahhr.,  Aur.  et  Sod.  Thiosulph.    Synonym:  Sanocrysin. 

A  powder  that  is  easily  soluble  in  water.  It  is  a  real  chemical  complex  and  of 
great  stability.  The  gold  is  not  freed  by  strong  reducing  agents,  even  at  boiling  tem- 
perature. It  is  partially  decomposed  in  the  human  organism,  evidently  yielding 
metallic  gold,  and  partially  excreted  unchanged. 

Dose,  not  to  exceed  0.01  Gm.  per  kilo  of  body  weight. 

AciDUM  Bromauricum  (N.F.),  Bromauric  Acid.    Ahhr.,  Acid.  Bromaur. 

Bromauric  Acid;  IIAuBr^.5H,0,  corresponds  to  not  less  than  32  percent,  of  gold 
(Au).  It  occurs  as  dark  reddish-brown  flat  needle-shaped  crystals  or  as  irregular, 
coarse  granular  masses;  odorless,  and  having  a  metallic  and  acid  taste.  Permanent 
in  the  air  when  pure.  When  chloride  is  present  it  is  deliquescent.  It  is  soluble  in 
water  and  alcohol. 

Dose,  y-o  to  Mo  of  a  grain  (0.003  to  0.006  Gm.). 

Antipathogenic  Action.  Like  all  other  heavy  metals,  gold  is  a  protoplasm  poison, 
and  therefore  its  soluble  salts  possess  bactericidal  power.  The  metallic  salts,  such  as 
chloride  of  gold,  are  too  irritating  for  use  on  wound  surfaces,  but  the  claim  is  made 
that  sodium  aurate  (NaOAuO),  prepared  by  treating  gold  chloride  with  sodium  hydrate 
in  slight  excess,  and  neutralizing  this  excess  with  boric  acid,  is  an  effective  antiseptic, 
a  1/0  percent,  solution  destroying  Staphylococcus  auretis  in  a  few  minutes,  even  in  the 
presence  of  albumin,  blood  or  urine.    Such  a  solution  is  not  irritating  to  the  conjunctiva, 
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and  is  useful  in  infections  of  the  eye  (Verhoeff).  Colloidal  gold  also  possesses  bacteri- 
cidal power. 

Sodium  auric  thiosulphate  (sanocrysin)  given  intravenously  is  said  to  destroy 
tubercle  bacilli  in  the  body  (Mollgaard),  and  these  organisms  fail  to  grow  after  ex- 
posure to  a  1  percent,  solution  in  vitro   (Carvalho  and  Mira). 

Pharmacodynamics:  Absorption  and  Elimination. — Metallic  gold,  even  in  colloidal 
solution,  is  apparently  not  absorbed  from  the  gastroenteric  tract,  and  when  soluble 
compounds  are  given  by  mouth,  only  a  small  part  is  taken  up,  the  greater  part  being 
precipitated  in  the  bowel,  and  escaping  absorption.  Soluble  gold  salts  injected  sub- 
cutaneously  are  rapidly  and  completely  absorbed. 

Elimination  is  slow,  occurring  chiefly  through  the  bowel.  When  given  by  injection, 
gold  can  be  recovered  from  the  stools,  and  there  may  be  ulceration  of  the  stomach  and 
upper  bowel,  probably  dependisnt  on  elimination  through  these  organs.  It  is  doubtful 
whether,  as  has  been  stated,  any  gold  is  excreted  by  the  kidneys  in  man,  although  this 
route  is  an  important  one  in  the  guinea-pig  (Dewitt,  and  others),  and  gold  is  said  to 
cause  nephritis  occasionally  in  man. 

Part  of  the  gold  absorbed  is  retained  in  the  body  a  long  time,  and  in  case  of  long- 
continued  administration,  a  brown  line  may  be  seen  on  the  gums,  or  there  may  be 
discoloration  of  the  mucosa  of  the  mouth  and  the  skin  caused  by  its  deposition.  In 
guinea-pigs,  the  spleen  contains  relatively  more  gold  than  the  other  organs,  the  liver 
coming  next   (Dewitt,  Caldwell,  and  Leavell). 

Toxic  and  Systemic  Actions. — Gold  is  much  less  toxic  than  most  of  the  heavy  metals, 
but  its  action  is  that  common  to  these,  consisting  in  gastroenteric  irritation  and  spinal 
paralysis.  Neutral  preparations  are  apparently  not  at  all  poisonous,  when  taken  by 
mouth,  and  the  reports  of  irritation  of  the  stomach,  by  the  chloride  are  probably  due  to 
its  acidity.    The  toxic  dose  is  not  definitely  known. 

The  general  toxic  effects  of  gold  suggest  those  of  arsenic.  Subcutaneous  and  intra- 
venous injections  of  neutral  gold  and  sodium  chloride  cause,  in  dogs,  salivation,  vomiting 
and  dyspnea.  The  first  is  merely  an  association  of  the  nausea,  and  does  not  imply  any 
direct  action* on  the  salivary  glands.  The  nausea  is  chiefly  peripheral.  The  dyspnea  may 
be  reflex,  or  due  to  the  low  blood  pressure,  which  results  from  direct  action  on  the  vessel 
wall,  vasodilatation  occurring  from  perfusion  in  vitro.  In  mammals  and  frogs,  injec- 
tion of  very  large  doses  is  followed  by  paralysis  of  the  motor  portion  of  the  spinal  cord. 

Repeated  injections  induce  a  chronic  form  of  poisoning,  with  loss  of  appetite, 
diarrhea,  often  blood-stained  stools  or  vomitus,  gradual  wasting,  subnormal  temperature, 
and  death,  several  days  after  administration  is  stopped.  Autopsy  shows  ulceration  of 
the  stomach  and  upper  bowel. 

Certain  effects  have  been  reported,  in  man,  which  have  not  been  seen  in  experiments 
on  animals.  These  are  improvement  of  appetite  and  of  digestion,  an.d  a  general  sense  of 
well-being,  with  increase  in  frequency  and  fullness  of  the  pulse.  It  is  probable  that 
some  of  these  effects  are  due  to  suggestion.  Large  doses  may  induce  increase  in  perspira- 
tion and  in  urinary  secretion.  Repeated  doses  occasionally  cause  a  condition  known  as 
auric  fever,  evidenced  by  elevation  of  temperature  and  general  nervous  excitement. 
Gold  is  said  to  act  as  an  aphrodisiac  in  man,  and  to  increase  the  menstrual  flow  in  women, 
but  probably  does  neither. 

Therapeutics. — The  salts  of  gold  are  little  used  now  in  this  country,  though 
they  are  employed  to  a  considerable  extent  in  France.  Gold  and  sodium  chloride 
has  been  dropped  from  the  tenth  edition  of  the  U.S. P.,  but  is  retained  in  the  French 
Codex. 

This  salt  was  a  favorite  with  many  therapeutists  of  the  last  generation,  being 
recommended  by  Bartholow  for  a  great  variety  of  affections. 

Gold  was  regarded  at  one  time  as  of  great  value  in  pulmonary  tuberculosis, 
and  this  treatment  has  recently  been  revived  by  Mollgaard,  who  believes  that  the 
double  thiosulphate  of  gold  and  sodium,  to  which  the  trade  name  of  "sanocrysin" 
has  been  given,  is  a  true  specific.  This  substance  has  only  recently  been  brought 
to  the  attention  of  the  medical  public,  and  it  is  yet  very  doubtful  if  the  claim  can 
be  substantiated.  According  to  DeWitt  and  Sherman,  "the  stimulation  of  growth 
of  tubercle  bacilli  by  solutions  of  gold  too  dilute  to  kill  or  to  inhibit  is  an  important 
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consideration  in  treatment,  since  it  is  difficult  to  keep  the  concentrate  of  gold  in 
the  animal  body  at  or  above  the  point  required  for  inhibition." 

In  the  treatment  of  lupus  and  of  syphilis,  especially  the  former,  Brock  and 
Gluck  claim  to  have  had  excellent  results  from  intravenous  injection  of  gold  and 
potassium  cyanide.  They  give  an  injection  of  1/3  to  2/3  grain  (0.02  to  0.04  Gm.) 
for  adults,  1/50  to  1/4  grain  (0.0012  to  0.015  Gm.)  for  children,  every  second  or 
third  day  to  the  limit  of  12  injections.  The  indicated  dose,  in  1  percent,  solution, 
is  added  to  50  cc.  of  physiological  salt  solution  and  the  injection  is  made  very  slowly. 

Verbizier  has  reported  a  case  of  malignant  typhoid  fever  in  which  the  second 
intravenous  injection  of  colloidal  gold  was  followed  by  a  fall  of  temperature  to 
normal,  but  the  fall  was  due  to  coUoidoclastic  shock  rather  than  to  any  specific 
action  of  the  gold. 

Gonorrheal  vaginitis  has  been  treated  by  intravenous  injections  of  a  colloidal 
gold  solution  every  three  or  four  days  with  a  total  of  8  injections,  with  3  intra- 
muscular injections  of  mercury  salicylate  in  dose  of  1/2  grain  (0.03  Gm.),  together 
with  antiseptic  douches  of  1 :  500  solution   of  silver  nitrate. 

Bartholow  and  others  have  found  gold  of  great  value  in  the  treatment  of  sclerosis 
of  various  organs  and  tissues — liver,  kidneys,  arteries — in  doses  of  1/20  to  1/10  grain 
(0.003  to  0.006  Gm.)  twice  or  three  times  daily.  Otosclerosis  in  its  initial  stages  may 
sometimes  be  arrested  by  chloride  of  gold  in  small  doses,  1/25  grain  (0.0024  Gm.), 
three  times  a  day,  continued  for  several  months,  with  intermission  of  one  day  in 
each   week. 

He  found  it  of  service  in  nervous  dyspepsia  and  catarrhal  jaundice,  when  given 
in  doses  of  1/20  grain  (0.003  Gm.)  three  times  a  day.  In  convulsive  neuroses  of 
the  respiratory  passages,  such  as  nervous  cough,  pertussis  and  laryngismus  stridulus, 
lie  gave  it  with  good  results. 

Gold  has  been  highly  praised  for  its  beneficial  effects  in  sexual  neuroses,  espe- 
cially those  of  an  adynamic  character,  which  are  made  worse  by  potassium  bromide. 
Sterility  in  women  due  to  frigidity  is  said  to  be  overcome  by  a  course  of  gold  chloride 
in  doses  of  1/15  grain  (0.004  Gm.)  three  or  four  times  a  day. 

Chloride  of  gold  and  sodium  has  been  recommended  in  the  treatment  of  various 
nerve  and  mental  disorders  in  spinal  sclerosis,  tabes  dorsalis,  hypochondriasis,  and 
melancholia.  In  tabes  Whitla  gives  a  pill  containing  1/10  grain  (0.006  Gm.)  of 
chloride  of  gold  and  sodium  three  times  a  day  for  a  month  every  other  month, 
alternating  with  1/20  grain  (0.003  Gm.)  of  arsenic  trioxide  in  solution  three  times 
a  day  for  the  intervening  months.  In  cerebral  anemia  and  depressed  mental  states, 
gold  is  given  with  confidence  by  some  practitioners.  Gold  bromide  at  one  time 
enjoyed  a  reputation  as  a  specific  in  the  treatment  of  alcohol  addiction,  given  alone 
or  in  conjunction  with  strychnine. 

Knowles,  experimenting  with  the  treatment  of  snake  bites,  found  that  the  salts 
of  the  heavy  metals,  such  as  gold,  mercury,  or  zinc,  gave  better  results  than  the 
permanganates  and  other  oxidizing  agents.  To  obtain  any  decisive  result,  the  gold 
chloride  in  full  dose,  10  to  15  drops  of  a  1  percent,  solution,  must  be  injected  at 
the  site  of  the  bite  before  a  lethal  dose  of  the  venom  has  entered  the  circulation, 
i.e.,  within  15  minutes  of  the  accident. 

Mercury- 
Mercury  (Hg  200.6)  is  obtained  mainly  from  cinnabar,  an  ore  of  native  sulphide, 
large  deposits  of  which  are  found  in  Spain,  in  Mexico,  in  California  and  in  other  parts 
of  the  world.   About  two-thirds  of  the  world's  supply  came,  in  1900,  from  California. 
Like  all  other  metals  which  occur  in  native  form,  mercury  was  known  to  the 
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ancients,  and  was  by  tlifui  employed  externally  iu  the  treatment  of  skin  diseases, 
especially  those  associated  with  animal  parasites,  riiny  and  Dioscorides  both  men- 
tion its  use,  but  not  in  such  detail  as  the  writers  of  tlie  Arabian  school.  In  India 
and  the  East  it  was  apparently  used  long  before  it  was  employed  in  Europe. 

The  systemic  use  of  mercury  appears  to  have  become  general  at  the  same  time 
that  syphilis  seems  to  have  been  introduced  into  Europe.  At  all  events,  it  soon 
became  the  chief  anti-luetic  remedy.  At  first  the  metal  itself  was  employed  exter- 
nally chiefly  as  ointment,  plaster,  or  vapor  baths,  but  soon  various  preparations  were 
made  for  internal  administration,  and.  under  the  influence  of  Paracelsus  and  his 
followers,  who  praised*  it  warmly,  calomel,  red  precipitate  and  corrosive  sublimate 
•were  used,  in  various  dyscrasias  not  of  syphilitic  origin. 

The  use  of  calomel  and  blue  mass  as  cathartics  followed  their  use  as  anti- 
gyphilitics. 

Chemistry. — Mercury,  like  so  many  of  the  heavy  metals,  forms*  two  series  of 
salts,  called  respectively  mercurous,  in  which  it  has  a  valency  of  1,  and  mercuric, 
in  which  it  has  a  valency  of  2. 

The  chief  medicinal  soluble  compounds*  are:  mercuric  chloride  (corrosive  subli- 
mate, bichloride),  HgCL;  mercuric  nitrate  (in  citrine  ointment  and  solution), 
Hg(NO02;  mercuric  oxy-cyanide,  Hg(CN0)2;  mercuric  cyanide,  Hg(CN):i;  potas- 
sium mercuric  iodide,  IlgKJj  and  mercuric  succinimide,  Hg(C,n,OjN)j.  The  chief 
insoluble  compounds  are:  metallic  mercury  (in  blue  mass  and  mercury  with  chalk), 
Hg;  mercurous  chloride  (calomel,  mild  chloride),  HgCl;  yellow  oxide  (amorphous 
mercuric  oxide),  HgO ;  red  oxide  (crystalline  mercuric  oxide),  HgO;  yellow  iodide, 
Hgl;  red  iodide,  Hgl,;  mercuric  salicylate,  Hg(00C.C,H^CH3),;  ammoniated  mer- 
cury, NH^HgCl. 

Recently  a  large  number  of  organic  compounds  containing  mercury  have  been 
introduced  into  medical  practice,  those  most  used  in  this  country  being  mercurophen 
(Kolmer  and  Raiziss)  and  mereurochrome  (Young).  The  chemical  characteristics 
of  a  few  of  these  are  seen  in  the  following  table: 


Trade  Name 
Flumerin 

Meroxyl 

Mergal 
Mereurochrome 

Mercurophen 

Mercurosal 

Metaphen 


Mercurp 

Content, 

Chemical  Name    Percent. 

Disodium- 

hydroxymercuri- 

fluorescein 33 

Dihydroxy- 

dihydroximercuri 

benzophenone- 

sulphonic    acid. .  28 
Mercuric   chelate 

wnth    tannalbin..     4'/^ 
Dibrom- 

oxyraercury- 

fluorescein 26 

Sodium- 

oxymercury 

nltrophenolate. . .  53 
Disodium- 

hydroximercuri- 

salioyl-acetate.  ...  431/2 
Nitro-bisacetoxi- 

mercuri-cresol.  . .  60 


Chemical   Formula 


NaO  —  CO  —  CH*  —  C,,H,0(—  ONa)  —  HgOH 


NaSO, 


CeH,  -  CO  —  C«H  -  (OH), (HgOH), 


NaO  —  CO  —  C„H,  —  C,3H30aBr,(ONa)  —  HgOH 

NaO  ~  CaHj  —  (NO,)  —  HgOH 

NaO  —  CO  —  CH3O  —  C.H,  —  (COONa)—  HgOH 
CH(OH)  (NO,)=C,H:  (HgCOCH,), 


Mercury  compounds  may  be  classifi^ed  as  follows   (Kolmer  and  Raiziss) 

(1)  Inorganic. — Mercury  chlorides,  iodides,  nitrates,  sulphates,  etc. 

(2)  Simple  Organic. — Mercury  salicylate. 
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(3)  Pseudo-complex   Organic. — Mercury   succinimide,   cholate   (Mergal),  etc. 

(4)  Half-complex   Organic. — Flumerin,   mercurochrome,   mercurophen. 

(5)  Fully-complex  Organic. — mercurosal,  metaphen. 

The  inorganic  and  simple  organic  compounds  ionize  more  or  less  completely  in 
water  solution,  and  for  this  reason  show  very  strong  bactericidal  powers  but  are  also 
highly  toxic  to  higher  animals,  both  properties  being  proportionate  to  the  percent, 
of  mercury  and  the  degree  of  ionization.  The  pseudo-complex  compounds  ionize  some- 
what less  readily,  dilute  solutions  of  sodium  hydroxide  failing  to  precipitate  the 
mercury,  although  ammonium  sulphide  does  so.  This  group  is  only  slightly  less 
toxic  than  the  first.  In  the  half-complex  compounds  the  mercury  does  not  ionize  in 
solution,  one  valence  of  the  mercury  being  loosely  attached  to  an  inorganic  atom  or 
group  and  the  other  to  a  carbon  atom  of  an  organic  radical.  The  mercury  is  too 
firmly  bound  to  be  split  off  by  sulphides,  except  upon  boiling.  The  maximum  of  anti- 
pathogenic  action  with  minimum  of  poisonous  properties  is  found  in  this  group.  In 
the  fully-complex  compounds  the  mercury  is  so  firmly  bound  to  an  organic  radical  that 
it  cannot  be  split  off  even  by  boiling.  These  compounds  do  not  show  any  of  the 
actions  characterizing  mercurials. 

Summary  of  Actions  and  Uses. — Mercury  in  all  its  forms  is  a  protoplasm  poison,  and 
thereby  destructive  to  lower  forms  of  vegetable  and  animal  life  as  well  as  toxic  to 
higher  plants  and  animals  including  man. 

The  compounds  of  mercury  differ  widely  in  their  antipathogenic  power,  topical  action, 
rate  of  absorption  and  toxicity.  There  is  an  especially  wide  range  of  difference  between 
the  mercuric  salts,  chiefly  soluble  in  water  (such  as  bichloride),  and  the  insoluble  mer- 
curous  salts  (such  as  calomel).  The  difference  in  the  toxicity  of  the  two  groups  is 
strikingly  shown  by  the  difference  in  dosage  of  these  two  salts.  Of  the  mercurous  (or 
mild)  chloride  0.6  Gm.  (10  gr.)  or  more  may,  under  ordinary  circumstances,  safely  be 
given  by  mouth.    Of  the  mercuric  (or  corrosive)  chloride,  one  rarely  exceeds  0.005  Gm. 

(i/i2  gr.). 

Acute  intoxication  is  characterized  by  vomiting  and  purging,  both  being  extremely 
violent  and  not  uncommonly  fatal  from  mercuric  salts;  only  the  purging  being  severe, 
and  that  not  often  endangering  life,  after  mercurous  compounds,  but  acute  stomatitis 
may  be  so  severe  as  to  be  even  fatal  without  nephritis.  Severe  inflammation  of  the 
kidney  is  the  most  serious  result  of  absorption  of  poisonous  doses,  and  is  the  usual 
cause  of  delayed  death.  Chronic  intoxication  is  shown  by  stomatitis,  often  of  great 
severity,  deranged  digestion,  emaciation  and  irritation  of  the  kidneys. 

The  chief  use  of  mercurials  is  as  antipathogenic  agents,  mercury  and  all  its  com- 
pounds being  powerful  antiseptics  and  germicides,  and  showing  a  specific  destructive 
action  on  spirochetes  and  trypanosomes.  It  is  the  oldest  of  antisyphilitic  medicines  and 
still  has  an  important  place  in  the  treatment  of  lues.  The  soluble  salts  are  employed 
chiefly  as  washes  and  applications  for  wounds  in  which  infection  is  present  or  antici- 
•  pated.  Their  usefulness  is  limited  by  their  destructive  action  on  steel  instruments  and 
by  their  precipitation  of  proteins.  For  disinfection  of  dressings,  excreta,  etc.,  they  have 
largely  been  replaced  by  the  cheaper  organic  antiseptics,  such  as  phenol  and  the  cresols. 
The  insoluble  compounds,  including  metallic  mercury,  are  used  in  ointments  and  powders 
against  varibus  vegetable  and  animal  skin  parasites. 

The  internal  use  of  mercurials  as  antipathogenic  agents  is  largely  limited  to  the 
treatment  of  spirochetal  and  trypanosomal  infections,  chiefly  syphilis.  For  this  purpose, 
both  the  soluble  and  insoluble  forms  are  used,  by  mouth,  by  intramuscular  injection,  and 
by  inunction. 

Apart  from  their  antipathogenic  uses  mercurials  are  used  topically  as  counter- 
irritants  and  resorbents  over  inflamed  and  infiltrated  areas  and  enlarged  lymph  glands. 
Systemically  they  are  employed  chiefly  in  the  form  of  calomel  and  metallic  mercury  (blue 
mass)  as  cathartics,  being  among  the  most  useful  and  most  used  of  purgatives,  especially, 
from  a  false  theory  of  their  action,  in  those  conditions  popularly  known  as  "biliousness." 
Calomel  is  also,  in  certain  circumstances,  a  diuretic  of  no  mean  power.  The  destructive 
action  on  weak  and  undernourished  cells  gives  the  mercurials  a  so-called  alterative  effect. 
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Materia  Medica. — Hydrargyrum  (U.S.  X.),  Mercury.  Ahhr.,  HjdraTg.  Synonym: 
Quicksilver. 

A  shining,  silver-white  metal;  liquid  at  ordinary  temperatures,  and  easily 
divisible  into  spherical  globules.  When  cooled  to  about  — 40°  C.  it  forms  a  ductile, 
malleable  mass.  It  is  without  odor  or  taste.  Mercury  is  insoluble  in  the  ordinary 
solvents  or  in  hydrochloric  and  sulphuric  acids  at  ordinary  temperature,  but  dissolves 
in  boiling  sulphuric  acid  and  freely  in  nitric  acid. 

Dose,  see  preparations. 

Hydrargyrum  cum  Greta  (U.S.  X.),  Mercury  with  Chalk.  /1?^/;r.,  Hydrarg.  c. 
Cret.    Synonym :  Gray  Powder. 

Mercury  with  chalk  is  a  light  gray,  rather  daini),  jjowder,  free  from  grittiness, 
without  odor,  and  having  a  slightly  sweet  taste.  It  t-untains  not  less  than  37  per  cent. 
and  not  more  than  39  per  cent,  of  Ilg. 

Antagonists  and  Incompatihles. — The  acids  and  acidulous  salts  are  incompatible. 
Astringents  and  opiates  are  antagonistic. 

Synergist. — The  alkaline  chlorides,  antimony  and  depressants  increase  the  physio- 
logical action  of  mercurials  in  general. 

Dose,  laxative,  4  to  10  grains  (0.25  to  0.6  Gm.) ;  alterative,  1  to  3  grains  (O.OG 
to  0.2  Gm.). 

Hydrargyrum  Ammoniatum  (U.S.  X.),  Ammoniated  Mercury.  Ahhr.,  Hydrarg. 
Ammon.  Synonyms:  White  Precipitate,  Ammoniochloride  of  Mercury,  Mercuric 
Ammonium   Chloride. 

Ammoniated  mercury  contains  HgNHjCl,  corresponding  to  not  less  than  78  per 
cent,  and  not  more  than  80  percent,  of  Hg.  Occurs  in  white,  pulverulent  pieces,  or  as 
a  white  amorphous  powder;  odorless,  and  stable  in  the  air.  It  is  insoluble  in  water  and 
alcohol,  but  readily  soluble  in  warm  hydrochloric,  nitric,  and  acetic  acids  and  in  a  cold 
ammonium  cai-bonate  solution. 

Dose,  external  use  only,  as  it  is  highly  poisonous. 

Hydrargyri  Salicylas  (N.S.  X.),  Mercuric  Salicylate.  Ahhr.,  Hydrarg.  Salicyl, 
Synonym :  Hydrargyrum  Salicylatum. 

Salicylated  mercury  is  a  compound  of  mercury  and  salicylic  acid  containing 
not  less  than  54  percent,  and  not  more  than  59.5  percent,  of  Hg.  It  is  an  odorless, 
white,  slightly  yellowish,  or  slightly  pinkish,  powder,  nearly  insoluble  in  water  and 
alcohol,  but  is  dissolved  by  solutions  of  the  fixed  alkalis  or  their  carbonates  and  by 
warm  solutions  of  the  alkali  halides,  with  the  formation  of  double  salts. 

Dose,  1/12  to  1/6  grain  (0.005  to  0.01  Gm.)  by  mouth.  For  intramuscular  injec- 
tion a  10  percent,  suspension  in  sterile  liquid  petrolatum  may  be  used  with  a  dose  of 
10  minims  2  to  3  times  a  week. 

JVIassa  Hydrargyri  (U.S.  X.),  Mass  of  Mercury.  Ahhr.,  Mass.  Hydrarg.  Pilula 
Hydrargyri  (Br.),  Pill  of  Mercury.    Synonyms:  Blue  Mass,  Blue  Pill. 

Mercury,  33  Gm.;  oleate  of  mercury,  1  Gm.;  glycyrrhiza,  10  Gm.;  althsa,  15  Gm.; 
glycerin,  9  Gm.;  honey  of  rose,  32  Gm.  (U.S.);  mercury,  40  Gm.;  confection  of 
roses,  60  Gm.;  liquorice  root,  20  Gm.  (Br.).  A  homogeneous  mixture  is  made  by 
thorough  trituration.  It  is  a  soft,  pasty  mass  of  a  bluish  color  which  slowly  changes 
with  age  to  an  olive  or  reddish  hue. 

Antagonists  and  incompatihles,  as  well  as  synergists  are  the  same  as  those  of 
mercury  with  chalk. 

Dose,  cathartic,  5  to  10  grains  (0.3  to  0.6  Gm.) ;  alterative,  1  to  4  grains  (0.06 
to  0.25   Gm.). 

Hydrargyri  Chloridum  Corrosivum  (U.S.  X.),  Corrosive  Mercuric  Chloride. 
Ahhr.,  Hydrarg.   Chlor.   Corr.     Hydrargyri  Perchloridum    (Br.);    Mercuric   Chloride. 
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Synonyms:  Bichloride  of  Mercury,  Perchloride  of  Mercury,  Corrosive  Chloride  of 
Mercury,  Corrosive  Sublimate. 

Occurs  in  the  form  of  heavy,  colorless,  odorless,  rhombic  crystals  or  crystalline 
masses,  or  a  white  powder.  It  contains  not  less  than  99.5  percent,  of  HgCl,.  One  Gm. 
is  soluble  in  13.5  cc.  of  water,  3.8  cc.  of  alcohol,  about  12  cc.  of  glycerin,  and  22  cc. 
of  ether. 

Antagonists  and  Incompatihles. — Alkalis  and  their  carbonates,  silver  nitrate, 
albuminous  solutions,  soaps,  liquid  preparations  of  cinchona  and  various  other  vegetal 
drugs,  potassium  iodide. 

Synergists  are  the  same  as  those  of  other  mercurials.  (See  Hydrargyrum  cum 
Creta.) 

Caution:    This  preparation  is  extremely  poisonous. 

Dose,  1/32  to  1/16  grain  (0.002  to  0.004  Gm.)  or  after  meals  and  in  solution. 

Hydrargyri  Chloridum  Mite  (U.S.  X.),  Mild  Mercurous  Chloride.  Ahhr.,  Hy- 
drarg.  Chlor.  Mit.     Synonyms:  Mercurous  Chloride,  Calomel,  Subchloride  of  Mercury. 

A  heavy,  white,  impalpable  powder,  odorless  and  stable  in  air;  containing  not 
less  than  99.6  percent,  of  HgCl.  Insoluble  in  water,  alcohol,  ether,  and  in  cold  dilute 
acids. 

Antagonists  and  Incompatihles. — Alkalis  and  their  carbonates,  salts  of  iron, 
lead,  and  copper,  iodine,  iodides,  chlorides,  sulphides,  mineral  acids,  arsenites,  hydro- 
cyanic acid,  tartar  emetic,  and  sweet  spirit  of  niter  are  incompatible. 

Synergists. — Alteratives  and  cathartics  when  not  chemically  incompatible  or 
when  given  at  separate  times. 

Dose,  cathartic,  2  to  5  grains  (0.12  to  0.3  Gm.)  ;  alterative,  1/6  to  1/3  grain 
(0.01  to  0.02  Gm.). 

Tabell^  Hydrargyri  Chloridi  Mitis  (IST.F.),  Tablets  of  Mild  Mercurous  Chloride. 
Ahhr.,  Tab.  Hydrarg.  Chlor.  Mit.    Synonym:    Calomel  Tablets. 

Compressed  tablets  each  containing  Mo  grain  (0.006  Gm.)  of  calomel  colored  pink 
with  carmine. 

Dose,  10  to  30  tablets  in  divided  doses, 

Unguentum  Hydrargyri  Chloridi  Mitis  (N.F.),  Ointment  of  Mild  Mercurous 
Chloride.  Ahhr.,  Ung.  Hydrarg.  Chlor.  Mit.  Synonyms:  Calomel  Ointment,  Pro- 
phylactic Ointment. 

Contains  30  parts  of  calomel  with  70  parts  of  white  petrolatum. 

Dose,  external  use. 

Hydrargyri  Iodidum  Flavum  (U.S.  X.),  Yellow  Mercurous  Iodide.  Ahhr.,  Hy- 
drarg. lod.  Flav.     Synonyms:  Protoiodide  of  Mercury,  Yellow  Iodide  of  Mercury. 

A  bright  yellow  amorphous  powder,  without  odor  or  taste.  By  exposure  to 
light  it  becomes  greenish  in  proportion  as  it  undergoes  decomposition  into  metallic 
mercury  and  mercuric  iodide.  It  is  insoluble  in  alcohol  and  ether  and  almost  insoluble 
in  water.    It  contains  not  less  than  99  percent,  of  Hgl. 

Dose,  1/6  to  1/4  grain  (0.010  to  0.016  Gm.)  gradually  increased  and  never  given 
with  KI. 

Hydrargyri  Iodidum  Rubrum  (U.S.  X.),  Red  Mercuric  Iodide.  Ahhr.,  Hydrarg. 
lod.  Rub.  Synonyms :  Biniodide  of  Mercury,  Deutoiodide  of  Mercury,  Red  Iodide  of 
Mercury,  Mercuric  Iodide. 

A  scarlet-red  amorphous  powder  without  odor  containing  not  less  than  99  percent, 
of  HgL;  stable  in  the  air.  It  becomes  yellow  when  heated  to  150°  C.  It  is  nearly 
insoluble  in  water,  slightly  soluble  in  ether,  and  in  alcohol. 

Caution :     This  preparation  is  extremely  poisonous. 

Dose,  1/20  to  1/12  grain  (0.003  to  0.005  Gm.). 


MKRCUIiY  Hfil 

Hydrargyri  Oxidum  Flavum  (U.S.  X.),  Yellow  Mercuric  Oxide.  Ahbr.,  Hydrarg. 
Oxid.  Flav. 

A  light  orange-yellow,  odorless,  amorphous,  heavy,  impalpable  powder  containing 
not  less  than  99.5  percent,  of  HgO;  it  is  stable  in  the  air  but  turns  darker  on  exposure 
to  light.  It  is  insoluble  in  alcohol  and  nearly  so  in  water;  it  is  readily  dissolved  by 
diluted  hydrochloric  or  nitric  acid.     When  moderately  heated  it  assumes  a  red  color. 

Dose,  largely  used  in  the  form  of  an  ointment  in  skin  diseases  and  in  inflamma- 
tions of  the  eye,  but  never  when  Kl  is  being  given. 

Hydrargyri  Oxidum  Rubrum  (U.S.  IX.),  Red  Mercuric  Oxide.  Ahhr.,  Hydrarg. 
Oxid.  Ruhr.     Synoiiym:  Red  Precipitate. 

Occurs  in  the  form  of  heavy,  orange-red  crystalline  scales  or  as  a  crystalline 
powder,  acquiring  a  yellow  color  when  finely  divided.  Almost  insoluble  in  water, 
insoluble  in  alcohol;  readily  dissolved  by  diluted  nitric  acid  or  by  hydrochloric  acid. 
It  contains  not  less  than  99.5  percent,  of  HgO. 

Dose,  as  a  dusting  powder  as  stimulant  and  escharotic  for  chancres  and  ulcers. 

Hydrargyri  Subsulphas  Flavus  (unofficial),  Yellow  Subsulphate  of  Mercury. 
Synonyms:  Mercuric  Subsulphate,  Basic  Mercuric  Sulphate,  Yellow  Mercuric  Sub- 
sulphate,  Turpeth  Mineral. 

A  heavy,  light-yellow  powder,  odorless,  and  practically  tasteless;  soluble  in  600 
parts  of  boiling  water,  and  in  2000  parts  of  water  at  60°  F.;  readily  soluble  in  the 
strong  mineral  acids ;  insoluble  in  alcohol. 

Antagonists  and  Incompatihles. — Solution  of  the  alkaline  hydroxides  decomposes 
turpeth  mineral.     The  gastric  sedatives  and  antemetics  are  antagonistic. 

Synergists. — The  yellow  subsulphate  of  mercury  is  given  alone  to  secure  its 
emetic  effect. 

Dose,  alterative,  1/4  grain  (0.015  Gm.) ;  emetic,  3  grains  (0.2  Gm.). 

Oleatum  Hydhahgyri  (U.S.X.),  Oleate  of  Mercury.  Ahhr.,  Oleat.  Hydrarg. 
Hydrargyrum   Oleatum    (Br.),   Oleated   Mercur.    Synonym:   Mercuric   Oleate. 

Yellow  mercuric  oxide,  25  Gm.;  alcohol,  20  cc. ;  oleic  acid,  q.s.  to  make  100  Gm. 
(U.S.);  yellow  mercuric  oxide,  20  Gm.;  liquid  paraffin,  5  Gm. ;  oleic  acid,  75  Gm. 
(Br.).  The  ingredients  are  heated  and  thoroughly  triturated  or  repeatedly  stirred 
until  a  combination  is  effected,  the  result  being  a  yellow  unctuous  preparation. 

Dose,  may  be  substituted  with  advantage  for  mercurial  ointment  in  external 
doses  of  y2  to  2  drams  (2  to  8  Gm.). 

Liquor  Hydr.\rgyri  Perciiloridi  (Br.),  Solution  of  Mercuric  Chloride.  Ahhr., 
Liq.  Hydrarg.  Perchlor.  Synonyms:  Solution  of  Bichloride  of  Mercury,  Solution  of 
Corrosive  Sublimate. 

One  hundred  cc.  contain  0.1  Gm.  of  mercuric  chloride;  110  minims  contain 
1/10  grain. 

Dose,  Vo  to  1  fluidram  (2  to  4  cc). 

Liquor  Hydrargyri  Nitratis  (unofficial).  Solution  of  Mercuric  Nitrate.  Ahhr., 
Liq.  Hydrarg.  Nit. 

This  is  a  clear,  nearly  colorless,  hea\'y  liquid  having  a  faint  odor  of  nitric  acid, 
and  a  strongly  acid  reaction.     It  contains  about  60  percent,  of  mercuric  nitrate  and 
about  11  percent,  of  free  nitric  acid. 
•t>i  Dose,  used  locally  as  a  caustic  and  disinfectant. 

Liquor  Hydrargyri  Nitratih  Acinus  (Br.),  Acid  Solution  of  Mercuric  Nitrate. 
Ahlr.,  Liq.  Hydrarg.  Nit.  Acid.     Synonym:  Solution  of  Pernitrate  of  Mercury. 

Mercury,  120  Gm.;  nitric  acid,  150  cc. ;  distilled  water,  45  cc.  The  mercury  is 
dissolved  in  the  nitric  acid  and  water,  and  the  solution   is  then  boiled. 

Dose,  applied  as  a  caustic,  with  a  glass  rod. 
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Liquor  Hydrargyri  et  Potassii  Iodidi  (unofficial),  Solution  of  Mercury  and  Potas- 
sium Iodide.  Ahhr.,  Liq.  Hydrarg.  et  Pot.  lod.  Synonyms:  Solution  of  Potassium 
lodohydrargyrate,  Clianning  Solution. 

Eed  mercuric  iodide,  2.5  Gm. ;  potassium  iodide,  2  Gm. ;  distilled  water,  q.s. 
to  make  250  cc.  The  salts  are  triturated  in  a  small  amount  of  water  until  solution 
is  effected  and  then  water  is  added  to  bring  the  product  to  250  cc. 

Dose,  2  to  5  minims  (0.12  to  0.3  cc.)  as  an  alterative. 

ToxiTABELL.E  Hydrargyri  Chloridi  Corrosivi  (U.S.  X.),  Poison  Tablets  of  Corro- 
sive Mercuric  Chloride.  Ahlr.,  Toxitabel.  Hydrarg.  Chlor.  Corr.  Synonyms:  Cor- 
rosive  Sublimate  Tablets,   Bichloride   Tablets. 

Tablets  of  an  angular  shape  (not  discoid),  each  having  the  word  "poison" 
and  the  skull  and  crossbones  design  distinctly  stamped  upon  it.  Each  tablet  weighs 
about  1  Gm.  and  contains  not  less  than  0.45  Gm.  and  not  more  than  0.55  Gm.  of 
corrosive  mercuric  chloride  (HgCl,),  the  remainder  consisting  chiefly  of  either  sodium 
chloride  (ISTaCl)  or  ammonium  chloride  (NH^Cl).  The  tablets  are  to  be  colored  blue, 
preferably  with  sodium  indigo-tindisulphonate. 

Dose,  use  great  care  in  dispensing. 

Emplastrum  Hydrargyri  (Br.),  Mercurial  Plaster.    Ahhr.,  Emp.  Hydrarg. 

Mercury,  328  Gm. ;  olive  oil,  18  Gm. ;  sublimed  sulphur,  2  Gm.;  lead  plaster, 
652  Gm.  The  olive  oil  and  sulphur  are  heated  until  a  reddish-brown  liquid  is 
obtained,  and  with  this  the  mercury  is  triturated  until  it  disappears ;  then  the  melted 
lead  plaster  is  added. 

Dose,  used  for  local  effect  of  mercury, 

MuLLA  Hydrargyri  Chloridi  Corrosivi  (N.F.),  Corrosive  Mercuric  Chloride  Mull. 
Ahhr.,  Mull.  Hydrarg.  Chlor.  Corros.     Synonym:  Corrosive  sublimate  unguent. 

Corrosive  mercuric  chloride,  2  Gm. ;  alcohol,  60  cc. ;  benzoated  suet,  300  Gm. ; 
benzoinated  lard,  50  Gm.  The  corrosive  sublimate  is  dissolved  in  the  alcohol,  and 
incorporated  first  with  the  benzoinated  lard  and  then  with  the  benzoinated  suet. 
The  mull  is  spread  with  it  as  needed. 

Dose,  for  topical  application  of  mercury. 

Tabell^  Hydrargyri  cum  Oleo  Theobromatis  (N.N.E.),  Tablets  of  Mercury 
with  Oil  of  Theobroma.  Ahhr.,  Tab.  Hydrarg.  c.  01.  Theobrom.  Synonym:  Mercurettes. 

Each  tablet  contains  50  grains  (3.25  Gm.)  of  metallic  mercury  incorporated  with 
theobroma  and  perfumed.    The  finished  product  (briquette)  weighs  120  grains  (8  Gm.). 

Dose,  used  by  inunction. 

Unguentum  Hydrargyri  Fortius  (U.S.  X.),  Stronger  Mercurial  Ointment.  Ahhr., 
Ung.  Hydrarg.  Fort.     Synonym:    Unguentum  Hydrargyri. 

Stronger  mercurial  ointment  is  of  the  same  strength  as  the  mercurial  ointment 
of  the  U.S.  IX.  and  contains  not  less  than  49  percent,  or  more  than  51  percent,  of  Hg. 

Dose,  applied  in  1/2  to  1  dram  (2  to  4  Gm.)  externally  by  friction. 

Unguentum  Hydrargyri  Mite  (U.S.  X.),  Mild  Mercurial  Ointment.  Ahhr.,  Ung. 
Hydrarg.  Mit.     Synonyms:    Unguentum  Hydrargyri   Dilutum,  Blue  Ointment. 

It  contains  not  less  than  29  percent,  nor  more  than  31  percent,  of  Hg. 

Dose,  external  use  only. 

Dose,  V2  dram  (2  Gm.). 

Unguentum  Hydrargyri  Ammoniati  (U.S.  X.),  Ointment  of  Ammoniated  Mer- 
cury.   Ahhr.,  Ung.  Hydrarg.  Ammon.    Synonyiyi:  White  Precipitate  Ointment. 

Ammoniated  mercury,  10  Gm. ;  liquid  petrolatum,  10  Gm. ;  hydrous  wool  fat, 
40  Gm. ;  white  petrolatum,  40  Gm. 

The  Br.P.  ointment  is  one-half  the  strength  of  that  of  the  U.S.P. 

Dose,  used  externally  as  stimulant  and  parasiticide. 
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TJnguentum  Hvdrargyri  Compositum  (Br.),  Compound  Mercury  Ointment. 
Ahhr.,  Ung.  Hydrarg.  Co. 

Mercury  ointment,  40  Gm. ;  yellow  beeswax,  24  Gm. ;  olive  oil,  24  Gm. ;  cam- 
phor in  flowers,  12  Gm. 

Dose,  for  external  application. 

TJnguentum  IIvdkau(;vri  Iodidi  Rubri  (Br.),  Rod  Mercuric  Iodide  Ointment. 
Ahhr.,  Ung.  Hydrarg.   lod.  Ruhr.    Synonym :  Ointment   of  Mercuric  Iodide. 

Red  mercuric  iodide,  4  Gm. ;  benzoated  lard,  96   Gm. 

Dose,  employed  as  a  dressing  for  indolent  ulcers. 

TTxGUKNTUM  Hvdrargyri  Nitratis  (Br.),  Ointment  of  Mercuric  Nitrate.  Ahhr., 
Ung.  Hydrarg.  Nit.     Synonytn:    Citrine  Ointment. 

Mercury,  10  Gm. ;  nitric  acid,  .'<()  cc. ;  lard,  tree  from  water,  40  Gm.;  olive  oil, 
70  Gm.  The  N.F.  preparation  contains  V  ]iarts  of  mercury  and  IT..')  parts  of  nitric 
acid  in  76  parts  of  lard. 

Dose,  used  externally. 

Unguentum  Hvdrargyri  Nitratis  Dilutum  (Br.),  Diluted  Mercuric  Nitrate  Oint- 
ment.  Ahhr.,  Ung.  Hydrarg.  Nit.  Dil. 

Mercuric  nitrate  ointment,  20  Gm.;  soft  paraffin,  yellow,  80  Gm. 

Dose,  externally  used. 

Uxguentum  Hvdrargyri  Oleati  (Br.),  Mercuric  Oleate  Ointment.  Ahhr.,  Ung. 
Hydrarg.  Oleat.     Synonym:  Quicksilver  Salve. 

Oleated  mercury,  25  Gm. ;  benzoated  lard,  75  Gm. 

Dose,  used  for  topical  application  of  mercury. 

Uxguentum  Hvdrargyri  Oxidi  Flavi  (U.S.  X.),  Ointment  of  Yellow  Mercuric 
Oxide.    Ahhr.,  Ung.  Hydrarg.  Oxic.  Flav. 

Yellow  mercuric  oxide,  1  Gra. ;  liquid  petrolatum,  1  Gm. ;  hydrous  wool  fat, 
10  Gm. ;  petrolatum,  88  Gm. 

Note :  The  U.S.  IX.  specified  10  percent,  strength  instead  of  1  per  cent. 

Dose,  external  use. 

Unguentum  Hydrargyri  Oxidi  Rubri  (N.F.),  Red  Mercuric  Oxide  Ointment. 
Ahhr.,  Ung.  Hydrarg.  Oxid.  Rub.     Synonym:  Red  Precipitate  Ointment. 

Red  mercuric  oxide,  10  Gm. ;  paraffin  ointment,  yellow,  90  Gm.  (Br.) ;  red  mer- 
curic oxide,  10  Gm. ;  water,  10  cc. ;  hydrous  wool  fat,  40  Gm. ;  petrolatum, 
40  Gm. 

Dose,  used  externally. 

PiLUL.E  HvDRAR(;vRi  Chloridi  Mitis  Compositve  (U.S.  X.),  Compound  Pills  of  Mild 
Mercurous  Chloride.  Ahhr.,  Pil.  Hydrarg.  Chlor.  Mit.  Co.  Synonyms:  Pilula?  Cathar- 
ticse  Compositae,  Antibilious  Pills. 

Compound  extract  of  colocynth,  8  Gm.;  mild  mercurous  chloride,  6  Gm. ;  powdered 
resin  of  jalap,  2  Gm. ;  gamboge,  1.5  Gm.  Mix  the  powders  intimately,  incorporate 
GO  percent,  alcohol  q.s.  to  form  mass  to  make  100  pills. 

Dose,  1  to  2  pills. 

PuLvis  Hvdrargyri  Chloridi  Mitis  et  Jalaps  (N.F.),  Powder  of  Mild  Mercurous 
Chloride  and  Jalap.  Ahhr.,  Pulv.  Hydrarg.  Chlor.  Mit.  et  Jalap.  Synonym:  Calomel 
and  Jalap  Powder. 

A  mixture  of  3.4  parts  of  mild  chloride  of  mercuiy  and  0.6  parts  of  jalap. 

Dose,  10  grains  (0.6  Gm.). 

Unguentum  Hvdrargyri  Subchloridi  (Br.),  ^Afercurous  Chloride  Ointment. 
Ahhr.,   Ung.   Hydrarg.    Subchlor.     Synonym :    Calomel    Ointment. 

Mercurous  chloride,  20  Gm.;  benzoated  lard,  80  Gm. 

Dose,  external  use. 
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Petroxolinum  Hydrargybi  (N.F.),  Mercury  Petroxolin.  Ahhr.,  Petrox.  Hydrarg. 
Mercury,  30  Gm.;  hydrous  wool  fat,  13  Gm. ;  oleic  acid,  2  Gm.;  solid  petroxolin, 
55  Gm. 

The  mercury  is  triturated  with  the  hydrous  wool  fat  and  oleic  acid  until  it  is 
extinguished,   and  is  then  thoroughly  mixed  with  the  petroxolin. 

Dose,  used  externally. 

LiNiMENTUM  Hydrargyri  (Br.),  Liniment  of  Mercury.    Ahhr.,  Lin.  Hydrarg. 

Ointment  of  mercury,  50  Gm.;  solution  of  ammonia,  40  cc. ;  liniment  of  cam- 
phor, 80  cc. 

The  ointment  of  mercury  is  incorporated  with  the  mixture  of  solution  of  ammonia 
and  liniment  of  camphor,  by  trituration. 

Dose,  1  fluidram  (3.75  cc). 

Oleum  Cinereum  (unofficial).  Gray  Oil,  Huile  Grise. 

A  suspension  of  metallic  mercury,  40  Gm. ;  in  lanolin,  26  Gm.,  and  liquid  petro- 
latum, 60  Gm. 

Dose,  by  intramuscular  injection,  1  to  3  minims  (0.06  to  0.18  cc.)  of  the  20  per- 
cent, suspension. 

LoTio  Hydrargyri  Flava  (Br.),  Yellow  Mercurial  Lotion.  Ahhr.,  Lot.  Hydrarg. 
Flav.  Lotio  Flava  (N.F.),  Yellow  Lotion.  Synonyms:  Yellow  Wash,  Aqua  Phage- 
dsenica  Flava. 

Mercuric  chloride,  4.6  Gm. ;  solution  of  lime,  1000  cc.  (Br.) ;  corrosive  mercuric 
chloride,  3  Gm. ;  boiling  water,  35  cc. ;  solution  of  calcium  hydroxide,  q.s.  to  make 
1000  cc.  (N.F.). 

Dose,  as  a  soothing  and  antiseptic  application  in  scrofulous  or  syphilitic 
ulcers. 

Lotio  Hydrargyri  Nigra  (Br.),  Black  Mercurial  Lotion.  Ahhr.,  Lot.  Hydrarg. 
Nigr.  Lotio  Nigra  (N.F.),  Black  Lotion.  Synonyms:  Black  Wash,  Aqua  Phage- 
daenica   Nigra. 

MercuBOUs  chloride,  6.85  Gm. ;  glycerin,  50  cc. ;  solution  of  lime  q.s.  to  make 
1000  cc.  (Br.);  mild  mercurous  chloride,  8.75  Gm.;  water,  15  cc. ;  solution  of  cal- 
cium hydroxide,  q.s.  to  make  1000  cc. 

Dose,  see  Yellow  wash,  above. 

Hydrargyri  Benzoas   (N.N.R.),  Mercuric  Benzoate.     Hydrargyrum  Benzoicum. 

Mercuric  benzoate  is  a  white,  crystalline  powder;  slightly  soluble  in  water, 
yielding  a  weakly  acid  solution;  more  soluble  in  an  aqueous  sodium  chloride  solu- 
tion.   It  is  insoluble  in  alcohol  or  ether. 

Dose,  Vi  grain  (0.15  Gm.)  in  1  or  2  percent,  solution  with  ammonium  benzoate 
or  sodium  chloride  intramuscularly  every  second  day.  For  urethral  injection  in 
strengths  of  1 :1000  or  1 :2000  solution. 

Hydrargyri  Cyanidum   (N.N.R.),  Mercuric   Cyanide.     Hydrargyrum   Cyanatum. 

Mercuric  cyanide  occurs  in  colorless  or  white  prismatic  crystals;  odorless,  and 
having  a  bitter  metallic  taste  (the  salt  is  exceedingly  poisonous).  It  is  darkened 
on  exposure  to  light;  it  is  soluble  at  15°  C.  in  12.8  parts  of  water  and  in  15  parts 
of  alcohol,  in  3  parts  of  boiling  water  and  in  6  parts  of  boiling  alcohol,  and  is  very 
sparingly  soluble  in  ether. 

Dose,  1/16  to  1/8  grain  (0.004  to  0.008  Gm.)  locally:  and  internally  in  solutions 
of  1 :2000  to  1 :4000. 

Hydrargyri  Oxycyanidum  (N.N.R. ),  Mercuric  Oxycyanide.  Hydrargyrum  Oxy- 
cyanatum. 

Mercuric  oxycyanide  occurs  as  a  white,  or  nearly  white,  microcrystalline  powder, 
soluble  in  about  80  parts  of  water,  yielding  a  solution   alkaline  to   litmus.     It   is   a 
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basic   morcurial    snlt    of   hydrocyanic    acid,   containinpr   from    51.7    to    5<>   percent,    of 
mercuric  cyanide,  and  from  44.3  to  48  percent,  of  mercuric  oxide. 

Dose,  3/16  to  1/4  grain  (0.012  to  0.016  Gm.)  and  externally  in  solution  of  1 :5000. 

HvDRARGYRi  Lacticum  (unofficial).  Mercuric  Lactate. 

A  pinkish  or  white  crystalline  powder;  soluhle  in  water,  but  insoluble  in  alcohol. 

Dose,  1/6  grain   (0.01  Gm.)   by  mouth,  1/H   grain    (O.OOS  Gm.)    intramuscularly. 

Ammonio-Mercuric  CiiLORmE  (unofficial).  Synonyms:  Sal  Alembroth,  Salt  of 
Wisdom. 

Prepared  by  mixing  mercuric  chloride  (271  parts)  and  ammonium  chloride  (107 
parts)  in  solution  and  then  evaporating  to  dryness.  It  occurs  in  the  form  of  flat- 
tened rhombic  prisms;  freely  soluble  in  water  and  in  glycerin. 

Dose,  1/3  grain  (0.02  Gm.),  in  10  minims  (0.6  cc.)  of  water  by  intramuscular 
injection. 

IIydi{ar(;mu  SiTcriNiMiDUM   (N.N.R.),  Mercuric  Succinimide. 

The  mercuric  salt  of  succinic  acid  amide.  It  is  a  white  crystalline  powder;  soluble 
in  about  20  parts  of  cold  water,  5  parts  of  boiling  water,  and  in  300  parts  of  alcohol. 
It  is  very  stable  in  solution;  the  aqueous  solution  is  not  affected  by  albumin! 

Dose,  1/0  to  1/3  grain  (0.01  to  0.02  Gm.)  hypodermieally  in  the  form  of  a  2.5 
percent,  solution.     Tabloids  by  month,  1/6  to  1/4  grain. 

PoTAsn  Hydrargyri  Iodidum  (N.N.R.),  Potassium  Mercuric  Iodide. 

A  complex  salt,  KJTgl^,  formed  by  the  interaction  of  one  molecule  of  mercuric 
iodide  with  two  molecules  of  potassium  iodide  and  containing  about  25.5  percent, 
of  mercury.  It  occurs  as  yellow  crystals,  deliquescent  in  the  air;  soluble  in  ak'ohol 
and  in  potassium  iodide  solution.  Solutions  of  potassium  mercuric  iodide  may  be 
prepared  by  dissolving  one  part  by  weight  of  mercuric  iodide  and  1  part  by  weight 
of  potassium  iodide  in  a  small  amount  of  water  and  then  diluting  to  proper  strength. 
One  Gram  mercuric  iodide  is  equivalent  to  1.7  Grams  potassium  mercuric  iodide,  when 
prepared  by  this  method. 

Dose,  as  a  germicide,  in  concentrations  of  1 :100  to  1 :10,000.  For  irrigation  of 
wounds,  it  is  essential  to  render  the  solution  isotonic  by  the  addition  of  0.9  percent, 
of  sodium  chloride. 

Hydrargyri  Chloridum  Mite  Colloidale  (X.N.R.),  Colloidal  Calomel.  Syno- 
nym :  Calomelol. 

A  colloidal  form  of  calomel,  containing  albuminoids.  It  occurs  as  a  white-gray, 
odorless  and  tasteless  powder,  containing  80  percent,  of  mercurous  chloride. 

Dose,  cathartic,  2  to  5  grains  (0.12  to  0.3  Gm.)  ;  alterative,  1/6  to  1/3  grain 
(0.01  to  0.02  Gm.)  externally  as  dusting  powder  mixed  with  an  equal  part  of  starch 
or  starch  zinc  oxide,  or  in  the  form  of  an  ointment. 

Hydrargyri  Xucleinas   (N.N.R.),  Mercury  Nucleinate.     Synonym:   Mercurol. 

An  organic  product  of  mercury  with  nucleinic  acid  from  yeast,  containing  20  per- 
cent, of  metallic  mercury.  A  brownish- white  powder;  soluble  in  water,  especially 
in  warm  water;  insoluble  in  alcohol. 

Dose,  1/2  to  2  grains  (0.03  to  0.12  Gm.). 
^    Flumerin  (KKR.). 

The  disodium  salt  of  2-hydroxymercurifluorescein. 

Dose,  %)  to  %2  grain  (0.002  to  0.005  Gm.)  per  kilo  of  body  weight,  intravenously. 

Mercurosal   (N.N.R.),  Disodiumhydroxy-mcrcurisalicyl-oxyacetate. 

A  white,  amorphous  powder  containing  from  43  to  43.8  percent,  of  mercury  in 
organic  combination;  soluble  in  about  10  parts  of  water;  insoluble  in  the  usual  organic 
solvents. 

Dose,  4/5  grain  (0.05  Gm.)  dissolved  in  2  cc.  of  water  for  intramuscular  injection 
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every  fourth  day.     For  intravenous  use,  0.1  Gm.  dissolved'  in  5  cc.  of  water,  every 
second  day. 

Mergal  (N.KK.). 

A  mixture  of  1  part  of  mercuric  cholate  and  2  parts  of  a'lbumin  tannate  put  up 
in  capsules.  It  contains  approximately  4.4  percent,  of  mercury.  A  yellowish-white, 
loose  powder;  insoluble  in  water  and  alcohol,  and  almost  insoluble  in  solution  of 
sodium  chloride. 

Dose,  2V2  to  5  grains  (0.15  to  0.3  Gm.)  from  3  to  5  times  a  day. 

Mercurochrome  (N.N.E.), 

The  disodium  salt  of  dibromo-hydroxymercurifluorescein,  containing  23  to  24 
percent,  of  mercury.  It  occurs  as  iridescent  green  scales  or  granules ;  odorless ;  perma- 
nent in  the  air ;  freely  soluble  in  water ;  soluble  in  65  parts  of  alcohol ;  insoluble  in  ether 
or  chloroform.  The  aqueous  solution  (1 :  10)  is  of  a  deep  cherry-red  color,  becoming 
fluorescent  on  dilution  with  water.  The  solution  is  stable  in  the  air,  does  not  pre- 
cipitate proteins,  and  does  not  respond  to  the  usual  tests  for  mercury  ions. 

Antagonists  and  Incompatihles. — Mercurochrome  is  incompatible  with  acids, 
with  the  salts  of  most  alkaloids,  and  with  most  local  anesthetics.  The  aqueous  solution 
stains  the  skin  red,  but  the  discoloration  may  be  removed  by  washing  in  a  solution 
of  sodium  hypochlorite  (solution  of  chlorinated  soda). 

Synergists. — Antiseptics  and  germicides  have  similar  action,  but  as  a  rule  can- 
not be  given  in  association  with  mercurochrome. 

Dose,  intravenous,  about  1  fluidounce  (32  cc.)  of  a  1  percent,  solution  or  0.005  Gm. 
per  kilogram  of  body  weight;  externally  or  intravesical  a  1  percent,  solution  ud  lib.; 
conjunctival,  1  or  2  drops  of  a  2.5  percent,  solution,  repeated  as  necessary. 

Metaphen  (N.N.R.),  Diacetoxymercuri-nitro-cresol. 

Metaphen  contains  from  58  to  60  percent,  of  mercury  in  organic  combination. 
It  is  a  yellow,  odorless  and  tasteless  substance;  insoluble  in  water;  almost  insoluble 
in  methyl  alcohol,  acetone,  ether  and  aqueous  sodium  carbonate  and  sodium  bicar- 
bonate solution;  very  soluble  in  dilute  aqueous  sodium  hydroxide  solution  and  in 
ammonium  hydroxide  solution;  sparingly  soluble  in  nitric  acid  or  boiling  glacial  acetic 
acid. 

Dose,  proposed  for  use  in  treatment  of  gonorrhea,  infection  of  the  eye,  for  skin 
sterilization  and  for  the  sterilization  of  instruments.  Solutions  in  water  are  prepared 
with  the  aid  of  sodium  hydroxide.  For  disinfection  of  instruments  solutions  of 
1 :  5000  to  1 :  1000,  same  for  applications  to  the  skin ;  for  ophthalmic  and  urethral  use, 
solutions  of  1 :  10,000  to  1 :  5000  are  used. 

NovASUROL  (N.N.R.),  Novasurol.     Synonym:    Merbaphen. 

The  double  salt  of  sodium  mercuri-chlorphenyl  oxyacetate  with  diethylbarbituric 
acid.     Contains  33.9  percent,  of  mercury. 

Dose,  antiluetic,  0.75  cc.  of  10  percent,  solution  intramuscularly  once  to  twice 
weekly,  later  gradually  increased  to  2  cc;  diuretic,  1  to  2  cc.  of  10  percent,  solution 
intramuscularly  or  intravenously  once  to  twice  weekly  and  accompanied  by  digitalis 
if  necessary. 

Hermophenyl  (unofficial),  Hermophenyl.  Synonym:  Mercury-phenol-sodium- 
disulphate. 

Occurs  as  a  white  powder,  soluble  in  about  5  parts  of  water,  having  a  saline  rather 
than  a  metallic  taste.  It  is  quite  stable,  not  being  precipitated  by  albumin  and  not 
exhibiting  the  ordinary  reaction  to  mercury. 

Dose,  externally,  in  solutions  of  1 :  4000  to  1 :  2000. 

Mercurophen  (unofficial),  Mercurophen.  Synonym:  Sodium-oxymercuriortho- 
nitro-phenylate,  Merkurinitrophenole. 
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Occurs  as  a  brick-red  powder,  containing  approximately  53  percent,  of  Ilg.  It  is 
freely  soluble  in  hot  water  and  may  be  molded  into  tablets  of  equal  solubility.  Solu- 
tions up  to  1 :  10,000  are  of  an  amber  color.     It  does  not  injure  metal  ur  .rubber. 

Dose,  hot  solution  of  1:5000  for  general  use  in  operating  room. 

Meroxyl  (N.N.R.),  Meroxyl. 

A  mixture  containing  approximately  50  percent,  of  the  sodium  salt  of  Dihydroxy- 
dihydrox-mercuribenzophenone-sulphonic  acid,  with  foreign  matter  consisting  of 
ammonium  dihydroxy-benzophenone-sulphonate,  sodium  acetate  and  water.  Occurs  as 
a  llesli  colored  or  pink  powder,  easily  soluble  in  hot  water  up  to  10  percent.,  the  color 
of  the  solution  varying  with  the  concentration,  but  no  concentration  staining  skin  or 
fabric. 

Dose,  for  wet  dressings  and  irrigation  of  infected  wound,  0.1  percent,  solution; 
for  prophylactic  treatment  0.5  percent,  solution. 

SuBLAMlNE  (unofficial),  Sublamine.  Synonym:  Mercuric  sulphate-ethylenedia- 
niine. 

Occurs  in  form  of  white  needles,  readily  soluble  in  water  and  in  10  parts  of 
glycerin,  sparingly  soluble  in  alcohol.  Contains  about  43  ijereent.  of  mercury.  Its 
solutions  have  an  alkaline  reaction. 

Antagonists  and  incompatibles. — Sodium  chloride  and  exposure  to  air. 

Dose,  for  the  skin,  1 :  1000  solution;  far  accessible  mucous  membranes,  1 :  10,000  to 
1  :  5000  solution.     Intramuscularly,  5  to  10  minims  of  a  3  to  4  percent,  solution. 

Antipathogenic  Action. — For  obvious  reasons,  the  chief  studies  of  bactericidal  power 
have  been  made  on  the  soluble  compounds,  which  are  among  the  most  potent  antiseptics 
used  in  medicine.  Like  other  heavy  metals  they  precipitate  albumin  and  in  albuminous 
fluids  a  protective  film  is  thus  thrown  around  the  bacteria.  This  precipitate  is  caused 
by  solutions  of  bichloride  as  weak  as  1:4000,  but  may  be  lessened  by  addition  of  5  parts 
of  sodium  chloride  to  1  of  the  bichloride.  Mercuric  oxycyanide  and  iodide  are  less 
powerful  precipitants  and  potassium  mercuric  iodide  does  not  show  this  action,  agreeing, 
in  this  respect,  with  most  of  the  organic  mercurials.  The  albuminate  is  slightly  soluble 
in  water,  solution  being  favored  by  excess  of  protein,  and  it  possesses  some  bactericidal 
power. 

The  relative  antiseptic  power,  both  bacteriostatic  (inhibitory)  and  bactericidal,  in- 
creases with  the  degree  of  dissociation  and  the  mercury  content.  Thus  mercuric  chloride 
(85  percent,  mercury)  inhibits  the  growth  of  typhoid  bacilli  in  dilution  of  1:540,000; 
the  oxycyanide  (83  percent.)  which  does  not  form  a  precipitate  in  the  culture  medium, 
is  effective  in  1  part  in  1  million;  and  the  cacodylate  (23  percent.)  which  dissociates 
less  strongly,  requires  1:180,000.  The  bromide,  nitrate,  sulphate  and  acetate  are  slightly 
less  active  than  the  chloride,  diminishing  in  the  order  given. 

Typhoid  bacilli  in  bouillon  are  killed  in  one  hour  by  bichloride  1:25,000,  staphylo- 
cocci in  fiVe  minutes  by  1:1000,  but  not  in  one  hour  by  1:10,000.  Spore-free  anthrax  and 
cholera  organisms  are  killed  in  bouillon  in  one  hour  by  1:100,000,  in  five  minutes  by 
1:50,000;  in  serum  in  one  hour  by  1:10,000.  Anthrax  bacilli  with  spores  are  killed  in 
water  in  a  few  minutes  by  1:500.000;  in  bouillon  by  1:40,000;  in  serum  by  1:2,000.  These 
figures  are  probably  too  favorable  to  the  mercury;  a  minute  amount  being  presumably 
carried  over  with  the  bacteria  to  the  plating  medium,  and  preventing  growth.  If  anthrax 
spores  are  implanted  on  a  thread  which  is  washed  in  sulphide  solution  to  precipitate 
the  mercury  before  planting,  a  24-hour  exposure  to  1:1000  bichloride  is  necessary. 

Mercury  oxycyanide  in  bouillon  after  two  hours'  exposure,  kills  spore-free  anthrax 
and  diphtheria  bacilli  in  1:40,000;  glanders  and  typhoid  in  1:30,000;  cholera  in  1:60,000. 
Twenty-four  hour  exposure  is  not  much  more  effective.  In  general,  the  mercurials  are 
about  800  times  as  bacteriostatic  as  phenol.  Addition  of  25  to  50  percent,  alcohol  to 
bichloride  solution,  greatly  increases  its  bactericidal  power. 

In  tests  by  the  "phenol  coefficient"  method  of  the  Hygienic  Laboratory,  into  which 
a  time  factor  enters,  the  activity  of  bichloride  as  compared  to  phenol  (phenol  coeffi- 
cient) Is  about  840,  that  of  potassium  mercuric  iodide  about  1100.  Typhoid  bacilli  in 
water  suspension  are  killed  by  bichloride  1:400,000  in  two  and  one  half  minutes,  by 
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1:100,000  in  fifteen  minutes.  Weakly  acid  typhoid  urine  is  sterilized  by  1:8000  in  thirty 
minutes.  A  1:5000  solution  disinfects  the  skin  in  six  minutes,  while  1:10,000  requires 
thirty  minutes.    Pus  is  sterilized  by  1:2000  in  fifteen  minutes. 

Fine  suspensions  of  the  insoluble  salts,  such  as  calomel,  suspended  in  bouillon,  have 
the  power  of  checking  the  growth  of  bacteria.  Kolmer  and  Raiziss  believe  that  this 
action  does  not  depend  on  solution  and  that  it  may  occur  in  the  bowel  without  conversion 
of  the  calomel  to  a  soluble  salt.    The  nature  of  the  action  is,  however,  still  obscure. 

The  various  organic  preparations  are  active  bactericides.  Mercurophen  nas  been 
particularly  carefully  studied  in  this  regard.  This  body  does  not  tarnish  metal  Instru- 
ments nor  precipitate  proteins.  Added  to  bonillon  cultures  it  inhibits  growth  of  most 
bacteria  in  a  dilution  of  1  to  1  million  or  less;  typhoid  bacilli,  however,  require  1:400,000. 
In  dilutions  about  double  this  strength,  most  cultures  are  killed  in  twenty-four  hours. 
The  phenol  coefficient  of  mercurophen  varies  from  900  to  1300  according  to  the  mercury 
content  of  the  specimen.  In  serum  and  other  albuminous  fluids,  mercurophen  is  much 
more  effective  than  bichloride;  thus  staphylococcus  aureus  in  serum  is  killed  in  one 
minute  by  1:10,000;  and  in  50  percent,  ascites  fluid  by  1:4000.  Typhoid  urine  is  sterilized 
in  five  minutes  by  1:8000;  liquid  feces  in  ten  minutes  by  an  equal  volume  of  1:1000, 
sputum  in  an  hour  by  an  equal  volume  of  1:1000.  The  skin  is  disinfected  in  one  minute 
by  1:1000,  in  three  minutes  by  1:5000,  and  in  ten  minutes  by  1:10,000.  Metal  and  rubber 
instruments  are  sterilized  by  soaking  for  five  to  ten  minutes  in  solutions  of  1:2000  to 
1:10,000.  Pus  is  commonly  rendered  sterile  by  1:200  in  five  minutes  or  by  1:5000  in 
thirty  minutes.    Gauze  impregnated  with  1:500  is  unirritating  but  strongly  germicidal. 

While  the  drug  is  unsuited  for  therapeutic  use  in  this  manner,  certain  animal  experi- 
ments show  the  power  of  mercurophen  over  spirochete  and  trypanosome  infections. 
In  a  rabbit  with  syphilitic  orchitis,  one  or  two  intravenous  injections  of  0.0006  Gm.  per 
kilogram  of  body  weight  causes  disappearance  of  spirochetes  in  from  three  to  eight  days, 
followed  by  healing  of  the  syphiloma.  Intramuscular  injections  of  0.002  Gm.  per  kilo 
have  a  slower  but  equally  good  effect.  Some  effect  of  mercurophen  and  other  mercurials 
was  shown  In  diminishing  the  number  of  trypanosomes  in  the  blood  of  infected  rats, 
but  the  results  were  not  at  all  comparable  with  those  of  arsphenamine. 

Tested  in  vivo  by  intravenous  injections  into  experimentally  infected  animals, 
mercurophen  failed  to  control  either  pneumococcic  or  staphylococcic  infections.  But 
Intravenous  doses  of  0.0015  Gm.  per  kilo  increased  the  bactericidal  power  of  the  whole 
blood  of  rabbits  tested  by  the  Lacy-Heist  method,  over  pneumococci  and  staphylococci. 

Mercurochrome,  owing  to  its  low  toxicity,  is  better  adapted  for  internal  use  than 
other  mercurials,  being  employed  in  the  urinary  tract,  middle  ear,  etc.,  and  even  intra- 
venously in  septicemia.  Outside  the  body  it  is  a  very  active  germicide,  a  1:1000  solution 
killing  in  one  minute  staphylococcus  in  water,  while  1:1000  in  bouillon  requires  an  hour. 
Bouillon  cultures  of  Bacillus  coli  are  sterilized  in  an  hour  by  1:400,  typhoid  by  1  to 
3000,  while  gonococci  are  especially  susceptible,  1  to  16,000  requiring  only  one-fourth  of 
this  time.  In  cystitis  and  pyelitis,  sterilization  of  the  parts  can  be  brought  about  by 
daily  injections  of  1  percent,  solution.  In  urethritis,  lavage  with  this  solution  brings 
about  permanent  disappearance  of  gonococci  in  three  to  nineteen  days,  in  four-fifths  of 
the  cases  (Young).  Intravenous  injections  of  a  few  cc.  of  1:10,000  solution  often  bring 
about  relief  of  pyemic  infections. 

Flumcrin  has  been  used  chiefly  as  an  antisyphilitic.  Rabbits  infected  with  SpirO' 
ch(rta  pallida  are  cured  by  4  to  8,  10  mgm.  doses;  by  10,  5  mgm.  doses;  or  by  1  dose  of 
20  to  30  mgm.    Good  results  have  also  been  reported  in  human  infection. 

Metaphen  is  also  of  value  is  spirochetal  infections,  luetic  rabbits  being  cured  by  a 
single  dose  of  2  mgm.  per  kilo.  Staphylococcus  aureus  and  typhoid  bacilli  are  killed 
in  one  hour  by  1:150,000. 

Mercurosal  is  of  less  benefit  as  an  antisyphilitic  but  is  actively  bactericidal,  killing 
typhoid  and  staphylococcus  bacilli  in  an  hour  in  a  dilution  of  1:3000. 

Meroxyl,  Mergal  and  Hermophenyl  (mercury  phenol-sodium  disulphonate)  have  been 
recommended  especially  as  antisyphilitics,  but  are  probably  inferior  to  the  organic  com- 
pounds already  described. 

Pharmacodynamic  Action:  Absorption  and  Elimination. — The  rate  of  absorption  of 
the  soluble  and  insoluble  compounds  of  mercury  is  so  different,  that  they  must  be  taken 
up  separately. 

The  soluble  compounds,  instanced  by  the  bichloride,  do  not  penetrate  the  unbroken 
skin,  but  solutions  tend  to  cause  desquamation,  and  even  ulceration,  and  in  this  way 
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the  drug  may  be  absorbed,  as  from  any  wound.  From  mucous  membranes  and  ulcer- 
ated surfaces,  they  are  readily  taken  up,  being  first  converted  into  the  albuminate,  which 
is  soluble,  to  some  extent,  in  the  body  fluids.  Severe  acute  intoxication  has  resulted 
from  the  injudicious  use  of  bichloride  and  oxycyanide  solutions  as  injections  into  sinuses 
and  for  irrigation  of  hollow  viscera,  and,  during  the  time  that  the  bichloride  was  so 
largely  used  in  obstetrical  practice,  subacute  poisoning  from  vaginal  absorption  was  not 
uncommon.  Taken  into  the  empty  stomach,  mercurial  solutions  may  l)e  absorbed  un- 
changed, and  converted  to  albuminate  in  the  blood;  but  in  the  presence  of  food,  the 
change  is  likely  to  take  place  in  the  stomach.  In  any  case,  a  certain  amount  is  precipi- 
tated as  oxide  and  sulphide  and  passes  out  with  the  feces.  With  very  small  doses,  how- 
ever, absorption  is  fairly  complete.  After  direct  introduction  of  large  doses  of  soluble 
mercurials  into  the  small  bowel  of  dogs  a  fall  of  blood  pressure  due  to  absorption  of  a 
poisonous  amount  of  mercury  may  occur  within  twenty  minutes  (SalanI).  Soluble  salts, 
such  as  the  bichloride,  injected  under  the  skin,  are  absorbed  very  rapidly,  and  diffusion 
throughout  the  body  may  take  place  within  an  hour.  A  certain  proportion  of  the 
amount  injected  may,  however,  be  found,  precipitated  at  or  near  the  place  of  injection, 
for  several  days. 

The  iiisohthlc  salts  are  taken  up  much  more  slowly,  from  abraded  surfaces,  intact 
mucous  membranes,  and  the  alimentary  canal.  In  the  presence  of  alkalis  and  proteins, 
they  undergo  chemical  alteration;  first,  probably,  to  an  oxide,  and  then  to  an  albuminate, 
in  which  form  they  enter  the  blood.  This  change  occurs  much  more  slowly  than  in  the 
case  of  soluble  salts,  and  absorption  is  therefore  correspondingly  delayed.  They  are  not 
taken  up  from  the  unbroken  skin. 

Calomel  taken  into  the  stomach  is  largely  converted  into  oxide  and  sulphide,  which 
are  not  absorbed,  but  pass  out  with  the  feces.  The  suggested  conversion  of  calomel  into 
bichloride,  by  the  action  of  the  gastric  juice,  has  been  disproved.  A  small  part  is  acted 
on  by  sodium  chloride  or  hydrochloric  acid,  with  the  formation  of  a  double  chloride  of 
mercury  and  sodium,  which  is  fairly  soluble  in  water.  In  the  blood,  all  forms  are 
converted  into  albuminates.  It  is  possible  that  the  oxide  may  also  be  absorbed  from 
the  bowel,  after  solution  in  oils,  but  this  is  not  proved.  When  a  single  large  dose  of  an 
insoluble  salt  is  given,  the  purgation  which  it  induces  removes  it  from  the  bowel  before 
there  Is  much  chance  for  absorption;  hence,  enormous  quantities  have  been  taken,  at  a 
single  dose,  without  toxic  effect;  when,  however,  there  is  paralysis  of  the  bowel,  as  in 
peritonitis,  or  constipation  from  obstruction,  mercurials  given  as  cathartics  may  give 
rise  to  severe  poisoning,  and  should  be  avoided. 

Insoluble  mercurials,  injected  intramuscularly  or  subcutaneously  are  taken  up 
very  slowly.  It  Is  estimated  that  about  1  percent,  a  day  is  removed.  Six  weeks  after 
a  single  injection,  one-half  the  mercury  could  still  be  recovered  from  the  nearby  tissues. 
The  absorption  is  much  more  rapid  at  first  than  later,  so  that  the  hope  that  a  constant 
quantity  of  mercury  would  be  supplied  to  the  body,  is  not  justified.  Local  necrosis  of 
tissue  may  occur,  especially  after  hypodermic  use,  and  this  adds  to  the  disadvantages 
of  the  method.  An  x-ray  study  showed  the  following  periods  required  for  disappearance 
of  the  shadow  after  intramuscular  injection  of  0.05  Gm.  (gr.  %) ;  mercuric  salicylate, 
four  days;  calomel,  fifteen  days;  gray  ointment,  forty-three  days;  indicating  rapid 
absorption  of  the  first-named.     (Cole,  Littmann  and  Sollmann). 

The  controversy  regarding  the  absorption  of  metallic  mercury  by  the  skin  has  been 
definitely  settled  by  animal  experiments  in  which  it  was  shown  that  mercurial  oint- 
ment rubbed  into  the  skin  passes  into  the  sebaceous  glands  and  hair  follicles.  The  mer- 
cury gradually  changes  in  the  epidermis  into  a  crystalline  salt  and  this  is  absorbed 
before  it  reaches  the  deeper  layers.  Mercury  which  does  not  enter  the  pores  does  not 
penetrate  the  intact  epidermis  between  them  (Zwick).  In  man,  mercury  can  be  found  in 
the  urine  fourteen  to  thirty-six  hours  after  friction  with  blue  ointment.  Penetration  is 
increased  by  previous  washing  of  the  skin  with  acetone  (Smiley). 

During  mercury  vapor  baths  the  mercury  is  deposited  in  the  mouths  of  the  sebaceous 
glands  as  fine  globules  and  is  thus  absorbed  and  not  directly  as  vapor.  In  treatment  by 
fumigation,  however,  almost  all  of  the  absorption  takes  place  through  the  respiratory 
mucosa  which  is,  in  fact,  one  of  the  most  effective  routes  for  rapidly  obtaining  the  full 
systemic  action.  A  mixture  containing  23  percent,  of  metallic  mercury  with  copper  salts 
and  other  substances  said  to  aid  in  its  volatilization,  has  been  introduced  by  Lewengood 
under  the  name  of  "spirocide." 

Volatilization  of  mercury  and  of  calomel  occurs  to  a  slight  degree  at  body  tempera- 
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ture  and  the  mercury  thus  volatilized  is  deposited  on  the  skin  and  absorbed,  so  that  if 
mercurial  ointment  is  held  close  to  the  skin  but  not  in  direct  contact  with  It,  some 
absorption  may  occur  (Wile  and  Elliott). 

In  some  recent  experiments  on  rabbits,  one  animal  was  given  Inunctions  of  blue  mass 
or  of  calomel  ointment.  The  animal  was  inclosed  in  a  tight  box,  from  which  its  head 
protruded.  A  second  rabbit  was  fixed  with  its  head  only  in  this  box,  it  being  thus  forced 
to  breathe  the  atmosphere  laden  with  mercury,  while  the  first  rabbit  breathed  pure  air. 
It  was  found  that  the  rabbits  receiving  the  inunctions  died  of  acute  mercury  poisoning, 
while  those  inhaling  the  vapor  showed  no  indications  of  it.  This  would  seem  to  prove, 
that,  for  rabbits  at  least,  the  skin  is  the  route  of  absorption,  when  inunctions  are  given. 
Calomel  was  about  as  well  taken  up  as  metallic  mercury,  and  the  authors  now  prefer  it 
for  inunction  in  man  (Schamberg  and  others). 

"When  a  single  large  dose  of  metallic  mercury  is  swallowed,  even  less  is  absorbed  than 
of  the  insoluble  salts;  by  far  the  greater  part  escaping  unchanged,  with  the  feces. 

Injected  into  the  muscles  or  subcutaneous  tissues,  it  is  taken  up  as  fine  globules  by 
the  leucocytes,  and  converted  into  albuminate.  This  process  is  as  slow  as  the  absorption 
of  calomel  similarly  injected,  and  it  has  the  same  disadvantage,  of  occasionally  causing 
abscess  or  necrosis. 

Distribution. — After  prolonged  use,  mercury  may  be  found  in  all  the  tissues  and 
organs,  but  larger  quantities  seem  to  be  stored  in  the  liver  and  kidneys  than  elsewhere, 
the  opinion  that  it  accumulates  principally  in  the  bones  has  been  shown  to  be  incorrect. 
In  acute  poisoning  through  absorption,  the  distribution  is  the  same  as  in  chronic  poison- 
ing or  retention.  In  a  syphilitic  dying  from  aneurysm  of  the  aorta,  large  globules 
of  metallic  mercury  were  found  in  the  wall  of  the  aneurysm  and  in  the  neighboring, 
corroded  vertebrae  (Kolmer  and  Mastin). 

Mercurochrome  injected  intravenously  penetrates  into  the  fluid  of  an  artificially 
induced  edema  in  rabbits,  but  not  in  sufficient  concentration  to  exert  a  bacteriostatic 
influence  (Hirschfelder,  Malmgren  and  Creavy). 

Elimination. — Diffusing  throughout  all  the  tissues  and  juices  of  the  body,  mercury 
Is  excreted  by  every  possible  channel,  but  in  greatest  part  by  the  intestine  and  kidneys. 
It  has  been  found  not  only  in  the  saliva,  in  the  sweat,  in  the  breath,  in  the  gastric  juice, 
in  the  bile,  in  the  milk,  in  the  urine  of  nursing  babes  after  administration  to  mothers, 
but  also  in  the  semen,  in  the  serum  of  blisters,  in  the  pus  of  ulcers,  and  In  the  aborted 
foetus.  Elimination  begins  quickly.  After  subcutaneous  injection  of  corrosive  chloride, 
mercury  may  be  demonstrated  in  the  saliva  in  fifteen  to  thirty  minutes;  in  the  urine  in 
two  hours  or  less.  The  time  is  but  little  longer  when  an  insoluble  salt  has  been  used. 
Mercury  has  been  detected  in  the  milk  of  women  about  five  hours  after  ingestion  of  its 
compounds,  and  in  the  liver  and  kidney  of  a  rabbit  killed  one  hour  after  subcutaneous 
injection  of  0.015  Gm.  of  bichloride. 

A  single  small  dose  of  a  mercurial  is  thus  eliminated  promptly  and  rapidly;  the 
largest  portion  within  24  hours,  chiefly  in  the  urine.  Excretion  by  the  bowel  begins 
later  than  that  by  the  kidney,  but  in  the  latter  stages  of  the  process — that  Is,  after  the 
greatest  part  of  the  drug  has  been  eliminated — is  more  active.  When,  however,  repeated 
doses  are  given,  elimination  fails  to  keep  pace  with  absorption,  and  the  drug  accumulates 
in  the  organism.  After  a  week  or  fortnight's  daily  use  of  0.01  Gm.  (%  grain)  of  the 
sublimate,  elimination  may  be  prolonged  for  from  4  to  6  days;  while,  if  a  mercurial 
course  be  carried  out  with  large  doses  over  a  long  period,  especially  if  inunction  has 
been  employed,  or  insoluble  salts  injected,  the  drug  may  remain  within  the  body  for 
months.  Mercury  does  not  persist  in  the  blood  stream  under  these  circumstances,  but  is 
deposited  as  an  insoluble  albuminate  in  the  tissues,  whence  it  passes  again,  little  by 
little,  and  irregularly,  into  the  circulation.  This  takes  place  whenever  circumstances 
favor  its  solution  or  it  becomes  mechanically  dislodged  or  is  taken  up  by  leucocytes. 
Thus,  it  may  disappear  from  the  urine  or  feces  for  days  or  weeks,  and  suddenly  reappear. 
The  elimination  of  mercury  deposited  in  the  tissues  apparently  is  favored  by  potassium 
iodide,  possibly  through  the  formation  of  a  double  soluble  iodide;  or  possibly  the  iodide 
acts  destructively  on  the  tissues,  liberating  the  retained  mercury.  Hot  baths,  likewise, 
may  favor  elimination  of  stored  mercury,  by  the  urine  as  well  as  by  the  sweat;  and  some 
writers  attribute  to  hot  sulphur  baths  a  peculiar  virtue  in  this  respect.  Injections  of 
pilocarpine  have  a  like  effect.  It  is  to  be  remembered  that  the  drug  passes  out  of  the 
body  by  the  intestine  and  the  salivary  glands,  and  it  may  at  times  be  found  in  the 
saliva,  and  especially  in  the  feces,  when  absent  from  the  urine. 
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When  mercurial  ointment  is  given  by  inunction  (4  Gm.  gray  ointment  per  day  for 
thirty  or  forty  days),  mercury  appears  in  the  urine,  the  first  day;  excretion  rises  for 
several  days,  and  stays  at  the  same  level  during  the  treatment,  and  then  sinks  very 
slowly.     Yeo's  method  gives  the  most  even  excretion. 

Insoluble  salts  injected  in  a  muscle  show  marked  elimination  in  the  urine  for  the 
first  day,  and  then  rapid  falling  off.  Recognizable  amounts  are  found  for  at  least  eight 
days.  After  intravenous  injections  of  soluble  salts  the  falling  off  in  excretion  after  24 
hours  is  even  more  abrupt. 

Mercurosal  given  parenterally  is  largely  excreted  by  the  kidneys,  but,  unlike  other 
mercurials,  does  not  irritate  them   (Rowe). 

Topical  Action. — The  soluble  salts  of  mercury,  in  strong  solution,  are,  in  general, 
actively  caustic,  and  destroy  even  the  unbroken  skin.  In  weaker  solutions  such  as  1:1000 
they  are  not  destructive  to  the  skin,  except  on  prolonged  application,  but  cause  itching, 
erythema,  and  desquamation,  followed  by  a  dry  condition  with  a  tendency  to  crack. 
When  a  bichloride  dressing  is  covered  by  rubber  tissue,  it  is  likely  to  produce  a  crop 
of  vesicles,  or  even  a  large  blister.  In  persons  with  delicate  skin,  or  in  states  of  poor 
nutrition,  as  during  or  following  typhoid  fever,  bichloride  dressings  may  have  an 
escharotic  action,  with  ulceration.  Injected  hypodermically,  even  very  dilute  solutions 
of  bichloride  are  often  followed  by  abscess  formation,  or  even  extensive  sloughing.  Scar- 
ring may  occur,  when  no  abscess  is  produced.  Mercurophen  appears  to  be  unirritating 
to  the  skin  in  solution  as  strong  as  1:100;  even  persons  who  commonly  suffer  with  mer- 
curial dermatitis  from  contact  with  weak  solutions  of  bichloride  can  use  with  impunity 
dilutions  of  1:2000.  A  severe  conjunctivitis  follows  one  or  two  instillations  of  1  percent, 
mercuric  chloride  in  the  rabbit's  eye,  whereas  3  or  4  instillations  of  mercurophen  (1  per- 
cent.)  induce  very  slight  congestion. 

Mercurophen,  whether  dissolved  in  oil  or  water,  gives  rise  to  severe  local  reactions, 
when  injected  subcutaneously  and  when  introduced  into  a  vein,  tends  like  other  mer- 
curials, to  produce  sclerosis  and  the  contraction  of  the  vessels.  Mercurochrome  is  less 
irritant,  and  may  be  used  in  the  urethra  in  solutions  as  strong  as  5  percent. 

The  insoluble  salts  have  no  topical  action,  except  as  they  are  converted  into  soluble 
form.  On  ulcers,  this  may  occur,  by  the  formation  of  a  double  salt  of  mercury  and 
sodium,  and  irritation  result.  There  is  also  danger  in  using  dressings  containing  such 
salts,  if  iodides  are  being  taken  by  the  patient.  There  is  a  reaction  between  the  iodine 
and  the  mercury,  with  the  formation  of  mercurous  iodide,  which  is  extremely  irritating 
and  even  caustic,  especially  in  the  eye.  The  deposits  of  HgS  which  occur  in  chronic 
poisoning  in  the  gums  and  elsewhere,  cause  no  irritation,  but  may  give  rise  to  poisoning 
through  reduction  to  metallic  mercury. 

Mercurial  ointment  has  little  effect  on  the  skin,  but  repeated  friction  in  one  area  Is 
likely  to  cause  irritation,  with  redness  and  perhaps  a  papular  rash.  When  the  ointment 
base  is  rancid,  the  erythema  may  be  intense,  or  a  vesicular  eruption  may  occur,  especially 
about  the  hair  follicles  where  penetration  is  most  active.  When  a  short  course  of  mer- 
curial inunctions  gives  rise  to  extensive  cutaneous  eruptions,  these  are  to  be  attributed 
to  the  systemic  influence  of  the  drug,  rather  than  to  local  irritation. 

Whether  the  topical  use  of  mercurials  cari  cause  local  effects  by  absorption  is  doubted, 
but  cases  have  been  reported,  in  which  limited  paralysis  of  the  muscles  of  the  forearm 
and  hands  occurred  in  workers  who  were  applying  ointment  of  biniodide  to  the  skin  of 
cattle. 

Toxicity. — Acute  mercurial  poisoning  arises,  as  a  rule,  only  from  soluble  preparations, 
and  may  be  caused  through  absorption  from  wounds  or  cavities,  as  well  as  by  ingestion. 
Corrosive  sublimate  is  the  form  most  commonly  used  in  dressing  and  irrigations,  and 
sublimate  tablets  are  frequently  taken  internally  by  accident  or  with  suicidal  intent. 
The  sale  of  uncolored  tablets  resembling  the  much  abused  "headache"  and  "sleeping" 
tablets  is  in  some  countries  prohibited  by  law. 

Systemic  poisoning  may  likewise  result  from  the  incautious  or  excessive  use  of 
injections  of  insoluble  mercurials.  In  one  reported  case,  death  of  a  pregnant  syphilitic 
woman  was  caused  by  21  injections  of  gray  oil  during  two  months.  Congestion  of 
the  liver  and  parenchymatous  nephritis  were  found  at  autopsy.  Death  has  followed 
a  vaginal  douche  of  2  quarts  of  1  to  4000  bichloride  and  the  insertion  of  the  commercial 
71/2  grain   (0.5  Gm.)   tablet  in  the  vagina  will  often  lead  to  severe  poisoning. 

Certain  precautions  are  necessary  in  the  medicinal  use  of  mercury.  Special  mention 
may  be  made  of  two  factors  which  increase  the  toxicity  of  the  drug  and  may  forbid  its 
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employment.  (1)  Nephritis,  even  in  mild  form,  renders  the  kidney  especially  suscepti- 
ble, and  even  small  doses  may  set  up  a  fatal  inflammation.  Death  has  resulted  under 
such  circumstances  from  one  inunction  (4  Gm.,  60  grains)  of  blue  ointment,  and  severe 
nephritis  with  stomatitis  from  10  grains  (0.6  Gm.)  of  calomel  at  a  single  dose. 

(2)  If  the  patient  is,  or  has  recently  been,  taking  any  iodide,  no  mercurial  should  be 
prescribed  as  a  cathartic  and  great  care  should  be  observed  in  the  use  of  mercury  exter- 
nally, since  highly  irritating  compounds  may  be  formed  by  the  reactions  between  iodine 
and  mercury  at  points  of  elimination.  Ignorance  or  forgetfulness  of  this  danger  has 
been  the  source  of  numerous  accidents.  Thus,  in  one  case,  severe  cystitis  resulted  from 
washing  out  the  bladder  with  a  solution  of  mercury  oxycyanide  in  a  patient  who  had 
been  taking  potassium  iodide.  In  another  case,  an  iodized  patient  suffered  with  sudden 
and  dangerous  increase  of  intraocular  tension  after  a  subconjunctival  injection  of  the 
same  mercurial.  In  many  instances  the  use  of  calomel  as  a  dusting  powder  in  the  eye, 
or  the  application  of  red  or  yellow  mercury  oxide  to  the  lids  while  the  patient  was  still 
eliminating  iodine,  has  led  to  intense  inflammation,  that  has  even  resulted  in  corneal 
opacity  with  partial  loss  of  vision. 

Toxic  Dose. — All  the  soluble  mercurials  are  poisonous  in  very  small  dose.  The 
minimum  lethal  dose  for  man,  however,  cannot  be  stated  with  precision.  Death  has 
been  reported  from  21/,  grains  (0.15  Gm. )  of  corrosive  sublimate  by  mouth  (Fuller)  and 
from  14  grain  (15  mgm.)  of  red  iodide  (Brummitt).  Dangerous  symptoms  were  observed 
from  IVg  grains  (O.l^Gm.).  On  the  other  hand,  recovery  has  been  recorded  after  the 
ingestion  of  from  180  to  375  grains  (12  to  25  Gm.)  and  we  have  seen  recovery,  under 
treatment,  from  a  dose  stated  to  have  been  five  tablets  of  about  8  grains  (0.5  Gm.) 
each.  It  is  quite  probable  that  in  the  cases  in  which  very  large  doses  have  been  taken 
without  causing  death,  absorption  has  been  in  some  manner  delayed  or  prevented,  pos- 
sibly through  vomiting  or  diarrhea.  The  bichloride  is  commonly  well  tolerated  when 
given  by  mouth,  in  doses  up  to  1,42  grain  or  even  %  grain  (0.005  to  0.0075  Gm.).  Intra- 
venously, 2  mgm.  per  kilo,  and  intramuscularly,  6  mgm.  per  kilo  is  fatal  to  animals. 
Fatal  poisoning  ha's  resulted  from  injections  of  one  percent,  solution  for  the  treatment 
of  varicose  veins.  Intravenously  or  intramuscularly  injected,  the  soluble  salts  of 
mercury,  both  organic  and  inorganic,  show  equal  toxicity  for  equal  amounts  of  mercury. 
By  the  mouth  the  most  toxic  are  the  cyanides,  bichloride,  biniodide,  and  the  double 
iodides  of  mercury  and  potassium  and  mercury  and  sodium. 

A  "mercurialized  serum"  prepared  by  treating  normal  serum  with  bichloride  and 
allowing  the  precipitate  to  dissolve  in  part,  kills  in  the  same  dose  as  bichloride,  the 
fatal  dose  of  each  in  dogs  being  the  equivalent  of  3  mgm.  of  mercury  by  vein,  and  8  mgm. 
intraspinally,  per  kilo  (Pittenger). 

The  relative  toxicity  of  mercurials  for  white  rats  has  been  tested  by  Schamberg  and 
Kolmer.  By  slow  injection  the  highest  tolerated  dose  of  mercurophen  was  8  mgm.  per 
kilo;  of  mercuric  chloride,  3  to  4  mgm.;  of  succinimide,  6  mgm.;  and  of  cacodylate,  8 
mgm.  By  rapid  injection,  the  figures  were  mercuric  chloride,  2  to  4  mgm.;  succinimide, 
2  mgm.;  and  cacodylate,  4  to  5  mgm.  Intramuscular  injections  are  about  14  as  danger- 
ous as  intravenous.  Taking  the  lowest  figure  (3  mgm.  per  kilo)  the  tolerated  single 
dose  by  intravenous  injection,  for  a  60  kilogram  animal  (the  weight  of  an  average 
man)  would  be  0.18  Gm.,  or  3  grains.  This,  however,  even  by  mouth,  is  a  distinctly 
dangerous  dose.  The  fatal  dose  of  the  biniodide  per  kilo  by  vein  is  in  dogs,  5  mgm.;  in 
guinea-pigs,  3  mgm.;  in  rabbits,  6  mgm.  White  mice  are  killed  by  subcutaneous  injec- 
tion of  12  mgm.  per  kilo  of  bichloride  and  twice  this  dose  of  potassium  mercuric  iodide. 
Cats  die  after  an  intravenous  injection  of  mercurochrome  corresponding  to  14  mgm.  of 
mercury  per  kilo  (Salant). 

The  fatal  doses  of  organic  preparations  are  stated  as  follows.  "White  rats  are 
killed  by  metaphen  intravenously,  5  mgm.  per  kilo,  and  intramuscularly  by  35  mgm. 
Guinea-pigs  die  after  12  mgm.  per  kilo  of  mercuric  succinimide  subcutaneously;  after  90 
mgm.  of  mercurosal  by  this  route  or  20  mgm.  by  vein.  Rabbits  succumb  to  intravenous 
injections  of  40  mgm.  per  kilo  of  flumerin;  10  mgm.  of  mercurochrome  or  15  mgm.  of 
mercurosal.  Dogs  are  killed  by  intravenous  injections  of  50  mgm.  per  kilo  of  flumerin 
or  25  of  mercurosal.  In  man,  the  injection  of  200  mgm.  (3  mgm.  per  kilo)  causes  some 
digestive  disturbance  but  no  renal  irritation.  Severe  inflammatory  lesions  of  the  kidneys 
and  ulceration  of  the  colon,  have  been  found  several  times  at  autopsies  on  cases  of 
septic  infection,  which  had  been  treated  with  20  to  60  cc.  of  1  percent,  mercurochrome. 
The  lesions  are  ascribed  to  mercurial  poisoning  (St.  George). 
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The  toxic  dose  of  insoluble  compounds  taken  by  the  mouth  is  subject  to  wide  varia- 
tion, owing  to  great  differences  in  absorption.  Enormous  single  doses  of  calomel  and 
other  insoluble  salts  have  been  taken  with  no  other  effect  than  severe  catharsis,  and 
the  amount  of  metallic  mercury  which  may  be  taken  at  one  dose  is  limited  rather  by 
mechanical  than  by  toxic  factors.  On  the  other  hand  toxic  phenomena  have  been  re- 
ported after  small  amounts.  Death  of  a  woman  has  resulted  from  4  grains  (0.25  Gm.) 
of  calomel  by  mouth  (Burnett  and  Pestal)  and  severe  poisoning  from  2  grains  (0.12  Gm.) 
in  1  man.  Death  followed  extensive  sloughing  of  the  buccal  mucous  membrane  in  a  boy 
of  12  years  who  had  taken  5  grains  (0.3  Gm.)   of  calomel  si)read  over  a  week   ( S.  S-C). 

We  have  seen  stomatitis  caused  in  an  adult  by  ly,  grains  (0.1  Gm.),  and  by  1/24 
grain  (0.0025  Gm.)  in  a  child  of  two  years.  Poisoning  from  such  small  doses  may  be 
ascribed  to  idiosyncrasy. 

Inunc'tions  with  1  dram  (4  Gm.)  of  metallic  mercury,  five  minutes  daily  for  a  week, 
or  less,  will  commonly  induce  salivation  in  normal  persons,  while  10  to  25  Gm.  {2y^  to  6 
drams)  will  be  required  in  syphilitics;  but  we  have  repeatedly  seen  as  much  as  3  drams 
(12  Gm.)  per  diem — tolerated  for  seven  days  or  more.  In  most  cases  this  amount  cannot 
be  given  without  intermission  and  eliminative  sweating,  for  more  than  three  or  four 
days  in  succession. 

Acute  Poisoning. — When  a  single  large  dose  of  a  soluble  salt  of  mercury,  such 
as  the  bichloride,  is  swallowed,  there  is  almost  at  once  burning  pain  in  the  mouth 
and  pharynx,  and  if  the  solution  is  strong,  spasm  of  the  throat,  leading  even  to  dyspnea. 
Esophageal  irritation  is  shown  by  retrosternal  pain.  Nausea  soon  develops,  and  there 
is  severe  pain  in  the  stomach,  with  tenderness  upon  pressure.  Vomiting  follows,  at  first 
of  mucus,  then  of  bile,  and  finally  of  blood.  Severe  purging,  with  profuse  serous  or  rice 
water  discharges,  soon  passes  into  painful  tenesmus  and  straining,  with  scanty,  blood- 
stained, mucous  stools.  Both  stools  and  vomit  may  contain  shreds  of  mucous  membrane. 
The  diarrhea  is  commonly  an  early  symptom,  but  its  onset  may  be  delayed  as  long  at 
twenty-four  hours. 

The  presence  of  food,  especially  of  soluble  proteins  in  the  stomach  at  the  time  the 
poison  is  swallowed,  tends  to  mitigate  the  local  action  and  to  retard  absorption,  by 
the  formation  of  unirritating  precipitates,  not  readily  soluble.  The  symptoms  will, 
therefore,  be  milder  and  more  prolonged. 

The  signs  of  collapse  may  come  on  very  quickly.  The  face  becomes  pale  and 
shrunken;  the  skin  cold  and  clammy;  the  pulse  thready,  feeble  and  irregular;  the 
breathing  shallow   and  hurried. 

The  urine  is  diminished  in  quantity  from  the  first,  and  soon  shows  a  large  per- 
centage of  albumin.  Casts  and  blood  sooner  or  later  appear — sometimes  sugar.  The 
secretion  becomes  more  and  more  scanty,  the  color  darker;  often  the  urine  ceases 
altogether.  The  temperature,  as  a  rule,  is  subnormal.  In  rare  cases,  fever  has  been 
observed. 

In  from  one  to  five  hours  death  may  occur  from  shock,  or  collapse  pass  into  coma 
with  cessation  of  respiration.  The  symptoms  of  gastroenteric  and  renal  irritation  may 
continue  for  a  few  days  or  even  weeks,  and  the  patient  recover;  or,  after  apparent 
Improvement,  he  may  die  from  uremia  or  exhaustion.  In  prolonged  cases,  the  symptoms 
described  under  chronic  poisoning, — stomatitis,  salivation,  cutaneous  eruptions,  espe- 
cially petfechise — may  become  evident.  The  mind  remains  clear  until  shortly  before 
death. 

Vomiting  and  diarrhea  also  occur  in  animals  that  have  received  large  doses  of 
mercurials  intravenously.  This  is  due  to  the  excretion  of  the  drug  into  the  stomach 
and  bowel.  After  the  intravenous  use  of  a  single  dose  of  merourochrome  (about  25  cc. 
of  a  1  percent,  solution,  to  a  man  weighing  60  kg.),  diarrhea  may  persist  for  days. 
There  is  commonly,  also,  a  severe  reaction  (chill  and  fever),  with  or  without  nausea 
and  vomiting;  but,  ai)parently,  the  kidneys  are  not  compromised.  Repeated  doses, 
however,  may  set  up  inflammation  and  necrosis  of  renal  tissue,  with  fatal  result. 

When  the  poison  has  been  absorbed  from  a  wound  or  cavity,  the  corrosion  of  the 
mouth  and  stomach  are,  at  first,  lacking;  but  the  choleriform  and  dysenteric  symptoms 
and  the  mercurial  nephritis  occur  in  the  manner  described.  Death  may  result  in  a  few 
hours,  but  more  commonly  the  patient  survives  for  several  days,  in  which  event  elimina- 
tion of  mercury  into  the  stomach  and  mouth  may  set  up  vomiting;  as  also  stomatitis 
with  salivation,  like  that  of  chronic  poisoning. 

MacNider  has  studied  the  course  of  poisoning  in  dogs  given  15  mgm.   (gr.   ^4 )   by 
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stomach  tube.  He  found  that  the  animals  fell  into  5  groups.  Group  1  showed  intense 
gastroenteritis,  and  died  of  shock  within  2  days,  before  the  appearance  of  any  renal 
injury.  Group  2  presented  the  picture  of  acute  acid  intoxication,  dying  with  symptoms 
of  acute  air  hunger  or  in  convulsions.  Group  3  developed  mild  acid  intoxication  with 
moderate  gastroenteritis  followed  by  kidney  injury.  All  recovered.  Group  4  showed 
an  early  acid  intoxication  with  renal  disturbance,  followed  by  temporary  improvement, 
with  return  of  acidosis  and  nephritis  and  death  in  coma  or  convulsions.  Group  5,  com- 
prising "naturally  nephropathic  animals,"  developed  rapidly  progressing  acid  intoxica- 
tion with  anuria  and  death. 

In  fatal  acute  mercurial  poisoning,  characteristic  lesions  are  found.  There  is  inflam- 
mation of  the  mouth,  especially  gingivitis,  with  ulcers  of  the  lips  and  cheeks,  and 
swelling  or  inflammation  of  the  salivary  glands,  most  marked  in  the  parotid.  Inflamma- 
tion of  the  esophagus  is  common.  If  the  poison  be  taken  in  solution,  there  will  probably 
be  edema  of  the  larynx,  and  severe  gastritis;  in  any  case,  ulceration  of  the  ileum,  and 
discolorations,  inflammation  and  ulceration  of  the  large  bowel.  Perforation  of  an  ulcer 
is  not  infrequent.  The  kidneys  show  acute  inflammation,  with  degeneration  of  the 
tubular  epithelkim  and  generalized  fatty  change.  Deposits  of  calcium  may  be  found 
in  the  tubules  and  glomeruli.  The  lungs  show  bronchial  congestion  and  edema.  The 
endocardium  may  be  the  seat  of  ecchymoses,  and  patches  of  degeneration  in  the  myo- 
cardium are  common.  The  bone  marrow  is  red  or  inflamed.  There  is  often  a  necrosis 
of  the  lower  jaw,  similar  to  that  caused  by  phosphorus.  In  the  central  nerve  system, 
there  is  found  degeneration  of  the  cells  of  the  cerebral  cortex  and  of  the  anterior  horns 
of  the  cord. 

Treatment  of  Acute  Merciirial  Poisoning. — In  acute  mercurial  poisoning,  the  two 
great  dangers  are  (1)  nephritis  with  acidosis,  and  (2)  reintoxication  by  mercury  ex- 
creted into  the  alimentary  tract.  While  the  prognosis  is  always  grave,  it  has  been  much 
improved  by  the  recognition  of  these  facts,  with  the  consequent  systematic  use  of  alkalis 
and  lavages.  Egg-white,^  with  albumin  water  or  whey,  should  be  given  as  soon  as  the 
patient  is  seen,  to  bind  any  poison  that  may  remain  in  the  stomach.  The  stomach  is 
then  washed  out,  thoroughly,  with  an  alkaline  solution  or,  if  this  be  impracticable, 
vomiting  is  to  be  favored  by  the  use  of  a  mild  emetic — as  lukewarm  mustard  water — 
tickling  of  the  fauces — or  hypodermic  injection  of  apomorphine.  Lavage  with  solution 
of  sodium  thiosulphate  is  even  better,  and  6  oz.  of  water  containing  4  drams  (15  Gm.) 
of  thiosulphate  should  be  allowed  to  remain  in  the  stomach.  Lavage  may  be  done  at 
once,  and  followed  by  the  administration  of  tannic  acid,  with  egg-albumin,  milk  (pref- 
erably pancreatized),  ice  cream,  thin  soup,  or  gelatin.  The  stomach  washing  should 
be  repeated  in  two  or  three  hours  at  the  most,  perhaps  in  an  hour  or  less;  and 
several  times  daily,  for  the  first  two  days;  after  that,  less  frequently.  Demulcent 
drinks — for  example,  flaxseed  tea — with  alkaline  citrates,  bicarbonates  or  acetates, 
may  be  given,  from  time  to  time,  as  freely  as  possible.  Cracked  ice,  ice  water, 
and  cool  water  not  iced  may  also  be  used,  if  gratefully  received  by  the  patient.  A  rather 
thick  barley  broth  with  a  meat  stock  may  be  taken  in  small  quantities  as  a  demulcent 
proteid,  but  food,  as  such,  is  to  be  kept  down  to  a  minimum  or  avoided  altogether. 

Fantus  states  that  egg-albumin  fails  to  precipitate  mercury  in  the  stomach,  unless 
given  within  15  minutes  after  the  poison  has  been  swallowed;  while  milk  and  serum- 
albumin  do  not  lessen  the  toxicity  of  the  bichloride,  even  if  they  are  taken  directly  with 
it.  He  advocates  the  early  us  of  Linhart  and  Carter's  "  antidote  in  exactly  the  follow- 
ing proportion:  Sodium  phosphite,  10;  sodivim  acetate,  6.6;  in  tablet  or  solution;  or, 
if  this  be  not  available,  a  solution  containing  sodium  hypophosphite,  1  Gm.;  solution  of 
hydrogen  dioxide,  2.5  to  5  cc. ;  water,  10  cc. ;  in  such  quantity  that  10  Gm.  of  the  phos- 
phite or  hypophosphite  shall  be  given  for  each  Gm.  of  poison  taken.  The  stomach  should 
then  be  washed  with  a  very  dilute  solution  of  the  antidote,  and  the  practice  is  to  be 
repeated  every  four  or  five  hours,  for  several  days. 

^The  whites  of  four  eggs  are  suflacient  for  each  Gm.  (15  or  16  grains)  of  bichloride 
swallowed.     In  an  excess  of  albumin,  the  albuminate  will   redissolve. 

*' Linhart  showed  that  (soluble)  mercuric  chloride  is  reduced  to  (insoluble)  mer- 
curous  chloride  by  sodium  phosphite,  instantly  and  completely,  in  the  presence  of  salts 
of  a  feeble  acid,  as  alkaline  bicarbonates,  acetates,  or  citrates,  and  proposed  this  anti- 
dote for  mercurial  poisoning  in  man,  having  observed  good  results  in  animal  experi- 
mentation. T.  A.  Carter  proposed  the  combination  of  phosphite  6,  acetate  4,  on  the 
basis  of  test  tube  experiments,  and  has  reported  70  recoveries  in  74  cases  of  bichloride 
poisoning  in  man. 
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The  bowel  should  be  irrigated  with  a  strong  solution  of  sodium  bicarbonate,  a 
demulcent  being  added  if  necessary,  and  the  irrigation  may  be  repeated  according  to 
circumstances.  If  need  be,  opium  in  minimal  doses  may  be  used  by  mouth,  by  suppos- 
itory, in  starch  water  and  laudanum  enema,  or  even  by  hypodermic  injection  of  morphine, 
to  relieve  pain  or  to  check  excessive  diarrhea  and  vomiting.  Should  bismuth  or  other 
astringent-protective  be  thought  necessary,  the  subcarbonate  or  digallate,  7iot  the  sub- 
nitrate,  is  to  be  prescribed;  or,  a  protein-tannin  compound,  with  or  without  a  like  prepara- 
tion of  silver,  or  colloidal  silver,  may  be  tried.  Water  should  be  given  freely,  preferably  as 
dilute  alkaline  bicarbonate  solution,  by  skin,  by  vein,  or  by  rectal  drip,  as  most  prac- 
ticable. Fischer's  solution  may  bo  used  intravenously — from  1  to  1.5  liters  (1  to  1.5 
quarts)  daily,  with  perhaps  the  addition  of  5  to  10  percent,  of  glucose.  Infusion  of 
broom  or  buchu,  sparteine  or  other  gentle  diuretic,  may  be  given  with  care,  if  anuria 
threaten.  Such  stimulation  is  to  be  employed  as  the  character  and  gravity  of  the  symp- 
toms may  indicate — perhaps  none.  Cocaine,  caffeine,  musk,  strychnine,  camphor,  digi- 
talis, atropine,  epinephrine  are  to  be  thought  of,  according  to  conditions  presented.  In 
severe  cases,  it  may  be  necessary  at  first,  or  later  to  apply  external  heat.  In  prolonged 
anuria,  decortication  of  the  kidney  has  been  practised  with  asserted  good  result  in  a 
proportion  of  instances.    We  have  seen  only  failure. 

Sodium  thiosulphate  should  be  given  intravenously  every  day  for  8  days,  beginning 
with  a  dose  of  5  grains  (0.3  Gm.)  in  2\/..  drams  (10  cc.)  of  distilled  water,  and  increasing 
frradually  to  30  grains  (1.8  Gm.)  in  20  cc.  of  water  (McBride  and  Dennie). 

Calcium  sulphide  is  said  by  Wilms  to  be  the  best  chemical  antidote.  It  is  injected 
intravenously,  in  filtered  solution,  one  to  500,  in  distilled  water  (one  grain  to  the  fluid- 
ounce).  "Wilms  states  that  it  should  be  given  grain  for  grain  of  the  quantity  of  poison 
taken.  In  the  test  tube  one  grain  of  calcium  sulphide  is  sufflcient  to  neutralize  four  grains 
of  mercuric  chloride.  In  most  of  the  cases,  in  which  the  grain-for-grain  rule  was  followed, 
the  patient  had  taken  from  8  to  16  grains,  i.e.,  1  or  2  of  the  ordinary  tablets.  Whether  it 
would  be  wise  to  follow  this  rule,  if  it  necessitates  the  giving  of  2  or  3  Gm.  of  calcium 
sulphide,  is  open  to  question.  Our  own  experience  is  not  sufficiently  extensive  to  decide 
the  point.  We  have  seen  benefit  from  the  method  when  the  quantity  of  mercury  was 
comparatively  small. 

After  recovery  the  patient  should  be  kept  under  observation,  diet  and  life  being 
regulated,  and  the  functions  of  the  kidneys  carefully  watched.  Iron,  perhaps  in  the 
form  of  Basham  mixture,  should  be  given  for  some  time. 

Subacute  and  Chronic  Poisoni7ig. — Subacute  and  chronic  mercurial  poisoning,  occur  in 
many  forms,  to  each  of  which  the  term  mercurialisvi  has  been  applied.  The  best  known 
is  the  local  syndrome  commonly  called  salivation  or  ptyalism,  which  results  most  fre- 
quently from  a  too  prolonged  administration  of  the  drug  in  medicinal  doses.  It  may, 
however,  be  set  up  by  brief  use  of  excessive  but  noncorrosive  quantities,  or  even  by 
small  single  doses  when  the  patient  is  very  sensitive.  We  have  seen  it  in  moderately 
severe  form,  without  other  symptoms,  as  a  consequence  of  the  inhalation  of  mercurial 
fumes  in  certain  occupations,  for  example,  the  making  of  the  pharmaceutical  prepara- 
tions, especially  gray  ointment. 

In  addition  to  the  overstimulation  of  the  salivary  glands  which  gives  name  to  the 
condition,  there  is  a  metallic  taste,  a  peculiar  fetor  of  the  breath,  marked  tenderness  of 
the  teeth,  with  a  greater  or  less  degree  of  irritation,  inflammation,  even  ulceration  of 
the  gums,  lips,  cheeks,  tongue  and  other  structures  of  the  mouth.  Hence  it  is  also 
known  as  mercurial  stomatitis. 

Formerly,  physicians  thought  it  necessary  in  using  mercurials,  and  particularly  in 
the  inunction  treatment  of  syphilis,  and  of  various  acute  inflammatory  conditions,  to 
make  sure  the  patient  was  thoroughly  under  the  influence  of  the  drug  by  pushing  it  to 
the  point  of  "touching  the  gums."  This  practice  is  now  confined  to  cases  of  special 
urgency,  as  in  some  instances  of  optic  neuritis. 

Less  familiar  is  the  form  of  chronic  poisoning,  manifested  chiefly  as  an  occupa- 
tional neurosis,  which  is  known  as  mercurial  erethism.  The  symptoms  comprise  psychic 
disturbances — as  a  rule,  depressive — and  tremors.  With  these,  or  independently,  paraly- 
sis may  occur,  sometimes  resembling  lead  palsy  or  locomotor  ataxia,  sometimes  spread- 
ing from  upper  to  lower  extremity  or  vice  versa,  and  even  to  the  jaws,  face  and  throat. 

Mercurial  skin  eruptions  are  usually  of  medicinal  origin.  They  present  nearly 
every  variety  and  degree  of  severity  possible.  The  mildest  are  erythematous,  urticarial, 
perhaps   desquamative.     More   severe   are   the   scarlatiniform    and    morbiliform    rashes. 
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with  slight  fever.  The  worst  form — rarely  seen  nowadays,  because  earlier  symptoms 
lead  to  immediate  discontinuance  of  the  drug — is  characterized  by  large  vesicles  or 
pustules,  or  may  take  on  the  appearance  of  a  facial  erysipelas,  with  fever,  delirium, — 
perhaps  death. 

In  both  medicinal  and  occupational  poisonings,  mouth,  nerve  and  skin  symptoms 
are  at  times  associated,  or  they  may  occur  in  sequence.  Stomatitis  of  some  degree  is 
indeed  present  in  every  case;  and  nearly  always  there  is  diarrhea.  Contrary  to  the 
rule  in  medicinally  provoked  stomatitis,  which  is  marked  by  a  deep  red  line  at  the 
border  of  the  gums,  occupational  cases  may  exceptionally  show  a  blue  line  in  this  situa- 
tion or  near  the  middle  of  the  alveolar  process. 

In  acute  poisoning,  the  corrosive  lesions  of  the  mouth  and  throat  are  likely  to 
obscure  the  ptyalism;   but  it  is  commonly  to  be  found  upon  looking  for  it. 

Treatment. — In  subacute  and  chronic  mercurialism.  if  of  medicinal  origin,  the  drug 
Is  to  be  withdrawn;  or  in  occupational  cases  the  patient  removed  from  the  toxic  environ- 
ment, and,  if  possible,  kept  much  in  the  open  air.  Special  symptoms  are  to  be  treated 
as  they  present  themselves.  Stomach  washing,  flushing  of  the  colon,  and  internal 
administration  of  alkaline  carbonates  or  citrates  are  always  indicated.  Lactose  in 
milk  or  water — say  3  ounces  (100  Gm.)  daily — may  be  useful.  For  the  stomatitis, 
sodium  or  potassium  chlorate  is  to  be  used  in  saturated  solution  as  a  mouth-wash 
and  gargle.  An  astringent,  commonly  tincture  of  myrrh,  is  usefully  added.  The 
chlorates  given  internally  three  or  four  times  daily  in  moderate  doses,  0.3  Gm.  (5  gr.) 
or  a  little  more,  have  apparently  a  specific  action.  Chlorate  lozenges  may  be  prescribed 
for  combined  local  and  systemic  effect.  Hydrogen  dioxide  is  a  topical  adjuvant,  healing 
being  much  more  rapid  under  its  influence.  Hot  baths,  and  especially  hot  sulphur  baths 
or  the  hot  air  cabinet,  aided  by  pilocarpine  if  need  be,  assist  elimination;  but  are 
contraindicated  in  the  presence  of  marked  skin  lesions.  Iodides  should  not  be  used 
until  the  most  acute  symptoms  have  subsided;  and  are  then  to  be  administered  with 
due  care,  to  avoid  untoward  local  reactions.  The  later  employment  of  iodides  and  sweat- 
ing is  under  discussion;  but,  while  the  effects  are  not  demonstrative  in  all  cases,  the 
weight  of  clinical  evidence  is  in  favor  of  their  use.  During  convalescence,  tonic  measures, 
especially  the  use  of  Basham  mixture,  are  indicated.  Due  attention  to  mouth  toilet 
must  be  insisted  upon.  In  nervous  cases,  rest  and  exercise  are  to  be  regulated;  and 
psychotherapy,  with  perhaps  massage  and  mild  electric  applications,  may  be  of  benefit. 

Systemic  Action:  Digestive  System. — ^When  repeated  doses  of  any  mercurial  are 
administered  by  any  method  until  intoxication  results,  the  first  and  most  pronounced 
signs  of  excessive  drug  action  are  shown  by  the  mouth.  The  reactions  may  be  very 
mild  or  very  severe,  according  to  the  quantity  of  the  poison  taken,  the  time  for  which 
it  has  been  taken,  and  the  susceptibility  or  pathologic  condition  of  the  patient.  The 
symptoms  are  least  likely  to  appear  in  syphilitics,  especially  in  late  cases;  most  likely 
to  appear  in  those  depressed  or  weakened  by  other  forms  of  disease  (acute  or  chronic). 
If  detected  early,  before  there  is  much  more  than  "touching  of  the  gums,"  that  is  to 
say,  when,  with  or  without  a  slightly  increased  flow  of  saliva,  there  is  little  more  than 
gingival  softening,  redness  and  tenderness,  with  tenderness  of  the  teeth  upon  pressure, 
as  in  eating  or  striking  the  jaws  together — the  more  serious  symptoms  may  be  averted. 
The  first  sign  may  be  a  fetid  odor  to  the  breath,  associated  with  a  metallic  taste;  this 
may  be  preceded,  or,  if  not,  is  shortly  followed,  by  the  tenderness  of  the  teeth  and  the 
Increased  flow  of  saliva;  the  gums  are  boggy,  their  color  dusky  or  scarlet,  with  a  dark- 
red  line  at  the  dental  margin  and  perhaps  oozing  of  blood.  If  the  drug  be  continued, 
there  will  be  increased  swelling  and  inflammation  with  hemorrhagic  ulceration  about 
the  base  of  the  tooth.  The  teeth  become  very  tender  and  then  loosened  by  inflammation 
of  the  alveolo-dental  periosteum.  In  grave  cases  they  may  be  detached.  These  condi- 
tions are  much  more  severe  in  persons  who  are  careless  about  cleansing  the  teeth  or 
who  have  dental  caries,  and  they  are  said  to  be  favored  by  the  use  of  tobacco.  Mercurial 
stomatitis  occurs  most  readily  during  periods  of  dental  evolution,  and  is  thus  rare  In 
infants  before  dentition  and  in  old  persons  who  have  lost  their  teeth.  Pregnancy  pre- 
disposes to  it  markedly,  and  in  general  it  is  more  easily  produced  in  women  than  in 
men.  Even  in  mild  cases  there  may  be  slight  glossitis,  and  in  severe  cases  the  inflamed 
tongue  may  become  so  swollen  as  to  protrude  from  the  mouth  and  prevent  deglutition. 
The  stimulation  of  the  salivary  glands  leads  to  extreme  hypersecretion  (salivation). 
The  parotids  become  large  and  tender,  and  a  thick,  ropy  mucus  continually  pours  from 
the  mouth.    In  severe  cases  the  secretion  may  amount  to  three  or  four  quarts  in  a  day. 
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The  salivation  Is  stopped  by  atropine,  showing  that  it  results  from  nerve  influence  and 
not  from  a  direct  action  on  the  gland  cells.  It  is  not  a  reflex  effect  of  the  stomatitis, 
as  it  may  occur  with  no  inflammation  of  the  mouth.  Conversely  a  stomatitis  may  occur 
with  no  salivation,  the  mouth  and  tongue  being  dry  and  hard.  Rarely,  all  the  tissues 
of  the  mouth  and  tongue  are  enormously  swollen  or  ulcerated;  the  palate,  the  pharynx 
and  even  the  larynx  become  edematous;  deglutition  is  impossible.  Sloughing  may 
occur,  tlie  necrosed  tissues  peeling  off  in  great  white  flakes,  resembling  an  exaggerated 
diphtheric  pseudo-membrane.  Weakened  by  pain,  salivation,  blood-loss,  insomnia,  and 
starvation,  the  patient  dies.  In  other  cases,  the  stomatitis  passes  into  a  chronic  state; 
the  ulcerations  of  the  gums  persist;  the  teeth  gradually  fall  out  and  even  portions  of 
the  lower  j§,w  may  be  necrosed. 

Mercurial  stomatitis  is  not  to  be  attributed  to  the  influence  of  the  drug  alone,  but 
in  much  greater  measure  is  a  bacterial  process  set  up  in  tissues  weakened  by  the  local 
action  of  the  poison  during  its  elimination.  This  local  action  is  not  only  that  of  the 
mercury  contained  in  the  saliva,  but  also  of  that  portion  which  passes  out  from  the 
tissues  and  tissue  elements  themselves.  Two  factors  are  at  work:  first,  mercury,  which 
impairs  the  regenerative  power  of  the  mucous  membrane  and  destroys  the  epithelium, 
especially  at  the  site  of  previous  lesions,  which  may  indeed  have  been  so  slight  as  to 
escape  notice,  and  second,  the  bacteria  of  the  mouth,  which,  developing  on  the  soil  thus 
prepared,  assume  pathogenic  power  absent  under  other  conditions.  This  explains  the 
otherwise  paradoxical  observations  of  Bockhart  and  Gallip,  who  were  able  to  control 
mercurial  stomatitis  by  local  applications  of  corrosive  sublimate.  The  treatment  influ- 
enced the  secondary  septic  process. 

In  some  persons,  even  medicinal  doses  of  the  bichloride  and  the  iodides,  especially 
the  protoiodide,  may  interfere  with  digestion,  causing  loss  of  appetite,  colic  and  diarrhea — 
less  frequently,  nausea  and  vomiting.  The  bichloride  and  biniodide  affect  the  stomach 
chiefly,  while  the  green  iodide  has  a  greater  effect  upon  the  bowel.  The  diarrhea  pro- 
voked may  interfere  with  absorption,  so  that  opium  or  opium  and  atropine  are  com- 
monly given  in  association  with  the  mercurial,  when  a  rapid  and  pronounced  impression 
is  aimed  at.  Habituation,  however,  may  be  brought  about,  except  in  the  most  sensitive 
individuals,  by  the  use  of  sufficiently  small  doses,  gradually  and  cautiously   increased. 

Like  symptoms  are  observed  from  inhalation,  in  industrial  poisoning,  in  which 
vomiting  is  not  uncommon. 

Turpeth  mineral  (yellow  mercury  subsulphate)  in  doses  of  from  0.12  to  0.3  Gm. 
(2  to  5  gr.)  is  an  emetic,  and  was  at  one  time  much  used  to  cause  therapeutic 
vomiting,  especially  in  membranous  croup.  If  successful,  its  prompt  ejection  prevented 
corrosive  action,  but,  if  too  small  a  dose  was  retained,  it  sometimes  set  up  severe  and 
even  fatal  gastroenteritis.  For  this  reason  physicians  have  abandoned  (or,  if  any  has 
not,  he  ought  to  abandon)   the  practice. 

Insoluble  mercurials  in  small,  repeated  doses,  even  when  pushed,  exert  little  effect 
on  the  normal  stomach,  although  there  may  be  loss  of  appetite. 

In  certain  cases  of  toxic  and  irritant  vomiting,  however,  minute  doses  of  calomel 
fend  to  restrain  or  overcome  the  symptoms,  even  before  their  purgative  action  is  mani- 
fest. 

Given  by  mouth,  all  mercurials,  whether  in  a  single  dose  or  in  repeated  small  doses, 
and,  in  some  persons,  even  in  very  minute  amount,  increase  peristalsis  and  frequently 
purge.  That  this  is  largely  a  local  action  is  shown  by  the  markedly  greater  influence 
of  the  insoluble  salts,  of  which  the  mild  chloride  is  most  frequently  used.  Division  of 
the  dose  and  mechanical  subdivision  of  the  drug  by  trituration  with  a  sufficient  quantity 
of  an  inert  substance,  such  as  sugar  of  milk,  increases  the  effect  because  a  greater 
quantity  can  be  converted  into  soluble  form.  Thus,  one  grain  of  calomel  taken  during 
an  hour  or  two  in  6  or  8  portions,  has  as  much  cathartic  action  as  5  grains  at  a  single 
dose. 

Intravenous  Injections  of  soluble  mercurials  have  little  effect  on  peristalsis  and  no 
constant  effect  on  strips  of  bowel  in  vitro. 

Since  a  part  of  the  drug  is  excreted  into  the  intestines — chiefly  the  ileum  and  colon— 
however  it  may  have  been  administered,  there  is  a  secondary  topical  action  which 
increases  the  laxative  effect;  at  the  same  time  softening  the  discharges  by  a  gentle  stimu- 
lation of  the  glands  of  the  lower  bowel.  In  excessive  quantity,  irritation  and  diarrhea 
result,  even  from  hypodermic  injections. 

In   chronic   intoxication,   mercury   excreted    into   the   large   Intestine    may    produce 
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inflammation  with  erosions  and  ulcerations  lilve  tliose  of  chronic  dysentery,  and  even 
perforation.     Colic  suggesting  lead  colic  may  occur. 

Metallic  mercury,  swallowed  in  bulk,  is  a  mechanical  purgative  largely  by  virtue 
of  its  weight;  but  at  the  present  day  it  is  rarely  given  in  this  form  or  for  this  purpose. 
Finely  divided,  as  in  blue  pill  or  gray  powder,  its  action  is  like  that  of  calomel. 

The  gray  green  color  of  mercurial  stools  was  formerly  ascribed  to  biliverdin  which, 
indeed,  is  present;  but  the  color  appears  when  the  bile  duct  is  ligated,  and  is  probably 
owing  to  mercuric  sulphide. 

The  action  of  mercury  on  the  liver  is  extremely  obscure.  That  it  either  stimulates 
that  organ  to  increased  activity,  or  causes  an  outpouring  of  stored  bile,  has  been  the 
opinion  of  practitioners  almost  from  time  immemorial.  Nevertheless,  experiments  on 
animals  with  biliary  fistula  show  without  exception  a  lessened  secretion,  both  in  fluid 
and  in  solids,  whether  the  mercurials  are  injected  or  given  by  mouth.  Clinical  observa- 
tions, on  the  other  hand,  show  an  increased  output  with  the  stools.  Normally,  very 
little  bile  pigment  can  be  discovered  in  the  feces,  but,  after  the  use  of  calomel,  it  is 
present  in  large  quantity.  It  has  been  suggested  that  the  cathartic  action  of  mercury, 
combined  with  its  antiseptic  power,  permits  biliverdin  to  reach  the  rectum  unchanged, 
whereas  it  is  commonly  destroyed  by  bacterial  action  higher  in  the  bowel.  This,  how- 
ever, scarcely  explains  all  the  facts,  since  other  cathartics,  associated  with  antiseptics, 
do  not  have  the  "antibilious"  effect  of  calomel,  or  show  the  same  increase  of  biliary 
coloring  matter  in  the  stools,  although  they  prevent  the  similar  decolorization  of  bili- 
verdin which  results  from  putrefaction  in  vitro.  The  reason  for  the  conflicting  results 
must  apparently  await  further  study. 

Calomel  kills  organized  ferments,  but  does  not  modify  the  action  of  the  digestive 
enzymes,  whether  of  the  saliva,  of  the  gastric  juice,  or  of  the  pancreatic  juice.  In  the 
culture  tube,  it  prevents  the  development  of  micro-organisms  or  lessens  their  vital 
activity.  Kolmer  and  Raiziss  have  shown  that  this  action  does  not  depend  upon  solu- 
bility; hence  it  may  occur  in  the  bowel,  without  conversion  of  calomel  into  a  soluble 
salt. 

Pancreas. — In  a  few  cases  of  acute  poisoning,  pancreatitis  has  been  seen  post 
mortem;  and  the  pain  in  the  upper  abdomen  observed  may  be  in  part  attributable  to 
this  condition.  "Whether  the  glycosuria,  occasionally  noted,  is  of  pancreatic,  renal  or 
other  origin,  cannot  be  said. 

Blood. — Mercury,  even  in  small  dose,  increases  the  water  content  of  the  blood,  and 
lessens  its  alkalinity — a  fact  of  great  importance  in  acute  poisoning,  and,  especially,  in 
connection  v/ith  the  effect  of  the  drug  on  the  kidneys.  The  increased  hydrogen-ion  con- 
centration is  ascribed  to  the  presence  of  lactic  acid;  to  which  also  have  been  attributed 
the  lesions  of  the  bones  which  are  occasionally  seen. 

Mercuric  chloride  in  very  dilute  solution  (1:  30,000)  added  to  suspensions  of  leu- 
cocytes and  staphylococcus  in  vitro,  causes  slight  stimulation  of  phagocytosis;  with 
1:  12,000  phagocytosis  approximates  that  of  the  control;  with  greater  concentrations  it 
becomes  less.  Even  with  1:20,000,  although  stimulated  at  first,  it  ceases  in  half  an 
hour  (Manwaring  and  Ruh). 

The  leucocytes  show  inhibition  of  ameboid  motions,  in  solutions  of  1:  40,000  in 
serum,  and  live  but  a  few  minutes,  in  a  solution  of  1:  10,000.  Although  the  plasma  may 
contain  the  albuminate  in  solution,  it  never  reaches  such  proportions  in  the  body. 
Nevertheless,  there  is  commonly  an  increased  destruction  of  leucocytes,  with  consequent 
stimulation  of  reproduction;  but,  as  the  destruction  may  predominate,  their  number  is 
often  diminished,  especially  under  the  influence  of  full  doses. 

As  to  the  erythrocytes,  experiment  has  cleared  up  conflicting  clinical  observations 
by  showing  that  they  increase  under  small  doses,  and  decrease  under  large  ones.  In 
man,  a  too  prolonged  use  of  the  drug  may  lead  to  pallor,  loss  of  appetite  and  symptoms 
resembling  those  of  chlorosis.  In  syphilitics,  however,  while  the  earlier  periods  of 
mercurialization  may  show  a  decrease  of  red  cells — perhaps  preceded  by  a  brief  rise  in 
number — the  hemoglobin  content  and  cell  count  are  both  permanently  increased;  prob- 
ably through  the  specific  action  of  the  medicament  upon  the  spirochetes,  with  conse- 
quent lessening  of  disease-poisons,  and  general  improvement  of  nutrition.  This  is  evi- 
dent during  the  use  of  the  drug,  but  is  commonly  much  increased,  after  it  has  been 
withdrawn. 

Circulation. — In  mercurial  intoxication  and  experiments  upon  animals,  endocardial 
ecchymosis,  especially  in  the  left  ventricle,  have  been  observed.     The  muscular  fibers 
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of  the  heart  sometimes  undergo  degeneration,  and  may  show  deposits  of  a  pigment 
apparently  derived  from  the  hemoglobin.  Weak  solutions  of  sublimate  and  other  soluble 
mercurials  injected  in  frogs  paralyze  the  heart  in  diastole.  In  cats  and  dogs,  injections 
of  2  to  4  mgm.  (gr.  1/30  to  I/IC)  cause  a  fall  of  blood-pressure  and  momentary  arrest 
of  the  heart  not  due  to  vagus  action.  A  similar  effect  is  seen  from  a  dose  of  mercuro- 
chrome  containing  10  mgm.  of  Hg.  per  kilo  (Salant).  Prolonged  use  of  mercury  in  man 
may  produce  a  condition  of  irritable  heart;  the  cardiac  impulse  is  weakened,  the  pulse 
becomes  small  and  soft,  and  palpitation  results  upon  slight  exertion  or  emotional  excite- 
ment. In  the  collapse  of  acute  intoxications,  the  pulse  becomes  small  and  thready,  and 
often  irregular.  The  reduction  in  pulse  rate  that  is  sometimes  noted,  when  caloif^l 
has  been  given  in  the  course  of  an  infective  fever,  is  probably  secondary,  and  not  owing 
to  direct  drug  influence.  The  isolated  heart  of  the  frog  or  turtle  is  paralyzed  by  a  dosage 
of  1:  100,000  or  1:  1,000,000  (Salant).  In  syphilitics,  myocarditis  and  arteriosclerosis 
are  much  more  common  than  is  generally  recognized,  and  mercurials  improve  cardio- 
vascular conditions,  not  by  direct  modification  of  function,  but  by  their  specific  anti- 
pathogenic  action  and  general  betterment  of  nutrition. 

Respiration. — Mercury  has  no  direct  influence  on  the  respiratory  system.  The 
dyspnea  which  may  accompany  acute  intoxication  is  due  to  exhaustion  or  to  edema  of 
the  larynx  and  perhaps  of  the  uvula,  from  local  inflammation.  The  lungs  and  bronchi, 
at  autopsy,  may  be  congested  or  edematous. 

Metabolism. — In  general,  mercury  acts  on  the  nutrition  in  much  the  same  way  as 
arsenic.  Therapeutic  doses  produce  no  marked  change  in  the  general  nutrition,  unless, 
as  in  syphilitics,  there  have  been  changes  secondary  to  local  or  general  lesions,  which 
heal  under  the  influence  of  the  drug;  or,  on  the  other  hand,  there  is  chronic  intoxica- 
tion from  continuing  its  use  too  long.  In  workmen  who  are  constantly  exposed  to  the 
fumes  of  mercury,  severe  cachexia,  with  extreme  emaciation,  may  occur.  This  is  asso- 
ciated with  the  nerve  phenomena  termed  "mercurial  erethism."  Rarely,  such  Avorkers 
exhibit  a  condition  resembling  scurvy.  There  is  anemia  and  wasting,  pain  in  the  bones 
and  joints,  frequently  loss  of  hair  and  commonly  more  or  less  severe  diarrhea.  There 
may  be  inflammation  of  the  bone  marrow,  with  discalcifying  osteitis  and  periostitis,  or 
necrosis  of  the  jaw  bone.  The  renal  injury  of  chronic  bichloride  poisoning  is  associated 
with  acidosis    (MacNider). 

Temperature. — The  temperature  is  not  directly  influenced,  by  mercury,  in  normal 
persons,  although  calomel  may  reduce  fever.  This,  like  the  fall  of  temperature  accom- 
panying collapse  in  acute  poisoning,  and  the  fever  that  occurs  with  septic  inflammation 
of  the  mouth,  is  secondary  to  other  effects. 

Nerve  System. — In  therapeutic  doses,  mercury  does  not  produce  nervous  phenomena. 
Kussmaul  attributed  to  an  influence  of  continued  doses  upon  the  brain  a  state  of 
"timidity  and  perplexity"  which  he  observed  in  patients  who  had  undergone  prolonged 
treatment,  but  it  is  quite  possible  that  this  was  of  psychic  origin,  perhaps  hysteric. 
Various  observers  have  reported  headache,  insomnia,  nocturnal  hallucinations,  vertigo 
and  even  epileptiform  convulsions. 

Persons  exposed  to  mercurial  fumes  in  their  occupation,  such  as  workers  in  mer- 
cury mines,  mirror  and  thermometer  makers  and  others,  often  show  a  condition  known 
as  "mercurial  erethism."  Tremor,  more  or  less  generalized  and  sometimes  quite  violent, 
is  accompanied  at  first  by  headache,  mental  anxiety,  fear  and  excitability;  later  by 
epileptiform  attacks,  hallucinations  and  hypochondria.  The  trembling  may  come  on 
gradually,  or  appear  suddenly,  without  any  other  symptom,  even  stomatitis.  In  the 
majority  of  cases  it  develops  insidiously,  beginning  with  a  sensation  of  feebleness  in 
the  limbs,  with  pulselike  throbbings,  and  sometimes  an  intense  pain  in  the  muscles. 
The  arms,  legs  and  face  are  successively  involved.  The  patient  talks  slowly  and  with 
difl^culty.  The  tongue  also  is  tremulous.  In  rest,  the  tremor  is  absent  or  barely  notice- 
able, but,  like  that  of  diffuse  sclerosis,  it  is  considerably  increased  by  voluntary  move- 
ment, by  effort,  by  emotion,  or  after  fatigue  or  alcoholic  excess.  Eventually,  it  becomes 
constant,  and  may  even  persist  during  sleep. 

Many  authors  compare  the  tremors  of  mercurial  poisoning  with  paralysis  agitans. 
Others  consider  it  an  hysterical  phenomenon,  looking  upon  the  mercury  as  a  suggestive 
exciting  agent.  Most  authorities,  however,  attribute  it  to  a  direct  action  of  the  drug  on 
the  brain,  the  cord,  and  the  peripheral  nerves,  entirely  comparable  with  plumbism  or 
arsenical   poisoning. 

"Workers  in  mercury  may,  indeed,  exhibit  paralyses  like  those  caused  by  lead.    Some- 
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times  wrist-drop,  again  monoplegia,  or  even  multiple  paralyses.  Localized  anesthesias 
commonly  accompany  the  motor  palsy,  and  hemianesthesia  has  been  noted;  but  the 
loss  of  sensation  in  the  affected  areas  is  rarely  absolute.  Anosmia  and  amblyopia  have 
also  been  observed. 

The  lesions  of  the  peripheral  nerves  have  a  special  character.  There  is  a  pro- 
gressive destruction  of  the  myeloid  sheath,  with  conservation  of  the  axis-cylinder. 
Unlike  lead  palsy,  the  electric  contractility  is  preserved.  There  is  no  wasting  of  the 
muscles,  and  the  tendon  reflexes  persist. 

,    More  or  less  severe  temporary  nervous  symptoms  are  likely  to  follow  the  intradural 
Jj^^'Ction  of  any  soluble  mercurial. 

Kidneys. — Insoluble  salts  of  mercury,  given  by  mouth,  and  soluble  salts  injected 
subcutaneously,  cause  a  very  marked  increase  in  the  flow  of  urine,  affecting  especially 
the  water.  The  diuresis  was  formerly  attributed  to  stimulation  of  the  renal  cells,  but 
from  more  recent  studies  it  would  seem  not  to  be  due  to  any  direct  effect  on  the  kidneys, 
but  rather  to  an  increase  in  the  water  content  of  the  blood.  This  hydremia  arises 
directly  from  an  action  of  the  drug  on  the  cells  of  the  small  bowel,  by  which  absorption 
of  water  is  prevented.  An  excess  of  fluid  thus  passes  into,  and  accumulates  in  the  large 
intestine.  The  mercury  then  being  precipitated  as  sulphide  no  longer  hinders  absorp- 
tion; the  fluid  is  taken  up  rapidly,  and  hydremia  results.  The  excess  of  water  is  not 
bound  to  the  blood  colloids,  and  therefore  tends  to  escape  by  the  kidneys.  The  proof 
of  this  theory  is  that,  if  a  fistula  be  made  at  the  ileocecal  junction,  and  the  fluid  be 
thus  prevented  from  entering  the  large  bowel,  neither  hydremia  nor  diuresis  will  occur. 
According  to  another  view,  however,  the  diuresis  results  from  interference  by  the  drug 
with  reabsorption  of  water  from  the  renal  tubules. 

It  is  to  be  noted  that  mercurial  diuresis  is  brought  about,  in  man,  with  especial 
readiness,  in  cases  of  cardiac  dropsy  without  kidney  lesion.  Moderate  doses  of  calomel 
(0.12  Gm.  —  2  grains)  three  times  daily  may  be  sufficient  for  the  purpose.  On  the  other 
hand,  it  is  to  be  remembered  that  the  kidney  is  rapidly  injured  by  mercurials  and 
suffers  greatly  in  acute  merclirial  poisoning.  For  this  reason  mercurials  are  not  to  be 
administered  when  there  is  renal  disease,  and  the  urine  must  be  watched  carefully 
during  any  prolonged  course  of  the  drug.  The  modern  agent  novasurol  is  no  more 
exempt  from  this  danger  than  the  older  preparations.  Some  fatalities  have  marked  its 
incautious  use. 

Even  slightly  excessive  doses  of  the  soluble  mercurials  provoke  albuminuria,  and, 
in  acute  poisoning,  the  kidneys  are  always  severely  inflamed,  nephritis  remaining  after 
recovery  from  the  intoxication.  In  acutely  fatal  cases  there  are  lesions  confined  largely 
to  the  tubules;  in  more  prolonged  poisoning  there  is  interstitial  involvement  and 
deposits  of  calcium  phosphate,  the  origin  of  which  is  not  understood,  in  the  cells  of 
the  convoluted  tubules. 

Skin. — Apart  from  the  petechise  observed  in  corrosive  poisoning,  the  eruptions  pro- 
duced by  the  action  of  mercury  are  of  two  sorts:  (1)  those  arising  from  local  irritation 
by  inunction  or  surface  application  of  ointments,  or  irritation  by  solutions,  and  (2) 
those  attributable  to  systemic  action  after  absorption,  and  which  occur  chiefly  in  sensi- 
tive subjects.  Those  that  follow  inunctions  are  seen  principally  in  hairy  regions,  and 
are  usually  of  the  nature  of  a  severe  acne.  They  may  largely  be  avoided  by  selecting 
parts  with  no  coarse  hair,  and  changing  the  region  of  application  frequently.  Blackish 
discoloration  of  the  skin,  from  mercury  deposits,  may  also  result. 

The  eruptions  produced  in  susceptible  persons  by  the  systemic  action  of  mercury 
are  very  variable.  In  the  most  benign  form,  there  is  a  simple  dermatitis,  perhaps 
desquamative,  a  mild  urticaria  or  a  slight  erythema,  particularly  in  the  folds  of  the 
joints,  with  perhaps  the  eruption  of  very  small  vesicles,  but  no  fever.  Somewhat  more 
severe  are  rashes  resembling  those  of  measles,  and  of  scarlatina.  In  some  cases  there 
is  general  sweating,  and  eruptions  resembling  miliaria  have  been   reported. 

In  the  febrile  form,  the  erythema  involves  the  entire  surface,  pruritus  is  intense, 
giant  wheals  or  large  vesicles,  or  even  pustules  like  those  of  variola,  appear;  the  body 
temperature  is  elevated,  and  therewith  there  may  be  associated  stomatitis  and  even 
angina. 

The  malignant  form,  which  may  develop  if  the  application  of  the  mercurial  be 
continued  after  the  appearance  of  the  vesicles,  is  characterized  by  painful  tumefaction 
of  the  skin,  a  red  or  purplish  inflammatory  eruption  upon  the  face,  involving  the  eye- 
lids, and  the  formation  of  bullae  or  ulcers,  from  confluence  of  the  vesicles  or  pustules. 
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There  may  be  high  fever.  A  fetid  odor  exhales  from  the  person  of  the  patient.  On  the 
eighth  to  tenth  or  twelfth  day,  desquamation,  commonly  massive,  occurs. 

Other  symptoms,  present  at  times,  are  adenitis,  superficial  abscesses  and  gangrenous 
sores.  Exceptionally,  this  form  is  accompanied  by  delirium,  and  terminates  in  death. 
In  some  cases,  the  milder  phenomena  of  the  varied  forms  are  mingled. 

In  some  instances  of  mercurial  cachexia,  leg  ulcers  have  been  observed. 

In  mercurial  erethism,  there  may  be  a  brownish  discoloration  of  the  whole  body, 
with  dryness  of  the  skin. 

Therapeutics:  Topical. — The  earlier  bacteriologisfs  demonstrated  the  high  germi- 
eidal  power  of  the  mercurials  and,  in  especial,  of  .solution  of  the  bichloride,  which  soon 
became  the  favorite  antiseptic  application  not  only  of  surg^eons  and  obstetricians, 
but  also  of  the  public.  Many  cases  of  mercurial  poisoning',  some  of  them  fatal,  were 
caused  by  its  use  in  wounds  and  by  its  employment  in  the  vagina  as  a  contracept  or 
nun-ely  as  a  cleansing  irrigation;  while  still  other  fatalities  arose  from  swallowing  the 
tablets — that  were  and  are  marketetl  so  freely — either  with  deliberate  suicidal  intent 
or  in  mistake  for  some  of  the  less  immediately  dangerous  "headache,"  "insomnia"  and 
"neuralgia"  tablets.  Bichloride  tablets  should  always  be  distinctly  colored  and  prefer- 
ably of  a  distinctive  shai)e;  and  while  their  many  legitimate  uses  are  to  be  acknowl- 
edged, their  indi.scriminate  employment  should  be  discouraged.  Bichloride  solutions 
(1:4000  to  1:  1000)  are  still  used  (although  not  so  commonly  as  some  years  ago)  for 
general  antiseptic  purposes — i.e.,  in  preparing  fields  of  operation,  in  dressing  infected 
vvounds,  in  cleansing  the  hands  of  the  surgeon  and  the  accoucheur,  in  disinfecting 
fabrics  and  discharges,  as  gargles  and  sprays,  as  douches,  and  so  on. 

Other  mercurials,  chiefly  the  biniodide  (as  potassio-mercuric  iodide)  and,  more 
recently,  various  organic  compounds,  are  used  in  like  manner,  some  of  the  latter, 
indeed,  tending  to  displace  the  bichloride  and  biniodide  in  a  wide  range  of  uses. 
Hermophenyl  and  sublamine  (Kronig  and  Blumberg)  never  attained  much  vogue  in 
the  United  States,  and  are  probably  not  used  now  to  any  great  extent  in  Europe,  but 
they  opened  the  way  for  agents  that  have,  at  least,  greater  present  repute,  of  which 
two  types  may  be  specially  cited,  Mercurophen  (Schamberg,  Kolmer  and  Raiziss)  or 
merkuri-nitro-phenyl  (Hantzsch  and  Auld),  and  metaphen  (Raiziss  and  Severac)  were 
synthetized  to  gain  the  increase  of  bactericidal  power,  Avith  lessening  of  irritative 
properties,  of  coagulative  action  and  of  toxicity,  brought  about  by  the  introduction  of 
a  nitro-group  into  the  benzene  ring  of  an  organic  mercurial.  They  are  from  3  to  4 
times  more  active  than  bichloride  and  have  the  advantage  of  not  injuring  instruments 
or  rubber.  Meircurochrome  (Young,  Hill  and  Swartz)  was  produced  to  gain  the 
penetrating  power  added  by  a  stain  capable  of  entering  the  tissue  cells,  and  especially 
for  local  use  in  gonocoeeic  infections.  Its  bactericidal  power  against  streptococci  and 
staphylococci  has  greatly  enlarged  its  field,  and  it  is  used  in  all  forms  of  local  infec- 
tions, having  become  also  a  popular  domestic  remedy.  It  must  be  used  in  rather  high 
concentration,  0.5  to  2  percent.,  or  mare;  and  its  staining  properties  are  somewhat  of 
a  drawback  in  certain  situations.  To  overcome  this,  a  somewhat  different  compound, 
merosyl,  was  produced  by  the  same  experimenters.  It  proved  to  be  an  active  disin- 
fectant even  in  the  presence  of  serum  and  urine,  ranking  in  this  respect  above  mercuro- 
chrome,  and  with  tlie  bichloride  and  biniodide.  It  is,  however,  not  only  more  irritating, 
but  also  about  four  times  more  toxic  than  the  earlier  compound,  and  is  devoid  of 
penetrating  power.  It  is  thus  adapted  to  superficial  rather  than  deep  infections,  and 
while  active,  especially  as  a  prophylactic,  when  applied  upon  wet  dressings  to  clean 
wounds,  and  even  at  times  as  an  irrigation  (1  :  1000),  in  wounds  where  there  is  some 
deep  involvement,  is  unsuccessful  in  tuberculous  wounds  or  in  the  presence  of  sloughs 
and  necrotic  tissues.  After  the  latter  have  been  removed,  it  is  said  to  promote  healing 
and  prevent  the  spread  of  infection.     In  0.5  percent,  solution,  it  is  used  to  disinfect 
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catheters  and  drainage  tubes  before  insertion,  and  for  injection  through  ureteral  as 
well  as  urethral  catheters  before  withdrawal.  Instillations  into  the  bladder  before  and 
after  the  use  of  sounds  are  advised  to  prevent  chills,  and  retention  catheters  are  said 
to  be  kept  sterile  for  days  by  frequent  irrigation  with  the  solution. 

The  mercurials  in  general  are  affective,  too,  against  the  animal  and  vegetable 
parasites  of  the  skin,  and,  to  a  certain  extent,  those  of  the  bowel.  In  addition,  the 
inorganic  compounds,  rich  in  the  element  Hg.,  have  an  ancient  and  extensive  field  of 
employment  as  "antiphlogistics"  and  ''resolvents",  that  is  to  say,  in  controlling  inflam- 
mations and  bringing  about  the  resorption  and  disappearance  of  proliferations  and 
exudates. 

According  to  tradition  in  some  instances,  and  to  convenience  in  others,  special 
preparations  have  been  preferred  for  certain  uses — thus,  metallic  mercury,  as  an  oint- 
ment for  enlarged  glands;  ammoniated  mercury,  in  va.rious  shin  affections;  mercuric 
nitrate  solution  or  ointment,  in  venereal  lesions  and  as  a  local  hemostatic  and  pro- 
tective dressing  after  curetment  of  epithelioma;  yellow  (mercuric)  oxide  ointment,  in 
inflammation  of  the  eyelids;  calomel,  as  a  dusting  powder  in  the  eyes,  nose  and  throat. 
The  choice  is  sometimes  governed  by  the  relative  antiseptic  or  antiparasitic  powers 
of  the  various  preparations;  sometimes  by  the  degree  of  local  irritation  (or  destruc- 
tion) produced;  sometimes  by  the  desire  to  favor,  and  sometimes  by  the  attempt  to 
avoid,  absorption  and  consequent  systemic  action.  In  many  applications  the  older 
compounds  have  been,  or  are  being,  displaced  by  those  of  recent  introduction,  and  in 
others  in  which  "alterative"  action  upon  tissue  was  sought,  radiant  energy  in  various 
forms  has  been  substituted.  The  various  conditions  and  ways  in  which  compounds 
of  mercury  were,  or  are,  still  utilized  topically,  will  not  be  detailed  in  full,  but  a  suf- 
ficient number  will  be  cited  to  illustrate  the  general  character  of  the  compounds 
selected  for  special  uses.  It  is,  perhaps,  not  superfluous  to  emphasize  again  the  neces- 
sity for  watchfulness  to  avoid  the  induction  of  mercurial  poisoning  through  undesired 
absorption ;  and,  especially,  the  need  to  become  informed  as  to  possible  idiosyncrasy  of 
the  patient.  Neither  Dakin  solution  nor  iodine  should  be  permitted  to  come  in  con- 
tact with  any  of  the  mercurials  in  cases  in  which  both  classes  of  agents  might  be 
employed   coincidently,   as  their  reaction  might  give  rise   to   toxic   compounds. 

In  obstinate  cases  of  threadworms,  when  extraordinary  measures  seem  necessary, 
ointment  of  mercuric  nitrate  or  blue  ointment  may  be  incorporated  into  suppositories, 
one  of  which  is  inserted  every  other  night  for  a  week.  The  quantity  of  either  of  the 
mercurial  imguents  used  in  each  suppository  should  not  exceed  8  grains  (0.5  Gm.) 
for  an  adult,  or  half  that  quantity  for  a  child  of  10  years.  For  younger  children  it  is 
to  be  reduced  further.  It  is  possible  also  that  the  calomel,  blue  mass  or  gray  powder, 
so  commonly  used  in  conjunction  with  santonin  and  other  anthelmintics,  may,  in 
addition  to  its  expulsive  effect,  assist  in  the  destruction  of  intestinal  worms  and  their 
ova.  In  pediculosis  capitis,  pediculosis  corporis  and  pediculosis  pubis,  solutions  of 
bichloride  in  vinegar  (1:500)  are  effective,  especially  against  the  ova  clinging  to 
hairs.  In  the  treatment  of  pubic  infestation,  mercurial  ointment  was  at  one  time 
much  in  vogue,  but  as  it  may  set  up  a  severe  dermatitis,  its  use  is  not  to  be  prolonged ; 
nor,  indeed,  to  be  instituted  unnecessarily. 

In  the  parasitic  affections  of  the  shin,  and  especially  those  of  the  scalp  and  bearded 
regions,  as  favus  and  sycosis,  mercurials,  and  indeed  most  drugs,  have  been  largely 
superseded  by  the  x-ray.  Illustrative  mention  may  be  made,  however,  of  applications 
that  were  found  serviceable,  and  may  still  be  used  when  the  x-ray  is  not  available. 

In  the  milder  kinds,  such  as  tinea  versicolor  and  some  other  forms  of  pityriasis, 
should  sodium  thiosulphate  prove  ineffective,  weak  solutions  of  mercurochrome  (0.5 
percent.),  metaphen  or  mercurophen  (1 :  20,000  to  1 :  5000),  or  ointment  of  ammoniated 
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niert'iiry  (1  to  4  percent.)  may  be  used,  and  these  are  also  applied  in  linea  circinata. 
In  obstinate  cases  of  the  latter,  stronger  applications,  such  as  bichloride  in  alcohol 
or  in  compound  tincture  of  benzoin  (1:250  to  1:100),  may  be  made  once  or  twice 
daily,  or  a  solution  may  be  used  of  biniodide  (1  to  3)  in  tincture  of  iodine  (500).  This 
last  is  used  also  in  ringworm  of  the  scalp,  the  patches  being  painted  twice  daily,  two 
or  three  coatings  each  time,  xintil  they  become  tender,  when  the  applications  and  the 
affected  tissues  are  allowed  to  peel  off.  Some  prefer  to  shave  the  alfected  areas,  wash 
with  ethereal  soap  and  paint  with  a  mixture  of  5  grains  (0.3  Gm.)  of  calomel  in  1 
dram  (4  cc.)  of  tincture  of  iotline — after  which  the  ointment  of  mercuric  nitrate  in 
which  salicylic  acid  is  incorporated  (1  :  12)  may  be  smeared  on  morning-  and  night,  and 
washed  off  once  weekly  with  warmed  sweet  oil,  then  with  ethereal  soap,  then  with 
water  or  alcohol.     Similar  treatment  has  been  advised  for  favus. 

In  non-parasitic  skin  affections  (or  those  not  yet  demonstrably  parasitic),  many 
mercurials  find  use.  Solutions  of  the  bichloride  have  been  applied  to  hypertrophic,  dis- 
colored, and  disfigured  areas  to  produce  exfoliation,  which  is  sometimes  produced  by 
an  eschar.  Such  treatment  requires  caution,  and  has  been  virtually  superseded  by 
roentgenism,  light,  electrolysis,  electric  cautery,  etc.,  but  may  be  mentioned  for  occa- 
sional resort  when  the  better  methods  are  not  available.  The  following  solutions 
have  been  advised :  In  lentigo,  0.5  to  1  percent,  in  alcohol ;  in  superficial  nevi  and 
xantlionia,  2  to  4  percent,  in  collodion;  in  telangiectasis,  20  percent,  in  alcohol.  In 
subacute  and  chronic  eczema,  less  frequently  in  early  syphiloderma,  calomel  in  zinc 
ointment  (1  to  6  percent.)  or  ointment  of  red  oxide  or  of  ammoniated  mercu,ry  (1 
to  4  percent.),  may  be  of  benefit.  The  latter  is  especially  applicable  in  chronic  eczema 
of  the  auricle. 

j  In  acne,  Goulard  lotion — mercuric  chloride,  7  grains  (0.5  Gm.) ;  alcohol,  20 
minims  (1.5  Gm.);  almond  mixture,  to  make  4  fluidounces  (25  cc.) — is  sometimes  of 
benefit;  or  the  following  may  be  used  instead:  ^  to  4  grains  (0.015  to  0.25  Gm.)  of 
bichloride  with  3  to  8  grains  (0.2  to  0.5  Gm.)  of  zinc  sulphate  in  alcohol  and  water 
(',2  fluidounce — 15  cc.,  of  each).  In  furunculosis,  calomel  ointment  and  white  precip- 
itate ointment  are  sometimes  used  (3  to  10  percent.).  The  persistent  furunculosis  of 
infants  may  yield  to  a  weak  mercuric  chloride  bath*  (1 :  10,000)  carefully  given  and 
not  prolonged  beyond  5  minutes — a  method,  however,  not  much  in  favor  at  the 
present  day.  In  erysipelas,  solutions  of  bichloride  (1 :  500  to  1 :  2000)  or  an  ointment 
in  lanolin  (0.5  percent.)  may  be  applied;  or  the  mercurial  (1:500)  may  be  added  to 
a  25  or  50  percent,  ointment  of  ichthyol;  or  mercurochrome  (1  to  2  percent.),  or 
meroxyl  (0.5  to  1  percent.),  or  mercurophen  or  metaphen  (1:2000)  may  be  used  in- 
stead. In  penipJiigus  neonatorum,  calamine  ointment  containing  5  grains  of  ammo- 
niated mercury  to  the  ounce  (1  percent.)  is  said  to  be  of  service.  In  impetigo  con- 
tiigiosa,  dilute  ointment  of  mercuric  nitrate  or  solution  of  bichloride  (1:4000)  applied 
after  removal  of  the  crusts,  promotes  healing;  or  ammoniated  mercury,  20  grains  (1.3 
(im.)  in  1  ounce  (30  Gm.)  of  petrolatum,  may  be  useful.  ]\[ercurials  (especially  oint- 
ment of  ammoniated  mercury  and  50  percent,  calomel  ointment)  are  among  the 
numerous  agents  recommended  for  psoriasis,  and  .they  have  also  been  suggested  for  use 
in  alopecia;  but  there  is  not  much  to  be  said  of  any  brilliant  or  permanent  success  in 
these  conditions.  In  urticaria,  herpes  zoster,  prurigo  senilis,  and  other  affections 
attended  with  itching,  and  especially  in  the  so-called  "prickly  heat"  {miliaria  rubra) 
of  children,  considerable  relief  may  be  given  by  applications  of  black  wash  or  yellow 
wash.  It  is  best  to  let  the  precipitate  subside  in  a  shallow  dish,  dip  through  the 
supernatant  litpiid  with  cotton  wad,  and  dab  the  affected  areas  with  the  powder 
clinging  to  the  wet  cotton ;  but  moistened  compresses  may  be  used  if  more  convenient. 
The  same  method  may  be  used  in  pruritus  ani;  or  following  the  use  of  a  5  percent. 
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sodium  borate  wash,  yellow  oxide  ointment  (6  percent,  in  petrolatum)  may  be  applied. 
Dusting  with  calomel  relieves  intertrigo  in  children.  Applications  of  acid  nitrate 
solution  may  remove  warts.  Mercury  oleate  in  10  percent,  ointment,  applied  to  skin 
previously  cleansed  with  alcohol,  sometimes  overcomes  hromidrosis.  It  is  irritant  and 
may  cause  pain,  so  that  morphine  or  a  local  anesthetic  is  sometimes  associated  with  it. 

Mercurial  applications  may  be  made  to  chancroids  and  are  sometimes,  but  not  so 
much  as  formerly,  used  in  supplement  to  systemic  mercurialization  in  the  treatment  of 
chancre  and  of  later  syphilitic  lesions  of  the  skin  or  mucous  surfaces.  For  chancroidal 
ulcerations,  mercurochrome  (2  percent.),  mercurophen  and  metaphen  (1 :  2000),  bichlo- 
ride (1:  5000),  red  oxide  with  starch  (2  to  5  percent.),  black  wash,  are  employed.  The 
old  practice  of  applying  to  the  sore,  by  glass  rod,  an  aqueous  solution  of  mercuric 
nitrate  (1 :  10)  has  lost  vogue,  nor  is  the  ointment  of  the  nitrate  used  as  much  as  it 
was.  Mercury  oleate  and  even  mercurial  ointment  are  sometimes  made  use  of.  Calo- 
mel ointment  (50  percent.)  and  blue  ointment  were  at  one  time  applied  to  recent 
chancres,  but  the  current  tendency  is  to  let  the  sore  alone  and  depend  upon  the 
systemic  treatment  (arsphenamine,  etc.).  Powdered  calomel,  however,  may  be  dusted 
over  venereal  ulcers  of  either  variety  when  healing  is  indolent.  Eed  oxide,  black 
wash,  calomel,  mercurial  oleate,  mercurial  ointment,  mercuric  chloride,  potassio- 
mercuric  iodide  solutions,  mercurophen,  metaphen,  mercurochrome,  are  applied  to 
sluggish  syphilitic  ulcerations  wherever  situated,  and  to  palmar  and  plantar  syphilides 
(luetic  psoriasis).  The  salicylate,  also,  is  usefully  applied  to  syphilitic  ulcers.  A 
lotion  may  be  used  containing  5  grains  each  of  mercury  salicylate  and  potassium  car- 
bonate to  the  ounce  of  distilled  water  (1  percent.),  or  a  3  percent,  ointment  with 
petrolatum. 

Metchnikoif  has  shown  that  mercury  will  destroy  treponemata  in  the  tissues  and 
that  inunctions  of  varioiis  forms  of  mercurial  ointments  (metallic  mercury,  calomel, 
ammonia  ted  mercury,  mercury-salicyl-arsenite,  1:2,  1:3,  and  even  1 :  4  in  lanolin — 
or  in  vaseline  10  and  lanolin  90)  will  prevent  the  development  of  chancre  after  ex- 
perimental inoculations  in  monkeys  and  in  man.  In  many  armies  and  navies  the  men 
are  supplied  with  such  ointments  (generally  a  30  to  50  percent,  calomel  preparation) 
and  instructed  to  use  them  after  suspicious  contacts;  perhaps  after  swabbing  the 
preputial  and  urethral  openings,  the  glands  and  surrounding  tissues  with  1 :  2000 
bichloride  solution.  Such  application  to  be  truly  abortive  should  be  made  within 
four  hours — it  may  possibly  be  successful  if  made  within  eight  hours.  After  twelve 
hours  it  is  undesirable,  as  the  drug  may  interfere  with  diagnosis  by  hindering  the 
recognition  of  the  spirochetes. 

Mercurials  have  considerable  use  in  affections  of  the  eye,  ear,  nose  and  throat. 
As  a  rule — mercurochrome,  yellow  oxide  and  calomel  being  the  principal  exceptions — 
only  weak  preparations  are  to  be  used;  and  it  is  to  be  remembered  that  whenever 
mercury  in  any  form  is  being  used  in  the  eye,  alkali  iodides  must  not  he  used  inter- 
nally, lest  the  corrosive  iodide  be  formed  during  the  excretion  of  the  iodide  ion. 

Solutions  of  bichloride  weaker  than  1 :  6000  instilled  into  the  eye  cause  no 
perceptible  irritation;  1:  5000  will  give  rise  to  slight  burning  and  congestion;  1:  2000 
will  cause  a  decided  reaction,  and  1 :  1000  should  rarely  be  used,  and  never  exceeded. 
While  the  other  mucous  membranes  are  not  so  sensitive  as  the  conjunctiva,  care 
must  be  taken  not  to  irritate  them  unduly.  It  is  not  often  that  solutions  as  strong 
as  even  1:2000  are  needed.  Some  surgeons  hold,  moreover,  that  in  ophthalmic  opera- 
tions, the  application  of  bichloride  as  an  antiseptic  wash,  especially  if  cocaine  be 
employed  coincidently,  may  cause  corneal  opacity,  and  it  is  therefore  contraindicated. 

Painted  on  the  everted  eyelid,  1 :  300  bichloride  solution  is  slightly  caustic,  and 
may  be  indicated  for  cautious  use  in  trachoma — even  1 :  200  having  been  recommended. 
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Repented  frictions  of  iho  {onjiiiictiv  a  hy  means  of  a  toothbrush  wet  with  a  weaker 
sublimate  solution  (1:  20(H))  is  also  ein})lo.Yecl  in  this  atfection,  for  the  mechanieal 
eifeet  of  the  friction  in  brinpinpc  about  expression  of  granules.  Organic  mercurials 
in  equivalent  dilutions  are  utilized  in  the  samo  ways  as  the  bichlaride.  In  cases  of 
trachoma  associated  with  distortion  of  the  lids,  yellow  oxide  ointment  (2  to  3  percent.) 
has  been  found  useful  to  prevent  further  deformity.  It  is  applied  hy  massage  through 
the  skin  of  the  lids. 

In  the  treatment  of  hlephariiis,  f/ranuhir  lids,  and  the  like,  and  to  prevent  the 
recurrence  of  styes,  yellow  oxide  (0.5  to  3  percent.)  is  used  in  ointment.  In  tinea 
tarsi  some  practitioners  prefer  to  apply  dilute  ointment  of  the  nitrate  or  the  red 
oxide  ointment. 

To  prevent  secondary  infection  in  conjunctivitis,  frequent  irrig^ations  with  bichlo- 
ride solution  (1:10,000)  may  be  made. 

In  gonorrlxeal  conjunctivitis,  bichloride  solution  (1:4000)  or  higher  dilutions 
(1:5000  to  1:10,000)  of  mercuro])hcn  or  metaphen  may  be  used  as  cleansing  irriga- 
tions hourly  or  half-hoarly.  In  diphtheritic  conjunctivitis,  in  the  first  stage,  solutions 
of  the  same  agents,  but  of  about  half  the  strength  stated,  are  useful  as  cleansing 
applications. 

]\Iercurochrome  is  recommended  in  all  forms  of  acute  conjunctival  infections, 
including  those  caused  by  pneuraococci;  from  1  to  3  drops  of  a  1  or  2  percent,  solution 
being  instilled  every  three  hours  or  oftener.  It  is  also  used  in  ophthalmia  of  the  new- 
]iorn,  two  instillations  of  a  10  percent,  solution  being  given  two  hours  apart,  and  the 
strength  then  reduced  to  5  percent.;  of  this  last,  1  or  2  drops  are  instilled  every  two 
hours  for  five  times. 

In  chi'onie  dacrocystitis,  solution  of  mercurochrome  (2  percent.)  may  be  employed 
once  or  several  times  daily.  In  infected  corneal  ulcer,  the  same  solution  is  used  once 
a  day  until  the  ulcer  will  no  longer  stain,  which  may  be  quite  a  while  after  apparent 
healing.  Metaphen  or  mercurophen  (1:10,000  to  1:5000)  may  be  used  similarly. 
In  phlyctenular  ulceration  of  the  cornea,  finely  powdered  calomel  may  be  dusted 
on  the  lesion  once  daily  and  an  ointment  of  yellow  oxide  (1:30)  applied  to  the 
inner  surface  of  the  upper  lid  at  the  same  time.  The  applications  should  be  continued 
for  a  week  or  ten  days  after  the  ulcer  has  healed,  instillations  of  15  percent,  solution 
of  a  silver  protein  compound,  as  argyrol,  being  made  coincidently. 

In  ulcus  Todens,  bichloride  solution  (1:  1000)  associated  with  cocaine  (1  percent.) 
may  be  injected  under  the  conjunctiva  after  a  preliminary  superficial  cocainization. 
The  injections  are  repeated  every  few  days.  Like  treatment  is  helpful,  not  only  in 
suppurations  of  the  cornea,  but  also  in  parenchymatous  heratitis,  in  scleritis,  in  iritis, 
in  cyclitis,  in  choroiditis  and  in  retinitis.  In  wounds  of  the  eye,  when  the  cornea  is 
involved,  weak  ointments  of  yellow  oxide,  or  of  ammoniated  mercui-y,  or  a  weak 
solution  (1  to  2  percent.)  of  mercurochrome  may  be  applied  as  a  first  aid  measure  to 
prevent  infection.  For  charring  of  corneal  opacities,  subconjunctival  injections  of 
bichloride  solution  (1:  1000)  are  used. 

The  ear,  nose  and  throat  are  so  closely  interrelated  that  practically  the  same 
agents  and  methods  are  used  iu  all.  A  few  of  such  applications  of  the  mercurials  may 
be  described. 

The  yellow  oxide,  so  useful  in  ocular  affections,  is  also  of  much  service  in  those 
of  the  ear.  Its  2  or  3  percent,  ointment  is  probably  the  best  available  application  for 
pruritus  of  the  external  auditory  canal;  sometimes  aided,  especially  in  gouty  subjects, 
by  a  very  small  quantity  of  salicylic  acid  (3  percent.)  and  menthol  (0.2  percent.). 
The  yellow  ointment  may  be  used  also  as  a  protective  in  the  absence  of  cerumen ;  and 
a  small  quantity  is  commonly  inserted  after  the  removal  of  impacted  cerumen,  espe- 
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cialJy  when  there  is  irritation  of  the  passage  or  of  the  drum  membrane.  In  inflamma- 
tion of  the  external  ear  and  in  aspergillosis  (otomycosis)  and  similar  conditions, 
mercurials  a.re  sometimes  used;  thus,  calomel  in  fine  powder  may  be  insufflated  pure  or 
mixed  with  bismuth  subnitrate,  or  one  of  the  more  active  compounds  may  be  used  in 
sufficiently  dilute  solution.  In  otitis  media,  acute  or  chronic,  after  paracentesis  or 
spontaneous  rupture,  resort  is  occasionally  made  to  hot  solutions  of  bichloride  or  of 
biniodide  with  lithium  or  potassium  iodide  (1:  5000);  or  of  mercurophen  o.r  metaphen 
(1:10,000),  for  irrigation  once  or  twice  daily;  or  an  application  of  mercurochrome 
may  be  made  (V^  to  5  percent.),  if  the  staining  be  not  objectionable;  or  meroxyl 
solution  (1 :  500  to  1 :  200),  prepared  extemporaneously  with  hot  water,  may  be  em- 
ployed. Certain  au.rists  use  meroxyl  solutions  or  ointments  on  a  cotton-tipped  probe 
for  topical  medication  of  the  nasal  passages  and  eustachian  tubes  in  cases  of  deafness 
ascribed  to  chronic  obstructive  inflammation  of  these  structures. 

Acute  coryza  is  said  to  be  aborted  by  the  prompt  application  of  any  of  the  anti- 
septic organic  compounds.  In  chronic  infection  of  the  antrum,  irrigations  are  made 
with  these,  in  relatively  strong  solutions;  and  in  acute  infections,  with  quite  weak 
ones.  In  postoperative  treatment  of  mastoid  and  ethmoid  cavities  they  are  said  to  be 
superior  to  Dakin  solution  in  that  they  do  not  kill  the  young  granulations  (Crowe). 
In  ozena,  even  when  there  is  no  suspicion  of  syphilis,  spraying  with  bichloride  with 
potassio-mercuric  iodide  solution  (1:3000)  is  often  useful;  meroxyl  (1:300),  or  mer- 
curochrome (0.5  to  2  percent.),  or  mercurophen  or  metaphen  (1:1000),  may  be  used 
in  like  manner,  or  better,  applied  on  cotton-tipped  probe.  Mercuric  nitrate  solution 
(1 :  10)  was  formerly  nsed,  especially  in  syphilitic  ulceration  of  the  nasal  passages 
attended  with  fetid  discharges,  but  this  severe  treatment  is  now  seldom  resorted  to. 
Calomel — pure,  or  diluted  with  an  inert  powder,  or  with  bismuth  subnitrate  or  bis- 
muth-tribromphenol  in  various  proportions  from  1  to  50  percent. — is  sometimes  in- 
sufflated ;  but  the  expedient  is  less  useful  in  ozena  than  in  ordinary  subacute  o,r  chronic 
catarrh.  It  is  said  to  be  quite  helpful  in  non-ulcerative  syphilitic  rhinitis  and  in 
non-specific  rhinitis  of  syphilitic  subject.  It  has  also  been  advocated  in  the  chronic 
purulent  or  mucopurulent  catarrhs  of  children,  but  these  are  often  dependent  on 
chronic  sinusitis  and  are  to  be  managed  accordingly.  Calomel  has  also  been  insuf- 
flated into  the  larynx  and  trachea  in  syphilitic  laryngitis  and  in  laryngeal  diphtheria. 
In  diphtheria,  in  addition  to  their  internal  use,  both  calomel  and  bichloride  have  been 
applied  locally  in  the  pharynx.  From  1  to  3  grains  of  calomel  were  floated  on  a  tea- 
spoonful  of  water  and  this  placed  in  the  child's  open  mouth,  with  instruction  to  gargle ; 
an  uncertain  portion  being  swallowed.  The  bichloride  in  1 :  5000  to  1 :  3000  solution 
was  used  as  a  spray,  and  sometimes  painted  on  the  tissues.  These  measures  are  not 
much  used  at  present.  Solution  of  mercurochrome  (0.5  to  2  percent.),  or  of  the  other 
organic  compounds  (1:10,000  or  1:5000),  is  sometimes  instilled  through  the  nose  or 
painted  on  the  throat,  and  the  same  procedure  is  at  times  useful  to  disinfect  diphtheria 
carriers.  In  acute  tonsillitis,  the  organic  mercurials  may  be  utilized  in  like  manner. 
In  chronic  laryngitis,  both  syphilitic  and  non-syphilitic,  sprays  of  bichloride 
(1 :  10,000  to  1 :  4000)  have  been  used — without  making  much  impression,  however — 
and  mercuric  nitrate  (1:10)  is  sometimes  useful,  but  seldom  necessary,  as  a  direct 
application  to  thickened  vocal  bands. 

In  gonorrhea,  when  there  is  a  mixed  infection,  solution  of  oxy cyanide  is  one  of 
the  best  remedies  available;  in  acute  cases  injections  of  a  1 :  5000  or  a  1 :  4000  solution 
may  be  given  several  times  a  day,  and  in  chronic  cases  urethral  irrigations  may  be 
ma'de  with  solutions  of  the  same  strength.  Urethral  granulations  may  be  touched 
with  a  cotton-tipped  applicator  wet  with  solution  of  the  acid  nitrate  (1:10).  Mer- 
curochrome likewise  is  a  useful  injection  in  gonorrhea  (Young,  White  and  Swartz), 
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a  1  percent,  solution  being  used  for  the  anterior  urethra  and  one  of  14  to  '14  strength 
for  the  posterior  urethra,  the  sohition  heing  retained  in  the  urethra  for  from  3  to  5 
minutes.  Tlie  applications  are  repeated  every  Ji  or  4  hours  for  a  few  days;  and  then, 
as  the  discharge  lessens  and  improves  in  character,  their  frequency  is  diminished. 
Rupel  advises  stronger  solutions  (5  percent).  In  the  rare  fulminating  cases,  weaker 
solutions  are  injected  during  the  hyperacute  stages.  When  mercurochrome  is  to  be 
used,  preliminary  irrigation  of  the  anterior  urethra  with  sterile  water  or  physiologic 
salt  solution  is  essential.  Potassium  permanganate  must  not  be  used.  After  the  dis- 
charge has  been,  far  a  week,  microscopically  free  from  the  gonococcus,  however,  a 
1 :  10,000  permanganate  or  silver  nitrate  solution  may  be  substituted  for  the  mercurial 
in  the  treatment  of  the  nuicoid  discharge  persisting.  When  metaphcn  is  used,  the 
strength  of  the  solution  is  from  1 :  15,000  to  1 :  5000,  and  a  preliminary  irrigation  is 
made  with  warm  permanganate  solution  (1:8000).  The  frequency  and  du-ration  of 
treatment  depends  on  acuteness  of  symptoms  and  the  result  of  bacteriologic  examiiui- 
tion  of  smears.  If  the  drug  produces  symptoms  of  irritation,  the  strength  of  the 
solution  is  to  be  reduced.  Some  urologists  hold  that  the  gonococcus  resists  a  single 
germicide  and  advocate  the  alternate  use  of  silver  protein  compounds  and  mercurials 
in  both  acute  and  chronic  gonorrhea;  but  especially  in  the  latter  (von  Lackum  and 
Hager). 

In  gonorrhea  in  women,  it  has  been  advised  to  paint  the  whole  of  the  upper 
portion  of  the  vagina  and,  when  possible,  the  cervical  canal  as  well,  with  a  2.5  solution 
of  mercurochrome.  In  this  condition,  also,  alternation  of  mercurial  and  other  appli- 
cations is  advocated — iodine,  silver  proteins,  and  silver  nitrate  being  utilized  accord- 
ing to  the  necessity  and  chronicity  of  the  individual  case.  It  is  argued  that  by  first 
swabbing  the  cervix  and  vault  with,  iodine  tincture  or  2  percent,  silver  nitrate  solution 
to  produce  desquamation,  a  better  field  for  the  penetration  of  the  mercurial  is  af- 
forded; while  later,  the  alternate  use  of  a  mild  silver  protein  or  of  acriflavine  better 
accomplishes  sterilization.  In  this  method  of  treatment,  after  the  vagina  is  wi{)ed 
dry,  crystals  of  mercurochrome  are  placed  in  the  os  uteri  and  the  vault  is  swabbed 
out  with  1  percent,  mercui'ochrome.  In  cervicitis,  and  endometritis  complicating  or 
following  gonorrhea,  especially  in  old  cases  with  erosions  and  persistent  leucorrhea, 
a  similar  routine,  modified  according  to  circumstances,  is  advocated.  When  the 
trouble  follows  labor  or  abortion,  the  cervix  is  usually  patulous,  in  which  cases  intra- 
uterine douches  with  1 :  4000  biniodide  solution  may  be  made  twice  daily  for  3  or  4 
days,  if  the  mercurochrome  treatment  is  not  ett'ective.  In  vulvovaginitis  of  any 
origin,  daily  applications  of  mercurochrome  ointment  (1  percent.)  are  urged  as  being 
non-irritative  and  of  prompt  and  permanent  remedial  etiect  (Dome  and  Stein). 
Metaphen  ointment  (1 :  1000)   is  used  similarly. 

In  chronic  cystitis,  especially  when  there  is  an  ascending  infection  of  the  kidneys, 
irrigations  may  be  made  with  metaphen  or  mei-curophen  solution  1:  10,000  to  1:  5000, 
or  with  1:5000  to  1:2000  solution  of  mercury  oxycyanide  or  with  a  1  or  2  percent, 
solution  of  mercurochrome.  Meroxyl  (1 :  1000  or  1 :  500)  irrigations  are  especially 
advised  in  postoperative  cystitis;,  and  their  use  may  be  alternated  with  that  of  the 
other  agents  mentioned.     Quick  results,  however,  are  not  ordinarily  to  be  expected. 

Tuberculous  ulceration  of  the  bladder  was  at  one  time  treated  by  injection  of  from 
a  dram  to  an  ounce  (4  to  30  cc.)  of  a  1:20,000  solution  of  oxycyanide;  the  strength 
being  gradually  increased  to  1 :  5000,  and  the  liquid  being  retained  as  long  as  possible. 
Caspar  advised  instillations  once  a  week  of  10  cc.  of  a  suspension  of  calomel,  2; 
guaiacol,  5;  in  sterile  olive  oil,  100.  The  present  day  tendency  of  urologists,  however, 
is  to  avoid  local  applications  and  depend  upon  general  measures  for  local  healing. 
In  leucoplakia  of  the  bladder,  irrigation  with  a  1:  4000  solution  of  oxycyanide  is  prac- 
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ticed.  In  pyelonephritis,  pelvic  lavage  with  a  2  :5  percent,  solution  of  mereurochrome ; 
or  a  2  percent,  solution  of  mereurochrome  alternated  with  silver  nitrate,  0.5  percent., 
gradually  increased  to  2  percent.  (Highsmith),  may  be  made  through  the  ureteral 
catheter.  This  procedure,  however,  must  not  be  attempted  by  the  inexpert,  nor  long 
continued  by  any,  because  of  the  danger  of  provoking  inflammatory  reaction  with 
formation  of  stricture.  For  the  same  reason,  in  seminal  vesiculitis,  mercurial  injec- 
tions must  be  made,  if  at  all,  with  the  greatest  care.  In  paralysis  of  the  Madder,  in 
addition  to  the  appropriate  establishment  of  effective  drainage  and  treatment  of  the 
imderlying  cause,  irrigation  may  be  done  night  and  morning  with  a  1 :  40,000  solution 
of  the  oxycyanide,  or  an  equivalent  solution  of  one  of  the  other  meircurials;  alter- 
nating by  days  or  weeks  with  solutions  of  other  disinfectants  to  avoid  possible  induc- 
tion of  ptyalism — a  precaution,  of  course,  to  be  observed  in  this  condition,  not  only, 
but  in  all  of  the  uses  of  mercurials  detailed  or  suggested. 

Mercury  is  believed  by  some  to  neutralize  snake  venom  in  the  animal  body.  It 
is  said  that  the  injection  of  1/16  grain  of  bichloride  may  save  life,  if  made  before  a 
lethal  quantity  of  the  virus  has  entered  the  circulation.  After  a  ligature  has  been 
applied  to  the  limb  above  the  site  of  injury,  the  bite  should  be  freely  incised  and  the 
injection  be  made  as  near  to  the  wound  as  possible. 

Certain  other  applications  of  mercurials  are  on  the  horderline  between  topical  and 
systemic  uses.  Their  effect  depends  in  part  upon  an  influence  over  the  tissues  at  or 
beneath  the  site  of  application,  in  part  upon  absorption  into  the  local  and  general  circu- 
lation. Such  measures  are,  for  example,  the  use  of  blue  ointment  or  ointment  of  the 
oleate  over  the  affected  joints  in  chronic  arthritis,  and  like  "resolvent"  treatment 
of  enlarged  glands  and  inflamed  areas  in  many  and  diverse  conditions.  Liniment  of 
mercury  has  been  .recommended  in  chronic  peritonitis,  cloths  wet  with  it  being  applied 
to  the  abdomen.  Except  for  this  allusion,  they  will  be  considered  in  appropriate 
connections  under  the  head  of  systemic  uses. 

Systemic.  Purgative. — Mercurial  purgatives  differ  so  much  from  purgatives  in 
general,  both  in  effect  and  application,  that  they  should  have  special  discussion  here. 
The  cathartic  action,  while  sometimes  the  object  of  treatment,  is  in  other  instances 
merely  an  accompaniment.  Sometimes  indeed,  an  opiate  is  associated  with  the  mer- 
curial to  prevent  cathartic  action,  and  assure  the  constitutional  impression  of  the 
drug.  This  is  especially  the  case  when  mass  of  mercury  or  one  of  the  mercurous 
compounds  is  used  in  the  treatment  of  syphilis. 

In  doses  of  5  to  10  grains  (0.3  to  0.6  Gm.),  calomel  may  be  without  disagreeable 
symptoms,  but  not  rarely  induces  slight  nausea  and  frequently  gives  rise  to  a  dis- 
agreeable sensation  in  the  hypochondrium.  Griping  of  an  intermittent  character  may 
precede  the  passage  by  thirty  minutes.  The  stools  are  frequent ;  at  first  soft,  afterward 
liquid  and  of  a  characteristic  greenish  color.  Smaller  doses,  2  or  3  grains  (0.15  to 
0.25  Gm.),  give  rise  to  less  general  and  abdominal  disturbance.  Commonly  but  one, 
or  at  most  two,  passages  occur;  the  stools  being  soft  but  not  liquid.  In  fractional 
doses  (say  1  grain,  0.05  Gm.,  in  four  to  twelve  portions,  given  every  10  or  15  or  30 
minutes,  or  every  hour,  xmtil  the  whole  quantity  has  been  taken  or  until  there  is  a 
stool),  the  action  is  commonly  mild  and  sufficient;  indeed,  not  more  than  ^/^  grain 
may  be  needed  to  produce  it.  Blue  pill  and  gray  powder  act  much  like  calomel  in 
equivalent  doses.  The  latter  in  doses  of  1/30  grain  to  2  grains  (2  to  30  mgm.)  is 
by  some  preferred  for  use  with  children.  Each  grain  of  the  powder  contains  not  less 
than  37  percent,  and  not  more 'than  30  percent,  of  mercury  (U.S.X.). 

Details  of  administration  are  discussed  elsewhere.  Here  it  may  be  pointed  out 
that  all  mercurial  purgatives  are  peculiarly  contraindicated  in  any  form  of  intestinal 
obstruction,  not  only  that  of  volvulus  and  the  like,  but  that  caused,  for  example,  by 
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marked  accumulation  of  fecal  matter;  since  if  they  fail  to  purjic,  tlicy  poison.  Al- 
though said  to  be  of  benefit  in  acute  and  chronic  infections  and  affections  of  the  liver 
and  biliary  passages,  including  hepaiitis,  cliolancjeitis,  cholecystitis,  cholelithiasis, 
cirrhosis  and  secondary  congestion,  the  mercurial  purgatives  are  in  general  to  be 
avoided  in  these  conditions,  save  for  the  most  fleeting  use;  and  should  certainly 
not  be  given  in  catarrhal  jaundice.  In  so-called  biliousness,  however,  in  which,  with 
coated  tongue  and  heavy  breath,  there  is  headache,  more  or  less  hebetude,  and  epigas- 
tric distress,  perhaps  nausea  and  vomiting,  the  icteroid  condition  of  the  conjunctivae 
and  even  of  the  lips  and  gums,  it  not  a  contraindication  to  the  use  of  calomel.  The 
trouble  (often  precipitated,  if  not  caused,  by  errors  in  diet)  is  largely  owing  to 
intestinal  fermentation,  or  perhaps  stasis,  with  absorption  of  toxic  substances,  some- 
where below  tlie  duodenum.  Relief  is  given  chiefly  by  sweeping  out  the  bowel  con- 
tents, with  their  chemical  poisons  ajid  their  billions  of  bacteria  to  the  cubic  inch; 
but  in  part  also  by  an  antiseptic  action  npon  the  intestinal  flora.  This  antiseptic 
action  of  calomel  in  the  intestine  is  not  to  be  attributed  to  the  drug  only.  It  is  aided 
by  the  increased  bile  flow — which,  clinically,  seems  to  be  an  assured  fact,  despite  its 
absence  (perhaps  its  inhibition)  when  a  biliary  fistula  is  made  in  animals.  Partly, 
however,  the  biliary  flow  may  be  owing  to  relief  of  obstruction,  and  be,  thus,  rather  the 
result  of  an  increased  outpour  from  the  gall-bladder,  than  of  a  direct  stimulus  to  the 
secreting  cells.  At  all  events  the  practice  is  good,  and  well  founded.  Blue  mass 
(3  to  5  grains)  is  sometimes  used  instead  of  calomel.  Either  should  be  followed  by  a 
saline,  as  sodium  phosphate  (or  preferably  a  mixture  of  phosphate  and  sulphate), 
magnesium  citrate,  Seidlitz  powder.  The  mercurial  may  be  taken  at  night,  the  saline 
before  breakfast  in  the  morning;  o,r,  especially  when  calomel  has  been  used  in  frac- 
tional doses  (1  to  2  grains — 0.05  to  0.12  Gm.,  in  4  to  6  portions  in  the  course  of  an 
hour),  the  saline  may  follow  in  about  4  hours. 

To  relieve  the  nausea  and,  when  present,  the  vo,miting  of  the  condition  described 
and  of  other  forms  of  enteroinfoxicaiion ,  as  well  as  the  vomiting  of  uremia  and  other 
autotoxic  states — including,  at  times,  that  of  pregnancy — calomel  has  a  distinct  value 
independent  of  its  purgative  action.  For  this  purpose  it  should  be  given  in  minute 
doses  on  the  tongue,  washed  down  with  a  very  little  water,  every  ten  or  fifteen  minutes 
for  an  hour  or  two— say  %2  to  Vg  grain  (0.005  to  0.008  Gm.)  rubbed  up  with  a  grain 
(0.05  Gm.)  of  milk  sugar  or  saccharated  pepsin.  A  small  dose  of  hyoscyamus  ex- 
tract, Vs  to  1/2  grain  (0.008  to  0.03  Gm.),  sometimes  increases  the  sedative  effect,  and 
in  any  event  tends  to  prevent  griping.  The  same  treatment  may  be  applied  occasion- 
ally in  cases  of  chronic  gastric  catarrh,  and  of  acute  dietetic  indigestion.  In  the 
latter,  however,  better  results  commonly  follow  a  somewhat  larger  dose  of  calomel, 
say  2  grains  (0.12  Gm.)  in  from  two  to  four  portions,  with  which  sodium  bicarbonate 
and  powdered  rhubarb  may  be  associated.  Or  ^2  to  1  grain  (0.03  to  0.06  Gm.)  of 
calomel  may  be  rubbed  np  with  say  V2  fluidounce  (15  cc.)  each  of  castor  oil  and  spiced 
syrup  of  rhubarb,  with  perhaps  30  minims  (2  cc.)  of  paregoric — and  sometimes  the 
addition  of  Vs  to  1  grain  (0.008  to  0.05  Gm.)  of  menthol  or  a  drop  or  two  of  oil  of 
cloves — and  the  mixture  be  given  at  one  draught  or  in  two  portions  about  two  hours 
apart.  This  is  particularly  applicable  in  so-called  ptomaine  or  other  forms  of  food 
poisoning,  in  mucous  colitis  or  membranous  enteritis,  and  in  acute  ileocolitis  of  infec- 
tious origin.  It  gives  a  soft,  easy  passage  in  from  three  to  four  hours,  and  commonly 
relieves,  or  considerably  mitigates,  the  abdominal  pain  and  distress  within  one-half 
hour.  Other  laxative  and  carminative  associations  may  be  employed  similarly.  The 
presence  of  diarrhea  in  any  of  these  conditions  is  not  a  contraindication  to  calomel 
treatment  but  calls  for  its  cleansing  eflfect;  after  which,  if  necessary,  suitable  measures 
may  be  taken  to  check  excessive  peristalsis.     Thus,  in  the  vomiting  and  diarrhea  of 
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indigestion  in  infants  and  young  children  as  well  as  in  so-called  summer  diarrhea  or 
cholera  infantum  or  acute  enterocolitis  from  milk  or  other  food  poisoning,  when,  for 
any  reason,  the  castor  oil  and  rhubarb  mixture  cannot  be  used,  or  a  mild  antiseptic 
action  is  desired  the  mild  chloride  may  be  given  in  doses  of  1/30  grain  (0.002  Gm.) 
or  less,  repeated  hourly  for  two  or  three  doses,  and  followed  in  two  o,r  three  hours  by 
milk  of  magnesia.  [In  certain  cases  of  infantile  diarrhea  with  offensive  mucous  stools, 
the  bichloride  may  be  used  instead  of  the  purgatives,  cleansing  being  otherwise  ef- 
fected. One- fourth  to  one-half  grain  (15  to  30  mgm.)  is  dissolved  in  5  fluidounces 
(15  cc.)  of  distilled  water;  and  of  this  one  teaspoonful  (4  cc.)  is  given  hourly,  for  not 
too  many  hours.  The  newer  (organic)  mercurials  are  advocated  by  some,  but  no 
definite  rule  of  dosage  can  as  yet  be  given.]  In  an  older  child,  somewhat  larger  doses 
may  be  given,  followed  by  effervescing  magnesium  citrate.  Gray  powder  (mercury  and 
chalk)  in  minute  doses  is  preferred  to  calomel  by  the  elder  writers.  The  dose  is  from 
1'2(l  to  1/4  grain  (0.003  to  0.015  Gm.)  according  to  age,  and  the  intended  frequency 
of  administration,  which  may  be  from  every  hour  to  every  three  -hours.  If  the  intes- 
tinal flux  continues  after  eight  or  ten  hours,  castor  oil  is  indicated.  Dover  powder  or 
aromatic  powder  may  be  associated  with  either  mercurial.  Food  should  be  withdrawn 
until  the  alimentary  canal  is  free  from  irritating  and  putrescible  material.  Opium 
may  then  be  used,  if  needed.  "The  preferable  method  is  by  suppositories,  regulating 
their  number  by  the  number  of  stools.  Bismuth  preparations  can  be  used  by  mouth, 
with  or  without  Dover  powder  (1  to  'iYz  grains  for  the  adult),  beta-naphthol  (2  to  5 
grains)  and  a  tannin-protein  compound  (5  grains) — one  powder  after  each  stool  fol- 
lowing the  first.  Calomel  is  likewise  a  useful  anthelmintic,  and  is  commonly  asso- 
ciated with  the  mare  active  vermifuges. 

In  acute  dysentery,  calomel  was  formerly  in  much  favor  with  British  army  sur- 
geons. Some  preferred  the  fractional  method — iy2  grain  (0.1  Gm.)  per  diem  in 
several  doses  with  increase  to  4  or  5  times  that  quantity  if  needed,  or  perhaps  I/2 
grain  (0.03  Gm.)  hourly  far  twenty-four  or  thirty-six  hours,  unless  ptyalism  was 
manifested  sooner.  Others  advocated  massive  doses — 20  to  40  grains  (1.5  to  2.5  Gm.) 
in  one  or  two  portions  in  the  twenty-four  hours,  as  less  likely  to  salivate  (Amiel).  The 
dose  was  reduced  as  the  symptoms  moderated;  but  calomel  was  not  suspended  until 
the  stools  took  on  the  characteristic  dark  green  color.  Conjointly,  morphine,  by 
hypodermic  injection,  or  opium  and  belladonna  suppositories,  o,r  inunctions  of  bella- 
donna ointment  were  used  to  allay  tenesmus.  Ipecac,  or  ipecac  and  opium,  was  some- 
times associated  with  the  mercurial,  which  was  then  used  less  actively.  With  better 
etiologic  diagnosis  the  treatment  has  lost  vogue.  Serums  and  vaccines  are  preferred 
in  the  bacillary  cases,  and  ipecac  or  emetine  without  the  calomel  in  those  of  amebic 
origin.  Mercury,  however,  is  still  useful  to  cleanse  the  alimenta.ry  tract  at  the  be- 
ginning of  treatment,  and  in  selected  instances,  as  an  adjuvant  after  the  subsidence 
of  acute  symptoms;  especially  in  cases  complicated  with  the  presence  of  trichomonas 
and  other  protozoons  wrongly  supposed  to  be  harmless.  Large  doses  of  calomel  fol- 
lowed by  saline  purgatives  every  4  or  5  days  and  coupled  with  daily  colonic  irrigation 
with  warm  bichloride  solutions  (1:20,000  or  1:10,000)  are  especially  commended 
(Pollock  and  Pickard). 

Calomel  has  long  been  advocated  in  Asiatic  cholera.  During  the  epidemic  of 
1897  in  Hamburg,  it  appears  to  have  obtained  wide  use  among  the  physicians  of  that 
city.  Some  gave  fractional  doses,  1  grain  (0.05  Gm.)  every  hour  or  two;  others 
gave  at  first  one  large  dose,  and  followed  this  with. very  small  doses  every  two  hours. 
Some  associated  with  it  bismuth  subnitrate  or  subcarbonate  or  digallate.  Success 
was  said  to  have  been  marked  when  the  treatment  was  begun  early.  It  was  thought 
to  be  of  especial  service  in  preventing  the  onset  of  severe  symptoms  in  suspected  cases. 


MEKCURY  cm 

mild  cases,  or  cases  of  "cholerine."    Sometimes,  however,  it  excited  pseudomembranous 
colitis,  or  nephritis. 

In  catarrJial  appendicitis — when  any  purgative  is  indicated — fractional  doses  of 
calomel  may  be  used;  and  followed  by  magnesium  o.xide  or  a  saline;  although  as  a 
rule,  the  solution  of  magnesium  suljihato,  dilute  sulphuric  acid  and  morphine  sulphate, 
elsewhere  discussed,  is  to  be  preferred.  Needless  to  say,  the  indication  depends  on 
diagnosis — there  must  be  a  positive  exclusion  of  any  danger  of  perforation. 

At  the  beginning  of  most  infectious  fevers,  and  especially  of  pneumonia  and 
typhoid  fever,  calomel  is  indicated  to  cleanse  the  bowel,  reducing  bacterial  and  toxic 
content  and  to  some  extent  inhibiting  germ  growth.  It  is  best  given  in  fair-sized 
doses,  2  to  5  grains  (0.15  to  0.3  Gm.)  repeated  in  three  or  four  hours  if  necessary, 
to  be  followed  in  a  like  time  by  a  mild  alkaline  or  saline  laxative — milk  of  magnesia, 
magnesium  citrate,  or  Rochelle  salt — and  later  by  irrigation  of  the  colon.  Even  when 
the  patient  is  not  seen  until  the  seventh  or  eighth  day  of  typhoid  fever,  the  calomel 
may  still  be  used  (although  in  smaller  dose),  provided  diarrhea  is  not  excessive  and 
there  is  no  other  contraindication.  Its  continuous  administration — sometimes  asso- 
ciated with  naphthalin  or  beta-naphthol — has  indeed  been  advised,  especially  by  German 
writers,  as  a  "specific"  throughout  the  course  of  typhoid,  but  this  is  not  good  treat- 
ment. The  mercurial,  in  smaller  doses  (yi2  to  Vz  grain — 0.005  to  0.03  Gm.)  one  to 
four  times  daily,  may,  however,  be  repeated,  if  necessary,  from  time  to  time  in  eases 
characterized  by  constipation ;  but  always  with  due  caution,  and  not,  as  a  rule,  for  a 
week  following  the  12th  day  of  the  malady. 

A  better  plan,  generally,  is  to  prevent  constipation  by  gentle  enemas  of  warm 
sweet  oil  (or  the  2:4:6  mixture),  retained  for  an  hour,  and  followed  by  hot  soapsuds, 
given  at  first  daily,  if  necessary,  and  later  on  alternate  days,  but  not  at  all  during 
the  third  week.  This  measure  may,  perhaps,  be  conjoined  with,  or  assisted  by,  the 
use  of  calomel  in  small  doses. 

Calomel  is  also  of  service  in  acute  malarial  fevers,  to  cleanse  the  alimentary  tract 
in  preparing  for  the  administration  of  quinine.  In  influenza  and  acute  articular 
rheumatism,  it  is  of  similar  usefulness,  as  a  preliminary  to  salicin  or  the  salicylates. 
The  relatively  frequent  use  of  calomel  in  moderate  quantity — say  I/2  to  1  grain 
(0.03  to  0.05  Gm.),  in  divided  doses,  at  night,  once  a  week  or  once  a  fortnight — is 
useful  in  certain  cases  of  chronic  fibroid  changes  in  the  arteries,  and  in  gouty  and 
lithemic  cases  of  long-standing,  especially  if  followed  by  a  saline  in  the  morning,  and 
a  day  of  scant  diet.  This  practice  may  occasionally  be  varied  by  the  use  of  a  blue 
pill,  3  to  5  grains  (0.2  to  0.3  Gm.),  instead  of  the  calomel,  or  the  administration  of 
very  small  doses  of  calomel,  1/120  grain  (0.0005  Gm.)  thrice  daily,  with  due  caution, 
for  a  week  or  less,  with  sodium  phosphate  or  sulphate  every  morning  before  breakfast. 

Similar  expedients  are  applicable  in  all  cases,  acute  or  chronic,  in  which  a 
cleansing  and  disinfecting  action  in  the  alimentary  tract,  occasional  or  repeated,  is  de- 
sirable. Thus,  calomel  (or  blue  pill)  will  sometimes  relieve  an  obstinate  neuralgia;  and 
the  systematic  use  of  one  of  these  agents  in  rather  large  doses — 5  gxains  (0.3  Gm.) 
thrice  daily  for  a  week  or  so,  with  occasional  intermission  and  use  of  salines — has 
not  infrequently  helped  to  get  rid  of  acute  sciatica  in  a  patient  kept  at  rest.  In  those 
curious  conditions  probably  dependent  on  toxic  irritation  of  the  sympathetic  plexuses, 
and  variously  termed  neurotic  hepatalgia,  enteralgia,  neuralgia  and  so  forth,  mer- 
curial followed  by  saline  purgation  is  at  times  of  seemingly  "magical"  benefit.  It  is 
of  like  value  in  cases  of  cerebral  distress  associated  with  sudden  rise  of  blood-pressure 
in  mental  workers  of  sedentary  hahits.  In  cases  of  this  character,  the  use  on  the  fol- 
lowing day  of  quinine  hydrohromide,  2  to  4  grains  (0.15  to  0.25  Gm.),  is  empirically 
useful.     When,  however,  the  condition  persists  or  tends  to  recur  frequently,  the  eye 
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grounds  sliould  be  examined  very  carefully  for  edema  or  even  haziness  of  the  optic 
disk;  and,  whether  or  not  this  be  found,  it  is  obvious  that  rest  and  other  appropriate 
measures  must  be  instituted.  The  calomel  affords  temporary  relief  only.  The  cause 
must  be  found  and  remedied. 

Sometimes  mercurochrome — which  is  not  eligible  as  a  purgative  but  will  purge 
after  a  few  days  of  administration  by  mouth — is  preferred  as  an  intestinal  disinfectant, 
whether  the  manifestations  of  disorder  be  abdominal  or  general;  and  its  action  is 
particularly  good  when  such  symptoms  as  nausea,  dizziness  and  headache,  or  joint- 
pains,  nerve  pains,  visceral  spasms  or  twitching  of  muscles  are  in  fact  dependent  on 
enter oinioxication.  It  may  be  given  in  formalinized  capsules  or  enteric  coated  pills 
in  doses  of  from  1/2  grain  to  3  grains  (0.03  to  0.2  Gm.)  three  or  four  times  daily, 
for  2  or  3  days  in  succession  or  until  it  exercises  a  purgative  influence;  the  course 
to  be  repeated,  if  necessary,  after  three  or  four  days'  intermission,  or  from  time  to 
time  with  intervals  of  a  week  or  longer.  Mercurophen  or  metaphen  may  be  used 
similarly  but  in  very  much  smaller  doses — about  as  bichloride  should  be  used. 

General. — Mercury,  in  addition  to  its  purgative  action,  is  an  alterative,  a  tonic 
and,  indirectly,  a  cholagogue.  In  small  doses  administered  over  a  short  time,  all 
mercurials  are  blood  tonics,  improving  the  general  condition  and  increasing  the 
number  of  red  blood  cells  and  also  the  body  weight.  Over  longer  periods,  they  pro- 
mote body  waste  by  stimulating  the  lymphatic  system,  and  if  small  doses  are  long- 
continued  or  the  size  of  the  dose  increased,  the  symptoms  of  mercurial  poisoning 
quickly  become  apparent.  Syphilitics,  however,  can  take  much  larger  quantities  than 
can  normal  individuals.  It  is  generally  agreed  that  when  mercury  is  exhibited  in 
inflammatory  conditions,  it  in  some  unknown,  manner  antagonizes  the  process.  Idio- 
syncrasies to  mercury  are  not  uncommon  and  must  be  kept  in  mind. 

Although  mercurials  stimulate  the  salivary  glands  they  are  not  eligible  as  sialo- 
gogues.  Their  elimination  into  and  by  the  oral  and  faucial  secretion  may,  however, 
be  utilized  in  the  treatment  of  some  acute  infections  of  the  throat,  and  especially  of 
the  tonsils.  Administered  at  the  beginning  of  an  acute  superficial  or  follicular  ton- 
sillitis, a  .rather  full  dose  of  calomel,  1  to  3  grains  (0.06  to  0.2  Gm.)  repeated  according 
to  indications,  will  often  assist  in  mitigating  or  shortening  the  process.  Phenyl 
salicylate  or  sodium  salicylate  may  be  given  coincidently.  In  deep-seated  phlegmon  of 
the  tonsils  {quinsy),  however,  this  treatment  is  of  less  benefit. 

Before  antitoxin  was  available,  calomel  and  mercuric  chloride  were  much  used 
both  locally  and  systemically  in  pharyngeal  and  laryngeal  diphtheria  and  memhranous 
croup,  and  these,  or  the  newer  (organic)  compounds  may  still,  at  times,  be  of  service 
in  supplement  to  antitoxin.  In  the  absence  of  the  serum,  they  should  be  given  in 
any  suspected  case.  That  care  is  imperative  in  such  use  seems  almost  needless  to 
say,  for  it  is  obvious  that  nothing  is  to  be  gained  by  adding  either  stomatitis  or  cor- 
rosive poisoning  to  the  local  or  constitutional  effects  of  the  diphtheric  infection.  To 
a  child  of  three  or  four  years,  1/4  grain  (0.015  Gm.)  or  more  of  the  mild  chloride  or 
1/32  grain  (0.002  Gm.)  or  more  of  the  bichloride — or  perhaps  equivalent  doses  of 
mercurochrome,  or  mercurophen  or  metaphen — ^may  be  given  from  every  hour  to  every 
three  or  four  hours,  for  such  time  as  seems  safe,  with  conjoint  local  use  of  potassium 
chlorate  solution  and  internal  administration  of  alkaline  citrates.  Or  one  may  simply 
administer  a  full  purgative  dose  of  calomel  at  the  outset  of  treatment,  and  repeat  as 
necessary.  Some  physicians  preferred  the  use,  more  or  less  frequently,  of  calomel 
in  powder  (perhaps  triturated  with  sodium  bicarbonate  or  milk  sugar),  in  order  to 
obtain  a  local  effect  by  the  diffusion  of  a  part  of  the  medicine  over  the  throat  during 
swallowing.  The  doses  were  larger  than  here  advised,  2  to  5  grains  (0.12  to  0.3  Gm.) 
of  calomel  being  given,  even  to  young  children,  hourly,  or  every  2  or  3  hours,  "until 


MERCUKY  693 

the  discharges  from  the  bowel  appeared  as  colorless  serum  with  a  little  greenish 
mucus  or  bile  upon  the  surface,  resembling  chopped  spinach"  (Daly).  The  interval 
was  then  lengthened.  Adults  were  given  5  to  15  grains  (0.3  to  1  Gm.)  of  calomel  in 
the  same  way,  with  conjoint  use  of  potassium  chlorate  (0.3  to  0.5  Gm.).  Some  advo- 
cated the  bicholoride  as  being  less  likely  to  salivate,  and  gave  to  infants  from  1/40 
to  1/10  grain  (0.0015  to  0.005  Gm.)  in  dilute  solution  every  2nd  hour  for  24  to  48 
hours.  We  have  repeatedly  seen  recovery  under  this  treatment  in  the  practice  of  a 
preceptor  and  never  saw  it  produce  mercurial  poisoning. 

Since  it  is  in  the  treatment  of  syphilis  that  the  antipathogenic  power  of  mercury 
is  most  clearly  demonstrated,  some  physicians  contend  that  the  good  results  of  its  use 
in  various  inflammatory  conditions  and  in  affections  of  lymphatic  glands  are  in  reality 
to  be  attributed  to  antiluetic  action — the  diagnosis  being  at  fault.  We  do  not  sub- 
scribe to  this  view.  Mercury  exerts  what  was  formerly  termed  resolvent  and  alterative 
influence  upon  certain  forms  of  pathologic  tissue,  especially  upon  new-formed  inflam- 
matory cells,  and  in  particular  upon  the  plastic  exudates  of  serous  membranes,  irre- 
spective of  the  particular  exciting  cause.  We  have  seen  it  bring  about  disappearance 
of  gland  swelling,  of  ititk,  and  of  optic  neuritis,  in  cases  of  which  there  was  not  only 
a  dependable  negative  history  both  as  to  acquired  and  hereditary  syphilis,  but  also 
failure  of  all  the  approved  laboratory  tests.  [Inunction,  more  or  less  active  according 
to  the  intensity  and  duration  of  symptoms,  with  sweat  baths  (hot  air,  hot  water,  elec- 
tric light,  perhaps  aided  by  pilocarpine)  or  hypodermic  injections  of  bichloride,  1/120 
to  1/60  grain  (0.5  to  1  mgm.)  daily  or  twice  a  day,  or  intramuscular  injection  of 
salicylate,  1  to  lYz  grains  (0.00  to  01.1  Gm.)  weekly,  have  been  the  preferred  methods  of 
administration  at  first.  Sometimes  potassium  iodide  has  been  given  coincidently  or 
subsequently.  Occasionally  the  so-called  mixed  treatment  (mercuric  chloride,  Vzi  to 
I's  grain;  potassium  iodide,  5  increased  to  10,  20,  or  30  grains)  has  been  used  after 
the  symptoms  have  been  brought  under  measurable  control.  In  other  words  the  treat- 
ment has  not  been  very  different  in  the  non-luetic  cases  from  that  of  lues.]  In  some 
of  these  cases  there  was  suspicion,  in  others  demonstration,  of  tuberculous  infection; 
but  we  are  not  inclined  to  ascribe  the  result  to  any  special  influence  of  mercury  upon 
the  bacillus  of  Koch.  In  fact,  there  is  no  more  humiliating  record  in  the  history  of 
medicine  than  that  of  the  indiscriminate  use  of  bichloride  sprays,  injections  and 
whatnot,  in  pulmonary  and  other  forms  of  tuberculosis,  in  the  years  closely  following 
the  announcement  of  Koch's  discovery.  Neither  locally  nor  internally  does  tubercu- 
losis, as  such,  afford  any  indication  for  the  use  of  mercurials.  The  succinimide,  in- 
deed, was  used  for  awhile,  by  hypodermic  and  intramuscular  injection  in  acute  and 
chronic  phthisis,  with  reported  good  results;  but  the  method  has  fallen  out  of  sight. 
We  can  vouch  for  its  good  influence  in  cases  of  tuberculous  and  scrofulous  adenitis, 
even  in  one  suppurative  case  in  which  operation  was  refused;  but  this  is  not  to  be 
explained  as  a  specific  germicidal  effect  of  the  drug.  Mercury  stimulates,  in  some 
way  not  determined,  lymphatic  gland  action,  and  the  activity  of  absorbents.  This  was 
strikingly  shown  in  one  non-luetic,  non-tuberculous  case,  by  the  disappearance,  under 
the  combined  local  and  systemic  effect  of  mercury,  of  mammary  indurations  that 
were  said  to  have  been  termed  carcinoma.  Such  influence  may  account  for  its  pecu- 
liarly good  effects  in  pathologic  alterations  of  glands,  or  we  may  attribute  the  result 
to  a  tissue  reaction  comparable  with  the  dissipation  of  inflammatory  swellings  in 
general  under  applications  of  mercurial  ointments.  Neither  in  one  case  nor  the  other, 
however,  is  the  result  invariable;  and  dogmatic  statements  concerning  its  mechanism 
in  successful  instances  are  not  in  order.  In  such  cases  mercury  may  be  associated 
with  an  equal  or  lesser  quantity  of  belladonna  ointment  and  sometimes  of  ichthyol 
as  well,  the  proportions  vajj-ing  with  the  case  and  symptoms.     This  application  is 
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u&eful  in  glandular  swellings,  and  lymphatic  inflammations,  and  in  orchitis  and 
epididymitis,  especially  if  of  luetic  origin.  In  subacute  synovitis,  especially  of  the 
knees,  the  mixed  ointments  may  be  spread  on  lint  and  held  in  contact  with  the  surface 
of  the  swollen  part.  Mercury  has  been  applied  over  the  enlarged  glands  in  Hodgkins' 
disease,  leukemia  and  like  conditions,  but  so  far  as  we  know,  without  good  results. 
Nor  is  it  of  great  value,  if  any,  to  reduce  an  enlarged  spleen;  while  in  chronic  hyper- 
trophic affections  of  the  liver,  of  other  than  luetic  origin,  it  may  be  dangerous. 

Mercuric  iodide  was  at  one  time  strongly  advocated  by  Indian  physicians  especially 
for  the  treatment  of  goiter.  A  strong  ointment  (3  percent.)  was  rubbed  into  the 
enlarged  gland,  while  the  patient's  neck  was  exposed  to  the  direct  rays  of  the  sun  (for 
which  a  substitute  may  now  be  found  in  ultraviolet  light).  The  parts  became  irritated 
within  half  an  hour  and  in  an  hour  a  blister  was  formed,  which  was  treated  in  the 
ordinary  way.  The  effects  of  the  application  were  sai-d  to  continue  after  the  blister 
healed,  the  tumor  decreasing  gradually  for  several  weeks.  The  procedure  is  not  to  be 
advised  in  Graves'  syndrome  and  has  been  superseded  in  simple  goiter  by  advances 
in  surgery;  but  it  is  worth  recording  for  its  occasional  applicability.  Ointment  of 
red  iodide  has  been  applied  over  the  region  of  the  larynx  in  inflammation  tending  to 
ankylosis  of  the  crico-arytenoid  articulations.  It  has  a  counter-irritant,  and,  perhaps, 
a  resolvent  effect. 

Inunctions  or  intramuscular  injections  of  mercury  or  its  salts  are  employed 
in  the  treatment  of  grave  forms  of  iritis  with  a  view  to  arrest  the  inflammatory  process 
and  to  aid  in  the  absorption  of  the  exudates.  It  does  accomplish  that  in  many  cases, 
whether  of  luetic  origin  or  not,  and  in  any  event  can  do  no  harm.  In  keratitis,  after 
the  acute  inflammation  has  subsided,  the  absorption  of  infiltrates  may  be  hastened  by 
the  use  of  the  yellow  oxide  ointment  applied  to  the  conjunctival  surface  of  the  upper 
and  lower  lids  and  followed  by  massage  of  the  eyeball  through  the  closed  lids.  In 
purulent  ophthalmia,  mercurial  inunctions  and  intramuscular  injections  of  gray  oil 
have  been  used,  but  their  value  is  problematical.  Inunction  is  of  value  also  in 
choroiditis,  cyclitis  and  vitreous  opacities,  and  should  be  kept  up  daily  until  salivation 
begins  or  until  the  eye  is  free  from  discoloration. 

Considerable  efficacy  was  farmerly  ascribed  to  the  vigorous  use  of  mercurial 
ointment  (or  of  calomel  administered  by  Law's  method — 1/12  grains,  5  mgm. — hourly, 
salivation  being  produced  in  24  to  48  hours),  in  acute  visceral  inflammations,  especially 
those  involving  serious  and  endothelial  membranes  or  attended  with  fibrinous  exudates 
— thus,  peritonitis,  perihepatitis,  pleuritis,  pericarditis  endocarditis,  and  even  pneu- 
monitis and  hepatitis.  Certain  it  is  that  this  method  was  too  heroic  and  that  better 
knowledge  of  etiology  and  pathology,  improved  diagnosis,  and  more  skilled  surgery,  has 
narrowed  the  field  of  any  form  of  mercurial  treatment  in  inflammations  of  the 
peritoneum ;  while  it  is  rarely  called  for  in  inflammation  of  the  pleura  or  in  the  pneu- 
monias Yet  we  have  seen  in  the  practice  of  elder  physicians  instances  of  recovery 
in  apparently  desperate  cases  of  double  lobar  pneumonia,  in  sequel  to,  and  apparently 
in  consequence  of,  active  mercurial  inunction ;  and  in  our  own  experience  the  method 
has  been  of  apparent  assistance  in  promoting  recovery  from  pericarditis  of  various 
etiologic  origins.  In  perihepatitis  it  may  occasionally  be  useful;  in  hepatitis  it  is 
mare  likely  to  do  harm.  In  rheumatic  and  so-called  bacterial  endocarditis,  as  well 
as  in  the  syiihilitic  form,  the  administration  of  mercuric  chloride  by  mouth  in  small 
doses,  carefully  watched,  or  of  one  of  the  organic  mercurials,  by  vein,  or  the  use  of 
Donovan  solution  in  ascending  doses  may  possibly  be  of  benefit.  At  all  events  we  are 
not  prepared  to  deny  it. 

In  acute  articular  rheumatism,  before  the  introduction  of  the  salicylates,  mer- 
curial inunction,  or  preferably  the  salivating  use  of  calomel,  was  strongly  advocated, 
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especially  by  Trousseau.  The  treatment  was  said  to  be  particularly  effective  in  what 
we  now  know  as  gonococcal  synovitis.  While  this  practice  is  not  to  be  commended, 
since  less  disagreeable,  not  to  say  less  dangerous,  methods  are  at  command,  cases  still 
arise  in  which  the  superficial  application  of  mild  mercurial  ointment  or  of  mercurial 
ointment  in  association  with  ichtliyol  and  Iielladonna  ointment,  over  the  affected  joints 
seems  to  speed  up  a  halting  recovery.  Similar  applications  are  at  times  useful  in 
various  forms  of  chronic  arthrHis.  In  the  joint  affections  of  gonorrhea,  both  acute 
and  chronic,  they  are  well  supplemented  by  the  use  of  mercuric  chloride  (1/8  grain — 
0.008  Gm.)  and  potassium  iodide  (5  grains — 0.3  Gm.)  internally,  three  times  daily, 
following  the  use,  successful  or  unsuccessful,  of  specific  serums  and  bacterines. 
Italian  practitioners,  in  esi)ecial,  laud  mercuric  chloride  in  virtually  all  forms  of 
ac%ite  infective  inftammaiion  of  joints,  whether  of  rheumatic,  gonorrheal,  syphilitic 
or  other  origin.  Intravenous  injections  of  1/15  grain  (4  mgm.)  in  1  fluidram  (5  cc.) 
of  physiologic  saline  solution  are  made  once  daily  for  4  or  5  days  (Fantoni;  Pulido). 
Here  also  a  caution  is  necessary :  When  intravenous  injections  of  iodine  preparations 
are  used,  mercury  by  any  method,  even  external  application,  is  contraindicated. 

In  the  treatment  of  dropsy  resulting  from  chronic  heart  affections,  muscular  or 
valvular,  calomel  is  at  times  useful  as  a  diuretic.  Far  this  purpose,  it  is  commonly 
associated,  as  in  the  "Niemeyer  pill",  with  digitalis  and  squill,  1  grain  (0.05  Gm.)  each. 
In  "Guy's  diuretic  pill",  blue  mass  is  used  instead  of  calomel  and  V2  grain  (0.03  Gm.) 
of  hyoscyamus  extract  is  added.  The  mercurial  may  be  given  alone,  however,  in  doses 
of  5  grains  (0.3  Gm.)  two  or  three  times  daily,  followed  next  day  by  a  saline  purge. 
Some  authors  are  inclined  to  ascribe  special  value  to  this  action  of  calomel  in  cases 
of  aortic  disease,  and  in  all  instances  in  which  remedies  of  the  digitalis  group  are  con- 
traindicated or  unavailing.  It  is  then  to  be  given  in  divided  doses  of  2  or  3  grains  (0.15 
to  0.2  Gm.)  daily  at  first,  cautiously  increased.  Salines  are  not  given.  The  action  is 
not  manifest  until  after  two  or  three  days  of  the  medication,  which  may  then  be  with- 
drawn ;  and  repeated  after  two  or  three  days  interval.  Calomel  and  jalap  in  full  doses 
10  grains  (0.6  Gm.)  of  the  mercurial  with  equal  or  double  quantity  of  compound  jalap 
powder  is  used  in  both  cardiac  and  hepatic  dropsies  to  produce  profuse  watery 
stools. 

In  dropsy  of  nephritic  origin,  all  mercurials  are,  of  course,  contraindicated ;  and 
even  in  nephroses,  the  indication  should  be  very  clear  and  the  possibility  of  doing 
harm  kept  in  the  foreground  of  conscious  mind.  As  already  pointed  out,  this  caution 
applies  with  no  less  force  to  the  organic  compound  of  mercury  known  as  merbaphen 
or  novasurol,  which  has  recently  acquired  so  much  vogue  as  a  diuretic.  This  compound 
was  introduced  in  Germany  as  an  antiluetic  agent,  and  its  powerful  diuretic  influence 
was  observed  incidentally.  It  is  injected  under  the  skin,  into  a  muscle  or,  preferably, 
into  a  vein,  in  10  percent,  neutral,  sterile  solution,  being  marketed  in  ampules  for 
that  purpose.  The  dose  ranges  from  8  to  30  minims  (0.5  to  2  cc),  the  ordinary  quantity 
being  15  minims  (Ice).     It  is  given  once  or  twice  weekly. 

The  mechanism  of  its  influence  is  not  well  understood,  but  the  statement  is  made 
that  "it  mobilizes  the  edematous  fluid  in  the  tissues  and  promotes  elimination  by  the 
kidneys".  In  the  dropsies  of  cardiac  decompensation,  the  intensity  and  rapidity  of 
the  drug's  action  is  sometimes  extraordinary.  Recently,  its  use  conjoined  with  that 
of  ammonium  chloride  by  mouth,  with  low  water  and  low  salt  diet,  has  been  advocated 
at  the  Mayo  Foundation  (Ilowntree,  Keith,  Barrier  and  Whelan)  in  the  treatment 
of  other  forms  of  edema,  such  as  the  ascites  of  cirrhosis,  and  the  anasarca  of  certain 
forms  of  renal  dysfunction  (nephroses).  In  the  latter,  however,  it  is  to  be  used,  if  at 
all,  with  great  caution;  for  in  the  presence  of  any  serious  impairment  of  the  respon- 
siveness of  the  kidney,  it  may  do  much,  and  even  fatal,  harm.     Occasionally,  even  in 
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ordinary  dose,  and  in  other  than  renal  cases  it  produces  soreness  of  the  gums;  and 
quite  frequently  a  large  dose  will  cause  a  true  mercurial  stomatitis.  According  to 
Keith  and  Whelan,  the  use  in  association  of  ammonium  chloride  and  novasurol  bring 
about  acidosis,  with  increase  in  the  chloride  content  of  the  blood  and  .in  the  excretion 
of  water,  chloride,  sodium,  jKjtassium,  and  ammonia;  the  diuresis  depending  on  all 
these  factors.  In  a  case  with  subnormal  plasma  chloride  no  diuresis  resulted.  The 
action,  they  conclude,  is  not  on  the  renal  cells  alone  but  on  the  edematous  tissue  cells 
throughout  the  body,  permitting  the  escape  of  chloride  and  water. 

Following  the  initiative  of  Piper  (1922),  who  resorted  to  it  in  puerperal  and 
postoperative  septicemias,  many  physicians,  surgeons  and  accoucheurs  have,  within 
the  last  few  years,  utilized  the  germicidal  powers  of  mercuroehrome  by  intravenous 
injection.  Sailer  employed  this  method  in  lobar  pneumonia  of  streptococcic  origin'. 
Freeman  and  Hoppe,  in  bronchopneumonia  following  measles  and  in  lobar  pneumonia 
of  children;  Courtright  in  influenzal  pneumonia;  Greenbaum  and  Schamberg  in 
pemphigus;  Young  in  chronic  phagedenic  chancroid;  and  there  is  a  growing  tendency 
to  extend  its  use  to  all  infections,  including  typhoid  fever  (Bond  and  Barrier)  and 
other  infectious  maladies.  If  we  exclude  the  lobar  pneumonias  of  children,  in  which 
recovery  is  ordinarily  to  be  expected  in  almost  all  cases  under  any  rational  management, 
the  most  brilliant  results  (not  the  greatest  proportion  of  recoveries)  of  intravenous 
therapy  with  mercuroehrome  have  been  shown  in  streptococcic  bacteremias,  and 
especially  in  infections  with  S.  hemolyticus.  Young,  Hill  and  Scott  report,  inter  alia, 
an  instance  in  man  of  complete  disappearance  of  that  organism  within  12  hours  after 
the  introduction  into  a  vein  of  7.5  mgm.  per  kilo  of  mercuroehrome  in  1  percent, 
solution.  They  have  compiled  statistics  (1925),  experimental  and  clinical,  from  their 
own  and  others'  observation,  showing  also  the  power  of  the  drug  thus  employed, 
against  a  number  of  organisms  infecting  the  blood-stream,  the  gall-bladder,  and  various 
tissues  and  organs —  staphylococci,  pneumococci,  colon  bacilli,  gonococci,  bacillus 
lactis  aerogenes  (in  a  case  of  pyelonephritis)  typhoid  bacilli  (in  bile)  and  others — 
and  giving  instances  of  recovery  in  a  great  variety  of  conditions  including  besides 
those  already  mentioned,  furunculosis,  erysipelas,  gangrene,  epidemic  encephalitis, 
anterior  poliomyelitis,  endocarditis,  otitis  media,  meningitis,  scarlatina,  gonorrheal  and 
other  forms  of  arthritis,  prostatitis,  cystitis,  phlebitis,  osteomyelitis,  peritonitis,  etc. 
If  we  except  8  cases  of  erysipelas,  all  of  which  recovered,  the  greatest  proportion  of 
recoveries  recorded  (approximately  80  per  cent.)  were  in  staphylococcus,  B.  coli,  and 
gonococcus  infections;  pneumococcus  gave  66.6  percent.  Streptococcus  hemolyticus 
58.8  percent,  and  S.  viridans  33.3  percent.  Some  of  the  cases — as  the  authors  point 
out — are  inconclusive,  others  suggestive  merely.  But  the  great  weight  of  testimony  of 
competent  observers  cited  shows  not  only  that  life  may  be  saved  in  apparently  desperate 
cases  of  infection  by  the  fea.rless  intravenous  use  of  mercuroehrome,  but  that  the 
method  is  of  service  in  preventing  the  development  of  life-threatening  symptoms.  Final 
judgment  cannot  yet  be  passed;  and  so  heroic  a  measure  should  not  be  employed 
unnecessarily.  That  it  has  failed  to  avert  death  in  approximately  one  third  of  the 
cases  recorded,  and  in  a  larger  percentage  of  certain  conditions — as  endocarditis  (vir- 
idans infection  in  particular)  and  brain  abscess — should  not  deter  from  resort  to  it 
when  apparently  indicated.  Rather  should  this  fact  lead  to  earlier  institution  of  the 
treatment,  with  greater  probability  of  success.  There  is  no  contraindication  to  the 
conjoint  use  of  an  appropriate  serum  or  dye — in  fact,  the  association  may  be  helpful. 
The  dose  is  calculated  on  the  patient's  body  weight,  5  mgm.  of  drug — equalling  0.5  cc. 
of  a  freshly  prepared  1  percent,  solution — to  each  kilogram.  Young  states,  however, 
that  50  per  cent,  more  than  this  may  be  given  with  safety,  when  the  case  so  demands. 
In  some  cases,  full  therapeutic  doses  have  been  followed  by  no  reaction.     Commonly 
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there  is  immediate  depression  with  abdominal  discomfort,  nausea  and  headache;  very 
frequently  chill,  not  often  severe.  In  febrile  cases  particularly,  but  also  in  others, 
rise  in  temperature  of  from^  1  to  5  degrees  occurs  about  3  or  4  hours  iifter  the  injection 
and  is  followed  by  an  early  and  profound  drop  nearly  to  normal,  or,  sometimes,  even 
below  normal.  Purgation  may  occur  promptly  or  after  a  day  or  two,  the  discharges 
being  quite  red.  Slight  stomatitis  has  been  observed  in  a  few  instances.  The  presence 
of  casts  in  the  urine  is  not  looked  upon  as  a  contraindication  and  if  they  appear  after 
treatment,'  they  clear  up  promptly.  Shock  is  of  somewhat  rare  occurrence.  Young, 
Hill  and  Scott  found  but  two  instances  in  which  death  could  be  attributed  to  the 
drug — one  of  osteomyelitis;  the  other  of  pemphigus — and  in  these  they  believe  that 
the  effect  was  merely  to  hasten  the  end,  which  would  have  been  the  same  without  the 
drug  as  with  it. 

Metaphen  solution  (1.1000)  has  been  used  in  the  same  way,  and  apparently  with 
about  equivalent  results.  Whether  it  is  equal  to,  inferior  to,  or  superior  to  mercuro- 
chrome,  cannot  be  said  until  there  has  been  longer  experience  with  both.  For  adults, 
the  intravenous  dose  of  metaphen  is  estimated  at  0.3  cc.  solution  per  kilogram  of 
body  weight,  hence  about  20  cc.  as  an  average.  Some  prefer  to  inject  at  first  but 
10  cc.  (ampules  of  this  size  being  marketed)  and  observe  the  effects  before  repeating 
or  increasing  the  dose.  With  children  the  dose  is  determined  as  a  total  amount  rather 
than  according  to  weight.  Those  up  to  five  years  of  age  should  receive  from  1.5  to  2.5 
cc.  and  older  children  5  cc.  The  injection  is  to  be  repeated  as  the  severity  of  the 
symptoms  and  the  apparent  results  may  indicate;  perhaps  daily  in  acute  cases,  perhaps 
only  once  a  week  in  subacute  or  chronic.  Reaction  is  not  commonly  severe  and 
according  to  Raiziss,  doses  of  even  30  cc.  are  not  toxic  for  adults  with  normal  kidneys. 
Nevertheless  the  urine  should  be  watched  closely  in  every  instance  for  the  first 
appearance  of  albumin,  and  except  there  be  overwhelming  reason  to  the  contrary,  the 
drug  should  be  suspended  until  the  urine  is  again  clear.  An  alkaline  diuretic  or 
Basham  mixture  may  be  administered  by  mouth  concurrently.  Among  the  conditions 
in  which  metaphen  has  been  used  with  reported  favorable  issue  in  many  instances  are 
acute  endocarditis  with  8.  viridans  in  the  blood  stream;  acute  rheumatic  endocarditis; 
pneumococcic  meningitis;  puerperal  septicemias,  both  staphylococcic  and  streptococcic; 
and  syphilis. 

A  few  other  occasional  uses  of  mercury  may  be  noted:  Retchensky  states  that 
typhus  fever  may  be  aborted  by  daily  intramuscular  injections  of  1/9  to  1/8  grain 
(0.007  to  0.008  Gm.)  of  mercury  cyanide  or  salicylate.  The  treatment  to  be  successful 
must  be  begun  within  the  first  four  days  of  the  attack. 

The  use  of  blue  mass  in  doses  of  1  grain  (0.06  Gm.)  once  or  twice  daily,  as 
advocated  by  certain  neurologists  in  neuritis  of  any  origin,  is,  perhaps,  akin  to  the 
more  active  use  of  mercurial  purges  in  inflammation  of  the  sciatic  nerve,  and  in 
functional  nerve  disturbances  associated  with  pain — as  described  in  a  preceding 
paragraph. 

Some  practitioners  lay  stress  upon  the  value  of  antiluetic  treatment,  including 
mercury,  in  all  cases  of  epilepsy,  whether  or  not  there  is  a  history  of  syphilis.  In 
Landry's  paralysis,  Oppenheim  recommends  the  "cautious"  trial  of  mercurial  inunctions, 
from  which  good  results  have  sometimes  been  observed. 

It  is  said  by  good  observers  that  in  salpingitis  small  doses  of  red  iodide,  1/32 
grain  (0.002  Gm.)  three  times  a  day,  are  often  useful,  even  in  the  absence  of  any 
indications  of  syphilitic  or  gonorrheal  origin. 

In  lichen  planus,  mercuric  chloride  may  be  injected  in  doses  of  1/16  grain  (4  mgm.) 
three  times  a  day  for  two  weeks  or  longer.  Even  better  results  are  seen,  both  in  this 
affection  and  in  pityriasis  rosea  from  the  intravenous  injection  of  the  cyanide,  1/6 
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grain  (10  mgm.),  or  of  the  benzoate,  1/4  grain  (15  mgm.)  every  third  or  fourth  day; 
the  duration  of  the  illness  is  considerably  shortened  and  itching  markedly  allayed 
(A.  Strauss).  In  pemphigus,  mercurochrome,  metaphen  and  mercurophen  are  being 
used  intravenously,  but  as  yet  nothing  can  be  said  as  to  the  ultimate  result. 

Both  intravenous  and  intramuscular  injections  of  various  salts  of  mercury  are 
employed  in  the  treatment  of  the  syphUoderms.  Flat  warts  are  said  to  disappear 
promptly  under  the  influence  of  green  iodide — 1/4  grain  (15  mgm.)  in  pill  three  times 
a  day,  reduced  proportionately  for  children  (Fox;  White). 

Syphilis. — While  arsphenamine  and  bismuth  both  rank  higher  as  treponemicides, 
and  arsphenamine  treatment,  if  practicable,  is  first  to  be  instituted  in  acute  early 
syphilis,  and  in  certain  forms  of  the  later  manifestations  of  the  malady,  mercury  has 
its  place  even  in  the  earliest  phase  of  the  malady  and  is  of  great  importance  in  the  other 
phases.  With  certain  exceptions  pointed  out  in  the  discussion  on  arsenicals — e.g., 
hepatic  syphilis — the  most  thorough  management  of  luetic  infections  is  that  which 
associates  arsenicals,  mercury  and  the  iodides.  Bismuth  may,  and  sometimes  must 
be  included,  as  well;  but  as  stated  elsewhere  its  chief  uses  are  in  cases  in  which 
arsenic  and  mercury  have  failed  to  bring  about  complete  recovery;  and  as  a  substitute 
for  mercury  when  repeated  courses  of  the  latter  seem  necessary.  Competent  clinicians 
state  that  mesurol,  a  20  percent,  oil  of  sesame  emulsion  of  a  basic  bismuth  salt  which 
in  turn  is  said  to  contain  not  less  than  54  percent,  of  bismuth,  has  proved'  effective 
in  secondary,  tertiary  and  congenital  syphilis.  It  may  be  cited  as  an  example  of 
numerous  salts  of  fairly  recent  development,  with  the  qualification  that  time  alone 
will  prove  the  criterion  of  their  value.  We  shall  here  discuss  chiefly  the  indications  and 
methods  of  use  of  the  mercurials;  but  also  outline  the  manner  in  which  they  may  be 
associated  with  the  other  agents  mentioned. 

First,  we  must  distinguish  between  the  prophylactic  and  the  abortive  treatment 
of  the  primary  stage  of  syphilis.  By  prophylaxis  should  be  understood  measures 
instituted  to  prevent  infection,  whether  before  or  after  the  suspected  contact.  Mercujy 
is  here  preeminent.  The  33  percent,  ointment  of  calomel  in  lanolin  (not  anhydrous) 
is  probably  as  effective  as  any  preparation  advised,  and  the  method  of  its  employment 
has  been  set  forth  under  the  head  of  topical  administration.  The  limit  of  time  after 
contact  with  an  infected  surface  or  secretion,  during  which  prophylaxis  is  stiU 
possible,  cannot  be  stated  accurately.  If  the  mercurial  is  used  immediately,  it  will 
almost  certainly  destroy  the  spirochetes  before  they  can  enter  the  tissues;  and  it  may 
possibly  be  effective  if  applied  within  four  hours.  Later  than  four  hours  it  is  of 
doubtful  benefit. 

"The  essentials  of  the  local  prophylaxis  of  syphilis  as  used  by  the  United  States 
Army  are :  1.  Thorough  washing  of  the  genitalia  with  soap  and  water.  2.  The  vigorous 
inunction  into  all  exposed  parts  of  a  33  percent,  calomel  ointment  made  up  in  a  base 
of  equal  parts  of  lanolin  and  lard.  The  proportion  of  calomel,  as  shown  by  Metchnikoff's 
experiments,  must  be  neither  more  nor  less  than  33  percent.  Prompt  application 
is  absolutely  essential  to  successful  prophylaxis,  and  the  percentage  of  infection  rises 
rapidly  when  prophylaxis  is  applied  after  the  first  hour.  Moore  has  pointed  out  that 
washing  with  soap  and  water,  while  a  necessary  preliminary  to  all  forms  of  prophylaxis, 
is  particularly  important  in  preventing  chancroid.  Immediate  urination  after  exposure 
and  the  use  of  10  percent,  argyrol  or  2  percent,  protargol  solution  injected  into  the 
urethra  forms  the  prophylaxis  for  gonorrhea.  Efforts  have  been  made  to  combine 
prophylaxis  for  all  venereal  infections  in  one  preparation,  and  for  this  purpose 
1  per  cent,  phenol  and  3  percent,  camphor  may  be  added  to  the  calomel  oint- 
ment. Bachman  recommends  tricresol  and  Colonel  Harrison  recommends  2  percent, 
thymol. 
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"Station  prophylaxis  is  definitely  recognized  as  more  effective  than  packet 
prophylaxis.  The  physifian  who  undertakes  to  apply  proi)hylaxis  in  private  practice 
should,  if  possihle,  personally  supervise  its  use  by  the  patient  an<!  insist  on  the  thorough 
and  vigorous  carrying  out  of  the  soap  and  water  cleansing  and  the  rubhing-in  of  the 
calomel  ointment.  The  rubbing-in  should  occupy  at  least  ten  minutes,  and  the 
excess  should  remain  on  the  genitalia  for  at  least  twelve  hours.  Neisser's  Javanese 
work,  according  to  Walker,  led  him  to  prefer  a  soluble  mercurial,  such  as  mercury 
bichloride,  but  calomel  prophylaxis  is  the  accepted  technic  at  the  present  day.  While 
calomel  prophylaxis  may  be  used  on  suspected  abrasions,  it  must  be  recalled  that 
infected  deep  needle  punctures  are  not  reached  by  the  rubbing  of  calomel  ointment 
on  the  surface  of  the  skin.  The  use  of  arsphenamine  as  a  prophylactic  against  syphilis 
was  suggested  and  tried  experimentally  by  Magian  and  has  since  been  studied  by 
several  authors,  including  Michel  and  Goodman,  Nicolau  and  others.  It  appears  to  be 
approaching  a  demonstrated  effectiveness,  when  employed  sufficiently  early.  The 
administration  of  three  siiccessive  doses  of  0.6  to  0.9  gm.  of  neoarsphenamine  on  three 
successive  days  may  be  regarded  as  pro'bably  efficient  proj^hylaxis.  The  patient  should 
be  cautioned  to  remain  under  observation,  and  the  Wassermann  reaction  should  be 
taken  once  a  month  thereafter  for  at  least  one  year,  and  observation  encouraged  for 
several  subsequent  years." 

When  infection  is  a  matter  of  suspicion  only  and  prophylactic  measures  have  not 
been  used  promptly,  it  may  possibly  be  wise  to  do  nothing  and  await  developments — 
a  point  we  shall  recur  to  later.  But  when  the  infection  is  well  nigh  certain,  and 
especially  in  such  instances  as  that  of  a  physician  wounded,  be  it  ever  so  slightly,  by 
an  instrument  that  has  been  in  contact  with  a  syphilitic  lesion,  abortive  treatment  is 
indicated.     This  has  been  discussed  under  arsphenamine. 

The  appearance  of  chancre  or  other  recognizable  lesion  is  an  evidence  not  of  an 
initial  process,  but  of  established  and  generalized  infection;  remedial  treatment  in 
which  mercury  is  still  an  important  factor  must  be  instituted  promptly.  To  depend 
upon  arsphenamine  alone  would  be  an  error  almost  as  great  as  that  of  an  earlier 
day,  in  waiting  for  the  appearance  of  "secondaries"  to  establish  the  diagnosis,  before 
resorting  to  the  use  of  mercury.  Today,  in  cases  of  doubt,  darkfield  studies,  and  in 
some  cases  the  serologic  reaction,  help  the  diagnosis  materially;  but  when  these  are 
not  obtainable,  it  is  wise  to  act  upon  the  reasonable  suspicion. 

Modern  syphilographers  do  not  treat  the  chancre  actively.  If  microscopic  study 
is  to  be  made,  wet  dressings  (hypertonic  salt  solution  10  percent.)  are  applied  until 
this  has  been  completed;  after  which  mercuric  chloride  1:1000  may  be  added  to  the 
saline,  or  a  33  percent,  calomel  ointment,  or  a  dusting  powder  of  calomel,  may  be 
used.  At  times — depending  on  the  situation  and  characteristics  of  the  sore — calomel 
ointment  is  applied  also  to  a  large  surrounding  area,  for  local  absorption  and  disin- 
fection, topical  and  lymphatic — any  additional  impression  from  absorption  into  the 
systemic  circulation  being  welcomed. 

If  arsphenamine  is  available,  a  sufficient  course  should  be  given  at  once,  during 
or  after  which  effective  mercurialization  is  to  be  brought  about — preferably  by 
inunction  of  mercurial  ointment,  or  some  cleanly  substitute.  When  this  is  imprac- 
ticable most  of  the  recent  authorities  advocate  intramuscular  injections — succinimide, 
bichloride,  biniodide  and  benzoate  (Ki  to  %  grain  in  saline  solution,  1  cc.  three  to 
six  times  weekly)  and  salicylate  in  a  vegetable  oil,  with  or  without  lanolin  {V2  to  2 
grains  weekly)  are  advised. 

When  arsphenamine  is  not  well  borne  and  chief  dependence  must  be  placed  on 
mercury,  intravenous  injection  twice  weekly  is  advocated,  flumerine  (20  to  30  cc.  of  a  1 
percent,  solution)  and  mercurosal  (0.1  Gm.  freshly  dissolved  in  5  to  20  cc.  of  saline 
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solution)  being  recommended  among  organic  compounds,  the  bichloride  apparently 
being  the  favorite  among  inorganic  compounds.  The  latter,  in  our  judgment,  should 
be  avoided ;  and  the  former  are  only  to  be  used  in  case  of  necessity. 

In  former  days,  and  still  quite  largely  among  physicians  whose  experience  covers 
some  decades,  mercurials  were  administered  by  mouth — we  believe,  effectively.  The 
compound  of  choice  is  the  protiodide,  but  other  mercurous  salts  (protoxide,  calomel) 
may  be  used.  Beginning  with  about  %  to  %  grain  (0.01  to  0.015  Gm.)  the  dose  is  to 
be  increased  gradually,  and  according  to  the  tolerance  of  the  patient,  up  to  the  point 
of  saturation.  This  point  also  is  to  be  the  goal,  however  the  mercury  may  be  given. 
The  drug  is  then  to  be  intermitted,  and  eliminative  measures  instituted,  after  which, 
according  to  the  general  program  in  view,  it  is  to  be  resumed ;  or  an  arsenical  bismuth 
course  to  be  given. 

Some  authors  prefer  what  has  been  termed  the  "overlapping  method" — adminis- 
tering mercury  between  injections  in  the  latter  part  of  the  arsphenamine  course. 
Others  alternate  mercurials  and  arsphenamine. 

Mercury,  however,  may  be  used  more  continuously  and  more  freely  than  either 
arsphenamine  or  bismuth,  if  for  no  other  reason  than  that  of  greater  convenience  in 
administration.  The  fact  once  urged  against  the  drug  that  it  can  hinder  or  prevent 
the  development  of  secondary  symptoms  is  in  reality  the  strongest  argument  for 
promptitude  in  its  use.  Less  harm  will  be  done  by  the  positive  than  by  the 
negative  error. 

The  contraindication  of  kidney  lesion  is  about  the  same  for  arsenic  and  mercury 
and  may  to  a  certain  limited  extent  be  overcome  by  frequent  intermissions,  with  the 
use  of  eliminative  measures,  including  pilocarpine,  hot  baths  (preferably  of  hot,  dry 
air,  as  in  the  electric  light  cabinet)  and  the  drinking  of  large  quantities  of  alkaline 
waters.  While  in  many  cases  the  kidney  lesions  are  dependent  on  lues  and  tend  to 
clear  up  with  the  action  of  the  remedy,  this  is  not  always  the  case;  and  discrimination 
being  difficult,  the  precautions  outlined  are  always  desirable.  There  is  no  doubt  that 
the  reputation  of  certain  watering  places,  as  Aix-la-Chapelle,  Aix-les-Bains,  and  Hot 
Springs,  Arkansas,  as  resorts  for  the  luetic,  was  in  large  measure  acquired  through 
the  conjunction  of  the  bathing  and  drinking  "cures"  with  the  vigorous  use  of  mer- 
curials and,  in  the  later  stages  of  the  malady,  of  iodides. 

The  iodides  do  not  aid  either  in  the  destruction  of  parasites  or  in  building  up 
tissue  resistance.  They  are  resolvents  and  sorbef aeients ;  they  alter  the  affected  tissues 
and  promote  the  elimination  of  tissue  debris  and  tissue  poisons,  as  well  as  of  mercury 
deposited  in  the  tissues.  The  question  of  when  and  how  to  use  them  is  discussed  in 
the  appropriate  connection.  Here  it  will  be  sufficient  to  say  that  while  they  are 
imperative  in  the  so-called  tertiary  stage,  their  employment  should  not  be  deferred 
until  then.  Their  early  use  from  time  to  time,  in  conjunction  with  mercury,  or  during 
the  intervals  of  its  suspension,  permits  the  mercurial  course  to  be  more  active  and 
more  prolonged;  and  thus  more  effective. 

The  Wassermann  test  is  employed  both  as  a  guide  to  treatment  and  as  a  criterion 
of  recovery,  but  it  cannot  be  depended  upon  alone — the  clinical  phenomena  must 
always  be  taken  into  account.  Nor  must  treatment  under  any  circumstances  be 
suspended  too  early;  at  least  two  years  of  rather  continuous  medication  are  necessary. 
Blood  is  examined  every  two  months  during  the  first  year  (care  being  taken  to  draw 
it  no  sooner  than  one  week  after  acute  alcoholism)  and  every  four  months  during  the 
second  year.  This  is  after  the  last  course  of  treatment  when  recovery  is  believed  to 
be  effected.  Tests  are  also  made  in  the  rest  periods  between  courses  of  treatment,  and 
after  the  first  course  an  examination  of  the  spinal  fluid  is  advised.  Mercury  alone 
cannot  be  depended  upon  to  produce  a  negative  serologic  reaction;  arsphenamine  is 
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commonly  necessary.  When  positive  serologic  reaction  persists  despite  vigorous  use 
of  both  mercury  and  arsphenamine,  bismuth  should  be  resorted  to. 

As  with  salicylates  in  rheumatism  and  quinine  in  the  pneumococcus  infections, 
and  iodides  in  syphilis  itself,  a  decreasing  tolerance  to  the  drug,  after  habituation 
has  once  been  established,  is  an  evidence  of  lessened  necessity  for  the  use  of  mercury. 
It  probably  does  more  than  combat  the  treponemas.  Like  other  alteratives  it  destroys 
moo-bid  cells  and  cells  of  low  resistance.  So  long  as  microbes  and  morbid  tissues 
are  there  in  sufficient  quantity  to  "use  it  up,"  and  the  total  dosage  is  not  excessive, 
normal  tissue  will  not  suffer.  But  retention  and  accumulation  of  the  mercurialized 
detritus  of  cells  and  germs  must  be  prevented  in  order  to  avoid  both  drug  and  protein 
intoxication.  Hence  the  need,  already  mentioned,  for  keeping  up  the  free  action 
of  the  emunctories,  and  especially  for  the  induction  of  therapeutic  sweats.  These  las^t 
may  be  given  once  or  twice  weekly  at  first,  when  active  mercurialization  is  in  progress ; 
less  frequently  later,  as  the  dose  is  diminished. 

What  has  been  said  applies  to  treatment  after  secondary  symptoms  have  appeared, 
as  well  as  to  the  earlier  stage. 

If  the  early  treatment  has  been  neglected  or  has  not  succeeded  in  averting  the 
tertiary  eruptions,  or  the  gummatous  or  other  lesions  of  nerves  and  viscera,  mercury 
is  still  of  equal  importance  with  arsenic  and  iodides.  None  of  them  is  to  be  neglected. 
The  same  is  to  be  said  concerning  congenital  (so-called  hereditary)  lues.  Neither  in 
this,  nor  in  the  acquired  malady,  should  the  particular  symptoms  or  special  location  of 
lesions  make  much  difference  in  the  major  treatment  by  mercury;  they  modify  only 
methods  of  administration  and  choice  of  adjuvants. 

If  the  patient  has  never  been  subjected  to  a  proper  mercurial  course — whether  or 
not  arsphenamine  has  been  used — the  best  plan  is  to  push  inunction  vigorously;  either 
with  coincident  daily  sweating  (by  hot  air  or  hot  water  applications,  with  or  without 
pilocarpine)  or  with  sweats  at  three-day  or  four-day  periods.  It  is  commonly  best 
to  produce  a  distinct  mercurial  impression  before  the  first  sweat.  After  a  week,  or 
two  or  three  weeks  of  this  procedure,  potassium  iodide  should  be  given  in  full  doses  for 
a  week  or  ten  days ;  or  iodide  may  be  given  coincidently  or  in  alternation  with  mercury 
after  the  first  course  of  3  or  4  days  and  its  terminal  sweat  bath.  Arsphenamine  may 
then  be  used,  and  in  a  few  days  the  whole  course  repeated  as  before,  or  modified 
according  to  individual  indications.  This  applies  to  all  varieties  of  syphilitic  lesions, 
but  perhaps  with  peculiar  force  to  cerebrospinal  and  many  cardiovascular  cases.  In 
chronic  cardiovascular  lues  with  great  weakness  and  especially  in  those  with  marked 
aortic  lesions,  it  is  often  best,  however,  to  bring  about  mercurialization  more  gently. 
Later,  or  at  first  in  the  less  urgent  instances,  the  so-called  "mixed  treatment"  is  to  be 
instituted;  mercuric  chloride  (in  doses  of  %4  grain  (0.0025  Gm.)  gradually  increased 
to  Vs  or  rarely  to  %  grain  (0.008  to  0.01  Gm.)  thrice  daily,  being  given  in  association 
with  sodium  or  potassium  iodide  (preferably  the  latter).  After  a  month  or  so  of  this 
treatment  mercuric  iodide  may  be  administered  in  pill  or  capsule,  in  about  the  same 
dosage — ^perhaps  associated  with  opium  or  atropine,  or  in  very  late  and  comparatively 
mild  cases  in  which  a  general  or  stomachic  tonic  seems  advisable,  with  gentian  or  nux 
vomica.  Alkaline  iodides  may  be  given  simultaneously,  if  desired.  Arsphenamine 
also  may  be  repeated,  the  general  plan  of  treatment  being  adjusted  from  time  to  time 
to  needs  and  results  in  the  individual  case. 

Sometimes,  when  a  very  rapid  impression  seems  to  be  necessary — for  example, 
in  optic  neuritis — and  when  for  any  reason  inunctions  are  impracticable,  or  in  the 
physician's  judgment  too  slow,  the  mercurial  is  to  be  given  intramuscularly  or  intra- 
venously— the  choice  of  agents  and  methods  being  discussed  under  the  heading  of 
administration.     Potassiomercuric  iodide  is  said  to  involve  less  risk,  especially  with 


702  INORGANIC  CHEMICAL  ANTISEPTICS 

the  bichloride.  The  salicylate,  benzoate,  succinimide,  metaphen  and  other  compounds 
are  available  for  one  or  the  other  of  these  methods  and  each  has  its  advocates.  The 
same  procedure  is  employed  for  long-continued  definite  impression,  especially  in 
lesions  of  the  nerve  system  and  in  affections  of  the  eye,  ear,  nose  and  throat.  An  iodide 
may  be  given  by  mouth  at  the  same  time,  but  by  those  who  use  injection  methods 
this  is  often  omitted.  Elsewhere  we  have  set  forth  the  dangers  attending  the  intra- 
muscular use  of  insoluble  mercurials. 

In  adults  with  congenital  (heredo)  lues,  inunction  may  be  practiced.  The  mix- 
ture of  mercuric  chloride  and  potassium  iodide  is  often  used,  and  the  red  iodide  is  also 
available,  it  being,  of  course,  the  more  convenient.  The  two  prepa-rations  may  use- 
fully be  alternated. 

With  infants  and  children  giving  evidence  of  congenital  syphilis,  mercurial 
ointment  and  mercury  with  chalk — in  other  words,  the  coarser  and  more  rapid  methods 
of  mercurialization — seem  preferable.  Thus  a  small  quantity  (the  size  of  a  pea)  of 
20  percent,  oleate  is  placed  in  the  axilla  night  and  morning  for  5  or  6  days  (Mar- 
shall) ;  or  a  mass  of  mercury  and  belladonna  ointment  the  size  of  a  large  hickory  nut 
may  be  spread  upon  a  flannel  belly-band  and  renewed  daily  until  the  band  becomes 
stiff,  when  a  new  one  is  to  be  used;  or,  especially  in  bone  lesions,  a  ball  of  mercurial 
ointment  the  diameter  of  the  thumbnail,  diluted  with  an  equal  part  of  lanolin,  is 
rubbed  daily  into  the  skin  of  the  abdomen  and  back,  and  a  teaspoonful  of  cod-liver 
oil  with  5  minims  of  a  1  tlOOO  solution  of  mercuric  chloride  is  given  by  mouth  twice 
a  day.  To  older  children  the  cod-liver  oil  and  bichoride  may  be  given  four  times  a 
day  or  in  double  dose  twice  a  day.  Six  or  eight  weekly  injections  of  arsphenamine, 
beginning  with  1  grain  and  increasing  gradually  to  2  grains  (0.06  to  0.12  Gm.)  may 
be  given  intravenously,  at  the  same  time  that  from  10  to  30  drops  (0.6  to  2  cc.)  of 
a  1 :  1000  solution  of  bichloride  is  administered  in  milk.  In  place  of  the  bichloride 
solution  gray  powder  in  doses  of  Vs  to  y2,  or  perhaps  1  grain  (0.08  to  0.05  Gm.)  may 
be  given  to  a  child  of  fxom  two  months  to  a  year  old;  or  weekly  inunctions  may  be 
made  with  mercurial  cream.^  Some  advise  that  bichloride  be  injected  intramuscularly, 
in  doses  of  ^20  to  V25  grain  (0.0005  to  0.0025  Gm.)  twice  weekly.  This  last  is,  however, 
painful;  and  the  salicylate  may  be  used  instead,  in  the  same  or  a  slightly  larger  dose. 

In  congenital  syphilis  of  the  liver,  the  remedy  of  choice  appears  to  be  gray  powder 
in  dose  of  V2  grain  (0.03  Gm.)  twice  daily  for  infants  under  three  months  of  age 
and  of  1  grain  (0.05  Gm.)  for  older  children. 

As  to  special  lesions  little  need  be  added;  a  few  instances  cited  more  by  way 
of  illustration,  than  in  an  attempt  to  cover  the  whole  field  in  detail.  Gummata  and 
syphilitic  neoplasms  in  general  are  particularly  amenable  to  treatment  by  mercury, 
disappearing  ordinarily  in  the  course  of  a  few  weeks.  In  acquired  syphilis  of  the  liver 
mercury  salicylate  may  be  given  by  intramuscular  injection  in  doses  of  1  grain  (0.06 
Gm.)  twice  weekly — some  say  more  frequently.  After  from  fifteen  to  twenty  injec- 
tions have  been  given,  the  treatment  is  to  be  discontinued,  to  be  renewed  after  a  week 
or  ten  days  if  necessary.  In  chronic  pulmonary  syphilis  the  mixed  treatment  with 
mercury  and  iodide  often  gives  excellent  results;  although  it  is  sometimes  best  to 
begin  with  inunctions  quickly  pushed  to  the  point  of  tolerance,  and  after  an  elimina- 
tive  sweatbath  to  use  the  iodide  alone  for  a  week  or  two.  After  this  the  arsenical 
may  be  given  or  mercury  and  iodide  be  administered  in  association  or  alternation,  as 
elsewhere  detailed.  Bismuth  may  be  given  alternately  with  the  mercury,  permitting 
a  reduction  of  one-half  the  dosage  of  the  mercurial.  This  is  a  general  plan  and 
must  be  modified  to  suit  the  individual  case. 

*•  Mercurial  cream  is  a  compound  of  mercury,  creosote  and  camphoric  acid,  of  each 
10  parts,  in  lanolin,  40  parts,  and  liquid  petrolatum,  to  make  100. 
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In  acute  syphilitic  cardiovascular  affections  and  especially  in  aortic  involvement, 
prompt  and  energetic  treatment  by  inunction  is  indicated,  provided  the  kidneys  are 
well-functiuning-.  On  the  first  day  1  or  2  drams  (4  to  8  Gm.),  on  the  second  day,  2 
or  3  drams  (8  to  12  Gm.)  should  be  used,  and  if  no  contraindication  develops,  3  drams 
(i.e.,  3  inunctions  of  1  dram  each)  are  to  be  applied  on  the  third  day,  and  daily  there- 
after until  the  sixth  day  is  reached,  or  tenderness  of  tlie  gums  or  mihl  ptyalism  has 
been  produced,  when  a  sweat  is  to  be  given  and  an  iodide  course  institutetl.  Should 
there  be  a  mild  gingivitis  or  stomatitis  no  harm  has  been  done,  but  it  must  be  care- 
fully treated  with  hydrogen  dioxide  and  potassium  chlorate.  Severe  stomatitis,  how- 
ever, betokens  lack  of  watchfulness  in  the  administration  of  the  mercurials  and  may 
in  itself  be  harmful.  In  vtilder  cases  of  cardiovascular  sypliilis,  treatment  may  be 
begun  with  mercury  and  iodides  for  a  period  of  two  months;  and  arsenicals  then 
administered  in  the  form  of  neoarsphenamine  or  sulpharsphenamine.  It  may  be  well, 
too,  to  associate  with  the  arsenicals  well  tolerated  doses  of  iodides.  Following  the 
arsenical  course,  the  protiodide  of  mercury  or  mercury  with  chalk  may  be  given  for 
a  period  of  tw'o  months,  subsequent  treatment  being  determined  by  the  serum  tests 
and  the  phenomena  of  the  individual  case. 

In  syphilitic  arteriosclerosis,  or  chronic  endarteritis,  the  mixed  treatment  by  mouth 
is  commonly  applicable,  but  under  conditions  of  urgency  may  be  preceded  by  a  course 
of  inunctions,  more  or  less  energ'etic  according  to  circumstances.  The  mercurial 
treatment  of  aneurysms  should  be  begun  with  a  daily  inunction  of  30  grains  (2  Gm.) 
of  mercurial  ointment,  this  amount  being  doubled  at  the  end  of  the  week.  Coincidently 
potassium  iodide  is  to  be  given  by  mouth.  The  treatment  may  be  continued  for  a 
month  or  six  weeks  without  intermission  unless  evidences  of  saturation  appear. 
Sweats  may  be  interpolated  as  in  other  cases. 

In  syphilis  of  the  nerve  system,  mercury  must  be  given  in  as  large  doses  as  will 
be  tolerated,  but  always  in  connection  with  one  of  the  arsenicals,  preferably  arsphena- 
mine.  In  general  paralysis,  the  arsenical  treatment  by  tryparsamide  or  arsphenamine 
may  be  combined  with  the  intravenous  or  intramuscular  administration  of  mercury. 
(See  elsewheje  for  the  treatment  of  paresis,  tabes,  etc.,  by  malarial  infection).  In 
neurosj'philis,  Keidel  and  More  inject  mercurialized  serum  ^  into  the  spinal  cord,  and 
follow  this  within  24  hours  with  an  intravenous  injection  of  arsphenamine.  They 
give  a  course  of  six  of  these  injections  at  weekly  intervals  and  follow  each  course  with 
10  or  12  weeks  of  daily  mercurial  inunctions.  The  treatment  of  tabes  dorsalis  is  to  be 
conducted  along  the  same  general  lines. 

The  original  "606,"  sulpharsphenamine  and  tryparsamide,  are  said  to  have  higher 
penetrability  for  the  central  nerve  system  than  the  other  arsenicals;  and  all  active 
neurosyphilis  is  materially  helped  by  the  intravenous  administration  of  sodium  iodide 
associated  with  the  administration  by  mouth  of  50  to  100  grains  three  times  daily 
(Stokes).  Bismuth  is  still  on  trial,  but  is  apparently  proving  more  useful  than 
mercui'y  in  the  meningeal  types  of  neurosyphilis  with  headache.  Neoarsphenamine  is 
merely  a  tonic  in  neurosyphilis.  The  results  of  treatment  should  determine  the  char- 
acter of  subsequent  courses,  and  it  may  be  added  that  the  quiescent  or  arrested  case, 
especially  in  an  elderly  subject,  should  not  be  too  intensively  treated. 

Administration:  Topical. — Certain  points  in  the  practical  use  of  mercurials  may 
be  added  and  some  reeraphasized.  It  is  unnecessary  to  repeat  all  that  has  been  said 
of  topical  applications,  but  the  following  facts  may  be  noted:  Calomel  is  sometimes  used 
as  an  ointment  (10  to  50  percent.)  and  as  a  dusting  powder  in  all  strengths,  not  only  in 

"This  is  prepared  by  giving  the  patient  mercurial  inunctions  for  a  week;  then  40  cc. 
of  blood  is  withdrawn  and  centrifugalized;  the  serum  is  then  decanted  and  to  it  is  added 
i/f,o  grain  (0.0013  Gm.)  of  bichloride  dissolved  in  15  minims  (1  cc. )  of  distilled  water. 
After  heating  this  serum  at  50°  C.  for  half  an  hour,  it  is  ready  for  intrathecal  injection. 
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the  prophylaxis  and  treatment  of  lues  but  in  the  treatment  of  skin  affections,  especially 
those  of  fungus  origin.  It  may  be  well  to  repeat  here  that  as  a  systemic  remedy  in 
established  lues  the  ointment  is  of  little  value,  and  if  used  at  all,  much  stronger  prepa- 
rations and  larger  quantities  are  needed  than  have  hitherto  been  employed.  To  increase 
the  solubility  of  the  corrosive  chloride  as  well  as  to  diminish  its  irritant  action  upon 
the  tissues  and  its  coagulative  effect  upon  albumins,  tablets  and  solutions  intended  for 
external  applications  commonly  contain  an  approximately  equal  quantity  of  ammonium 
chloride  or  sodium  chloride.  Some  add  glycerin.  The  ordinary  commercial  tablet,  sold 
in  the  United  States,  which  is  to  be  dissolved  in  a  pint  of  water  to  produce  a  1:1000 
solution,  contains  7.3  grains  (0.48  Gm.)  of  mercuric  chloride  and  7.7  (0.51  Gm.)  grains 
of  ammonium  chloride.  The  "1  to  8  solution,"  used  in  hospitals  that  have  not  adopted  the 
metric  system  consists  of  1  troy  ounce  of  corrosive  chloride,  and  6  drams  of  ammonium 
or  sodium  chloride,  in  sufficient  distilled  water  to  make  8  fluidounces.  One  fluidram  to  the 
pint  yields  a  1:  1000  solution.  The  addition  of  citric  or  tartaric  acid  augments  the  dis- 
infectant activity  of  bichloride  solution  and  is  useful  with  fomites  and  discharges,  but 
when  sufficient  to  be  effective  increases  tissue  irritation  also  and  delays  the  healing  of 
wounds.  Hence,  solutions  of  commercial  tablets  in  which  the  acids  are  used  instead 
of  the  alkaline  chlorides,  should  not  be  applied  upon  the  body.  Gauzes,  lint,  cotton,  etc., 
impregnated  with  corrosive  chloride  in  various  strengths  are  prepared,  but  find  less 
application  now,  than  in  the  earlier  years  of  antisepsis.  They  are  still  of  service,  how- 
ever, for  emergency  dressings. 

Red  iodide,  externally,  may  be  applied  in  ointment  (15  grains,  1  Gm.,  to  the  ounce, 
30  Gm.,  of  cerate,  or  weaker).  As  a  disinfectant  solution,  it  is  used  with  a  somewhat 
greater  quantity  of  potassium  iodide  in  dilutions  of  1:  20,000  ta  1:  4000.  Although  these 
are.  strictly  speaking,  solutions  of  potassio-mercuric  iodide  with  an  excess  of  potassium 
iodide,  they  are  commonly  spoken  of  as  biniodide  solutions.  Rosenberger  and  England 
found  lithiovierairic  iodide  the  best  of  the  inorganic  mercuric  disinfectants,  a  solution 
of  1:  4000  being  equal  to  one  of  1:  1000  of  the  bichloride.  Moreover,  it  is  very  soluble, 
and  is  not  precipitated  by  fixed  alkalis,  ammonia  or  albumins.  Mercttrj/  salicylate  is 
used  as  a  local  parasiticide  in  a  1  percent,  powder  or  ointment,  and  in  solution  (1:10,000 
to  1:  5000)  with  equal  or  slightly  excessive  quantity  of  potassium  bicarbonate,  as  a 
urethral  injection.  Its  irritating  action  upon  the  urethral  mucosa  may  be  somewhat 
minimized  by  suspending  it  in  a  thin  mucilage.  Solution  of  mercuric  nitrate  is  some- 
times applied  by  means  of  a  glass  rod  as  a  local  caustic.  Ointment  of  mercuric  nitrate 
(citrine  ointment)  is  exhibited  as  such,  or  applied  in  a  10  to  50  percent,  dilution  with 
benzoinated  lard,  petrolatum  or  lanolin.  Yellow  mercuric  oxide  is  used  externally  as 
the  official  ointment,  or  as  a  dilution  of  the  latter  with  8  or  10  parts  of  petrolatum. 
Ammoniated  mercury  is  used  in  ointment  according  to  the  official  and  other  formulas 
(1  to  20  percent.)  alone  or  in  various  associations.  Thus,  an  application  quite  effective 
against  pediculi  consists  of  ammoniated  mercury,  8  grains  (0.5  Gm.);  balsam  of  Peru, 
15  mm.  (1  cc.) ;  oil  of  lavender  flowers,  5  mm.  (0.3  cc.) ;  Cerate,  1  oz.  (30  Gm.) ;  Hydrous 
wool  fat  to  make  2  oz.  (60  Gm.).  Mercury  oleate  is  applied  in  various  strengths  from 
1  percent,  to  the  official  25  percent,  in  the  same  manner  as  mercurial  ointment.  Mer- 
curial plaster  is  not  much  employed  at  present.  It  may  occasionally  be  useful  as  a 
dressing  for  the  joints  in  chronic  synovitis  and  similar  conditions.  It  gives  mechanical 
support  with  mild  counterirritation  and  systemic  action  by  absorption.  It  has  also  been 
used  in  plantar  and  palmar  syphilis.  Calomelol  is  used  topically  in  the  same  manner  and 
dosage  as  is  calomel.  Mercuric  benzoate  is  an  escharotic,  stimulant  and  germicide,  and  is 
used  in  the  same  manner  as  the  chloride.  Mercuric  cyanide  is  as  actively  antiseptic  as 
the  chlbride  but  is  said  to  be  less  irritant,  and  is  used  topically  in  the  same  way.  Mer- 
curic oxycyanide  is  used  as  a  substitute  for  the  chloride,  its  action  being  less  irritating 
and  more  antiseptic  and  it  has  the  added  advantage  of  not  corroding  steel.  Mercuro- 
chrome  may  be  used  topically  to  the  skin  in  2  to  5  percent,  solutions  or  to  mucous  mem- 
branes in  1  to  21/0  percent,  solutions.  Mercurol,  possessing  as  it  does  the  pharmacologic 
action  of  soluble  mercuric  compounds,  is  useful  as  a  topical  antiseptic  application.  It 
contains  20  percent,  of  metallic  mercury.  Meroxyl  is  a  local  antiseptic  and  germicide 
useful  in  superficial  infections  as  a  wet-dressing  in  0.1  percent,  solution.  For  prophylactic 
treatment  of  urinary  infections,  for  carbuncles  and  abscesses  it  is  used  in  0.5  percent, 
solution.  Metaphen,  while  relatively  non-irritating,  is  a  more  powerful  germicide  than 
the  chloride.  For  ophthalmic  or  urethral  application  1:  10,000  to  1:  500  solutions  may 
be  used;  for  topical  application  to  the  skin  1:  5000  to  1:  lOOt)  solutions  are  useful.  Mer- 
curopJien  is  less  irritating  than  the  bichloride  and  its  germicidal  power  is  higher,  espe- 
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cially    in   the   presence   of  albumins.      Its    toxicity    is   less   than   half   that   of   corrosive 
sublimate. 

Sijstemic. — The  preparations  most   in   favor  for  internal  use  as  laxatives  or  cvacu- 
ants,  and  sometimes  as  disinfectants  of  the  alimentary  tract,  are  mass  of  mercury  (blue 
wass,   blue  pill),  mercurous  chloride    (ralnmcl,  mild  ehloridc)    and   mercury  and   chalk 
(frrai/  poicdn-).    When  there  is  no  pressins:  need  for  prompt  emptying  of  the  bowel,  the 
mercurial  is  ordinarily  siven  about  bedtime  and  followed  in  the  morning,  before  break- 
fast, with  a  saline  or  alkaline  laxative — as  sodium  or  magnesium  sulphate,  sodium  phos- 
phate, Rochelle  salt,  magnesium  oxide  or  citrate,  Scidlitz  powder,  etc.     Otherwise,  it  is 
given  at  once,  and  followed  with  the  alkaline  earth  or  saline  in  about  two  to  four  hours, 
both  to  hasten  the  effect  and  to  sweep  out  any  of  the  mercurial  remaining  in  the  bowel. 
Lemonade  or  other  acid  drinks  should  not  be  given,  pending  the  mercurial  action,  as  they 
tend  to  make  it  more  drastic.     The  associations  of  mercury  with  other  purgative  agents 
are  quite  numerous,  the  official  compound  cathartic  pill  being  an  example.     It  is  good 
practice  also  to  add  carminatives  to  such  associations;   thus,  mass  of  mercury,  9  gi-ains 
(0.6  Gm.) ;  powdered  ipecac,  1  grain   (0.05  Gm.);   powdered  black  pepper,  3  grains   (0.2 
Gm.);    sodium  bicarbonate,  6  grains    (0.4  Gm.),  may  be  made  into  4  or  6  capsules  of 
which  one  is  to  be  taken  at  5  or  6  P.M.  and  one  every  second  hour  thereafter;  the  magne- 
sium  citrate  following   in    the   morning.     Most  commonly   blue   mass   is   given   in   pill, 
3  or  5  grains  (0.2  or  0.3  Gm.).     It  may  be  encapsulated.     Calomel  is  ordinarily  given  as 
powder  or  tablet  triturate,  but  also  at  times  in  pill  or  capsule.     It  is  most  frequently 
associated  with,  or,  as  the  saying  is,  "guarded  by,"  sodium   bicarbonate;    the  ordinary 
commercial  tablets  containing  about  1  grain  (0.05  Gm.)  of  the  latter,  irrespective  of  the 
quantity  of  the  mild  chloride.     When  the  mixture  comes  in  contact  with  water  or  with 
the  gastro-intestinal  fluids,  partial  decomposition  takes  place,  with  the  formation  of  black 
mercurous  oxide,  to  which  much  of  the  therapeutic  effect  is  to  be  attributed.    An  excess 
of  "soda"  is  to  be  avoided  as  it  intensifies  the  action  unduly.    It  is  not  feasible  to  admin- 
ister black  oxide  directly,  as  this  compound  oxidizes  slowly  in  the  air  and   specimens 
kept  for  more  than  a  brief  time  are  of  uncertain   composition,  and   hence  dangerous. 
According  to  the  purpose  intended,  calomel  may  be  associated  with  digestive  ferments, 
carminatives,  cholagogues,  diuretics  or  sedatives,  as  well  as  with  other  laxatives.     Ex- 
amples in  addition  to  those  given  elsewhere  are  the  following:    Calomel  %  to  y,  grain 
(15  to  30  mgm.);   sodium  bicarbonate,  y^  grain   (30  mgm.);    resin  of  podophyllum,  142 
grain  (5  mgm.) — laxative  and  cbolagogue;  calomel  i/4  to  ^/.  grain  (15  to  30  mgm.);  pow- 
der of  ipecac  and  opium,  1  grain  (0.05  Gm.) — laxative,  sedative,  "antibilious";  calomel,  x.'.q 
grain  (3  mgm.);  powdered  ipecac,  i/^o  grain  (1.5  mgm.);  piperin,  y^Q  grain  (1:  5  mgm.); 
bismuth  subnitrate,  1  grain  (0.05  Gm.) ;  oil  of  gaultheria,  i/jq  niinim   (0.003  cc.) — cleans- 
ing, soothing,  antiseptic,  suitable   for   intestinal   disorder  in   young  children.     Calomel, 
sodium  bicarbonate  and  rhubarb  are  frequently  associated  in  various  quantities  and  given 
in  capsule.     Extract  of  hyoscyamus  or  extract  of  belladonna  is  sometimes  added.     Cal- 
omelol  is  said  to  be  less  irritant  than  calomel;   its  action  and  its  dosage  being  the  same 
as  that  drug.     Gray  powder  is  commonly  mixed  with  a  little  sugar,  when  given  to  chil- 
dren.    It  may  be  placed  on  the  tongue  and  washed  down  with  water,  or  mixed  with  a 
little  water  in  a  glass  or  porcelain  container   (it  may  react  with  silver).     For  adults 
it  may  be  enclosed  in  capsules.     Mercurochrome  has  recently  been  added  to  the  list  of 
mercurial  compounds,  administered  for  antiseptic  effect  in  the   intestines.     It  is  given 
in  salol-coated  pills  or  tablets  in  dose  of  from  1/,  to  3  grains    (0.03  to  0.2  Gm.),  once, 
twice  or  three  times  daily  for  two  to  four  days  continuously.     It  may  set  up  a  diarrhea, 
in  which  case  it  is  to  be  discontinued  at  once;  otherwise  it  is  resumed,  if  necessary,  after 
five  to  seven  days'  intermission. 

For  systemic  impression,  the  choice  of  agent  depends  on  the  proposed  method  of 
administration,  and  this  in  turn  upon  the  object  of  treatment.  For  rapid  saturation  of 
the  patient  with  the  drug,  inunction  or  intravenous  injection  is  to  be  employed.  For 
slower  mercuriallzation,  administration  may  be  by  mouth,  or  by  intramuscular  or  epi- 
fascial  injection.  Hypodermic  injection  occupies  an  intermediate  place;  but  is  not  much 
used  at  present.  Other  methods  have  been  advocated  from  time  to  time — as  fumigation 
(inhalation),  bath,  and  the  use  of  enema  or  suppository;  but  while  these  may  have 
occasional  special  applications,  there  is  little  to  recommend  them  ordinarily.  Whatever 
form  of  mercury  be  employed,  and  by  whatever  route,  careful  watch  must  be  taken  to 
detect  the  first  sign  of  saturation.  This  is  commonly  stated  as  tenderness  upon  sharp 
closure  of  the  teeth,  but  it  may  be — and  especially  with  intravenous  and  intramuscular 
injections — renal    irritation.     When    attention    is    given    to    the   hygiene   of   the   mouth. 
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the  urinary  signs  may  precede  salivation,  gingivitis,  or  stomatitis,  or  the  latter  may 
indeed  be  absent.  Not  merely  albumin,  but  casts  and  red  blood  cells  are  to  be  looked 
for.  It  Is  apparently  possible  in  some  instances  to  protect  the  kidney  against  mercurial 
irritation  by  the  concomitant  use  of  an  alkaline  diuretic  or  of  Basham's  mixture.  Some- 
times intolerance  is  first  manifested  by  gastroenteric  symptoms;  especially  w^hen  the 
drug  has  been  given  by  mouth,  but  also  at  times  with  inunction  or  injections.  Whatever 
the  irritative  phenomena  may  be,  the  drug  must  be  stopped  at  once,  and  not  resumed 
until  the  disturbances  have  subsided.  The  question  of  dosage  and  route  must  then  be 
studied  anew  in  the  light  of  all  the  conditions  present,  including  the  particular  form  the 
toxic  phenomena  have  taken.  In  most  cases,  too,  it  is  well  to  punctuate  a  long  mercurial 
course  periodically  by  days  of  freedom  from  medication;  on  which  days,  sweating  is  to 
be  induced  by  heat,  aided  perhaps  by  pilocarpine.  The  convenient  and  effective  methods 
are  hot  air  (so-called  electric  light)  bath;  and  the  bath  of  hot  water  followed  by  a  hot 
drink,  and  this  followed  by  a  hot  pack,  during  which  sips  of  ice  water  are  taken. 

General. — Novasurol  (merbaphen)  as  a  diuretic  is  given  parenterally  in  10  percent, 
neutral  solution.  Individual  sensibility  is  first  tested  by  a  small  dose  (8  minims,  0.5  cc.) 
intramuscularly;  if  no  untoward  reaction  is  observed  the  dose  is  increased  to  15  minims 
(1  cc),  and  then,  if  necessary,  to  30  minims  (2  cc),  intramuscularly  or  intravenously. 
From  three  to  seven  days  must  elapse  between  injections.  Coincidently  ammonium 
chloride  is  advised,  in  divided  doses  by  mouth,  up  to  150  grains  (10  Gm.)  daily.  It 
is  best  given  in  capsules  containing  each  10  to  25  grains  (0.75  to  1.5  Gm.). 

Syphilis.— Mercury  is  best  given  in  doses  of  moderate  size  and  for  a  long  period, 
measured  by  months  or  years  rather  than  by  weeks,  but  with  regular  intermissions  of 
some  length    (the  chronic   intermittent  method   of  Fournier). 

As  a  spirillicide,  syphilographers  now  rank  mercury  third,  with  arsenic  and  bismuth, 
respectively,  first  and  second;  but  there  is  an  increasing  tendency  to  insist  on  the  use 
of  mercury  at  some  time  in  the  course  of  every  case.  Furthermore,  when  for  any  reason 
the  systematic  use  of  arsenicals  or  bismuth  is  not  feasible,  considerable  dependence  may 
be  placed  upon  thorough  mercurialization — but  it  must  be  thorough — which  means  enough 
of  the  drug,  given  long  enough,  and  often  enough. 

Keeping  in  mind,  therefore,  the  desirability  of  varying  and  combining  the  use  of 
the  three  drugs,  and  introducing  the  utilization  of  the  iodides  at  appropriate  points,  the 
several  ways  of  administering  mercury  in  order  to  get  its  constitutional  effect  may  be 
briefly  outlined. 

For  practical  purposes  these  are  now  reduced  to  four,  namely,  by  inunction,  by 
mouth,  by  intramuscular  injection,  and  by  intravenous  injection.  Other  methods  which, 
for  the  most  part,  have  fallen  into  disuse  are  subcutaneous  injection,  enema  or  sup- 
pository,  fumigation,  inhalation,  and   baths. 

Subcutaneous  injection  of  mercury  is  seldom  practiced  at  the  present  day,  since  it  is 
more  painful  than  the  intramuscular  method,  and  therapeutically  inferior.  The  bichlo- 
ride is  the  best  salt  for  hypodermic  use  subcutaneously. 

The  rectum  is  distinctly  inferior  to  other  routes  as  an  avenue  of  absorption,  and 
the  use  of  enemas  or  suppositories  should  be  adopted  only  in  case  of  emergency. 

Fumigation  has  been  practically  abandoned.  The  patient  sat  on  a  stool  or  high 
chair  with  a  blanket  fastened  closely  about  his  neck  and  reaching  to  the  floor,  enclosing 
his  naked  body.  Beneath  the  chair  was  an  earthenware  plate  or  saucer  holding  from 
8  to  15  grains  (0.5  to  1  Gm.)  of  calomel  resting  in  a  shallow  vessel  containing  water, 
and  this  in  turn  supported  by  a  metal  frame  over  a  spirit  lamp.  Calomel  or  other  mer- 
curial was  volatilized  and  deposited  with  the  vapor  of  water  on  the  skin,  the  process 
lasting  about  fifteen  minutes.  Inhalation  is  necessarily  an  adjunct  of  inunction  and 
fumigation,  but  is  seldom,  if  ever,  a  primary  method. 

Baths  may  be  used  for  the  administration  of  mercury  but  the  method  is  wasteful 
and  of  doubtful  value.  Three  drams  (12  Gm.)  of  mercuric  bichloride  and  1  dram  (4  cc.) 
of  hydrochloric  acid  are  added  to  30  gallons  (120  kilos)  of  warm  water,  the  patient 
lying  in  the  bath  for  fifteen  to  thirty  minutes. 

Inunction. — Mercurial  ointment  or  the  oleate  is  rubbed  into  the  skin,  once  to  thrice 
daily,  different  parts  of  the  body — right  side,  left  side,  right  leg,  left  leg,  right  arm,  left 
arm — being  taken  in  succession.  The  application  is  made  on  the  flexor  or  inner  surface 
of  the  limbs,  where  the  skin  is  less  dense  and  absorption  is  easier.  Other  eligible  sites 
are  the  abdomen,  the  sides  of  the  chest,  the  groin.  In  the  axilla,  and  other  situations 
when  there  is  much  hair,  it  is  likely  to  produce  an  eczematoid  eruption,  unless  the 
armpit  is  previously  shaved,  when  it  affords  an  excellent  absorbent  surface  because  of 
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the  number  of  follicles.  The  rubbing  must  be  vigorous;  if  done  by  the  patient,  he  should 
use  his  bare  fingers,  but  an  attendant  should  use  rubber  gloves  or  a  smooth,  flat  instru- 
ment such  as  the  top  of  a  large  glass  stopper.  The  quantity  used  in  old,  neglected  cases 
may  be  1  dram  (4  Gm.)  of  the  50  percent,  preparation,  twice  or  thrice  daily;  in  early 
cases,  y,  to  1  dram  (2  to  4  Gm.)  of  the  dilute  ointment,  once  or  twice  daily  or  every 
other  day.  The  rubbing  should  be  continued  for  at  least  15  to  20  minutes  or  until  as 
much  of  the  ointment  as  possible  has  been  made  to  disappear.  Before  applying  the 
ointment,  the  skin  should  be  thoroughly  cleansed.  Some  physicians  remove  with  benzine 
the  excess  of  ointment  remaining  after  10  to  20  minutes'  brisk  friction.  This  method 
is  clean  and  is  said  to  be  as  effective  as  the  former  practice  of  covering  the  parts,  after 
application,  with  gauze  or  flannel,  and  sometimes  with  rubber  protective  as  well,  to 
promote  absorption  of  the  mercury  remaining  on  the  surface. 

A  number  of  proprietary  preparations  have  been  introduced,  which  give  equally  good 
results  with  the  official  ointments  and  are  more  cleanly,  disappearing  more  rapidly.  One 
of  the  best  of  these  is  a  mercurial  "soap  cream,"  which  is  worked  up  into  a  lather  as 
applied  in  successive  portions,  and  is  said  to  be  as  effective  in  the  quantity  of  45  grains 
(o  Gm.)  daily  as  blue  ointment  in  the  quantity  of  75  grains  (5  Gm.).  "Both  absorption 
and  excretion  are  slower;  hence  the  effect  is  later  but  more  persistent"  (Kromeyer).  It 
is  most  frequently  employed  in  progressively  increasing  dosage  beginning  with  15  grains 
(1  Gm.). 

Whatever  preparation  be  used,  there  are  many  methods  of  conducting  an  inunction 
course.  Thus,  the  inunction  may  be  made  once  daily  for  six  days  in  each  week,  the 
seventh  day  being  devoted  to  a  cleansing  bath  and  an  intermission  of  the  treatment. 
This  is  kept  up  until  from  30  to  50  applications  have  been  made,  when  there  is  a  free 
interval  of  three  or  four  weeks.  This  mild  course  will  not  answer  in  the  later  stages 
of  lues,  and  especially  in  conditions  such  as  optic  neuritis,  acute  aortitis,  cerebrospinal 
meningitis  and  others  demanding  prompt  and  profound  impression  with  the  drug.  Ap- 
plication must  then  be  made  more  frequently,  producing  saturation,  as  manifested  by 
dental  tenderness,  in  from  3  to  5  days,  then  inducing  sweating,  and  resorting  to  further 
use  of  mercury,  or  of  mercury  and  iodide  (mixed  treatment),  or  of  iodide  alone,  or  of 
arsenic  or  of  bismuth,  according  to  the  case  and   the  response. 

In  dispensary  practice,  when  the  patients  cannot  be  trusted  to  make  properly  the 
daily  Inunctions  of  a  mild  course,  instructions  may  be  given  to  keep  a  quantity  of  the 
stronger  blue  ointment  in  the  toes  and  heels  of  their  stockings,  and  to  scrub  the  foot 
clean  with  soap  and  water  every  morning  befoi'e  renewing  the  application;  or  to  place 
a  piece  the  size  of  a  hazelnut  on  the  sole  of  the  foot  and  then  draw  on  the  stocking. 
These  expedients  are  not  methods  of  choice. 

By  mouth. — This  method  appears  to  be  falling,  undeservedly,  into  disuse.  The  main 
objection  urged  against  it  is  that  the  digestion  is  likely  to  be  upset.  On  the  other  hand, 
it  is  convenient,  inexpensive,  and  can  be  employed  without  revealing  the  pa'tient's  con- 
dition to  others.  Almost  any  of  the  mercurials  may  be  used  per  as,  and  if  the  physician 
is  getting  good  results  from  a  certain  preparation  with  his  accustomed  dosage  and  mode 
of  administration,  he  will  be  wise  to  rest  content  with  it.  We  happen  to  prefer  the 
protiodide  in  early  cases,  the  bichloride  in  the  second  stage,  and  that  or  the  biniodide  in 
later  stages. 

The  propriety  of  depending  upon  tlie  ingestion  of  mercurials  in  syphilis  has  been 
questioned,  and  it  may  be  admitted  that  in  early  syphilis  this  method  should  not  be  used 
alone,  although  it  may  well  supplement  arsphenamine.  In  the  so-called  secondary  stages, 
mercurialization  by  mouth  has  much  to  commend  it,  but  again  its  more  appropriate 
place  is  that  of  a  supplement  to  the  arsenicals.  In  the  tertiary  stages,  mercury  by 
mouth,  or  mercury  and  iodide  by  mouth  (so-called  "mixed  treatment")  are  effective  in 
most  forms  of  tissue  syphilis,  and  helpful  in  conjunction  with  the  arsphenamines  and 
bismuth,  even  in  the  treatment  of  neurosyphilis.  The  advantage  of  this  method  of 
administration  is  chiefly  that  of  convenience,  especially  in  cases  in  which  prolonged 
use  of  the  drug  is  necessary.  Patients  who  fear  detection  commonly  prefer  the  use  of 
capsules,  pills,  or  tablets  to  inunction  or  to  the  constant  visits  to  the  physician's  office 
necessitated  by  injection  methods. 

As  a  rule,  stomatitis  and  salivation  are  less  frequent,  even  in  those  who  neglect 
the  care  of  their  mouths,  and  there  is  less  danger  of  renal  irritation  and  of  nephritis 
than  in  the  other  methods  of  administration.  Gastroenteric  disturbances,  however,  are 
more  common  and  the  existence  of  such  conditions,  or  of  affections  of  the  liver  or  gall- 
bladder, would  ordinarily  conlraindicate  the  method. 
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The  bichloride,  biniodide,  and  protiodide  are  the  agents  most  commonly  used, 
although  calomel,  gray  powder,  and  mercury  salicylate  have  their  advocates. 

Corrosive  chloride  is  best  administered  after  meals,  preferably  in  solution  in  a 
flavored  digestant  vehicle.  It  may,  however,  be  given  diluted  with  starch,  or  with  a 
digestive  ferment,  or  milk  sugar  in  pills  or  capsules,  or  in  tablet  triturate.  In  solution, 
it  is  frequently  associated  with  an  excess  of  potassium  iodide,  producing  the  soluble  double 
salt  (potassicmercuriciodide),  a  favorite  vehicle  being  syrup  of  sarsaparilla.  Thus,  mer- 
curic chloride,  1  to  2  grains  (0.6  to  1.2  Gm.);  potassium  iodide,  2  drams  to  1  ounce 
(8  to  30  Gm.);  compound  syrup  of  sarsaparilla,  gs.  ad  4  ounces  (130  cc).  The  dose, 
1  teaspoonful,  may  be,  and  usually  is,  given  immediately  after  eating,  but  it  is  better 
borne  if  given  two  hours  later.  Tincture  of  gentian,  digestive  liquids  and  aromatic 
elixir  are  also  eligible  vehicles.  Some  prefer  to  dissolve  the  mercurial  and  iodide  in. 
water,  and  administer  in  milk. 

Mercuric  (red)  iodide  is  insoluble  except  with  the  aid  of  alkali.  It  may  be  admin- 
istered in  pill,  variously  coated,  in  tablet  or  in  capsule,  beginning  with  1^4  grain  (2.5 
mgm.)  and  increasing  gradually  to  %  grain  (7.5  mgm.)  if  necessary.  If  the  dose  be 
small  enough— not  over  i/^g  grain  (5  mgm.) — and  a  sufficient  quantity  of  diluent  powder 
or  other  appropriate  excipient  be  used,  irritation  of  the  alimentary  mucosa  may  be 
escaped;  or  opium  may  be  associated  with  it  to  minimize  the  irritation.  It  is  frequently 
better,  however,  to  convert  this  mercurial  into  the  soluble  potassiomercuric  iodide,  and 
administer  it  in  a  protective  or  digestant  vehicle.  Thus  1  to  2  grains  (0.05  to  0.12  Gm.) 
of  red  iodide,  with  1  or  2  drams  (4  to  8  Gm.)  of  potassium  iodide  may  be  dissolved 
in  sufficient  elixir  of  licorice  or  digestive  elixir  to  make  2  fluidounces  (60  cc.) ;  and  a 
teaspoonful  (containing  i/^g  to  %  grain)  be  given  after  meals,  or  half  the  dose  of  mer- 
cury biniodide  may  be  used  with  sodium  iodide  in  twice  the  dose  of  the  potassium  salt. 
If  the  patient  refuses  to  take  a  fluid  medicine,  he  may  take  the  iodide,  as  a  tablet,  half 
an  hour  before  meals,  and  the  mercury  in  pill  or  tablet  after  meals. 

The  "Sirop  Gibert"  of  the  French  hospitals  contains  approximately  mercuric  iodide, 
1%  grains  (0.1  Gm.);  potassium  iodide,  50  grains  (3.5  Gm.);  water,  2  fluidrams  (7.5  cc.) ; 
syrup  to  make  5  fluidounces  (150  cc),  the  dose  being  one  tablespoonful  (15  cc.)  in  water. 
Syrup  of  tolu  or  compound  syrup  of  sarsaparilla  may  be  substituted  for  the  simple 
syrup,  using  only  one-half  the  quantity,  and  making  up  the  difference  with  water. 

Yelloio  iodide  (mercurous  iodide,  protiodide,  green  iodide)  is  administered  in  pills, 
extemporaneously  prepared  or  commercially  coated  with  sugar,  gelatin,  or  chocolate 
or  in  plain  or  coated  tablet  triturates,  or  encapsulated  with  a  diluent  protective  or 
digestant  excipient.  As  used  in  the  early  stage  of  syphilis  it  is  sometimes  associated 
■with  opium  to  prevent  purgative  action  until  tolerance  to  large  doses  has  been  attained. 
Thus  mercurous  iodide,  i/i  to  1  grain  (0.015  to  0.06  Gm.),  may  be  encapsulated  with 
papain  or  pepsin,  2  or  3  grains  (0.12  to  0.2  Gm.) ;  charcoal,  14  grain  (0.008  Gm.),  and 
powdered  opium,  1^2  to  %  grain  (0.005  to  0.02  Gm.).  It  is  a  good  plan  to  begin  with 
pills  of  %  to  Vi  grain  (0.01  to  0.015  Gm.)  of  the  green  iodide,  giving  one  thrice  daily  after 
meals,  the  first  day  or  two  days,  or  three  days,  to  observe  the  effect,  and  then  increasing 
the  dose  by  adding  each  day  or  every  second  day  one  pill  to  the  daily  number;  thus  two 
after  the  morning  meal,  one  after  the  midday  meal,  one  after  the  evening  meal;  two 
after  the  morning  meal,  two  after  the  midday  meal,  one  after  the  evening  meal;  then  two 
after  each  meal;  then  three  after  the  morning  meal,  with  two  after  each  other  meal;  and 
so  on.  When  a  dose  of  1  grain  thrice  daily  has  been  established  it  is  commonly  unwise  to 
increase  further  and  this  quantity  may  be  given,  properly  associated,  in  a  single  pill  or 
capsule;  but  there  are  differences  in  individual  reaction  which  may  determine  either  a 
small  or  a  larger  dose.  Salivation  as  well  as  excessive  purgation  is  to  be  avoided; 
tenderness  of  the  gums  being  the  signal  to  intermit  mercurial  medication,  and  administer 
the  alkali  iodide. 

Calomel  by  mouth  is  not  widely  used  at  present  in  the  treatment  of  syphilis,  but  it 
may  be  given  in  dose  of  %  to  ^  grain  (0.01  to  0.016  Gm.)  three  times  daily.  Saxl 
advocates  a  1  percent,  suspension  given  in  20  drop  (approximately  i{;  gram)  doses,  three 
times  daily  after  meals,  the  dose  to  be  gradually  increased  to  40  drops  three  times  daily. 
Many  authorities,  however,  consider  it  inferior  to  the  protiodide  or  to  mercury  with 
chalk.  The  length  of  the  course  of  calomel  by  mouth  depends  upon  the  ability  of  the 
patient  to  inject  the  drug  without  stomatitis  or  gastric  disturbances. 

Mej-gal,  which  is  a  mixture  of  1  part  of  mercuric  chelate  and  2  parts  of  albumin 
tannate,  is  marketed  in  enteric  coated  capsules  containing  2%  grams  (0.15  Gm.)  equiva- 
lent to  %  grain  (0.05  Gm.)  of  mercuric  chelate,  i.e.,  approximately  4.4  percent  of  mer- 
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cury.  It  is  decomposed  into  its  constituents  in  the  small  intestine,  where  the  mercury 
is  quickly  absorbed.  It  is  given  three  times  daily  after  meals,  gradually  increasing  to  two 
capsules  5  or  G  times  daily. 

Mercuric  salicylate  may  be  given  diluted  with  milk  sugar  and  enclosed  in  capsules. 
It  is  not,  however,  as  well  adapted  to  the  enteral  as  to  the  parenteral  method.  For  in- 
fants and  children,  mercury  ivith  chalk  is  a  good  preparation  given  in  doses  of  %  to  % 
grain  (0.008  to  0.045  Gm.)  according  to  the  age;  for  an  adult  the  dosage  should  be 
ascending — from  1  to  3  grains  (0.0G5  to  0.195  Gm.)  three  times  daily — the  increase 
covering  a  period  of  two  to  three  weeks.  The  drug  is  to  be  given  in  courses  of  two  to 
three  months  each,  with  rest  intervals  of  one  month.  Mercurous  tannate  is  strongly 
recommended  by  some  syphilographers  for  continuous  use,  on  the  theory  that  it  passes 
through  the  stomach  unchanged  and  therefore  will  not  injure  that  organ;  it  is,  however, 
an  unstable  preparation  and  therapeutically  weak.  Metaphen,  in  dose  of  1  to  5  cc.  of  a 
1:  500  solution  in  a  glass  of  water,  has  been  tentatively  suggested  by  Raiziss  and  Severac 
for  the  reenforcement  of  arsphcnamine  or  other  treatment. 

Intramuscular  injection. — Injections  have  the  advantage  of  sparing  the  gastroenteric 
tract,  and  when  soluble  salts  are  employed,  not  only  is  more  exact  dosage  possible,  but 
the  absorption  and  consequent  therapeutic  effects  are  more  prompt  than  when  the  drug 
is  ingested.  This  applies  to  both  intramuscular  (including  epifascial)  and  intravenous 
methods.  Insoluble  salts  should  not  be  employed  intravenously.  They  are  given  intra- 
muscularly or  epifascially  for  the  purpose  of  establishing  in  the  tissues  a  depot  from 
which  slow  and  continuous  absorption  may  proceed,  thus  producing  a  more  moderate 
and  uniform  impression  than  intravenous  injection,  and  one  which  depends  for  its  in- 
tensity upon  cumulative  rather  than  initial  effect.  Absorption,  however,  may  be  quite 
incomplete,  and  with  repeated  doses  there  may  accumulate  within  the  tissues  a  poten- 
tially toxic  quantity,  which,  through  some  accident  of  organic  life,  may  suddenly  be 
liberated  into  the  lymph  stream  with  serious  and  even  fatal  results.  The  method  is  to  be 
reserved  for  the  expert  and  experienced. 

AVith  soluble  salts,  elimination  is  much  more  rapid  than  with  insoluble  salts,  and  the 
injections  must  commonly  be  made  frequently,  sometimes  daily.  With  Insoluble  salts, 
I  he  injections  are  given  seven  to  ten  days  apart,  and  this  is  sometimes  an  advantage. 
On  the  other  hand,  especially  in  lean  persons,  considerable  pain  and  discomfort  may 
attend  the  injection,  and  swellings  and  nodosities  may  develop.  Many  attempts  have 
been  made  to  construct  formulas  for  painless  injections. 

The  insoluble  compounds  employed  by  intramuscular  Injection  are  commonly  sus- 
pended in  a  bland  vegetable  oil  to  which  a  local  anesthetic  may  be  added.  Olive  oil, 
sesame  oil,  expressed  oil  of  almonds  and  palmitin  are  eligible.  The  mineral  oils  have 
been  used,  but  they  delay  absorption  unduly  and  may  produce  persistent  swellings  and 
even  tumors.  Mei'curial  suspensions  are  self-sterilizing,  and  heating  is  therefore  needless. 
They  may  be  dispensed  in  stock  bottles  or  in  ampules  containing  a  single  dose.  They 
should  be  well  shaken  before  use  to  ensure  even  distribution  and  uniform  dosage. 

Calomel,  mercuric  salicylate,  and  metallic  mercury  (gray  oil  or  oleum  cinereum) 
are  the  agents  most  in  favor.  A  5  percent,  suspension  of  calomel  in  expressed  almond 
oil  with  0.5  percent,  of  butyn  or  1  percent,  of  a  2  percent,  solution  of  procaine,  keeps 
almost  indefinitely.  An  adult  may  receive  1  cc,  containing  0.9  grain  (0.05  Gm. ),  every 
seven  to  ten  days,  but  not  more  than  four  injections  in  succession.  Calomel  is  absorbed 
in  about  two  weeks.  Of  mercuric  salicylate,  a  like  suspension  or  one  containing  6 
percent,  of  the  drug  may  be  used.  The  adult  dose  is  1  to  1.5  cc. — or,  according  to  some 
authors,  2  cc. — every  five  to  ten  days  for  six  to  ten  injections.  The  insoluble  salicylate 
suspension  is  absorbed  in  about  one  week.  Some  authorities  advise  smaller  doses  twice 
weekly.  Gray  oil  (B.P.C.3)  contains  40  percent,  of  mercury  very  finely  divided.  It  is 
not  completely  absorbed  even  after  4  weeks;  and  is  hardly  a  preparation  of  choice.  If 
used,  it  should  be  diluted  before  administration  15  Gm.  being  dissolved  in  100  cc.  of 
expressed  olive  oil,  giving  1  grain  (0.0G5  Gm. )  of  mercury  to  each  cc.  (16  minims),  or 
G  Gm.  of  purified  mercury  may  be  suspended  in  100  Gm.  of  almond  oil  with  the  addition 
of  0.5  Gm.  of  butyn  or  1  cc.  of  2  percent,  of  procaine,  giving  the  same  dose  (1  cc. ).  This  is 
to  be  repeated  every  seven  to  ten  days  for  from  six  to  ten  injections,  and  then  followed 
by  an  intermission  of  equal  length,  after  which  another  course  is  given  with  another 
intermission  and  so  on.  Lambkin  urges  the  use  of  pure  palmitin  (a  neutral  fat  derived 
from  palm  oil  and  having  the  same  composition  as  the  palmitin  of  the  human  body — 
an  ether-glyceride  of  palmitic  acid)  as  a  superior  vehicle  for  calomel  or  metallic  mercury 
to  be   used    by   intramuscular   injection;    adding   creo-camph    (equal    parts   of   absolute 
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creosote  and  camphoric  acid)  for  analgesic  effect.  He  triturates  thoroughly  by  mecha- 
nism, 5  parts  of  calomel  or  10  parts  of  metallic  mercury,  with  20  parts  of  creo-camph 
and  palmitin  basis  to  make  100  parts.  The  dose  injected  is  from  10  to  15  minims,  i.e., 
i/o  to  %  grain  (0.03  to  0.045  Gm.)  of  calomel  or  1  to  ly.  grain  (0.06  to  0.09  Gm.)  of 
mercury. 

Of  the  soluble  salts,  mercuric  compounds  are  preferred  when  speedy  action  is  desired; 
mercurous  compounds  when  slower  and  more  continuous  absorption  is  aimed  at.  When 
used  in  moderate  doses,  which  is  the  preferable  method,  the  soluble  salts  are  injected 
every  day  or  every  other  day. 

Mercuric  chloride  is  rendered  soluble  by  the  addition  of  sodium  chloride  or  sodium 
carbonate  to  the  solution,  but  it  is  extremely  irritating  and  its  intramuscular  use  is  not 
advised.  The  biniodicle  with  potassium  iodide  is  less  destructive  and  may  be  used,  as 
may  also  the  bromide  in  similar  association  (Cole).  Mercuric  salicylate,  previously  men- 
tioned under  insoluble  salts,  is  also  rendered  easily  soluble  by  the  presence  of  sodium 
salts,  and  as  with  other  suspensions,  the  early  pain  may  be  modified  by  the  injection 
from  the  same  syringe  of  1  cc.  of  2  percent,  procaine  and  the  late  pain  by  the  addition 
befoi'e  injection  of  1  percent,  phenol  or  creosote  or  5  percent,  camphor  or  the  creo-camph 
recommended  by  Lambkin.  The  salicylate  in  soluble  suspension  is  given  in  average  daily 
dosage  of  1  cc.  of  1  percent,  suspension,  i.e.,  i/.,  grain  (0.01  Gm.),  in  courses  of  five  to 
seven  weeks'  duration.  If  more  intensive  treatment  be  desirable  the  daily  dose  may  be 
slowly  increasd  to  3  to  4  cc.  (0.03  to  0.04  Gm.).  Other  available  soluble  salts  are  the 
cyanide,  oxycyanide,  succinimide  and  mercurosal.  The  succinimide  is  similar  in  its  ab- 
sorption to  the  biniodide  and  bromide  mentioned  above.  It  is  perhaps  the  most  satis- 
factory of  the  soluble  salts,  in  a  daily  dose  of  %  to  %  grain  (0.01  to  0.015  Gm.)  asso- 
ciated with  butyn  or  procaine  for  their  analgesic  effect.  The  cyanide  is  given  in  daily 
dose  of  I4fi  to  Vs  grain  (0.004  to  0.008  Gm.),  and  the  oxycyanide  in  daily  dose  of 
Vie  to  %  grain  (0.004  to  0.01  Gm.).  None  of  the  last  three  salts  is  to  be  given  in  con- 
junction with  potassium  iodide  and  in  this  respect  they  differ  from  the  biniodide  and 
the  bromide.  Mercurosal  may  be  employed  intramuscularly  in  dose  of  142  grain  (0.05 
Gm.)  dissolved  in  2  cc.  of  sterile  water,  every  four  or  five  days  until  12  doses  have  been 
given.  It  is  but  one-seventh  as  toxic  as  mercuric  chloride,  while  containing  more  than 
one-half  as  much  mercury. 

Intramuscular  (epifascial)  injection  is  the  method  of  choice  in  the  nerve  lesions  of 
syphilis.  The  injections  are  made  preferably  in  the  gluteal  muscle,  with  the  patient 
lying  prone  on  a  table.  The  point  of  election  is  near  the  inner  angle  of  the  upper  outer 
quadrant,  a  point  which  may  also  approximately  be  determined  by  taking  the  center  of  a 
line  from  the  anterior  superior  spine  of  the  ilium  to  the  upper  limit  of  the  intergluteal 
fold,  thereby  avoiding  injury  to  the  vessels  and  nerves  issuing  from  the  great  sacrosciatic 
foramen  or  such  complications  as  sciatica,  nodosities,  abscesses  or  deep  indurations.  The 
buttock  is  flattened  with  the  left  hand  and  the  needle  is  introduced  to  a  depth  of  about 
1  inch  (2.5  cm.),  avoiding  unnecessary  force.  Before  injecting  the  contents  of  the 
syringe,  the  operator  should  satisfy  himself  that  the  needle  has  not  entered  a  blood 
vessel  by  a  gentle  effort  to  aspirate.  Other  regions  available  for  intramuscular  injec- 
tions are  the  lumbar,  deltoid  or,  after  the  method  of  Meltzer,  the  spinal  mass. 

Intravenous  injection. — Intravenous  administration  of  mercurials  was  first  proposed 
by  Bacelli  in  1894,  but  the  irritating  properties  of  the  bichloride  and  other  inorganic 
salts  prevented  their  extensive  use.  With  the  development  of  various  inorganic  and 
organic  compounds,  many  of  which  are  still  in  the  experimental  stage,  the  method  is 
again  coming  into  use.  Mercury  bichloride  may  be  given  in  dose  of  0.6  to  2  cc.  of  a  1 
percent,  solution  twice  a  week,  increasing  the  dose  0.1  cc.  at  each  injection,  but  not  ex- 
ceeding a  dose  of  15  cc.  The  course  should  be  over  a  period  of  at  least  six  weeks,  and 
care  be  taken  that  salivation  or  kidney  involvement  does  not  develop.  The  bichloride  is 
extensively  used  but  is  not  to  be  recommended,  because  of  the  danger  of  embolism.  Yvon 
solution  consists  of  1  part  each  of  mercuric  iodide  and  potassium  iodide,  with  2  parts  of 
sodium  phosphate  and  50  parts  of  distilled  water.  Each  cc.  represents  20  mgm.  of  the 
mercuric  salt  (i.e.,  each  minim  represents  approximately  %g  grain).  It  is  to  be  diluted 
still  further  when  used,  but  with  distilled  water  only;  saline  solution  being  ineligible. 
When  injected  under  the  skin,  it  is  irritant;  but  its  eligibility  for  intravenous  use  seems 
to  have  been  confirmed  by  the  work  of  Rowe  on  animals.  He  used  equal  parts  of  KI  and 
Hgl2,  injecting  into  the  veins  dilutions  of  from  1:  5000  to  1:  20.  Even  the  strongest  of 
these  gave  no  evidence  of  coagulation  of  blood-proteins  with  production  of  embolism — 
a  frequent  cause  of  death  when  the  bichloride  is  used   intravenously.     The  m.l.d.  for 
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dogs  was  4  mgm.  per  kilo,  as  against  5  mgin.  with  bichloride;  for  guinea-pigs,  3  mgm. 
as  against  2  mgm.  with  bichloride.  Mercurosal  is  marketed  as  a  powder  in  ampules  and 
the  solution  is  to  be  prepared  freshly  for  each  injection.  The  intravenous  dose  is  ly^ 
grain  (0.1  Gm.)  in  from  5  to  20  cc.  of  sterile  water  or  saline  solution,  higher  dilutions 
being  preferable.  It  cannot  be  used  with  neoarsphenamine  or  sulpharsphenamine.  Au- 
thoritative (Cole)  reports  on  the  intravenous  use  of  mercurosal  are  unfavorable.  Mer- 
curic cyanide  may  be  given  in  dose  of  %  grain  (0.01  Gm.)  in  much  the  same  way  as  is  the 
chloride  but  its  use  is  by  no  means  as  general.  Colloidal  suspensions  of  calomel  and  of 
metalUc  vicrcury  are  advocated  abroad  but  not  much  used  in  the  United  States.  The 
dose  is  ordinarily  i/,  to  \/.,  grain  (0.01  to  0.03  Gm.)  repeated  every  four  or  five  days  for  a 
course  of  ten  to  twelve  injections.  The  osycyanide  is  said  to  be  non-irritating  and  y-^ 
grain  (0.0013  Gm.)  may  be  given  to  the  average  adult. 

Mercury  succinimide,  mercuric  chloride,  flumerin  and  mercurophen  are  extensively 
employed  and  their  conjoined  use  with  arsphenamine  or  neoarsphenamine  has  been  the 
subject  of  considerable  trial.  Mercurophen  has  been  effectively  used  as  an  adjunct  to 
increase  the  action  of  various  arsenical  compounds,  including  neoarsphenamine,  sulph- 
arsphenamine, and  arsphenamine.  The  dose  of  mercurophen  is  VI  grain  (0.016  Gm.), 
15  cc.  of  a  1:  1000  stock  solution  being  added  to  14  grains  (0.9  Gm.)  of  neoarsphenamine 
in  10  cc.  of  water.  The  conjoint  use  of  mercuric  chloride  with  neoarsphenamine  was 
advocated  in  1919  by  Linsser.  By  the  addition  of  1  to  2  cc.  of  a  1:  1000  aqueous  solution 
of  bichloride,  i.e..  %  to  %  grain  (0.01  to  0.02  Gm.),  to  from  7  to  9  grains  (0.45  to  0.6  Gm.) 
of  the  arsenical  in  5  cc.  of  sterile  distilled  water,  a  greenish-black  solution,  due  to  precipi- 
tation of  the  mercury  results.  Injections  are  given  every  three  to  five  days,  six  to  ten 
injections  constituting  a  course.  Mctaphen  is  well  adapted  to  such  procedure,  and  its 
solution  mingles  with  the  arsenical  solution  without  splitting  off  metallic  mercury  or 
reducing  the  arsphenamine.  A  slight  opacity  results  when  10  to  14  grains  (0.6  to  0.9 
Gm.)  of  neoarsphenamine  is  dissolved  in  10  cc.  of  a  1:  1000  metaphen  solution,  but  the 
mixture  is  suitable  for  intravenous  injection,  and  is  said  to  be  more  effective  than  either 
compound  alone.  Success  in  obtaining  negative  "Wassermanns"  with  metaphen  alone, 
in  cases  resistant  to  arsenic,  to  bismuth,  and  to  other  mercurials,  has  also  been  reported. 
The  course  consists  of  15  weekly  injections  of  10  cc.  of  the  1:  1000  solution.  Metaphen 
may  be  alternated  with  neoarsphenamine,  the  interval  between  the  two  being  two  to  four 
days.  Noi'asurol  (merbaphen)  has  been  used  instead  of  the  bichloride  in  the  association 
with  neoarsphenamine.  The  solution  is  less  opaque,  the  appearance  of  blood  resulting 
from  penetration  of  a  vein  being  visible,  and  there  have  been  fewer  complications,  such 
as  phlebitis,  following  its  use.  Mercury  succi7ii7nide  is  given  in  1:  1000  solution,  begin- 
ning with  5  or  6  cc,  i.e.,  y^i  to  Vio  grain  (0.005  to  0.006  Gm.),  twice  weekly;  and  increas- 
ing gradually,  according  to  effect,  to  not  more  than  15  cc.  The  solution  keeps  well,  but 
the  succinimide  cannot  be  used  with  either  neoarsphenamine  or  sulpharsphenamine. 
Flumerin  has  been  carefully  studied  by  Young  and  by  Moore.  Owing  to  its  high  mercury 
content  and  low  toxicity,  it  is  of  value  in  early  syphilis,  rapid  saturation  of  the  patient 
being  possible.  Flumerin  is  injected  in  1  or  2  percent,  solution  in  sterile  water  or  saline, 
in  dose  of  ^20  grain  (0.003  Gm.)  per  kilo  of  body  weight,  i.e.,  about  10  to  15  cc.  of  the  2 
percent,  solution,  20  to  30  cc.  of  the  1  percent,  solution,  every  2  or  3  days,  six  injections 
constituting  a  course.  Some  patients  are  very  sensitive,  but  on  the  contrary  it  is  of 
special  value  when  for  any  reason  a  patient  is  intolerant  of  arsphenamine.  The  conjoint 
use  of  flumerin  with  arsphenamine  or  iodide  is  proscribed  by  one  authority,  while  an- 
other investigator  states  that  it  may  be  used,  in  dose  of  5  to  10  cc.  of  2  percent,  solution, 
with  arsphenamine,  neoarsphenamine  or  sulpharsphenamine. 

Bismuth  may  be  associated  with  the  arsphenamines  in  early  syphilis;  it  may  be 
used  in  conjunction  with  iodides,  and  is  preferably  alternated  rather  than  conjoined  with 
mercury,  although  it  may  be  given  coincidently,  in  which  case  the  dosage  of  the  mercurial 
is  reduced  by  one-half  in  all  courses  of  treatment.  The  dosage  of  sodium  potassium 
tartrobismuthate  and  other  bismuth  compounds,  e.g.,  mesurol,  used  in  this  connection 
are  given  in  detail  in  the  section  on  bismuth. 

In  tertiary  syphilis,  the  association  of  sodium  iodide,  10  to  22  cc.  of  sterile  10  percent, 
solution,  with  neoarsphenamine,  or  with  mercurophen,  or  with  flumerin,  is  said  to  be 
effective;  but  it  is  stated  that  in  all  but  selected  cases,  the  ingestion  of  the  iodides,  while 
the  arsenical  and  mercurial  are  given  separately,  is  the  method  of  choice. 

Intraspinal  injection. — Much  has  been  said  and  written  in  the  last  decade  regarding 
intraspinal  therapy  with  mercury,  but  the  reactions  following  the  use  of  this  form  of 
administration  have  been  so  severe  that  the  method  has  not  gained  a  foothold.     Byrnes 
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introduced  the  use  of  mercurialized  serum,  prepared  by  mixing  bichloride  with  the 
patient's  serum  to  form  the  albuminate  before  injection,  but  even  this  improved  technic 
has  not  been  accepted  to  any  great  extent. 

Silver 

Silver  does  not  appear  to  have  been  used  therapeutically  by  the  ancient  Greeks 
or  Romans,  but  both  metallic  silver  and  silver  nitrate  a.re  mentioned  by  Avicenna, 
Geber  and  other  physicians  of  the  Arabian  school.  Silver  oxide  was  used  in  pill  form 
as  a  remedy  for  epilepsy  and  other  nervous  ailments,  and  silver  nitrate  for  similar 
ailments  and  as  a  purgative.  The  internal  use  of  silver  salts  in  epilepsy  continued 
until  recent  times.  At  present  they  are  employed  chiefly  for  their  antipathogenic 
and  topical  action.  The  recent  introduction  of  various  organic  silver  compounds  has 
reduced,  to  some  extent,  the  use  of  the  nitrate. 

Chemistry. — Only  one  inorganic  salt  of  silver  finds  extensive  use  .in  medical 
practice  to-day,  the  nitrate  (AglSTO,).  The  oxide  (Ag^O),  the  iodide  (Agl)  and  col- 
loidal metallic  silver  are  less  often  employed.  A  large  number  of  organic  bodies 
containing  silver  have  been  introduced  in  recent  years,  but  their  chemistry  is  still 
obscure  and  it  is  not  known  to  what  extent  the  metal  is  in  true  chemical  combina- 
tion with  the  organic  matter  (generally  a  proteid)  or  to  what  extent  they  are  simple 
mixtures  of  proteins  with  inorganic  silver  in  colloidal  form.  They  are  classed  accord- 
ing to  their  activity  as  Argentoprotein  fortissimum,  Argento protein  fortius  and 
Argentoprotein  mite. 

Summary  of  Actions  and  Uses. — Silver  is  a  protoplasm  poison  and  its  soluble  inor- 
ganic compounds  form  with  proteins,  combinations  which  are  more  soluble  in  body 
fluids  than  those  of  most  of  the  heavy  metals.  Topically  these  salts  are  caustic, 
astringent  and  antiseptic,  the  last  property  being  shared  by  various  organic  compounds. 
Silver  salts  do  not  cause  local  vasoconstriction.  The  systemic  action,  which  is  rarely 
seen,  is  characterized  by  paralysis  of  the  respiratory  and  vasomotor  centers.  In  chronic 
poisoning  there  is  a  gray  discoloration  of  the  skin,  known  as  argyria. 

Silver  salts  are  used  almost  solely  as  astringents  and  antiseptics.  Solutions  are 
employed  to  reduce  congestion,  allay  inflammation  and  relieve  infection  of  exposed 
mucous  membranes,  such  as  the  conjunctiva  and  urethra.  Fused  silver  nitrate  (lunar 
caustic)    is  employed  to  reduce  exuberant  granulation  tissue  and  for  similar  purposes. 

The  phenomena  of  acute  poisoning,  which  are  entirely  topical,  will  be  considered 
under  "toxic  action,"  those  of  chronic  poisoning,  under  "systemic  action." 

Materia  Medica.— Argenti  Nitras  (U.S.  X),  Silver  Nitrate.  Ahhr.,  Arg.  Nit. 
Synonym:  Lunar  Caustic. 

Silver  nitrate  may  be  obtained  by  the  interaction  of  nitric  acid  and  silver.  It 
occurs  in  the  form  of  colorless,  transparent,  tabular,  rhombic  crystals,  becoming  gray 
or  grayish-black  on  exposure  to  light  in  the  presence  of  organic  matter.  It  is  with- 
out odor,  but  has  a  bitter,  caustic,  and  strongly  metallic  taste.  It  contains  not  less 
than  99.8  percent,  of  AgNO,.  One  Gm.  is  soluble  in  0.4  cc.  of  water  and  in  30  cc. 
of  alcohol;  it  is  slightly  soluble  in  ether. 

Antagonists  and  IncompatiUes. — Sodium  chloride,  alkalis  and  their  carbonates, 
arsenic,  astringent  infusions,  and  acids,  except  acetic  and  nitric,   are  incompatible. 

Synergists  are  mercury,  the  iodides,  and  arsenic. 

Dose,  internally,  ^4  to  1/2  grain  (0.015  to  0.03  Gm.) ;  mainly  used  as  escharotic. 

Argenti  Nitras  Fusus  (U.S.  X),  Fused  Silver  Nitrate.  Ahhr.,  Arg.  Nit.  Fus. 
Synonym:  Moulded  Silver  Nitrate,  Lunar  Caustic.  Argenti  Nitras  Induratus  (Br.), 
Toughened  Caustic.    Ahhr.,  Argent.  Nit.  Indur. 

Hydrochloric  acid,  4  Gm.,  is  added  to  silver  nitrate,  100  Gm.,  and  the  mixture 
is  melted  at  as  low  a  temperature  as  possible,  being  well  stirred,  and  is  then  poured 
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into  moulds  (U.S.  X.).  Potns.sium  nitrate,  .'")  Gm.,  and  silver  nitrate,  95  Gm.,  are 
fused  together,  mixed,  and  poured  into  moulds    (Br.). 

It  is  a  wliite,  hard  solid,  generally  in  the  form  of  pencils  or  cones,  showing  a 
fibrous  fracture  and  becoming  gi-ay  or  grayish-black  on  exposure  to  light;  odorless, 
and  with  a  bitter,  caustic  and  strongly  metallic  taste.  It  contains  not  less  than 
94.5  percent,  of  AgNO,. 

Dose,  applied  in  substance. 

Argexti  Chloridum  Colloid.\le  Saccharatum  (N.N.R.),  Colloidal  Silver  Chloride. 
Synonym:  lj\xno^o\.  •;  y,;  [,■,  .(-it/li 

A  preparation  of  colloidal  silver  chloride  containing  10  percent,  of  silver  and 
90  percent,  of  sucrose,  occurring  as  a  white,  slightly  liygroscopic,  granular  powder, 
odorless,  having  a  sweetish  metallic  taste.  It  is  completely  soluble  in  one-half  its 
weight  of  water,  forming  an  opalescent  solution. 

Dose,  used  locally  in  solutions  of  1  to  25  percent,  on  any  mucous  membrane. 

Argenti  Nitras  Mitigatus   (Br.),  Mitigated  Caustic.    Ahhr.,  Argent.  Nit.   Mit. 

Silver  nitrate,  20  Gm.,  and  potassium  nitrate,  40  Gm.,  are  fused  together,  mixed 
and  poured  into  suitable  moulds. 

Occurs  as  white  or  grayish-white  cylindrical  rods  or  cones;  freely  soluble  in 
water  but  only  sparingly  in  alcohol  (90  percent.). 

Dose,  externally  as  fused  stick. 

Argento-proteinum  Forte  (U.S.  X.),  Strong  Silver-Protein.  Ahhr.,  Arg.-Prot. 
Fort.    Synonyms :   Stronger  Protargin,  Proganol,  Protargentum,  Protargol. 

A  colloidal  compound  of  silver  oxide  and  protein  (protargol  type),  containing  not 
less  than  7.5  and  not  more  than  8.5  percent,  of  silver  (Ag).  A  brown,  odorless  pow- 
der, somewhat  hygroscopic.  It  is  freely  but  slowly  soluble  in  water,  but  almost  insol- 
uble in  oils,  alcohol,  chloroform,  or  ether. 

Dose,  eye,  2  to  10  percent.;  nose  and  throat,  Vi  to  10  percent.;  gonorrhea,  acute, 
Vi  to  1  percent.;  prophylactic,  2  percent.;  urethral  irrigation,  1 :1000  to  1 :2000;  urethral 
suppositories,  5  to  10  per  cent.;  vaginal  tampons,  5  per  cent.;  rectal  irrigation,  1/10 
percent.    Administration  by  mouth  1/32  to  1/4  grain  (0.002  to  0.015  Gm.). 

Argento-proteinum  Mite  (U.S.  X),  Mild  Silver-Protein.  A'bhr.,  Arg.-Prot.  Mit. 
Synonyms :  Mild  Protargin,  Argyrol,  Argyn. 

Silver  rendered  colloidal  by  the  presence  of  a  combination  with  protein  (argyrol 
type).  It  contains  not  less  than  19  percent,  and  not  more  than  25  percent,  of  silver 
(Ag).  Dark  brown,  or  almost  black,  shining  scales  or  granules;  odorless,  and  frequently 
hygroscopic;  freely  soluble  in  water  and  glycerin,  but  almost  insoluble  in  oils,  alcohol, 
ether  or  chloroform. 

Dose,  Eye:  in  solutions,  25  percent.;  ointments,  10  percent.;  corneal  ulcers,  50 
percent.  Nose  and  throat  spray,  10  to  20  percent.;  swab,  25  to  50  percent.  Wounds 
and  ulcers :  1  to  10  percent,  in  solution  or  ointment,  or  10  percent,  dusting  powder. 
Gonorrhea  :  prophylactic,  10  percent.;  acute,  3  to  10  percent.;  chronic,  10  to  20  percent.; 
urethral  injections,  1:1000;  urethral  suppositories,  20  percent.;  cystitis,  20  to  50 
percent.;  vaginal  tampons,  25  percent,  in  solution  of  glycerin.  Administration  by 
mouth,  5  grains  (0.3  Gm.).     Pyelography,  2  percent. 

Argentum  Colloidale  (N.N.R.),  Colloidal  Silver.  Synonyms:  Argentum  Crede, 
Collargolum,  Collargol. 

Colloidal  silver  and  silver  oxide,  formed  by  reduction  and  stabilized  by  derived 
egg-albumin,  with  which  it  is  possibly  partly  combined.  It  contains  silver  equivalent 
to  approximately  78  percent,  metallic  silver.  It  forms  with  water  a  fairly  stable  col- 
loidal suspension.  It  occurs  in  small,  hard,  brittle,  bluish-black  scale-like  pieces, 
forming  a  colloidal  suspension  with  20  parts  of  distilled  water. 
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Dose,  locally  as  15  percent,  ointment  or  as  5  percent,  dusting  powder  prepared  with 
fine  clay;  by  mouth,  1/5  to  2/5  grain  (0.012  to  0.024  Gm.)  or  as  1 :100  to  1 :500  solution 
(colloidal  suspension)  1  dram  (4  Gm.). 

SOLARGENTUM     (N.N.R.). 

A  compound  of  silver  and  gelatin,  containing  19  to  23  percent,  of  silver  in  col- 
loidal form. 

Dose,  used  in  strength  of  1  to  25  percent. 
SiLVOL   (KN.R.). 

A  mild  silver-protein  formed  by  the  combination  of  colloidal  silver  with  an  alka- 
line proteid. 

Dose,  used  in  strengths  of  2  to  10  percent. 
Vargol  (N.N.R.). 

Silver  combined  with  a  derived  albumin,  exhibiting  a  higher  content  of  silver- 
ions  than  is  permitted  by  the  U.S.P.  for  mild  silver  protein,  but  much  less  than  specified 
for  strong  silver  proteins. 

Dose,  applied  in  strengths  of  2  to  25  percent. 
Neo-Silvol  (N.N.R.). 

A  compound  of  silver  iodide  with   a  soluble  gelatin  base,   containing  18  to   22 
percent,  of  silver  iodide,  in  colloidal  form.     It  occurs  in  pale  yellow  granules,  soluble 
in  water,  slowly  soluble  in  glycerin,  but  insoluble  in  fixed  oils. 
Dose,  used  in  aqueous  solutions  of  from  2  to  8  percent. 
Argenti  Oxidum   (U.S.  IX.),  Silver   Oxide. 

A  dark  brownish  to  black  powder,  difficultly  soluble  in  water,  having  an  astringent, 
slightly  caustic,  taste.  An  explosive  mixture  is  formed  with  phenol,  guaiacol,  and 
creosote. 

Dose,  internally,  1/2  to  2  grains  (0.03  to  0.12  Gm.)  ;  externally,  in  an  ointment 
of  5  to  10  grains  to  the  dram  of  base. 

Argenti  Oxidum  Colloidale  (N.N.R.),  Colloidal  Oxide  of  silver.  Synonym: 
Cargentos. 

A  colloidal  preparation  of  silver  oxide,  with  modified  casein,  representing  50 
percent,  of  metallic  silver. 

Dose,  used  chiefly  in  form  of  3  to  5  percent,  ointment. 
Argenti  Iodidum   (unofficial).  Silver  Iodide. 

A  yellowish,  amorphous  powder,  tasteless,   and  insoluble  in  water  or   alcohol. 
Dose,  1  to  2  grains  (0.065  to  0.13  Gm.). 
Argenti  Citras  (N.N.R.),  Silver  Citrate.    Synonym:  Itrol. 
Occurs  as  a  heavy,  odorless  powder,  almost  insoluble  in  water. 
Dose,  applied  in  solutions  of  1 :4000  to  1 :10,000  to  body  cavities,  and  in  substance 
to  wounds. 

Argenti  Lactas  (N.N.R.),  Silver  Lactate. 

Prepared  by  dissolving  freshly  precipitated  silver  carbonate,  by  means  of  heat, 
in  a  solution  of  lactic  acid,  and  concentrating  the  solution  until  crystallization  begins. 
It  occurs  in  the  form  of  crystalline  needles,  granular  masses,  or  as  a  crystalline 
powder;  soluble  in  about  15  parts  of  water. 

Dose,  applied  in  solutions  of  1 :  100  to  1 :  2000. 

Antipathogenic  Action. — Silver  is  among  the  most  powerfully  bactericidal  of  the 
heavy  metals  and  undoubtedly  owes  much  of  its  virtue  as  a  local  application  to  this 
power.  Its  action  does  not  entirely  depend  on  coagulation  of  proteids.  Solutions  too  weak 
to  show  this  effect  are  actively  germicidal,  as  are  also  certain  compounds  which  lack  it. 
The  albuminate  is  moderately  soluble  in  water  and  its  solution  shows  antiseptic  power, 
so  that  the  germicidal  action  of  silver  is  less  influenced  by  the  presence  of  proteids  than 
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is  thai  of  mercury  bichloride.  In  saline  solutions,  the  power  of  silver  is  almost 
destroyed  by  its  precipitation  as  chloride. 

Although  active  in  attacking  living  bacteria,  and  often  more  effective  than  mer- 
curials in  preventing  growth,  silver  salts  lose  much  of  their  efficacy  in  the  presence  of 
spores.  A  large  amount  of  work  has  been  done  on  the  activity  of  various  compounds 
of  silver,  and  the  following  figures  are  merely  illustrative  and  might  be  multiplied  for 
various  bacteria  almost  at  will. 

Silver  nitrate  added  to  bouillon  cultures  24  hours  old,  killed  all  organisms  in  two 
hours  at  the  following  concentrations: 

Anthrax   (spore  free) 1:25,000 

Diphtheria    1 :   2,500 

Glanders    1 : 4,000 

Tvphoid 1:4,000 

Cholera    1:4,000 

Anthrax  spores  are  killed  by  a  4.25  percent,  solution  in  1  hour,  and  the  spores  of 
other  organisms  by  0.85  percent,  in  1  hour  or  by  0.1  percent  in  10  hours. 

Other  silver  salts  differ  widely  in  activity,  it  being  probable  that  their  efficacy  is 
proportionate  to  their  degree  of  dissociation  and  thus  to  the  relative  number  of  silver 
ions  set  free.  These  differences  are  indicated  in  the  following  table,  which  shows  the 
time  of  exposure  required  for  a  2  percent,  solution  to  kill  anthrax  spores: 

Silver  nitrate   (AgNOj),  less  than  1  hour. 
Silver  chlorate  (AgClO,),  less  than  1  hour. 
Silver  silico-fluoride   (Ag,SiF„),  between  1  and  9  hours. 
Silver  ammonio-nitrate    ( AgNOj.lO  NH3),  between  1   and  9  hours. 
Silver  sodio-sulphite    ( AgNOa.li/^,  Na.SjOa).   more   than   9   hours. 
Silver-potassium  cyanide   (AgNO~3.2  KCN),  more  than  9  hours. 

Silver  fluoride  (AgF) — 1:10,000  has  been  suggested  as  a  means  of  sterilizing  drink- 
ing water  (DeBlasi). 

An  emanation  given  off  from  colloidal  silver  chloride  sealed  in  glass  tubes  has  the 
power  to  prevent  the  growth  of  bacteria  in  vitro  and  this  emanation  is  believed  by  Bal- 
lenger  and  Elder  to  account  for  the  germicidal  efficiency  of  colloidal  silver  chloride,  rather 
than  the  small  amount  which  ionizes.  Rabbits  infected  artificially  with  a  dose  of 
staphylococcus  w-hich  killed  them  in  24  hours,  were  saved  by  intravenous  injection  of 
1  cc.  of  a  1  percent,  suspension. 

Pharmacodynamic  Action:  Absorption,  and  Elimination. — From  the  skin,  silver  salts 
are  never  absorbed  in  sufficient  amount  to  give  rise  to  systemic  effects,  but  solutions 
of  the  soluble  salts  even  of  the  organic  compounds,  may  be  absorbed  from  the  conjunctiva 
or  from  wounds,  and  give  rise  to  local  staining  of  the  mucosa  and  skin,  "local  argyria." 
Long  continued  applications  are  to  be  avoided  for  this  reason. 

When  silver  compounds  are  taken  into  the  stomach,  they  are  at  once  converted 
into  insoluble  salts,  chloride,  sulphide,  albuminates,  etc.,  and  by  far  the  greater  part 
remains  unabsorbed,  being  expelled  with  the  feces.  A  small  amount  is,  however,  taken 
Into  the  blood,  where  it  circulates  as  an  insoluble  albuminate  in  the  form  of  fine  granules 
floating  free  in  the  plasma. 

These  granules  are  deposited  in  the  tissues,  where  they  may  remain  until  death. 
The  chemical  nature  of  the  granules  is  not  known,  but  they  have  a  predilection  for  the 
intercellular  substance,  and  in  microscopic  sections,  Ihe  black  pigment  may  be  seen  out- 
lining each  cell.  The  deposits  occur  largely  in  the  deeper  layers  of  the  'skin  and  intestinal 
mucosa.  The  connective  tissues,  the  meninges  and  liver  also  show  deposits.  In  the  skin, 
the  silver  is  changed  by  the  action  of  light  into  the  oxide,  giving  rise  to  a  bluish  or 
blackish  discoloration  with  a  peculiar  luster  known  as  "argyria."  In  the  intestinal  wall, 
the  deposit  is  changed  to  sulphide. 

If  a  soluble  salt  be  injected  intravenously,  a  large  part  is  excreted  from  the  bowel; 
none,  however,  through  the  kidneys. 

Topical  Action. — Locally,  silver  salts  are  caustic,  astringent  and  antiseptic.  The 
protein  of  the  superficial  layers  of  the  tissues,  is  coagulated,  protecting  the  deeper  layers 
from  the  action  of  the  drug.  The  eschar  is  at  first  white,  but  becomes  darkened,  as  the 
silver  is  reduced  by  the  influence  of  light. 

To  the  skin,  silver  nitrate  is  irritant,  1  percent,  solutions  causing  merely  redness, 
itching    and    burning,    but    in    greater    concentration    vesication    and    corrosion.      The 
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astringent  action  following  the  application  to  mucous  membranes  is  aue  to  the  coating 
formed  by  the  coagulation  of  protein,  as  there  is  no  direct  constriction  of  the  walls  of 
the  blood  vessels.  Irritation  is  not  caused  by  weaker  solutions  than  0.25  percent.,  except 
in  the  eye,  where,  however,  such  a  solution  is  not  injurious. 

Toxic  Actioti. — The  toxic  dose  of  silver  salts  is  not  well  established.  Recovery  has 
followed  the  ingestion  of  1  ounce  (30  Gm.)  of  silver  nitrate  and  very  few  fatal  accidents 
from  silver  poisoning  have  been  reported. 

When  a  toxic  dose  of  a  concentrated  solution  of  silver  nitrate  is  swallowed,  there 
result  the  symptoms  of  acute  gastroenteritis;  burning  pain  in  the  throat  and  stomach, 
nausea,  vomiling  and  purging,  with  thready  pulse,  collapse,  and  very  rarely  coma  and 
death.  Convulsions  have  been  reported,  but  are  probably  secondary  to  the  failure  of 
heart  and  circulation,  and  not  due  to  a  direct  action  of  silver  on  the  central  nerve 
system,  almost  no  silver  being  absorbed  from  a  single  dose. 

The  treatment  consists  in  giving  albuminous  drinks  and  tannic  acid.  Sodium 
chloride  is  also  a  chemical  antidote,  but  less  efficient  than  tannates. 

Systemic  Action:  Alimentary  Tract. — Solutions  of  silver  salts  cause,  in  the  mouth, 
a  sensation  of  astringency,  due  to  the  coagulation  of  the  albumin  in  the  superficial  layers 
of  the  mucous  membranes.  A  similar  action  takes  place  in  the  stomach,  when,  pill, 
powder  or  capsule  is  swallowed,  and  the  prolonged  use  of  strong  solutions  may  lead  to 
ulceration.  Below  the  stomach,  unless  administered  in  pill  coated  with  salol  or  keratin, 
silver  has  little  effect,  although  its  prolonged  use  tends  to  induce  constipation.  In  argyria, 
an  early  symptom  is  a  gray  line  on  the  margin  of  the  gums. 

TVTien  silver  nitrate  is  treated  with  a  solution  of  peptone,  a  compound  is  formed, 
which  is  not  precipitated  by  albumen.  Feeding  this  to  dogs  and  rabbits  over  long  periods 
caused  loss  of  appetite  and  chronic  diarrhea. 

Blood. — Silver  is  carried  in  the  blood,  in  the  form  of  minute  granules  free  in  the 
plasma,  but,  even  injected  intravenously,  has  no  effect  except  that  of  causing  local  clot- 
ting and  thrombosis.  In  the  peptone  experiments  spoken  of  above,  there  was  marked 
anemia,  the  hemoglobin  being  reduced  to  67  percent.  There  was,  also,  a  loss  of  viscosity, 
shown  by  extravasations  into  the  tissues. 

Circulatory  System. — Injections  of  silver  peptonate  cause  rise  of  blood  pressure, 
followed  by  a  fall,  both  due  to  action  on  the  vasomotor  center.  The  heart  is  slowed,  by 
stimulation  of  the  vagus  center,  but,  in  the  intact  animal,  is  little  affected  before  respira- 
tion fails.  The  heart,  perfused  outside  the  body,  stops  in  diastole,  from  paralysis  of  the 
muscle. 

Respiration. — In  acute  poisoning  by  a  compound  of  silver  which  does  not  precipitate 
albumin,  death  occurs  from  paralysis  of  the  respiratory  center.  The  breathing  becomes 
slow  and  labored,  and  finally  ceases.  When  the  animal  survives,  and  in  more  chronic 
poisoning,  there  is  marked  increase  in  the  secretion  of  bronchial  mucus,  even  amounting 
to  bronchorrhea.  Death  may  result,  from  edema  of  the  lungs,  which  is  not  due  to  failure 
of  circulation,  as  shown  by  its  occurrence  in  excised  perfused  lungs.  If  artificial  respira- 
tion be  given,  it  will  be  found  that,  at  the  time  the  heart  begins  to  fail,  the  diaphragm 
and  voluntary  muscles  show  direct  paralysis. 

Nerve  System. — In  acute  poisoning  by  injections  of  silver  protein,  the  central  nerve 
system  is  the  chief  seat  of  action,  especially  the  vital  centers  in  the  medulla  which  are 
paralyzed.  There  seems  to  be  no  direct  action  on  the  higher  brain  centers.  The  spinal 
cord  is  variously  affected.  Some  authors  have  reported  sudden  paralysis  of  the  motor 
cells  of  the  cord,  and  others  have  seen  spinal  convulsions.  The  latter  are  seen  in  the 
frog,  and  are  probably  due  to  direct  excitation  of  the  motor  cells.  Later,  there  is  a  direct 
paralysis  of  the  muscles. 

Urinary  System. — No  silver  can  be  found  in  the  urine,  no  matter  by  what  route  the 
metal  may  have  been  administered.  In  animal  experiment,  there  have  been  seen,  how- 
ver,  as  a  result  of  the  action  of  silver,  increased  secretion  of  urine,  followed  by  albumi- 
nuria and  oliguria.  These  phenomena  may  be  due  to  irritation  from  deposit  of  the 
metal  in  the  tissues  of  the  organ. 

Skin. — The  only  effect  on  the  skin  is  the  deposit  of  a  silver  compound  in  the  corium. 
Certain  areas  are  generally  affected  first,  namely,  the  skin  of  the  last  joint  of  the  fingers 
and  that  of  the  face.  Exposure  to  light  seems  to  favor  its  deposition,  and  less  is  found 
in  those  parts  covered  by  clothing.  It  is  said  that,  used  in  repeated  medicinal  doses, 
this  staining  is  never  seen,  if  less  than  an  ounce  has  been  taken,  but  we  have  seen  It 
from  less  than  6  Gm.  (gr.  90)  of  colloidal  silver  given  by  vein  and  stomach  over  a  period 
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of  two  weeks.  It  is  too  deep  to  be  reached  by  blistering  and  no  effective  treatment 
has  been  devised,  although  prolonged  administration  of  methenamine  often  leads  to 
marked  amelioration.    Iodides  are  of  very  little  use. 

Organic  and  Colloidal  Silver  Compounds 

Since  the  discovery  that  silver  compounds  in  colloidal  solution  possessed  much 
of  the  bactericidal  power  of  the  soluble  inorganic  salts  without  their  irritating  prop- 
erties, a  very  large  number  of  such  bodies  have  been  introduced  into  medical  practice. 
Of  the  several  groups  into  whicli  tliese  may  be  chissiiied,  as  pointed  out  below,  two 
liave  been  recognized  by  the  pharmacopeia  under  the  names  of  "protargin  mild"  and 
''protargin  strong." 

Chemistry. — The  chemical  nature  of  most  of  the  colloidal  silver  compounds  is 
obscure,  it  being  even  uncertain  whether  the  bulk  of  the  silver  is  present  as  a  true 
organic  compound,  or  as  silver  oxide  or  other  inorganic  salt,  held  in  colloidal  suspen- 
sion. This  question  is  largely  of  academic  importance,  as  it  is  probable  that  both 
forms  are  present,  the  relative  amounts  varying  even  in  the  same  product,  and  also 
because  the  bactericidal  power  of  such  compounds  is  dependent  on  the  amount  of 
ionized  silver  -which  they  contain,  the  quantity  and  character  of  the  inert  matter 
and  non-ionized  silver  having  no  bearing  on  their  activity  (Sollmann  and  Pilcher). 
"The  colloidal  silver  of  the  colloidal-  and  protein-silver  compounds  does  not  exert 
any  antiseptic  action  even  after  six  hours  of  contact.  The  entire  antiseptic  efficiency 
resides  in  the  silver  ions  that  are  present  or  become  immediately  available. 
Whatever  value  the  colloidal  silver  has  must  depend  upon  demulcent  qualities 
which  would  serve  to  diminish  the  irritative  effects  of  the  antiseptic  silver  ions. 
It  is  therefore  very  doubtful  whether  the  colloidal  part  of  the  silver  compounds 
plays  any  greater  part  in  their  therapeutic  action  than  would  other  indifferent 
colloids  such  as  the  proteins  which  occur  in  the  same  compounds"  (Sollmann  and 
Pilcher). 

It  is  obvious  that  the  amount  of  ionized  silver  in  any  preparation  will  depend 
on  two  factors:  (1)  the  percentage  of  silver,  and  (2)  the  degree  of  ionization.  From 
these  standpoints  almost  all  the  colloidal  compounds  now  on  the  market  can  be 
arranged  in  three  classes,  as  indicated  in  the  table  on  the  following  page. 

The  ionized  silver  in  these  bodies  is  changed  to  chloride  in  the  presence  of  salt 
solution,  and  as  this  ionizes  slightly,  they  still  possess  some  activity,  but  the  diver- 
gence is  much  less  than  in  water.  The  proportion  ionized  will  be  the  greater  the 
finer  the  colloidal  suspension  and  the  fineness  of  this  will  in  turn  be  proportionate 
to  that  in  the  original  solution,  according  to  Utz,  who  states  that  protargol  and 
collargol  yield  the  finest  suspensions. 

Antipathogenic  Action. — Owing  to  the  peculiar  properties  of  these  bodies  perhaps 
because  of  the  intimate  association  with  colloidal  material,  their  bactericidal  efficiency 
cannot  be  studied  by  methods  such  as  the  "phenol  coefficient,"  which  introduce  a  short 
time  element.  The  concentration  required  to  prevent  growth  of  yeast  was  shown  by 
Dreser  to  give  a  reliable  index  of  their  antiseptic  efficiency.  As  seen  in  the  above  table, 
this  varies  with  the  amount  of  ionic  silver.  Pilcher  and  Sollmann  have  shown  that  the 
non-ionic  silver  of  these  compounds  is  not  converted  by  bacterial  action  into  ionic  or 
active  silver,  as  was  formerly  believed.  Reese  claims  that  freshly  made  4  percent,  solu- 
tions of  protargin  are  bactericidal  even  in  the  presence  of  salt,  while  older  solutions, 
although  efficient  in  water  suspensions,  lose  their  effectiveness  in  salt  solutions,  the 
lacrymal  secretion  rendering  them  almost  inert  when  instilled  In  the  eye. 

Therapeutics:  Topical. — The  principal  uses  of  inorganic  silver  salts  are  topical, 
the  systemic  effects  of  the  metal  being  obtained  chiefly  through  the  action  of  the  colloid 
and  protein  preparations. 
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Name  and  Class. 


Pkotargin  Fortissimum 
Silver  nucleinate. . . . 

Sophol 

Albargin 

Septacrol 

Protargin  Fortius. 

Protargol 

Proganol 

Protargentum 

Silver  proteinate. . .  .j 


Protargin  Mite. 

Argyrol 

Argyn 

Cargentos. . . . 

Silvol 

Solargentum. . 

Vargol 

Syrgol 

Hegonon 

Choleval 

Argonin 


Unclassified. 

Collargol 

Electrargol. . 
Ichthargol. . . 
Silver  iodide. 


Percent. 
Silver. 


about 

20 


about 
8  to  10 


about 
20 


78 
80 


Percent. 
Ionic. 


(83) 

17 


(84) 
7  to  9 


(ly^) 

0.3 


(2)   IVi 


Nature  of  Protec- 
tive Colloid. 


Serum  albumin 
Nucleinic   acid 
Gelatin 


"Albumin" 

Egg  Albumen 

Casein 

Gelatin 


Albumose 
Casein 


None 
None 
Ichthyol 


Dilution  Kills  Yeast. 
In  Water.      In  Salt. 


10,000 

10,000 

8,333 


4,500 
3,850 
5,000 
5,000 


200 
330 
230 
100 
500 
700 


30  > 
50 
100 


100 

125 

200 

65 


250 
115 
128 
70 
145 
250 


950 


10 


100 


10 


Precipitated  silver,  which  is  feebly  radioactive,  emitting  beta  rays,  has  been 
recommended  for  the  treatment  of  gastric  ulcer  and  carcinoma  of  the  pylorus :  the 
theory  being  that  the  beta  rays  impinging  on  the  walls  of  the  stomach  give  origin 
to  the  soft  secondary  rays  which  will  then  irradiate  the  diseased  area.  The  sug- 
gested dose  for  this  purpose  is  20  to  30  grains  (1.3  to  2  Gm.),  two  or  three  times 
a  day.  The  nitrate  or  the  oxide  is  more  frequently  employed  in  the  treatment  of 
ulcer  of  the  stomach,  chronic  catarrhal  gastritis,  and  nervous  dyspepsia;  it  may  be 
given  in  pill  form  or  in  solution,  in  doses  of  Y^  grain  (0.015  Gm.)  of  the  nitrate, 
or  Vz  grain  (0.03  Gm.)  in  pill  of  the  oxide,  three  times  daily,  one-half  to  one  hour 
before  meals.  Sometimes  excellent  results  may  be  obtained  in  the  morning  sickness 
of  pregnancy  from  the  exhibition  of  silver  nitrate  in  doses  of  1/6  grain  (0.01  Gm.) 
in  a  little  water  every  six  hours.  Lavage  of  the  stomach  with  nitrate  of  silver  solu- 
tion affords  great  relief  to  the  symptoms  in  cases  of  hyperchlorhydria,  although  it 
does  not  always  restrict  the  secretion  of  the  gastric  juice.  The  symptomatic  improve- 
ment is  attributed  by  Kaufmann  and  Galambos  to  an  increase  in  the  mucous  secre- 
tion excited  by  the  silver  salt,  and  this  action  can  be  taken  advantage  of  in  all  cases 
of  gastric  irritability  whether  or  not  due  to  or  associated  with  hyperacidity.  The 
strength  of  the  solution  should  be  1 :  5000,  gradually  increased  to  1 :  2000  or  1 :  1000, 
and  from  1  to  iy2  fluidounces  may  be  used  for  the  lavage. 

In  ulcerative  stomatitis  the  mucous  membrane  may  be  dabbed  with  a  pledget 
of  absorbent  cotton  wet  with  a  2  percent,  solution  of  silver  nitrate.  Among  the 
remedies  suggested  for  local  application  in  Vincent's  angina  are  solution  of  nitrate 
of  silver  (3  to  6  percent.),  argyrol  (10  to  25  percent.),  and  protargol  (5  to  8  per- 
cent.). In  ulceration  of  the  pharynx  or  esophagus  the  application  of  a  10  percent, 
solution  or  touching  the  excoriated  surface  with  the  mitigated  stick  (in  the  case  of 
the  esophagus  applied  through  Jackson's  endoscopic  tube)   will  promote  healing. 


OKGANIC  AND  COLLOIDAL  SILVER  COMrOUNDS  7W 

Although  it  seems  a  i)riori  unlikely  that  the  drug  can  exert  any  topical  action 
in  the  intestine,  it  is  nevertheless  often  given  with  apparent  benefit  to  arrest  hemor- 
rhage from  the  bowel  in  typhoid  fever  (1/6  grain  in  kaolin  pill  every  2  to  4  hours), 
for  the  relief  of  jaundice  dependent  upon  catarrh  of  the  duodenum  or  of  the  bile- 
ducts,  and  to  control  cholera  infantum.  For  use  in  the  intestine  the  drug  should  be 
given  in  keratin-  or  salol-coated  pills. 

In  the  treatment  of  proctitis,  after  washing  out  the  rectum  with  a  copious  warm 
water  enema,  a  retained  clyster  of  2  to  4  fluidrams  (8  to  16  cc.)  of  a  1 :3000  solu- 
tion of  nitrate  of  silver  will  give  relief  in  many  cases.  In  chronic  dysentery  and 
ulcerative  colitis,  high  enemas  or  preferably  colonic  irrigations  with  1 :  10,000  solu- 
tion (increased  to  1:5000  or  1:2000)  of  nitrate  of  silver  are  very  efficacious. 

In  cases  of  anal  fissure,  if  the  sensitiveness  is  not  extreme,  touching  the  crack 
with  a  strong  solution  (1:500)  or  a  sharpened  mitigated  stick  of  nitrate  of  silver 
will  afi'ord  great  relief,  after  the  first  stinging,  and  will  tend  to  bring  about  a 
closure  of  the  fissure. 

In  chronic  catarrhal  inflammation  of  the  upper  respiratory  tract,  follicular  ton- 
sillitis, posterior  rhinitis,  and  rhinopharyngitis,  the  parts  may  be  painted  with  a 
solution  of  nitrate  of  silver,  10  grains  to  the  ounce,  once  or  twice  a  week,  in  con- 
junction with  astringent  applications  several  times  a  day.  In  acute  inflammation 
cf  the  soft  palate  and  uvula,  the  progress  toward  suppuration  or  ulceration  may  be 
arrested  by  a  single  application  with  a  swab  of  a  strong  solution  (1:8  of  nitrate 
of  silver.  Painting  the  fauces  and  posterior  wall  of  the  pharynx  with  a  2  percent, 
solution  of  nitrate  of  silver  is  highly  recommended  by  Ochsenius  in  the  treatment 
of  whooping  cough. 

In  the  abortive  treatment  of  gonorrhea,  which  is  effective  only  in  the  earliest 
stages,  Ballenger  injects  25  or  30  minims  of  a  freshly  prepared  5  percent,  solution 
of  argento-proteinum  mite  (argyrol)  and  then  seals  the  meatus  with  collodium, 
retaining  the  silver  in  the  urethra  from  four  to  eight  hours,  and  repeating  the 
injection  daily  for  five  days.  In  the  fully  developed  disease,  but  still  confined  to 
the  anterior  larethra,  argyrol  in  10  to  20  percent,  solution,  or  protargol  in  0.25  to 
0.5  percent,  solution  may  be  injected.  Some  urologists  prefer  irrigations  with  1 :  5000 
solution  of  silver  nitrate  at  this  stage,  or  even  at  the  commencement,  in  the  hope 
of  aborting  the  attack.  In  earlier  days  it  was  the  practice  of  some  surgeons  to  inject 
a  much  stronger  nitrate  solution,  with  a  view  to  exciting  a  so-called  substitutive 
inflammation,  with  the  subsidence  of  which  it  was  hoped  the  troul)le  would  be  at  an 
end.  The  results  were  often  deplorable.  When  the  infection  has  invaded  the  posterior 
urethra,  irrigations  may  be  made  with  a  1 :  10,000  or  1 :  5,000  solution  or  deep  injec- 
tions of  0.25  percent,  argento-proteinum  fortius  (protargol)  may  be  given.  In 
chronic  gonorrhea  reliance  is  best  placed  on  the  organic  silver  salts.  In  the  later 
stages  of  gonorrhea,  however,  when  the  mucous  membrane  of  the  urethra  is  sodden 
and  baggy,  injections  twice  daily  of  a  1 :  20,000  or  1 :  10,000  solution  are  often  of 
the  greatest  service  in  arousing  an  active  healing  process  in  place  of  the  previous 
sluggishness.  As  to  the  choice  between  organic  and  inorganic  silver  solutions  in 
the  treatment  of  gonorrhea,  it  is  to  be  remembered  that  the  action  of  the  nitrate 
is  superficial  only,  while  the  organic  salts  penetrate  further;  hence,  the  former  act 
best,  other  things  being  equal,  in  the  early  stages  before  the  gonococcus  has  pene- 
trated into  the  deeper  layers  of  the  urethra.  It  is  good  practice  always,  after  the 
passage  of  sounds  in  the  dilatation  treatment  of  stricture,  to  irrigate  the  urethra 
with  a  1 :  10,000  silver  nitrate  solution. 

The  silver  salts,  organic  and  inorganic,  are  used  in  the  treatment  of  gonorrheal 
vaginitis  in  stronger  solutions  than  are  permissible  in  the  male  urethra,  the  vagina 
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being  less  sensitive.  The  silver  protein  salts  may  also  be  given  intravenously  when  the 
infection  has  invaded  the  tubes  beyond  the  reach  of  local  application. 

In  subacute  cystitis,  catarrhal  or  gonorrheal,  a  daily  lavage  of  1 :  20,000  silver 
nitrate  solution,  increased  gradually  to  1 :  10,000  or  stronger,  or  0.25  percent,  pro- 
targol  or  2  to  6  percent,  argyrol,  is  advisable.  In  cases  of  hemorrhage  from  bladder 
tumors,  irrigation  through  a  catheter  with  warm  (110°  F.)  1:5000  nitrate  solution 
is  a  useful  hemostatic  procedure.  After  the  radium  or  fulguration  treatment  of  a 
vesical  tumor,  occasional  irrigation  with  silver  nitrate  or  protargin  solution  is  advisable 
to  prevent  sepsis.  Irrigation  of  the  bladder  twice  daily  with  a  1 :  5000  nitrate  solution 
should  be  made  in  cases  of  ascending  infection  of  the  kidneys. 

In  pyelonephritis  it  is  recommended  that  lavage  of  the  renal  pelvis  with  8  to 
10  cc.  of  a  2  percent,  solution  of  silver  nitrate  be  made  twice  a  week  or  every  5  days, 
the  fluid  being  introduced  through  the  ureteral  catheter;  in  children  1  to  3  cc.  of 
a  0.5  percent,  .solution  may  be  used. 

In  many  affections  of  the  shin,  nitrate  of  silver  applications,  in  one  form  or 
another,  are  of  the  greatest  value.  In  superficial  circumscribed  inflammation,  such 
as  boils  or  felons,  by  dabbing  the  inflamed  part  and  the  immediately  surround- 
ing integument  with  a  strong  solution  of  nitrate  of  silver  in  spirit  of  nitrous 
ether  one  may  succeed  in  aborting  the  inflammation  or  at  least  in  hastening  its 
resolution.  A  few  drops  of  this  solution  injected  into  a  wen  is  said  to  often  excite  a 
curative  inflammation,  but  the  practice  is  curious  rather  than  commendable.  Small 
epithelial  growths,  such  as  warts,  may  be  dissipated  by  one  or  two  applications  of  the 
solid  stick  of  silver  nitrate.  Sluggish  ulcers  may  be  stimulated  to  cicatrize  and  ex- 
cessive granulations  may  be  repressed  by  the  same  means.  Bedsores  may  be  prevented 
by  painting  the  parts  exposed  to  pressure  with  a  2  percent,  solution  of  the  nitrate. 

In  chronic  eczema  a  healing  process  may  be  initiated  by  a  single  painting  with 
a  solution  of  15  grains  (1  Gm.)  of  nitrate  of  silver  in  one  fluidounce  (32  cc.)  of 
spirit  of  nitrous  ether,  and  the  same  solution  is  useful  in  the  treatment  of  chronic 
patches  of  seborrhea  in  which  there  is  a  foirmation  of  small,  moist  vesicles.  Cracks 
and  fissures  about  the  nail  fold  may  be  touched  with  a  cotton  applicator  wet  in 
this  or  eve:n  a  slightly  stronger  solution  and  then  covered  with  collodion.  In  impetigo, 
painting  the  raw  surface  with  a  2  percent,  solution  of  silver  nitrate  will  promote 
healing.  In  cases  of  cracked  nipples,  touching  the  cracks  with  the  solid  nitrate  of 
silver  stick  is  beneficial,  though  painful.  In  intertrigo,  relief  may  be  obtained  by 
swabbing  the  skin  with  a  5  or  10  percent,  watery  nitrate  solution. 

In  purulent  conjunctivitis,  the  everted  lids  should  be  swabbed  with  a  2  percent, 
solution  of  silver  nitrate  in  a  mixture  of  15  parts  glycerin  and  85  parts  distilled  water. 
This  may  be  repeated  in  48  hours  if  necessary.  Solutions  of  protargol,  15  percent.,  and 
of  argyrol,  30  percent.,  are  less  painful  but  also  less  efficacious.  In  gonorrheal  ophthal- 
mia the  lids  should  be  everted  and  swabbed  with  a  strong  solution,  10  grains  (0.6 
Gm.)  to  the  fluidounce  (32  cc),  of  the  nitrate.  Granular  lids  may  be  treated  by 
the  application  of  a  strong  solution,  10  or  even  20  grains  to  the  ounce,  or  by  brush- 
ing with  the  mitigated  stick;  in  the  presence  of  an  acute  conjunctivitis  a  much 
weaker  solution,  1  or  2  grains  to  the  ounce,  must  be  used,  but  in  no  form  or  strength 
should  it  be  employed  if  a  corneal  ulcer  exists — in  any  case,  copper  sulphate  is 
usually  to  be  preferred.  The  Crede  method  of  preventing  ophthalmia  of  the  new- 
bom,  namely,  instillation  of  2  drops  of  a  2  percent,  solution  of  silver  nitrate,  is  not 
surpassed  for  effectiveness  by  any  of  the  suggested  modifications.  In  the  treatment 
of  wounds  of  the  cornea  an  instillation  of  argyrol,  15  percent.,  or  of  silvol,  10  per- 
cent., should  be  made  and  the  eye  then  bandaged  to  keep  the  medicament  in  contact 
with  the  conjunctiva.    For  the  prevention  of  postoperative  infection  an  instillation 


TIN  721 

may  be  made  of  2  drops  of  a  1  percent,  solution  of  nitrate  of  silver  in  each  eye, 
before  the  operation,  and  of  25  percent,  argyrol  after  it. 

Chronic  myringifis  or  sluggish  inflammation  of  the  external  auditory  meatus 
will  often  be  aroused  to  reparative  activity  by  touching  lightly  with  a  cotton-wound 
applicator  wet  with  a  2  percent,  solution  of  nitrate  of  silver.  A  beginning  hoil  of 
the  external  meatus  can  sometimes  be  aborted  by  touching  with  a  drop  of  concen- 
trated solution,  10  or  20  grains  to  the  ounce,  or  with  the  mitigated  stick.  In  secondary 
otitis  media  the  closed  Eustachian  tube  may  be  rendered  patulous  by  touching  the 
thickening  around  its  pharyngeal  opening  with  a  4  percent,  solution  of  silver  nitrate. 

Systemic. — Colloidal  silver  has  been  used  in  the  treatment  of  a  great  variety  of 
infections — furunculosis,  erysipelas,  septicemia,  endocarditis,  bronchopneumonia,  the 
mixed  infection  of  cavitating  phthisis,  scarlatina,  typhoid,  frrer,  anthrax,  etc. — by  the 
mouth;  by  introduction  into  the  rectum;  by  inunction  into  the  skin,  or  by  intravenous 
injection.     The  last  method  is  to  be  preferred. 

The  strength  of  the  solution  and  the  amount  injected  vary  with  the  different 
preparations.  The  dose  of  collargol  is  2  to  3  grains  (0.12  to  0.2  Gm.)  in  0.5  to  1 
percent,  solution,  repeated  every  3  or  4  hours  as  indicated  by  the  effect.  It  is  some- 
times strikingly  efficacious,  but  at  times  it  fails  utterly.  Better  knowledge  of  the 
factors  determining  success  or  failure  is  highly  desirable,  so  that  the  real  virtue  of  the 
drug  might  be  utilized,  especially  in  acute  and  subacute  bacterial  endocarditis. 
Uncertainties  both  as  to  indications  and  as  to  methods,  now  greatly  hamper  its  use. 
Crede  ointment  contains  15  percent,  collargol.  From  10  to  20  grains  (0.6  to  1.3  Gm.) 
is  rubbed  into  the  skin,  previously  cleansed  with  petroleum  benzin,  2  to  4  times  a 
day.     For  children,  the  inunction  dose  is  about  half  this. 

In  organic  affections  of  the  nerve  system,  especially  tahes  and  mtiltiple  sclerosis, 
the  silver  salts  are  given  in  moderate  doses,  Yi  to  1  grain  (0.015  to  0.06  Gm.)  of 
the  nitrate  three  times  a  day,  with  apparent  benefit  in  many  cases.  The  best  results 
are  said  to  be  obtained  by  inunctions  with  Crede  ointment — 15  grains  (1  Gm.)  three 
or  four  times  a  day.  Oxide  of  silver  in  1  to  2  grain  (0.06  to  0.12  Gm.)  doses  has  been 
given  in  the  treatment  of  epilepsy  and  of  chorea,  but  without  satisfactory  results. 

In  gonorrhea  in  women  intravenous  injections  of  collargol,  in  gradually  increas- 
ing dose  from  1  up  to  3  grains  (0.06  to  0.2  Gm.),  are  given  every  second  or  third 
day  up  to  a  total  of  eight  or  ten  injections.  In  the  treatment  of  mumps,  it  is  asserted 
that  colloidal  silver  in  daily  dose  of  2  to  3  grains  (0.12  to  0.2  Gm.)  will  prevent 
metastasis  to  the  testicle.  Colloidal  silver  chloride  is  recommended  in  the  treatment 
of  ascending  infection  of  the  kidneys,  in  doses  of  30  to  50  cc.  of  a  1  percent, 
suspension. 

Tin 

Although  tin  was  known  to  the  ancients,  it  has  never  been  extensively  used  in 
therapeutics.  Powdered  tin  was  formerly  employed  as  an  anthelmintic  against  tape- 
worm, and  was  recognized  in  1850  in  the  U.S.P.  Chloride  of  tin  has  been  used  as  a 
topical  astringent  and  caustic.  At  present  its  chief  interest  is  toxicologic,  but  poison- 
ing is  relatively  rare. 

Antipathogenic  Action. — Stannous  chloride  possesses  pronounced  germicidal  proper- 
ties in  vitro,  especially  against  staphylococci,  and  it  is  said  that  workers  in  tin  are 
protected  against  furunculosis. 

Pharmacodjmamic  Action:  Absorption  and  Elimination. — Single  doses  of  tin  or  of  its 
salts  given  by  mouth  are  apparently  not  absorbed,  but  repeated  administration  leads  to 
alterations  in  the  mucosa  which  permit  them  to  be  taken  up.  When  injected  it  is  depos- 
ited in  the  skin  and  liver  (Salant  and  others)  and  eliminated  very  slowly,  chiefly  in 
the  stools,  but  also  by  the  kidney. 
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Toxic  and  Systemic  Action. — The  symptoms  of  poisoning  resemble  those  of  lead, 
there  being  gastroenteritis  with  motor  paralysis  associated  with  injury  of  the  renal 
epithelium  and  of  the  heart  muscle. 

Therapeutics. — French  physicians  have  recently  used  metallic  tin  and  stannous 
oxide  by  mouth,  in  the  treatment  of  acne,  furunculosis  and  other  staphylococcic  infec- 
tions. Compton  has  recommended  the  oxide  by  mouth  against  the  mixed  infection 
of  pulmonary  tuberculosis.  Frouin  states  that  rebellious  infected  wounds  heal  under 
the  use  of  stannous  oxide  by  mouth,  supplemented  by  the  topical  application  of  V^  to  1 
percent,  solution  of  the  protochloride.  The  dose  of  either  agent  by  mouth  is  Vza  to 
Vzo  grain  (2  to  3  mgm.)  2  to  4  times  a  day. 

Thallium 

Thallium  was  discovered  by  Crookes  in  1861  and  was  introduced  into  medicine 
about  twenty  years  ago  as  a  remedy  in  certain  affections  of  the  skin.  It  is  an  active 
poison  being  slightly  more  toxic  than  arsenic.  It  is  distinctly  accumulative  in  its 
effect.    Thallium  (Tl.  204)  belongs  to  the  group  with  zinc,  lead  and  tin. 

Summary  of  Actions  and  Uses. — Thallium  resembles  potassium  and  arsenic  in  its 
actions,  rather  than  the  heavy  metals.  Acute  poisoning  is  characterized  by  stimulation 
of  the  heart,  followed  by  depression;  and  chronic  poisoning  by  nutritive  disturbances, 
especially  involving  the  skin. 

It  is  used  externally  as  a  depilatory  and  fungicide;  internally  in  small  dose  to 
stimulate  the  growth  of  the  hair. 

Materia  Medica. — Thallii  Acetas  (unofficial).  Acetate  of  Thallium.  Ahhr.,  Thal- 
lium Acet. 

The  only  compound  of  thallium  used  in  human  medicine  (TlCOCOCHj),). 
Dose,  ^/6  to  2  grains  (0.01  to  0.12  Gm.). 

Antipathogenic  Action. — Thallium  acetate  is  not  very  efficient  as  an  antiseptic  but 
is  markedly  destructive  to  the  fungus  parasites  of  the  skin   (Cicero). 

Pharmacodynamic  Action:  Absorption. — Thallium  acetate  applied  in  ointment  to  the 
skin  may  be  absorbed  in  sufficient  quantity  to  give  rise  to  poisoning.  It  is  promptly  taken 
up  when  swallowed.    It  is  eliminated  in  all  the  secretions   (Marme). 

Topical  Action. — It  is  not  irritating  in  solution  or  ointment  but  even  in  1  to  2  per- 
cent, ointment  has  a  specific  destructive  action  on  the  hair. 

Toxic  ayid  Systemic  Action. — In  large  dose,  thallium  salts  induce  stomatitis  and  diar- 
rhea (perhaps  hemorrhagic),  with  stimulation  of  the  heart,  followed  by  depression 
(Curci).    There  is  diuresis  and  albuminuria. 

Chronic  poisoning  is  characterized  by  injury  of  the  endocrine  glands,  peripheral 
neuritis  and  falling  out  of  the  hair,  even  leading  to  complete  alopecia.  This  effect  is 
seen  both  in  man  and  other  animals.  Very  small  doses  fed  to  young  animals  lead  to 
stunted  growth  and  symptoms  of  cretinism,  presumably  through  injury  of  the  thyroid 
gland. 

Therapeutics. — Thallium  was  at  one  time  used  to  some  extent  in  the  treatment 
of  syphilis  in  dose  of  %  grain  (0.01  Gm.),  once  or  twice  a  day;  according  to  Pozzi 
and  Courtade,  it  had  a  beneficial  influence  on  the  infection  but  caused  such  irritation 
in  the  stomach  (severe  pain  and  indigestion)  that  its  use  was  abandoned.  Combemalea 
advocated  the  employment  of  thallium  acetate  for  the  arrest  of  the  night  sweats  of 
phthisis ;  it  was  said  to  be  effective,  even  in  the  later  stages  of  the  malady,  when  given 
in  nightly  doses  of  IV2  to  3  grains  (0.1  to  0.2  Gm.).  Such  doses  may  cause  loss  of 
hair,  even  to  complete  alopecia.  Thallium  sulphate  has  been  injected  in  1  percent, 
sohition  in  the  treatment  of  cystitis,  but  without  noteworthy  success. 

As  a  stimulant  to  the  growth  of  hair  it  is  used  in  doses  of  from  1/4  to  V2  grain 
(0.015  to  0.03  Gm.),  but  must  be  used  with  extreme  caution  on  account  of  its  cumu- 
lative action. 
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Nickel 

Nickel  sulphate  (nickelous  sulphate,  NiSO*)  has  not  found  extensive  use  in  med- 
icine but  is  potent  as  a  bactericide  and  is  quite  toxic.  The  action  on  the  digestive 
and  circulatory  tracts  resembles  that  of  arsenic,  but  the  spinal  cord  is  excited,  giv- 
ing rise,  with  toxic  doses,  to  convulsions.  Nickel  bromide  shares  the  actions  of  other 
bromides. 

Materia  Medica. — Niccoli  Bromidum  (unofficial),  Nickel  Bromide.  Ahhr.,  Nickel 
Brom.    Synonym :  Nickelous  Bromide. 

A  greenish-yellow  powder  of  sharp,  burning  taste;  soluble  in  water,  alcohol,  or 
ether.  Ten  grains  of  the  salt  are  considered  equivalent  to  30  grains  of  potassium 
bromide.  In  small  doses  it  lessens  arterial  pressure  by  depressing  the  heart  and 
vasomotor  center. 

Dose,  2  to  8  grains  (0.13  to  0.5  Gm.). 

Niccoli  Carbonas  (unofficial),  Nickel  Carbonate.  Ahhr.,  Nickel  Carb,  Synonym: 
Nickelous  Carbonate. 

A  powder,  pale  green  to  dark  green  in  color.  Of  variable  composition.  Made  by 
precipitating  the  solution  of  the  nickel  salt  with  potassium  carbonate.  It  has  been 
employed  in  anemia. 

Dose,  1  to  3  grains  (0.06  to  0.2  Gm.). 

Niccoli  Sulphas  (unofficial).  Nickel  Sulphate.    Ahhr.,  Nickel  Sulph. 

Bright  green,  crystalline  powder  of  a  sweet,  astringent  taste;  efflorescent  in  air; 
soluble  in  3  parts  of  water;  insoluble  in  alcohol  or  ether.    Acts  as  a  gentle  tonic. 

Dose,  internally,  ^2  to  1  grain  (0.03  to  O.OG  Gm.) ;  and  as  1  to  2  percent,  solu- 
tion, externally  as  a  parasiticide. 

Antipathogenic  Action. — Nickel  sulphate  in  1  percent,  solution  destroys  bacteria  and 
molds  quite  rapidly  and  may  be  employed  for  this  purpose  as  an  application  in  the 
treatment  of  infestations  and  infections  of  the  skin   (Kolipinski). 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Soluble  salts  of  nickel  are 
rapidly  absorbed  from  the  digestive  tract  and  are  excreted  chiefly  in  the  urine. 

Topical  Action. — Nickel  salts  are  not  markedly  irritating  to  mucous  membranes, 
although  when  swallowed  they  induce  vomiting  and  diarrhea. 

Toxic  and  Systemic  Action. — Frogs  given  toxic  doses  show  hyperesthesia  and  spinal 
convulsions  like  those  from  picrotoxin,  followed  by  central  paralysis.  There  is  no  direct 
action  on  the  heart,  even  from  convulsant  doses. 

Rabbits  exhibit  rapid  pulse  and  respiration,  followed  by  weakness  with  spasmodic 
twitching,  passing  into  tetanic  convulsions  and  terminating  in  paralysis.  During  the 
convulsive  attacks  the  animal  emits  loud  cries  occasioned  by  spasm  of  the  glottis.  The 
vasomotor  center  is  depressed  and  blood-pressure  falls,  although  the  heart  action  is 
but  little  affected.  Strong  peristaltic  waves  may  be  observed  through  the  abdominal 
wall. 

Cats  and  dogs  show  similar  nervous  symptoms,  associated  with  or  preceded  by 
nausea  and  vomiting  with  profuse  diarrhea.  Rats,  guinea-pigs  and  pigeons  do  not  pre- 
sent the  convulsive  symptoms,  but  are  paralyzed  and  become  drowsy,  apathetic,  stuporous 
and  finally  comatose   (Stuart). 

Autopsy  shows,  in  fatal  poisoning,  hemorrhages  into  the  myocardium  and  the  wall 
of  the  stomach  and  bowel. 

The  fatal  dose  varies  from  0.01  Gm.  per  kilo  in  the  cat,  dog  and  rabbit,  to  O.OG  to 
0.08  mgra.  in  the  pigeon  and  frog   (Stuart). 

Chronic  poisoning  is  evidenced  by  digestive  disturbance,  characterized  by  nausea 
and   diarrhea,   associated   with  emaciation. 

Therapeutics. — Nickel  salts  are  seldom  used  in  medicine.  The  bromide  was  sug- 
gested by  Da  Costa  as  a  remedy  in  epilepsy  in  doses  of  5  to  10  grains  (0.3  to  0.6  Gm.), 
the  statement  being  made  that  it  was  many  times  more  effective  in  this  neurosis 
than  the  corresponding  salt  of  potassium.    Other  salts  that  have  found  a  slight  use 
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in  medicine  are  the  carbonate  and  the  sulphate,  which  are  employed  as  tonics  and  /tema- 
tinics.  The  latter  has  also  been  recommended  as  an  antiparasitic  in  certain  affections 
of  the  skin,  a  2  percent,  solution  being  applied  on  compresses,  and  in  1/2  to  1  grain 
doses  three  times  daily  in  migraine.  The  internal  dose  is  Vz  to  1  grain  (0.03  to  0.06 
Gm.)  and  that  of  the  carbonate  is  1  to  2  grains  (0.06  to  0.13  Gm.). 

Selenium 

The  chemistry  of  selenium  is  extremely  complex  and  the  metal  has  the  peculiar 
property  of  transmitting  an  electric  current  when  illuminated  but  not  in  the  dark. 
Its  compounds  are  more  or  less  analogous  to  those  of  arsenic,  as  it  forms  two  series 
of  oxy-salts,  selenites  and  selenates,  as  well  as  selenides.  Tellurium  resembles  it  both 
chemically  and  physiologically. 

Summary  of  Actions  and  Uses. — The  action  of  selenium  is  very  similar  to  that  of 
arsenic,  large  doses  irritating  the  digestive  tract  and  paralyzing  the  small  blood-vessels. 

It  was  introduced  by  Wassermann  and  later  praised  by  Neuberg  as  a  remedy  against 
cancer,  it  being  noted  that  there  was  a  tendency  for  the  metal  to  be  deposited  in  cancer 
cells.    Non-toxic  doses  are,  however,  ineffective  as  cancer  destructives. 

Antipathogenic  Action. — ^Soluble  salts  of  selenium  are  not  efficient  bactericides,  and 
even  protozoa,  such  as  Paramecium,  are  not  killed  by  solutions  much  weaker  than 
5  percent.  The  bactericidal  action  of  several  tellurium  compounds  was  studied  by  Munn 
and  Hopkins,  who  found  them  about  as  active  as  phenol. 

Pharmacodynamic  Action:  Absorption  and  Elimination. — When  injected  as  solution 
or  colloid,  selenides  and  selenates  are  converted  to  sodium  selenite,  which  is  reduced 
to  the  metallic  form  and  deposited  in  the  tissues,  chiefly  in  the  liver.  In  animals  with 
cancer,  a  large  amount  is  deposited  in  the  cancer  cells  (Wassermann).  Very  little  is 
eliminated  and  this  largely  as  hydrogen  selenide  and  methyl  selenide  in  the  breath, 
to  which  they  give  a  garlicky  odor.  The  formation  of  the  insoluble  metal  in  the  blood 
stream  leads  to  plugging  up  of  the  capillaries,  chiefly  of  the  lungs,  and  the  symptoms 
of  poisoning  are  largely  due  to  the  resulting  obstruction. 

Toxic  and  8yste7nic  Action. — Poisonous  doses  injected  in  animals  lead  to  dyspnea, 
chiefly  dependent  on  mechanical  obstruction  of  the  capillaries,  and  which  may  be  fatal. 

The  blood-pressure  falls,  the  blood-vessels,  especially  of  the  splanchnic  area,  being 
widely  dilated.  The  blood  shows  hemolysis,  but  this  probably  plays  no  part  in  the 
symptoms  of  poisoning.  Administration  of  soluble  salts  by  mouth  leads  to  vomiting 
and  diarrhea.    The  central  nerve  system  is  paralyzed  by  large   doses. 

In  chronic  poisoning  there  is  disturbance  of  the  digestive  function  and  an  obscure 
alteration  in  sugar  metabolism.  Glycosuria  occurs  without  hyperglycemia,  and  the 
glycogen  disappears  from  the  liver.  The  excretion  of  chlorides  in  the  urine  is  lessened, 
and  this  alteration  appears  to  be  associated  with  lessened  gastric  acidity. 

The  fatal  dose  of  sodium  selenite  is  about  4  to  6  mgm.  per  kilo  in  most  mammals, 
while  frogs  are  killed  by  0.03  mgm.  per  Gm.  of  colloidal  selenium  and  paralyzed  by 
0.02  mgm.  The  toxic  dose  of  sodium  selenate  is  about  twice  that  of  the  selenite,  and 
colloidal  selenium  is  somewhat  less  toxic  than  either. 

Therapeutics. — Selenium  enjoyed  a  brief  season  of  popularity  a  decade  or  so  ago 
as  a  remedy  for  cancer,  being  so  employed  with  alleged  success  by  Wassermann.  A 
compound  of  selenium  and  eosin  was  used  for  this  purpose,  the  proportion  being 
1/100  grain  of  selenium  and  1/10  grain  of  eosin,  one  or  two  such  doses  being  given 
daily.  Selenium  dioxide  was  recommended  by  Kessler  for  carcinoma  on  the  ground 
that  it  was  a  powerful  and  long-acting  oxidizing  agent  and  thus  inimical  to  the  degen- 
erating cancerous  cells.  Freeman  has  employed  selenium  in  a  number  of  cases  of 
cancer  and  concludes  that  it  may  be  regarded  as  an  available  palliative  under  certain 
circumstances. 

Tellurates  of  potassium  and  of  sodium  are  said  to  arrest  colliquative  sweating 
of  phthisis  and  other  diseases  in  doses  of  1^  to  %  grain  (0.01  to  0.03  Gm.)  at  night. 
The  drug  imparts  an  alliaceous  odor  to  the  breath  and  perspiration. 
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Uranium 

Uranium  is  a  metal  of  rather  recent  discovery,  and  has  not  been  introduced 
extensively  into  medical  usage.  It  is  radioactive  but  it  is  not  probable  that  much 
of  its  activity  depends  on  this  property,  as  the  actions  are  not  shown  by  its  insoluble, 
but  nevertheless  radiant,  compounds. 

Chemistry. — Uranium  forms  two  series  of  compounds:  urano-,  in  which  it  is 
quadrivalent,  and  urani-,  in  which  it  is  hexavalent.  In  the  latter  it  is  present  as 
uranyl  (UOj).  The  most  used  salt  is  a  uranyl  compound,  iiranium  nitrate  (UOjCNO,),). 

Summary  of  Actions  and  Uses. — Uranium  is  a  protoplasm  poison,  precipitating  albu- 
min in  dilution  of  1:500. 

In  animal  experiment,  its  most  striking  action  is  on  the  kidney,  in  which  it  causes 
a  glomerular  nephritis,  and  it  is  much  used  experimentally,  to  produce  this   lesion. 

In  therapeutics,  uranium  is  used  topically  in  rodent  ulcer  and  similar  conditions, 
on  account  of  its  feeble  radioactivity.  Systemically  it  has  been  employed  in  the  treat- 
ment of  diabetes  on  account  of  its  supposed  power  to  carry  oxygen. 

Materia  Medica. — Ukanii  Nitras  (U.S.  IX),  Uranium  Nitrate.  Abhr.,  Uran.  Nit. 
Synonym:  Uranyl  Nitrate. 

Uranium  nitrate  occurs  in  the  form  of  light  yellow  prisms;  odorless,  and  having 
a  bitter,  astringent  taste;  somewhat  efflorescent;  radioactive.  One  Gm.  of  uranium 
nitrate  dissolves  in  1.2  cc.  of  water  at  25°  C;  freely  soluble  in  alcohol  or  ether. 
Aqueous  solutions  of  uranium  nitrate  are  yellow  and  acid  to  litmus.  It  contains  not 
less  than  98  percent,  of  uranyl  nitrate. 

Dose,  Vs  to  14  grain  (0.008  to  0.016  Gm.). 

Uranium-Calcium  Phosphate  (unofficial),  Autunite. 

A  yellow  radioactive  mineral  found  near  Autun,  France,  and  in  South  Dakota 
and  Utah.    It  contains  62.7  percent,  of  uranium  trioxide  (UO,). 

Dose:  May  be  used  instead  of  radium^  in  treatment  of  rodent  ulcer. 

Antipathogenic  Action. — Uranium  is  a  feeble  antiseptic.  Solutions  of  uranium 
oxychloride  (4  percent.)  delay  the  growth  of  staphylococcus,  but  do  not  kill  it.  Uranium 
nitrate  has  little  effect  on  this  organism,  but  is  said  to  kill  bacillus  pyocyaneus  in  a 
dilution  of  1:200.    The  acetate  is  said  to  kill  this  organism  in  a  1:500  solution. 

That  this  effect  is  not  dependent  on  radioactivity  is  shown  by  the  lack  of  action  on 
bacteria  of  the  metal  itself,  which  is  insoluble  in  -water. 

Pharmacodjmamic  Action:  Absorption  and,  Elimination. — Soluble  uranium  salts, 
given  by  mouth,  are  largely  converted  into  albuminates  or  other  insoluble  compounds, 
which  pass  out  with  the  feces.  Insoluble  salts  are  rendered  soluble  by  the  gastric  juice 
and  if  given  repeatedly  by  mouth  lead  to  poisoning.  The  portion  absorbed  is  excreted 
mainly  into  the  gastroenteric  tract  and,  to  a  less  extent,  in  the  urine.  Both  avenues  of 
excretion  are  irritated  by  it,  and  severe  inflammatory  reaction  induced. 

Topical  Action. — Salts  of  uranium  are  irritant,  not  only  to  mucous  membranes,  but 
also  to  the  skin.  Prolonged  applications  lead  to  destruction  of  the  superficial  layers. 
Injected  in  dilute  solution,  however,  the  double  phosphate  of  sodium  and  uranium  and 
other  salts  that  do  not  precipitate  albumin  actively,  cause  no  marked  local  irritation. 
Uranium  nitrate  is  not  suited  for  injection  as  it  coagulates  all  proteids. 

Toxicity. —The  lethal  dose  of  Uranium  nitrate  by  injection,  in  rabbits  and  dogs,  is 
about  2  mgm.  per  kilo.  The  effect  is  first  shown  on  the  kidney,  in  which  a  glomerular 
nephritis  is  produced,  with  renal  glycosuria.  Large  doses  by  mouth  give  rise  to  a  severe 
hemorrhagic  gastroenteritis.  Tolerance  is  induced  by  repeated  small  doses.  In  fatal 
poisoning  death  ensues  immediately,  from  paralysis  of  respiration  or,  after  several  days, 
from  nephritis.  Dogs  given  repeated  doses  of  uranium  die  from  acute  nephritis,  and  it 
is  found  that  old  animals  are  much  more  susceptible  to  the  toxic  action  than  are  younger 
(MacNider).  The  action  on  the  kidney  is  largely  prevented  by  concurrent  administration 
of  alkalis  (MacNider). 

Systemic  Action:  Alimentary  Tract.— Large  doses  of  soluble  salts  of  uranium  swal- 
lowed cause  hemorrhagic  gastro-enteritis,  and,  owing,  to  their  excretion  into  the  stomach 
and  bowel  they  may  have  the  same  effect  when  injected  parenterally. 
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In  vitro,  they  stop  the  action  of  the  digestive  ferments,  in  very  dilute  solution, 
1:5000  to  1:3000  and  their  long-continued  medicinal  use,  even  if  otherwise  tolerated, 
may  interfere  seriously  with  digestion.  Large  doses  cause  fatty  degeneration  of  the 
liver  and  pancreas. 

Blood. — Uranium  is  supposed  to  Increase  the  readiness  with  which  hemoglobin  gives 
up  its  oxygen  to  the  tissues,  but  the  evidence  is  not  conclusive.  Blood,  to  which  uranium- 
sodium  phosphate  is  added  in  vitro,  takes  up  and  gives  off  oxygen  in  a  normal  manner, 
and  its  spectrum  is  not  altered.  Uranium  has  a  marked  action  in  preventing  coagulation. 
Blood  drawn  after  large  injections  does  not  clot.  This  is  not  owing  to  precipitation  of 
calcium  as  the  blood  remains  fluid,  when  it  is  dialyzed  and  calcium  added.  The  effect  is 
probably  dependent  on  some  combination  of  uranium  with  the  fibrinogen. 

Circulatory  System. — On  the  blood  vessels,  uranium  acts  locally  as  a  vaso-constrlctor, 
and  also  stimulates  the  vaso-constrictor  center;  the  addition  of  one  part  in  2500  of 
uranium  sodium  phosphate  causes  lessening  of  the  outflow,  in  the  perfused  frog's  leg. 
In  mammals,  large  doses  cause  degeneration  of  the  intima,  similar  to  that  which  is  seen 
after  smaller  doses  in  the  glomerular  vessels  of  the  kidney.  This  may  result  in  multiple 
hemorrhages. 

The  perfused  frog  heart  stops  in  diastole,  if  1:3000  be  added  to  the  perfusion 
fluid,  but,  even  after  full  stoppage,  recovery  occurs  on  washing  with  fresh  Ringer, 
showing  that  no  marked  structural  alteration  has  taken  place.  The  cardiac  vagi  are  not 
affected  by  doses  which  stop  the  heart,  the  action  being  on  the  muscle. 

Respiration. — Small  doses  make  the  respiration  rapid  and  deep,  but  with  doses  as 
large  as  10  mgm.  per  kilo,  this  is  followed  by  paralysis  of  the  center.  The  increase  of 
respiratory  effort  is  not  so  great  as  seen  with  cyanides,  and  is  probably  not  due  to  inter- 
ference with  oxygen  exchange.  Uranium  is  said,  however,  to  interfere  with  the  escape 
of  oxygen  from  oxyhemoglobin.  Some  authors  have  reported  an  increase  of  the  output 
of  COj,  but  others  have  not  confirmed  this. 

Metabolism. — Repeated  small  doses  lead  to  emaciation  and  loss  of  strength.  This 
may  be  due  to  interference  with  ferment  action,  or  to  destruction  of  proteids.  There  are 
marked  alterations  in  the  urine,  but  it  is  not  easy  to  say  to  what  extent  these  depend  on 
metabolic,  and  to  what  extent  on  renal,  disturbances.  There  is  glycosuria,  which  runs 
parallel  with  the  albuminuria  and  is  presumably  attributable  to  change  in  renal  per- 
meability, since  blood-sugar  is  not  increased.  Urinary  phosphates  may  be  augmented  and 
chlorides  lessened.  Peptone,  acetone,  and  lactic  and  butyric  acids  have  been  found.  Cal- 
cium oxalate  may  be  present  in  large  amount. 

Kidneys. — The  chief  effect  of  single  toxic  doses  of  uranium  is  a  severe  inflammation 
of  the  kidney,  affecting  particularly  the  glomeruli,  and  leading  to  albuminuria,  uremia 
and  death.  Doses  of  1  to  2  mgm.  per  kilo  cause,  diuresis,  lasting  several  days  and  due  to 
increase  of  the  flow  of  blood  to  the  organ.  These  doses  are  too  small  to  induce  changes 
in  other  vessels,  showing  that  the  effect  is  specific.  A  renal  resistance  is  developed  after 
repeated  doses,  dogs  bearing  as  much  as  15  mgm.  per  kilo.   (Schlayer). 

Nerve  System. — Uranium  salts  have  no  direct  action  on  the  central  nerve  system,  but 
in  vitro  cause  a  gradual  loss  of  tone  of  muscle  preparations  with  no  lowering  of  irri- 
tability.    In  poisoning,  the  same  loss  of  muscular  power  has  been  described. 

Therapeutics:  Topical. — The  value  of  uranium  in  therapeutics  is  still  disputed. 
In  topical  applications  it  lias  been  replaced,  to  a  great  extent,  by  radium  preparations 
of  more  certain  activity.  However,  when  these  latter  are  not  available,  and  uranium 
is  to  be  obtained,  it  may  be  crushed  or  made  into  a  paste,  enclosed  within  a  suitable 
container  (such  as  a  cotton  bag),  and  applied  to  enlarged  glands^  to  lesions  of  the 
shin,  or  even  to  the  joints,  in  rheumatoid  arthritis,  in  which  one  is  inclined  to  try 
the  effect  of  a  continuous  mild  irradiation.  Uranium  ointments  have  likewise  been 
applied. 

Uranium  calcium  phosphate  has  been  especially  advocated  for  the  radiant  treat- 
ment of  rodent  ulcer. 

Systemic. — About  the  only  systemic  use  made  of  uranium  salts  is  the  administra- 
tion of  the  nitrate  in  diabetes  mellitus;  and  although  there  is  a  considerable  volume 
of  clinical  testimony  in  its  favor,  its  use  has  never  been  extensive.  Needless  to  say, 
it  is  not  to  be  employed  when  dietetic  measures  suffice;  and,  as  we  have  pointed  out  in 
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discussing  this  subject  elsewhere,  it  is  not  always  necessary,  with  obese  or  elderly 
patients,  or  in  apparently  mild  cases  in  the  young,  to  bring  about  absolute  and  perma- 
nent freedom  from  urinary  sugar.  The  field  of  uranium  is,  therefore,  limited.  Its 
chief  utility  is  in  early  cases,  and  especially  in  children  and  young  adults,  in  whom 
there  is  persistent  glycuresis,  notwithstanding  skillful  general  management,  and  for 
whom,  for  any  reason,  insulin  is  not  available.  We  have  repeatedly  observed  recovery, 
in  such  cases,  i.e.,  complete  disappearance  of  sugar  and  ketone  bodies  from  the  urine, 
and  reduction  of  blood-sugar  to  within  virtually  normal  limits.  In  cases  of  longer 
standing,  when  both  hyperglycemia  and  diaceturia  have  failed  to  yield  entirely  to  the 
appropriate  regime — the  appropriate  regime  is  not  necessarily  a  rigid  one,  be  it 
remembered — and  various  annoying  symptoms  have  persisted,  we  have  observed  grate- 
ful amelioration  of  polyuria,  thirst,  pruritus  and  bulimia,  with  intermittent  con- 
trol of  glycosuria,  and  disappearance  of  ketone  bodies.  Such  results  have  been 
especially  marked  in  gouty  persons  of  middle  or  advanced  age,  and  of  what  is 
called  a  bilious  temperament.  The  drug  is,  thus,  one  that  the  physician  who  aims 
to  be  resourceful  will  do  well  to  bear  in  mind,  among  possibly  helpful  agents. 

Since  uranium  in  toxic  doses  produces  glycosuria,  homeopathists  claim  this 
empiric  usefulness  of  the  drug  as  a  proof  of  the  "law  of  similars."  They  prescribe 
it  in  very  minute  doses  (high  potencies),  to  be  expressed  by  mathematical  exponents 
rather  than  by  measured  quantities.  Otherwise,  the  beginning  dose  is  from  2  to 
5  mgm.  (1/30  to  1/12  grain),  t.i.d.,  the  quantity  being  gradually  increased  as  neces- 
sary, with  due  watchfulness  to  avoid  gastric  irritation  and  nephritis — until  some- 
times 5  grains  (0.3  Gm.)  or  more  may  be  given,  3  or  4  times  a  day. 

After  the  therapeutic  effect  appears  to  be  established,  the  use  of  the  drug  is 
stopped.  Should  it  become  necessary  to  resume  the  treatment,  larger — ^perhaps  very 
much  larger — doses  than  at  first  will  be  required.  A  certain  habituation,  therefore, 
seems  to  be  produced. 

Vanadium 

The  compounds  of  vanadium  have  only  recently  been  introduced  into  medical 
practice  and  all  studies  of  them  fall  within  the  last  few  years. 

Chemistry. — Vanadium  forms  compounds,  with  metalloids  similar  to  those  of 
other  metals,  and  also  forms  a  series  of  five  oxides  and  three  oxy-acids,  ortho-vanadic 
acid  (H3YO4),  meta-vanadic  acid  (HVOs),  and  pyro-(para)vanadic  acid  (HiVjOt). 
The  first  of  these  is  the  least,  the  last  the  most,  toxic.  Metavanadic  acid  and  its 
salts  are  the  compounds  which  have  been  most  used  in  medicine,  although  vanadium 
chloride  or  hypochloride  is  preferred  by  some.  It  is  important  to  make  sure  of  the 
purity  of  the  preparation  used,  which  is  somewhat  difficult,  since  there  is  none  official. 
In  the  test  tube,  the  phenomenon  of  Witz  and  Osmond,  which  has  revolutionized 
certain  industrial  processes,  can  always  be  reproduced.  Associated  with  a  relatively 
unstable  salt,  rich  in  oxygen — such,  for  example,  as  sodium  or  potassium  chlorate — 
a  minute  quantity  of  a  vanadium  compound,  say  ammonium  vanadate,  exhibits  a 
great  affinity  for  oxygen,  and  will  unite  with  this  gas  to  a  point  of  supersaturation, 
in  which  state  it  becomes  relatively  unstable  and,  in  decomposing  from  pentoxide 
(VjOJ  to  the  teroxide  (V^O,),  or  perhaps  a  still  lower  form,  liberates  nascent  oxygen. 
The  lower  oxide  then  again  takes  up  oxygen  from  the  chlorate  (spoken  of  as  the 
oxygen  reserve)  and  repeats  the  process  until  the  available  oxj'gen  is  exhausted. 
While  it  may  be  true,  it  has  not  yet  been  demonstrated  that  this  cycle  goes  on  in 
the  circulating  blood;  still  less  that  the  administration  of  a  vanadium  compound 
•with  a  chlorate  or  a  peroxide,  to  furnish  oxygen  reserve,  will  bring  about  increased 
oxidation  of  tissues  or  that  the  pentoxide,  after  yielding  oxygen  to   the   body,   will 
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reconstitute  itself  from   inbreathed  oxygen   or  otherwise,   and   so  act   as   a  sort   of 
artificial  hemoglobin.    The  uses  of  vanadium  are,  therefore,  as  yet,  empirical. 

Summary  of  Actions  and  Uses. — The  most  important  physiologic  actions  of  vanadium 
compounds  are  an  extreme  vaso-constriction,  largely  limited  to  the  splanchnic  area,  and 
a  paralyzing  action  on  the  center  of  respiration.  Like  other  heavy  metals,  it  is  irritant 
to  the  gastroenteric  tract  and  to  the  kidneys,  when  given  in  toxic  dose. 

Therapeutically  salts  of  vanadium  are  employed  with  the  idea  of  increasing  nutritive 
processes  in  malnutrition,  anemia,  tuberculosis  and  similar  conditions. 

Materia  Medica. — Acidum  Yanadicum  (unofficial),  Vanadic  Acid,  HVO»  Abhr., 
Acid.  Vanad.    Synonym:  Metavanadic  Acid. 

Golden-yellow  scales;  slightly  soluble  in  water. 

Antagonists  and  Incompaiihles. — Incompatible  chemically  with  alkalis  and  with 
most  preparations  of  vegetable  drugs.     It  is  best  prescribed  alone. 

Synergists. — Vasoconstrictors,  arsenic,  iron  and  phosphorus. 

Dose,  yi28  to  Vis  grain  (0.0005  to  0.004  Gm.). 

SoDii  Metavanadas  (unofficial).  Sodium  metavanadate.     Alhr.,  Sod.  Metavanad. 

Yellowish-white  powder;  freely  soluble  in  hot  water. 

Antagonists  and  Incompaiihles. — Acids,  oxidizing  agents,  and  many  organic  com- 
pounds are  chemically  incompatible. 

Dose,  1-64  to  yi5  grain  (0.001  to  0.004  Gm.). 

Ferri  Vanadas  (unofficial),  Iron  Metavanadate.    Ahhr.,  Ferr.  Vanad. 

A  dark  grayish-brown  powder;  almost  insoluble  in  water. 

Dose,  y64  to  Vzo  grain  (0.001  to  0.003  Gm.). 

LiTHii  Vanadas  (unofficial).  Lithium  metavanadate,    Ahhr.,  Lith.  Vanad. 

A  yellowish- white  crystalline  powder;  freely  soluble  in  water. 

Dose,  y64  to  yi5  grain  (0.001  to  0.004  Gm.). 

Antipathogenic  Action. — Opinions  as  to  the  antiseptic  value  of  vanadium  compounds 
differ  widely.  In  vitro,  the  bactericidal  action  is  rather  slight;  solutions  of  less  than 
0.5  percent,  have  no  germicidal  property,  and  solutions  of  0.1  percent,  do  not  check  the 
growth  of  various  pathogenic  bacteria. 

Helouis  reports,  however,  failure  to  induce  tuberculosis  in  guinea-pigs  inoculated 
with  vanadlzed  cultures  of  Koch's  bacillus,  while  controls  inoculated  with  untreated  cul- 
tures succumbed;  also,  recovery  in  animals  receiving  injections  of  a  solution  of  vanadium 
oxychloride  and  sodium  chlorate,  after  inoculation  with  tubercle  bacilli,  while  animals, 
inoculated  but  untreated,  were  dead  in  2  months.  He  attributes  a  destructive  power  on 
the  toxic  products  of  bacteria,  as  well  as  on  the  bacteria  themselves,  to  nascent  oxygen. 

Pharmacodynamic  Action:  Absorption  and  Elimination. — The  salts  of  vanadium  used 
in  medicine  are  soluble  in  water,  and  readily  absorbed  from  the  alimentary  tract.  In- 
jected subcutaneously  or  intravenously,  they  do  not  precipitate  proteids,  and  therefore 
diffuse  readily  into  the  blood  stream.  Vanadium  is  eliminated  mainly  with  the  feces, 
being  excreted  into  the  bowel  after  absorption.  A  smaller  amount  passes  out  in  the 
urine.  None  is  found  in  the  saliva,  or  tears,  although  both  are  increased  in  quantity; 
nor  is  any  detectible  in  the  vomitus,  after  injection. 

Elimination  is  slow,  showing  that  vanadium  is  stored  in  the  tissues,  but  the  place 
of  deposit  has  not  been  fully  studied. 

Topical  Action. — Vanadium  compounds  are  not  irritant  nor  toxic,  except  insofar  as 
they  tend  to  have  a  slightly  alkaline  reaction. 

Ifi  the  stomach  and  bowel,  however,  large  doses  act  as  strong  irritants,  causing 
vomiting  and  diarrhea  by  direct  local  action.  The  vomitus  is  often  bloodstained.  There 
is  mai'ked  peristalsis,  and  the  diarrhea,  while  not  profuse,  tends  to  be  very  persistent; 
in  fatal  cases,  lasting  until  death.  In  man,  doses  of  8  mgm.  (y^  grain)  of  sodium  vana- 
date, in  the  coursT  of  24  hours,  have  provoked  slight  diarrhea.  In  persons  with  digestive 
disturbances  attended  by  pain  in  the  stomach,  such  doses  are  likely  to  intensify  it. 

Toxicity. — Reports  as  to  the  toxic  and  lethal  doses  of  vanadium  are  rather  divergent. 
This  is  owing,  in  part,  to  the  fact  that  various  compounds  differ  in  activity,  and  also 
to  unequal  susceptibility  of  different  species  of  animals.    The  dog  appears  to  bear  larger 
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doses  than  the  rabbit.  By  Intravenous  injection,  vanadic  acid  in  1:5000  solution  kills 
rabbits  in  doses  of  8  mgni.  per  kilo,  and  17  mgm.  of  sodium  metavanadate  per  kilo  is 
fatal  in  a  few  minutes.  By  the  stomach,  0.2  Gm.  of  the  sodium  salt  per  kilo  of  rabbit  is 
required  to  kill,  in  somewhat  more  than  12  hours. 

Dogs  may  survive  80  mgm.  per  kilo  of  sodium  metavanadate  intravenously,  although 
the  fatal  dose  of  metavanadic  acid  is  said  to  be  12  to  18  mgm.  per  kilo.  The  acutely 
fatal  dose  for  man  is  not  known. 

Doses  of  10  mgm.  (i^;  grain)  of  sodium  metavanadate,  given  daily  by  mouth  to  dogs 
have  no  bad  effects,  even  after  several  weeks.  The  same  dose  is  probably  toxic  for  man. 
Workers  in  the  metal  show  a  form  of  chronic  intoxication,  somewhat  resembling  lead 
poisoning.  Nausea  and  loss  of  appetite,  with  alternate  diarrhea  and  constipation  are 
followed  by  anemia  and  emaciation.  The  urine  is  likely  to  show  albumin  and  casts,  or 
even  blood.  Persistent  cough  results  from  congestion  of  the  lungs,  and  often  the  expec- 
toration is  blood-tiiiged. 

More  prolonged  exposure  leads  to  various  nerve  disturbances,  such  as  tremors  of  the 
extremities,  neuralgic  pains,  vertigo,  hysteria  and  melancholia,  and  even  neuro-retinitia 
with  loss  of  vision. 

In  fatal  cases  inflammatory  lesions  are  seen  in  the  stomach  and  bowel,  with  scat- 
tered areas  of  acute  inflammation  and  hemorrhage  of  the  lungs,  fatty  degeneration  of  the 
liver,  and  parenchymatous  nephritis. 

Systemic  Action:  Alimentary  Tract. — The  alimentary  tract  is  affected  in  a  large 
part  of  its  extent,  in  acute  vanadium  poisoning,  there  is  marked  salivation,  although  this 
appears  to  be  merely  sequential  to  the  nausea,  and  not  evidence  of  a  direct  action  on  the 
salivary  glands. 

However  the  drug  be  administered,  there  is  likely  to  be  nausea  and  vomiting,  prob- 
ably from  a  local  action  of  the  excreted  drug,  although  it  has  not  been  found  in  the 
vomltus  after  parenteral  injection.  Violent  intestinal  peristalsis  is  set  up,  which  results 
in  diarrhea.  This  is  also  owing,  in  chief  part,  to  local  action,  the  greater  part  of  the 
drug  being  excreted  into  the  intestine.  While  the  action  on  the  bowel  cannot  be  pre- 
vented by  atropine,  it  is  somewhat  lessened,  which  would  indicate  both  a  direct  action 
on  the  muscle  fibers  and  a  slight  action  on  the  nerves.  If  the  abdomen  be  opened,  it  is 
seen  that  the  bowel  is  pale,  from  constriction  of  the  splanchnic  vessels.  There  is  no 
marked  alteration  hi  the  liver  or  pancreas,  except  the  vasoconstriction.  The  fatty 
degeneration  of  chronic  poisoning  has  been  mentioned. 

Blood. — There  is  no  certain  effect  on  the  blood.  Some  writers  have  described  anemia, 
with  morphologic  changes  in  the  red  blood  corpuscles,  while  others  report  increase  in  the 
number  of  these  cells.  It  may  be  that  both  statements  are  correct,  variation  in  action 
being  due  to  dose  and  to  the  condition  of  the  animal. 

Circulation. — In  small  dose,  the  most  striking  action  of  the  vanadium  compounds  is 
a  marked  constriction  of  the  blood  vessels  of  the  splanchnic  area.  The  rise  in  blood 
pressure  is  slight,  as  the  blood  vessels  in  the  limbs  dilate.  If,  however,  a  leg  be  perfused 
apart  from  the  general  circulation,  the  blood  vessels  contract,  showing  that  the  vaso- 
constrictors are  slightly  stimulated.  The  enlargement  of  the  vessels  of  the  extremities 
is,  therefore,  mechanical  from  the  blood  forced  out  of  the  abdomen. 

The  dose  required  for  evident  influence  on  the  heart  is  much  greater  than  that 
needed  to  affect  the  vessels.  Slowing  is  produced  by  large  doses,  apparently  through 
direct  action  on  the  muscle,  although  some  authors  believe  that  it  is  a  vagus  inhibition, 
analogous  to  that  of  digitalis.  Section  of  the  vagus  nerve,  however,  does  not  prevent 
the  effect,  nor  does  atropine.  If  large  enough  doses  be  given  to  show  the  full  action, 
the  slowing  is  marked;  diastole  of  the  left  ventricle  becomes  less  and  less  complete,  and 
finally  the  heart  stops  with  the  left  side  in  systole,  and  the  right  widely  dilated  by  the 
blood  forced  into  it.  from  the  constricted  vessels  of  the  systemic  circulation.  The  isolated 
frog  heart  stops  also  in  systole,  if  vanadium  be  added  to  the  perfusion  liquid. 

The  flow  of  lymph  from  the  bowel  to  the  thoracic  duct  is  markedly  increased  during 
the  period  of  increased  peristalsis.  This  is  probably  a  mere  mechanical  effect  of  the  con- 
traction of  the  intestinal  walls. 

If  the  spleen  be  placed  in  an  apparatus  which  registers  its  volume  it  will  be  seen, 
under  the  influence  of  vanadium,  to  show  strong  rhythmic  contractions.  These  are  caused 
In  part  by  constriction  of  vessels,  but  there  is  also  a  specific  action  upon  the  intrinsic 
muscles  of  the  spleen.    The  kidney  shows  similar  volume  alterations. 

Respiratory   Tract. — Under   toxic   doses    of   vanadium,    death    results    from    central 
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paralysis  of  respiration.  Breathing  becomes  slow,  irregular  and  gasping,  as  if  inspira- 
tion was  being  made  against  a  tremendous  obstacle,  and  all  the  accessory  muscles  are 
called  into  play.  Later,  the  respiration  becomes  more  and  more  shallow,  and  at  last  Is 
limited  to  slow,  'deep,  gasping  motions,  which  may  continue  for  a  long  time  before  death 
ensues.    The  bronchioles  show  strong  constriction  due  to  a  direct  action  on  the  muscle. 

There  is  an  increased  secretion  of  nasal  mucus,  as  well  as  excessive  outpouring  of 
tears. 

Metabolism. — The  effects  of  vanadium  on  metabolism  are  obscure,  and  the  evidence 
contradictory.  It  is  asserted  that  the  dirug  has  a  peculiar  action  on  oxygen  exchange, 
changing  from  the  ortho-  to  the  meta  stage  and  back  again,  and  thus  acting  as  a  carrier 
of  oxygen  between  the  blood  and  tissues.  Animal  experiments  show  no  alteration  In 
the  respiratory  exchange,  which  cannot  be  accounted  for  by  the  disturbances  in  respira- 
tion and  circulation,  but  the  question  cannot  be  considered  settled. 

The  urine  shows  no  constant  alteration;  but,  sometimes  urea  is  increased  and  uric 
acid  diminished. 

Temperature. — Large  doses  cause  a  fall  of  temperature  which  is  probably  due  to 
the  altered  distribution  of  blood  dependent  on  constriction  of  the  visceral  vessels,  bring- 
ing more  blood  to  the  surface. 

Nerve  System. — Small  doses  have  little  or  no  effect  on  the  nerve  system.  Associated 
with  chronic  intoxication,  however,  there  is  restlessness,  followed  by  weakness,  somno- 
lence and  even  paralysis.  These  effects  result  from  a  direct  action  on  the  brain  and  cord, 
the  nature  of  which  is  still  obscure.  In  acute  poisoning,  rabbits  die  in  convulsions, 
which  may  be  in  part  asphyxial.    There  seems  to  be  no  effect  on  the  pupil. 

In  man  after  full  medicinal  doses,  there  may  be  slight  vertigo,  and,  less  frequently, 
flushing  of  the  face,  with  rise  of  temperature. 

Urinary  Tract. — Small  doses  cause  diuresis,  apparently  from  a  direct  stimulating 
action  on  the  epithelium.  Large  doses,  however,  lessen  the  secretion,  by  cutting  down 
the  blood  supply  through  local  vaso-constriction.  In  acute  poisoning  there  is  renal  irri- 
tation, with  albuminuria  and  even  acute  nephritis. 

Therapeutics:  Topical. — ^Vanadium  has  found  its  principal  therapeutic  employ- 
ment in  France,  where  elaborate  studies,  clinical  and  experimental,  have  been  made, 
especially  by  Helouis,  Weber,  Lyonnet,  Martz  and  Martin.  Topically,  it  has  been 
employed  as  an  antiseptic  and  stimulant  upon  the  skin  (vanadic  acid,  0.05 :  1000) 
and  the  mucous  membranes,  including  the  bladder,  the  vagina  and  the  uterine  canal 
(0.17:1000),  A  solution  of  vanadium  hypochloride  in  saturated  solution  of  sodium 
chlorate  (1 :  1000)  has  been  applied  to  ulcers,  superficial  abscesses  and  infected 
wounds.  It  is  also  of  some  value  as  a  hemostatic.  Powders  of  vanadic  acid,  1  per- 
cent., -with  bismuth  subgallate  and  sodium  chlorate  or  sodium  perborate,  have  been 
used  as  dusting  applications  to  replace  iodoform. 

Systemic. — Vanadium  compounds  are  especially  urged  as  a  means  of  supplying 
the  system  with  needed  oxygen,  thus  compensating,  in  a  measure,  for  the  deficiency 
of  hemoglobin  in  the  anemias,  and  assisting  the  antiseptic  and  antitoxic  reactions 
of  the  organisms  in  the  acute  infections,  especially   influenza   and  pneumonia. 

In  gastric  catarrhs  they  are  said  to  destroy  the  microbes  of  fermentation  with- 
out inhibiting  the  digestive  enzymes,  while  the  hypochloride  in  particular  is  said 
to  promote  the  formation  of  HCl. 

In  pulmonary  tuberculosis,  vanadium  compounds  are  said  to  increase  appetite, 
improve  nutrition  and  heighten  general  resistance. 

In  syphilis,  intravenous  injection  of  5  doses  of  %  grain  (0.05  Gm.)  each  of 
sodium  orthovanadate  at  2  day  intervals,  associated  with  inunctions  of  mercury,  lead 
to  prompt  symptomatic  relief  and  disappearance  of  the  Wassermann  reaction  (Freund). 

In  chronic  rheumatism  and  rheumatoid  arthritis,  as  also  in  lithemia,  gout,  and 
neurasthenia,  they  have  been  employed  with  much  the  same  view,  as  oxidizers  and 
general  stimulants  to  nutritive  processes. 

Notwithstanding  the  many  favorable  reports  of  European  observers,  vanadium 
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has  obtained  but  limited  employment  in  this  country,  perhaps  owing  to  the  fact 
that  it  lacks  pharmacopeial  recognition,  and  the  advertisements  of  proprietary  prepa- 
rations have  been  somewhat  extravagant  in  picturing  the  therapeutic  results  attain- 
able. From  personal  observation  we  can  confirm  the  statement  that  the  use  of 
vanadium  preparations  in  anemia  and  in  conditions  of  malnutrition,  including  slug- 
gish cases  of  pulmonary  tuberculosis,  is  often  followed  by  improvement  of  appetite, 
with  gain  in  weight  and  general  vigor.  If  concurrent  use  be  made  of  arsenic  and 
iron  in  anemic  subjects,  improvement  in  the  blood  picture  results,  but  it  is  difficult 
to  say  that  this  is  more  rapid,  or  greater,  than  might  follow  the  use  of  the  hema- 
tinic  only.  We  have  seen  no  permanent  benefit  from  its  use  in  leukemia  or  pernicious 
anemia,  or  any  marked  advantage  in  the  infectious  fevers.  However,  it  is  one  of 
the  drugs  to  be  borne  in  mind  in  dealing  with  chronic  disturbances  of  nutrition, 
in  which  it  may  be  advisable  to  modify  the  treatment  from  time  to  time  or  to  give 
an  occasional  fillip  to  the  restorative  processes  by  drug  action,  when  dietetic  and 
hygienic  measures  have  proved  insufficient. 

Transient  benefit  only  has  been  observed  from  the  use  of  vanadium  in  diabetes 
mellitus. 

Admi7iistration. — Since  we  are  dependent  on  proprietary  preparations,  it  is  difficult 
to  lay  down  rules  for  administration.  Granules  of  sodium  metavanadate,  solutions  of 
vanadium  oxychloride  (1:1000)  in  a  strong  solution  of  sodium  chlorate,  mixtures  and 
elixirs  containing  calcium  glycerophosphate  in  association  with  a  vanadium  compound, 
sodium  phospho-vanadate,  lithium  and  iron  vanadates,  and  other  preparations,  some 
intended  for  hypodermic  use,  as  vanadium  hypochloride  in  physiologic  salt  solution 
(1:80,000)  of  which  5  cc.  (1/16  mgm.  or  1/1000  grain)  is  the  dose,  have  been  on  the 
market.  On  the  basis  of  sodium  metavanadate  by  the  mouth,  the  dose  varies  from 
1/60  to  1/20  grain  (0.001  to  0.003  Gm.),  2  or  3  times  a  week  to  the  same  quantity  3 
times  a  day  before  meals.  The  effects  are  to  be  watched,  and  the  dose  regulated 
accordingly. 

Organic  Chemical  Antiseptics 

The  group  of  organic  antiseptics  includes  agents  of  widely  different  chemical 
constitution,  the  character  of  whose  action  on  microorganisms  differs  as  widely.  In 
comparing  these  agents  with  the  inorganic  antiseptics,  two  differences  are  of  espe- 
cial note:  First,  that  the  action  of  the  organic  bodies  is  less  likely  to  produce  or 
to  depend  upon  gross  chemical  changes  in  the  proteins  or  other  cell  constituents,  more 
often  causing  obscure  physical  changes,  perhaps  through  the  solution  of  the  agent  in. 
some  component  of  the  tissue.  Formaldehyde  and  phenol  do  indeed  enter  into  chemical 
union  with  proteins,  destroying  them,  but  most  of  the  organic  antiseptics,  including 
the  essential  oils,  the  anilin  dyes,  chloroform  and  the  cinchona  alkaloids,  act  in  a  less 
grossly  destructive  manner. 

The  second  point  of  contrast  between  the  two  groups  is  the  greater  tendency 
of  the  organic  antiseptics  to  exhibit  selective  destructive  action  on  certain  types  of 
microorganisms,  while  being  relatively  harmless  to  others.  This  peculiarity  reaches 
a  high  degree  in  quinine  and  other  cinchona  alkaloids,  some  of  which  kill  malarial 
organisms  in  much  higher  dilutions  than  other  protozoa ;  kill  other  protozoa  in  dilu- 
tions which  are  harmless  to  bacteria;  and  destroy  the  pneumococcus  much  more  actively 
than  other  parasitic  bacteria.  Gentian  violet,  on  the  other  hand,  shows  a  selective 
action  for  gram  positive  bacteria,  while  the  destructive  power  of  chaulmoogra  oil  is 
largely  limited  to  the  leprosy  bacillus  and  other  acid-fast  bacilli. 

Owing  to  the  differences  mentioned,  the  organic  antiseptics  are  relatively  more 
active  than  the  inorganic  in  the  presence  of  proteins,  certain  essential  oils,  as  repre- 
sented by  the  spices,  for  example,  being  well  adapted  for  the  preservation  of  food- 
stuffs. It  is  to  be  noted  that  those  agents  which  are  active  in  the  presence  of  proteins 
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are  likely  to  show  "wide  discrepancy  between  the  concentration  required  to  prevent 
growth  of  bacteria  (antiseptic,  antiputrefactive)  and  that  required  to  kill  the  organisms 
(bactericidal). 

Many  organic  agents  possessing  valuable  antipathogenic  properties  are  included 
in  other  groups.  Of  these  perhaps  the  most  important  is  alcohol,  which  is  used  exten- 
sively as  a  preservative  of  pharmaceutic  preparations,  for  keeping  museum  and  other 
specimens,  and  in  many  commercial  lines.  All  volatile  narcotics  possess  similar  powers, 
chloroform  being  especially  active  in  this  respect.  Several  of  the  synthetic  antipyretics 
share  the  antipathogenic  powers  of  their  congeners,  the  anilin  dyes;  acetanilid  and 
antipyrine  may  be  cited. 

Many  of  the  organic  halogen  compounds  are  effective  bactericides,  their  action 
combining  that  of  the  organic  base  and  of  the  halogen  element.  Most  of  these  have 
already  been  considered  with  the  inorganic  antiseptics  (e.g.,  iodoform,  bromoform, 
chloramine);  others  will  be  found  among  nerve  depressants  (e.g.,  chloroform,  chloral, 
chloretone).  Certain  dyes  containing  chlorine  are  alone  considered  here.  The  organic 
compounds  of  the  metals,  so  far  as  they  possess  antiseptic  power,  will  be  found  with 
the  respective  metals  (e.g.,  cacodylates  and  arsphenamine  with  arsenicals,  and  mer- 
curophen  and  mercurochrome  with  mercurials).  Many  of  these  agents  show  selective 
action  characteristic  of  their  organic  constituent.  The  organic  arsenicals,  for  example, 
are  most  effective  against  certain  types  of  protozoa  (trypanosomes,  spirochetes). 

The  organic  antiseptics  are  classed  according  to  their  chemical  nature,  as  follows : 

1.  Straight  chain  compounds  (formaldehyde,  methenamine) . 

2.  Aromatic  compounds. 

a.     Hydrocarbons   (benzene,  toluene,  xylene). 

h.    Alcohols  (phenol,  resorcin,  cresol,  creosote,  guaiacol). 

c.    Acids  (benzoic,  cinnamic,  salicylic). 

3.  Essential  oils  (oQs,  balsams,  camphors,  resins). 

4.  Naphthalins  (naphthalin,  naphthol). 

5.  Aniline  and  nitrobenzol  compounds  (dyes,  picric  acid). 

6.  Cinchona  alkaloids  (quinine,  cupreine,  cinchonine). 

7.  Chaulmoogra  oil  (chaulmoogra  esters,  margosa  oil). 

Straight  Chain  Compounds 
Formaldehyde 

Formaldehyde  is  a  gas  produced  by  the  partial  combustion  of  wood  or  methyl 
alcohol.  It  was  discovered  by  von  Hoffmann  in  1867,  but  its  antiseptic  action  was 
not  shown  until  1886.  Its  40  percent,  aqueous  solution  (liquor  formaldehydi,  forma- 
lin), was  first  brought  forward  by  Berlioz  in  1892  as  a  preservative  for  foods  and 
beer.  It  was  soon  found  to  be  too  poisonous  for  such  use,  but  with  the  growing 
recognition  of  the  importance  of  epidemiology  and  preventive  medicine,  formaldehyde 
vapor  came  to  be  recognized  as  the  most  effective  agent  for  fumigation. 

Chemistry. — Formaldehyde,  the  simplest  of  the  aldehydes  (H2=C=0),  is  an  ex- 
tremely active  chemical  agent,  attacking  proteins  and  many  other  organic  compounds. 
The  nature  of  the  compounds  formed  is  uncertain,  but  those  with  albumoses  (Soll- 
mann)  and  perhaps  with  other  proteins  contain  definite  proportions  of  formaldehyde. 
These  compounds  are  precipitated  by  weak  alkalis,  but  dissolve  without  decomposition 
in  strong.  They  are  decomposed  by  weak  acids  and  by  strong  solutions  of  neutral 
salts.  Formaldehyde  is  not  suitable  for  the  preservation  of  urine,  as  it  forms  an 
insoluble  compound  with  urea,  which  separates  as  spherical  crystals.  Serum  to  which 
1/20  volume  of  formalin  is  added  is  not  coagulated  by  boiling  (Bruynoghe  and  Baivy). 
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Several  modifications  of  foriniildcliydc  find  use  in  medicine.  Paraform  is  a 
polymerization  compound  which  yields  formaldehyde  when  heated — • 
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Hcramethylcnetrtraminc  (methonamine)  is,  as  its  name  implies,  a  compound  of  six 
methylenes  with  four  amino  nitrogens.  This  substance  releases  formaldehyde  in  the 
presence  of  acids — 
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Several  condensation  products  which  are  supposed  to  release  formaldehyde  on  or  in 
the  body  have  been  introduced  into  therapeutics.  Of  these  may  be  mentioned  glutol, 
a  compound  with  gelatin;  empyroform,  a  condensation  product  with  birch  tar;  and 
fortoin  (CHj(Cj,H,jOJ,),  a  product  of  cotoin  and  formaldehyde. 

Summary  of  Actions  and  Uses. — Owing  to  its  action  on  proteins,  formaldehyde  is  a 
protoplasm  poison,  and  in  sufficient  concentration,  is  irritant  and  destructive  to  all  tis- 
sues. The  vapor  is  excessively  irritating  to  the  conjunctiva,  and  when  inhaled,  causes 
bronchitis  and  even  pneumonia.  When  swallowed  it  injures  the  mucosa  of  the  stomach 
and  bowel,  causing  vomiting  and  severe  pain.  After  absorption  it  may  cause  spinal  con- 
A'Ulsions,  or  during  excretion  induce  inflammation  of  the  renal  epithelium. 

Formaldehyde  is  employed  chiefly  as  a  vapor  for  the  disinfection  of  rooms,  ships 
and  other  enclosed  spaces.  It  is  not  to  be  recommended  for  destruction  of  parasites  on 
or  in  the  body;  although  when  sufficiently  well  diluted,  it  may  be  used  upon  accessible 
mucous  membranes,  as  the  throat  and  the  vagina.  Its  former  use  as  a  food  preservative, 
especially  for  milk,  is  to  be  severely  condemned.  Methenamine  is  used  internally  to 
destroy  bacteria  in  the  secretions,  chiefly  the  urine.  The  condensation  products  release 
formaldehyde  rather  irregularly  and  uncertainly  and  their  efficacy  is  doubtful. 

Materia  Medica. — Liquor  Form.\ldehydi  (U.S.  X.),  Solution  of  Formaldehyde. 
Ahbr.,  Liq.  Formaldehyd.    Synonym:  Formalin. 

An  aqueous  solution  containing  not  less  than  37  percent,  by  weight  of  formalde- 
hyde, H.CHO.  It  may  be  obtained  by  the  limited  oxidation  of  methyl  alcohol.  It 
is  a  clear,  colorless  or  nearly  colorless  liquid,  having  a  pungent  odor.  Its  vapor  irri- 
tates mucous  membranes.    It  is  raiscible  with  water  and   alcohol. 

Antagonists  and  Incompatihles. — Alkalis  and  oxidizing  agents  are  incompatible; 
ammonia  in  combination  with  formaldehyde  forms  methenamine. 

Synergists. — The  vapor  of  water  increases  the  disinfectant  action  of  formalin. 

Dose,  for  external  use  as  a  disinfectant. 

Liquor  Foum.\ldf,hydi  S.\pon.atus  (Br.),  Solution  of  Formaldehyde  with  Soap. 
Ahhr.j  Liq.  Formaldehyd.  Sap. 

Soft  soap,  400  Gm.;  alcohol  (90  percent.),  300  cc;  solution  of  formaldehyde, 
200  cc. ;  distilled  water,  sufficient  to  make  1000  cc. 

Dose,  for  external  use  only. 
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FoRMALDEHYDUM  Cresolatum  (N.F.),  Cresolated  Formaldehyde.  Ahhr.,  Formal 
Cresol. 

A  mixture  of  40  parts  of  ortliocresol  with  60  parts  of  solution  of  formaldehyde. 

Dose,  used  as  a  disinfectant. 

Paraformaldehydum  (U.S.  X.),  Paraformaldehyde.  Ahhr.,  Paraform.  Syno- 
nyms: Paraform,  Trioxymethylene. 

Paraformaldehyde,  (H.CH0)3,  a  polymer  of  formaldehyde,  occurs  as  white,  friable 
masses,  or  a  white  powder,  having  a  slight  odor  of  formaldehyde,  containing  not  less 
than  95  percent,  of  formaldehyde.  It  is  very  slowly  soluble  in  cold  water,  more  readily 
soluble  in  hot  water  with  the  formation  of  formaldehyde;  insoluble  in  alcohol  and 
ether.  Oxidizing  agents,  permanganates,  peroxides,  perborates,  quicklime,  resolve  para- 
form into  formaldehyde  gas. 

Dose,  used  as  a  disinfectant ;  not  used  internally. 

Methenamina  (U.S. X.),  Methenamine.  Ahhr.,  Methenam.  Synonyms:  Hexamine, 
Hexamethylamine,  Hexamethylenetetramine,  Aminoform,  Cystamine,  Cystogen,  For- 
min,  Uritone,  Urotropin. 

Obtained  by  the  interaction  of  ammonia  with  formic  aldehyde.  Colorless,  lustrous 
crystals,  or  a  white,  crystalline  powder;  odorless;  taste,  at  first  sweetish,  afterward 
bitter. 

Antagonists  'and  Incompatihles. — Methenamine  is  decomposed  by  acids  and  acid 
salts,  and  its  conversion  into  formaldehyde  is  prevented  by  alkalis  and  alkaline  salts; 
it  is  incompatible  also  with  tannin,  oxidizing  agents,  and  mercuric  chloride. 

Synergists. — ^Acids  and  oxidizing  agents,  given  not  with  but  an  hour  or  two 
before  methenamine,  facilitate  its  decomposition  and  consequent  antiseptic  and  germi- 
cidal action. 

A  novel  and  practical  use  for  this  drug  is  that  it  burns  with  a  smokeless  flame, 
and  if  a  5  grain  tablet  be  placed  on  metal  or  other  non-inflammable  surface  and  ignited 
it  will  develop  enough  heat  and  for  a  long  enough  time  to  boil  a  test  tube  full  of  liquid, 
as  in  making  the  test  for  albumin  in  urine,  etc. 

Dose,  5  to  15  grains  (0.3  to  1  Gm.). 

Hexamethylenetetramine  Camphorate  (N.N.E.),  Amphotropin. 

A  molecular  combination  of  camphoric  acid  and  hexamethylenetetramine 
(methenamine).  A  light,  white,  crystalline  powder;  soluble  in  water,  alcohol,  and 
chloroform,  but  almost  insoluble  in  ether  and  in  benzene.  The  aqueous  solution  pos- 
sesses an  acid  reaction. 

Dose,  8  to  15  grains  (0.5  to  1.0  Gm.). 

Hydrangea  (N.F.),  Hydrangea.  Ahhr.,  Hydrang.  Synonyms:  Seven  Barks,  Wild 
Hydrangea. 

The  dried  rhizome  and  roots  of  Hydrangea  arhorescens  Linne  (Fam.  Saxi- 
frangacece).  The  powdered  drug  is  light  yellow  in  color.  Overdoses  cause  severe 
vertigo. 

Dose,  15  to  30  grains  (1  to  2  Gm.). 

Elixir  Hydrangea  et  Lithii  (N.F.),  Elixir  of  Hydrangea  and  Lithium.  Ahhr., 
Elix.  Hydrang.  et.  Lith. 

Each  fluidram  represents  24  grains  (1.5  Gm.)  of  hydrangea,  IV2  grains  (0.1  Gm.) 
each  of  lithium  benzoate  and  lithium  salicylate. 

Dose,  1  to  4  fluidrams  (4  to  16  cc). 

Fluidextractum  HydrangR/E  (N.F.),  Fluidextract  of  Hydrangea.  Ahhr.,  Fluidext. 
Hydrang.    Synonyms :  Fluidextract  of  Seven  Barks,  Fluidextract  of  Wild  Hydrangea. 

Each  cc.  represents  1  Gm.  of  the  drug.    Alcoholic  content  about  55  percent. 

Dose,  15  to  30  minims  (1  to  2  cc). 
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Antipathogenic  Action.— Formaldehyde  is  used  both  as  a  gas  and  in  watery  solu- 
tion. In  estimating  the  strength  of  dilutions  made  from  the  official  solution,  this  may 
be  considered  as  from  37  to  about  40  percent. 

Its  penetrative  power  is  not  great.  As  a  germicide  the  solution  is  about  equal  in 
activity  to  phenol,  but  its  antiseptic  (bacteriostatic)  effect  is  much  greater,  solutions  of 
0.01  to  0.02  percent,  preventing  the  growth  of  most  bacteria.  According  to  the  condi- 
tions and  the  character  of  the  organism,  very  divergent  figures  are  given  concerning  its 
power  to  kill — from  destroying  anthrax  spores  in  1  hour  in  0.1  percent,  solution,  to 
requiring  2  percent,  to  kill  the  less  resistant  staphylococcus  pyogenes  in  the  same  time. 
From  1  to  3  percent,  solution  of  formaldehyde  seems  certain  to  destroy  all  germs  in  an 
hour  or  less. 

Of  the  gas,  one  part  in  5000  will  inhibit,  and  1:20,000  greatly  retard  growth;  while 
one  part  in  3000  is  said  to  destroy  many  organisms. 

The  compound  which  formaldehyde  forms  with  bacterial  proteins  is  reversible,  as 
shown  by  the  fact  that  anthrax  spores  treated  with  4  percent,  formaldehyde  for  30 
minutes,  and  repeatedly  washed  in  water  will  not  grow,  while  if  washed  in  sodium 
hyposulphite  solution,  which  destroys  the  formaldehyde,  they  will  still  grow  after  8 
hours'  exposure   (Hailer). 

Ascarides  placed  in  warm,  oxygenated  saline  solution  containing  1  part  of  for- 
maldehyde in  500  are  killed  after  8  to  18  hours'  exposure  (Bachem). 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Formaldehyde  is  not  ab- 
sorbed by  the  unbroken  skin  but  is  readily  taken  up  by  all  mucous  membranes.  In 
small  dose  it  is  almost  entirely  oxidized,  but  if  toxic  amounts  are  given  it  is  partly 
excreted  unchanged  in  the  urine  and  by  the  lungs  and  is  partly  converted  into  formates 
which  escape  in  the  urine. 

Topical  Action. — The  topical  action  of  formaldehyde  is  partly  due  to  its  property 
of  combining  with  the  'amino  groups  in  the  proteid  molecule,  through  which  action  it 
hardens  the  tissues,  which  lose  elasticity  and  become  impermeable.  The  skin  is  thus 
affected  by  undiluted  formalin.  Although  even  in  high  dilution  formaldehyde  is  very 
irritating  to  the  sensory  nerve  endings,  it  has  little  caustic  action.  On  the  skin  5  per- 
cent, solutions  are  painful,  while  2.5  percent,  are  not  irritating.  The  repeated  applica- 
tion of  1  percent,  solutions,  however,  causes  a  hardening  of  the  outer  layers  analogous 
to  the  tanning  of  leather.  In  the  mouth  0.5  percent,  is  not  irritating  while  1  percent, 
causes  burning  pain.  A  0.01  percent,  solution  is  very  irritating  to  the  human  eye,  although 
4  percent,  does  not  cause  severe  inflammation  when  instilled  into  the  eye  of  the  rabbit. 
Even  a  single  drop  of  40  percent,  induces  iritis.  Inhaled,  1  part  of  gas  in  10,000  of  air 
is  painful  to  the  nose  and  throat,  but  even  much  smaller  amounts  will  cause  inflamma- 
tion of  the  lungs.  Dogs  exposed  to  1  to  1,000,000  in  air  for  several  hours  showed  a  scat- 
tered pneumonic  inflammation  and  severe  bronchitis.  Rabbits  have  severe  pneumonia 
from  inhaling  1  to  500,000.  Injected  under  the  skin  solutions  from  0.4  to  0.04  percent, 
caused  extreme  edema  lasting  for  several  days  and  followed  by  inflammation,  but  not 
resulting  in  necrosis.  Intraperitoneally  0.4  percent,  caused  violent  inflammation  with 
local  necrosis  of  the  wall  or  intestinal  loops  at  the  site  of  injection,  while  1  to  1000 
formalin  causes  little  injury. 

Toxicity. — A  fatal  dose  of  formaldehyde  given  to  an  animal  either  by  mouth  or  by 
injection,  may,  according  to  its  amount  and  other  factors,  either  kill  at  once,  or  not  until 
one  or  more  days  have  passed.  In  man,  poisoning  has  been  almost  always  accidental 
and  from  swallowing. 

The  injurious  effects  are  attributable  to  irritation  of  the  throat  and  stomach  by  con- 
tact, the  air  passages  by  inhalation,  and  the  kidneys  during  elimination.  The  general 
symptoms  are  severe  pains  throughout  the  alimentary  tract;  a  sense  of  suffocation;  and 
intense  burning  in  the  epigastrium.  There  may  be  dimness  of  vision  from  the  effect 
of  the  vapor  on  the  eyes,  and  the  patient  subconsciously  closes  the  lids  and  keeps  them 
shut  to  exclude  light  and  air.  Headache  results  from  irritation  of  the  pituitary  mucous 
membrane  by  the  fumes  inhaled  through  the  nose,  or  continuing  to  rise  through  the 
esophagus  and  pharynx.  There  may  be  vomiting  of  bloodstained  material,  collapse  and 
death.  The  urine  may  be  suppressed,  albuminous  or  bloody;  its  passage  burns  intensely. 
Fatal  pneumonia  may  be  caused  by  excretion  of  formaldehyde  through  the  lungs,  even 
when  it  has  been  swallowed. 

Recovery  has  followed  the  swallowing  of  as  much  as  100  cc.  (3  ounces)  of  the  40 
percent,  solution,  but  death   has   resulted   at  once   from   30  cc.    (1   ounce).     A   child   of 
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three  years  died  with  edema  of  the  larynx  from  "a  few  drops."     Death  is  also  reported, 
after  thirty-two  hours,  from  about  2  ounces  (60  cc.)   of  a  4  percent,  solution. 

In  animals  it  is  very  much  more  toxic  when  injected  than  when  swallowed.  Dogs 
are  killed  at  once  by  0.07  Gm.  per  kilo  intravenously,  while  intraperitoneally  0.04  Gm. 
is  required.  If  0.02  Gm.  per  kilo  be  injected  intraperitoneally,  death  follows  after  sev- 
eral days.  By  mouth  this  dose  causes  vomiting,  but  not  death.  In  rabbits  0.09  Gm 
by  vein,  or  0.03  Gm.  subcutaneously  causes  death  at  once,  while  0.03  Gm.  by  vein  causes 
death  after  some  time.  The  administration  of  0.4  Gm.  per  kilo  by  mouth  causes  emacia- 
tion, with  death  2  to  4  days  later.  Smaller  amounts  cause  emaciation  and  loss  of  hair. 
Guinea-pigs  are  killed  by  0.004  Gm.  per  kilo  intraperitoneally,  but  0.01  is  required  by 
mouth  to  cause  death  after  several  days.  Frogs  placed  in  a  2  percent,  solution  or  in- 
jected with  2  mgm.  per  100  Gm.  are  killed;  placed  in  a  0.01  percent,  solution,  they  are 
not  injured. 

In  fatal  poisoning,  autopsy  will  show  gastritis  with  edema  of  the  wall  of  the  stom- 
ach and  bowel  and  necrotic  areas,  if  the  drug  has  been  swallowed;  and  bronchitis  and 
pneumonitis  if  it  has  been  inhaled.  In  either  case  the  liver  shows  cloudy  swelling  and 
the  kidneys  are  large,  red,  congested  and  show  necrosis  of  the  tubules.  In  chronic 
poisoning  there  is  emaciation  and  loss  of  hair  with  cloudy  swelling  of  the  liver  and 
kidneys. 

Treatinent  comprises  demulcent  drinks,  inhalation  of  moist  air  and  administra- 
tion of  sodium  hyposulphite  which  will  destroy  any  of  the  poison  not  yet  absorbed. 

Systemic  Action:  Alimentary. — Formaldehyde  solution  administered  by  mouth  is 
absorbed  or  vomited,  so  that  only  small  portions  reach  the  intestine,  commonly  not 
enough  to  set  up  severe  inflammation.  Solutions  stronger  than  4  percent,  induce  vomit- 
ing and  stronger  solutions  result  in  inflammation  of  the  stomach  and  esophagus.  Small 
amounts  of  dilute  solutions  are  without  effect,  indeed  minute  amounts  may  be  formed 
within  the  bowel  by  bacterial  action  (Shaw).  When  dilute  formalin  is  injected  into 
an  isolated  loop  of  bowel,  absorption  from  it  is  hastened  and  secretion  of  bile  and  of 
pancreatic  juice  are  increased.  The  liver  shows  fatty  degeneration  in  experimental 
chronic  poisoning. 

The  action  of  digestive  ferments  is  interfered  with,  both  by  a  direct  action  on 
these  and  by  alterations  in  the  substrate  on  which  they  act.  Proteins  altered  by  the 
action  of  formalin  are  acted  on  with  difficulty  by  pepsin  and  this  reaction  is  utilized  in 
pharmaceutic  practice  to  harden  gelatin  capsules  so  that  they  may  pass  undissolved 
through  the  stomach.  It  is  stated  that  the  process  of  digestion  may  be  reversed,  pep- 
tones treated  with  formaldehyde  and  pepsin,  passing  back  into  albumoses.  Digestive 
ferments  especially  those  ot  the  pancreas  and  salivary  glands,  are  injured  even  by 
dilute  solutions.  Pepsin  and  papain  are  more  resistant.  Milk  to  which  small  amounts 
are  added  is  less  readily  coagulated  by  lab  ferment. 

Blood. — Injections  of  even  small  doses  of  formalin  increase  markedly  the  coagula- 
bility of  the  blood,  and  large  injections  cause  sudden  death  by  intravascular  clotting. 
The  blood  corpuscles  are  deformed  after  intravenous  injections,  and  tend  to  break 
down,  releasing  hemoglobin. 

Circulatory  System. — The  arterioles  are  constricted  both  in  vivo  and  in  vitro.  In 
perfused  organs  0.1  percent,  causes  a  constriction  which  ceases  when  fresh  blood  is 
perfused.  Small  doses  by  vein  cause  rise  of  blood  pressure  with  slowing  of  the  heart. 
Larger  doses  act  directly  on  the  heart  in  consequence  of  which  it  becomes  weak  and 
rapid  and  blood-pressure  falls.  The  blood-vessel  walls  are  injured,  permitting  the  occur- 
rence of  multiple  hemorrhages.  The  isolated  frog  heart  is  slowed  and  finally  stops  in 
diastole  on  addition  of  0.4  percent,  to  the  perfusion  fluid. 

Respiration. — The  respiration  in  dogs  given  injections  of  dilute  formalin  is  first 
rapid,  and  with  large  doses  is  later  slowed.  The  action,  which  is  central,  is  not  so 
marked  in  the  rabbit.  The  inflammation  of  the  lungs  which  results  from  topical  action 
during  absorption  or  elimination  of  the  gas  has  been  referred  to. 

Nerve  System. — Very  large  doses  cause  spinal  convulsions  followed  by  paralysis. 
There  is  no  loss  of  sensation,  and  coma  develops  only  as  circulation  fails. 

Kidneys. — The  vessels  of  the  kidney  are  at  first  constricted  by  0.1  percent,  per- 
fusion, but  in  vivo  this  is  soon  followed  by  dilatation,  and  if  the  renal  vessels  are  com- 
pared to  those  of  the  brain  and  liver,  it  will  be  found  that  the  former  dilate  while  the 
others  are  still  contracted.  The  kidneys  are  irritated  by  excreted  formaldehyde,  cloudy 
swelling  resulting. 
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Compounds. — In  order  to  avoid  the  irritating  effects  of  formaldehyde  and  at  Ihe 
same  time  to  retain  its  therapeutic  powers,  chemists  have  prepared  a  large  number  of 
compounds  designed  to  be  decomposed  in  the  l)ody,  with  the  lil)eration  of  formaldehyde. 
Certain  of  these  compounds  liberate  this  agent  only  incidentally,  their  action  depending 
on  the  other  constituent.  Such  substances  are  tannopin,  formidin,  formasol,  urasol, 
iodomuth  and  novaspirin. 

Small  quaniKics  of  COH;,  are  liberated  in  distilled  water  by  methenamine  (hoxa- 
methylenetetramine)  and  by  novaspirin;  larger  amounts  in  acid  solution  by  the  former 
and  by  tannopin  and   in  alkaline  solution  by  citarin,  novaspirin  and  glutei. 

If  1  Gm.  of  methenamine  or  novaspirin  be  given  by  mouth,  the  urine  kept  a  few 
days  at  body  temperature  will  not  decompose.  (The  effect  of  novaspirin,  however, 
depends  on  its  salicylic  acid.)  Administration  of  these  agents  will  thus  prevent  inter- 
trigo from  decomposing  urine  in  infants.  Added  to  a  mixture  of  pancreas  and  blood, 
1  percent,  of  methenamine,  urasol  or  novaspirin  prevents  putrefaction.  As  very  little 
COHa  is  liberated,  these  substances  would  seem  to  have  some  independent  antiseptic 
action. 

Methenamine. — Methenamine  is  of  importance  because  of  its  low  toxicity  and  the 
readiness  with  which  it  gives  off  formaldehyde  in  the  presence  of  even  weak  acids.  It 
has  no  bactericidal  power  and  its  antiseptic  action  is  disputed.  Methenamine  is  absorbed 
readily  from  all  mucosae  and  if  given  by  mouth  may  be  found  in  the  urine  within  15 
minutes.  It  passes  into  all  the  body  fluids  and  excreta,  being  one  of  the  few  substances 
which  escape  readily  into  the  spinal  fluid  and  the  ocular  humors.  It  has  been  shown  in 
purulent  discharges  from  the  ear  and  other  cavities  and  sinuses.  In  some  instances 
it  has  seemed  to  exhibit  an  antiseptic  virtue  when  so  excreted;  in  others  none  could 
be  noted.  In  the  urine,  owing  to  the  acidity,  it  is  broken  up  and  formaldehyde  liberated. 
This  reaction  occurs  slowly,  but  little  antiseptic  power  being  manifested  in  the  renal 
pelvis,  although  it  is  marked  in  the  bladder.  The  urine  may  be  made  acid,  in  case  its 
alkalinity  prevents  such  effects,  by  administration  of  acid  sodium  phosphate  or  ammo- 
nium benzoate.  Apart  from  the  urine,  the  only  place  in  which  an  antiseptic  power  seems 
to  be  established  is  in  the  gall  bladder  and  biliary  passages.  Whether  free  bile  acids 
were  present  in  the  cases  in  which,  according  to  report,  it  proved  eflBcacious,  has  not  been 
determined. 

Methenamine  has  the  peculiar  property  of  increasing  the  permeability  of  the  choroid 
plexus  and  thus  permitting  the  passage  from  the  blood  into  the  meningeal  cavity  of 
various  substances  which,  when  given  systemically,  do  not  ordinarily  pass  into  the 
spinal  fluid.  If  a  small  dose  be  injected  subcutaneously  in  a  rabbit,  and  an  immune 
serum  be  given  15  to  20  minutes  later,  the  antibodies  will,  in  contrast  to  control  animals, 
be  found  in  the  spinal  fluid.  The  drug  may  thus  be  of  benefit  in  spinal  m,eningitis, 
either  by  enabling  antibodies  already  present  in  the  systemic  circulation  to  reach  the 
point  of  infection  in  effective  concentration,  or  by  facilitating  the  entrance  of  those 
present  in  therapeutic  serum  administered  subcutaneously.  The  necessity  for  intraspinal 
injection  may  thus  be  avoided.  Entrance  of  other  therapeutic  agents,  as  of  arsphenamine 
in  syphilis  of  the  central  nerve  system,  may  also  be  made  possible  (Muttermilch).  The 
reputed  beneficial  effects  in  meningitis,  which  have  been  denied  on  the  lack  of  antiseptic 
action  in  the  spinal  fluid,  may  thus  be  explained. 

Even  in  saturated  solution  methenamine  is  not  irritant  to  the  skin  or  mouth,  but 
if  swallowed  in  large  dose  in  strong  solution  it  may  cause  gastric  pain  and  nausea. 
This  may  depend  on  the  liberation  of  formaldehyde  by  the  gastric  acid.  The  same 
irritant  action  is  exerted  on  the  kidneys  and  bladder  in  certain  cases,  especially  when 
the  urine  is  unusually  acid  or  when  large  doses  have  been  taken  with  little  water. 
There  may  be  hemorrhages  from  the  kidney  with  numerous  casts,  and  the  wall  of 
the  bladder  may  become  ulcerated,  large  patches  of  mucosa  separating  and  leaving  a 
shallow  ulcer.  The  lesions  soon  clear  up  if  the  drug  is  stopped.  The  lethal  dose  for 
guinea-pigs  is  enormous,  10  Gm.  per  kilo  subcutaneously.  The  pigs  become  very  quiet, 
soon  fall  on  the  side,  and  die  without  any  symptoms  of  excitement.  Autopsy  shows  no 
lesion  except  intense  edema  at  the  site  of  injection  and  small  hemorrhages  here  and  in 
the  stomach    wall. 

Methenamine  appears  to  have  the  power  to  enter  into  combination  with  uric  acid, 
increasing  the  solubility  of  this.  Increased  purin  excretion  has  been  reported  from  its 
use  both  in  gouty  and  in  normal  persons.  It  is  said  to  act  as  an  antipyretic  when 
injected  intravenously,  but  this  effect  is  unimportant.  It  has  no  diuretic  action  (Ruh 
and  Hanzlyk)    as  has  been  claimed. 
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Therapeutics:  Disinfection. — For  the  disinfection  of  rooms  and  similar  purposes 
formaldehyde  gas  is  the  best  agent  at  our  disposal.  Many  ways  of  preparing  it  for  this 
use  are  in  vogue.  These  may  be  included  under  three  distinct  heads :  (1)  The  gas  may 
be  disengaged,  mixed  with  water  vapor,  by  heating  its  aqueous  solution  or  by  adding 
potassium  permanganate  to  the  solution;  (2)  it  may  be  reconverted  from  its  poly- 
merized form  (paraformaldehyde)  either  by  heat  or  by  oxidizing  agents,  preferably 
permanganate;  (3)  it  may  be  produced  extemporaneously  by  the  partial  combustion 
of  wood  alcohol.  Although  penetration  of  the  gas  may  be  helped  by  the  addition  of 
steam,  it  must  still  be  looked  upon  as  essentially  a  surface  disinfectant. 

Among  the  oxidizing  substances  used  to  liberate  formaldehyde  from  paraformal- 
dehyde or  from  formalin  are,  in  addition  to  potassium  permanganate,  sodium  dichro- 
mate,  perborates  and  other  peroxides,  and  quicklime. 

For  the  disinfection  of  a  room  of  2000  cubic  feet,  1  pound  of  permanganate  of 
potassium  is  placed  in  a  2  gallon  iron  pail  which  is  set  in  a  large  pan  of  cold  water. 
Then  a  quart  of  a  40  percent,  solution  of  formaldehyde  is  poured  on  the  perman- 
ganate, and  the  operator  immediately  leaves  the  room  to  escape  the  intensely  irritat- 
ing fumes.  Precautions  must  be  taken  against  fire  which  might  be  started  by  the 
intense  heat  produced  by  the  mixture  of  the  permanganate  with  formalin.  Instead 
of  the  permanganate  one  may  use  sodium  dichromate — 10  ounces  of  the  crystallized 
salt  to  1  pint  of  liqvior  formaldehydi  to  which  was  previously  added  iVa  fluidounces 
of  the  pharmacopeial  (strong)  sulphuric  acid.  In  still  another  method  a  mixture  is 
made  of  ammonium  sulphate,  6  parts,  and  formaldehyde  water,  8  parts,  to  which  is 
added  16  parts  of  calcium  oxide. 

However  prepared,  2  ounces  (60  Gm.)  of  pure  formaldehyde  gas  must  be  liberated 
for  each  thousand  cubic  feet  of  air  in  the  room,  which  must  then  be  tightly  sealed 
for  ten  hours.  Half  a  pint  (250  cc.)  of  formalin  may  yield  sufficient  gas,  although 
the  Pennsylvania  State  Board  of  Health  advises  twice  this  amount.  Watery  vapor 
must  be  present,  either  introduced  with  the  gas,  or  provided  for  by  preliminary  spray- 
ing and  the  placing  of  vessels  containing  water  about  the  room,  at  various  levels. 
Furniture  is  to  be  disinfected  by  spraying,  and  clothes  by  soaking.  A  0.5  percent, 
solution  is  sufficient.  After  its  work  is  done,  the  odor  of  the  gas  may  be  removed 
by  the  use  of  ammonia,  which  converts  formaldehyde  into  methenamine. 

Anatomical  ^and  Histological  Uses. — Formaldehyde  solutions  are  used  for  the 
preservation  of  museum  specimens,  for  embalming  corpses  for  dissection  purposes 
and  for  hardening  histological  specimens.  As  a  hardening  agent  a  4  percent,  solution 
of  the  official  liquor  is  used ;  for  museum  specimens  and  subjects  for  dissection  a 
10  percent,  solution. 

Topical. — A  1 :  500  to  1 :  250  dilution  of  formalin  is  used  as  a  mouth  wash,  and 
one  of  1:100  may  be  inhaled  (not  sprayed)  for  the  relief  of  coryza  and  in  chronic 
rhinitis.  Purulent  ophthalmia  and  trachoma  may  be  treated  by  a  collyrium  of  1: 1000 
to  1 :  500  dilution  of  formalin,  which  is,  however,  extremely  painful. 

Paraformaldehyde  in  10  percent,  suspension  in  collodion  is  a  useful  application 
to  warts  and  corns.  Epithelioma  of  the  face  has  been  removed  by  two  or  three  appli- 
cations of  formalin  at  four-day  intervals.  The  applications  are  painful  and  should 
be  preceded  by  local  anesthetization  of  the  part.  A  10  percent,  solution  may  be  mopped 
on  aphthous  ulcerations  of  the  mouth  after  a  preliminary  cocainization. 

Local  sweating  is  treated  successfully  by  painting  with  1  part  of  formalin  in 
3  of  glycerin,  or  in  5  to  10  parts  of  alcohol.  The  application  must  not  be  made  fre- 
quently or  for  too  long  a  time. 

Various  sTcin  affections,  impetigo,  pityriasis,  versicolor,  intertrigo,  furunculosis, 
and  other  pyodermias  are  treated  successfully  by  applications  of  equal  parts  of  ether 
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and  a  2  to  5  percent,  formalin  solution."  Kin{;cworm  fungus  may  often  be  destroyed 
by  painting  the  patch  with  liquor  formaldehydi  by  means  of  a  camel's  hair  brush.  A 
second  application  may  be  made  after  a  week  if  the  first  has  not  been  successful. 

Ilydaiid  cysts  of  the  liver  have  boen  treated  with  alleged  success  by  the  injection 
of  a  1  percent,  formalin  solution  which  is  retained  for  5  minutes  and  then  withdrawn 
by  aspiration. 

Formalin  in  weak  dilution,  0.1  percent,  gradually  increased  as  the  urethra  becomes 
less  sensitive,  is  sometimes  used  in  gonorrhea,  but  it  is  not  superior  to  permanganate, 
the  silver  salts,  especially  the  organic  and  colloidal  ones,  and  other  antiseptic 
substances. 

In  empyema,  aspiration  every  2  days  may  be  followed  by  the  injection  of  a  small 
quantity  of  2  percent,  formalin  in  glycerin.  Tuberculous  laryngitis  is  often  greatly 
benefited  by  the  use  of  formalin  as  originally  suggested  by  J.  Solis-Cohen.  The  larynx 
is  anesthetized  with  novocaine  or  cocaine  and  formalin  applied  to  all  ulcerations  and 
vegetations.  The  treatment  is  given  2  to  3  times  a  week,  beginning  with  a  1  percent, 
solution  and  gradually  increasing  to  10  percent.  The  pain  may  be  severe  at  first  but 
lasts  only  a  few  minutes.  Spraying  between  treatments  with  formalin,  1 :  500,  relieves 
the  dysphagia. 

Systemic. — Intravenous  injections  of  formaldehyde  water  were  at  one  time  advo- 
cated in  various  forms  of  septic  fever,  and  especially  in  puerperal  sepsis  and  septic 
pneumonia.  Disappointment  of  unwarranted  expectations  seems  to  have  led  to  too 
great  neglect  of  a  measure  having  viseful  possibilities. 

Certain  it  i§  that  in  many  obstinate  cases  of  infectious  arthritis,  both  subacute 
and  chronic,  both  of  rheumatic  and  other  origin,  and  whether  involving  one  or  many 
joints,  we  have  seen  remarkable  relief  and  even  apparent  recovery  follow  one  or  two 
injections.  From  15  to  30  minims  (1  to  2  cc.)  or  perhaps  40  minims  (2.6  cc.)  dis- 
solved in  100  to  250  cc.  of  distilled  water  or  of  physiologic  saline  solution  is  intro- 
duced slowly.  In  most  cases  there  is  neither  local  nor  general  reaction.  Rarely  there 
is  chill,  with  fall  of  temperature  followed  by  transient  elevation.  Albuminuria  has 
not  been  observed.  The  injection  may  be  repeated  in  a  week,  if  necessary,  in  chronic 
or  relapsing  cases,  and  after  two  or  three  days  in  subacute  cases.  Cardiac  compli- 
cations and  even  mild  nephritis  do  not,  apparently,  constitute  counterindications, 
although  one  hesitates  to  affirm  this  positively.  It  is  indeed  possible,  as  is  positively 
affirmed  by  many  clinicians,  that  the  method  may  prove  of  service  in  cases  of 
etidocarditis. 

Methenamine. — Methenamine  (hexamethylenamine)  and  its  compounds  act  by 
releasing  formaldehyde.  Since  this  release  can  occur  only  in  acid  media,  while  the 
blood  and  fluids  of  the  body  are,  in  general,  neutral  or  alkaline,  the  antiseptic  effect 
of  these  drugs  is  said  by  most  writers  to  be  manifest  only  in  the  urinary  passages,  and 
only  when  these  contain  acid  urine.  Nevertheless,  the  administration  of  methenamine 
is  advocated,  and  clinically  s^ems  to  be  of  distinct  service  in  other  than  urinary  infec- 
tions. It  is  regarded  by  many  practitioners  of  wide  experience  as  of  service  in  the 
treatment  of  infections  of  the  spinal  cord  and  its  membranes  and  also  of  the  upper 
respiratory  tract  and  of  the  bile  passages.  The  drug  is  found  in  the  cerebrospinal 
fluid,  in  the  bile,  and  in  the  secretions  of  the  nasal  mucous  membrane  after  its  oral 
administration.  Its  therapeutic  action  here  may  be  explained  by  assuming  that  the 
pathogenic  organisms  in  the  various  infections  of  these  parts  secrete  or  cause  the  local 
formation  of  acid  products  which  decompose  the  drug  and  set  free  the  germicidal 

'*This  must  not  be  confused  with  a  formaldehyde  solution.  Formalin  is  a  40  per- 
cent, solution  of  formaldehyde,  and  a  2  percent,  formalin  solution  is  1  part  of  liquor 
formaldehyde  in  50  parts  of  distilled  water. 
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formaldehyde.  Whatever  the  explanation  may  be,  however,  there  is  no  good  scientific 
basis  for  rejection  of  well-attested  clinical  observations.  It  is  simply  a  question  of 
the  accuracy  of  these  observations.  Nevertheless,  it  is  inconsistent  to  administer 
alkaline  remedies  in  conjunction  with  the  formaldehyde  compounds,  and  when  the 
former  are  deemed  needful  the  latter  must  be  omitted.  Neither  is  it  proper  to  admin- 
ister acids  at  the  same  time  with  methenamine  as  tliey  will  set  free  the  formaldehyde 
prematurely.  (Some  is  no  doubt  liberated  in  the  stomach,  but  that  is  unavoidable 
when  the  drug  is  given  by  mouth.)  Acid  sodium  phosphate,  to  render  the  urine  acid, 
may  be  given  an  hour  before  or  after  the  methenamine. 

In  typhoid  fever,  methenamine  has  two  indications  as  a  biliary  and  urinary  anti- 
septic: (1)  for  the  patient's  sake,  and  (2)  for  the  sake  of  public  health — to  diminish 
the  number  of  carriers.  It  may  well  be  given  from  the  first  in  doses  of  8  to  10  grains 
(0.5  to  0.6  Gm.),  largely  diluted,  four  times  a  day.  It  is  still  better  to  alternate  the 
formaldehyde  compound  with  guaiacol  carbonate  or  phenylsalicylate  (one  or  the  other 
every  third  hour,  day  and  night).  There  is  good  reason  to  believe  that  thus  used  it 
lessens  the  incidence  of  cholecystitis.  In  any  event,  its  use  should  not  be  delayed 
beyond  the  end  of  the  third  week,  and  should  then  be  kept  up  systematically  during 
and  after  convalescence  until  the  urine  is  free  from  typhoid  bacilli.  It  is  also  use- 
ful in  infectious  cholecystitis  of  other  than  typhoid  origin. 

The  intravenous  administration  of  methenamine  is  recommended  in  typhus  fever. 
It  is  given  in  daily  dose  of  23  to  45  grains  (1.5  to  3  Gm.)  for  from  2  to  8  days,  and 
is  said  to  reduce  the  temperature  and  increase  diuresis  with  elimination  of  the 
toxins.  In  an  extensive  trial  the  mortality  in  the  treated  cases  was  14  percent.,  the 
mortality  in  general  being  29  percent. 

The  drug  has  likewise  been  advocated  in  acute  poliomyelitis,  in  epidemic  and 
other  forms  of  meningitis.  The  mechanism  of  its  action  in  these  conditions  was 
discussed  with  the  pharmacodynamic  action.  In  encephalitis  epidemica,  Economo 
advises  a  daily  intravenous  injection  of  60  to  120  grains  (4  to  8  Gm.)  of  methenamine 
for  4  or  5  days  and  thereafter  in  divided  doses  by  the  mouth.  Netter  prefers  the 
oral  administration  in  all  cases,  stating  that  a  continuous  action  is  necessary  and  that 
the  drug  disappears  when  given  by  vein.  In  our  limited  experience  the  drug  has 
seemed  to  be  of  service  only  in  mild  cases  and  in  early  ones.  The  prophylactic 
use  of  methenamine  in  3  to  10  grain  (0.2  to  0.6  Gm.)  doses,  according  to  the 
age,  is  advocated  during  an  epidemic  prevalence  of  poliomyelitis.  StodHart  gives 
the  drug  in  10  grain  doses  thrice  daily,  alternating  with  acid  sodium  phosphate, 
in  general  paralysis  of  the  insane. 

Methenamine  has  been  used  in  cholecystitis  with  apparent  good  result,  although 
the  alkaline  nature  of  the  bile  would  seem  to  negative  the  possibility  of  release  of 
formaldehyde. 

Pregnant  women,  whose  children  in  former  births  have  died  of  icterus  neonatorum, 
have  been  treated  by  methenamine,  on  the  theory  that  the  affection  depends  on  maternal 
toxemia.  In  certain  cases  in  which  this  plan  had  been  followed  the  children  born 
subsequently  did  not  suffer  from'  jaundice,  but  there  is  little  evidence  that  this  was  due 
to  the  action  of  the  drug. 

Methenamine  is  given  with  great  apparent  benefit  in  acute  coryza  and  incipient 
catarrhal  affections  of  the  upper  respiratory  tract,  the  accessory  nasal  sinuses,  and 
middle  ear. 

Its  chief  use,  however,  is  in  Infections  of  the  urinary  tract — in  pyelitis,  cystitis, 
and,  in  especial,  urethritis.  It  is  undoubtedly  of  signal  utility  in  the  early  stages  of 
gonorrhea  in  the  male;  less  so,  naturally,  in  the  female.  It  is  said  to  prevent  the 
development  of  the  infection  if  injected  locally  in  30  to  45  grain  (2  to  3  Gm.)  doses 
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in  the  vngina — or,  in  the  other  sex,  taken  internally  in  dose  of  15  to  20  grains  (1  to 
1.3  Gm.),  after  exposure.  It  is  given  with  undoubted  benefit  also  in  prostatitis, 
vesiculitis,  phosphaturia,  and  coli  bacilluria  in  doses  of  10  to  15  grains  (0.6  to  1  Gm.), 
three  or  four  times  daily,  preceded  at  (mc-hour  interval  by  20  grain  (1.3  Gm.)  dose.s 
of  acid  sodium  phosphate.  It  has  been  suggested  also  in  the  treatment  of  tiricacidemia 
and  gout,  its  value  in  these  conditions  being  real  but  slight. 

Metlienamine  has  been  suggested  as  a  prophylactic  against  nephritis  in  scarlatina, 
in  diphtheria,  and  in  other  infections;  but  if  given  too  long,  or  in  excessive  dose, 
may  itself  act  as  an  irritant  to  the  kidneys.  In  scarlatina,  at  all  events,  the  use  of 
chloral  and  of  alkalis  is  to  be  preferred  in  the  prevention  of  kidney  involvement, 
but  methenamine  is  advised  for  use  in  this  affection  and  in  measles  as  a  prophylactic 
also  against  middle  ear  complications. 

JVlethenaniine  is  said  by  many  good  observers  to  be  an  efficient  diuretic.  This 
has  been  denied  on  the  basis  of  a  few  experiments  with  negative  outcome,  but  the 
evidence  on  the  positive  side  is  much  stronger  and  more  convincing. 

In  alopecia  areata,  on  the  assumption  that  the  decalvant  process  is  due  to  focal 
infection,  Barber  recommends  a  trial  of  methenamine. 

In  trypanosomiasis  Trout  employs  intraspinal  injections  of  an  autoserum  obtained 
after  giving  methenamine  intravenously,  and  claims  to  have  observed  good  results 
following  such  procedure. 

FoHMic  Acid. — Formic  acid  has  been  given  in  rJieurnatism  and  neuralgia  in  doses 
of  2  to  15  minims  (0.12  to  1  cc),  three  or  four  times  a  day,  this  use  having  been 
suggested  by  the  repeated  cures  of  rheumatism  by  bee-stings.  It  has  also  found 
employment  in  cases  of  muscular  tremor,  in  nystagmua,  and  as  a  cardiac  ionic  in 
infectious  fevers.  Subcutaneous  injections  have  been  given  locally  in  the  treatment 
of  epitheliumata  and  lupus,  from  5  to  15  minims  (0.3  to  1  cc.)  of  a  1 :  5000  to  1:  1000 
solution  being  the  usual  range  of  dose. 

Sodium  formate  is  usually  preferred  to  the  uncombined  acid  for  therapeutic  use 
as  causing  less  irritation.  It  is  somewhat  diuretic,  lessens  edema,  and  reduces  the 
loss  of  albumin  in  chronic  nephritis  and  cardiovascular  affections  when  given  in  doseS 
of  2  to  8  grains  (0.12  to  0.5  Gm.)  three  times  a  day.  Muscular  fatigue  and  the 
soreness  of  muscles  after  a  long  tramp  or  horseback  ride  are  sometimes  relieved  by 
formic  acid  or  the  formate;  the  N.F.  elixir  formatum  in  doses  of  two  teaspoonfuls, 
repeated  if  necessary  in  two  or  three  hours,  being  a  useful  preparation.  The  fatigue 
of  eyestrain  is  often  relieved  by  the  instillation  of  2  to  3  drops  of  a  1 :  40  sodium 
formate  solution. 

Paralysis  agitans  and  senile  tremor  are  sometimes  greatly  helped  by  sodium  for- 
mate in  3  to  5  grain  (0.2  to  0.3  Gm.)  doses  thrice  daily. 

Good  results  have  been  reported  from  the  use  of  sodium  formate  in  tuhprculosis — 
internally  in  doses  of  3  grains  (0.2  Gm.)  four  times  a  day  in  the  pulmonary  and 
laryngeal  forms,  by  local  subcutaneous  or  parenchymatous  injection  of  1  to  3  grains, 
according  to  age,  once  or  twice  a  week  in  lupus  and  joint  tuberculosis. 

Aromatic  Compounds 
Benzene 

Benzene,  or,  as  it  was  formerly  termed,  benzol,  is  a  colorless  liquid  of  pungent 
taste  and  odor,  readily  volatile,  but  less  inflammable  than  petroleum  benzin  which  it 
resembles  in  boiling  point  (80°  C.)  and  other  characteristics,  although  freezing  at 
0°  C.  It  was  discovered  by  Faraday  in  the  condensed  liquor  of  coal  gas,  and  was  not 
clearly  distinguished  from  the  liquid  obtained  by  the  fractional  distillation  of  petro- 
leum, until  great  confusion   had  arisen   in  regard  to   tlioir  nomenclature.     (Chemists 
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now  restrict  the  termination  "ol"  to  alcohols,  and  the  termination  "in"  to  paraffins; 
benzol  and  benzin  are  thus  not  proper  terms  for  this  substance.)  Benzene  is  used 
chiefly  as  a  solvent  in  commercial  processes,  and  industrial  poisoning  is  by  no  means 
rare.  It  was  introduced  into  medical  practice  as  a  parasiticide  and  as  a  preservative 
for  urine,  etc. 

Chemistry. — Benzene  (CgHg)  is  of  great  chemical  interest  as  the  basis  of  the 
entire  series  of  aromatic  compounds  which  are  of  such  great  importance  in  medicine 
and  the  arts.    Its  chemical  nature  has  been  discussed  in  Part  I. 

Siimmary  of  Actions  and  Uses.  Benzene  exerts  its  action  in  the  central  nerve  system 
and  on  the  white  blood  cells,  the  former  being  chiefly  affected  in  acute,  the  latter 
in  chronic  poisoning.  The  action  on  the  brain  and  cord  is  exerted  on  the  higher 
centers,  resulting  in  stupor  rather  than  true  narcosis;  unconsciousness  being  associated 
with  stimulation  of  the  motor  centers  in  the  medulla,  which  produces  twitching  and 
spasms  of  the  voluntary  muscles.  The  action  on  the  blood  is  seen  as  a  destruction  of  the 
polymorphonuclear  white  blood  cells,  and  degenerative  changes  in  the  lymphoid  tissues 
and  bone  marrow. 

Benzene  is  used,  like  kerosene,  for  the  destruction  of  animal  parasites  of  the 
skin.  It  has  no  bactericidal  power.  It  has  been  employed  as  a  volatile  anesthetic,  but 
the  motor  stimulation  interferes  with  such  use,  and  it  is  only  of  service  when  mixed  with 
more  reliable  narcotics  to  which  its  addition  appears  to  be  of  no  advantage.  In  recent 
years  its  destructive  action  on  leucocytes  led  to  its  advocacy  in  the  treatment  of 
leucemia. 

Materia  Medica. — ^Benzenum  (Br.),  Benzene.  Synonyms:  Benzole,  Phenyl 
Hydride. 

A  liquid  hydrocarbon  (C,H,)  obtained  from  light  coal-tar  oil.  It  is  a  colorless, 
mobile,  inflammable  liquid,  insoluble  in  water,  but  miscible  with  absolute  alcohol  or 
ether.    Specific  gravity,  0.880  to  0.887. 

Dose,  10  to  45  minims  (0.6  to  3  cc),  increased  cautiously. 

Benzenum  Medicinale  (N.N.K.),  Medicinal  Benzene.  Synonyms:  Medicinal  Ben- 
zol, Crystallizable  Benzol. 

A  colorless,  mobile  liquid,  possessing  a  strong,  characteristic,  but  not  disagree- 
able, odor  and  a  burning  taste;  insoluble  in  water,  but  soluble  in  90  percent,  alcohol 
and  in  carbon  disulphide;  it  is  miscible  with  absolute  alcohol  and  with  ether. 

Dose,  8  to  15  minims  (0.5  to  1  cc),  in  capsules  or  an  emulsion. 

Antipathogenic  Action. — Benzene  fumes  have  a  markedly  destructive  action  on  in- 
sects and  it  can  be  employed  for  the  destruction  of  vermin  in  a  manner  similar  to 
kerosene,  to  which  it  is,  however,  inferior. 

Benzene  poured  over  the  surface  of  a  contaminated  liquid  will  arrest  the  growth 
of  bacteria,  but  it  does  not  kill  them  and  when  it  is  evaporated  off,  they  grow  in  a 
normal  manner.  Even  when  kept  in  the  pure  substance  for  half  an  hour,  staphylococci 
are  not  destroyed.  Gram  negatives  organisms  are  more  quickly  killed.  Colon  bacilli 
suspended  in  salt  solution  shaken  with  benzene  are  destroyed  in  30  minutes   (Benians). 

Pharmacodynamic  Action:  Absorption  and  Elimination. — The  most  active  absorption 
occurs  when  the  inhaled  fumes  are  brought  in  contact  with  the  lungs.  More  than  half 
of  the  amount  contained  in  the  air  may  be  retained  and  gradually  given  off. 

Benzene  injected  hypodermically  in  oil  is  taken  up  very  slowly,  part  of  that  injected 
being  still  unabsorbed  after  a  day.  Taken  by  the  mouth  absorption  is  also  poor,  the 
greater  part  commonly  passing  out  with  stools. 

The  absorbed  benzene  is  stored  chiefly  in  the  brain  and  cord  (70  mgm.  per  100  Gm.) 
and  in  the  liver  (25  mgm.  per  100  Gm.),  smaller  amounts  being  found  in  the  blood  (12 
mgm.  per  100  Gm.)   and  kidneys. 

From  these  deposits  it  is  gradually  given  off,  about  half  being  excreted  unchanged 
by  the  lungs.  Part  of  the  remainder  is  oxidized  to  phenol  and  similar  bodies  and 
excreted  in  the  urine  as  sulphonates,  and  even  more  is  converted  into  muconic  acid 
(COOH.CH:CH.CH:CH.COOH)   which  also  appears  in  the  urine. 
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Topical  Action. — Prolonged  contact  with  the  skin  gives  rise  to  a  sensation  of  heat, 
and  may  cause  erythema.  When  considerable  amounts  of  pure  benzene  are  swallowed, 
burning  pain  in  the  stomach  with  vomiting  and  severe  cramplike  pains  are  likely  to  result. 
Inhalation  of  the  fumes  causes  irritation  of  the  mucous  membranes  of  the  nose  and 
bronchi,  with  sneezing  and  coughing.  Injected  hypodermically,  the  pure  substance 
destroys  the  surrounding  cells  and  may  lead  to  abscess  formation.  This  local  irritation 
is  avoided  when  it  is  dissolved  in  a  fixed  oil. 

Toxic  and  Systemic  Action:  Toxic  Dose. — Benzene  is  not  markedly  poisonous  to 
higher  animals  and  its  action  is  interfered  with  by  slow  absorption.  In  man  8  Gm. 
(2  drams)  have  been  swallowed  with  toxic  effect,  while  9  to  12  Gm.  (2^4  to  3  drams) 
caused  vomiting  and  unconsciousness,  followed  in  4  hours  by  delirium  (Lewin).  Death 
has  resulted  from  swallowing  30  Gm.  (1  ounce)    (Kelynack). 

Injected  hypodermically  mixed  with  a  small  volume  of  oil,  the  lethal  dose  in  dogs 
is  about  2  cc,  per  kilo  (15  m.  per  lb.)  although  in  divided  doses,  almost  twice  this 
amount  may  be  safely  given  within  three  hours.  Guinea-pigs  are  killed  by  3  cc.  per  kilo. 
Intraperitoneally  injected,  it  is  more  rapidly  absorbed  and  dogs  are  killed  by  1.75  cc.  per 
kilo. 

As  given  by  inhalation,  exact  figures  are  obviously  less  easily  arrived  at.  Dogs 
show  only  slight  stupor  from  prolonged  inhalation  of  air  containing  30  mgm.  per  liter 
(about  3  parts  in  100,000).  Death  results  in  an  hour  or  so  from  5  to  G  times  this  con- 
centration. Guinea-pigs  are  said  to  show  tremors  in  4i/4  and  narcosis  in  9  minutes  from 
benzene  vapor  slowly  bubbling  into  a  bell  jar  (30  bubbles  a  minute)  although  death  did 
not  occur  even  after  1%  hours,  when  the  air  was  saturated.  Men  are  apparently  more 
susceptible.  Mild  intoxication,  with  headache,  nausea  and  dizziness  is  common  in  per- 
sons working  in  establishments  where  benzene  is  employed  as  a  solvent,  and  fatal  poison- 
ing has  been  reported  among  them,  children  being  especially  susceptible.  In  several 
instances,  workmen  entering  tanks  which  had  contained  benzene,  have  fallen  unconscious 
almost  at  once,  and  died  in  a  few  minutes. 

Acute  Poisoning. — In  acute  poisoning  the  symptoms  are  largely  confined  to  the  cen- 
tral nerve  system.  In  the  frog,  injection  of  0.05  cc.  (1  minim),  is  followed  in  a  few 
minutes  by  complete  paralysis.  Soon  increased  sensitiveness  to  stimuli  is  noted,  and 
this  is  succeeded  by  peculiar  spontaneous  twitching  and  jerking  of  the  muscles  of  the 
body  and  limbs.  These  movements  are  increased  by  jarring  the  table  or  touching  the 
animal,  and  commonly  continue  until  the  heart  stops.  Similar,  but  milder  symptoms 
are  caused  by  placing  frogs  for  15  minutes  in  200  cc.  (7  ounces)  of  water  to  which  0.6 
cc.    (9  minims)   of  benzene  have  been  added. 

Mammals  given  a  single  large  dose,  show  excitement  with  tremor  of  the  voluntary 
muscles  accompanied  by  extreme  weakness  so  that  standing  becomes  impossible.  The 
animal  falls  on  its  side,  the  tremors  passing  into  running  or  walking  motions  or  even 
into  clonic  convulsions.  The  muscles  of  the  face,  lips,  eyes,  neck  and  trunk  are  also 
involved.  The  respiration  becomes  rapid  and  irregular,  and  in  dogs,  panting  in  char- 
acter and  uncountable.  Soon  a  gradually  deepening  narcosis  supervenes,  the  tremors 
slowly  lessening  and  finally  ceasing.  This  is  not  until  the  condition  of  the  animal  is 
serious.  Stimulation  of  the  motor  nerves  after  tremors  have  ceased,  shows  weakening 
but  not  loss  of  peripheral  response.  As  the  stupor  develops,  the  heart  becomes,  weak, 
and  rapid,  and  the  blood  pressure  falls,  partly  from  this  and  partly  from  combined 
central  and  peripheral  vasomotor  paralysis.  The  temperature  is  found  to  be  very  low, 
the  drug  depressing  the  heat  center  as  do  phenol  and  guaiacol.  In  guinea-pigs  the  tem- 
perature may  fall  from  their  normal,  39°  C,  to  as  low  as  29°  C.  In  this  species  glyco- 
suria occurs,  although  it  does  not  in  dogs. 

In  case  the  dose  is  not  fatal,  the  tremors  gradually  cease,  the  extreme  weakness 
persisting  longer.  The  forelegs  recover  before  the  hindlegs,  and  the  animal  may  walk 
about  for  a  time  dragging  these.  In  fatal  cases,  the  lungs  show  congestion  and  hemor- 
rhages and  the  veins,  especially  those  of  the  mesentery  and  brain,  are  distended  with 
blood.    The  left  ventricle  is  commonly  contracted,  the  right,  overdistended. 

When  benzene  is  given  by  inhalation,  the  symptoms  are  similar.  In  some  unre- 
ported experiments  (Githens)  dogs  breathed  a  stream  of  air  saturated  with  benzene 
vapor  for  two  or  three  hours,  and  recovered.  Tremors  began  in  a  few  minutes  and 
narcosis  came  on  in  an  hour  or  so,  the  tremors  still  persisting.  After  recovery  from 
the  narcosis,  there  were  slight  tremors  associated  with  extreme  weakness.  In  a  few 
animals,  death  followed  several  days  later,  from  inflammation  of  the  lungs. 
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Both  the  paralysis  and  the  tremors  appear  to  be  central  in  origin.  Nerves  and 
muscles  retain  their  irritability  until  death,  but  the  tremors  cease  on  section  anywhere 
behind  the  medulla.  As  they  continue  when  the  cerebrum  and  cerebellum  are  removed, 
they  probably  arise  in  the  medulla. 

Treatment  of  acute  poisoning  consists  in  inhalation  of  oxygen  with  artificial  respira- 
tion if  necessary.  Inhalation  of  dilute  ammonia  fumes  will  stimulate  the  respiration 
and  heart.  Lobeline  may  be  useful  as  a  respiratory  stimulant,  and  intracardiac  injection 
of  epinephrine  may  be  practiced  in  desperate  cases. 

Chronic  Poisoning. — Chronic  poisoning  is  characterized  by  changes  in  the  blood  and 
blood-making  organs.  In  some  cases  of  chronic  poisoning  in  workmen  exposed  to  ben- 
zene fumes,  it  was  found  that  the  blood  presented  a  peculiar  picture.  The  polymor- 
phonuclear leucocytes  had  disappeared  almost  entirely  and  the  other  white  cells  were 
much  reduced.  The  red  cells  were  not  markedly  affected  except  in  the  most  severe  cases, 
in  which  they  were  moderately  diminished  in  number.  This  condition  of  the  blood  has 
been  seen  repeatedly  since  and  can  be  reproduced  at  will  in  rabbits  by  giving  them  daily 
a  hypodermic  injection  of  1  cc.  (15  minims)  per  kilo  dissolved  in  oil.  After  the  second 
injection  the  leucocytes  begin  to  diminish,  about  half  of  them  disappearing  by  the  end 
of  the  third  day.  From  this  time  the  destruction  is  less  rapid,  but  after  ten  days  there 
are  hardly  any  left  in  the  circulating  blood.  Previous  splenectomy  has  little  influence 
on  these  changes.  In  contrast  to  the  x-rays,  which  injure  the  lymphocytes  most  severely, 
benzene  attacks  the  polynuclear  cells  first,  and  may  reduce  them  to  less  than  ten  per- 
cent, of  the  white  cells,  the  total  leucocyte  count  being  reduced  from  the  normal  9000 
per  cc.  to  less  than  100.  Death  results  from  6  to  9  injections,  often  occurring  several 
days  after  the  last  one.  Delayed  death  may  be  due  to  slow  absorption  from  the  sub- 
cutaneous tissues. 

The  blood-making  organs  are  severely  injured,  the  characteristic  cells  disappearing 
first  from  the  bone  marrow  and  then  from  the  spleen  and  lymph  glands.  The  small  lym- 
phocytes resist  longest  in  the  tissues  as  well  as  in  the  blood.  Degenerative  changes  are 
seen  within  24  hours  of  the  first  injection  and  after  the  third  a  marked  reduction  in 
the  number  of  cells  is  noted.  Finally  only  the  reticulum  remains.  In  case  of  recovery, 
the  cells  are  seen  again  3  or  4  days  after  the  last  injection,  as  compact  groups.  After 
about  18  days,  the  marrow  and  lymph  glands  have  not  only  recovered  their  normal  cell 
content,  but  even  show  hyperplasia.  The  changes  in  the  spleen  and  in  the  follicles  of 
the  intestine,  are  similar  to  those  described.  Degenerative  and  inflammatory  lesions 
may  also  be  seen  in  the  liver  and  kidneys  in  the  more  severe  cases   (Pappenheim). 

Other  changes  in  the  blood  are  also  noted.  The  red  cells  fall  from  the  normal 
6,000,000  to  5,000,000  or  even  less.  In  man  more  severe  anemia  may  be  found.  In  the 
rabbit  the  doses  mentioned  interfere  markedly  with  the  formation  of  antibodies 
(Hektoen). 

Therapeutics:  Topical. — Benzene  is  destructive  to  pedicuU  of  the  head  or  of  the 
pubic  region.  One  copious  application  will  usually  suffice  to  kill  the  parasites  and 
loosen  the  nits  so  that  they  can  be  readily  combed  out,  but  it  is  inferior  to  kerosene. 
It  is  useful  also  as  an  application  in  seborrhea,  being  painted  on  the  skin  or  brushed 
into  the  scalp. 

Systemic. — The  drug  has  been  recommended  in  the  treatment  of  whooping-cough 
but  its  value  in  this  affection  is  problematical. 

Its  destructive  action  on  leucocytes,  especially  lymphocytes,  has  led  to  its  use  in 
leucemia,  HodgTcin's  syndrome,  and  polycythemia,  but  the  practice  can  not  be  unre- 
servedly recommended.  The  cause  of  the  affection  is  not  reached,  and  there  is  danger, 
not  only  that  the  loss  of  white  cells  may  be  too  great,  but  that  an  aplastic  anemia 
may  ensue.  For  these  reasons  the  practice  may  be  dangerous,  and  at  all  events  it 
should  be  resorted  to  only  by  experts  in  blood  work,  favorably  situated  for  frequent 
controlling  observations.  Its  poisonous  action  and  the  difficulty  of  determining  when 
the  leucolytic  effect  will  cease,  necessitate  beginning  with  a  small  dose  (5  grains — 
0.3  Gm.),  the  effect  being  controlled  by  frequent  blood-counts,  and  larger  amounts 
being  given  only  when  the  patient's  tolerance  has  been  determined.  The  use  of  benzene 
may   be   associated  with   radiotherapy.      The   drug   should   be   withdrawn   before   the 
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leucocyte  count  approaches  normal,  for  the  reduction  is  apt  to  continue  for  some  time 
after  the  withdrawal ;  in  some  cases  even  leading  to  a  fatal  termination. 

Benzene  may  be  given  in  gelatin  capsules,  drojipcd  on  sugar,  in  an  emulsion  with 
olive  oil  and  mucilage  of  acacia,  or  by  enema.  The  dose  in  leucemia  may  be  gradu- 
ally increased  up  to  15  minims  (1  cc),  three  times  a  day,  if  the  blood-count  does 
not  show  a  too  rapid  leucolysis. 

Toluene 

Toluene  (toluol)  or  methyl  benzene  (CjHj.CH,)  resembles  benzene  both  in  its 
physical  characteristics  and  in  its  physiologic  action.  Like  this  its  presence  prevents 
the  growth  of  bacteria,  although  it  does  not  kill  them. 

In  frogs  and  mammals  it  induces  symptoms  like  tljose  caused  by  benzene,  char- 
acterized by  stupor  and  loss  of  power,  with  tremors  and  spasms,  and  accompanied 
by  fall  of  temperature.  The  topical  irritation  is,  however,  greater  and  the  muscular 
unrest  less. 

Toluene  is  more  poisonous  than  benzene.  When  inhaled  by  dogs,  stupor 
results  with  34  parts  in  1,000,000  of  air,  while  cats  and  rabbits  require  50  parts. 
By  hypodermic  injection  the  effective  dose  is  about  50  percent,  less  than  that  of 
benzene. 

Its  behavior  in  the  body  differs  widely  from  that  of  benzene.  Only  a  small  por- 
tion is  excreted  unchanged,  the  greater  part  being  oxidized  to  benzoic  acid,  and  appear- 
ing as  hippuric  acid  in  the  urine. 

Toluene  is  like  benzol  and  xylene  in  its  chemistry  and  physical  properties.  It  is  a 
preservative  of  vegetable  infusions.  It  is  employed  in  bacteriological  and  histological 
laboratory  work  mainly. 

Materia  Medica. — Toluene  (unofficial),  CgHjCHj.  Synonyms:  Methyl  Benzene, 
Toluol. 

This  is  a  colorless,  refractive,  inflammable  liquid  of  peculiar  aromatic  odor;  spe- 
cific gravity  about  0.865  at  25°  C. ;  boils  at  110°  to  112°  C. ;  miscible  with  alcohol,  ether, 
chloroform,  carbon  disulphide,  or  petroleum  benzin ;  dissolves  phosphorus,  iodine,  fats 
or  oils. 

Dose,  not  used  internally. 

Xylene 

Xylene  (xylol)  or  dimethyl  benzene  (CgH^:  (CHj)^)  is  a  mixture  of  three  isomers, 
consisting  chiefly  of  the  meta  compound  (TO  to  85  percent.).  It  resembles  benzene 
and  toluene  in  action,  standing  between  them  in  toxicity.  It  is  partly  converted  in 
the  body  into  toluic  acid  (C,H^(CH3)COOH)  which  appears  in  the  urine. 

Xylene  is  a  good  solvent  for  fats,  and  is  so  used,  chiefly  in  histology  and  bac- 
teriology. It  is  said  to  destroy  lice,  both  head  and  pubic,  at  the  same  time  dissolving 
off  the  nits  from  their  attachment  to  the  hairs.  An  antiparasitic  ointment  has  been 
suggested,  composed  of  iodine,  1  Gm;  in  xylene,  15  to  20  cc,  added  drop  by  drop  to 
a  sufficient  quantity  of  vaseline  to  make  100  Gm.  Chancroidal  buboes  are  sometimes 
treated,  after  opening,  by  filling  the  cavity  with  an  oily  preparation  of  iodoform,  1; 
xylene,  10 ;  in  olive  oil,  40. 

Materia  Medica. — Xylene  (unofficial),  CjHXCH,)^.  Synonyms:  Xylol,  Dimethyl- 
benzene. 

A  colorless  liquid  with  an  odor  resembling  that  of  benzene;  boils  at  130°  to  140' 
C;  specific  gravity  about  0.850  at  25"  C. ;  insoluble  in  water,  but  solul)le  in  alcohol, 
ether,  or  chloroform. 

Dose,  used  as  a  solvent. 
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Phenol 

Phenol,  or  carbolic  acid,  as  it  was  then  called,  was  first  introduced  into  medicine 
in  1839  in  the  form  of  crude  coal  tar,  which  found  extensive  use  as  an  antiseptic. 
The  crude  material  was  later  more  and  more  purified,  and  with  the  development  of 
knowledge  of  its  chemistry  came  the  introduction  of  similar  compounds,  such  as 
resorcin,  the  cresols  and  pyroeateehin.  Certain  related  compoiuids  which  occur 
naturally  can  be  made  from  coal  tar,  and  the  synthetic  benzoic  and  salicylic  acids  have 
largely  replaced  the  natural  products. 

There  was  originally  much  confusion  between  coal  tar  and  wood  tar,  it  being 
thought  by  many  that  phenol  was  merely  a  pure  form  of  creosote.  This  fallacy  must 
be  guarded  against. 

Chemistry. — Phenol  is  mono-hydroxy-benzol  (C.H^OH),  and  in  spite  of  its  former 
name  of  "carbolic  acid"  it  has  no  chemical  relationship  to  the  organic  acids.  Phenol 
has  a  peculiar  relation  to  water.  It  is  soluble  in  water  to  the  extent  of  about  1  in 
16  parts  and  water  is  soluble  in  it  to  the  extent  of  about  1  in  12  parts.  Between 
these  proportions  phenol  and  water  do  not  mix.  The  crystals  or  concentrated  solu- 
tions on  standing  develop  a  reddish  color.   This  does  not  interfere  with  its  usefulness. 

Phenol  is  extracted  from  that  portion  of  coal  tar  which  boils  between  150°  and 
180°  C,  by  treatment  with  lime,  is  precipitated  as  crude  carbolic  acid  by  addition 
of  hydrochloric  and  sulphuric  acid,  and  purified  by  crystallization. 

Summary  of  Actions  and  Uses. — Phenol,  like  most  of  the  efficient  antiseptics,  is  a 
protoplasm  poison,  even  weak  solutions  coagulating  proteins.  It  is  very  destructive 
even  to  skin  when  applied  in  concentrations  above  20  percent,  and  very  poisonous 
when  taken  internally.  Phenol  is  locally  anesthetic,  obtunding  pain,  but  not  obliterating 
all  sensation.  When  injected  in  pure  form,  it  mummifies  the  surrounding  tissues.  This 
interferes  so  greatly  with  absorption  that  quantities  which  would  be  fatal  if  given  after 
dilution,  may  be  injected  in  concentrated  form  without  danger  of  systemic  poisoning. 
Applied  to  wounds,  it  does  not  make  a  firm  or  adherent  clot,  and  is  readily  separated 
from  its  protein  combinations,  so  that  little  barrier  is  made  to  its  penetration  and 
systemic  poisoning  may  readily  result  from  topical  applications.  The  most  prominent 
systemic  effects  of  phenol  are  a  destructive  action  on  the  hemoglobin  leading  to  smoky- 
colored  urine;  irritation  and  inflammation  of  the  kidneys;  and  paralysis  of  the  respira- 
tory center,  which  is  the  usual  cause  of  death  in  acute  poisoning. 

The  cheapness  and  effectiveness  of  phenol  have  made  it  the  most  used  of  all  anti- 
septic substances,  so  that  all  other  germicides  are  compared  with  it  in  estimating  their 
efficacy  numerically,  a  so-called  "phenol  coefficient"  being  used.  This  is  the  amount  of 
phenol  required  to  kill  bacteria  within  a  given  time  divided  by  the  amount  of  the  other 
drug  required  to  effect  the  same  result.  Phenol  finds  extensive  use  as  a  bactericide  and 
antiseptic  outside  the  body,  and  is  used  in  high  dilution  as  a  parasiticide  on  the  skin. 
It  is  also  used  in  powders  and  washes  to  relieve  itching.  Internally  it  is  employed  in 
drop  doses  to  check  vomiting  and  prevent  fermentation  and  putrefaction  in  the  stomach 
and  bowel. 

It  has  been  given  parenterally  in  tuberculosis,  but  is  not  much  used  in  this  infection 
at  the  present  day. 

Materia  Medica. — Phenol  (U.S.X.),  Phenol.  Acidum  CarhoUcum  (Br.),  Carbolic 
Acid.    Ahhr.,  Acid.  Carbol.    Synonym:  Hydroxybenzene. 

Phenol,  or  carbolic  acid,  may  be  obtained  from  coal-tar  oil;  the  U.S.  preparation 
contains  not  less  than  98  percent,  of  pure  phenol,  CoHsOH.  Occurs  as  colorless,  inter- 
laced, or  separate  needle-shaped  crystals,  or  a  white  or  light-pink,  crystalline  mass; 
odor  characteristic  and  somewhat  aromatic;  taste,  sweetish  and  pungent.  When 
undiluted  it  cauterizes  and  whitens  the  skin  and  mucous  membranes.  One  Gm.  is 
soluble  in  about  15  cc.  of  water  at  25°  C;  it  is  very  soluble  in  alcohol,  glycerin,  chloro- 
form, ether,  carbon  disulphide,  fixed  and  volatile  oils,  and  in  petrolatum  and  liquid 
petrolatum. 


PHENOL  747 

Antagonists  and  Incompatihles. — The  alkalis  in  general  and  lime  in  especial  are 
incompatible;  also  the  ferrous  salts.  Oils  and  {glycerin  favor  the  absorption  of  phenol 
but  decrease  its  potency.  Alcohol  is  antagonistic  both  locally  and  systemically. 
Albumin  and  camphor  weaken  its  action. 

Synergusls. — The  antiseptics  in  general  are  synergistic  and  so  physiologically  are 
the  motor  depressants.  The  germicidal  power  is  increased  by  sodium  chloride  and 
hydrochloric  and  tartaric  acids. 

Dose,  1  to  2  grains  (0.06  to  0.18  Gm.). 

Phenol  Iodatum  (N.F.),  Iodized  Phenol,  Ahhr.,  Phenol  lodat.  Iodine,  20  per- 
cent.; phenol,  60  percent.;  glycerin,  20  percent. 

Dose,  used  as  a  germicide. 

Phenol  Liquefactum  (U.S.  X.),  Liquefied  Phenol.  Ahhr.,  Phenol  Liq.  Acidum 
Carholicum  Liquefactum   (Br.),  Liquefied  Carbolic  Acid.    Abhr.,  Acid.   Carbol.  Liq. 

Phenol  liquefied  by  mixing  with  10  percent.  (15  percent.,  Pr.)  of  water.  It  con- 
tains not  less  than  88  percent,  (proportionately  less,  Br.)  of  CoILOH,  A  colorless 
liquid  which  may  develop  a  red  tint  upon  keeping;  it  has  a  characteristic,  somewhat 
aromatic,  odor  and  a  sweetish,  pungent  taste.  When  diluted  with  an  equal  volume 
of  glycerin  the  mixture  is  miscible  with  water. 

Dose,  1  to  3  minims  (0.06  to  0.2  cc.)  ;  caustic,  when  undiluted. 

Suppository  Acidi  Carbolici  (Br.),  Phenol  Suppositories.  Ahhr.,  Supp.  Acid. 
Carbol. 

Each  suppository  contains  about  1  grain  (0.067  Gm.)  of  phenol  in  oil  of  theo- 
broma  and  white  beeswax  base. 

Dose,  1  to  3  suppositories  in  24  hours. 

Trochiscus  Acidi  Carbolici  (Br.),  Phenol  Lozenge.    Ahhr.,  Troch.  Acid.  CarboL 

Phenol,  15  Gm. ;  sugar,  500  Gm. ;  gum  acacia,  45  Gm,;  powdered  tragacanth, 
15  Gm. ;  lemon  juice,  45  cc.  To  make  500  lozenges.  Each  lozenge  contains  V2  grain 
(0.03  Gm.)  of  phenol. 

Dose,  1  to  4  lozenges  in  8  hours. 

Glyceritum  Phenolis  (U.S.  X.),  Glycerite  of  Phenol.  Ahhr.,  Glycer.  PhenoL 
Synonym:  Glycerite  of  Carbolic  Acid. 

Liquefied  phenol,  20  cc. ;  sodium  citrate,  1  Gm. ;  boiling  distilled  water,  1  cc. ; 
glycerin,  79  cc. ;  dissolve  the  sodium  citrate  in  the  boiling  water  and  add  the  phenol 
and  glycerin  previously  mixed. 

Dose,  3  to  5  minims  (0.2  to  0.3  cc). 

Unguentum  Phenolis  (U.S.  X.),  Ointment  of  Phenol.  Ahhr.,  Ung.  Phenol.  Syno- 
nym:  Carbolic  Acid  Ointment. 

Phenol,  2  Gm. ;  yellow  wax,  5  Gm.;  petrolatum,  93  Gm. 

Dose,  for  external  use  as  a  disinfectant. 

Petroxolinum  Phenolis   (N.F.),  Phenol  Petroxolin.    Ahhr.,  Petrox.  Phenol. 

Phenol,  5  Gm. ;  liquid  petroxolin,  95  Gm. 

Dose,  used  externally  as  an  antiseptic  and  local  anesthetic. 

Petroxolinum  Phenolis  Camphoratum  (N.F.),  Camphorated  Phenol  Petroxolin. 
Ahhr.,  Petrox.  Phenol.  Camph. 

Phenol,  12.5  Gm.;  camphor,  37.5  Gm.;  liquid  petroxolin,  50  Gm.  Mix  the  cam- 
phor and  phenol  and  when  the  mixture  has  liquefied  add  the  liquid  petroxolin. 

Dose,  used  externally  as  an  analgesic. 

Aqua  Phenolata  (N.F.),  Phenolated  Water.  Ahhr.,  Aq.  Phenol.  Synonym:  Car- 
bolic Acid  Water. 

Liquefied  phenol,  22  cc. ;  distilled  water,  978  cc. 

Dose,  used  as  a  lotion  or  gargle. 
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Oleum  Phenolatum  (N.F.),  Phenolated  Oil.  Ahhr.,  01.  Phenol.  Synonym: 
Carbolized  Oil. 

Phenol,  5  Gm. ;  cottonseed  oil,  95  Gm. 
Dose,  external  use  only. 

Antipathogenic  Action. — The  most  varying  estimates  are  given  of  the  germicidal 
activity  of  phenol.  This,  in  fact,  differs  greatly  in  relation  to  different  germs,  and  is 
also  modified  considerably  by  environmental  conditions,  particularly  the  temperature, 
the  culture  medium  and  the  presence  of  proteins. 

Temperatures  approaching  or  exceeding  100°  F.  (38°  C.)  considerably  increase  its 
activity.  Thus  anthrax  spores,  which  at  room  temperature  may  resist  for  several  days, 
succumb  in  three  hours  to  a  5  percent,  solution  at  37.7°  C. 

Efficacy  is  favored  also  by  the  addition  of  substances  which  increase  the  penetrabil- 
ity of  the  microorganisms — for  example,  hydrochloric  acid  and  tartaric  acid;  and  also 
sodium  chloride  and  other  neutral  salts  which  decrease  the  solubility  of  the  antiseptic 
agent  in  water  relatively  to  that  in  protoplasm.  Thus  a  mixture  containing  2  percent. 
of  phenol  with  1  percent,  of  hydrochloric  acid  or  2  percent,  of  tartaric  acid  kills  anthrax 
spores  in  24  hours,  although  none  of  these  substances  alone,  in  the  same  strength,  does 
so  in  30  days.  A  1  percent,  solution  of  phenol  which  has  no  effect  on  pus  cocci  in  5  min- 
utes becomes  effective  in  1  minute  upon  the  addition  of  12  to  24  percent,  of  sodium 
chloride.  On  the  other  hand,  the  antiseptic  power  of  phenol  is  almost  abolished  by  solu- 
tion in  oil  or  strong  alcohol  as  well  as  by  the  presence  of  camphor  and  certain  other 
substances  with  which  it  enters  into  a  physical  combination  which  is  not  readily  broken 
up.  The  presence  of  albumin  also  interferes  with  its  action.  Figures  as  to  its  activity 
are  therefore  of  little  value  unless  exact  details  of  the  technic  are  given. 

The  reproduction  of  saprophytes  in  bouillon  is  delayed  by  the  presence  of  0.1  per- 
cent, and  prevented  by  0.5  percent,  to  1  percent.,  but  4  percent,  is  required  to  kill  them. 
Pathogenic  organisms  differ  widely  in  their  susceptibility  according  to  species  and 
experimental  conditions.  Very  little  is  often  required  to  stop  growth,  but  unless  stronger 
solutions  are  used  the  organisms,  when  washed  free  of  phenol,  will  recover.  The 
growth  of  Staphylococcus  pyogenes,  diphtheria,  colon  and  typhoid  bacilli  is  prevented 
by  0.25  percent,  to  0.5  solution,  according  to  the  medium.  Typhoid  and  cholera  bacilli  in 
water  are  killed  in  15  minutes  by  a  1  percent,  solution;  in  fecal  matter  a  3  percent, 
solution  destroys  these  organisms  in  about  an  hour,  while  in  pus  a  5  percent,  solution  is 
ineffective.  The  virulence  of  tubercle  bacilli  is  reduced  by  weak  solutions,  but  exposure 
to  a  5  percent,  solution  for  24  hours  is  needed  to  kill  them  in  sputum.  The  spores  of 
anthrax  are  very  resistant,  even  6  percent,  not  killing  a  suspension  in  water  within  a 
week.  When  10  to  20  percent,  of  salt  is  added,  however,  the  spores  are  killed  in  2  to  3 
days,  and  even  by  1  percent,  phenol  in  5  days. 

The  antiseptic  power  of  phenol  when  applied  directly  to  living  tissues  is  not  to  be 
estimated  solely  by  its  action  on  microbes  outside  the  body.  It  coagulates  proteins,  and 
in  a  strength  of  5  percent,  precipitates  gelatinous  and  albuminous  substances.  In  this 
way  it  not  only  imprisons  virulent  germs  in  the  albuminous  magma  but  also  renders 
the  tissues  less  penetrable  and  therefore  more  resistant.  Its  coagulative  action  tends 
likewise  to  arrest  the  blood  in  the  capillaries,  diminishing  the  absorption  of  toxins  and 
modifying  the  phenomena  of  exudation.  It  has  also  the  power  of  arresting  the  ciliary 
movements  of  cells  and  the  migration  of  leucocytes,  which  may  be  helpful  or  harmful 
according  to  circumstances.  In  the  test-tube,  concentrated  phenol  destroys  the  virulence 
of  toxins. 

Phenol,  in  a  concentration  of  about  3  percent.,  checks  the  action  of  the  digestive 
ferments. 

Pharmacodynamic  Action:  Adsorption  and  Elimination. — Phenol  is  quickly  taken 
up  from  the  skin,  from  wounds,  from  all  mucous  membranes  and  from  the  subcu- 
taneous cellular  tissue.  Systemic  poisoning  therefore  may  follow  its  local  application, 
especially  to  wounds  or  cavities.  The  liability  to  such  accident  is,  however,  dimin- 
ished by  the  use  of  highly  concentrated  solutions,  the  surface  coagulation  hindering 
absorption. 

From  the  stomach  small  amounts  are  absorbed  very  rapidly,  the  greater  part  being 
taken  up  within  10  minutes.  When  large  amounts  are  swallowed  almost  half  is  absorbed 
very  rapidly  and  then  absorption  is  suddenly  checked.  This  check  is  due  to  the  action 
of  the  absorbed  phenol  and  not  to  topical  action  on  the  stomach  and  occurs  when  a 
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definite  concentration  has  been  reached  in  the  blood.     Alike  with  large  and  small  doses, 
only  minimal  amounts  pass  into  the  bowel. 

In  the  organism  phenol  undergoes  complex  chemical  changes.  From  30  to  60 
percent,  of  the  absorbed  quantity  is  oxidized  to  oxyphenols;  hydrochinon,  pyrocatechin 
and  possibly  other  compounds  being  formed,  and  these  in  part  are  further  oxidized 
into  oxalic  and  carbonic  acids.  The  unoxidized  portion  gives  rise  to  phenyl-sulphuric 
acid  ( CsHj . O .  SOjOH )  and  phonyl-glycuronic  acid  which  form,  with  the  alkaline  bases, 
phenyl  sulphonates  and  glycuronates.  Analogous  compounds  are  formed  by  the  oxy- 
phenols. As  these  chemical  changes,  which  lead  to  tiie  formation  of  substances  much 
less  toxic  than  phenol  itself,  take  place  largely  in  the  liver,  the  drug  is  much  less  toxic 
when  it  is  taken  up  from  the  stomach  and  bowel  than  if  absorbed  by  the  skin,  bladder, 
uterus,  etc. 

Phenol  is  excreted  almost  entirely  in  the  urine  as  the  sulphonates  and  glycuronates, 
already  mentioned.  It  is  excreted  uncombined  to  a  slight  extent  by  the  lungs,  and 
occasionally,  in  severe  poisoning,  by  the  kidneys.  Small  amounts  may  be  found  in  the 
saliva,  perspiration  and  other  secretions  after  laige  quantities  have  been  absorbed. 
None  is  found  in  the  stools.  Excretion  is  rapid — most  of  a  single  dose  passes  out  within 
4  hours  and  almost  all  within  12. 

"When  phenol  has  been  absorbed  in  large  doses,  the  urine  becomes  of  a  dark  color, 
varying  from  olive  green  to  a  deep  brown.  This  may  be  evident  at  once  after  voiding, 
or  develop  only  upon  standing.  In  either  event  it  deepens  with  exposure  to  air,  and 
seems  to  be  owing  to  further  transformation  of  the  oxidation  products,  especially  hydro- 
quinon  and  pyrocatechin.  The  intensity  of  the  discoloration  bears  no  relation  to  the 
degree  of  intoxication,  but  its  appearance  at  all  is  a  sign  of  danger.  Ferric  chloride 
added  to  such  urine  will  usually  produce  a  blue  color. 

Topical  Action. — Phenol  precipitates  proteins,  forming  with  them,  however,  so  loose 
a  combination  that  it  can  readily  be  washed  out  of  the  precipitate.  As  a  result  it  tends 
to  penetrate  more  deeply  than  do  the  metallic  protoplasm  poisons.  Applied  to  the  skin, 
its  effects  differ  according  to  the  concentration.  Weak  solutions  (1  to  4  percent.)  cause 
tingling,  numbness  and  local  anesthesia,  which  may  be  transient  or  persist  for  hours, 
according  to  the  strength  of  the  application  and  individual  susceptibility.  If  the  appli- 
cation is  prolonged  the  epidermis  is  destroyed,  and  later  desquamates.  5  percent,  solu- 
tions are  irritant,  and  stronger  solutions  caustic,  causing  first  a  temporary  burning 
sensation,  which  is  quickly  followed  by  anesthesia.  This  may  extend  through  all  the 
thickness  of  the  skin  and  for  half  an  inch  or  more  around  the  area  of  the  application. 
The  epidermis  becomes  white;  later,  if  the  contact  has  been  but  momentary,  red. 
Alcohol  prevents  this  topical  action  or,  applied  soon  afterward,  restores  normal  color 
to  the  whitened  skin.  When  pure  acid  or  a  concentrated  solution  is  applied,  or  when 
the  contact  of  weak  solutions  is  prolonged,  a  superficial  white  eschar  is  formed,  which 
later  separates  by  sloughing — usually  leaving  a  peripheral  red  zone  of  inflammation; 
or  there  may  be  extensive  and  deep  destruction  of  tissue,  the  skin  becoming  red, 
brownish-red  and  finally  black.  The  pain  is  often  very  great,  but  suppuration  rarely 
ensues.  Sometimes,  however,  there  is  a  dry  gangrene,  coming  on  painlessly  and  in- 
sidiously. This  may  occur,  especially  upon  the  fingers,  whenever  dressings  containing 
even  so  little  as  2  percent,  of  phenol  are  kept  in  position  for  a  day  or  two  without 
removal.  Prolonged  application  to  the  skin  of  dressings  impregnated  with  even  very 
dilute  solutions  may  give  rise  to  erythema,  vesiculation  or  more  rarely  to  a  widespread 
scariatiniform  eruption,  which  is  occasionally  very  painful  and  accompanied  by  fever. 
Oily  solutions  of  phenol  are  hardly  more  than  one-tenth  as  irritating  as  aqueous  solutions. 
Glycerin  solutions  up  to  10  percent,  do  not  irritate.  Ointments  made  with  petrolatum 
irritate  moderately;  a  5  percent,  ointment  provokes  redness  of  the  skin.  Phenol  crystals 
rubbed  with  one-half  to  twice  as  much  camphor  liquefy,  and  the  resulting  liquid  is  not 
irritant  even  to  mucous  membranes. 

In  contact  with  mucous  membranes  phenol  produces  a  whitish  eschar,  or  simply 
a  change  of  color,  according  to  the  concentration  of  the  solution.  Anesthesia  promptly 
follows  the  initial  burning.  When  it  is  applied  or  swallowed  pure  or  in  a  high  degree 
of  concentration  the  mucous  membrane  of  the  mouth  and  throat  become  white,  dry 
and  hard.  It  is  less  likely  to  affect  the  gastric  mucous  membrane  when  the  stomach 
contains  food,  especially  fatty  matter.  In  concentrations  of  1  percent,  and  over,  it 
causes  inflammation  of  the  stomach. 

Subcutaneous  injections  of  even  small  amounts  of  pure  phenol  induce  local  necrosis 
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with  separation  of  a  black  slough,  leaving  a  stubborn,  painful  ulcer.  Injected  deeply 
into  the  tissues  it  causes  little  immediate  pain  as  the  sensory  nerves  are  at  once 
numbed  and  soon  destroyed. 

The  circulatory  changes  which  precede  and  help  to  occasion  the  local  necrosis  have 
been  studied  on  the  frog  mesentery  and  on  the  rabbit  ear.  If  a  drop  of  1  percent, 
phenol  is  applied  to  the  mesentery  of  a  curarized  frog,  the  vessels  contract  and  then 
return  to  normal  width.  No  leucocytosis  or  extrusion  of  white  blood  cells  occurs,  but 
the  central  stream  slows  until  it  equals  the  peripheral  along  the  vessel  wall.  Soon  the 
red  cells  begin  to  adhere  to  the  vessel  walls,  forming  a  deepening  layer,  which  grad- 
ually brings  the  circulation  to  a  stop.  Thrombosis  does  not  occur  until  later,  and  the 
corpuscles  can  be  shaken  loose  from  the  wall.  With  5  percent,  solution  the  phenomena 
are  similar  but  more  rapid. 

Application  of  5  percent,  phenol  to  the  rabbit's  ear  causes  primary  vasoconstriction 
surrounded  by  a  red  zone,  with  marked  slowing  of  circulation  and  a  tendency  for  the 
red  cells  to  adhere  to  the  vessel  walls.  Thrombosis  occurs  much  later,  as  phenol  inter- 
feres with  clotting. 

Toxicity:  Toxic  Dose. — Phenol  is  extremely  toxic  for  all  animals,  invertebrate  and 
vertebrate.  Fish  and  lower  aquatic  animals  die  quickly  when  small  amounts  are 
added  to  the  water. 

Frogs  die  in  convulsions  12  to  24  hours  after  injections  of  0.25  to  0.5  mgm.  per 
gram,  and  after  several  days  from  doses  of  0.1  mgm.  The  surrounding  temperature  has 
little  influence  on  the  poisonous  dose. 

Mice  are  killed  by  0.3  to  0.35  mgm.  per  gram.  For  larger  mammals  the  fatal  dose 
varies  from  0.35  Gm.  per  kilo  in  the  rabbit  to  0.7  Gm.  in  the  guinea-pig.  Cats  are  much 
more  susceptible,  dying  after  injections  of  0.1  Gm.  per  kilo.  The  fatal  doses  by  mouth 
are  from  25  to  50  percent,  higher. 

Symptoms  of  Poisoning.— Frogs  given  a  toxic  dose  of  phenol  show  first  a  period 
of  depression,  followed  by  increased  reflexes.  Soon  begin  disordered  movements  of  the 
legs  which  pass  into  clonic  convulsions.  The  muscles  contract  independently  of  one 
another  so  that  the  motions  are  very  irregular  and  spasmodic.  In  a  warm  room  the 
period  of  clonic  spasms  passes  into  one  of  increasing  weakness  but  the  tremors  con- 
tinue until  death.  If  the  frog  is  kept  at  a  temperature  slightly  above  freezing  the  con- 
vulsive factor  is  increased  at  the  expense  of  the  paralytic,  and  extensor  convulsions 
resembling  true  tetanus  are  seen. 

In  mammals  the  first  symptoms  of  poisoning  are  increased  reflexes  and  rapid  respira- 
tion. Soon  tremors  and  weakness  of  the  voluntary  muscles  are  noted  which  interfere 
with  walking  and  even  prevent  standing.  The  tremors  suggest  shivering  and  are 
interrupted  by  clonic  convulsive  attacks.  Reflexes  are  increased  until  progressive  weak- 
ness lessens  them.  Death  occurs  in  convulsions  or  recovery  follows  with  gradual  lessen- 
ing of  tremor  and  return  of  strength. 

Carbolic  acid  poisoning  in  man  is  very  frequent.  Phenol,  being  easily  obtained  and 
known  to  act  quickly,  is  frequently  taken  with  suicidal  intent.  Its  solutions  have  also 
been  swallowed  in  mistake  for  whisky  or  medicinal  preparations.  Poisoning  may  like- 
wise result  from  external  applications  of  the  drug,  or  inhalation  of  the  vapor.  Marking 
inks  containing  strong  phenol  have  produced  accidental  burns  upon  the  surface  of  the 
skin. 

The  fatal  dose  of  phenol  for  man  is  about  0.07  Gm.  per  kilo,  equivalent  to  75  grains 
(5  Gm.)  for  a  man  weighing  150  pounds;  but  given  in  doses  of  10  or  even  5  grains 
(0.3  to  0.6  Gm.)  it  may  give  rise  to  serious  disturbances.  Individual  susceptibility  to 
the  drug  varies  greatly.  As  a  rule  young  children  are  peculiarly  sensitive  to  its  toxic 
influence,  and  women  are  much  less  resistant  than  men.  In  suicidal  cases,  crude  car- 
bolic acid  which  may  contain  products  even  more  toxic  than  phenol  itself  has  often 
been  used.  Thus  the  minimal  lethal  dose  for  man  cannot  be  fixed  accurately.  Usually 
the  quantity  taken  is  large,  a  half-ounce  (15  Gm.)  or  more.  In  the  adult,  death  has 
been  reported  from  80  grains  (5  Gm.)  and  severe  symptoms  from  8  grains  (0.5  Gm.). 
Untoward  symptoms  have  resulted  from  a  single  vaginal  injection,  and  death  from  the 
external  application  of  one-half  ounce  or  less  in  watery  solution.  A  child  of  six  years 
was  poisoned  by  3  grains  (0.2  Gm.),  and  a  younger  child  by  drinking  16  cc.  of  3  percent, 
solution  containing  0.5  Gm.  (8  grains);  and  cases  are  on  record  of  death  in  infants, 
after  application  to  an  erythematous  chafed  skin  of  compresses  moistened  with  2  and 
3  percent,  solutions.     In  a  girl  of  five  years,  treated  for  10  days  by  irrigation  of  the 
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ear  with  phenol  solution  (1:75),  followed  by  instillation  of  5  drops  of  a  5  percent, 
glycerin  solution,  hematuria  appeared  two  days  ajfter  the  applications  had  been 
discontinued. 

Infectious  maladies  associated  with  nervous  depression  increase  the  susceptibility 
to  phenol.  In  a  case  of  typhoid  fever,  sponging  from  a  basin  of  water  containing  15 
grains  (1  Gm.)  of  phenol,  was  followed  in  a  few  hours  by  death,  apparently  owing  to 
the  drug.  Alcoholics  appear  to  have  a  heightened  systemic  resistance,  while  said  to  be 
eiipecially  liable  to  gangrene  from  its  external  us^ 

Poisoning  from  inhalation  occurs  not  only  when  the  drug  is  administered  in  this 
way,  but  also  when  sprays  have  been  used  to  charge  the  air  of  an  apartment  for  disin- 
fectant purposes,  or  in  connection  with  surgical  operations,  as  in  the  early  practice  of 
Listerism. 

In  poisoning  from  local  applications  of  phenol,  the  region  and  the  method  of  use 
appear  to  exert  some  influence.  Untoward  accidents  and  even  death  have  not  uncom- 
monly resulted  from  injections  into  hemorrhoids  or  into  the  cellular  tissue  about  the 
rectum.  Possibly  the  production  of  embolism  has  something  to  do  with  this.  Toxic 
symptoms  are  also  likely  to  follow  when  even  a  small  quantity,  especially  of  a  dilute 
solution,  has  been  left  in  cavities  which  do  not  empty  themselves  readily;  for  example, 
the  pleural  sac.  Applications  of  the  undiluted  phenol  producing  coagulation  of  the 
superficial  cells,  block  the  absorbent  channels,  and  are  not  so  likely  to  be  followed  by 
systemic  poisoning.  As  conversion  to  less  toxic  compounds  takes  place  largely  in  the 
liver,  much  smaller  doses  are  toxic  when  absorbed  from  any  other  part  than  from  the 
alimentary  tract. 

The  symptoms  of  acute  intoxication  follow  very  quickly  after  absorption  of  the 
poison.  When  a  large  quantity  has  been  swallowed,  gastroenteric  irritation  may  be 
masked  by  the  overwhelming  nervous  prostration;  the  patient  falling  unconscious 
almost  immediately  and  dying  in  collapse  within  a  few  minutes.  When  intoxication 
occurs  more  gradually  or  from  less  massive  doses,  there  may  be  experienced  burning 
pain  in  the  mouth,  gullet  and  stomach,  followed  by  painful  salivation  and  vomiting. 
The  vomitus  may  be  blood-stained,  and  emit  a  strong  odor  of  phenol.  The  odor  is  also 
present  in  the  breath.  The  lips,  tongue  and  pharynx  will  exhibit  characteristic  white, 
corrugated  eschars.  Not  rarely  there  is  a  brief  period  of  nervous  excitement,  and 
usually  headache  and  vertigo,  noises  in  the  ears,  and  formication,  tingling  and  numb- 
ness of  the  extremities.  With  or  without  these  preliminary  symptoms,  prostration  soon 
ensues.  The  pulse  and  respiration  are  at  first  accelerated;  quickly  becoming  irregular, 
I'eeble  and  intermittent.  The  skin  is  pale  or  livid,  cold  and  covered  with  moisture. 
Ordinarily,  there  is  complete  anesthesia  of  the  mucous  membranes  and  abolition  of 
reflex  movements.  The  pupils  are  contracted,  and  may  be  immobile.  Stupor  (in  rare 
instances,  delirium)  and,  finally,  unconsciousness  intervene;  with  death  by  respiratory 
paralysis  in  the  course  of  a  few  hours.  Convulsions,  although  the  rule  in  animals 
poisoned  by  phenol,  are  rare  in  man.  Sometimes,  however,  life  is  prolonged  for  two 
days  or  more,  and  the  final  collapse,  which  is  then  likely  to  be  cardiac,  may  be  preceded 
by  deceptive  improvement.  In  some  cases,  pneumonia  follows,  and  is  the  immediate 
cause  of  death.  The  urine  is  scanty;  discoloration  may  be  evident  when  it  is  passed, 
or  develop  only  upon  standing.  It  may  yield  an  odor  of  phenol.  Albumin,  blood  and 
hemoglobin  may  be  present.  If  treated  with  nitric  acid  and  afterwards  with  an  alkaline 
hydroxide,  the  urine  becomes  upon  concentration  reddish  or  brownish  red,  changing 
to  pea  green  and  afterwards  to  violet.  Urine,  to  which  phenol  has  been  added  outside 
the  body,  does  not  respond  to  this  test. 

In  cases  in  which  phenol  poisoning  has  occurred  from  gradual  absorption  from 
external  applications,  or  the  cumulative  effect  of  internal  administration,  the  first 
sign  of  poisoning  may  be  the  diminution  or  disappearance  of  the  inorganic  sulphates 
of  the  urine,  as  shown  by  the  failure  of  barium  to  cause  a  precipitate,  after  removal  of 
albumin.  This  is  due  to  the  binding  of  all  available  sulphate  as  sulphonate.  In  chronic 
intoxication,  there  is  nephritis  with  loss  of  appetite  and  a  peculiar  marasmus  with 
progressive  loss  of  strength.    Death  results  from  the  kidney  lesion. 

Postmortem  examination  may  show  only  corrosive  lesions  in  the  alimentary  tract. 
Fatty  degeneration  has  been  found  in  the  liver  and  kidneys,  but  is  constant  only  when 
life  is  prolonged.  If  pneumonitis  be  present,  it  is  usually  of  the  lobular  type  and  may 
be  accompanied  by  pseudo-membranous  or  purulent  inflammation  of  the  bronchial 
tubes. 
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Chemical  study  shows  phenol  stored  especially  in  the  brain,  less  in  the  blood,  liver 
and  kidneys. 

Treatment  of  Phenol  Poisoning. — The  chemical  antidote  to  phenol  and  its  con- 
geners is  the  sulphuric  ion  (804),  with  the  salts  of  which  it  forms  comparatively  in- 
nocuous compounds.  Combination,  however,  does  not  take  place  in  the  alimentary  tract, 
but  in  the  blood.  A  soluble  and  absorbable  sulphate  must  therefore  be  administered,  and 
if  necessary,  by  hypodermic  or  intravenous  injection,  for  which  purpose  sodium  sulphate 
is  to  be  preferred. 

Animal  experiments  seem  to  show  that  when  injected  and  not  taken  up  from  the 
stomach,  sodium  sulphite  alone  is  effective,  the  sulphate  being  without  action  on  phenol 
after  absorption.  Sulphites  are,  however,  somewhat  toxic.  3  Gm.  of  phenol  requires 
4  Gm.  sodium  sulphite  for  chemical  neutralization. 

Sodium  sulphite,  diluted  sulphuric  acid,  and  magnesium  sulphate  also  have  been 
used  successfully  by  mouth  in  comparatively  large  doses.  The  discordant  opinions  con- 
cerning the  value  of  the  sulphates  as  antidotes  in  phenol  poisoning  probably  depend 
upon  the  differences  in  the  choice  of  compounds  and  methods  of  administration. 

For  local  neutralization  of  the  poison,  calcium  compounds,  which  form  insoluble 
salts,  are  useful.  Limewater  may  be  used  freely,  and  saccharate  of  lime  is  still  better, 
if  at  hand.  This  substance,  however,  requires  three  days  for  its  preparation  and  is 
not  always  to  be  obtained  in  emergencies.  Chalk  may  be  given  in  powder  or  suspension. 
Alcohol  dissolves  phenol  and  washes  it  away  from  the  tissues.  It  is  a  local  but  not  a 
constitutional  antidote.  The  alcoholic  solution  of  phenol  which  is  formed  may  be 
absorbed  and  continue  the  intoxication,  alcohol  diluted  by  the  immense  quantity  of 
blood  seeming  to  have  no  further  power  to  hold  back  phenol  from  its  action  upon 
protoplasm.  Alcohol  given  by  mouth  with  barely  fatal  doses  of  phenol,  however,  hastens 
death    (Macht). 

Atropine,  strychnine,  caffeine,  cocaine  and  camphor  may  be  given  hypodermically 
to  antagonize  the  symptoms.  Opium  is  rarely  necessary  to  relieve  pain,  but  minute 
doses  of  morphine,  carefully  handled,  may  sometimes  aid  in  sustaining  the  heart  against 
shock.  The  danger  of  increasing  coma  and  interfering  with  renal  function  must  not 
be  overlooked.  Demulcent  drinks,  especially  albumin  water,  may  be  given  if  the  patient 
is  able  to  swallow,  and  a  suspension  of  bismuth  is  sometimes  useful  as  a  protectant 
covering  to   the  lesions. 

Emetics  are  useless  on  account  of  the  anesthesia  of  the  stomach  and  would  be 
dangerous  even  were  this  not  the  case. 

After  a  preliminary  draught  of  alcohol  or  limewater,  the  stomach  should  be  care- 
fully washed  out,  if  possible,  with  a  siphon  tube,  with  an  alkaline  solution.  The  admin- 
istration of  oils  and  of  glycerin  has  been  objected  to  as  favoring  absorption  of  the  drug. 
Oily  solutions,  however,  are  not  nearly  so  toxic  as  aqueous  solutions,  as  shown  by  their 
Very  low  antiseptic  power,  and  there  is  a  good  deal  of  clinical  experience  in  favor  of  the 
administration  of  olive  oil  and  alkaline  soaps. 

When  coma  is  present,  injections  of  ether  may  be  tried.  In  lesser  degrees  of  Insen- 
sibility, when  swallowing  is  still  possible,  strong  coffee  may  be  administered.  Faradism 
and  friction  to  the  skin  sometimes  aid  in  maintaining  respiration,  and  if  the  patient 
survives  long  enough  artificial  respiration,  with  forced  insufflations  of  oxygen,  as  in 
other  types  of  asphyxia,  may  be  of  some  slight  assistance.  Subnormal  temperature  may 
be  treated  with  external  application  of  heat  and  hypodermic  injection  of  cocaine.  When 
poisoning  has  occurred  from  external  applications,  the  site  of  application  should  be 
washed  with  alcohol  and  sodium  sulphate  administered,  or  better,  injected  intravenously. 

Systemic  Action:  Digestive  Tract. — Phenol  has  a  sweetish  taste.  It  stimulates  the 
secretion  of  saliva,  and  possibly  of  gastric  juice.  Intoxication  is  often  accompanied  with 
profuse,  painful  salivation.  In  medicinal  doses,  properly  diluted,  it  will  neither  irritate 
the  alimentary  tract  nor  interfere  with  digestion. 

It  may  excite  a  slight  sensation  of  warmth  in  the  stomach.  It  restrains  fermenta- 
tion, and  under  pathologic  conditions  may  indirectly  promote  digestive  activity.  Its 
power  to  check  vomiting  may  depend  in  part,  at  least,  upon  a  local  anesthetic  action. 
In  excessive  doses  0.5  Gm.  (714  grains),  it  causes  anorexia,  nausea,  eructations,  and  if 
the  solution  be  concentrated,  gastroenteric  irritation,  with  abdominal  cramp,  vomiting 
and  diarrhea.  Gastroenteric  symptoms  may  also  appear  as  a  part  of  the  toxic  phe- 
nomena following  external  application  of  the  drug,  possibly  from  excretion  into  the 
alimentary  tract.    Only  traces  of  phenol  are  found  in  the  intestine  after  ingestion. 
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In  vitro,  even  5  percent,  solutions  of  phenol  are  not  destructive  to  the  digestive 
ferments,  although  solutions  above  1  percent,  interfere  with  their  action. 

The  isolated  bowel  is  paralyzed  by  0.01  percent,  of  phenol,  the  tonus  falling  and 
the  spontaneous  motions  ceasing   (Guggenheim  and   Loffler). 

Blood. — Phenol,  even  in  large  doses,  has  no  effect  on  the  blood  during  life.  In- 
jected, it  may  of  course  give  rise  to  local  coagulation,  by  precipitating  the  albumin. 

Added  in  small  amounts  to  blood  in  vitro,  it  stops  the  motions  of  the  leucocytes. 
In  larger  quantity  it  destroys  the  red  cells  and  causes  the  formation  of  methemoglobln 
and  a  darkening  due  to  destructive  action  on  the  hemoglobin.  The  reduced  coagulabil- 
ity seen  in  poisoning  is  not  a  direct  effect  of  the  drug,  although  addition  of  small 
amounts  somewhat  delay  clotting  in  vitro.  Added  to  suspensions  of  white  cells  and 
bacteria  in  vitro,  it  prevents  phagocytosis  In  a  dilution  of  1  to  200  and  lessens  It  In 
1  to  450  (Mainwaring  and  Ruh). 

Circulation.— In  small  dose,  phenol  has  little  effect  on  the  heart  or  blood  vessels; 
but  in  large  doses  (60  to  200  mgm,  per  kilo)  it  causes  a  depression  of  the  vasomotor 
center  with  fall  of  blood-pressure,  which  may  be  obscured  by  the  rise  due  to  muscular 
tremors.  The  heart  muscle  is  paralyzed  by  direct  action,  and  the  heart  becomes  weak 
and  irregular,  finally  stopping  in  diastole.  At  first  it  is  likely  to  be  rapid  from  paralysis 
of  the  vagi.  In  dogs  the  fall  of  blood-pressure  results  chiefly  from  cardiac  depression 
(Pilcher  and  Sollmann). 

In  acute  poisoning  in  man  there  is  feebleness  of  the  heart  and  fall  of  pressure,  this 
being  partly  due  to  the  actions  mentioned  and  partly  secondary  to  the  general  collapse. 
"When  convulsions  occur,  these  cause  a  temporary  rise  of  pressure,  but  as  a  rule  the 
heart  is  too  deeply  affected  by  the  time  the  respiration  fails,  for  a  like  effect  to  result 
from  the  asphyxia. 

Frog  vessels  perfused  in  vitro  are  contracted  at  first  but  soon  all  response  of  the 
walls  ceases. 

Respiration. — After  toxic  doses  of  phenol,  respiration  becomes  shallow,  at  first  accel- 
erated, especially  in  rabbits,  and  afterwards  slow,  labored,  intermittent  and  stertorous, 
the  dyspnea  increasing  in  degree  until  death.  When  the  course  is  prolonged,  pneumonia 
sometimes  develops. 

The  shallow,  rapid  respiration  is  believed  to  be  partly  due  to  stimulation  of  the 
pulmonary  vagi,  as  it  becomes  slower  and  deeper  after  section  of  these  nerves.  Phenol 
given  to  animals  whose  vagi  are  previously  cut  causes  some  slowing,  showing  that  the 
center  is  also  influenced  directly. 

Metabolism. — The  only  effect  of  small  doses  of  phenol  on  metabolism  is  an  increase  in 
the  excretion  of  paired  sulphates  and  a  corresponding  reduction  of  free  inorganic 
sulphates  in  the  urine. 

The  urine  shows  in  addition  to  the  double  sulphates  of  phenol,  hydrochinon  and 
pyrocatechin,  paired  glycuronates  of  the  same  substances.  Oxidation  products  of  the 
latter  give  a  dark  green  or  brownish  color  to  the  urine  and  as  they  reduce  copper  solu- 
tions, their  presence  may  be  mistaken  for  glycosuria. 

Temperature. — Phenol  reduces  temperature  by  a  direct  action  on  the  heat  produc- 
ing center.  This  action  is,  like  that  of  other  antipyretics,  more  marked  in  fever;  but 
low  temperature  is  a  prominent  symptom  of  poisoning  as  well. 

Skin. — There  is  an  increase  of  sweat  which  is  central  as  shown  by  failure  to  occur 
after  section  of  the  nerves.  The  sweat  secretion  of  the  sole  of  the  cat's  foot  may  be 
increased  20  times  by  injection  of  0.06  Gm. 

Nerve  System. — The  systemic  action  of  phenol  is  almost  confined  to  its  effect  on 
the  central  nerve  system;  and  there  is  hardly  a  portion  of  this  which  escapes  its  action. 
The  higher  cerebral  centers  are  paralyzed,  which  results  in  the  dizziness  and  stupor, 
so  characteristic  of  phenol  poisoning  in  both  man  and  animals.  The  vasomotor  and 
respiratory  centers  are  also  affected  by  moderate  doses,  and  it  is  paralysis  of  the  latter 
which  most  frequently  is  the  cause  of  death.  The  action  on  the  cord  Is  complex,  con- 
sisting in  paralysis  of  the  sensory  horns  and  stimulation  of  the  motor.  There  is  first 
a  general  muscular  weakness,  followed  by  tremors  of  all  the  voluntary  muscles,  and 
ending  In  violent  tetanic  convulsions  like  those  from  strychnine.  These  phenomena  of 
irritation  yield  shortly  to  paralysis  probably  affecting  the  motor  horn  cells.  In  man  the 
stage  of  irritation  is  very  brief  or  entirely  absent.  In  dogs  it  is  striking  and  in  frogs 
it  dominates  the  picture  of  intoxication. 

The  peripheral  sensory  and  motor  nerves  are  paralyzed  by  local  application,  but 
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only  by  such,  concentrations  as  are  never  reached  in  the  body;  although  the  local  anes- 
thesia and  the  tingling  following  systemic  use  indicate  a  paralyzing  action  on  the  sensory 
nerve  endings. 

Voluntary  muscles,  as  shown  by  experiments  on  frog  muscles  in  vitro  are  weak- 
ened by  large  doses  given  before  their  removal  from  the  body. 

In  spite  of  considerable  study,  the  mechanism  of  the  convulsions  and  paralysis  are 
not  entirely  clear.  In  the  frog,  section  of  the  cord  reduces  the  intensity  of  the  tremors 
below  the  point  of  section,  but  does  not  prevent  them.  After  application  of  2  percent, 
phenol  to  the  exposed  cord,  stimuli  applied  to  the  hind  legs  do  not  elicit  reflex  response, 
but  sensory  stimulation  above  the  point  of  application  causes  normal  response  in  front 
of  and  increased  response  beyond  the  treated  spot.  This  indicates  a  selective  paralyzing 
action  on  the  sensory  tract  with  stimulation  of  the  local  reflex  arc.  Application  of  such 
a  solution  to  the  medulla  causes  stupor  followed  by  tremors  and  clonic  convulsions. 

In  the  dog  phenol  applied  to  the  cord  induces  muscular  cramps  in  the  hind  legs 
with  reduction  of  the  sensitiveness  of  the  skin.  Application  to  the  medulla  is  followed 
by  a  similar  condition  in  the  muscles  and  skin  of  the  neck.  If  the  cerebral  cortex  is 
removed  convulsions  can  still  be  caused  by  injections  of  phenol,  but  not  after  removal 
of  the  basal  ganglia. 

It  appears  that  the  tremors  are  due  to  stimulation  of  the  motor  ganglia  in  the  base 
of  the  brain  and  especially  of  the  cells  in  the  anterior  horns  of  the  cord.  The  paralysis 
is  both  cerebral  and  spinal. 

Therapeutics:  Topical. — Phenol  enjoys  the  distinction  of  having  been  the  agent 
■with  which  Lister  inaugurated  the  era  of  antiseptic  surgery,  and  those  of  the  now 
rapidly  disappearing  generation  who  witnessed  the  beginnings  of  this  revolution  in 
surgical  technique  well  remember  the  pungent  odor  of  the  carbolic  spray  and  the 
tingling  of  hands  and  fingers  so  annoying  to  the  operator  and  his  assistants.  They 
remember  the  fact  also  that  the  surgical  house-staff  in  a  busy  hospital  enjoyed  almost 
complete  immunity  from  head  colds  during  their  terms  of  service. 

Phenol  is  employed  as  a  disinfectant  of  the  bed  linen  and  clothing  of  a  patient 
with  scarlet  fever  or  other  infectious  disease,  the  articles  being  soaked  in  a  hot  1 :  40 
aqueous  solution  for  some  time  before  being  sent  to  the  laundry.  It  is  also  added 
to  the  stools  and  other  discharges  of  a  typhoid  or  dysenteric  patient  for  an  hour 
before  they  are  emptied. 

Diphtheria  carriers  are  sometimes  relieved  of  their  burden  by  swabbing  the 
mouth  and  throat  with  glycerite  of  phenol.  Milne  recommends  the  application  by 
spray  or  swabbing  of  a  10  percent,  phenol  oil  to  the  throat  of  scarlet  fever  patients 
during  the  first  four  or  five  days  of  the  attack  in  order  to  protect  the  attendants 
and  others  from  infection. 

A  useful  application  for  swabbing  or  painting  the  mucosa,  in  subacute  and 
chronic  affections  of  the  nasal  passages,  pharynx  and  larynx,  is  a  solution  of  phenol 
1  to  3 ;  iodine  1  to  3 ;  potassium  iodide  VA  to  4:V2,  in  glycerin  500. 

Phenol  is  of  service  in  the  treatment  of  many  dermatoses,  especially  those  of 
parasitic  causation.  It  is  employed  in  psoriasis,  scabies,  sycosis,  and  eczema  in  2  to 
20  percent,  solution  or  ointment — ^the  ointment  is  a  convenient  form  for  the  weaker 
applications  and  the  petroxolin  or  the  glycerite  for  the  stronger  ones.  In  pedicu- 
losis capitis,  hot  flannel  compresses  soaked  in  a  1 :  40  phenol  solution,  are  applied  to 
the  closely  cropped  scalp,  but  less  dangerous  remedies  are  to  be  preferred.  Por  alopecia 
areata,  painting  the  bare  areas  with  pure  liquefied  phenol  has  been  advised,  but  it 
would  seem-  to  be  pretty  heroic  treatment  if  the  patches  are  of  large  size.  Pruritus  is 
often  relieved  by  the  application  of  a  1  percent,  solution  or  ointment  of  phenol.  For 
pruritus  ani  a  stronger  application  is  advised,  such  as  the  official  glycerite  or  25  per- 
cent, phenol  with  an  equal  amount  of  salicylic  acid  in  glycerin. 

A  toil  may  sometimes  be  aborted  by  the  injection  into  its  center  of  one  drop  of 
liquefied  phenol ;  or  if  it  is  pointing,  a  sharpened  match-stick  dipped  into  pure  phenol 
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may  be  thrust  into  tlie  softened  spot.  A  carbuncle  also  may  sometimes  be  arrested 
by  the  injection  of  a  drop  of  pure  phenol  in  from  one  to  three  places  according  to 
the  size  of  the  lesion.  Buboes  and  tuberculous  glands  may  be  reduced  in  size  by 
a  solution  of  15  minims  (1  cc).  each  of  phenol  and  hydrocldoric  acid  and  10  grains 
(0.6  Gm.)  of  pepsin  applied  on  compresses  covered  with  an  impermeable  dressing. 
Disfiguring  keloids  may  sometimes  be  softened  by  the  same  means.  Malignant  pustules 
may  be  widely  incised  and  swabbed  with  pure  phenol.  In  nottw.,  good  is  sometimes 
accomplished  by  cutting  away  the  gangrenous  part  and  touching  the  edges  with  pure 
phenol  followed  by  dabbing  with  alcohol.  The  spread  of  erysipelas  is  said  to  be  ar- 
rested by  criss-cross  scarification  of  the  skin  just  beyond  the  edge  of  the  red  area  and 
the  application  to  the  scarified  ring  of  a  5  percent,  phenol  solution;  but  the  measure 
may  well  be  reserved  for  exceptional  cases.  Areas  of  the  skin  which  are  healing 
after  severe  burns  may  be  protected  against  infection  by  a  1:60  phenol  dressing,  and 
at  the  same  time  the  cicatrization  will  be  accelerated.  In  smallpox  the  comfort  of  the 
patient  is  promoted  and  pitting  is  to  an  extent  prevented  by  daily  inunctions  with  a 

1  percent,  oily  preparation  of  eucalyptus  oil  and  phenol. 

Pure  liquefied  phenol  may  be  used  to  cauterize  the  wound  made  by  a  rabid  ani- 
mal when  nitric  acid  or  the  actual  cautery  is  not  available.  "Fourth-of-July"  injuries 
and  other  wounds  in  which  infection  with  tetanus  germs  is  feared  should  be  laid 
open  and  treated  with  strong  antiseptics,  of  which  pure  phenol  followed  by  alcohol 
is  among  the  best.  Anthrax  may  at  times  be  prevented  from  becoming  generalized  if 
the  initial  malignant  pustule  is  surrounded  by  injections  of  pure  phenol. 

Hypopyon  ulcer  of  the  cornea  may  be  treated  with  phenocamphor  (a  liquid  mix- 
ture of  camphor  and  phenol)  applied  by  a  pointed  match-stick  puncturing  the  edges 
of  the  ulcer;  or  with  pure  phenol  applied  on  a  sharp  stick  and  well  rubbed  into  the 
spreading  margin  of  the  lesion. 

Payr  treats  acute  arthritis  of  infectious  origin  by  injection  into  the  joint  of 
15  minims  (1  cc.)  of  phenocamphor  (liquefied  phenol,  30;  camphor,  60;  dehydrated 
alcohol,  10). 

Hemorrhoids  are  treated  by  some  practitioners  with  phenol  injections  to  produce 
coagulation  and  shrinkage.  A  number  of  formulae  for  these  injections  are  in  use, 
but  the  simplest  is  a  20  percent,  solution  of  phenol  in  glycerin,  or  the  official  glycerite 
of  phenol.  Tuttle's  solution  is  preferred  by  some  surgeons.  It  consists  of  phenol,  2 
drams  (8  Gm.) ;  salicylic  acid,  30  grains  (2  Gm.)  ;  borax,  60  grains  (4  Gm.)  ;  glycerin, 
to  make  1  ounce  (32  cc).  From  1  to  5  drops,  according  to  the  size  of  the  tumor, 
are  injected,  through  an  ordinary  hypodermic  needle.  The  injection  may  be  repeated 
in  5  days,  only  one  pile  being  treated  at  a  sitting.  The  method  is  not  devoid  of  danger, 
death  attributed  to  embolism  having  followed  it. 

The  Italian  surgeons,  following  Bacelli,  have  treated  tetanus  with  phenol,  giving 
4  or  5  subcutaneous  injections  daily  of  1  to  2  grains   (0.06  to  0.13  Gm.)   each  in 

2  or  3  percent,  aqueous  solution,  or  in  5  percent,  oil  solution.  This  was  said  to  be 
successful  in  many  cases  of  even  fully  developed  tetanus.  Its  use  should  not  lead  to 
the  neglect  of  antitoxin. 

Phenol  is  sometimes  added  to  chaulmoogra  oil,  in  the  proportion  of  1  part  to 
75  of  oil,  in  the  treatment  of  leprosy  by  intravenous  injection,  the  statement  being 
made  that  the  specific  efficacy  of  the  oil  is  enhanced  thereby. 

Vomiting  is  sometimes  arrested  by  drop  doses  of  phenol  in  water.  The  drug  is 
recommended  in  the  treatment  of  achylia  gastrica;  it  is  given  in  doses  of  ^2  to 
^4  grain  (0.03  to  0.05  Gm.)  in  coated  pills.  The  same  treatment  is  advised  for 
myasthenia  gastrica. 

Phenol  is  occasionally  useful,  either  by  mouth  or  hypodermically,  in  pulmon^y 
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tuberculosis,  hronchopneumonicu,  hronchorrhea  and  similar  resistant  infections  of  the 
respiratory  tract.  It  may  be  given  alone  or  associated  with  iodine,  eucalyptol  or  other 
agents.  In  systemic  infections  it  has  been  largely  replaced  by  equally  potent  and  less 
dangerous  remedies. 

Administration:  Topical. — For  local  application  as  an  antiseptic,  phenol  must  be  well 
diluted  arid  not  applied  in  large  volume  to  absorbent  surfaces,  on  account  of  the  danger 
of  systemic  poisoning.  As  applied  to  small  areas,  where  some  destruction  of  tissue  is 
not  undesirable,  as  in  the  cavities  of  infected  teeth,  or  on  granulation  tissue,  it  m,ay 
be  applied  full  strength  or  diluted  with  1  to  4  volumes  of  water  or  glycerin.  If  dissolved 
in  oil,  it  loses  its  caustic  action  and  may  be  used  more  freely,  but  with  due  regard  to 
the  avoidance  of  systemic  poisoning.  Mixtures  of  phenol  and  camphor,  containing  20 
to  60  parts  of  phenol  in  100,  commonly  with  10  parts  of  alcohol,  are  powerful  anti- 
septics, the  topical  irritation  from  which  is  slight  with  the  lower  proportions  of  phenol. 
Such  mixtures  on  cotton  swabs,  may  be  used  for  treatment  of  vaginitis,  endometritis, 
middle  ear  disease  and  fistulous  tracts.  If  large  amounts  of  phenol  are  applied  to  any 
mucous  membrane,  the  application  may  be  followed  by  washing  with  alcohol,  which 
checks  the  local  action.  For  infections  of  the  skin,  a  1  to  25  percent,  solution  in  oil 
or  glycerin  may  be  used. 

For  injection  into  carbuncles  or  hemorrhoids,  or  around  anthrax  nodules,  80  per- 
cent, phenol  in  water  should  be  employed,  as  this  causes  a  local  necrosis,  hindering 
absorption. 

Systemic. — By  mouth,  phenol  in  dilute  solution  in  glycerin  or  water,  or  %  to  1 
grain  (0.015  to  0.06  Gm.)  in  coated  pills  or  in  capsules  may  be  given.  Phenol  may  be 
administered  hypodermically  for  systemic  effect  in  1  to  5  percent,  solution  in  vegetable 
oil,  which  is  probably  better  adapted  to  such  use  than  watery  or  glycerin  solutions. 

Resorcin  and  Pyrogallol 

Apart  from  phenol,  four  hydroxyl  substitution  products  of  benzol  are  of  pharma- 
cologic interest.  These  are  the  three  isomeric  di-hydroxy-benzols — ortho-  (1.2.)  pyro- 
catechin,  meta-  (1.3.)  resorcin  and  para-  (1.4.)  hydrochinon — and  one  tri-oxy-benzol, 
(1.2.3.)  pyrogallol.    Phloroglucin  (1.3.5.)  is  of  importance  as  a  chemical  reagent. 

t^  Summary  of  Actions  and  Uses. — ^The  dihydroxybenzols  resemble  phenol  to  a  certain 
extent,  being  less  destructive  both  to  low  forms  of  life  and  to  organized  tissues,  but 
sharing  the  property  of  stimulating  the  nerve  centers  and  paralyzing  the  nerve  end- 
ings, both  sensory  and  motor.  Their  behavior  in  the  body  is  also  similar  to  that  of 
phenol.    Phloroglucin  has  similar  effects  but  is  only  one-third  as  toxic  as  resorcin. 

Pyrogallol  bears  little  resemblance  in  action  to  these  compounds.  It  is  a  very 
powerful  oxidizing  agent  and  by  this  property  is  able  to  attack  and  destroy  the  hemo- 
globin and  thus  the  red  blood  cells.  The  alteration  of  the  blood  thus  produced  domi- 
nates the  systemic  action  so  completely  that  no  other  action  is  observed. 

Only  resorcin  and  pyrogallol  are  employed  as  medicaments.  Resorcin  Is  used 
topically  in  certain  skin  conditions  associated  with  infection  and  especially  in  affections 
of  the  scalp,  such  as  seborrhea.  Internally  it  has  been  used  as  an  antipyretic,  which 
use  is  to  be  condemned,  and  to  relieve  the  paroxysms  of  whooping  cough.  Resorcin  mono- 
acetate  is  insoluble  and  releases  resorcin  slowly.   Hexylresorcinol  is  a  powerful  germicide. 

Pyrogallol  is  used  In  affections  of  the  skin  attended  by  scaling,  such  as  psoriasis, 
and  as  a  destructive  in  epithelioma.     It  is  not  used  internally. 

Materia  Medica. — ^Kesorcinol  (U.S.  X.),  Resorcin.  Synonym:  Metadihydroxy- 
benzene. 

Occurs  as  colorless,  or  nearly  colorless,  needle-shaped  crystals,  or  powder.  It 
has  a  faint  characteristic  odor  and  a  sweetish,  followed  by  a  bitter,  taste.  Soluble 
in  less  than  one  part  of  water  or  of  alcohol ;  freely  soluble  in  glycerin  and  in  ether ; 
soluble  in  olive  oil;   slightly  soluble  in  chloroform. 

Antagonists  and  Incompatibles. — Caustic  alkalis  and  spirit  of  nitrous  ether  are 
incompatible. 
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Synergists. — Salicylic  acid,  phenol,  quinine,  antipyretics,  and  antiseptics  are 
physiologically  synergistic. 

Dose,  2  to  4  grains  (0.13  to  0.25  Gm.). 

Past.'^  Resorcinolis  Fortis  (N.F.),  Strong  Resorcinol  Paste.  Ahhr.,  Past.  Resor* 
cin.  Fort.    Synonym:  Lassar's  Stronger  Resorcinol  Paste. 

Resorcinol,  zinc  oxide,  starch,  of  each,  20  Gm.;  light  liquid  petrolatum,  40  Gm. 

Dose,  external  use  only. 

Pasta  Resorcinolis  Mitis  (N.F.),  Mild  Resorcinol  Paste.  Ahhr.,  Past.  Resorcin, 
Mit.    Synonym :  Lassar's  Mild  Resorcinol  Paste. 

Resorcinol,  10  Gm.;  zinc  oxide,  starch,  of  each,  25  Gm. ;  light  liquid  petrolatum, 
40  Gm. 

Dose,  external  use  only. 

Unguentum  Resorcinolis  Compositum  (N.F.),  Compound  Resorcinol  Ointment. 
Ahhr.,  Ung.  Resorcin.  Co. 

Resorcinol,  zinc  oxide,  bismuth  subnitrate,  rectified  oil  of  birch  tar,  of  each, 
6  Gm.;  yellow  wax,  10  Gm.;  petrolatum,  25  Gm. ;  anhydrous  wool  fat,  28  Gm.; 
glycerin,  13  Gm. 

Dose,  external  use  as  an  antiseptic  and  astringent. 

Oleum  Betul/E  Empyreumaticum  Rectificatum  (N.F.),  Rectified  Oil  of  Birch 
Tar.    Ahhr.,  01.  Bet.  Empyr.  Rect.    Synonym  :  Rectified  Empyroligneous  Oil  of  Birch. 

The  pyroligneous  oil  obtained  by  dry  distillation  of  the  bark  and  wood  of  Betula 
alha  Linne  (Fam.  Betulacete).  A  limpid  dark  brown  liquid,  having  a  penetrating 
empyreumatic  odor. 

Dose,  used  as  an  ointment  in  6  percent,  strength  with  resorcinol  and  other  sub- 
stances. 

Resorcinol  Monoacetate  (IST.N.R.),  Resorcin  Acetate.    Synonym:  Euresol. 

The  monoacetic  ester  of  resorcinol.  A  viscous,  lemon  yellow  liquid;  soluble  in 
alcohol,  acetone  and  most  organic  solvents;  sparingly  soluble  in  water.  It  has  a  faint 
characteristic  odor  and  burning  taste. 

Dose,  externally  in  the  form  of  ointment,  5  to  20  percent,  strength.  Alcoholic 
solutions  to  the  scalp,  3  to  5  percent. 

Hexylresorcinol   (N.N.R.),  Hexylresorcinol.     Synonym:    Caprokol. 

Normal  hexylresorcinol,  containing  not  more  than  5  percent,  of  the  intermediate 
product,  hexylresorcinol.  It  is  a  heavy,  viscous,  pale-yellow  liquid,  which  solidifies  on 
standing  at  room  temperature.  It  has  a  slightly  piingent  odor,  a  sharp,  astringent  taste, 
and  produces  a  sense  of  numbness  when  placed  on  the  tongue.  Very  slightly  soluble  in 
water  (1  part  in  2000),  but  readily  soluble  in  alcohol,  ether,  chloroform,  benzene, 
and  vegetable  oils. 

Dose,  supplied  in  the  form  of  an  olive  oil  solution  in  gelatin  capsules,  each  con- 
taining 2M  grains  (0.15  Gm.) ;  1  to  4  capsules  may  be  given. 

Antlpathogenic  Action. — The  oxyphenols  are  none  of  them  very  powerful  bacteri- 
cides and  find  no  direct  application  for  this  purpose.  Resorcin  in  1  percent,  solution 
will  prevent  growth  of  yeast  and  decomposition  of  urine  but  not  of  an  infusion  of 
pancreas.  Parasitic  worms  are  not  injured  by  a  2  percent,  solution.  It  is  said  to  have 
a  specific  action  on  the  malarial  Plasmodium  but  not  on  bacteria.  Injections  of  2 
percent,  solution  have  no  influence  on  acute  gonorrhea.  Pyrocatechin  is  more  efficient, 
1  percent,  solution  preventing  decomposition  of  pancreas  infusion.  Staphylococci  are 
killed  in  15  minutes  by  a  1  percent,  solution  of  pyrocatechin,  although  anthrax  spores 
are  not  destroyed  after  10  days'  exposure  to  5  percent.  By  addition  of  certain  salts 
which  lessen  its  solubility  in  water  the  bactericidal  power  is  much  increased.  Thus, 
staphylococci  are  killed  in  1  minute  by  a  solution  of  1  percent,  pyrocatechin  and  25 
percent.  NaHSO«.  Hydrochinon  is  about  as  efficient  and  2  percent,  solutions  are  said 
to  be  of  value  in  acute  gonorrhea. 
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-T  Pharmacodynamic  Action:  Absorption  and  EliTruination. — ^The  three  isomers  are 
identical  in  these  respects.  All  are  absorbed  readily  by  all  mucous  membranes  and  by 
inflamed  or  even  congested  skin,  but  probably  not  by  the  normal  skin.  They  circulate 
partly  as  such,  partly  as  ether  sulphonates,  and  are  eliminated  in  the  urine  mainly  as 
the  latter.  Part  always  appears  in  the  urine  as  a  chromogen  which  turns  dark  brown 
on  exposure  to  air.  Hydrochinon  is  found  in  small  amounts  in  normal  urine  and  also 
after  taking  other  aromatic  compounds  such  as  phenol.  None  of  them  seems  to  be 
eliminated  in  the  feces,  saliva  or  tears. 

A  number  of  cases  of  severe  poisoning  In  man  have  been  reported  from  the  applica- 
tion of  resorcin  ointments  to  large  areas  of  skin. 

Resorcin  gives  rise  to  a  urinary  product  which  turns  green  when  shaken  with  air 
after  addition  of  ammonia,  and  turns  blue  on  addition  of  ammonia  and  chloride  of  zinc. 
The  same  product,  which  reddens  on  addition  of  acid,  may  be  produced  by  heating  the 
organs  of  animals  poisoned  with  resorcin. 

Topical  Action. — The  oxyphenols  have  a  slightly  irritating  and  anesthetic  action,  sug- 
gesting that  of  phenol,  but  much  feebler.  Hydrochinon  seems  to  be  the  least  and  pyro- 
catechin  the  most  irritating.  A  3  percent,  solution  of  hydrochinon  is  not  disagreeable 
in  the  eyes  or  urethra,  while  urethral  injections  of  2  percent,  resorcin  are  painful. 
Frogs  put  in  a  solution  of  resorcin  show  lessened  skin  sensibility,  but  in  mammals  this 
anesthetic  action  is  only  noted  after  injection  of  strong  solutions.  Certain  persons  show 
an  idiosyncrasy  to  resorcin,  solutions  as  weak  as  1.6  percent,  causing  dermatitis.  Strong 
solutions  are  not  irritating  in  the  mouth,  but  leave  a  persistent  bad  taste. 

Toxicity. — The  hydroxybenzols  are  protoplasm  poisons,  sharing  with  phenol  the  prop- 
erty of  coagulating  albumin.  Even  dilute  solutions  of  resorcin  show  this  action,  the 
others  requiring  stronger  concentrations.  The  precipitates  are  not  soluble  in  excess  of 
the  reagents.  These  substances  are  thus  poisonous  to  plants  as  well  as  to  higher  and 
lower  animals.  Seeds  of  lupine  do  not  sprout  in  solutions  containing  resorcin  1  to  200; 
pyrocatechin  1  to  800;  or  hydrochinon  1  to  1600. 

Hydrochinon  in  very  dilute  solution  paralyzes  infusoria,  and  0.1  to  1  percent,  causes 
motor  excitement  followed  by  paralysis  and  death  in  various  species  of  worms,  crus- 
taceans, molluscs  and  amphioxus   (Danielewski). 

In  vertebrates  pyrocatechin  is  more  toxic  than  hydrochinon  and  this  much  more 
poisonous  than  resorcin.  The  approximate  minimal  lethal  doses  per  kilogram  by 
subcutaneous  injection  Is  seen  in  the  following  table: 


Hydrochinon 

Pyrocatechin 

Resorcin 

Frog 

0.1 
0.3 
0.3 
0.2 

o'.os 

0.55 

0.1 

0.2 

0.2 

0.3 

0.3 

0.04 

0.35 

0.2 

Guinea-pig 

0.4-0.7 

Rat 

0.4 

Rabbit  

0.4 

Cat 

Dog  ( by  vein ) 

0.7 

Rabbit  (by  mouth) 

•—1.0 

Much  smaller  doses  may  cause  severe  poisoning  characterized  by  convulsions  with 
extreme  weakness  and  collapse.  Convulsions  are  caused  in  frogs  by  0.03  mgm.  per 
Gm.  of  pyrocatechin,  or  0.1  mgm.  of  resorcin.  As  little  as  0.02  Gm.  per  kilo  of  pyro- 
catechin or  hydrochinon  or  0.4  Gm.  of  resorcin,  administered  to  dogs  by  vein,  will 
cause  convulsions  lasting  several  hours.  In  general  it  may  be  said  that  the  convulsant 
dose  is  less  than  half  the  fatal. 

In  all  species  poisoning  is  characterized  by  convulsions  similar  to  those  caused  by 
phenol  ahd  like  them  associated  with  extreme  weakness  and  low  blood  pressure  with 
slow  pulse.  The  respiration  is  rapid  and  shallow,  death  resulting  from  respiratory 
failure. 

A  number  of  cases  of  resorcin  poisoning  in  man  have  been  reported.  Several  of 
these  followed  external  use  of  the  drug.  Even  doses  of  2  to  3  Gm.  (30  to  45  grains), 
which  were  formerly  used  for  antipyresis,  may  give  rise  to  mild  intoxication  shown  by 
vomiting,  dizziness,  tinnitus,  chills,  faintuess,  sweating  and  salivation,  tremors  of  the 
hands  and  even  delirium  with  hallucinations  lasting  for  a  few  minutes  to  several 
hours. 

A  physician  who  swallowed  10  Gm.   (2i/$  drams)    in  water,  in  order  to  study  its 
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effects,  saw  scotomata,  followed  by  dimness  of  vision  and  loss  of  hearing  and  of  taste. 
Salivation  succeeded  and  lessened  sensitiveness  of  the  skin  with  a  feeling  of  wetness. 
After  a  short  timo  he  lost  consciousness  and  fell.  He  was  comatose  for  5  hours  and 
during  this  time  had  violent  convulsions,  feeble  respiration,  cold  Bweat,  cyanosis  and 
contractures  of  the  neck  muscles.  There  was  no  alteration  of  body  temperature.  Recov- 
ery was  slow. 

In  a  case  of  generalized  psoriasis  application  of  a  50  percent,  ointment  of  resorcin 
to  almost  half  of  the  body  surface  was  followed  in  a  few  minutes  by  burning  pain,  with 
chilliness  and  sweating.  The  patient  had  a  sense  of  fear  and  cried  and  whimpered. 
The  dressing  was  removed  at  once,  but  in  a  short  time  unconsciousness  supervened,  fol- 
lowed shortly  by  clonic  convulsions  interrupted  by  attacks  of  opisthotonus.  This  lasted 
for  about  20  minutes,  leaving  the  patient  in  deep  coma.  The  pulse  was  impalpable, 
pupils  wide,  no  reflexes.  Respiration  continued  rapid  and  shallow.  Improvement  began 
in  about  an  hour  but  consciousness  did  not  return  until  two  hours  after.  A  very  similar 
case  followed  the  free  application  of  a  15  percent,  salve  in  a  case  of  lupus.  A  boy  5 
years  old  died  soon  after  the  use  of  a  3  percent,  salve  to  areas  of  pemphigus. 

In  animal  experiment  no  chronic  poisoning  has  been  seen  from  repeated  non-toxic 
doses,  but  men  taking  from  1  to  2  Gm.  (15  to  30  grains)  of  resorcin  daily  for  a  long 
time  have  shown  anemia  and  weakness. 

Systemic  Action. — The  systemic  action  of  the  three  dihydroxybenzols  is  almost 
identical.  The  chief  influence  is  exerted  on  the  central  nerve  system,  including  the 
vasomotor  and  respiratory  centers,  and  on  the  nerve  endings  and  muscles,  including 
the  heart.  The  one  effect  of  pyrocatechin  and  hydrochinon  not  shared  by  resorcin  is 
the  formation  of  methemoglobin  from  oxymethemoglobin.  This  has  been  occasionally 
noted  in  experimental  and  accidental  poisoning. 

The  vasomotor  center  is  stimulated  by  small  doses,  causing  a  rise  of  pressure.  This 
later  gives  way  to  a  fall,  if  the  dose  be  toxic,  due  in  part  to  paralysis  of  the  vasomotor 
center  and  In  part  to  action  on  the  heart  muscle,  indicated  by  slowing  and  weakness. 
Solutions  of  0.05  percent,  of  hydrochinon  have  this  effect  on  the  isolated  heart  of  the 
frog. 

Respiration  is  weakened  by  the  paralysis  of  the  muscles,  as  well  as  interfered  with, 
by  tremors  and  convulsions;  and  dyspnea,  cyanosis  and,  in  some  cases,  death  results 
from  respiratory  failure. 

The  action  on  the  cerebrum  causes  sense  of  fear,  delirium  or  even  hallucinations 
after  doses  of  2  to  3  Gm.  (30  to  45  grains)  in  man,  and  coma  from  large  doses  in  all 
animals.  The  spinal  cord  is  stimulated,  muscular  tremors  being  followed  by  clonic 
convulsions  and  even  tetanus  with  opisthotonus.  The  paralysis  of  action  and  of  sensa- 
tion which  come  on  later  in  the  poisoning  appear  to  be  largely  peripheral.  The  muscles 
are  stiff  and  lose  their  response  to  electric  stimulation.  The  paralysis  begins  in  the 
hind  legs,  the  forelegs  following  and  finally  the  muscles  of  the  trunk. 

The  effect  on  the  temperature  is  irregular,  both  heat  production  and  heat  dissipa- 
tion being  increased.  In  normal  animals  there  may  be  either  a  rise  or  fall,  but  when 
there  is  fever  the  latter  always  occurs  and  may  be  as  much  as  3°  C.  from  a  dose  of 
2  Gm.  (30  grains)  of  hydrochinon.  Many  years  ago  hydrochinon  was  used  freely  as  an 
antipyretic  but  it  has  been  abandoned.  The  fall  of  temperature  is  partly  dependent  on 
the  sweating,  which  may  be  very  free  even  after  moderate  doses.  The  increase  in  heat 
production  is  due  to  the  tremors  and  convulsions. 

Hexylresorcinol. —  Hexylresoreinol  (caprokol)  has  recently  been  introduced  as 
an  efficient  non-toxic  bactericide,  suitable  for  systemic  administration.  Chemically 
it  is  the  hexyl  ester  of  resorcinol,  the  alkyl  group  being  on  the  carbon  atom  adjacent 
to  the  hydroxy  groups  (C.H3(0H),C.H„). 

This  compound  is  150  times  as  bactericidal  as  resorcin  when  tested  in  water  or 
in  alkaline  or  acid  urine,  on  B.  coli  and  Staphylococcus  albus. 

The  compound  is  almost  insoluble  in  water,  which  makes  parenteral  administra- 
tion of  large  doses  difficult,  but  there  are  no  toxic  phenomena  after  administration  of 
37  grains  (2.5  Gm.)  to  a  rabbit  by  mouth.  Single  doses  of  0.2  to  0.5  Gm.  by  mouth 
to  rabbits,  or  of  the  same  amount  to  men,  leads  to  the  secretion  of  strongly  bactericidal 
urine.     ^Nfost  of  tlio  material   is  excreted  in  the  form  of  an  inactive  conjugate,  but 
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enough  appears  unchanged  to  sterilize  the  urine  and  destroy  pathogenic  organisms 
added  to  it  (Leonard). 

Therapeutics:  Topical. — Resorcin  may  well  be  utilized  as  an  antiseptic.  It  has 
certain  of  the  advantages  of  phenol,  without  the  causticity  of  the  latter  and  is  useful 
in  the  treatment  of  burns,  ulcers,  and  suprrficial  wounds.  Recovery  from  hospital 
gangrene  under  treatment  by  resorcin  has  been  reported  (Hallopeau). 

Resorcin  has  been  much  used  as  an  ointment,  or  diluted  powder,  in  the  treat- 
ment of  various  skin  affections  of  a  subacute  or  chronic  character,  especially  those 
attended  with  itching,  as  erythematous  eczema,  psoriasis,  pityriasis  capitis,  and  sehov' 
rheic  eczema.  Its  employment  is  best  begun  in  the  strength  of  a  2  percent,  solution, 
increased  gradually  to  20  percent.  (Unna).  It  may  be  used  locally  in  a  3  percent, 
solution  in  alcohol,  or  in  10  to  20  percent,  solution  in  glycerin  in  the  treatment  of 
seborrhea  capitis.  It  should  be  remembered,  however,  that  resorcin  may  stain  gray 
or  blond  hair.  In  acne  vulgaris  an  ointment  of  resorcin,  4  drams  (16  Gm.),  in  3  drams 
(12  Gm.)  each  of  zinc  oxide  and  vaseline,  has  been  applied  with  benefit,  but  on 
account  of  possible  absorption  it  must  be  used  with  caution,  only  a  small  area  of  skin 
being  treated  at  one  time.  The  ointment  is  to  be  rubbed  in  with  a  bit  of  flannel.  In 
alopecia  areata,  Brocq  rubs  into  the  bald  spots  an  ointment  of  resorcin  0.2  Gm., 
quinine  hydrochloride  0.4  Gm.,  petrolatum  30  Gm.  If  this  be  ineffective,  20  drops  of 
tincture  of  cantharides  or  4  Gm.  of  precipitated  sulphur  may  be  added. 

In  the  "ambrine"  treatment  of  hums,  resorcin  to  the  amount  of  1  percent,  may 
be  advantageously  added  to  the  paraffin. 

It  has  been  used  as  an  antiseptic,  in  solution,  in  affections  of  the  nose  and 
throat,  catarrhal,  ulcerating,  or  luetic;  as  a  nasal  and  pharyngeal  spray  (2  percent.) 
it  is  said  to  be  useful  in  ivhooping,  cough  and  hay  fever.  The  powder,  insufflated 
into  the  larynx,  is  not  only  a  good  antiseptic,  but  also  helps  to  relieve  the  pain 
of  ulcerations,  notably  those  of  tuberculous  or  syphilitic  origin.  For  this  purpose  it 
may  be  associated  with  tannic  acid,  orthoform,  or  iodoform,  and  diluted  with  starch 
or  some  other  inert  powder. 

^     tiL  diphtheria,  tonsillitis,  or  other  forms  of  painful  angina,  it  may  be  applied 
either  in  powder  or  in  solution  (1 :  20  to  1 :  10)  as  a  sedative  and  disinfectant. 

It  may  be  incorporated  into  suppositories  for  the  treatment  of  pruritus,  hemor- 
rhoids, fistulas  or  other  painful  or  itching  affections  of  the  rectum  and,  sometimes, 
in  painful  conditions  of  the  vagina. 

In  gonorrhea  it  has  been  advised  for  use  in  1:50  solution  (48  grains  to  5  fluid- 
ounces),  the  injection  being  made  every  2  hours,  if  possible,  and  after  each  micturi- 
tion. It  is  said  to  be  more  active  if  the  solution  be  heated  to  40°  C.  (104°  F.), 
but  so  is  any  injection  in  gonorrhea.    This  treatment  is  palliative  only. 

In  cystitis,  irrigation  with  a  5  percent,  solution  of  resorcin  often  gives  excel- 
lent results;  it  is  particularly  to  be  recommended  in  cases  of  leucoplakia  of  the 
bladder. 

Systemic. — Resorcin  has  been  used  as  an  antipyretic,  but  is  not  to  be  recom- 
mended because  its  action  is  temporary,  defervescence  is  accompanied  by  excessive 
sweating,  and  the  dose  necessary  to  produce  a  fall  of  temperature  is  depressing  to 
all  the  vital  forces.  Hence,  the  drug  should  not  be  used  in  typhoid  fever,  acute 
articular  rheumatism,  cardiac  or  pulmonary  infections,  tuberculous  diarrhea,  and 
the  like,  except  perhaps  in  small  doses,  as  an  intestinal  antiseptic.  We  have,  how- 
ever, so  many  other  and  less  dangerous  agents  for  this  purpose,  that  practically  it 
should  not  be  prescribed  at  all  for  internal  use  unless  the  others  have  been  tried  and 
have  failed. 

In  2  percent,  solution  it  has  been  given  in  doses  of  10  minims  (0.6  cc),  three 
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or  four  times  a  day,  to  relieve  the  paroxj'sms  of  whooping  cough,  but  it  is  of  doubt- 
ful utility. 

EuRESOL  (resorcinol  monoacetate)  is  employed  iu  5  to  20  percent,  ointment,  or  in 
solution  in  acetone,  in  the  treatment  of  various  parasitic  dermatoses  and  of  chilblains 
and  severe  sunburn.  Its  action  is  similar  to  that  of  resorcin,  but  is  said  to  be  milder. 
A  3  to  5  percent,  alcoholic  solution  is  used  in  the  treatment  of  seborrhea  of  the  scalp 
or  face  and  of  alopecia.    For  the  scalp  a  perfumed  alcoholic  solution  is  prepared, 

Ilcxj'lresorcinol  has  hitherto  been  employed  only  as  a  urinary  antiseptic.  In 
infection  due  to  Staphylococcus  alhus  and  aureus,  the  streptococcus,  and  some  strains 
of  B.  pyocyancus,  the  administration  of  the  drug  by  mouth  has  resulted  in  complete 
disinfection  of  the  urinary  tract  with  clearing  of  the  urine  and  disappearance  of  the 
symptoms.  Cases  of  B.-coli  infection  with  high  counts  are,  however,  extremely  resis- 
tant.   Persistent  treatment  is  necessary  even  when  the  count  is  low. 

Pyrogallol 

Of  the  three  isomeric  tri-hydroxy-benzols,  pyrogallol  alone  has  found  a  place  in 
medicine.  It  appears  to  have  a  specific  action  ou  inflammatory  conditions  of  the  skin, 
notably  psoriasis,  which  is  not  understood,  but  is  supposed  to  depend  at  least  in 
part  on  the  powerful  oxidizing  properties  of  the  drug.  It  cannot  be  used  internally, 
and  its  topical  use  is  not  without  danger,  since  poisoning  may  arise,  from  absorp- 
tion. It  brings  about  hemolysis  with  hemoglobinemia,  and,  in  exti-eme  cases  of  poison- 
ing, conversion  of  the  blood  into  a  thick,  tarry  mass,  by  the  detritus  of  the  ruptured 
red  corpuscles.  It  is  employed  as  a  topical  application  in  certain  skin  affections. 
Phloroglucin,  an  isomer,  is  without  pharmacodynamic  influence. 

Siunmary  of  Actions  and  Uses. — See  Resorcin  and  Pyrogallol. 

Materia  Medica. — Pyrogallol  (U.S.  X.),  Pyrogallol,  il6br.,  Pyrogall.  Synonyms: 
Pyi-ogallic  Acid,  Acidum  Pyrogallicum  Oxidatum. 

Pyrogallol,  which  is  trihydroxybenzene,  occurs  in  the  form  of  light,  white,  or 
nearly  white,  odorless  leaflets  or  fine  needles.  It  acquires  a  grayish  tint  on  exposure 
to  air  and  light.  One  Gm.  is  soluble  in  1.7  cc.  of  water,  1,3  cc.  of  alcohol,  and  in 
1.6  cc.  of  ether  at  25°  C;  it  is  very  soluble  in  boiling  water  and  boiling  alcohol. 

An  aqueous  solution  (1 :  10)  of  pyrogallol  reduces  the  salts  of  silver,  gold,  and 
mercury  in  cold  or  hot  solutions. 

Antagonists  and  Incompatihles. — Alkalis,  metallic  salts,  iodine,  camphor,  menthol, 
phenol,  antipyrine,  acetanilid,  and  oxidizers,  such  as  the  peroxides,  permanganates, 
and  perborates,  are  incompatible  with  pyrogallol. 

Dose,  used  externally  to  the  skin  in  dilute  solution,  and  in  concentrated  solution 
as  a  caustic. 

Lenigallol   (unofficial),  Pyrogallol  Triacetate. 

A  white,  crystalline  powder,  obtained  by  combining  pyrogallol  with  three  parts 
of  acetic  anhydride  in  the  presence  of  3  parts  of  fused  sodium  acetate  at  100°  C. 
Insoluble  in  water,  but  soluble,  with  decomposition,  in  watery  alkaline  solution. 

It  is  incompatible  with  alkalis,  strong  acids,  and  oxidizing  agents. 

Dose,  used  with  an  ointment  base  in  external  diseases  of  the  skin. 

EuGALLOL  (unofficial),  Pyrogallol  Monoacetate. 

A  dark  yellow,  syrupy  liquid;  soluble  in  water.  It  is  obtainable  only  in  a 
66  percent,  solution  in  acetone. 

Dose,  applied  as  a  paint  in  skin  diseases,  especially  psoriasis  and  erysipelas.  To 
he  used  with  caution. 

AcrouM  Pyrogallicum  Oxidatum  (Br.),  Oxidized  Pyrogallic  Acid.  Ahhr.,  Acid. 
Pyrogall.  Oxid.    Synonyms:   Pyrogallol  Oxide,  Pyraloxin. 


762  OEGANIC  CHEMICAL  ANTISEPTICS 

A  brownish  powder,  obtained  by  the  action  of  ammonia  on  pyrogallol.  It  is 
insoluble  in  water  and  alcohol. 

Dose  for  external  use,  3  to  10  percent,  in  ointment. 

Antipathogenic  Action. — Pyrogallol  is  a  protoplasm  poison  and  has  slight  bactericidal 
powers,  solutions  of  1  to  2  percent,  being  required  to  prevent  fermentation  and  putre- 
faction. 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Absorption  occurs  rapidly 
from  all  mucosae  and  through  the  uninjured  skin.  The  drug  is  excreted  through  the 
kidneys,  partly  unchanged,  partly  combined  as  glycuronic  and  sulphonic  esters.  Part 
is  oxidized  in  the  blood  and  tissues  into  pyrogallin,  which  is  not  poisonous  but  is  depos- 
ited as  brown  masses  in  the  kidneys  and   other  organs. 

Topical  Action. — Pyrogallol  stains  the  skin  brown  but  does  not  irritate  it,  even  when 
inflamed.  The  drug  shows  a  marked  keratoplastic  action  which  is  ascribed  to  its 
reducing  property.  Continued  application  leads  to  permanent  reduction  in  the  size 
of  the  local  blood-vessels. 

Subcutaneous  injections  cause  local  necrosis. 

Toxic  and  Systemic  Action:  Toxic  Dose. — Frogs  are  killed  by  injections  of  0.2  to  0.3 
mgm.  per  Gm.;  cats  and  dogs  by  slightly  larger  doses,  while  rats  require  0.6  to  0.7  mgm. 
and  rabbits  more  than  1  Gm.  per  kilo.  In  dogs  intravenous  injection  of  0.1  Gm.  per  kilo 
is  fatal.    The  dangerous  dose  in  man  by  mouth  is  less  than  y^  ounce  (15  Gm.). 

Toxic  Action. — Frogs  given  20  to  30  mgm.  show  progressive  paralysis  interrupted  by 
muscular  tremors.  The  brain  and  cord  are  first  involved  and  later  the  peripheral  nerves. 
Reflexes  are  not  lost  until  near  death.  The  heart  is  slow  and  weak.  Guinea-pigs  and 
rats  show  similar  symptoms. 

Rabbits  given  sublethal  doses  show  fall  of  temperature  with  chills,  shivering  and 
cyanosis,  associated  with  slow  pulse  and  rapid  respiration.  Somnolence  and  extreme 
weakness  are  accompanied  after  an  interval  by  tremors  of  the  limbs  and  narrow  pupil. 
The  condition  remains  unchanged  for  24  hours,  or  until  death.  The  blood  is  black  and 
contains  destroyed  red  cells  and  masses  of  detritus,  but  shows  no  peculiar  spectrum. 
All  secretions  are  brownish  in  color.  The  urine  contains  methemoglobin  and  often 
hematin.  The  phenomena  in  dogs  and  cats  are  similar  except  for  violent  nausea  and 
vomiting.  Pyrogallol  kills  partly  by  destruction  of  red  cells  with  resulting  asphyxia, 
partly  by  anuria  resulting  from  the  clogging  of  the  renal  vessels  and  tubules  with  cell 
detritus,  but  mainly  by  hindrance  to  the  flow  of  blood  from  the  increased  viscosity  which 
this  detritus  produces.  The  anuria  does  not  induce  uremia  but  maintains  harmful  drug 
effects  by  preventing  excretion. 

Autopsy  shows  the  blood  vessels  filled  with  thick,  tarry,  brownish-black  blood; 
hemorrhagic  exudates  in  the  serous  cavities  and  bowel.  The  striated  muscles  and  heart 
exhibit  degenerative  changes  with  disappearance  of  the  cell  nuclei  and  even  total  loss  of 
structure.  Liver,  kidneys  and  other  epithelial  glands  also  present  degenerative  cell 
changes. 

Most  of  the  reported  cases  of  intoxication  in  man  have  followed  the  application  of 
ointments.  Commonly  the  only  symptom  is  a  dark  color  of  the  urine,  with  perhaps  a 
black-brown  deposit.  On  examination  hemoglobinemia  and  hemoglobinuria  will  be  found. 
There  may  be  burning  pain  at  the  point  of  application,  chills,  feverishness,  icteric  pallor, 
collapse,  cyanosis,  somnolence  and  even  death.  A  woman  who  swallowed  15  grains 
(1  Gm.)  died  with  cyanosis,  heart  weakness,  vomiting  and  coma  lasting  3  days.  Autopsy 
showed  only  the  lesions  characteristic  of  hemoglobinemia  and  destruction  of  the  red  blood 
cells. 

Repeated  injections  lead  in  rabbits  to  a  form  of  chronic  poisoning  characterized  by 
severe  anemia  with  pigment  deposits  in  the  tissues  and  enlarged  spleen  with  loss  of 
lymphoid  tissue. 

Therapeutics. — ^Pyrogallol  is  not  to  be  used  internally.  Topically,  it  is  caustic  or 
discutient  and  parasiticide.  It  is  not  suitable  for  application  over  large,  and  especially 
denuded,  surfaces,  as  absorption  may  take  place,  with  resultant  poisoning.  The  urine 
must  be  examined  daily,  for  the  first  signs  of  blood  destruction. 

It  was  originally  introduced,  as  a  substitute  for  chrysarobin,  especially  in  appli- 
cations near  the  eyes,  in  the  treatment  of  psoriasis.  For  this  purpose,  it  is  commonly 
employed  in  ointments,  and  in  a  strength  varying  from  10  to  20  percent.    The  latter 
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strength,  however,  is  somewhat  risky,  as  it  may  prove  deeply  caustic,  wliile  even  10  per- 
cent, may  stain  the  skin  a  dirty  brown  color,  giving  it  a  leathery  appearance.  The 
action  of  the  drug  upon  the  lesions  of  psoriasis  is  said  to  be  less  rapid  than  that  of 
chrysarobin,  but  eciually  efficacious.  It  whitens  the  patches  and  stains  a  border  of 
neighboring  skin.  It  causes  no  pain,  however,  even  upon  excoriations,  and  the  sur- 
rounding tissue  does  not  become  inflamed.  In  the  course  of  a  week  or  two,  the  dead 
epithelia  fall  ofl^,  leaving,  for  the  time  being,  a  healthy  surface  beneath.  Treatment 
must  commonly  be  continued  for  four  to  six  weeks. 

Similar  use  is  made  of  pyrogallol  ointments,  for  caustic  action,  in  cases  of  super- 
ficial epithelioma.  Only  a  portion  of  the  diseased  area  is  treated  at  a  time.  Crusts 
and  horny  epithelium  are  first  removed  by  scraping,  or  by  the  use  of  potassium  hydrox- 
ide, the  ointment,  spread  upon  a  piece  of  lint  somewhat  smaller  than  the  area  to  be 
treated,  is  then  bound  firmly  in  place.  Repeated  daily  applications  are  necessary.  The 
detritus  is  to  be  removed  each  time,  before  the  dressing  is  renewed.  It  is  stated  that 
the  drug  shows  an  elective  affinity  for  morbid  tissue,  the  latter  being  affected  by 
weaker  concentrations  than  are  required  to  destroy  normal  skin.  Nevertheless,  the 
effect  should  be  watched  closely,  and  not  allowed  to  go  too  far. 

Lupus  vulgaris  and  phagedenic  ulcers  are  treated  in  about  the  same  way;  the 
strength  of  application  in  the  former  affection  being  about  10  percent.  (48  grains  to 
the  ounce),  and,  in  the  latter,  as  high  as  20  percent.,  equal  parts  of  vaseline  and 
lanolin  making  a  good  base.  For  chancroids,  alcoholic  solutions  of  from  10  to  50  per- 
cent., applied  by  means  of  cotton  pledgets,  as  well  as  ointments  of  similar  strength, 
have  been  advised.  To  promote  cicatrization  of  less  virulent  ulcers,  and  in  the  various 
hyphomycetic  affections  of  the  skin,  weaker  solutions  (3  to  6  percent.)  may  be  used; 
and  in  cases  attended  with  scaling,  it  is  advised  that  the  surface  should  first  be 
cleansed,  by  rubbing  with  petrolatum.  The  ointment  bases*  most  commonly  used  are 
lard  and  cerate;  but  petrolatum  and  lanolin  may  be  employed.  Sometimes,  a  solu- 
tion, containing  from  5  to  15  percent,  of  pyrogallic  acid  in  collodion,  is  preferred. 
It  is  not  advisable  to  associate  other  agents  with  this  compound. 

In  eczematoid  impetigo  (local  staphylococcic),  excellent  results  are  obtained  by 
an  ointment  containing  3  to  5  grains  (0.2  to  0.3  Gm.)  of  pyrogallol  to  1  ounce  (32  Gm.) 
of  zinc  oxide  ointment.  Eczematoid  ringworm  of  the  scalp  is  successfully  treated  by 
a  pyrogallol  ointment  of  this  same  composition,  but  chrysarobin  acts  better  on  non- 
hairy  parts. 

Phagedenic  ulcers  may  also  be  treated  by  application  of  a  powder  of  1  part  of 
pyrogallol  with  1  to  4  parts  of  starch.  In  lupus  it  may  be  used  in  10  percent,  strength 
associated  with  5  percent,  salicylic  acid  in  collodion. 

Lenigallol  is  said  to  be  non-poisonous  and  non-irritating,  but  a  mild  and  painless 
corrosive.  It  is  employed  as  a  substitute  for  pyrogallol,  in  psoriasis,  lupus,  acute  and 
subacute  eczema  of  children,  and  other  skin  affections.  It  is  applied  in  5  to  10  percent, 
strength  with  zinc  oxide  ointment. 

EuGALLOL  acts  as  an  energetic  substitute  for  pyrogallol,  but  has  a  tendency  to  pro- 
duce local  irritation,  when  applied  to  the  skin.  It  is  recommended  for  external  use,  iu 
old  and  persistent  cases  of  psoriasis  and  in  chronic  eczema.  It  may  be  applied  pure  by 
pencilling  once  a  day,  the  painted  part  being  then  covered  with  powdered  zinc  oxide. 
The  application  should  be  suspended  for  a  few  days,  if  it  produce  an  irritation  of  the 
surrounding   skin. 

Cresol 

Cresols  were  long  known  as  natural  constituents  of  coal  tar,  but  not  until  1889 
were  their  valuable  disinfectant  powers  pointed  out  by  Fraenkel.    Their  introduction 
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was  delayed  by  their  insolubility  in  water,  until  it  was  discovered  that  this  objection 
could  be  overcome,  without  detriment  to  their  activity,  by  the  use  of  soap  and  other 
substances. 

Chemistry. — The  cresols  are  benzols,  in  which  one  carbon  atom  has  been  replaced 
by  methyl,  and  one  by  hydroxyl;  that  is,  they  are  hydroxytoluols.  According  to 
the  site  of  the  replaced  atoms,  whether  on  adjoining  carbon  atoms,  or  separated  by  one 
or  two  atoms,  we  have  three  isomers,  known  as  orthocresol,  metacresol  and  paracresol. 

Summary  of  Actions  and  Uses. — Cresols  closely  resemble  phenol  In  their  action  on 
bacteria  and  animals.  Like  it,  they  cause,  topically,  death  and  necrosis  of  the  tissues, 
and,  like  it,  also  exert  their  chief  systemic  action  on  the  central  nerve  system,  paralyzing 
the  heart  and  the  voluntary  muscles,  by  direct  action. 

All  act  practically  identically,  except  that  paracresol  is  quantitatively  the  most  toxic, 
ortho-  and  meta-  coming,  respectively,  in  order  of  decreasing  toxicity,  and  of  increasing 
antiseptic  power. 

In  medicine,  cresols  are  generally  used  in  mixtures  containing  all  three  in  uncertain 
proportions;  and  dissolved  by  the  aid  of  acids,  soaps,  etc.  Among  such  commercial  mix- 
tures may  be  mentioned: 

Tricresol:   Meta-  40,  ortho-  35,  para-  25. 

Cresalol:  a  mixture  of  the  three  salicylates. 

Solveol:    containing  27  percent,  sodium  cresotinate. 

Solutol:     a  similar  compound,  with  less  cresol. 

Lysol:    a  solution  iij  potash  soap,  containing  50  percent,  cresol. 

Creolin:     a  suspension  in  an  oil  emulsion,  10  percent,  cresol  and  phenol. 

Cresolin:    similar  in  composition. 

Saprol:     20  parts  cresol,  80  parts  crude  carbolic  acid. 

Materia  Medica. — Cresol  (TJ.S.X.),  Cresol.  Synonyms:  Cresolum,  Acidum  Cre- 
sylicum,  Cresylic  Acid,  Methyl  Phenol,  Purified  Three  Cresols. 

A  mixture  of  isomeric  cresols  (ortho-,  meta-,  and  para-),  C.HgO,  obtained  from 
coal-tar.  A.  colorless,  or  yellowish  to  brownish-yellow,  or  a  pinkish,  highly  refractive 
liquid,  becoming  darker  with  age  and  on  exposure  to  light.  It  has  a  phenol-like,  some- 
times empyreumatic,  odor.  One  cc.  of  cresol  is  soluble  in  about  50  cc.  of  water, 
usually  forming  a  cloudy  solution;  freely  soluble  or  miscible  in  alcohol,  ether,  chloro- 
form, glycerin,  and  the  fixed  and  volatile  oils,  and  is  dissolved  by  solutions  of  the 
fixed  alkali  hydroxides. 

Dose,  1  to  3  minims  (0.06  to  0.2  cc.)  well  diluted. 

Liquor  Cresolis  Compositus  (U.S.  X.),  Compound  Solution  of  Cresol.  Ahhr., 
Liq.  Cresol.  Co. 

Cresol,  500  cc. ;  linseed  oil,  350  cc. ;  dekanormal  solution  of  potassium  hydroxide, 
22  cc. ;  dekanormal  solution  of  sodium  hydroxide,  88  cc. ;  water,  q.s.  to  make  1000  cc. 

Dose,  1  to  2  minims   (0.06  to  0.12  Gm.)   well  diluted. 

Orthocresol  (N.F.),  Orthocresol. 

Occurs  as  white  crystals  or  as  a  colorless  or  yellow  to  brown,  highly  refractive 
liquid,  becoming  dark  with  age  and  exposure  and  having  a  phenol-like  odor;  slightly 
soluble  in  water  but  soluble  in  alcohol,  ether  and  chloroform. 

Dose,  used  only  as  a  disinfectant. 

Cresatin  (N.ISF.R.).     Synonym:  Metacresyl  Acetate. 

A  colorless,  oily  liquid,  possessing  a  characteristic  taste  and  odor;  practically  in- 
soluble in  water,  but  soluble  in  ordinary  organic  solvents. 

Dose,  by  direct  application  or  spray,  diluted  or  in  pure  form. 

Cryogenine   (N.N.R.).     Synonym:    Phenylsemicarbazide. 

A  white,  crystalline  powder;  odorless;  taste  slightly  bitter.  Soluble  in  100  parts 
of  water  at  20°  C ;  soluble  in  ether,  acetone,  chloroform  and  benzene. 

Dose,  antipyretic,  4  to  30  grains  (0.25  to  2  Gm.) ;  analgesic,  15  to  45  grains 
(1  to  3  Gm.),  per  day. 
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Antipathogenic  Action. — It  is  not  easy  to  obtain  fiRures  showing  the  bactericidal 
power  of  the  cresols  separately,  as  they  occur  associated  in  nature,  and  their  separation 
being  difficult  and  their  action  practically  identical,  they  are  generally  employed  in 
mixtures  of  uncertain  composition,  which  have  been  put  on  the  market  often  under 
trade  names.  The  average  mixture,  called  cresol,  is  about  three  times  as  bactericidal 
as  phenol. 

The  action  of  the  pure  substances  on  resistant  anthrax  spores  gave  these  results: 
A  suspension  of  5  percent,  was  made  in  water  and  as  the  solubility  is  ortho-  21,4  per- 
cent., meta-  i.^  percent.^  and  para  1%  percent.,  it  may  be  assumed  that  the  solutions 
were  of  this  strength.  The  solution  of  orthocresol  killed  all  spores  in  8  days,  that  of 
meta-  in  5  days,  and  that  of  para-  in  6  days. 

The  efficacy  of  the  cresols  is  said  to  be  increased  by  the  addition  of  various  sub- 
stances, but  careful  comparison  of  the  results  would  make  it  appear  that  these  additions 
increase  the  solubility,  and  thus  the  penetrating  power  of  the  agents  rather  than  their 
activity.    Such  substances  are  sulphuric  acid,  soap,  sodium,  salicylate  and  caustic  alkalis. 

A  mixture  of  cresols  in  natural  proportions,  in  1  percent,  solution  in  water,  kills 
Staphylococcus  pyogenes  aureus  in  Vy  minute;  0.5  percent,  kills  in  12  minutes;  0.25  per- 
cent, in  several  hours,  wbile  0.1  percent,  does  not  hinder  growth,  although  0.13  percent, 
prevents  the  development  of  Bacillus  typhi. 

Lysol,  0.5  percent,  kills  Bacillus  typhi  in  15  minutes,  and  0.35  percent,  destroys 
Bacillus  cholera  in  7  minutes. 

Mixed  with  sulphuric  acid,  5  percent,  of  each,  cresol  kills  anthrax  spores  in  8  to 
20  hours.  A  2  percent,  solution  of  a  mixture  of  4  parts  of  cresol  to  1  of  sulphuric  acid 
kills  staphylococci  in  20  to  25  minutes,  and  3  percent,  kills  in  2'/^  minutes. 

Saprol,  a  mixture  of  20  percent,  cresol  and  80  percent,  crude  carbolic  acid,  is  lighter 
than  water,  and  diffuses  over  the  surface  of  a  cesspool  or  latrine,  gradually  impregnat- 
ing its  contents  to  the  extent  of  about  0.34  percent,  in  the  course  of  a  day.  In  this 
strength  it  will  destroy  cholera  bacilli  in  4  hours;  a  5  percent,  solution  will  kill  typhoid 
bacilli  in  a  few  minutes.  It  has  been  used  extensively  in  still  water  to  destroy  mosquito 
larvae,  for  which  purpose  20  cc.  per  square  meter  (about  1  dram  for  4  square  yards) 
is  required.  Fish  are  not  killed,  as  the  action  is  limited  to  the  surface,  nor  does  it 
injure  animals  or  birds  drinking  the  water. 

Pharmacod3mamic  Action:  Absorption  and  Elimination. — Cresol  is  absorbed  from  the 
Bkin  readily,  but  probably  less  so  than  phenol. 

Given  by  mouth  it  is  rapidly  absorbed  and  convulsions  have  been  seen  within  two 
minutes  of  the  time  of  administration.  The  absorption  is  favored  by  its  solution  in 
soaps,  oils,  etc.,  and  it  is  in  this  form  rather  than  in  plain  aqueous  solution  that  it  is 
usually  prescribed. 

Cresol  is  eliminated  like  phenol,  mainly  by  the  kidney  when  given  in  small  dose  and 
to  an  increasing  proportion  by  the  liver  if  in  large  dose.  Like  phenol  also  it  is  converted 
in  the  body  and  mainly  in  the  liver,  into  sulphonates. 

In  a  few  cases  lysol  has  been  aspirated  into  the  lung,  and  absorption  was  extremely 
rapid,  death  occurring  almost  immediately  from  action  on  the  medulla. 

Topical  Action. — Strong  solutions  of  cresol  (5  percent,  and  more),  applied  to  the 
skin,  produce  a  burning  sensation  like  that  from  phenol,  followed  by  redness,  and  if  the 
application  is  continued,  destruction  and  sloughing.  Solutions  of  1  to  2  percent,  have  no 
effect  on  squamous  epithelium. 

In  the  stomach,  concentrated  cresol  is  escharotic  and  leads  to  ulceration  and  even 
perforation  of  the  wall.  Weak  solutions,  even  1  percent,  given  repeatedly,  cause  inflam- 
mation of  the  stomach  and  bowel  and  may  lead  to  hemorrhage  in  the  wall  of  the  duo- 
denum with  ulceratio~ri.  The  chief  injury  is  to  the  blood  vessels  in  the  wall,  which  are 
obliterated  by  clots  or  the  walls  so  altered  that  the  blood  escapes  from  them.  This  in- 
jury does  not  extend  beyond  the  middle  of  the  small  bowel,  showing  that  the  cresol  is 
entirely  absorbed  by  the  time  it  reaches  this. 

Injected  subcutaneously  in  a  rabbit's  ear,  pure  lysol  (50  percent,  cresol)  causes  gan- 
grene of  the  entire  ear.  Ten  percent,  lysol  causes  merely  necrosis  of  the  subcutaneous 
tissue  and  2  percent,  has  no  local  caustic  action. 

Toxicity:  Toxic  Dose. — Not  only  do  cresols  differ  from  one  another  in  toxic  power, 
but  there  is  a  difference  in  the  susceptibility  of  various  species,  and  an  even  more  marked 

"  (Frankel).    Schneider  says  over  2  percent. 
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difference  according  to  the  method  of  administration.  About  ten  times  as  much  is  re- 
quired to  liill,  if  given  by  mouth  as  if  injected  subcutaneously.  This  difference  depends 
largely  on  the  action  of  the  liver  in  converting  the  cresols  to  sulphonates  which  are 
hardly  at  all  toxic. 

When  cresol  is  swallowed  a  full  stomach  greatly  lessens  toxicity  by  delaying  absorp- 
tion and  giving  the  liver  a  better  chance  to  deal  with  the  poison.  The  fatal  dose  for  the 
dog  on  an  empty  stomach  is  about  as  follows  in  grams  per  kilo;  metacresol,  0.8;  ortho- 
d'resol,  0.75;  paracresol,  0.7.  Lysol  given  by  mouth  to  dogs  kills  in  a  dose  of  1.3  Gm.  per 
kilo,  corresponding  to  half  this  amount  of  pure  cresol.  In  man,  the  fatal  dose  of  lysol 
by  mouth  is  about  0.8  to  0.9  Gm.  per  kilo    (0.4  to  0.45  pure  cresol). 

When  injected  subcutaneously  the  fatal  doses  of  the  pure  cresols  for  several  species 
are  indicated  in  the  following  table: 

Orthocresol  Metacresol  Paracresol 

Frog    0.2  0.25  0.15 

Mouse    0.35  0.45  0.15 

Guinea-pig 0.75  .... 

Rabbit 0.45  0.5  0.3 

Cat 0.09  0.12  0.08 

Intraperitoneal  injections  appear  to  be  much  more  dangerous  than  subcutaneous; 
thus  the  fatal  dose  for  guinea-pigs  is  said  to  be:  orthocresol,  0.36  Gm.,  and  paracresol 
0.1  Gm. 

Serums  preserved  with  0.5  percent,  cresol  cause  fall  of  blood  pressure  and  stoppage 
of  respiration  when  injected  intraspinally  and  such  administration  of  antimeningitis 
serum  preserved  with  cresol  is  therefore  dangerous. 

Toxic  Symptoms. — The  symptoms  and  treatment  of  poisoning  are  identical  with  those 
of  phenol. 

Chronic  Poisoning. — Is  rarely  seen  as  each  dose  is  detoxicated  by  the  liver  before  the 
next  is  taken.    In  dogs  a  daily  dose  of  2  Gm.  (gr.  30)  by  mouth  is  well  borne. 

Systemic  Action:  Alimentary  Tract. — The  topical  action  of  cresol  on  the  alimentary 
tract  has  already  been  described.  Repeated  small  doses  cause  nausea  and  diarrhea  at 
first,  but  the  system  soon  becomes  accustomed  to  the  drug  and  these  symptoms  cease. 

Large  doses  cause  a  temporary  increase  of  gastric  motions  followed  by  paralysis. 
Gastric  secretion  is  affected  in  the  same  way.  In  fatal  cases  of  poisoning  by  way  of  the 
stomach,  clots  and  hemorrhages  are  found  in  the  wall  of  the  stomach  and  bowel  and  in 
the  portal  vein  and  omentum.  The  liver  shows  areas  of  degeneration  around  the  portal 
vessels  which  are  filled  with  blood  clots  and  endothelial  cells  desquamated  from  their 
walls.  If  toxic  doses  are  given,  the  liver  is  unable  to  convert  all  the  cresol  to  sulphonate 
and  part  is  excreted  unchanged  in  the  bile.  This  causes  irritation  and  inflammation  of 
the  gall  bladder  and  bile  ducts.    Hemorrhages  are  also  seen  in  the  pancreas. 

These  lesions  are  much  less  marked  in  herbivora  as  their  livers  are  more  adapted  to 
uniting  large  amounts  of  sulphate  with  organic  substances. 

On  the  isolated  bowel  the  action  is  identical  with  that  of  phenol. 

Blood. — Like  many  of  the  antiseptics,  cresol  is  a  coagulant,  and  to  a  greater  extent 
than  most,  exerts  this  power  in  the  blood  stream  after  absorption.  When  given  in  small 
doses  by  stomach  it  is  sulphonated  in  the  liver  and  does  not  have  this  effect,  but  when 
injected  subcutaneously  or  given  in  toxic  dose,  it  escapes  unchanged  into  the  blood  and 
causes  coagulation  inside  the  vessels. 

In  fatal  cases  there  are  congestion  and  hemorrhages  in  the  spleen,  as  in  other  abdom- 
inal organs,  and  often  extensive  thrombosis  in  the  portal  circulation. 

In  smaller  amounts,  cresols  cause  destruction  of  the  red  cells  with  hemoglobinemia. 

Circulation. — In  acute  poisoning  there  is  a  rise  of  blood  pressure  during  the  convul- 
sions, but  it  soon  falls  owing  to  paralysis  of  the  vasomotor  center. 

The  blood-vessel  walls  are  inflamed  in  the  cases  described  above  in  which  unaltered 
cresol  escapes  into  the  blood  stream,  and  desquamation  of  the  intima  may  lead  to  obstruc- 
tive endarteritis.  In  such  cases  there  is  also  alteration  in  the  endocardium  and  the  muscle 
of  the  right  heart.  The  heart  is  slowed  and  stops  in  systole  and  the  muscle  is  found  of 
a  dirty  brown  color. 

After  large  doses  the  blood  vessels  are  particularly  affected  but  when  given  in  small 
dose  over  a  long  time,  the  cresols  are  largely  absorbed  by  the  lymphatics  and  there  is 
swelling  and  inflammation  of  the  mesenteric  and  portal  lymph  glands  with  hemorrhages 
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which  are  often  extensive  and  may  extend  up  into  the  mediastinum.  The  lymph  vessels 
in  severe  poisoning  have  the  appearance  of  an  infectious  lymphangitis. 

Respiration. — Unpaired  cresol  carried  to  the  lungs  by  the  blood  causes  edema  which 
is  one  of  the  most  frequent  causes  of  death  in  acute  poisoning.  In  many  cases  the  vomit- 
ing leads  to  aspiration  of  small  quantities  into  the  lungs,  resulting  in  severe  bronchitis. 
If  large  amount  are  aspirated,  the  absorption  from  the  lung  is  extremely  prompt,  and 
death  may  be  almost  immediate  from  action  on  the  brain.  A  smaller  dose  is  fatal  when 
injected  into  the  lung  than  when  given  intravenously. 

Cresol  paralyzes  the  respiratory  center  and  death  may  be  due  to  failure  of  respira- 
tion. 

Applied  topically  to  the  respiratory  center  by  intradural  injection,  cresol  stops 
respiration  by  irritation  of  the  inhibitory  centers  (Auer).  The  vagus  and  vasomotor 
centers  are  also  stimulated. 

Metabolism. — The  influence  of  cresol  on  metabolism  is  twofold;  on  the  one  hand  by 
combining  with  sulphates,  it  decreases  the  output  of  inorganic  and  correspondingly 
Increases  that  of  paired  sulphate,  incidentally  reducing  the  output  of  ammonia  as  less 
is  required  to  neutralize  sulphuric  acid,  and  thus  secondarily  increasing  the  urea  excre- 
tion. The  amount  recoverable  from  the  urine  varies  from  46  to  27  percent,  and  is 
mostly  combined  with  sulphuric  acid,  and  to  a  less  extent  with  glycuronic.  On  the  other 
hand,  cresol  lessens  intestinal  putrefaction  and  thus  the  absorption  and  elimination  of 
toxic  products. 

Kidney. — The  paired  cresols  have  no  influence  on  the  kidney,  but  when  the  pure  sub- 
stance escapes  into  the  blood  stream  it  causes  changes  in  the  blood  vessels  of  the  kidney 
leading  to  tubular  or  acute  hemorrhagic  nephritis. 

Nerve  System. — The  influence  on  the  central  and  peripheral  nerve  system  is  identical 
with  that  of  phenol. 

Therapeutics. — Cresol  is  employed  as  an  antiseptic  in  surgery,  both  for  sterilizing 
instruments  and  for  wound  dressing,  but  it  must  be  used  with  caution  for  the  latter 
purpose  as  it  sometimes  retards  healing.  Its  most  extensive  use  is  probably  as  a  disin- 
fectant of  bed  linen  and  vessels  in  cases  of  typhoid  fever  and  other  infectious  dis- 
eases, a  1 :  40  dilution  of  the  compound  solution  of  cresol  being  used  for  this  purpose 
and  for  the  sterilizing  of  surgical  instruments.  For  surgical  dressings  one  part  of 
the  compound  solution  to  90  of  distilled  water  gives  a  wash  of  the  proper  strength. 
A  flea-infested  house  may  be  cleared  of  the  insects  by  spraying  the  floors  and  all 
cracks  and  comers  of  the  rooms  with  a  2  percent,  solution  of  cresol  in  kerosene. 

Cresol  is  occasionally  given  as  an  intestinal  antiseptic  in  cases  of  colonic  stag- 
nation and  autointoxication,  in  doses  of  1  or  2  minims  (0.06  to  0.12  cc.)  in  olive 
oil  or  castor  oil  in  capsules. 

Inhalation  of  the  vapor  of  cresol,  obtained  by  dropping  10  or  15  minims  (0.6  to 
1  cc.)  in  a  vessel  of  steaming  hot  water,  is  sometimes  of  service  in  whooping  cough. 

Tar 

The  partial  combustion  of  certain  woods  yields  mixtures  of  tarry  consistence 
which  are  known  collectively  as  wood  tars  or  vegetable  tars.  The  tar  from  Pinns  syl- 
vestris  has  been  used  in  Europe  for  centuries.  It  is  mentioned  by  Hippocrates  as 
a  dressing  for  sores,  and  by  Dioscorides,  Galen  and  others  both  for  external  use 
and  internally  as  a  remedy  for  coughs.  Bishop  Berkeley  in  1774  wrote  a  long  philo- 
sophical treatise  in  which  he  urged  the  use  of  tar  water  as  almost  a  panacea.  It 
is  not  much  used  now,  being  supplanted  by  terebinthinates  on  the  one  hand  and 
by  creosote,  guaiacol,  and  phenol  compounds  on  the  other. 

The  tars  obtained  from  various  species  of  pine  (chiefly  Pinus  sylvesfris  in  Europe 
and  P.  palustris  in  this  country,  which  is  the  tar  or  Pix  pine  of  the  U.S.P.),  and 
that  from  beech  wood  are  of  especial  interest  medicinally. 

Chemistry. — The  vegetable  tar  derived  from  pine  wood  consists  chiefly  of  resinous 
matter  associated  with  acetic  acid,  oil  of  turpentine,  various  empyreumatic  products 
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and  colored  by  charcoal.  On  distillation  it  yields  an  aqueous  layer  termed  pyrolig- 
neous  acid  which  is  impure  acetic  acid,  and  an  oily  liquid  termed  oil  of  tar.  The 
residue  is  pitch.  Oil  of  tar  consists  largely  of  turpentine  (pinene)  and  other  tere- 
binthinates,  with  varying  amounts  of  toluene,  xylene,  phenol,  cresol,  creosote,  par- 
affins, and  naphthalene. 

The  tar  derived  from  beech  wood  separates  into  three  similar  fractions,  but  the 
oil  of  tar  differs  somewhat  in  composition,  containing  creosote  as  its  chief  con- 
stituent, associated  with  phenol,  cresol,  toluene,  xylene,  and  xylenol  (C,H3(CH3)jOH). 

The  chief  constitvient  of  beech-wood  creosote  is  guaiacol  (CgH^.OCH,.OH), 
constituting  60  to  90  percent.  It  also  contains  creosol  (CjH^.CH^.OCHj.OH),  and 
methyl-  or  homo-creosol  (C«H,(CH3),.OCH3.0H). 

".-  '  As  creosote  is  a  mixture  of  inconstant  composition,  only  its  toxicity  and  thera- 
peutics will  be  discussed,  the  detailed  study  of  pharmacodynamic  action  being  con- 
fined to  that  of  guaiacol. 

Commercially,  the  name  creosote  is  given  to  a  number  of  liquids,  some  derived 
from  vegetable  tar,  others  from  mineral  tar,  and  still  others  from  crude  carbolic  acid. 
The  Pharmacopoeia  does  well  to  specify  wood  tar,  and  especially  beech  wood,  as  the 
source  of  medicinal  creosote.  Medical  reports,  however,  refer  to  various  preparations, 
not  always  specified,  and  it  is  not  always  possible  to  separate  them  in  our  discussion. 
Nevertheless,  it  is  to  be  noted  that  while  toxic  accidents  are  rare  with  the  use  of 
pure  beech-wood  creosote,  they  are  not  uncommon  when  other  varieties  are  used. 

Beech-wood  creosote  is  soluble  in  water.  Its  solutions  become  colored  upon 
exposure  to  air,  and  in  calcareous  water,  opalescent,  owing  to  the  formation  of  a 
small  quantity  of  cresolate  of  lime. 

Certain  compounds  called  creosote  carbonate,  creosote  phosphate,  etc.,  show  great 
similarity  to  the  corresponding  guaiacol  compounds. 

Summary  of  Actions  and  Uses. — Tar  enjoys  the  antiseptic  properties  of  the  agents  of 
which  it  is  composed  and  varies  with  their  proportions. 

Topically  it  provokes  irritation  of  the  skin  and  may  cause  vesication.  Systemlcally 
Its  action  closely  resembles  that  of  creosote.  The  secretions  are  generally  increased,  the 
bronchial  mucus,  in  particular,  being  augmented.  Large  doses  may  impair  the  appetite, 
derange  digestion,  and  depress  the  circulation  and  central  nerve  system.  In  severe  poi- 
soning there  are  nausea  and  vomiting  with  pain  in  the  abdomen,  headache  and  dizzi- 
ness.   There  is  irritation  of  the  kidneys  and  death  may  occur  from  injury  to  these  organs. 

Tar  is  astringent,  antiseptic  and  parasiticide.  It  is  an  efficacious  and  inexpensive 
antiseptic,  suitable  for  use  in  privies,  latrines,  and  the  like.  It  may  be  applied  externally 
in  affections  of  the  skin  which  are  not  accompanied  by  chronic  systemic  disturbances, 
especially  in  chronic  eczema  of  the  dry  variety'  and  psoriasis.  Ointments  of  10  percent, 
may  be  used  at  first,  and  gradually  increased  to  50  percent.,  or  more. 

It  is  a  useful  ingredient  for  sprays  and  inhalations  for  the  air  passages,  and  was 
formerly  much  employed  by  inhalation  by  Criton  and  others,  in  the 'treatment  of  pulmo- 
nary tuberculosis. 

Materia  Medica. — Pix  Carbonis  Pr^parata  (Br.),  Prepared  Coal  Tar.  Allr., 
Pix  Carbon.  Prsep. 

A  nearly  black,  viscous  liquid,  brown  in  very  thin  layers;  heavier  than  water. 
Strongly  empyreumatic,  characteristic  odor.  Almost  entirely  soluble  in  benzene  and 
in  chloroform;  partially  soluble  in  alcohol  (90  percent.)  and  in  ether;  very  slightly 
soluble  in  water. 

Dose,  locally  to  relieve  itching  and  combat  inflammation. 

Pix  Carbonis  (N.F.),  Coal  Tar.    Ahhr.,  Pix  C.^rb.    Synonym:  Pix  Lithanthracis. 

The  tar  obtained  as  a  by-product  of  the  destructive  distillation  of  coal  in  the  man- 
ufacture of  illuminating  gas.    It  is  a  nearly  black,  viscous  liquid,  heavier  than  water, 
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possessing  a  characteristic,  naphthalene-like  odor  and  a  sharp  burning:  taste.  Because 
of  the  ditForence  in  absorption  it  is  frecpiontly  us(>(l  in  jjliice  of  wood-tar. 

Dose,  used  externally ;  most  frequently  combined  with  saponin  to  relieve  itching 
and  combat  inflammation. 

Liquor  Picis  Carbonis  (Br.),  Solution  of  Coal  Tar.    Ahhr.,  Liq.  Pic.  Carb. 

Coal  tai",  20  parts;  powdered  quillaia  bark,  10  parts;  alcohol,  100  parts. 

Caution:   Not  to  be  used  in  acute  inflammations. 

Dose,  used  externally  as  an  antiseptic  and  antipruritic. 

Pix  PiNi  (U.S.  X.),  Pine  Tar.    Ahhn,  Pix  Pin.    Synonym:  Pix  Liquida. 

A  product  obtained  by  the  destructive  distillation  of  tlie  wood  of  various  species 
o£  Pinus  (Fam.  PhMcece).  A  very  viscid,  blackish-brown,  non-crystalline  liquid.  It  is 
translucent  in  thin  layers,  becoming  granular  and  opaque  with  age.  It  has  an  empyreu- 
matic,  terebinthinate  odor  and  a  sharp,  empyreumatic  taste.  It  is  heavier  than  water 
and  slightly  soluble  in  it.  It  is  miscible  with  alcohol,  ether,  chloroform,  glacial  acetic 
acid,  and  fixed  and  volatile  oils. 

Dose,  5  to  10  grains  (0.3  to  0.6  Gm.),  and  externally  as  a  stimulating  and  anti- 
septic application  in  skin  diseases. 

Oleum  Picis  Rectificatum  (U.S.  X.),  Rectified  Oil  of  Tar.  Allr.,  01.  Pic.  Rect. 
Synonyms:  Oleum  Picis  Liquidae  Rectificatum,  Rectified  Tar  Oil. 

The  volatile  oil  from  pine  tar  rectified  by  steam  distillation.  A  thick  liquid, 
having  a  dark  reddish-brown  color  and  a  strong,  empyreumatic  odor  and  taste. 

Dose,  2  to  5  minims  (0.12  to  0.3  cc),  and  externally  in  various  skin  diseases. 

Syrupus  Picis  Pint  (U.S.  X.),  Syrup  of  Pine  Tar.  Ahhr.,  Syr.  Pic.  Pin.  Syno- 
nyms: Syrupus  Picis  Liquidae,  Syrup  of  Tar. 

Rectified  oil  of  tar,  1  cc. ;  sucrose,  850  Gm. ;  water,  q.s.  to  make  1000  cc. 

Dose,  2  to  3  fluidrams   (8  to  12  cc). 

Glyceritum  Picis  Pint  (N.F.),  Glycerite  of  Tar.  Ahhr.,  Glycer.  Pic.  Pin. 
Synonym:  Glyceritum  Picis  Liquid89. 

Tar,  63  Gm.;  magnesium  carbonate,  125  Gm.;  glycerin,  250  cc. ;  alcohol,  125  cc; 
water,  q.s.  to  make  1000  cc. 

Dose,  1  to  2  fluidrams  (4  to  8  cc). 

MiSTURA  Olei  Picis  (unofficial),  Mixture  of  Oil  of  Tar.  Ahhr.,  Mist.  01.  Pic  Syno- 
nyms: Mistura  Picis  Liquids?,  Tar  Mixture. 

Rectified  oil  of  tar,  35  cc ;  purified  extract  of  glycyrrhiza,  65  Gm. ;  sugar,  250  Gm. ; 
chloroform,  10  cc;  oil  of  peppermint,  3  cc;  alcohol,  160  cc;  water,  q.s.  to  make 
1000  cc 

Dose,  1  to  3  fluidrams  (4  to  12  cc),  as  an  expectorant. 

Unguentum  Picis  Compositum  (KF,),  Compound  Tar  Ointment,  Alhr.,  TJng. 
Pic  Co. 

Represents  4  percent,  of  oil  of  tar,  2  percent,  of  tincture  of  benzoin,  3  percent, 
of  zinc  oxide  in  a  base  of  yellow  wax  (25  percent.),  lard  (32  percent.)  and  cottonseed 
oil  (34  percent.). 

Dose,  external  use. 

ViNUM  Picis  (unofficial).  Wine  of  Tar.     Ahhr.,  Vin  Pic 

Tar,  100  Gm. ;  water,  250  cc. ;  pumice,  125  Gm.;  alcohol  and  strong  wine,  q.s. 
to  make  1000  cc. 

Dose,  1  to  3  fluidrams  (4  to  12  cc), 

Unguentum  Picis  Pint  (U.S.  X.),  Tar  Ointment.  Ahhr.,  Ung.  Pic  Pin.  Syno- 
nym: Unguentum  Picis  Liquidae. 

Tar,  50  Gm. ;  yellow  wax,  15  Gm.;  petrolatum,  35  Gm. 

Dose,  externally  used. 
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Liquor  Picis  Alkalinus  (unofficial).  Alkaline  Solution  of  Tar.  Ahhr.,  Liq.  Pic. 
Alk. 

Tar,  250  Gm. ;  potassium  hydroxide,  125  Gm. ;  water,  q.s.  to  make  1000  cc. 

Dose,  externally  used. 

Liquor  Picis  Carbonis  (Br.),  Solution  of  Coal  Tar. 

Prepared  coal  tar,  200  Gra. ;  powdered  quillaia  bark,  100  Gm. ;  alcohol  (90  percent.), 
1000  cc.  Exhaust  the  bark  by  percolation  with  the  alcohol;  to  the  resulting  tincture, 
add  the  tar;  digest  at  60°  C.  for  2  days,  stirring  occasionally;  cool  and  filter. 

Dose,  externally,  diluted  with  10  to  50  parts  of  water. 

Therapeutics:  Topical. — Both  coal  tar  and  wood  tar,  are  largely  used  in  the  treat- 
ment of  various  skin  affections,  particularly  those  in  which  itching  is  a  prominent 
symptom.  In  dry,  scaly,  eczema,  pine  tar  ointment  is  often  helpful,  but  it  should 
not  be  used  when  the  skin  is  tender.  In  some  of  these  cases  coal  tar  is  preferable 
as  having  less  tendency  to  irritate  an  already  inflamed  skin.  In  eczema  of  infants 
White  recommends  an  ointment  of  crude  coal  tar  and  zinc  oxide,  each  2  parts,  with 
cornstarch  and  vaseline,  each  16  parts.  This  should  be  applied  thickly  every  day, 
the  remains  of  the  old  application  being  gently  wiped  away  with  gauze  soaked  in  olive 
oil.  Urticarial  wheals  may  be  treated  with  pine  tar  lotion  or  ointment  or  the  liquor 
picis  carbonis  of  the  Br.  P.,  when  milder  measures  or  systemic  remedies  do  not  relieve 
the  itching.  Pine  tar  ointment  applied  thickly  on  the  scalp  and  covered  with  a  cap 
made  of  several  thicknesses  of  gauze  is  an  excellent  remedy  for  tinea  capitis. 

Systemic. — Tar  finds  its  most  useful  application  internally  in  the  treatment  of 
subacute,  and  especially  of  chronic,  bronchitis  with  profuse  expectoration,  and  of  winter 
coughs  of  the  aged.  It  is  best  given  for  this  purpose  in  dose  of  1  or  2  teaspoonfuls 
of  the  syrup,  with  an  equal  amount  of  syrup  of  wild  cherry  or  of  tolu,  every  four 
hours.  Tar  inhalations  were  much  used  at  one  time  in  chronic  bronchitis  and  in 
pulmonary  tuberculosis.  Tar  water  is  sometimes  given  in  gastric  catarrh  and  as  a 
diuretic,  but  such  use,  while  harmless,  is  not  to  be  advocated. 

Administration. — Pine  tar  ointment  is  used  alone,  or  mixed  with  vario'us  skin  oint- 
ments; the  addition  of  metliyl  salicylate  improves  its  odor.  Coal  tar  is  often  preferred 
to  pine  tar  for  external  use,  being  less  irritating  to  the  skin.  It  is  applied  in  ointment 
or  in  a  soapy  lotion.  The  volatile  oil  is  used  as  a  substitute  for  tar,  being  more  accept- 
able when  locally  applied,  and  less  destructive  to  clothing.  It  is  sometimes  used  inter- 
nally, being  given  in  capsules,  or  mixed  with  almond  oil  and  emulsified  with  powdered 
acacia,  syrup  and  peppermint  water. 

Tar  may  be  given  in  pills,  but  chiefly  in  the  form  of  syrup,  ointment,  and  volatile 
oil.  The  water  is  made  by  macerating  tar  with  water  (1  to  4)  for  one  or  two  hours,  and 
decanting.  The  dose  of  this  is  one  pint  daily  in  divided  doses;  it  is  used,  also,  as  a 
wash.  The  syrup  is  a  frequent  addition  to  cough  mixtures.  It  may  be  given  with  syrup 
of  tolu,  or  syrup  of  wild  cherry.  Wine  of  tar  is  sometimes  employed.  It  is  a  saturated 
solution  of  tar,  in  sherry  wine. 

For  inhalation  of  tar  vapor,  a  tablespoonful  of  oil  of  tar  may  be  dropped  into  a  vessel 
of  boiling  hot  water,  which  is  then  removed  from  the  fire,  the  fumes  being  drawn  into 
the  lungs  by  deep  inspirations. 

Creosote 

Materia  Medica. — Creosotum  (U.S.  X.),  Creosote.    Ahhr.,  Creosot. 

A  mixture  of  phenols,  principally  guaiacol  and  cresol,  obtained  from  wood  tar. 
An  almost  colorless  or  yellowish,  highly  refractive,  oily  liquid,  having  a  penetrating, 
smoky  odor  and  a  burning,  caustic  taste.  It  is  inflammable,  burning  with  a  luminous, 
smoky  flame.  It  is  slightly  soluble  in  water,  but  is  miscible  with  alcohol,  ether,  and 
fixed  and  volatile  oils. 
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Antagonists  and  Inconipatibles. — Albuminous,  cupric,  ferric  and  silver  salts  and 
the  oxidizing  agents  are  incompatible. 

Dose,  2  to  5  minims  (0.12  to  0.3  cc),  gradually  increased;  in  local  applications, 
in  from  1  to  10  percent,  strength. 

Creosoti  C.4RB0NAS  (U.S.  X.),  Crcosote  Carbonate.  Ahhr.,  Creosot.  Carb.  Syno- 
nym: Creosotal,  Creosotal-Heyden. 

A  mixture  of  the  carbonates  of  various  constituents  of  creosote,  chiefly  guaiacol 
and  cresol.  A  clear,  colorless  or  yellowish,  viscid  liquid;  odorless  and  tasteless,  or 
having  a  slight  odor  and  taste  of  creosote;  insoluble  in  water,  but  freely  soluble  in 
alcohol,  and  soluble  in  fixed  oils;  miscible  with  chloroform,  and  benzene. 

Dose,  10  to  30  grains  (0.6  to  2  Cm.),  preferably  in  emulsion  or  capsules. 

Creosote  Phenylpropionate  (N.N.R,).    Synonym:  Proposote, 

An  amber  colored,  oily  liquid,  having  a  characteristic  odor  resembling  creosote  and 
a  slightly  bitter  taste;  insoluble  in  water,  but  soluble  in  alcohol,  ether  and  fatty 
oils. 

Dose,  adult,  10  minims  (0.6  cc.)  t.i.d.;  children,  5  minims  (0.03  cc.)  b.i.d. 

Petroxolinum  Creosoti  (N.F.),  Creosote  Petroxolin.     Ahhr.,  Petrox.  Creosot. 

Contains  creosote,  20  percent.,  and  olive  oil,  5  percent,  in  liquid  petroxolin. 

Dose,  used  as  an  antiputrescent. 

Elixir  Terpini  Hydratis  et  Creosoti  Compositum  (N.F.),  Compound  Elixir  of 
Terpin  Hydrate  and  Creosote.     Ahhr.,  Elix.  Terpin.  Hyd.  et  Creosot.  Co. 

Each  fluidram  contains  about  l^  grain  (0.017  Gm.)  of  terpin  hydrate,  I/4  minim 
(0.017  cc.)  of  creosote,  V^  grain  (0.035  Gm.)  of  calcium  glycerophosphate,  Y2  grain 
(0.035  Gm.)  of  sodium  glycerophosphate  and  Vs  minim  (0.009  cc.)  of  chloroform. 
Alcoholic  content  20  percent. 

Dose,  1  fluidram  (4  cc). 

Aqua  Creosoti  (unofficial).  Creosote  Water.    Ahhr.,  Aq.  Creosot. 

Creosote,  10  cc. ;  distilled  and  recently  boiled  water,  990  cc. 

Dose,  1  to  3  fluidrams  (4  to  12  cc),  always  to  be  freshly  made. 

Calcii  Creosoti  (N.N.R),  Calcium  Creosotate.    Synonym:  Calcreose. 

A  mixture  containing,  in  loose  chemical  combination,  approximately  equal  weights 
of  creosote  and  lime.  A  dark  brown  powder,  having  an  empyreumatic  odor  and  a 
sharp  phenolic  taste.    It  is  partially  soluble  in  water. 

Dose,  4  to  16  grains  (0.25  to  1  Gm.),  starting  with  small  dose  and  increasing  to 
tolerance. 

Unguentum  Creosoti  (Br.),  Creosote  Ointment.    Ahhr.,  Ung.   Creosot. 

Creosote,  10  Gm. ;  hard  paraffin,  40  Gm,;  soft,  white  paraffin,  50  Gm. 

Dose,  for  external  use. 

MuLLA  Creosoti  Salicylata  (KF.),  Salicylated  Creosote  Mull.  Ahhr.,  Mull. 
Creosot.   Sal.    Synonym:  Unguentum  Creosoti  Salicy latum  Extensum. 

Salicylic  acid,  10  Gm. ;  creosote,  20  Gm. ;  yellow  wax,  5  Gm. ;  benzoinated  suet, 
65  Gm.  Melt  the  yellow  wax;  add  the  benzoinated  suet,  and  then  incorporate  the 
creosote  and  salicylic  acid,  and  stir  until  the  product  congeals.  Spread  the  mull 
as  needed. 

Dose,  for  external  use. 

Petroxolinuii  Creosoti  (unofficial),  Creosote  Petroxolin.  Ahhr.,  Petrox.  Creosot. 
Synonym:   Creosote  Petrox, 

Creosote,  20  Gm.;  olive  oil,  5  Gm. ;  liquid  petroxolin,  75  Gm. 

Dose,  externally  used. 

Antipathogenic  Action. — As  a  germicide,  creosote  is  equal  or  superior  to  phenol,  espe- 
cially in  the  presence  of  proteins.     Its  antiseptic  equivalent  for  the  typhoid  bacillus  and 
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the  staphylococcus  and  the  pneumococcus  of  Friedlander  is  0.8;  for  the  anthrax  bacillus, 
1.0. 

Development  of  the  tubercle  bacillus  is  prevented  in  peptonized  bouillon  and  glycerin 
by  0.08  percent,  of  creosote,  and  on  the  gelatinized  serum  of  Koch,  by  0.05  percent. 

Arloing  demonstrated  that  the  blood  serum  of  a  goat  which  had  been  repeatedly 
injected  with  creosote  and  guaiacol  in  solution  of  olive  oil,  became  capable  of  agglutinat- 
ing the  bacillus  of  Koch.  Guaiacol  is  more  rapid  than  creosote,  and  eucalyptol  more 
rapid  than  guaiacol  in  inducing  this  agglutinating  power. 

Pharmacodynamic  Action:  Topical  Action. — Pure  creosote  is  caustic.  Applied  to  the 
skin  it  excites  a  marked  sensation  of  heat  and,  if  the  contact  be  prolonged,  an  inflam- 
matory and  destructive  reaction,  resembling  a  burn.  Upon  mucous  membranes  this 
action  is  still  more  energetic.  Simple  contact  whitens  and  may  destroy  the  epithelium; 
and  an  ulcer  remains  after  the  desiccation  and  exfoliation  of  the  pellicle  which  is  thus 
formed.  In  dilute  solutions,  creosote  loses  its  causticity  and  becomes  simply  astringent. 
Like  carbolic  acid,  but  in  less  degree,  it  produces  local  anesthesia. 

Pure  creosote  causes  in  the  mouth  violent  burning,  which  may  be  sufficient  to  pre- 
vent deglutition.  If  swallowed,  it  provokes  vomiting  and  even  ulceration  of  the  esophagus 
and  of  the  stomach.  In  dilute  aqueous  solution  it  is  irritant  to  the  stomach  and  is 
comparatively  poorly  tolerated  even  in  solutions  of  1  to  1000,  producing  a  sensation  of 
heat  and  sometimes  nausea  and  vomiting.  It  is  better  supported  in  dilutions  not  stronger 
than  1  to  1200.  In  milk,  a  dilution  of  1:200  and  in  oil,  1:10  or  even  1:5,  may  be  well 
borne,  if  the  quantity  given  at  first  be  not  too  great. 

Toxicity:  Toxic  Dose.^Creosote  from  coal  tar  is  much  more  dangerous  than  the 
official  wood  tar  preparation  and  should  never  be  administered  medicinally.  In  50  per- 
cent, oily  solution,  6  cc.  of  wood-tar  creosote  per  kilo  kills  a  rabbit  in  a  few  hours;  4.2  cc. 
in  a  day;  3  cc.  causes  albuminuria  but  the  animal  recovers.  With  intravenous  injection 
of  a  1  percent,  aqueous  solution  the  fatal  dose  is  about  0.17  Gm.  per  kilo.  Using  1  part  of 
creosote  to  3  of  oil,  daily  subcutaneous  injections  of  0.25  cc.  per  kilo  may  be  given  to 
rabbits  for  a  long  time  without  injury.  This  would  be  equivalent  in  man  to  a  dose  of 
about  15  grams  (one-half  ounce)  daily.  Nevertheless,  in  man  a  dose  of  60  minims  daily 
by  mouth  or  120  minims  dally  by  rectum  should  rarely  be  exceeded.  It  is  true  that  doses 
of  180  minims  daily  are  frequently  given  without  accident;  and  that  recovery  has  been 
reported  from  profound  collapse  following  the  ingestion  of  600  drops  in  a  short  time — 
the  patient  afterwards  becoming  able,  by  gradual  increase  of  dose,  to  bear  500  drops 
daily.  On  the  other  hand,  death  has  been  attributed  to  the  effect  of  three  doses  of  six 
drops  each,  taken  during  a  day. 

Symptoms  of  Poisoning. — In  mild  poisoning,  there  are  in  addition  to  the  symptoms 
of  local  irritation,  sensations  of  heat  and  cold,  with  flushed  face,  headache,  vertigo,  and 
a  tendency  to  stupor.    The  temperature  is  low. 

In  more  severe  cases  these  symptoms  are  succeeded  or  accompanied  by  dyspnea  or 
stertorous  respiration,  due  in  part  to  obstruction  of  the  bronchi  with  mucus,  in  part  to 
central  depression.  The  urine  contains  albumin  and  is  often  cloudy  from  the  presence 
of  altered  blood  pigments.  Involuntary  urination  and  defecation  may  occur.  Partial 
unconsciousness  with  tremors  and  marked  ataxia,  or  interrupted  by  convulsions  develops, 
and  trismus  and  immobile  pupils  have  been  observed.  The  nerve  symptoms  are  partly 
dependent  on  direct  alterations  in  the  central  nerve  system,  partly  reflex  and  partly 
asphyctic.  Death  may  result  from  asphyxia.  Several  cases  with  symptoms  resembling 
cerebrospinal  meningitis  have  been  reported  after  doses  of  4  to  9  Gm.  (60  to  140  grains). 
There  was  fever  followed  by  hypothermia,  stupor  alternating  with  delirium,  generalized 
hyperesthesia,  trismus,  involuntary  urination  and  defecation.  These  patients  recovered 
in  about  six  days. 

Autopsy  shows  the  gastroenteric  lesions  of  an  irritant  poison.  The  lungs  are  en- 
gorged with  brown  blood.  The  kidneys  show  acute  inflammation.  Small  extravasations 
and  degenerative  changes  may  be  found  in  the  central  nerve  system. 

Treatment  is  the  same  as  for  phenol  poisoning. 

Subacute  Poisoning,  from  long-continued  administration  of  the  drug,  or  from  several 
large  doses  taken  in  a  relatively  short  time,  is  more  common  than  acute  poisoning. 

Intolerance  is  usually  first  manifested  by  the  persistent  taste  of  the  drug  in  the 
mouth.  In  severe  cases  the  urine  becomes  scanty  and  dark;  there  Is  profuse  sweating, 
lasting  several  hours;  there  may  be  vertigo,  mental  excitement,  confusion  or  delirium. 
More  rarely  seen  are  mental  apathy  and  torpor.    Rigors  or  chills  may  supervene,  with 
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subnormal  temperature  or  sometimes  fever  succeeds  to  this  state.  This  is  followed  by 
gastroenteric  irritation  with  vomiting  and  colicky  pain.  In  mild  cases  the  symptoms 
are  chiefly  digestive. 

When  the  drug  has  been  given  for  a  long  time,  or  to  a  sensitive  subject,  albuminuria 
results.  As  in  phenol  poisoning,  a  smoky  discoloration  of  the  urine  or  the  disappear- 
ance of  earthy  phosphates  may  be  signs  of  impending  intoxication.  As  a  rule,  however, 
tolerance  is  established  and  increasing  doses  may  be  given. 

Therapeutics:  TopirnJ. — By  reason  of  its  eseharotic  power,  creosote  has  been  ad- 
vocated (Marie)  as  an  injection  for  IceJoich.  A  few  drops  of  a  sterilized  solution  in 
oil  (20  percent.)  are  introduced  by  means  of  a  hypodermic  syringe.  The  resultant  pain 
lasts  for  some  hours.  In  two  or  three  days,  the  keloid  becomes  discolored ;  phlyctenulaj 
soon  form  upon  its  surface,  which  may  rupture  or  dry  iij);  and  finally  a  dry  flat  scar 
is  left. 

Like  phenol,  but  in  less  degree,  creosote  is  a  local  anesthetic  through  destruction 
of  the  sensory  nerve  endings.  It  is  used,  like  phenol  and  eugcnol,  as  an  analgesic  for 
the  relief  of  tootliache,  or  as  an  ingredient  of  nerve-destroying  pastes,  or  simply  in 
preparation  of  a  cavity  for  filling.  The  cavity  should  be  cleansed  thoroughly  and  then 
plugged  with  a  cotton  wad  that  has  absorbed  a  drop  of  the  drug. 

Creosote  was  at  one  time  in  vogue  as  a  parasiticide;  as  an  antiseptic  dressing, 
and  as  an  ingredient  of  cleansing  lotions  and  irrigations  in  gangrene  and  in  fetid 
discharges  of  various  kinds.  In  spite  of  its  undoubted  efficacy,  its  disagreeable  odor 
has  led  to  its  abandonment  for  such  uses.  Beside  its  anesthetic  and  bactericidal 
powers,  it  has  a  certain  degree  of  astringent  action.  Chilblain  is  sometimes  relieved 
by  it  (lotions  of  a  5  to  10  percent,  solution  in  water  and  alcohol  or  glycerin  being 
applied),  and  it  has  a  styptic  effect  upon  capillary  hemorrhages.  It  has  therefore  been 
used  to  restrain  the  oozing  from  leech  bites,  and  in  the  milder  forms  of  bleeding  from 
the  uterus.  Its  occasional  utility  in  hemorrhage  from  the  bowel  or  in  gastric  ulcer  is, 
however,  hardly  to  be  attributed  to  its  hemostatic  quality.  It  has  been  used  by  injec- 
tion in  gonorrhea  of  both  sexes  and  in  gleet,  but  such  use  is  rare  at  the  present  day. 
It  is  still  applied,  occasionally,  in  the  local  treatment  of  various  moist  or  scaly  affec- 
tions of  the  skin,  as  eczema  and  psoriasis.  Eubbed  into  the  skin  of  the  chest,  it  is  said 
to  hasten  the  absorption  of  pleuritic  effusions,  possibly  by  increasing  diuresis. 

Creosote,  like  phenol,  is  a  useful  component  (1  part  in  from  100  to  500  parts  of 
the  vehicle)  of  oily  mixtures  or  solutions  in  glycerin,  to  be  painted  on  the  mucous 
membranes  of  the  throat  and  nose.  In  subacute  laryngitis,  tracheitis  or  bronchitis, 
and  in  chronic  affections  of  the  same  kind,  when  the  mucous  membrane  is  dry  and 
secretion  scanty,  creosote  (1  percent,  or  less)  may  be  added  to  oily  solutions  of  menthol 
and  the  like,  used  in  atomization;  or  it  may  be  inhaled  together  with  the  vapor  of 
warm  water.  An  aqueous  solution  is  made  containing  60  minims  to  the  ounce,  with 
30  grains  of  light  magnesium  carbonate  (or,  preferably,  of  kaolin),  and  of  this  a 
teaspoonful  or  two  is  thrown  upon  the  surface  of  hot  or  steaming  water  {circa  140°  F.) 
in  a  suitable  inhaler  (a  pitcher  or  bowl  will  answer).  vSometimes  the  quantity  of 
creosote  is  reduced  (say  by  10  percent.),  and  oil  of  eucalyptus  or  pine  oil  is  sub- 
stituted. In  acute  conditions,  compound  tincture  of  benzoin  is  better;  and  when,  in 
chronic  conditions,  the  mucous  membrane  is  relaxed  or  boggy,  the  steam  is  likely 
to  do  harm.  Nor  should  steam  be  used  in  either  the  ulcerative  or  non-ulcerative 
laryngitis  associated  with  pulmonary  tuberculosis.    This  warning  is  necessary. 

In  tuberculous  cases,  however,  considerable  relief  is  sometimes  given  by  con- 
tinuous inhalation  of  creosote  from  the  sponge  of  a  Yeo  (perforated  zinc)  respirator. 
The  creosote  may  be  dissolved  in  alcohol,  or  better,  a  mixture  be  iruide  containing 
equal  parts  of  creosote,  euealyptol,  terebene  (or  pine  oil)  chloroform  and  alcohol  (or 
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spirit  of  chloroform  in  place  of  the  two  last  named).  From'  10  to  20  minims  of  this 
solution  are  to  be  dropped  on  the  moistened  sponge  and  renewed  as  necessary;  the 
little  apparatus  being  kept  in  position  over  the  patient's  nose  and  mouth  for  hours 
at  a  time — all  day  and  all  night,  in  many  instances.  There  is  no  discomfort ;  breathing 
is  not  obstructed;  cough  is  relieved  and  healing  promoted.  The  same  expedient  may 
be  useful  in  pulmonary  tuberculosis  without  laryngitis,  especially  with  patients  much 
troubled  by  irritative  cough.  The  effect  is  not  local  only;  for  a  portion  of  the  vapor 
inhaled  is  absorbed,  and  acts  upon  the  deeper  part  of  the  lung  structure  during  its 
elimination,  just  as  in  administration  by  the  stomach. 

The  method  is  of  use  also  in  pulmonary  gangrene,  in  hronchorrhea,  in  whooping 
cough  and  in  some  cases  of  chronic  hronchitis  and  asthma.  With  children,  the 
inhalations  should  be  intermitted  from  time  to  time;  but  it  is  sometimes  surprising  to 
see  with  how  little  complaint  they  bear  the  mask  for  prolonged  periods,  being  conscious 
of  the  relief  from  coughing  or  choking  that  they  owe  to  it. 

It  has  been  advised  to  hang  sheets  wet  with  creosote  in  the  room  occupied 
by  children  with  whooping  cough,  but  the  practice  never  became  alarmingly  prev- 
alent. 

Creosote  may  likewise  be  volatilized  for  inhalation  by  direct  heat.  The  method — 
which  was  used  chiefly  in  the  treatment  of  bronchiectasis  with  fetid  discharge,  and 
is  not  often  employed  nowadays — is  difficult  and  disagreeable,  but  is  said  to  be  quite 
effective.  The  patient  sits  in  a  small  room  (or  large  closet)  with  doors  and  windows 
closed.  His  eyes  are  protected  by  watch-glass  goggles,  sealed  with  adhesive  plaster 
around  the  edges;  the  nostrils  plugged  with  cotton;  the  scalp  covered  with  a  close- 
fitting  cap  made  of  several  folds  of  muslin.  A  dram  of  creosote  is  placed  in  an  earthen- 
ware dish  over  a  spirit-lamp,  and  the  vapor  is  inhaled  for  half  an  hour,  if  possible. 
It  causes  violent  coughing,  which  in  time  empties  the  dilated  bronchi;  and  the  patient 
is  instructed  to  inhale  deeply  after  each  coughing  spell,  so  that  the  creosote  may 
reach  and  disinfect  the  bronchial  walls. 

For  effect  in  the  alimentary  tract,  creosote  should  be  prescribed  in  small  doses, 
rarely  exceeding  3  minims  (0.2  cc),  properly  diluted  with  water  or  suspended  in  milk, 
or  guarded  by  an  oily  vehicle,  or  by  solution  in  glycerin  or  alcohol,  or  by  encapsulation 
with  an  appropriate  powder  or  diluent.  Frequently  Vi  to  1  minim  will  suffice.  In  small 
doses  it  prevents  fermentation  and  in  some  instances,  stimulates  digestion.  In  larger 
doses  than  5  minims  it  has  a  tendency  to  retard  digestion,  and  its  too  prolonged 
employment  in  full  doses  may  set  up  a  low  grade  gastritis  and  even  result  in  glandular 
atrophy. 

Flatulent  dyspepsia  is  sometimes  controlled  by  %  to  1  minim  (0.3  to  0.5  cc.)  of 
creosote  three  times  a  day.  As  an  intestinal  disinfectant,  especially  when  marked 
indicanuria  is  present,  and  in  some  cases  of  recurrent  diarrhea,  benefit  may  be  derived 
from  the  use  of  2  to  3  minims  (0.1  to  0.2  cc.)  in  formalized  capsule  or  specially  coated 
(enteric)  pill,  three  times  daily,  after  meals.  In  various  ailments  of  which  a  low 
grade  catarrh  of  the  alimentary  tract  may  be  either  a  complication  or  an  integral 
part,  creosote  or  creosote  carbonate,  given  in  small  doses  (not  over  1  minim)  three 
or  four  times  a  day,  sometimes  stimulates  appetite  and  assists  digestion,  thus  pro- 
ducing a  general  tonic  effect.  It  is  particularly  applicable  when  there  Is  difficult 
digestion  of  starch  and  sugars. 

Creosote  may,  like  phenol,  be  used  with  Iodine  to  overcome  a  tendency  to  vomiting, 
irrespective  of  its  cause.  Possibly  it  acts  as  an  anesthetic.  Thus,  it  has  been  used 
at  times  in  seasickness,  and  in  the  nausea  and  vomiting  of  pregnancy.  The  dose  is 
%  to  1  minim  each  of  creosote  and  tincture  of  iodine,  with  perhaps  a  teaspoonful  of 
water.    It  has  been  used  in  the  same  way  in  typhoid  fever. 
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Spslemic. — Certain  precautions  are  necessary  in  the  systemic  use  of  creosote. 
Whenever  it  is  to  be  given  in  full  doses  or  for  long  periods,  the  urine  must  be  care- 
fully watched  for  the  first  sign  of  discoloration,  or  of  albuminuria.  Independently  of 
any  irritative  effect  on  the  kidneys,  the  too  prolonged  use  of  the  drug,  or  it^  adminis- 
tration in  too  great  quantity,  may  cause  an  undue  loss  of  sulphur  and  potassium 
through  its  conjugations  in  the  course  of  elimination,  especially  when  it  is  given 
hypodermically  (Manquat).  This  loss  may  be  repaired,  in  part,  by  the  administration 
of  drugs  containing  the  elements  mentioned,  but  it  is  better  counterbalanced  by  diet. 
Beef  and  the  green  vegetables  thus  find  an  additional  indication  in  cases  of  tubercu- 
losis in  which  it  may  be  needful  to  continue  creosote  medication  for  months  and  years. 
In  all  such  cases,  moreover,  it  is  well,  from  time  to  time,  to  reduce  the  dose  of  the 
medicament,  or  to  intermit  its  use  for  some  days  or  weeks.  It  should  be  intermitted 
also  should  vertigo  occur,  or  symptoms  of  gastric  intolerance  appear.  In  some 
instances  it  can  be  given  on  alternate  days  only,  or  perhaps  only  twice  weekly.  With 
the  majority  of  persons,  however,  if  the  dose  be  kept  within  reasonable  limits  (10  to 
15  minims — 0.6  to  1  cc. — daily),  it  can  be  continued  practically  without  interruption, 
and  without  mishap,  as  long  as  necessary. 

Creosote,  like  the  essential  oils,  owes  much  of  its  virtue  as  a  systemic  remedy  to 
its  elimination  by  the  bronchial  mucous  membrane.  Unlike  these  oils,  however,  its 
excretion  by  the  urinary  tract  is  of  little  therapeutic  utility,  since  its  conjugate  prod- 
ucts are  not  active  in  ordinary  safe  doses.  Its  principal  employment  systemically, 
therefore,  is  in  affections  of  the  respiratory  tract — its  use  in  the  alimentary  tract 
being  largely  for  effect  before  absorption. 

In  doses  of  1  to  3  minims  (0.05  to  0.2  cc.)  every  two  to  four  hours,  it  is  a  useful 
ingredient  of  cough  mixtures  for  acute  und  subacute  bronchitis,  or  may  be  given  in 
like  dose  and  frequency,  encapsulated  with  a  quinine  salt  (1  to  3  grains — 0.05  to 
0.2  cc.)  and  perhaps  a  small  quantity  of  menthol  or  camphor.  In  bronchiectasis,  in 
bronchorrhea,  in  putrid  bronchitis  and  in  pulmonary  gangrene,  its  internal  use  may 
be  supplemented  by  continuous  or  intermittent  inhalation  and  by  endotracheal  or 
endobronchial  injections  or  applications,  as  discussed  under  topical  uses  and  methods 
of  administration.  In  chronic  bronchial  affections  when  prolonged  treatment  is  needed, 
creosote  may  be  alternated  with  myrtol  or  terebinthinates.  These  agents  may  also  be 
associated  with  it  in  both  acute  and  chronic  catarrhs  of  the  respiratory  tract. 

Creosote  in  the  form  of  the  carbonate  is  of  considerable  benefit  in  lobular  pneu- 
monia of  various  bacterial  types.  It  should  be  given  in  fairly  large  doses  (5  to  10 
minims — 0.3  to  0.6  cc.)  every  two  to  four  hours,  and  supplemented  by  other  needed 
measures,  as,  for  example,  the  use  of  digitalis.  It  is  important  to  have  a  sufficient 
supply  of  fresh  air,  and  to  keep  the  temperature  of  the  sick-room  between  70°  and 
80°  F. — the  last  named  figure  especially  for  the  aged,  the  very  young  and  the  feeble. 

It  is,  however,  in  the  treatment  of  chronic  pulmonary  tuberculosis  that  creosote 
is  of  the  greatest  importance.  Here  it  is  indispensable;  or  to  be  replaced  only  by  its 
somewhat  purer  but  less  active  relative,  guaiacol. 

Two  extremes  have  been  manifested  in  the  treatment  of  pulmonary  tuberculosis — 
one  almost  as  bad  as  the  other.  It  was  foolish  to  rely  upon  drugs,  and  to  keep  the 
patient  housed  under  the  false  idea  of  protecting  him  from  cold ;  it  is  scarcely  less  so, 
to  forego  the  aid  that  may  be  derived  from  medicines  judiciously  used  in  supplemen- 
tation of  rest,  food,  fresh  air,  sunlight  (natural  or  artificial)  and  the  other  measures 
of  reinvigoration.  The  three  drugs  that  are  needed  at  one  or  another  time  in  nearly 
every  case  are  calcium^  (and  parathyroid),  throughout  the  course;  iodine  (principally 
as  iodoform),  in  the  early  or  infiltrative  stage;  and  creosote,  in  the  stages  of  lique- 
faction and  cavitation  or  in  the  presence  of  collateral  bronchitis  and  mixed  infection. 
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That  lesions  of  different  stages  may  sometimes  be  present  simultaneously  in  different 
portions  of  the  lung,  is  well  known.  In  such  instances,  calcium,  iodoform  and  creosote 
(or  guaiacol)  are  to  be  given  in  conjunction. 

Other  medicaments,  as  cinnamates,  arsenic,  iron,  strychnine,  digitalis,  cin- 
chonics,  alcohol,  digestive  ferments,  endocrine  products,  may  have  special  indications 
from  time  to  time  in  certain  cases,  but  the  three  remedies  signalized  are  the  most 
important.        -  '-''^^  ''■ 

Iodine  and  calcium  (with  parathyroid)  are  discussed  elsewhere.  Creosote,  as 
stated,  is  to  be  used  in  the  presence  of  catarrhal  conditions  manifested  by  cough  and 
expectoration,  or  by  small  or  large  subcrepitant  rales,  whether  or  not  tubercle  bacilli, 
or  blood,  or  fragments  of  lung  tissue,  are  to  be  found  in  the  sputum.  It  is  especially 
indicated  by  softening  of  a  degree  to  be  shown  by  moist  rales,  even  when  infrequent 
or  scattered.  It  should  be  utilized  freely,  and  preferably  as  the  carbonate,  when  thero 
is  elevation  of  temperature,  persistent  or  recurrent. 

While  symptoms  of  indigestion  produced  by  the  drug  may  call  for  its  withdrawal, 
it  sometimes  aids  in  overcoming  the  indigestion  which  may  be  a  concomitant  of  the 
infection.  Care  is  necessary,  therefore,  in  interpreting  the  symptoms.  Indigestion 
from  the  effect  of  the  drug  may  be  prevented  or  relieved  ofttimes,  by  the  conjoint  use 
of  digestive  ferments,  or  by  the  administration  of  creosote  in  a  digestant  vehicle.  The 
ferment  of  the  carica  papaya  is  one  of  the  best  for  this  purpose.  Preparations  of 
the  pancreas  or  a  good  vegetable  diastase,  may  be  used  with  it  or  separately,  when 
indicated. 

Creosote  is  not  applicable  in  the  so-called  incipient  stage  of  pulmonary  tubercu- 
losis, unless  concomitant  catarrhal  signs  and  symptoms  are  present.  It  is  sometimes 
useful  however,  in  the  early  stages  of  florid  cases,  in  which  the  elevation  of  temperature 
and  rapid  progress  of  lesions  would  render  the  term  incipient  even  less  appropriate 
than  in  its  ordinary  use.  In  these  cases,  large  doses  must  be  reached  rapidly  and  the 
carbonate  is  the  agent  of  choice.  Calcium  and  parathyroid — sometimes  digitalis — 
must  be  used  conjointly. 

It  is  especially  in  tuberculosis  of  slow  march,  without  hemorrhage  and  with 
abundant  expectoration,  that  creosote  shows  its  remedial  power.  The  first  result 
observed  is  a  modification  of  the  sputum,  which  diminishes  in  quantity  and  improves 
in  quality,  becoming  less  purulent,  although  it  may  still  show  numerous  bacilli.  The 
cough  becomes  less  troublesome  and  more  effective. 

The  physician  must  refrain  from  assisting  this  control  of  cough  with  opium;  as, 
apart  from  all  other  considerations,  such  aid  would  interfere  with  a  just  estimate  of 
the  effect  of  the  creosote.  Later,  if  it  appear  wise  to  do  so,  an  opiate  may  be  used — 
or  perhaps  an  occasional  dose  of  bromide  be  given. 

Fever  and  sweating,  if  present,  are  ameliorated.  The  vomiting — which  may  have 
been  induced  in  great  part  by  coughing,  and  especially  by  the  morning  cough — is  les- 
sened. The  rales  become  fewer  and  less  moist;  and  while  the  sounds  indicative  of 
specific  lesions  may  persist  much  longer  than  those  attributable  to  collateral  catarrh, 
improvement  in  the  former  also  takes  place — the  extent  and  rapidity  thereof  dif- 
fering, of  course,  with  the  severity  of  the  case  and  the  stage  of  development  at  which 
it  came  under  observation.  Digestion  improves;  appetite  increases;  pretty  soon  the 
patient  begins  to  take  on  weight.  The  improvement  of  nutrition  is  most  marked  in 
those  who  have  taken  cod-liver  oil  or  morrhuol  conjointly  with  the  creosote;  but  is  to 
be  observed  in  others  also. 

In  far  advanced  cases  with  large  or  multiple  cavities,  and  in  cases  of  severe 
mixed  infection,  creosote  is  palliative  only.  Yet  even  in  these  it  may  help  to  bring 
about  marked  amelioration.    It  is  again  to  be  repeated  that  creosote  alone  is  of  but 
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partial  value  in  any  case,  at  any  stage;  but  that  when  it  is  used  in  conjunction  with 
other  appropriate  measures,  results  are  obtained  that  do  not  seem  possible  without  it. 

Some  authors  consider  a  tendency  to  hemoptysis  or  to  high  fever  a  contraindica- 
tion to  the  use  of  creosote.  This  is  an  error.  During  and  following  hemorrhages, 
creosote  and  all  other  drugs,  except  calcium  and  opiates  (or  the  special  agent,  as 
camphor,  cotamin,  fibrinogen,  etc.,  which  may  be  used  to  control  bleeding),  must  be 
withdrawn.    But  later,  creosote  may  be  begun  or  resumed,  with  benefit. 

Fever  is  a  definite  indication  for  the  use  of  creosote.  If  the  temperature  be 
greater  than  101°  F.  (38.3°  C),  large  doses  (5  to  10  minims  every  two  to  four  hours) 
will  be  needed  at  first,  and  the  carbonate  is  to  be  preferred. 

An  element  of  treatment  that  needs  insistence  upon,  is  prolonged  rest.  Although 
the  bleeding  or  the  fever  may  have  subsided  under  treatment,  the  patient  must  be  kept 
in  bed  for  days,  or  perhaps  weeks,  longer ;  and  return  to  activity  must  be  very  gradual. 
Failures,  through  neglect  to  observe  these  and  other  necessary  precautions  and  points 
of  good  nursing,  must  not  be  charged  against  the  drug. 

A  frequent  source  of  failure  in  the  use  of  creosote  in  chronic  pulmonary  tubercu- 
losis is  the  tendency  of  patients  to  discontinue  the  drug  when  the  immediate  symptoms 
have  been  relieved,  and  the  neglect  of  physicians  to  warn  them  against  so  doing. 
Patients  should  be  kept  under  observation,  more  or  less  continuously,  for  at  least  four 
years  after  apparent  recovery;  and  during  this  time  in  addition  to  the  regime  of 
reinvigoration  and  the  continued  use  of  calcium  (and  parathyroid)  creosote  medica- 
tion— continuous  or  occasional,  according  to  all  the  conditions  present — should  be  a 
part  of  the  therapeutic,  or  (if  the  term  be  preferred)  prophylactic,  management.  The 
drug  may  be  given  for  one  week  in  the  month,  or  for  two  days  in  the  week,  or  more 
or  less  frequently,  as  seems  best ;  but  having  once  been  needed,  it  can  not  be  with- 
drawn entirely,  until  a  sufficient  time  has  elapsed  to  preclude  the  likelihood  of  relapse. 
Should  relapse  occur,  early  or  late,  creosote  and  calcium  must  again  be  used  freely. 

Lesions,  or  even  functional  impairment,  of  the  kidney  constitute  a  definite  contra- 
indication to  the  free  use  of  creosote;  and,  if  severe,  to  its  use  even  in  small  doses. 

Administration. — Beechwood  creosote  only  should  be  prescribed  medicinally.  When 
used  for  local  effect  upon  the  gastric  mucous  membrane,  it  is  to  be  administered  before 
meals  in  doses  of  from  y^  drop  to — at  most — 2  drops,  in  solution  or  suspension,  in  a 
small  quantity  of  water  or  milk.  For  effect  upon  the  stomach  contents,  it  may  be 
dropped  upon  an  inert  powder,  or  upon  magnesium  or  calcium  carbonate,  and  mixed 
with  a  little  water  when  swallowed;  or  a  mixture  or  combination  with  a  suitable  lime 
salt  may  be  made  into  a  tablet,  and  coated  with  gelatin,  sugar  or  chocolate.  When  local 
effect  in  the  bowel  is  sought,  the  so-called  "enteric"  coating  should  be  used. 

For  systemic  effect,  if  small  doses  only  are  to  be  given,  the  creosote  may  be  encap- 
sulated— or  made  into  a  coated  tablet — with  a  calcium  salt;  or  encapsulated  with 
glycerin,  cod-liver  oil,  olive  oil  or  morrhuol.  From  one  to  five  such  capsules,  each  con- 
taining 1  or  2  minims  of  creosote,  constitute  a  dose.  It  Is  commonly  best  to  begin  with 
one  thrice  daily,  and  increase  the  number  gradually  to  a  maximum,  depending  somewhat 
on  the  patient's  tolerance.  When  the  drug  is  to  be  used  over  a  long  period,  as  in  pul- 
monary tuberculosis,  the  increments  may  be  made  weekly.  When  large  doses  of  the 
liquid  creosote  are  prescribed,  the  drug  should  be  given  with  correspondingly  large 
quantities  of  water  or  milk  (not  less  than  a  dessertspoonful — 8  cc,  to  the  drop),  or 
emulsionized  with  the  aid  of  acacia.  It  is  also  usefully  added  to  cod-liver  oil  emulsions. 
For  single  doses  much  in  excess  of  5  minims,  however,  when  expense  is  not  a  deterrent, 
creosote  carbonate  is  to  be  preferred.  Creosote  benzoate  and  creosote  phosphate  are 
advocated  by  some  writers,  but  have  not  come  into  very  general   use. 

In  larger  doses  than  1  to  2  drops,  creosote  is  best  administered  after  eating,  to  avoid 
or  minimize  the  local  irritation.  When  it  is  to  be  continued  for  a  long  time,  as  in 
pulmonary  tuberculosis,  if  capsules  or  tablets  be  not  employed,  the  best  plan  Is  to  begin 
with  small  doses  of  ^A  to  2  minims  largely  diluted,  and  to  increase  the  single  dose  by 
the  addition  of  %  to  1  minim  dV^  to  3  minims  to  the  daily  dose)  every  third  to  eighth 
day,  until  the  maximum  dose  of  10  to  20  minims   (0.6  to  1.2  cc.)   is  reached.     A  dose 
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of  15  minims  thrice  daily  can  often  be  continued  for  several  months,  although  many 
individual  differences  in  tolerance  will  be  found.  A  dose  of  20  minims,  even  if  well 
tolerated,  should  be  suspended  after  a  week  or  two — or  decreased  rapidly,  or  gradually — 
to  be  resumed  and  again  increased  slowly,  if  well  borne  and  needed.  Commonly,  for 
prolonged  administration,  10  minims  (0.6  cc.)  three  times  a  day,  will  be  found  a 
sufficient  dose.  In  many  cases,  15  minims  (1  cc.)  daily,  will  be  the  maximum  tolerated. 
Creosote  carbonate  is  well  tolerated,  as  a  rule,  even  by  those  who  cannot  take  plain 
creosote  at  all.  It  can  be  encapsulated,  alone,  or  with  other  appropriate  agents — e.g., 
calcium  hypophosphite — or  suspended  in  a  tablespoonful,  more  or  less,  of  hot  milk,  or 
in  hot  water,  or  swallowed  undiluted,  followed  by  a  cupful,  more  or  less,  of  milk  or 
water.  Beginning  with  5  or  10  minims,  the  dose  may  gradually  be  increased  to  30 
minims  (2  cc),  or  even  60  minims  (4  cc.)  if  necessary,  thrice  daily,  in  chronic  cases. 
In  acute  febrile  conditions  a  dose  of  10  to  15  minims  (0.6  to  1  cc.)  every  two  to  four 
hours,  is  commonly  better. 

Hypoderniically,  creosote  may  be  injected  carefully  and  slowly  once  or  twice  daily 
in  doses  of  8  to  20  minims  (0.5  to  1.5  cc.)  of  a  1  to  7.5  percent,  solution  in  sterile  olive 
oil  or  oil  of  sweet  almond.  Ten  percent,  solutions  are  permissible,  but  are  very  likely 
to  cause  burning  and  perhaps  necrosis.  The  oil  must  be  pure,  entirely  deprived  of  fatty 
acids.  It  should  be  washed  in  alcohol,  and  then  decanted  and  heated  to  vaporize  the 
alcohol.  The  creosote  is  then  to  be  added  and  the  solution  sterilized.  It  must  not  be 
given  intravenously,  as  collapse  may  result.  Eucalyptol,  1  or  2  minims,  is  sometimes 
added  to  solutions  of  creosote  intended  for  subcutaneous  injections.  For  endotracheal 
and  endobronchial  injections,  from  5  to  10  to  as  many  as  30  to  60  minims  (0.3  to  4  cc.) 
of  a  2  percent,  solution  in  oil  or  liquid  petrolatum  may  be  used.  Menthol  (1  to  10  per- 
cent.) and  eucalyptol  (2  percent.)  may  be  added.  For  topical  application  to  mucous 
membranes,  solutions  in  oil  or  glycerin  or  liquid  petrolatum  (commonly  i/g  to  1  percent.) 
are  eligible.    Menthol  and  the  like  may  be  added.  , 

Creosote  may  be  given  by  enema,  in  pancreatized  milk  or  pancreatized  cod-liver  oil, 
from  1  to  8  minims  (0.05  to  0.5  cc.)  to  the  ounce  (30  cc),  and  14  to  2  ounces  to  the 
injection.  The  method  is  especially  useful  with  children.  Creosote  may  likewise  be 
incorporated  with  cocoa  butter  in  a  suppository. 

Creosote  may  be  rubbed  into  the  skin,  alone  or  dissolved  in  oil  or  in  alcohol.  Pure 
creosote  and  oily  solutions  are  not  very  well  absorbed.  Perhaps  greater  absorption 
takes  place  when  cod-liver  oil  is  the  vehicle  than  when  almond  oil,  olive  oil,  oil  of 
sesame  or  other  vegetable  product  is  used.  The  disagreeable  odors  may  be  masked  in 
part  by  eucalyptol,  wintergreen,  peppermint  or  other  essential  oil.  The  strength  of  the 
solution  is  commonly  10  percent. 

In  friction  with  alcoholic  solutions,  however,  a  fair  proportion  of  the  medicament 
is  absorbed.  According  to  Saillet,  if  5  Gm.  of  a  20  percent,  solution  of  creosote  in 
alcohol  be  rubbed  upon  the  limbs,  0.1  Gm.  of  creosote— and  if  it  be  rubbed  upon  the 
trunk,  0.16  Gm.  of  creosote — will  be  taken  up.  If  15  Gm.  of  the  solution  (i^  ounce)  be 
rubbed  upon  both  trunk  and  extremities,  the  quantity  of  creosote  absorbed  will  be  0.3 
Gm.  (5  grains).  Such  frictions  are  well  borne  by  the  skin,  and  give  rise  to  a  pleasant 
after-sensation.  They  have  the  advantage  of  sparing  the  stomach,  and  incidentally  tend 
to  control  night  sweats  in  phthisical  patients  and  to  reduce  febrile  temperature  slightly. 
Sometimes,  however,  in  specially  sensitive  persons,  the  application  may  be  followed  in 
10  or  15  minutes  by  profuse  sweating,  and  in  rare  instances  by  chilliness  or  even  rigor. 
Commonly  the  output  of  urine  is  increased. 

The  urine  should  be  carefully  watched  for  discoloration  or  for  albuminuria,  and  the 
medicament  should  be  intermitted  if  either  of  these  conditions  is  manifested;  so  also 
it  should  be  stopped  if  there  are  symptoms  of  gastric  intolerance  or  vertigo. 

Creosote  is  sometimes  mixed  with  menthol  and  alcohol,  or  spirit  of  chloroform,  and 
the  vapor  is  inhaled.  Creosote  ointment,  which  at  one  time  was  official,  contained  30 
minims  to  each  ounce  of  lard;  an  ointment  of  phenol  (5  percent.)  made  with  petrolatum 
is  more  effective. 

Creosote  carbonate,  or  creosotal,  is  intended  as  a  substitute  for  creosote  and  is 
administered  in  a  similar  manner;  it  may  be  suspended  in,  or  floated  upon,  hot  milk, 
or  enclosed  in  capsules  containing  5  grains  (0.3  Gm.)  each,  and  a  lime  salt,  preferably 
the  hypophosphite  may  be  incorporated  in  the  same  capsule. 

Creosote  (1  to  3  minims)  ma^  be  mixed  with  a  small  quantity  of  cod-liver  oil  or  of 
morrhuol  and  enclosed  in  gelatin  capsules,  or  mixed  with  1  to  2  minims  of  creosote 
with  one-third  its  volume  of  oil  of  gaultheria  or  eucalyptol,  and  one  and  one-half  times 
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its  weight  of  magnesium  carbonate,  and  encapsulated  dry.  It  may  be  mixed  with  chalk 
or  other  lime  salt,  or  given  in  chocolate  coated  tablets.  The  dose  is  1  to  5  capsules, 
followed  by  a  full  glass  of  water.  If  a  fluid  preparation  is  desired,  creosote  water  may 
be  used,  or  the  following  will  be  found  satisfactory:  Creosote,  32  minims;  oil  of 
gaultheria,  12  minims;  acacia,  4  drams;  aromatic  elixir,  4  tluidrams;  peppermint  water 
to  make  4  fluidounces.  Each  fluidram  contains  1  minim  of  creosote.  To  avert  gastric 
irritation,  a  digestant  vehicle  may  be  employed. 

Creosote  is  often  associated  with  emulsion  of  cod-liver  oil,  alone  or  with 
the  alkali  hypophosphites,  fluidextract  of  wild  cherry  being  added  as  a  flavor.  If  used 
for  fermentative  conditions  of  the  gastroenteric  tract,  creosote  should  be  given  after 
meals;  if  intended  as  an  intestinal  antiseptic  in  tuberculosis,  it  should  be  given  between 
meals,  preferably  in  the  form  of  salol — or  keratin-coated  pills  (which  are  disintegrated 
only  by  the  alkaline  intestinal  fluids) ;  given  in  this  way,  a  daily  dosage  of  from  15  to 
45  minims  can  be  sometimes  taken  without  deranging  digestion. 

Guaiacol 

Materia  Medica. — Guaiacol  (U.S.  X.),  Guaiacol.  Synonyms:  Methylpyrocatechin, 
Methyl-orthodroxylbenzene. 

A  liquid  consisting  principally  of  CgII/0H)(0CH3)  1:2,  usually  obtained  from 
wood  (beech  tar)  creosote;  or  a  solid,  usually  prepared  synthetically.  Liquid  guaiacol 
is  colorless  or  yellowish.  Solid  guaiacol  is  crystalline  and  is  colorless  or  yellowish. 
Guaiacol  becomes  darker  on  exposure  to  light.  When  liquefied,  the  solid  form'  may 
remain  liquid  for  a  long  time,  even  at  a  low  temperature.  Guaiacol  has  an  agreeable 
aromatic  odor.  One  Gm.  of  guaiacol  is  soluble  in  from  60  to  70  cc.  of  water  and  in 
1  cc.  of  glycerin  at  25°  C.,  but  separates  from  the  glycerin  on  the  addition  of  water. 
It  is  miscible  with  alcohol,  chloroform,  ether,  and  glacial  acetic  acid. 

Dose,  5  to  10  minims  (0.3  to  0.6  cc). 

GuAiACOLis  Carbonas  (U.S.  X.),  Guaiacol  Carbonate.  Ahhr.,  Guaiacol  Garb.  Syno- 
nym :  Duotal. 

It  occurs  as  small,  colorless  crystals,  or  a  white,  crystalline  powder.  It  is  odolf* 
less  and  tasteless,  or  has  a  slight  aromatic  odor  and  taste.  It  is  insoluble  in  water. 
One  Gm.  is  soluble  in  60  cc.  of  alcohol,  1  cc.  of  chloroform,  and  in  18  cc.  of  ether 
at  25°  C.  It  is  freely  soluble  in  boiling  alcohol  and  benzene,  and  slightly  soluble  in 
glycerin  and  fixed  oils.    Guaiacol  carbonate  is  the  guaiacol  ester  of  carbonic  acid. 

Dose,  10  to  20  gi-ains  (0.6  to  1.3  Gm.). 

GuAiACOLis  Bexzoas  (N.N.E.),  Guaiacol  Benzoate.    Synonym:  Benzosol. 

The  benzoic  acid  ester  of  guaiacol.  It  occurs  in  minute,  colorless  crystals;  odor- 
less, or  having  a  faint  aromatic  odor;  tasteless,  or  nearly  so.  It  is  almost  insoluble 
in  water;  soluble  in  ether,  in  chloroform,  and  in  hot  alcohol. 

Dose,  3  to  10  grains  (0.2  to  0.6  Gm.). 

PoTASsn  GuAiACOLSULPHONAS  (N.N.E.),  Potassium  Guaiacol-Sulphonate.  Syno- 
nym :  Thiocol. 

The  potassium  salt  of  orthoguaiacol  sulphonio  acid.  A  colorless,  crystalline 
powder,  neutral  or  faintly  alkaline;  odorless,  and  having  a  faintly  bitter  taste. 
Thiocol-Roche  is  soluble  in  water;  slightly  soluble  in  ordinary  alcohol,  but  insoluble 
in  absolute  alcohol,  in  ether,  or  in  oils. 

Dose,  5  to  20  grains  (0.3  to  1.3  Gm.),  in  water,  syrup,  or  in  form  of  tablets. 

SvRUPU.s  PoTAssii  GUAIACOLSULPHONAS  (N.R.),  Syrup  of  Potassium  Guaiacolsul- 
phonate.    Ahhr.,  Syr.  Pot.  Guaiacolsulph. 

A  preparation  in  simple  syrup,  containing  6  grains  of  the  drug  to  each  fluidram. 

Dose,  1  to  3  fluidrams  (3.5  to  11  cc). 

Petroxolinum  GUAIACOLIS  (N.F.),  Guaiacol  Petroxolin.    Ahhr.,  Petrox.  Guaiacol. 

Guaiacol,  20  Gm. ;  olive  oil,  5  Gm. ;  liquid  petroxolin,  75  Gm, 

Dose,  externally  as  a  deodorant  and  antipyretic. 
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Antipathogenic  Action. — Guaiacol  is  not  a  powerful  bactericide,  but  1  percent,  pre- 
vents growth  of  anthrax  spores  and  0.1  percent,  that  of  putrefactive  bacteria.  Growth  of 
tubercle  bacilli  is  prevented  by  0.08  percent. 

In  bouillon  culture  a  2  percent,  solution  kills  staphylococcus  aureus  in  three  and  one- 
half  hours,  typhoid  bacilli  in  two  hours,  cholera  nvibrio  in  one  and  one-half  hours,  and 
pyocyaneus  in  one  hour.  Certain  authors  ascribe  the  same  action  to  one-tenth  of  these 
concentrations. 

Guaiacol  vapor  adds  to  the  effectiveness  of  steam  fumigation,  and  it  is  more  active 
than  phenol  when  used  in  this  manner   (Kokubo). 

Although  guaiacol  appears  to  be  of  value  in  certain  types  of  tuberculosis  in  man, 
it  has  no  beneficial  effect  on  the  course  of  infection  in  the  guinea-pig. 

Earth  worms  placed  in  a  solution  of  0.02  percent,  are  killed  within  twenty-four  hours 
(Marfori),  while  ascarides  placed  in  1  to  400  creosote  die  in  half  an  hour  (Bachem). 

Pharmacodynamic  Action:  Adsorption  and  Elimination. — Guaiacol  is  readily  absorbed 
from  the  skin  and  all  mucous  membranes.  If  2  Gm.  (1/3  dram)  is  applied  to  the  inside 
of  the  thigh  with  rubbing,  excretion  begins  in  the  urine  in  about  fifteen  minutes,  reaches 
a  maximum  in  four  hours,  and  ceases  in  about  a  day.  In  this  time,  half  of  the  amount 
applied  has  been  excreted  in  the  urine,  the  rest  by  other  routes.  It  is  taken  up  in  vapor 
form  if  the  drug  is  held  near  the  skin  and  covered  over,  as  well  as  by  direct  contact  with 
the  skin. 

Absorption  from  the  lung  and  from  the  stomach  is  much  slower  than  from  the  skin. 

Guaiacol  is  excreted  by  the  urine  as  double  sulphonates  with  potassium,  and  as 
glycuronates.  It  is  also  excreted  in  the  saliva  and  in  the  bronchial  secretions.  The 
proportion  in  the  urine  lessens  as  the  dose  increases,  being  about  half  of  4  Gm.  and  not 
more  than  one-third  of  10  Gm.    In  the  expired  air  it  is  usually  found  unchanged. 

Guaiacol  forms  combinations  with  acids  as  follows:   CH3O.C6H1.O.CO.O.C6H4.OCH3. 

The  carbonate  and  phosphate  are  completely  broken  down  and  the  guaiacol  released; 
the  sulphate  on  the  other  hand  passes  out  through  the  kidneys  unchanged.  Triguaiacol 
albuminate  (histosan)   is  said  to  be  decomposed  in  the  bowel. 

Topical  Action. — Applied  to  the  skin  guaiacol  causes  burning  followed  by  partial  loss 
of  sensation,  similar  to  that  caused  by  phenol,  but  much  less.  The  burning  may  last  an 
hour,  and,  if  the  preparation  is  not  pure,  may  end  in  erythema,  or  even  dermatitis  with 
vesication.  Injected  hypodermically  in  0.05  percent,  solution  in  oil,  it  induces  anesthesia 
lasting  ten  minutes  and  sufficient  for  small  operations. 

Given  by  mouth  it  is  irritating,  causing  burning  pain  with  vomiting  and  diarrhea, 
which  may  be  bloody,  but  if  small  doses  be  repeated  frequently,  local  tolerance  is  estab- 
lished and  the  phenomena  of  irritation  cease  to  be  troublesome. 

Toxicity. — Guaiacol  applied  to  the  skin  is  readily  absorbed  and  although  0.75  to  1.5 
Gm.  (12  to  24  grains)  have  no  bad  effect,  the  application  of  twice  this  amount  may  be 
followed  by  chills,  with  sudden  fall  of  temperature  and  weakness.  Not  more  than  2  Gm. 
(i/^  dram)  should  be  applied  at  once  in  man. 

In  frogs  injection  of  10  to  50  mgm.  (%  to  1  grain)  causes  clonic  convulsions  followed 
by  paralysis,  the  fatal  dose  being  about  1  mgm.  per  gram.  Pigeons  are  killed  by  0.2  Gm. 
(5  grains)  subcutaneously;  rabbits  by  2.5  Gm.  subcutaneously,  or  4  Gm.  by  mouth; 
cats  by  60  drops  by  mouth;  guinea-pigs  and  rats  by  0.9  Gm.  per  kilo  subcutaneously.  Not 
many  cases  of  fatal  poisoning  in  man  are  known,  but  a  girl  of  9  years  died  after  swallow- 
ing 5  cc.   (75  minims). 

Death  results  from  failure  of  respiration  dependent  upon  general  muscular  paralysis, 
and  from  paralysis  of  the  vasomotor  center.  The  heart  is  also  markedly  weakened. 
There  is  fall  of  temperature  and  sweating,  followed  by  convulsions,  paralysis  and  coma. 
The  higher  the  scale  of  life,  the  more  prominent  are  the  paralytic  symptoms,  and  the  less 
marked  the  convulsive. 

Systemic  Action. — In  general  the  action  of  guaiacol  bears  a  resemblance  to  that  of 
phenol,  but  it  is  less  irritating  to  the  central  nerve  system,  and  more  active  in  reducing 
temperature. 

The  saliva,  in  which  it  is  partly  excreted,  is  increased,  as  is  the  biliary  flow,  and 
peristalsis  is  stimulated  in  the  intact  animal,  by  direct  action  on  the  muscle.  The 
isolated  bowel  is,  on  the  contrary,  paralyzed.  Large  doses  increase  the  coagulability  of 
the  blood  and  in  fatal  poisoning  there  may  be  multiple  emboli  in  the  lungs.  Even  small 
doses*  injected  may  cause  fall  of  blood-pressure  by  depression  of  the  vasomotor  center. 
Large  doses  cause,  in  addition,  a  direct  weakening  of  the  heart,  and  an  increased  secre- 
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tion  of  mucus  in  the  bronchi,  probably  by  local  irritation  during  elimination,  which  with 
the  general  muscular  weakness  leads  to  failure  of  respiration.  In  normal  animals  the 
metabolism  is  not  markedly  affected,  although  excretion  as  a  double  sulphonate  of  potas- 
sium causes  loss  of  this  element,  and  during  a  course  of  guaiacol  treatment,  potassium- 
containing  foods  (potatoes)  should  be  added  to  the  dietary.  Gastroenteric  putrefaction 
is  prevented  and  nutrition  may  thus  be  increased  indirectly.  Even  doses  as  small  as 
0.5  Gm.  (8  grains)  have  a  marked  effect  in  reducing  febrile  temperature,  and  4  Gm. 
(1  dram)  will  cause  in  even  the  normal  individual  a  fall  of  temperature  accompanied  by 
chills  and  even  rigors.  A  dose  between  these  will  cause  sweating,  which  is  sometimes 
profuse  and  aids  the  antipyretic  action,  but  is  not  the  sole  cause  of  it.  The  nerve  system 
is  affected  only  by  large  doses.  In  man,  upwards  of  1.5  to  3  Gm.  (24  to  48  grains) 
causes  general  weakness  through  action  on  the  cord.  Larger  doses  induce  clonic  con- 
vulsions, followed  by  paralysis  and  coma.  Such  symptoms,  however,  are  not  seen  in 
man  except  from  amounts  far  in  excess  of  those  ever  administered  in  therapeutics. 
Headache  and  dizziness  result  even  from  therapeutic  doses,  in  susceptible  individuals. 

Therapeutics:  Topical. — Guaiacol  is  employed,  both  internally  and  externally, 
to  meet  much  the  same  indications  as  creosote.  Instillation  into  the  bladder  of  2  to 
3  fluidrams  (8  to  12  cc.)  of  a  mixture  of  calomel,  2;  guaiacol,  5;  in  sterile  olive  oil, 
95,  has  a  soothing-  effect  in  vesicular  tuberculosis,  5  g-rains  of  potassium  iodide  being 
given  three  times  a  day  internally.  In  chancroidal  huho,  after  operation,  the  addi- 
tion of  camphor  and  guaiacol  (5  percent,  each)  to  the  usual  iodoform  and  glycerin 
dressing  serves  to  moderate  the  pain.  Guaiacol  is  sometimes  applied  locally  to  allay 
itching  (5  to  10  percent,  in  oil  or  petrolatum,  sometimes  with  methyl  salicylate  also) 
in  eczema,  herpes  zoster,  impetigo  contagiosa,  and  pruritus,  etc.;  as  also  to  relieve 
neuralgic  pains.  For  the  latter  purpose,  menthol  and  even  a  small  quantity  of  aconitine 
oleate  may  be  added. 

Systemic. — Guaiacol  may  be  employed  in  pulmonary  tuberculosis  in  place  of  creo- 
sote; it  is  given  in  doses  of  5  to  10  grains  (0.3  to  O.G  Gm.),  the  carbonate  or  benzoate 
being  preferred  to  the  crude  drug  as  less  apt  to  disturb  the  digestion.  In  acute  or 
chronic  bronchitis  with  profuse  expectoration,  guaiacol  carbonate  in  3  to  8  grain 
(0.2  to  0.5  Gm.)  doses,  three  times  a  day,  often  gives  relief. 

In  typhoid  fever,  guaiacx)L  carbonate  in  powder  is  useful  in  many  ways.  It  may 
be  alternated  with  methenamine  or  with  salol  in  powder,  5  to  10  grains  (0.3  to  0.6  Gm.) 
of  one  or  the  other  being  given  every  2  or  3  hours.  Not  only  does  this  routine  tend 
to  prevent  tympanites  (especially  if  it  be  reenforced  by  continuous  application  over 
the  abdomen  of  a  rubber  coil  through  which  ice  water  is  run  slowly),  but  it  thereby 
diminishes  the  risk  of  hemorrhage  and  perforation.  Also  it  minimizes  intestinal  in- 
fection and,  regulating  toxemia,  tends  to  prevent  cholecystitis,  and  reduces  the  likeli- 
hood of  the  patient's  becoming  a  "carrier." 

Guaiacol  cinnamate  combines  the  virtues  of  guaiacol  and  cinnamic  acid.  It  is 
eligible  for  use  in  both  acute  and  chronic  catarrhs  of  the  respiratory  and  urinary  tracts, 
and  in  pulmonary  and  renal  tuberculosis.  It  may  be  given  singly,  or  in  conjunction 
with  codeine,  or,  in  tuberculosis,  associated  with  iodoform,  lime  salts,  arsenicals,  or 
other  therapeutic  synergists  or  adjuvants.  The  dose  is  from  3  to  10  grains  (0.3  to  O.G 
Gm.),  and  it  is  most  conveniently  administered  in  capsules. 

In  chronic  rheumatism  and  osteo-arthritis,  10  grains  (0.6  Gm.)  of  guaiacol  car- 
bonate or  benzoate  with  5  grains  (0.3  Gm.)  of  potassium  iodide,  4  times  a  day,  will 
often  prove  useful  in  relieving  the  pain  and  disability. 

In  fevers,  the  application  of  15  to  20  minims  (1  to  1.3  cc.)  of  liquid  guaiacol  to 
the  skin  of  the  abdomen  over  an  area  of  10  to  20  square  inches,  will  bring  about  gradual 
fall  of  temperature;  but  a  larger  quantity  will  cause  additionally,  chill,  profuse  per- 
spiration and  even  collapse.  The  practice  had  considerable  vogue  at  one  time  but 
has  fallen  into  disuse.     It  may  I»e  roincniliored  for  an  occasional  emergency.     A  dose 
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of  10  grains  (0.6  Gm.)  internally  may  also  cause  a  fall  of  2°  or  3°  F.  in  the  course 
of  three  hours  but  in  that  event  the  fall  is  likely  to  be  accompanied  with  symptoms 
of  collapse. 

Administration. — Guaiacol  may  be  given  in  capsule  with  magnesium  carbonate  or  a 
lime  salt;  in  soft  capsules;  or  in  a  1  to  2  percent,  solution  in  wine;  or  mixed  with  an 
equal  volume  of  olive  oil,  and  the  mixture  emulsified  with  powdered  acacia  and  pepper- 
mint water,  and  flavored  with  elixir  of  cardamom.  Externally  for  antipyretic  effect  15 
to  30  minims  pure,  or  mixed  with  an  equal  quantity  of  soap  liniment  and  chloroform 
liniment  may  be  applied  to  the  abdomen  by  gentle  rubbing. 

Guaiacol  carbonate  is  given  as  powder,  or  in  capsule,  as  also  are  guaiacol  benzoate 
and  GUAIACOL  salicylate. 

Thiocol,  which  is  nearly  tasteless  and  is  said  not  to  disturb  digestion,  may  be  used 
instead  of  guaiacol  in  the  treatment  of  pulmonary  tuberculosis  and  other  respiratory 
affections.    It  may  be  given  in  tablet  form  or  dissolved  in  syrup. 

Benzoic  Acid  and  Benzoates 

Although  gum  benzoin,  of  which  benzoic  acid  constitutes  from  14  to  18  percent., 
has  long  been  used  as  a  constituent  of  vulneraries,  benzoic  acid  itself  was  not  intro- 
duced into  medicine  until  nearly  the  middle  of  the  last  century.  At  present  the 
acid  is  prepared  more  economically  from  toluol. 

Benzoic  acid  (phenyl-carboxyl,  CjH^COOH)  differs  from  phenol  in  the  replace- 
ment of  the  hydroxyl  by  the  carboxyl  or  acid  radical.  This  change  lessens  markedly  the 
irritant  and  toxic  properties  of  the  compound,  but  also  diminishes  its  antiseptic  power. 

Summary  of  Actions  and  Uses.  The  alkali  salts  of  benzoic  acid  {e.g.,  sodium  ben- 
zoate) have  little  topical  or  systemic  action,  but  in  very  large  doses  cause  motor  ex- 
citement followed  by  central  paralysis.  Benzoic  acid  is  irritating  to  mucous  membranes, 
large  doses  causing  vomiting  and  diarrhea,  and  long-continued  administration  of 
moderate  amounts  often  leading  to  inflammation  of  the  gastroenteric  tract  and  of  the 
kidneys. 

Benzoic  acid  and  the  benzoates  are  used  chiefly  in  affections  of  t,he  gastroenteric, 
broncholaryngeal  and  genito-urinary  tracts,  and  apparently  possess  a  special  applicability 
in  influenzal  infections. 

■  -r  Materia  Medica. — Acidum  Benzoicum  (U.S.  X.),  Benzoic  Acid.  Ahhr.,  Acid.  Benz. 
Synonyms:  Acidum  Benzoicum  Sublimatum,  Flowers  of  Benzoin,  Flowers  of  Benja- 
min. 

Occurs  in  lustrous  scales  or  light,  feathery,  friable  needles;  odorless  when  quite 
pure,  but  possessing  an  agreeable  aromatic  odor  when  obtained  from  benzoin  by 
sublimation.  The  synthetic  acid  is  white  and  odorless,  or  it  may  have  a  slight  odor 
of  benzaldehyde.  The  natural  acid  is  white  or  yellowish,  acquiring  a  darker  color  on 
exposure  to  light,  and  has  a  slight  odor  of  benzoin.  One  Gm.  is  soluble  in  275  cc.  of 
water,  2.3  cc.  of  alcohol,  4.5  cc.  of  chloroform,  3  cc.  of  ether,  18  cc.  of  boiling  water, 
and  1.5  cc,  of  boiling  alcohol;  it  is  soluble  in  fixed  and  volatile  oils. 

Antagonists  and  IncompatiUes. — Hydrogen  dioxide  and  the  salts  of  iron,  lead, 
mercury,  quinine,  and  silver. 

Dose,  5  to  30  grains  (0.3  to  2  Gm.). 

Trochiscus  Acidi  Benzoici  (Br.),  Benzoic  Acid  Lozenge.  Ahhr.,  Troch.  Acid. 
Benz. 

Each  lozenge  contain  V2  grain  (0.03  Gm.)  of  benzoic  acid  mixed  with  a  fruit  basis. 

Dose,  from  1  to  3  lozenges,  for  congestions  of  the  buccal  cavity. 

LiTHii  Benzoas  (N.F.),  Lithium  Benzoate.  Ahhr.,  Lith.  Benz.  Synonym:  Ben- 
zoate of  Lithium. 

A  white  powder;  odorless  and  stable  in  the  air.  One  Gm.  dissolves  in  3  cc.  of 
water  and  in  about  IG  cc.  of  alcohol. 

Dose,  10  to  20  grains  (O.G  to  L3  Gm.). 
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SoDii  Benzoas  (U.S.  X.),  Sodium  Benzoate.  Ahbr.,  Sod.  Benz.  Synonym:  Benzo- 
atc  of  Soda. 

A  white,  amorpTious,  <:;raiiular  or  crystalline  powder;  odorless,  or  with  a  slight 
odor  of  benzoin,  and  of  an  unpleasant,  sweetish,  saline  taste.  One  Gm.  is  soluble 
in  1.8  CO.  of  water,  and  in  61  oc.  of  alcohol. 

Dose,  10  to  20  grains   (0.6  to   1.3  Gm.). 

Betanaphtholis  Bexzoas  (N.N.R.),  Beta-naphthol  Benzoate.  Synonyms:  Beta- 
naphthyl  Benzoate,  Benzonaphthol. 

Occurs  in  colorless  needles  or  as  a  white,  crystalline  powder;  tasteless,  and  of 
a  faintly  aromatic  odor;  almost  insoluble  in  water;  soluble  in  chloroform  and  fixed 
oils,  and  very  soluble  in  alcohol  and  ether. 

Dose,  3  to  8  grains  (0.2  to  0.5  Gm.).    Maximum  dose,  15  grains  (1  Gm.). 

Antipathogenic  Action. — The  bactericidal  power  of  benzoic  acid  depends  largely  on 
its  acidity,  sodium  benzoate  having  hardly  more  antiseptic  action  than  sodium  chloride. 
The  acid  in  0.2  percent,  solution  in  bouillon  requires  almost  24  hours  to  kill  typhoid  and 
cholera  bacilli,  and  0.,3  percent,  is  needed  to  preserve  urine.  Smaller  amounts  will  act 
as  preservative  for  originally  sterile,  acid  food  products,  such  as  preserves,  jellies  and 
catsups. 

PharmacodyTiamic  Action:  Absorption  and  Elimination. — Absorption  from  the  gastro- 
enteric tract  is  rapid.  The  drug  is  carried  to  the  liver  where  by  far  the  greater  propor- 
tion (75  to  95  percent,  of  a  single  large  dose)  is  combined  with  glycocoll  to  form  hippuric 
acid,  in  which  combination  almost  the  entire  amount  may  be  found  in  the  urine  within 
6  hours.  Most  of  the  remainder  is  excreted  unchanged  by  the  kidneys.  Traces  of  ben- 
zoate are  found  in  the  saliva  of  dogs,  but  could  not  be  found  in  that  of  man. 

Topical  Action. — Topically  the  free  acid,  while  without  effect  upon  the  unbroken 
skin,  is  quite  irritant  to  mucous  membranes.  Its  salts  are  practically  devoid  of  such 
action,  but  may  become  irritating  in  the  stomach,  owing  to  conversion  to  the  acid  by  the 
acid  gastric  juice. 

Toxicity:  Toxic  Dose. — Sodium  benzoate  is  not  acutely  toxic  for  laboratory  animals 
imless  given  in  enormous  doses,  about  2  Gm.  per  kilo.  There  is  not  much  difference 
with  the  method  of  administration.  Death  is  preceded  by  fall  of  temperature  with  tre- 
mors or  clonic  convulsions,  and  results  from  respiratory  paralysis. 

Sodium  benzoate  has  been  given  to  man  in  very  large  doses  (15  to  50  Gm.,  4  to  14 
drams)  without  producing  any  disturbance.  There  may,  however,  be  symptoms  of  in- 
toxication with  much  smaller  doses.  Digestive  disturbance  and  headache  are  frequent, 
and  eruptions  of  various  kinds  occasionally  appear  after  the  ingestion  of  even  0.5  Gm. 
(7'/2  grains). 

Sodium  benzoate  is  used  as  a  preservative  of  canned  goods  and  much  discussion  has 
been  provoked  by  the  question  of  its  toxicity  when  ingested  with  food  so  treated.  Al- 
though it  has  been  demonstrated  that  the  amounts  used  are  rarely,  if  ever,  followed  by 
toxic  effects,  its  use  as  a  food  preservative  is  on  the  whole  to  be  condemned.  Taken 
in  large  amounts  and  for  a  long  period  of  time,  the  acid  produces  effects  "similar  to  those 
resulting  from  the  prolonged  use  of  condiments,  irritating  the  gastroenteric  mucous 
memhrane  and  giving  rise  to  subacute  inflammation.  Moreover,  the  constant  irritation 
of  the  eliminative  organs,  especially  the  kidney,  leads  to  a  sluggish  inflammation,  which, 
in  the  course  of  years,  may  eventuate  in  actual  nephritis,  and  which  may,  in  any  event, 
act  as  a  contributing  factor  to  the  breakdown  with  which  the  kidney,  under  modern 
conditions  of  life,  is  continually  threatened. 

The  topical  irritation  is  much  greater  in  acid  than  in  alkaline  or  neutral  fluids,  and 
when  taken  in  acid  drinks,  such  as  cider,  amounts  as  small  as  2  Gm.  (30  grains)  cause 
gastroenteric  distress  and  headache.  In  milk  several  times  this  quantity  has  no  such 
effect. 

Systemic  Action:  Digestive  Tract. — Small  quantities  (1  Gm. — 15  grains)  of  sodium 
benzoate  are  somewhat  irritant  and  give  rise  to  a  sensation  of  epigastric  warmth. 
Though  it  exerts  its  antiseptic  influence  in  the  stomach,  peptic  digestion  proceeds  actively 
even  in  a  saturated  solution  of  the  drug.  Very  large  quantities — over  5  Gm.  (75  grains) 
— of  benzoic  acid  and  of  its  sodium  salt  may  cause  nausea  and  vomiting,  the  vomitus 
being  in  rare  instances  blood-tinged.    Continued  use,  even  of  small  quantities,  may  result 
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in  moderate  inflammatory  changes  in  the  mucous  membrane  of  the  stomach  and  intes- 
tine, and  even  when  sodium  benzoate  has  been  injected  subcutaneously  into  animals,  the 
gastric  mucosa  has  been  found  at  autopsy  eroded  and  ecchymosed,  owing  to  excretion 
into  the  stomach  and  the  setting  free  of  benzoic  acid  there. 

Benzoic  acid  is  credited  with  the  power  of  increasing  the  secretion  of  bile,  but  this 
action  is  not  cei-tain. 

Nerve  System. — In  man,  15  Gm.  (75  grains)  of  benzoic  acid  causes  a  sensation  of 
heaviness  of  the  head  and  seems  to  exert  a  mild  sedative  action.  In  dogs,  larger  doses 
(1.5  to  2  Gm.  per  kilo)  cause  excitement,  tremor,  convulsions,  and  incoordination,  fol- 
lowed by  marked  ataxia  and  eventually  complete  paralysis,  first  of  the  forelegs  and  later 
of  the  hind  legs.  The  heart  is  depressed  by  direct  action  and  the  respiratory  center  Js 
finally  paralyzed,  death  resulting  from  asphyxia.  Small  doses  cause  some  increase  in 
the   secretion   of   bronchial   mucus. 

Urinary  System. — Diuresis  often  occurs  after  taking  benzoic  acid  and  benzoates, 
probably  through  irritant  action  on  the  renal  epithelium.  This  effect  is,  however 
inconstant  in  healthy  human  beings,  and  the  amount  of  urine  is  in  some  instances 
diminished.     In  typhoid  fever  and  influenza  a  distinct  diuresis  is  more  common. 

In  healthy  individuals  benzoic  acid  given  for  4  to  7  days  will  diminish  slightly  the 
solid  matters  of  the  urine.  The  urea  content  falls,  but  it  is  to  be  noted  that  hippuric  acid 
takes  out  a  part  of  the  nitrogen  that  would  otherwise  be  eliminated  as  urea,  and  the 
total  amount  of  nitrogen  eliminated  is  augmented,  this  pointing  to  an  increase  in  the 
decomposition  of  proteins. 

There  is  a  difference  of  opinion  as  to  the  action  of  benzoates  on  the  excretion  of 
urates,  it  being  stated  by  some  that  they  lower  the  renal  threshold,  thus  reducing  the 
content  of  the  blood  and  raising  that  of  the  urine,  when  given  to  man  in  doses  of  8  Gm. 
(2  drams)   a  day   (Denis).    Others  deny  any  action  whatsoever. 

Therapeutics:  Topical. — Benzoic  acid  lozenges  are  useful  in  subacute  pharyngitis 
and  other  forms  of  sore  throat,  especially  when  the  secretions  are  scanty  and  swallow- 
ing slightly  painful.  They  increase  the  flow  of  saliva,  moisten  the  throat,  relieve  pain 
and  reduce  inflammation. 

Beta-naphthol  benzoate  is  of  value  in  scabies,  applied  in  3  to  10  percent,  ointment ; 
it  is  sometimes  employed  in  the  treatment  of  psoriasis. 

Systemic. — When,  in  cases  of  cystitis  and  of  pyelitis,  the  urine  is  undergoing 
ammoniaeal  fermentation  within,  the  body,  benzoic  acid  is  of  value,  as  it  not  only 
neutralizes  the  alkaline  urine,  but  the  small  amount  excreted  unchanged  exerts  some 
antiseptic  action.  It  is  best  administered  in  the  form  of  ammonium  benzoate  in 
doses  of  10  grains  (0.6  Gm.),  well  diluted,  three  times  a  day.  It  also  relieves  the 
pain  and  tenesmus  in  these  conditions. 

Sodium  benzoate  has  been  prescribed  in  typhoid  fever  with  the  idea  of  increas- 
ing the  elimination  of  incompletely  oxidized  matters :  30  grains  (2  Gm.)  of  benzoic 
acid  or  60  grains  (4  Gm.)  of  sodium  benzoate  daily.  It  is  useless  to  administer  larger 
doses.  In  influenza,  sodium  benzoate  given  early  in  comparatively  large  doses  (20 
grains — 1.3  Gm.),  thrice  daily,  or  more  frequently,  sometimes  acts  almost  specifically. 
This  is  especially  the  case  when  the  first  manifestations  occvir  in  the  nose  and  throat, 
markedly  so  if  the  malady  begins  with  tonsillitis  or  pharyngolai-yngitis.  The  asso- 
ciation of  sodium  salicylate  with  the  benzoate  is  highly  useful.  Fluid  extract  of  coca, 
or  better,  wine  of  coca,  covers  the  taste  and  is  a  therapeutic  adjuvant. 

Benzoates  are  of  service  as  expectorants  in  chronic  catarrh  of  the  respiratory  tract 
especially.  Sodium  benzoate  has  been  used  as  a  succedaneum  for  sodium  salicylate  in 
acute  articular  rheumatism,  but  is  much  inferior.  In  pleuritis,  in  bronchopneumonia, 
and  especially  when  the  subject  is  of  the  rheumatic  diathesis,  the  association  of  sodium 
benzoate  and  sodium  salicylate  again  finds  place. 

Sodium  benzoate  may  likewise  be  associated  with  sodium  salicylate  in  the  treat- 
ment of  biliary  lithiasis,  and  of  catarrhal  jaundice.  Beta-naplithol  benzoate  is  an 
effective  intestinal  antiseptic,  given  in  doses  of  5  grains   (0.3   Gm.)   before  meals. 
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In  diarrheas,  it  is  usefully  associated  with  bismuth  compoLinds  and  small  doses  of 
Dover  powder,  after  calomel  or  castor  oil  has  beeii  f^iven  to  rid  the  bowel  of  irritating 
matters. 

Administration. — Benzoic  acid  may  be  given  in  gelatin  capsules,  or  in  the  form  of  a 
solution,  1  part  of  the  acid  being  dissolved  in  water  with  the  aid  of  4  parts  of  sodium 
phosphate.  The  latter  is.  however.  i)raotically  a  sohition  of  the  sodium  salt.  Sodium 
benzoate  (the  most  soluble  salt  of  benzoic  acid)  and  ammonium  benzoate,  may  be  ex- 
hibited in  aqueous  solution,  flavored  with  syrup  of  tolu.  Lithium  benzoate,  which  con- 
tains the  highest  percentage  of  combined  acid,  may  be  used  in  aqueous  solution  as  an 
injection.    The  dose  of  either  preparation  is  from  5  to  30  grains  (0.3  to  2  Gm.). 

Cinnamio  Acid 

Cinnamic  acid,  which  resembles  both  benzoic  and  salicylic  acids  in  its  action, 
was  introduced  into  medicine  by  Landcrcr  in  1892  as  a  remedy  for  tuberculosis. 

It  i.s  an  aromatic  acid  (phenyl-acrylic  or  pheuyl-propicmic  acid — CgHj.CHiCH.- 
COOH)  and  is  one  of  the  chief  constituents  of  balsam  of  Peru,  from  which  it  is 
readily  obtained.    A  purer  product  is  made  synthetically  from  benzaldehyde. 

Injected  in  animals  it  causes  a  marked  leucocytosis,  involving?  especially  the 
polynuclears,  and  associated  with  increased  nitrogen  excretion.  The  central  nerve 
system  is  depressed  and  finally  paralyzed  l)y  large  doses. 

It  has  been  used  chiefly  in  the  treatment  of  tuberculosis,  the  beneficial  results 
being  ascribed  largely  to  the  leucocytosis,  but  in  part  to  promotion  of  fibrosis  in 
affected  areas. 

Materia  Medica. — Acidum  Cinnamicum  (unofficial),  Cinnamic  Acid.  Synonyms: 
Hetol,  Sodium  Cinnamate. 

Sodium  cinnamate  is  soluble  in  20  parts  of  water,  the  solution  being  faintly 
alkaline. 

Dose,  intravenous,  starting-  with  1/50  grain  (0.0013  Gm.),  repeated  each  third 
day  until  1/3  grain  (0.02  Gm.)  has  been  reached;  by  mouth,  2  to  3  grains  (0.13  to 
0.2  Gm.). 

AntipUthogenic  Action. — The  cinnaraates  are  devoid  of  antiseptic  power.  The  free 
acid  resembles  benzoic  acid,  being  if  anything  somewhat  more  powerful. 

Pharmacodynamic  Action. — Frogs  given  about  2  mgm.  per  Gram  show  progressive 
weakness  with  loss  of  reflexes  ending  in  motor  paralysis  with  cessation  of  respiration. 
The  heart  becomes  slow  but  continues  to  beat  strongly  for  an  hour  or  more  after  respira- 
tion has  ceased,  before  stopping  in  diastole.  Rabbits  show  similar  symptoms  but  there 
is  a  tendency  to  tremors  before  paralysis  is  complete.  The  fatal  dose  is  about  the  same 
(2  to  21/2  Gm.  per  kilo). 

Rabbits  given  intravenous  injections  of  0.3  to  0.5  Gm.  (5  to  ly^  grains)  in  5  percent, 
solution  show  an  enormoUs  increase  in  the  number  of  circulating  leucocytes  {e.g.  from 
the  normal  8000  per  cc.  to  almost  72000).  The  increase  reaches  its  height  in  about  24 
hours  and  has  almost  disappeared  in  72  hours  (Richter  and  Spiro).  There  is  prolifera- 
tion of  cells  in  the  spleen  and  bone  marrow,  and  the  increase  is  much  less  in  splenec- 
tomized  animals.  Similar  results  are  seen  in  man.  Subcutaneous  injections  are 
ineffective. 

The  greater  part  of  the  amount  ingested  or  injected  is  excreted  as  hippuric  acid;  part 
is  combined  with  glycocoll  and  part  appears  as  phenyl  propionic  acid  and  as  acetophenon 
(Dakin). 

Therapeutics. — Cinnamates  are  of  great  service  in  early  cases  of  pulmonary  tuber- 
culosis, especially  when  a  lime  salt  and  parathyroid  gland  are  associated  with  it.  Even 
when  small  cavities  exist,  the  conjoint  effect  seems  to  promote  drying  and  healing. 
Although  at  first  the  statement  was  made  that  only  the  synthetic  product  should  be 
used,  and  this  intravenously,  neither  restriction  holds  good.     It  is  true  that  leuco- 
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cytosis  is  not  so  greatly  stimulated  when  the  drug  is  given  by  mouth;  nevertheless, 
its  beneficial  influence  in  resti'aining  cough  and  promoting  cicatrization  of  tuberculous 
areas  is  demonstrably  exerted. 

Administration. — The  dose  of  sodium  cinnamate  by  vein  is  %o  grain  (1  mgm.) 
gradually  increased  to  y^  grain  (20  mgm.)  in  1  to  5  percent,  solution  3  times  a  week 
for  3  to  18  months.  By  mouth,  1  to  5  grains  (0.06  to  0.3  Gm.)  may  be  given  in  capsule 
thrice  daily. 

Salicylates 

Salicylic  acid  and  its  salts  are  remedies  of  recent  introduction.  Oil  of  winter- 
green  was  used  formerly,  as  were  other  essential  oils,  as  a  vulnerary,  but  did  not 
attract  particular  attention.  In  1837  Piria  and  Ettling  found  that  salicyl-aldehyde, 
a  compound  isolated  from  Spiraea,  could  be  converted  into  a  new  body,  salicylic  acid. 
The  next  year  'they  prepared  it  from  salicin,  and  in  1843  Procter  showed  that  it 
could  be  made  from  oil  of  wintergreen.  It  was  so  expensive  as  to  have  no  extended 
use  until  1874  when  Kolbe  discovered  a  cheap  method  of  preparing  it  synthetically 
from  phenol. 

Salicylic  acid  was  first  used  by  Thiersch  in  1875  as  a  surgical  antiseptic;  soon 
after  it  was  proved  to  be  an  effective  antipyretic,  and  its  specific  action  in  rheuma- 
tism was  announced  by  Strickler  in  1876.  Soon  after  a  violent  controversy  arose  as 
to  the  relative  therapeutic  merits  of  the  natural  and  synthetic  products,  the  discus- 
sion being  particularly  extensive  in  regard  to  artificial  oil  of  wintergreen,  or  methyl 
salicylate.  The  question  is  in  essence  one  of  purity.  Synthetic  salicylic  acid  and 
salicylates  are  not  rarely  contaminated  with  irritant  by-products,  and  these  are  quite 
likely  to  disturb  the  stomach.  However,  almost  all  of  the  salicylic  acid  now  found  in 
commerce  is  made  artificially,  and  it  has  been  definitely  shown  that  this  substance 
and  its  salts  are  no  more  toxic  than  the  natural  products  if  absolutely  pure. 

Chemistry. — Salicylic  acid  or  ortho-hydroxy-benzoic  acid,  C,H^OH.COOH,  is  the 
only  one  of  the  three  possible  oxybenzoic  acids  which  occurs  in  nature  or  is  used 
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in  medicine.  It  follows  the  general  rule  that  the  addition  of  carboxyl  to  an  organic 
compound,  thus  converting  it  into  an  acid,  reduces  its  toxicity.  It  may  be  described 
as  phenol  plus  carboxyl,  and  is  very  much  less  poisonous  than  carbolic  acid.  It 
also  follows  the  general  rule  that  addition  of  one  hydroxy!  increases  toxicity,  as  it 
is  more  toxic  than  benzoic  acid. 

Salicylic  acid  forms  salts  with  alkali  and  other  metals,  those  used  medicinally 
including  ammonium  salicylate  (NH,OCO.C,II.OH),  beta-naphthol  salicylate 
(C,„H,OCO.C,H,OH),  bismuth  subsalicylate  (BiO.OCOC.HpH),  sodium  salicylate 
(NaOCOC,HpH),  strontium  salicylate  (SrOCOCJI.OH).  It  also  shows  a  strong  ten- 
dency to  form  esters  with  organic  radicals.  The  most  important  of  these  is  methyl 
salicylate  or  oil  of  wintergreen  (CjH.OH.COOCHJ. 

Both  the  free  acid  and  substances  from  which  it  may  be  formed  are  widely  dis- 
tributed in  plants.  The  acid  is  found  in  many  unripe  fruits,  such  as  strawberry, 
raspberry,  plum,  cherry,  lemon,  grape,  huckleberry,  tomato  and  melons.  Oil  of  winter- 
green is  the  most  important  constituent  of  gaultheria  (wintergreen)  and  of  Betula 
lenta  (sweet  birch).  It  occurs  as  a  readily  decomposed  glucoside,  gaultherin  (Ci„Hj,Ojj), 
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which  does  not  consist  merely  of  a  molecule  each  of  methyl  salicylate  and  glucose 
(as  stated  by  Schneegans)  but  of  these  with  a  molecule  of  xylose  (Bridel).  This 
fjlucosidc  is  very  widespread,  having  been  found  in  a  tenth  of  a  large  number  of 
plants  taken  at  random  from  different  natural  orders.  Salicin  (C,jH,g(),),  a  glucoside 
of  the  acid,  is  found  in  the  bark  of  willow  and  poplar  trees,  and  a  similar  substance, 
betol,  in  the  beech. 

A  large  number  of  synthetic  compounds  containing  salicylic  acid  have  been  pre- 
pared, chiefly  with  the  view  of  avoiding  gastric  disturbance  by  passage  through  the 
stomach  in  an  insoluble  form.  The  most  important  of  these  is  phenyl  salicylate  or 
salol  (CjH^OH.COO.CgHj).  (The  marked  reduction  in  the  toxicity  of  phenol,  which 
occurred  when  it  was  united  to  an  aromatic  acid,  led  to  a  widespread  use  of  the 
same  plan,  which  is  therefore  termed  the  "salol  principle.")  Aspirin  (acetyl-salicylic 
acid),  mesotan  (methyl-oxymethyl-salicylic  acid),  saloplien  (aceto-p,  amido-salol),  and 
others  are  used  to  replace  salicylic  acid.  Other  compounds,  such  as  salipyrine  (anti- 
pyrine  salicylate),  salophen  (phenacetin  salicylate),  saloquinine  (quinine  salicylate), 
physostigmine  salieylaie,  etc.,  are  used  to  obtain  the  action  of  the  other  com- 
jionent. 

Materia  Medica. — Salicinum  (U.S.  X.),  Salicin.    Synonym:  Salicine. 

A  crystalline  glucoside  which  may  be  obtained  from  the  bark  of  several  species 
of  Sali-x  and  Populus  (Fam.  Salicacece).  It  occurs  in  colorless,  silky,  shining  needles 
or  prisms,  or  a  white,  crystalline  powder.  It  is  odorless  and  has  a  very  bitter  taste. 
One  Gm.  is  soluble  in  23.5  cc.  of  water  and  in  88.5  cc.  of  alcohol  at  25°  C,  but  in 
3.3  cc.  of  water  at  80°  C,  and  in  30  cc.  of  alcohol  at  60°  C;  insoluble  in  chloroform 
and  ether. 

Dose,  10  to  20  grains   (0.6  to   1.3  Gm.). 

AciDUM  Salicylicum  (U.S.  X.),  Salicylic  Acid.  Ahhr.,  Acid.  Salicyl.  Synonyms: 
Ortho-oxybenzoic  Acid,  Acidum  Spiricum. 

Salicylic  acid  may  be  obtained  from  natural  salicylates,  such  as  the  oils  of  win- 
tergreen  (Gaultheria  procumbens  Linne)  and  sweet  birch  (Betula  lenta  Linne),  or 
by  the  interaction  of  sodium  phenate  and  carbon  dioxide.  It  occurs  in  the  form  of 
tine  needles,  or  a  bulky,  crystalline  powder;  it  has  a  sweetish,  afterward  acrid,  taste 
and  is  stable  in  the  air.  Synthetic  salicylic  acid  is  white  and  odorless;  when  prepared 
from  natural  methyl  salicylate,  it  may  have  a  slightly  yellow  or  pink  tint,  and  a  faint, 
gaultheria-like  odor.  Soluble  in  400  cc.  of  water,  2.7  cc.  of  alcohol,  42  cc.  of  chloro- 
form, 3  cc.  of  ether  at  25°  C.,  and  in  about  15  cc.  of  boiling  water. 

Dose,  5  to  20  grains  (0.3  to  1.3  Gm.),  and  externally  in  a  suitable  medium,  to 
cause  the  separation  of  the  horny  matter  of  the  epiderm. 

Ammoni  Salicylas  (U.S.  X.),  Ammonium  Salicylate.  Ahhr.,  Ammon.  Salicyl. 
Synonym:  Ammonium  Salicylicum. 

Occurs  as  colorless,  lustrous,  monoclinic  prisms  or  plates,  or  a  white,  crystalline 
powder.  It  is  odorless  and  has  at  first  a  slightly  saline,  bitter  taste,  with  a  sweetish 
after-taste.    One  Gm.  is  soluble  in  1  cc.  of  water  and  in  3  cc.  of  alcohol  at  25°  C. 

Dose,  5  to  20  grains  (0.3  to  1.3  Gm.). 

Beta-naphtholis  Salicylas  (N.N.R.),  Betanaphthyl  Salicylate.    Synonym:  Betol. 

The  salicylic  acid  ester  of  beta-naphthol.  It  is  a  white,  lustrous,  crystalline  pow- 
der; colorless  and  tasteless;  insoluble  in  water  or  glycerin;  difficultly  soluble  in  cold 
alcohol;  easily  soluble  in  boiling  alcohol,  in  ether,  and  in  raw  linseed  oil. 

Dose,  4  to  8  grains  (0.25  to  0.5  Gm.). 

Phenylis  Salicylas  (U.S.  X.),  Phenyl  Salicylate  Ahhr.,  Phenyl.  Salicyl.  Syno- 
nym: Salol. 

It  is  the  phenyl  ester  of  salicylic  acid  and  occurs  as  a  white,  crystalline  powder, 
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having  an  aromatic  odor  and  a  characteristic  taste.    Nearly  insoluble  in  water ;  soluble 
in  6  parts  of  alcohol;  very  soluble  in  chloroform,  ether,  and  fixed  and  volatile  oils. 

Dose,  5  to  10  grains  (0.3  to  0.6  Gm.). 

SoDii  Salioylas  (U.S.  X.),  Sodium  Salicylate.  Ahhr.,  Sod.  Salicyl.  Synonym: 
Salicylate  of  Soda. 

A  white,  microcrystalline  powder,  or  scales,  or  an  amorphous  powder.  It  is  color- 
less, or  with  not  more  than  a  faint,  pink  tinge.  It  is  odorless  or  has  a  faint,  charac- 
teristic odor,  and  possesses  a  sweet,  saline  taste.  One  Gm.  is  soluble  in  0.9  cc.  of 
water,  in  9.2  cc.  of  alcohol,  and  in  4  cc.  of  glycerin.  One  dram  of  the  salt  contains 
about  50  grains  of  the  acid. 

Antagonists  and  Incompatihles. — Antipyrine  is  chemically  incompatible.  When 
sodium  salicylate  is  mixed  with  alkalis,  including  sodium  bicarbonate,  a  dark  discolor- 
ation occurs.    This  does  not,  however,  diminish  its  therapeutic  efficacy. 

Dose,  10  to  20  grains   (0.6  to  1.3  Gm.). 

Strgntu  Salioylas  (U.S.  X.),  Strontium  Salicylate.  Ahhr.,  Stront.  Salicyl.  Syno- 
nym: Salicylate  of  Strontium. 

A  white,  odorless,  crystalline  powder,  having  a  somewhat  sweet,  saline  taste.  One 
Gm.  is  soluble  in  19  cc.  of  water  and  in  61  cc.  of  alcohol  at  25°  C,  but  soluble  in 
3.7  cc.  of  boiling  water  and  in  14  cc.  of  boiling  alcohol. 

Dose,  10  to  20  grains   (0.6  to  1.3  Gm.). 

LiTHii  Salioylas  (N.F.),  Lithium  Salicylate.     Ahhr.,  Lith.  Salicyl. 

Occurs  usually  as  a  white  or  grayish-white  powder.  Deliquescent,  odorless,  and 
of  a  sweetish  taste.     Very  soluble  in  water  and  alcohol. 

Dose,  10  to  20  grains  (0.6  to  1.3  Gm.). 

CoLLODiuM  Salicylicum  Compositum  (N.F.),  Compound  Salicylic  Collodion. 
Ahhr.,  Collod.  Sal.  Co.    Synonym:  Corn  Collodion. 

Salicylic  acid,  10  percent.;  fluidextract  of  cannabis,  10  percent.;  flexible  collodion, 
80  percent. 

Dose,  external  use. 
—  -  GiYCEROGELATiNUM  AciDi  Salicylici  (N.F.),  Salicylic  Acid  Glycerogelatin.    Ahhr., 
Glycerogel.  Acid.  Salicyl. 

Contains  35  percent,  of  glycerin  and  10  percent,  of  salicylic  acid  in  a  glycerinated 
gelatin  vehicle. 

Dose,  used  as  a  keratoplastic. 

Stili  Acidi  Salicylioi  (N.F.),  Salicylic  Acid  Pencils.  Ahhr.,  Stil.  Acid.  Salicyl. 
Synonym:   Stilus  Acidi  Salicylici  Dilubilis. 

Salicylic  acid,  10  percent.,  with  tragacanth,  starch,  dextrin,  eugar  and  distilled 
water  to  form  mass;  rolled  into  convenient  cylinders. 

Dose,  topical   application. 

Methylis  Salioylas  (U.S.  X.),  Methyl  Salicylate,  Ahhr.,  Methyl.  Salicyl.  Syno- 
nyms: Oleum  Gaultheriae,  Oil  of  Wintergreen;  Oleum  Betulse,  Oil  of  Sweet  Birch; 
Oil  of  Teaberry,  Salicylate  of  Methyl. 

Contains  not  less  than  98  percent,  of  CHjCjH^Oj.  It  is  produced  synthetically 
or  is  obtained  by  distillation  from  GauUheria  procumhens  Linne  (Fam.  Ericacece) 
or  from  the  bark  of  Betula  lenta  Linne  (Fam.  Betulacece).  The  Br.  P.  preparation  is 
made  synthetically  only;  that  which  is  obtained  from  wintergreen  is  official  under 
the  title  Oleum.  Gaultherice.  The  label  must  indicate  whether  the  product  is  natural  or 
synthetic.  A  colorless,  yellowish,  or  reddish  liquid,  having  the  characteristic  odor  and 
taste  of  gaultheria.  It  is  sparingly  soluble  in  water;  miscible  with  alcohol  and  glacial 
acetic  acid;  soluble  in  Y  volumes  of  YO  percent,  alcohol. 

Dose,  5  to  15  minims  (0.3  to  1  cc). 


SALICYLATES  789 

Petroxolinum  Methylis  Salicylatis  (N.F.),  Methyl  Salicylate  Petroxolin.  Ahhr., 
Petrox.  Methyl.  Sal. 

A  20  percent,  solution  of  methyl  salicylate  in  liquid  petroxolin. 

Dose,  external  use. 

Elixir  Soon  Salicylatis  (N.F.),  Elixir  of  Sodium  Salicylate.  Ahhr.,  Elix.  Sod. 
Salicyl. 

Each  fluidram  represents  5  grains  (0.3  Gm.)  of  sodium  salicylate. 

Dose,  1  to  3  fluidrams  (4  to  12  cc). 

Elixir  Sodii  Salicylatis  Compositum  (N.F.),  Compound  Elixir  of  Sodium  Salicy- 
late.    Ahhr.,  Elix.  Sod.  Salicyl.  Co. 

Each  fluidram  contains  4V2  grains  (0.32  Gm.)  of  sodium  salicylate,  about  2 
minims  (0.12  cc.)  of  fluidextract  of  cimicifuga,  1  minim  (O.OG  cc.)  of  fluidextract  of 
gelsemium  and  1  grain   (0.06  Gm.)   of  potassium  iodide. 

Dose,  1  fluidram  (4  cc). 

Elixir  Tongue  et  Salicylatum  (N.F.),  Elixir  of  Tonga  and  Salicylates.  Ahhr., 
Elix.  Tong.  et  Salicyl. 

Each  fluidram  represents  9  grains  (0.58  Gm.)  of  tonga,  2  grains  (0.14  Gm.)  of 
cimicifuga,  4  grains  (0.3  Gm.)  of  sodium  salicylate,  Vioo  grain  (0.065  mgm.  of  pilo- 
carpine nitrate  and  %oo  grain  (0.014  mgm.)  of  colchicine. 

Dose,  1  to  3  fluidrams  (4  to  12  cc). 

Oleum  Gaultherle  (Br.),  Oil  of  Gaultheria,  Ahhr.,  01.  Gaulth.  Synonyms: 
Oil  of  Wintergreen,  Oil  of  Teaberry. 

The  oil  distilled  from  the  leaves  of  Gaultheria  procuinhens  Linne  or  from  the 
bark  of  Betula  lenta  Linne.  Colorless  or  nearly  colorless.  Strong,  characteristic  odor 
and  pungent  taste. 

Dose,  10  to  20  minims  (0.6  to  1.3  cc). 

AciDUM  Acetylsalicylicum  (U.S.  X.),  Acetylsalicylic  Acid.  Ahhr.,  Acid.  Acetyl- 
6al.   Synonym:  Aspirin. 

Occurs  as  small,  colorless  crystals  or  needles,  or  a  white,  crystalline  powder.  It 
is  odorless,  and  in  dry  air  is  stable,  but  in  contact  with  moisture  it  gradually  de- 
composes into  salicylic  and  acetic  acids.  One  Gm.  is  soluble  in  about  300  cc. 
of  water,  5  cc.  of  alcohol,  17  cc.  of  chloroform,  and  from  10  to  15  cc.  of  ether  at 
25°  C.  It  is  also  soluble  with  decomposition  in  solutions  of  alkali  hydroxides  and 
carbonates.     It  should  be  kept  in  well  closed  containers. 

Antagonists  and  Incompatihles. — Alkalis  change  aspirin  into  sodium  salicylate. 
It  is  said  that  a  poisonous  compound  is  formed  with  quinine. 

Dose,  5  to  10  grains  (0.3  to  0.6  Gm.). 

AciDUM  Methylene — Citrylsalicylicum  (IST.N.R.).  Synonyms:  Salicitrin,  Nov- 
aspirin. 

A  compound  of  anhydro-methylene-citric  acid  and  salicylic  acid.  Occurs  as  a 
grayish- white,  odorless,  crystalline  powder;  permanent  in  the  air,  having  a  faint, 
acidulous  taste.  It  is  almost  insoluble  in  water;  soluble  in  alcohol;  less  so  in  ether 
or  chloroform. 

Dose,  10  to  20  grains  (0.6  to  1.3  Gm.). 

^Ethylis  Salicylas  (N.N.R.),  Ethyl  Salicylate.     Synonym:    Sal  Ethyl. 

The  salicylic  acid  ester  of  ethyl  alcohol,  analogous  to  methyl  salicylate  (oil  of 
wintergreen).  It  is  a  transparent,  colorless,  volatile  liquid,  possessing  a  pleasant,  char- 
acteristic odor  and  taste.   It  is  insoluble  in  water,  but  soluble  in  alcohol. 

Dose,  5  to  20  minims  (0.3  to  1.2  cc). 

CiKCHONiDiNiE  Salicylas  (unofficial),  Cinchonidine  Salicylate.  Ahhr.,  Cinchonid. 
Salicyl. 
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Occurs  in  the  form  of  white,  acicular  crystals;  odorless;  taste  bitter;  nearly 
insoluble  in  water   (in  766  parts)  ;  soluble  in  alcohol. 

Dose,  15  to  20  grains  (1  to  1.3  Gm,),  in  pill  or  capsule. 

Phenetsalum   (N.N.R.),  Phenetsal.    Synonyms:  Acetparamino-salol,   Salophen. 

The  salicylic  acid  ester  of  1 :  4-acetaminophenol.  Occurs  as  small,  white,  crystal- 
line leaflets  or  powder ;  odorless  and  tasteless ;  almost  insoluble  in  cold  water, 
but  freely  soluble  in  watery  solutions  or  the  alkalis  and  in  alcohol,  ether,  and 
benzene. 

Antagonists  and  Incompatihles. — ^Alkalis  decompose  salophen. 

Dose,  5  to  15  grains  (0.3  to  1  Gm.). 

ANTiPYRiNiE  Salicylas   (N.N.R.),  Antipyrine  Salicylate.    Synonym:  Salipyrine. 

A  white,  coarsely  crystalline  powder,  or  hexagonal,  tubular  crystals;  odorless; 
slightly  sweet;  soluble  in  200  parts  of  cold  and  40  parts  of  boiling  water;  readily 
soluble  in  alcohol,  less  so  in  ether. 

Antagonists  and  Incompatihles. — Acids  decompose  salipyrine  with  the  elimina- 
tion of  salicylic  acid;  alkalis  decompose  it  with  the  elimination  of  antipyrine. 

Dose,  5  to  15  grains  (0.3  to  1  Gm.). 

Melubrin  (N.N.R.). 

This  sodium  salt  differs  from  antipyrine  in  that  a  sodiumaminomethansulphonate 
group  has  replaced  a  hydrogen  atom  of  the  pyrazolon  group.  It  is  a  white,  odorless, 
almost  tasteless  powder,  readily  soluble  in  water. 

Dose,  15  to  30  grains  (1  to  2  Gm.). 

SpiRpSAL  (N.N.R.).     Synonyms:  Monoglycol  Salicylate,  Glysal. 

The  salicylic  acid  ester  of  monoglycol.  An  almost  odorless  and  colorless,  oily 
fluid;  soluble  in  about  110  parts  of  water,  and  in  8  parts  of  olive  oil;  readily  soluble 
in  alcohol,  ether,  chloroform,  and  benzol. 

Dose,  used  externally. 

Mesotan   (N.N.R.).    Synonyms:  Salmester,  Methyloxymethyl  Salicylate. 

An  ester  of  salicylic  acid,  analogous  to  Methyl  Salicylate;  occurs  as  a  clear,  yel- 
lowish, faintly  aromatic,  oily  fluid,  slightly  soluble  in  water,  but  readily  so  in  the 
usual  organic  solvents,  and  miscible  with  oils  in  all  proportions. 

Dose,  used  externally  as  a  counter-irritant. 

Liquor  Ferri  Salicylatis  (N.F.),  Solution  of  Ferric  Salicylate.  Ahhr.,  Liq.  Ferr. 
Sailcyl.     Synonym:    Salicylated  Mixture  of  Iron. 

Each  fluidram  is  equivalent  to  about  7^2  grains  of  sodium  salicylate  and  7^2 
minims  of  tincture  of  ferric  citro-chloride. 

Dose,  1  to  2  fluidrams  (4  to  8  cc). 

Unguentum  Acidi  Salicylici  (Br.),  Salicylic  Acid  Ointment.  Ahhr.,  Ung.  Ac. 
Salicyl. 

Consists  of  2  parts  of  salicylic  acid  in  98  parts  of  paraffin  ointment. 

Dose,  external  use. 

MuLLA  Acroi  Salicylici  (N.F.),  Salicylic  Acid  Mull.    Ahhr.,  Mul.  Ac.  Salicyl. 

Salicylic  acid,  10  Gm. ;  benzoinated  suet,  80  Gm. ;  benzoinated  lard,  10  Gm. 

Dose,  for  external  use. 

Antipathogenic  Action. — Salicylic  acid  is  more  actively  germicidal  than  its  salts,  but 
owing  to  its  limited  solubility  in  water  (about  1  in  500)  it  is  not  readily  compared  with 
more  soluble  substances. 

The  growth  of  molds  in  sugar  solution  is  prevented  by  0.2  percent,  but  not  by  0.05 
percent.  In  peptone  the  acid  is  slightly  more  soluble  than  in  water  and  a  0.3  percent, 
solution  kills  pyococci  and  prevents  the  growth  of  anthrax.  The  same  strength  kills 
tubercle  bacilli  in  culture  in  6  hours.  Typhoid  bacilli  in  bouillon  are  killed  by  0.2  per- 
cent, in  24  hours.    Putrefaction  of  urine  is  prevented  by  0.3  percent,  and  similar  dilutions 
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destroy  protozoa  and  leucocytes,  stop  the  motion  of  cilia  and  the  flow  of  plant  protoplasm 
and  even  retard  the  action  of  unorganized  ferments. 

Phannacodynamic  Action:  Absorption  and  Elimination. — In  alcoholic  solution  sali- 
cylic acid  is  well  absorbed  by  the  unbroken  skin,  as  is  also  methyl  salicylate,  both  in  the 
form  of  the  synthetic  preparation  and  in  that  of  the  natural  oils  (wintergreen,  birch, 
etc.).  Cutaneous  absorption  is  favored  by  the  application  of  a  compress  to  limit  evapora- 
tion. It  is  retarded  by  incorporation  of  the  drug  into  an  ointment.  In  powder  or 
aqueous  solution,  salicylic  acid  is  taken  up  by  the  intact  skin  in  very  minute  quantity, 
if  at  all. 

The  vapor  of  methyl  salicylate  easily  penetrates  the  respiratory  mucous  membrane. 

Salicylic  acid  is  readily  absorbed  from  the  alimentary  tract,  entering  into  combina- 
tion with  an  alkaline  ion  in  the  intestine  or  in  the  blood,  and  circulating  as  sodium 
salicylate.  When  sodium  salicylate  is  given  in  the  first  instance,  a  portion  may  be  decom- 
posed in  the  stomach  by  the  acid  of  the  gastric  juice,  in  which  case  the  salicylic  ion 
enters  anew  into  alkaline  combination.  Lithium,  potassium  and  ammonium  salicylates 
behave  similarly.  Strontium  salicylate  is  but  slowly  decomposed  in  the  stomach  and 
bowel.    Its  absorption  is  correspondingly  retarded. 

Bismuth  salicylate  is  very  unstable.  It  is  probably  decomposed,  partly  in  the  stom- 
ach, partly  in  the  intestine,  into  bismuth  and  salicylic  acid,  exerting  the  effect  of  both 
medicaments. 

Methyl  salicylic  ester  is  transformed  into  sodium  salicylate  in  the  intestine,  and  is 
readily  absorbed. 

Salol  (phenyl  salicylic  ester)  is  almost  insoluble  in  the  stomach  and,  as  a  rule, 
passes  through  the  pylorus  unchanged.  In  dilatation  and  muscular  atony  of  the  stomach 
its  absorption  is  therefore  delayed  and  this  fact  may  be  utilized  diagnostically.  It  is 
broken  up,  chiefly  in  the  duodenum,  by  the  pancreatic  and  intestinal  juices,  into  salicylic 
acid  and  phenol.  When  pancreatic  secretion  is  insufficient,  salol  is  decomposed  imper- 
fectly and  its  presence  in  the  feces,  or  the  absence  of  its  products  from  the  urine,  may 
be  diagnostic  of  disease  of  the  pancreas.  When  salol  is  given  by  the  rectum,  decomposi- 
tion may  be  effected  by  the  microbes  of  the  bowel.  Both  constituents  are  absorbed,  and 
phenol  poisoning  is  therefore  to  be  guarded  against  and  the  urine  watched  for  the  char- 
acteristic discoloration. 

Salicylate  of  beta-naphthol  (Betol)  is,  like  salol,  not  decomposed  by  the  gastric 
juice,  but  in  the  small  bowel  it  breaks  up  into  its  constituents  under  the  influence  of 
the  pancreatic  secretion  and  the  intestinal  ferments  and  microbes.  It  has  the  advantage 
over  salol,  that  beta-naphthol  is  less  toxic  than  phenol,  but  its  decomposition  is  incon- 
stant, and  its  effects  therefore  uncertain. 

Under  the  action  of  ferments,  salicin  splits  up  into  saligenin  and  glucose,  saligenin 
being  oxidizable  into  salicylic  acid.  When  injected  into  the  veins  in  laboratory  experi- 
ments, salicin  undergoes  little  change,  but  if  given  by  the  mouth  a  portion  is  transformed 
in  the  intestine  and  in  the  blood.  Both  decomposition  and  oxidation  appear  to  be  slow 
and  incomplete,  as  the  effects  of  salicin  are  much  less  marked  than  those  of  an  equivalent 
quantity  of  salicylic  acid,  and  its  elimination  is  much  less  rapid. 

The  salicylates  of  the  alkaloids  (quinine,  cinchonidine,  physostigmine)  owe  their 
action  chiefly  to  the  basic  ion  of  the  compounds,  and  are  probably  decomposed  before 
absorption. 

After  absorption,  sodium  salicylate  is  the  form  in  which  the  salicylates  circulate  in 
the  blood  and  this  substance  is  also  found  in  the  serum  of  blisters  (where,  if  the  acid  is 
freed,  it  will  act  as  an  irritant)  and  in  the  synovial,  peritoneal,  pleural,  pericardial  and 
cerebrospinal  fluids.  In  all  these  it  is  present  in  the  same  concentration  as  in  the  blood, 
but  larger  proportions  are  found  in  tendons,  cartilage  and  muscles  (Carno'c  and  Coquoin). 
The  relative  amount  of  salicylate  in  the  joints  is  not  increased  in  cases  of  rheumatism, 
but  excretion  is  delayed,  and  more  is  possibly  present  in  all  the  tissues,  including  the 
joints,  although  less  was  found  in  a  few  cases  in  the  joint  fluid.  It  is  possible  that  the 
higher  concentration  of  carbonic  acid  in  inflamed  tissue  may  tend  to  free  the  acid  itself 
and  thus  increase  the  local  effect,  although  no  free  acid  is  found  in  the  joint  fluid 
(Scott,  Thoburn,  and  Hanzlyk). 

Elimination  of  salicylic  compounds  takes  place  chiefly  by  the  kidneys.  It  begins 
quickly,  within  ten  or  twenty  minutes  after  the  acid  or  a  soluble  salt  has  been  swallowed, 
and  in  from  60  to  90  minutes  after  the  administration  of  salol  or  other  insoluble  com- 
pound.    It  may  not  be  completed,  however,  for  18  or  even  as  much  as  48  hours,  and 
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when  repeated  doses  have  been  given  over  several  days,  traces  may  persist  in  the  urine 
for  7  to  8  days  after  administration  has  ceased.  Elimination  thus  fails  to  keep  pace  with 
absorption  and  accumulation  results.  Elimination  may  be  hastened  by  giving  enough 
Bodium  bicarbonate  to  render  the  urine  alkaline.  In  man  80  percent,  appears  in  the 
urine  after  a  single  dose  of  sodium  salicylate,  but  only  60  percent,  after  the  organic 
esters — the  remainder,  in  each  case,  being  destroyed.  In  dogs  the  proportion  destroyed 
is  still  larger  (Hanzlyk  and  others).  The  delayed  elimination  depends  on  absorption 
of  salicylates  by  the  blood  proteids  (Chabanier  and  others).  Salicylates  incubated  with 
tissues  in  vitro  are  also  destroyed   (Hanzlyk  and  Wetzel). 

In  rabbits  and  dogs,  salicylic  acid  is  excreted  by  the  kidneys,  partly  uncombined, 
partly  in  an  organic  combination,  insoluble  in  ether,  but  chiefly  as  salicyluric  acid.^'This 
reduces  copper,  but  the  specific  test  is  with  ferric  chloride,  with  which  it  gives  a  bright 
reddish  purple  color. 

In  man,  salicyluric  acid  is  also  found,  but  the  greater  part  of  the  drug  is  excreted 
in  a  simpler  form  or  as  sodium  salicylate.  At  times,  the  urine  may  show  a  more  or 
less  pronounced  olive  green  tint  attributed  to  the  presence  of  indican  and  pyrocatechin. 

After  large  doses,  traces  of  salicylate  may  be  found  in  the  sweat,  the  tears,  the  bile, 
the  milk,  the  uterine  mucus  and  probably  all  other  excretions  and  secretions. 

Salicin  is  in  part  excreted  unchanged,  especially  when  given  by  vein  to  animals. 
Part  is,  however,  altered  to  salicylate  and  excreted  in  the  same  manner. 

Topical'  Action. — The  alkaline  salicylates,  when  pure,  are  comparatively  unirritating 
even  in  concentrated  solution,  but  the  free  acid  is  distinctly  a  topical  irritant.  It  affects 
mucous  membranes,  including  that  of  the  stomach,  more  readily  than  the  skin;  but  pro- 
longed contact  of  the  powder  or  saturated  alcoholic  solutions  (37  percent.)  with  the  latter, 
even  if  unbroken,  and  more  especially  if  there  is  a  wound,  may  cause  erosion  or  ulcera- 
tion. In  parts  where  the  skin  is  thick,  such  solutions  cause  slight,  transient  pain  and 
soften  the  horny  layer  of  the  epidermis,  which  becomes  detached  as  a  whitish  pellicle. 
Dilute  solutions  (less  than  20  percent.)  are  much  less  irritant,  and  oily  solutions  are 
much  less  active  than  alcoholic. 

Diluted  with  5  or  10  times  its  bulk  of  an  inert  or  sedative  powder,  salicylic  acid  is 
not  irritating  and  restrains  excessive  local  sweating.  This  anhydrotic  power  is  feebly 
shared  by  salol,  which,  when  free  from  caustic  impurities,  is  practically  devoid  of  irri- 
tant effect  upon  either  the  skin  or  the  mucous  membranes. 

Oils  of  wintergreen  and  birch,  synthetic  methyl  salicylates  and  similar  preparations, 
excite  a  pleasant  tingling  and  sense  of  warmth  in  the  skin,  after  which  any  pain  at 
the  site  of  application  may  be  relieved.  Apparently,  however,  there  is  no  true  anesthesia, 
nor  does  the  coolness  result  from  evaporation.  The  effect  is  not  wholly  topical,  and  is 
probably  owing  in  part  to  counterirritation,  in  part  to  diffusion,  and  in  part  to  action 
after  absorption,  as  the  application  may  relieve  pain  excited  by  morbid  processes  far 
beneath  the  surface.  In  sufficient  quantities  these  agents  act  like  many  volatile  oils, 
as  rubefacients.  Undiluted,  they  are  mildly  irritating  to  mucous  membranes  and  markedly 
so  to  that  of  the  stomach. 

Saligenin,  a  product  split  off  from  salicin,  has  a  true  local  anesthetic  action  (Hirsch- 
felder). 

Toxicity:  Toxic  Dose. — Salicylic  acid  and  its  salts  are  poisonous  for  all  classes  of 
animals,  when  given  in  doses  somewhat  above  those  in  therapeutic  use. 

Frogs  are  killed  by  doses  of  30  to  60  mgm.  (14  to  1  grain)  according  to  weight  and 
species.  In  rabbits  the  fatal  dose  is  from  1.2  to  1.8  Gm.  per  kilo,  according  to  method 
of  administration  and  other  factors.  Dogs  are  much  more  susceptible,  the  fatal  dose 
of  sodium  salicylate  by  subcutaneous  injection  being  from  0.3  to  0.6  Gm.  (5  to  10  grains). 
In  man,  whose  susceptibility  varies  greatly,  death  has  resulted  in  a  child  from  0.7  Gm. 
(11  grains)  of  sodium  salicylate  by  mouth,  and  in  adults  from  as  little  as  3  Gm.  (45 
grains).  These  doses  are  not  commonly  dangerous,  the  usual  fatal  dose  Is  probably 
between  12  and  30  Gm.  (3  drams  to  1  ounce).  Methyl  salicylate  appears  to  be  more 
poisonous  than  the  inorganic  salts,  and  several  deaths  have  resulted  from  single  doses 
of  less  than  4  drams   (15  Gm.). 

Fatal  poisoning  in  an  adult  resulted  from  swallowing  60  Gm.  (2  ounces)  of  methyl 
salicylate.  Convulsions  began  10  hours  after  taking  the  dose,  although  lavage  of  the 
stomach,  15  minutes  after  ingestion,  recovered  almost  all  of  the  drug. 

Much  smaller  doses  may  give  rise  to  great  distress  if  not  danger;  thus  4  to  8  Gm. 
(1  to  2  drams)  may  excite  acute  gastroenteritis  or  even  acute  nephritis,  and  thus  prove 
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indirectly  fatal.     The   impure  synthetic  acid  is  more   poisonous  than  the  natural  acid, 
but  this  does  not  apply  to  perfectly  pure  synthetic  salicylates  which  are  now  obiainal)le. 
Even  minute  doses  taken  persistently  over- long  periods,  as  in  foods  preserved  by 
the  use  of  salicylic  acid,  may  set  up  chronic  disease  of  the  stomach,  bowel  or  kidney. 

Toxic  Avtion. — Dogs  poisoned  by  salicylic  acid  show  dyspnea  followed  by  cardiac 
collapse.  These  symptoms  arise  in  part  reflexly  from  the  gastroenteric  irritation,  in  part 
from  depression  (following  brief  initial  stimulation)  of  the  cardiac  and  respiratory 
centers  in  the  medulla.  Death  usually  results  from  failure  of  respiration  and  is  often 
preceded  by  convulsions.  The  heart  may  be  arrested  in  diastole  before  respiration 
ceases,  but  this  is  unusual. 

After  death  there  is  found  hyperemia  of  the  brain,  liver  and  kidneys,  with  beginning 
cloudy  swelling  in  the  last  two.  If  the  drug  has  been  swallowed  the  gastric  mucosa 
shows  inflammatory  reaction  and  if  the  acid  has  been  taken  as  a  powder,  even  corrosive 
effects. 

In  man,  the  symptoms  of  fatal  poisoning  have  been  similar,  consisting  of  gastric 
distress,  faintness,  roaring  in  the  ears,  and  chills,  associated  with  fall  of  body  tempera- 
ture. The  pulse  is  weak  and  rapid,  the  respiration  shallow  and  panting.  The  pupils  are 
dilated.    There  is  delirium  or  loss  of  consciousness,  ending  in  coma. 

When  quite  large  doses  have  been  taken — 8  Gm.  (2  drams)  or  more  within  an  hour 
or  two — there  may  be  at  first  a  condition  of  nervous  exaltation  and  loss  of  cerebral  inhibi- 
tion somewhat  resembling  that  produced  by  alcohol.  This  may  be  followed,  especially 
under  the  influence  of  still  larger  doses,  or  in  the  case  of  a  drunkard,  by  active  delirium 
resembling  mania-a-potu.  The  more  severe  cerebral  symptoms,  indeed,  have  occurred 
with  greatest  frequency  in  topers  or  in  diabetics.  In  rare  instances  maniacal  delirium 
has  been  accompanied  by  tetaniform  convulsions;  but  as  a  rule  muscular  power  is  en- 
feebled and  the  patient  passes  into  a  state  of  coma  and  collapse.  In  case  of  recovery 
the  cerebral  disturbances  may  be  slow  to  disappear  and  a  state  of  melancholy  sometimes 
persists  for  weeks. 

Treatment  consists  in  lavage  of  the  stomach  or  administration  of  emetics;  external 
heat,  saline  purgation  and  stimulation  of  respiration  and  circulation.  Caffeine,  strych- 
nine or,  for  immediate  action,  epinephrine  should  be  injected,  and  if  the  restlessness  or 
delirium  threaten  exhaustion,  morphine  may  be  cautiously  given,  bearing  in  mind  Its 
depressing  effect  on  respiration. 

Although  such  severe  intoxications  are  rarely  seen,  a  milder  form  of  poisoning, 
known  as  salicylism,  is  quite  common  and  might  even  be  said  to  affect  almost  everyone 
who  takes  the  drug  in  full  therapeutic  dose.  The  phenomena  may  follow  one  or  more 
large  doses  or  the  continued  use  of  small  amounts.  In  the  majority  of  adults  salicylism 
does  not  occur  under  the  Influence  of  less  than  1.3  Gm.  (20  gr.)  of  salicylic  acid  and 
usually  much  more  is  tolerated.  Many  persons  exhibit  an  idiosyncrasy  to  the  drug  and 
show  disagreeable  effects  from  doses  as  small  as  0.2  Gm.  (4  gr.)  or  even  less.  Persons 
with  acute  articular  rheumatism,  on  the  other  hand,  often  bear  an  exceedingly  large 
quantity.  It  is  known  that  the  drug  is  drawn  in  large  amount  to  the  joints  when  these 
are  inflamed  and  this  may  account  for  the  lessened  action  on  other  parts. 

The  symptoms  most  often  complained  of  are  digestive  disturbances  and  chilliness, 
with  headache  and  tinnitus  aurium,  associated  with  deafness  and  occasionally  with  dim- 
ness of  vision.  These  phenomena  usually  come  on  in  about  2  hours  and  persist  4  to 
6  hours.  Nausea  and  vomiting  may  be  the  chief  symptoms,  but  more  commonly  the  most 
distressing  condition  is  a  sense  of  fullness  or  heaviness  in  the  head  accompanied  by 
roaring  in  the  ears  associated  with  deafness,  slight  or,  rarely,  almost  complete.  The 
deafness  is  likely  to  last  longer  than  the  other  symptoms,  but  passes  off  in  the  course 
of  a  few  days  at  the  most.    In  a  few  exceptional  instances  it  has  been  permanent. 

In  addition  to  these  disorders,  there  may  be  a  slight  or  occasionally  marked  dilata- 
tion of  the  pupils  (or,  exceptionally,  contracted  pupils,  with  ptosis),  dizziness,  confusion 
or  even  delirium.  The  last  may  come  on  during  sleep  and  be  not  unpleasing.  Thus 
an  old  lady,  who  was  taking  salol  in  small  doses,  had  repeated  dreams  of  a  procession 
of  negroes  singing  hymns.  Sometimes  the  patient  is  very  restless,  but  suffers  no  dis- 
turbance of  intellection;  or  he  may  exhibit  violent  excitement  with  full  recognition  of 
surroundings.  Excitement  is  usually  followed  by  depression  and  stupor.  Occasionally 
there  is  manifested  from  the  first  a  decided  tendency  to  somnolence,  or  even  a  condition 
resembling  narcosis,  which,  in  cases  of  grave  poisoning,  passes  on  to  coma. 

Among  the  less  distressing  nervous  phenomena  of  acute  salicylism  are  many  due  to 
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vasomotor  disturbances.  Thus,  general  chilliness  or  a  subjective  sensation  of  heat  may 
be  experienced.  Excessive  perspiration  is  one  of  fhe  most  characteristic  symptoms. 
This  is  due  in  part  to  stimulation  of  the  sweat  centers,  in  part  to  vasodilation.  To  vaso- 
motor influence  are  also  to  be  ascribed  in  part  the  erythematous,  bullous  and  other  rashes 
that  may  appear  (sometimes  as  the  sole  manifestations  of  salicylism);  and  the  con- 
gestions and  hemorrhages  in  various  organs  that  have  been  reported. 

Chronic  salicylism  may  be  manifested  only  by  nervous  depression,  and  is  often  diffi- 
cult of  recognition. 

It  is  commonly  believed  by  clinicians  that  salicylism  results  less  frequently  from 
preparations  made  from  natural  oil  of  wintergreen  than  from  the  coal  tar  salicylates. 
No  difference  can  be  shown  in  the  toxic  effects  on  animals,  granting  that  the  prepara- 
tions are  equally  pure.  Bartholow  and  McNeil,  however,  in  a  comparison  of  the  clinical 
effects  found  that  there  was  less  gastric  disturbance  from  the  natural  acid,  as  well  as  less 
tendency  to  cumulative  action.     These  results  could  not  be  confirmed  by  Sollmann. 

Salicylism  can  often  be  prevented  by  small  doses  of  alcohol,  bromides,  hyoscine  or 
ergot,  shortly  before  the  medicine  or  by  epinephrine  an  hour  later. 

The  synthetic  substitutes  rarely  lead  to  acute  intoxication,  although  they  produce 
salicylism.    Certain  of  them,  such  as  aspirin,  are  constantly  and  freely  used  by  the  laity. 

Aspirin,  although  commonly  well  borne  in  moderate  dose,  is  distinctly  depressant 
to  the  heart.  Great  cardiac  weakness  and  a  tendency  to  collapse,  may  follow  the 
administration  of  a  dose  representing  less  than  half  the  quantity  of  sodium  salicylate 
previously  and  subsequently  well  borne  by  the  same  patient.  Children  are  particularly 
Bubject  to  this  cardiac  depression;  thus,  in  a  girl  of  12  years  with  scarlatinal  arthritis, 
alarming  symptoms  were  caused  by  9  grains  of  aspirin  given  in  the  course  of  15  hours, 
although  there  was  no  evidence  of  endocarditis  or  pericarditis,  and  recovery  of  cardiac 
vigor  ensued  on  withdrawal  of  the  drug.  The  cardiac  depression  may  not  be  immediately 
evident;  but  continued  resort  to  aspirin  may  so  weaken  the  heart,  that  in  an  emergency, 
or  under  the  additional  depression  of  an  acute  infection,  as  influenza  or  pneumonia, 
it  fails  to  respond.  Death  may  thus  be  an  indirect  effect  of  aspirin  poisoning.  More- 
over, an  aspirin  habit  is  easily  set  up  by  its  use  for  relief  of  recurrent  headaches  and 
neuralgic  pains.  The  same  things  are  to  be  said  of  empirin,  which  is  also  an  acetyl- 
salicylic  ester. 

When  salol  or  salophen  is  taken  in  toxic  quantity  phenol  poisoning  is  usually  more 
marked  than  salicylic  poisoning.  The  first  sign  of  danger  may  be  smoky  discoloration 
of  the  urine.  Death  has  been  reported  from  8  Gm.  (120  grains),  from  3  Gm.  (45  grains) 
and  even  from  1  Gm.  (15  grains),  of  salol.  On  the  other  hand,  10  Gm.  (160  grains) 
have  been  taken  in  24  hours  without  more  serious  results  than  temporary  vertigo  and 
irritation.  Indeed,  in  a  case  of  acute  pleurisy  at  the  Philadelphia  Hospital,  the  patient 
received  by  mistake  20  grains  (1.33  Gm.)  every  hour  for  8  hours,  160  grains  (10  Gm.) 
in  all,  not  only  without  ill  result,  but  apparently  with  great  benefit.  Generalized  urticaria 
attributed  to  the  phenol  has  been  seen  after  a  single  dose  of  1  Gm.  (15  grains)    (Suciu). 

Systemic  Action:  Alimentary  Tract. — Salicylic  acid  has  a  somewhat  sweetish,  but 
acrid  and  biting  taste.  In  powder  or  in  concentrated  solution  it  is  highly  irritating  to 
the  whole  alimentary  tract.  When  given  as  a  powder  it  may  adhere  to  the  mucous  mem- 
brane, and  especially  if  the  impure  synthetic  acid  be  used,  produce  erosions  of  the 
pharynx  and  esophagus.  Congestion  and  erosion  of  the  stomach  have  likewise  been 
observed. 

The  salicylates  all  tend  to  produce  nausea  and  vomiting  by  action  on  the  medulla. 
They  act  as  emetics  in  smaller  dose  when  given  by  vein,  and  cause  motions  of  vomiting 
In  eviscerated  dogs.  Salicylate  is  not  found  in  the  vomitus.  Individuals  differ  greatly 
as  to  the  gastric  tolerance  of  medicinal  doses  of  salicylic  acid.  Some  stomachs  are  ex- 
quisitely sensitive  even  to  small  doses  in  dilute  solution.  In  most  persons  doses  of  15 
grains  (1  Gm.)  or  more  in  solution  will  excite  epigastric  uneasiness  and  if  repeated  two 
or  three  times  a  day  will  soon  provoke  burning  in  the  throat  and  stomach,  nausea  and 
vomiting,  perhaps  diarrhea,  while  a  larger  daily  quantity,  divided  into  doses  of  5  to  8 
grains  (0.3  to  0.6  Gm.)  each,  may  have  no  unpleasant  effect.  The  presence  in  the  stom- 
ach of  a  moderate  quantity  of  bland  food,  especially  of  milk,  tends  to  reduce  the  topical 
Irritation. 

As,  however,  salicylic  acid  retards  both  gastric  and  intestinal  digestion,  probably  by 
an  anti-fermentative  action,  it  should  not  be  given  in  connection  with  an  ordinary  meal. 
This  interference  with  digestion  is  less  marked  with  salol,  and  similar  compounds,  and 
their  use  after  meals  is  permissible. 
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Sodium  salicylate,  lithium  salicylate,  strontium  salicylate  and  even  ammonium 
salicylate,  are  much  less  irritating  than  the  acid.  Nevertheless,  after  their  continuous 
administration  for  several  weeks,  intolerance  may  be  manifested,  sometimes  suddenly, 
by  anorexia,  gastric  uneasiness,  or  even  by  vomiting  (presumably  due  to  central  nervous 
action).  These  symptoms  are  usually  transient,  and  after  an  intermission  of  a  few  days 
the  use  of  the  drug  may  be  resumed. 

Pure  bismuth  salicylate  is  usually  unirrltating.  Its  components  being  set  free  slowly 
In  the  intestine,  the  local  action  Is  not  only  antiseptic,  but  also  sedative  and  astringent. 

Oil  of  wintergreen  and  its  allies  (methyl-salicylic-ester)  have  a  pungent  but  pleasing 
odor  and  taste.  Undiluted,  they  are  quite  irritant  to  the  mucous  membranes,  but  when 
mixed  with  a  sufficient  quantity  of  bland  oil  they  are  well  borne  by  the  majority  of 
patients. 

Salol  has  a  faint  but  characteristic  odor  and  taste.  Being  almost  insoluble  in  the 
upper  alimentary  tract,  it  has  but  little  topical  action  until  it  reaches  the  duodenum. 
Sometimes,  whether  the  effect  be  due  to  idiosyncrasy  of  the  patient  or  to  impurity  of 
the  drug,  it  excites  burning  in  the  mouth  and  stomach,  especially  if  its  ingestion  be  npt 
followed  by  a  large  draught  of  water  (or  milk).  Small  doses  sometimes,  and  excessive 
doses  (15  grains  or  more)  frequently,  cause  nausea  and  vomiting.  Through  gradual 
Intestinal  decomposition,  setting  free  nascent  salicylic  acid  and  phenol,  it  exerts  a 
marked  topical  antiseptic  power. 

Salicin  is  intensely  bitter,  but  is  less  irritant  than  the  salicylates  to  the  gastro- 
enteric tract.  It  is  a  gentle  stimulant  to  gastric  secretion,  and  thus  assists  digestion. 
It  is  the  only  one  of  the  group  possessing  this  clinical  action.  Preparations  of  willow 
bark  (sallx),  which  contain  salicin,  exert  the  same  general  influence.  The  mistake  of 
attributing  to  salicylic  acid  in  small  doses  a  similar  virtue  probably  arose  by  literary 
transference  of  the  action  of  one  agent  to  the  other. 

Liver. — It  is  as  sodium  salicylate  that  the  agents  of  the  salicylic  group  enter  the 
hepatic  circulation.  Sodium  salicylate  is  a  true  cholagogue.  In  doses  of  from  1  to  2  Gm. 
(15  to  30  grains)  it  excites  an  increase  of  biliary  secretion  which  may  be  manifested 
in  from  30  to  45  minutes  after  administration  and  attains  its  maximum  In  from  2  to 
3  hours.  The  fluid  elements  of  the  bile  are  poured  out  to  a  greater  degree  than  the 
solids;  and  thus  not  only  is  the  quantity  augmented,  but  also  the  consistence  is  reduced. 
In  addition,  the  presence  of  the  salicylate  in  the  bile  and  biliary  tract  exerts  a  certain 
antiseptic  action.  Methyl  salicylate  (1  Gm.),  given  to  dogs  with  biliary  fistula,  produces 
a  marked  increase  in  the  flow  of  bile,  lasting  two  days   (Leone). 

In  experiments  on  animals,  sodium  salicylate  has  been  found  to  produce  congestion 
of  the  liver,  and  it  has  been  supposed  by  some  authors  that  the  icterus  that  super- 
venes in  certain  cases  of  rheumatism  during  salicylic  treatment  is  due  to  the  action 
of  the  drug;  by  others,  with  greater  reason,  the  symptom  is  attributed  to  the  malady. 

Blood. — Salicylic  acid  is  said  by  some  authors  to  increase  the  number  of  leucocytes; 
otherwise  no  special  alteration  has  been  observed  in  the  blood.  The  leucocytosis  is 
followed  or  accompanied  by  Increased  destruction  of  the  white  cells  (Schreiber  and 
Zandy). 

Circulation. — The  blood-pressure  is  generally  not  affected  by  small  doses  of  salicylate, 
but  when  there  is  an  effect  it  is  a  slight  rise,  caused  apparently  by  stimulation  of  the 
vasomotor  center.  With  larger  doses  there  is  always  a  fall,  attributed  to  peripheral 
paralysis.  Organs  perfused  in  vitro  show  always  a  dilatation.  Small  doses  dilate  the 
vessels  of  the  skin,  frequently  causing  flushing  and  perspiration.  In  certain  individuals 
the  vessel  wall  is  so  altered  that  the  blood  escapes,  giving  rise  to  ecchymotic  hemorrhages. 

The  heart  is  not  markedly  influenced  by  small  doses,  but  may  be  either  more  rapid 
or  slower.  After  large  doses  there  is  always  a  marked  slowing,  dependent,  chiefly,  on  a 
direct  action  on  the  muscle.  The  slowing  may  be  great  enough  to  reduce  the  rate  to 
half  the  original.  In  the  dog  and  rabbit  subcutaneous  injection  of  0.1  Gm.  per  kilo 
will  cause  a  marked  slowing  of  the  heart  and  fall  in  blood-pressure.  The  heart  may 
be  regular  or  may  drop  beats.  The  difference  between  diastolic  and  systolic  pressure  is 
often  enormously  increased. 

Respiration. — As  with  the  circulation,  there  is  considerable  difference  of  opinion 
with  regard  to  the  action  of  salicylate  on  the  respiration.  In  large  doses,  and  near 
death,  the  breathing  becomes  slower  and  death  is  usually  due  to  its  cessation.  In  small 
dose,  salicylates  have  generally  been  stated  to  have  little  effect  on  the  respiration  in  man; 
to  cause  marked  acceleration,  even  as  high  as   100  a  minute,  in  the  dog.  and  marked 
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slowing  in  the  rabbit,  even  in  moderate  dose,  0.02  Gm.  per  kilo  reducing  it  to  half  its 
former  rate.  If  the  solution  is  given  by  vein,  the  respiration  during  the  flow  may  be 
accelerated   in  the   rabbit  also. 

Inhalation  of  salicylic  vapors  gently  stimulates  the  mucous  membrane  of  the  air 
passages.  If  the  vapor  is  concentrated  or  the  inhalation  prolonged,  irritation  and  con- 
gestion result. 

Metabolism. — ^Under  the  influence  of  the  salicylates,  carbonic  acid  exchange  does 
not  seem  to  be  modified;  urea  production  is  augmented  and  the  elimination  of  uric  acid 
hastened.  There  is  usually  an  increase  of  from  10  to  12  percent,  in  the  total  nitrogen 
and  sulphur  content  of  the  urine,  uric  acid  excretion  commonly  rising  30  to  40  percent. 
This  rise  is  due  to  a  lowered  renal  threshold,  as  the  uric  acid  in  the  blood  is  lessened 
very  markedly  by  doses  of  6  Gm.  (90  grains)  daily  for  a  few  days.  After  this  period 
the  excretion  is  naturally  lower.  In  rare  instances  sugar  may  appear  in  the  urine, 
although  preexisting  glycosuria  is  often  diminished. 

The  increase  of  uric  acid  excretion  may  also  be  in  part  dependent  on  increased 
destruction  of  leucocytes. 

The  total  excretion  of  water  by  the  kidneys  is  lessened  under  continued  doses. 
This  is  often  compensated  by  sweating,  but  frequently  there  is  an  accumulation  of 
water  in  the  body,  leading  to  edema  (Hanzlyk,  Scott  and  Reycraft). 

Temperature. — Ifl  normal  animals  salicylates  in  moderate  dosage  cause  a  fall  of 
temperature,  but  in  healthy  man  in  medicinal  doses  there  is  no  such  effect.  In  excep- 
tional cases,  the  temperature  appears  to  have  been  heightened  by  its  administration. 
In  febrile  patients,  reduction  of  temperature  is  the  rule,  not  only  in  rheumatism,  but 
in  other  infectious  diseases.  This  is  frequently  but  not  invariably  associated  with 
diminution  of  the  pulse  rate  and  usually  with  free  sweating.  The  mechanism  is  prob- 
ably vascular  in  part.  The  effect  is  produced  quickly,  but  requires  large  doses;  scarcely 
less  than  30  grains  (2  Gm.)  of  salicylic  acid  and  proportional  doses  of  the  other  agents. 
It  is  not  so  great  and  does  not  last  so  long  as  the  fall  of  temperature  brought  about 
by  the  antipyrine  group.  In  toxic  doses  salicylates  produce  subnormal  temperature  even 
in  normal  persons.  In  febrile  patients,  aspirin  reduces  temperature  by  increasing  heat 
dissipation,  as  do  other  antipyretics   (Barbour  and   Devenis). 

Genital. — The  action  of  salicylates  on  the  uterus  has  been  the  object  of  considerable 
controversy.  In  certain  cases  they  seem  to  increase  and  prolong  the  menstrual  flow. 
It  is  also  claimed  that  they  may  cause  abortion,  although  some  authors  claim  that  this 
is  more  likely  to  result  from  the  disease  they  are  used  to  treat.  There  seems  to  be  no 
doubt,  however,  that  abortion  may  be  produced  in  cases  of  poisoning,  especially  if  the 
uterus  has  shown  a  tendency  toward  it.  That  abortion  could  be  produced  in  normal 
rabbits  was  shown  by  Fuerbringer,  while  Binz  claimed  that  it  occurred  only  if  other 
favoring  factors,  such  as  chilling,  acted  coincidently. 

Nerve  System. — The  influence  of  salicylates  on  the  nerve  system  has  been  considered 
with  the  symptoms  of  poisoning,  and  little  need  be  added.  There  is  first  stimulation 
and  then  depression  of  the  cerebral  cortex.  This  stimulation,  followed  by  depression, 
is  still  more  marked  in  the  centers  of  the  medulla  governing  respiration  and  blood- 
pressure.  In  mammals  there  seems  to  be  no  direct  action  on  the  cord,  the  convulsions 
which  may  precede  death  being  asphyctic.  In  the  frog  there  is  depression  of  the  cord 
with  spinal  paralysis.  There  seems  to  be  a  direct  action  on  the  sensory  nerves  or  their 
terminations,  analgesia  being  often  noted  after  the  administration  as  well  as  topical 
application.  All  the  salicylates  are  thus  of  value  in  relieving  pain,  but  this  action 
reaches  its  highest  development  in  aspirin,  which  is  distinctly  more  effective  than 
sodium  salicylate.  The  effects  on  the  organs  of  special  sense  are  chiefly  local.  The 
tinnitus  is  due  in  part  to  congestion  of  the  tympanum,  in  part  to  an  influence  on  the 
acoustic  nerve  endings,  and  in  part  to  disturbance  of  the  cerebral  circulation  from 
action  on  the  vasomotor  center. 

Kidney. — In  the  course  of  its  exctetion,  the  salicylic  ion  irritates  the  renal  epithe- 
lium and  induces  congestion  of  the  kidneys.  In  therapeutic  doses,  therefore,  it  is  a 
stimulant  diuretic,  slightly  increasing  the  water  as  well  as  the  solids  of  the  urine, 
despite  the  diaphoresis  to  which  it  gives  rise.  Sometimes  there  is  increased  frequency 
of  micturition  without  much  effect  upon  the  volume  of  urine. 

In  sensitive  subjects,  and  in  all  persons  receiving  toxic  doses,  both  the  irritant  and 
congestive  effects  pass  beyond  the  point  of  stimulation.  Albuminuria,  hematuria,  and 
even  an   actual   nephritis,   may   be   produced.     Nevertheless,   therapeutic    doses   do   not 
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ordinarily  seem  to  increase  the  excretion  of  albumin  or  casts  in  cases  of  interstitial 
nephritis,  while  in  gouty  kidney   improvement  often  takes  place. 

It  has  recently  been  shown  that  an  amount  of  salicylic  acid  which  Is  just  sufficient 
to  cause  ringing  in  the  ears,  induces  in  all  persons,  both  rheumatic  and  normal,  marked 
albuminuria  with  appearance  of  white  and  often  of  red  blood  cells.  There  is  also  in- 
crease of  the  urea  and  non-protein  nitrogen  of  the  blood  and  lessened  excretion  of  phenol- 
sulphonphthalein.  The  albuminuria  lasts  as  long  as  excretion  of  salicylate  continues. 
It  is  not  influenced  by  coincident  administration  of  sodium  benzoate.  In  dogs,  toxic  doses 
induce  an  acute  tubular  nephritis    (Hanzlyk,  Scott  and  Thoburn). 

Skin. — The  diaphoretic  influence  of  salicylic  agents  is  attributable  in  part  to  dilata- 
tion of  the  cutaneous  vessels,  but  there  is  also  a  specific  action  upon  the  sweat  centers. 
Excessive  perspiration  being  one  of  the  symptoms  of  rheumatism,  the  drug-influence 
might  be  doubted  were  the  symptom  observed  in  this  condition  only;  it  is,  however, 
one  of  the  most  marked  and  characteristic  phenomena  of  salicylism,  whenever  produced. 
Moreover,  as  improvement  is  brought  about  in  acute  articular  rheumatism,  the  tendency 
to  morbid  sweating  diminishes.  Under  toxic  doses  of  salicylates,  sweating  becomes 
profuse,  repeated  and  exhausting,  the  surface  of  the  skin  being  constantly  cold  and 
clammy. 

In  many  subjects  who  otherwise  experience  no  inconvenience  from  the  administra- 
tion of  salicylates,  erythema,  urticaria,  or  even  extensive  angioneurotic  edema  may 
appear — sometimes  from  small  quantities,  sometimes  from  full  medicinal  doses.  Erup- 
tions on  the  skin  are  not  an  invariable  accompaniment  of  salicylism,  but  are  not  rare. 
They  are  attributable  in  greater  part  to  vasomotor  influence,  but  in  some  degree  also 
to  local  irrifation.  In  addition  to  the  forms  described,  they  may  be  scarlatiniform, 
morbiliform,  vesicular,  bullous,  pustulous,  petechial,  purpuriform,  or  even  hemorrhagic. 
Ulceration  and  gangrene  have  been  reported. 

Therapeutics:  Topical. — Salicylic  acid  and  the  salicylates  are  employed  locally 
for  their  antiseptic  and  analgesic  action,  and  for  the  softening  efiect  on  epithelium. 
Salicyl  alcohol  (saligenin)  is  a  local  anesthetic,  having  many  advantages  over  some 
of  those  in  use.  It  has  low  toxicity,  but  is  relatively  active  in  blocking  sensory 
nerves,  and  when  injected  in  moderate  amount  its  solutions  show  but  slight  tendency 
to  form  wheals;  the  anesthesia  produced  by  it  lasts  a  considerable  time,  so  that  the 
injection  need  seldom  be  repeated  and  the  use  of  epinephrine  is  unnecessary.  For 
subcutaneous  injection  a  3  percent,  solution  is  ordinarily  used,  but  for  application 
to  mucous  membrane  four  or  five  times  this  strength  is  required. 

As  a  dusting  ix>wder  salicylic  acid  is  sometimes  applied  to  chancroids;  it  may 
be  diluted  with  an  equal  part  of  zinc  oxide.  For  local  sweating,  especially  bromidrosis 
of  the  feet,  a  powder  of  salicylic  acid  and  zinc  oxide,  1  part  each;  calcined  magnesia, 
3  parts,  and  starch  powder,  5  parts,  is  very  serviceable.  For  the  removal  of  warts  and 
corns,  salicylic  acid  may  be  applied  in  collodion — from  10  to  80  parts  in  100  of  flexible 
collodion,  to  which  2  parts  of  extract  of  cannabis  indica  may  be  added.  To  soften  the 
nail  and  prevent  adhesions  around  an  ingrowivg  toenail,  an  ointment  of  10  to  25 
percent,  of  salicylic  acid  with  5  percent,  of  phenol  and,  perhaps,  5  percent,  of  menthol 
or  camphor,  in  a  base  of  petrolatum  and  lanolin,  is  highly  useful.  It  should  be  applied 
daily. 

In  furuncle  of  the  lip  a  continuous  wet  dressing  of  warm  salicylic  acid  solution 
(5  to  10  percent.)  may  obviate  the  necessity  of  the  dangerous  resort  to  the  knife. 
In  the  treatment  of  psoriasis,  the  external  application  of  an  alcoholic  solution  of  from 
5  to  15  percent,  each  of  lactic,  acetic,  and  salicylic  acids  and  formaldehyde  has  occa- 
sionally given  excellent  results.  In  ringworm  of  the  scalp  an  ointment  of  salicylic 
acid,  15  grains;  benzoic  acid,  30  grains,  in  a  mixture  of  half  an  ounce  of  lanolin  and 
of  vaseline,  is  thoroughly  rubbed  into  the  entire  scalp;  or  an  ointment  of  40  grains 
of  salicylic  acid  in  an  ounce  of  imguentum  hydrargyri  nitratis  may  be  rubbed  in  twice 
a  day  and  carefully  washed  out  every  second  day.  For  ringworm  of  the  nails  a  daily 
application  of  salicylic  acid,  20  grains,  in  chrysarobin  ointment,  1  ounce,  will  prove 
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effective,  but  the  treatment  requires  patience.    A  one  percent,  solution  of  salicylic  acid 
is  a  useful  application  in  seborrhea  of  the  scalp. 

Salicylated  cotton  is  sometimes  employed  in  dressings  to  wounds.  It  is  prepared 
by  saturating  absorbent  cotton  with  a  10  percent,  solution  of  salicylic  acid  in  alcohol 
and  water.  Salicylic  acid  ointment  (Br.  P.)  is  employed  as  a  stimulating  and  resol- 
vent application  to  scaly  and  pruritic  dermatoses. 

Solutions  of  salicylic  acid  (1  to  5  percent.)  as  of  sodium  salicylate  (5  to  10  per- 
cent.) are  applied  in  the  form  of  spray  or  gargle  or  by  swabbing  in  the  treatment  of 
pharyngitis  and  laryngitis.  In  rheumatic  sore  throat  and  in  tonsillitis  of  almost  any 
origin  the  practice  is  to  be  recommended. 

Solutions  of  salicylic  acid  have  been  employed  to  irrigate  the  colon  to  destroy 
ascarides;  30  grains  (2  Gm.)  with  an  equal  quantity  of  borax  and  %  to  1  fluid- 
ounce  (16  to  32  cc.)  of  glycerine  may  be  dissolved  in  a  pint  (500  cc.)  of  warm 
water.  For  a  young  child  the  strength  is  to  be  reduced.  A  purgative  or  a  dose  of 
santonin  should  be  given  on  the  previous  day,  and  the  salicylic  enema  should  be  pre- 
ceded and  followed  by  one  of  warm  water  or  of  physiologic  salt  solution. 

Methyl  salicylate  or  oil  of  wintergreen,  undiluted  or  in  an  ointment  of  1  part 
to  3  or  4  parts  of  lanolin,  is  of  service,  not  only  as  an  analgesic  but  also  to  produce 
the  systemic  effects  of  the  salicylates.  It  may  be  used  to  good  effect  in  association 
with  menthol,  guaiacol,  or  aconitine  in  lumbago,  gout,  pleurisy,  neuralgia  and  the! 
muscular  and  joint  pains  of  chronic  rheumatism.  A  50  percent,  dilution  of  methyl 
salicylate  with  lanolin  is  a  serviceable  application  in  mumps  and  orchitis  and  will 
sometimes  mitigate  the  radiating  pains  of  cancer. 

Salol  has  been  applied  as  a  drying  powder  and  as  an  antiseptic.  It  is  useful  to 
prevent  the  spread  of  furuncles  in  patients  with  infective  fevers,  especially  typhoid, 
and  as  a  dressing  for  bed  sores.  It  relieves  the  pain  and  assists  the  healing  of  hums 
and  ulcers.  It  restrains  fetid  discharges.  It  is  of  value  in  vulvitis  and  vaginitis,  in 
the  latter  being  made  into  bougies  with  cocoa  butter  (10  grains — 0.6  Gm. — in  each 
bougie)  and  introduced  into  the  vagina. 

A  good  mouth  wash  may  be  made  with  salol,  2.5  Gm. ;  saccharin,  0.004  Gm. ; 
oils  of  peppermint,  of  clove  and  of  caraway,  each  0.3  Gm.,  in  80  percent,  alcohol, 
97  cc. ;  of  this,  V^  to  1  teaspoonf ul  may  be  added  to  a  glass  of  warm  water. 

Systemic. — The  systemic  uses  of  the  salicylic  agents  depend  upon  their  antisep- 
tic power,  their  antipyretic  effect,  their  influence  upon  metabolism,  and  their  appar- 
ently specific  action  against  some  of  the  pathogens  of  acute  articular  rheumatism 
and,  to  a  less  degree  but  still  notable,  against  those  of  influenza.  It  is  in  rheumatic 
infections  especially  that  the  physician  learns  by  experience  to  trust  these  prepara- 
tions. Maclagan  advocated  strongly  the  use  of  salicin  in  preference  to  the  salicylates 
in  the  treatment  of  rheumatism,  but  most  practitioners  prefer  the  latter  as  being  more 
potent  and  much  less  expensive.  If  used,  salicin  should  be  given  in  30  grain  (2  Gm.) 
doses  every  six  hours.  The  treatment  should  be  instituted  promptly  and  the  endeavor 
made  to  bring  the  patient  as  soon  as  possible  under  the  influence  of  the  drug  as 
manifested  by  tinnitus.  This  is  best  done  by  giving  moderate  doses,  say  10  grains 
(0.65  Gm.)  of  salicylic  acid  or,  preferably,  15  grains  (1  Gm.)  of  sodium  salicylate, 
every  hour  or  second  hour,  six  or  eight  times  in  the  twenty-four  hours.  It  is  probable 
that  the  drug  action  is  first  directed  against  the  pathogen  of  the  disease,  destroying 
or  neutralizing  its  germ  or  toxin,  and  that  it  is  only  when  this  has  been  accomplished 
that  the  physiological  action  becomes  evident.  Tinnitus  is  therefore  an  indication 
that  the  saturation  point  has  been  reached;  the  size  or  frequency  of  the  dose  must 
accordingly  be  reduced  and  held  at  a  point  just  short  of  this  effect.  In  cases  of  sharp 
onset  in  young  and  robust  persons  alkaline  treatment  (sodium  or  potassium  bicar- 
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bonate,  or  potassium  acetate  of  citrate,  or  an  alkaline  water)  should  bo  employed 
coincidently.  To  the  feeble,  the  aged,  the  anemic,  and  those  who  have  had  repeated 
attacks,  iron  should  be  given,  either  by  the  administration  of  tincture  of  ferric 
chloride  and  solution  of  sodium  salicylate  in  alternate  doses,  or  by  the  use  of  the 
aiistura  ferri  salicyhita.  The  latter  should  be  given  to  adults  in  doses  of  2  teaspoonfuls 
every  two  hours  until  signs  of  saturation  become  manifest. 

The  intravenous  injection  of  sodium  salicylate  (2  cc.  of  a  17.5  percent,  solution, 
every  day  or  every  other  day  or,  in  severe  cases,  twice  daily)  has  been  recommended 
and  practised,  but  it  presents  no  special  advantage  in  ordinary  cases. 

The  especial  value  of  the  salicylates  is  in  reducing  intlammation  and  pain  in 
the  joints.  This  result  may  be  furthered  by  local  applications  of  one  of  the  natural 
oils  or  synthetic  preparations  containing  or  resembling  nu'thyl  salicylate  which  may 
be  rubbed  gently''  into  the  underlying  skin  or,  if  manipulation  be  painful,  painted  on; 
or  the  joint  may  be  swathed  in  lint  saturated  with  the  oil.  In  addition,  rather  thick 
dressings  of  wool  or  cotton  should  be  applied  to  the  joints  not  only  to  keep  them 
warm,  but  also  to  immobilize  them  as  far  as  comfort  permits.  Persistent  inunction 
of  methyl  salicylate  may  be  further  useful  as  a  means  of  inducing  the  systemic  effects 
of  the  salicyl  ion  when  its  compounds  are  not  well  borne  by  the  stomach.  In  the 
treatment  of  cardiac  phenomena  of  rheumatism,  the  so-called  complications,  the  salicy- 
lates are  not  in  general  so  useful  as  in  controlling  the  arthritis.  This  is  not  to  say 
that  they  are  contra  indicated,  or  that  in  persons  who  do  not  present  idiosyncrasies 
they  depress  the  heart  materially,  when  the  dosage  is  carefully  watched.  But,  like 
all  other  agents  powerful  for  good,  they  possess  harmful  possibilities  and  must  not 
be  used  negligently.  After  all,  their  chief  duty  as  regards  the  heart  was  to  protect 
it;  having  failed  in  this,  they  are  not  to  be  trusted  to  rescue  it.  Alkaline  or  other 
treatment  appropriate  to  the  individual  case  must  be  instituted,  though  the  continued 
auxiliary  use  of  one  of  the  salicylates  or  of  the  iron  and  salicylate  mixture  is  often 
helpful.  Ammonium  salicylate  is  perhaps  less  likely  than  the  other  salicylic  com- 
pounds to  depress  the  heart  in  susceptible  individuals,  but  acetylsalicylic  acid  (aspirin) 
does  not,  as  has  been  asserted,  share  this  advantage.  On  the  contrary,  cardiac  depres- 
sion is  more  likely  to  follow  the  use  of  aspirin  (or  empirin)  than  that  of  any  other 
agent  of  the  group. 

In  chronic  articular  rheumatism,  the  salicylates  may  be  given  in  rather  smaller 
doses  than  have  been  advised  for  the  acute  inflammation,  say  10  to  15  grains  (0.6  to 
1  Gm.)  of  the  cinchonidine,  sodium,  ammonium,  or  strontium  salt,  three  times  daily, 
with  frequent  intermissions  to  prevent  intolerance  or  intoxication.  The  combination 
with  iron  is  highly  useful  in  chronic  cases,  especially  for  the  very  young,  the  old, 
the  feeble  and  the  anemic. 

In  chronic  muscular  rheumatism,  a  similar  use  may  be  made  of  the  agents  of 
this  group,  especially  of  cinchonidine  salicylate.  Here  the  simultaneous  exhibition 
of  potassium  iodide  and  sometimes  of  cimicifuga  (macrotys)  or  bryonia  may  be 
beneficial. 

In  non-rheumatic  arthritis  the  salicylates  are  not  likely  to  manifest  any  curative 
action.  Their  failure  may  occasionally  be  of  diagnostic  value,  as  in  a  case  of  pneumo- 
coccic  arthritis  observed  at  the  Philadelphia  General  Hospital. 

In  tonsillitis  and  other  forms  of  sore  throat,  especially  when  there  is  a  rheumatic 
history,  sodium,  ammonium  or  phenyl  salicylate  may  usefully  be  given  in  doses  of 
10  to  15  grains  (0.6  to  1  Gm.),  repeated  every  four  hours.  The  peculiar  tendency 
of  the  heart  to  suffer  in  cases  of  catarrhal  or  influenzal  sore  throat  calls  for  care 
in  the  exhibition  of  the  salicylates.  When  the  throat  trouble  is  an  influenzal  mani- 
festation, sodium  benzoate  should  be  associated  with  the  salicylates. 
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In  acAite  neuritis,  even  when  its  rheumatic  origin  cannot  be  established,  salol 
or  sodium  salicylate  is  frequently  of  service  in  relieving  pain  and  hastening  recovery. 
In  acute  and  subacute  sciatica,  especially  when  there  is  a  history  of  gouty  manifes- 
tations in  the  skin  or  elsewhere,  the  simultaneous  use  of  colchicin  and  methyl  salicy- 
late is  highly  useful.  Acetylsalicylic  acid  sometimes  has  a  more  rapid  effect  in  these 
cases,  but  it  must  be  used  with  caution.  It  may  be  given  in  doses  of  15  to  20  grains 
(1  to  1.3  Gm.)  every  three  or  four  hours,  three  or  four  times,  but  its  effect  on  the 
heart  should  be  watched  and  its  action  guarded,  perhaps,  by  small  doses  of  strophan- 
thin  or  some  other  of  the  digitalis  group.  The  external  application  of  methyl  salicy- 
late with  menthol,  guaiacol  or  aconitine  is  also  of  considerable  service  in  this  affec- 
tion. In  clironic  sciatica,  strontium  salicylate,  in  15  to  20  grain  (1  to  1.3  Gm.)  doses, 
sometimes  appears  to  act  better  than  the  other  agents  of  this  group. 

In  typhoid  fever,  cholera,  and  other  specific  and  general  infections  of  the  intes- 
tinal tract,  the  disinfectant  action  of  the  salicylates,  especially  beta-naphthol  and  phenyl 
salicylates,  renders  important  service  in  preventing  or  mitigating  intestinal  toxemia. 
In  the  summer  dia/rrhea  of  children,  as  well  as  in  similar  conditions  affecting  adults, 
particularly  in  ulcerative  colitis,  bismuth  salicylate  is  distinctly  useful.  For  an  adult 
the  dose  is  from  10  to  15  grains  every  two  hours  or,  as  the  symptoms  come  under 
control,  after  each  stool.  It  is  sometimes  useful  to  add  beta-naphthol  benzoate,  the 
dose  then  being  7^2  grains  (0.5  Gm.)  of  each  drug.  To  a  child  of  5  or  6  years, 
5  grains  (0.3  Gm.)  of  bismuth  salicylate  or  2V2  grains  (0.15  Gm.)  each  of  bismuth 
salicylate  and  benzonaphthol  may  be  given.  The  action  of  the  drugs  in  these  cases 
is  topical  rather  than  systemic,  and  since  the  conditions  present  in  the  intestinal 
canal  interfere  with  the  absorption  of  the  salicylates  the  physiological  or  toxic  drug 
symptoms  are  seldom  observed. 

In  influenza,  cinchonidine  salicylate  is  especially  useful.  It  may  be  given  in  doses 
of  3  to  5  grains  (0.2  to  0.3  Gm^.)  every  two  to  four  hours  until  tinnitus  appears, 
and  then  at  longer  intervals.  If  taken  in  this  dose  twice  or  three  times  a  day  during 
an  epidemic  of  this  infection,  cinchonidine  salicylate  will  have  a  prophylactic  influ- 
ence. In  influenza  of  the  nasal  type,  as  in  ordinary  coryza,  salicin  or  ammonivim 
salicylate  is  to  be  preferred,  and  may  profitably  be  given  in  conjunction  with  bella- 
donna. In  influenza  of  the  thoracic  type,  the  association  of  ammonium  or  sodium 
salicylate  and  sodium  benzoate  is  specially  useful.  Given  promptly  and  pushed  vigor- 
ously early  in  the  attack,  this  medication  exerts  a  decided  effect  on  the  course  and 
severity  of  the  infection,  if  it  does  not  cut  short  the  malady.  As  in  the  specific  treat- 
ment of  other  infections,  the  administration  of  the  drug  should  be  preceded  by  a 
purgative  dose  of  calomel,  and  fi'ee  perspiration  should  be  induced  by  the  hot  pack 
or  other  means. 

In  encephalitis  lethargica,  regarded  by  many  clinicians  as  of  influenzal  origin, 
good  results  are  said  to  have  been  obtained  by  daily  intravenous  injections  of  15  grains 
(1  Gm.)  of  sodium  salicylate  in  an  ounce  (32  cc.)  of  physiological  salt  solution,  in- 
creased gradually  to  45  grains  (2.5  Gm.)  of  the. salt  in  like  dilution. 

The  cholagogue  properties  of  sodium  salicylate  may  be  utilized  in  the  treatment 
of  catarrhal  jaundice  and  also,  though  less  confidently,  in  that  of  cholelithiasis.  The 
drug  may  be  given  in  doses  of  5  to  10  grains  (0.3  to  0.6  Gm.)  from  four  to  six 
tim«s  daily.  It  may  here  be  advantageously  combined  with  sodium  oleate,  taurocholate 
or  glycocholate.  In  chronic  catarrhal  conditions  of  the  stomach  and  duodenum, 
associated  with  mild  icterus,  and  even  in  certain  cases  of  chronic  cholecystitis,  sodium 
salicylate  may  be  associated  usefully  with  sodium  phosphate,  sodium  succinate,  benzyl 
succinate  and  similar  agents.  Thus  a  mixture  of  sodium  salicylate,  2^2  drams  (10 
Gm.) ;  sodium  benzoate  and  sulphate,  of  each,  5  drams  (20  Gm.)  and  sodium  phosphate. 
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1  ounce  (32  Gm.),  is  often  of  great  service.  A  teaspoonful  of  this  powder,  which  must 
have  been  well  triturated  in  a  mortar,  is  given  in  a  glassful  of  hot  water,  one  hour 
before  meals,  and  the  ingredients,  doses  and  frequenc-y  of  use  modified  according  to 
effect. 

Sodium  salicyhito  is  used  as  a  remt;dial  and  prophyhictic  agent  in  onthir  infec- 
tions. Sympathetic  ophthalmia  is  sometimes  successfully  treated  by  large  doses  of 
the  drug,  as  suggested  by  Gifford.  Moulton  advises  a  daily  dose  of  1  grain  for  each 
pound  of  body  weight,  given  in  the  course  of  ten  to  fourteen  hours,  this  to  be  repeated 
for  five  days  in  succession.  Then,  after  a  rest  of  a  few  days,  the  course  may  be 
repeated  in  the  same  or  smaller  dose  as  may  be  thought  advisable.  I'he  patient  must 
bo  kept  absolutely  quiet  in  bed.  After  the  removal  of  a  foreign  body  from  the  eye 
it  is  advisable  to  put  the  patient  on  salicylate  treatment  Ly  way  of  proi)hylaxi8.  Orid- 
hmd  has  given  the  drug  with  good  results  in  acute  iritis,  iridocyclitis,  and  choroiditis, 
but  has  met  with  indifferent  success  in  sympathetic  ophthalmia. 

Contraindications. — As  is  the  case  with  all  potent  drugs,  precautions  must  be 
observed  in  the  administration  of  salicylates.  Idiosyncrasy,  if  known,  of  course  sug- 
gests care;  and  vasomotor  instability  and  known  idiosyncrasies  to  other  drugs  should 
suggest  the  possibility  of  like  sensitiveness  to  the  salicylates.  Drunkards  and  diabetics 
are  especially  susceptible  to  the  untoward  influence  of  the  drug,  and  markedly  as  to 
its  effects  upon  the  nerve  system. 

Nephritis,  whetlier  acute  or  chronic,  eontraindicates,  as  a  rule,  the  use  of  salieylics, 
and  especially  of  salol.  Exceptions  may  be  made  in  cases  of  acute  rheumatic  infection 
in  which  prompt  salicylization  seems  necessary  and  in  which  the  d^ree  of  chronic 
or  ncute  renal  inflammation  is  mild.  Even  in  such  cases,  however,  the  utmost  caution 
must  be  obsei-ved. 

Essential  Oils 

Even  in  prehistoric  times  the  essential  oils  attracted  the  attention  of  medical 
men,  partly  by  reason  of  their  pronounced  odor  and  taste,  partly  by  the  readiness 
with  Mdiicli  they  could  be  obtained  in  a  pure  state  by  simple  physical  measures  such 
as  expression  and  distillation.  The  use  of  capsicum  and  turpentine  as  counterirri- 
tants,  sandalwood  oil,  myrrh,  galbanum,  benzoin,  and  styrax  as  vulneraries  and  of 
copaiba  and  other  balsams  internally  against  all  sorts  of  disease,  are  often  referred 
to  in  ancient  writings.  The  ijrimitive  people  of  South  America  were  familiar  with 
the  balsams  of  Peru  and  of  Tolu,  and  those  of  other  regions  with  such  aromatic 
or  balsamic  plants  as  were  native  to  their  region.  Camphor,  thymol  and  menthol  are 
ancient  remedies  in  China  and  the  Far  East.  Such  examples  could  be  multiplied 
indefinitely. 

During  the  Middle  Ages  certain  drugs  of  this  class  were  much  lauded  for  condi- 
tions in  which  they  are  no  longer  employed;  thus  guaiac  was  highly  praised  as  an 
antisyphilitic  and  copaiba  and  cubeb  were  looked  upon  as  almost  specific  in  pul- 
monary  phthisis. 

Chemistry. — The  products  known  indifferently  as  volatile,  ethereal  or  essential 
oils  form  a  rather  vaguely  limited  group  of  substances,  which  occur  preformed  in 
idants,  and  are  obtained  by  extidation,  expression,  or  distillation.  They  are  frequently 
associated  with  other  bodies,  sometimes  dissolved  or  dissolving,  sometimes  in  an 
intimate  mixture.  In  some  instances  the  purified  oil  is  Liarketed  (essential  oils),  in 
others  a  solution  of  resin  in  essential  oil  (oleoresins)  or  a  mixture  of  such  a  solution 
with  a  gum  (gum  resins) ;  often  the  essential  oil  is  mixed  with  a  resin  ester  of 
cinnamic  or  benzoic  acid  (balsams).  The  form  connnonly  found  in  the  market  may 
be  the  plant-part  which  contains  the  oil    (sage,  lupuiin). 

The  essential  oils  differ  radically  from  fixed  oils  and  fats  in  chemical  composi- 
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tion  and  volatility,  but  resemble  them  in  their  solubility  in  ether,  chloroform,  benzin, 
etc.,  and  in  their  immiscibility  with  water.  They  are  more  soluble  in  alcohol  than 
are  the  fixed  oils,  commonly  mixing  with  it,  with  the  fixed  oils  and  with  each  other, 
in  all  proportions. 

Almost  all  of  the  essential  oils  are  composed  chiefly  of  active  principles  consti- 
tuting a  rather  definite  class  of  chemical  compounds  which  contain  ten  carbon  atoms 
arranged  or  joined  to  one  another  in  the  same  manner,  and  to  such  compounds,  and 
products  consisting  chiefly  of  them,  the  term  "essential  oils"  will  be  limited  in  the 
following  discussion.  The  group  comprises  the  terpenes,  the  camphors,  the  resins, 
and  compounds  showing  close  chemical  relation  to  these. 

The  structural  basis  of  these  compounds  is  a  ring  of  six  carbon  atoms  joined  to  a 
chain  of  three  carbon  atoms  and  to  a  single  carbon  atom  (always  in  the  ortho  posi- 
tion), giving  thus  ten  carbons.  The  number  of  hydrogen  atoms  varies  from  14  to  18, 
according  to  the  number  of  double  bonds,  and  when  a  ketone  group  is  present  this 
number  may  be  still  further  reduced.  Oxygen  is  commonly  present  as  hydroxyl  or 
ketone,  but  more  than  one  hydroxyl  or  ketone  is  rare. 

Before  entering  on  the  more  detailed  discussion  of  these  compounds  it  may  be 
well  to  mention  that  a  few  of  the  volatile  oils  owe  their  properties  to  substances 
of  an  entirely  different  chemical  nature.  Oil  of  wintergreen  and  oil  of  birch  are 
esters  of  salicylic  acid  and  have  already  been  considered.  Oil  of  mustard  and  oil  of 
garlic  are  compounds  of  sulphur.  Oleoresins  of  black  and  of  red  pepper  contain 
volatile  bodies  of  a  different  sort.  The  purgative  resins,  gamboge,  jalap,  scammony, 
etc.,  as  also  saffron,  matricaria  and  anthemis,  although  containing  volatile  oils,  do 
not  owe  their  activity  to  them.  The  same  is  true  of  cicuta  and  of  conium  which 
contain  poisonous  volatile  alkaloids.    None  of  these  will  be  considered  in  this  section. 

The  chief  chemical  constituents  of  the  true  essential  oils,  as  above  defined,  may 
be  divided  into  four  groups,  according  to  the  arrangement  of  the  carbon  atoms. 
Each  of  these  groups  includes  hydrocarbons,  alcohols,  and  ketones. 

The  groups  are  as  follows : 


Carbon  atoms  arranged  thus : 

C-C 

C 

c-/     \- 

-/ 

\-/ 

\ 
G 

A.  Hydrocarbons.     Cj^Hj^,  carvene,  citrene,  fenchene,  hesperiden,  limonene, 
terpinolene. 

B.  Alcohols.     C,„H,,OH,  sabinol. 

C,„Hj,(OH)„  terpin  hydrate. 

Cj„Hj,OH,  terpene  hydrate,  terpenol,  terpineol. 

Ci„HjgOH,  menthol,   terpanol. 
C.9   Ketones.     C,„H„0,  carvon,  carvol. 

C,oHj,0,  pulegone,  tanacetone,  thujone. 

C,„H,gO,  menthone. 
D.     Ethers.       C,„H,gO,  cineol. 

Carbon  atoms  arranged  with  the  isopropyl  inside  the  ring: 

C C 

/  I  \_ 


c— c- 


\      I      / 

\      c      / 
c c 
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or    thus : 


c 

-c 

/      1 

c           c 

\ 
\ 

( 

v^ 

./ 

A.  Hydrocarbons.     C,„II,„  caiiiplieiu',  ciciitcno,  t-inene,  dipcntcno,  cajeputene, 

copaibol,  pincne,  plu'llandrene,  silvestrono,  terobcnthone,  terpinene,  men- 
thene. 

B.  Alcohols.    C,JT„OH,  borncol. 

C.  Ketones.     C,„II,g(),  camplior. 

3.     The  ring  is  broken  open  next  to  the  isopropyl  group,  thus : 

C 
/ 

c— c— c— c— c— c— c 

I  \ 

c  c 

All  compounds  of  this  type  contain  oxygen  as  alcohol  or  aldehyde. 

A.  Alcohols.    Ci„H„OH,   citronellol,    coriandrol,    geraniol,   lavendol,   lemonol, 
linalool,  rhodinol. 

B.  Aldehydes.     Cj„HjaO,  citral,  geraniol,  rhodinol. 

C,„H,gO,  citronellol. 
4.     Benzol  ring: 

A.  Hydrocarbons.    C JI,— CHCH,,  styrol. 

CH3—  C,H  —  C3H,,   cymol. 

B.  Alcohols.    HOCH,  —  C„H,  —  C^H,,  cuminol. 

H3C  — C„H3=(0H)Q,H„  thymol. 
HO  —  C„H,  —  C^H.O,,  umbelliferone. 

C.  Oxymethyl  compounds.    CH^O  —  CJI,  —  C,H,,  anethol. 

CH,0  — C.H3(CH3)C3H„  carvacrol. 
(CH30)3C,H  —  C3H,,  asaron. 
CH3O  — C,H3(0H)CH0,  vanillin. 
CH3O  —  C„H  —  CHO,  anisaldchyde. 
CH3O  — C„H3(OH)C3H„  eugcnol. 
CH30(0H)C,H,(CH0)C,H„  myristicin. 

D.  Oxymcthylcue  compounds.    H^C :  ^:    C^Hj —  CC3H,,,   safrol, 

H,C:  ^.    CJI,— CHO,  piperonal. 
H3C:  Q.-   C,H3— C3H,0ir,  cubebin. 
H^C:^]:   C,H(0CH,)3C3H„  apiol,  dillapiol. 

E.  Aromatic    acids    and    their    esters,    benzoic,    cinnamic,    ferulic,    benzoin, 
cotoin,    styracol. 

In  addition  to  these  groups  there  are  certain  condensation  products  of  the  ring 
compound,  which  bear  the  same  general  relation  to  it  that  naphthol  does  to  phenol. 
These  may  be  divided  into  the  sesquiterpenes,  which  have  the  basic  formula  C„H^ 
and  the  constitution  shown —  i 
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\   / 
CH 
CH    I       CH 

//\  I  y\ 

//       \l/      \ 
HC  C  CH 

I  I  I 

HC  CH        CH 

/   \   /   \   /   \ 
H3C  CH2      CHj       CHj 

and  the  resins  which  are  condensations  of  more  than  two  terpenes,  and  whose  exact 
form  is  uncertain. 

With  the  help  of  the  preceding  table  the  composition  or  the  chief  constituent 
of  the  essential  oils  can  be  found  from  the  following  list: 


Oils  Used  Chiefly  as  Flavors 


Oil 

Angelica 
Anise 
Bergamot 
Caraway 

Cinnamon 
Citron  (Lemon) 
Citronella 
Clove 

Coriander 

Cumin 
Dill 
Fennel 
Lavender 

Mace 

Marjoram 

Melissa 
Myrcia 
Myristica 

Oliveri 

Orange 

Origanum 

Parsley 

Pimenta 

Rose 

Sage 

Thyme 


Constituent 

Phellandren 

Anethol,  80-90% 

Linalool,  44% 

Carvon,    60%;    Limonen, 
35% 

Cinnamic  Aldehyde,  70% 

Limonen,  90%;  Citral,5% 

Geraniol,  93% 

Eugenol,  80%;  Caryophyl- 
len,  20% 

Linalool,    70%;    Cymol, 
20%;  Pinen 

Cuminal,  Terpene 

Carvon,  50%;   Dillapiol 

Anethol,  55%;   Fenchon 

Linalyl      Acetate,      50%; 
Linalool,      Geraniol 

Pinen,  Camphen,  (togeth- 
er)   80  7o 

Terpinen,   40%;    Borneol, 
Sabinen 

Citral;  Citronellol 

Eugenol;  Chavicol 

Pinen,  Camphen,  (togeth- 
er)   80% 

Eugenol;   Safrol 

Limonen,  90% 

Carvacrol,  75%;  Cymol 

Pinene,  Apiol,  Myristicln 

Eugenol,  Sesquiterpene 

Geraniol,  Citronellol 

Borneol,    15%;    Cineol; 
Pinene 

Carvacrol,  60%;   Thymol, 
25%;   Menthen 


Irritant  Ecbolic  and  Emmenagogue  Oils 


Abietic 

Achillea 

Cade 

Cajuput 
Canada  balsam 


Pinen;  Cadinen 

Cineol,  10% 

Cadinen;    Sesquiterpene; 

Pinen 
Cineol;   Pinen 
Pinen,  80%;   Canadinolic 

acid 


Carminative  Oils 

Oil  Constituent 

Absinthium  Thujon,  24% 

Anthemis  Angelica  acid,  25% ;  Thu- 

jol,  20% 
Artemisia  Thujon,  24% 

Asarum  Geraniol    (Asarol),   40%; 

Methyleugenol,  37% 
Betel  Chavicol;   Menthon 

(Calamus)  Dracoresinotannol,  90% 

Cardamom  Cineol,  18%;  Limonen 

Cataria  Menthol,  4% 

Kava  kava  Chavicol 

Matico  Asaron,    10%;    Dillapiol; 

Matico  camphor 
Matricaria  Nonylic  acid 

Monarda  Thymol,   60%;    Cymol 

Peppermint  'Menthol,   70%;    Menthon, 

10% 
Piper  Phellandren;  Resin 

Sassafras  Safrol,  80% 

Spearmint  Carvon,  60% 

Zingiberis  Phellandren;  Gingerol; 

Resin 

Antiseptic  Oils  and  Wound  Dressings 


Buchu 

Eucalyptol 

Camphor 

(Chenopodium) 

Myrtol 

Sandalwood 

Thymol 


Buchu  Camphor,  50% 

Menthon 
Cineol,  80% 
Camphor,  75% 
Ascaridol,  40-80% 
Pinen:   Cineol 
Santalol,  95%;  Santalal 
Thymol,  100% 


Copaiba,  Cubeb,  Galbanum,  Guaiac,  Gur- 
jun,  and  Sandarac,  from  the  group  of 
resins,  are  also  used  as  wound  dressings, 
as  are  certain  of  the  terebinthinates. 

Irritant  Ecbolic  and  Emmenagogue  Oils 

Cedar  Cedrol;   Cedren;    Cedar 

camphor 
Erigeron  Limonen,  60% 

Hedeoma  Menthon,  80%;    Pulegon 

Juniper  Cadinen;     Sesquiterpene; 

Pinen 
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Pinus  pumilionis    Phellandren,  70% 

Cadinen 
Pulegiiim  Pulegon,  80% 

Rosemary  Borneol,  20%;   Pinen 

Rue  Methyl-nonyl-ketone  90% 

Sabin  Sabinol,  SO-/, ;   Cadinen 

Tansy  Thujon 

Thuja  Thujon;   Pinen;  Fenchen 

Turpentine  Pinen,   90%  ;    Sesquiter- 

pene 


Sedathe  Oils 

(Cannabis)  Cannabinol  (a  resin), 

(Asafetida)  Asarasinotannol,  62% 

(Ivavender)  I^inalyl  acetate,  50% 

(Lupulin)  Humulen,  60% 

(Sumbul)  Umbelllferon 

(Valerian)  Camphene;    Borneol 


Of  the  oils  mentioned,  tlio  followinf?  are  apspciatod  with  resin  acids  forming  resins, 
oleoresins  or  simihir  eomhinatinns : 

Resin 

Asafetida 
Cade 

Canada  balsam 

Cannabis 

Copaiba 

Cubeb 

Gurjun 

Guaiac 

Galbanum 

Lupulin 

Myrrh 

Sandarac 

Savin 

Thuja 

Turpentine 
Zingiberis 

The  following  are  united  with  Aromatic  acids  forming  Balsams: 


Resix  Acid 

Oil  Coxstituent 

Ferulic 

Asaresinotannol,  62% 

Juniperic 

Pinen;    Cadinen;    Sesquiter- 

pene 

Canadonilic 

Pinen,  80% 

Stereopten 

Cannabinol 

Copaivic 

Caryophyllen,  55% 

Cubebic 

Terpene,  65% 

Gurjun 

Sesquiterpene 

Guaiaconic 

Guajol 

Galbanic  (?) 

Galbaresinotannol,    50%;     U 

belliferon,  20% 

Lupulinic 

Humulen 

Bassorin 

Dipentene 

Pimaric 

Carvacrol 

Juniperic 

Sabinol,  50%;   Cadinen 

Juniperic 

Thujol;  Thujon:   Fenchen; 

Pinen 

Abietic 

Pinen,   90%;    Sesquiterpene 

Arabic 

Zingiberen;    Gingerol;    Phel- 

landren 

Balsam 

Amber 

Ammoniac 

Benzoin 

Calamus 

Peruvian 

Styrax 

Tolu 


Acid 

Succinic 

Salicylic 

Benzoic 

Benzoic 

Cinnamic 

Cinnamic,  47% 

Cinnamic 


OrL 

Chrysen 

Ammo-resino-tannol 
Benzo-resino-tannol,  90% 
Draco-resino-tannol,  90% 
Peru-resino-tannol 
Styrol,  Vanillin,  :i6% 
Tolu-resino-tannol 


The  PharmacodynJamic  Action  of  most  of  these  oils  has  many  features  in  common 
and  all  will  be  discussed  together,  separate  consideration  being  later  given  to  some 
of  the  more  important  constituents  such  as  camphor,  menthol,  thymol  and  turpentine. 

The  Materia  Medica  and  Therapeutics  will  be  separated  into  the  following  classes 
as  indicated  in. the  lists  above.  Flavoring  Oils;  Carminative  Oils;  Antiseptic  Oils; 
Irritant  Oils;  Kesins;  Balsams.  It  is  to  be  borne  in  mind  that  the  dividing  lines  are 
rather  arbitrary  and  many  of  the  oils  could  be  placed  with  equal  propriety  under  a 
different  heading.    The  general  features  of  each  group  will  receive  brief  discussion. 

Summary  of  Actions  and  Uses. — The  volatile  oils  and  their  constituents  resemble  one 
another  very  closely  in  pharmacodynamic  action,  the  differences  being  largely  quantita- 
tive or  dependent  upon  differences  in  solubility. 

They  are  all  antiseptics,  although  differing  widely  in  efficacy.  In  most  cases  they 
are  much  more  potent  against  molds  than  against  putrefactive  bacteria;  and  still  feebler 
In  respect  to  pathogenic  germs. 

Most  essential  oils  are  topical  irritants  to  mucous  membranes  and  several   (turpen- 
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tine,  juniper)  to  the  intact  skin.  All  show  a  tendency  to  depress  the  function  of  nervous 
and  muscular  tissues,  this  action  being  universally  exerted  on  the  nerve  ending  of  volun- 
tary muscle,  and  on  all  unstriped  muscle.  A  few  show  local  stimulation  of  the  heart 
(camphor).  This  action  is  of  a  somewhat  uncertain  character,  not  readily  demonstrated 
on  the  intact  organ.  It  is  manifested  very  clearly,  however,  as  an  ability  to  restore  the 
beats  in  a  frog-heart  paralyzed  by  muscarin,  and  to  prevent  or  stop  fibrillation  in  the 
mammalian  heart.  These  actions  may,  however,  be  dependent  on  paralysis  of  the  vagus 
nerve  endings,  and  thus  not  be  a  true  stimulation.  The  cord  is  paralyzed.  The  cerebral 
cortex  is  paralyzed  by  most  of  the  oils.  A  few,  however,  stimulate  the  motor  cortex  with 
production  of  cerebral  convulsions  (sabine,  juniper);  and  some  excite  the  sensorium, 
with  resultant  delirium    (camphor,  absinthe). 

Although,  as  indicated,  all  the  essential  oils  resemble  each  other  in  certain  of  their 
characteristic  actions  on  the  body,  the  relative  intensity  of  each  of  these  effects  differs  so 
greatly  from  one  oil  to  another,  that  they  are  used  for  widely  different  purposes. 

In  all  probability  the  most  important,  as  well  as  the  most  ancient  use  of  these  sub- 
stances is  for  the  destruction  of  lower  forms  of  animal  and  vegetable  life,  including  bac- 
teria. The  employment  of  cloves,  cinnamon  and  spices  for  the  preservation  of  food  and 
for  other  forms  of  "embalming"  is  of  great  antiquity.  Their  use  as  food  preservatives  is 
favored  by  the  pleasant  flavor  of  such  oils  as  cinnamon,  allspice,  sage,  dill  and  a  long 
list  of  others  as  well  known.  This  action  is  associated  with  their  power  to  destroy  or 
prevent  the  growth  of  molds  and  putrefactive  bacteria,  and  many  of  them  have  sufficient 
action  to  make  them  available  as  antiseptic  agents.  Thymol,  menthol,  camphor,  sandal- 
wood, and  eucalyptol  are  examples.  Oils  excreted  by  the  kidneys  may  exert  a  healing 
action  on  infections  of  the  urinary  tract.  Cubeb,  copaiba  and  sandalwood  may  be  cited. 
Animal  pests  are  also  killed  or  driven  off  by  certain  oils.  The  use  of  oil  of  citronella 
and  of  incense  against  mosquitoes  and  that  of  camphor  and  of  lavender  to  prevent  moths 
are  familiar.  Of  perhaps  greater  importance  from  our  standpoint  is  the  power  of  certain 
oils,  notably  thymol  and  oil  of  chenopodium  to  expel  or  destroy  intestinal  worms. 

Many  of  the  oils  are  topical  irritants  and  are  used  as  rubefacients  or  even  epispastics, 
turpentine  is  perhaps  the  most  important  example,  but  tansy,  guaiac  and  myrrh  may  be 
mentioned.  This  topical  irritation  is  exerted  on  the  gastroenteric  tract  if  the  oils  be 
swallowed,  and  our  most  valued  carminatives  are  found  among  them,  e.g.,  peppermint, 
spearmint,  nutmeg  and  artemisia.  A  similar  irritation  of  the  kidney  epithelium  during 
excretion  leads  to  a  diuretic  action  which  is  often  of  great  value.  Juniper,  rue,  and 
sabine  are  much  employed  for  this  purpose. 

The  more  strictly  systemic  actions  of  the  oils  are  also  of  great  importance.  Most 
of  them  are  sedatives,  at  least  in  toxic  dose,  but  only  in  cannabis  and  perhaps  in  sumbul 
is  the  action  sufficiently  developed  to  render  the  drug  useful  in  this  connection.  The 
action  on  the  uterus  is  of  great  importance,  many  having  the  power  to  stimulate  the 
contractions  during  labor,  or  even  to  initiate  them,  causing  abortion  or  stimulating  the 
menstrual  flow.  Tansy,  rue,  sabine  may  be  mentioned.  A  peculiar  stimulation  of  the 
heart,  which  is  not  associated  with  much  increase  of  output,  is  characteristic  of  camphor 
and  of  a  few  other  members  of  the  group. 

Antipathogenic  Action. — Most  of  the  essential  oils  and  their  constituents  possess  some 
antipathogenic  power,  although  their  bacteriostatic  action  is  commonly  much  greater  than 
their  bactericidal.  Their  usefulness  as  antiseptics  is  much  limited  by  their  relative 
insolubility  in"  water,  many  of  them  dissolving  only  in  1  part  in  several  thousand,  and 
few  of  them  reaching  as  high  concentration  as  1  percent.  In  general  they  are  able  to 
prevent  the  growth  of  molds  in  about  half  the  concentration  required  to  prevent  putre- 
faction of  liquids,  and  their  greatest  activity  is  noted  in  semisolid  mixtures,  in  which 
they  may  be  available  in  greater  concentrations. 

Of  all  the  oils,  turpentine  appears  to  be  the  most  efficient,  hindering  the  growth  of 
anthrax  in  a  dilution  of  1  to  75,000  and  killing  spores  exposed  to  the  pure  oil  in  5  days 
(Koch).  A  1  percent,  emulsion  prevents  the  growth  of  the  cholera  vibrio,  but  does  not 
kill  bacteria  even  on  prolonged  exposure. 

Thymol  is  perhaps  next  in  power,  preventing  the  growth  of  putrefactive  bacteria  in 
broth  in  dilution  of  1  to  2,000  and  1  part  in  3,000  preserving  urine.  A  0.1  percent,  sus- 
pension in  broth  kills  all  bacteria  in  a  few  hours  (Buchholtz). 

According  to  Bokorny,  putrefaction  in  broth  is  prevented  by  the  following  concentra- 
tions of  oils  and  their  constituents.  Mace  0.005  percent.;  eugenol  (cloveoil)  0.01  percent.; 
coumarin  and  vahillin  0.01  percent.;  anise  (anethol)  and  caraway  (carvol)  0.05  percent.; 
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Cinnamon  and  borneol  0.1  percent.  Even  saturated  solutions  of  oil  of  thyme,  fennel, 
peppermint  and  cumin  were  unable  to  prevent  bacterial  growth.  The  strong  infusions  of 
sage,  fennel,  and  several  other  oil-containing  plants,  molded. 

Buchholtz  found  that  an  infusion  of  tobacco  did  not  show  bacterial  growth  if  treated 
with  thymol  1  to  2000,  oil  of  thyme  or  carvol  1  to  1000,  eucalyptol  1  to  666,  oil  of  caraway 
1  to  500.  The  organisms  in  such  infusions  were  killed  by  thymol  or  carvol  in  a  concentra- 
tion of  1  to  200. 

De  la  Croix  found  eucalyptol  required  a  1  to  14  emulsion  to  prevent  putrefaction  of 
meat  broth,  but  it  exerted  no  bactericidal  effect  in  any  concentration. 

Omelchenko  bubbled  air  through  oils  and  passed  the  stream  of  saturated  air  slowly 
over  surface  colonies  of  typhoid,  tubercle  and  anthrax  bacilli  on  gelatine,  noting  the  time 
required  to  prevent  growth  of  subcultures.  He  found  that  the  power  to  destroy  these 
organisms  decreased  in  the  following  order:  cinnamon,  fennel,  lavender,  clove,  thyme, 
peppermint,  anise,  eucalyptus,  valerian,  turpentine;  oils  of  cinnamon  and  valerian  re- 
quired an  average  of  45  hours,  and  as  there  was  0.5  mgm.  of  the  former  and  0.82  of  the 
latter  per  liter  of  air,  the  total  amount  passed  was  respectively  60  mgm.  and  1  Gm. 

The  pure  oils  are  fairly  effective  bactericides.  Partly  dried  typhoid  bacilli  exposed 
to  pure  oils  of  cinnamon,  origanum  or  rosemary,  are  killed  in  12  minutes  (Heinz). 

The  insolubility  of  the  essential  oils  in  water  and  the  irritant  and  toxic  properties 
of  many  of  them,  suggest  their  usefulness  as  anthelmintics  and  several  have  found  ex- 
tended employment  for  this  purpose.  Chief  among  them  are  oil  of  chenopodium  (and 
ascaridol)  and  thymol.  Carvacrol  (Sollmann)  has  been  used  against  hookworms  and 
round  worms  in  dogs  with  great  success,  and  cineol  (Bruning)  has  also  proven  of  value 
In  experiment. 

Ascarides  kept  in  salt  solution  at  body  temperature  are  killed  within  half  an  hour 
by  oil  of  chenopodium  1  to  500;  within  4  hours  by  thymol  1  to  2500;  cajuput  1  to  1500; 
in  about  8  hours  by  eucalyptus  1  to  1000;  tansy  1  to  2500;  and  within  18  hours  by  oil 
of  rue  1  to  1400;  chenopodium  1  to  1250;  camphor  1  to  800  (Bachem). 

Pharmacodynamic  Action:  Absorption  and  Elimination. — The  essential  oils  are  largely 
insoluble  in  water  and  in  the  body  juices,  and  are  frequently  absorbed  very  slowly,  even 
when  injected  subcutaneously.  A  few  of  the  constituents,  e.g.,  cubebin,  are  hardly 
absorbed  at  all.  Most  of  them,  however,  are  absorbed  with  sufficient  readiness  when 
administered  per  os  for  even  comparatively  large  quantities,  several  grams,  to  be  taken 
up  before  the  large  bowel  is  reached.  As  a  rule,  the  more  volatile  are  the  more  readily 
absorbed.  Resinous  constituents,  when  present,  frequently  escape  almost  entirely  with 
the  stools.  Given  subcutaneously,  these  compounds  may  give  rise  to  local  abscesses,  like 
turpentine;  or  may  remain  in  the  site  of  injection  for  a  long  time,  as  does  thymol.  In 
general,  they  are  taken  up  no  more  quickly  than  when  given  by  mouth.  Intravenously,  in 
emulsion  or  dissolved  in  a  fixed  oil,  their  action  Is  more  prompt;  and,  especially  by  the 
former  method,  they  are  much  more  toxic.  One-fifth  the  lethal  dose  by  mouth  may  kill 
by  vein.  Absorption  from  the  nasal  mucosa  is  prompt  and  severe  poisoning  has  followed 
the  intranasal  use  of  menthol  in  infants. 

When  large  doses  are  given,  a  certain  proportion  is  eliminated  unaltered,  by  the 
lungs,  and  less  often  by  the  skin.    The  greater  part,  however,  is  combined  or  oxidized. 

The  following  are  the  chief  changes  which  have  been  reported: 

1.  Oxidation. 

This  usually  leads  to  the  formation  of  an  acid  which  is  excreted  as  an  ester. 

2.  Combination  with  glycocoll. 

Almost  all  of  the  terpenes  and  ketones  form  oxyacids  which  enter  into  combination 
with  glycocoll  to  form  glycuronates  (camphor,  caryophyllen,  linalool,  sabinol,  and  others). 

3.  Combination  with  sulphuric  acid. 

Sulphonates  are  formed  by  eugenol,  and  many  other  of  the  alcohols. 

Topical  Action.— Cevid^in  of  the  essential  oils— e.^;.,  turpentine,  juniper  oil,  menthol, 
thymol,  oil  of  savine, — are  irritating  even  to  the  unbroken  skin.  Others — as  amber,  apiol, 
amyrol,  anethol,  clove,  copaiba,  cubeb — are  irritating  to  wounds  or  mucosae. 

In  general,  those  oils  which  consist  largely  of  terpenes  are  irritating;  the  alcohols 
are  less  irritant,  and  the  ketones  and  resins  but  slightly  so,  if  at  all   (Vieth). 

Local  anesthesia  is  induced  by  many  of  the  alcohols,  e.g.,  cineol;  while  the  hydro- 
carbons and  ketones  have  no  such  action  (Vieth). 

Toxicity.— The  essential  oils  and  their  component  parts  differ  greatly  in  toxicity. 
The  substances  containing  large  amounts  of  resins  are  but  slightly  toxic,  when  given  by 
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mouth.  Thus  30  Gm.  per  kilo  of  copaiba,  and  20  Gm.  per  kilo  of  cubeb  are  required  to  kill 
a  rabbit.  The  alcohols  are  much  more  poisonous.  Rabbits  succumb  to  anethol  in  doses 
of  0.25  Gm.  per  kilo,  and  to  menthol  and  borneol  in  doses  of  0.35  Gm.  per  kilo. 

Much  smaller  doses  are  dangerous  to  man.  Fatal  poisoning  has  been  reported  from 
0.2  Gm.  per  kilo  (about  13  Gm.  or  200  grains)  of  cubeb  by  mouth  and  from  similar  doses 
of  Mentha  pulegium  oil  and  cedar  oil.    Dogs  and  cats  are  intermediate  in  susceptibility. 

Intravenously,  much  smaller  doses  will  kill.  Thus  safrol,  of  which  it  takes  1  Gm. 
per  kilo  by  mouth  to  kill  a  rabbit,  needs  only  0.2  Gm.  intravenously.  Thymol  intrave- 
nously kills  rabbits  in  a  dose  of  0.1   Gm.   per  kilo. 

In  frogs  the  fatal  dose  subcutaneously  ranges  from  0.4  mgm.  per  Gram,  of  camphor 
to  5  mgm.  per  Gram,  of  santalol  and  guajol.  These  examples  show  the  wide  range  of 
toxicity.    Solubility  influences  it  more  than  does  the  chemical  composition. 

Systemic  Action:  Digestive  System. — Many  of  the  oils  cause  vomiting  when  given  in 
large  dose  by  mouth,  and  even  when  given  subcutaneously.  The  action  is  probably 
purely  local,  in  the  latter  case,  dependent  on  excretion  into  the  stomach.  All  those  oils 
which  show  an  irritant  local  action  are  apt  to  induce  it,  and  also  those  which  have  a 
nauseating  odor,  such  as  sandalwood,  sassafras,  copaiba  and  cubeb.  The  induction  of 
vomiting  appears,  however,  to  depend  on  the  dose  and  the  state  of  the  stomach,  rather 
than  on  the  composition  of  the  oil.  It  has  been  reported  after  the  administration  of 
almost  all  the  oils  which  have  been  studied  in  this  regard.  It  is  not  commonly  caused 
by  the  less  volatile  oils,  such  as  camphor,  menthol  and  thymol. 

Those  oils  which  contain  large  amounts  of  resins  and  resin  acids  (copaiba,  cubeb, 
amber)  are  likely  to  cause  diarrhea;  as  are  those  whose  terpene  content  makes  them 
topical  irritants  (turpentine,  thuja,  rosemary,  savin,  juniper).  Diarrhea  has  also  been 
observed  from  oils  of  cinnamon,  of  rosemary  and  of  Mentha  pulegium. 

Isolated  strips  of  bowel,  suspended  in  Ringer  solution,  show  lessened  movements 
from  many  oils  in  concentration  of  1:5,000  and  less.  Anise  and  turpentine  in  1:50,000 
caused  increase  of  motion,  as  did  rue  and  absinthe  in  rabbits.  The  other  oils  studied 
were  depressant  in  all  concentrations  (Muirhead  and  Gerald).  The  isolated  bowel  of  the 
rat,  paralyzed  by  sandalwood  oil,  was  restored  by  epinephrine  or  pilocarpine,  indicating 
that  the  paralytic  action  was  exerted  on  the  sympathetic  ganglia  (Perutz  and  Kofler). 
On  the  other  hand,  dilute  aqueous  solutions  of  most  oils,  injected  into  a  loop  of  bowel  in 
the  intact  animal,  cause  increase  of  motions.  The  effect  is  lessened  by  atropine,  and  is 
entirely  prevented  by  cocaine,  showing  that  it  is  a  local  stimulation  (Plant). 

A  cholagogue  action  is  claimed  for  oil  of  peppermint.  In  frogs,  mice,  rabbits  and  cats 
moderate  doses  cause  a  free  flow  of  a  very  dilute  bile,  with  no  mucus  (Heinz). 

Sodium  succinate  causes  increase  of  motions  in  the  isolated  bowel  of  the  rabbit 
(Salant  et  al.)  and  in  some  cases  of  cholelithiasis,  small  doses  by  mouth  have  the  effect 
of  preventing  attacks  of  colic,  although  the  condition  of  the  gall  bladder  does  not  seem  to 
be  improved. 

Blood. — Many,  if  not  all,  of  these  oils  exert  a  profound  Influence  on  the  white  cor- 
puscles. Given  by  mouth,  they  cause  an  increase  in  the  leucocytes  in  the  circulating 
blood,  perhaps  merely  by  stimulating  the  flow  of  lymph  from  the  abdominal  viscera,  per- 
haps by  a  direct  action  on  the  lymph  glands.  The  former  view  is  favored  by  the  fact 
that  the  effect  is  more  marked  after  administration  by  mouth  than  after  intravenous  use. 
It  is  probable  that  the  first  effect  of  subcutaneous  injections  is  to  draw  the  leucocytes  to 
the  spot  and  thus  out  of  the  blood,  but  that  later  they  pass  into  the  circulation  in  in- 
creased numbers,  a  fall — followed  after  several  hours  by  a  rise — in  number  thus  resulfing. 

Circulation. — All  the  oils  and  their  active  constituents  cause  dilatation  of  the  arteri- 
oles by  action  on  the  vessels.  Certain  authors  believe  that  this  is  balanced  in  some  of 
the  oils  by  direct  stimulation  of  the  vasomotor  center,  but  studies  of  animals  under 
curare  have  generally  shown  no  rise  of  pressure,  whence  many  believe  that  the  increased 
pressures  reported  are  due  to  stimulation  of  the  motor  apparatus  with  contraction  of 
voluntary  muscles.    All  agree  that  the  blood-pressure  is  depressed  by  large  doses. 

The  heart  is  slowed  by  small  doses  and  frequently  as  the  primary  effect  of  large 
ones.  This  slowing  is  said  to  depend  on  lengthening  of  the  diastolic  phase,  with  more 
complete  relaxation  of  the  heart  muscle  than  normal.  Associated  with  the  slowing  there 
Is  often  an  increase  in  strength  of  the  individual  beats. 

No  stiniulation  is  seen  in  the  isolated  heart,  but  in  certain  cases  in  which  the  heart 
is  slowed  or  stopped  by  stimulation  of  the  vagus  {e.g.,  muscarin  stoppage)  some  oils 
(camphor,  thujon  and  perhaps  menthol),  relieve  the  condition,  probably  by  paralysis 
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of  the  nerve  endings.    Oils  which  have  no  such  effect  are  carvon,  citral,  fenchon,  menthon, 
pulegon,  sabinol,  turpentine,  and  valerian. 

In  large  doses  all  the  essential  oils  make  the  heart  weak  and  rapid,  and  frogs  are 
universally  killed  by  cardiac  failure.  In  mammals  the  heart  is  commonly  able  to  main- 
tain the  circulation  until  the  respiration  fails. 

Respiration. — All  the  essential  oils  depre.ss  respiration  both  by  a  central  action  and 
by  paralysis  of  the  motor  nerve  endings,  and  in  acute  poisoning  of  mammals,  this  ia 
almost  always  the  cause  of  death. 

When  an  essential  oil  is  given  by  mouth,  or  is  excreted  by  the  lungs,  the  fumes  may 
irritate  the  nasal  mucosa,  giving  rise  to  a  temporary  reflex  stimulation  of  the  respiratory 
center,  with  rapid,  but  rarely  deep,  breathing;  but  the  direct  a(!tiou  of  all  the  oils  and 
their  constituents  on  the  respiratory  center  is  a  strong  depression,  leading  to  shallow 
breathing.  Frequently  the  center  is  so  deeply  affected  that  respiration  ceases  entirely 
until  asphyxia  brings  an  unusually  strong  COj  stimulus.  In  this  way,  a  periodic  respira- 
tion resembling  the  Cheyne-Stokes  phenomenon  is  produced;  the  periods  of  apnea  grad- 
ually becoming  longer  and  longer  until  death. 

Metabolism. — Many  of  the  essential  oils  and  their  constituents  produce  a  peculiar 
form  of  chronic  or  subacute  poisoning  with  marked  disturbance  of  fat  metabolism.  It 
resembles  in  some  respects',  but  is  not  identical  with,  subacute  phosphorus  poisoning. 
This  form  of  intoxication  may  follow  a  single  sublethal  dose,  or  result  from  repeated 
small  doses.  The  sj-mptoms  and  postmortem  lesions  are  similar  in  all  cases.  Subacute 
intoxication  from  a  single  dose  has  been  described  from  linalool,  mentha  pulegium  and 
safrol,  and  from  repeated  doses  of  apiol,  rosemary,  sandalwood,  safrol,  turpentine,  and 
mentha  pulegium.  Careful  studies  of  mentha  pulegium  (German  pennyroyal)  poisoning 
have  been  made  by  Lindemann  and  by  Rosenfeld.  The  animals  show  loss  of  appetite, 
very  rapid  emaciation,  extreme  weakness,  passing  into  paralysis,  somnolence,  and  coma. 
Death  results  from  weakness  or  from  respiratory  failure.  Metabolism  studies  show 
marked  alterations  in  protein  destruction  and  nitrogen  excretion,  both  rising  sharply  at 
first,  and  sinking  almost  to  nothing  as  coma  develops,  much  as  in  phosphorous  poisoning. 
Calorimetric  studies  show  lessened  fat  metabolism,  but  little  alteration  in  that  of  carbo- 
hydrates. The  production  of  heat  is  not  much  influenced,  although  the  temperature  falls 
rapidly  and  markedly.  Autopsy  shows  fatty  degeneration,  extreme  in  liver  and  kidneys, 
less  marked  in  other  organs.  In  some  instances  hemorrhagic  nephritis  has  been  seen, 
although  this  is  more  frequent  in  acute  poisoning.  Analysis  of  the  tissues  show  decrease 
in  the  amount  of  fat  in  the  voluntary  muscles  and  fat  increase  in  the  heart  and  viscera. 

Temperature. — All  of  the  essential  oils  induce  fall  of  temperature,  both  in  acute  and 
chronic  poisoning.    The  mechanism  does  not  seem  to  have  been  studied. 

Ductless  Glands. — There  seems  to  be  no  direct  action  on  any  of  the  ductless  glands. 

Genital. — As  with  other  drugs  that  may  give  rise  to  strangury,  aphrodisiac  powers 
have  been  ascribed  to  certain  of  the  essential  oils,  but  the  evidence  of  such  action  is  very 
uncertain. 

There  seems  to  be  no  doubt,  however,  that  many  of  them  are  abortifacients  and 
emmenagogues,  although  studies  on  the  uterus  isolated  and  i?i  situ  have  generally  shown 
a  relaxing  effect  on  this  organ.  Macht  studied  on  the  isolated  guinea-pig  uterus,  the 
action  of  hedeoma,  apiol,  thyme,  rue,  savine,  tansy  and  turpentine,  and  found  that  all 
caused  paralysis  with  stoppage  of  spontaneous  motions  and  relaxation.  J?i  situ  the  same 
effect  seems  to  be  the  rule,  although  Rohrlg  in  1879  reported  that  an  aqueous  extract  of 
savine  induced  in  the  rabbit's  uterus  in  situ  contractions  more  violent  than  those  caused 
by  ergot. 

There  seems  to  be  a  tendency  to  hyperemia  of  the  abdominal  organs,  as  shown  at 
autopsy  by  the  frequency  of  hemorrhages,  and  this,  rather  than  any  influence  on  the 
uterine  muscle,  may  be  the  cause  of  abortions. 

In  animal  experiment,  it  has  rarely  been  possible  to  produce  abortion  by  quantities 
smaller  than  the  lethal  dose.  In  woman,  abortion  would  seem  from  the  published  re- 
ports, to  be  associated  with  a  state  of  collapse  sufficient  of  itself  to  cause  death  of  the 
fetus. 

Nerve  System. — Although  the  essential  oils  exert  a  paralytic  action  on  most  of  the 
organs  innervated  by  the  sympathetic  system,  reports  of  stimulation  of  such  organs  are 
not  uncommon.  The  symptoms  are  probably  due  to  local  irritation  (as  vomiting  or 
diarrhea)  or  to  reflexes  from  this  (as  salivation  accompanying  nausea). 

The  muscles  are  not  directly  affected,  but  the  motor  nerve  endings  are  ordinarily 
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paralyzed.  This  action  is  especially  seen  in  intoxication  with  ketones,  such  as  carvon, 
fenchon,  pulegon,  thujon,  and  camphor,  but  alcohols,  such  as  menthol,  sabinol  and  borneol 
also  cause  it  late  in  the  course  of  poisoning.  The  motor  cells  of  the  cord  are  usually 
paralyzed  by  large  doses,  and  with  some  oils  (valerian,  cannabinol)  by  even  moderate 
doses.    It  is  probable  that  this  action  is  characteristic  of  the  whole  group. 

The  motor  cortex  is  stimulated  by  many  of  the  oils,  but  in  most  cases  the  paralysis 
of  the  cord  and  of  the  nerve  endings  is  already  so  far  advanced  that  convulsions  do  not 
occur.  Cerebral  convulsions  are  caused  by  the  terpenes  (turpentine,  oil  of  juniper,  oil 
of  thuja  and  oil  of  rosemary)  and  by  many  of  the  ketones  (camphor,  cedar  oil,  thujon, 
tansy,  artemisia,  absinthum,  fenchon  and  oil  of  fennel  and  sabine).  The  alcohols  do  not 
exert  such  action  on  the  cortex. 

Sensation  is  lowered  by  many  of  the  oils,  especially  the  alcohols  {e.g.,  menthol, 
thymol,  eugenol,  amyrol,  terpinol  and  santalol). 

The  ketones  have  little  local  action,  and  the  terpenes  are  irritant  and  not  anesthetic. 

On  most  parts  of  the  skin  these  substances  when  applied  topically  produce  an  impres- 
sion of  cold,  although  by  slight  irritation  they  frequently  raise  the  cutaneous  temperature. 
Where  heat  nerves  predominate,  as  on  the  eyelids  and  the  extensor  surfaces  of  the  joints, 
they  induce  a  sensation  of  heat.  On  the  tongue  and  lips  there  may  be  burning  followed  by 
cold,  the  latter  sensaHon  being  heightened  by  an  intake  of  air  (peppermint,  menthol). 

The  mucous  secretion  of  the  skin  of  the  frog,  when  excited  by  epinephrine,  is  again 
depressed  by  sandalwood  oil  locally  applied  in  one  percent,  emulsion  (Perutz  and  Kofler). 

Skin. — Administered  systemically,  the  essential  oils  have  little  action  on  the  skin. 
Eruptions  of  red  papules  are  caused  by  sandalwood;  and  certain  of  the  more  volatile  oils, 
e.g.,  turpentine,  may  lend  their  odor  to  the  cutaneous  secretions. 

Urinary  System. — Oils  which  are  topical  irritants  (turpentine,  juniper,  sabina,  cam- 
phor, cubeb,  copaiba,  and  many  others)  cause,  when  given  in  single  overdose  or  when 
repeated  too  often,  symptoms  of  renal  irritation  (albuminuria,  renal  hematuria,  even 
acute  nephritis).  Vesical  pain,  frequent  urination,  tenesmus  and  strangury  are  not 
uncommon.  More  rarely  there  is  a  peculiar  cystitis  in  which  large  masses  of  epithelium 
slough  off,  leaving  ulcers. 

The  excretory  products  of  several  of  the  Oils  act  as  antiseptics  on  the  entire  urinary 
tract  (cubeb,  copaiba,  sandalwood,  buchu).  Other  excretory  products  impart  to  the 
urine  characteristic  odors.  The  term  violaceous  is  applied  to  that  resulting  from  tur- 
pentine, and  others  are  equally  characteristic,  often  differing  completely  from  that  of 
the  oil. 

Flavoring  Oils 

Essential  Oils  are  used  extensively  as  flavors  and  condiments  in  the  preparation  of 
foods,  the  spices  having  long  held  an  important  place  in  this  connection,  especially  in 
the  East.  Flavoring  herbs,  such  as  thyme  and  sage,  are  perhaps  more  used  in  Europe 
and  the  United  States.  In  addition  to  rendering  food  more  palatable,  these  oils  stimu- 
late the  motions  and  secretions  of  the  entire  digestive  tract,  and  there  is  no  sharp  line 
between  this  group  and  that  of  the  carminative  oils.  We  may  cite  cardamom,  pepper- 
mint and  spearmint  as  examples  of  oils  placed  with  carminatives  but  often  used  for 
flavoring  foods. 

Oils  are  also  much  used  for  giving  an  agreeable  odor  .to  cosmetics,  such  as  skin 
creams  and  hair  washes,  and  for  such  related  products  as  tooth  pastes.  In  many  such 
products  the  antiseptic  action  is  of  service,  menthol,  thymol  and  other  compounds  with 
antipathogenic  powers  being  preferred. 

Materia  Medica. — Angelica  Fructus  (N.F.),  Angelica  Fruit.  Ahhr.,  Angel. 
Fruct.    Synonym:  Angelica  Seed. 

The  ripe  fruit  of  Angelica  archangelica  Linne  (Fam.  Umhelliferce)  and  of  other 
species  of  Angelica.  The  odor  is  characteristic  and  agreeable;  taste  aromatic,  pungent, 
and  sweetish. 

Dose,  10  to  15  grains  (0.6  to  1  Gm.) ;  may  be  increased  to  as  much  as  2  drams. 

Angelice  Radix  (N.F.),  Angelica  Root.    Alhr.,  Angel.  Rad. 

The  rhizome  and  roots  of  Angelica  atropurpurea  Linne  (Fam.  Umhelliferce)  and 
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of  other  species  of  Angelica.  Odor  strongly  aromatic;  taste  sweetish,  pungent,  aromatic, 
and  then  bitter. 

Dose,  15  to  30  grains  (1  to  2  Gm.). 

Fluioextractum  ANGELiCiE  Radicis  (N.F.),  Fluidextract  of  Angelica  Root.  Ahhr., 
Fldext.  Angel.  Rad. 

Each  cc.  represents  1  Gm.  of  the  drug.     Alcoholic  content  about  78  percent. 

Dose,  30  to  60  minims  (2  to  4  cc). 

Anethi  Fkuctus  (Br.),  Dill  Fruit. 

The  dried  ripe  fruit  of  Pexicedanum  graveolena  Bentham  and  Hooker  films.  Com- 
posed of  two  nioricarps  usually  separate  and  freed  from  the  pedicel.  Odor  and  taste 
agreeably  aromatic.    Both  the  fruit  and  the  oil  extracted  from  it  are  used  as  aromatics. 

Dose,  of  the  fruit  (powdered),  from  15  to  60  grains  (1  to  4  Gm.). 

Aqua  Anethi  (Br.),  Dill  Water. 

Prepared  from  dill  fruit,  by  boiling. 

Dose,  from  0.5  to  3  fluidrams  (2  to  12  cc). 

Oleum  Anethi  (Br.),  Oil  of  Dill. 

An  oil  distilled  from  dill  fruit.  It  has  the  odor  of  dill  fruit;  taste  at  first  sweet 
and  aromatic,  but  subsequently  pungent. 

Dose,  1  to  3  minims  (0.06  to  0.2  cc). 

Oleum  Cupressi  (IST.N.R.),  Cypress  Oil. 

An  oil  distilled  from  the  leaves  and  young  branches  of  Cupressiis  sempervirens. 
A  yellowish  liquid  with  a  pleasant  odor  suggesting  cypress.  It  is  soluble  in  from  2  to 
6  parts  of  90  percent,  alcohol. 

Dose,  4  fluidrams  (16  cc.)  of  a  mixture  of  1  part  of  the  oil  in  5  parts  of  alcohol 
is  used  as  an  inhalant. 

Anethol  (N.F.),  Anethol. 

The  methyl  ether  of  para-propenyl  phenol  C,Hj.C,H^.OCH,.  It  is  the  main 
constituent  in  the  oils  of  anise,  star  anise,  and  fennel,  and  is  usually  obtained  from 
these  by  fractioning,  chilling  and  crystallizing;  a  colorless  or  faintly  yellow,  highly 
refractive  liquid  at  a  temperature  of  23°  C,  or  above,  having  a  sweet  taste  and  the 
aromatic  odor  of  anise.  It  is  almost  insoluble  in  water;  readily  soluble  in  ether  or 
chloroform,  and  forms  a  clear  solution  with  two  volumes  of  alcohol. 

Dose,  1  to  3  minims  (0.06  to  0.2  cc). 

Anisum  (U.S.  IX.),  Anise.    Ahhr.,  Anis.    8ynony7yi:  Aniseed. 

The  dried  ripe  fruit  of  Pimpinella  anisum  Linne  (Fam.  Umhelliferce).  Externally 
grayish  or  greenish-gray,  seldom  grayish-brown,  slightly  pubescent;  odor  and  taste 
agreeable  and  aromatic. 

The  most  important  constituent  of  aniseed  is  a  volatile  oil.  Oleum  Anisi,  pale  yel- 
low or  colorless  and  of  characteristic  aromatic  odor  and  taste,  due  to  the  anethol  which 
is  contained  in  it  in  large  proportion.   Anise  contains  also  a  bland  fixed  oil  and  gum. 

Dose,  5  to  10  grains  (0.3  to  0.6  Gm.). 

Aqua  Anisi  (U.S.  X.),  Anise  Water.    Ahhr.,  Aq.  Anisi. 

The  U.S.  preparation  is  made  with  the  oil  of  anise;  the  Br.  is  distilled  from 
aniseed.    Oil  of  anise,  2  cc;  distilled  water  q.s.  to  make  1000  cc 

Dose,  2  to  4  fluidrams  (8  to  16  cc). 

Spiritus  Anisi  (U.S.  X.),  Spirit  of  Anise.    Ahhr.,  Sp.  Anis. 

A  10  percent,  solution  of  the  oil  of  anise  in  alcohol. 

Dose,  15  to  30  minims  (1  to  2  cc). 

Oleum  Anlsi  (U.S.  X.),  Oil  of  Anise.    Ahhr.,  01.  Anis.   Synonym:  Anise  Oil. 

A  volatile  oil  distilled  from  the  ripe  fruit  of  Pimpinella  anistim  Linne  (Fam. 
Umhelliferw)    or  from   the  ripe  fruit  of  lUicium  verum  Hooker  filius    (Fam.   Mag- 
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noliacew).  Star  Anise.  Oil  of  anise  is  a  colorless  or  pale  yellow,  strongly  refractive 
liquid,  having  the  characteristic  odor  and  taste  of  anise.  The  botanical  source  from 
which  the  oil  is  derived  must  be  stated  on  the  label. 

Dose,  1  to  3  minims  (0.06  to  0.2  cc). 

PiMPiNELLA  (unofficial),  Pimpinella.  Ahhr.,  Pimpinel.  Synonym:  Pimpernel 
Root. 

The  dried  rhizome  and  roots  of  Pimpinella  saxifraga  Linne,  or  Pimpinella  magna 
Linne  (Fam.  Umhelliferce).  In  powdered  form  the  color  is  light  yellow;  odor  aro- 
matic ;  taste,  sweet  pungent  and  acrid. 

Dose,  10  to  20  grains  (0.6  to  1.2  Gm.). 

TiNCTURA  PiMPiNELLiE  (unofficial),  Tiucturc  of  Pimpinella.     Ahhr.,  Tr.  Pimpinel. 

Powdered  pimpinella  percolated  to  exhaustion  with  60  percent,  alcohol,  each  cc. 
representing  3  grains  of  the  drug  with  an  alcoholic  content  of  about  55  percent. 

Dose,  1/2  to  2  fluidrams  (2  to  8  cc). 

AuRANTii  Amabi  Cortex  (U.S.  X.),  Bitter  Orange  Peel.     Ahhr.,  Aurant.  Amar. 

Cort. 

The  dried  rind  of  the  unripe  fruit  of  Citrus  aurantium  Linne  (Fam.  Rutaceoe). 

Dose,  from  10  to  20  grains  (0.6  to  1.3  Gm.). 

AuRANTii  Cortex  Indicus  (Br.),  Indian  Orange  Peel.     Ahhr.,  Aurant.  Cort.  Ind. 

The  fresh  and  the  dried  outer  part  of  the  pericarp  of  varieties  of  Citrus  aurantium 
Linne.    Odor  aromatic;  taste  bitter. 

Dose,  used  as  a  flavoring  agent. 

Aurantii  Cortex  Recens  (Br.),  Fresh  Bitter  Orange  Peel;  Aurantii  Cortex  Sic- 
catus  (Br.),  Dried  Bitter  Orange  Peel. 

The  fresh  or  dried  outer  part  of  the  pericarp  of  Citrus  aurantium,  var.  Bigaradia, 
Hooker  filius.    The  odor  is  pleasant  and  aromatic;  the  taste  aromatic  and  bitter. 

Dose,  from  10  to  20  grains  (0.6  to  1.3  Gm.). 

Aurantii  Dulcis  Cortex  (U.S.  X.),  Sweet  Orange  Peel.     Ahhr.,  Aurant.  Dulc. 

Cort. 

The  fresh  outer  ring  of  the  ripe  fruit  of  Citrus  aurantium,  var.  sinensisi  Linne 
(Fam.  Rutacew).    Odor  highly  fragrant;  taste  pungently  aromatic. 

Dose,  from  V^  to  1  dram  (2  to  4  Gm.). 

ViNUM  Aurantii  (Br.),  Orange  Wine.    Ahhr.,  Vin.  Aurant. 

Made  by  the  fermentation  of  a  saccharine  solution  to  which  fresh  bitter-orange  peel 
has  been  added.  A  vinous  liquid,  having  a  golden-sherry  color  and  a  taste  and  aroma 
derived  from  the  peel.    Contains  from  12  to  14  percent,  by  volume  of  ethyl  hydroxide. 

Dose,  used  as  a  vehicle. 

Oleum  Ajowan  (Br.),  Ajowan  Oil.    Synonym:    Ptychotis  Oil. 

An  oil  obtained  by  distillation  from  the  fruits  of  Carum  copticum  Benth.  et  Hook. 
filius  (Fam.  Umhelliferce).  An  almost  colorless  or  brownish  liquid,  having  the  odor 
of  thyme  and  a  sharp  burning  taste;  contains  not  less  than  40  percent,  of  thymol, 
the  balance  consisting  of  cymene,  a  terpene,  and  traces  of  pinene  and  dipentene.  Its 
action  and  uses  are  similar  to  thymol. 

Dose,  V2  to  3  minims  (0.03  to  0.18  cc). 

TiNCTURA  Aurantii  Amari  (U.S.  X.),  Tincture  of  Bitter  Orange  Peel.  Ahhr.,  Tr. 
Aurant.  Amar. 

A  55  percent,  alcoholic  tincture  prepared  with  200  Gm.  of  powdered  peel  to  1000  cc. 

Dose,  from  1  to  2  fluidrams  (4  to  8  cc).  Mainly  used  as  an  addition  to  infusions, 
decoctions  and  mixtures. 

TiNCTURA  Aurantii  Dulcis  (U.S.  X.),  Tincture  of  Sweet  Orange  Peel.  Ahhr.,  Tr. 
Aurant.  Dulc. 
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Sweot  orange  peol  grated,  fresh,  500  Gin.,  macerated  in  1000  co.  of  alcoliol  and 
filtered  through  purified  cotton.  The  alcoholic  content  of  the  tincture  of  sweet  orange 
peel  (U.S.)  and  of  the  Br.  tincture  is  about  75  percent,  by  volume. 

Dose,  Yz  to  2  fluidranis  (2  to  S  cc). 

Infusum  AuiUNTn  (Br.),  Infusion  of  Orange  Peel. 

Dried  bitter-orange  peel  (cut  small),  50  Gm.;  boiling  distilled  water,  1000  cc. 
Infuse  in  a  covered  vessel  for  15  minutes;  strain  while  hot. 

Dose,  Yo  to  1  fluidoimce  (15  to  30  cc). 

IxFUSU^r  Ai'RANTii  Co>tposiTrM  (Br.),  Compound  Infusion  of  Orange  Peel. 

Dried  bitter-orange  peel  (cut  small),  25  Gm. ;  lemon  peel  (cut  small)  10  Gm. ; 
cloves,  5  Gm. ;  boiling  distilled  water,  1000  cc.  Infuse  in  a  covered  vessel  15  minutes; 
strain  while  hot. 

Dose,  V-j  to  1  fluidounce  (15  to  30  cc). 

Oleum  Aur.^ntii  (U.S.  X.),  Oil  of  Orange.  Abhr.,  01.  Aurant.  Si/nonifm:  Oil 
of  Sweet  Orange. 

The  volatile  oil  obtained  by  expression  or  distillation  from  the  fresh  peel  of  sweet 
orange.  A  yellow  liquid  'having  the  characteristic  odor  and  taste  of  the  outer  part  of 
sweet  orange  peel. 

Caution:  Oil  of  orange  having  a  terebinthinate  odor  must  not  be  dispensed. 

Dose,  1  to  3  minims  (O.OG  to  0.2  cc). 

Oleum  Aurantii  Amari  (N.F.),  Oil  of  Bitter  Orange.    Aljhr.,  01.  Aurant.  Amar. 

A  volatile  oil  obtained  by  expression  from  the  fresh  peel  of  the  bitter  orange, 
and  an  aromatic,  somewhat  bitter,  taste. 

Dose,  1  to  3  minims   (0.06  to  0.2  cc). 

Oleum  Aurantii  Florum  (N.  F.),  Oil  of  Orange  Flowers.  Ahhr.,  01.  Aurant. 
Flor.    Synonym:  Oil  of  Neroli. 

A  volatile  oil  distilled  from  the  fresh  flowers  of  the  bitter  orange.  Citrus  auran- 
iium  amara  Linne  (Fam.  Rutacece).  A  pale  yellow,  slightly  fluorescent  neutral  liquid, 
having  a  distinctive,  fragrant  odor  and  an  aromatic,  at  first  sweet  then  bitter,  taste; 
soluble  in  an  equal  volume  of  alcohol. 

Dose,  used  in  the  preparation  of  perfumery  and  occasionally  to  perfume  extracts. 

Aqua  Aurantii  Florum  (U.S.  X.),  Orange  Flower  Water.  Ahhr.,  Aq.  Aurant.  Flor. 
Synonyms :     Triple  Orange  Flower  Water,  Aqua  Aurantii  Florum  Fortior. 

A  saturated  aqueous  distillate  prepared  from  the  fresh  flowers  of  the  Citrus 
aurantium  (var.  Amara)  Linne  (Fam.  Rutaceoe).  A  nearly  colorless  liquid,  clear  or 
faintV  opalescent,  possessing  a  strong,  pleasant  odor  and  taste  of  orange  blossoms. 

Dose,  used  as  a  vehicle  and  in  toilet  preparations. 

Succus  CiTRi  (unofficial),  Lime  Juice.    Ahhr.,  Sue.  Cit. 

The  expressed  juice  of  the  ripe  fruit  of  Citrus  medica  acida  (Roxb.)  Bonavia 
(Fam.  Rutacece),  containing  in  each  100  cc.  not  less  than  5  Gm.  nor  more  than  10  Gm. 
of  total  acids;  a  clear  or  slightly  turbid,  pale  yellow  or  yellowish-green  liquid,  having 
the  odor  and  taste  of  limes.     Medicinally  it  may  be  interchanged  with  lemon  juice. 

Dose,  used  in  diluted  form  ad  lib. 

Succus  CiTUi  ET  Pepsinum  (unofficial).  Lime  Juice  and  Pepsin.  Ahhr.,  Sue.  Cit. 
et.  Pepsin.     Synonym:  Succus  Limettae  cum  Pepsino. 

Glycerite  of  pepsin,  400  cc. ;  lime  juice,  600  cc.  The  preparation  must  not  be  dis- 
pensed unless  freshly  prepared. 

Dose,  1  to  3  fluidrams  (4  to  12  cc). 

Oleum  Bergamott/E  (N.F.),  Oil  of  Bergamot.  Ahhr.,  01.  Bergam.  Synonym: 
Oleum  Bergamii. 

A  volatile  oil  obtained  by  expression  from  the  rind  of  the  fresh  fruit  of  Citrus 
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aurantium  hergamia  (Risso  et  Poiteau)  Wight  et  Arnott  (Fam.  Rutacew).  A  green 
or  greenish-yellow  liquid,  neutral  or  only  faintly  acid,  having  a  characteristic  fragrant 
odor  and  an  aromatic,  bitter  taste.  Contains  not  less  than  36  percent,  of  ester,  calcu- 
lated as  linalyl  acetate. 

Dose,  externally  in  2  volumes  of  alcohol  as  an  insecticide  and  as  a  disguising  agent 
with  certain  malodorous  medicines. 

Carum  (U.S.  X.),  Caraway.     Synonym:  Caraway  Seed. 

The  dried  fruit  of  Carum  carvi  Linne  (Fam.  Umhelliferce).  The  seeds  have  an 
agreeable  aromatic  odor  and  taste.  The  powder  is  yellowish-brown.  The  fruit  con- 
tains a  volatile  oil,  the  active  principle  carvone,  tannin,  resin,  and  gum. 

Dose,  10  to  15  grains  (0.0  to  1  Gm.). 

Oleum  Cari  (U.S.  X.),  Oil  of  Caraway.  Ahlir..  01.  Cari.  Synonym:  Caraway 
Oil. 

A  volatile  oil  distilled  from  the  fruit  of  Carum  carui  Linne  (Fam.  Umhellifer(ff), 
and  yielding  not  less  than  50  percent,  by  volume  of  carvone  (CioHwO).  It  is  a  colorless 
or  pale  yellow  liquid  having  the  characteristic  odor  and  taste  of  caraway,  soluble  in 
8  volumes  of  80  percent,  alcohol. 

Dose,  1  to  3  minims  (0.06  to  0.2  cc). 

Aqua  Carui  (Br.),  Caraway  Water.    Synonym:  Aqua  Carlii. 

Prepared  by  distilling  a  maceration  of  the  seeds  in  water,  or  made  from  the  oil 
by  saturating  with  calcium  phosphate. 

Dose,  indefinite;  employed  as  a  vehicle  only. 

Caryophyllus  (U.S.  X.),  Clove.    Ahhr.,  Caryoph.    Synonym:   Cloves. 

The  dried  flower-buds  of  Caryophyllus  aromaticus  Linne  (U.S.),  Eugenia  caryo- 
phyllafa  Thumb.  (Br.)  (Fam.  Myrtacew).  Odor  strongly  aromatic;  taste  pungent  and 
aromatic,  followed  by  slight  numbness. 

Antagonists  and  Incompatibles. — Infusum  Caryophylli  is  incompatible  with  lime 
water  and  soluble  salts  of  iron,  zinc,  lead,  antimony  and  silver. 

Synergists. — The  carminatives  in  general. 

Dose,  2  to  5  grains  (0.12  to  0.3  Gm.). 

Infusum  Caryophylli  (Br.),  Infusion  of  Cloves.    Synonym:  Clove  Tea. 

Bruised  cloves,  25  Gm.,  infused  for  fifteen  minutes  in  boiling  distilled  water, 
1000  cc. 

Dose,  1  fluidounce   (30  cc). 

Oleum  Caryophylli  (U.S.X.),  Oil  of  Clove.  Ahhr.,  01.  Caryoph.  Synonyms: 
Clove  Oil,  Oil  of  Cloves. 

A  volatile  oil  distilled  from  the  flower-buds  of  Caryophyllus  aromaticus  Linne 
(Fam.  Myrtacece).  It  is  a  colorless  or  pale  yellow  liquid,  becoming  darker  and  thicker 
by  age  or  exposure  to  the  air,  having  the  characteristic  odor  and  taste  of  clove.  It 
is  soluble  in  2  volumes  of  70  percent,  alcohol.  It  contains  not  less  than  82  percent,  by 
volume  of  Eugenol,  CioIIi202. 

Dose,  1  to  3  minims   (O.OG  to  0.2  cc). 

Eugenol  (U.S.X.),  Eugenol.     Synonym:  Allylguaiacol. 

A  colorless  or  pale  yellow,  thin  liquid,  having  a  strongly  aromatic  odor  of  clove 
and  a  pungent,  spicy  taste.  Exposure  to  air  causes  it  to  become  darker  and  thicker. 
Eugenol  is  slightly  soluble  in  water,  but  is  miscible  with  alcohol,  chloroform,  ether  and 
fixed  oils;  it  is  soluble  in  twice  its  volume  of  YO  percent,  alcohol.  An  unsaturated, 
aromatic  phenol  obtained  from  clove  and  other  sources. 

Dose,  2  to  3  minims  (0.12  to  0.2  cc). 

Cinnamomum  (U.S.  X.),  Cinnamon.  Ahhr.,  Cinnam.  Synonyms:  Saigon  Cin- 
namon, God's  Cinnamon,  Annam  Cinnamon,  China  Cinnamon. 
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The  dried  bark  of  Cinnamomum  loureirii  Nees  (Fam.  Lauracew).  Aromatic  odor, 
sweetish,  aromatic  and  pungent  taste.     The  powder  is  yellowish  or  reddish-brown. 

Dose,  4  to  20  grains  (0.25  to  1.3  Gm.). 

Aqua  Cinnamomi  (U.S.  X.),  Cinnamon  Water.  Ahbr.,  Aq.  Cinnam.  Si/nonym: 
Hydrolatum  Cinnamomi. 

A  saturated  solution  of  oil  of  cinnamon  in  distilled  water.  One  cc,  represents 
0.1  Gm.  of  the  drug. 

Dose,  used  as  a  vehicle  and  flavoring  agent. 

Oleum  Cinxa.momi  (U.S.  X.),  Oil  of  Cinnamon.  Ahbr.,  01.  Cinnam.  Synonym: 
Oleum  Cassiae. 

The  volatile  oil  distilled  from  the  leaves  and  twigs  of  Cinnamomum  cassia 
(Linne)  Blume  (Fam.  Laxiracew) .  A  yellowish  or  brownish  li(iuid,  becoming  thicker 
and  darker  by  age  or  exposure  to  air,  and  having  the  characteristic  odor  and  taste  of 
cinnamon.     Soluble  in  equal  volume  of  absolute  alcohol  or  glacial  acetic  acid. 

Dose,  1  to  3  minims  (O.OG  to  0.2  cc). 

Spiritus  Cinnamomi  (U.S.  X.),  Spirit  of  Cinnamon.    Ahbr.,  Sp.  Cinnam. 

Each  cc.  represents  0.1  cc.  of  oil  of  cinnamon.    Alcoholic  content  about  85  percent. 

Dose,  10  to  20  minims  (0.6  to  1.3  cc). 

SvRUPUS  Cinnamomi  (N.F.),  Syrup  of  Cinnamon.    Ahbr.,  Syr.  Cinnam. 

Cinnamon,  100  Gm. ;  alcohol,  50  cc. ;  pugar,  800  Gm. ;  cinnamon  water,  p.s.  to 
make  1000  cc. 

Dose,  ^  to  1  fluidram  (2  to  4  cc). 

TiNCTURA  Cinnamomi  (U.S.  IX.),  Tincture  of  Cinnamon.    Abbr.,  Tr.  Cinnam. 

Powdered  cinnamon  bark  extracted  with  alcohol  and  glycerin,  5  cc  of  the  product 
representing  1  Gm.  of  the  drug  in  a  medium  containing  about  5  percent,  glycerin 
and  about  47  percent,  alcohol. 

Dose,  30  to  60  minims  (2  to  4  cc). 

Fluidextbactum  Aromaticum  (U.S.  IX.),  Aromatic  Fluidextract.  Abbr.,  Fldext. 
Arom. 

Aromatic  powder  percolated  to  exhaustion  with  alcohol,  each  cc.  representing 
1  Gm.  of  the  drug  with  an  alcoholic  content  of  about  80  percent. 

Dose,  Vo  to  2  fluidram  (2  to  8  cc). 

TiNCTURA  Aromatica  (N.F.),  Aromatic  Tincture.    Abbr.,  Tr.  Arom. 

Cinnamon,  100  Gm. ;  Jamaica  ginger,  40  Gm. ;  galangal,  20  Gm. ;  clove,  20  Gm. ; 
cardamom  seed,  20  Gm.  (all  in  fine  powder) ;  alcohol  and  water,  equal  parts,  p.s.  to 
make  1000  cc. 

Dose,  30  to  60  minims  (2  to  4  cc). 

PuLvis  Aromaticus  (U.S.  IX.),  Aromatic  Powder.  Ahbr.,  Pulv.  Arom.  Synonym: 
Pulvis  Cinnamomi  Compositus. 

Powdered  cinnamon,  35  parts;  Jamaica  ginger,  35  parts;  cardamom  seed,  15  parts; 
myristica,  15  parts;  triturated  to  form  a  light,  reddish-brown  i)Owdcr,  with  a  distinctive 
aromatic  odor.     The  British  compound  powder  does  not  contain  myristica. 

Dose,  10  to  30  grains  (0.6  to  2  Gm.). 

PuL\7s  Aromaticus  Kubefaciens  (N.F.),  Eubefacient  Spice  Powder.  Abbr., 
Pulv.  Arom.  Eubefac. 

Clove  and  cinnamon,  of  each,  30  Gm. ;  Jamaica  ginger  and  capsicum,  of  each, 
20  Gm.  When  this  is  used  for  a  spice  poultice,  it  should  be  put  in  a  muslin  bag 
and  moistened  with  warm  alcohol  or  vinegar. 

Dose,  external  use. 

Spiritus  Odoratus  (N.F.),  Perfumed  Spirit.  Abbr.,  Sp.  Odorat.  Synonym: 
Cologne  Water. 
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A  hydro-alcoholic  solution  of  oil  of  bergamot,  lemon,  rosemary,  lavender,  orange 
flowers  and  acetic  ether.    Alcoholic  content  about  84  percent. 

Dose,  used  as  a  perfume. 

CiNNAMOMUM  Zeylanicum  (U.S.  IX.),  Ceylon  Cinnamon.    Ahhr.,  Cinnam.  Zeylan. 

The  dried  bark  of  cultivated  trees  of  Cinnamomum  zeylanicum  Breyne  (Fam. 
Lauracece).  This  form  occurs  in  closely  rolled  double  quills  of  agreeably  aromatic 
odor  and  sweetish  and  warmly  aromatic  taste.  The  powder  is  light  brown  or  yellowish- 
brown. 

Dose,  4  to  6  grains  (0.25  to  0.4  Gm.). 

CoRiANDRUM  (U.S.  IX.),  Coriander,  Ahhr.,  Coriand.  Synonym:  Coriander 
Seed. 

The  dried  ripe  fruit  of  Coriandrum  sativum  Linne  (Fam.  Umhelliferw).  The 
seeds  have  an  aromatic  odor  when  bruised  and  an  agreeable  taste.  The  volatile  oil, 
the  most  important  principle  of  the  seed,  contains  coriandrol  or  linalool  (Ci„Hi,0) 
and  pinene. 

Dose,  5  to  40  grains  (0.3  to  2.6  Gm.). 

Oleum  Coriandri  (U.S.  X.),  Oil  of  Coriander.  Ahhr.,  01.  Coriand.  Synonym: 
Coriander  Oil. 

A  colorless  or  pale  yellow  oil  distilled  from  coriandrum. 

Dose,  1  to  3  minims  (0.06  to  0.2  cc). 

Oleum  Cymbopogon  Nardi  (unofficial)  Oil  of  Citronella. 

A  yellowish-green,  volatile  oil,  having  a  characteristic  odor  and  a  pungent  taste, 
and  obtained  by  distillation  from  the  grass  Cymhopogon  nardus  Rendle,  formerly 
known  as  Andropogon  nardus,  (Fam.  Graminece). 

Dose,  V2  to  2  minims  (0.03  to  0.12  cc.) ;  also  used  externally. 

Oleum  Graminls  Citrati  (Br.),  Oil  of  Lemon  Grass. 

The  oil  distilled  from  Cymhopogon  citratis  Stapf.,  and  C.  ftexuosus  Stapf.  (Fam. 
Graminece).  A  reddish-brown  mobile  liquid  with  a  strong  odor  resembling  verbena. 
The  chief  content  is  citral,  C^Jtl^fi,  which  is  present  to  the  extent  of  75  to  85  percent., 
but  must  not  be  below  70  percent.  Occasionally  used  in  medicine  but  mainly  in  the 
preparation  of  perfumes. 

Dose,  1/2  to  3  minims  (0.03  to  0.18  cc). 

Cumini  Fructus  (unofficial).  Cumin  Fruit.    Synonyms:  Cuminum,  Cumin. 

The  fruit  of  Cuminum  cyminum  Linne  (Fam.  JJmhelliferoe).  It  contains  an  essen- 
tial oil  consisting  of  cymene,  cuminol  and  terpene. 

Dose,  15  to  30  grains  (1  to  2  Gm.).    Largely  used  in  veterinary  medicine. 

FcENicuLUM  (U.S.  IX.),  Fennel.    Ahhr.,  Fcenic.     Synonym:  Fennel  Seed. 

The  dried  ripe  fruit  of  cultivated  varieties  of  Foeniculum  vulg'are  Miller  (Fam. 
Umhelliferce).  The  aromatic  and  characteristic  odor  and  taste  depend  upon  an  essen- 
tial oil  containing  anethol. 

Dose,  10  to  20  grains  (0.6  to  1.3  Gm.). 

Oleum  Fceniculi  (U.S.  X.),  Oil  of  Fennel.    Ahhr.,  01.  Foenic. 

A  colorless  or  pale  yellow  fluid,  having  the  characteristic  odor  and  taste  of 
fennel.    It  is  distilled  from  fennel  seed. 

Dose,  1  to  3  minims   (0.06  to  0.2  cc). 

Aqua  Funiculi  (U.S.X.),  Fennel  Water.     Ahhr.,  Aq.  Foenic. 

A  saturated  solution  of  oil  of  fennel  in  distilled  water. 

Dose,  2  to  4  fluidrams   (8  to  16  cc). 

Lavandula  (unofficial).  Lavender.     Synonym:  Lavender  Flowers. 

The  dried  flowering  tops  of  Lavandula  vera  De  Canddlle  {Lavandula  officinalis 
Chaix,  Lavandula  spica  Linne,  or  Lavandula  angustifolia  (L.)  Miller  (Fam,  Labiates). 
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They  contain  a  little  tannin,  resin,  and  an  ct^sential  oil  upon  which  the  odor  and  taste 
depend. 

Dose,  30  to  45  grains  (2  to  3  Gm.). 

Oleum  L-WANDULiE  (U.S.X.),  Oil  of  Lavender.    Ahhr.,  01.  Lavand. 

A  colorless  or  yellow  liquid  distilled  from  the  fresh  flowering  tops  of  Lavandula 
officinalis  Chaix.  It  has  the  odor  and  taste  of  lavender  flowers,  and  contains  not  less 
than  30  percent,  of  esters  calculated  as  linalylacetate. 

Dose,  1  to  3  minims  (0.06  to  0.2  cc). 

Spiritus  LavanduLjE  (U.S.  X.),  Spirit  of  Lavender.    Ahbr.,  Sp.  Lavand. 

Oil  of  lavender,  50  cc. ;  alcohol,  q.s.  to  make  1000  cc. 

Dose,  30  to  45  minims  (2  to  3  cc). 

TiNCTURA  Lavandul.e  Composita  (U.S.  X.),  Compound  Tincture  of  Lavender. 
Ahlr.,  Tr.  Lavand.  Co.   Synonym:  Compound  Spirit  of  Lavender. 

Oil  of  lavender,  8  cc. ;  oil  of  rosemary,  2  cc. ;  cinnamon,  20  Gm. ;  clove,  5  Gm. ; 
myristica,  10  Gm. ;  red  saunders,  10  Gm. ;  alcohol,  3  volumes ;  water,  1  volume,  q.s.  to 
make  1000  cc. 

Dose,  30  to  45  minims  (2  to  3  cc). 

Macis  (unofficial),  Mace. 

The  arillode  of  the  seed  of  Myristica  fragrans  Houttuyn  (Fam.  Myristicacece).  It 
contains  resin,  sugar,  fat,  two  fixed  oils,  and  a  volatile  oil  upon  which  its  odor  and 
taste  depend.  This  oil  is  very  similar  in  composition  to  oil  of  nutmeg,  and  is  with  diffi- 
culty obtainable  apart  from  the  latter.  What  is  called  ''oil  of  mace"  in  commerce  is 
usually  the  expressed  oil  of  nutmeg,  or  nutmeg  butter. 

Dose,  8  grains  (0.5  Gm.). 

Oleum  Myrcle  (unofficial),  Oil  of  Myrcia.  Ahbr.,  01.  Myrc.  Synonym:  Oil  of 
Bay. 

A  volatile  oil  distilled  from  the  leaves  of  Pimenta  acris  (Swartz)  Wight  (Fam. 
Myrtacece) ;  a  yellow  or  brownish-yellow  liquid  having  a  pleasant,  aromatic  odor  and 
a  pungent,  spicy  taste;  an  active  antiseptic  (1:1000). 

Dose,  external  use,  especially  in  shampoos  and  toilet  waters, 

Spiritus  Myrcle  Compositus  (N.F.),  Compound  Spirit  of  Myrcia.  Ahhr.,  Sp. 
Myrci.  Co. 

A  hydro-alcoholic  solution  of  bay,  orange  and  allspice.  Alcoholic  content  about 
60  percent. 

Dose,  external  use  as  a  substitute  for  bay  rum. 

Myristica  (U.S.  X.),  Myristica.    Ahhr.,  Myrist.    Synonym:  Nutmeg. 

The  dried  ripe  seed  of  Myristica  fragrans  Houttuyn  (Fam.  Myristicacece)  deprived 
of  its  seed-coat  and  with  or  without  a  thin  coating  of  lime.  It  contains  a  fixed  oil,  a 
volatile  oil,  which  gives  it  its  aroma  and  taste,  gum,  starch,  and  a  bitter  principle. 

Dose,  5  to  20  grains  (0.3  to  1.3  Gm,),  of  the  powdered  drug. 

Oleum  Myristic.e  (U.S.  X.),  Oil  of  Myristica,  Ahbr.,  01.  Myrist.  Synonyms: 
Oil  of  Nutmeg,  Myristica  Oil. 

A  volatile  oil  distilled  from  the  dried  kernels  of  the  ripe  seed  of  Myristica  fragrans 
and  occurs  as  a  colorless  or  pale  yellow  liquid,  having  the  characteristic  agreeable 
aromatic  odor  and  taste  of  nutmeg,  distilled  from  the  nutmeg.  It  is  soluble  in  an 
equal  volume  of  alcohol,  and  in  3  volumes  of  90  percent,  alcohol. 

Dose,  V2  to  2  minims  (0.03  to  0.12  cc). 

Spiritus  MYRisTiCiE  (Br.),  Spirit  of  Nutmeg.  Ahhr.,  Sp.  Myrist.  Synonym: 
Essence  of  Nutmeg. 

Oil  of  nutmeg,  100  cc,  alcohol  (90  percent.),  q.s.  to  make  1000  cc. 

Dose,  from  5  to  20  minims  (0.3  to  1.3  cc). 
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LiMONis  Cortex  (U.S.  X.),  Lemon  Peel.    Ahhr.,  Limon.  Cort. 
The  outer  rind  of  the  fresh  ripe  fruit  of  Citrus  medica  limonum  (Eisso)  Hooker 
iilius  (Fam.  Rutaceoe).    The  outer  lemon-yellow  or  dark-yellow  layer  recently  separated 
by  grating  or  paring ;  odor  fragrant ;  taste  pungent,  aromatic. 

Dose,  used  to  qualify  the  taste  and  increase  the  power  of  stomachic  infusions  and 
tinctures. 

Oleum  Limonis  (U.S.  X.),  Oil  of  Lemon.  Ahhr.,  01.  Limon.  Synonym:  Lemon 
Oil. 

A  pale  yellow  or  greenish-yellow  liquid  obtained  by  expression  from  fresh  lemon 
peel.    It  is  a  volatile  oil,  yielding  not  less  than  4  percent,  of  the  aldehydes,  calculated 
as  citral,  Ci„H„0.     A  product  with  a  terebinthinate  odor  must  not  be  dispensed. 
Dose,  3  minims   (0.2  cc). 
■     TiNCTURA  Limonis  (U.S.  X.),  Tincture  of  Lemon.    Ahhr.,  Tr.  Limon.    Synonyms: 
Tincture  of  Lemon,  Tincture  of  Limonis  Corticis. 

The  yellow  epiderm  of  the  fresh  grated  lemon  peel,  500  Gm. ;  alcohol,  1000  cc. ; 
macerate  and  filter  through  purified  cotton.  Each  100  cc.  represents  70  to  75  percent, 
of  alcohol  by  volume. 

Dose,  from  1  to  2  fluidrams  (4  to  8  cc). 

Syrupus  Limonis  (Br.),  Syrup  of  Lemon.     Ahhr.,  Syr.  Limon. 
Prepared  with  lemon  peel,  20  Gm. ;  lemon  juice,  500  cc;  sugar,  760  Gm. ;  alcohol, 
40  CO. 

Dose,  as  an  addition  to  beverages  in  febrile  states. 
Succus  Limonis  (Br.),  Lemon  Juice. 

The  juice  obtained  from  the  ripe  fruit  of  Citrus  medica  Linne,  var.  ^-Limonum 
Hook,  filius  (Fam.  Rutacece)  by  expression.    It  is  slightly  turbid,  acid,  of  a  yellowish 
color.    It  is  said  to  contain  the  vitamin  C. 
Dose,  1  to  2  fluidounces  (30  to  60  cc). 

Petroselini  Radix  (unofficial).  Parsley  Root.     Ahhr.,  Petroscl.  Rad. 
The  dried  root  of  PetroseUnnm  sativum  Hoffman  (Fam.  Umhelliferce),  using  the 
entire  fusiform  root.    Odor  aromatic;  taste  sweetish  and  pungent;  color  white  to  yel- 
lowish-red. 

Dose,  15  to  30  grains  (1  to  2  Gm.), 

Oleoresina  Petroselini  (U.S.  IX),  Oleoresin  of  Parsley  Fruit.  Ahhr.,  Oleores. 
Petrosel.   Synonym:  Liquid  Apiol. 

Obtained  by  percolating  parsley  fruit  to  exhaustion  with  ether. 
Dose,  5  to  10  minims  (0.3  to  0.6  cc). 

PiMENTA  (N.F.),  Pimenta.   Ahhr.,  Piment.    Synonyms:  Pimento,  Allspice. 
The  dried,  nearly  ripe  fruit  of  Pimenta  officinalis  Lindley  (Fam.  Myrtacecs).   The 
odor  and  taste  of  pimenta,  particularly  of  the  pericarp,  are  aromatic  and  distinctive. 
The  powder  is  reddish-brown  or  dark  brown.     The  fruits  contain  tannin,  resin,  gum, 
and  a  fixed  and  a  volatile  oil. 

Dose,  10  to  40  grains  (0.6  to  2.6  Gm.). 

Oleum  Pimento  (U.S.  IX),  Oil  of  Pimenta,  Ahhr.,  01.  Piment.  Synonyms: 
Pimento  Oil,  Oil  of  Allspice. 

A  volatile  oil  with  the  following  description :  a  colorless,  yellow,  or  reddish  liquid, 
with  the  characteristic  odor  and  taste  of  allspice,  distilled  from  pimenta;  it  should 
yield  not  less  than  65  percent,  by  volume,  of  eugenol.    It  is  soluble  in  an  equal  volume 
of  90  percent,  alcohol;  also  soluble  in  2  volumes  of  70  percent,  alcohol. 
Dose,  2  to  4  minims  (0.12  to  0.25  cc). 

Oleum  Ros^  (Br.),  Oil  of  Rose,  Ahhr.,  01.  Ros.  Synonyms:  Attar  of  Rose, 
Otto  of  Rose. 
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The  oil  distilled  from  the  fresh  flowers  of  Rosa  damascena  Linne.  A  pale  yellow 
or  yellowish-^reen  crystalline  mass,  semi-solid  at  ordinary  temperatures.  Strong,  fra- 
grant, roso-liko  odor;  taste  sweetish. 

Dosr,  added  as  a  perfume  to  various  spirituous  preparations  for  internal  use  and 
to  cerates  and  ointments. 

Oi.KiM  OincAxr  (unofficial).  Oil  of  Ori^nnuni.     S'l/notii/m :  Oil  of  Sweet  Marjoram. 

A  yellowish,  limpid  oil  distilled  from  the  herb  Origanum  majorana  Linne,  and 
0.  ritlgare  Linne  (Fam.  Lahiaia').  It  has  a  pleasant  camphoraceous  odor  and  a  warm, 
aromatic,  bitterish  taste,  which  it  imparts  to  water  and  alcohol. 

Dose,  1  to  5  minims  (O.OG  to  0.3  cc). 

Oleum  Mkuss.«  (unofficial),  Oil  of  Melissa.    Synonym:  Oil  of  Balm. 

A  yellowish  essential  oil  distilled  from  the  leaves  of  Melissa  officinalis  Linne  (Fam. 
Lahioftp). 

Dose,  1  to  3  minims  (0.06  to  0.2  cc). 

Salvia  (unofficial),  Sal\na.    Synonyms:  Sage,  Save. 

The  dried  leaves  of  Saluin  officinalis  Linne  (Fam.  Lahiatce).  The  odor  of  salvia 
is  aromatic;  taste  aromatic,  bitter  and  somewhat  astringent.  Tt  contains  tannin,  gum, 
a  bitter  principle,  and  a  volatile  oil  to  which  it  owes  its  odor  and  taste. 

Dose,  20  to  30  grains  (1.2  to  2  Gm.). 

THY]\rrs  (N.F.),  Thyme.    Synonyms:  Common  or  Garden  or  Sweet  Thyme. 

The  dried  tops  of  Thymus  vulgaris  Linne  (Fam.  Lahiatce),  collected  when  the 
plant  is  in  flower.    Odor  agreeable,  aromatic;  taste  aromatic  and  warming. 

Dose,  60  to  75  grains  (4  to  5  Gm.),  and  as  hot  infusion  as  a  diaphoretic. 

FLumEXTRACTUM  Thymi  (N.F.),  Fluidcxtract  of  Thyme.    Ahhr.,  Fldext.  Thym. 

Fach  cc.  represents  1  Gm.  of  the  drug.  Alcoholic  content  about  22  percent. 
Glycerin  10  percent. 

Dose,  Yz  to  1  fluidram  (2  to  4  cc). 

Oleum  Thymi  (U.S.  IX.),  Oil  of  Thyme.  Ahlr.,  01.  Thymi.  Synonyms:  Thyme 
Oil,  Essence  of  Thyme. 

A  volatile  oil  distilled  from  the  flowering  plant  of  Thymus  vulgaris  Linne  (Fam. 
Lahiatce)  and  containing  not  less  than  20  percent,  by  volume  of  phenols.  A  colorless 
or  red  liquid,  having  a  characteristic  odor  and  taste.  It  is  soluble  in  2  volumes  of 
80  percent,  alcohol. 

Dose,  2  to  5  minims   (0.13  to  0.3  cc). 

Syrupus  Thymi  (N.F.),  Syrup  of  Thyme.     Ahhr.,  Syr.  Thym, 

A  mixture  of  20  parts  of  fluidextract  of  thyme  with  80  parts  of  simple  syrup. 

Dose,  1  to  2  fluidrams  (4  to  8  cc). 

Aqua  Ros^  (U.S.  X.),  Rose  Water.  Ahhr.,  Aq.  Ros.  Synonym:  Distilled  Water 
of  Rose. 

Corresponds  to  Aqua  Rosae  Fortior  in  preparation  and  tests  hut  is  weaker. 

Dose,  proportionately  the  same  as  stronger  rose  w^ater. 

Aqua  Ros^  Fortior  (U.S.  X.),  Stronger  Rose  Water.    Ahhr.,  Aq.  Ros.  Fort. 

A  saturated  solution  of  the  odoriferous  principles  of  the  flowers  of  Rosa  centifoUa 
Linne  (Fam.  Rosacece).  It  is  nearly  colorless  and  clear,  with  a  strong  pleasant  odor 
and  taste  of  fresh  rose  blossoms. 

Dose,  used  as  a  vehicle  and  in  toilet  preparations. 

Vanilla  (IST.F.),  Vanilla.     Ahhr.,  Vanill.    Synonym:   Vanilla  Bean. 

The  cured,  full-grown  but  imripe  fruit  of  Vanilla  planifolia  Andrews  (Fam. 
Orchidacece).  Odor  peculiar  and  strong;  taste  warm,  aromatic,  sweetish,  the  pulp 
portion  being  most   aromatic. 

Dose,  used  only  as  a  flavoring  agent. 


820  ORGANIC  CHEMICAL  ANTISEPTICS      . 

TiNCTURA  Vanilla  (N.F.),  Tincture  of  Vanilla.     Ahlr.,  Tr.  Vanill. 

Each  CO.  represents  11/2  grain  (0.1  Gm.)  of  the  drug.  Alcoholic  content  about 
50  percent. 

Dose,  used  as  a  flavoring  agent. 

Spiritus  Vanillini  Compositus  (N.F.),  Compound  Spirit  of  Vanillin.  Ahhr., 
Sp.  Vanil.  Co. 

Contains  vanillin,  20  percent.;  oil  of  orange,  5  percent.;  oil  of  cardamom,  1 
percent;  oil  of  cinnamon,  0.5  percent.,  in  alcohol. 

Dose,  used  as  a  flavoring  agent. 

Therapeutics. — Many  of  the  flavoring  oils  are  essentially  carminatives  and  are 
used  in  scientific  or  domestic  practice  solely  as  such  or  to  promote  the  palatability 
of  pharmaceutical  preparations.  Chief  among  these  are  the  oils  of  the  spices,  carda- 
mom, caraway,  cinnamon,  allspice,  sage,  nutmeg,  and  mace,  orange,  bergamot,  and 
lemon,  and  thyme.    A  few  call  for  more  detailed  consideration. 

Caryophyllus  :  Topical. — Clove  oil  is  a  favorite  domestic  remedy  for  toothache, 
applied  on  a  pledget  of  cotton  inserted  into  a  carious  cavity.  It  is  a  useful  local 
anesthetic  in  superficial  neuralgias  and  sometimes  gives  great  relief  in  earache.  It 
also  stills  the  itching  of  eczema  and  other  pruritic  dermatoses.  Clove  oil  is  a  power- 
ful antiseptic  and  antiparasitic,  killing  pediculi  when  applied  in  alcoholic  solution. 

Systemic. — Clove  oil  is  a  stimulant,  aromatic  and  carminative,  and  may  be  given 
in  doses  of  2  to  6  minims  (0.13  to  0.4  cc.)  to  relieve  nausea  and  flatulent  colic.  When 
taken  internally  it  is  excreted  by  the  lungs  and  kidneys  and  has  accordingly  been 
used  for  its  antiseptic  action  on  these  organs,  and  especially  in  -pulmonary  tuberculosis. 

EuGENOL  is  an  aromatic  carminative  closely  resembling  in  these  properties  oil 
of  cloves  and  oil  of  anise.  It  has  been  suggested  in  doses  of  15  grains  (1  Gm.), 
three  times  a  day,  for  use  as  an  antipyretic,  but  its  action  in  this  respect  is  too 
weak  to  have  any  practical  effect  other  than  in  mild  catarrhal  fevers.  Its  chief 
employment  is  as  a  flavoring  extract  and  as  a  corrigent  in  various  mixtures. 

Cinnamon:  Topical. — The  oil  of  cinnamon  acts  similarly  to  the  oil  of  clove  in 
relieving  toothache.  Applied  to  warts  the  oil  is  said  to  cause  their  disappearance. 
Inhalation  of  the  vapor  from  a  vessel  of  hot  water  to  which  cinnamon  oil  has  been 
added  gives  relief  in  the  congestive  stage  of  acute  coryza. 

Systemic. — Cinnamon  is  not  often  given  alone,  but  as  an  adjuvant  and  flavoring 
agent  in  diarrhea  mixtures.  It  is  a  mild  heart  stimulant  at  the  same  time  that  it 
corrects  the  flatulence  that  is  disturbing  the  cardiac  rhythm  in  cases  of  so-called 
"acute  indigestion"  and  may  therefore  be  useful  as  an  adjuvant  to  the  nitroglycerin 
or  other  cardiac  stimulants  employed  in  such  an  emergency.  It  is  greatly  esteemed 
by  Eclectic  practitioners  as  a  hemostatic  in  the  post-partum  oozing  of  a  flabby  uterus, 
and  also  in  hemoptysis;  in  these  cases  the  tincture  may  be  given  in  doses  of  1  to  2 
fluidrams  (4  to  8  cc.)  and  may  usefully  be  combined  with  ergot.  Cinnamon  is  said 
also  to  be  of  real  service  in  checking  bleeding  from  the  stomach,  intestines,  a'tid 
kidneys,  in  doses  of  10  to  20  grains   (0.6  to  1.3  Gm.)  of  the  powder. 

Oil  of  Eennel. — Eennel  is  used  chiefly  as  a  carminative  but  is  said  to  have  some 
action  as  an  emmenagogue. 

Oil  of  Lavender. — This  is  used  chiefly  as  an  insecticide  in  stored  clothing,  to  pre- 
vent attacks  of  moths. 

Salvia. — Infusion  of  sage,  V2  oz.  to  the  pint  of  hot  water,  is  an  old  remedy  of 
established  usefulness  to  prevent  sweating  and  to  check  dribbling  of  mill-  after  weaning. 
It  may  be  given  in  doses  of  2  fluidounces  3  or  more  times  daily. 

Thymus. — The  oil  of  thyme  is  used  chiefly  in  pharmacy  as  an  ingredient  of 
various   antiseptic  preparations.    It  is  sometimes   given   in   doses  of  3  to   5  minims 
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(0.2  to  0.3  Gin.)  as  a  stimulant  in  syncope  and  collapse,  but  for  tlic  most  part  its 
medicinal  employment  has  given  way  to  that  of  thymol. 

Carminative  Oils 

Almost  all  of  the  essential  oils  possess  the  power  to  stimulate  the  movements  of 
the  gastroenteric  tract  and  a  large  part  of  their  popularity  as  flavors 'is  probably  to  be 
ascribed  to  such  action.  The  oils  used  as  condiments  (e.g.,  cinnamon)  cause  a  loss 
of  tonus  and  cessation  of  contractions  in  tlie  stomach,  associated  with  increased  in- 
testinal peristalsis,  most  marked  in  the  colon  (Plant  and  Miller).  Most  of  the  oils 
classed  as  carminatives  are  widely  used  to  flavor  and  preserve  food.  Oil  of  clove 
and  oil  of  cinnamon  are  almost  equally  important  as  flavoring  agents,  carminatives 
and  food  preservatives.  Many  of  the  oils  placed  under  other  headings  might  well  be 
placed  under  this.     Asafetida  and  ginger  are  perhaps  the  most  important. 

Materia  Medica. — Oleum  Absinthium  (unofficial),  Oil  of  Absinthe.  Synonyms: 
Oil  of  Wormwood,  Oil  of  Madderwort. 

A  volatile  oil  produced  from  Artemisia  absinthium  Linne  (Fam.  Composites).  It 
is  a  very  active  narcotic  poison. 

Dose,  1  to  2  minims  (O.OG  to  0.12  cc). 

Oleum  Anthemidis  (Br.),  Oil  of  Anthemis.  Synonyms:  Oil  of  Chamomile,  Oil  of 
Roman  Chamomile. 

A  bluish  essential  oil  obtained  by  distillation  from  Anthemis  nohilis  Linne 
(Fam.  Compositce).  Odor  agreeable.  Taste  burning.  Consists  chiefly  of  a  mixture 
of  two  isomeric  acids  (angelic  and  tiglic). 

Dose,  V2  to  3  minims  (0.03  to  0.2  cc). 

AsARUM  (IST.F.),  Asarum.  Ahhr.,  Asar.  Synonyms:  Canada  Snakeroot,  Wild  Ginger. 

The  dried  rhizome  and  root  of  Asarum  canadense  Linne  (Fam.  Aristolochlacecc) . 
The  powdered  drug  shows  simple  starch  grains;  odor  aromatic;  taste  pungent  and 
slightly  bitter;  chief  constituent  a  volatile  oil,  formerly  used  in  perfumery;  thought  to 
be  identical  with  the  methyl  ether  of  eugenol,  containing  the  following  substances :  a 
Ijinene,  a  phenol,  geraniol,  a  blue  oil,  a  lactone,  and  various  acids.  The  medicinal  prop- 
erties of  the  drug  are  those  of  a  feeble  aromatic. 

Dose,  V2  to  1  dram  (2  to  4  Gm.). 

Oleum  Asarum  (unofficial).  Oil  of  Asarum.  Ahhr.,  01.  Asar.  Synonyms:  Oil  of 
Wild  Gingei*,  Oil  of  Canada  Snakeroot. 

A  volatile  oil  obtained  by  distillation  from  Asarum  canadense  Linne  (Fam. 
Aristolochiacecv),  which  is  identical  with  the  methyl  ether  of  eugenol.  Odor  aro- 
matic. 

Dose,  1  to  3  minims  (0.06  to  0.2  cc.)  always  given  with  alcohol  as  a  vehicle. 

Betel  (Br.),  Betel.    Synonyms:  Betle  Pawn,  Pinage. 

The  dried  leaves  of  the  Piper  hetle  Linne  (Fam.  Piperacew).  The  chief  constituent 
of  the  leaves  is  a  volatile  oil  of  which  they  contain  0.2  to  1  percent.  This  consists 
largely  of  two  phenols,  chavicol  and  chavibetol. 

Dose,  This  oil  is  a  topical  irritant  and  has  been  used  as  a  carminative  in  1  to  2 
minim  doses,  or  2  to  6  leaves,  containing  about  half  this,  may  be  chewed  and  the  juice 
swallowed. 

Cataria  (N.F.),  Catnep.     Ahhr.,  Catar.     Synonyms:  Catmint,  Catnip. 

The  dried  leaves  and  flowering  tops  of  Nepeta  cataria  Linne  (Fam.  Lahiataf). 
Odor  faintly  aromatic  and  mint-like;  taste  bitter,  pungent  and  aromatic. 

Dose,  30  to  120  grains  (2  to  8  Gm.). 

Fluidextractum  Cataria  (N.F.),  Fluidextract  of  Cataria.  Ahhr.,  FIdext.  Catar. 
Synonym:   Fluidextract  of  Catnep. 
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Each  cc.  represents  1  Gm.  of  tlie  drug.  Alcoholic  content  of  about  40  per- 
cent. 

Dose,  1  fluidram   (4  cc). 

Cardamomi  Semen  (U.S.  X.),  Cardamom  Seed.  Ahhr.,  Cardam.  Sem.  Synonyms: 
Cardamom,  Cardamomi  Semina. 

The  dried  ripe  seed  of  Amomum  cardamomum  Linne  (Fam.  Zingiheracerr).  Odor 
aromatic;  taste  aromatic,  pungent.  The  drug  contains  a  pale  yellow  oil  of  aromatic 
odor  and  taste,  a  fixed  oil,  starch,  mucilage,  potassium  and  manganese. 

Dose,  10  to  15  grains  (0.6  to  1  Gm.). 

Elixir  Cardamomi  Compositus  (N.F.),  Elixir  Spirit  of  Cardamom.  Ahhr.,  Elix. 
Card.  Co. 

Compound  spirit  of  cardamom,  1  percent.;  syrup,  40  percent.;  alcohol,  9  percent.; 
distilled  water,  q.s.  ad  100  percent. 

Dose,  used  as  a  flavoring  agent. 

Si'iRiTus  Cardamomi  Compositus  (N.F.),  Compound  Spirit  of  Cardamom.  Ahhr., 
Sp.  Card.  Co. 

Oil  of  cardamom,  10  percent. ;  oil  of  orange,  10  percent. ;  oil  of  cinnamon,  1  per- 
cent. ;  oil  of  clove,  0.5  percent. ;  anethol,  0.5  percent. ;  oil  of  caraway,  0.05  percent. ; 
dissolved  in  alcohol  q.s.ad  100  percent. 

Dose,  used  as  a  flavor. 

TiNCTURA  Cardamomi  (U.S.  X.),  Tincture  of  Cardamom.    Ahhr.,  Tr.  Cardam. 

Powdered  cardamom  seeds,  200  Gm.,  percolated  to  exhaustion  with  dilute  alcohol  to 
make  1000  cc,  each  cc.  representing  0.2  Gm.  of  the  drug,  with  an  alcoholic  content  of 
about  45  percent. 

Dose,  20  to  40  minims  (1.2  to  2.4  cc). 

TiNCTURA  Cardamomi  Composita  (U.S.  X.),  Compound  Tincture  of  Cardamom. 
Ahhr.,  Tr.  Cardam.  Co. 

Cardamom  seed,  coarse  powder,  20  Gm. ;  cinnamon,  fine  powder,  25  Gm. ;  caraway, 
coarse  powder,  12  Gm. ;  cochineal,  fine  powder,  5  Gm.  Macerate  the  mixed  pow- 
ders in  750  cc.  of  a  mixture  of  50  cc.  of  glycerin  and  950  cc.  of  dilute  alcohol,  complet- 
ing the  preparation  by  using  first,  the  remainder  of  the  mixture,  and  then,  diluted 
alcohol  to  make  1000  cc    Alcoholic  content,  45  percent. 

Dose,  1  to  2  fluidrams  (4  to  8  cc). 

Oleum  Cardamomi  (N.F.),  Oil  of  Cardamom.     Ahhr.,  01.  Cardam. 

A  volatile  oil  distilled  from  the  seeds  of  Elettaria  cardomomuiii  White  et  Merton 
(Fam.  Zingiheracece).  A  colorless  or  very  pale  yellow  liquid,  having  a  characteristic 
aromatic,  penetrating  and  somewhat  camphoraceous  odor,  with  a  persistent,  pungent, 
aromatic  taste;  very  soluble  in  alcohol. 

Dose,  used  exclusively  as  a  flavor. 

Kav^  (N.F.),  Kava.    Ahhr.,  Kava.     Synony}7is:  Kava-kava,  Methysticum. 

The  periderm  and  roots  of  Piper  methysticum  Forster  (Fam.  Pipcraceo)).  Odor 
slight,  rather  pleasant;  taste  pungent,  bitter.  The  active  constituents  are  two  resins, 
a-kava  and  3-kava.     An  alkaloid,  kavaine,  is  also  believed  to  be  present. 

Dose,  15  to  45  grains  (1  to  3  Gm.). 

Extractum  Kav^  Liquidum  (Br.),  Liquid  Extract  of  Kava. 

Powdered  kava  rhizome  percolated  slowly  to  exhaustion  of  the  drug.  Each  cc. 
represents  1  Gm.  of  the  drug,  with  an  alcoholic  content  of  about  87  percent. 

Dose,  %  to  1  fluidram  (2  to  4  cc). 

Matico  (N.F.),  Matico.     Ahhr.,  Matic     Synonym:  Matica. 

The  dried  leaves  of  Piper  angusti folium.  Ruiz  et  Pavon  (Fam.  Piperacew).  Odor 
distinct,  aromatic;  taste  pungent,  pepper-like;  greenish-yellow  in  powdered  form.   The 
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chief  constituents  are:  A  volatile  oil  (1  to  3V2  percent,);  tannin;  a  bitter  principle, 
and  crystalline  artanthic  acid. 

Dose,  30  to  120  grains  (2  to  8  Gni.),  and  externally  as  a  styptic  to  small  bleeding 
surfaces. 

FiAUDK.XTKAi'TrM  j\lATifo  (N.F.),  Fluidoxtract  of  Matico.     Ahhr.,  Fldext.  Matic. 

Each  cc.  represents  1  (Jni.  of  tlu>  dru<;-.     Alcohnlic  content  about  70  percent. 

Dose,  1  fluidram  (4  cc). 

MoNARDA  (unofficial),  Monarda.    Synonym:  Ilorisemint. 

The  whole  herb  of  Monarchi  punciaid  Willd.  Its  chief  constituent  is  an  ethereal 
oil  (1  to  ■']  percent.),  containing  chietly  thymol  {^*()  to  (51  percent.),  with  some  cyniol, 
and  less  linalool  and  rarracroL 

Dose,  determined  by  the  thymol. 

Mkntiia  Piperita  (TLS.  X.),  Peppermint.    Ahhr.,  Menth.  Pip. 

The  dried  leaves  and  tops  of  Mentha  piperita  Linnc  (Fam.  Lahiatm).  The  drug 
contains  a  volatile  oil,  upon  which  its  aromatic  odor  and  taste  depend,  and  tannin. 

Dose,  1/2  to  1  dram  (2  to  4  Gm.). 

Oleum  JMextile  Pipehit/E  (U.S.  X.),  Oil  of  Peppermint.  Ahhr.,  01.  Month.  Pip. 
Synonym :  Peppermint  Oil. 

A  volatile  oil  of  strong  odor  and  pungent  taste  distilled  from  peppermint.  It  is 
soluble  in  4  volumes  of  TO  percent,  alcohol.  It  yields  not  less  than  5  percent,  of  esters 
calculated  as  menthyl  acetate  and  not  less  than  50  percent,  of  total  menthol,  free  and 
as  esters. 

Dose,  2  to  4  minims  (0.12  to  0.25  cc). 

Aqua  Mentha  Piperita  (U.S.  X.),  Peppermint  Water.  Ahhr.,  Aq.  Menth.  Pip. 
Prepared  from  2  cc.  of  the  oil  of  peppermint  in  1000  cc  of  distilled  water. 

Dose,  2  to  4  fluidrams  (8  to  16  cc).     Chiefly  used  as  a  vehicle. 

Spiritus  Mentha  Piperita  (U.S.X.),  Spirit  of  Peppermint.  Ahhr.,  Sp.  Menth. 
Pip.     Synonym  :  Essence  of  Peppermint. 

Oil  of  peppermint,  100  cc. ;  bruised  peppermint,  10  Gm. ;  alcohol,  q.s.  to  make 
1000  cc.    Alcoholic  content  about  80  percent,  by  volume. 

Dose,  20  to  30  minims  (1.2  to  2  cc),  dropped  on  loaf  sugar  or  mixed  with  sweet- 
ened water. 

Mentha  Viridis  (U.S.  X.),  Spearmint.  Ahhr.,  Menth.  Yir.  Synonyms:  Mint, 
Garden  Mint. 

The  dried  leaves  and  tops  of  Mentha  spicata  Linnc  (Fam.  Lahiatce).  The  drug 
contains  a  volatile  oil  and  some  tannin. 

Dose,  V2  to  1  dram  (2  to  4  Gm.). 

Oleum  Mentha  Viridis  (U.S.  X.),  Oil  of  Spearmint.     Ahhr.,  01.  Menth.  Vir. 

A  volatile  oil  occurring  as  a  colorless,  yellow,  or  greenish-yellow  liquid,  distilled 
from  spearmint.  It  is  soluble  in  1  volume  of  80  percent,  alcohol.  This  oil  yields  not 
less  than  43  percent,  by  volume  of  darhone. 

Dose,  1  to  4  minims  (0.0(5  to  0.25  cc). 

Aqua  Mentha  Viridis  (U.S.  X.),  Spearmint  Water.  Ahhr.,  Aq.  Menth.  Vir. 
2  cc.  of  oil  of  spearmint  in  1000  cc.  of  distilled  water. 

Dose,  2  to  4  fluidrams  (8  to  16  cc).    Used  only  as  a  vehicle, 

Spiritus  Mentha  Viridis  (U.S.  X.),  Spirit  of  Spearmint.    Ahhr.,  Sp.  Menth.  Vir. 

Oil  of  Spearmint,  100  cc;  bruised  spearmint,  10  Gm.;  alcohol,  q.s.  to  make  1000 
cc.    Average  alcohol  content,  80  percent,  by  volume. 

Dose,  20  to  30  minims  (1.2  to  2  cc). 

Sassafras  (U.S.  IX.),  Sassafras.  Ahhr.,  Sassaf.  Synonyms:  Sas^.afrax,  Sassafras 
Bark. 
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The  bark  of  the  root  of  Sassafras  variifolium  (Salisbury)  O.  Kuntze  (Fam. 
Lauracecje).  Aromatic  odor  and  slightly  mucilaginous,  astringent,  aromatic  and  some- 
what pungent  taste.  The  bark  contains  tannin  and  a  yellowish-brown  decomposition 
product  of  tannin,  called  sasmfrid,  gum,  a  bitter  principle,  and  a  large  amount  of  a 
volatile  oil  upon  which  the  odor  and  taste  depend. 

Dose,  2  to  3  drams  (8  to  12  Gm.). 

Oleum  Sassafras  (U.S.  X.),  Oil  of  Sassafras.  Ahhr.,  01.  Sassaf.  Synonyms: 
Sassafras  Oil,  Oil  of  Sassafrax. 

A  yellow  or  reddish-yellow  liquid,  having  the  characteristic  odor  and  taste;  dis- 
tilled from  sassafras  root.    Soluble  in  2  volumes  of  90  percent,  alcohol. 

Dose,  1   to  2   minims   (O.OG  to  0.12   cc). 

Oliveri  Cortex  (Br.),  Oliver  Bark.    Syiionym:  Black  Sassafras. 

The  bark  obtained  from  the  Cinnamomum  oliveri  Bailey  (Fam.  Laurinew).  Occurs 
in  flat  strips;  odor  agreeable,  recalling  sassafras;  taste  aromatic,  slightly  bitter  and 
pungent.  Chief  constituents:  A  yellow  volatile  oil  (about  1  percent.)  which  contains 
safrol,  eugenol,  cineol  and  cinnamic  aldehyde;  and  tannin. 

Dose,  used  as  a  substitute  for  cinnamon. 

TiNCTURA  Oliveri  Corticis  (Br.),  Tincture  of  Oliver  Bark. 

Powdered  bark,  10  Gm. ;  alcohol  (60  percent.),  q.s.  to  produce  100  cc. ;  percolate. 
Each  10  minims  represents  .99  grain  of  the  drug,  with  an  alcoholic  content  of  about 
57  percent. 

Dose,  ^  to  1  fluidram  (2  to  4  cc). 

Therapeutics. — Absinthium  is  little  used  as  a  medicament,  but  is  employed  by  the 
French  as  a  stomachic  liqueur  {Ahsinthe).  It  has  marked  sedative  action  on  the  brain, 
and  is  a  popular  narcotic. 

Axthemis,  asarum  and  betel  are  gentle  stomachics,  but  little  employed  in  practical 
therapeutics. 

Cardamom  is  much  used  in  the  East  as  a  condiment,  but  in  this  country  is  em- 
ployed as  an  adjuvant  to  tonic  mixtures  or  to  conceal  disagreeable  odors. 

IvAVA  and  ]\iatico  are  used  as  aromatic  tonics  and  diuretics,  and  are  supposed  to 
have  some  power  to  check  internal  hemorrhages,  especially  from  the  urinary  organs. 
Kava-kava  had  at  one  time  quite  a  reputation  for  the  relief  of  gonorrhea. 

Matricaria  and  monarda  are  domestic  remedies,  supposed  to  have  some  virtues  as 
stomachics  and  febrifuges. 

Oil  of  peppermint  is  sometimes  applied  externally  as  an  anodyne,  being  similar 
in  its  action  to  menthol,  and  is  used  alone  or  in  association  with  oil  of  cloves  for  the 
relief  of  toothache.  The  spirit  is  used  as  an  anodyne  spray  in  pharyngitis  and 
tonsillitifi. 

The  oil  of  peppermint  is  an  excellent  carminative  and  is  given  for  the  relief 
of  flatulent  colic  and  nausea  in  doses  of  3  to  6  minims  (0.2  to  0.4  cc),  diluted,  or 
the  spirit  may  be  advantageously  substituted  in  dose  of  15  to  30  minims  (1  to  2  cc.) 
dropped  on  sugar.  Peppermint  is  extensively  employed  as  a  corrigent  and  flavoring 
agent  in  laxative  remedies. 

Oil  of  spearmint  is  aromatic  and  slightly  carminative,  but  is  used  more  as  a  flavor- 
ing agent  in  candy,  chewing-gum,  and  sauces  than  in  medicine.  Felter  recommends 
its  use  in  combination  with  potassium  acetate  as  a  diuretic 

Sassafras  :  Topical. — The  oil  of  sassafras  destroys  pediculi  and  their  nits,  and 
has  also  been  used  with  success  in  the  treatment  of  ringworm.  It  is  also  applied  as 
an  anodyne  for  the  relief  of  superficial  muscular  and  other  pains.  Sassafras  tea 
enjoys  a  popular  reputation  as  a  remedy  for  rhus  poisoning,  applied  in  the  form  of 
wet  compresses,  frequently  renewed. 
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Systemic. — Sassafras  is  aromatic,  carminative,  and  astringent,  and,  while  it  is 
seldom  given  alone,  these  properties  are  utilized  by  adding  the  oil  to  other  stomachics. 
Sassafras  pith  is  an  agreeable  demulcent. 

Antiseptic  Oils 

The  possession  of  antiseptic  action  is  very  widespread  among  the  essential  oils, 
and  in  addition  to  their  universal  use  as  food  preservatives,  they  are  extensively 
employed  in  the  treatment  of  infection.  Few  of  the  oils  can  be  applied  to  the  tissues 
in  concentration  sufficient  to  exert  an  active  bactericidal  influence,  either  because  of 
insufficient  solubility  in  the  body  fluids,  or  because  of  local  irritation. 

In  former  years,  dressings  impregnated  with  various  essential  oils,  especially 
mixtures  of  volatile  oils  and  balsams,  were  of  great  importance  as  wound  dressings. 
For  such  purposes,  these  mixtures  have  largely  been  replaced  by  inorganic  antiseptics, 
such  as  the  various  compounds  of  iodine,  of  mercury  and  of  silver,  and  by  such  aro- 
matic compounds  as  phenol  and  creosote.  Balsam  of  Peru  still  holds,  however,  an 
important  place  as  a  dressing  for  chronic  infected  ulcers  and  other  oils  deserve  more 
consideration  as  wound  dressings  than  they  receive  to-day. 

The  essential  oils  and  especially  those  products  known  as  "camphors,"  are  of 
great  value  in  the  treatment  of  infections  of  the  mucous  membranes,  both  of  those 
which  are  accessible  to  topical  applications,  such  as  the  nose  and  throat,  and  those 
to  which  the  oils  are  borne  in  the  course  of  elimination,  the  urinary  tract  and  the 
bronchi,  in  the  mucus  of  which  excretion  occurs. 

Those  largely  used  as  topical  applications  include  camphor,  menthol,  thymol, 
sandalwood  oil,  eucalyptol,  myrtol,  and  the  oils  of  clove,  cinnamon  and  lavender. 
Employed  for  their  antiseptic  action  on  the  urinary  tract  during  elimination  are 
sandalwood  oil,  matico,  copaiba  and  cubeb.  Various  terebinthinates  are  given  for  their 
effect  on  respiratory  infections.  The  oils  of  white  pine  and  dwarf  pine,  burgundy  pitch, 
terebene  and  terpin  hydrate  are  so  employed,  often  in  conjunction  with  eucalyptus, 
sandalwood  oil,  balsam  of  tolu  or  cubeb. 

Many  essential  oils,  including  menthol,  thymol,  camphor,  sandalwood  and  cinna- 
mon, are  useful  ingredients  of  oily  solutions  designed  for  spraying  the  nose  and  throat 
and  for  direct  topical  application  to  the  mucosa  of  the  upper  respiratory  tract.  The 
strength  of  such  solutions  varies  with  the  purpose  of  the  application  and  the  chronicity 
of  the  case;  ranging  from  0.2  percent,  to  5  percent,  of  total  essential  oils  (1  to  25  grains 
or  minims  to  the  fluidounce  of  liquid  petrolatum  or  vegetable  oil).  In  acute  cases 
and  for  cleansing  and  mild  stimulation,  the  weaker  dilutions  are  used;  in  chronic 
cases,  as  stimulants  and  as  disinfectants,  the  stronger  ones. 

The  carminative  oils  depend  largely  for  their  effectiveness  on  their  power  to 
check  fermentation  and  putrefaction  in  the  stomach  and  bowel,  and  many  flavoring 
oils,  such  as  anise,  cloves,  cinnamon  and  nutmeg  are  used  for  the  same  purpose. 

The  antiparasitic  action  of  the  oils  is  also  of  great  importance.  Thymol  and  oil 
of  chenopodium  are  among  the  most  valuable  remedies  against  hookworm,  and  balsam 
of  Peru,  thymol  and  others  are  destructive  of  itch  mites  and  pedieuli. 

The  terebinthinates,  balsams  and  those  oils  which  have  important  uses  as  flavoring 
agents  or  carminatives,  are  described  in  other  groups  of  the  essential  oils.  Only 
eucalyptol,  camphor,  menthol,  thymol,  myrtol  and  oil  of  sandalwood  will  be  taken 
up  here. 

Eucalyptol 

Oil  of  eucalyptus  is  derived  from  trees  which  are  natives  of  Australia,  and  is 
therefore  of  comparatively   recent   introduction.     Its   medicinal   virtues   are   entirely 
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derived  from  its  content  of  eucalyptol  (cineol)  and  this  has  largely  superseded  the 
oil  in  pharmaceutic  and  therapeutic  use.  Eucalyptol  is  employed  chiefly  as  a  con- 
stituent of  oily  sprays  for  use  in  the  nose  and  throat. 

Materia  Medica. — Oleum  Eucalypti  (U.S.  X.),  Oil  of  Eucalyptus. 

Obtained  by  distillation  from  the  fresh  leaves  of  Eucalyptus  globulus  Labill., 
E.  dumosa  A.  Cunn.  (Fam.  Myrtacew),  and  other  species  of  eucalyptus.  After  dis- 
tillation it  is  rectified  and  occurs  as  a  light  yellow  mobile  liquid  of  a  camphoraceous 
odor  and  a  spicy,  cooling  taste ;  soluble  in  4  parts  of  70  percent,  alcohol  and  in  38  parts 
of  fats  and  oils.  Its  chief  constituent  is  cineoV,  CjoHj^O,  of  which  it  contains  not  less 
than  70  percent. 

Dose,  1/2  to  3  minims  (0.03  to  0.18  cc). 

Eucalyptol  (U.S.  X.),  Eucalyptol.    Ahhr.,  Cineol.     Synonyms:  Terpane,  Kineol. 

An  organic  compound  obtained  from  the  volatile  oil  of  Eucalyptus  globulus. 
Occurs  as  a  colorless  liquid  having  a  characteristic,  aromatic,  distinctly  camj^horaceous 
odor,  and  a  pungent,  spicy  taste.  It  is  very  slightly  soluble  in  water;  is  miscible  with 
alcohol,  chloroform,  ether,  glacial  acetic  acid,  and  fixed  and  volatile  oils.  It  has  found 
its  main  use  as  a  vermifuge,  as  an  expectorant,  and  locally  as  an  addition  to  sprays 
and  washes  for  the  nose  and  throat. 

Dose,  5  to  8  minims  (0.3  to  0.5  cc). 

Eucalyptus  (U.S.  X.),  Eucalyptus.  Abbr.,  Eucalyp.  Synonyms:  Blue  Gum 
Leaves,  Australian  Fever-tree  Leaves. 

The  dried  leaves  of  the  Eucalyptus  globulus  Labillardiere  (Fam.  Myrtacece).  The 
powdered  drug  is  light  green  in  color,  of  aromatic  odor  and  taste;  has  a  peculiar  bitter 
and  cooling  taste. 

Dose,  10  to  30  grains  (0.6  to  2  Gm.). 

Fluidextractum  Eucalypti  (U.S.  X.),  Fluidextract  of  Eucalyptus.  Abbr.,  Fldext. 
Eucalyp.    Synonym:  Fluidextract  of  Blue  Gum  Leaves. 

Powdered  eucalyptus,  percolated  to  exhaustion  with  dilute  alcohol,  each  cc.  repre- 
senting 1  Gm.  of  the  drug,  with  an  alcoholic  content  of  about  02  percent. 

Dose,  10  to  30  minims  (0.6  to  1.8  cc). 

Unguentum  Eucalypti  (Br.),  Eucalyptus  Ointment. 

Oil  of  eucalyptus,  10  Gm. ;  hard  paraffin,  40  Gm. ;  soft  white  paraffin,  50  Gm.  Melt 
the  two  paraffins  and  add  the  eucalyptus,  stir  until  cold.  This  ointment  forms  a  mild 
antiseptic  dressing. 

Dose,  used  externally. 

Nebula  Eucalyptolis  (N.F.),  Eucalyptol  Spray.    Abbr.,  Nebul.  Eucalyptol. 

Eucalyptol,  5  cc.  light  liquid  petrolatum,  95  cc. 

Dose,  used  as  an  inhalant  in  the  form  of  a  nebula  or  spray. 

Petroxolinum  Eucalyptolis  (N.F.),  Eucalyptol  Petroxolin.  Abhr.,  Petrox. 
Eucalyptol. 

Eucalyptol,  20  Gm.;  liquid  petroxolin,  80  Gm. 

Dose,  used  externally. 

Antipathogenic  Action.— Eucalyptol  in  a  proportion  of  1  part  in  600  prevents  bacterial 
growth  in  bouillon  (Bokorny)  and  in  half  this  concentration  destroys  within  half  an 
hour  ascarides  suspended  in  salt  solution   (Bachem). 

Pharmacodynamic  Action. — Eucalyptol  is  but  slowly  absorbed  from  the  digestive  tract 
and  from  other  mucosae,  and  is  partly  excreted  unchanged  by  the  kidneys  and  the 
respiratory  mucosa.  Topically,  eucalyptol  is  hardly  at  all  irritating,  in  fact  it  possesses 
a  certain  degree  of  anesthetic  power. 

Owing  to  slight  absorption,  it  has  but  little  systemic  action  when  swallowed,  but 
if  sufficient  is  taken  up,  there  result  circulatory  and  respiratory  depression,  associated, 
in  cases  of  poisoning,  with  narcotic  effects. 
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Therapeutics. — Eucalyptol  is  employed  topically  as  a  constituent  of  oily  sprays 
for  the  noso  and  throat,  about  1  part  in  30  to  50  beinj?  commonly  associated  with 
camphor,  menthol  or  thymol,  or  used  alone,  as  in  the  N.  F.  Nebula.  Continuous 
inhalation  of  eucalyptol — as  from  a  sponge  contained  in  a  flannel  bag  and  suspended 
from  the  neck — is  useful  in  mitigating  whooping-cough,  and  it  is  also  eligible  for  use 
in  the  Yeo  respirator  in  tuherculosis  of  the  lungs  and  in  pulmonary  gangrene.  lai 
association  with  more  powerful  remedies,  it  has  some  value  as  a  vermifuge,  being 
often  associated  with  oil  of  chenopodium. 

Eucalyptol  is  administered  systemically  in  catarrhal  laryngitis,  tracheitis,  hron- 
chitis,  and,  less  often,  in  pulmonary  tiiherculosis,  its  excretion  in  the  mucus  leading 
to  a  mild  antiseptic  influence  as  well  as  a  stimulant  expectorant  action.  Berliner 
recommends  a  daily  hypodermic  injection — 15  to  30  minims  (1  to  2  cc.)  of  a  10  percent. 
oily  solution,  with  or  without  menthol — in  the  treatment  of  pulmonary  tuberculosis. 
Pautrier  recommends  intramuscular  injections,  twice  a  week,  of  a  solution  of  euca- 
lyptol, 20  percent.;  sulphur,  8  percent.;  cholesterinized  oil,  72  percent,  in  acne, 
psoriasis  and  alopecia. 

Administration.  For  topical  use,  eucalyptol  is  dissolved  in  mineral  or  vegetable 
oil  and  used  in  an  oil  atomizer.  Systemically,  it  may  be  given  in  elastic  capsules  con- 
taining 5  to  10  minims  (0.3  to  0.6  cc.)  3  or  4  times  a  day.  Parenteral  injections  are  but 
little  used  in  this  country. 

Camphor 

Chemistry. — Camphor  although  chemically  a  member  of  the  group  of  essential 
oils  differs  from  most  members  of  the  class  in  being  a  solid.  It  is  chemically  a  ketone 
terpene  of  the  formula  C,„H„0. 

CO CH, 

/  CH3   \ 

/                 /             \ 
H,C  —  C C CH 

\                 \  / 

\                  CH3  / 
CH2 CHj 

It  is  very  freely  soluble  in  oils,  ether,  alcohol,  etc.,  but  only  slightly  in  water.  "When 
rubbed  with  phenol  or  with  chloral,  it  enters  into  a  physical  combination  with  liquefac- 
tion and  marked  lessening  of  toxicity. 

It  has  more  antiseptic  power  than  most  of  the  essential  oils  and  is  employed 
as  an  antiseptic  on  mucous  membranes  and  as  a  diffusible  heart  stimulant. 

Materia  Medica. — Camphora  (U.S.  X.),  Camphor.     Ahhr.,  Camph. 

A  ketone  (CalLsCO)  obtained  from  Cinnamomum  camphora  Linne  (Fam. 
Lauracece).  Camphor  occurs  in  white,  translucent  tough  masses  or  granules.  It  has 
a  penetrating,  characteristic  odor  and  a  pungent,  aromatic  taste.  It  is  readily  pulver- 
izable  in  the  presence  of  a  little  alcohol,  ether  or  chloroform.  It  is  soluble  in  about 
800  parts  of  water  and  freely  soluble  in  alcohol,  chloroform,  ether,  carbon  disulphide, 
petroleum  benzin,  and  in  fixed  and  volatile  oils.  It  volatilizes  slowly  at  ordinary 
temperature. 

Dose,  1  to  3  grains  (0.06  to  0.02  Gm.),  internally,  or  dissolved  in  sterile  olive  oil 
hjT)odermically  as  a  cardiac  excitant ;  externally  as  an  irritating  antiseptic. 

Ampulla  Camphor.b  (N.F.),  Ampules  of  Camphor.    Althr.,  Ampul.  Camph. 

Each  ampule  contains  3  grains  (0.2  Gm.)  of  camphor  dissolved  in  cottonseed  oil. 

Dose,  1  ampule. 
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Aqua  Camphors  (U.S.  X.),  Camphor  Water.    Ahhr.,  Aq.  Camph. 

Camphor,  8  Gm. ;  alcohol,  8  cc. ;  purified  tale,  15  Gm. ;  distilled  water,  recently 
boiled,  q.s.  to  make  1000  cc. 

Dose,  2  to  3  fluidrams  (8  to  12  cc),  mainly  used  as  a  vehicle. 

Spiritus  Camphors  (U.S.  X.),  Spirit  of  Camphor.  Ahhr.,  Sp.  Camph.  Syno- 
nyms: Tincture  of  Camphor,  Camphorated  Alcohol. 

Camphor,  100  Gm.,  dissolved  in  sufficient  alcohol  to  make  1000  cc. 

Dose,  10  to  30  minims  (0.6  to  2  cc). 

LiNiMENTUM  Camphors  (U.S.  X.),  Camphor  Liniment.  Ahhr.,  Lin.  Camph. 
Synonym:  Camphorated  Oil. 

Camphor,  200  Gm.,  dissolved  by  agitation  in  hot  cotton-seed  oil,  800  Gm. 

Dose,  used  externally. 

LiNiMENTUM  Camphors  Ammoniatum  (Br.),  Ammoniated  Camphor  Liniment. 
Ahhr.,  Lin.  Camphor.  Ammon. 

Camphor,  125  Gm. ;  oil  of  lavender,  5  cc. ;  strong  solution  of  ammonia,  250  cc; 
alcohol  (90  percent.),  sufficient  to  make  lOOO  cc. 

Dose,  external  use. 

LoTio  Ammoniacalis  Camphorata  (N.F.),  Ammoniated  Camphor  Wash.  Ahhr., 
Lot.  Ammon.  Camph.     Synonym:    Aqua  Seda'tiva. 

An  aqueous  solution  containing  6  percent,  each  of  sodium  chloride  and  ammonia 
water,  with  10  percent,  spirit  of  camphor. 

Dose,  external  use. 

MisTURA  Camphors  Acida  (unofficial),  Acid  Camphor  Mixture.  Ahhr.,  Mist. 
Camph.  Acid.    Synonyms :  Mistura  Antidysenterica,  Hope's  Mixture. 

Nitric  acid,  17.5  cc. ;  tincture  of  opium,  12  cc. ;  camphor  water,  q.s.  to  make 
1000  cc.    Mainly  used  in  the  treatment  of  serous  diarrheas. 

Dose,  1  to  2  fluidrams  (4  to  8  cc),  and  increased. 

Mistura  Camphors  (unofficial).  Aromatic  Camphor  Mixture.  Ahhr.,  Mist. 
Camph.  Arom.    Synonym:  Parrish's  Camphor  Mixture. 

Compound  tincture  of  lavender,  250  cc. ;  sugar,  35  Gm. ;  camphor  water,  q.s.  to 
make  1000  cc.    Used  in  hysteria  and  as  a  carminative. 

Dose,  1  to  2  fluidrams  (4  to  8  cc). 

Ceratum  CAMPHOR.E  (N.F.),  Camphor  Cerate.  Ahhr.,  Cerat.  Camph.  Synonym: 
Camphorated  Ointment. 

Camphor  liniment,  10  percent,  in  a  cerate  base. 

Dose,  external  use. 

Unguentum  Camphors  (N.F.),  Camphor  Ointment.    Ahhr.,  Ung.  Camph. 

Camphor,  22  Gm. ;  white  wax,  11  Gm. ;  lard,  67  Gm. 

Dose,  used  externally. 

Camphoba  Monobromata  (U.S.  IX.),  Monobromated  Camphor.  Ahhr.,  Camph. 
Monobrom.     Synonyms :  Bromated  Camphor,  Brominated  Camphor. 

Ortho-monobrom  camphor  (CioHwO  Br).  Monobromated  camphor  has  a  mild  but 
characteristic  camphoraceous  odor  and  taste;  it  is  permanent  in  the  air.  One  Gm. 
dissolves  in  6.5  cc.  of  alcohol,  0.5  cc.  of  chloroform,  and  in  1.6  cc.  of  ether  at  25°  C, 
but  it  is  almost  insoluble  in  water.  Much  larger  doses  than  ordinary  may  be  used  in 
delirium  tremens. 

Dose,  2  to  5  grains  (0.12  to  0.3  Gm.). 

Antipathogenic  Action. — Although  the  power  of  even  saturated  solutions  to  destroy 
bacteria  is  not  very  great,  0.1  percent,  will  prevent  the  growth  of  both  pathogenic  and 
putrefactive  organisms.  A  saturated  solution  in  oil  blown  into  the  nose,  seems  to  inhibit 
the  activity  of  the  pus  cocci  usually  found  in  acute  rhinitis. 
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Annelid  worms  are  paralyzed  in  a  short  time  in  a  saturated  (0.15  percent.)  watery 
Bolution  (Stroas). 

Pharmacodynamic  Action:  Absorption  and  Elimination. — As  camphor  is  soluble  In 
water  to  the  extent  of  8:1000,  its  absorption  is  fairly  rapid,  and  it  may  be  taken  up  from 
any  mucosa.     Injected  subcutaneously  in  oil,  it  is  taken  up  fairly  rapidly. 

Camphor  is  promptly  excreted  by  the  kidneys,  mainly  as  the  glycuronate  of  camphorol 
(CjoHmO,).    a  small  amount  escapes  in  the  breath. 

Topical  Action. — Although  even  a  saturated  solution  of  camphor  in  fixed  oils  approxi- 
mating 10  percent,  is  not  irritating  to  the  nose  and  throat,  the  saturated  aqueous  solution 
(0.8  percent.),  (camphor  water,  U.S.P. ),  is  decidedly  so  and  must  be  diluted  with  three 
or  four  times  its  volume  of  water  before  it  can  be  used  comfortably.  Given  by  mouth  in 
powder  or  alcoholic  solution  it  causes  hyperemia,  pain,  and  even  acute  inflammation  of 
the  stomach. 

Camphorated  oil  injected  subcutaneously  may  rarely  give  rise  to  aseptic  abscessea 
similar  to  those  caused  by  turpentine.^ 

A  1  percent,  solution  in  oil  may  be  injected  intraperitoneally  without  causing  pain, 
and  has  been  recommended  in  peritonitis. 

Camphor  exposed  to  air  diffuses  into  it  and  two  parts  in  one  million  causes  irritation 
of  the  eyes,  nose  and  throat.  There  is  dyspnea  with  effusion  of  bronchial  mucus  and 
hemorrhages  in  the  lungs  (Huebner). 

Toxicity. — As  with  most  members  of  the  group  of  essential  oils,  there  is  wide  diversity 
of  opinion  in  regard  to  the  toxic  dose  of  camphor. 

Mice  show  increased  reflexes  after  subcutaneous  injections  of  0.3  mgm.  per  Gm.  and 
fatal  convulsions  after  2  mgm.  per  Gm.  In  rabbits  0.1  Gm.  per  kilo  is  not  toxic,  while  0.6 
Gm.  per  kilo  induces  fatal  convulsions.  According  to  Happich,  the  fatal  dose  by  mouth 
in  both  man  and  animals  approximates  2  Gm.  per  kilo,  but  in  cases  of  starvation  or  dis- 
turbed carbohydrate  metabolism,  when  the  supply  of  material  for  forming  glycuronic 
acid  is  inadequate,  the  fatal  dose  may  be  much  less.  Fatal  poisoning  in  man  is  rare.  In 
children,  death  may  follow  doses  of  0.75  to  1  Gm.  by  mouth.  In  an  adult,  convulsions 
followed  1.5  Gm.  given  in  three  doses  an  hour  apart;  but  as  much  as  15  and  20  Gm.  have 
been  taken  with  no  worse  result  than  gastric  irritation. 

Taken  by  mouth,  camphor  may  give  rise  to  disagreeable  by-effects,  but  used  exter- 
nally or  hypodermically  in  oil,  these  are  extremely  rare. 

In  all  mammals  and  birds  it  kills  by  convulsions.  In  cold-blooded  animals,  these  are 
not  seen.  In  frogs  the  fatal  dose  varies  from  0.25  to  0.5  mgm.  per  Gm.,  according  to  spe- 
cies, temperature,  etc.;  death  being  due  to  motor,  followed  by  cardiac  paralysis.  Rabbits 
and  mice  exposed  to  camphor  vapor  are  killed  by  2  parts  in  1  million  of  air,  which  is 
taken  up  at  ordinary  temperatures  (Huebner). 

The  symptoms  of  poisoning  in  man  are  of  two  sorts,  dependent  on  excitement  fol- 
lowed by  depression  of  the  higher  and  lower  nerve  centers.  There  is  mental  excite- 
ment and  motor  restlessness,  followed  by  delirium,  vertigo,  narcosis  and  even  coma. 
The  limbs  show  muscular  twitchings,  which  are  followed  by  epileptiform  convulsions  in 
which  death  may  occur.  As  these  pass  off,  they  leave  a  condition  of  general 
weakness,  or  even  total  paralysis,  of  the  limbs,  which  lasts  several  hours.  Burning  pain 
in  the  stomach,  headache  and  tinnitus  auriura  are  also  frequently  mentioned.  These 
symptoms  are  not  all  present  in  each  case,  and  the  order  of  their  onset  is  irregular. 
Rarely,  sudden  unconsciousness  may  be  the  first  manifestation,  followed  by  convulsions. 

If  death  does  not  occur  during  a  convulsion,  the  case  goes  on  to  recovery. 

Systemic  Action:  Alimentary. — Apart  from  the  hyperemia  and  consequent  hypersecre- 
tion, camphor  has  little  action  on  the  alimentary  tract,  although  large  doses  may  by 
topical  action,  cause  pain,  vomiting,  and  more  rarely,  diarrhea. 

Strips  from  the  bowel  of  the  rabbit  are  paralyzed  if  exposed  to  0.025  percent,  although 
pilocarpine  will  still  cause  contractions,  indicating  that  the  action  is  on  the  sympathetic 
ganglia.    Isolated  strips  of  gall  bladder  wall  are  also  paralyzed. 

Blood. — Given  by  mouth,  camphor  causes  an  increase  of  the  leiicocytes  in  the  circu- 
lating blood,  probably  because  the  hyperemia  of  the  bowel  wall  gives  rise  indirectly  to 

"  It  may  be  well  to  warn,  at  this  point,  against  injection  of  camphor  or  any  other 
drug,  dissolved  in  mineral  oil  (liquid  petrolatum).  This  oil  is  not  absorbed  and,  by 
blocking  the  lymph  channels,  brings  on  gradually,  wherever  it  is  injected,  a  condition 
resembling  elephantiasis. 
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an  increased  flow  of  lymph  from  the  thoracic  duct.    Injected  subcutaheously,  it  has  no 
such  effect,  unless  there  is  a  local  inflammatory  reaction. 

Circulatory. — Few  subjects  in  pharmacology  have  given  rise  to  as  wide  a  divergence 
of  opinion  as  the  action  of  camphor  on  the  circulatory  system.  According  to  some 
authors,  it  is  a  cardiac  stimulant,  according  to  others,  a  depressant;  and  still  others 
claim  that  it  has  no  influence  on  the  heart  action.  The  blood-pressure  is  raised  according 
to  some,  and  falls,  according  to  others.  The  peripheral  vessels  are  contracted  by  periph- 
eral action  in  the  view  of  some,  and  dilated  according  to  others. 

Clinicians  are  generally  convinced  that  in  conditions  of  failing  heart  without  organic 
disease,  as  in  shock  and  after  hemorrhage,  the  cardiac  action  is  improved,  especially  by 
intravenous  injections  of  an  oily  solution.    Camphor  water  seems  to  be  less  effective. 

The  blood-pressure  is  lowered  by  small  doses  when  it  is  affected  at  all,  and  although 
it  shows  irregular  rises  in  animal  experiments  after  large  doses,  these  seem  to  corre- 
spond to  convulsive  twitchings  of  the  muscles  and  not  to  depend  on  a  direct  action  on  the 
circulatory  system.  According  to  Winterberg,  the  irritability  of  the  vasomotor  center  is 
increased,  although  it  is  not  directly  stimulated,  and  the  blood-pressure  shows  a  tendency 
to  rise  and  fall  intermittently  and  irregularly.  Some  consider,  however,  as  already 
stated,  that  these  rises  of  pressure  depend  on  convulsive  twitchings  of  voluntary  muscles, 
which  are  not  strong  enough  to  move  the  limbs.  They  do  not  occur  in  deep  narcosis  or 
after  high  section  of  the  cord. 

It  is  possible  that  the  irregularity  of  the  results  ascribed  to  camphor  depends  on  Its 
causing  vasodilatation  under  some  conditions  and  vasoconstriction  under  others.  Winter- 
berg believes  that  the  vascular  action  is  chiefly  a  dilatation  of  the  vessels  of  the  head  and 
legs.  Liebman  thinks  that  the  pulmonary  vessels  are  dilated  by  smaller  doses  than  are 
required  to  affect  the  systemic  vessels. 

There  seems  to  be  no  doubt  that  camphor  exerts  a  peripheral  dilating  action  on  all 
vessels,  while  the  action  on  the  vasomotor  center  seems  to  vary  with  conditions  which  are 
not  well  understood.  Isolated  arterial  strips  show  loss  of  tone  if  exposed  to  dilute 
solutions. 

The  action  of  camphor  on  the  heart  is  involved  in  the  same  obscurity  as  that  on  the 
vessels.  Administered  to  the  intact  animal  or  perfused  through  an  isolated  heart  it  seems 
as  a  rule  to  weaken  its  action,  although  a  few,  especially  among  the  earlier  authors,  claim 
that  under  certain  experimental  conditions  they  were  able  to  show  a  stimulation. 

All  authors  agree  that  if  a  frog's  heart  be  stopped  by  muscarine,  the  application  of 
camphor  will  cause  it  to  beat  again  in  a  normal  manner.  As  muscarine  is  supposed 
to  cause  stoppage  of  the  heart  by  stimulation  of  the  vagus  nerve  endings,  this  would 
point  to  paralysis  of  these  endings  by  camphor,  and  Loewe  thinks  that  camphor  prevents 
the  action  of  direct  vagus  stimulation. 

Seligman  states  that  although  fibrillation  is  caused  in  a  heart  by  a  tetanizing  current 
applied  to  the  ventricles,  fhis  loses  its  effectiveness  if  the  heart  is  under  the  influence  of 
camphor,  and  that  hearts  showing  spontaneous  fibrillation  beat  normally  if  camphor  is 
administered. 

The  heart  action  may  be  summed  up  by  saying  that  there  is  very  little  direct  action 
on  the  muscle,  but  probable  paralysis  of  the  vagus  endings  and  perhaps  of  other  nerve 
endings.  Bohme  considers  that  stimulus  production  is  increased  in  activity,  but  not  the 
strength  of  the  beats. 

The  improved  cardiac  action  seen  in  impending  heart  failure  is  presumably  due 
either  to  removing  untoward  nervous  influence,  or  to  reducing  the  vis  a  tergo  by  causing 
vasodilatation  in  certain  vascular  areas.  It  is  possible  that  favorable  effects  would  be 
seen  clinically  in  cases  of  heart-block,  if  dependent  on  vagus  irritation. 

Respiratory. — The  respiration  is  slightly  stimulated  by  camphor,  but  it  is  probable 
that  this  effect  is  reflex  and  due  to  irritation  of  the  mucosa  of  the  nose  and  throat  by  Its 
fumes. 

Higgins  and  Means  found  that  the  only  effect  on  respiration  in  man  was  an  increase 
in  the  dead  space,  due  to  dilatation  of  the  bronchi.  Liebman  found,  as  already  stated, 
dilatation  of  the  pulmonary  blood-vessels.  Isolated  bronchial  muscle  placed  in  a  satu- 
rated watery  solution  shows  stimulation  followed  by  paralysis. 

Nerve  System. — Camphor  resembles  most  of  the  essential  oils  in  inducing  paralysis 
of  the  cord,  and  later  of  the  motor  nerve  endings.  In  mammals  and  birds  it  causes  in 
addition  stimulation  of  the  motor  cortex,  with  epileptiform  convulsions.  If  frogs  are 
given  injections  of  camphor  in  oil  or  water  no  convulsions  occur,  paralysis  being  the 
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first  sign  of  poisoning,  but,  immersed  in  camphor  water,  they  show  convulsions  ending 
in  paralysis.  That  depression  of  the  brain  is  caused  in  mammals  is  shown  by  the  fact 
that  after  a  small  dose  of  camphor,  narcosis  results  from  amounts  of  ether  which  are 
normally  ineffective  (Stress).  On  the  other  hand  urethane  narcosis  of  rabbits  is  inter- 
rupted by  convulsions,  if  camphor  is  administered  to  anesthetized  animals. 

The  pupil  of  the  isolated  frog  eye  is  dilated  when  the  organ  is  placed  in  camphor 
water. 

Temperature. — Camphor  in  large  doses  acts  as  an  antipyretic,  even  in  the  normal 
animal.  In  rabbits  0.1  Gm.  per  kilo  induces  a  marked  fall  of  temperature  when  fever 
is  present  as  a  result  of  septic  infection. 

Sexual. — In  some  persons  full  doses  are  said  to  cause  sexual  excitement,  but  very 
large  doses  act  in  the  opposite  manner.  The  isolated  guinea-pig  uterus  placed  in  a  satu- 
rated solution  of  camphor  in  Ringer  solution  shows  increased  contractions. 

Urinary. — Camphor  seems  to  exert  no  action  on  the  urinary  organs,  but  in  a  few 
cases  of  intoxication  in  man,  glycosuria  has  been  reported. 

Therapeutics:  Topical. — Camphor  is  a  rubefacient  and  counterirritant  when 
applied  to  the  skin,  and  may  even  be  vesicant  if  covered  with  rubber  tissue  or  oil-silk. 
It  is  also  a  mild  antipruritic.  Dusting  the  face  with  powdered  camphor  was  formerly 
resorted  to  as  a  means  of  preventing  pitting  in  smallpox.  When  triturated  with 
phenol,  chloral,  menthol  or  thymol,  camphor  makes  a  liquid  of  great  efficacy,  ex- 
ternally applied,  in  relieving  neuralgia,  muscular  rheumatism,  and  other  painful 
conditions.  Phenocamphor  (phenol,  25,  camphor,  75)  is  used  in  the  treatment  of 
corneal  ulcer,  stabbing  the  fluid  by  means  of  a  sharpened  match-stick  into  the  edge 
of  the  nicer.  Page  recommends  with  confidence  the  intra-articular  injection  of  a 
mixture  of  phenol,  30,  camphor,  60,  and  absolute  alcohol,  10,  in  the  treatment  of 
acute  arthritis  and  sytiovitis.  Lazarus  states  that  a  hoil  can  be  aborted  if  it  is  injected 
before  pus  has  formed  with  a  5  percent,  solution  of  camphor  in  sterile  oil.  Camphor 
is  also  used  in  tooth  powder  and  other  toilet  articles,  and  incorporated  in  a  firm  oint- 
ment base  it  is  a  remedy  for  chapped  hands  and  lips  and  for  herpes.  Camphor 
"water  is  a  common  ingredient,  usually  combined  with  boric  acid  solution,  of  collyria, 
and  is  used,  diluted,  as  a  douche  in  nasal  catarrh.  Inhalation  of  spirit  of  camphor 
gives  great  comfort  in  acute  coryza  and  may  abort  an  attack  if  begun  early  and  used 
persistently.  Spirit  of  Camphor  is  also  a  grateful  application  to  the  forehead  and 
temple  in  eyestrain  headache. 

Systemic. — Camphor  is  a  valuable  carminative,  promptly  relieving  nausea,  flatu- 
lence and  indigestion,  especially  in  nervous  and  hysterical  subjects.  Obstinate  hiccough 
may  often  be  arrested  by  ten  or  fifteen  drops  of  spirit  of  camphor  on  sugar  taken  in 
water,  the  hyper-excitability  of  the  bulbospinal  and  vagophrenic  areas  being  re- 
duced. The  drug  exerts  a  sedative  action  on  the  nerves  and  a  stimulating  one  on  the 
circulatory  system.  An  "attack  of  the  nerves"  in  excitable  subjects  is  often  cut  short 
or  greatly  relieved  by  camphor,  and  wakefulness  due  to  worry  or  nervous  excitement 
is  sometimes  relieved.  Typhoid  and  other  low  fevers,  in  pneumonia,  and  in  other 
conditions  of  myocardial  weakness,  the  heart's  action  is  greatly  strengthened  by 
camphor,  and  nervous  palpitation  is  promptly  quieted.  The  drug  may  be  given  in  the 
same  manner  as  in  the  treatment  of  pneumonia.  It  is  believed  by  some  authorities  that 
camphor  exerts  almost  a  specific  action  in  lobar  pneumonia,  the  drug  being  given 
hj'podermically,  dissolved  in  sterile  olive  or  sesame  oil  (1:5  or  10)  in  doses  of  15  to  30 
minims  (1  to  2  cc.)  every  2  to  4  hours,  alternating,  if  need  be,  with  caifeine.  The  same 
treatment  is  often  most  efficacious  in  relieving  passive  or  static  pulmonary  congestion. 
Camphor  is  also  useful  in  catarrhal  affections  of  the  respiratory  tract.  Taken  in- 
ternally, 1  grain  (0.06  Gm.)  every  2  hours,  as  well  as  inhaled,  it  may  cut  short  a 
beginning  coryza,  and  it  is  usefully  added  to  cough  mixtures  and  other  remedies  for 
"bronchitis. 
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Stine  regards  camphor  as  the  best  drug  with  which  to  control  the  initial  toxemia 
of  influenza  and  says  it  is  also  very  serviceable  in  preventing  or  combating  the  second- 
ary infection. 

The  drug  is  largely  used  by  German  physicians  to  overcome  toxemia  associated 
with  acute  diffuse  peritonitis  and  other  septic  affections.  It  is  given  hypodermically 
in  large  doses,  15  minims  (1  cc.)  of  a  5  percent,  solution  in  sterile  olive  oil,  every 
hour. 

As  a  sexual  sedative,  camphor  acts  well,  reducing  the  frequency  of  nocturnal  emis- 
sions and  preventing  chordee  in  the  later  stages  of  gonorrhea.  For  this  purpose  it  is 
best  given  in  the  form  of  monobromated  camphor. 

It  is  extolled  by  some  physicians  as  a  hemostatic  in  the  bleeding  of  "pulmonary 
tuberculosis.  One  dose  of  8  grains  (0.5  Gm.)  is  given  in  10  percent,  oily  solution 
hypodermically. 

Menthol 

Menthol  is  a  solid  at  ordinary  temperatures  and  is  called  Japanese  camphor  be- 
cause of  its  resemblance  to  gum  camphor  in  physical  characteristics. 

Chemistry. — It  has  the  composition  of  C,„H,<,OH,  being  a  terpene  alcohol.  The 
atoms  are  supposed  to  have  the  following  arrangement: 


H.C- 


It  is  found  chiefly  in  Mentha  piperita  and  M.  arvensis,  but  also  in  various  related 
plants.  Oil  of  peppermint  contains  from  50,  to  rarely  as  high  as  90  percent.  The 
other  constituent  being  menthon,  CioHisO, 
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A  terpene  ketone  (5  to  20  percent.)  and  a  terpene,  of  the  formula  CioHie. 

Materia  Medica. — Menthol  (U.S.  X.),  Menthol.  Synonyms:  Peppermint  Cam- 
phor, Pipmenthol. 

An  alcohol  (C,„H„OH)  obtained  from  oil  of  peppermint  or  other  mint  oils.  Occurs 
in  colorless,  acicular  or  prismatic  crystals,  having  a  strong  peppermint-like  odor  and 
taste.  It  is  slightly  soluble  in  water;  vei-y  soluble  in  alcohol,  chloroform,  ether,  and 
petroleum  benzin ;  freely  soluble  in  glacial  acetic  acid,  liquid  petrolatum,  and  in  fixed 
and  volatile  oils. 

Dose,  1/2  to  2  grains  (0.03  to  0.12  Gm.).  Externally  as  an  unguent  or  liniment  for 
its  anesthetic  and  anti-bacterial  effects  and  suitably  diluted,  as  a  spray  to  the  throat 
and  nose. 

Inunctum    Mentholis    (N.F.),    Menthol    Inunction.       Ahhr.,    Inunct.    Menthol. 

Menthol,  5  Gm. ;  hydrous  wool  fat,  95  Gm. 

Dose,  as  a  local  anodyne  and  antipruritic. 

Inunctum  Mentholis  Compositum  (N.P.),  Compound  Menthol  Inunction.  Ahhr., 
Inunct.  Menthol  Co. 

Menthol,  5  Gm.;  methyl  salicylate,  10  Gm. ;  hydrous  wool  fat,  85  Gm. 

Dose,  externally  as  a  counterirritant  and  local  anesthetic. 
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Emplastrum  Menthol  (Br.),  Menthol  Plaster.    Ahhr.,  Emp.  Menth. 

Menthol,  150  Gm.;  yellow  beeswax,  100  Gni.;   resin,  750  Gm. 

Dose,  used  as  a  mild  counterirritant  in  localized  pains. 

Mknthol  Cami'Horatum  (N.F.),  Camphorated  Menthol.     Ahhr.,  Menthol.  Camph. 

Camphor,  menthol,  of  each  47.5'  Gm. ;  alcohol,  5  Gra. 

Dose,  applied  locally  in  neuralgias  and  similar  conditions. 

Nkbula  Mkntholis  (N.F.),  ]\Ienthol  Spray.     Ahhr.,  Nebul.  Menthol. 

Menthol,  2  Gm. ;  light  liquid  petrolatum,  q.s.  to  make  100  Gm. 

Dose,  used  as  an  inhalant  in  the  form  of  nebula  or  spray. 

Nebula  Mkxtholis  CoiSirosiTA  (N.F.),  Compound  Menthol  Spray.  Ahhr.,  Nebul. 
Menthol.  Co. 

Menthol,  camphor,  of  each  1  Gm.;  methyl  salicylate,  0.5  cc. ;  eucalyptol,  oil  of 
cinnamon,  of  each  0.2  cc. ;  light  liquid  petrolatum,  q.s.  to  make  100  cc. 

Dose,  used  as  an  inhalant  in  the  form  of  nebula  or  spray. 

Nebula  Aromatica  (N.F.),  Aromatic  Oil  Spray.  Ahhr.,  Nebul.  Atom.  Synonym: 
Aromatol. 

Phenol,  menthol,  of  each,  0.2  Gm. ;  thymol,  0.1  Gm. ;  camphor,  benzoic  acid,  of 
each,  0.3  Gm. ;  eucalyptol,  oil  of  cinnamon,  oil  of  clove,  of  each,  0.2  Gm. ;  methyl 
salicylate,  0.5  Gm. ;  light  liquid  petrolatum,  q.s.  to  make  100  cc. 

Dose,  used  as  an  inhalant  in  the  form  of  nebula  or  spray. 

Petroxolinum  Mentholis  (N.F.),  Menthol  Petroxolin.     Ahhr.,  Petrox.  Menthol. 

Menthol,  17  Gm. ;  liquid  petroxolin,  83  Gm. 

Dose,  used  as  a  local  anesthetic. 

Colmethole  (unofficial),  Menthyl  Ethylglycolate.     Synonym:    Coryfin. 

The  ethylglycolic  acid  ester  of  menthol.  A  limpid,  colorless  oil,  having  a  very  faint 
menthol  odor ;  soluble  in  alcohol,  ether,  and  chloroform,  but  difficultly  soluble  in  water. 

Dose,  employed  locally  in  1/2  to  full  strength  to  mucous  membranes. 

Antipathogenic  Action. — Menthol  is  an  antiseptic  of  moderate  power  but  is  too  irri- 
tating to  be  used  in  effective  strength  in  surgery.  Lilve  most  of  the  essential  oils,  it  is 
especially  effective  in  preventing  growth  of  molds,  acting  in  this  way  in  0.02  percent, 
solution. 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Menthol  is  absorbed  slowly 
from  the  mucosa  owing  to  its  slight  solubility,  and  is  excreted  conjoined  with  glycuronic 
acid  in  the  urine. 

Topical  Action. — The  most  striking  effect  of  menthol  applied  to  the  skin  or  mucosa 
is  the  sensation  of  cold  which  it  produces.  This  is  dependent  on  direct  stimulation  of  the 
nerves  of  temperature  sense  and  is  unaccompanied  by  any  topical  fall  of  the  temperature, 
which  may  indeed  rise  1°  or  2°.  It  is  not  connected  with  evaporation.  In  certain  portions 
of  the  body,  such  as  the  eyelids,  the  flexor  surfaces  of  certain  joints,  and  the  abdomen, 
there  is  a  sensation  of  heat  instead  of  cold.  In  these  places  it  is  suggested  that  nerves 
sensitive  to  heat  predominate  over  those  sensitive  to  cold. 

It  has  a  mildly  anesthetic  action,  but  this  is  often  overcome  by  the  pain  caused  by  its 
local  irritation.  A  stimulation  of  the  nerves  of  pain  sense,  seems  to  be  indicated  by  the 
fact  that  gentle  pressure  may  be  painful  after  its  application  to  the  lips  and  tongue.  Its 
irritating  action  is  further  shown  by  the  herpetic  eruptions  which  may  result  from  its 
repeated  use  in  the  nose. 

Applied  to  the  eye  in  dilute  solution,  it  induces  a  local  anesthesia  and  causes  a 
peculiar  wrinkling  of  the  cornea,  the  cause  of  which  is  not  understood,  but  which  is  inde- 
pendent of  any  action  on  the  blood-vessels. 

Toxicity.— As  with  so  many  essential  oils,  very  variable  figures  are  given  for  the 
toxic  dose.  In  frogs  1  mgm.  per  Gm.  is  usually  fatal,  killing  by  paralysis,  which 
finally  involves  the  heart.  The  fatal  dose  for  rabbits  is  variously  stated  to  be  0.4  Gm. 
per  kilo  and  10  Gm.  per  kilo  by  mouth.  The  fatal  dose  for  cats  is  about  0.75  mgm.  per 
kilo. 

No  cases  of  serious  poisoning  in  adults  seem  to  have  been  reported,  but  spasms  of 
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the  glottis,  with  cyanosis  and  even  fatal  suffocation,  have  been  reported  several  times  in 
infants  less  than  two  years  old,  after  application  of  1  percent,  and  2  percent,  ointments 
and  oily  solutions  in  the  nose.  One  drop  of  1  percent,  camphorated  oil  in  the  nostril  of 
an  infant  four  months  old  was  almost  fatal  from  spasm  and  edema  of  the  larynx,  and 
excessive  secretion  of  mucus. 

Systemic  Actioyi. — Menthol  held  in  the  mouth  abolishes  the  sense  of  taste,  and  gives 
rise  to  an  extreme  sensation  of  cold  which  is  also  felt  in  the  pharynx  as  it  is  inhaled. 
Swallowed,  unless  well  diluted,  it  irritates  the  stomach  and  may  cause  nausea. 

On  the  heart  and  vessels  its  action  resembles  that  of  camphor.  The  intact  heart  is 
stimulated  by  very  small  doses  and  blood-pressure  may  rise,  but  large  doses  render  it 
weak  and  slow,  and  cause  vasodilatation  with  fall  of  blood-pressure.  The  isolated  heart  is 
slowed  and  weakened  by  all  amounts,  although  the  frog's  heart  stopped  by  muscarine  is 
stimulated,  but  less  actively  than  by  camphor. 

The  respiration  is  slow  and  shallow,  as  after  most  of  the  essential  oils. 

In  the  frog,  20  to  30  mgm.  causes  a  central  paralysis  followed  by  paralysis  of  the 
motor  nerve  endings,  the  reflexes  being  lost  while  the  latter  are  still  intact.  In  the 
rabbit  it  has  been  found  to  save  life  after  otherwise  fatal  doses  of  strychnine. 

It  never  causes  mental  excitement  or  convulsions. 

The  body  temperature  falls  as  a  result  of  paralysis  of  the  heat  center. 

Therapeutics. — Topical. — Menthol  is  locally  analgesic  or  counterirritant,  producing 
a  sensation  of  coolness  when  rubbed  gently  over  the  forehead  in  headache  or  over  the 
painful  part  in  neuralgia.  For  this  purpose  menthol  "pencils"  or  "cones"  are  used. 
The  cones  are  of  service  also  to  allay  the  itching  in  urticaria  or  prurigo,  or  the  menthol 
may  be  applied  in  2  percent,  ointment  or  oily  solution.  The  ointment  is  almost  a 
specific  for  the  relief  of  pruritus  ani,  though,  like  every  other  remedy  recommended 
for  this  obstinate  affection,  it  sometimes  fails.  For  toothache  a  1 :  60  alcoholic  solution 
on  cotton  with  a  couple  of  drops  of  oil  of  clove  is  useful.  In  acute  coryza,  pharyngitis, 
or  laryngitis  a  spray  of  a  1  or  2  percent,  solution  in  liquid  petrolatum  is  grateful. 
The  N.F.  nebula  mentholis,  especially  the  nebula  mentholis  composita,  is  useful  in 
these  cases,  as  is  also  camphorated  menthol,  20  percent,  in  heavy  mineral  oil.  Weak 
menthol  lozenges  relieve  the  pain  and  dryness  in  various  forms  of  "sore  throat"  and 
are  sometimes  useful  in  hronchitis.  The  application  of  a  30  to  50  percent,  solution 
of  menthol  in  ether  is  of  great  service  for  hoils  and  carbuncles,  quieting  the  pain  and 
reducing  the  inflammation,  sometimes  aborting  a  boil  when  made  early.  A  mixture  of 
1  part  of  menthol,  4  of  chloroform,  and  12  of  olive  oil  painted  on  the  part  several 
times  a  day  is  a  useful  application  in  tinea  tonsurans. 

Systemic. — In  gastrodynia,  nausea,  and  the  vomiting  of  pregnancy  menthol  often 
gives  relief  when  given  in  doses  of  %  to  1  grain  (0.03  to  0.06  Gm.)  dissolved  in  olive 
oil.  Hyperchlorhydria  is  controlled  by  4  grains  (0.25  Gm.)  of  menthol  with  75  grains 
(5  Gm.)  of  sodium  phosphate  2  hours  after  eating.  Small  doses  of  menthol  may 
usefully  be  added  to  carminative  mixtures.  Capsules  containing  from  3  to  5  grains 
(0.02  to  0.3  Gm.)  given  3  times  a  day  with  food,  are  said  to  be  useful  in  the  treatment 
of  exophthalmic  goiter. 

CoRYFiN  is  used  topically  for  the  same  purposes  as  menthol.  In  nervous  headache, 
it  is  applied  in  full  strength  to  the  forehead  with  a  camel's-hair  brush  or  gently  rubbed 
in  with  a  piece  of  gauze  or  flannel.  In  coryza,  a  50  percent,  solution  in  alcohol  is 
sprayed  into  the  nostrils.  In  pharyngitis,  4  or  5  minims  (0.25  to  0.03  cc.)  may  be 
dropped  on  a  lump  of  sugar  and  the  latter  allowed  then  to  dissolve  in  the  mouth,  or  a 
50  percent,  mixture  with  tepid  water  may  be  used  as  a  gargle.  Inhalation,  by  means 
of  a  vaporizer,  of  a  50  percent,  admixture  with  olive  oil  is  often  very  comforting  in 
laryngitis  ajid  hronchitis. 
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Thymol 

Chemistry. — Thymol  is  one  of  the  constituents  of  the  essential  oils  which  possesses 
a  true  benzol  riiifr,  but  it  reseinblos  the  terpenes  in  showing  a  methyl  and  a  propyl 
group.     It  has  the  following  structure: 


H3C 


Materia  Medica. — Thymol  (U.S.  X.),  Thymol.     Synonym:  Thymic  Acid. 

A  phenolic  substance,  C«Il3(CH3)(OH)(C3H7)l  :3  :4,  occurring  in  the  volatile  oil 
of  TIn/mus  vulgaris  Linnc.  It  occurs  in  large,  colorless,  translucent,  rhombic  prisms, 
having  an  aromatic,  thyme-like  odor,  and  a  pungent,  aromatic  taste.  One  Gm.  is 
soluble  in  about  1000  cc.  of  water,  about  1  cc.  of  alcohol,  0.7  cc.  of  chloroform,  1.5  cc. 
of  ether,  and  1.7  cc.  of  olive  oil  at  25°  C.  Also  soluble  in  glacial  acetic  acid  and  fixed 
and  volatile  oils. 

Dose,  antiseptic,  2  grains  (0.13  Gm.) ;  anthelmintic,  30  grains  (2  Gm.),  divided 
into  3  doses. 

Nebul.\  Thymolis  (N.F.),  Thymol  Spray.    Ahhr.,  Nebul.  Thymol. 

Thymol,  1  Gm. ;  light  liquid  petrolatum,  q.s.  to  make  100  cc. 

Dose,  as  an  inhalant  in  the  form  of  a  nebula  or  spray. 

Antipathogenic  Action. — Thymol  has  about  one-fourth  the  antiseptic  power  of  phenol: 
It  is  fatal  to  staphylococcus  aureus  in  0.5  percent.;  to  typhoid  bacillus  and  anthrax 
bacteria  in  0.8  percent.;   and  to  the  pneumococcus  of  Friedlander  in  1  percent,  solution. 

Growth  of  putrefactive  bacteria  is  prevented  by  0.1  percent.,  but  1  percent,  is  required 
to  kill  them.    Molds  will  not  grow  in  the  presence  of  more  than  0.02  percent. 

In  1  percent,  solution  it  hinders  the  action  of  emulsin. 

Ascarides  in  vitro  are  killed  in  4  hours  by  a  solution  of  1  to  2500  (Bachem)  and 
owing  to  its  insolubility,  thymol  is  a  very  eligible  agent  for  destruction  of  hookworm 
and  round  worms  in  the  bowel. 

Pharmacodynamic  Action:  Ahsorption  and  Elimination. — Owing  to  its  very  slight 
solubility,  thymol  is  very  slowly  absorbed  and  even  when  given  hypodermically,  the  place 
of  injection  may  smell  of  the  drug  for  several  days.  It  does  not  seem  to  be  absorbed 
from  the  normal  skin  and  only  slowly  from  mucous  membranes. 

Given  by  mouth  in  doses  of  2  Gm.  (14  dram)  it  is  not  found  in  the  feces,  showing 
that  complete  absorption  occurs.  Poisoning  is  said  to  be  more  frequent  if  fixed  oils  are 
taken  with  it,  but  this  must  be  due  entirely  to  more  rapid  absorption  and  not  to  more 
complete. 

About  half  of  the  thymol  ingested  is  excreted  in  the  urine;  partly  as  such,  partly 
combined  with  sulphuric  acid,  glycuronic  acid  and  hydrochinon  and  partly  as  a  peculiar 
chromogen  which  gives  the  reactions  of  indican,  being  extracted  by  chloroform  and  color- 
ing an  indigo  blue  on  addition  of  HCl. 

"When  given  in  excessive  doses,  thymol  is  partly  excreted  in  the  bronchial  mucus  and 
may  cause  inflammation  of  the  lung  as  well  as  of  the  kidney.. 

Topical  Action. — Strong  solutions  of  thymol  cause  slight  burning  on  the  skin  and 
more  marked  on  the  lips.  Even  dilute  solutions  cause  irritation  of  the  eyes  and  nose. 
Dissolved  in  oil,  solutions  much  above  0.2  percent,  are  irritating  to  the  nasal  mucosa. 

Injected  hypodermically  in  saturated  watery  solution,  inflammation  of  the  skin  re- 
sults, but  no  corrosive  action. 

A  hot  supersaturated  solution  given  by  mouth  to  rabbits  causes  acute  gastritis. 
Thymol  can,  however,  be  chewed  with  no  irritation  resulting,  as  it  dissolves  slowly  in 
the  saliva  and  a  weak  solution  is  swallowed. 

To3-tct«2/.— Rabbits  are  killed  by  doses  of  6  Gm.  (1%  dram)  by  mouth  or  4  Gm.  (1 
dram)    hypodermically.     In    animals    poisoned    hypodermically,    death    occurs    in    from 
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1  to  15  hours,  according  to  the  dose.  The  toxic  dose  in  man  has  been  very  variable.  In 
some  cases  enormous  quantities  have  been  swallowed  with  no  bad  effects,  and  in  others 
dfelirium,  somnolence,  headache,  tinnitus,  loss  of  reflexes  and  even  coma  and  collapse 
have  been  caused  by  small  doses.  The  pulse  is  little  affected  at  first,  later  becoming 
weak  and  rapid.  Poisoning  has  several  times  resulted  from  the  use  of  thymol  as  an 
anthelmintic.  In  one  case,  death  resulted  from  2.6  Gm.  (gr.  40)  in  a  single  dose 
'(Barnes). 

Treatment  consists  in  lavage  of  the  stomach,  emesis,  cathartics  and  general  stimu- 
lant treatment  with  external  heat.     Artificial  respiration  may  be  of  value. 

Systemic  Action. — In  man,  in  doses  of  less  than  15  grains  (1  Gm.),  thymol  has  no 
effect  except  to  excite  a  slight  sensation  of  warmth  in  the  epigastrium,  with  perhaps 
moderate  discomfort. 

In  larger  doses  it  gives  rise  to  severe  gastrointestinal  pain  w^ith  nausea,  sometimes 
vomiting,  diarrhea,  ringing  in  the  ears,  deafness,  constriction  of  the  temples,  dyspnea 
with  slowing  of  respiration,  acceleration  followed  by  slowing  of  the  pulse  and  fall  of 
temperature.  Animals  poisoned  with  thymol  exhibit  progressive  enfeeblement  of  circula- 
tion and  respiration,  general  muscular  weakness,  and  death  in  coma  without  precedent 
convulsions.  At  autopsy  there  is  found  marked  congestion  of  the  lungs  and  in  about 
half  the  cases,  hepatization.  The  kidneys  are  congested,  and  occasionally  inflamed;  the 
urine  contains  blood  and  albumen.  The  liver  exhibits  fatty  degeneration  similar  to  that 
seen  in  phosphorus  poisoning. 

Small  doses  long  continued  produce  wasting  without  definite  visceral  lesions. 

Experiments  in  vitro  show  that  even  in  high  dilution  it  will  lake  red  blood  cells, 
but  no  such  effect  has  been  reported  in  the  living  animal. 

Muirhead  states  that  solutions  of  from  0.02  to  0.002  percent,  paralyze  the  Isolated 
bowel. 

Therapeutics. — Quantities  of  1  grain  to  the  ounce  (1  to  500)  or  even  less  of  thymol, 
added  to  oily  sprays  increase  their  efficacy  in  catarrhal  affections  of  the  nasal  passages, 
especially  in  chronic  conditions  associated  with  atony  of  the  mucosa,  with  thick  or 
foul  smelling  secretion.  Thymol  is  employed  chiefly  as  a  vermifuge,  having  been  at 
one  time  the  most  effective  agent  in  the  physician's  armamentarium  for  the  expulsion 
of  hookworms  (uncinariasis,  ankylostomiasis).  For  this  purpose  it  is  best  given  in  two 
doses,  of  10  to  20  grains  (0.6  to  1.2  Gm.)  each,  two  hours  apart.  The  patient  must 
not  have  taken  any  alcoholic  drink  or  any  fixed  oil  for  24  hours  previous,  as  these 
favor  absorption  and  give  rise  to  grave  danger  of  systemic  poisoning.  The  last  dose 
is  followed  after  2  hours  by  a  saline  or  other  purge,  but  not  castor  oil,  which  would 
hasten  absorption. 

Trichiniasis  may  be  prevented  by  2  grain  (0.13  Gm.)  doses  of  thymol  repeated 
three  or  four  times  and  followed  by  a  purge,  if  treatment  is  begun  within  twenty-four 
hours  after  the  meal  at  which  the  infested  meat  has  been  eaten;  the  exhibition  of  the 
thymol  should  be  preceded  by  lavage  of  the  stomach. 

In  amehic  dysentery  considerable  benefit  may  be  obtained  by  colonic  irrigation 
with  one  gallon  of  a  1 :  2000  solution  of  thymol  every  evening  for  6  days,  in  conjunction 
with  daily  dose  of  1  grain  (0.06  Gm.)  of  emetine  bismuth  iodide.  In  flagellate  diarrhea 
of  the  tropics,  Musgrave  prescribes  enemas  of  1 :  2000  thymol  solution,  and  4  to  8  grains 
(0.25  to  0.5  Gm.)  of  the  drug  by  mouth  per  diem.  A  solution  of  5  percent,  thymol 
and  2  percent,  oil  of  cinnamon  in  alcohol,  painted  on  the  skin  or  applied  as  a  wet 
dressing,  will  control  many  cases  of  infestation  of  the  skin  by  fungi  (Myers  and 
Thienes). 

In  fermentdtive  gastritis  and  enteritis  as  well  as  in  typhoid  fever,  thymol  may 
be  given  as  a  gastroenteric  disinfectant  in  doses  of  1  to  2  grains  (0.06  to  0.13  Gm.) 
three  or  four  times  a  day. 

Thymol  may  be  administered  in  capsules  containing  the  powdered  drug,  but  never 
dissolved  in  alcohol  or  oil,  as  the  absorption  of  poisonous  amounts  would  be  favored 
thereby. 


ANTISEPTIC  OILS 
Myrtol 

Ifyrtol  is  an  antiseptic  and  stimulant  oil,  which  was  introduced  into  medicine  in 
the  latter  half  of  the  last  century  as  a  remedy  for  infection  of  tho  re^iratory  and 
urinary  passajres. 

Its  action  is  similar  to  that  of  eucalyptol,  but  with  a  sedative  element  added. 

Materia  Medica. — Oleum  Myrtus  (unofficial),  Oil  of  Myrtle.    Synonym:   Myrtol. 

A  volatile  oil  distilled  from  the  leaves  of  Myrtua  commnnis  Linne  (Fam. 
Myrtacecp).    Contains  pinene,  cineol  and  a  characteristic  alcohol,  myrtenol. 

Dose,  1  to  20  minims  (0.06  to  0.12  cc). 

Therapeutics. — Myrtol  is  a  valuable  but  neglected  remedy,  acting  as  an  antiseptic 
and  stimulant  of  secretion,  in  catarrhal  conditions  of  the  respiratory  and  of  the  urinary, 
mucous  membranes.  In  hronchml  aftfhma,  in  the  bronchial  complications  of  pulmonary 
tuherculosis,  in  pertussis  and  in  irritative  cough  with  scanty  expectoration,  whether  of 
lai'yngeal,  tracheal  or  bronchial  origin,  it  has  distinct  palliative  value.  It  may  be 
usefully  associated,  in  such  conditions,  with  oleoresin  of  ciibeb  or  preparations  of 
eucalyptol. 

Myrtol  is  given  in  doses  of  1  to  10  minims  (O.OC  to  0.6  cc.)  from  once  to  4  or  5 
times  daily,  with  care, — the  frequency  being  inversely  as  the  quantity.  Serious  poison- 
ing has  resulted  from  the  close  repetition  of  doses  exceeding  3  to  5  minims.  It  is 
given  in  capsule  or  dropped  on  sugar,  or  in  emulsion  with  syrup  of  acacia,  syrup  of 
senega,  etc.  Myrtol  is  also  effective  by  inhalation  from  a  Yeo  respirator,  or  simply 
from  the  uncorked  vial.  It  has  a  somewhat  antispasmodic  action  when  thus  inhaled. 
If  the  inhalation  from  the  vial  be  too  prolonged,  dizziness  may  result,  but  when  ten 
drops  are  placed  on  the  respirator-sponge,  the  apparatus  may  be  worn  indefinitely. 

Sandalwood 

Sandalwood  oil  has  been  used  from  time  immemorial  in  the  East  as  a  component 
of  unguents  for  cosmetic  and  medicinal  use  and  in  mixtures  used  for  embalming  and 
for  incense.    Its  introduction  into  Western  medical  practice  is  relatively  recent. 

Its  action  is  that  common  to  most  of  the  essential  oils.  Its  value  as  an  antiseptic 
depends  largely  on  its  elimination  in  a  somewhat  modified  form  in  the  urine  and  in 
the  mucus  of  the  respiratory  tract.  Bactericidal  action  in  vitro  is  interfered  with  by 
its  insolubility  in  water.  Topically  it  is  moderately  irritating,  causing  burning  when 
applied  undiluted  to  mucosa  and  often  inducing  vomiting  if  given  on  an  empty 
stomach.  The  symptoms  of  poisoning  are  those  common  to  many  oils,  being  charac- 
terized by  weakness  with  lessened  reflexes  and  cutaneous  sensibility,  nausea  and 
vomiting  but  commonly  no  diarrhea,  chilliness  with  fall  of  temperature,  fall  of  blood 
pressure  and  failure  of  respiration.  The  oil  is  not  very  poisonous,  the  fatal  dose  in  the 
frog  being  5  mgm.  per  Gm.  and  few  if  any  fatal  cases  of  poisoning  in  man  being 
known.  A  red,  papular  eruption  is  one  of  the  frequent  manifestations  of  mild 
poisoning. 

Materia  Medica. — Santalum  Album  (N.F.),  White  Sandalwood.  Ahhr.,  Santal. 
Alb.    Synonym:  Sandalwood. 

The  heart- wood  of  Santalum  album  Linne  (Fam.  Santalacece).  Comes  in  billets, 
pieces,  or  chips  of  varying  shapes  and  sizes.  Odor  characteristic,  aromatic,  persistent ; 
taste  peculiar,  strongly  aromatic. 

Dose,  never  used  in  substance. 

Fluidextractum  Santali  Albi  (N.F.),  Fluidextract  of  Sandalwood.  Ahhr.,  Fldext. 
Santal.  Alb. 

Each  cc.  represents  1  Gm.  of  the  drug.     Alcoholic  content  about  90  percent. 

Dose,  1  fluidram  (4  cc). 
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Oleum  Santali  (U.S.  X.),  Oil  of  Saatal.  Ahhr.,  01.  Santal.  Synonym:  Oil  of 
Sandalwood. 

The  volatile  oil  distilled  from  the  heart-wood  of  Santalum  album  Linne.  It  yields 
not  less  than  90  percent,  of  alcohols  calculated  as  santalol  (CisHmO).  A  pale,  yellow, 
somewhat  thick,  oily  liquid,  having  the  characteristic  odor  and  taste  of  sandalwood. 

Dose,  5  to  30  minims  (0.3  to  2  cc),  in  emulsion  or  capsule. 

Arheol   (N.N.R.).     Synonym:    Santalol. 

A  sesquiterpenic  alcohol,  the  chief  constituent  of  sandalwood  oil.  A  colorless, 
oily  liquid;  insoluble  in  water,  but  soluble  in  alcohol. 

Dose,  6  to  10  grains  (0.4  to  0.6  Gm.). 

Santalolis  Salicylas  (N.N.E.),  Santalyl  Salicylate.    Synonym:     Santyl. 

A  yellowish,  oily  substance  with  a  faint  balsamic  odor  and  taste. 

Dose,  6  minims  (0.4  cc),  in  capsule,  t.i.d. 

Therapeutics. — Sandalwood  oil  has  been  used  with  much  benefit  in  chronic  hron- 
chitis  to  relieve  the  dry  cough.  It  is  given  in  doses  of  5  to  10  minims  3  or  4  times  a 
day,  or  in  doses  of  3  to  5  drops  on  sugar  whenever  the  coughing  spell  comes  on,  up  to 
a  total  of  30  to  40  drops  in  the  twenty-four  hours.  Its  chief  therapeutic  application 
however,  is,  as  a  sedative  to  the  urinary  tract  in  pyelitis,  chronic  cystitis,  irritable 
bladder,  and  urethritis,  either  simple  or  gonorrheal.  It  is  said  to  be  markedly  bacteri- 
cidal in  the  case  of  staphylococcic  infection  of  the  urinary  tract  but  inert  in  the 
presence  of  B.  coli  or  of  any  of  the  putrefactive  organisms. 

The  oils  of  cubeb  and  of  copaiba  are  synergistic  and  may  be  prescribed  in  associa- 
tion with  santal  oil  in  gonorrhea  or  gleet. 

Buchu 

Materia  Medica. — Buchu  (U.S. X.),  Buchu.  Synonyms:  Buchu  Folia,  Buchu 
Leaves. 

The  dried  leaves  of  Barosma  hetulina  (Thunberg)  Bartling  and  Wendland, 
or  of  Barosma  crenulata  (Linne),  known  in  commerce  as  short  buchu;  or  of  Barosma 
Serratifolia  (Curtis)  Willdenow,  known  in  commerce  as  long  buchu  (Fam.  Rutacece). 
Odor  and  taste  characteristic,  aromatic  and  mint-like.  It  depends  for  its  activity 
upon  a  volatile  oil  which  is  its  main  medicinal  content. 

Dose,  30  grains  (2  Gm.) ;  seldom  used  in  substance. 

Eluidextractum  Buchu  (U.S.  X.),  Fluidextract  of  Buchu.    Abhr.,  Fldext.  Buchu. 

Powdered  buchu  percolated  with  alcohol.  Each  cc.  represents  1  Gm.  of  the  drug. 
Alcoholic  content  about  84  percent. 

Dose,  15  to  60  minims  (1  to  4  cc). 

Fluidextractum  Buchu  Compositum  (N.E.),  Compound  Eluidextract  of  Buchu. 
Ahlr.,  Fldext.  Buchu  Co. 

Buchu,  625  Gm. ;  cubeb,  125  Gm. ;  juniper  berries,  125  Gm.,  uva  ursi,  125  Gm., 
percolated  to  exhaustion  with  alcohol  and  adding  sufficient  water  to  make  1000  cc. 
Two  cc.  represent  1  Gm.  of  the  drug,  with  an  alcoholic  content  of  about  52  percent. 

Dose,  15  to  45  minims  (1  to  3  cc). 

TiNCTURA  Buchu  (Br.),  Tincture  of  Buchu.    Ahbr.,  Tr.  Buchu. 

Buchu  leaves,  200  Gm. ;  percolated  with  60  percent,  alcohol  to  make  1000  cc.  Each 
five  cc.  represent  1  Gm.  of  the  drug. 

Dose,  1  to  2  fluidrams  (4  to  8  cc). 

Elixir  Buchu  (N.F.),  Elixir  of  Buchu.    Abbr.,  EHx.  Buchu. 

Fluidextract  of  buchu,  125  cc,  and  alcohol,  50  cc,  in  aromatic  elixir  to  make 
1000  cc 

Dose,  1/2  to  2  fluidrams  (2  to  8  cc). 
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Elixir  Buchu  Compositum  (N.F.),  Compound  Elixir  of  Buchu.  Ahhr.,  Elix. 
Buchu  Co. 

Compound  fluidextraet  of  buchu,  250  cc,  in  aromatic  elixir,  to  make  1000  cc. 

Dose,  Y2  to  2  fluidrams  (2  to  8  cc). 

Infusum  Buchu  (Br.),  Infusion  of  Buchu. 

Buchu  leaves,  50  Gm.;  boiliu};-  distilled  water,  1000  cc.  Infuse  in  a  covered  vessel 
for  15  minutes,  and  strain  while  hot. 

Dose,  1  to  2  fluidounces  (30  to  60  cc). 

Therapeutics. — Buchu  was  introduced  into  medicine  by  the  Dutch,  who  learned 
of  it  from  the  Hottentots  by  whom  it  was  used  as  an  application  to  wounds  and  in 
affections  of  the  stomach  and  bladder.  It  is  now  employed  chiefly  as  a  sedative  and 
antiseptic  in  infections  of  the  urinary  tract,  especially  ,a;onorrhea  and  its  complica- 
tions. Incontinence  of  urine  dependent  on  irritability  of  the  neck  of  the  bladder 
is  often  relieved  by  it.  It  is  commonly  administered  as  an  infusion,  an  ounce 
to  the  pint  of  boiling;  water,  1  to  2  fluidounces  being  given  every  2  or  3  hours.  This 
may  be  used  as  a  vehicle  for  more  active  agents,  which  can  then  be  given  in  reduced 
(lose. 

Irritant  Oils 

The  essential  oils  which  have  irritant  and  stimulant  properties  and  which  are 
employed  as  counterirritants,  ecbolics  and  emmenagogues,  are  few  in  number  but  of 
considerable  importance.  They  fall  into  several  subgroups  of  which  the  most  important 
is  constituted  by  the  terebinthinatos,  which  comprise  most  of  the  coniferous  oils.  These 
are  here  placed  with  the  group  of  Resins,  because  most  of  them  are  associated  with 
resin  acids.  These  oils  are  local  irritants  inducing  stimulation  and  even  acute  inflam- 
mation of  the  kidneys  and  when  given  in  large  dose  in  concentrated  form  causing 
severe  gastroenteric  disturbance.  The  oils  of  pinus  pumilionis,  of  juniper  and  of 
cedar,  are  similar  in  action  and  although  not  associated  with  resins,  are,  in  agreement 
with  common  usage,  placed  with  the  terebinthinates. 

The  oils  of  hedeoma,  pulegium  and  rosemary  all  belonging  to  the  Labiata^,  are  less 
irritating  topically  but  very  active  in  inducing  congestion  and  contraction  of  the 
uterus.  Achillea,  erigeron  and  tansy,  belonging  to  the  Composita?,  are  more  irritant 
to  the  digestive  tract  and  are  also  strong  ecbolics.  Any  of  these  oils,  as  well  as  that  of 
rue,  which  is  similar  in  action,  may  in  overdose  give  rise  to  dangerous,  and  even  fatal, 
gastroenteric  or  renal  inflammation. 

Materia  Medica. — Achillea  (unofficial),  Milfoil.    Synonym:  Yarrow. 

The  leaves  and  tops  of  Achillea  inille folium  Linne.  Achillea  is  aromatic  and 
astringent,  the  former  property  being  most  marked  in  the  flowers,  the  latter  in  the 
leaves.  It  contains  a  blue  ethereal  oil  (0.24  percent.)  containing  cineol;  a  bitter  gluco- 
side,  addllein;  and  a  tannin. 

Dose,  V2  to  1  dram  (2  to  4  Gm.)  of  the  herb.  The  volatile  oil  is  used  in  doses  of  10 
to  15  minims  (0.6  to  1  cc). 

Oleum  Cajuputi  (U.S.  X.),  Oil  of  Cajuput.  Ahhr.,  01.  Cajup.  Synonyms: 
Oil  of  Cajeput,  Cajuput  Oil. 

The  volatile  oil  distilled  from  the  fresh  leaves  and  twigs  of  several  varieties  of 
Melaleuca  Leucadendron  Linne,  especially  the  var.  Cajeputi  Roxburgh  and  the  var, 
minor  Smith  (Fam.  Myrtacecc),  rectified  by  steam  distillation.  A  colorless  or  yel- 
lowish liquid,  having  a  peculiar,  agreeable,  distinctly  camphoraceous  odor  and  an 
aromatic,  slightly  bitter  taste. 

Dose,  3  to  8  minims  (0.2  to  0.5  cc),  as  anthelmintic  and  expectorant;  externally 
as  a  counterirritant. 
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Spiritus  Cajuputi  (Br.)>  Spirit  of  Cajuput. 

Oil  of  cajuput,  10  parts;  alcohol  (90  percent.),  qs.  to  raake  100  parts.  Dissolve. 
When  not  clear,  shake  with  a  little  powdered  talc  and  filter. 

Dose,  5  to  20  minims  (0.3  to  1.3  cc). 

Oleum  Erigerontis  (unofficial),  Oil  of  Erigeron.  Ahhr.,  01.  Erigero.  Synonyms: 
Oil  of  Eleabane,  Oil  of  Canada  Eleabane. 

A  volatile  oil  distilled  from  the  whole  plant  Erigeron  canadense  Linne  (Fam. 
Compositce).  A  limpid,  oily  liquid,  growing  thicker  and  darker  with  age,  having  a 
characteristic  aromatic  odor  and  a  bitterish,  acrid  and  slightly  astringent  taste. 

Dose,  5  to  20  minims  (0.3  to  1.3  cc). 

Oleum  Hedeom^  (unofficial).  Oil  of  Hedeoma.  Synonyms :  Oil  of  Pennyroyal, 
Oil  of  Mosquito  Plant.  Not  to  be  confused  with  the  European  oil  of  pennyroyal  which 
is  oil  of  pulegium. 

A  volatile  oil  distilled  from  the  leaves  and  tops  of  Hedeoma  pulegioides  (Linne) 
Persoon  (Fam.  Lahiatce).  A  pale  yellow,  limpid  liquid  having  a  characteristic  pungent, 
mint-like  odor  and  taste.  It  depends  for  its  action  on  its  main  constituent,  hedeomol, 
CjoHisO,  which  constitutes  about  33  percent,  of  the  oil. 

Dose,  2  to  8  minims  (0.12  to  0.5  cc). 

Oleum  Pulegh  (unofficial),  Oil  of  Pulegium.  Synonyms :  Oil  of  Pennyroyal,  Oil 
of  Poley.  Not  to  be  confused  with  the  American  oil  of  pennyroyal  which  is  oil  of 
Chedeoma. 

An  oil  obtained  from  Mentha  pulegium  Linne,  Pulegium  vulgare  Mill  (Fam, 
Lahiatce),  which  depends  for  its  action  on  its  most  important  constituent,  pulegone, 
CioHidO,  which  forms  80  percent,  of  the  oil. 

Dose,  1  to  5  minims  (0.06  to  0.3  cc).    Mainly  used  as  an  abortifacient. 

Oleum  Eosmarini  (U.S.  X.),  Oil  of  Rosemary.  Ahhr.,  01.  Rosmar.  Synonyms: 
Eosemary  Oil,  Oil  of  Anthos. 

The  volatile  oil  distilled  from  the  fresh  flowering  tops  of  Rosmarinus  officinalis 
Linne  (Fam.  Lahiatce).  A  colorless  or  pale  yellow  liquid,  having  the  characteristic 
odor  of  rosemary  and  a  camphoraceous  taste.  It  is  soluble  in  10  volumes  of  80  percent, 
alcohol.  It  yields  not  less  than  2.5  percent,  of  esters  calculated  as  bornyl  acetate  and  not 
less  than  10  percent,  of  total  borneol,  free  and  as  esters. 

Dose,  1  to  3  minims  (0.06  to  0.2  cc). 

Spiritus  Rosmarini  (Br.),  Spirit  of  Rosemary.  Ahhr.,  Sp.  Rosmarin.  Synonym: 
Spirit  of  Anthos. 

Made  with  100  cc.  of  oil  of  rosemary;  alcohol  (90  percent.),  q.s.  to  make  1000  cc. 

Dose,  as  an  odorous  ingredient  in  lotions  and  liniments. 

Oleum  Rut^  (unofficially),  Oil  of  Rue.    Ahhi'.,  01.  Ruta. 

A  volatile  oil  distilled  from  the  leaves  of  Buta  graveolens  Linne  (Fam.  Rutaceos). 
A  yellowish  or  greenish -yellow,  oily  liquid,  becoming  thicker  and  brown  with  age, 
having  a  very  characteristic  disagreeable  odor  and  an  acrid  taste. 

Dose,  2  to  5  minims  (0.13  to  0.3  cc). 

Tanacetum  (unofficial),  Tansy. 

The  leaves  and  tops  of  Tanacetum  vulgare  Linne  (Fam.  Compositce).  The  odor 
is  fragrant  but  somewhat  disagreeable,  the  taste  warm  and  aromatic,  but  bitter  and 
acrid.  It  contains  a  volatile  oil  with  thujon  as  its  chief  constituent;  a  bitter,  tanacetin; 
tanaceto-tannic  acid;  a  resin,  etc. 

Dose,  1/2  to  1  dram  (2  to  4  Gm.). 

Therapeutics:  Cajuput. — Topical. — ^Like  many  of  the  volatile  oils,  cajuput  is  anti- 
septic and  indeed  is  more  so  than  most  of  the  others.  It  is  used  with  good  effect  in 
parasitic  skin  affections  such  as  ringworm,  scabies,  tinea  versicolor,  acne,  etc.,  and  it 
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acts  well  also  in  certain  other  dermatoses  which  are  not  generally  regarded  as  of 
parasitic  origin,  e.g.,  psoriasis,  but  in  which  a  local  stimulant  action  is  indicated.  It  is 
useful,  too,  as  an  embrocation  in  chronic  rheumatic  conditiotwi,  chilblain's,  and  nervous 
headache.  Toothache  is  relieved  temporarily  by  a  few  drops  of  cajuput  oil  on  a  small 
pledget  of  absorbent  cotton.    As  an  enema  it  causes  the  expulsion  of  threadworms. 

Systemic. — Internally  cajuput  is  sometimes  given  for  its  stimulant  effect  in  shock 
and  syncope.  Alono  (3  or  4  drops  on  a  lump  of  sugar)  or  combined  with  other 
carminatives  it  affords  speedy  relief  in  gastric  flatulence.  In  laryngitis  and  bron- 
chitis with  scanty  expectoration,  cajuput  oil  with  or  without  ammonium  chlorid  often 
acts  promptly  and  effectively,  loosening  the  cough  and  reducing  its  frequency.  In  the 
East  it  enjoys  a  reputation  as  a  vermifuge  in  infestation  with  roundworms,  and  as  a 
remedy  for  cystitis. 

Oil  of  Erioeron. — This  is  astringent  and  hemostatic.  It  has  been  used  in  menor- 
rhagia  and  metrorrhagia,  purpura,  profuse  epistaxis,  hemoptysis,  and  hemaiemesis, 
with  varying  success.  Bartholow  says  that  its  effects  are  especially  manifest  when 
the  bleeding  is  venous  rather  than  arterial.  He  found  it  distinctly  useful  in  ulhumi- 
nuria  when  not  associated  with  acute  congestion  of  the  kidneys.  The  drug  has  been 
used  in  bronchitis  as  a  stimulant  expectorant  in  doses  of  3  to  8  drops  (0.2  to  0.5  cc), 
mixed  with  granulated  sugar  and  swallowed  with  a  large  draft  of  water;  or  it  may 
be  enclosed  in  soft  gelatin  capsules. 

Oils  op  Pennyroyal,  Rue,  and  Tansy. — These  oils  are  very  similar  in  action, 
being  irritants  to  the  skin,  intestinal  mucous  membrane,  and  kidneys.  Tansy 
is  the  strongest,  pennyroyal  the  weakest.  They  have  been  employed  chiefly  in  domes- 
tic practice  in  amenorrhea  and  atonic  menorrhagia,  and  are  popularly  regarded  as 
abortifacients.  This  they  are  in  greater  or  less  degree,  but  they  are  poisonous  and 
are  often  as  fatal  to  the  mother  as  to  the  child,  many  deaths  having  in  former 
times  been  ascribed  to  their  use  in  overdose.  In  domestic  practice,  they  are  used  as 
emmenagogues,  a  tea  being  made  by  steeping  a  teaspoonful  of  the  crude  drug  in  a 
pint  of  water,  "just  off  the  boil";  the  dose  is  ^  to  1  cupful.  Tansy  tea  is  sometimes 
applied  externally  to  the  abdomen  in  hot  compresses  to  restore  the  menstrual  flow  when 
arrested  by  cold  bathing,  mental  shock,  or  other  transient  factor. 

The  American  oil  of  pennyroyal  (oleum  hedeoma),  which  is  obtained  from  an 
indigenous  labiate  plant,  is  useful  as  an  external  application  to  relieve  the  irritation 
of  insect  bites  and  to  keep  biting  insects  away. 

Internally,  it  is  given  as  a  carminative  to  relieve  flatulent  colic.  A  tea  (2  drams 
of  the  crude  drug  to  the  pint  of  water)  is  taken  hot  to  restore  suppressed  menses, 
and  to  abort  a  beginning  coryza  by  inducing  profuse  diaphoresis. 

Rosmarinus. — The  oil  of  rosemary  is  seldom  given  internally  and  is  employed 
chiefly  as  a  rubefacient  and  mild  counterirritant.  It  formerly  enjoyed  a  great  repu- 
tation as  a  stimulant  to  hair  growth  and  was,  and  still  is  occasionally,  employed  as 
a  synergistic  ingredient  of  so-called  "hair  tonics." 

Resins 

Resins  are  acidic  bodies  related  in  composition  to  the  essential  oils  and  often 
associated  with  them,  forming  oleoresins.  They  are  dissolved  by  alkalis,  undergoing 
a  change  known  as  "saponification"  and  are  precipitated  by  acids.  They  are  soluble  in 
alcohol  and  in  most  organic  solvents.  Almost  all  the  terebinthinate  oils  contain  resins, 
and  these  are  therefore  included  here.  The  resins  are  employed  in  therapeutics  largely 
for  their  antiseptic  powers,  several  of  them  forming  constituents  of  wound  dressings 
(cade,  galbanura,  myrrh),  others  exerting  a  similar  action  in  the  throat  and  the 
urinary  tract  (copaiba,  cubeb,  guaiac,  thuja).    Some  are  topical  irritants,  employed  as 
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rubefacients  (myrrh,  turpentine)  ;  while  several  are  nerve  sedatives  (asafetida,  cannabis, 
lupulin).    Ginger  is  used  as  a  carminative. 

The  terebinthinates  include  those  oils  which  resemble  turpentine  in  constitution 
and  properties.  Terebinthinates  are  also  defined  as  including  only  oils  obtained  from 
incisions  in  the  wood  of  various  coniferous  trees,  or,  more  broadly,  the  term^  is  made  to 
include  all  coniferous  oils,  even  cedar  and  juniper.  The  true  terebinthinates  are  semi- 
fluid, with  a  yellowish-green,  or,  more  rarely,  a  slightly  reddish  tint,  a  strong  and  pene- 
trating odor  and  a  more  or  less  acrid  and  burning  or  bitter  taste. 

The  principal  oils  of  this  class  are:  common  (white)  turpentine,  from  Pinus 
palustris  and  other  pines;  Venice  turpentine,  from  Larix  europea,  which  does  not 
desiccate  in  the  air;  Burgundy  pitch,  from  Abies  excelsa,  gathered  in  the  Vosges 
mountains  (this  name  is  also  aijplied  in  Europe  to  the  exudate  from  Pinus  pinaster) ; 
Canada  balsam  (turpentine),  from  Abies  balsaraea.  Chian  turpentine,  from  the  tere- 
binth Pistacia  terebintus,  is  thick  and  greenish-gray  with  a  sweet  and  not  unpleasant 
taste  and  an  odor  like  fennel  seed.  Less  important  are  the  common  European  turpen- 
tine (never  seen  in  this  country)  from  Pinus  sylvestris  and  P.  maritima ;  Terehinthiny 
(improperly  called  Mecca  Balsam  and  Judea  Balsam),  from  the  Balsamodendron 
opobalsamon;  Strasshurg  turpentine,  from  Abies  picea;  and  Mastich,  from  Pistacia 
lentiscus.  Other  oils  derived  from  coniferse  include  those  of  cedar,  juniper,  savin, 
thuja  and  Pinus  pumilionis. 

Oil  of  Cade  is  an  oily  product  obtained  by  the  destructive  distillation  of  the 
prickly  cedar  (Juniperus  oxycedrus)  of  the  Mediterranean  basin.  It  varies  in  com- 
position, the  chief  constituent  being  the  sesquiterpene,  cadinen.  It  has  the  charac- 
teristics and  uses  of  vegetable  tar,  rather  than  of  turpentine. 

Chemistry. — The  turpentines  consist  in  general  of  two  portions,  more  or  less 
readily  separable  by  distillation,  the  volatile  part  being  known  as  spirit  (essence) 
of  turpentine,  the  residue  as  resin  or  rosin.  The  essence  of  white  turpentine  is 
official  in  the  U.S.P.  as  Oil  of  Turpentine,  the  resin  as  Resina.  The  volatile  portions 
consist  chiefly  of  terpenes  of  the  pinene  and  menthene  types.  That  from  white  tur- 
pentine is  almost  wholly  pinene — 
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Terebene  is  artificially  produced  by  heating  oil  of  turpentine  with  sulphuric  acid. 
It  differs  from  pinene  in  having  two  less  hydrogen  atoms — 

CH--CH  CH, 

/  \         / 

CH,— CH  C— CH 

CHj—  CH  CH, 

It  resembles  turpentine  in  properties  but  is  less  pungent  and  more  aromatic. 

Materia  Medica.— Copaiba  (U.S.  X.),  Copaiba.  Ahhr.,  Copaih.  Synonyms:  Balsam 
Copaiba,  Balsam  Copaiva. 

An  oleoresin  derived  from  the  South  American  specie^  of  Copaiba  (Fam, 
Leguminosce),  occurring  as  a  pale  yellow  to  brownish-yellow,  more  or  less  viscid  liquid, 
either  without  fluorescence  or  with  only  a  slight  greenish  fluorescence.  It  has  a 
peculiar  aromatic  odor  and  a  persistent  bitter,  acrid  taste.     It  is  insoluble  in  water. 
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partly  soluble  in  alcohol,  more  completely  soluble  in  dehydrated  alcohol,  soluble  in 
fixed  and  volatile  oils,  completely  soluble  in  chloroform  and  ether.  As  it  contains  no 
benzoic  acid,  it  is  only  improperly  called  a  balsam. 

Dose,  15  to  30  minims  (1  to  2  cc). 

Oleum  CoPAiBiE  (Br.),  Oil  of  Copaiba.  Synonyms:  Oil  of  Copaiva,  Oil  of  Balsam 
of  Copaiva. 

A  volatile  oil  distilled  from  copaiba.  It  is  colorless  or  pale  yellow,  with  the  odor 
and  taste  of  copaiba. 

Dose,  5  to  20  minims  (0.3  to  1.3  cc). 

Massa  Copaib.e  (IST.F.),  Mass  of  Copaiba.  Ahbr.,  Mass.  Copaib.  Synonym: 
Solidified  Copaiba. 

It  is  a  combination  of  copaiba  (94  Gm.)  with  a  hydrated  magnesium  oxide  (6 
Gm.),  reduced  to  a  pilular  consistence. 

Dose,  10  to  20  grains  (0.6  to  1.3  Gm.). 

MisTURA  Copaiba  (N.F.),  Copaiba  Mixture.  Ahhr.,  Mist.  Copaib.  Synonym: 
Lafayette  Mixture. 

This  mixture  contains  copaiba,  spirit  of  nitrous  ether,  compound  tincture  of  lav- 
ender, of  each  125  cc. ;  solution  of  potassium  hydroxide,  32  cc. ;  syrup,  300  cc. ;  mucilage 
of  acacia,  q.s.  to  make  1000  cc. 

Dose,  1  to  4  fluidrams  (4  to  16  cc). 

]\riSTURA  Copaib.e  et  Opii  (N.F.),  Mixture  of  Copaiba  and  Opium.  Ahhr.,  Mist. 
Copaib.  et  Opii.    Synonym:  Chapman's  Mixture. 

This  mixture  contains  copaiba,  spirit  of  nitrous  ether,  of  each,  250  cc;  compound 
tincture  of  lavender,  65  cc;  tincture  of  opium,  32  cc;  mucilage  of  acacia,  125  cc; 
water,  q.s.  to  make  1000  cc. 

Dose,  V2  to  2  fluidram  (2  to  8  cc). 

CuBEBA  (U.S.X.),  Cubeb.     Ahhr.,  Cubeb.     Synonym:  Cubebs. 

The  dried,  nearly  full-grown,  unripe  fruit  of  Piper  cuheha  Linne  filius  (Fam. 
Pipcracece).  Cubeb  yields  not  less  than  10  percent,  of  volatile,  ether  soluble  extractive; 
odor  aromatic  and  characteristic,  taste  strongly  aromatic  and  pungent. 

Dose,  of  powdered  substance,  10  to  30  grains  (0.6  to  1  Gm.). 

Oleum  Cubebs  (U.S.  IX.),  Oil  of  Cubebs.  Ahhr.,  01.  Cubeb.  Synonym:  Cubeb 
Oil. 

A  volatile  oil  distilled  from  the  unripe  fruit  of  Piper  cuheha,  occurring  as  a 
colorless,  pale  green,  or  greenish-yellow  oil,  having  the  characteristic  odor  and  taste 
of  cubeb. 

Dose,  5  to  20  minims  (0.3  to  1.2  cc). 

Oleoresina  Cubeb.e  (U.S.  IX.),  Oleoresin  of  Cubeb.  Ahhr.,  Oleores.  Cubeb, 
Synonym:  Ether  Extract  of  Cubeb. 

Prepared  by  percolation  with  alcohol,  the  latter  being  removed  by  distillation  on 
completion  of  the  process.  After  standing  for  some  time  it  deposits  a'  crystalline  waxy 
precipitate  which  is  inert  and  should  be  rejected. 

Dose,  5  to  10  grains  (0.3  to  0.6  Gm.). 

Tinctura  Cubeb.«  (KF.),  Tincture  of  Cubeb.    Ahhr.,  Tr.  Cubeb. 

Prepared  by  maceration;  200  Gm.  of  cubeb,  alcohol  (90  percent.)  q.s.  to  make 
1000  cc    Five  cc  represents  1  Gm.  of  the  drug.    Alcoholic  content,  78  percent. 

Dose,  Vo  to  2  fluidrams  (2  to  8  cc). 

Fluide-ttractum  Cubebs  (N.F.),  Fluidextract  of  Cubeb.     Ahhr.,  Fldext.  Cubeb, 

Powdered  cubeb  percolated  to  exhaustion  with  alcohol,  each  cc.  representing  1  Gm. 
of  the  drug,  with  an  alcoholic  content  of  about  88  percent. 

Dose,  10  to  30  minims  (0.6  to  2  cc). 
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Trochisci  CuBEBiE  (U.S.  IX.),  Troches  of  Cubeb.    Ahhr.j  Troch.  Cubeb. 

Oleoresin  of  cubeb,  2  Gm. ;  oil  of  sassafras,  1  cc. ;  extract  of  glycyrrhiza,  25  Gm. ; 
acacia,  12  Gm. ;  syrup  of  tolu,  q.s.  to  make  100  troches.  Each  lozenge  contains  y^  grain 
(0.02  Gm.)  of  the  oleoresin. 

Dose,  1  to  3  troches. 

Sabal  (N.F.),  Sabal.    Synonym:  Saw  Palmetto  Berries. 

The  partially  dried,  ripe  fruit  of  Serenoa  serrulata  (Michaux)  Hooker  filius 
(Fam.  Palmce).  The  powdered  drug  is  yellowish-brown;  odor  pronouncedly  aromatic; 
taste  sweetish,  aromatic  and  slightly  acrid. 

Dose,  10  to  20  grains  (0.6  to  1.3  Gm.). 

ELuroEXTRACTUM  Sabal  (N.F.),  Fluidextract  of  Sabal.    Ahhr.,  Fldext.  Sabal. 

Each  cc.  represents  1  Gm.  of  the  drug.    Alcoholic  content  about  78  percent. 

Dose,  10  to  20  minims  (0.6  to  1.2  cc). 

Elixir  Sabal  et  Santali  Compositum  (N.F.),  Compound  Elixir  of  Sabal  and 
Sandalwood.  Ahhr.,  Elix.  Sabal  et  Santal.  Co.  Synonym:  Compound  Elixir  of  Saw 
Palmetto  and  Sandalwood. 

Each  fluidram  represents  15  grains  (1  Gm.)  each  of  sabal  and  triticum;  15  minims 
(1  cc.)  of  fluidextract  of  zea,  and  3%  minims  (0.25  cc.)  of  fluidextract  of  sandal- 
wood. 

Dose,  1  fluidram  (4  cc). 

TiNCTURA  Sabal  et  Santali  (N.F.),  Tincture  of  Sabal  and  Sandalwood.  Ahhr., 
Tr.  Sabal  et  Santal. 

Each  fluidram  represents  12  grains  (0.8  Gm.)  of  sabal  and  3,75  grains  (0.24  Gm.) 
of  sandalwood.     Alcoholic  content  about  75  percent. 

Dose,  1  fluidram  (4  cc). 

Balsamum  Gurjun^  (unofficial),  Gurjun  Balsam.     Synonym:  Wood  Oil. 

Obtained  from  the  trunk  of  Dipterocarpus  turhinatus  Gsertner  fliiLs  (Fam. 
Dipterocarpacece) ,  a  variety  of  Cuheha.  A  clear  dark  brown  or  greenish  fluorescent 
liquid  of  aromatic  odor  and  taste,  recalling  the  odor  and  taste  of  copaiba.  Incompletely 
soluble  in  alcohol  and  ether.  Has  approximately  the  same  use  as  the  same  preparation 
of  cubeb. 

Dose,  15  to  30  minims  (1  to  2  cc). 

Oleum  Gurjun^  (unofficial),  Gurjun  Oil.  Synonyms:  Oil  of  Dipterocarpus,  Oil 
of  Wood. 

A  volatile  oil  obtained  from  gurjun  balsam,  occurring  as  a  yellow,  rather  thick, 
oily  liquid,  with  the  odor  and  taste  of  gurjun  balsam.  Similar  in  its  uses  to  oil  of 
cubeb. 

Dose,  10  to  30  minims  (0.6  to  2  cc). 

Sanderaca  (unofficial),  Sanderac    Synonym:  Gum  Juniper. 

A  resinous  exudation  from  the  trunk  and  branches  of  Callitris  quadrivalvis  Vent. 
(Fam.  Pinacece). 

Occurs  in  small  round  tears  of  a  light  or  brownish-yellow  color;  odor  faint, 
agreeable;  taste  resinous  and  slightly  acrid.  Insoluble  in  water;  soluble  in  alcohol 
and  in  ether. 

Dose,  not  given  in  substance.  Used  in  composition  of  various  ointments  and 
plasters. 

Guaiaci  Lignum  (Br.),  Guaiac  Wood.  Ahhr.,  Guaiac  Lig.  Synonym:  Lignum 
Vitae. 

The  heart-wood  of  Guaiacxim  officinale  Linne ;  or  G.  sanctum  Linne  (Fam. 
Zygophyllacece) ,  usually  occurring  in  the  form  of  shavings,  chips  or  raspings,  entirely 
free  from  adhering  bark;  heavier  than  water;  odorless,  unless  heated;  taste,  bitter  and 
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acrid  when  chewed.  It  yields  to  alcohol  not  less  than  15  percent,  of  extractives, 
mainly  resin. 

Dose,  of  substance,  yz  to  1  dram  (2  to  4  Gm.). 

GuAiACUM  (U.S.  IX.),  Guaiac.    Synonym:  Guaiac  Resin, 

It  is  the  resin  of  the  wood  of  Guaiacum  officinale  Linne  or  Gvaiacum  sanctum 
Linne  (Fam.  Zygophyllacea;).  When  powdered  it  is  grayish,  but  becomes  green  on 
exposure  to  air.  Odor,  balsamic;  taste,  slightly  acrid.  It  unites  readily  with  alkalis, 
with  which  it  is  frequently  administered. 

Dose,  10  to  30  grains  (0.6  to  2  Gm.),  in  powder. 

Tln'ctura  Guaiaci  (U.S.  IX.),  Tincture  of  Guaiac.     Abhr.,  Tr.  Guaiac. 

Powdered  guaiac  percolated  to  exhaustion  with  alcohol,  five  cc.  representing  1  Gm. 
of  the  drug,  with  an  alcoholic  content  of  about  78  percent. 

Dose,  30  to  60  minims  (2  to  4  cc). 

TiNCTURA  Guaiaci  Ammoniata  (U.S.  IX.),  Ammoniated  Tincture  of  Guaiac. 
Ahhr.,  Tr.   Guaiac.  Ammon. 

This  tincture  is  prepared  by  macerating  and  percolating  200  Gm.  of  guaiac  pow- 
dered with  1000  cc.  aromatic  spirit  of  ammonia  as  the  solvent. 

Dose,  15  to  45  minims  (1  to  3  cc). 

TiNCTURA  Guaiaci  Composita  (N.F.),  Compound  Tincture  of  Guaiac.  Ahlr., 
Tr.  Guaiac.  Co.     Synonym:  Dewee's  Tincture  of  Guaiac. 

Guaiac,  125  Gm. ;  potassium  carbonate,  6  Gm. ;  pimenta,  32  Gm. ;  pumice  65  Gm.; 
alcohol,  435  cc;  water,  435  cc. ;  diluted  alcohol,  q.s.  to  make  1000  cc  Alcoholic  content 
about  38  percent. 

Dose,  30  to  60  minims  (2  to  4  cc). 

MiSTURA  Guaiaci  (Br.),  Guaiacum  Mixture.  Synonyms:  Lac  Guaiaci,  Emulsio 
Guaiaci. 

Guaiacum  resin,  25  Gm. ;  sugar,  25  Gm. ;  tragacanth,  5  Gm.;  cinnamon  water,  q.s, 
to  produce  1000  cc.    Each  fluidounce  contains  about  11  grains  of  guaiacum  resin. 

Dose,  1/2  to  1  fluidounce  (15  to  30  cc). 

Trochiscus  Guaiaci  Eesin.e  (Br.),  Guaiacum  Resin  Lozenge.  Ahlr.,  Troch. 
Guaiac  Res. 

Three  grains  (0.2  Gm.)  of  guaiac  resin,  mixed  with  fruit  basis  to  form  a 
lozenge. 

Dose,  1  troche,  t.i.d. 

Gargarisma  Guaiaci  Compositum  (N.F.),  Compound  Gargle  of  Guaiac  Ahlr., 
Garg.  Guaiac.  Co. 

Ammoniated  tincture  of  guaiac,  100  cc. ;  compound  tincture  of  cinchona,  100  cc; 
clarified  honey,  200  cc;  potassium  chlorate,  40  Gm. ;  oil  of  peppermint,  2  cc;  water, 
q.s.  to  make  1000  cc. 

Dose,  used  as  a  mouth  wash  and  gargle. 

Glyceritum  Guaiaci  (unofficial),  Glycerite  of  Guaiac.    Ahhr.,  Glycer.  Guaiac 

Guaiac,  85  Gm. ;  solution  of  potassium  hydroxide,  65  cc. ;  glycerin,  600  cc. ; 
water,  q.s.  to  make  1000  cc 

Dose,  15  to  45  minims  (1  to  3  cc), 

MvRRHA  (U.S.  X.),  Myrrh.    Synonym:  Arabian  Myrrh. 

A  gum-resin  obtained  from  Commiphora  myrrha  (Nees)  Baillon  or  from  other 
species  of  Commiphora  (Fam.  Burseracece).  Odor  balsamic,  aromatic;  taste  aromatic, 
bitter,  and  acrid.    The  powder  is  yellowish-brown. 

Dose,  5  to  10  grains  (0.3  to  0.6  Gm.). 

TiNCTURA  Myrrhs  (U.S.  X.),  Tincture  of  Myrrh.  Ahhr.,  Tr.  Myrrh.  Synonym: 
Tincture  of  Arabian  Myrrh. 
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Powdered  myrrh  percolated  to  exhaustion  with  alcohol,  five  cc.  representing  1  Gm. 
of  the  drug,  with  an  alcoholic  content  of  about  88  percent. 

Dose,  15  to  45  minims  (1  to  3  cc),  usually  with  water  as  a  mouth-wash  or 
gargle. 

Zea  (N.r.),  Zea.    Synonym:   Corn  Silk. 

The  fresh  styles  and  stigmas  of  Zea  mays  Linne  (Fam.  Graminew).  Color  light 
green,  purplish-red,  yellow  or  light  brown.  Depends  for  its  activity  upon  maizenic 
acid. 

Dose,  1  to  3  drams  (4  to  12  Gm.). 

Fluidextractum  Ze^  (N.F.),  Fluidextract  of  Zea.    Alhr.,  Fldext.  Zea. 

Each  cc.  represents  1  Gm.  of  the  drug. 

Dose,  1  fluidram  (4  cc). 

Zingiber  (U.S.  X.),  Ginger.    Ahhr.,  Zingib. 

The  dried  rhizome  of  Zingiber  officinale  Eoscoe  (Fam.  Zingiherace(B),  known  in 
commerce  as  Jamaica  ginger.  Cochin  ginger,  or  African  ginger.  The  odox*  is  agreeably 
aromatic  and  the  taste  aromatic  and  pungent. 

Dose,  8  to  15  grains  (0.5  to  1  Gm.). 

Fluidextractum  Zingiberis  (U.S.  X.),  Fluidextract  of  ginger.  Ahhr.,  Fldext. 
Zingib. 

Jamaica  ginger,  powdered,  1000  Gm.,  percolated  with  1000  cc.  of  alcohol,  the 
product  being  a  highly  concentrated  alcohol  solution  of  the  active  principles  of  ginger. 
Alcoholic  content  about  30  percent,  by  volume. 

Dose,  8  to  15  minims  (0.5  to  1  cc). 

Oleoresina  Zingiberis  (U.S.  IX.),  Oleoresin  of  Ginger.  Ahhr.,  Oleores.  Zingib. 
Synonym:  Gingerin. 

Prepared  by  percolating  ginger  in  No.  60  powder  with  ether  and  evaporating  the 
percolate  to  dryness. 

Dose,  Vo  to  1  grain  (0.03  to  0.6  Gm.),  well  diluted. 

Syrupus- Zingiberis  (U.S.  X.),  Syrup  of  Ginger.    Ahhr.,  Syr.  Zingib. 

Fluidextract  of  ginger,  30  cc. ;  alcohol,  20  cc. ;  magnesium  carbonate,  10  Gm. ; 
sucrose,  820  Gm. ;  water,  q.s.  to  make  1000  cc  Alcoholic  content  about  4  percent,  by 
volume. 

Dose,  2  to  4  fluidrams  (8  to  16  cc). 

TiNCTURA  Zingiberis  (U.S.  X.),  Tincture  of  Ginger.    Ahhr.,  Tr.  Zingib. 

Prepared  by  percolating  coarsely  ground  ginger  to  exhaustion  with  alcohol  and 
"w^ter;  five  cc.  representing  1  Gm.  of  the  drug,  with  an  alcoholic  content  of  about 
75  percent. 

Dose,  15  to  45  minims  (1  to  3  cc). 

Oleum  Cadinum  (U.S.  X.),  Oil  of  Cade.  Ahhr.,  01.  Cadin.  Synonyms:  Cade 
Oil,  Oleum  Juniperi  Empyreumaticum. 

The  empyreumatic  volatile  oil  obtained  by  the  destructive  distillation  of  the 
wood  of  Juniperus  oxycedrus  Linne  (Fam.  Pinacece).  A  dark  brown,  clear,  thick 
liquid,  having  a  tarry  odor  and  a  warm,  faintly  aromatic,  bitter  taste.  Very  slightly 
soluble  in  water;  partially  soluble  in  alcohol,  but  completely  soluble  in  3  volumes  of 
ether,  and  in  all  proportions  in  amyl  alcohol,  chloroform  and  oil  of  turpentine. 

Dose,  internally,  1  to  3  minims  (0.06  to  0.2  cc),  externally  as  a  rubefacient  or 
parasiticide,  when  diluted  with  a  bland  oil. 

Petroxolinum  Cadinum  (N.F.),  Cade  Petroxolin.  Ahhr.,  Petrox.  Cadin.  Syno- 
nyms: Petroxolin,  Oil  of  Juniper  Tar. 

Oil  of  cade,  25  Gm. ;  liquid  petroxolin,  75  Gm. 

Dose,  used  externally  as  an  antiparasitic  and  in  certain  skin  diseases. 


RESINS  847 

JuNiPERUS  (N.F.),  Juniper  Berries.     Abhr.,  Junip. 

The  carefully  dried  ripe  fruit  of  Juniperus  communis  Linne  (Fam.  Pinacea;), 
The  juniper  berry  has  an  aromatic  odor  and  a  sweet,  pleasant,  terebinthinate,  slightly 
bitter  taste.  It  contains  sugar,  resin,  and  an  essential  oil  upon  which  the  odor  and 
taste  depend. 

Dose,  not  administered  in  substance.     See  Fluidextract. 

Oleum  Juniperi  (U.S.  X.),  Oil  of  Juniper.  Ahhr.,  01.  Junip.  Synonym:  Juniper 
Oil. 

A  volatile,  colorless  or  faintly  {•reeu  or  yellow  liquid,  having  the  character- 
istic odor  and  taste  of  juniper  berries,  distilled  from  the  dried  ripe  fruit  of  the 
juniper  plant.  It  is  soluble  in  4  volumes  of  alcohol  with  not  more  than  a  slight 
cloudiness. 

Dose,  1  to  10  minims  (O.OG  to  0.6  cc). 

Spiritus  Jumi>eri  (U.S.  IX.),  Spirit  of  Juniper.    Ahhr.,  Sp.  Junip. 

Oil  of  juniper,  50  cc. ;  alcohol,  q.s.  to  make  1000  cc.  Alcohol  content  about  90 
percent,  by  volume. 

Dose,  20  to  60  minims  (1.2  to  4  cc). 

Spihitus  Juniperi  Compositus  (U.S.  IX),  Compound  Tjpirit  of  Juniper.  Ahhr., 
Sp.  Junip.  Co. 

Oil  of  juniper,  8  cc. ;  oil  of  caraway,  1  cc.  ;.oil  of  fennel,  1  cc. ;  alcohol,  1400  cc. ; 
water,  q.s.  to  make  2000  cc. 

Dose,  2  to  3  fluidrams   (8  to  12  cc). 

Fluidextractum  Juniperi  (N.F.),  Fluidextract  of  Juniper  Berries.  Ahhr.,  Ildext. 
Junip. 

Prepared  from  juniper  berries  by  using  diluted  alcohol  as  the  menstruum.  Each 
cc.  represents  1  Gm.  of  the  drug.     Alcoholic  content  about  43  percent. 

Dose,  Yz  to  1  fluidram  (2  to  4  cc),  as  a  diuretic. 

PoPULi  Gemm^  (N.F.),  Balsam  Poplar  Buds.  Ahhr.,  Popul.  Gem.  Synonym: 
Balm  of  Gilead  Buds. 

The  air  dried,  closed,  winter  leaf-buds  of  Populu.s  negra  Linnc,  P.  candicans  Aitoii, 
or  P.  halsamifera  Linne  (Fam.  Sal'uaccai).  Odor  pleasant,  balsamic;  taste  aromatic 
and  bitter. 

Dose,  V2  to  1  dram  (2  to  4  Gm.). 

Sabina  (unofficial),  Savin.     Synonym,:  Savine  Tops. 

The  tops  of  the  shrub  Juniperus  sahina  Linne  (Fam.  Coniferce).  Odor  peculiar, 
terebinthinate;  taste  disagreeable,  resinous  and  bitter. 

Dose,  not  used  in  substance:  see  preparations  below. 

Oleum  Sabin.e  (unofficial).  Oil  of  Savin. 

A  volatile  oil  distilled  from  the  fresh  tops  of  savin;  a  colorless  or  yellowish  liquid, 
having  a  peculiar  terebinthinate  odor  and  a  pungent,  bitterish,  and  camphoraceous 
taste.     It  is  soluble  in  about  Yz  volume  of  90  percent,  alcohol. 

Dose,  1  to  3  minims  (0.06  to  0.2  cc). 

Fluidextractum  Sabin^e  (unofficial),  Fluidextract  of  Savin. 

Made  by  maceration,  percolation,  and  fractional  evaporation  with  alcohol  as  the 
menstruum.  Each  cc.  representing  1  Gm.  of  the  drug  with  an  alcoholic  content  of 
about  82  percent. 

Dose,  5  to  10  minims  (0.3  to  0.6  cc).     Main  use  externally. 

Oleum  Pini  Pumilionis  (U.S.  X.),  Oil  of  Dwarf-Pine  Needles.  Ahhr.,  01.  Pin. 
Pumil.     Synonyms:  Dwarf-Pine  Oil,  Oil  of  Pine. 

A  volatile  oil  distilled  from  the  fresh  leaves  of  Pimis  montana  Miller  (Pinus 
pumilio   Haenke)    (Fam.   Pinacece).     A   colorless    or   faintly   yellowish   oil   having   a 
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pleasant  aromatic  odor  and  a  bitter,  pungent  taste.    Yields  not  less  than  5  percent,  of 
esters  calculated  as  bornyl  acetate. 

Dose,  5  to  10  minims  (0.3  to  0.6  cc). 

Apinolum   (unofficial),  Apinol. 

An  oil  obtained  by  the  destructive  distillation  of  the  wood  of  Pinus  palustris 
and  P.  australis.  A  clear,  amber-colored  oil  with  an  odor  resembling  that  of  the  pine. 
Depends  for  its  action  on  its  main  constituent,  Isevo-menthone,  CmlljgO. 

Dose,  5  to  10  minims  (0.3  to  0.6  cc),  as  an  expectorant;  externally  as  an  antiseptic. 

Thuja  (N.F.),  Thuya.     Synonyms:  Arbor  Vitse,  White  Cedar. 

The  recently  dried,  leafy  young  twigs  of  Thuja  occidentalis  Linne  (Fam. 
Pinacece).  Odor  strongly  balsamic,  aromatic,  and  pungent;  taste  camphoraceous,  tere- 
binthinate,  and  bitter.  Thuja  oil  contains  pinene,  fenchone,  thujone  and  probably 
carbon,  but  its  principal  content  and  active  agent  is  thujetic  acid. 

Dose,  20  to  40  grains  (1.3  to  2.5  Gm.)  ;  never  used  in  substance.  (See  two  prepara- 
tions below.) 

Fluidextractum  Thuj^  (N.F.),  Fluidextract  of  Thuya.  Ahhr.,  Fldext.  Thuj. 
Synonym:  Fluidextract  of  Arbor  Vitse. 

Powdered  thuja  extracted  to  exhaustion  with  alcohol.  Each  cc.  represents  1  Gm. 
of  the  drug  with  an  alcoholic  content  of  about  82  percent. 

Dose,  20  to  40  minims  (1.3  to  2.5  cc). 

Oleum  Thuj^  (unofficial),  Oil  of  Thuya,  Oil  of  White  Cedar. 

A  volatile  oil  distilled  from  the  leaves  and  twigs  of  Thuja  occidentalis.  A  yel- 
lowish-green, oily  liquid  with  a  camphoraceous  odor  and  tansy -like  taste;  readily 
soluble  in  alcohol. 

Dose,  1  to  3  minims  (0.06  to  0.2  cc). 

Oleum  Abietis  (Br.),  Oil  of  Siberian  Fir.    Synonym:  Oil  of  Pine  (incorrect). 

An  oil  obtained  by  distillation  from  the  fresh  leaves  of  the  Ahies  sihirica  Ledeb. 
(Fam.  Goniferoe).  An  almost  colorless  oily  liquid  with  an  agreeable  piney  odor  and 
pungent  taste ;  soluble  in  1  part  of  90  percent,  alcohol.  Contains  from  30  to  40  percent, 
of  esters.    Calculated  as  bornyl  acetate,  C^^^.Q^^O^. 

Dose,  1  to  5  minims  (0.06  to  0.3  cc),  preferably  in  capsules  or  administered  on 
sugar. 

PiNus  Alba  (N.F.),  White  Pine  Bark.    AUr.,  Pinus.  Alb. 

The  dried  inner  bark  of  Pinus  strobus  Linne  (Fam.  Pinacece).  Odor  slight, 
terebinthinate ;  taste  slightly  mucilaginous,  bitter-sweet  and  astringent. 

Dose,  15  to  45  grains  (1  to  3  Gm.). 

Syrupus  Pini  Alb.«  Compositus  (N.F.),  Compound  Syrup  of  White  Pine.  Ahhr., 
Syr.  Pin.  Alb.  Co.     Synonym:    Syrupus  Pini  Strobi  Compositus. 

Each  fluidram  contains  5  grains  (0.3  Gm.)  of  white  pine  bark,  5  grains  (0.3  Gm.) 
of  wild  cherry,  %  grain  (0.04  Gm.)  of  aralia,  %  grain  (0.04  Gm.)  of  balsam  poplar 
buds,  1/2  grain  (0.03  Gm.)  of  sanguinaria,  %  minim  (0.024  cc.)  of  chloroform. 

Dose,  1  to  2  fluidrams  (4  to  8  cc). 

Apinolum  (N.N.E.),  Apinol. 

A  product  obtained  in  the  destructive  distillation  of  the  wood  of  Pinus  palus-^, 
iris  and  P.  australis.  A  clear,  amber  colored  oil,  with  an  odor  resembling  that  of 
pine. 

Dose,  5  to  15  minims  (0.3  to  1  cc). 

Terebinthina  (N.F.),  Turpentine.  Ahhr.,  Terebinth.  Synonym:  White  Tur- 
pentine. 

A  concrete  oleoresin  obtained  from  Pinus  palustris  Miller  and  from  other  species 
of  Pinu^  (Fam.  Pinacece).     Occurs  in  yellowish,  opaque  masses,  lighter  internally, 
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sticky  and  more  or  less  glossy;  brittle  in  the  cold.  Odor  and  taste  characteristic. 
Freely  soluble  in  alcohol,  ether,  chloroform,  or  glacial  acetic  acid. 

Dose,  20  to  30  grains  (1.3  to  2  (Jm.). 

TEnEBiNTHiXA  Lauk'IS  (unofficial),  Larch  Turpentine.  Ahl>r.,  Terebinth.  Laric. 
Synonym:  Venice  Turpentine. 

A  viscid  oleoresin  obtained  from  Ltirix  europea  De  Candolle  (Fam.  Pinacew). 
Venice  turpentine  is  a  nearly  transparent,  yellowish  or  yellowish-green,  thick  liquid, 
heavier  than  Avater,  and  having  a  distinctive  odor  and  a  bitter,  characteristic  taste. 
Completely  soluble  in  alcohol,  glacial  acetic  acid,  acetone,  or  chloroform. 

Dose,  20  to  30  grains  (1.3  to  2  Gm.). 

Petroxolixum  TEREBiNTHiNiE  Laricis  (unofficial),  Venice  Turpentine  Petroxolin. 
Abhr.,  Petrox.  Terebinth.  Laric,    Synonym:  Venice  Turpentine  Petrox. 

Venice  turpentine,  20  Gm.;  liquid  petroxolin,   80  Gm. 

Dose,  as  a  rubefacient. 

Terebinthina  Caxadensis  (Br.),  Canada  Turpentine.  Abhr.,  Tcreb.  Canad.  Syno- 
nyms: Canada  Balsam,  Balsam  of  Fir. 

The  oleoresin  obtained  from  Abies  halsaniica  Mill.  Pale  yellow  or  greenish- 
yellow,  transparent,  viscous,  with  an  agreeable  terebinthinate  odor,  feebly  acid  and 
bitter  taste.    Dries  very  slowly  to  a  transparent  varnish  when  exposed  to  the  air. 

Dose,  20  to  30  grains  (1.3  to  2  Gm.). 

Oleum  Terebinthin^  (U.S.  X.),  Oil  of  Turpentine.  Abhr.,  01.  Tereb.  Synonyms: 
Turpentine  Oil,  Spirits  of  Turpentine. 

The  volatile  oil  distilled  from  the  oleoresin  obtained  from  Pinus  palustris  Miller 
and  other  species  of  Pinus  (Fam.  Pinacece).A.  colorless  liquid  having  a  characteristic 
odor  and  taste,  both  of  which  become  stronger  and  less  pleasant  on  aging  or  exposure 
in    air. 

Dose,  5  to  10  minims  (0.3  to  0.6  cc.) ;  as  an  enema  from  Yz  to  2  fluidounces  (15 
to  60  ce.)  soapy  water ;  externally,  as  a  local  application  in  parasitic  diseases. 

Oleum  Terebinthin^  Eectificatum  (U.S.  X.),  Kectified  Oil  of  Turpentine. 
Abhr.,  01.  Tereb.  Beet.    Synonym.:  Bectified  Turpentine  Oil. 

Turpentine  oil  cleansed  by  mixing  and  shaking  with  an  equal  volume  of  sodium 
hydroxide  solution,  then  removing  the  sodium  solution  and  filtering. 

Dose,  as  Oleum  Terebinthina;  above,  to  which  it  is  to  be  preferred. 

Emulsion  Olei  Terebinthina  (U.S.  X.),  Emulsion  of  Oil  of  Turpentine.  Abhr., 
Emuls.  01.  Tereb.    Synonym:  Emulsion  of  Spirit  of  Turpentine. 

Bectified  oil  of  turpentine,  15  ec. ;  expressed  oil  of  almond,  5  cc. ;  syrup,  25  cc. ; 
acacia,  15  Gm. ;  glycerin,  10  cc. ;  water,  q.s.  to  make  100  cc. 

Dose,  Y2  to  1  fluidram  (2  to  4  cc). 

Linimentum  Terebinthina  (U.S.  IX),  Turpentine  Liniment.  Ahbr.,  Lin,  Tere- 
binth.   Synonym  :  Kentish's  Ointment. 

Bosin  cerate,  6.50  Gm.;  oil  of  turi>entine,  350  Gm. 

Dose,  external  use. 

Linimentum  Terebinthina  Aceticum  (N.F.),  Acetic  Turpentine  Liniment. 
Abhr.,  Lin.  Terebinth.  Acet.  Synonyms:  Linimentum  Album,  White  Liniment, 
Stokes'  or  St.  John  Long's  Liniment. 

Oil  of  turpentine,  400  cc. ;  oil  of  lemon,  16  cc. ;  acetic  acid,  80  cc;  hen's  eggs, 
2,  and  yolks  of  2  more;  rose  water,  q.s.  to  make  1000  cc. 

Dose,  externally  as  a  powerful  rubefacient. 

Terebenum   (U.S.  X.),  Terebene.     Abbr.,  Tereben. 

Terebene  is  a  mixture  of  terpene  hydrocarbons,  chiefly  dipentene  and  terpinene, 
obtained  from  oil  of  turpentine.     It  is  a  colorless,  thin  liquid,  with  a  rather  agreeable. 
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thyme-like  odor,  and  somewhat  terebinthinate  taste.  It  is  practically  insoluble  in 
water,  but  miscible  with  chloroform,  ether,  and  dehydrated  alcohol;  one  cc.  is  soluble 
in  3  cc.  of  alcohol  at  25°  C. 

Dose,  4  to  8  minims  (0.25  to  0.5  cc). 

Terpini  Hydras  (U.S.X.),  Terpin  Hydrate.  Ahhr.,  Terpin.  Hyd.  Synonyms: 
Terpine,  Dihydrate  of  Terebinthinum. 

A  dihydric  alcohol  (CioHis(OH)2.H20) ;  which  is  the  hydrate  of  the  dihydric 
alcohol,  terpin,  occurring  as  colorless,  lustrous  crystals,  or  a  white  powder,  with  a 
slight  odor,  and  eiflorescent  in  dry  air.  One  Gm.  is  soluble  in  about  200  cc.  of  water, 
13  cc.  of  alcohol,  135  cc.  of  chloroform,  140  cc.  of  ether  at  25°  C,  3  cc.  of  boiling  alcohol, 
and  34  cc.  of  boiling  water. 

Dose,  4  to  8  grains  (0.25  to  0.5  Gm.),  in  pill  or  emulsion. 

Elixir  Terpini  Hydratis  (ISr.F.),  Elixir  of  Terpin  Hydrate.  Ahhr.,  Elix.  Ter- 
pin. Hyd. 

Terpin  hydrate,  17.5  Gm. ;  tincture  of  sweet  orange  peel,  20  cc. ;  spirit  of  bitter 
almond,  5  cc. ;  alcohol,  425  cc. ;  glycerin,  400  cc. ;  syrup,  100  cc. ;  distilled  water, 
q.s.  to  make  1000  cc.    About  1  grain  of  terpin  hydrate  to  the  fluidram. 

Dose,  1  to  2  fluidrams   (4  to  8  cc). 

Elixir  Terpini  Hydratis  et  Cgdein.'E  (N.F.),  Elixir  of  Terpin  Hydrate  and 
Codeine.    Ahhr.,  Elix.   Terpin.  Hyd.  et  Codein. 

Codeine,  2  Gm. ;  elixir  of  terpine  hydrate,  1000  cc,  containing  about  1  grain  of 
terpin  hydrate  and  about  %  grain  of  codeine  to  each  fluidram. 

Dose,  1  fluidram  (4  cc). 

Elixir  Terpini  Hydratis  et  Diacetylmorphin^e  (unofficial).  Elixir  of  Terpin 
Hydrate  and  Diacetylmorphine.  Ahhr.,  Elix.  Terpin.  Hyd.  et  Diacetylmorph.  Syno- 
nym:  Elixir  of  Terpin  Hydrate  and  Heroine. 

Diacetylmorphine  hydrochloride,  0.75  Gm. ;  elixir  of  terpin  hydrate,  1000  cc. 

Dose,  1  fluidram  (4  cc),  which  contains  1  grain  (0.065  Gm.)  of  terpin  hydrate  and 
y^i  grain  (0.0027  Gm.)  of  heroine. 

Therapeutics. — Asafetida,  in  addition  to  its  carminative  action,  is  a  useful 
antispasmodic  and  nerve  sedative.  When  a  psychic  effect  is  desired,  it  is  given  in 
doses  of  1  or  2  fluidrams  (4  to  8  cc.)  of  the  tincture  or  a  tablespoonful  (15  cc.)  of  the 
emulsion;  otherwise,  2  to  5  or  even  10  grains  (0.13  to  0.6  Gm.)  may  be  placed  in  a 
capsule  or  made  into  a  pill,  preferably  covered  with  sugar  or  other  suitable  coating  to 
hide  the  odor  and  taste,  so  far  as  possible.  In  amenorrhea  in  anemic  and  chlorotic 
women,  the  official  pill  of  aloes  and  asafetida  frequently  acts  well.  Asafetida  is  said 
to  be  useful  in  hahitual  ahortion  as  a  sedative  to  the  pregnant  uterus;  in  such  cases 
the  administration  should  be  begun  as  soon  as  the  pregnancy  is  recognized,  and  con- 
tinued until  normal  confinement,  the  dose  being  3  grains  daily,  gradually  increased 
to  15  grains.  In  chronic  hronchitis  and  hronchorrhea,  asafetida  sometimes  proves 
useful  in  stimulating  secretion.  Small  doses  are  given,  commonly,  in  some  synergistic 
association,  as  with  teri^in  hydrate.  It  often  effects  improvement  in  chronic  dry 
eczema  and  in  various  scaly  dermatoses. 

In  infectious  fevers  and  after  surgical  operations  when  there  is  troublesome 
tympanites,  enemas  of  a  pint  or  more  of  hot  asafetida  emulsion  are  of  great  usefulness. 
Turpentine,  alum  (one  or  two  drams),  Hoffman  anodyne  (1  to  4  fluidrams  or  more),  or 
magnesium  sulphate  (one  ounce),  may  be  added  according  to  the  effect  desired.  When 
constipation  exists,  5  or  10  grains  (0.3  to  0.6  Gm.)  of  ox  gall  may  be  added.  Sup- 
positories of  asafetida  (5  or  10  grains)  may  be  similarly  used. 

Copaiba,  cubeb,  and  sandalwood  oil  formerly  constituted  a  triad  which  was  the 
standby  in  the  treatment  of  gonorrhea.     They  are  used  even  yet,  singly  or  in  asso- 
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elation,  in  the  later  stages  of  this  infection,  but  only  as  adjuvants  to  the  specific 
remedies  and  as  urinary  antiseptics.  Copaiba  is  useful  in  the  final  stages  of  gonor- 
rhea and  in  gleet,  but  should  never  be  given  until  the  acute  symptoms  have  subsided. 
It  is  of  less  service  in  the  treatment  of  gonorrhea  in  women  since  in  them  the  infection 
is  located  more  often  in  the  vagina,  and  copaiba  is  believed  to  act  in  a  large  measure 
locally  when  it  bathes  the  urethra  during  micturition.  But  as  it  is  excreted  by  all 
the  mucous  membranes  it  is  therefore  of  benefit  in  nonspecific  pyelitis,  cystitis,  and 
vaginitis,  and  all  mucous  membrane  catarrhs.  Sometimes  it  gives  excellent  results  in 
cases  of  bronchiectasis  with  profuse  secretion.  It  is  not  often  given  in  such  conditions, 
however,  because  of  its  disagreeable  taste  and  the  unpleasant  odor  it  imparts  to  the 
breath,  especially  as  there  are  other  and  better  remedies.  It  is  best  given  in  capsules 
or  in  an  emulsion  such  as  the  Lafayette  mixture. 

The  resin  of  copaiba  is  an  efficient  diuretic  and  is  sometimes  given  with  benefit 
for  the  relief  of  cardiac  and  hepatic  dropsy,  but  not  in  Bright's  disease. 

The  oil  of  copaiba  has  given  satisfaction  in  gonococcic  arthritis,  in  doses  of  15 
minims  (1  cc.)  three  times  daily  in  connection  with  the  external  application  of  a 
mixture  of  the  oil,  3  parts,  and  olive  or  cottonseed  oil,  1  part. 

Cubeb  is  useful  in  subacute  and  chronic  bronchitis,  tracheitis,  laryngitis,  pharyn- 
gitis and  coryza.  It  is  given  internally  or  by  smoking  cubeb  cigarettes.  Smoke  or 
local  application  of  the  powder  by  insufflation  sometimes  affords  relief  in  the  late 
stage  of  coryza  when  the  secretion  is  thick  and  viscid.  The  smoke  often  relieves 
asthmatic  paroxysms.  The  drug  is  used  chiefly,  however,  in  the  treatment  of  affections 
of  the  urinary  tract  especially  in  subacute  or  chronic  gonorrhea.  It  is  useful  also 
in  non-specific  urethritis,  in  prostatitis  and  cystitis,  and  leucorrhea.  It  should  not  be 
given  in  the  early  stages  of  inflammation  of  the  urinary  organs,  but  only  after  the 
acute  symptoms  have  subsided.  In  atonic  dyspepsia,  cubeb  in  small  doses,  2  to  10 
grains  (0.12  to  0.6  Gm.)  of  the  powder,  stimulates  the  secretion  of  gastric  juice  and 
aids  digestion.  It  is  useful  also  in  chronic  colitis  and  proctitis,  given  in  somewhat 
larger  doses,  10  to  20  grains  of  the  powder,  or  8  minims  of  the  oleoresin.  Cubeb 
may  be  given  as  a  fresh  powder  in  capsule,  or  suspended  in  syrup  or  in  mucilage  of 
acacia,  but  more  conveniently  as  the  oleoresin.  Of  the  powder,  from  30  to  60  grains 
(2  to  4  Gm.)  may  be  given  three  times  a  day  in  gonorrhea;  in  acute  coryza,  2  grains 
(0.12  Gm.)  may  be  enough.  Of  the  oleoresin,  the  dose  is  from  5  to  15  drops  (0.3 
to  1  cc.)  on  lump  or  powdered  sugar,  suspended  in  syrup  or  incorporated  in  an 
emulsion.  It  may  usefully  be  associated  with  terebene,  eucalyptol,  and  similar  reme- 
dies, smaller  doses  of  each  and  all  sufficing  than  when  any  one  of  them  is  given 
singly.  The  troches  are  useful  in  chronic  catarrhal  sore-throat  and  may  be  taken 
ad  libitum  if  they  do  not  upset  the  stomach. 

GuRJUN  BALS.\M  has  been  used  externally  in  the  treatment  of  leprosy,  but  is  in  no 
sense  specific  for  that  affection.  It  has  been  given  internally  in  association  with  malt 
extract,  and  apparently  with  good  results.  In  India  and  the  Far  East  it  is  employed 
as  a  substitute  for  copaiba  in  the  treatment  of  subacute  and  chronic  gonorrhea 
and  gleet.  It  is  seldom,  however,  used  in  this  country,  and  indeed  is  not  readily  pro- 
curable. 

S.\KD.\R.4C  has  probably  an  action  on  the  mucous  membrane  similar  to  that  of 
other  oleoresins.  It  was  formerly  employed  in  plasters  as  well  as  internally,  in  the 
treatment  of  chronic  rheumatism  and  mucous  membrane  catarrhs,  but  is  now  obsolete. 

GuAiAC  promotes  excretion  of  waste  material,  being  diaphoretic,  diuretic,  and 
slightly  laxative  in  fairly  large  dose — iO  to  45  minims  (2.5  to  3  cc.)  of  the  ammoni- 
ated  tincture.  It  is  a  remedy  of  unquestionable  value  in  subacute  and  chronic  rheu- 
matism  and   in  the  inflammatory  conditions   of  the   pharynx   and   tonsils   associated 
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therewith.  The  usual  dose  is  15  grains  (1  Gm.)  in  capsule,  or  4  fluidrams  (16  cc.) 
of  the  mistura  guaiaci.  In  rheumatic  sore-throat  the  compound,  guaiac  gargle  of  the 
N.F.  may  be  used  in  conjunction  with  the  internal  administration  of  guaiac  or  of 
salicylates.  In  quinsy,  while  awaiting  a  proper  time  for  incision,  and  in  follicular 
tonsillitis  of  non-rheumatic  origin,  the  compound  gargle  is  of  the  greatest  service. 
A  tablespoonful,  imdiluted,  is  used  in  four  portions  (mouthfuls)  every  hour  or  two, 
according  to  the  severity  of  the  symptoms.  The  pain-relieving  quality  is  increased 
by  using  infusion  of  coca,  instead  of  water,  in  its  preparation;  or,  if  good  leaves  are 
not  available  or  time  is  an  object,  a  grain  or  two  of  cocaine  hydrochloride  (0.06  to 
0.12  Gm.)  may  be  added  to  each  fluidounce  (30  cc).  Quinine  and  urea  hydrochloride, 
formalin  and  phenol  (1:  500)  are  among  the  other  possible  and  useful  additions.  The 
recurring  sore-throat  of  subjects  of  the  rheumatic  diathesis  may  be  relieved  by 
letting  a  guaiac  troche  dissolve  in  the  mouth  occasionally.  In  bronchitis  with  a 
hacking  cough  and  scanty  secretion,  the  guaiac  mixture  in  doses  of  half  a  fluidounce 
(16  cc.)  will  often  loosen  the  cough  and  make  the  secretion  less  viscid  and  more 
abundant.  Guaiac  has  also  been  recommended  in  gouty  affections  and  in  secondary 
syphilis,  but  its  usefulness  is  doubtful.  In  dysmenorrhea,  guaiac  is  occasionally  given 
with  benefit.  Administration  in  doses  of  10  grains  three  times  a  day  should  be  begun 
a  week  before  the  expected  period.  The  drug  may  be  taken  in  conjunction  with  malt 
extract.  It  is  not  always  helpful,  and  probably  the  cases  in  which  it  does  good  are 
those  associated  with  the  tendency  to  chronic  rheumatic  joint  and  throat  manifes- 
tations. 

LuPULiN,  which  is  the  glandular  powder  separated  from  the  dried  fruit  cones  of 
hops,  depends  for  its  action  upon  the  presence  of  the  volatile  alkaloid  oil,  lupulin. 
It  is  supposed  to  possess  the  therapeutic  properties  of  hops.  It  has  been  used  in 
gastro-enteric  affections,  particularly  in  the  chronic  form  of  dyspepsia.  It  has  also 
found  some  use  in  irritability  of  the  bladder,  in  gonorrhea,  in  spermatorrhea,  and  in 
other  affections  of  the  genito-urinary  tract. 

Myrrh  is  a  tonic  to  the  mucous  membranes,  and  the  tincture,  undiluted  or  diluted 
1  to  3  times  with  water,  is  employed  as  a  mouth  wash  for  apthous  stomatitis  and 
canker  sores  and  is  especially  useful  in  m.ercurial  stomatitis  in  which  it  may  well  be 
associated  with  potassium  chlorate.  It  is  one  of  the  best  applications  for  inflamed, 
spongy  and  receding  gums.  It  is  used  in  various  ways  as  an  ingredient  of  tooth 
powders  and  tooth  washes.  Myr.rh  is  also  of  auxiliary  benefit  in  the  treatment  of 
Vincent's  angina,  catarrhal  pharyngitis  and  other  forms  of  sore  throat. 

Internally,  myrrh  is  useful  in  bronchorrhea  and  bronchitis;  also  in  chronic  cystitis 
with  mucous  secretion.  It  is  given,  and  sometimes  with  benefit,  in  chronic  metritis  and 
leucorrhea.  In  amenorrhea  it  may  be  associated  with  aloes  as  in  the  N.F.  pilulse 
aloes  et  myrrhse,  or  when  anemia  is  present,  in  the  N.F.  mistura  ferri  composita,  or 
Griffith  mixture. 

Ginger,  in  common  with  many  others  of  the  carminative,  is  a  rubefacient  and 
mild  counterirritant  when  applied  externally.  It  is  employed  alone  or  together  with 
other  spices  or  as  a  cataplasm.  When  chewed,  the  root  acts  as  a  sialogogue.  The 
powder  was  formerly  used  as  a  sternutatory  to  abort  a  beginning  cold  in  the  head 
or  to  expel  a  foreign  body  from  the  nostril. 

When  taken  internally,  ginger  is  a  very  effective  and  agreeable  carminative, 
imparting  a  sensation  of  warmth  to  the  stomach  and  relieving  fiatxdence.  It  is  an 
ingredient  of  many  carminative  mixtures  and  is  often  added  as  a  corrigent  to  laxative 
and  purgative  preparations  to  prevent  griping.  Associated  with  sodium  bicarbonate 
or  with  milk  of  magnesia,  it  is  useful  in  overcoming  acid  eructations.  Ginger  tea, 
made  by  infusing  one-half  ounce  of  powdered  ginger  in  one  pint  of  boiling  water,  or 
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a  suspension  of  powdered  ginger  in  cold  water,  with  or  without  sodium'  bicarbonate, 
is  widely  used  as  a  domestic  remedy  to  arrest  a  beginning  coryza  or  to  relieve  intes- 
tinal colic.  The  tincture  may  be  given  alone,  diluted  with  cold  or  hot  water  and 
sweetened  to  taste;  it  is  also  frequently  added  to  mixtures  as  a  carminative.  The 
fluidextract  is  rarely  employed  save  in  making  the  tincture.  The  oleoresin  is  of  value 
in  the  preparation  of  certain  pill  masses.  Ginget  is  somewhat  constipating  and  is, 
therefore,  given  with  benefit  as  a  synergist  as  well  as  a  carminative  with  remedies 
for  the  control  of  diarrhea,  especially  the  summer  diarrhea  of  infants  and  young 
children. 

Oil  of  Cade. — The  oil  of  cade  is  a  useful  antipruritic,  relieving  the  itching  of  a 
healing  wound  or  ulcer  and  that  of  prurigo.  Its  action  is  similar  to  that  of  pine  tar 
but  is  preferred  to  the  latter  as  being  a  more  sightly  application  and  of  more  agreeable 
odor.  It  is  especially  serviceable  in  chronic  eczema  and  other  dermatoses  of  sluggish 
course,  and  in  psoriasis,  favus,  and  other  parasitic  affections  of  the  skin.  It  may  be 
applied  in  full  strength  or  in  an  ointment  made  with  petroxolin  in  the  proportions 
given  in  the  N.F.  formula.  A  convenient  dilution  is  one  made  with  4  parts  each  of 
soft  soap  and  alcohol  to  1  part  of  oil  of  cade. 

Juniper. — Juniper  is  aromatic  and  carminative  and  the  oil  is  sometimes  given 
for  the  relief  of  flatulent  colic,  but  there  are  other  and  better  remedies  for  this  con- 
dition. The  chief  employment  of  juniper  and  its  oil  is  as  a  diuretic,  usually  associated 
with  a  potassium  salt — acetate,  citrate,  or  bitartrate.  It  is,  perhaps,  useful  in  chronic 
nephritis  but  certainly  should  never  be  given  in  cases  of  acute  inflammation  of  the 
kidneys  or  of  any  part  of  the  urinary  tract.  In  the  form^  of  gin,  juniper  is  a  domestic 
remedy  for  menstrual  colic,  but  this  use  is  not  to  be  commended. 

Thuja:  Topical. — Thuja  is  locally  astringent  and  antiseptic,  and  is  used  success- 
fully in  reducing  excrescences  on  the  skin  or  mucous  membranes.  Warts  and  papillo- 
mnta  shrink  and  often  disappear  completely  under  repeated  applications  of  a  drop 
of  the  IST.F.  fluidextract  of  thuja  or  the  Homeopathic  mother  tincture.  Condylomata 
with  ill-smelling  discharge  are  deodorized  and  then  usually  shrivel.  Howe,  an  Eclectic 
physician  of  the  last  century,  speaks  very  highly  of  thuja  in  the  treatment  of  superficial 
chancroids.  The  surface  is  cleansed  and  painted  over  with  a  dilute  solution  of  thuja, 
then  dusted  with  thymol  iodide  and  covered  with  a  film  of  vaseline.  Fissures  at  the 
mucocutaneous  junction  of  the  mouth  or  anus  often  heal  promptly  when  painted  with 
the  fluidextract  or  mother  tincture  of  thuja.  A  fissure  of  the  lip  should  be  touched 
with  the  remedy  every  hour  or  two,  and  the  application  may  be  made  to  the  anus  by 
means  of  a  strip  of  gauze  or  a  pledget  of  absorbent  cotton  wet  with  the  same.  Learning 
thought  he  had  obtained  recovery  in  cases  of  cancer  of  the  lip  and  rodent  ulcer  by 
repeated  applications  of  the  mother  tincture  of  thuja ;  but  destructive  measures  are  to 
be  preferred.  Thuja  applications,  however,  are  certainly  useful  in  suppressing  odor 
and  restricting  fungoid  ulcerations  in  epitheliomata.  The  drug  is  useful  also  for 
impregnating  the  dressings  of  bedsores,  gangrene,  and  sloughing  ulcerations.  Howe 
praised  it  very  highly  for  injection  into  the  sac  of  a  hydrocele  after  evacuation  of  the 
serous  contents.  He  used  the  Eclectic  specific  preparation,  diluted  with  an  equal 
quantity  of  water.  This  is  painful  temporarily,  as  is  also  the  application  to  fissures 
and  other  raw  surfaces,  but  the  therapeutic  effect  is  so  marked  in  many  cases  that  the 
treatment  is  worth  while.  The  Eclectic  aqueous  preparation  is  practically  painless, 
and  in  most  cases  quite  as  efiicacious  as  the  alcoholic  extracts.  An  ointment  of 
about  50  percent,  strength  is  recommended  in  granular  lids  and  conjunctivitis.  Oil 
of  thuja  in  a  useful  addition  to  nasal  sprays. 

Systemic. — Thuja  is  sometimes  employed,  like  the  other  terebinthinates,  in  chronic 
hronchitis  and  to  remove  the  odor  and  repress  the  secretion  in  bronchiectasis.    It  is  of 
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distinct  value  in  restraining  wart-like  proliferations  upon  the  mucous  membranes 
of  the  tongue,  mouth,  tonsils,  larynx,  etc.,  as  well  as  in  chronic  laryngitis,  pharyngitis, 
tonsillitis,  etc.  It  is  of  special  benefit  in  "Clergyman's  sore-throat"  and  the  laryngeal 
hoarseness  of  actors  and  singers.  Homeopathists  use  it  with  confidence  to  cause 
disappearance  of  warts  on  the  hands  of  children,  prescribing  even  the  30th  decimal 
dilution,  administered  by  means  of  milk  sugar  granules,  10  or  20  at  a  time,  hourly  or 
less  frequently.  The  drug  is  too  much  neglected  by  physicians  in  general;  possibly 
they  fail  through  giving  too  large  doses  and  expecting  results  too  quickly,  and  thus  do 
not  come  to  realize  either  its  possibilities  or  its  narrow  limitations.  Its  action  is 
slow,  and  its  benefits  are  shown  chiefly  in  proliferative  affections  of  epithelial  surfaces. 
It  may  be  given  internally  in  doses  of  10  to  15  minims  (0.6  to  1  cc.)  of  the  N.F. 
fluidextract  or  of  the  Eclectic  specific  preparation,  and  in  %  to  %  that  quantity  of  the 
oil  three  or  four  times  a  day;  or  it  may  be  administered  by  inhalation  of  the  vapor 
arising  from  a  jug  of  hot  water  into  which  a  teaspoonful  or  more  of  the  fluidextract 
has  been  dropped. 

Thuja  is  useful  to  restrain  enuresis  in  children  and  to  allay  the  drihhlijig  of  urine 
in  women  and  in  old  men  from  relaxation  of  the  sphincter.  Occasionally,  also,  it 
relieves  irritability  of  the  bladder  with  smarting  on  urination  which  is  not  due  to 
gonorrhea  or  to  calculous  formation;  it  is  said  by  some  writers  to  be  especially  useful 
in  this  way  in  subjects  of  the  gouty  diathesis. 

Turpentine 

The  product  commonly  known  as  "turpentine"  in  commerce,  and  of  such  impor- 
tance in  the  paint  industry,  is  more  properly  termed  oil  of  turpentine,  and  it  is  to  this 
product  that  the  following  article  applies.  The  more  crude  products  of  the  pine  are 
referred  to  by  Hippocrates  as  remedies  for  coughs  and  ulceration  of  the  bowels.  The 
resins  were  used  by  him  and  his  successors  in  ointments  for  sores  and  over  stiff  joints. 
The  true  oil  of  turpentine  was  apparently  introduced  by  Pomet  in  1692  for  external 
use,  and  was  applied  soon  after  by  Boerhaave  in  various  chronic  infections. 

Summary  of  Actions  and  Uses. — Turpentine  is  a  topical  irritant  causing,  on  prolonged 
application,  inflammation  of  the  skin,  with  severe  pain  and  vesiculation.  It  is  not  very 
poisonous  to  higher  animals.  Injected  intravenously  it  exerts  a  destructive  action  on 
the  blood  and  administered  by  mouth  induces  irritation  or  inflammation  of  the  gastro- 
enteric and  renal  epithelium.  In  full  strength  or  moderately  diluted  it  is  destructive  to 
lower  animal  and  plant  life. 

Turpentine  is  used  as  a  rubefacient,  especially  diluted  in  liniments.  By  mouth  it  is 
emplcfyed  to  cause  the  expulsion  of  flatus,  having  an  almost  specific  action  in  this  regard 
if  given  in  drop  doses  or  emulsion  by  mouth  or  in  emulsion  by  rectum.  It  has  also  been 
employed  as  a  stimulant  diuretic  and  expectorant. 

Antiparasitic  Action. — Cutaneous  parasites,  bugs,  fleas,  itch  insects,  intestinal  worms, 
etc.,  are  readily  killed  by  essence  of  turpentine.  It  also  has  a  certain  antiseptic  action 
in  particular  on  the  microbes  of  erysipelas,  diphtheria  and  typhoid  fever.  The  addition 
of  one  part  of  oil  of  pine  to  nine  parts  of  crude  oil,  adds  greatly  to  the  efiicacy  of  the 
latter  as  an  oil  film  for  the  destruction  of  mosquito  larvae  (Barnes). 

Pharmacodsrnamic  Action:  Absorption  and  Elimination. — Turpentine  is  absorbed 
quickly  by  mucous  membranes;  the  cutaneous  absorption  is  not  rapid.  It  is  readily  taken 
up  by  the  respiratory  mucous  membrane,  and  all  the  systemic  effects  of  turpentine  may 
be  produced  when  administered  by  inhalation. 

In  small  doses,  by  mouth  (not  over  a  dram),  it  is  completely  absorbed.  In  large  doses, 
half  an  ounce  to  an  ounce,  only  a  portion  is  absorbed.  Vomiting  and  diarrhea  usually 
result  and  part  is  expelled. 

In  doses  of  one  or  two  ounces  the  violent  gastroenteric  inflammation  which  it 
sets  up  hinders  the  absorption  and  the  greater  part  is  ejected  with  the  vomit  or  the 
diarrheal  stools.  Of  that  which  is  absorbed,  part  is  oxidized,  part  escapes  unchanged  in 
the  sweat  and  breath;   another  part  is  transformed  to  a  substance  which  gives  to  the 
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urine  a  violaceous  odor.  A  third  part  is  oxidized  and  excreted  in  the  urine  combined 
with  glycuronic  acid.    This  compound  reduces  copper. 

After  large  doses  it  is  found  unaltered  In  the  stools. 

Dolan  and  Wood  have  demonstrated  excretion  in  the  milk. 

Topical  Action. — If  the  skin  is  rubbed  with  turpentine  it  produces  in  a  very  few 
minutes  a  quite  painful,  burning,  tingling  sensation,  and  temporary  reddening;  if  the 
contact  is  prolonged  or  the  friction  repeated,  the  skin  becomes  inflamed,  the  pain  very 
great,  the  redness  persists,  and  numerous  vesicles  are  developed.  In  some  persons  appli- 
cation causes  an  eruption  of  pustules  or  pimples.  In  the  eye  it  produces  an  acute  con- 
junctivitis. 

Injected  under  the  skin,  even  when  diluted  with  equal  parts  of  a  bland  oil,  turpentine 
produces  an  abscess,  and  the  cellular  tissue  sometimes  sloughs  to  a  great  extent.  It 
has  been  proven  that  this  action  does  not  depend  upon  microorganisms,  but  upon  chemo- 
tactic  qualities  in  the  turpentine  which  attracts  the  leucocytes.  The  result  has  been 
termed,  therefore,  "aseptic  abscess." 

Dixon  has  shown  that  turpentine  applied  to  the  peritoneum  or  pleura  induces  exuda- 
tion, not  only  by  topical,  but  also  by  reflex  action,  since  exudation  is  seen  at  a  distance 
from  the  site  of  an  application  when  this  is  carefully  localized  to  a  restricted  area. 

Toxicity. — It  is  not  very  toxic.  It  takes  150  minims  in  subcutaneous  injection  to 
kill  a  rabbit.  If  0.15  Gm.  are  injected  intravenously  it  produces  capillary  embolism  in 
the  lungs  and  alterations  in  the  blood,  perhaps  by  an  obscure  oxidizing  action.  Thirty  Gm. 
by  mouth  will  kill  a  dog  by  causing  gastroenteritis. 

15  Gm.  {'/<,  ounce)  is  sufficient  to  kill  a  child  of  14.  months,  although  a  child  of  the 
same  age  survived  after  swallowing  120  cc.   (4  ounces). 

Adults  have  survived  after  swallowing  30  Gm.  and  even  100  Gm.,  but  in  both  in- 
stances reported  there  was  coma  for  a  long  time. 

Doses  of  1  Gm.  in  emulsion,  even  repeated,  often  seem  to  have  no  bad  effects, 
although  intoxication  has  been  reported  from  doses  as  small  as  20  drops  of  a  0.1  percent, 
solution  repeated  several  times. 

Some  persons  exhibit  a  decided  idiosyncrasy  toward  turpentine.  They  are  poisoned 
by  inhaling  the  smallest  quantity,  and  may  be  rendered  quite  ill,  especially  with  symptoms 
of  irritation  in  the  eyes,  nose,  throat  and  chest,  by  sitting  or  sleeping  in  a  newly  painted 
room.  As  a  rule  persons  poisoned  with  turpentine  by  mouth  or  by  inhaling  the  fumes, 
complain  of  tinnitus  and  headache,  with  restlessness  and  insomnia,  and  often  vertigo. 
The  skin  is  usually  flushed  and  the  mouth  and  throat  dl-y  and  burning. 

Schultz  reports  remarkable  experiments  in  which  medical  students  showed  marked 
Intoxication  after  taking  for  two  to  five  days,  20  drops  daily  of  a  0.1  percent,  solution. 
The  symptoms  were  weakness  of  the  limbs,  stupidity  and  sleepiness  associated  with 
insomnia,  headache  and  pain  in  the  back.  There  were  also  anorexia,  cramp-like  pains 
and  constipation.     No  urinary  symptoms  except  the  violaceous  odor  were  observed. 

Systemic  Action:  Alimentary. — In  small  doses  or  very  much  diluted  turpentine 
causes  a  reflex  secretion  of  saliva  by  its  mildly  irritant  action  on  the  mucosa  of  the 
mouth  and  throaf.  The  same  action  causes  an  increase  in  the  flow  of  gastric  juice  and 
in  the  motions  of  the  stomach,  resulting  in  increase  of  appetite.  There  is  also  increased 
motion  of  the  intestine,  and  turpentine  seems  to  aid  especially  in  the  expulsion  of  gas 
from  the  bowel.  On  the  isolated  bowel,  Muirhead  found  that  in  a  dilution  of  1:  50,000 
it  caused  contraction,  while  a  strength  of  1:  5,000  caused  relaxation  of  the  loop.  Very 
small  doses  are  likely  to  cause  constipation.  In  larger  doses,  and  in  susceptible  in- 
dividuals, even  from  the  smallest  amounts,  the  reverse  picture  is  obtained.  The  mouth 
is  dry  and  burning,  there  is  loss  of  appetite  with  eructations  of  irritating  gas,  nausea 
and  vomiting  are  frequent.  Doses  of  2  cc.  (30  drops)  cause  in  addition  colic  with 
meteorism  and  perhaps  diarrhea.  AVith  much  larger  doses  we  have  the  picture  of  acute 
gastroenteritis;  vomiting  of  mucus,  often  bloody,  painful  diarrhea  and  violent  cramps, 
with  passage  of  bloodstained  mucus. 

The  stomach  shows  hemorrhage  into  the  wall  and  erosions  of  the  mucosa.  Rabbits 
after  10  Gm.  show  actual  cauterization  of  the  stomach.  In  man  turpentine  increases  the 
biliary  secretion  and  may  cause  severe  jaundice.  It  is  said  to  aid  the  solution  of  biliary 
calculi. 

Circulation. — However  administered,  turpentine  causes  an  increase  in  the  number 
of  white  corpuscles  in  the  circulating  blood,  and  perhaps  as  a  result  of  this,  an  increase 
of  its  coagulability.  Winternitz  found  that  given  by  mouth  it  had  the  power  to  lessen 
pleural  exudate  in  infectious  pleurisy  of  rabbits. 
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In  small  doses  it  stimulates  the  vasomotor  center,  causing  a  rise  in  blood-pressure. 
The  heart  becomes  rapid,  perhaps  indirectly  through  stimulation  of  sensory  nerves. 

Large  doses  paralyze  the  vasomotor  center,  causing  a  fall  of  blood-pressure,  and 
the  heart  becomes  weak  and  slow.  Action  on  the  vagus  is  denied  by  Robert.  Others 
claim  that  the  slowing  depends  in  part  at  least  on  stimulation  of  the  vagus  center 
through  gastro-intestinal  reflexes.  The  vagus  endings  are  also  stimulated  as  a  similar 
effect  is  seen  on  the  isolated  heart.  Still  larger  doses  paralyze  the  heart  by  action  on  the 
muscle. 

Perfused  through  the  calf's  foot,  Robert  found  that  turpentine  caused  vasodilatation. 

Respiratory  System. — Inhaled  in  moderate  quantity  it  causes  dryness  of  the  nasal 
fossEe  and  slowing  of  the  respiration.  This  slowing  of  the  respiration  is  a  constant  effect, 
except  from  very  small  doses  injected,  which  cause  temporary  acceleration.  Insufflation 
of  air  strongly  charged  with  turpentine  upon  a  limited  point  of  the  trachea  causes  arrest 
of  the  secretion  of  mucus.  If,  however,  a  few  drops  of  terebinthinate  water  containing 
1  or  2  percent,  of  the  oil  are  allowed  to  fall  on  the  mucus  membrane  there  is  local  con- 
gestion and  the  secretion  of  mucus  is  increased. 

Injection  of  turpentine  into  the  blood  causes  pulmonary  changes  not  provoked  by 
ingestion  or  inhalation.  Symptoms  of  irritation  are  produced,  indicating  the  existence  of 
embolism. 

Nerve  System. — In  toxic  doses  turpentine  causes  in  most  animals  loss  of  conscious- 
ness and  of  voluntary  movements;  the  reflex  excitability  persists  longer  but  disappears 
while  the  motor  nerves  and  striated  muscle  still  retain  their  excitability.  In  fatal  poison- 
ing in  mammals,  convulsions,  probably  due  to  asphyxia,  the  result  of  paralysis  of  respira- 
tion, are  noted,  but  these  do  not  occur  in  frogs. 

There  is  said  by  Robert  to  be  from  small,  but  not  from  large  doses,  an  increase  of 
reflex  inhibition,  which  lessens  the  tendency  to  convulsions  from  strychnine. 

In  man  prolonged  inhalations  of  turpentine  produce  an  intense  frontal  headache, 
vertigo,  anxiety,  loss  of  equilibrium,  roaring  in  the  ears,  itching  of  the  eyes,  disturbance 
of  vision,  and  yawning,  while  ingestion  of  a  dram  or  more  causes  weakness,  numbness 
and  drowsiness. 

Still  larger  doses  cause  loss  of  consciousness  and  even  fatal  coma. 

Uterus. — In  various  dilutions,  turpentine  was  shown  by  Macht  to  check  the  spontane- 
ous motions  in  the  isolated  horn  of  the  guinea-pig  uterus,  and  to  cause  relaxation  of  the 
strip. 

Temperature. — In  small  doses  it  depresses  temperature  but  after  large  doses  a  febrile 
reaction  is  frequent. 

Urine. — Small  doses  increase  the  secretion  of  urine;  large  doses  diminish  it,  and 
at  the  same  time  cause  a  frequent  desire  to  urinate  and  painful  micturition. 

Large  doses  and  prolonged  inhalation  of  the  fumes  produce  inflammation  of  the 
kidney,  albuminuria,  hematuria  and  irritation  of  the  urethral  mucous  membrane,  with 
strangury  or  even  complete  suppression. 

The  sweat  and  the  secretion  of  milk  are  increased;  elimination  by  the  sweat  some- 
times gives  rise  to  erythema  or  vesiculation. 

In  chronic  poisoning  turpentine  may  carry  fatty  acids  with  it  into  the  urine. 

Therapeutics:  Topical. — Turpentine  is  an  efficient  counterirritant  to  relieve 
pains  of  diverse  origin — chronic  rheumatic  pains,  myalgia,  lumibago,  and  torticollis, 
colic  and  tympanites,  pleurisy,  tracheitis,  even  neuralgia.  In  flatulent  colic  and 
tympanites,  a  turpentine  stupe  often  gives  relief  or  the  drug  may  be  given  by  enema, 
or  per  os.  The  dose  by  mouth  is  5  to  10  minims  (0.3  to  0.6  cc.)  in  capsules  or,  better, 
dropwise  in  milk  or  starch  water,  one  drop  every  5  minutes;  or  %  to  1  fluidram  (2  to 
4  cc.)  of  the  emulsion  in  divided  doses  of  5  drops  each.  For  an  enema,  1  fluidounce 
(32  cc.)  should  be  added  to  a  pint  of  cotton-seed  or  olive  oil  or  starch  water.  To  pre- 
pare a  stupe,  a  piece  of  old  flannel  or  thin  blanket  is  cut  to  the  proper  size,  dipped  in 
very  hot  water,  wrung  out  quickly,  and  sprinkled  with  8  to  10  drops  up  to  a  teaspoonful 
of  turpentine.  When  applied  to  the  abdomen,  care  must  be  taken  not  to  cover  it 
with  an  impermeable  dressing,  lest  the  skin  be  blistered.  Some  physicians  and  nurses 
prefer  to  apply  a  pad  of  gauze  or  absorbent  cotton  moistened  with  turpentine  and 
covered  with  the  hot  cloth. 
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The  famous  St.  John  Long  liniment,  the  secret  of  wliich  was  purchased  by  Queen 
Elizabeth,  is,  in  its  original  form  or  somewhat  modified,  quite  useful  in  the  treatment 
of  all  atfections  of  the  chest,  especially  in  the  hroticliifis  of  children.  An  eligible 
modification  is:  Oil  of  turpentine,  oil  of  eucalyptus,  each  V>  fluidounce  (15  cc);  oil 
of  amber,  1  fluidram  (4  cc.)  ;  olive  oil,  1  fluidram  (4  cc.) ;  linseed  oil,  1  fluidram^ 
(4  cc.) ;  vinegar  or  dilute  acetic  acid,  1  to  1%  fluidounce  (30  to  4.5  cc.)  ;  yolk  of  1  cg;g:, 
water  to  make  an  emulsion  of  8  ounces  (2.50  cc).  In  domestic  pharmacy:  Turpentine, 
vinegar,  each  2  tablespoonfuls;  linseed  oil,  1  teaspoonful;  yolk  of  one  egg,  and  Vi  pint 
of  water  are  placed  in  a  pint  bottle  and  the  corked  bottle  is  well  shaken  to  make  an 
emulsion.  After  washing  the  chest  with  warm  water  and  soap,  the  liniment  is  to 
be  applied  freely  (not  on  the  breast  only,  but  front,  back  and  sides)  as  a  sort  of 
varnish,  and  allowed  to  dry  on.  Tlic  washing  and  varnishing  are  repeated  night  and 
morning.  The  effect  is  partly  owing  to  counterirritation,  partly  to  inhalation,  and  in 
very  small  part  to  cutaneous  absorption. 

Turpentine  is  a  good  hemostatic.  Persistent  hleeding  after  tooth  extraction  may 
be  arrested  by  a  bit  of  gauze  or  absorbent  cotton  wet  with  turpentine  and  inserted 
into  the  alveolar  cavity.  In  hematemesis  from  an  ulcer  or  of  any  other  origin  and  in 
intestinal  hemorrhnge,  in  typhoid  fever  for  example,  from  30  to  60  minims  in  mucilage, 
flavored  with  cinnamon,  may  be  given  every  hour  for  three  or  four  doses.  Hemoptysis 
also  is  sometimes  arrested  by  the  same  remedy.  In  addition,  some  practitioners  advise 
inhalations  of  the  fumes  arising  from  hot  water  in  a  jug  into  which  an  ounce  or  two 
of  turpentine  has  been  poured,  or  inhaling  deeply  from  a  turpentine  soaked  hand- 
kerchief.    It  is  best,  however,  to  avoid  this  exertion  on  the  part  of  the  patient. 

When  other  and  reputedly  more  certain  remedies  are  unavailable,  turpentine 
applications  may  be  made  in  ringworm  of  the  scalp  or  glabrous  parts. 

In  influenzal  and  other  forms  of  tracheitis,  Meara  speaks  highly  of  inhalations  of 
a  mixture  of  equal  parts  of  turpentine,  spirit  of  camphor,  and  olive  oil;  a  piece  of 
flannel  is  sprinkled  liberally  with  this  mixture  and  is  then  applied  over  the  sternal 
region  and  kept  in  place  by  pinning  the  bed-garment.  The  patient  is  thus  made  to 
inhale  the  fumes  continuously,  while  the  mixture  itself  doubtless  produces  some 
counterirritation,  though  not  sufliciently  strong  to  bum  or  blister  the  skin. 

Oil  of  turpentine  is  a  useful  antiseptic  application  to  fresh  wounds.  This  prop- 
erty seems  to  have  been  forgotten,  or  at  least  ignored,  by  scientific  medicine,  though 
remembered  and  availed  of  by  workmen,  especially  carpenters  and  others  liable 
to  receive  slight  wounds  in  their  daily  work.  As  soon  as  a  cut  is  received,  the  finger 
is  dipped  into  a  vessel  containing  turpentine,  or  a  rag  dripping  with  the  oil  is  laid 
over  the  wounded  part.  Those  who  make  this  a  routine  practice  seldom  have  any 
septic  infection  through  their  cuts.  In  addition  to  its  antiseptic  action,  it  promptly 
arrests  bleeding  from  slight  wounds.  Oil  of  turpentine  painted  on  the  tonsil  will 
sometimes  check  promptly  a  threatening  inflammation ;  a  "taste"  of  menthol  or  pepper- 
mint oil  may  be  added  for  the  cooling  effect  that  follows  the  preliminary  sting. 

Systemic. — Turpentine  is  useful  in  chronic  bronchitis  with  profuse  secretion, 
especially  when  this  is  purulent  or  fetid.  The  drug  may  be  given  in  doses  of  5  to  10 
minims  (0.3  to  0.6  cc.)  on  sugar,  or  in  syrup  or  mucilage  of  acacia,  every  two  or  three 
hours;  or  10  to  20  minims  (0.6  to  1.3  cc.)  may  be  taken  in  a  few  ounces  of  milk  five 
or  six  times  a  day;  or  a  tablespoonful  of  an  emulsion  of  4  fluidounces  (128  cc.)  of 
cinnamon  water  containing  1  fluidram  (4  cc.)  of  turpentine,  half  a  fluidounce  or  orange 
syrup,  and  one  egg  every  three  hours.  Terpin  hydrate  (see  below)  has  a  similar  action 
and,  being  practically  tasteless,  is  by  some  preferred  to  turpentine  in  respirators) 
catarrhs. 

Turpentine  is  an  eflective  vermifuge  and  may  be  given  in  doses  of  1  to  2  fluidrama 


858  OEGANIC  CHEMICAL  ANTISEPTICS 

(4  to  8  cc.)  in  soft  gelatine  capsules  to  cause  the  expulsion  of  tapeworm  or  lumhricoids. 
It  should  be  followed  in  half  an  hour  by  a  dose  of  castor  oil.  Larger  doses  must  be 
given  with  caution  on  account  of  the  danger  of  systemic  poisoning.  It  is  sometimes 
associated  in  a  complex  vermifuge  mixture.  An  enema  of  2  to  4  fluidrams  (8  to  16  cc.) 
in  %  pint  of  starch  water  is  useful  in  causing  the  expulsion  of  threadworms. 

In  some  forms  of  chronic  or  subacute  cystitis,  turpentine  in  doses  of  10  minims 
(0.6  cc),  five  times  a  day,  may  lessen  dysuria,  arrest  purulent  discharge  and  restore 
acid  reaction.  It  may  be  given  in  soft  gelatin  capsules  or  in  the  official  (U.S.  IX.) 
emulsion  or  one  prepared  extemporaneously  with  gum  arabic,  egg,  or  sweet  almond 
oil.    It  should  not  be  used  in  inflammation  of  the  bladder  secondary  to  pyelitis. 

In  typhus  fever,  Brenner  says  that  the  continuous  inhalation  of  turpentine  through 
pledgets  of  cotton  inserted  into  the  nostrils  and  changed  frequently  (a  better  way 
would  be  to  use  the  Yeo  respirator)  not  only  relieves  the  headache  and  insomnia  and 
controls  the  tremors  and  restlessness,  but  even  shortens  the  course  of  the  disease. 
Terebene  has  a  pleasanter  odor,  is  less  irritating  to  the  Schneiderian  mucous  mem- 
brane and  appears  to  have  an  equally  beneficent  action  in  typhus. 

Apart  from  its  use  as  a  hemostatic,  George  B.  Wood,  and  later  H.  C.  "Wood, 
strongly  advocated  turpentine  as  a  remedial  agent  in  typhoid  fever.  It  is  especially 
indicated  when  the  tongue  is  dry,  hard,  fissured  and  brownish  or  beef-red.  From  5 
to  10  or  15  or  even  20  minims  may  be  given  in  emulsion  or  in  syrup  of  acacia,  every 
two  to  four  hours;  the  quantity  and  frequency  being  diminished  as  the  tongue  clears 
and  the  appetite  and  general  condition  improA'e.  Those  who  have  observed  these 
effects  can  entertain  no  doubt  of  the  causative  connection. 

The  increased  leucocytosis  provoked  by  a  "fixation  abscess"  (the  sterile  abscess 
produced  by  the  subcutaneous  or  intramuscular  injection  of  0.5  to  1  cc.  of  a  15  per- 
cent, solution  of  turpentine  in  sterile  olive  oil)  is  of  benefit  in  the  treatment  of 
infections;  as  septicemia  and  pyemia,  pneumonia,  otitis  media,  typhus  and  typhoid 
fevers,  erysipelas  and  other  streptococcic  infections,  influenza,  etc.  Levin  and  Rose 
speak  highly  of  this  method  in  the  treatment  of  hoils,  'abscesses,  sycosis,  pityriasis 
rosea,  pemphigus,  and  other  parasitic  dermatoses.  A  mixture  of  15  percent,  rectified  oil 
of  turpentine  and  0.5  percent,  anesthesin  and  quinine  hydrochloride  in  olive  oil  may 
be  injected  in  the  dose  of  8  to  15  minims  (0.5  to  1  cc.)  every  four  to  seven  days  for 
adults,  and  from  1  to  4  minims  (0.06  to  0.25  cc),  according  to  the  age,  for  children. 
Muir  has  found  the  fixation  abscess  very  satisfactory  in  kala  azar.  It  has  been  used 
also  in  the  treatment  of  gonorrheal  prostatitis,  an  intramuscular  injection  of  0.5  cc, 
increased  gradually  to  3  cc,  being  given  in  the  buttock  every  three  days,  up  to  a  total 
of  six  or  seven  injections. 

Turpentine  is  an  antidote  to  phosphorus  and  should  be  given  in  poisoning  by  that 
substance,  in  doses  of  a  teaspoonful  (4  cc)  every  half  hour  after  the  stomach  has  been 
emptied  by  an  emetic  of  copper  sulphate.  Old  turpentine  which  has  absorbed  more 
or  less  oxygen  is  to  be  used,  if  possible. 

Turpentine  is  one  of  the  many  remedies  proposed  for  the  treatment  of  gall-stone 
colic;  it  is  given  alone  in  60  minims  (4  cc.)  doses  or,  as  recommended  by  Durande, 
in  a  mixture  with  sulphuric  ether.     Its  usefulness  is  problematical. 

In  prescribing  turpentine  one  must  remember  that  it  is  an  irritant  to  the  bladder 
and  kidneys,  that  it  may  produce  strangury  and  hematuria,  and  that  it  is  absolutely 
contraindicated  in  nephritis.  Turpentine  "idiosyncrasies"  must  also  be  borne  in  mind. 
Terebene  and  Terpin  Hydrate. — These  two  derivatives  of  turpentine  are  less 
toxic,  less  irritating  locally,  and  have  a  much  less  disagreeable  taste  and,  as  they  are 
equally  efficacious  in  their  therapeutic  action,  they  are  often  preferred  to  turpentine  in 
the  treatment  of  bronchitis  and  other  respiratory  catarrhs. 
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Terebene  may  be  given  In  10  drop  (0.0  ee.)  doses,  on  a  lump  of  sugar,  or  in  an 
extemporary  pill  made  with  bread  crumb,  every  four  hours  in  subacute  and  chronic 
bronchitis  and  especially,  as  reconnnended  by  Murrell,  in  the  winter  cough  of  the  aged. 
It  may  be  used  for  inhalation  l)y  aid  of  nebulizer,  or  respirator,  or  simply  from  the 
open  vial,  for  the  same  purposes  as  turpentine;  and  is  commonly  pleasanter.  It  is  of 
service  in  flatulence  and  in  cystitis.  It  is  (luite  strongly  antiseptic  and  may  be  used 
in  the  dressing  of  fresh,  and  not  too  extensive,  wounds. 

Terpin  hydrate  in  doses  of  3  to  5  grains  (0.2  to  0.3  Gm.),  three  to  six  times  daily, 
is  iiseful  in  acute,  subacute  and  chronic  hronchitis,  rendering  the  sputa  more  copious 
and  less  tenacious.  In  hronchorrhea,  on  the  other  hand,  it  often  lessens  the  quantit,y 
of  sputum.  It  has  been  given  in  large  doses,  20  to  JU)  grains  (1.3  to  2  (Jm.)  dail.y, 
according  to  the  age  of  the  child,  in  whooping-cough,  with  reported  benefit  after  four 
or  five  days'  treatment.  In  hemoptysis  it  often  acts  most  satisfactorily,  but  this  action 
is  not  explained  b.v  any  pharmacological  i)ropert,y. 

The  N.F.  elixir  of  terpin  hydrate  and  codeine  is  a  good  preparation  at  times,  for 
use  in  bronchitis,  but  that  with  diacetylmorphine  should  never  be  prescribed  because 
of  the  danger  of  establishing  the  heroine  habit. 

Balsams 

The  balsams  are  oils  or  oleoresins  associated  or  united  with  cinnamic,  benzoic 
acid,  or  other  organic  acid.  They  are  less  fluid  than  most  of  the  essential  oils  and 
being  hardly  irritating  are  suitable  for  wound  dressings  and  for  use  whenever  a  mildly 
stimulating,  slightly  antiseptic  unguent  is  desired.  They  are  employed  as  dressings 
in  dermatitis,  eczema  and  skin  ulcers  and  internally  in  bronchitis  and  laryngitis,  and 
more  rarely  in  urethritis.  The  balsams  with  the  exception  of  benzoin  (styrax)  do  not 
seem  to  have  been  extensively  used  by  the  ancients  although  amber,  ammoniac  and 
calamus  were  known  to  them.  Some  of  their  derivatives,  or  similar  compounds  pre- 
pared synthetically,  as  the  succinates,  cinnamates  and  benzoates,  have  special  uses 
set  forth  in  the  appropriate  connections. 

Materia  Medica. — Ammoxiacum  (Br),  Ammoniacum.  Synonyms:  Gum  Ammoniac, 
Doremse  Ammoniacum. 

A  gum-resin  exuded  from  the  flowering  and  fruiting  stem  of  Dorema  ammo- 
niacum D.  Don  and  possibly  other  species  of  Dorema.  It  has  a  faint  characteristic, 
but  not  alliaceous,  except  in  contact  with  flame,  odor  and  a  bitter,  acrid  taste. 

Dose,  5  to  15  grains    (0.3  to  1   Gm.). 

MisTURA  Ammoniaci  (Br),  Ammoniacum  Mixture.  Ahhr.,  Mist.  Ammoniac. 
Synonyms:  Emulsion  of  Ammoniac,  Milk  of  Ammoniac. 

Ammoniac,  30  Gm. ;   syrup  of  tolu,  66  cc. ;  distilled  water,  to  produce  1000  cc. 

Dose,  1/2  to  1  fluidounce   (16  to  32  cc). 

SucciNUM   (unofficial).  Amber. 

A  fossil  resin  found  in  various  parts  of  the  world  but  obtained  in  greatest  quan- 
tity from  the  countries  bordering  on  the  eastern  end  of  the  Baltic  Sea.  It  occurs 
in  small,  irregular  masses,  translucent,  of  a  brownish-yellow  color;  tasteless  and  in- 
odorous except  when   heated ;   insoluble   in   water  or  alcohol. 

Dose,  not  used  in  substance. 

Oleum  Succini  EECTiFicAxrM  (unofficial).  Rectified  Oil  of  Amber. 

Obtained  by  repeated  distillation  of  oil  of  amber  with  water.  It  is  of  a  light 
yellow  or  brownish-yellow  color,  having  a  characteristic  unpleasant  odor  and  an  acrid 
taste.  It  is  soluble  in  absolute  alcohol,  chloroform,  ether,  and  the  fixed  oils.  It  has 
been  employed  in  hysteria,  whooping-cough,  and  to  promote  secretions,  particularly 
urine. 
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Dose,  internal,  5  to  15  minims  (0.3  to  1  cc),  diffused  in  some  aromatic  water. 
Externally  as  a  rubefacient. 

Benzoinum  (U.S.  X.),  Benzoin. 

A  balsamic  resin  obtained  from  Styfax  benzoin  Dryander  and  other  species  of 
Styrax  (Fam.  Sfyracea'),  and  known  in  commerce  as  Sumatra  Benzoin  and  Siam 
Benzoin.  Odor  agreeable,  balsamic,  vanilla-like;  taste  aromatic  and  slightly  acrid. 
Siam  benzoin  yields  not  less  than  90  percent,  of  alcoholic  extractive. 

Dose,  10  to  20  grains  (0.6  to  1.3  Gm.).    Also  as  an  inhalant. 

TiNCTURA  Benzoini  (U.S.  X.),  Tincture  of  Benzoin.    Ahhr.,  Tr.  Benz. 

Powdered  benzoin  percolated  to  exhaustion  with  alcohol,  five  cc.  representing 
1  Gm.  of  the  drug,  with  an  alcoholic  content  of  about  80  percent. 

Dose,  10  to  20  minims  (0.6  to  1.3  cc). 

TiNCTURA  Benzoini  Composita  (U.S.  X.),  Compound  Tincture  of  Benzoin. 
Ahhr.,  Tr.   Benz.   Co.     Sy7ionyins:     Friar's  Balsam,   Traumatic   Balsam. 

Powdered  benzoin,  100  Gm. ;  powdered  aloe,  20  Gm. ;  storax,  80  Gm. ;  balsam  of 
tolu,  40  Gm. ;  mixed  and  extracted  with  alcohol,  the  product  representing  1  Gm.  of 
benzoin  to  each  10  cc.     Alcoholic  content  about  80  percent. 

Dose,  30  to  60  minims  (2  to  4  cc),  internally.  Externally,  as  an  antiseptic  and 
protective. 

Balsamum  Peruvianum  (U.S.  X.),  Balsam  of  Peru,    Ahhr.,  Bals.  Peruv. 

Obtained  from  Toluifera  pereirce  (Royle)  Baillon  (Fam.  Leguminosce)  (U.S.).  A 
viscid  balsam  exuded  from  the  trunk  of  Myroxylon  pereirw  Klotzsch,  after  the  bark 
has  been  beaten  and  scorched.  (Br.).  A  dark  brown,  viscid  liquid,  transparent,  and 
appearing  reddish-brown  in  thin  layers.  It  has  an  agreeable,  vanilla-like  odor,  and 
a  bitter,  acrid  taste  with  a  persistent  after-taste.  Nearly  insoluble  in  water,  but  soluble 
in  alcohol,  chloroform,  and  glacial  acetic  acid. 

Dose,  internal,  5  to  15  minims  (0.3  to  1  cc)  ;  externally,  as  a  stimulating  dress- 
ing. 

Mistura  Oleo-balsamica  (iST.F.),  Oleo-balsamic  Mixture.    Ahhr.,  Mist.  Ol.-Balsam. 

Oil  of  lavender,  eugenol,  oil  of  cinnamon,  oil  of  thyme,  oil  of  lemon,  oil  of 
myristica,  of  each  4  cc ;  balsam  of  Peru,  16  cc. ;  alcohol  q.s.  to  make  1000  cc. 

Dose,  1  to  4  fluidrams  (4  to  16  cc)  ;  mainly  used  as  a  vehicle. 

Styrax  (U.S.  X.),  Storax.    Synonym:  Liquid  Storax, 

A  balsam  obtained  from  the  trunk  of  Liquidamhar  orientalis  Miller  (Fam. 
Hamamelidacece) ,  known  in  commerce  as  Levant  Storax,  or  of  Liquidamhar  styracifliia 
Linne,  known  in  commerce  as  American  Storax.  It  is  a  pathological,  rather  than  a 
physiological  product.  When  the  young  wood  is  injured,  secretion  reservoirs  are 
formed  in  which  the  storax  is  produced.  Occurs  as  a  semi-fluid,  adhesive  substance, 
brown  or  almost  black  on  the  exposed  surface,  but  of  a  slightly  greenish-gray  color 
within.  Odor  somewhat  like  balsam  of  Peru,  with  an  acrid  taste.  Insoluble  in  water, 
but  completely  soluble  in  an  equal  weight  of  warm  alcohol ;  almost  completely  soluble 
in  ether,  acetone  or  benzene. 

Dose,  internal,  10  to  20  grains  (0.6  to  1.3  Gm.),  externally,  mixed  with  2  parts  of 
olive  oil  in  scabies. 

Tolu  (U.S.  X.),  Tolu.    Synonyms:  Balsam  of  Tolutanum,  Balsam  of  Tolu, 

Balsam  of  tolu  is  a  solid  balsam  obtained  from  incisions  made  in  the  trunk 
of  Myroxylon  toluiferum  H.,  B.,  and  Iv.  (Br.).  Obtained  from  Toluifera  hahannnn 
Linne  (Fam.  Leguminosce  (U.S.).  A  yellowish-brown  plastic  solid,  becoming  brittle 
when  old,  dried,  or  exposed  to  cold.  It  is  transparent  in  thin  layers,  has  a  pleasant 
aromatic  odor,  resembling  that  of  vanilla,  and  a  mild  aromatic  taste. 

Dose,  10  to  30  grains  (0.6  to  2  Gm.),  best  administered  in  form  of  emulsion. 
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SvRUPUS  ToLU  (U.S.  X.),  Syrup  of  Toln.  Ahhi:.  Syr.  Tolu.  Si/nonyms:  Syrupus 
Tolutanus,  Syrup  of  Balsam  of  Tnhi. 

This  preparation  is  made  with  '>o  cc.  tincture  of  tola.  10  (]m.  magnesium  car- 
bonate and  S20  Gm.  of  8usar  in  wntcr  siitHcient  to  make  1000  cc.  Alcoholic  content 
about  4  percent,  by  volume. 

Dose,  2  to  4  fluidrams  (8  to  1C>  cc). 

TiNCTURA  ToLLT  (U.S.  X.),  Tincture  of  Tolu.  Ahhr.,  Tr.  Tolii.  Sijnonyms:  Tinc- 
tura  Tolutana,  Tincture  of  Balsam  of  Tolu. 

Balsam  of  tolu  exhausted  with  alcohol.  Each  5  cc.  represent  1  Gm.  of  the  drug. 
Alcoholic  content  about  80  percent. 

Dose,  15  to  30  minims  (1  to  2  cc). 

Sonir  CiNNAMAs  (unofficial).  Sodium  Cinnamate.     Si/nonym  ■'    Hetol. 

Sodium  cinnamate,  NaO„H;02,  is  the  sodium  salt  of  phenylacrylic  acid.  Cinnamic 
acid  is  obtained  from  balsam  of  tolu  or  may  be  prepared  synthetically  by  heating  to- 
gether beuzaldehyde,  sodium  acetate,  and  acetic  anhydride.  Sodium  cinnamate  is  a 
white  crystalline  powder,  soluble  in  M^ater,  1  part  in  20,  the  solution  being  faintly- 
alkaline. 

Antagonists  and  Incompatihles. — It  is  incompatible  with  acids  and  with  oxidizing 
agents,  e.g.,  potassium  permanganate. 

Dose,  2  to  3  grains  (0.13  to  0.2  Gm.)  or  more. 

R.\Dix  Calami  Aromatici  (imofficial).  Sweet  Flag  Root.  Ahhr.,  Rad.  Calam  Arom. 
Synonyms:  Calamus,  Kalamus,  Sweet  Flag. 

The  unpeeled,  dried,  rhizome  of  Acorus  calamus  Linne  (Fam.  Aracece).  Odor, 
strong  and  fragrant;  taste,  warm,  bitter,  pungent  and  aromatic.  In  India  and  in 
parts  of  Europe  it  is  used  as  a  vermifuge  and  insecticide,  in  the  form  of  an  infusion  (1 
ounce  of  the  root  to  1  pint  of  boiling  water),  with  a  dose  of  from  1  to  2  wineglassfuls. 

Dose,  in  substance,  15  to  30  grains  (0.9  to  1.9  Gm.). 

Fluidextractum  Calami  (unofficial),  Fluidextract  of  Calamus.  Ahbr.,  Fldcxt. 
Calam.     Synonyms:  Fluidextract  of  Ival,amus,  Fluidextract  of  Sweet  Flag. 

This  is  prepared  by  using  powdered  calamus,  1000  Gm.,  alcohol  and  water,  of  each 
500  cc.  Each  cc.  represents  1  Gm.  of  the  drug,  with  an  alcoholic  content  of  about  38 
percent. 

Dose,  15  to  30  minims  (0.9  to  1.9  cc). 

Oleum  Calami  (unofficial),  Oil  of  Calamus.  Ahhr.,  01.  Calam.  Synonyms:  Oil 
of  Sweet  Flag,  Oil  of  Kalamus. 

The  volatile  oil  is  obtained  from  all  portions  of  the  plant  by  distillation.  It  is  at 
first  yellow  but  ultimately  becomes  red  and  has  the  odor  and  taste  of  calamus. 

Dose,  from  1  to  3  minims  (0.06  to  0.19  cc). 

Therapeutics. — The  balsams  are  used  mainly  in  the  treatment  of  affections  of 
the  respiratory  tract,  having  expectorant  and  feeble  antiseptic  properties. 

Ammonl\c  is  sometimes  applied  externally  in  the  form  of  a  plaster  to  promote 
the  absorption  of  chronic  inflammatory  exudates  which  it  does  in  a  measure  by  its 
mildly  irritant  action.  Internally  it  is  given  for  the  relief  of  chronic  bronchitis  and 
sluggish  catarrhal  condition  of  other  parts  of  the  respiratory  tract.  It  is  best  given 
in  the  form  of  the  official  (Br.P.)  Mistura  Ammoniaci  in  doses  of  half  a  fluidounce 
(16  cc)  or  more. 

Amber,  as  such,  is  seldom  or  never  used  in  therapeutics,  but  the  oil  is  occasionally 
applied  locally,  mixed  with  equal  parts  of  olive  or  cottonseed  oil,  to  relieve  the  pain  of 
chronic  arthritis,  and  to  the  chest  as  an  adjuvant  to  internal  remedies  in  hronchitis 
with  dry  hacking  cough.  Such  local  applications  are  extremely  useful  in  acute,  sub- 
acute and  chronic  bronchial  catarrhs  in  children,  as  also  in  croup  (not  diphtheria), 
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and  to  a  less  degree  in  whooping-cough.  Internally  the  oil  of  amber  has  been  given 
in  1  to  3  minim  (0.06  to  0.2  ec.)  doses  for  the  arrest  of  hiccough,  and  in  the  treatment 
of  asthma  and  bronchitis.    It  is  said  to  act  favorably  in  certain  cases  of  amenorrhea. 

Sodium  succinate  is  a  remedy  of  great  value  in  catarrh. 

Benzoin  is  seldom  given  internally,  but  may  be  inhaled  with  great  benefit  in  acute 
or  chronic  hronchitis  with  "tightness  of  the  chest"  and  dyspnea,  and  in  catarrhal  or 
spasmodic  laryngitis.  A  teaspoonful  of  the  compound  tincture  with  an  equal  quantity 
of  paregoric  is  dropped  upon  the  surface  of  steaming  water  in  a  bowl  or  pitcher  and 
a  sufficient  air  space  is  left  above  the  surface  to  permit  diffusion.  The  vapor  is  in- 
haled through  a  cone  of  paper  or  toweling.  Sometimes  the  tincture  is  evaporated 
over  a  water-bath  in  a  small  closed  room  occupied  by  the  patient ;  or  a  croup-kettle 
may  be  used  and  placed  within  a  tent  made  of  sheets  arranged  about  the  patient's 
bed.  The  tincture  is  applied  by  means  of  compresses  to  foul-smelling  and  unhealthily 
granulating  wounds,  and  it  has  been  recommended,  diluted  with  equal  parts  of  glycerin, 
as  an  application  to  anal  fissure  and  for  chapped  hands  and  lips.  Benzoin  is  added 
to  lard  and  suet  to  prevent  rancidity  when  used  as  ointment  bases. 

Calamus  is  a  feeble  aromatic  and  has  been  used  in  domestic  practice  as  such. 
The  powdered  root  is  widely  used  in  southern  Asia  as  a  vermifuge  and  this  pi-actice 
has  been  transplanted  to  certain  sections  of  the  Anglo-Saxon  world.  The  powdered 
root  is  also  used  as  the  basis  for  tooth-powders  and  pastes.  A  common  household 
use  is  made  of  the  infusion  as  a  vermifuge.  When  required  for  internal  use  the 
fluidextract,  however,  gives  the  best  satisfaction. 

Balsam  of  Peru  was  very  extensively  employed,  before  the  days  of  aseptic  surgery 
and  occlusive  dressings,  as  a  wound  dressing,  and  it  is  still  used  with  benefit  in 
articular  tuherculosis  with  fistulous  openings,  as  a  stimulating  application  to  indolent 
ulcers,  and  as  a  first  dressing  for  war  wounds.  It  meets  excellently  the  indications 
in  these  cases.  It  is  also  an  effective  agent  in  the  treatment  of  parasitic  affections 
of  the  skin,  destroying  equally  the  fungus  of  ringworm,  the  itch-mite,  and  pedicidi. 

Internally  balsam  of  Peru  is  occasionally  given  alone  or  as  an  ingredient  of 
expectorant  mixtures  for  chronic  hronchitis  and  to  diminish  the  secretion  in  senile 
hronchorrhea.  When  given  alone  it  may  be  made  into  an  emulsion  by  acacia  or  a 
beaten  egg  in  water.  It  is  a  good  excipient  for  iodoform  capsules  in  pulmonary  tuher- 
culosis. 

Balsam  of  Tolu  is  a  mild  expectorant  and  is  chiefly  employed,  in  the  form  of  the 
syrup,  as  a  pleasant  vehicle  for  other  more  powerful  expectorants.  Inhalation  of  the 
vapor  arising  from  steaming  hot  water  into  which  a  tablespoonful  of  the  tincture  of 
tolu  has  been  dropped  sometimes  gives  great  relief  in  tightness  of  the  chest  associated 
with  chronic  hronchitis. 

Styrax  is  an  ingredient  of  the  compound  tincture  of  benzoin,  but  is  otherwise 
seldom  given  internally.  Its  action  is  that  of  a  feebly  antiseptic  expectorant  like  the 
other  members  of  this  group.  Mixed  with  an  equal  amount  of  olive  or  cottonseed  oil, 
it  is  an  effective  parasiticide,  in  scahies  and  pediculosis. 

Sodium  cinnamate  was  advocated  by  Landerer  for  the  treatment  of  pulmonary 
tidierculosis.  The  effect  is  referred  by  him  to  an  inflammatory  reaction,  localized  about 
the  tuberculous  foci  and  leading  to  cicatrization.  He  recorded  very  favorable  results 
in  well-selected  early  cases.  The  synthetic  cinnamate  was  preferred  on  account  of  its 
purity.  Landerer  gave  it  intravenously  in  doses  of  %o  grain  (0.001  Gm.)  gradually 
increased  to  Vz  grain  (0.002  Gm.)  in  1  to  5  percent,  solution,  twice  or  thrice  weekly 
for  long  periods  (3  to  18  months).  It  may  be  given  per  os  in  doses  of  1  to  5  grains 
(0.06  to  0.3  Gm.)  two  to  four  times  daily.  While  sodium  cinnamate  alone  will  not 
bring  about  recovery  from  tuberculosis  it  is  an  auxiliary  of  proved  worth,  especially 
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when  associated  with  a  lime  salt  and  parathyroid  gland.  Those  only  are  disappointed 
in  its  use  who  expect  from  drugs,  what  drugs  cannot  do.  The  cinnamate  helps  to 
ease  cough  and  expectoration,  thus  diminishing  unproductive  eflForts,  and  it  promotes 
calcification  as  Landerer  stated.  Guaiacol  cinnamate  has  special  advantages  in  some 
cases. 

Naphthols 
Naphthalin 

Naphthalin  and  the  naphthols  are  among  the  many  useful  compounds  derived  from 
coal  tar,  and  are  of  very  recent  introduction  in  medicine.  Under  the  name  of  tar-- 
camphor,  naphthalin  is  largely  used  to  prevent  attacks  by  moths  on  clothing,  and  of 
other  insect  pests  on  museum  specimens. 

Chemistry. — A  large  number  of  compounds  based  on  the  naphthalin  nucleus  are 
known  to  cliemists,  but  only  a  few  of  these  have  found  a  use  in  medicine. 

Naphthalin  (C,oHg)  has  the  following  structure: 

H  H 
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H        C  C       H 
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H  H 

It  is  evident  that  substitution  can  be  made  either  on  the  carbon  atoms  next  to  the 
other  ring,  alpha  compounds,  or  on  the  more  remote  atoms,  beta  compounds.  Two 
monohydroxids  (naphthols)  are  thus  possible  and  both  have  been  used  as  medicaments. 
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Alpha-naphthol  Beta-naphthol 

Other  substitution  products  used  in  medicine  are: 
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Sodium  Beta-naphthol  Bismuth  Beta-naphthol 

(The  composition  of  bismuth  beta-naphthol  is  variable.) 

Epicarin.— Oxy-naphthyl-toluic  acid,  H,„H,OH— C,H3(0H)C00H,  is  a  strong 
anti^■eptic  which  forms  soluble  salts  and  has  been  used  in  dermatology. 

Bismuth  beta-naphthol  (C.„n,0)3Bi4-3H,0),  heta-naphthol  salicylate  (C,„H,O.CO. 
C.H.OH.),  benzonapthol  (C,„H,.O.CO.C.HJ  and  asaprol,  Ca  (C,„H,OIISO,),  are  less 
soluble  than  the  other  compounds  and  therefore  less  irritating  to  the  digestive  tract. 

Summary  of  Actions  and  Uses. — Naphthalin  and  the  naphthols  are  irritating  to 
wounds  but  not  commonly  to  the  sound  skin.     Owing  to  their  low  solubility  in  water 
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they  are  not  readily  absorbed,  but  when  taken  into  the  system  in  poisonous  dose,  they 
cause  irritation  of  the  gastroenteric  tract  and  of  the  l^idneys,  and  their  use  is  thus 
contraindicated  in  the  presence  of  renal  disease.  Among  the  symptoms  of  severe  intoxi- 
cation, the  most  characteristic  are  hemorrhages  into  the  retina  and  lens,  leading  to  blind- 
ness or  cataract,  and  convulsions  followed  by  coma  in  fatal  cases. 

Naphthalin  is  used  externally  as  a  parasiticide  and  internally  against  pinworms  and 
hookworms.  It  is  highly  recommended  by  some  authorities  in  pertussis  and  in  asthma. 
Alphanaphthol  is  not  employed  therapeutically,  but  betanaphthol  and  benzonaphthol  are 
used  as  intestinal  antiseptics  and  vermifuges.  Bismuth  betanaphthol  and  its  compounds 
with  salicylic  acid,  are  used  as  sedatives,  astringents  and  antiseptics  in  the  alimentary 
tract. 

Materia  Medica. — Naphthalenum  (unofficial),  Naphthalene.  Synonyms:  Tar 
camphor,  Naphthalin. 

A  hydrocarbon  CjoIIg  obtained  from  coal-tar,  and  purified  by  crystallization.  It 
occurs  in  colorless,  shining,  transparent  laminae,  having  a  strong  characteristic  odor 
resembling  that  of  coal-tar,  and  a  burning  aromatic  taste;  insoluble  in  water,  soluble  in 
13  parts  of  alcohol,  very  soluble  in  ether. 

Dose,  1  to  5  grains  (0.06  to  0.03  Gm.). 

Beta-naphthol  (U.S.  X.),  Beta-naphthol.  Ahbr.,  Betanaph.  Synonym:  Naphthol, 
Beta  monohydroxy  naphthalene. 

Colorless  or  pale  buff-colored,  shining  crystalline  leaflets,  or  a  white  or  yellowish- 
white,  crystalline  powder.  It  has  a  faint  phenol-like  odor,  taste  sharp  and  pungent. 
One  Gm.  is  soluble  in  about  1000  cc.  of  water,  0.8  cc.  of  alcohol,  17  cc.  of  chloroform, 
and  in  about  1.3  cc.  of  ether  at  25°  C.  One  Gm.  is  soluble  in  80  cc.  of  boiling  water. 
It  is  soluble  in  glycerin  and  olive  oil  and  is  readily  dissolved  by  alkali  hydroxide 
solutions.    It  has  the  formula,  CioHtOH. 

Dose,  3  to  8  grains  (0.2  to  0.5  Gm.),  as  an  intestinal  antiseptic;  externally  in 
strength  of  %  to  5  percent,  as  ointment  or  as  a  parasiticide. 

Bismuth  Beta-naphtholas  (unofficial).  Bismuth  Betanaphtholate.  Ahhr.,  Bism. 
Betanaph.   Synonym :   Orphol. 

A  compound  of  bismuth  and  beta-naphthol  of  somewhat  varying  composition, 
yielding  not  less  than  15  percent,  of  beta-naphthol,  and,  upon  ignition,  not  less  than 
73  percent,  nor  more  than  78  percent,  of  bismuth  oxide,  BizOs.  It  is  a  buff-colored  to 
grayish-brown  amorphous  powder ;  odorless  or  having  a  faint  odor  of  beta-naphthol ; 
tasteless.  Nearly  insoluble  in  water,  alcohol,  chloroform,  or  ether;  partially  dissolved 
by  mineral  acids  with  the  formation  of  the  corresponding  bismuth  salts  and  the  libera- 
tion of  beta-naphthol. 

Dose,  5  to  10  grains  (0.3  to  0.6  Gm.). 

Betanaphtholis  Benzoas  (unofficial).  Betanaphthol  Benzoate.  Synonyms:  /3- 
naphthol  Benzoate,  Benzyl-Naphthol,  Benzo-Naphthol. 

It  is  a  whitish,  crystalline  powder  without  taste  or  odor,  darkens  with  age ;  occurs 
in  microscopic  crystals,  nearly  insoluble  in  water  at  ordinary  temperatures,  more 
soluble  in  alcohol,  with  solubility  rising  rapidly  with  the  temperature;  but  most 
soluble  in  chloroform.    It  is  best  administered  in  small  doses,  repeated  frequently. 

Incompatihles. — Antipyrine,  camphor,  phenol,  ferric  chloride,  menthol,  potassium 
permanganate  and  ethyl  carbonate. 

Dose,  4  to  8  grains  (0.25  to  0.5  Gm.). 

Betanaphtholis  Salicylas  (unofficial),  Betanaphthyl  Salicylate.  Ahhr.,  Beta- 
naph. Salic.     Synonyms:  Betol,  Naphthalol,  Naphthosalol,  Salinaphthol. 

The  salicylic  acid  ester  of  P-naphthol  (C10H7).  It  occurs  in  white  shining  crystals, 
odorless,  tasteless,  insoluble  in  cold  or  hot  water,  soluble  in  cold  alcohol  with  difficulty, 
but  readily  soluble  in  hot  alcohol  (1  in  3),  in  ether,  in  benzene;  is  not  decomposed 
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by  acids  or  alkalis  in  tlio  cold,  but  tbe  alkaline  pancreatic  fluid  decomposes  it  Into 
P-naphthol  and  salicylic  acid. 

Dose,  4  to  8  grains  (0.25  to  0.5  Gm.). 

Petroxolinum  Betaxai'iitholis  (iST.F.),  Betanaphthol  Petroxolin.  Ahhr.,  Petrox. 
Betanapbthol. 

Betanaphthol,  10  Gm. ;  liquid  petroxolin,  90  Gm.  Dissolve  the  betanaphthol  in 
the  liquid  petrocolin  by  agitation. 

Dose,  externally  as  an  antizymotic  and  parasiticide, 

Antipathogenic  Action. — The  antiseptic  use  of  all  these  compounds  is  limited  by  the 
fact  that  although  very  weak  solutions  prevent  the  growth  of  bacteria,  their  very  slight 
solubility  in  water  prevents  their  reaching  a  concentration  which  will  kill  bacteria  within 
a  reasonable  time.  Thus,  one  part  in  3,000  of  beta-naphthol  prevents  the  growth  of 
typhoid  and  of  tubercle  bacilli,  and  one  in  10,000  of  alpha-naphthol  stops  (hat  of  diph- 
theria bacillus  and  of  staphylococcus  pyogenes.  Urine  does  not  ferment  nor  meat  in- 
fusion putrefy  if  0.02  percent,  of  either  is  added. 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Both  naphthalin  and  its 
various  compounds  are  absorbed  slowly  from  the  mucous  membranes  and  wounds,  but 
little  If  at  all  from  the  unbroken  skin.  Taken  by  mouth  they  are  all  converted  into  less 
toxic  compounds  which  differ  somewhat  according  to  the  form  administered.  These 
bodies  are  promptly  excreted  and  there  is  no  cumulative  action. 

As  these  changes  cannot  occur  when  the  substances  are  absorbed  from  wounds  or 
from  the  subcutaneous  tissues,  they  exert  a  much  greater  toxic  action  when  given 
parenterally. 

Asaprol  and  benzonaphthol  are  said  not  to  be  decomposed  in  the  stomach  and 
the  irritating  action  on  this  organ  is  thus  avoided. 

Naphthalin  is  excreted  chiefly  in  the  urine  as  the  beta-naphthol  esters  of  glycuronic 
and  sulphuric  acids.  Part  passes  through  the  kidney  unchanged  and  part  escapes  In 
the  stools.  Alpha-naphthol  is  also  excreted  as  a  mixture  of  sulphonates  and  glycuronates 
while  beta-  and  benzonaphthols  are  excreted  almost  wholly  as  sulphonates. 

Although  they  cause  salivation,  none  is  excreted  in  the  saliva. 

Topical  Action. — Applied  to  the  unbroken  skin,  naphthalin  and  the  naphthols  are  not 
irritating,  but  if  the  skin  is  excoriated  they  induce  a  painful  erythema.  Their  slight 
solubility  limits  this  action,  however.  A  6  percent,  ointment  of  beta-naphthol  may  induce 
dermatitis  on  the  sound  skin  although  naphthalin  injected  hypodermically  in  10  percent, 
solution  in  oil  causes  no  local  reaction. 

The  vapors  of  naphthalin  may  irritate  the  larynx.  Taken  by  mouth  the  more 
soluble  compounds  have  a  tendency  to  cause  gastric  pain  with  nausea  and,  rarely,  vomit- 
ing.   There  may  be  diarrhea  or  even  enteritis  as  a  result  of  large  or  continued  doses. 

Toxic  and  Systemic  Action:  Toxic  Dose. — Owing  in  part  to  the  slight  solubility  of 
naphthaline  and  the  naphthols,  their  toxicity  when  given  by  mouth  is  not  very  great, 
but  when  absorption  occurs,  the  symptoms  induced  by  all  of  them  are  very  similar,  per- 
haps because  they  undergo  alteration  in  the  body  to  much  the  same  substances.  The 
toxic  dose  of  each  is  variously  stated  by  different  authors,  but  all  agree  that  they  are 
very  much  more  poisonous  when  given  parenterally,  and  much  less  toxic  to  herbivora 
(rabbits)  than  to  carnivora.  Dogs  seem  to  be  less  sensitive  than  cats,  and  rats  are  easily 
poisoned.    In  man  fatal  poisoning  seems  to  be  very  rare. 

While  Shoemaker  and  most  other  authors  agree  that  beta-naphthol  is  much  less  toxic 
than  alpha-naphthol,  Bouchard  claims  that  beta-naphthol  Is  more  than  twice  as  toxic  to 
rabbits,  and  that  the  two  are  equally  toxic  to  cats.  It  is  possible  that  the  greater  safety 
of  the  beta  compound  is  dependent  on  lesser  solubility,  which  renders  its  absorption 
slower,  and  thus  also  makes  it  more  valuable  as  an  intestinal  antiseptic. 

Dissolved  in  glycerin,  betanaphthol  is  fatal  to  rabbits  in  doses  of  4  Gm.  (1  dram) 
per  kilo  by  mouth;  3  Gm.  (45  grains)  subcutaneously;  and  0.08  Gm.  (12  grains)  intra- 
venously. Powdered  alpha-naphthol  has  been  given  by  mouth  to  rabbits  in  doses  as  high 
as  8  Gm.  (2  drams)  per  kilo  without  causing  death,  while  3.5  Gm.  (52  grains)  proved 
fatal.  In  dogs  the  fatal  dose  by  mouth  of  the  beta  compound  is  about  1  Gm.  (15  grains) 
per  kilo,  and  subcutaneously  about  i^  of  this.  Cats  die  in  convulsions  after  swallowing 
0.1  Gm.  (1.5  grains). 

The  fatal  dose  of  naphthalene  by  mouth  varies  with  the  condition  of  the  digestive 
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tract,  and  with  the  species,  but  is  about  that  of  beta-naphthol.  Subcutaneously  the  fatal 
dose  in  rabbits  is  not  less  than  1  Gm.  (15  grains)  per  kilo,  and  in  dogs  it  is  about  0.3 
Gm.  (5  grains).  Rabbits  receiving  2  Gm.  (30  grains)  daily  by  mouth,  show  emaciation 
followed  in  two  weeks  by  death. 

The  toxicity  to  man  of  all  the  naphthalin  bodies  varies  widely  for  some  unexplained 
reason.  Naphthalin  has  been  taken  in  doses  of  5  Gm.  (75  grains)  for  short  periods, 
without  bad  effect,  while  a  single  dose  of  one  tenth  this  amount  may  cause  severe  gastro- 
enteritis. Lezinius  mentions  a  man  in  whom  severe  cystitis  as  well  as  retinitis  and  cata- 
ract, followed  a  single  dose  of  5  Gm.  Van  der  Hoeve  reports  retinitis  from  both  beta- 
naphthol  and  benzonaphthol  in  dose  of  4  Gm.  daily  by  mouth  continued  a  few  days. 
Kopytowski  reports  dermatitis  from  the  application  of  a  6  percent,  ointment  of  beta- 
naphthol  to  the  souhd  skin,  and  Baatz  saw  nephritis  in  two  boys  after  external  use  of  2 
percent,  ointment.  One  case  resulted  fatally  although  the  entire  amount  in  the  salve 
was  only  4  Gm.  (1  dram)  and  the  amount  absorbed  rnust  have  been  much  less.  Fatal 
poisoning  has  resulted  in  an  infant  from  application  to  the  inflamed  skin  of  an  ointment 
containing  1  Gra.  (15  grains),  and  several  other  deaths  have  been  reported  from  external 
use  of  naphthol-camphor,  a  mixture  of  1  part  of  beta-naphthol  with  2  of  camphor.  This 
is  perhaps  more  readily  absorbed  than  naphthol  alone. 

The  symptoms  of  severe  acute  poisoning  vary  with  the  species  rather  than  with  the 
compound.  In  man  restlessness  followed  by  convulsions  and  coma  with  stertorous 
respiration  have  been  seen  even  in  nonfatal  cases.  In  rabbits  there  is  diarrhea  and 
dysuria  preceded  often  by  convulsions.  Death  occurs  either  in  a  convulsion  or  from 
gradual  failure  of  respiration.  Cats  show  first  sneezing  and  salivation.  The  lids  are  red 
and  there  is  lacrymation.  Vomiting  and  diarrhea  follow  with  spasms  of  the  face  muscles 
and  twitching  of  the  limbs,  often  followed  by  convulsions.  Dyspnea  becomes  extreme  and 
death  follows  as  in  rabbits.  Dogs  show  a  similar  train  of  symptoms  but  convulsions  are 
rare  and  there  is  greater  tendency  to  urinary  irritation  with  pain  in  the  bladder, 
strangury  and  even  hematuria.  The  heart  remains  strong  after  respiration  has  become 
weak.    In  rats  convulsions  and  coma  dominate  the  picture. 

In  case  of  recovery  there  may  be  nephritis  or  more  often  a  change  in  the  eye,  con- 
sisting of  hemorrhagic  retinitis  associated  with  opacities  in  the  lens  due  to  collections  of 
cells  and  often  leading  to  complete  blindness.  The  relative  intensity  of  retinal  and 
lenticular  alterations  differs  in  species  and  individuals.  The  first  change  seems  to  be  in 
the  blood-vessels'  of  the  eye. 

The  naphthols  in  toxic  dose,  or  occasionally  in  therapeutic  dose,  cause  a  destruction 
of  the  red  blood  cells  leading  to  hemoglobinuria,  or  the  presence  of  bile  pigments  in  the 
urine.  The  circulatory  system  is  little  influenced  by  systemic  administration,  but  blood- 
vessels perfused  with  0.01  percent,  naphthalin  solution  dilate  after  slight,  brief  contrac- 
tion. The  isolated  heart  of  both  frog  and  mammal  is  slowed  and  weakened  by  perfusion 
with  a  solution  of  the  same  strength. 

Even  therapeutic  doses  may  lead  to  burning  pain  on  urination  or  even  to  strangury. 
More  rarely  there  is  renal  irritation,  partly  due  to  direct  irritation  and  partly  secondary 
to  injury  of  the  kidney  by  the  hemoglobin  and  red  cell  detritus. 

The  respiratory  center  is  depressed  and  respiration  is  further  weakened  by  a  direct 
action  on  the  muscle,  frog  muscle  failing  to  respond  to  direct  stimulation  after  immer- 
sion in  0.05  percent,  solution  of  naphthalin. 

Continued  administration  of  naphthols  or  naphthalin  leads  to  a  disturbance  of 
metabolism,  shown  in  rabbits  by  lessened  excretion  of  urea  and  extreme  emaciation. 

Therapeutics. — NapJithalin  was  at  one  time  used  as  an  antiseptic  in  surgical 
dressings,  a  naphthalin  gauze  being  prepared  by  soaking  in  a  12.5  percent,  solution  of 
naphthalin  in  equal  parts  of  alcohol  and  ether  and  evaporating  the  solvent.  It  has 
been  used  also  as  a  remedy  for  thread  worms  by  rectal  injection  of  15  to  20  grains 
(1  to  1.3  Gm.)  in  3  ounces  (100  cc.)  of  olive  oil. 

Betanaphthol  is  a  powerful  antiseptic  and  is  used  successfully  in  the  treatment 
of  scabies,  ringworm  and  other  parasitic  skin  diseases  in  5  to  15  percent,  ointment. 
It  may  be  associated  with  phenol  and  sulphur  or  balsam  of  Peru.  In  psoriasis  and 
eczema,  an  ointment  of  10  percent,  strength  is  often  sufficient,  either  betanaphthol 
petroxolin  or  Lassar's  paste. 
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Betanaphthol  and  its  compounds  have  been  strongly  recommended  as  intestinal 
disinfectants  in  typhoid  fever,  in  enteritis,  in  mucous  colitis,  and  to  arrest  putrefaction 
in  the  stagnating  contents  of  a  dilated  stomach.  They  are  also  useful  as  vermifuges 
in  liool-worm  infestation.  The  dose  of  3  to  5  grains  (0.2  to  0.3  Gm.)  is  best  given 
in  capsules.  Eut  the  powder  is  eligible  and  may  be  associated  with  Dover's  powder, 
bismuth,  or  other  indicated  remedy. 

Aniline  Dyes 

The  introduction  of  aniline  dyes  into  medicine  is  very  recent  and  is  a  direct 
outgrowth  of  the  knowledge  of  their  selective  staining  powers  associated  with  chemo- 
therapeutic  conceptions. 

Aniline,  or  phenyl-amine  (CJI^NII,)  itself,  possesses  bactericidal  powers  but 
although  too  toxic  to  be  conveniently  handled  in  practice  is  a  frequent  source  of 
industrial  poisoning.  Many  compounds,  however,  containing  the  aniline  nucleus 
are  important  therapeutic  agents.  These  compounds  fall  into  two  main  groups,  the 
dyes,  which  owe  their  therapeutic  virtue  either  to  their  bactericidal  power  or  to  their 
ability  to  stimulate  the  growth  of  epithelial  tissues  (keratoplastic  action)  ;  and  the 
antipyretic  compounds,  many  of  which  also  show  antiseptic  power,  but  whose  use  in 
medicine  is  based  chiefly  on  their  antipyretic  and  antineuralgic  actions. 

It  was  formerly  hoped  that  certain  dyes,  which  show  a  selective  staining  power 
for  bacteria  outside  the  body,  might  attack  these  when  administered  internally,  and 
spare  the  body  cells.  This  hope  has  not  been  justified  although  methylene  blue  has 
found  a  limited  use  in  certain  types  of  infection.  On  the  other  hand,  several  of 
these  dyes  have  been  found  useful  in  the  local  treatment  of  infection,  especially 
methyl  violet,  pyoctanin,  rivanol,  flavine,  and  gentian  violet,  all  of  which  were  largely 
used  during  the  World  War.  Several  have  been  found  useful  also  in  protozoal  infec- 
tions. With  these  dyes  will  be  taken  up  a  nitrophenol  dye,  picric  acid;  and  other 
nitrophenols. 

Of  compounds  showing  an  aniline  nucleus  but  considered  elsewhere,  may  be 
mentioned,  scarlet  red  and  sudan  III  treated  with  tissue  stimulants;  and  the  coal  tar 
antipyretics  including  acetanilid,  phenacetin  and  exalgin,  which  are  taken  up  with 
substances  reducing  temperature. 

The  aniline  dyes  as  already  indicated,  find  varied  use  in  medicine.  Many  are 
employed  as  stains  in  microscopic  technic,  others  are  used  solely  as  indicators  in 
chemical  manipulations.  Neither  of  these  classes  can  be  described  here.  Several  are 
of  interest  because  the  rate  or  other  features  in  connection  with  their  excretion  is  of 
diagnostic  importance.  Phenolsulphonephthalein,  and  indigo  carmine  are  administered 
to  persons  with  suspected  kidney  trouble,  and  certain  deductions  as  to  the  condition 
of  the  kidney  may  be  drawn  from  their  rate  of  excretion,  or  the  relative  amount 
secreted  by  each  kidney.  Congo  red  is  not  excreted  from  the  normal  gastric  mucosa, 
but  escapes  from  the  denuded  surface  of  ulcers.  Its  presence  in  the  stomach  after 
parenteral  administration  is  thus  evidence  of  gastric  ulceration. 

A  very  large  number  of  dyes  have  been  tested  as  regards  their  bactericidal  power 
and  antiseptic  virtue,  but  very  few  have  found  a  permanent  place  as  practical  medica- 
ments. In  general  it  may  be  said  that  protozoa  are  killed  in  higher  dilution  than  are 
bacteria.  Certain  dyes  are  only  effective  when  exposed  to  sunlight,  for  example,  eosin 
and  fluorescein.  Some  are  especially  effective  against  Gram-positive  organisms,  e.g., 
gentian  violet;  others  against  Gram-negative  (acid  fuchsine).  These  differences  are 
not  dependent  on  differences  in  staining  power.  Bacteria  may  be  deeply  stained  by 
certain  dyes,  (e.g.,  B.  coli  by  gentian  violet)  without  injury;  others  may  be  killed 
before  they  are  stained.    Few  of  the  dyes  are  poisonous  in  small  dose,     A  few  which 


868  ORGANIC  CHEMICAL  ANTISEPTICS 

do  not  cause  severe  systemic  intoxication  are  topical  irritants.    Among  these  is  butter 
yellow,  a  dye  used  to  color  oleomargarine. 

The  systemic  action  of  the  poisonous  dyes  is  exerted  chiefly  on  the  central  nerve 
system,  being  seen  as  paralysis  which  may  be  preceded  by  convulsions.  The  circulatory 
system  also  suffers. 

Aniline 

Aniline,  although  not  used  as  a  medicament,  is  of  great  importance  as  a  poison 
on  account  of  the  frequency  of  industrial  intoxication.  Chemically  it  is  monamino- 
phenol,  CgH^NHj,  but  its  toxic  action  is  not  that  of  the  phenol  group.  It  is  a  blood 
poison,  prolonged  exposure  to  its  fumes  which  are  absorbed  readily  by  the  lungs  and 
skin,  leading  to  the  formation  of  methemoglobin,  with  resulting  more  or  less  severe 
anemia.  The  first  symptom  noted  is  weariness  or  sleepiness;  flushing,  fulness  of  the 
head,  and  dryness  of  the  throat  following  soon  after.  The  face  is  blue  or  even  deep 
purple;  the  pulse  is  rapid  and  weak;  the  temperature  subnormal.  Dyspnea  and,  rarely, 
loss  of  consciousness  are  noted.  The  urine  is  smoky.  The  blood  shows  marked  lessen- 
ing of  hemoglobin  and  of  red  cell  count ;  levicocytosis  and  often  the  presence  of  altered 
hemoglobin.  Basophilic  granules  in  the  red  cells,  similar  to  those  found  in  lead 
poisoning,  are  of  great  diagnostic  importance.  Death  has  resulted  from  swallowing 
25  Gm.  (6  drams). 

After  working  in  aniline  for  a  certain  time  a  resistance  to  these  blood  changes 
is  developed  and  in  such  workmen  a  peculiar  form  of  chronic  poisoning  may  arise. 
This  is  the  development  of  adenoma  or  carcinoma  of  the  bladder. 

Nitrobenzene 

Nitrobenzene,  (CgH^NO^),  also  known  as  oil  of  mirbane,  artificial  oil  of  bitter 
almonds,  etc.,  is  widely  used  as  a  flavor  for  soaps,  and  other  toilet  articles,  and  in  the 
manufacture  of  dyes  as  well  as  for  a  solvent  of  a  popular  black  shoe  dye.  It  is  readily 
absorbed  by  the  skin  and  lungs  and  accidental  and  industrial  poisoning  are  frequent. 
It  resembles  aniline  in  its  toxicity  and  somewhat  in  the  symptoms  produced,  although 
these  are  more  variable;  there  is  a  greater  tendency  to  mental  impairment  and  to 
delayed  and  prolonged  intoxication.  Death  has  resulted  from  wearing,  for  one  evening, 
a  pair  of  shoes  freshly  dyed  with  a  nitrobenzene  dye,  but  recovery  has  occurred  after 
inhalation  of  large  quantities.  The  reason  for  the  varying  reaction  is  not  known.  The 
symptoms  are  dulness,  sleepiness,  headache,  nausea,  ataxia,  nystagmus,  tremors  of 
voluntary  muscles,  weak  respiration,  irregular  pupils,  extreme  cyanosis.  In  chronic 
cases  there  is  loss  of  memory  and  of  recognition  of  place  and  time,  and  a  loss  of 
ability  to  carry  out  alternating  movements,  as  reqviired  in  walking.  The  mental 
symptoms  may  come  on  long  after  the  exposure  and  last  for  several  months.  Autopsy 
shows  methemoglobinemia,  chocolate  colored  blood  from  destruction  of  hemoglobin, 
degeneration  of  the  Purkinje  cells  in  the  cerebellum,  but  no  other  characteristic 
changes. 

Treatment  of  both  aniline  and  nitrobenzene  poisoning  is  symptomatic. 

Trinitrotoluene 

Trinitrotoluene,  or  TNT  as  it  is  familiarly  known  (CgHj.(N02)3.CH3.),  was  during 
the  war  a  frequent  source  of  poisoning.  This  did  not  occur  during  its  manufacture, 
but  when  it  was  heated  to  place  it  in  explosive  shells,  and  while  the  core  which  is  to 
contain  the  detonator  was  being  drilled  out.  The  workmen  inhaled  the  fumes  and 
powder,  which  also  settled  in  the  eyes  and  nose  and  skin.  The  symptoms  are  those 
of  local  irritation  with  yellow  discoloration,  coupled  with  those  of  degenerative  in- 
flammation of  the  liver. 
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The  victims  complained  of  nasal  irritation,  epistaxis,  smarting  of  the  eyes,  lacry- 
mation,  constriction  in  the  thi'oat  and  ex]5ectoration  of  bitter  sputum.  Gripping  pain 
in  the  abdomen,  vomiting,  acid  eructations,  diarrhea,  and  constipation  indicated  the 
gastroenteric  irritation.  The  skin  showed  yellow  discoloration  and  cheiroponipholyx 
or  eczematous  rashes.  Systemic  symptoms  included  jaundice,  weakness,  mental  de- 
pression, blurred  vision,  and  transient  peripheral  neuritis.  The  poison  may  be  re- 
covered from  the  urine.  Death  often  results  from  extreme  degeneration  of  the  liver. 
The  blood  is  not  altered  as  it  is  by  nitrobenzene. 

Picric  Acid 

Picric  acid,  the  first  synthetic  dyestuff,  was  originally  introduced  into  medicine 
as  a  remedy  for  malaria  and  as  an  anthelmintic.  It  was,  however,  found  to  be  too 
poisonous  for  systemic  use,  and  its  employment  is  now  limited  to  topical  application 
especially  in  burns. 

Chemistry. — Chemically,  picric  acid  is  symmetrical  trinitro-pheuol,  C^HjOHCNO,),. 
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It  shows  affinity  as  a  dye  for  epithelial  structures,  especially  hair  and  epithelial 
scales,  but  not  for  cellulose  or  protoplasm. 

Summary  of  Actions  and  Uses. — A  saturated  solution  (a  little  over  1  percent.)  is 
irritating  to  mucous  membranes,  although  it  relieves  the  pain  of  denuded  surfaces.  The 
drug  irritates  the  gastroenteric  tract  and  kidneys  and  causes  icterus,  partly  by  staining 
the  tissues  and  fluids,  partly  by  destruction  of  hemoglobin. 

It  is  used  as  an  application  in  hums  and  more  rarely  in  ulcers,  and  as  an  antiseptic 
lotion  preparatory  to  operation.  Recently  it  has  been  tried  systemically  in  pellagra, 
but  it  should  not  be  prescribed  for  internal  use,  nor  applied  in  large  quantity  where 
there  is  danger  of  absorption. 

Materia  Medica. — Trixitrophenol  (U.S.  X.),  Trinitrophenal.  Ahhr.,  Trinitrophen. 
Synonyms:  Picric  Acid,  Carbazotic  Acid. 

Trinitrophenol  (CBHjOjNg)  occurs  as  pale  yellow  rhombic  prisms  or  scales  or  a 
bright  yellow  crystalline  powder.  Inodorous,  taste  very  bitter.  One  Gm.  is  soluble  in 
78  cc.  of  water,  12  cc.  of  alcohol,  35  cc.  of  chloroform,  65  cc.  of  ether,  10  cc.  of  benzene 
at  25°  C,  or  15  cc.  of  boiling  water. 

It  is  explosive  if  suddenly  heated  or  subjected  to  percussion. 

Dose,  internal,  V2  to  1  grain  (0.03  to  0.06  Gm.) ;  externally,  in  from  l^  to  2 
percent,  solutions. 

GossvPiiM  Pkrkum  (unofficial).  Picric  Cotton.     Ahhr.,  Gossyp.  Picric. 

Prepared  by  soaking  10  Gm.  of  absorbent  cotton  in  a  solution  of  0.25  Gm.  picric 
acid  in  25  cc.  alcohol  (94  pejcent.)  ;  or  10  Gm.  of  absorbent  cotton  in  a  solution  of 
0.25  Gm.  picric  acid  in  25  Gm.  of  ether.    It  should  be  thoroughly  dried  before  using. 

Dose,  used  externally. 

Antipathogenic  Action.— Picric  acid  has  little  bactericidal  power,  but  acts  as  an 
antiseptic  on  wounds  by  drying  them  up  and  rendering  them  unsuitable  for  bacterial 
growth.  Protozoa  are  more  susceptible,  Paramecium  being  killed  in  5  hours  by  1  to  5000 
and  immefliately  by  1  to  2000  (Tappeiner  and  lodlbauer).  Sodium  picrate  Is  not  very 
toxic  to  ascarides,  nor  is  picric  acid   (Bachem). 
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Pharmacodynamic  Action:  Absorption  and  Elimination. — Picric  acid  is  readily 
absorbed  even  by  the  unbroken  skin,  and  its  too  extensive  application  to  large  burns  is 
dangerous.  It  is  excreted  chiefly  in  the  urine  as  a  reduction  compound,  picramic  acid 
(C«H20H(N02)NH2.)  which  is  more  reddish  in  color.  This  is  not  a  detoxication  process 
as  the  two  are  not  markedly  different  in  fatal  dose.  A  smaller  portion  is  excreted  in  the 
urine  unchanged,  and  a  variable  part  may  escape  with  the  stools,  especially  if  there  is 
diarrhea.    The  occurrence  of  picro-sulphonates  is  disputed. 

Topical  Action. — The  action  is  shown  in  a  hardening  of  the  tissues  which  suggests 
tanning.  The  outer  layers  of  skin,  stained  by  its  application,  desquamate  and  do  not 
recover.  The  secretions  of  the  skin  and  of  mucous  membranes  are  lessened  by  dilute 
solutions  and  the  tissues  become  hard  and  less  elastic.  The  astringent  action  is  said  lo 
be  equal  to  that  of  lead  acetate,  but  less  than  that  of  silver  nitrate  or  tannin.  Like 
these,  it  precipitates  proteins  in  dilute  solution.  A  saturated  solution  is  irritant  to  the 
eye  but  not  to  the  surface  of  ulcers,  and,  in  contrast  to  most  astringents,  it  promotes 
the  growth  of  epithelium.    Alcoholic  solutions  stronger  than  1  percent,  are  dangerous. 

Toxic  Action:  Toxic  Dose. — Although  picric  acid  is  widely  used,  accidental  poison- 
ing in  man  is  very  rare.  Frogs  are  killed  by  subcutaneous  injection  of  0.2  mgm.  per 
Gm.  The  readiness  of  absorption  through  the  skin  is  shown  by  the  fatal  poisoning 
which  results  from  immersing  the  hind  leg  of  a  frog  in  a  1  percent,  solution  for 
20    minutes. 

Mammals  are  killed  by  similar  doses.  The  fatal  dose  for  various  species  approxi- 
mates 0.5  Gm.  per  kilo  (4  grains  per  pound)  by  mouth;  0.2  to  0.25  Gm.  per  kilo  sub- 
cutaneously,  and  0.1  to  0.15  Gm.  per  kilo  intravenously.  In  man  doses  of  several  centi- 
grams (say  1  grain)  have  been  taken  over  long  periods  without  harm,  and  in  cases 
of  attempted  suicide  as  much  as  25  Gm.  (almost  an  ounce)  have  been  swallowed  with- 
out death  resulting.  Vomiting  and  diarrhea  undoubtedly  removed  the  greater  part 
unabsorbed. 

Systemic  Action. — If  large  doses  have  been  swallowed,  there  result  vomiting  and 
diarrhea,  with  cramp-like  pains.  In  any  case  the  skin  will  be  colored  yellow,  and  with 
larger  doses  the  sclera  also.  The  urine  is  deep  yellow,  later  becoming  reddish  from  the 
presence  of  hemoglobin,  and  may  contain  albumen  and  renal  and  blood  cells';  anuria 
is    rare. 

The  blood  shows  hemoglobinemia,  with  yellow  or  reddish  staining  of  the  plasma, 
and  leucocytosis.  The  occurrence  of  methemoglobin  is  disputed.  The  heart  is  first  rapid 
and  later  slow,  blood-pressure  rising  only  to  fall  again  in  severe  poisoning.  Convulsions 
are  seen  only  in  fatal  poisoning,  and  their  explanation  is  not  clear.  Somnolence  and 
even  coma  have  been  seen.  Various  skin  eruptions  may  result  both  from  topical  appli- 
cation and  after  absorption.    In  fatal  cases  the  heart  and  respiration  fail  together. 

Therapeutics. — Picric  acid  has  been  widely  and  successfully  used  in  the  treatment 
of  hums  and  also  in  antiseptic  dressing  to  superficial  wounds.  The  application  may 
be  made  by  compresses  wet  in  a  saturated  solution,  then  covered  by  dry  absorbent 
cotton  held  in  place  by  a  light  bandage;  or  by  picric  cotton.  In  contact  with  raw 
surfaces,  it  causes  smarting  at  first,  but  later  induces  anesthesia.  It  produces  a  yellow 
staining  of  the  skin  which  may  be  removed  by  a  solution  of  lithium  carbonate  or  a 
paste  of  magnesium  carbonate.  Picric  acid  is  sometimes  of  service  in  the  treatment  of 
acute  eczema  and  of  erysipelas,  applied  as  for  burns,  and  a  powder  of  two  parts  of  the 
drug  in  98  parts  of  talcum  has  been  recommended  as  of  great  efficacy  in  hromidrosis 
of  the  feet. 

In  the  treatment  of  granular  lids  and  for  wounds  of  the  cornea,  especially  chemical 
burns,  picric  acid  in  1  or  2  percent,  ointment  acts  well;  a  local  anesthetic  should  be 
used  before  the  ointnient  is  applied. 

Many  surgeons  prefer  picric  acid  solution  in  alcohol  (5  percent.)  to  iodine,  as  an 
application  to  the  skin  preparatory  to  operations,  especially  to  breast  operations.  After 
a  few  minutes  the  skin  is  scrubbed  with  alcohol,  removing  a  portion  of  the  dye.  The 
stain,  however,  remains  on  the  surface,  and  wears  off  gradually. 

Picric  acid  has  been  given  as  an  anthelmintic,  but  its  internal  use  is  not  to  be 
recommended. 
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Trypan  Red 

Trypan  red,  C,„H,(NII,(SO,Na),).N :N.C.H,.C,H3S03Na.N  :N.C,H3.NH,.(S0.Na). 
was  introduced  by  Ehrlich  in  1904  as  a  trypanocide,  but  has  not  found  extensive  use  in 
medicine.  It  is  not  very  poisonous,  0.5  mgm.  per  Gm.  being:  required  to  kill  mice, 
and  doses  of  a  Gram  (15  grains)  baving  no  effect  on  human  adults.  It  kills  trypano- 
somes  in  vitro  in  very  high  dilution,  and  mice  infected  with  Tr.  equiperdum  may  be 
saved  by  a  single  injection  of  3  mgm.  Spirochetal  infection  of  mice  is  also  controlled. 
The  dye  is  less  effective  in  trypanosomal  infections  of  horses,  apes  and  man,  and  is  of 
no  value  against  rabies. 

Trypan  red  is  not  excreted  by  the  normal  mucosa  of  the  gastroenteric  tract  nor 
in  the  bile.  It  escapes,  however,  from  the  surface  of  ulcers  and  its  presence  in  the 
gastric  contents  may  be  looked  upon  as  diagnostic  of  gastric  or  duodenal  ulcer.  In 
practice  a  fresh  1  percent,  solution  is  injected  intravenously  and  the  stomach  washed 
out  at  intervals  afterward.  Appearance  of  the  dye  in  the  washings  is  indicative  of 
ulcer.  The  dye  stains  the  skin  when  given  in  this  manner,  the  red  color  being  visible 
in  the  ears  of  mice  for  as  much  as  6  to  10  weeks.    In  man  the  eyes  are  stained  also. 

Trypan  Blue 

Trypan  blue,  (C,„H3(OH)NH3(SO,Na),.N:N.C,H3CH3— )„  is  much  more  poison- 
ous than  trypan  red,  but  is  also  more  effective  as  a  remedy  for  trypanosomal  infection. 
Paramecia  are  killed  by  1  part  in  280,000  of  water  in  6  hours  and  by  1  part  in  80,000 
in  1  hour.  Trypanosomal  infections  of  mice  and  dogs  are  relieved  by  doses  which 
are  not  dangerous.  The  fatal  dose  in  mice  is  1  mgm.  per  Gm.  Half  this  dose 
colors  the  skin  blue  for  10  days.  The  dye  appears  in  the  aqueous  humor  and  is  excreted 
in  the  bile  and  urine.  It  does  not  penetrate  the  central  nerve  system,  but  injected 
into  the  spinal  canal  1/20  of  the  fatal  intravenous  dose  kills  by  respiratory  paralysis 
associated  with  convulsions.  Trypan  blue  injected  into  frogs  or  rabbits  is  said  to 
cause  anemia  by  increasing  the  destructive  action  of  the  reticulo-endothelial  apparatus 
on  the  red  blood  cells  (Piwawaroff). 

Congo  Red 

Congo  red,  (CjoHjNHjSOjNa.NrN.CgH, — )^,  is  not  toxic  and  has  no  bactericidal 
value,  but  is  of  importance  as  a  diagnostic  agent.  It  is  excreted  by  the  kidneys,  the 
greater  part  normally  passing  out  within  a  few  hours.  In  amyloid  disease,  the  dye 
is  held  in  the  tissues  and  excretion  is  much  delayed.  (Bennhold).  It  is  not  excreted 
by  the  normal  mucous  membrane  of  the  stomach,  and  like  trypan  red  escapes  from 
ulcerated  surfaces.  It  cannot  safely  be  used  for  diagnosis  of  gastric  ulcer  as  it  appears 
in  the  bile.  It  is  turned  blue  by  free  acid  but  not  by  acid  salts,  and  is  used  as  an 
indicator  for  free  hydrochloric  acid  in  the  gastric  juice. 

Eosin 

Eosin,  tetrabrom-fluorescein,  (Cj^HjOBNajBrJ,  is  of  great  importance  as  a  micro- 
scopic stain,  but  has  little  bactericidal  power.  Mice  are  killed  by  0.45  mgm.  per  Gra. 
subcutaneously  and  guinea-pigs  by  30  mgm.  subcutaneously  and  by  5  Gm.  per  kilo  by 
mouth.  The  action  is  enormously  increased  by  the  effect  of  sunlight.  Thus  paramecia 
are  killed  by  1  part  in  50,000  of  water  in  sunlight,  but  require  1  in  2000  in  the  dark. 
Eats  exposed  to  sunlight  are  injured  by  doses  which  are  harmless  otherwise.    (Macht.) 

Flavine 

A  series  of  dyes  of  similar  composition  have  been  introduced  as  antiparasitics, 
under  such  names  as  "acriflavine,"  "trypaflavine''   and  "sanoflavine."     Trypaflavine, 
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also   called  simply   "flavine,"   which   is   probably   the   most   used,   has   the  following 

composition ; 

CH      H,C     CI      CH 

/  \           \/      /  \ 
HjNC  C N C  CNH,C1 

I            I           I  I  I 

HC  C C C  CH 

\  /  I  \  / 

CH  H  CH 

Sanoflavine  (proflavine)  is  the  same  without  the  methyl  and  chlorine  on  the  nitrogen. 
These  compounds  are  fluorescent  and  diflFuse  readily  in  gelatine  and  through 
membranes. 

Materia  Medica. — Acriflavina  (N.N.R.),  Acriflavine. 

Acriflavine  is  a  brownish-red,  odorless,  crystalline  powder.  It  is  soluble  in  less 
than  3  parts  of  water  and  in  alcohol,  forming  dark  red  solutions  which  fluoresce  on 
dilution  and  which  have  a  bitter  taste.  Nearly  insoluble  in  ether,  chloroform,  liquid 
petrolatum,  fi.xed  oils  and  volatile  oils. 

Dose,  employed  externally  only  in  solutions  from  1  -.500,  1 :4000  or  even  1 :10,000  in 
physiological  saline. 

Acriflavina  Neutra  (N.N.R.),  Neutral  Acriflavine. 

Occurs  as  brown  crystals  or  as  a  brownish  red  powder ;  easily  soluble  in  water, 
almost  instantaneously  soluble  in  hot  water,  yielding  clear  solutions  varying  in  color 
from  a  cherry  red,  in  0.5  percent,  solution,  to  a  bright  canary  yellow  with  a  greenish 
fluorescence  in  very  dilute  solutions.  The  solutions  are  sensitive  to  light,  but  the 
dry  powder  may  be  kept  indefinitely  in  an  amber-colored  tightly-corked  bottle. 

Intravenous  dose,  3  to  5  grains  (0.2  to  0.03  Gm.)  in  a  1  percent,  solution  ap- 
proximately 0.005  per  kilo  of  body  weight ;  topically  and  to  wounds  in  solution  of  from 
1 :  500  to  1 :  5000. 

Proflavina  (N.N.E.),  Proflavine. 

Proflavine  is  a  reddish-brown,  colorless,  crystalline  powder.  It  is  soluble  in 
water  and  in  alcohol,  forming  brownish  solutions  which  fluoresce  in  dilution,  is  nearly 
insoluble  in  ether,  chloroform,  liquid  petrolatum,  fixed  oils,  and  volatile  oils. 

Dose,  employed  externally  in  1 :500  to  1 :4,000  solution  in  physiological  saline,  and 
in  1  percent,  proflavine  oleate  ointment. 

Antipatho genie  Action. — Flavine  is  very  destructive  to  protozoa  in  water,  but  has  not 
proved  of  great  value  in  the  treatment  of  trypanosome  infections,  for  which  it  was  intro- 
duced. It  has,  however,  a  marked  bactericidal  power  and  is  extremely  useful  in  the 
treatment  of  infected  wounds.  It  has  the  peculiar  property  that  bacteria  suspended  in 
serum  are  more  readily  killed  by  it  than  when  suspended  in  water.  Thus,  Staphylococcus 
aureus  is  killed  in  water  by  1  part  in  20,000;  in  serum  by  1-200,000.  Coli  communis  in 
water  by  1-1300;  in  serum  by  1-100,000.  It  forms  combinations  with  metals  which  are 
also  useful  as  antipathogens. 

Rabbits  given  fatal  doses  of  hemolytic  streptococci  cannot  be  saved  by  any  dose  of 
neutral  acriflavine   (Meleney  and  Zau). 

Pharmacodynamic  Action.  Flavine  is  absorbed  slowly  when  given  subcutaneously  and 
gives  rise  to  local  irritation.  For  systemic  use  it  should  be  given  intravenously.  It  is 
excreted  unchanged  or  in  fluorescent  form,  in  the  urine.     Sputum  is  also  colored. 

Flavine  is  somewhat  irritating  to  the  eye  when  instilled,  but  is  not  very  toxic.  Frogs 
are  killed  by  1  mgm.  per  Gm.;  mice  and  guinea-pigs  by  0.25  mgm.  per  Gm.  subcu- 
taneously; rabbits  by  0.04  Gm.  per  kilo  intravenously.  Toxic  doses  cause  a  paralysis  of 
the  central  nerve  system  with  fall  of  blood-pressure  from  depression  of  the  vasomotor 
center  and  perhaps  direct  action  on  the  heart.  Autopsy  shows  injury  of  the  liver  and 
kidneys.  The  toxic  action  is  increased  by  exposure  to  light,  and  patients  receiving 
flavine  may  show  erythema  and  blistering  from  brief  exposure  to  sunlight.    In  vitro  It 
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dissolves  suspended  red  blood  cells  in  1  to  8000  dilution  and  causes  transitory  anemia 
and  leucocytosis  when  injected  intravenously  in  rabbits. 

Intraspinal  injections  of  1  to  5000  solutions  lead  to  meningitis  and  spinal  paralysis 
in  cats   (Wegeforth  and  Essick). 

Therapeutics:  Topical. — Acriflavine  is  a  Gram-negative  bacteriostat  and  was  very 
extensively  used  duriiip:  the  World  War  in  the  treatment  of  gonorrhea.  Urethral 
irrigations  are  made  of  warm  solutions  in  physiological  saline,  the  strength  varying 
from  1 :8000  to  1 :4000.  The  dye  has  also  been  used  with  success  as  a  prophylactic,  a 
1 :5000  solution  being  injected  into  the  anterior  urethra  and  retained  for  a  few  minutes. 
Koyes  and  Jeck  give  four  factors  which  they  regard  as  most  important  in  the  acri- 
tlavine  treatment  of  gonorrhea:  (1)  The  solution  for  urethral  injection  should  not 
be  stronger  than  1:5000;  (2)  the  injection  should  not  be  retained  in  the  urethra  for 
more  than  one  minute;  (3)  the  injection  should  be  performed  with  the  utmost  gentle- 
ness; (4)  at  the  very  first  sign  of  irritation,  the  injection  should  be  discontinued. 
Neutral  acriflavine  has  also  been  successfully  emxtloyod  intravenously  in  the  treatment 
of  specific  urethritis  in  doses  of  200  cc.  of  a  1 :1000  solution.  In  the  treatment  of 
gonorrhea  in  women,  Folkmar  mops  out  the  vagina  with  a  1 :1000  solution  and  then 
applies  diathermy  which  increases  greatly  the  efficacy  of  the  dye. 

Soft  chancre  often  heals  promptly  under  local  application  of  a  1 :  500  solution 
Many  skin  infections  yield  readily  to  acriflavine  applications.  Pemphigus  neonatorum 
is  successfully  treated  by  compresses  of  a  1 :1000  solution,  changed  every  4  hours.  The 
same  solution  is  an  excellent  dressing  for  impetigo  contagiosa,  especially  when  there 
is  much  discharge.  In  furunculosis  of  the  external  auditory  meatus  it  is  recommended 
that  the  canal  be  packed  with  gauze  wet  in  a  1 :1000  solution  and  moistened  by  means 
of  a  dropper  every  two  or  three  hours.  Care  is  taken,  of  course,  not  to  insert  the 
packing  so  deeply  as  to  touch  the  drum  membrane.  In  herpes  tonsurans  continuous 
application  of  acriflavine  solution  will  effect  recovery,  but  there  are  other  remedies 
which  act  more  promptly;  if  these  fail,  however,  recourse  may  be  had  to  acriflavine 
with  the  confident  hope  of  ultimate  success.  In  sycosis  harhce,  also,  the  dye  acts 
favorably. 

Instillation  of  a  1 :  4000  solution  neutral  acriflavine  renders  excellent  service  in 
the  treatment  of  conjunctivitis,  especially  of  gonorrheal  ophthalmia.  In  trachoma, 
Ganguli  reports  nearly  100  percent,  of  recoveries  following  instillation  of  a  1 :  500 
solution  of  acriflavine,  after  previous  lavage  with  permanganate  of  potassium  solution 
{^2  grain  to  the  pint),  and  massage  of  the  lids  secured  by  rubbing  one  against  the 
other. 

Solutions  of  1 :  1000  to  1 :  5000  painted  on,  or  used  as  gargles,  are  of  decided 
service  in  acute  tonsillitis  and  Vincent's  angina,  as  also  in  pyorrhea  alveolaris,  and 
other  infections  of  the  oral  mucosa. 

Notwithstanding  the  statement  that  acriflavine  is  bacteriostatic,  for  Gram- 
negative  organisms  only,  a  number  of  observers  report  excellent  results  from  its  use 
in  dissection  wounds  and  other  infections  of  the  fingers,  in  gas  phlegmons,  suppurating 
wounds,  empyema,  etc. 

Systemic. — In  many  septic  conditions,  neutral  acriflavine  has  been  given,  with 
success,  by  intravenous  injection.  It  has  also  been  given  in  pneumonia  and  other 
infections  in  the  early  stages  in  the  hope  of  jugulating  the  malady,  but  with  indeter- 
minate results. 

Since  gentian  violet  has  a  selective  action  on  Gram-positive  microorganisms  and 
acriflavine  is  bacteriostatic  for  Gram-negative  ones  chiefly.  Churchman  has  suggested 
a  mixture  of  the  two  as  a  general  antiseptic  acting  on  all  pathogenic  bacteria. 
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Rivanol 

This  dye,  wliicli  resembles  flavine  in  composition  has  recently  been  introduced 
as  an  improvement.  Streptococci  are  killed  by  1  pai-t  in  100,000  and  staphylococci  by 
1  in  20,000.  Diphtheria  and  tetanus  bacilli  are  also  destroyed  by  high  dilutions,  but 
cholera,  typhoid  and  colon  bacilli  are  less  susceptible.  The  lethal  dose  for  rabbits  is 
0.05  Gm.  per  kilo  by  vein  and  0.1  Gm.  subcutaneously.  Death  results  from  paralysis 
of  respiration.  In  man,  100  cc.  of  0.1  percent,  solution  may  be  introduced  into  the 
peritoneum  without  danger,  and  this  procedure  is  said  to  lessen  the  tendency  to  in- 
fection and  adhesions  after  laparotomy. 

Methyl  Violet 

A  large  number  of  dyes  of  similar  chemical  composition  may  be  considered  under 
this  head,  especially  as  the  commercial  products  are  commonly  mixtures  of  varying 
proportions.  Of  these  "crystal  violet,"  the  chloride  of  hexamethyl-p-rosaniline,  is  the 
only  pure  commercial  form,  and  has  the  composition  shown : 

CH=CH  CH=CH 

/  \  /  \ 
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Crystal  Violet 

Pyoctanin  consists  of  a  mixture  of  chlorides  of  penta-  and  hexa-methyl  compounds. 
Methyl  violet  contains  also  tetramethyl  chlorides.  Gentian  violet  is  a  methyl  violet 
containing  dextrin. 

Materia  Medica. — Gentian  Violet  Medicinal  (N.N.E.). 

A  mixture  of  pentamethyl-pararosaniline  and  hexamethyl-pararosaniline  chlorides. 
It  occurs  as  a  dark  green  (bronze)  powder  or  greenish  glittering  pieces  having  a 
metallic  luster.     It  is  soluble  in  water,  alcohol,  and  chloroform ;  insoluble  in  ether. 

Dose,  0.005  Gm.  per  kilo  of  body  weight,  injected  in  0.5  percent,  solution. 

Malachite  Green  (unofficial).  Synonym:    Benzaldehyde  Green. 

Tetramethyl-dipara-amido-triphenyl-carbinol,  usually  with  zinc  oxalate  or  bichlo- 
ride in  combination.  Occurs  as  shining,  golden  yellow  prismatic  crystals  forming  a 
green  solution  in  water  or  alcohol ;  or,  when  in  combination  with  zinc  oxalate,  in 
glistening  green  metallic  plates.  Soluble  in  water  and  in  alcohol,  fairly  soluble  in 
glycerin. 

Dose,  external,  a  2  percent,  alcoholic  solution  applied  as  spray,  preferably  with  2 
percent,  mercuric  chloride  solution  added. 

FucHSiXE  Medicinal  (unofficial),  Basic  Fuchsine.     Synonym :   Aniline  Red. 

A  mixture  of  rosaniline  and  pararosaniline  hydrochlorides,  which  must  be  free  from 
arsenic.  Occurs  in  the  form  of  iridescent  crystals  soluble  in  water,  and  1  part  in  8  of 
alcohol. 

Dose,  Vw  to  %  grain  (0.006  to  0.01  Gm.).     Externally  as  1  percent,  ointment. 

Fluoresceinum   (N.N.R.),  Fluorescein.     Synonym:    Eesorcinolphthalein. 

Occurs  as  an  orange-red  powder;  insoluble  in  water,  ether,  chloroform  and  benzol, 
but  soluble  in  hot  glacial  acetic  acid  and  boiling  alcohol. 

Dose,  used  only  as  a  diagnostic  agent  in  aifections  of  the  cornea. 
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Antipathogenic  Action.— All  of  these  compounds  have  been  used  as  local  antiseptics 
and  have  been  found  efficient  under  certain  conditions.  They  show  a  specific  action  on 
Gram-positive  organisms,  even  one  part  in  a  million  stopping  the  growth  of  staphylo- 
coccus, while  one  part  in  one  hundred  is  required  to  prevent  growth  of  B.  coli,  B.  typhosus 
and  other  Gram-negative  organisms.  Protozoa  are  affected  by  dilutions  approaching  those 
of  the  Gram-positives.  Dilutions  of  1:5000  kill  Paramecium.  The  growth  of  frog  tissue 
in  vitro  is  not  influenced  by  1:20,000,  and  such  amounts  may  be  added  to  tissue  cultures 
to  aid  in  keeping  them  sterile.  Bactericidal  action  is  much  weaker  than  bacteriostatic, 
and  1:1000  is  required  to  kill  the  most  susceptible  organisms.  Enough  may,  however, 
be  excreted  in  the  bile  to  prevent  the  growth  of  typhoid  bacilli. 

Pharmacodynamic  Action. — After  small  doses,  the  greater  part  is  decolorized  in  the 
body  and  cannot  be  found  in  the  secretions;  of  the  remainder,  most  escapes  iu  the  bile, 
a  small  portion  passing  out  unchanged  in  the  urine. 

Small  frogs  are  killed  by  0.1  mgm.  in  about  a  day,  the  heart  stopping  in  diastole. 
Larger  doses,  which  kill  quickly,  cause  stoppage  in  systole.  Mice  die  after  intraperitoneal 
injections  of  0.1  mgm.  but  not  from  10  mgm.  subcutaneously.  Rabbits  are  killed  by 
0.25  Gm.  per  kilo  subcutaneously  and  by  0.05  Gm.  intravenously.  The  acute  toxicity  by 
mouth  is  low.  Rabbits  fed  1  Gm.  (15  grains)  daily  are  not  poisoned,  while  mice  receiv- 
ing it  for  a  long  time  show^  cachexia. 

Applied  topically,  these  compounds  stain  the  tissues,  and  may  injure  the  superficial 
layers.  Pyoctanin  in  1:1000  solution  instilled  in  the  eye  of  a  normal  rabbit  led  to  kera- 
titis, with  permanent  opacity,  and  its  use  is  dangerous  in  ophthalmia.  No  injury  seems 
to  result  from  injection  of  1:  1000  solutions  of  gentian  violet  into  suppurating  joints. 

Methyl  violet  acts  on  the  heart  and  blood-vessels  in  a  manner  similar  to  digitalis. 
The  blood-vessels  of  a  Trendelenburg  frog  are  constricted  strongly  by  1:5000  to  1:50,000 
of  Ringer,  and  the  isolated  heart  is  stopped  in  systole  by  even  weaker  concentrations. 
The  nerve  system  is  not  affected  by  doses  which  cause  stoppage  of  the  heart. 

Therapeutics.  — Gentian  violet,  because  of  its  property  of  inhibiting  the  growth 
of  most,  if  not  all.  Gram-positive  bacteria,  is  of  value  in  the  treatment  of  infected 
joints  and  open  ivounds,  empyema,  otitis  media,  osteomyelitis,  furunculosis,  etc.,  and 
general  sepsis,  whether  streptococcic  or  staphylococcic,  also  of  wounds  infected  with 
the  diphtheria  bacillus  and  B.  pyocyaneus.  The  colon  bacillus  and  the  influenza 
bacillus  are  not  afi"ected  by  gentian  violet  in  cold  solution,  but  if  the  solution  is 
heated  to  45°  C.  for  half  an  hour  these  organisms  will  be  killed.  Indeed,  Churchman 
says  that  the  dyes  should  always  be  used  in  as  hot  a  solution  as  the  body  will  bear, 
for  thereby  not  only  is  their  specific  action  increased  but  their  selective  action  is  also 
widened.  When  so  used,  the  instillation  of  a  1 :200  solution  in  cases  of  influenzal 
empyema  has  given  good  results.  Churchman  states  that  in  suppurative  aiihritis, 
irrigation  of  the  joint  with  hot  1 :  1000  solution  followed  by  injection  of  1 :  10,000 
solution,  will  often  bring  about  complete  restoration  of  function.  Major  and  others 
have  seen  recovery  from  infective  endocarditis  (Sir.  viridans,  Str.  li<Emolyticus,  and 
Staph,  alhus  and  aureus)  follow  the  intravenous  injections  of  gentian  violet,  in  doses 
of  0.005  per  kilo  of  body  weight  in  0.5  percent,  dilution  in  physiological  saline  solution. 
Royster  has  reported  a  case  of  streptococcal  meningitis  with  marked  temporary  im- 
provement following  the  intraspinal  injection  of  gentian  violet.  Abraham  has  ob- 
tained excellent  results  from  the  use  of  gentian  violet  locally  in  streptococcal  infec- 
tions of  the  nose  and  throat  and  in  the  prevention  of  infection  following  operation  in 
the  nasal  cavity.  Irrigation  of  the  nasal  passages  with  a  1 :  2500  to  1 :  500  solution  is 
serviceable  in  cases  of  mild  infection  of  the  accessory  sinuses.  Stilling  recommended 
methyl  violet  most  strongly  in  the  treatment  of  corneal  ulcers,  and  rapid  improvement 
follows  the  instillation  of  a  1 :  1000  solution  in  conjunctivitis. 

M.\L.\CHITE  GREEN  has  been  used  as  an  antiseptic  in  the  dressing  of  wounds,  being 
applied  in  1 :  1000  solution  as  a  spray.  During  the  war  a  spray  of  2  parts  each  of 
malachite  green  and  mercuric  chloride  in  96  parts  of  80  percent,  alcohol  gave  ex- 
cellent results.     After  the  spraying  the  occlusive  dressing  was  not  applied  until  the 


876  ORGAmC  CHEMICAL  ANTISEPTICS 

alcohol  had  entirely  evaporated.     Malachite  green  resembles  gentian  or  methyl  violet 
in  that  it  acts  best  in  the  presence  of  Gram-positive  organisms. 

FucHSiNE  is  employed  externally  as  an  antiseptic  dressing  for  wounds,  the  gauze 
being  wet  with  a  1 :  1000  solution.  It  is  also  used  in  a  5  percent,  ointment,  with  10 
percent,  oil  of  eucalyptus  added,  as  an  application  to  leg  ulcers. 

Internally  basic  fuchsine  has  been  used  in  nephritis  in  doses  of  %  to  2  grains 
(0.03  to  0.12  Gm.)  in  pill  form  3  times  daily.  Under  its  influence  the  excretion  of 
urine  is  increased,  the  albuminuria  is  reduced,  and  the  edema  often  disappears.  It 
is  a  remedy  of  value,  also,  in  acute  and  chronic  cystitis. 

Acid  fuchsine  is  a  bacteriostat,  the  opposite  of  gentian  violet,  acting  upon  the 
Gram-negative  microorganisms.  It  is  incompatible  with  gentian  violet,  however,  and 
the  two  cannot  be  employed  in  a  mixture  as  a  universal  bacteriostatic  or  bactericidal 
application. 

Methylene  Blue 

This  dye,  which  is  chemically  tetramethyl-thionine-hydrochloride  (CuHjgN^SCl), 
has  the  following  composition : 
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It  is  freely  soluble  in  water  and  although  not  soluble  in  pure  olive  oil  is  taken  up 
by  a  solution  of  lecithin  in  this.  (Overton).  It  shows  marked  electivity  for  certain 
tissues  (selective  staining)  and  this  property  has  led  to  its  use  as  an  internal  antiseptic, 
in  the  hope  that  it  would  be  taken  up  more  strongly  by  the  parasites  than  by  the  body 
tissues,  and  thus  destroy  the  invader  while  sparing  the  cells  of  the  host.  This  hope 
has  been  only  partly  realized.  The  dye  is  reduced  and  decolorized  by  living  cells,  but 
the  expectation  that  this  reaction  would  enable  the  differentiation  of  dead  and  living 
cells  has  not  been  fulfilled. 

Materia  Medica. — Methylthionin^  Chloridum  (U.S.  X.),  Methylthionine  Chlo- 
ride.   Ahhr.,  Methylthionin.  Chlor.     Synonym:  Methylene  Blue. 

Occurs  as  a  dark  green,  crystalline  powder,  or  in  prismatic  crystals  having  a 
lustre  resembling  bronze.  Freely  soluble  in  water  and  alcohol,  the  solutions  having  a 
deep,  blue  color. 

Dose,  2  to  5  grains  (0.12  to  0.3  Gm.).     Also  used  in  solutions  of  varying  strength. 

Antipathogenic  Action. — Methylene  blue  has  little  bactericidal  power  but  shows  a 
decided  ability  to  destroy  protozoa  and  parasitic  worms.  It  kills  trypanosomes  in  vitro 
in  very  high  dilution,  but  when  the  infection  is  established  has  little  power  over  the 
organisms  in  the  body.  Its  action  in  malaria  has  been  the  subject  of  some  dispute, 
some  authors  going  so  far  as  to  prefer  it  to  quinine.  The  consensus  of  opinion,  how- 
ever, is  that  its  chief  usefulness  in  this  malady  is  in  cases  which  have  been  treated 
with  small  doses  of  quinine  until  the  organisms  have  become  resistant  to  this  drug. 
Its  chief  action  is  exerted  on  the  older  parasites,  in  contrast  to  quinine  which  acts 
chiefly  on  the  young  forms.  According  to  Diesing,  both  methylene  blue  and  quinine 
act  by  entering  into  combination  with  hemoglobin  and  thus  robbing  the  malarial  para- 
site of  its  source  of  nutriment. 

Given  in  pill  form  it  has  been  found  effective  against  thread-worms  when  these 
are  present  in  the  upper  bowel.    Too  little  reaches  the  rectum  to  exert  any  action  there. 

Pharraacodjmamic  Action:  Absorption  and  Elimination. — Methylene  blue  is  absorbed 
promptly  when  injected  subcutaneously  and  very  rapidly  when  taken  by  mouth.    It  dif- 
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fuses  rapidly  into  the  tissues,  when^  part  is  reduced  to  leucometliylene  blue.  There  is 
no  staining  of  the  skin  or  visible  niucosie  but  if  an  animal  be  bled  to  death  after  a 
full  dose,  the  drug  will  be  found  in  the  cells  of  the  kidney,  pancreas,  stomach  wall, 
brain  and  cord;  of  the  nerve  (issues  the  gray  matter,  axis  cylinders  and  end  filaments 
are  stained,  but  not  the  white  matter,  or  sheath.  The  sensory  and  automatic  nerves 
are  more  stained  than  the  voluntary  motor  (Ehrlich).  The  muscles  and  thyroid  gland 
are  stained  but  not  salivary  glands,  lungs,  liver  or  lymph  nodes.  Absence  of  staining 
in  certain  of  these  may  be  due  to  conversion  of  the  dye  into  the  white  form.  The 
distribution  varieg  somewhat  with  the  species,  dose,  rate  of  introduction  and  other 
factors. 

When  given  by  mouth  in  dose  of  0.1  Gm.  (gr.  1'/.),  it  appears  in  the  urine  of  nor- 
mal men  in  20  minutes;  excretion  reaches  its  height  in  1%  to  2'/.  hours  and  continues 
3  to  4  days.  During  this  time  70  percent,  of  that  administered  is  excreted,  more  than 
half  of  which  is  in  the  colorless  form.  The  blue  color  may  be  restored  "by  shaking  with 
oxygen  after  addition  of  a  small  amount  of  ferric  chloride.  On  standing,  further  reduc- 
tion takes  place  as  a  result  of  bacterial  action  (this  occurs  even  more  rapidly  in  the 
bowel).  Delay  in  excretion  may  indicate  interstitial  nephritis.  In  parenchymatous 
nephritis  excretion  is  often  more  rapid  than  normal. 

Excretion  begins  in  the  bile  in  Va  to  1  hour,  and  either  early  or  delayed  excretion 
is  said  to  show  disease  of  the  liver.  This  test  is  of  little  value  as  the  normal  variations 
are  so  great. 

It  passes  into  the  tears  if  these  are  increased  by  pilocarpine,  and,  in  contrast  to  most 
dyes,  is  found  in  the  pancreatic  juice  (Giichro).  Passage  into  the  cerebrospinal  fluid 
probably  indicates  injury  or  disease  of  the  chorioid  plexus.  It  does  not  pass  through 
tiie  normal   placenta,  but  large   doses   injure  this   and   reach   the   fetus. 

Topical  Action. — On  the  skin  and  in  wounds  application  of  even  a  saturated  solu- 
tion is  not  painful,  but  in  the  eye  continued  use  may  lead  to  injury  of  the  superficial 
laj-ers  of  the  cornea  and  even  to  ulceration  with  resulting  opacity.  Subcutaneous  injec- 
tions cause,  in  mice,  edema  and  even  local  necrosis  of  the  skin,  but  2  percent,  solu- 
tions may  be  safely  injected  in  man. 

Toxicity. — Methylene  blue  is  but  slightly  toxic  and  no  serious  intoxication  in  man 
has  been  reported.  In  animal  experiment  the  chief  symptoms  of  poisoning  are  due  to 
irritation  of  the  gastroenteric  and  urinary  tracts.  In  severe  poisoning  muscular  weak- 
ness follows,  and  death  may  result  from  paralysis  of  the  respiratory  muscles.  In  the 
cat  and  dog  1  mgm.  per  kilo  subcutaneoiisly  induces  only  slight  loss  of  energy  and 
40  mgm.  per  kilo  by  mouth  causes,  in  addition,  vomiting  and  diarrhea. 

The  fatal  dose  varies  markedly  with  the  preparation  and  the  rate  and  mode  of 
administration.  The  following  doses  are  typical:  Death  results  in  the  cat  from  the 
subcutaneous  injection  of  0.6  Gm.  per  kilo;  in  the  rabbit,  0.25-0.4  Gm.;  guinea-pig, 
0.3-1.0  Gm.;  rat,  0.5  Gm.  Given  by  stomach  tube,  0.5  Gm.  per  kilo  kills  a  dog,  and 
twice  this  amount,  a  rabbit.  Injection  into  the  brain  kills  in  a  fraction  of  these  doses. 
In  the  rabbit  daily  subtoxic  doses  lead  to  emaciation  and  even  death,  but  chronic 
poisoning  is  uncommon  in  man  and  daily  doses  of  1  Gm.,  even  long  continued,  have 
no  bad  effect. 

Systemic  Action.— As  already  stated,  methylene  blue  given  by  mouth  even  in  mod- 
ei'ate  dose  may  cause  vomiting  and  diarrhea  of  brief  duration.  Absorbed  into  the  blood 
it  acts  on  the  hemoglobin,  converting  this  into  methemoglobin.  The  heart  is  slowed 
and  blood-pressure  rises.  Given  by  injection,  this  rise  is  brief  and  recurs  with  repeated 
doses,  in  contrast  to  that  caused  by  methyl  violet.  The  isolated  frog  heart  is  stopped 
by  1:2000.  The  respiration  is  rapid  and  weak  after  excessive  doses,  as  a  result 
of  action  on  the  muscles.  This  is  associated  with  general  muscular  weakness  and 
lessened  sensitiveness  of  the  nerves  of  general  sensation,  which  may  result  in  relief 
from  pain  in  rheumatic  affections.  Both  may  be  dependent  on  the  staining  of  the  axis 
cylinders.  The  headache  and  tinnitus  reported  after  small  doses  in  man  are  probably 
also  peripheral  in  origin.  A  sedative  action  on  the  mental  processes  in  insanity  has 
been  both  claimed  and  denied.  The  metabolism  is  little  influenced;  the  fall  of  urea 
excretion,  reported  in  rabbits,  may  be  indirect.  Morphine  and  phlorizin  glycosuria  is 
reduced  in  rabbits  (Castriota)  and  that  of  diabetes  in  man  (Estey).  During  excretion 
it  often  causes  irritation  of  the  bladder  or,  more  rarely,  strangury,  which  it  is  said 
may  be  prevented  by  the  concomitant  administration  of  nutmeg.  Albuminuria  rarely 
results  and  when  prei'xistent  may  even  show   a  reduction. 
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Therapeutics. — Topical. — Much  of  the  praise  by  early  writers  of  methylene  blue  as  a 
cicatrizant  and  antiseptic  application  to  malignant  and  other  forms  of  ulceration  was 
based  on  confusion  with  methyl  blue  or  pyoktanin.  Methylene  blue  is  employed 
topically,  mainly  in  the  form  of  injections  into  the  urethra,  bladder  and  large  intestine. 
In  gonorrhea^  injections  of  a  1 :  1000  or  1 :  500  solution  are  given  in  conjunction  with 
the  internal  administration  of  the  drug  in  doses  of  2  grains  (0.12  Gm.)  with  3  minims 
(0.2  cc.)  of  oil  of  sandalwood  six  times  a  day.  In  cystitis,  the  bladder  is  irrigated 
with  a  1:  500  solution  1  grain  to  the  pint),  a  pill  containing  2  grains  (0.12  Gm.)  of 
methylene  blue  and  Y^  grain  (0.03  Gm.)  of  nutmeg  being  given  every  four  hours.  In 
purulent  otitis  media  and  suppurative  conjunctivitis,  irrigation  may  be  practiced  with 
a  warm  1:500  solution.  Dysentery  and  proctitis  may  be  treated  by  rectal  injections 
of  a  pint  of  1 :300  solution  in  rice  water  or  thin  starch  paste. 

Systemic. — The  best  results  from  methylene  blue  have  been  obtained  in  malaria, 
especially  in  chronic  malaria  and  in  cases  in  which  a  quinine  idiosyncrasy  exists. 
It  is  given  in  a  single  dose  of  10  grains  (0.6  Gm.)  when  the  fever  begins  to  fall  or,  in 
the  irregular  forms,  in  doses  of  3  to  5  grains  (0.2  to  0.3  Gm.)  three  times  a  day. 
In  hlacJcwater  fever  it  is  preferred  by  many  practitioners  in  tropical  countries,  espe- 
cially those  who  regard  this  condition  as  a  symptom^  of  quinine  poisoning,  and  by 
others  because  of  its  freedom  from  the  side  actions  of  the  cinchonic  in  the  gastroenteric 
tract,  and  upon  the  ear.  Favorable  reports  are  given  of  its  action  in  filaria^is  and 
hilharziasis. 

Zebrino  has  had  good  results  in  pyelitis  in  children  from  rectal  injections  of  150 
cc.  of  a  1 :  3000  solution  of  methylene  blue,  the  drug  thus  following  the  course  taken 
by  the  pathogenic  organisms  and  being  eliminated  in  company  with  them  by  the 
kidneys. 

In  cases  of  inoperable  carcinoma  marked  relief  of  pain  and  an  apparent  retarda- 
tion of  the  growth  of  the  tumor  have  been  obtained  by  the  exhibition  of  methylene  blue 
in  doses  of  5  grains  three  times  a  day. 

Its  selective  staining  of  nerve  tissue  has  led  to  the  use  of  this  dye  in  neuralgias, 
neuritis,  ^nd  the  lancinating  pains  of  tahes  dorsalis,  but  its  analgesic  action  is  not 
powerful.  Better  success  has  been  observed  in  migraine  and  nervous  headaches.  It 
has  been  recommended  also  in  the  treatment  of  retinitis.  Boldoni  states  that  he  has 
given  methylene  blue,  with  very  satisfactory  results,  in  the  maniacal  forms  of  mental 
disorder.  The  dose  in  neuralgia  and  other  nerve  troubles  is  3  to  5  grains  (0.2  to  0.3 
Gm.)  p.r.n. 

Administration.  Certain  precautions  are  necessary  when  methylene  blue  is  pre- 
scribed for  internal  use.  The  patient  should  be  warned  that  it  will  discolor  the  urine; 
and  he  may  be  informed  that  washing  in  chlorinated  soda  solution  will  remove  stains 
from  linen.  The  drug  has  a  tendency  to  irritate  the  stomach,  setting  up  more  or  less 
severe  gastric  colic;  and  frequent  and  painful  micturition  may  result  from  its  action 
upon  the  bladder.  Powdered  nutmeg,  however,  is  said  to  prevent  and  relieve  these 
symptoms.  For  prevention,  it  may  be  incorporated  with  the  dye  in  a  capsule,  in  the 
proportion  of  2:5.  For  relief  it  is  given  separately  in  doses  of  10  to  20  grains.  Di- 
gestive ferments,  talc  and  bismuth  are  also,  at  times,  used  to  protect  the  gastroenteric 
mucosa,  and  A.  Jacobi  advised  that  opium  or  belladonna,  or  both,  be  associated  with 
the  dye.  He  gave  small  doses,  gradually  increased  as  tolerance  was  ascertained,  and 
then  diminished  to  avoid  auy  form  of  cumulative  effect. 

Whether  alone  or  associated  with  other  agents,  methylene  blue  is  always  to  be  given 
in  capsule.  Despite  the  possibility  of  vesical  irritation,  it  is  used,  and  often  with  suc- 
cess, in  inflammations  of  the  genito-urinary  tract  and  especially  in  gonorrhea.  In  the 
latter  it  is  frequently  associated  with  salol  and  oil  of  sandalwood. 
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Plant  Drugs 
Cinchona 

Ciucliona,  Peruvian  Bark,  Cardinal's  Bark,  or  Jesuit's  Bark,  is  obtained  from  a 
number  of  closely  related  South  American  trees.  Each  variety  contains  a  large 
number  of  alkaloids,  the  character  as  well  as  the  proportion  of  these  differing  widely 
in  different  species ;  but  in  all  medicinal  barks  the  chief  alkaloid  is  quinine.  The 
more  important  of  the  other  alkaloids  are  described  below. 

The  history  of  Peruvian  Bark  is  instructive  in  so  many  different  ways,  that  it 
must  be  told  with  some  detail.  Its  lessons  are  obvious,  and  only  one  need  here  be 
stressed — the  story  of  Sir  Robert  Talbor,  incompletely  as  it  is  given  and  unethical 
as  he  was,  shows  the  real  beuetit  of  a  sufficient  knowledge  of  pharmacy  to  enable 
the  physician  to  make  his  medicines  palatable. 

In  the  language  of  the  Incas,  kina  means  bark,  and  kinhina — the  native  name  of 
the  medicine  that  ranks  with  opium,  digitalis  and  mercury  in  the  certainty  and  the 
importance  of  its  principal  applications — means  "bark  of  barks." 

It  is  not  from  this  term,  however,  that  the  name  of  the  drug  derives.  The  genus 
Cincliona  was  so  designated  by  Linna.His  in  honor  of  the  Countess  Ana  of  Chinchon, 
who  in  1638,  while  her  husband  was  serving  as  Viceroy  of  Peru,  had  recovered,  through 
its  use,  from  an  apparently  hopeless  ague.  In  1640,  on  her  return  to  Spain,  she  brought 
a  quantity  of  the  medicament  with  her,  with  which  she  and  her  physician  successfully 
treated  many  cases  of  intermittent  fever.  Whether  the  advice  that  restored  her  health 
came  from  a  native  maid,  who  because  of  love  for  her  mistress  revealed  the  carefully 
guarded  secret  of  the  Indians,  or  from  an  official  of  the  viceregal  retinue,  Don  Juan 
Lopez  Canizares,  who  had  himself  benefited  by  the  bark,  or  from  a  Jesuit  missionary, 
is  still  a  matter  of  dispute.  There  is  reason  to  believe  that  the  missionaries,  who  had 
entered  the  country  in  the  previous  century,  had  early  learned  of  the  medicine  from 
their  converts. 

At  all  events,  another  source  of  supply  to  Europe  was  through  the  Jesuit  order, 
whose  provincial  father  had  brought  a  large  supply  to  a  congress  at  Rome.  The 
fathers  carried  it  to  their  respective  countries,  giving  it  gi'atuitously  to  the  poor,  and 
charging  the  rich  its  weight  in  gold.  Their  Procurator  General,  Father  (afterward 
Cardinal)  deLugo,  being  in  Paris  in  1649,  found  the  King  (Louis  XIV)  suffering 
with  intermittent  fever,  and  induced  him  to  use  the  bark.  He  quickly  recovered. 
The  medicament  thus  came  into  great  demand,  whereupon  a  controversy  broke  out 
which  almost  stopped  its  use,  and  which  cannot  be  considered  creditable  to  the  medical 
profession,  however  much  some  modern  controversies  may  resemble  it.  Established 
practitioners  violently  opposed  the  bark;  some  because  it  came  from  savages,  some 
because  medicines  not  mentioned  by  Galen  could  not  be  accorded  professional  recog- 
nition. Others  contended  that  a  medicine  which  relieved  the  fever  might  "fix  the 
humor"  without  expelling  the  morbific  principle,  and  thus  induce  relapse  into  a  still 
more  dangerous  state — a  good  illustration  of  the  perversion  of  a  sound  principle  by 
its  application  beyond  the  range  of  known  facts.  It  is  probable,  too,  that  the  high 
price  obtainable  induced  many  merchants  of  drugs  to  substitute  other  bitter  barks 
for  the  true  cinchona,  and  that  this  fraud  led  to  widespread  failures  that  helped  to 
discredit  the  drug.  The  names  "Cardinal's  Powder,"  "Powder  of  the  Fathers"  and 
"Jesuit's  Powder,"  by  which  cinchona  came  to  be  popularly  known,  hindered  its 
introduction  into  an  England  of  politico-religious  strife.  Even  Sydenham,  who  had 
endorsed  it  at  first,  withdrew  for  a  time  his  approval.  Later,  indeed,  he  helped  to 
establish  its  use. 

But  the  man  who  seems  to  have  done  most  to  save  Peruvian  bark  for  medicine 
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was  one  who  exploited  it  as  a  nostrum — ^Robert  Talbor,  who  in  1663  was  an  apothecary's 
assistant  in  Cambridge.  There  is  no  evidence  that  he  received  a  degree;  but  he 
acknowledges  in  his  writings  his  indebtedness  to  "a  member  of  the  University"  named 
Nott,  for  suggestions  as  to  the  administration  of  his  medicine.  Later  he  practiced 
in  London,  attracting  many  clients,  and  finally  King  Charles  II.  For  Charles's  re- 
covery he  was  knighted  and  made  royal  physician  at  an  annual  salary,  while  the  King 
caused  a  letter  to  be  written  to  the  College  of  Physicians,  asking  them  not  to  interfere 
with  his  practice.  He  went  next  to  Paris,  where  his  name  was  changed  to  the  familiar 
Talbot.  He  quickly  became  prominent,  and  in  1680  was  called  to  treat  the  DauiDhin, 
whose  intermittent  fever  had  baffled  the  royal  physicians.  The  prince  recovered  after 
taking  a  medicinal  wine  that  the  Englishman  had  prepared  for  him  in  his  father's 
presence.  The  King  (Louis  XIV)  bought  Talbot's  formula,  paying  for  it  a  large  sum 
down  and  an  annuity  for  life,  but  agreeing  that  it  should  not  be  published  until  after 
the  inventor's  death.  It  called  for  a  strong  infusion  of  cinchona  with  rose  leaves, 
lemon  juice,  persil,  anise,  and  other  aromatics.  The  French  physicians  charged  that 
he  added  opium  as  well.  He  also  prepared  tinctures  and  wines  of  cinchona,  with 
various  flavorings.  After  Talbot,  Huxham  (1755),  who  devised  the  original  compound 
tincture  of  cinchona  (Huxham's  tincture  of  bark),  Pelletier  and  Laventou  (1820), 
who  isolated  quinine,  Warburg  (circa,  1840),  whose  compound  tincture  with  aloes, 
camphor  and  other  ingredients  sometimes  succeeds  in  severe  or  obstinate  malaria,  espe- 
cially in  the  tropical  countries, .when  quinine  alone  fails,  and  Morgenroth  (1911),  who 
synthetized  ethylhydrociipreine,  are  those  whose  names  may  be  taken  as  landmarks. 

Chemistry. — All  of  the  cinchona  alkaloids  are  closely  related  chemically,  having 
in  common  a  nucleus  structurally  represented  by  the  following  diagram  and  having 
the  formula,  CJi,  —  C,NH„CH,  —  C,NH, : 

CH, 

II  (2) 

CH  HC CH 

I  /  \ 

CH CH^  HC  CH 

/  \  \  / 

HC— CH^—  CH,— N  C=C 

\  >  /  \ 

CH, CH CH, C  N 

(1)"          \  // 

HC CH 

Chinuclidin  Quinolin 

This  nucleus  consists  of  two  groups,  quinolin  and  chinuclidin  (loipon),  joined  by  a 
methylene.  Contrary  to  former  opinion,  the  specific  action  of  these  alkaloids  seems 
to  depend  on  the  chinuclidin  portion  rather  than  on  the  quinolin. 

The  chemical  composition  of  the  various  alkaloids  is  as  follows : 

Clnchonine  (C,H3.C-H,,N.CH0H.C9NH,)  is  the  simplest  of  the  alkaloids  which  we 
here  consider,  differing  from  the  diagram  only  in  the  replacement  by  hydroxyl  of  that 
hydrogen  which  is  marked  (1). 

Cinchonidine  is  an  isomer  of  cinchonine. 

Cupreine  (C,H3.C,H,,N.CH0H.C,NH,0H)  differs  from  cinchonine  in  that  the 
hydrogen  marked  (2)  is  also  replaced  by  hydroxyl.  It  is  less  toxic  than  cinchonine  but 
also  less  active  therapeutically. 

Quinine  (C,H3.C,H„N.CHOH.C,NH,OCH3)  differs  from  cupreine  in  that  the 
hydrogen  of  its  second  hydroxyl  is  replaced  by  methyl. 

Quinidine  which  is  contained  in  the  official  cinchona  barks  in  amounts  up  to  4 
percent,  is  a  dextrorotary  isomer  of  quinine.  It  is  discussed  with  drugs  acting  on 
the  heart. 
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A  number  of  compounds  related  chemically  to  these  alkaloids  have  been  made 
artificially. 

Certain  of  these  were  designed  to  present  an  insoluble,  and  therefore  tasteless, 
salt  for  administration  by  mouth,  for  example : 

Aristochin  consists  of  two  quinine  molecules  joined  by  CO;  in  other  words  it  is 
diquinine  carbonate. 

Euquinine  (C.^HjjNjO.O.CO.OC^Hj)  is  quinine  ethyl  carbonate. 

Saloquinine  is  quinine  salicylic  ester. 

In  contrast  to  these  is  a  soluble  salt  intended  for  parenteral  administration. 

Quinine  and  urea  hydrochloride,  which  is  a  condensation  product  of  one  molecule 
each  of  quinine  and  urea  with  two  molecules  of  HCl.  It  is  a  local  anesthetic  as  well 
as  an  antiperiodic. 

Two  of  the  artificial  alkaloids  display  bactericidal  power. 
Ethyl  hydrocupreine  (CjjH^^NOH.OC^HJ  is  probably  the  most  important  of  the 
artificial  alkaloids.  It  is  made  from  the  corresponding:  methyl  compound  Methyl 
hydrocupreine  or  hydroquinine,  which  occurs  in  certain  cinchona  barks  but  is  also 
produced  synthetically.  Ethyl  hydrocupreine  was  introduced  in  1911  by  Morgenroth 
and  Levy  under  the  name  of  "optochin,"  but  recently  has  been  given  the  name  of 
"pneumoquin"  because  of  its  special  action  against  the  pneumococcus. 

Chinosol,  potassium  oxyquinoline  sulphonate,  does  not  contain  the  entire  nucleus, 
but  only  the  quinolin  group.     It  is  used  against  pyogenic  organisms. 

Materia  Medica. — Cinchona  (U.S.  X.),  Cinchona.  Ahhr.,  Cinch.  Synonyms:  Peru- 
vian Bark,  Jesuit's  Bark,  Calisaya  Bark.  Cinchonce  Rubrce  Cortex  (Br.),  Red  Cin- 
chona Bark. 

The  dried  bark  of  Cinchona  succruhra  Pavon  (red  cinchona),  or  of  C.  Ledgeriana 
Moens,  or  C.  Calisaya,  Weddell  or  Calisaya  bark  (yellow  cinchona)  (Fam.  Bubiacece) ; 
odor  faintly  aromatic,  taste  very  bitter  and  astringent.  Powder-brown  (red  cinchona) 
or  gray-orange  (yellow  cinchona).    Yields  not  less  than  5  percent,  of  alkaloids. 

Antagonists  and  Incompatihles. — Ammonia,  lime  water,  alkalis  and  their  car- 
bonates, preparations  of  iodine,  metallic  salts,  gelatin  and  tannin  are  chemically  in- 
compatible; antagonists  are  mercury,  the  iodides,  and  the  salts  of  copper,  lead  and 
zinc. 

Syiiergists. — Tonics,  iron,  arsenic,  bitters,  mineral  acids  and  all  agents  promoting 
anabolism  as  well  as  certain  antiseptics,  are  therapeutically  synergistic. 

Dose,  10  to  60  grains  (0.6  to  4  Gm.). 

Fluidextractum  Cinchona  (U.S.  X.),  Fluidextract  of  Cinchona.  Ahhr.,  Fldext. 
Cinchon.  Synonym:  Fluidextract  of  Calisaya  Bark.  Extrnctuni  Cinchona;  Liquidnm 
(Br.),  Liquid  Extract  of  Cinchona.     Ahhr.,  Ext.  Cinch.  Liq. 

Prepared  by  using  a  mixture  of  glycerin,  hydrochloric  acid  and  alcohol,  in  such 
a  manner  that  100  cc.  of  the  finished  fluidextract  contains  not  less  than  4  Gm.  nor 
more  than  5  Gm.  of  the  total  alkaloids  of  cinchona,  and  having  an  average  alcoholic 
content  by  volume  of  about  60  percent. 

Dose,  10  to  30  minims  (0.6  to  2  cc). 

Infusum  Cinchona  Acidum  (Br.),  Acid  Infusion  of  Cinchona.  Ahhr.,  Inf.  Cinch. 
Ac.     Synonym:  Infusion  of  Calisaya  Bark. 

Cinchona  bark,  50  Gm. ;  aromatic  sulphuric  acid,  12.5  cc. ;  boiling  distilled 
water,  1000  cc. ;  infused  for  one  hour  and  strained  while  hot. 

Dose,  y-z  to  2  fluidounces  (15  to  60  cc). 

TiNCTURA  Cinchona  (U.S.  X.),  Tincture  of  Cinchona.  Ahhr.,  Tr.  Cinch.  Syno- 
nym: Tincture  of  Peruvian  Bark. 

It  is  prepared  from  200  Gm.  of  drug  with  75  cc.  of  glycerin,  675  cc.  of  alcohol,  and 
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260  cc.  of  water  as  the  menstruum.  One  hundred  cc.  yields  not  less  than  0.8  Gm.  and 
not  more  than  1  Gm.  of  alkaloids.    Average  alcoholic  content,  62  percent. 

Dose,  V-i  to  2  fluidrams  (2  to  8  cc). 

TiNCTURA  CiNCHONyE  CoMPOSiTA  (U.S.  X.),  Compound  Tincture  of  Cinchona. 
Abhr.,  Tr.  Cinch.  Co.     Synonym:  Tincture  of  Peruvian  Bark. 

Cinchona,  100  Gm. ;  bitter  orange  peel,  80  Gm. ;  serpentaria,  20  Gm.  percolated  with 
75  cc.  of  glycerin,  675  cc.  of  alcohol,  and  250  cc.  of  water  as  the  first  menstruum  and 
the  percolation  completed  with  a  mixture  of  2  volumes  of  alcohol  and  1  of  water. 
The  last  volume  is  so  adjusted  as  to  make  1000  cc.  of  the  finished  tincture,  of  the 
strength  noted.  Compound  tincti'ire  of  cinchona  yields,  from  each  100  cc,  not  less 
than  0.4  Gm.  and  not  more  than  0.5  Gm.  of  the  alkaloids  of  cinchona.  Average  alco- 
holic content,  60  percent. 

Dose,  Yz  to  2  fluidrams  (2  to  8  cc). 

Fluidextractum  CmcHON^  Aquosum  (unofficial).  Aqueous  Fluidextract  of  Cin- 
chona.    Abhr.,  Fldext.  Cinchon.  Aq. 

Eed  cinchona,  1000  Gm. ;  hydrochloric  acid,  30  cc;  glycerin,  125  cc;'  alcohol  and 
water  each  a  sufficient  quantity  to  make  1000  cc  Macerate  for  48  hours,  then  percolate 
elowly.  One  hundred  cc.  of  the  aqueous  fluidextract  yields  not  less  than  4.5  Gm.,  nor 
more  than  5.5  Gm.,  of  the  alkaloids  of  cinchona,  and  not  less  than  12  percent,  of 
alcohol  by  volume. 

Dose,  10  to  30  minims  (0.6  to  2  cc). 

ExTRACTUM  Cinchona  (unofficial).  Extract  of  Cinchona.     Abbr.,  Ext.  Cinchon. 

Prepared  by  macerating  the  powdered  drug  with  3  parts  of  alcohol  to  1  of 
water,  then  percolating  and  evaporating  to  pilular  consistency.  The  extract  yields 
not  less  than  22  percent,  nor  more  than  26  percent,  of  the  combined  alkaloids  of 
cinchona. 

Dose,  3  to  5  grains  (0.2  to  0.3  Gm.). 

Elixir  Cinchona  Alkaloidorum  (N.F.),  Elixir  of  Cinchona  Alkaloids.  Abbr., 
Elix,  Cinchon.  Alk.    Synonym :  Elixir  of  Calisaya  Alkaloidal 

Quinine  sulphate,  2  Gm. ;  cinchonidine'  sulphate,  1  Gm.;  cinchonine  sulphate, 
1  Gm.;  compound  tincture  of  cudbear,  60  cc. ;  aromatic  elixir,  q.s.  to  make  1000  cc 
E  ';ch  fluidounce  contains  about  1  grain  of  quinine  sulphate,  and  Yo  grain  each  of 
cinchonidine  and  cinchonine  sulphates. 

Dose,  1  to  2  fluidrams  (4  to  8  cc). 

Elixir  Cinchona  Alkaloidorum  et  Ferri  (N.F.),  Elixir  of  Cinchona  Alkaloids 
and  Iron,  Abbr.,  Elix.  Cinchon.  Alk.  et  Fer.  Synonym:  Ferrated  Elixir  of  Calisaya, 
Alkaloidal. 

Soluble  ferric  phosphate,  2  grains,  in  each  fluidram  of  finished  elixir.  It  is  used 
as  a  chalybeate  tonic. 

Dose,  2  fluidrams  (8  cc). 

Elixir  Cinchona  Alkaloidorum  et  Hypophosphitum  (unofficial).  Elixir  of  Cin- 
chona Alkaloids  and  Hypophosphites.  Abbr.,  Elix.  Cinchon.  Alk.  et  Flypophos.  Syno- 
nym: Elixir  of  Calisaya,  Alkaloidal,  with  Hypophosphites. 

Calcium  and  sodium  hypophosphites,  of  each  1  grain,  in  each  fluidram  of  finished 
elixir.    It  is  used  as  a  tonic  and  alterative. 

Dose,  2  fluidrams  (8  cc). 

Elixir  Cinchona  Alkaloidorum,  Ferri,  Bismuthi,  et  Strychnine  (N.F.),  Elixir 
of  Cinchona  Alkaloids,  Iron,  Bismuth  and  Strychnine.  Abbr.,  Elix.  Cinchon.  Alk. 
Ferr.  Bism.  et  Strych.  Synonym:  Elixir  of  Calisaya,  Alkaloidal,  with  Iron,  Bismuth, 
and  Strychnine. 

Strychnine  sulphate,    -^oo    of  ^  grain;  bismuth   and   sodium   tartrate,   1   grain; 
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soluble  ferric  phosphate,  2  grains,  in  each  fluitlrain  of  finished  elixir.  It  is  used  as  a 
tonic  and  alterative. 

Dose,  1  tluidrani  (4  cc). 

Emmr  CiNCHox.f:  Alkaloidorum,  Ferri  kt  Bismuthi  (N.F.),  Elixir  of  Cinchona 
Allvak)i(ls,  Iron,  and  Bismutli.  A1>hr.,  Elix.  (^inchon.  All<.  Ferr.  et  Bism.  Synonym: 
Elixir  of  Calisiiya.  Alkaldidal,  with  Iron  and  Bismuth. 

Bismuth  and  sodium  tartrate,  1  grain;  sohible  ferric  phosphate,  1%  grains,  in 
each  tluidrain  of  finished  elixir. 

Dose,  2  fluidrams  (8  cc). 

Elixir  Cinciiox/K  Alkaloidoruat,  Fkrri  kt  Calcii  Lactophospitatis  (unofficial), 
Elixir  of  Cinchona  Alkaloids,  Iron  and  Calcium  Lactophosphate.  Ahhr.,  Elix.  Cinchon. 
Alk.  Eerr.  et  Calc.  Lactophos.  Synonym:  Elixir  of  (^disnya,  Iron  and  Lact()i)hosi)hate 
of  Lime. 

Calcium  lactate,  V2  grain  (equivalent  to  about  %  grain  of  the  so-called  calcium 
lactophosphate)  ;  soluble  ferric  phosphate,  about  1  grain,  in  each  fluidram. 

Dose,  2  fluidrams  (8  cc). 

Ei.ixiR  CiNC'HOX.E  Alkaloidorum,  Eerhi  et  Pepsixi  (unofficial).  Elixir  of  Cinchona 
Alkaloids,  Iron  and  Pepsin.  Ahhr.,  Elix.  Cinchon.  Alk.  Ferr.  et  Pepsin.  Synonym: 
ElLxir  df  Calisaya,  Alkaloidal,  with  Iron  and  Pepsin. 

Pepsin,  1  grain;  soluble  ferric  phosphate,  about  IV2  grains,  in  each  fluidram  of 
the  finished  elixir. 

Dose,  2  fluidrams  (8  cc). 

Elixir  Cinchox^  Alkaloidorum,  Ferri  et  Strychnine  (N.F.),  Elixir  of  Cinchona 
Alkaloids,  Iron  and  Strychnine.  Ahhr.,  Elix.  Cinchon.  Alk.  Ferr.  et  Strych.  Syno- 
nym: Elixir  of  Calisaya,  Alkaloidal,  with  Iron  and  Strychnine. 

Strychnine  sulphate,  ^/ioo  grain;  soluble  ferric  phosphate,  2  grains,  in  each 
fluidram  of  finished  elixir.     It  is  used  as  a  bitter  tonic. 

Dose,  1  fluidram  (4  cc). 

CiNCiioNiDix.E  Sulphas  (U.S.  X.),  Cinchonidine  Sulphate.   Ahhr.,  Cinchonid.  Sulph. 

The  sulphate  of  an  alkaloid  obtained  chiefly  from  cinchona  bark.  It  occurs  as 
white,  glistening,  silky  needles  or  prisms;  odorless  and  of  a  very  bitter  taste.  One  Gm. 
is  soluble  in  65  cc.  of  water  and  90  cc  of  alcohol. 

Dose,  2  to  4  grains  (0.13  to  0.25  Gm.)  as  a  tonic;  from  15  to  40  grains  (1  to  2.C 
Gm.)  as  an  antiperiodic. 

Cinchonina  (unofficial),  Cinchonine.    Synonym:  Quinodine. 

It  is  an  alkaloid  prepared  from  the  bark  of  several  species  of  the  evergreen  trees 
of  the  family,  Euhiace(B.  It  has  the  chemical  formula,  C10H22N2O.  When  thoroughly 
purified  it  occurs  in  white,  lustrous  crystals  without  odor;  at  first  almost  tasteless  but 
soon  developing  a  bitter  after-taste.  One  Gm.  is  soluble  in  3760  cc.  of  water,  in  116 
cc.  of  alcohol  at  15°  C,  and  in  26.5  cc.  of  boiling  alcohol.  This  drug  has  the  same 
remedial  properties  as  quinine  sidphate,  but  must  be  given  in  larger  doses. 

Dose,  tonic,  1  to  2  grains  (0.06  to  0.12  Gm.),  three  or  four  times  daily;  anti- 
periodic,  15  to  60  grains  (1  to  4  Gm.). 

Cinchonine  Hydrochloridum  (unofficial),  Cinchonine  Hydrochloride. 

It  is  the  dihydrochloride  of  the  alkaloid,  cinchonine,  and  occurs  in  white,  acicular 
crystals. 

Dose,  2  to  10  grains  (0.13  to  0.6  Gm.). 

Cinchonine  Sulphas  (N.F.),  Cinchonine  Sulphate. 

It  is  the  sulphate  of  the  alkaloid,  cinchonine,  and  occurs  in  colorless,  rhombic 
crystals. 

Dose,  1  to  2  grains  (0.06  to  0.13  Gm.). 
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QuiNiNA  (U.S.  X.),  Quinine.    Abhr.,  Quin. 

An  alkaloid  obtained  from  cinchona.  It  occurs  as  a  white  microcrystalline,  odor- 
less powder,  having  an  intense  and  persistent  bitter  taste.  One  Gm.  is  soluble  in 
1560  cc.  of  water  and  0.8  cc.  of  alcohol,  1.1  cc.  of  chloroform,  1.9  of  ether. 

Dose,  tonic,  1  to  2  grains  (0.06  to  0.12  Gm.) ;  antimalarial,  10  to  20  grains 
(0.6  to  1.2  Gm.). 

Quinine  ^thylcarbonas  (U.S.  X.),  Quinine  Ethylcarbonate.  Abhr.,  Quin. 
^thylcarb.     Synonym:  Euquinine. 

This  is  made  by  the  action  of  chloro-carbonicethyl-ether  on  the  alkaloid,  quinine, 
and  occurs  as  white,  fine,  soft  needles,  usually  matted  together  in  fleecy  masses ;  odorless 
and  practically  tasteless;  only  slightly  soluble  in  water,  soluble  in  2  parts  of  alcohol, 
readily  soluble  in  dilute  acids. 

Dose,  tonic,  1  to  2  grains  (O.G  to  0.12  Gm.)  ;  antimalarial,  10  to  20  grains  (0.6  to 
1.3  Gm.). 

Quinine  Bisulphas  (U.S.  X.),  Quinine  Bisulphate.  Abbr.,  Quin.  Bisulph. 
Synonym:  Quinine  Acid  Sulphate. 

The  acid  sulphate  of  the  alkaloid,  quinine,  which  occurs  as  colorless,  transparent 
or  whitish,  orthorhombic  crystals  or  small  needles;  odorless  and  of  a  very  bitter  taste; 
it  effloresces  on  exposure  to  air  and  turns  yellow  on  exposure  to  light.  One'  Gm.  is 
soluble  in  9  cc.  of  water,  23  cc.  of  alcohol,  15  cc.  of  glycerin,  or  in  0.7  cc.  of  boiling 
water  or  the  same  quantity  of  alcohol  at  60°  C. 

Dose,  tonic,  1  to  2  grains  (0.6  to  0.12  Gm.)  ;  antimalarial,  10  to  20  grains  (0.6  to 
1.3  Gm.). 

QuiniNjE  Dihydrobromidum  (unofficial).  Quinine  Dihydrobromide.  Abbr.,  Quin. 
Dihydrobr. 

An  acid  salt  of  the  alkaloid,  quinine,  having  the  formula  C^Jiifi^^r^^^r.SHfi. 
It  contains  60  percent,  anhydrous  quinine.  It  is  a  yellowish,  odorless,  crystalline 
powder;  soluble  in  3  parts  water  and  in  10  parts  alcohol.  Like  all  quinine  salts,  it  is 
darkened  by  exposure  to  light  and  should,  therefore,  be  kept  protected. 

Dose,  5  to  25  grains  (0.3  to  1.6  Gm.)  by  mouth;  same  dose  subcutaneously,  intra- 
muscularly, or  intravenously,  in  sterile  saline  solution  (1  to  10  percent.). 

Quinine  Dihydrochloridum  (U.S.  X.),  Quinine  Dihydrochloride.  Abbr.,  Quin. 
Dihydrochl. 

It  is  the  dihydrochloride  of  the  alkaloid,  quinine,  and  occurs  as  a  white  odorless 
powder,  having  a  very  bitter  taste.  One  Gm.  is  soluble  in  about  0.6  cc,  of  water  and 
in  12  cc.  of  alcohol. 

Dose,  tonic,  1  to  2  grains  (0.06  to  0.12  Gm.) ;  antimalarial,  10  to  20  grains  (0.6  to 
1.3  Gm.). 

Ampulla  Quinine  Dihydrochloridi  (N.F.),  Ampules  of  Quinine  Dihydrochloride. 
Abbr.,  Ampul.  Quin.  Dihydrochl. 

Each  ampule  contains  8  grains  (0.5  Gm.)  of  the  acid  hydrochloride  of  quinine. 

Dose,  1  ampule  hypodermically. 

Quinine  et  Ure^  Hydrochloridum  (U.S.  X.),  Quinine  and  Urea  Hydrochloride. 
Abbr.,  Quin.  et  Urea.  Hydrochl.     Synonym:  Quinine  and  Urea  Chloride. 

Quinine  and  urea  hydrochloride  contains  not  less  than  58  percent,  of  anhydrous 
quinine.  It  is  a  compound  of  the  hydrochlorides  of  quinine  and  urea  and  occurs  as 
colorless,  translucent  prisms,  or  a  white  granular  powder;  odorless  and  with  a  very 
bitter  taste.    One  Gm.  is  soluble  in  0.9  cc.  of  water  and  in  2.4  cc  of  alcohol  at  25°  C. 

Dose,  (hypodermic)  15  grains  (1  Gm.),  in  24  hours. 

Ampulla  Quinine  et  Ure.e  Hydrochloridi  (N.F.),  Ampules  of  Quinine  and 
Urea  Hydrochloride.    Abbr.,  Ampul.  Quin.  et  Urea,  Hydrochl. 


CINCHONA  885 

Each  ampule  contains  0  <>rains  (0.5  Gm.)  of  quinine  and  urea  hydrochloride. 

Dose.  1  ampule  hypodermieally. 

Quixix.*:  HvDROBROMiDUM  (U.S.  X.),  Quinine  Hydrobromide.  Ahhr.,  Quin. 
Hydrobr.     Synonym:  Quinine  Hydrobromate. 

It  is  the  hydrobromide  of  the  alkaloid,  quinine,  and  occurs  as  white,  light,  small 
needles,  or  scale-like  crystals;  odorless  with  a  very  bitter  taste,  efflorescent  in  the  air. 
One  Gm.  is  soluble  in  40  cc.  of  water,  1  cc.  of  alcohol,  7  cc.  of  glycerin  at  25°  C.  or  in 

3.2  cc.  of  water  at  80°  C. 

Dose,  tonic,  1  to  2  grains  (0.00  to  0.12  Gm.) ;  antimalarial,  10  to  20  grains  (0,6  to 

1.3  Gm.). 

Qilxix.E  HvDROCHLORiDUM  (U.S.  X.),  Quinine  Hydrochloride.  Ahhr.,  Quin. 
Hydrochl.     Synonym  :  Quinine  Ilydrochlorate. 

It  is  the  hydrochloride  of  the  alkaloid,  quinine,  and  occurs  in  white,  silky,  glis- 
tening needles,  odorless  and  having  a  very  bitter  taste;  efflorescent  when  exposed  to 
warm  air.  One  Gm.  is  soluble  in  16  cc.  of  water,  0.8  cc.  of  alcohol,  7  cc.  of  glycerin, 
0.7  of  chloroform  at  25°  C.  or  in  Vo  cc.  of  water  at  80°  C. 

Dose,  tonic,  1  to  2  grains  (O.OG  to  0.12  Gm.)  ;  antimalarial,  10  to  20  grains  (0.6  to 
1.3  Gm.). 

Qrixix.E  Sulphas  (U.S.  X.),  Quinine  Sulphate.  Ahhr.,  Quin.  Sulph.  Synonym: 
Quinine  Disulphate. 

It  is  the  sulphate  of  the  alkaloid,  quinine,  and  occurs  as  hard,  prismatic  monoclinic 
needles,  or  white,  silky,  light,  flexible  glistening  crystals,  making  a  very  light  and 
easily  compressible  mass.  It  is  odorless,  and  has  a  persistent,  very  bitter  taste.  It 
effloresces  rapidly  when  exposed  to  dry  air  or  when  heated  to  50°  C,  losing  all  but  two 
molecules  of  its  water  of  crystallization  and  becoming  lustreless.  When  exposed  to 
light,  it  acquires  a  brown  tint.  One  Gm.  is  soluble  in  725  cc.  of  water,  107  cc.  of 
alcohol,  30  cc.  of  glycerin  at  25°  C,  or  in  47  cc.  of  water  at  80°  C. 

Dose,  tonic,  1  to  2  grains  (0.06  to  0.12  Gm.)  ;  antimalarial,  10  to  20  grains  (0.6  to 
1.3  Gm.). 

Quinine  Salicylas  (U.S.  IX.).  Ahhr.,  Quin.  Salicyl.  The  salicylate  of  the  alka- 
loid, quinine.  Occurs  in  colorless,  odorless  needles,  having  a  bitter  taste;  permanent 
in  the  air;  sometimes  assuming  a  pinkish  color  with  age.  One  Gm.  dissolves  in  14 
cc.  of  alcohol,  13  cc.  of  glycerin,  25  cc.  of  chloroform  at  25°  C.  It  is  only  slightly 
soluble  in  water. 

Dose,  tonic,  1  to  3  grains  (0.06  to  0.2  (}m.)  ;  antimalarial,  a  minimum  of  15  grains 
(1  Gm.)  daily. 

Quinine  Tannas  (U.S.  X.),  Quinine  Tannate.    Ahhr.,  Quin.  Tann. 

Quinine  tannate  is  a  compound  of  quinine  with  tannic  acid,  of  somewhat  varying 
composition  and  contains  not  less  than  30  and  not  more  than  35  percent,  of  anhydrous 
quinine.  It  is  a  pale  yellow  or  yellowish-white,  amori^hous  powder,  odorless  and  taste- 
less or  not  more  than  a  slightly  bitter  astringent  taste.  It  is  only  slightly  soluble 
in  water,  chloroform,  and  ether,  but  slightly  more  soluble  in  alcohol. 

Dose,  1  to  10  grains  (0.06  to  0.6  Gm.). 

QuixiN^  Glvcerophosphas  (unofficial),  Quinine  Glycerophosphate.  Ahhr.,  Quin. 
Glycerophos.     Synonym:  Kincurine. 

It  is  the  glycerophosphate  of  the  alkaloid,  quinine,  and  occurs  as  fine  white  crys- 
talline needles  or  as  a  powder;  odorless  and  having  a  very  bitter  taste.  One  Gm. 
dissolves  in  about  850  cc.  of  water  or  75  cc.  of  alcohol  at  25°  C.  Very  soluble  in 
boiling  alcohol. 

Dose,  tonic,  1  to  2  grains  (0.06  to  0.12  Gm.);  antiperiodic,  5  to  10  grains  (0.3 
to  0.6  Gm.). 
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QuiMNiE  HvPOPHOSPHis  (unofficial).  Quinine  Hypopliosphite.  Ahhr.,  Quin.  Hypo- 
plios. 

The  hypophosphite  of  the  alkaloid,  quinine,  which  occurs  as  fine,  white,  silky,  glis- 
tening needles  or  prisms,  odorless  and  having  a  very  bitter  taste.  One  Gm.  dissolves 
in  about  35  cc.  of  water  and  12.5  cc,  of  alcohol. 

Dose,  tonic,  1  to  2  grains  (0.06  to  0.12  Gm.),  antimalarial,  15  grains  (1  Gm.)  daily. 

QuiNiK^  Valeras  (unofficial).  Quinine  Valerate.    Ahhr.,  Quin.  Valer. 

The  valerate  of  the  alkaloid,  quinine,  which  occurs  as  white,  lustrous  crystals, 
having  an  odor  of  valeric  acid  and  an  intensely  bitter  taste.  It  is  sparingly  soluble  in 
cold  water,  soluble  in  hot  water,  readily  soluble  in  alcohol.    Becomes  less  soluble  with  age. 

Dose,  tonic,  1  to  3  grains  (0.06  to  0.2  Gm.). 

Oleatum   QuiNiNiE   (N.E.),   Oleate  of  Quinine.     Ahhr.,  Oleat.   Quin. 

Contains  25  percent,  of  quinine  in  oleic  acid. 

Dose,  used  for  local  anesthesia. 

TmCTURA  Quinine  (Br.),  Tincture  of  Quinine.    Ahhr.,  Tr.  Quin. 

Quinine  hydrochloride,  20  Gm. ;  tincture  of  orange,  1000  cc,  equalling  about  1.1 
grain  of  quinine  hydrochloride  to  the  fluidram. 

Dose,  30  to  60  minims  (2  to  4  cc). 

TiNCTURA  Quinine  Ammoniata  (Br.),  Ammoniated  Tincture  of  Quinine.  Ahhr., 
Tr.  Quin.  Ammon. 

Quinine  sulphate,  20  Gm.;  solution  of  ammonia,  100  cc. ;  alcohol,  900  cc,  each 
fluidram  representing  about  1.1  grain  of  quinine  sulphate.  Alcoholic  content  about 
55  percent. 

Dose,  30  to  60  minims  (2  to  4  cc). 

YiNUM  Quinine  (Br.),  Quinine  Wine.    Ahhr.,  Vin.  Quin. 

Quinine  hydrochloride,  2  Gm. ;  orange  wine,  875  cc     Dissolve ;  filter,  if  necessary. 

Dose,  4  to  8  drams  (16  to  32  cc). 

PiLULA  Quinine  Sulphatis  (Br.),  Pill  of  Quinine  Sulphate  Ahhr.,  Pil.  Quin. 
Sulph. 

Quinine  sulphate,  82  Gm. ;  powdered  tartaric  acid,  3  Gm. ;  glycerin,  12  Gm. ; 
powdered  tragacanth,  3  Gm. 

Dose,  2  to  8  grains  (0.12  to  0.5  Gm.)  in  pill  form. 

Pilule  Antiperiodic^  (N.F.),  Antiperiodic  Pills.  Ahhr.,  Pil.  Antiperiod. 
Synonym :    Warburg's  Pills. 

Extract  of  aloe,  6.5  Gm. ;  rhubarb,  angelica  fruit,  of  each  3.2  Gm. ;  inula,  saffron, 
fennel,  of  each  1.6  Gm.;  zedoary,  cubeb,  myrrh,  agaric,  camphor,  of  each  0.8  Gm. ; 
quinine  sulphate,  9  Gm. ;  extract  of  gentian,  q.s.  to  make  100  pills,  each  pill  containing 
1%  grains  of  quinine  sulphate. 

Dose,  1  or  2  pills,  two  to  three  times  daily. 

Pilule  Antiperiodic^  sine  Aloe  (N.F.),  Antiperiodic  Pills  without  Aloe.  Ahhr., 
Pil.  Antiperiod.  s.  Aloe.    Synonym:    Warburg's  Pills  without  Aloes. 

Prepared  the  same  as  the  preceding,  omitting  the  extract  of  aloe. 

Dose,  1  or  2  pills,  two  to  three  times  daily. 

TiNCTURA  Antiperiodica  (N.F.),  Antiperiodic  Tincture.  Ahhr.,  Tr.  Antiperiod. 
Synonym:    Warburg's  Tincture. 

Rhubarb,  angelica  fruit,  of  each  8  Gm. ;  inula,  saffron,  fennel,  of  each  4  Gm. ; 
gentian,  zedoary,  cubeb,  myrrh,  camphor,  white  agaric,  of  each  2  Gm.;  black  pepper, 
0.35  Gm. ;  Saigon  cinnamon,  ginger,  of  each  0.75  Gm.;  quinine  bisulphate,  20  Gm. ; 
extract  of  aloes,  17.5  Gm. ;  alcohol  and  water,  each  q.s.  to  make  1000  cc,  equals  9  grains 
quinine  bisulphate  to  each  fluidounce.     Alcoholic  content  about  42  percent. 

Dose,  1  to  2  fluidrams  (4  to  8  cc). 
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TiNCTURA  Antiperiodica  SINE  Aloe  (N.F.),  Antiperiodic  Tincture  without  Aloes. 
Ahhr.,  Tr.  Antipcriod.  s.  Aloe. 

Prepared  in  the  same  way  as  the  precedinj?,  omitting  the  extract  of  aloe. 

Dose,  1  to  4  fluidrams  (4  to  K!  cc). 

Ethyliiydrocupheink   (unofficial),     i^i/novyms :  Optochin,  Numoquin. 

Occurs  as  a  white  powder  of  liitter  taste,  nearly  insoluble  in  water,  soluble  in 
alcohol,  oils  and  dilute  acids.  It  has  been  particularly  recommended  in  pneumonia; 
also  in  malarias  intractable  to  quinine. 

Dose,  4  grains  (0.25  Gm.)  4  or  5  times  a  day. 

Ethylhydrocupreine  (unofficial),  Ethylhydrocupreine,  Sijnoiiym :  Xumoquin 
Base,  Optochin  Base. 

A  derivative  of  quinine,  occurring  as  a  bitter,  white  powder,  insoluble  in  water, 
but  soluble  in  alcohol,  oils  and  fats.     It  is  very  stable. 

Dose,  4  grains  (0.25  Gm.)  every  5  hours  day  and  night,  five  ounces  of  milk  to  be 
given  with  each  dose. 

Etiiylhydrocupreine  Hydrochloride  (unofficial),  Ethylhydrocupreine  Hydro- 
chloride.    Synonyms :   Xumoquin  Hydrochloride,  Optochin  Hydrochloride. 

A  derivative  of  quinine,  occurring  as  a  white,  bitter,  crystalline  powder  which  is 
soluble  in  water  and  alcohol. 

Dose,  intraspinal,  15  minims  (1  cc.)  of  a  1:1000  solution  for  each  4  pounds  of 
body  weight;  externally,  in  1  to  2  percent,  solution  or  ointment. 

QuiNOLiNA  (unofficial),  Quinoline.   Ahhr.,  Quinol.   Synonyms:  Chinolin,  Leucoline. 

An  artificial  alkaloid  obtained  from  coal-tar  or  prepared  from  aniline;  colorless, 
mobile  liquid,  with  peculiar  odor;  insoluble  in  water,  soluble  in  or  miscible  with 
alcohol,  ether,  or  carbon  disulphide. 

Dose,  15  to  30  minims  (1  to  2  cc). 

Oxyquinoline  Sulphate  (N.X.  K.),  Chinosol. 

A  normal  oxyquinoline  sulphate  occurring  as  a  yellow  crystalline  powder,  of 
saffron-like  odor  and  burning  taste.  Readily  soluble  in  water,  sparingly  so  in  alcohol, 
and  insoluble  in  ether. 

Dose,  internal,  5  grains  (0.3  Gm.)  ;  antiseptic,  in  solutions  of  1 :1000  to  1 :4000. 

Aristoquinine  (unofficial).    <S^2/now7/»is.*  Aristochin,  Aristoquin. 

A  white,  tasteless  powder,  nearly  insoluble  in  alcohol,  more  so  in  chloroform,  but 
practically  insoluble  in  ether;  insoluble  in  water.  Incompatible  with  both  acids  and 
alkalis.    It  contains  96  percent,  of  quinine. 

Dose,  for  adults,  8  to  15  grains  (0.5  to  1  Gm.). 

Antipathogenic  Action.  Quinine  is  one  of  the  most  universal  and  characteristic 
protoplasm  poisons.  Its  action,  which  is  exerted  on  the  cell  plasma  rather  than  on  the 
nucleus,  is  characterized  by  stimulation,  rapidly  passing  into  paralysis.  The  greater 
the  amount  of  plasma  as  compared  to  the  amount  of  chromatin,  the  more  susceptible 
the  cell  is  likely  to  be. 

Quinine  is  very  destructive  to  protozoa,  the  effect  being  similar  to  that  on  leucocytes. 
In  culture  certain  of  the  larger  infusoria  are  killed  by  dilutions  of  1:20,000  to  1:6000, 
although  higher  dilutions  stimulate  the  movements.  As  in  the  malarial  parasite,  the 
sexual  forms  are  more  resistant.  Malarial  organisms  in  drawn  blood  are  killed  by  1:5000 
or  less.  Ascarides  outside  the  body  can  live  more  than  18  hours  in  1:400  solution 
(Bachem). 

Bacteria  are  much  more  resistant.  About  0.5  percent,  is  required  to  stop  the  growth 
of  putrefactive  bacteria  and  2  percent,  to  lull  them.  Typhoid  bacilli  do  not  develop 
in  1:30,000  solution,  but  can  survive  exposure  to  1:100.  Certain  moulds  are  restrained 
by  weak  solutions,  but  penicilium  will  grow  in  fairly  strong  solution.  The  growth  of 
yeast  is  not  prevented  but  the'  oxygen  consumption  is  decreased  by  relatively  strong 
solutions    (Rona  and   Grassheim). 
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The  following  table  shows  the  bactericidal  power  of  quinine  dihydrochloride  added 
to  culture  medium.    Figures  show  dilution. 


Groxip  Organism 

Worm Turbellaria 

Protozoa  ^  Colpodium 

1-rotozoa ^  Paramecium 

r  Putrefactive 
I  Anthrax 

Bacillus ^  Anthrax  Spores 

I  Diphtheria 

[  Tetanus 

\  Pneumococcus 

Coccus {  Staphylococcus 

[  Streptococcus 


Stop  Growth 

Kill  Slowly 

Kill  Rapidly 

1:100,000 

1:20,000 

1:800 

1:20,000 

1:800 

i:io6 

1:20 

1:800 

1:666 
1:100 

1:2066 

1:1000 
1:1000 

1:100 

1:2000 

1:2000 

1:500 

1:300 
1:7000 

Much  study  has  been  given  to  the  action  of  quinine  on  pathogenic  agents  in  experi- 
mental and  natural  infection,  but  with  the  exception  of  malaria  the  results  have  not 
been  consistent.  Mice  given  a  few  daily  injections  of  5  to  6  mgm.  cannot  be  infected 
with  nagana,  although  these  doses  will  not  free  infected  mice  from  the  parasites. 
Dourine  is  not  influenced,  but  the  incubation  period  of  rabies  is  prolonged  by  large 
doses  (Moon).  Malarial  parasites  are  particularly  susceptible,  although  the  various 
species  differ  in  resistance,  the  common  tertian  form  being  most  easily  destroyed.  Avian 
malaria  is  relatively  resistant,  as  are  certain  forms  of  quartan  in  man. 

By  injection,  or  otherwise  administered,  quinine  has  no  direct  influence  on  the  course 
of  most  bacterial  infections,  the  pneumococcus  being  exceptional  in  this  regard.  A 
destructive  action  in  vivo  on  the  agents  of  septic  infection  is  affirmed,  but  has  not  been 
established,  although  1  percent,  solutions  of  quinine  dihydrochloride  have  been  found 
useful  in  combating  wound  infection.  Both  quinine  and  related  alkaloids,  when  used  in 
sufficiently  large  dose  early  enough,  have  been  successful  in  controlling  experimental 
pneumococcus  infection  in  animals  and  pneumococcus  pneumonia  in  man. 

The  action  of  various  cinchona  derivatives  upon  pneumococci  of  different  types  has 
been  investigated  (Solis-Cohen,  Kolmer  and  Heist).  While  the  actual  figures  differ  with 
the  special  form  of  test,  the  relative  values  of  the  different  compounds  remain  approxi- 
mately the  same.  Ethylhydrocupreine  is  the  most  active  by  all  methods.  The  results 
of  a  number  of  the  observations  are  summarized  in  the  tables  that  follow. 


Results  of  Bactericidal  Tests  by  the  Centkifugation  Method 


Dilution  Killing  in  1  Hour 

Sulistance 

Type  I 

Type  II 

Type  III 

Ethylhydrocupreine  hydrochloride 

1:  800 

1:  700 

1:  700 

Quinine  and  urea  hydrochloride 

1:  100 

1:  200 

1:  150 

Methylhydrocupreine  hydrochloride 

1:  100 

1:  100 

1:  80 

Quinine  bisulphate 

1:  100 

1:  80 

1:  80 

Quinine  dihydrochloride 

1:  100 

1:  120 

1:  100 

Quinine  hydrobromide 

1:  100 

1:  100 

1:  100 

A  remarkable  result  was  found  by  the  pipet  method,  which  permits  comparison  of 
the  relative  activities  of  a  given  agent  in  serum  and  in  salt  solution.  While  ethylhydro- 
cupreine hydrochloride  is  still  highly  active  in  a  menstruum  of  serum,  its  bactericidal 
power  is  reduced  to  i/5  part  of  that  shown  in  physiologic  salt  solution.  The  pneu- 
mococcicidal  power  of  most  of  the  quinine  salts  is  likewise  lessened  in  serum, 
but  to  nothing  like  the  same  degree  as  that  of  ethylhydrocupreine.  For  example, 
the  ratio  of  activity  against  pneumococci  between  quinine  and  urea  hydrochloride 
and  ethylhydrocupreine  hydrochloride  shown  by  this  method  is  250:  100,000  (i.e.  1:  400) 
in  salt  solution,  while  in  serum  it  is  200:  20,000  (i.e.  1:  100).  In  other  words,  optochin's 
loss  of  power  is  four  times  that  of  the  carbamide  compound. 
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The  most  significant  finding,  however,  was  the  increase  of  the  specific  bactericidal 
activity  of  quinine  dihydrobroraide,  which  proved  twice  as  destructive  to  the  pneu- 
mococci  in  serum  as  it  was  in  salt  solution.  This  result  has  suggested  the  use  of 
dihydrobromide,  other  things  being  equal,  as  a  preferable  quinine  salt  for  systemic 
use  in  the  treatment  of  pneumonia  and  other  pneumococcic  infection.  For  topical  use, 
ethylhydrocupreine  is  unequalled.    The  figures  are  given  in  the  following  table: 

Results  of  Comparative  Bactkricidal  Tests  in  Serum  and  Salt  Solution  by 

THE  Pipet  Method 


Dilution  Killing 

in  SO  Minutes 

Substance 

In  Salt  Solution 

In  Serum 

Ethylhydrocupreine 

1:  100,000 

1:  20,000 

Quinine  dihydrobromide 

1:  500 

1:  1000 

Hydroquinine  hydrochloride 

1:  750 

1:  500 

Quinine  bisulphate 

1:  500 

1:  300 

Quinine  salicylate 

1:  500 

1:  300 

Quinine  and  urea  hydrochloride 

1:  250 

1:  200 

Quinine  hydrochloride 

1:  500 

1:  100 

Quinine  tannate 

1:  50 

1:  30 

Phenol 

1:  300 

1:  150 

Mercuric  chloride 

1:  10,000 

1:  1000 

Comparison  of  the  various  cinchonics  by  Kolmer's  antiseptic  method,  in  which  small 
numbers  of  the  microorganisms  are  exposed  to  high  dilutions  of  the  germicide  at  37°  C. 
for  eight  days,  gave  the  results  tabulated  below.  The  agents  are  arranged  in  the  order 
of  their  germicidal  value  against  Type  I,  which  is  not  exactly  the  same  as  that  shown 
against  Type  II  or  Type  III. 


Summary  or  Results  of  Bactericidal  Tests  on  Different  Types  of  Pneumococci 

BY  THE  Antiseptic  Method 


Dilutions 

in 

Which 

the    Various 

Pneum 

ococci   Were 

Killed 

Substance 

Type  I 

Type  II 

Type  III 

Ethylhydrocupreine  hydrochloride 

1,000,000 

2,000,000 

1:  1,500,000 

Quinine   sulphate 

200,000 

100,000 

1:  20,000 

Quinine  dihydrobromide 

100,000 

100,000 

1:  100,000 

Quinine   hydrobromide 

100.000 

80,000 

1:  20,000 

Quinine  phosphate 

100,000 

100,000 

1:  20,000 

Quinine  lactate 

100.000 

100,000 

1:  20,000 

Quinine  hydrochloride 

100,000 

200,000 

1:  100,000 

Quinine  arsenate 

100.000 

200,000 

1:  100.000 

Hydroquinine  hydrochloride 

80,000 

50,000 

1:  20,000 

Quinine  bisulphate 

80,000 

80,000 

1:  100,000 

Quinine  salicylate 

50,000 

100,000 

1:  100.000 

Quinine  dihydrochloride 

50,000 

20,000 

1:  20,000 

Quinine  valerinate 

50,000 

80,000 

1:  16,000 

Quinine  tannate 

20,000 

20,000 

1:  5,000 

Quinine  (alkaloid) 

20,000 

50,000 

1:  20,000 

Quinine  and  urea  hydrochloride 

10,000 

20,000 

1:  16,000 

The  high  activity  of  quinine  arsenate  is  to  be  noticed,  and  that  of  the  hydrobromide 
and  dihydrobromide  is  again  evident;  the  latter  maintaining  its  value  against  Type  III, 
while  both  the  sulphate  and  the  hydrobromide  share  in  the  common  loss. 

The  inhibiting  effect  of  quinine  on  the  pneumococcus  is  greater  than  the  germicidal 
power  shown  in  the  table  just  given;   and  had  the  readings  been  recorded  as  observed 
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at  the  end  of  24  hours,  the  values  set  forth  would  have  been  much  higher.  Many  tubes 
of  the  lower  dilutions  which  later  evidenced  the  growth  of  pneumococci  were  apparently 
sterile  for  one  or  several  days.  The  numerical  values  assigned  to  the  respective  agents 
in  this  and  other  tests  are  composites  of  varied  results  and  are  not  to  be  taken  as 
absolute.  But  they  are  dependable  indications  of  relative  activities  under  the  conditions 
specified. 

The  specificity  of  the  bactericidal  action  of  cinchona  derivatives  on  pneumococci  was 
studied  by  cross-testing  their  efficacy  against  other  organisms  and  that  of  other  agents 
against  pneumococci.  The  result  was  demonstrative.  Moreover,  hydrochloric,  salicylic 
and  other  acids  proved  so  much  less  effective  than  their  respective  salts  with  quinine, 
that  it  is  evident  that  the  base  is  the  active  constituent. 

The  influence  of  cinchona  derivatives  on  animals  injected  with  the  toxic  substances 
from  virulent  pneumococci  and  from  pneumonic  lungs  has  also  been  tested  (Solis-Cohen, 
C.  Weiss  and  Kolmer).  The  cinchona  derivatives  do  not  exert  any  gross  neutralizing 
action  on  the  toxicity  of  Cole's  pneumotoxin  or  upon  its  hemolytic  activity  in  vitro. 
Quinine  hydrobromide  and  dihydrobromide  however,  exerted  a  marked  neutralizing 
action  on  the  toxicity  of  pneumonic  lung  extracts,  prophylactic  injections  prolonging  the 
life  of  animals  five  days  or  more  after  the  injection  of  1  m.l.d.  of  the  extract,  while 
quinine  hydrochloride,  quinine  and  urea  hydrochloride  as  also  ethylhydrocupreine  hydro- 
chloride afforded  little  or  no  protection.  The  hemolytic  activity  of  pneumonic  exudates 
was  inhibited  by  non-lytic  quantities  of  quinine  hydrochloride,  quinine  hydrobromide 
and  quinine  disulphate,  while  ethylhydrocupreine  hydrochloride  and  quinine  and  urea 
hydrochloride  gave  a  slight  inhibition  when  large  quantities  (of  themselves  hemolytic) 
were  used.  The  question  of  precipitation  or  solubility  of  the  different  salts  in  protein 
solutions  may  have  had  something  to  do  with  this  somewhat  paradoxical  result. 

It  has  also  been  found  (Kolmer  and  Steinfeld)  that  in  white  rats  inoculated  with 
pneumococci  of  Type  I  and  treated  with  specific  antiserum,  the  protective  value  of  the 
serum  is  enhanced  by  simultaneous  injection  of  ethylhydrocupreine  and  to  a  less  degree 
by  that  of  various  quinine  compounds. 

Certain  unorganized  ferments,  such  as  oxidases,  especially  that  of  the  blood,  are 
prevented  from  acting  by  the  presence  of  quinine;  others,  as  most  of  the  digestive  fer- 
ments, are  not  influenced  or  are  favored  by  weak  concentrations  and  hindered  by  strong. 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Quinine  and  its  salts  are 
not  absorbed  by  the  intact  skin  except  under  the  influence  of  the  electric  current  (Munk), 
but  are  taken  up  readily  from  mucous  membranes  and  wounds.  When  given  hypodermi- 
cally,  the  rate  of  absorption  is  largely  dependent  on  the  solubility  of  the  salt.  If  this 
be  not  freely  soluble  or  if  a  solution  approaching  saturation  be  used,  the  quinine  will 
precipitate  in  the  tissues,  and  not  only  will  the  action  be  uncertain,  but  there  is 
grave  danger  of  necrosis  of  the  skin.  Caffeine  or  urea  associated  help  to  prevent 
precipitation. 

Given  by  mouth,  there  is  little  difference  between  soluble  and  insoluble  salts,  as 
the  alkaloid  is  converted  to  the  soluble  hydrochloride  and  the  less  soluble  salts  are 
made  more  soluble  also  by  the  gastric  acid.  It  is  said,  however,  that  quinine  tannate 
is  absorbed  promptly  even  in  the  absence  of  free  acid.  Almost  the  entire  amount  given 
is  taken  up  by  the  stomach  and  duodenum  within  four  hours  of  administration  and 
none  is  found  in  the  stools  unless  old,  hard  pills  be  given. 

Given  by  rectum,  only  freely  soluble  salts  are  well  absorbed. 

After  absorption  the  salts  of  quinine  are  carried  in  the  blood  in  small  amount, 
and  rapidly  deposited  in  various  tissues,  the  suprarenals  and  kidneys  receiving  most. 
Muscular  tissues  and  lymph  glands  do  not  contain  any,  and  the  red  blood  cells  very 
little.  If  a  salt  of  quinine  is  shaken  with  a  suspension  of  red  cells  in  salt  solution, 
thfese  take  up  four  times  as  much  as  a  corresponding  volume  of  the  liquid  and  in  gen- 
eral the  solid  tissues  contain  more  than  the  blood  and  fluids. 

Of  the  amount  taken  up  by  the  body,  the  greater  part,  %  to  %,  is  destroyed  (a 
destructive  thermolabile  ferment  has  been  found  in  the  liver),  and  most  of  the  remainder 
is  excreted  unchanged  in  the  urine.  Small  amounts  pass  out  with  the  bile  and  traces 
may  be  found  in  the  sweat  and  saliva.  After  1  Gm.  (15  gr.)  by  mouth,  elimination 
begins  in  man  in  i/^  to  1  hour,  reaches  its  maximum  in  3  to  5  hours  and  is  complete 
in  16  to  48  hours.  During  continued  administration  of  large  amounts  elimination  keeps 
pace  with  administration  if  the  daily  dose  is  not  above  2  Gm.  (30  gr.)  but  may  con- 
tinue for  8  days  after  the  last  dose. 

The  influence  of  the  form  of  administration,  division  of  dose,  etc.,  on  the  rate  of 
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elimination  is  variously  stated.  Manquat  states  that  it  is  more  rapid  after  soluble  salts, 
but  Giemsa,  in  a  very  careful  study,  concluded  that  this  was  only  true  after  injection. 
When  given  subcutaneously,  more  is  destroyed  than  when  given  by  mouth.  Giemsa  also 
found  more  excreted  when  a  given  amount  was  administered  in  divided  doses  and  bases 
on  this  a  defense  of  the  therapeutic  advantage  of  divided  doses.  Grosser  saw  no  dif- 
ference, however,  in  the  amount  excreted,  and  Merkel  states  that,  given  in  divided 
doses,  more  is  destroyed  and,  as  it  is  broken  up  as  fast  as  it  is  absorbed,  divided  doses 
are  ineffective.  Most  authors  consider  that  large,  spaced  doses  are  most  efficacious;  that 
the  greatest  concentration  in  the  blood  is  reached  in  about  six  hours  and  the  maximum 
therapeutic  effect  somewhat  later.  Giemsa  states  that  in  blackwater  fever  the  amount 
of  quinine  excreted  is  increased  even  during  the  paroxysm,  but  Marchoux  was  unable 
to  find  quinine  in  the  hemoglobinuric  urine.  It  is  variously  stated  that  excretion  or 
destruction   is   increased   during   fever. 

In  spite  of  these  differences  of  opinion,  the  main  facts  are  clear:  That  most  of  the 
drug  is  destroyed,  and  that  the  remainder  is  excreted  unchanged  by  the  kidneys.  The 
idea  that  part  was  converted  into  chinicine  (chinotoxine),  which  is  formed  when  quinine 
is  heated  with  organic  acids,  has  been  abandoned. 

In  severe  nephritis  and  in  cardiac  decompensation,  none  may  be  excreted  in  the 
urine,  the  entire  amount  being  presumably  destroyed.  Mild  kidney  trouble  does  not  inter- 
fere with   excretion. 

Topical  Action. — Quinine  solutions  applied  to  the  unbroken  skin  do  not  produce  any 
disagreeable  sensation,  but  the  rashes  which  are  frequently  seen  on  the  exposed  portions 
of  the  skin  in  workers  in  the  drug,  would  seem  to  indicate  that  after  prolonged  exposure 
a  certain  local  irritation  is  set  up. 

Strong  solutions  are  painful  to  wounds  and  to  mucous  membranes  and  large  doses 
may  cause  nausea.  Quinine  bisulphate  may,  however,  be  used  as  an  irrigation  in  1:2000 
solution  without  discomfort.  Its  irritant  action  must  be  borne  in  mind  when  it  is 
administered  by  rectum. 

Injected  subcutaneously,  quinine  is  extremely  painful  and  may  not  only  produce  irri- 
tation, but  even  cause  local  necrosis  with  abscess  formation,  local  gangrene  or  hard, 
tender  nodules  which  may  persist  for  years.  For  this  reason  injections  should  be 
given  intramuscularly  and  care  taken  to  see  that  the  syringe  is  fully  emptied  before 
it  is  withdrawn.  Solutions  should  be  dilute  and  no  injection  given  near  a  nerve  trunk, 
as  otherwise  paralysis  may  ensue.  It  is  well  to  paint  the  site  of  infection  with  iodine 
and  to  seal  the  point  of  puncture  with  collodion. 

Toxicity. — Among  alkaloids,  quinine  is  one  of  the  least  toxic  of  those  having  marked 
pharmacodynamic  action,  the  fatal  dose  by  mouth  in  various  species  ranging  about  1 
gram  per  kilo.  As  with  most  drugs,  the  subcutaneous  dose  is  somewhat,  and  the  in- 
travenous considerably,  smaller.  Frogs  are  killed  by  1  mgm.  per  Gm.  by  mouth  and 
about  half  this  amount  injected.  Pigeons  are  not  killed  by  3  Gm.  per  kilo  by  mouth, 
although  0.5  Gm.  intramuscularly  is  fatal.  Rabbits  are  killed  by  1  to  1.5  Gm.  by  mouth, 
by  0.25  to  0.5  Gm.  subcutaneously  and  by  0.07  Gm.  intravenously.  This  dose  given  into 
the  artery  of  a  limb  does  not  kill  but  causes  complete  paralysis  of  the  leg,  and  Maurel 
suggests  that  the  action  of  quinine  is  largely  due  to  paralysis  of  the  leucocytes  which 
plug  the  vessels  of  the  limb,  causing  palsy,  or  those  of  the  lungs,  causing  death,  according 
to  whether  the  injection  is  in  an  artery  or  a  vein. 

The  fatal  dose  in  man  by  mouth  is  about  15  Gm.,  but  in  a  few  instances  as  much 
as  30  Gm.  have  been  taken  with  little  bad  effect.  Toxic  symptoms  are  frequent  after 
5  Gm.,  and  3  Gm.  is  about  the  safe  limit  of  a  therapeutic  dose.  A  dose  of  5  Gm.  is 
given  as  flie  cause  of  death  by  Recamier.  Galbraith  in  cases  of  pneumonia"  gives  doses 
up  to  5  Gm.  daily  as  routine  treatment. 

When  a  toxic  dose  of  quinine  is  taken,  the  first  symptom  is  usually  severe,  burst- 
ing headache,  accompanied  by  loud  roaring  in  the  ears  and  deafness  which  may  be 
complete  but  is  rarely  permanent.  Loss  of  taste  and  smell  and  dimness  or  even  loss 
of  vision  follow.  Abdominal  pain  with  vomiting  and  diarrhea  are  also  frequently  seen 
and  in  the  more  severe  cases  extreme  muscular  weakness  and  collapse  and  somnolence 
passing  into  coma.  Chills  and  cold  sweats  are  also  common.  The  pulse  is  rapid  and 
weak  and  respiration  is  shallow,  in  fatal  cases  its  cessation  being  the  cause  of  death. 
If  recovery  follows,  there  are  usually  more  or  less  severe  after-efTects.  The  most  impor- 
tant of  these  is  dimness  of  vision  or,  more  rarely,  complete  blindness  which  may  be 
permanent.    Swelling  of  the  tongiie  and  face  and  generalized  itching  eruptions  are  fre- 
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quently  seen.  Convulsions  have  been  reported  several  times  but  may  be  dyspneic.  In 
pregnant  women,  abortion  is  not  uncommon  as  a  result  of  spasmodic  contraction  of  the 
uterus.  In  rabbits,  repeated  injections  cause  injury  to  the  cells  of  the  kidney  and 
adrenal   glands. 

The  treatment  of  poisoning  would  consist  in  elimination  or  destruction  of  the  poison 
by  the  measures  used  with  all  alkaloids,  associated  with  general  stimulation  especially 
directed  to  the  respiration  and  heart.  Artificial  respiration  or  the  use  of  external  heat 
may  be  required  in  certain  cases.  There  is  no  specific  treatment  for  intolerance  and 
cinchonism,  nor  for  the  deafness  and  amblyopia. 

Intolerance. — Healthy  persons  are  much  more  susceptible  to  the  action  of  quinine 
than  febrile,  and  especially  malarial,  subjects. 

In  many  individuals  even  small  doses  of  quinine  cause  disagreeable  sensations,  the 
most  frequent  being  roaring  noise  with  deafness,  frequently  accompanied  by  headache. 
Another  common  complaint  is  of  nausea  or  even  severe  vomiting.  Less  common  are 
scarlatiniform,  itching  eruptions.  In  a  few  instances,  acute  attacks  of  insanity  follow 
any  dose.  More  serious  and  more  often  lasting  are  failures  of  vision,  and  a  few  cases 
of  complete  and  permanent  blindness  following  therapeutic  doses  have  been  reported. 
Except  in  grave  necessity,  quinine  should  not  be  given  to  persons  with  chronic  disease 
of  the  middle  ear  or  of  the  retina. 

Although  severe  nervous  symptoms  rarely  follow  small  doses,  raving  delirium  and 
trans'ient  rash,  both  resembling  scarlet  fever,  followed  a  dose  of  3  mgm.  ( l^  gr.)  in 
a  child  of  8  years  who  had  had  scarlatina  in  infancy  and  recovered  from  this  disturbance 
too  quickly  for  it  to  have  been  a  second  attack.  Inquiry  elicited  the  history  of  a  previous 
disturbance  (without  delirium)  from  quinine.  Adults  occasionally  show  nervous 
phenomena  without  auditory  manifestations  from  doses  as  small  as  12  mgm.  (2  gr.). 

Irritation  of  the  urinary  organs  and  attacks  reseonbling  asthma  are  less  frequently 
seen. 

In  general,  those  persons  who  bear  quinine  badly  belong  to  the  group  of  autonomic 
ataxics  and  not  rarely  present  the  vascular  cutaneous  manifestations  of  the  poison 
before  there  is  any  marked  disturbance  of  the  nervous  system,  although  -both  may"  be 
at  times  shown  simultaneously.  In  a  number  of  instances,  persons  having  an  idiosyncrasy 
against  quinine  have  been  able  to  take  large  doses  without  discomfort  and  with  marked 
benefit,  when  suffering  with  pneumococcus  pneumonia.  Equivalent  immunity  is  not  so 
frequently  seen  in  malarial  cases. 

The  relation  of  quinine  to  hemoglobinuria  in  malaria  is  still  under  dispute.  Both 
the  malarial  parasite  and  large  doses  of  quinine  possess  the  power  of  destroying  the 
red  blood  cells,  and  it  is  asserted  that  this  complication  is  only  seen  in  persons  who 
have  been  taking  the  drug  as  a  prophylactic  or  have  been  treated  with  insufficient  doses. 
Certain  authors,  however,  insist  that  hemoglobinuria  is  more  frequent  in  untreated  cases. 

The  fluorescence-  of  quinine  solutions  is  undoubtedly  connected  with  the  increased 
toxicity  of  quinine  salts  in  animals  exposed  to  direct  sunlight  or  ultraviolet  rays  after 
injection.  Frogs  were  killed  in  a  short  time  under  the  influence  of  rays  from  a  quartz 
lamp  by  doses  not  fatal  in  the  dark.  White  rats,  studied  in  the  circular  maze,  made 
many  more  errors  under  the  influence  of  6  mgm.  of  quinine  when  exposed  to  the  lamp 
than  when  kept  in  diffuse  light  (Macht  and  Teagarden).  This  phenomenon  may  be 
availed  of  therapeutically  by  giving  small  doses  of  quinine  prior  to  the  application  of 
ultraviolet  light,  x-rays  or  radium  in  order  to  increase  the  action  of  the  radiation. 

Systemic  Action:  Alimentary.— Quinine  has  a  pronounced  and  persistent  bitter  taste 
and  when  it  comes  in  contact  with  the  tongue  it  stimulates  the  salivary  glands  and 
sets  up  a  hypersecretion.  This  is,  however,  not  induced  when  the  mouth  is  protected 
by  the  use  of  coated  pills  or  when  the  drug  is  given  hypodermically. 

Quinine  in  small  doses  stimulates  the  gastric  mucosa,  increasing  secretion  and 
improving  appetite.  In  large  doses,  on  the  contrary,  it  interferes  with  digestion  and 
may  cause  loss  of  appetite.  In  very  large  dose  it  excites  pain,  nausea  and  even  vomit- 
ing, by  excitation  of  the  vomiting  center    (Hatcher). 

The  action  of  quinine  on  the  intestine  vari'es  with  the  individual  and  the  condi- 
tion of  the  bowel,  sometimes  appearing  to  provoke  constipation  and  sometimes  diarrhea. 
In  small  doses  it  is  usually  a  tonic  to  the  muscular  wall  of  the  intestine.  Large  doses 
excite  considerable  irritation  with  colicky  pain  and  perhaps  severe  watery  discharge. 

When  taken  by  mouth  quinine  increases  biliary,  secretion,  but  when  given  by  vein 
to  rabbits  may  cause  degeneration  of  the  hepatic  cells   (Siperstein  and  Litman). 
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The  isolated  bowel  wall  is  excited  to  increased  motions  by  low  concentrations 
and  paralyzed  by  strong  (Ladisch),  the  paralysis  depending  on  direct  action  on  the 
muscle. 

Blood. — The  most  striking  action  of  quinine  on  the  blood  is  its  effect  on  the  white 
cells.  Added  to  blood  on  the  warm  stage,  1:400  solutions  of  quinine  salts  quickly  destroy 
the  leucocytes;  1:1000  solutions  prevent,  and  1:6000  slow  the  ameboid  movements. 
Added  to  suspensions  of  leucocytes  and  bacteria,  dilutions  of  1:200,000  and  1:100,000 
cause  increased  phagocytosis,  but  1:6000  reduces  it  and  1:4000  prevents  it  (Wilson, 
Man  waring  and  Guy).  Similar  effects  may  be  seen  in  the  living  animal,  by  giving  intra- 
peritoneal injections  of  aleuronat  followed  by  small  amounts  of  quinine  (Grunspan), 
or  in  the  blood  by  giving  amounts  approaching  the  fatal  dose.  Moderate  doses  hinder 
the  migration  of  leucocytes  through  the  vessel  wall  in  inflammatory  as  well  as  under 
normal  conditions.  This  action  is  due  chiefly  to  reduction  in  the  ameboid  motions, 
although  some  such  effect  is  exerted  by  doses  which  cause  little,  if  any,  lessening  of 
this  motion,  and  the  lessened  exudation  may  be  due  in  part  to  an  alteration  in  the 
vessel  wall.    Quinine  may  thus  exert  a  truly  antiphlogistic   influence. 

Roth  has'  shown  that  the  number  of  leucocytes  in  the  circulating  blood  is  altered 
by  large  doses.  There  is,  first,  an  increase  mainly  of  lymphocytes,  supposed  to  result 
from  contraction  of  the  spleen  forcing  them  out  into  the  blood;  second,  a  stage  of 
decrease*  of  all  types;  and,  third,  an  increase,  especially  of  polynuclears.  Morphologic 
changes  in  the  polynuclear  cells  have  been   described  and   denied. 

The  effect  of  quinine  on  the  red  cells  is  less  clear.  Large  doses  exert  a  destructive 
action  on  their  plasma,  resulting  in  hemolysis  and  brown  discoloration  of  the  blood. 
The  salts  have  more  hemolytic  action  than  the  alkaloid,  a  1:600  solution  of  which,  made 
with  the.  help  of  2  percent,  alcohol  guarded  by  glucose  and  calcium  chloride,  does  not 
cause  hemolysis  in  vitro  (Brahmachari).  In  blackwater  fever,  the  cells  are  more  readily 
hemolyzed. 

"Whether  hemolysis  can  be  produced  in  the  living  organism  is  uncertain,  although 
the  occurrence  of  increased  bile  pigment  and  occasional  hemoglobinuria  in  persons  tak- 
ing quinine,  point  in  this  direction.  It  is  said  that  small  doses  may  bring  about  an 
increase  in  the  number  of  red  cells  even  of  normal  individuals,  but  this  is  doubtful. 

In  the  test  tube,  quinine  salts  added  to  blood  or  to  a  suspension  of  red  cells  destroys 
their  power  to  reduce  hydrogen  peroxide  and  to  bring  about  the  bluing  of  guaiac;  indi- 
cating that  it  destroys  the  oxidase  of  the  blood.  Laquer  states  that  above  0.1  percent, 
added  to  blood  in  vitro  lessens  the  amount  of  peroxide  decomposed,  but  that  weaker 
concentrations  increase  the  decomposition. 

Alterations  in  the  composition  of  the  plasma  may  also  occur.  The  salt  content  and 
total  solids  are  often  increased,  and  this  change  is  greater  in  normal  than  in  malarial 
individuals  (Cutore).  Protein  solutions  in  vitro  are  coagulated  by  concentrated  solutions 
of  quinine  salts,  and  such  precipitation  may  possibly  occur  in  the  blood  stream  after  in- 
travenous injection  of  strong  solutions.  Varying  effects  on  immunity  response  have  been 
reported;    antitoxin  formation  is  probably  not  influenced. 

Spleen. — It  is  matter  of  common  knowledge  that  quinine  has  the  power  to  reduce 
the  size  of  the  enlarged  malarial  spleen.  It  was  formerly  believed  that  this  effect  was 
due  to  the  stimulation  of  smooth  muscular  fibers  in  the  organ.  It  occurs,  however,  in 
spleens  deprived  of  all  nerve  connections,  and  Valenti  has  shown  that  a  similar  diminu- 
tion in  size  occurs  in  the  normal  organ  and  that  it  depends  on  an  increase  in  the 
connective  tissue  and  atrophy  of  the  specific  elements.  In  dogs  given  quinine  over  a 
long  period,  the  bone  marrow  also  atrophies,  but  while  this  recovers  when  the  drug  is 
stopped,  the  spleen  does  not.    The  lymph  glands  and  tonsils  are  not  affected. 

Circulation. — The  first  effect  of  moderate  doses  on  the  circulation  is  a  slight  and 
transient  rise  of  blood-pressure  dependent  on  rapid  heart  action  due  perhaps  to  depres- 
sion of  the  vagus  nerve  and  not  seen  when  this  nerve  is  cut.  This  rise  is  soon  fol- 
lowed by  a  fall  due  to  the  direct  action  of  the  drug  on  the  muscle  of  the  heart  and 
blood-vessels.  Both  in  situ  and  when  isolated  the  heart  is  weakened  and  slowed,  the 
first  effect  being  loss  of  tonus.  This  action  is  exerted  on  the  isolated  frog  heart  by 
dilution  of  1:  50,000.  Direct  irritability  is  also  lessened.  In  the  dog,  20  mgm.  per  kilo, 
slows  the  heart  and  diminishes  the  excitability  and  conductivity  of  the  cardiac  muscle 
(Clerc  and  Pezzi).  The  vessels  are  dilated  in  perfusion  experiments  by  1:  5,000.  In 
the  intact  frog  the  capillary  circulation  is  markedly  slowed  and  the  lymph  hearts  stop 
before   heart   action   or   respiration   ceases.     In    febrile   patients   these    effects   may    be 
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overcome  by  the  indirect  effect  whicli  follovv's  tlie  reduction  of  the  fever,  although 
See  and  Bochefontaine  claim  that  there  is  a  direct  stimulating  action  on  the  heart  in 
fever.  In  severe  poisoning  the  pulse  may  be  impalpable,  but  in  fatal  cases  the  respiration 
always  stops  before  the  heart. 

Hemorrhages  from  the  nose,  gums,  bowel,  etc.,  the  causation  of  which  is  unknown, 
have  been  reported  as"  occurring  from  clinical  use  of  quinine  salts. 

Respiration. — Respiration  is  not  appreciably  affected  by  medicinal  doses  except  in 
certain  cases  of  idiosyncrasy  in  which  there  may  be  attacks  resembling  asthma  and 
perhaps  dependent  on  a  condition  resembling  urticaria  of  the  bronchial  mucosa.  In 
dogs  broncTiial  constriction  results  from  direct  action  on  the  muscle    (Jackson). 

Toxic  doses  cause  paralysis  of  the  respiratory  center,  as  well  as  direct  weakening 
of  the  muscles,  from  which  death  may  result.  Even  therapeutic  doses  may  be  dangerous 
if  given   intravenously. 

In  rabbits  doses  of  0.1  to  0.2  Gm.  per  kilo  increase  the  irritability  of  the  respiratory 
center,  leading  to  very  rapid  respiration  with  decrease  of  volume  of  air  moved.  If  both 
vagus  nerves  are  cut,  the  inhibitory  impulses  do  not  reach  the  over-excitable  center, 
and  respiratory  volume  increases  (Sugata  and  Tatum).  The  respiratory  exchange  is 
but  little  altered,  in  marked-  contrast  to  the  nitrogen  metabolism. 

Metabolism. — Quinine  has  been  found  by  many  observers  and  on  various  species  to 
have  the  power  to  lessen  the  use  of  protein  at  the  expense  of  non-nitrogenous  foods. 
The  elimination  of  both  urea  and  total  nitrogen  by  the  kidneys  is  diminished  by  its 
action,  although  the  total  energy  metabolism,  as  measured  in  the  calorimeter,  is  exactly 
normal.  The  formation  of  endogenous  uric  acid  is  lessened;  in  fact,  the  lessened  nitro- 
gen metabolism  seems  to  concern  only  the  breaking  down  of  the  nitrogenous  constitu- 
ents of  the  tissues,  and  is  not  seen  in  men  on  therapeutic  doses  (1  to  2  Gm.  daily) 
(Hardikar).  The  diminished  excretion  of  urinary  nitrogen  is  not  due  to  storing  of 
waste  materials  in  the  body  as  it  continues  for  several  days  after  administration  has 
ceased.  It  is  possible  that  the  effect  may  be  due  to  loss  of  the  reparative  function  of 
the  cells  as  it  is  known  that  their  power  to  divide  is  lessened.  The  effect  of  very  small 
doses  and  the  early  effect  of  full  doses  may  be  an  increase  in  nitrogen  excretion,  fol- 
lowed by  the  diminution  described. 

In  rabbits,  quinine  causes  a  rise  in  blood  sugar,  dependent  on  increased  glycogen- 
olysis.  This  is  central  in  origin,  and  does  not  occur  after  section  of  the  splanchnic 
nerves,  or  if  one  adrenal  gland  is  removed  and  the  nerves  cut  on  the  opposite  side 
(Tatum  and  Cutting). 

Temperature. — In  normal  men  the  action  of  medicinal  doses  of  quinine  on  the  tem- 
perature varies.  Fairly  large  doses  usually  produce  slight  depression  in  susceptible  sub- 
jects, although  transient  elevation  occurs  in  rare  cases.  Usually,  however,  the  only  effect 
of  quinine  on  the  normal  temperature  is  to  lessen  the  daily  oscillations,  the  morning 
and  evening  temperatures  thus  tending  to  be  nearly  alike.  In  quinine  intoxication,  sub- 
normal temperature  is  part  of  the  phenomena  of  depression. 

Under  the  influence  of  quinine  the  rise  of  temperature  from  muscular  exertion  is 
lessened,  and  after  its  cessation  the  fall  is  more  rapid.  This  also  tends  to  make  the 
temperature  more  uniform. 

In  febrile  patients  the  antipyretic  action  is  often  marked,  although  it  varies  with 
the  dose  and  the  nature  of  the  disease.  Usually  a  large  dose  is  required  to  induce  a 
notable  fall  and  the  effect  is  neither  constant  nor  persistent.  In  the  pneumonias,  the 
effect  is  more  marked,  but  is  probably  to  a  large  degree  indirect.  Certain  types,  how- 
ever, are  quite  resistant,  as  discussed  elsewhere. 

In  malarial  fever  its  action  is  constant  by  reason  of  its  specific  action  on  the  Plas- 
modium. In  typhoid  fever  moderate  doses  will  cause  slight  depression  of  temperature, 
while  doses  of  a  gram  or  more  may  cause  considerable  fall,  sometimes  to  normal  or 
even  below.  In  erysipelas  and  pyemia,  large  doses  are  often  effective,  while  in  relapsing 
fever  quinine  is  said  to  have  no  effect  on  the  temperature,  and  in  eruptive  fevers,  the 
exanthemata,  etc.,  the  fall   is  not  marked   and   sometimes   is  absent. 

The  effect  of  quinine  on  the  temperature  probably  depends  on  its  power  to  lessen 
protein  decomposition  as  Binz  has  shown  that  a  fall  still  occurs  after  destruction  of 
the  heat-regulating  center.  Barbour,  on  the  other  hand,  has  shown  that  the  tempera- 
ture falls  when  the  drug  is  applied  directly  to  the  center  by  intracerebral  injection. 
Calorimetric  studies  on  laboratory  animals  have,  however,  frequently  shown  an  increase 
in  heat  production  overbalanced  by  a  greater  increase  in  heat  dissipation. 
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Small  animals  are  more  readily  influenced  than  man.  Thus,  rabbits  show  a  fall 
of  1°    to   2°  C.   from   non-toxic   doses,   and   dogs   slightly   less. 

Experimental  febrile  temperatures  are  often  markedly  reduced.  Thus  the  "brain 
puncture  fever"  of  rabbits  is  brought  down  to  normal  by  doses  of  0.2  Gm.  (:>  grains). 
Toxic  fevers  may  or  may  not  be  influenced,  but  the  effect  of  external  cold  or  other 
means  of  reduction  is  increased.  In  febrile  rabbits  the  effect  is  chiefly  due  to  increase 
of  heat  dissipation:  in  febrile  guinea-pigs  to  lessened  production;  in  man,  in  fever,  both 
effects  are  commonly  associated. 

Genital. — The  only  important  action  of  quinine  on  the  genital  organs  is  the  con- 
traction induced  by  it  in  the  uterus.  Kurdinowsky  saw  in  rabbits  an  increase  in  the 
tonus  and  contractions  of  the  uterine  horns  after  injections  of  20  mgm.  per  kilo.  Larger 
doses  caused  a  paralysis.  The  isolated  uterus  is  stimulated  by  solutions  of  1:150,000 
and  passes  into  tetanus  in  a  1:44,000  solution.  Obstetricians  have  commonly  found  that 
salts  of  quinine  were  likely  to  aid  the  uterine  contractions  during  labor,  but  that  the 
effects  were  too  uncertain  to  be  depended  on.  Several  cases  of  abortion  from  toxic 
amounts  have  been  reported,  but  there  is  no  such  danger  from  therapeutic  doses,  although 
menorrhagia  is   said   to  have  resulted   from   continued    administration. 

Associated  with  the  protein-sparing  action  there  is  a  reduction  in  the  amount 
of  albumin  in  the  eggs  of  pigeons  subjected  to  chronic  poisoning  (Riddle  and  An- 
derson). 

Nerve  System. — In  small  doses  quinine  excites  the  central  nerve  system  in  a  man- 
ner which  has  been  compared  to  that  of  small  doses  of  caffeine.  Medium  and  large 
doses  first  stimulate  and  then  depress  both  the  brain  and  cord.  Frogs  show  increased 
reflexes  after  doses  of  1  to  5  mgm.  and  cats  are  similarly  affected  by  0.1  Gm.  (li/o  grains). 
A  decrease  in  spinal  reflexes  follows  somewhat  larger  doses  in  the  intact  animal  but  not 
after  section  of  the  medulla.  In  man  distinct  effects  on  the  central  nerve  system,  apart 
from  manifestations  of  idiosyncrasy,  are  seen  only  after  very  large  doses  and  the  effects 
on  the  special  senses  of  sight  and  hearing  are  much  more  important  and  usually 
dominate  the  picture  of  acute  quinine  poisoning,  or  "cinchonism." 

This  condition  is  usually  excited  in  the  normal  person  by  4  to  10  grains  (0.25  to 
0.7  Gm.)  of  quinine  sulphate.  It  is  manifested  by  throbbing  or  pain  in  the  ears  with 
noises  of  various  kinds,  which  may  be  accompanied  by  a  feeling  of  heaviness  in  the 
head,  headache  and  vertigo  on  rising  from  the  recumbent  to  the  vertical  position.  Deaf- 
ness and  dimness  of  vision  or  visual  hallucinations  are  not  uncommon.  These  disturb- 
ances come  on  from  two  to  four  hours  after  the  dose  has  been  taken,  and  may  pass 
off  in  six  or  eight  hours  or  may  last  for  days,  especially  if  repeated  doses  are  taken. 
Rarely  permanent  deafness  results.  At  times  there  is  induced  a  notable  blunting  of 
sensibility;  the  hearing  is  dulled;  the  pupils  slightly  dilated;  the  ideas  confused;  the 
gait  stumbling.    The  person  manifests  apathy  and  general  prostration. 

After  doses  of  2  to  4  Gm.  walking  may  be  impossible;  deafness  may  be  complete, 
and  there  may  be  delirium  either  resembling  that  from  alcohol,  with  flushed  face,  hot 
skin,  rapid  pulse,  loquacity  and  considerable  excitement,  or  of  a  depressed  type  with 
stupor  and  prostration.     These  mental  phenomena  may  persist  for  months. 

The  roaring  in  the  ears  is  probably  due  to  congestion  of  the  drum  membrane  and 
middle  ear  and  deafness  was  supposed  to  result  from  congestion  and  hemorrhage  in 
the  internal  ear.  Recently  Wittmarck  has  stated  that  the  hemorrhages  are  dependent 
on  the  dyspnea  which  results  from  severe  intoxication  in  animals  and  that  the  deafness 
is  due  to  primary  atrophic  changes  in  the  ganglion  cells  and  terminations  of  the  audi- 
tory nerve. 

Quinine  amblyopia,  which  is  rarely  observed  except  after  large  doses,  is  usually 
accompanied  by  photophobia.  It  is  commonly  bilateral  and  may  lead  to  total  blindness. 
It  is  the  result  of  concurrence  of  retinal  ischemia  with  anatomic  alteration  or  destruc- 
tion of  cells  in  the  retina  and  optic  nerve.  In  mild  cases  there  is  limitation  of  the  visual 
field,  and  careful  study  will  often  show  narrowing  of  the  field  after  therapeutic  doses. 
The  color  sense  is  lost  before  vision  and  on  recovery  it  returns  more  slowly.  According 
to  Meyer,  quinine  solution  instilled  in  the  eyes  of  pigeons  induces  paralysis  of  the 
muscles  of  the  iris. 

The  endings  of  the  sensory  nerves  are  paralyzed  by  topical  applications,  and  sev- 
eral combinations  of  quinine  have  been  employed  clinically  as  local  anesthetics,  notably 
a  combination  with  antipyrine  and  the  double  chloride  of  quinine  and  urea.  These  are 
effective  only  by  injection,  1  to  3  percent,  solutions  being  employed. 
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Voluntary  muscle  tissue  is  directly  affected  by  quinine,  the  power  of  a  single  con- 
traction being  increased  in  the  isolated  organ  immersed  in  1:45,000  solution,  but  fatigue 
is  more  rapid.  Activity  is  lost  at  once  in  a  1.  250  solution.  In  cats  intravenous  injec- 
tions of  quinine  salts  have  a  similar  effect  on  the  muscle,  followed  by  paralysis  of  the 
nerve  ending.  The  muscular  weakness  which  results  from  large  doses  of  quinine  in 
the  intact  animal  is  largely  dependent  on  the  direct  muscular  action,  and  it  is  note- 
worthy that  quinine  increases  the  effect  of  chloroform  and  other  muscle   poisons. 

Isolated  frog  muscle  placed  in  dilute  quinine  solution  and  repeatedly  stimulated 
relaxes  more  and  more  slowly,  and  finally  passes  into  a  state  of  permanent  contracture. 
According  to  Riesser,  normal  muscular  contraction  is  due  to  the  formation  of  lactic 
acid  from  a  phosphorus  compound,  "lactacidogen,"  which  is  normally  present.  This 
compound  is  restored  on  relaxation.  Quinine  interferes  with  the  restoration  of  this 
body  and  thus  with  the  ability  of  the  muscle  to  relax.  Novocaine  prevents  the  con- 
tracture by  preventing  the  breaking  down  of  the  lactacidogen. 

Skin. — Quinine  rashes  are  quite  common.  Perhaps  the  most  frequent  is  the  scar- 
latiniform  blush,  which  is  often  quite  extensive.  This  may  begin  as  pin  points,  around 
each  of  which  an  efflorescence  takes  place  until  finally  the  skin  is  completely  covered. 
Sometimes  the  eruption  is  urticarial  or  there  may  be  actual  angio-neui-otic  edema.  The 
eruption  may  be  papular,  vesicular,  bullous,  eczematous,  petechial,  purpuric  or,  in  rare 
instances,   even   gangrenous. 

Eruptions  may  be  induced  in  susceptible  persons  by  very  small  doses,  while  in 
others  large  doses  over  a  long  period  are  required.  In  some  subjects  the  skin  eruptions 
are  accompanied  by  fever  and  delirium,  and  diagnosis  of  scarlet  fever  may  be  made 
if  the  circumstances  or  the  susceptibility  of  the  patient  are  not  known. 

Workmen  handling  quinine,  or  particularly  powdered  cinchona  bark,  are  frequently 
subject  to  urticarial  and  eczematous  eruptions  (Blamoutier  and  Joannon).  In  a  case 
reported  by  Barnes,  the  skin  exfoliated,  leaving  large  denuded  areas. 

Kidney. — The  quinine  which  is  excreted  in  the  urine  is  distinctly  irritating  to  the 
bladder  and  urethra.  Cystitis  and  hematuria  are  occasionally  seen  as  a  result  of  large 
doses.  The  fact  that  quinine  itself  may  cause  hematuria  has  led  to  considerable  con- 
troversy regarding  its  use  in  that  form  of  malaria  with  bloody  urine,  which  is  known 
as  blackwater  fever.  The  opinions  regarding  the  nature  of  this  condition  are  four  in 
number:  First,  that  it  is  the  manifestation  of  a  particularly  severe  malarial  infection 
and  demands  especially  energetic  treatment  with  large  doses  of  quinine;  second,  that 
it  is  a  result  of  a  combination  of  malaria  and  quinine,  and  especially  seen  in  persons 
who  have  become  infected  after  taking  quinine  for  some  time  as  a  prophylactic;  third, 
that  it  is  entirely  due  to  quinine  and  has  no  relation  to  infection;  and,  fourth,  that  it 
is  an  infectious  disease  sui  generis.  The  third  and  fourth  of  these  theories  may  be  dis- 
missed, but  the  first  and  second  are  each  supported  by  many  well  qualified  observers. 
It  is  certain  that  it  is  not  seen  in  temperate  regions  where  the  severe  forms  do  not 
occur  and  large  doses  of  quinine  are  not  taken  as  a  prophylactic. 

CiNCHONiNE  AND  CiNCHONiDiNE. — These  alkaloids  are  isomeric,  cinchonine  being 
dextro-  and  cinchonidine  Isevo-rotary.  Their  action  is  very  similar.  Both  cause 
cerebral  convulsions,  cardiac  and  respiratory  depression,  and  paralysis  due  to  combined 
action  on  the  cord  and  motor  nerve  endings. 

The  convulsive  dose  of  the  former  in  dogs  is  60  mgm.  per  kilo  and  of  the  latter 
80  mgm.  The  fatal  dose  shows  individual  variations  but  is  not  much  higher.  Mammals 
given  a  large  dose  of  either  alkaloid  show  weakness  and  acceleration  of  the  heart 
preceded  by  a  brief  rise  of  blood-pressure.  The  heart  soon  becomes  slow  and  the  blood- 
pressure  falls.  There  is  nausea  and  vomiting  with  salivation.  The  respiration  soon 
begins  to  fail  and  general  paralysis  supervenes,  interrupted  by  epileptiform  convulsions 
which  terminate  in  total  paralysis  and  death  from  respiratory  failure.  The  convulsions 
are  said  by  Chirone  and  Curci  to  be  due  to  action  on  the  cortex  but  Albertoni  states 
that  they  occur  in  animals  with  the  cortex  removed  and  places  their  origin  in  the 
medulla.  He  found  that  small  doses  of  cinchonine  or  of  quinine  given  to  epileptics, 
increased  the  frequency  of  attacks.  During  the  convulsions  the  blood-pressure  does 
not  rise,  as  it  does  in  strychnine  convulsions,  showing,  according  to  Bochefontaine, 
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that  the  heart  is  not  involved  in  the  cinchonino  convulsion,  while  it  is  in  the 
strychnine. 

On  the  isolated  heart  Santesson  has  shown  that  einehonine  acts  more  on  the  rate 
of  the  heart,  einchonidine  more  on  the  force  of  each  heat.  Tlio  muscle  tissue  is 
affected  as  shown  by  electric  stimulation.  The  loss  of  tonus  in  diastole  is  very  striking. 
Action  on  isolated  striped  and  unstriped  muscle  is  similar  to  that  of  quinine. 

QuiNOLiNE. — Quinoline,  C,H,N,  is  an  alkaloidal  body  of  the  structure: 
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and  is  of  interest  chiefly  because  it  forms  an  essential  portion  of  the  quinine  molecule. 

Its  action  resembles  quinine  and  pyridine.  It  has  moderate  antiseptic  powers, 
from  0.1  to  5  percent,  being  required  to  act  as  preservative  or  kill  various  bacteria. 
Topical  irritation  results  from  the  swallowing  of  strong  solutions,  and  such  solutions 
applied  to  the  eye  cause  keratitis  with  opacity.  Its  toxicity  is  about  that  of  quinine, 
rabbits  being  paralyzed  by  0.2  Gm.  and  killed  by  somewhat  more.  It  is  readily  ab- 
sorbed and  is  excreted  as  an  oxidation  product  paired  with  glycuronic  acid  or  as  a 
pyridine  compound.  Added  to  blood,  1  percent,  destroys  the  red  cells  and  prevents 
coagulation  by  antiferment  action.  Like  quinine  it  is  a  protoplasm  poison,  but 
when  given  internally,  its  chief  systemic  action  is  paralysis  of  the  respiratory  center, 
causing  slow  respiration  and  finally  death.  The  motor  paralysis  depends  on  action 
chiefly  on  the  motor  cord,  but  partly  on  the  nerve  endings.  The  muscles  are  not 
affected.  The  temperature  falls  even  with  small  doses  although  heat  dissipation  is 
lessened. 

Ethylhydrocupreine. — Ethylhydrocupreine,  Optochin,  CHjCH^C.H^jN.CHOH. 
CaHj.OCjHj  resembles  quinine  in  its  pharmacodynamic,  toxic  and  antipathogenic 
action,  except  that  it  has  little  power  against  the  malarial  parasite.  Unfortunately  it 
is  much  more  toxic  than  quinine,  both  to  mice  and  men.  As  shown  in  the  tables 
previously  given,  it  exerts  a  marked  destructive  action  on  pneumococci  in  vitro, 
killing  these  organisms  in  1  hour  in  a  dilution  of  1:  800  (quinine  requires  1: 100),  and 
destroying  their  infectious  power  in  5  minutes  in  1 :1000.  Using  smaller  numbers  of 
organisms,  these  were  killed  in  30  minutes  by  1 :100,000  in  salt  solution  and  by  1 :20,000 
in  serum,  quinine  requiring  about  4  times  as  concentrated  a  solution  in  serum  and 
more  than  10  times  as  strong  in  salt  solution. 

The  results  of  treatment  of  systemically  infected  animals  are  not  as  favorable  as 
would  be  anticipated.  The  therapeutic  dose  is  very  close  to  the  toxic  dose.  There 
seems  to  be  especial  danger  of  amaurosis,  total  blindness  having  resulted  from  2  and  3 
doses  of  0.75  Gm.  (12  grains)  each. 

Topically,  optochin  shares  the  local  anesthetic  powers  of  quinine,  1  percent,  solu- 
tions instilled  in  the  eye  causing  corneal  anesthesia.  Systemically  its  action  is  also 
similar  to  that  of  quinine,  but  it  is  more  depressant  to  the  circulation. 

Chinosol. — Chinosol,  a  mixture  of  oxy-chinoline  sulphate  and  potassium  sulphate, 
has  recently  been  introduced  as  an  antiseptic  rather  than  as  an  antiperiodic.  The 
statements  in  regard  to  its  antiseptic  powers  are  very  divergent  but  it  may  safely  be 
said  that  0.1  percent,  will  kill  most  infusoria  and  that  approxima^tely  similar  solutions 
will  prevent  the  growth  of  bacteria.  To  kill  the  latter  much  stronger  solutions  are 
required;  thus  5  percent,  kills  staphylococci  in  15  minutes  but  2  percent,  does  not  in 
an  hour. 
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Topically  applied  to  wounds  it  checks  bleeding  or  discharge;  apparently  by  local 
constriction  of  vessels.    It  does  not  coagulate  proteins. 

Its  systemic  action  differs  from  that  of  quinine.  Frogs  die  with  paralysis  of 
the  cord  after  injections  of  10  to  15  mgm.  The  motor  nerve  ending  is  still  irritable 
after  death.  Rabbits  given  1  Gm.  per  kilo  by  mouth  show  no  symptoms  but  twice 
this  dose  hypodermically  causes  immediate  paralysis  and  prompt  death. 

Headache  and  dizziness  are  reported  in  man  from  the  use  of  0.2  Gm.  three  times 
a  day. 

Therapeutics. — Cinchona. — Topical. — The  aqueous  fluidextract  or  the  diluted  tinc- 
ture of  cinchona  has  been  used  as  a  nasal  douche  or  spray — sometimes  with  benefit — in 
hay-fever,  and  as  a  gargle  in  relaxed  conditions  of  the  pharynx  and  soft  palate.  The 
compound  tincture  is  a  useful  ingredient  in  the  compound  guaiac  gargle  (N.F.),  so 
effective  in  acute  tonsillitis.  It  may  be  reenforced  by  adding  1  grain  (0.065  Gm.)  of 
quinine  and  urea  hydrochloride  to  the  ounce  (1:500).  Phenol  and  menthol  are  also 
useful  additions.  Cinchona  preparations  were  at  one  time  recommended  as  antiseptic 
and  astringent  injections  in  acute  gonorrhea,  but  are  probably  seldom,  if  ever,  so  em- 
ployed at  the  present  time.  The  aqueous  fluidextract  may  be  used  by  rectal  injection  in 
the  treatment  of  amehic  dysentery;  this  is  regarded  by  some  physicians  in  the  tropics  as 
a  valuable  adjunct  to  the  subcutaneous  exhibition  of  emetine. 

Systemic. — The  preparations  of  cinchona  are  seldom  used  in  the  treatment  of 
malaria,  as  very  large  doses  even  of  the  powdered  bark  would  be  necessary  to  control 
the  malarial  paroxysm;  but  the  compound  tincture  may  be  given  in  doses  of  1  or  2 
drams  (4  or  8  cc.)  three  times  daily  to  prevent  relapse  after  recovery  under  quinine. 
The  compound  tincture,  in  doses  of  1  dram  (4  cc.)  with  10  minims  (0.6  cc.)  of  tincture 
of  nux  vomica  is  an  excellent  stomachic  tonic,  ranking  perhaps  as  the  most  useful 
of  the  aromatic  bitters.  In  the  chronic  gastritis  of  drunkards,  a  drop  or  two  of  the 
compound  tincture  of  iodine  is  a  helpful  addition.  The  aqueous  fluidextract  of  red 
cinchona,  given  in  doses  of  15  to  30  minims  (1  to  2  cc.)  every  three  hours,  is  regarded 
by  some  authorities  as  the  most  effectual  means  of  destroying  the  taste  for  alcohol  in 
an  habitual  inebriate. 

Quinine. — Topical. — The  anesthetic  and  weak  antiseptic  action  of  quinine 
render  it  of  service  when  applied  to  the  upper  respiratory  tract  in  coryza  and 
hay-fever.  Considerable  comfort  is  afforded  the  hay-fever  patient  by  a  solution  of  4  to  8 
grains  of  quinine  hydrochloride  or  10  to  15  grains  of  quinine  and  urea  hydro- 
chloride to  the  ounce  of  physiological  saline,  applied  by  means  of  absorbent  cotton 
soaked  in  it  or  by  spray  to  the  mucous  membrane  of  the  nose  and"  fauces.  The.  same 
is  useful  at  times  in  ordinary  coryza,  and  in  diphtheria.  Castor  oil  is  sometimes  a 
better  excipient  for  a  hay-fever  spray,  about  1  grain  of  the  double  chloride  with  urea 
to  the  ounce.  Menthol  or  aromatic  oils  and  epinephrine  in  proper  proportion  may  be 
added  but  a  small  quantity  only  with  the  latter  addition  should  be  prepared,  as  it  does 
not  keep  well.  Corneal  ulcers  are  successfully  treated  by  instillation  of  a  solution 
of  quinine  hydrochloride,  8  grains  (0.5  Gm.)  to  1  fluidounce  (32  cc.)  of  a  0.25  percent, 
atropine  solution.  The  first  application  is  painful  and  should  therefore  be  preceded 
by  a  cocaine  or  novocaine  instillation,  but  subsequent  applications  are  rendered  pain- 
less by  the  anesthetic  action  of  the  quinine  itself.  In  serpiginous  ulcer  of  pneu- 
mococcic  causation,  better  results  will  be  obtained  by  the  use  of  ethylhydrocupreine 
(1:100  or  even  1:1000). 

In  tropical  abscess  of  the  liver  it  is  said  to  be  a  useful  practice  to  irrigate  the 
cavity,  after  evacuation  of  the  pus,  with  a  1  percent,  solution  of  quinine  hydrochloride. 
As  a  wet  dressing  to  painful  wounds  and  especially  in  cases  of  gas  bacillus  infec- 
tion, compresses  soaked  in  a  1  percent,  solution  are  of  value.     Packing  an  anal  fissure 
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with  a  few  grains  of  quinine  and  urea  hydrochloride  will  render  it  anesthetic  and 
promote  healing'.  Bedsores  are  said  to  be  benefited  by  dressing  with  a  mixture  of 
quinine  alkaloid,  4  grains,  and  oleic  acid,  12  grains,  in  1  ounce  of  resin  ointment. 
Fetid  and  ill-conditioned  ulcers  are  cleansed  and  often  started  on  the  road  to  healing 
by  a  poultice  of  powdered  cinchona  bark.  Quinine  enjoys  a  popular  reputation  as 
a  promoter  of  hair  growtli  and  is  therefore  an  ingredient  of  many  proprietary  hair 
tonics. 

Genevrier  injects  varicose  veins  with  a  solution  of  quinine  hydrochloride,  6  grains 
(0.4  Gm.),  and  urethane,  3  grains  (0.2  Gm.),  in  50  minims  (3  cc.)  of  distilled  and 
boiled  water. 

The  patient  sits  with  legs  hanging  down,  the  field  having  been  previously  dis- 
infected. Commencing  at  the  foot,  the  affected  veins  are  injected  at  intervals  of 
about  3  inches,  using  3  or  4  drops  for  each  injection.  Usually  a  total  of  30  minims  is 
sufficient,  but  in  severe  cases  a  total  of  1  fluidram  may  be  used.  A  second  treatment 
may  be  given  in  a  week. 

Quinine  is  an  effective  local  anesthetic  when  injected  subcutaneously  in  0.25  to  0.5 
percent,  solution.  This  effect  may  be  produced  by  the  dihydrochloride  but  the  salt 
ordinarily  employed  is  quinine  and  urea  hydrochloride.  The  anesthesia  is  induced 
more  slowly  than  when  cocaine  or  novocaine  is  used,  requiring  from  10  to  30  minutes 
to  be  complete,  but  it  is  much  more  lasting,  being  prolonged  often  for  from  24  to  48 
hours.  If  the  solution  injected  be  too  concentrated  (0.75  to  1  percent.)  considerable 
edema  and  induration  will  result  and  there  may  even  be  sloughing  of  the  tissues.  For 
nerve-blocking  quinine  and  urea  hydrochloride  is  regarded  as  superior  to  cocaine,  and 
it  is  extensively  employed  in  Crile's  anoci-association  method.  Solutions  of  10  to  20 
percent,  strength  may  be  used  for  application  by  pledgets  of  absorbent  cotton  to  the 
accessible  mucous  membranes.  The  pain  of  acute  tonsillitis  may  be  relieved  by  a 
solution  of  this  strength  applied  by  a  cotton  swab,  by  spray,  or  by  taking  one  or  two 
teaspoonfuls  in  the  mouth  and  bathing  the  affected  tonsil  in  it  by  inclining  the  head 
to  one  or  the  other  side.  In  laryngeal  tuberculosis  relief  may  be  afforded  by  a  spray 
of  a  15  to  20  percent,  solution,  or  by  sucking  from  a  brush  held  beneath  the  uvula  some 
drops  of  a  5  percent,  solution  in  castor  oil,  so  that  it  trickles  over  the  epiglottis. 

Systemic. — Aphthous  stomatitis  is  sometimes  benefited  by  quinine  hydrochloride 
in  doses  of  1  grain  every  2  or  3  hours,  given  in  conjunction  with  a  mouth  wash  of  a 
10  percent,  solution  of  quinine  ethylcarbonate.  Quinsy  may  often  be  aborted  by  a 
dose  of  10  to  15  grains  of  the  sulphate  or  hydrochloride,  if  given  at  the  first  sign  of 
pain  or  swelling  of  the  tonsil  at  the  same  time  that  the  fauces  are  swabbed  or  sprayed 
with  a  20  percent,  solution  of  quinine  and  urea  hydrochloride.  In  septic  sore  throat 
10  to  15  grains  of  quinine  salicylate  may  be  given  every  four  hours  in  conjunction  with 
a  spray  of  quinine  and  urea  hydrochloride  (10  percent,  solution). 

The  infusion  of  cinchona  is  an  excellent  stomachic  tonic  in  cases  of  mild  gastric 
catarrh,  atonic  dyspepsia,  the  morning  vomiting  of  drunkards,  etc.  As  a  general 
tonic  and  appetizer  the  compound  tincture  may  be  given,  perhaps,  in  conjunction  with 
tincture  of  nux  vomica.  The  cinchona  preparations  also  render  good  service  in  the 
chronic  enterocolitis  of  infants,  marked  by  a  coated  tongue,  foul  breath,  anorexia,  and 
diarrhea  alternating  with  constipation.  The  fluidextract  may  be  given  in  dose  of 
3  to  5  minims  (0.2  to  0.3  cc.)  every  four  hours  to  a  child  of  5  years,  or  1  minim  doses 
to  one  of  2  years.  If  the  child  refuses  the  medicine  because  of  its  bitter  taste,  the 
tannate  of  quinine  may  be  substituted  and  given  in  chocolate  syrup  or  currant  jelly 
in  doses  of  H  to  2  grains  (0.015  to  0.12  Gm.)  according  to  the  age. 

In  post-febrile  states  and  in  convalescence  from  prolonged  illness  and  in  other 
conditions  of  debility,  quinine  is  a  serviceable  tonic  in  1  to  3  grain  (0.06  to  0.2  Gm.) 
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doses  three  times  a  day.  It  may  usefully  be  associated  with  nux  vomica  (or  strych- 
nine), with  arsenic,  and  with  iron. 

Quinine  is  useful  in  coryza,  especially  in  the  incipient  stage  when  it  may  abort 
the  attack  or  at  all  events  shorten  its  course  and  mitigate  its  severity.  The  best  salt 
for  this  purpose,  especially  in  persons  with  a  gouty  tendency,  is  the  unofficial  salicylate, 
or  the  bisalicylate  in  which  the  percentage  of  salicylic  acid  is  much  larger;  it  may  be 
given  in  doses  of  4  grains  (0.25  Gm.)  every  2  hours,  perhaps,  alternating  with 
cinchophen  in  3  grain  doses ;  after  six  doses  of  each  have  been  given,  or  at  the  end  of 
twelve  hours,  the  interval  should  be  lengthened  to  4  hours.  A  teaspoonful  of  sodium 
bicarbonate  in  a  glass  of  water,  with  the  juice  of  half  a  lemon,  should  also  be  taken 
3  or  4  times  a  day.  Still  better  is  a  pill  or  tablet  in  which  a  small  dose  of  quinine 
salicylate  (1  grain — 0.06  Gm.)  is  associated  with  camphor  monobromide  (1  grain — 
0.06  Gm.),  and  a  minute  quantity  (%ooo  to  (Hooo  grain — %o  to  %5  mgm.)  of  atropine 
sulphate. 

In  bronchopneumonia  some  clinicians  rely  confidently  upon  quinine  and  urea 
hydrochloride  in  doses  of  10  to  15  grains  (0.6  to  1  Gm.)  2  to  4  times  a  day,  or  upon 
quinine  hydrochloride  in  5  to  10  grain  (0.3  to  0.6  Gm.)  doses  3  or  4  times  daily.  For 
children  the  tasteless  euquinine  is  preferable;  it  may  be  given  to  a  total  amount  of 
2  grains  a  day  to  a  child  of  2  years  up  to  a  total  of  6  grains  to  a  child  of  6  years.  In 
lobar  pneumonia  also,  quinine  is  of  value,  given  in  full  dose  of  25  grains  (1.6  Gm.), 
preferably  by  vein,  at  the  onset.  This  subject  deserves  special  attention  and  is  dis- 
cussed more  in  detail  at  the  conclusion  of  this  article. 

In  pleurisy,  quinine  hydrochloride  or  salicylate  is  often  given  in  divided  doses  up 
to  30  grains  (2  Gm.)  or  more  daily.  When  there  is  much  pain,  Vs  grain  (0.008  Gm.) 
of  moi'phine  hydrochloride  or  ^  to  %  grain  (15  to  30  mgm.)  of  codeine  may  be  added 
to  the  quinine  three  or  more  times  daily.  Quinine  is  sometimes  given  in  pertussis, 
but  apart  from  its  tonic  effect  it  is  difficult  to  discover  any  compelling  indication 
for  the  drug. 

In  severe  influenzal  attacks,  quinine  dihydrochloride  may  be  administered  intra- 
venously in  a  single  dose  of  Y5  minims  (5  cc.)  of  a  10  percent,  solution,  followed,  if 
necessary,  by  intramuscular  injections  of  5  grains  (0.3  Gm.)  three  times  a  day,  or 
by  10  grains  (0.6  Gm.)  per  os  four  or  five  times  a  day.  Here,  and  whenever  quinine 
is  administered  intravenously,  the  injection  must  be  given  slowly  to  avoid  the  de- 
pressing action  upon  the  heart.  Adrenalin  or  pituitrin  may  be  used  coincidently  to 
protect  the  heart  and  to  aid  recovery. 

In  the  laboratory,  quinine,  after  a  preliminary  acceleration,  slows  and  weakens 
the  heart  and  dilates  the  vessels.  Under  the  conditions  of  practice,  however,  this 
effect  is  observed  only  with  large  doses,  except  in  cases  of  intolerance.  Setting  aside 
the  infectious  fevers  and  considering  only  functional  disorders  and  organic  affections 
of  the  heart  and  vessels,  small  doses  of  quinine  may  be  considered  tonic  sedatives. 
They  diminish  abnormal  rapidity  of  the  pulse,  improve  its  rhythm-,  if  disturbed,  and 
elevate  subnormal  blood-pressure.  There  is,  it  is  true,  a  certain  tendency  to  depres- 
sion of  the  vagus — not  often  shown  with  ordinary  medicinal  doses,  however — which 
may  be  allowed  to  counterbalance  the  diminution  of  conducting  power,  or  may  be 
modified  by  coincident  use  of  digitalis,  as  seems  best  at  the  time,  in  the  individual 
case.  Thus,  the  pill  of  digitalis,  quinine  and  opium,  1  grain  (0.06  Gm.)  each  (to 
which,  as  well  as  to  the  pill  of  digitalis,  calomel  and  squill,  the  name  of  Niemeyer  is 
attached),  is  usefully  given  two  or  three  times  daily,  from  time  to  time,  in  the 
management  of  chronic  cardiomyopathies;  as  also  in  valvular  infirmities,  to  prevent 
decompensation,  or  to  aid  in  remedying  it,  when  more  active  measures  are  not  needed, 
or  have  produced  their  effect.    An  excellent  association  is  that  of  a  quinine  salt  with 
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strychnine  sulphate,  or  better,  nitrate,  3  or  4  grains  (0.2  to  0.25  Gm.)  of  the  former  to 
%o  or  Vio  grain  (1  to  2  nigm.)  of  the  latter.  Sometimes  a  small  dose  of  atropine 
sulphate  Mooo  to  Vl>oo  grain,  (0.6  to  0.3  mgm.)  may  be  added  with  benefit.  Wenkebach 
observed  good  results  in  a  proportion  of  cases,  from  the  use  of  quinine  sulphate 
(alone,  or  in  association  appropriate  to  the  special  conditions)  in  auricular  jihriUation. 

Quinidine  sulphate,  "which  is  discussed  in  the  drugs  acting  on  the  circulatory 
system,  is  commonly  preferred  in  fibrillation. 

In  many  septic  conditions,  such  as  pyemia,  septic  sore-throat,  and  especially 
puerperal  pelvic  cellulitis,  quinine  sulphate  in  doses  of  3  grains  (0.2  Gm.)  every 
two  hours  is  sometimes  eflfective.  This  method  of  using  quinine,  however,  not  infre- 
quently fails,  and  if  no  improvement  is  apparent  after  24  hours,  one  should  not 
persist  in  its  administration  to  the  exclusion  of  other  remedies  possibly  better  suited  to 
the  individual  case. 

Quinine  and  urea  hydrochloride  is  often  useful — and  is  far  superior  to  any  other 
quinine  compound — in  cases  of  systemic  sepsis,  irrespective  of  the  site  of  local  symp- 
toms or  the  focus  of  infection.  Assuming  these  to  be  properly  dealt  with,  the  double 
salt  should  preferably  be  injected  intramuscularly  (under  proper  precautions  as  else- 
where detailed)  in  doses  of  8  to  15  grains  (0.5  to  1  Gm.)  once  to  three  times  daily; 
but  when  this  is  impracticable,  it  may  be  given  by  mouth,  in  doses  of  commonly  not 
less  than  10  grains  (0.6  Gm.),  in  capsule,  every  2  to  4  hours.  The  drug,  thus  given, 
may  be  continued  for  several  days,  if  needed.  Alcohol  may  be  conjoined  with  it  to 
advantage.  Leucocytic  extract  is  also  an  admirable  adjuvant;  and  better  results  are 
likely  to  follow  the  coincidental  use  of  the  three  remedies  than  that  of  either  alone. 

So,  too,  the  simultaneous  use  of  quinine  does  not  interfere  with  the  therapeutic 
effect  of  bacterines  but,  if  anything,  enhances  their  action. 

Quinine  has  a  certain  degree  of  analgesic  action  in  addition  to  its  local  anesthetic 
effect,  and  gives  relief  in  cases  of  neuralgia,  headache,  and  rheumatic  muscular  pains 
when  of  no  great  severity.  Severe  "brow  pains"  and  facial  neuralgias  are  often  evi- 
dences of  masked  malaria  and  yield  readily  to  adequate  doses  of  quinine.  Other 
forms,  including  that  of  dental  origin,  may  be  palliated  while  awaiting  the  discovery 
and  removal  of  the  cause,  by  a  pill  or  capsule  containing  quinine  sulphate  or  hydro- 
bromide  1  grain  (0.06  Gm.),  extract  of  belladonna  %  grain  (0.01  Gm.),  morphine 
sulphate  Va  grain  (0.01  Gm.)  given  every  hour  to  three  hours,  as  needed  to  relieve  the 
pain,  up  to  a  certain  maximum  number  (3  to  6  in  24  hours),  accoi'ding  to  the  case 
and  patient.  Morphine  or  morphine  and  atropine  without  quinine  will  not  have  an 
equally  beneficent  effect. 

The  relief  sometimes  afforded  by  quinine  in  cases  of  dizziness  and  mental  con- 
fusion in  the  aged,  is  possibly  brought  about  through  improved  cerebral  circulation, 
rather  than  by  any  direct  action  on  nerve  centers.  That  the  drug  is,  at  times,  of 
benefit  in  chorea,  in  supplementation  to  arsenic,  or  when  arsenic  has  failed,  is  to  be 
accepted  as  a  fact,  lacking  definite  explanation.  Its  occasional  control  of  nocturnal 
enuresis  in  children,  like  the  relief  sometimes  derived  from  its  internal  adminis- 
tration in  hay-fever,  in  asthma,  in  congestive  migraine,  in  urticaria,  in  angioneurotic 
edema,  in  vasomotor  diarrhea,  in  erythema  nodosum  and  erythema  multiforme,  in 
angioneural  arthroses  and  in  other  phenomena  of  autonomic  ataxia  conveniently 
designated  as  of  the  Graves'  type,  is  part  of  its  tonic  eft'ect  on  the  autonomic  (and 
especially  the  vasomotor)  system,  and  appears  only  with  small  or  moderate  doses. 
In  spastic  conditions  like  ischemic  migraine  and  those  other  phenomena  which  are 
conveniently  designated  as  of  the  Raynaud  type,  where  the  dilative  effect  is  sought, 
large  doses  must  be  used,  and  are  commonly  less  effective,  because  of  the  limit  of  such 
dosage  in  size  as  well  as  in  frequency. 
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The  compound  of  greatest  service  in  autonomic  nerve  disorders  is  quinine  hydro- 
bromide,  strongly  urged  by  Forchheimer  for  the  treatment  of  the  extreme  Graves'  type, 
i.e.,  the  so-called  exophthalmic  goiter.  It  may  be  given  in  doses  of  from  3  to  5  grains 
(0.2  to  0.3  Gm.)  or  more,  from  one  to  four  times  daily.  The  larger  doses  are  indi- 
cated when  overactivity  of  the  thyroid  gland  (or  perverted  activity)  is  actually 
present.  It  is  a  useful,  but  not  infallible,  test  of  the  existence  of  Graves'  disorder 
or  of  hyperthyroidism,  in  persons  with  goiter,  since  those  conditions  commonly  increase 
the  tolerance  to  the  drug.  The  sulphate  or  hydrochloride  may  be  given  in  doses  of 
10  grains  (0.6  Gm.)  three  times  daily.  The  normal  person  will,  as  a  rule,  show  signs 
of  cinchonism  after  taking  from  20  to  60  grains  (1.5  to  4  Gm.),  while  the  subjects 
of  Graves'  disorder  or  of  hyperthyroidism  will  often  tolerate  a  much  larger  quantity. 

On  the  other  hand,  it  is  to  be  remembered  that  subjects  of  autonomic  ataxia,  and 
especially  of  the  vasomotor  form,  are  sometimes  unduly  susceptible  to  quinine,  so  that 
the  test  in  one  of  these  will  fail.  Such  persons,  however,  are  quite  likely  to  have 
other  idiosyncrasies  to  drugs,  foods,  or  pollens,  etc.,  the  history  of  which  may  aid  in 
evaluating  their  responses. 

A  compound  of  quinine  and  barbital  is  known  as  chineonal.  It  is  sometimes 
highly  useful  as  a  succedaneum  to  quinine  hydrobromide  in  the  group  of  disorders 
under  consideration,  and  sometimes  succeeds  when  quinine  hydrobromide  fails;  espe- 
cially in  quieting  the  subjective  disturbances  and  morbid  apprehension,  often  mis- 
called hysteria,  aroused  by  the  paroxysmal  recurrence  of  spastic  symptoms.  The  dose 
is  from  1  to  5  grains  (0.06  to  0.3  Gm.)  once  to  thrice  daily;  the  smaller  doses  in  cases 
of  Graves'  type;  the  larger  in  cases  of  Raynaud  type.  Neither  drug  should  be  used 
indefinitely;  but  they  both  find  place  as  tactical  measures  applicable  from  time  to 
time  in  carrying  out  a  strategic  plan,  of  which  more  or  less  strict  and  prolonged 
rest,  mental  as  well  as  physical,  is  sometimes  the  most  important  element. 

In  certain  cutaneous  affections  sometimes  palliated  by  quinine,  as  the  exfoliative 
dermatoses,  lupus  erythematosus,  psoriasis,  the  temporary  good  effect  may  be  wrought 
through  an  improved  circulation  in  the  skin. 

Quinine  at  times  acts  as  an  ecbolic,  inducing  uterine  contractions  in  doses  of 
15  grains  (1  Gm.)  or  over,  taken  at  once  or  in  5  grain  (0.3  Gm.)  doses  every  two 
hours.  This  action  had  led  to  hesitancy  in  certain  instances  in  giving  quinine  to 
pregnant  women  suffering  with  malarial  or  other  infection;  moreover,  an  abortion  or 
even  a  premature  delivery,  caused  by  a  malady  such  as  influenza,  for  example,  should 
not  be  ascribed  to  quinine  or  other  remedy  that  may  have  been  used  in  treatment. 
It  is  a  matter  of  common  observation  that  a  pregnant  woman  recovering  from  influenza 
or  pneumonia  under  prompt  and  adequate  use  of  quinine,  will  go  to  term  and  be 
delivered  of  a  healthy  child.  There  is  much  greater  danger  to  the  child,  however,  in 
letting  the  mother  go  untreated  than  there  is  in  cutting  the  attacks  short  with  quinine. 
So  long  as  the  drug  has  work  to  do  in  destroying  plasmodia  or  combating  the  microbes 
and  poisons  of  influenza  or  pneumonia,  there  is  little  to  fear  from  its  ecbolic  or  toxic 
action.  Given  solely  as  a  prophylactic  to  a  woman  with  no  malarial  or  other  infec- 
tion, quinine  might  induce  premature  labor,  though  not  abortion.  Moreover,  an 
abortion  caused  by  the  malady  should  not  be  ascribed  to  the  remedy. 

Quinine  induces  contraction  of  the  enlarged  spleen  of  leueemla  and  that  of  chronic 
malarial  cachexia.  The  course  of  glandular  fever  is  sometimes  unmistakably  shortened 
by  quinine  sulphate  in  doses  of  5  grains  (0.3  Gm.)  three  times  daily.  In  RocJcy  Moun- 
tain spotted  fever,  the  drug  has  proved  useful;  the  sulphate  or  hydrochloride  is  given 
by  mouth  in  dpses  of  15  grains  (1  Gm.)  every  6  hours  or  of  30  grains  (2  Gm.)  twice 
a  day.  In  the  hematochyluria  of  filariasis  the  x-ray  treatment  is  rendered  more 
effective  by  the  fluorescence  induced  by  the  preliminary  exhibition  of  quinine  in  dose 
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sufficient  to  cinchonizp  the  patient.  Quinine  has  been  used  with  success  in  the  treat- 
ment of  amebic  dysentery  in  which  its  action  is  said  to  be  as  favorable  as  that  of 
ipecac  (Brook).  It  is  recommended  that  from  23  to  30  grains  (1.5  to  2  Gm.)  of 
quinine  sulphate  be  given  each  day,  for  a  week,  the  course  being  given  a  second  time 
after  a  seven-day  intermission.  In  some  cases  a  better  result  is  obtained  if  the  drug 
is  given  by  enema. 

One  of  the  earliest  and  most  striking  examples  of  the  specific  efiFects  of  drugs  is  that 
of  quinine  in  ague. 

The  history  of  cinchona  has  been  given.  It  was  in  1640  that  the  bark  was  brought 
to  Europe.  Nearly  two  and  a  half  centuries  of  empiric  use  elapsed  before  Laveran's 
discovery  of  the  malarial  parasite  (1880)  opened  the  way  for  a  rational  explanation 
of  the  action,  and  gaA^e  clear  indications  for  its  administration.  It  is  only  in  the 
mildest  form  of  the  malady,  i.e.,  infection  with  Henmtozodn  malaria;,  and  occasionally 
that  with  H.  vivax,  that  quinine  has  any  effect  upon  the  mature  intracorpuscular 
organisms.  But  in  all  forms  it  acts  with  fatal  effect  upon  the  young  hemamebas 
set  free  in  the  blood  at  the  time  of  sporulation,  as  manifested  by  the  chill.  Its 
administration  should  be  so  timed,  therefore,  that  the  blood  may  be  saturated  with 
it  just  as  the  paroxysm  is  due.  This  may  be  effected  by  one  full  dose  of  20  to  30 
grains  (1.3  to  2  Gm.)  an  hour  or  two  before  the  expected  chill,  by  three  doses  of  10 
grains  (0.6  Gm.)  each  at  hourly  intei-vals,  the  last  an  hour  before  the  paroxysm,  or 
by  5  grain  (0.3  Gm.)  doses  every  four  hours.  In  tertian  and  quartan  malaria  any  of 
the  salts  of  quinine  may  be  given  by  mouth,  but  in  the  estivo-autumnal,  or  pernicious 
form,  10  or  15  grains  (0.6  to  1  Gm.)  dissolved  in  5  fluidrams  (20  cc.)  of  warm  physio- 
logical saline  should  be  instilled  into  the  vein  slowly,  5  or  10  minutes  being  occupied 
with  the  injection,  in  order  to  avoid  depressing  action  on  the  heart.  One  of  the 
most  effective  ways  of  administering  quinine  especially  to  be  urged  upon  those 
practicing  in  districts  where  pernicious  malaria  and  other  grave  forms  of  malarial 
infection  occur,  is  the  intramuscular  use  of  the  double  hydrochloride  of  quinine  and 
urea.  In  both  tertian  and  estivo-autumnal  infection  of  the  northern  and  middle 
states  (of  the  U.  S.),  a  single  dose  of  10  to  15  grains  (0.6  to  1  Gm.)  will  prevent  the 
recurrence  of  paroxysms  for  a  week  or  fortnight,  or  to  be  exact,  Q)V>  to  13  days.  This 
has  been  demonstrated  again  and  again.  In  severe  cases,  2  or  3  such  injections  daily 
could  be  given  to  an  adult  at  intervals  of  about  four  hours.  In  de  Schweinitz's  ex- 
periments on  animals,  quinine  amaurosis  developed  most  rapidly  and  intensely  under 
the  use  of  this  preparation  of  the  drug,  but  in  malaria,  quinine  amaurosis  is  not  to 
be  feared  so  long  as  the  paroxysms  have  not  been  controlled — only  that  portion  of 
the  drug  which  has  not  been  used  up  in  combating  the  infection  being  left  free  to  exert 
toxic  effects. 

Sinton  gives  alkalis  in  conjunction  with  quinine,  holding  that  an  alkaline  state 
of  the  body  fluids  increases  the  therapeutic  activity  of  the  drug  and  prevents  cin- 
chonism.  He  gives  a  mixture  of  sodium  bicarbonate,  60  grains,  and  sodium  citrate, 
40  grains,  in  1  ounce  of  water;  this  is  followed  in  fifteen  minutes  by  quinine  sulphate, 
10  grains;  citric  acid,  30  grains;  magnesium  sulphate,  60  grains,  in  1  ounce  of  water. 
One  dose  of  each  mixture  is  given  thrice  daily  for  five  days  and  twice  on  each  of  the 
two  following  days,  a  total  of  180  grains  of  quinine  being  given  in  the  course  of  a  week. 

It  is  very  seldom  that  all  the  infecting  organisms  are  killed  and  the  malaria 
controlled  in  one  day's  treatment,  and  it  is  extremely  important  to  continue  the  admin- 
istration of  the  drug  for  several  weeks  or  months.  One  plan,  advocated  by  physicians 
of  the  tropics,  is  to  give  10  grains  (0.6  Gm.)  3  times  a  day  for  three  weeks,  then 
twice  a  day  for  four  weeks,  and  finally  once  a  day  for  two  months.  Insistence  is  laid 
upon  the  necessity  of  continuous  administration,  not  omitting  a  single  day,  for  from 
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at  least  two  to  four  months  after  the  last  malarial  paroxysm.  A  shorter  course,  which 
may  be  depended  upon  with  a  fair  degree  of  certainty  to  prevent  a  relapse  and  to 
lift  the  patient  out  of  the  "carrier"  class,  consists  in  the  exhibition  of  at  least  30 
grains  (2  Gm.)  daily  in  divided  doses  for  2  weeks,  then  10  grains  (0.6  Gm.)  daily  for 
3  weeks,  and  finally  5  grains  (0.3  Gm.)  daily  for  another  3  weeks.  In  less  malarious 
regions,  after  daily  doses  for  3  weeks,  it  may  suffice  to  give  10  or  20  grains  weekly 
for  a  month  or  two;  then  every  fortnight  for  a  while  longer.  The  weekly  and  fort- 
nightly recurrences  of  paroxysms,  frank  or  masked,  is  an  old  observation  and  may  be 
correlated  with  the  similar  freedom-period  observed  after  single  injections  of  quinine 
and  urea  hydrochloride.     The  therapeutic  lesson,  at  all  events,  is  obvious. 

While  there  is  unanimity  of  opinion  as  to  the  therapeutic  efficacy  of  quinine  in 
malaria,  there  are  divergent  views  regarding  its  value  as  a  prophylactic  in  the  case 
of  an  individual  living  for  a  longer  or  shorter  period  in  a  malarious  region.  The  main 
objection  offered  by  those  who  oppose  quinine  prophylaxis  is  that  the  continuous  ad- 
ministration of  small  doses,  while  warding  off  infection  at  first,  will  in  time  create 
a  tribe  of  quinine-fast  organisms  which  will  eventually  become  so  numerous  as  to 
break  through  the  prophylactic  wall,  and  the  attacks  which  then  ensue  will  prove  most 
intractable,  calling  for  heroic  doses  by  the  intravenous  route  in  conjunction  with 
arsenic,  and  possibly  resisting  all  treatment  until  the  patient  removes  to  a  nonmalarious 
district.  In  most  cases,  however,  the  infection  can  be  warded  off  for  long  periods,  if 
not  permanently,  by  5  to  8  grains  (0.3  to  0.5  Gm.)  quinine  daily  in  two  doses,  one-third 
of  the  total  in  the  morning  and  the  remaining  two-thirds  in  the  late  afternoon  about 
an  hour  before  the  anopheles  mosquito  makes  her  appearance. 

In  chronic  malaria,  malarial  cachexia,  quinine  must  be  given  in  large  doses  to 
destroy,  if  possible,  the  few  remaining  organisms,  usually  of  the  estivo-autumnal  type, 
H.  falciparum  or  Laverania  malarice,  which  have  become  quinine-fast  through  the 
exhibition  of  too  small  doses  during  the  acute  attacks.  In  conjunction  with  this  iron 
and  arsenic  should  be  given  in  full  doses  and  for  a  long  period. 

The  use  of  quinine  in  malarial  hemoglobinuria,  or  ilacJcwater  fever,  is  another 
point  on  which  experienced  practitioners  are  far  from  being  in  accord.  Many  hold 
that  the  condition  is  not  at  all  of  malarial  origin  but  is  a  symptom  of  poisoning,  and 
that  therefore  it  is  illogical  to  add  fuel  to  the  fire  by  giving  more  quinine.  Others 
believe  that  it  is  due  to  an  intercurrent  infection  by  a  hemolytic  protozoan  organism 
unrelated  to  the  malarial  Plasmodium,  and  that  quinine  in  larger  dose  may  destroy 
both  hematobia.  The  tendency  is,  however,  to  abstain  from  the  use  of  the  drug  while 
the  hemoglobinuria  continues,  but  to  resume  it  as  soon  as  the  attack  ceases,  beginning 
with  small  doses  (1  grain  of  the  tannate  3  times  a  day),  gradually  increasing  the 
dose  and  the  strength  of  the  preparation  until  the  limit  of  30  grains  (2  Gm.)  of  the 
hydrochloride  per  diem,  is  reached.  Some  prefer  to  give  the  alkaloid,  rather  than  any 
of  its  salts,  after  an  attack  of  hemoglobinuria,  acting  on  the  belief  that  the  former 
is  less  likely  to  cause  a  relapse.  Others  state  that  quinine  di hydrochloride  may  be 
given  intravenously  with  benefit  even  during  a  blackwater  attack. 

Independently  of  its  specific  effect  in  malaria,  quinine  acts  as  an  antipyretic  in 
other  febrile  states,  but  is  not  always  to  be  depended  upon.  It  is  most  effective  if 
given  in  doses  of  5  to  15  grains  (0.3  to  1  Gm.)  shortly  before  a  slight  fall  of  tempera- 
ture is  anticipated,  ag  in  the  late  evening  in  typhoid  fever.  The  administration 
should  be  so  timed  that  the  drug  may  act  upon  the  heat  center  at  the  beginning  of 
defervescence,  being  given  therefore  about  two  hours  before  this  is  to  be  expected. 
In  general  there  are  other  measures,  such  as  cold  sponging,  which  are  safer  and  more 
effective.  This  criticism  of  quinine  as  an  antipyretic,  however,  does  not  apply  to  its 
use  to  combat  sepsis  or  the  agents  of  specific  infections,  as  the  influenza  organism  and 
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pneumococcus,  with  incidental  reduction  of  temperature.  Moreover,  in  any  fever 
occurring  in  a  patient  now  or  recently  resident  in  a  malarious  region  it  is  advisable 
to  give  quinine  in  conjunction  with  other  remedies  appropriate  to  the  individual 
case. 

Clinicians  of  a  recent  day,  as  Da  Costa,  Bartholow,  Flint,  Jacobi,  endorsed  the  long- 
standing professional  tradition  that  quinine  given  sufficiently  early  and  in  sufficiently 
large  doses  will  arrest  an  attack  of  lobar  pneumonia;  and  many  physicians  have  advo- 
cated— as  others  with  equal  earnestness  have  opposed — the  use  of  quinine  salts  as  a 
routine  treatment  in  this  malady.  Among  the  former,  Juergensen,  Schultz,  Aufrecht 
and  Petzold,  F.  P.  Henry,  Galbraith,  and  Gibson  may  be  cited  especially.  One  rarely 
sees  cases  early  enough  to  end  the  infection  summarily;  and  even  then,  as  Da  Costa 
pointed  out,  the  diagnosis  must  remain  in  doubt  since  it  is  impossible  to  prove  that 
what  did  not  happen  would  have  happened.  Still,  when  a  patient  with  chill,  fever, 
and  all  the  classic  signs  of  a  beginning  lobar  pneumonia  is  found  free  from  symptoms 
after  60  to  75  grains  (4  to  5  Gm.)  of  quinine  have  been  taken  in  the  course  of  eight  or 
ten  hours — while  the  physical  signs,  first  of  consolidation  and  then  of  resolution, 
pursue  their  common  course  in  a  restricted  area,  for  some  five  or  seven  days — one 
may  reasonably  infer  such  "jugulation."  So,  too,  when  large  doses  of  quinine — so 
much  as  150  grains  (10  Gm.)  intramuscularly  in  twenty-four  to  forty-eight  hours — 
are  taken  by  pneumonia  patients  without  the  slightest  evidence  of  cinchonism  and  with 
great  relief  to  symptoms,  despite  the  slight  apparent  influence  on  the  physical  signs, 
it  seems  reasonable  to  conclude  that  there  is  some  good  basis  for  the  tradition  of 
special  usefulness  of  quinine  as  an  agent  of  prophylaxis  against  pneumonia,  and  of 
remedy  when  the  malady  has  developed.  It  is  not  a  true  specific.  It  is  not  infallible. 
It  is  not  alone  sufficient.  But  it  does  good  service  when  properly  used  and  supple- 
mented. Failures  are  to  be  ascribed  to  delay  in  beginning  the  treatment;  to  in- 
sufficiency of  dose;  to  ineifectual  methods  of  use;  to  lack  of  supplementation;  to  use 
in  unsuitable  cases;  or  to  circumstances  and  conditions  of  the  individual  case  which 
would  prevent  recovery  under  any  form  of  treatment.  Some  of  these  factors  may  be 
commented  upon : 

1.  Delay  in  the  Institution  of  Treatment. — As  said  in  connection  with  agents 
of  biologic  defense,  "Time  is  of  the  essence  of  the  contract."  Thus,  in  one  hospital 
in  which  the  mortality  in  cases  treated  with  quinine  on  the  first  or  second  day  was 
less  than  4  percent.,  and  of  cases  treated  on  or  before  the  third  day,  less  than  10 
percent,  it  rose  to  20  percent,,  in  cases  first  treated  on  the  fourth  day  or  later.  In 
another  hospital  in  which  the  mortality  of  patients  treated  even  so  late  as  the  fourth 
or  fifth  day  was  but  a  fraction  over  10  percent.,  in  those  treated  after  the  seventh 
day,  it  was  41  percent. 

2.  Virulence  of  Infection,  Especially  with  Type  III  and  Associated  Organisms. — 
Quinine  is  serviceable  against  the  pneumococci,  but  not  against  the  streptococci  and 
other  microorganisms  often  found  in  malignant  symbiosis  therewith;  and  although 
its  bactericidal  power  against  Type  III  pneumococcus  is  high  in  the  test  tube  and  in 
experimental  septicemia,  there  is  something  in  the  conditions  of  clinical  infection 
with  this  strain  of  pneumoccus — whether  in  the  tissue  changes,  the  toxemia,  or  in 
the  microorganism  itself  as  propagated  in  the  body — which  distinctly  lessens  the 
value  of  the  drug  as  a  remedial  agent.  The  same  remarks  would  apply  to  certain 
highly  virulent  strains  of  other  microorganisms  and  other  types  of  pneumococci, 
including  some  of  group  IV.  Chief  dependence  should  here  be  placed  on  antibodies. 
Resistance  or  quick  recrudescence  of  high  temperature  after  massive  injections  of 
quinine  is  significant  of  a  degree  of  virulence,  or  a  type  of  infection,  beyond  the 
power  of  the  drug  to  conquer. 
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3.  Age  and  Feebleness  of  Patients. — That  the  debility  of  advanced  years  and 
general  enfeeblement  from  any  othei'  cause  are  always  iinfavorable  elements  in 
prognosis,  needs  no  elaboration,  except  as  regards  the  statistics  of  certain  hospitals, 
which  receive  large  numbers  of  patients  belonging  to  the  submerged  classes — some  of 
them  walking  pathologic  museums ;  some  of  them  picked  up  on  the  streets  and  brought 
in  by  the  police  after  days  of  exposure,  and  perhaps  of  alcoholic  debauch.  In  one 
such  hospital,  in  a  series  of  cases  in  which  the  mortality  of  patients  coming  in  between 
the  first  and  third  day  was  a  little  more  than  20  percent.,  that  of  patients  brought  in 
after  the  seventh  day  was  66  percent.,  and  that  of  those  concerning  whom'  no  infor- 
mation could  be  obtained,  was  72  percent.  It  is  not  to  be  wondered  at,  therefore, 
that  the  general  mortality  in  this  series  was  50  percent. 

4.  Presence  of  Chronic  Ailments. — Such  conditions  as  chronic  impairment  of 
heart  and  kidneys,  arteriosclerosis,  cirrhosis  of  the  liver,  etc.,  necessarily  increase 
the  danger  of  death  in  any  infection,  and  pneumonia  is  no  exception. 

5.  Alcoholic  and  Drug  Habits  of  the  Patient. — While  many  cases  of  recovery 
are  to  be  credited  to  the  use  of  quinine  in  pneumonias  accompanying  acute  alcoholism 
and  in  acute  pneumonias  in  alcoholic  subjects  and  drug-addicts,  the  proportion  of 
such  recoveries  is  of  course  less  than  in  non-alcoholic  patients.  The  habitual  use  of 
coal-tar  synthetics  for  headaches,  neuralgia,  rheumatism,  etc.,  also  tends  markedly 
to  weaken  the  cardiovascular  system  and  thus  to  hinder  or  even  prevent  recovery 
from  acute  infections,  and  especially  the  pneumonias. 

6.  Use  of  the  Drug  in  Other  Than  Pneumococcic  and  Influential  Infections. — 
Quinine  is  powerless  against  streptococcic  pneumonias  and  against  infections  with 
Friedlander  bacillus.  In  influential  pneumonias  it  usefully  supplements  other 
measures,  especially  when  pneumococcic  infection  is  also  present;  but  it  has  not  the 
same  virtue  that  it  has  in  non-influenzal  cases. 

7.  Failure  to  Use  Sufficiently  Large  Doses,  or  to  Use  the  Drug  in  the  Best  Way. — 
Not  only  must  the  use  of  quinine  be  timely  and  persistent,  but  the  dosage  must  be 
massive.  The  drug  is  preferably  administered  by  the  intravenous  route  at  first;  later 
by  the  intramuscular  route.     Administration  by  mouth  is  far  less  effective. 

8.  Failure  to  Supplement  Quinine  Wisely  by  Other  Indicated  Agents  and  Meas- 
ures.— Quinine  is  used  for  two  special  purposes — to  destroy  the  pneumococcus  and  to 
antidote  bacterial  and  tissue  poisons.  When  used  promptly,  p.roperly  and  in  adequate 
dose,  this  may  be  sufficient.  Commonly,  other  measures  are  needed  as  well,  to  aid  in 
sustaining  the  patient  and  in  overcoming  special  dangers  that  may  arise  during  the 
evolution  and  involution  of  the  malady. 

In  that  form  of  treatment  of  the  pneumococcic  pneumonias  which  has  been  termed 
the  definite  plan,  pituitrin  and  digitalis  are  associated  with  quinine  according  to  the 
following  routine: 

At  the  outset  the  patient  should  receive  from  15  to  25  grains  (1  to  1.6  Gm.) 
of  a  potent  quinine  salt  (preferably  the  dihydrobromide).  If  possible  it  should  be 
given  intravenously  in  physiologic  saline  solution.  Ampules  containing  1  Gm.  and 
0.5  Gm.  respectively,  in  10  percent,  solution  may  be  ready,  and  these  are  used  either 
as  prepared  or  diluted  to  5  percent,  or  even  1  percent.,  according  to  all  the  circum- 
stances of  the  particular  case  and  place.  Extemporaneous  solutions  are  also  readily 
made,  as  the  salt  is  quite  soluble. 

When  intravenous  injection  is  impracticable,  intramuscular  injection  may  be  sub- 
stituted. For  this  purpose  quinine  and  urea  hydrochloride,  which  dissolves  in  its 
own  weight  of  water,  is  the  best  salt;  but  the  precautions  against  irritation  must  be 
meticulously  carried  out. 

When  neither  form  of  injection  can  be  practiced,  the  drug  may  be  given  by  mouth; 
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but  somewhat  larger  and  more  freciuent  doses  arc  necessary.  If  at  all  possible, 
tlie  first  dose,  and  at  least  one  dose  daily,  should  be  injected  either  into  vein  or 
musfle. 

Quinine  is  not  given  as  an  antipyretic  but  the  reduction  of  temperature  accom- 
panying its  apparent  antitoxic  inihience  is  a  good  index  to  the  general  effect.  When 
the  temperature  does  not  fall  promptly,  or  when  it  tends  to  rise  again  quickly,  either 
the  infection  is  not  pneumococcic — or  not  pneumococcic  only — or  the  strain  is  highly 
virulent  and  the  prognosis  is  correspondingly  dubious  or  even  grave.  If  non-pneumo- 
coccic  infection  has  been  established,  the  appropriate  serum  or  bacterine  or  chemo- 
therapeutic  agent  should  be  administered.  If  pneumococcic  infection  has  been  estab- 
lished or  remains  probable,  antibody  solution  should  be  used.  In  either  event,  alcohol 
should  be  given  freely  and  continuously. 

The  frequency  and  size  of  the  doses  of  quinine  after  the  first  will  be  guided 
by  the  temperature  effect;  depending  somewhat,  too,  on  the  method  of  use.  About  0.6 
to  1  Gm.  by  vein  or  1  Gm.  by  muscle,  or  1.5  Gm.  by  mouth  may  commonly  be  given 
every  three  to  four  hours  until  the  temperature  falls  to  or  below  normal;  and  then 
sufficiently  often  to  keep  it  below  99°  F.;  but  both  quantity  and  frequency  are  subject 
to  modification  to  suit  the  individual  case.  Thus,  after  the  initial  injection  the  drug 
is  sometimes  continued  by  mouth  in  doses  of  10  or  15  grains;  or  in  the  uncommon 
event  of  the  development  of  cinchonism,  is  reduced,  intermitted  or  withdrawn.  Com- 
monly it  is  unnecessary,  or,  if  not,  it  will  prove  useless,  to  continue  the  quinine  more 
than  three  or  four  days.  There  is  some  evidence  to  show  that  the  bacilli  may  become 
quinine-fast,  especially  if  the  original  or  continuing  doses  be  too  small. 

Pituitrin. — The  routine  use  of  pressor  agents  was  suggested  by  Gibson's  observa- 
tion, confirmed  by  H.  A.  Hare,  that  when  in  lobar  pneumonia  the  systolic  blood- 
pressure  charted  in  mm.  Hg.  falls  below  the  pulse  frequency  charted  on  the  same 
vertical  in  beats  per  minute — a  sign  pointing  to  autonomic  (cardiovascular)  paresis — 
the  prognosis  is  bad;  while  a  continued  elevation  of  pressure  above  frequency,  is 
commonly  a  favorable  sign.  The  inference  is  not  absolute,  but  holds  true  in  the 
preponderance  of  cases.  This  ''Gibson  ratio"  is  taken  as  the  indication  for  posterior 
pituitary  principle,  of  which  1  cc.  of  the  sti'ongest  preparation  is  to  be  given  intra- 
muscularly every  third  hour,  or  as  needed,  to  maintain  the  systolic  pressure  at  approxi- 
mately ten  points  above  the  pulse  rate.  It  helps  also  to  prevent  tympanites.  Injections 
of  cocaine  (Vz  to  1  grain;  0.03  to  0.06  Gm.)  or  of  caffeine  sodlobenzoate  4  to  8  grains; 
(0.25  to  0.5  Gm.)  may  be  substituted  for  pituitrin  occasionally  or  under  special  con- 
ditions; and  adrenalin  hydrochloride  solution  (1:1000,  1  cc.)  is  to  be  used  when 
quick,  if  transient,  action  is  necessary.  Ephedrin  (%  grain,  0.03  Gm.  or  more)  by 
mouth  might  serve.  Ergot  by  mouth  also  is  advocated  by  some;  from  10  to  30  minims 
of  a  good  fluidextract  or  its  equivalent.  Cocaine  and  caffeine  are  likewise  susceptible 
of  use  per  os,  but  pituitrin  and  adrenalin  must  be  injected. 

In  patients  having  hypertension,  it  is  commonly  unnecessary  to  use  any  pressor 
agent;  w-ithdrawal  of  antipressors  suffices.  Thus  in  a  woman  whose  systolic  pressure 
tended  to  exceed  200  when  not  under  drug  influence,  it  fell  to  140  during  an  attack 
of  pneumonia,  and  remained  below  150,  without  special  treatment,  for  more  than 
two  years  after  recovering  from  the  pneumonia. 

A  relation  similar  to  that  observed  by  Gibson  with  reference  to  systolic  pressure 
and  pulse,  exists  between  diastolic  pressure  and  respiration.  Eall  of  diastolic  pressure 
to  or  below  60,  the  pulse  remaining  90  or  more;  or  approach  of  respiration  frequency 
and  diastolic  pressure  within  ten  points  of  one  another  on  the  common  vertical,  is  a 
sign  of  cardiac  weakening  and  calls  for  free  use  of  a  potent  digitalis  preparation, 
preferably  by  vein  or  muscle,  in  decided  doses — the  equivalent  of  at  least  20  minims 


908  ORGANIC  CHEMICAL  ANTISEPTICS 

(1.5  cc.)  of  a  good  tincture,  every  four  hours,  or  more  frequently  as  indicated.  If 
given  by  mouth,  the  dose  should  be,  at  least,  doubled.  In  anticipation  of  this  special 
form  of  digitalization,  about  5  minims  of  a  good  tincture  may  be  given  by  mouth 
three  or  four  times  a  day,  from  the  outset,  to  render  the  later  response — should  it 
prove  needful — more  prompt. 

Antibodies  and  Bacterines. — There  is  no  incompatibility  between  the  definite  plan 
and  the  use  of  biologic  specifics.  On  the  contrary,  each  supplements  the  other  well, 
and  a  combined  treatment  of  chemotherapy  and  biologic  defense  is  probably  better 
than  either  alone. 

General  Measures. — It  is  hardly  necessary  to  point  out  that  fresh  air  and  good 
nursing  are  necessary.  The  free  use  of  water  and  of  alkaline  diuretics  is  advisable. 
Opium,  alcohol  and  oxygen  when  needed,  and  any  other  measures  indicated  at  any 
given  time,  can  also  be  availed  of  coincidently  with  the  use  of  quinine,  pituitrin  and 
digitalis. 

CiNCHONiNE. — Sir  L.  Rogers  recommends  the  acid  hydrochloride  or  hydrobromide 
salt  of  this  alkaloid  as  the  most  efl&cacious  of  the  active  principles  of  cinchona,  even 
superior  to  quinine,  in  the  treatment  of  malaria,  when  given  intramuscularly  in 
doses  of  8  to  15  grains  (0.5  to  1  Gm.).  As  a  prophylactic,  also,  it  is  regarded  with 
special  favor  by  many  practitioners  in  India.  It  is  one  of  the  ingredients  of  the 
"Indian  cinchona  febrifuge,"  constituting  20  percent,  of  that  preparation.  It  is  the 
cheapest  of  the  cinchona  alkaloids.  Some  authorities,  however,  warn  against  the  use 
of  both  cinchonine  and  cinchonidine,  holding  that  they  often  cause  fits  in  those 
subject  to  epilepsy  or  even  induce  convulsions  in  persons  regarded  as  free  from  any 
such  taint.    How  much  truth  there  is  in  this  warning  is  hard  to  say. 

Cinchonidine. — The  salts  of  cinchonidine,  the  salicylate  or  the  sulphate,  are  of 
value  in  the  treatment  of  rheumatism  and  neuralgia  in  doses  of  5  grains  (0.3  Gm.) 
every  two  or  three  hours.  The  salicylate  is  preferred  in  cases  in  which  pain  is  a 
prominent  symptom,  such  as  sciatica  or  muscular  rheumatism,.  It  is  highly  useful 
in  pleurisy  and  in  subacute  coryza;  in  the  latter  a  grain  (0.12  Gm.)  may  be  given 
in  capsule  with  an  equal  quantity  of  powdered  cubeb.  Cinchonidine  salicylate  is  of 
service  in  influenza,  but  must  be  given  in  large  doses  (10  or  15  grains,  0.6  to  1  Gm.). 
As  a  prophylactic  (5  grains,  0.3  Gm.  twice  daily)  against  influenza  in  the  time  of 
an  epidemic,  it  seems  distinctly  serviceable.  The  sulphate  is  regarded  as  more  effica- 
cious in  controlling  the  malarial  paroxysms  and  as  a  prophylactic  against  malaria. 
It  is  inferior  therapeutically  to  quinine,  but  is  cheaper. 

Ethylhydrocupreine. — Since  Morgenroth's  discovery  (1911)  of  the  destructive 
effect  of  ethylhydrocupreine  on  the  pnevimococcus,  this  alkaloid  and  its  hydrochloride 
have  been  used  extensively  in  the  therapy  of  pneumococcic  infections.  It  is  important 
to  emphasize  in  the  beginning  of  our  discussion  the  difference  between  the  alkaloidal 
base,  which  is  insoluble  in  water,  and  the  hydrochloride,  which  is  readily  soluble. 

Morgenroth's  work  was  undertaken  because  of  the  longstanding  popula.r  and  pro- 
fessional tradition  of  the  preventive  and  remedial  virtue  of  quinine  against  "colds," 
and  especially  against  pneumonia.  He  sought  to  synthetize  a  bactericidal  agent 
more  powerful  than  quinine  against  pneumococcus,  and  less  toxic  to  the  human 
organism.  In  the  first  of  these  objects  he  succeeded.  In  the  second  he  succeeded  not 
so  well. 

The  soluble  compounds  of  ethylhydrocupreine  possess  a  pneumococcidal  activity 
from  five  to  ten  times  greater  than  that  of  the  ordinary  quinine  salts,  but  they  a.re 
much  more  depressant  to  the  heart,  as  well  as  more  likely  to  produce  permanent 
impairment  of  sight  and  hearing.  The  therapeutic  interval — that  is  to  say,  the  margin 
between  the  medicinal  and  the  toxic  quantity — is  so  small  that  safe  regulation  of  the 
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dose  at  the  bedside  is  difficult,  if  not  impossible,  under  ordinary  conditions  of  prac- 
tice. As  a  topical  application  against  pneumococcic  infections,  ethylhydrocupreine 
hydrochloride  is  safe  and  effective.  Its  systemic  use  is  dangerous  and  has  been 
abandoned. 

The  alkaloidal  base,  however,  while  ineligible  as  a  local  application,  is  considered 
to  be  relatively  free  from  danger  when  used  internally.  By  reason  of  its  insolubility 
in  water,  absorption  is  slow;  and  this  prevents  the  entrance  into  the  circulation  of  a 
toxic  amount,  while  permitting  the  taking  up  of  a  sufficient  quantity  to  develop  a 
germicidal  effect.  Although  the  question  of  possible  toxicity  of  the  base  under  con- 
ditions unexpectedly  favoring  absorption  must  be  regarded  as  still  open,  clinical 
reports  of  its  favorable  influence  in  the  pneumonias  are  multiplying,  and  its  ca.reful 
use  is  fully  justified.  Like  the  quinine  salts,  it  may  be  associated  with  antibodies, 
serums  or  bacterines,  with  mutual  enhancement  of  good  effect. 

Digitalis,  caffeine,  adrenalin,  pituitrin,  camphor,  and  other  agents  especially 
indicated,  may  be  used,  as  in  any  other  method  of  treatment.  Or  the  ethylhydrocu- 
preine base  may  be  substituted  for  the  quinine  compound  in  the  "definite  plan"  of 
management,  as  outlined  in  the  preceding  pages. 

It  is  essential  that  the  remedy  be  given  as  early  as  possible.  Bacteriologic  reports 
and  blood  counts  need  not  be  waited  for.  Doubtless  many  failures  in  hospital  work 
in  this  and  other  methods  of  treating  pneumonia  are  to  be  ascribed  to  the  delay  en- 
tailed by  such  waiting. 

If  the  drug  be  not  given  until  after  the  third  day,  brilliant  results  are  hardly 
to  be  expected,  although  the  treatment  may  still  be  helpful  in  a  small  proportion  of 
cases.     F.  Mendel  advocates  the  following  routine  of  administration: 

Beginning  as  soon  as  the  diagnosis  is  made,  4  grains  (0.25  Gm.)  of  ethylhydrocu- 
preine base  are  to  be  given  with  5  ounces  (150  cc.)  of  mUk,  every  5  hours  day  and 
night,  for  three  days  only.  The  milk,  by  fixing  the  hydrochloric  acid  of  the  gastric 
juice,  retards  the  conversion  of  the  base  into  the  soluble  salt,  and  observation  experiment 
indicated  that  the  4  grain  dose  and  5  hour  interval  will,  under  thjs  condition,  maintain 
a  constant  germicidal  but  non-toxic  concentration  of  the  drug  in  the  blood  (Baldwin  & 
Rhoades).  It  is  advised  that  no  other  food  or  drink  be  given  during  the  three-day 
period.  The  patient  should  be  closely  watched,  and  if  disturbances  of  sight  or  hearing 
arise,  the  drug  must  be  stopped  for  at  least  12  hours,  after  which  it  may  possibly  be 
resumed  in  smaller  doses.  Should  no  improvement  be  manifest  after  48  hours  of  treat- 
ment with  ethylhydrocupreine,  and  certainly  if  no  improvement  be  manifest  after  72 
hours,  the  drug  should  be  withdrawn.  If  improvement  occur,  the  continuance  of  the 
drug  after  the  third  day  in  smaller  doses  or  less  frequently,  will  be  a  matter  of  judgment 
in  the  individual  case.  According  to  Mendel,  more  than  three  days'  treatment  is  com- 
monly needless. 

Ethylhydrocupreine  Hydrochloride  has  been  recommended  by  Kolmer  and  others 
in  pneumococcal  meningitis.  It  is  given  by  intraspinal  injection;  the  dose  being  about 
15  minims  (1  cc.)  for  each  4  pounds  of  body  weight.  For  a  young  adult  of  say  125 
pounds,  this  would  mean  about  1  fluidounce  (30  cc),  and  for  a  child  of  30  pounds,  2 
fluidrams  (8  cc).  Spinal  fluid  should  be  removed,  and  the  medicinal  solution,  warmed 
to  body  temperature,  injected  in  the  ordinary  way  by  gravity,  or  with  a  syringe.  For 
the  first  four  or  five  days  two  injections  are  made  daily.  After  this,  the  symptoms 
and  the  bacteriology  of  the  spinal  fluid  are  taken  as  guides.  So  long  as  the  fluid  con- 
tains living  pneumococci,  at  least  one  injection  daily  should  be  continued.  Kolmer 
prepares  the  solution  for  injection  by  dissolving  0.1  Gm.  of  ethylhydrocupreine  hydro- 
chloride in  100  cc.  of  sterile,  warm  physiologic  saline  solution,  and  heating  on  the 
water  bath  at  60°  C.  for  one  hour.  If  time  permits,  cultures  are  made  to  ensure  its 
sterility. 

The  conjoint  use  of  antipneumococcic  serum  and  ethylhydrocupreine  hydrochloride 
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(numoquin)  may  give  better  results  than  either  agent  singly,  and  much  smaller  doses 
of  each  will  be  required  (Eatnoff  and  Litvak).  Ivolmer  advises  intraspinal  injec- 
tions of  a  1 :  1000  solution  of  ethylhydrocupreine  hydrochloride  in  normal  saline 
in  the  proportion  of  0.5  cc.  per  kilogram  of  body  weight.  It  is  to  be  repeated  as 
necessary,  guided  by  the  spinal  cultures  as  well  as  by  the  symptoms. 

Serpiginous  ulcer  of  the  cornea,  which  is  almost  always  of  pneumococcal  origin 
and  has  been  found  to  yield  to  local  applications  of  antipneumococcus  serum,  is  quite 
amenable  to  ethylhydrocupreine  hydrochloride.  The  agent  is  unsurpassed  in  all  local 
processes  of  this  nature,  and  may  be  used  in  any  strength  from  1 :  1000  to  1 :  50.  It  is 
commonly  employed  in  simple  aqueous  solution  (1  or  2  percent.),  or  in  about  the  same 
proportion  in  a  0.25  percent,  atropine  solution.  When  preferred  an  ointment  of  the 
same  strength  may  be  made  from  the  base.  Patton  sprinkles  the  powder  in  full 
strength  on  the  surface  of  the  ulcer  and  then  massages  it  in  through  the  closed  lids. 
The  first  application  causes  considerable  smarting,  which  must  be  prevented  by  a 
preliminary  cocaine  or  novocaine  instillation.  Subsequent  applications  are  painless, 
owing  to  the  anesthetic  action  of  the  drug  itself.  Healing  occurs  rapidly  but  to  pre- 
vent relapse  applications  should  be  continued  twice  weekly  for  several  weeks  after 
apparent  recovery.  In  pneumococcic  conjunctivitis,  a  1  percent,  solution,  instilled 
every  four  hours,  brings  about  rapid  recovery,  and  the  same  measure  is  of  service 
also  in  acute  dacryocystitis,  vernal  catarrh,  and  phlyctenula  of  the  cornea,  although  in 
these  non-specific  conditions  quinine  hydrochloride  solutions  are  said  to  be  equally 
efficacious. 

Chinosol  is  claimed  to  be  a  powerful  antiseptic,  superior  to  phenol  or  corrosive 
sublimate  and  non-toxic.  It  is  only  feebly  germicidal,  however,  and  is  incompatible 
with  alkaline  substances,  including  soap,  and  with  salts  of  mercury  and  iron.  The 
claim  has  been  made  that  chinosol  is  a  powerful  deodorant  and  an  energetic  styptic. 
As  an  antiseptic  1 :  1000  solutions  are  usually  employed.  Weaker  solutions  are  used 
in  the  eye,  nose  and  throat,  but  the  strength  may  be  increased  if  the  patient  is 
tolerant. 

QumoLiNE  is  an  artificial  alkaloid  which  was  originally  prepared  as  an  antiperiodic, 
but  has  been  proved  to  be  of  little  value  excepting  as  an  antipyretic  and  germicide. 
It  is  depressant  to  the  central  nerve  system  and  is  now  used  chiefly  as  an  antiseptic. 
A  0.7  percent,  aqueous  solution  may  be  injected  locally  in  gonorrhea. 

Administration. — Cinchona  in  powdered  form  is  now  rarely  employed,  having  been 
replaced  by  the  alkaloids.  Infusion  of  cincJiona  has  also  fallen  into  disuse,  but  may 
be  employed  as  a  bitter  tonic,  sweetened  with  syrup,  and  is  used  with  tonic  mixtures 
or  with  aromatic  elixirs.  Tincture  of  cinchona,  made  from  yellow  cinchona,  is  more 
acceptable  to  the  stomach  than  that  prepared  from  the  red  bark.  Compound  tincture 
of  cinchona  is  an  excellent  stomachic  cordial,  especially  when  mixed  with  compound 
tincture  of  gentian  and  aromatic  elixir.  Fluidextract  of  cinchona  may  be  used  together 
with  glycerin  and  aromatic  elixir,  or  associated  with  glycerin,  compound  tincture 
of  cardamom,  and  aromatic  elixir.  Extract  of  cinchona  may  be  given  in  pill  or  capsule 
form.  Quinine  may  be  administered  in  either  pill  or  capsule  form  and,  because  of  its 
sparing  solubility  in  water,  may  be  exhibited  with  acacia,  syrup  and  water,  flavored 
with  oil  of  lemon;  this  combination,  almost  entirely  overcoming  the  bitter  taste  of  the 
quinine,  is  very  acceptable  to  children.  The  bitter  taste  can  be  still  further  disguised 
by  adding  a  small  quantity  of  tannic  acid,  although  this  forms  insoluble  quinine  tan- 
nate;  chocolate,  or  aromatic  elixir  of  eriodictyon,  may  be  added  as  a  flavor.  Quinine 
dihydrochloride  is  particularly  valuable  for  hypodermic  use.  Its  administration  causes 
no  pain,  and  produces  little  or  no  inflammation  at  the  site  of  the  injection.  Quinine 
hydrochloride  is  useful  for  rectal  injections,  as  it  requires  the  smallest  amount  of  acid 
to  bring  it  into  solution.  All  acids  are  irritating  to  the  rectal  mucosa,  and  since  quinine 
hydrochloride  is  very  soluble  in  hot  water  and  glycerin,  the  preferable  method  of  employ- 
ing it  is  to  prepare  a  12.5  percent,  solution  in  glycerin,  that  is,  57  grains  to  1  fluidounce, 
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add  the  desired  quantity  of  this  solution  to  a  sufficient  quantity  of  quite  warm  physio- 
logic saline  solution,  and  inject.  This  salt  is  ordinarily  the  best  also  for  administration 
per  OS,  being  less  irritating  to  the  gastric  mucosa  than  the  sulphate  as  well  as  more 
soluble. 

In  malaria  the  drug  should  always  be  given  in  solution — in  most  cases  by  mouth 
but  in  urgent  cases  by  intramuscular,  or  intravenous  injection.  For  squeamish  patients 
euquinine  may  be  given  per  os ;  for  intravenous  injection  the  hydrochloride  is  suitable; 
for  intramuscular  use  the  best  salts  are  the  dihydrochloride,  dihydrobromide  and  quinine 
and  urea  hydrochloride. 

For  use  with  children  the  best  salts  are  the  tannate  and  the  ethylcarbonate  (euqui- 
nine), both  of  which  are  tasteless  or  nearly  so.  They  can  be  given  in  chocolate  syrup, 
or  completely  disguised  when  incorporated  in  a  small  square  of  chocolate  fudge. 

Qituiine  Ixydrohromidc  is  peculiarly  applicable  in  cases  of  autonomic  nerve  disorder, 
and  when  there  is  any  necessity  to  minimize,  if  possible,  the  tendency  to  cinchonism,  the 
dihydrobromide  is  equally  efficacious,  but  contains  a  slightly  less  percentage  of  quinine 
alkaloid.  Ether  may  be  given  in  pill  or  capsule,  or  dissolved  in  water  with  the  aid  of 
diluted  hydrobromic  acid,  and  flavored  with  syrup  of  orange.  It  may  also  be  given  into 
the  muscle. 

Quinine  sulphate  is  usually  given  in  the  form  of  gelatin-  or  sugar-coated  pills,  or 
in  capsules  filled  dry;  it  may  be  associated  with  powdered  tartaric  acid,  to  render  the 
salt  readily  soluble  when  the  capsule  is  dissolved  by  the  gastric  juice.  When  gastric 
irritation  results,  the  salt  may  be  mixed  with  powdered  acacia,  peppermint  water,  pure 
extract  of  glycyrrhiza,  and  syrup.  It  may  also  be  dissolved  in  peppermint  water,  pref- 
erably with  diluted  hydrochloric  acid,  since  less  is  required  than  with  diluted  sulphuric 
acid,  and  flavored  with  syrup  of  orange.  Although  the  sulphate  is  much,  used  It  is 
inferior  to  the  hydrochloride  in  that  it  is  less  soluble  and  more  irritating  to  the  stomach. 
Suppositories  of  quinine  sulphate  are  irritating  to  the  rectal  mucosa.  "When  quinine 
sulphate  cannot  be  given  in  the  usual  way,  an  excellent  method  of  administration  is  to 
wash  the  axilla  with  soap  and  warm  water,  and  then  with  alcohol,  and  apply  an  oint- 
ment consisting  of  quinine  sulphate  in  hydrous  lanolin  and  cerate,  using  equal  portions. 
Absorptioii  is  very  rapid,  and  no  disturbance  of  the  gastroenteric  tract  results. 

Techxic  of  Intramusculak  Ix.iECTiox. — In  injecting  any  quinine  salt,  but  especially 
quinine  and  urea  hydrochloride,  intramuscularly,  the  following  technic  must  be  observed 
strictly.  The  site  of  injection  should  be  the  deltoid,  the  thigh  or  the  buttocks;  not  the 
biceps,  lest  the  musculospiral  nerve  be  reached  and  paralyzed.  The  skin  is  to  be  painted 
with  tincture  of  iodine.  The  needle  is  to  be  inserted  deeply  and  the  syringe  emptied 
thoroughly,  so  that  no  drop  leaks  out  upon  the  skin  when  the  needle  is  withdrawn. 
The  point  of  puncture  should  be  sealed  with  collodion.  As  an  additional  precaution, 
puncture  may  be  made  through  a  bit  of  rubber  protective.  Asepsis  must  be  strict. 
In  using  quinine  and  urea  hydrochloride  the  solution  may  be  made  extemporaneously — 
0.6  to  1.5  Gm.  in  a  2  or  3  cc.  syringeful  of  boiling  water.  It  will  dissolve  in  its  own 
weight  of  water,  as  will  also  the  dihydrobromide,  but  a  more  dilute  solution  (25  to  50 
percent.)   is  desirable. 

Quinine  bisulphate,  because  of  its  ready  solubility,  may  be  given  hypodermi- 
cally,  or  in  pill  form,  or  in  capsules,  when,  as  in  gastric  cancer,  there  is  a  deficiency 
of  acid  in  the  gastric  juice,  and  the  sulphate  would  not  be  rendered  soluble  and 
absorbable. 

Quinidine  sulphate  is  administered  in  the  same  manner  as  quinine  sulphate.  Cin- 
chonine  and  cinchonine  sulphate  are  less  bitter  and  less  expensive  than  the  quinine 
salts,  and  are  used  in  a  similar  manner.  Cinehonidine  sulphate  is  also  given  in  the 
same  way  as  quinine  sulphate.  These  three,  however,  are  much  weaker  than  quinine 
or  quinine  sulphate. 

Aristochin  is  a  tasteless  quinine  substitute  most  frequently  prescribed  for  children 
chiefly  as  a  remedy  for  whooping  cough.  Owing  to  its  insolubility  in  water,  however, 
it  is  less  readily  absorbed  than  quinine  sulphate,  although  this  disadvantage  can  be 
overcome  by  giving  one  teaspoonful  of  lemonade  with  water,  five  or  ten  minutes  after 
the  dose  has  been  taken.  It  may  be  given  upon  the  tongue  in  powders,  alone,  or  mixed 
with  sugar  or  sugar  of  milk;  or  it  may  be  mixed  with  powdered  acacia,  water,  syrup  of 
lemon,  or  syrup  of  chocolate.  The  dose  varies  from  1  grain  (0.06  Gm.)  for  young 
children  to  15  grains  (1  Gm.)  for  adults. 

In  determining  the  proper  dose  of  the  several  compounds,  the  following  table,  showing 
the  proportion  of  alkaloid  in  each,  may  be  of  service: 
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Quinine  all<aloid  100  percent 100  percent. 

"          hydrochloride   81.8  " 

"          hydrobromide    76  " 

"          sulphate    73.5  " 

"          dihydrochloride    72  " 

"          salicylate    70.1  " 

"          arsenate    69.4  " 

"          dihydrobromide    60  " 

"  bisulphate    59.1 

"          and  urea  hydrochloride  58  " 

"          tannate 20  " 

Ethylhydrocupreine  hydrochloride 75-80  " 

Chaulmoogra  Oil 

Chaulmoogra  oil  is  a  fixed  oil  obtained  from  the  seeds  of  Tarakiogenos  kurzii,  a 
large  forest  tree  native  of  the  mountains  of  Burma.  The  name  is  also  commonly 
applied  in  the  drug  markets  of  the  East  to  oils  from  certain  other  related  trees. 

The  history  of  the  medicinal  use  of  the  oil  is  obscure.  Its  discovery  is  attributed 
by  legend  to  Rama,  King  of  Benares,  who,  being  leprous,  retired  to  the  jungle,  where 
he  lived  on  roots  and  herbs,  and  in  especial  on  the  leaves  of  the  kalaw  tree.  Recovered, 
he  met  in  the  jungle  a  princess  banished  thither  because  of  leprosy,  and  feeding  her 
on  the  fruits,  leaves  and  roots  of  the  kalaw,  restored  her  to  health  (Hehir).  Certain 
it  is  that  the  oil  derived  from  the  kalaw  and  related  trees  had,  for  centuries  before 
its  use  by  occidentals,  been  famed  in  India  and  the  Ear  East  as  a  remedy  for  leprosy, 
and  had  found  its  way,  by  means  of  native  doctors,  into  Hawaii  and  the  Philippines. 
The  orientals  employed  it  both  by  mouth  and  as  an  external  application.  Some  benefit, 
perhaps  some  recoveries,  must  have  resulted.  The  truth  is  that  the  crude  oil  is 
extremely  irritating  to  the  stomach  and  bowel,  and  doses  sufficiently  large  to  be 
effective  cannot  ordinarily  be  given.  Its  use,  therefore,  was  restricted  to  natives  of 
oriental  countries  and  a  few  enterprising  enthusiasts  in  the  Occident  (as  Dyer  of 
New  Orleans),  until  experiments  were  begun  with  subcutaneous  injections.  Both 
I>yer  and  Tourtoules  of  Cairo  used  this  method  with  some  success,  but  the  injections 
are  so  painful  that  it  had  but  limited  adoption.  In  1914,  Mercado  and  Heiser  in  the 
Philippines  gave  the  oil  by  subcutaneous  intramuscular  injection  in  a  large  series  of 
cases  with  .results  that  again  attracted  attention  to  it,  and  about  the  same  time  Rogers, 
of  India,  showed  that  fatty  acids  prepared  from  the  oil  were  effective  by  mouth,  and 
well  borne.  In  1916,  Rogers  prepared  sodium  salts  of  the  mixed  acids  and  admin- 
istered them  subcutaneously  to  lepers  with  brilliant  results,  and  from  this  time  the 
treatment  has  been  adopted  wherever  leprosy  prevails.  In  1921,  McDonald  and  Dean 
introduced  the  use  of  the  ethyl  esters,  injections  of  which  are  even  less  irritating. 
In  the  same  year.  Rock  brought  seed  from  positively  identified  trees  in  the  forests  of 
Burma  and  seedlings  having  been  successfully  propagated,  the  tree  will  be  introduced 
into  the  Hawaiian  and  Philippine  Islands  and  tropical  America. 

Chemistry. — The  virtues  of  chaulmoogra  oil  reside  in  two  peculiar  fatty  acids  of 
unsaturated  type,  characterized  by  the  presence  of  a  ring  of  carbon  atoms.  These 
acids,  which  are  known  as  chaulmoogric  acid  and  hydnocarpic  acid,  have  been  shown 
by  Dean  to  have  the  following  structures : 

CH  CH 

/      \  /      \ 

H^C  C— (CHj)u  — COOH  HjC  C  —  (CHJio  — COOH 

11                                                                         '  ' 

H,C CH,  H,C CH, 

Chaulmoogric  Acid  Hydnocarpic  Acid 
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Power  and  others  have  shown  that  sitnihir  fatty  acids  are  contained  in  oils  from 
the  seeds  of  Hydnocarpus  antltclniinlica,  H.  w'ujhtiana,  and  //.  alpinu^;  the  Philip- 
pine trees,  H.  venenata,  H.  alcala;,  and  Pangium  edule;  a  South  American  tree,  Carpo- 
triche  hraslliensis,  and  the  African  tree,  Onroha  echinafa.  The  oil  of  the  seeds  of 
Gynocardia  odorata,  which  was  formerly  believed  to  be  the  source  of  chaulmoogra  oil, 
contains  none  of  these  cyclic  hydrocarbons  and  is  presumably  valueless  in  leprosy  and 
similar  infections.  Slijrhtly  more  than  1  percent,  of  the  ethyl  esters  are  to  be  obtained 
from  a  good  lot  of  chaulmoogra  oil. 

The  sodium  salts  of  these  acids,  commonly  mixed  in  uncertain  proportions,  are 
used,  as  well  as  their  ethyl  esters.  The  mixed  sodium  salts  are  referred  to  commer- 
cially as  sodium  gynocardate,  sodium  hydnocarpate  and  sodium  chaulmoograte.  The 
latter  are  now  preferred,  either  pure  or  associated  with  iodine. 

Summary  of  Actions  and  Uses. — Chaulmoogra  oil  is  extremely  irritating,  disturbance 
of  digestion  resulting  from  its  use  by  mouth,  and  inflammatory  swelling  and  even 
necrosis  following  its  subcutaneous  use.  The  salts  and  esters  of  the  fatty  acids,  to 
which  it  owes  its  activity,  are  much  better  borne  and  should  replace  the  crude  oil.  The 
systemic  toxicity  appears  to  be  slight  but  has  not  been  sufficiently  studied. 

The  oil  and  its  constituents  find  their  chief  use  in  leprosy,  in  which  it  appears  to 
be  almost  a  specific.  They  have  also  been  used  with  moderate  success  in  tuberculous 
infection;  intralaryngeal  injections  and  applications  of  chaulmoogra  oil  in  olive  oil 
have  proved  of  value  in  cases  of  tuberculous  laryngitis. 

Similar  fatty  acids,  said  to  be  more  effective  as  bactericides,  have  been  prepared 
from  margosa  oil,  obtained  from  Media  azidaracMa. 

Materia  Medica. — Oleum  Ciiaulmoogr/E  (U.S.X.),  Chaulmoogra  Oil.  Ahhr., 
01.  Chaulmoog.    Synonym:  Gynocardia  Oil  (used  in  error). 

A  fixed  oil  expressed  from  the  seeds  of  Taraktogenos  hurzii  King  (Fam.  Flacour- 
tiacece).  A  yellow  or  brownish-yellow  liquid  or,  at  temperatures  below  about  25°  C, 
a  whitish,  soft  solid.  It  has  a  characteristic  odor  and  a  somewhat  acrid  taste.  It  is 
sparingly  soluble  in  alcohol;  soluble  in  benzene,  chloroform,  ether  and  petroleum 
benzin. 

Dose,  1  to  30  minims  (0.6  to  2  cc). 

^THVLis  Chaulmoogras  (U.S.  X.),  Ethyl  Chaulmoograte.  Ahhr.,  /Ethyl  Chaul- 
moog.   Synonym:  Chaulmestrol. 

A  mixture  of  the  ethyl  esters  of  the  unsaturated  fatty  acids  of  chaulmoogra  oil, 
obtained  by  saponification  of  chaulmoogra  oil,  separation  of  the  fatty  acids,  and 
esterization  of  these  acids  with  ethyl  alcohol.  It  is  a  clear,  pale  yellow  liquid,  having 
a  slight,  fruity  odor;  insoluble  in  water,  but  miscible  with  alcohol,  chloroform,  and 
ether. 

Dose,  5  to  30  minims,  by  mouth  or  ])y  intramuscular  injection. 

Unguextum  Chaulmoogr.^-:  (Br.),  Chaulmoogra  Ointment.  Synonym  :  Gynecardia 
Ointment. 

Chaulmoogra  oil,  10  parts  (by  weight);  hard  paraffin,  40  parts;  soft  white  paraffin, 
50  parts.  Mix  the  hard  and  soft  paraffins  by  means  of  gentle  heat,  add  the  oil  and 
stir  until  cold.  The  ointment  is  used  not  only  in  leprosy  but  in  many  chronic  skia 
diseases. 

Dose,  as  indicated. 

Soon  Chaulmoogras  (unofficial),  Sodium  Chaulmoograte.  Ahhr.,  Sod.  Chaulmoog. 
Synonym:   Sodium  Gynocardate. 

The  sodium  salts  of  the  mixed  fatty  acids  of  chaulmoogra  oil.  A  3  percent, 
solution  of  the  compound  is  prepared  in  ampules. 

Dose,  V-z  grain   (0.03  Gm.)   every   7  days,  given   intramuscularly;   gradually   in- 
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creasing  the  dose  and  decreasing  the  interval  between  injections  to  a  maximum  of 
1  Gm.  daily. 

SoDii  Hydnocarpas  (unofficial),  Sodium  Hydnocarpate.     Ahhr..  Sod.  Hydnocarp. 

A  sodium  salt  of  the  fatty  acid  of  chaulmoogra  oil.  It  is  soluble  in  water  and 
is  prepared  in  3  percent,  solution  in  ampule  form. 

Dose,  same  as  Sodium  Chaulmoograte. 

SoDii  MoRRHUAS  (unofficial),  Sodium  Morrhuate.     Ahhr.,  Sod.  Morrh. 

A  sodium  salt  prepared  from  the  unsaturated  fatty  acid  of  cod-liver  oil  (not 
chaulmoogra). 

Dose,  hypodermically  and  intravenously  in  3  percent,  solution. 

Antipatnogenic  Action. — Chaulmoogra  oil  and  its  fatty  acul  constituents  possess  a 
specific  bactericidal  action  on  acid-fast  bacteria  in  vitro,  but  show  no  such  power  over 
other  types  of  bacteria.  Both  leprosy  and  tubercle  bacilli  are  killed  by  high  dilutions. 
The  action  is  not  shared  by  such  closely  related,  unsaturated  fatty  acids  as  those  of  cod 
liver  oil,"^  but  seems  to  be  peculiar  to  the  chaulmoogric  acid  series.  The  growth  of  leprosy 
bacilli  is  checked  by  the  addition  of  one  part  in  one  million  of  the  mixed  fatty  acids. 
Even  with  greater  concentrations  the  bactericidal  action  is  slow,  leprosy  bacilli  being 
killed  in  24  hours  by  one  part  in  75,000  but  not  by  1  in  100,000.  Tubercle  bacilli  are  less 
susceptible;  they  failed  to  grow  after  24  hours'  exposure  to  1  part  in  20,000  (Walker 
and  Sweeney).  The  oil  itself  has  no  bactericidal  action,  perhaps  because  it  does  not 
penetrate  the  cell  wall. 

Pharmacodynamic  Action:  Toxic  and  Systemic  Action. — Although  extremely  irritat- 
ing topically,  both  when  administered  by  mouth  and  when  injected  subcutaneously  or 
intramuscularly,  chaulmoogra  oil  appears  to  be  almost  devoid  of  systemic  action.    . 

Both  chaulmoogra  oil  and  its  fatty  acids,  as  well  as  their  salts  and  esters,  when 
given  in  repeated  doses  by  mouth,  lead  in  a  short  time  to  loss  of  appetite,  with  nausea 
and  often  vomiting,  commonly  preventing  continuous  administration.  In  laryngeal 
tuberculosis  in  man,  intratracheal  injections  of  1  cc.  of  the  oil  may  be  given  without 
reaction,  providing  that  these  are  preceded  by  a  course  of  injections  of  10  percent,  and 
20  percent,  solutions  in  olive  oil.  Intratracheal  injections  in  rabbits,  on  the  other  hand, 
lead  to  severe  inflammatory  reaction.  Full  strength  oil  in  amounts  from  0.05  cc.  to  1  cc. 
caused  local  consolidation  of  the  lung  of  varying  degree,  the  larger  amounts  leading  to 
fatal  pneumonia  and  often  to  abscess.  Dilutions  of  10  percent,  in  olive  oil  and  liquid 
petrolatum  also  caused  severe  inflammation.  The  intracutaneous  injection  of  0.1  cc.  In 
guinea-pigs,  was  followed  by  abscess  or  extensive  necrosis  and  even  when  diluted  1  to  10 
with  olive  oil  a  marked  induration  resulted  from  the  same  total  quantity,  containing 
only  0.01  cc.  of  the  oil.  The  esters  in  even  higher  dilution  produced  similar  lesions. 
Intramuscular  and  subcutaneous  injection  of  as  little  as  10  mgm.  of  the  oil  lead,  in 
gumea-pigs,  to  hemorrhage  and  necrosis.  Intravenous  injection  of  a  2  percent,  solution 
of  the  sodium  salt  of  chaulmoogric  acid  appears  to  be  well  borne  if  given  slowly.  If 
the  rate  is  too  rapid,  death  occurs,  apparently  from  embolism,  the  free  acid  being  pre- 
cipitated in  the  blood  stream   (Voegtlin,  Smith  and  Johnson). 

Intraperitoneal  Injections  produce  less  local  reaction,  but  after  repeated  injections  a 
deposit,  apparently  of  fibrin,  is  found  over  the  spleen  and  liver.  Care  must  be  taken  in 
the  use  of  the  sodium  salt,  as  it  is  extremely  alkaline. 

In  guinea-pigs,  repeated  doses  of  100  to  200  mgm.  per  kilo  of  the  oil  or  its  esters  do 
not  seem  to  lead  to  chronic  intoxication.  In  man,  however,  Donald  and  Dean  report 
that  about  ten  percent,  of  the  leprosy  patients  receiving  repeated  injections  break  out  at 
times  with  an  eruption  characterized  by  peculiar  swellings  and  necessitating  interruption 
of  the  treatment. 

Therapeutics:  Topical. — Coincidentally  with  the  systemic  use  of  chaulmoogra  oil 
or  its  derivatives,  and  independent  of  the  particular  form  used,  or  special  methods 
of  administration,  the  oil   itself  or  the   ointment  should  be  rubbed  on  the  leprous 

*  This  refers,  it  will  be  observed,  to  action  in  vitro.  Rogers,  as  elsewhere  set  forth, 
is  convinced  that  sodium  morrhuate  destroys  tubercle  bacilli  in  the  tissues. 
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areas  two  or  three  times  weekly  according  to  reaction.  In  laryngeal  tuberculosis  the 
oil  has  proved  to  be  a  useful  topical  application.  It  relieves  the  extreme  dysphagia 
in  almost  all  cases  and  has  a  beneficial  action  on  the  local  condition.  The  general 
nutrition  is  little,  if  at  all,  influenced  and  the  usual  roborant  measures  and  systemic 
treatment  are  not  less  necessary.  Tuhcrculous  granulations  and  small  ulcerations 
improve  fairly  .rapidly  under  its  use.  The  method  of  application  is  thus  described 
by  Lukens:  From  1  to  2  cc.  of  a  10  to  20  percent,  solution  of  ehaulmoogra  oil  or  its 
esters  in  liquid  petrolatum  is  drawn  into  a  glass  syringe  fitted  with  a  eustachian 
catheter.  While  the  patient  draws  the  tongue  forward,  the  catheter  tip  is  introduced 
into  the  pharynx  above  the  larynx,  and  %  of  the  oil  is  dropped  slowly  into  the  trachea. 
The  remainder  is  dropped  on  the  vocal  cords  while  the  patient  phonates.  The  treat- 
ment is  given  daily  to  weekly.  The  healing  action  is  promoted  by  the  use  of  ultra- 
violet light,  locally  and  generally. 

Systemic. — Chaulmoogra  oil  appears  to  have  a  specific  power  against  leprosy, 
although  it  often  fails  to  relieve.  It  was  formerly  given  by  mouth,  beginning  with 
doses  of  3  to  4  minims  (0.2  to  0.3  cc.)  3  times  a  day,  gradually  increased  by  a  drop 
or  two  every  three  or  four  days,  if  the  stomach  proved  tolerant,  until  a  maximum 
of  60  to  75  minims  (4  to  5  cc.)  was  reached.  Its  disagreeable  taste  may  be  more 
or  less  disguised  by  giving  it  in  hot  coffee  or  milk  before  meals,  or  it  can  be  enclosed 
in  soft  gelatin  capsules.  Small  doses  may  be  given  in  pill.  In  many  patients  the 
stomach  is  intolerant  of  the  oil  and  in  such  cases  resort  is  had  to  hypodermic  or 
intramuscular  injections  in  the  gluteal  region.  These  injections  are  painful,  but 
less  so  when  the  formula  of  Mercado  and  Heiser  is  used.  This  consists  of  60  parts 
each  of  chaulmoogra  oil  and  camphor  with  4  parts  of  resorcin.  The  mixture  is 
dissolved  with  the  aid  of  heat  on  a  water  bathf  and  filtered.  Of  this  mixture,  15 
minims  (1  cc.)  may  be  injected  each  week  for  3  or  4  weeks  and  then  the  dose  is 
gradually  increased  by  8  minims  (0.5  cc.)  every  two  weeks  until  a  weekly  dose  of 
45  minims  (3  cc.)  is  reached.  Harper  gives  intravenous  injection  of  10  minims, 
gradually  increased  to  20  minims  (0.5  to  1.3  cc.)  of  a  mixture  of  1  ounce  (30  cc.) 
each  of  chaulmoogra  oil  and  sulphonic  ether  with  15  grains  (1  Gm.)  of  iodine. 
HoUman  and  Dean  used  iodine,  15  grains  (1  Gm.),  oil  of  eucalyptus,  2  fluidrams 
(8  cc),  camphor,  30  grains  (2  Gm.),  olive  oil  and  chaulmoogra  oil,  each  5  fluidounces 
(150  cc.)  mixed  in  the  order  given,  using  heat.  Another  mixture  much  employed 
contains  1  pint  (500  cc.)  each  of  chaulmoogra  oil  and  olive  oil,  with  75  grains  (5  Gm.) 
of  camphor  and  2Y2  fluidrams  (10  cc.)  of  guaiacol.  The  initial  dose  of  either  mixture 
is  30  minims  (2  cc.) ;  the  maximum  dose,  about  2^2  fluidrams  (10  cc),  once  weekly, 
into  the  muscle. 

Experimental  work  by  Hollman  and  Dean,  Rogers  and  de  Mello,  McDonald, 
Powers,  Walker  and  Sweeney,  Culpepper  and  Abelson  and  others,  has  led  to  the  pretty 
general  substitution  of  the  esters  and  salts  of  fatty  acids  derived  from  chaulmoogra 
oil  and  from  the  related  oils  for  the  crude  oil  itself.  The  ethyl  esters  of  the  fatty 
acids  are  liquids  made  more  fluid  than  the  original  oil  and  peculiarly  suitable  for 
intramuscular  injection.  The  best  results  are  said  to  follow  the  use  of  the  ethyl 
esters  of  the  chaulmoogric  series  (chaulmoogric  and  hydnocarpic  acids  and  possibly 
some  isomers)  either  separately  or  in  a  general  mixture.  The  sodium  salts  of  these 
acids  are  also  employed,  as  well  as  the  ester  and  sodium  salt  of  gynocardic  acid.  Some 
leprologists  lay  stress  upon  the  conjoint  use  of  iodine  with  the  esters,  as  with  the 
oil  itself. 

Whichever  of  these  formulas  is  employed,  there  is  to  be  observed,  in  a  large 
proportion  (50  to  85  percent.)  of  cases,  and  over  a  period  of  months  or  years,  a  dis- 
tinct  lessening   and,   in   some   instances,   a   total   disappearance   of   anesthetic   areas; 
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nodules  and  macules  diminish  in  size  and  number  almost  from  the  first;  and  nasal 
smears  become  negative  in  many  instances;  but  ulcers  do  not  heal,  save  in  cases 
of  recent  origin  and  with  only  slight  anesthesia.  Very  early  cases,  especially  in  young 
adults,  show  prompt  improvement,  the  lesions  receding  and  even  disappearing  in  3 
to  6  months.  More  extensive  lesions  appear  swollen  and  inflamed  at  first  and  the 
patient  seems  worse  than  before,  but  after  3  or  4  weeks  improvement  sets  in  and 
the  lesions  shrink.  While  the  greatest  improvement  is  naturally  found  in  persons 
whose  leprosy  has  been  of  short  duration,  benefit  may  be  anticipated  in  any  case  of 
less  than  5  years'  standing,  and  in  many  cases  of  from  5  to  10  years'  standing,  con- 
siderable improvement  is  reported.  The  treatment  is  continued  for  two  years  or 
until  the  lesions  Lave  disappeared. 

The  morphologic  and  other  resemblances  between  the  tubercle  bacillus  and  the 
bacillus  leprae,  as  well  as  the  demonstrated  bacteriotropism  of  chaulmoogric  acid  esters 
and  their  congeners  toward  acid-fast  bacilli,  led  to  the  hope  that  these  agents  might 
be  of  signal  service  in  the  treatment  of  tuberculosis.  Culpepper  and  Abelson  found 
that  suspensions  of  virulent  tubercle  bacilli  were  rendered  harmless  to  guinea-pigs  by 
incubation  for  48  hours  with  any  of  the  sodium  salts  of  the  four  fatty  acids,  and  that 
the  animals  could  likewise  be  protected,  after  inoculation  with  untreated  cultures,  by 
intraperitoneal  injections  of  the  salts,  those  of  the  A  and  B  fractions  being  the  most 
potent.  The  great  difference  in  weight  between  the  treated  and  untreated  animals 
suggested  to  these  observers  the  possibility  of  a  vitamine  as  well  as  a  bactericidal 
action  of  the  esters.  Walker  found  that  intravenous  injections  of  tolerated  doses 
of  emulsions  of  the  propyl  esters,  maintained  in  the  pulmonary  capillaries  of  rabbits' 
lungs  a  constant  concentration  of  chaulmoogric  acids  far  above  that  found  to  be 
bactericidal  in  vitro.  The  emulsions  also  improved  the  nutrition  of  the  lungs.  In 
laryngeal  tuberculosis,  the  oil  has,  as  already  stated,  proved  to  be  a  useful  applica- 
tion. Nevertheless,  the  clinical  evidence  of  benefit  from  systemic  use  of  these  agents 
in  pulmonary  and  other  forms  of  visceral  tuberculosis  is  not  yet  sufficient  to  warrant 
unqualified  optimism.  In  selected  cases  that,  either  because  of  their  mildness  or 
because  of  their  severity,  will  lose  nothing  by  the  trial,  the  treatment  may  justifiably 
be  tried. 

Administration. — Chaulmoogra  oil  may  be  given  by  mouth  in  doses  of  5  to  10 
minims  (0.3  to  0.6  cc.)  increased,  if  the  stomach  be  tolerant,  to  30  to  60  minims 
(2  to  4  cc).  Such  administration  has,  however,  been  almost  entirely  replaced  by 
intramuscular  injections.  The  marked  pain  which  results  from  these  may  be  lessened 
by  dissolving  1  percent,  of  camphor  in  the  oil,  as  is  the  common  practice  in  Korea, 
3  to  8  cc.  being  injected  in  the  buttock  once  a  week.  The  Mercado-Heiser  formula, 
already  described,  is  perhaps  an  improvement.  It  is  given  intramuscularly,  once  a 
week,  beginning  with  15  minims  (1  cc.)  or  less  and  increasing  gradually  to  1^/2  to  2y2 
fluidrams  (6  to  10  cc).  After  a  few  such  maximal  injections  the  dose  is  systematically 
diminished  and  upon  return  to  the  minimal  dose,  the  course  is  repeated. 

For  systemic  use,  however,  especially  parenterally,  the  oil  is  best  replaced  by  the 
salts  and  esters  of  its  unsaturated  fatty  acids.  The  mixed  sodium  salts  may  be  given 
by  mouth  in  tablets,  pills  or  capsules  commonly  in  a  single  daily  dose  of  2  grains 
0.12  Gm.).  They  are  also  used  intramuscularly  or  intravenously  in  3  percent,  watery 
solution  of  which  15  minims  (1  cc),  representing  V2  grain  (0.03  Gm.),  is  injected  as 
an  initial  dose.  Especially  when  the  intravenous  route  is  used,  0.5  percent,  of  sodium 
citrate  is  added  to  the  solution  to  obviate  any  danger  of  thrombosis.  The  injections 
are  given  once  or  twice  weekly  according  to  reaction,  the  quantity  being  increased 
gradually,  by  increments  of  8  minims  (0.5  cc,  until  from  60  to  75  minims  (4  to  5  cc), 
representing  2  to  2V2  grains   (0.12  to  0.15  Gm.),  are  given  at  a  single  dose.     A  few 


ECHINACEA  917 

drops  of  the  solution  may  be  injected  into  the  larger  nodules,  as  well.     On  the  days 
on  which  the  injections  are  omitted,  the  salts  are  given  by  mouth. 

The  mixed  ethyl  esters  may  be  given  by  mouth,  after  food,  once,  twice  or  thrice 
daily.  They  may  be  suspended  in  hot  milk  or  tea  or  enclosed  in  soft  gelatin  capsules, 
and  followed  by  the  hot  beverage.  The  daily  dose  is  from  15  to  75  minims  (1  to  5  cc). 
Intramuscularly  they  are  even  less  irritating  than  the  sodium  salts,  and  are  given 
once  or  twice  weekly,  according  to  reaction,  beginning  with  8  minims  (0.5  cc.)  and 
increasing  to  45  or  even  75  minims  (3  to  5  cc).  Muir  prefers  a  mixture  containing 
1  cc.  each  of  the  ethyl  esters  and  creosote,  1  Gm.  of  camphor  and  2V2  cc.  of  olive 
oil.  This  formula  is  now  used  extensively  in  India  and  Malaysia.  In  the  use 
of  the  ethyl  esters  at  the  Culion  Leper  Colony  in  the  Philippines,  0.5  percent,  of 
iodine  is  added  to  the  preparation  for  intramuscular  injection.  The  dose  is  the  same 
as  that  of  the  plain  esters.  In  suitable  cases  the  injection  is  made  into  the  dermal 
lesions.  Coincidentally,  the  sodium  salts  are  given  intravenously  in  2  cc.  doses  twice 
a  week.  About  10  percent,  of  those  treated  show  the  same  reactions  as  in  Dean's 
method,  the  symptoms  varying  from  slight  fever  and  lassitude  to  marked  prostration 
and  skin  reactions  (erysipelatoid  dermatitis  and  inflamed  nodules).  These  reactions 
last  from  2  to  3  weeks  and  yield  to  rest,  suspension  of  treatment  and  soothing  appli- 
cations.   Children  tolerate  relatively  larger  doses  than  do  adults. 

Echinacea 

According  to  John  Uri  Lloyd,  Echinacea  was  used  by  the  American  Indians  and 
taken  up  by  early  settlers  in  the  West  under  the  name  of  "Indian  head  root."  Based 
on  this  use,  it  was  exploited  first  as  a  secret  remedy  ("Meyer's  Blood-Purifier")  and 
then  as  a  proprietary  panacea.  C.  G.  Lloyd  (1885)  determined  its  botanical  place, 
and  the  Eclectic  Professors  King,  Goss,  Webster,  Ellingwood  and  Felter  studied  its 
clinical  applications.     Kraemer  (1911)  published  its  pharmacognosy. 

Materia  Medica. — Echinacea  (N.F.),  Echinacea.  Abbr.,  Echin.  Synonyms: 
Nigger-head,  Sampson-root. 

The  dried  rhizome  and  root  of  Brauneria  pallida  (Nuttall)  Britton  (Echinacea 
angustifoUa  de  Candolle.)  (Fam.  Compositce).  The  plant  is  indigenous  to  the  United 
States,  being  found  chiefly  west  of  the  Mississippi,  from  the  Northwest  to  Texas. 
The  root  is  nearly  entire,  cylindrical  and  tapering,  sometimes  twisted;  odor  faint, 
aromatic;  taste  sweetish,  followed  by  a  benumbing  effect  upon  the  tongue,  suggestive 
of  aconitine  and  cocaine.  The  drug  contains  an  inert  alkaloid,  two  resins  and  four 
fatty  acids. 

Dose,  in  substance,  15  to  30  grains  (1  to  2  Gm.). 

Fluidextractum  Echinacea  (N.F,),  Fluidextract  of  Echinacea.  Abhr.,  Fldext. 
Echin.     Synonym:    Fluidextract  of  Nigger-head. 

Prepared  by  exhausting  the  powdered  drug  by  percolation  with  SO  percent,  alcohol, 
each  cc.  of  the  extract  representing  1  Gm.  of  the  drug,  with  an  alcoholic  content  of 
about  77  percent. 

Dose,  5  to  30  minims  (0.3  to  2  cc). 

Specific  Medicine  Echinacea  is  the  term  applied  by  Eclectics  to  a  liquid  prepa- 
ration of  Echinacea. 

Dose,  1  to  5  drops  or  up  to  60  drops;  also  applied  externally. 

EchafoUa  is  the  trade  name  of  a  liquid  preparation  of  Echinacea,  now  containing 
iodine  and  not  used  internally  unless  iodine  is  to  be  given.  It  is  applied  externally  in 
dilution  of  1  to  60  percent. 

Therapeutics. — Among  medical  men  in  general,  echinacea  remains  without  use 
or  repute;  but  Eclectic  physicians  attribute  to  it  such  remarkable  remedial  virtues 
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and  resort  to  it  with  such  confidence  as  a  general  systemic  antiseptic  and  local  anal- 
gesic, disinfectant  and  deodorant,  that  it  should,  at  least,  receive  mention.  It  is  also 
credited  by  some  with  topical  aphrodisiac  power;  and  with  antidotal  properties, 
systemic  and  local,  against  the  bites  and  stings  of  venomous  reptiles  and  insects. 
No  exact  antipathogenic  or  pharmacodynamic  studies  are  available,  if  we  except  the 
work  of  Couch  and  Giltner  (1920)  on  animals  experimentally  inoculated  with  certain 
bacteria  and  toxins.  These  observers  found  echinacea  without  power  to  modify  the 
course  of  experimental  tetanus,  botulism,  bovisepticemia,  anthrax,  rattlesnake-venom- 
poisoning,  trypanosomiasis  or  tuberculosis.  The  drug  was  disapproved  by  the  Council 
of  Pharmacy  of  the  A.M. A.  (1909).  Nevertheless,  the  empirical  reports  upon  its 
varied  uses — some  of  them  by  careful  observers — are  so  favorable  that,  while  they 
naturally  awaken  skepticism  in  those  without  like  experiences,  they  emphasize  at  the 
same  time  the  desirability  of  more  extended  laboratory  and  clinical  studies  to  de- 
termine the  true  powers  and  limitations  of  the  drug.  Allowing  for  uncritical  exag- 
geration, no  absolutely  inert  medicament  could  have  obtained  so  much  empiric 
evidence  of  usefulness.  Whether  such  remedial  properties  as  echinacea  really  possesses 
are  to  be  ascribed  to  the  alkaloid  of  which  C.  G.  Lloyd  found  traces;  to  an  acrid 
resinoid  present  in  measurable  quantity  (0.5  to  1  percent.) ;  to  its  mineral  or  other 
constituents;  or  to  the  plan  complex  as  a  whole,  cannot  be  determined  until  convinc- 
ing studies  are  made.  J.  LT.  Lloyd  observed  Brownian  movements  in  a  dilute  solution, 
under  the  dark  field  microscope. 

There  is  no  pharmacopoeial  preparation;  but  the  N.F.  recognizes  the  crude  drug 
and  a  fluidextract. 

Most  of  the  clinical  reports  are  based  on  the  Eclectic  liquid  preparations  termed 
respectively  "specific  medicine  echinacea"  and  "echafolta."  The  former  is  used  as  an 
antiseptic,  antiphlogistic  and  analgesic,  both  internally  and  externally;  the  latter, 
which  contains  iodine,  is  used  in  preparing  the  field  of  surgical  operations,  in  dressing 
wounds  and  ulcers,  and  for  similar  purposes.  An  ointment  is  made  which  is  said 
to  relieve  both  superficial  and  deep-seated  pain  in  neuralgic  and  inflamed  areas. 

The  so-called  "specific"  indications  and  uses  are  cited  in  brief  notation  by  King 
as  follows:  "To  correct  fluid  depravation,  'bad  blood,'  tendency  to  sepsis  and  malig- 
nancy, as  in  gangrene,  sloughing  and  phagedenic  ulcerations,  carbuncles,  boils  and 
various  forms  of  septicemia;  foul  discharges,  with  weakness  and  emaciation;  deep- 
ened, bluish  or  purplish  discoloration  of  the  skin  or  mucous  membranes,  with  a  low 
form  of  inflammation;  dirty-brownish  tongue;  jet  black  tongue;  tendency  to  the 
formation  of  multiple  cellular  abscesses  of  semi-active  character,  with  marked  asthenia. 
Of  special  importance  in  typhoid,  septicemic  and  other  adynamic  fevers,  and  in 
malignant  carbuncle,  pulmonary  gangrene,  cerebrospinal  meningitis  and  pyosalpinx. 
Echafolta  is  advised  as  a  cleansing  wash  in  superficial  operations,  and  to  annul  the 
pain  of,  and  to  deodorize  carcinomata." 

According  to  King,  the  preparations  of  echinacea  act  best  in  small  doses — 1  to  5 
drops  in  glycerin  and  water — hourly,  in  acute  conditions;  every  three  or  four  hours 
in  chronic  conditions.  Externally,  solutions  of  from  1  to  60  percent,  are  applied  by 
means  of  gauze  compresses  changed  every  two  hours  or  oftener  if  necessary. 

Biologic  Antipathogens 

Biologic  antipathogens  (or  agents  of  biologic  defense)  include  those  therapeutic 
agents  which  are  derived  from  the  parasitic  causes  of  disease  or  from  animals  which, 
through  treatment  with  such  pathogenic  agents  or  other  poisons,  have  developed 
resistance  to  them.  With  these  are  placed  certain  agents  which  are  used  to  increase 
resistance  to  infection. 
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Biologic  antipathogens  are  used  eithor  (a)  to  provoke  the  reactions  of  active 
immunity;  (h)  to  confer  a  passive  immunity  by  transferring  from  animals  to  man 
or  from  one  human  being  to  another,  the  protective  substances  developed  by  active 
immimization,  or  (f)  to  stimulate  the  general  processes  of  defense. 

The  biologic  antipathogcns  fall   thus  into  three  classes: 

1.  Specific  agents  of  active  immunization,  termed,  in  general,  antigens,  and 
including  (a)  vii-uses — attenuated  or  killed  organisms  taken  directly  from  an  infected 
animal  and  therefore  contaminated  with  animal  tissue  (vaccine  virus,  rabies  virus)  ; 
(b)  vaccines  (hacterins) — killed  (more  rarely,  attenuated)  bacteria,  or  toxic  products 
derived  from  these  (tuberculins  and  bacterial  vaccines,  including  the  following  killed 
organisms:  acne,  cholera,  colon,  dysentery,  gonococcus,  plague,  pyocyaneus,  staphylo- 
coccus, streptococcus,  etc.)  ;  (c)  toxins — filtered  toxic  products  of  bacterial  activity 
or  agents  with  similar  properties  (diphtheria  toxin,  tetanus  toxin,  scarlatinal  toxin, 
snake  venom,  pollen  antigen). 

2.  Specific  agents  of  passive  immunization,  termed,  in  general,  immune  sei-mns 
or  antiserums.  These  include  (a)  antitoxic  serums,  which  neutralize  bacterial  toxins 
(antidiphtheritic,  antitetanic,  antiscarlatinal) ;  (h)  bactericidal  serums,  which  neu- 
tralize endotoxins  and  kill  pathogenic  bacteria  (antimeningococcus,  antistreptococcus, 
antipneumococcus,  antidysenteric,  etc.)  ;  (c)  convalescent  human  serum,  obtained  from 
persons  who  have  more  or  less  recently  recovered  from  an  attack  of  the  malady 
(antipoliomyelitis,  antimeasles,  antiscarlatinal,  anti-influenzal,  etc.) ;  {d)  antivenins, 
obtained  from  animals  immunized  to  other  than  bacterial  poisons  (antivenins  against 
snake  venom,  pollantin,  etc.) ;  (e)  cytolytic  serums,  against  tumor  and  other  tissue 
cells,  have  been  prepared  but  are  of  little  value  and  will  not  receive  further  con- 
sideration. 

3.  Non-specific  agents  used  for  heightening  general  resistance  to  infectious 
agents,  non-syecific  proteins.  These  include  (a)  normal  animal  proteins  (normal 
serum,  normal  plasma,  leucocytic  extract);  (h)  other  animal  fluids  (inflammatory 
exudates,  serum  from  animals  injected  with  nucleins  (Deutschmann's  serum),  milk). 
Related  in  some  respects  to  this  group  are  serums  containing  antiseptic  agents  (sal- 
varsanizcd  serum,  mercurialized  serum,  phenolized  serum,  etc.).  These  non-specific 
agents  are  still  largely  in  the  experimental  stage,  and  will  not  receive  extended  con- 
sideration. 

Many  of  the  biologic  agents  are  used  for  diagnostic  as  well  as  for  therapeutic 
purposes,  and  these  uses  will  be  noted,  although  not  discussed  at  length.  We  may 
cite  tuberculin,  luetin,  Schick  toxin,  Dick  toxin,  etc.  Tests  applied  to  the  serum 
outside  the  body,  such  as  the  Wassermann  test,  are  beyond  the  scope  of  this  work. 

Historically,  the  first  biologicals  to  be  introduced  into  therapeutic  practice  were 
the  viruses  of  smallpox  and  rabies;  the  next  were  the  antitoxic  serums,  antidiphtheritic 
and  antitetanic;  these  were  shortly  followed  by  the  antibacterial  and  convalescent 
serums;  vaccines  (hacterins)  were  introduced  still  later;  the  non-specific  protein  treat- 
ment is  of  more  recent  introduction.  These  agents  will  be  taken  up  in  the  follow- 
ing order : ^ 

*  Serums  and  vaccines  are  controlled  by  the  U.  S.  Government  under  a  section  of 
the  law  which  deals  with  interstate  traffic  and  manuiacturers  are  licensed  by  the  Sur- 
geon General  of  the  Public  Health  Service  after  careful  examination  of  all  material, 
methods  and  facilities  used  in  their  manufacture.  For  all  products  (vaccine  virus 
and  rabies  vaccine  excepted)  for  which  there  are  no  official  standards  or  tests  for 
potency,  the  words  "No  United  States  standard  of  potency"  must  appear  on  the  label. 
The  federal  law  also  requires  that  each  package  of  biologic  products  be  marked  with 
an  expiration  date,  "the  date  beyond  which  the  contents  cannot  be  expected  beyond 
reasonable  doubt  to  yield  their  specific  result." 
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A.  Agents  of  active  immunization: 

1.  Viruses. 

2.  Bacterines   (bacterial  vaccines,  microbins). 

3.  Bacterial  toxins. 

4.  Non-specific  proteins. 

5.  Atopens   (allergens). 

B.  Agents  of  passiA^e  immunization : 

1.  Antitoxic  (bacterial)  serums. 

2.  Antibacterial  serums. 

3.  Human  convalescent  serums. 

4.  Antitoxic  (not  bacterial)  serums. 

Agents  of  Active  Immunization 

Viruses 
Vaccine 

Vaccine,  or,  more  properly,  cowpox  virus,  is  the  material  containing  living  organ- 
isms, dried  or  preserved  by  glycerin  or  other  agent,  obtained  from  the  vesicles  which 
form  on  the  skin  of  calves  when  these  are  inoculated  with  the  virus  of  smallpox. 
The  virus  of  human  smallpox  and  that  of  cowpox  are  probably  the  same,  the  latter 
presumably  having  been  modified  by  long-continued  growth  in  the  body  of  calves  and 
cows.  The  material,  as  marketed,  contains,  in  addition  to  the  living  virus,  cattle  serum 
in  small  amounts,  as  well  as  leucocytes  and  epithelial  cells,  or  the  ground-up  remains 
of  these.  It  contains  also  dead  bacteria,  chiefly  saprophytic  forms,  from  the  skin  of 
the  calf. 

Inoculation  with  scales  taken  from  smallpox  patients  and  reduced  in  virulence 
by  keeping  for  a  short  time  is  supposed  to  have  been  practiced  for  many  centuries 
by  the  Chinese.  The  same  practice  was  also  employed  extensively  in  Europe,  but  was 
largely  abandoned  because  the  inoculated  persons,  although  usually  having  a  mild 
attack,  might  communicate  severe  infection  to  others,  and  thus  become  the  starting 
point  of  a  fresh  epidemic.  The  history  of  vaccination,  properly  speaking,  begins  with 
the  experiments  of  Edward  Jenner,  who  in  1796  inoculated  a  boy  with  pus  from  a 
kine  pock  on  the  hand  of  a  dairymaid,  and  later  introduced  smallpox  virus  into  him 
without  result.  By  1900  the  practice  had  already  spread  through  Europe  and  was 
adopted  in  the  British  Army  and  Navy.  Vaccination  was  first  practiced  in  America 
in  1811  by  Benjamin  Waterhouse,  Professor  of  Physics  in  Harvard,  who  vaccinated 
his  own  children,  and  by  John  Coxe,  of  Philadelphia,  who  vaccinated  his  oldest  boy 
and  then  had  him  sleep  with  a  smallpox  patient.  Thomas  Jefferson  threw  his  powerful 
influence  into  the  movement  for  its  adoption,  and  the  procedure  soon  became  general 
in  this  country,  although  it  was  almost  a  century  before  it  was  made  generally  com- 
pulsory. The  term  vaccination  (from  vacca,  cow)  should  properly  be  restricted  to 
this  use  of  cowpox  (or  modified  smallpox)  virus,  and  the  use  of  killed  or  attenuated 
microbes  should  be  termed  bacterination  or  microbination.  So  too,  the  term  "vac- 
cine" should  be  restricted  to  the  Jennerian  virus  and  its  modifications,  while  prepa- 
rations of  killed  or  attenuated  bacteria  and  other  microbes  should  be  called  bacterins 
or  microbins.  If  this  book  frequently  errs  by  following  current  usage,  it  is  simply 
to  keep  the  equivalence  of  the  terms  before  the  student. 

Materia  Medica. — Vaccinum  VARioLiE  (U.S.  X.),  Smallpox  Vaccine.  Ahhr., 
Vaccin.  Var.  Synonyms:  Virus  Vaccinicum,  Glycerinated  Vaccine  Virus;  Jennerian 
Vaccine. 

Smallpox  vaccine  consists  of  a  glycerinated  suspension  of  the  vesicles  of  vaccinia 
or  cowpox  which  have  been  obtained  from  healthy  vaccinated  animals  of  the  bovine 
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spec-ies.  The  vesicles  must  be  removed  and  the  vaccine  must  be  prepared  under  aseptic 
conditions.  Each  package  must  bear  upon  the  label  the  name,  address  and  license 
number  of  the  manufacturer;  also  a  statement  of  the  date  beyond  which  the  contents 
cannot  be  relied  upon  to  yield  their  specific  results. 

Dose,  use  once  and  repeat  in  six  days  if  no  ''take." 

Dried  Smallpox  Vaccine  (unofficial). 

The  contents  of  the  vaccine  vesicles  of  the  calf,  obtained  in  an  aseptic  manner 
and  dried  at  a  low  temperature  in  vacuo. 

This  preparation  is  always  contaminated  with  living  bacteria  and  is  only  used 
in  the  tropics,  in  places  where  owing  to  the  high  temperature,  glycerinated  vaccine 
cannot  be  kept  in  an  active  condition. 

Neuro-Vaccinum  Variol^e  (unofficial),  Neurovaccine. 

The  brains  of  rabbits  which  have  been  successfully  inoculated  with  variola,  dried, 
or  emulsified  in  salt  solution  and  glycerin.    Prepared  in  a  sterile  manner. 

Neurovaccine  has  not  yet  been  introduced  commercially  in  the  United  States. 

Preparation  of  the  Virus. — Virus  is  obtained  from  calves  which  have  been  exam- 
ined and  tested  to  prove  their  freedom  from  infectious  diseases.  The  abdomen  and 
inner  surface  of  the  thighs  are  shaved  and  cleansed  as  if  for  an  aseptic  surgical 
operation,  with  soap,  alcohol,  and  sterile  water,  and  the  skin  is  scarified  in  parallel 
lines  about  V2  inch  apart.  The  virus  is  then  rubbed  in  thoroughly.  After  five  to 
seven  days,  the  lines  of  scarification  are  covered  by  contiguous  vesicles,  and  at  this 
stage,  when  a  scab  or  crust  has  begun  to  form  in  the  center  of  the  vesicle,  but  before 
pustulation  has  begun,  the  calf  is  killed,  and  the  crusts  or  scabs  thoroughly  cleaned 
off.  This  leaves  the  sui'face  covered  with  lines  of  pearly-white  vesicles.  These  are 
scraped  off  in  as  aseptic  a  manner  as  possible,  into  a  sterile  dish.  A  post-mortem 
examination  of  the  calf  is  made,  and  if  any  disease  is  found,  the  material  is  dis- 
carded. The  mixed  scrapings,  so-called  "vaccine  pulp,"  is  mixed  with  four  times  its 
weight  of  50  percent,  glycerin,  preserved  with  phenol  and  ground  very  finely  in  a 
special  mill.  The  mixture  stands  on  ice  for  several  weeks,  samples  being  taken  from 
time  to  time  for  sterility  test.  The  glycerin  kills  the  contaminating  bacteria  which 
are  always  present,  and  the  glycerinated  lymph  stands  until  all  anaerobic  and  almost 
all  aerobic  bacteria  are  killed,  as  shown  by  culture,  and  the  fact  that  guinea-pigs  and 
mice  are  not  affected  by  large  doses.  This  requires  about  a  month.  At  the  end  of 
this  time,  the  lymph  is  filled  into  capillary  tubes  or  vaccine  points. 

This  "vaccine"  or  "lymph"  depends  for  its  effectiveness  on  the  presence  of  a 
living  organism,  which,  however,  has  not  been  positively  identified.  This  organism 
will  remain  alive  in  glycerinated  lymph  for  several  months,  if  kept  cold  and  dark. 
At  ordinary  room  temperature  it  is  killed — largely  by  the  glycerin — in  a  week  or 
somewhat  longer,  and  at  tropic  temperature  may  live  only  a  few  hours."  This  fact 
has  made  the  introduction  of  vaccination  in  the  ti'opics  very  difficult. 

Noguchi,  in  191.5,  prepared  a  virus  free  from  contaminating  bacteria  and  propa- 
gated it  by  inoculation  into  the  testes  of  rabbits  and  of  bulls  from  which  he  obtained 
it  free  from  bacterial  contamination.  This  testicular  vaccine  will,  if  inoculated  into 
the  brain  of  rabbits,  induce  a  widespread  infection  of  the  central  nerve  system,  and 
"neuro-vaccine"  prepared  from  such  brains,  has  been  used  successfully  for  vaccination 
in  France  and  Spain,  producing  typical  vaccine  lesions.  It  has  been  shown  experi- 
mentally that  contaminating  bacteria  could  be  killed  by  passing  ether  vapor  through 
the  fresh  lymph,  and  that  lymph  prepared  in  this  way  and  free  from  glycerin  would 

"  Experiments  in  the  Mulford  laboratories  have  shown  the  following  as  the  life  of 
vaccine  at  different  temperatures:  At  10°  F.,  4  years;  at  50°  F.,  more  than  3  weeks;  at 
98°  F.,  3  days;  at  140°  F.,  5  minutes. 
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retain  its  activity  for  several  months  at  room  temperature.  Vaccines  purified  in  this 
way  have  not  yet  been  prepared  on  a  commercial  scale,  but  dried  vaccine,  without 
glycerin,  is  available  for  use  in  the  tropics,  although  not  free  from  living  skin  bacteria. 

Technique  of  Vaccination. — Vaccination,  or  inoculation  of  the  cowpox,  is  per- 
formed by  rubbing  the  lymph  into  scarifications  made  upon  a  cutaneous  area  that  has 
been  washed  with  soap  and  water  and  wiped  off  with  alcohol.  They  should  be  deep 
enough  to  remove  the  upper  layer  of  epidermis,  but  not  deep  enough  to  draw  blood. 
The  epidermis  may  be  scratched  by  a  sharp-pointed  instrument,  such  as  a  needle, 
making  a  number  of  parallel  lines  close  together  and  covering  an  area  Vs  inch  square. 
Many  prefer  to  use  a  von  Pirquet  chisel,  such  as  is  used  for  the  tuberculin  test, 
abrading  the  skin  over  a  circular  area  2  mm.  in  diameter.  If  the  needle  be  used, 
the  scratches  should  all  be  parallel.  Crossed  scratches  tend  to  make  much  more 
painful  sores.  A  single  short  scratch  is  enough,  if  of  proper  depth.  Some  physicians 
abrade  or  scarify  and  then  apply  the  lymph,  others  scarify  through  the  lymph,  previ- 
ously applied  to  the  skin.  Many  physicians  prefer  to  vaccinate  by  the  intradermal 
method,  the  lymph  is  dropped  in  the  sterilized  skin  and  a  fine  sharp  needle  is  pushed 
through  it  into  the  skin  but  not  through  it.  Intracutaneous  injections  of  vaccine 
are  effective,  but  are  thought  to  increase  the  danger  of  post  vaccinal  tetanus,  and 
may  not  make  typical  scars,  the  presence  of  which  is  required  by  many  boards  of 
health  as  evidence  of  successful  inoculation. 

Phenomena  Following  Vaccination. — The  slight  irritation  which  results  from  the 
inoculation  subsides  in  a  few  hours,  and,  if  the  vaccination  be  successful,  is  followed 
in  about  three  days  by  a  small  red  papule,  accompanied  by  burning  and  itching.  This 
changes  to  a  vesicle  with  sharply  raised  edge  and  depressed  center,  surrounded  by 
an  area  of  inflammation.  By  the  sixth  to  tenth  day  the  lesion  has  reached  its  height 
and  appears  as  a  grayish  vesicle,  1  to  3  cm.  in  diameter.  The  inflamed  area  around 
it  is  more  marked,  and  the  lesion  is  still  accompanied  by  severe  itching  and  burning. 
As  the  vesicle  begins  to  form,  about  the  third  to  the  fifth  day,  there  appear  consti- 
tutional symptoms,  such  as  fever,  restlessness,  headache,  discomfort,  and  occasionally 
digestive  disturbances.  These  symptoms  subside  as  the  vesicle  reaches  its  full  size. 
The  neighboring  lymph  glands  are  enlarged  and  tender.  More  extensive  local  inflam- 
mation, if  present,  is  due  to  infection  and  contamination  and  is  no  part  of  the 
phenomena  of  vaccination.  The  vesicle  must  be  kept  covered  with  sterile  gauze 
from  the  time  it  begins  to  form  until  the  ulcer  left  by  the  scab  is  entirely  healed. 
Scratching  will  probably  lead  to  infection  if  this  precaution  be  not  taken. 

About  two  weeks  after  vaccination,  the  crust  is  dried  up  and  falls  off,  leaving 
a  small  inflamed  area  which  soon  forms  a  depressed  scar.  The  typical  vaccination 
scar  is  circular,  about  2  cm.  in  diameter,  with  sharply  depressed  margin  and  pitted 
center. 

Revaccination. — In  persons  who  have  already  been  successfully  vaccinated,  the 
entire  process  is  more  rapid  and  less  severe.  The  papule  forms  in  one  or  two  days, 
and  either  no  vesicle  forms,  or  this  is  small  and  reaches  its  height  in  three  to  five 
days.  The  crust  will  have  fallen  off  sooner  than  a  first  vaccination  would  have  reached 
its  height,  leaving  no  scar,  or  only  a  small  pit.  Such  a  reaction  indicates  protection, 
relative  or  complete,  against  smallpox. 

The  protection  afforded  by  vaccination  is  not  absolute,  and  its  duration  is  variable. 
It  is  commonly  said  to  be  about  seven  years  for  a  first  vaccination,  and  longer  for 
subsequent  ones.  A  person  who  has  been  successfully  vaccinated  three  times  will 
ordinarily  be  protected  for  life. 

Statistics  show  that  multiple  vaccination,  that  is,  the  performance  of  two  to  three 
vaccinations  at  the  same  time,  affords  greater  protection  than  a  single  vaccination, 
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but  probably  not  so  great  as  two  successful  vaccinations  made  at  an  interval  of  sev- 
eral years.  The  usual  practice  to-day  is  to  vaccinate  in  one  or  two  places  during  the 
second  six  months  of  life,  and  to  revaccinate  in  one  place  when  the  child  enters  school. 
Further  vaccinations  are  determined  by  such  occasions  as  epidemics,  travelling,  entry 
into  the  army,  etc. 

Figures  have  been  published  from  time  to  time,  especially  from  tropical  coun- 
tries, such  as  the  Philippines,  which  would  seem  at  first  sight  to  throw  doubt  on 
the  protective  value  of  vaccination.  Many  years  ago  an  article  was  published  by  the 
antivaccinationists  of  Philadelphia  in.  which  it  was  pointed  out  that  the  American 
Army  Report,  made  several  years  after  extensive  vaccinations  had  been  carried  out, 
showed  more  cases  of  smallpox  and  a  much  heavier  mortality  than  did  the  old  Spanish 
report  before  any  vaccination  had  been  made.  The  article  failed  however  to  note  that 
the  American  report  included  the  entire  islands,  while  the  Spanish  report  gave  figures 
only  for  Manila  and  the  surrounding  country,  in  which  no  cases  at  all  occurred  under 
American  administration;  almost  all  the  cases  being  on  other  islands,  on  which 
vaccination  had  not  yet  been  carried  out.  Another  factor  which  has  added  to  the 
unreliability  of  the  figures  in  the  Philippines  is  the  fact  that  in  such  tropic  climates 
vaccine  remains  active  only  a  few  days,  unless  kept  on  ice,  and  often  ice  is  not  avail- 
able away  from  large  centers  of  population.  Reports  of  the  number  of  vaccinations 
carried  out  may  therefore  be  a  very  inaccurate  index  of  protection  of  the  population. 

Dangers  from  Vaccination. — In  former  times,  when  it  was  the  practice  to  use 
human  scabs  in  vaccinating,  transmission  of  diseases,  especially  syphilis,  by  this 
means  was  not  uncommon.  Practically  all  the  antivaccination  propaganda  dates  from 
this  period.    Such  dangers  are,  of  course,  no  longer  possible. 

The  only  serious  claim  brought  against  vaccination,  as  performed  to-day,  is  that 
it  may  be  followed  by  tetanus.  Many  hundreds  of  thousands  of  lots  of  vaccines  have 
been  examined,  without  revealing  living  tetanus  bacilli  or  spores,  and  animals  vac- 
cinated with  lymph  intentionally  contaminated  with  such  spores  have  never  been 
infected.  It  is  safe  to  conclude,  therefore,  that  tetanus  following  vaccination  is 
nearly  always,  if  not  always,  due  to  secondary  contamination,  and  therefore  to  be 
prevented  by  keeping  the  sore  always  covered  by  sterile  gauze  or  other  suitable  pro- 
tective. It  would  appear,  however,  that  vaccination  sores  are  more  liable  to  invasion 
by  tetanus  than  are  other  types  of  superficial  wounds. 

Rabies  Virus 

Rabies  is  one  of  the  true  "viruses,"  in  the  sense  in  which  we  have  limited  the 
term  in  this  work,  namely,  a  biologic  antipathogen  containing  living  pathogenic  organ- 
isms. As  the  other  viruses,  it  is  used  only  for  prophylaxis  and  is  of  no  value  after 
symptoms  of  the  disease  are  manifest. 

Pasteur,  in  1880,  noted  that  rabbits  could  be  artificially  inoculated  with  rabies 
by  injecting  them  intracerebrally  with  the  spinal  cords  of  rabid  dogs  (street  virus), 
and  that  the  infectious  agent  was  localized  in  the  brain  and  cord  of  such  rabbits. 
By  repeated  passage  (through  30  to  50  rabbits)  the  virulence  to  these  animals  becomes 
increased  so  that  the  virus  will  kill  in  six  to  seven  days.  As  no  further  increase 
occurs,  such  virus  is  known  as  "fixed  virus"  (virus  fixe).  Pasteur  also  showed  that, 
although  the  disease  might  be  transmitted  by  injection  of  fresh  cord,  the  virus  under- 
went a  steady  reduction  in  virulence  when  dried,  and  that  after  drying  14  days,  prac- 
tically all  infectivity  was  lost.  He  further  demonstrated  that  animals  could  be  im- 
munized by  giving  them  a  series  of  injections,  beginning  with  material  of  low  vir- 
ulence, and  gradually  increasing  in  activity.  The  method  thus  worked  out  by  Pasteur 
still  remains  the  usual  practice,  although  a  new  preparation,  made  by  freezing  the 
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fresh  cord,  powdering  it  finely,  and  drying  it  while  still  cold,  has  given  good  results 
and  is  more  convenient  to  handle,  as  the  early  doses  are  reduced  by  dilution  instead 
of  by  attenuation. 

Materia  Medica. — ^Vaccinum  Kabies  (N.N.K.),  Antirabic  Vaccine. 

It  is  the  virus  of  rabies,  rendered  practically  nonvirulent  for  man  by  passage 
through  a  long  series  of  rabbits,  and  treated  in  various  ways  to  decrease  the  infectivity 
still  further.  The  methods  of  preparing  the  virus  are  various,  but  in  general  the 
Pasteur  method  as  modified  by  the  Hygienic  Laboratory  of  the  U.  S.  Public  Health 
Service  is  followed. 

Dose,  14  to  28  daily  injections  of  emulsion  of  gradually  increasing  strength. 

Preparation  of  the  Vims. — Material  from  the  brain  or  cord  of  an  animal  dead 
from  rabies  is  injected  subdurally,  through  a  trephine  opening,  in  the  frontal  bone 
of  a  young  rabbit.  After  the  animal  dies,  a  piece  of  tissue  from  the  floor  of  the  fourth 
ventricle  is  similarly  injected  into  another  rabbit,  and  this  process  continued,  until 
the  animals  die  regularly  in  six  to  eight  days.  One  or  more  animals  are  then  injected 
daily  with  this  virus. 

In  making  the  virus  for  therapeutic  purposes,  a  rabbit  is  used  each  day,  preferably 
being  killed  before  natural  death;  the  cord  is  removed  in  af  sterile  manner  and  sus- 
pended in  a  sterile  glass  jar  over  dry  KOH.  The  jars  are  kept  at  20°  C.  After  a 
given  number  of  days,  according  to  the  attenuation  desired,  the  cords  are  removed, 
cut  into  pieces  3  to  10  mm.  long  (exact  dosage  is  not  attempted)  and  rubbed  into 
an  emulsion  with  a  few  cubic  centimeters  of  dilute  glycerin ;  0.5  percent,  phenol  being 
added  as  a  preservative. 

Recently,  active  material  has  been  prepared  from  the  central  nerve  system  of 
sheep  inoculated  in  a  similar  manner,  but  preserved  by  phenol  which  kills  the  infec- 
tive agent,  and  does  not  merely  reduce  its  virulence.  The  results  are  equally  good, 
if  not  better.    It  has  been  used  chiefly  for  the  protection  of  dogs. 

Therapeutic  Use. — Rabies  vaccine  is  used  for  the  protection  of  persons  (or  dogs) 
which  have  been  bitten  by  dogs  or  other  animals  known  or  supposed  to  be  "mad," 
that  is,  to  have  rabies  or  hydrophobia.  The  period  of  incubation  of  the  disease  is  so 
long — about  six  weeks  usually  elapsing  between  the  bite  and  the  first  symptoms— 
that  a  full  series  of  injections  can  be  given  after  the  bite,  in  time  to  prevent  the 
occurrence  of  serious  infection.  Treatment  is  begun  by  injecting  material  from  cords 
which  have  been  dried  a  long  time,  and  proceeds  to  material  dried  a  shorter  and 
shorter  time. 

The  injections  are  given  twice  daily  for  the  first  four  days,  and  then  daily,  until 
the  twenty-first  day  when  the  treatment  is  completed.  The  following  table  shows  the 
scheme  of  injections  used  by  the  New  York  City  Board  of  Health. 

In  cases  of  bites  around  the  head  and  face,  a  more  intense  treatment  is  used, 
as  shown  by  the  figures  in  parenthesis,  four  injections  being  given  on  the  first  two 
days.    The  injections  are  given  subcutaneously,  in  the  abdomen. 
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Results. — There  is  absolutely  no  question  as  to  the  protective  value  of  antirabic 
inoculation.  In  dogs  the  immunity  has  been  shown  to  last  two  years  or  more.  The 
mortality  of  persons  bitten  by  rabid  dogs,  without  Pasteur  treatment,  is  about  16  per- 
cent,  and  with  it,  is  less  than  0.5  percent.  This  is  considering  only  cases  in  which 
post-mortem  examinations  made  it  certain  that  the  dog  was  sufFering  from  the  disease. 
Bites  of  rabid  wolves  are  much  more  often  fatal  than  those  of  dogs.  Wounds  of  the 
bare  skin  are  more  dangerous  than  bites  through  clothing. 

Whenever  possible,  the  dog  or  other  animal  should  be  killed  and  the  brain  and 
cord  examined  for  Negri  bodies,  in  order  to  make  sure  of  the  diagnosis.  In  suspicious 
cases,  treatment  should  not  be  delayed  while  the  report  is  awaited. 

Bacterines  (Bacterial  Vaccines,  Microbins) 

Bacterines,  or  bacterial  vaccines,  as  they  are  termed  by  Sir  Almoth  Wright,  are 
defined  by  that  author  as  "sterilized  and  enumerated  suspensions  of  bacteria,  which 
furnish,  when  they  dissolve  in  the  body,  substances  which  stimulate  the  healthy  tissues 
to  a  production  of  specific,  bacteriotropic  substances,  which  fasten  upon  and,  directly 
or  indirectly,  contribute  to  the  destruction  of  the  corresponding  bacteria."  In  some 
instances  they  also  stimulate,  although  in  minor  degree,  the  production  of  antitoxic 
substances. 

The  first  attempt  to  protect  against  infection  by  inoculation  with  the  germs  of 
disease  was  that  of  Jenner,  who  was  followed  long  after  by  Pasteur  in  his  experiments 
on  anthrax,  rabies  and  other  epizootics.  All  of  these  early  experiments  were  made 
with  living,  attenuated  cultures.  The  discovery  that  bacteria  produced  soluble  toxins 
led  to  attempts  to  obtain  protection  (passive  immunization)  by  using  these,  as  illus- 
trated by  the  injection  of  diphtheria  and  tetanus  toxins  into  horses,  thus  producing 
antitoxin  for  the  passive  immunization  of  man,  and  by  the  use  of  Koch's  original 
tuberculin. 

The  studies  of  Wright,  in  1902,  may  be  considered  to  mark  the  first  systematic 
work  on  immunization  by  means  of  injections  of  killed  bacteria,  at  least  as  applied 
to  man.  Earlier  attempts  had  been  made  to  protect  against  typhoid  fever,  Chantemesse 
having  shown  that  protection  of  mice  could  be  brought  about  by  injections  of  killed 
organisms,  and  Wright,  in  1896,  having  inoculated  British  soldiers  in  India. 

In  1902,  Wright  showed  that  the  injection  of  killed  pathogenic  bacteria  into 
normal  individuals  is  always  followed  by  an  increase  in  the  phagocytic  activity  of 
the  white  cells  of  the  blood  toward  those  particular  organisms.  He  further  showed 
that  this  increase  depends  on  the  presence  in  the  blood  plasma  of  specific  substances 
which  act  on  the  bacteria  in  a  manner  which  leads  the  cells  to  ingest  them.  He  termed 
these  substances  "opsonins,"  and  in  the  early  days  of  bacterines  great  stress  was  laid 
on  the  importance  of  studying  their  presence  at  frequent  intervals.  Wright  found 
that  immediately  after  the  injection  the  so-called  "opsonic  index"  (which  is  the  rela- 
tion between  the  normal  leucocytic  activity  and  that  in  the  patient)  was  lowered 
(negative  phase)  ;  but  that  after  a  few  hours  it  began  to  rise  and  in  a  day  or  more 
was  above  normal  (positive  phase).  Large  doses  tend  to  lower  the  index  markedly 
and  the  largest  dose  was  found  which  would  not  have  this  effect.  To-day  the  opsonic 
index  is  neglected  and  the  dose  is  based  on  the  reaction,  local,  focal  and  systemic. 

The  bacterines  were  soon  used  in  the  treatment  of  infection  as  well  as  in  its 
prevention,  and  many  of  the  results,  especially  in  cases  of  chronic  suppurative  infec- 
tions, were  strikingly  good.     To-day  their  use  for  both  purposes  is  well  established. 

In  the  selection  of  bacteria  from  which  to  make  a  bacterine,  it  is  customary  to 
secure  and  mix  many  varieties  of  organisms  of  the  same  species,  obtained  from  dif- 
ferent sources  and  known  as  ''strains,"  it  being  found  that  certain  streptococci,  for 
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example,  will  immunize  against  some  cultures  of  streptococcus  but  not  against  others. 
Certain  organisms  such  as  typhoid  and  diphtheria,  show  little  tendency  to  form  sepa- 
rate immunologic  strains. 

Bacterines  are  prepared  by  growing  the  bacteria  on  agar  or  other  solid  medium 
for  the  proper  number  of  days  (differing  with  each  organism,  but  commonly  about  a 
week) ;  washing  the  growth  or  film  off  with  normal  salt  solution,  and  suspending  the 
organisms  evenly  through  the  liquid  by  prolonged  shaking.  The  bacteria  are  killed 
by  addition  of  approximately  0.5  percent,  phenol,  or  more  rarely  by  heat.  The  sus- 
pension is  then  standardized  to  contain  a  given  number,  several  million  to  several 
billion,  organisms  per  cubic  centimeter.  The  organisms  were  formerly  counted  by 
mixing  the  suspension  with  an  equal  volume  of  blood  and  comparing,  under  the 
microscope,  the  relative  number  of  bacteria  and  of  red  cells,  which  are  assumed  to  be 
5,000,000  per  cubic  millimeter.  In  the  larger  laboratories,  the  number  of  bacteria  is 
now  estimated  by  comparing  the  density  of  the  unknown  suspension  with  that  of  a 
standard  suspension  of  the  same  organisms.  The  number  of  organisms  in  the  '^stock 
suspension"  or  "concentrate"  having  thus  been  determined,  a  series  of  dilutions  is 
made,  so  that  the  proper  dose  is  contained  in  about  1  cc.  of  fluid. 

Sensitized  Bacterines. — In  1913,  Besredka  proposed  the  use  of  living  bacteria, 
treated  with  immune  serum  ("sensitized"),  as  a  prophylactic  in  typhoid  fever,  and 
soon  after  it  was  shown  that  such  "sensitization"  could  be  carried  out  equally  well 
on  killed  bacilli,  and  that  the  inoculation  with  sensitized  organisms  had  certain 
advantages  and  no  apparent  disadvantages.  The  advantages  are  chiefly  two:  (3) 
Inoculation  with  plain  bacteria  is  followed  by  a  brief  period  (negative  phase)  in  which 
immunity  is  lessened;  that  is,  during  which  the  individual  is  more  apt  to  contract 
the  malady  than  before.  Sensitized  bacteria,  however,  carry  an  excess  charge  of  anti- 
bodies, which  are  released  immediately  after  injection,  giving  rise  to  a  passive 
immunization,  which  continues  until  the  active  immunity  begins.  The  depressed 
immunity  of  the  negative  phase  is  thus  avoided,  and  injections,  can  safely  be  given 
to  persons  who  are  already  exposed  to  infection — for  example,  the  family  of  a  typhoid 
patient.  (2)  The  local  and  constitutional  reactions  following  the  injection  of  sensi- 
tized bacteria  are  less  severe.  The  same  method  applies  to  other  microbes  as  well. 
The  term  "serobacterine"  is  used  interchangeably  with  sensitized  vaccine. 

Mixed  Bacterines. — Castellani  showed,  in  1903,  that  in  an  animal  injected  simul- 
taneously with  several  species  of  organisms,  antibodies  for  each  species  were  pro- 
duced in  about  the  same  quantity  as  when  each  was  used  singly,  and  that  this  held 
good  until  the  number  of  species  exceeded  six,  when  some  dimunition  was  observed. 
Huntoon  and  Craig,  in  1921,  studying  the  immunizing  mechanisms  in  horses  inocu- 
lated with  pneumococci,  streptococci  and  influenza  bacilli,  found  nothing  to  preclude 
the  likelihood  of  polyvalent  antibody  production.  It  is  usual,  at  the  present  time,  to 
employ  routinely  certain  mixed  bacterines.  Of  these  the  most  important  are  the 
mixtures  of  typhoid  with  paratyphoid  A  and  paratyphoid  B;  and  the  so-called  "cold 
bacterines"  containing  organisms  associated  with  infection  of  the  upper  respiratory 
passages,  including  Staphylococcus  aureus.  Streptococcus  pyogenes.  Micrococcus 
catarrhalis  and  Bacillus  influenzae. 

Autogenous  (personal)  Bacterines. — In  certain  cases  and  with  some  species  of 
bacteria,  especially  streptococci,  a  bacterine  prepared  from  cultures  of  organisms 
obtained  from  the  patient's  tissues,  secretions  or  discharges — the  so-called  autogenous 
— or,  better,  personal — bacterine — is  preferable  to  the  usual  cultures  or  "stock  bac- 
terines" for  two  reasons:  (1)  It  has  a  closer  specificity,  there  being  so  many  strains 
of  many  pathogenic  bacteria  that  no  stock  preparation  can  contain  them  all.  (2)  A 
stock  bacterine  may  lack  the  very  organism  that  is  the  chief  offender  in  a  particular 
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case.  Tliis,  of  course,  ralsea  tho  question  of  etiologic  diagnosis,  which  is  the  very 
basis  of  bacteriotherapy. 

It  is  not  ordinarily  possible  in  acute  maladies — typhoid  fever,  acute  rheumatic 
fever,  the  pneumonias,  etc. — to  ()l)tain  personal  cultures  in  time  for  them  to  be  of 
service.  In  .subacute  and  chronica  or  recurrent  processes  and  especially  with  lingering 
local  infections  or  persistent  disturbances,  local  or  .systemic,  from  focal  infections, 
the  situation  differs  from  that  in  the  acute  maladies,  not  only  in  that  time  is  available, 
but  that  greater  individual  differences  exist  among  patients.  While  strain  polyralence 
and  mixture  of  species  may  still  be  desirable,  it  is  obvious  that  success  in  treatment 
depends  upon  (a)  recognition  of  the  existence,  site  and  nature  of  the  lingering  or 
focal  infection  and  (b)  discrimination  among  the  organisms  present  in  the  lesion 
between  those  that  are,  and  those  that  are  not,  'pathogenic  for  the  individual  at  the 
time  of  observation.^^  To  determine  both  facts,  cultures  are  to  be  obtained,  so  far  as 
feasible,  from  all  suspected  areas  and  materials — as  from  saliva,  mucus,  feces,  urine, 
bile,  as  well  as  from  pus,  discharges,  etc. — and  tested  against  the  patient's  whole, 
fresh,  coagulable  blood,  by  the  method  of  (Myer)  Solis-Cohen  and  Heist.  Obviously, 
organisms  growing  freely  in  the  blood  are  actually  or  potentially  harmful  to  that 
patient,  and  it  is  against  these  that  he  has  chief  need  of  immunization;  while  against 
those  that  grow  well  upon  ordinary  culture  media,  but  are  killed  or  inhibited  by  his 
blood,  he  needs  little  or  no  assistance  to  his  defensive  mechanism. 

The  technique  of  this  "Selective  Pathogen  Test"  is  as  follows: — 

A  sterile  swab  is  rubbed  on  the  part  or  substance  from  which  the  culture  is  to  be 
taken.  It  is  first  stroked  on  a  rich  culture  medium,  such  as  Luffler's  blood  serum,  and 
then  rubbed  on  the  bottom  and  sides  of  an  empty  sterile  test  tube.  From  3  to  5  cc.  of 
fresh  whole  blood  from  the  patient's  vein  is  immediately  placed  in  the  tube.  Both 
cultures  are  incubated  for  24  hours.  The  culture  in  the  Liiffler  tube  is  examined  and  the 
organisms  present  are  identified.  A  drop  of  residual  blood  from  the  bottom  of  the  other 
tube  (that  containing  the  patient's  blood)  is  inoculated  on  one  or  more  tubes  of  plain 
culture  medium  in  a  thin  film  on  the  surface  and  incubated  for  24  hours,  when  the 
culture  is  examined  and  the  organisms  present  are  identified.  The  two  results  are  then 
compareti.  Some  organisms  present  in  the  plain  cultures  will  be  absent  from  the  blood 
cultures,  or  there  will  be  considerable  discrepancies  in  the  relative  quantities  in  the  two 
cultures,  organisms  growing  well  in  one,  being  absent  or  in  small  numbers  in  the  other. 
Thus,  in  the  blood  culture,  organisms  evidently  pathogenic  for  the  individual  may  be 
found  in  more  or  less  profuse  growth,  that  in  the  plain  cultures,  are  very  few  in  number, 
being  suppressed  by  the  more  luxuriant  development  of  others  that  may  be  nonpathogenic 
for  the  individual.  It  is  readily  seen,  therefore,  that  neither  stock  bacterines  nor  auto- 
genous bacterines  prepared  in  the  ordinary  way,  will  fulfill  the  etiologic  indications  in 
such  instances,  and  many  failures  in  bacterine  therapy  are  to  be  attributed  to  this 
fact. 

For  diagnostic  purposes,  separate  cultures  and  records  are,  of  course,  made  of  the 
inoculations  from  different  sources;  but  for  therapy,  a  single  polyvalent  bacterine  is  made, 
containing  all  the  antigens. 

In  its  preparation,  subculturing  is  avoided,  in  order  that  relative  proportions  of 
growth  may  be  maintained.  The  culture  tubes  are  filled  to  the  top  of  the  slants  with 
sterile  physiologic  saline  solution;  the  growths  are  washed  off  with  the  aid  of  a  platinum 
loop  and  agitation,  and  the  suspension  is  so  made  that  the  organisms  growing  out  in  the 
blood-tube  cultures  will  be  in  a  proportion  of  9:1  to  those  that  are  present  only  on  plain 
cultures. 


*"  It  is  to  be  remembered  in  this  connection,  that  the  tissues — as  in  the  nose  and 
throat — may  give  to  inspection  no  evidence  of  existing  infection  or  morbid  alteration; 
and  that— as  in  the  alimentary  tract,  including  gall-bladder  and  appendix— definite 
localizing  symptoms  may  be  lacking  and  x-ray  evidence  negative.  In  cholecystitis,  bac- 
teriologic,  and  especially  selective  pathogen,  study  with  bile  obtained  through  the 
duodenal  tube  is  helpful  both  diagnostically  and  therapeutically.  In  chronic  appendicitis, 
a  like  study  of  feces  and  colon  washings  is  sometimes  of  service. 
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About  50  million  killed  organisms  are  given  as  the  initial  dose.  All  subsequent 
doses  are  estimated  according  to  the  general,  focal  and  local  reactions  produced  by 
the  immediately  preceding  dose.  When  these  reactions  are  slight,  the  dose  is  increased 
by  one  hundred  million;  when  the  reactions  are  moderate,  the  increment  is  fifty 
million  or  less;  and  should  any  reaction  be  severe,  the  dose  is  repeated  or  diminished. 
The  interval  between  doses  is,  as  a  rule,  five  days,  but  may  be  increased  or  diminished 
as  indicated.  An  ordinary  course  consists  of  a  series  of  12  injections,  but  this  also 
is  subject  to  modification.  If  tonsillectomy,  for  example,  be  contemplated,  but  not 
urgent,  such  a  course  prepares  the  patient  for  operation,  which  is  less  likely  to  have 
unpleasant  concomitants  or  sequelae.  A  second  course  some  weeks  after  operation, 
tends  to  consolidate  recovery  and  hasten  the  disappearance  of  an  arthritis  or  other 
ailment  that  may  have  suggested  interrogation  of  the  tonsils.  The  selective  antigens 
are  even  more  useful  when  the  question  is  one  of  operation  upon  the  nasal  sinuses  or 
the  gall-bladder.  Sometimes  they  bring  about  such  improvement  that  operation  may 
safely  be  postponed  to  permit  trial  of  milder  measures.  At  times,  a  course  of  antigens 
derived  from  the  rhinopharynx  will  bring  about  recovery  from  a  distant  infection, 
as  cystitis,  or,  conversely,  antigens — say  from  the  feces — will  assist  in  getting  rid 
of  infections  in  the  respiratory  tract. 

Non-Specific  Bacterines. — The  facts  thus  far  given  in  regard  to  bacterines  would 
give  the  impression  that  these  were  strictly  specific,  and  were  of  value  only  in  infec- 
tions by  the  corresponding  organisms.  This  is,  however,  not  entirely  the  case.  While 
bacterines  are  no  doubt  of  greater  value  when  they  correspond  to  the  infecting 
organism,  it  is  a  common  experience  that  bacterines  prepared  from  one  species  will, 
especially  if  given  in  large  dose,  relieve  infection  by  a  totally  unrelated  organism. 
Wright,  in  1919,  recorded  his  reluctant  conviction  that  credence  must  be  given  to 
reports  of  the  healing  of  eczema,  gonorrhea  and  other  miscellaneous  infections  as  a 
result  of  antiplague  inoculations,  and  he  cited  his  own  observations  of  collateral 
immunization  in  persons  treated  with  pneumococcic  bacterines.  Since  that  time 
many  such  observations  have  been  made.  In  one  study  of  the  bacterine  treatment 
of  acute  gonorrhea,  it  was  found  that  large  injections  of  colon  bacillus  or  of  menin- 
gococcus produced  the  same  benefit  as  those  of  gonococcus.  There  is  evidently  a 
general,  as  well  as  a  specific,  mobilization  of  defence-forces,  that  occurs  naturally  and 
may  be  artificially  provoked  or  hastened.  It  is  not  improbable,  further,  that  these 
non-specific  bacterine  results  are  analogous  in  some  respects  to  those  obtained  with 
non-bacterial  proteins,  and  which  are  described  under  the  heading  of  "Non-Specific 
Protein  Therapy." 

Acne  Bacterine 

Acne  vaccine  consists  of  a  suspension  in  saline  of  the  bodies  of  the  acne  bacillus 
of  Sabouraud,  killed  by  heat  and  preserved  by  addition  of  phenol  or  cresol.  In  many 
cases  of  acne,  especially  of  the  pustular  type,  the  staphylococcus  albus  is  found  in 
the  lesions  in  almost  pure  culture;  in  others  it  is  associated  with  acne  bacillus  or, 
more  rarely,  with  other  staphylococci.  In  the  seborrheal  form  of  acne  without  sup- 
puration, the  acne  bacillus  is  often  found  alone.  Each  of  these  organisms  separately 
and  the  two  combined  in  a  mixed  bacterine  have  all  been  used  with  good  results  in 
treatment  of  acne. 

Materia  Medica.  — Vaccinum  Acne  (N.N.R.),  Acne  Vaccine.  Synonyms :  Acne 
Bacillus  Vaccine,  Acne  Bacterine. 

Prepared  from  the  acne  bacillus  of  Unna  and  Sabouraud.  It  is  marketed  in 
vials,  ampules,  and  syringes  containing  from  5  to  200  million  killed  bacteria  per  ec. 

Dose,  initial:  5  to  25  million  killed  bacteria. 
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Bacteriodynamic  Reaction. — The  acne  bacillus  vaccine  does  not  usually  give  rise  to 
any  local  or  general  reaction  but  there  is  apt  to  be  a  topical  effect,  shown  by  increased 
redness  of  the  skin  lesions.  The  "negative  phase"  evidenced  by  this  reaction  lasts 
several  days  and  injections  should,  therefore,  not  be  repeated  more  often  than  every 
ten  days,  or  two  weeks.    The  toxins  of  the  acne  bacillus  have  not  been  carefully  studied. 

Therapeutics. — In  the  bacterine  treatment  of  acne  we  may  employ  either  pure 
staphylococcus  albus  (or  occasionally  aureus)  bacterine,  pure  acne  bacterine,  or  a  mixed 
vaccine  containing  both,  usually  with  5  to  20  staphylococci  (either  albus  or  albus  and 
aureus)  to  each  acne  bacillus.  The  doses  of  acne  bacteria  are  very  small,  beginning 
often  as  low  as  500  thousand  and  rarely  reaching  25  million.  Doses  should  be  given 
very  far  apart  and  repetition  should  wait  until  the  improvement  obtained  from  the 
previous  injection  has  ceased. 

In  many  cases  of  acne  the  bacterine  treatment  must  be  supplemented  by  topical 
measures,  opening  and  emptying  the  pustules,  or  increasing  the  flow  of  blood  to 
the  part  by  means  of  hot  applications  or  steam  baths. 

Cholera  Bacterine 

This  bacterine,  which  consists  of  suspensions  of  living  or  dead  cholera  vibrios,  is 
used  only  as  a  prophylactic. 

The  first  attempts  at  protective  inoculation  for  cholera  were  made  by  Ferran,  a 
Spaniard,  in  1884.  His  inoculations  of  living  organisms  were  not  very  successful. 
Later,  Haffkine,  in  India,  used  with  considerable  success,  a  double  bacterine,  compris- 
ing a  weakly  virulent  and  a  highly  virulent  strain. 

Materia  Medica. — Haffkine's  method  consists  in  the  administration  of  two  doses: 
the  first  containing  living  bacilli  reduced  in  virulence  by  being  grown  on  agar  at 
39°  C,  the  second  containing  organisms  fully  virulent  for  guinea-pigs,  but  whose 
virulence  for  man  has  been  reduced  by  passing  them  through  animals  of  another 
species.  Kolle's  vaccine,  which  contains  in  each  cc.  2  mgm.  of  bacteria  killed  by 
heat  and  preserved  with  phenol,  has  largely  replaced  the  living  organisms.  Strong's 
prophylactic  consists  of  the  filtered  products  of  bacteria  autolyzed  by  suspension  in 
distilled  water. 

Dose,  prophylactic:  2  injections,  first  of  1  cc.  containing  4000  million,  and  the 
second  of  1  cc.  containing  8000  million  killed  cholera  vibrios. 

Cholera  Bacterine    (N.N.R.).     Synonym:    Cholera  Vaccine. 

A  preparation  marketed  in  packages  of  3  syringes  each,  the  first  containing  500 
million,  while  the  second  and  third  each  contain  1000  million  killed  cholera  vibrios. 

Dose,  hypodermic  use. 

Bacteriodynamic  Reaction. — The  topical  and  constitutional  reactions  following  inocu- 
lations with  killed  or  attenuated  cholera  bacilli,  are  likely  to  be  severe,  but  commonly 
pass  off  within  three  days.  The  antibodies  persist  in  the  blood  for  C  to  10  months  (Schobl 
and  Andaya. 

Results. — Of  the  different  methods,  that  of  Haffkine  has  been  most  extensively 
used,  especially  in  India,  and  statistics  appear  to  show  that  a  marked  degree  of 
immunity  is  produced  by  two  injections  and  a  moderate  immunity  by  the  first  alone. 
This  immunity  persists  for  several  months,  or  longer  than  any  cholera  epidemic  is 
likely  to  last.  The  immunity  is  antibacterial,  but  not  antitoxic  immunity,  and  the 
use  of  any  of  these  cholera  prophylactics,  after  the  infection  is  established,  would 
not  only  be  valueless  but  probably  harmful.  The  result  of  inoculation  is  chiefly  to 
prevent  infection,  but  if  an  inoculated  person  should  develop  cholera,  he  is  less 
than  half  as  likely  to   die  as  one  who   is  not  thus  protected.    Tlie  sum   of  a  large 
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number  of  statistics  from  several  sources  gives  the  following  figures   as   the  result 

of  HafFkine's  prophylactic; 

, Ca&es ^     , Deaths ^ 

Persons        Number    Percent.     Number  Percent. 

Not  inoculated  31,600  1506  5  573  38 

Inoculated  once 28,700  656  2.13  89  13.6 

Inoculated  twice  111,500  694  0.62  98  14 

Other  statistics  appear  to  show  a  definite  advantage  from  the  use  of  other  bac- 
terines,  although  both  morbidity  and  mortality  were  considerable  among  the  inoculated. 
Murata  reports  an  epidemic  in  Japan  in  which  77,900  persons  were  inoculated.  Of 
these,  0.06  percent,  contracted  cholera,  as  against  0.13  percent,  in  the  uninoculated. 

Colon  Bacterine 

The  colon  bacillus  vaccine,  or  coli-vaccine,  is  prepared  in  the  usual  manner  by 
growing  the  organism  on  a  suitable  medium,  killing  it  by  heat  and  suspending  it 
in  saline,  adding  phenol  or  cresol  as  a  preservative.  It  shows  little  tendency  to 
variation  and  stock  preparations  should  be  as  effective  as  autogenous  (although,  accord- 
ing to  Bosanquet  and  Eyre,  stock  vaccines  are  without  value).  No  specific  infections 
are  associated  with  this  organism,  but  it  is  not  uncommonly  found  in  cases  of  pyelitis 
and  of  cholecystitis.  The  use  of  the  bacterine  is  indicated  only  after  a  bacteriologic 
diagnosis  has  been  made. 

The  colon  bacillus  produces  an  exotoxin — colilysin  (hemolytic) — and  an  endo- 
toxin which  causes  the  fever  and  other  symptoms. 

Materia  Medica. — Vaccinum  Bacilli  Coli  (unofficial).  Colon  Bacillus  Vaccine. 
Synonym:   Colon  Bacterine. 

Made  from  Bacillus  coli  communis.  Marketed  in  vials  or  syringes  containing 
from  50  to  1000  million  killed  bacilli. 

Dose:  The  initial  dose  is  from  15  to  30  million  bacteria,  administered  sub- 
cutaneously  and  repeated   at  intervals  of  six  to  ten  days. 

Bacteriodynamic  Reaction. — The  injection  is  ordinarily  followed  by  little  or  no  reac- 
tion. Agglutinins  are  only  slightly  developed  either  from  infection  with  the  organism 
or  in  response  to  injections.  A  bacteriolytic  substance  is  formed  in  large  amounts.  The 
opsonic  index  shows  no  peculiarities.  No  diagnostic  importance  can  commonly  be  attached 
to  the  serum  reactions,  as  the  organism  is  normally  present  as  a  saprophyte  in  large 
numbers  in  the   intestinal  tract  and  adjacent  canals. 

Therapeutics. — Colon  bacterine  is,  as  stated,  commonly  employed  after  a  bacterio- 
logic diagnosis  has  shown  the  necessity  for  it.  It  may,  however,  be  added  to  any 
mixed  bacterine  used  in  the  treatment  of  infection  of  the  urinary  tract,  especially  if 
the  kidney  or  its  pelvis  be  involved.  Its  greatest  value  appears  to  be  in  pyelitis,  cystitis 
and  cholecystitis,  when  pure  cultures  of  colon  bacillus  are  obtained.  Strains  are  not 
markedly  different  and  stock  bacterine  is  commonly  efficient. 

Dysentery  Bacterine 

Dysentery  vaccine  consists  of  the  dead  bodies  of  the  bacillus  of  dysentery,  killed 
by  heat,  suspended  in  saline  and  preserved  by  phenol  or  cresol.  There  are  two  groups 
of  dysentery  bacilli,  commonly  known  as  the  Shiga  and  the  Flexner  groups,  although 
both  authors  have  described  organisms  from  each  group. 

Bacteriodynamic  Beaction. — The  dysentery  vaccines  are  extremely  toxic,  producing 
severe  reactions,  both  systemic  and  local. 

The  Shiga  group  produce  a  soluble  exotoxin  resembling  that  of  diphtheria,  and  a 
less  toxic  endotoxin.    The   Flexner  group   produce  only   the   endotoxin. 
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Therapeutics. — The  injection  of  members  of  tlie  Shif);a  group  in  animals  causes 
tlie  formation  of  antibodies  and  the  serum  containing  these  is  of  greater  use  in 
treatment  than  are  the  vaccines.  No  such  eflfective  scrum  can  be  produced  against 
the  Flexner  type.  If  horses  are  immunized  against  both  strains,  however,  their  serum 
Mill  protect  laboratory  animals  against  all  types  of  dysentery  infection,  and  on 
account  o{  the  severe  reaction  from  the  vaccine  treatment,  this  is  practically  neg- 
lected in  favor  of  serum  treatment.  In  epidemics,  sensitized  vaccines  may  be  used 
in   small  dose  for  protection. 

Neisser  Bacterine 

This  bacterine  consists  of  cultures  of  the  gonococcus  (diplococcus  of  Neisser) 
grown  on  gelatin  and  after  a  suitable  time  scraped  off  into  saline  solution,  killed  by 
heat,  preserved  by  addition  of  a  small  amount  of  phenol  or  crcsol,  and  standardized  so 
that  each  cubic  centimeter  represents  a  definite  number  of  bacteria.  Autogenous 
bacterines  have  been  prepared,  but  have  not  usually  been  found  superior  to  those  made 
from  stock  cultures.  The  vaccine  as  marketed  contains  from  10  million  to  400  mil- 
lion bacteria  per  cc.  and  the  doses  recommended  range  from  2  million  to  2000  million. 
The  gonococcus  does  not  produce  any  exotoxin. 

Materia  Medica. — Vaccinum  Gonococcicum  (unofficial),  Gonococcus  Vaccine. 
Synonym :   Neisser  Bacterin. 

Prepared  from  Micrococcus  gonorrhocce  of  various  strains.  Marketed  in  vials  and 
syringes  containing  from  20  million  to  2000  million  killed  gonococci. 

Dose,  initial:  5  to  20  million  organisms. 

Bacteriodynamic  Reaction. — In  persons  infected  with  gonococcus,  even  when  the 
infection  may  be  termed  systemic,  there  is  little,  if  any,  increase  in  agglutinins,  pre- 
cipitins or  bacteriolysins  in  the  blood  or  serum.  As  might  be  expected  from  this,  these 
bodies  are  not  notably  increased  by  injection  of  gonococcus  bacterine.  The  complement 
deviation  reaction,  on  the  other  hand,  is  present  in  characteristic  form  if  there  is 
systemic  infection,  and  the  bodies  concerned  in  this  reaction  are  also  increased  by 
injections  of  bacterines. 

Injection  of  gonococcus  vaccine,  either  subcutaneously,  intramuscularly  or  intrave- 
nously, leads  in  all  persons  to  a  reaction  which  varies  in  severity  according  to  the 
dose  and  the  character  of  the  bacterine.  Bacterines  prepared  according  to  Bruck's  method 
cause  very  severe  reactions,  while  lipobacterines  and  serobacterines  cause  very  mild  or  no 
reactions.  The  reaction  consists  of  three  parts:  (1)  the  local  reaction  at  the  point  of 
injection;  (2)  the  focal  reaction  at  the  point  of  disease,  and  (3)  the  systemic  reaction. 
The  local  pain  and  swelling  are  more  frequent  and  severe  than  is  the  case  with  most 
vaccines,  and  edematous  swelling  may  last  several  days  after  subcutaneous  injections. 
For  this  reason  intramuscular  injections  are  used,  the  local  effect  of  which  is  much 
briefer.  Intravenous  injections  avoid  all  local  trouble  but  are  more  apt  to  lead  to 
severe  systemic  effects.  The  focal  reaction  is  extremely  variable.  In  cases  of  epididymi- 
tis and  orchitis  it  is  rarely  noteworthy;  in  salpingitis  and  arthritis,  there  is  likely  to 
be  an  increase  in  pain  and  swelling  lasting  from  2  to,  very  rarely,  as  much  as  24  hours 
after  the  injection;  there  is  a  tendency  for  such  symptoms  to  be  more  severe  in  gonor- 
rheal arthritis,  etc.,  than  in  other  forms  of  infection,  but  the  difference  is  not  marked 
enough  to  be  of  diagnostic  value.  The  fever  which  commonly  follows  the  injection  is 
rarely  high,  only  occasionally  reaching  101°  F.  (39°  C).  It  is  stated  that  a  rise  above 
102°  F.  as  a  result  of  injecting  one  million  organisms  is  almost  diagnostic  of  systemic 
gonorrheal  infection,  but  the  test  is  unreliable.  The  later  the  fever  occurs  after  the 
injection,  the  greater  is  the  likelihood  of  gonorrhea,  and  if  it  is  still  high  after  18  to 
24  hours'  duration,  systemic  gonorrheal  infection  is  probable.  In  cases  of  doubtful  diag- 
nosis, especially  when  there  is  infection  of  internal  organs,  such  as  salpingitis  or 
arthritis,  the  complement  deviation  reaction  should  be  performed  before  any  vaccine 
is  given,  as  the  test  will  be  vitiated  by  the  antibodies  resulting  from  the  injection. 
Accompanying  the  fever  there  is  marked  leucocytosis  and  often  a  fall  in  the  red  blood 
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count.    The  leucocytosis  affects  not  only  the  polynuclear  cells;  the  lymphocytes  are  often 
increased  in  actual  as  well  as  in  relative  number. 

Therapeutic  Action. — The  most  striking  results  obtained  with  gonococcus  bacte- 
rine  have  been  in  cases  of  epididymitis  and  orchitis.  In  these  complications  of  subacute 
gonorrhea,  relief  is  generally  obtained  soon  after  the  first  injection  and  complete 
recovery  after  two  or  four.  Results  are  also  very  favorable  in  cases  of  gonorrheal 
arthritis,  if  not  of  too  long  standing.  If  treatment  is  beguji  as  soon  as  the  joint  be- 
comes swollen  and  painful,  complete  relief  is  promptly  obtained.  In  more  chronic 
cases,  treatment  extending  over  several  weeks  will  be  required.  The  results  in 
salpingitis  and  even  in  the  rare  cases  of  gonorrheal  peritonitis  have  been  particularly 
striking.  Pus  tubes  which  threaten  ruptvire  may  be  restored  and  even  become  patulous 
again.  In  gonorrheal  ophthalmia,  good  results  have  been  reported,  and  gonorrheal 
iritis  is  usually  promptly  relieved  and  the  eye  restored  to  usefulness.  In  ocular  in- 
fections and  other  cases  where  focal  reaction  is  particularly  to  be  avoided,  sensitized 
bacterines  (sero  bacterines)  should  be  employed,  as  these  give  rise  to  no  toxic 
phenomena. 

The  acute  and  chronic  infections  of  the  mucous  membranes,  including  acute  and 
chronic  urethritis,  cystitis,  endometritis,  etc.,  are  much  less  amenable  to  treatment; 
probably  because  the  antibodies  developed  in  the  blood  do  not  reach  the  organisms. 
It  seems  to  be  well  established  that  the  doses  of  1  to  20  million  cocci  which  are 
effective  in  infection  of  enclosed  organs  are  without  any  effect  on  such  conditions 
except  as  they  prevent  the  process  from  spreading  to  the  prostate,  epididymis,  tes- 
ticles or  fallopian  tubes.  On  the  other  hand,  a  large  number  of  American  writers 
have  reported  good  results  in  these  inflammations  from  the  use  of  relatively  enormous 
doses,  from  400  million  up  to  2000  million!  It  is  probable  that  the  effect  of  such 
injections  is  due  to  the  febrile  and  leucocytic  reaction  and  not  to  any  specific  effect 
of  the  gonococcus  vaccine,  as  it  has  been  shown  that  the  same  results  follow  large 
injections  of  meningococcus  bacterine  and  of  colon  bacillus  bacterine. 

During  vaccine  treatment  a  weak  antiseptic  wash,  such  as  dilute  permanganate, 
should  be  used  in  the  anterior  urethra  to  wash  away  the  extruded  pus  cells  and  gono- 
cocci.  This  prevents  reinfection  and,  as  the  bacterines  prevent  extension  to  glands, 
the  disease  tends  to  die  out  in  a  week  or  two.  In  chronic  urethritis  there  is  always 
a  mixed  infection  with  pyogenic  organisms,  and  a  bacterine  prepared  from  these  may 
well  be  associated  with  the  gonococcus. 

Dose  and  Method  of  Administration. — Gonococcus  vaccine  is  perhaps  most  frequently 
given,  like  other  vaccines,  subcutaneously  between  the  shoulder  blades,  but  the  point 
of  preference  in  cases  of  genital  infection  is  in  the  muscle  of  the  buttock.  Intravenous 
injections  are  more  rarely  used  but  may  be  tried,  especially  in  cases  of  multiple  arthri- 
tis, if  other  methods  fail. 

The  doses  recommended  by  various  authors  differ  widely.  As  a  rule  5  to  20  million 
organisms  are  given  at  the  first  dose  and  if  no  reaction  occurs  the  dose  can  be  doubled 
with  each  injection  until  distinct  febrile  response  is  obtained.  This  dose  should  be 
repeated  several  times  before  increasing  again.  In  acute  infections,  doses  are  given 
every  2  days  or  even,  if  there  is  no  reaction,  daily.  In  chronic  cases  the  interval  should 
be  3  to  6  days  and,  as  convalescence  is  established,  several  doses  should  be  given  at 
longer  intervals   to   secure   permanent  .cure. 

In  cases  with  a  discharge  from  the  urethra,  the  gonococci  will  often  disappear  and 
the  discharge  perhaps  cease.  If,  after  a  week  or  ten  days  has  elapsed,  a  large  injection 
be  given,  there  will  be  some  return  of  discharge,  and  if  careful  search  fails  to  discover 
gonococci,  which  are  driven  out  from  the  glands  and  crypts  by  the  focal  effect  of  the 
Injection,  the  patient  may  be  considered  cured. 
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Influenza  Bacterine 

Influenza  vaccine  consists  of  influenza  bacilli  killed  by  heat  or  other  means,  and 
suspended  in  water.  It  is  used  solely  for  the  prevention  of  influenzal  infection, 
and  is  always  associated  with  those  organisms  which  have  been  found  as  primary 
or  secondary  agents  in  cases  of  "la  grippe" — or  "grippal  bronchitis."  These  organisms 
include,  generally,  pneumococcus — types  I,  II  and  III — micrococcus  catarrhalis,  staphyl- 
ococcus aureus,  and  perhaps  albus,  and  several  strains  of  streptococcus. 

MLxed  bacterial  vaccines  containing  bacillus  influenza?  have  been  used  for  several 
years,  with  more  or  less  success  as  a  preventive  of  common  colds,  rhinitis,  pharyngitis 
or  bronchitis,  in  persons  subject  to  such  infections.  In  the  world-wide  influenza  epi- 
demic which  occurred  during  the  war,  in  1914,  and  which  Avas  characterized  by  a  very 
large  number  of  fatal  pneumonias,  enormous  numbers  of  persons  were  given  protective 
inoculations.  The  protection  afl"orded  was  by  no  means  absolute,  but  statistics  appear  to 
indicate  that  the  incidence  of  respiratory  infections  was  less  in  the  inoculated  groups. 
The  reduction  in  the  number  of  severe  pneumonias  was  greater  than  that  in  the  total 
incidence  of  infection. 

Materia  Medica. — No  preparations  are  ojficial,  and  the  various  so-called  "mixed 
influenza  bacterial  vaccines"  on  the  market  differ  from  one  another  in  the  organisms 
represented,  as  well  as  in  the  relative  number  of  each.  No  statement  can  yet  be 
made  as  to  the  advantages  of  each.  The  sensitization  of  the  vaccine,  by  preliminary 
treatment  of  each  organism  with  its  appropriate  antiserum  before  mixing  them, 
reduces  the  reaction,  without  reducing  the  protective  value,  and  the  sensitized  vaccines 
or  serobacterines  are  much  to  be  preferred. 

Pharmacodynamic  Eeaction. — The  reaction,  especially  the  constitutional,  is  more 
severe  than  with  most  other  bacterial  vaccines.  Commonly,  three  injections  of  increas- 
ing numbers  of  organisms  are  given,  and  malaise,  chills,  headache,  and  fever  up  to 
101°  F.,  or  even  102°  F.,  often  follow  the  first,  and,  more  rarely,  the  other  injections. 
Local  inflammation  is  rarely  severe  or  painful. 

Therapeutic  Use. — As  a  prophylactic,  the  mixed  bacterial  vaccine  is  commonly 
given  in  three  doses,  the  first  containing  abou't  100  million  of  each  organism,  the 
last  500  to  1000  million.  The  doses  are  given  a  week  or  so  apart,  after  all  reaction 
from  the  one  previously  used  has  passed  away. 

The  vaccine  is  also  used  in  the  treatment  of  stubborn  or  repeated  colds  in  the 
nose  and  throat  in  rather  smaller  dose,  beginning  with  100  million  organisms,  and 
working  up  slowly  with  injections  twice  a  week. 

Meningitis  Bacterine 

Meningococcus  vaccine  has  been  used  on  a  limited  scale  for  the  prevention  of 
epidemic  cerebrospinal  meningitis.     Its  value  is  still  sub  judice. 

Materia  Medica. — Vaccinum  Meningococcicum  (N.N.R.),  Meningococcus  Vac- 
cine.    Synonpiti :    Meningo-bacterine, 

Prepared   from   Diplococcus   intracellularis  meningitidis  of  Weichselbaimi. 

Dose,  hypodermic  use. 

Whooping  Cough  Bacterine 

The  value  of  pertussis  vaccine  is  questionable  as  the  reports  are  conflict inu', 
though  generally  favorable. 

Materia  Medica. — Vaccinum  Pertussis  (N.N.R.),  Pertussis  Vaccine.  Simoni/ins: 
Whooping  Cough  Vaccine,  Pertussis  Bacillus  Vaccine. 

Prepared  from  the  Bordet-Oengou  bacillus. 

I) 0^1'.  hypodermic  use. 
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Plague  Bacterine 

Vai'ious  methods  have  been  tried  for  producing  an  active  immunization  against 
plague,  including  the  injection  of  dead  bacilli,  of  feebly  virulent  strains  and  of  arti- 
ficially attenuated  bacilli. 

Materia  Medica. — Vaccinum  Pestis  (KN.R.),  Plague  Bacillus  Vaccine.  Sytio- 
nym:  Plague  Bacterine. 

This  is  made  from  the  Bacillus  pestis.  Marketed  in  packages  containing  5000 
million  killed  bacilli  to  1  cc.  (single  vaccination  strength). 

Uses. — The  Haffkine  prophylactic,  which  has  had  the  most  extended  use,  is  made 
from  cultures  of  Bacillus  pesiis  grown  in  bouillon  for  5  to  6  weeks.  The  bacilli  are  killed 
by  heat  and  the  broth  with  suspended  organisms  is  injected  subcutaneously  in  a  single 
dose  of  2  to  3  cc.  (15  to  45  minims);  a  second,  larger  dose  may  be  given  after  10  days. 
Lustig  and  Galeotti's  prophylactic  consists  of  the  toxic  precipitate  which  occurs  when 
a  solution  of  the  bacilli  in  caustic  soda  is  acidulated  with  acetic  acid.  The  dose  ia 
13  mgm.  dissolved  in  sodium  bicarbonate  solution.  Levin  and  Bandi  inject  rabbits 
intraperitoneally  with  virulent  organisms  and  employ  the  sterilized  peritoneal  exudate. 

Bacteriodjmamic  Reaction. — The  reaction  consists  in  slight  fever  and  malaise  with 
local  swelling  and  edema  lasting  one  or  two  days.  The  reaction  is  more  severe  than 
that  from  typhoid  vaccine.  Studies  on  agglutinins  show  that  these  are  increased  24  hours 
after  the  inoculation.    Immunity  is  not  absolute  and  lasts  only  3  to  6  months. 

Therapeutic  Use. — Plague  bacterine  is  used  solely  for  protective  inoculation  and 
not  for  treatment.  Immunization  is  prompt  and  inoculation  may  be  practiced  in  the 
presence  of  an  epidemic,  especially  in  those  who  are  exposed  to  infection,  such  as  the 
personnel  of  a  plague  hospital,  the  crew  of  infected  ships,  etc.,  but  is  not  to  be  recom- 
mended as  a  universal  procedure,  even  in  countries  where  plague  is  endemic. 

There  appears  to  be  no  doubt  as  to  the  efficacy  of  inoculation  in  preventing  plague 
and  lessening  the  severity  of  the  infection  when  it  does  occur.  Beals  reports  from 
Bombay  that  in  one  village  in  two  years  there  were,  in  6000  uninoculated  persons,  351 
cases  (5.8  percent.)  with  214  deaths  (68  percent.);  while  in  4600  inoculated  persons 
there  were  56  cases  (1.2  percent.)  with  12  deaths  (21  percent.).  The  inoculated  and 
uninoculated  persons  were  living  together  under  identical  conditions.  It  is  said  that 
such  good  results  are  seen  only  in  the  bubonic  form  of  the  malady  and  that  the  prophy- 
lactic is  without  value  as  a  protection  against  the  pneumonic  form. 

Pneumobacterine 

Pneumococcus  vaccine  is  a  suspension  of  killed  pneumococci.  As  the  organism 
has  several  forms,  differing  in  serologic  characteristics,  the  vaccine  must  be  polyvalent, 
containing  strains  I,  II  and  III,  or  must  be  autogenous.  Partly  autolyzed  cultures 
are  also  employed  for  prophylaxis. 

This  vaccine  has  been  used  for  more  than  ten  years,  both  in  the  treatment  and 
prevention  of  lobar  pneumonia,  but,  although  many  authors  have  reported  good  results 
from  its  use,  the  benefits  have  not  been  striking  enough  to  lead  to  widespread  adoption. 

Materia  Medica. — ^Vaccinum  Pneumococcicum  (N.K.R.),  Pneumococcus  Vaccine. 
Synonym :  Pneumobacterine. 

A  suspension  of  killed  pneumococci  of  various  types.  Marketed  in  vials  and 
syringes  containing  types  I,  II  and  III— and  in  some  preparations  IV — in  equal  pro- 
portions, in  doses  of  50  million  to  2000  million  killed  pneumococci  in  each  cc. 

Dose,  15  to  15  minims  (1  to  5  cc). 

Modified  Pneumococcus  Antigen  (N.N.R.). 

A  vaccine  or  "antigen"  prepared  by  digesting  a  suspension  of  pneumococci  of 
types  I,  II  and  III  and  group  4  at  37°  C,  until  95  percent,  of  the  organisms  have 
become  Gram  negative. 

Dose,  100  billion  (5  cc.)  partially  autolyzed  pneumococci. 
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Pharmacodynamic  Reaction. — The  reaction  from  vaccines  consisting  solely  of  pneu- 
mococcus  is  commonly  not  severe,  neither  marked  inflammation  nor  febrile  rise  result- 
ing. Local  induration  and  inflammation  may  occur.  In  experiments  in  animals,  there 
is  a  production  of  agglutinins  after  its  use.  Intravenous  injection  results  in  a  severe 
"protein  reaction." 

Therapeutic  Use. — The  results  in  the  treatment  of  acute  lobar  pneumonia  have, 
commonly,  been  disappointing,  although  several  authors  have  reported  encouraging 
results.  Alexander  Lambert  has  reported  highly  favorable  results  from  an  extended 
use  of  a  mixed  pneumococcus  and  streptococcus  bacterine  in  lobar  pneumonia.  Neces- 
sarily such  other  measures  as  seemed  indicated  were  employed  coincidentally.  The 
earlier  the  treatment  could  be  instituted,  the  better  the  outcome.  The  bacterine  seems 
to  be  of  more  value  in  cases  of  pneumococcus  infection  elsewhere,  as  in  ulcus  serpens 
of  the  cornea,  pneumococcus  otitis  media,  and  pneumococcus  empyema.  It  is  certainly 
useful  in  delayed  resolution.  In  pneumococcus  meningitis  it  is  of  no  value.  The 
dose  varies  from  10  million  to  1000  million,  and  for  prophylaxis,  doses  as  high  as 
8000  million  have  been  used,  three  injections  being  given  a  week  apart.  Prophylactic 
injections  have  been  of  value  in  camps  and  similar  places  where  large  numbers  of 
persons  are  closely  congregated.  The  use  in  prophylaxis  among  large  bodies  of  men, 
as  in  army  camps,  should  be  continued  and,  if  possible,  better  preparations  obtained, 
perhaps  by  following  the  suggestions  of  D.  Heist  to  cultivate  in  the  rabbit  peritoneum 
the  organisms  to  be  used. 

Pyocyaneus  Bacterine 

Pyocyaneus  bacterine  consists  of  pyocyaneus  bacillus  grown  in  a  suitable  culture 
medium,  killed  by  heat,  diluted  to  a  known  number  of  bacilli  per  cc.  and  preserved 
by  phenol  or  cresol.  This  bacterine  is  associated  clinically  with  other  pyogenic  organ- 
isms in  various  conditions  associated  with  pus  formation  and  is  occasionally  met 
with  alone.  It  is  most  frequently  seen  in  cases  of  bone  infection.  The  vaccine  is 
rarely  used  alone  but  is  a  frequent  constituent  of  commercial  mixed  vaccines  intended 
for  treatment  of  septic  conditions. 

Materia  Medica. — Pyocyaneus  vaccine  is  not  marketed  alone,  but  only  as  a  ''mixed 
vaccine"  associated  with  other  pyogenic  organisms. 

Bacteriodynamic  Reaction. — The  organism  produces  an  exotoxin,  hemolysin,  and  a 
toxic  endotoxin.  The  reaction  from  injection  is  not  severe  and  is  not  likely  to  be  of 
diagnostic  value. 

Therapeutics. — In  cases  in  which  Bacillus  pyocyaneus  has  been  found  in  pure 
culture,  the  results  of  bacterine  treatment  have  been  very  good.  Large  doses,  from 
250  million  up,  are  required.  It  is  not  easy  to  state  how  much  its  presence  adds  to 
the  efficacy  of  a  mixed  vaccine,  but  if  the  pus  is  tinged  with  blue  it  should  always 
be  included. 

Staphylobacterine 

Staphylobacterine  consists  of  the  bodies  of  pyogenic  staphylococci,  killed  by 
heat,  suspended  in  saline  and  preserved  by  addition  of  small  amounts  of  phenol 
or  cresol.  There  are  three  simple  varieties,  made  respectively  from  S.  pyogenes  aureus, 
S.  pyogenes  alhus  and  S.  pyogenes  citreus.  In  commerce  the  vaccine  is,  however, 
usually  marked  as  a  mixture  containing  all  three  types  or  only  S.  aureus  and  S.  alhus. 
In  most  of  the  infections  due  to  staphylococcus,  S.  aureus  is  the  most  important  agent 
and  is  the  only  species  which  is  commonly  used  alone  as  a  vaccine.  S.  alhus  is  par- 
ticularly associated  with  chronic  skin  infections,  such  as  acne  and  sycosis.  In  case 
a  bacteriologic  diagnosis  cannot  conveniently  be  made,  but  the  case  to  be  treated  is 
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of  the  clinical  type  commonly  associated  with  staphylococci,  there  is  no  objection  to 
using  a  mixed  bacterine,  as  the  injection  of  organisms  related  to  the  causative  factor 
helps  to  stimulate  the  formation  of  antibodies  rather  than  to  hinder  it. 

Apart  from  the  distinctions  of  species  already  indicated,  there  is  little  tendency 
for  staphylococci  to  separate  into  "types,"  and  for  this  reason  it  is  rarely  advantageous 
to  use  an  autogenous  in  preference  to  a  stock  bacterine. 

Chemistry. — Staphylococci  form  two  exotoxins:  staphylolysin  (hemolytic)  and  a 
leucocidin.  These  reach  their  maximum  in  14  day  old  cultures.  The  endotoxin  occurs 
even  in  young  cultures  and  is  the  cause  of  the  local  irritation  and  pyrexia  which 
follow  the  injection  of  vaccines. 

Materia  Medica. — ^Vaccinum  Staphylococcicum  (N.N.R.),  Staphylococcus  Vac- 
cine.   Synonym :   Staphylobacterine. 

A  suspension  of  killed  Staphylococcus  aureus  and  S.  albus.  The  species  named, 
as  well  as  S.  citreus,  can  be  obtained  separately,  or  all  three  may  be  associated.  Many 
mixed  bacterines  containing  staphylococcias  are  on  the  market.  We  may  mention 
Staphylo-strepto ;  Staphylo-strepto-pneumo ;  Staphylo-acne,  and  "cold"  vaccines  con- 
taining in  varying  proportions  staphylococcus,  streptococcus,  pneumococcus,  micro- 
coccus catarrhalis,  and  influenza  bacillus.  The  names  of  the  other  forms  explain 
their  character. 

Dose,  15  to  75  minims  (1  to  5  cc). 

Bacteriodynamic  Reaction. — The  reaction  to  staphylococcus  bacterine  injections  is 
usually  not  severe;  neither  chills  nor  marked  febrile  rise  is  common,  and  the  soreness 
and  swelling  at  the  point  of  injection  are  not  very  troublesome  unless  the  dose  is  too 
large.  After  a  dose  of  the  proper  size  (usually  from  50  million  to  250  million  cocci), 
there  is  a  sense  of  well-being  which  lasts  an  hour  or  two  and  is  followed  by  the  so- 
called  "negative  phase"  which  lasts  a  day  or  two.  This  is  shown  by  a  sense  of  malaise 
and  even  nausea  of  brief  duration,  with  a  rise  in  temperature  if  the  case  has  been 
febrile,  ana  a  slight  or  moderate  increase  in  the  severity  of  the  local  symptoms.  If  the 
opsonic  index  is  taken  it  will  be  found  to  rise  slightly  during  the  first  hour  or  so, 
then  fall  and  remain  below  normal  imtil  the  negative  phase  passes  off.  The  dose  may 
be  determined  to  a  great  extent  by  the  negative  phase.  If  there  is  none,  the  dose  may 
be  increased;  if  it  is  severe  or  lasts  as  much  as  three  days,  the  dose  is  too  large  and 
must  be  decreased;  if  slight  but  distinct  increase  in  temperature  and  in  the  redness  of 
inflamed  parts  follows  each  injection,  the  dose  is  probably  correctly  chosen.  The  char- 
acter of  the  reaction  is  of  little  diagnostic  value,  as  almost  all  infections  are  compli- 
cated to  some  extent  by  staphylococci. 

Normal  plasma  has  no  bactericidal  action  on  staphylococci  and  very  little  agglu- 
tinating action,  and  these  are  not  increased  by  inoculations  (Wright). 

Therapeutics. — Staphylococcus  bacterine  may  be  used  with  hope  of  benefit  in  all 
affections  associated  with  localized  pus  formation.  The  typical  cases  are  those  asso- 
ciated with  multiple  abscesses,  such  as  furunculosis,  acne,  sycosis  and  septic  infec- 
tions following  trauma,  and  such  chronic  infections  as  osteomyelitis  and  chronic 
middle  ear  disease.  Good  results  are  also  frequently  reported  in  the  treatment  of 
cystitis,  pyelitis,  endometritis  and  puerperal  infection,  and  other  infections  of  mucous 
membranes. 

The  use  of  bacterines  does  not  contraindicate  the  association  of  other  remedies 
which  may  be  indicated.  The  use  of  local  measures  in  association  is  frequently  called 
for  in  those  cases  of  infection  with  congestion  or  inflammation  in  which  there  is 
stagnation  of  the  circulation  in  the  infected  area.  This  stagnation  interferes  with 
the  free  access  of  blood.  As  the  vaccine  causes  the  production  of  antibodies  in  the 
general  circulation  and  not  at  the  point  of  infection,  it  is  requisite  that  provision 
must  be  made  for  their  reaching  the  part  in  adequate  amount,  and  for  this  purpose 
it  is  often  necessary  to  increase  the  circulation  through  the  part  by  artificially  induced 
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hyperemia,  by  application  of  moist  heat  in  affections  of  the  skin,  by  drainage,  lavage 
or  suction  in  chronic  suppurative  conditions,  by  Bier  hyperemia  in  inflammations  of 
the  joints,  etc.  The  use  of  rubefacients  or  epispastics  may  be  indicated  for  this 
purpose. 

StaphyU^cocci  have  been  employed  as  a  preventive  of  post-operative  infection 
when  for  any  reason  this  was  especially  to  be  feared.  As  used  for  this  purpose,  an 
injection  of  500  million  staphylococci  and  250  million  streptococci  may  be  given  a 
week  before  the  operation  (Pray). 

On  account  of  the  frequent,  in  some  conditions  almost  universal,  association  of 
staphylococci  with  other  ort>anism.s,  especially  with  those  which  cause  infection  of 
mucous  membranes,  such  as  the  streptococcus,  the  gonococcus,  the  pneumococcus,  the 
influenza  bacillus,  etc.,  it  is  frequently  advisable  to  combine  or  associate  staphylococ- 
cus vaccine  with  the  vaccine  prepared  from  the  specific  organisms  concerned.  Such 
association  is  frequently  necessary  in  acne  when  the  lesions  are  suppurative.  In 
many  types  of  suppuration,  especially  those  with  a  tendency  to  spread  rapidly  or  to 
cause  severe  systemic  symptoms,  e.g.,  erysipelas  and  puerperal  sepsis,  a  mixed  bacterine 
containing  both  staphylococci  and  streptococci  is  usually  to  be  preferred  to  one  made 
from  either  of  these  organisms  alone. 

Dosage  and  Administration. — The  dosage  of  staphylobacterine  follows  the  common 
rule,  that  the  more  acute  and  the  more  severe  the  lesion,  the  smaller  the  dose.  In  acute 
mastoiditis  or  in  the  treatment  of  abscesses  following  injuries,  the  initial  dose  should  be 
about  50  million  and  this  may  be  gradually  increased  to  250  million.  In  more  chronic 
cases,  such  as  acne,  sycosis  and  chronic  osteomyelitis,  we  may  begin  with  250  million 
and  work  up  to  1000  million  or  even  more.  Doses  should  not  be  increased  as  long  as  any 
systemic  reaction  or  increase  in  the  severity  of  the  local  symptoms  follows.  "When  no 
reaction  is  noted  and  improvement  is  not  seen,  the  dose  may  be  doubled,  and  each  suc- 
cessive dose  regularly  doubled  until  a  reaction  is  obtained.  This  dose  is  then  continued 
until  it  ceases  to  show  an  effect,  when  it  is  progressively  doubled  as  before.  Some  authors 
prefer  to  give  small  doses  at  regular  intervals  and  intersperse  these  with  an  occasional 
very  much  larger  dose. 

The  usual  interval  between  doses  is  6  or  7  days,  but  in  acute  cases  the  interval 
may  be  reduced  to  4  days.  The  injection  should  not  be  repeated  until  the  effects  of 
the  previous  one  have  largely  passed  away,  and  never  during  the  "negative  phase." 

Streptobacterine 

Streptococcus  vaccine,  or  bacterial  vaccine  (bacterin),  is  prepared  in  the  manner 
usual  for  vaccines,  by  growing  the  organisms  on  agar,  suspending  them  in  salt  solu- 
tion, killing  them  with  heat,  determining  their  number,  and,  after  proper  dilution, 
preserving  the  suspension  with  small  amounts  of  phenol  or  cresol.  Streptococci 
obtained  from  different  individuals,  and  especially  from  cases  of  different  clinical 
conditions,  show  great  variation  in  their  morphology,  in  their  manner  of  growth  and 
biologic  properties,  and,  finally,  in  their  immune  reactions.  It  is  found  that  the  serum 
of  animals  immunized  to  one  strain  of  streptococci  will  react  in  high  dilution  with 
that  strain,  but  often  will  show  very  little  activity  in  connection  with  organisms 
isolated  from  another  patient.  It  is  found  that  as  a  rule  streptococci  obtained  from 
the  same  clinical  lesion  resemble  each  other  and  that  they  are  apt  to  be  related 
immunologically. 

Thus,  organisms  obtained  from  two  cases  of  erysipelas  will  resemble  each  other 
more  than  either  will  resemble  an  organism  taken  from  a  case  of  puerperal  sepsis. 
The  organisms  obtained  from  cases  of  scarlet  fever  form  a  more  or  less  distinct  im- 
munological group.  The  grouping  does  not  always  correspond  with  the  character  of 
the  lesion,  however,  and  organisms  resembling  those  found  commonly  in  scarlet  fever 
or  in  erysipelas  may  be  found  as  the  causative  agents  in  puerperal  sepsis  or  septic 
sore  throat. 
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This  peculiar  divergence  in  character  among  the  organisms  of  this  group  causes 
great  difficulty  in  the  specific  biologic  treatment.  It  is  obviously  necessary  either  to 
prepare  a  bacterine  from  organisms  isolated  directly  from  the  patient  or  to  use  a  stock 
vaccine  prepared  from  and  containing  a  wide  variety  of  strains  obtained  from  diverse 
clinical  lesions  (polyvalent  vaccine).  Before  this  necessity  was  recognized,  the  treat- 
ment of  streptococcus  infections  with  bacterines  as  with  antistreptococcus  serum,  was 
most  uncertain  in  its  results.  Now  that  the  commercial  vaccines  all  contain  organisms 
from  many  different  sources,  and  include  as  far  as  possible,  all  immunological  groups, 
the  results  are  much  better.  In  preparing  a  polyvalent  vaccine,  the  different  strains  are 
grown  separately  and  are  mixed  in  a  definite  proportion  before  the  vaccine  is  diluted. 

Sensitized  streptococcus  vaccine  (serobacterine)  is  especially  valuable,  because  in  in- 
fections with  these  organisms,  it  is  so  frequently  desirable  to  avoid  the  negative  phase. 
It  is  made  by  treating  the  streptococci,  after  mixing  and  killing  but  before  diluting,  with 
a  polyvalent  serum  prepared  by  injecting  the  same  animal,  usually  a  goat,  with  each  of 
the  strains  used  in  the  vaccine.  In  this  way  the  animal  becomes  immunized  at  the  same 
time  against  all  of  the  strains,  and  on  treating  the  polyvalent  vaccine,  all  the  organ- 
isms are  sensitized  at  once. 

Materia  Medica. — Yaccinum  Streptococcicum  (unofficial),  Streptococcus  Vaccine. 
Synonym :    Streptobacterine. 

Made  from  different  types  of  streptococci  isolated  from  phlegm  from  the  throat, 
from  scarlet  fever,  from  erysipelas,  etc.  Marketed  in  syringes,  ampules,  and  vials 
containing  from  50  million  to  1000  million  killed  streptococci  per  cc. 

Therapeutics. — In  general,  the  results  with  streptococcus  vaccine,  with  the  pos- 
sible exception  of  its  use  in  mixed  infections,  have  not  been,  satisfactory.  The  infec- 
tions produced  by  streptococcus  pyogenes  are  in  general  less  localized  and  more  severe 
than  those  due  to  staphylococcus,  and,  on  theoretical  grounds,  antistreptococcic  serum 
is  to  be  preferred  to  vaccine,  since  a  serum  imparts  at  once  a  passive  immunity,  and 
thus  prevents  the  loss  of  time  necessary  for  the  body  to  produce  its  own  antibodies, 
besides  avoiding  the  danger  inherent  in  introducing  toxic  material  into  an  organism 
already  engaged  in  a  struggle  with  bacterial  infection.  Bacteriologic  diagnosis  is 
necessary,  but,  on  the  other  hand,  the  advantage  of  autogenous  streptococcus  bacterine 
over  stock  preparations  is  no  longer  regarded  as  so  certain  as  it  was  when  the  method 
was  first  introduced. 

In  using  stock  preparations,  the  preference  should  be  given  to  mixed,  or  polyvalent, 
vaccines.  The  staphylococcus  enters  into  almost  all  of  the  mixed  vaccines  found  on 
the  market,  and  pneumococcus,  colon  bacillus,  micrococcus  catarrhalis,  and  other  cocci 
are  often  associated  with  it. 

Indications  for  the  use  of  streptobacterine  are  found  in  chronic  localized  processes, 
such  as  abscess,  phlegmon,  lymphangitis,  mastitis,  streptococcic  infections  of  the 
female  genital  organs  and  of  the  ocidar  structures,  particularly  hypopyon-keratitis. 
In  all  these  conditions,  stock  vaccines  rtiay  be  depended  upon  to  give  at  least  as 
good  results  as  could  be  hoped  for  with  an  autogenous  preparation. 

In  erysipelas,  which  is  believed  to  be  due  to  a  special  strain — Streptococcus  eryslp- 
elatis — autogenous  vaccine  has  been  extensively  employed,  but  the  results  obtained 
have  not  come  up  to  the  expectations.  Mild  cases,  as  everyone  knows,  recover  under 
simple  treatment,  and  those  which  eventuate  in  a  fatal  general  sepsis  do  not  appear 
to  be  influenced  by  bacterine  therapy. 

Streptobacterine  therapy  is  advised,  not  only  in  obstinate   chronic  rheumatism, 

but  also  during  acute  rheumatic  fever  and  other  forms  of  inflammation  of  joints,  as 

also  during  convalescence,  to  prevent  relapses.     From  30  to  60  million  bacteria  is  the 

initial  dose  advised,  and  the  injections  are  to  be  repeated  every  four  to  seven  days. 

Rheumatic  iritis  is  said  to  be  favorably  influenced  by  this  method  of  treatment. 

In  diseases  of  the  respiratory  tract — bronchitis,  rhinitis,  etc. — mixed  vaccines  pre- 


BACTiilUNEH  939 

pared  from  streptococcus  and  micrococcus  catarrhalis  are  said  to  liave  been  used  "vvitli 
some  degree  of  success. 

Dosage  and  Administration. — The  initial  dose  of  streptococcus  vaccine  should  not 
exceed,  in  ordinary  cases,  30  million  bacteria,  and  a  greater  conservatism  is  necessary 
in  adjusting  the  increase  of  subsequent  doses.  The  injections  are  administered  hypo- 
derm  icalli/  at  intervals  of  four  to  seven  days.  For  children  the  dose  is  from  14  to  Va 
the  adult  dose. 

Scarlatinal  Bacterine 

I'rophylactic  injet-tions  of  killed  streptococci  obtained  from  cases  of  scarlet  fever 
Avcre  foruierly  practiced  extensively  but  have  been  replaced  in  America  by  the  filtered 
toxin.  The  method,  as  practiced  extensively  in  Russia,  consisted  in  the  injection  of 
1  cc.  of  a  suspension  containing?  5  mgm.  of  dried  bacterial  substance. 

The  local  reaction  was  limited  to  slight  infiltration.  The  constitutional  reaction 
was  rather  severe,  consisting  in  moderate  fever  and  general  depression  lasting  three 
(hiys  and  at  times  associated  with  scarlatinal  eruption,  strawberry  tongue  and  sore 
throat.    No  desquamation  Avas  observed. 

Typhobacterine 

Typhoid  vaccine  (antityphoid  vaccine)  is  a  suspension  of  killed,  or  attenuated j 
typhoid  bacilli,  commonly  associated  with  killed  bacilli  of  the  groups  known  as  para- 
typhoid A  and  paratyphoid  B.  The  bacilli  are  often  "sensitized"  by  treatment  with 
a  corresponding  immune  serum,  before  being  made  up  into  the  final  suspension. 

The  history  of  antityphoid  vaccination  begins  in  1896,  when  Pfeiffer  and  Kolle 
immunized  two  men  witli  killed  typhoid  bacilli,  and  showed  that  antibodies  developed 
in  their  blood,  identical  with  those  found  after  an  attack  of  typhoid  fever.  The 
same  year.  Sir  Almoth  Wright  inoculated  two  men  with  large  doses  of  killed,  four 
weeks  old  cultures.  Later  he  found  that  smaller  doses  of  twenty-four  hour  cultures 
were  preferable,  because  less  toxic,  and  in  1898,  4000  British  soldiers  in  India  were 
inoculated  according  to  this  method.  During  the  Boer  War,  100,000  soldiers  were 
inoculated,  and  from  this  time  on,  the  method  has  had  an  ever-increasing  use. 

In  1901,  Schottmueller  and  Brion  and  Kayser  showed  that  attacks  similar  to 
typhoid  fever  were  caused  by  two  related  organisms,  which  differed  from  B.  typhosus 
and  from  each  other  in  immune  reactions,  and  which  they  named  B.  paratyphosus  A. 
and  B.  paratyphosus  B.  Castellani,  in  1905,  suggested  adding  these  organisms  to  the 
typhoid  bacterine,  and  they  were  eventually  added  in  1916  because  of  their  prevalence 
in  that  year  among  the  United  States  troops  on  the  Mexican  border.  This  so-called 
"triple  vaccine"  is  now  universally  used  in  this  country,  instead  of  the  plain  typhoid. 

Materia  Medica. — The  following  products  are  in  common  use:  (1)  Plain  typhoid 
bacterine;  (2)  plain  mixed  paratyphoid  A  and  B  bacterine;  (3)  plain  mixed  typhoid 
with  paratyphoid  A  and  B  bacterine;  (4,  5  and  6)  the  same  bacterlnes  sensitized 
(serobacterines). 

As  a  rule,  the  material  is  furnished  in  three  packages  of  three  strengths,  intended 
for  the  three  injections,  as  described  later. 

Vaccixum  Typhosum  (N.X.R.),  Typhoid  Vaccine.    Synonym:   Typhobacterine. 

This  is  made  from  Bacillus  typhosus;  sometimes  from  B.  paratyphosus  A  and  B. 
paratyphosus  B,  alone  or  combined  with  B.  typhosus;  but  usually  the  three  are  com- 
bined in  one  bacterine.  Marketed  in  vials,  ampules,  and  syringes  containing  from  250 
to  2000  million  organisms  in  each  cc. 

Tvi'Iiuid-Pakatyi'Hoid  Vaccine  (N.N.R.),  Prophylactic.  Prepared  from  the 
typhoid  bacillus  and  the  paratyphoid  A  and  B.    Generally  marketed  in  packages  con- 
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taining  50  percent,  killed  typhoid  bacteria;  25  percent,  each  of  the  killed  paratyphoid 
A  and  B. 

Dose,  three  injections  three  to  five  days  apart. 

Uses. — Its  use  is  entirely  prophylactic  and  the  benefit  of  such  use  was  well  demon- 
strated during  the  World  War.  The  U.  S.  Army  sponsored  a  preparation  of  the  same 
proportions  suspended  in  sterilized  oil  to  cause  slow  absorption,  which  was  given  as  one 
injection. 

Bacteriodynamic  Reaction. — The  bacteriodynamic  reaction  may  be  considered  under 
two  heads:  the  response  of  the  immune  bodies  following  the  injections,  and  the  clini- 
cal  symptoms   resulting  from   inoculation. 

Injection,  subcutaneous  or  intravenous,  of  killed  typhoid  bacilli,  into  man  or  other 
animals,  is  followed,  after  an  interval  of  2  to  4  days,  by  the  appearance  in  the  blood 
serum  of  specific  "agglutinins,"  which  will  cause  the  clumping  of  living  or  dead  typhoid 
bacilli  when  such  serum  is  added  to  suspensions  of  them.'^  At  the  same  time,  there  is 
found  in  the  serum  another  antibody,  a  "precipitin,"  which  has  the  property  of  form- 
ing a  precipitate  with  the  proteins  resulting  from  "lysis,"  or  solution  of  typhoid  bacilli. 
This  antibody  is  of  much  less  importance.  There  may  also  be  demonstrated,  in  the 
serum  of  persons  who  have  received  such  injections,  a  third  type  of  antibodies,  known 
as  "bacteriolysins,"  which  have  the  power  to  kill,  and  commonly,  also,  to  dissolve,  typhoid 
bacilli.  These  antibodies  are  present  in  small  amount  after  only  one  injection  of  killed 
bacilli;  they  are,  however,  considerably  increased  after  a  second,  and  still  more  after 
a  third,  injection,  and  it  is  only  after  three  injections  that  they  reach  an  amount  suffi- 
cient to  protect  almost  all  inoculated  individuals  against  infection.  At  this  time,  agglu- 
tination may  occur  in  a  dilution  of  serum  as  high  as  1:5000.  These  antibodies  remain 
at  a  high  level  for  a  year  or  two,  and  then  begin  to  decrease.  It  is  noteworthy  that  in 
a  person  once  immunized,  but  from  whose  serum  the  antityphoid  antibodies  have  almost 
disappeared,  a  single  injection  will  give  rise  to  a  more  rapid  and  to  a  greater  increase 
in  immunity,  than  in  a  normal  person  never  before  inoculated. 

In  addition  to  these  alterations  in  the  blood  serum,  other  changes  occur,  the  rela- 
tion of  which  to  immunity  is  less  evident.  The  first  of  these  is  a  leucocytosis,  involving 
especially  the  polymorphonuclear  neutrophiles,  and  reaching  its  height,  about  11,500, 
the  day  after  vaccination,  followed  by  a  rise  to  about  9000,  8  days  later.  In  the  rabbit, 
according  to  Kanai  (1921),  there  is  an  increase  in  the  amount  of  dialyzable  nitrogen 
in  the  blood  serum  and  in  the  urinary  nitrogen,  concurrently  with  the  fall  in  leuco- 
cytosis. There  is  also  an  increase  of  the  adrenaline  content  of  the  serum,  as  shown 
by  dilatation  of  the  pupil,  in  a  special  reaction. 

The  clinical  symptoms  or  reactions  are  topical  and  systemic.  The  topical  reaction 
consists  in  a  hot,  red,  tender  area,  6  to  8  cm.  (2  to  3  inches)  in  diameter,  which  lasts 
48  hours.  There  is  some  swelling  and  soreness  of  the  axillary  glands.  The  systemic 
reaction  is  usually  so  slight  that  it  is  hardly  noticed.  In  less  than  1  case  in  30,  there 
are  more  severe  reactions,  with  some  headache,  chills  and  fever  up  to  100°  F.,  or,  rarely, 
to  103°.    Such  reactions  never  last  more  than  2  days. 

If  sensitized  bacterines  are  used,  these  reactions  are  much  less  severe,  and  there  is 
an  immediate  (passive)  marked  increase  in  the  antibody  content  of  the  serum,  which 
falls  in  the  course  of  a  few  days  to  meet  the  (active)  increase  caused  by  the  stimulat- 
ing action  of  the  antigen. 

Therapeutics. — Typhobacterine  is  used  almost  exclusively  for  the  prevention  of 
typhoid  fever,  although  many  authors  have  reported  favorable  results  from  its  use 
in  treatment.     Calmette  (France)   strongly  advocates  its  use. 

Protective  Inoculation. — For  protective  inoculation,  three  injections  are  com- 
monly given  at  intervals  of  a  week  or  so.  In  the  United  States,  and  in  the  tropics,  a 
triple  vaccine  is  almost  always  used,  comprising  several  strains  of  typhoid  bacilli 
in  addition  to  paratyphoid  A  and  B.  The  first  dose  contains  from  500  to  1000  million 
typhoid  bacilli,  and  from  350  to  500  million  each  of  paratyphoid  A  and  B.    The  second 

'^This  antibody  reaches  its  height  in  about  4  weeks,  when  the  typhoid  suspension 
Is  clumped  by  dilutions  of  from  1:640  to  1:1280,  and  the  paratyphoid  bacilli  by  the  same 
or  lower  dilutions. 
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dose  is  twice  as  large  as  the  first,  and  the  third  dose  the  same  as  the  second.  la 
Europe,  the  simple  typhoid  vaccine  is  often  used,  the  doses  heinp:  about  the  same. 
In  France,  the  typhoid  vaccine  has  been  used  by  mouth,  with  excellent  results,  to 
check  typhoid  fever  in  the  civilian  population  (Besredka,  1922),  but  the  experience 
with  this  method  of  administration,  in  the  British  Army,  was  disappointing. 

The  value  of  such  inoculation  is  no  longer  a  matter  of  doubt.  Very  extensive 
statistical  data,  derived  especially  from  the  British  Army  in  India,  the  Japanese 
Army  in  Kussia,  and  from  the  American  Army,  have  shown  an  enormous  decrease 
in  the  incidence  of  typhoid  fever  in  bodies  of  troops  after  inoculation. 

The  earliest  large  statistics,  those  from  the  British  Army  in  the  tropics,  pub- 
lished by  Wright  in  1904,  involve  over  18,000  inoculated  and  150,000  uninocnlated 
soldiers.  The  incidence  of  typhoid  fever  in  the  uninoculated  group  was  2.40  percent, 
and  in  the  inoculated  group  only  0.91  percent.  In  the  World  War,  typhobacterinatiou 
was  carried  out  so  universally  that  we  have  no  large  bodies  of  unvaccinated  troops  for 
comiiarison,  but  we  may  compare  the  incidence  in  the  Spanish-American  War,  before 
inoculation  was  introduced,  with  that  in  the  World  War,  when  it  was  almost  universal. 
In  the  former,  there  were  20,000  cases  in  an  army  of  100,800,  with  1500  deaths;  in 
the  latter,  1005  cases  in  an  army  of  2,000,000,  with  only  156  deaths. 

In  civilian  populations,  the  results  have  been  equally  good,  and  extensive  or 
universal  inoculation  can  be  recommended  when  there  is  a  severe  epidemic  in  any 
community  or  in  communities  where  the  malady  is  endemic.  Travelers,  especially 
tourists  going  to  countries  where  the  water  supply  is  of  uncertain  purity,  should  be 
preventively  inoculated. 

The  duration  of  the  immunity  as  shown  by  agglutination  tests  and  by  occurrence 
of  infection,  after  inoculation,  is  from  1  to  4  years.  It  is  safest  to  reinoeulate 
every  year,  or,  at  most,  eveiy  two  years,  in  dealing  with  persons  continuously  exposed 
to  infection. 

There  is  some  difference  of  opinion  in  regard  to  the  severity  of  the  infection 
in  inoculated  persons.  Vaughan  (1920),  in  a  study  of  373  bacteriologically  proved 
cases  in  inoculated  men  in  the  World  War,  could  see  no  difference  between  them 
and  cases  in  uninoculated  persons.  On  the  other  hand,  there  were  many  cases  pre- 
sumably of  typhoid  in  the  inoculated  soldiers,  in  which  the  symptoms  were  so  mild 
that  diagnosis  was  uncertain,  and  similar  mild  cases  are  observed  in  hospital  attend- 
ants, inoculated  on  entrance  and  infected  from  handling  typhoid  germs  in  the 
laboratory. 

It  is  to  be  noted  that  the  Widal  test  is  valueless,  after  inoculation,  as  it  would 
be  already  positive. 

Dangers  of  Antityphoid  Inoculation. — Persons  who  have  already  been  exposed  to 
typhoid  inoculation,  as,  for  example,  members  of  the  patient's  family,  may  have  their 
immunity  temporarily  reduced  by  inoculation  with  plain  bacterine,  and  thus  fall  an 
easier  prey  to  the  malady  than  normally.  This  danger  can  be  entirely  avoided,  and 
immediate  protection  given,  by  employing  a   sensitized  vaccine. 

The  chief  danger,  however,  is  that  the  febrile  reaction  will  stir  up  a  latent  infec- 
tion. All  persons  should  be  examined,  before  inoculation,  and  in  any  showing  fever 
the  injections  should  be  deferred.  In  active  tuberculosis,  there  seems  to  be  some 
danger  of  severe  general  reaction,  with  lighting  up  of  the  tuberculous  focus,  but,  in 
quiescent  cases,  there  is  no  danger  from  its  use,  provided  rest  is  maintained  for  a 
day  after  the  inoculation  (Clovis  and  Mills). 

Treatment  of  Typhoid  Fever. — Most  authors  who  have  reported  on  the  use  of 
typhobacterine  in  the  treatment  of  typhoid  fever  have  had  favorable  results.  The 
mortality  of  the  disease  appears  to  be  reduced  to  about  half,  the  course  shortened. 
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and  the  fever  and  intoxication  reduced.  Complications  and  relapses  are  also  less 
frequent,  and  in  relapse  in  a  patient  not  previously  treated  with  bacterine,  its  use 
seems  to  make  recovery  more  sure  and  to  lessen  the  danger  of  serious  complications. 
The  dosage  recommended  varies>  from  1  million  to  400  million  bacilli,  a  dose  from  40 
to  100  million  being  normal. 

Tuberculin 

Tuberculin  was  first  introduced  as  a  remedial  agent  for  tuberculosis  by  Robert 
Koch,  in  1890-1891.  The  first  form  which  he  used  was  a  glycerin-bouillon  extract 
of  the  bacilli,  and  as  other  preparations  were  later  introduced,  this  was  termed 
"Old  Tuberculin"  or  O.T.,  which  title  is  still  applied  to  it.  The  principal  other 
forms  now  in  use  are  Bouillon  Filtrate  (B.F.)  which  resembles  O.T.,  and  two  sus- 
pensions of  the  ground  up  bacilli,  Tuberculin  Residue  (T.R.)  and  Bacillus  Emulsion 
(B.E.).  All  of  these  tuberculins  resemble  each  other  in  their  actions  and  properties 
and  all  are  used  similarly,  both  for  diagnosis  and  treatment. 

The  tuberculins  dift'er  from  the  true  toxins  in  many  important  respects.  They 
have  little  or  no  power  to  induce  foi'mation  of  antibodies  in  healthy  or  non-tuberculous 
subjects  and  even  large  doses  give  no  reactions  in  such  persons.  On  the  other  hand, 
even  minute  doses  (as  little  as  0.000,000,1  cc.  of  O.T.)  will  induce  more  or  less  severe 
reactions  in  those  who  are,  or  have  been,  svibjects  of  active  or  latent  tuberculous  in- 
fection.    This  fact  makes  possible  the  so-called  "tuberculin  test." 

As  first  used  in  treatment,  tuberculin  was  given  in  much  too  large  doses,  and 
the  severe  focal  reactions  set  up  were  detrimental  to  the  course  of  the  infection. 
Even  to-day,  when  the  dosage  is  better  understood,  it  is  a  distinctly  dangerous  remedy 
in  inexperienced  hands  and  its  use  should  be  limited  to  those  with  special  facilities. 

Chemistry  of  the  Tubercle  Bacillus. — A  great  deal  of  study  has  been  given  to  the 
chemistry  of  this  organism,  which  is  of  special  interest  because  of  the  large  amount 
of  fatty  matter  which  it  contains.  About  40  percent,  of  the  dried  weight  of  the 
bacilli  can  be  extracted  by  fat  solvents.  Of  this,  about  %  occurs  as  esters  of  alcohols 
other  than  glycerol ;  about  ^  is  a  wax,  mykol  laurate ;  and  the  remainder  true  fats. 
These  fats  injected  hypodermically  cause  severe  local  reactions  and  give  rise  to 
agglutinins  in  the  blood  plasma.  The  defatted  bacilli,  which  have  lost  their  acid 
fastness,  cause  less  local  disturbance,  but  according  to  Dreyer,  have  even  greater 
antigenic  power  than  the  usual  forms  of  tuberculin. 

Summary  of  Actions  and  Uses. — Tuberculin  is  almost  devoid  of  action  on  the  non- 
tuberculous  individual,  but  in  the  presence  of  tuberculous  infection,  even  minute  doses 
cause  local  inflammation  and  induce  congestion  and  inflammatory  reaction  at  the  site  of 
infection,  accompanied  by  some  rise  of  temperature  and  systemic  disturbance. 

They  are  used  in  all  forms  of  tuberculosis,  except  in  septic  cases,  but  are  of  greatest 
value  in  the  slowly  progressive  types,  with  little  or  occasional  fever. 

Materia  Medica. — Tuberculinum-Ivoch  (N.K.R.),  Tuberculin-Koch.  Ahhr.,  O.T. 
Synonym:   Koch's  Tuberculin  Old,  Old  Tuberculin,  Concentrated  Tuberculin. 

A  six  weeks'  old  culture  of  tubercle  bacilli  on  glycerin  bouillon  is  sterilized  by 
heat,  evaporated  to  Mo  its  volume  and  passed  through  filter  candles.  The  final  produce 
contains  50  percent,  glycerin. 

Dose,  from  0.000,000,001  mgm.  to  10  mgm. 

TuBERCULiNUM  NovuM-T.R.  (N.N'.R.),  New  Tuberculin-T.R.  Ahhr.,  T.R.  Syno- 
nym: Koch's  Tuberculin  New,  Tuberculin  Residue,  Tuberkelbacillin  Rest,  Koch. 

Six  weeks'  old  cultures  of  tubercle  bacilli  are  ground  in  distilled  water  until 
killed  by  disintegration  and  separated  by  centrifugation  from  the  water,  which  is 
discarded.    The  dried  residue  is  reground  in  salt  solution  and  centrifugated  repeatedly 
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until  almost  no  sediment  remains.  The  supernatant,  opalescent  liquids  are  combined, 
treated  with  H  volume  of  glycerin  and  diluted  with  20  percent,  glycerin,  until  each 
cc.  represents  10  mgm.  of  the  dried  bacilli. 

Dose,  same  as  of  O.T. 

TuBERcuLiNUM  NovuM  T.  R.  Su'cuM  (N.N.R.),  New  Tuberculin  T.E.  Dried. 

This  substance  is  similar  to  the  liquid  preparation  except  that  it  is  dried  and 
mixed  with  a  suitable  diluent  for  hypodermic  tablet  formation. 

Dose,  hypodermic  use. 

TuBKHCLLiNUM  NovuM-R.E.  (X.X.R.),  New  Tuberculin-B.E.  Ahhr.,  B.E.  Syno- 
nym:  Bacillenemulsion,  Koch,  Bacilli  Emulsion. 

Cultures  of  tubercle  bacilli  are  centrifugated  and  the  dried  bacilli  ground  until 
destroyed,  and  then  suspended  in  equal  parts  of  distilled  water  and  glycerin.  Each 
cc.  represents  5  mgm.  of  the  dried  bacilli. 

Dose,  same  as  O.T. 

TUBKKCULINUM  NovuM  B.E.  SiccuM   (N.N.R.),  New  Tuberculin  B.E.  Dried. 

A  dried  preparation  mixed  with  a  suitable  diluent  for  hypodermic  tablet  formation. 

Dose,  hypodermic  use. 

TUBKRCUUXUM  Dknys  (N.N.R.),  Tuberculin  Denys.  Abbr.,  B.F.  Syiiony)n: 
Tuberculine  Bouillon  Filtre,  Bouillon  Filtrate  Tuberculin. 

The  filtrate  from  cultures  of  tubercle  bacilli  in  glycerin  bouillon,  sterilized  by- 
passage  through  a  filter  candle.  It  differs  from  O.T.  in  that  no  heat  is  used  in  its 
preparation. 

Dose,  about  10  times  that  of  O.T. 

Bacteriodsmamic  Reaction.— As  already  stated,  tuberculin  may  be  injected  into  normal 
and  non-tuberculous  persons  in  doses  up  to  250  mgm.  (4  grains)  or  even  more,  without 
causing  any  local  or  systemic  response.  Larger  doses  may  induce  some  febrile  reaction 
and  local  inflammation.     Normal  animals  are  likewise  resistant. 

In  persons  or  animals  infected  with  latent  or  active  tuberculous  infection,  however, 
a  very  small  fraction  of  this  dose,  injected  under  the  skin,  will  give  rise  to  a  characteristic 
"tuberculin  reaction."  This  includes  a  systemic  reaction,  a  focal  reaction  in  any  tuber- 
culous lesions,  and  a  local  reaction  at  the  site  of  the  injection. 

The  systemic  reaction  is  characterized  by  rise  in  temperature  with  malaise  and 
perhaps  headache  and  anorexia,  coming  on  wi^thin  a  few  hours  and  lasting  a  day  or  so. 

The  focal  reaction  is  shown,  in  pulmonary  tuberculosis,  by  increased  cough  and  ex- 
pectoration, pleuritic  pains,  aggravation  of  the  physical  signs  and,  if  the  larynx  is  in- 
volved, hoarseness,  pain  and  aphonia.  In  bone  tuberculosis  there  is  increased  pain  and 
stiffness,  and  if  an  open  sinus  exists,  discharge  is  augmented. 

The  local  or  topical  reaction  shows  itself  as  redness,  edema,  and  soreness.  The  focal 
and  local  reactions  may  not  pass  away  for  several  days. 

This  test  is  of  little  value  in  human  adults,  as  practically  all  persons  react  positively; 
a  focal  reaction  may,  however,  be  of  value  in  clearing  up  the  nature  of  a  doubtful  local 
infection.    It  is  of  great  value  in  children. 

The  tuberculin  reaction  is  widely  used  in  veterinary  practice,  to  distinguish  tuber- 
culous cattle. 

A  mild  degree  of  sensitization  to  tuberculin  may  be  induced  in  normal  animals  by 
repeated  injection  of  dead  tubercle  bacilli.  It  is  not  certain  whether  any  increased 
resistance  to  tuberculous  infection  is  thus  obtained.  In  infected  persons,  however,  re- 
peated injection  of  tuberculin  leads  to  increase  in  the  number  of  lymphocytes  in  the 
blood  to  focal  leucocytosis,  and  to  the  formation  of  antibodies,  which  can  be  recognized 
in  the  serum  by  agglutination  and  opsonic  reactions. 

If,  in  the  course  of  tuberculin  treatment,  administration  is  continued  before  the 
effects  of  the  preceding  dose  have  worn  off,  a  condition  of  intolerance  may  develop.  This 
is  shown  by  malaise,  headache  and  neuralgic  pains,  anorexia  and  nausea,  weakness, 
sleeplessness  and  loss  of  weight.  Such  symptoms  occurring  during  a  course  of  treatment, 
indicate  overdosage  and  require  immediate  cessation  of  tuberculin  and  resumption  in 
greatly  reduced  dose  after  they  have  passed  away. 
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Therapeutics:  Diaffnostic  Use. — The  local  reaction  is  used  for  diagnostic  pur- 
poses, especially  in  young  persons.  The  method  most  often  employed  is  that  of  von 
Pirquet,  which  consists  in  scarifying  the  skin,  preferably  with  a  standard  "chisel," 
and  applying  a  25  percent,  dilution  of  O.T.  A  moderate  reaction,  which  indicates 
active  tuberculosis,  shows  a  hyperemic,  edematous  zone  6  to  12  mm.  (^4  to  Vz  inch) 
in  diameter,  with  prominent  papules.    The  reaction  lasts  several  hours. 

Mantoux  injects  into  the  skin  0.05  cc.  of  1  to  10,000  O.T.  containing  0.005  mgm. 
The  application  of  tuberculin  ointment  of  9.5  in  lanolin,  as  devised  by  Morro,  is 
now  but  little  used. 

Calmette  and  Wolff-Eisner  found  that  instillation  of  a  dilute  solution  of  tuber- 
culin in  the  eye  of  a  tuberculous  patient  was  followed  in  few  hours  by  congestion 
of  the  conjunctiva  with  serofibrinous  exudate.  Owing  to  the  frequent  occurrence  of 
severe  ophthalmia,  the  method  was  abandoned  in  human  practice,  although  it  is  still 
largely  used  in  cattle. 

Therapeutic  Use. — The  indications  of  the  different  tuberculins  are  much  the  same, 
personal  preferences  largely  determining  their  choice.  In  the  United  States,  Old 
Tuberculin  is  most  employed. 

In  pulmonary  tuberculosis  the  best  results  are  obtained  in  those  cases  which  show 
a  slowly  progressive  course  with  little  or  occasional  fever,  and  many  authors  believe 
that  tuberculin  should  be  largely  restricted  to  such  cases.  Viton,  for  example,  be- 
lieves that  tuberculin  should  not  be  given  to  acute  or  subacute  febrile  cases  and  that 
its  use  is  contraindicated  by  any  laryngeal  or  intestinal  lesion.  M.  Solis-Cohen,  on 
the  other  hand,  states  that  tuberculin  is  the  remedy  par  excellence  in  the  treatment 
of  nearly  all  forms  of  tuberculosis,  incipient  or  advanced,  quiescent  or  active. 

Tuberculin  mvist  be  begun  with  very  minute  doses,  the  only  danger  in  its  use 
being  from  overdosage.  The  first  dose  should  not  exceed  one  millionth  of  a  milligram 
(0.000,001  mgm.)  and  if  there  is  fever,  should  be  a  tenth  of  this.  When  the  infection 
is  active,  the  first  dose  should  be  from  one  hundred  millionth  to  one  billionth  of  a 
milligram  (0.000,000,01  to  0.000,000,001  mgm.).  A  reaction  is  indicated  by  an 
increase  in  the  severity  of  any  symptom  previously  present  (cough,  fever,  etc.)  or  by 
the  occurrence  of  any  new  symptom  (headache,  anorexia)  coming  on  within  2  days 
of  the  administration.  If  the  reaction  is  slight,  and  does  not  last  more  than  24  hours, 
the  dose  may  be  repeated  in  5  to  7  days.  If  the  reaction  is  moderately  severe  the 
dose  should  be  reduced  to  Mo  of  the  initial  dose.  Should  a  marked  reaction  occur,  no 
tuberculin  must  be  given  until  it  has  entirely  passed  off,  when  not  more  than  %oo  of 
the  initial  dose  may  be  given.  If  no  reaction  occurs,  the  dose  may  be  continued  or 
may  be  increased  by  not  more  than  a  third.  Great  care  must  be  exercised  to  avoid 
overdosage,  which  will  lead  to  aggravation  of  the  condition  and  even  to  death. 

In  surgical  forms  of  tuberculosis  somewhat  larger  doses  may  be  given,  as  much 
as  0.000,1  mgm.  as  the  first  dose,  but  equal  care  must  be  exercised  to  avoid  giving  too 
much. 

As  the  reactions  subside  the  dose  may  be  gradually  increased,  i/4  to  Vz  at  a  time, 
until  finally  a  dose  of  10  mgm.  is  reached,  which  commonly  should  not  be  exceeded. 

Administration. — Tuberculin  may  be  given  by  mouth,  or  by  intramuscular  or  sub- 
cutaneous injection.  The  last  has  the  somewhat  dubious  advantage  that  the  local  re- 
actions which  result  assist  in  determining  dosage.  Administration  by  mouth  is  equally 
efficacious  (M.  Solis-Cohen)  and  causes  no  local  pain.  The  dose  by  the  three  routes  is 
the  same. 

There  seems  to  be  little  choice  between  the  different  kinds  of  tuberculin,  but  popular 
opinion  favors  Old  Tuberculin,  about  ten  times  as  much  of  this  being  used  in  the  United 
States  as  of  all  other  countries  combined. 

The  doses  of  O.T.,  B.E.,  and  T.R.,  are  about  as  given  in  the  text,  the  initial  dose 
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varying  from  0.000,000,001  mgm.  to  0.000,01  nigm.  according  to  the  case  and  increasing 
to  as  nuicli  as  10  mgm.  or  even  more.    The  doses  of  B.F.  are  ten  times  as  large. 

In  case  of  doubt  as  to  dose,  the  tuberculin  may  be  injected  intracutaneously  in  doses 
of  0.000,000,1  mgm.,  0.000,001  mgm.  and  0.000,01  mgm.,  etc.,  treatment  being  initiated  with 
the  smallest  dose  which  causes  a  distinct  reaction. 

Doses  are  given  at  intervals  of  4  to  7  days. 

Myer  Solis-Cohen  regulates  the  dosage  of  tuberculin  in  accordance  with  the  degree 
of  hypersensitiveness  of  the  individual  patient.  The  tests  for  hypersensitiveness  to  old 
tuberculin  (O.T.,  which  is  believed  to  contain  chiefly  the  exotoxin  of  the  tubercle  bacillus) 
are  made  in  one  forearm,  while  similar  tests  for  hypersensitiveness  to  tuberculin  residue 
(T.R.,  which  is  believed  to  contain  chiefly  the  endotoxin)  are  made  simultaneously  in  the 
other  forearm.  The  toxins  are  injected  intracutaneously  in  doses  of  one  ten-millionth, 
one  millionth  and  one  hundred  thousandth  of  a  milligram  respectively,  the  smallest  dose 
distally  and  the  largest  dose  proximally.  A  control  injection  is  made  distal  to  the 
smallest  dose. 

If  no  local  reaction  occur,  doses  of  one  ten-thousandth,  one  thousandth  and  one  one- 
hundredth  of  a  milligram  are  injected  similarly,  one  to  two  weeKs  later.  If  these  doses 
show  no  effect,  one-tenth  and  one  milligram  are  injected  after  two  weeks  more.  If  from 
these  no  reaction  appear,  the  patient  is  considered  not  in  need  of  tuberculin  treatment. 

When  reaction  occurs,  the  smallest  amount  of  tuberculin  that  has  produced  a 
moderate  response  is  administered  therapeutically,  either  by  mouth  or  subcutaneously 
at  intervals  of  about  three,  five  or  seven  days. 

A  dose  that  is  followed  by  a  "favorable  general  reaction" — that  is,  amelioration  of 
the  symptoms,  flattening  of  the  temperature  curve  and  improvement  in  the  patient's 
general  condition — is  to  be  repeated  until  it  fails  to  produce  such  results;  whereupon 
the  quantity  is  increased,  step  by  step,  until  a  favorable  general  reaction  is  again 
observed. 

When  any  dose  produces  a  marked  local  induration,  increase  in  signs  of  focal  ac- 
tivity or  "unfavorable  general  reaction" — namely,  increase  in  severity  of  symptoms, 
headache,  rise  in  temperature,  anorexia  or  other  unpleasant  phenomena — the  dose  is 
reduced  by  one-tenth,  one  hundredth  or  one-thousandth  part,  depending  on  the  severity 
of  the  reaction. 

If  no  reaction  of  any  sort — general,  focal  or  local — is  produced,  the  dose  is  increased 
about  50  percent,  in  accordance  with  the  following  schema,  in  which  1  indicates  the 
initial  dose:  1,  1.5,  2,  3,  5,  7,  10,  15,  20,  30  and  so  on,  until  a  reaction  occurs. 

At  intervals  of  several  months,  intracutaneous  tests  are  made  of  the  dose  the  patient 
Is  taking,  of  ten  times  this  amount  and  of  one-tenth  of  this  amount. 

Old  tuberculin  and  tuberculin  residue  may  be  administered  together  or  separately. 

Acute  Articular  Rheumatism  Bacterine 

A  mixed  vaccine  in  the  preparation  of  which  the  Streptococcus  rheumaiicus  of 
Poynton  and  Paine  predominates,  and  various  strains  of  Staphylococcus,  Streptococcus 
pyogenes,  Streptococcus  erysipelatis.  Bacillus  coli  communis.  Bacillus  pyocyaneus, 
Diplococcus  pneumonice.  Bacillus  typhosus,  and  other  bacteria  are  also  represented, 
has  been  used  in  acute  and  subaciite  articular  rheumatism,  in  some  cases  with  remark- 
able and  unexpected  success.  The  dose  is  5  cc,  injected  intravenously  or  subcutane- 
ously. The  reaction  is  severe,  as  a  rule.  In  one  case  observed  by  the  author  there 
was  a  renewal  of  joint  pains,  which  had  subsided  under  previous  use  of  salicylates. 
This,  however,  soon  passed  away  and  convalescence  was  rapid.  The  results  thus  far 
reported  have  been  exceedingly  encouraging,  and  the  preparation  may  prove  a  valuable 
remedial  agent.  It  remains  to  be  seen  whether  the  recovery  is  lasting,  or  relapses 
more  frequent  than  under  other  methods  of  management. 

Malta  Fever  Bacterine 

Cultures  of  Micrococcus  melitensls,  the  cause  of  Malta  fever,  have  been  used 
in  the  treatment  of  this  malady,  in  the  dose  of  Mo  cc.  of  bacterial  culture  injected 
at  intervals  of  one  to  two  weeks.    Statistics  do  not  show  that  the  treatment  has  had 
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any  effect  on  the  duration  of  the  attack,  the  ultimate  prognosis  of  which  is  almost 
invariably  favorable. 

Actinomicrobine 

The  actinomyces  is  not  a  true  bacterium,  and  the  material  is  measured  by  the 
number  of  fragments  contained  in  a  suspension,  and  not  by  the  number  of  organisms. 
Commonly,  a  stock  preparation  obtained  from  a  human  case  has  been  employed. 

The  treatment  is  hardly  beyond  the  experimental  stage,  although  many  cases 
have  been  reported  in  the  last  ten  or  fifteen  years.  Good  results  have  been  observed 
not  only  in  actinomycosis  of  the  surface,  biat  also  in  the  pulmonary  form. 

The  dose  may  begin  with  2  million  "fragments,"  repeated  at  intervals  of  four 
to  five  days,  and  increased  according  to  reaction  up  to  10  million  or  even  more. 

Malleobacterine 

A  bacterine  prepared  from  stock  cultures  of  Bacillus  mallei  has  been  used  with 
apparent  success  in  cases  of  human  glanders,  which  under  other  treatment  is  almost 
invariably  fatal.  The  cases  are  too  few  in  number  for  dosage  or  other  details  of 
technic  to  have  been  established. 

Mallein,  a  soluble  toxin  from  the  same  organism,  is  iised  in  a  precipitation  test 
or  more  rarely  by  ocular  or  subcutaneous  test  to  determine  freedom  from  glanders 
in  horses.  This  is  a  matter  of  routine  in  all  horses  used  for  preparation  of  thera- 
peutic serums. 

Enterobacterine 

It  has  been  shown  by  Besredka,  Danysz  and  other  bacteriologists,  that  it  is  pos- 
sible to  protect  normal  animals  against  infection  with  typhoid,  cholera,  dysentery  and 
other  intestinal  infections,  by  feeding  the  corresponding  killed  organisms.  Killed 
cultures  of  such  bacteria  have  been  used  also  to  protect  man,  and  have  been  marketed 
under  the  names  of  Typhoid  Enterovaccine,  Cholera  Enterovaccine,  etc.  Immunity 
is  less  certainly  obtained  than  after  subcutaneous  injection  and  the  method  has  made 
little  headway  in  America,  no  enterobacterine  being  prepared  by  American  manu- 
facturers. 

Bacteriophage 

This  is  a  peculiar,  invisible,  filter-passing  organism  or,  less  probably,  a  ferment, 
which  was  first  observed  in  bacterial  cultures  by  d'Herelle  and  given  the  name  of 
Bacteriophage,  which  is  often  shortened  to  "Phage." 

The  phage  destroys  and  dissolves  the  bacteria  in  the  culture,  leaving  bare  spots 
in  a  solid  medium  or  clearing  up  a  liquid  culture. 

It  can  be  isolated  from  manure,  soil  and  other  materials  and  when  first  obtained 
is  likely  not  to  be  specific  for  any  one  organism.  After  being  grown  in  vitro  with  one 
bacterial  form,  however,  it  tends  to  become  not  only  species-specific,  but  even  strain- 
specific,  failing  to  grow  in  cultures  of  other  bacteria.  It  is  especially  active  against 
organisms  of  the  colon-typhoid  group. 

The  bacteriophage  has  been  used  by  mouth  against  typhoid  and  colon  infections 
and  by  intravesical  injection  in  cystitis  due  to  these  organisms.  In  many  instances  the 
results  have  been  remarkably  good,  in  others  a  complete  failure.  The  method  is  still 
in  the  experimental  stage  and  no  preparation  of  bacteriophage  is  available  on  the 
market. 
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Bacterial  Toxins 
Diphtheria  Prophylactic 

In  the  later  years  of  the  last  century,  attempts  were  made  by  Ehrlich  and  v.  Behr- 
ing  to  produce  active  immunity  against  diphtlioritic  infection  by  means  of  injections 
of  diphtheria  toxin.  Thoy  found,  however,  that  amounts  of  toxin  large  enough  to 
stimulate  antibody  formation  when  given  in  only  a  few  doses,  were  so  large  as  to  be 
dangerous.  Experiments  were  then  made  with  toxin  rendered  harmless  by  addition 
of  sufficient  antitoxin,  and  it  was  found  that  injection  of  such  mixtures  was  followed  by 
the  i)roduction  of  ai-tive  immunity. 

In  1914,  the  method  was  recommended  by  v.  Behring  for  use  in  man;  Park  and 
Zingher  of  tlie  Xew  York  City  Board  of  Health  began  its  use  the  same  year  and  made 
very  extensive  studies  of  its  techniciue  and  value,  showing  that  its  extended  use  among 
the  children  of  a  community  can  bring  about  almost  complete  disappearance  of 
diphtheria. 

The  test  introduced  by  Schick,  makes  it  possible  to  determine  susceptibility  to 
diphtheria  and  to  cheek  and  control  the  results  of  the  protective  inoculations.  In 
the  last  three  years  the  toxin-antitoxin  mixture  has  found  a  rival  in  toxin  modified 
in  such  a  way  as  to  reduce  its  toxicity  without  destroying  its  antigenic  powers.  Such 
modified  toxin,  known  as  toxoid  or  anatoxin,  may  be  destined  to  replace  toxin-anti- 
toxin mixture. 

Diphtheria  Toxin- Antitoxin  Mixture  (T.  A.  Mixture). — This  is  a  mixture  of  diph- 
theria toxin  with  diphtheria  antitoxin  so  balanced  that  it  will  be  only  slightly  toxic 
to  guinea-pigs.  It  was  formerly  so  made  that  each  cc.  contained  3  L-j-  doses  of 
toxin  and  a  little  more  than  3  units  of  antitoxin.  Park  and  Zingher,  however,  showed 
that  a  mixture  containing  only  0.1  L-{-  dose  per  ec.  has  equal  antigenic  power, 
although  causing  much  less  local  and  systemic  reaction;  and  this  is  now  the  standard 
concentration.  The  amount  of  antitoxin  is  so  adjusted  that  doses  of  1  cc.  (one  human 
dose)  given  to  250  Gm.  (8  oz.)  guinea-pigs  cause  only  late  paralysis,  and  doses  of 
5  cc.  (five  human  doses)  do  not  kill  within  four  days  but  kill  at  least  some  of  the 
guinea-pigs  within  35  days.  This  mixture  is  used  to  induce  active  immunity  against 
diphtheria,  and  for  this  purpose  is  injected  subcutaneously  in  three  doses  of  1  cc. 
each,  seven  to  ten  days  apart.  The  practice  has  become  a  routine  one  in  the  public 
schools  of  many  cities  and  rural  communities  in  the  United  States.  State  and  local 
public  health  authorities  are  not  only  advocating  its  use  in  all  schools,  but  are  making 
concerted  efforts  to  make  its  use  general  or  even  universal,  in  children  of  pre-school 
age.  Dr.  McCreary  reports  that  in  Pennsylvania  (exclusive  of  Philadelphia  and 
Pittsburgh)  the  incidence  of  diphtheria  has  been  reduced  from  22.5  to  10.5  per  100,000 
by  the  general  immunization  of  school  children. 

Materia  Medica. — Mistura  Toxict  Diphtheritici  et  Antitoxici  Diphtheritici 
(N.N.R.),  Diphtheria  Toxin-antitoxin  Mixture. 

A  mixture  of  diphtheria  toxin  and  diphtheria  antitoxin;  that  in  general  use  con- 
taining, in  each  cc,  0.1  L  -|-  doses  of  toxin  and  about  0.11  vmits  of  antitoxin. 

Dose,  1  cc.  repeated  weekly  until  3  doses  have  been  given. 

Diphtheria  Immunitv  Test  (N.N.R.).  Synonyms:  Schick  Test,  Diphtheria 
Toxin  for  Schick  Test. 

A  preparation  intended  for  the  determination  of  the  immune  from  the  unimmune 
to  diphtheria. 

Dose,  intradermal  injection. 

Toxoid  (Anatoxin). — It  has  occasionally  been  observed  that  toxin-antitoxin  mix- 
tures, properly  adjusted  at  the  time  of  manufacture,  have  become  more  toxic  through 
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exposure  to  extreme  cold^  or  for  other  reasons,  and  on  this  account,  as  well  as 
for  fear  the  minute  amount  of  globulin  (as  little  as  1/40,000  cc.  per  dose  in  some 
mixtures),  might  lead  to  sensitization  to  horse  serum,  attempts  have  been  made  to 
replace  T.A.  mixture  by  toxin,  the  toxicity  of  which  has  been  reduced  in  other  ways. 

It  has  been  found  by  Glenny  and  Hopkins,  Kamon  and  others  that  if  toxin  is 
treated  with  0.1  percent,  to  0.4  percent,  formalin  and  kept  at  body  temperature  or 
higher  for  a  few  days,  it  loses  its  toxicity  but  does  not  lose  its  antigenic  power  nor 
its  binding  power  for  antitoxin.    Such  modified  toxin  is  termed  toxoid  or  anatoxin. 

Toxoid  is  used  in  a  manner  similar  to  T.A.  mixture,  three  injections  being  given 
at  an  interval  of  seven  days.  The  value  and  technique  are  less  well  established.  It 
is  not  possible  to  base  a  dose  on  test  of  the  toxoid  after  treatment  with  the  formalin, 
as  it  is  too  little  toxic;  the  dose  is  therefore  based  on  the  original  activity  of  the  toxin, 
and  it  seems  probable  that  the  best  dose  is  one  corresponding  to  one  L-[-  dose  of 
the  original  toxin  diluted  to  1  cc. 

Toxin  concentrated  by  precipitation  with  glacial  acetic  acid  and  solution  of  the 
precipitate  in.  dilute  sodium  hydrate  solution  has  been  used  for  the  preparation  of 
toxoid. 

The  Schick  Test. — In  the  presence  of  epidemics,  and  often  at  other  times,  it  is 
of  great  importance  to  know  whether  a  certain  individual  exposed  to  the  disease  is 
likely  to  be  infected.  It  has  been  shown  that  some  children  and  most  adults  are 
relatively  immune  to  diphtheria,  and  that  this  immunity  is  associated  with  the  presence 
of  free  antitoxin  in  the  blood.  Romer,  in  1914,  showed  directly  the  presence  of  anti- 
toxin, by  drawing  blood  from  diphtheria  convalescents  and  those  who  had  been  exposed 
to  the  disease,  mixing  it  with  varying  amounts  of  toxin  and  injecting  the  mixtures 
in  guinea-pigs.  He  thus  determined  the  unit  value  of  the  serum  and  showed  that 
if  the  blood  contained  1/20  (0.05)  unit  per  cc,  there  was  no  danger  of  severe  diph- 
theritic infection.  Schick,  in  1913,  showed  that  this  antitoxin  prevented  any  local 
inflammatory  reaction  when  minute  amounts  of  antitoxin  were  injected  into  the  skin. 
He  showed  that  the  amount  of  toxin  which  could  be  given  without  reaction  was 
proportionate  to  the  amount  of  antitoxin  in  the  blood,  and  that  the  amount  requisite 
to  guard  against  infection  was  just  enough  to  prevent  local  reaction  when  from 
1/50  to  1/40  of  a  guinea-pig-fatal  dose  was  injected  intracutaneously.  The  Schick 
test,  which  has  entirely  replaced  the  Eomer  test  for  clinical  use,  is  performed  as 
follows:  The  toxin  is  diluted  until  one  minimal  lethal  dose  for  a  250  Gm.  guinea-pig 
(1  m.l.d.)  is  contained  in  5  cc.  and  drawn  into  a  finely  graduated  syringe  fitted  with 
a  very  fine  needle;  the  palmar  surface  of  the  forearm  is  cleaned  with  alcohol  and 
the  needle  introduced  into,  not  through,  the  skin  (the  needle  is  at  the  proper  depth 
if  the  opening  in  the  beveled  end  can  be  seen  through  the  skin) ;  one-tenth  (1/10)  of 
a  cc.  (containing  1/50  m.l.d.)  is  then  injected,  producing  a  minute  bleb  which  soon 
disappears.  A  positive  reaction  showing  susceptibility  to  diphtheria  is  characterized 
by  a  circumscribed  area  of  redness  and  infiltration  from  1  to  3  cm.  in  diameter. 
This  reaches  its  maximum  in  48  hours  and  then  slowly  fades,  leaving  behind  some 
scaling  and  brownish  pigmentation  which  lasts  for  several  weeks.  The  larger  the 
area,  the  greater  is  the  susceptibility  of  the  person.  Very  faint  reactions,  less  than 
1  cm.  in  diameter,  indicate  almost  enough  antitoxin  in  the  blood  to  protect.  If  the 
person  is  protected  against  diphtheria,  no  inflammatory  reaction  whatever  will  occur, 
the  negative  reaction.  Some  persons  show  a  different  reaction  due  to  the  proteins 
of  the  diphtheria  bacillus.     This   pseudoreaction  usually   comes   on   sooner   than   the 

'^The  increase  in  toxicity  from  freezing  was  shown  to  take  place  in  mixtures  pre- 
pared with  plain  antitoxic  serum  but  not  in  mixtures  prepared  with  concentrated  globu- 
lins, which  are  now  solely  used. 
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positive  reaction,  fades  more  quickly  and  is  not  commonly  followed  by  scaling  or 
pigmentation.  It  has  the  same  meaning  as  a  negative  reaction.  The  pseudoreaction 
may  be  associated  with  a  positive  reaction,  giving  rise  to  the  mixed  reaction.  This 
has  the  same  indication  as  a  positive  reaction.  Such  pseudoreactions  are  almost  never 
seen  in  young  children  but  become  more  frequent  with  advancing  years  and  are 
quite  common  in  adults.  They  may  be  positively  distinguished  from  true  reactions 
by  giving  a  control  injection  in  the  other  forearm,  using  the  same  toxin  heated  to 
75°  C.  for  5  minutes.  This  heat  destroys  the  toxin  which  causes  the  true  reaction, 
but  does  not  affect  the  proteins  which  give  rise  to  the  false.  If  the  reaction  to  the 
heated  serum  is  as  severe  as  that  to  the  unheated,  the  test  is  negative  and  shows 
protection.  The  control  test  need  not  usually  be  used  in  children  of  less  than  5  years, 
but  should  be  used  routinely  in  testing  persons  more  than  12  or  15  years  old. 

The  relative  frequency  of  positive  and  negative  reactions  varies  very  much  in 
different  clinical  groups.  Positive  reactions  are  infrequent  in  children  less  than 
6  months  old,  but  the  number  increases  from  this  time,  reaching  a  maximum  of 
60  to  85  percent,  positives  at  2  to  5  years.  From  this  time  the  relative  number  of 
positives  steadily  decreases,  being  only  from  5  to  20  percent,  in  persons  above  15  years. 
The  number  of  positives  is  much  less  in  asylums  and  other  places  where  children 
are  brought  together,  and  is  also  less  in  cities  than  in  country  districts  and  in  more 
congested  jiarts  of  the  city  than  in  less  congested.  In  various  public  schools  of  New 
York  City  the  number  of  positive  reactions  varied  from  14  percent,  to  67  percent., 
according,  chiefly,  to  whether  the  school  was  in  a  densely  populated  or  more  open 
part  of  the  city. 

Because  of  the  large  proportion  of  positive  reactions  in  children  between  the 
ages  of  1  and  10  years,  it  is  usual  to  omit  the  preliminary  Schick  test;  the  "protective 
injections  of  T.A.  mixture  or  toxoid  being  given  to  all.  With  older  persons  it  is  usual 
first  to  perform  the  Schick  test  on  all  those  in  the  group  to  be  protected  -and  to  ad- 
minister the  toxin-antitoxin  mixture  only  to  those  individuals  who  show  a  positive 
reaction. 

This  method  is  now  used  routinely  in  many  children's  hospitals,  asylums  and 
other  places  where  many  children  are  brought  together.  It  is  also  used  in  contagious 
disease  hospitals  and  similar  institutions  in  which  exposure  to  diphtheria  is  frequent, 
the  entire  personnel  being  tested  and  injected  with  toxin-antitoxin  mixture  if  neces- 
sary. From  three  to  six  months  after  the  injections,  all  persons  who  received  them 
are  tested  again  and  any  still  reacting  positively  are  given  another  series  of  one  to 
three  injections.  From  70  to  90  percent,  of  former  positives  become  negative  six 
months  after  the  three  injections  and  almost  all  of  those  still  positive  are  immune  after 
the  second  series.  If  a  negative  reaction  is  obtained,  either  naturally  or  after  in- 
jection, it  is  not  necessary  ever  to  test  the  individual  again,  as  it  may  be  assumed 
that  the  protection  is  permanent. 

Scarlatinal  Toxin 

There  is  still  dispute  as  to  the  nature  of  the  infectious  agent  of  scarlatina,  some 
claiming  that  it  is  a  special  form  of  streptococcus,  others  that  it  is  a  filterable  organ- 
ism, presumably  similar  to  those  which  cause  the  other  exanthemata,  and  that  the 
streptococcus,  which  is  always  present,  is  a  secondary  invader.  In  line  with  those 
ideas,  several  biologic  products  have  been  prepared  for  use  in  connection  with  scar- 
latina. These  may  be  divided  into  products  used  in  testing  the  degree  of  immunity 
of  the  individual,  products  employed  for  producing  active  immunity,  and  serums  for 
giving  passive  immunity.  The  first  two  will  be  taken  up  here,  the  serums  in  the 
next  section. 
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Materia  Medica. — Toxinum  Scarlatinum  (KN.K.),  Scarlatinal  Toxin.  Syno- 
nyms: Dick  Toxin,  Scarlet  Fever  Immunity  Test  (Dick). 

A  toxin  formed  by  scarlatinal  streptococci  and  prepared  by  filtration  through 
germ-proof  candle  filters. 

Dick  Toxin. — In  1924,  George  and  Gladys  Dick,  who  had  been  working  for  ten 
years  on  the  bacteriology  of  scarlatina,  announced  that  they  had  produced  scarlet 
fever  in  man  by  inoculation  of  the  throat  with  a  pure  culture  of  hemolytic  strepto- 
cocci, and  that  these  streptococci  produced  a  soluble  toxin  which  gave  rise  to  a  typical 
skin  reaction  when  injected  intradermally.  This  reaction  could  be  prevented  by 
mixing  the  toxin  with  blood  serum  of  convalescents  from  scarlatina,  and  was  negative 
in  persons  who  had  had  the  disease.  Furthermore,  persons  who  gave  negative  reactions 
to  the  toxin  could  not  be  inoculated  by  swabbing  the  throat  with  living  organisms. 

The  toxin  may  be  prepared  by  growing  streptococci  isolated  from  scarlet  fever 
-cases  on  blood  broth  for  five  days  and  filtering  after  addition  of  0.5  percent,  phenol. 
The  toxin  can  be  partly  purified  by  adding  20  percent,  sodium  chloride  with  1  per- 
cent, acetic  acid  and  discarding  the  resultant  precipitate.  The  filtrate  is  dialyzed  to 
remove  the  salt  and  acid  and  contains  all  the  active  matter  with  about  10  percent, 
of  the  protein  (Huntoon). 

As  animals  are  insusceptible  to  the  toxin,  as  far  as  known,  its  activity  must 
be  determined  by  measuring  the  amount  necessary  to  cause  an  inflammatory  reaction 
when  injected  intradermally  in  a  person  known  to  be  susceptible  (skin  dose).  In 
preparing  the  material  for  use  in  the  skin  test,  it  is  diluted  to  correspond  to  a 
standard  toxin,  so  that  one  skin  dose  is  contained  in  0.1  cc.  The  test  is  carried  out 
in  the  same  manner  as  the  Schick  test.  As  Avith  the  Schick  test,  false  reactions  may 
occur  which  are  to  be  ruled  out  by  control  test  with  heated  toxin.  In  positive  reactors 
the  injection  is  followed  in  four  to  six  hours  by  redness,  which  increases  in  intensity, 
reaching  a  maximum  in  twenty-four  hours.  The  area  of  redness  varies  from  1  to 
3  cm.  in  diameter,  and  fades  in  two  to  six  days.  Positive  reactors  are  susceptible 
to  scarlatina;  negative  reactors  are,  at  least  partially,  immune.  This  is  shown  by  the 
fact  that  the  blood  serum  of  negative  reactors  will  neutralize  the  toxin.  The  number 
of  positive  and  negative  reactors  is  similar  to  that  with  the  Schick  test,  but  differs 
less  with  age. 

Persons  giving  a  positive  reaction  may  be  immunized  by  a  series  of  three  injec- 
tions of  the  toxin.  The  proper  dose  is  a  matter  of  controversy  at  present,  the  first 
dose  varying  from  100  to  5000  skin  doses,  the  subsequent  ones  being  respectively 
twice  as  large  and  four  times  as  large.  Eetests  of  inoculated  persons  at  an  interval 
of  several  weeks  have  shown  about  80  percent,  immune.  Immunity  comes  on  promptly 
after  inoculation,  and  the  method  is  of  great  value  in  cutting  short  outbreaks  in 
schools,  homes  and  institutions. 

Injection  of  about  5000  skin  doses  causes,  in  susceptible  adults,  a  systemic  reaction 
lasting  twenty-four  to  forty-eight  hours  and  characterized  by  fever,  vomiting,  malaise 
and  scarlatinal  rash. 

Di  Cristina  Toxin. — Di  Cristina  has  prepared  a  scarlatinal  vaccine  from  alcoholic 
extracts  of  desquamated  scales  of  scarlatinal  convalescents,  the  specific  relation  of 
which  to  the  disease  he  considers  to  be  established.  The  extract  gives  specific  precip- 
itin and  complement  fixation  tests  with  serum  of  scarlet  fever  patients  and  produces 
complete  immunity  to  scarktina  when  injected  in  children.  The  protective  value  has 
been  proved  by  allowing  inoculated  children  to  sleep  with  scarlet  fever  patients.  Of 
40  children  thus  tested,  none  contracted  the  malady.  The  vaccine  does  not  seem  to 
have  been  used   in  America.     The  serum   of  horses   immunized  with   this   material 
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gave  iinimino  reactions  in   a   clilutiou  of  1    to  2000.    This  serum  had  great  curative 
power  in  infected  persons. 

Non-Specific  Proteins 

In  discussing  bacterines,  it  was  noted  that,  although  immunization  of  normal 
persons  against  infection  could  be  brought  about  only  by  inoculation  with  the  specific 
organism  (e.g.,  typhoid  inoculation  protects  only  against  typhoid  infection),  favorable 
results  might  be  obtained  in  the  treatment  of  infectious  processes  by  inoculation  with 
other  types  of  bacteria.  This  action  has  been  traced  to  the  protein  of  the  bacteria  in- 
jected, and  it  has  been  found  that  non-bacterial  proteins,  if  injected  subcutaneously 
or  intravenously,  also  exercise  a  favorable  influence  on  infections.  Since  about 
1915  a  great  many  conditions,  both  acute  and  chronic,  have  been  treated  with  varying 
degrees  of  success  by  a  wide  range  of  proteins,  including  bacteria,  serum,  milk, 
peptone  and  even  digested  proteins,  containing  only  amino  acids. 

The  use  of  non-specific  proteins  is  still  experimental.  It  is  not  to  be  practiced 
indiscriminately;  but  under  proper  environment  and  with  judicious  selection  of  cases 
and  agents,  experienced  physicians  are  justified  in  resort  to  it  when  other  measures 
do  not  promise  equal  or  better  results. 

The  results  in  chronic  arthritis  and  gonorrheal  arthritis  have  been  favorable, 
irrespective  of  the  protein  used.  Inflammations  of  the  eye,  optic  neuritis,  retinitis, 
keratitis,  have  been  successfully  treated  with  cow's  milk,"  typhoid  vaccine  and  anti- 
diphtheritic  serum.  Asthma  and  angioneurotic  edema  are  said  to  be  relieved  by 
injections  of  peptone. 

Immediately  after  the  injection  there  is  fever,  and  the  local  pain  and  congestion 
may  increase.  A  chill  often  occurs  which  is  followed  by  leucocytosis,  and  by  improve- 
ment in  the  inflamed  tissues.  The  mechanism  is  entirely  obscure.  The  doses  are 
variable.  Milk  is  usually  given  subcutaneously,  5  to  10  cc. ;  peptone,  0.5  percent, 
solution,  may  be  given  intravenously  in  the  same  dose.  Typhoid  vaccine  in  doses 
of  500  million  to  5  billion  is  perhaps  most  used. 

It  has  been  suggested  that  the  benefit  sometimes  seen  in  Graves'  syndrome  after 
ligation  of  one  thyroid  artery  is  not  due  to  reduction  of  thyroid  secretion  but  to 
trauma  during  ligation,  injured  cell  substance  escaping  into  the  circulation  and  act- 
ing as  a  protein  injection.  Similar  benefit  may  follow  injections  of  milk,  typhoid 
bacilli  or  other  protein   (De  Courcy). 

Henry  Smith  Williams  advocates  the  use  of  proteins  derived  from  vegetable 
sources,  such  as  alfalfa,  rape,  mustard,^'  in  the  treatment  of  asthma,  tuberculosis, 
anemias  and  conditions  of  malnutrition  in  general.  He  believes  that  the  foreign 
protein  exerts  a  generalized  reaction,  intensifying  the  natural  powers  of  resistance 
and  recuperation,  and  expressed  by  general  amelioration  of  symptoms,  increase  of 
vigor  and  augmentation  of  the  red  and  white  cell  count  of  the  blood.  In  gastric 
carcinoma,  injections  of  such  proteins  may  relieve  pain,  check  vomiting  and  permit 
food  to  be  taken.  They  may  also  control  for  a  time  the  fetid  discharge  from 
ulcerations  in  inoperable  or  neglected  cases  of  mammary  and  other  external  cancers. 

Clyde  Brooks  prepared  so-called  "shattered  hemoproteins"  from  the  fibrin  of  ox 
blood  by  peptic  digestion,  and  fractionates  by  precipitation  with  ammonium  sulphate. 
From  1/4  to  %  grain  (15  to  40  mgm.)  are  dissolved  in  salt  solution  and  at  once 
injected  intravenously.     They  are  thus  used  in  arthritis  and  other  systemic  infections. 

'•'  It  is  said  that  the  milk  is  efficacious  only  if  the  bacterial  count  is  high,  and  that 
the  protein  reaction  is  solely  due  to  the  bacterial  proteins  it  contains  (Barkan  and 
Nelson). 

^  These  have  been  supplied  under  the  names  of  profeogens,  proteals,  autolysin,  etc. 
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Normal  Serum 

The  serum  of  the  blood  of  normal  animals  of  several  species  has  been  used  since 
1910,  and  occasionally  earlier,  to  meet  various  indications,  chiefly  improper  or  delayed 
clotting  of  the  blood,  and  septic  infection. 

Materia  Medica. — Serum  Sanguinis  Hominis  (unofficial).  Normal  Human  Serum. 
Serum  prepared  after  the  usual  manner  from  blood  taken  from  normal  men.  This 
serum  is,  for  obvious  reasons,  commonly  freshly  prepared  and  not  preserved,  and  is 
not  on  the  market. 

Serum  Equinum  (N.N.E.),  Normal  Horse  Serum.  Serum  from  the  blood  of  a 
normal  horse  prepared  in  an  aseptic  manner  and  known  to  be  sterile.  It  is  marketed 
with  and  without  preservative  (0.5  percent,  phenol). 

Serum  Bovinum  (unofficial),  Normal  Cattle  Serum.  A  similar  serum  prepared 
from  tlie  blood  of  normal  cattle  and  heated  twice  for  yo  hour  at  5fi°  C.  to  prevent 
serum  reactions. 

Serum  Capricornum  (unofficial),  Normal  Goat  Serum.  A  serum  prepared  from 
the  blood  of  normal  goats. 

Serum  Reactions. — Normal  serums  differ  materially  in  the  degree  of  local  reaction 
and  of  systemic  derangement  which  they  induce  in  normal  as  well  as  in  diseased  in- 
dividuals. Human  serum  is  commonly  well  borne,  causing  little  more  than  a  slight 
leucocytosis  and  an  increase  in  the  coagulability  of  the  blood.  Of  foreign  serums,  that 
of  the  horse  is  least  disturbing  to  most  individuals,  but  some  exhibit  a  marked  idio- 
syncrasy against  it,  and  its  use  without  previous  test,  and  if  necessary  desensitization, 
may  be  fatal.  The  methods  of  testing  and  desensitizing  are  described  in  Part  I.  Its  injec- 
tion under  the  skin,  even  in  dose  as  small  as  5  to  10  cc.  (1  to  2V3  drams),  is  commonly 
followed  by  local  urticaria  or  edema,  with  pain  or  itching  or  even  redness  and  inflamma- 
tion. These  local  manifestations  are  followed  by  malaise  and  headache,  leucocytosis  and 
often  a  slight  febrile  reaction.  The  more  severe,  occasional  symptoms  have  been  described 
in  Part  I.  Cattle  (beef)  serum  is  much  more  toxic.  The  reaction  may,  however,  be  re- 
duced by  heating  the  serum,  and  only  serums  heated  to  56°  C.  can  safely  be  used  in  man. 
Goat  serum  is  between  the  two. 

Therapeutics. — Human  serum,  horse  serum  and  cattle  serum  are  vised  under  much 
the  same  conditions.  The  indications  are  based  on  the  reactions  mentioned,  increased 
coagulability  of  the  blood  and  leucocytosis.  Human  serum  is  used,  when  available, 
for  the  first;  horse  serum  more  commonly  for  the  second  effect. 

In  hemophilia,  purpura  and  similar  conditions  characterized  by  lessened  clotting 
power  and  tendency  to  hemorrhage,  as  well  as  in  persistent  bleeding  from  the  lungs 
or  stomach,  either  serum  may  be  given  subcutaneously  in  doses  from  15  minims  to  1 
ounce  (1  to  30  cc),  commonly  about  2^2  drams  (10  cc). 

Normal  serum  is  also  used  by  injection  subcutaneously  or  directly  into  the  diseased 
part,  to  combat  localized  and  generalized  infections.  Thus,  after  drawing  off  the  pus 
from  an  abscess  through  an  aspirating  needle,  the  abscess  cavity  is  rinsed  with  normal 
horse  serum  until  this  returns  clear,  and  the  abscess  is  emptied  as  far  as  possible  and 
sealed.  If  there  is  pain,  too  much  serum  has  been  left  in.  If  the  pus  again  collects, 
the  procedure  may  be  repeated.  Abscesses  treated  in  this  way  commonly  heal  without 
opening  (Fejes,  Gergo).  Subcutaneous  injections  of  normal  horse  or  human  serum 
have  been  used  with  good  result  in  puerperal  sepsis;  in  pyelitis  (Cowie)  ;  in  encephalitis 
(Russell),  and  in  diphtheria  (Bingel,  whose  work  has  not  been  confirmed  by  others). 
Horse  serum  has  also  been  used  with  benefit  in  non-infectious  conditions,  such  as 
chorea  (intraspinal.  Porter);  and  in  delayed  development  of  infants  (Freeman, 
Ferreira). 

Cattle  serum  has  been  used  chiefly  in  the  treatment  of  anthrax,  being  given 
subcutaneously  in  doses  of  10  to  50  cc.  (2^/2  to  I2V2  drams)  repeated  every  12  to  36 
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hours.  The  results  have  been  most  encouraging,  equalling  those  from  immune  serum 
(Kraus). 

Goat  serum  has  been  used  chiefly  in  the  treatment  of  syphilis  and  tuberculosis, 
but  has  not  received  wide  recognition.  Dog  serum  has  also  been  tried  in  the  latter 
malady. 

Similar  in  mechanism  and  equally  unexplained  are  the  good  results  obtained 
with  specific  immune  serums  in  other  infectious  conditions.  Diphtheria  antitoxin, 
being  most  readily  obtained,  has  been  most  used,  and  brilliant  results  have  been 
reported  with  this  serum  in  pertussis,  measles,  mumps,  scarlatina,  erysipelas  and 
general  sepsis.  The  dose  has  commonly  been  from  2y2  to  8  drams  (10  to  30  cc),  not, 
of  course,  based  on  unit  value. 

Miscellaneous  Serums 

In  addition  to  the  therapeutic  scrums  that  have  been  discussed  more  or  less  fully 
in  this  article,  there  are  a  large  number  that  have  some  claim  on  the  attention  of  the 
student,  but  have  hardly  attained  the  practical  importance  which  would  justify 
extended  consideration.  Among  these  may  be  mentioned  certain  products  obtained 
from  animals  inoculated  with  thyroid  gland  substance,  the  most  important  of  which 
is  the  serum  of  Beebe  and  Rogers.  The  most  recent  studies  with  this  serum  have 
failed  to  realize  the  expectations  awakened  by  the  early  reports  of  its  successful 
employment  in  exophthalmic  goiter.  The  many  attempts  to  discover  a  therapeutic 
serum  for  cancer  have  ended  uniformly  in  faiku'e,  although  the  quest  still  continues. 
Some  experimental  work  has  been  done  in  the  serum  treatment  of  leucemia  and 
other  foiTUs  of  blood  dyscrasia. 

Atopens 

For  many  years  certain  striking  resemblances  were  recognized  between  hay  fever 
and  asthma,  but  it  was  not  until  recent  times  that  it  was  definitely  established  that 
both  of  these  conditions  depend  on  a  peculiar  reaction  of  the  tissues  to  certain  proteins 
or  other  constituents  of  particular  substances,  which  are  inhaled  in  the  air  as  floating 
particles  or  swallowed  with  food.  Such  reactions  are  called  forth  only  in  a  small  pro- 
portion of  individuals,  who  are  said  to  be  sensitive  or  sensitized  to  the  substances  to 
which  they  respond.  Urticaria  and  angioneurotic  edema  are  often  caused  by  a  similar 
sensitiveness.  The  substances  which  induce  such  reactions  are  termed  Atopens  or 
Allergens  and  the  condition  of  sensitiveness  is  termed  atopy,  or  less  correctly,  allergy 
or  anaphylaxis.  Some  individuals  are  sensitive  to  only  one  "protein,"  others  to  a  large 
number.  The  offending  constituents  are  very  likely  not  protein  in  nature,  but  are 
related  nitrogenous  bodies  and  in  any  process  of  purification  commonly  separate  with 
the  protein  fraction.  For  this  reason  they  are  popularly  but  rather  loosely  referred  to 
as  "proteins"  or  "the  protein  fraction." 

The  "proteins"  to  which  sensitization  is  most  frequent  are  divisible  into  four 
groups.  1.  Pollen  proteins,  from  ancmophilous  plants.  2.  Ectodermal  proteins,  from 
the  skin  and  its  appendages.    3.    Food  proteins.    4.    Bacterial  proteins. 

Pollens 

Of  floating  particles,  those  most  commonly  giving  rise  to  atopic  reactions  are  the 
pollens  of  anemophilous  or  wind  pollenated  plants,  although  many  insect-pollenated 
plants,  especially  of  the  Family  Compositae — as  dandelion,  goldenrod  and  daisy — are 
justly  or  unjustly  suspected  of  being  frequent  offenders.  The  pollens  cause  hay  fever 
rather  than  asthma,  and  the  affection  due  to  them  can  usually  be  distinguished  from 
that  due  to  other  atopens,  by  its  seasonal  character  and  its  more  or  less  complete 
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cessation  during  the  winter.  In  the  United  States,  there  are  two  seasons  of  chief  preva- 
lences— spring  and  fall ;  in  Europe,  only  the  spring  type  is  common,  although  the 
fall  type  has  been  reported. 

In  both  countries  the  spring  type  is  occasioned  by  the  pollens  of  grasses,  including 
chiefly  the  fodder  or  hay  grasses,  such  as  timothy,  orchard  grass,  red  top,  June  grass 
and  sweet  vernal  grass.  Bermuda  grass,  Johnson  grass,  Sudan  grass  and  canary  grass 
are  important  in  the  South  Atlantic  States. 

The  fall  type  is,  in  the  eastern  and  middle  United  States,  dependent  almost  wholly 
on  the  ragweeds.  On  the  western  plains  the  ragweeds  are  displaced  by  various  species 
of  Artemisia,  including  sagebrush,  mugwort,  wormwood,  and  wild  sage  as  well  as  by 
false  ragweed,  Russian  thistle,  marsh  elder  and  western  sandbur. 

In  summer,  several  weeds,  including  lamb's  quarters,  dock,  amaranth,  plantain 
and  sorrel,  unite  the  more  pestilential  seasons.  None  of  these  are  very  important 
factors  in  most  sections,  and  they  are  likely  to  be  secondary  offenders,  that  is  they 
induce  hay  fever  only  in  individuals  whose  nasal  mucosa  has  been  rendered  unduly 
susceptible  to  such  irritation,  by  grass,  ragweed  or  artemisia  pollen. 

In  early  spring,  a  few  individuals  suffer  from  hay  fever  occasioned  by  the  pollen 
of  trees,  including  willow,  poplar,  cottonwood,  oak,  walnut,  elm,  hazel,  etc.,  in  the 
eastern  United  States,  and  mountain  cedar,  in  Texas. 

Chemistry. — The  available  evidence  is  divided  between  the  view  that  the  constit- 
uents responsible  for  the  allergic  reactions  are  protein  in  nature,  and  the  idea 
that  non-protein  constituents  are  responsible,  but  that  these  tend  to  attach  themselves 
to  the  proteins  when  the  latter  are  precipitated.  The  activity  of  the  extract  varies 
with  the  nitrogen  content  rather  than  with  the  total  solids,  and  the  former  is  commonly 
used  as  a  standard  of  strength. 

The  allergen  may  be  separated  from  the  pollens  in  concentrated  form  by  extracting 
these  with  water  or  dilute  alkali  and  precipitating  the  active  constituent  by  addition 
of  acetone.  The  acetone  precipitate  is  dissolved  in  salt  solution  and  may  be  standard- 
ized by  determining  its  nitrogen  content.  A  quantity  containing  0.001  mgm.  of 
amino-nitrogen  is  spoken  of  as  1  unit;  or,  more  commonly,  the  nitrogen  is  multiplied 
by  6.25  and  the  figure  thus  obtained  is  termed  "pollen  protein."  A  protein  unit  contains 
0.001  mgm.  of  "protein." 

Materia  Medica. — Ambrosia  Trifida  Pollen  (N.lSr.R.),  High  Ragweed  Pollen. 

The  dried  pollen  grains  of  Ambrosia  trifida  Linne.  Occurs  as  a  greenish  or  yellow 
powder  of  slight  distinctive  odor. 

Dose,  0.001  to  0.1  mgm.  hypodermically  as  aqueous  extract. 

Ambrosl\  Trifida  Pollen  Extract  (IST.N.R.),  High  Ragweed  Pollen  Extract. 
Synonym:   High  Ragweed  Pollen  Protein. 

A  precipitate  made  by  treating  with  acetone  a  watery  extract  of  the  pollen  grains 
of  Ambrosia  trifida  Linne.  Occurs  as  a  fine,  white,  odorless  powder.  Soluble  in  dilute 
alkalis.     Commonly  marketed  as  an  aqueous  solution. 

Dose,  0.00025  to  0.025  mgm.  hypodermically. 

Similar  pollen  and  extracts  are  available  for  the  following  plants:  (A)  Grasses. — 
Agrostis  alba  (redtop),  Anthoxanthum,  odoratum  (sweet  vernal  grass),  Avena  sativa 
(oats),  Bromus  sp.  (brome  grass),  Capriola  dactylon  (Bermuda  grass),  Chaetochloa 
glauca  (Foxtail  grass),  Dactylis  glomerata  (orchard  grass),  Holcus  halepensis  (John- 
son grass),  Poa  pratensis  (June  grass,  blue  grass),  Secale  cereale  (rye),  Zea  mays 
(corn). 

(B)  Ragweeds. — Ambrosia  elatior  (low  ragweed).  Ambrosia  psilostachya  (western 
ragweed),  Gaertneria  acanthicarpa  (sandbur),  G.  tenuifolia  (false  ragweed),  Iva  axil- 
laris (Poverty  weed),  Iva  ciliata  (marsh  elder),  Zanthium  sp.  (cocklebur). 
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(C)  Wormwoods. — Artemisia  annua  (annual  wormwood),  A.  Vulgaris  (common 
wormwood),  A.  trident ata  (sage). 

(D)  Pigweeds. — Acnida  sp.  (water  hemp),  Amarantus  sp.  (amaranth,  tumbleweed), 
Chenopodium  alburyi  (lamb's  quarters),  C.  sarcobatum  (greasewood),  Rumex  crispus 
(dock),  E.  acetosella  (sheep  sorrel),  Salsola  pestifer  (Kussian  thistle). 

(E)  CoMPosiT.t:. — Chrysanthemum  leucanthemum  (daisy),  Helianthus  sp.  (sun- 
flower), Solidago  sp.  (goldenrod),  Rudbeckia  laciniata  (goldenglow). 

(F)  Unclassified. — Beta  vulgaris  (beet),  Planlago  media  (common  plantain), 
P.  lanceolata  (ripple  plantain),  Urtica  sp.  (nettle). 

(G)  Trees. — Acer  sp.  (maple),  Fraxinus  (ash),  Hicoria  (hickory),  Juglans  (wal- 
nut), Morus  (mulberry),  Negundo  (ash  leaved  maple,  box  elder),  Finns  (pine),  Pla- 
tanus  (sycamore,  buttonwood),  Populus  (cottonwood,  poplar,  aspen),  Pru7ius  (cherry, 
plum),  Pyrus  (pear,  apple),  (Jiiercus  (oak),  Salix  (willow),  Sabina  sabinoides  (moun- 
tain cedar). 

Atopic  Reaction. — The  atopens  occasion  reactions  only  in  certain  susceptible  in- 
dividuals, who  constitute  about  1  in  75  of  the  population,  most  of  these  being  susceptible 
to  pollens.  Such  individuals  are  affected  by  one  or  a  few  of  the  pollens  and  are  not 
annoyed  by  others. 

In  such  persons  the  application  of  even  minute  amounts  of  the  offending  pollen  or  of 
the  corresponding  aceton  precipitate  (e.g.,  0.1  cc.  of  a  0.0001  percent,  solution)  to  an 
exposed  mucous  membrane,  occasions  an  itching  and  burning  sensation,  accompanied 
by  congestion  and  increased  secretion.  If  applied  to  the  nose,  for  example,  there  is 
sneezing,  with  congestion  of  the  turbinates,  closing  off  the  nasal  passages  more  or  less 
completely.  At  the  same  time  there  is  a  discharge  of  thin,  serous  mucus,  which  is 
irritating  to  the  lips.  The  eyes  share  in  the  irritation.  Application  to  the  eye  is  followed 
by  burning  and  itching  or  even  severe  neuralgic  pain,  with  photophobia  and  lacrymation 
and  congestion  and  edema  of  the  conjunctiva  and  lids.  The  nose  is  secondarily  affected. 
Application  to  the  anus  causes  itching  and  burning  pain  with  congestion. 

If  the  offending  pollen  is  applied  to  the  scratched  or  abraded  skin,  it  causes  the 
formation  of  an  urticarial  wheal  surrounded  by  a  zone  of  hyperemia.  This  lasts  from 
several  minutes  to  more  than  an  hour  depending  on  dose  and  individual  sensitiveness. 

Injected  subcutaneously,  0.1  mgm.  (1/600  grain)  or  even  less,  induces  a  systemic 
reaction  characterized  by  swelling  and  congestion  of  mucous  membranes,  with  lacryma- 
tion and  congestion  of  the  eyes,  swelling  of  the  turbinates  and  sneezing  attacks,  con- 
striction and  swelling  of  the  bronchi  with  resultant  asthmatic  dyspnea,  and  often  great 
general  distress  and  slight  fever. 

The  skin  reaction  described  is  availed  of  to  determine  which  pollen  is  responsible 
for  the  condition  in  any  given  case.  Often  the  character  of  the  attacks  will  give  a  clue 
as  to  the  causative  factor.  Thus,  if  the  attacks  are  strictly  seasonal,  it  may  be  assumed 
that  they  are  occasioned  by  a  pollen,  and  tests  will  be  made  with  spring  or  fall  pollens 
as  may  be  indicated.  If  attacks  of  hay  fever  or  asthma  occur  only  out-of-doors,  but  at 
any  season,  sensitization  to  several  pollens  may  be  suspected  or  to  one  of  the  ectodermal 
emanations.  If  asthma  results  occasionally  but  irrespective  of  surroundings,  and  espe- 
cially if  urticaria  is  associated,  the  foods  may  be  suspected. 

Definite  information  as  to  the  responsible  factor  may  be  obtained  by  making  several 
superficial  scratches  or  abrasions  on  the  flexor  surface  of  the  forearm,  with  a  needle 
or  Pirquet  chisel,  and  rubbing  into  each  one  a  suspension  of  2  mgm.  of  one  of  the  sus- 
pected "proteins"  in  0.2  percent.  NaOH.  A  control  is  made  with  the  NaOH  solution 
alone.  In  5  to  15  minutes  a  wheal  will  be  noted  surrounding  that  abrasion  to  which  the 
offending  protein  has  been  applied.  If  a  large  number  of  proteins  are  under  suspicion, 
several  may  be  mixed  and  a  "group"  of  related  substances  applied  at  once.  A  negative 
reaction  will  then  rule  out  from  further  consideration  five  or  ten  substances  instead  of 
only  one.  When  a  positive  reaction  is  obtained,  a  separate  test  must  be  made  with  each 
member  of  the  "group."    "Group  Allergens"  for  such  tests  are  available  on  the  market. 

Therapeutics. — Having  determined  the  specific  exciting  agent,  the  best  course  is, 
if  possible,  to  avoid  it.  It  may  be  possible  to  live  during  the  pollenating  season  in  a 
locality  where  the  plant  yielding  the  offending  pollen  does  not  grow.  Many  of  our 
mountain  resorts,  for  example,  are  free  from  ragweed. 


956  BIOLOGIC  ANTIPATHOGENS 

If  avoidance  is  not  possible,  for  economic  or  other  reasons,  recourse  must  be  had 
to  attempts  at  immunization.  This  is  carried  ovit  by  the  use  of  graduated  dilutions 
of  the  pollen  "protein"  which  are  administered  hypodermically  about  twice  a  week, 
beginning  six  or  eight  weeks  before  the  "season."  The  first  dose  must  be  too  small 
to  cause  a  systemic  or  focal  reaction  and  subsequent  ones  can  be  made  progressively 
larger.  Eventually  large  doses  are  borne  without  reaction  and  freedom  from  the  hay 
fever  symptoms  is  likewise  experienced.  For  some  unknown  reason,  relief  is  not  always 
to  be  obtained,  even  when  large  doses  can  be  given.  In  the  spring  cases  about  90  per- 
cent, of  the  cases  are  relieved ;  in  those  occurring  in  the  fall,  a  smaller  proportion. 
The  duration  of  the  immunity  is  variable,  but  the  injections  must  commonly  be  re- 
peated each  year. 

Administration. — The  pollen  extracts  or  "proteins"  are  administered  hypodermically 
every  2  to  5  days.  Treatment  may  begin  with  the  injection  of  0.001  to  0.005  mgm.  or  less 
in  very  sensitive  patients  and  the  dose  be  increased  50  percent,  at  each  subsequent  in- 
jection until  a  dose  of  0.01  mgm.  is  reached.  It  is  better  to  determine  the  amino  nitrogen 
and  to  base  the  dose  on  the  protein  calculated  from  this.  The  first  dose  will  then  contain 
about  25  protein  units.    The  largest  dose  about  1000. 

Ectodermal  Proteins 

Second  in  importance  to  the  pollens  as  a  cause  of  hay  fever,  but  more  prone  to 
induce  asthma,  are  several  ectodermal  emanations  from  the  skin  of  domestic  and  wild 
animals  and  birds.  Horse  dander  far  exceeds  all  others  in  importance,  not  only  be- 
cause asthma  is  more  often  occasioned  by  it  than  by  other  such  emanations,  but  also 
because  of  a  specific  relationship,  which  gives  those  persons  who  develop  asthma  as  a 
result  of  contact  with  horses,  a  tendency  to  react  with  peculiar  severity  to  injections 
of  horse  serum.  Many  fatal  accidents  have  been  reported  in  such  asthmatics  following 
the  injection,  especially  intravenously,  of  therapeutic  serums.  In  one  instance  death 
resulted  from  the  injection  of  0.1  cc.  of  normal  horse  serum,  given  as  a  desensitizing 
dose. 

Asthma  also  results  from  contact  with  the  hair  or  particles  of  the  skin  of  cats  and 
dogs,  from  sheep  and  wool,  from  the  feathers  of  chickens,  ducks  and  other  birds  and 
from  furs  used  in  making  coats,  such  as  seal  and  rabbit. 

Chemistry. — As  with  the  pollens,  it  is  uncertain  whether  the  offending  constituents 
are  true  proteins  or  related  nitrogenous  bodies.  In  preparing  extracts,  the  combings 
of  horses,  the  clipped  hair  of  cats,  rabbits,  etc.,  or  the  feathers  of  birds,  are  extracted 
repeatedly  with  0.2  percent.  N"aOH,  and  the  extracted  proteins  precipitated  by  addition 
of  acetic  acid.  The  precipitate  is  purified  by  resolution  in  alkali  and  reprecipitation 
with  acid.  This  is  followed  by  washing  in  alcohol  and  ether.  The  nitrogen  is  deter- 
mined, and  solutions  made  with  a  definite  nitrogen  content. 

Materia  Medica. — Horse  Dander  (N.N.R.),  Horse  dander. 

An  impure  protein  prepared  from  the  combings  (dander)  of  the  horse  (Equus 
cahallus  Linne)  by  extraction  with  dilute  alkali  and  precipitation  by  acid.  Occurs  as 
a  grayish  powder  of  characteristic  odor. 

Dose,  0.001  to  0.025  mgm. 

Similar  extracts  are  available  for  the  following  ectodermal  materials :  (A)  Domes- 
tic Animals. — Burro  dander,  burro  hair,  cat  hair,  cow  hair,  dog  hair,  horse  hair,  rabbit 
hair,  chicken  feathers,  duck  feathers,  goose  feathers. 

(B)  Furs. — ^Beaver,  chamois,  civet  cat,  leopard,  mink,  mole,  muskrat,  opossum, 
pony,  raccoon,  seal,  sheep,  skunk,  squirrel. 

Atopic  Reaction. — The  reactions  are  similar  to   those  from   pollens  but  asthma  is 
more  likely  to  result  from  inhalation  of  the  offending  substances  than  is  hay  fever. 
Tests  are  made  in  a  similar  manner. 
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Therapeutics. — It  is  often  possible  to  avoid  the  offending  substance,  perhaps  by 
avoiding  mattresses  stuffed  with  liorsehair,  or  pillows  filled  with  chicken  or  duck 
feathers  as  the  case  may  be. 

The  desensitizing-  process  is  the  same  as  for  pollens,  except  that  seasoned  consid- 
erations do  not  enter  in. 

Administration. — This  is  the  same  as  already  described  under  pollens. 

Food  Proteins 

liyperseusitivcncss  to  proteins  or  related  constituents  of  foods  is  one  of  the  most 
frequent  causes  of  asthma  as  well  as  of  urticaria  and  other  conditions  manifested  by 
local  edema.  Almost  all  foods  in  common  use,  both  animal  and  vegetable,  have  been 
found  resijonsible  in  individual  instances.  Of  animal  foods,  eggs  and  fish  are  perhaps 
most  often  incriminated;  of  vegetable  foods,  acid  fruits,  such  as  strawberries,  tomatoes 
and  citrvis  fruits,  are  more  often  responsible  than  seeds,  such  as  the  grains,  peas,  beans, 
etc. 

Chemistry. — The  different  foods  vary  so  much  in  protein  content  that  very  different 
methods  of  handling  are  in  use.  The  extracts  are  often  prepared  by  extracting  the 
ground  food  (cooked  or  raw  as  more  commonly  eaten)  with  dilute  alkali  and  precipi- 
tating the  protein  by  acidulation.  Fatty  foods  -are  first  extracted  with  benzene  or 
ether.  The  nitrogen  of  the  final  extract  is  determined  and  solutions  or  powders  pre- 
pared with  a  definite  nitrogen  content. 

Materia  Medica. — Tomato  Food  Protein  (N.N.E.),  Tomato  protein. 

A  protein  prepared  from  ripe  tomatoes  by  extraction  with  alkaline  salt  solution 
and  precipitation  by  acetone. 

Dose,  0.001  to  0.025  ingm. 

Similar  products  are  available  for  all  the  foods  in  common  use  in  this  country. 
Over  100  food  proteins  may  be  found  on  the  market. 

Atopic  Reaction. — The  foods  differ  from  the  atopens  already  described  in  that  they 
reach  the  body  through  the  alimentary  tract  and  not  via  the  respiratory  mucosa.  This 
perhaps  accounts  for  the  fact  that  they  do  not  cause  hay  fever,  but  either  asthma  or 
cutaneous  eruptions. 

The  reactions  to  their  application  to  the  abraded  skin  is,  however,  the  same  as  to 
pollens,  and  a  similar  method  is  used  to  determine  the  offending  factor. 

Therapeutics. — It  is  much  more  often  possible  to  avoid  the  offending  agent  when 
it  is  contained  in  a  food,  and  exclusion  of  the  offending  article  from  the  diet  is  com- 
monly the  best  treatment.  If,  however,  the  offending  food  is  milk,  or  eggs,  or  wheat 
flour,  or  other  common  constituent  of  mixed  foods,  the  attempt  may  be  made  to  desen- 
sitize by  a  series  of  injections  as  described  under  pollens. 

Administration. — The  methods  of  administration  and  the  dosage  are  the  same  as 
those  described  under  pollens.  Cases  are  likely  to  be  stubborn,  and  to  require  a  long 
course  of  treatment. 

Bacterial  Proteins 

In  certain  cases  of  chronic  infection,  especially  of  the  respiratory  passages,  con- 
tinued absorption  of  the  bacterial  proteins  into  the  system  leads  to  a  state  of  sensitiza- 
tion, similar  to  those  described.  It  is  necessary  to  culture  and  separate  the  different 
bacteria  to  be  found  in  all  available  secretions,  and  to  make  skin  tests  with  the  killed, 
dried  organisms. 

After  determining  in  this  way  the  responsible  factor,  treatment  follows  along  lines 
similar  to  those  described  for  other  atopens. 
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Materia  Medica. — The  products  used  for  testing  for  susceptibility  to  bacterial  pro- 
teins are  similar  to  the  bacterial  vaccines,  to  which  the  reader  is  referred. 

Malarial  Inoculation 

It  has  long  been  observed  that  intercurrent  infections  may  bring  about  great  im- 
provement in  patients  with  mental  disease,  and  in  1848  Koster  pointed  out  the  bene- 
ficial effect  of  intercurrent  malarial  infection  in  the  inmates  of  insane  asylums.  In 
1864,  long  before  the  connection  of  paretic  dementia  with  syphilis  was  suspected,  Nasse 
pointed  out  that  such  benefit  was  especially  striking  in  early  cases  of  this  condition. 
In  1887,  Wagner  von  Jauregg  suggested  deliberate  infection  of  paretic  patients  with 
malaria,  erysipelas  or  recurrent  fever,  and  demonstrated  beneficial  effects  from  the 
febrile  reaction  resulting  from  injections  of  tuberculin.  In  1917  he  first  deliberately 
inoculated  with  malaria  nine  cases  of  general  paralysis.  The  results  were  so  strikingly 
beneficial  that  he  used  the  treatment  on  a  large  scale,  and  it  was  rapidly  adopted  by 
the  medical  profession. 

His  method  is  to  withdraw  blood  containing  plasmodia  from  a  malarial  patient, 
and  immediately  inject  it  into  the  paretic  subject.  Benign  tertian  malaria  (Plas- 
modium vivax)  is  selected  as  the  form  most  readily  checked  by  quinine.  From  2  to  8 
cc.  of  blood  is  drawn  into  citrate  solution,  and  injected  intravenously  or  subcutane- 
ously  into  the  paretic  patient,  the  vein  being  preferred  because  of  the  more  rapid 
course  of  the  infection.  The  donor  must  be  free  of  other  infections,  but  syphilis  is 
no  bar,  as  there  is  no  evidence  of  superinfection  resulting  from  such  inoculations  in 
a  person  already  suffering  with  lues.  Following  intravenous  injection,  the  first 
paroxysm  occurs  after  3  to  7  days;  following  subcutaneous  injection,  7  to  24  days 
elapse.  Blood  may  be  taken  from  patients  under  treatment,  in  fact,  this  is  the  ordinary 
method,  and  the  strain  of  Plasmodium  shows  no  alterations  in  virulence  even  after 
many  passages  through  human  beings. 

The  patients  under  treatment  are  segregated  and  doors  and  windows  screened. 
If  no  complication  occurs,  the  patient  is  allowed  to  have  from  12  to  16  chills,  and, 
the  malarial  infection  is  then  terminated  by  the  administration  of  quinine  sulphate 
by  mouth — 10  grains  (0.6  Gm.)  three  times  a  day  for  3  days,  followed  by  5  grains 
(0.3  Gm.)  three  times  a  day  for  4  days.  The  blood  urea,  hemoglobin,  red  cell  count, 
and  number  of  red  cells  containing  plasmodia  are  closely  observed  in  all  cases.  Serious 
complications  requiring  immediate  interruption  of  the  malarial  infection  are  stated 
by  Driver  and  his  co-workers  as  follows :  (1)  Increase  in  blood  urea  to  70  mgm.  or 
more  per  100  cc.  (2)  Systolic  blood-pressure  below  95  mm.  in  the  interval  between 
chills.  (3)  Severe  icterus  with  index  above  50.  (4)  Red  cell  count  below  2,000,000. 
(5)  Progressive  rapid  anemia  associated  with  spontaneous  cessation  of  chills.  (6)  Pro- 
fuse diarrhea  accompanied  by  vomiting  and  dehydration.  (7)  Marasmus.  (8)  Hemor- 
rhagic encephalitis.  (9)  Hemorrhagic  pachymeningitis.  (10)  Sepsis.  (11)  Pneu- 
monia. (12)  Rapid  increase  in  the  number  of  red  cells  invaded.  In  case  any  of  these 
are  observed,  2  to  7  grains  (0.12  to  0.5  Gm.)  of  quinine  dihydrochloride  in  salt  solution 
are  injected  very  slowly  intravenously.  The  blood  count  commonly  returns  to  normal 
a  few  weeks  after  the  last  chill. 

The  results  of  the  malarial  treatment  have  been  extremely  good.  In  about  70 
percent,  of  early  cases  and  30  percent,  of  advanced  cases,  the  improvement  is  such 
that  the  patients  are  able  to  return  to  work.  In  approximately  50  percent,  of  the  early 
cases,  a  single  course  of  chills  brings  about  prolonged  or  even  permanent  restoration 
to  normal  mentality  and  activity.  In  late  cases  the  restoration  is  less  complete,  and, 
as  a  rule,  the  patient  must  be  content  with  work  requiring  a  lower  degree  of  mind  power 
than  did  his  previous  occupation.   But  even  this  is  a  great  gain  over  former  possibilities. 
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The  treatment  has  less  effect  on  other  symptoms  than  on  tlie  mental  derangement, 
and  is  of  doubtful  value  in  tabes  dorsalis  and  other  forms  of  neurosyphilis.  The  im- 
proved mental  condition  seen  in  paresis  is  accompanied  by  remission  of  the  lesions 
in  the  brain  and  of  meningitis,  as  is  shown  in  a  pathologic  study  by  Freeman.  Cases 
dying  several  months  to  years  after  treatment  for  typical  paresis,  showed  no  lesions 
which  could  be  recognized  as  characteristic  of  this  condition;  in  a  few,  the  process 
of  change  to  normal  could  be  traced. 

Agents  of  Passive  Immunization 
Antitoxic  Serums  (Against  Bacterial  Toxins) 

Antidiphtheritic  Serum 

Antidiphtheritic  serum,  diphtheria  antitoxin,  is  an  antitoxic  serum,  prepared  from 
the  blood  of  horses,  or  more  rarely  other  animals,  which  have  been  immunized  by 
injection  with  diphtheria  toxin;  that  is,  the  soluble  toxin  produced  by  growing  diph- 
theria bacilli  on  artificial  media.  It  is  used  in  the  treatment  of  diphtheria,  that  is, 
infection  by  the  diphtheria  bacillus. 

In  1888,  Eoux  and  Yersin  showed  that  the  symptoms  of  diphtheritic  infection 
were  due  to  a  soluble  toxin,  and  two  years  later  v.  Behring  discovered  that  if  this 
toxin  were  injected  into  animals  they  reacted  by  production  of  an  antitoxin  which 
had  the  power  to  neutralize  the  toxin.  In  1891,  reports  of  the  clinical  use  of  anti- 
toxin were  made  from  v.  Bergmann's  clinic  and  although  his  results  were  not  very 
good,  owing  to  weak  serums  and  inadequate  dosage,  these  factors  were  rapidly  improved, 
and  by  1896  a  marked  reduction  in  the  mortality  from  diphtheria  was  noted  in  hos- 
pitals using  the  antitoxin.  From  this  time  on,  great  study  was  given  to  improvement 
in  the  method  of  making  the  toxin  and  of  injecting  the  horses,  so  that  serum  of 
higher  and  higher  potency  was  produced.  The  unit  method  of  measuring  antitoxin, 
which  was  proposed  by  v.  Behring,  found  universal  acceptance,  and  facilitated  the 
testing  and  standardization  of  serum.  The  giving  of  doses  with  large  unit  value  was 
much  facilitated  by  the  Banzhaf  method  of  concentrating  antitoxin.  He  found  that 
if  the  proteins  of  the  blood  serum  were  separated,  the  antitoxin  stayed  with  the 
pseudoglobulin  fraction,  and  that,  by  separating  this  fraction  from  the  other  proteins 
it  is  possible  to  obtain  antitoxin  with  only  one-half  to  one-quarter  as  much  protein 
per  unit  as  the  original  serum.  The  use  of  antitoxin  has  reduced  the  mortality  from 
diphtheria  to  less  than  one-fifth  of  what  it  was  previously,  and  still  is,  when  antitoxin 
is  not  used. 

Diphtheria  Toxin. — The  first  stage  in  the  preparation  of  any  of  the  products  used 
in  connection  with  diphtheria  is  production  of  diphtheria  toxin,  A  special  bouillon 
is  fermented  slightly  by  growing  colon  bacilli  in  it  and  is  then  sterilized.  Such 
fermented  bouillon  gives  a  stronger  toxin  than  does  plain  bouillon.  This  is  placed 
in  flat,  shallow  flasks  (Fernbach  flasks),  planted  with  diphtheria  bacilli,  and  kept 
a  week  at  body  temperature.  It  is  then  sterilized  by  filtration  through  germ-proof 
candle  filters.  Such  toxin,  when  fresh,  is  so  active  that  only  1/800  to  1/600  cc.  is 
required  to  kill  a  guinea-pig  weighing  250  Gm.  (8  oz.)  acutely — that  is,  in  96  hours. 
This  "toxin"  contains  not  only  true  toxins,  which  are  the  poisonous  substances,  but 
also  toxoids,  which  are  not  poisonous  but  have  the  power  to  combine  with  the  anti- 
bodies of  antidiphtheritic  serum.  The  fresh,  filtered  toxin  loses  toxicity  rapidly  in  the 
first  few  weeks  owing  to  alteration  of  some  of  the  true  toxins  into  toxoids.  Its  power 
to  bind  antitoxin  thus  suffers  little  change.  In  two  to  six  months  a  certain  stability 
is  reached  and  then,  if  kept  cold,  it  remains  of  approximately  the  same  activity  for 


960  BIOLOGIC  ANTIPATHOGENS 

several  years.  At  this  time  the  minimum  fatal  dose  for  a  250  Gm.  guinea-pig  should 
be  from  1/400  to  1/200  cc.  Doses  of  1/600  to  1/800  may  kill  in  from  five  to  thirty-five 
days. 

In  determining  the  toxicity  of  diphtheria  toxin,  guinea-pigs  of  250  Gm.  (8  oz.) 
weight  are  injected  under  the  skin  of  the  abdomen  with  varying  doses  of  the  toxin 
diluted  to  a  convenient  bulk,  about  1  to  3  cc.  No  dose,  however  large,  will  kill  within 
twelve  hours.  Doses  above  the  toxic  range  kill  in  two  days  or  somewhat  less;  some- 
what smaller  doses  kill  in  three  days,  and  still  smaller,  in  four  days — a  fairly  close 
agreement  being  noted  between  the  size  of  the  dose  and  the  length  of  survival  of 
the  animal.  This  agreement  is  lost  to  some  extent  with  doses  which  allow  survival 
for  more  than  ninety-six  hours,  and  this  time  limit  is  therefore  fixed  as  determining 
the  so-called  minimum  fatal  dose  (m.l.d.),  which  is  defined  as  that  dose  which  will 
kill  75  percent,  of  250  Gm.  guinea-pigs  within  ninety-six  hours.  Guinea-pigs  receiv- 
iug  somewhat  smaller  doses  die  of  subacute  poisoning  five  to  fifteen  days  after  the 
injection,  and  those  with  even  smaller  doses  are  likely  to  show  paralysis  of  the 
hind  legs  or  other  parts  of  the  body,  coming  on  from  three  to  four  weeks  after 
the  injection,  and  constituting  chronic  poisoning. 

The  symptoms  of  poisoning  by  diphtheria  toxin  differ  according  to  the  dose.  With 
doses  large  enough  to  kill  in  two  to  four  days  (acute  poisoning)  the  first  symptom 
noted  is  a  peculiar  stiffness  of  the  gait  associated  with  weakness  of  the  hind  legs, 
the  guinea-pigs  often  falling  on  the  side  if  attempting  to  move  quickly.  When 
picked  up,  a  laxness  of  the  muscles  is  noted,  associated  with  a  thickening  or  paste- 
board-like stiffness  of  the  abdominal  wall  around  the  site  of  injection.  If  the  animal 
lives  long  enough,  an  area  of  skin  as  much  as  3x4  cm.  is  likely  to  form  a  dry  crust 
like  a  localized  dry  gangrene.  The  animal  loses  weight  rapidly,  often  falling  to  as 
little  as  170  Gm.  before  death.  Post-mortem  examination  shows  an  extreme  inflam- 
mation and  edema  of  the  abdominal  walls,  with  a  gelatinous  exudate  extending  sub- 
cutaneously  to  the  chest  and  flanks.  All  the  layers  of  the  anterior  wall  may  be  fused 
together  into  a  stiff  mass.  The  mesenteric  veins  are  injected  and  hemorrhages  are 
often  seen  in  the  wall  of  the  stomach  and  bowel.  Hemorrhage  into  or  congestion  of 
the  adrenal  glands  is  particularly  characteristic  and  in  case  the  cause  of  death  is 
doubtful,  a  positive  opinion  can  often  be  expressed  by  reason  of  this  finding.  Blood- 
tinged  or  gelatinous  exudates  into  the  pleural  and  pericardial  sacs  are  frequently 
fQund.  The  lungs  are  congested  and  edematous,  and  often  show  hemorrhagic  spots 
or  small  areas  of  consolidation. 

If  the  dose  is  not  quite  large  enough  to  cause  acute  death,  the  animal  may  die 
of  subacute  poisoning  one  to  three  weeks  after  the  injection.  The  symptoms  of  this 
type  are  less  striking.  The  guinea-pig  will  have  lost  weight  during  the  first  week 
or  more  and  will  have  shown  a  severe  local  reaction,  followed  by  an  ulcer.  Weakness 
and  loss  of  appetite  are  seen.  No  lesions  sufficient  to  cause  death  may  be  found. 
The  gelatinous  exudate  has  disappeared.  The  lungs  are  commonly  congested  and 
there  may  be  signs  of  hemorrhage  or  congestion  of  the  adrenals.  It  is  often  difficult 
to  determine  whether  death  is  due  to  the  toxin. 

If  the  animal  lives  more  than  three  weeks,  it  may  show  chronic  poisoning,  charac- 
terized by  a  flaccid  paralysis  beginning  in  the  hind  legs  and  extending  to  the  abdom- 
inal muscles  and  forelegs.  The  animal  lies  on  its  belly  with  the  legs  extended  flat 
from  the  body,  which  is  dragged  as  it  shuffles  along  the  floor  of  the  cage.  Death  may 
result  from  such  paralysis  either  through  starvation,  chilling,  or  paralysis  of  respira- 
tion, from  three  to  six  weeks  after  the  injection.  There  are  no  constant  visceral 
lesions,  although  the  digestive  tract  is  commonly  empty. 

Diphtheria  toxin  is  employed  therapeutically,  much  diluted,  in  the  Schick  test 
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for  susceptibility  to  diphtheritic  infection.  It  also  forms  a  part  of  the  toxin-antitoxin 
mixture  usoil  as  a  iireventative  of  diphtheria. 

Antidiphtheritic  Serum:  Diphtheria  Antitoxin. — This  is  the  serum  of  horses  (or, 
rarely,  of  other  animals)  which  have  been  caused  to  produce  antitoxin  antibodies  by 
injection  of  diphtheria  toxin.  Toxin  which  has  aged  sufficiently  to  be  stable  is  used 
for  such  injections.  The  first  dose  is  about  1  cc.  given  into  the  subcutaneous  tissue  of 
the  neck.  This  is  followed  by  local  inflammation  and  fever  lasting  about  a  week. 
After  these  have  passed  off,  a  second  dose  is  given.  The  reaction  may  be  lessened  and 
ten  times  as  large  doses  given  at  first,  if  a  preliminary  injection  of  antitoxin  is  given. 
The  doses  are  gradually  increasetl  as  the  horse  develops  resistance,  until  a  liter,  or 
even  more,  of  the  toxin  may  be  given  at  a  single  injection.  Trial  bleedings  are  made 
from  time  to  time  and  injections  continued  until  the  antitoxic  content  of  the  serum 
is  satisfactor5\  From  this  time  the  injections  are  regulated  according  to  the  condition 
of  the  animal  and  the  activity  of  the  serum,  and  coincidently  the  horse  is  bled  about 
twice  a  week,  ten  or  more  liters  of  blood  being  taken  at  each  bleeding.  A  horse  will 
continue  to  produce  good  serum  for  one  to  three  years,  after  which  the  value  of  the 
serum  falls  steadily,  in  spite  of  infrequent  bleedings  or  other  measures.  The  blood, 
after  being  drawn,  is  either  allowed  to  clot  and  the  serum  taken,  or  if  globulin  is  to 
be  prepared,  it  is  drawn  into  a  vessel  containing  sodium  citrate  to  prevent  clotting  and 
the  clear  plasma  is  drawTi  off  carefully  after  the  corpuscles  have  settled. 

Materia  Medica. — Antitoxinum  Diphthericum  (U.S.  X.),  Diphtheria  Antitoxin. 
Ahhr.,  Antitox.  Diph.  Synonyms:  Serum  Antidiphthericum  Purificatum,  Con- 
centrated Diphtheria  Antitoxin,  Eefined  Diphtheria  Antitoxin,  Antidiphtheric 
Globulins. 

An  aqueous  solution  of  certain  antitoxic  substances  obtained  from  the  blood 
serum  or  plasma  of  an  animal  of  the  genus  Equus,  which  has  been  properly  immunized 
against  diphtheria  toxin.  A  transparent  or  slightly  opalescent  liquid,  with  sometimes 
a  slight  granular  deposit,  of  a  faint  brownish,  yellowish,  or  greenish  color;  nearly 
odorless,  or  having  an  odor  due  to  the  presence  of  the  antiseptic  used  as  a  preservative. 
It  contains  from  1000  to  3000  antitoxic  units  per  cc.  Each  package  must  bear  upon 
the  label  the  name,  address  and  license  number  of  the  manufacturer;  also  a  statement 
of  the  date  beyond  which  the  contents  cannot  be  relied  upon  to  yield  their  specific 
results. 

Dose,  remedial,  10,000  units;  protective,  1000  units. 

Action. — The  activity  of  the  serum  is  stated  in  "units,"  which  indicate  its  power 
to  neutralize  diphtheria  toxin.  This  power  is  determined  by  mixing  toxin  with  serum 
in  varying  proportions  and  injecting  the  mixtures  subcutaneously  into  250  Gm.  guinea- 
pigs.  One  unit  of  antitoxin  is  the  amount  required  to  render  harmless  100  minimum 
lethal  doses  (for  a  2.50  Gm.  guinea-pig)  of  pure  toxin  free  from  toxoids.  The  unit  is 
based  on  a  certain  lot  of  toxin  prepared  by  v.  Behring  which  was  peculiarly  free  from 
interfering  substances,  and  at  present,  toxins  and  antitoxins  are  standardized  by  com- 
parison with  others  which  have  been  adjusted  to  this  particular  standard  lot.  Anti- 
toxins are  thus  standardized  against  toxins  of  known  activity,  and  toxins  against  stand- 
ard   antitoxins. 

The  standardization  of  the  toxin  is  performed  as  follows:  One  unit  of  antitoxin 
diluted  to  about  1  cc.  is  treated  with  different  volumes  of  toxin  from  about  0.15  cc. 
to  0.4  cc.  After  standing  an  hour  or  more  at  room  temperature,  the  mixtures  are 
injected  subcutaneously  in  250  Gm.  guinea-pigs.  It  will  be  found  that  the  smallest 
amounts  are  completely  neutralized  and  produce  no  symptoms  whatever.  The  next 
larger  doses  will  cause  local  inflammation  and  edema  or  even  ulceration  and  loss  of 
weight,  followed  after  several  weeks  by  paralysis.  Still  larger  amounts  overcome  the 
antitoxin  and  cause  death  within  4  days  or  even  in  less  time.  The  largest  amount 
which  produces  no  symptom  is  known  as  the  LO  dose  (from  limes,  a  limit,  and  zero). 
The  smallest  amount  which  causes  death  of  75  percent,  of  the  animals  within  4  days 
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is  termed  the  L+  dose  (limes,  with  +  for  death).  This  dose  is  of  great  importance 
in  making  balanced   mixtures  of  toxin  and  antitoxin. 

The  following  is  the  method  of  determining  the  value  of  antitoxic  serum:  Varying 
quantities  of  serum,  from  about  1/500  (0.002)  to  1/100  (0.01)  cc.  are  mixed  with  one  L  + 
dose  of  toxin.  The  amount  which  just  permits  75  percent,  of  the  guinea-pigs  to  die 
within  96  hours  is  one  unit.  For  example,  if  the  animals  receiving  1  L  +  dose  with 
0.002  cc.  of  serum  die  in  2  days,  those  with  0.0025  cc.  in  3  days,  those  receiving 
0.0033  cc.  in  4  days,  while  those  with  0.004  cc.  live  longer,  the  unit  should  be  0.0033  cc. 
or  300  units  per  cc.  By  separation  of  the  globulins,  serums  containing  2000  to  4000  units 
per  cc.  can  be  obtained. 

Diphtheria  antitoxin  causes  no  symptoms  when  injected  into  normal  animals. 
Examination  of  the  blood  will,  however,  show,  immediately  after  the  injection,  the 
presence  of  the  injected  antitoxin  as  indicated  by  power  to  neutralize  toxin,  either  when 
it  is  mixed  with  drawn  blood  or  if  it  is  injected.  This  so-called  "passive"  antitoxic 
activity  decreases  steadily  and  is  entirely  lost  in  2  to  4  weeks.  If  successive  doses  of 
antitoxin  are  given  as  it  disappears,  the  duration  of  the  immunity  following  each  injec- 
tion tends  to  become  less,  so  that  it  is  not  possible  to  continue  immunity  for  any  long 
period   of   time   in   this   manner. 

Therapeutics. — Diphtheria  antitoxic  serum  is  probably  the  most  important  of  the 
biological  antipathogens.    Its  use  has  enormously  reduced  the  mortality  of  the  malady. 

In  the  majority  of  cases,  diphtheria  is  a  local  infection  of  some  portion  of  the 
upper  air  passages.  Apart  from  local  phenomena  of  mechanical  obstruction,  which 
are  of  great  importance  only  in  laryngeal  diphtheria,  the  symptoms  are  caused  by  a 
soluble  toxin  which,  being  absorbed  from  the  tissues  at  the  site  of  infection,  circulates 
throughout  the  body. 

Serum  treatment  aims  to  neutralize  all  free  toxin  circulating  in  the  body  fluids, 
to  furnish  a  sufficient  excess  of  antitoxin  to  neutralize  the  toxin  which  is  continuously 
being  formed  by  the  bacilli,  to  break  down  the  union  between  the  toxin  and  the 
body  cells  which  it  has  already  attacked,  and  finally  to  aid  the  body  in  the  destruc- 
tion of  the  bacilli  themselves. 

Studies  of  the  relation  between  toxin  and  antitoxin  would  make  it  seem  that 
comparatively  small  doses  are  sufficient  to  answer  the  first  indication,  but  long  clin- 
ical experience  has  shown  that  very  large  doses  are  necessary  to  meet  the  other 
requirements.  It  seems  certain,  from  experimental  studies,  that  antitoxin  has  a 
stronger  affinity  for  toxin  than  this  has  for  the  body  cells,  and  that  when  the  antitoxin 
is  present  in  great  excess  it  can  drag  the  toxin  away  from  the  cells  and  thus  save 
them  if  they  have  not  been  damaged  beyond  repair.  In  cases  seen  late  in  the  disease, 
after  the  toxin  has  already  had  an  opportunity  to  attach  itself  to  the  cells  of  the 
central  nerve  system,  much  larger  doses  are  necessary  than  in  cases  seen  early.  The 
antitoxin  does  not  itself  attack  the  diphtheria  bacilli,  but  it  assists  the  body  in  over- 
coming them.  Virulent  diphtheria  bacilli  resist  phagocytosis,  and  the  toxin  exerts  a 
poisonous  action  on  leucocytes  as  well  as  on  other  cells.  The  antitoxin  protects  the 
leucocytes,  enabling  them  to  ingest  and  destroy  the  bacilli,  and  lowers  also  the  re- 
sistance of  the  bacilli  to  the  destructive  action  of  the  body  cells  in  general.  This  has 
been  shown  by  experiment. 

Method  of  Administration  and  Dosage. — The  most  important  point  in  the  administra- 
tion of  antitoxin  is  the  prompt  use  of  an  effectively  large  dose — the  full  dose — whether 
the  diagnosis  be  clear  or  be  merely  suspected.  Death  may  occur  in  consequence  of  delay 
in  waiting  upon  the  report  of  a  throat  culture.  A  few  hours  gained  may  assure  the 
saving  of  a  life.  In  13,000  cases  of  diphtheria  treated  at  the  Philadelphia  Hospital  for 
Contagious  Diseases,  the  mortality  in  cases  treated  on  the  first  day  was  0.4  percent.;  in 
those  whose  treatment  was  begun  on  the  second  day,  5  percent.;  in  those  treated  on  the 
third  day,  8  percent.,  and  when  treatment  had  been  delayed  to  the  sixth  day,  14  percent. 
These  figures  need  no  comment. 
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Antitoxin  is  commonly  given  subcutaneously  into  the  areolar  tissues  of  the  back,  but- 
tocks or  abdomen.  By  this  method  complete  absorption  does  not  occur  for  48  hours. 
As  it  is  of  the  greatest  importance  to  get  the  antitoxin  into  the  circulation  as  early 
as  possible,  intramuscular  or  intravenous  injection  should  be  resorted  to  for  at  least 
the  first  injection  in  all  severe  cases.  Park  has  shown  that  1000  units  of  antitoxin, 
given  intravenously,  increased  the  circulating  antitoxin  as  much  as  209,000  units,  given 
subcutaneously.  Intramuscular  injections  into  the  buttocks  are  nearly  as  effective,  while 
being  as  easy  to  give  as  subcutaneous  injections,  and  no  more  painful.  Intravenous  in- 
jections, however,  are  quite  difficult  in  young  children  and  even  an  anesthetic  may  be 
required.  In  very  severe  cases  and  in  older  persons  they  should,  nevertheless,  always  be 
considered. 

The  dosage  of  diphtheria  antitoxin  is  based  on  unit  value  and  is  never  stated  by 
volume.  In  ordinary  diphtheria  of  the  tonsils  or  pharynx  the  initial  dose  should  be 
at  least  5000  units,  or,  if  the  lesion  be  extensive,  10,000  units.  If  there  are  indications 
of  laryngeal  involvement,  from  12,000  to  20,000  units  should  be  given  at  once,  intrave- 
nously or  intramuscularly.  In  nasal  diphtheria  with  severe  toxemia,  at  least  10,000  units 
will  be  required.  In  diphtheritic  infection  of  other  parts  of  the  body,  the  vulva,  wounds, 
etc.,  large  doses — 10,000  to  20,000  units — must  be  given. 

The  dosage  should  be  greater  if  there  is  severe  toxemia  with  great  prostration,  or 
if  the  patient  is  seen  after  the  second  day  of  the  malady.  Age  need  not  be  much  con- 
sidered. The  younger  the  child,  the  larger  the  dose  which  is  required,  but  by  giving 
the  same  dose  at  all  ages,  we  are  really  giving  much  larger  doses,  relative  to  weight, 
to  the  younger  children.  However,  in  infants  less  than  a  year  old,  4000  units  may  be 
considered  a  large  dose. 

If  no  improvement  takes  place  after  the  first  dose,  it  should  be  repeated  in  12  hours 
and  doses  continued  at  this  interval  until  improvement  is  shown.  The  interval  may 
then  be  lengthened  to  24  hours.  The  size  of  the  second  and  subsequent  doses  depends 
on  the  condition  .of  the  patient.  Large  doses  at  close  intervals  are  especially  necessary 
in   septic    cases. 

If  a  relapse  should  occur  after  a  few  weeks,  serum  must  be  given  cautiously  on 
account  of  the  danger  of  serum  sickness,  and  in  asthmatic  persons,  a  preliminary  injec- 
tion of  0.5  cc.  should  be  given  a  short  time  before  the  large  injection,  in  order  to  induce 
a  condition  of  antianaphylaxis. 

Value  of  Antitoxin. — The  general  use  of  antitoxin  has  reduced  the  mortality  from 
diphtheria  enormously.  In  Philadelphia  the  mortality  rate  from  diphtheria  of  the  total 
population  per  100,000  was  about  120  a  year  before  the  use  of  antitoxin.  It  is  now  32. 
Before  the  introduction  of  antitoxin,  and  to-day  in  cases  treated  without  it,  the-  death 
rate  is  about  40  percent.,  while  in  all  cases  treated  with  serum  the  mortality  averages 
8  percent.  The  mortality  of  laryngeal  diphtheria  has  been  reduced  from  70  percent, 
to  35  percent. 

The  assertion  often  made,  that  antitoxin  increases  the  number  of  cases  showing 
paralysis  is  without  foundation.  The  apparent  increase  is  chiefly  due  to  the  greater 
attention  paid  to-day  to  the  milder  forms  of  paralysis.  Doubtless,  however,  many  persons 
survive  to  show  paralysis,  who  without  antitoxin  would  have  escaped  a  local  enfeeblement 
through  the  complete  paralysis  of  death. 

Prophylactic  Immunization  with  Antitoxin. — In  normal  persons,  the  subcutaneous 
Injection  of  1000  to  150U  units  of  antitoxin,  produces  a  degree  of  immunity  sufficient  to 
prevent  infection,  and  lasting  2  to  4  weeks.  For  infants,  500  units  is  sufficient.  Such 
injections  are  used  to  prevent  the  spread  of  infection  to  other  members  of  the  family 
and  to  attendants.  When  a  diphtheria  patient  is  treated  in  a  private  home,  the  other 
members  of  the  household  should  be  given  prophylactic  injection,  if  there  is  any  doubt 
as  to  their  susceptibility  to  infection.  Young  children  and  persons  coming  in  close 
contact  with  the  patient  should  always  be  given  such  protection. 

Antierysipelas  Serum 

A  few  years  after  the  introduction  of  antiscarlatinal  serum,  a  similar  antitoxic 
serum  was  prepared  from  horses  injected  with  a  toxin  produced  by  streptococci  ob- 
tained from  erj'sipelas  lesions.  The  method  of  preparation  and  concentration  is  iden- 
tical with  that  of  antiscarlatinal  serum,  and  like  it,  no  thoroughly  satisfactory  method 
of  standardization  has  been  introduced.     The  serum  has  been  found  of  great  efficacy 
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in  many  cases  of  erysipelas,  having  been  given  in  doses  of  5  to  10  cc.  repeated  according 
to  indications. 

Materia  Medica. — Toxicum  Erysipelatis  et  Toxicum  Bacilli  Prodigiosi  (N.N.K.), 
Erysipelas  and  Prodigiosus  Toxins.    Synonym :  Coley  Toxin. 

A  mixed  bacterial  vaccine  made  from  strains  of  Streptococcus  pyogenes  isolated 
from  cases  of  erysipelas,  and  from  Bacillus  prodigiosus. 

Dose,  1  to  8  minims  (0.05  to  0.5  cc). 

Antitetanic  Serum 

Antitetanic  serum  (tetanus  antitoxin)  is,  like  diphtheria  antitoxin,  a  true  anti- 
toxic serum,  and  not  bactericidal.  It  is  obtained  from,  horses  (or  other  animals)  which 
have  been  immunized  to  increasing  amounts  of  tetanus  toxin.  It  is  defined  by  the 
U.S.P.  as:  "A  fluid  having  a  potency  of  not  less  than  100  units  per  cc,  separated 
from  the  coagulated  blood  of  the  horse  ...  or  other  large  domestic  animal,  which 
has  been  properly  immunized  against  tetanus  toxin.  .  .  .  The  standard  of  strength, 
expressed  in  units  of  antitoxic  power,  shall  be  that  established  by  the  United  States 
Public  Health  Service.  .  .  .  This  unit  is  ten  times  the  least  quantity  of  anti- 
tetanic serum  necessary  to  save  the  life  of  a  350  Gram  guinea-pig  for  ninety-six 
hours  against  the  official  test  dose  of  a  standard  toxin  furnished  by  the  Hygienic 
Laboratory  of  the  U.S.P.H.  &  M.H.S."  The  Behring  unit,  which  is  often  used  abroad, 
is  forty  times  as  large,  i.e.,  100  Behring  units  correspond  to  4000  U.S.P.  units.  Each 
vial  or  syringe  of  tetanus  antitoxin  as  marketed  by  American  firms  contains  from 
1500  to  5000  units,  without  regard  to  the  volume  of  serum,  which  is  about  20  cc. 
The  unit  value  per  cc.  varies  from  150  to  600  units. 

A  concentrated  antitoxin,  containing  only  the  globulins  of  the  serum,  is  mar- 
keted; the  potency  as  specified  in  the  U.S.P.  is  the  same  as  for  the  natural  anti- 
serum, not  less  than  100  units  per  cc.  Dried  serum  containing  the  antitoxin  is 
used  as  a  dusting  powder  on  suspicious  wounds.  Its  potency  should  be  not  less  than 
1000  units  per  Gram. 

Materia  Medica. — Antitoxinum  Tetanicum  (U.S.X.),  Tetanus  Antitoxin.  Ahhr., 
Antitox.  Tet.  Synonyms:  Serum  Antitetanicum  Purificatum,  Concentrated  Tetanus 
Antitoxin,  Refined  Tetanus  Antitoxin,  Antitetanic  Globulins. 

An  aqueous  solution  of  certain  antitoxic  substances  obtained  from  the  blood 
serums  or  plasma  of  an  animal  of  the  genus  Equus,  which  has  been  properly  im- 
munized against  tetanus  toxin.  A  transparent  or  slightly  opalescent  liquid,  with 
sometimes  a  slight  granular  deposit  of  a  faint  brownish,  yellowish,  or  greenish  color, 
nearly  odorless  or  having  an  odor  due  to  the  presence  of  the  antiseptic  used  as  a 
preservative.    Tor  essential  label  notice  see  Antitoxinum  Diphtherificum. 

Dose,  remedial,  10,000  units;  protective,  1500  units. 

Antitoxinum  Tetanicum  Crudum  (U.S.  X.),  Crude  Tetanus  Antitoxin.  Ahhr., 
Antitox.  Tet.  Crud.  Synonyms:  Serum  Antitetanicum,  Crude  Antitetanic  Serum, 
Unconcentrated  Tetanus  Antitoxin,  Unrefined  Tetanus  Antitoxin. 

Crude  tetanus  antitoxin  is  a  fluid  having  a  potency  of  not  less  than  150  units 
per  cc.  separated  from  the  coagulated  blood  of  an  animal  of  the  genus  Equus,  which 
has  been  properly  immunized  against  tetanus  toxin.  A  yellowish  or  yellowish-brown, 
transparent  or  slightly  turbid  liquid  with  sometimes  a  slight  granular  deposit,  having 
the  faint  odor  of  horse  serum  or  an  odor  due  to  the  presence  of  the  antiseptic  used 
as  a  preservative.    For  essential  label  notice  see  Antitoxicum  Diphtheriticum. 

Dose,  remedial,  10,000  units;  protective,  1500  units. 

Serologic  Action. — In  order  to  appreciate  the  properties  of  tetanus  antitoxin  it  is 
requisite  to  have  some  understanding  of  the  nature  of  tetanus  toxin  and  the  manner 
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of  its  action.  Tetanus  toxin  is  prepared  by  growing  tetanus  bacilli  in  broth  under 
anaerobic  conditions.  After  8  to  10  days,  the  fluid  Is  passed  through  a  germ-proof  filter, 
the  soluble  toxin  passing  into  the  filtrate,  and  the  bodies  of  the  bacteria  being  dis- 
carded. Extremely  minute  amounts  of  this  toxin,  even  though  entirely  free  from 
bacteria,  kill  animals  with  all  the  symptoms  of  tetanus.  If  a  fatal  dose  of  this  toxin 
be  injected  subcutaneously  in  a  dog  or  other  animal,  no  symptoms  will  be  manifested 
for  several  days,  but  eventually  the  gait  will  be  seen  to  be  stiff  and  contractures  will 
be  noted,  often  beginning  near  the  site  of  injection.  This  period  of  incubation  is  the 
time  required  for  the  poison  to  travel  up  the  nerves,  it  being  known  that  it  reaches 
the  cord  only  by  travelling  up  the  nerves  and  not  through  the  circulation.  Having 
reached  the  cord,  it  passes  to  the  nerve  cells  and  is  held  firmly  by  them.  If  living 
tetanus  bacilli  are  inoculated,  or  if  a  wound  is  infected  by  them,  the  symptoms  are 
produced  in  the  same  manner;  that  is  to  say,  the  bacteria  remain  localized  at  or  near 
the  point  of.  entry,  and  the  soluble  poison  which  they  produce  passes  up  the  nerve 
trunks.  The  organisms  are  destroyed  in  a  few  weeks  by  the  natural  protective  agencies 
of  the  body,  and,  if  life  can  be  prolonged,  it  will  be  saved.  Thus,  the  serum,  which 
has  no  direct  bactericidal  power,  may  be  the  direct  means  of  preserving  life. 

The  relation  between  the  toxin  and  the  antitoxin  is  not  a  simple  chemical  one,  and 
the  amount  of  antitoxin  required  to  render  harmless  a  given  quantity  of  toxin  varies 
widely  with  the  conditions  of  the  experiment.  The  relative  amount  required  increases 
with  increased  doses  of  toxin.  Thus,  if  0.01  cc.  of  antitoxin  will  just  suffice  to  save  life 
if  injected  with  0.1  cc.  of  a  solution  of  toxin,  it  will  take  considerably  more  than  1  cc. 
of  antitoxin  to  overcome  10  cc.  of  toxin.  Again,  the  earlier  the  antitoxin  is  given,  the 
smaller  the  dose  required.  If  a  certain  amount  of  antitoxin  suffices  to  overcome  a  given 
amount  of  toxin  injected  at  the  same  time,  6  times  as  much  will  be  needed  if  the 
toxin  is  given  8  minutes  before  the  serum,  and  24  times  as  much  if  an  hour  separates 
the  injections.  Enormous  doses  may  still  save  life  if  given  within  4  days,  but  not  later 
(Donitz).  The  antitoxin  does  not  penetrate  the  poisoned  cells,  but  the  toxin  diffuses 
out  and  is  thus  neutralized.  If  the  toxin  has  entered  the  central  nerve  system  in  large 
amount,  antitoxin  is  entirely  ineffective.  Thus,  an  immune  animal  will  succumb  to  a 
small   intracerebral  injection  of  the  poison. 

Therapeutics. — Antitetanus  serum  is  used  both  for  prophylaxis  and  for  the  treat- 
ment of  developed  cases  of  tetanus.  It  will  be  most  convenient  to  consider,  first,  the 
doses  and  methods  of  administration  used  in  prophylaxis,  and  then  to  see  how  these 
are  modified  by  already  existing  symptoms  of  the  malady. 

Prophylactic  Use. — Statistical  evidence  has  shown  beyond  a  reasonable  doubt 
that  the  incidence  of  tetanus  is  markedly  reduced  if  all  persons  who  incur  suspi- 
cious wounds  are  given  at  once  a  prophylactic  dose  of  antitoxin.  In  the  United  States, 
tetanus  has  been  very  frequent  as  a  result  of  injuries  from  firecrackers  and  toy 
pistols  on  the  Fourth  of  July.  In  recent  years  the  proportion  of  such  wounds  fol- 
lowed by  tetanus  has  been  reduced  almost  to  the  vanishing  point,  and  this  change 
may  be  ascribed  largely  to  the  use  of  antitoxin.  In  the  European  war  all  soldiers 
wounded  in  the  trenches  were  given  an  injection  as  soon  as  possible,  and  the  reduc- 
tion in  tetanus  which  resulted  from  the  practice  is  known  to  have  been  enormous, 
although  figures  are  not  readily  obtained. 

Any  person  who  is  injured  with  any  instrument  which  has  been  in  contact  with 
manure,  earth,  or  especially  with  manured  earth,  and  any  person  who  is  injured 
in  such  a  manner  that  foreign  bodies — such  as  clothing,  gun  wads  or  other  soft 
substances — are  driven  into  the  wound  must  be  considered  as  in  danger  of  tetanus 
and  an  immediate  injection  of  serum  should  be  given.  The  prophylactic  dose  is  500 
to  1500  units,  increasing  with  the  interval  since  the  injury.  The  dose  may  be  repeated 
at  the  end  of  a  week,  as  immunity  may  begin  to  decrease  at  that  time.  The  injection 
is  given  subcutaneously,  part  near  the  wound  and  part  between  it  and  the  body  or 
the  nerve  center.  If  the  wound  is  particularly  suspicious,  or  if  several  days  have 
elapsed,  a  portion  may  be  given  endoneurally.  In  any  case,  the  dried  serum  may  be 
applied  to  the  wound. 
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Therapeutic  Use. — In  case  tetanic  symptoms  have  already  developed  when   the 
case  comes  under  treatment,  the  method  will  vary  with  their  severity  and  character 
and  with  the  locality  of  the  injury.    Six  methods  of  injection  are  available:  (1)  sub- 
cutaneous; (2)  intramuscular;  (3)  intravenous;  (4)  endoneural;   (5)  subdural,  intra- 
spinal or,  rarely,  intracranial;  (6)  intracerebral,  into  the  brain  tissue,  or  the  lateral 
ventricles.    Absorption  from  subcutaneous   injection  is  very  slow,  the  antitoxin  not 
reaching  its  maximum  concentration  in  the  blood  for  more  than  a  day.    When  the 
symptoms  are  at  all  severe,  it  is  therefore  necessary  to  combine  one  of  the  more 
rapid  methods  of  injection  with  this.    Intramuscular  injections  do  not  show  much 
advantage  over  subcutaneous  and  are  not  widely  used.    In  all  developed  cases  large 
intravenous  injections  of  antiserum  should  be  given.    Park  recommends  giving  20,000 
units  by  vein  at  the  first  indication  of  the  malady.     If  life  can  be  saved  by  such  a 
measure  in  a  condition  which  is  otherwise  hopeless,  the  fear  of  possible  severe  serum 
reactions  may  be  discounted.   If  the  injury  is  in  such  position  that  the  nerve  leading 
to  it  can  be  exposed,  this  should  be  done  and  as  large  an  amount  of  serum  as  possible 
should  be  injected  into  it.    If  the  wound  is  on  the  lower  extremity  or  lower  part  of 
the  trunk,  10  to  20  cc.  of  serum  should  be  injected  intraspinally  after  withdrawing 
a  similar  quantity  of  spinal  fluid.   Antitoxin  injected  in  this  way  may  not  be  taken 
up  directly  by  the  cord,  but  it  enters  the  nerve  sheaths  at  their  exit  from  the  cord, 
and  thus  meets  the  toxin  half  way.   If  the  injury  is  in  the  hand  or  arm,  the  benefit 
from  intraspinal  injections  is  more  doubtful,  but  the  method  may  be  tried.    When 
the  wound  is  about  the  head  or  face,  the  prognosis  is  particularly  grave,  and  it  may 
be  advisable  to  trephine  the  skull  over  the  cerebral  lobes  and  to  introduce  directly 
into  each  of  these  about  3  cc.  of  serum,  very  slowly  injected.    Larger  amounts  may 
be  thrown,  without  danger,  into  the  lateral  ventricles,  and  subdural  injections   are 
without  danger.    Perhaps  best  in  cases  already  presenting  symptoms  is  a  combined 
method  such  as  that  recommended  by  Ashhurst  and  Johns.    They  give  3000  to  6000 
units  into  the  tissues  and  muscles  around  the  wound.    The  nerves   are  exposed  as 
near  the  cord   (or  brain)    as  possible  and  as  much  serum   as  can  be   introduced   is 
injected  toward  the  centers.   After  spinal  puncture,  3000  units  are  given  intrathecally 
and  10,000  units  are  given  intravenously.    The  intraneural  and  intraspinal  injections, 
and  perhaps  also  the  intravenous,  are  repeated  daily. 

Antibotulism  Serum 

The  Bacillus  hotulinus  forms  a  soluble  exotoxin,  which  is  the  cause  of  the  symp- 
toms in  botulinus  food  poisoning.  A  potent  antitoxin  is  readily  prepared  against  this 
toxin.  There  are  two  strains  of  botulinus,  which  differ  in  antigenic  character,  and 
both  must  be  included  in  a  therapeutic  serum.  Cattle  and  goats  are  more  readily 
immunized  than  horses,  although  these  also  yield  good  serums.  A  potent  toxin  will 
kill  guinea-pigs  in  dose  of  1/1000  to  1/3000  cc,  and  1  cc.  of  a  good  antitoxin  will 
protect  against  1000  fatal  doses.  There  seems  no  reason  to  doubt  that  this  serum 
will  be  of  value  in  treating  human  cases,  although  experience  is  yet  not  sufficient 
to  make  judgment  possible.  If  monovalent  serum  is  used,  the  types  may  be  distin- 
guished by  feeding  some  of  the  suspected  food  to  chickens,  which  are  paralyzed  by 
type  A  but  not  by  type  B. 

Antibacterial  Serums 
Antianthrax  Serum 

This  is  an  antibacterial  serum,  used  more  in  veterinary  than  in  human  practice, 
and  prepared  from  various  species,  so  that  each  can  be  treated  with  its  homologous 
serum. 
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Materia  Medica. — Serum  Antiantiiuacicum  (N.N.K.),  Antianthrax  Serum. 

A  serum  prepared  by  immunizing  horses  or  other  animals  against  virulent  anthrax 
bacilli. 

Initial  dose  from  30  to  100  cc.  by  intravenous  or  subcutaneous  injection  at  the 
earliest  possible  moment. 

Preparation. — Sheep,  cattle,  asses,  horses  and  mules  are  the  animals  that  appear  to 
be  most  suitable  for  the  preparation  of  anthrax  serum.  For  serum  intended  for  use  in 
human  beings,  the  sheep  is  preferred.  Inoculation  of  the  animals  is  carried  out 
according  to  the  method  of  Pasteur,  which  consists  in  the  injection  of  attenuated 
cultures  of  anthrax  bacilli  of  diflferent  strengths.  The  weaker  Vaccine  I  is  prepared 
by  growing  bacilli  at  a  temperature  of  42.5°  C.  for  twenty-four  hours,  while  the 
stronger  Vaccine  II  is  obtained  by  continuing  the  growth  for  twelve  days.  Susceptible 
animals  may  be  immunized  successfully  by  means  of  these  cultures.  The  time  required 
to  establish  immunity  is  from  two  to  three  months,  after  which  it  is  usually  possible  to 
inject  large  quantities  of  bacilli  every  ten  days  to  two  weeks,  producing  serums  of 
high  antibacterial  power. 

Serum  intended  to  be  used  in  human  medicine  is  centrifuged  and  filtered,  after 
which  0.5  percent,  of  phenol  is  added  as  a  preservative,  and  the  scrum  is  tested  both 
as  regards  sterility  and  immunizing  power. 

Standardization. — In  the  absence  of  any  accurate  method  of  determining  the 
immunizing  value  of  anthrax  serum,  as  in  the  case  of  diphtheric  and  tetanus  anti- 
toxins, the  product  is  tested  and  its  strength  determined  approximately  by  injecting 
a  number  of  rabbits  with  varying  doses  of  the  serum,  from  2  to  6  cc,  and  five  to 
ten  minutes  later  with  1/1000  of  a  loopful  of  a  virulent  culture.  At  the  same  time 
a  control  animal  is  injected  with  an  equal  quantity  of  culture,  but  without  any  pre- 
liminary serum  injection.  With  this  method  it  has  been  found  by  experience  that 
if  at  least  two  or  three  out  of  five  rabbits  so  treated  recover  and  the  remainder  survive 
the  control  animal,  the  serum  may  be  regarded  as  sufficiently  powerful  for  use  in 
human  beings. 

Dosage  and  Administration. — Anthrax  serum  is  principally  used  as  a  prophylactic 
in  domestic  animals  and  for  this  purpose  is  injected  subcutaneously  in  doses  of  from 
20  to  25  cc.  The  Immunity  thus  produced  is  said  to  last  several  weeks.  The  serum, 
however,  also  has  remedial  properties,  and  has  been  used  in  the  treatment  of  anthrax 
in  man.  The  dose  recommended  is  from  30  to  40  cc.  injected  in  three  or  four  different 
places  and  repeated,  if  necessary,  in  twenty-four  hours.  These  quantities  refer  to  the 
Sclavo  product;  Mendez  uses  a  serum  of  which  the  remedial  dose  is  only  3  cc.  Excellent 
results  have  been  reported  in  various  parts  of  the  world,  and  a  trial  of  the  serum  is  to 
be  distinctly  recommended. 

Anticholera  Serum 

Various  attempts  have  been  made  to  prepare  a  serum  effective  against  cholera, 
by  injecting  hoi-ses  with  cholera  vibrion,  but  as  yet  with  little  success.  Somewhat 
more  successful  has  been  the  serum  produced  by  Krauss,  many  years  ago,  by  inject- 
ing into  horses  a  true  toxin  obtained  from  cholera-like  bacilli.  The  use  of  the  serum 
appears  to  reduce  the  mortality  by  20  to  40  percent.  Very  large  doses — about  140  cc. 
■ — are  given,  diluted  to  700  cc.  with  saline  solution.  The  injection  of  the  large  quan- 
tity of  fluid  may  be  responsible  for  a  great  part  of  the  effect. 

Antidysenteric  Serum 

A  polyvalent,  bactericidal  and  antitoxic  serum  has  been  obtained  from  horses 
after  injection  with  cultures  of  dysentery  bacilli. 

Materia  Medica. — Serum  Antidysentericum   (N.N.R.),  Antidysenteric  Serum. 
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The  serum  (polyvalent)  of  horses  immunized  against  the  Shiga  bacillus,  its 
products  of  growth,  and  other  types  of  the  dysentery  bacillus.  It  is  taken,  as  a  rule, 
from  horses  immunized  against  the  Shiga,  Kruse,  Flexner,  and  Y.  strains  of  the 
dysentery  bacillus. 

Dose,  20  to  100  cc.  for  first  injection  (intravenous),  followed  at  eight-hour  inter- 
vals by  50  cc.  until  400  cc.  in  all  has  been  taken. 

There  are  two  kinds  of  dysentery  bacilli;  the  Shiga  type,  of  which  there  is  only 
one  strain,  and  the  Flexner  type,  of  which  there  are  several  strains.  The  Shiga  bacilli 
yield  an  exotoxin  and  an  endotoxin,  the  Flexner  only  an  endotoxin.  The  exotoxin, 
when  injected  into  rabbits,  attacks  the  intestinal  tract,  the  endotoxin  the  central  nerve 
system. 

Administration. — Horses  are  commonly  injected  only  with  the  Shiga  strain,  or 
with  several  strains  of  the  Flexner  type.  In  clinical  use  the  case  may  be  typed,  or 
a  mixed  serum,  obtained  by  associating  two  serums,  be  employed.  This  is  the  so-called 
"polyvalent  serum."  Both  toxin  and  live  bacilli  are  injected,  the  first  dose  being  a 
fatal  rabbit  dose  of  the  unfiltered,  2  weeks'  culture,  that  is,  about  0.2  cc.  A  potent 
serum  may  be  more  rapidly  obtained  by  giving  larger  doses  of  Shiga  and  Flexner 
bacilli,  heated  to  60°  C.  for  an  hour.  After  3  or  4  months  the  serum  is  tested  by  mixing 
small  amounts  with  toxin  and  injecting  in  rabbits.  About  1/500  cc.  may  protect  against 
10  fatal  doses. 

The  serum  is  administered  intravenously  or,  more  often,  subcutaneously,  the  dose 
and  method  differing  with  the  severity  of  the  case.  The  average  dose  is  about  20  cc. 
(5  drams)  subcutaneously,  but  in  severe  cases  as  much  as  100  cc.  (3  ounces)  may  be 
given  by  vein.  The  results  are  better  in  Shiga  infections  than  in  Flexner  type  and  are  of 
greatest  value  if  given  early,  certainly  not  later  than  the  end  of  the  first  week.  The 
serum  is  of  more  value  in  preventing  complications  and  in  shortening  the  course  of  the 
ailment,  than  in  saving  life. 

Antigonococcic  Serum 

A  bacteriolytic,  polyvalent  serum  is  obtained  from  the  blood  of  animals  immunized 
against  gonococci. 

Materia  Medica. — Serum  Antigonococcicum  (unofficial),  Antigonococcus  Serum. 

A  serum  prepared  by  immunizing  animals  against  various  strains  of  the  gono- 
coccus. 

Dose,  10  to  50  cc. 

Preparation. — The  method  employed  is  that  devised  by  Rogers  and  Torrey.  Rama 
are  inoculated  with  increasing  quantities  of  virulent  cultures,  emulsified  in  about  30 
cc.  of  physiologic  saline  solution  and  heated  for  one-half  hour  to  65°  C.  Rabbits 
were  at  first  employed  but  the  serum  was  found  to  be  toxic  for  some  individuals  and 
produced  some  alarming  reactions.  The  same  difficulties,  although  in  lesser  degree, 
were  encountered  with  goat  serum,  and  the  animal  finally  selected  was  the  full-grown, 
uncastrated  ram,  which  is  now  exclusively  used.  The  immunization  requires  ten 
weeks. 

The  serum  is  polyvalent,  cultures  of  the  three  principal  groups  of  gonococci  being 
used  in  its  preparation.  The  selection  of  these  groups  is  based  on  agglutination  tests, 
each  variety  possessing  its  own  specific  reaction  in  this  respect. 

Standardization. — The  agglutination  test  is  a  useful  index  of  the  therapeutic 
potency  of  a  gonococcic  serum;  one  that  agglutinates  in  high  dilutions  the  various 
strains  used  in  its  production  generally  proves  to  be  markedly  effective.  The  test 
itself  is  of  course  only  a  measure  of  the  degree  of  immunization,  as  the  agglutinins 
themselves  have  probably  nothing  to  do  with  the  remedial  power  of  the  serum;  but 
in  the  absence  of  any  direct  method  of  standardization,  the  agglutination  test  is  of 
value. 
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Therapeutics. — Antigonococcic  serum  has  been  used  by  numerous  investigators, 
and  its  indications  are  perhaps  better  established  than  those  of  most  other  therapeutic 
serums  recently  introduced  into  practice.  There  is  fairly  general  agreement  on  two 
points:  (1)  the  serum  is  absolutely  valueless  in  all  actite  gonorrheal  infections,  and 
(2)  it  is  of  distinct  value  in  chronic  gonorrheal  arthritis,  which  is  accordingly  the 
most  positive  indication  for  its  use.  Distinct  improvement,  with  relief  of  pain,  ia 
noted  after  the  first  injection,  and  not  more  than  from  six  to  ten  doses  are  said  to 
be  required  to  effect  permanent  relief.  This  is,  however,  not  always  true,  and  a 
proportion  of  relapses  is  to  be  expected.  The  treatment  may  then  be  repeated.  It 
is  also  advisable  to  use  either  the  therapeutic  measures,  such  as  diathermy  or  the  admin- 
istration of  iodine,  to  supplement  the  serum  and  aid  in  preventing  relapse.  Differing 
results  are  reported  in  subacute  and  chronic  complications  of  gonorrhea  alfecting  the 
genitu-iirinary  tract,  such  as  epididijmifis  and  orchitis.  On  the  other  hand,  gonorrheal 
iritis  seems  to  be  favorably  influenced  by  the  serum,  while  in  conjunctivitis  the  results 
have  been  disappointing.  It  is  stated  that,  in  general,  complications  affecting  the 
serous  membranes  respond  to  serum  therapy,  while  gonorrheal  infections  and  their 
complications  involving  mucous  membranes  may  be  better  influenced  by  the  admin- 
istration of  bacterines.  A  positive  contraindication  is  the  presence  of  a  generalized 
gonococcus  bacteremia.  The  class  of  cases  in  which  the  serum  has  proved  most 
effective  are  those  which  respond  best  to  vaccine  treatment,  and  as  the  results  of  the 
latter  are  quite  as  good  and  it  is  cheaper  and  gives  no  serum  reactions,  it  has  almost 
entirely  replaced  the  serum. 

Dosage  and  Administration. — The  conventional  dose  is  2  cc,  or  about  40  minims, 
repeated  every  other  day,  or  at  longer  intervals,  depending  on  the  reaction  obtained 
and  the  general  condition  of  the  patient.  The  serum  is  administered  by  the  sub- 
cutaneous route,  in  any  convenient  region,  such  as  the  abdomen  or  the  loose  areolar 
tissue  in  the  scapular  region  or  the  arm. 

A  local  reaction,  consisting  of  some  swelling,  redness,  heat  and  soreness  around 
the  point  of  injection,  occurs   in  most  cases. 

Antimeningitis  Serum 

A  mixed  bacteriolytic  serum  obtained  by  the  prolonged  immunization  of  horses 
against  the  various  strains  of  the  Diplococcus  intracellular  is  (Weichselbaum)  after 
the  method  of  Flexner. 

Simon  Flexner's  studies  of  experimental  infection  with  Diplococcus  intracellu- 
laris  were  begun  on  guinea-pigs  and  monkeys  in  1905,  and  two  years  later  he  was 
able  to  demonstrate  a  definite  remedial  action  of  the  serum  in  monkeys. 

With  regard  to  the  mode  of  action  of  the  serum,  Flexner  believes  that  it  increases 
phagocytosis  by  rendering  the  diplococci  more  susceptible  to  phagocytic  digestion, 
and,  in  addition,  possesses  a  certain  degree  of  direct  remedial  power,  that  is,  it  tends 
to  neutralize  the  endotoxins.  At  least,  it  has  been  found  that  in  vitro  it  neutralizes 
the  toxic  substances  contained  in  autolysates  of  the  diplococcus.  The  antiendotoxic 
power  is  a  more  reliable  index  of  the  activity  of  the  serum  than  its  opsonic  power 
(Hirano,  Gordon). 

Materia  Medica. — Serum  Antimeningococcicum  (KN.R.),  Antimeningococcus 
Serum. 

A  polyvalent  serum  prepared  by  the  immunization  of  horses  with  cultures  of 
the  various  types  of  meningococci  associated  with  the  disease  in  America. 

Dose. — The  mode  of  administration  recommended  is  the  intraspinal  gravity  method 
in  doses  of  15  to  30  cc.  at  intervals  of  twenty-four  hours.  The  intravenous  dose  is  50 
to  150  cc. 
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Preparation. — The  animals  are  injected  alternately  with  living  diplococci  and 
autolysate  at  weekly  intervals  for  a  long  period  of  time.  Different  strains  of  Diplo- 
coccus  intracellular  is  are  employed  both  for  the  living  culture  and  for  the  autolysates, 
and  in  that  sense  the  serum  is  polyvalent.  Polyvalency  is  requisite,  as  no  effect  will 
be  obtained  against  a  strain  not  included  in  the  immunization  of  the  horse.  Effective- 
ness against  any  strain  encountered  clinically  may  be  determined  by  the  agglutina- 
tion test. 

Dosage  and  Administration. — In  the  absence  of  any  reliable  method  of  standard- 
ization, the  dose  is  empiric.  Flexner  advises  from  15  to  30  cc,  according  to  age  and 
urgency  of  symptoms;  but  as  much  as  45  cc.  may  be  given  at  a  dose  with  perfect 
safety  and  repeated  daily  for  at  least  four  days.  The  serum  is  to  be  injected  into  the 
spinal  canal  after  the  withdrawal  of  spinal  fluid,  according  to  the  following  directions 
given  by  Flexner:  (1)  The  serum  should  be  kept  in  a  refrigerator  until  it  is  to  be 
used,  and  warmed  to  body  temperature  before  injection;  (2)  the  injection  is  to  be 
made  directly  into  the  spinal  canal  after  lumbar  puncture  and  the  withdrawal  of  an 
equal  or  greater  amount  of  cerebrospinal  fluid;  (3)  the  dose  for  a  single  injection 
should  never  exceed  30  cc,  and  it  is  desirable  that  at  least  as  much  fluid  be  with- 
drawn as  the  quantity  of  fluid  to  be  injected;  (4)  the  injections  are  to  be  given  every 
twenty-four  hours  for  three  or  four  days,  or  longer;  (5)  the  injections  must  be  given 
slowly  to  avoid  excessive  pressure,  especially  when  the  quantity  of  fluid  withdrawn  has 
been  small;  (6)  early  administration  is  essential;  hence,  if  a  film  preparation  from  the 
first  fluid  withdrawn  by  lumbar  puncture  shows  Gram-negative,  intracellular  diplococci, 
the  injection  should  be  given  without  waiting  for  the  results  of  cultural  tests.  If  these 
should  show  that  the  disease  is  not  epidemic  spinal  meningitis,  no  harm  will  have  been 
done.  Flexner  says  further,  with  regard  to  the  use  of  the  serum:  The  mistake  which 
is  most  likely  to  be  made  is  the  giving  of  too  little,  rather  than  too  much.  It  is  also 
a  mistake  to  stop  repeating  the  dose  until  grave  symptoms  return.  The  serum  should 
be  given  at  least  once  a  day,  and  in  grave  cases  oftener,  not  only  until  all  symptoms 
have  disappeared  but  until  the  organisms  are  no  longer  found  in  the  spinal  fluid.  In 
Infants,  injections  into  the  ventricles  may  be  given  and  in  any  case  4  to  8  intravenous 
injections  of  80  to  150  cc.  should  be  given  early. 

Prognosis. — Antimeningitic  serum  is  specific,  and  the  only  indication  for  its  employ- 
ment is  the  presence  of  epidemic  cerebrospinal  meningitis,  demonstrated  by  the  pres- 
ence of  diplococcus  intracellularis  in  the  spinal  fluid.  The  early  results  obtained  during 
various  small  epidemics  in  1907  were  very  encouraging,  and  appeared  to  show  a  reduc- 
tion in  mortality  from  the  65  to  85  percent,  seen  in  cases  treated  without  the  serum,  to 
about  25  percent,  when  the  serum  was  used.  These  early  results  have  been  confirmed 
by  subsequent  reports  from  various  parts  of  the  world,  and  the  usefulness  of  the  serum 
may  now  be  regarded  as  definitely  established. 

Antiplague  Serum 

The  first  antiplague  serum  was  prepared  by  Yersin  from  horses  injected  intrave- 
nously with  live,  virulent  bacilli,  and  proved  to  be  completely  protective  in  laboratory 
animals.  Another  serum,  for  the  preparation  of  which  the  animals  were  immunized 
by  means  of  the  toxins  (nucleoproteins)  extracted  from  cultures  of  the  plague  bacillus, 
is  that  of  Lustig  and  Galeotti,  recommended  both  for  prophylactic  and  for  remedial 
use.  These  serums  are  not  entirely  free  from  danger.  Alarming  accidents  have  been 
reported,  among  which  may  be  mentioned  intense  pain,  erythema,  severe  febrile  reac- 
tions, purpura,  erysipelas,  adenitis,  delirium,  and  symptoms  suggestive  of  the  plague. 

Of  the  two  preparations  available,  that  prepared  at  the  Pasteur  laboratory  in 
Paris,  after  the  method  of  Yersin,  and  the  serum  of  Lustig  and  Galeotti,  only  the 
former  is  now  in  general  use.  The  remedial  value  of  this  serum  is  very  slight,  and 
the  mortality  among  patients  treated  with  it  is  but  little  lower  than  that  observed 
among  the  control  cases.  As  a  prophylactic,  on  the  other  hand,  it  seems  to  be  effective, 
although  the  immunity  conferred  is  very  brief,  lasting  at  most  ten  days. 
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,  Dosage  and  Administi-ation. — The  enormous  doses  apparently  necessary  to  produce 
any  impression  constitute  a  serious  practical  objection  to  the  use  of  the  serum.  With 
the  Yersin  serum  the  initial  dose  should  be  not  less  than  100  cc,  and  this  dose  is  to 
be  repeated  two  or  even  three  times  at  intervals  of  eight  hours.  During  succeeding 
days  a  daily  injection  of  from  20  to  50  cc.  is  given,  so  that  a  single  patient  may  receive 
as  much  as  590  cc.  The  serum,  in  order  to  be  of  any  value,  must  be  administered 
before  the  third  day  of  the  disease  by  the  intravenous  route. 

The  general  verdict  in   regard   to  antiplague  serum   is  on   the   whole   unfavorable. 

Antipneumococcic  Serum 

Experiments  witli  the  serum  of  animals  immunized  against  the  pneumococcus 
date  back  to  1891.  One  of  the  earliest  serums  was  prepared  by  Pane  from  the  blood 
of  asses.  This  was  extensively  used  in  Italy  and  France  in  acute  lobar  pneumonia 
and  is  reported  to  give  good  results.  The  serums  marketed  in  this  country  are  obtained 
chiefly  from  horses  immunized  against  a  number  of  different  strains  of  pneumococcus 
taken  from  individuals  with  lobar  pneumonia  and  other  pneumococcus  infections. 
Chickens  are  naturally  immune  to  pneumococcus  infection  and  the  serum  of  fowls 
whose  natural  immunity  has  been  raised  by  injection  of  pneumococci,  has  also  been 
employed  in  pneumonia  therapy. 

Materia  Medica. — Serum  Antipneumococcicum  (N.N.R.),  Antipneumococcic 
Serum. 

A  serum  obtained  from  horses  immunized  to  type  I  pneumococci.  Marketed  in 
various  sized  packages   (50  to  100  cc). 

Dose,  initial :  from  50  to  100  cc.  intravenously. 

Pneumococcus  Antibody-Solution  (N.N.R.). 

An  aqueous  solution  of  specific  pneumococcus  antibodies  prepared  from  serum 
of  horses  immunized  by  repeated  injections  of  pneumococci,  types  I,  II  and  III,  and 
freed  from  all  demonstrable  proteins.   Marketed  in  50  cc.  vials  with  intravenous  device. 

A  polyvalent  serum  obtained  from  horses  immunized  by  injection  of  virulent 
pneumococci  of  types  I,  II  and  III. 

Dose,  50  to   100   cc,   intravenously. 

Preparation. — Antipneumococcus  serum  is  produced  by  the  injection  into  horses 
or  other  animals  of  killed  cultures  of  pneumococci,  followed,  after  some  degree  of 
immunity  has  been  attained,  by  injections  of  living  organisms.  The  production  of 
a  satisfactory  serum  is  rendered  very  difficult  by  the  existence  of  three  types  of  pneu- 
mococci with  different  antigenic  properties  and  the  occurrence  of  a  fourth  group  of 
organisms  which  do  not  fall  into  large  immunologic  tj^pes.  Cole  and  his  co-workers 
at  the  Rockefeller  Institute,  after  separating  and  distinguishing  the  three  types, 
attempted  to  immunize  horses  against  each  type  separately  and  conjointly.  They  suc- 
ceeded in  producing  serums  which  would  protect  mice  against  many  times  the  other- 
wise fatal  dose  of  each  type;  but  the  clinical  results  were  good  only  with  type  I, 
although  somewhat  promising  with  type  II.  The  use  of  this  serum  as  given  in  large 
doses,  several  hundred  cc.  (as  much  as  5  to  15  oz.)  at  the  Rockefeller  Hospital,  led  to 
a  marked  reduction  in  the  mortality  of  type  I  pneumonia  and  a  shortening  of  its  course. 
In  other  hands,  the  results  have  not  been  especially  good. 

Scrum  combining  the  three  chief  types  and  a  number  of  strains  from  group  IV 
have  been  prepared  commercially  from  horses  immunized  to  all  these  forms,  and  the 
results  from  these  have  seemed  to  be  favorable  in  certain  epidemics,  while  in  others  no 
marked  reduction  in  mortality  was  noted  from  their  use  in  any  of  the  immunologic 
types.  Such  serums  can  protect  mice  from  1,000,000  fatal  doses  of  type  I,  about  200,000 
of  type  II,  and  100,000  of  type  III.  Active  serums  may  also  be  obtained  by  injection 
of  filtrates  from  pneumococcus  cultures  (Ferry). 

According  to  Bloomfield,  the  prognosis  of  pneumonia  is  very  much  worse  in  patients 
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with  positive  blood  cultures,  and  in  a  series  of  19  patients  given  serum  while  the  blood 
culture  was  still  negative,  he  had  no  deaths  in  the  treated  cases,  although  in  patients 
with  positive  cultures  the  mortality  was  higher  in  cases  receiving  serum  injections.  In 
a  series  of  over  a  hundred  cases  of  type  I  reported  by  Wadsworth  from  an  army  hos- 
pital, the  mortality  of  the  serum-treated  cases  was  2.8  percent.,  that  of  the  controls 
25  percent.  Pneumococcus  serum  has  been  used  with  good  result  in  other  pneumococcus 
infections,  especially  ulcus  serpens  corneae. 

Recently,  a  polyvalent,  mixed  type,  concentrated  antitoxin  has  been  introduced  by 
Huntoon  under  the  name  of  pneumococcus  antibody  solution.  This  is  prepared  by  treat- 
ing a  polyvalent  serum  with  killed  pneumococci  at  body  temperature.  The  antibodies 
are  adsorbed  by  the  bacteria,  which  are  then  centrifuged  off  and  washed  free  from 
serum.  The  antibodies  are  split  off  from  the  bacteria  by  heating  to  55°  C.  in  0.25  per- 
cent, sodium  bicarbonate  in  salt  solution.  This  solution  is  free  from  proteins,  contain- 
ing only  0.035  mgm.  of  nitrogen  per  cc,  and  is  able  to  protect  mice  against  living 
pneumococci  as  effectively  as  the  serum  from  which  it  was  prepared.  Of  course,  by 
using  a  volume  of  salt  solution  smaller  than  that  of  the  original  serum,  its  antibody 
content  can  be  concentrated  almost  at  will. 

This  solution  has  found  extensive  use  in  the  treatment  of  lobar  pneumonia  and 
has  been  extremely  effective  when  given  intravenously,  although  it  is  of  little,  if  any, 
value  when  given  subcutaneously.  In  a  series  of  1000  unselected  cases  of  lobar  pneu- 
monia reported  by  Cecil,  the  mortality  was  much  reduced  by  the  solution  in  type  I 
and  type  II  cases,  although  there  was  no  difference  in  cases  infected  with  type  III. 
The  dose  is  from  20  to  100  cc,  or  even  more,  according  to  the  severity  and  stage  of 
the  disease.  The  best  results  are  seen  in  patients  treated  early  in  the  infection. 
Time  is,  as  the  lawyers  say,  "of  the  essence  of  the  contract."  The  doses  must  be 
sufficiently  large.  In  many  cases  a  sharp  rise  of  temperature  occurs  immediately 
after  the  injection,  followed  in  an  hour  or  more  by  abrupt  fall  to  or  near  normal. 
This  severe  .reaction  is  apparently  due  to  pyrogenic  bodies  in  the  salt  solution  and  is 
avoided  if  the  water  in  which  the  antibodies  are  dissolved  is  freshly  distilled  from  soda. 

Antistreptocoocus  Serum 

As  streptococci  produce  a  soluble  exotoxin,  this  serum  might  be  included  with 
the  antitoxic  serums.  As  the  horses  are,  however,  injected  with  the  bacterial  bodies 
before  their  blood  is  drawn  for  preparation  of  the  serum,  it  is  more  logically  placed 
with  the  antibacterial  serums. 

Antistreptococcus  serums  are  of  two  kinds :  simple  and  polyvalent.  In  the  simple 
type,  the  animal,  usually  a  horse,  from  which  the  serum  is  to  be  obtained,  is  immunized 
to  streptococci  derived  from  a  single  clinical  variety  of  streptococcus  infection,  as 
from  erysipelas,  scarlatina,  rheumatism,  etc. 

Streptococci  are  classified  as  hemolytic  and  non-hemolytic  organisms,  and  repre- 
sentatives of  both  groups  are  included  in  the  polyvalent  serums.  Of  simple  serums 
we  may  cite  that  of  Aronson,  and  that  of  Moser  prepared  from  horses  immunized  to 
cocci  from  cases  of  scarlet  fever,  and  the  Menzer  antirheumatic  serum  prepared  with 
organisms  isolated  from  the  tonsils  of  persons  with  rheumatism. 

Such  serums,  except  for  the  scarlatinal  serum  later  to  be  described,  have  largely 
been  replaced  by  polyvalent,  or  compound,  serums,  obtained  from  horses  immunized 
to  strains  derived  from  many  different  types  of  streptococcus  infection. 

Materia  Medica. — Serum  Antistreptococcicum  (N.Isr.R.),  Antistreptococcus  Serum. 

A  serum  obtained  from  horses  immunized  by  the  injection  of  killed  or  living  cul- 
tures of  streptococci  of  various  strains. 

Dose,  10  to  200  cc,  intravenously,  repeated  at  intervals  of  from  four  to  six  hours. 
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Preparation. — Horses  are  first  injected  with  filtrates  from  streptococcus  cultures, 
and  later,  when  immunity  has  developed,  with  living  virulent  streptococci. 

The  serum  is  tested  for  complement  fixation  and  agglutinating  power.  Protec- 
tive tests  on  animals  have  not  proved  satisfactory  on  account  of  their  irregular 
response  to  infection  by  streptococci. 

Therapeutics. — Good  results  are  reported  from  the  use  of  the  simple  serums  in 
their  respective  fields  and  from  polyvalent  serum  in  erysipelas,  puerperal  sepsis,  local 
streptococcic  infections  and  even  septicemia  and  ulcerative  endocarditis. 

Antiscarlatinal  Serum 

It  has  long  been  known  that  hemolytic  streptococci  are  present  in  the  throats 
of  persons  suffering  from  scarlet  fever,  and  George  and  Gladys  Dick  have  shown 
that  the  filtered  culture  or  toxin  derived  from  streptococci  isolated  from  scarlet  fever 
cases  shows  certain  specific  reactions  which  have  in  part  been  discussed  with  scarlat- 
inal  toxin. 

It  has  been  found  that  horses  injected  with  this  toxin  develop  antibodies  which 
bear  a  specific  immunologic  relation  to  scarlatina  (Dick  and  Dick).  A  similar  serum 
has  also  been  produced  by  a  mass  of  agar  under  the  skin  of  horses,  inoculating  the 
agar  mass  with  living,  virulent,  scarlatinal  streptococci,  and  thus  permitting  the  toxin 
formed  by  the  imprisoned  organisms  to  pass  continuously  into  the  blood  stream 
(Dochez). 

Serums  prepared  by  either  of  these  methods  neutralize  the  scarlatinal  toxin  and 
prevent  the  local  and  systemic  reactions  induced  by  this.  Thus,  toxin  associated  with 
a  small  amount  of  this  serum  will  not  give  a  positive  Dick  test  in  a  susceptible  indi- 
vidual. Schultz  and  Charlton  have  shown  that  0.1  to  0.5  cc.  of  such  a  serum  injected 
into  the  skin  of  a  person  with  a  true  scarlatinal  rash  causes,  after  five  or  six 
hours,  a  local  disappearance  of  the  rash,  indicated  by  a  white  area  around  the 
point  of  injection.  A  similar  phenomenon  is  obtained  with  blood  drawn  from 
patients  convalescent  from  scarlatina,  but  not  with  serum  of  man  or  other  ani- 
mals, normal  or  suffering  from  other  conditions.  No  such  blanching  occurs  in  other 
than  true  scarlatinal  rashes  and  the  reaction  is  thus  of  value  as  a  diagnostic 
measure. 

Materia  Medica. — Scarlet  Fever  Streptococcus  Antitoxin  (N.N.R.). 

An  antitoxic  serum  prepared  by  immunizing  animals  against  the  toxin  of  the 
hemolytic  streptococcus  of  scarlet  fever. 

Dose,  1  original  syringe  of  concentrated  preparations. 

Therapeutics. — Antiscarlatinal  serum  has  given  excellent  results  in  the  treatment 
of  scarlet  fever,  either  uncomplicated  or  with  septic  or  localized  complications.  The 
temperature  falls  and  the  rash  fades,  as  a  rule,  within  thirty-six  hours  of  the  injection. 
The  serum  sickness  is  commonly  greater  than  is  usual  with  antidiphtheritic  serum. 
The  serum  is  of  no  value  in  late  cases  of  post-scarlatinal  sepsis. 

The  activity  of  the  serum  is  such  that  1  cc.  will  neutralize  10,000  skin  doses. 
For  scarlatinal  prophylaxis  it  is  given  in  10  cc.  dose;  for  therapeutic  use,  in  doses 
of  20  to  40  cc,  intramuscularly,  or  half  this  by  vein. 

Antistaphylococcic  Serum 

This  serum  is  obtained  from  horses  immunized  against  a  mixed  culture  of  Staph- 
ylococcus pyogenes  aureus,  albus  and  citreus.  It  is  recommended  in  the  treatment 
of  various  staphylococcus  infections.  The  serum  appears  to  have  been  but  little  used, 
and  has  been  superseded  by  the  various  staphylococcus  bacterines. 
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Antityphoid  Serum 

The  serum  is  obtained  from  horses  injected  with  killed  cultures  of  typhoid  bacilli. 
As  the  technical  difficulties  to  be  overcome  in  the  preparation  of  typhoid  serum  are 
considerable,  the  remedy  has  been  very  little  used,  and  practically  the  only  informa- 
tion available  in  regard  to  its  efficacy  is  derived  from  Chantemesse,  who  treated  a 
number  of  cases  with  a  serum  prepared  after  his  own  method  from  bacilli  grown 
under  anaerobic  conditions  upon  a  filtrate  of  an  emulsion  of  splenic  tissue  digested 
with  pepsin.  The  dose  of  the  serum  Chantemesse  is  from  10  to  12  cc.  for  adults. 
Interest  in  this  serum  has  languished  since  the  introduction  of  bacterine  therapy, 

Antituberculous  Serum 

Maragliano's  serum  is  obtained  from  horses,  cows  and  calves,  after  a  six  months' 
period  of  inoculation  with  a  filtrate  of  young,  virulent  cultures  of  tubercle  bacilli 
to  which  a  watery  extract  of  virulent  killed  bacilli  is  added. 

Marmorek  (Marmoreh's  serum)  used  what  he  calls  "primitive  bacilli"  which  are 
grown  on  a  medium  containing  leucotoxic  serum  and  liver  extract.  He  believes  that 
the  toxin  obtained  in  this  way  is  a  different  substance  from  Koch's  tuberculin,  and 
that  the  antibodies  formed  in  response  to  inoculation  with  this  toxin  are  active  against 
all  the  various  toxins  of  the  tubercle  bacillus.  He  also  employed  for  the  inoculation 
of  the  horses,  streptococci  obtained  from  tuberculous  sputum,  in  order  that  the  serum 
should  contain  an  antibody  against  the  mixed  infection. 

Dosage  and  Administration. — The  serum  is  injected  subcutaneously  into  the  arm 
or  thigh  rather  than  the  abdominal  wall,  because,  if  a  local  reaction  should  take  place 
in  the  latter  situation,  the  cough  that  is  usually  present  would  cause  a  good  deal  of 
pain  and  discomfort.  It  is  advised  that  the  serum  be  injected  in  series,  in  much  the 
same  way  as  the  serial  dilutions  of  tuberculin.  The  initial  dose  should  be  3  cc.  grad- 
ually increased  1  cc.  at  a  time,  up  to  20  cc.  The  serum  is  given  on  successive  days 
for  a  week,  and  then  interrupted  by  a  period  of  rest  of  from  four  to  six  days,  after 
which  the  injections  are  resumed  with  a  dose  equal  to  that  of  the  last  injectiori.  In 
this  manner  the  treatment  is  continued,  gradually  lengthening  the  intervals  of  rest. 

Antituberculous  serum,  if  it  be  used  at  all,  must  be  restricted  to  incipient  cases. 
Since  the  revival  of  tuberculin,  very  little  is  heard  of  the  serum  treatment  of  tubercu- 
losis, and  there  is  nothing  in  the  literature  to  show  that  it  has  any  value. 

Antigas-gang-rene  Serum 

Gas-gangrene  is  caused  by  several  anaerobic,  gas-  and  toxin-producing  bacteria, 
which  can  be  cultivated  in  vitro,  and  give  rise  to  antitoxic  and  antibacterial  serums. 
These  were  used  with  good  eifect  in  cases  of  gas-gangrene  during  the  World  War, 
but  have  little  application  to  peace-time  surgery. 

Human  Immune  Serum  (Convalescent  Serum) 

In  certain  infectious  diseases  of  man,  although  antibodies  are  present  in  the 
blood  of  patients  who  have  recovered,  it  has  not  been  possible  to  produce  effective 
therapeutic  serums  by  injecting  animals  experimentally.  In  a  few  of  these  maladies, 
successful  attempts  have  been  made  to  treat  acute  infections  by  means  of  the  serum 
of  persons  who  are  recovering,  or  who  have  recently  recovered,  from  the  same  infec- 
tion. The  most  important  serums  of  this  class  are  those  for  poliomyelitis,  measles 
and  scarlatina.  The  use  of  human  serum  must  always  be  preceded  by  tests,  to  make 
sure  that  the  donor  is  free  from  syphilis  and  tuberculosis. 

Scarlatina  Convalescent  Serum 

In  1896  and  1897,  treatment  of  scarlatina  by  the  use  of  serum  obtained  from 
convalescents   was   carried   out  by   Weissbeckei-   and   by   Huber   and   Blumenthal.     A 
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more  careful  study  of  the  results  and  technique  of  this  method  was  made  by  Reiss 
and  Jungmann  (1912),  who  used  serum  obtained  about  three  weeks  after  onset  of 
the  infection,  injecting  intravenously  from  50  to  100  cc.  The  treatment  was  reserved 
for  the  gravest  cases.  Twelve  cases  of  hemorrhagic  scarlatina  were  treated,  and  in 
all  the  fever  fell  by  crisis,  in  about  fourteen  hours,  and  the  rash  faded  promptly. 
Three  or  four  injections  were  generally  given,  at  intervals  of  six  to  twelve  hours. 
Others  have  reported  equally  good  results.  In  less  severe  cases,  the  injection  of  nor- 
mal human  serum  has  resulted  in  rapid  recovery.  The  antiscarlatinal  serum  already 
described  has  now  replaced  the  human  serum. 

Anterior  Poliomyelitis  Convalescent  Serum 

During  the  epidemic  of  1916,  it  was  shown  by  Flexner  and  Lewis  that,  after 
an  attack  of  experimental  poliomyelitis,  monkeys  were  not  susceptible  to  reinfection, 
and  that  there  were  neutralizing  substances  in  the  blood  of  these  monkeys,  and  of 
children,  which  prevented  infection,  if  mixed  with  the  virus  before  injection.  Netter 
and  others  showed  that  intraspinal  injection  of  serum  of  convalescents  is  perfectly 
safe,  and  that  it  has  a  marked  effect  in  arresting  the  progress  of  the  malady,  espe- 
cially if  injected  early.  Intraspinal  injections  of  10  to  20  cc,  and  intramuscular  of 
20  to  30  cc,  may  be  given  in  children.  If  convalescent  serum  is  not  obtainable,  intra- 
spinal injections  of  normal  human  serum  may  be  used,  with  justified  hopes  of  benefit. 
Early  treatment  is  as  important  as  in  diphtheria.  In  a  large  series  of  very  severe 
cases  treated  in  Stockholm  (1918),  none  of  the  patients  treated  the  first  day  died; 
of  those  treated  on  the  second,  7  percent,  died;  on  the  third,  11  percent.;  on  the 
fourth,  23  percent. ;  on  the  sixth,  50  percent.  In  untreated  cases  of  like  severity, 
the  mortality  was  70  percent.  The  serum  was  obtained  from  four  to  seven  weeks 
after  the  infection  and  was  one  to  eight  weeks  old,  before  being  used.  No  difference 
was  noted  in  the  efficacy  of  serum  from  mild  and  from  severe  cases. 

Measles  Convalescent  Serum 

The  serum  of  patients  convalescing  from  measles  was  used  successfully  by 
Nicolle  and  Conseil,  in  1916,  to  protect  the  younger  children  in  a  family  which  had 
been  exposed  to  infection.  Later,  the  method  was  introduced  into  asylum  and 
hospital  practice,  all  the  children  being  injected  with  such  serum  when  a  case  occurs 
in  the  institution.  The  studies  of  Dekwitz  seem  to  show  that  serum  obtained  seven 
to  fourteen  days  after  convalescence  is  the  most  effective,  although  even  several  years 
after  recovery  it  may  be  of  value.  If  3.5  to  4  cc.  of  such  serum  be  injected  into  a 
child  up  to  four  days  after  exposure,  infection  will  almost  always  be  prevented. 
Injections  of  larger  amounts  of  serum  on  the  fifth  and  sixth  days  will  lessen  the 
severity  of  the  infection,  while  after  the  seventh  day  they  are  of  no  benefit.  Reactions 
are  usually  mild  or  absent.  The  protection  lasts  about  four  weeks.  The  method 
may  be  recommended  without  hesitation  for  the  prevention  of  house  epidemics  in 
institutions. 

Two  methods  for  the  active  immunization  of  children  against  measles  have  been 
introduced:  One  is  that  of  Herrmann  (1915),  who  took  advantage  of  the  fact  that 
the  newborn  are  commonly  immune.  He  inoculated  children  under  five  months  old, 
by  injecting  into  the  anterior  nares  mucus  obtained  from  the  nose  of  an  infected 
child,  twenty-four  hours  before  appearance  of  the  rash.  He  has  inoculated  150  chil- 
dren (1922)  "without  a  single  unfavorable  effect."  A  large  proportion  of  the  chil- 
dren thus  protected  have  not  contracted  measles. 

The  other  method,  introduced  by  Hiraishi  and  Okamoto  (Japan,  1921),  attempts 
to  measure  more  exactly  the  amount  of  virus  inoculated.  Blood  is  obtained  from 
measles  patients  before  the  height  of  the  eruption,  citrated  and  diluted  100,  1000, 
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or  10,000  times.  Different  doses  were  injected  subcutaneously  in  normal  children, 
and  it  was  found  that  the  smallest  amount  which  ever  caused  infection  was  0.001  cc. 
Injections  of  0.001  cc.  never  led  to  any  bad  results,  although  they  resulted  in  some 
immunity,  which  reached  its  height  in  three  weeks,  at  which  time  a  second  injection 
of  0.001  cc.  in  children  less  than  5  years  old,  and  of  0.002  cc.  in  children  above 
5  years,  was  given.  Occasionally,  mild  attacks  of  measles,  without  complications, 
resulted  from  the  second  inoculation,  but  protection  was  so  great  that  the  procedure 
appears  to  the  authors  to  be  justified. 

Influenzal  Pneumonia  Convalescent  Serum 

During  the  influenza  epidemic  of  1918  in  this  country  a  number  of  studies  on 
the  influence  of  serums  of  convalescents  were  made.  The  injections  were  usually 
given  subcutaneously,  and  the  doses  varied  widely.  The  results  were  often  very  good, 
but  less  striking  than  those  obtained  in  scarlet  fever,  although  when  the  serum  is  at 
hand,  the  method  is  to  be  commended. 

Antitoxic  Serums  (Not  Bacterial) 
Antivenins 

Antivenin  is  the  serum  of  an  animal,  usually  a  sheep  or  goat,  immunized  against 
the  venom  of  some  poisonous  snake.  As  antivenins  are  specific,  they  are  active  chiefly 
against  the  venom  of  the  particular  species  of  snake  used  in  immunizing  the  animal 
from  which  the  antivenin  is  obtained,  although  of  some  value  against  other  venoms 
of  the  same  type. 

Snake  venoms  contain  many  toxic  principles  which  can  be  grouped  in  three  classes, 
neurotoxins,  hemorrhagins  and  ferments  for  hlood  clotting.  Broadly  speaking,  neuro- 
toxins form  the  most  important  constituent  of  the  venom  of  cobras  and  other  Indian 
and  African  snakes  as  well  as  of  the  South  American  Crotalus  terrificus.  The  venom 
of  the  Australian  serpents  contains  all  three  constituents  in  effective  quantities.  The 
venom  of  the  North  American  Crotalidse,  including  the  rattlesnakes,  copperhead  and 
mocassin,  contains  more  hemorrhagin  than  neurotoxin,  and  their  bites  are  likely  to 
result  in  extensive  local  destruction  of  tissue,  while  death  from^  the  neurotoxin  is  not 
uncommon  after  bites  by  the  large  diamond-back  rattlesnakes,  Crotalus  atrox  of  Texas 
and  the  adjacent  states  and  C.  adamanteus  of  Florida.  The  specificity  of  the  various 
antivenins  is  now  definitely  established  and  has  an  important  bearing  on  their  thera- 
peutic use.  Thus,  the  antineuro toxin  of  cobra  antivenin  (Calmette,  Lamb)  cannot 
neutralize  other  toxic  constituents  of  snake  venom,  nor  in  fact  any  other  neurotoxin 
but  cobra  neurotoxin.  The  antihemorrhagin  of  crotalus  antivenin  (Flexner  and 
Noguchi,  McFarland)  is  capable  of  neutralizing  only  the  corresponding  hemorrhagin. 
In  the  same  way,  the  fibrin  ferment  of  daboia  venom  and  its  hemolytic  action  are  not 
affected  by  the  antifibrin  ferments  of  other  antivenins. 

Materia  Medica. — Antivexin  for  Nearctic  Crotalidse  (Licensed  by  Hygienic 
Laboratory),  Anticrotalus  Serum. 

The  serum  of  horses  or  other  animals  immunized  against  the  venom  of  one  or 
more  species  of  North  American  Crotalidne  (rattlesnakes,  moccasin,  copperhead). 

Dose,  2  to  10  fluidrams  (8  to  40  cc.)  subcutaneously. 

Antibothropic  Serum  (unofficial),  Antibothropic  Serum. 

The  serum  of  horses  or  other  animals  immunized  against  the  South  American  pit 
vipers  (genus  Bothrops). 

Dose,  2  to  10  fluidrams  (8  to  40  cc.)  subcutaneously. 

These  are  the  only  antivenins  prepared  in  the  United  States,  but  the  following  addi- 
tional serums  are  available  in  the  countries  where  they  are  made. 
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AxTiBoTHRoi'ic  Skklm  {Brazil).  Anticuotalk  Seium  (against  Crotalus  terrificus) 
(Brazil).  Anticobka  Seuum  against  cobra  and  related  Indian  species  (France,  India). 
Anttdabuia  SEiuNf,  against  Daboia  venom  (Australia).  A  compound  serum  (Anti- 
oPHiDic)  is  also  prepared  in  Brazil. 

A  horse  may  withstand  increasing  doses  until  it  withstands  100  minimum  lethal 
doses  (2  Gm.  dry  cobra  venom)  ;  this  requires  sixteen  months.  Horses  receiving  crotalus 
or  bothrops  venom  are  ready  to  bleed  when  they  can  be  injected  with  200  ingm.  of 
the  dried  venom. 

Siandardizalion. — The  strength  of  antivenins  is  determined  liy  injecting  animals 
with  a  mixture  of  venom  and  antivenin,  or  by  injecting  serum,  followed  in  5  minutes 
by  an  injection  of  the  venom.  The  ability  to  prevent  the  effects  (coagulant,  hemolytic) 
on  the  blood  in  vitro  may  also  be  used  as  a  standard. 

According  to  Cnlmette's  method,  a  standard  solution  of  venom  is  prepared,  the 
unit  of  which  is  based  on  the  quantity  of  venom  necessary  to  kill  a  rabbit  of  2  kilo- 
grams in  twenty  minutes  by  injection  into  the  marginal  vein  of  the  ear.  This  quan- 
tity corresponds  on  an  average  to  2  milligrams  of  cobra  venom  and  to  4  milligrams 
of  rattlesnake  venom,  weighed  dry.  An  antivenin,  to  be  sufficiently  active  for  thera- 
peutic use,  must  be  protective  in  the  minimum  dose  of  2  cubic  centimeters  when 
injected  into  the  ear  vein  fifteen  minutes  before  the  injection  of  the  venom.  Calmette 
serums  will  retain  their  activity  for  two  years,  but  in  hot  climates  are  best  kept 
dry. 

The  value  of  the  serum  treatment  is  now  established  beyond  question,  and  careful 
studies  have  shown  that  the  early  administration  of  sufficient  doses  will  save  life  and 
minimize  the  local  destruction  of  tissue.  Treatment  of  snake  bite  comprises  the  imme- 
diate application  of  a  tourniquet,  if  the  bite  be  on  a  limb  so  that  this  is  possible;  the 
free  opening  of  the  wound  and  suction  of  the  blood  and  venom  as  far  as  possible. 
The  tourniquet  is  released  for  a  few  second  every  5  minutes,  so  as  to  let  the  venom  pass 
slowly  into  the  system,  and  then  tightened  again.  It  is  retained  for  an  hour  or  more. 
As  soon  as  possible  the  antivenin  is  injected.  About  5  to  20  cc.  (1  to  5  fluidrams) 
is  injected  in  a  circle  around  the  wound,  or  the  needle  is  inserted  directly  into  the  mark 
of  the  fang.  The  remainder,  totalling  20  to  40  cc.  (5  to  10  fluidrams),  is  injected  sub- 
cutaneously  or  intramuscularly  higher  up  in  the  limb  or  in  the  body  near  the  site 
of  the  bite.  If  there  is  no  marked  improvement  within  4  hours,  an  additional  injection 
is  given.  If  nervous  symptoms  are  well  marked  when  the  patient  is  first  seen,  a  portion 
of  the  dose  may  be  given  slowly  by  vein. 

Other  local  methods  of  treatment,  such  as  injection  of  potassium  permanganate 
and  injection  of  calcium  hypochlorite,  do  no  good  and  may  do  harm  by  increasing  the 
local  tissue  destruction.  The  administration  of  alcohol  seems  to  render  the  prognosis 
as  to  life  less  favorable.    Strychnine  and  aromatic  ammonia  may  be  given  freely. 

Dosage. — Theoretically,  the  dose  should  be  that  quantity  of  antivenin  which  neutral- 
izes the  maximum  quantity  of  venom  that  a  snake  can  inject.  Thus,  from  'HW  to  '■\')0  cc. 
of  the  cobra  antivenin  prepared  by  Lamb  are  required  to  neutralize  the  maximum 
quantity  of  venom  that  a  cobra  is  able  to  inject  at  one  bite  under  the  most  favorablo 
conditions,  and  from  5  to  10  fluidrams  (20  to  40  cc.)  of  crotalus  antivenin  are  requi- 
site to  antidote  the  maximum  of  rattlesnake  venom  similarly  introduced.  Practically, 
however,  the  natural  resistance  of  man  to  snake  venom,  and  the  circumstance  that  the 
maximum  quantity  of  venom  is  not  invariably  injected,  greatly  intluence  the  size  of  the 
necessary  dose  of  antivenin.  The  minimum  fatal  dose  of  different  venoms  for  man  has 
been  approximately  estimated  from  animal  experiments,  and  it  may  be  stated  that  the 
fatal  dose  of  crotalus  venom  is  from  0.15  to  0.20  Gm.  (Noguchi),  that  of  cobra  venom 
from  0.015  to  0.0175  Gm.  (Lamb).  As  it  is  only  necessary  to  neutralize  the  excess  of 
venom  over  the  human  tolerance,  the  administration  of  a  few  cubic  centimeters  of 
antivenin  may  suffice  to  prevent  a  fatal  issue. 


978  BIOLOGIC  ANTIPATHOGENS 

Administration, — Antivenins  are  administered  suhcutaneously  or  into  the  muscles. 
For  rattlesnake  bites  it  is  advised  that  the  serum  be  injected  around  the  wound 
(Noguchi).  The  specificity  of  the  antivenin  must  always  be  respected,  and  early  admin- 
istration is  a  most  important  factor  in  the  success  of  the  treatment. 

Hay-Fever  Serum:  Pollantin 

In  the  United  States  the  early  summer  catarrh  is  caused  chiefly  by  the  pollen 
of  grasses  (sweet  vernal  grass,  red  top,  etc.) ;  the  late  summer  form  by  rye  and 
Indian  corn;  while  the  ragweeds  (Ambrosia  trifida  and  A.  artemisiafolia)  are  chiefly 
responsible  for  the  autumnal  variety. 

Under  the  name  of  "Pollantin"  a  serum  obtained  from  animals  immunized  against 
the  pollen  of  various  plants,  especially  grains  and  Indian  corn,  has  been  patented  in 
Germany,  Great  Britain,  the  United  States,  and  other  countries.  The  serum  is  pre- 
pared after  the  method  of  Dunbar,  who  isolated  toxalbumins  from  the  pollens  of 
several  grasses,  especially  wheat,  rye,  barley,  and  Indian  corn,  as  well  as  from  rag- 
weed and  goldenrod,  and  was  able,  by  instilling  solutions  of  these  substances  into 
the  eye  or  nose,  or  even  by  injecting  them  subcutaneously,  to  produce  typical  symp- 
toms of  hay-fever  in  subjects  of  this  disorder,  while  normal  persons  were  not  affected. 

Pollantin  is  marketed  in  liquid  form  and  as  a  powder,  and  is  intended  for 
external  use  only,  not  for  subcutaneous  injection.  The  liquid  form  is  not  to  bo 
recommended  as  it  is  readily  contaminated  by  bacteria.  The  powder  is  said  to  be 
entirely  harmless,  even  in  large  quantities.  It  is  used  as  a  snuff  in  the  nostrils  twice 
a  day  or  as  often  as  necessary.  The  powder  has  also  been  used  directly  in  the  eyes, 
but  this  method  of  application  is  best  avoided. 

As  the  pollens  of  different  plants  differ  in  their  toxins,  there  is  no  certainty  that 
the  horse  from  which  any  given  specimen  of  pollantin  was  prepared  has  been  im- 
munized to  all  the  pollens  to  which  a  given  patient  is  sensitive.  For  this  reason,  per- 
haps, pollantin  failed  to  give  any  relief  in  many  instances.  It  did,  however,  palliate, 
by  keeping  symptoms  under  control,  in  about  80  percent,  of  the  cases  in  which  it  was 
used.  Since,  however,  it  did  not  cut  the  attack  short,  or  prevent  seasonal  recurrence, 
its  use  has  given  way  to  active  immunization  (desensitization)  by  pollen  proteins. 

ORDER  II.    TISSUE  ALTERANTS 

The  agents  which  are  employed  to  alter  the  structure  of  tissues  or  to  influence 
the  nutrition  of  their  constituent  cells  may  be  used  either  (a)  by  direct  application 
to  the  tissues  or  cells  under  treatment,  or  (b)  indirectly,  or  rather  systemically,  through 
the  blood  or  lymph.  Agents  employed  by  either  of  these  methods  may  tend  (1)  to 
build  up  the  tissues  or  improve  their  nutrition  or  (2)  to  break  down  or  injure  the 
tissues  or  individual  cells.  Based  on  these  general  considerations  we  will  arrange  the 
Tissue  Alterants  in  the  following'  groups : 

I.   Agents  employed  by  direct  (topical)  application, 
A.    Constructive  Agents. 

1.  Desiccants.     Dry,  generally  insoluble,  powders. 

2.  Demulcents.     Bland  liquid  or  semisolid  substances  (or  solutions)  mixed 

with  or  miscible  with  water. 

3.  Emollients.    Bland  oily  or  waxy  substances,  not  miscible  with,  or  soluble, 

in  water, 

4.  Adhesives.     Substances  which  adhere  to  the  surface  to  which  they  are 

applied. 

5.  Reconstructives.     Agents  which   stimulate   cell  growth. 
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B,    Injurious  or  Irritant  Aprcnts. 

1.  Kubofacicnts.     Agents  wliioh  excite  inflammation. 

2.  Astringents.     Agents  which  coaguhite  proteins  and  mucus. 

3.  Vesicants.     Agents  which  induce  blisters. 

4.  Pustulants.    Agents  wliich  cause  pus  formation. 

5.  Caustics.     Agents  wliicli  are  rapidly  escharotic. 

6.  Destructives.     Agents  which  are  slowly  escharotic. 
II.    Agents  employed  by  systemic  application. 

A.  Nutrients.     Constructive  agents. 

Mineral,  carbohydrate,  fatty,  nitrogenous. 

B.  Destructive  agents. 

Of  tibrous  tissue,  of  lymphatic  tissue,  of  parenchymatous  tissue  (altera- 
tives), of  special  organs. 

Of  the  agents  which  might  properly  be  classed  as  tissue  alterants,  many  have 
more  important  therapeutic  uses,  which  leads  to  their  being  placed  in  other  groups.  We 
will  consider  here  most  of  those  drugs  which  are  strictly  topical  in  application,  both 
constructive  and  injurious.  The  most  important  agents  found  elsewhere  are  placed 
with  the  antiseptics,  many  of  which  are  topical  irritants,  and,  when  concentrated, 
astringent  or  escharotic.  Of  the  agents  employed  by  systemic  application  but  few 
are  discussed  at  length.  The  nutrients  are  chiefly  foods,  and  all  foodstuffs  might 
be  placed  in  this  class.  The  mineral  nutrients,  iron  and  manganese  will  be  found 
with  agents  acting  on  the  blood;  phosphorus  with  those  influencing  metabolism, 
calcium  with  circulatory  adjuvants.  Of  the  carbohydrates  and  proteins  none  receives 
consideration  (gelatin  is  mentioned  with  demulcents)  and  of  the  fats  only  one,  cod 
liver  oil.  Most  of  the  systemic  destructives  are  likewise  considered  elsewhere.  Of 
the  connective  tissue  destruents,  thiosinamine  is  taken  up  here,  gold  and  sodium 
chloride  with  antiseptics.  The  chief  lymphatic  destruent,  radium,  is  placed  with 
Destructives.  Of  the  alteratives,  arsenic  and  mercury  are  with  the  antiseptics,  iodides 
with  agents  influencing  metabolism.  The  specific  destructives  such  as  thyrotoxin  and 
uephrotoxin  are  not  of  sufiicient  importance  to  warrant  description. 

AGENTS  EMPLOYED  BY  DIREGT-TOPIGAL-ACTION 

Constructive.  Agents 

Desiccants 

The  desiccant  powders  comprise  a  group  of  agents  which  are  applied  to  moist 
surfaces  to  dry  the  secretions  or  to  form  with  them  a  protective  coating.  They  are 
employed  to  prevent  chafing  of  moist  skin  surfaces,  to  dry  and  protect  the  surface  of 
ulcerations  on  the  skin,  and  are  administered  by  mouth  to  exert  a  soothing  influence 
on  the  inflamed  mucosa  of  the  gastroenteric  tract  and  to  spread  a  protective  coat  over 
the  surface  of  gastric  and  duodenal  ulcers.  They  are  also  used  for  cleansing,  as  in 
tooth  powders. 

The  influence  of  these  powders  is  almost  purely  mechanical  and  the  choice  among 
them  depends  to  a  great  extent  on  their  relative  fineness,  hardness  and  weight  and 
their  power  to  absorb  watery  or  oily  discharges. 

Extremely  fine  powders,  such  as  zinc  stearate,  kaolin  and  talc  are  preferable  for 
the  prevention  of  chafing  between  approximated  skin  surfaces,  and  of  the  coarser 
powders,  only  the  softest,  such  as  starch  and  lycopodium  are  permissible.  For  the 
coating  of  a  gastric  ulcer,  on  the  other  hand,  the  degree  of  fineness  is  less  important. 
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but  it  is  neeessai-y  to  select  very  heavy  powders,  such  as  bismuth  subnitrate  or  cerium 
oxalate,  which  will  force  their  way  into  the  deeper  recesses.  In  certain  conditions  it 
is  wise  to  employ  powders  which  have  a  neutralizing  effect  on  acids,  such  as  chalk, 
magnesia,  and  aluminum  hydrate.  Tooth  powders  often  consist  largely  of  such  agents. 
Finally  the  absorptive  powers  of  the  powders  often  demand  consideration.  Starch, 
kaolin,  fullers'  earth  and  chalk  have  the  power  to  absorb  watery  discharges  and  are 
utilized  on  discharging  sores  for  this  puiTJOse.  Kaolin  has  even  been  recommended 
for  use  by  mouth  in  dysentery  to  control  the  watery  stools.  The  property  of  absorbing 
oils  is  shared  by  lycopodium,  kaolin,  fullers'  earth,  and,  to  some  extent,  by  clialk. 
These  substances  are  added  to  powders  designed  for  tise  on  the  skin  to  take  up  the 
sebaceous  secretion  and  to  those  used  on  deep  ulcers  with  discharges  containing  fatty 
debris.  Charcoal,  both  animal  and  vegetable,  has  the  power  to  absorb  gases,  especially 
odorous  emanations,  and  it  is  often  of  service  in  preventing  or  lessening  the  odors 
from  foul-smelling  ulcers  or  sinuses  and  in  controlling  the  discharge  of  flatus  from  the 
bowel  and  of  eructations  of  gas  from  the  stomach.  Magnesium  stearate  and  zinc 
stearate  are  very  fine  and  extremely  light  and  furnish  excellent  vehicles  for  more 
active  agents  applied  by  insufflation. 

The  following  lists  may  be  useful  in  helping  to  determine  the  availability  of 
certain  powders  to  meet  special  indications: 

A.  Fineness.  (1)  Very  fine:  stearates,  talcum,  kaolin;  (2)  Rather  fine:  charcoal, 
bismuth  subnitrate,  magnesia;  (3)  Coarse:  starch,  lycopodium.  B.  Softness.  (1)  Very 
soft:  lycopodium,  starch,  stearates,  boric  acid;  (2)  Moderately  soft:  charcoal,  chalk, 
kaolin,  talc;  (3)  Hard:  bismuth  subnitrate,  cerium  oxalate.  C.  Weight.  (1)  Very 
light:  stearates,  lycopodium,  vegetable  charcoal;  (2)  Medium:  boric  acid,  animal 
charcoal,  chalk;  (3)  Heavy:  talcum,  kaolin,  cerium  oxalate,  bismuth  subnitrate. 

To  meet  special  indications,  certain  other  medicaments  are  used  in  powder  form. 
Thus,  for  insufflation  in  the  ear,  only  water-soluble  powders  such  as  boric  acid  are 
permissible.  When  antiseptic  properties  are  desired,  boric  acid  may  be  used  or 
crystallized  phenol  up  to  1  or  even  5  percent.,  may  be  pulverized  with  it.  Calomel, 
iodine,  ^^mphor,  menthol  and  other  antiseptic  agents  are  similarly  employed.  For 
dressing  painful  sores  it  is  oftentimes  advisable  to  add  an  anesthetic  agent.  Slightly 
soluble  anesthetics  such  as  orthoform  are  commonly  to  be  preferred,  but  procaine  or 
even  cocaine  may  be  added,  or  powders  having  antiseptic  as  well  as  anesthetic  powers, 
such  as  phenol  (1  percent.),  menthol  (2  percent.),  and  aeetanilid  (up  to  20  percent.). 
When  an  astringent  is  needed,  alum  or  tannin  is  sometimes  added.  (Many  other 
agents  are  used  as,  or  associated  with,  powders  for  topical  application  and  those 
mentioned  are  merely  indicative.) 

A  warning  should  be  given  in  regard  to  the  danger  of  injuring  infants  by  care- 
lessness with  zinc  stearate.  Children  playing  with  the  container  inhale  the  powder, 
which  is  so  light  that  it  passes  down  into  the  finer  bronchioles  and  alveoli,  inducing 
bronchopneumonia,  which  has  resulted  in  several  deaths. 

Of  the  agents  here  taken  up  as  desiccants  two  deserve  separate  discussion  because 
of  the  toxicity  and  possible  therapeutic  usefulness  of  related  soluble  compounds. 
These  are  silicon  (kaolin,  fullers'  earth)  and  cerium  (cerium  oxalate). 

Silicon 

The  compounds  of  silicon  are  extremely  useful  in  the  arts.  The  different  kinds 
of  glass  are  silicates  and  the  so-called  soluble  glass,  which  is  used  to  coat  eggs  for 
preservation — and  which  has  been  employed  for  fracture  dressings  and  similar  pur- 
poses— is  a  solution  of  sodium  silicate  and  soda.  The  compounds  most  used  in  medi- 
cine are  two  forms  of  aluminum   silicate,    (AL(Sio3)3   -|-   AL(OH)J,   a  native  clay, 
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kaolin,  and  tho  variety  of  this  known  as  fullers'  earth.  ''Lloyd's  rt'a{?ent,"  which 
was  introduced  by  John  TTri  Lloyd  and  which  is  used  to  obtain  alkaloids  by  atlsorption 
{e.g.,  atropine  from  stramonium,  during-  the  World  War),  is  an  artiticially  prepared 
hydrous  aluminum  silicate.  Diatomaceous  earth,  which  is  a  deposit  of  fossil  diatoms, 
whose  shells  consist  of  silica,  is  obtained  in  our  markets  with  such  difficulty,  that  it 
is  but  little  used. 

Kaolin  and  fullers'  earth  are  absorbents  or  rather  adsorbents,  tending-  to  collect 
on  the  surface  of  their  particles  various  soluble  substances  and  tine  suspended  matters. 
They  delay  the  action  of  digestive  ferments,  probably  because  of  adsoi-ption  of  the 
enzymes. 

Soluble  sodium  silicate  has  been  used  to  a  moderate  extent  in  the  treatment  of 
arteriosclerosis  and  of  tuberculosis,  it  being  thought  to  have  some  obscure  relation  to 
calcium  metabolism. 

Soluble  silicon  compounds  given  by  mouth  cause  lesions  of  the  capillai-y  vessels, 
especially  of  the  liver,  leading  to  cirrhosis  of  that  organ.  Acute  poisoning  in  man 
has  been  reported  from  swallowing  200  cc.  (7  oz.)  of  water  glass.  There  was  vomiting 
and  diarrhea,  with  burning  abdominal  pain  and  some  blood  in  the  stools.  The  urine 
contained  albumen,  casts  and  blood  as  well  as  sugar. 

It  is  suggested  that  silicates  dissolved  from  bottles  may  cause  chronic  poisoning 
(constipation,  scurvy)  in  infants  (Schultz),  but  no  direct  evidence  has  been  presented. 

Oerium 

The  only  salt  of  cerium  used  in  medicine  is  the  oxalate,  CcjCCjOJ,,  and  this  is 
used  only  internally  for  the  relief  of  nausea.  As  it  is  insoluble  in  water  and  in  dilute 
acids  and  alkalis,  it  is  claimed  that  none  can  be  absorbed,  and  the  action  is  simply 
that  of  an  inert  powder.  Tho  soluble  salts,  however,  are  able  to  prevent  vomiting 
and  it  is  possible  that  enough  cerium  is  absorbed  to  exert  a  systemic  influence.  The 
studies  described  below  have  been  made  with  cerium  chloride,  CeClj,  and  other  soluble 
salts. 

Antipathogenic  Action. — Growth  of  most  bacteria  is  stopped  by  cerium  chloride, 
1:200,  but  they  are  not  killed.    Paramecia  are  killed  by  1:5000  in  14  hour. 

Toxic  and  Systemic  Action. — The  toxic  dose  varies  with  conditions  and  method  of 
administration.  The  frog  is  killed  by  20  mgm.  of  cerium  chloride  through  a  direct 
action  on  the  heart.  Rabbits  die  after  an  injection  of  10  mgm.  (y,.  grain)  from  a 
similar  action.  Tadpoles  are  killed  in  6  hours  by  addition  of  1:5000  to  the  water,  fish 
in  10  minutes  by  1:500. 

Toxic  doses  of  cerium  chloride  injected  in  animals  cause  restlessness,  tremors, 
thirst,  rapid  respiration  and  fall  of  temperature.  The  red  blood  cells  show  degenerative 
changes  similar  to  those  caused  by  lead.  The  heart  muscle  is  directly  paralyzed,  the 
heart  of  the  frog  in  situ,  being  slowed  by  injection  of  1  mgm.  of  cerium  chloride  and 
stopped  by  20  mgm.    (Hara).  The  isolated  frog  heart  is  paralyzed  by  1  part   in   10,000. 

The  action  on  the  stomach  is  of  chief  interest.  Cerium  chloride  given  by  mouth 
to  dogs  in  dose  of  1  mgm.  per  kilo  prevents  vomiting  from  surely  emetic  doses  of 
apomorphine.  Larger  doses,  200  mgm.  (gr.  %)  cause  vomiting  if  given  by  mouth 
(Unzeraw)  but  prevent  the  emetic  action  of  apomorphine  if  given  hypoderraically 
(Hara).  The  antemetic  effect  is  supposed  to  depend  on  a  specific  paralyzing  action  on 
the  terminals  of  the  pneumogastric  nerve,  in  the  stomach. 

Materia  Medica  of  Desiccants.— Cakhu  Aximalis  (unofficial),  Animal  Charcoal. 
Abhr.,  Carb.  Animal.     Synont/nis:   Eone-black,  Ivory-black,  Ebur  Ustum,  Spodium. 

Animal  charcoal  is  prepared  by  exposing  fat-free  bones  to  a  red  heat  in  iron 
cylinders,  without  access  of  air,  until  gases  cease  to  be  evolved,  and  then  pulverizing-. 
It  occurs  in  dull,  black,  granular  fragments,  or  as  a  dull  black  powder,  odorless,  nearly 
tasteless,  and  insoluble  in  water  or  alcohol.     Used  as  a  decolorizing  agent  and  where 
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the  purified  substance  cannot  be  had  it  is  used  as  an  antidote  in  poisoning  from  various 
alkaloids  and  minerals. 

Dose,  not  used  as  a  medicine. 

Carbo  Animalis  Purificatus  (N.F.),  Purified  Animal  Charcoal.  Ahhr.,  Carb. 
Animal.  Purif. 

Made  by  heating  animal  charcoal  with  hydrochloric  acid  and  boiling  water,  strain- 
ing, and  repeating  the  digestion  and  straining  until  the  washings  show  the  absence 
of  soluble  chlorides,  after  which  the  residue  is  dried.  It  is  a  dull  black  powder,  odorless, 
tasteless,  and  insoluble  in  water,  alcohol,  or  other  solvents. 

Dose,  5  to  30  grains  (0.3  to  2.0  Gm.).  Antidotal  dose,  M:  ounce  for  each  grain 
of  vegetable  alkaloid. 

Tabell^  Carbonis  Animalis  (N.F.),  Tablets  of  Animal  Charcoal.  Ahhr.,  Tab. 
Carb.  Anim.     Synonym:  Tablets  of  Charcoal. 

Compressed  tablets  each  containing  4.6  grains   (0.3  Gm.)  of  animal  charcoal. 

Dose,  1  to  2  tablets. 

Carbo  Ligni  (U.S.  X.),  Wood  Charcoal.  Ahhr.,  Carb.  Lig.  Synonyms:  Vegetable 
charcoalj  charcoal. 

Prepared  from  wood  by  exposure  to  a  red  heat  without  access  of  air.  It  occurs 
ofiicially  as  a  black,  odorless,  and  tasteless  powder,  free  from  gritty  matter.  Insoluble 
in  water  or  alcohol. 

Dose,  5  to  20  grains  (0.3  to  1.3  Gm.). 

Trochisci  Carbonis  Ligki  (unofiicial).  Troches  of  Charcoal.  Ahhr.,  Troch.  Carb. 
Lig. 

Wood  charcoal,  30  Gm. ;  tragacanth,  4  Gm, ;  sucrose,  66  Gm. ;  vanillin,  0.3  Gm. ; 
water,  q.s.  to  form  mass  to  make  100  troches. 

Dose,  1  troche  ad  lih. 

Creta  Pr^parata  (U.S.  X.),  Prepared  Chalk.  Ahhr.,  Cret.  Prsep.  Synonym: 
Drop  Chalk. 

Prepared  chalk  is  a  native  form  of  calcium  carbonate,  freed  from  most  of  its 
impurities  by  elutriation,  and  containing  not  less  than  97  percent,  of  native  calcium 
carbonate,  CaCOj.  A  white  to  grayish-white,  veiy  fine,  amorphous  powder,  often 
formed  into  "conical  drops."  Odorless,  tasteless  and  stable  in  the  air.  Insoluble  in 
water  and  in  alcohol.  Decomposed  and  dissolved  by  dilute  acetic,  hydrochloric,  or 
nitric  acid,  with  copious  effervescence. 

Dose,  10  to  40  grains  (0.6  to  2.6  Gm.). 

MiSTURA  Cret^   (U.S.  X.),  Chalk  Mixture.     Ahhr.,  Mis.  Cret. 

Prepared  chalk,  6  Gm. ;  glycerin,  10  cc. ;  cinnamon  water,  40  cc. ;  distilled  water, 
q.s.  to  make  100  cc. 

Dose,  4  fluidrams  (15  cc),  frequently  repeated. 

PuLVis  Cret^e  Aromaticus  (N.F.),  Aromatic  Powder  of  Chalk,  Ahhr.,  Pulv. 
Cret.  Arom. 

Contains  8  percent,  of  cinnamon,  6  percent,  of  nutmeg,  3  percent,  of  clove,  2 
percent,  of  cardamom  seed,  25  percent,  of  prepared  chalk  and  56  percent,  of  sugar. 

Dose,  30  to  60  grains  (2  to  6  Gm.). 

PuLVis  Cret.e  Compositus  (U.S.  X.),  Compound  Chalk  Powder.  Ahhr.,  Pulv. 
Cret.  Co. 

Prepared  chalk,  30  Gm. ;  powdered  acacia,  20  Gm. ;  powdered  sucrose,  50  Gm.  Mix 
the  powders  by  trituration  and  pass  through  No.  60  sieve. 

Dose,  Yz  to  2  drams  (2  to  8  Gm.),  and  as  an  excipient. 

IvAOLiNUM  (N.F.),  Kaolin.    Synonyyn:  Bolus  Alba. 

A  native  hydrated  aluminum  silicate,  powdered  and  freed  from  gritty  particles 
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by  clutriation.  It  is  found  in  extensive  deposits  in  China  (whence  the  name  from  Kao 
Lin,  High  Kidge,  a  locality  where  it  exists  in  (juantity),  in  Japan,  Germany,  France, 
England,  and  in  Florida,  and  other  parts  of  the  United  States.  It  occurs  as  a  soft, 
white,  or  yellowish-white  powder,  or  in  lumps,  insoluble  in  water  and  in  cold  dilute 
acids,  and  solutions  of  the  alkali  hydroxides.  It  has  an  earthy  or  clay-like  taste. 
When  moistened  Avith  water,  kaolin  assumes  a  darker  color  and  develops  a  marked 
clay-like  odor.     It  is  nuiinly  used  as  an  excipient  or  diluent. 

Dose,  V'z  to  2  ounces  (15  to  60  Gm.). 

Cataplasma  Ivaolini  (N.F.),  Cataplasm  of  Kaolin.    Ahhr.,  Catapl.  Kaolin. 

Kaolin,  5(i0  Gm. ;  boric  acid,  45  Gm.,  thymol,  0.5  Gm.,  menthol  salicylate,  2  Gm. ;  oil 
of  popperniint,  0.5  Gm. ;  glycerin,  heated  to  100°  C,  387  Gm.,  to  make  about  1000  Gm. 

Dose,  used  externally. 

Lycopodium  (U.S.  X.),  Lycopodium.  Ahhr.,  Lycopod.  Synonyms:  Vegetable 
Sulphur,  Club  Moss. 

The  minute  yellow  spores  of  Lycopodium  clavatum  Linne  (Fam.  Lycopodtacece). 
A  light  yellow,  very  mobile  powder,  nearly  inodorous  and  tasteless.  It  is  not  wetted 
by  water,  but  floats  upon  it;  when  boiled  with  water  it  sinks;  when  thrown  into  a 
flame  it  burns  with  a  quick  flash.     It  should  yield  not  more  than  3  percent,  of  ash. 

Dose,  external  use  only. 

Talcum  Purificatum  (U.S.  X.),  Purified  Talc.  Ahhr.,  Talc.  Purif.  Synonyms: 
Soapstone,  French  Chalk,  Venetian  Chalk,  Talc. 

A  purified  native  hydrous  magnesium  silicate,  sometimes  containing  a  small 
amount  of  aluminum  silicate.  It  occurs  as  a  very  fine,  white  or  grayish-white  powder, 
which  adheres  to  the  skin.  It  is  quite  free  from  grittiness  and  is  unctuous  to  the 
touch;  odorless  and  tasteless. 

Dose,  external  use  only. 

Magnesii  Stearas  (unofficial).  Magnesium  Stearate,  Dolomol.    Ahhr.,  Mag.  Stear. 

Dolomol  is  magnesium  stearate  containing  also  small  amounts  of  magnesium 
palmitate  and  oleate.  It  is  a  white  powder,  insoluble  in  water,  unctuous  to  the  touch, 
nearly  odorless  and  tasteless. 

Dose,  external  use  only. 

Bismuth  Oxviodogalles  (unofficial).  Bismuth  Oxyiodogallate.  Ahhr.,  Bism. 
Oxyiodogal.     Synonyms:    Bismuth  lodosubgallate,  Airol,  Airoform. 

This  is  a  basic  combination  of  bismuth,  oxygen  iodine  and  gallic  acid,  containing 
in  each  100  parts  44.6  parts  of  bismuth  trioxide  and  24.3  parts  of  iodine.  It  is  a 
voluminous  grayish-green,  odorless  and  tasteless  powder ;  insoluble  in  alcohol,  ether, 
chloroform,  or  olive  oil;  slightly  soluble  in  glycerin;  practically  insoluble  in  cold  water, 
but  readily  when  heated,  being  decomposed  with  the  liberation  of  iodine  and  bismuth 
subgallate.     It  is  incompatible  with  calomel. 

Dose,  external  wherever  iodoform  is  indicated. 

Alumini  Hydroxidum  (U.S.  IX.),  Aluminum  Hydroxide.  Ahhr.,  Alum.  Hydrox. 
Synonyms:     Hydrattd  Alumina,  Aluminum  Hydrate,  Argilla  Pura. 

A  compound  consisting  principally  of  aluminum  hydroxide  (AKOH),.  A  white, 
bulky,  amorphous  powder,  odorless  and  tasteless;  insoluble  in  water  or  in  alcohol; 
it  is  dissolved  by  hydrochloric  or  sulphuric  acid  and  by  the  fixed  alkali  hydroxides. 
It  is  prepared  by  mixing  hot  solutions  of  alum  100  grams  and  of  monohydrated  sodium 
carbonate  45  grams. 

Dose,  external  use  only. 

Cerii  Oxalas  (U.S.  IX.),  Cerium  Oxalate.     Ahhr..  Cerii  Oxal. 

Oxalate  of  cerium,  with  traces  of  didymium,  lanthanum,  and  other  associated 
elements. 
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A  fine  white  or  slightly  pink  powder  without  odor  or  taste;  permanent  in  the  air. 
It  is  insoluble  in  water,  alcohol,  ether,  and  in  solutions  of  potassium  or  sodium 
hydroxide;  insoluble  in  cold  diluted  sulphuric  or  hydrochloric  acid,  but  dissolved  by 
these  acids  when  heated. 

Dose,  2  to  8  grains  (0.12  to  0.5  Gm.). 

Therapeutics. — Wood  charcoal  is  used  externally  in  dry  powder  and  in  poultices 
as  a  deodorant  application  to  gangrenous,  cancerous,  and  other  io\\\  \;lcerations.  It 
is  also  sometimes  employed  as  a  tooth  powder,  especially  when  the  secretions  of  the 
mouth  are  acid  in  reaction.  A  special  form  of  charcoal  made  from  cocoanut  .shells, 
is  largely  used  in  gas  masks. 

Internally  charcoal  is  given  for  the  relief  of  flatulent  dyspepsia  and  in  diarrhea 
with  ill-smelling  discharges,  in  doses  of  15  to  60  grains  (1.  to  4  Gm.).  It  may  be 
given  in  capsules,  in  compressed  tablets,  or  in  the  official  (N.r.)  troches;  or  the  powder 
may  be  stirred  into  a  teaspoonful  or  more  of  aromatic  elixir  and  a  little  water  added, 
and  with  this  may  be  given  pepsin  or  sodium  bicarbonate;  oil  of  peppermint  may  be 
added  to  flavor.  Charcoal  may  be  shaken  up  with  milk  of  magnesia,  when  both  agents 
are  indicated. 

Animal  charcoal  is  largely  employed  for  decolorizing  organic  material.  Purified 
bone-black  is  sometimes  given  in  alkaloidal  or  ptomaine  poisoning  to  take  up  as  much 
of  the  poison  as  has  not  yet  been  absorbed  from  the  intestine. 

Starch,  amylum,  is  employed  as  a  dusting  powder,  alone  or  in  mixture  with  various 
medicaments,  or  as  a  basis  for  medicated  insufflations.  By  its  drying  properties,  it 
protects  deliquescent  salts  administered  in  capsules.  Its  chief  characteristic,  how- 
ever, is  its  demulcent  property  when  added  to  boiling  water  or  mixed  with  glycerin, 
and  its  therapeutic  employment  is  therefore  discussed  in  the  section  on  Demul- 
cents. 

Chalk  is  applied  externally  to  absorb  and  neutralize  secretions  from  the  skin  and 
siiperficial  ulcers  and  to  protect  sensitive  nerve  ends  exposed  by  abrasions  and  burns. 
Prepared  chalk  is  the  form  usually  employed. 

In  the  pre})aration  of  tooth  powders  precipitated  calcium  carbonate  is  preferable. 
A  paste  made  of  equal  parts  of  prepared  chalk  and  petrolatum  has  been  sviggested  as 
a  substitute  for  Beck's  bismuth  paste  on  the  ground  that  it  is  not  poisonous,  but  it  is 
therapeutically  inferior. 

Kaolin  is  a  useful  dusting  powder  for  wounds,  ulcers,  and  moist  eczema  and  other 
dermatoses.  Sometimes  it  forms  a  useful  addition  to  dusting  powders  in  hyperidrosis 
and  bromidrosis.  Dry  kaolin  powder,  insufflated  into  the  nose  several  times  a  day, 
will  in  a  few  days  clear  the  passages  of  practically  all  microorganisms  (Hektoen  and 
Eappaport) ;  this  has  suggested  the  possibility  of  relieving  diphtheria  carriers  of  their 
dangerous  burden  by  this  means.  Kaolin  has  been  given  internally  in  poisoning  by 
various  alkaloids,  in  food  poisoning,  and  in  intestinal  autointoxication.  It  is  also 
employed  with  apparent  benefit  in  diarrhea,  dysentery,  and  cholera.  It  must  be  given 
in  large  doses,  say  a  tablespoonful  each  of  kaolin  and  of  charcoal  In  oatmeal  porridge, 
3  or  4  times  a  day;  in  cases  of  poisoning  this  dose  should  be  repeated  every  half-hour 
three  or  four  times. 

The  cataplasm  of  kaolin  replaces  other  poultice  masses.  It  owes  its  efficacy  to  the 
effects  of  moist  heat  and  to  the  hygroscopic  action  of  glycerin,  which  is  its  most 
important  constituent.  The  preparation  is  usually  marketed  in  cans  which,  for  use, 
should  be  placed  in  hot  water,  and  heated  thoroughly,  care  being  taken  to  avoid  getting 
water  inside  the  can.  When  the  plastic  mass  is  as  hot  as  can  be  comfortably  borne 
by  the  skin,  it  should  be  spread  quickly  over  the  affected  parts  with  a  spatula  or  spoon 
to  a  thickness  of  Ys  inch  or  more  and  covered  with  muslin  or  cheesecloth  and  absorbent 


I'otton,  and  st'cured  with  a  suitable  liaiulage;  or  it  may  be  applied,  spread  on  u  soft 
eloth,  when  the  skin  is  sensitive. 

Fullers'  earth,  which  is  similar  in  eoinposition  and  j)roperties  to  kaolin,  is  said 
to  possess  greater  adsorbent  and  absorbent  properties,  and  in  sviital)k^  cases  may  be 
used  in  preference  to  kaolin. 

Talcum,  which  is  hydrous  magnesium  silicate,  is  used  as  a  soothing-  protective  on 
irritated  surfaces,  as  for  instance  in  burns  of  the  tirst  degree,  or  sunburn,  and  on  a 
tender  skin  after  sliaving.  It  prevents  the  ehating  of  opposing  skin  surfaces  in  hot 
weather,  and  may  be  rubbed  on  the  skin  of  the  hands  to  render  it  smooth.  It  may  be 
insufflated  in  small  quantity  into  the  external  auditoiy  meatus  in  inflammation  of  this 
canal.  Plain  talc,  borated  talc  and  perfumed  talc  are  much  used  for  toilet  purjioses. 
Salol,  boric  acid  or  borax,  and  talc  form  a  useful  dusting  powder  for  sweating  feet, 
especially  after  long  hikes  or  marches,  or  when  there  is  bromidrosis.  Like  other 
systemically  inert  desiccants,  talc  is  a  good  excipient  for  substances  prescribed  in 
capsule. 

It  is  employed  in  pharmaceutical  operations  such  as  filtration  and  the  preparation 
of  the  official  waters. 

Lycopodium  is  protective  and  absorbent,  especially  of  oily  substances.  Its  peculiar 
property  of  not  being  wetted  by  water  makes  it  very  efficacious  in  the  prevention  of 
irritation  or  chafing  caused  by  urine  or  the  dejections  in  infants.  It  is  sometimes  used 
as  an  excipient  in  the  preparation  of  medicinal  snulfs  for  which  it  is  well  adapted 
because  of  its  extreme  lightness.  An  insufflation  composed  of  bismuth  subnitrate, 
powdered  acacia,  and  lycopodium  in  equal  parts  has  been  used  with  some  benefit  in 
naaal  catarrh.  Its  lightness,  dryness  and  absorptive  power  render  it  a  good  dusting 
powder  for  excoriated  surfaces  in  intertrigo,  eczema,  superficial  ulcers,  etc.  It  is 
commonly  used  to  dust  over  pills  to  prevent  them  from  adhering. 

Eclectic  physicians  employ  lycopodium  internally  for  the  relief  of  congestive 
headache,  vertigo,  dyspepsia,  catarrh  of  the  bladder,  and  retention  of  uriuo  in  children. 
The  dose  is  5  to  10  drops  (0.3  to  0.6  cc.)  of  the  specific  medicine  every  hour  or  two. 

Magnesium  stearate,  in  combination  with  magnesium  oleate  and  palmitate,  mar- 
keted under  the  name  of  dolomol,  is  a  fine  white  powder  employed  as  a  protective  and 
antiseptic  dusting  powder  to  irritated  or  abraded  surfaces  and  to  moist  eczema.  It  is 
used  alone  or  mixed  with  ichthyol,  acetanilid,  or  other  analgesics  or  antiseptics. 

Zinc  o.ride  is  employed  in  the  form  of  powder,  sometimes  mixed  with  boric  acid, 
starch,  talc,  or  orris  root,  as  an  absorbent  and  healing  dressing  for  excoriations  and 
ulcerations  and  in  irritated  and  moist  dermatoses.  It  is  also  used  as  a  soothing 
application  in  the  form  of  the  official  ointment  with  which  phenol,  salicylic  acid,  or 
other  healing  or  antiseptic  substances  may  be  incorporated.  An  aqueous  suspension 
may  be  applied  in  place  of  the  dry  powder, 

A  mixture,  of  zinc  oxide,  60;  sodium  biborate,  40;  lime  water,  60;  and  almond  oil, 
known  as  Vienna  cream,  is  of  service  in  promoting  the  healing  of  obstinate  varicose 
ulcers  of  the  leg.  The  cream  is  ai)plie<I  thickly  to  the  surface  of  the  ulcer  and  extend- 
ing an  inch  beyond  its  border,  and  is  covered  with  several  layers  of  gauze  kept  in  place 
by  a  gauze  or  muslin  bandage  reinforced  by  a  few  thin  strips  of  adhesive  i)laster,  and 
is  renewed  every  three  or  four  days.  Cicatrization  occurs  i)romptly,  a?^  a  rule,  and 
is  almost  always  complete  in  from  threi'  to  twelve  wci'ks,  according  to  the  size  of  the 
ulcer. 

Zinc  stearate  is  much  employed  as  an  astringent  and  slightly  antiseptic  dusting 
powder,  either  alone  or  mixed  with  boric  acid,  menthol,  salicylic  acid,  or  picric  acid, 
in  the  treatment  of  bums,  intertrigo,  eczema,  acne,  and  other  dermatoses,  and  by 
insufflation  in  rhinitis  and  hay  fever. 
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Zinc  oleate,  precipitated  zinc  carbonate,  and  calamine  are  used  in  powder  or  oint- 
ment to  meet  the  same  indications  as  zinc  oxide  or  stearate. 

Bismuth. — The  insokible  salts  of  bismuth  are  employed  as  protectives  to  inflamed 
and  abraded  svirfaces  and  as  siccatives  to  ulcers  and  moist  skin  affections,  being 
preferred  for  this  purpose  to  chalk  and  talcum  by  reason  of  their  slight  antiseptic 
property.  Bismuth  oxyiodomethyl  gallol  and  bismuth  oxyiodopyrogallate  are  used  a3 
dusting  powders  to  ulcers  and  wounded  surfaces  in  place  of,  or  mixed  with,  iodoform. 
Bismuth  suhgallate  (dermatol)  is  used  as  a  dusting  powder  in  the  treatment  of  weeping 
eczema  and  other,  especially  moist,  dermatoses.  Bismuth  subnitrate  is  employed 
externally  as  a  dusting  powder  for  ulcers  and  excoriated  surfaces  and  in  aqueous  sus- 
pension or  ointment,  as  a  dressing  for  wounds.  A  snuff  which  has  been  found  service- 
able in  coryza  is  made  of  a  mixture  of  bismuth  subnitrate  in  very  fine  powder  and 
acacia  or  talcum. 

Bismuth  tribromphenate  (xeroform)  is  employed  as  an  efficient  substitute  for 
iodoform,  being  odorless,  nontoxic  and  nonirritating.  It  is  used  as  a  dressing  for 
varicose  ulcers  and  as  a  dusting  powder  in  moist  eczema,  and  for  intralaryngeal  and 
intratracheal  insufflation  in  tuberculous  and  other  forms  of  ulcerative  lar^'ngitis  and 
tracheitis.  Internally  it  is  given  for  gastroenteritis,  diarrhea,  and  dysentery  in  doses 
cf  10  to  15  grains  (0.6  to  1  Gm.),  three  times  a  day.  Bismuth  iodosuhgallate  (airol 
or  airoform)  liberates  iodine  in  the  presence  of  wound  secretions  and  is  used  as  a 
substitute  for  iodoform  in  applications  to  wounds,  burns,  ulcers,  etc. 

Boric  acid  because  of  its  antiseptic  property  and  freedom  from  irritant  action  is 
extensively  employed  as  a  dusting  powder,  commonly  in  association  with  chalk,  starch, 
bismuth,  and  other  inert  powders.  It  is  also  used  in  saturated  solution  (4  percent.) 
as  an  eyewash  and  in  nasal  and  vaginal  douches. 

Aluminum  hydroxide  (argilla  hydrate)  is  somewhat  antiseptic  and  astringent  and 
finds  employment  as  a  protective  in  the  form  of  a  dusting  powder,  aqueous  suspension 
or  ointment  in  inflammatory  affections  of  the  skin. 

Cerium. — Topical. — Cerium  oxalate  is  sometimes  employed  as  a  dusting  powder 
for  moist  or  chafed  surfaces  and  also  as  a  toilet  powder  as  it  has  naturally  a  flesh  tint. 

Systemic. — Cerium  oxalate  allays  irritability  of  the  pneumogastric  nerve  and 
influences  favorably  reflex  cough  and  vomiting.  It  is  in  the  vomiting  of  pregnancy 
and  that  of  seasickness  that  its  greatest  field  of  usefulness  lies;  5  to  10  grains  (0.3 
to  0.6  Gm.)  may  be  given  dry  on  the  tongue  3  or  4  times  a  day. 

It  is  serviceable  in  arresting  drj'  irritable  cough,  especially  of  reflex  origin,  and 
possesses  the  advantage  over  other,  and  perhaps  more  certain  antitussives,  that  it  does 
not  disorder  the  stomach.  It  may  be  given  in  doses  of  10  to  15  grains  (0.6  to  1  Gm.) 
4  times  a  day,  before  meals  and  at  bedtime.  It  is  often  slow  in  action  and  several  days 
may  elapse  before  any  appreciable  reduction  in  the  frequency  or  severity  of  the 
cough  is  observed. 

The  drug  has  been  recommended  in  the  gastric  crises  of  tabes  dorsalis  in  doses 
of  5  to  10  grains,  or  more,  3  times  a  day;  but  is  distinctly  less  useful  than  apothesine 
or  cocaine  used  as  local  anesthetics,  to  break  the  reflex.  Belief  in  cases  of  spasmodic 
dysmenorrhea  with  scanty  flow  is  sometimes  obtained  by  doses  of  4  to  6  grains  (0.25 
to  0.4  Gm.)  every  hour. 

Demulcents 

The  demulcents  constitute  a  somewhat  diversified  group  having  in  common  the 
properties  of  being  soluble  in,  or  miscible  with,  water ;  of  being  bland  and  unirritating ; 
and  of  not  being  absorbed  to  any  marked  degree  from  exposed  mucosae  or  open 
wounds. 
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Chemistry. — Chemicallj'  most  of  the  demulcents  are  characterized  by  the  presence 
of  gums  or  mucihiftos  wliich  are  non-nitrogenous  compounds  related  to  the  carbohy- 
drates in  composition.  They  may  not  be  associated  with  any  other  important  con- 
stituents as  in  acacia,  (consisting  of  a  gum,  arabin  .50  percent.,  and  of  a  carboliydrato, 
pentosane  20  to  50  percent.)  tragacanth  (containing  a  gum,  bassorin  (50  percent., 
arabin  10  percent.,  and  starch  3  percent.)  and  ulmus.  They  are,  however,  commonly 
associated  with  starch  as  in  althoa  (gum,  35  percent.;  starch,  37  percent.),  cetraria, 
chondrus,  cydonium,  salep  (gum,  48  percent.;  starch,  27  percent.).  More  rarely  a  fixed 
oil  is  present  as  in  flaxseed  (gum,  7  percent.,  oil,  35  percent.),  and  amygdala  dulcis. 
In  licorice  a  gummy  glucoside,  glycyrrhizin,  is  associated  with  starch.  Various  starchy 
substances  are  also  used  as  demulcents,  including  cornstarch  and  barley  water.  These 
are  employed  chiefly  in  the  preparation  of  demulcent  drinks.  Apart  from  the  gimis 
and  starches,  the  only  demulcents  of  importance  are  gelatin  and  egg  white.  Glycerin 
and  the  glycerites  form  a  class  intermediate  between  the  demulcents  and  the  emollients, 
but  as  we  have  limited  the  latter  group  to  substances  of  a  fatty  nature,  we  will  take 
up  glycerin  here,  although  it  differs  from  the  other  agents  of  this  group  in  many 
respects. 

Summary  of  Actions  and  Uses. — The  action  of  most  of  the  demulcents  is  entirely 
topical  and  may  be  summarized  as  soothing  and  protective.  They  adhere  closely  to  moist 
surfaces,  forming  a  coating  which  guards  these  from  irritants  and  checks  excessive 
secretion.     Only  two  of  them  have  systemic  actions  which  require  consideration. 

They  are  employed  to  relieve  topical  irritation,  especially  in  the  gastroenteric  and 
respiratory  tracts,  and  on  the  skin,  as  after  burns.  Some  of  them  are  made  into  poultices 
as  a  means  of  applying  moist  heat. 

Materia  Medica. — Acacia  (U.S.  X.),  Acacia.  Ahhr.,  Acac,  Synonyms:  Gum 
Arabic,  Gum  Acacia,  African  Gum. 

The  dried  gummy  exudation  from  the  stems  and  branches  of  Acacia  Senegal 
Willdenow  or  from  other  species  of  Acacia  (Fam.  Leguminosoe). 

Unground  acacia  occurs  in  spheroidal  tears  up  to  32  mm.  in  diameter  or  in  angular 
fragments;  color,  yellowish-white  to  light  amber;  translucent;  very  brittle,  the  frac- 
tured surface  glassy  and  occasionally  iridescent;  almost  odorless;  taste,  mucilaginous. 
Acacia  is  insoluble  in  alcohol,  but  almost  completely  soluble  in  twice  its  weight  of  cold 
water.    Powdered  acacia  occurs  in  white,  angled  fragments. 

Dose,  not  used  in  substance. 

MuciLAGO  Acacia  (U.S.  X.),  Mucilage  of  Acacia.  Ahhr.,  Mucil.  Acac.  Synonym: 
Mucilage  of  Gum  Arabic. 

Acacia,  350  Gm. ;  sodium  benzoate,  1  Gm. ;  distilled  water,  q.s.  to  make  1000  cc. 

Dose,  1  to  6  fluidrams  (4  to  24  cc). 

GuMMi  Indicum  (Br.),  Indian  Gum.    Ahhr.,  Gum.  Ind.    Synonym:  Ghatti  Gum. 

A  gummy  exudation  from  the  stem  of  Anogeissus  latifoUa  Wall  (Fam.  Com- 
hretacece).  Vermiform  or  rounded  tears  of  varying  size,  colorless  or  pale  yellow; 
surface  dull,  fracture  vitreous.  Slight  odor;  taste  insipid  and  mucilaginous.  Entirely 
soluble  in  water,  forming  a  viscous,  adhesive  mucilage;  insoluble  in  alcohol,  but  the 
aqueous  solution  is  gelatinized  by  the  addition  of  alcohol. 

Dose,  not  used  in  substance. 
MuciLAGO  GuMMi  Indici  (Br.),  Mucilage  of  Indian  Gum.    Ahhr.,  Mucil.  Gum.  Ind. 

Indian  gum,  50  Gm. ;  distilled  water,  150  cc.  It  is  directed  that  the  mucilage  be 
recently  prepared. 

Dose,  used  interchangeably  with  Mucilago  Acacia. 

Tragacaxtha  (U.S.  X.),  Tragacanth.    Ahhr.,  Trag.    Synonym:    Gum  Tragacanth. 

The  dried  gummy  exudation  from  Astragalus  gummifer  Labillardiere,  or  other 
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Asiatic  species  of  Astragalus  (Fain.  Leguminosde).     Xnowii  in  commerce  as  Syrian 
tragacanth. 

Unground  tragacanth  occurs  in  flattened,  lamellated,  frequently  curved  fragments 
or  in  straight  or  spirally  twisted  linear  pieces ;  whitish  to  light  brown,  translucent  and 
horny,  inodorous;  tast«  insipid,  mucilaginous.  Powdered  tragacanth  occurs  as  white, 
angular  fragments  with  circular  or  irregailar  lamell*  showing  some  starch  grains. 

Dose,  not  used  in  substance. 

MuciLAGO  Tragacanth^  (U.S.  X.),  Mucilage  of  Tragacanth.    Ayhr.,  Mucil.  Trag. 

Tragacanth,  6  Gm. ;  glycerin,  18  Gm. ;  water,  q.s.  to  make,  by  weight,  100  Gm. 

Dose,  chiefly  used  as  an  excipient. 

Glycerinum  TRAGACANTHiE  (Br.),  Glycerin  of  Tragacanth.     Ahhr.,  Glycer.  Trag. 

Powdered  tragacanth,  10  Gm.;  glycerin  30  ec;  distilled  water,  10  cc.  Triturate 
into  a  homogeneous  paste. 

Dose,  used  as  a  pill  excipient. 

Glyceritum  Tragaoanth^e  (N.F.),  Glycerite  of  Tragacanth.    Ahhr.,  Glycer.  Trag. 

Contains  about  12.5  percent,  of  tragacanth  with  77.5  percent,  of  glycerin  and 
18.5  percent,  of  water. 

Dose,  used  as  an  excipient. 

PuLVis  TragacanthvE  Compositus  (Br.),  Compound  Powder  of  Tragacanth.  Ahhr., 
Pulv.  Trag.  Co. 

Powdered  tragacanth,  15  parts;  gvim  acacia,  20  parts;  starch,  20  parts;  refined 
sugar,  45  parts. 

Dose,  1/2  to  1  dram  (2  to  4  Gm.). 

Ulmus  (U.S.  X.),  Elm.    Synonyms:    Elm  Bark,  Slippery  Elm. 

Elm  is  the  dried  inner  bark  of  Vlmus  fidva  Michaux  (Fam.  JJhnacece).  Broad, 
flat,  oblong  pieces,  from  1  to  4  mm.  in  thickness.  Odor  distinctive;  taste  mucilaginous. 
The  powder  is  a  very  light  brown. 

Dose,  nsed  as  an  emollient,  internally  as  an  infusion. 

Trochisci  Ulmi  (N.F.),  Troches  of  Elm.    Ahhr.,  Troch.  Ulm. 

Each  troche  contains  3  grains  (0.2  Gm.)  of  elm,  flavored  with  methyl  salicylate. 

Dose,  1  troche. 

Althaea  (U.S.  X.),  Althea.    Synonym:  Marsh  Mallow  Root. 

The  dried  root  of  Althcea  officinalis  Linne  (Fam.  Malvacece),  deprived  of  the  brown, 
corky  layer  and  small  roots.     Taste  sweetish,  mucilaginous. 

Dose,  used  as  an  excipient. 

Alth^^  Folia  (N.F.),  Althaea  Leaves.  Ahhr.,  Althae.  Fol.  Synonym:  Marsh- 
mallow  leaves. 

The  dried  leaves  of  Althcea  officinalis  Linne  (Fam.  Mulvacece) ;  gray-green  to 
yellowish  gray -green  color;  appear  thick  because  of  the  hairy  covering,  but  are  thin; 
odor  slight;  taste  mucilaginous;  the  virtues  are  strictly  those  of  a  demulcent,  although 
the  boiled  and  bruised  leaves  are  popular  as  a  poultice. 

Dose,  20  to  40  grains  (1.3  to  2.6  Gm.). 

Syrupus  Alth.«^  (N.F.),  Syrup  of  Althaea.    Ahhr.,  Syr.  Altha?. 

Prepared  from  althfca,  5  percent.    Contains  10  percent,  of  glycerin  and  3  percent, 
of  alcohol. 
.■       Dose,  1  fluidram  (4  cc). 

Species  Pectorales  (N.F.),  Pectoral  Species.  Ahhr.,  Spec.  Pect.  Synonyms: 
Species  ad  Infusum  Pectorale,  Brest  Tea. 

Contains  8  parts  of  peeled  althaea,  4  parts  of  coltsfoot  leaves,  3  parts  of  Russian 
glycyrrhiza  (peeled),  2  parts  of  anise,  2  parts  of  mullein  flowers  and  1  part  of  orris  root. 

Dose,  1  dram  (4  Gm.). 
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MALV^^i  ¥olvl  (N.F.),  Mallow  Leaves.  Ahhr.,  Mai.  Fol.  Synonym:  Common 
Mallow. 

The  dried  leaves  of  Mah-a  sylrcstris',  and  of  M.  rotundifolia  Linne  (Fain. 
Malvacecv).  Juodorous;  on  ehewinf?  become  very  mucilaginous;  taste  bland.  The 
powdered  drug-  is  light  green.  The  infusion  is  made  by  taking  1  part  of  the  ijowdered 
leaves  and  25  parts  of  boiling  water;  infuse  for  15  minutes  in  a  covered  vessel  and 
strain. 

Dose,  1  to  4  Huidounces  (30  to  120  cc),  of  the  infusion. 

Cetraria  (unofficial),  Cetraria.    Synonyms:    Iceland  Moss,  Iceland  Lichen. 

The  dried  plant,  Cetraria  if<Iandica  Acharius,  Lichen  islaiidirus  Linne.  It  is 
brittle  and  inodorous,  but  when  softened  in  water  has  a  slight  odor  and  bitter,  mu- 
cilaginous taste. 

Dose,  generally  used  in  the  form  of  a  decoction. 

Chondrus  (U.S.  IX.),  Chondrus.    Synonyms:  Irish  Moss,  Carrageen. 

The  dried  plant  of  Cliondnts  cri,spu,s  (Linne)  Staekhouse,  or  of  (ricjarHna  mam- 
millosa  (Goodenough  et  Woodward)  J.  Agardh  (Fain.  Gifjartinacew).  Entire  plants 
more  or  less  matted  together,  yellowish-white,  translucent;  somewhat  cartilaginous; 
odor  slight,  seaweed-like;  taste  mucilaginous,  saline. 

Dose,  2  to  6  drams  (8  to  24  Gm.). 

MuciLA(;()  CHoxniu  (X.F.),  Mucilage  of  Chondrus.  Ahhr.,  Mueil.  Chondr.  Syno- 
nym :  Mucilage  of  Irish  Moss. 

Contains  3  percent,  of  Irish  moss  in  water. 

Dose,  used  as  an  emulsifying  agent. 

GELATiNr:\r  Chondhi  (unotHcial),  Chondrus  Gelatin.  Ahhr.,  Gelat.  Chondr.  Syno- 
nym :  Irish  Moss  Gelatin. 

Chondrus,  100  Gm.,  added  to  hot  water  and  heated  on  a  water  bath  for  15  minutes; 
the  mucilaginous  decoction  is  now  strained  and  evaporated  in  the  water  bath  and  in 
shallow  trays,  so  that  the  product  may  be  detached  in  scales. 

Dose,  used  as  an  ingredient  of  cough  mixtures  and  as  an  emulsifying  agent  and 
demulcent. 

Cydoxium  (unofficial),  quince.    Synonym:    Quince  Seed. 

The  fruit  and  seeds  of  the  Cydonia  vulgaris  Pers.  (Fam.  Rosacece),  or  common 
quince  tree.  The  seeds  are  ovate,  reddish-brown  externally;  inodorous  and  nearly 
insipid.  Their  coriaceous  envelope  abounds  in  mucilage;  with  water  the  seeds  swell 
and  form  a  mixcilaginous  mass.  They  are  extensively  imported  and  used  in  the 
preparation  of  Bandoline  and  of  cosmetic  lotions. 

Dose,  not  used  in  substance. 

MuciLAGO  Cydonu  (unofficial),  Mucilage  of  Cydonium.  Synoriym :  Quince 
Mucilage. 

Prepared  by  macerating  cydonium  with  distilled  water  in  the  ratio  of  1  of  the 
former  to  50  of  the  latter,  and  draining  through  muslin. 

Dose,  it  may  be  used  for  the  same  purposes  as  other  mucilaginous  liquids. 

Salkp  (unofficial),  Salep. 

Name  given  to  dried  tubers  of  numerous  species  of  the  genus  Orchis  and  allied 
genera  of  the  Orchidacece.  Small  oval  or  ovoid  tubers  of  a  yellowish  color,  feeble  odor 
and  mild  nmcilaginous  taste.  In  composition  it  is  analogous  to  tragacanth.  Highly 
Tiutritive  and  may  be  employed  in  place  of  tapioca  or  sago  as  a  food.  Has  property 
of  coagulating  milk. 

Dose,  ad  lih.  internally. 

IsPAGiiULA  (Br.),  Ispaghula.     Jtbr.,  Ispaghul.     Synonym:     Spogel  Seeds. 

The  dried  seeds  of  Planfayo  ovata  Forsk   (Fain.   Phmtaglnacew).     Pale  grayish- 
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brown,  boat-shaped  seeds,  2  to  3  mm.  long  and  1  to  1.5  mm.  wide.  In  water,  the  testa 
swells  producing  a  viscous  mucilage.    Odorless  and  tasteless. 

Dose,  1  to  21/2  drams  (4  to  10  Gm.). 

Decoctum  IsPAGHULiE  (Br.),  Decoction  of  Ispaghula.    Abhr.,  Decoc.  Ispagbul. 

Bruised  ispaghula  seeds,  15  Gm.,  boiled  for  ten  minutes  in  1200  cc.  of  water,  then 
strained  and  brought  up  to  1000  cc,  if  necessary,  by  distilled  water  poured  over  the 
contents  of  the  strainer. 

Dose,  1/2  to  2  fluidounces  (16  to  64  cc). 

PsYLLii  Semina  (unofficial).  Psyllium  Seed.    Synonyms :    Fleawort,  Fleaseed. 

The  dried  seeds  of  Plantago  psyllium  Linne  (Fam.  Plantaginacece).  Minute 
blackish-brown  seeds,  odorless  and  tasteless.  The  testa  contains  a  large  amount  of 
mucilage,  and  when  moistened  the  seeds  swell  and  form  a  gelatinous  mass. 

Dose,  1  to  4  drams  (4  to  16  cc). 

Amylum  (U.S.  X.),  Starch.    Synonym:    Corn  Starch. 

Starch  consists  of  the  granules  separated  from  the  grain  of  Zea  mays  Linne  (Fam. 
Graminece).  Occurs  in  irregular,  angular  white  masses  or  in  fine  powder;  inodorous; 
slight  taste.    Insoluble  in  cold  water  and  in  alcohol. 

Dose,  used  externally;  not  used  in  substance  internally. 

Glyceritum  Amyli  (U.S.  X.),  Glycerite  of  Starch,  Ahhr.,  Glycer.  Amyl.  Synonym: 
Glycerin  of  Starch. 

Starch,  10  Gm. ;  water,  20  cc. ;  glycerin,  70  cc. ;  mix  and  heat,  stirring  constantly 
until  a  translucent  jelly  is  formed. 

Dose,  externally  as  an  ointment. 

Sassafras  Medulla  (N.F.),  Sassafras  Pith.   Ahhr.,  Sassaf.  Med. 

The  dried  pith  of  Sassafras  variifolium  (Salisbury)  O.  Kuntz  (Fam.  Lauracece). 
Occurs  in  subcylindrical,  often  curved  or  coiled  pieces,  very  light  in  weight,  externally 
white;  odor  slight,  sassafras-like;  taste  mucilaginous. 

Dose,  not  used  in  substance. 

MuciLAGO  Sassafras  Medulla  (N.F.),  Mucilage  of  Sassafras  Pith.  Ahhr.,  Mucil. 
Sassaf.  Medul. 

It  is  made  by  macerating  1  Gm.  of  the  pith  with  50  cc  of  cold  distilled  water  for 
5  hours  and  filtering  through  purified  cotton.  Its  value  over  other  mucilaginous 
solutions  is  that  it  gives  no  precipitate  on  the  addition  of  alcohol. 

Dose,  y^  to  1  ounce  (15  to  30  cc). 

Verbasci  Folia  (N.F.),  Mullein  Leaves.    Ahhr.,  Verbasc.  Fol. 

The  dried  leaves  of  Yerhascunx,  thapsus  Linne  (Fam.  Scrophulariacece),  and  other 
species  of  Verbascum.  Nearly  odorless ;  mucilaginous,  and  slightly  bitter  in  taste ; 
demulcent  and  thought  to  possess  anodyne  properties,  rendering  them  useful  in  pectoral 
complaints.  The  dried  leaves  are  also  smoked  to  relieve  irritation  of  respiratory 
mucous  membranes.  A  decoction  (1  ounce  to  the  pint)  is  the  best  manner  of  internal 
administration. 

Dose,  4  to  6  fluidounces  (120  to  180  cc). 

Fluidextractum  Verbasci  Foliorum  (N.F.),  Fluidextract  of  Mullein  Leaves. 
Ahhr.,  Fldext.  Verbasc.  Fol. 

Each  cc  represents  1  Gm.  of  the  drug.     Alcoholic  content  about  70  percent. 

Dose,  1  to  2  fluidrams  (4  to  8  cc). 

Verbasci  Flores  (N.F.),  Mullein  Flowers.     Ahhr.,  Verbasc  Flor. 

The  dried  corollas  with  adhering  stamens  of  Verhascam  phlomoides  Linne,  or  of 
the  V.  thapsiforme  Schraeder  (Fam.  Scrophulariacece).  Odor  peculiar  and  agreeable; 
taste  mucilaginous  and  disagreeable. 

Dose,  2  drams  (8  Gm.). 
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HoRDEUM  (unofficial),  Barley. 

The  grains  of  Horde  am  sat  i  rum  Jesseii  and  its  cultivated  varieties.  Hulled 
barley  is  the  grain  deprived  of  its  husk ;  barley  meal  is  formed  by  grinding  the  seeds 
previously  deprived  of  their  husks;  pearl  barley  is  the  grain  deprived  of  all  of  its 
investiiu'uts  and  appears  as  a  round  l>all  of  lustrous  pearly  whiteness.  All  three  forms, 
but  preferalily  that  of  pearl  barley,  are  used  in  uuiking  a  nuicilaginous  decoction  known 
as  barley  water,  which  is  prepared  by  pouring  2  pints  of  boiling  water  on  one  troy  ounce 
of  barley,  boiling  down  to  1  pint  and  straining. 

Dose,  ad  lib.  according  to  age  and  condition. 

Farfara  (N.F.),  Coltsfoot.  Abbr.,  Farfar.  Synonyms:  Tussilago,  Tussilaginis 
Folia. 

The  dried  leaves  of  Tussilago  farfara  Linne  (Fam.  Compositor).  No  characteristic 
odor  or  taste;  contain  mucilage,  tannin  and  a  trace  of  a  bitter  glueoside. 

Dose,  used  in  form  of  decoction. 

Decoctu.m  Tussilaginis  (unofficial).  Decoction  of  Coltsfoot.  Abbr.,  Dec.  Tussil. 
Synonym :    Decoction  of  Farfara. 

Prepared  by  using  20  parts  of  boiling  vpater  to  1  part  of  the  leaves,  by  weight; 
straining,  after  15  minutes,  while  hot. 

Dose,  2  to  4  iluidounces  (GO  to  120  cc). 

Triticum  (U.S.  IX.),  Triticum.  Abbr.,  Tritic.  Synonyms:  Couch  Grass,  Dog 
Grass,  Agropyrum. 

The  dried  rhizome  and  roots  of  Agropyron  repens  (Linne)  Beauvois  (Fam. 
Graininece),  gathered  in  the  spring.  The  rhizome  is  pale  yellow,  rigid,  about  2  mm. 
in  diameter,  in  pieces  from  4  to  12  mm.  in  length;  odor,  slight,  aromatic;  taste  sweetish. 

Dose,  1  to  3  drams  (4  to  12  Gm.). 

Fluidextractum  Tritici  (U.S.  IX.),  Fluidextract  of  Triticum.  Abbr.,  Fldext. 
Tritic.    Synonym:    Fluidextract  of  Couch  Grass. 

Prepared  by  extracting  1000  Gm.  of  finely  cut  triticum  with  5000  cc.  of  boiling 
water,  first  macerated  for  2  hours,  then  percolated  to  total  exhaustion  of  the  drug, 
adding  boiling  water  if  necessary.  This  aqueous  percolate  is  then  evaporated  to  800  cc. 
and  when  cold  there  is  added  200  cc.  of  alcohol,  making  a  fluidextract  equalling 
1000  cc,  each  cc.  representing  0.95  Gm.  of  the  crude  drug. 

Dose,  1  to  3  fluidrams  (4  to  12  cc). 

Decoctum  Agropyri  (Br.),  Decoction  of  Cough  Grass.  Ahbr.,  Dec  Agropyr. 
Synonym:    Decoction  of  Triticum. 

A  5  percent,  presentation  of  the  crude  drug. 

Dose,  4  fluidrams  to  2  fluidounces  (15  to  60  cc). 

Glycyrrhiza  (U.S.  X.),  Glycyrrhiza.    Abbr.,  Glycyrrh,    Synonym:  Licorice  Root, 

The  dried  rhizome  and  roots  of  Glycyrrhiza  glabra  Linne,  known  in  commerce  as 
Spanish  licorice  or  Glycyrrhiza  echinata  Linne,  known  in  commerce  as  Russian  licorice 
(Fam.  Leguminosce).  Occurs  in  nearly  cylindrical  pale  yellow  pieces  with  a  fibrous 
surface  and  coarsely  fibrous  fracture.  Odor  faint,  but  characteristic;  taste  sweetish. 
Powdered  glycyrrhiza  appears  as  a  brownish-yellow  or  pale  yellow  powder  with  numerous 
starch  grains. 

Antagonists  and  Incompatibles. — All  acids  are  incompatible. 

Synergists. — All  alkalis. 

Dose,  15  to  40  grains  (1  to  2.6  Gm.). 

Extractum  Glycyrrhiz.e  (U.S.  X.),  Extract  of  Glycyrrhiza.  Abbr.,  Ext.  Glycrrh. 
Synonyms:    Extract  of  Licorice,  Extract  of  Licorice  Root. 

The  fresh  root,  after  being  thoroughly  cleansed  and  half  dried  by  exposure  to  air, 
is  cut  into  small  pieces  and  boiled  in  water  until  the  liquor  is  saturated.    The  decoction 
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is  then  allowed  to  rest  until  dregs  have  subsided;  it  is  decanted  and  evaporated  by 
heat  to  the  proper  consistence.  The  extract  thus  prepared  is  formed  into  rolls,  5  to  6 
inches  long  with  a  diameter  of  about  1  inch,  which  are  dried  in  the  air,  wrapped  in 
laurel  leaves  and  the  product  then  becomes  the  commercial  extract  of  glycyrrhiza  of 
the  U.S. P.  provided  that  60  percent,  is  soluble  in  cold  water. 

Dose,  not  used  in  original  substance. 

ExTRACTUM  Glycyrrhiz-*:  Purum  (U.S.  X.),  Pure  Extract  of  Glycyrrhiza.  Ahlr., 
Ext.  Glycyrrh.  Pur.    Synonym :    Pure  Extract  of  Licorice  Root. 

1000  Gm.  of  the  coarsely  powdered  licorice  root  is  extracted  to  exhaustion  with 
boiling  water.    The  percolate  is  then  evaporated  to  a  pilular  consistence. 

Dose,  used  as  an  adjuvant,  disguisant  and  excipient. 

Fluidextraotum  Glycyrrhiz.^  (U.S.  X.),  Fluidextract  of  Glycyrrhiza.  Ahhr., 
Fldext.  Glycyrrh.    Synonym:    Fluidextract  of  Licorice  Root. 

Glycyrrhiza,  in  coarse  powder,  1000  Gm.  is  macerated  with  1000  cc.  of  boiling 
water  for  2  hours;  it  is  then  percolated  to  exhaustion,  more  boiling  water  being  used 
if  necessary;  the  percolate  is  evaporated  to  750  cc.  and  250  cc.  of  alcohol  are  added, 
making  1000  cc.  of  the  extract,  each  cc.  representing  0.95  Gm.  of  the  crvide  drug. 
Alcoholic  content  about  23  percent. 

Dose,  15  to  60  minims  (1  to  4  cc). 

FLUiDCiLYCERATUM  Glycyrriiiz.e  (N.F.),  Fluidglyccrate  of  Glycyrrhiza.  Ahhr., 
Fldglycer.  Glycyrrh.     Synonym:    Fluidglycerate  of  Licorice. 

Each  cc.  represents  1  Gm.  of  the  drug.     Glycerin  content  50  percent. 

Dose,  30  minims  (2  cc.)- 

Elixir  GLvoYRRHiZiE  Aquosum  (IST.F.),  Aqueous  Elixir  of  Glycyrrhiza.  Ahhr., 
Elix.  Glycyrrh.  Aq.     Synonym :   Aqueous  Elixir  of  Licorice. 

Fluidextract  of  glycyrrhiza,  150  cc. ;  compound"  spirit  of  cardamom,  5  cc. ;  stronger 
orange  flower  water,  200  cc. ;  glycerin,  150  cc. ;  syrup,  150  cc. ;  distilled  water,  q.s. 
to  make  1000  cc. 

Dose,  1  to  3  fluidrams  (4  to  12  cc). 

Elkir  Glycyrrhiza  Aromatioum    (unofficial).  Aromatic  Elixir   of  Glycyrrhiza. 

Ahhr.,  Elix.  Glycyrrh.  Arom.    Synonym:   Aromatic  Elixir  of  Licorice. 

Fluidextract  of  glycyrrhiza,  125  cc ;  oil  of  clove,  0.75  cc. ;  oil  of  cinnamon,  0.75 
cc. ;  oil  of  myristica,  0.5  cc. ;  oil  of  fennel,  1.5  cc. ;  purified  talc,  20  Gm. ;  aromatic 
elixir,  q.s.  to  make  1000  cc. 

Dose,  1  to  3  fluidrams  (4  to  12  cc). 

Syrupus  GLYCVRRHizyE  (N.F.),  Syrup  of  Glycyrrhiza.  Ahhr.,  Syr.  Glycyrr. 
Synonym :    Syrup  of  Licorice. 

Fluidglycerate  of  glycyrrhiza,  250  cc. ;  syrup,  q.s.  to  make  1000  cc. 

Dose,  1  to  3  fluidrams  (4  to  12  cc). 

Mistura  Glycyrrhiza  Composita  (U.S.  X.),  Compound  Mixture  of  Glycyrrhiza. 
Ahhr.,  Mist.  Glycyrrh.  Co.     Synonym:    Brown  Mixture. 

Fluidextract  of  glycyrrhiza,  120  cc. ;  antimony  and  potassium  tartrate,  0.24  Gm. ; 
camphorated  tincture  of  opium,  120  cc. ;  spirit  of  nitrous  ether,  30  cc. ;  glycerin,  120  cc. ; 
water,  q.s.  to  make  1000  cc. 

Dose,  1 2  to  1  fluidram  (2  to  4  cc). 

Glycyrrhizinum  Ammoniatum  (U.S.  IX.),  Ammoniated  Glycyrrhizin.  Ahhr., 
Glycyrrh.  Amnion. 

A  sweet  principle  combined  with  ammonia  obtained  from  licorice.  It  occurs  in 
dark  brown  or  brownish-red  scales,  without  odor  and  having  a  very  sweet  taste;  freely 
■soluble  in  water  and  soluble  in  alcohol. 

Dose,  2  to  6  grains  (0.13  to  0.4  Gm.). 
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Amygdala  Dulcis  (Br.),  Sweet  Almond.    Ahhr..  Ain,vt»d.  Dulc 

The  ripe  seed  of  Prunus  Amijgdalus  Stokes  var.  dulcis  Baillon.  Known  in  eom- 
merce  as  the  Jordan  almond.    Taste  bland  and  sweetish. 

Dose,  original  substance  or  when  freshly  ground,  as  a  diabetic  food.  Also  npf»d  as 
a  dispuisant  and  oxcipient. 

Emulsum  Amyodal.'K  (F.S.  IX.),  Enmlsion  of  Almond.  Ahhr..  Kmnls.  Amygd. 
Si/nonym  :     ^filk  of  almond. 

Sweet  almond,  (50  (!m.;  acacia,  10  Om.;  sucrose,  30  Gm. ;  water,  q..s.  to  make 
1000  cc. 

Dose,  2  to  8  liuid  ounces  (60  to  240  cc). 

Puu7s  Amygdal.?c  Compositus  (Br.),  Compound  Powder  of  Almonds.  Ahhr.,  Pulv. 
Amygd.  Co. 

Sweet  almonds,  powdered,  60  Gm. ;  refined  sugar,  oO  Cm. ;  gum  acacia,  10  Gm.  Mix 
to  fine  powder. 

Dose,  ad  lih. 

MrsTURA  Amygdale  (Br.),  Almond  Mixture.    Ahhr.,  Mist.  Amygd. 

Compound  powder  of  almonds,  125  Cm.;  distilled  water  sufficient  to  produce 
1000  cc. 

Dose,  V2  to  1  fluidounce  (16  to  32  cc). 

LiNUM   (U.S.  X.),  Linseed.     Ahhr.,  Lini.   Sem.     Synonym:  Flaxseed. 

The  dried  ripe  seed  of  Linnm   nsitati.s.'^imuin  Linne   (Fam.  L'umrerp). 

Linseed  yields  not  less  than  30  percent,  of  a  fixed  oil,  at  least  98  percent,  of  which 
is  saponifiable.  The  seeds  are  small,  brown,  glossy,  nearly  flat,  from  4  to  6  mm.  in 
length;  odor  slight;  taste  mucilaginous  and  oily.  Powdered  linseed  occurs  as  a 
yellowish-browai  jiowder  consisting  chiefly  of  large  oily  globules  with  irregular  frag- 
ments of  endosperm  and  seed-coat. 

Dose,  external  use  pnly. 

Lini  Se^iina  Contusa  (Br.),  Crushed  Linseed.    Ahhr.,  Lini  Sem.  Contus. 

Linseed  reduced  to  a  coarse  yellowish-brown  powder.  Bland,  not  pungent  or  rancid, 
odor  when  mixerl  with  warm  water. 

Do.^e,  used  externally;  occasionally  internally  in  dose  of  30  grains  (2  Gm.). 

Oyi  Albumen  Kecens  (N.F.),  Fresh  Egg  Albumin.  Ahhr.,  Ovi  Album.  Synonyms: 
Albumen,  "White  of  Egg. 

The  freshly  separated  liquid  white,  or  albumin,  of  recently  laid  eggs  of  the  hen, 
Galliis  domesticus  Temminck  (Fam.  Plxisianidfe). 

A  glairy  viscid  liquid,  inodorous  and  tasteless. 

Incompatible  with  tannin,  alcohol,  mineral  acids  and  mercuric  chloride. 

Dose,  ad  lih. 

Ovi  Albumen  Siccum  (unofficial).  Dried  Egg  Albumin,  Dried  White  of  Egg, 

White  of  egg  evaporated  at  a  temperature  below  the  coagulating  point,  not  over 
no"  C.  Occurs  in  yellowish,  transparent,  horn-like  pieces,  soluble  in  about  10  parts  of 
water;  insoluble  in  alcohol  and  ether. 

Dose,  in  solution  with  boric  acid  as  a  surgical  dressing,  and  in  solution  (1  egg- 
white  in  150  cc.  boiled  water)  in  infantile  diarrhea. 

Pharmacodynamic  Action,  f^kin. — Demulcents  are  occasionally  applied  to  the  skin 
for  the  relief  of  dermatitis  and  superficial  burns,  but  are  more  often  made  into  poultices 
as  a  means  of  applying  moist  heat  for  the  relief  of  underlying  conditions.  Those  most 
commonly  used  in  this  manner  are  linseed  (flaxseed)  and  starch.  Glycerin  mixed  with 
kaolin  (cataplasma  kaolini)  is  used  for  the  same  purpose.  It  is  more  cleanly  and  not 
liable  to  bacterial  decomposition,  but  does  not  hold  its  heat  as  well    (Pilcher). 

AUmentary  Tract. — Many  find  their  chief  usefulness  in  the  preparation  of  soothing 
drinks  (cetraria.  chondrus,  cydonium,  licorice,  salep,  sassafras  pith,  triticum.  barley,  egg 
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albumin).  When  swallowed,  demulcents  coat  the  mucous  membrane  of  the  mouth, 
throat  and  stomach,  forming  as  it  were  an  artificial  outer  layer  and  preventing  the 
contact  of  air  and  fluids  with  sensitive,  irritated,  or  denuded  surfaces.  They  thus 
diminish  certain  sensations  arising  from  food;  cold,  sweet,  sour,  and  bitter  being  less 
readily  appreciated.  Irritant  substances  administered  as  medicines  give  much  less  insult 
to  the  alimentary  tract  if  suspended  in  demulcent  drinks.  The  coating  of  the  wall  of 
the  bowel  delays  absorption  and  to  this  effect  part  of  their  benefit  as  antidotes  to 
swallowed  poisons  is  attributed,  while  medicaments  intended  for  effect  on  the  gastro- 
enteric tract  may  be  given  with  demulcents  in  order  to  prolong  their  action,  even  though 
it  is  at  the  same  time  somewhat  lessened.  The  greater  constipating  action  of  opium  as 
compared  to  morphine  may  be  in  part  due  to  the  delayed  absorption  brought  about  by 
the  colloids  in  the  opium. 

Egg  albumin,  barley  water,  and  other  demulcents  are  given  to  relieve  the  pain  of 
gastric  and  duodenal  ulcer  and  in  poisoning  by  irritant  and  destructive  agents.  Egg 
albumin,  gelatin  and  those  agents  which  contain  starch  or  dextrin  serve  as  foods  in 
conditions  in  which  other  foods  might  not  be  tolerated.  Egg  albumin  and  gelatin  also 
fix  corrosive  metals,  especially  mercury,  in  insoluble  precipitates. 

Respiratory  Tract.— The  demulcents  as  used  in  the  medication  of  the  respiratory 
tract  are  often  made  into  tablets,  which  are  allowed  to  dissolve  in  the  mouth,  their 
influence,  and  perhaps  physical  presence,  extending  to  the  larynx  and  trachea  and  even 
into  the  finer  bronchi.  Adapted  for  such  use  are  acacia,  althea,  cydonium,  licorice, 
gelatin,  tragacanth  and  ulmus. 

Systemic  Action. — Gelatin,  acacia  and  certain  of  the  more  soluble  drugs  of  this 
group  have  been  extensively  used  as  additions  to  saline  solutions  intended  for  intravenous 
infusion  after  severe  hemorrhage  and  in  traumatic  shock.  It  is  well  known  that  plain 
Ringer  solution,  so  injected,  leaves  the  blood  stream  very  rapidly  and  it  was  thought 
that  a  colloid  added  to  such  a  solution  would  not  diffuse  out  of  the  vessels  and  would 
thus  hold  the  fluid  with  it.  Experimental  and  clinical  evidence  in  large  amount  was 
brought  forward  in  favor  of  this  idea.  It  was  found  that  7  percent,  gelatin  or  6  percent, 
acacia  solution  had  the  same  osmotic  pressure  as  the  total  colloids  of  the  plasma  and 
that  such  strengths  dissolved  in  Ringer  solution  could  be  injected  without  immediate 
danger  (Bayliss,  Erlanger,  and  others).  Gelatin  was  soon  abandoned  in  favor  of  acacia, 
because  the  degree  of  heat  required  to  kill  the  tetanus  spores  often  present  in  commercial 
gelatin,  injured  its  colloidal  properties.  Hurwitz  uses  5  percent,  acacia  which  has  a 
viscosity  of  2.2,  approximating  that  of  normal  blood  which  has  2  or  slightly  less.  Injec- 
tions of  glucose  solution  alone  cause  in  rabbits  reduction  of  blood  volume;  addition  of 
acacia  to  such  solutions  prevents  the  loss  of  blood  volume,  holding  the  fluid  in  the  vessels, 
although  the  diuresis  is  not  entirely  prevented. 

Carefully  controlled  studies  brought  most  students  of  the  subject  to  the  con- 
clusion that  colloidal  solutions  had  no  advantage  over  plain  Ringer  solution.  It  was 
suggested  that  addition  to  the  Ringer  solution  of  an  amount  of  calcium  equal  to  that 
found  in  acacia  would  stimulate  the  finer  blood-vessels  and  aid  in  keeping  up  blood- 
pressure  to  the  same  extent  as  acacia  itself  (Zondek,  Meyer).  It  has  also  been  pointed 
out  that  injections  of  acacia  lead  to  delayed  or  imperfect  clotting  of  the  blood  and  if 
injected  after  hemorrhage  delay  the  return  of  fibrinogen  to  its  normal  value  (Foster 
and  Whipple),  and  this  effect  might  be  dangerous  during  hemorrhage.  Acacia  solution 
injected  intravenously  may  lead  to  agglutination  of  the  red  blood  cells,  and  either  this 
or  some  other  alteration  in  the  circulating  blood  results  in  intravascular  thrombi  and 
hemorrhages  in  the  lungs  and  elsewhere  (Karsner  and  Hanzlyk).  Several  deaths  in 
man  have  been  ascribed  to  acacia  infusions  and  their  use  has  largely  been  abandoned 
clinically. 

The  influence  of  gelatin  on  clotting  is  discussed  with  agents  acting  on  the  blood  in 
Chapter  III. 

Therapeutics  of  Demulcents. — Acacia  (gum  arabic)  and  tragacfanth  are  occasionally 
used  alone  as  demulcents  but  more  commonly  in  emulsions  or  suspensions  of  other 
drugs,  especially  the  fixed  and  volatile  oils.  Thus  the  well-known  emulsion  of  cod  liver 
oil  contains  12.5  percent,  of  powdered  acacia ;  and  such  a  heavy  salt  as  bismuth  subni- 
trate  can  be  temporarily  suspended  in  mucilage  of  tragacanth.  Powdered  acacia  has 
been   employed   to   arrest  slight  hemorrhage,   as   from  leech   bites.     Both   acacia   and 
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tragacanth  are  used  in  lozenges  or  troches  as  much  to  give  body  and  cohcsiveness  to  the 
preparation  as  to  exert  their  soothing  demulcent  action  in  the  throat.  They  are  slowly 
dissolved  in  mucus,  which  they  increase  in  density.  Thus  they  serve  to  allay  irritation 
by  the  latter  when  it  is  mixed  with  serous  exudate  as  is  the  case  in  catarrhs  of  mucous 
surfaces.  Acacia,  made  into  a  mucilage  with  flaxseed  to  which  licorice  is  sometimes 
added,  is  used  in  domestic  practice  to  loosen  a  dry  hacking  cough.  It  is  taken  in  one 
or  two  tablespoonful  doses  every  hour  or  two. 

Althea  (Marshmallow)  is  sometimes  used  internally  in  solution  (containing  the 
gum)  in  inflammatory  conditions  of  the  respiratory  and  gastroenteric  mucous  mem- 
branes; as  an  enema  or  vaginal  douche  in  decoction  (containing  starch  in  addition  to 
the  gum)  to  allay  irritation  in  the  rectum  and  vagina ;  and  as  an  ointment  in  certain 
diseases  of  the  skin,  e.g.,  herpes.  It  is  sometimes  mixed  with  astringent  powders  for 
the  purpose  of  diluting  them.  Althea  imparts  a  certain  degree  of  mildness  to  the 
action  of  drugs  possessing  diuretic  and  diaphoretic  properties.  It  is  a  good  vehicle 
for  pills  especially  those  containing  irritant  purgatives.  It  is  a  desirable  excipient 
for  medicaments  to  be  used  as  lozenges. 

Sweet  almond  in  powder  or  emulsion  is  used  mainly  as  an  ingredient  or  vehicle 
of  various  cosmetic  preparations.  The  emulsion  is  reputed  popularly  to  be  of  service 
in  the  removal  of  freckles  and  sunburn.  Internally  an  almond  mixture  of  half  an 
ounce  of  the  meal  with  30  grains  of  acacia  and  120  grains  of  granulated  sugar  in  a 
glassful  (8  ounces)  of  water  is  a  favorite  domestic  remedy  for  catarrhal  troubles  of 
the  respiratory  and  digestive  tracts. 

Cetraria  (Iceland  moss)  and  chondrus  (Irish  moss)  are  not  infrequently  employed 
as  articles  of  diet  for  invalids,  being  demulcent  and  soothing  to  the  mucous  membranes 
and  somewhat  nourishing  and  easy  of  digestion.  Iceland  moss  is  better  for  this 
purpose  than  Irish  moss  since  it  contains  starch  which  the  latter  lacks.  Cetraria 
contains  a  bitter  principle,  cetrarin;  it  is,  therefore,  assumed  to  act  as  the  simple 
bitters  in  general,  stimulating  the  flow  of  gastric  juice  and  increasing  the  appetite. 

Triticum,  couch  grass,  is  employed  as  a  soothing  remedy  in  cases  of  irritable 
bladder  and  of  cystitis  with  strangury  and  painful  micturition.  It  is  best  given  in  the 
form  of  the  fluidextract  which  may  be  associated  with  alkalis,  sedatives,  antispas- 
modics, or  diuretics,  as  and  when  needful.  It  acts  well  in  conjunction  with  the 
fluidextract  of  corn  silk,  of  each  1  fluidram  (4  cc.)  with  Vo  fluidram  (2  cc.)  of  tincture 
of  hyoscyamus,  four  times  a  day. 

Sassafras  pith  is  used  like  slippery  elm,  in  the  form  of  an  infusion  as  a  demulcent 
drink  in  acute  inflammation  of  the  stomach  and  in  diarrhea  and  dysentery.  It  is 
given  also  in  cases  of  hoarseness  and  catarrhal  sore  throat.  In  domestic  practice,  it 
is  steeped  in  hot  or  cold  water  and  the  strained  infusion  used  as  an  eye  lotion. 

Barley  water  is  used  in  infant  feeding  to  prevent  the  foi-mation  of  coarse  milk 
curds,  and  as  a  sole  food  when  it  becomes  necessary  to  withdraw  milk  entirely,  as 
in  enterocolitis.  Sufficiently  thickened,  it  may  be  used  as  a  demulcent  and  food,  in 
inflammatox-y  conditions  of  the  throat  and  alimentary  tract,  and  as  a  food  without 
irritant  waste  products,  in  acute  nephritis.  It  is  also  given  as  a  drink  in  fevers.  It 
may  be  prepared  by  adding  2  quarts  of  boiling  water  to  2  ounces  of  pearl  barley  and 
boiling  down  to  1  quart. 

Linseed  or  flaxseed  meal  is  chiefly  used  in  the  preparation  of  poultices,  being 
especially  adapted  to  that  use  by  reason  of  its  demulcent  property  and  that  of  retaining 
heat  and  moisture.  The  heat  is  the  active  agent  in  relieving  pain  and  favorably 
influencing  the  inflammatory  process  through  the  induced  hyperemia.  Poulticing  is 
also  employed  as  a  means  of  hastening  suppuration  in  furuncles  and  carbuncles.  The 
poultice  is  prepared  by  gradually  stirring  flaxseed  meal  into  boiling  water  adding  the 
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meal  until  the  mixture  is  of  proper  consistence  and  sufficient  quantity,  and  then  the 
hot  mass  should  be  thickly  spread  between  two  layers  of  fine-meshed  gauze.  When 
carefully  made  and  applied  the  poultice  should  retain  its  heat  for  at  least  four  hours, 
especially  if  covered  with  a  fold  of  flannel  and  an  outer  layer  of  oiled  silk  or  strong 
waxed  paper.  Before  tlie  poultice  is  applied  the  skin  of  the  part  should  be  soaped  and 
rubbed  with  alcohol  and  table  salt.  After  tliat  it  is  to  be  protected  by  a  compress 
thickly  smeared  on  its  inner  side,  the  side  in  contact  with  the  skin,  with  glycerite 
of  boroglycerin  half  an  ounce  (16  Gm.),  white  vaseline,  one  ounce  (32  Gm.)  and  one 
draroi  (4  Gm.)  each  of  white  wax  and  spermaceti.  The  care  necessary  to  make  and 
apply  flaxseed  poultices  properly,  is  well  repaid,  especially  in  the  pneumonias;  but  as 
the  modern  nurse  has  been  trained  to  look  upon  them  as  obsolete  as  well  as  useless, 
many  practitioners  have  turned  instead  to  the  kaolin  poultice.  When  the  poultice  is 
removed,  the  skin  should  be  cleansed  and  rubbed  as  at  first,  before  the  new  poultice  is 
applied,  and  this  should  be  ready  before  the  old  one  is  removed.  The  heat  should  be  as 
great  as  the  patient  can  bear  with  comfort,  but  not  such  as  to  scald.  At  the  best, 
however,  a  flaxseed  poultice  is  uncleanly  and  difficult  to  make  and  apply,  and  for  this 
reason  it  is  largely  supplanted  by  the  kaolin  poultice.  The  poultice  is  used  for  its 
counterirritant  elfect  and  its  action  in  inducing  local  hyperemia,  in  pneumonia  and 
pleurisy,  peritonitis,  cystitis,  boils  and  carbuncles,  inflamed  joints,  bubo  and  enlarged 
superficial  glands.  Flaxseed  is  sometimes  taken  in  the  dose  of  a  level  dessertspoonful 
or  a  tablespoonful  of  the  dry  seed,  in  the  management  of  chronic  constipation,  as  a 
means  of  adding  bulk  to  the  feces,  like  agar. 

Flaxseed  tea,  an  infusion  of  half  an  ounce  of  the  imbruised  seeds  in  a  pint  of 
boiling  water  is  much  used,  especially  in  domestic  practice,  as  a  demulcent  drink  in 
bronchitis,  sore  throat,  irritative  diarrhea,  cystitis,  irritable  bladder  and  pain  and 
stranguaiy  in  urination.  Taken  cold  and  flavored  with  lemon,  it  is  a  grateful  drank  in 
fever. 

IspagJiiila,  or  spogel  seed,  is  used  like  linseed,  to  make  poultices.  The  decoction 
is  an  excellent  demulcent  for  use  in  sore  throat  and  in  diarrhea.  It  is  useful  also, 
with  the  addition  of  a  dessertspoonful  of  paregoric,  as  an  enema  in  dysentery.  The 
seeds  may  be  taken  whole,  like  flaxseed  or  psyllium,  to  increase  the  bulk  of  the  feces 
in  chronic  constipation. 

Psyllium  seed  is  demulcent  and  when  crushed  might  be  made  into  a  poultice,  like 
flaxseed,  but  its  expense  would  bar  that  employment.  It  is  used  only  like  agar,  flaxseed, 
gelatin,  bran,  etc.,  to  increase  the  bulk  of  the  feces  in  chronic  constipation,  For  this 
purpose  1  to  2  teaspoonfuls  may  be  taken  with  meals,  or  2  to  4  teaspoonfuls  at  the 
noonday  meal.  They  are  best  taken  by  steeping  them  for  a  few  minutes  in  hot  water, 
under  the  action  of  which  they  swell  and  become  agglutinated  into  a  soft  mass,  and 
can  then  be  taken  with  honey  or  marmalade. 

Glycyrrliiza,  licorice,  finds  its  chief  use  as  a  demulcent  in  catarrhal  inflammation 
of  the  pharyngeal  and  laryngeal  mucous  membrane.  It  is  given  here  usually  in  the 
form  of  troches  or  lozenges  of  the  extract,  containing  various  antiseptic  or  expectorant 
remedies,  or  in  the  official  mistura  glycyrrhizae  composita,  brown  mixture.  It  is  em- 
ployed in  many  pharmaceutical  preparations  to  cover  the  taste  of  the  active  drug, 
such  as  senna,  senega,  ammonium  chloride  or  carbonate,  quinine,  cascara  sagrada, 
ipecac,  etc.  For  this  purpose,  the  fluid  exti'act,  the  elixir,  the  syrup,  the  ammoniated 
extract  and  other  forms  are  available.    Acids  are  incompatible. 

In  a  mixture  with  ammonium  or  potassium  salts,  about  1  to  IV2  grain  of  extract 
of  licorice  or  1  to  iy2  minims  of  the  fluidextract  to  each  grain  of  the  salt  will  cover 
the  taste  acceptably,  hence  about  15  grains  (1  Gm.)  or  15  minims  (1  cc.)  is  re(iuisitf 
for  the  ordinary  dose.     In  the  ordinary  adult  dose  (V2  ounce,  15  cc.)   of  ('<.iii]ii.ini<l 
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licorice  mixture,  tliere  is  about  this  quantity,  althoujili  the  amount  of  tartar  emetic 
present  is  only  about  %2  grain  (2  ragm.).  In  compound  licorice  powder,  the  active 
constituents  of  which  are  senna  and  sulphur,  the  extract  of  licorice  makes  up  a  little 
less  than  ^4  f*f  ♦'he  bulk,  approximately  15  grains  to  the  teaspoonful. 

Licorice,  its  extra<'t  and  tlio  nmnKtniated  product  are  also  available  excipients  for 
pills.  Commonly  the  prescribcr  writes  q.s.  (a  sufficient  quantity)  unless  he  wishes  to 
limit  the  size  of  the  pill. 

Slippery  elm  is  a  typical  demulcent,  the  nuu-ilage  being  grateful  in  irritative 
diarrhea  and  dysentery,  and  also  in  catarrhal  atl'ections  of  the  respiratory  tract.  The 
mucilage  is  said  also  to  have  a  slight  nutritive  value.  The  mucilage  may  be  i)repared 
extemporaneouslj'  by  stirring  the  powdered  bark  in  hot  water.  The  bark  swells  when 
wet,  and  smoothed  strips  of  it  are  sometimes  use<I  to  dilate  strictures,  fistulas,  and  the 
OS  uteri.  Strips  of  the  bark  may  be  chewed  to  afford  relief  to  local  irritation  in  the 
mouth  and  throat.  Compressed  troches  of  the  powdered  bark  are  useil  for  the  same 
purpose,  or  as  vehicles  for  various  active  ingre<lients. 

Stai-cli  is  a  carbohydrate  which  forms  the  reserve  nutriment  of  most  plants,  but  is 
especially  abundant  in  the  cereals  and  tubers.  It  is  used  in  the  form  of  a  dusting 
powder  as  a  mechanical  protective.  When  added  to  boiling  water,  it  makes  a  mucilage 
or  a  paste  according  to  quantity,  and  is  available  as  a  demulcent  pure  and  simple,  or 
as  a  vehicle  for  suspending  insoluble  medicaments.  As  a  thin  starch  water,  it  is 
employed  for  rectal  and  urethral  injections  alone  or  in  varied  association.  The  enemas 
should  be  made  as  wanted,  on  account  of  their  ready  decomposition.  Mixed  with 
■water  starch  forms  the  base  of  several  pastes  used  in  dermatological  practice,  such  as 
Lassar's  resorcinol  and  zinc  pastes.  Glycerite  of  starch  is  locally  employed,  alone,  or 
with  medicinal  agents.     Its  local  application  "will  remoA-e  iodine  stains  from  the  skin. 

The  following  combination  is  sometimes  used  in  place  of  the  official  glycerite: 
Starch,  88  Gm. ;  Tragacanth,  17  Gm.;  Glycerin,  88.5  Gm. ;  Boric  acid,  23  Gm. ;  and 
Oil  of  gaultheria,  2  Gm. 

Cornstarch  is  drier  and  more  absorbent  than  the  starch  of  wheat.  Its  chief 
worth,  aside  from  its  nutritive  value  rests  in  its  demulcent  property.  As  a  powder  it  is 
often  used  to  shield  the  skin,  especially  the  tender  epidermis  of  infants,  from  the 
irritating  action  of  air,  and  to  diminish  friction  between  contiguous  surfaces,  Starcli 
poultices,  made  by  boiling  sufficient  dry  starch  powder  (about  5  percent.)  in  water 
to  form  a  paste  at  body  temperature,  are  efficacious  in  spftening  and  removing  dried 
secretions  about  the  scalp  and  face.  The  addition  of  boric  acid  in  4  percent,  strength 
(20  grains  to  the  ounce)  adds  a  feeble  antiseptic  property  to  the  poultice.  Two  or 
three  layers  of  gauze  soaked  in  this  liquid  are  placed  on  the  scalp  and  covered  with 
oiled  paper  or  rubber  tissue. 

In  affections  of  the  skin  such  as  acute  eczema  and  pruritus  a  bath  containing 
soluble  starch  and  bicarbonate  of  soda,  about  half  a  pound  (250  Gm.)  of  each  in  a 
tubful  of  water,  has  a  soothing  emollient  antiiuniritic  action. 

A  2  percent,  solution  of  starch  made  by  adding  a  suspension  of  the  powder  in  a 
little  cold  water  to  boiling  water  is  a  valuable  menstruum  for  the  administration  of 
sedative  drugs  in  diseases  of  the  rectum.  An  enema  of  starch  Avater  containing 
laudanum,  0.4  percent.  (15  minims  to  the  half-pint)  is  an  excellent  remedy  in  diarrhea 
and  an  efficient  adjuvant  to  the  specific  treatment  of  dysentery. 

In  poisoning  by  iodine  taken  into  the  stomach  a  mixture  of  starch  and  water  is 
the  best  antidote.  Starch  solution  is  also  antidotal  to  bromine.  A  starch  bandage 
sometimes  used  in  surgery  is  prepared  by  soaking  a  loose  gauze  roll  in  thick  (4  percent.) 
starch  solution  (better  if  mixe<l  with  glue),  api)lying  it  wet  to  the  part  desired  and 
covering  with  a  dry  bancFage.     When  it  is  dry  a  splint  of  considerable  firmness  results. 
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but  on  account  of  its  slowness  in  drying  this  bandage  is  not  so  serviceable  as  one 
impregnated  with  plaster  of  Paris. 

Gelatin  is  used  in  pharmacy  to  coat  pills  and  to  make  capsules.  The  latter  are 
either  hard  or  soft;  the  soft  ones,  intended  to  enclose  castor  oil  and  other  liquids,  being 
prepared  by  adding  a  little  glycerin  to  the  gelatin  solution  before  evaporation.  When 
exposed  to  the  action  of  formalin,  the  capsules  are  so  changed  as  to  resist  solution  by 
the  gastric  juice,  and  may  be  used  to  enclose  medicaments  that  should  pass  through 
the  stomach  without  escape  from  the  container,  and  be  liberated  in  the  intestine. 

Glycerinated  gelatin  is  used  as  a  vehicle  for  medicated  suppositories  and  bougies, 
and  is  the  base  for  a  number  of  official  (N.F.)  and  other  medicaments  employed  in 
dermatological  practice.  The  drugs  so  used  are  iodoform,  salicylic  acid,  zinc  oxide, 
resorcinol,   chrysarobin,   etc. 

Topical. — A  mixture  of  equal  parts  of  acacia  and  gelatin  dissolved  in  physiological 
salt  solution,  and  sterilized  by  repeated  boiling,  is  used  by  Williamson  and  Mann  to  pre- 
vent adhesions  after  abdominal  operations.  The  mixture,  solid  at  room  temperature,  pre- 
served in  small  lead  squeeze-tubes,  is  liquefied  by  heat  and  painted  on  all  raw  surfaces 
of  the  peritoneum.  The  serous  membrane  heals  under  the  acacia  and  gelatin  and  the 
latter  are  eventually  absorbed,  leaving  the  peritoneum  normal.  Busacca  presents  intra- 
cutaneous injections  of  0.1  cc.  of  a  10  percent,  solution  of  gelatin  as  a  test  for  syphilis. 
He  states  that  a  positive  reaction  consists  in  a  reddening  at  the  site  of  inoculation, 
with  perhaps  some  slight  infiltration,  at  the  end  of  from  6  to  20  hours;  this  dies  down 
in  48  hours,  but  occasionally  returns  at  the  end  of  the  third  day. 

Systemic. — Gelatin  is  nutritious  and  under  certain  circumstances  is  utilizable  as  a 
food.  It  cannot  entirely  take  the  place  of  protein,  yet  is  a  useful  protein  saver,  and  a 
diet  of  gelatin  with  fats  and  carbohydrates  may  be  sufficient  to  maintain  nutrition 
for  an  indefinite  period.  It  is  easily  digestible  and  gives  good  service  in  gastric  ulcer, 
taking  up  a  large  amount  of  hydrochloric  acid.  It  is  useful  in  typhoid  fever  and  in 
other  fevers,  especially  during  convalescence,  to  vary  the  diet.  Gelatin  by  mouth  in 
doses  of  y2  to  1  ounce  (16  to  32  Gm.),  dissolved  in  half  a  glass  or  more  of  water,  is 
useful  in  purpura  hemorrhagica  and  in  hemophilia.  In  the  latter  condition,  its  efficacy 
may  be  increased  by  the  addition  of  calcium  chloride.  Good  results  have  also  been 
obtained  in  melena  neonatorum  by  10  to  20  grains  (0.6  to  1.3  Gm.)  of  gelatin  in  water 
or  milk  twice  a  day.  Gelatin  is  also  recommended  in  doses  of  30  to  60  grains  (2  to 
4  Gm.)  to  increase  the  bulk  of  the  feces  in  habitual  constipation. 

Glycerin 

Glyqerin  was  discovered  in  1789  by  Scheele,  but  was  not  introduced  into  medical 
practice  until  many  years  later.  It  was  used  first  as  an  emollient  for  retaining  mois- 
ture on  surfaces  which  tended  to  dry  and  crack,  and  it  is  still  used  for  this  purpose. 

Chemistry. — Glycerin,  or  glycerol  as  it  is  more  correctly  termed,  is  triatomic 
propyl  alcohol,  0^115(011)3.  It  combines  with  fatty  acids  to  form  fats,  from  which  it 
is  in  fact  split  oif  during  the  process  of  soap  making.  It  is  formed  in  small  amount 
during  the  fermentation  of  starches. 

Glycerinum  (U.S.  X.),  Glycerin.    Alhr.,  Gljcer.    Synonym:  Gl^eerdl. 

A  trihydric  alcohol,  C,H,(0H)3,  associated  with  a  small  percentage  of  water.  It 
is  a  clear,  colorless,  syrupy  liquid,  having  a  sweet  taste.  It  has  only  a  slight,  not  harsh 
nor  disagreeable,  odor.  It  is  miscible  with  water  and  with  alcohol.  Insoluble  in 
chloroform,  ether,  benzene  or  benzin,  or  in  the  fixed  or  volatile  oils. 

Antagonists  and  Incompatibles. — Oxidizing  agents  are  incompatible,  and  when 
triturated  with  glycerin  they  form  explosives;  nitric  acid  with  sulphuric  acid  forms 
nitroglycerin  when  mixed  with  glycerin. 
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Synergists. — Glucose,  honey,  and  syrup  are  in  several  respects  synergistic. 

Dose,  V2  to  2  fluidrams  (2  to  8  cc.). 

SupposiTORiA  Glyceuini  (U.S.  X.),  Glycerin  Suppositories.    Abhr.,  Supp.  Glycerin. 

Glycerin,  80  Gin.;  monohydratcd  sodium  carbonate,  2  CIm.;  stearic  acid,  8  Gm. ; 
water,  10  cc.  To  form  mass  to  make  about  30  suppositories.  Each  suppository  contains 
about  80  percent,  of  glycerin. 

Dose,  use  as  required. 

Summary  of  Actions  and  Uses. — Glycerin  is  a  good  solvent,  its  powers  corresponding 
more  closely  to  water  than  those  of  most  organic  solvents.  It  is  very  hygroscopic,  and 
to  this  property  much  of  its  local  action  is  due.  It  is  chemically  rather  indifferent,  not 
entering  readily  into  combination  with  organic  compounds  other  than  the  fatty  acids. 

Glycerin  and  glycerin  solutions  of  such  agents  as  boric  acid,  which  are  known  as 
glycerites,  are  much  employed  topically  to  draw  water  from  the  tissues.  Glycerin  is 
applied  to  small  wounds  to  soften  crusts  and  to  check  excessive  sweating.  Glycerin 
suppositories  are  employed  as  mild  cathartics.  In  pernicious  anemia  glycerin  has  been 
administered  internally  in  the  hope  that  it  would  combine  with  the  oleic  acid,  which  is 
supposed  to  act  as  a  blood  destructive,  and  render  this  inert.  It  is  valuable  as  a  solvent. 
for  ferments,  which  deteriorate  rapidly  in  watery  solution  but  retain  their  efficacy 
unimpaired  in  glycerin.  It  is  also  used  as  a  solvent  for  salicin  and  santonin  and  to 
mitigate  the  local  effects  of  tannin  and  of  phenol.  Its  sweet  taste  leads  to  its  use  to 
replace  sugar,  in  diabetes,  obesity,  etc. 

Antipathogenic  Action. — Glycerin  in  concentration  is  a  slow  but  fairly  effective 
bactericide;  25  percent,  added  to  water  kills  most  bacterial  forms  within  a  few  days 
and  50  percent,  added  to  cow  pox  vaccine  destroys  almost  all  of  the  contaminating  bacteria 
in  a  few  weeks,  at  ice  box  temperature,  without  injuring  the  vaccine  materially.  The 
virus  of  poliomyelitis  may  also  be  preserved  in  glycerin  at  low  temperature,  but  vaccine 
and  presumably  poliomyelitis  virus  are  destroyed  in  a  few  days  at  room  temperature  and 
in  a  few  hours  at  that  of  the  body.  It  is  especially  active  toward  typhoid  and  colon  bacilli, 
and  almost  ineffective  against  spore  formers. 

Pharmacodynamic  Action. — Absoi-ption  and  Elimination. — Glycerin  is  not  absorbed 
to  any  marked  degree  if  at  all  by  the  sound  skin,  but  is  taken  up  rapidly  from  the  bowel. 
By  far  the  greater  part  is  burned  in  the  body,  its  food  value  resembling  that  of  grain 
alcohol.    A  small  portion  may  be  converted  to  glycogen  and  a  little  appears  in  the  urine. 

Topical  Action. — Glycerin  stronger  than  85  percent,  may  act  on  the  skin  as  an 
irritant,  but  (as  cataplasma  kaolini)  does  not  abstract  water  from  it  (Roth).  On 
mucous  membranes  it  abstracts  water  from  the  tissues  giving  these  a  shrivelled  and 
blanched  appearance.  Dilute  solutions  applied  to  ulcers  cause  burning  pain  which  soon 
ceases,  the  glycerin  then  acting  as  an  emollient  and  protective. 

Toxicity. — Glycerin  is  not  very  poisonous  and  no  fatality  from  its  use  in  man 
appears  to  have  been  reported.  A  child  who  swallowed  300  Gm.  (10  oz.)  was  narcotized 
but  recovered  (Robert).  In  dogs  the  fatal  dose  by  mouth  is  15  Gm.  per  kilo.  (Catillon); 
and  subcutaneously,  8  to  10  Gm.  (Ploss).  Horses  are  killed  by  subcutaneous  injections  of 
1.5  cc.  per  kilo. 

Symptoms  of  Poisoning. — Animals  given  large  doses  by  mouth  or  injection  show 
vomiting  and  intestinal  colic  associated  with  restlessness,  rapid  heart,  weakness,  tremors 
passing  into  clonic  convulsions  and  terminating  in  somnolence  and  coma,  with  death 
from  respiratory  failure.  There  is  a  rise  of  temperature  during  the  convulsive  stage 
followed  by  a  fall  as  this  passes  into  stupor.     In  case  of  recovery,  nephritis  may  result. 

Treatment  consists  in  prompt  evacuation  of  the  stomach  and  bowel  and  the  adminis- 
tration of  respiratory  stimulants,  such  as  diluted  ammonia  or  aromatic  spirits  of 
ammonia. 

Systemic  Ac*i07J.— Glycerin  taken  by  mouth  has  a  sweet  taste,  but  in  small  dose  has 
no  systemic  effect.  Small  amounts  (2  to  4  cc.)  injected  into  the  rectum  or  introduced 
as  a  suppository,  produce  by  their  irritant  action  a  single  stool.  Large  amounts  swallowed 
lessen  gastric  secretion  (Kast). 

Blood. — Hypodermic  injections  of  strong  glycerin  (30  cc,  1  oz.,  of  40  percent,  in 
dogs)  lead  to  hemolysis  and  hemoglobinuria,  the  blood  being  destroyed  osmotically  in 
passing  through  the  glycerin  deposited  at  the  site  of  injection  (Filehne).  Low  concen- 
trations dissolve  the  red  cells  in  vitro. 
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Metabolism. — Glycerin  may  have  an  effect  on  sugar  metabolism;  in  any  case  it 
lessens  glycosuria  in  certain  diabetics  and  prevents  that  which  commonly  follows  me- 
dullary puncture  in  rabbits.  As  a  food  it  may  spare  fats  but  does  not  reduce  protein 
metabolism  (Lewin).  The  coma  and  convulsions  caused  in  rats  by  insulin  are  promptly 
relieved  by  injection  of  0.2  Gm.  per  kilo  in  20  percent,  solution,  glycerin  acting  in  this 
respect  like  glucose. 

Urinary  System. — Small  doses  given  by  vein  to  rabbits  increase  diuresis;  large  doses 
check  it  (Cugusi). 

Nerve  System. — Poisonous  doses  irritate  the  lower  brain  centers,  or  like  other 
alcohols,  have  a  narcotic  action.  Applied  to  a  muscle  nerve  preparation  in  vitro,  glycerin 
causes  slow  relaxation  like  that  produced  by  veratrine. 

Therapeutics:  Topical. — Glycerin  is  employed  as  a  vehicle  for  many  substances 
used  in  the  treatment  of  affections  of  the  skin  and  accessible  mucous  membranes. 
Alone  or  diluted  with  rose  water  or  medicated  with  borax  or  benzoin  (1  part  of  com- 
pound tincture  of  benzoin  to  6  or  8  parts  of  glycerin),  it  is  a  useful  application  for 
chapped  or  roughened  skin  and  lips.  In  the  form  of  glycerin  jelly,  or  the  glycerite  of 
boroglycerin,  it  is  a  cleanly  and  convenient  lubricant  for  catheters,  sounds  and  specula, 
as  well  as  for  the  finger  in  digital  examinations  of  natural  or  artificial  cavities.  Diluted 
with  water,  glycerin  makes  an  agreeable  collutorj-  or  gargle  in  the  di-y  mouth  or  throat 
of  fever.  A  few  drops  of  glycerin  and  water  in  the  ear  will  soften  the  mass  of  impacted 
cerumen  and  facilitate  its  removal  without  injury  to  the  drum  membrane  or  the 
tender  skin  of  the  auditory  meatus.  The  action  of  the  cataplasma  kaolini  (N.F.)  and 
similar  preparations  in  promoting  suppuration  and  discharge  in  boils,  carbuncles,  and 
other  phlegmons  is  doubtless  due  in  some  measure  to  the  hygroscopic  action  of  the 
glycerin  which  they  contain.  Glycerin-soaked  tampons  are  effective  in  relieving  con- 
gestion or  subacute  inflammation  of  the  uterus  or  tubes. 

Glycerin,  when  given  by  rectal  injection  (one  or  two  teaspoonfuls)  or  in  the 
form  of  the  official  suppository,  causes  a  prompt  evacuation  of  the  lower  bowel,  though 
it  is  without  effect  on  the  contents  of  the  small  intestine;  the  bowel  movement  is  the 
effect  of  irritation  of  the  rectal  mucous  membrane,  and  the  practice  should,  therefore, 
not  become  habitual  lest  a  proctitis  be  set  tap  thereby.  An  enema  of  1  or  2  ounces  of 
magnesium  sulphate  and  1  or  2  fluid  ounces  of  glycerin  with  water  to  make  8  to  16 
ounces  is  useful  in  acute  constipation  and  in  obstinate  retention  of  feces  in  bed- 
ridden persons.  It  is  also  an  ingredient  in  the  2:4:6  enema  (of  castor  oil,  glycerin 
and  olive  (or  cottonseed)  oil  used  similarly  especially  in  typhoid  fever.  The  injection 
of  4  or  5  fluidrams  (16  to  20  cc.)  of  a  2  percent,  boroglyceride  solution  into  the 
bladder  in  post-operative  paresis  is  said  to  be  almost  alwa3^s  and  permanently  effective 
in.  restoring  tone  to  the  viscus. 

Glycerin  has  been  used  as  a  dressing  for  infected  wounds  because  of  its  freedom 
from  toxicity,  the  relief  it  affords  to  congestion,  and  its  acceleration  of  the  circulation 
of  the  tissue  fluids  in  the  affected  parts,  thereby  aiding  the  resisting  forces  of  the 
organism  in  the  attack  by  the  pus  organisms. 

A  mixture  of  equal  parts  of  glycerin  and  compound  tincture  of  benzoin  maker> 
an  excellent  application  for  bedsores,  especially  when  there  is  move  or  less  oozing  of 
blood. 

In  acute  and  chronic  coryza  the  instillation  of  a  few  drops  of  glycerin,  either 
I)ure  or  berated,  causes  a  deeongestion  of  the  nasal  mucous  membrane,  excites  sneezing, 
and  drains  the  accessory  sinuses,  sometimes  aborting  the  attack  or  materially  shortening 
its  course.  The  application  may  also  be  made  by  means  of  a  eamel's-hair  pencil.  Pure 
glycerin  or  the  glycerite  of  tannin  may  ati'ord  relief  in  catarrhal  pharyngitis  also. 

Glycerin  is  also  an  excellent  menstruum  for  phenol,  guaiaeol,  iodine  and  the  like, 
in  preparations  intended  for  use  topically  in  the  nose  and  throat. 
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System  ic. — Glycerin  has  been  recommended  on  theoretical  grounds  for  the  relief 
of  acid  dyspepsia  and  tiatulence,  and  also  as  a  suocedaneum  of  sugar  in  diabetes. 
Bartholow  states  that  the  internal  use  of  glycerin  has  been  resorted  to  with  success 
in  the  treatment  of  acne.  In  the  early  stages  of  trichiniasis  it  may  be  given  in 
teaspoonful  doses  in  the  hope  of  destroying  any  of  the  worms  that  may  still  be  lingering 
in  the  intestine.  Glycerin  taken  by  mouth  was  at  one  time  credited  with  the  power 
to  dissolve  gall-stones.  This  power  it  has  not,  but  it  does,  in  some  unexplained 
manner,  increase  the  quantity  and  lessen  the  viscosity  of  the  bile,  thus  facilitating  the 
expulsion  of  small  stones,  and  tending  to  hinder  the  formation  and  augmentation  of 
calculi. 

Emollients 

Emollients,  bland  fatty  and  oily  substances,  have  been  used  since  prehistoric  times 
for  much  the  same  purposes  and  in  much  the  same  way  as  they  are  used  to-day ;  namely, 
for  the  protection  and  softening  of  the  skin  and  accessible  mucosa"  and  the  relief  of 
irritation  of  the  gastroenteric  tract. 

Chemistry. — Chemically  most  of  the  emollients,  including  the  vegetable  oils  and 
animal  fats,  belong  to  the  true  fats,  or  glycerin  esters  of  fatty  acids.  Lanolin  is  a 
cholesterin  fat.  The  mineral  oils  are  compounds  of  the  paraffin  series.  The  waxes 
are  compound  terpenes.  Those  emollients  which  are  true  fats,  although  in  some  re- 
spects the  most  available,  have  the  disadvantage  of  tending  to  decompose  spontaneously, 
especially  when  exposed  to  the  air  in  a  warm  place,  with  the  setting  free  of  lower 
fatty  acids.  This  change  renders  the  oil  extremely  irritating  and  unfit  for  use, 
"rancid"  as  it  is  termed. 

The  consistence  of  the  emollients  varies  from  that  of  such  vegetable  oils  as  olive 
and  cottonseed,  to  that  of  hard  paraffin  and  wax.  The  oils  which  are  liquid  at  room 
temperature  are  olive,  cottonseed,  linseed  and  almond  oils  and  the  mineral  oil,  liquid 
petrolatum.  Those  which  melt  readily  include  theobroma,  which  melts  at  body  tem- 
perature, and  lard,  lanolin  and  petrolatum  which  require  a  little  more  heat.  Cetosan, 
acetyl  alcohol  prepared  from  spermaceti  by  the  action  of  alkali,  resembles  lanolin  in 
physical  properties.  Those  bodies  melting  at  higher  temperatures,  such  as  suet,  sper- 
maceti, paraffin  and  wax  are  rarely  used  alone,  but  are  added  to  ointments  to  give  them 
firmer  consistence  or  to  add  to  their  adhesive  properties. 

Summary  of  Actions  and  Uses. — Emollients  are  bland  oily  and  fatty  substances, 
whose  chief  use  is  the  mechanical  protection  of  the  skin,  the  accessible  mucosae  and 
tlie  gastroenteric  tract.  These  drugs,  as  the  name  implies,  soften  the  superficial  layers 
of  epidermis,  rendering  the  skin  more  pliable  and  less  liable  to  cracking.  At  the  same 
time  they  act  as  i)rotectives  against  external  irritants,  chiefly  air  and  water  and  water- 
soluble  substances.  They  are  also  used  to  protect  the  skin  and  mucosae  against  irritating 
gases,  as  when  the  lips  and  nostrils  are  anointed  with  petrolatum  before  administering 
ether.  They  are  used  very  largely,  both  in  the  form  of  ointments  and  of  plasters,  for  the 
administration  of  other  drugs,  either  for  topical  effect,  or  with  a  view  to  their  absorption 
through  the  skin.  Oleates  of  lead,  copper,  iron  and  arsenic  have  also  been  employed 
for  a  like  purpose.  This  phase  of  their  usefulness  is  taken  up  in  Part  I.  with  Methods  of 
Administration. 

Materia  Medica.— Cera  Alba  (U.S.  X.),  White  Wax.  Ahhr.,  Cer.  Alb.  Synonyms: 
White  Beeswax,  Bleached  Beeswax. 

AVhite  beeswax  is  yellow  beeswax  bleached.  It  occurs  in  yellowish- white  cakes  or 
masses,  somewhat  translucent  in  thin  layers.  It  has  a  faint  characteristic  odor,  is 
free  from  rancidity,  and  is  nearly  tasteless. 

Dose,  used  in  preparation  of  suppositories,  cerates  and  unguents. 
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Cera  Flava  (U.S.  X.),  Yellow  Wax.  Ahhr.,  Cer.  Flav.  Synonym:  Yellow  Bees- 
wax. 

Yellow  wax  is  obtained  by  melting  and  purifying  the  honeycomb  of  the  bee,  Apis 
mellifera  Linne  (Fam.  Apidce).  A  solid,  varying  in  color  from  yellow  to  grayish- 
brown.  It  has  an  agreeable  honey-like  odor  and  a  faint,  characteristic  taste.  It  is  in- 
soluble in  water  and  sparingly  sohible  in  cold  alcohol;  boiling  alcohol  dissolves  the 
cerotic  acid  and  a  portion  of  the  myricin  which  are  constituents  of  yellow  wax;  it  is 
completely  soluble  in  ether,  chloroform,  and  fixed  and  volatile  oils. 

Dose,  used  as  ingredient  of  plasters,  cerates  and  unguents. 

Ceratum  (U.S.  X.),  Cerates.  Ahhr.,  Cerat.  Synonyms:  Simple  Cerate,  Ceratum 
Adipis. 

White  wax,  300  Gm. ;  benzoinated  lard,  700  Gm.  Melt  wax  over  water  bath,  add 
the  lard,  stir  until  thoroughly  mixed,  remove  from  fire  and  stir  until  it  congeals.  In 
southern  countries  or  during  the  heated  season,  50  Gm.  of  lard  may  be  replaced  by  an 
equal  quantity  of  wax. 

Dose,  used  externally  as  a  dressing  for  blisters,  wounds,  etc. 

Ceratum  Eesin^  (U.S.  X.),  Rosin  Cerate.  Ahhr.,  Cerat.  Res.  Synonyms:  Resin 
Ointment,  Unguentum  Resinae,  Basilicon  Ointment. 

Rosin,  350  Gm. ;  yellow  wax,  150  Gm. ;  lard,  500  Gm.  Melt  the  Rosin,  add  wax  and 
lard,  continue  heat  until  thoroughly  liquefied,  mix  by  stirring  and  strain  through 
muslin. 

Dose,  externally  as  a  stimulant  to  epithelial  growth. 

Cetaceum  (U.S.  X.),  Spermaceti.    Ahhr.,  Cetac. 

A  fatty  substance  obtained  from  the  head  of  the  sperm  whale,  Physeter  macro- 
cephalus  Linne  (Fam.  Physeteridce).  Occurs  in  white,  somewhat  translucent,  slightly 
unctuous  masses,  having  a  crystalline  fracture  and  a  pearly  lustre.  It  has  a  very  faint 
odor  and  a  bland,  mild  taste;  it  is  free  from  rancidity.  Insoluble  in  water,  nearly 
insoluble  in  cold  alcohol,  soluble  in  boiling  alcohol,  in  ether,  chloroform  and  fixed  and 
volatile  oils. 

Dose,  used  as  an  ointment  base,  occasionally  as  an  emollient. 

Unguentum  Cetacei  (Br.),  Spermaceti  Ointment.    Ahhr.,  Ung.  Cetac. 

Spermaceti,  20  parts;  white  beeswax,  8  parts;  liquid  parafiin,  72  parts.  Melt  to- 
gether and  continue  to  stir  until  cold.  Used  as  an  emollient  and  as  a  basis  for  the 
application  of  other  drugs  to  the  skin. 

Dose,  external  use. 

Petrolatum  (U.S.  X.),  Petrolatum.  Ahhr.,  Petrolat.  Synonyms :  Yellow  Petrola- 
tum, Petroleum  Jelly,  Vaseline,  Amber  Petrolatum. 

A  purified  semisolid  mixture  of  hydrocarbons  obtained  from  petroleum.  An 
unctuous  mass,  varying  in  color  from  yellowish  to  light  amber;  transparent  in  thin 
layers,  completely  amorphous,  nearly  or  quite  free  from  odor  and  taste.  Insoluble  in 
water  and  in  alcohol;  freely  soluble  in  benzene,  benzin,  carbon  disulphide,  chloroform, 
and  oil  of  turpentine ;  soluble  in  ether  and  most  fixed  and  volatile  oils.  In  warm  ether, 
American  petrolatum  dissolves  to  a  clear  solution,  as  also  does  the  Russian  product. 

Dose,  used  as  protector  and  as  a  substitute  for  fats  in  ointments. 

Petrolatum  Album  (U.S.  X.),  White  Petrolatum.  Ahhr.,  Petrolat.  Alb.  Syno- 
nyms: White  Petroleum  Jelly,  White  Vaseline. 

Petrolatum  wholly  or  nearly  decolorized.  It  is  a  white  or  faintly  yellowish 
unctuous  mass,  transparent  in  thin  layers  even  after  cooling  to  0°  C. 

Dose,  see  Petrolatum. 

Petrolatum  Ltquidum  (U.vS.  X.),  Liquid  Petrolatum.  Ahhr.,  Petrolat.  Liq. 
Synonyms:     White  Mineral  Oil,  Paraffin  Oil,  Liquid  Paraffin. 
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A  mixture  of  liquid  hydrocarbons  obtained  from  petroleum,  occurring  as  a  colorless, 
transparent,  oily  liquid,  free,  or  nearly  free,  from  lluorescence,  odorless  and  tasteless 
when  cold,  and  possessing  not  more  than  a  faint  petroleum  odor  when  heated.  It  is 
insoluble  in  water  and  alcohol,  soluble  in  ether,  chloroform,  benzene  and  benzin,  and  in 
fixed  and  volatile  oiLs.  Two  kinds  are  noted  in  the  rharniacopoia,  heavy  and  light,  the 
former  being  used  for  the  most  part  internally,  the  latter  being  applied  in  the  form  of 
vapor  to  the  respiratory  mucous  membranes. 

Dose,  1  to  4  fluidrams  (4  to  16  cc.). 

Emulsim  Petuolati  (X.F.),  Emulsion  of  Petrolatum.     Ahhr.,  Emul.  Petrolat. 

Contains  about  22.5  percent,  each  of  white  petrolatum  and  expressed  oil  of 
almond,  with  acacia,  tragacanth,  syrup,  tincture  of  lemon  peel  and  water. 

Dose,  V'z  to  1  fluidounce  (8  to  16  cc). 

Glycekitum  Vitelli  (N.F.),  Glycerite  of  Egg  Yolk.  Ahhr.,  Glycer.  Yitell.  Syno- 
ni/m:   Glyconin. 

A  mixture  of  egg  yolk  45  percent,  and  glycerine  55  percent. 

Dose,  used  as  an  emulsifying  agent. 

P.VRAFFixuM  (U.S.  X.),  Paraffin.    Abhr.,  TaraS. 

A  purified  mixture  of  solid  hydrocarbons,  obtained  from  petroleum.  A  colorless 
or  white,  more  or  less  translucent  mass,  frequently  showing  a  crystalline  structure. 
It  is  without  odor  or  taste  and  is  slightly  greasy  to  the  touch;  insoluble  in  water  or 
alcohol ;  freely  soluble  in  chloroform,  ether,  benzene,  benzin,  carbon  disulphide,  volatile 
oils  and  in  most  warm  fixed  oils. 

Dose,  used  to  add  stiffness  to  ointments. 

Unguextum  Paraffin:  (Br.),  Paraffin  Ointment.    Ahhr.,  Ung.  ParafF. 

Hard  paraffin,  27  Gm. ;  soft  paraffin,  TO  Gm. ;  white  beeswax,  3  Gm.  Melt  the  three 
together  and  stir  constantly  until  cold. 

Dose,  used  as  a  basis  for  ointments  required  for  superficial  effects. 

Petroxolinum  Liquidum  (N.F.),  Liquid  Petroxolin.  Ahhr.,  Petrox.  Liq.  Syno- 
nyms: Petrolatum  Saponatum  Liquidum,  Liquid  Petrox. 

Light  liquid  petrolatum,  50  cc. ;  oleic  acid,  28  cc. ;  oil  of  lavendei',  2  cc. ;  stronger 
ammonia  water,  5  cc. ;  alcohol,  15  cc.  A  yellowish-browm  liquid,  miscible  with  ether, 
chloroform,  petroleum  benzin,  or  acetone  and  producing  an  emulsion-like  mixture  when 
added  to  twice  its  volume  of  water. 

Dose,  used  as  a  protective  and  also  as  a  vehicle. 

Petroxolinum  Spissum  (X.F.),  Solid  Petroxolin.  Ahhr.,  Petrox.  Spiss.  Syno- 
nyms:   Petrolatum  Saponatum   Spissum,   Solid  Petrox. 

White  wax,  35  Gm. ;  light  liquid  petrolatum,  20  cc. ;  oleic  acid,  32  cc. ;  oil  of  lav- 
ender, 3  cc. ;  alcohol,  5  cc. ;  stronger  ammonja  water,  5  cc,  to  make  100  Gm. 

Dose,  used  as  a  base  for  unguents  and  cerates. 

Oleum  Lini  (U.S.X.),  Linseed  oil.  Ahhr.,  01.  Lini.  Synonyms:  Flaxseed  Oil, 
Kaw  Linseed  Oil. 

A  fixed  oil  obtained  from  linseed.  Boiled  linseed  oil  must  not  be  used  or  dis- 
pensed. A  yellowish  oily  liquid,  having  a  ])eculiar  odor  and  a  bland  taste.  When 
exposed  to  the  air  it  gradually  thickens,  darkens  in  color,  and  acquires  a  strong  odor 
and  taste.  It  is  slightly  soluble  in  alcohol,  but  miscible  with  chloroform,  ether,  benzin 
and  oil  of  turpentine. 

Dose,  1  to  2  fluidounces  (30  to  GO  cc). 

Oleum  Amygdalae  Exfressum  (U.S.  X.),  Expressed  Oil  of  Almond.  Ahhr.,  01. 
Amygd.  Exp.    Synonym:    Oil  of  Sweet  Almond. 

A  fixed  oil  obtained  from  the  kernels  of  varieties  of  Frunus  amygdalus  Stokes 
(Fam.  Rosacea').    It  is  a  clear,  pale  straw-colored  or  colorless,  oily  liquid,  almost  odor- 
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less  and  having  a  bland  taste;  slightly  soluble  in  alcohol,  miscible  with  ether,  chloro- 
form, benzene  or  petroleum  benzin. 

Dose,  1  to  4  fluidrams  (4  to  16  cc). 

Amygdala  Amaiu  (Br.),  Bitter  Almond.  Ahhr.,  Amygd.  Amar.  8ynonym:  Semen 
Amygdali  Amarum. 

The  ripe  seed  of  Prunus  amygdalus,  Stokes,  var  amara,  Baill. 

Dose,  used  as  a  flavoring  agent. 

Oleum  Amygdala  Amak^  (U.S.  X.),  Oil  of  Bitter  Almond.  Ablr.,  01.  Amygd. 
Amar.    Synonym:    Bitter  Almond  Oil. 

The  volatile  oil,  obtained  by  maceration  and  distillation,  from  the  dried,  ripe 
kernels  (deprived  of  fixed  oils)  of  the  Amygdalus  Communis  Linne  (Fam.  liosacece), 
or  from  other  kernels  containing  amygdaliu.  The  source  from  wliich  the  oil  is  de- 
rived must  be  mentioned  on  the  label.  It  yields  not  less  than  85  percent,  of  benzalde- 
hyde,  and  between  2  and  4  percent,  of  hydrocyanic  acid. 

Caution:  When  crystallized  the  oil  must  not  be  dispensed. 

Dose.  1/4  to  V2  minim  (0.016  to  0.03  cc). 

Spiritus  Amygdala  Amarje  (N.F.),  Spirit  of  Bitter  Almond.  Ahbr.,  Sp.  Amygd. 
Amar. 

A  10  percent,  solution  of  oil  of  bitter  almond  in  80  percent,  alcohol. 

Dose,  3  to  8  minims  (0.2  to  0.5  cc). 

Oleum  Gossypii  Seminis  (U.S.  X.),  Cottonseed  Oil.  Ahhr.,  01.  Gossyp.  Sem. 
Synonym:    Cotton  Oil.  i^oci 

A  fixed  oil  obtained  from  seeds  of  cultivated  varieties  of  Gossypium  herhaceum 
Linne  or  of  other  species  of  Gossypium  (Fam.  Malvacew).  It  is  a  pale  yellow,  oily 
liquid,  odorless  or  nearly  odorless,  and  having  a  bland  taste.  It  is  slightly  soluble  in 
alcohol  but  is  miscible  with  ether,  chloroform,  carbon  disulphide  and  benzin. 

Dose,  2  to  6  fluidrams  (8  to  24  cc). 

Oleum  Oliv.e  (U.S.  X.),  Olive  Oil.    Synonym:  Sweet  Oil. 

A  fixed  oil  obtained  from  the  ripe  fruit  of  Olea  ewropwa  Linne  (Fam.  Oleaceae). 
It  is  a  pale  yellow  or  light  greenish-yellow,  oily  liquid,  having  a  slight,  peculiar  odor 
and  taste,  with  a  faintly  acrid  after-taste.  It  is  slightly  soluble  in  alcohol,  but  is 
miscible  with  ether,  chloroform,  and  carbon  disulphide. 

Dose,  as  a  laxative,  1  to  2  fluidounces  (30  to  60  cc.) ;  as  a  nutritive,  in  smaller 
doses. 

Oleum  Sesami  (U.S.  IX.),  Sesame  Oil.  Ahhr.,  01.  Sesam.  Synonyms:  Benne  Oil, 
Teel  Oil. 

A  fixed  oil  obtained  from  the  seeds  of  one  or  more  cultivated  varieties  of  Sesamum 
indicum  Linne  (Fam.  Pedaliacece).  A  pale  yellow,  oily  liquid,  almost  odorless  and 
having  a  bland  taste.  Slightly  soluble  in  alcohol,  miscible  with  ether,  chloroform, 
benzin  or  carbon  disulphide. 

Dose,  external  use  as  a  substitute  for  olive  oil. 

Oleum  Arachis  (Br.),  Peanut  Oil.  Ahhr.,  01,  Arach.  Synonym:  Ground-nut 
Oil. 

A  fixed  oil  expressed  from  the  seeds  of  Arachi^s  hypogwa  Linne.  A  pale  yellow, 
or  greenish-yellow,  oily  fluid  of  a  faint  nut-like  odor  and  a  bland  taste.  Insoluble  in 
water  and  alcohol ;  soluble  in  all  proportions  in  ether,  chloroform,  and  benzin. 

Dose,  used  as  a  base  in  liniments,  ointments,  plasters  and  soaps. 

Oleum  Maydis  (unofiicial).  Maize  Oil.    Synonym:   Com  Oil. 

A  fixed  oil  obtained  by  compression  from  the  seed  germ  of  Zea  mays  Linne  (Fani. 
Oraminece).   A  bright  yellow,  oily  fluid  of  peculiar  but  pleasant  odor  and  taste. 

Dose,  used  as  a  substitute  for  Oleum  Gossypii  Seminis. 
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Oleum  Theobkomatis  (U.S.  X.),  Oil  of  Tla-obroma.  Ahhr.,  01.  Tlieobrom. 
SynonTjms:     Cacao  Butter,  Cocoa  Butter. 

A  solid  fat  expressed  from  the  roasted  seeds  of  Theohroma  Cacao  Linne  (Fam. 
Sfercnliareo').  A  yellowish-white  solid,  having  a  faint,  agreeable  odor,  and  a  bland, 
.•boc()l:ito-likp  tiistp.     Sligbtly  soluble  in  alcohol;  freely  soluble  in  ether  and  chloro- 

Dosf,  used  extenially  in  substance  and  as  an  ingredient  of  many  cosmetics  and  in 
the  preparation  of  pills  and  suj^positories. 

C.U'Ao  Ti{.Ki'\i{\Ti\i  (N.F.),  Prepare*]  Cocoa.  Ahhr.,  Cacao  Pwep.  Synonym: 
Cocoa. 

A  i)(i\vder  prepared  frmn  the;  roasted,  cured  kernels  of  the  ripe  seeds  of  Tlieohruina 
cacao  Linne,  and  other  sjieeies  of  theobronia  (Fani.  SfercuUaeea^),  deprived  of  a  large 
portion  of  its  fat;  brownish  color;  chocolate-like  taste,  free  from  sweetness. 

Dose,  with  hot  water  or  milk  ad  lib.  or  as  an  excipient. 

Unguentum  Aqu.k  Ho^M  (U.S.  X.),  Ointment  of  Kose  Water.  Ahhr.,  Ung.  Aq. 
Ros. 

Spermaceti,  125  Cm.;  white  wax,  120  Gm. ;  expressed  oil  of  almond  (not  synthetic), 
r)(JO  Om.;  sodium  borate,  5  Cm.;  stronger  rose  water,  190  cc,  the  total  of  ingredients 
making  about  1000  Gm. 

l)ose,  used  as  an  emollient. 

Ukguextum  (U.S.  X.),  Ointment.     Ahhr.,  Ung.     Synonym:  Simple  Ointment. 

Yellow  wax,  200  Gm. ;  benzoinated  lard,  800  Gm.  ]\Ielt  the  wax;  add  the  lard; 
heat  until  liquefied,  stirring  at  all  times;  remove  the  tire,  continue  to  stir  until  it 
congeals. 

Note:  For  use  in  southern  latitudes  and  during  the  warm  season  in  other  locali- 
ties, 50  Gm.  of  the  lard  (more  if  necessary)  may  be  replaced  by  an  equal  amount  of  wax. 

Dose,  used  as  a  vehicle. 

UxGUEXTUM  Cala-MIN^  (X.F.),  Calamine  Ointment.  Ahhr.,  Ung.  Calamin. 
Synonym-! :  Unguentum  Zinci  Carbonatis  Crudi,  L^ngnientum  Caiminare,  Turner's 
( "e.rate. 

Prepared  calamine,  17  Gm. ;  ointment,  83  Gm.,  mixed  thoroughly  by  trituration. 

Dose,  external  use  as  a  sedative  and  protective. 

Adei'S  (U.S.  X.),  Lard.    Synonyms:  Prepared  Lard,  Hog's  Lard. 

The  purified  internal  fat  of  the  abdomen  of  the  hog,  Sa.'i  scrofa,  var.  domestlcus 
Gray  (Fam.  Suida').  A  soft,  white,  unctuous  mass,  having  a  faint  odor  and  a  bland 
taste  It  is  free  from  rancidity.  It  is  insoluble  in  water;  very  slightly  soluble  in 
alcohol;  readily  soluble  in  ether,  chloroform,  carbon  disulphide,  and  benzin. 

Dose,  mainly  as  an  ingredient  of  ointments  and-  cerates ;  also  as  an  emollient. 

Adeps  Benzoinatus  (U.S.  X.),  Benzoinated  Lard.     Ahhr.,  Adeps  Benz. 

Lard  containing  1  percent,  of  benzoin.  The  U.S.P.  notes  that  in  the  tropics  and 
during  the  heated  season  in  other  localities,  5  percent,  or  more  of  the  lard  may  be 
replaced  by  an  equal  weight  of  white  wax. 

Dose,  see  Adeps. 

Adeps  Lax.e  (U.S.  X.),  Wool  Fat.  Ahhr.,  Adeps  Lan.  Synonyms:  Refined  Wool 
Fat,  Anhydrous  Lanolin. 

The  purified  anhydrous  fat-like  substance  from  the  wool  of  sheep.  Oris  aries 
Linne  (Fam.  Bovidcc).  A  brownish-yellow,  tenacious,  unctuous  mass,  having  not  more 
than  a  slight  odor.  Insoluble  in  water,  but  mixes  without  separation  with  about  twice 
its  weight  of  water;  sparingly  soluble  in  alcohol;  freely  .soluble  in  ether  and  in 
chloroform. 

Dose,  mainly  used  as  an  ingredient  of  nintmouts  and  cerates,  also  as  an  emollient. 
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Adeps  Lan^  Hydrosus  (U.S.  X.),  Hydrous  Wool  Fat.  Alhr.,  Adeps  Lan.  Hyd. 
Synonym :    Lanolin. 

Hydrous  wool  fat  consists  of  wool  fat  incorporated  with  not  less  than  25  percent, 
and  not  more  than  30  percent,  of  water.  A  yellowish-white,  or  nearly  white,  ointment- 
like mass,  having  not  more  than  a  slight  odor;  it  is  insoluble  in  water. 

Dose,  used  as  a  substitute  for  Adeps. 

Unguentum  Lan.e  Compositum  (Br.),  Compound  Wool  Fat  Ointment.  Ahhr., 
Ung.  Lan.  Co.     Synonym:    Emollient  Ointment. 

Prepared  lard,  40  Gm. ;  wool  fat,  40  Gm. ;  paraffin  ointment,  20  Gm.  Melt  together 
and  stir  until  cold. 

Dose,  used  as  an  emollient  and  vehicle. 

AciDUM  Stearicum  (U.S.  X.),  Stearic  Acid.    Allr.,  Acid.  Stear. 

Stearic  acid  is  obtained  from  tallow  or  other  solid  fats,  and  consists  chiefly  of 
CjjHjj.COOH.  It  is  a  hard,  white,  or  faintly  yellowish,  somewhat  glossy  and  crystalline 
solid.  It  is  odorless  or  has  a  slight,  tallow-like  odor,  and  is  stable  in  the  air.  It  is  almost 
insoluble  in  water.  One  Gm.  dissolves  in  21  cc.  of  alcohol,  2  cc.  of  chloroform,  and 
3  cc.  of  ether  at  25°  C.    It  is  freely  soluble  in  carbon  disulphide  or  carbon  tetrachloride. 

Dose,  used  in  preparation  of  glycerin  suppositories  and  as  a  substitute  for  wax. 

AciDUM  Oleicum  (U.S.  X.),  Oleic  Acid.    Ahhr.,  Acid.  Oleic. 

Oleic  acid  is  obtained  from  fats,  and  consists  chiefly  of  Cj.Hjj.COOH.  It  is  a 
pale  yellow  or  brownish-yellow,  oily  liquid.  It  has  a  peculiar  lard-like  odor  and  taste, 
but  is  free  from  rancidity.  On  exposure  to  air  it  absorbs  oxygen  and  becomes  darker. 
It  is  almost  insoluble  in  water,  but  is  miscible  with  alcohol,  chloroform,  ether,  benzene, 
benzin,  and  fixed  and  volatile  oils. 

Dose,  7  to  15  grains  (0.45  to  1  Gm,).  Also  used  in  the  preparation  of  oleates  and 
unguents. 

Sevum  Pr^paratum  (U.S.  X.),  Prepared  Suet.  Ahlr.,  Sev,  Prsep.  Synonym: 
Mutton  Suet. 

The  internal  fat  of  the  abdomen  of  the  sheep,  Ovis  aries  Linne,  (Fam.  Bovidce), 
purified  by  melting  and  straining.  It  is  a  white,  solid  fat,  having,  when  fresh,  a 
slight  characteristic  odor  and  a  bland  taste.  It  becomes  rancid  on  prolonged  exposure 
to  the  air,  and  must  not  then  be  used.  It  is  insoluble  in  water  and  in  cold  alcohol ; 
soluble  in  45  parts  of  boiling  alcohol  and  in  about  60  parts  of  ether,  and  slowly  dissolves 
in  2  parts  of  purified  benzin. 

Dose,  used  as  a  substitute  for  lard  in  warm  countries. 

Sevum  Benzoinatum  (N.F.),  Benzoinated  Suet.  Ahhr.,  Sev.  Benz,  Synonym: 
Sevum  Benzoatum. 

Prepared  suet  containing  3  percent,  of  benzoin. 

Dose,  used  as  a  substitute  for  benzoated  lard. 

Antagonists  and  Incompatihles. — Irritants  antagonize  the  soothing  topical  efFects 
of  emollients  on  the  skin;  astringents  the  cathartic  action.  The  action  of  emollients 
in  reducing  the  topical  action  of  other  agents  with  which  they  are  mixed  is  of  great 
importance. 

All  alkalis,  including  the  alkali  hydroxides,  lime  water  and  some  of  the  metallic 
oxides,  form  soaps  with  all  the  true  fats  and  similar  compounds  with  lanolin  and  the 
waxes.  Acids  decompose  the  fats  with  the  formation  of  fatty  acids,  glycerin  being 
released.  Bromine  and  iodine  form  chemical  compounds  with  the  fatty  acids  and 
fixed  oils. 

Synergists. — The  absorption  of  ointments  is  aided  by  addition  of  oleic  acid  and 
delayed  by  petrolatum.  Phenolphthalein  and  other  slowly  acting  cathartics  aid  in  the 
laxative  action  of  oils. 
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Pharmacod3mamic  Action  of  Emollients. — The  emollients  may  be  divided  into  two 
classes,  those  whii'h  penetrate  the  skin  and  those  which  have  no  power  to  do  so.  The 
agents  of  the  first  group — the  vegetable  oils,  suet,  lard,  and  lanolin — are  used  for  soften- 
ing the  skin  when  it  is  unduly  dry  or  cracked,  and  for  the  administration  of  such  active 
medicaments  as  are  absorbed  by  the  skin.  The  second  group— including  liquid  petro- 
latum, petrolatum,  paraffin,  and  wax— are  used  for  protective  dressings  and  as  adhesives. 

The  oils  most,  readily  absorbed  are  commonly  said  to  be  lanolin  and  olive  oil.  Oleic 
acid  is  rapidly  taken  up  and  is  added  to  other  emollients  to  promote  their  absorption. 
According  to  Sutton,  lard  and  goose  grease  are  most  rapidly  absorbed;  next  follow  olive 
oil  and  a  mixture  of  lanolin  and  olive  oil;  suet  or  lanolin  alone,  and  linseed  oil  are 
poorly  absorbed  and  cetaceum  and  petrolatum  hardly  at  all.  Addition  of  a  small  amount 
of  cedar  wood  oil  hastens  their  absorption.  Friction  aids  absorption  markedly,  even 
petrolatum  being  well  absorbed  when   rubbed   in. 

The  oils  penetrate  the  superficial  layers  of  skin  by  entering  the  sebaceous  glands 
and  a  certain  amount  is  thus  absorbed  even  by  the  intact  skin.  They  are  also  taken 
up  by  the  superficial  layers  of  epithelium  and  soften  crusts  and  scales,  especially  when, 
as  in  seborrhea  and  certain  concretions  in  the  middle  ear,  these  consist  largely  of  lipoid 
matters  (sebum,  cerumen,  cholesteatoma).  The  penetration  of  the  skin  is  aided  by 
their  solubility  in  the  secretion  of  the  seba'-eous  glands  by  mixing  with  which  they 
come  into  intimate  contact  with  the  absoi-bing  cells  of  the  gland  ducts,  which  take  up 
such  drugs  as  are  incorporated  with  the  oils  and   fats. 

The  presence  of  oil  retards  the  action  of  certain  antiseptics,  such  as  phenol,  which 
are  more  soluble  in  oil  than  in  water.  Antiseptics  which  are  more  soluble  in  water 
are  equally  active  in  the  presence  of  oils. 

It  is  denied  that  oils  have  any  food  value  when  used  by  inunction,  but  clinical 
experience  affords  sufficient  evidence  to  tlie  contrary.  Cod  liver  oil,  olive  oil,  and  cocoa 
butter  thoroughly  rubbed  into  the  skin,  especially  in  persons  of  delicate  skin  and  in 
infants,  afford  a  certain  modicum  of  nutrition,  in  fact,  infants  can  be  entirely  nourished 
in  this  way  for  a  short  time,  when  the  gastroenteric  tract  requires   complete  rest. 

Oils  employed  as  protective  agents  on  wounds  may  be  applied  as  films  or  as  gauze 
impregnated  with  them.  Paraffin  (50°  C.  melting  point)  or  a  mixture  of  10  parts  of 
paraffin  with  1  part  of  theobroma,  spermaceti  or  petrolatum  may  be  applied  in  either 
of  these  ways.  Gauze  used  as  surgical  drains  may  be  prevented  from  adhering  to  the 
wound  by  soaking  it  in  liquid  petrolatum.  Other  uses  of  oils  as  protective  agents  will 
be  found   in  the  discussion  of  Adhesives. 

Internally  the  emollients  are  used  for  much  the  same  indications  as  the  demul- 
cents. The  oils  cover  the  wall  of  the  stomach  and  bowel  with  a  protective  coating, 
preventing  the  access  of  irritants,  especially  those  soluble  only  in  water.  Only  the 
liquid  oils  are  commonly  used  by  mouth.  Those  which  are  less  readily  absorbed,  such 
as  liquid  petrolatum,  extend  their  effect  even  into  the  large  bowel,  and  act  as  mild 
cathartics.  Even  olive  oil,  small  doses  of  which  are  fully  digested  and  absorbed,  may 
act  in  a  similar  manner  if  large  amounts  are  taken. 

Oils  taken  by  mouth  have  the  peculiar  property  of  reducing  the  secretion  of  gastric 
juice  as  well  as  its  acidity,  and  olive  oil  is  largely  taken  for  this  purpose  in  gastric 
ulcer  and  in  hyperchlorhydria.  Olive  or  linseed  oil,  50  to  100  Gm.  (1'/,  to  3  oz.),  intro- 
duced into  the  rectum  of  dogs  5  to  10  hours  before  feeding,  decreases  the  volume  of 
gastric  juice  without  lessening  acidity  or  pepsin  content.  Liquid  petrolatum  has  no 
such  effect,  nor  does  butter  fat,  probably  because  it  does  not  reach  the  small  bowel. 

Therapeutics.— ]ra.r,  spermaceti  and  parajjiu  (luird  paraffin  of  the  Br.  P.)  are  used 
chiefly  to  give  stiffness  to  ointments.  A  few  years  ago  paraffin  was  used  in  cosmetic 
surgery  to  fill  up  depressions  caused  by  loss  or  wasting  of  bony  or  other  subcutaneous 
tissue,  chiefly  of  the  face.  A  paraffin  whose  melting  point  was  slightly  above  the  body 
temperature  was  melted  and  injected  into  the  hollow;  then  it  was  moulded  to  conform 
with  the  normal  contour  of  the  part.  The  cosmetic  effect  was  as  a  rule  entirely  satisfac- 
tory, but  the  remote  results  (inflammation,  sloughing,  and  even  embolism)  were  some- 
times most  undesirable,  and  soon  led  to  a  practical  abandonment  of  the  procedure. 
During  the  World  War  a  treatment  of  burns  with  paraffin  came  into  vogue.  The  burned 
surface,  after  being  carefully  cleansed,  is  painted  over  or  sprayed  by  melted  paraffin 
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until  a  film  is  formed;  this  is  covered  while  still  liquid  by  a  thin  layer  of  aseptic 
cotton  which  in  turn  is  painted  or  sprayed  with  more  paraffin.  When  this  has  hardened 
the  whole  is  covered  by  a  layer  of  aseptic  cotton  and  bandaged.  The  dresi^ing  is 
changed  once  every  twenty-four  hours.  The  method  was  introduced  by  Barthe  de 
Sandfort  who  employed  a  mixture  of  secret  composition,  but  supposed  to  be  paraffin 
and  resin  with  some  antiseptic  added.  It  was  imitated,  apparently  quite  closely  by 
Hull  of  the  British  Army  and  others,  eqxially  good  results  being  obtained  by  the  use 
of  these  substitutes  as  by  the  original  "ambrine,"  which  was  the  name  given  to  his 
preparation  by  de  Sandfort.  Hull's  mixture  consists  of  resorcinol,  1  part  (or  beta- 
naphthol,  0.25  part),  eucalyptus  oil,  2  parts,  olive  oil,  5  parts,  soft  paraffin  (vaseline), 
25  parts,  hard  i)araffin  (paraffin.  U.S.P.),  67  parts.  Ambrine  and  its  substitutes  are 
recommended  also  for  the  treatment  of  frost-bite  aud  as  a  dressing  for  deep  wounds, 
being  melted  and  poured  into  the  cavity.  The  substance  contracts  slightly  in  cooling, 
thus  providing  space  for  capillary  drainage. 

Petrolatum,  paraffinuni  molle,  is  used  in  the  preparation  of  soft  ointments,  having 
the  advantage  over  fats  for  this  purpose  in  that  it  cannot  become  rancid  or  ii-ritating 
to  the  skin.  It  has  the  disadvantage,  however,  as  compared  with  fats,  especially  with 
lanolin,  of  not  penetrating  the  skin,  and  thus  not  being  able  to  can\v  medicaments  into 
or  through  the  skin  into  the  subcutaneous  tissues.  It  is  used  largely  as  a  bland  pro- 
tective, as  a  softener  of  the  epidermis,  and  as  a  retainer  of  the  branny  scales  in  the 
desquamation  of  measles.  Mixed  with  10  to  15  percent,  of  sodium  bicarbonate  it 
forms  a  soothing  application  to  superficial  burns  and  various  irritant  dermatoses. 
With  the  addition  of  5  to  10  percent,  phenol  it  forms  an  excellent  application  for  the 
relief  of  pruritus.  It  is  smeared  over  the  sound  skin  to  protect  it  from  the  action  of 
acids  iised  for  the  destruction  of  epithelial  or  other  growths,  and  over  the  nose  and 
lips  before  the  induction  of  ether  or  chloroform  anesthesia  by  the  open  method. 

It  is  serviceable  as  a  lubricant  for  instruments  passed  into  the  genito-urinary 
passages  and  the  rectum,  and  for  the  finger  in  making  vaginal  or  rectal  examinations. 
It  has  no  medicinal  or  food  value  when  taken  internally,  but  is  sometimes  recommended 
in  place  of  mineral  oil  as  an  intestinal  lubricant. 

Liquid  petrolatum,  paraffinum  liquidum,  mineral  oil  is  used  externally  in  the 
lighter  form,  either  alone  or  as  a  vehicle  for  antiseptic  and  other  medicaments,  as  an 
application  to  the  respiratory  mucous  membranes  for  the  relief  of  acute  or  chronic 
catarrhal  inflammation.  It  may  be  painted  over  the  parts,  dropped  into  the  nasal 
cavities,  snuffed  up  or  sprayed  by  means  of  an  atomizer,  but  it  is  best  utilized  when  it 
can  be  inhaled  as  a  fine  vapor  from  one  or  the  other  form  of  nebulizer  modeled  upon 
Olivers.  For  use  internally  as  an  intestinal  lubricant  the  heavier  Russian  or 
California  oil  is  preferable  to  the  thinner  varieties.  It  is  not  a  laxative  in  the 
ordinary  sense,  for  it  is  not  absorbed  and  has  no  medicinal  action,  but  is  purely  a 
mechanical  lubricant,  facilitating  the  passage  of  the  intestinal  contents  through  botli 
small  and  large  intestines.  One  objection  to  its  use  is  that,  if  given  in  too  large  dose, 
it  may  "leak''  through  the  anal  sphincter  and  soil  the  imderclothing.  If  this  happens 
the  dose  must  be  reduced.  There  is  no  definite  dose,  but  each  one  must  experiment 
for  himself,  beginning  with  say  half  an  ounce  (a  tablespoonful)  morning  and  evening 
and  reducing  or  increasing  the  quantity  aud  frequency,  or  altering  the  time  as  may  be 
indicated  by  the  result. 

Petroxolin  is  a  preparation  of  light  liquid  petrolatum  base  with  oleic  acid, 
ammonia  water,  alcohol  and  oil  of  lavender  which  serves  as  a  vehicle  for  a  number  of 
medicaments  used  in  the  treatment  of  various  skin  affections.  There  are  two  forms, 
the  liquid  and  tlic  solid,  the  latter  being  made  by  mixing  white  wax  with  the  liquid 
petroxolin. 
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Oils. — Of  the  several  vegetable  oils  employed  in  medicine  an  emollients^,  olive  oil 
is  the  most  used  and  may  bo  regarded  as  the  type  of  this  class,  (^ottonseed  oil,  ex- 
pressed oil  of  almond,  sesame  oil,  linseed  oil,  and  peanut  oil  resemble  olive  oil  in  all 
but  the  most  unimportant  details,  and  for  the  most  part  possess  no  superiority  over 
it  except  in  the  matter  of  cost.  Oil  is  used  as  a  protective  to  the  skin,  to  soften  crusts 
and  epidermal  scales,  and  to  dissolve  sebaceous  accumulations.  Employed  as  a 
lubricant  it  enhances  the  value  and  effectiveness  of  massage,  and  when  thoroughly 
rubbed  into  the  skin  over  a  joint  which  has  become  stiif  following  injury  or  disease 
it  is  credited  with  increasing  or  restoring  the  arc  of  movement,  but  this  doubtless  is 
only  the  result  of  the  manipulations  facilitated  by  the  lubricant. 

Internally  administered,  olive  oil  and  the  other  vegetable  oils  of  this  group  have 
nutritive  properties,  being  absorbed  in  certain  amovmt,  but  so  slowly  that  they  also 
act  as  intestinal  lubricants  like  mineral  oil.  Olive  oil  was  at  one  time  in  repute  as  a 
remedy  for  gallstones,  but  the  bodies  found  in  the  stools  and  supposed  to  be  gallstones 
were  seen  on  examination  to  be  masses  of  saponified  oil.  But,  while  not  dissolving 
and  removing  concretions  in  the  gall-bladder,  it  is  sometimes  of  service  in  jaundice, 
possibly  in  consequence  of  its  action  in  stimulating  the  secretion  of  the  pancreatic 
fluid  and  the  flow  of  bile.  In  the  stomach  it  restrains  or  prevents  the  secretion  of 
hydrochloric  acid  and  is,  therefore,  given  in  doses  of  I/2  to  2  fluid  ounces  (16  to  64  cc.) 
half  an  hour  before  meals,  in  gastric  ulcer  and  in  cases  of  hyjierchlorhydria  and  pyloric 
spasm.  In  chronic  constipation,  oil  may  be  given  in  doses  of  1  to  2  fluidounces  (32 
to  64  cc.)  at  bedtime.  It  may  be  given  by  enema  (4  to  8  fluidounces — 128  to  250  cc.) 
in  cases  of  fecal  impaction,  and,  with  the  addition  of  ^2  to  1  fluidounce  (16  to 
.12  cc.)  of  oil  of  turpentine,  to  relieve  flatulence.  The  2 :4 :6  enema  of  castor  oil, 
glycerin  and  olive  oil  has  already  been  mentioned  as  useful  for  such  purposes.  A 
rectal  injection  of  6  fluidounces  of  olive  oil  has  been  recommended  to  increase  the 
power  of  resistance  to  infection,  especially  after  major  operations.  Postanesthetic 
vomiting  is  said  to  be  prevented  or  relieved  by  a  fluidounce  ('52  cc.)  of  sterile  olive 
oil  given  by  mouth.  In  athreptic  infants  inunctions  of  olive  oil  are  useful  in  pro- 
moting nutrition  when  other  foods  fail. 

.Sesame  oil  is  less  apt  to  become  rancid  than  the  other  vegetable  oils.  It  is  laxative 
in  large  doses.  It  is  a  valuable  substitute  for  olive  oil  in  pharmaceutical  operations; 
and  is  used  as  a  vehicle  for  iodine  and  similarly  irritating  substances  for  hypodermic 
or  intramuscular  injection. 

Oleum  theobroinatis,  cocoa  butter,  is  useful  as  an  emollient  and  protective  of  the 
skin  when  roughened  by  cold  and  wind  or  burned  by  the  sun.  It  is  used  in  massage 
and  is  often  inuncted  as  a  nutrient,  especially  in  adults,  to  whom  the  smell  of  cod- 
liver  oil  is  likely  to  be  repulsive.  Its  main  use  in  medicine,  however,  is  in  the  prepa- 
ration of  medicated  suppositories  and  bougies.  Since  its  melting  point  is  between 
room  temperature  and  that  of  the  body,  any  solid  or  semisolid  medicament  may  be 
incorporated  with  it  in  the  pharmacy,  but  will  be  liberated  by  its  melting  when 
introduced  into  the  rectum,  vagina,  or  urethra. 

Lard  is  chiefly  emi)loyed  as  an  ingredient  of  ointments.  When  exposed  to  the 
air  at  room  temperature  it  (luickly  becomes  rancid  through  the  production  of  fatty 
acids.  On  this  account,  in  the  preparation  of  ointments  or  cerates  which  may  be 
kept  some  time,  the  addition  of  benzoin  as  a  preservative  is  recommended.  In  India 
the  Br.  P.  enjoins  the  substitution  of  suet  for  lard  in  pharmaceutical  operations  so  as 
not  to  offend  the  religious  beliefs  of  the  Mohammedan  population. 

Wool  fat,  lanolin,  is  largely  employed  as  an  ointment  base.  Being  readily 
absorbed  by  the  skin,  it  is  believed  that  it  will  carry  in  many  substances,  such  as 
quinine,  potassium  iodide,  opiates,  and  local  anesthetics  which  may  be  incorporated 
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with  it.    The  possibility  of  this  is  denied  by  some  authorities,  but  the  practical  ex- 
perience of  many  clinicians  would  seem  to  support  this  belief. 

Oleic  acid  is  used  only  in  pharmacy  in  the  preparation  of  soft  ointments  called 
oleates,  which  are  compounds  of  alkaloids  or  oxides  of  certain  metals  (e.g.,  mercury) 
and  oleic  acid,  and  as  an  addition  to  petrolatum  to  increase  the  absorption  of  incor- 
porated medicaments.  The  petroxolin  (ointment  base)  of  the  N.F.  is  thus  constituted. 
Lead  plaster  is  a  crude  oleate  of  lead  made  by  heating  together  oxide  of  lead  and 
olive  oil. 

Stearic  acid  is  not  used  as  an  emollient,  but  finds  its  employment  in  the  preparation 
of  glycerin  suppositories. 

Linseed  oil  and  lime  water,  equal  parts,  constitute  the  official  linimentum  calcis 
(U.S. P.)  or  Carron  oil  which  serves  a  very  useful  purpose  as  an  application  to  burns. 
It  is  applied  spread  thickly  on  cotton  batting  or  sheet  lint,  held  in  place  by  a  bandage 
or  adhesive  plaster  strips.  The  linimentum  calcis  of  the  Br.  P.  is  made  with  olive 
instead  of  linseed  oil. 

Adheslves 

The  adhesives  can  hardly  be  considered  as  therapeutic  agents  in  the  strict  sense. 
They  are  designed,  as  the  name  implies,  to  adhere  to  the  skin,  and,  as  most  of  them 
will  not  stick  to  moist  surfaces,  they  are  not  applied  directly  to  wounds  unless  it  is 
possible  to  dry  these  more  or  less  completely,  or  to  draw  the  adhesive  plaster  across 
them  by  adhesion  to  the  skin  on  both  sides. 

Adhesives  may  either  be  spread  on  muslin,  chamois  skin  or  other  material  and 
the  prepared  fabric  be  applied  to  the  part  (plasters)  or  solutions  may  be  painted  on 
and  allowed  to  dry  on  the  surface  (collodia).  Por  the  latter  purpose  alcohol-ether 
solutions  are  generally  used  on  account  of  the  rapid  evaporation. 

Plasters  may  be  applied  without  previous  preparation  (rubber  plaster,  lead  plaster) 
or  may  require  heating  (resin  plaster)  or  wetting  with  water  (isinglass  or  court 
plaster). 

Adhesives  serve  two  purposes:  (1)  Inert  adhesives  are  employed  to  hold  dressings 
in  place  or  give  support  to  weakened  parts,  as  in  sprains,  ptosis,  etc.,  or  to  cover  and 
protect  small  wounds;  (2)  A  topically  acting  medicament  may  be  incorporated  with 
the  adhesive  which  is  thus  held  in  close  contact  with  the  surface  to  be  treated. 

Materia  Medica. — Pyroxylinum  (U.S.  X.),  Pyroxylin.  Synonym:  Soluble  Gun 
Cotton. 

A  product  obtained  by  the  action  of  a  mixture  of  nitric  and  sulphuric  acids  on 
cotton,  consisting  chiefly  of  cellulose  tetranitrate  (Ci2Hj,05(0]SrOj)^).  A  yellowish 
white  matted  mass  of  filaments,  resembling  raw  cotton  in  appearance  and  harsh  to  the 
touch.  It  is  exceedingly  inflammahle.  Slowly  but  completely  soluble  in  25  parts  of  a 
mixture  of  3  volumes  of  ether  and  1  volume  of  alcohol.  Soluble  in  acetone  and  glacial 
acetic  acid. 

Dose,  used  as  protective  in  the  form  of  collodion. 

CoLLODlUM  (U.S.  X.),  Collodion.     Ahhr.,  Collod. 

Pyroxylin,  40  Gm. ;  ether,  750  cc. ;  alcohol,  250  cc.  A  clear  or  slightly  opalescent, 
syrupy  liquid;  colorless  or  slightly  yellowish,  with  an  etheral  odor.  It  is  highly 
inflammahle. 

Dose,  used  as  a  protective  and  vehicle. 

CoLLODiUM  Flexile  (U.S.  X.),  Flexible  Collodion.    Ahhr.,  Collod.  Flex. 

Camphor,  20  Gm. ;  castor  oil,  30  Gm. ;  collodion,  950  Gra. 

Dose,  used  as  a  protective. 

]VL\sTicHE  (N.F.),  Mastic. 

A  concrete  resinous  exudation  from  Pistacia  Lentiscus  Linne  (Fam.  Anacardiacece). 
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In  subglobular,  lenticulate,  elongated  or  pear-shaped  tears,  about  3  mm.  in 
(liiuiu'tcr,  pale-yellow  or  greenish-yellow,  transparent,  having  a  glass-like  luster; 
brittle,  becoming  plastic  when  chewed.  Odor  slight,  balsamic;  taste  mild,  terebinthi- 
nate.  Insoluble  in  water,  completely  solul)lo  in  ether  and  in  chloroform  and  almost 
completely  soluble  in  alcohol. 

Dose,  10  to  20  grains  (0.6  to  1.3  Gm.).     Also  used  as  a  protective. 

CiUTTA  Percha  (unofficial),  Gutta  Percha. 

The  purified  coagulated  milky  exudate  of  various  trees  of  the  genus  Palaquium 
Blanco  (Fam.  Sapotacece).  In  masses,  sticks,  or  sheets  of  irregidar  size  and  shape, 
tough,  yellowish-white  in  color  and  usually  with  reddish,  marbling  streaks.  Insoluble 
in  water;  partly  soluble  in  chloroform,  carbon  disulphide,  petroleum  benzin,  or  oil  of 
turpentine. 

Dose,  used  for  mechanical  purposes  only. 

Liquor  GuTTiE  PERCHiE  (unofficial).  Solution  of  Gutta  Percha.  Ahhr.,  Liq.  Gut. 
Perch. 

Gutta  percha,  in  thin  slices,  15  Gm. ;  chloroform,  100  cc. ;  lead  carbonate,  in  finr 
powder,  17  Gm.  The  gutta  percha  is  dissolved  in  the  chloroform,  the  lead  carbonate  io 
added  and  the  mixture  is  shaken  several  times  at  half-hour  intervals ;  it  is  then  set  aside 
until  the  insoluble  matter  has  subsided  and  the  clear  liquid  is  finally  decanted. 

Dose,  see  Gutta  Percha. 

IcHTHYOCOLLA  (unofficial),  Isinglass.     Ahhr.,  Ichthyocoll. 

The  swimming-bladder  or  sound  of  various  species  of  sturgeon,  Acipenser  huso 
Linne,  prepared  and  cut  into  shreds.  A  very  pure  form  of  gelatin.  Used  as  a  nutrient 
in  place  of  gelatin;  on  thin  silk  to  form  "court  plaster";  and  on  heavier  silk  to  form 
surgeon's  plaster;  on  white  felt  to  form  corn  plaster. 

Dose,  used  in  making  court  plasters. 

Emplastrum  Adh^sivum  (U.S.  X.),  Adhesive  Plaster.  Ahhr.,  Emp.  Adhses. 
Synonyms :    Emplastrum  Elasticum,  Rubber  Adhesive  Plaster. 

A  mixture  of  rubber,  resins,  and  waxes  with  a  filler  of  an  absorbent  powder, 
such  as  zinc  oxide,  orris  root,  or  starch,  mechanically  mixed  and  spread  upon  cotton 
cloth  or  other  fabric. 

Dose,  for  external  use. 

Emplastrum  Fuscum  Camphoratum  (X.F.),  Camphorated  Brown  Plaster.  Ahhr., 
Emp.  Fuse.  Camph.     Synonym:    Camphorated  Mother  Plasters. 

Prepared  from  red  oxide  of  lead,  30  parts;  olive  oil,  60  parts;  yellow  wax,  15 
parts ;  camphor,  1  part. 

Dose,  used  as  a  protective  agent. 

Unguentum  Fuscum  (N.F.),  Brown  Ointment.  Ahhr.,  Ung.  Fuse.  Synotiyyn: 
IJnguentum  Matris,  Mother's  Salve, 

Contains  50  percent,  of  camphorated  brown  plaster  in  a  base  of  equal  parts  of 
olive  oil  and  prepared  suet. 

Dose,  external  use. 

Emplastrum  Saponis  (N.F.),  Soap  Plaster.     Ahhr.,  Emp.  Sapon. 

Lead  plaster  with  10  percent,  of  dried  soap  incorporated  by  aid  of  a  little  water. 

Dose,  used  as  a  protective  agent. 

Eesina  (U.S.  X.),  Rosin.     Ahhr.,  Rosin.     Synonym:  Colophony. 

The  residue  left  after  distilling  the  volatile  oil  from  the  oleoresin  obtained  from 
the  Pinus  palustris  Miller,  and  other  species  of  Pinus  (Fam.  Pinacece).  Occurs  in 
sharply  angular,  translucent,  amber-colored  fragments;  fracture  brittle  at  ordinary 
temperature;  odor  and  taste  slightly  terebinthinate.  It  is  fully  soluble  in  alcohol, 
ether,  benzene,  glacial  acetic  acid  and  fixed  or  volatile  oils. 
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Dose,  3  to  6  graius  (0.2  to  0.4  Gm.)  of  the  substance,  but  is  mainly  used  in  the 
preparation  of  ointments  and  plasters. 

Ceratum  KesinjE  Compositum  (N.F.),  Compound  Kosin  Cerate.  Abhr.,  Cerat. 
Resin.  Co.    Synonym:  Deschler's  Salve. 

Eosin,  22.5  percent.;  yellow  wax,  22.5  percent.;  prepared  suet,  30  percent;  tur- 
pentine, 11.5  percent.;  linseed  oil,  13.5  percent. 

Dose,  external  use. 

Emplastrum  RESiNiE  (U.S.  IX.),  Rosin  Plaster.  Ahhr.,  Emp.  Res.  Synonyms: 
Adhesive  Plaster,  Rosin  Adhesive  Plaster. 

Rosin,  in  fine  powder,  140  Gm. ;  lead  plaster,  800  Gm. ;  yellow  wax,  60  Gm. 

Dose,  external  use. 

Emplastrum  Plumbi  Oleatis  (U.S.  X.),  Lead  Oleate  Plaster.  Ahhr.,  Emp.  Plumb. 
Oleat.    Synonyms:  Diachylon  Plaster,  Lead  Plaster. 

Yellow  oxide  of  lead,  olive  oil,  lard,  of  each,  1000  Gm. ;  boiling  water,  sufficient 
quantity. 

Dose,  external  use. 

GossYPiUM  PuRiFicATUM  (U.S.  X.),  Purified  Cotton.  Ahhr.,  Gossyp.  Purif.  Syno- 
nym: Absorbent  Cotton. 

The  hairs  of  the  seeds  of  Gossypium  herhaceum  Linne,  and  other  species  of  gos- 
sypium,  (Fam.  Malvacew).  Occurs  as  white,  soft  fine  filaments;  insoluble  in  all  ordi- 
nary solvents,  but  readily  wetted  by  water.  Many  preparations  of  cotton  are  on  the 
market,  e.g.,  berated  cotton,  salicylated  cotton,  iodoformized  cotton,  sublimated  cotton. 

Dose,  used  as  a  protective  agent. 

Therapeutics. — Plasters  (rubber  plaster,  soap  plaster,  lead  plaster,  etc.)  are  mainly 
mechanical  in  action. 

Euhher  plaster  is  used  as  a  means  of  support  and  of  making  pressure  in  a  variety 
of  surgical  conditions  such  as  sprains,  fractures,  dislocations,  etc.,  and  also  to  retain 
dressings.  It  is  employed  also,  in  place  of  sutures,  to  approximate  the  edges  of  a 
wound  when  there  is  no  great  tension  in  the  parts.  The  incorporation  of  zinc  oxide 
into  the  plaster  before  it  is  spread  obviates  the  tendency  to  irritate  the  skin.* 

Rosin  plaster  is  preferable  to  rubber  plaster  for  the  strapping  of  the  leg  in  varicose 
ulcer,  and  lead  plaster  is  in  turn  preferable  to  rosin  plaster  for  this  purpose,  though 
either  may  be  used  with  benefit. 

Lead  plaster,  diachylon,  not  only  protects  the  surface  of  an  ulcer  or  excoriation 
from  the  air  but  also  promotes  granulation  and  cicatrization.  A  mixture  of  lead 
plaster  and  linseed  oil,  or,  better,  diachylon  ointment,  is  an  effective  application  for 
bromidrosis  of  the  feet,  and  lead  plaster  alone  has  given  good  results  in  this  condition. 

Burgundy  pitch  plaster  is  rubefacient  in  action. 

Medicated  plasters,  incorporating  belladonna,  opium,  capsicum,  mustard,  can- 
tharides,  menthol,  mercury,  etc.,  are  much  used  and  many  are  official. 

Collodion  and  flexible  collodion  are  of  value  to  seal  up  slight  cuts  and  small  super- 
ficial erosions  of  the  skin,  the  flexible  preparation  being  preferable.  It  may  be  used 
to  hold  in  place  small  dressings  of  antiseptic  cotton  or  gauze,  several  coats  being 
applied  to  form  the  so-called  "cocoon."  It  should  not  be  used  to  seal  potentially  or 
actually  infected  wounds,  and  when  such  a  "cocoon"  is  made  a  dependent  sector  of  the 
edge  should  be  left  uncovered  by  collodion  to  provide  for  efficient  drainage.  Flexible 
collodion  is  a  good  vehicle  for  local  astringents  or  styptics,  antiseptics,  and  irritants 
or  vesicants  to  the  skin  and  mucous  membranes.  With  certain  agents  and  for  use  in 
the  larynx,  it  must  be  thinned  by  addition  of  ether,  alcohol  or  chloroform. 

*  Adherent  rubber  plaster  may  be  removed  by  wetting  it  with  ethyl  acetate.  Chlorc' 
form  or  benzin  serve  the  same  purpose,  but  may  be  irritating. 
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Mobstiche  has  been  used  for  the  purpose  of  covering  any  microorganisms  on  the 
skin  in  the  immediate  neighborhood  of  a  wound,  especially  of  a  traumatic  wound 
when  there  has  been  no  opportunity  to  cleanse  the  skin.  For  this  purpose  a  solution 
in  benzene  is  used. 

It  was  formerly  given  internally  as  a  stomachic  and  carminative,  and  is  an 
ingredient  of  the  Lady  Welister  dinner  pill,  pilula  aloes  et  mastich.  In  the  East  it  is 
given  as  a  remedy  for  colliquative  diarrhea  and  cholera  infantum.  It  is  sometimes 
used  as  a  temporary  filling  for  a  carious  tooth. 

Solutioti  of  (jittta  percha  is  used  as  a  protective  for  small  incised  wounds  and 
excoriations,  serving  niuch  the  same  purpose  as  collodion.  It  is  sometimes  employed 
as  a  protective  to  the  finger  in  rectal  and  vaginal  examinations,  the  evaporation  of 
the  membrane  leaving  a  thin  film  of  gutta  percha  on  the  finger  previously  wetted 
with  it. 

A  different  type  of  protective  is  used  over  granulating  surfaces  to  protect  them 
from  the  mechanical  irritation  of  the  dressing.  Cargile  membrane,  goldbeater's  skin, 
egg  membrane  and  sheet  mica  are  thus  used  and  formerly  silver  foil  was  thus  utilized. 
A  fine-me^hed  fabric  impregnated  with  paraffin  or  a  mixtui-e  of  this  and  white  wax 
is  similarly  used.  Paraffin  paper  and  oiled  silk  are  used  as  protectives  on  the  outside 
of  dressings,  and  may  be  mentioned  in  this  connection  although  they  are  hardly  to  be 
classed  as  adhesives. 

Reconstructives 
Scarlet  Red 

Chemistry. — Scarlet  red  is  one  of  a  series  of  dyes  which  are  built  on  the  nucleus 
of  amidazo-toluol,  the  only  other  of  therapeutic  importance  being  sudan  III. 
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Scarlet  Ked. 


These  three  dj'es,  and  to  a  lesser  extent  certain  others,  e.g.,  fuchsin,  have  the  power 
when  injected  into  the  skin  or  applied  to  granulating  surfaces,  of  stimulating  the 
growth  of  epithelium.  Their  action  is  specific  and  not  dependent  on  mere  irritation 
or  slow  absorption. 

Therapeutically  they  are  used  for  hastening  the  growth  of  epithelium,  and  are 
recommended  as  applications  to  ulcers  of  the  skin,  ulcer  of  tlu'  cornea,  defects  in  the 
drum  membrane,  and  internally  in  ulcer  of  the  stomach  and  bowel. 

Materia  Medica. — ^Eubrum  Scarlatinum  (N.N.K.),  Scarlet  red.  Synonyms:  Scar- 
let K.,  Toluylazotoluylazo-beta-naphthoL 
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A  compound  of  beta-naphthol  and  diazotized  amido-azo-ortho-toluol.  A  dark 
brownish-red  powder,  nearly  insoluble  in  water,  slightly  soluble  in  benzene  and  acetone 
and  easily  soluble  in  alcohol,  chloroform,  oils,  fats  and  phenols. 

Dose,  as  an  ingredient  of  salve  or  ointment  or  as  a  dusting  powder  for  external 
application;  as  a  stimulant  to  epithelial  growth. 

Scarlet  Eed  Sulphonate  (N.N.E.). 

One  of  the  azo  compounds,  marketed  only  in  the  form  of  ointment  and  emulsion. 

Dose,  externally  as  an  epithelial  stimulant. 

DiACETYLAMiDOAZOTOLUENE   (N.N.E.).     Synonym:    Dimazon. 

An  orange  colored,  crystalline  powder,  insoluble  in  water,  but  readily  soluble  in 
alcohol,  ether,  benzene,  oils,  fats  and  petrolatum. 

Dose,  used  in  form  of  a  2  percent,  ointment;  also  employed  as  a  dusting  powder 
in  same  strength  when  mixed  with  talcum. 

Antipathogenic  Action. — In  contrast  to  many  of  the  dyes,  none  of  these  is  bac- 
tericidal. 

Pharmacodynamic  Action:  Topical  Action. — Scarlet  red  (or  sudan  III)  applied  to 
the  sound  skin  in  oily  solution  or  as  an  ointment  has  no  effect  whatever.  Applied  in 
oily  solution  to  the  surface  of  ulcers,  even  50  percent,  causes  no  pain,  the  only  effect 
being  a  more  rapid  growth  of  the  epithelium  at  the  edges  or  wherever  there  are  epi- 
thelial cells.  The  same  effect  is  seen  with  2  percent,  ointments,  and  strengths  above 
10  percent,  have  no  advantage. 

Injected  into  the  skin  in  strong  solution  in  oil,  the  dyes  induce  round  cell  infil- 
tration, hyperemia  and  connective  tissue  proliferation,  followed  by  marked  overgrowth 
of  the  epithelial  cells  with  which  they  come  in  contact.  This  effect  is  seen  only  when 
the  injection  is  made  into  the  skin  and  not  under  it,  and  is  most  marked  in  places 
where  the  underlying  tissues  are  hard  and  the  cutis  is  stretched.  The  best  results  have 
been  obtained  in  the  rabbit  ear.  The  growth  begins  in  the  cells  of  the  hair  follicles 
which,  under  their  own  pressure,  lose  their  form,  becoming  squamous.  Finger-like 
processes  extend  down  into  the  subcutaneous  tissues  and  may  even  perforate  the  ear 
cartilage.  The  growth  finally  has  exactly  the  appearance  of  a  squamous  cancer.  As 
the  dye  disappears,  in  the  course  of  2  to  3  weeks,  the  growth  ceases  and  the  new- 
formed  tissue  degenerates  into  a  cholesteatoma-like  mass,  the  skin  over  which  ulcerates, 
allowing  it  to  escape.  Injections  in  man,  monkeys  and  dogs  have  given  rise  to  less 
marked  overgrowth,  it  being  suggested  that,  in  man  at  least,  this  is  because  of  lesser 
development  of  the  hair  follicles.  That  these  are  not  absolutely  necessary  to  the  growths 
described  is  shown  by  the  production  of  similar,  but  much  less  extensive,  proliferations 
in  the  mucosa  of  the  cheek  and  in  the  rectum  of  rabbits.  It  is  much  more  difficult  to 
prevent  the  injection  from  passing  into  the  underlying  tissues  and  most  of  the  attempts 
to  cause  overgrowth  of  mucous  membranes  have  failed.  The  only  other  tissue  in  which 
specific  proliferation  is  reported  is  the  ganglion  cells  of  the  retina  of  the  rabbit,  after 
an  injection  into  the  anterior  chamber.    Glaucoma  also  resulted. 

Injection  of  0.1  cc.  of  a  saturated  oily  solution  of  scarlet  red  into  the  tissue  of  a 
mouse  tumor  resulted  in  the  rapid  growth  of  the  portion  injected,  which  however 
softened  after  a  few  weeks  and  was  absorbed.  Injection  near  a  tumor  led  to  rapid 
spreading  on  that  side.  Injection  of  25  percent,  alcoholic  solution  was  followed  by 
necrotization  and  drying  of  the  tumor  mass,  resulting  in  ulceration  of  the  overlying 
skin  and  extrusion  of  the  entire  tumor. 

Systemic  Action. — None  of  these  dyes  has  any  marked  systemic  action,  no  symptoms 
being  produced  by  oral  administration  except  red  staining  of  the  urine  and  only  one 
instance  having  been  reported  of  toxic  symptoms  arising  from  absorption  from  an  ulcer. 
In  this  case  a  very  large  burn  was  covered  with  an  8  percent,  ointment  of  amidazo- 
toluol.  There  resulted  headache,  fever,  vomiting  and  albuminuria;  all  subsiding  when 
the  dressing  was  removed,  and  not  recurring  when  it  was  applied  to  a  fourth  of  the 
surface  at  one  time. 

Therapeutics. — Scarlet  red  ointment  is  used  as  a  stimulant  to  dry,  sluggish  ulcers, 
hedsores,  and  unhealthy  granulations  on  denuded  surfaces  following  hums  and  exten- 
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sive  loss  of  epithelium.  The  usual  stren^h  of  ointment  is  4  to  8  percent. ;  the  latter, 
however,  is  somewhat  irritating  and  must  be  applied  intermittently,  a  soothing  ointment 
being  applied  in  the  intervals.  In  the  case  of  a  very  extensive  area  of  denudation,  it  is 
advised  that  the  ointment  be  applied  to  the  edges  only  and  not  to  the  entire  surface, 
so  as  to  avoid  the  possible  danger  of  absorption.  A  weak  ointment  is  serviceable  also 
in  the  treatment  of  ulcers  of  the  cornea.  Scarlet  red  in  oily  solution  of  1  to  4  percent, 
may  usefully  be  applied  to  the  nasal  and  pharyngeal  mucosa  in  ozena,  in  dry  catarrh 
and  in  other  conditions  in  which  temporary  or  repeated  stimulation  seems  desirable. 
Frequency  and  strength  of  applications  will  depend  on  effect. 

Irritants  and  Destructives 

Rubefacients 

Rubefacients  are  agents  used  to  induce  irritation  of  the  skin  or  occasionally  of 
exposed  mucosa?,  with  accompanying  congestion  and  stimulation  of  the  sensory  nerve 
endings.  The  fact  that  such  applications  have  a  beneficial  influence  on  the  course 
of  deep-seated  inflammations  over  which  they  are  applied,  is  one  of  the  oldest  estab- 
lished in  medicine.  The  precise  mechanism  of  their  action  is,  however,  still  obscure. 
It  was  formerly  taught  that  the  benefit  depended  on  the  mechanical  diversion  of  blood 
from  the  inflamed  part,  but  this  idea  has  been  almost  abandoned  in  favor  of  the 
conception  that  the  influence  is  reflex,  depending  on  the  nerve  stimulation. 

There  is  a  functional  connection  between  the  underlying  structures  and  the  skin, 
based  on  a  relation  between  the  sensory  nerve  root  and  the  autonomic  nerves  which 
rise  from  the  same  spinal  segment.  This  leads  to  referred  pain  in  certain  well  defined 
areas  as  a  result  of  disease  in  the  viscera,  joints,  muscles  and  other  underlying 
structures.  A  stimulus  induced  by  the  rubefacient  and  passing  in  the  opposite 
direction,  from  skin  to  viscus,  may  explain  the  beneficial  action. 

All  the  drugs  of  this  class  are  irritant  to  the  skin  as  well  as  to  all  mucous  mem- 
branes and  if  given  internally  in  large  dose  are  likely  to  cause  vomiting  and  even 
severe  abdominal  pain  or,  more  rarely,  purgation.  When  injected  under  the  skin 
they  induce  leucocytosis  of  the  circulating  blood  and.  may  do  the  same  if  swallowed. 

The  drugs  included  under  this  head  are  arnica,  myrrh,  capsicum,  piper,  allium, 
and  armoracia,  all  of  which  contain  volatile  oils  and  are  used  as  counterirritants,  and 
abrin  which  is  a  toxalbumin  and  is  used  to  induce  controllable  inflammation  of  the 
conjunctiva,  in  cases  of  pannus.  Capsicum  is  used  also  internally  as  an  emetic  and 
both  it  and  piper  as  carminatives. 

With  the  rubefacients  will  be  considered  certain  agents,  interest  in  which  is  mainly 
toxicologic,  namely,  poison  ivy  and  other  plants,  contact  with  which  may  induce  skin 
eruptions,  and  finally  a  few  of  the  more  important  poison  gases  used  in  the  World  War. 

Arnica 

The  flowers  and  root  of  Arnica  montana  are  used  indifferently  and  seem  to  contain 
much  the  same  principles.  Arnica  was  used  in  North  Europe  as  an  application  to 
bruises  since  primitive  times  and  is  first  mentioned  by  Taberntcmontanfc  in  the  16th 
century.   It  was  much  more  used  a  hundred  years  ago  than  it  is  to-day. 

Chemistry. — The  topical  action  of  the  drug  depends  on  a  volatile  oil  which  contains 
several  volatile  fatty  acids.  There  is  also  present  a  bitter  substance,  arnicin,  and  an 
alkaloid,  which  are  responsible  for  the  systemic  effects.    These  find  no  use  in  medicine. 

Summary  of  Actions  and  Uses. — Arnica  is  a  well-known  household  remedy  for  pro- 
ducing counterirritation  over  sprains  and  bruises.  It  has  been  almost  aljandoned  by 
physicians  on  account  of  its  tendency  to  produce  severe  dermatitis.    It   was   formerly 
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taught  that  this  action  was  due  to  volatile  principles  which  escaped  in  drying,  and 
that  only  preparations  of  the  fresh  drug  were  dangerous.  This  is  not  the  case.  Tinc- 
tures made  from  old  drug  may  cause  vesication  or  deep-seated  inflammation. 

Arnica  has  been  used  topically  as  a  counterirritant  and  internally  in  asthenic  fevers, 
such  as  typhoid.  It  is  not  used  for  its  systemic  effects  to-d*ay.  Preparations  of  the  flowers 
are  preferred  for  external  use,  those  of  the  root  for  internal. 

Materia  Medica. — Arnica  (U.S.IX.),  Arnica.  Ahir.,  Arnic.  Arnicop,  Flores 
(Br.),  Arnica  Flowers. 

The  dried  flower-heads  of  Arnica  monfana  Linne  (Fam.  Gompoftit(r).  Consists 
chiefly  of  the  tubular  and  ligulate  flowers,  occasionally  with  the  involucre  and  re- 
ceptacle present.  Odor  characteristic  and  agreeable;  taste  bitter  and  acrid.  The 
powder  is  yellowish-brown. 

Dose,  10  to  20  g^raius  (0.6  to  1.3  Gm.). 

TiNCTURA  Arnica  (U.S.IX.),  Tinctura  of  Arnica.  Ahhr.,  Tr.  Arnic.  Tinctura 
Arnicce  Florum  (Br.),  Tincture  of  Arnica  Flowers.    Ahhr.,  Tr.  Arnic.  Flor. 

Arnica,  200  Gm. ;  diluted  alcohol  (70  percent.),  q.s.  to  make  1000  cc.  Prepared 
by  maceration  for  24  hours,  then  percolation  with  250  cc.  of  the  menstruum;  then 
maceration  ag'ain  for  24  hours  and  percolation  again  with  250  cc,  alternating  thus 
until  the  1000  cc.  of  diluted  alcohol  is  used  up. 

Dose,  10  to  20  minims  (0,6  to  1,3  cc), 

Fluidextractum  Arnice  (N.F,),  Fluidextract  of  Arnica.  Ahhr.,  Fldext.  Arnic. 
Synonym  :    Fluidextract  of  Arnica  Flowers. 

Prepared  by  macerating  1000  Gm.  xwwdered  arnica  with  dilute  alcohol  for  six 
hours,  then  percolating  to  exhaustion  of  the  drug,  reserving  the  first  850  cc.  of  the 
percolate,  recovering  the  alcohol  fi'om  the  remainder,  concentrating  the  residue  to  a 
soft  extract,  dissolving  this  in  the  850  cc  retained  and  adding  dilute  alcohol  q.s.  to  make 
1000  cc. 

Dose,  1  to  3  minims  (0.06  to  0.2  cc). 

Arnica  Rhizoma  (unofficial).  Arnica  Rhizone,  Ahhr.,  Arnic.  Rhiz.  Synonym: 
Amicae  Radix. 

The  rhizome  is  obtained  from  the  Arnic'a  mo7itan<i  Linne  (Fam,  Composlioe). 
Contains  from  0.5  to  1,0  percent,  of  volatile  oil,  of  a  pungent,  aromatic  taste,  and  the 
bitter,  yellow,  crystalline  principle,  amicin.  The  action  is  the  same  as  Arnicse  Flores 
and  in  dilution  (1 :40)  is  used  as  an  embrocation. 

Dose,  External  use. 

Pharmacodynamic  Action:  Topical  Action. — Arnica  in  tincture  or  infusion  applied 
to  the  skin  causes  redness  without  much  pain,  but  in  certain  sensitive  individuals  it 
induces  pain  and  may  blister.  It  is  quite  irritant  to  mucous  membranes,  causing,  when 
swallowed,  pain  in  the  throat  and  epigastrium,  followed  by  vomiting  and  purging. 

Toxic  and  Systeviic  Action. — The  topical  irritation  leads  to  increase  in  the  rate  of 
the  heart  and  respiration;  to  nausea,  to  increase  in  flow  of  saliva  and  of  bronchial 
mucus.  These  symptoms  are  followed,  after  large  doses,  by  depression  of  the  respira- 
tion, giddiness  and  extreme  weakness. 

The  fatal  dose  is  quite  large;  an  ounce  has  several  times  been  swallowed  as  infu- 
sion or  tincture,  without  further  symptoms  than  those  mentioned. 

Therapeutics:  Topical. — Arnica  is  seldom  used  at  the  present  day  in  scientific 
medicine,  though  the  tincture  is  still  held  in  repute  as  a  household  remedy  for  sprains 
and  bruises.  It  has  fallen  into  disuse  because  the  good  results  obtained,  comparable 
to  those  of  any  evaporating  spirit  lotion,  were  more  than  counterbalanced  by  the  not 
infrequent  cases  of  dermatitis  caused  by  it,  Bartholow  quotes  Planat  in  commendation 
of  arnica  as  an  effective  application  to  boils.     He  incorporates  one  part  of  extract 
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of  the  root  with  two  parts  of  honey  and  applies  the  pa^te  spread  on  adhesive  plaster 
to  the  furuncle,  renewing'  the  application  once  in  every  24  hours. 

If  it  is  desired  to  apply  arnica  externally  for  the  relief  of  muscular  soreness,  it  is 
safer  to  use  an  infusion  or  to  dilute  the  tincture  one-half  and  not  to  cover  the  part 
with  thick  clothes  or  a  bandage  preventing-  evaporation. 

Systemic. — The  internal  use  of  arnica  is  esteemed  of  value  by  Homeopathic  and 
Eclectic  practitioners.  A  tincture  of  the  root  is  given  by  the  latter  as  a  nerve  and 
respiratory  stimulant  in  the  adynamia  of  typhoid  and  other  fevers,  and  to  control  the 
hectic  fever  and  sweats  of  phthisis.  Felter  states  that  it  is  useful  in  myalgia  and 
lumbago  and  in  "heart  strain"  due  to  exertion,  long  marching,  worry,  or  excitement. 
It  is  said  to  be  useful  also  in  paraplegia  and  hemiplegia  when  the  acute  symptoms 
have  passed,  and  in  incontinence  due  to  s])hincteric  atony  following  continued  fevers. 
Homeopathists  find  the  indications  of  arnica  in  mental  states — fear,  anxiety,  morose- 
ness,  irritability,  desire  for  solitude,  with  extreme  soreness  of  the  body  or  hyper- 
sensitiveness  to  touch — rather  than  in  any  special  ailment;  although  Kent  speaks  of 
using  it  in  "the  congestive  chills  with  prostration,  stupor,  mottled  skin,  anxiety" 
that  come  on  suddenly  in  "the  intermittent  fevers  of  malarial  regions"  and  in  which 
he  saw  no  benefit  from  quinine.  He  prefers  internal  use  to  external  application  in 
bruises,  inflammations  of  the  joints,  erysipelas,  etc.,  and  praises  it  in  many  other 
conditions  provided  the  mental  state  described  as  characteristic  is  present. 

Capsicum 

Capsicum  includes  the  fruits  of  several  species  of  the  genus  capsicum,  chiefly 
C.  anmmm  (Spanish  pepper,  paprika)  and  C.  fastigiatum  and  C.  frutescens  (cayenne 
pepper).  The  commercial  cai>sicums,  known  as  red  pepper,  tabasco,  chillies,  etc.,  are 
chiefly  varieties  or  hybrids  of  the  hist  two.  The  peppers  have  been  used  in  Asia  and 
Tropical  America  for  many  centuries  as  condiments  as  well  as  externally  as  counter- 
irritants  and  internally  as  carminatives. 

Chemistry. — The  pungent  lirinciple  of  capsicum  is  capsaicin,  a  ciystalline  sub- 
stance of  undetermined  chemical  nature,  which  is  found  only  in  the  placenta  and  not 
in  the  seed  nor  the  wall  of  the  fruit.  It  is  insoluble  in  water,  but  soluble  in  alcohol, 
ether  and  fixed  and  volatile  oils.  Capsicol,  formerly  described  as  the  active  principle, 
was  a  solution  of  capsaicin  in  a  volatile  oil,  known  as  pepper  oil.  There  is  also 
present  a  volatile  alkaloid  resembling  coniine  and  a  small  amount  of  solanine.  The 
percent,  of  capsaicin  in  cayenne  pepper  may  rise  as  high  as  0..5  percent.,  and  in  Spanish 
pepper  as  high  as  0.02  percent.  (0.9  percent,  in  the  separated  placenta),  but  is  com- 
monly much  less.  The  fixed  oil  varies  from  9  to  28  percent,  and  the  volatile  oil  of 
pepper  from  10  to  20  percent. 

Summary  of  Actions  and  Uses. — The  action  of  capsicum  is  purely  topical,  varying 
from  the  production  of  moderate  pain  and  congestion  to  severe  intlammation,  according 
to  the  strength  and  duration  of  the  application.  When  swallowed  it  causes  increased 
peristalsis  of  the  stomach  and  bowel,  accompanied  by  burning  pain  or  vomiting  if  the 
dose  be  large,  with  severe  burning  pain   in  the  mouth  and  throat. 

Capsicum  is  used  as  a  counterirritant  to  induce  irritation  of  the  skin  and  as  a 
condiment  and  carminative  to  stimulate  the  secretory  and  motor  activities  of  the  diges- 
tive tract.    It  has  some  virtue  as  a  stimulant  diuretic. 

Materia  Medica. — Capsicum  (U.S.  X.),  Capsicum.  Alhr.,  Capsic.  Synonyms: 
Cayenne  Pepper,  Red  Pepper,  African  Chillies. 

The  dried  ripe  fruits  of  Capsicum  frutescen-s  Linne  (Fam.  Solanacew).  Oblong, 
conical,  from  10  to  25  nun.  in  length  and  from  4  to  8  mm.  in  diameter;  pericarp 
brownish-red  or  orange,  glabrous,  membranous  and  translucent;  odor  characteristic, 
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sternutatory;  taste  intensely  pungent.  Capsicum  yields  not  less  than  12  percent,  of 
non-volatile  ether  extractive. 

Dose,  1  to  10  grains  (0.06  to  0.65  Gm.). 

Oleoresina  Capsici  (U.S.  X.),  Oleoresin  of  Capsicum.    Ahhr.,  Oleores.  Capsic. 

Prepared  by  extracting  powdered  capsicum  with  ether  to  the  exhaustion  of  the 
drug,  straining  off  the  fatty  matter  and  evaporating  the  residue  to  dryness. 

Dose,  i/s  to  1/2  grain  (0.008  to  0.032  Gm.). 

TiNCTURA  Capsici  (U.S.  X.),  Tincture  of  Capsicum.    Ahhr.,  Tr.  Capsic. 

Moisten  100  Gm.  of  capsicum,  in  coarse  powder,  with  95  percent,  alcohol  and 
macerate  for  6  hours ;  then  percolate  to  exhaustion  of  the  drug,  adding  sufficient  alcohol 
to  make  1000  cc,  each  cc.  representing  0.95  Gm.  of  the  crude  drug,  with  an  85  percent, 
alcoholic  content. 

Dose,  5  to  10  minims  (0.3  to  0.6  cc). 

TiNCTURA  Capsici  et  Myrrhs  (N.F.),  Tincture  of  Capsicum  and  Myrrh.  Ahhr., 
Tr.  Capsic.  et  Myrrh.    Synonyms:    Hot  drops,  Thompsonian  No.  6. 

Prepared  by  percolating  30  Gm.  of  capsicum  and  120  Gm.  of  myrrh  with  90  percent, 
alcohol  to  form  1000  cc,  each  cc.  representing  about  0.03  Gm.  of  capsicum  and  0.12 
Gm.  of  myrrh.    Alcoholic  content  about  85  percent. 

Dose,  20  to  40  minims  (1.3  to  2.5  cc). 

Emplastrum  Capsici  (U.S.  X.),  Capsicum  Plaster.    Ahhr.,  Emp.  Capsic. 

Rubber  plaster  spread  with  not  less  than  0.25  Gm.  oleoresin  of  capsicum  to  each 
15  square  centimeters. 

Dose,  for  external  use. 

Unguentum  Capsici  (N.F.),  Capsicum  Ointment.    Ahhr.,  Ung.  Capsic. 

Represents  5  percent,  of  the  oleoresin  of  capsicum  in  a  base  of  paraffin  (10  per- 
cent.) and  petrolatum  (85  percent.). 

Dose,  external  use. 

Unguentum  Capsici  (Br.),  Capsicum  Ointment. 

Prepared  by  digesting  25  Gm.  bruised  capsicum  fruit;  10  Gm.  hard  paraffin; 
75  Gm.  soft  paraffin;  10  Gm.  prepared  lard;  for  1  hour  on  a  water  bath,  straining,  and 
stirring  until  cold. 

Dose,  used  externally  as  a  counterirritant. 

Pharmacodynamic  Action:  Topical  Action. — The  action  of  capsicum  appears  to  be 
entirely  topical,  and  limited  to  stimulation  of  the  sensory  nerves.  Systemic  effects 
which  have  been  described,  apart  from  irritation  of  the  kidneys,  are  probably  reflex. 

Oleoresin  of  capsicum  applied  to  the  sound  skin  causes  in  a  few  minutes  a  sensa- 
tion of  prickling  and  burning,  which  may  be  extremely  painful.  This  is  accompanied 
by  redness  of  the  skin  due  to  irritation  of  the  sensory  endings  and  not  to  any  direct 
effect  on  the  vessels.  If  application  is  long  continued  there  will  be  deep-seated  inflam- 
mation, but  with   little  tendency  to  blister. 

Applied  to  the  eye  or  nose  it  induces  severe  pain  with  extreme  congestion  and 
excessive  secretion  of  tears  and  mucus.  This  is  not  followed  by  inflammation.  Injected 
hypodermically  it  gives  rise  to  severe  pain  but  not  to  inflammation  or  necrosis. 

Taken  into  the  mouth,  capsicum,  or  its  oleoresin,  causes  the  same  burning  pain 
with  redness  and  swelling  of  the  tongue  and  salivation.  Slight  burning  is  caused  by 
1  drop  of  a  1  to  1,000,000  capsaicin  solution  in  alcohol,  diluted  in  sweetened  water, 
that  is,  one  millionth  part  of  a  grain  or  0.00007  mgm.  Oleoresin  of  capsicum  is  appre- 
ciated in  6  to  10  times  this  dose  and  the  crude  drug  in  10  to  20  times. 

Swallowed  or  given  by  tube  directly  into  the  stomach,  2  drops  (0.1  cc.)  of  the 
oleoresin  will  induce  burning  pain  in  the  epigastrium,  free  secretion  of  mucus  and 
burning  in  the  throat  accompanied  by  retching.  Vomiting  is  rare.  There  may  be 
slight  diarrhea  with  burning  sensations  at  the  anus.  Administered  to  dogs,  doses  of 
1/4  to  %  dram  (1  to  2  cc.)  cause  restlessness  followed  by  tremors,  shivering  and  fall 
of  temperature.    These  phenomena  are  probably  reflex. 


RUBEFACIENTS  1019 

In  rabbits  and  dogs,  intravenous  injections  even  of  excessive  doses  produce  no  effects 
other  than  those  due  to  oil  embolism.  On  isolated  organs  capsicum  appears  to  be  with- 
out action;    the   isolated   heart  is  not  influenced,  nor  are   muscle  nerve   preparations. 

The  only  toxic  action  which  is  to  be  feared  in  man  is  the  irritation  of  the  stomach 
and  bowel  which  follow  the  repeated  ingestion  of  large  amounts  of  the  oil  or  powder. 
This  shows  itself  as  gastric  distress  with  loss  of  appetite  and  more  rarely  as  chronic 
diarrhea. 

Therapeutics:  Topical. — Capsicum  is  a  powerful  rubefacient  and  counterirritant, 
actinf?  promptly  when  applied  to  the  skin,  but  only  exceptionally  producing  vesication. 
It  is  useful  in  relieving-  the  chest  pains  in  intercostal  neuralgia,  hronchills,  pleurisy  and 
tuherculotiis;  in  cases  of  flatulent  colic  when  the  stomach  is  intolerant;  in  muscular 
rheumatismj  sciatica  and  joint  pains  after  a  sprain.  It  may  be  applied  in  the  form 
of  the  official  plaster,  as  an  ointment  of  the  olecresin  of  capsicum  or  as  a  15  to  20 
percent,  liniment  made  with  cottonseed,  olive  or  sesame  oil  or  oleic  acid  and  alcohol. 
Relief  is  often  afforded  in  cases  of  chilblains  with  unbroken  skin  by  painting  with 
the  tincture  of  capsicum  or  smearing  with  the  ointment  of  the  oleoresin.  Good  results 
are  obtained  in  relcuxation  of  the  uvula  by  painting  with  the  tincture  or  carefully 
insufflating  the  powder,  or  by  gargling  with  the  diluted  tincture  (1  part  to  15  of  water). 

Systemic. — Taken  internally  capsicum  is  an  aromatic  carminative  and  diffusible 
stimulant.  It  increases  the  flow  of  saliva,  imparts  a  feeling  of  warmth  to  the  stomach, 
stimulates  the  secretion  of  gastric  juice,  accelerates  peristalsis  and  relieves  gastric 
and  intestinal  flatulence.  It  is  of  service  in  cases  of  atonic  dyspepsia  and  is  a  useful 
addition  to  laxative  pills,  but  it  should  not  be  given  when  there  is  acute  inflammation 
of  the  stomach.  In  the  chronic  catarrh  of  alcoholic  subjects,  however,  it  acts  well 
not  only  in  restoring  a  healthy  tone  to  the  gastric  mucous  membrane,  but  also  in 
relieving  the  craving  for  alcohol.  In  delirium  tremens  it  is  one  of  the  best  agents  at 
our  command  to  overcome  the  wakefulness,  the  tincture  often  being  associated  with 
an  equal  volume  of  tincture  of  nux  vomica  and  given  in  30  minim  doses.  It  is  also 
of  service  in  typhoid  conditions. 

Capsicum  is  frequently  added  with  benefit  to  prescriptions  for  hypochondriacs  and 
hysterical  women  and  in  cases  of  neurasthenia,  acting  by  improving  digestion  and 
nutrition.  In  chronic  disorders  of  the  urinary  tract  it  sometimes  gives  good  sei'vice, 
but  is  contraindicated  in  acute  inflammatory  conditions.  In  chronic  parenchymatous 
nephritis  it  is  thought  by  some  to  lessen  albuminuria  and  is  prescribed  also  in  chronic 
pyelitis  and  cystitis.  It  possesses  slight  aphrodisiac  powers  and  it  is  said  to  be  helpful 
in  spermatorrhea  and  prostatorrhea.  For  use  in  these  genito-urinary  affections,  the 
oleoresin  is  considered  the  best  preparation. 

Piper 

Various  species  of  the  genus  Piper  have  been  used  for  ages  as  condiments  and 
medicaments  and  are  of  medicinal  importance.  The  most  important  are  black  pepper 
(the  fruit  of  P.  nigrum),  the  subject  of  the  present  article;  white  pepper  (the  seed 
of  the  same  species) ;  long  pepper  (the  fruit  of  P.  ofjlcinarum) ;  kava-kava  (the  root  of 
P.  methysticum) ;  Cubeh  (the  fruit  of  P.  cubeba) ;  matico  (the  leaves  of  P.  angusti- 
foliiim)  ;  betel  pepper  (the  leaves  of  P.  betle,  chewed  with  areca  nut  as  "betel").  Many 
of  these  products  have  been  in  use  as  condiments  and  intoxicants  (kava-kava)  since 
prehistoric  times.  Black  pepper  is  mentioned  in  Sanskrit  literature,  and  was  used 
by  the  Greeks  at  least  as  far  back  as  400  B.C. 

Chemistry. — The  constituents  of  black  pepper  to  which  its  activity  have  been 
ascribed  are  piperine,  a  volatile  alkaloid  of  the  piperidine  group  (5  to  9  percent,  in 
good  fruits)  ;  pepper  oil,  an  oleoresin  (about  IY2  percent.)  containing  phellandrene  and 
chavicin,  a  resin  from  which  piperine  can  be  split  off;  fixed  oil  il^V-z  percent.).    Each 
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of  these  has  a  burning  taste  and  is  locally  irritant  and  all  are  probably  concerned 
in  the  action  of  the  drug.  The  seed  contains  the  same  amount  of  piperine  but  much 
less  oil. 

Summary  of  Actions  and  Uses. — Like  capsicum,  the  chief  action  of  piper  is  a  stimu- 
lation of  the  endings  of  the  sensory  nerves,  most  other  effects  being  reflex  from  pain 
and  irritation. 

It  is  employed  chiefly  as  a  carminative. 

Materia  Medica. — Piper  (U.S.  IX.),  Pepper.    Synonym:  Black  pepper. 

The  dried  unripe  fruit  of  Piper  nigrum  Linne  (Fam.  Piperacece).  Nearly  globular, 
from  3.5  to  6  mm.  in  diameter,  epicarp  very  thin,  easily  separable  from  the  sarcocarp; 
externally  blackish-brown  or  grayish-black,  coarsely  reticulate;  unilocular,  one-seeded; 
seed  nearly  white,  hollow,  adhering  to  the  pericarp;  odor  aromatic,  slightly  empyreu- 
matic;  taste  aromatic  and  very  pungent.  The  powder  is  a  mixture  of  blackish-brown 
fragments  of  the  pericarp  and  nearly  white  fragments  of  the  endosperm  and  embryo. 
Pepper  yields  not  less  than  6  percent,  of  non-volatile  extract;  soluble  in  ether;  also 
contains  not  less  than  25  percent,  of  starch. 

Dose,  5  to  10  grains  (0.3  to  0.6  Gm.). 

Oleoresina  Piperis  (U.S.  IX.),  Oleoresin  of  Pepper.    Ahhr.,  Oleores.  Piper. 

Obtained  by  percolation  of  500  Gm.  of  powdered  pepper  to  exhaustion  of  the  drug, 
with  ether,  removing  tlie  latter  by  distillation  and  then  separating  the  oleore:in  from 
the  piperine  by  straining  through  purified  cotton. 

Dose,  y4,  to  1  grain  (0.016  to  0.06  Gm.). 

Confectio  Piperis  (Br.),  Confection  of  Pepper.  Ahhr.,  Conf.  Piper.  Synonym: 
Electuary  of  Pepper. 

Powdered  black  pepper,  100  Gm.;  powdered  caraway,  150  Gm.;  honey,  750  Gm. 

Dose,  11/^  to  2  drams  (6  to  8  Gm.). 

Pharmacodynamic  Action:  Topical  Action. — Applied  to  the  skin,  pepper  causes  itch- 
ing, burning,  redness  and  even  severe  dermatitis.  In  the  eye  and  nose  it  induces  severe 
pain,  with  photophobia  and  sneezing,  accompanied  by  swelling  and  congestion  of  the 
mucosa,  followed  by  inflammation.  Inhaled,  it  induces  laryngitis  and  bronchitis  or, 
rarely,  bronchopneumonia. 

In  the  mouth  extreme  pain  may  be  followed  by  stomatitis.  Swallowed,  even  large 
doses,  2  to  4  cc.  (Vs  to  1  dram)  of  the  powder  or  oleoresin  may  induce  only  local  irri- 
tation. Young  pigs  given  a  tablespoonful  by  mouth  may  die,  however,  from  gastro- 
enteritis and  fatty  degeneration  of  the  liver. 

Toxic  and  Systemic  Action.— Bogs  given  1  Gm.  (15  gr.)  of  the  oil  by  vein  show 
excitement  followed  by  deep  somnolence  and  sometimes  epileptiform  convulsions.  Diar- 
rhea, retching  and  vomiting  precede  death.  Frogs  given  injections  show  excitement  from 
local  pain  followed  by  stupor  and  paralysis.    All  stimulant  action  is  probably  reflex. 

Therapeutics. — Black  pepper  is  a  carminative  and  a  gastric  stimulant  of  con- 
siderable efficacy  in  atonic  dyspepsia  with  flatulence.  It  is  thought  to  exert  a  tonic 
action  on  the  rectum,  and  is  therefore  added  to  laxatives  when  rectal  atony  is  a  factor 
in  the  constipation.  It  also  prevents  griping  and  colic  when  g-iven  with  cathartics. 
It  was  formerly  credited  with  antiperiodic  action,  and  the  oleoresin  or  the  powder 
in  pill  form  is  sometimes,  even  now,  given  in  intermittent  fever  as  a  succedaneum 
for  or  adjuvant  to  cinchona.  It  is  a  mild  heart  stimulant,  and,  by  increasing  the 
superficial  circulation,  a  diaphoretic  as  weU.    These  effects  are  presumably  reflex. 

Armoracia 

Horseradish,  which  has  long  been  used  in  Euroi)e  as  a  condiment,  is  to-day  little 
used  in  medicine.    It  contains  the  glucoside  sinigrin  and  its  enzyme  myrosin,  both  of 
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which  are  also  found  in  mustard.  A  vohitile  oily  substance  (oil  of  horseradish)  is 
formed  on  heating  with  water. 

Materia  Medica.. — Armorac^  Radix  (Br.),  Horseradish  Root.    Ahhr.,  Armor.  Rad. 

The  fresh  root  of  Cochlearia  armoracia  Linne  (Fam.  Crucifcrce),  collected  from 
cultivated  plants.  The  root  is  long,  cylindrical  at  one  end  and  tapering  at  the  other, 
externally  brownish-yellow,  internally  white;  it  gives  out  a  pungent  odor  when  scraped 
or  bruised  and  its  taste  is  hot  and  biting.  Aconite  root  and  pokeroot  have  occasionally 
been  mistaken  for  horseradish,  with  serious  and  even  fatal  results. 

Dose,  20  to  30  grains  (1.3  to  2  Gm.). 

Spiritis  Armdrac-.e  CoMi'osiTrs  (Br.),  Compound  Spirit  of  Horseradish.  Ahhr., 
Sp.  Armor.  Co. 

Horseradish  root  and  dried  bitter-orange  peel,  of  each,  125  Gm. ;  nutmeg,  3  Gm.; 
alcohol  (90  percent.),  625  cc. ;  distilled  water,  750  cc;  distill  to  1000  cc.  Alcoholic 
content  about  -1:2  percent. 

Dose,  1  to  4  fluidrams  (4  to  16  cc). 

Therapeutics:  Topical. — Horseradish  is  rubefacient  and  counterirritant  when 
applied  to  the  skin,  but  it  is  seldom,  if  ever,  so  used,  except  perhaps  occasionally  in 
domestic  practice. 

Systemic. — Given  internally,  horseradish  is  an  aromatic  carminative  and  diuretic. 
It  is,  however,  rarely  used,  except  as  a  condiment,  although  the  spirit  is  sometimes 
added  as  a  synergist  to  diuretics,  the  action  of  which  it  materially  aids. 

Allium 

Several  species  of  allium  including  garlic  {A.  sativum),  onion  (A.  cepa),  and  leek 
(A.  porrum)  have  been  used  since  very  early  times  both  externally  and  internally,  as 
nibefacients  and  carminatives. 

Chemistry. — The  bulb  of  A.  sativum  contains  a  volatile  oil  (oil  of  garlic)  which 
consists  chiefly  of  sulphur  compounds.  These  include  propyl  sulphide,  CjHjS;  two 
allyl  disulphides,  CgH^oSj,  60  percent. ;  and  CjH^jSj,  6  percent. ;  allyl  trisulphide,  C,Hj„Sj, 
20  percent.,  and  a  tetrasulphide,  CgH^^S^.  The  trisulphides  are  chiefly  responsible  for 
the  garlic  odor.    Onion  oil  consists  mainly  of  similar  disulphides. 

Summary  of  Actions  and  Uses. — Garlic  and  its  oil  are  extremely  Irritating  to  the 
skin,  producing  redness  with  severe  pain  and  occasionally  vesication.  By  mouth,  it  is 
also  irritant  unless  mitigated  by  food. 

It  has  been  used  as  a  counterirritant,  carminative,  diuretic  and  expectorant,  and 
by  enema  against  threadworms. 

Materia  Medica. — Allium  (N.F.),  Garlic. 

The  fresh  bulb  of  Allium  sativum  Linne  (Fam.  Lili-aceoB).  Bulb  subglobular, 
from  4  to  6  cm.  in  diameter,  compound,  consisting  of  from  eight  to  fifteen  bulbels  and 
surrounded  by  one  or  two  dry,  whitish  membranaceous  scales,  and  attached  to  a 
flattened  circular  base  from  the  lower  portion  of  which  arise  numerous  yello\vish-white 
roots.  Odor  of  broken  or  bruised  bulbels  powerfully  alliaceous;  taste  intensely  pungent 
and  persistent. 

Dose,  20  to  30  grains  (1.3  to  2  Gm.). 

SvRUPUS  Allii  (N.F.),  Syrup  of  Garlic. 

Made  by  macerating  200  Gm.  of  the  sliced  and  bruised  bulbels,  or  cloves,  in  300  cc. 
dilute  acetic  acid  for  4  days,  and  expressing  the  liquid;  mix  the  residue  with  200  cc. 
more  of  dilute  acetic  acid  and  again  express;  mix  the  two  filtrates  and  pour  upon 
800  Gm.  of  sucrose,  lastly  adding  sufficient  acid  to  make  the  product  measure  1000  cc. 

Synergists. — Menthol,  terebinthinates,  wild  cherry,  ammonium  salts  and  all  stimu- 
lant and  sedative  expectoi'ants. 

Dose,  10  to  60  minims  (0.6  to  4  cc). 
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Antipathogenic  Action. — Worms  placed  in  water  to  which  have  been  added  small 
amounts  of  the  extract  of  allium  bulbs,  show  excitement  followed  by  paralysis.  Similar 
effects  result  from  a  5  millimol  (about  0.07  percent.)  concentration  of  allyldisulphide 
(Rice). 

Pharmacodynamic  Action. — Oil  of  garlic  is  absorbed  by  the  skin  and  mucous  mem- 
branes and  after  application  or  ingestion  its  odor  can  be  detected  on  the  breath,  in 
the  urine,  the  milk,  and  the  sweat. 

Topically  it  is  similar  in  action  to  mustard,  but  more  mild  and  less  easily  con- 
trolled. 

Systemically  its  chief  action  is  diuresis  due  to  irritation  of  the  kidneys.  Small 
doses  swallowed  cause  increase  in  the  gastric  and  intestinal  peristalsis. 

Therapeutics:  Topical. — Garlic  may  be  applied  externally  (in  the  form  either  of 
the  bruised  cloves  or  of  the  oil)  as  a  rubefacient  and  counterirritant.  A  garlic  poultice 
may  give  relief  in.  the  chest  pains  of  intercostal  neuralgia  or  pleurisy  and  in  flatulent 
colic.  Tuberculous  joints  have  been  treated  by  the  prolonged  application  of  garlic 
poultices,  renewed  daily,  with  alleged  recovery  or  decided  improvement.  For 
laryngeal  tuberculosis,  spray  inhalations  of  freshly  expressed  garlic  juice  with  10  per- 
cent, alcohol  and  2  percent,  oil  of  eucalyptus,  are  recommended,  to  be  combined  with 
a  garlic  poultice  to  the  throat,  and  30  minims  of  garlic  juice  or  2  minims  of  allyl 
sulphide  internally,  three  times  a  day.  Garlic  has  also  been  used  with  benefit  externally 
in  the  treatment  of  suppurating  wounds  and  sluggish  ulcers. 

Systemic. — Garlic  is  serviceable  in  the  treatment  of  flatulent  dyspepsia,  but  in 
large  doses  impedes  digestion.  It  is  given  with  benefit  in  acute  and  subacute  catarrhal 
conditions  of  the  upper  respiratory  tract  and  in  chronic  bronchitis,  especially  when 
the  expectoration  is  scanty  and  there  is  a  tendency  to  asthmatic  paroxysms.  Garlic 
can  rarely  be  depended  upon  as  a  sole  remedy,  but  may  be  used  in  association  with 
other  indicated  drugs.  In  the  form  of  the  syrup,  and  particularly  for  children,  it  is 
a  useful  ingredient  of  the  vehicle  when  terebinthinates,  ammonium  salts  or  iodides 
are  administered  in  conditions  associated  with  unproductive  cough.  One  may  give 
5  to  30  minims  (0.3  to  2  cc.)  of  the  syrup  of  garlic,  with  appropriate  quantities  of 
syrup  of  senega  or  syrup  of  wild  cherry  and  of  a  digestant  vehicle,  associated  with 
menthol,  terebene,  eucalyptol  or  grindelia  or  with  ammonium  bromide  or  chloride 
or  potassium  iodide,  as  the  individual  case  may  suggest.  In  acute  pulmonary  tuber- 
culosis, garlic  has  symptomatic  usefulness  only.  Adults  who  object  to  the  odor  and 
taste  of  garlic  may  take  it  in  pill  form,  or  the  oil  or  allyl  sulphide  may  be  given  in 
capsules.  For  children  a  clove  of  garlic  may  be  boiled  in  milk,  or  the  syrup  in  dose 
of  2  or  5  minims  (0.13  to  0.3  cc.)  or  more  may  be  given  in  the  same  vehicle. 

Abrus 

Abrus,  or  jequirity,  consists  of  the  seeds  of  a  tropical  tree  Abrus  precatorius.  The 
seeds  are  enclosed  in  a  hard  shell  and  the  whole  seed  may  be  swallowed  without  danger. 
The  seed  itself,  however,  contains  several  poisonous  principles,  of  which  by  far  the 
most  important  is  a  toxalbumin,  abrin,  which  is  closely  related,  both  in  chemical 
nature  and  toxic  action,  to  ricin,  the  toxalbumin  of  castor  oil  beans.  Little  is  known 
of  the  exact  chemistry  of  this  body,  but  it  appears  to  be  a  true  protein.  The  seeds 
are  said  to  contain  also  a  crystalline  glucoside,  which  has  a  tetanic  action,  and  a 
hemagglutinin.     The  last  has  not  been  positively  separated  from  abrin. 

Summary  of  Actions  and  Uses. — Abrin  is  a  protoplasm  poison  and  is  destructive  to 
all  living  cells  even  when  present  in  minute  amounts.  The  red  blood  cells  are  espe- 
cially sensitive  to  its  action.  It  has  the  property  of  inducing  the  formation  of  anti- 
bodies which  exert  a  specific  neutralizing  effect  on  it,  and  its  most  important  medicinal 
application  has  been  in  the  study  of  the  phenomena  underlying  immunity. 

Therapeutically   it  was   formerly   employed   to   cause   inflammation   of   the   eye    in 
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cases  of  pannus,  the  resulting  scarring  closing  off  the  disfiguring  blood-vessels.    It  has 
found  occasional  use  as  an  emetic  and  anthelmintic. 

Materia  Medica. — Abki  Semina  (unofficial),  Abrus  Seeds.  Synonyms:  Abrus, 
Prayer  Beads,  Jequirity. 

The  ripe  seeds  of  Ahnts  precaforius  Linno  (Fani.  Lcguminoscv).  Ovoid,  smooth, 
shiny,  hard  seeds,  5  to  8  mm.  in  length,  of  a  bright  scarlet  color,  with  a  hilum  sur- 
rounded by  a  black  border. 

Dose,  not  used  internally. 

Cuution:    Very  poisonous. 

Pharmacodynamic  Action:  Action  on  Single  Cells. — Living  cells  exposed  to  the 
action  of  dilute  solutions  of  abrin  show  loss  of  their  vital  functions  followed  by  agglu- 
tination. Protozoa  are  killed  by  very  high  dilutions,  as  are  certain  bacteria,  but  as  it 
dialyzes  very  slowly,  yeast  cells  and  thick-walled  (Gram  positive)  bacteria  are  resistant 
to  its  action.  The  flow  of  protoplasm  in  tradescantia  and  similar  plant  cells  is  stopped, 
presumably  by  the  agglutinating  action  on  protoplasm. 

Suspensions  of  animal  cells  are  caused  to  clump  together  by  a  process  resembling 
coagulation  when  abrin  is  added  to  them,  but  this  action  is  prevented  to  a  great  extent 
by  serum.  The  red  blood  cells  are  agglutinated  by  dilutions  which  have  no  action  on 
white  corpuscles  or  suspensions  of  liver  cells,  etc.  The  corpuscles  in  10  cc.  of  diluted 
blood  adhere  in  a  sticky  mass,  if  0.5  mgm.  of  abrin  is  added. 

Topical  Action. — Abrin  is  not  injurious  to  the  unbroken  skin,  but  is  irritant  to 
all  mucous  membranes.  The  conjunctiva  is,  however,  so  much  more  sensitive  than  any 
other  that  its  topical  action  cannot  be  studied  elsewhere  to  advantage.  When  a  dilute 
solution  of  abrin  is  dropped  in  the  eye,  there  is  seen,  in  a  short  time,  an  injection  of 
the  vessels,  and,  soon  after,  edema  of  the  lids.  This  is  not  accompanied  by  any  pain. 
The  next  day  there  is  a  severe  conjunctivitis  with  an  adherent  muco-purulent  discharge, 
and  very  marked  swelling,  often  involving  the  entire  side  of  the  face.  Throughout,  the 
pain  is  much  less  than  would  be  anticipated  from  the  physical  disfigurement.  By  the 
second  day  the  swelling  is  subsiding,  and  there  may  be  complete  return  to  normal  in 
3  to  6  days.  In  the  rabbit,  in  which  this  reaction  has  been  most  carefully  studied,  such 
an  inflammation,  ending  in  complete  restoration,  is  caused  by  y-,  of  the  fatal  dose  per 
Gram,  namely,  0.01  mgm.  (1/G700  grain).  Ten  times  this  amount  may  cause  corneal 
ulceration  with  permanent  opacity,  and  0.25  mgm.  (1/250  grain)  will  lead  to  panoph- 
thalmitis with  loss  of  the  eye,  and  perhaps  of  life.  The  human  eye  is  apparently  less 
sensitive,  and  certainly  so  when  there  is  old  trachoma  with  fibrous  changes  in  the 
cornea  and  lids. 

Subcutaneous  injections  cause  local  inflammation  or  even  necrosis  of  the  skin. 
They  may  lead  to  local  loss  of  hair  without  other  changes;  the  hair  follicles  being 
peculiarly  sensitive  to  its  action. 

Toxic  and  Systemic  Action:  Toxic  Dose. — Owing  to  uncertain  absorption,  the  fatal 
dose  by  mouth  is  much  greater  than  that  by  subcutaneous  injection.  Thus,  in  mice 
death  results  from  0.5  mgm.  per  kilo,  about  0.01  mgm.  (1/6000  grain)  for  an  average 
mouse.  By  mouth  the  fatal  dose  is  about  0.4  mgm.  (1/170  grain).  Rabbits  are  killed 
by  50  mgm.  per  kilo  hypodermically.  The  fatal  dose  for  man  is  not  known,  but  severe 
symptoms  have  resulted  from  swallowing  a  small  portion  of  a  seed.  Different  lots  vary 
in  toxicity  and  in  power  to  agglutinate  blood-cells,  and  these  two  powers  do  not  run 
parallel. 

Toxic  Action. — Much  study  has  been  devoted  to  the  character  and  mechanism  of 
abrin  poisoning,  not  because  of  its  essential  importance,  but  because  of  the  readi- 
ness with  which  a  high  degree  of  resistance  is  obtained  by  repeated  doses,  and  of  the 
light  thrown  by  this  on  the  mechanism  of  immunity  to  bacterial  infection  and  intox- 
ication. 

In  the  few  cases  of  poisoning  in  man,  the  symptoms  have  been  pain  in  the  throat 
and  stomach,  coming  on  several  hours  after  pieces  of  seed  were  swallowed,  and  fol- 
lowed by  severe  vomiting  and  free  diarrhea.  Soon  after  there  were  cramps  in  the  legs, 
faintness  and  collapse.  Tremors  with  faintness  and  weak  heart  action  lasted  a  day 
or  more,  but  recovery  followed. 

Treatment  would   consist   in  the  administration  of  emetics,   if  necessary,   followed 
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by  saline  cathartics  to  prevent  absorption.  Tannin  or  other  protein  precipitants  might 
also  be  given.    Supporting  and  stimulating  medication  would  be  used  as  indicated. 

Small  animals  given  non-fatal  doses  by  mouth  show  no  symptoms  for  several  hours, 
then  exhibit  abdominal  pain  with  diarrhea.  After  hypodermic  injections  these  symp- 
toms are  replaced  by  irritation  at  the  point  of  injection. 

The  usual  cause  of  death  is  an  agglutination  of  the  red  cells  with  multiple  embolism. 
In  addition,  there  are  degenerative  changes  in  the  wall  of  the  heart  and  multiple  hemor- 
rhages chiefly  in  the  wall  of  the  intestine.  In  the  delayed  deaths  the  cardiac  alteration 
is  directly  responsible. 

Immunity. — If  a  toxic  but  not  lethal  dose  of  abrin  be  given  to  any  animal  and 
after  an  interval  of  six  or  more  days  the  same  dose  be  again  given,  it  will  cause  less 
distress  or  even  none  at  all.  If,  however,  twice  the  dose  be  used,  the  animal  will  again 
be  sick.  If  in  this  way  gradually  increasing  doses  are  given  at  intervals  of  several 
days,  it  will  be  found  that  the  animal  has  become  completely  immune  and  that  even 
enormous  doses  are  without  effect.  If  now  a  strong  solution  of  abrin  be  dropped  in 
the  eye,  it  will  be  found  that  there  is  no  reaction.  Such  a  local  immunity  of  the  eye 
can  also  be  obtained  by  repeated  instillations.  If  a  dose  which  causes  a  mild  conjunc- 
tivitis be  dropped  in  the  eye  and  after  the  inflammation  has  subsided  a  larger  amount, 
and  this  process  be  continued  about  ten  times  at  intervals  of  a  week  or  so,  a  state  of 
complete  local  immunity  may  be  attained,  even  the  powder  sprinkled  in  the  eye  bring- 
ing no  reaction.  At  this  time  it  will  be  found  that  there  is  a  certain  degree  of  general 
immunization  and  that  the  opposite  eye  will  bear  much  larger  doses  than  normal, 
although  much  less  than  the  treated  eye.  This  shows  that  a  certain  part  of  the  im- 
munity is  in  the  tissue  cells  themselves,  although  a  large  part  is  in  the  serum.  The 
presence  of  antibodies  in  the  serum  can  be  shown  by  adding  abrin  to  immune  blood 
and  failing  to  get  agglutination;  then  removing  the  serum  from  the  cells  of  another 
portion  and  adding  the  same  amount  to  the  suspended  cells,  which  are  at  once  clumped 
together.  The  degree  of  immunity  reached  varies  with  the  method  of  administration. 
If  we  call  that  amount  of  abrin  which  will  kill  1  Gm.  of  mouse  a  toxic  unit,  then  giv- 
ing abrin  to  rabbits  hypodermically,  we  can  reach  a  degree  of  immunity  in  which  1  cc. 
of  serum  will  neutralize  10,000  units.  Given  by  mouth  or  in  the  eye  we  can  reach  only 
500  such  units.  The  difference  is  due  to  the  poor  absorption  through  all  membranes. 
Such  an  immune  serum,  mixed  with  the  abrin  solution  before  instillation,  prevents 
the  reaction  of  a  normal  eye  and,  if  instilled  even  several  hours  after  the  abrin,  that 
is,  when  inflammation  is  already  under  way,  will  cause  the  reaction  to  be  mild. 

Therapeutics. — Abrin  was  used  formerly  quite  freely,  but,  owing  to  its  use  in 
improperly  selected  cases  and  numerous  accidents  arising  therefrom,  it  was  again 
abandoned  to  a  degree  as  extreme  as  the  overuse.  If  its  use  is  limited  to  those  cases 
of  long  standing  trachoma,  in  which  the  acute  inflammatory  reaction  has  long  subsided 
and  in  which  there  remain  only  fibrous  changes  in  the  lids,  and  pannus  and  opacity 
of  the  cornea,  it  is  capable  of  rendering  service  in  otherwise  hopeless  cases.  Edema  or 
acute  inflammation  of  the  lids  or  conjunctiva,  and  open  ulceration  of  the  cornea  con- 
stitute absolute  contraindications  to  its  use.  One  should  begin  with  a  dose  of 
0.001  mgm.  which  will  usually  cause  no  reaction  at  all  and  proceed  by  giving  larger  and 
larger  doses,  basing  the  increase  and  the  interval  on  the  reaction  and  the  amount  of 
scarring  obtained.  Doses  as  large  as  4  mgm.  may  be  reached  in  the  course  of  a  few 
weeks.  It  is  wise  to  have  the  antiserum  at  hand  to  use  in  case  a  reaction  is  unexj)ectedly 
severe.    "With  these  precautious  there  would  seem  to  be  no  danger  from  its  use. 

The  infusion  of  jequirity  has  been  applied  locally  with  some  success  in  the  treat- 
ment of  sluggish  ulcers  and  of  epithelioma,  but  there  are  other  remedies  for  these 
oonditions  which  are  equally  or  more  efficacious. 

Irritant  Plants 

With  the  rubefacients  may  be  taken  up  several  plants  that  in  many,  but  not  in  all 
persons,  excite  by  contact,  irritation  of  the  skin  or  mucosfe  (toxic  dermatitis).  Of 
these,  by  far  the  most  important  in  North  America  are  certain  species  of  the  genus 
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Ehiis  including  poison  ivy  and  poison  suinao.  Similar  eruptions  aro  caused  by  primula 
and  urtica  or  nettle.  Isolated  cases  of  irritation  have  been  reported  from  Helenium 
autumnale  (caused  by  its  active  principle,  helenin,  Lamson) ;  from  teakwood  (Evans) ; 
from  ragweed  pollou  (Hannah)  ;  from  vanilla  beans  (Claveric)  ;  from  the  fruit  of  the 
gingko  tree  (Starr)  from  hypcricura  (Ray,  Rogers) ;  and  from  a  few  other  plants. 

Rhus 

Many  species  of  Rhus  contain  an  identical  irritant  principle,  toxicodendrol.  The 
most  important  species  which  are  thus  distinguished  are  poison  ivy  (R.  radicans  and 
B.  dicersiloha)  ;  poison  sumac  (i?.  venenata,  R.  vernix)  ;  poison  oak  (R.  toxicodendron)  ; 
southern  poison  oak  (R.  pumila) ;  and  the  Japanese  lacquer  tree  (R.  vernicifera). 
The  conunou  sumac  (R.  glabra)  the  dwarf  sumac  (R.  copallina)  and  the  staghorn 
sumac  (R.  hirta)  do  not  have  any  poisonous  properties.  It  is  helpful  to  recall  that  all 
poisonous  species  have  white  berries,  while  all  of  the  innocent  ones  have  red.  "Berries 
white  poison  at  sight,  berries  red  have  no  dread." 

Chemistry. — Toxicodendrol  is  an  amber  colored  non-volatile  fat  associated  with  a 
resin  which  has  acidic  and  phenolic  properties.  It  is  insoluble  in  water,  freely  soluble 
in  strong  but  not  in  dilute  alcohol,  and  is  precipitated  by  lead  acetate.  From  this 
combination  it  is  gradually  released  in  contact  with  the  tissues.  It  is  oxidized  by 
potassium  permanganate  and  appears  to  be  destroyed  by  strong  alkalis.  All  parts  of 
the  plant  contain  the  poison  except  the  pollen  and  perhaps  the  leaf  hairs  (Warren). 

Summary  of  Actions  and  Uses. — In  normal  individuals  the  action  is  commonly  only 
topical,  consisting  in  a  vesicular  skin  eruption.  Occasionally  there  is  irritation  of  the 
kidneys  with  albuminuria. 

Rhus  is  not  employed  for  its  topical  effects  but  has  been  employed  internally  with 
good  effect  in  muscular  rheumatism. 

Materia  Medica. — Rhus  Toxicodendron  (unofficial).  Poison  Ivy.  Ahhr.,  Rhus  Tox. 
Syno7iym:  Poison  Oak. 

The  fresh  leaves  of  Rhus  radicans  Linne  (Fam.  Anacardiacece) .  Leaves  3-foliate, 
with  ovate  leaflets  -'3  to  15  cm.  long. 

Dose,  l^  to  1/2  grain  (0.016  to  0.03  Gm.) ;  of  a  25  percent,  tincture,  1  to  3  minims 
(0.06  to  0.2  c.c.) ;  of  the  Eclectic  specific  medicine,  I/2  to  3  minims  (0.03  to  0.2  cc). 

Rhus  Tox.  Antigen  (N.N.R.).    Synonym:  Poison  Ivy  Extract. 

A  solution  of  a  substance  extracted  from  the  leaves  of  rhus  toxicodendron,  used 
to  determine  sensitiveness  to,  desensitize  against  and  relieve  symptoms  of  the  derma- 
titis produced  through  contact  with  poison  ivy. 

Dose,  sensitiveness,  Mo  cc.  injected  intrademially ;  desensitizing,  4  doses  of  0.5 
to  1  cc.  injected  intramuscularly;  therapeutic,  3  doses  of  0.5  to  1  cc.  injected  intra- 
muscularly at  24-hour  intervals. 

Rhus  Venenata  Antigen  (N.N.R.). 

A  solution  of  a  substance  extracted  from  the  leaves  of  rhus  venenata. 

Dose,  same  as  Rhus  Tox.  Antigen. 

Pharmacodynamic  Action:  Absorption  and  Elimination. — But  little  study  appears 
to  have  been  given  to  the  fate  of  toxicodendrol.  It  is  known  that  it  can  be  absorbed 
from  the  skin,  as  albuminuria  may  result  in  persons  with  extensive  eruptions.  Absorp- 
tion from  the  digestive  tract  is  evidenced  by  the  possibility  of  inducing  immunity 
through  administration  by  mouth.  Excretion  by  the  kidneys  is  indicated  by  the  occur- 
rence of  renal  irritation  in  persons  poisoned  by  it. 

Toxic  Action.— The  manifestations  of  poisoning  are  in  the  majority  of  cases  limited 
to  the  skin.  From  1  to  9  days  after  exposure,  as  a  rule  on  the  fourth  or  fifth  day,  the 
eruption  begins  as  small,  discrete  vesicles,  which  are  quite  superficial  and  tend  to 
rupture  into  each  other  and  externally.  They  commonly  appear  first  between  the 
fingers  and  on  the  face.    With  or  before  the  outcrop  of  vesicles  there  is  intense  itching 
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and  frequently  a  diffuse  erythema.  There  may  be  enormous  edema,  the  eyelids  being 
often  swollen  to  complete  closure  and  the  hands  becoming  well-nigh  useless.  Conjunc- 
tivitis and  more  or  less  nasal  and  laryngeal  irritation  are  not  rare  and  we  have  observed 
even  bronchitis  and  asthma  in  specially  susceptible  subjects.  Only  occasionally  does 
rupture  of  the  vesicles  lead  to  deep  ulceration.  Accompanying  the  eruption  in  severe 
cases  there  may  be  fever  with  leucocytosis  up  to  12,000  per  cm.  The  kidneys  may  be 
irritated,  and  albuminuria  is  not  uncommon.  Acute  nephritis  has  been  reported 
(McNair).  The  eruption  generally  subsides  in  from  4  to  8  days,  although  appearance 
of  new  patches  may  interrupt  recovery.  Such  new  outbreaks  may  be  excited  by  the 
serum  from  ruptured  vesicles,  if  this  be  not  promptly  removed.  Other  symptoms  pass 
away  with  the  eruption.  In  very  mild  cases  there  may  be  only  a  transient  erythema 
or  a  localized  urticaria,  or  a  small  crop  of  vesicles  with  no  redness  and  but  little  itching. 

Occurrence  of  Poisoning. — Poisoning  is  almost  always  brought  about  by  direct  con- 
tact with  one  of  the  plants  mentioned,  more  rarely  by  contact  of  these  with  the  clothing 
or  other  article  that  is  later  rubbed  against  the  skin.  Toxicodendrol  is  not  volatile  and 
there  is  no  danger  from  mere  proximity  to  the  plants  in  the  absence  of  direct  or  indirect 
contact.  Poisoning  may  occur,  however,  by  a  fly  alighting  on  the  leaf  and  then  on  the 
skin,  or  from  particles  of  dust  to  which  the  poison  has  adhered  and  which  may  be 
blown  about  by  the  wind.  The  observation  that  irritation  occurs  more  readily  when 
the  skin  is  wet  may  be  accounted  for  by  the  readier  adherence  to  it  of  dust  carrying 
the  poison. 

Of  the  American  species  the  sumac  is  most  poisonous,  the  others  not  differing  widely 
from  one  another.  All  the  species  are  most  active  in  the  spring  when  the  new  leaves 
are  developing;   and  gradually  lessen  in  power,  being  least  dangerous  in  winter. 

The  toxic  quantity  of  toxicodendrol  is  very  small;  as  little  as  0.001  mgm.  may 
cause  an  eruption. 

IniTnunity. — It  is  a  matter  of  common  observation  that  individuals  differ  extremely 
in  susceptibility.  Some  persons  can  handle  the  plants  without  danger;  others  are 
affected  severely  by  the  very  minute  amounts  that  can  be  carried  on  the  feet  of  an 
insect  or  by  similar  means. 

Immunity,  or  at  any  rate  lessened  susceptibility  to  the  poison,  may  be  attained 
by  hypodermic  injections  of  toxicodendrol  or  of  extracts  of  the  plants,  or  even  by  taking 
such  extracts  internally  (Schamberg).  It  is  a  practice  of  railroad  track  workers  to 
chew  the  leaves  to  protect  themselves  (Ford).  That  such  immunity  is  not  absolute 
is  shown  by  the  fact  that  blisters  can  be  produced  in  immunized  persons  by  direct 
application  of  small  amounts  of  toxicodendrol  (Warren).  The  method  of  giving  increas- 
ing doses  of  the  tincture  by  mouth  seems  to  give  good  results  in  lessening  susceptibility. 

Treatment. — Treatment  consists  primarily  in  removing  and  destroying  all  of  the 
poison  which  has  not  yet  been  absorbed.  For  this  purpose  all  exposej  clothing  should 
be  removed  and  all  exposed  parts  of  the  body  scrubbed  thoroughly  with  soap  and  water, 
after  which  a  full  bath  should  be  taken  and  entirely  fresh  clothing  donned.  This  will 
usually  keep  the  eruption  limited  to  the  parts  already  exposed  and  will  often  prevent 
its  occurrence. 

If  blisters  are  already  present,  the  part  may  be  treated  with  potassium  perman- 
ganate followed  by  hydrogen  peroxide  and  a  paste  or  ointment  containing  a  peroxide 
or  perborate  applied.  Solution  of  chlorinated  soda  or  sodium  hypochlorite  is  also  useful 
and  does  not  discolor  the  skin.  Lead  acetate  may  be  applied  to  precipitate  the  poison, 
but  must  be  washed  off,  as  its  compound  with  toxicodendrol  decomposes  slowly,  releas- 
ing the  poison  again.  Alkalis  appear  to  be  of  benefit,  ammonia  water  and  sodium  car- 
bonate and  bicarbonate  being  recommended.  Extracts  of  various  plants  are  recom- 
mended as  emergency  remedies  in  the  field.  The  expressed  juices  of  the  plantain 
{Plantago  major),  of  touch-me-not  (Impatiens)  and  of  bugle  weed  (Lycopus),  as  well 
as  the   diluted  fluidextract  of  grindelia,  are  each  recommended  highly. 

In  extremely  bad  or  persistent  cases,  injection  of  epinephrine  or  pituitary  extract 
may  be  of  service;  as  also  the  internal  use  of  sodium  or  potassium  bicarbonate  or  citrate 
in  full  dose. 

Therapeutics. — The  only  official  Rhus  is  rhus  glabra  which  Is  an  astringent,  having 
properties  veiy  dissimilar  to  those  of  poison  ivy.  Its  consideration  belongs  in  the 
section  on  Astringents. 

Rhus  toxicodendron,  poison  ivy,  is  highly  prized  as  a  remedy  by  Homeopathic  and 
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Eclectic  physicians.  In  Homeopathic  practice  it  is  prescribed  for  subacute  and  chronic 
rheumatism  and  to  relieve  soreness  and  stiffness  of  the  muscles  followini?  the  lifting 
of  heavy  weights  or  severe  exercise,  to  which  one  is  unaccustomed.  Eclectic  physicians 
give  the  specific  medicine  in  fractional  drop  doses  frequently  repeated  in  cases  of 
nervous  erethism  in  the  young,  in  the  acute  exanthemata,  in  meningitis  and  in  the 
typhoid  states,  occurring  in  continued  fevers,  especially  in  enteric  fever  itself.  Rhus 
is  prescribed  also  for  the  relief  of  muscular  and  joint  pain  and  for  frontal  headache. 
In  conjunctivitis,  pain  in  the  eyeballs,  and  palpebral  edema,  rhus,  internally  admin- 
istered, is  believed  to  be  of  value.  The  dose  advised  by  Felter  is  from  5  to  15  drops 
of  the  specific  medicine  in  4  ounces  (half  a  glassful)  of  water,  of  which  a  teaspoonful 
is  given  every  hour  in  acute  cases  to  every  4  to  6  hours  in  chronic  disorders. 

The  tincture  and  fluidextract  of  poison  ivy,  as  well  as  poison  ivy  extracts,  have 
been  used  both  for  prevention  and  treatment  of  rhus  poisoning,  with  alleged  good 
results.  McNair,  however,  denies  that  the  duration  of  the  eruption  is  shortened  by 
such  treatment,  believing  that  application  of  ferric  chloride  solution  is  best  in  mild 
cases  and  sealing  under  paraffin  film  preferable  for  extensive  eruptions. 

Nettles 

With  Rhus  may  be  considered  two  plants  which  differ  from  it  in  that  the  irritating 
poison  is  contained  in  the  hairs  and  that  intoxication  occurs  only  from  direct  contact 
with  these. 

Various  species  of  the  genus  Urtica,  especially  V.  urens  and  U.  dioica  contain 
a  poison  distributed  in  hollow  hairs  which  are  sharp  pointed  and  penetrate  the  skin, 
thus  injecting  the  poison  immediately  below  the  epidermis  or  into  the  tiny  scratches 
made  by  the  sharp  tips  which  are  readily  broken  off.  In  the  United  States  these 
species  are  quite  common  in  low  ground.  Certain  garden  plants  such  as  Loasa  and 
Mucuna  possess  similar  hairs. 

Materia  Medica. — Urtica  (unofficial),  Nettle.  Synonyms:  Stinging  Nettle,  Com- 
mon Nettle. 

The  leaves  and  root  of  Urtica  dioica  Linne  (Fam.  Urticacece). 

Dose,  a  fluidextract  is  made,  the  dose  of  which  is  15  to  30  minims  (1  to  2  cc).  The 
Eclectic  specific  medicine  is  a  standardized  preparation,  the  dose  of  which  is  2  to  30 
minims  (0.13  to  2  cc).  A  decoction  of  the  strength  of  1  ounce  (32  Gm.)  to  the  pint 
(500  cc),  of  which  the  dose  is  about  a  teacupful  or  6  fluidounces  (190  cc),  can  be  made, 

Urtica  Urens   (unofficial),  Dwarf  Nettle.     Synonym:    Brandol. 

A  preparation,  in  liquid  form,  consisting  of  93  percent,  infusion  of  urtica,  2 
percent,  of  picric  acid,  and  5  percent,  of  glycerin. 

Dose,  for  external  use  in  treatment  of  burns  and  wounds. 

Therapeutics. — The  bruised  leaves  of  the  nettle  have  been  employed  locally  in 
domestic  practice,  for  the  relief  of  joint  sprains  and  arthritis,  as  well  as  myalgia  and 
chronic  muscular  rheumatism.  A  decoction  of  the  fresh  or  dried  leaves  is  used  in 
doses  of  a  teacupful  three  or  four  times  a  day  for  the  arrest  of  metrorrhagia  and 
menorrhagia. 

In  Eclectic  practice  it  is  given  in  chronic  cystitis  with  dysuria,  and  also  as  a 
diuretic.  It  is  prescribed  also  in  chronic  bronchitis  with  profuse  secretion.  It  is  said 
to  be  of  value  also  as  an  internal  hemostatic  in  profuse  menstruation,  hematuria, 
hemorrhoids,  melena,  and  hematemesis.  It  is  further  indicated  in  moist  eczema, 
erythema,  and  urticaria. 

Primula 

A  number  of  cultivated  primrose  plants  (Primula  compacta,  P.  ohconica,  P.  grandi- 
flora,  etc.),  as  well  as  P.  farinosa,  a  native  of  Michigan  and  neighboring  States,  show 
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hairs  which  end  in  glands  containing  a  poison  which  causes  a  very  severe  inflammation 
of  the  skin.  There  may  be  formation  of  blisters  resembling  a  mild  Rhus  eruption  or 
the  dermatitis  may  go  on  to  an  erysipelatoid  inflammation  with  extensive  ulceration. 
Both  the  pre-eruptive  period  and  the  duration  of  the  rash  aj*e  as  a  rule  longer  than 
with  Rhus.  It  appears  that  only  certain  persons  are  susceptible.  The  active  poison 
is  soluble  in  ether  and  there  may  be  two  poisons,  one  glucosidal,  the  other  an  acid 
constituent  of  the  resin    (Simpson). 

Poison  Gas 

The  World  War  gave  to  military  practice  several  new  weapons  of  which  perhaps 
the  most  deadly  were  the  poison  gases.  Of  these  chlorine  was  first  used,  but  was  soon 
replaced  by  others  which  produced  irritant  effects  in  higher  dilution.  Of  these  the 
most  important  were  of  4  types : 

1.  Asphyxiant  gas.     Chlorine,  Phosgene,  Chlorpicrin. 

2.  Tear  gas.    Xylyl  bromide.  Benzyl  bromide. 

3.  Sneezing  gas.     Diphenyl-chlor-arsine. 

4.  Blistering  gas.      Mustard  gas  (Yperite). 

Chlorine. — Chlorine  exerts  a  destructive  action  chiefly  on  the  throat  and  bronchi 
with  necrosis  of  the  bronchial  cells  which  permits  infection  often  of  a  persistent 
character.  High  concentrations  result  in  immediate  death  from  bronchial  spasm  and 
pulmonary  edema.  If  dogs  are  exposed  to  2.5  Gm.  per  liter  for  Vz  hour,  about  half 
die.    The  toxic  effects  of  chlorine  are  considered  in  detail  with  antiseptic  agents. 

Phosgene. — ^Phosgene  or  carbonyl  chloride  (COCIJ  is  slower  in  developing  its  toxic 
action  than  chlorine,  as  it  must  first  undergo  hydrolysis;  in  fact  it  may  be  absorbed 
by  the  cells  and  decomposed  in  them.  It  does  not  act  like  HCl  which  is  formed  from 
it  in  vitro.  Because  the  natural  gas  is  not  irritant,  it  reaches  the  lungs  and  acts 
more  on  these  and  less  on  the  throat  and  larynx  than  chlorine. 

High  concentrations  cause  slight  lacrymation  and  uneasiness  in  dogs  exposed  to 
it,  the  pupil  is  clouded  but  there  are  no  violent  symptoms.  After  some  time  cough 
and  dyspnea  develop  and  death  supervenes  from  asphyxia  in  3  to  12  hours  if  the 
concentration  were  high,  or  in  18  to  36  hours  if  lower.  There  is  no  struggling  and 
indications  of  pain,  as  after  chlorine  and  chlorpicrin. 

In  man  exposure  to  very  small  amounts  is  followed  after  a  few  hours,  by  coughing, 
lacrymation  and  intense  dyspnea.  The  effect  is  limited  largely  to  the  lungs,  which 
show  extreme  edema  leading  to  marked  cyanosis.  Dizziness  and  dyspnea  on  exertion 
are  the  first  symptoms.  The  bronchi  and  throat  are  not  inflamed.  In  fatal  cases 
autopsy  shows  congestion  and  edema  of  the  lungs.  The  walls  of  the  bronchi  may 
present  areas  of  necrosis.  The  fatal  concentration  is  about  0.3  to  0.35  mgm.  per  liter 
of  inspired  air. 

Apart  from  its  action  on  the  lungs  phosgene  induces  other  changes,  partly 
secondary  to  these.  The  respiration  exhibits  increase  of  rate,  after  brief  slowing. 
The  excretion  of  bronchial  mucus  is  much  increased.  The  pulse  rate  is  very  slow;  the 
temperature  falls;  the  congestion  of  the  lungs  may  lead  to  acute  dilatation  of  the 
heart.  The  metabolism  is  also  altered.  Output  of  urinary  nitrogen  is  increased, 
owing  to  destruction  of  tissue  proteins.  The  excretion  of  ammonia  and  of  phosphates 
are  increased  through  acidosis.  Chlorides  are  first  retained  in  the  lungs  and  later 
their  excretion  is  increased.  The  blood  shows  characteristic  changes  in  composition. 
There  is  first  a  stage  lasting  about  3  hours  in  which  the  total  solids  fall.  This  is 
followed  by  increase  of  solids,  reaching  a  maximum  in  20  hours  of  10  to  15  percent. 
above  normaL  In  case  of  recovery  the  solids  then  fall  slowly  to  normal.  The  red  and 
white  blood  cells  follow  the  changes  in  the  total  solids.    These  changes  show  that  the 
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blood  is  first  diluted,  probably  by  collection  of  red  oells  iu  the  lungs  as  there  is  no 
evidence  of  increase  in  blood  volume  (Eyster  and  Meek).  Later,  fluid  escapes  into  the 
lung  and  the  blood  becomes  concentrated,  the  chlorides  alone  falling  as  they  collect 
in  the  lungs.  In  the  third  stage,  the  chlorides  leave  the  lung  and  are  increased  both 
in  the  blood  and  in  the  urine.  Later  there  develops  fibrosis  of  the  lungs  due  to  con- 
traction of  scars  in  the  walls  of  the  finer  bronchi.  This  leads  to  permanent  dyspnea 
or  asthmatic  symptoms. 

Chlorpicrin, — Chlorpicrin,  CCl.,NOj,  is  a  respiratory  irritant  and  lacrymator,  more 
penetrating  but  less  poisonous  than  phosgene.  In  rapidity  of  action  it  approaches 
chlorine. 

A  concentration  of  about  1  mgm.  per  liter  of  air  causes  coughing,  salivation,  nausea 
and  vomiting  with  irritation  of  the  eyes,  nose  and  mouth.  With  larger  amounts 
xinoonsciousness  comes  on  in  10  to  15  minutes,  as  a  result  of  asphyxia.  The  medium 
and  small  sized  bronchi  are  most  affected,  and  there  is  no  bronchial  constriction, 
such  as  is  seen  with  chlorine,  to  protect  the  alveoli  from  its  action.  The  after-effects 
of  smaller  concentrations  are  bronchitis,  dyspnea,  weak,  irregular  heart  and  gastritis. 
Nephritis  may  residt.  Liquid  chlorpiorin  is  corrosive  to  the  skin  and  scratches  exposed 
to  the  fumes  become  septic. 

The  systemic  effects  are  the  same  as  those  of  phosgene. 

Tear  Gas. — Tear  gases,  as  their  name  implies,  cause  extreme  lacrymation  and 
congestion  of  the  eyes — so  great,  in  fact,  as  to  entail  temporary  blindness  and  total 
incapacit5%  In  contrast  to  asphyxiant  gases,  no  permanent  lesions  are  commonly 
produced. 

Sneezing  Gases. — These  resemble  tear  gas  in  the  temporary  nature  of  their  effects. 
They  have  greater  penetrating  power  than  the  asphyxiant  gases,  often  penetrating 
a  protective  mask  and  compelling  its  removal,  thus  allowing  access  to  the  system, 
of  one  of  the  more  deadly  gases. 

Mustard  Gas. — Mustard  gas,  dichlorethyl-sulphide,  SCCHjCH^Cl),,  owes  its  name 
not  to  any  chemical  or  physical  similarity  to  oil  of  mustard,  but  to  its  similar  odor 
and  its  action  in  producing  blisters. 

The  gas  itself  is  not  toxic  but  is  broken  down  in  the  body,  yielding  as  oxidation 
products,  dichlorethyl-sulphide  and  dichlorethyl-sulphone,  the  latter  of  which,  when 
applied  to  the  skin  in  high  dilution,  has  the  same  blistering  effect  and  produces  the 
same  vascular  injury  as  mustard  gas  (Flury  and  Wieland).  It  is  not  probable,  as 
claimed  by  Marshall,  that  HCl  split  off  in  the  cells  exercises  the  vesicant  effect. 

Animals  are  killed  in  less  than  5  minutes  if  the  surrounding  air  contains  1  part 
in  14,000  (0.5  mgm.  per  liter)  and  less  than  1  part  in  a  million  is  fatal  on  8  hours' 
exposure.  Conjunctivitis  and  incapacity  are  induced  by  1  part  in  14,000,000  and  1  part 
in  3,000,000  will  bum  the  skin  of  a  sensitive  person  on  prolonged  exposure. 

The  symptoms  of  poisoning  are  those  of  irritation  of  the  eyes,  upper  respiratory 
tract  and  skin;  conjunctivitis  and  corneal  erosion;  congestion  followed  by  erosion  of 
the  mucosa  of  the  pharynx,  trachea  and  bronchi;  and  hyperemia,  edema,  vesication 
and  even  necrosis  of  the  skin.  The  lesions  heal  very  slowly.  The  gas  is  absorbed  by 
the  lungs,  leading  to  vomiting  and  diarrhea,  hyperexcitability  and  convulsions.  It  is 
excreted  as  dihydroxyethyl-sulphide,  SCCH.CHjOH),,  HCl  being  released  at  the  time 
of  its  conversion.  Not  enough  is  absorbed  from  the  skin  to  induce  lesions  of  the  lungs 
in  animals  protected  from  inhaling  it.  The  skin  lesions  differ  from  heat  burns  in  the 
absence  of  thrombosis  and  hemorrhage  and  the  greater  edema.  The  height  of  the  skin 
necrosis  is  reached  5  to  10  days  after  exposure. 

The  kidneys  are  irritated  in  severe  cases,  there  being  oliguria,  albuminuria,  and 
lessened  urea  excretion.    Casts,  renal  cells  and  red  blood  cells  are  found  in  the  urine. 
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Treatment  of  injury  by  any  of  these  gases  is  symptomatic,  and  eliminative.  The 
skin  may  be  protected  by  an  ointment  of  zinc  oxide,  45  percent. ;  linseed  oil,  30  per- 
cent.;  lard,  10  percent.;  lanolin,  15  percent. 

Vesicants 

Vesicants  are  agents  which  when  applied  to  the  intact  skin  cause  a  more  or  leas 
specific  breaking  down  of  the  rete  Malpighii,  leading  to  the  collection  of  plasma 
between  its  outer  and  inner  layers.  This  may  be  because  the  fluid,  drawn  from  the 
vessels  by  the  irritant  action  of  the  vesicant,  penetrates  the  lower  layers  until  it 
reaches  the  impermeable  stratum  corneum,  and  separates  this  from  the  underlying 
tissues.  The  effect  is,  as  already  stated,  somewhat  specific — certain  agents  not  produc- 
ing blisters  even  in  concentrations  which  cause  severe  pain  and  inflammation,  and 
others,  such  as  cantharidin,  producing  blisters  with  so  little  inflammatory  reaction 
that  there  is  no  pain. 

The  chief  agents  which  are  used  in  medicine  to  produce  vesication  are  cantharides, 
or  Spanish  fly,  and  sinapis,  or  mustard.  Certain  agents  treated  in  other  groups  like- 
wise possess  this  power.  Toxicodendrol  from  the  poison  ivy,  and  mustard  gas,  described 
with  the  rubefacients,  show  this  action,  as  does  croton  oil  which  is  found  among  the 
cathartics.    Piper  and  capsicum  occasionally  blister. 

Vesication  is  used  as  a  means  of  applying  counterirritation  to  a  limited  area 
of  the  skin.    It  is  much  used  over  inflamed  nerves  and  viscera. 

Sinapis 

Various  species  of  cruciferae,  chiefly  of  the  genera  of  sinapis  and  brassica,  con- 
tain peculiar  sulphur  compounds  which  are  themselves  neither  volatile  nor  toxic,  but 
which  all,  in  the  presence  of  water,  under  the  influence  of  Myrosin,  a  ferment  which 
seems  to'  be  the  same  in  all,  yield  volatile,  oily,  irritant  sulphocyanates  or  similar 
compounds.  Of  these  substances,  the  only  ones  of  medicinal  importance  are  two 
glucosides,  found  respectively  in  the  seed  of  black  and  of  white  mustard. 

~  Both  of  these  substances  were  known  to  the  ancients,  the  use  of  mustard  as  a 
condiment  being  of  extreme  antiquity,  and  its  medicinal  use,  both  external  and 
internal,  antedating  Hippocrates. 

Chemistry. — The  seed  of  Sinapis  nigra,  black  mustard,  contains  a  glucoside, 
s'lnigrin,  C,„HjjOioNSjK,  which  under  the  influence  of  myrosin  forms  glucose,  potas- 
sium bisulphate  and  volatile  oil  of  mustard,  C^H^NCS.  The  seed  of  white  mustard 
has  a  similar  glucoside,  sinalhin,  which  yields  glucose,  hydrogen  sulphide  and  oil  of 
white  mustard,  C,H,ONCS.  This  is  similar  in  action  to  oil  of  mustard,  but  much 
weaker. 

Myrosin  is  injured  by  hot  water,  by  acids  and  alkalis.  Mustard  plasters  made 
with  hot  water  or  with  vinegar  are,  therefore,  less  violent  in  action  than  those  made 
with  cool  water. 

Summary  of  Actions  and  Uses. — Mustard  is  a  topical  irritant,  causing  painful  inflam- 
mation of  the  skin  and  of  mucous  membranes  to  which  it  is  applied.  Internally  it  is  a 
violent  emetic.  If  absorbed  in  toxic  amount  it  causes  albuminuria  and  depression  of  the 
respiratory  center. 

Mustard  and  its  oil  are  used  as  counterirritants  and  epispastics,  and  mustard  as  an 
emetic.    It  must  be  employed  always  with  caution,  and  never  in  cases  of  nephritis. 

Materia  Medica. — Sinapis  Alba  (U.S.  IX.),  White  Mustard.  Ahlr.,  Sinap.  Alb. 
Synonym :    Yellow  Mustard. 

The  ripe  seeds  of  Sinapis  alba  Linne  (Fam.   Cniciferce).     The  powder  is  light 
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yellowish  or  pale  brownish-yellow,  developing  a  slight  odor  when  moistened.  Does  not 
yield  allyl  isothiocyanate,  in  distinction  from  sinapis  nigra. 

Dose,  1  to  2  drams  (4  to  8  Gm.),  of  the  seed. 

Sinapis  Nigra  (U.S.  X.),  Black  Mustard.  Ahhr.,  Sinap.  Nig.  Synonym:  Brown 
Mustard. 

The  dried  ripe  seed  of  Brassica  nigra  (Linne)  Koch  (Fam.  Cruciferce).  The 
powder  is  light  brown  or  greenish-brown;  on  moistening  developing  a  strongly  pungent, 
irritating,  characteristic  odor.  Yields  not  less  than  O.G  percent,  of  volatile  oil  of 
mustard;  calculated  as  allyl  isothiocyanate. 

Dose,  Vz  to  2  drams  (2  to  8  Gm.) ;  (emetic),  2^2  drams  (10  Gm.),  of  the  powdered 
drug. 

Oleum  Sinapis  Volatile  (U.S.  X.),  Volatile  Oil  of  Mustard.  Ahhr.,  01.  Sinap. 
Vol.    Syno7iym:    Mustard  Oil. 

A  volatile  oil  produced  synthetically  or  obtained  from  black  mustard  seed  by 
maceration  with  water  and  subsequent  distillation. 

Vcflatilo  oil  of  mustard  is  a  colorless  or  pale  yellow,  strongly  refractive,  liquid, 
having  a  very  pungent  and  irritating  odor  and  an  acrid  taste.  The  Pharmacopoeia 
warns  against  smelling  or  tasting  this  oil  unless  highly  diluted.  The  oil  yields  not  less 
than  93  percent,  of  allyl  isothiocyanate.  The  label  must  state  whether  of  botanical  or 
synthetic  source. 

Dose,  Vs  to  Vi  minim  (0.008  to  0.015  cc). 

LiNiMENTUM  Sinapis  (Br.),  Mustard  Liniment.    Ahhr.,  Lin.  Sinap. 

Volatile  oil  of  mustard,  35  cc. ;  camphor,  55  Gm. ;  castor  oil,  125  cc. ;  alcohol 
(90  percent.),  q.s.  to  make  1000  cc. 

Dose,  for  external  use  only. 

LiNiMENTU-M  Sinapis  Compositum  (N.F.),  Compound  Liniment  of  Mustard.  Ahhr., 
Lin.  Sinap.  Co. 

Volatile  oil  of  mustard,  30  cc. ;  fluidextract  of  mezereum,  200  cc. ;  camphor,  GO  Gm.; 
castor  oil,  150  cc. ;  alcohol,  q.s.  to  make  1000  cc. 

Dose,  for  external  use  only. 

Spiritus  Sinapis  (N.F.),  Spirit  of  Mustard.    Ahhr.,  Sp.  Sinap. 

Volatile  oil  of  mustard,  2  cc. ;  alcohol,  q.s.  to  make  100  cc. 

Dose,  10  to  20  minims  (0.6  to  1.2  cc). 

Emplastrum  Sinapis  (U.S.  X.),  Mustard  Plaster.  Ahhr.,  Emp.  Sinap.  Synonyms: 
Charta  Sinapis,  Mustard  Paper. 

Eubber  plaster  with  2.5  Gm.  of  mustard  (deprived  of  its  fixed  oil)  in  each  100 
square  cm.  (2^/2  grains  per  square  inch). 

Dose,  for  external  use. 

Unguentum  Sinapis  (N.F.),  Mustard  Ointment.  Ahhr.,  Ung.  Sinap.  Synonym: 
Ointment  of  Oil  of  Mustard. 

Eepresents  2  percent,  of  oil  of  mustard  in  a  base  of  white  wax  (15  percent.)  and 
lard  (83  percent). 

Dose,  external  use. 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Oil  of  mustard  is  rapidly 
absorbed  from  the  unbroken  skin  as  well  as  from  all  mucous  membranes.  Its  penetra- 
tion of  the  skin  is  rapid,  and  unless  removed  soon  after  it  is  applied  it  will  injure  the 
deeper  layers  and  cause  ulceration.  It  is  eliminated  both  by  the  alimentary  tract  and 
the  kidney  as  shown  by  indications  of  irritation  in  both  digestive  and  urinary  systems 
after  topical  application. 

Topical  Actioji. — Oil  of  mustard,  or  mustard  with  water,  applied  to  the  sound  skin, 
produces  pain  and  burning  (like  a  hot  iron  held  nearby),  with  redness  in  3  to  4  minutes. 
This  is  followed  by  a  sense  of  numbness  which  is  again  succeeded  by  burning  pain  in 
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15  to  30  minutes.  At  this  time  the  application  should  be  removed,  as,  if  left  on  longer, 
it  will  cause  blistering  or  even  deep  ulceration.  The  blister  is  very  painful  and  heals 
slowly.  Mustard  should  be  used  with  great  caution  in  women  with  tender  skins,  and 
rarely,  if  ever,  in  young  children.  The  penetration  is  much  greater  than  that  of  can- 
tharides  or  capsicum.  On  the  tongue  mustard  causes  prickling  and  burning,  and,  if 
swallowed,  in  the  throat  and  stomach.  The  vapor  is  extremely  distressing  to  the  eyes, 
causing  even  severe  conjunctivitis.  Inhaled  it  produces  redness  of  the  eyes,  lacrymation, 
pain  and  congestion  of  the  nose  and  irritation  of  the  larynx  with  painful  cough.  Bron- 
chitis may  result. 

Toxic  and  Systemic  Action. — Oil  of  mustard  is  more  poisonous  to  higher  than  to 
lower  forms  of  life.  Its  power  to  destroy  bacteria  and  molds  is  weak.  Albumin  water 
may  be  preserved  from  putrefaction  for  a  time  by  0.03  percent,  of  the  pure  oil,  but  bac- 
teria are  not  killed  by  0.4  percent. 

Mustard  is  taken  by  mouth  as  a  condiment  to  assist  digestion,  but  in  large  dose  it 
is  a  violent  emetic,  the  chief  advantage  of  which  in  therapeutics,  is  that  it  is  always  at 
hand.  If  it  is  not  completely  removed  by  vomiting  or  otherwise  it  causes  severe  abdom- 
inal cramps  with  watery  burning  stools  and  even  collapse.  An  obstinate  gastroenteritis 
may  be  set  up.  In  cases  of  poisoning  either  by  absorption  from  the  skin  or  gastro- 
enteric tract,  other  irritative  effects  are  noted.  Albuminuria  and  nephritis  are  often 
caused,  uterine  contraction,  with  possible  abortion,  and  edema  of  the  lungs  which  may 
be  fatal,  are  rarer  accidents. 

Small  doses  taken  by  mouth  cause  an  increase  of  appetite,  stimulate  secretion  of 
digestive  ferments,  increase  peristalsis,  and  even  cause  increased  absorption  as  shown 
by  the  fact  that  more  fat  is  taken  up  from  an  isolated  loop  of  bowel  if  oil  of  mustard 
is  added  in  the  proportion  of  one  drop  to  a  quart.  More  than  this  may  be  irritating  and 
have  the  opposite  eifect. 

Pure  oil  of  mustard  injected  intravenously  destroys  the  blood  cells  and  for  the  study 
of  its  systemic  effects  it  must  be  diluted  with  fixed  oil.  In  dogs  injection  of  0.01  cc.  per 
kilo  causes  a  fall  of  blood-pressure  due  to  direct  depression  of  the  vasomotor  center. 
The  heart  is  alternately  accelerated  and  slowed  and  heart  block  may  occur,  as  the 
ventricles  are  more  poisoned  than  the  auricles. 

The  respiratory  center  is  depressed  and  respiration  is  slow,  becoming  rapid  as 
dyspnea  increases.  The  dyspnea  is  inspiratory  in  character,  the  chest  becoming  dis- 
tended by  violent  inspiratory  effects.  Death  commonly  occurs  In  mammals  from  respira- 
tory paralysis  before  the  heart  is  profoundly  affected. 

The  fatal  dose  given  by  vein  to  rabbits  is  about  0.06  cc.  of  a  20  percent,  oily  solution 
(0.012  cc.  of  oil  of  mustard)  per  kilo.  If  smaller  doses  are  given  a  few  times,  it  will 
be  found  that  the  resistance  is  much  increased  (Carlier). 

Therapeutics:  Topical. — Mustard  is  one  of  the  best  and  most  commonly  used 
rubefacients  and  counterirritants.  The  powder  mixed  with  cold  water  and  applied 
to  the  skin  quickly  causes  redness  and  burning  pain  increasing  in  intensity.  For  con- 
tinued application  it  is  necessary  to  mix  the  mustard  powder  with  flour  or  flaxseed, 
1  part  to  4  or  6,  for  undiluted  mustard  will  cause  vesication  and  ultimately  ulceration. 
It  is  used  to  relieve  the  chest  pains  of  pleurisy  and  pneumonia  and  abdominal  pains  of 
varied  causation,  especially  the  severe  pain  of  aciite  indigestion,  gallstone  or  Jcidney 
colic.  It  is  also  of  distinct  service,  irrespective  of  the  presence  or  absence  of  pain, 
J^s  a  remedial  application  in  the  early  stages  of  inflammations  within  the  thorax, 
especially  in  the  pneumoniae.  It  is  best  applied  in  the  form  of  the  mitigated  mustard 
plaster  (25  to  50  percent.).  For  this  oue  part  of  mustard  is  mixed  with  one,  two  or 
three  parts  of  flour  and  stirred  up  with  1  or  2  tablespoonfuls  of  glycerin  and  the  white 
of  one  or  two  eggs,  according  to  the  size  of  the  plaster.  This  mixture  is  spread  on  a 
layer  of  gauze  or  muslin  and  covered  with  a  second  layer,  the  edges  being  turned 
over  to  prevent  any  contact  between  the  paste  and  the  skin.  Such  a  plaster  may  be 
left  in  place  from  30  to  90  minutes  or  even  longer,  according  to  its  strength  and 
the  patient's  sensations.  It  reddens  the  skin  pretty  thoroughly,  without  causing  much 
discomfort.  When  it  is  removed,  the  skin  should  be  sponged  with  tepid  alcohol  and 
greased  with  petrolatum.     The  rubefactiou  commonly  lasts  24  to  48  hours.    It  is  not 
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wise  to  apply  the  paste  to  tlio  bare  skin,  or  to  make  repeated  brief  applications,  day 
after  day.  The  official  emplastrum  sinapis  is  cleanly  and  is  easily  applied.  The  com- 
pound mustard  liniment  applied  to  the  forehead  and  temples  sometimes  relieves  head- 
ache. A  mustard  foot-bath  (2  tablespoonfuls  in  a  pail  of  warm,  not  hot,  water)  often 
jiives  relief  in  congestive  headaches  or  in  incipient  cnnjza.  If  the  skin  does  not  redden 
(piickly,  mustard  may  be  added  by  teaspoonfids.  If  a  little  hot  lemonade,  or  whisky 
tdildy  he  sipped  during  the  bath  and  the  patient  get  immediately  thereafter  between 
Wiuui  .sheets  covered  witli  a  warm  lihmket,  profuse  perspiration  may  ensue.  The 
head  is  to  be  kept  cool  and  ice  water  may  be  sipped  as  in  any  other  fonn  of  hot  pack, 
and  the  after  treatment  is  the  same.  Cerebral  congestion  may  be  overcome  by  a 
sinapism  to  the  back  of  the  neck,  and  a  mustard  plaster  applied  to  the  soles  of  the 
feet  may  arouse  an  apoplectic  patient  from  coma. 

Systemic. — ^lustard  is  a  carminative  and  aromatic  stimulant,  but  it  is  seldom 
employed  as  such  in  medicine,  its  internal  use  in  small  dose  being  as  a  condiment 
only.  It  will  sometimes  cure  an  obstinate  attack  of  hiccup  if  given  in  dose  of  5  grains 
(0..S  Gm.),  but  its  chief  internal  use  is  as  an  emergency  emetic  in  cases  of  narcotic 
and  food  poisoning;  for  this  purpose  it  should  be  given  in  doses  of  2  to  4  teaspoon- 
fuls  in  warm  water.  To  induce  vomiting  in  capillaiy  bronchitis  or  spasmodic  croup,  a 
child  may  be  given  a  saltspoonful  or  less  of  mustard  in  a  teaspoonful  of  syrup  of 
i])ecac  followed  by  at  least  4  ounces  (120  cc.)  of  tepid  water  or  salt  water.  Mustard 
seeds  have  been  occasionally  employed  in  cases  of  dyspepsia  and  as  a  laxative,  in  doses 
of  4  drams  (15  Gm.). 

Cantharides 

Cantharides,  or  Spanish  fly  (it  is  not  a  fly  and  its  use  did  not  originate  in 
Spain),  is  of  ancient  and  primitive  usage.  It  is  mentioned  by  Hippocrates  who  used 
it  externally  as  a  vesicant  as  well  as  internally  in  amenorrhea,  dropsy  and  jaundice. 
Dioscorides  describes  the  method  of  killing  the  beetles  by  fumes  of  vinegar,  which  is 
still  in  use  to-day,  and  reconmiends  its  use  externally  in  cancer  and  in  various  affec- 
tions of  the  skin.  He  and  Pliny  both  describe  accidental  poisoning.  Among  the 
Greeks  and  Romans  it  is  said  to  have  been  used  largely  to  stimulate  the  sexual 
appetite.  The  Arabians  used  cantharis  and  beetles  of  a  related  genus,  Mylabris,  as 
vesicants  and  internally  in  affections  of  the  genital  and  urinary  organs,  and  after 
the  revival  of  learning  in  Europe,  Spanish  fly  blisters*  were  employed  in  a  wide  range 
of  conditions. 

Chemistry. — The  Spanish  fly  owes  its  activity  to  a  crystalline  non-volatile  sub- 
stance, known  as  cantharidin.  This  is  the  lactone  of  a  keto-acid,  CjoHj^O^,  of  the 
following  structure: 
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It  is  slightly  soluble  in  water,  more  so  in  alcohol  and  ether  and  freely  in  chloroform 
and  fix(>il  oils.    Tt  firms  alkali  salts  which  share  its  actions  and  are  soluble  in  water. 


1034  IRRITAXTS  A^B  DESTEUCTIVES 

Cantliaridin  is  contained  in  the  blood*  but  to  a  ^eater  extent  in  accessory  glands 
of  the  genital  tract  and  in  the  ovaries.  The  wing  cases  and  exoskeleton  are  inert. 
Powdered  cantharides,  prepared  from  whole  adult  beetles,  contain  from  0.4  to  0.5  per- 
cent, of  cantharidin,  that  from  immature  specimens  considerably  less.  Many  other 
beetles,  such  as  our  common  Colorado  potato  beetle,  contain  similar  principles.  The 
poison  of  the  bee  is  said  to  be  similar  in  composition  and  action. 

Summary  of  Actions  and  Uses. — Cantharidin  is  extremely  irritating  to  all  tissues 
with  which  it  comes  in  contact,  and  applied  to  the  skin  or  to  a  mucous  membrane,  it 
induces  severe  inflammation  with  formation  of  blisters  or  ulcers.  When  taken  internally 
it  causes  inflammation  of  the  mouth  and  throat,  vomiting  and  diarrhea,  with  edema  of 
the  gastroenteric  tract  and  extravasation  of  blood  from  the  mucosa.  Even  doses  too 
small  to  cause  these  symptoms  will  bring  about  irritation  of  the  urinary  tract  through 
which  it  is  excreted,  with  strangury,  nephritis  or  hematuria  and  reflex  stimulation  of 
the  sex  organs. 

Cantharides  is  used  to-day  almost  solely  as  a  topical  irritant.  As  a  vesicant  it 
has  the  advantage,  that  if  carefully  applied  the  blisters  produced  by  it,  although 
having  great  counterirritant  value,  are  almost  entirely  painless.  Tincture  of  cantharides 
is  used  to  stimulate  the  scalp  in  cases  of  baldness. 

Materia  Medica. — Cantharis  (U.S.  X.),  Cantharides.  Ahhr.,  Canthav.  Synonyms: 
Spanish  Fly,  Eussian  Fly. 

The  dried  insects  Cantharis  vesicatoria  (Linne)  De  Geer  (Order,  Coleoptera). 
They  are  from  15  to  25  mm.  in  length,  5  to  8  mm.  in  breadth,  oblong,  somewhat 
compressed  above;  of  a  brilliant  green,  or  bluish  green,  metallic  lustre,  changing  in 
different  parts,  especially  beneath,  to  a  golden-green.  Odor  strong,  disagreeable; 
taste  slight,  afterward  acrid.  The  powder  is  grayish-brown  with  shining  green  par- 
ticles and  a  number  of  long,  pointed  one-celled  hairs. 

Dose,  not  used  in  substance. 

Ceratum  Cantharidis  (U.S.  X.),  Cantharides  Cerate.  Alhr.,  Cerat.  Canthar. 
Synonym :    Blistering  Cerate. 

Cantharides,  350  Gm. ;  glacial  acetic  acid,  25  cc;  oil  of  turpentinCj  150  ec; 
yellow  wax  and  rosin,  of  each,  175  Gm. ;  benzoinated  lard,  200  Gm. 

Dose,  externally  as  a  counterirritant  and  vesicant. 

CoLLODiUM  Vesicaks  (Br.),  Blistering  Collodion.  Alhr.,  Collod.  Canth.  Syno- 
nym :  Cantharidatum. 

A  vesicant  preparation  of  cantharides  and  acetone  in  which  the  cantharides  rep- 
resents about  60  percent,  strength  in  acetone  and  chloroform. 

Dose,  external  use. 

Emplastrum  Cantharidis  (U.S.  X.),  Cantharides  Plaster.     Ahhr.,  Emp.  Canthar. 

Cantharides  cerate  spread  on  adhesive  plaster  having  a  margin  around  the  edges. 
Each  square  centimeter  of  spread  plaster  contains  0.1  Gm.  of  cantharides  cerate,  corre- 
sponding to  33  mgm.  (gr.  1/2)  cantharis. 

Dose,  for  external  use. 

TiNCTURA  Cantharidis  (U.S.  X.),  Tincture  of  Cantharides.  Ahhr.,  Tr.  Canthar. 
Synonym:    Cantharadis  Tinctura  P.  I. 

Cantharides  in  fine  powder,  100  Gm.;  glacial  acetic  acid,  50  cc. ;  alcohol,  q.s.  to 
make  1000  cc.    The  alcoholic  content  is  85  percent. 

Dose,  1  to  3  minims  (0.06  to  0.2  cc). 

Cantharidinum  (Br.),  Cantharidin.    Ahhr.,  Cantharidin. 

Cantharidin,  C,„H,,0„  is  the  anhydride  of  cantharaditie  acid,  obtained  from  various 
species  of  Cantharis  or  of  Mylahris.     Occurs  in  colorless,  shining  crystals,  Inodorous, 

'The  cantharides  beetle  is  able  to  open  the  joints  of  its  legs  and  to  throw  out  a 
small  amount  of  blood  on  the  skin  of  persons  handling  it. 
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very  slightly  soluble  in  water  or  alcohol,  more  soluble  in  chloroform;  soluble  also  in 
fixed  oils.  A  0.1  percent,  solution  in  a  fixed  oil  raises  blisters  when  kept  in  contact 
with  the  skin.  It  is  about  20  times  as  active  as  cantharis.  Solutions  of  cantharidin 
are  used  in  place  of  corresponding  preparations  of  cantharis,  as  being  more  uniform 
in  strength. 

Dose,  V-AQ  to  Viao  grain  (0.00025  to  0.0005  Gm.). 

AcETUM  Cantiiaridini  (Br.),  Vinegar  of  Cantharidin.    Ahhr.,  Acet.  Cantharidin. 

Cantharidin,  1  Gm. ;  glacial  acetic  acid,  200  cc;  acetic  acid,  q.s.  to  produce 
2000  cc. 

Dose,  in  dilute  form  as  a  hair  restorer. 

Emplastrum  Calefaciens   (Br.),  Warming  Plaster.    Ahhr.,  Emp.  Calefac. 

Cantharidin,  0.2  Gm. ;  chloroform,  20  cc;  olive  oil,  40  cc. ;  rosin  plaster,  940  Gm. 

This  plaster  is  a  mild  counterirritant  having  the  proportion  of  1 :5000  of  can- 
tharidin. 

Dose,  externally  where  a  rubefacient  cannot  easily  be  applied. 

Emplastrum  Cantharidini  (Br.),  Cantharidin  Plaster.    Ahhr.,  Emp.  Cantharidin. 

A  mixture  of  lanolin  and  wax  containing  1  part  of  cantharidin  in  500. 

Dose,  external  use. 

Liquor  Epispasticus  (Br.),  Blistering  Liquid.    Ahhr.,  Liq.  Epispast. 

Cantharidin,  4  Gm. ;  castor  oil,  25  cc. ;  resin,  12  Gm. ;  acetone,  sufiicient  to  pro- 
duce 1000  cc. 

Dose,  painted  over  the  affected  part  as  a  vesicant. 

TiNXTURA  Cantharidini  (Br.),  Tincture  of  Cantharidin.    Ahhr.,  Tr.  Cantharidin. 

Cantharidin,  0.01  Gm. ;  chloroform,  1  cc. ;  alcohol  (90  per  cent.),  sufficient  to  pro- 
duce 100  cc. 

This  tincture  contains  approximately  one-fifth  of  the  proportion  of  cantharidin 
contained  in  the  tinctura  cantharidis. 

Dose,  2  to  5  minims  (0.13  to  0.3  cc), 

Unguentum  Cantharidini  (Br.),  Cantharidini  Ointment.  Ahhr.,  ling.  Cantharidin. 

Cantharidin,  0.1  Gm. ;  chloroform,  10  cc. ;  benzoated  lard,  290  Gm.  This  ointment 
contains  0.033  percent,  of  cantharidin. 

Dose,  external  use. 

PharmacodyTiamic  Action:  Absorption  and  Elimination. — Cantharides  is  absorbed 
readily  from  the  intact  or  ulcerated  skin  and  from  all  mucous  membranes.  It  circulates 
unchanged  and  is  excreted  chiefly  by  the  kidneys.  A  portion  escapes  from  the  mucosa 
of  the  gastroenteric  tract  as  indicated  by  the  vomiting  and  diarrhea  which  follow 
parenteral  absorption.  In  the  hedgehog  the  entire  amount  is  eliminated  very  rapidly 
by  the  kidneys,  but  does  not  injure  them  as  it  does  in  most  animals. 

Topical  Actio7i. — Cantharidin,  or  extracts  of  Spanish  fly,  induce  inflammation  in  all 
tissues  with  which  they  come  in  contact.  Applied  to  the  skin  they  induce  after  one  or 
more  hours,  redness,  numbness  and  a  stinging  or  burning  pain  which  is  usually  not 
severe.  After  a  variable  interval  small  vesicles  form  and  soon  coalesce  forming  a  large 
tense  blister.  The  cells  of  the  lower  layer  of  the  epidermis  break  down  and  an  effusion 
of  clear  lymph  occurs,  containing  fibrin  clots,  cell  detritus  and  a  few  leucocytes,  among 
which  eosinophiles  are  conspicuous.  If  let  alone  the  fluid  will  be  absorbed  in  3  or  4 
days;  the  skin  over  it  will  first  become  dry  and  harsh  and  afterwards  exfoliate,  leaving 
a  reddened  surface,  which  may  become  pigmented  or  pass  away,  leaving  no  traces.  If 
the  blister  is  opened,  healing  takes  place  in  the  same  time  provided  the  surface  is 
properly  protected.  The  blisters  on  mucosae  are  similar  but  deeper  and  more  painful. 
The  eyes  and  other  exposed  membranes  are  extremely  sensitive  and  in  handling  the 
powdered  drug  or  its  principles,  great  care  must  be  exercised  that  none  of  it  gets  in 
the  eyes,  where  even  small  amounts  will  cause  severe  pain  with  ecchymosis,  blisters  of 
the  lids  and  even  ulceration  of  the  cornea. 

The  amount  of  cantharidin  which  will  call  forth  these  reactions  differs  widely  in 
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different  species.  On  the  human  skin  a  saturated  watery  solution,  containing  less  than 
1  part  in  10,000,  will  blister,  as  will  0.1  mgm.  in  oily  solution.  Rabbits  show  little  skin 
reaction  although  the  mouth  is  readily  blistered. 

Toxic  and  Systemic  Action.— The  symptoms  of  poisoning  are  chiefly  referable  to 
irritation  of  the  points  of  entrance  and  exit.  If  the  drug  is  swallowed,  there  is 
extreme  soreness  of  the  mouth  and  throat,  with  blistering;  there  is  constriction  of  the 
esophagus  with  great  pain  on  swallowing;  cramp-like  pains  in  the  abdomen  are  asso- 
ciated with  distressing  vomiting  and  diarrhea.  The  stools  burn  on  passing  and  may 
contain  blood.  The  congestion  of  the  kidneys  causes  aching  in  the  loins  and  back,  and 
there  may  be  more  or  less  complete  suppression  of  urine.  That  which  is  passed  contains 
cantharidin  as  well  as  albumin  and  blood  and  is  extremely  irritating  to  the  bladder, 
causing  tenesmus  and  strangury.  Partly  direct  but  largely  reflex,  is  irritation  of  the 
genital  organs,  leading  to  abortion  or  to  increased  sexual  desire.  In  severe  poisoning 
the  pain  is  too  great  to  allow  the  last  to  manifest  itself,  although  there  will  probably 
be  priapism.  The  heart  and  repiration  show  brief  stimulation  followed  by  marked 
depression,  which  is  largely  a  direct  central  effect.  The  severe  pain  and  the  local 
lesions  may  lead  to  collapse.  This,  associated  with  the  respiratory  and  circulatory 
depression,  may  lead  to  death  or  a  fatal  issue  may  result  after  several  days  of  suffering, 
as  a  result  of  the  renal  injury. 

At  autopsy  there  will  be  found  the  usual  indications  of  violent  gastroenteric  inflam- 
mation, congestion,  ecchymoses  and  edema  of  the  wall  of  the  stomach  and  intestines, 
the  kidney,  ureter  and  urethra. 

Toxic  Dose. — There  is  wide  variation  in  the  susceptibility  of  different  species  to 
systemic  poisoning  by  cantharides.  Frogs  and  other  cold-blooded  animals  are  not 
poisoned,  although  the  flesh  of  frogs  which  have  fed  on  cantharides  beetles  is  toxic  to 
man  even  after  cooking.  In  man  1.5  Gm.  (24  gr.)  of  powdered  cantharides  and  30  mgm. 
(1/3  gr.)  of  cantharidin  have  proved  fatal  by  mouth.  Albuminuria  may  follow  ingestion 
of  0.2  mgm.  (1/350  gr.)  and  3  mgm.  (1/20  gr.)  of  cantharidin  may  cause  nephritis.  In 
dogs  and  cats  a  hypodermic  injection  of  1  mgm.  (1/67  gr.)  causes  local  necrosis  of  the 
skin  and  albuminuria,  while  2  mgm.  (1/30  gr.)  causes  severe  and  5  mgm.  (1/13  gr.) 
fatal  nephritis.  A  dose  of  0.1  Gm.  (lyo  gr.)  kills  quickly  by  exudate  in  the  lungs.  In 
rabbits  0.1  mgm.  causes  nephritis  and  2  mgm.  is  surely  fatal.  Hedgehogs  are  extremely 
resistant,  an  animal  weighing  700  Gm.  requiring  100  mgm.  to  cause  death. 

Treatment  of  Poisoning. — There  is  no  specific  chemical  antidote.  The  poison  should 
be  removed  as  far  as  possible  by  washing  the  stomach  or  point  of  application.  Soothing 
drinks  are  to  be  given  and  cups  or  hot  packs  should  be  applied  over  the  kidneys.  The 
bladder  must  be  washed  out  at  intervals  of  an  hour  or  so.  Oily  drinks  should  be  avoided 
as  they  favor  absorption.  Opium  may  be  used  freely  and  occasionally  chloroform  is 
indicated  to  reduce  spasm  or  priapism.  The  last  must  be  used  in  very  small  amount  as 
it  has  a  tendency  to  check  urinary  secretion.  Stimulation  and  external  heat  are  required 
in  collapse. 

No  immunity  is  acquired  by  use  of  repeated  small  doses. 

Blood.— The  blood  reacts  by  leucocytosis  both  to  topical  and  systemic  poisoning. 
Eosinophilia  may  be  marked.  In  poisoning  from  injection  of  very  large  doses,  which 
are  rapidly  fatal,  the  chief  alteration  is  in  the  blood  and  the  vessel  walls.  The  latter 
change  permits'  exudation  of  serum  and  multiple  hemorrhages.  In  the  rabbit  there  is 
an  exudation  of  plasma  into  the  lungs,  which  causes  death  before  there  is  any  marked 
alteration  in  the  kidneys.  This  exudate  is  said  to  occur  first  from  any  area  in  which 
the  vessels  are  already  diseased  and  systemic  use  of  cantharides  for  stimulation  of 
sluggish  ulcers,  particularly  in  tuberculosis  of  the  throat,  has  been  recommended. 

Genital  System. — The  genital  organs  are  stimulated  to  a  very  variable  degree.  In 
man  there  is  usually  no  marked  aphrodisiac  action  except  after  doses  large  enough  to 
damage  the  kidneys,  when  priapism  is  usual.  In  domestic  animals  it  is  used  to  bring 
on  heat  when  this  is  delayed.  In  women  it  may  lead  to  increase  of  menstrual  flow,  or 
in  pregnancy,  lead  to  abortion. 

Urinary  System. — Minute  doses  of  cantharides  act  as  a  stimulant  diuretic,  causing 
merely  increased  flow  of  blood  through  the  kidneys  and  increased  secretion  of  urine. 
The  most  important  systemic  action  of  larger  doses  is  that  on  the  kidneys,  in  which  it 
causes  an  inflammation  beginning  in  the  glomeruli  and  later  involving  the  tubules.  The 
first  lesion  is  an  exudate  or  plasma  into  the  glomerulus.  The  secreting  cells  degenerate 
but  do  not  proliferate.    Microscopically  there  is  an  appearance  of  fatty  degeneration  but 
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chemical  studies  show  no  increase  of  fat  and  there  is  evidently  a  cell  necrosis.  Even 
poisoning  which  does  not  seem  severe  at  the  time  may  leave  permanent  and  widespread 
lesions  in  the  kidneys.    Ulceration  of  the  bladder  is  often  found  in  fatal  intoxication. 

Nerve  System. — Nervous  symptoms,  such  as  vertigo,  headache,  drowsiness,  etc.,  are 
often  seen  In  poisoning,  but  it  is  uncertain  to  what  extent  they  are  dependent  on  direct 
action  on  the  nerve  centers.  It  is  probable  that  there  is  direct  stimulation  of  the  respira- 
tory center  followed  by  depression,  and  the  emesis  seen  in  cats  and  dogs  is  probchly 
central. 

Therapeutics:  Topical. — Tlie  cliief  employment  of  cantharides  or  cantliaridin  is 
us  a  couuterirritant  or  a  vesicant.  Blistering  is  less  in  vogue  now  than  a  hall'  cen- 
tury ago;  n(n'ertheles8,  it  is  a  most  valuable  therapeutic  measure  when  properly  done 
and  in  suitable  cases.  In  inflammatory  affections  of  the  internal  organs,  especially 
of  the  thorax,  blisters  are  often  of  the  greatest  service.  In  chronic  dry  pleurisy  the 
recuperative  process  may  be  materially  hastened  by  fly  blisters  to  the  chest.  In  endo- 
carditis small  blisters  applied  in  succession  over  the  sites  of  the  valves  are  often 
of  benefit,  and  in  pericarditis  the  resorption  of  the  fluid  may  be  initiated  or  accel- 
erated by  a  blister  over  the  preconlium.  In  rhriimatic  fever,  blistering  over  the 
precordium  is  useful  as  a  prophylactic  against  the  onset  of  endocarditis  or  pericar- 
ditis. The  blister  should  not  be  placed  directly  over  the  heart  area  lest  it  interfere 
with  the  physical  examiiuition  of  the  heart,  but  it  may  be  placed  anywhere  between 
the  clavicle  and  the  fourth  rib  on  the  loft  side  in  close  proximity  to  the  sternum. 

In  iritis  a  succession  of  small  blisters  on  the  forehead  and  temples  or  behind 
the  ears  will  affect  favorably  the  course  of  the  inflammation.  In  otitis  media  a 
blister  may  be  applied  with  benefit  behind  the  ear.  Severe  congestive  headache  is 
often  relieved  by  a  blister  to  the  nape  of  the  neck,  but  a  more  rational  treatment,  if 
the  cause  of  the  headache  cannot  be  discovered  and  removed,  is  a  warm  mustard 
foot-bath  with  cold  compresses  to  the  head.  In  cerebral  memnc/itisli  also  a  blister  to 
the  back  of  the  neck  is  of  service.  In  spinal  meningitis  the  elongated  blister  should 
be  formed  on  one  or  the  other  side  of  the  spine,  to  avoid  the  production  of  an  ulcera- 
tion or  bedsore  when  the  patient  lies  supine.  In  neuralgia  the  blister  should  be 
applied  as  nearly  as  possible  over  the  foramen  of  emergence  of  the  nerve  root  from 
the  spinal  canal  or,  if  peripherally,  a  little  bit  to  one  side  of  the  point  of  greatest 
tenderness.  In  Bell's  palsy,  especially  when  it  seems  to  have  resulted  from  cold,  a  small 
blister  should  be  applied  just  in  front  of  the  ear;  and  in  other  forms  of  neuritis,  over 
the  available  point  of  access  nearest  to  the  most  proximal  affected  portion  of  the  nerve. 

In  obstinate  vomiting  and  gastralgia,  a  blister  over  the  stomach  will  sometimes 
relieve  when  other  remedies  have  failed.  In  unresolved  pneumoma.  and  in  chronic 
hronchopneumonio,,  a  succession  of  light  blisters  (so-oalled  ''flying  blisters")*  about 
^  2  inch  square,  applied  once  or  twice  weekly  on  the  chest  over  the  site  of  the  pulmonary 
lesion,  often  promotes  recovery.  In  pulmonary  tuherculosis  with  beginning  lique- 
faction and  even  cavitation,  a  similar  succession  of  ^/^  inch  cantharidal  blisters  or  a 
limited  vesication  induced  by  painting  with  a  mixture  of  croton  oil  and  tincture  of 
iodine  in  ether  and  collodion  over  the  site  of  the  lesion,  is,  at  times,  provocative  of 
healing  reaction;  especially  in  cases  of  intermittent  or,  rather,  recurrent  type,  with 
fair  preservation  of  vigor. 

Sometimes  in  obstinate  acute  articular  rheumMism,  but  more  frequently  in 
chronic  monarticular  rheumatism,  a  circle  or  semicircle  of  4  to  6  blisters  no  larger 
than  a  dime,  applied  around  the  painful  joint,  is  of  great  service.  The  application 
is  best  made  with  cantharidal  collodion  and  may  be  renewed  weekly  or  biweekly. 

A  cantharidal  plaster  should  not  be  allowed  to  remain  in  situ  longer  than  from 
3  to  G  hours,  and  it  is  well,  as  a  rule,  not  to  open  the  blister,  but  to  allow  the  serum 
to  be  absorbed.    However,  in  the  case  of  a  large  blister  or  when  several  small  ones  are 
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applied  at  one  time,  it  may  be  wise  to  snip  the  lower  edge  of  the  bleb  or  to  draw  off 
the  fluid  with  a  sterile  hypodermic  needle,  in  order  to  prevent  the  absorption  of 
cantharidin  in  dangerous  amount.  Cantharidal  blisters  should  be  avoided  in  pro- 
nounced renal  affection  or  infirmity  and  should  be  used  with  great  caution  in  children 
and  in  aged  or  in  debilitated  persons. 

Patients  and  even  nurses  seldom  know  how  to  apply  blistering  plasters,  or  how  to 
care  for  the  blisters.    It  is  well  to  hand  them  typed  or  written  instructions  as  follows : 

1.  Wash  the  skin  with  hot  water  and  soap.  2.  Wash  away  the  soap  with  plain  hot 
water.  3.  Moisten  the  skin  with  a  drop  or  two  of  vinegar.  4.  Spread  a  drop  or  two  of 
sweet  oil  (olive  or  cotton  seed)  on  the  face  of  the  blister-plaster.     5.  Apply  the  plaster. 

6.  Allow  the  plaster  to  remain  on  the  skin  three  hours  (or  up  to  four  hours,  if  necessary). 

7.  Lift  up  the  plaster  with  the  flat  of  a  needle  and  take  it  off  without  breaking  the 
skin.  8.  Dress  the  part  with  a  piece  of  clean,  old  linen  and  petrolatum.  9.  The  blister 
will  rise  beneath  the  petrolatum  dressing,  but  unless  otherwise  instructed,  do  not  open 
it,  but  permit  it  to  dry  up.  10.  If  it  open  of  itself,  or  if  you  are  told  to  open  it,  insert  a 
sterile  needle  and  let  the  water  out,  catching  the  fluid  on  absorbent  cotton  to  prevent  it 
from  blistering  other  parts,  and  after  the  blister  empties,  renew  the  petrolatum  dressing. 
11.  Change  the  petrolatum  dressing  for  a  clean  one  every  morning,  until  the  blister  is 
healed. 

These  directions  are  predicated  on  the  use  of  the  ready-made  blistering  plasters 
now  to  be  obtained  in  the  shops. 

When  repeated  blistering  is  needed  over  the  same  general  area,  one  blister  should 
ordinarily  be  permitted  to  heal  before  another  is  applied  and  a  new  spot  should  be 
chosen  each  time,  if  possible. 

In  applying  flying  blisters  over  the  chest,  as  in  chronic  bronchopneumonia  or  in 
pulmonary  tuberculosis  with  bilateral  lesions,  the  rule  may  be  relaxed  to  the  extent 
of  blistering  the  two  sides  alternately  at  intervals  of  2  or  4  days,  and  thus,  perhaps, 
having  a  partially  healed  blister  on  one  side,  when  the  new  one  is  made  on  the  other 
side. 

The  tincture  of  cantharides,  largely  diluted  (1 :10),  is  occasionally  employed  as  a 
lotion  in  ringworm  of  the  face  and  scalp,  for  which  many  pleasanter  applications  are 
available,  and  of  alopecia  areata,  in  which  it  is  no  worse,  and  no  more  effective,  than 
many  other  applications  sometimes  recommended.  In  various  proportions  it  is  an 
ingredient  of  many  so-called  hair  tonics. 

Systemic. — The  internal  administration  of  cantharides  is  not  to  be  undertaken 
lightly.  But  it  sonietimes  serves  a  useful  purpose,  and  if  due  care  be  observed  and 
the  drug  be  discontinued  promptly  upon  producing  the  desired  effect — or  upon  finding 
that  the  effect  cannot  be  produced — it  may  profitably  be  tried  when  conditions  seem  to 
call  for  it.  Its  chief  employment  is  in  the  treatment  of  atonic  conditions  of  the 
genito-urinary  tract.  It  is  popularly  supposed  to  be  an  aphrodisiac,  but  sexual  excite- 
ment is  a  purely  toxic  symptom  and  is  never  seen  within  the  limits  of  therapeutic 
effect.  Spanish  fly  is  given  with  good  results  in  enuresis  and  in  cases  of  dribbling  of 
urine  from  atony  of  the  sphincter,  the  dose  being  1  or  2  minims  (0.06  to  0.13  cc.)  of 
the  tincture,  in  a  tablespoonful  of  water  three  times  a  day.  In  certain  cases  of 
hematuria,  the  loss  of  blood  is  checked  by  3  to  5  minim  doses  twice  or  three  times 
a  day. 

In  the  irritable  bladder  of  prostatic  hypertrophy,  relief  sometimes  follows 
promptly  upon  the  use  of  small  doses  (2  or  3  minims  twice  a  day).  True  sperma- 
torrhea, with  stillicidium  seminis  and  general  atony  of  the  genital  tract,  is  at  times 
amenable  to  3  to  5  minim  doses  of  the  tincture,  in  conjunction  with  iron  and  nux 
vomica.  Amenorrhea  due  to  lack  of  tone  in  the  genital  apparatus,  sometimes  yields 
to  5  minim  doses  of  the  tincture  three  times  a  day,  and,  paradoxically,  menorrhagia. 
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when  associated  with  a  general  relaxed  condition  of  the  uterus  with  reduced  vascular 
tonus,  is,  at  times,  controlled  in  the  same  manner. 

In  chronic  parenchymatous  nephritis  with  scanty  secretion  of  urine,  cantharides 
may  render  distinct  service,  but  it  must  be  employed  cautiously  and  sparingly,  and 
not  if  other  means  will  serve.  In  the  later  stages  of  acute  desquamative  nephritis 
also,  after  the  acute  symptoms  have  subsided,  the  tincture  sometimes  appears  to  be 
of  benefit,  given  in  V2  to  1  minim  (0.03  to  0.00  cc.)  doses  three  times  a  day. 

Cardiac  dropsy  is  sometimes  promptly  relieved  by  2  or  3  minim  (0.13  to  0.2  cc.) 
doses  of  the  tincture,  sometimes  in  association  with  caffeine,  three  or  four  times  a  day. 

Cantharides  tincture  is  sometimes  given  in  2  to  5  minim  doses  in  the  treatment 
of  dry  eczema,  psoriasis,  lichen,  and  lupus  vulgaris. 

Astringents 

The  astringents  may  be  defined  as  substances  which  have  the  properties  of  caus- 
ing constriction  of  blood-vessels  when  applied  in  dilute  solution,  and  of  coagulatin"- 
albumin  and  precipitating  mucus  when  applied  in  strong  solution.  The  group  is  not 
sharply  defined  and  one  or  more  of  these  powers  have  been  denied  to  some  of  its 
members. 

Chemistry. — The  soluble  salts  of  heavy  metals  are  all  astringents  but  with  many 
of  them  the  range  of  concentration  in  which  they  exert  this  effect  is  very  narrow 
concentrations  slightly  above  that  causing  vasoconstriction  inducing  irritation  and 
hyperemia.  Other  hea%T  metals  produce  actual  destruction  of  tissue  with  all  effective 
concentrations  and  are  thus  escharotic  rather  than  astringent.  The  only  metals  whose 
range  of  astringent  action  is  wide  enough  to  permit  their  classification  as  astringents 
are  aluminum,  lead,  and  zinc.  Among  metallic  salts  having  other  more  important 
actions  the  most  used  as  astringents  are  silver  nitrate,  copper  sulphate,  ferrous  sul- 
phate and  ferric  chloride.  Mercuric  chloride  is  astringent  in  very  dilute  solution,  but 
is  too  poisonous  to  be  used  for  this  purpose  in  practice.  Dilute  acids  also  act  as 
astringents. 

Apart  from  the  metals  and  acids,  the  only  substances  of  importance  as  astringents 
are  the  large  group  of  vegetable  tannins,  which  are  more  or  less  complex  esters  of 
tannic  acid. 

Summary  of  Actions  and  Uses. — The  astringents  have,  as  already  stated,  the  power 
to  cause  constriction  of  blood-vessels,  by  a  direct  action  on  their  walls.  This  effect  is 
exerted  most  strongly  on  the  capillaries.  It  is  produced  only  by  dilute  solutions,  or 
rather  by  solutions  with  a  certain  range  of  concentration,  differing  with  each  agent. 
The  following  list  shows  the  percentage  strength  of  solutions  which  cause  constriction 
of  the  vessels  of  the  frog  mesentery:  Alum,  0.05  to  0.5;  copper  sulphate,  0.05  to  1; 
lead  acetate  and  silver  nitrate,  0.01  to  1;  zinc  sulphate  and  tannic  acid,  0.01  to  0.5; 
mercury  bichloride,  0.005  to  0.05.    Stronger  solutions  cause  hyperemia  from   irritation. 

Mucous  membranes  to  which  astringents  are  applied  in  dilute  solution,  undergo 
certain  characteristic  changes.  They  become  paler  and  shrivelled  in  appearance  and 
are  dry  because  of  the  checking  of  mucous  secretion,  which  results  partly  from  the 
anemia  and  partly  from  precipitation  of  mucus  in  the  ducts  of  the  glands.  The 
normal  continuous  exudation  of  plasma  through  the  walls  of  the  capillaries  is  checked, 
probably  because  of  a  hardening  action  or  precipitation  of  the  normally  permeable 
cement  substance  between  the  endothelial  cells  which  line  them.  That  a  specific  deposi- 
tion in  this  cement  substance  may  occur  is  shown  by  its  staining  with  silver  salts 
in  vitro.  These  changes  tend  to  diminish  normal  or  excessive  secretion  of  mucus  or 
oozing  of  plasma.  Astringents  also  check  capillary  bleeding  and  this  effect  is  aided  by 
precipitation  of  proteins  if  fairly  strong  solutions  are  used. 

When  swallowed,  astringents  give  rise  to  a  characteristic  astringent  "taste"  or  sen- 
sation in  the  mouth,  and  lead  to  lessening  of  secretion  of  mucus  from  the  mouth, 
stomach  and  bowel,  as  well  as  to  decreased  secretion  from  the  specific  digestive  glands! 
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The  deposit  of  mucus  precipitated  on  the  wall  of  the  bowel,  acts  as  a  protective  coat 
and  leads   indirectly   to   lessening  of  peristalsis. 

Astringents  are  employed  therapeutically  to  check  excessive  secretion  from  mucous 
membranes;  to  lessen  oozing  from  and  promote  healing  of  wounds  and  ulcers;  to  arrest 
hemorrhage,  and  to  relieve  diarrhea. 

Aluminum 

The  use  of  alum  as  an  astringent  and  styptic  has  been  of  immemorial  practice 
in  the  East,  and  it  is  mentioned  by  Hippocrates,  under  the  name  of  "stypteria,"  by 
Galen  as  "alumen,"  and  by  all  their  successors  of  the  Roman  and  Arabian  schools. 
Its  chief  use  was  external,  to  check  bloody  and  other  discharges;  but  it  was  also  given 
internally  in  diarrhea  and  in  hemorrhage  from  the  womb. 

Chemistry. — Chemically,  alums  are  double  salts  of  alum  and  another  metal  with 
sulphuric  acid.  Those  commonly  known  by  this  name  are  the  potassium-aluminum 
sulphate  (AlK(SOJj),  and  ammonium-aluminum  sulphate  (AINH/SOJ,).  These  are 
recognized  as  interchangeable  by  the  Pharmacopoeia.  Sodium  alum,  iron  alum,  and 
other  combinations  are  used  chemically.  The  soluble  salts  of  alum,  such  as  aluminum 
acetate  (AUOCOCH,),)  and  aluminum  subacetate  (A10H(0C0CH,)j),  possess  sim- 
ilar astringent  properties  and  are  used  for  the  same  conditions  as  alum.  The  insol- 
uble salts,  such  as  aluminum  hydrate  (AlCOH),),  do  not  share  this  action,  and  are 
rarely  employed  in  therapeutics. 

Summary  of  Actions  and  Uses. — Alum  shares  with  other  heavy  metals,  the  power 
to  coagulate  albumin,  and  it  is  to  this  power  that  its  action  is  largely  attributable.  It 
resembles  zinc  in  its  effects,  but  is  rather  less  toxic.  Aluminum  acetate  is  more  irri- 
tant than  alum,  although  the  latter,  in  strong  solution,  is  extremely  irritating  to  mucous 
membranes,   and   to   abraded   surfaces. 

Although  alum,  taken  by  mouth,  gives  rise  to  very  violent  inflammatory  reaction 
of  the  stomach  and  bowel,  it  generally  develops  little  systemic  action,  as  its  property 
of  coagulating  albumin  delays  its  absorption,  and  it  is,  therefore,  eliminated  by  the 
kidneys  as  fast  as  it  is  absorbed. 

Alum  and  the  acetates  are  used  in  medicine  as  astringents,  and  almost  wholly  by 
topical  application.  The  solid  crystal  is  applied  to  bleeding  points  to  check  hemorrhage, 
and  solutions  are  employed  to  stop  oozing  of  blood  and  to  reduce  the  size  of  exuberant 
granulations,  etc.  Dilute  solutions  are  also  used  as  astringents  to  relieve  congestion 
of  mucous  membranes  and  strong  solutions  to  check  excessive  sweating  and  to  relieve 
infections  of  the  skin. 

Materia  Medica. — Alumen  (U.S.  X.),  Alum.  Ahhr.,  Alum.  Alumeti  Purificatum 
(Br.),  Purified  Alum.  Ahbr.,  Alum.  Purificat.  Synonyms :  Potassium  Alum,  Ammo- 
nium Alum. 

It  contains  not  less  than  99.5  percent,  of  AlNIl](SO,),-f  12HjO,  or  of  AlK(SO,)j 
4-12HjO,  The  label  of  the  container  must  indicate  whether  the  salt  is  ammonium 
alum  or  potassium  alum.  Ammonium  alum  and  potassium  alum  both  occur  in  large 
colorless  crystals,  crystalline  fragments,  or  as  white  powders;  are  odorless  and  have 
a  sweetish  and  strongly  astringent  taste.  Ammonium  alum  is  somewhat  more  soluble 
in  cold  water  (1  Gm.  in  5.2  cc.)  than  is  potassium  alum  (1  Gm.  in  7.2  cc),  and  both 
dissolve  in  0.3  cc.  of  boiling  water;  both  are. insoluble  in  alcohol,  but  freely  soluble  in 
glycerin. 

Antagonists  and  Incompatibles. — Borax,  limewater,  the  alkaline  carbonates  and 
phosphates,  the  tannins,  and  the  salts  of  lead,  mercury  and  iron  are  chemically  incom- 
patible with  alum  in  solution. 

Synergists  are  all  the  vegetable  astringents  and  the  emetics. 

Dose,  internally,  5  to  10  grains  (0.3  to  0.6  Gm) ;  externally,  full  strength  or  diluted 
with  other  powders,  as  dusting  powder,  or  in  1  to  10  percent,  solution  in  water  or 
glycerin. 
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Alumen  Exsiccatum  (U.S.  X.),  Exsiccated  Alum.  Ahbr.,  Alum.  Exsic.  Syno- 
nyms: Alumen  Ustum,  Dried  Alum,  Burnt  Alum. 

It  should  contain  not  less  than  96.5  percent,  of  anhydrous  ammonium  or  potas- 
sium alum.  It  is  a  white,  granular  powder,  without  odor,  possessing'  a  sweetish,  astrin- 
gent taste.  One  Gm.  dissolves  very  slowly  and  generally  incompletely  in  20  cc.  of 
water  at  25°  C. ;  also  in  1.5  cc.  of  boiling  water;  insoluble  in  alcohol.  The  label  must 
indicate  which  salt  is  dispensed. 

Dose,  internally,  2  to  5  grains  (0.12  to  0.3  Gm.)  ;  externally,  as  dusting  powder 
full  strength  or  diluted. 

Glycerixum  Aluminis  (Br.),  Glycerir^  of  Alum.  Ahhr.,  Glycer.  Alum.  Synonym: 
Alum  Glycerite.  ■....r.u.-i 

Purified  alum,  20  Gm. ;  distilled  water,  7.5  cc. ;  glycerin,  sufficient  to  produce 
120  cc. 
"       Dose,  externally,  undiluted. 

Alumiki  Chlouidum   (N.F.),  Aluminum  Chloride.    Ahlr.,  Alum.  Chlor. 

Occurs  as  a  white,  or  yellowish-white,  deliquescent,  amorphous  or  crystalline  pow- 
der; nearly  odorless;  taste  sweetish  and  very  astringent.  One  Gm.  dissolves  in  about 
0.5  cc.  of  water.  It  should  correspond  to  not  less  than  20.5  percent,  of  aluminum 
oxide,  A1,0,. 

,       Dose,  3  to  8  grains  (0.2  to  0.5  Gm.). 

J       Alumini  Sulphas  (N.F.),  Aluminum  Sulphate.    Ahhr.,  Alum.  Sulph. 
i       Occurs  as  a  white,   crystalline  powder,  shining  plates   or  crystalline  fragments; 
odorless,  having  a  sweetish,  followed  by  an  astringent,  taste.    One  Gm.  dissolves  in 
1  cc.  of  water  at  25°  C.;  more  soluble  in  boiling  water;  insoluble  in  alcohol.    Con- 
tains not  less  than  99.5  percent,  of  Alj(SO,)34-  16Hp. 

Dose,  externally  in  aqueous  solution,  20  grains  to  1  fluidounce  and  stronger. 
s'     Alumini    Naphthosulphonas     (N.N.R.),    Aluminum     Beta-naphtho-sulphonate. 
Ahhr.,  Alum.  3-naphth.  Sulph.    Synonym:  Alumnol. 

The  aluminum  salt  of  betanaphthol-disulphonic  acid.  It  is  a  fine,  nearly  white, 
nonhygroscopic  powder;  soluble  in  1.5  parts  of  water;  soluble  in  glycerin;  sparingly 
soluble  in  alcohol;  insoluble  in  ether. 

Dose,  externally  in  V2  to  3  percent,  solutions,  or  as  a  dusting  powder. 

Liquor  Alumini  Acetatis  (N.F.),  Solution  of  Aluminum  Acetate.  Ahlr.,  Liq. 
Alum.  Acet.    Synonym:  Liquor  Burowii,  Burow  Solution. 

Prepared  by  mixing  a  solution  of  lead  acetate,  150  Gm.  in  500  cc.  of  water,  with 
one  of  aluminum  sulphate,  85  Gm.  in  500  cc.  of  water,  and,  after  letting  the  mixture 
stand  for  24  hours,  siphoning  off  the  clear  liquid,  and  adding  enough  water  passed 
through  the  magma  to  make  1000  cc.  One  hundred  cc.  of  this  solution  contains  not 
lees  than  4.5  and  not  more  than  5.5  Gm.  of  neutral  aluminum  acetate  (A1(C,H,0,),). 

Dose,  externally,  diluted  in  from  2  to  6  parts  of  water. 

Liquor  Alumixi  Subacetatis  (N.F.),  Solution  of  Aluminum  Subacetate.  Ahhr.. 
Liq.  Alum.  Subaeet. 

This  solution  contains  not  less  than  7.5  and  not  more  than  8  percent,  of  basic 
aluminum  acetate. 

Dose,  diluted  in  4  to  8  parts  of  water,  as  a  gargle  or  for  external  use. 

Alumini  Boro-Tartras  (unofficial).  Aluminum  Boro-Tartrate.    Ahhr.,  Alum.  Boro- 
Tart.     Synonym :  Boral. 
^'      A  crystalline  substance  with  a  sweetish,  astringent  taste,  soluble  in  water. 

Dose,  externally  as  powder,  undiluted. 

Alumini  Boro-Tannas  (unofficial),  Aluminum  Boro-Tannate.  Ahhr.,  Alum.  Boro- 
Tan.    Synonyms:  Cutal,  Lutol. 
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A  brownish  powder  used  as  an  astringent  and  disinfectant,  especially  in  diseases 
of  the  skin. 

Dose,  externally  as  10  percent,  ointment  or  as  dusting  powder. 

rERROSO-ALUMiNi  SuLPHAS  (unofficial),  Aluminum  and  Iron  Sulphate.  Ahhr., 
Ferr.-Alum.  Sulph. 

Dose,  5  to  10  grains  (0.3  to  0.6  Gm.),  in  some  aromatic  solvent. 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Owing  to  their  property  of 
precipitating  proteins,  the  absorption  of  salts  of  aluminum  is  very  slow,  and,  as  the 
precipitate  is  soluble  in  a  great  excess  of  proteid,  any  aluminum  albuminate  which 
reaches  the  blood  is  rapidly  carried  to  the  kidneys  and  excreted.  For  this  reason  the 
drug,  when  swallowed,  has  no  systemic  action.  It  may,  however,  cause  albuminuria, 
and  even  nephritis  with  hematuria.  The  former  reports  of  deposition  of  aluminum  in 
various  tissues  are  not  now  credited. 

Topical  Action. — On  the  skin,  solutions  of  aluminum  salts  have  little  effect,  but 
applied  to  abraded  surfaces  or  mucous  membranes  they  act  as  corrosives,  destroying 
the  tissues  and  coagulating  the  proteins.  The  corrosive  action  is  exerted  only  by  strong 
solutions,  those  more  dilute  throwing  down  a  layer  of  coagulated  albumin,  which 
protects  the  surface  from  further  action. 

The  astringent  action  of  alum  may  be  shown  on  the  mesentery  of  frogs,  in  which 
vasoconstriction  is  caused  by  0.05  to  0.5  percent,  solutions.  Stronger  solutions  cause 
congestion. 

Aluminum  acetate  differs  from  the  soluble  salts  of  other  metals  and  even  from  alum 
itself,  both  in  its  astringent  action  and  in  its  effect  on  proteins.  "When  added  to  blood 
serum,  it  does  not,  like  other  metallic  astringents,  cause  a  precipitation,  but  merely  a 
gelatinization  of  the  proteins,  which  show  no  tendency  to  settle  out.  This  result  is  not 
seen  with  saturated  solutions  (8  percent.),  but  only  with  more  dilute  solutions,  the 
optimum  concentration  being  from  0.5  to  1  percent.   (Straub). 

The  various  compounds  of  alum  exert  a  topical  astringent  action  when  swallowed 
in  small  dose,  but  in  poisonous  amounts,  induce  vomiting  and  diarrhea.  The  emetic 
dose  in  man  is  about  1  to  2  drams  (4  to  8  Gm.). 

Of  the  recently  introduced  preparations,  alsol,  alumnol,  boral  and  cutal  share  the 
corrosive  action  of  alum. 

Toxic  Action. — The  amount  of  alum  required  to  kill,  when  given  by  mouth,  is  very 
large.  Death  has  followed  the  swallowing  of  a  strong  solution,  containing  50  Gm. 
(13  drams).  In  rabbits,  which  do  not  vomit,  8  Gm.  (2  drams)  cause  acutely  fatal 
gastritis,  and  death  from  gastroenteritis  results  in  about  two  months  when  20  mgm.  of 
aluminum  acetate  is  given  daily  with  food.  Dogs  and  cats  show  only  diarrhea 
from  this  dose,  but  succumb  to  40  mgm.  daily;  with  larger  doses,  albuminuria  may  also 
occur. 

Symptoms  of  Poisoning. — ^When  strong  solutions  of  aluminum  acetate  or  alum  are 
taken  into  the  stomach,  there  is  immediate,  severe  pain  in  the  epigastrium,  and  burn- 
ing in  the  throat  and  mouth.  The  mucous  membranes  of  the  mouth  and  pharynx  are 
covered  with  an  adherent  layer  of  coagulated  albumin  and  appear  white  or  grayish. 
Soon  uncontrollable  vomiting  begins,  the  stomach  being  so  sensitive  that  even  water 
is  extremely  irritating.  The  vomitus  is  often  blood-stained.  If  the  amount  taken  were 
large,  there  may  be  diarrhea  also.  Albuminuria  with  casts,  or  occasionally  blood,  in 
the  urine  is  less  often  seen.    Recovery  is  commonly  complete  within  a  few  days. 

Systemic  Action. — The  systemic  action  of  aluminum  is  not  seen  when  the  drug  is 
taken  into  the  stomach.  The  effects  of  injected  salts  have,  however,  been  studied  in 
the  dog.  After  a  single  injection  of  250  to  300  mgm.  per  kilo,  the  animal  seems  per- 
fectly well  for  a  week  or  two,  and  then  shows  constipation,  loss  of  weight,  occasional 
vomiting,  low  blood-pressure,  anemia,  weakness  of  the  legs  with  loss  of  the  tendon 
reflexes,  and  a  tendency  to  torpor.  Later  there  are  tremors  and  jerking  motions  of  the 
legs,  going  on  to  clonic  convulsions.  Later  still,  paralysis  of  motion  and  widespread 
anesthesia  occur,  and  death  in  cachexia  or  coma  follows.  Albuminuria  is  constant.  Post- 
mortem study  shows  marked  congestion  of  the  stomach  and  bowel,  fatty  degeneration 
of  the  liver  and  kidney,  and  degeneration  of  nerve  fibers  and  cells  in  the  cord  and 
medulla,  especially  about  the  roots  of  the  lower  cranial  nerves.  Injected  in  frogs,  alum 
causes  spinal  paralysis,  affecting  the  forelegs   first  and  travelling  down. 

In  spite  of  the  fact  that  small   amounts   of  aluminum   are   taken   daily   in    many 
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ways — as  food  preservatives,  as  solutions  from  aluminum  cooking  utensils,  etc. — no  case 
of  chronic  poisoning  has  ever  been  reported.  The  small  amounts  which  are  absorbed 
are  excreted  as  quickly  and  there  is  no  tendency  for  it  to  collect  in  the  body.  This, 
however,  does  not  exclude  the  possibility  that  disturbances,  especially  of  the  digestive 
organs  and  kidneys,  may  be  set  up,  the  cause  being  unknown  and  even  unsuspected;  nor 
is  the  adulteration  of  baking  powders  with  alum  or  other  methods  of  introducing  it  with 
foods,  to  be  excused. 

Therapeutics:  Topical. — The  healing  of  canJcer  sores  and  other  ulcerations  in  the 
moutli  is  often  accelerated  by  touchinf?  them  with  a  crystal  of  alum.  In  relaxed  con- 
ditions of  the  fauces  a  gargle  of  a  solution  of  alum  (1  dram  to  '5  ounces,  flavored  with 
myrrh  and  honey  of  rose)  is  useful,  and  in  chronic  pharijngifis  the  same  solution  may 
be  applied  in  the  form  of  a  spray.  In  cases  of  spongy  and  receding  gums,  an  alum 
wash  will  render  good  service,  pyorrhea  ulveolaris,  if  present,  receiving  specific  treat- 
ment in  addition.  Care  must  be  taken  not  to  lot  the  solution  remain  too  long  in 
the  mouth  lest  it  injure  the  teeth. 

Alum  is  available  as  a  styptic  in  epistaxis  and  in  bleeding  from  other  surfaces 
or  from  the  stomach.  In  postpartum  hemorrhage,  all  other  necessary  things  having 
been  done,  douching  with  a  2  or  3  percent,  solution  of  aluminum  acetate  may  assist 
in  checking  the  flow  of  blood.  In  the  bleeding  after  tonsillectomy,  gargling  or  syring- 
ing the  nasopharynx  with  a  10  percent,  solution  is  often  helpful.  To  restrain  bleeding 
from  the  rectum,  and  as  an  astringent  as  well  as  hemostatic  application  to  piles,  alum 
may  be  applied  in  powden  or  crystal  or  as  a  solution  in  infusion  of  logwood.  The 
same  solution  is  said  to  be  of  service  in  prolapse  of  the  rectum.  Alum  (5  to  25  per- 
cent.) is  also  incorporated  in  various  compound  ointments  and  suppositories  for 
astringent  and  styptic  effect  upon  hemorrhoids.  Nutgall,  phenol,  menthol,  camphor 
and  opium  are  among  the  agents  that  may  be  used  in  association.  In  the  latter 
stages  of  conjunctivitis,  instillation  of  a  weak  solution,  preferably  in  the  form  of  alum 
curd  (30  grains  to  the  white  of  one  egg)  or  alum  whey  (made  by  adding  1  dram  to  8 
ounces  of  boiling  milk  and  straining)  gives  good  results.  A  1  or  2  percent,  solution 
of  aluminum  acetotartrate  is  useful  as  a  mouth  wash  in  stomatitis  or,  made  into  a 
paste  with  salol,  as  an  application  to  canTcer  sores. 

The  neutral  acetate  in  1  to  3  percent,  solution  is  a  good  astringent  and  feebly 
antiseptic  gargle  in  catarrhal  pharyngitis,  in  tonsillitis  and  in  relaxation  of  the  uvula. 
The  same  purpose  may  be  served  by  a  solution  of  1  to  3  drams  (4  to  12  Gm.)  of 
potassium  or  ammonium  alum  in  a  pint  (500  cc.)  of  a  demulcent  or  astringent 
solution — say  infusion  of  flaxseed,  with  perhaps  a  fluidounce  (30  cc.)  of  tincture  of 
kino,  catechu  or  krarneria,  or  an  ounce  or  two  of  distillate  witch-hazel.  Peppermint 
or  wintergreen  may  be  used  as  flavoring,  if  it  seems  necessary. 

Localized  hyperidrosis  may  sometimes  be  suppressed  by  bathing  with  hot  2  per- 
cent, solution  of  alum.  A  useful  foot  ■powder  (the  Pulvis  pro  pedihus  of  the  Swiss 
Pharmacopoeia)  is  composed  of  15  parts  of  potassium  alum  and  85  parts  of  talc, 
finely  pulverized.  Aluminum  chloride  or  sulphate  diluted  with  talc  in  the  same  pro- 
portion, answers  equally  well.     Salol  and  boric  acid  are  helpful  additions. 

Bedsores  may  be  prevented  by  laving  the  skin  of  parts  subjected  to  pressure  with 
alcohol  and  alum  once  or  twice  daily.  An  ounce  of  alum  is  shaken  in  a  bottle  with  a 
pint  of  alcohol.  Part  goes  into  solution,  and  as  alcohol  is  added  from  time  to  time, 
to  replace  what  is  used,  the  remainder  will  be  gradually  taken  up.  The  same  solution 
is  also  useful  in  treating  bedsores  after  their  formation,  and  may  be  used  to  sponge 
phthisical  patients  as  part  of  the  preventive  regime  against  night-sweats.  Similar  uses 
may  be  made  of  a  2  percent,  solution  of  aluminum  acetate  or  subacetate  (approxi- 
mately 2  drams  of  the  N.F.  solution  of  the  latter  to  an  ounce  of  water).  Superficial, 
clean  bedsores  heal  rapidly  when  dressed  with  gauze  soaked  in  this  solution.     It  is 
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also  an  excellent  cleansing  application  for  suppurating  wounds,  ulcers  and  sloughing 
bedsores.  A  1  percent,  solution  of  the  subacetate  or  a  0.5  percent,  solution  of  the 
acetate  makes  a  serviceable,  non-toxic  and  unirritating  dressing  for  eczenvatoid 
dermatitis,  erysipelas,  furunculosis  and  ivy  poisoning.  Aluminum  hydroxide,  in 
powder  or  ointment,  is  a  useful  application  in  any  form  of  acute  dermatitis,  sun- 
burn, etc. 

In  cystitis,  especially  when  much  pus  is  present,  the  2  percent.,  aluminum  sub- 
acetate  solution  is  of  service  for  irrigation,  following  a  copious  lavage  with  boric 
solution.  The  same,  or  a  weaker  solution,  may  be  used  in  leucorrliea  and  in  gleet, 
and  a  somewhat  stronger  one,  in  gonorrhea  in  the  female.  Gynecologists  prescribe 
for  vaginal  douches,  in  a  variety  of  conditions,  a  powder  of  dried  alum  6  parts,  with 
phenol  and  boric  acid,  each  1  part.  This  is  to  be  dissolved  in  hot  water,  in  the 
proportion  of  1  or  2  teaspoonfuls  to  the  pint  (about  1  to  2  percent.).  Gaultheria  or 
peppermint  is  sometimes  added;  for  their  odor,  chiefly. 

Alumnol  (aluminum  beta-naphthol  disulphonate)  is  said  to  be  of  benefit  in  5 
percent,  solution,  by  intravaginal  douche,  in  the  treatment  of  gonorrhea  of  the  vagina 
and  endometrium  and,  in  weaker  solutions  as  a  spray,  wash  or  gargle,  in  affec- 
tions of  the  mouth  and  throat.  It  may  also  be  insufflated  as  a  powder  diluted  with 
starch. 

In  the  stomach,  alum  is  astringent,  styptic  or  emetic  according  to  dose.  It  has 
been  found  of  use  in  chronic  gastric  and  gastroenteric  catarrh,  especially  when  glairy 
mucus  is  vomited  or  returned  in  stomach  washings.  It  mgy  be  given  in  doses  of 
1  or  2  grains  thrice  daily  in  pill  or  in  alcoholic  or  watery  solution,  with  a  bitter  (nux 
vomica  or  gentian)  and  a  digestive  ferment.  It  is  to  be  considered  in  hematemesis, 
and  even  in  hemorrhage  from  the  bowel;  small  doses  associated  with  tannin-bearing 
preparations  and  opiates  being  of  possible  service.  As  an  emetic  from  V^  to  1  tea- 
spoonful  may  be  given  to  a  child  of  3  or  4  years,  preferably  with  an  equal  or  greater 
quantity  of  syrup  of  ipecac,  or  in  plain  syrup  or  honey  if  time  presses  and  they  alone 
are  available.  Its  action  is  commonly  mild  and  prompt,  and  may  be  favored  by  sipping 
or  drinking  tepid  water,  with  or  without  salt.  Vomiting  should  occur  about  10  or  15 
minutes  after  the  alum  is  given,  and  if  it  be  delayed  for  30  minutes,  the  dose  should 
be  repeated.  The  chief  use  of  alum  in  this  way  now,  is  in  capillary  bronchitis  spas- 
modic croup  and  less  frequently,  in  ivhooping  cough.  Formerly,  it  was  used  in 
laryngeal  diphtheria  (membranous  croup)  and  might  still  be  thought  of  in  emergencies 
when  antitoxin  is  lacking  or  has  failed  and  intubation  is  not  available.  Repeated 
doses  were  given  if  necessary.  Alum  may  also  be  used  as  an  emetic  in  food  poisoning 
and  narcotic  poisoning.  It  is  contraindicated  in  corrosive  poisoning  and  in  acute 
inflammation  of  the  alimentary  tract.  It  is  sometimes  given  to  control  diarrhea,  and 
dysentery,  but  its  use  for  such  purposes  is  becoming  more  and  more  infrequent. 

Systemic. — Alum  was  at  one  time  given  internally  to  cont-rol  the  night-sweats  of 
phthisis  and  distant  hemorrhages,  such  as  hemoptysis,  but  such  a  procedure  seemed 
so  illogical  that,  despite  apparent  success  in  certain  cases,  it  has  been  practically 
abandoned.  The  most  useful  internal  employment  of  alum  is  in  the  treatment  lead 
colic.  Its  remedial  action  in  this  condition  has  never  been  satisfactorily  explained, 
yet  unquestionably  it  relieves  both  the  intestinal  spasm^  and  the  constipation. 

Aluminum  chloride  has  been  given  internally  in  doses  of  5  grains  (0.3  Gm.) 
3  times  a  day  for  the  lightning  pains  of  tahes  dorsalu,  over  which  it  is  said  to  exercise 
a  remarkable  control. 

Aluminum  and  iron  sulphate  has  been  recommended  in  doses  of  5  to  10  grains 
(0.3  to  0.6  Gm.)  for  the  control  of  hemorrhage  and  of  colliquative  diarrhea  and 
sweat  i^ig. 
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Lead  ' 

Lead  and  salts  of  lead  have  been  used  in  the  arts,  and  probably  in  medicine,  since 
preliistoric  times.  The  older  writers  speak  of  their  use  externally  .to  prevent  hemor- 
rhage and  as  astringents,  but  their  experience  with  lead  poisoning,  the  symptoms  of 
which  are  described  in  detail  by  Paul  of  -i3]]gina  and  Arabian  writers,  seems  to  have 
deterred  them  from  its  internal  use.  Its  administration  by  mouth  for  diarrhea  and 
hemorrhage  seems  to  have  begun  in  the  sixteenth  century.  It  is  evident  that  such 
use  led  to  poisoning,  for  we  find  Cullen  remarking,  in  1769,  "Hardly  any  practician 
of  medicine  will  now  think  of  employing  any  preparations  of  lead  as  internal  medi- 
cines." More  recently,  its  internal  use  was  advocated  in  this  country  and  in  Germany, 
and  certain  lead  salts  are  now  frequently  prescribed  for  severe  diarrhea  and  gastro- 
enteric hemorrhage. 

Chemistry. — Lead  is  one  of  the  heavy  metals,  and,  like  the  other  drugs  of  this 
character,  forms  many  compounds  with  acid  radicals,  very  few  of  which  are  used  in 
medicine.  Certain  compounds  are  interesting  to  the  physician,  on  account  of  the 
frequency  with  which  poisoning  is  produced  by  them. 

The  lead  salts  used  in  medicine  are  lead  oxide,  litharge  (PbO) ;  lead  acetate,  sugar 
of  lead  (Pb(CjH30j)j. 311,0) ;  lead  subacetate,  which  is  not  a  true  subacetate  but  a 
solution  of  lead  oxide  in  a  solution  of  the  acetate  and  is  distinguished  from  the  acetate 
by  having  an  alkaline  instead  of  a  neutral  reaction;  and  lead  nitrate  (Pb(NOj)j). 

Summary  of  Actions  and  Uses. — The  compounds  of  lead  owe  their  medicinal  virtues 
to  their  topical  action;  they  precipitate  albumin,  and  thus  form  an  adhesive,  dense  and 
impenetrable  covering  over  ulcers,  which  favors  their  healing  and  protects  them  from 
Injury.  A  similar  action  takes  place  even  on  intact  mucous  membranes,  the  superficial 
layer  being  precipitated,  and  the  deeper  layers  protected   from   injury. 

Systemically,  the  compounds  of  lead  exert  their  most  striking  action  on  the  nerve 
system,  causing  peripheral,  and  more  rarely  central,  paralysis.  The  mind  is  occasionally 
affected  by  their  use.  The  red  blood-cells  are  destroyed,  but  rarely  to  such  a  degree  as 
to  lead  to  marked  anemia.  Lead  is  never  employed  therapeutically  for  its  systemic 
effects.    The  astringent  action  on  the  bowel  is,  of  course,  topical. 

The  four  compounds  of  lead  which  find  chief  use  in  medicine  differ  from  one 
another  in  solubility  and  reaction.  Lead  oxide  is  insoluble  in  water,  and  finds  its  chief 
use  as  a  basis  for  plasters,  being  boiled  with  olive  oil  and  converted  into  an  oleate  of 
lead.  Lead  nitrate  and  lead  subacetate  are  also  used  externally,  the  former  as  a  powder, 
the  latter  in  solution,  as  applications  to  ulcers  and  inflamed  areas.  Lead  acetate  is  used 
in  solution  as  an  external  application,  and  also  in  pill  form,  internally,  in  diarrhea  and 
hemorrhage  from  the  bowel.  Formerly,  the  subacetate  was  employed  to  check  internal 
bleeding,  but  this  use  has  been  largely  abandoned. 

Recently  intravenous  injections  of  colloidal  iodide  of  lead  have  been  used  in  the 
treatment  of  inoperable   carcinoma    (Bell). 

To  sum  up  the  topical  action  of  lead  in  a  single  phrase:  it  is  the  least  corrosive 
and  the  most  astringent  of  the  heavy  metals. 

Materia  Medica. — Plumbum  (unofficial),  Lead.    Ahhr.,  Plumb. 

A  metallic  element  of  bluish-gray  color  with  a  metallic  lustre  when  first  cut; 
it  is  of  soft  consistence,  malleable,  and  easily  cut  with  a  knife;  symbol,  Pb;  atomic 
weight,  207.20;  specific  gravity,  11.340;  having  two  valencies,  II  and  IV.  It  occurs 
in  nature  as  an  oxide  and  as  various  salts,  but  chiefly  as  the  sulphide,  or  galena. 

Dose,  see  preparations. 

Plumbi  Acetas  (U.S.X.),  Lead  Acetate.  Ahlr.,  Plumb.  Acet.  Si/nonym:  Sugar 
of  Lead. 

Lead  acetate  may  be  obtained  by  dissolving  lead  oxide  or  lead  carbonate  in 
acetic  acid.  It  contains  not  less  than  85.31  percent,  and  not  more  than  89.57  per- 
cent, of  anhydrous  lead  acetate,  corresponding  to  not  less  than  99.5  percent,  of  the 
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crystallized  salt  (Pb(C,H,Oj)j.3HjO) ;  colorless,  shining,  transparent,  monoclinic 
prisms  or  plates,  or  heavy,  white,  crystalline  masses,  or  granular  crystals.  It  has  a 
faintly  acetous  odor,  is  efflorescent,  and  absorbs  carbon  dioxide  on  exposure  to  air. 
One  Gm.  is  soluble  in  1.4  cc.  of  water  and  in  38  cc.  of  alcohol  at  25°  C,  and  in  0.5 
cc.  of  boiling  water ;  freely  soluble  in  glycerin. 

Dose,  1  to  3  grains  (0.06  to  0.2  Gm.). 

Plumbi  MoNOxrouM  (U.S.  X.),  Lead  Monoxide.  Ahhr.,  Plumb.  Monoxid.  Syno- 
nyms:  Litharge,  Lead  Oxide,  Plumbi  Oxidum. 

Lead  oxide  may  be  obtained  by  the  action  of  air  on  melted  lead.  A  heavy,  yel- 
lowish or  reddish-yellow  powder,  or  minute  scales,  deliquescent,  without  odor  or  taste. 
It  is  almost  insoluble  in  water,  to  which,  however,  it  imparts  a  faintly  alkaline  reac- 
tion; insoluble  in  alcohol,  but  is  dissolved  by  acetic  and  diluted  nitric  acid,  and  by 
warm  solutions  of  the  hydroxides  of  fixed  alkalis.  Contains  not  less  than  97  percent, 
of  PbO. 

Dose,  used  in  making  lead  plaster. 

Plumbi  Oxidum  Eubrum  (N.F.),  Eed  Oxide  of  Lead.  Ahhr.,  Plumb.  Oxid.  Eub. 
Synonym:   Red  Lead. 

Lead  orthoplumbate,  usually  with  some  unconverted  lead  monoxide,  corresponding 
to  not  less  than  31  percent,  of  lead  dioxide,  PbO,.  A  heavy  orange-red  powder,  without 
odor  or  taste;  on  exposure  to  air,  absorbs  moisture  and  carbon  dioxide;  almost  insoluble 
in  water,  totally  so  in  alcohol,  but  dissolved  by  lactic  acid  with  the  evolution  of  carbon 
dioxide  and  the  odor  of  acetaldehyde. 

Dose,  not  used  in  substance. 

Plumb  Carbonas  (unofficial).  Lead  Carbonate.  Ahhr.,  Plumb.  Carb.  Synonym: 
White  Lead. 

A  mixture  of  lead  carbonate  and  hydroxide;  heavy,  white,  opaque  powder,  or  a 
pulverulent  mass,  without  odor  or  taste;  permanent  in  the  air;  insoluble  in  water  or 
alcohol,  but  dissolved  by  dilute  acetic  or  dilute  nitric  acid  with  effervescence. 

Caution:  prolonged  use  (as  in  face  powders)  is  likely  to  produce  lead  poisoning. 

Dose,  externally  as  powder  or  10  percent,  ointment. 

Liquor  Plumbi  Subacetatis  (U.S.  X.),  Solution  of  Lead  Subacetate.  Ahhr.,  Liq. 
Plumb.  Subacet.    Synonyms :  Goulard  Extract,  Acetum  Plumbi. 

Prepared  by  triturating  lead  oxide,  140  Gm.,  with  100  cc.  of  distilled  water  to  a 
smooth  paste,  and  transferring  the  mixture  to  a  bottle  of  1000  cc.  capacity,  using  an 
additional  100  cc.  of  water  for  rinsing.  Dissolve  220  Gm.  of  lead  acetate  in  700  cc. 
of  distilled  water  and  add  this  to  the  lead  oxide  solution,  and  then  set  aside  for  seven 
days.  Finally,  filter,  passing  enough  distilled  water  through  the  filter  to  make  the 
product  measure  1000  cc.  A  clear,  colorless,  odorless  liquid,  having  a  very  sweet, 
astringent  taste.    Corresponding  to  not  less  than  18  percent,  of  Pb. 

Dose,  externally  undiluted. 

Liquor  Plumbi  Subacetatis  Dilutus  (U.S.  IX.),  Diluted  Solution  of  Lead  Sub- 
acetate.    Ahhr.,  Liq.  Plumb.  Subacet.  Dil.    Synonyms :  Goulard  Water,  Lead  Water. 

Prepared  by  diluting  40  cc.  of  solution  of  lead  subacetate  with  distilled  water  q.s. 
to  make  1000  cc. 

Dose,  externally  undiluted. 

Glycerinum  Plumbi  Subacetatis  (Br.),  Glycerin  of  Lead  Subacetate.  Ahhr., 
Glycer.  Plumb.  Subacet. 

Made  by  evaporating  500  cc.  of  the  strong  solution  of  lead  subacetate  to  dryness, 
then  dissolving  the  residue  in  500  cc.  of  warm  glycerin,  and  adding  sufficient  water 
to  bring  the  specific  gravity  to  1.48.    Filter  if  necessary. 

Dose,  externally  undiluted. 
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SUPPOSITORIA  Plumbi  Composita  (Br.),  Compound  Load  Suppositories.  Ahbr., 
Supp.  Plumb.  Co. 

Lead  acetate  in  powder,  2.4  Gm.;  opium  in  powder,  0.8  Gm. ;  oil  of  theobroma, 
q.s.  to  make  12  suppositories  weighing  about  1  Gm.  each.  Each  suppository  contains 
about  3  grains  (0.2  Gni.)  of  lead  acetate  and  about  1  grain  (0.067  Gra.)  of  opium. 

Dose,  one  suppository. 

Unglentum  Plumbi  Subacetatis  (Br.),  Lead  Subacetate  Ointment.  Ahhr.,  Ung. 
Plumb.  Subacet. 

Strong  solution  of  lead  subacetate,  12.5  Gm. ;  wool  fat,  25  Gm. ;  hard  paraffin, 
12.5  Gm. ;  soft  paraffin,  50  Gm. 

Dose,  externally  in  burns,  scalds,  and  chilblains,  etc. 

Ceratum  Plumbi  Subacetatis  (JST.F.),  Cerate  of  Lead  Subacetate.  Ahhr.,  Cerat. 
Plumb.  Subacet.    Synonym  :  Goulard  Cerate. 

Solution  of  lead  subacetate,  wool  fat  and  white  wax,  of  each,  20  Gm. ;  white 
petrolatum,  38  Gm. ;  camphor,  2  Gm. 

Dose,  externally  undiluted. 

LoTio  Plumbi  et  Opii  (N.F.),  Lotion  of  Lead  and  Opium.  Ahhr.,  Lot,  Plumb, 
et  Opii.    Synonym:  Lead  and  Opium  Wash. 

Lead  acetate,  17.5  Gm. ;  tincture  of  opium,  35  cc. ;  water,  q.s.  to  make  1000  cc. 
The  lotion  should  be  thoroughly  shaken  before  being  dispensed. 

Dose,  externally  undiluted. 

Unguentum  Plumbi  Iodidi  (N.F.),  Lead  Iodide  Ointment.  Ahhr.,  Ung.  Plumb, 
lod. 

Lead  iodide,  in  powder,  10  Gm.  thoroughly  triturated  with  benzoinated  lard, 
gradually  added  until  90  Gm.  is  used,  making  a  total  of  100 -Gm.  for  the  unguent. 

Dose,  externally  undiluted. 

Unguentum  Plumbi  Oleatis  (U.S.  X.),  Ointment  of  Oleated  Lead.  Ahhr.,  Ung. 
Plumb.  Oleat.    Synonyms:  Unguentum  Diachylon,  Diachylon  Ointment. 

Lead  oleate  plaster,  50  Gm. ;  oil  of  lavender,  1  Gm. ;  white  petrolatum,  49  Gm. 

Dose,  externally  undiluted. 

Emplastrum  Saponis  (Br.),  Soap  Plaster.    Ahhr.,  Emp.  Sap. 

Hard  soap,  140  Gm. ;  lead  plaster,  835  Gm. ;  resin,  25  Gm.  The  ingredients  are 
melted  at  as  low  a  temperature  as  possible,  mixed,  and  evaporated,  with  constant 
stirring  to  a  proper  consistence. 

Dose,  externally  undiluted. 

Antipathogenic  Action. — Even  the  soluble  salts  of  lead  are  not  active  as  bactericides. 
Strong  solutions,  such  as  1  percent,  of  lead  nitrate,  will  destroy  bacteria  by  uniting 
with  their  proteins,  but  lead  salts  have  but  little  penetrative  power  for  the  bacterial 
cell  wall.  Applied  to  infected  ulcers,  they  form  a  coagulated,  dry  coating  in  which 
bacteria  do  not  grow  readily. 

Action  on  Cells  and  Plants. — Hyacinth  bulbs  placed  in  water  containing  as  little  as 
1  part  of  lead  acetate  in  100,000,000  show  lessened  root  growth,  although  the  floral 
development  is  not  altered.  Seeds  placed  in  0.25  percent,  lead  acetate  do  not  sprout  well 
and  0.5  percent,  prevents  germination. 

The  germination  of  frog  eggs  is  prevented  by  1  part  in  100,000  and  young  tadpoles 
are  killed  by  the  same  concentration  in  24  hours.  Older  tadpoles  are  not  injured  by 
this  strength   and   frogs   are   not   injured   by  1:1000   solution. 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Lead  salts,  when  swallowed, 
may  be  changed  to  the  chloride  in  the  stomach,  but  in  the  upper  bowel  are  converted 
into  the  relatively  insoluble  sulphide,  most  of  which  passes  out  with  the  feces.  A  small 
quantity  is  absorbed,  probably  almost  entirely  as  lead  albuminate.  Of  this  a  large  pro- 
portion is  caught   in  the  liver  and  never  reaches  the  systemic  circulation. 

Inhalation  of  the  dust  of  lead  carbonate  and  similar  powders  leads  to  the  most 
rapid  absorption:    "Indeed,  as  much  lead  may  be  absorbed   from  the  respiratory   tract 
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in  one  day  as  from  gastrointestinal  exposure  lasting  for  months"   (Minot).    The  recent 
fatal  industrial  poisonings  from  tetra-ethyl  lead  illustrate  this. 

Absorption  of  lead  through  the  skin  may  occur  from  the  use  of  either  lead  plasters 
or  solution  of  subacetate,  or,  in  workers,  from  grinding  lead  paint  in  oil.  but  rarely  leads 
lo  systemic  poisoning.  The  intoxications  from  cosmetic  powders  presumably  arise  through 
inhalation.  Absorption  from  ulcerated  surfaces  and  from  such  mucosae  as  that  of  the 
eye  is  markedly  interfered  with  by  the  dense  layer  of  lead  albuminate  which  is  always 
thrown  down  when  soluble  lead  salts  come  in  contact  with  proteids. 

The  inorganic  salts  of  lead  are  at  once  precipitated  when  injected  into  a  vein,  but 
lead  ethylate,  which  is  not  thrown  down  will  produce,  after  a  few  injections,  the 
phenomena  of  chronic  poisoning.  Subcutaneous  injections  of  lead  salts  do  not  com- 
monly lead  to  poisoning,  although  plumbism  may  be  caused  by  gradual  absorption  from 
lead  bullets  imbedded  in  the  tissues.  The  absorbed  lead  is  carried  in  the  blood  plasma 
and  to  a  less  extent  in  the  red  cells,  as  the  tertiary  phosphate   (Fairhall), 

Of  the  lead  which  actually  reaches  the  systemic  circulation  very  little  is  eliminated 
early,  the  greater  part  being  so  slowly  cast  out  that  the  continued  absorption  of 
even  minute  quantities  will  lead  to  accumulation.  That  which  is  retained  in  the  body 
is  deposited  in  greatest  part  (up  to  95  percent.,  according  to  Aub)  in  the  bones,  and 
in  lesser  amount  in  the  liver,  kidneys,  salivary  glands,  and  pancreas.  The  muscles, 
spleen  and  central  nerve  system  contain  still  smaller  amounts.  It  is  fixed,  especially 
in  the  bones,  so  firmly  that  it  may  be  found  for  years  after  ingestion  has  ceased.  Such 
latent  deposits  may  be  redissolved  after  long  intervals  and  lead  to  poisoning.  Such 
solution  is  favored  by  lessened  calcium  metabolism  and  by  acidosis,  as  caused  by  star- 
vation. 

According  to  Schutz  and  Bernhardt,  deposition  in  the  bones  occurs  only  in  acute 
poisoning,  none  being  found  in  them  in  chronic  poisoning  in  rabbits,  but  deposits  still 
being  found  two  months  after  acute  poisoning. 

In  pregnant  females  the  lead  passes  to  the  child  and  may  injure  or  kill  it. 
The  excretion  of  lead  is  very  slow  and  may  extend  over  years.  By  far  the  greatest 
part  escapes  from  the  body  with  the  feces,  being  partly  excreted  in  the  bile  and  partly 
directly  through  the  wall  of  the  small  and  large  bowel.  A  smaller  part  is  excreted 
through  the  kidneys.  The  more  rapid  the  excretion,  the  greater  is  the  relative  portion 
in  the  urine.  Small  amounts  are  secreted  with  the  saliva  and  milk,  and  probably  also 
through  the  skin. 

Topical  Action. — Lead  salts,  owing  to  their  power  to  coagulate  albumin,  are  astrin- 
gent and  antiseptic.  The  lead  albuminate  formed  when  such  salts  come  in  contact  w-ith 
mucous  membranes  forms  an  insoluble  coating,  which  closes  the  openings  of  the  mucous* 
glands.  Lead  salts  also  have  a  constricting  action  on  the  arterioles,  thus  lessening  the 
blood  supply  of  the  tissues.  Both  of  these  actions  lessen  the  secretion  of  mucus  and 
have  a  drying  effect,  and  the  precipitate  not  only  protects  the  deeper  layers  from  further 
action  by  the  lead  salts,  but  also  from  all  other  irritants,  and  thus  allays  congestion 
and  inflammation,  and  tends  to  promote  healing  of  ulcers. 

Weak  solutions  of  lead  acetate  and  subacetate  are  almost  unirritating,  but  strong 
solutions  are  painful  and  even  escharotic.  Lead  nitrate  is  more  irritating,  owing  to 
the  nitric  acid  given  off  in  dissociation  and  by  decomposition.  Lead  plaster  is  not  at 
all   injurious   to  the  skin. 

Note. — Solutions  containing  lead  should  not  be  used  in  the  eye  if  there  is  corneal 
ulcer,  as  there  is  danger  of  deposit  of  lead,  leading  to  permanent  opacity. 

The  acetate  and  nitrate  of  lead  are  freely  soluble  in  water,  and  concentrated  solu- 
tions are  irritating,  and  even  caustic.  The  nitrate  is  particularly  so,  as  in  solution  it 
gives  off  nitrous  acid.  Acetate  of  lead  is  irritating  to  the  skin  in  concentrations  much 
above  2  percent.  Solution  of  subacetate  of  lead,  which  contains  about  18  percent,  of 
lead,  must  be  diluted  with  at  least  four  parts  of  water,  to  prevent  irritation  from  its 
topical  application. 

Toxicity. — A  sharp  distinction  must  be  made  between  acute  poisoning,  caused  by  a 
single  dose,  and  chronic  poisoning,  caused  by  repeated  small  doses.  A  third  type,  called 
subacute  poisoning,  and  including  those  chronic  cases  whose  symptoms  are  wholly  gastro- 
enteric, is  distinguished  by  some  authors  but,  as  this  fades  imperceptibly  into  the  chronic 
form  and  is  due  to  the  same  cause,  they  will  be  discussed  together. 

Acute  Poisoning. — Small  single  doses  of  lead  cause  no  symptoms  except  a  sweetish, 
metallic  taste  in  the  mouth,  and  constipation. 
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A  large  dose  of  any  soluble  lead  salt  produces  those  phenomena  of  gastroenteric 
irritation  which  characterize  the  soluble  salts  of  the  heavy  metals.  The  salts  have  either 
been  swallowed  by  mistake,  or  to  produce  abortion. 

Burning  pain  in  the  stomach  and  salivation  begin  several  hours  after  the  poison  has 
been  swallowed,  and  are  quickly  succeeded  by  the  vomiting  of  whitish,. and  later  of  blood- 
stained, masses.  There  is  a  metallic  taste  in  the  mouth,  which,  with  the  throat,  shows 
a  gray  coating.  Cramps  of  the  stomach  and  bowel  are  severe.  There  is  at  first  consti- 
pation, and  later  diarrhea,  with,  frequently,  blood  in  the  stools.  Dizziness,  cold  sweat- 
ing, headache,  and  the  other  symptoms  associated  with  large  doses  of  irritant  poisons, 
follow,  accompanied  by  cramps  in  the  calves,  and  neuralgic  pains  in  the  arms  and  legs. 
There  is  muscular  weakness  and  even  paralysis,  of  the  limbs,  but,  in  spite  of  this, 
convulsions  are  not  uncommon.  Death  may  follow,  either  promptly  or  after  an  interval 
of  several  days.  In  case  of  recovery,  it  is  usual  for  certain  of  the  symptoms  of  chronic 
poisoning,  dependent  on  a  small  amount  absorbed,  to  follow. 

Nephritis  is  usual,  and  may  be  very  severe.  In  pregnant  women,  abortion  is  not 
uncommon,  and   may  occur  several  weeks  after  the  intoxication. 

The  smallest  fatal  dose  in  acute  poisoning  is  about  1  ounce  (30  Gm.).  It  is  said 
that  even  2  ounces  (60  Gm.)  is  rarely  fatal  in  man,  although  i/,  ounce  (15  Gm.)  has 
caused  very  severe  intoxication.  In  dogs,  2Vo  to  6  drams  (10  to  25  Gm.)  is  usually 
fatal.  Carlson  found  that  acute  poisoning  was  caused  in  cats  and  dogs,  in  2  to  8  days, 
by  feeding  1.6  grains   (0.1  Gm.)  of  lead  sulphate  per  kilo  daily. 

In  fatal  cases  the  lesions  found  at  autopsy  will  be  discoloration  of  the  mouth,  throat, 
and  perhaps  stomach.  The  gastric  mucosa  shows  a  leathery  consistence,  with  ulceration. 
The  contents  of  the  bowel  are  dark,  and  the  wall  inflamed.  Hyperemia  of  the  liver 
and  acute  inflammation  of  the  kidneys  are  also  found. 

The  treatment  of  acute  poisoning  consists  in  emptying  the  stomach  and  bowel. 
^Magnesium  or  sodium  sulphate  is  preferable  for  this  purpose,  as  an  insoluble  sulphate 
of  lead  is  formed.  Either  of  these,  in  dilute  solution,  may  also  be  used  for  lavage  of 
the  stomach.  Boiled  tea  may  also  be  given,  as  lead  is  precipitated  by  tannic  acid.  If 
diarrhea  or  enteric  hemorrhage  follow,  they  may  be  treated  with  sulphuric  acid  lemonade. 
Chronic  Poisoning. — The  systemic  effects  of  lead  are  not  of  benefit  to  the  economy, 
and  derive  medical  interest  only  from  the  frequency  with  which  this  intoxication  i3 
encountered.  It  is  impossible  to  enumerate  all  the  methods  by  which  lead  salts  are 
introduced  into  the  body.  Poisoning  is  common  in  workers  with  lead,  such  as  lead 
miners,  lead  workers,  painters,  plumbers,  typesetters,  etc.  Lead  poisoning  also  occurs 
through  the  use  of  lead  pipes  for  domestic  water  supply,  the  cooking  of  food  in  pewter 
or  leaden  pots  or  vessels  enameled  with  lead  glazes.  More  rarely,  the  use  of  lead  salts 
as  dyes  has  given  rise  to  poisoning.  The  use  of  hair  dyes  containing  lead  is  not  uncom- 
mon; dressmakers  become  poisoned  by  chewing  black  thread  and  silk  which  is  dyed 
and  made  heavy  by  the  use  of  lead.  Many  cases  have  been  reported  dependent  on  a 
slow  absorption  from  a  lead  bullet  remaining  in  the  tissues  after  gunshot  wounds.  The 
daily  dose  required  to  cause  poisoning  is  said  by  Brouardel  to  be  1  mgm.    (1/67  gr.). 

Bell,  Williams  and  Cunningham  have  recently  used  very  large  doses  of  lead  by 
injection  in  the  treatment  of  cancer,  and  were  thus  able  to  study  poisoning  in  man  in  an 
experimental  manner.  They  found  the  amount  of  lead  required  to  cause  poisoning  varied 
from  40  to  340  mgm.,  numerous  small  doses  being  more  dangerous  than  a  few  large 
doses.  Stippling  of  the  blood  cells  was  seen  after  an  average  dose  of  140  mgm.,  the  other 
symptoms  requiring  larger  amounts.  Oliguria  and  albuminuria  were  often  encountered, 
being  constant  after  injections  of  I'o  grain  (100  mgm.)  of  colloidal  lead,  and  in  a  few 
instances  optic  neuritis  followed.     No  other  peripheral  neuritis  was  observed. 

Pigeons  given  lead  shot  by  mouth  develop  gastroenteric  disturbance  and  wide- 
spread paralysis  with  muscle  atrophy.  The  bullets  are  held  in  the  crop  and  85  percent, 
of  the  lead  may  be  absorbed.  Death  occurs  after  0.16  Gm.  per  kilo  has  been  taken  up, 
in  about  three  weeks.  Lead  chloride,  lead  iodide,  lead  acetate  and  lead  sulphide  given 
by  mouth  do  not  cause  poisoning  in   pigeons    (Hanzlik  and  others). 

Women  and  children  are  very  susceptible,  and  should  not  be  allowed  to  work  in 
trades  where  there  is  exposure.  Chronic  alcoholism  is  also  said  to  predispose  to  lead 
poisoning. 

The  intoxication  is  very  prolonged,  and  the  poison  may  continue  to  be  ingested 
for  months  before  any  severe  symptoms  are  noted.  Even  before  the  victim  complains, 
there  is  generally  to  be  found  the  blue  line  on  the  gums  and   the  changes  in  the  red 
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blood-cells.  The  first  symptoms  of  which  the  patient  complains  are,  as  a  rule,  intestinal 
colic  and  constipation.  The  nerve  symptoms  follow  later  in  most  cases.  These  phenom- 
ena will  be  described  in  detail  under  systemic  action. 

In  doubtful  early  cases,  diagnosis  rests  chiefly  on  four  symptoms:  Basophilic  granu- 
lation of  the  red  blood-cells;  the  blue  line  on  the  gums;  the  occurrence  of  hematopor- 
phyrin  in  the  urine,  and  digestive  disturbance.  Especially  in  workers  with  paints,  diag- 
nosis may  be  made  difficult  by  the  association  of  other  forms  of  poisoning. 

The  prophylactic  measures  against  plumbism  are  most  important.  They  include  the 
thorough  ventilation  of  factories  where  lead  is  handled  and  the  avoidance  of  dust 
therein;  scrupulous  cleansing  of  the  hands  and  nails  of  the  workers  before  their  meals; 
the  wearing  of  suitable  masks  or  respirators  by  all  those  exposed  to  inhalation  of  the 
metal  or  its  salts  in  any  form  or  manner;  and  proper  inspection  of  such  products  as 
wall  papers  and  hair  dyes,  in  the  manufacture  of  which  there  is  a  temptation  to  use 
lead  compound.  Those  who  cannot,  because  of  their  occupations,  avoid  contact  with  lead 
should  be  advised  to  drink  sulphuric  acid  lemonade  freely,  and  to  take  a  glass  of  milk 
about  two  hours  after  each  meal.  If  the  contact  is  at  all  constant,  the  latter  precaution 
should  be  insisted  upon.  Milk  reduces  the  acidity  of  the  gastric  juice  and  thus  lessens 
the  risk  of  solution  in  the  stomach  of  compounds  insoluble  without  acid.  Sodium 
bicarbonate  may  be  added  to  it  or,  when  it  is  not  readily  to  be  obtained,  taken  instead. 

The  treatment  of  a  developed  case  is  tedious.  Removal  of  the  patient  from  the 
source  of  the  poison  is  the  first  necessity.  The  administration  of  moderate  doses  of 
potassium  iodide,  15  grains  (1  Gm.),  three  times  a  day,  is  stated,  perhaps  on  insufficient 
evidence,  to  render  the  lead  in  the  tissues  more  soluble,  and  thus  aid  in  its  elimination, 
at  all  events,  treatment  with  the  iodide  hastens  recovery,  and  in  some  cases  appears  to 
increase  the  quantity  of  lead  detectible  in  the  urine.  As  a  large  percentage  of  the  metal 
appears  to  escape  through  the  bile  and  the  intestinal  epithelium,  the  exhibition  of  purified 
oxgall,  5  grains  (0.3  Gm.),  three  times  a  day,  together  with  a  daily  purge  of  magnesium 
sulphate,  would  seem  rational.  Sulphur  baths,  massage,  and  diuretics  may  also  be  tried. 
For  the  colic,  atropine,  or  even  morphine,  may  be  necessary — a  highly  useful  prescription 
being  that  of  magnesium  sulphate,  dilute  sulphuric  acid  and  morphine  sulphate,  elsewhere 
given.  Alum,  also,  is  useful;  the  following  being  recommended  by  Bartholow:  amm, 
2  drams  (8  cc.) ;  dilute  sulphuric  acid,  1  dram  (4  cc.)  ;  syrup  of  lemon,  one  ounce  (30  cc.)  ; 
water,  3  ounces;  the  dose  being  a  tablespoonful  (15  cc.)  every  hour  or  two.  Hygienic 
measures,  outdoor  life,  and  nutritious  food,  with  hematinic  tonics  are  indicated  in  the 
treatment  of  the  anemia. 

Excretion  is  favored  by  those  measures  which  cause  acidosis  and  which  reduce 
calcium  metabolism,  so  that  restriction  of  calcium  intake  and  administration  of  phos- 
phoric acid  are  indicated  in  the  periods  when  symptoms  are  not  acute.  In  addition, 
the  administration  of  sodium  iodide  and  calcium  sulphide  have  been  advantageous  in 
chronic  poisoning  in  pigeons    (Hanzlik  et  al.) . 

A  method  of  treatment,  which  is  rarely  to  be  recommended,  consists  in  the  sub- 
cutaneous injection*  of  15  minims  (1  cc.)  of  pure  oil  of  turpentine.  An  abscess  forms, 
which  discharges  pus  for  several  days.  Large  amounts  of  lead  are  said  to  escape  with 
the  pus    (Hintze). 

Persons  who  have  once  had  lead  poisoning  are  likely  to  have  a  renewed  attack 
from  less  exposure  than  was  originally  required,  and  should  be  warned  of  this. 

Systemic  Action:  Alimentarj\ — The  alimentary  symptoms  are  the  most  universal 
and  among  the  most  striking  and  distinctive  symptoms  of  chronic  lead  poisoning.  They 
are  due  to  the  peripheral  action  of  the  metal,  during  its  slow  but  constant  excretion, 
and  appertain  to  all  parts  of  the  canal,  from  the  mouth  down. 

There  is  a  persistent  metallic  taste,  a  fetid  breath,  and  examination  of  the  mouth 
shows  a  bluish  line  at  the  gingival  border,  especially  of  the  upper  canine  teeth,  but 
often  widespread.  It  is  due  to  the  precipitation  of  lead  sulphide  by  hydrogen  sulphide 
produced  in  the  mouth  by  bacteria.  It  is  found  in  72  percent,  of  all  cases,  and  is  con- 
stant in  patients  whose  teeth  are  not  cleaned.  It  may  be  readily  distinguished  from 
the  discoloration  of  the  teeth  by  sliding  a  piece  of  white  paper  between  the  gum  and 
tooth.  Salivation,  with  painful  swelling  of  the  parotid  glands,  or  even  parotitis,  is 
common.  The  stomach  is  disturbed  and  nausea  with  loss  of  appetite  is  the  rule.  Gas- 
tritis and  gastric  ulcer  due  to  the  local  effect  of  the  excreted  lead  are  frequent. 

The  most  characteristic  and  painful  symptom  is  the  so-called  "lead  colic."  This 
consists  of  severe  pain  in  the  abdomen,  generally  located  in  the  region  of  the  umbilicus, 
and  accompanied   by    spasmodic   contractions    of   the   abdominal    wall.     The    pain    is    so 
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sudden  in  its  onset  at  times  as  to  cause  the  victim  to  scream  out.  He  cahnot  stand  up, 
but  is  forced  to  lie  down  and  often  is  found  lying  on  the  face,  the  pain  being  almost 
always  relieved  by  pressure  on  the  abdomen.  The  abdomen  is  scaphoid  and  very  hard. 
The  pulse  is  wiry  and  slow.  Tenesmus,  strangury  or  ischuria  may  accompany  the  acute 
attacks  and  albuminuria  follow  them.  The  pain  is  paroxysmal  in  character,  becoming 
extremely  severe  at  times,  and  then  lessening.  But  even  during  the  period  of  temporary 
relief  there  is  marked  tenderness  and  the  abdomen  is  concave  and  rigid.  Between  the 
attacks  there   is  almost   always  constipation. 

The  cause  of  lead  colic  is  not  perfectly  clear,  but  apparently  two  factors  play  a 
part  in  it.  There  is  a  spasm  of  the  muscular  wall  of  the  bowel  due  to  a  direct  stim- 
ulating action  of  lead  on  the  nerve  endings  of  the  muscularis  and  also  a  spasm  of 
the  blood-vessels  owing  to  the  vasoconstricting  effects  of  lead.  Atropine  and  scopol- 
amine, which  paralyze  the  sympathetic  nerve  endings,  at  once  relieve  the  colic,  while 
amyl  nitrite,  which  dilates  the  blood-vessels,  has  some  beneficial  action.  Olive  oil  is 
said  to  have  an  effect  in  lessening  the  severity  and  frequency  of  attacks.  It  may 
increase  elimination  by  promoting  the   excretion   of  bile. 

The  movements  of  the  isolated  bowel  are  depressed  by  action  on  the  sympathetica 
or  on  the  Auerbach   plexus    (Bell). 

Blood. — If  the  blood  be  centrifuged  during  chronic  lead  poisoning,  so  as  to  separate 
the  white  and  red  cells  and  the  plasma,  the  metal  can  be  found  in  all  three.  It  may 
average  as  high  as  0.1  percent,  in  the  whole  blood.  Its  most  important  action  on  the  blood 
is  the  production  of  granular  or  basophilic  degeneration  of  the  red  cells,  so-called  from 
the  character  of  the  changes  in  the  affected  areas  and  their  reaction  with  methylene 
blue  and  other  basic  stains.  The  process  begins  at  the  cell-periphery  with  the  appearance 
of  fine  granules  which  later  are  found'  throughout.  Lessened  elasticity  ensues,  rendering 
the  cells  fragile  and  causing  them  to  break  up  in  the  capillaries.  This  destruction  leads  on 
the  one  hand  to  anemia  and  on  the  other  to  accumulation  of  the  products  of  degeneration. 
The  anemia  may  be  very  severe;  hemoglobin  may  fall  to  50  percent,  or  less  and  the  red 
cells  show  corresponding  diminution.  The  pigment  set  free  by  this  destruction  leads  to 
hematogenous  jaundice  and  to  deposits  of  hemosiderin  in  various  organs,  especially  the 
liver,  spleen  and  bone  marrow.  The  leucocytes  are  not  altered,  or  the  mononuclear  cells 
may  be  Increased.  Similar  changes  are  seen  in  the  blood  of  laboratory  animals,  rabbits, 
guinea-pigs  and  rats  being  more  susceptible  than  poultry,  horses,  cats  and  dogs.  The 
changes  are  preceded  by  an  increased  resistance  to  hemolysis  in  hypotonic  solutions  and 
from  saponins,  which  change  is  also  induced  by  adding  0.0098  percent,  of  lead  chloride  to 
a  suspension  of  red  cells  in  vitro  (Aub  and  others).  The  cells  also  agglutinate  less 
readily  and  change  less  in  volume  with  change  in  tonicity  of  the  suspending  solution. 
Gas  exchange  is  not  altered.  The  entire  action  can  be  explained  by  assuming  a  com- 
bination of  the  lead  with  the  phosphate  of  the  red  cells. 

Circulation. — Lead  causes  vasoconstriction  by  a  direct  action  on  the  walls  of  the 
arteries  and  this  leads  to  high  blood-pressure.  Later  there  Is  fibrosis  of  the  arterial 
wall  and  permanent  arteriosclerosis.  This  change  in  the  vessel  wall  is  partly  respon- 
sible for  the  sclerotic  changes  in  the  kidneys  and  the  degenerative  alterations  in  the 
central  nerve  system,  although  both  are  in  the  main  due  to  the  direct  action  of 
lead. 

The  blood-vessels  of  the  isolated  rabbit  ear  are  constricted  by  1:  100.000  of  lead 
acetate,  and  the  vessels  of  the  spleen  and  kidney  react  even  more  strongly.  The  effect  is 
not  lessened  by  previous  perfusion  with  apocodeine,  showing  that  it  is  exerted  on  the 
muscle  of  the  arterioles  (Tscherkess). 

Lead  poisoning  does  not,  as  a  rule,  lead  to  any  direct  alteration  of  the  heart,  but 
in  the  frog,  injection  of  0.1  Gm.  of  lead  acetate  causes  diminution  of  auriculoventricular 
conduction  time  and  reduction  of  direct  excitability  (Bell).  Clinically,  chronic  endo- 
carditis and  aortitis,  with  progressive  changes  in  the  valves,  to  which  no  other  etiology 
can  be  ascribed,  are  observed  in  lead  poisoning  with  greater  frequency  than  is,  perhaps, 
commonly  realized. 

Metabolism.— In  chronic  lead  poisoning  the  nutrition  suffers  as  a  result  of  the  loss 
of  appetite  and  the  constipation.  The  deposit  of  uric  acid  is  favored  especially,  it  is 
stated,  in  the  kidneys,,  where  minute  masses  of  urate  deposit  are  found  at  autopsies 
on  patients  with  chronic  lead  poisoning.  The  joint  affection  probably  owes  part  of  its 
origin  to  deposits  of  urates  in  the  joint  membranes. 

Lead   apparently  combines   with   the   lecithin   and   other   phosphatides   of   the   body 
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cells  (Bell).  The  occurrence  of  hematoporphyrin  in  the  urine  is  of  great  diagnostic 
importance. 

Joints. — Pain  in  the  joints,  the  so-called  lead  gout  or  arthralgia,  is  common  in 
lead  poisoning  and  bears  a  certain  resemblance  to  gout,  inasmuch  as  there  is  frequently 
a  deposit  of  urate  in  the  affected  part.  The  pain  comes  on  suddenly,  often  at  night, 
in  the  flexor  muscles  and  joints  of  the  legs  or  in  the  shoulders.  It  is  somewhat  relieved 
by  gentle  pressure.  The  attack  lasts  five  to  eight  days  and  tends  to  recur.  It  is  mainly 
due  to  irritation  of  the  endings  of  the  sensory  nerves,  but  in  part  to  deposition  of 
urates  in  the  joint.  There  may  be  distinct  gouty  alterations  of  the  joint  structures.  In 
one  case,  very  large  "chalk-stones"  were  present  in  the  fingers  of  a.  painter  who  also 
showed  clinical  evidence  of  sclerotic  changes  in  the  heart-valves  and  aortic  endarterium. 

Nerve  System. — The  most  serious  effects  of  lead  poisoning  are  those  dependent  on 
fibrous  and  degenerative  changes  in  the  central  and  peripheral  nerve  systems  and  the 
muscles.  All  parts  of  the  nerve  system  may  be  affected,  but  there  is  a  certain  tendency 
to  attack  those  motor  nerves  and  muscles  which  are  most  used. 

Localized  paralyses  are  the  most  common  form  and  are  most  often  seen  in  the 
extensor  muscles  of  the  hand  and  fingers,  the  condition  being  known  as  "wrist  drop." 
Both  arms  are  ordinarily  affected.  A  similar  condition  in  the  foot  is  less  frequent 
but  not  rare.  Paralysis  of  the  external  recti  of  the  eye,  of  the  muscles  of  the 
tongue  and  of  the  larynx  are  not  uncommon.  The  paralysis  depends  on  degenerative 
changes  in  the  nerve,  which  are  soon  followed  by  atrophy  of  the  muscle.  Degenerative 
changes  in  the  muscle  may  also  be  found  when  the  nerve  is  intact.  Contractures  of  the 
opposing  muscles  may  follow  the  muscle  degeneration.  Reactions  of  degeneration  occur 
early  and  finally  all  response  to  electric  stimulus  may  be  lost.  Associated  with  the 
paralysis  there  is  usually  inflammation  of  the  sensory  nerves,  leading  to  shooting  pains 
and  to  anesthesias  of  irregular  area. 

Degenerative  and  fibrous  changes  in  the  central  nerve  system  are  less  common, 
but  degeneration  of  the  anterior  horns  may  follow  paralysis,  and  has  in  fact  been 
thought  to  cause  it. 

Diffuse  degeneration  of  the  brain,  causing  dementia,  has  been  reported,  and  acute 
inflammation  of  the  cortex,  with  cerebral  convulsions.  In  other  cases  the  lesions  are 
localized,  and  epilepsy,  hemianopsia,  and  other  brain  symptoms  are  noted.  In  the 
epidemic  of  lead  encephalopathy  studied  in  Philadelphia  by  David  D.  Stewart,  the  excit- 
ing cause  was  found  in  cakes  colored  with  chrome  yellow.  Many  cases  were  convulsive 
in  character,  and  until  the  cause  was  discovered  it  was  supposed  to  be  an  epidemic 
of  cerebrospinal  meningitis.  Some  of  the  cases  were  fulminant  in  onset.  Serous  menin- 
gitis has  been  reported  in  infants  following  the  use  of  dusting  powders  containing 
lead  salts.  Guinea-pigs  given  lead  carbonate  by  mouth  in  dose  of  21/3  grains  (0.15  Gm.) 
daily,  develop  convulsions  in  4  or  5  days  followed  by  paralysis  and  often  by  death.  The 
animals  which  recover  are  found,  after  20  days,  to  be  more  resistant  to  repeated  doses 
than  normal  controls   (Weller). 

The  special  senses  are  also  at  times  affected  by  lead,  and  blindness  is  not  rare. 
The  condition  may  be  either  primary  or  secondary  to  nephritis.  The  ordinary  form 
develops  slowly  as  a  retinitis  or  as  a  degeneration  of  the  optic  nerve.  Another  form 
comes  on  suddenly  and  no  changes  are  seen  in  the  eye-ground.  It  is  supposed  that 
this  depends  on  circulatory  disturbance  from  spasm  of  the  vessels.  It  occurs  most 
often  during  spasms  of  colic. 

In  frogs  and  dogs  poisoned  with  lead,  degenerative  changes  are  found  in  the  central 
and  peripheral  nerve  systems,  as  well  as  in  the  muscles. 

Intravenous  injections  of  tri-ethyl  lead  (2i/>  to  5  mgm.)  cause  cerebral  convulsions 
in  dogs  (Mason). 

Genital  Organs. — Although  in  experiments  on  the  isolated  (non-gravid?)  uterus,  the 
organ  is  found  to  relax  when  lead  salts  are  added  to  the  bath  (Bell),  there  can  be  no 
doubt  of  the  power  of  lead  to  induce  abortion,  partly  by  exciting  contraction  of  the 
gravid  organ  and  partly  by  a  direct  injurious  action  on  the  embryo.  In  certain  parts  of 
Europe,  women  resort  to  the  drug  for  this  purpose;  the  ordinary  method  being  to  take 
a  teaspoonful  of  the  oxide  at  a  single  dose.  It  is  a  dangerous  practice  and  many  deaths 
have  thus  been  brought  about.  Chronic  lead  poisoning  may  also  lead  to  abortion,  and 
even  when  the  fetus  is  not  destroyed  it  is  likely  to  be  so  injured  that  it  dies  a  few 
days  after  birth,  or  is  delicate  and  develops  slowly.  That  lead  circulating  in  the 
maternal  blood  is  distributed  to  the  fetus  is  known  from  chemical  studies  of  stillborn 
children.    Children  born  of  fathers  suffering  from   chronic  plumbism   are  likely  to  be 
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below  average  weight  at  birth  and  to  remain  feeble  and  puny  (Rudeaux  and 
others). 

The  ovary  is  not  affected  in  lead  poisoning  but  azoilspermia  is  caused  in  rabbits 
(Bell)   and  orchitis  has  been  reported  in  man    (McCord  and  Minster). 

Of  married  women  working  in  trades  involving  exposure  to  lead,  about  20  per- 
cent, are  sterile;  about  half  of  the  pregnancies  terminate  prematurely  and  almost  half 
the  children  born  alive  die  within  a  few  weeks.  Thus  Legge  reports  only  61  living 
children   from   212   pregnancies  and   Tardieu  only  392  from   1000  pregnancies. 

Urinary. — The  kidneys  are  poisoned  by  lead  with  more  frequency  than  almost  any 
other  organ,  and  in  many  cases  of  chronic  poisoning,  parenchymatous  cells  are  destroyed 
and  the  vessels  sclerosed,  leading  to  contracted  kidney.  The  urine  contains  albumin 
and  during  attacks  of  lead  gout  it  is  likely  to  show  blood-cells.  In  dogs  and  rabbits, 
intravenous  injection  of  lead  salts  leads  to  necrosis  of  the  tubules.  Lead  appears  in 
the  urine  before  the  kidneys  are  damaged. 

Skin. — The  skin  in  chronic  lead  poisoning  often  shows  a  dry  and  wrinkled  surface, 
associated  with  loss  of  the  subcutaneous  fat  and  discoloration  from  icterus.  If  the  skin 
is  exposed  to  the  fumes  of  hydrogen  sulphide  or  application  of  soluble  sulphur,  it  will 
be  colored  brown  or  blackish  by  the  deposit  of  lead  sulphide.  This  discoloration  may 
be  removed  by  application  of  sodium  hypochlorite.  Urticaria  and  pustular  eruptions 
are  not  uncommon  accompaniments  of  lead  poisoning. 

Therapeutics. — The  salts  of  lead  are  employed  in  therapeutics  chiefly  for  their 
local  astrinpcnt  action.  They  are  applied  in  the  form  of  lotions,  ointments,  and 
plasters  in  the  treatment  of  excoriation  of  the  skin,  ulcers,  burns,  bedsores,  etc.  Such 
applications  promote  healing-  by  drying  the  surface  and  stimulating  granulation.  In 
moist  eczema,  diachylon  ointment  acts  very  well ;  so  also  does  the  glycerin  of  lead 
subacetate  (Br.),  diluted  three  or  fourfold  with  glycerin  or  cream.  In  bruises  and  su- 
perficial inflammations,  the  pain  is  mitigated  and  the  congestion  is  dispersed  by  lotions 
of  diluted  lead  subacetate  solution  in  poultices  or  wet  compresses.  Lead  and  opium 
wash  often  appears  to  act  better  than  the  Goulard  water  alone,  although  it  is  improb- 
able that  the  opium  has  any  local  anesthetic  action.  In  rhus  poisoning,  a  saturated 
alcoholic  solution  of  lead  acetate  is  one  of  the  most  satisfactory  applications.  A  lead 
lotion  freely  applied  will  often  relieve  pruritus,  from  whatever  cause.  A  weak  lead 
water  is  among  the  applications  useful  in  conjunctivitis,  but  conjunctival  instilla- 
tions of  lead  are  contraindicated  in  the  presence  of  corneal  ulceration,  because  of  the 
formation  in  such  a  case  of  an  insoluble  opaque  deposit. 

Lead  iodide  ointment  (Br.)  is  useful  in  cervical  adenitis,  whether  tuberculous 
or  not,  but  especially  in  the  non-tuberculous  cases  in  which  it  not  infrequently  causes 
resolution.    The  same  ointment  affords  relief  in  chronic  eczema,  psoriasis,  and  porrigo. 

In  gastric  ulcer,  especially  when  hematemesis  is  a  feature,  lead  acetate  in 
doses  of  1  to  3  grains  (0.06  to  0.2  Gm.)  in  solution  is  sometimes  of  real  service;  so 
is  it  also,  but  with  less  certainty,  in  chronic  catarrhal  gastritis.  In  chronic  diarrhea 
and  in  bleeding  from  typhoid  or  tuberculous  ulcers,  lead  and  opium  pills — 1  pill  (N.F.), 
2  grains  (Br.),  three  or  four  times  a  day — will  often  act  well.  But  the  internal  admin- 
istration of  lead  salts  is  not  to  be  recommended  in  any  case  when  other  less  poisonous 
remedies  are  available.  At  one  time  lead  acetate  was  given  in  the  treatment  of  hem- 
optysis and  hematuria,  but  quite  illogically,  since  all  astringent  or  styptic  action 
ceases  the  moment  lead  enters  the  blood  and  circulates  as  an  albuminate.  The  same 
objection  holds  to  the  use  of  lead  in  the  treatment  of  pneumonia,  pulmonary  edema, 
bronchitis  with  profuse  secretion,  and  nephritis.  There  is  always  the  danger  of 
lead  poisoning  if  such  internal  treatment  is  continued  for  any  considerable  period. 
Diachylon  (Emplastrum  Plumbi  Oleatis)  is  popularly  regarded  as  an  abortifacient. 
Its  action  in  this  respect  is  very  doubtful,  yet  in  view  of  such  possibility,  as  well  as 
of  its  toxic  action,  it  is  better  to  eschew  plumbic  therapy  in  pregnancy. 

Urethritis  and  vaginitis,  catarrhal  rather  than  gonorrheal,  are  sometimes  treated 
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by  injections  of  dilute  lead   acetate   solution  which  may   also   dry  up  a  gleety  dis- 
charge. 

Systemic. — Blair-Bell  has  advocated  (1926)  the  use  of  a  colloidal  preparation' 
(Bredig  colloid)  containing  metallic  lead,  with  the  hydroxide  and  carbonate,  in  the 
treatment  of  inoperable  cancer.  The  suspension,  which  must  be  freshly  prepared,  is 
injected  in  3  or  4  doses  containing  each  about  IV2  grains  (100  mgm.)  at  intervals  of 
10  days.  After  a  month's  rest  doses  of  50  mgm.  are  similarly  given,  until  a  total  of 
8  grains  (600  mgm.)  of  lead  have  been  given.  He  states  that  about  20  percent,  of  all 
cases  selected  for  treatment  have  been  relieved  of  their  tumors  and  may  be  considered 
clinical  recoveries.  The  other  80  percent,  never  showed  any  improvement.  Super- 
ficial tumors  are  treated  by  cataphoresis  with  lead  salts.  It  is  too  soon  as  yet  to 
express  any  opinion  as  to  the  value  of  the  method.  Nephritis  and  jaundice  are  contra- 
indications (the  lead  may  injure  the  liver  and  kidneys)  as  are  cachexia  and  extreme 
anemia,  as  treatment  is  followed  by  oligocythemia  dependent  on  destruction  of  the 
red  cells. 

Zinc 

Two  salts  of  zinc,  the  oxide  and  the  sulphate,  were  used  by  Paracelsus,  but  they 
became  especially  prominent  in  the  middle  of  the  eighteenth  century,  when  zinc  oxide 
internally  was  much  lauded  as  a  cure  for  epilepsy  and  other  spasmodic  ailments.  It 
was  employed  earlier  as  a  component  of  ointments.  The  sulphate  was  used  anciently 
as  an  emetic  and  as  an  astringent,  both  internally  and  externally.  Zinc  acetate  is  of 
more  recent  introduction.  At  present  the  oxide  is  much  used  as  an  ointment  and 
powder.    Zinc  is  a  normal  constituent  of  certain  foods,  e.g.,  oysters  and  eggs. 

Chemistry. — Pharmacodynamically,  the  zinc  salts  may  be  classed  as  soluble,  like 
the  sulphate  (ZnSO,),  and  chloride  (ZnClj)  and  insoluble,  such  as  the  oxide  (ZnO) 
and  carbonate  (ZnCO,). 

Summary  of  Actions  and  Uses. — The  salts  of  zinc,  like  those  of  copper,  are  of  interest 
chiefly  on  account  of  their  local  action.  Under  ordinary  circumstances  very  little  of 
the  metal  is  absorbed,  so  that  systemic  effects  are  very  rarely  elicited.  This,  too,  as 
in  the  case  of  copper,  is  owing  to  the  precipitation  of  protein  substances,  with  the  for- 
mation of  a  zinc  albuminate,  insoluble  or  nearly  so,  in  a  solution  of  either  albumin 
or  aqueous  solution  of  the  salt.  Double  salts  of  zinc  and  sodium  do  not  precipitate 
proteins,  and  are  used   in  pharmacodynamic   experiments   for   injection. 

The  soluble  salts  are  used  chiefly  as  caustics,  the  insoluble  as  protective  powders. 
Zinc  is  little  used  as  an  antiseptic;  zinc  sulphate  may  be  used  in  an  emergency  as  an 
emetic. 

Cadmium  resembles  zinc  closely  in  its  action,  but  is  eight  to  ten  times  as  effective 
as  an  emetic  (Schwartze  and  Alsberg). 

Materia  Medica. — Zincum  (U.S.  IX.),  Zinc.    Ahlr.,  Zinc. 

A  shining  white  metal,  with  bluish-gray  lustre,  in  the  form  of  thin  sheets  or  in 
irregular  granular  pieces,  or  molded  into  thin  pencils,  or  in  powder,  having  a  specific 
gravity  of  7.142;  atomic  weight,  65.37.  Zinc  contains  not  less  than  99  percent,  of 
Zn.     Soluble  in  diluted  sulphuric  or  hydrochloric  acid  with  the  evolution  of  hydrogen. 

Dose,  never  used  as  a  medicine  in  its  metallic  state. 

ZiNCi  AcETAS  (U.S.  X.),  Zinc  Acetate.    Ahhr.,  Zinc.  Acet. 

May  be  obtained  by  neutralizing  acetic  acid  with  zinc  carbonate.  It  contains 
anhydrous  zinc  acetate  corresponding  to  not  less  than  99.5  percent,  of  the  crystallized 
salt.  It  occurs  in  the  form  of  soft,  white,  six-sided  monoclinic  plates,  having  a  pearly 
lustre,  a  faintly  acetous  odor,  and,  in  dilute  solutions,  a  sharp,  unpleasant,  astringent, 
metallic  taste.  One  Gm.  is  soluble  in  2.3  cc.  of  water  and  in  30  cc.  of  alcohol  at 
25°  C,  and  in  1.6  cc.  of  boiling  water. 
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Antagonists  and  Incompatihlcs. — Tho  alkalis  and  their  carbonates,  vegetable 
astringents,  nitrate  of  silver  are  incompatible  with  zinc  salts. 

Synergists. — The  salts  of  mercury,  silver,  antimony,  and  copper  are  synergistic. 
Dose,  in  solution,  1  to  2  grains  (0.06  to  0.12  Gm.),  to  one  ounce  of  water. 
ZiNCi    Carbonas    PR.ii:cii'iTATUs    (U.S.  IX),    Precipitated    Zinc    Carbonate.     Abbr., 
Zinc.  Carb.  Pra^c. 

Occurs  as  a  white,  impalpable  powder,  odorless  and  tasteless;  insoluble  in  water 
or  alcohol ;  soluble  in  diluted  acids  with  copious  effervescence.  Corresponds  to  not 
less  than  68  percent,  of  ZnO. 

Dose,  used  externally,  diluted  or  in  powder. 

Calamixa  Pr.eparata  (N.F.),  Prepared  Calamine.  Ahhr.,  Calamin.  Prsep.  Syno- 
iiy)iis:  Lapis  Calaminaris,  Calamine. 

Native  zinc  carbonate  containing  a  varying  amount  of  zinc  silicate,  calcined  at 
a  moderate  temperature,  or  artificially  prepared  by  adding  a  small  amount  of  ferric 
oxide  to  calcined  zinc  carbonate.  A  fine,  pink  powder;  insoluble  in  water,  but  mostly 
dissolved  by  hydrochloric  acid. 

Dose,  externally  as  dusting  powder  or  as  a  cerate. 
LoTio  Calamine  (N.F.),  Calamine  Lotion.    Abbr.,  Lot.  Calam. 
Contains  8  percent,  each  of  prepared  calamine  and  zinc  oxide  with  a  small  quan- 
tity of  glycerin  in  100  cc.  of  lime  water. 
Dose,  external  use. 

LoTio  Calamix.e  Compositum  (N.F.),  Compound  Calamine  Lotion.  Abbr.,  Lot. 
Calam.  Co. 

A  10  percent,  solution  of  liquefied  phenol  in  calamine  lotion. 
Dose,  external  use. 

ZiNCi  Chloridum  (U.S.  X.),  Zinc  Chloride.  Abbr.,  Zinc.  Chlor.  Synonym:  Butter 
of  Zinc. 

Occurs  as  a  white  or  nearly  white,  granular,  odorless  powder,  or  in  porcelain-like 
masses,  or  molded  into  pencils.  It  is  very  deliquescent.  One  Gm.  is  soluble  in  0.25  cc. 
of  water,  and  in  about  1.3  cc.  of  alcohol  at  25°  C,  and  in  2  parts  of  glycerin.  Con- 
tains not  less  than  95  percent,  of  ZnClj. 

Dose,  externally,  in  10  percent,  paste  or  in  0.2  to  0.5  percent,  solution. 
ZiNCi  Oleostearas   (Br.),  Zinc  Oleostearate.    Abbr.,  Zinc.  Oleost. 
Hard  soap,  200  Gm. ;  curd  soap,  100  Gm. ;  zinc  sulphate,  100  Gm. ;  distilled  water, 
a  sufficient  quantity.     A  solution  of  zinc  sulphate  is  added  to  a  solution  of  the  two 
soaps,  and  the  precipitate  is  collected  and  dried.     It  occurs  as  a  white,  amorphous 
powder  of  faint,  fatty  odor;  insoluble  in  water,  alcohol,  or  ether. 

Dose,  used  undiluted  as  a  dusting  powder  or  as  10  percent,  ointment. 
ZiNCi  OxiDUM  (U.S.  X.),  Zinc  Oxide.    Abbr.,  Zinc.  Oxid.    Synonyms:  Flowers  of 
Zinc. 

A  very  fine,  odorless,  amorphous,  white  or  yellowish-white  powder,  free  from  gritty 
particles,  containing  not  less  than  99  percent,  of  ZnO;  insoluble  in  water  or  alcohol, 
but  dissolves  in  dilute  acids. 

Dose,  internally,  2  to  5  grains  (0.12  to  0.3  Gm.)  in  pill;  used  as  dusting  powder  or 
10  percent,  ointment  externally. 

ZiNCi  Stearas  (U.S.  X.),  Zinc  Stearate.    Abhr.,  Zinc.  Stear. 

A  compound  of  zinc  with  stearic  acid  and  variable  proportions  of  palmitic  acid. 
Occurs  as  a  fine,  white,  bulky  powder,  containing  not  less  than  13  and  not  more  than 
15.5  percent,  of  ZnO;  free  from  grittiness,  and  having  a  faint  characteristic  odor. 
Insoluble  in  water,  alcohol,  or  ether. 

Dose,  externally  as  a  powder  or  as  a  10  percent,  ointment. 
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ZiNOi  Sulphas  (U.S.  X.),  Zinc  Sulphate.    Ahbr.,  Zinc.  Sulph. 

Occurs  as  colorless,  transparent,  rhombic  crystals,  or  a  granular,  crystalline  pow- 
der, corresponding  to  not  less  than  99.5  percent,  of  the  crystallized  salt;  without  odor, 
having  an  astringent,  metallic  taste.  One  Gm.  is  soluble  in  0.6  cc.  of  water,  and  in 
2.5  cc.  of  glycerin  at  25°  C;  insoluble  in  alcohol. 

Antagonists  and  Incompatibles. — Limewater,  borax,  tannin,  the  soluble  carbon- 
ates, arsenates,  cyanides  and  phosphates,  silver  nitrate  and  vegetable  astringents. 

Synergists.— Preiparations  of  copper,  silver  and  antimony. 

Dose,  tonic,  1/4  to  V2  grain  (0.016  to  0.03  Gm.)  ;  emetic,  10  to  30  grains  (0.6  to 
2  Gm.).     Used  externally  in  0.2  to  0.5  percent,  solution. 

SoLOiD  NiziN  (N.N.R). 

Tablets,  each  of  which  contains  3  grains  (0.13  Gm.)  of  zinc  sulphanilate. 

Dose,  1  to  3  tablets  in  1  fluidounce  (30  cc.)  of  water  for  urethral  injection. 

ZiNOi  Valeras  (U.S.  IX.),  Zinc  Valerate.  Ahhr.,  Zinc.  Valer.  Synonym:  Zinc 
Valerianate. 

Occurs  in  the  form  of  white,  pearly  scales,  or  as  a  white  powder  of  disagreeable 
odor  and  a  sweetish,  astringent,  metallic  taste;  very  slightly  soluble  in  cold  water, 
or  in  ether;  soluble  in  hot  water,  and  in  alcohol  (90  percent.).  It  contains  not  less 
than  99  percent,  of  the  crystallized  salt. 

Dose,  1  to  3  grains  (0.06  to  0.2  Gm.)  in  pill. 

ZiNCi  Phenolsulphonas  (U.S.  IX.),  Zinc  Phenolsulphonate.  Ahbr.,  Zinc.  Phenol- 
sulph.    Synonym:  Zinc  Sulphocarbolate. 

Occurs  as  colorless,  transparent,  rhombic  prisms  or  tabular  crystals  or  in  granu- 
lar form;  odorless,  and  having  an  astringent,  metallic  taste.  When  exposed  to  the  air 
the  salt  effloresces,  and  upon  exposure  to  light  and  air  may  become  slightly  pink.  It 
contains  not  less  than  99.5  percent,  of  the  crystallized  salt.  One  Gm.  of  zinc  phenol- 
sulphonate dissolves  in  1.6  cc.  of  water  and  in  1.8  cc.  of  alcohol  at  25°  C.;  also  in 
0.4  cc.  of  boiling  water. 

Dose,  internally,  1  to  3  grains  (0.06  to  0.2  Gm.) ;  externally  in  0.5  to  1  percent, 
solution. 

Liquor  Zinci  et  Alumini  Compositus  (unofficial).  Compound  Solution  of  Zinc  and 
Aluminum.    Abbr.,  Liq.  Zinc,  et  Alumin.  Co. 

Zinc  sulphate  and  aluminum  sulphate,  of  each,  200  Gm. ;  beta-naphthol,  0.6  Gm. ; 
oil  of  thyme,  2  cc. ;  water,  q.s.  to  make  1000  cc. 

Dose,  externally  undiluted  or  as  desired. 

Liquor  Zinci  et  Ferri  Compositus  (unofficial).  Compound  Solution  of  Zinc  and 
Iron.    Abbr.,  Liq.  Zinc,  et  Ferr.  Co.,  Synonym:  Deodorant  Solution. 

Zinc  sulphate  and  ferrous  sulphate,  of  each,  200  Gm. ;  copper  sulphate,  65  Gm.; 
beta-naphthol,  0.6  Gm. ;  oil  of  thyme,  2  cc;  hypophosphorous  acid,  4  cc. ;  water,  q.s.  to 
make  1000  cc. 

Dose,  externally  undiluted  or  as  desired. 

Unguentum  Zinci  Oxidi  (U.S.  X.),  Ointment  of  Zinc  Oxide.  Abbr.,  Ung.  Zinc. 
Ox.    Synonym:  Zinc  Ointment. 

Zinc  oxide,  20  Gm. ;  paraffin,  15  Gm.;  white  petrolatum,  65  Gm. 

Dose,  externally  undiluted. 

Unguentum  Zinci  Oleatis  (Br.),  Zinc  Oleate  Ointment.   Abbr.,  Ung.  Zinc,  Oleat. 

Zinc  sulphate,  30  Gm. ;  hard  soap,  90  Gm. ;  boiling  distilled  water  and  white  soft 
paraffin,  of  each,  a  sufficient  quantity. 

Dose,  externally  undiluted. 

Unguentum  Zinci  Stearatis  (N.F.),  Ointment  of  Zinc  Stearate.  Ahbr.,  Ung. 
Zinc.  Stear. 
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Zinc  stearate  and  white  petrolatum,  equal  parts,  are  rubbed  together  to  make  a 
smooth  ointment. 

Dose,  externally  undiluted. 

Glycerogelatinum  Zinci  Durum  (N.F.),  Firm  Zinc  Glycerogelatin.  Ahhr.,  Glyc- 
erogel.  Zinc.  Dur, 

Glyoerinated  gelatin,  30  Gm. ;  glycerin,  25  Gm. ;  distilled  water,  35  cc. ;  zinc  oxide, 
10  Gm. 

Dose,  externally  undiluted. 

Glycerogelatinum  Zinci  Molle  (N.F.),  Soft  Zinc  Glycerogelatin,  Ahhr.,  Glyc- 
erogel.  Zinc.  Mol. 

Same  as  the  preceding,  except  for  20  instead  of  30  Gm.  of  glycerinated  gelatin, 
and  35  instead  of  25  Gm.  of  glycerin. 

Dose,  externally  undiluted. 

Pasta  Zinci  (N.F.),  Zinc  Paste.  Ahhr.,  Past.  Zinc.  Synonym:  Lassar  Zinc 
Paste. 

Salicylic  acid,  2  Gm. ;  zinc  oxide,  24  Gm. ;  starch,  24  Gm. ;  petrolatum,  50  Gm. 

Dose,  externally  undiluted. 

Pasta  Zinci  Mollis  (N.F.),  Soft  Zinc  Paste.  Ahhr.,  Past.  Zinc.  Moll.  Synonym: 
Unna  Soft  Zinc  Paste. 

Zinc  oxide,  25  Gm. ;  precipitated  calcium  carbonate,  25  Gm. ;  linseed  oil,  25  Gm. ; 
solution  of  calcium  hydroxide,  25  Gm. 

Dose,  externally  undiluted. 

Pasta  Zinci  Sulphurata  (N.F.),  Sulphurated  Zinc  Paste.  Ahhr.,  Past.  Zinc. 
Sulphur.    Synonym:  Unna  Sulphurated  Zinc  Paste. 

Zinc  oxide,  15  Gm,;  precipitated  sulphur,  10  Gm. ;  purified  silicious  earth,  5  Gm.; 
benzoinated  lard,  70  Gm. 

Dose,  externally  undiluted, 

MuLLA  Zinci  (N.F.),  Zinc  Mull,  Ahhr.,  Mull.  Zinc.  Synonym:  Unguentum  Zinci 
Extensum, 

Zinc  oxide,  10  Gm, ;  benzoinated  suet,  70  Gm. ;  benzoinated  lard,  20  Gm.  The 
zinc  oxide  is  mixed  intimately  with  the  benzoinated  lard  and  then  the  benzoinated  suet 
is  incorporated. 

Dose,  externally  undiluted, 

PuLvis  Antisepticus  (N,F,),  Soluble  Antiseptic  Powder.  Ahhr.,  Pulv.  Antisept. 
Synonym :  Pulvis  Antisepticus  Solubilis, 

Salicylic  acid,  5  Gm,;  phenol,  eucalyptol,  menthol,  thymol,  1  Gm,  each;  zinc  sul- 
phate, 125  Gm,;  boric  acid,  866  Gm, 

Dose,  externally  undiluted. 

Liquor  Zinci  Chloridi  (U.S.  X.),  Solution  of  Zinc  Chloride.  Ahhr.,  Liq.  Zinc. 
Chlor. 

Granulated  zinc,  240  Gm.;  hydrochloric  acid,  840  cc. ;  nitric  acid,  12  cc. ;  precip- 
itated zinc  carbonate,  12  Gm. ;  distilled  water,  q.s.  to  make  1000  cc.  It  is  a  clear,  color- 
less, odorless  liquid,  h&ving  a  very  astringent  metallic  taste  and  acid  reaction,  con- 
taining not  less  than  48.5  nor  more  than  52  percent.  ZnCl,. 

Dose,  externally  in  full  strength  or  diluted. 

MisTURA  Adstringens  (N.F.),  Astringent  Mixture.  Ahhr.,  Mist.  Adstring.  Syno- 
nyms: Mistura  Adstringens  et  Escharotica,  Villate  Mixture, 

Solution  of  lead  subacetate,  100  cc, ;  copper  sulphate,  65  Gm.;  zinc  sulphate, 
65  Gm,;  diluted  acetic  acid,  850  cc.  The  mixture  is  set  aside  so  that  the  precipitate 
may  subside,  then  the  clear  liquid  (about  1000  cc.)   is  siphoned  off. 

Dose,  externally  undiluted. 
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Antipathogenic  Action. — Zinc  salts  are  considerably  less  efficacious  antiseptics  than 
those  of  copper.  Definite  figures  are,  however,  lacking.  Five  percent,  zinc  sulphate 
injures  the  spores  of  anthrax  in  five  days,  but  13  percent,  solution  of  zinc  chloride 
and  16  percent,  solution  of  zinc  sulphate  (Gram-molecular  solutions)  do  not  kill  such 
spores  after  exposure  for  ten  days.  Injection  of  a  saturated  solution  of  zinc  chloride 
into  deep  infected  wounds,  followed  by  immediate  closure,  may  sterilize  them  com- 
pletely (Babcock).  An  antiseptic  action  is  associated  with  caustic  destruction  and 
impregnation  of  all  necrotic  tissue. 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Zinc  salts  are  but  slowly 
and  incompletely  absorbed  from  the  alimentary  tract  and  hardly  at  all  from  the  skin. 
Absorption  of  the  fumes  from  molten  zinc,  which  change  to  the  volatile  oxide,  appar- 
ently occurs  through  the  respiratory  mucous  membrane. 

Elimination,  which  is  slower  than  absorption,  takes  place  mainly  through  the 
epithelium  of  the  gastroenteric  tract  and,  to  a  less  degree,  in  the  bile  and  urine.  During 
its  stay  in  the  body  the  metal  is  stored  for  the  most  part  in  the  liver,  spleen  and 
kidney.    In  the  blood  it  is  carried  in  a  combination  with  hemoglobin. 

Topical  Action. — Topically  the  soluble  salts  of  zinc  are  astringent,  forming,  over 
a  mucous  membrane  to  which  their  solutions  are  applied,  a  tough,  insoluble  coating  of 
albuminate,  and  releasing  at  the  same  time  the  acid  member  of  the  salt  molecule. 
The  latter  gives  rise  to  irritation,  the  degree  of  which  depends  on  the  rapidity  of  the 
dissociation  and  the  character  of  the  acid  with  which  the  zinc  is  bound. 

Thus  the  chloride  is  quite  irritant  and,  if  applied  to  cuts  or  wounds  in  concen- 
trated solution,  even  caustic.  It  penetrates  fairly  deeply  into  the  tissues  and  may 
produce  an  eschar  which  is  three  or  four  times  as  large  as  the  area  to  which  the 
salt  is  applied.  This  falls  off  in  eight  to  twelve  days,  leaving  a  raw  surface  which 
heals  slowly.  The  sulphate,  on  the  other  hand,  rarely  causes  such  effects,  its  action 
being  limited  by  the  precipitate  formed  when  it  meets  the  protein  of  the  mucous  mem- 
brane. The  difference  in  action  of  HCl  and  H^SO^  cannot  account  for  this,  as  the  latter 
is  more  caustic. 

Injected  into  the  subaponeuritic  tissues,  zinc  chloride  in  10  percent,  solution,  induces 
a  painful  inflammatory  reaction,  followed  by  destruction  of  tissue  and  increased  growth 
of  fibrous  tissue  in  the  parts  affected.  It  was  formerly  supposed  that  this  process 
resulted,  especially  in  the  case  of  tuberculous  joints,  in  the  formation  of  a  "sclerogenic 
barrier"  to  further  invasion  by   (tubercle)    bacilli. 

The  insoluble  salts,  such  as  the  oxide  and  the  carbonate,  are  protective  and  desiccant. 
^'  Toxic  and  Systemic  Action:  Acute  Poisoning. — The  acutely  toxic  dose  of  zinc  com- 
pounds varies  with  the  solubility  and  irritating  properties.  The  minimum  lethal  dose 
by  mouth  in  man  is  about  2  drams  (8  Gm.)  of  zinc  sulphate,  and  li/^,  drams  (6  Gm.) 
of  zinc  chloride.  In  dilute  solution,  or  with  food,  the  fatal  dose  is  larger.  Zinc  salts 
have  been  used  in  solution  as  antiseptic  washes  in  the  uterus,  and  applied  in  this  way 
smaller  doses  have  proved  fatal.  In  a  recent  case  of  food  poisoning  involving  several 
hundred  persons,  it  was  estimated  that  each  took  about  5  drams   (20  Gm.)   of  zinc. 

Symptoms  of  Poisoning. — The  symptoms  of  acute  poisoning  with  zinc  chloride  and 
sulphate  are  the  same  as  with  other  irritant  metallic  poisons. 

Zinc  sulphate  has  a  peculiar,  styptic  and  somewhat  metallic  taste.  Doses  of  30 
grains  (2  Gm.)  by  the  mouth  will  induce  vomiting  in  10  or  15  minutes.  There  is  but 
slight  precedent  nausea.  As  a  rule,  nearly  all  of  the  drug  is  thus  expelled,  but,  should 
a  sufficient  quantity  remain  in  the  body,  the  emesis  will  shortly  be  followed  by  diarrhea 
and  abdominal  pain.  Larger  doses  cause  vomiting  and  diarrhea,  bloody  discharges, 
thready  pulse  and  collapse.  The  vomiting  is  likely  to  continue  after  the  stomach  is 
freed  from  zinc,  and,  in  case  of  recovery,  nausea  may  last  a  long  time.  The  corroded 
and  wrinkled  throat,  covered  with  white  membranes,   is   of  help   in   diagnosis. 

Excretion  into  the  stomach  may  cause  ulceration,  even  from  subcutaneous  injection. 
The  action  in  both  the  stomach  and  intestine  is  a  strictly  local  irritation,  as  in  the 
case  of  copper.  The  vomiting  is  reflex  and  follows  intravenous  injection,  but  does  not 
occur  if  the  vagi  are  cut. 

The  effect  of  zinc  chloride  does  not  differ  essentially  from  that  of  the  sulphate, 
except  that  it  is  more  irritant,  and  may  easily  produce  corrosion  of  the  mucous  mem- 
brane of  the  mouth,  esophagus  and  stomach.  The  oxide  and  carbonate  do  not  induce 
acute   intoxication. 

Following    intravenous    injections    of   the   double    zinc    and    sodium    phosphate    salt. 
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there  results,  in  animals,  depression  and  paralysis  of  the  voluntary  muscles,  as  evidenced 
by  tremors  and  weakness  of  the  limbs.  Even  small  doses  (10  to  40  mgm.  per  kilo)  of 
this  salt,  produce  complete  loss  of  irritability  of  the  voluntary  muscles  in  dogs  and 
rabbits.  The  cardiac  muscle  is  also  depressed,  its  contractions  becoming,  first,  slow, 
weak  and  irregular,  to  cease,  finally,  in  diastole.  The  arterial  blood-pressure  falls  from 
the  beginning.  The  isolated  heart  of  the  frog  is  stopped  by  concentrations  of  1:1000 
or  less.  The  contractions  of  the  isolated  gut  are  stopped  by  similar  concentrations 
(Salant). 

Treatment. — Treatment  of  acute  poisoning  consists  in  administration  of  phosphates, 
alkaline  carbonates,  tannic  acid  or  ferro-cyanide,  also  albuminous  drinks,  such  as  milk 
or  albumin  water.  After  recovery,  the  diet  must  be  limited  to  unirritating  material  for 
some  time,  as  the  stomach  and  bowel  are  often  deeply  ulcerated,  and  perforation  so 
late  as  two  weeks  after  the  acute  intoxication  has  been  reported. 

At  autopsy,  the  mouth  and  throat  are  corroded  and  covered  by  a  white  adherent 
membrane,  the  stomach  inflamed  and  frequently  ulcerated.  The  intestine  Is  also  acutely 
inflamed.  The  kidneys  show  acute  parenchymatous  nephritis.  Other  organs  suffer  less. 
The  extreme  corrosion  of  the  stomach  may  lead  to  peritonitis  or  even  to  perforation. 

Chronic  Poisoning. — When  insoluble  zinc  salts  are  administered  to  animals  by 
mouth,  vomiting  with  little  nausea  is  caused  by  the  first  few  doses,  after  which  local 
tolerance  is  established.  Emaciation  soon  begins  and  progressive  loss  of  energy.  Giving 
8  grains  (0.5  Gm.)  of  ZnO  daily  to  dogs  of  13  kilos  (25  lbs.)  is  enough  to  cause  severe 
poisoning.  On  the  third  day,  the  urine  becomes  rose-colored,  and  soon  deep  red,  from 
hemoglobinuria.  No  corpuscles  are  found  in  the  sediment.  Glycosuria  and  hyperglycemia 
occur,  with  urinary  sugar  so  high  as  1.7  percent.  Weakness  becomes  so  marked  that 
no  motion  is  possible,  while  sensation  and  consciousness  are  unimpaired.  Death  occurs 
in  ten  to  fifteen  days.  Autopsy  shows  fatty  changes  in  the  liver,  kidneys  and  pancreas, 
but  no  lesions  of  the  nerve  system.  Zinc  is  found  in  the  red  blood-cells,  but,  although 
there  is  anemia,  no  structural  change  is  seen  in  them. 

Cats  and  rabbits  have  also  been  killed,  by  feeding  experiments.  No  symptoms 
referable  to  the  zinc  were  noted,  except  muscular  weakness  and  emaciation. 

In  other  experiments,  large  doses  of  insoluble  compounds  have  been  given  without 
disturbance  of  health.  Thus,  a  dog  received  36  drams  (155  Gm.)  of  zinc  carbonate  over 
a  period  of  eleven  months,  and  showed  no  symptoms,  although  zinc  was  found  in  almost 
all  the  tissues. 

In  a  native  East  Indian  colony  of  56  men,  which  drew  its  drinking  water  from 
rain  collected  on  a  zinc  roof,  43  showed  zinc  poisoning  with  vomiting  and  diarrhea, 
colic,  bloody  stools,  emaciation  and  muscular  weakness.  A  few  cases  ended  fatally.  A 
large  amount  of  zinc  carbonate  was  found  in  analyzing  the  water.  In  other  instances, 
water  containing  zinc  from  galvanized  pipes  has  been  drunk  for  months  with  no 
unpleasant  effects,  and  workers  in  zinc  may  pass  large  amounts  in  the  urine  while  in 
perfect  health. 

A  peculiar  and  not  well  understood  form  of  chronic  poisoning  occurs  in  workers 
in  brass,  and  is  known  as  brass  founder's  ague.  It  is  largely  ascribed  to  the  effects 
of  zinc  inhaled  as  fumes  of  zinc  oxide,  but  is  complicated  by  the  presence  of  lead, 
copper,  arsenic,  and  perhaps  other  substances.  It  manifests  itself  by  attacks  with  sud- 
den onset,  characterized  by  general  discomfort,  and  scattered,  shooting  pains,  especially 
in  the  back.  Severe  chills  with  rigors  follow;  the  pulse  is  rapid;  there  is  painful  cough, 
soreness  in  the  chest,  and  frontal  headache.  The  attack  lasts  three  to  six  hours,  and 
ends  in  sweating  and  sleep.  Excretion  of  zinc  by  the  kidney  follows  such  attacks. 
This  form  of  poisoning  is  readily  prevented  by  ventilation  of  work  places,  or  the  wear- 
ing of  respirators. 

Zinc  sulphate  added  to  shed  blood  in  a  concentration  of  0.05  percent,  prevents 
coagulation.  It  is  suggested  by  Lumlere  and  Couturier  as  an  anticoagulant  for  use  in 
indirect  transfusion. 

Therapeutics:  Topical— Zinc  chloride  dilfers  from  the  other  zinc  salts  discussed  in 
this  section,  in  that  it  is  a  powerful  caustic  and  is  employed  in  therapeutics  chiefly 
as  such.  It  is  used  to  destroy  septic  and  ganj^renous  ulcem,  areas  of  lupius,  condylo- 
mata, warts,  exuberant  (jranulai ions  and  external  cancers.  For  the  latter,  it  must  be 
applied  with  great  care  and  thoroughness,  every  particle  of  cancerous  tissue  being 
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sought  out  and  destroyed  by  repeated  application  if  necessary.  The  cauterizing  action 
does  not  extend  over  the  surface  beyond  the  point  of  contact,  hence  it  is  move  easily 
controlled  than  that  of  caustic  potash  or  arsenic.  The  chloride  is  applied  in  the  form 
of  caustic  pencils,  fused  with  potassium  nitrate  or  solidified  with  gypsum,  or  as  a 
powder  mixed  with  an  equal  part,  or  with  2  parts,  of  flour.  It  should,  but  may  not, 
be  needless  to  repeat  here  that  in  dealing  with  epitheliomata  or  other  forms  of  carci- 
nomata  no  chemically  caustic  application  should  be  permitted  to  usurp  the  place  of 
prompt  and  appropriate  surgical  procedure — with  knife,  radium,  x-ray,  or  with  electro- 
thermic,  electrolytic,  or  electrocaustic  methods,  as  may,  in  the  special  instance,  be 
most  appropriate.  Only  when  these  are  all  inapplicable,  unavailable,  or  definitively 
refused  by  the  patient  may  zinc,  arsenic,  or  like  agents  be  wisely  resorted  to.  In 
lupus,  zinc  chloride  is  applied  to  the  affected  part  in  10  percent,  solution;  in  vaginitis, 
a  1  percent,  solution  is  employed  as  a  warm  douche  morning  and  evening;  as  an 
injection  in  gonorrhea,  a  solution  of  1  grain  (0.06  Gm.)  in  4  fluidounces  (126  cc.)  is 
used;  for  antiseptic  wound  dressings,  a  1.5  percent,  solution  is  made;  in  ozena,  a  1 
percent  solution  is  applied  in  the  form  of  spray  blown  into  the  nostrils  twice  or  more 
times  a  day. 

The  official  liquor,  or  a  somewhat  stronger  solution,  is  employed  as  a  deodorizer 
and  disinfectant  of  sinks,  bedpans  and  waterclosets. 

The  acetate,  the  sulphate,  and  the  phenolsulphonate  are  used  in  solution  for  their 
astringent  action  in  conjunctivitis,  otorrhea,  pharyngitis,  catarrhal  or  gonorrheal 
urethritis  and  vaginitis,  leucorrhea,  sluggish  ulcers,  moist  eczema,  and  various  skin 
affections.  In  ophthalmia,  otorrhea,  and  urethritis,  a  solution  of  Yz  to  2  grains  (0.03 
to  0.12  Gm.)  to  the  ounce  (32  cc.)  may  be  used.  A  solution  of  the  same  or  double 
strength  in  physiological  saline  is  useful  as  a  nasal  and  thi'oat  spray  for  the  disinfec- 
tion of  meningococcus  and  influenza  carriers  and  also  of  carriers  of  the  infection 
of  poliomyelitis.  In  subacute  and  chronic  laryngitis,  a  1  percent,  solution  (5  grains 
of  zinc  phenolsulphonate  to  the  ounce)  in  rose  water  is  a  pleasant  and  effective  spray. 
For  spray  or  gargle  in  sore  throat,  the  same  or  a  slightly  weaker  dilution  may  be  used. 
In  leucorrhea  and  in  gonorrheal  vaginitis  a  douche  of  0.4  to  0.6  percent.  (2  to  3 
grains  to  the  ounce)  is  advisable. 

As  a  prophylactic  eyewash  against  catarrhal  conjunctivitis  or  trachoma,  in  places 
where  these  affections  prevail,  a  solution  containing  1  percent,  of  zinc  sulphate  and 
5  percent,  of  1 :  1000  solution  of  adrenalin  chloride  is  effective. 

In  skin  affections,  such  as  moist  eczema,  impetigo  contagiosa,  excoriations,  and 
ulcerations,  the  application  of  a  compress  of  six  or  eight  layers  of  gauze  wet  with  a 
solution  of  zinc  sulphate  or  acetate  (^2  to  1  grain  to  the  ounce  of  physiological  saline 
solution)  is  serviceable. 

In  the  treatment  of  lupu^,  venereal  warts,  ulcerative  skin  affections,  rodent  ulcer, 
etc.,  zinc  sulphate  is  sometimes  applied  in  concentrated  form  for  its  caustic  action; 
as  a  paste  (1  ounce  of  the  powder  triturated  with  1  dram  of  glycerin)  or  an  ointment 
(1  ounce  with  2  drams  of  zinc  oxide  ointment).  Or  the  dried  sulphate  in  pow- 
der may  be  dusted  directly  on  the  surface  of  an  unhealthy  or  malignant  or  lupous 
ulcer. 

In  various  forms  of  local  sepsis,  such  as  chronic  otorrhea,  suppurative  sinusitis, 
gonorrlieal  vaginitis,  and  following  a  mastoid  operation,  the  application  of  the  chloride 
or  sulphate  of  zinc  by  ionization  often  gives  excellent  results.  In  chronic  otorrhea, 
zinc  sulphate  ionization  is  effected  by  filling  the  external  auditory  canal  with  a  solu- 
tion of  75  grains  (5  Gm.)  of  zinc  sulphate  in  3  fluidounces  (90  cc.)  of  glycerin  and 
a  quart  (1000  cc.)  of  distilled  water  into  which  a  zinc  wire  positive  electrode  (guarded 
so  as  to  avoid  direct  contact  with  the  wall  of  the  meatus)  is  inserted;  the  indifferent 
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electrode  attached  to  the  negative  teriiiinal  is  applied  to  the  arm  or  leg  over  a  towel 
wet  with  a  saline  solution.  A  current  of  3  ma.  is  then  passed  for  10  minutes  (Friel). 
Either  this  solution  or  a  weaker  solution  (15  grains  in  35  fluidounces)  of  zinc  chloride 
may  be  used  for  iontophoresis  in  sinusitis,  bedsores,  lupus,  pyorrhea  alveolaris,  gonor- 
rhea, and  a  host  of  other  local  infectious.  The  amperage  and  the  duration  of  applica- 
tion varies  according  to  the  indications  in  each  case. 

Zinc  phenolsulphonatc,  being  slightly  less  astringent  than  the  sulphate,  is  pre- 
ferred to  the  latter  by  some  urologists  for  use  in  gonorrhea.  Injections  of  a  1  to  5 
percent,  solution  may  be  given. 

Zinc  oxide  and  carbonate  are  less  astringent  than  the  salts  previously  discussed. 
They  are  used,  the  oxide  especially,  for  their  drying  and  antiseptic  effects  in  weeping 
eczema,  intertrigo,  excoriations,  etc.  They  are  employed  also  as  dusting  powders  (zinc 
oxide,  1,  and  powdered  starch,  2),  and  enter  into  the  composition  of  various  toilet 
preparations  and  cosmetics.  Zinc  oxide  ointment  is  a  convenient  vehicle  for  other 
astringent,  soothing  or  stimulating  local  remedies.  Calamine  is  the  form  in  which 
zinc  carbonate  is  now  generally  used;  its  flesh  tint  renders  applications  to  skin  less 
conspicuous.  It  is  applied  (as  a  dusting  powder,  in  the  form  of  a  lotion,  and  as  an 
ointment)  in  eczema,  herpes,  scaly  eruptions,  chapped  hands,  cJtilblains,  pruritus, 
and  as  a  dressing  for  wounds.  An  excellent  formula  for  a  lotion  in  dry  and  scaly 
eczema  is:  Phenol,  V2  dram;  powdered  calamine,  1  dram;  zinc  oxide,  2  drams; 
glycerin,  3  fluidrams;  lime  water,  4  fluidrams;  rose  water,  q.s.  to  make  4  fluidrams. 
The  sediment  of  the  lotion  is  to  be  patted  on  the  affected  part  once  or  twice  daily 
with  a  wad  of  cotton,  after  the  skin  has  been  cleansed  with  warm  sweet  oil,  which 
has  been  wiped  off.  Water  must  not  be  used.  An  ointment  may  be  prepared  by  the 
following  formula :  Phenol,  10  grains ;  calamine,  30  grains ;  menthol,  2  grains ;  oil  of 
rose  (true),  2  drops;  ointment  of  zinc  oxide  and  benzoated  lard,  each  1  ounce.  The 
ointment  is  applied  night  and  morning,  after  cleansing  similar  to  that  used  prior 
to  the  application  of  the  lotion. 

A  mixture  of  castor  oil  and  zinc  oxide  ointment  is  a  soothing  application  to  hed' 
sores.  An  ointment  of  coal  tar  and  zinc  oxide,  2  parts  each,  cornstarch  and  petro- 
latum, 16  parts  each,  is  of  service  in  infantile  eczema;  the  ointment  is  applied  night 
and  morning  with  a  wooden  spatula,  the  remains  of  the  previous  inunction  being 
removed  each  time  with  gauze  wet  with  olive  oil  (Charles  White).  In  the  treatment 
of  varicose  ulcer,  the  surface  of  the  ulcer  and  a  narrow  zone  surrounding  it  are  thickly 
covered  with  a  cream  of  borax,  40,  zinc  oxide,  60,  lime  water,  60,  and  oil  of  sweet 
almonds,  140,  over  which  are  laid  two  or  three  thicknesses  of  sterilized  gauze  cov- 
ered with  a  starch  bandage.  For  varicose  ulcer  Wenniger  uses  "zinc-glue"  bandaging; 
a  mixture  of  zinc  oxide,  150,  glycerin,  200,  white  gelatin,  200,  and  distilled  water, 
450,  is  applied  in  a  thick  smear  and  covered  with  cotton  and  two  layers  of  bandages, 
the  dressing  being  undisturbed  for  from  one  to  four  weeks. 

Systemic. — Zinc  oxide  is  occasionally  given  to  check  night  sweats,  in  doses  of 
2  to  5  grains  (0.12  to  0.3  Gm.)  in  pill.  It  is  seldom  employed  internally  for  any  other 
purpose  at  the  present  time,  but  formerly  was  in  more  or  less  use  in  the  treatment 
of  gastralgia,  chronic  diarrhea,  the  tremor  of  alcoholism,  and  as  an  antispasmodic 
and  nerve  sedative.  The  phenolsulphonatc  is  sometimes  given  as  an  intestinal  anti- 
septic in  doses  of  1  to  3  grains  (0.06  to  0.2  Gm.)  in  pill,  three  times  a  day. 

Zinc  sulphate  is  a  good  emetic,  acting  promptly,  with  little  or  no  nausea  and  a 
minimum  of  depression.  The  emetic  dose  is  10  to  30  grains  (0.6  to  2  Gm.).  It  is 
one  of  the  best  emetics  for  use  in  cases  of  poisoning,  and  is  sometimes  of  service 
in  the  suffocative  bronchitis  of  children  in  dose  of  4  to  6  grains  (0.25  to  0.4  Gm.), 
according  to  age,  repeated  if  necessary. 
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Tannins 

Like  that  of  many  other  vegetable  medicaments,  the  use  as  astringents  of  drugs 
containing  tannins  antedates  historic  records.  The  properties  of  nutgall  and  hema- 
toxylon  in  checking  diarrhea  and  hemorrhage  and  the  milder  astringent  action  of 
rosa  gallica  were  well  known  to  the  ancients.  By  the  term  "tannin"  is  understood 
the  tannin  of  oak  galls,  unless  otherwise  specified,  and  the  term'  "tannic  acid''  is  also 
commonly  applied  to  this  form. 

Chemistry. — The  chemistry  of  the  tannins  is  very  incompletely  elucidated  and 
no  satisfactory  chemical  classification  of  them  is  possible.  They  are  esters  of  aromatic 
acids  with  sugars,  higher  alcohols  or  glucosides,  and  are  non-nitrogenous.  The  type 
is  oakgall  tannin,  which  is  a  compound  of  a  digallic  acid  (not  identical  with  syn- 
thetic gallic  acid)  with  glucose.  Tannic  acid  is  a  condensation  of  two  or  more  mole- 
cules of  gallic  acid  ((OH)^ — CgHj — COOH).  Oakgall  tannin  is  glucose  with  tannic 
acid  replacing  the  hydrogen  of  each  hydroxyl.  The  tannins  may  be  distinguished 
chemically  as  those  which  yield  resin-like  substances,  called  phlohaphenes,  on  decom- 
position and  those  which  yield  a  different  substance,  termed  ellageru  They  are  more 
conveniently  divided  into  (1)  physiologic  tannins,  which  occur  in  normal  plant  tissues, 
give  a  green  color  with  iron,  and  are  useful  in  tanning;  and  (2)  pathologic  tannins 
which  occur  in  insect  galls,  give  a  blue  color  with  iron  and  are  not  used  in  tanning. 
The  medicinal  uses  of  the  different  tannins  do  not  bear  a  close  relation  to  their  chem- 
istry, but  differ  according  to  their  solubility  in  water  and  the  readiness  with  which 
they  yield  tannic  acid.  Oakgall  tannin,  for  example,  is  broken  down  in  the  stomach 
and  has  no  effect  on  the  lower  bowel,  while  hematoxylon  releases  its  tannic  acid  very 
slowly  and  thus  exhibits  its  astringent  property  throughout  the  digestive  tract. 

Summary  of  Actions  and  Uses. — Tannins  have  the  properties  common  to  all  astrin- 
gents, of  constricting  blood-vessels  by  topical  action  and  of  precipitating  albumin  and 
mucus.  Applied  to  mucous  membranes,  they  cause  a  drying  and  hardening  of  the  sur- 
face similar  in  its  effects  to  "tanning."  The  protective  coating  thus  thrown  down  on  the 
surfaces  of  wounds  or  mucosae  is  much  harder  and  more  impenetrable  than  that  which 
results  from  the  action  of  most  of  the  heavy  metals. 

The  uses  are  entirely  topical,  consisting  in  the  reduction  of  exudation  and  of  con- 
gestion, the  relief  of  inflammation  and  the  checking  of  hemorrhage.  Certain  of  them 
are  best  adapted  to  each  of  these  purposes  and  care  must  be  exercised  to  select  the 
most  appropriate  agent  for  each  purpose.  Thus  oakgall  tannin  is  of  value  to  check 
bleeding  and  reduce  congestion  when  applied  as  glycerite  of  tannin;  hematoxylon,  kino 
and  krameria  are  useful  to  relieve  diarrhea;  rosa  gallica  is  adapted  to  use  in  the  eye 
and  in   similar  locations   where  gentle  effects   are   desired. 

Materia  Medica. — Acidum  Tannicum  (U.S.  X.),  Tannic  Acid.  Ahhr.,  Acid.  Tann. 
Synonyms :  Gallotannic  Acid,  Tannin,  Digallic  Acid. 

Tannic  acid  may  be  extracted  by  water-saturated  ether  from  galls  which  have 
been  subjected  to  a  special  fermentation. 

It  occurs  as  an  amorphous  powder,  as  glistening  scales,  or  as  spongy  masses, 
varying  in  color  from  yellowish-white  to  light  brown.  It  is  odorless  or  has  a  faint, 
characteristic  odor  and  a  strongly  astringent  taste.  It  is  very  soluble  in  water,  acetone, 
and  alcohol ;  freely  soluble  in  diluted  alcohol,  and  slightly  soluble  in  dehydrated  alcohol ; 
almost  insoluble  in  chloroform  and  in  ether. 

Antagonists  and  Incompatildes. — The  iron  salts,  mineral  acids,  lead,  silver,  arsenic, 
iodine,  antimony,  gelatin,  the  alkalis  and  their  carbonates  whether  in  substance  or 
solution,  and  the  alkaloids  are  chemically  incompatible  with  all  the  tannin-containing 
substances. 

Dose,  5  to  10  grains  (0.3  to  0.6  Gm.) ;  externally  diluted,  as  powder  or  solution. 
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Glycerithm  Aciui  Tannici  (U.S.  X.),  Glycerite  of  Tannic  Acid.  Abhr.,  Glycer. 
Acid.   Tann, 

Tannic  acid,  20  Gm.;  sodium  citrate,  1  (ini.;  t-lycerin,  79  Gm. 

Dose,  internally,  10  to  40  minims   (2  to  4  cc.) ;  externally  undiluted. 

SupposiToHiA  AciDi  Tannigi  (J3r.),  Tannic  Acid  Suppositories.  Abhr.,  Supp.  Acid. 
Tann. 

Tannic  acid,  2A  Gm. ;  oil  of  theobroma,  a  sufficient  (luantity  for  12  suppositories 
each  weighinj?  about  1  Gm.  Each  suppository  contains  o  grains  (0.2  Gm.)  of  tannic 
acid. 

Dose,  one  suppository. 

Trochisci  Acidi  Tannici  (U.S.  X.),  Troches  of  Tannic  Acid.  Abbr.,  Troch.  Acid. 
Tann.    Synoni/)n  :  Tannin  Lozenges, 

Tannic  acid,  (5  (Jini. ;  sucrose,  ()5  (Jm. ;  tragacanth,  2  Gm.;  orange  flower  water,  q.s. 
to  make  100  troches.     Each  troche  contains  1  grain  (0.0(55  Gm.)  of  the  acid. 

Dose,  1  troche. 

Unguentuai  Acidi  Tannici  (U.S.  X.),  Ointment  of  Tannic  Acid.  Abbr.,  Ung. 
Acid.   Tann. 

Tannic  acid,  20  Gm.;  glycerin,  20  Gm. ;  ointment,  60  (hn.  Dissolve  the  tannic 
acid  in  the  glycerin  with  the  aid  of  gentle  heat,  and  mix  the  solution  thoroughly 
with  the  ointment,  avoiding  the  use  of  iron  utensils. 

Dose,  externally  undiluted. 

CoLLODiUM  Stypticum  (N.F.),  Styptic  Collodion.    Al)br.,  Collod.  Stypt. 

Tannic  acid,  20  percent,  by  weight  in  flexible  collodion. 

Dose,  external  use. 

Rhus  Glabra  (U.S.  X.),  Rhus  Glabra.  Abbr.,  Rhus  Glab.  Synonym:  Sumac 
Berries. 

The  dried  ripe  fruit  of  Rhus  glabra  Linne  (Fam.  Anacardiaceoe) .  Flattened  ovoid, 
nearly  globular  or  somewhat  reniform,  from  3.5  to  5.5  mm.  in  length,  nearly  as  broad, 
but  usually  somewhat  less  in  thickness.  Inodorous,  taste  acidulous  and  astringent. 
The  powder  is  reddish-brown  in  color. 

Dose,  10  to  20  grains  (0.6  to  1.3  Gm.). 

Fluidextractum  Rhois  Glabk.e  (U.S.  X.),  Fluidextract  of  Rhus  Glabra,  Abbr., 
Fldext.  Rhus  Glab. 

Prepared  by  macerating  and  percolating  1000  Gm.  of  the  powdered  drug  with 
dilute  alcohol,  each  cc.  representing  approximately  1  Gm.  of  the  drug  in  a  40  percent, 
alcoholic  solution. 

Dose,  1  to  2  fluidrams  (4  to  8  cc). 

AciDUM  Gallicum  (U.S.  IX.),  Gallic  Acid.  Abhr,,  Acid.  Gallic.  Synonym: 
Trioxybenzoic  Acid. 

An  organic  acid  CjHjOg+HjO.  It  occurs  in  white,  or  pale  fawn-colored,  silky 
interlaced  needles  or  in  triclinic  prisms;  odorless,  and  having  an  astringent  and 
slightly  acidulous  taste.  One  Gm.  dissolves  in  87  cc.  of  water,  4.6  cc.  of  alcohol, 
10  cc.  of  glycerin,  and  in  about  100  cc.  of  ether  at  25°  C.;  it  dissolves  in  about  3  cc. 
of  boiling  water;  is  almost  insoluble  in  chloroform. 

Antagonists  and  Incompatibles. — Solutions  of  the  alkaline  hydroxides  and  car- 
bonates and  of  the  ferric  salts  are  incompatible  with  gallic  acid.  Ether  is  positively 
incompatible. 

Dose,  10  to  20  grains  (0.6  to  1.3  Gm.). 

Galla  (U.S.  X.),  Nutgall.  Abbr.,  Gall.  Synonyms:  Aleppo  Galls,  Smyrna 
Galls. 

Nutgalls  are  excrescences  on  the  young  twigs  of  Querciis  infectoria  Olivier  and 
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other  allied  species  of  Quercus  (Fam.  Fagacece),  resulting  from  the  deposition  of 
the  eggs  of  Cynips  galloe  tinctoriw  Olivier.  Nearly  globular,  from  0.8  to  2.5  cm.  in 
diameter,  heavy,  sinking  in  water,  except  the  smaller  galls ;  externally  dark  olive-green 
to  dark  grayish,  internally  grayish  to  dark  brown;  odor  slight;  taste  strongly  and 
persistently  astringent.     Contains  50  to  70  percent,  of  gallotannic  acid. 

Dose,  5  to  10  grains  (0.3  to  0.6  Gm.)  ;  externally,  diluted,  in  powder  or  solution. 

TiNCTURA  Gall^  (N.F.),  Tincture  of  Nutgall.    Ahhr.,  Tr.  Gall. 

Each  ce.  represents  3  grains  (0.2  Gm.)  of  the  drug.  Alcoholic  content  about 
85  percent.     Glycerin  about  10  percent. 

Dose,  1  fluidram  (4  cc). 

Unguentum  Gall^  (U.S.  X.),  Nutgall  Ointment.  Ahhr.,  Ung.  Gall.  Synonym: 
Gall  Ointment. 

Powdered  nutgall,  20  Gm.;  ointment  (benzoated  lard,  Br.  P.),  80  Gm. 

Dose,  locally  undiluted. 

Unguentum  Galloe  cum  Opio  (Br.),  Gall  and  Opium  Ointment.  Abhr.,  Ung. 
Gall.  c.  Opio. 

Gall  ointment,  92.5  Gm. ;  powdered  opium,  7.5  Gm. 

Dose,  locally  undiluted. 

Castanea  (N.F.),  Castanea.     Ahhr.,  Castan.    Synonym:  Chestnut  Leaves. 

The  dried  leaves  of  Castanea  dentata  (Marshall)  Borkhausen  (Fam.  Fagacece). 
Odor  slight;  taste  astringent. 

Dose,  1  dram  (4  Gm.). 

Fluidextractum  Castane^e  (N.F.),  Fluidextract  of  Castanea.  Ahhr.,  Fldext. 
Castan. 

Each  cc.  represents  1  Gm.  of  the  drug.  Glycerin  10  percent.  Alcoholic  content 
about  40  percent. 

Dose,  1  fluidram  (4  cc). 

Myrobalanum   (Br.),  Myrobalans. 

The  dried  unmature  fruits  of  Terminalia  chehula  Retz.  (Fam.  Conhreiaceai). 
They  are  black  in  color;  ovoid  in  shape;  odorless,  of  astringent  taste.  The  chief  con- 
stituents are  tannic  acid  and  gallic  acid,  which  occur  in  the  form  of  gallotannic  acid 
to  about  40  percent.  Also  a  bitter  principle  and  a  coloring  agent.  They  are  used  as 
the  equivalent  of  galls. 

Dose,  30  to  60  grains  (2  to  4  Gm.),  of  the  crude  drug. 

Unguentum  Myrobalani  (Br.),  Myrobalan  Ointment.     Ahhr.,  Ung.  Myrobal. 

Myrobalans  (in  fine  powder),  20  Gm. ;  benzoated  lard,  80  Gm.  Triturate  the 
powder  with  a  portion  of  the  lard  until  smooth;  gradually  add  the  remainder  of  the 
lard,  mixing  thoroughly  by  trituration.  A  useful  ointment  because  of  its  content  of 
gallotannic  acid. 

Dose,  externally  undiluted. 

Unguentum  Myrobalani  Cum  Opio  (Br.),  Myrobalan  and  Opium  Ointment. 
Ahhr.,  Ung.  Myrobal.  cum  Opio. 

Myrobalan  Ointment,  92.5  Gm. ;  finely  powdered  opium,  7.5  Gm.     Mix  thoroughly. 

Dose,  used  externally. 

H^matoxyli  Lignum  (Br.),  Logwood.  Ahhr.,  Haematox.  Lign.  Synonym:  Lignum 
Campechianum,  Hsematoxylon. 

The  heart-wood  of  Hceniatoxylon  campechianum  Linne  (Fam.  Leguminosce)  that 
has  not  undergone  fermentation.  It  occurs  usually  in  small  chips,  reddish-brown,  the 
freshly  cut  surface  dark  yellowish-red.  A  transverse  section  shows  alternating 
yellowish-brown  and  dark  brown  medullary  rays.  Odor,  faint,  agreeable;  taste, 
sweetish,   astringent.     The   chief   constituent   is   hematoxylin,    of  which   it   contains 
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about    10   percent.,    l)Ut    wliicli    Is    not    astiin>^viit.      It    also    oontalns    a    tannin    and 
resin. 

Dose,  10  to  30  grains  (0.6  to  1.9  Gm.). 

]^ECOCTU>[  lI.EMATo.WLi  (Br.),  Decoction  of  Logwood.    Ahbr.,  Dec,  Iliematox. 

Logwood,  in  chips,  50  Gm.;  cinnamon  bark,  bruised,  10  Gm. ;  distilled  water  to 
produce  1000  cc.  The  logwood  is  boiled  for  10  minutes,  toward  the  end  of  which  time 
the  cinnamon  is  added. 

Dose,  adult,  V2  to  2  fluidounces  (16  to  64  cc.). 
J,,     ExTRACTU-M  H^:matoxyu  (X.F.),  Extract  of  Hematoxylon.    Ahhr.,  Ext.  Haematox. 

Ilemato.xylon,  rasped,  1000  (Jm. ;  water,  10,000  cc.  Macerated  for  48  liours,  then 
boiled  until  half  the  water  has  evaporated;  straiped  while- hot,  and  the  strained  liquid 
evaporated  to  dryness. 

^(       Dose,  10  to  20  grains  (0.6  to  1.3  Gm,). 

jn     AcACU  Cortex  (Br.),  Acacia  Bark.    Ahhr.,  Acae.  Cort.    Synonyms:  Balbul  Bark, 
Wattle  Bark. 

The  bark  of  Acacia  arahica  Willd.,  or  from  the  A.  decurrens  Willd.  (Fam. 
LeguminosiP).  It  contains  tannin,  22  to  36  percent.,  and  gallic  acid.  It  is  employed 
as  a  substitute  for  oak  bark.     Chietiy  used  in  the  form  of  a  decoction.  ,^^^ 

.,,      2>ose,  decoction  1.16,3^  to  2  fluidounces  (15  to  60  cc). 

,  Decoctu.m  Aca('L«  Corticis  (Br.),  Decoction  of  Acacia  Bark.    Ahhr.,  Dec,  Acac. 
Cort. 

Acacia  bark,  bruised,  6  parts;  distilled  watei*,  q.s.  to  make  100  parts. 
_,,;     Dose,  y-i  to  2  fluidounces  (16  to  60  cc). 

Geranium  (N.F.),  Geranium.    Ahhr.,  Geran.    Synonyms:  Cranesbill,  Alum  Root. 

The  dried  rhizome  of  Geranium  maculatum  Linne  (Fam,  Geraniacece),  Rhizome 
cylindraceous,  somewhat  branched,  bent,  flattened  and  strongly  tuberculated.  Exter- 
nally dark  purple-brown,  internally  light  purple-brown.  Odorless;  taste  strongly 
astringent.    It  contains  10  to  28  percent,  of  tannin. 

Dose,  10  to  20  grains  (0.6  to  1.3  Gm.). 

Fluidextractual  Geranii  (ISr.F.),  Fluidextract  of  Geranium.  Ahhr.,  Fldext.  Geran. 
Synanyms:  Fluidextract  of  Alum  Root,  Fluidextract  of  Cranesbill. 

Prepared  by  extracting  1000  Gm.  of  the  powdered  drug  to  exhaustion  with  a 
mixture  of  alcohol,  glycerin  and  water,  each  cc.  representing  1  Gm.  of  the  drug,  with 
an  alcoholic  content  of  about  52  percent,  and  a  glycerin  content  of  about  8  percent. 

Dose,  10  to  20  minims  (0.6  to  1.3  cc).  ,.i(^   j,f 

Hamamelidis  Cortex  (Br.),  Hamamelis  Bark.  Ahhr.,  Hamam.  Cort.  Synonym: 
Witch  Hazel  Bark. 

The  di'ied  bark  of  Hamamelis  virginiana  Linne  (Fam.  Hamamelidaceo').  In 
curved  or  channeled  pieces  about  1.5  mm.  thick  and  from  5  to  20  cm.  long.  No 
marked  odor;  taste  astringept.    It  contains  about  6  percent,  of  tannin. 

Dose,  20  to  40  grains  (1.3  to  2.5  Gm.). 

IIamamelidis  Folia  (Br.),  Hamamelis  Leavas.  Ahhr.,  Hamam.  Fol.  Synonym: 
Witch  Hazel  Leaves. 

The  leaves  of  Hamamelis  virginiana  Linne  (Fam.  Hamamelidacece)  collected  in 
the  autumn  before  the  flowering  of  the  plants.  Broadly  oval  in  outline,  from  7  to 
15  cm.  in  length.  Odor  slight;  taste  astringent,  slightly  aromatic  and  hitter;  about 
the  same  astringency  as  the  bark. 

Dose,  20  to  40  grains  (1.3  to  2.5  Gm.). 

Aqua  Hamamelidis  (U.S.  IX.),  Hamamelis  Water.  yl?>7^r.,  Aq.  Hamam.  Syncnyms: 
Witch  Hazel  Water,  Distilled  Extract  of  Witch  Hazel,  Pond's  Extract. 

A  saturated  aqueous  liquid  obtained  by  distilling  with  steam  or  water  the  bark, 
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twigs,  smaller  stems,  or  the  entire  shrub  of  Hamamelis  virginiana.  A  clear  and  color- 
less, or  not  more  than  faintly  opalescent  or  slightly  yellowish  liquid,  having  a  char- 
acteristic odor  and  taste. 

Dose,  externally  undiluted. 

FLuroEXTRACTUM  Hamamelidis  Foliorum  (N.F.),  Fluidextract  of  Hamamelis 
Leaves.  Ahhr.,  Fldext.  Hamam.  Fol.  Synonyms:  Extractum  Hamamelidis  Liquidum 
(Br.),  Liquid  Extract  of  Hamamelis. 

Hamamelis  leaves,  powdered,  1000  Gm. ;  alcohol  (45  percent.),  q.s.  to  produce 
1000  cc.  Exhaust  powdered  leaves  by  percolation  with  alcohol.  Alcoholic  content  about 
42  percent. 

Dose,  10  to  30  minims  (0.6  to  1.8  cc). 

Liquor  Hamamelidis  (Br.),  Solution  of  Hamamelis. 

Fresh  hamamelis  leaves,  1000  Gm. ;  distilled  water,  2000  cc. ;  alcohol  (90  percent.), 
160  cc.  Macerate  for  24  hours,  then  distill  to  1000  cc. ;  each  cc.  being  the  equivalent 
of  1  grain  of  the  crude  drug,  with  an  alcoholic  content  of  about  12  percent. 

Dose,  1  to  3  fluidrams  (4  to  12  cc). 

TiNCTURA  Hamamelidis  (Br.),  Tincture  of  Hamamelis.  Ahhr.,  Tr.  Hamam. 
Synonym:  Tincture  of  Witch  Hazel. 

Hamamelis  bark  (powdered),  100  Gm. ;  alcohol  (45  percent.),  sufficient  to  pro- 
duce 1000  cc.  Moisten  the  powder  with  50  cc.  of  the  alcohol  and  complete  the  perco- 
lation process. 

Dose,  1/2  to  1  fluidram  (2  to  4  cc.). 

IInguentum  Haaiamelidis  (Br.),  Hamamelis  Ointment.  Ahhr.,  Xing.  Hamam. 
Synonym  :  Witch  Hazel  Ointment. 

Liquid  extract  of  hamamelis,  10  cc. ;  wool  fat,  60  Gm.;  soft  paraffin,  30  Gm. 

Dose,  externally  undiluted. 

Hamamelinum  (unofficial),  Hamamelin.  Ahhr.,  Hamamel.  Synonym:  Hama- 
melidin. 

A  powdered  alcoholic  extract  prepared  from  the  bark  or  leaves.  The  bark  yields 
about  16  percent.,  the  leaves  about  7  percent. 

Dose,  used  as  suppositories  for  piles  or  internally  1  to  5  grains  (0.06  to  0.03  Gm.). 

Kino  (U.S.  X.),  Kino.    Ahhr.,J\\no.    Synonym:   Kino  Eucalypti. 

The  dried  juice  obtained  from  the  trunk  of  Pterocarpus  marsupium  Roxburgh 
(Fam.  Leguminosce).  It  occurs  in  small,  brittle,  angular  fragments,  usually  less  than 
10  mm.  in  diameter,  varying  in  color  from  dark  reddish-brown  to  reddish-black; 
inodorous;  taste  very  astringent.  The  powder  is  dark  red.  Almost  entirely  soluble 
in  alcohol;  slowly  and  incompletely  soluble  in  cold  water;  not  less  than  75  percent, 
soluble  in  boiling  water,  the  solutions  being  deep  red  in  color.  Kino  yields  not  less  than 
45  percent,  of  anhydrous  alcohol-soluble  extractive  and  not  less  than  80  percent,  of 
water-soluble  extractive.     It  contains  70  to  80  percent,  of  kinotannic  acid. 

Dose,  5  to  30  grains  (0.3  to  2.0  Gm.). 

Troschiscus  Kino  Eucalypti  (Br.),  Eucalyptus  Kino  Lozenge.  Synonyms:  Red 
Gum  Lozenge,  Eucalyptus  Gum  Lozenge. 

The  lozenge  is  formed  with  a  fruit  base  and  eucalyptus  kino  so  that  each  lozenge 
contains  1  grain  of  the  drug. 

Dose,  1  to  2  lozenges. 

PuLVis  Kino  Compositus  (Br.),  Compound  Powder  of  Kino.  Ahhr.,  Pulv.  Kino  Co. 
Synonym:  Pulvis  Kino  et  Opii  Compositus. 

Kino,  75  Gm.;  opium,  5  Gm.;  cinnamon  bark,  20  Gm. 

Dose,  internal,  5  to  20  grains  (0.3  to  1.3  Gm.) ;  externally  used  as  an  anodyne 
astringent. 
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TiNCTURA  Kino  (U.S.  X.),  Tincture  of  Kino.    Abhr.,  Tr.  Kino. 

Powdered  kino,  100  Gm.,  extracted  with  boiling'  distilled  water,  q.s.  to  make  500  cc.; 
cool,  add  500  cc.  of  alcohol;  decant  and  strain.  Each  cc.  represents  0.1  Gra.  of  the 
drug  with  an  alcoholic  content  of  about  46  percent. 

Dose,  V2  to  1  fluidram  (2  to  4  cc). 

TiNCTURA  Kino  et  Opii  Composita  (unofficial).  Compound  Tincture  of  Kino  and 
Opium.    Ahbr.,  Tr.  Kino  et  Opii  Co.    Synonym:  Compound  Tincture  of  Kino. 

Tincture  of  kino,  200  cc. ;  tincture  of  opium,  100  cc. ;  spirit  of  camphor,  65  cc. ; 
oil  of  clove,  1.5  cc. ;  cochineal,  8.5  Gm. ;  aromatic  spirit  of  ammonia,  8  cc. ;  diluted 
alcohol,  q.s.  to  make  1000  cc.  Each  cc.  represents  3  grains  of  kino;  ^0  grain  of 
opium,  with  an  alcoholic  content  of  about  45  percent. 

Dose,  ^, •>  to  1  fluidram  (2  to  4  cc). 

Eucalypti  Gummi  (N.F.),  Eucalyptus  Gum.  Abbr.,  Eucalypt.  Gum.  Synonyms: 
Ked  Gum,  Kino  Eucalypti. 

The  dried  gummy  exudate  from  Kiicalyptu.t  rosirata  Schlecht  and  other  species 
of  Eucalyptus  (Earn.  Myrtacew).  A  dark,  reddish-brown  color;  taste  very  astringent; 
odor  slight. 

Dose,  5  to  20  grains  (0.3  to  1.3  Gm.). 

BuTE^  Gummi  (Br.),  Butea  Gum.    Synonyms:  Bengal  Kino,  Sacred  Tree. 

The  inspissated  juice  from  incisions  in  the  stem  of  Butea  frondosa  Roxb.  (Fam. 
Leguminosce) .  Small,  irregular,  shining  fragments;  dark  ruby  in  color;  partially 
soluble  in  water,  about  40  percent,  soluble  in  hot  alcohol;  odorless;  taste  astringent. 
Contains  76  percent,  kinotannic  acid. 

Dose,  as  a  substitute  for  and  in  the  same  dose  as  Kino. 

BuTE^  Semina  (Br.),  Butea  Seeds.  Synonyms:  Bengal  Kino  Seeds,  Sacred  Tree 
Seeds.         » 

The  seeds  of  the  Butea  frondosa  Roxb.  (Fam.  Legiiminosce).  Flat,  reniform, 
about  30  mm.  long,  20  mm.  wide,  1  to  2  mm.  thick;  testa  thin,  glossy  veined,  dark 
reddish-bro^^Ti ;  faint  odor;  taste  slightly  acrid.     Contains  9  percent,  kinotannic  acid. 

Dose,  10  to  20  grains  (0.6  to  1.3  cc). 

PuLVis  BuTE.E  Semixum  (Br.),  Powdered  Butea  Seeds. 

Soak  butea  seeds  in  distilled  water;  carefully  remove  integuments,  dry  and  powder. 

Dose,  10  to  20  grains  (0.6  to  1.3  Gm.). 

Krameri^  (U.S.  X.),  Krameria.  Synonyms :  Rhatany,  Krameria  Root,  Khatany 
Root. 

The  dried  root  of  Krameria  triandra  Ruiz  et  Pavon,  known  in  commerce  as 
Peruvian  rhatany,  or  of  Krameria  argentea  Martins,  known  in  commerce  as  Para 
or  Brazilian  rhatany,  (Fam.  Leguminosce).  Peruvian  rhatany  is  reddish-brown  ex- 
ternally, fracture  splintery,  wood  yellow.  Para  rhatany  is  dark  purplish-brown  or 
nearly  black  externally,  fracture  short,  wood  pale,  reddish-brown.  Powdered  krameria 
is  reddish-brown  in  color.  Both  varieties  are  inodorous;  wood  nearly  tasteless,  taste 
of  the  bark  astringent.  Krameria  contains  about  8.5  percent,  of  krameria-tannic 
acid. 

Dose,  10  to  20  grains  (0.6  to  1.3  Gm.). 

ExTRACTUM  Kr.\merle  (N.F.),  Extract  of  Krameria.  Alhr.,  Ext.  Kramer.  Syno^ 
nym:   Powdered  Extract  of  Krameria. 

One  Gm.  of  the  extract  represents  5  Gm.  of  krameria. 

Dose.  5  to  10  grains  (0.3  to  0.6  Gm.). 

ExTRACTUM  Kramerle  (Br,),  Extract  of  Krameria.  Abbr.,  Ext.  Kramer.  Syno- 
nym: Extract  of  Rhatany. 

Prepared  by  exhausting  1000  Gm.  of  the  powdered  drug  by  percolation  with  dis- 
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tilled  water,  tlie  distillate  then  being  evaporated  to  dryness  and  sufficient  powdered 
starch  being  added  to  produce  250  Gm.  in  weight.  Each  grain  represents  4  grains  of 
the  drug. 

Dose,  5  to  10  grains  (0.3  to  0.6  Gm.). 

Infusum  Kramerl^  (Br.),  Infusion  of  Krapieria.  Ahhr.,  Inf.  Kramer.  Synonym: 
Infusion  of  Rhatany.  (luhihoaii)  atiki-  '  th  ovsiiT  khutjv 

Krameria  root  (bruised),  50  Gm.;  infusied  for  15  minutes  in  1000  cc.  boiling, 
distilled  water;  or  powdered  krameria  root,  50  Gm.,  infused  for  1  hour  in  1000  cc. 
cold,  distilled  water,  z^ofo  jq  (jq 

Dose,  1/2  to  1  fluidounce  (16  to  32  cc).  '-  ■'■-■'- 

TiNCTURA  Kramerle  (U.S.  X.),  Tincture  of  Krameria.  Ahhr.,  Tr.  Kramer.  Syno- 
nym: Tincture  of  Rhatany. 

Krameria,  powdered,  200  Gm. ;  percolated  to  exhaustion  with  diluted  alcohol  (60 
percent.),  q.s.  to  make  1000  cc.  Each  cc.  represents  0.2  Gm.  of  the  drug,  with  an 
alcoholic  content  of  about  43  percent. 

Dose,  Vz  to  1  fluidram  (2  to  4  cc).  it^  \rs 

Trochiscus  Krameri^e  (Br.),  Krameria  Lozenge.  Ahhr.,  Troch.  Kramer.  Syno- 
nym: Rhatany  Lozenge. 

Each  lozenge  contains  1  grain  (0.06  Gm.)  of  extract  of  krameria,  with  a  fruit  basis. 

Dose,  1  to  2  lozenges. 

Trochiscus  Kramerle  et  Cocaine  (Br.),  Krameria  and  Cocaine  Lozenge.  Ahhr., 
Troch.  Kramer,  et  Cocain.    Synonym:  Rhatany  and  Cocaine  Lozenge. 

Each  lozenge  contains  1  grain  (0.06  Gm.)  of  krameria  and  1/20  grain  (0.003  Gm.) 
of  cocaine  hydrochloride,  with  a  fruit  basis. 

Dose,  1  to  2  lozenges. 

Eluidextractum  Kramerle  (N.F.),  Fluidextract  of  Krameria.  Ahhr.,  Fldext. 
Kramer.  Vf   iiy,o^)noi\  i^^hvH.  "irit  ^o  eboorj  •;:• 

Prepared  by  percolating  1000  Gm.  of  the  powdered  drug  to  e^chaustion  with 
glycerin  and  dilute  alcohol,  each  cc.  representing  1  Gm.  of  the  drug,  with  an  alcoholic 
content  of  about  46  percent.,  glycerin  8  percent.  >j  ul  ,52ovi. 

Dose,  10  to  20  minims  (0.6  to  1.3  cc).  ■!  .■  r.-,'T 

.■i<  Fluidglyceratum  Krameria  (N.F.),  Fluidglycerate  of  Krameria.  Ahhr,,  Fldglycer. 
Kramer. 

Prepared,  in  general,  by  the  same  process  as  the  fluidextract,  but  without  alcohol. 
Each  cc  represents  1  Gm.  of  the  drug  with  a  glycerin  content  of  about  48  percent.    H 

Dose,  10  to  20  minims  (0.6  to  1.3  cc). 

Syrupus  Kramerle  (N.F.),  Syrup  of  Krameria     Ahhr.,  Syr.  Kramer.  T 

Fluidextract  of  krameria,  450  cc;  syrup,  q.s.  to  make  1000  cc  Each  10  minims 
represents  about  'iV-y  grains  of  the  drug  with  an  alcoholic  content  of  about  21 
percent. 

Dose,  1  to  2  fluidrams  (4  to  8  cc.). 

Quercus  (KF.),  Oak.  Ahhr.,  Querc  Synonyms:  Quercus  Cortex  (Br.),  White 
Oak  Bark,  Stone  Oak. 

The  dried  bark  of  the  trunk  and  branches  of  Quercus  alha  Linne  (Fam.  Fagacece), 
deprived  of  the  periderm.  It  occurs  in  nearly  flat  pieces  from  2  to  10  mm.  in  thickness, 
externally  light  brown,  becoming  darker  with  age.  Odor  distinct,  taste  strongly 
astringent.  Contains  15  to  20  percent,  of  quercitannic  acid,  which  occurs  in  two 
forms,  neither  of  which  is  a  glucoside.  'A 

Dose,  10  to  20  grains  (0.6  to  1.3  Gm.). 

Eluidextractum  Quercus  (N.F.),  Fluidextract  of  Quercus,   Ahhr.,  Fldext.  Querc. 

Prepared  by  percolating  1000   Gm.   of  the  powdered  drug  to   exhaustion  with 
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glycerin  and  dilute  alcohol,  each  ec.  representing  1  Oni.  of  the  drug,  with  an  alcoholic 

content  of  about  46  percent.,  glycerin  8  percent. 

.'       Dose,  10  to  20  minims  (O.fi  to  1.3  cc.)  ;  externally  undiluted  or  as  desired. 

Gambir  (U.S.  X.),  Gambir.     Si/nonym^:  Catechu,  Palo  Catechu. 

A  dried  extract  prepared  from  decoctions  of  the  loaves  and  twigs  of  Ourouparia 
gamhir  (Hunter)  Baillon  (Fam.  Ruhiacece):  It  occurs  in  masses  approximately  cubical 
or  rectangular,  from  20  to  30  mm.  in  diameter;  inodorous;  taste  bitterish  and  very 
astringent;  yields  not  less  than  70  percent,  water-soluble,  and  not  less  than  60  percent, 
of  alcohol-soluble,  extractives,  consisting  chiefly  of  catechin  (7  to  30  percent.)  and 
catechutannic  acid  (22  to  50  percent.). 

Dose,  10  to  20  grains  (0.6  to  1.3  Gm.). 

Gatechu  Nigrum  (Br.)  Black  Catechu.    Ahhr.,  Catech.  Niger.    Synonym:  Cutch. 

An  extract  prepared  from  the  wood  of  Acacia  catechu  Willdenow  (Fam. 
Leguminosce).  It  occurs  in  triangular  masses  of  a  dark  brown  color,  brittle;  no  odor; 
taste  sweetish;  partially  soluble  in  cold  water;  almost  entirely  soluble  in  boiling  water. 
Resembles  pale  catechu  (gambir)  in  its  constituents,  the  chief  one  being  catechutannic 
acid  (25  to  35  percent). 

Dose,  5  to  15  grains  (0.3  to  1  Gm.). 

PuLVis  Catechu  Compositus  (Br.),  Compound  Powder  of  Catechu.  Ahhr.,  Pulv. 
Catpch.  Co. 

Powdered  catechu,  40  parts;  kino,  20  parts;  krameriu  root,  20  parts;  cinnamon 
bark,  10  parts;  nutmeg,  10  parts. 

Dose,  15  to  60  grains  (1  to  4  Gm.). 

TiNCTURA  Gambir  Composita  (U.S.  X.),  Compound  Tincture  of  Gambir.  Ahhr., 
Tr.  Gambir  Co.    Synonym  :  Compound  Tincture  of  Pale  Catechu. 

Gambir  (powdered),  50  Gm. ;  cinnamon,  25  Gm.;  diluted  alcohol,  sufficient  to 
make  1000  cc.  Each  cc.  represents  %  grain  of  the  drug,  with  an  alcoholic  content  of 
about  46  percent.     (The  Br.  preparation  is  4  times  the  strength  of  the  U.S.). 

Dose,  1  to  2  fluidrams  (4  to  8  cc.)  of  U.S.  preparation. 

Trochisci  Gambir  (unofficial),  Troches  of  Gambir.     Ahhr.,  Troch.  Gambir. 

Gambir  (powdered),  6  Gm. ;  tragacanth,  3  Gm. ;  sucrose,  91  Gm. ;  oil  of  cinnamon, 
0.2  cc.    Mix  thoroughly,'  make  into  a  mass  with  water,  and  divide  into  100  troches. 

Dose,  1  troche. 

PuLVis  Gambir  Compositus  (unofficial).  Compound  Powder  of  Gambir.  Ahhr., 
Pulv.  Gambir  Co.     Synonym :  Compound  Powder  of  Catechu. 

Gambir,  40  Gm. ;  kino,  20  Gm. ;  krameria  root,  20  Gm. ;  cinnamon  bark,  10  Gm.; 
nutmeg,  10  Gm.,  all  in  powdered  form.    Mix  intimately. 

Dose,  10  to  60  grains  (0.6  to  4  Gm.). 

TiNCTURA  Catechu  (Br.),  Tincture  of  Catechu.    Ahhr.,  Tr.  Catech. 

Catechu  (powdered),  200  Gm. ;  cinnamon  bark  (bruised),  50  Gm.;  alcohol  (45  per- 
cent.), g.s.  to  make  1000  cc.    Prepare  by  maceration. 

Dose,  1/2  to  1  fluidram  (2  to  4  cc). 

Trochiscus  Catechu  (Br.),  Catechu  Lozenge.    Ahhr.,  Troch.  Catech. 

Each  lozenge  contains  about  1  grain  (0.06  Gm.)  of  catechu,  with  a  fruit  basis. 

Dose,  1  to  4  troches. 

I?o.sa  (U.S.  X.),  Rose.    .4/)?)r..  Rosa  Gal.    Synonyms:   Rosa  Gallica,  Red  Rose  Petals. 

The  petals  of  Rosa  galJica  Linne  (Fam.  Rosacecp)  collected  just  before  the  expan- 
sion of  the  flowers.  Usually  in  little  cone-like  masses,  or  sometimes  separate  and  more 
or  less  crumpled.  Odor  fragrant ;  taste  astringent  and  slightly  bitter.  Contains  gallic 
acid  and  quercitannic  acid. 

Dose,  employed  in  powdered  form  as  a  vehicle  for  astringent  and  tonic  medicines. 
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Flutdextractum  Hosje  (U.S.  X.),  Fluidextract  of  Rose.     Ahhr.,  Fldext.  Ros. 

Prepared  by  percolating  to  exhaustion  10CK3  Gm.  powdered  red  rose  petals  "with 
glycerin  and  alcohol,  each  cc.  representing  1  Gm.  of  the  drug,  -with  an  alcoholic  content 
of  37  percent,  and  about  S  i)ejcent.  of  glycerin. 

Dose,  30  to  60  minims  (.2  to  4  cc). 

Infusum  Ros.t  CoMPosrruM  (X.F.),  Compound  Infusion  of  Rose.  Allr.,  Inf. 
Ros.   Co. 

Red  rose,  13  Gm. ;  diluted  sulphuric  acid,  9  cc. ;  sugar,  40  Gm. ;  boiling  water, 
1000  cc.    Infuse  for  1  hour,  then  add  the  sugar  and  strain. 

Dose,  2  to  3  fluidounoes  (65  to  100  cc.)  :  used  mainly  as  a  vehicle. 

IxFUSUM  Rosj:  AcTorM    (Br.),  Acid  Infusion  of  Roses.     Ahhr.,  Inf.  Ros.  Ac.    : 

Red  rose  petals,  dried,  25  Gm. ;  diluted  sulphuric  acid,  2.5  cc. ;  distilled  water, 
boiling,  1000  cc.     Infuse  for  15  minutes,  strain. 

Dose,  ^2  ■to  1  fluidounce  (15  to  30  cc). 

if  EL  Ros.E  (U.S.  X.),  Honey  of  Rose. 

Fluidextract  of  rose,  120  cc. ;  clarified  honey,  q.s.  to  make  1000  Gm. 

Antagonists  and  IncompatihJes. — Iron  salts  and  the  alkaloids. 

Dose,  1  to  2  fluidrams  (4  to  8  cc.) ;  generally  used  as  a  vehicle  for  sodium 
borate. 

Syrupus  Ros^  (X.F.),  Syrup  of  Rose.    Ahhr..  Syr.  Ros. 

Fluidextract  of  rose,  125  cc. ;  diluted  sulphuric  acid,  10  cc. ;  sucrose,  750  Gm. ; 
■water,  q.s.  to  make  1000  cc. 

Dose,  ^2  to  1  fluidram  (2  to  4  cc.)  ;  used  as  a  flavoring  vehicle. 

Jambul  (unofficial),  Jambol.    Synonyms:  Java  Plum,  Rose  Apple. 

The  bark  of  Eugenia  jamholana  Lam.  {Syzigium  jamholan-a  Lam.)  (Fam. 
Myrtacece).  The  bark  contains  tannic  and  gallic  acids  and  a  resin.  An  extract  and  a 
fluidextract  have  been  made,  but  the  strength  of  neither  is  standardized. 

Dose,  10  to  15  grains  (0.6  to  1  Gm.). 

Sappax  (Br.),  Sappan. 

The  heart-wood  of  C'.psalpinia  sappan  Linne  (Fam.  Leguminos(p).  Occurs  in 
heavy,  hard  red  pieces  or  orange-red  chips.  Chief  constituent  is  a  colorless  crystalline 
principle,  braslin  (Cj^^OJ,  and  is  closely  allied  to  hsematoxylin  from  logwood 
(Aj,H„OJ.    Braslin  is  soluble  in  both  alcohol  and  water. 

Dose,  15  to  45  grains  (1  to  3  Gm.). 

Decoctum  Sappax   (Br.),  Decoction  of  Sappan. 

Sappan  (in  chips)  5  Gm. ;  bruised  cinnamon  bark,  1  Gm.  Add  the  sappan  to 
120  cc.  of  water,  boil  for  10  minutes,  then  add  the  cinnamon ;  boil  until  reduced  below 
100  cc. ;  cool,  and  strain ;  add  distilled  water,  q.s.  to  make  100  cc. 

Dose  ^2  to  2  fluidounces  (15  to  60  cc). 

Ri*Brs  (X.F.).  Rubus.    Synonym:  Blackberry  Bark. 

The  dried  bark  of  the  rhizome  of  Ruhus  villosiis  Aiton,  Rubus  nigrohaccus  Bailey, 
or  of  Ruhus  cuneif alius  Pursh  (Fam.  Rosacece).  It  occurs  in  elongated,  tough,  flexible 
quills  or  bands,  from  3  to  6  mm.  in  diameter,  the  bark  from  1  to  2  mm.  in  thickness; 
inodorous ;  taste  strongly  astringent  and  bitter. 

Dose,  10  to  20  grains  (0.6  to  1.3  Gm.). 

FLrn)EXTR.\CTUM  RuBi  (N.F.),  Fluidextract  of  Rubus.  Ahhr.,  Fldext.  Rubi,  Syno- 
nym: Fluidextract  of  Blackberry  Bark. 

Prepared  by  percolating  1000  Gm.  of  powdered  rubus  to  exhaustion  with  diluted 
alcohol,  each  cc.  representing  1  Gm.  of  the  drug,  with  an  alcoholic  content  of  about 
55  percent. 

Dose.  10  to  20  minims  (0.6  to  1.3  cc). 
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Syritus  Ri'Bi  (N.F.),  Syrup  of  Rubus.  Abhr.,  Syr.  Rubi.  Synonym:  Syrup  of 
Blackberrj'  Bark. 

Fluidextract  of  rubus,  250  cc. ;  syrup,  q.s.  to  make  1000  cc. 

Dose,  1  to  2  fluidrams  (4  to  8  cc). 

Syrupis  Iodotannicl's  (N.F.),  Syrup  of  lodotannin.     Abbr.,  Syr.  lodotan. 

Contains  0.27  percent,  of  iodine  and  0.4  percent,  of  tannin,  with  SO  percent,  of 
sugar,  water  q.s.ad  100  percent. 

Dose,  1  fluidram  (4  cc). 

AciDiM  AfETvi.TANNicr.M  (U.vS.  X.),  Acetyltaunic  Acid.  Synonyms:  Diacetyltan- 
uin,  Tannigen,  Acetannin,  Tannyl  Acetate. 

The  acetic  acid  ester  of  tannic  acid.  A  light,  creamy-white,  tasteless,  odorless  or 
almost  odorless  powder;  soluble  in  alcohol  and  in  diluted  solutions  of  borax,  sodium 
phosphate,  or  sodium  carbonate. 

Antagonists  and  Inconipatibbfi. — Alkalis  and  salts  of  iron  are  incompatible. 

Dose,  o  to  10  grains  (0.2  to  0.0  Gm.). 

Albumini  Tanxas  (U.S.  X.),  Albumin  Tannate.  Synonyms:  Albutannin,  Tannal- 
bin,  Exsiccated  Tannin  Albuminate. 

A  compound  of  tannic  acid  and  albumin,  thoroughly  exsiccated,  containing  about 
50  percent,  of  tannin  in  combination.  A  cream  yellow  or  light  brown  powder,  tasteless 
and  odorless. 

Dose,  15  to  60  grains  (1  to  4  Gm.),  in  powder  or  tablet. 

Protan"  (N.N.R.),  Tannin  Nucleoproteid. 

A  chemical  combination  of  casein  with  tannic  acid,  containing  about  50  percent, 
of  tannin.  A  light  brown  powder,  tasteless,  and  free  from  astringent  action  in  the 
mouth  and  stomach ;  insoluble  in  water  or  dilute  acids,  and  does  not  coagulate  albumin 
or  precipitate  pepsin  or  peptones. 

Dose,  15  to  30  grains  (1  to  2  Gm.)  ;  for  infants  and  young  children,  5  to  10  grains 
(0.3  to  0.6  Gm.). 

Tannocol  (unofficial),  Gelatin  Tannate. 

A  tasteless,  odorless  powder  containing  about  50  percent,  of  tannic  acid;  soluble 
only  in  alkaline  secretions  and  solutions  in  which  it  is  decomposed,  liberating  tannic 
acid. 

Dose,  15  to  30  grains  (1  to  2  Gm.). 

Tan'noform  (unofficial).  Synonyms:  Helgotan,  Methylene  Ditannin,  Tannin  For- 
maldehyde. 

A  loose,  reddish  or  pinkish  powder,  soluble  in  alcohol  or  alkaline  liquids,  insol- 
uble in  water;  prepared  by  mixing  a  solution  of  formaldehyde  and  an  extract  of  one 
of  the  tannin-containing  plants  in  the  presence  of  hydrochloric  acid. 

Dose,  5  to  15  grains  (0.3  to  1  Gm.)  ;  externally,  as  a  dusting  powder  in  hyper- 
hidrosis,  bedsores,  etc. 

Antipathogenic  Action. — The  tannins  have  no  true  antiseptic  power  apart  from  the 
coagulation  of  proteins.  They  act,  however,  as  preservatives  by  drying  and  hardening 
skins,  etc.,  and  by  precipitating  putrefying  proteins  in  a  form  which  is  not  readily 
attacked.  Their  effectiveness  as  bactericides  is  related  to  the  ability  of  the  bacterial 
cell  wall  to  resist  penetration.  A  0.5  percent,  solution  of  tannic  acid  will  kill  BarUJus 
coli  and  Staphplococctis  aureus  in  two  hours,  but  a  10  percent,  solution  will  not  kill 
anthrax  bacilli  in  twenty-four  hours. 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Applied  to  the  unbroken 
human  skin  as  a  wet  dressing,  tannin  is  absorbed  and  its  products  have  been  found 
in  the  urine.  Given  by  mouth  to  man,  dog  or  rabbit,  it  escapes  in  largest  part  unaltered 
in  the  stools.  That  which  is  absorbed  is  chiefly  changed  to  gallic  acid  and  the  greater 
part  of  this  is  burned,  the  rest  passing  out  in  the  urine.  Small  amounts  may  be 
absorbed   as  alkali  tannate  and  be  excreted  as  such   in   the  urine  in  amounts  only  to 
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be  found  by  delicate  tests  and  of  no  practical  importance  in  therapeutics.  When  alkal! 
tannates  are  given  by  mouth,  their  fate  is  in  general  the  same,  but  there  is  much  more 
absorption  of  the  unchanged  substance  which  can  be  recognized  in  the  blood.  They 
may  appear  in  the  urine  in  sufficient  concentration  to  influence  the  action  of  the  kidneys, 
causing  lessened  secretion  of  water  in  health  and  also  reduction  of  albumin  in  nephri- 
tis. These  effects  are,  however,  rarely  seen  unless  very  large  doses  of  alkali  tannates 
are  given  by  injection.  The  amount  in  the  blood  is  never  enough  to  have  any  effect 
on  an  internal  hemorrhage. 

Topical  Action. — The  topical  effects  of  tannic  acid  and  other  tannins  are  largely 
dependent  on  their  action  on  certain  organic  substances  and  we  will  briefly  review  these 
before  taking  up  their  influence  on  living  tissue. 

If  tannin  is  added  to  a  solution  of  albumin  or  gelatin,  the  resulting  compound  is 
thrown  down  as  a  white  precipitate,  insoluble  in  water  but  soluble  in  excess  of  albumin 
or  gelatin,  as  well  as  in  acetic  and  lactic  acids  and  in  even  dilute  alkalis.  In  the 
last  instance  the  tannin  is  separated  from  its  combination  and  forms  a  soluble  alkali 
tannate.  Pepsin  and  peptones  are  thrown  down  by  tannic  acid  in  neutral  solution  but 
not  in  acid,  and  the  precipitate  is  soluble  in  0.1  percent.  HCl.  If  an  acid  solution  of 
pepsin  is  added  to  the  tannin-albumin  compound,  digestion  of  the  protein  proceeds  in 
a  normal  manner  and  is  not  even  delayed.    During  digestion  the  tannin  is  set  free. 

Tannins  applied  to  animal  tissues  withdraw  water  and  coagulate  the  proteins, 
causing  the  tissues  to  become  harder  and  to  shrink.  Too  strong  a  solution,  such 
as  more  than  10  percent,  tannic  acid,  throws  down  so  dense  a  precipitate  near  the 
surface  that  penetration  is  interfered  with  and  the  action  is  thus  slower  than  that 
of  weak  solutions.  This  coagulating  action  accounts  for  part  but  not  all  of  the  influence 
of  the  tannins  on  living  tissues. 

There  has  been  much  controversy  whether  the  astringent  action  of  tannins  depends 
on  their  precipitation  of  mucus  and  proteins  and  whether  alkali  tannates  and  albumin 
compounds,  which  lack  precipitating  power,  check  bleeding  and  excessive  secretion. 

When  weak  solutions  (0.01  to  0.05  percent.)  of  tannic  acid  are  applied  to  the  exposed 
mesentery  of  a  frog  or  rabbit,  there  is  seen  a  constriction  of  the  smaller  vessels  due 
to  a  direct  action  on  the  wall.  In  the  inflamed  eye  or  mesentery  of  the  rabbit  the 
same  effect  is  obtained  from  0.1  to  0.5  percent,  solutions.  Such  solutions  are  not  strong 
enough  to  coagulate  proteins,  and  stronger  solutions,  which  do  so,  cause  dilatation  of 
the  vessels  with  stagnation  of  blood.  Slightly  stronger  solutions  (0.25  to  1  percent.) 
of  alkali  tannate,  which  do  not  precipitate  proteins,  have  the  same  power  to  constrict 
the  vessels  and  to  check  exudation  in  inflammation.  These  facts  show  that  such  effects 
are  not  dependent  on  precipitation  of  albumins. 

Tannic  acid  has  a  strong  astringent  taste,  shared  to  a  less  degree  by  the  alkali 
and  albumin  tannates. 

The  chief  action  of  tannin,  howevei',  in  the  digestive  tract  is  the  checking  of 
secretion,  both  normal  and  pathologic.  For  this  reason  it  causes  constipation  or  stops 
diarrhea.  Absorption  of  food  and  other  substances  may  be  interfered  with  by  a  precip- 
itate of  mucus  adhering  to  the  mucosa,  but  such  an  effect  is  not  usuailly  seen  in  normal 
animals.  The  increased  secretion  of  mucus  which  normally  occurs  in  an  intestinal  loop 
from  injection  of  a  solution  of  soda  is  largely  prevented  by  0.3  percent,  tannic  acid 
solutions. 

Systemic  Action. — The  systemic  action  of  the  tannins  is  chiefly  that  of  the  alkali 
tannates,  probably  the  only  effective  form  which  can  exist  in  the  blood.  The  systemic 
action  is  of  no  importance  in  medicine,  as  it  results  only  when  tannates  are  given 
by  injection  and   in  dangerously  large  doses. 

Injections  of  alkali  tannates  cause  a  fall  of  blood-pressure  from  alteration  in  the 
vessel  walls  and  stagnation  of  the  blood  in  the  large  veins.  The  general  vasoconstric- 
tion which  has  been  reported  is  merely  the  collapse  of  the  bloodless  arteries.  The 
spleen  is  reduced  in  volume,  probably  by  action  on  the  muscles.  The  voluntary  muscles 
become  stiff  and  are  less  easily  stretched.  In  rabbits  injection  of  0.1  Gm.  per  kilo 
causes  lessening  of  albuminuria  and  2  Gm.  by  mouth  is  said  to  cause  a  marked  lessen- 
ing of  the  secretion  of  urine  lasting  several  days,  even  though  water  is  given  freely 
by  stomach   tube. 

Intravenous  injections  of  alkali  tannates  have  a  depressing  action  on  the  central 
nerve  system  of  frogs  and  mammals,  perhaps  because  of  interference  with  the  circula^ 
tion  in  the  brain.  '    '  ■''   '•     '*' '  ■     '"   '  ''' 
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Therapeutics. — Tannic  acid,  or  one  of  the  tannin-contaiuiiif?  drugs,  is  useful  when- 
ever a  local  astringent  action  is  imlicated — to  contract  relaxed  tissue,  to  dry  moist 
surfaces,  to  arrest  superticial  bleeding.  In  catarrhal  affections  of  the  pharynx  and 
fauces,  enlarged  tonsih,  chronic  rliwHif  and  ozena,  relaxed  and  elongated  uvula, 
spongy  and  bleeding  gums,  canker  sores,  aphthous  stomatitis,  etc.,  the  application  of 
powdered  tannin  or  painting  with  some  liquid  preparation,  such  as  the  glycerite,  is 
of  great  service.  A  spray  of  a  solution  of  10  grains  (0.6  Gm.)  to  the  ounce  (30  cc.) 
of  water  is  a  convenient  form  for  application  to  the  nose  and  throat.  For  relaxation 
of  the  faucial  membranes  and  for  chronic  pharyngitis,  tannin  troches  or  a  gargle  of 
a  solution  of  6  to  10  grains  to  the  ounce  may  be  used.  Frtx|uently  rinsing  the  mouth 
with  a  similar  solution  answers  well  in  the  treatment  of  buccal  ulcerations  and 
spongy  gums.  Lozenges  of  guaiac  and  tannin  ^re  beneficial  in  subacute  and  chronic 
sore  throat  of  almost  any  variety,  and  at  times  in  acute  conditions,  including  catar- 
rhal (non-riuppurative)  tonsillitis. 

Bleeding  from  accessible  surfaces,  as  from  razor  cuts  on  the  face,  may  be  quickly 
checked  by  dusting  with  powdered  tannin.  The  same  expedient,  or  the  use  of  Rich- 
ardson's styptic  colloid  (tannin,  1;  alcohol,  8;  collodion,  92),  or  glycerite  of  tannin,  is 
applicable  in  epistaxis  not  dependent  on  erosion  or  other  definite  lesion;  in  pharyngeal 
bleeding  from  inflammation  or  small  varix;  in  mild  hemorrhagic  laryngitis;  in  mod- 
erate bleeding  from  hemorrhoids,  etc.  For  bleeding  piles,  however,  an  ointment — 
as  that  of  nutgall — is  ordinarily  to  be  preferred.  Internal  hemorrhage,  even  that 
from  the  intestines,  is  seldom  affected  by  tannin,  nor  is  it  rational  to  prescribe  tannins 
for  hematuria,  for  the  drug  is  destroyed  in  the  intestine  even  if  some  of  it  escapes 
the  lytic  action  of  the  gastric  juice.  In  this  condition,  as  well  as  in  diarrhea,  some 
tannin-containing  drug  which  dissolves  slowly,  or  some  tannin  derivative  which  is 
more  or  less  insoluble  in  the  stomach  juices,  should  be  given.  In  hemutcmesis,  tannin, 
especially  a  preparation  of  one  of  the  tannin-containing  drugs,  often  acts  well,  and  in 
hematuria,  when  of  cystic  origin,  lavage  of  the  bladder  with  a  mild  solution,  5  to  6 
grains  to  the  ounce,  is  to  be  commended.  ■'■' 

Tannin  is  an  antidote  of  value  in  alkaloidal  poisoning,  but  only  while  the  poison 
is  still  in  the  stomach,  and  even  then  the  tannate  formed  by  combination  with  the 
alkaloid  should  be  promptly  expelled  by  emesis  or  the  introduction  of  a  stomach  tube, 
since  it  is  soluble  in  the  gastric  juice  and  when  dissolved  will  be  absorbed.  Tannin 
has  also  been  suggested  as  an  antidote  in  cases  of  poisoning  by  antimony  and  the 
salts  of  other  metals.  In  hematemesis  or  in  alkaloidal  poisoning,  when  there  is  no 
time  to  lose,  copious  draughts  of  strong  boiled  black  tea,  without  milk  or  cream,  may 
be  of  service. 

Hyperhidrosis  or  hromidrosis  of  the  hands,  feet,  or  axilla  is  lessened,  if  not  actu- 
ally controlled,  by  frequent  bathing  of  the  parts  with  a  saturated  solution  of  tannin, 
and  a  solution  of  the  same  strength,  applied  by  means  of  a  tampon,  is  useful  in  re- 
moving the  odor  and  lessening  the  discharge  in  ulcerative  conditions  of  the  cervix 
uteri,  in  which  for  any  reason,  surgery  or  radiotherapy  has  been  inapplicable.  A  25 
percent,  solution  makes  an  effective  vaginal  douche  in  certain  cases  of  leucorrhea 
and  of  vaginitis.  A  6  to  10  percent,  solution  may  be  used  with  benefit  as  an  injection 
in  the  later  stages  of  gonorrhea  and  in  gleet. 

The  milder  erosions  of  the  cervix  uteri  may  sometimes  be  treated  with  benefit  by 
the  application  of  a  tampon  soaked  in  the  glycerite  of  tannin.  The  same  preparation 
is  useful  in  the  prevention  of  bedsores  and  as  an  application  to  cracked  nipples.  '' 
Ulcers  with  exuberant  granulations  and  profuse  suppuration  often  improve  rapidly 
when  dusted  with  powdered  tannin.  Smearing  the  feet  with  the  glycerite  of  tannin 
acts  well  as  a  preventive  of  excoriation  and  blisters  from  long  marching  or  "hikes." 
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Roughened  hands  may  be  made  smooth  and  soft  by  rubbing  with  a  5  percent,  alco- 
holic solution,  and  the  same  procedure  continued  for  ten  or  fifteen  minutes  serves  to 
sterilize  the  surgeon's  hands.  Poulticing  with  linseed  and  a  saturated  aqueous  solu- 
tion of  tannin  is  sometimes  useful  in  moist  or  scaly  eczema. 

Suppositories  of  tannic  acid  (3  grains  each  of  tannin),  better  with  the  addition 
of  half  a  grain  of  powdered  opium,  are  to  be  recommended  for  internal  hemorrhoids. 
In  catarrhal  proctitis  and  colitis,  copious  enemata  of  a  3  to  5  grain  solution  of  tannin 
are  useful.  Cantani  recommended  enemata  of  several  quarts  of  a  similar  solution  for 
cholera.  Enemas  of  tannic  acid  may  destroy  threadworms  and  other  parasites  in 
the  rectum  or  sigmoid. 

Gallic  acid  has  a  more  limited  range  of  usefulness  than  tannin.  It  is  not  locally 
styptic  or  astringent  and  is  therefore  incapable  of  replacing  tannic  acid  in  its  topical 
application.  It  is  readily  absorbed  and  is  excreted  by  the  kidneys  upon  which  and 
their  blood-vessels  it  is  assumed  by  some  clinicians  to  exert  a  tonic  or  astringent 
effect  and  therefore  to  be  of  service  in  arresting  renal  hematuria,  reducing  the  excre- 
tion of  albumin  in  nephritic,  and  that  of  water  in  diabetes  insipidus.  It  is  also 
given  sometimes  to  control  bleeding  from  other  inaccessible  parts  and  to  arrest  night 
sweats.  Theoretically,  its  therapeutic  action  in  these  conditions  should  be  nil,  since 
it  does  not  coagulate  albumin  and  is  therefore  only  feebly  or  not  at  all  astringent, 
as  that  property  is  usually  defined.  Clinically,  however,  it  is  regarded  by  some  prac- 
titioners as  of  value  in  the  conditions  mentioned;  but  there  can  be  no  question  as 
to  the  superiority  of  many  other  drugs  in  this  respect. 

Locally,  gallic  acid  is  applied,  in  powder,  solution,  or  ointment,  in  the  treat- 
ment of  alopecia,  psoriasis,  ulcers,  to  arrest  epistaxis,  and  for  the  relief  of  hemor- 
rhoids, but  its  action  in  these  conditions  is  much  inferior  to  that  of  tannin  and  the 
results  of  its  use  are  often  disappointing. 

Nut  galls  owe  their  therapeutic  action  solely  to  the  tannin  which  they  contain, 
and  may  be  used  externally  for  the  same  purposes  as  tannin.  Nutgall  ointment, 
especially  when  associated  with  opium  as  in  the  official  (Br.)  Unguentum  Galloe  cum 
Opio,  is  a  favorite  application  to  external  piles.  Galla  is  seldom,  if  ever,  given  inter- 
nally at  the  present  day. 

Geranium  is  one  of  the  best  of  the  tannin-containing  galenicals.  It  is  a  good 
astringent  for  use  as  an  adjuvant  in  the  treatment  of  chronic  dysentery,  diarrhea, 
and  cholera  infantum.  «''^ 

In  domestic  practice  a  decoction  of  geranium  roots  in  milk,  one  or  two  rhizomes 
in  a  pint,  is  a  favorite  remedy  for  diarrhea  in  children.  It  is  absorbed  very  slowly 
and  hence  exerts  its  effect  almost  entirely  in  the  intestine. 

Hematoxylon,  or  logwood,  is  not  very  rich  in  tannin  and  is  correspondingly  mild 
in  its  action.  It  is  useful  in  the  treatment  of  subacute  or  chronic  diarrhea,  and  of  the 
atonic  condition  of  the  bowel  following  chronic  dysentery  and  infantile  diarrhea. 

Kino  contains  a  large  proportion  of  tannin  and  is  therefore  strongly  astringent. 
Its  preparations  may  be  used  instead  of  tannic  acid  in  most  of  the  external  applications 
of  the  latter.  The  tincture  is  a  good  preparation  for  use  as  a  gargle  in  elongated 
uvula  and  relaxed  condition  of  the  fauces  and  as  a  mouth  wash  (diluted)  for  spongy 
gums.  Kino  is  absorbed  but  little  from  the  stomach  and  thus  exerts  its  astringent 
action  through  a  large  part  of  the  small  intestine,  being  of  use,  therefore,  in  diar- 
rhea and  intestinal  hemorrhage.  It  is  best  given  in  chalk  mixture  in  conjunction 
with  an  opiate  for  the  control  of  diarrhea. 

Krameria,  or  rhatany,  is  employed  to  meet  the  same  indications  as  the  other 
tannin-containing  drugs.  The  powder  is  an  ingredient  of  tooth  powders  for  use  in 
the  case  of  spongy  and  bleeding  gums,  and  painting  with  the  tincture  is  also  resorted 
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to  when  astringent  treatment  of  the  gums  is  needed.  Rhatany  lozenges  are  useful  in 
relaxed  sfati's  of  the  itvula  and  fauces.  The  official  (Br.)  infusion  is  of  service  as 
a  jrarfrle  in  these  conditions  and  is  also  given  in  the  treatment  of  chronic  diarrhea 
j'lid  intestinal  hemorrhage  in  doses  of  half  to  one  fluidounce  (15  to  30  cc.). 

Gambik,  or  catechu,  is  one  of  the  most  powerful  of  the  vegetable  astringents.  It 
is  used  for  the  same  purposes  as  other  moiiihers  of  the  group,  to  tone  up  relaxed 
tissues,  arrest  serous  diarrheas,  and  meet  the  indications  for  tannic  acid.  Lozenges 
of  catechu  are  extremely  useful  and  many  formulas  containing  this  and  other  tannin- 
bearing  drugs  are  to  be  found  in  the  pharmacopeia  of  the  London  Throat  Hospital.     !• 

ITamamkms,  or  witchhazel,  as  a  local  remedy  for  sprains,  hruises,  itching  sl'in 
eruptions,  hums,  and  even  ulcers,  is  much  esteemed  in  domestic  practice.  It  pos- 
sesses sedative  as  well  as  astringent  properties.  The  aqua  (U.S.)  or  liquor  (Br.), 
popularly  called  extract  of  witchhazel,  is  used  as  a  spray  or  gargle  in  sore  throat, 
coryza,  and  hoarseness,  and  as  a  mouth  wash  for  the  relief  of  canker  sores  and  spongy 
gums.  It  is  used  also  in  superficial  hleeding,  as  from  razor  cuts,  and  in  epistaxis. 
Hamamelis  suppositories  are  sometimes  used  with  benefit  in  internal  hemorrhoids, 
and  the  ointment  acts  well  in  external  piles. 

For  diarrhea  and  dysentery,  other  astringents  are  usually  preferred. 

QuERCUS,  or  oak  bark,  possesses  the  same  astringent  properties  as  the  other  tan- 
nin-containing drugs.  An  infusion  (1  ounce  to  the  pint)  is  used  frequently  in 
domestic  practice  as  a  gargle  in  sore  throat  and  elongated  uvula,  as  a  mouth  wash 
for  spongy  and  bleeding  gums,  as  a  vaginal  douche  in  leucorrhea,  and  internally  for 
the  cure  of  diarrhea.     An  enema  may  be  used  to  cause  the  expulsion  of  threadworms. 

KuBUS  is  used  in  domestic  practice  for  the  same  purposes  as  oak  bark,  a  decoction 
(1  ounce  to  24  fluidounces  boiled  down  to  16)  being  given  in  doses  of  2  tablespoonfuls 
for  the  relief  of  diarrJtea. 

Rosa  gallica,  or  red  rose,  is  a  mild  astringent,  its  various  preparations  being 
used  chiefly  as  agreeable  vehicles  for  the  stronger  astringents. 

A  somewhat  stronger  preparation  of  rose  (with  or  without  zinc  plienolsulphonate, 
0.2  to  0.5  percent.)  is  useful  to  control  the  conjunctivitis  and  itching  of  the  eyelids 
that  accompany  hay  fever,  and  the  instillation  of  a  few  drops  of  such  a  liquid  into 
the  eye,  from  time  to  time  (possibly  by  flow  of  solution  through  the  lacrymal  duct), 
sometimes  relieves  the  sneezing  and  other  phenomena  of  nasal  irritation.  In  condi- 
tions of  relaxation  and  even  .of  mild  inflammation  of  the  mucous  membranes  of  the 
mouth  and  throat,  it  may  be  used  as  a  lozenge,  alone  or  in  association  with 
such  agents  as  alum  or  menthol;  or,  if  pain  in  swallowing  be  an  element,  with 
apothesine,  or  other  local  anesthetic.  The  compound  infusion  is  similarly  useful 
as  a  gargle  or  mouthwash. 

Jambul  bark  is  utilized  in  India  as  an  astringent  and  carminative.  It  does  not 
appear  to  be  very  toxic,  for  it  has  been  given  in  doses  as  high  as  375  grains  (25  Gm.) 
without  producing  any  disturbance. 

The  urinary  sugar  in  phlorizin  glycosuria  is  said  to  be  reduced  by  jambul  and  the 
drug  was  at  one  time  employed  empirically  in  the  treatment  of  diahetes  mellitus. 
In  some  cases  it  apparently  does  diminish  or  even  entirely  suppress  for  a  time  the 
appearance  of  urinary  glucose,  and  this  action  was  attributed  to  a  hj-pothetic  oxi- 
dizing constituent.  Whether  or  not  the  hypothesis  be  correct,  and  whether  or  not 
some  insulinlike  substance  be  present,  the  drug  is  too  uncertain  to  be  depended  upon 
as  a  remedial  agent  in  this  condition. 

SvxTHKTic  TANNINS  are  insoluble  in  water,  and  nearly  insoluble  or  very  slowly 
soluble  in  acid  fluids.  They  therefore  pass  into  the  intestine  and  there  liberate  their 
tannic  acid  content.     By  taking  account  of  the  solution  time  one  can  select  an  agent 
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having  astringent  action  on  one  or  aiiother  part  of  the  intestine,  as  ntiay  be  desired, 
though  practically  the  localization  is  only  approximate,  and  most  of  these  tannin 
derivatives  act  throughout  the  intestinal  tract,  or  at  least  the  small  intestine. 

They  are  used  mainly  in  the  treatment  of  diarrhea,  esjiecially  of  diarrhea  in 
children,  and  of  colitis.  The  colliquative  diarrhea  of  phthisis  sometimes  responds 
promptly  to  acetyltannic  acid  in  doses  of  8  grains  (0,5  Gm.)  four  times  a  day.  Tanno- 
form  is  used  chiefly  as  a  dusting  powder  in  excessive  sweating  of  feet  or  axillae, 
pruritus,  profusely  suppurating  ulcers,  hedsores,  etc.  It  may  be  used  internally  in 
diarrhea.  Associated  with  a  sedative  and  protective,  as  bismuth,  an  antiseptic,  as 
benzonaphthol,  and  perhaps  a  small  dose  (1  or  2  grains;  0.05  to  0.1  Gm.)  of  Dover's 
powder,  a  protein-tannin  compound  may  materially  assist  in  controlling  persistent 
diarrhea  after  proper  cleansing  of  the  intestinal  tract,  as  by  castor  oil  and  rhubarb. 

Destructives 
Radium 

Radium  was  discovered  in  1898  and  several  years  later  introduced  into  medicine 
for  purposes  similar  to  those  for  which  the  x-rays  were  already  in  use,  especially 
the  destruction  of  tissue. 

It  is  a  very  heavy  metal,  and  resembles  barium  closely  in  chemical  behavior.  Its 
physical  properties  are,  however,  so  distinctive,  that  it  occupies  a  place  apart.  Its 
chief  peculiarity  is,  that  under  favorable  conditions  it  undergoes  disintegration,  throw- 
ing off  minute  particles  of  its  substance,  which  are  known  as  radiations  or  rays,  and 
itself  changes  into  other  elements.  The  rays  given  off  are  of  three  sorts,  called  respec- 
tively alpha,  beta  and  gamma  rays.  The  a  and  P  rays  are  not  vibrations  but  flying 
particles  of  matter.  The  a  rays  seem  to  be  identical  with  atoms  of  helium.  These 
rays  are  many  thousand  times  as  large  as  P  rays,  have  a  much  slower  velocity  and 
very  slight  penetrating  power.  The  3  rays  are  supposed  to  be  single  negative  electrons 
and  are  estimated  to  be  only  1/2000  of  an  atom  of  hydrogen,  in  bulk.  Their  velocity 
is  very  great  and  they  are  deflected  to  the  positive  pole  of  a  magnetic  field.  They 
are  probably  identical  with  the  cathode  rays  of  a  roentgen  tube,  although  their  motion 
is  much  more  rapid.  They  pass  through  a  thin  layer  of  glass  or  aluminum,  but 
are  stopped  by  lead.  The  7  rays  resemble  hard  x-rays,  being  probably  vibrations  set 
up  when  P  rays  impinge  on  any  solid  substance.  They  have  a  high  velocity  and 
great  penetrating  power. 

In  nature  radium  is  always  associated  with  uranium,  from  which  it  may  be  freed 
by  absorbing  it  on  freshly  precipitated  barium  sulphate.  It  is  freed,  however,  only 
with  great  difficulty. 

Chemistry. — Uranium,  radium  and  the  products  of  their  disintegration  give  off  one 
or  more  of  these  kinds  of  radiations  until  a  certain  equilibrium  between  the  amount 
of  substance  and  the  amount  of  radiation  in  the  surrounding  matter  has  been  reached. 
By  determining  the  amount  of  radiation  thus  given  off  to  a  definite  volume  of  air, 
or  water,  the  strength  of  the  material  is  ascertained.  It  is  found  that  the  substances 
gradually  lose  power  and  the  life  of  a  product,  as  given  in  the  following  list,  is 
the  time  required  for  it  to  lose  half  its  strength,  if  the  radiation  is  constantly  removed. 

Uranium  (atomic  weight,  238.5)  disintegrates  very  slowly,  giving  off  a,  P  and  7 
rays,  and  after  a  life  of  six  billion  years  changes  into  uranium  x,  which  lasts  only 
a  few  days,  giving  off  P  and  7  rays  and  becoming  Ionium.  This  gives  off  only  a  rays 
and  in  30,000  years  becomes  radium,  which  is  found  in  small  amounts  in  pitchblende 
and  is  the  form  which  is  marketed.  Radium  (atomic  weight,  226.5)  gives  off  all 
three  rays  and  in  2000  years  changes  to  a  gas,  radium  emanation  (atomic  weight, 
292,5),   which   can  be  caught  in   water  or   absorbed  by   carbon,   etc,   and    thus   is   a 
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very  importaut  source  for  the  practical  application  of  the  rays.  It  is  especially  well 
held  by  petrolatum  and  fixed  oils,  olive  oil  being  said  to  be  the  best  medium  for 
internal  administration.  This  emanation  gives  off  only  a  rays  but  in  four  days 
changes  to  radium  a.  then  to  radium  u  and  then  to  radium  c  which  gives  off  all 
three  rays  and  thus  makes  the  emanation  of  value.  Radium  d,  which  is  not  radiant, 
follows  and  in  tifteen  years  changes  to  radium  F  or  polonium,  which  gives  oS  a  rays 
and  seems  to  change  in  140  days  to  lead. 

.  Eadium,  as  used  in  therapeutics  and  in  pharmacodynamic  studies,  is  applied 
either  as  the  bromide  (RaBrJ  or  other  salt,  or  as  the  emanation.  The  bromide  is 
marketed  in  containers  which  are  applied  directly  to  the  part  to  be  treated.  It  is 
never  even  approximately  pure,  being  mixed  with  large  quantities  of  barium  bromide. 
The  proportion  of  pure  radium  is  usually  not  more  than  1  percent,  of  the  mixture. 
For  comparison  a  few  measures  may  here  be  given:  1  curie  is  the  amount  of  ema- 
nation given  to  water  by  1  Gm.  of  radium^  before  reaching  equilibrium;  1  millicurie 
is  the  amount  from  1  mgm.  The  latter  is  about  2,700,000  maclie  units.  If  an  elec- 
troscope is  charged  and  allowed  to  stand,  it  gradually  discharges  itself.  If  emanation 
is  in  the  air,  this  is  a  better  conductor,  and  discharge  occurs  more  rapidly.  The 
relative  reduction  of  this  time  is  the  maclie  unit.  Thus  an  amount  of  emanation 
which  will  make  the  discharge  occur  in  1/1000  of  the  time  in  air,  is  said  to  be 
1000  mache  units.  One  mgm.  of  pure  radium  bromide  will  give  off  1,500,000  such 
units. 

'^'  Summary  of  Actions  and  Uses.— The  radium  rays,  like  the  x-rays,  are  capable  of 
destroying  all  living  matter,  but  many  commercial  specimens  do  not  have  this  power, 
being  too  weak  to  exhibit  the  full  penetrative  effect  of  the  rays.  In  the  animal  body 
the  blood-vessels  and  blood-making  organs  are  peculiarly  susceptible  to  their  action, 
and  changes  in  other  tissues  are  chiefly  or  largely  secondary  to  injury  of  the  blood- 
vessels. 

If  radium  is  applied  directly  to  the  skin  or  any  other  tissue,  this  naturally  suffers 
most.  When  the  entire  body  of  a  small  animal  is  exposed  to  radium,  the  vascular 
degeneration  in  the  brain  and  cord,  with  resulting  paralysis,  dominates  the  picture. 

In  therapeutics,  radium  is  applied  locally  to  destroy  tissue,  especially  benign  and 
malignant  tumors.  It  has  proved  useful  in  the  treatment  of  nfevus,  of  enlarged  thyroid, 
of  cancer  and  sarcoma,  and  In  other  conditions  associated  with  overgrowth  of  tissues. 
It  has  also  been  used  to  soften  scar  tissue  and  to  render  cataracts  more  transparent. 

Tubes  of  emanation  buried  in  cancer  tissue  lead  to  degeneration  of  the  cancer  cells, 
with  reduction  in  the  size  of  the  growth. 

2      Materia  Medica. — Eadii  Bromidum  (N.N.R.),  Radium  Bromide  (RaBr,). 

The  anhydrous  radium  salt  of  hydrobromic  acid.  The  commercial  preparations 
are  apt  to  contain  the  double  bromide  of  radium  and  barium.  It  occurs  as  a  white  or 
slightly  brownish  substance,  soluble  in  water. 

DosC:,  see  text. 

Radii  Carbonas   (N.N.R.),  Radium  Carbonate  (RaCO,). 

The  anhydrous  radium  salt  of  carbonic  acid.  The  commercial  preparations  usu- 
ally contain  an  admixture  of  about  10  percent,  of  barium  carbonate.  It  occurs  as  a 
white  or  slightly  brownish  salt,  insoluble  in  water.    It  is  decomposed  by  acids. 

Dose,  see  text. 

Radii  Chloridum  (N.N.R.),  Radium  Chloride  (RaCh). 

The  anhydrous  radium  salt  of  hydrochloric  acid.  The  commercial  preparations 
usually  contain  an  admixture  of  5  to  12  percent,  of  barium  chloride.  It  occurs  as  a 
white  or  slightly  brownish  substance,  soluble  in  water. 

Dose,  for  internal  use,  2  to  ti  micrograms. 

Radh  Sulphas  (N.N.R.),  Radium  Sulphate  (RaSOJ. 

The  anhydrous  radiuin  salt  of  sulphuric  acid.    The  commercial  preparations  usu- 
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ally  contain  an  admixture  of  10  percent,  or  less  of  barium  sulphate.  It  occurs  as  a 
white  substance,  insoluble  in  water  and  dilute  acids. 

Dose,  see  text. 

Radium  Emanation  (N.N.R.),  Radon. 

The  emanation  produced  in  a  solution  of  a  radium  salt,  removed  by  a  system  of 
mercury  pumps,  freed  from  other  gases,  and  forced  into  glass  capillary  tubes  which 
are  then  sealed. 

Dose,  see  text. 

Pharmacodynamics:  Action  on  Microorganisms  and  Cells. — If  bacteria  are  exposed 
directly  to  the  rays  from  a  specimen  of  high  power,  they  are  killed  within  an  hour  or 
two,  but  if  the  radium  be  of  average  strength,  or  if  the  organisms  are  protected  by 
a  thick  layer  of  culture  medium,  they  may  not  be  injured  even  by  several  days'  exposure. 
Typhoid  and  other  motile  forms  are  killed  in  less  than  an  hour  if  air  containing  a 
large  amount  of  emanation  be  bubbled  through.  This  allows  contact  with  all  parts  of 
the  medium.  Amounts  too  small  to  kill,  will  prevent  growth.  Isolated  cells,  such  as 
motile  protozoa,  exposed  to  radium,  lose  the  power  to  divide  before  motion  is  much 
lessened  (Prime). 

Absorption  and  Elimination. — A  solution  of  a  soluble  salt,  if  swallowed,  or  emana- 
tion swallowed  or  inhaled,  is  readily  absorbed  and  in  man  is  excreted  as  radiation  and 
as  emanation  chiefly  by  the  lungs,  less  in  the  urine,  and  still  less  in  the  sweat.  In 
the  dog  and  rabbit  it  is  excreted  chiefly  by  the  bowel,  liver  and  kidneys  (Salant  and 
Meyer). 

Topical  Action. — Radium  bromide,  even  very  Impure,  applied  to  the  skin,  will  cause 
redness,  which  passes  off,  but  in  a  few  days  is  followed  by  swelling,  desquamation  and, 
if  exposure  were  prolonged,  by  necrosis  of  the  skin  and  an  ulcer,  which  heals  very 
slowly.  Strong  radium  applied  for  a  short  time,  or  even  carried  in  the  pocket  for  an 
hour  or  more,  causes  no  pain  at  the  time  of  application,  but  after  several  days  deep 
ulceration,  even  of  the  entire  dermis,  results.  Diseased  and  tumor  cells  are  more  readily 
injured  than  normal  cells.  The  exact  length  of  time  required  for  a  specimen  of  any 
given  strength  to  produce  local  necrosis  cannot  be  stated  in  figures,  as  there  are  so 
many  variables  to  be  considered.  Repeated  brief  exposures  lead  to  profound  changes 
in  the  tissues,  and  chronic  inflammation  of  the  finger-tips,  with  extreme  sensitiveness 
to  heat,  is  seen  in  persons  who  handle  tubes  of  radium  frequently. 

Toxic  and  Systemic  Action. — Only  small  animals  are  injured  by  general  exposure 
to  amounts  of  radium  such  as  are  in  common  use.  Mice  exposed  to  50  mgm.  (less  than 
1  grain)  of  pure  radium  bromide,  held  8  cm.  (3^4  inches)  above  them  for  two  days, 
die  in  three  weeks.  If  strong  radium  be  applied  to  the  base  of  the  brain  of  small 
animals,  they  will  die  with  paralysis.  Adult  mice  die  six  to  ten  days  after  such 
exposure  to  10  mgm.  (%,  grain)  of  50  percent,  radium  bromide  for  three  hours.  Guinea- 
pigs  and  rabbits  require  two  days'  exposure  to  cause  death  after  several  weeks.  Young 
animals  whose  tissues  are  more  easily  penetrated  are   much   more  susceptible. 

The  toxic  dose  of  the  emanation  is  even  harder  to  determine,  but  it  can  be  shown 
that  mice  will  die  with  similar  paralyses  if  the  emanation  is  drawn  constantly  through 
their  cage  for  several  hours  or  days.  Drinking  of  water  containing  the  emanation  has 
not  had  any  marked  effect  on  normal  individuals,  although  it  may  start  an  acute  attack 
in  any  part  which  is  the  subject  of  chronic  inflammation. 

The  lesions  are  of  three  sorts,  according  to  the  method  of  application.  Applied  to 
the  skin,  radium  causes  first  a  paralysis  of  the  muscle  of  the  vessel  walls  with  con- 
gestion. This  passes  off  and  is  followed  by  a  slow  necrosis  involving  the  wall  of  the 
blood-vessels  and  the  epithelial  cells.  Even  prolonged  exposure  has  much  less  effect  on 
the  connective  tissues  below  the  skin. 

When  the  central  nerve  system  is  affected,  the  lesion  also  begins  in  the  blood- 
vessels, and  the  alterations  in  the  nerve  cells  appear  to  be  secondary.  The  lesions  are 
edema,  hyperemia  and  hemorrhages,  often  very  large,  in  the  meninges  and  nerve  tissue. 
Radiation  of  brain  tumors  must  be  done  with  great  caution.  Meniere's  syndrome  has 
been   reported   following  thyroid   radiation. 

The  lesions  resulting  from  inhalation  or  ingestion  of  the  emanation  or  general 
exposure  of  small  animals  from  below  are,  first,  a  degeneration  of  the  lymphatic  tissues 
and  the  bone  marrow,  with  a  great  decrease  in  the  number  of  circulating  leucocytes, 
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followed  by  widespread  vascular  lesions,  with  hemorrhages  and  fatty  degeneration  of 
the  abdominal  viscera.  Serious,  acute  poisoning  rarely,  if  ever,  results  from  drinking 
the  emanation  in  water. 

Radium  bromide  or  emanation,  swallowed  or  injected,  produces  changes  chiefly  in 
the  blood  and  blood-vessels.  Changes  in  epithelial  structures,  apart  perhaps  from  those 
in  the  testicle  and  ovary,  are  not  noteworthy.  Prolonged  exposure  to  radium  causes, 
in  larger  animals,  a  transitory  increase  of  the  white  blood-cells,  followed  by  a  marked 
reduction,  affecting  chiefly  the  lymphocytes.  The  lymph  glands,  follicles  and  spleen  are 
reduced  in  size  and  show  degenerative  changes.  The  red  cells  are  less  affected,  but 
aplastic  anemia  may  occur  in  workers  in  radium.  The  results  of  studies  of  the  action 
on  the  heart  of  injections  of  radium  bromide  are  so  complicated  by  the  effects  of  the 
barium  present  in  the  samples  examined,  that  no  conclusions  can  be  drawn  from  them. 
Probably  the  heart  is  stimulated  and  the  vessels  dilated.  The  respiration  is  not  altered. 
The  effects  of  radium  and  its  emanation  on  metabolism  are  neither  marked  nor  con- 
stant. In  some  individuals,  nitrogen  excretion  may  be  increased  and  loss  of  weight  may 
occur.  Marked  reduction  of  the  blood  sugar  has  been  noted.  Certain  functions  of  the 
central  nerve  system  may  be  stimulated.  It  is  said  that  some  persons  who  are  almost 
totally  blind,  can  read  letters  held  between  the  eyes  and  a  radioscope,  a  screen  made 
luminous  by  radium.  Radium  placed  in  the  ears  has  been  used  to  increase  hearing  in 
the  deaf,  but  has  also  done  harm.  Warning  should  be  given  that  prolonged  exposures 
may  cause  sterility  in  the  female  and  azoospermia  in  the  male.  Developing  eggs  or 
embryos  are  readily  injured,  and  exposure  to  radium  should  be  avoided  during  preg- 
nancy. Rabbits  treated  by  placing  50  mgm.  of  radium  bromide  on  the  skin  over  the 
ovary  for  twelve  hours  (600  mgm.  hours)  showed  no  changes  in  the  ovaries  recogniz- 
a,ble  by  microscopic  study   (Maury). 

u 

Therapeutics:  Topical. — The  topical  applications  of  radium  and  radium  emanation 
belong,  for  the  most  part,  to  surgery  rather  than  to  medicine.  .Their  purpose  is  to 
destroy  tissue  or  function,  or  both.  The  technic  is  highly  specialized  and  demands  a 
certain  degree  of  dexterity.  Much  depends  on  detail ;  and  still  more  on  the  operator's 
judgment  as  to  the  best  technic  for  the  individual  case.  The  method  is  one  for  experts. 
We  cannot  enter  into  questions  of  procedure  and  selection,  but  must  be  content  with 
brief  generalized  statements. 

In  some  cases,  radiumized  needles  are  buried  in  the  tissues  with  or  without  previous 
incision ;  in  other  instances,  glass  tubes  of  proper  size  and  shape  containing  radon 
(radium  emanation)  are  inserted;  in  others,  superficial  applications  are  made  by 
various  means,  either  insoluble  salts,  or  even  very  impure  mixtures,  or  emanation, 
being  employed,  according  to  site  and  character  of  lesion.  Sometimes,  especially  in 
malignant  neoplasm,  the  use  of  x-rays  is  conjoined;  and  sometimes  radium  therapy  is 
auxiliary  to  the  knife.  It  is  in  cases  of  carcinoma  in  which  operation  is  impracticable 
or  has  been  refused,  that  radium  sometimes  demonstrates  its  usefulness  most  bril- 
liantly. 

In  most  instances,  emanation,  if  available,  is  to  be  preferred  to  radium  or  its 
salts,  both  for  economy  and  for  convenience.  We  shall  speak  of  the  treatment  in 
general,  irrespective  of  the  particular  form  employed,  as  radiumization  or  as  exposure 
to  radium. 

Surgeons  have  differed  much  as  to  the  prospect  of  permanent  benefit  from  radium 
in.  other  than  superficial  forms  of  malignant  growths;  but  agree  that  its  application 
is  justifiable  and  may  prolong  life  and  promote  comfort  in  inoperable  cases.  Even 
here,  however,  there  is  a  tendency  to  make  exceptions — as  in  cancer  of  the  rectum. 
Doubtless,  thorough  operation,  when  feasible,  is  to  be  preferred,  even  in  the  early 
stages,  when  radium  is  most  likely  to  be  of  service.  Nevertheless,  we  have  seen  apparent 
recovery  (lasting  now  for  five  years)  from  the  insertion  of  radium  needles,  followed  by 
roentgenization,  in  early  carcinoma  of  the  hrea-st  in  which  operation  was  refused. 
Whether  there  will  be  eventual  recurrence,  none  can  say.    Necessarily,  the  earlier  the 
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treatment  is  instituted  the  greater  the  probability  of  success — which  is  also  to  be  said  of 
resections. 

It  seems  to  be  the  majority  opinion  that,  while  exposure  of  carcinomatous  and 
sarcomatous  tumors  to  radium  and  x-rays  for  the  right  length  of  time  and  in  appro- 
priate dose  will  reduce  the  size  of  the  growth  and  sometimes  cause  its  disappearance, 
relapses  after  apparent  cure  are  as  frequent  as  after  operative  removal  and  the  interval 
of  freedom  in  cases  of  relapse  is  no  greater.  The  leucopenia  induced  is  a  disadvantage, 
since  it  lowers  the  resisting  and  recuperative  powers,  while  insufficient  dosage  of  radium 
may  be  stimulating  to  the  cancer  cells.  Many  surgeons  hold  that  radiumization  of  the 
operative  field  after  (not  before)  the  removal  of  the  tumor  is  of  benefit  in  searching 
out  and  destroying  cancer  cells  that  may  have  escaped  the  knife.  The  necessary 
exposure  in  such  cases  is  much  shorter  than  when  the  growth  is  irradiated  in  situ, 
and  consequently  the  deleterious  effect  on  the  blood  is  much  less.  Abbe  holds  that 
radium  may  bring  about  recovery  in  cancer  caused  by  overexposure  to  the  Roentgen- 
rays,  provided  the  treatment  is  begun  in  an  early  stage.  He  has  reported  a  number 
of  cases  in  which  this  remedial  action  was  observed. 

Radium  exposure  is  indicated  in  the  case  of  inoperable  tumors,  especially  of  the 
cervix  uteri;  for,  while  it  seldom  effects  their  removal,  it  does  destroy  the  fetor  of  the 
discharge  and  greatly  mitigates  the  suffering  of  the  patient.  Rodent  ulcer  is  especially 
amenable  to  the  destructive  action  of  radium  and  many  recoveries  are  attributed  to  it. 
The  insertion  of  radium  tubes  into  a  malignant  tumor  calls  for  careful  deliberation, 
for  the  manipulation  and  the  solution  of  continuity  of  the  cancerous  tissue  may  open 
the  way  to  metastasis.  Vascular  nevi  are  sometimes  amenable  to  treatment  by  radium 
exposures.  Care  must  be  observed  not  to  make  the  irradiation  seances  too  long,  lest 
disfiguring  scar  formation  result.  With  this  precaution  the  results  are  good  in  nearly 
all  cases.  Some  discoloration  may  remain,  but  the  texture  of  the  skin  is  unaltered  and 
no  contracture  results.  Lupus  vulgaris,  especially  when  the  patches  are  of  moderate 
area,  is  remediable  by  radium.  Other  cutaneous  affections  are  often  most  favorably 
influenced;  among  these  are  tuherculous  ulcers,  warts,  hypertrichosis,  granuloma, 
keloid,  leukoplakia,  psoriasis,  mycosis  fungoides  and  fibromatosis.  Success  has  some- 
times attended  local  applications  of  radium  in  such  diverse  conditions  as  scrofulous 
adenitis,  lymphadenoma,  nasal  polypi,  actinomycosis.  In  lymphatic  and  splenomedul- 
lary  leucemia,  and  in  Hodgkin's  disease,  intensive  use  of  radium  is  helpful,  although 
complete  recovery  is  rarely  to  be  expected.  Sometimes  indeed  there  is  little  benefit  to 
be  seen,  but  as  a  rule,  life  is  prolonged  and  symptoms  are  greatly  ameliorated. 

Radium  may  be  used  in  place  of  x-ray  as  an  application  to  goiters  both  simple 
adenomata,  and  the  enlarged  thyroid  of  Graves'  syndrome.  The  reports  of  various 
observers  are  quite  contradictory,  and  the  matter  may  be  considered  still  sub  judice. 
Uterine  fibromata  sometimes  melt  away  under  bombardment  by  radium-rays,  or  they 
may  persist  or  be  only  slightly  reduced  while  the  metrorrhagia  caused  by  them  is 
relieved.  On  the  other  hand,  Rongy  reports  cases  of  amenorrhea  relieved  by  the  appli- 
cation of  small  stimulating  doses  of  radium.  Care  must  be  taken  to  shield  the  ovaries 
lest  a  premature  menopause  be  the  final  result.  Sometimes,  however,  this  is  the  object 
of  treatment ;  especially  in  certain  cases  of  obstinate  and  severe  dysmenorrhea  or  other 
forms  of  recurrent  distress  dependent  upon  the  menstrual  cycle.  The  propriety  and 
necessity  of  such  result  being  granted,  there  is  apparently  no  better  method  of  pro- 
ducing it.  In  gout  and  rheumatoid  arthritis,  in  supplement  to  the  internal  use  of 
radium  emanation,  compresses  in  the  shape  of  gauze-bags  filled  with  very  impure 
radium — commonly  a  radium-bearing  ore — are  moistened  and  applied  for  a  long  time — 
an  hour  or  two — over  the  joints ;  or  a  small  quantity  of  an  insoluble  radium  salt  prop- 
erly enclosed  is  left  in  situ  for  a  very  short  time  (five  minutes  or  less) ;  or  gauze  mois- 
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tened  with  solution  of  radium  emanation  is  applied,  or  the  part  is  bathed  in  a  solution 
of  emanation.     Sometimes  a  solution  of  emanation  is  injected  into  the  joint 

Favorable  results  have  been  obtained  in  ocular  therapeutics,  especially  in  the 
treatment  of  lesions  in  the  anterior  hemisphei-e  of  the  globe,  in  chronic  conjunctivitis, 
and  in  trachoma.  The  eye  structures  are  very  tolerant  of  radium-rays.  It  is  said  that 
radiumization  may  retard  the  development  of  cataract,  or  even  bring  about  partial  or 
complete  restoration  of  the  translucency  of  the  lens.    This  is  still  an  unsettled  question. 

Systemic. — Radium,  or  its  emanation  dissolved  in  water,  is  sometimes  remarkably 
beneficial  as  a  general  tonic  in  anemia,  even  pernicious  anemia  in  rare  instances.  In 
arteriosclerosis,  high  hlood-pressure,  incipient  nephritis,  neuritis,  chronic  rheumatism, 
gout,  rheumatoid  arthritis  and  like  conditions  it  has  some  remedial,  but  greater  prophy- 
lactic power;  that  is  to  say  its  continuous  administration  will  be  found  to  hold  morbid 
tissue  alterations  in  check,  greatly  prolonging  life  and  increasing  comfort;  but  restora- 
tion of  tissue  to  normal  is  less  frequent  and  less  marked.  Nevertheless,  some  very 
remarkable  results  are  sometimes  to  be  seen  from  the  conjoint  use  of  radium  emanation, 
massage  and  special  exercise,  in  persons  long  crippled  by  deforming  lesions  of  the 
joints.  In  the  articular  affections  solution  of  radium  emanation  may  be  inhaled,  swal- 
lowed, or  injected  intravenously.  The  urinary  sugar  in  diabetes  is  occasionally  reduced 
by  radium  emanation  taken  internally  or  by  inhalation.  The  external  action  of  radium 
in  various  dermatoses  is  reenforced  by  the  internal  use  of  the  emanation. 

Administration. — Radium  bromide  may  be  given  intravenously  in  doses  of  50  micro- 
grams, or  by  mouth  in  12  microgram  doses;  but  this,  even  in  these  minute  quantities.  Is 
wasteful  of  the  material.  As  a  rule,  it  is  better  to  give  the  emanation  in  solution,  as 
prepared  by  means  of  an  apparatus  which  impregnates  the  water  with  the  emanation 
from  a  definite  quantity  of  radium  sulphate  contained  in  earthenware  plates  or  cylinders. 
The  waters  of  many  mineral  springs  are  radioactive,  and  it  is  assumed  that  their  thera- 
peutic efficacy  depends  in  part  upon  that  fact.  This  may  be  true  as  to  the  water  which 
patients  drink  directly  from  the  source,  but  in  bottled  water  the  virtue  cannot  last  very 
long.  The  daily  quantity  of  radium  emanation  as  a  beverage  should  not  be  less  than 
30,000  and  preferably  50,000  mache  units  daily.  It  may  be  taken  in  2  or  3  portions  after 
meals,  or  if  between,  a  biscuit  or  two  should  be  eaten  at  the  time,  so  that  absorption 
is  delayed.  Otherwise  the  greater  portion  is  likely  to  be  excreted  with  the  expired 
air  and  the  ionization  of  the  blood  on  which  the  therapeutic  effect  depends  will  be  quite 
transient. 

For  sytemic  impression  in  chronic  joint  infections  -and  other  chronic  maladies, 
radium  emanation  may  be  inhaled  by  drawing  air  through  its  solution  in  water;  or 
such  solution  may  be  swallowed.  Less  frequently  a  physiologic  saline  solution  of  emana- 
tion is  injected  into  a  vein.  The  solution  usually  employed  contains  less  than  a  million 
mache  units  per  liter  and  the  single  dose  is  about  10,000  units  (10  cc).  The  emanation 
differs  from  the  substance  in  the  preponderance  of  a  rays  in  the  degree  of  their  dis- 
tribution. 

Various  apparatus  for  inhalation  of  radium,  and  for  the  preparation  of  radium  water 
for  drinking,  are  on  the  market.  Some  of  these  are  trustworthy,  while  some  are  in- 
capable of  yielding  a  sufficient  quantity  of  emanation  to  be  of  use  and  some  appear  to 
be  virtual  frauds.  Failure  to  obtain  results  with  inferior  or  fraudulent  apparatus  is  not 
failure  of  systemic  radiotherapy.  It  is  not  necessarily  an  imputation  of  the  good  faith 
of  manufacturers  to  demand  certification  by  the  U.  S.  Bureau  of  Standards  or  other 
authority  of  equal  standing. 

Thorium 

Thorium  was  introduced  into  medical  practice  soon  after  radium,  which  it  closely 
resembles  in  chemical  and  physical  properties.  Like  radium,  it  gives  oflf  three  forms 
of  radiation  and  an  emanation,  diflfering  chiefly  in  the  rate  of  disintegration  and 
consequently  in  the  duration  of  the  stages.  Thorium  (which  is  the  form  marketed) 
gives  ofF  only  a.  rays,  but  breaks  down  very  slowly  into  mcsothorium  which  gives  off 
a,  ^  and  y  rays.    For  this  reason  a  specimen  of  thorium  may  continue  to  increase  in 


1083  lEEITANTS  AND  DESTRUCTIVES 

activity  for  several  years.  The  mesothorium  rapidly  (eight  days)  changes  into 
Thorium  x,  which  in  a  day  or  so  changes  to  emanation  which  lasts  only  a  few  minutes. 
(The  emanation  of  radium  lasts  several  days.)  The  last  stage  of  thorium,  like  that 
of  radium,  is  probably  lead. 

Summary  of  Actions  and  Uses. — Thorium  is  never  as  pure  as  good  radium  and 
always  contains  radium  as  an  impurity.  This  makes  the  results  of  investigations  some- 
what uncertain.  It  may  be  said,  however,  that  the  differences  between  its  action  and 
that  of  radium  are  chiefly  quantitative.    The  uses  are  the  same  as  those  of  radium. 

Materia  Medica. — Thorii  Nitras  (N.IST.R.),  Thorium  Nitrate. 

The  thorium  salt  of  nitric  acid  (Th(N03)^4~  4HjO).  It  occurs  as  white,  crystal- 
line granules  or  lumps,  soluble  in  water  and  in  alcohol. 

Dose,  externally  and  by  inhalations   (see  text). 

Thorii  Oxidum  (unofficial),  Thorium  Oxide   (ThOj). 

A  heavy  white  powder,  insoluble  in  water  and  dilute  acids. 

Dose,  see  text. 

Thorii  Hydroxidum  (unofficial),  Thorium  Hydroxide  (Th(OH)^). 

It  occurs  in  the  form  of  a  heavy  white  powder  or  masses  of  variable  size,  prac- 
tically insoluble  in  water. 

Dose,  see  text. 

Thorii  Sulphas  (unofficial),  Thorium  Sulphate. 

The  thorium  salt  of  sulphuric  acid  (Th(SOJj.4H20).  It  occurs  in  the  form  of 
white  crystals,  nearly  insoluble  in  water. 

Dose,  15  grains  (1  Gm.). 

Liquor  Thorii  et  Sodii  Citratis  (N.N.R.),  Solution  of  Thorium  and  Sodium 
Citrate. 

A  neutral,  aqueous  solution,  representing  10  Gm.  thorium  nitrate  in  100  cc. 

Dose,  after  sterilization,  used  for  cystograms. 

Liquor  Thorii  et  Sodii  Citratis  Fortior  (N.N.R.),  Stronger  Solution  of  Thorium 
and  Sodium  Citrate. 

A  neutral,  aqueous  solution,  representing  15  Gm.  thorium  nitrate  in  100  cc. 

Dose,  after  sterilization,  used  for  pyelograms. 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Thorium  nitrate  given  by 
mouth  to  rabbits  and  dogs  is  found  in  small  part  only  in  the  feces  and  not  in  the 
other  excreta.  It  is  probably  destroyed  in  the  bowel  and  not  absorbed.  Given  intraven- 
ously, from  6  to  43  percent,  may  be  found  in  the  urine  and  none  in  the  stool. 

Topical  Action. — Soluble  salts  act  like  those  of  the  heavy  metals,  precipitating  pro- 
teins, and,  if  injected  hypodermically,  producing  local  necrosis,  and  intravenously,  mul- 
tiple embolism.  Mesothorium  in  a  tube,  placed  against  an  organ,  causes  degenerative 
changes  in  the  blood-vessels,  with  multiple  hemorrhages;  inserted  into  a  cancerous  mass, 
it  induces  local  necrosis.    It  is  not  bactericidal. 

The  effect  of  x-rays  on  the  tissues  of  men  and  of  rats  is  markedly  increased  by 
previous  injection  of  10  percent,  thorium  nitrate  into  the  tissues.  Other  protein  precipi- 
tants  do  not  share  this  sensitizing  action   (EUinger  and  Gans). 

Toxic  and  Systemic  Action. — Thorium  salts  added  to  defibrinated  blood  in  vitro 
coagulate  it  and  also  form  hematin.  A  similar  action  is  exerted  by  intravenous  injec- 
tions and  the  intravascular  clotting  is  the  cause  of  acute  death.  The  fatal  dose  in 
the  frog  is  about  0.6  mgm.  per  Gm.  and  in  the  dog  only  1  mgm.  per  kilo.  Other  effects 
are  negligible.  Neither  the  heart,  bowel  nor  nerve  muscle  endings  are  influenced  in  vivo 
or  in  vitro,  according  to  some  observations.  Others  have  seen  paralysis  of  smooth  muscle 
by  direct  action. 

Thorium  X. — Thorium  X  gives  off  p  and  y  rays  like  those  of  radium  and  then 
changes  into  emanation  which  disappears  very  rapidly,  being  half  lost  in  one  minute. 
If  thorium  X  is  injected  intravenously,  it  is  eliminated  by  the  kidneys  and  emanation 
by  the  lungs.    Part  is  deposited  for  a  time  in  the  bone  marrow  and  other  blood-forming 
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organs.  After  swallowing  1900  Machg  units,  excretion  by  the  lungs  lasts  five  to  six  hours. 
The  emanation  inhaled  is  very  poorly  absorbed. 

Topical  Action.— Thorium  X  resembles  tubes  of  radium  emanation  in  its  topical 
action  but  does  not  cause  the  same  autolytic  change  in  cancer  cells.  The  p  and  y  rays 
have  little  effect  on  digestive  ferments. 

Toxic  and  Systemic  Action.— The  chief  effect  of  large  doses  is  a  change  in  the 
blood  or  vessels  leading  to  multiple  hemorrhages,  which  may  prove  fatal.  Death  has 
resulted  in  man  from  a  series  of  injections  totalling  5,500,000  mach6  units  and  from  the 
ingestion  of  an  amount  of  thorium  equivalent  to  100  micrograms  of  radium. 

A  peculiar,  severe  and  often  fatal,  chronic  intoxication  is  seen  in  persons  using 
luminous  paint  containing  about  20  percent,  of  radium  and  80  percent,  of  mesothorium. 
The  brushes  are  frequently  moistened  with  the  lips  and  it  is  estimated  that  as  much  as 
27  grains  (1.7  Gm.)  might  be  swallowed  daily,  containing  up  to  40  micrograms  of 
of  radioactive  substance.  After  a  year  or  more,  necrosis  of  the  jaw,  and  necrotic  lesions 
of  the  throat  develop,  associated  with  anemia  of  the  pernicious  type,  which  may  prove 
fatal  in  spite  of  preventing  further  access  to  the  poison  (Hoffman,  Martlandl.  Autopsy 
shows  radioactivity  of  many  tissues,  most  marlied  in  the  bones,  and  scattered  petechial 
hemorrhages  in  the  abdominal  viscera. 

Moderate  doses,  especially  if  injected,  bring  about  striking  changes  in  the  circulat- 
ing blood.  The  leucocytes  are  destroyed,  and  in  the  dog  may  fall  as  low  as  10  per  cmm, 
(Rosenow  and  Fiirber).  The  effect  is  chiefly  exerted  on  the  polymorphonuclears.  There 
is  delay  in  clotting  time,  and  hyperemia  followed  by  degeneration  of  the  blood-forming 
organs. 

Other  changes  are  less  important.  The  isolated  frog  heart  perfused  with  thorium  X 
shows  lessened  tonus.  Injections  cause  a  slight,  but  lasting,  fall  of  blood-pressure  and 
an  increase  in  total  metabolism  with  loss  of  weight.  The  normal  respiration  is  not 
influenced  but  if  there  is  dyspnea,  respiration  may  be  stimulated. 

Therapeutics:  Topical. — Mesothorium  has  been  used  locally  for  its  radioactive 
effect  on  malignant  and  other  tumors,  and  is  held  by  some  to  be  superior  to  radium 
in  this  field.  It  is  employed,  like  radium,  in  the  treatment  of  uterine  fibroids  and 
of  cancer  of  the  tongue  and  lip  and  of  the  cervix  and  corpus  uteri.  Patches  of  psoriasis 
have  been  seen  to  disappear  under  mesothorium.  The  pain  of  myalgia  and  neuralgia 
is  sometimes  remarkably  relieved  by  means  of  thorium  hydroxide  pads. 

Systemic. — Thorium  nitrate  and  sulphate  possess  astringent  properties  and  have 
been  used  in  the  treatment  of  diarrhea.  French  physicians  have  given  capsules  or 
■weak  solutions  of  thorium  sulphate  in  typhoid  fever,  in  doses  of  2  to  4  grains  (0.13  to 
0.25  Gm.)  three  or  four  times  a  day,  with  reported  good  results. 

Diagnostic. — The  solutions  of  thorium  sodium  citrate  are  impervious  to  the 
x-rays  and  have  been  used  for  diagnostic  purposes  in  pyelography  and  cystography. 
For  examination  of  the  renal  pelvis  the  stronger  solution  is  advised.  A  suspension 
of  thorium  oxide  is  recommended  for  use  in  the  x-ray  examination  of  the  intestinal 
movements,  in  place  of  bismuth  subnitrate. 

Caustics 

The  caustics  or  escharotics  are  substances  which  possess  the  power  of  destroying 
all  dead  and  living  tissues,  especially  proteins.  They  include  all  the  strong  acids, 
the  caustic  alkalis,  many  of  the  salts  of  the  heavy  metals,  and  in  addition  certain 
organic  compounds  which  are  able  to  disrupt  the  protein  molecule.  They  differ  in 
effect  chiefly  according  to  the  extent  to  which  the  precipitate,  which  is  almost  always 
formed,  is  soluble  in  the  body  fluids  or  in  excess  of  the  agent.  This  reaction  deter- 
mines the  depth  of  penetration,  and  hence  the  severity,  of  the  caustic  action.  In 
general,  the  strong  alkalis  form  readily  soluble  albuminates  and  therefore  tend  to 
deep  destruction.  The  acids  are  ordinarily  more  rapidly  neutralized  by  the  nitrogen 
of  the  tissues  which  is  converted  into  ammonia  under  their  action.  Sulphuric  acid 
if  at  all  strong  has,  however,  marked  penetrating  power.    The  heavy  metals  tend  to 
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form  insoluble  and  often  very  adherent  membrane-like  precipitates,  which  protect 
the  tissues  from  further  action.  The  organic  caustics,  such  as  phenol,  are  often  para- 
doxical, in  that  the  stronger  the  solution  the  more  dense  and  less  easily  penetrated 
is  the  precipitate,  and  for  this  reason  weak  solutions  may  produce  more  extensive 
destruction  than  its  strong  ones. 

Except  in  cases  in  which  a  strong  antiseptic  action  is  desired  in  addition  to 
removing  diseased  tissues,  as  in  the  cauterization  of  rapidly  spreading  phagedenic 
ulcers,  liquid  caustics  are  not  much  used.  Phenol,  pure,  and  fuming  nitric  acid  may 
be  employed,  as  the  depth  of  their  action  can  be  controlled  and  the  ulcer  does  not 
tend  to  be  painful  afterward,  as  is  the  case  after  treatment  with  caustic  alkalis.  Local 
anesthesia  is  generally  necessary  before  the  use  of  liquid  caustics.  The  dry  caustics, 
most  commonly  used  for  the  destruction  of  exuberant  granulations  in  ulcers  and  to 
reduce  hypertrophied  mucous  membranes,  polyps,  etc.,  in  the  nose  and  throat,  are 
silver  nitrate  (lunar  caustic),  which  has  almost  no  penetrating  power,  copper  sulphate 
(bluestone),  which  is  used  chiefly  on  the  edges  of  indolent  ulcers,  and  chromic  acid, 
which  is  fused  as  a  bead  on  the  end  of  a  prose  and  the  action  of  which  can  be  very 
closely  localized.  Similar  in  its  use  is  trichloracetic  acid,  which  is  applied  on  cotton 
on  a  probe — or  preferably  by  means  of  a  special  applicator  that  guards  the  healthy 
parts — chiefly  in  the  nose,  and  to  chronic  tuberculous  ulcers  of  the  larynx. 

Most  of  the  drugs  of  this  class  have  been  taken  up  with  the  antiseptics;  those 
remaining  for  discussion  are  chromic  acid  and  three  organic  compounds,  lactic,  oxalic 
and  trichloracetic  acids.  The  pharmacodynamic  action  of  the  last  three  is  simply 
that  common  to  all  acids,  with  the  following  exceptions :  Lactic  acid  has  as  a  rule 
no  systemic  action,  as  it  is  burned  in  the  tissues.  Oxalic  acid  may  be  absorbed  in 
sufficient  amount  to  exert  the  systemic  actions  common  to  all  soluble  oxalates,  and 
dependent  on  precipitation  of  calcium. 

Materia  Medica. — Acidum  Lacticum  (U.S.  X.),  Lactic  Acid.  Ahhr.,  Acid.  Lact. 
Synonym:  Alpha-hydroxy -propionic  Acid. 

A  mixture  of  lactic  acid  and  lactic  anhydrides  equivalent  to  a  total  of  not  less  than 
85  percent,  and  not  more  than  90  percent,  of  hydrogen  lactate,  CH3.CHOH.COOH. 
A  colorless,  or  slightly  yellow,  nearly  odorless,  syrupy  liquid,  which  absorbs  mois- 
ture on  exposure  to  air.  It  is  miscible  in  all  proportions  with  water,  alcohol,  and  ether, 
but  is  insoluble  in  chloroform. 

Dose,  15  to  30  minims  (1  to  2  cc). 

AcrouM  OxALicuM  (Br.),  Oxalic  Acid.    Alhr.,  Acid.  Oxal.  ".'■"  ['""  "^'-''^ 

A  dibasic  acid  found  both  in  animal  and  vegetable  life,  occasionally  g^eiierated  ill 
disease;  commonly  prepared  by  interaction  of  potassium  or  sodium  hydroxide  with 
sawdust. 

Antagonists  and  Incompatihles. — These  are  chiefly  of  note  in  cases  of  poisoning. 
They  are  preparations  of  lime,  chalk,  alkalis  and  alkali  carbonates. 

Dose,  1/2  to  1  grain  (0.016  to  0.06  Gm.) ;  externally,  as  a  caustic. 

AcmuM  Trichloraceticum  (U.S.  X.),  Trichloracetic  Acid.  Ahbr.,  Acid.  Trichlor- 
acet. 

Occurs  in  colorless,  deliquescent  crystals,  having  a  slight  characteristic  odor.  It 
contains  not  less  than  99  percent,  of  the  basic  acid.  One  Gm.  of  trichloracetic  acid 
is  soluble  in  about  0.1  cc.  of  water  at  25°  C.   It  is  very  soluble  in  alcohol  and  ether. 

Dose,  externally  and  mucous  surfaces  in  1:1000  to  1:2000  solution,  and  as  an 
active  caustic  in  strong  solutions. 

Therapeutics. — Lactic  acid  is  employed  topically  in  full  strength  to  destroy  warts 
and  in  50  percent,  solution  as  an  antiseptic  and  caustic  application  to  tuberculous 
ulcers,  especially  of  the  larynx.     In  the  larynx,  the  application  is  quite  painful  even. 
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at  times,  after  thorough  cocainization.  Its  benefits  are  not  so  marked  and  uniform 
as  was  at  one  time  hoped;  and,  especially  since  chaulmoogra  oil  was  introduced,  its 
use  has  much  lessened.  Nevertheless  it  is  to  be  borne  in  mind,  among  measures 
possibly  serviceable  under  certain  conditions.  A  mixture  of  iodoform  or  of  tri- 
bromphenol  bismuth  and  orthoform,  equal  parts,  should  be  insufflated  a  little  while 
after  the  lactic  acid  application.  Tuberculosis  cutis  has  been  treated  successfully  by 
applications  of  lactic  acid  on  cotton  twice  a  day  for  from  10  to  80  minutes  each  time. 
Lactic  acid  was  formerly  applied  in  50  percent,  solution  on  a  pledget  of  cotton,  or  by 
spray  in  the  strength  of  1  or  2  fluidrams  to  the  fluidounce  of  water  to  remove  the 
diphtheritic  pseudomembrane.  It  is  applied  in  50  percent,  solution  to  infected  wounds, 
and  in  33  percent,  spray  (equal  parts  of  lactic  acid,  glycerin,  and  water)  in  the  treat- 
ment of  ozena.  It  is  recommended  as  a  vaginal  douche  in  3  percent,  solution  in 
leucorrhea. 

Internally,  lactic  acid  is  given  in  doses  of  10  to  15  minims  (0.6  to  1  cc.)  in 
dyspepsia,  and  (before  meals)  for  the  relief  of  gastric  acidity  and  pyrosis.  It  some- 
times acts  well  in  tuberculous  diarrhea.  The  attempt  is  frequently  made  to  implant 
lactic-acid-producing  baciUi  in  the  intestine  to  prevent  decomposition  and  to  over- 
come constipation.  The  practice  was  initiated  by  Metchnikoff,  who  used  the  Bulgarian 
bacillus  (derived  from  the  soured  milk  cultures  used  by  the  peasants  of  Bulgaria) 
because  of  its  ability  to  live  in  and  to  produce  in  a  more  highly  acid  environment 
than  the  Western  European  strains,  and  thus  more  certainly  drive  out  the  colon 
bacilli  and  other  common  flora  of  the  bowel.  He  attributed  to  the  practice  a  power 
to  prevent  arteriosclerosis  and  prolong  life,  which  it  unfortunately  does  not  manifest. 
Nevertheless,  it  is  useful  within  its  limits.  The  tendency  at  present  is  to  make  use 
of  the  Bacillus  acidophilus,  with  or  without  admixture  of  B.  bulgaricus.  The  admin- 
istration of  the  cultures  in  liquid  form  or  in  tablets  (which  should  be  well  masticated 
or  better  powdered  and  mixed  with  a  little  sugared  water  for  10  or  20  minutes  before 
taking),  or  still  better  in  milk  especially  prepared,  must  be  fairly  continuous  in 
order  to  insure  their  implantation  and  propagation.  The  results  of  feeding  these 
bacilli  in  cultures  or  in  artificially  soured  milk  are  often  very  satisfactory,  various 
symptoms  attributed  to  intestinal  autointoxication  disappearing  gradually  as  the 
implantation  is  being  established.  Buttermilk,  natural  or  artificial,  is  a  less  powerful 
lactic-acid  culture,  as  are  various  other  forms  of  soured  milk,  which  are  useful  as 
foods.  These  may,  at  times,  be  of  great  service  as  part  of  dietary  regimes — or  some- 
times as  an  exclusive  diet — ^not  only  in  various  conditions  of  gastroenteric  disturb- 
ance, but  also  in  renal  affections,  in  obesity  and  other  metabolic  disturbances,  in 
typhoid  and  other  febrile  maladies.  To  be  of  service,  however,  they  must  be  acceptable 
to  the  patient's  palate;  it  is  not  wise  to  force  them  upon  one  to  whom  they  are  dis- 
tasteful. In  Russia  sour  mlk  is  a  popular  remedy  for  cancer  of  the  stomach.  Lactic 
acid  is  given  also  to  prevent  intracystic  ammoniacal  decomposition  of  the  urine. 

Trichloracetic  acid  is  used  as  an  escharotlc  for  ivartsj  either  simple  or  venereal, 
chancroids,  mucous  patches,  corns,  etc.  A  crystal  may  be  applied  to  the  lesion  and 
then  a  drop  of  water  added  to  liquefy  it,  or  it  may  first  be  dissolved  with  just  suffi- 
cient water  and  then  applied  on  a  glass  rod.  Perforations  of  the  tympanic  membrane 
ihay  be  stimulated  to  heal  by  touching  the  edges  very  carefully  Avith  a  drop  of  a 
50  percent,  solution  of  trichloracetic  acid  in  equal  parts  of  glycerin  and  water.  A 
spray  of  a  1:1000  solution  is  useful  in  ozena  and  chronic  tonsillitis.  The  pure  acid 
is  sometimes  applied  to  the  nasal  mucous  membrane  to  cover  and  stimulate  healing  of 
erosions,  to  cauterize  areas  of  polypoid  degeneration  or  the  site  of  polyjis  after  re- 
moval, to  reduce  swollen  iurhinates  anh  for  similar  purposes.  Specially  protected 
applicators  must  be  used  dextrously.  '" 
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Chromates 

Although  little  used  in  medicine,  the  compounds  of  chromium  are  important 
because  of  the  frequency  of  industrial  poisoning.  Its  compounds  are  of  three  types: 
chromic  acid  (H,CrOJ  and  its  salts ;  potassium  bichromate  (K,Cr,0,)  and  other  bichro- 
mates ;  and  metallic  salts  such  as  chromium  nitrate  and  sulphate.  All  of  these  resemble 
each  other  in  pharmacodynamic  action. 

Summary  of  Actions  and  Uses. — Topically,  chromic  acid  and  other  chromium  com- 
pounds are  destructive  to  all  tissues,  causing  ulcers  which  heal  slowly.  The  topical 
action  is  seen  in  workers  handling  such  compounds,  the  dust  causing  ulceration  of  the 
skin  and  of  the  nasal  mucosa.  In  acute  poisoning  the  most  important  lesion  is  in  the 
kidneys,  and  chromates  are  often  used  in  animal  experiment  to  produce  nephritis. 

Therapeutically  chromic  acid  is  used  as  a  caustic  for  ulcers,  and  occasionally  to 
reduce  enlarged  tonsils  and  adenoids.  Chromium  sulphate  has  been  used  internally  in 
nervous  disorders. 

The  power  of  chromates  to  precipitate  proteins  is  instanced  in  the  use  of  Mueller's 
fluid  as  a  hardening  agent. 

Materia  Medica. — Chromii  Trioxidum  (U.S.  X.),  Chromium  Trioxide.  Ahlr., 
Chrom.  Triox.  Acidum  Chromicum  (Br.),  Chromic  Acid.  Ahhr.,  Acid.  Chrom.  Syno- 
nym: Chromic  Anhydride. 

It  occurs  as  crimson,  acicular  crystals,  very  deliquescent,  inodorous,  of  an  acid, 
metallic  taste,  acting  corrosively  on  the  skin;  very  soluble  in  water  and  in  ether; 
contains  not  less  than  95  percent,  of  CrO,. 

Incompatible  with  alcohol,  glycerin,  ether,  and  other  oxidizable  substances,  with 
which  it  forms  explosive  mixtures. 

Dose,  Vs  to  ^  grain  (0.008  to  0.016  Gm.)  internally;  externally  as  fused  bead  or 
in  solution  up  to  25  percent. 

Liquor  Acidi  Chromici  (Br.),  Solution  of  Chromic  Acid. 

Chromic  anhydride,  25  Gm. ;  distilled  water,  sufficient  to  produce  100  cc. 

Dose,  externally  as  a  caustic  application. 

PoTASsii  BiCHROMAS  (Br.),  Potassium  Bichromate.  Ahhr.,  Pot.  Bichrom.  Syno- 
nyms: Potassium  Dichromate,  Red  Chromate  of  Potash. 

It  contains  not  less  than  99  percent,  of  pure  potassium  bichromate  (K,Cr,0,; 
occurs  in  orange-red  crystals,  soluble  in  10  parts  of  water. 

Antagonists  and  Incompatihles. — Alcohol  and  all  reducing  agents  are  incompatible. 

Dose,  1/10  to  1/5  grain  (0.006  to  0.013  Gm.)  internally;  externally  in  saturated 
solution. 

Antipathogenic  Action. — Although  little  used  for  this  purpose,  the  chromic  com- 
pounds are  powerful  antiseptics.  As  little  as  1  part  in  100,000  of  potassium  bichromate 
will  prevent  paste  from  molding,  and  1  part  in  10,000  of  any  chromate  will  preserve 
bouillon  from  putrefaction.  The  growth  of  anthrax  on  bouillon  is  stopped  by  1:5000, 
and  1:2000  kills  most  non-spore-forming  bacteria. 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Chromates  are  absorbed 
from  mucous  membranes  and  from  ulcers,  absorption  often  being  delayed  by  a  layer 
of  precipitated  protein.  As  powder,  in  the  air,  they  are  taken  up  by  the  mucosa  of 
the  respiratory  passages  and  perhaps  by  the  intact  skin.  In  the  blood  they  circulate 
combined  with  proteins  and  are  deposited  in  part  as  chromous  oxide  in  various  tissues. 
They  are  excreted  both  by  the  kidneys  and  by  the  lower  bowel,  and  chromic  acid  may 
be  released  by  the  acidity  of  the  urine  and  the  contents  of  the  large  bowel.  This 
accounts,  in  part,  for  the  tendency  of  the  lesions  to  localize  in  the  kidneys  and  colon. 

Topical  Action. — Applied  to  the  skin  or  mucous  membranes,  chromium  compounds, 
dry  or  in  concentrated  solution,  destroy  the  superficial  layers  and  penetrate  rapidly 
deeper,  exerting  an  escharotic  action.  The  typical  local  lesion  is  seen  as  punched-out 
ulcers  in  the  nose,  mouth  and  throat  of  workmen  exposed  to  the  dust.    The  most  fre- 
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quent  and  characteristic  lesion  is  an  ulcer  on  the  nasal  septum  over  the  cartilage. 
This  deepens  rapidly  and  perforation  soon  occurs.  The  opening  does  not,  as  a  rule, 
become  very  large,  but  the  frequency  of  it  is  shown  by  the  following  statistics  from 
a  German  factory:  in  60  men  working  longer  than  fi  months.  15  ulcers,  45  perforations; 
in  120  men  working  1  to  fi  months.  60  ulcers.  41  perforations;  in  77  working  less  than 
1  month,  o2  ulcers.  1  perforation.  In  addition  to  the  peculiar  lesion  of  the  nose,  workers 
in  chromium  are  apt  to  get  ulcers  on  the  hands  if  any  cut  or  abrasion  can  pick  up 
the  powder.  These  ulcers  become  very  deep  but  do  not  spread.  A  spot  5  mm.  in  diameter 
may  disclose  a  deep  sinus.  Long-continued  irritation  also  leads  to  the  development  of 
vesicular  and  granulomatous  eruptions.  Washing  the  hands  in  solutions  of  barium  chlo- 
ride or  sodium  hyposulphite  will  help  to  prevent  these  troubles.  Conjunctivitis  and 
ulceration  of  the  cornea  are  less  common,  as  are  ulcers  of  the  drum  membrane.  The  dust 
irritates  the  entire  respiratory  tract,  causing  stubborn  laryngitis  and  bronchitis,  often 
associated  with  emaciation  and  loss  of  strength  and  strongly  suggesting  tuberculosis. 

Toxic  and  Systemic  Action:  Toxic  Dose. — The  chromate  compounds  are  quite  poison- 
ous, but  different  species  vary  widely  in  susceptibility.  In  man,  i/,  grain  (30  mgm.) 
of  chromic  acid  may  cause  severe  gastroenteritis,  and,  somewhat  more,  severe  nephritis; 
li/o  drams  (6  Gm.)  of  chromic  acid  or  2  drams  (8  Gm.)  of  potassium  bichromate  being 
almost  certainly  fatal.  Rabbits  are  severely  poisoned  by  y^  grain  (20  mgm.)  and  guinea- 
pigs  and  pigeons  by  half  this  amount.  The  surely  fatal  (minimum  lethal)  dose  is  about 
five  times  as  great. 

Swallowing  a  large  dose  results  in  acute  gastroenteritis  with  violent  pain  and  vomit- 
ing, and  purging  of  blood-stained  matter  containing  shreds  of  tissue.  Other  symptoms 
are  seen  at  the  points  of  elimination  and  consist  of  inflammation  of  the  colon  and  espe- 
cially of  the  kidney.  The  nephritis  begins  as  a  degenerative  change  in  the  cells  of  the 
convoluted  tubules  which  desquamate,  leaving  the  canals  empty.  The  glomeruli  suffer 
much  less.  There  is  congestion,  perhaps  associated  with  small  hemorrhages,  with 
hematuria.  Restoration  may  follow  even  severe  lesions  if  the  poison  is  not  continued,  but 
more  often  interstitial  nephritis  with  constriction  follows.  The  alteration  in  the  kidney 
leads  to  renal  glycosuria.  In  chronic  industrial  poisoning,  degenerative  changes  in  the 
liver  are  common,  and  lesions  of  the  braina  have  been  reported. 

Therapeutics. — Chromic  acid  is  applied  in  solution  of  25  percent,  strength  (the 
official  Br.P.  solution)  to  septic  sores,  syphilitic  condylomata,  warts  and  other  cuta- 
neous excresenees,  and  to  patches  of  lupus.  It  should  not  be  applied  in  this  strength 
to  extensive  areas  lest  a  poisonous  amount  be  absorbed.  In  ulcerative  stomatitis  the 
necrotic  tissues  may  be  swabbed  away  with  a  pledget  of  cotton  soaked  in  a  1 :  200 
solution,  and  patches  of  leucoplakia  of  the  tongue  may  be  touched  with  a  20  to  40  per- 
cent, solution.  A  10  percent,  solution  is  of  service  applied  externally  in  Vincent's 
angina  in  conjunction  with  the  internal  administration  of  neo-arsphenamine.  Hyper- 
hidrosis  and  hromidros-is  of  the  feet  are  effectively  treated  by  bathing  with  a  5  percent, 
chromic  acid  solution.  A  solution  of  1 :  500  strength  is  useful  as  a  spray  in  ozena, 
and  one  of  1:  1000  strength  is  recommended  as  a  vaginal  douche  in  leucorrhea. 

The  deliquesced  crystals  are,  next  to  the  actual  cautery,  the  best  for  use  in 
snake  bite. 

CHROiiiuM  TRioxiDE  is  frequently  employed  to  destroy  laryngeal  neoplasms  which 
are  unsuitable  for  divulsion  with  forceps,  or  as  a  caustic  application  to  fragments 
remaining  after  divulsion,  or  to  cauterize  the  site  of  implantation.  It  is  applied  as  a 
bead  fused  on  the  end  of  a  suitable,  curved,  silver  applicator.  While  of  most  use  in 
cases  of  papilloma  or  other  benign  growths,  it  may  sometimes  be  used  palliatively  in 
laryngeal  cancer.     It  may  also  be  used  with  care  in  laryngeal  tuberculosis. 

A  bead  fused  on  the  end  of  a  probe  drawn  lightly  across  the  mucous  membrane 
in  hypertrophic  rhinitis  will  induce  scarring  under  a  crust  without  an  open  ulcer 
and  thus  free  the  nasal  passages  very  effectively.  Shrinking  with  epinephrine  and 
cocaine  should  first  be  produced ;  and  care  must  be  taken  not  to  touch  the  septum, 
which  is  very  liable  to  perforation  if  the  drug  penetrates  to  the  cartilage.  A  similar 
application  may  be  usefully  made  to  enlarged  tonsils,  if  not  badly  infected. 


1088  NUTRIENTS 

.^-    Potassium  bichromate  has  been  used  in  the  treatment  of  cancer  by  injection  of 
10  to  15  drops  of  a  10  percent,  solution  into  the  tumor. 

Internally  it  is  given  occasionally  for  gastric  ulcer  in  doses  of  1/10  grain  in 
pill  or  capsule,  twice  or  three  times  a  day  after  meals,  and  has  also  been  recom- 
mended in  the  treatment  of  tuberculosis  and  of  syphilis. 

AGENTS  EMPLOYED  SYSTEMIGALLY 
Nutrients 

Carbohydrate  Nutrients 
Malt 

Materia  Medica. — Maltum  (U.S.  X.),  Malt. 

The  grain  of  one  or  more  varieties  of  Hordeum  vulgare  Linne  (Fam,  Gramineoe), 
partially  germinated  artificially,  and  containing  amylolytic  enzymes.  It  occurs  as 
yellowish  or  amber-colored  grains,  crisp  when  broken,  the  interior  surface  being  nearly 
white.  It  has  an  agreeable,  characteristic  odor  and  a  sweet  taste,  due  to  the  conversion 
of  the  starch  in  the  seed  into  maltose  through  the  action  of  the  diastase. 

Dose,  used  in  official  and  non-official  preparations, 

ExTRACTUM  Malti  (U.S.  X.),  Extract  of  Malt.     Ahhr.,  Ext.  Malt. 

Obtained  by  infusing  malt  with  water  at  60°  C,  concentrating  the  expressed  liquid 
at  a  temperature  not  exceeding  60°  C,  and  adding  10  percent,  by  weight  of  glycerin. 
It  contains  dextrin,  maltose,  a  small  amount  of  glucose,  and  an  amylolytic  enzyme. 
It  is  a  sweet,  viscous,  light  brown  liquid  extract,  having  an  agreeable,  characteristic 
odor;  soluble  in  cold  water,  more  readily  soluble  in  warm  water.  It  converts  not  less 
than  five  times  its  weight  of  starch  into  sugars. 

Dose,  1  to  4  fluidrams  (4  to  16  cc). 

ExTRACTUM  Maltum  Liquidum  (unofficial),  Liquid  Extract  of  Malt. 

Powdered  malt,  macerated  with  water  and  with  additional  water  added  after 
maceration  and  heated  at  140°  E.  long  enough  to  digest  the  mixture  thoroughly ;  strain, 
filter.  It  has  the  consistence  of  a  heavy  syrup,  wdth  the  distinctive  odor  of  malt  and 
a  brown  to  brownish-red  color.  It  should  contain  no  starch  if  propei-ly  digested. 
Alcoholic  content  differs  with  all  makes,  depending  upon  the  proportions  of  ingredients 
used  by  the  manufacturer. 

Dose,  approximately  from  1  to  4  fluidrams  (4  to  16  cc),  depending  upon  content 
as  described  on  label. 

Vi-Mal-Dex  (N.N.R.). 

A  mixture  containing  approximately  28  percent,  maltose,  10  percent,  dextrose, 
48  percent,  dextrin,  9  percent,  orange  juice  sugars  and  1  percent,  citric  acid. 
i[      Dose,  1  ounce  (60  Gm.)  added  to  1  quart  (1000  cc.)  milk  dilution  (milk,  20  fluid- 
ounces;  water,  12  fluidounces). 

Malt  Preparations  (N.N.R.). 

Extract  of  Malt;  Borcherdt's  Malt  Extract  (plain);  Loeflund's  Malt  Extract; 
Malt  Extract  (unmedicated) ;  Maltine,  Borcherdt's  Dri-Malt  Soup  Extract;  Bor- 
cherdt's Dri-Malt  Soup  Extract  vt^ith  Wheat  Flour;  Loeflund's  Malt  Soup  Stock  (Dr. 
Keller's  Formula) ;  Mead's  Dry  Malt  Soup  Stock. 

Dose,  sufficient  to  meet  food  requirement. 

AvENA  Sativa  (N.F.),  Oat.  Ahbr.,  Aven.  Sat.  Synonyms:  Oatmeal,  Avense 
Farina. 

The  grain  of  Avena  sativa  Linne  (Fam.  Graminacece) .    Odor  slight;  taste  starchy. 

Dose,  60  grains  (4  Gm.).     May  be  used  ad  lib.  ir 
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Fluidextractum  Aven^  SATIV.E  (N.F.),  Fluidextract  of  Avena  Sativa.  Ahlr., 
Fldext.  Avon.  Sativ.     Synonym:    Fluidextract  of  Oat. 

Each  cc.  represents  1  Gm.  of  the  drug.    Alcoholic  content  about  3G  percent. 

Dose,  1  fluidram  (4  cc). 

Therapeutics. — ]\Ialt,  in  the  form  of  the  official  extract,  is  employed  as  a  diges- 
tant,  but  chieily  as  a  tonic  and  reconstructive  food  for  those  suffering  from  tubercu- 
losis and  other  wasting  affections.  In  these  cases  it  is  often  given  in  a  mixture  with 
cod-liver  oil.  The  maltose  is  a  food,  and  the  diastase  contained  in  the  extract  digests 
the  starches  of  other  foods,  converting  them  into  maltose.  The  (unofficial)  liquid  malt 
extract  is  employed  as  a  tonic  mainly,  though  it  has  some  nutritive  properties;  as  a 
rule,  is  contains  little  or  no  diastase  and  may  be  quite  alcoholic.  Malt  preparations 
of  various  kinds  are  used  as  vehicles,  especially  for  vegetable  laxatives,  with  which 
they  are  to  some  extent  synergistic — ^being,  indeed,  sometimes  given  alone  to  promote 
regular  daily  movements  of  the  bowel. 

Honey 

Materia  Medica. — Mel  (U.S.  X.),  Honey,     Synonym:  Clarified  Honey. 

A  saccharine  secretion  deposited  in  the  honeycomb  by  the  bee.  Apis  mellifera 
Linne  (Fam.  Apich).  Honey  is  a  thick,  syrupy  liquid  of  a  light  yellowish  or  yellowish- 
brown  color,  translucent  when  fresh,  but  gradually  becoming  opaque  and  crystalline; 
having  a  characteristic  odor,  and  a  sweet,  faintly  acid  taste.  It  is  slightly  acid  to 
litmus  and  is  laevorotatory. 

Antagonists  and  Incompatihles. — Borax  is  decomposed  in  the  presence  of  honey, 
boric  acid  being  set  free.  Oxidizing  agents  such  as  potassium  chlorate  and  the  per- 
manganates form  an  explosive  mixture  when  triturated  with  honey. 

Dose,  internally,  as  a  vehicle;  externally,  an  application  to  bedsores,  ulcers,  etc. 

Mel  Depuratum  (Br.),  Purified  Honey. 

The  honey  of  commerce,  melted  and  strained,  the  specific  gravity  being  adjusted 
to  1.360  by  the  addition  of  distilled  water. 

Dose,  ^  to  2  fluidrams  (2  to  8  cc),  also  used  variously  in  pharmacy. 

Sugar 

Materia  Medica. — Sucrosum  (U.S.  X.),  Sucrose.  Allr.,  Sacch.  Synonyms: 
Sugar,  Cane  Sugar,  Saccharum. 

Sucrose  (C,jHjjO„)  is  obtained  from  cultivated  varieties  of  Saccharum  officinarum 
Linne  (Fam.  Graminece)  in  the  main;  also  obtained  from  the  sugar  beet  and  other 
plants. 

It  occurs  as  colorless  and  inodorous  crystals,  soluble  in  half  its  weight  in  water, 
forming  a  clear,  colorless  and  odorless  syrup. 

In  pharmacy  sugar  is  used  to  render  oils  miscible  with  water,  to  cover  the  tastes 
of  medicines,  to  give  pharmaceuticals  consistence  and  prevent  certain  ferruginous 
preparations  from  oxidation.  Its  food-nutrient  value  must  always  be  borne  in  mind 
when  it  is  used  in  medicinal  preparations. 

Dose,  as  a  sweetening  vehicle,  and  as  a  preservative;  to  render  oil  miscible  with 
water,  and  for  many  general  uses  in  pharmacy. 

Glucosum  (U.S.  X.),  Glucose.    Ahlr.,  Glucos.    Synonym:  Liquid  Glucose 

A  product  obtained  by  the  incomplete  hydrolysis  of  starch.  It  consists  chiefly  of 
dextrose  (d-glucose),  maltose,  dextrins  and  water.  It  is  a  colorless  or  yellowish,  thick 
syrupy  liquid,  nearly  odorless  and  has  a  sweet  taste,  very  soluble  in  water,  but  sparingly 
so  in  alcohol. 
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Dextrosum  (U.S.  X.),  Dextrose.  Ahhr.,  Dextros.  Synonyms:  d-glucose.  Pure 
glucose. 

A  sugar,  C,II,jOg.HjO,  usually  obtained  by  the  hydrolysis  of  starch.  A  white  crys- 
talline powder,  or  white  granules,  odorless  and  having  a  sweet  taste.  One  Gm.  is 
soluble  in  1  cc.  of  water,  more  soluble  in  boiling  water. 

Dose,  intravenously  in  solutions  of  5.1  to  25  percent,  without  the  addition  of 
sodium  chloride. 

Dose,  used  as  a  vehicle,  sweetening  agent,  etc. 

Maltosum    (unofficial),   Maltose.     Ahhr.,  Maltos. 

A  disaccharide  obtained  from  starch  by  hydrolytic  action;  a  constituent  of  com- 
mercial glucose;  soluble  in  water  and  alcohol. 

Dose,  used  as  a  sweetening  agent. 

Malt  Sugar  (N.N.K),    Synonym:    Borcherdt's  Malt  Sugar. 

A  mixture  containing  approximately  87.4  percent,  of  maltose  and  4.35  percent, 
of  dextrin.  A  pale,  yellowish-brown  powder,  with  malt  odor  and  sweet  taste;  some- 
Avhat  hygroscopic,  soluble  in  water. 

Dose,  in  milk,  2  tablespoonfuls  to  a  20  ounce  mixture. 

Dextrinum  Album  (N.F.),  White  Dextrin.    Ahhr.,  Dext.  Alb. 

It  is  a  mixture  of  soluble  carbohydrates,  amylodextrin,  achroodextrin,  erythro- 
dextrin  and  maltodextrin,  with  a  variable  amount  of  unconverted  starch,  obtained  by 
the  incomplete  hydrolysis  of  starch  by  the  action  of  an  acid;  occurs  as  a  white,  glis- 
tening, non-hygroscopic,  amorphous  powder  producing  a  peculiar  and  characteristically 
harsh  sensation  when  rubbed  in  the  hand ;  odorless  and  having  a  sweetish  taste.  Partly 
soluble  in  cold  water,  completely  soluble  in  3  parts  of  boiling  water. 

Dose,  ad  lih. 

Dextri-Maltose  1,  2  and  3  (N.KK.). 

Number  1  contains  maltose,  dextrin  and  sodium  chloride;  No.  2  contains  maltose 
and  dextrin;  No.  3  contains  maltose,  dextrin  and  sodium  bicarbonate. 

Dose,  in  quantity  sufficient  to  meet  carbohydrate  requirement. 

Lacto-Dextrin  (N.N.E.). 

A  mixture  of  73  percent,  lactose,  25  percent,  dextrin  and  2  percent,  desiccated 
lemon  juice. 

Dose,  2  to  4  ounces  (60  to  120  Gm.)  dissolved  in  4  times  its  bulk  of  hot  water, 
t.i.d.  one  hour  before  meals. 

Fatty  Nutrients 
Cod-Liver  Oil 

Cod-liver  oil  is  a  fixed  oil  expressed  from  the  liver  of  one  of  several  species  of 
Gadus.  Oils  from  the  liver  of  related  fish  are  often  mixed  with  it  and  several  of 
them  are  indistinguishable.  Fish  oil  is  said  by  Pliny  to  have  been  used  by  the  ancient 
Egyptians  as  a  remedy  for  diseases  of  the  eye  (xerophthalmia).  The  first  scientific 
study  was  made  by  Schenck  and  Fehr  in  1823,  who  proved  its  value  in  rickets.  About 
a  generation  ago  it  was  asserted  very  strongly  by  pharmacologists  and  chemists  that 
cod-liver  oil  was  not  different  from  other  fats  in  any  essential  respect,  and  it  was  not 
until  the  discovery  of  "vitamines"  that  they  admitted  their  mistake. 

Chemistry. — The  chemistry  of  cod-liver  oil  is  much  confused  by  the  fact  that 
different  lots  differ  markedly  in  composition.  These  differences  are  partly  individual, 
partly  due  to  admixture  with  liver  oils  from  other  species,  partly  to  contamination 
with  bile  and  other  extraneous  matters  and  partly  to  decomposition,  bacterial  and 
enzymatic,  occurring  before  examination. 

The  best  oil,  obtained  by  incising  the  fresh  livers   and   allowing  them  to   drip 
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without  pressure,  is  very  pale  yellow  in  color  and  has  but  little  of  the  characteristic 
fishy  odor.  It  is  free  from  bile  components  and  contains  but  minute  traces  of  iodine 
and  bromine  which  are  present  in  high  percentage  in  poorer  grade  oils.  The  bulk 
of  the  oil  consists  of  fatty  acids  combined  with  glycerol  (true  or  saponifiable  fats). 
These  are  of  three  general  types:  saturated  acids  of  the  general  formula  CnlljnOj, 
and  including  stearic  (C,„Il3,0,),  myristic  and  palmitic;  unsaturated,  of  the  general 
formula  CnHjn_jOj,  and  including  oleic  (C„H„Oj),  jecoleic  (0,^3,0,),  asellic  (Ci,H„Oj), 
gadolinic  (CjJIjgOj),  crucic,  and  an  unnamed  acid,  CjgHj^Hj;  and  finally  there 
are  highly  unsaturated  acids  of  the  general  formula  Cj^ll^_fi^,  which  include  therapic 
acid  (C,.Hj„Oj)  and  at  least  one  other. 

In  addition  to  the  fatty  acids  there  are  unsaponifiable  fats  of  which  the  chief 
is  cholesterol.  A  compound  of  uncertain  composition,  but  having  both  basic  and  acidic 
properties,  has  been  given  the  formula  CjHjjOjN,  and  is  termed  gaduine  or  morrhuic 
acid.  It  was  formerly  believed  to  be  the  antirachitic  principle.  Other  amino  bases, 
including  butylamine,  hexylamine,  aselline  and  morrhuine,  are  of  no  importance  in 
the  action  of  the  oil. 

Quantitative  studies  have  been  made  of  many  of  these  bodies.  The  saponifiable 
oils  constitute  98  to  99  percent,  of  the  oil,  most  of  the  remainder  being  cholesterol 
and  other  nonsaponifiable  fats.  The  highly  unsaturated  fats  constitute  17  to  21  per- 
cent, of  the  total.  Cholesterol  forms  0.3  to  1.3  percent.  The  iodine  content  of  good 
oils  is  from  0.04  to  0.4  mgm.  per  100  Gm. 

The  chief  interest  of  the  oil  from  the  standpoint  of  chemistry  lies  in  its  so-called 
vitamines.  Of  these  there  are  two,  the  so-called  vitamine  A,  the  lack  of  which  causes 
xerophthalmia,  and  vitamine  B,  the  lack  of  which  causes  rickets.  These  can  be  sep- 
arated by  extracting  the  oil  with  95  percent,  alcohol,  saponifying  the  fats  of  the 
extract  by  NaOH  and  precipitating  them  as  calcium  soaps.  The  A  factor  is  precip- 
itated with  the  soaps;  the  B  factor  remains  in  solution  in  the  alcohol  (Zucker).  It 
is  not  a  base  but  is  probably  a  higher  alcohol,  perhaps  a  sterol  resembling  cholesterol 
in  composition  and  solubilities,  and  perhaps  formed  from  this  by  oxidation.  In  con- 
trast to  vitamine  A  it  is  not  readily  oxidized ;  in  fact,  its  content  in  the  oil  is  increased 
by  subjecting  this  to  oxidation.  It  is  formed  from  some  nonsaponifiable  fatty  substance 
by  the  action  of  direct  sunlight  (not  through  glass)  and  by  ultraviolet  rays.  By  such 
exposure  the  vitamine  content  of  cod-liver  oil  is  much  increased  and  it  is  formed 
in  cottonseed  oil  and  other  oils  in  which  it  does  not  occur  naturally.  A  solution  of 
vitamine  B  more  than  1000  times  as  concentrated  as  the  original  oil  is  readily  obtained, 
and  it  is  believed  that  not  more  than  1  percent  of  this  concentrate  is  actually  the 
active  compound. 

Summary  of  Actions  and  Uses. — The  true  fats  of  cod-liver  oil  are  valuable  foods,  as 
are  other  fats;  the  chief  interest,  however,  lies  in  its  vitamine  content,  and  study  has 
been  especially  directed  to  its  content  of  the  antirachitic  factor,  of  which  it  has  200 
times  as  much  as  butter. 

Cod-liver  oil  has  been  used  as  a  food  especially  for  children  who  are  rachitic,  or 
undernourished;  and  in  tuberculosis,  particularly  of  the  bony  type.  The  vitamine  con- 
tent and  perhaps  the  minute  amounts  of  iodine,  phosphorus,  bromine  and  sulphur  add 
to  its  food  value. 

Materia  Medica. — Oleum  Morrhu^  (U.S.  X.),  Cod-liver  Oil.  Ahhr.,  01.  Morrh. 
Synonym:  Oleum  Jecoris  Aselli. 

A  fixed  oil  obtained  from  the  fresh  livers  of  Gad  us  morrliita  Linne  and  other 
species  of  Gadus.  A  pale  yellow,  thin,  oily  liquid.  It  has  a  peculiar,  slightly  fishy, 
but  not  rancid  odor,  and  a  fishy  taste.  It  is  slightly  soluble  in  alcohol,  freely  soluble 
in  ether  and  chloroform. 
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The  U.S. P.  provides  that  cod-liver  oil  may  be  assayed  for  its  vitamin e-A  potency, 
and  should  then  contain  at  least  50  units  per  Gm.  The  oil  so  assayed  must  be  labeled 
"This  unit  is  not  a  measure  of  the  antirachitic  activity  of  Cod-liver  Oil." 

Dose,  1  to  4  fluidrams  (4  to  16  cc.). 

Emulsum  Olei  Morrhu^  cum  Calcii  Phosphate  (unofficial),  Emulsion  of  Cod- 
liver  Oil  with  Calcium  Phosphate.    Abhr.,  Emul.  01.  Morrh.  c.  Calc.  Phos. 

Cod-liver  oil,  500  cc. ;  acacia,  125  Gm. ;  precipitated  calcium  phosphate,  35  Gm. ; 
syrup  of  tolu,  100  cc. ;  flavoring;  water,  q.s.  to  make  1000  cc. 

Dose,  1  to  6  fluidrams  (4  to  24  cc). 

Emulsum  Olei  Morrhu^  cum  Hypophosphitibus  (N.F.),  Emulsion  of  Cod-liver 
Oil  with  Hypophosphites.    Ahhr.,  Emul.  01.  Morrh.  c.  Hypophos. 

Cod-liver  oil,  500  cc. ;  acacia,  125  Gm. ;  calcium  hypophosphite,  10  Gm. ;  potas- 
sium hypophosphite,  5  Gm. ;  sodium  hypophosphite,  5  Gm. ;  syrup,  100  cc. ;  flavoring; 
water,  q.s.  to  make  1000  cc.  Each  dessert  teaspoonful  contains  1^2  grains  of  calcium 
hypophosphite  and  Yi  grain  each  of  sodium  and  potassium  hypophosphites. 

Dose,  2  to  6  fluidrams  (12  to  24  cc). 

Emulsum  Olei  MoRRHUiE  cum  Malto  (N.F.),  Emulsion  of  Cod-liver  Oil  with 
Malt.    Ahhr.,  Emul.  01.  Morrh.  c  Malt, 

Cod-liver  oil,  200  cc;  tragacanth,  3  Gm.;  water,  150  cc;  extract  of  malt,  q.s.  to 
make  1000  cc. 

Dose,  3  to  6  fluidrams  (12  to  24  cc). 
'        Emulsum  Olei  Morrhu^  cum  Pruno  Virginiana  (unofficial).  Emulsion  of  Cod- 
liver  Oil  with  Wild  Cherry.    Ahhr.,  Emul.  01.  Morrh.  c  Prun.  Virg. 

Cod-liver  oil,  500  cc;  acacia,  125  Gm. ;  fluidextract  of  wild  cherry,  65  cc. ;  syrup 
of  tolu,  100  cc;  flavoring;  water,  q.s.  to  make  1000  cc. 

Dose,  2  to  6  fluidrams  (12  to  24  cc). 

Emulsum  Olei  Morrhu^  cum  Vitello  (N.F.),  Emulsion  of  Cod-liver  Oil  with 
Egg.    Ahhr.,  Emul.  01,  Morrh.  c  Vitel. 

Cod-liver  oil,  500  cc;  glycerite  of  yolk  of  egg,  175  cc;  syrup  of  tolu,  100  cc; 
flavoring;  water,  q.s.  to  make  1000  cc. 

Dose,  3  to  6  fluidrams  (12  to  24  cc). 

SoDii  Morrhuas  (unofficial),  Sodium  Morrhuate, 

A  mixture  of  the  sodium  salts  of  the  unsaturated  fatty  acids  of  cod-liver  oil. 

Dose,  %o  to  %  grain  (3  to  30  mgm.)  hypodermically. 

ExTRACTUM  MoRRHUiE  Alcoholicum  ^  (unofficial),  Alcoholic  Extract  of  Cod-liver 
Oil.     Synonyms :    Gaduol,  Morrhuol. 

A  brownish-yellow,  oily  liquid  with  a  bitter,  acrid  taste  and  an  odor  of  cod-liver 
oil.  It  is  made  by  washing  cod-liver  oil  with  alcohol  and  evaporating  the  washings 
to  a  syrupy  consistence.  It  containes  cholesterol,  morrhuic  acid,  the  amines  (asselline, 
morrhuine) ,  the  fat  soluble  vitamines  (antirachitic,  antixerophthalmic),  and  variable 
but  small  amounts  of  inorganic  constituents.    1  Gm.  represents  20  to  25  Gm.  of  oil. 

Dose,  5  to  20  minims  (0.3  to  1.3  cc). 

Antipathogenic  Action. — Cod-liver  oil  gives  off  ultraviolet  radiations  (probably  only 
after  exposure  to  such)  and  this  inhibits  growth  in  cultures  exposed  to  it.  Sodium 
morrhuate  is  of  some  value  in  lepi'osy.  Absence  of  vitamine  '  A  results  in  a  tendency 
to  pyogenic  infections  of  the  skin  and  respiratory  tract.  This  tendency  is  relieved  by 
feeding  cod-liver  oil. 

'A  similar  extract  prepared  with  ether  is  known  as  "Jecorrol."  A  much  more  con- 
centrated product  made  by  extracting  the  oil  with  acetic  acid,  removing  the  fixed  oils 
by  saponification  and  the  cholesterol  with  ether,  is  also  on  the  market.  One  Gm.  of  this 
dry  extract  represents  10,000  Gm.  of  cod-liver  oil. 
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Pharmacodynamic  Action:  Ahsorption  and  Elimination. — The  oil  is  readily  digested, 
as  much  as  97  percent,  being  utilized  (Duell  and  Holmes)  by  children.  The  oil  is  also 
absorbed  by  the  skin  and  infants  can  be  nourished  exclusively  by  its  use  in  this  way 
for  a  time. 

Systemic  Action:  Metabolism. — The  only  systemic  effect  of  cod-liver  oil  Is  that  on 
nutrition,  both  general  and  special.  Absence  of  the  vitamines  Is  apt  to  lead  to  poor 
nutrition  and  emaciation  which  is  relieved  as  already  noted.  In  addition,  cod-liver  oil 
has  a  specific  effect  on  mineral  metabolism,  probably  associated  with  the  antirachitic 
vitamine.  Feeding  of  cod-liver  oil  to  rachitic  children  restores  the  normal  calcium  and 
phosphorus  balance,  both  of  which  are  negative  in  rickets,  that  is,  more  is  excreted 
than  is  absorbed.  This  effect  is  brought  abotit  by  Increased  absorption  of  these  from 
the  bowel,  elimination  being  also  increased,  but  less  markedly  (Shih  Hao).  In  normal 
rabbits  the  excretion  of  calcium  is  decreased  (SjoUema).  The  usual  demineralization 
which  characterizes  active  tuberculosis  is  prevented  and  the  absorption  of  other  oils 
administered  with  cod-liver  oil  is  increased.  The  antirachitic  action  and  stimulation  of 
nutrition  are  not  dependent  on  the  fixed  oils,  but  are  shared  by  the  alcoholic  extract,  from 
which  these  are  absent. 

Therapeutics. — In  addition  to  its  therapeutic  virtues,  cod-liver  oil  has  a  decided 
nutritive  value,  being  among  the  most  readily  absorbed  of  all  the  oils.  It  also  con- 
tains two  vitnmines,  A  and  B.  It  should  be  given  as  a  food  in  all  cases  of  xinder- 
nonrisliment,  emaciation,  and  dehiJify  in  children  or  adults.  It  is  regarded  as  a  specific 
(on  account  of  its  vitamine  content)  in  xerophthalmia,  ricl-ets,  and  certain  forms  of 
retarded  growth  in  children. 

Whether  or  not,  as  is  now  being  affirmed,  cod-liver  oil  and  its  isolated  principles 
have  a  bactericide  virtue  against  the  tubercle  bacillus,  they  certainly  manifest  clini- 
cally a  special  power  to  promote,  not  only  nutritive,  but  also  resistive  and  reparative 
processes  in  the  subjects  of  tuberculosis;  chiefly,  of  course,  in  early  and  mild  cases, 
but  also  in  some  that  seem  severe  and  far  advanced.  This  is  doubtless  to  be  attributed, 
in  no  insignificant  degree,  to  the  fact  that  they  favor  calcium  metabolism.  As  else- 
where pointed  out,  calcification,  being  the  natural  healing  process  in  tuberculosis,  is 
obviously  to  be  favored  by  a  supply  of  calcium  beyond  ordinary  needs  and  by  measures 
to  promote  its  absorption  and  utilization.  Among  the  latter,  the  principles  of  cod- 
liver  oil  hold  a  high  place.  They  are  helpful  in  "surgical"  tuberculosis,  as  well  as  in 
pulmonary,  glandular,  and  other  "medical"  forms  of  infection. 

If  the  experience  of  Rogers  and  others  with  sodium  morrhuate  is  borne  out  by 
future  observations,  this  compound  may  prove  to  be  a  convenient  and  effective  form  for 
obtaining  the  benefits  of  cod-liver  oil  without  its  drawbacks.  The  morrhuate  is  given 
subcutaneously  in  3  percent,  solution,  the  initial  dose  of  1.5  minims  (0.1  cc.)  being  in- 
creased by  arithmetical  progression  until  the  maximum  of  15  minims  (1  cc.)  is 
reached.  If  local,  tuberculin-like  reaction  is  noted,  the  dose  is  to  be  reduced.  In 
place  of  the  morrhuate,  intramuscular  injection  of  cod-liver  oil  diluted  with  equal 
amounts  of  olive  oil  to  prevent  pain  may  be  given.  The  treatment  must  be  continued 
over  a  long  period  of  time,  lest  the  too  rapid  breaking  down  of  the  tubercle  bacilli 
flood  the  system  with  toxins.  It  has  been  suggested  that  small  doses  of  tuberculin  be 
given  with  the  sodium  morrhuate  in  order  to  increase  the  power  of  resistance  against 
these  toxins. 

Cod-liver  oil  is  of  special  value  in  ricJcets  because  of  its  nutritive  properties,  its 
growth-stimulating  vitamine  and  its  favorable  influence  on  calcium  retention.  It  is 
best  given  with  phosphorus,  or  calcium  lactophosphate,  although  many  consider  this 
unessential,  contending  that  the  antirachitic  virtues  are  present  in  sufiicient  quality 
and  quantity  in  the  oil,  and  that  the  phosphorus  in  the  food  will  be  properly  assimi- 
lated under  the  influence  of  the  oil  or  its  vitamines. 

On  the  theory  that  pleurisy  is  due  to  a  disturbance  of  the  calcium-Bodium  balance 
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— deficiency  of  the  former  and  excess  of  the  latter — ^Lunde  prescribes  a  diet  of  high 
calcium  content,  especially  milk  and  eggs,  and  then  gives  cod-liver  oil  to  fix  the 
calcium.  In  tetany  in  children  this  same  property  of  cod-liver  oil  is  utilized  in  con- 
junction with  the  exhibition  of  generous  doses  of  calcium  chloride. 

Cod-liver  oil  is  also  given  with  benefit  in  respiratory  catarrhs  unassociated  with 
tuberculosis;  in  subacute  and  chronic  tronchitis,  catarrhal  pneumonia,  and  frequent 
and*  persistent  colds  in  children  and  the  aged.  It  is  said  that  North  Sea  fishermen 
take  cod-liver  oil  in  2  ounce  doses,  with  success,  to  "break  up  a  cold." 

In  so-called  pre-tuberculous  conditions,  tabes  mesenterica,  enlargement  of  the  nech 
glands,  arteriosclerosis,  and  various  dermatoses,  such  as  lupus,  psoriasis,  scleroderma, 
and  ichthyosis,  cod-liver  oil  often  renders  distinct  service.  It  may  also  be  applied 
externally  in  these  affections,  especially  ichthyosis  and  scleroderma  if  the  disagreeable 
odor  be  not  objected  to;  it  may  be  applied  at  night  only. 

Cod-liver  oil  is  a  favorite  vehicle  for  creosote.  The  plain  oil  or  an  emulsion 
may  be  used  and  the  mixture  administered  in  liquid  form,  or  capsules  may  be  prepared 
in  which  the  creosote  is  dissolved  or  suspended  in  the  oil  or  in  a  derivative,  such  as 
the  alcoholic  extract  (morrhuol).  The  last  may  also  be  given  alone  in  capsules.  It 
is  not  a  food,  but  it  increases  the  appetite  and  assists  in  utilization  of  food  and  in  the 
healing  of  tuberculous  lesions.  In  certain  persons  by  whom  the  oil  is  not  well  borne, 
it  is  indispensable. 

Administration. — Cod-liver  oil  may  be  given  before,  during  or  after  meals.  For  a 
cliild  of  8  or  10  years,  one-half  teaspoonful  to  one  teaspoonful  (2  to  4  cc.)  2  or  3  times 
daily,  and  for  an  adult  two  to  four  teaspoonfuls  (8  to  15  cc.)  twice  or  thrice  daily, 
will  commonly  be  sufficient.  Children  quickly  become  accustomed  to  the  plain  oil,  and 
even  learn  to  like  it,  preferring  it  to  emulsions  and  taking  as  much  as  necessary. 
Adults  commonly  dislike  both  taste  and  odor  so  much  that  cover  or  concealment  is 
necessary — and  this  may  be  accomplished  in  various  ways,  of  which  emulsion  and  encap- 
sulation are  the  favorites.  Emulsions  may  be  of  any  strength  desired,  50  percent,  being 
the  rule.  The  addition  of  pancreatic  extract  and  sodium  bicarbonate  is  sometimes  de- 
sirable and  may  assist  digestion  and  assimilation  as  well  as  emulsification.  Peppermint, 
wintergreen  or  other  flavor  may  be  used;  and  malt  preparations  may  be  associated. 
Various  medicaments,  as  creosote  and  oil  of  phosphorus,  may  be  given  in  plain  cod-liver 
oil  or  added  to  the  emulsion. 

Quite  frequently  the  oil  is  enclosed  in  elastic  gelatin  capsules,  various  sizes  being 
on  the  market,  from  5  minims  to  a  fluidram  (0.3  to  4  cc).  Creosote,  oil  of  phosphorus, 
or  other  appropriate  medicament  may  be  dissolved  in  the  oil  and  encapsulated  therewith. 
Morrhuol  (gaduol)  may  be  given  in  bulk  but  is  commonly  encapsulated  and  often  asso- 
ciated with  creosote;  the  capsules  containing  1  minim  of  the  latter  and  3  to  5  minims 
of  the  former.  From  1  to  5  capsules  are  commonly  taken  at  a  time,  preferably  after 
meals.  On  the  basis  of  recent  laboratory  work  Hojer  cautions  against  production  of 
hypervitaminosis,  but  this  must  be  very  rare.  If,  however,  cod-liver  oil  incites  vomiting 
or  diarrhea  or  other  unpleasant  or  untoward  symptom,  the  dose  may  be  reduced  or  the 
method  of  administration  changed.  At  one  time,  cod-liver  oil  was  quite  commonly 
given  in  whiskey,  and  in  certain  cases,  this  is  still,  upon  occasion,  a  good  way. 

Cod-liver  oil  is  at  times  applied  externally,  by  inunction  to  the  abdomen,  or  to  the 
whole  body,  when  the  odor  can  be  borne,  in  the  attempt  to  compensate  for  lack  of  food 
or  to  supplement  the  small  quantity  that  can  be  taken  or  assimilated.  Lavender,  pep- 
permint, rose  geranium,  wintergreen  and  like  pleasant-smelling  oils  are  sometimes 
added  to  make  it  more  bearable.  In  very  young  infants  the  oil  is  sometimes  ex- 
hibited by  means  of  saturated  gauze  pads  held  in  place  over  the  abdomen  by  flannel 
binders. 

Protein  Nutrients 

Certain  nutrients  containing  protein  are  used  largely,  a  few  indeed  almost  exclu- 
sively, for  the  nourishment  of  the  sick  and  of  infants.  Among  them  are  milk  and 
preparations  of  its  proteins,  such  as  casein.    Many  modified  milks  are  on  the  market. 
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"but  apart  from  their  keeping  qualities,  which  are  of  advantage  to  travelers,  are  gen- 
erally inferior  to  fresh  milk  properly  modified,  by  preliminary  digestion  or  addition 
of  malt  or  other  carbohydrate.  Of  the  commercial  caseins,  some  of  which  have  been 
extensively  advertised,  none  is  better  than  plain  cheese  or  similar  food. 

Predigested  proteins,  of  which  peptone  is  the  best  example,  also  deserve  mention. 
These  are  of  advantage  because  of  their  liquid  form  and  ready  assimilability. 

Blood  and  hemoglobin  occupy  a  place  intermediate  between  protein  nutrients  and 
organic  iron  preparations. 

Materia  Medica. — Lac  Vaccixum  (N.F.),  Cow's  Milk. 

The  fresh  milk  of  the  domestic  cow,  Bos  taurus  Linne  (Fam.  Bovidce),  without 
modification  and  complying  with  the  legal  standards  of  the  state  or  community  in 
which  it  is  sold. 

Dose,  'ad  lib. 

L.4C  Fermentatum  (N.F.),  Fermented  Milk.  Abhr.,  Lac.  Ferment.  Synonum: 
Kumyss. 

Prepared  from  properly  fermented  fresh  cow's  milk,  compressed  yeast  and  sugar. 

Dose,  4  to  8  fluidounces  (125  to  250  cc). 

Caseinas  (N.N.R.),  Casein. 

The  protein  separated  from  milk  by  the  action  of  acids  and  enzymes  and  purified. 
Contains  not  less  than  15  percent,  of  nitrogen. 

Dose,  ad  lib. 

Modified  Milk  Products  (N.N.R.). 

Albumin  Milk-Hoos;  Mead's  Powdered  Protein  Milk;  Powdered  Protein  Milk- 
Merrell-Soule ;  Powdered  Whole  Lactic  Acid  Milk-Merrell-Soule ;  Protein  of  S.M.A. 
(acidulated)  ;  Mead's  Powdered  Lactic  Acid  Milk  (acidified  with  lactic  acid  (U.S.P.) ; 
Mead's  Powdered  Lactic  Acid  Milk   (cultured"). 

Dose,  used  to  meet  indicated  food  requirements. 

Ovum  Gallinaceum  (N.F.),  Fresh  Egg.  Ahhr.,  Ovum  Gallin.  Synonym:  Hen 
Egg. 

The  recently  laid  egg  of  the  hen. 

Dose,  ad  lib. 

Ovi  ViTELLUM  Eecens  (N.F.),  Fresh  Egg  Yolk.    Abbr.,  Ovi  Vitel. 

The  freshly  separated  yolk  of  the  recently  laid  egg  of  the  hen. 

Dose,  used  as  an  emulsifying  agent. 

Diabetic  Foods  (N.N.E.). 

Cellu  Flour;  Diaprotein  Prepared  Casein  Flour;  Hepeo  Flour;  Hoyt's  Gluten 
Special  Flour;  Hoyt's  Protein  Cereal;  Intarvin;  Lister's  Prepared  Casein  Diabetic 
Flour ;  Nutrivoid  Flour ;  Soy  Bean  Gruel  Flour. 

Dose,  used  in  dietotherapy  of  diabetes. 

Extractum  Carms  (N.F.),  Extract  of  Beef.  Abbr.,  Ext.  Carnis.  Synonym  : 
Beef  Extract,  Liebig  Extract. 

A  yellowish-brown  to  dark  brown,  slightly  acid,  pasty  mass,  with  an  agreeable 
meatlike  odor  and  taste. 

Dose,  ad  lib.  usually  used  with  hot  water  as  a  medium. 

Therapeutics. — The  protein  nutrients  are  foods  rather  than  medicines,  but  certain 
of  them,  which  have  special  applicability  in  the  sick  room,  demand  consideration  as 
therapeutic  agents. 

Of  these  the  most  important  is  cow's  milk,  or  in  certain  countries  the  milk  of 
goats  and  other  domestic  animals,  which  forms  the  mainstay  in  the  diet  of  infants 
and  is  the  chief,  sometimes  the  exclusive  diet  of  adults  in  many  illnesses,  especially 
the  acute  infectious  fevers,  and  certain  metabolic  disorders  and  affections  or  infirmi- 
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ties  of  the  kidneys.  Goats'  milk  and  asses'  milk  are  both  said  to  have  remedial  virtue 
in  tuberculosis. 

Milk  may  be  modified  in  various  ways  according  to  the  indications  of  the  in- 
dividual case,  to  increase  palatability,  to  ensure  better  digestion  or  assimilation,  to 
avoid  constipation,  or  simply  upon  empirical  evidence  of  the  benefit  of  certain 
modifications  in  disorders  of  digestion  and  malnutrition.  Such  preparations  are 
made,  for  example,  by  treatment  with  bacterial  cultures  (producing  lactic  acid  milk, 
artificial  buttermilk,  kumyss,  kefir,  matzoon,  etc.),  by  spontaneous  souring,  by  butter 
making  (leaving  true  buttermilk),  by  skimming  to  diminish  the  fat  content,  or  on 
the  other  hand,  especially  with  infants,  in  tuberculosis  and  in  diabetes,  by  adding 
cream  in  appropriate  proportions.  Sometimes  cream  is  used  undiluted;  or  at  the 
other  extreme,  whey  is  produced  by  coagulating  the  casein  by  wine  or  rennet  and 
straining  out  the  coagulum.  This  clear  liquid,  containing  no  fat  and  just  escaping 
being  water  by  the  presence  of  a  small  amount  of  albumen  and  salts,  often  is  of  some 
little  service  as  a  food,  and  assists  in  overcoming  nausea  and  in  bringing  the  nervous 
and  secretory  apparatus  of  the  stomach  gradually  to  tolerate  articles  of  higher  nutritive 
value.  When  made  with  wine,  this  also  contributes  to  the  good  effect.  The  curds 
remaining  after  the  whey  has  been  extracted  (which  are  mixtures  of  casein  and  fat), 
or  the  junket  (the  first  product  of  the  rennet)  which  contains  both  curds  and  whey, 
and  thus  the  full  food  value  of  the  milk,  are  useful  foods,  unirritating  and  partially 
digested,  and  thus  of  service  in  convalescence,  especially  from  typhoid  fever,  and  in 
other  conditions  where  semisolid  food  is  desirable. 

Pancreatin  and  sodium  bicarbonate  may  be  used  with  milk  to  initiate  digestion 
within  the  stomach  or  to  effect  digestion  (predigestion)  before  administration.  When 
the  pancreatic  powder  is  given  in  cold  water  just  before  or  after  the  milk,  preferably 
warm,  is  taken,  or  dissolved  in  cold  water  and  mixed  with  hot  milk  just  before  the 
latter  is  to  be  swallowed,  the  disagreeable  taste  that  comes  with  peptonization  is 
avoided.  Such  an  expedient  is  especially  helpful  in  typhoid  fever,  not  alone  in  pro- 
moting nutrition  by  making  digestion  easier,  but  by  preventing  the  formation  of 
large  curds  that  might  act  as  irritants  in  the  intestine,  or  even  be  the  determining 
factor — the  straw  on  the  wrong  side  of  the  balance — in  bringing  about  hemorrhage. 
Completely  peptonized  milk  with  various  additions,  such  as  predigested  beef  powder, 
eggs  or  egg  fractions,  glucose,  etc.,  is  utilized  for  nutrient  rectal  injections  and  for 
feeding  by  stomach  tube  (gavage).  That  attempts  at  rectal  feeding  are  futile  is  con- 
tended by  theorists,  but  is  not  true.  Gavage — when  there  is  no  contraindication,  moral 
or  physical,  to  the  use  of  the  tube — is  of  service,  not  alone  with  the  insane,  or  others 
who  may  refuse  to  eat,  but  also  in  tuberculosis  and  less  frequently  in  diabetes,  to 
check  wasting  and  build  up  resistance.  ; 

Destructive  Agents 

The  systemic  use  of  medicinal  agents  for  destructive  action  on  the  tissues  or 
cells  of  the  body,  is  limited  by  the  fact  that  the  physician  commonly  desires  to  destroy 
only  one  tissue  or  type  of  cell,  while  most  of  the  destructive  agents  are  so  called 
"protoplasm  poisons"  acting  more  or  less  equally  on  all  cells.  In  general  the  tissue 
destruents  administered  systemically,  attack  with  greatest  severity  the  portals  of 
ingress  and  of  egress,  as  the  gastroenteric  tract  and  the  kidneys.  The  liver  is  also 
peculiarly  subject  to  such  destructive  influences.  Acids,  alkalis  and  the  salts  of  heavy 
metals  attack  the  gastroenteric  mucosa,  and  many  metallic  salts,  as  those  of  chromium, 
mercury  and  uranium,  attack  the  renal  epithelium  also. 

The  present  group,  however,  deals  particularly  with  those  agents  which  exert  a 
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more  specific  influence,  destroying  or  injuring  one  type  of  cell  with  doses  which 
have  little  or  no  appreciable  eflFect  on  other  types. 

Cells  which  are  already  in  a  state  of  poor  nutrition  appear  to  be  attacked  by 
certain  agents  known  as  "alteratives,"  including  mercurials,  iodine  and  its  com- 
pounds, and  arsenicals.  Probably  related  to  this  action  is  the  asserted  specific  effect 
of  certain  metals,  including  copper  and  lead,  on  the  cells  of  cancerous  tumors. 

More  truly  specific  in  nature  are  the  effects  of  certain  medicaments  on  parenchy- 
matous organs,  for  example  that  of  phosphorus  and  of  arsenic  on  the  liver.  The  walls 
of  the  blood  vessels  are  specifically  injured  by  arsenic  and  by  snake  venoms  (crotalin) 
and  perhaps  by  epinephrine.  The  blood  cells  are  destroyed  by  benzol  and  the  red 
cells  injured  by  anilin  and  certain  of  its  compounds.  Fatty  tissues  appear  to  suffer 
from  the  administration  of  thyroid  gland  preparations  and  of  Phytolacca,  both  of 
which  are  used  to  control  obesity.  The  connective  tissues  are  softened  and  scar  tissue 
rendered  more  extensible  by  thiosinamine  and  by  gold  and  sodium  chloride. 

Less  strictly  destructive  in  their  action  are  those  agents  which  stimulate  the 
metabolic  processes  of  all  the  cells  and  thus  increase  body  waste,  perhaps  secondarily 
stimulating  the  processes  of  repair.  Such  action  is  exerted  by  the  iodides,  by  the 
related  thyroid  gland  preparations,  by  alkalis  and  by  colchicum. 

AH  of  these  agents,  excepting  thiosinamine,  have  more  important  topical  or 
systemic  actions,  and  will  be  found  under  other  appropriate  headings. 

Connective  Tissue  Destruents 
Thiosinamine 

Thiosinamine,  which  is  obtained  by  acting  on  oil  of  mustard  with  alcohol  and 
ammonia,  has  the  formula  S -.CCNHJNH.CjHg.  It  is  only  slightly  soluble  in  water 
and  distinctly  irritating  when  injected.  These  disadvantages  are  overcome  by  adding 
sodium  salicylate,  with  which  it  forms  a  freely  soluble  and  non-irritating  combination. 

Summary  of  Actions  and  Uses. — Thiosinamine  does  not  resemble  oil  of  mustard  in 
action,  having  no  effect  on  the  intact  skin  and  mucosae.  Systemically  it  induces  nausea 
and  vomiting  with  headache,  and  depression  of  the  respiratory  center.  It  has  a  specific 
action  on  newly  formed  connective  tissue,  softening  recent  scars  and  permitting  move- 
ment of  stiff  joints  and  stretching  of  contracted  skin  and  mucous  membranes.  It  is  used 
solely  for  such  purposes  in  medicine. 

It  relaxes  scars  from  burns,  fibrous  ankyloses,  and  urethral  stricture.  It  is  said 
to  reduce  uterine  fibroma  and  to  clear  corneal  opacities.  Its  benefit  is  greater  when  asso- 
ciated with  massage. 

Materia  Medica. — TniosiN.ntiNA  (N.IST.R.),  Thiosinamine.  Ahhr.,  Thiosin.  Syn- 
onyms: Allylsulphocarbamide,  AUylthio-urea. 

Colorless  crystals  with  a  bitter  taste  and  faint  garlicky  odor.  Soluble  in  2  parts 
of  alcohol,  in  10  parts  of  glycerin  and  in  18  parts  of  water. 

Dose.  Vo  to  3  grains  (0.03  to  0.2  Gm.). 

FiBROLVsiN  (unofficial),  Fibrolysin.     Synonym:    Thiosinamine  sodium  salicylate. 

A  15  percent,  solution  of  a  double  salt  of  thiosinamine  and  sodium  salicylate. 

Dose,  30  minims  (2  cc.)   corresponding  to  3  grains  (0.2  Gm.)   of  thiosinamine. 

loDOLVsiN  (unofficial),  lodolysin. 

A  compound  said  to  contain  43  percent,  of  thiosinamine  and  47  percent,  of  iodine. 

Dose,  5  to  8  grains  (0.3  to  0.5  Gm.). 

Thiosin.\mine-ethyl-Iodide  (unofficial),  Thiosinamine-ethyl-iodide.  Synonym: 
Tiodine. 

A  compound  of  thiosinamine  with  ethyl  iodide.     Occurs   in   form   of  colorless 
crystals,  readily  soluble  in  water  or  alcohol. 
-■  ■    Dose.  IV2  to  3  grains  (0.1  to  0.2  Gm.). 
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CiRRHOLYSiN  (unofficial),  Cirrholysin.  Synonym:  Thiosinamine  bismuth  tri- 
iodide. 

A  compound  of  1  molecule  each  of  thiosinamine  and  bismuth  tri-iodide. 
Dose,  by  mouth  1  to  2  grains  (0.05  to  0.1  Gm.)  daily. 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Thiosinamine  is  not  very 
soluble  in  the  digestive  or  body  juices  and,  given  either  subcutaneously  or  by  mouth, 
is  absorbed  slov/iy.  Associated  with  sodium  salicylate  it  is  rapidly  taken  up  and  may 
be  given  intravenously.  The  drug  acts  from  the  blood  and  it  is  not  necessary  to  inject 
near  the  affected  part.  Elimination  is  chiefly  in  the  urine  unaltered,  but  a  small  portion 
is  decomposed  to  ethyl  sulphide  and  passes  out  from  the  lungs. 

Topical  Action. — Although  thiosinamine  has  no  bactericidal  power,  it  is  slightly 
antiseptic,  1  percent,  solutions  hindering  the  growth  of  bacteria  and  molds. 

Thiosinamine  has  no  effect  on  the  unbroken  skin,  perhaps  because  it  is  not  absorbed. 
Injected  hypodermically  it  gives  rise  to  severe  pain  and  edema.  This  local  action  is 
due  in  part  to  insolubility,  the  freely  soluble  sodium  salicylate  combination  not  show- 
ing  it. 

The  most  interesting  action  of  thiosinamine  is  that  on  new-formed  scar  tissue,  and 
although  this  may  take  place  at  a  distance  from  the  point  of  injection,  it  is  essentially 
topical  in  character.  There  is  a  softening  of  the  recent  fibrous  masses,  dependent  on  or 
associated  with  infiltration,  the  fibers  being  swollen  and  separated  by  lymph  and  leuco- 
cytes. Thiosinamine  is  not  chemotactic  and  capillary  tubes  filled  with  it  do  not  attract 
leucocytes.  The  edema  which  occurs  at  the  site  of  injection  may  throw  some  light  on 
the  nature  of  its  action.  The  chemical  basis  for  the  action  is  not  clear.  The  drug  is 
said  to  dissolve  certain  proteins,  but  not  those  of  the  tissues.  It  hastens  the  conversion 
of  collagen  to  gelatin,  which  occurs  slowly  in  alkaline  solutions  at  body  temperature, 
and  its  effects  may  depend  on  a  similar  action  in  the  tissues. 

Its  usefulness  is  much  increased  if  the  relaxed  scar  tissue  is  actively  stretched  by 
massage  (ankyloses,  scars  from  burns)  or  by  passage  of  bougies  (urethral  or  esophageal 
stricture)  or  by  systematic  exercises  (abdomen,  chest);  without  this,  no  benefit  may  be 
noted.  Reduction  in  size  of  fibroma  of  the  uterus  and  clearing  of  corneal  opacity  have, 
however,  been  reported.  Old  scars  and  recent  inflammatory  lesions  are  not  likely  to  yield 
good  results,  and  even  in  selected  cases  some  will  not  respond.  In  cases  of  healed  ulcer 
of  the  stomach,  the  danger  of  hemorrhage  must  be  considered. 

Toxic  and  Systemic  Action. — The  systemic  effect  of  thiosinamine  which  is  most 
generally  noted  after  medicinal  doses  is  a  brief  diminution  of  the  number  of  circulat- 
ing leucocytes,  followed  by  a  marked  increase.  Larger  doses  act  on  the  vomiting  center, 
causing  nausea,  salivation,  and  even  obstinate  vomiting.  There  is  no  purging.  The  heart 
and  blood-pressure  are  affected  only  slightly  by  even  enormous  doses,  although  in  fatal 
cases  there  are  widespread  hemorrhages.  The  respiratory  center  is  depressed  by  all 
doses  which  are  acutely  toxic.  It  is  this  depression  which  leads  to  death  in  fatal  poison- 
ing. The  metabolism  is  profoundly  affected  by  large,  repeated  doses.  Emaciation  is 
marked  and  excretion  of  urea  may  be  doubled  in  rabbits.  The  widespread  fatty  changes 
found  in  the  heart,  kidney,  and  liver  may  also  be  due  to  some  obscure  alteration  in 
nutrition.  Toxic  doses  cause  in  rabbits  a  marked  fall  in  body  temperature.  The  central 
nerve  system  is  depressed,  the  chief  manifestation  being  apathy  which  in  rats,  after  a 
dose  of  50  mgm.,  may  deepen  into  narcosis.  Reflexes  are  lessened  only  by  doses  which 
are  markedly  toxic.  The  kidneys  are  not  influenced.  Frogs  show  general  edema  and 
motor  paralysis,  the  heart  beating  long  after  reflexes  are  lost. 

The  fatal  dose  in  frogs  is  about  0.5  Gm.  per  100  Gm.;  in  mammals  it  is  only  one- 
fifth  of  this,  about  1  Gm.  per  kilo. 

Many  cases  of  poisoning  in  man  have  been  reported,  although  the  symptoms  were 
generally  disagreeable  rather  than  dangerous.  The  toxic  dose  is  not  a  definite  one.  The 
usual  dose  in  man  is  0.2  Gm.  subcutaneously  and,  although  the  first  dose  of  this  rarely 
is  toxic  and  at  most  is  followed  by  slight  nausea  and  headache,  there  is  often  increased 
susceptibility  after  the  first  dose,  so  that  after  the  third  or  fourth  dose  one  sees  more 
severe  headaches,  with  persistent  nausea,  followed  by  vomiting  and  salivation.  Apathy 
and  fever  may  occur  also.  In  other  cases  there  is  a  tendency  to  hemorrhage.  A  few 
cases  of  purpuric  eruptions  are  reported,  as  well  as  hemorrhagic  plaques  in  the  throat, 
and   in   one   instance   uterine   hemorrhage   resembling   menstruation    occurred.     Several 
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times  epistaxis  was  noted,  especially  in  persons  with  arteriosclerosis,  in  whom  thiosin- 
amine  should  be  used  with  great  caution. 

Therapeutics. — Thiosinamine  is  used  solely  for  its  softening  effect  on  scar  tissue. 
It  is  given,  with  more  or  less  success,  for  keloid;  the  loosening  of  contracted  scars 
following  extensive  burns;  deafness  due  to  otosclerosis;  Dupuytren's  contracture; 
esophageal,  pyloric,  rectal,  and  urethral  strictures;  fibrous  ankylosis  following  joint 
injuries  or  long  immobilization  in  the  treatment  of  fractures;  symblepharon  and 
eniropioi  following  trachoma;  arteriosclerosis;  multiple  sclerosis  of  the  central  nerve 
structures,  and  with  apparent  benefit  at  times,  but  by  no  means  in  all  cases,  for 
painful  postoperative  abdominal  adhesions  in  the  absence  of  history  of  ulcer  or 
necessity  for  protection  of  operative  fields.  The  results  of  treatment  are  better,  the 
more  recent  is  the  fibrous  formation,  and  as  a  rule,  scars  and  fibroses  of  many  years 
standing,  such  as  are  usually  found  when  a  patient  with  otosclerotic  deafness, 
Dupuytren's  contracture,  tabes  dorsalis,  etc.,  presents  himself  for  treatment,  are 
unaffected.  When  the  fibrous  new  formations,  such  as  strictures,  ankyloses,  and 
cicatrices  following  burns,  do  soften,  they  must  be  stretched  mechanically  by  bougies, 
massage,  passive  movements,  appropriate  voluntary  exercises,  etc. ;  Otherwise  no 
permanent  benefit  will  follow.  In  the  treatment  of  synechia,  mydriatics  should  be 
given  after  thiosinamine  has  been  used  for  a  week  or  two. 

When  the  patient  has  other  scars  which  are  protective  in  function,  as  after  an 
abdominal  operation  or  the  healing  of  a  gastric  or  duodenal  ulcer,  thiosinamine  is 
contraindicated. 

Administration. — Thiosinamine  may  be  given  by  the  mouth  in  doses  of  1  or  2  grains 
(0.06  to  0.13  Gm.),  twice  or  three  times  a  day,  or  it  may  be  injected  hypodermically  or 
intramuscularly  in  doses  of  20  minims  (1.3  cc.)  in  aqueous  solution  twice  a  day.  Usually, 
however,  it  is  administered  in  the  form  of  a  solution  of  thiosinamine  and  sodium 
salicylate,  called  fibrolysin,  which  comes  in  ampules  representing  5  grains  (0.3  Gm.) 
of  thiosinamine;  an  Injection  into  the  gluteal  muscles  of  the  contents  of  one  ampule 
is  given  daily.  To  render  it  possible  to  attempt  a  long  continued  effect  through  medica- 
tion by  mouth  without  irritating  the  stomach  and  to  get  the  possible  additional  resorptive 
effect  of  iodine,  the  compound  allyl-sulpho-carbamide-bismuth-triiodide  has  been  intro- 
duced. It  is  given  in  tablets  containing  each  i/J^  grain  (0.006  Gm.),  the  size  of  the 
dose  being  gradually  increased  up  to  1  grain  (0.06  Gm.)  once  to  thrice  daily,  preferably 
with  meals;  the  duration  of  treatment  and  such  intermissions  as  may  be  needed  are 
governed  by  the  absence,  or,  if  present,  the  degree,  of  reaction. 

ORDER  III.   FUNCTION  MODIFIERS 
DRUGS  ACTING  ON  THE  ALIMENTARY  SYSTEM 

The  drugs  affecting  the  digestive  system  may  be  considered  as  acting  in  one 
of  three  ways:  (1)  By  influencing  the  function  of  the  secretory  glands,  stimulating 
or  depressing  their  activity;  (2)  by  influencing  the  musculature  of  the  alimentary 
canal,  exciting  or  quieting  it;  (3)  by  acting  directly  on  the  contents  of  the  canal, 
either  on  the  food  as  digestant  agents,  on  gases  as  absorbents,  or  on  microorganisms 
as  antiseptics.  In  practice  it  is  found,  however,  that,  esjiecially  as  regards  the  intes- 
tine, no  line  can  be  drawn  between  those  agents  which  influence  secretion  and 
those  which  alter  motion,  and  it  is  more  practicable  to  separate  the  members  of 
the  first  two  groups  into  (1)  stimulants  of  secretion  or  motion,  and  (2)  depressants 
of  secretion  or  motion.    The  third  group,  as  described,  may  be  termed  adjuvants. 

The  alimentary  canal,  with  its  dependent  glands,  occupies  a  peculiar  position 
among  the  functional  systems,  in  that  it  is  the  usual  route  by  which  nutritive  as 
well  as  medicinal  substances  are  taken  into  the  body.    Many  of  the  foods  and  the 
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materials  "used  in  the  preparation  of  food,  such  as  flavors,  are  useful  medicaments, 
employed  for  their  action  on  the  digestive  tract  itself,  or  on  other  structures.  The 
sweetening  agents — sugar,  honey,  syrup,  useful  in  pharmacy  for  increasing  the 
palatability  of  bitter  drugs — are  also  valuable  foods.  Such  substances  will  not 
receive  extended  consideration  in  this  book.  'Not  will  flavoring  agents,  such  as 
vanilla,  caramel,  chocolate,  etc.,  or  substances  used  for  coloring  medicines  and  thus 
making  them  more  attractive  to  the  eye,  for  example,  saffron,  cochineal,  cudbear, 
and  red  saunders.  Two  drugs  which  are  used  as  sweetening  agents,  or  to  hide  the 
taste  of  bitter  substances,  namely,  slaccharin  and  eriodictyon,  are,  however,  briefly 
described. 

The  ferments  of  the  digestive  tract — pepsin,  pancreatin,  diastase,  and  secretin, 
as  well  as  the  plant  ferment,  papayin — are  described  here;  the  organized  ferments, 
so-called,  yeast,  Bacillus  hvlguricus  and  B.  acidophilus,  are  taken  up  with  "Agents  of 
Biologic  Defense," 

The  function  of  the  alimentary  tract  as  the  portal  of  foods  and  drugs  exposes 
it  constantly  to  the  danger  of  injury  by  poisonous  agents.  It  is  provided  with  a 
complex  mechanism  for  ridding  itself  of  such;  comprising  expulsion  from  the  stomach 
by  vomiting  or  from  the  bowels  by  diarrhea;  and  destruction  or  modification  by 
digestive  ferments  or  other  secretions. 

Many  di'ugs  and  poisons  excite  the  act  of  vomiting  and  certain  of  them  find 
usefvil  employment  as  emetics.  In  general,  any  substance  which  causes  vomiting  by 
local  irritant  action  will  cause  catharsis  if  given  in  large  enough  dose,  or  if  not 
completely  vomited.  Almost  any  agent,  even  water,  will  provoke  emesis  if  swallowed 
in  excessive  amount,  but  certain  substances  are  particularly  prone  to  do  so.  Con- 
centrated solutions  of  freely  soluble  salts,  such  as  sodium  bromide,  or  potassium 
iodide,  taken  even  in  moderate  quantity  into  an  empty  stomach,  are  effective  emetics, 
and  table  salt,  sodium  chloride,  is  often  used  as  such.  Vomiting  and  purgation, 
often  associated  with  injury  of  the  mucous  membrane,  are  caused  by  strong  acids 
and  alkalis  and  also  by  large  doses  of  most  of  the  soluble  salts  of  the  heavy  metals. 
Alum,  copper  sulphate,  arsenicals,  cerium  nitrate,  chloride  of  gold,  acetate  of  lead, 
sulphate  of  iron,  mercuric  chloride,  silver  nitrate,  zinc  chloride,  and  similar  com- 
pounds may  all  excite  this  protective  mechanism  of  vomiting  and  diarrhea.  Many 
irritant  plant  principles  provoke  a  similar  reaction,  poke  and  mustard  being  utilized 
as  emetics.  In  most  instances  the  tendency  to  cause  vomiting  is  a  drawback  to  the 
use  of  the  medicine.  The  irritating  factor  often  resides  in  ill-defined  bitter  principles, 
as  in  poke,  but  may  be  alkaloidal  (aconite,  larkspur),  glucosidal  (squill),  fatty  (cro- 
ton  oil),  or  albuminous  (abrin,  ricin).  The  simpler  phenolic  bodies,  especially  creo- 
sote and  guaiacol,  cause  emesis  in  overdose.  Nausea  and  vomiting  often  follow 
narcosis  by  ether  and  chloroform,  and  seem  to  be  associated  with  acid  intoxication. 
Few  bacterial  toxins  cause  vomiting,  although  acute  infectious  fevers  are  often  ushered 
in  by  it.  > 

The  act  of  emesis  may  also  be  provoked  by  direct  or  reflex  action  on  the  vomit- 
ing center  in  the  medulla.  Apart  from'  salt  and  mustard,  most  of  the  drugs  used 
as   emetics  act  centrally. 

In  addition  to  the  protective  mechanism  for  the  direct  removal  of  injurious  sub- 
stances, the  digestive  tract  has  means  for  destroying  many  poisons  or  otherwise 
rendering  them  innocuous.  Acids  are  neutralized  by  alkaline  saliva  and  intestinal 
secretions;  alkalis  by  the  acid  gastric  juice.  The  irritant  qualities  of  heavy  metals 
are  reduced  by  combination  with  mucus  or  with  foodstuffs,  such  as  proteins,  which 
are  present  in  the  stomach  and  bowel.  Many  poisons  are  rendered  innocuous  in  liver, 
often  by  union  with  glycuronic  or  sulphuric  acids. 
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These  protective  mechanisms  can  be  aided  by  the  use  of  druprs  of  the  demulcent 
or  emollient  classes,  including:  p:ums,  starch,  mucilages,  gelatin,  lard,  olive  oil  and 
cotton-seed  oil,  as  well  as  by  foods  which  dilute  the  irritant  substance  or  combine 
with  it.  Cornstarch,  bread,  white  and  yolk  of  egg,  butter,  and  other  foods  may  thus  be 
of    service. 

Turning  from  these  general  considerations  to  the  treatment  of  ailments  affect- 
ing the  digestive  tract,  we  may  divide  these  into  derangements  of  the  secretory 
functions  and  disturbances  of  the  motor  mechanisms. 

Secretory  Derangements:  Salivary  Olands. — Deficiency  of  saliva  is  not  often 
seen  and  may  commonly  be  relieved  by  chewing  any  inert  substance:  rubber,  chew- 
ing gum,  etc.,  or  by  allowing  gelatin  (pastilles)  or  other  demulcent  to  dissolve  slowly 
in  the  mouth.  The  secretion  is  excited  reflexly  by  sweets,  especially  by  allowing 
sugar  (hard  candy)  to  dissolve  in  the  mouth;  also  by  alcohol,  saponins,  bitters  and 
aromatics,  as  well  as  pyrethrum  and  xanthoxylum.  All  nauseants  and  emetics  cause 
reflexly  an  increased  flow  of  saliva  in  dose  smaller  than  that  which  provokes  vomiting. 
The  secretion  may  also  be  evoked  through  stimulation  of  the  parasympathetic  system 
by  pilocarpine,  physostigmine,  muscarine,  choline,  and  nicotine;  or  of  the  true  sympa- 
thetic by  epinephrine,  mercurials,  camphor,  and  iodides.  The  association  of  reflex 
and  nerve  influence  is  seen  with  antimonials  and  may  excite  profuse  flow,  as  from 
the  chewing  of  tobacco.  In  cats  and  dogs,  large  doses  of  atropine  increase  the  response 
to  reflex  stimuli  (Arima). 

The  flow  of  saliva  is  checked  by  astringents  as  well  as  by  certain  drugs  which 
are  especially  effective  against  salivation  of  parasympathetic  and  reflex  origin,  includ- 
ing atropine,  stramonium,  and  hyoscine;  and  in  certain  instances  by  minute  doses 
of  pilocarpine,  through  secondary  action.  Opium  and  its  alkaloids  control  true  sym- 
pathetic salivation. 

Many  drugs  are  excreted  in  the  saliva,  among  the  more  important  being  iodides, 
bromides,  mercury  and  lead  compounds,  methenamine  and  a  few  alkaloids,  including 
quinine  and  morphine. 

Stomach. — The  secretion  of  the  gastric  juice  is  stimulated  directly  or  reflexly 
by  peptones  and  meat  extracts,  as  well  as  by  bitter  substances.  The  reflexes  are 
partly  from  the  mouth  and  throat,  so  that  it  is  not  necessary  for  the  excitants  to 
reach  the  stomach,  in  order  to  produce  an  increase  in  the  flow.  Alkalis  cause  an 
increase,  involving  especially  the  acid,  by  action  on  the  stomach.  Pilocarpine,  choline, 
morphine,  and  alcohol  excite  the  secretion  by  action  on  the  sympathetic  nerve  system. 

Excessive  secretion  may  be  diminished  to  some  extent  by  fats  and  oils,  but 
excess  of  pepsin  does  no  harm,  as  it  is  destroyed  on  entering  the  bowel,  and  excess 
acid  is  more  advantageously  counteracted  by  the  use  of  antacids — among  which  are 
sodium  bicarbonate,  chalk,  magnesium  carbonate  and  oxide,  strontium  lactate,  and 
other  oxides  and  carbonates  of  the  alkalis  and  alkaline  earths — than  by  the  use  of 
euch  agents  as  belladonna  and  its  alkaloids  and  congeners.  Pilocarpine  in  frequent 
minute  doses  may  be  of  use  (by  secondary  action)  in  cases  in  which  the  excessive 
secretion  is  part  of  a  general  autonomic  imbalance.  Opium,  and  bromides  as 
well  as  local  anesthetics,  such  as  procaine  or  apothesine,  are  also  of  service  in  such 
conditions  by  allaying  local  or  general  excitation.  The  administration  of  dilute  acids 
in  small  doses  before  meals  may  be  a  better  expedient  than  any,  in  accordance  with 
a  fairly  general  biologic  reaction  that  has  been  thus  formulated:  "The  end-product 
of  an  action  brings  the  action  to  an  end."  Thus  alkalis  applied  to  the  duct  mouths 
of  glands  of  alkaline  secretion,  or  acids  to  those  of  acid  secretion,  check  their  action ; 
the  presence  of  peptone  in  certain  quantity,  checks  peptic  digestion,  and  so  on. 
■        The  irritant  effects  of  excessive  secretion  may  be  relieved  somewhat  by  swallow- 
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ing  protectives  and  demulcents,  such  as  cerium  oxalate,  bismuth  subcarbonate,  char- 
coal, Irish  moss,  licorice,  and  gelatin. 

Many  substances  are  excreted  into  the  stomach,  and  this  fact  must  be  borne 
in  mind  on  account  of  the  reabsorption  which  occurs  when  they  again  pass  into 
the  bowel;  this  is  of  peculiar  importance  in  the  treatment  of  poisoning  by  such 
agents,  as  the  stomach  must  be  washed  out,  or  antidotes  administered,  at  frequent 
intervals.  This  precaution  must  be  observed,  for  example,  with  compounds  of  anti- 
mony, arsenic,  or  mercury. 

Intestines. — The  occurrence  of  true  intestinal  indigestion,  occasioned  by  lack 
of  secretion  of  the  enteric  ferments,  e.g.,  erepsin  and  maltase,  is  rare  and  the  fer- 
ments are  replaced  by  those  of  the  stomach  and  pancreas,  which  are  also  more 
readily  stimulated  by  drug  action.  The  secretion  of  mucus  is  increased  under  the 
administration  of  carbonates. 

Excessive  secretion  of  mucus  is  not  uncommon  and  may  be  met  by  astringents, 
hematoxylon  being  of  especial  value.  Large  doses  of  bismuth  subcarbonate  and  minute 
doses  of  copper  salts  are  also  used.  Kegulation  of  diet  and  drinking  large  amounts 
of  water,  perhaps   alkaline,  will  often  be  more  beneficial   than  medication. 

The  heavy  metals,  such  as  lead,  mercury,  and  iron,  are  excreted  through  the 
bowel  wall,  as  are  varying  proportions  of  the  sulphates,  phosphates,  and  tartrates 
of    the    alkalis    and   alkaline    earths. 

Motor  Disturbances:  Stomach. — Most  cathartics  excite  also  the  motor  mechanism 
of  the  stomach,  increasing  both  tonus  and  peristaltic  movements.  The  aromatic  bit- 
ters and  carminatives  also  hasten  the  passage  of  food  through  it.  Many  of  these 
owe  their  action  to  essential  oils,  but  other  volatile  oils,  such  as  those  of  winter- 
green,  capsicum,  piper,  and  allium,  as  well  as  small  doses  of  alcohol,  have  a  similar 
effect.  The  motor  nerve  apparatus  is  directly  excited  by  pilocarpine,  arecoline,  nico- 
tine, ergotoxine,  and  digitalis.  Reversed  peristalsis  is  often  excited  by  emetics.  The 
gastric  motor  mechanism  is  depressed  by  the  action  of  opium,  cocaine,  atropine,  and 
epinephrine. 

Intestine. — The  entire  extent  of  the  large  and  small  intestine  is  influenced  in  a 
similar  manner  by  both  stimulants  and  depressants,  although  the  relative  effect  on 
different  portions  varies  somewhat  from  one  agent  to  another.  The  motor  apparatus 
is  stimulated  by  cathartics,  most  of  which  are  administered  by  mouth,  and  some  of 
which,  e.g.,  magnesium  sulphate,  exert  other  actions  when  given  parenterally.  No 
thoroughly  satisfactory  cathartic  for  parenteral  administration  has  been  found. 

Excessive  peristalsis  is  commonly  a  physiologic  reaction  designed  to  remove  an 
irritating  substance  from  the  bowel,  and  should  not  be  checked  without  good  reason. 
If  it  continues  too  long,  or  seems  unduly  severe,  it  may  be  controlled  by  the  use  of 
opium  (which  is  more  effective  than  morphine),  camphor,  lead  acetate,  and  indirectly 
by  all  substances  which  check  secretion  of  mucus.  Frequently  when  the  bowel  is  in 
a  state  of  irritation,  there  are  irregular,  spasmodic  muscular  contractions, — cramps. 
These  may  be  checked  by  atropine,  hyascyamus,  and  certain  sedatives,  which  are 
added  to  purgative  or  other  mixtures  to  check  or  prevent  colic.  Among  these  are 
chloroform  by  mouth,  chloral,  valerian  and  the  benzyl  esters.  An  intravenous  injection 
of  a  full  dose  of  epinephrine  will  cause  a  brief  cessation  of  all  intestinal  movements 
with  complete  relaxation  of  the  bowel.  Atropine  is  unique  in  that  it  tends  to  excite 
the  plexus  of  Auerbach,  which  effect  is  overcome  by  its  sedative  action  on  the  sympa- 
thetic nerve  endings. 

The  motor  apparatus  of  the  gastroenteric  tract  is  influenced  by  many  drugs 
which  are  not  often  used  in  medical  practice  for  this  purpose.  Several  of  these  act 
through  the  autonomic  system,  and  these  generally  cause  one  of  two  syndromes. 
Either  they  induce  increased  tonus  and  peristalsis  in  the  stomach  and  upper  and 
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lower  bowel,  with  contraction  of  the  cardiac  sphincter  of  the  stomach  and  relaxation 
of  the  pyloric  and  internal  anal  sphincters,  or  they  have  the  opposite  action  on  each 
of  these  structures.  The  effects  described  are  produced  by  pilocannne,  physostigmine, 
pituitrin,  arecoline,  ergotoxine,  apocodeine,  small  doses  of  nicotine,  and  to  a  less  extent 
by  conium,  gelsemium,  and  lobelia.  The  opposite  syndrome  is  induced  by  atropine, 
hyoscyamus,  scopolamine,  epinephrine  and  large  doses  of  nicotine.  With  very  minute 
doses,  the  effects  of  any  of  these  "autonomic"  drugs  may  be  reversed. 

Alimentary  Stimulants 

Sialagogues 

Agents  which  cause  an  increased  secretion  of  saliva  are  called  sialagogucs  or 
ptyalagogues.  They  are  of  two  kinds,  according  to  their  mode  of  action,  which  may 
be  rcftex  through  the  sense  organs,  either  of  sight,  taste,  or  smell,  or  direct,  by  action 
upon  the  nerve  centers  controlling  the  salivary  secretions,  or  upon  the  glands 
themselves.  The  number  of  drugs  which  have  a  sialagogue  action  is  quite  large, 
embracing  all  the  bitters  and  aromatics,  which  act  reflexly,  and  in  addition  those 
substances  which  stimulate  the  secretion  directly,  after  their  absorption.  Among 
the  latter  are  the  iodides,  antimonials,  emetics,  certain  of  the  expectorants,  such  as 
sanguinaria,    muscarine,   nicotine,   physostigmine   and   pilocarpine. 

Medicinal  stimulants  of  the  salivary  secretion  are  not  often  called  for,  the  dry 
mouth  of  fevers  being  relieved  by  cracked  ice,  chewing  gum,  or  glycerin.  In  the 
case  of  xerostomia  some  amelioration  may  be  obtained  by  the  use  of  pilocarpus  or  its 
alkaloid.  Most  of  the  other  direct  sialagogues  exert  their  action  only  when  given  in 
large  and  dangerous  doses. 

The  following  are  the  chief  sialagogues.  Pyrethrum  root,  xanthoxylum,  pilo- 
carpine, physostigmine,  tobacco,  mercurials,  iodides,  epinephrine,  camphor,  ipecac, 
tartar  emetic,  acids,  alkalis,  sweets,  bitters,  aromatics,  gelatin,  glycerin. 

Materia  Medica. — Pyretiiri  Radix  (Br.),  Pyrethrum  Root.  Ahhr.,  Pyreth.  Rad. 
Synonyms:  Pellitory  Root,  Spanish  Chamomile,  Longwort. 

The  dried  root  of  Anacylus  pyrethrum,  (Linne)  DeCandolle  (Fam.  Composilce). 
Odor  distinct;  taste,  sweetish,  pungent,  very  acrid,  and  producing  a  strong  sialagogue 
effect. 

Dose,  20  to  40  grains  (1.2  to  2.5  Gm.). 

TiNCTURA  Pyrethri  (Br.),  Tincture  of  Pyrethrum.  Ahhr.,  Tr.  Pyreth.  Synonym: 
Tincture  of  Pellitory. 

Each  cc.  represents  about  3  grains  of  the  drug  with  an  alcoholic  content  of  about 
55  percent. 

Dose,  for  external  use,  and  to  mucous  surfaces,  especially  the  gums. 

Xanthoxylum  (N.F.),  Xanthoxylum.  Ahhr.,  Xanthox.  Synonym:  Prickly 
Ash  Bark. 

The  dried  bark  of  Xanthoxylum  americanum  Miller  (Northern  Prickly  Ash 
Bark),  or  X.  clava-herculis  Linne  (Southern  Prickly  Ash  Bark)  (Fam.  Eutacece). 
Odor  of  both  varieties  is  slight  and  the  taste  is  bitter  and  acrid,  becoming  pungent. 

Antagonists  and  Incompatihles. — The  stronger  mineral  acids  and  metallic  salts 
are  chemically  incompatible  with  prickly  ash  preparations.  Markedly  astringent 
substances  are  antagonistic  to  xanthoxylum. 

Synergists. — The  aromatic  bitters,  pepsin,  and  hydrochloric  acid,  aid  the  tonic 
action  of  xanthoxylum;  pilocarpine,  muscarine,  physostigma  and  nicotine  have  a 
somewhat  similar  sialagogue  action. 

Dose,  20  to  30  grains  (1.3  to  2  Gm.). 
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Xanthoxyli  Fructus  (N.F.),  Xanthoxylum  Fruit.  Ahhr.,  Xanthox.  Fruct.  Syn- 
onym:  Prickly  Ash  Berry. 

The  dried  fruit  of  either  of  the  two  above  mentioned  species.  They  have  a 
pungent,  warm,  aromatic  taste  and,  on  chewing,  leave  a  tingling  sensation  on  the 
tongue;  when  breathed  upon,  they  emit  a  faintly  aromatic  odor  resembling  that  of 
citral. 

Dose,  15  to  20  grains  (1  to  1.3  Gm.). 

Xanthoxylin  (unofficial),  Xanthoxylin.     Ahhr.,  Xanthoxin. 

A  resinoid  extractive  prepared  by  pouring  the  fluidextract  of  the  drug  xanthoxylum 
into  water. 

Dose,  1  to  4  grains  (0.06  to  0.2). 

Fluidextractum  Xanthoxyli  (N.F.),  Fluidextract  of  Xanthoxylum.  Ahhr., 
Fldext.  Xanthox.     Synonym :    Fluidextract  of  Prickly  Ash. 

One  cc.  corresponds  to  1  Gm.  of  the  powdered  drug.    Alcoholic  content  72  percent. 

Dose,  20  to  30  minims  (1.3  to  2  cc). 

A  decoction  of  prickly  ash  may  be  made  by  boiling  an  ounce  of  the  powdered 
bark  in  two  pints  of  water  down  to  one  pint,  and  straining.  The  dose  of  this 
preparation  is  one  ounce   (30  cc). 

Therapeutics:  Pyrethrum. — Topical. — ^Pyrethrum  is  a  very  effective  sialagogue  in 
xerostomia  and  in  stomatitis  with  scanty  secretion.  In  the  latter  affection,  salivation 
is  induced  to  wash  out  the  gland  ducts  and  avert  the  danger  of  ascending  infection. 
Gelatin  pastilles,  containing  1  grain  (60  mgm.)  each,  may  be  used,  or  a  lozenge 
of  slippery  elm  (ulmus)  powder,  or  of  sugar,  acacia  or  chocolate  with  which  a  drop 
or  two  of  fluidextract  of  pyrethrum  has  been  incorporated;  perhaps  with  the  addition 
of  menthol  or  oil  of  peppermint,  and  when  more  intense  action  is  desired,  of  pilocarpine 
hydrochloride,  H20  to  %o  grain  (0.5  to  1  mg-m.).  One  of  either  of  these  allowed  to 
dissolve  in  the  mouth  may  be  taken  every  hour  or  even  oftener;  or,  if  preferred,  the 
tincture,  diluted  with  three  or  four  parts  of  water,  may  be  used  as  a  mouth  wash. 
The  diluted  tincture  is  also  used  as  a  gargle  in  cases  of  relaxation  or  diphtheritic 
paralysis  of  the  uvula  and  soft  palate,  and  mixed  with  equal  parts  of  a  mixture  of 
oil  of  cloves  and  spirit  of  chloroform  may  be  applied  on  cotton  for  the  relief  of 
toothache.  The  compound  lozenge  of  pyrethrum  and  pilocarpine  has  proved  of 
marked  benefit  in  relieving  the  dry  throat  of  singers,  actors  and  speakers;  as  also  in 
firemen  after  exposure  to  smoke  and  heat. 

Xanthoxylum. — Topical. — Xanthoxylum  is  employed  in  the  form  of  a  mastica- 
tory (the  bark)  or  a  mouth  wash  (fluidextract)  to  promote  the  flow  of  saliva,  which  it 
does  effectively  both  when  used  locally  and  when  taken  internally.  It  is  of  use  also 
as  a  temporary  expedient  for  the  relief  of  toothache.  Gargling  or  spraying  with  the 
decoction  is  useful  in  cases  of  chronic  pharyngitis,  especially  when  secretion  is  scanty, 
and  the  mucous  membrane  relaxed.  It  exercises  a  like  tonic  and  stimulant  influence 
on  the  mucous  membrane  of  the  entire  alimentary  tract,  both  before  and  after  absorp- 
tion. As  an  aromatic  bitter,  it  has  the  general  influence  of  its  class,  causing  a  pleasant 
warmth  in  the  stomach  and  increasing  both  gastric  and  enteric  secretions,  in  part 
perhaps  by  reflex  or  direct  systemic  action.  It  is  of  use,  therefore,  in  the  atonic 
dyspepsias  associated  with  relaxation  of  membranes,  lessened  secretion  and  con- 
stipation. 

Systemic. — Prickly  ash  possesses  a  very  marked  sialagogic  action,  and  may  often 
be  given  with  advantage  in  place  of  pilocarpine.  In  jaundice,  due  to  biliary  or  gastro- 
enteric catarrh,  its  usefulness  depends  both  upon  local  and  upon  systemic  action.  It 
has  been  used  most  freely  by  physicians  practicing  in  malarious  districts,  and  for  this 
reason  has  been  supposed  to  be  peculiarly  of  service  in  hepatic  disorders  following 
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malaria.     Associated  with  liydrjistis  or  a  cMrminativc*,  it  is  effective  in  the  relief  of 
gastric  or  intestinal  jJafulcucr. 

Prickly  ash  berries  have  a  popular  rei)ufe  in  the  treatment  of  chronic  rheuma- 
tism and  myalgia.  Like  certain  otlier  aromatic  bitters,  xanthoxylum  has  been  pre- 
scribed as  an  alterative  in  the  non-specific  treatment  of  syphilis,  and  the  decoction 
has  been  used  in  dropsy. 

Bitter  Substances 

The  use  of  "bitters"  to  increase  appetite  and  improve  digestion  and  nutrition 
is  of  great  antiquity  and  is  widespread  in   domestic  medicine. 

The  group  comiirises  substances  having  no  chemical  relationship  with  one 
another  and  having  in  common  only  the  property  of  a  bitter  taste.  It  comprises 
mostly  drugs  which  have  little  or  no  systemic  action,  although  a  few  medicines  of 
great  activity  are  used  as  bitters  in  small  dose.  The  most  important  of  these  are 
nux  vomica  and  cinchona.  The  bitters  proper  may  be  divided  into  the  simple 
bitters,  the  astringent  bitters,  which  contain  tannins  in  addition  to  the  bitter  prin- 
ciple, and  the  aromatic  bitters,  which  contain  volatile  (essential)  oils. 

Summary  of  Actions  and  Uses. — The  chief  physiologic  action  of  the  bitters  is  their 
power,  which  has  been  well  established  experimentally,  to  alter  the  response  of  the 
stomach  to  food.  If  administered  by  mouth  with  food,  they  lessen  the  secretion  of  the 
ferments,  but  if  given  one-half  to  one  hour  before  a  meal,  they  bring  about  an  increase 
in  the  secretion  of  the  digestive  ferments  and  a  stimulation  of  the  motility  of  the  stomach 
and  bowel.  Only  the  simple  bitters  can  be  said  to  show  this  action  in  an  uncomplicated 
manner;  the  astringents  are  li"kely  to  upset  digestion  or  cause  constipation,  and  various 
systemic  toxic  phenomena,  resulting  from  absorption  of  the  oils,  have  been  reported  after 
taking  aromatic  bitters. 

In  medical  practice  the  bitters  are  used  for  the  purpose  of  improving  nutrition  by 
the  increase  of  appetite  and  digestion.  The  presence  of  tannin  may  render  the  astringent 
bitters  useful  in  certain  states  of  gastroenteric  catarrh,  when  the  checking  of  mucous 
secretion  is  desired,  and  the  aromatics  may  be  preferred  on  account  of  their  more 
pleasant  taste  or  their  tendency  to  prevent  or  relieve  griping  pains. 

Materia  Medica.— SIMPLE  BITTERS : 

Berberis  (N.F.),  Berberis.  Abbr.,  Berber.  Synonym:  Oregon  Grape  Root,  Bar- 
berry. 

The  dried  rhizome  and  root  of  species  of  the  section  Mahonia  (Nuttall)  De 
Candolle  of  the  genus  Berberis  Linne  (Fam.  Berheridacece).  Yellowish-brown  color; 
odor  slight;  taste  distinctive;  very  bitter;  on  chewing,  tinges  saliva  yellow.  The 
bitter  principle  is  an  alkaloid,  berherine,  a  yellow  crystalline  powder;  there  are  also 
in  this  species  two  other  alkaloids,  oxyacnnfhine  and  berhamine,  which  are  seemingly 
inert. 

Antagonists,  Incompatibles  and  Synergists. — The  same  as  those  of  Quassia. 

Dose,  20  to  40  grains  (1.3  to  2.6  Gm.). 

FLriDEXTR.\CTUM  Berberidis  (N.F.),  Fluidextract  of  Berberis.  Abbr.,  Fldext. 
Berberid.    Synonym:  Fluidextract  of  Barberry. 

One  minim  corresponds  in  strength  to  one  grain  of  the  crude  drug.  Alcoholic 
content  about  68  percent. 

Dose,  10  to  40  minims  (0.6  to  2.6  cc). 

TiNCTURA  Berberidis  (Br.),  Tincture  of  Berberis.  Ahhr.,  Tr.  Berberid.  Synonym: 
Tincture  of  Barberry. 

Each  cc.  represents  0.1  Gm.  of  the  drug.    Alcoholic  content  of  55  percent. 

Dose,  y2  to  1  fluidram  (2  to  4  cc). 
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Infusum  Berberidis  (unofficial),  Infusion  of  Berberis.  Ahhr.,  Inf.  Berberid. 
Synonym:    Infusion  of  Barberry. 

Berberis,  4  drams,  boiling  water,  1  pint;  infuse  for  15  minutes,  tlien  strain. 

Dose,  2  to  4  fluidrams  (8  to  16  ce.). 

Berberina  (Br.),  Berberine. 

This  alkaloid  occurs  in  the  form  of  yellowish  crystals,  insoluble  in  water.  It  is 
found  in  calumba,  coptis,  hydrastis,  and  other  simple  bitters,  as  well  as  in  berberis. 
Its  salts — carbonate,  hydrochloride,  phosphate,  and  sulphate — are  extremely  bitter  to 
taste,  of  a  bright  yellow  color  and  soluble  in  water  in  varying  degrees  from  1  in  12 
to  1  in  400. 

Dose,  1  to  4  grains  (0.06  to  0.26  Gm.). 

BuxiNE  (unofficial),  Buxine.     Synonyms:    Bibirine,  Berbeerine. 

An  alkaloid  obtained  from  the  bark  of  Nectandra  rodioei  Hook.  (Fara.  Lauracecv), 
Bibiru  bark,  Greenheart  bark,  from  a  tall  tree  of  British  Guiana,  and  obtainable  also 
from  the  leaves  of  Buxus  sempervirens  Linne  (Fam.  Buxacece),  the  ordinary  box, 
formerly  a  favorite  hedge-plant.  It  occurs  in  the  form  of  a  white  amorphous  powder 
of  extremely  bitter  taste.  The  sulphate  is  the  salt  generally  used  in  medicine,  although 
the  hydrochloride  is  also  used. 

Antagonists  and  Incompatihles.  Most  of  the  strong  alkalis,  nitric  acid,  and 
iodine  compounds   are  chemically  incompatible   with  buxine. 

Synergists.     Quinine,  nux  vomica,  and  the  bitters  in  general. 

Dose,  tonic,  5  grains   (0.3  Gm.) ;  antipyretic,  20  grains   (1.3  Gm.). 

Calendula  (N.F.),  Calendula.    Ahhr.,  Calend.    Synonym:    Marigold. 

The  dried  ligulate  florets  of  Calendula  officinalis  Linne  (Fam.  Compositce).  Florets 
from  15  to  24  mm.  in  length,  yellow  or  orange  colored.  Odor  slight,  somewhat  heavy; 
taste  slightly  bitter,  faintly  saline.  The  powder  is  light  yellow  to  orange-yellow  in 
color.  Calendula  contains  resin,  a  yellow  coloring  matter,  therapeutically  inactive, 
called  calendulin,  a  bitter  principle,  and  a  little  volatile  oil. 

Antagonists,  Incompatihles  and  Synergists. — The  same  as  those  of  the  other  simple 
bitters,  containing  no  tannin  (See  Calumba). 

Dose,  15  to  60  grains  (1  to  4  Gm.). 

Fluidextractum  CALENDULiE  (N.F.),  Fluidextract  of  Calendula.  Ahhr.,  Fldext. 
Calend. 

Each  cc.  represents  1  Gm.  of  the  drug,  with  an  alcoholic  content  of  about  92 
percent. 

Dose,  10  to  20  minims  (0.6  to  1.3  cc). 

TiNCTURA  Calendula  (N.F.),  Tincture  of  Calendula.    Ahhr.,  Tr.  Calend. 

An  alcoholic  tincture  representing  0.2  Gm.  of  the  drug  for  each  cc,  the  alcoholic 
content  being  about  92  percent. 

Dose,  externally,  undiluted. 

Calumba  (U.S.  X.),  Calumba.  ^66/-.,  Calumb.  Calumhce  Radix  (Br.),  Synonyms: 
Calumbo,  Colombo. 

The  dried  root  of  Jateorhiza  palmata  (Lamarck)  Miers  (Fam.  Menispermacece). 
Odor  slight;  taste  slightly  aromatic,  very  bitter.  The  drug  contains  three  bitter 
alkaloids,  an  amaroid,  calumhin,  a  volatile  oil,  starch,  gum,  resin  and  a  small  amount 
of  wax. 

Antagonists  and  Incompatihles. — Therapeutically  all  agents  which  retard  nutri- 
tional activity  or  tend  to  irritate  the  stomach  or  interfere  with  digestion  are  antago- 
nistic to  the  simple  bitters.  In  the  case  of  many  of  this  class  the  iron  salts  are 
incompatible,  but  calumba,  as  well  as  quassia,  being  absolutely  free  from  tannic  acid, 
can  be  used  as  a  vehicle  for  the  ejrhibition  of  iron. 
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Synergists. — All  reconstructive  agents  and  tonics,  including  the  salts  of  iron,  as 
well  as  exercise  and  a  nourishing  diet,  are  synergistic  to  tlie  action  of  calumba. 

Dose,  10  to  30  grains  (0.C5  to  2.0  Gm.)  of  the  powder. 

TiNCTURA  Calumb.e   (U.S.  X.),  Tincture  of  Calumba.     Ahhr.,  Tr.   Calumb. 

Prepared  with  60  percent,  alcohol  as  the  menstruum.  Two  cc.  of  the  U.S.  tincture 
and  4  cc.  of  the  Br.  correspond  to  6  grains  of  the  crude  drug,  in  a  55  percent,  alcoholic 
solution. 

Dose,  (U.S.)  i/o  to  1  fluidram  (2  to  4  cc.) ;  (Br.)  1  to  2  fluidrams  (4  to  8  cc). 

Fluidextractum  Calumb.e  (N.F.),  Fluidextract  of  Calumba.  Ahhr.,  Fldext. 
Calumb. 

Prepared  with  95  percent,  alcohol  as  the  menstruum;  1  cc.  corresponding  to  1  Cm. 
of  the  crude  drug. 

Dose,  10  to  30  minims  (0.0  to  2  cc). 

Infusum  Calumb.e  (Br.),  Infusion  of  Calumba. 

Calumba  root  (cut  small),  5  Gm. ;  cold  distilled  water,  1000  cc  Infuse  in  a 
covered  vessel  for  y2  hour,  and  strain. 

Dose,  Vi  to  1  fluidounce  (15  to  30  cc). 

Centaurea  Benedicta   (unofficial).  Blessed  Thistle. 

The  dried  herb,  Chicus  henedictus  Linne  (Fam.  Compositoe).  Synonym  :  Carduus 
Benedictus.  The  entire  plant  is  used,  though  only  the  leaves  were  recognized  when  the 
drug  was  official.  Odor  slight  but  disagreeable;  taste  intensely  bitter.  The  plant 
contains  a  volatile  oil  and  a  crystallizable  bitter  principle,  cnicin,  which  is  soluble  in 
alcohol,  slightly  soluble  in  boiling  water,  but  scarcely  at  all  so  in  cold  water. 

Antagonists,  Incompatihles,  and  Synergists. — The  same  as  those  of  Calumba. 

Dose,  30  to  60  grains  (2  to  4  Gm.),  preferably  as  an  infusion. 

Centaurium  (N.F.),  Centaury.    Ahhr.,  Centaur. 

The  dried  flowering  plant  of  Erythrcea  centaurium  (Linne)  Persoon  (Fam.  Gen- 
tianacece).    The  odor  is  faint  but  characteristic;  taste  persistently  bitter. 

Dose,  15  to  45  grains  (1  to  3  Gm.). 

Cetraria  (unofficial),  Cetraria.     Synonym:     Iceland  Moss. 

The  dried  plant,  Cetraria  islandica  (Linne)  Acharius.  A  brittle  and  inodorous 
lichen;  which,  when  softened  in  water,  is  cartilaginous  and  has  a  slight  odor;  its 
taste  is  mucilaginous  and  bitter.  It  contains  Uchenin,  or  lichen  starch,  gum,  and  a 
bitter  principle,  cetrarin.  The  latter  occurs  in  the  form  of  -white  acicular  crystals, 
soluble  in  alcohol,  nearly  insoluble  in  water,  but  soluble  in  alkaline  solution. 

Synergists. — The  demulcents  and  simple  bitters. 

Dose,  of  cetraria  indefinite;  it  is  usually  given  in  a  5  percent,  decoction,  of  wliich 
a  cupful  may  be  taken;  of  cetrarin,  1  to  2  grains  (0.06  to  0.13  Gm.). 

Chirata  (N.F.),  Chirata.  Ahhr.,  Chirat.  Synonyms:  Chiretta,  East  Indian 
Balmony. 

The  dried  plant  of  Swertia  chirayita  (Roxburgh)  Hamilton  (Fam.  Gentianacece). 
The  plant  contains  ophelic  acid  (C„Hj„0,„),  resin  and  a  bitter  principle,  chiratin 
(Cj.H^Ojj).  The  latter  is  a  yellow  powder,  of  very  bitter  taste,  nearly  insoluble 
in  water,  but  readily  soluble  in  alcohol  and  ether. 

Antagonists  and  Incompatihles. — The  therapeutic  antagonists  are  those  of  the 
bitters  in  general.  Although  chirata,  like  gentian,  contains  no  tannin,  nevertheless 
when  its  preparations  are  mixed  with  iron  salts  a  dark  discoloration  occurs,  which  does 
not,  however,  affect  its  value. 

Synergists. — The  mineral  acids  and  all  reconstructive  agents  both  medicinal  and 
physical. 

Dose,  10  to  15  grains  (0.6  to  1  Gm.). 


1108  ALIMENTARY  STIMULANTS 

Fluidextractum  CniRATiE  (N.i\),  Fluidextract  of  Chirata.  Ahhr.,  Fldext.  Chirat. 

Each  cc.  represents  1  Gni.  of  the  drug,  with  an  alcoholic  content  of  about  55 
percent. 

Dose,  10  to  15  minims  (0.6  to  1  cc). 

Infusum  CHiRATiE  (Br.),  Infusion  of  Chiretta. 

Chirata  (50  Gm.)  infused  for  15  minutes  in  1000  cc.  boiling  water  and  strained.;,, 

DosBj  1/2  to  1  fluidounee  (15  to  30  cc). 

TiNGTURA  Chirata  (Br.),  Tincture  of  Chirata. 

Powdered  chirata,  100  Gm.,  percolated  to  exhaustion  with  alcohol   (60  percent.). 

Each  cc.  represents  0.1  Gm.  of  the  drug,  with  an  alcoholic  content  of  about  58 
percent. 

Dose,  Vz  to  1  fluidram  (2  to  4  cc). 

CiMiciFUGA  (U.S.  X.),  Cimicifuga.  Ahhr.,  Cimicif.  Synonyms:  Black  Cohosh, 
Black  Snakeroot,  Macrotys. 

The  dried  rhizome  and  root  of  Cimicifuga  racemosa  (Linne)  Nuttall  (Fam. 
Ranunculacew).  The  powdered  substance  is  light  to  dark  brown  in  color;  odor  not 
strong  but  peculiar  and  disagreeable. 

Dose,  5  to  30  grains  (0.3  to  2  Gm.). 

Fluidextractum  Cimicifuga  (U.S.  X.),  Fluidextract  of  Cimicifuga.  Ahhr.,  Fldext. 
Cimicif.  Synonyms :  Fluidextract  of  Black  Cohosh,  Fluidextract  of  Black  Snakeroot, 
Fluidextract  of  Macrotys. 

Each  cc.  represents  1  Gm.  of  the  drug,  with  an  alcoholic  content  of  about  82 
percent. 

Dose,  10  to  30  minims  (0.6  to  2  cc). 

TiNCTURA  CiMiciFUGiE  (N.F.),  Tincture  of  Cimicifuga.    Ahhr.,  Tr.  Cimicif. 

Each  cc.  represents  3  grains  (0.2  Gm.)  of  the  drug.  Alcoholic  content  80 
percent. 

Dose,  1  fluidram  (4  cc). 

CoPTis   (N.F.),  Coptis.    Synonyms:  Goldthread,  Canker  Nut. 

The  dried  plant  of  Coptis  trifolia  (Linne)  Salisbury  (Fam.  Banunculacece).  Odor 
faint;  taste  purely  bitter  without  astringency.  The  powder  is  yellowish-green.  The 
drug  contains  herherine  and  a  white  alkaloid,  coptine,  but  no  resin  or  tannin. 

Antagonists  and  Incompatihles. — The  infusion  is  precipitated  by  silver  nitrate 
and  lead  acetate,  but  not  by  the  iron  salts. 

Synergists. — All  those,  physical  and  medicinal,  of  the  simple  bitters  in  general. 

Dose,  10  to  30  grains  (0.6  to  2.0  Gm.). 

Fluidextractum    Coptis    (N.F.),  Fluidextract   of   Coptis.    Ahhr.,   Fldext,    Copt. 

Each  cc.  represents  1  Gm.  of  the  drug,  with  an  alcoholic  content  of  about  55 
percent. 

Dose,  20  to  30  minims  (1.3  to  2  cc). 

I]SfFUSUM  Coptis  (unofficial).  Infusion  of  Coptis. 

Coptis  in  powder,  4  drams;  boiling  water,  1  pint.  Infuse  for  30  minutes  and 
strain. 

Dose,  2  to  4  fluidrams  (8  to  16  cc). 

TiNCTURA  Coptis  (unofficial),  Tincture  of  Coptis. 

Each  cc.  represents  0.125  Gm.  of  the  drug,  with  an  alcoholic  content  of  45  percent. 

Dose,  Vz  to  1  fluidram  (2  to  4  cc). 

CoTOiN  (unofficial),  Cotoin.    Synonym:   Methyl-trioxybenzophenone  (C„H,jO^). 

A  yellow  crystallizable  substance,  the  active  principle  of  coto  bark,  the  bark  of  a 
tree  of  unknown  species  growing  in  Bolivia.  It  is  slightly  soluble  in  water,  but  com- 
pletely so  in  alcohol  and  chloroform.  ' 
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Antagonists  and  Incompatihles. — The  stronger  mineral  acids  and  the  ferric  salts 
are  chemically  incompatible. 

Synergists. — The  bitters  and   tonics   and   intestinal  correctives. 
Dose,  1  to  3  grains  (0.06  to  0.2  Gm.). 
Paracoto  (unofficial),  Paracoto.    Ahhr.,  Paraeot. 

A  bark  of  unknown  botanical  source,  derived  from  a  large  tree  found  in  Bolivia. 
The  drug  was  known  for  years  as  coto  and  this  name  now  distinguishes  the  tree  from 
false  bark  (Nectandra  coto).  The  chief  constituents  of  true  coto  bark  are  cotoin  and  a 
crystalline  bitter  principle. 

Dose.  1  to  8  grains  (0.06  to  0.5  Gm.). 

Fluidextractum  Paracoto  (unofficial),  Fluidextract  of  Paracoto.  Abbr.,  Fldcxt. 
Paracot. 

Each  cc.  represents  1  Gm.  of  the  drug,  with  an  alcoholic  content  of  about  87 
percent. 

Dose,  2  to  8  minims  (0.12  to  0.5  cc). 
Par.\cotoin  (unofficial). 

A  yellowish  crystallizable  substance  (C„H,OJ,  resembling  cotoin  but  much  weaker. 
It  is  extracted  from  paracoto  bark  which  is  closely  related  to  coto.  It  is  soluble  in 
water  and  alcohol. 

Dose,  3  to  5  grains  (0.2  to  0.3  Gm.). 

Eupatorium  (N.F.),  Eupatorium.  Abbr.,  Eupator.  Synonyms:  Thoroughwort, 
Boneset. 

The  dried  leaves  and  flowering  tops  of  Eupatorium  perfoliatum  Linne  (Fam. 
Compositce).  Odor  faintly  aromatic;  taste  strongly  bitter.  It  contains  a  bitter  glu- 
coside,  eupatorin,  two  tannins,  and  a  volatile  oil.  Eupatorin  is  soluble  in  alcohol  and 
boiling  water. 

Antagonists  and  Incompatibles. — Iron  and  the  salts  of  lead  and  silver  are  chemi- 
cally incompatible. 

Synergists. — Quinine  in  tonic  doses  and  the  simple  and  aromatic  bitters. 
Dose,  20  to   30  grains   (1.3  to  2  Gm.). 

Fluidextractum  Eupatorii  (N.F.),  Fluidextract  of  Eupatorium.  Abbr.,  Fldext. 
Eupator.    Synonyms:   Fluidextract  of  Thoroughwort,  Fluidextract  of  Boneset. 

Each  cc.  represents  1  Gm.  of  the  drug,  with  an  alcoholic  content  of  about  55 
percent. 

Dose,  20  to  30  minims  (1.3  to  2  cc). 

Gextiana  (U.S.  X.),  Gentian,  Abbr.,  Gentian.  Synonym:  Yellow  Gentian,  Bitter 
Root,  Gentianse  Radix  (Br.). 

The  dried  rhizome  and  roots  of  Gentiana  lutea  Linne  (Fam.  Gentianacew).  Odor 
strong,  characteristic;  taste  slightly  sweetish,  then  strongly  and  persistently  bitter. 
The  root  contains  a  bitter  glucoside,  gentiopicrin,  gentianin,  and  sugar. 

Antagonists  and  Incompatibles. — All  metallic  salts  are  chemically  incompatible 
with  gentian,  hut  iron  is  synergistic  if  given  separately  after  meals. 

Synergists. — All  bitters  and  tonics,  mineral  acids  and  digestants,  and  physical 
agents,  such  as  exercise  in  moderation,  sleeping  in  the  open  air,  sunlight,  etc.,  as 
well  as  a  nourishing  diet. 

Dose,  15  to  30  grains  (1  to  2  Gm.). 

Extractum  Gentun.e  (U.S.  IX.),  Extract  of  Gentian.  Abbr.,  Ext.  Gentian.  Syn- 
onyms:    Extract  of  Bitter  Root,  Extract  of  Gentiame  Radix. 

An  aqueous  extract  of  pilular  consistence,  each  grain  representing  0.95  grain  of  the 
crude  drug. 

Dose,  2  to  4  grains  (0.13  to  0.26  Gm.). 
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Fluidextractum  Gentun^  (U.S.  IX.),  Fluidextract  of  Gentian.  Ahbr.,  Fldext. 
Gentian.     Synonyms:    Fluidextract  of  Bitter  Root,  Fluidextract  of  Gentianae  Radix. 

Each  cc.  of  the  preparation  corresponds  to  one  gram  of  the  crude  drug,  with  an 
alcoholic  content  of  about  55  percent. 

Dose,  10  to  30  minims  (0.6  to  2  cc). 

TiNCTURA  Gentians  Composita  (U.S.  X.),  Compound  Tincture  of  Gentian.  Ahhr., 
Tr.  Gentian.  Co. 

Each  30  cc.  of  the  preparation  corresponds  to  1  Gm.  of  the  crude  drug,  in  an 
alcoholic  medium  of  about  45  percent. 

Dose,  y-z  to  1  fluidram  (2  to  4  cc). 

Elixir  Gentians  (N.F.),  Elixir  of  Gentian.    Alhr.,  Elix.  Gent. 

Each  cc  represents  0.09  Gm.  of  gentian  in  a  45  percent,  alcoholic  medium. 

Dose,  1/2  to  1  fluidram  (2  to  4  cc). 

Elixir  Gentians  et  Ferri  (N.F.),  Elixir  of  Gentian  and  Iron.  Ahlr.,  Elix. 
Gentian,  et  Ferr. 

Elixir  of  Gentian  containing  10  percent,  of  the  tincture  of  ferric  citrochloride. 
Each  cc.  representing  0.08  Gm.  of  ferric  chloride  and  0.2  Gm.  of  gentian. 

Dose,  1  fluidram  (4  cc). 

Infusum  Gentians  Compositum  (N.F.),  Compound  Infusion  of  Gentian.  Ahhr., 
Inf.  Gentian.  Co. 

This  elixir  contains  3  percent,  of  gentian  flavored  with  coriander  and  orange  peel. 
Alcoholic  content,  21  percent.  This  preparation  is  slightly  more  than  twice  the  strength 
of  the  British. 

Dose,  1  to  4  fluidrams  (4  to  15  cc). 

TiNCTURA  Amara  (N.F.),  Bitter  Tincture.  Ahhr.,  Tr.  Amar.  Synonyms:  Sto- 
machic Tincture,  Bitter  Stomachic  Drops,  Stomach  Drops. 

Each  cc  represents  0.6  Gm.  each  of  gentian  and  centaury  in  a  45  percent,  alcoholic 
medium. 

Dose,  15  to  45  minims  (1  to  3  cc). 

Orexin  (unofficial),  Cedrarine.  Synonyms:  Phenzoline,  Phenyldihydroquinazoline 
Hydrochloride   ( C,,H,,N,.  ( C,,H.„0,) . 

Orexin  is  a  derivative  of  quinoline.  It  occurs  in  the  form  of  colorless  crystals, 
odorless,  but  having  a  pungent  bitter  taste,  freely  soluble  in  hot  water.  It  is  incom- 
patible with  iron  salts.  Orexin  Tannate  is  regarded  as  more  efficacious  than  the  hydro- 
chloride, and  less  apt  to  nauseate,  and  has  practically  superseded  it  in  practice.  It  is  a 
yellow  powder,  odorless  and  tasteless;  insoluble  in  water,  but  soluble  in  acid  solutions. 

Antagonists  and  Incompatihles. — Mineral  acids  and  the  salts  of  iron  and  other 
metals  are  chemically  incompatible. 

Synergists. — The  bitters  in  general  are  synergistic. 

Dose  of  either  preparation:  5  to  10  grains  (0.3  to  0.6  Gm.). 

Lappa  (N.F.),  Lappa.    Ahhr.,  Lap.    Synonym:    Burdock  Root. 

The  dried  root  of  Arctium  lappa  Linne  or  of  other  species  of  Arctium  (Fam. 
Compositce),  having  a  slight  odor  and  a  mucilaginous,  sweetish,  and  slightly  bitter 
taste.     The  powder  is  light  brown  in  color. 

Dose,  15  to  90  grains  (1  to  6  Gm.). 

Fluidextractum  Lapp^  (N.F.),  Fluidextract  of  Lappa.     Ahhr.,  Fldext.  Lapp. 

Each  cc.  represents  1  Gm.  of  the  drug  in  45  percent,  alcohol  and  10  percent, 
glycerin. 

Dose,  15  to  30  minims  (1  to  2  cc). 

Pareira  (N.F.),  Pareira.     Synonym:    Pareira  Brava. 

The  dried  roots  of  Chondrodendron  tomentosum  Ruiz  et  Pavon  (Fam.  Menisper- 
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macece).  The  powder  is  dark  brown  in  color,  odor  slight,  taste  very  bitter.  Contains 
about  10  percent,  bebeerine. 

Dose,  20  to  30  grains  (1.2  to  2  Gm.). 

Fluidextractum  PAREiHiE  (N.F.),  Fluidcxtract  of  Pareira.    Ahhr.,  Fldext.  Pareir. 

One  cc.  corresponds  to  1  Gm.  of  the  powdered  drug,  with  a  45  percent,  alcoholic 
content. 

Dose.  20  to  30  minims  (1.2  to  2  cc). 

PiCRORUHiZA  (Br.),  Picrorrhiza.     Synonym:    Kurroa. 

The  dried  rhizome  of  the  Picrorrhiza  kurroa  Royal  (Fam.  Scrophulariacece). 
Chief  constituent  is  the  bitter  glucoside,  picrorrliizin. 

Dose,  10  to  20  grains  (0.6  to  1.2  Gm.).  Antiperiodic  dose,  45  to  CO  grains  (3  to 
4Gm). 

TiNCTURA  PiCRORRHiZiE  (Br.),  Tincture  of  Picrorrhiza.  Synonym:  Tincture  of 
Kurroa. 

Each  cc.  represents  0.24  Gm.  of  the  drug,  with  an  alcoholic  content  of  about  40 
percent. 

Dose,  1/2  to  1  fluidram  (2  to  4  cc). 

ExTRACTUM  PiCRORRHiz.*;  LiQUiDUM  (Br.),  Liquid  Extract  of  Picrorrhiza. 

Each  cc  represents  1  Gm.  of  the  drug,  with  an  alcoholic  content  of  about  58 
percent. 

Dose,  15  to  60  minims  (1  to  4  cc). 

Quassia  (U.S.  X.),  Quassia.  Ahhr.,  Quass.  Synonym:  Bitter  Wood,  Bitter 
Ash. 

The  wood  of  Picrasma  excelsa  (Swartz)  Planchon,  known  as  Jamaica  quassia, 
or  of  Quassia  nmara  Linne,  known  as  Surinam  quassia.  The  bitter  principle  of 
quassia,  quassin,  is  a  crystallizable  substance,  soluble  in  alcohol,  but  very  slightly 
soluble  in  water. 

Antagonists  and  Incompatihles. — Iodine,  thyroid  extract,  and  all  agents  promot- 
ing destructive  metabolism  are  therapeutically  antagonistic  to  quassia  and  the  other 
bitters. 

Synergists. — The  mineral  acids,  iron,  manganese,  glycerophosphates,  high  fre- 
quency electricity,  massage,  exercise,  long  hours  of  sleep,  and  a  nourishing  diet  aid 
the  action  of  quassia. 

Dose,  5  to  15  grains  (0.3  to  1.0  Gm.). 

Fluidextractum  Quassia  (N.F.),  Fluidextract  of  Quassia.    Ahhr.,  Fldext.  Quass. 

Each  cc.  represents  1  Gm.  of  the  drug.    Alcoholic  content  about  30  percent. 

Dose,  5  to  15  minims  (0.3  to  1  cc). 

Tincture  Quassle  (U.S.  IX.),  Tincture  of  Quassia.    Ahhr.,  Tr.  Quass. 

Five  cc.  corresponds  to  one  Gm.  of  the  crude  drug.  Alcoholic  content  about  31 
percent. 

Dose,  Vi  to  1  fluidram  (2  to  4  cc). 

Extractum  Quassle  (unofficial).  Extract  of  Quassia.     Ahhr.,  Ext.  Quass. 

A  powdered  aqueous  extract  with  a  small  admixture  of  powdered  starch ;  one  grain 
corresponding  to  ten  grains  of  the  crude  drug. 

Dose,  1  to  2  grains  (0.06  to  0.12  Gm.). 

Infusum  QuASSiiE  (Br.),  Infusion  of  Quassia. 

Hasped  quassia  wood,  10  Gm. ;  cold  distilled  water,  1000  cc  Infuse  in  a  covered 
vessel  for  15  minutes  and  strain. 

Dose,  1/2  to  1  fluidounce  (15  to  30  cc). 

Taraxacum  (N.F.),  Taraxacum.    Ahhr.,  Tarax.    Synonym:   Dandelion. 

The  dried  rhizome  and  roots  of  Taraxacum  officinale  Weber  (Fam.  Compositce). 
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Color  of  powder,  light  brown ;  odor  slight  or  absent ;  taste  bitter.    Contains  two  bitter 
principles,  taraxacin  and  taraxacerin. 

Antagonists  and  incompatihles  and  synergists  are  the  same  as  those  of  the 
simple  bitters  in  general  (See  Quassia). 

Dose,  2  to  3  drams  (8  to  12  Gm.). 

Elixir  Taraxaci  Compositum  (N.F.),  Compound  Elixir  of  Taraxacum.  Ahhr., 
Elix.  Tarax.  Co. 

Each  fluidram  contains  3.5  percent,  of  fluidextract  of  taraxacum,  2  percent,  of 
fluidextract  of  wild  cherry,  6  percent,  of  fluidextract  of  glycyrrhiza,  6  percent,  of 
tincture  of  sweet  orange  peel,  3  percent,  of  tincture  of  cinnamon,  3  percent,  of  com- 
pound tincture  of  cardamom  and  76.5  percent,  of  aromatic  elixir. 

Dose,  2  fluidrams  (8  cc.)  used  as  a  vehicle. 

Elixir  Gentians  Glycerinatum  (N.F.),  Glycerinated  Elixir  of  <3entian.  Ahhr., 
Elix.  Gent.  Glycerin. 

Each  fluidram  contains  small  amounts  of  gentian  and  taraxacum  in  a  sweetened 
and  flavored  medium  having  a  20  percent,  alcoholic  content. 

Dose,  2  fluidrams  (8  cc). 

ExTRACTUM  Tar.\xaci  (N.F.),  Extract  of  Taraxacum.  Ahhr.,  Tarax.  Synonym: 
Extract  of  Dandelion. 

One  grain  corresponds  in  strength  to  ten  grains  of  the  crude  drug. 

Dose,  5  to  15  grains  (0.3  to  1  Gm.). 

Fluidextractum  Taraxaci  (N.F.),  Fluidextract  of  Taraxacum.  Ahhr.,  Fldext. 
Tarax.    Synonym:   Fluidextract  of  Dandelion. 

One  minim'  corresponds  to  one  grain  of  the  crude  drug.  Alcohol  content  45 
percent.,  glycerin  content  10  percent. 

Dose,  2  to  3  fluidrams  (8  to  12  cc). 

Succus  Taraxaci  (Br.),  Juice  of  Taraxacum. 

Bruise  taraxacum  root;  press  out  the  juice;  for  every  3  volumes  of  juice,  add  1 
volume  90  percent,  alcohol ;  set  aside  for  7  days ;  filter. 

Dose,  1  to  2  fluidrams  (4  to  8  cc). 
-     Alstonia  (Br.),  Alstonia.    Synonyms :    Dita  Bark,  Australian  Fever  Bark,  Bitter 
Bark. 

The  dried  bark  of  Alstonia  scholaris,  R.  (Br.),  and  of  A.  constricta,  F.  Muel. 
Alstonia  scholaris  contains  an  uncrystallizable,  hygroscopic  bitter  principle,  difaine, 
which  is  made  up  of  three  alkaloids,  ditamine,  echitamine,  echitenine.  A.  contricta 
contains  ^Istonine  and  alstonicine. 

Dose,  2  to  4  grains  (0.12  to  0.3  Gm.)  of  the  substance. 

Tinctura  Alstonle  (Br.),  Tincture  of  Alstonia. 

Each  cc.  represents  1.25  Gm.  of  the  drug,  with  an  alcoholic  content  of  about 
55  percent. 

Dose,  1/2  to  1  fluidram  (2  to  4  cc). 

Infusum  Alstonle  (Br.),  Infusion  of  Alstonia. 

Bruised  alstonia,  50  Gm. ;  boiling  distilled  water,  1000  cc.  Infuse  in  a  covered 
vessel  for  1/2  hour;  strain  while  hot. 

Dose,  1/2  to  1  fluidounce  (15  to  30  cc). 

AROMATIC  BITTERS : 

Absinthium  (unofficial),  Absinthe.    Ahhr.,  Absinth.     Synonym:    Wormwood. 

The  dried  leaves  and  flowering  tops  of  Artemisia  ahsinthium  Linne  (Fam.  Com- 
positce).  Stems  and  leaves  gray-green,  finely  silky-hairy  and  glandular  throughout. 
Odor  characteristic,  aromatic;  taste  very  bitter.     It  contains  a   small  amount  of  a 
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volatile  oil  upon  which  its  systemic  action  mostly  depends,  and  a  bitter  principle, 
absinthin.  The  liqueur  absinthe,  the  manufacture  and  sale  of  which  are  now  forbidden 
in  many  countries,  contains  not  only  oil  of  wormwood,  but  also  the  oils  of  marjoram, 
anise,  angelica,  fennel,  coriander,  and  hyssop. 

Antagonists  and  incoynpatibles  are  those  of  the  astringent  aromatic  bit- 
ters. 

Synergists. — Iron,  arsenic,  tonics,  and  the  bitters  are  synergistic  to  absinth. 

Dose,  in  substance,  20  to  30  grains  (1.3  to  2  Gm.)  ;  of  infusion  (1  ounce  in  1 
pint  of  boiling  water),  1  to  2  fluidounces  (30  to  60  cc). 

Achillea   (unofficial),  Achillea.     Si/nonyms:    Milfoil,  Yarrow. 

The  dried  flowering  tops  of  Achillea  millefolium  Linne  (Fam.  Compositce).  Odor, 
faintly  aromatic;  taste,  pungent  and  bitter.  It  contains  tannin,  a  volatile  oil,  acJtillic 
acid,  and  a  bitter  principle,  achilleine  (CjJIjjNjOjj). 

Antagonists  and  Incompatibles. — The  salts  of  iron  and  of  the  metals  in  general 
are  chemically  incompatible. 

Synergists. — Those  of  the  astringent  bitters  in  general. 

Dose,  20  to  30  grains  (1.3  to  2  Gm.). 

Anthemidis  Flores  (Br.),  Chamomile  Flowers.  Abbr.,  Anthem.  Flor.  Synonyms: 
Anthemis,  English,  Roman,  or  garden  chamomile. 

The  expanded  flower-heads  of  Anthemis  nobilis  Linne  (Fam.  Compositce^,  collected 
from  cultivated  plants  and  dried.  The  drug  contains  resin,  tannin,  and  a  volatile  oil 
of  complex  composition,  soluble  in  alcohol.  Anthemol,  one  of  the  constituents  of  the 
oil,  is  an  alcohol  isomeric  with  camphor. 

Antagonists,  Incompatibles,  Synergists. — Same  as  those  of  the  aromatic  bitters  in 
general. 

Dose,  20  to  60  grains  (1.3  to  4  Gm.). 

Fluidextractum  Aurantii  Amari  (U.S.  IX.),  Fluidextract  of  Bitter  Orange  Peel. 
Abbr.,  Fldext.  Aurant.  Amar. 

Each  cc.  represents  1  Gm.  of  drug,  with  an  alcoholic  content  of  about  70  percent. 

Dose,  10  to  15  minims  (0.6  to  1  cc). 

Ellxir  Aurantii  Amari  (N.F.),  Elixir  of  Bitter  Orange.  Abbr.,  Elix.  Aurant. 
Amar.    Synonym :  Elixir  Curassao. 

Each  cc.  represents  0.06  cc.  of  the  oil  of  amari.  Alcoholic  content  about  28 
percent. 

Dose,  Vz  to  2  fluidrams  (2  to  8  cc). 

Calamus  (unofficial),  Calamus.    Synonyms:  Sweet  Flag,  Radix  Acori. 

The  unpealed,  dried  rhizome  of  Acorus  calamus  Linne  (Fam.  Aracece).  Odor 
aromatic;  taste  pungent  and  bitter. 

Dose,  in  substance  15  to  30  grains  (0.9  to  1.9  Gm.)  ;  or  of  infusion  (1  ounce  to  1 
pint  of  boiling  water)  to  2  to  4  fluidounces  (60  to  120  cc). 

Canella  (KF.),  Canella.  Abbr.,  Canel.  Synonyms:  Cassia  Alba,  Wild 
Cinnamon. 

The  dried  inner  bark  of  Canella  winterana  (Linne)  Gaertner  (Fam.  C anellacece) . 
Odor  slight,  unless  the  bark  is  heated,  then  aromatic,  resembling  that  of  cinnamon; 
taste  aromatic,  warm,  somewhat  bitter  and  mucilaginous.  The  powder  is  light  brown 
in  color. 

Dose,  20  to  40  grains  (1.3  to  2.6  Gm.). 

CoRNUS  (N.F.),  Cornus.    Abbr.,  Com.    Synonym:    Dogwood  Bark. 

The  dried  bark  of  the  root  of  Coimus  florida  Linne  (Fam.  Coniacece).  Odor 
slight;  taste  bitter  and  astringent. 

Dose,  1  to  2  ounces  (30  to  60  Gm.). 
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Fluidextractum  Corni  (N.F.),  Fluidextract  of  Cornus.  Ahhr.,  Fldext.  Corn, 
Synonym:   Fluidextract  of  Dogwood  Bark. 

Each  cc.  represents  1  Gm.  of  drug,  with  an  alcoholic  content  of  about  62  percent. 

Dose,  20  to  60  minims  (1.3  to  4  cc). 

CoRYDALis  (N.F.),  Corydalis.  Ahhr.,  Corydal.  Synonyms :  Turkey  Corn,  Squirrel 
Corn. 

The  dried  tubes  of  Dicentra  canadensis  (Goldie)  Millspaugh,  usually  mixed 
with  dried  bulb-like  portions  of  Dicentra  cucullaria  (Linne)  Millspaugh  (Fam. 
Fumariacece) .  The  powdered  drug  is  light  yellow  or  yellowish-gray;  nearly  odorless; 
slightly  bitter  taste.  Contains  several  bitter  alkaloids  including  protopine  and 
coj'ydaline. 

Dose,  5  to  15  grains  (0.3  to  1  Gm.). 

Fluidextractum  Corydalis  (N.F.),  Fluidextract  of  Corydalis.  Ahhr.,  Fldext. 
Corydal. 

Each  cc.  represents  1  Gm.  of  the  drug.    Alcoholic  content  about  70  percent. 

Dose,  10  to  20  minims  (0.6  to  1.2  cc). 

CusPARLE  Cortex  (unofficial),  Angustura  or  Angostura  bark.  Synonym  :  Carony 
bark. 

The  dried  bark  of  Cusparia  officinalis  Hancock  (Fam.  Eutacece).  Odor  musty; 
taste  aromatic  and  bitter.  It  contains  a  volatile  oil,  a  crystalline  bitter  alkaloidal 
principle,  angosturine,  resin,  and  gum;  several  other  crystalline  alkaloids  have  also 
been  obtained  from  it.  It  is  the  chief  ingredient  of  the  preparation  known  as  "An- 
gostura bitters." 

Antagonists  and  Incompatihles. — The  same  as  those  of  the  other  aromatic  bitters 
containing  resin,  namely  the  salts  of  iron  and  other  metals. 

Synergists. — Reconstructive  physical  measures,  and  tonics. 

Dose,  20  to  30  grains  (1.3  to  2  Gm.),  in  powdered  form. 

Infusum  Cusparia  (unofficial).  Infusion  of  Angustura. 

This  was  official  in  an  earlier  edition  of  the  U.S.  and  Br.  Pharmacopoeias.  It  is 
prepared  by  infusing  50  Gm.  of  the  powdered  bark  in  1000  cc  of  boiling  water  for  15 
minutes. 

Dose,  2  fluidounces  (60  cc). 

Damiana  (N.F.),  Damiana.    J.6&r.,  Damian.    Synonym:    Turnera. 

The  leaves  of  Turnera  diffusa  Willd.,  or  of  Turnera  aphrodisiaca  Ward  (Fam. 
Turneracece) .  Odor  aromatic;  taste  aromatic  and  resinous;  powdered  drug  light 
yellowish-green  in  color.  The  chief  constituents  are  a  greenish  volatile  oil  and  a  light 
brown,  amorphous  bitter  principle,  damianin.  It  also  contains  from  3  to  4  percent, 
of  tannin. 

Dose,  15  to  60  grains  (1  to  4  Gm.). 

Fluidextractum  Damian^  (N".F.),  Fluidextract  of  Damiana.  Ahhr.,  Fldext. 
Damian.    Synonym:    Fluidextractum  Turnerae. 

Each  cc.  represents  1  Gm.  of  the  drug,  with  an  alcoholic  content  of  about  68 
percent. 

Dose,  15  to  60  minims  (1  to  4  cc). 

Humulus  (U.S.  IX.),  Hops.    Ahhr.,  TAumviX.    Synonym:   Lupulus. 

The  dried  strobiles  of  Humulus  lupulus  Linne  (Fam.  Moracem)  bearing  their 
glandular  trichomes.  Odor  strong  and  characteristic,  becoming  disagreeable  and 
valerian-like  on  aging;  taste  aromatic  and  bitter.  The  constituents  of  the  hop  strobile 
are  a  bitter,  lupamaric  acid,  resin,  tannin,  asparagin,  cholin,  and  a  volatile  oil. 
Lupulin  contains  the  lupamaric  acid  of  hops  and  the  volatile  oil,  but  is  destitute  of 
tannin. 
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Antagonisis  and  In  compatibles. — All  mineral  acids  and  metallic  salts  are  chemically 
incompatible  with  the  preparations  of  hops. 

Synergists. — The  bitter  and  malt  extracts  aid  the  action  of  hops  and  lupulin 
with  regard  to  appetite  stimulation  and  tonic  effects.  The  bromides  and  other 
cerebral  sedatives  assist  the  action  on   the  nerve  system. 

Dose,  20  to  40  grains  (1.3  to  2.G  Gm.). 

Elixir  Humuli  (unofficial),  Eli.xir  of  Hops.  Ahhr.,  Elix,  Humul.  Synonym: 
Elixir  of  Lupulus. 

Each  cc.  represents  1.25  Gm.  of  tlie  crude  drug. 

Dose,  1  to  3  fluidrams  (4  to  12  cc). 

Fluide.xtractum  Humuli  (N.F.),  Fluidextract  of  Hops.  At)hr.,  Fldext.  Humul. 
Synonym:    Fluidextract  of  L\ipulus. 

Each  cc.  represents  1  Gm.  of  tlie  drug,  with  an  alcoholic  content  of  about  G2 
percent. 

Dose,  20  to  40  minims  (1.3  to  2.6  cc). 

TiNCTURA  Humuli  (N.F.),  Tincture  of  Hops.  Ahhi'.,  Tr.  Humul.  Synonym: 
Tincture  of  Lupulus. 

Each  cc.  represents  0.2  Gm.  of  the  drug,  with  an  alcoholic  content  of  about  60 
percent. 

Dose,  1  to  2  fluidrachms  (4  to  8  cc). 

LuPULiNUM  (N.F.),  Lupulin.    Ahhr.,  Lupul.    Synonym:    Lupulinic  Glands. 

The  glandular  trichomes  separated  from  the  strobiles  of  Humulus  lupulus  Linne 
(Fam.  Moracece).  A  bright  yellowish-brown,  granular  powder,  having  the  char- 
acteristic odor  and  taste  of  hops,  becoming  darker  in  color,  disagreeable  and  valerian- 
like in  odor  on  aging,  when  it  is  unfit  for  use. 

Antagonists,  Incompatihles  and  Synergists. — Same  as  those  of  Humulus  (q.v.), 
except  that  lupulin,  containing  no  tannin,  may  be  given  with  iron. 

Dose,  8  to  10  grains  (0.5  to  0.6  Gm.). 

Fluidextractum  Lupulixi  (N.F.),  Fluidextract  of  Lupulin.  Ahhr.,  Fldext. 
Lupulin. 

Each  cc.  represents  1  Gm.  of  the  drug,  with  an  alcoholic  content  of  92  percent. 

Dose,  8  to  10  minims  (0.5  to  0.6  cc). 

Oleoresina  Lupulini  (unofficial),  Oleoresin  of  Lupulin.    Ahhr.,  Oleores.  Lupulin. 

Prepared  by  extracting  lupulin  with  ether  and  distilling  the  ether  from  the 
percolate. 

Dose,  3  to  5  grains  (0.2  to  0.3  Gm.). 

Marrubium   (unofficial),  Marrubium.     Synonyms:     Horehound,  Hoarhound. 

The  dried  leaves  and  flowering  tops  of  Marruhium  vulgare  Linne  (Fam.  Lahiata?). 

Marrubium  contains  an  essential  oil,  tannin,  resin,  and  a  crystalline  bitter 
principle,  marruhiin,  which  is  very  slightly  soluble  in  water.  Odor  aromatic;  taste 
bitter. 

Dose,  30  to  60  grains  (2  to  4  Gm.). 

Matricaria  (U.S.  IX.),  Matricaria.  Ahhr.,  Matricar.  Synonyms:  Wild  Chamo- 
mile, German  Chamomile,  Chamomilla. 

The  dried  flower-heads  of  Matricaria  chamomilla  Linne  (Fam.  C ompositce) .  Odor 
pleasant,  aromatic;  taste  aromatic  and  bitter.  The  drug  contains  tannin,  an  alkaloid, 
anthemidine,  a  bitter  principle,  anthemic  acid,  and  a  blue  volatile  oil.  An  infusion 
may  be  made  of  the  strength  of  half  an  ounce  to  the  pint  of  boiling  water.  Dose, 
2  drams  (4  cc). 

Antagonists  and  Incompatihles. — The  salts  of  iron  and  other  metals  which  are 
precipitated  by  tannic  acid. 
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Synergists. — The  aromatic  bitters,  nerve  sedatives  and  antispasmodics. 

Dose,  4  to  6  drams  (16  to  24  Gm.). 

Myrica  (N.F.),  Bayberry  Bark.    Synonyms :    Candle  Berry,  Wax  Myrtle. 

The  dried  bark  of  the  root  of  Myrica  cerifera  Linne  (Fam.  Myricece).  Odor 
characteristic,  rather  disagreeable;  taste  astringent,  mildly  bitter  and  slightly  acrid. 
The  powdered  drug  is  reddish-brown. 

Dose,  10  to  30  gi-ains  (0.6  to  2  Gm.);  of  a  decoction  (1  ovmce  to  1  pint),  1  to  2 
fluidounces  (30  to  60  cc). 

PuLVis  Myrica  Compositus  (N.F.),  Compound  Powder  of  Bayberry.  Ahbr.,  Pulv. 
Myric.  Co.    Synonym:  Composition  Powder. 

Contains  60  percent,  of  powdered  bayberry  bark,  30  percent,  of  ginger  and  5  per- 
cent, each  of  capsicum  and  clove. 

Dose,  10  to  20  grains  (0.6  to  1.2  Gm.). 

Panax  (unofficial),  Panax.    Synonym:   Ginseng. 

•  The  dried  root  of  Panax  quinquefolius  Linne,  the  American  ginseng  plant.  The 
root  contains  a  volatile  oil,  resin,  starch,  saponin,  a  bitter  principle,  and  a  glueoside, 
panaquilon.     Feeble  odor;  sweet,  slightly  aromatic  taste. 

Dose,  indefinite. 

RuMEX  (N.F.),  Rumex.    Synonyms :    Yellow  Dock,  Curled  Dock. 

The  roots  of  Rumex  crispus  Linne,  or  of  Rumex  ohtusifoUus  Linne  (Fam.  Polygo- 
nacece) ;  taste  astringent  and  bitter ;  little  or  no  odor. 

Dose,  15  to  45  grains  (1  to  3  Gm.). 

Fluidextract  Rumicis  (N.F.),  Fluidextract  of  Rumex.    Ahhr.,  Fldext.  Rumic. 

Each  cc.  represents  1  Gm.  of  the  crude  drug,  with  an  alcoholic  content  of  about 
55  percent. 

Dose,  15  to  60  minims  (1  to  4  cc). 

Sambucus  (N.F.),Sambucus.  i4?j6r.,Sambuc.  Synonyms:  Elder  Flowers,  Elderberry. 

The  air-dried  flowers  of  Sambucus  canadensis,  or  of  Sambucus  nigra,  Linne  (Fam. 
Caprifoliacece) ;  odor  faintly  sweet  and  aromatic;  taste  slightly  hitter;  they  yield  their 
active  properties  to  water  by  infusion,  and  on  distillation  give  ofP  a  small  proportion 
of  a  volatile  oil. 

Dose,  30  to  60  grains  (2  to  4  Gm.). 

Senecio  (N.F.),  Senecio.    Synonym:   Life  Root  Plant. 

The  dried,  above-ground  portion  of  Senecio  aureus  Linne  (Fam.  Composiice') 
gathered  while  flowering ;  odor  aromatic ;  taste  bitter,  slightly  astringent  and  distinctly 
acrid  and  pungent. 

Dose,  1  dram  (4  Gm.). 

Fluidextractum  Senicionis  (N.F.),  Fluidextract  of  Senecio.  Abbr.,  Fldext. 
Senieion.     Synonym:    Fluidextract  of  Life  Root. 

Each  cc.  represents  1  Gm.  of  the  drug,  with  an  alcoholic  content  of  about  48 
percent. 

Dose,  %  to  1  fluidram  (2  to  4  cc). 

Serpentaria  (U.S.  X.),  Serpentaria.  Abbr.,  Serpent.  Synonyms:  Texas  Snake- 
root,  Virginia  Snakeroot. 

The  dried  rhizome  and  roots  of  Aristolochia  serpentaria  Linne  (Virginia  snake- 
root)  or  of  A.  reticulata  Nuttall  (Texas  snakeroot)  (Fam.  Aristolochiacew).  Odor 
terebinthinate ;  taste  bitter,  aromatic.  The  drug  contains  a  volatile  oil,  a  bitter  alka- 
loid, aristolo chine,  tannin,  starch,  and  gum. 

Antagonists  and  Incompatibles. — The  salts  of  iron  and  other  metals  are  chem- 
ically incompatible. 

Dose,  10  to  30  grains  (0.6  to  2.0  Gm.). 
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Tluidextbactum  SERPENTARiiE  (N.F.),  Fluidextract  of  Serpentaria.  Abhr.,  Fldext. 
Serpentar. 

One  minim  corresponds  in  strength  to  one  grain  of  the  crude  drug.  Alcoholic 
content,  75  percent. 

Dose,  10  to  30  minims  (0.6  to  2.0  cc). 

TiNCTURA  Serpextarle   (N.F.),  Tincture  of  Serpentaria.     Ahbr.,  Tr.  Serpentar. 

Five  cc.  correspond  in  strength  to  one  Gm.  of  the  crude  drug.  Alcoholic  content 
about  64  percent. 

Dose,  Vz  to  2  fluidrams  (2  to  8  cc). 

WiNTERA  Cortex  (unofficial),  Winter's  Bark.     Synoiiyms :    Malambo  Bark. 

The  bark  of  Dnmys  ivinteri  Forst  (Fam.  Magnoliacece).  It  contains  a  crude  oil 
from  which  winterene,  the  active  principle,  is  obtained  by  distillation.  Odor  aromatic, 
taste  pungent,  bitter  and  slightly  acid. 

Dose,  30  to  40  grains  (2  to  2.0  Gm.)  with  an  e<iual  amount  of  powdered  cin- 
namon. 

Zedoaria  (N.F.),  Zedoary.    Abbr.,  Zedoar. 

The  dried  rhizome  of  Curcuma  zedoaria  (Bergius)  Roscoe  (Fam.  Ztngiberacece). 
Odor  aromatic,  camphor-like;  taste  aromatic,  warm,  slightly  bitter.  The  root  contains 
a  resin  and  a  bitter  extractive,  and  on  distillation  yields  a  volatile  oil. 

Dose,  10  to  30  grains  (0.6  to  2  Gm.). 

TiNCTURA  Zedoaria  Amara  (unofficial).  Bitter  Tincture  of  Zedoary.  Abbr.,  Tr. 
Zedoai'.  Amar.    Synonym:   Compound  Tincture  of  Zeodoary. 

Each  cc.  corresponds  to  3.5  grains  of  zedoary  with  a  15  percent,  alcoholic  content. 

Dose,  V-z  to  2  fluidrams  (2  to  8  cc). 

ASTRINGENT  BITTERS: 

Cascarilla  (Br.),  Cascarilla.  Abbr.,  Cascarill.  Synonyms:  Sweetwood  Bark, 
Sweet  Bark. 

The  dried  bark  of  Croton  eluteria  (Linne)  Bennett  (Fam.  Euphorbiacew).  Odor 
characteristic,  strong  and  musk-like  when  the  bark  is  burned;  taste  warm,  aromatic 
and  very  bitter.  The  bark  contains  a  bitter  principle,  cascarilline,  an  essential  oil, 
tannin  and  a  resin. 

Antagonists  <and  Incompatibles. — The  metallic  salts  are  chemically  incompatible. 

Do.se,  10  to  30  grains  (0.6  to  2  Gm.). 

TiNCTURA  Cascarilla  (Br.),  Tincture  of  Cascarilla.  Abbr.,  Tr.  Cascarill. 
Synonym :    Tincture  of  Sweetwood  Bark. 

Each  cc.  is  the  equivalent  of  0.2  Gm.  of  the  drug,  with  an  alcoholic  content  of 
about  68  percent. 

Note:  Mixtures  containing  tincture  of  cascarilla  with  a  mineral  acid  require  the 
addition  of  1/16  of  their  bulk  of  mucilage  or  gum  acacia  to  prevent  the  separation  of 
the  resin.  ;   -• 

Dose,  1/2  to  1  fluidram  (2  to  4  cc). 

Infusum  Cascarilla  (Br.),  Infusion  of  Cascarilla. 

Powdered  cascarilla,  50  Gm. ;  boiling  distilled  water,  1000  cc.  Infuse  in  a  covered 
vessel  for  15  minutes,  and  strain  while  hot. 

Dose,  Vz  to  1  fluidounce  (15  to  30  cc). 

CoNDURAN(!0  (N.F.),  Condurango.    Abbr.,  Conduran. 

The  dried  bark  of  Marsdenia  condurango  (Triana)  Nichols  (Fam.  Asclepiadacece) . 
The  powder  is  light  yellowish-brown ;  odor  slightly  aromatic,  especially  marked  in  the 
fresh  drug;  taste  bitter  and  aromatic. 

Dose,  Vz  to  1  dram  (2  to  4  Gm.). 
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Fluidextractum  Condurango  (N.F,),  Fluidextract  of  Condurango.  Ahhr.^ 
Fldext.  Conduran. 

Eacli  cc.  represents  1  Gm.  of  the  drug  with  an  alcoholic  content  of  58  percent. 

Dose,  Vz  to  2  fluidrams  (2  to  8  cc). 

Galanga  (N.F.),  Galanga.  Ahhr.,  Galang,  Synonyms:  Galangal,  Galangoe 
rhizoma  (Br.). 

The  dried  rhizome  of  Alpinia  officinarum  Hanse  (Fam.  Zingiheracew).  The  odor 
is  aromatic  and  agreeable;  taste^  hot  and  spicy,  resembling  ginger.  The  aroma  is  due 
to  a  volatile  oil  and  the  pungency  to  an  oily  body,  galangol.  The  powdered  drug  is 
reddish-brown  in  color. 

Dose,  15  to  30  grains  (1  to  2  Gm.)  in  substance,  and  twice  as  much  in  infusion. 

Inula  (N.F.),  Inula.    Synonym:    Elecampane. 

The  dried  rhizome  and  roots  of  Inula  helenium  Linne  (Fam.  Compositce).  Odor 
aromatic ;  taste  acrid,  bitter  and  pungent.  The  powdered  drug  is  light  brown  in  color. 
It  yields  on  distillation  with  water  a  small  proportion  of  a  volatile  oil,  three  crystalline 
acids,  and  the  active  bitter  principle,  helenin.  If  the  drug  has  been  gathered  in  the 
autumn,  it  also  contains  a  large  quantity  of  inulin  (also  known  as  alantin). 

Dose,  externally  as  a  dusting  powder,  undiluted,  and  internally  (in  a  decoction 
1 :40)  1  to  2  fluidounces  (30  to  60  cc). 

Menyanthes  (unoflScial),  Menyanthes.  Ahhr.,  Menyanth.  Synonyms :  Buckbean, 
Marsh  Trefoil. 

The  dried  leaves  of  Menyanthes  trifoliata  Linne  (Fam.  Gentianacece).  Odor 
slight  but  characteristic;  taste  decidedly  bitter.  Its  action  depends  on  menyanthin, 
which  is  a  bitter  glucoside  soluble  in  alcohol  and  water  but  not  in  ether. 

Dose,  20  to  30  grains  (1.3  to  2  Gm.)  ;  as  a  purgative,  1  dram  (4  Gm.). 

Pharmacodynamic  Action:  Topical  and  Digestive  Action. — There  has  been  much 
controversy  over  the  mechanism  by  which  the  bitters  improve  the  appetite  and  diges- 
tion, but  it  has  been  shown  that  they  act  directly  on  the  secreting  glands,  and  not 
through  a  reflex  from  the  taste  nerves,  by  improving  circulation  or  any  such  indirect 
method. 

The  results  of  experiments  on  normal  animals  and  man  may  be  summarized  as 
follows: 

Given  by  mouth  or  fistula  to  a  fasting  animal  whose  stomach  is  quiet,  there  is  no 
stimulation,  either  secretory  or  motor.  Given  during  "hunger  contractions"  of  the 
stomach,  these  are  temporarily  inhibited.  The  chief  influence  of  the  bitters  is  an  altera- 
tion of  the  response  of  the  stomach  and  bowel  to  food.  Bitters  given  by  mouth  or  gastric 
fistula  either  with,  after  or  immediately  before  feeding,  lessen  the  gastric  secretion  both 
in  amount  and  in  activity.  Added  to  digestive  ferments  in  vitro,  they  also  lessen  activ- 
ity. A  stimulating  effect  is,  however,  seen  if  the  bitters  are  given  some  time  before  the 
food.  If  infusion  or  tincture  of  gentian,  quassia,  etc.,  are  given,  and  then  half  an  hour 
or  more  is  allowed  to  elapse  before  food  is  taken,  the  secretion  of  gastric  jaice  brought 
about  is  distinctly  larger  than  is  normally  caused  by  the  same  food.  This  stimulating 
influence  may  last  as  much  as  two  days  after  a  single  dose.  There  is  no  effect  on 
gastric  motility. 

When  there  is  gastric  catarrh  or  indigestion  with  lessened  secretion  of  acid,  the 
increase  which  results  from  giving  bitters  half  to  one  hour  before  meals  is  even  more 
marked  than  in  the  normal  individual.  It  must  be  remembered  that  an  interval  of  at 
least  balf  an  hour  should  elapse  between  taking  the  bitters  and  the  next  meal. 

Experiments  on  dogs  with  gastric  fistula  show  a  delay  in  absorption  of  soluble 
salts,  if  quassia  is  added  to  the  solution.  The  result  is  reversed,  however,  when  absorp- 
tion from  the  bowel  is  studied.  Here  the  bitters  added  to  a  solution  of  sugar  passed 
through  an  isolated  loop  of  intestine,  cause  a  marked  increase  in  the  amount  of  sugar 
absorbed. 

The  effects  described  are  shown  to  be  local  by  the  manner  of  administration,  but  that 
the  bitters  have  a  reflex  action  also,  is  shown  by  experiments  on  dogs  with  esophageal 
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fistula,  which  prevents  substances  given  by  mouth  from  reaching  the  stomach.  Quassia 
given  to  such  dogs  causes  the  usual  intense  salivation  but  also  causes  an  increase  in 
the  response  to  false  feeding,  which  induces  more  gastric  secretion  when  quassia  is 
given  than  from  meat  alone. 

The  secretions  of  the  salivary  glands  are  always  markedly  increased,  those  of  the 
pancreas  and  liver  are  little,  if  at  all.  affected.  The  only  constant  effect,  apart  from 
that  on  the  digestive  tract,  is  a  temporary  increase  of  the  number  of  circulating  white 
blood  colls,  when  bitters  are  given  on  au  empty  stomach.  The  increase  resembles  that 
which  follows  feeding. 

Certain  of  the  bitters  cause  increased  peristalsis,  and  after  toxic  doses  of  berberine 
the  bowel  may  be  contracted  into  hard,  white  cords.  The  spleen  is  also  said  to  contract 
(Falck).  Cotoin.  on  the  contrary,  has  been  used  clinically  to  check  diarrhea.  Cocillana 
may  act  as  an  emetic,  even  in  small  dose,  and  has  been  recommended  as  an  expectorant 
with  properties  similar  to  those  of  ipecac.  Various  carminative  bitters  applied  to  an 
isolated  loop  of  bowel,  caused  increase  of  tonus  and  of  rhythmic  contractions    (Plant). 

Toxic  and  Si/stemic  Action. — When  taken  by  mouth,  even  in  enormous  doses,  the 
bitters  have  no  effect,  except  to  cause  a  burning  in  the  mouth  and  stomach,  with  nausea 
and  perhaps  vomiting  followed  by  diarrhea.  Headache,  weakness  and  depression  and 
rarely  dizziness  may  also  result. 

Given  by  vein  to  dogs  and  rabbits  they  cause  restlessness  with  great  weakness 
and  prostration.  Ataxia  and  tremors  are  often  accompanied  by  cerebral  convulsions. 
Reflexes  are  lost  and  the  sensory  cells  of  the  cord  are  said  to  be  paralyzed,  as  there  is 
no  response  to  stimulation  even  between  convulsions.  Later  the  medullary  centers  are 
paralyzed  and  blood  pressure  and  respiration  fail.  The  vagus  center  is  paralyzed,  but 
the  effects  of  this  are  complicated  by  a  direct  paralyzing  action  on  the  cardiac  ganglia 
and  muscle.  This  increases  the  fall  of  pressure  due  to  vasodilatation,  the  heart  being 
either  rapid  or  slow.  Excretion  into  the  stomach  and  bowel  causes  vomiting  and 
diarrhea.  Irritation  of  the  urinary  tract  is  less  common,  but  even  by  mouth  quassia 
may  cause  burning  in  the  bladder  and  frequent  urination;  while  aristolochine  Cserpen- 
taria)  causes  in  rabbits  a  tubular  nephritis  like  that  from  aloin.  In  frogs,  symptoms 
similar  to  those  in  mammals  are  produced,  there  being  a  curious  merging  of  paralysis 
and  convulsions  with  cardiac  failure.  Symptoms  of  this  general  type  have  been  reported 
from  berberine,  buxine,  cetrarin,  cimicifuga.  condurango,  cotoin,  lupulinic  acid,  orexin, 
and  quassia.  Quassia,  berberine,  and  buxine  paralyze  leucocytes  and  protozoa  as  does 
quinine,  and  quassia  also  paralyzes  insects  which  may  sip  the  infusion.  The  systemic 
effects  of  absinthe  are  entirely  distinct,  depending  on  the  essential  oil,  and  consisting 
chiefly  in  hallucinations  and  cerebral  convulsions. 

Therapeutics:  Simple  Bitters. — Topical.  Many  of  the  bitters  exercise  an 
obscure  healing  action  when  applied  locally.  Chronic  inflammation  of  the  nose  and 
throat  may  be  treated  by  painting  or  gargling  with  tincture  of  calendula,  while 
berberis  and  coptis  are  useful  in  canker  sore  and  other  forms  of  stomatitis.  The 
infusion  of  berberis  is  widely  used  in  domestic  medicine  as  a  collyrium  in  simple 
catarrhal  conjunctivitis.  Calendula  finds  its  chief  employment  in  domestic  practice 
as  a  vulnerary  in  sprains  and  bruises,  and  even  in  open  wounds.  It  is  safer  for 
this  purpose  than  arnica,  as  there  is  no  irritant  action,  and  consequently  no  danger 
of  dermatitis  from  prolonged  application.  Its  powder  mixed  with  boric  acid  ia 
soothing  and  sometimes  healing  in  varicose  and  other  chronic  ulcerations.  It  is 
very  useful,  applied  by  insufflation  of  the  powder  or  by  a  spray  of  the  tincture, 
in  chronic  pharyngitis  and  tonsillitis.  The  same  healing  action,  perhaps  combined 
with  a  slight  antipathogenic  power,  leads  to  the  use  of  fluidextract  of  coptis  in 
aphthous  stomatitis  and  thrush,  and  to  the  employment  of  calendula  mixed  with 
boric  acid  or  borax  as  an  insufflation  in  otitis  media.  Quassia  is  destructive  to 
animal  parasites  and  a  lotion  of  the  fluid  extract  with  phenol  and  alcohol  is  recom- 
mended for  killing  lice  ajid  removing  nits  from  the  hair.  An  infusion,  two  ounces 
to  the  pint  of  water,  is  an  efficient  enema  for  tlie  dislodgment  of  tlireaduwrms, 
or  %  grain  of  the  extract  in  a  suppository  may  he  used  for  tlie  Siime  purpose. 
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Systemic.  The  simple  bitters  are  of  great  value  in  conditions  of  the  gastro- 
enteric tract,  associated  with  loss  of  appetite,  decreased  secretion  of  the  digestive 
juices  and  loss  of  muscular  tone,  whether  this  be  expressed  by  constipation  or  by 
diarrhea.  If  given  a  half  hour  or  so  before  meals,  they  increase  appetite  and  lead 
to  increase  in  the  amount  of  gastric  juice  and  of  its  acidity.  In  this  way  they 
improve  the  digestion  and  thus  indirectly  improve  nutrition.  They  are  indicated 
in  chronic  gastric  catarrh,  particularly  when  this  is  associated  with  atony  of  the 
bowel  or  subacidity  of  the  gastric  juice.  They  are  often  of  great  benefit  in  "nervous 
dyspepsia"  for  which  no  local  cause  can  be  determined,  or  which  results  from 
general  weakness  and  depressed  vitality.  Orexin  hydrochloride,  or  preferably  orexin 
tannate,  is  of  special  efiicacy  in  the  capricious  appetite  of  hysterical  and  neu- 
rasthenic subjects.  In  certain  cases  of  emesis  gravidarum  it  gives  excellent  service, 
though  sometimes,  for  no  apparent  reason,  it  falls  to  give  any  relief.  In  loss  of 
appetite  from  grief  or  worry,  it  often  acts  most  beneficially.  Calumba  has  few; 
properties  beyond  that  of  a  simple  bitter,  of  which  it  is,  for  this  reason,  one  of 
the  best.  It  will  often  prove  serviceable  in  the  morning  sickness  of  drunkards, 
in  the  vomiting  of  pregnancy  and  even  in  seasickness.  Gentian  is  perhaps  the  most 
generally  useful  of  the  simple  bitters.  Its  action  is  rapid  and  it  may  be  given 
a  shorter  time  before  the  meal  than  quassia  or  calumba.  It  may  prove  of 
value  in  the  dyspepsia  of  malaria  and  gout  when  other  remedies  fail.  Quassia  is 
perhaps  the  most  active  of  the  bitters,  but  is  somewhat  irritant  and  in  large  doses 
acts  as  a  cathartic.  A  favorite  mode  for  its  administration  was  as  a  cold  infusion,  a 
cup  of  quassia  wood  being  filled  with  water  in  the  evening  and  the  contents  drunk  the 
following  morning  before  breakfast. 

Cotoin,  also,  is  a  useful  stomachic  tonic,  increasing  appetite  and  aiding  assimila- 
tion and  digestion.  The  coto  bark,  however,  is  astringent  and  its  galenical  prepa- 
rations share  the  properties  of  the  astringent  group. 

Berberis,  carduus  and  taraxacum  are  useful,  not  only  as  bitter  stomachics,  but 
also  in  certain  cases  of  hepatic  torpor  and  even  of  catarrhal  jaundice  or  chronic 
cholangitis,  associated  with  more  or  less  gastro-duodenal  catarrh  and  intestinal  atony 
or  sluggishness.  Carduus  and  taraxacum — in  sufficient  dose  — have  likewise  a  distinct 
cathartic  action.  The  slight  cholagogue  action  together  with  the  laxative  and  diuretic 
effect  of  taraxacum,  in  moderate  doses  (2  grains — 0.12  Gm.)  may  be  of  special  service 
in  some  appropriate  association,  in  the  dyspepsias  and  vague  muscular  pains  of  elderly 
persons  and  gouty  subjects,  and  in  the  anorexia  of  convalescents,  when  the  emunctories 
are  sluggish. 

In  emesis  gravidarum,  orexin  tannate  and  berberine  have  been  recommended, 

Bibeerine  (buxine)  sulphate  (an  alkaloid  of  nectandra)  is  held  by  some  to  be 
of  use  in  controlling  menorrhagia  and  relieving  the  cramps  of  dysmenorrhea. 

The  simple  bitters  are  also  used  as  vehicles  for  remedies  such  as  salicylates, 
bromides,  and  iodides,  which  are  likely  to  disturb  digestion.  The  compound  prepara- 
tions of  gentian  are  especially  available  for  this  purpose.  As  simple  bitters  do 
not  contain  tannin,  they  may  be  associated  with  pepsin,  or  if  there  is  anemia, 
may  be  given  with  citrate  or  other  iron  salt.  They  may  also  well  be  associated 
with  cathartics,  senna  being  often  administered  with  gentian  or  calumba. 

Long  continued  employment  of  the  bitters  excites  gastric  catarrh,  especially 
if  they  are  taken  in  an  alcoholic  menstruum.  Many  of  the  patent  medicines,  to 
which  the  name  of  bitters  is  given,  contain  large  amounts  of  alcohol,  and  their  sale  is 
i\ow  prohibited  in  the  United  States. 

Most  of  the  virtues  ascribed  to  bitters  in  systemic  conditions  exist  largely 
in  the  imagination.     The  general  impi'ovement  in  nutrition   which  may  result  from 
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tlioir  use  often  enables  the  body  to  overcome  clironif  ilis;il)ilitie.s,  and  thus  specific 
virtues  which  they  do  not  possess  are  attributed  to  them.  In  convalescence  from 
acute  fevers,  this  "toning:  up"  quality  is  of  great  value.  A  similar  action  underlies 
their  reputed  value  in  amenorrhon  and  leucorrlnui,  and  in  chronic  gout  and  r/iemna- 
fism.  In  convalescence  from  malaria,  berheris,  chirata,  and  Rcntinn  are  especiiilly 
recommended.  The  bitter  ])rinciple  of  the  last,  ffcntiopicrin,  hns  been  credited  with 
specific  antimalarial  action,  hut  is  certainly  inferior  to  quinine.  Even  were  it 
effective,  its  high  price  would  preclude  its  general  use.  Berheris  is  much  erai)loyed 
by  the  Eclectics  in  the  debility  of  tertiary  sypliilis,  in  which  condition  it  is  associ- 
ated with  spirocheticides.  Nux  vomica,  in  doses  of  5  to  20  minims  (0.5  to  1.5  cc.) 
of  the  tincture,  preferably  before  meals,  is  one  of  the  best  of  the  bitter  tonics,  acting 
partly  as  a  simple  bitter,  but  largely,  of  course,  by  virtue  of  its  alkaloids,  strychnine 
and  brucine,  and  thus  not  only  stimulating  the  appetite,  but  increasing  the  activity  of 
the  gastric  and  intestinal  niuseuhiturc.  It  is  rather  slowly  absorbed  and  so  exerts 
its  local  action  for  a  longer  period  than  most  of  the  bitters.  It  is  often  given  in 
association  with  cinchona.  Strychnine  acts  similarly,  but  is  less  useful  as  a  pure 
bitter  and  has  a  more  specialized  application  as  a  nerve  excitant.  While  care  must 
l)e  used  to  ascertain  individual  susceptibility,  and  while  it  is  best  to  begin  with  small 
doses  and  increase  by  degrees  (but  not  too  slowly),  one  should  not  be  afraid  to  give 
fairly  large  doses  of  nux  vomica,  especially  with  children.  It  is  peculiarly  appropriate 
in  association  with  gentian  and  sodium  bicarbonate,  in  children  who  seem  to  ''ail" 
or,  who,  for  no  special  reason,  have  poor  or  capricious  appetite;  who  may  be  subject 
to  recurrent  "colds"  with  or  without  fever,  or  who  reveal  to  x-ray  rather  than  to 
l)hysical  examination,  evidence  of  healed  or  latent  tuberculosis  of  the  peribronchial 
or  glandular  type. 

Ignatia  amara,  which  contains  more  brucine  and  less  strychnine  than  nux  vomica, 
is  likewise  used  in  doses  of  Y4,  to  1  grain  (0.015  to  0.06  Gm.)  as  a  general  tonic  and 
gastroenteric  stimulant  and  is  by  many  preferred,  in  dose  of  ^2  grain  (0.03  Gm.),  as 
an  ingredient  of  purgative  pills,  especially  in  chronic  constipation  associated  with 
flatulence.     It  is  commonly  associated  with  podophyllin,  piperine  or  belladonna. 

Eupatorium  was  in  use  by  the  American  aborigines  before  the  coming  of 
Europeans  and  was  adopted  from  them  by  the  early  settlers.  It  was  used  in 
domestic  practice,  in  cold  infusion  (boneset  tea),  as  a  bitter  tonic  in  ^anorexia  and 
in  convalescence  from  debilitating  fevers;  in  moderate  doses  of  a  hot  infusion  as 
a  diuretic;  in  larger  doses  as  a  diaphoretic;  and  in  still  larger  doses  of  hot  or  cold 
infusion  or  decoction  as  an  emetic.  It  was  also  resorted  to  for  the  relief  of  deep- 
seated  muscular  pains  ("aching  in  the  bones")  following  exposure  to  inclement 
weather  or  occurring  as  prodromes  of  a  cold  or  an  infectious  fever.  Serpentaria 
is  a  stomachic  tonic  of  great  value,  given  in  small  doses  (20  minims  of  the  fluid- 
extract  or  30  minims  of  the  tincture)  ;  but  when  it  is  given  in  larger  doses  (more 
than  1/2  fluidram  of  the  fluidextract  or  2  fluidrams  of  the  tincture)  or  when  its 
administration  is  too  long  continued,  it  is  apt  to  "upset  the  stomach."  In  case 
of  suppression  of  the  menses  due  to  exposure  to  cold  or  associated  with  chlorosis, 
serpentaria,  in  doses  of  30  to  60  minims  (2  to  4  cc.)  of  the  tincture,  often  acts 
as  an  efficient  emmenagogue.  Serpentaria  is  also  a  stimulating  expectorant,  very 
useful  as  a  vehicle  for  ammonium  carbonate  in  hronchitis  and  hronchopneumoniu. 
It  is  also  an  excellent  adjuvant  to  cinchona  in  the  treatment  of  chronic  and  sub- 
acute malarial  affections,  and  is  so  recognized  in  the  U.S. P.,  being  an  ingredient 
of  the  official  Compound  Tincture  of  Cinchona.  The  tincture  of  serpentaria  applied 
by  gargling,  or  better  as  a  coarse  spray,  affords  considerable  relief  in  scarlatinal 
angina. 
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Pareira  is  very  similar  in  its  action  to  buchu,  being  diuretic  and  slightly  antiseptic 
in  the  urinary  tract.  It  is  employed  chiefly  in  the  treatment  of  mild  inflammatory 
conditions  of  the  urinary  passages,  such  as  subacute  or  chronic  pyelitis  and  cystitis.  It 
is  employed  occasionally  as  a  stomachic  bitter  and  tonic.  In  Brazil  pareira  is  used  as 
an  antidote  to  the  poison  of  venomous  reptiles,  the  fluidextract  or  a  tea  of  the  powdered 
root  being  given  internally  while  a  poultice  of  the  leaves  is  applied  to  the  wound. 

Aromatic  Bitters. — The  aromatic  bitters  have  a  strong  and  usually  pleasant 
odor;  they  act  upon  the  alimentary  mucous  membrane  chiefly  through  reflex  ex- 
citation in  a  manner  similar  to,  but  more  intense  than,  that  of  the  simple  bitters. 
Part  of  their  action  is  due  to  the  essential  volatile  oils  which  they  contain,  and 
in  excessive  doses  they  may  excite  symptoms  of  intoxication,  headache,  weakness, 
and  stupor,  or  very  rarely  convulsions.  Many  of  them  also  contain  tannin  and  so 
share  in  the  incompatibilities  as  well  as  the  therapeutic  activities  of  the  astringent 
group. 

Some  of  the  drugs  of  this  class  are  employed  locally  for  their  stimulant  and 
astringent  action  on  the  mucous  membranes.  Chamomile  fomentations  give  a  meas- 
ure of  relief  in  colic  and  in  cases  of  bladder  irritation,  and  are  stimulating  to 
sluggish  ulcers.  Hot  hop-bags  and  cataplasms  of  humulus  are  applied  to  reduce 
swelling  and  to  relieve  pain,  especially  abdominal  colic.  Hop  pillows  are  popularly 
used  to  allay  nocturnal  restlessness.  Matricaria  or  German  chamomile  is  one  of 
the  ingredients  of  the  N.F.  Species  Emollientes,  employed  externally  as  an  emollient 
poultice. 

Cascarilla  is  one  of  the  best  of  the  aromatic  bitters  having  an  agreeable  taste 
and  being  devoid  of  marked  astringency.  It  is  very  useful  in  atonic  dyspepsia 
with  flatulence,  and  is  a  useful  ingredient  in  cough  mixtures.  Lupulin,  though 
mildly  bitter  and  tonic,  should  perhaps  be  classed  as  a  nerve  sedative;  it  is  an 
excellent  tonic  when  there  is  a  nervous  element  in  the  dyspeptic  condition,  and  it 
also  has  anaphrodisiac  properties.  Matricaria  is  another  nerve  sedative,  and  is 
often  given  to  nervous  children,  and  to  allay  the  irritation  of  teething. 

Decoctions  of  the  roots  of  rumex  are  frequently  used  as  a  folk  dye.  The  com- 
ponents of  the  two  species  mentioned  above  unite  a  laxative  with  tonic  and  astringent 
properties,  resembling  rhubarb  in  this  respect. 

Astringent  Bitters. — The  astringent  bitters  act  similarly  to  the  simple  bitters, 
but  they  are  best  given  alone,  since  many  of  the  synergists  of  the  simple  bitters, 
such  as  the  ferric  and  other  metallic  salts,  are  chemically  incompatible  with  the 
tannic  acid  content  of  those  of  the  second  group.  The  astringent  bitters  are 
especially  indicated  in  cases  of  anorexia  and  general  debility  in  which  diarrhea  or 
a   tendency   thereto   is   a   complication. 

Apart  from  its  specific  action  in  malarial  fever,  cinchona  has  a  distinct  value 
as  a  tonic  and  astringent  bitter.  Its  bitter  taste  is  pronounced,  but  in  the  official 
preparation  one  soon  becomes  accustomed  to  it  and  it  is  not  unpleasant.  Like  all 
the  bitters  it  stimulates  appetite,  improves  gastric  secretion  and  motility,  aids  diges- 
tion and  promotes  constructive  metamorphosis;  by  virtue  of  its  astringent  qualities 
it  tends  to  constipate  and  also  to  reduce  congestion  in  the  stomach  and  bowels, 
and  is  therefore  of  great  value  in  subacute  or  chronic  inflammation  of  the  ali- 
mentary tract.  Great  benefit  is  sometimes  seen  in  subacute  gastritis,  especially  that 
of  alcoholic  origin,  from  the  conjoint  administration  of  iodine  and  cinchona — 2  or  3 
drops  of  the  compound  tincture  of  iodine  being  given  with  2  drams  of  the  compound 
tincture  of  cinchona  before  meals.  In  convalescence  from  acute  fevers,  such  as 
influenza  and  typhoid  fever,  10  drops  of  the  tincture  of  nux  vomica  may  be  given  in 
conjunction  with  2   drams   of  compound  tincture  of  cinchona,   with  greater  benefit 
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than  follows  the  use  of  either  agent  singly.     Fluidextract  of  coca  is  a  useful  third 
agent  in  the  association. 

Carminatives 

The  carminatives  (carmino,  I  soothe)  are  drugs  which  have  the  peculiar  property 
of  causing  the  expulsion  of  gas  from  the  stomach  and  bowel,  and  thus  of  allaying  the 
pain  to  which  the  presence  of  gas  gives  rise. 

Even  under  normal  conditions  the  gastroenteric  tract  contains  large  amounts  of 
gas  (as  evidenced  by  the  hollow  note  on  percussion  of  the  abdomen.  In  the  bowel, 
bubbles  of  larger  and  smaller  size  are  moved  forward  with  the  chyme.  In  certain 
states  of  deranged  digestion  large  amounts  of  gas  collect  in  one  place,  distending 
the  bowel  wall.  The  normal  peristaltic  waves  pass  over  such  collections  merely 
compressing  the  gas  or  displacing  it  to  and  fro,  but  not  moving  it  progressively 
forward.  The  bowel,  in  its  efforts  to  rid  itself  of  the  distention,  contracts  violently 
and  spasmodically,  pain  resulting  partly  from  the  cramp-like  contractions,  partly  from 
the  overdistention  caused  by  the  gas  forced  into  the  adjacent  portion  of  the  bowel. 
The  increased  peristalsis  brought  about  by  cathartics,  often  passes  over  these  pockets 
of  gas  without  forcing  them  onward,  in  fact  it  may  be  less  effective  than  normal  move- 
ments, and  gas  collections  with  painful  cramps  are  common  accompaniments  of 
purgation. 

Certain  volatile  oils  have  the  power  to  relieve  this  condition  by  bringing  about 
rapid  expulsion  of  the  gas  without,  however,  causing  purgation.  A  similar  effect  is 
exerted  on  the  stomach,  the  gas  being  expelled  by  eructation  without  vomiting. 

Although  these  oils  and  the  drugs  containing  them  are  known  to  stimulate  peris- 
talsis, the  peculiarity  of  the  bowel  motion  induced  by  them,  which  moves  the  gas 
with  but  little  effect  on  semisolid  contents,  is  not  understood. 

The  following  drugs  are  used  as  carminatives.  Allium  (onion,  garlic),  armoracin 
(horseradish),  capsicum  (red  pepper),  piper  (black  pepper),  the  "flavoring"  essential 
oils,  including  allspice,  anise,  cardamom,  cinnamon,  clovec,  fennel,  ginger,  lavender, 
spearmint  and  peppermint ;  several  other  essential  oils  such  as  camphor,  asaf etida,  tur- 
pentine and  valerian,  and  finally  other  volatile  agents  such  as  methyl  salicylate,  ether, 
alcohol  and  chloroform.  Ginger,  peppermint,  and  camphor  are  especially  active  in 
expelling  gas  from  the  stomach,  and  ether,  alcohol  and  chloroform  in  relieving  pain. 
Most  of  the  agents  mentioned  are  discussed  fully  with  topical  irritants  or  antiseptics; 
ether,  chloform  and  alcohol  with  nerve  depressants. 

Of  these  the  following  are  used  chiefly  in  the  preparation  of  food  and  as  condi- 
ments and  are  comparatively  seldom  prescribed  as  medicaments;  allium,  caraway, 
cinnamon,  horseradish,  mace,  mustard,  nutmeg,  allspice,  pepper,  and  sage.  Used  to 
render  disagreeable  medicine  more  palatable  or  better  borne  are  anise,  cardamom, 
cloves,  coriander,  orange  peel,  lemon  peel,  and  sassafras. 

Anise  and  fennel  are  among  the  best  of  the  carminatives.  The  former  is  taken 
readily,  even  by  infants  and  young  children  by  reason  of  its  pleasant  taste.  The  oils 
are  to  be  preferred  to  any  preparations  of  the  seed.  Either  relieves  flatulent  colic 
promptly  and  is  a  useful  addition  to  laxatives  and  cathartics  to  prevent  griping. 

Asafetida  is  an  efficient  carminative,  antispasmodic,  and  nerve  sedative.  It  is 
extremely  useful  in  flatulent  colic,  especially  in  nervous  and  hysterical  subjects,  in  the 
aged,  and  in  infants ;  for  this  purpose  it  is  best  given,  because  of  its  disagreeable  taste 
and  odor,  in  the  form  of  rectal  injections  of  the  emulsion,  ^2  to  1  ounce  (16  to  32  cc.) 
in  a  pint  of  water.  In  the  tympanites  of  fevers,  or  following  operations,  an  enema 
of  from  8  to  12  ounces  (250  to  400  cc.)  of  the  asafetida  emulsion  may  be  given  alone 
or  with  the  addition  of  alum  (1  dram  to  1  ounce — 5  to  30  Gm.)  or  of  Hoffman  anodyne 
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(1  to  4  fluidrams — 5  to  15  cc).  The  mixture  should  be  warmed  to  100'  to  101"  F. 
(38°  to  40°  C.)  before  injection. 

Cardamom,  caraway,  clove,  nutmeg,  cinnamon,  mace  and  allspice,  being  readily  at 
hand  in  most  households,  are  not  uncommonly  employed  in  domestic  practice  for 
flatulent  colic  in  children  or  adults.  Peppermint  and  ginger  are  favorite  carminatives, 
perhaps  the  best  known  and  most  used  of  household  remedies  for  colic  and  nausea. 
Essence  of  spearmint,  V2  drop,  with  perhaps  an  equal  quantity  of  spirit  of  camphor 
in  a  teaspoonful  of  water  may  safely  be  given  to  an  infant. 

Sage  tea  is  used  in  popular  medicine  for  its  astringent  properties,  as  a  gargle  in 
catarrhal  pharyngitis  and  to  shrink  an  elongated  uvula.  When  drunk  hot  at  bedtime 
it  is  useful  to  induce  perspiration  "to  break  up  a  cold,"  and  taken  cold  it  is  a  diuretic 
much  prized  by  the  laity. 

Chloroform  and  ether  are  the  most  certain  in  their  action  of  all  the  carminatives 
and  may  be  given  with  great  confidence  in  simple  flatulent  colic  not  due  to  decom- 
posing food  in  a  dilated  stomach.  The  former  may  be  given  in  the  dose  of  30  minims 
(2  cc.)  of  the  spirit,  or  as  3  to  5  drops  of  pure  chloroform  on  a  small  Ivimp  of  sugar. 
The  spirit  compound  of  ether  can  be  taken  in  fluidram  (4  cc.)  dose,  or  15  minims 
(1  cc.)  of  pure  ether  may  be  floated  on  a  tablespoonful  of  cold  water  and  swallowed 
promptly.  Neither  of  these  remedies  should  be  entrusted  to  the  patient  to  be  taken 
ad  lib.,  both  because  of  their  poisonous  nature  and  because  a  habit  is  readily  formed 
and  very  difficult  to  break. 

Many  of  the  carminatives — as  compound  spirit  of  lavender  and  oil  of  clove — are 
useful  adjuvants,  cor.rigents  or  vehicles  for  more  active  stomachics.  A  mixture  of 
several  agents  of  this  class,  e.g.,  compound  spirit  of  lavender,  spirit  of  chloroform, 
compound  spirit  of  ether,  perhaps  spirit  of  camphor,  is  sometimes  more  effective  than 
any  one  of  them  singly,  and  each  may  be  used  in  smaller  dose  than  when  given  alone. 
A  digestant  elixir  is  an  appropriate  vehicle,  and  when  gastric  or  intestinal  fermenta- 
tion is  a  marked  feature  of  the  case,  a  small  quantity  of  phenol  (1/2  grain — 0.03  Gm.) 
is  a  useful  addition. 

Emetics 

The  act  of  emesis  consists  of  three  parts,  namely,  (1)  relaxation  of  the  cardial 
orifice  of  the  stomach,  allowing  escape  of  the  contents;  (2)  contraction  of  the 
stomach  itself,  largely  limited  to  the  fundus  and  hardly  involving  the  pyloric  por- 
tion; and  (3)  contraction  of  the  muscles  of  the  abdominal  walls,  compressing  the 
stomach  and  forcibly  expressing  its  contents.  Any  of  these  may  occur  alone,  but 
a  complete  act  of  vomiting  includes  them  all  and  only  the  second  can  be  omitted  if 
an  effective  emptying  of  the  stomach  is  to  occur.  The  correlation  of  these  three  acts 
takes  place  in  a  center  in  the  medulla,  known  as  the  vomiting  center,  which  is 
embraced   within   the  sensory  nuclei   of  the  vagus  nerves. 

Therapeutically,  as  well  as  pathologically,  this  center  may  be  stimulated  directly 
.by  drugs  acting  on  it,  or  reflexly  by  nerve  impulses.  Such  impulses  may  be  aroused 
by  mechanical  or  chemical  irritation  of  the  throat  or  stomach  and  give  rise  to 
immediate  reflex  vomiting,  or  the  action  may  take  a  certain  time  to  develop.  Eye- 
strain sometimes  provokes  the  emetic  reflex  and  it  may  also  be  produced  psychically 
through  the  cerebral  cortex.  The  stimuli  that  arise  from  touching  the  throat  or 
swallowing  a  strong  salt  solution  go  directly  from  periphery  to  center;  nauseating 
sights  and  smells  act  through  the  cortex;  seasickness  results  from  a  combination 
of  many  factors,  including  disturbance  of  the  fluid  in  the  semicircular  canals. 
Heart  poisons,  such  as  digitalis,  cause  a  reflex  directly  from  the  heart,  a  sort  of 
protective  reflex. 
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Although  direct  stimulation  of  the  vomiting  center  induces  contraction  of  the 
stomach  and  abdominal  muscles,  it  will  not  cause  relaxation  of  the  cardia.  This 
last  action  takes  place  only  reflexly  and  from  stimulation  of  a  limited  area  in  the 
throat  at  the  juncture  of  the  pharynx  and  esophagus  (Valenti). 

The  path  of  impulse  from  the  throat  is  through  the  glossopharyngeal  nerves, 
and  relaxation  of  the  cardia  with  expulsion  of  the  gastric  contents  can  be  prevented, 
despite  central  irritation,  either  by  section  of  these  nerves  or  by  local  anesthetization. 

Since,  however,  a  complete  act  of  vomiting,  including  cardial  relaxation,  can 
be  centrally  induced  so  long  as  the  area  in  question  is  intact,  it  seems  possible 
that  a  constant  succession  of  impulses  may  normally  arise  in  this  area  and  pass 
to  the  center,  but  that  under  ordinary  circumstances  they  remain  below  the  threshold 
of  stimulation.  Hence,  unless  these  impulses  are  increased  beyond  the  usual  de- 
gree, or  the  center  itself  is  stimulated  from  another  source,  they  are  without  overt 
etfects.  When  nausea  occurs  without  vomiting  one  or  the  other  element  of  the 
complexus — reflex  or  central   stimulus — is   lacking  or  insufficient. 

Irritation  of  the  pylorus  does  not  induce  emesis.  If  a  ligature  be  tied  around 
the  stomach,  an  emetic  drug  placed  in  the  pyloric  portion  is  without  effect;  but 
if  the  agent  be  placed  in  the  cardial  portion,  vomiting  occurs  promptly.  This  is 
true  even  when  the  ligature  is  placed  very  close  to  the  cardia,  the  reflex  point 
being  near  the  entrance  of  the  esophagus  (Valenti). 

Emetics  therefore  may  act  either  directly  or  indirectly  on  the  center;  or  reflexly 
by  irritation  of  the  cardial  part  of  the  stomach;  or  by  a  combination  of  both 
processes.  The  drugs  acting  reflexly  are  often  spoken  of  as  "local"  as  distinguished 
from  "central"  emetics.  Apomorphine  is  the  only  drug  used  to  excite  vomiting, 
of  which  the  action  is  wholly  central.  Mustard,  soda,  salt  and  other  irritants  act 
reflexly.  Ipecac  (emetine),  antimony  (tartar  emetic)  and  probably  phjrtolacca  act 
chiefly  centrally,  but  also  locally.  Metallic  sulphates,  including  alum,  copper  sul- 
phate, zinc  sulphate  and  mercury  subsulphate  (which  last  is  to  be  avoided)  act  chiefly 
reflexly  although  capable  of  exciting  the  center  directly.  Local  emetics  should,  when 
administered  for  therapeutic  purposes,  always  be  accompanied  or  followed  by  copious 
draughts  of  warm  water,  which  may,  if  deemed  necessary,  be  rendered  slightly  salty. 

Many  alkaloids — pilocarpine,  nicotine,  aconitine  and  morphine — as  well  as  opium 
and  ergot,  may  excite  toxic  vomiting  by  direct  action  on  the  center.  None  of  these  is 
used  as  an  emetic,  and  only  pilocarpine  finds  application  as  an  expectorant.  Vomiting 
may  likewise  be  part  of  the  toxic  phenomena  of  gastroenteric  corrosives,  as  mercury 
and  arsenic,  and  of  other  drugs  as  well;  but  such  actions  are  not  useful  in  therapeutics. 
The  drugs  of  the  digitalis  series  occasion  an  emetic  reflex  from  the  heart  if  this  is 
poisoned.     Squill  has  a  local  reflex  emetic  action  in  addition. 

Certain  of  the  emetics  exert  a  directly  stimulating  action  on  the  musculature 
of  the  stomach,  as  may  readily  be  shown  on  the  excised  stomach  of  the  frog.  Such 
are  copper,  alum,  zinc  and  antimony.  What  part  this  local  stimulation  may  play 
in  the  vomiting  complexus  of  the  intact  animal  is  not  easy  to  decide,  but  such  an 
action  might  be  of  advantage  in  cases  of  narcotic  poisoning  when  the  centers  are 
depressed  and  respond  to  neither  direct  nor  reflex  stimulation. 

With  emesis  certain  other  disturbances,  chiefly  of  a  reflex  character,  are  always 
associated.  Among  these  salivation  is  conspicuous,  as  is  also  lacrymation.  The 
stimulation  of  the  vagus  nerve  endings  in  the  stomach  leads  to  great  irregularity 
of  respiration.  The  act  of  vomiting  is  accompanied  by  apnea,  while  rapid  or  deep 
respiration,  often  with  active  expiration  from  contraction  of  the  abdominal  muscles 
marks  the  period  of  nausea  and  often  returns  after  vomiting.  At  the  same  time 
there  is  alteration  in  the  cardiac  rhythm.     During  the  act  of  vomiting  and  often 
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during  the  precedent  nausea,  the  heart  is  slowed,  but  it  may  be  rapid  and  slow 
alternately,  with  extreme  variations  in  blood  pressure.  Caution  is,  therefore,  to  be 
observed  in  the  use  of  emetics  in  the  presence  of  hardening  of  the  arteries. 

The  most  important  side  action  of  emetics  is  that  on  the  lungs.  Here,  as  in 
all  parts  of  the  respiratory  tract,  they  lead  to  increase  and  thinning  of  the  secre- 
tions and  to  changes  in  the  circulation.  Tartar  emetic  causes  decongestion  of  the 
lungs  in  situ,  and  constriction  of  the  perfused  vessels  in  the  excised  lung  (Busquet). 

All  centrally  acting  emetics,  especially  the  metals,  cause  paralysis  of  voluntary 
muscles  by  direct  action.  This  is  readily  demonstrated  in  the  isolated  muscle  of  the 
frog,  being  shown  by  slowing  of  the  contraction  curve  following  stimulation,  and 
involving  both   contraction   and  relaxation   (Harnack). 

Therapeutics:  Emetics  are  given  for  many  purposes:  First,  to  expel  foreign 
bodies  lodged  in  the  esophagus  and  threatening  suffocation.  A  central  emetic  must 
evidently  be  used  in  this  condition,  and  for  this  purpose  apomorphine  is  the  most 
available,  given  hypodermically  in  doses  of  1/24  to  1/12  grain,  guarding  against  its 
toxic  effects,  if  necessary,  by  the  prompt  use  of  strychnine  after  emesis  has  occurred. 

Second,  to  empty  the  stomach  of  irritating  material.  For  this  purpose  nothing 
more  may  be  needed  than  copious  drafts  of  warm  water  to  which  sodium  bicarbonate, 
sodium  chloride  or  mustard  may  be  added. 

Third,  to  remove  poisons.  Certain  poisons  may  be  removed  by  full  doses  of 
table  salt  or  mustard,  although  copper  sulphate  and  zinc  sulphate  may  act  more 
promptly.  In  poisoning  by  irritant  agents  soothing  drinks  should  be  given  and 
apomorphine  hypodermically  in  full  dose.  Narcotic  poisons  will  commonly  be  re- 
moved by  mustard,  although  apomorphine  will  be  required  if  the  patient  is  unconscious. 

Fourth,  to  expel  bile  from  the  gall-bladder  and  dislodge  small  gallstones  through 
the  common  duct.     This  use  is  not  very  common. 

Fifth,  to  remove  bile  from  the  stomach  or  intestine  in  biliousness  and  in  fever, 
especially  in  malaria  before  beginning  quinine.  Salt  water  or  the  wine  or  syrup  of 
ipecac  is  best  for  such  conditions. 

Sixth,  to  overcome  obstruction  in  the  air  passages  by  foreign  bodies,  excessive 
mucus,  or  false  membrane,  especially  in  croup  and  capillary  bronchitis,  in  children 
or  aged  persons  who  are  unable  to  expectorate.  For  this  purpose  the  best  is  ipecac 
and  alum — a  teaspoonful  of  alum  given  in  an  equal  quantity  of  syrup  of  ipecac 
followed  by  a  draft  of  warm  water.  To  children  alum  is  sometimes  best  given  in 
molasses. 

In  his  characteristically  picturesque  study  of  vomiting  as  a  therapeutic  measure. 
Trousseau  calls  attention  to  certain  facts  which  more  recent  studies  with  their  greater 
precision  frequently  neglect.  Among  these  are  the  compression  of  the  gall  bladder, 
causing  it  to  ''vomit  into  the  duodenum." 

The  diversion  of  blood,  which  in  the  case  of  irritant  emetics  takes  place  into  "the 
vascular  system  of  the  celiac  axis,"  through  "simultaneous  congestion  of  the  liver, 
spleen,  pancreas  and  stomach"  is  specially  to  be  observed,  he  says,  in  the  administra- 
tion of  ipecac. 

The  third  effect  upon  which  he  lays  stress  is  "a  powerful  modification  of  the 
nerve  system  causing  disturbances  which  extend  throughout  the  whole  economy  and 
which  give  rise  secondarily  to  a  state  of  syncope,  quite  analogous  to  that  produced 
by  bleeding." 

While  one  will  not  at  the  present  day  go  so  far  as  Trousseau  in  the  attempt  to 
utilize  these  results  therapeutically,  they  are  nevertheless  to  be  borne  in  mind  as 
possibilities  that  may  be  either  helpful  or  harmful,  according  to  the  circumstances. 
Upon  their  production  was  based  the  recommendation  to  use  ipecac  and  tartar  emetic 
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in  pueumonia,  regarded  as  an  asthenic  inflammation,  and  to  give  ipecac  in  hemor- 
rhages, especially  from  the  uterus  and  from  the  lungs.  The  practice  of  this  day  will 
scarcely  endorse  these  expedients  without  reserve.  Ipecac,  however,  did  check  hemop- 
tysis and  perhaps  other  forms  of  bleeding  and  the  use  of  emetine  as  a  hemostatic  has 
recently  been  revived  in  France. 

Apomorphine 

Apomorphine  is  an  alkaloid  formed  artificially  from  morphine  by  treatment 
with  hydrochloric  acid  or  zinc  chloride.  It  appears  in  the  market  in  two  forms, 
amorphous  and  crj'stalline,  and  the  same  distinction  extends  to  the  salts.  The 
hydrochlorides  of  the  two  modifications  differ  both  chemically  and  pharmacodynami- 
callj'.  The  crystalline  form  is  pure;  the  amorphous  contains  crystalline  apomorphine 
mixed  with  compounds  differing  slightly,  which  may  be  imperfectly  altered  morphine 
as  they  lend  its  depressing  action  to  the  apomorphine  stimulation. 

Chemistry:  Chemically,  the  two  varieties  are  distinguished  by  the  following  reac- 
tions among  others:  Test  solutions  are  added  to  2  percent,  solutions  of  each  alkaloid; 
HCl  with  the  crystalline  form  gives  a  rose-colored  solution ;  with  the  amorphous  a 
whitish  precipitate.  KI  with  the  crystalline  form  gives  slight  clouding;  with  the 
amorphous  a  heavy  precipitate.  CuSO^  with  a  cold  crystalline  solution  gives  no  pre- 
cipitation; with  a  cold  amorphous  gives  precipitation.  K^Fe(CN)g  gives  precipitation 
with  both;  with  the  crystalline  form  this  dissolves  on  heating  with  odor  of  cyanogen; 
with  the  amorphous  forms  no  solution  and  no  odor.  As  the  solutions  age,  the  dis- 
tinctions are  gradually  lost  (Guinard). 

Both  forms  are  variable  in  action  and  properties,  partly  because  the  original 
product  of  morphine  decomposition  is  not  always  identical  (Harnack  and  Hilde- 
brandt),  partly  because  both  forms  are  extremely  liable  to  decomposition,  and  partly 
because  of  the  frequent  presence  of  impurities.  In  the  presence  of  even  traces  of 
moisture,  the  white  crystals  of  apomorphine  hydrochloride  become  pale  and  later 
dark  green.  The  same  change  occurs  in  a  few  hours  in  solution,  and  almost  in- 
stantly in  the  presence  of  alkalis.  Even  dark  green  apomorphine  may  retain  con- 
siderable activity,  but  it  eventually  becomes  inert  or  at  least  loses  its  emetic  power. 
In  the  early  stage  of  the  change,  clinical  observation  indicates  that  some  depressing 
compound  is  formed,  hence  the  .rule  of  making  extemporaneous  solutions  for  therapeu- 
tic injections. 

Summary  of  Actions  and  Uses. — Apomorphine  is  peculiarly  characterized  by  its 
power  to  induce  central  vomiting;  the  emetic  dose  by  hypodermic  injection  being  much 
smaller  than  that  by  mouth.  Doses  too  small  to  cause  emesis,  increase  the  salivary  and 
bronchial  secretions,  exerting  a  stimulating  expectorant  action.  Apomorphine  acts  also 
on  the  brain  and  cord  producing,  In  small  dose,  a  quieting,  somewhat  narcotic  effect; 
and  in  larger  dose  a  stimulant  action  characterized  by  motor  unrest.  Toxic  doses 
paralyze  the  respiratory  center.  It  is  said  that  pure  apomorphine  exhibits  only  the 
stimulant  effects,  the  narcotic  action  being  due  to  impurities  and  decomposition  products 
which*  are  always  present  in  commercial  samples. 

Apomorphine  is  used  almost  solely  as  an  emetic  by  hypodermic  injection.  Occasion- 
ally it  is  recommended  as  a  narcotic  in  cases  of  excitement  and  of  motor  instability, 
such  as  chorea.  More  rarely  it  is  included  in  expectorant  mixtures  or  used  to  dislodge 
false  membranes  and  for  similar  purposes.  Its  utilization  in  very  small  doses  and  for 
a  short  time  as  an  expectorant,  should,  however,  be  encouraged. 

Materia  Medica. — Apomorphine  Hydrochloridum  (U.S.  X.),  Apomorphine  Hydro- 
chloride.    Ahbr.,  Apomorph.  Hydrochl.     Synonym:   Apomorphine  Hydrochlorate. 

The  hydrochloride  (C„H„0,NHC1  +  i/^HjO)  of  an  alkaloid  prepared  from  mor- 
phine by  the  abstraction  of  one  molecule  of  water. 
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Apomorphine  hydrochloride  occurs  in  minute,  white  or  grayish-white,  glistening 
monoclinic  prisms;  odorless  and  acquiring  a  greenish  tint  upon  exposure  to  light 
and  air.  One  gm.  is  soluble  in  50  cc.  of  water  or  alcohol  at  25°  C. ;  in  17  cc.  of  water 
at  80°  C,  and  is  very  slightly  soluble  in  chloroform  and  ether. 

Antagonists  and  IncompatibJes. — Limewater,  alkaline  carbonates,  tannin,  picric 
acid  and  all  substances  incompatible  with  alkaloids  in  general. 

Synergists. — The  mechanical  emetics  (tickling  the  fauces,  etc.)  are  synergistic; 
but  no  medicinal  emetics,  although  having  a  similar  action,  should  be  given  with 
apomorphine.    The  expectorants  are  synergistic  to  small  doses  of  apomorphine. 

Dose,  expectorant,  ^/^so  to  Vioo  grain  (0.1  to  0.5  mgm.).  Emetic  hypodermic,  for 
infants  \inder  1  year,  ^Aoo  to  Vio  grain  (0.5  to  1.5  mgm.);  children,  Mo  to  yi2  grain 
(1.5  to  5  mgm.) ;  adults,  %  to  M  grain  (10  to  15  mgm.).  The  effective  doses  by 
mouth  are  more  than  twice  as  large. 

Injectio  ApoMORPHiNiE  HvpoDERMic.v  (Br.),  Hypodermic  Injection  of  Apomor- 
phine.   Ahhr.,  Inject.  Apomorph.  Hypo. 

Apomorphine  hydrochloride,  1  part;  diluted  hydrochloric  acid,  1  part;  water, 
recently  boiled  and  cooled,  q.s.  to  make  100  parts.  Ten  minims  is  the  equivalent  of  Vio 
grain  of  the  drug. 

Dose,  2  to  8  minims  (0.12  to  0.5  cc). 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Apomorphine  is  absorbed 
rapidly  when  given  hypodermically,  exerting  its  emetic  action  in  less  than  half  the 
time  required  after  swallowing  even  a  larger  dose.  Its  fate  in  the  body  is  not  known, 
but  recent  studies  have  failed  to  show  its  presence  in  the  saliva,  vomitus  or  any  of  the 
excreta. 

Topical  Action. — There  is  no  irritation  from  a  freshly  made  solution.  The  statement 
is  even  made  that  in  the  eye  it  causes  local  anesthesia.  Strong  solutions  may  produce 
some  cloudiness  of  the  cornea.    No  soreness  is  likely  to  follow  its  hypodermic  use. 

Toxic  and  Systemic  Action. — Although  doses  of  apomorphine  larger  than  that 
required  for  emesis  may  cause  disagreeable  symptoms,  death  from  its  action  is  almost 
unknown  in  man.  Even  very  small  doses,  so  little  as  1/65  grain  (1  mgm.),  may  cause 
vomiting  in  man,  and  this  is  almost  certain  after  1/12  to  1/6  grain  (5  to  10  mgm.). 
Very  large  doses  lead  in  man  to  weakness,  fainting  and  (rarely)  collapse.  A  few  cases 
of  apparent  idiosyncrasy  have  been  reported  in  which  such  symptoms  followed  5  to  8 
mgm.  Harnack,  the  pharmacologist,  was  severely  poisoned  by  10  mgm.  (1/6  grain), 
administered  by  himself. 

In  animals  there  is  great  variation  in  susceptibility.  In  general  it  may  be  said 
that  animals  which  do  not  vomit  are  more  likely  to  show  general  intoxication.  Many 
animals  show  no  emetic  action  from  either  crystalline  or  amorphous  apomorphine;  such 
are  horses,  cattle,  pigs,  goats,  rabbits,  guinea-pigs  and  others.  These  show  a  common 
group  of  symptoms.  There  is  first  restlessness,  the  animal  tending  often  to  run  around 
rapidly  in  ever  narrowing  circles.  The  hind  legs  become  stiff  and  awkward,  and  there 
may  be  for  a  long  time  a  constant  turning  of  the  body  around  these  as  an  axis.  Soon 
follow  salivation  accompanied  by  constant  chewing  motions  of  the  jaws  with  an  irre- 
sistible desire  to  bite  and  chew  everything  within  reach.  If  nothing  else  presents,  such 
an  animal  will  tear  great  pieces  of  skin  and  flesh  out  of  its  own  legs,  apparently  feeling 
no  pain.  With  the  salivation  there  is  free  sweating,  and  when  restlessness  is  ex- 
treme the  temperature  may  rise  to  as  high  as  42.6°  C.  (109°  F.).  The  respiration  is 
increased  as  in  the  dog,  and  death  results  from  its  later  failure  due  to  central  paralysis 
(Guinard). 

Very  large  doses,  1%  to  3  grains  (0.1  to  0.2  Gm.),  cause  extreme  restlessness  in  dogs, 
the  animals  running  madly  about,  falling  over  obstacles,  champing  the  jaws,  and,  if 
restrained,  showing  strong  tremors.  There  is  great  fear,  the  animals  starting  at  the 
least  sound.  The  pupils  are  dilated  by  direct  action.  The  respiration  is  accelerated 
and  deep.  There  may  be  no  vomiting;  indeed,  if  the  dose  be  very  large,  there  is  not 
likely  to  be.  Soon  the  dog  falls  on  its  side,  the  motions  of  the  legs  continuing  irreg- 
ularly, but  gradually  weakening,  until  almost  complete  paralysis  sets  in.  Convulsions, 
both  tonic  and  clonic,  are  common.     A  state  of  narcosis  follows,  from  which   the   dog 
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usually  wakens  showing  extreme  weakness.  This  may  be  due  to  the  peculiar  action  on 
the  muscles  shown  by  all  emetics   (Harnack). 

In  the  rabbit  similar  symptoms  are  seen.  There  is  constant  chewing  of  the  cage 
walls  and  attempts  to  climb  up  them,  followed  by  convulsions  and  paralysis.  In  con- 
trast to  the  effect  on  the  dog,  the  convulsions  are  likely  to  be  fatal,  the  lethal  dose  being 
10  mgm.  Cats  require  much  larger  doses,  0.8  Gm.  (13  grains)  causing  paralysis  but  not 
death. 

The  cause  of  death  is  direct  paralysis  of  the  respiratory  center,  following  the  strong 
stimulation  of  it.  Treatment  is  symptomatic.  The  vomiting  being  central  in  origin  is 
controlled  by  narcotics,  e.g.,  chloral,  but  not  by  local  sedatives.  No  characteristic  lesions 
are  found,  but  the  drug  may  be  shown  by  acidulating  the  organs,  extracting  with  ether 
or  chloroform  and  adding  alkali.  A  characteristic  green  color  develops,  which  is  changed 
to  purple  by  sulphuric  acid. 

Alimentary. — The  chief  interest  of  apomorphine  lies  in  its  ability  to  induce  vomiting, 
apart  from  its  expectorant  action,  which  is  too  little  utilized  in  practice.  It  differs 
from  all  other  emetics  in  medicinal  use  in  that  its  action  is  entirely  limited  to  the 
vomiting  center  in  the  medulla,  reflex  or  topical  action,  playing  no  part  in  producing 
the  effects.  That  the  action  is  entirely  central  is  shown  by  the  fact  that  no  nausea  is 
caused  by  application  of  the  drug  to  the  mouth  or  pharynx,  and  by  its  lack  of  topical 
irritation  on  the  stomach  as  well  as  elsewhere.  It  causes  vomiting  motions  in  the  usual 
dose,  after  removal  of  the  entire  digestive  tract.  Vomiting  is  not  prevented  by  section 
of  the  vagus  nerves,  as  it  should  be,  if  due  to  a  reflex  from  the  stomach.  The  action 
on  the  center  is  also  shown  by  the  extremely  small  dose  required  by  vein,  less  than 
one  one-hundredth  of  that  by  mouth.  The  effective  doses  per  kilo  in  the  dog  are,  by 
vein  0.05,  hypodermically  0.2,  by  mouth  5.7  mgm.  Even  in  the  doses  stated  it  acts  by 
vein  in  half  the  time  required  by  mouth,  four  minutes  and  seven  minutes,  respectively. 
Final  proof  of  central  action  is  the  emesis  produced  by  minute  quantities  applied  directly 
to  the  medulla.  Whether  these  act  on  a  "vomiting  center"  or  on  nerve  fibers  has  been 
disputed.  As  with  locally  acting  emetics,  opening  of  the  cardia  is  prevented  by 
coc^inization  of  the  pharynx.  Excessive  doses,  especially  by  vein,  paralyze  all  the 
centers  of  the  medulla  and  thus  prevent  vomiting.  Apomorphine  emesis,  like  that 
induced  by  other  emetics,  is  also  interfered  with  by  narcotics.  No  emesis  is  produced 
in  frogs,  pigs  and  birds,  all  of  which  respond  readily  to  locally  acting  emetics. 

Studies  by  x-ray  show  that  contraction  of  the  stomach  takes  no  part  in  the  emetic 
action.  Peristaltic  waves  can  be  seen  running  along  it  even  during  the  act  of  vomiting 
(Cannon).  Contractions  of  the  isolated  stomach,  which  have  been  observed  after 
apomorphine,  may  be  due  to  asphyxia,  as  they  are  seen  also  when  no  drug  has  been  used 
(Sollmann). 

It  has  been  suggested  that  the  only  effect  of  apomorphine  is  to  make  the  vomiting 
center  more  sensitive  to  the  impulses  which  constantly  arise  in  the  pharynx  but  which 
are  normally  below  the  threshold  of  the  center.  This  idea  is  brought  forward  to  explain 
the  mechanism  by  which  cocainization  of  this  region  can  prevent  emesis  by  a  purely 
centrally  acting  drug   (Valenti). 

The  salivation  which  accompanies  all  vomiting  and  the  occasional  occurrence  of 
diarrhea  after  large  doses  are  of  little  importance.  Animals  which  do  not  vomit  show 
marked  salivation  with  constant  chewing  motions.  Only  the  amorphous  form  causes 
diarrhea   (Guinard). 

The  surely  emetic  dose  by  hypodermic  injection  is  in  man,  10  mgm.;  in  the  dog, 
0.2  mgm.;  in  cats,  20  mgm. 

Circulatory. — In  emetic  dose  apomorphine  has  no  effect  on  the  circulatory  system 
except  the  fall  of  pressure  with  slowing  of  the  heart,  which  always  accompanies  emesis 
and  which  is  dependent  on  stimulation  of  the  vagus  nerves.  Either  following  or  preced- 
ing the  slowing,  there  is  often  some  acceleration  said  to  be  due  to  direct  stimulation  of 
the  accelerator  center.  In  toxic  doses  there  is  a  direct  paralyzing  action  on  the  heart 
muscle,  and  the  same  is  seen  in  perfusion  of  the  isolated  heart.  The  amorphous  form, 
given  by  vein  in  small  doses  to  dogs,  always  causes  a  fall  of  pressure,  while  the  crystalline 
does  not    (Guinard). 

Respiratory. — The  action  of  apomorphine  on  the  respiratory  system  is  second  in 
importance  only  to  its  emetic  action.  There  is  a  direct  stimulation  of  the  respiratory 
center,  the  amount  of  air  respired  in  a  given  Ume  increasing  25  percent,  or  even  more 
(Cushny).     Even  doses  too  small  to  cause  vomiting  or  even  distinct  nausea  cause  an 
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increase  in  the  secretion  of  mucus  from  the  nose,  the  pharynx  is  more  moist,  and  the 
secretion  of  the  bronchi  is  increased.  This  effect  is  of  value  when  bronchitis  is  asso- 
ciated with  decreased  secretion,  as  is  usually  the  case  in  the  early  stages.  Both  forms 
of  the  drug  show  these  actions. 

Nerve  System. — The  action  on  the  nerve  system  has  been  spoken  of  under 
toxicity.  That  there  is  stimulation  of  the  cord  has  been  shown  in  decerebrate  frogs 
(Hattori).  Disturbance  of  heat  regulation  is  shown  by  the  prevention  of  febrile  polypnea 
(Magne),  although  the  temperature  is  not  influenced.  No  direct  effects  on  the 
metabolism  or  excretory  organs  have  been  shown.  The  crystalline  salts  differ  from  the 
amorphous  in  that  the  former  cause  in  dogs  only  phenomena  of  excitement,  while  the 
latter  cause  also  paralytic  and  narcotic  symptoms  as  if  the  amorphous  form  were  a 
mixture  of  the  crystalline  form  with  morphine   (Guinard). 

Therapeutics:  Apomorphine  is  totally  distinct  from  morphine  in  its  therapeutic 
applications.  It  may,  however,  exert  hypnotic  action  when  given  hypodermically  in  a 
moderate  dose  (Vso  grain,  2  mgm.) ;  inducing  a  short  sleep  of  one  or  two  hours'  dura- 
tion. Bartholow  was  one  of  the  first  to  note  this  effect,  and  he  asserts  that  it  is  a  most 
valviable  calmative  in  alcohol  delirium,  quieting  the  nervous  unrest  and  overcoming 
the  wakefulness  prodromic  to  delirium  tremens.  It  is  also  said  to  be  an  effective 
sedative  in  the  excitement  of  mental  disease,  sometimes  subduing  the  impulse  to 
violence  or  suicide. 

It  is,  however,  as  an  emetic  that  apomorphine  finds  its  most  useful  application. 
Except  in  profovmd  coma  from  narcotic  poisoning,  it  induces  vomiting  with  great 
certainty  and  promptitude,  when  given  hypodermically.  It  is  the  emetic  of  choice 
when  there  is  gastritis,  as  in  poisoning  by  irritant  substances,  since  its  use  hypoder- 
mically does  not  further  irritate  the  stomach  and  the  desired  effect  does  not  have  to 
wait  upon  the  delayed  absorption  which  characterizes  this  condition. 

Although  the  stimulant  action  of  apomorphine  upon  the  respiration  as  well  as 
upon  the  bronchial  secretion  is  well  known,  these  effects  are  not  utilized  in  medical 
practice  to  the  extent  that  they  might  well  be.  If  the  dose  be  sufficiently  small,  and 
the  duration  of  its  use  not  too  prolonged,  only  satisfaction  to  physician  and  patient 
will  follow  resort  to  the  drug  in  suitable  eases.  Thus,  the  dry  hacking  or  the  unpro- 
ductive "habit"  cough,  that  sometimes  persists  after  recovery  from  acute  or  subacute 
bronchitis,  may  disappear  very  quickly  under  its  influence  and  without  use  of  opiate 
or  other  sedative.  In  subacute  bronchitis,  and  especially  in  that  form  which  seems  to 
tend  to  chronicity,  recovery  is  remarkably  hastened  by  its  use.  It  also  relieves  the 
dry  cough  attendant,  at  times,  upon  various  febrile  affections.  For  these  and  like 
purposes  it  is  well  associated  with  pilocarpine  hydrochloride.  About  %40  to  M20  grain 
(0.13  to  0.5  mgm.)  of  each  may  be  encapsulated  with  some  terebinthinate  (as  terpin 
hydrate)  or  added  to  an  appropriate  mixture,  such  as  eucalyptol  or  myrtol  or  both, 
in  syrup  of  senega  or  syrup  of  wild  cherry.  While  such  association  of  remedies  is 
not  imperative,  it  commonly  produces  prompter  results  and  smaller  doses  than  ordinary 
of  all  the  ingredients  may  be  prescribed. 

Ipecacuanha 

Ipecac  was  introduced  into  Europe  from  Brazil,  a  treatise  on  its  use  in  dysentery 
being  published  in  1649  by  Piso,  and  a  large  amount  of  the  root  having  been  brought 
to  France  by  Legros  in  1672.  Its  introduction  into  general  use  was,  like  so  many 
drugs  of  that  period,  by  means  of  a  patent  medicine  based  on  it.  Adrien  Helvetius 
about  1686  came  into  possession  of  a  quantity  of  the  drug  in  Paris  and  used  it 
with  great  success  on  the  nobility  and  even  cured  the  Dauphin,  the  son  of  Louis  XIV. 
The  drug  was  tried  by  a  commission  at  the  Hotel  Dieu,  and  being  found  of  great 
value  in  dysentery,  a  thousand  louis  d'or  were  paid  to  Helvetius  for  the  secret  of 
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its  composition.  From  this  time  its  use  against  dysentery  was  widespread  in  France 
and  Spain.  It  did  not  receive  recognition  in  Germany  and  England  until  some  years 
later. 

Chemistry.^] pecac  consists  of  the  roots  of  two  species  of  Cephaelis,  C.  ipe- 
cacuanha, or  Rio  ipecac,  and  C.  acuminata,  or  Cartagena  ipecac.  The  roots  contain 
three  or  perhaps  four  alkaloids  and  a  tannin.  The  last  resembles  gallic  acid  in  not 
precipitating  albumin,  agar  or  glycerin  and  not  constricting  blood  vessels  (Kimura). 
It  takes  no  part  in  the  action  of  the  drug. 

Tlic  alkaloids  arc  emetine,  cephaeline,  psychotrine,  and  perhaps  a  fourth,  eme- 
toidine,  which  is  present  in  about  0.1  percent,  and  resembles  emetine  in  physiologic 
action  (Lloyd,  Browne).  It  does  not  influence  the  action  of  the  crude  drug.  Psycho- 
trine  is  present  in  0.02  to  0.2  percent,  and  has  much  less  action  than  the  other 
alkaloids,  being  in  fact  practically  inert.  It  also  takes  no  part  in  the  action  of  the 
drug.  Several  authors  have  reported  great  success  in  the  treatment  of  dysentery  with 
ipecac  deprived  of  its  alkaloids.  This  is,  as  yet,  totally  inexplicable.  The  constitu- 
tion of  the  alkaloids  has  not  been  fully  worked  out,  but  the  molecular  formulas  are: 
cephaeline,  C,gH„O^N,;  emetine,  C,JI„0<N,;  psychotrine,  Cj^H^gO^Nj.  Cephaeline  con- 
tains an  isoquinoline  nucleus,  one  hydroxyl  and  three  oxymethyls.  In  emetine  the 
hydroxyl  has  been  replaced  by  an  oxymethyl. 

Rio  ipecac  contains  less  than  2  percent,  of  total  alkaloids,  of  which  about  three- 
fourths  is  emetine  (emetine,  1.5  percent.,  cephaeline,  0.5  percent.).  Cartagena  ipecac 
has  more  total  alkaloid  and  the  greater  part  is  cephaeline  (emetine  0.9  percent., 
cephaeline,  1.25  percent.).  Recently  other  varieties  of  ipecac  have  been  on  the 
market  and  it  is  said  that  no  difference  now  is  found  between  the  varieties,  both 
averaging  2.2  percent,  total  alkaloids  (emetine,  1.37  percent.,  cephaeline,  0.8  percent.) 
(Walters  and  Koch). 

The  alkaloids  are  injured  by  heat  and  the  drug  should  not  be  extracted  with 
hot  water.  It  should  perhaps  be  mentioned  that  always  before  1895,  and  often  since 
"emetine"  connotes  a  mixture  of  all  the  alkaloids  in  varying  proportion.  The  alka- 
loids are  bivalent  and  the  salts  contain  two  acid  radicals,  e.g.,  emetine  hydrochloride 
is  C,(,II^„0,X, .  2HC1.     These  alkaloids  give  certain  of  the  color  reactions  of  morphine. 

Materia  Medica. — Ipecacuanha  (U.S.  X.),  Ipecac.  Ahhr.,  Ipecac.  Synonym: 
Ipecacuanhas  Radix  P.  I. 

The  dried  rhizome  and  root  of  Cephaelis  ipecacuanha  (Brotero)  A.  Richard,  known 
in  commerce  as  Rio  Ipecac,  or  of  Cephaelis  acuminata  Karsten,  kno\vn  in  commerce 
as  Cartagena  Ipecac  (Fam.  Buhiacece).  Reddish  to  dark  brown  in  color;  taste,  bitter, 
nauseous  and  acrid.  The  medicinal  virtues  reside  chiefly,  if  not  solely,  in  the  alkaloids, 
emetine  and  cephaeline. 

Antagonists  and  Incompatihles. — Vegetable  acids,  tannin  and  other  astringents, 
and  the  salts  of  lead  and  mercury  are  chemically  incompatible.  Hydrocyanic  acid, 
bismuth,  oxalate  of  cerium,  phenol,  morphine  and  most  of  the  narcotics  are  antagonis- 
tic to  the  emetic  action. 

Synergists. — All  the  emetics,  and  also  the  expectorants. 

Dose,  expectorant  and  stomachic,  ^/^  to  V2  grain  (0.016  to  0.03  Gm.) ;  diapho- 
retic or  nauseating,  1  to  2  grains  (0.06  to  0.13  Gm.) ;  emetic,  20  to  30  grains  (1.3  to 
2  Gm.). 

Fluidextractum  IPECACUANHiE  (U.S.  X.),  Fluidextract  of  Ipecac.  Ahhr.,  Fldext. 
Ipecac. 

Each  cc.  represents  1  Gm.  of  the  drug  with  about  30  percent,  alcohol.  Contains  15 
mgm.  of  alkaloids.    The  British  preparation  contains  20  mgm.  of  alkaloids. 

Dose,  expectorant,  1  minim  (0.05  cc.) ;  emetic,  15  minims  (1  cc). 
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Syrupus  Ipecacuanha  (U.S.  X.),  Syrup  of  Ipecac.    Ahhr.,  Syr,  Ipecac. 

Each  cc.  represents  0.7  Gm.  of  the  drug  and  contains  10  mgm.  of  alkaloids  and 
10  percent,  of  glycerin. 

Dose,  expectorant,  15  minims  (1  cc.) ;  emetic,  4  fiuidrams  (15  cc). 

TiNCTURA  Ipecacuanile  (N.F.),  Tincture  of  Ipecac.  Ahlr.,  Tr.  Ipecac.  Keplacing 
Vinum  Ipecacuanhas,  N.F.  IV. 

Each  cc.  represents  0.1  Gm.  of  drug,  with  an  alcoholic  content  of  about  16  percent. 

Dose,  expectorant,  10  to  30  minims  (0.6  to  2  cc.) ;  emetic,  4  to  6  fiuidrams  (16 
to  20  cc). 

PuLVis  IpECACUANHiE  ET  Opii  (U.S.  X.),  Powder  of  Ipecac  and  Opium.  Ahhr., 
Pulv.  Ipecac  et  Opii.  Synonyms:  Compound  Powder  of  Ipecac,  Dover's  Pow- 
der. 

Contains  10  percent,  each  of  powdered  ipecac  and  powdered  opium  in  80  parts  of 
sugar  of  milk. 

Dose,  3  to  10  grains  (0.2  to  0.6  Gm.). 

TiNCTURA  IpecacuanhjE  ET  Opii  (N.F.),  Tincture  of  Ipecac  and  Opium.  Ahhr., 
Tr.  Ipecac  et  Opii.    Synonym:  Tincture  of  Dovei*'s  Powder. 

Each  cc.  represents  1.5  grains  of  opium  and  1.5  grains  of  ipecac.  Alcohol  about  16 
percent. 

Dose,  from  5  to  15  minims  (0.3  to  1  cc). 

Syrupus  Ipecacuanha  et  Opii  (N.F.),  Syrup  of  Ipecac  and  Opium.  Ahhr.^ 
Syr.  Ipecac  et  Opii.    Synonym:  Syrup  of  Dover's  Powder. 

One  grain  of  Dover's  powder  is  represented  by  20  minims  of  the  syrup. 

Dose,  14  to  2  fiuidrams  (2  to  8  cc). 

Syrupus  Asari  Compositus  (N.F.),  Compound  Syrup  of  Asarum.  Ahhr.,  Syr. 
Asar.  Co. 

Prepared  from  asarum  root,  alcohol,  cochineal,  potassium  carbonate,  fluidextract 
of  ipecac,  sugar  and  water.  Each  fluidram  represents  about  SVij  grains  (0.23  Gm.)  of 
asarum  and  %  grain  (0.01  Gm.)  of  ipecac. 

Dose,  1  fluidram  to  1  fluidounce  (4  to  30  cc). 

Trochiscus  Ipecacuanha  (Br.),  Ipecac  Lozenges.     Synonym:  Tablets  of  Ipecac. 

Each  troche  contains  ^  grain  (0.015  Gm.)  of  ipecac  powder,  mixed  with  tbe 
simple  basis. 

Dose,  1  or  2  troches  as  expectorant. 

Trochiscus  Morphina  et  Ipecacuanha  (Br.),  Morphine  and  Ipecac  Lozenge. 
Ahhr.,  Trochis.  Morph.  et  Ipecac.    Synonym:  Tablets  of  Morphine  and  Ipecac. 

Morphine  hydrochloride,  1/32  grain  (0.002  Gm.),  and  powdered  ipecac,  1/10  grain 
(0.006  Gm.),  mixed  with  the  Tolu  basis  for  each  troche. 

Dose,  1  or  2  troches  as  an  expectorant. 

Alcresta  Tablets  of  Ipecac.  Taking  advantage  of  a  discovery  by  Prof.  John 
Uri  Lloyd  that  a  form  of  hydrated  aluminum  silicate  will  absorb  alkaloids  from 
neutral  or  acid  solutions  and  release  them  again  in  alkaline  solution,  a  preparation 
has  been  made  of  the  alkaloids  of  ipecac,  called  "alcresta  tablets,"  which  may  be 
taken  by  mouth  and  will  pass  unchanged  through  the  stomach,  the  alkaloids  being 
released  in  the  alkaline  juices  of  the  intestine.  Each  tablet  contains  the  entire  alka- 
loids from  10  grains  of  ipecac,  or  about  1/9  grain  of  emetine. 

Dose,  1  tablet. 

Emetina  Hydrociiloridum  (U.S.  X.),  Emetine  Hydrochloride.  Ahhr.,  Emet. 
Hydrochl. 

The  hydrochloride  (C„H^0^ISr,.2HCl)  of  the  alkaloid  emetine,  obtained  from 
ipecac.     It  occurs  as  a  white  or  very  slightly  yellowish  crystalline  powder,  without 
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odor.  On  exposure  to  liglit  it  gradually  darkens.  It  is  freely  soluble  in  water  and 
alcohol. 

Dose,  14  to  1  grain  (0.016  to  O.OG  Gm.)  hypodermically. 

A.MPi  LL.E  Emetine  HYDRocHLomm  (N.F.),  Ampules  of  Emetine  Hydrochloride. 
Ahhr.,  Ampul.  Emet.  Hydrochl. 

Each  ampule  contains  '0  grain   (0.0.S  Gm.)   of  emetine  hydrochloride. 

Dose,  1  ampule. 

Emetine  Bismutho-Iodidum  (X.N.R.),  Emetine  Bismuth  Iodide.  Ahhr.,  Emet. 
Bism.  lod.    Synonym:  Emetine  Bismuthous  Iodide. 

A  complex  iodide  of  emetine  and  bismuth,  containing  from  17  to  23  percent,  of 
anhydrous  emetine  and  from  15  to  20  percent,  of  bismuth.  It  is  an  odorless,  slightly 
bitter,  orange-red  powder,  but  slightly  soluble  in  water  and  dilute  acids. 

Antagonists  and  Inconipatihles. — Alkaline  liquids  and  strong  acids  decompose  it. 
The  physiological  antagonists  are  the  same  as  those  of  ipecac. 

Sy7iergists. — The  antidysenteric  and  antipyorrheal  agents. 

Dose,  3  grains  (0.2  Gm.)  daily  for  4  days. 

Antipathogenic  Action. — The  alkaloids  of  ipecac  exhibit  a  specific  power  against 
amebse.  Added  to  water  containing  non-parasitio  amebae,  emetine  kills  the  free  swim- 
ming forms  in  an  hour  in  dilution  of  1-5000  or  rarely  in  1-100,000,  but  even  1-100  does 
not  kill  -encysted  individuals.  En^clavieba  gincjivalis,  from  pyorrhea  alveolaris,  is  para- 
lyzed in  a  culture  by  0.25  percent,  in  four  hours,  and  by  0.06  percent,  in  six  hours, 
death  resulting  in  a  somewhat  longer  time.  The  ameba  of  dysentery  may  be  killed  in 
the  stools  by  0.01  percent.,  although  this  is  not  certain  in  such  high  dilution.  Encysted 
amebas  are  not  attacked.^  Emetine  has  some  power  to  destroy  other  organisms.  Added 
to  blood  containing  trypanosomes  (of  mouse),  in  vitro,  0.25  percent,  kills  these  in  twenty 
minutes,  and  1-50,000  in  three  hours.  Bacteria  are  much  more  resistant.  Staphylococcus 
aureus  is  killed  by  1  percent,  in  water  only  after  several  days,  and  not  by  0.4  percent. 
Typhoid  bacilli  in  water  are  killed  by  0.2  percent,  in  ten  days,  but  only  by  5  percent,  in 
fifteen  minutes.     Cephat>line  acts  similarly,  but  is  weaker. 

The  amebicidal  action  is  also  exhibited  in  vivo.  Thus  in  pyorrhea  alveolaris,  the 
mouth  may  be  rendered  free  of  ameba  by  six  doses  of  y^  grain  (0.03  Gm.)  hypoder- 
mically. The  stools  in  amebic  dysentery  may  be  freed  from  amebae  by  seven  daily  doses 
of  1  grain  (0.06  Gm.)  each,  although  as  many  as  fourteen  doses  may  be  required.  Larger 
doses  are  rarely  needed.  On  account  of  the  inefficiency  of  emetine  against  the  encysted 
form,  treatment  must  be  repeated  after  an  interval  to  allow  these  to  develop.  The  stools, 
after  giving  ipecac,  do  not  contain  any  amebacidal  substance,  and  may  contain  living 
amebas.  Probably  only  those  organisms  which  have  penetrated  the  mucosa  are  killed, 
and  emetine  by  mouth  has  no  influence  on  the  harmless  Endameba  coli,  which  does  not 
penetrate  the  bowel  wall.  Emetine  will  not  relieve  carriers.  The  amebas,  which  are 
found  free  in  the  lower  bowel,  can  be  killed  by  injections  of  quinine  which,  in  vitro,  is 
even  more  effective  than  emetine. 

Considerable  discussion  has  arisen  as  to  the  mechanism  of  emetine  in  curing  amebic 
infections.  Quinine,  which  is  more  powerful  in  vitro,  and  no  more  readily  absorbed,  has 
little  influence  in  dysentery,  and  the  same  is  true  of  other  amebacides,  such  as  papaverin. 
Psychotrine  has  the  same  amebacidal  action  as  emetine,  but  is  useless  in  dysentery. 
Dale,  who  found  the  action  of  emetine  i7i  vitro  much  weaker  than  is  usually  stated, 
suggests  that  the  emetine  produces  some  alteration  in  the  bowel,  enabling  the  tissues 
to  destroy  the  organisms.  A  similar  change  must  occur  in  the  gums  in  cases  of 
pyorrhea.  Cats  were  infected  with  organisms  obtained  from  human  cases  of  dysentery 
in  which  a  cure  had  been  effected  by  emetine.  This  did  not,  however,  benefit  the  cats, 
showing  that  something  more  than  the  amebacidal  action  must  be  brought  into  play 
(Dale). 

Animals  infected  with  trypanosomes  and  with  bacteria  are  not  benefited  by  ipecac 
or  emetine,  and  although  it  is  claimed  that  ipecac  deprived  of  its  alkaloids  is  as  specific 

'  It  is  claimed  that  the  crude  drug  can  be  given  in  dose  large  enough  to  destroy 
even  encysted  amebas,  while  this  result  cannot  be  reached  by  the  alkaloids  on  account 
of  toxic  phenomena   (Simon). 
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in  bacillary  dysentery  as  emetine  is  in  amebic,  no  active  substance  has  been  shown 
experimentally  except  the  alkaloids   (Alston). 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Ipecac,  or  rather  its  alka- 
loids, are  readily  absorbed  from  all  mucosae  and  from  the  subcutaneous  tissue.  The 
alkaloids  are  apparently  altered  profoundly  in  the  body,  and  most  workers  have  not 
been  able  to  show  the  presence  of  alkaloidal  bodies  in  any  of  the  excreta,  even  after 
large  doses.  Mattel,  however,  by  shaking  out  the  urine  with  ether  and  chloroform, 
recovered  what  he  believed  to  be  such.  Elimination  of  this  body  began  20  minutes 
after  a  subcutaneous  injection,  but  he  obtained  within  a  day,  only  1/6  to  1/10  of  the 
amount  injected.  This  indicates  a  piling  up  in  the  body,  which  accounts  for  the  cumula- 
tive action. 

Topical  Action. — All  preparations  cause  marked  irritation;  crude  ipecac  most  and 
emetine  least.  An  ointment  of  ipecac  acts  as  a  counterirritant  on  the  intact  skin, 
causing  a  burning  pain  beginning  several  hours  after  application.  Emetine  may  cause 
an  eruption  of  boils  on  the  hands  of  persons  working  in  it.  Hypodermic  injec- 
tions of  solutions  of  salts  of  emetine,  even  dilute,  also  cause  severe  pain,  without  inflam- 
mation, which  does  not  begin  for  several  hours  or  even  until  the  next  day.  The  pain  is 
increased  by  the  free  acids  commonly  present  in  such  solutions,  and  if  these  are  neu- 
tralized is  so  slight  that  patients  usually  prefer  hypodermic  injections  to  administration 
by  mouth.  In  the  eye  a  2.  percent,  solution  of  emetine  causes  severe  inflammation  and 
even  ulceration  of  the  cornea.  Pain  may  not  be  felt  until  six  or  eight  hours  after 
instillation,  but  becomes  very  severe.  In  the  mouth  powdered  ipecac  is  likely  to  cause 
burning  pain,  and  the  same  is  experienced  in  the  stomach.  In  the  rectum,  suppositories 
of  8  mgm.  (1/8  grain)  of  emetine  give  rise  to  pain  and  tenesmus  and  often  to  bloody 
stools.     There  is  no  real  catharsis. 

Ipecac  powder  inhaled  causes  extreme  irritation  of  the  entire  respiratory  tract,  with 
coryza,  lacrymation,  sneezing,  coughing,  and  commonly  severe  asthmatic  attacks.  In 
certain  persons  there  is  an  extreme  sensitiveness  to  the  dust,  so  that  workmen  in  a 
drug  factory  have  severe  attacks  of  asthma  when  ipecac  is  being  ground  several  floors 
below.  The  condition  resembles  hay  asthma  and  the  paroxysms  are  relieved  by 
adrenalin.    These  asthmatic  phenomena  are  not  caused  by  the  alkaloids. 

Toxicity. — Both  emetine  and  cephaeline  are  extremely  toxic,  the  latter  being  about 
twice  as  powerful  when  studied  by  the  lethal  dose  method.  The  earlier  writers  state  the 
lethal  dose  in  different  species  as  high  as  50  to  400  mgm.  (1  to  7  grains)  per  kilo,  but  it  is 
apparent  that  they  were  using  impure  material,  and  recent  figures  are  much  lower. 
The  following  figures  represent  the  fatal  dose  of  emetine  by  subcutaneous  injection  in 
mgm.  per  kilo;  rat,  12-15;  guinea-pig,  16;  rabbit,  10-13;  cat,  5;  dog,  5;  monkey,  13. 
The  dose  by  vein  is  about  the  same,  some  writers  even  giving  it  as  larger.  Not  infre- 
quently much  smaller  doses  prove  fatal;  death  may  result  in  rabbits  from  4  mgm.  per 
kilo,  and  has  occurred  several  times  in  man  after  intravenous  injection  of  150  mgm. 
(probably  about  2.5  mgm.  per  kilo),  and  subcutaneous  injection  of  250  mgm.  (4  grains). 
A  peculiarity  of  intoxication  even  by  a  single  dose  is  that  the  severe  symptoms  and 
death  may  be  delayed  a  long  time.  Death  usually  does  not  occur  on  the  same  day,  and 
may  be  delayed  as  long  as  a  week. 

Chronic  Poisoning. — Associated  with  this  delay  in  development  of  symptoms  is  the 
tendency  of  ipecac  to  cause  cumulative  poisoning.  In  many  instances  the  therapeutic 
use  of  continued  small  doses  has  led  to  danger,  and  the  occurrence  of  similar  poisoning 
in  animals  has  been  demonstrated.  Dogs,  cats  and  rabbits,  given  daily  1  to  2  mgm.  per 
kilo  of  emetine,  by  mouth  or  subcutaneously,  show  no  disturbance  at  first,  but  in  from 
three  to  fourteen  days  become  sick.  In  dogs  the  usual  symptoms  are  those  of  gastro- 
enteritis; in  cats  there  is  sometimes  somnolence  deepening  into  stupor;  and  rabbits 
show  rapid  emaciation  with  diarrhea.  Chronic  poisoning  in  man  is  usually  ushered  in 
by  diarrhea.  This  may  be  bloody  and  suggest  a  relapse  of  the  dysentery.  If  diarrhea 
lasts  longer  than  two  weeks  under  ipecac  treatment  it  is  probably  due  to  the  drug, 
which  should  be  stopped.  Such  diarrhea  may  be  caused  by  doses  of  1  grain  (60  mgm.) 
daily,  and  if  the  drug  is  continued,  or  in  case  larger  doses  have  been  given,  more 
serious  symptoms  result.  The  most  frequent  of  these  is  peripheral  neuritis,  and  this 
has  been  seen  after  90  mgm.  (I14  grain)  (90  mgm.)  daily  for  sixteen  days  in  an  adult  man, 
and  after  2  grains  (130  mgm.)  daily  for  six  days  (Lyons).  Other  cases  received  60  mgm. 
daily  for  eighteen  days  (total  16  grains — 1.05  Gm.)  and  60  mgm.  for  six  days,  followed 
by  90  mgm.  for  twelve  days.  In  children  and  weak  persons,  such  doses  may  prove  fatal 
in  spite  of  interrupting  treatment  at  the  onset  of  neuritis. 
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Acute  Poisoning. — In  the  acutely  fatal  cases  of  emetine  and  ipecac  poisoning  (as  that 
which  follows  rapid  injection  in  a  vein),  death  occurs  as  the  result  of  a  direct  paralysis 
of  the  heart,  and  there  may  be  no  characteristic  lesions.  No  other  symptoms  than  sudden 
weakness,  faintness  and  collapse  are  seen.  In  the  more  slowly  developing  cases  there 
is  persistent  nausea  and  vomiting,  diarrhea,  often  bloody,  vertigo,  extreme  muscular 
weakness,  severe  expiratory  dyspnea,  and  slow,  followed  by  rapid,  pulse.  Death 
results  from  exhaustion  or  more  often  from  the  gastroenteritis  or  intercurrent  inflam- 
mation of  the  lung.  Autopsy  shows  inflammatory  lesions  in  the  stomach  and  bowel, 
fatty  changes  in  the  liver  and  congestion  of  the  lungs.  Pneumonitis  is  common, 
nephritis  rare.  Hemorrhages  into  the  alveoli  and  pulmonary  edema  are  not  un- 
common. 

Treatment  is  symptomatic,  or  if  the  last  dose  was  recently  taken,  tannin,  e  g., 
krameria,  may  be  given. 

Systemic  Action:  Alimentary. — The  emetic  action  of  emetine  and  of  ipecac  is  of 
great  importance.  The  emetic  dose  is  much  smaller  than  the  toxic  amount,  and  causes 
vomiting  with  little  nausea  several  minutes  after  injection,  and  upwards  of  half  an  hour 
after  being  swallowed.  The  emetic  dose  in  man  is  about  1/6  grain  (10  mgm.)  of 
cephaeline,  or  Vi  grain  (15  mgm.)  of  emetine.  These  doses  given  by  mouth  cause  vom- 
iting in  about  forty-five  minutes,  and  often  a  second  period  of  vomiting  after  two  hours. 
Half  of  these  doses  cause  nausea  and  slight  giddiness,  coming  on  in  half  an  hour  and 
lasting  for  one  hour  or  longer.  Cats  vomit  after  doses  by  mouth  of  y^o  grain  (6  mgm.) 
of  cephaeline.  or  %  grain  (12  mgm.)  of  emetine.  Dogs  are  more  susceptible,  the  emetic 
dose  by  mouth  being  cephaeline  0.75  mgm.,  and  emetine  2.5  mgm.  Somewhat  larger 
doses  are  required  by  vein,  but  vomiting  occurs  in  about  one-third  the  time,  showing  that 
the  action  is  at  least  partly  central.  The  central  action  of  emetine  has  also  been  demon- 
strated by  the  occurrence  of  vomiting  motions  in  completely  eviscerated  dogs  (Hatcher). 
The  topical  irritant  action,  however,  has  a  large  part  in  producing  vomiting.  Widely 
differing  statements  are  made  in  regard  to  the  emetic  dose  of  powdered  ipecac  when 
swallowed.  In  man,  2  grains  (0.12  Gm.)  will  often  cause  vomiting;  5  grains  (0.3  Gm.) 
commonly;  and  15  grains  (1  Gm.)  almost  certainly.  Repeated  emesis  commonly  occurs 
10  to  30  minutes  after  the  dose  is  taken. 

The  other  effects  on  the  alimentary  tract  are  of  little  importance.  Salivation  accom- 
panies the  nausea  and  has  been  shown  to  be  partly  reflex  and  partly  due  to  direct 
stimulation  of  the  salivary  center.  There  is  no  direct  action  on  the  gland  (V.  E.  Hen- 
derson).    The  diarrhea  is  due  to  local  irritation  of  the  bowel. 

Blood. — Ipecac  or  its  alkaloids  given  by  mouth  have  practically  no  systemic  influence 
beyond  induction  of  vomiting,  but  may  exert  such  when  given  by  injection.  The  blood  is 
never  perceptibly  altered  in  the  living  animal,  but  small  amounts  added  to  blood  in  vit7-o, 
paralyze  and  finally  kill  the  leucocytes.  The  red  cells  are  very  resistant.  In  some  cases  of 
fatal  poisoning  the  blood  has  shown  an  alteration  In  the  clotting,  consisting  of  a  slow 
formation  of  a  very  soft  and  non-adherent  clot,  which  has  no  tendency  to  contract  and 
squeeze  out  the  serum. 

Circulatory. — Although  emetine,  however  administered,  has  no  effect  on  blood 
pressure  except  the  fall  which  accompanies  collapse,  perfusion  of  arteries  causes  a 
marked  vasoconstriction.  This  may  be  seen  in  the  frog,  with  emetine  1-20,000,  or  with 
cephaeline  1-5000.  Larger  doses  merely  increase  the  constriction  which  is  due  to  action 
on  the  vessel  wall.  Although  not  usually  seen  in  the  intact  animal,  this  vasoconstriction 
may  account  for  the  effect  of  emetine  in  stopping  hemorrhage,  especially  from  the  lung 
and  from  gastric  and  intestinal  ulcers    (Flandin,  Valassopoulo). 

The  isolated  frog  heart  is  slowed  and  weakened  by  both  alkaloids,  the  slowing  being 
most  marked  with  cephaeline,  the  weakening  with  emetine.  In  dilution  of  1-20,000  they 
stop  the  heart  in  diastole  in  about  forty-five  minutes.  In  situ  the  frog  heart  is  slowed  and 
finally  stopped  by  20  mgm.  to  a  large  frog.  Occasionally  it  may  be  started  for  a  short 
time  by  atropine,  but  the  effect  is  largely  direct  paralysis  of  the  muscle.  In  poisoning 
of  mammals  fibrillation  of  the  heart  may  occur. 

Respiratory. — Although  one  of  the  most  important  uses  of  emetine  is  as  an  expec- 
torant, it  seems  to  have  little  direct  action  on  the  respiratory  system.  Given  to  patients 
with  tuberculosis,  emetine  has  no  influence  on  the  daily  amount  of  sputum  nor  on  the 
occasional  staining  with  blood.  In  bronchitis  the  tendency  to  nausea  has  the  effect 
of  causing  secretion  of  bronchial  mucus  with  relief  of  the  dry  cough,  and  ipecac  is  well 
adapted  to  this  purpose.  In  larger  dose  emetine  causes  also  a  flow  of  nasal  mucus,  an 
action  not  shared  by  cephaeline  (Wild). 
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other  Actions. — Emetine  often  causes  contraction  of  the  uterus  and  must  be  given 
with  great  caution  in  pregnancy.  Other  unstriped  muscle  is  also  stimulated.  Isolated 
voluntary  muscle  of  the  frog  (nerve-muscle  preparation),  exposed  to  the  action  of 
emetine,  shows  a  slight  increase  in  the  strength  of  contraction  at  first,  followed  by 
rapid  weakening.  This  may  be  analogous  to  the  muscular  weakness  seen  in  intoxica- 
tion.   Injections  of  emetine  lead,  in  man,  to  reduction  in  the  elimination  of  urea  (Mattel). 

Therapeutics:  Topical, — It  is  stated  that  powdered  ipecac  made  into  a  paste 
and  smeared  on  the  skin  will  greatly  relieve  the  pain  and  swelling  caused  by  the 
stings  of  hees. 

In  some  cases  of  obstinate  subacute  or  chronic  laryngitis,  Avinc  of  ipecac  by 
spray  or  inhalation  seems  to  assist  recovery,  having  a  specially  good  effect  in  liquefy- 
ing the  secretions  and  by  thus  facilitating  their  expectoration  diminishing  cough 
and  consequent  irritation. 

On  account  of  the  widespread  belief  that  pyorrhea  alveolaris,  or  Eiggs'  affection, 
is  of  amebic  origin,  ipecac  is  frequently  added  to  tooth  pastes  and  mouth  washes 
recommended  for  use  in  this  condition.  Emetine,  in  1  percent,  solution,  may  be 
injected  into  the  alveolar  cavities.  The  amebic  origin  is  not  established,  however, 
and  although  amebic  infection  may  be  a  concomitant  of  many  cases,  it  is  absent  in 
many  others.  Some  dentists  indeed,  assert  that  true  pyorrhea  is  an  irremediable 
condition,  and  that  instances  of  recovery  under  emetine,  ammonium  fluoride,  iodine 
and  zinc  preparations,  etc.,  are  instances  of  mistaken  diagnosis,  or  at  least  of  mis- 
applied terminology.  Apart  from  this  controversy,  which  is  not  for  us  to  decide,  the 
use  of  emetine,  locally  and  systemically,  in  cases  in  which  amebic  mouth  infection  is 
demonstrated,  is  rational,  although  it  may  prove  unsuccessful,  or  need  supplementation 
by  other  antipathogenic  measures,  by  improvement  of  general  resistance,  or  by  dental 
surgery. 

Systemic. — Ipecac  and  emetine  are  employed  systemically  as  well  as  topically  in 
the  treatment  of  pyorrhea.  Coincidentally  with  the  local  applications  just  described, 
emetine  may  be  given  hypodermically  in  daily  doses  of  y2  grain  (0.03  Gm.)  or  9 
alcresta  tablets  (equivalent  to  about  1  grain,  0.06  Gm.)  may  be  given  by  mouth. 
Administration  is  continvied  4  to  6  days  and  then  an  interval  of  a  few  days  is 
allowed. 

Ipecac  (emetine)  has  a  specific  action  in  amebic  dysentery.  The  use  of  ipeca- 
cuanha root  as  an  antidysenteric  remedy  antedates  by  hundreds  of  years  the  recog- 
nition of  the  two  groups  of  causative  agents — the  Shiga  and  Flexner  bacilli  on  the 
one  hand,  and  the  protozoal  organism  on  the  other,  so  that  it  is  impossible  to  say 
whether  or  not  all  the  cases  in  which  recovery  took  place  under  its  administration 
before  this  etiologic  discrimination  was  made  did  indeed  belong  to  the  amebic  group. 
The  fact,  however,  that  many  good  results  are  reported  from  emetine-free  prepara- 
tions of  ipecac,  and  that  the  specific  anti-amebic  principle  is  now  known  to  be  eme- 
tine, would  tend  to  confirm  the  view  of  those  who  attribute  to  the  other  constituents 
of  the  drug  a  curative  action  in  bacillary  dysentery.  This  may  be  owing,  as  has 
been  suggested,  not  to  any  antiseptic  or  germicidal  power,  but  to  tannins  and  pos- 
sibly other  ingredients  acting  as  astringents,  sedatives  and  protectives. 

To  be  effective  in  amebic  dysentery  the  crude  drug,  the  alcresta  ipecac,  or  the 
alkaloid  emetine  must  be  given  in  full  doses,  pushed  as  rapidly  as  possible  to  a 
point  short  of  the  emetic  effect.  This  is  accomplished  by  giving  every  three  or  four 
hours  increasing  doses,  carefully  watching  the  effect;  or  opium,  or  sometimes  opium 
and  calomel  may  be  associated  with  the  ipecac.  The  object  is  to  secure  tolerance 
of  as  large  an  amount  of  the  drug  as  possible  in  the  shortest  possible  time.  For 
this  purpose  two  different  methods  are  employed.    In  the  one,  very  large  doses  are 
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given  from  the  beginning,  even  though  the  first  dose  may  make  the  patient  vomit. 
For  this  purpose  a  dose  of  15  or  20  grains  (1  or  1.5  Gm.)  of  ipecac  is  given  every  three 
or  four  hours  and  opium  and  aromatic  powder,  perhaps  a  hypodermic  of  morphine, 
used  concurrently.  In  the  other  method  pills  of  ipecac  or  alcresta  ipecac  containing 
five  grains  each,  keratin  coated  or  enclosed  in  formalinized  capsules,  are  given  in 
increasing  number,  one  at  the  first  dose,  two  at  the  second,  and  so  on;  or,  in  less 
urgent  cases,  one  at  a  time  the  first  day,  two  at  a  time  the  second  day,  three  at  a 
time  the  third  day,  and  so  on;  the  exact  method  being  adapted  to  the  urgency  of 
the  case,  the  effect  of  the  medication,  and  the  tolerance  of  the  patient.  Hypodermic 
use  of  emetine  seems  to  be  as  effective  as  the  administration  of  the  alkaloid  by 
mouth.  It  may  be  given  in  doses  of  from  0.8  to  1.2  grain  by  either  route,  and  up 
to  as  much  as  2  grains  (0.12  Gm.)  or  more  daily.  It  is  likely  to  cause  severe  local 
irritation.  Our  personal  observation  of  amebic  dysentery  is  confined  to  those  cases 
indigenous  to  temperate  climates,  or  presented  by  persons  returning  from  the  tropics. 
In  what  are  probably  among  the  milder  cases  of  infection,  it  is  good  practice  to  cleanse 
the  intestine  thoroughly  with  daily  saline  irrigation  and  to  conjoin  with  the  gradually 
increasing  doses  of  ipecac  the  use  of  opium  and  belladonna  suppositories  and  some- 
times of  antiseptic  protectives  such  as  bismuth  salicylate. 

While  not  the  most  prompt  in  its  action,  ipecac  is  probably  the  safest  emetic  for 
administration  by  the  stomach  when  a  decided  effect  is  necessary.  Its  action  is  usually 
accompanied  with  considerable  nausea  and  depression,  sometimes  necessitating  the 
corrective  use  of  some  diffusible  stimulant,  such  as  alcohol  or  ammonia,  after  the 
vomiting  has  been  produced.  It  has  the  advantage  over  such  agents  as  zinc  sulphate 
and  copper  sulphate  of  freedom  from  corrosive  action,  and  over  such  agents  as 
apomorphine  of  being  free  from  possible  narcotic  action.  It  is  of  similar  service  in 
acute  alcoholism,  but  is  somewhat  too  slow  in  its  action  for  use  in  narcotic  poisoning. 

In  the  absence  of  a  stomach  tube  or  in  case  of  refusal  to  permits  its  passage, 
ipecac  is  probably  the  best  agent  at  command  to  empty  the  stomach  of  undigested 
food,  or  to  get  rid  of  its  contents  in  attacks  of  migraine  or  so  called  bilious  head- 
ache and  the  like,  in  which  such  riddance  seems  desirable.  For  this  purpose  the 
Cartagena  ipecac  preparations  are  the  best.  The  powder  is  to  be  given  in  a  dose 
of  15  grains  (1  Gm.)  or  Vk  this  amount  may  be  repeated  every  10  minutes,  a  draft 
of  warm  water  or  warm  salt  water  being  given  with  the  first  appearance  of  nausea. 
Sometimes  a  mixture  of  powdered  ipecac  (15  grains — 1  Gm.)  with  tartar  emetic 
0/2  grain — 30  mgm.)  is  used,  but  the  antimonial  is  better  avoided  if  not  clearly 
necessary.  With  children,  the  syrup  is  most  frequently  employed,  in  dose  of  5  to  60 
minims  (0.3  to  4  cc).  It  has  been  said  that  a  delicate  lady  will  vomit  after  10  to  20 
drops,  but  commonly  larger  doses,  a  teaspoonful  or  two,  perhaps  repeated,  will  be 
required  for  adults. 

A  famous  paradox  in  the  use  of  ipecac  is  the  allaying  of  vomiting  sometimes 
effected  by  small  doses — a  drop  or  two  of  the  wine  or  a  half  a  drop  of  the  tincture 
given  in  a  small  quantity  of  water.  It  is  not  always  seen,  and  as  yet  there  has  been 
demonstrated  no  particular  sign  by  which  one  can  recognize  the  cases  in  which  the 
expedient  is  likely  to  prove  useful. 

Clinicians  are  inclined  to  attribute  to  ipecac  veritable  cholagogue  action  which 
experimenters  have  failed  to  confirm.  Empirically,  however,  there  can  be  no  doubt 
that  small  doses  of  the  drug,  from  1/2  grain  to  2  grains  (0.03  to  0.13  Gm.),  of  the 
powder  are  of  considerable  use  in  cases  of  atonic  indigestion  seemingly  associated 
with  deficiency  of  biliary  secretion,  especially  in  those  cases  in  which  there  is  a 
sallow  and  muddy  complexion,  a  somewhat  pasty  and  yellowish  coated  tongue,  and 
a  slight  icteroid  hue  of  the  conjunctiva.    Constipation  and  intestinal  flatus  are  not 
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uncommon  parts  of  the  picture.     After  recovery  from  acute  cholangitis  or  catarrhal 
jaundice,  preparations  of  ipecac  are  among  those  useful  to  prevent  recurrence. 

Ipecac  has  enjoyed  an  intermittent  reputation  in  France  as  a  hemostatic  in 
cases  of  internal  hemorrhage,  such  as  hemoptysis.  It  was  recommended  for  this 
purpose  by  Trousseau,  but  never  came  into  general  use.  Some  ten  years  ago  atten- 
tion was  again  called  to  this  therapeutic  employment  of  the  drug,  but  the  results 
are  apparently  not  definite  enough  to  gain  for   it  general  recognition. 

In  certain  cases  of  bronchial  asthma,  especially  at  the  very  beginning  of  an 
attack,  or,  on  the  other  hand,  when  the  attack  has  proved  resistant  to  gentler  forms 
of  medication,  a  good  emetic  dose  of  ipecac,  say  1.5  Gm.  (20  gr.),  will  produce 
singular  relief;  probably  through  the  general  relaxation  and  derivation  .emphasized 
by  Trousseau.  "We  have  not  had  frequent  occasion  to  resort  to  this  method  of  treat- 
ment, nor  has  it  proved  infallibly  successful  on  those  occasions  in  which  it  was 
tried;  but  its  effect  in  cutting  short  not  merely  the  individual  paroxysm  but  the 
succession  of  paroxysms  in  a  few  cases  makes  it  worth  while  to  remember  for  pos- 
sible use  in  difficult  situations. 

Since  the  introduction  of  epinephrine,  ephedrine  and  pituitrin,  preparations,  such 
situations  are  less  frequent,  but  they  may  occur. 

Syrup  of  ipecac  is  one  of  the  best  agents  for  use  in  children  with  capillary  bron- 
chitis, spasmodic  croup  and  like  conditions,  both  to  relax  the  air  passages  and  to 
empty  them  of  obstruent  material.  It  is  well  associated  with  alum,  a  teaspoonful 
or  less  of  each,  followed  by  an  ounce,  and  in  10  to  20  minutes  by  4  to  6  ounces  of 
warm  water. 

In  the  acute  bronchial  colds  of  infants  and  children,  syrup  of  ipecac  (1  to  5  drops) 
is  of  considerable  service  in  association  with  aromatic  spirit  of  ammonia,  or  anisated 
ammonia  (2  to  10  drops),  and  paregoric  (2  to  10  drops).  Mothers  may  be  told  to 
mix  the  ingredients  by  drops  (not  necessarily  the  same  number  of  each)  with  a 
teaspoonful  or  two  of  water  and  give  the  dose  every  2  or  3  hours  as  neecTed,  until  the 
physician  comes,  when  he  may  change  or  continue.  A  common  direction  is  3  drops 
of  each.  Sometimes,  especially  when  there  are  nasal  symptoms,  tincture  of  belladonna 
is  added  or  is  substituted  for  the  paregoric;  but  the  child's  susceptibility  to  this  agent 
must  be  ascertained. 

In  chronic  bronchitis,  the  tincture  of  ipecac,  in  moderate  dose  (not  exceeding  5 
or  10  minims — 0.3  to  0.6  cc.)  is  sometimes  associated  with  iodides  or  bromides,  the 
ammonium  salts  being  chosen  when  a  stimulant  effect  is  desired.  The  syrup  is  pre- 
ferred by  some,  and  the  dose  may  be  so  little  as  10  minims  (0.6  cc).  Among  agents 
usefully  to  be  associated  according  to  the  indications  of  the  individual  case,  are 
fluidextract  of  grindelia,  or  a  preparation  of  lobelia  or  of  euphorbia ;  syrup  of  senega 
or  of  garlic,  fluidextract  or  syrup  of  wild  cherry,  or  even  dilute  hydrocyanic  acid; 
paregoric,  or  deodorized  tincture  of  opium;  myrtol,  terebene,  or  a  preparation  of 
eucalyptus.  The  stimulant  influence  of  ipecac  upon  the  secretory  function  of  mucous 
membranes  and  of  the  skin,  is  not  only  utilized  in  expectorant  mixtures,  but  in  com- 
posites having  stomachic,  cholagogue,  cathartic  or  diaphoretic  purposes.  Any  of  the 
galenicals  is  eligible  or  the  power  in  dose  of  1  grain  (0.6  Gm.)  or  less,  may  be 
incorporated  with  the  other  ingredients  in  pill  or  capsule. 

Dover  powder,  in  which  ipecac  is  associated  with  opium  and  a  diluent,  is  a 
remedy  of  great  empiric  usefulness.  The  original  formula  with  sodium  sulphate  is 
probably  superior  to  the  present  one,  with  milk  sugar. 

As  a  diaphoretic,  Dover  powder  is  very  frequently  of  considerable  service  at  the 
beginning  of  a  febrile  cold  or  a  pneumonia.  That  its  ipecac  constituent  is  here  of 
chief  importance,  may  be  emphasized  by  recalling  the  fact  that  wine  of  ipecac  was 
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likewise,  at  one  time,  a  favorite  ingredient  of  diaphoretic  mixtures,  especially  those 
containing  spirit  of  nitrous  etlier. 

In  dysentery,  Dover  powder  has  place  by  virtue  of  both  ingredients,  though  it  is 
commonly  best  to  make  extemporaneous  associations  with  quantities  adapted  tp  the 
special  case.  In  chronic  diarrhea  and  in  acute  diarrhea,  after  preliminary  cleansing 
by  calomel  or  by  castor  oil  and  rhubarb,  the  powder  of  ipecac  and  opium  in  dose  of 
1  to  3  grains  (0.6  to  0.2  Cun.)  alone  or  conjoined  with  a  bismuth  salt,  beta-naphthol 
or  guaiacol  carbonate  or  salol,  is  of  considerable  utility. 

Dover  powder  is  of  peculiar  service  in  the  treatment  of  chronic  affections  of  the 
heart,  especially  in  myopathies  and  in  mitral  stenosis  associated  with  a  tendency  to 
recurrent  pulmonary  congestion.  Given  in  moderate  doses,  say  ?>  grains  (0.2  Gm.)  two 
or  tlu'oe  times  daily,  it  seems  to  bring  about  a  calmer  and  steadier  action  of  the  heart — • 
a  relaxation  and  dilatation  of  the  arteries,  with  a  fuller,  slower  and  more  equable 
pulse  at  the  wrist.  The  comfort  of  the  patient  is  greatly  increased,  but  this  is  probably 
attributable  to  the  opium,  small  as  is  the  quantity,  %o  grain  (0.5  Gm.)  received  daily. 

Administration — Of  the  two  kinds  of  ipecac  now  on  the  market,  the  Cartagena  variety 
is  to  be  preferred  as  an  emetic  and  expectorant,  as  it  contains  a  large  proportion  of 
cephaeline.  which  is  superior  to  emetine  for  these  purposes.  Against  amebic  infection,  on 
the  other  hand,  the  Rio  variety,  containing  more  emetine  is  more  effective.  Of  the 
various  preparations  available,  the  powdered  drug  may  be  administered  by  mouth  in 
pill  or  capsule,  but  if  ipecac  is  to  be  given  alone,  one  of  the  liquid  preparations  will 
commonly  be  preferable.  The  syrup  is  often  preferred  in  children,  the  wine  in  older 
persons.  In  case  more  concentrated  preparations,  with  smaller  dose  are  indicated,  the 
fluidextract  may  be  selected.  The  dose  of  these  preparations  varies  with  their  ipecac 
content,  that  of  the  fluidextract  corresponding  to  that  of  the  powder,  that  of  the  wine 
being  10  times  and  that  of  the  syrup  15  times  as  large.  The  fluidextract  and  syrup  may 
be  used  as  emetics,  the  wine  is  inadmissible  for  this  purpose  because  of  its  alcohol 
content. 

The  soluble  salts  of  emetine  are  used  by  mouth,  but  are  chiefly  of  value  for  parenteral 
administration.  Intramuscular  injections  are  to  be  preferred,  as  subcutaneous  injections 
are  painful  and  intravenous  administration  may  lead  to  sudden  depression  accompanying 
the  nausea.  By  mouth,  the  less  soluble  emetine  bismuth  iodide  may  be  given,  or  alcresta 
ipecac.  The  dose  of  these  is  based  on  their  emetine  content,  the  former  being  given  in 
5  times,  the  latter  in  10  times  the  dose  of  emetine  hydrochloride. 

It  is  to  be  noted  that  parenteral  administration  is  available  for  the  treatment  of 
amebic  dysentery  and  other  enteric  conditions  for  which  ipecac  is  indicated. 

The  doses  suitable  for  the  various  indications  will  be  found  under  Materia  Medica 
and  with  the  therapeutic  uses.  Care  must  be  exercised  in  giving  repeated  large  doses 
on  account  of  the  danger  of  cumulation. 

Cocillana 

Cocillana  was  introduced  into  this  country  by  Rusby  in  1888  and  has  found  some 
employment  as  a  constituent  of  expectorant  mixtures.  Its  action  closely  resembles 
that  of  ipecac. 

Summary  of  Actions  and  Uses. — Cocillana  contains  a  resin  and  small  amounts  of  an 
alkaloid  (Coblentz)  and  perhaps  a  glucoside  (Eckfelt),  but  it  is  not  known  on  what 
constituent  its  virtues  depend. 

It  causes,  in  man,  increased  secretion  throughout  the  respiratory  tract,  characterized 
by  sneezing,  frontal  headache,  metallic  taste  in  the  mouth,  and  cough,  associated  with 
nausea  and  vomiting  and  mild  cathartic  action.  The  emetic  dose  is  about  45  grains 
(3  Gm.). 

Materia  Medica. — Cocillana  (N.F.),  Cocillana.    Ahhr.,  Cocillan. 
The  dried  bark  of  Gaurea  rushyi  (Britton)   Rusby  (Fam.  Meliace<e).     The  odor 
is  characteristic;  taste  slightly  astringent,  peculiar  and  slightly  nauseous;  color  brown. 
Dose,  from  10  to  20  grains  (0.6  to  1.3  (im.). 
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Fluidextbactum  CociLLANiE  (N.F,),  Fluidextract  of  Cocillana.  Ahhr.,  Fldext. 
Cocillan. 

Each  cc.  represents  1  Gm.  of  the  drug,  with  an  alcoholic  content  of  about  55 
percent. 

Dose,  10  to  20  minims  (0.6  to  1.3  cc). 

Therapeutics. — The  fluidextract  is  employed  alone  or  as  a  constituent  of  ex- 
pectorant mixtures  in  a  dose  of  8  to  20  minims  (0.5  to  1.3  cc.)  every  3  or  4  hours. 
It  is  useful  in  acute  as  well  as  in  subacute  and  chronic  catarrhs  of  the  respiratory 
tract. 

Phytolacca 

Phytolacca,  or  pokeweed,  contains  in  all  parts  of  the  plant,  except  the  young 
shoots  and  leaves,  an  irritant  substance,  probably  a  glucoside,  and  a  saponin;  an 
alkaloid  may  be  present  also.  The  symptoms  which  result  from  taking  Phytolacca 
are  chiefly  those  of  gastroenteric  irritation  and  depression  of  the  central  nerve 
system.  Poisoning  in  man  has  usually  resulted  from  eating  the  root;  less  often 
the  berries.  The  symptoms  are  nausea  and  vomiting,  with  considerable  gastric  pain 
and  dry  throat,  followed  by  stupor  which  may  pass  into  fatal  coma.  Respiration  is 
shallow,  and  convulsions,  if  they  occur,  are  probably  asphyctic. 

In  frogs,  small  doses  cause  vomiting,  whether  given  by  mouth  or  subcutaneously, 
and  paralysis  follows.  In  mammals  there  is  also  vomiting  with  considerable  retching, 
as  well  as  diarrhea,  followed  by  somnolence.  The  heart  is  slow  and  weak,  the  vasomotor 
center  is  depressed  and  blood  pressure  falls.  The  respiratory  center  is  even  more 
affected,  death  resulting  from  respiratory  failure.  Motor  and  sensory  spinal  paralysis 
precede  death  (Bartholow). 

In  poisoning  by  the  berries,  dilated  pupils  are  observed  in  addition,  and  the 
dryness  of  the  throat  is  even  more  distressing. 

Poke  has  been  compared  in  its  action  to  both  ipecac  and  picrotoxin. 

Materia  Medica. — Phytolacca  (N.F.),  Phytolacca.  Ahhr.,  Phytolac.  Synonym: 
Poke  Root. 

The  dried  root  of  Phytolacca  americana  Linne  (Fam.  Phytolaccacew) ,  collected  in 
the  autumn.  The  taste  is  sweetish  at  first,  but  afterward  highly  acrid.  It  contains 
a  bitter,  acrid  and  poisonous  glucoside,  possibly  saponin,  an  alkaloid,  phytolaccine, 
starch,  sugar,  resin  and  gum. 

Antagonists  and  Incompatihles. — Alcohol,  ether,  chloroform,  the  carminatives, 
opium  and  digitalis  are  antagonistic. 

Synergists. — The  emetics,  alteratives  and  depressants  assist  its  action. 

Dose,  alterative,  1  to  5  grains  (0.06  to  0.3  Gm.)  ;  emetic,  10  to  30  grains  (0.6  to 
2  Gm.). 

Fluidextractum  Phytolacca  (N.F.),  Fluidextract  of  Phytolacea.  Ahhr.,  Fldext. 
Phytolac. 

Each  cc.  corresponds  to  1  Gm.  of  the  drug.  Alcoholic  content  about  55 
percent. 

Dose,  alterative,  1  to  5  minims  (0.06  to  0.3  cc.) ;  emetic,  10  to  30  minims  (0.6  to 
2  cc). 

Therapeutics:  Topical. — Poke  root  is  regarded  by  Eclectics  as  a  local  remedy  of 
great  efficacy  in  superficial  glandular  inflammations,  especially  mammitis.  They  use 
it  in  mumps  and  in  non-tuberculous  swellings  in  the  neck  and  elsewhere,  and  in  the 
orchitic  metastasis  of  mumps.  A  Phytolacca  ointment  is  often  applied  to  ulcers  of  the 
leg  and  to  carcinomatous  ulcerations.  The  drug  does  service  also  in  eczema,  scabies 
and  other  skin  troubles,  and  in  burns  of  the  first  and  second  degree. 
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Systemic. — Poke  root  was  at  one  time  prescribed  as  an  emetic,  but  while  emesis 
occurs  very  surely,  the  drug  is  so  slow  in  action  and  causes  such  depression  that  its 
employment  for  this  purpose  has  been  abandoned  except  in  domestic  practice.  It  is 
regarded  by  many  clinicians  as  an  "alterative"  of  considerable  value  in  syphilis, 
chronic  rheumatic  joint  affections  and  other  chronic  ailments,  as  pleurisy  and  other 
inflammations  of  fibrous  and  serous  tissues.  Poke  root  has  been  given  internally  in 
non-diphtheritic  angina,  in  pharyngitis,  in  tonsillitis  and  conjointly  with  its  external 
use,  in  the  various  conditions  mentioned.  It  is  said  to  effect  absorption  of  fat  from 
the  tissues,  and  has  been  recommended  for  trial  in  fatty  heart.  At  one  time  it  enjoyed 
more  or  less  reputation  as  an  antifat  remedy. 

Administrati07i.  Phytolacca  is  used  chiefly  as  the  fluidextract  (which  may  be  given 
in  aromatic  elixir)  or  as  the  Eclectic  "specific"  medicine.  It  is  an  ingredient  of  various 
vegetable  "alterative"  mixtures  of  which  the  Mistura  Alterans  Compositus  of  the  Phila- 
delphia Hospital  as  an  example.  This  contains  tincture  of  prickly  ash,  10  cc;  fluidextract 
of  Phytolacca,  15  cc,  and  compound  fluidextract  of  sarsaparilla,  35  cc.  The  dose,  1 
fluidram  (4  cc.)  well  diluted. 

Emetic  Agents  Having  Other  Important  Uses 

Antimonii  et  Potassii  T.\rtr.\s. — At  one  time  tartar  emetic  was  a  favorite  drug 
to  induce  emesis  in  laryngeal  diphtheria,  laryngismus  stridulus,  indigestion,  and  at 
the  onset  of  a  continued  fever;  but  medical  practice  is  kinder  than  it  once  was  and 
tartar  emetic  is  no  longer  put  to  the  use  its  name  suggests,  and  with  alum,  copper 
sulphate,  yellow  subsulphate  of  mercury,  and  squill  has  been  consigned  to  the  limbo 
of  discarded  emetics. 

Squill,  too,  has  lost  vogue  as  an  emetic.  It  was  not  used  alone,  but  commonly 
in  conjunction  with  tartar  emetic,  of  -which  the  compound  syrup  of  squill  contains 
3/4  grain  to  the  ounce  (0.7.5  percent.).  The  dose  for  children  (emetic)  is  10  to  60 
minims  (0.6  to  4  cc.)  ;  that  for  adults  (expectorant),  20  to  30  minims  (1.3  to  2  cc). 

LoBELU  is  a  prompt  and  powerful  emetic,  but  is  seldom,  if  ever,  used  now  to 
induce  vomiting,  as  it  gives  rise  to  disturbing  nausea,  depression  of  the  physical 
powers,  and  sometimes  even  heart  failure. 

SiXAPis. — Mustard  is  a  handy  and  effective  emetic,  as  the  powder  is  to  be  had 
in  almost  every  household.  It  is  specially  indicated  in  narcotic  poisoning,  and  in 
conditions  of  lowered  vitality  since  it  is  a  cardiac  stmulant  and  carminative  as  well 
as  an  emetic.    It  may  be  given  in  doses  of  one  or  two  teaspoonfuls  in  water. 

Sodium  Chloride  and  Sodium  Bicarbonate,  table  salt  and  baking  soda,  act  as 
emetics  if  swallowed  in  strong  solution,  in  a  large  amount  of  warm  water.  The 
former  may  be  used  in  all  cases  in  which  a  mild  emetic  is  indicated;  the  latter  is 
especially  useful  in  acute  indigestion  with  remains  of  food  in  the  stomach.  Enough 
will  remain  after  emesis  to  cause  alkalinity  of  the  stomach  contents  which  is  soothing 
to  the  irritated  mucosa. 

Large  draughts  of  warm  water  will  often  cause  emesis,  but  they  act  better  if  salt  or 
baking  soda  be  added. 

Copper  Sulph.\te  is  prompt  in  its  action  and  is  usually  ejected  with  the  vomited 
matter  in  a  few  minutes  after  administration;  very  little  depression  follows  its  use, 
especially  in  the  treatment  of  narcotic  poisoning  in  which  the  obtunded  state  of  the 
reflex  centers  would  interfere  with  the  action  of  a  less  active  irritant.  In  phosphorus 
poisoning  it  is  of  additional  virtue,  being  chemically  antidotal  by  forming  the  in- 
soluble phosphate.  Twenty  grains  of  copper  sulphate  are  dissolved  in  two  ounces 
of  distilled  water  and  a  tablespoonful  given  every  fifteen  minutes  until  vomiting 
occurs;  or  in  more  urgent  cases  ten  grains  of  copper  sulphate  in  an  ounce  or  two 
of  water  may  be  given  at  a  dose. 
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Zinc  Sulphate  acts  similarly  to  copper  sulphate,  but  less  actively.  It  is 
less  likely,  if  retained,  to  excite  gastroenteric  irritation.  It  is  given  in  cases  of 
narcotic  poisoning,  in  croup,  and  rarely  to  empty  the  stomach  in  cases  of  indigestion. 
Twenty  grains  may  be  given  in  water  and  repeated,  if  necessary,  in  from  fifteen 
to  twenty  minutes.  In  less  urgent  conditions  thirty  grains  may  be  dissolved  in 
two  ounces  of  water  and  a  tablespoonful  given  every  fifteen  minutes  until  vomiting 
occurs. 

While  the  metallic  emetics — zinc  sulphate  and  copper  sulphate — are  frequently 
preferable  in  conditions  of  urgency,  yet  mustard  is  usually  more  suitable  when  haste 
is  not  imperative  as  it  is  less  apt  to  produce  depressing  effects  or  to  excite  gastro- 
enteritis if  not  ejected. 

Alum  is  one  of  the  safest  emetics,  causing  but  little  depression  and  having 
a  minimum  local  irritant  action.  It  may  be  given  in  dram  (4  Gm.)  doses  dissolved  in  a 
mucilage  or  thick  barley  water,  but  is  best  in  a  syrupy  vehicle,  such  as  molasses  or 
syrup  of  ipecac,  the  dose  of  the  latter  being  adjusted  to  the  age  of  the  patient.  It 
is  used  especially  in  croup  and  in  capillary  bronchitis. 

Alum  was  once  in  common  use  as  an  emetic  in  laryngeal  diphtheria,  vomiting 
being  induced  in  the  hope  of  dislodging  the  false  membrane  in  the  fauces  when  its 
presence  was  exposing  the  child  to  danger  of  suffocation. 

Mercury  Subsulphate  is  an  active  poison  and  will  produce  death  if  not  promptly 
ejected;  hence  it  is  best  avoided,  save  in  an  emergency  warranting  the  risk,  when 
other  and  less  dangerous  means  are  not  available.  It  was  used  in  former  times, 
especially  in  croup.  The  emetic  dose  is  2  to  5  grains  in  sugar  of  milk,  but  larger 
doses  are  said  to  be  safer  as  they  are  more  promptly  vomited.  The  emesis  is  sudden 
and  active,  thus  assisting  ejection  of  the  obstructing  body  from  the  air  passages; 
there  is  little  nausea  or  after-depression. 

Cathartics 

A  cathartic  is  a  substance  which  has  the  power  either  to  increase  the  number 
of  stools  or  to  make  them  softer.  In  practice  these  two  effects  are  always  associated; 
any  drug  having  the  first  effect  will  also  have  the  second  if  a  large  enough  dose 
be  given.  This  alteration  in  the  stools  may  be  brought  about  either  by  mechanical 
measures,  such  as  massage  and  electric  stimulation,  by  fluids  or  drugs  administered 
by  the  rectum,  or  by  substances  given  by  mouth.  It  is  to  the  last  class  that  the 
term  "cathartic"  is  ordinarily  limited.  Cathartics  may  be  divided  either  according 
to  the  severity  and  character  of  their  action,  or  according  to  their  chemical  nature 
and  probable  mode  of  action. 

According  to  the  character  of  action,  we  distinguish  (first  grouping)  : 

(1)  Laxatives  which  increase  the  number  of  stools,  but  make  them  little  softer 
than  usual. 

(2)  Purgatives  which  induce  very  soft  stools. 

(3)  Hydragogues  which,  without  causing  inflammation  of  the  bowel,  induce  a 
copious  flow  of  water. 

(4)  Drastics  which  irritate  the  intestine,  causing  in  small  doses  a  mild  and 
in  large  doses  a  severe  inflammation  of  the  mucosa,  with  consequent  in- 
creased secretion  of  water  and   mucus. 

(5)  Cholagogues  which  increase  the  flow  of  bile. 

This  classification  is  useful,  but  as  many  of  the  cathartics  are  laxatives  in  small 
dose,  and  even  drastic  in  large  dose,  e.g.,  podophyllum,  the  other  arrangement  is  more 
practical,  and  we  will  class  the  cathartics  as  follows  (second  grouping)  : 
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(1)  Drugs  which  act  purely  mechanically  by  their  bulk  or  consistence. 

(2)  Drugs  which  act  by  absorbing  and  holding  water,  and  thus  preventing  its 
absorption  from  the  bowel. 

(3)  Saline  cathartics  which  act  partly  by  preventing  absorption  of  water  and 
partly  by  a  direct  action  on  the  bowel  wall. 

(4)  Drugs  containing   a   quinone  group. 

(5)  Drugs  containing  a  resinous  body  which  is  slowly  broken  down,  releasing 
an  irritant  principle. 

(0)     Drugs   containing   unsaturated   fats    whose   fatty   acids    are   irritating    and 

cathartic. 
(T)     Inoj'ganic!   drugs,  mercury   and   sulphur. 

In  general,  it  may  be  said  that  the  drugs  of  the  first  two  groups  are  laxative; 
of  the  third,  hydragogue;  of  the  fourth,  purgative;  of  the  fifth,  drastic,  and  of  the 
sixth  and  seventh,  purgative  or  drastic.^ 

Unless  there  is  severe  irritation,  as  from  large  doses  of  drastics,  with  inflam- 
matory exudate,  the  fluid  of  cathartic  passages  is  the  same  as  that  normally  secreted 
by  the  intestine,  as  shown  by  the  identity  in  composition  of  purgative  stools  and  of 
normal  chyme  obtained  from  a  cecal  fistula.  Purgatives  act  either  mechanically  by 
increasing  the  bulk  or  altering  the  nature  of  the  matter  within  the  bowel,  or  by  a 
direct  action  on  the  bowel  wall  with  increase  of  peristalsis,  or  of  secretion.  The 
muscle  may  be  stimulated  directly  or  through  the  plexus  of  Auerbach,  or  that  of 
Meissner,  but  purgation  is  not  prevented  by  the  section  of  all  extraneous  nerves. 

Strips  of  the  normal  bowel  of  the  rabbit  show,  in  vitro,  rhythmic  contractions 
which  are  strongest  in  the  duodenum  and  steadily  decrease  as  the  cecum  is  approached. 
After  purgation,  all  the  strips  beat  less  strongly  than  normal,  and  the  relative  activity 
of  the  strips  is  disturbed.  Most  cathartics  tend  to  increase  the  gradient,  most  emetics 
to  reverse  it   (Alvarez). 

The  cathartics  act  topically  and  their  action  does  not  usually  extend  beyond 
that  part  of  the  bowel  in  which  they  are  present.  Quinones,  when  injected  hypo- 
dermically  or  intravenously,  are  excreted  into  the  bowel  and  may  stimulate  the  wall 
while  passing  through  it  before  actually  appearing  in  the  lumen.  Certain  stimuli 
may  increase  peristalsis  reflexly,  thus  application  of  a  mustard  plaster,  or  of  crotou 
oil  to  the  skin  of  the  abdomen,  or  injection  of  concentrated  solutions  of  salts  (sodium 
sulphate,  zinc  sulphate),  which  act  by  local  irritation  and  nerve  reflex  and  not  by 
excretion  into  the  bowel.  When  a  loop  of  the  bowel  is  isolated  and  a  purgative  put 
in  the  loop,  the  remaining  bowel  is  often  stimulated  to   reflex  contractions. 

Chiari  suggests  that  all  cathartics  act  by  reducing  the  amount  of  active  calcium 
in  the  bowel  wall.  Saline  cathartics,  sulphates,  tartrates,  citrates  are  all  lime  pre- 
cipitants  and  he  has  shown  experimentally  that  during  catharsis  by  calomel  as  well 
as  by  vegetable  purges,  including  pilocarpine,  the  amount  of  lime  in  the  bowel  wall 
is    diminished. 

There  are  substances  which  act  on  the  more  central  portions  of  the  nerve  system 
in  a  manner  analogous  to  that  of  the  central  emetics,  but  these  have  efi'ects  on  other 
organs  which  prohibit  their  use  as  cathartics  in  practical  medicine.  Physostigniine, 
pilocarpine,  nicotine  and  ergotoxine,  for  example,  increase  peristalsis  by  central 
action,  but  none  of  them  is  alone  effective  in  small  enough  dose  to  avoid  disagreeable 


'Brissemoret  divides  the  organic  cathartics  into  four  groups:  1.  Polyvalent  sugars 
and  alcohols,  glycerine,  manna.  2.  Fatty  acids  with  alcohol  radical,  (a)  oils:  castor, 
croton;  (b)  acid  resins,  cambogic  acid,  convolvulinic  acid,  etc.  3.  Ring  ketones,  qui- 
nones and  quinoidines.     4.    Quinonic  imlnes,  which  have  only  a  theoretical  interest. 
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or  dangerous  action  on  other  organs.  Both  pilocarpine  and  physostigmine,  however, 
are  at  times  of  considerable  use  as  ingredients  for  special  purposes  in  purgative  pills — 
physostigmine  for  action  on  the  musculature  of  the  bowel,  stimulant  but  antispas- 
modic, and  pilocarpine  to  help  increase  secretion  by  directive  association. 

Apocodeine  and  cathartic  acid  have  been  used  with  some  success  by  hypodermic 
injection,  but  have  not  attained  much  clinical  recognition.  The  same  is  true  of  a 
synthetic,  phenoltetrachlorphthalein,  which  was  introduced  by  Rowntree  in  1909. 
Arecoline  is,  however,  extensively  used  in  this  way  in  veterinary  medicine.  Choline 
has  been  employed  in  animal  experiments  (Magnus,  Alvarez). 

Purgation  is  often  accompanied  by  certain  by-effects,  such  as  fall  of  blood  pres- 
sure and  reduction  of  febrile  temperature.  The  urine  is  concentrated  and  other  eflFeets 
of  water  abstraction  may  be  noted. 

Mechanical  Cathartics 

Any  stimulation  of  a  mucous  membrane  tends  to  cause  a  contraction  of  the 
underlying  muscles  and  certain  substances  bring  about  increase  in  peristalsis  by  the 
mechanical  irritation  of  their  presence  in  the  gut.  The  water  taken  with  the  food  is 
absorbed  gradually  from  the  bowel,  and  it  is  evident  that  if  the  chyme  moves  more 
rapidly  there  will  be  less  time  for  absorption,  and  that  the  stools  will  thus  contain 
more  water  the  more  rapid  the  progress.  Soft  stools  are  thus  always  observed  when 
there  is  increased  peristalsis. 

The  mechanical  cathartics  are  found  among  the  foods  rather  than  among  the 
drugs  and  include  bran  and  whole  grain  foods,  fruits  (especially  those  with  small 
seeds),  vegetables,  such  as  cabbage,  which  have  considerable  indigestible  residue,  and 
one  substance  which  is  not  a  food,  mineral  oil  (petrolatum  and  liquid  petrolatum). 
The  last,  however,  probably  acts  chiefly  as  a  lubricating  agent,  facilitating  the  passage 
of  the  intestinal  contents. 

Colloidal  Cathartics 

There  is  a  group  of  substances  acting  partly  by  their  bulk  and  partly  by  their 
attraction  for  water,  which  are  known  as  colloidal  cathartics.  The  stimulation  of  the 
bowel  is  largely  mechanical  with  this  group  also,  but  depends  on  the  increased  bulk 
of  the  contents  and  not  on  the  presence  of  rough  particles.  Stretching  of  a  muscle 
normally  brings  about  a  contraction,  and  gentle  distention  of  the  bowel  will  thus 
increase  peristalsis.  The  water  of  the  stools  is  increased  by  diminution  of  absorption 
brought  about  not  only  by  the  more  rapid  evacuation,  but  also  by  the  hygroscopic 
action  of  the  colloids.  In  this  group  belong  glycerine,  agar-agar,  fucus,  and  probably 
manna. 

Saline  Cathartics 

The  saline  cathartics  act  chiefly  by  preventing  absorption  of  water  from 
the  bowel  by  their  osmotic  pressure.  Almost  any  soluble  salt  may  act  as  a  cathartic, 
but  most  are  so  rapidly  absorbed  from  the  bowel  that  such  action  is  replaced  by 
diuresis  and  is  only  seen  after  relatively  enormous  doses.  It  has  been  found  that 
the  salts  which,  diffuse  most  slowly  through  animal  membranes  are  the  sulphates, 
phosphates  and  tartrates,  and  the  same  salts  are  those  most  slowly  absorbed  from 
the  bowel  and  thus  most  active  as  cathartics.  In  medical  practice  the  most  use- 
ful are  sodium  sulphate  (glauber  salt),  magnesium  sulphate  (epsom  salt),  potas- 
sium bitartrate  (cream  of  tartar),  potassium  and  sodium  tartrate  (rochelle  salt), 
sodium  phosphate,  magnesium  citrate  and  certain  insoluble  salts  of  magnesium  which 
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undergo  alteration  in  the  bowel,  magnesium  oxide  (light  and  heavy)  and  magnesium 
carbonate.  When  a  small  dose  of  any  of  these  salines  is  given  it  is  absorbed  in  large 
part  and  excreted  by  the  kidney.  When  a  cathartic  dose  is  given,  however,  even 
that  part  which  is  absorbed  is  largely  excreted  back  into  the  bowel,  and  more  sulphate 
(for  example)  is  found  in  the  colon  than  in  the  upper  ileum.  With  the  sulphate  or 
tartrate  a  large  proportion  of  the  sodium  chloride  which  would  normally  be  excreted 
by  the  kidnej,  also  is  found  in  the  stools.  It  has  been  found  in  experiments  on 
dogs,  that  concentrated  saline  cathartics  given  by  mouth  are  diluted  in  the  stomach 
by  free  cxcreiion  of  water  to  a  strength  of  about  IV2.  or  2  percent.,  and  that  they 
maintain  thi^  strength  throughout  the  small  bowel — absorption  of  water  increasing 
the  concentration  to  about  5  percent,  in  the  colon  and  rectum.  If  dilute  solutions 
are  taken,  witer  is  quickly  absorbed  from  them  until  the  same  point  is  reached, 
while  2  percent,  solutions  suiter  little  change  in  volume  from  the  mouth  to  the 
cecum. 

The  amount  of  a  saline  which  it  is  necessary  to  give  in  order  to  prevent  com- 
plete absorption  with  consequent  failure  to  act  is  about  1  Gm.  for  every  60  cm. 
length  of  bo\\'el,  that  is,  about  15  grains  for  every  2  feet.  If  a  loop  of  intestine  is 
isolated  and  a  strong  solution  of  sodium  or  magnesium  sulphate  injected  into  it, 
the  amount  oi  fluid  in  the  loop  will  increase  for  two  hours  and  then  lessen,  while 
the  amount  oi  sulphate  lessens  continuously.  If  less  than  1  Gm.  for  every  60  cm. 
of  loop  is  injected,  no  increase  of  volume  occurs.  The  loop  differs  from  the  entire 
bowel  in  that  ihe  latter  receives  excretion  of  the  sulphate  which  has  been  absorbed, 
but  only  if  strong  saline  is  present  in  the  bowel.  Thus,  if  the  intestine  is  ligated 
and  sulphate  gken  by  mouth,  none  is  found  below  the  ligature.  The  action  of  saline 
purgatives  depends  largely  on  the  presence  of  water  in  the  bowel,  and  if  a  dry  diet 
is  given  they  act  poorly  or  not  at  all.  Thus  rabbits  on  ordinary  diet  are  purged  by 
4  Gm.  of  sodiiun  sulphate,  but  on  dry  diet  with  no  water  are  not  purged  by  13  Gm. 
Cats  and  dogs  give  similar  results  and  on  dry  diet  are  poisoned  by  magnesium  sul- 
phate by  mouth.  Fluid  given  by  vein  when  giving  salts  by  mouth  does  not  aid  the 
action,  showing:  that  the  failure  to  act  is  not  due  to  concentration  of  the  blood. 
The  action  of  croton  oil  and  irritant  purgatives  is  not  much  influenced  by  the  diet. 

Comparison  of  sodium  with  magnesium  sulphate  shows  that  more  water  is 
excreted  with  the  latter  and  that  its  passage  along  the  bowel  is  more  rapid.  Thus  in 
a  dog  with  fecal  fistula  135  cm.  (41/4  feet)  from  the  pylorus,  salines  were  given  by 
mouth,  and  the  time  required  for  the  fluid  to  reach  the  fistula  was  noted.  The  fol- 
lowing results  were  characteristic:  Sodium  sulphate:  0.8  percent.,  150  cc,  18  minutes; 
4  percent.,  100  cc,  10  minutes;  8  percent.,  50  cc,  5  minutes.  Magnesium  sulphate: 
0.8  percent,  150  cc,  16  minutes; -4  percent.,  100  cc,  4  minutes.  Sodium  sulphate  is 
eliminated  by  the  bowel  or  the  kidney,  unchanged.  Magnesium  sulphate,  on  the  other 
hand,  is  precipitated  as  carbonate  and  most  of  the  sulphate  ion  is  absorbed  and  appears 
in  the  urine,  while  most  of  the  magnesium  is  found  in  the  stools.  This  alteration 
may  account  for  the  slight  toxicity  of  epsom  salt  when  given  by  mouth. 

The  passage  of  water  into  the  bowel  under  the  influence  of  saline  cathartics  is 
not  prevented  by  atropiije,  which  perhaps  indicates  that  the  fluid  is  not  a  secretion, 
but  merely  a  mechanical  transudate.  Atropine,  however,  checks  only  those  secretions 
which  are  centrally  stimulated  and  would  have  little  or  no  action  on  a  secretion 
called  forth  by  local  stimulation.  The  idea  that  it  is  a  secretion  is  favored  by  the 
fact  that  the  pressure  against  a  manometer  in  a  closed  loop  is  less  than  would  be 
demanded  by  osmotic  pressure,  as  well  as  by  the  presence  of  large  amounts  of  mucus 
in  the  stools  and  the  absence  of  albumin. 

While  the  laws  governing  the  action  of  the  salines  on  excretion  and  absorption 
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of  water  by  the  bowel  wall  have  been  fairly  well  established,  their  action  on  peris- 
talsis is  still  obscure,  some  authors  denying  any  effect  except  an  indirect  one. 
Although  salines  increase  peristalsis  less  than  do  the  vegetable  purgatives,  it  is 
nevertheless  certain  that  they  have  a  direct  action  on  the  nerves  and  muscles  of 
the  bowel  wall.  The  influence  of  sodium  and  magnesium  sulphates  have  been  most 
carefully  studied,  and  we  will  discuss  them  only. 

Sodium  sulphate  injected  intravenously  in  dogs  increases  peristalsis  by  a  direct 
action  on  the  intestinal  wall,  even  before  it  is  excreted  into  the  bowel.  Magnesium 
sulphate,  on  the  contrary,  when  injected  parenterally  either  causes  a  paralysis  of 
peristalsis  or  is  without  effect.  This  difference  in  action  is  confirmed  by  study  of  an 
isolated  strip  of  bowel,  which  contracts  rhythmically  in  an  isotonic  solution  of  sodium 
sulphate,  but  is  at  once  paralyzed  by  magnesium  sulphate.  The  purgative  action  of 
sodium  sulphate  would  seem  to  be  dependent  partly  on  a  direct  stimulation  of  the 
bowel  wall,  but  chiefly  on  the  physical  action  of  the  water  in  the  bowel.  Magnesium 
is  precipitated  in  the  bowel  by  the  formation  of  the  carbonate,  and  this  being  only 
slightly  soluble,  the  action  of  the  magnesium^  ion  is  not  fully  developed.  Sodium 
chloride,  however,  is  thrown  into  the  bowel  in  greater  amount  than  when  sodium 
sulphate  is  given;  and  probably  when  magnesium  sulphate  is  taken  the  sodium  and 
magnesium  act  together  on  the  bowel,  the  sodium  causing  contraction  of  the  wall 
and  the  magnesium  aiding  the  portion  of  the  bowel  beyond  to  relax,  thus  allowing 
the  contents  to  be  hurried  through.  When  relaxation  does  not  occur  properly,  grip- 
ing and  colic  result,  and  these  are  often  experienced  after  taking  sodium  sulphate. 
The  paralytic  state  of  the  bowel  caused  by  magnesium  tends  to  produce  faintness 
and  depression  during  the  resulting  evacuation.  If,  however,  one  part  of  magnesium 
sulphate  is  associated  with  four  parts  of  sodium  sulphate,  the  mixture  causes  neither 
griping  nor  faintness.  Whether  this  may  be  explained  as  tentatively  outlined  above  is 
uncertain. 

Salines  have  no  direct  action  on  the  liver,  but  after  absorption  small  amounts 
are  excreted  in  the  bile  and  the  addition  of  small  amounts  of  any  salt  to  bile,  even 
in  vitro,  lessens  its  viscosity  and  may  thus  make  its  flow  more  rapid. 

Saline  cathartics,  administered  with  other  drugs,  delay  or  prevent  their  absorp- 
tion.   They  are  often  given  for  this  purpose  with  anthelmintics. 

The  salts  of  potassium  exert  less  of  a  stimulant  action  on  the  bowel  than  do 
the  corresponding  salts  of  sodium,  and  are  less  active  as  cathartics  than  salts  of 
magnesium.  Potassium  sulphate  and  potassium  bitartrate  are  less  used  than  rochelle 
salt,  and  the  greater  usefulness  of  the  last  may  be  dependent  on  the  association  of 
the  stimulant  action  of  sodium  with  the  relaxing  influence  of  potassium  upon  smooth 
muscle. 

Cathartics  Containing  a  Quinone  Group 

When  opposite  hydrogens  of  a  ring  compound  are  replaced  by  ketone  oxygen,  the 
resulting  compound  is  called  a  "quinone"  and  substitution  products  of  benzoquinone, 
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perimentally  to  increase  peristalsis  and  act  as  cathartics  (Brissemoret).  The  anthra- 
quinones  have  been  chiefly  used  in  medicine,  as  they  are  the  basis  of  the  natural  plant 
principles.  The  more  important  are  chrysophanic  acid  (methyl-dioxy-anthraquinone, 
C„H5(OH)jCH30,),  found  in  rhubarb  and  senna;  emodin  (methyl-trioxy-anthraquirt- 
one,  C„H,(OH)3CH30j),  found  in  all  the  members  of  the  group;  rhein  (methyl- 
tetraoxy-anthraquinone,  C„H3(OH)^CH30j),  found  in  rhubarb  and  other  plants;  aloin, 
varying  in  composition  but  related  to  emodin ;  frangulin,  a  glucoside  of  emodin  with 
rhamnose,  and  chrysarobin,  a  polymer  of  chrysophanic  acid  found  in  senna. 

Related  to  the  quinones  are  a  group  of  compounds  called  "quinoidines,"  in 
which  one  hydrogen  of  a  ring  is  replaced  by  ketone  oxygen.  These  bodies  are  also 
cathartic,  and  one  of  them  is  the  active  agent  formed  from  phenolphthalein, 
CjH^.CO.C:  (C.H^OH)^,  which  is  converted  by  the  alkaline  contents  of  the  bowel 
into  a  quinoidine,  O  :  C.H,:  C  :  (C,HpH)C,H,COON'a. 

Both  the  quinones  and  the  quinoidines  stimulate  peristalsis  and  the  former  may 
also  increase  the  secretion  of  the  bowel  wall.  The  pure  principles  of  the  plant  drugs, 
such  as  emodin,  find  no  use  as  purgatives  because  they  are  rapidly  absorbed  and 
largely  excreted  by  the  kidneys.  In  the  plants  they  are  present  in  combinations 
which  break  down  slowly,  releasing  the  active  agent  gradually,  and  thus  enabling 
it  to  act  along  the  entire  tract.  Bile  takes  no  part  in  this  decomposition  and  the 
drugs  of  this  group  are  just  as  active  in  its  absence. 

The  pure  quinones  and  phenolphthalein  can  be  shown  experimentally  to  increase 
peristalsis  when  injected  intravenously.  Their  action  is,  however,  local  and  dependent 
on  their  excretion  into  the  bowel.  There  is  severe  pain  at  the  point  of  injection 
if  hypodermic  injections  are  given,  and  irritation  of  the  kidney  if  given  thus  or 
by  vein.  In  rabbits  excretion  is  chiefly  by  the  kidney,  and  aloin  is  one  of  the  sub- 
stances used,  like  chromate  and  cantharides,  to  induce  nephritis  experimentally.  In 
dogs  a  larger  proportion  appears  in  the  bowel  and  the  kidneys  are  less  inflamed, 
while  purgation  is  more  active.  Man  stands  between  the  two  and  the  use  of  quinone 
cathartics  parenterally  is  distinctly  dangerous.  Phenolphthalein  is  less  irritating, 
both  locally  and  to  the  kidneys,  than  are  the  quinones,  and  it  is  said  to  be  possible 
to  use  it  or  a  related  tetrachlor  derivative  hypodermically  in  oil  as  a  practical 
purgative. 

The  following  drugs  contain  quinones:  Aloes,  containing  emodin  and  aloin, 
both  anthraquinones,  and  a  bitter  principle;  frangula,  containing  frangulin,  a  gluco- 
side of  emodin;  rhamnus,  containing  emodin  but  no  rhein;  rheum,  containing  chryso- 
phanic acid  and  chrysopontin,  both  anthraquinones,  rhaponticin,  a  glucoside,  but  no 
emodin  nor  rhein;  senna,  containing  emodin,  chrysophanic  acid  (a  glucoside  of 
emodin),  cathartic  acid  (a  resin),  cathartin  (a  bitter  principle). 

Both  cascara  and  frangula  contain  emetics  which  disappear  on  storing,  while 
the  cathartic  principles  develop;  they  should,  therefore,  be  gathered  a  year — or,  bet- 
ter, two  years — before  use.  The  irritant  property  of  senna  can  be  removed  by  extrac- 
tion with  alcohol  without  injuring  its  cathartic  virtues.     Clinically  it  is  found  that 
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licorice  powder  loses  much  of  its  griping  tendency  after  ''scalding" ;  probably  owing  to 
partial  extraction  of  irritant  principles  by  the  hot  water. 

There  is  considerable  difference  in  the  tendency  to  colic  and  griping;  thus  aloes, 
rhubarb  and  cascara  cause  little  pain,  while  senna,  if  not  modified,  is  more  likely  to, 
Aloin  induces  pelvic  and  more  especially  rectal  congestion  and  should  be  avoided  if 
there  is  a  tendency  to  hemorrhoids.  Aloin  may  likewise  cause  contraction  of  the 
uterus  and  should  not  be  used  during  pregnancy. 

All  drugs  containing  emodin,  especially  rhubarb  and  senna,  give  the  urine  and 
milk'  a  yellow  color  which  turns  to  purple  on  addition  of  alkalis. 

Resinous  Cathartics 

In  this  group  the  active  constituent  is  associated  with  a  resin,  or  the  activity 
depends  on  the  presence  of  resinous  principles,  the  chemical  nature  of  which  is  not 
fully  cleared  up.  Certain  pure  principles  have  been  extracted  but  they  are  of  little 
value  as  cathartics,  probably  because  too  rapidly  absorbed.  The  resinous  principles 
are  not  fully  soluble  in  the  intestinal  juices  except  in  the  presence  of  bile,  and  are, 
therefore,  inactive  in  ease  there  is  a  stoppage  of  the  common  duct  or  a  biliary  fistula 
(Buchheim).  They  are  soluble  in  strong  alkalis  forming  what  are  known  as  resinous 
soaps,  but  these  have  no  cathartic  action. 

The  more  important  drugs  of  this  group,  with  their  active  principles,  are: 
Canihogia,  containing  cambogic  acid  (resin) ;  colocynth,  containing  elaterin  and 
phytosterin  (resins) ;  iris,  containing  iridin  (resin-glucosid) ;  euonymus,  containing 
euonymin  (resin-glucosid) ;  jalap,  containing  jalapin  (resin-glucosid),  convolvulin 
(resin)  and  convolvulinic  acid;  leptandra,  containing  leptandrin  (resin-glucosid); 
podophyllum,  containing  podophyUin  (resin),  podophyllotoxin  (resin-glucosid)  and 
podophyllinic  acid;  scammoiiiuin,  containing  scammonin  (resin),  jalapon,  jalapinol 
and  jalaponilic  acid.  Podophyllum  and  iris  contain  emetic  principles  which  are 
destroyed  by  storing. 

All  the  members  of  this  group  are  topical  irritants  and  injected  hypodermically 
cause  local  inflammation  and  even  suppuration,  or,  if  in  large  amount,  necrosis  with 
sloughing  of  the  skin.  The  powders  of  jalap,  colocynth,  podophyllum,  elaterium 
and  gamboge  inhaled  irritate  the  nose  and  throat,  and  elaterin  may  cause  ulcers 
on  the  hands  of  persons  handling  it  in  large  quantities. 

Large  doses  swallowed  cause  intense  gastroenteritis  with  profuse  vomiting  and 
diarrhea;  the  vomitus  and  excreta  resembling  the  rice  water  discharges  of  cholera, 
or  being  tinged  with  blood.  There  is  great  weakness,  even  collapse.  The  skin  is 
cold  and  clammy,  or  more  rarely  dry. 

The  fatal  dose  of  the  resinous  cathartics  cannot  be  definitely  stated.  An  amount 
may  cause  death  which  under  other  circumstances  will  induce  merely  severe  purga- 
tion. Kabbits  are  often  killed  without  purgation  occurring.  The  fatal  dose  of  con- 
volvulin is  about  1  Gm.  (15  grains)  (Kobert).  In  man  10  Gm.  (2^/^  drams)  of  podo- 
phyllum root  is  dangerous  and  death  has  resulted  from  4  Gm.  (1  dram)  of  powdered 
colocynth  and  the  same  dose  of  resin  of  jalap.  Fatal  enteritis  has  been  reported  from 
0.15  Gm.  (2V2  grains)  of  resin  of  elaterium.  Recovery  has  followed  after  much  lai'ger 
amounts  have  been  taken. 

The  action  on  the  alimentary  canal  is  of  chief  importance.  Most  members  of 
the  group  are  slightly  soluble  in  the  alkaline  saliva,  developing  a  bitter  taste  which 
persists  after  the  drug  has  been  swallowed,  and  which  excites  reflex  salivation.  They 
are  insoluble  in  the  acid  gastric  juice,  but  are  dissolved  in  the  alkaline  contents 
of  the  duodenum.  The  purgative  action  thus  begins  in  the  first  portion  of  the 
intestinal  canal  but  effective  quantities  are,  as  already  intimated,  dissolved  only  in 
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the  presence  of  bile,  the  outpouring  of  which  may  be  increased.  Elaterium,  colocynth, 
scammony  and  excessive  doses  of  podophyllum  cause  severe  griping-  pain.  Vomiting 
is  occasionally  induced  by  colocynth,  elaterin,  gamboge,  jalap  and  podophyllum. 
Nausea  is  likely  to  result  from  small  repeated  doses  of  any  of  these. 

It  is  not  improbable  that  some  of  the  resinous  cathartics  act  only  by  a  mild 
inflammatory  reaction,  but  this  is  most  unlikely  in  the  case  of  podophyllum  which 
may  be  used  without  ill  effect  over  long  periods  as  a  daily  laxative.  On  the  whole 
it  seems  more  probable  that  in  small  dose  the  cathartic  action  is  more  or  less 
analogous  to  that  of  the  quinone  group,  and  that  the  movements  produced  by 
therapeutic  doses  are  soft  for  the  same  reasons.  It  has  been  claimed  that  a  stimulat- 
ing action  on  the  liver  is  shown  by  the  almost  complete  disappearance  of  glycogen 
after  full  doses  of  certain  cathartic  resins.  (Loeper.) 

Colocynth  is  said  to  induce  purgation  when  administered  parenterally,  but  this 
is  doubtful,  and  even  if  true,  none  of  the  cathartic  resins  could  be  used  clinically 
in  this  manner  as  they  cause  glomerular  nephritis.  Certain  of  the  resinoids  may 
be  found  in  the  urine  after  parenteral  injection. 

Cathartic  Oils 

There  are  only  two  members  of  this  group  and  they  are  completely  different 
in  action  and  properties.  They  depend  for  their  cathartic  action  on  unsaturated 
fatty  acids  which  are  converted  into  sodium  salts  in  the  bowel.^  These  acids  are 
irritant,  while  the  pure  oils  are  not.  Owing  to  the  constant  presence  of  free  acid, 
croton  oil  is  extremely  irritating,  even  blistering  the  intact  skin.  Castor  oil,  on  the 
other  hand,  contains  no  free  acids  and  is  perfectly  bland  and  unirritating  tmtil 
decomposed  by  the  digestive  ferments.  Even  then  the  acid  formed  is  not  so  toxic  as 
is  that  of  croton  oil.  Castor  oil  is  a  rather  mild  cathartic  and  causes  constipation  as 
an  after-effect  or  if  given  in  very  small  doses.  Enormous  doses  cause  no  marked 
irritation.  Croton  oil,  on  the  other  hand,  is  one  of  the  most  irritant  of  all  the 
cathartics  and  can  be  given  safely  only  in  very  small  dose. 

The  purgative  dose  of  the  pure  sodium  salt  of  castor  oil  was  found  to  be  15  Gm. 
(Vz  oz.)  to  an  adult,  and  that  of  the  similar  salt  of  croton  oil  only  0.04  Gm.  (%  grain). 

Croton  oil  (if  it  contains  free  acids)  applied  to  the  skin  causes  in  a  few  minutes 
burning  pain  followed  by  redness  and  swelling  and  the  formation  of  a  blister  which 
begins  as  a  localized  edema,  followed  by  small  confluent  vesicles,  and  terminates  in 
a  pustule.  This  usually  heals  without  scarring,  but  may  leave  pitting.  Injected 
under  or  into  the  skin  croton  oil  causes  severe  pain  and  a  sterile  abscess  like  that 
from  turpentine.  On  the  edge  of  a  wound  it  induces  sloughing.  In  the  eye  and  nose 
it  causes  severe  inflammation  and  even  the  vapors  inhaled  irritate  the  nose  and 
throat  causing  cough,  coryza  and  lacrymation.  Taken  by  mouth  there  is  an  obstinate 
burning  in  the  mouth  and  throat,  and  also  in  the  stomach.  Vomiting  is  not  usual 
after  small  doses.  In  the  usual  dose,  V2  to  2  drops,  intense  purging  commonly 
follows  in  one  half  to  one  hour.  Rarely  this  is  delayed  twenty-four  hours.  The 
stools  are  first  semi-solid,  then  watery,  and  number  ten  to  twelve.  More  or  less 
violent  griping  and  rumbling  accompany  them,  and  burning  in  the  rectum  follows. 
With  larger  doses,  3  drops  or  more,  there  is  severe  gastroenteritis.  Violent  vomiting 
occurs,  followed  by  abundant  choleraic  stools  which  contain  mucus  and  often  blood. 
Death  may  result,  as  from  other  intestinal  irritants.  The  fatal  dose  varies  with 
the  amount  of  free  acid  and  other  factors.    A  child  has  been  killed  by  3  drops,  while 

^  The   statement  has  been  made  that  croton   oil   is   composed   of  unirritating  fatty 
acids  and  that  tigliic  acid,  the  active  principle,  is  present  as  a  resin  (Boehm,  1915). 
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another   recovered   after   taking   4   cc.    (1    dram).     A    man    recovered    after    30   cc. 
(1   ounce),   although  less  than  8   cc.    (2   drams)    have  proved  fatal  to   adults. 

The  castor  oil  bean  contains  in  addition  to  the  oil  a  toxalbumin  almost  identical 
in  action  with  abrin  (q.v.)  and  croton  seeds  contain  a  similar  body,  crotin,  which 
hemolyzes  the  corpuscles  of  the  rabbit  and  crow;  agglutinates  those  of  the  ox,  sheep, 
pig  and  frog,  and  does  not  aflfect  those  of  man,  dog,  rat,  cock  and  pigeon. 

Inorganic  Cathartics 

Two  substances  which  are  discussed  in  other  sections  of  this  work  deserve  mention 
here,  namely,  mercury  with  its  salts,  and  sulphur.  The  latter  owes  its  cathartic 
action  partly  to  its  presence  (i.e.,  mechanical  action)  but  chiefly  to  the  slow  formation 
of  hydrogen  sulphide  which  is  somewhat  irritant  to  the  mucous  membrane  causing 
increased  peristalsis.  It  is  one  of  the  mildest  cathartics  and  is  used  more  as  a  domestic 
remedy  than  by  prescription.  The  mercuric  compounds  act  largely  by  local  irritation 
and  the  more  soluble  cause,  in  overdose,  very  severe  gastroenteritis.  Blue  mass  (an 
ointment  of  metallic  mercury),  calomel,  and  mercury  with  chalk,  are  the  preparations 
most  used  as  cathartics.  All  of  them  are  similar  in  action,  producing  soft,  rather  than 
liquid  stools,  and  acting  on  the  entire  bowel.  These  act  solely  increasing  peristalsis 
and  do  not  interfere  directly  with  absorption. 

Materia  Medica. — Magnesii  Carbonas  (U.S.  X.),  Magnesium  Carbonate.  Ahhr., 
Mag.  Carb.     Synonyms:   Carbonas  Magnesicus,  Magnesia  Alba. 

A  mixture  of  hydrated  magnesium  carbonate  and  magnesium  hydroxide,  corre- 
sponding to  not  less  than  39.2  percent,  of  MgO  and  containing  not  more  than  0.8  per- 
cent, of  CaO.  Magnesium  Carbonate  occurs  in  light,  white,  friable  masses,  or  as  a 
bulky  white  powder,  without  odor,  and  having  a  slight  earthy  taste;  permanent  in  the 
air.  The  B.P.  distinguishes  between  Magnesii  Carbonas  Levis,  light  magnesium  car- 
bonate and  Magnesii  Carbonas  Ponderosa,  or  heavy  magnesium  carbonate.  The  light 
corresponds  practically  to  the  U.S.  preparation.  Magnesium  Carbonate  is  practically 
insoluble  in  water  to  which,  however,  it  imparts  a  slightly  alkaline  reaction;  insoluble 
in  alcohol ;  dissolved  by  dilute  acids. 

Antagonists  and  Incompatihles. — Dilute  acids  form  salts,  expelling  the  carbonic 
oxide  with  eifervescence. 

Synergists. — The  antacids  and  saline  laxatives  act  similarly  to  magnesium  car- 
bonate in  one  or  the  other  of  its  properties. 

Dose,  V2  to  2  drams  (2  to  16  Gm.),  as  laxative;  5  to  15  grains  (0.3  to  1  Gm.)  as 
antacid. 

Magnesii  Carbonas  Levis  (Br.),  Light  Magnesium  Carbonate. 

Magnesium  sulphate,  125  Gm. ;  sodium  carbonate,  150  Gm. ;  each  dissolved  sepa- 
rately in  cold  distilled  water  and  the  solutions  mixed;  mixture  boiled,  filtered  and  the 
precipitate  washed  free  from  sulphates,  then  dried.  The  result  is  a  hydrated  magnesium 
oxycarbonate,  a  very  light,  white  powder. 

Dose,  5  to  20  grains  (0.3  to  1.2  Gm.),  repeated. 

Liquor  Magnesii  Bicarbonatis  (Br.),  Solution  of  Magnesium  Bicarbonate. 
Synonym:    Fluid  Magnesia. 

Magnesium  sulphate,  40  Gm. ;  sodium  bicarbonate,  50  Gm. ;  distilled  water,  q.s. 
to  prepare.    Solution  contains  about  2  percent,  of  magnesium  carbonate. 

Dose,  1  to  2  fluidounces  (30  to  60  cc). 

Liquor  Magnesii  Citratis  (U.S.  X.),  Solution  of  Magnesium  Citrate.  Ahhr.,  Liq. 
Mag.  Cit. 

Each  100  cc.  corresponds  to  not  less  than  1.5  Gm.  of  MgO. 
Dose,  laxative,  ^  bottle;  cathartic,  one  bottle. 
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Magnesium  Acid  Citrate  (N.N.R.).     Synonym:  Citresia. 

A  white,  or  faintly  yellowish-white  crj'stalline  substance  with  acid  taste;  very 
soluble  in  water,  but  insoluble  in  alcohol,  ether  or  chloroform. 

Dose,  laxative,  6  drams  (25  Gm.) ;  purgative,  IV2  ounces  (50  Gm.). 
Magma  Magnesi^e  (U.S.  X.),  Magnesia  Magma.    Abbr.,  Magma  Mag.    Synonym: 
Milk  of  Magnesia. 

It  yields  not  less  than  6.5  percent,  nor  more  than  7  percent,  of  Mg(OII),. 

Dose,  1  to  2  fluidrams  (4  to  8  cc),  as  an  antacid;  2  to  8  fluidrams  (8  to  30  cc),  as 
a  laxative. 

MAGNESn  OxiDUM  (U.S.  X.),  Magnesium  Oxide.  Abbr.,  Mag.  Oxid.  Synonyms: 
Magnesia  Levis  (Br.),  Light  Magnesia,  Calcined  Magnesia,  Magnesia. 

It  contains,  after  ignition,  not  less  than  96  percent,  of  MgO  and  not  more  than 
2  percent.  <5f  CaO  and  not  more  than  10  per  cent,  of  water  and  other  volatile  matter. 
Magnesium  oxide  is  a  white,  very  bulky,  and  very  fine  powder,  without  odor,  and 
having  an  earthy,  but  not  a  saline  taste.  On  exposure  to  the  air  it  slowly  absorbs 
moisture  and  carbon  dioxide.  It  is  almost  insoluble  in  water;  insoluble  in  alcohol; 
dissolved  by  dilute  acids. 

Dose,  laxative,  20  to  40  grains  (1.3  to  2.6  Gm.)  ;  antacid,  2  to  8  grains  (0.13  to 
0.5  Gm.). 

Magxesh  Oxidum  Ponderosum  (U.S.  X.),  Heavy  Magnesium  Oxide.  Ahhr.,  Mag. 
Oxid.  Pond.  Synonyms:  Magnesia  Ponderosa  (Br.),  Heavy  Calcined  Magnesia. 
Heavy  Magnesia. 

Heavy  magnesium  oxide  is  a  white,  dense,  and  very  fine  powder  which  conforms 
to  the  reactions  and  tests  under  magnesii  oxidum.  It  contains  after  ignition  not 
less  than  96  percent,  of  MgO  and  not  more  than  2  percent,  of  CaO,  nor  more  than  10 
percent,  of  water. 

Antagonists  and  Incompatihles. — Acids  form  salts  with  magnesia. 

Synergists. — The   saline   laxatives    act   similarly. 

Dose,  5  to  60  grains  (0.3  to  4  Gm.). 

Magnesii  Sulphas  (U.S.  X.),  Magnesium  Sulphate.  Abbr.,  Mag.  Sulph.  Synonym: 
Epsom  Salt. 

Magnesium  sulphate  occurs  as  small,  colorless,  prismatic  needles  or  rhombic 
prisms,  without  odor,  and  having  a  cooling,  saline,  and  bitter  taste;  slowly  efflorescent 
in  the  air.  One  Gm.  dissolves  in  1.3  cc,  of  water  at  25°  C;  also  in  about  0.2  cc.  of 
boiling  water;  almost  insoluble  in  alcohol  at  25°  C.  Contains  MgSO^  corresponding  to 
not  less  than  99.5  percent,  of  the  crystallized  salt  MgSO^  +  VH^O.  About  half  its 
weight  is  water  of  crystallization,  so  that  the  actual  dose  of  MgSO^  is  only  half  of 
that  given. 

Antagonists  and  Incompatibles. — Alkaline  hydroxides,  carbonates,  phosphates, 
and  arsenates,  the  sulphites,  oxalates,  and  tartrates  are  all  incompatibles. 

Synergists. — The  laxative  salts  which  are  not  chemically  incompatible  increase 
the  action  of  magnesium  sulphate. 

Dose,  1  to  8  drams  (4  to  30  Gm.). 

Magnesii  Sulphas  Effervescens  (Br.),  Effervescent  Magnesium  Sulphate.  Syno- 
nym :  Effervescing  Epsom  Salts. 

It  represents  only  50  percent,  of  MgSO,,  but  is  almost  equally  active,  since  the 
sodium  tartrate  and  sodium  citrate  which  are  formed  in  its  preparation,  are  both 
laxative. 

Dose,  for  single  dose,  2  to  6  drams  (8  to  24  Gm.),  not  to  be  repeated  in  24 
hours. 
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Sal  Magnesii  Sulphatis  Effervescens  (N.F.),  Effervescent  Magnesium  Sulphate. 
Ahhr.,  Sal  Mag.  Sulph.  Eff.    Synonym:   Magnesii  Sulphas  Effervescens. 

Represents  50  percent,  of  Epsom  salt  with  sodium  bicarbonate,  tartaric  acid  and 
citric  acid. 

Dose,  Va  to  2  ounces  (15  to  60  Gm.). 

Sal  Kissingense  Factitium  (N.F.),  Artificial  Kissingen  Salt.  Ahhr.,  Sal  Kis- 
singen.  Fact. 

Prepared  from  1.7  parts  of  potassium  chloride,  35.7  parts  of  sodium  chloride, 
12  parts  of  magnesium  sulphate  and  10.7  parts  of  sodiumr  bicarbonate.  Twenty-four 
grains  of  this  product  dissolved  in  6V2  fluidounces  of  water  represents  an  equal  volume 
of  Kissingen  water. 

Dose,  30  to  45  grains  (2  to  3  Gm.). 

Sal  Kissingense  Factitium  Effervesc?ens  (N.F.),  Effervescent  Artificial  Kissingen 
Salt.    Ahhr.,  Sal  Kissingen.  Fact.  Eff. 

Contains  40  percent,  of  artificial  Kissingen  Salt  with  sodium  bicarbonate,  tartaric 
acid  and  citric  acid. 

Dose,  80  grains  (5.5  Gm.). 

Sal  Vichyanum  Factitium  (N.F.),  Artificial  Vichy  Salt.    Ahhr.,  Sal  Vichy.  Fact. 

A  mixture  of  84.6  parts  of  sodivim  bicarbonate,  3.85  parts  of  potassium  carbonate, 
8  parts  of  magnesium  sulphate  and  7.7  parts  of  sodium  chloride.  A  solution  of  15 
grains  (1  Gm.)  of  this  mixture  in  6.2  ounces  (200  cc.)  of  water  is  similar  to  an  equal 
volume  of  Vichy  water. 

Dose,  1  to  2  drams  (4  to  8  Gm.). 

Sal  Vichyanum  Factitium  Effervescens  (N.F.),  Effei*veseent  Artificial  Vichy 
Salt.    Ahhr.,  Sal  Vichy.  Fact.  Eff. 

Contains  25  percent,  of  artificial  Vichy  Salt  with  sodium  bicarbonate,  tartaric 
acid  and  citric  acid.  Seven  grams  of  this  product  when  dissolved  in  6^/2  fluidounces 
(210  cc.)  of  water. 

Dose,  1  to  2  drams  (4  to  8  Gm.). 

Sal  Carolinum  Factitium  (N.F.),  Artificial  Carlsbad  Salt.  Ahhr.,  Sal  Carol. 
Fact. 

Two  forms  described:  (1)  A  dry  amorphous  form,  containing  30  grains  (2  Gm.) 
of  potassium  sulphate,  275  grains  (18  Gm.)  of  sodium  chloride,  550  grains  (36  Gm.) 
of  sodium  bicarbonate  and  1500  grains  (100  Gm.)  of  sodium  sulphate  and  dried 
to  a  constant  weight  of  1500  grains  (100  Gm.)  ;  (2)  A  crystalline  form  which  contains 
the  same  ingredients,  totaling  2700  grains  (180  Gm.)  in  the  finished  product. 

Dose,  1  to  2  drams  (4  to  8  cc). 

Sal  Carolinum  Factitium  Effervescens  (N.F.),  Effervescent  Artificial  Carlsbad 
Salt.    Ahhr.,  Sal  Carol.  Fact.  Eff. 

Contains  26.6  percent,  of  artificial  Carlsbad  salt  with  sodium  bicarbonate,  tartaric 
acid  and  citric  acid. 

Dose,  1  to  2  drams  (4  to  8  cc). 

PoTASSii  ET  SoDii  Tartras  (U.S.  X.),  Potassium  and  Sodium  Tartrate.  Ahhr.,  Pot. 
et  Sod.  Tart.  Synonyms:  Sodii  et  Potassii  Tartras  (Br.),  Sodium  Potassium  Tar- 
trate, Rochelle  Salt. 

Potassium  and  sodium  tartrate  occurs  as  colorless,  transparent,  rhombic  prisms, 
or  as  a  white  powder;  odorless,  and  having  a  cooling,  saline  taste.  The  crystals  slightly 
effloresce  in  dry  air.  One  Gm.  dissolves  in  0.9  cc.  of  water  at  25°  C. ;  almost  insoluble 
in  alcohol.  It  contains  not  less  than  73.72  percent,  and  not  more  than  77.39  percent, 
of  anhydrous  potassium  sodium  tartrate  corresponding  to  not  less  than  99  percent,  of 
pure  sodium  potassium  tartrate. 
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Antagonists  and  Incompatihles. — Lead  acetate,  silver  nitrate,  barium  and  calcium 
salts,  acids  and  acid  salts,  except  potassium  bitartrate,  are  incompatible. 

Synergists. — The  neutral  and  alkaline  salines. 

Dose,  2  to  6  drams  (8  to  24  Gm.). 

PuLvis  Effervescens  Compositus  (U.S.  X.),  Compound  EflFerveacing  Powder. 
Ahhr.,  Pulv,  Eff.  Co.  Synonyms:  Pulvis  Soda?  Tartaratae  Eflfervescens  (Br.),  Effer- 
vescent Tartrated  Soda  Powder,  Seidlitz  Powder- 
Sodium  bicarbonate,  30  Gm.;  potassium  and  sodium  tartrate,  90  Gm. ;  tartaric 
acid,  2G  Gm.  The  sodium  bicarbonate  is  mixed  with  the  potassium  and  sodium  tar- 
trate, the  mixture  is  divided  into  twelve  equal  parts,  and  each  is  wrapped  in  a  separate 
blue  paper.  The  tartaric  acid  is  then  divided  into  twelve  equal  parts,  and  each  is 
wrapped  in  a  separate  white  paper.  The  mixture  in  the  blue  paper  weighs  about 
10  Gm.  and  contains  not  less  than  25  percent,  of  sodium  bicarbonate,  and  about  75 
percent,  of  potassium  and  sodium  tartrate.  The  white  paper  contains  about  2.2  Gm. 
of  tartaric  acid. 

Dose,  1  set  of  two  powders  dissolved  separately  in  water,  and  the  solutions  mixed 
and  drunk  during  effervescence. 

PoTASSii  Sulphas  (N'.F,),  Potassium  Sulphate.  Ahhr.,  Pot.  Sulph.  Synonyms: 
Sulphate  of  Potash,  Sal  Duobus,  Vitriolated  Tartar. 

A  compound  having  the  formula  K^SO^.  It  occurs  as  hard,  colorless,  translucent, 
six-sided,  rhombic  prisms  terminated  by  pyramids,  or  as  a  white  powder  permanent 
in  the  air,  odorless;  taste,  saline,  somewhat  bitter.  It  is  soluble  in  about  10  parts  of 
water  at  25°  C,  and  in  4  parts  of  boiling  water;  insoluble  in  alcohol.  It  contains, 
when  dried  to  constant  weight,  not  less  than  99  percent,  of  KjSO^. 

Dose,  10  to  120  grains  (0.6  to  8  Gm.). 

PoTAsn  Tartras  (Br.),  Potassium  Tartrate.  Ahhr.,  Pot.  Tart.  Synonym:  Soluble 
Tartar. 

This  salt,  (K,C,H^O,)j  +  H,0,  occurs  in  small,  colorless,  four  or  six-sided  prisms. 
Taste,  saline,  cooling.    Soluble  in  1  part  of  water.    It  contains  99  percent,  of  the  salt. 

Dose,  1  to  6  drams  (4  to  24  Gm.). 

SoDii  Phosphas  (U.S.  X.),  Sodium  Phosphate.  Ahhr.,  Sod.  Phos.  Synonym: 
Phosphate  of  Soda. 

It  contains  not  less  than  39.25  percent,  nor  more  than  44.00  percent,  of  anhydrous 
sodium  phosphate  (di-sodium-ortho-phosphate)  corresponding  to  not  less  than  99 
percent,  of  the  crystallized  salt,  Na^HPO^  +  12HjO.  It  occurs  as  large,  colorless, 
monoclinic  prisms,  or  as  a  granular,  crystalline  salt;  odorless,  and  having  a  cooling, 
saline  taste.  The  crystals  effloresce  in  the  air.  One  Gm.  of  sodium  phosphate  dissolves 
in  2.7  cc.  of  water  at  25°  C;  insoluble  in  alcohol. 

Antagonists  and  Incompatihles. — Neutral  metallic  solutions  and  the  soluble 
calcium   salts    are   incompatible. 

Synergists. — The  saline  laxatives. 

Dose,  laxative,  1  to  4  drams  (4  to  16  Gm.) ;  as  hepatic  stimulant,  20  to  40  grains 
(1.3  to  2.6)  after  meals. 

SoDii  Phosphas  Effervescexs  (U.S.  X.),  Effervescent  Sodium  Phosphate.  Ahhr., 
Sod.  Phos.  Eff.     Synonym :  Effervescent  Phosphate  of  Soda. 

Each  Gm.  represents  0.3  Gm.  of  exsiccated  sodium  phosphate,  with  25  percent, 
of  tartaric  acid  and  16  percent,  of  citric  acid. 

Dose,  2  to  3  drams  (8  to  12  Gm.). 

SoDii  Phosphas  Exsicc.^tus  (U.S.  X.),  Exsiccated  Sodium  Phosphate.  Ahhr.,  Sod. 
Phos.  Exsic. 

Sodium  phosphate  is  dried  in  the  oven  until  the  water  of  crystallization  is  drawn 
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off  and  the  salt  contains  not  less  than  98  percent,  of  Na^HPO^.  It  occurs  as  a  white 
powder  which  readily  absorbs  moisture.  One  Gm.  is  soluble  in  8.1  cc.  of  water  at 
25°  C.  and  1.1  cc.  of  boiling  water;  insoluble  in  alcohol. 

Dose,  20  to  40  grains  (1.3  to  2.6  Gm.). 

Liquor  Sodii  Phosphatis  Compositus  (N.F.),  Compound  Solution  of  Sodium 
Phosphate.  Alhr.,  Liq.  Sod.  Phos.  Co. 

Each  cc.  represents  1  Gm.  of  crystallized  sodium  phosphate. 

Dose,  1  to  3  fluidrams  (4  to  12  cc). 

Sodii  Sulphas  (U.S.  X.),  Sodium  Sulphate.  Ahhr.,  Sod.  Sulph.  Synonym: 
Glauber's  Salt. 

Sodium  Sulphate  occurs  as  large,  colorless,  transparent,  monoclinic  prisms,  or 
granular  crystals;  odorless,  and  having  a  bitter,  saline  taste.  The  salt  effloresces 
rapidly  in  the  air.  One  Gm.  dissolves  in  slightly  over  1  cc.  of  water  at  25°  C. ; 
insoluble  in  alcohol;  soluble  in  glycerin.  It  contains  not  less  than  43.64  nor  more 
than  48  percent,  of  anhydrous  sodium  sulphate,  corresponding  to  not  less  than  99 
percent,  of  the  crystallized  salt,  Na^SO^.lOHjO. 

Antagonists  and  Incompatihles. — Barium  salts,  calcium  chloride,  lead  acetate, 
silver  nitrate  and  potassium  carbonate. 

Synergists. — The  saline  laxatives. 

Dose,  2  to  6  drams  (8  to  24  Gm.). 

Sodii  Sulphas  Effervescens  (Br.),  Effervescent  Sodium  Sulphate.  Ahhr.,  Sod. 
Sulph.  Eff.     Synonym:     Effervescent  Sulphate  of  Soda. 

Sodium  sulphate,  5  parts;  sodium  bicarbonate,  5  parts;  tartaric  acid,  2.7  parts; 
citric  acid,  in  powder,  1.8  part.    Dry  at  a  temperature  of  55°  C. 

Dose,  1  to  4  drams  (4  to  16  Gm.). 

Eicus  (N.F.),  Fig. 

The  partially  dried  fruit  of  Ficus  carica  Linne  (Fam.  Moracece).  Usually  com- 
pressed, of  irregular  rounded  shapes  from  2.5  to  5  cm,  in  diameter,  fleshy,  light  brown 
to  yellow,  frequently  with  an  efflorescence  of  sugar.  Odor,  distinctive,  fruity;  taste, 
sweet,  pleasant. 

Dose,  used  in  substance  ad  lih. 

Prunum  (N.F.),  Prune. 

The  partly  dried  ripe  fruit  of  Prunus  domestica  Linne  (Fam.  Rosacece).  Oblong, 
ellipsoidal,  more  or  less  compressed,  from  3  to  4  cm.  in  length ;  externally  bluish-black, 
shrivelled;  the  sarcocarp  is  acidulous;  seed  shaped  like  an  almond,  but  smaller;  of  a 
bitter-almond  taste. 

Dose,  ad  lih.  in  substance. 

Tamarindus  (N.F.),  Tamarind.    Ahhr.,  Tamarind. 

The  preserved  pulp  of  the  fruit  of  Tamarindus  indica  Linne  (Fam.  Leguminosce). 
A  pulpy  mass  of  a  light  reddish-brown  color  changing  with  age  to  a  dark  brown.  Odor, 
distinct;  taste,  sweet  and  agreeably  acid. 

Dose,  2  to  8  drams  (8  to  31  Gm.). 

Agar  (U.S.  X.),  Agar.    Synonym:  Agar-agar. 

The  dried  mucilaginous  substance  extracted  from  GeUdium  corneum  (Hudson) 
Lamouroux,  and  other  species  of  Gelidium  and  closely  related  algae  (Class  Rhodo- 
phycece).  Occurs  in  bundles  of  from  4  to  6  cm.  in  length,  consisting  of  thin,  translu- 
cent, membranous,  agglutinated  pieces,  from  4  to  8  mm.  in  width;  externally  yellowish- 
white  or  brownish-white;  tough  when  damp,  brittle  when  dry;  odor  slight;  taste 
mucilaginous. 

Dose,  2  to  3  drams  (8  to  12  Gm.). 
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Manna  (U.S.  X.),  Manna. 

The  dried  saccharine  exudation  of  Fraxinus  ornus  Linne  (Fam.  Oleacece).  Odor, 
slight  but  characteristic;  taste,  sweet,  slightly  bitter  and  faintly  acid.  Manna  yields 
not  less  than  75  percent,  of  mannite,  which  is  soluble  in  90  percent,  of  alcohol. 

Dose,  4  to  8  drams  (15  to  31  Gm.). 

Syrupus  Mann.'E  (N.F.),  Syrup  of  Manna.     Abhr.,  Syr.  Mann. 
Contains  about  12.5  percent,  of  manna,  77.5  percent,  of  sucrose,  with  a  trace  of 
alcohol,  and  water  q.s.ad  100  percent. 
Dose,  2  lluidrams  (8  cc). 

Aloe  (U.S.X.),  Aloe.     iSi/nonym:   Aloes  (Br.). 

The  inspissated  juice  of  the  leaves  of  Aloe  perry i  Baker,  yielding  Socotrine  aloe; 
or  Aloe  vera  Linne,  yielding  Curasao  aloe;  or  of  Aloe  ferox  Miller,  yielding  Cape  aloe 
(Fam.  Liliacece).  The  B.P.  admits  also  Aloe  chinensis  Baker.  Aloe  occurs  com- 
mercially in  two  forms :  that  which  is  shiny  and  amorphous  and  that  which  is 
dull-colored  and  crystalline.  Aloe  yields  its  active  matter  to  cold  water  and  is 
almost  wholly  dissolved  by  boiling  water.  It  contains  aloin  (5  to  25  percent.)  and 
emodin. 

Dose,  seldom  used  in  substance  but  may  be  given  in  doses  of  from  2  to  10  grains 
(0.13  to  0.6  Gm.). 

Aloinum  (U.S.  X.),  Aloin. 

A  pentoside  or  mixture  of  pentosides  obtained  from  aloe,  varying  in  chemical 
composition,  physical  and  chemical  properties  according  to  the  source.  Aloin  occurs 
as  a  microcrystalline  powder  or  in  minute  acicular  crystals  from  lemon-yellow  to  dark- 
yellow  in  color,  odorless  or  preserving  a  slight  odor  of  aloes  and  an  intensely  bitter 
taste.  Aloin  is  soluble  in  water,  alcohol,  or  acetone;  but  slightly  soluble  in  ether. 
The  chief  constituent  is  harhaloin,  Cj,H„Oj. 

Antagonists  and  Incompatibles. — The  alkali  hydroxides  and  concentrated  nitric 
acid  decompose  aloin,  lead  subacetate  precipitates  it  from  solution,  and  ferric  chloride, 
gold  chloride,  many  of  the  alkaloids  (though  not  always  their  salts)  and  sweet 
spirit   of  nitre   discolor   its   solution. 

Synergists. — The  bitters  and  the  cathartics  in  general. 

Dose,  i  to  1  grain  (0.01  to  0.06  Gm.). 

ExTRACTUM  Aloes  (Br.),  Extract  of  Aloes.  Ahhr.,  Ext.  Aloes.  Synonym:  Pow- 
dered Extract  of  Aloes. 

Each  Gm.  of  the  extract  represents  1.3  Gm.  of  aloes. 

Dose,  1  to  5  grains  (0.06  to  0.3  Gm.). 

Decoctum  Aloes  Compositum  (Br.),  Compound  Decoction  of  Aloes.  Abbr., 
Decoct.  Aloes  Co.    Synonym:   Baume  de  Vie. 

Extract  of  aloes,  10  Gm.,  myrrh  and  potassium  carbonate,  of  each  5  Gm.,  and 
extract  of  liquorice,  40  Gm.,  are  boiled  in  distilled  water  for  5  minutes,  then  compound 
tincture  of  cardamoms,  300  cc,  is  added  and  at  the  end  of  two  hours  it  is  strained  and 
enough  distilled  water  added  to  make  1000  cc. 

Dose,  \'2  to  2  fluidounces  (15  to  60  cc). 

Pilule  Aloe  (U.S.  X.),  Pills  of  Aloe.    Abbr.,  Pil.  Aloe 

Each  pill  contains  2  grains   (0.13  Gm.)  each  of  powdered  aloe  and  soap. 

Dose,  1  to  3  pills. 

Pilule  Aloes  et  Asaf(Etid.e  (Br.),  Pills  of  Aloes  and  Asafcetida.  Abbr.,  Pil. 
Aloes,  et  Asafcet. 

Each  pill  contains  IV2  grains  (0.09  Gm.)  each  of  powdered  aloes,  asafetida  and 
soap. 

Dose,  1  or  2  pills. 
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Pilule  Aloe  et  Ferri  (N.F.),  Pills  of  Aloe  and  Iron.    Ahhr.,  Pil.  Aloe  et.  Ferr. 

Each  pill  contains  about  1  grain  (0.065  Gm.)  each  of  aloe  and  exsiccated  ferrous 
sulphate. 

Dose,  1  to  2  pills. 

Pilule  Laxative  CompositjE  (N.F,),  Compound  Laxative  Pill.  Ahhr.,  Pil.  Lax. 
Co. 

Each  pill  contains  %  grain  (0.014  Gm.)  of  aloin,  yi25  grain  (0.0005  Gm.)  of 
strychnine,  Vg  grain  (0.008  Gm.)  of  extract  of  belladonna  leaves,  Vie  grain  (0.004  Gm.) 
of  ipecac,  with  licorice  and  syrup  to  form  mass. 

Dose,  1  to  2  pills. 

Pilule  Aloe  et  Mastiches  (N.F.),  Pills  of  Aloe  and  Mastic.  Ahhr.,  Pil.  Aloe,  et 
Mastich.    Synonym:    Lady  Webster  dinner  pills. 

Each  pill  contains  2  grains  (0.13  Gm.)  of  aloe  and  %  grain  (0.05  Gm.)  of  mastic. 

Dose,  1  pill. 

Pilule  Aloe  et  Myrrh.e  (N.F.),  Pills  of  Aloe  and  Myrrh.  Ahhr.,  Pil.  Aloe  et 
Myrrh.    Synonym:    Rufus  pills. 

Each  pill  contains  2  grains  (0.13  Gm.)  of  aloe  and  1  grain  (0.06  Gm.)  of  myrrh. 

Dose,  1  pill. 

Pilule  Aloe  et  Podophylli  Composite  (N.F.),  Compound  Pills  of  Aloe  and 
Podophyllum.     Ahhr.,  Pil.  Aloe,  et  Podoph.  Co.     Synonym:    Janeway  pills. 

Each  pill  contains  1  grain  (0.06  Gm.)  of  aloe;  ^2  grain  (0.03  Gm.)  of  resin  of 
podophyllin  and  %,  grain  (0.016  Gm.)  of  extracts  of  belladonna  and  nux  vomica. 

Dose,  1  pill. 

PiLUL.«  Aloe,  Hydrargyri  et  Podophylli  (N.F.),  Pills  of  Aloe,  Mercury  and 
Podophyllum.  Ahhr.,  Pil.  Aloe.  Hydrarg.  et  Podoph.  Synonyms:  Pilula  Triplices 
Triplex  Pills. 

Each  pill  contains  2  grains  (0.13  Gm.)  of  aloe;  1  grain  (0.06  Gm.)  of  mass  of 
mercury  and  ^  grain  (0.016  Gm.)  of  resin  of  podophyllin. 

Dose,  1  pill. 

Pilule  Aloe,  Hydrargyri  et  Scammonii  Composit^e  (unofficial).  Compound  Pills 
of  Aloe,  Mercury  and  Scammony.  Ahhr.,  Pil.  Aloe  Hydrarg.  et  Scammon.  Synonym: 
Francis'  Triplex  Pills. 

Each  pill  contains  Ys  grain  (0.05  Gm.)  each  of  aloe,  resin  of  scammony  and  mass 
of  mercury;  %o  minim  (0.003  cc.)  of  croton  oil;  %,  minim  (0.016  cc.)  of  oil  of  caraway, 
with  tincture  of  aloe  and  myrrh,  q.s.  to  form  mass. 

Dose,  1  pill. 

Pilule  Aloini  Composite  (N.F.),  Compound  Pills  of  Aloin.    Ahhr.,  Pil.  Aloin  Co. 

Each  pill  contains  1/2  grain  (0.03  Gm.)  of  aloin;  Vg  grain  (0.008  Gm.)  of  resin 
of  podophyllin  and  %,  grain  (0.16  Gm.)  of  extract  of  belladonna  leaves. 

Dose,  1  or  2  pills. 

Pilule  Aloini,  Strychnine  et  Belladonna  (N.F.),  Pills  of  Aloin,  Strychnine 
and  Belladonna.    Ahhi\,  Pil.  A.S.  et  B. 

Each  pill  contains  %  grain  (0.013  Gm.)  of  aloin;  yi25  grain  (0.5  mgm.)  of 
strychnine,  and  Ys  grain  (8  mgm.)  of  extract  of  belladonna  leaves. 

Dose,  1  pill. 

Pilule  Aloini,  Strychnine  et  Belladonne  Composite  (N.F.),  Compound 
Pills  of  Aloin,  Strychnine,  and  Belladonna.    Ahhr.,  Pil.  A.S.  et  B,  Co. 

Each  pill  contains  Vs  grain  (0.013  Gm.)  of  aloin;  1/125  grain  (0.5  mgm.)  of  strych- 
nine; Ys  grain  (8  mgm.)  of  extract  of  belladonna  leaves  and  Y2  grain  (0.03  Gm.)  of 
extract  of  cascara. 

Dose,  1  pill. 
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PuLVis  Aloe  et  Canell^  (N.F.),  Powder  of  Aloe  and  Canella.  Abhr.,  Pulv. 
Aloe,  et  Canell.    Syyiojiym:    Hiera  Picra. 

Aloe,  80  Gm. ;  canella,  20  Gm.,  both  in  fine  powder.  Mix  intimately  and 
divide. 

Dose,  5  to  8  grains  (0.3  to  0.5  Gm.). 

TiNCTURA  Aloe  (U.S.  IX),  Tincture  of  Aloe.    Ahbr.,  Tr.  Aloe. 

Aloe,  10  parts,  g-lycyrrhiza,  20  parts,  dilute  alcohol  to  100  parts. 

Dose,  10  to  60  minims  0.6  to  4  cc.) 

TiNCTURA  Aloe  et  MrRRHiB  (N.F.),  Tincture  of  Aloe  and  Myrrh.  Ahbr.,  Tr.  Aloe, 
et  Myrrh. 

Each  cc.  represents  0.1  Gm.  each  of  aloe,  myrrh,  and  licorice,  with  an  alcoholic 
content  of  about  TO  percent. 

Dose.  20  to  60  minims  (1.3  to  4  cc). 

Cascara  Amarga  (N.F.),  Cascara  Amarga.  ,Abhr.,  Cascar.  Amarg.  Synonym: 
Honduras  Bark. 

The  dried  bark  of  an  undetermined  species  of  Picramnia  (Fam.  Simarubacece) . 
Powdered  drug  is  light  brown,  with  a  faint  odor  and  extremely  bitter  and  persistent 
taste. 

Dose,  15  to  45  grains  (1  to  3  Gm.). 

Cascara  Sagrada  (U.S.  X.),  Cascara  Sagrada.  Abbr.,  Case.  Sagr.  Synonyms: 
Rhamnus  Purshiana,  Chittim  Bark,  Sacred  Bark. 

The  dried  bark  of  the  trunk  and  branches  of  Rhamnus  purshiana  DeCandolle 
(Fam.  Rhamnacece).  Odor,  distinct;  taste,  disagreeable,  bitter,  and  slightly  acid.. 
The  crude  drug  is  rarely  used  as  such,  but  may  be  given  in  powdered  form.  Contains 
1.4  to  2  percent,  of  emodin. 

Antagonists,  hi  compatibles,  and  Synergists. — Same  as  those  of  the  anthraquinone 
group  of  cathartics  in  general. 

Dose,  15  to  25  grains  (1  to  1.6  Gm.). 

ExTRACTUM  Casgar^e  Sagrad.e  (U.S.  X.),  Extract  of  Cascara  Sagrada.  Abbr., 
Ext.  Case.  Sagr.  Synonyms:  Powdered  Extract  of  Cascara  Sagrada,  Extract  of 
Rhamnus  Purshiana. 

One  Gm.  of  the  extract  represents  3  Gm,  of  the  crude  drug. 

Dose,  2  to  10  grains  (0.13  to  0.6  Gm.). 

Fluidextractum  Cascara  Sagrad^e  (U.S.  X.),  Fluidextract  of  Cascara  Sagrada. 
Abhr.,  Fldex.  Case.  Sagr.  Synonyms :  Liquid  Extract  of  Cascara  Sagrada,  Fluid- 
extract  of  Rhamnus  Purshiana, 

Each  cc.  represents  1  Gm.  of  the  crude  drug,  with  an  alcoholic  content  of  about 
22  percent. 

Dose,  10  to  40  minims  (0.6  to  2.5  cc). 

Fluidextractum  Cascara  Sagrada  Aromaticum  (U.S.  X.),  Aromatic  Fluidextract 
of  Cascara  Sagrada.  Abhr.,  Fldext.  Case  Sag.  Arom.  Synonym :  Aromatic  Fluid- 
extract  of  Rhamnus  Purshiana. 

Each  cc.  represents  1  (Jm.  of  the  crude  drug,  flavored  with  licorice,  anise,  cinna- 
mon, coriander  and  methyl  salicylate  and  sweetened  with  saccharin.  Alcoholic  content 
17  percent.,  glycerin  20  percent. 

Dose,  10  to  40  minims  (0.6  to  2.4  cc). 

SvRUPUS  Cascara  Aromaticis  (Br.),  Aromatic  Syrup  of  Cascara.  Ahbr.,  Syr. 
Case  Aromat.    Synonym:  Aromatic  Syrup  of  Rhamnus  Purshiana. 

Each  cc.  represents  0.4  Gm.  of  the  crude  drug,  flavored  with  cinnamon,  orange 
and  sweetened  with  simple  syrup.    Alcoholic  content  aboxit  4  percent. 

Dose,  Vo  to  2  fluidrams  (2  to  8  cc). 
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Elixir  CASCARiE  Sagrad^  (N.F.),  Elixir  of  Cascara  Sagrada.  Ahhr.,  Elix. 
Case.  Sagr.     Synonym:   Elixir  of  Khamnus  Purshiana. 

Aromatic  fluidextract  of  cascara  sagrada  and  elixir  of  glycyrrhiza,  equal  parts. 

Dose,  V2  to  2  fluidrams  (2  to  8  cc). 

Elixir  Cascara  Sagrada  Compositum  (N.F.),  Compound  Elixir  of  Cascara 
Sagrada.  Ahhr.,  Elix.  Case.  Sagr.  Co.  Synonyms:  Composite  Elixir  of  Ehamnus 
Purshiana,  Laxative  Elixir. 

Contains  7^2  minims  (0.5  cc.)  of  aromatic  fluidextract  of  cascara  to  each  fluidram, 
and,  in  addition,  small  amounts  of  senna  and  juglans. 

Dose,  1/^  to  2  fluidrams  (2  to  8  cc.). 

Fluidglyceratum  Cascara  SAGRADiE  (N.F.),  Fluidglycerate  of  Cascara  Sagrada. 
Ahhr.,  Fldglycer.  Case.  Sagr. 

Each  cc.  represents  1  Gm.  of  the  crude  drug.  Glycerin  content  50  percent.  Con- 
tains no  alcohol. 

Dose,  10  to  30  minims  (0.6  to  2  cc). 

Fluidglyceratum  Cascarje  Sagrada  Aromaticum  (N.F.),  Aromatic  Fluid- 
glycerate of  Cascara  Sagrada.    Ahhr.,  Fldglycer.  Case.  Sagr,  Arom. 

Each  cc.  corresponds  to  1  Gm.  of  the  crude  drug,  calcium  oxide  having  been  used 
to  remove  the  bitter  taste.  It  is  flavored  with  licorice,  fennel,  cloves  and  cinnamon. 
Contains  no  alcohol  but  37.5  percent,  of  glycerin. 

Dose,  10  to  30  minims  (0.6  to  2  cc). 

Cassia  Fistula  (N.F.),  Cassia  Fistula.  Ahhr.,  Cass.  Fist.  Synonym:  Purging 
Cassia. 

The  dried  fruit  of  Cathartocarpus  fistula  .(Linne)  Persoon  (Fam.  Leguminosce). 
The  active  principle  is  a  purgative  compound,  related  chemically  to  the  cathartic  acid 
of  senna ;  a  bitter  glucoside  called  sennapicrin,  gum  and  sugar  are  also  present 

Dose,  from  I/2  to  4  drams  (2  to  16  Gm.). 

Cassia  Pulpa  (Br.),  Cassia  Pulp.    Ahhr.,  Cass.  Pulp. 

This  is  obtained  by  percolating  the  crushed  pods  with  distilled  water,  straining, 
and  evaporating  to  the  consistence  of  a  soft  extract.  It  has  a  sweetish,  rather  mawkish 
taste  and  slight  odor. 

Dose,  laxative,  1  to  2  drams  (4  to  8  Gm.) ;  purgative,  1  to  2  ounces  (31  to  62 
Gm.). 

Frangula  (U.S.  IX.),  Frangula.    Ahhr.,  Frang.    Synonym:    Buckthorn  Bark. 

The  dried  bark  of  Bhamnus  frangula  Linne  (Fam.  Rhamnacem).  Purplish-black; 
odor  distinctive;  taste  slightly  bitter.  The  powder  is  yellowish-brown;  stone  cells 
absent  (distinguishing  it  from  the  powder  of  cascara  sagrada).  Contains  frangulin, 
emodin  and  other  anthraquinones  (4.5  to  5  percent.). 

Dose,  15  to  20  grains  (1  to  1.3  Gm.). 

Fluidextractum  Frangula  (N.F.),  Fluidextract  of  Frangula.  Ahhr.,  Fldext. 
Frangul.     Synonym:    Fluidextract  of  Buckthorn  bark. 

Each  cc.  represents  1  Gm.  of  the  crude  drug,  with  an  alcoholic  content  of  about 
25  percent. 

Dose,  10  to  20  minims  (0.6  to  1.2  cc). 

Ehamnus  Cathartica  (N.F.),  Rhamnus  Cathartica.  Ahhr.,  Rhamn.  Cath.  Syno- 
nyms:   Buckthorn  Berries,  Baccae  Spinse  Cervinae. 

The  dried  ripe  fruit  of  Rhamnus  cathartica  Linne  (Fam.  Bhamnacece) ;  odor 
unpleasant;  taste  bitter,  acrid  and  nauseous;  evidently  depending  for  its  action  upon 
certain  emodin  substances  which  occur  to  the  extent  of  about  2  percent.  The  emodin 
obtained  from  this  source  is  identical  with  that  obtained  from  frangula. 

Dose,  10  to  20  grains  (0.6  to  1.2  Gm.). 
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Fluidextractum  Khamni  Cathartice  (N.F.),  Fluidextract  of  Rhamnus  Cathartica. 
Ahhr.,  Fldext.  Rhanin.  Cath.     Synonyin:     Fluidextract  of  Buckthorn  Berries, 

Prepared  by  percolating  the  powdered  drug  to  exhaustion  with  dilute  alcohol,  each 
minim  representing  .95  grain  of  the  drug,  with  an  alcoholic  content  of  about  65  percent. 

Dose,  10  to  20  minims  (O.G  to  1.2  cc). 

Syrupus  Rhamni  Cathartics  (N.F,),  Syrup  of  Rhamnus  Carthartica.  Abhr., 
Syr.  Rham.  Cathart,  Syno^iyvis:  Syrup  of  Buckthorn  Berries,  Syrupus  Spinae 
Cervinjp. 

Contains  20  percent,  of  fluidextract  of  rhanmus  cathartica  with  0.02  percent, 
each  of  oil  of  fennel  and  oil  of  cinnamon  in  simple  syrup. 

Dose,  1  to  2  fluidrams  (1  to  8  cc). 

Rheum  (U.S.  X.),  Rhubarb. 

The  rhizomes  and  roots  of  Rheum  officinale  Baillon,  Rheum  pahnatum  Linne 
(Fam.  Polygonaceiv),  and  other  species  of  Rheum.  Odor,  aromatic,  characteristic; 
taste  characteristic,  slightly  bitter  and  astringent,  gritty  when  chewed  and  tinging 
the  saliva  yellow.  The  powder  is  yellowish-brown  to  reddish-brown.  The  chief  cathar- 
tic principle  is  a  non-glucosidal  resin  which  yields  various  anthraquinone  compounds 
to  the  extent  of  about  10  percent. 

Dose,  10  to  20  (0.6  to  1.3  Gm.). 

ExTRACTUM  Rhei  (U.S.  X.),  Extract  of  Rhubarb.  Ahbr.,  Ext.  Rhei.  Synonym: 
Powdered  Extract  of  Rhubarb. 

One  Gm.  of  the  extract  represents  2  Gm.  of  the  crude  drug. 

Dose,  1  to  10  grains  (0.06  to  0.6  Gm.). 

Fluidextractum  Rhei  (U.S.  X.),  Fluidextract  of  Rhubarb.    Abhr.,  Fldext.  Rhei, 

Each  cc.  represents  1  Gm.  of  drug  with  an  alcoholic  content  of  60  percent. 

Dose,  5  to  30  minims  (0.3  to  2  cc). 

PILUL.E  Rhei  (N.F.),  Pills  of  Rhubarb.    Ahbr.,  Pil.  Rhei. 

Each  pill  contains  3  grains  (0.2  Gm.)  of  rhubarb  and  1  grain  (0.06  Gm.)  of  soap. 

Dose,  1  pill. 

Pilule  Rhei  Composite  (X.F.),  Compound  Pills  of  Rhubarb.  •  Abhr.,  Pil. 
Ehei.  Co. 

Each  pill  contains  about  2  grains  (0.13  Gm,)  of  rhubarb;  IV2  grains  (0,09  Gm.) 
of  aloe;  and  1  grain  (0.06  Gm.)  of  myrrh. 

Dose,  2  to  3  pills, 

PuLVis  Rhei  Compositus  (U.S.  X.),  Compound  Rhubarb  Powder.  Abbr.,  Pulv. 
Rhei.  Co.    Synonym:   Gregory  Powder. 

Ehubarb,  25  parts;  magnesium  oxide,  65  parts;  Jamaica  ginger,  10  parts. 

Dose,  5  to  60  grains  (0.3  to  4  Gm.). 

Syrupus  Rhei  (U.S.  X.),  Syrup  of  Rhubarb,    Ahbr.,  Syr.  Rhei. 

Fluidextract  of  rhubarb,  100  cc. ;  spirit  of  cinnamon,  4  cc. ;  potassium  carbonate, 
10  Gm.;  -water,  50  cc. ;  syrup  sufficient  to  make  1000  cc.    Alcohol  content  5  percent. 

Dose,  iVz  to  4  fluidrams  (6  to  16  cc). 

Syrupus  Rhei  Aromaticus  (U.S.  X.),  Aromatic  Syrup  of  Rhubarb,  Ahbr.,  Syr, 
Ehei,  Arom.     Synonym:    Spiced  syrup  of  rhubarb. 

Aromatic  tincture  of  rhubarb,  150  cc;  potassium  carbonate,  1  Gm.;  syrup,  q.s.  to 
make  1000  cc. 

Dose,  IV2  to  4  fluidrams  (6  to  16  cc). 

Tinctura  Rhei  (U.S.  X.),  Tincture  of  Rhubarb.     Abhr.,  Tr.  Rhei. 

Each  cc.  represents  0.2  Gm.  rhubarb  and  0.06  Gm.  cardamom  seed.  Contains  45 
percent,  alcohol  and  10  percent,  glycerin. 

Dose,  1/2  to  2  fluidrams  (2  to  8  cc). 
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TiNCTURA  Ehei  Aromatica  (U.S.  X.),  Aromatic  Tincture  of  Ehubarb.  Ahhr.,  Tr. 
Rbei  Arom. 

Each  cc.  represents  0.2  Gm.  rhubarb;  0.04  Gna.  cinnamon  and  clove,  and  0.02  Gm. 
nutmeg.    Contains  45  percent,  alcohol  and  10  percent,  glycerin. 

Dose,  30  to  60  minims  (2  to  4  cc). 

Infusum  Rhei  (Br.),  Infusion  of  Rhubarb. 

Rhubarb  (fresh,  in  thin  slices),  50  Gm. ;  boiling  distilled  water,  1000  cc,  infused 
in  a  covered  vessel  for  15  minutes,  then  strained. 

Dose,  14  to  2  fluidounces  (15  to  60  cc). 

Fluidglyceratum  Rhei  (N.F.),  Fluidglycerate  of  Rhubarb.  Ahhr.,  Fldglycer. 
Rhei. 

Each  cc.  represents  1  Gm.  of  the  crude  drug.  Contains  no  alcohol,  but  40  percent, 
glycerin. 

Dose,  10  to  20  minims  (0.6  to  1.3  cc). 

MiSTURA  Rhei  Alkalina  (N.F.),  Alkaline  Mixture  of  Rhubarb.  Ahhr.,  Mist. 
Rhei  Alk.    Synonyms:     Syrupus  Rhei  et  Potassii  Compositus,  Neutralizing  Cordial. 

Each  fluidounce  contains  1  minim  (0.06  cc.)  of  fluidextract  of  rhubarb;  %  minim 
(0,03  cc.)  of  fluidextract  of  hydrastis,  and  1  grain  (0.06  Gm.)  of  potassium  carbonate. 
Alcoholic  content  about  35  percent. 

Dose,  1  flnidram  to  1  fluidounce  (4  to  16  cc). 

Alcoholic  content  about  35  percent. 

Mistura  Rhei  Composita  (N.F.),  Compound  Mixture  of  Rhubarb.  Ahhr.,  Mist. 
Rhei  Co.    Synonym:    Mixture  of  Rhubarb  and  Soda. 

Each  fluidram  contains  about  1  minim  (0.06  cc.)  of  fluidextract  of  rhubarb;  % 
minim  (0.01  cc.)  of  fluidextract  of  ipecac,  and  2  grains  0.13  Gm.)  of  sodium  bicar- 
bonate together  with  2  minims  (0.13  cc.)  of  spirit  of  peppermint. 

Dose,  1  fluidram  to  1  fluidounce  (4  to  16  cc). 

PuLVis  Rhei  et  Magkesi^  Anisatus  (N.F.),  Anisated  Powder  of  Rhubarb  and 
Magnesia.    Ahhr.,  Pulv.  Rhei  et  Magnes,  Anis.    Synonym:    Compound  Anise  Powder. 

Contains  35  percent,  powdered  rhubarb  and  65  percent,  of  heavy  magnesia,  with 
anethol  and  alcohol. 

Dose,  (infants)  3  to  5  grains  (0.2  to  0.3  Gm.). 

TiNCTURA  Rhei  Aquosa  (N.F.),  Aqueous  Tincture  of  Rhubarb.    Ahhr.,  Tr.  Rhei  A^. 

Each  cc.  represents  0.1  Gm.  of  rhubarb  flavored  with  cinnamon  water.  Alcoholic 
content  9  percent. 

Dose,  %  to  IV2  fluidrams  (2  to  6  cc). 

TiNCTURA  Rhei  Dulcis  (N.F.),  Sweet  Tincture  of  Rhubarb.  Ahhr.,  Tr.  Rhei. 
Dulc 

Contains  10  percent,  of  rhubarb  flavored  with  licorice,  anise,  cardamom  seed  and 
glycerin.    Alcoholic  content  about  27  percent. 

Dose,  20  to  40  minims  (1.3  to  2.6  cc). 

TiNCTURA  Rhei  et  Gentians  (N.F.),  Tincture  of  Rhubarb  and  Gentian.  Ahhr., 
Tr.  Rhei  et  Gent. 

Each  fluidram  represents  4  grains  (0.28  Gm.)  of  rhubarb  and  1  grain  (O.OT  Gm.) 
of  gentian. 

Dose,  1/2  to  11/2  fluidrams  (2  to  6  cc). 

ViNUM  Rhei  Compositum  (unofl&cial).  Compound  Wine  of  Rhubarb.  Ahhr.,  Vin. 
Rhei  Co.    Synonym:  Tinctura  Rhei  Vinosa. 

Contains  8  percent,  of  rhubarb  flavored  with  bitter-orange  peel,  cardamom  and 
sugar  in  a  menstruum  of  sherry  wine.    Alcoholic  content  about  30  percent. 

Dose  J  Vz  to  2  fluidrams  (2  to  8  cc). 
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Senna  (U.S.  X.),  Senna.    Abbr.,  Senn.    Synonym:    Senna  Folia. 

The  dried  leaflets  of  Cassia  senna  Linne  (Alexandria  senna)  or  of  C.  angustifolia 
Yahl  (Tinnevelly  Senna)  (Fam.  Leguminosce).  The  powdered  product  is  light  green 
and  both  water  and  diluted  alcohol  extract  its  active  principles,  whereas  pure  alcohol 
extracts  them  but  imperfectly.  The  odor  is  characteristic;  taste  mucilaginous  and 
slightly  bitter. 

Antagonists  and  Incompatibles. — Many  substances  produce  precipitates  with  the 
infusion  of  senna,  but  it  does  not  follow  that  they  are  all  medicinally  incompatible, 
e.g.,  cathartic  acid  is  precipitated  by  infusion  of  galls  and  solution  of  lead  subacetate, 
but  the  acetate  and  also  tartar  emetic  which  disturb  the  infusion  have  no  effect  upon 
the  solution  of  senna. 

Sy7iergists. — Any  of  the  vegetable  laxatives. 

Dose,  V2  to  2  drams  (2  to  8  Gm.). 

Senn.e  Fructus  (Br.),  Senna  Pods. 

The  dried  ripe  fruits  of  Cassia  acutifolia  Delile,  and  of  C.  angustifolia  Yahl. 
The  constitutents  of  the  pods  are  apparently  the  same  as  those  of  the  leaves.  A  laxa- 
tive infusion  is  made  by  infusing  6  to  8  pods,  preferably  without  the  seeds,  overnight 
in  a  half  glass  of  cold  water. 

Dose,  all  of  above  infusion  for  adult,  half  for  child,  as  an  aperient. 

Fluidextr ACTUM  Senn^  (U.S.X.),  Fluidextract  of  Senna.  Ahhr.,  Fldext. 
Senn. 

Each  minim  represents  about  1  grain  of  the  drug  in  about  26  percent,  content 
of  alcohol. 

Dose,  15  to  40  minims  (1  to  2.6  cc). 

Syrupus  Senn^  (U.S.  X.),  Syrup  of  Senna.    Abbr.,  Syr.  Senn. 

Each  cc.  represents  0.25  Gm.  of  the  drug,  with  an  alcoholic  content  of  about  6 
percent. 

Dose,  1  to  3  fluidrams  (4  to  12  cc). 

Syrupus  Senn.e  Aromaticus  (N.F.),  Aromatic  Syrup  of  Senna.  Abbr.,  Syr. 
Senn.  Arom. 

Each  cc.  represents  0.08  Gm.  of  senna,  with  an  alcoholic  content  of  about  18 
percent. 

Dose,  1  to  3  fluidrams  (4  to  12  cc). 

Syrupus  Senn^e  Compositus  (unofficial),  Compound  Syrup  of  Senna.  Alhr.,  Syr. 
Senn.  Co. 

Each  cc.  represents  about  0.08  Gm.  of  senna,  with  an  alcoholic  content  of  about 
4  percent. 

Dose,  1  to  3  fluidrams  (4  to  12  cc). 

Infusum  Senn^  (Br.),  Infusion  of  Senna.    Synonym:  Senna  Tea. 

Senna  leaves,  100  Gm. ;  ginger,  sliced,  5  Gm. ;  boiling  distilled  water  1000  cc, 
infused  for  15  minutes  in  a  covered  vessel  and  strain  while  hot. 

Dose,  1  to  3  fluidounces  (30  to  90  cc.) 

Infusum  Senn.e  Compositum  (N.F.),  Compound  Infusion  of  Senna.  Synonym: 
Compound  Senna  Tea.    Abbr.,  Inf.  Senn.  Co. 

Senna,  6  percent;  manna,  12  percent;  magnesium  sulphate,  12  percent. 

Dose,  average,  4  fluidounces  (120  cc). 

CoNFECTio  Senn^  (N.F.),  Confcction  of  Senna.  Abbr.,  Confect.  Senn.  Synonym: 
Lenitive  Electuary. 

Each  Gm.  represents  11/2  grain  (0.09  Gm.)  of  senna  and  about  2^4  grains  (0.15 
Gm.)  of  cassia  fistula. 

Dose,  l->  to  2  drams  (2  to  8  Gm.). 
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TiNCTURA  SsNNiE  CoMPOSiTA  (Br.),  Compound  Tincture  of  Senna.  Ahlr.,  Tr. 
Senn.  Co. 

Each  cc.  represents  0.2  Gm.  of  senna,  with  an  alcoholic  content  of  about  37  percent. 
and  10  percent,  glycerin. 

Dose,  V2  to  4  fluidrams  (2  to  16  cc). 

MisTURA  Senn.e  Composita  (Br.),  Compound  Mixture  of  Senna.  Synonym: 
Black  Draught. 

Magnesium  sulphate,  25  percent. ;  liquid  extract  of  liquorice,  5  percent. ;  compound 
tincture  of  cardamom,  10  percent.;  aromatic  spirit  of  ammonia,  5  percent.;  infusion  of 
senna,  55  percent.    Each  cc.  represents  about  0.05  Gm,  of  senna. 

Dose,  1  to  2  fluidounces  (30  to  60  cc). 

PuLVis  Glycyrrhiz^  Compositus  (U.S.  X.),  Compound  Powder  of  Glycyrrhiza. 
Abhr.,  Pulv.  Glycyrrh.  Co.     Synonym:    Compound  Licorice  Powder. 

Each  Gm.  represents  about  0.18  Gm,  of  senna  and  0.23  Gm.  of  licorice. 

Dose,  15  to  45  grains  (1  to  3  Gm.). 

Syrupus  Eicorum  Compositus  (N.F.),  Compound  Syrup  of  Figs.  Ahhr.,  Syr. 
Ficor.  Co. 

Each  fluidram  represents  0.77  Gm.  of  senna,  and  0.27  cc.  of  fluidglycerate  of 
cascara,  with  30  percent,  of  figs. 

Dose,  1  to  2  fluidrams  (4  to  8  cc), 

Syrupus  Sarsaparill^  Compositus  (U.S.  X.),  Compound  Syrup  of  Sarsaparilla. 
Ahhr.,  Syr.  Sarsap.  Co. 

Each  cc.  represents  0,2  Gm,  of  sarsaparilla,  flavored  with  licorice,  sassafras, 
anise,  methyl  salicylate  and  sweetened  with  simple  syrup.  Alcoholic  content  about  8 
percent. 

Dose,  2  to  6  fluidrams  (8  to  24  cc). 

Elixir  Catharticum  Compositum  (N,F.),  Compound  Cathartic  Elixir,  Ahhr., 
Elix.  Cathart.  Co. 

Each  fluidram  represents  about  ^Yz  grains  (05  Gm.)  of  frangula;  5i'2  grains 
(0.36  Gm.)  of  senna,  and  3  grains  (0.2  Gm.)  of  rhubarb. 

Dose,  aperient,  1  fluidram  (4  cc) ;  cathartic,  3  fluidrams   (12   cc). 

Species  Laxative  (N.F.),  Laxative  Species.  Ahhr.,  Spec  Lax.  Synonyms:  Species 
Laxantes,  St.  Germain  Tea. 

Senna,  40  percent. ;  sambucus,  25  percent. ;  fennel,  12.5  percent. ;  anise,  12  :5  per- 
cent.; potassium  bitartrate,  10  percent. 

Dose,  10  to  60  grains  (0,6  to  4  Gm.). 

AciDUM  Catharticum  (unofficial),  Cathartic  Acid.    Synonym:   Cathartin. 

An  amorphous  glucoside,  Cis^H^gN^SOgj,  which  is  the  active  principle  of  senna 
in  which  it  occurs  in  the  form  of  magnesium  and  calcium  salts  (cathartin).  A 
brownish  amorphous  powder,  insoluble  in  water,  but  soluble  in  alkaline  solution ;  the 
best  solvent  is  30  to  40  percent,  alcohol.    It  is  present  also  in  rhubarb. 

Antagonists  and  Incompaiihles. — Same  as  those  of  senna. 

Dose,  3  to  5  grains   (0.2  to  0.3  Gm.). 

Phenolphthaleinum   (U.S.  X.),  Phenolphthalein.     Ahhr.,  Phenolphthal. 

Occurs  as  a  white  or  faintly  yellowish- white,  crystalline  powder;  odorless  and 
tasteless.  Soluble  in  13  parts  of  alcohol  and  70  of  ether,  practically  insoluble  in  water, 
but  soluble  in  solutions  of  the  alkaline  hydroxides. 

Antagonists  and  Incompaiihles. — Alkaline  hydroxides  and  carbonates. 

Synergists. — The  laxatives  in  general.  [All  of  the  antiseptics  and  the  motor 
depressants  increase  the  effect.] 

Dose,  1/2  to  3  grains  (0.03  to  0.2  Gm.). 
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PHEXOLPHTHALEIN-AfJAR     (N.N.R.) . 

Agar  impregnated  with  phenolphthalein,  each  3  ounces  (100  Gm.)  containing  45 
grains  (3  Gm.)- 

Dose,  15  grains  (1  Gm.)  twice  daily  after  meals. 

Tahell.b  Phenolphthaleini   (N.F.),   Tablets   of  Phenolphthalein.     Ahhr.,   Tab. 
Phenolphthal. 

Each  tablet  contains  about  1  grain  (0.065  Gm.)  of  phenolphthalein,  flavored  with 
cinnamon  and  cocoa. 
Dose,  1  to  2  tablets. 

IsACEN  (N.N.R.),  Isacen.     Synonym:    Diacetyldioxyphenylisatin. 
A  white,  crystalline,  odorless,  tasteless  powder.     Insoluble  in  water  and  dilute 
hydrochloric  acid;  slightly  soluble  in  alcohol,  very  slightly  soluble  in  ether. 

Dose,  laxative,  yi2  grain  (5  mgm.)  ;  purgative,  V-i  to  %  grain  (15  to  20  mgm.). 
Bryonia  (N.F.),  Bryonia.    Ahhr.,  Bryon.    Synonym:    Bryony. 
The  dried  root  of  Bryonia  alha  Linne,  or  B.  dioica  Jacquin  (Fam.  CucurbitacecB). 
Odor  faint,  but  distinct  and  characteristic;  taste,  bitter  and  nauseous;  powdered 
drug   light   yellow   in   color.      Contains   a   glucoside,   hryonin,   and   a   peculiar    resin, 
hryoresin. 

Dose,  10  to  30  grains  (0.6  to  2  Gm.). 

Tinctura  BryonI/E  (N".F.),  Tincture  of  Bryonia.     Ahhr.,  Tr.  Bryon. 
Each  cc.  represents  iy2  grains  (0.1  Gm.)  of  the  drug.     Alcoholic  content  about  90 
percent. 

Dose,  1  fluidram  (4  cc). 

Cambogia  (U.S.X.),  Gamboge.    Ahhr.,  Cambog.     Synonym:    Gutta  Gamba. 
A  gum-resin  obtained  from  Garcinia  hanhuriyi  Hooker  filius   (Fam.   Guttiferce). 
Odorless;  taste  very  acrid.     The  powder  is  bright  yellow  in  color  and  contains  few 
or  no  starch  grains.    Yields  not  less  than  65  percent,  of  alcohol-soluble  extractive. 

Antagonists   and  Incompatihles. — Solutions   of  the   alkali   hydroxides,   ammonia 
water  and  tincture  of  iron  chloride  are  chemically  incompatible. 
Synergists. — The  cathartics   in  general. 
Dose,  1  to  3  grains  (0.06  to  0.18  Gm.). 

CoLOCYNTHis  (U.S.  X.),  Colocynth.  Ahhr.,  Colocyn.  Synonyms:  Colocynth  Pulp, 
Bitter  Apple,  Bitter  Cucumber. 

The  dried  pulp  of  the  fruit  of  Citi-ullus  colocynthis  (Linne)  Schrader  (Fam. 
C ucurhitacea;) .  Odor,  slight;  taste,  intensely  bitter.  The  powder  is  yellowish-white  or 
buif  and  characteristically  flaky.  It  yields  not  more  than  2  percent,  of  extractive  with 
purified  petroleum  benzin. 

Dose,  1  to  5  grains  (0.06  to  0.3  Gm.). 

ExTRACTUM  CoLocYNTHiDis  (U.S.  X.),  Extract  of  Colocynth.  Ahhr.,  Ext.  Colocyn. 
Synonym:   Powdered  Extract  of  Colocynth. 

1000  Gm.  of  the  drug  is  percolated  with  dilute  alcohol  and  the  percolate  evaporated 
to  dryness;  dried  starch  added,  q.s.  to  make  250  Gm,  One  Gm.  of  the  extract  repre- 
sents four  Gm.  of  the  crude  drug. 

Dose,  1/4  to  %  grain  (0.016  to  0.049  Gm.). 

ExTRACTUM  CoLocYNTHiDis  CoMPOsiTUM  (U.S.  X.),  Compound  Extract  of  Colocynth. 
Ahhr.,  E.xt.  Colocyn.  Co.    Synonym:    Powdered  Compound  Extract  of  Colocynth. 

Contains  16  percent,  of  extract  of  colocynth;  50  percent,  of  aloe;  5  percent,  of 
cardamom  seeds ;  14  percent,  of  resin  of  ipomcea ;  15  percent,  of  soap  powder.  Tri- 
turate the  ingredients.    Each  Gm.  represents  about  0.6  Gm.  of  colocynth. 

Dose,  1  to  2  grains  (0.06  to  0.13  Gm.),  as  a  laxative;  5  to  10  grains  (0.3  to  0.6  Gm.), 
as  a  purgative. 
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Pilule  Colocynthidis  Composite  (unofficial),  Compound  Colocynth  Pills.  Ahhr., 
Til.  Colocyn.  Co.     Synonyms:   Pilulae  Coccise,  Cochia  Pills. 

Each  pill  contains  %  grain  (11  mgm.)  of  extract  of  colocynth;  2  grains  (0.13  Gm.) 
of  aloe  and  of  scammony  resin;  and  ^  minim  (0.015  cc.)  of  clove  oil. 

The  English  formula  includes  the  same  ingredients,  but  the  colocynth  is  in  sub- 
stance and  not  in  extract,  and  the  preparation  consists  of  a  mass  and  not  separate 
pills. 

Dose,  1  pill;  of  the  Br.  mass,  5  to  10  grains  (0.3  to  0.6  Gm.). 

PiLULA  Colocynthidis  et  Hyoscyami  (Br.),  Pill  of  Colocynth  and  Hyoscyamus. 
Ahhr.,  Pil.  Coloc.  et  Hyoscy. 

Contains  66.66  percent,  of  compound  pill  of  colocynth  mass,  33.33  percent,  of 
extract  of  hyoscyamus,  with  water  q.s.  to  make  mass. 

Dose,  4  to  8  grains  (0.25  to  0.5  Gm.). 

Pilule  Colocynthidis  et  Hyoscyami  (unofficial),  Pills  of  Colocynth  and  Hyoscya- 
mus.   Ahhr.,  Pil.  Colocyn.  et  Hyoscy. 

Each  pill  contains  M2  grain  (6.5  mgm.)  of  extract  of  colocynth;  1^/^  grains  (0.097 
Gm.)  of  resin  of  scammony  and  of  extract  of  hyoscyamus  and  %  minim  (0.01  cc.)  of 
oil  of  cloves. 

Dose,  1  to  2  pills. 

Pilule  Colocynthidis  et  Podophylli  (unofficial)  Pills  of  Colocynth  and  Podophyl- 
lum.   Ahhr.,  Pil.  Colocyn.  et  Podoph. 

Each  pill  contains  compound  extract  of  colocynth,  2V2  grains  (0.16  Gm.),  and 
resin  of  podophyllum,  14  grain  (16  mgm.). 

Dose,  1  pill. 

Pilule  CATHARTiCiE  Vegetabiles  (N.F.),  Vegetable  Cathartic  Pills.  Ahhr., 
Pil.  Cathart.  Yeget. 

Each  pill  contains  compound  extract  of  colocynth,  1  grain  (0.06  Gm.) ;  extract 
of  hyoscyamus,  V2  grain  (0.03  Gm.) ;  resin  of  jalap,  M  grain  (0.02  Gm.) ;  extract  of 
leptandra,  1/4  grain  (0.015  Gm.) ;  resin  of  podophyllum,  l^  grain  (0.015  Gm.),  flavored 
with  oil  of  peppermint. 

Dose,  1  to  3  pills. 

Pilule  Antidyspeptic^  (unofficial),  Antidyspeptic  Pills.    Ahhr.,  Pil.  Antidyspep. 

Each  pill  contains  strychnine,  Mo  grain  (1.6  mgm.);  ipecac.  Mo  grain  (6.5  mgm.); 
pilular  extract  of  belladonna  leaves,  Mo  grain  (6.5  mgm.) ;  mass  of  mercury,  2  grains 
(0.13  Gm.) ;  compound  extract  of  colocynth,  2  grains  (0.13  Gm.). 

Dose,  1  or  2  pills. 

Pilule  Laxative  Post  Partum  (unofficial).  Post  Partum^  Laxative  Pills.  Ahhr., 
Pil.  Lax.  Post  Part.    Synonym :    Barker  Post  Partum  Pills. 

Each  pill  contains  compound  extract  of  colocynth,  1%  grains  (0.11  Gm.) ;  aloe,  % 
grain  (5.5  mgm.)  ;  extract  of  nux  vomica,  %  grain  (2.5  mgm.) ;  resin  of  podophyllum, 
M2  grain  (5  mgm.) ;  extract  of  hyoscyamus,  ^4  grain  (0.08  Gm.). 

Dose,  1  pill. 

Extractum  Elaterii  (unofficial).  Extract  of  Elaterium.    Synonym:    Elaterium. 

Thp  sediment  of  the  juice  of  the  fruit  of  Echallium  elaterium  (Linne)  A.  Eichard, 
commonly  known  as  wild  or  squirting  cucumber.  The  drug  comes  in  thin,  fat  cakes, 
often  more  or  less  fragmented,  of  a  greenish  gray  color,  with  a  slight  odor  and  a 
bitter  taste.  The  best  elaterium  is  that  known  as  Clutterbuck's,  which  is  produced 
in  England;  the  German  is  greatly  inferior.  The  drug  contains  an  active  principle, 
elaterin,  resin  and  starch.  It  is  seldom  employed  therapeutically  now,  the  active 
principle,  of  definite  strength,  being  used  by  preference.  The  drug  upon  extraction 
with  chloroform  yields  not  less  than  20  nor  more  than  25  percent,  of  elaterin. 
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Dose,  %  grain  (0.01  Gm.)  of  Clutterbuck's  elaterium;  V2  to  1  grain  (0.03  to 
0.06  Gm.)   of  the  German  or  Malta  product. 

Elaterinum  (U.S.  X.),  Elaterin. 

A  crystallizable  principle  obtained  from  elaterium.  It  occurs  in  minute,  white, 
hexagonal  scales  or  prismatic  crystals;  odorless  and  having  a  slightly  acrid,  bitter 
taste;  permanent  in  the  air.  It  is  insoluble  in  water;  1  Gm,  dissolves  in  450  cc.  of 
ether,  325  cc.  of  cold  alcohol  and  100  cc.  of  boiling  alcohol,  and  in  15.5  cc.  of  chloroform. 

Dose,  1/20  to  1/10  grain   (0.003  to  0.006  Gm.). 

TRITUR.4TI0  Elaterini  (U.S.  IX.),  Trituration  of  Elaterin.    Ahhr.,  Trit.  Elaterin. 

Prepared  by  thoroughly  triturating  10  parts  of  elaterin  in  90  parts  of  sugar  of 
milk. 

Dose,  14  to  ^A  grain  (0.016  to  0.045  Gm.). 

EuGNVMUS  (N.F.),  Euonymus.    Ahhr..  Euonym.    Synonym:  Wahoo  Bark. 

The  dried  bark  of  the  root  of  Euonymus  afropurpureus  Jacquin  (Fam.  Celas- 
tracecp).     Odor,  distinct;  taste,  bitter  and  acrid.    The  powder  is  of  a  light  brown  color. 

The  National  Formulary  utters  a  warning  regarding  euonymus  to  the  effect  that 
its  absorption  in  the  gastrointestinal  tract  is  said  to  be  uncertain  and  irregular, 
and  the  physician  should  therefore  carefully  guard  the  dosage  and  determine  the 
tolerance  of  the  patient  in  each  case. 

Dose,  5  to  10  grains  (0.3  to  0.6  Gm.). 

ExTRACTUM  EuoNVMi  (N.F.),  Extract  of  Euonymus.  Ahhr.,  Ext.  Euonym.  Syno- 
nym :  Extract  of  Wahoo. 

One  Gm.  of  dried  extract  represents  4  Gm.  of  the  drug. 

Caution:  Tolerance  of  patient  should  be  determined  and  the  drug  administered 
with  care. 

Do.9e,  2  grains  (0.12  Gm.), 

Fluidextractum  Euonymi  (N.F.),  Fluidextraet  of  Euonymus.  Ahhr.,  Fldext. 
Euonym. 

Each  cc.  represents  1  Gm.  of  the  drug. 

Caution:  The  tolerance  of  the  patient  must  be  determined  to  prevent  cumulative 
action. 

Dose,  5  to  10  minims  (0.3  to  0.6  cc). 

Iris  Versicolor  (N.F.),  Blue  Flag.    Ahhr.,  Iris  Vers. 

The  dried  rhizome  of  Iris  versicolor  Linne  (Fam.  Iridacece).  Odor,  slight,  not 
distinctive;  taste,  acrid,  nauseous.     The  powder  is  light  purplish-brown. 

Dose.  10  to  40  grains  (0.6  to  2.6  Gm.). 

Fluidextractum  Iridis  Versicoloris  (N.F.),  Fluidextraet  of  Blue  Flag,  Ahhr., 
Fldext.  Iris.  Ver. 

Alcoholic  content  about  82  percent.,  each  cc,  representing  about  1  Gm,  of  the 
drug. 

Dose,  10  to  40  minims  (0.6  to  2.6  cc.), 

ExTRACTUM  Iridis  (unofficial).  Extract  of  Iris,    Synonym:  Extract  of  Blue  Flag. 

One  Gm.  of  the  extract  represents  5  Gm.  of  the  crude  drug. 

Dose,  1  to  2  grains  (0.06  to  0.13  Gm.). 

Jalapa  (U.S.  X,),  Jalap,    Ahhr.,  Jalap, 

The  dried  tuberous  root  of  Exogonium  jalapa  (Nutt.  et  Coxe)  Baiilon  (Fam. 
Convolvulaceoe).  Odor,  slight  but  distinctive,  smoky;  taste  somewhat  sweet  and  acrid. 
The  powder  is  light  brown,  with  numerous  starch  grains,  yielding  not  less  than  7 
percent,  of  the  total  resins  of  jalap.  Jalap  contains  considerable  starch  and  two 
resins,  jalapin  and  convolvulin.  The  former,  which  occurs  more  plentifully  in  the 
inferior  varieties,  is  the  same  as  the  resin  of  scamraony ;  it  is  soluble  in  ether,  but 
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convolvulin  is  not.  The  crude  resin,  a  mixture  of  these  two,  is  official  in  the  U.S.P. 
and  the  B.P.  as  Resina  jalapse. 

Dose,  10  to  20  grains  (0.6  to  1.3  Gm.). 

PuLVis  Jalaps  Compositus  (U.S.  X.),  Compound  Powder  of  Jalap.  Ahhr.,  Puly. 
Jalap.  Co.    Synonym :    Pulvis  Purgans. 

A  mixture  of  jalap  powder,  35  parts,  and  potassium  bitartrate,  65  parts.  The 
B.P.  directs  the  addition  of  powdered  ginger  as  a  corrigendum. 

Dose,  20  to  40  grains   (1.3  to  2.6  Gm.). 

Resina  Jalap^e  (U.S.  X.),  Resin  of  Jalap.    Ahhr.,  Res.  Jalap. 

A  mixture  of  the  resins  extracted  from  powdered  jalap  by  maceration  in  alcohol. 
It  consists  of  yellow  to  brown  colored  masses  or  fragments  having  a  slight,  peculiar 
odor,  and  a  somewhat  acrid  taste.  Soluble  in  alcohol.  The  harder  resin,  insoluble  in 
ether,  is  called  convolvulin  or  jalapurgin;  the  softer  resin,  soluble  in  ether,  is  called 
jalapin  or  orizahin.     Both  resins  are  purgative. 

Dose,  1  to  3  grains   (0.06  to  0.2  Gm.). 

Fluidextractum   Jalaps   (N.F.),  Fluidextract  of  Jalap.     Ahhr.,  Fldext.   Jalap. 

One  hundred  cc.  yields  not  less  than  6.5  Gm.,  nor  more  than  7.5  Gm.  of  the 
resin  of  jalap. 

Dose,  5  to  20  minims  (0.3  to  1.3  cc). 

TiNCTURA  Jalaps  (N.F.),  Tincture  of  Jalap.    Ahhr.,  Tr.  Jalap. 

Contains  1.4  Gm.  of  resin  of  jalap  in  each  100  cc.  with  an  alcoholic  content  of 
about  60  percent. 

Dose,  Yz  to  1  fluidram  (2  to  4  cc). 

TiNXTURA  JalaPjE  Composita  (Br.),  Compound  Tincture  of  Jalap. 

Powdered  jalap,  12.5  percent.;  powdered  resin  of  scammony,  3  percent.  Alcoholic 
content  about  58  percent.  Mixtures  containing  this  tincture  require  the  addition  of 
%  of  their  volume  of  mucilage  of  tragacanth  to  suspend  the  resin. 

Dose,  Vo  to  1  fluidram  (2  to  4  cc). 

TuRPETHUM   (Br.),  Turpeth.     Synonyms:    Radix  Turpethi,  Indian  Jalap. 

Dried  root  and  stem  of  Ipomoea  turpethum.     Odor  slight;  taste  nauseous. 

Dose,  5  to  20  grains  (0.3  to  1.3  Gm.). 

JuGLANS  (N.F.),  Juglans.     Ahhr.,  Juglan.     Synonym:     Butternut  Bark. 

The  dried  inner  bark  of  the  roots  of  Juglans  cinerea  Linne  (Fam.  Juglandacece') 
collected  in  the  autumn.  Occurs  in  quills,  curved  strips,  or  in  chips.  Odor,  faintly 
aromatic;  taste,  bitter,  astringent,  somewhat  acrid.  The  powdered  drug  is  dark  brown. 
Juglans  contains  fat,  resin,  a  volatile  oil,  and  the  active  principle  variously  called 
nucin,  juglon  or  juglandic.  acid. 

Antagonists  and  Incompatihles. — The  salts  of  most  of  the  metals  used  in  medi- 
cine are  precipitated  from  their  solution  by  juglans;  other  incompatihles  are  chlorine, 
bromine,  iodine,  potassium  bichromate,  permanganates,  albumin,  gelatin,  and  starch. 

Synergists. — Rhubarb  and  other  mild  vegetable  cathartics. 

Dose,  1/2  to  2  drams  (2  to  8  Gm.). 

Fluidextractum  Juglandis  (N.F.),  Fluidextract  of  Juglans.  Ahhr.,  Fldext.  Jug- 
land.    Synonym:    Fluidextract  of  Butternut  Bark. 

Each  cc  represents  1  Gm.  of  the  drug,  with  an  alcoholic  content  of  about  48 
percent. 

Dose,  V2  to  2  fluidrams  (2  to  8  cc), 

Kaladana  (Br.),  Kaladana.     Synonym:    Pharbitis  Seeds. 

The  dried  seeds  of  the  Ipomoea  hederacea  Jacq.  (Fam.  C onvolvulacece) .  They  have 
a  slight  odor;  taste  acrid. 

Dose,  of  powdered  substance,  30  to  45  grains  (2  to  3  'Gm.). 
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IvALADANiE  Resina  (Br.),  Kaladana  Resin.    Synonym :    Pharbitisin. 

A  mixture  of  resins  obtained  from  kaladana.  Disagreeable  odor,  especially  when 
warmed;  taste,  sweetish,  acrid;  readily  soluble  in  90  percent,  alcohol;  almost  insoluble 
in  benzene,  ether,  chloroform,  or  carbon  disulphide. 

Dose,  2  to  8  grains  (0.12  to  0.5  cc). 

TiNCTURA  Kaladana  (Br.),  Tincture  of  Kaladana. 

Each  cc.  represents  0.2  Gm.  of  the  drug,  with  an  alcoholic  content  of  about  68 
percent. 

Dose,  Y2  to  1  fluidram  (2  to  4  cc). 

PuLVis  Kaladan.e  CoMPosiTis  (Br.),  Compound  Powder  of  Kaladana. 

Powdered  kaladana,  30  parts;  acid  potassium  tartrate,  00  parts;  ginger,  10  parts. 
Mix  intimately. 

Dose,  10  to  60  grains   (0.6  to  4  Gm.). 

Leptandra  (N.F.),  Leptandra.  Ahbr.,  LeTptand.  Synonym:  Culvei' Root,  Culver 
Physic,  Black  Root. 

The  dried  rhizome  and  roots  of  Veronica  virginica  Linne  (Fam.  Scrophulariacece). 
Nearly  odorless;  taste  very  bitter  and  acrid.  The  powder  is  brown  to  yellowish-brown 
with  a  strong,  penetrating  odor.  The  drug  contains  saponin,  tanning,  a  resin  resem- 
bling that  of  jalap,  gum,  and  a  bitter  glucoside  leptandrin. 

Dose,  10  to  00  grains  (0.6  to  4  Gm.)  of  the  crude  drug;  2  to  4  grains  (0.13  to 
0.26  Gm.)  of  the  impure  resin. 

ExTRACTUM  Leptandr^e  (N.F.),  Extract  of  Leptandra.  Ahhr.,  Ext.  Leptand. 
Synonym:     Powdered  Extract  of  Leptandra. 

Each  Gm.  of  the  extract  represents  4  Gm.  of  the  crude  drug. 

Dose,  2  to  10  grains  (0.12  to  0.6  Gm.). 

Fluidextractum  Leptandra  (N.F.),  Fluidextract  of  Leptandra.  Ahhr.,  Fldext. 
Leptand. 

Alcoholic  content  about  55  percent.,  each  cubic  centimeter  representing  1  Gm. 
of  the  drug. 

Dose,  10  to  20  minims  (0.6  to  1.3  cc). 

Podophyllum  (U.S.  X.),  Podophyllum.  yiZ;6r.,  Podoph,  Synonyms:  Mandrake, 
May  Apple. 

The  dried  rhizome  and  roots  of  Podophyllum  peltatum  Linne  (Fam.  Berheridacece). 
Bark  light  brown;  odor,  slight;  taste,  sweetish,  disagreeably  bitter  and  acrid.  It  yields 
not  less  than  3  percent,  of  the  resin  of  podophyllum. 

Dose,  seldom  used  in  substance;  8  to  15  grains  (0.5  to  1  Gm.). 

Resina  Podophylli  (U.S.  X.),  Resin  of  Podophyllum.  Ahhr.,  Res.  Podoph. 
Synonym:    Podophyllin. 

An  amorphous  powder  ranging  in  color  from  light  brown  to  greenish-yellow.  It 
has  a  slight  peculiar  odor  and  a  faintly  bitter  taste.  It  is  very  irritating  to  the  eyes 
and  to  mucous  membrane.  It  is  soluble  in  alcohol,  about  three-quarters  soluble  in  ether, 
and  not  more  than  one-quarter  soluble  in  boiling  water. 

Dose,  Vs  to  14  grain  (0.008  to  0.015  Gm.). 

Podophylli  Indici  Resina  (Br.),  Resin  of  Indian  Podophyllum.  Ahhr.,  Podoph. 
Indici  Res.     Synonym:   Podophyllum  Emodi  Resin. 

This  is  prepared  from  Indian  podophyllum  in  the  same  way  as  the  resin  is  pre- 
pared from  Podophyllum  pellaium.  Some  authorities  consider  it  more  active  than 
the  resin  prepared  from  the  latter. 

Dose.  Vs  to  Vi,  grain  (0.008  to  0.015  Gm.). 

Podophylli  Indici  Riiizoma  (Br.),  Indian  Podophyllum  Rhizome.  Ahhr.,  Podoph. 
Ind.  Rhizom.    Synonym,:  Podophyllum  Emodi  Rhizome. 
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The  dried  rhizome  and  roots  of  Podophyllum  emodi  Wall.  Odor  slight;  taste 
bitter  and  acrid;  color  pale  brown. 

Dose,  1/4  to  1  grain  (0.016  to  0.06  Gm.). 

ExTRACTUM  PoDOPHYLLi  (unofficial).  Extract  of  Podophyllum.  Ahhr.,  Ext.  Podoph. 
Synonym:   Powdered  Extract  of  Podophyllum. 

A  pilular  extract,  rather  weaker  than  the  resin. 

Dose,  14  to  1/2  grain  (0.015  to  0.03  Gm.). 

Fluidextractum  Podophvlli  (U.S.  IX.),  Fluidextract  of  Podophyllum.  Ahhr., 
Fldext.  Podoph. 

Each  cc.  equals  1  Gm.  of  the  crude  drug,  with  an  alcoholic  content  of  about  80 
percent. 

Dose,  4  to  12  minims  (0.25  to  0.75  cc). 

TiNCTURA  PoDOPHYLLi  (Br.),  Tincture  of  Podophyllum.    Alhr.,  Tr.  Podoph. 

Prepared  by  macerating  resin  of  podophyllum,  36.5  Gm.  in  one  liter  of  90  percent, 
alcohol.    Tincture  podophylli  indici  (Br.)  is  the  same  strength. 

Dose,  5  to  20  minims  (0.3  to  1.3  cc). 

Ipomcea  (U.S.  X.),  Ipomoea.  Ahhr.,  Ipom.  Synonyms:  Orizaba  Jalap  Root, 
Mexican  Scammony  Eoot. 

It  is  the  dried  root  of  Ipomoea  orizahensis  Ledenois  (Fam,  Convolvulaceoe),  yielding 
not  less  than  15  percent,  of  total  resin.  In  powder  it  is  light  grayish-brown;  odor 
distinct,  somewhat  aromatic;  taste,  slightly  sweet,  becoming  somewhat  acrid. 

Dose,  2  to  6  grains  (0.12  to  0.4  Gm.). 

ScAMMONi^  Radix  (Br.),  Scammony  Root,    Ahhr.,  Scam.  Rad. 

The  dried  root  of  Convolvulus  scam^nonia  Linne  (Fam.  Convolvulacece).  The 
powdered  root  is  light  grayish-brown  color;  odor,  slight;  resembling  that  of  jalap; 
taste,  very  slightly  sweet,  becoming  slightly  acrid.  The  root  is  used  only  as  a  source 
of  the  resin,  never  being  given  in  its  crude  form. 

Resina  Ipomcea  (U.S.  X.),  Resin  of  Ipomea.  Ahhr.,  Res.  Ipom.  Synonym: 
Scammony  Resin. 

A  mixture  of  resins  obtained  from  scammony  root  or  orizaba  jalap  rodt.  It  is 
completely  soluble  in  alcohol,  and  nearly  so  in  ether  and  is  soluble  in  alkaline  aqueous 
solutions  with  the  aid  of  gentle  heat.     Odor,  characteristic  and  agreeable. 

Dose,  2  to  8  grains  (0.12  to  0.5  Gm.). 

PuLvis  Scammoni^  Compositus  (Br.),  Compound  Powder  of  Scammony.  Ahhr., 
Pulv.  Scammon.  Co.  .  i.ri'.i,  ;;  /;   i!  r  '-.■' 

Composed  of  powdered  scammony  resin,  50  parts;  jalap,  35  parts,  and  ginger, 
15  parts,  mixed  intimately. 

Dose,  10  to  20  grains  (0.6  to  1.2  Gm.). 

Stillingl\  (N.F.),  Stillingia.    Ahhr.,  Stilling.    Synonym:  Queen's  Root. 

The  dried  roots  of  Stillingia  sylvatica  Linne  (Fam.  Eupliorhiacew).  Odor,  dis- 
tinct; taste,  bitter,  acrid,  and  pungent.  The  powdered  root  is  pinkish-brown  or  light 
reddish-brown. 

Dose,  20  to  40  grains  (1.2  to  2.6  Gm.). 

Fluidextractum  Stillingia  (N^.F.),  Fluidextract  of  Stillingia,  Ahhr.,  Fldext. 
Stilling.    Synonym:    Fluidextract  of  Queen's  Root. 

Each  cc.  represents  1  Gm,  of  the  crude  drug.  Alcoholic  content  about  52  percent, 
by  volume. 

Dose,  20  to  40  minims  (1.2  to  2.6  cc). 

Fluidextractum  Stillingia  Compositum  (N.F.),  Compound  Fluidextract  of 
Stillingia.  Ahhr.,  Fldext.  Stilling.  Co.  Synonym:  Compound  Extract  of  Queen's 
Root. 
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Stillingia,  25  percent.;  corydalis,  25  percent.;  blue  flag,  12.5  percent;  sambucus, 
12.5  percent. ;  chimaphila,  12.5  percent. ;  coriander,  6,3  percent. ;  prickly  ash  berries, 
6,2  percent.     Alcoholic  content  about  30  percent.,  glycerin  about  17  percent. 

Dose,  20  to  60  minims  (1.3  to  4  cc). 

Syrupus  Stillixgle  Compositus  (N.F,),  Compound  Syrup  of  Stillingia.  Ahhr., 
Syr.  Stilling.  Co. 

Each  tluidram  represents  about  15  minims  of  the  compound  extract  of  stillingia. 

Dose,  1/2  to  1  fluidram  (2  to  4  cc). 

Oleum  Ricini  (U.S.  X.),  Castor  Oil.    Ahhr.,  01.  Ricin. 

A  fixed  oil  obtained  from  the  seeds  of  Ricinus  communis  Linne  (Fam.  Euphor- 
hiacece).  Castor  oil  is  a  pale,  yellowish,  or  almost  colorless,  transparent,  viscid  liquid, 
having  a  faint,  mild  odor,  and  a  bland,  afterwards  slightly  acrid,  and  generally  nause- 
ating taste.  The  seeds  contain  starch,  albumin,  gum  and  a  large  amount  of  fixed  oil. 
The  seeds  contain  also  the  poisonous  protein,  ricin,  which  renders  their  use  medicinally 
impossible. 

Antagonists  and  Incompatihles. — Lime  water,  the  alkaline  hydroxides;  and  many 
of  the  metallic  oxides  are  incompatible. 

Synergists. — Olive  oil  and  other  fixed  oils. 

Dose,  4  to  16  fluidrams  (15  to  60  cc). 

Emulsum  Olei  Ricini  (N.F.),  Emulsion  of  Castor  Oil.    Ahhr.,  Emul.  01.  Ricin. 

Contains  35  percent,  of  castor  oil,  with  tincture  of  vanilla,  syrup  and  water. 

Dose,  1  to  2  fluidounces  (30  to  •60  cc). 

Oleum  Ricini  Aromaticum  (N.F.),  Aromatic  Castor  Oil.    Ahhr.,  01.  Ricin.  Arom. 

Castor  oil  flavored  with  0.05  percent,  of  glucide,  and  with  oil  of  clove,  oil  of 
cinnamon,  vanillin,  coumarin  and  alcohol. 

Dose,  2  to  8  fluidrams  (8  to  30  cc). 

MiSTURA  Olei  Ricini  (Br.),  Castor  Oil  Mixture.    Synonym:  Castor  Oil  Emulsion 

Two  fluidounces  contain  6  fluidrams  of  the  oil. 

Dose,  V2  to  2  fluidounces  (15  to  60  cc). 

Oleum  Tiglii  (U.S.  X.),  Croton  Oil.    Ahhr.,  01.  Tiglii. 

A  fixed  oil  expressed  from  the  seeds  of  Croton  tiglium  Linne  (Fam.  Euphorhi- 
acece).  Croton  oil  is  a  pale-yellow  or  brownish-yellow,  somewhat  viscid  and  slightly 
fluorescent,  liquid,  having  a  slight  characteristic  odor.  Great  caution  is  necessary  in 
tasting  it,  and  it  must  be  handled  carefully  as  it  causes  a  pustular  eruption  when 
applied  to  the  skin.  It  is  slightly  soluble  in  alcohol,  the  solubility  increasing  with 
age;  freely  soluble  in  ether,  chloroform  and  in  fixed  or  volatile  oils. 

Dose,  1/2  to  2  minims  (0.03  to  0.12  cc). 

Linimentum  Crotonis  (Br.),  Liniment  of  Croton  Oil.  Ahhr.,  Lin.  Croton.  Syno- 
nym:  Linimentum  Tiglii. 

Croton  oil,  12  parts;  Oil  of  cajuput,  44  parts;  Alcohol  (90  percent.),  44  parts. 

'Dose,  10  to  30  minims  (0.6  to  2  cc)  to  limited  surface. 

Therapeutics,  General:  Cathartics  have  a  fourfold  therapeutic  application:  (1) 
the  relief  of- constipation,  acute  or  chronic;  (2)  the  removal  of  irritating  or  poisonous 
material  from  the  bowel  or  the  prevention  and  cure  of  entero-intoxication  (so-called 
intestinal  auto-intoxication) ;  (3)  the  removal  of  dropsical  accumulations,  and  (4) 
the  equalization  of  the  circulation  in  cases  of  cerebral  or  pulmonary  congestion. 

1.  In  acute  constipation  when  no  mechanical  obstruction  exists  and  when  inflam- 
mation is  absent,  resort  should  be  had  first  to  milder  measures,  such  as  a  large  enema  of 
soapsuds,  alone  or  mixed  with  some  bland  oil,  and  perhaps  with  turpentine  when 
there  is  much  gaseous  distention.  If  this  fails,  no  time  should  be  wasted  with  mild 
laxatives,  but  a  full  purgative  dose  must  be  given— of  castor  oil,  preferably  when  the 
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stomach  is  tolerant  of  it ;  if  not,  a  saline,  or  one  or  two  compound  cathartic  pills  may 
be  prescribed.  Castor  oil  is  so  much  the  best,  however,  that  gastric  tolerance  should 
be  induced,  if  possible.  Cocaine  hydrochloride  (V2  grain — 0.03  Gm.  in  a  teaspoonful 
water)  may  be  given  20  minutes  before  the  oil  and  to  the  latter  10  or  20  minims  of 
paregoric  and  a  teaspoonful  or  two  of  compound  spirit  of  lavender,  may  be  added. 
The  tannin-containing  cathartics  are  contraindicated  by  reason  of  their  constipating 
after-effects.  Antispasmodics — as  atropine,  and  the  benzyl  esters,  and  in  some  cases 
even  opium,  are  useful. 

Habitual  constipation  may  seem  a  trifling  matter  to  occupy  attention  but  it  is 
not.  It  is  a  source  of  distress,  sometimes  of  danger.  It  necessitates  study  to  de- 
termine its  mechanism  (especially  whether  secretion  or  bowel  tone  is  at  fault;  and 
in  the  latter  case,  whether  the  condition  is  atonic,  or  spastic,  or  both) ;  while  both 
patient  and  physician  must  have  patience  and  persistence  in  applying  remedies. 

Extreme  care  is  needed  in  the  selection  of  drugs,  as  almost  all  the  cathartics, 
when  given  continuously,  tend  to  induce  paralysis  by  exhaustion. 

The  active  cathartics  are  to  be  avoided  if  possible,  resort  being  had  rather  to 
the  dietetic  or  mechanical  laxatives.  Some  mild  purge,  such  as  a  moderate  dose  of 
milk  of  magnesia  or  of  senna,  or  licorice  powder,  taken  at  bedtime  or  the  smallest 
effective  dose  of  one  of  the  salines  (preferably  Kochelle  salt  or  sodium  phosphate  or 
sodixmi  or  magnesium  sulphate)  in  a  full  glass  of  cool  water  on  rising,  or  a  mixture 
of  salts,  as  in  a  natural  mineral  water,  is  permissible,  if  not  used  excessively,  either 
in  quantity  or  frequency.  No  one  agent  should  'be  taken  continuously,  nor  are  fixed 
formulas  of  composite  pills  desirable.  Extemporaneous  associations  adapted  to  the 
special  case  are  best;  and  these  should  be  varied  from  time  to  time. 

In  atonic  cases,  a  pill  of  strychnine,  aloin  and  belladonna  is  much  used,  and 
with  it  podophyllin  and  piperin  are  sometimes  associated.  Ignatia  or  nux  vomica  is 
used  at  times  instead  of  the  strychnine.  Hyoscyamus  also  is  eligible  as  a  corrigent 
to  prevent  griping.  Sometimes  phenolphthalein  is  used,  alone  or  in  combination 
with  one  or  more  of  the  synergists  mentioned. 

These  and  similar  associations  are  all  of  temporary  benefit  and  may  be  used  not 
continuously,  but  from  time  to  time,  as  succedanea  of  one  another  or  of  the  other 
agents  stated.  The  resort  to  aloin,  however,  should  not  be  frequent,  nor  continued 
for  any  length  of  time,  and  it  is  best  avoided  altogether.  Atropin  or  belladonna, 
asafetida,  and  benzyl  esters  are  useful  in  spastic  cases.  Mineral  oil  is  especially 
of  service  when  secretions  are  lacking,  but  does  good  in  all  cases  of  stasis,  whether 
spastic,  atonic  or  dependent  on  anatomic  fault. 

The  chief  endeavor  of  the  physician,  however,  should  be  to  do  away,  as  soon  as 
possible  with  the  necessity  of  using  any  drug,  through  regulation  of  diet  and  through 
inducing  his  patient  to  cultivate  regular  habtis,  which  may  be  aided,  when  necessary, 
by  the  timely  and  appropriate  use  of  exercise,  enema,  massage  and  certain  electric 
applications — especially  sinusoidal  galvanofaradism.  Medicaments  also  find  their 
proper  place  in  this  scheme.  Assuming  the  case  to  be  one  of  deficient  peristalsis 
chiefly,  it  is  best  to  have  the  patient  take  a  tonic  laxative  pill  at  night,  after  the 
evening  meal  or  at  bedtime;  to  go  to  stool  immediately  after  breakfast,  and  if  the 
motion  does  not  come,  to  induce  it  with  an  enema,  small  or  large,  as  need  be,  of  warm 
salt  water  or  warm  soapsuds.  Another  pill  may  then  be  taken  and  if  two  daily  (one 
night  and  morning)  do  not  answer  without  the  enema,  a  third  may  be  taken  after 
the  midday  meal.  Sometimes  a  pill  of  cascara,  alone  or  with  nux  vomica  and  bella- 
donna, can  be  taken  daily  with  satisfactory  results,  and  without  necessity  of  increasing 
the  dose.  Liquid  petrolatum,  with  or  without  agar  or  phenolphthalein,  may  be  added 
at  bedtime,  occasionally  or  regularly  and,  especially  when  secretions  are  somewhat 
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deficient,  the  feces  tending  to  be  hard  and  dry.  The  electric  applications  may  be  made 
coincidently  with  this  regime,  once  or  twice  or  three  times  weekly,  preferably  in  the 
later  afternoon.  These,  however,  may  be  reserved  for  the  more  difficult  cases.  When 
they  are  not  available,  massage  by  a  skillful  operator  may  be  substituted.  As  improve- 
ment occurs — and  it  will  occur  wlion  (perhaps  as  a  result  of  "trial  and  error")  the 
right  conjunction  of  remedies  and  the  right  dosage  for  the  individual  patient  has 
been  found — the  frequency  of  administration  and  the  quantity  of  medicament  are 
to  be  progressively  reduced ;  and  finally  the  maintenance  of  the  good  habit  induced 
or  restored,  is  to  be  left  to  diet  and  exercise,  with  perhaps  an  occasional  dose  of 
appropriate  kind,  or  occasional  return  to  the  aid  of  massage  or  electricity. 

Among  the  medicaments  to  be  employed  from  time  to  time  as  adjuvants  in  the 
treatment,  as  above  outlined,  of  habitual  constipation,  are  those  that  promote  the 
flow  of  bile,  whether  by  increasing  the  quantity  of  secretion  or  lessening  its  viscosity, 
or  both.  Thus,  not  only  certain  resinoids,  as  Icptandrin,  iridin,  euonymin,  podophyllin, 
commonly  included  among  the  cathartic  drugs,  but  also  the  bile-salts,  either  in  the 
form  of  purified  bile,  or  as  sodium  taurocholate  or  glycocholate  or  a  mixture  of  these, 
the  salicylates,  the  succinates,  taraxacum,  rhubarb,  chelidonium,  the  two  chlorides  of 
mercury  and  blue  mass,  find  occasional  indications.  The  mercurials,  however,  must 
not  be  used  frequently.  Sulphur,  either  alone  or  in  licorice  powder,  is  among  the  most 
useful  of  laxatives  and  is  commonly  well  borne  for  prolonged  periods,  if  necessary. 
Piperin  or  capsicum  in  small  doses  (^^2  to  Vs  grain — 5  to  8  mgm.)  makes  a  useful 
addition  to  tonic  laxative  associations. 

2.  It  not  infrequently  happens,  especially  in  the  young,  that  some  indigestible 
material  has  been  eaten  which  lodges  in  some  part  of  the  intestinal  tract,  irritating 
it  and  causing  diarrhea.  The  indication  here  is  to  effect  the  removal  of  the  source 
of  irritation  by  a  mild  purge,  such  as  castor  oil,  or  two  grains  of  calomel  in  divided 
doses  at  bedtime  followed  by  a  saline  on  arising  in  the  morning.  In  some  cases  it 
may  be  preferable  to  give  one  or  two  full  doses  of  rhubarb  in  order  to  take  advantage 
of  its  after-constipating  effect.  Castor  oil  and  aromatic  syrup  of  rhubarb,  equal  parts, 
make  a  palatable  mixture,  of  which  one  or  two  teaspoonfuls  may  be  given  to  a  child, 
or  one  or  two  tablespoonf uls  to  an  adult ;  the  dose  to  be  repeated  in  two  hours,  if 
needed.  This  commonly  empties  the  bowel  pleasantly  and  effectually  and  binds  suf- 
ficiently afterwards.  The  addition  of  10  or  15  drops  (1  cc.)  of  paregoric  to  the 
dose,  does  not  interfere  with  the  cleansing  effect;  while  it  increases  palatability  and 
minimizes  any  tendency  to  griping.  In  poisoning  by  food  products,  and  especially 
in  the  enterocolitis  or  so-called  summer  diarrhea  of  infants  and  young  children, 
caused  by  contaminated  milk,  castor  oil  is  possibly  the  best  remedy  at  command. 
While  strength  is  supported  with  brandy  in  sufficient  quantity  and  diet  is  properly 
regulated — perhaps  restricted  to  water,  barley  broth  or  barley  water,  pressed  meat 
juice  in  small  quantity — the  oil  is  to  be  given  in  small  repeated  doses,  V2  to  1  tea- 
spoonful,  every  hour  to  every  2,  3  or  4  hours,  according  to  the  urgency  of  the  case 
and  the  results  observed.  This  routine  may  have  to  be  kept  up  for  days.  It  is  some- 
times wisely  supplemented  by  cleansing  and  stimulant  enemas. 

Many  symptoms  of  varied  character,  from  headache  and  vertigo  to  paroxysms  of 
asthma,  arise  from  the  absorption  of  waste  products  or  bacterial  poisons  from  the 
stagnating  contents  of  the  intestinal  canal.  This  may  occur,  not  only  in  cases  of 
frankly  chronic  constipation,  but  also  despite  apparently  satisfactory  motions,  daily 
or  even  two  or  three  times  a  day.  There  is  so  much  difference,  indeed,  between  a 
motion  and  an  evacuation,  that  the  very  fact  of  two  or  more  motions  recurring  daily 
should  raise  the  question  of  whether  there  is  a  proper  emptying  of  the  bowel  at  any 
time.     If  it  appear  that,  by  reason  of  anatomical  fault,  congenital  or  acquired,  of 
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spastic  conditions,  of  slgguishness  in  the  movement  of  the  lateral  streams,  or  of  similar 
cause  of  partial  retention  of  fecal  matters,  the  apparent  regularity  of  bowel-action 
is  misleading,  it  will  be  necessary  from  time  to  time,  while  endeavoring  to  remedy  the 
underlying  fault,  to  resort  to  measures  of  cleansing  and  disinfection.  Irrigations, 
repeated  if  necessary,  are  useful ;  and  buttermilk  or  similar  products  made  with  lactic- 
acid  producing  bacilli — B.  bulgaricus,  B,  acidophilus,  etc. — as  well  as  cultures  of  these 
organisms,  are  commonly  highly  beneficial.  Yeasts,  too,  are  among  the  eligible  agents. 
When  no  organic  contraindication  exists,  massage  and  electric  applications  are  often 
very  helpful.  These  tend  to  reduce  the  frequency  of  necessary  resort  to  drugs. 
Nevertheless  occasional  doses  of  cathartics,  as  castor  oil  or  blue  mass  followed  by  a 
saline,  or  even  a  hydragogue,  such  as  colocynth,  may  be  called  for.  As  a  preventive 
in  such  cases,  the  daily  use  of  liquid  petrolatum  to  lubricate  the  intestinal  contents 
and  prevent  their  adhesion  to  the  wall  of  the  gut,  especially  when  so-called  "kink"  is 
present,  often  acts  most  satisfactorily. 

In  biliousness,  when  a  single  "clearing  out"  is  desired,  the  mercurials  and  salines 
are  best  adapted  to  the  purpose ;  or  mixtures  containing  small  amounts  of  the  purgative 
resins  may  be  employed.  Full  doses  of  podophyllin  may  be  used  alone.  Castor  oil 
tends  to  constipate,  but  is  useful  as  a  cleansing  agent.  The  mixture  with  rhubarb 
may  be  used. 

A  secondary  effect  of  disembarrassing  the  intestine  of  toxic  or  irritating  materials 
and  of  draining  the  tissues  of  an  excess  of  fluids,  may  be  an  improvement  in  the 
digestive  function  not  only  of  the  intestine  but  of  the  stomach  as  well.  This  seems 
to  be  particularly  the  case  when  bitter  laxatives  are  used  or  when  those  having  a 
supposed  action  on  the  liver,  such  as  rhubarb  with  ipecac,  are  given. 

3.  The  removal  of  dropsical  effusions,  especially  in  the  large  serous  cavities, 
may  often  be  effected  by  the  use  of  hydragogue  cathartics  in  conjunction,  perhaps, 
with  diuretics.  Compound  jalap  powder  is  quite  effective.  When  no  contraindication 
exists  the  action  may  be  aided  by  calomel. 

4.  In  cerebral  congestion  threatening  apoplexy,  life  may  be  saved  by  the  prompt 
exhibition  of  some  quickly  acting  and  irritant  purgative,  together  with  a  hydragogue. 
This  is  called  a  derivative  action ;  the  blood  being  temporarily  drawn  to  the  abdominal 
viscera,  thereby  relieving  the  brain,  while  its  volume  is  at  the  same  time  reduced  by 
loss  of  fluid.  Pulmonary  congestion  or  edema  may  sometimes  be  averted  or  remedied 
by  the  same  means.  Elaterin  and  croton  oil  are  eligible  agents.  Jalap,  colocynth, 
calomel  and  salines  may  assist. 

It  may  here  be  repeated  that  there  is  considerable  difference  in  the  tendency  of 
the  vegetable  cathartics  to  cause  colic  and  griping;  thus  aloes,  rhubarb,  cascara,  and 
elaterium  in  moderate  doses  cause  little  pain,  while  senna,  podophyllin  (in  excessive 
dose),  colocynth  and  scammony  may  gripe  considerably.  Vomiting  is  occasionally 
induced  by  colocynth,  elaterin,  gamboge,  jalap  and  podophyllin. 

Several  of  the  resins  are  topical  irritants;  thus  the  powder  of  jalap,  colocynth 
podophyllum,  elaterin  or  gamboge,  when  inhaled,  irritate  the  nose  and  throat.  Elaterin 
like  croton  oil,  even  irritates  the  unbroken  skin  and  may  cause  ulcers  on  the  hands 
of  persons  handling  it  continuously. 

Several  purgatives  induce  contractions  of  the  uterus.  Of  these  the  most  impor- 
tant is  aloin,  which  should  not  commonly  be  used  by  the  pregnant  woman.  The 
kidneys  likewise  are  affected  by  aloin,  which  causes  a  tubular  nephritis  in  rabbits. 
In  addition  aloin  causes  rectal  congestion  and  should  not  be  prescribed  if  there  are 
hemorrhoids.  Colocynth  and  podophyllotoxin  induce  glomerular  nephritis  when  given 
parenterally.  Drugs  containing  emodin,  especially  rhubarb  and  senna,  give  the  urine 
and  milk  a  yellow  tint,  which  turns  to  purple  if  alkalinized.    Death  has  been  reported 
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as  the  result  of  the  excessive  action  of  certain  drastic  cathartics;  colocynth,  V/i  drams 
(24  Gm.)  ;  chiterin,  2^2  grains  (0.16  Gm.),  and  gamboge  among  others. 

Therapeutics,  Special:  Petholatum  Liquidum. — Since  petrohitum  is  not  absorbed, 
it  can  have  no  systemic  action,  but  it  is  extensively  used  internally  for  the  relief  of 
chronic  constipation.  Its  action  is  purely  mechanical,  as  a  lubricant  facilitating  the 
passage  of  the  contents  of  the  bowel.  Sir  Arbuthnot  Lane  popularized  the  use  of 
mineral  oil  for  this  purpose,  although  it  had  been  suggested  previously;  he  gave  it 
to  prevent  the  arrest  of  the  intestinal  contents  at  the  points  of  narrowing  caused  by 
"kinks"  in  the  gut.  It  is  useful  in  the  treatment  of  colitis,  and  its  continuous  use  is 
said  to  prevent  appendicitis.  Whether  the  light  or  the  heavy  oil  is  to  be  used  is  a 
matter  of  indifference,  though  some  manufacturers  assert,  and  many  practitioners 
believe,  that  the  heavy  oils  are  better  lubricants  and  less  likely  to  "leak"  from  the 
anus.  The  dose  of  liquid  petrolatum  is  from  a  teaspoonful  (4  cc.)  to  2  or  more  ounces 
(30  cc.  up).  It  is  best  given  at  night,  or  if  need  be,  night  and  morning.  Its  efficacy 
may  be  increased  by  shaking  up  with  it  about  10  or  15  grains  (0.6  to  1  Gm.)  of 
washed  sulphur  to  the  tablespoonful  (15  cc). 

pRUNUM. — Prunes  afford  an  acceptable  article  of  diet  in  habitual  constipation. 
They  are  employed  as  the  basis  of  a  number  of  laxative  confections. 

Tamarindus. — Tamarinds  are  laxative  and  are  employed  in  the  manufacture  of 
laxative  confections.  Tamarind  pulp  with  sugar  stirred  into  cool  water  makes  a  re- 
freshing drink  in  feverish  states,  or  in  hot  weather. 

Agar  is  classed  among  the  colloid  laxatives  which  act  by  absorbing  moisture.  Its 
action  is,  however,  purely  mechanical  by  increasing  the  bulk  of  the  contents  of  the 
bowel,  and  so  facilitating,  as  it  were,  the  grasp  of  the  intestinal  muscles  in  peristalsis. 
It  does  not  actually  stimulate  peristalsis,  except  when  it  is  in  such  quantity  as  to 
distend  the  bowel,  so  that  in  atonic  constipation  it  may  be  necessary  to  give  with  it  a 
mild  laxative.  It  is  sometimes  associated  with  mineral  oil.  Purgative  drugs  may  be 
incorporated  in  such  a  mixture,  if  deemed  necessary.  Agar  is  best  given  in  small 
particles,  not  ground  too  line,  in  dose  of  one  or  two  teaspoonfuls  mixed  with  a  cereal, 
or  in  apple  sauce.  A  jelly-like  preparation,  such  as  is  used  for  culture  media  in 
bacteriology,  impregnated  with  cascara,  is  recommended  as  combining  the  advantages 
of  the  two  substances,  but  the  agar  jelly  (called  agar-agar)  does  not  swell  like  the 
crude  agar,  so  that  it  can  be  little  more  than  a  menstruum  for  the  laxative.  The 
dose  of  cascara  jelly  is  2  drams  (8  Gm.)  containing  1  grain  (0.06  Gm.)  of  extract  of 
cascara. 

Fucus  VESICULOSUS  (Bladderwrack)  contains  a  considerable  proportion  of  readily 
assimilable  iodine  and  was  at  one  time  given  raw  or  in  the  form  of  charcoal  in  the 
treatment  of  goiter  and  as  an  antifat  remedy.  This  and  several  other  species  of 
Fucus  and  of  Laminaria,  given  in  finely  chopped  particles,  are  sometimes  used,  like 
agar,  to  relieve  costiveness  by  increasing  the  bulk  of  the  intestinal  contents. 

Glycerinum. — The  external  uses  of  glycerin  are  discussed  in  the  section  on 
Emollients,  with  it-s  pharmacodynamic  action. 

Glycerin  has  been  recommended  on  theoretical  grounds  for  the  relief  of  acid 
dyspepsia  and  flatulence,  but  its  antiseptic  action  is  too  feeble  to  be  of  much  service 
in  such  cases.  It  has  been  given  also  in  doses  of  V2  fluidounce  (15  cc.)  every  hour 
for  six  or  eight  hours  to  destroy  trichinella,  if  the  discovery  that  infested  meat  has 
been  eaten  is  made  in  time;  it  is  fatal  to  the  young  worms  in  the  intestine  but, 
of  course,  has  no  effect  after  they  have  migrated  into  the  muscles.  Glycerin  by- 
rectal  injection,  1  to  4  fluidrams  (4  to  8  cc),  or  in  the  form  of  the  official  sup- 
pository, causes  a  prompt  evacuation  of  the  lower  bowel.  This  is  due  to  irrita- 
tion of  the  rectal  mucous  membrane,  and  the  practice  should  therefore  not  become 


1174  ALIMENTARY  STIMULANTS 

habitual  lest  a  proctitis  be  set  up  thereby,  or  the  response  of  the  musculature  to 
the  irritation  may  be  weakened  after  repeated  use  of  the  suppositories.  Given 
by  mouth  in  dose  of  a  fluidounce  (30  cc.)  glycerin  acts  as  a  gentle  laxative.  Glycerin 
has  been  proposed  as  a  succedaneum  for  sugar  in  diabetes  mellitus,  but  its  Tise  for 
this  purpose  is  not  advisable  as  it  has  little  nutritive  value.  Bartholow  states  that 
the  internal  use  of  glycerin  has  been  resorted  to  with  success  in  the  treatment 
of   acne. 

Manna. — In  ordinary  doses  manna  acts  as  a  mild  laxative,  usually  without  any 
by-effects,  but  occasionally  causing  a  little  griping.  It  is  a  useful  laxative  for  chil- 
dren, but  its  administration  should  not  be  long  continued,  lest  a  laxative  habit  be 
formed. 

Magnesh  Carbonas. — Topical. — Magnesium  carbonate  being  a  light,  friable  and 
insoluble  powder  is  sometimes  used  as  a  dusting  powder  to  prevent  friction  and 
consequent  irritation   between   opposing  skin   surfaces. 

Systemic. — The  carbonate,  like  the  oxide  of  magnesium,  is  antacid,  and  one  or 
the  other  may  be  given  according  to  the  effect  desired;  the  carbonate  in  contact  with 
the  gastric  acids  is  decomposed,  with  the  formation  of  carbon  dioxide,  and  this  in 
small  quantity  exerts  an  anodyne  effect,  but  in  large  quantity  may  cause  pain  by 
reason  of  the  distention  produced.  In  dose  of  1  to  2  drams  (4  to  8  Gm.)  magnesium 
carbonate  is  cathartic  if  it  comes  in  contact  with  acid  in  the  stomach,  but  when 
there  is  no  acid  or  an  insufficient  amount  there  is  no  purgative  action.  For  this 
reason,  when  such  action  is  desired,  it  is  useful  to  follow  its  administration  with 
a  glass  of  lemonade,  or  preferably  the  solution  of  magnesium  citrate  may  be  given 
in  dose  of  6  or  12  fluidounces  (180  or  360  cc),  the  former  laxative,  the  latter 
purgative. 

Magnesii  Oxidum. — Topical. — Calcined  magnesia  is  used  externally  as  a  dusting 
powder,  and  has  been  recommended  as  a  dressing  for  ulcers  and  burns.  In  the  form 
of  milk  of  magnesia  (magma  magnesias)  the  hydroxide  is  widely  used  as  an  antacid 
mouth  wash  and  dentifrice. 

Systemic. — Internally  magnesium  oxide  is  a  favorite  remedy  for  gastric  acidity 
with  constipation.  It  is  preferred  to  the  carbonate  in  many  cases  because  of  the 
non-production  of  carbon  dioxide  gas  when  it  is  acted  upon  by  the  acid  of  the 
stomach.  If  given  when  there  is  no  acid  secretion  in  the  stomach  it  will  have  no 
purgative  action,  and  must,  therefore,  be  given  with  lemonade  or  some  other  acid 
drink.  It  often  promptly  relieves  sick  headache  and  "biliousness."  The  heavy  oxide 
of  magnesia  is  to  be  preferred  to  the  light  because  of  the  greater  bulk  of  the  latter. 

Milk  of  Magnesia. — This  is  a  safe  and  pleasant  laxative  for  children  as  well  as 
adults.  A  child  of  4  years  may  take  a  teaspoonful  or  less,  an  adult  from  a  teaspoonful 
to  a  tablespoonful  or  more.     It  is  best  given  before  breakfast. 

Magnesii  Sulphas. — The  action  of  the  saline  cathartics,  when  given  by  the 
mouth,  is  chiefly  topical  rather  than  systemic,  as  is  shown  by  the  very  different 
effects  of  magnesium  sulphate  when  given  by  the  mouth  and  when  given  subcutane- 
ously  or  intraspinally.  By  the  former  mode  of  administration  Epsom  salt  is  a  very 
efficient  evacuant,  producing  watery  stools  with  seldom  any  griping,  and  is  also 
diuretic.  The  use  of  the  drug  as  a  purgative  is  indicated  whenever  prompt  action 
is  called  for,  when  it  is  desirable  to  cleanse  the  bowel  of  offending  or  poisonous 
material,  to  relieve  cerebral  congestion  or  edema  or  to  obtain  watery  evacuations  in 
ascites  or  other  forms  of  dropsy.  To  obtain  the  latter  effect  the  drug  is 
best  given  in  small  doses  in  concentrated  solution  (100  Gms.  in  as  many 
cc.  of  water  or  digestant  vehicle)  frequently  repeated.  When  used  as  a  cathartic, 
its  action  on  the  central  nerve  system  is  sometimes  manifested  by  a  tendency  to  faint- 
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ness  when  it  acts.  The  ordinary  full  purgative  dose  is  l^  ounce  (15  Gm.)  well  diluted, 
but  as  a  somewhat  regular  morning  dose  not  over  1  dram  (4  Gm.)  is  to  be  advised. 
In  some  cases  of  acute  food  poisoning  or  indigestion,  in  mild  catarrhal  appendicitis, 
in  lead  colic  and  in  similar  conditions,  an  ounce  (30  Gm.)  of  magnesium  sulphate  with 
from  1/4  to  1  grain  (0.016  to  0.00  Gm.)  of  morphine  sulphate  may  be  dissolved  with 
the  aid  of  SO  to  100  minims  (5  to  6  cc.)  of  dilute  sulphuric  acid  in  4  ounces  (125  cc.) 
of  water  and  one  tablcspoonful  of  this  solution  with  an  ounce  of  water,  be  adminis- 
tered hourly  until  free  purgation  results.  Sometimes  after  4  doses  have  been  given 
it  is  well  to  wait  2  hours  for  possible  effect  before  giving  the  next  dose,  and  after 
that  3  hours  before  giving  another.  Tlie  same  treatment  may  be  repeated  the  following 
day  if  necessary.  Obviously  in  appendicitis  of  operative  type,  the  practice  is  contra- 
indicated.  This  can  be  avoided  by  giving  a  smaller  quantity  and  associating  it  with 
sodium  sulphate. 

When  administered  parenterally,  magnesium  sulphate  is  a  paralysant  of  the 
muscular  and  nerve  systems  (see  the  section  on  Nerve  Depressants). 

PoTASSii  BiTARTRAS. — Topicol. — The  powder  has  been  used  as  a  dressing  for  boils 
and  carbuncles  with,  it  is  claimed,  a  curative  action. 

Systemic. — This  salt  is  a  mild  saline  cathartic,  used  more  often  to  make  a 
refreshing  drink  for  hot  weather  and  in  feverish  conditions  than  to  flush  the  intes- 
tine. It  is  an  active  diuretic  as  well  as  a  cathartic  and  the  combined  action  proves 
very  useful  when  it  is  desired  to  drain  dropsical  tissues  and  cavities  of  their  fluid. 
It  also  serves  to  alkalinize  the  tissues  and  the  urine,  and  is  thus  of  service  when 
there  is  a  tendency  to  acidosis.  A  mixture  of  cream  of  tartar  and  sulphur  was  long 
a  household  medicine  for  "cleansing  the  blood"  and  curing  or  preventing  boils. 

Potassium  bitartrate  is  used  in  domestic  practice  in  the  form  of  "tartar  lemon- 
ade" :  A  teaspoonful  to  a  tablespoonful  of  the  salt  is  dissolved  in  a  pint  to  a  quart 
of  hot  lemonade,  which  the  patient  sips  from  time  to  time,  or  takes  in  two  or  three 
portions,  always  heated,  at  intervals  of  three  or  four  hours.  This  is  a  useful  diuretic 
and  is  sometimes  added  to  other  diuretic  infusions  or  mixtures.  The  "imperial  drink," 
which  has  been  revived  and  associated  as  an  alkaline  diuretic  in  mercurial  poisoning 
(Lambert),  is  made  by  dissolving  half  an  ounce  of  cream  of  tartar  in  3  pints  of 
boiling  water  and  adding  4  ounces  of  sugar  and  ^2  ounce  of  fresh  lemon  peel. 

PoTASsii  BoROTARTRAS. — The  action  of  this  salt  is  similar  in  every  respect 
to  that  of  cream  of  tartar,  and  there  would  seem  to  be  no  reason  for  its  employ- 
ment. 

PoTAS.sii  Tartras. — Neutral  potassium  tartrate  is  similar  in  its  action  to  the 
bitartrate,  but  by  reason  of  its  bitter  taste  it  enjoys  less  favor  for  use  as  a  saline 
cathartic  or  diuretic  than  the  latter. 

Certain  so-called  fruit-cures  in  vogue  in  Europe,  especially  in  the  grape-growing 
districts,  probably  depend  for  their  effects  in  large  part  upon  the  action  of  the  salts 
of  vegetable  acids.  In  the  grape-cure  and  raisin-cure,  for  example,  large  quantities 
of  alkaline  tartrates  are  taken  together  with  a  certain  amount  of  grape  sugar.  The 
action  is  described  as  "diuretic,  laxative  and  nutritive."  Metabolism,  especially 
nitrogenous  exchange,  is  said  to  be  diminished,  but  not  perverted;  in  other  words, 
there  is  a  checking  of  tissue  waste  without  interference  with  oxidation.  Biliary 
secretion  is  reported  to  be  increased,  and  there  is  notable  lessening  in  the  urinary 
acidity  and  in  the  excretion  of  uric  acid. 

The  raisin-cure  is  employed  principally  in  the  treatment  of  constipation,  of 
intestinal  dyspepsia  from  overeating,  of  gout,  and  of  malnutrition  in  young  and 
chlorotic  girls.  In  the  latter  class  of  cases,  however,  the  grape-cure,  when  accom- 
panied with  open-air  life,  seems  preferable. 
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PoTAsn  Sulphas. — This  is  a  mild  laxative  in  dose  of  30  grains  (2  Gm.),  and 
purgative  in  larger  dose  up  to  2  drams  (8  Gm,).  In  large  doses,  however,  especially 
when  not  in  very  dilute  solution,  it  is  irritant  and  even  poisonous.  It  is  sometimes 
given  in  small  repeated  doses,  after  a  stillbirth,  or  the  death  of  a  young  infant, 
to  suppress  the  secretion  of  milk. 

Potash  et  Sodii  Tartras. — ^Eochelle  salt  is  a  laxative  in  moderate  doses,  purga- 
tive in  large  ones;  in  quite  small  and  repeated  doses  it  acts  as  an  alkalizer  of  the 
blood  and  urine,  and  is  thus  useful  in  cases  of  mild  acidosis.  It  is  a  favorite  laxa- 
tive among  the  laity  as  it  is  less  unpalatable  than  Epsom  salt,  or  the  neutral  tartrate 
of  potassium.  The  preferable  mode  of  administration  is  in  the  form  of  the  well- 
known  and  popular  Seidlitz  powder. 

Aside  from  its  use  as  an  occasional  purgative,  like  any  of  the  other  saline 
cathartics,  it  may  safely  be  given  in  small  doses,  1  to  2  teaspoonfuls,  in  a  sufficient 
quantity  of  water  every  morning  over  prolonged  periods;  thus  to  diabetic,  cardiac 
and  nephritic  patients  as  a  preventive  of  constipation;  as  also  to  children  and  old 
persons  in  whom  it  may  be  desired,  for  any  reason,  to  keep  up  for  some  time  gentle 
purgation  with  slightly  serous  discharges. 

Sodii  Phosphas. — This  is  an  effective  laxative  or  cathartic,  according  to  the 
size  of  the  dose,  similar  to  but  less  active  than  magnesium  sulphate.  For  ordinary 
purposes  as  a  laxative  it  is  preferable  to  Epsom  salt,  especially  in  the  case  of  chil- 
dren, by  reason  of  its  greater  palatability ;  it  is  also  to  be  preferred  to  the  other 
saline  cathartics  for  long-continued  use,  although,  like  the  other  salines,  it  induces 
a  tendency  to  constipation.  It  is  believed  to  be  a  cholagogue  and  hepatic  stimulant 
as  well  as  a  laxative,  and  its  use  is,  therefore,  recommended  by  many  practitioners 
for  "biliousness"  and  for  constipation  or  diarrhea  with  light  colored  stools,  and  some- 
times jaundice,  especially  in  children.  For  this  condition  the  salt  may  be  given  in 
doses  of  15  to  30  grains  (1  to  2  Gm.)  in  water  three  times  a  day  after  meals.  The 
laxative  adult  dose  is  1  dram  (4  Gm.).  A  convenient  and  pleasant  form  of  adminis- 
tration is  the  effervescent  sodium  phosphate. 

Sodii  Sulphas. — Glauber's  salt  is  laxative  and  somewhat  diuretic  in  small  doses, 
cathartic  in  large  ones  (V2  to  1  ounce — 15  to  30  Gm.).  Its  taste  is  disagreeable  and 
it  has  a  tendency  to  cause  painful  colic,  but  it  does  not  cause  faintness  as  Epsom 
salt  sometimes  does.  If  given  in  association  with  one-fourth  part  of  Epsom  salt, 
both  faintness  and  cramps  are  avoided.  It  may  be  rendered  less  unpalatable  by  the 
addition  of  one  of  the  fruit  acids,  such  as  tartaric  or  citric. 

Sodii  Thiosulphas. — This  salt  is  more  fully  discussed  under  the  head  of  sulphur 
antiseptics.  Internally,  sodium  thiosulphate  is  cathartic.  It  is  given  also  as  a  gastric 
antiseptic  for  the  cure  of  water  brash. 

Aloe. — The  cathartic  action  of  aloin  is  exerted  chiefly  upon  the  large  intestine, 
and  is  largely  due  to  an  irritation  of  the  mucous  membrane  stimulating  peristalsis. 
Owing  to  the  congestion  of  the  sigmoid  colon  and  rectum  which  it  causes,  it  should 
be  given  very  cautiously,  if  at  all,  in  the  presence  of  hemorrhoids.  It  is  believed 
by  many  that  the  local  congestion  extends  to  all  the  pelvic  organs,  hence  aloes  is 
regarded  as  useful  in  amenorrhea,  and  the  warning  is  uttered  not  to  give  the  drug 
during  pregnancy  lest  abortion  ensue.  It  is  questionable  how  far  this  property  exists, 
and  the  therapeutic  success  in  amenorrhea  may  be  due  to  the  general  relaxation  fol- 
lowing the  unloading  of  an  impacted  large  intestine.  Aloes  acts  also  as  a  stomachic 
tonic  when  given  in  small  doses,  and  it  is  this  property  no  doubt  that  led  to  its 
use  as  one  of  the  ingredients  of  the  Lady  Webster  and  so  many  other  dinner-pills. 
Bartholow  recommends  it  as  especially  useful  in  overcoming  the  constipation  of 
hypochondriasis  and  melancholia.     The  purgative  action  of  aloe  is  slow,  about  eight 
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hours  being  required,  as  a  rule  for  full  effect.  As  the  drug  may  cause  griping  when 
given  alone,  it  should  be  associated  with  some  carminative ;  and  as  the  action  is  largely 
local,  other  cathartics  acting  on  the  small  bowel  must  be  conjoined  with  it  when  a 
general  purgative  action  is  desired.  Belladonna  and  strychnine,  sometimes 
podophyllin,  are  made  up  with  it  in  pill  or  capsule;  or,  if  given  alone  at  night,  it  may 
be  followed  by  a  quickly  acting  saline  the  next  morning. 

Cascara. — Given  in  small  doses  (1  to  5  grains  of  the  extract)  at  night  or  in  the 
morning,  or  both — less  frequently  three  times  daily — according  to  the  individual 
degree  and  time  of  reaction,  cascara  is  one  of  the  best  of  available  remedies  for  chronic 
constipation.  The  action  is  fairly  sure  and  griping  is  rare.  The  stools  are  soft  but 
not  watery,  and  tendency  to  after-constipation  is  not  great.  Indeed,  in  most  cases, 
both  size  and  frequency  of  dose,  can  gradually  be  lessened.  The  fluidextract  is  also 
an  eligible  preparation  in  doses  of  from  15  to  45  minims  (1  to  3  cc.)  once  to  thrice 
daily.  It  is  helpfully  associated  with  aromatics.  Cascara  may  likewise  be  associated 
with  other  cathartics,  the  dose  of  each  being  reduced.  It  is  particularly  to  be  recom- 
mended in  the  constipation  of  pregnancy,  since  its  use  can  gradually  be  discontinued 
after  childbirth  without  leaving  a  weakened  bowel.  It  is  less  useful,  but  still  among 
the  eligible  agents,  for  occasional  purgation.  Full  doses  are,  then,  commonly 
necessary. 

Cassia  Fistula  is  seldom  prescribed  alone,  although  it  is  said  to  be  well  adapted 
for  continuous  use  in  small  doses  in  the  treatment  of  habitual  sluggishness  of  the 
bowel.  It  is  ordinarily  given  in  the  form  of  confection  of  senna,  of  which  it  is  one 
of  the  ingredients. 

Frangula. — Buckthorn  bark,  when  fresh,  is  an  irritant  emetocathartic  unsuitable 
for  human  medicine,  but  when  thoroughly  dried  (U.S.P.  YIII  required  that  it  be 
kept  at  least  a  year  before  being  used)  it  acts  as  a  mild  laxative,  very  similar  in  its 
action  to  cascara  sagrada  but  requiring  much  larger  doses.  It  is  not  an  agent  of 
choice  when  a  single  purgative  effect  is  desired,  but  is  suitable  for  continuous 
exhibition  for  the  relief  of  chronic  constipation.  It  may  be  given  in  dose  of  15  minims 
(1  cc.)  of  the  fluidextract  timed  and  repeated  according  to  observed  result. 

Rheum. — Rhubarb  is  a  useful  astringent,  bitter  and  stomachic  tonic  as  well  as 
cathartic  and,  indeed,  by  many  practitioners  it  is  regarded  as  more  useful  in  the 
former  aspect  than  in  the  latter.  Its  action  as  a  cathartic  is  chiefly  on  the  large 
intestines,  but  the  relief  of  obstruction  here  not  infrequently  induces  a  more  rapid 
movement  of  the  contents  of  the  upper  bowel  with  the  result  of  a  clearing  out  of  the 
entire  tract.  In  its  after-effects,  owing  to  its  tannin,  it  is  constipating.  This  makes 
it  a  useful  remedy  in  the  summer  diarrhea  of  young  children  and  in  any  diarrhea 
which  is  caused  or  maintained  by  the  presence  of  indigestible  irritants  in  the  bowel. 
A  large  dose  of  rhubarb  causes  the  expulsion  of  the  offending  matter  and  then  quiets 
the  diarrhea  by  its  astringency. 

In  the  administration  of  rhubarb  as  a  stomachic,  the  best  preparations  are  the 
mixture  of  rhubarb  and  soda  (Mistura  rhei  compositus,  N.F.)  and  the  neutralizing 
cordial  (Mistura  rhei  alkalina,  N.F.),  either  being  given  in  dose  of  1  fluidram  (15  cc.) 
after  meals.  By  many  persons  it  is  taken  in  substance,  a  piece  the  size  of  a  pea  or 
small  white  bean  being  chewed  and  swallowed  after  dinner  each  day ;  or  a  correspond- 
ing amount  of  the  powdered  drug  may  be  taken.  The  official  (U.S.)  aromatic  tincture 
or  (Br.)  compound  tincture  is  a  good  form  in  which  to  give  the  drug  for  its  laxative 
or  cathartic  action — 1  fluidram  (15  cc.)  as  a  laxative,  2  fluidrams  (30  cc.)  as  a 
cathartic.  For  repeated  use,  compound  rhubarb  pills  are  to  be  preferred.  For  the 
relief  of  diarrhea,  especially  with  children  and  the  aged,  the  aromatic  syrup,  associated 
with  castor  oil  is  mild,  pleasant  and  effective. 
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Senna. — This  is  one  of  the  most  useful  of  the  vegetable  cathartics,  producing 
copious  stools  in  eight  or  ten  hours.  It  acts  chiefly  on  the  colon,  but  the  small  in- 
testine is  also  stimulated  to  increased  action,  so  that  the  whole  bowel  is  evacuated. 
When  given  alone,  it  is  apt  to  cause  griping,  but  this  is  readily  prevented  by  the  con- 
joint use  of  ginger,  cinnamon  or  some  other  carminative.  All  the  numerous  official 
preparations  of  senna  are  good,  though  the  black  draft  (Infusum  sennse  compositum, 
U.S.  IX)  is  certainly  not  inviting,  even  if  effective.  For  continuous  use  in  the 
treatment  of  habitual  constipation,  an  infusion  of  senna  pods  (six  or  eight  pods  left 
over  night  in  one-half  to  one  glassful  of  cold  water)  is  an  effective  and  kindly  prepa- 
ration, acting  thoroughly  on  the  entire  bowel  without  griping.  Another  favorite  plan 
with  senna-users  is  to  chew  and  swallow  fifteen  or  twenty  senna  leaves  each  day;  this 
usually  assures  a  satisfactory  daily  movement,  without  griping.  One  of  the  best  of 
the  senna  preparations,  both  for  occasional  and  repeated  use,  is  the  compound  licorice 
powder,  which  contains  sulphur.  It  is  to  be  advised  especially  for  pregnant  women 
and  in  the  presence  of  hemorrhoids.  A  good  method  of  administration  is  to  scald 
a  teaspoonful  of  the  powder  by  pouring  over  it  a  cupful  of  boiling  water,  and  then 
to  mix  it  in  clean  hot  water,  and  swallow.  It  is  best  taken  at  night  to  act  in  the 
morning. 

Cathartic  Acid. — This  substance  is  cathartic  in  doses  of  2  to  5  grains  (0.13  to 
0.3  Gm.),  producing  thin  watery  stools  in  the  course  of  ten  to  fourteen  hours.  It 
causes  more  or  less  colicky  pain.  When  given  hypodermically  in  dose  of  2  grains 
(0.13  Gm.),  it  produces  a  copious  evacuation  at  the  end  of  from  8  to  12  hours.  Ca- 
thartic acid  is  useful  when  it  is  desired  to  induce  in  an  unconscious  person  more  active 
purgation  than  can  be  obtained  by  enema. 

Cathartin. — This  is  a  mixture  of  the  magnesium  and  calcium  salts  of  cathartic 
acid.    It  produces  catharsis  in  dose  of  5  grains  (0.3  Gm.)  by  mouth. 

Phenolphthalein. — This  substance  is  a  prompt  and  painless  laxative,  producing 
soft  evacuations.  It  acts  ordinarily  in  four  to  eight  hours,  but  exceptionally  the  effect 
is  very  rapid  and  may  cause  the  patient  much  annoyance.  It  has  been  said  to  irritate 
the  kidneys  and  set  up  albuminuria,  but  such  action  must  be  uncommon  and  probably 
the  expression  of  idiosyncrasy.  Phenolphthalein  increases  the  excretion  of  water  into 
the  gut  and  also  accelerates  peristalsis.  As  an  occasional  aperient,  or  for  continuous 
use  during  a  limited  period,  as  during  travel,  the  drug  is  very  useful;  but  it  is 
inferior  to  cascara  sagrada  for  long-continued  use.  It  may,  if  necessary,  be  admin- 
istered hypodermically  in  solution  of  olive  oil.  When  so  given,  much  of  it  is  excreted 
into  the  intestine  with  the  bile.  After  reaching  the  large  intestine,  it  is  in  part 
reabsorbed  and  again  enters  the  bowel  through  the  bile.  The  laxative  effect  may 
thus  be  continued  for  several  days  (Gushing).  Ordinarily  it  is  given  in  capsule, 
powder  or  tablet,  in  doses  of  from  1/2  grain  (0.03  Gm.)  to  2^/2  grains  (0.13  Gm.).  It 
may  be  associated  with  other  cathartics,  reducing  their  dose.  Under  various  names, 
chiefly  in  the  form  of  tablets  rendered  pink  by  the  presence  of  sodium  bicarbonate, 
it  is  exploited  as  a  proprietary  medicine. 

IsACEN,  introduced  by  Guggenheim,  is  split  up  by  the  alkaline  juices  of  the 
intestine  and  a  purgative  principle,  bisoxyphenylisatin,  is  released.  The  remedy  is 
an  effective  laxative  in  doses  of  M2  grain  (5  mgm.)  2  to  4  times  daily.  It  appears  to 
have  the  same  indications  as  phenolphthalein. 

Cambogia. — Gamboge  is  a  drastic  hydragogue  cathartic  of  great  power.  In  doses 
of  11/2  to  3  grains  (0.1  to  0.2  Gm.)  it  produces  abundant  liquid  passages,  and  if  the 
quantity  be  increased  to  3  to  5  grains  (0.25  to  0.3  Gm.)  the  stools  become  very  profuse 
and  are  accompanied  by  colic.  Larger  doses  excite  vomiting  and  gastroenteric  irrita- 
tion or  inflammation.     Excessive  doses  cause  violent  abdominal  cramps,  with  bloody 
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stools,  and  vascular  and  nervous  depression.  There  is  chilling  of  the  extremities, 
cardiac  weakness,  syncope,  perhaps  collapse,  or  even  death.  The  druj?  seems  to  be 
without  cholagogue  eifect.  It  sets  up  pelvic  congestion,  and  sometimes  acts  as  an 
emmenagogue.  Its  frequent  use,  like  that  of  aloe,  may  produce  hemorrhoids.  Gamboge 
should  not  be  prescribed  alone  as  a  remedy  for  constipation.  Its  true  field  of  thera- 
peutic usefulness  is  to  produce  active  intestinal  derivation,  especially  in  dropsical 
condition — cardiac,  and,  to  a  certain  extent,  hepatic  or  renal — and  to  relieve  congestion 
of  other  parts  by  provoking  pelvic  congestion.  It  may  expel  intestinal  worms,  when 
the  more  commonly  used  anthelmintics  have  failed,  or  when  these  are  not  available. 

Pills  containing  Va  grain  (0.01  Gm.)  of  cambogia  associated  with  podophyllin  and 
perhaps  a  minute  dose  of  atropine,  or  a  carminative,  as  capsicum  or  piper,  to  prevent 
griping,  form  an  excellent  substitute  for  the  salines,  when  prompt  catharsis  is  required 
and  liquids  cannot  be  swallowed. 

Gamboge  is  contraindicated  in  the  presence  of  acute  inflammation  of  any  of  the 
abdominal  organs,  and  when  there  is  marked  debility  or  renal  insufficiency  from 
any  cause. 

CoLOCYXTH. — Colocynth  is  too  severe  in  action  to  be  given  alone  for  cases  of 
constipation,  but  it  is  useful  in  ascites  and  cerebral  congestion  as  a  derivative. 
Small  doses  give  relief  also  in  atonic  dyspepsia  with  bile-stained  eructations,  bloating 
and  acute  abdominal  pain  (Felter).  In  chlorosis  and  in  dysmenorrhea  it  may  be 
used  to  stimulate  the  pelvic  circulation.  In  very  small  doses  it  is  used  by  the 
Eclectics  and  Homeopathists  in  neuritis.  It  is  of  service,  given  once  or  at  most 
twice  weekly,  as  a  purge  in  eczema,  especially  in  the  presence  of  enterointoxication. 
Colocynth  and  its  extracts  are  never  used  alone.  They  are  always  exhibited  in 
association  with  mercurials  or  other  purgatives,  as  in  the  official  compound  cathartic 
pills  and  vegetable  cathartic  pills,  which  contain  compound  extract  of  colocynth. 
The  various  pills  and  varied  possibilities  of  association  containing  compound  extract 
of  colocynth  are  almost  inexhaustible. 

Elaterium  is  such  a  variable  and  uncertain  preparation  that  its  active  principle, 
elaterin,  should  be  used  in  preference — if  possible,  in  every  case.  This  principle  may 
also  be  adulterated,  so  that  dosage  based  upon  experience  with  impure  specimens  may 
be  excessive  when  the  pure  substance  is  administered.  In  any  event  great  care  must 
be  exercised  in  using  either  elaterium  or  elaterin  with  the  aged,  the  feeble  or  those 
prostrated  by  disease,  and  when  time  permits,  relatively  small  doses  are  to  be  prescribed 
at  first,  which  may  be  repeated,  and  perhaps  increased,  as  necessary.  Two-fifths  of  a 
grain  of  crude  elaterium  (which  may  have  contained  15  to  40  per  cent,  of  elaterin) 
proved  fatal  in  a  feeble  woman  of  70  years.  Elaterin  produces  profuse  watery  stools 
and  in  large  dose  gives  rise  to  nausea  and  vomiting,  or  it  may  even  set  up  a  severe 
gastroenteritis.  It  causes  diuresis  as  well  as  hydragogue  catharsis,  hence  its  peculiar 
applicability,  at  times,  in  certain  forms  of  hepatic,  of  cardiac,  and,  less  frequently,  of 
renal  dropsy.  It  is  not  an  agent  of  choice  in  these  conditions,  however,  when  milder 
means  are  available  and  effective;  and,  if  used,  its  limitations  must  be  observed. 
The  dose  is  Vioo  grain  (0.6  mgm.)  every  two  or  three  hours,  continued  for  several  days, 
or  until  nausea  is  induced.  Its  chief  use,  however,  is  in  the  prevention  and  treatment 
of  apoplexy  and  of  recurrent  pulmonary  edema.  The  preventive  dose  is  from  Ms  to 
%  grain  (4  to  8  mgm).  The  elaterin  may  be  rubbed  up  with  a  grain  or  two  of 
calomel  and  four  or  five  grains  of  pepsin  or  papain  or  milk  sugar — perhaps,  also,  one 
or  two  grains  of  extract  of  hyoscyamus — and  the  composite  powder  given  with  a  little 
water  as  a  single  dose,  or  in  broken  doses.  The  official  trituration  (U.S.IX),  containing 
10  percent,  of  elaterin  with  90  percent,  of  milk  sugar,  may  be  employed,  or  the  weaker 
B.P.  preparation   (2V2  percent.)    which   is  known   as  compound  powder   of  elaterin. 
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Either  may  be  prescribed  alone,  or  sugar  and  flavoring  (as  oil  of  peppermint)  may  be 
added;  or  the  calomel  and  other  adjuvants  be  rubbed  up  with  it.  When  cerebral 
hemorrhage  has  occurred  and  the  patient  is  unconscious,  the  elaterin  may  be  mixed 
with  a  little  butter  and  placed  on  the  back  of  the  tongue.  The  dose  is  commonly 
■•/io  to  %  grain  (6  to  10  mgm.),  although  some  physicians  do  not  exceed  Via  grain  (4 
mgm.).  In  pulmonary  edema  the  therapeutic  dose  is  about  Ye  grain  (10  mgm.) 
more  or  less,  at  once,  or  in  several,  perhaps  tentative,  portions.  Elaterin  has  been 
advised  also  in  small  doses,  Vso  grain  (2  mgm.),  one  to  three  times  daily,  for  chronic 
cystitis  with  strangury  and  severe  radiating  pain  on  urination.  Care  must  be  taken 
to  avoid  depressing  effects,  or  to  counteract  them  by  stimulants. 

EuoNYMUs  (Wahoo)  is  a  tonic  astringent  bitter,  possessing  laxative  and  dia- 
phoretic properties.  Its  cathartic  action  is  mild  and  rather  slow,  resembling  that  of 
rhubarb,  but  it  is  sometimes  griping.  The  drug  is  also  believed  to  have  cholagogue 
action.  When  given  in  repeated  doses,  it  is  said  to  act  upon  the  heart  in  a  manner 
similar  to  that  of  digitalis,  but  by  reason  of  its  irregularity  of  absorption  and  of  its 
cumulative  effects,  it  is  not  used  as  a  cardiac  remedy.  Euonymus  may  be  given  as  a 
tonic  aperient  in  anorexia  and  indigestion,  with  deficient  secretion  of  bile  and  costive- 
ness.  While  not  much  prescribed  by  other  than  Eclectic  physicians,  it  is  one  of  the 
best  agents  available  for  occasional  use  in  chronic  constipation  and  in  hepatic  torpor. 
When  used  it  is  ordinarily  made  an  ingredient  in  a  composite  pill  or  capsule.  The 
resin  (Euonymin)  or  the  extract  may  be  used,  according  as  the  bitter-stomachic 
or  the  cholagogue-cathartic  action  is  most  important  in  the  particular  instance. 
Either  preparation  may  usefully  be  associated  with  nux  vomica,  gentian  and  rhubarb, 
or  with  calomel,  taraxacum,  podophyllum,  cascara,  iris,  hyoscyamus  and  the  like. 

Iris  Versicolor. — Iris,  when  fresh,  is  a  powerful  emetic  and  purgative,  dangerous 
in  overdose.  It  is  also  sialagogue  and  diuretic.  If  the  drug  be  dried  and  kept  for  a 
year  or  more  its  action  loses  harshness  in  great  measure,  and  the  remedy  may 
then  be  ranked  with  the  other  resin-containing  cathartics,  such  as  jalap. 

Iris  may  be  given  in  cases  of  catarrh  of  the  duodenum  and  obstruction  of  the 
bile  ducts,  marked  by  a  yellow  tint  to  the  conjunctiva,  or  even  declared  jaundice, 
and  is  said  to  ^e  especially  useful  in  mild  hepatic  disorders  occurring  as  a  sequel 
of  malaria.  Eclectic  writers  state  that  it  is  of  service  in  thyroid  enlargement  whether 
permanent  or  recurring  at  each  menstrual  period,  though  it  will  not  relieve  the 
tachycardia  and  other  symptoms  of  hyperthyroidism.  The  fluidextract  may  be  given 
in  doses  up  to  30  minims  (2  cc).  The  oleoresin,  called  iridin  or  irisin,  is  convenient 
for  administration  in  pill  or  capsule  associated  with  other  drugs.  It  may  be  given  alone 
in  doses  of  1  to  3  grains  (0.06  to  0.2  Gm.). 

Jalap. — The  effects  of  jalap  vary  much  with  individuals,  and  with  the  same  indi- 
vidual under  different  circumstances.  Small  doses  (3  to  8  grains — 0.2  to  0.5  Gm.  of 
the  powder,  or  3  grains — 0.2  Gm.  of  the  resin)  will  ordinarily  produce  slight  purga- 
tion. In  large  dose — 15  to  30  grains  (1  to  2  Gm.)  of  the  powder,  or  8  to  15  grains 
(0.5  to  1  Gm.)  of  the  resin — it  acts  in  about  2  hours,  producing  marked  purgation 
with  nausea  and  sometimes  with  vomiting.  There  is  considerable  griping,  with  profuse 
watery  discharge.  The  peristaltic  movements  of  the  large  bowel  especially  are  greatly 
stimulated.  Sixty  grains  of  the  compound  powder  should  never  be  exceeded  and  a  dose 
of  10  grains  (0.6  Gm.)  is  quite  active. 

Like  that  of  other  resinous  purgatives,  the  cathartic  action  of  jalap  is  usually 
followed  by  constipation.  This  is  less  likely  to  happen  when  the  powder  is  used 
than  when  the  resin  alone  is  taken.  Probably  the  action  of  the  resin  is  reenforced  by 
other  substances  contained  in  the  root. 

Jalap  is  used  principally  as  a  derivative  in  dropsy  of  hepatic  or  cardiac  origin. 
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in  congestive  or  inflammatory  states,  especially  of  the  meninges  or  of  the  respiratory 
apparatus ;  in  cerebral  hemorrhage,  and  in  suppression  of  the  menses.  It  is  also  helpful 
in  dropsy  of  renal  origin,  and  is  commonly  prescribed  in  association  with  potassium 
bitartrate  (compound  jalap  powder). 

In  habitual  constipation,  it  may  be  employed  in  small  doses,  cautiously,  in  con- 
junction with  other  remedies.  It  has  been  recommended  as  a  remedy  for  intestinal 
worms  in  conjunction  with  anthelmintics  and  sometimes  alone.  It  is  contraindicated 
in  inflammatory  conditions  of  the  intestine. 

In  former  times  "10  &  10"  was  a  valued  prescription — 10  grains  of  compound 
jalap  powder  and  10  grains  of  calomel.     Such  doses  should  seldom  if  ever  be  used. 

Administration. — Jalap  powder  may  be  triturated  with  sugar  and  flavored  with 
oil  of  peppermint,  or  other  aromatic  oil.  If  the  dose  is  not  too  large  the  jalap  alone,  or 
flavored  with  the  oil,  may  be  enclosed  in  gelatin  capsules;  or  several  capsules  may  be 
given,  if  a  large  dose  is  desired.  The  resin,  which  is  about  12  times  as  strong  as  jalap, 
may  be  substituted  in  the  proper  proportion.  Compound  powder  of  jalap  is  commonly 
administered  in  water;  in  some  forms  of  dropsy  the  amount  of  potassium  bitartrate 
is  increase'd  by  the  further  addition  of  one  or  two  drams  to  each  dose.  The  taste  of  the 
mixture  may  be  Improved  with  peppermint  water  and  a  little  sugar.  The  resin  is 
occasionally  employed  in  pill  form,  as  follows:  Resin  of  jalap,  14  grain;  powdered  soap, 
%  grain;  magnesium  carbonate,  a  sufficient  quantity.  Enclose  in  a  gelatin  capsule. 
Dose:  One  or  two  capsules. 

JuGLANS. — Butternut  bark  is  a  mild  laxative  somewhat  similar  to  rhubarb  in  its 
action.  In  small  doses  (15  grains — 1  Gra.)  it  is  useful  in  the  treatment  of  acid 
dyspepsia  accompanied  by  diarrhea  with  acrid  discharges;  in  larger  doses  (1  dram — 
4  Gm.)  it  is  cathartic.  It  may  be  given  with  advantage  in  habitual  constipation 
as  it  has  no  after-effect  of  constipating. 

Administration. — The  extract  (U.S.  1890)  is  a  convenient  form  for  continuous  use; 

it  may  be  given  in  pills  of  5  grains  (0.3  Gm.)  each,  one  or  two  pills  every  evening.     For 

an  occasional  cathartic  the  fluidextract  may  be  prescribed  in  dose  of  one-half  to  one 
fluidram  (2  to  4  cc). 

Leptandra. — In  the  fresh  state  leptandra  is  a  drastic  emetocathartic  unsafe  to 
give  in  any  but  the  smallest  doses,  but  it  becomes  milder  in  action  when  long  kept, 
and  may  then  be  employed  as  a  tonic  laxative  and  cholagogue.  It  is  a  useful  remedy 
in  constipation  due  to  deficiency  of  the  duodenal  and  hepatic  secretions,  and  in 
"biliousness." 

Administration.  Leptandra  is  employed  mainly  in  the  form  of  its  extract,  the  fluid- 
extract  being  little  used.  The  extract  is  intended  to  replace  the  leptandrin  of  the  Eclec- 
tics; it  may  be  given  alone,  or  in  association  with  other  purgatives. 

Podophyllum. — Podophyllum  is  strongly  irritant  to  the  skin  and  mucous  mem- 
branes. Its  resin  is  a  slowly  acting  but  powerful  and  certain  cathartic,  producing 
several  watery  motions  in  twelve  to  fifteen  hours.  It  frequently  causes  griping,  and 
in  large  dose  is  emetic  and  is  useful  in  the  treatment  of  constipation  with  hepatic 
torpor.  Sometimes  it  is  used  alone  in  small,  frequently  repeated  doses  (^120  to  V20 
grain — Y2  to  3  mgm.).  This  was,  indeed,  urged  as  a  special  method  in  typhoid  fever. 
Ordinarily  the  resin  is  given  in  doses  of  %2  to  %^  grain  (5  to  15  mgm.)  in  association 
with  other  drugs.  The  fluidextract  is  rarely  employed.  The  following  are  examples 
of  the  associations : 

Resin  of  podophyllum,  %  grain;  extract  of  belladonna,  %  grain;  extract  of  hyoscy- 
amus,  1/2  grain;   soap,  1  grain. 

Resin  of  podophyllum,  %  grain;  aloin,  i/i  grain;  powdered  extract  of  cascara,  14 
grain. 
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Resin  of  podophyllum,  1^2  grain;  extract  of  belladonna,  y^  grain;  extract  of  nux 
vomica,  %  grain;  aloin,  V^  grain;  oil  of  coriander,  1/12  m. 

Resin  of  podophyllum,  %  grain;  compound  extract  of  colocynth,  1^  grain;  resin  of 
scammony,  i/^  grain;   purified  aloes,  1  grain;   soap,  1  grain. 

One  such  pill  or  capsule  is  given  at  bedtime.  With  smaller  doses,  one  pill  or  capsule 
is  given  2  or  3  times  daily.  For  example:  Resin  of  podophyllum,  1/12  grain;  extract 
of  ignatia,  1/2  grain;  extract  of  belladonna,  %  grain;  piperin,  14  grain. 

Scammony  is  a  very  energetic  hydragogue  drastic  purgative,  acting  principally 
upon  the  small  intestine,  exciting  in  large  doses  profuse  watery  discharges  with  griping 
and  burning  at  the  anus.  Small  doses  of  the  resin  are  to  be  preferred.  They  are 
more  active  as  well  as  less  distressing  than  large  ones,  since,  in  order  to  be  effective, 
the  drug  must  be  dissolved  in  the  digestive  secretions,  and  a  large  dose  suppresses  these 
by  irritating  the  intestine. 

The  indications  for  the  administration  of  scammony  are  the  same  as  for  that 
of  jalap.  Its  very  small  dose  renders  it  suitable  for  use  with  children.  It  should 
not  be  given  if  there  is  irritation  of  the  digestive  tract  and  especially  if  there  is 
inflammation.  It  is,  however,  quite  valuable,  especially  in  association  with  tonic 
purgatives,  in  obstinate  constipation  due  to  intestinal  atony;  in  association  with 
anthelmintics;  and  as  a  derivative  in  cerebral,  hepatic,  renal  and  thoracic  congestions. 

Scammony  resin  is  an  ingredient  of  various  purgative  composites,  as  for  example : 
Purified  aloe,  ^  grain;  mass  of  mercury,  1^  grains;  powdered  scammony  resin, 
1  grain ;  croton  oil,  1/24  m. ;  oil  of  caraway,  Vg  m.    This  is  to  be  given  in  capsule. 

Stillingia  is  a  valuable  drug  which  has  fallen  out  of  use  in  consequence  of 
failure  to  sustain  the  extravagant  claims  once  made  for  it  as  an  antiluetic  remedy. 
It  has  no  specific  action  on  the  pathogenic  organism  of  syphilis,  but  it  is  of  value 
as  an  alterative  and  is  still  employed  as  an  adjuvant  to  the  specific  treatment  in 
the  late  secondary  and  the  tertiary  stages.  It  renders  good  service  also  in  anemic  and 
scrofulous  children,  with  white  pasty  complexion,  poor  appetite,  and  a  tendency  to 
catarrhal  trouble  of  the  upper  respiratory  tract  with  frequent  earache  and  even 
middle  ear  inflammation.  In  such  cases  the  fluidextract  may  be  given  in  fairly  large 
doses — 10  minims  three  times  a  day  to  a  child  of  six  or  eight  years,  or  15  drops  of 
the  compound  syrup. 

Some  of  the  older  writers,  Bartholow  for  instance,  note  that  a  strong  infusion 
or  decoction,  taken  hot  just  as  the  chill  is  beginning,  is  often  effective  in  aborting 
the  malarial  paroxysm,  though  the  succeeding  paroxysm  is  not  prevented  nor  is  the 
infection  abolished.  The  use  of  stillingia  in  conjunction  with  quinine  or  arsenic  is 
recommended. 

In  habitual  constipation  due  to  deficient  secretion  stillingia  alone  or  in  con- 
junction with  other  remedies  renders  good  service.  Likewise  in  catarrhal  or  malarial 
jaundice  with  torpidity  of  the  liver  it  will  be  found  useful,  and  even  as  a  diuretic 
to  drain  away  ascites  of  hepatic  origin.  In  hemorrhoids  the  internal  administration 
of  stillingia  is  useful  in  conjunction  with  local  treatment. 

When  a  diuretic  action  is  desired,  as  in  ascites,  stillingia  is  best  given  in  a 
decoction  made  with  2  ounces  of  the  ground  root  in  3  pints  of  water  boiled  to  2  pints 
and  strained.  Of  this  2  tablespoonfuls  may  be  taken  four  or  five  times  a  day.  In 
general,  the  compound  fluidextract  is  the  best  form  for  the  administration  of  the  drug. 

Oleum  Ricini. — Topical. — Castor  oil  is  sometimes  employed  as  a  soothing  and 
healing  application  to  ulcers  and  burns  of  the  skin,  and  it  is  a  useful  demulcent 
in  conjunctival  irritation  and  ulceration  following  a  trauma  or  burn.  It  is  popularly 
regarded  as  a  galactagogue  applied  to  the  breasts.  It  is  used  also  with  resorcin  and 
Cologne  water  as  a  lotion  for  the  scalp  in  seborrhea. 
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Systemic. — Castor  oil,  because  of  its  mild  yet  very  thorough  action  is  given  in 
diarrhea  caused  and  maintained  by  irritating  substances  in  the  intestinal  canal. 
It  sweeps  fhe  bowel  clear  of  its  contents  so  that  ordinarily  a  day  or  two  before 
another  fecal  movement  can  occur;  though  in  certain  conditions  there  may  still  be  a 
discharge  of  mucus.  In  chronic  constipation  it  is  a  good  plan  to  empty  the  intestine 
thoroughly  with  three  full  doses  of  castor  oil  at  forty-eight  hour  intervals  before 
instituting  a  dietetic  or  medicinal  course.  The  same  routine  is  useful  in  cases  of 
enterointoxication.     Castor  oil  is  not  to  be  recommended  for  continuous  use. 

The  dose  of  castor  oil  varies  with  the  age  and  strength  of  the  patient,  the  purpose 
of  its  use  and  the  individual  response.  Infants  can  take  larger  proportional  doses 
than  adults;  one  of  6  months  may  be  given  a  teaspoonful,  if  needed.  As  a  cleansing 
agent,  from  2  teaspoonfuls  (8  cc.)  to  2  tablespoonfuls  (30  cc.)  is  the  ordinary  dose 
for  an  adult;  and  one- fourth  of  this  for  a  young  child.  A  single  dose  may  be  given, 
or  the  quantity  divided  into  2  or  more  portions  administered  at  intervals  of  2  to  4 
hours.  In  some  persons  the  action  is  much  delayed;  in  some  it  is  hurried.  But 
when  a  sufficient  dose  has  been  taken,  purgation  ordinarily  occurs  in  4  to  6  hours. 
To  overcome  **colds,"  or  to  prepare  for  the  administration  of  quinine  or  other  remedies, 
from  15  minims  (1  cc.)  to  a  teaspoonful  (4  cc.)  is  the  common  dose  for  children. 
In  food  poisoning,  especially  milk  poisoning,  and  in  other  forms  of  intestinal  infection, 
a  teaspoonful  may  be  given  to  a  child  of  2  to  3  years,  hourly  or  every  2  or  3  hours, 
according  to  urgency  and  effect;  or  from  2  to  4  teaspoonfuls,  similarly,  to  an  adult. 
When  constipation  occurs  in  typhoid  fever,  a  mixture  containing  2  ounces  (60  cc.)  of 
castor  oil  with  4  ounces  (120  cc.)  of  glycerin  and  6  ounces  (180  cc.)  of  olive  oil  may 
be  warmed  and  administered  by  enema,  to  be  followed  in  2  hours  by  a  gentle 
soapsud  enema. 

On  account  of  its  nauseous  and  persisting  taste  castor  oil  is  seldom  given  in  its 
crude  state.  It  may  be  given  in  soft  gelatin  capsules  which,  however,  many  people 
cannot  swallow.  The  taste  may  be  somewhat  disguised  if  the  oil  be  taken  in  coffee, 
whisky,  or  orange-juice,  but  the  best  way  is  to  give  it  in  sarsaparilla  soda-water. 
It  may  also  be  made  into  an  emulsion  with  egg  and  flavored  with  peppermint,  or 
some  similar  substance.  The  best  way  is  to  make  it  up  with  an  equal  volume  of 
aromatic  syrup  of  rhubarb,  adding  10  or  15  minims  of  paregoric  to  the  dose.  Since 
both  agents  are  active,  the  total  dose  is  that  which  would  be  given  of  the  oil  alone. 
Commonly,  it  is  from  Yo  to  1  fluidounce  (15  to  30  cc.)  in  two  portions  2  hours  apart. 
Phenol,  menthol  and  even  calomel  may  be  given  with  this  mixture,  if  there  be  any 
necessity  therefor.  The  oil  may  be  made  into  a  coarse  emulsion  with  acacia  or 
tragacanth,  and  given  by  enema. 

Oleum  Tiglii. — Topical. — Croton  oil  is  a  powerful  irritant  of  the  skin,  a  property 
which  has  been  taken  advantage  of  to  produce  counter-irritation  in  the  treatment 
of  neuralgia,  muscular  rheumatism  and  pneumonia  and  other  visceral  inflammations. 
It  is  less  used  now  than  formerly,  other  less  violent  and  more  easily  controlled  sub- 
stances being  substituted  therefor. 

Systemic. — On  account  of  the  rapidity  of  its  action  and  the  smallness  of  the 
dose  required  croton  oil  is  a  purgative  of  emergency.  It  is  given  to  one  in  coma  from 
apoplexy ;  to  the  insane  who  refuse  to  swallow,  and  as  a  revulsive  in  cerebral  congestion. 
It  is  useful  in  lead  colic  when  other  purgatives  fail  to  act,  and  in  obstipation  not 
accompanied  by  inflammation  or  not  due  to  ileus. 

Administration. — For  external  use  it  is  generally  necessary  to  dilute  the  croton  oil 
with  two  or  three  parts  of  olive  oil  or  some  indifferent  emollient,  or  it  may  be  added 
to  soap  liniment  or  chloroform  liniment  to  increase  the  irritant  action  of  the  latter. 
The  U.S.  Linimentum  tiglii  and  the  Br.  Linimentum  crotonis  are  convenient  preparations. 
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For  internal  use  croton  oil  may  be  made  into  pills  with  bread  crumb,  i/^  drop  in 
each,  one  pill  to  be  given  every  hour  until  an  effect  is  produced.  When  the  patient  is 
unconscious  or  insane  a  drop  of  croton  oil  in  two  or  three  drops  of  olive  oil  may  be 
placed  as  far  back  as  possible  on  the  tongue. 

Hydrargyrum. — Metallic  mercury  was  in  former  days  occasionally  given  in 
enormous  doses — from  an  ounce  to  a  pound  or  more,  it  is  said — for  the  relief  of 
obstinate  constipation,  and  also  of  actual  obstipation  in  ileus;  the  metal  acting  simply 
by  its  weight  in  forcing  downward  the  contents  of  the  intestine,  or  breaking  up  the 
fecal  masses  and  facilitating  their  passage  through  the  bowel  in  much  the  same  way 
as  does  mineral  oil.    The  practice  is  obsolete. 

Hydrargyrum  cum  Greta. — Mercury  with  ehalk  is  mildly  laxative  but  it  is  not 
given  for  this  effect,  blue  mass  or  calomel  being  preferred  if  a  mercurial  purge  be 
desired.  It  is  antacid,  and  as  some  writers  believe,  cholagogue  as  well,  these  two 
properties  giving  it  favor  as  an  efficient  remedy  in  infantile  diarrhea  with  white 
acrid  discharges. 

The  preparation  is  perhaps  more  often  employed  as  an  alterative,  especially 
in  syphilitic  children,  and  occasionally  also  in  adults. 

It  is  best  given  in  powder  with  a  swallow  of  water,  or  with  half  a  teaspoonful 
of  jam.  It  should  not  be  prescribed  in  pill  form,  as  after  being  kept  some  time  the 
mercury  falls  away  from  its  mechanical  union  with  the  chalk  and  collects  as  a 
globule  of  quicksilver. 

Massa  Hydrargyri. — Blue  mass  is  both  alterative  and  cathartic,  the  latter  action 
being  the  one  for  which  it  is  most  commonly  given.  The  indications  for  its  use  as 
a  cathartic  are  the  same  as  in  the  case  of  calomel,  but  it  is  often  preferred  to  the 
latter  because  of  its  slighter  tendency  to  gripe. 

It  is  best  given  in  pill  of  3  to  5  grains  (0.2  to  0.3  Gm.)  at  bedtime,  and  should  be 
followed  in  the  morning  by  a  saline  laxative  to  avoid  salivation  from  the  absorption  of 
any  unevacuated  portion. 

Hydrargyri  Ghloridum  Mite. — Galomel  possesses  the  alterative  properties 
of  many  of  the  other  mercurials.  It  is  also  strongly  antiseptic,  and  a  valuable  diu- 
retic. 

The  cathartic  action  of  calomel  affects  the  entire  intestinal  tract;  it  increases 
peristalsis  and  thereby  causes  a  more  rapid  discharge  and  a  more  profuse  secretion 
of  bile;  it  exercises  thus  a  cholagogue  effect,  though  it  is  not  believed  to  have  direct 
and  specific  action  on  the  bile-secreting  cells  of  the  liver.  Because  of  this  cholagogue 
property  the  drug  is  often  the  cathartic  of  choice  in  an  attack  of  acute  indigestion, 
accompanied  by  constipation  with  white  pasty  stools,  coated  tongue,  and  a  faint 
yellow  tinge  of  the  conjunctivae — "biliousness,"  so  called.  In  such  cases  it  is  best 
given  in  small  repeated  doses  (1/10  to  1/5  grain — 0.006  to  0.012  Gm.)  every  15 
minutes  for  2  or  3  hours.  Galomel  should  not,  however,  be  used  as  a  remedy  for 
habitual  constipation,  for  its  repeated  exhibition  in  cathartic  doses  would  expose 
to  the  danger  of  ptyalism.  It  is  useful  as  a  purge  in  the  early  stage  of  any  acute 
infection.  Ifs  timely  administration  in  fairly  large  dose  (3  to  5  grains — 0.2  to  0.3 
Gm.)  sometimes  seems  to  arrest  incipient  catarrhal  and  inflammatory  processes  in  the 
upper  air  passages,  the  tonsils,  and  the  salivary  glands. 

Administration. — Calomel  is  best  given  for  its  cathartic  effect  in  doses  of  %  grain 
(0.012  Gm.)  every  fifteen  minutes  until  2  grains  (0.12  Gm.)  have  been  taken.  This  acts 
better  and  more  certainly  than  3  grains  (0.2  Gm.)  taken  in  one  dose.  The  explanation 
offered  for  this  is  that  only  the  calomel  that  is  changed  in  the  intestine  to  the  gray 
oxide  exerts  a  cathartic  effect,  and  thus  when  a  large  dose  is  given  but  a  portion  is  so 
changed,  the  rest  passing  out  unaltered  or  being  absorbed  and  exerting  its  toxic  effect. 
It  may  be  given  in  powder,  or  in  the  form  of  tablet  triturates,  or  compressed  tablets 


CATHAETICS  1185 

with  sugar  of  milk.    A  saline  laxative  should  be  taken  the  following  morning  to  ensure 
the  expulsion  of  all  the  mercury  from  the  bowel. 

Some  physicians,  however,  and  especially  those  practicing  in  the  Southern  States, 
give  5  or  10  grains  (0.3  to  0.6  Gm.)  at  a  single  dose,  guarding  it  with  sodium  bicarbonate; 
and  often  giving  the  saline — magnesium  citrate,  as  a  rule— in  from  2  to  4  hours  there- 
after. This  is — or  was — also  a  common  practice  among  the  laity.  In  some  instances, 
especially  when  the  repetition  of  the  small  doses  is  likely  to  be  irksome,  1  or  2  grains 
(0.06  to  0.12  Gm.)  may  be  given  at  once,  guarded  with  aromatic  powder  and  sodium 
bicarbonate.  E.xtract  of  hyoscyamus  ('/o  to  2  grains)  is  a  useful  addition  to  prevent 
griping.  A  powder  containing  calomel,  1  grain;  extract  of  hyoscyamus,  2  grains;  sugar 
of  milk,  6  to  8  grains  (and  possibly  pepsin  or  papain,  6  grains)  rubbed  up  well  and 
divided  into  6  to  12  portions,  one  of  which  is  to  be  given  every  10  minutes,  is  useful  in 
food  poisoning,  not  only  to  purge,  but  to  check  vomiting.  The  individual  portion  may 
be  placed  on  the  tongue  and  swallowed  with  the  aid  of  a  sip  of  water. 

Natural  Purgative  Waters 

Most  of  the  natural  mineral  waters  having  purgative  properties  are  grouped  under 
the  head  of  sulphated  or  bitter  waters  and  contain  as  their  chief  active  ingredient 
either  sodium  sulphate  or  magnesium  sulphate — glauber  or  epsom  salts — or  both  in 
varying  proportions.  Some  of  the  saline  springs  are  also  laxative  in  virtue  of  their 
content  of  magnesium  carbonate  or  bicarbonate. 

The  following  are  some  of  the  springs  in  these  two  classes : 

United  States. — Blue  Lick,  Ky.,  Bedford,  Pa.,  French  Lick  and  West  Baden,  Ind., 
Eichfield  and  Sharon,  N.  Y.,  and  White  Sulphur,  W.  Va.,  containing  carbonate  or 
bicarbonate  and  sulphate;  Congress  and  Hathorn  Springs,  Saratoga,  N.  Y.,  containing 
principally  magnesium  carbonate  or  bicarbonate. 

Great  Britain. — Cheltenham  and  Leamington,  containing  magnesium  and  sodium 
sulphates  with  salines;  Harrogate,  sulphur  waters  with  a  large  content  of  magnesia. 

France. — Brides-les-Bains,  Plombieres,  Saint  Gervais,  sulphated  waters. 

Spain. — Carabana,  Rubinat,  Villacabras,  sodium  and  magnesium  sulphates. 

Switzerland. — Tarasp-Schuls,  sodium  sulphate  and  magnesium  bicarbonate. 

CzechosIovaJcia — Carlsbad  (Karlovy  Vary),  Franzensbad  (Frantiskovy  Lazne), 
alkaline  salts  and  sodium  sulphate. 

Hungary. — Hunyadi  Janos  (in  Ofen),  and  Franz  Joseph,  sodium  and  magnesium 
sulphates. 

Germany. — Friedrichshall,  sodium  and  magnesium  sulphates  and  magnesium 
carbonate. 

These  waters  act  as  a  rule  better  than  do  simple  solutions  of  the  saline  or  sulphur 
salts  which  they  contain,  and  better  when  swallowed  at  their  source  than  when  bottled. 
This  is  largely  due,  no  doubt,  to  the  accessory  factors  at  the  spas — the  leisure,  the 
physical  exercise  in  the  open  air,  the  stimulus  of  social  intercourse,  and  the  dietetic 
and  physical  regimen  to  which  the  visitors,  who  come  for  various  other  forms  of 
treatment,  are  subjected.  Whether  more  than  temporary  relief  of  constipation  or 
abdominal  plethora  is  afforded  by  a  course  of  spa  treatment  with  purgative  waters  is 
doubtful.  Possibly,  however,  as  a  recent  writer  observes,  a  course  of  spa  treatment  is 
useful  in  that  its  failure  to  effect  permanent  relief  may  convince  the  patient  that  a 
reform  in  diet  and  mode  of  life  is  necessary. 

Cholagogues 

It  was  at  one  time  thought  that  when  cathartics  produced  stools  of  a  greenish 
color,  or  with  an  appearance  of  bile,  this  indicated  an  increased  secretion  by  the  liver, 
and  such  drugs  were  termed  "cholagogues." 

Experimental  studies  on  dogs  with  biliary  fistula  appear  to  show  that  none  of  the 
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cathartics  causes  an  increased  formation  or  secretion  of  bile.  The  amount  of  bile 
in  the  stools,  however,  is  increased  by  several  drugs,  and  this  may  be  brought  about 
in  the  following  ways: 

(a)  Certain  of  the  purgatives  hasten  the  movement  of  the  feces  in  the  upper 
bowel  and  thus,  or  by  some  more  obscure  mechanism,  interfere  with  the  re- 
absorption  of  bile.  The  best  examples  are  mercviry,  podophyllum,  aloes, 
rhubarb,  euonymus  and  phosphates. 

(b)  The  bile  is  made  less  viscid  by  addition  of  salts,  and  the  salines,  being 
excreted  in  it,  thus  hasten  its  flow. 

(c)  The  gall-bladder  may  contract  and  expel  its  contents  under  the  influence  of 
certain  drugs;  nitro-hydrochloric  acid  is  said  to  act  in  this  way. 

(d)  The  actual  amount  of  bile  produced  may  be  increased.  None  of  the  cathar- 
tics demonstrably  acts  in  this  way,  but  bile  itself  given  by  mouth  in  salol- 
coated  pill  has  a  marked  action,  and  soaps,  salicylates,  atophan  and  glucose 
have  a  slight  action.  If  glucose  is  given  to  dogs  with  bile  Lstula  over  a 
long  period,  the  secretion  of  bile  remains  throughout,  slighly  but  distinctly 
above  that  of  a  control  period. 

Liver. — Almost  all  the  cathartics  have  been  said  to  increase  the  secretion  of 
bile,  but  this  idea  was  largely  based  on  the  greater  amount  of  bile  in  the  stools 
under  their  action,  which  itself  depended  on  more  rapid  passage  of  the  intestinal 
contents  with  consequent  reduced  reabsorption.  When  studied  by  means  of  a  biliary 
fistula,  very  few  agents  are  found  to  cause  a  real  increase  in  the  volume  or  the 
amount  of  bile  acids  secreted.  Among  these  the  most  efficient  is  bile  itself,  although 
soaps,  salicylates  and  atophan  are  true  cholagogues.  The  cholagogue  effect  of  salicy- 
lates is  increased  by  the  association  of  benzoic  acid,  cinnamic  acid  or  diuretin 
(Meiszner).  Many  drugs  which  might  be  described  as  false  cholagogues  induce  an 
immediate  outpouring  of  bile  by  exciting  contraction  of  the  gall-bladder  (pilocarpine) 
or  its  ducts  (probably  epinephrine).  Magnesium  sulphate,  introduced  through  a 
duodenal  tube  leads  to  an  outpouring  of  bile  from  the  gall-bladder,  if  the  duct  is 
patulous  (Meltzer-Lyon  test).  No  drugs  are  used  for  the  purpose  of  checking  secre- 
tion, although  many  efforts  have  been  made  to  modify  the  secretion  so  as  to  prevent 
the  formation  of  gallstones,  or  to  cause  the  solution  of  those  already  present.  Whether 
or  not  solution  can  be  effected  is  doubtful.  Alkalis,  ether,  chloroform,  turpentine 
and  other  agents,  have  been  advocated  without  convincing  demonstration  of  their 
usefulness.  Olive  oil  and  glycerin  in  large  doses  had  at  one  time  a  great  vogue,  and 
the  greenish  soap-masses  passed  were  thought  to  be  disintegrated  calculi.  Three  agents 
at  least,  and  possibly  others,  may,  however,  be  affirmed  to  aid  in  the  removal  of  gall- 
stones not  too  large  to  pass  through  the  ducts  into  the  bowel  and  in  the  solution 
and  ejection  of  mucus  which  might,  if  retained,  become  the  nucleus  of  future  stones. 
These  are  bile  and  its  salts,  sodium  salicylate  and  sodium  succinate.  The  lessened 
viscosity  of  the  bile  and  the  consequent  flushing  of  the  ducts  and  gall-bladder  under  the 
influence  of  these  agents  has  been  stated,  and  this  in  part  accounts  for  the  results 
observed.  It  does  not  completely  account  for  the  action  of  sodium  succinate  in 
lessening  or  preventing  gall-stone  colic  (even  in  cases  in  which  operation  has  later  been 
necessary)  and  in  actually  bringing  about  the  expulsion  of  gall-stones  and  thus  averting 
operation;  both  of  which  results  we  have  personally  observed  on  more  than  one 
occasion.  The  happy  outcome  is  aided  by  the  exhibition  of  antispasmodics — two  of  the 
newer  agents,  benzyl  succinate  and  sodium  monobenzyl  succinate,  being  peculiarly 
appropriate.  So  too,  cholecystitis  without  calculi — in  which  their  formation  may 
be  apprehended — and  in  cases  in  which  calculi  have  been  removed  but  the  gall-bladder 
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left  in  position,  benefit  may  be  derived  from  some  such  association  of  remedies  as 
the  following:  Purified  bile-salts,  3  grains  (0.2  Gm.)  ;  sodium  monobenzyl  succinate, 
10  grains  (0.6  Gm.) ;  sodium  salicylate  (true),  5  grains  (0.3  Gm.) ;  concentrated  and 
purified  extract  of  pancreas,  2  grains  (0.13  Gm.),  in  two  capsules  three  times  daily 
2  hours  after  meals.  Or  sodium  succinate,  5  grains  (0.3  Gm.)  and  benzyl  succinate, 
5  grains  (0.3  Gm.)  may  be  used  instead  of  the  monobenzyl  compound. 

Many  drugs  are  excreted  in  the  bile,  and  certain  of  them,  sodium  salicylate, 
sodium  bicarbonate,  methenamine,  exert  antiseptic  or  other  influence  on  it. 

Bile 

The  bile  of  all  animals  contains  salts  of  glycocholic  and  of  taurocholic  acids 
as  well  as  cholesterin  and  pigments,  biliverdin  and  bilirubin,  although  the  proportions 
of  these  diff"er  widely  in  various  species.  The  bile  of  the  pig  and  rabbit  contains 
almost  no  taurocholic  acid,  while  this  is  the  chief  constituent  in  the  ox  and  dog. 
The  content  of  bile  salts  in  the  pig's  bile  is  about  2  percent.  The  bile  from  the  gall 
bladder  may  be  more  concentrated  than  that  obtained  from  a  biliary  fistula. 

Summary  of  Actions  and  Uses. — Bile  and  its  constituent  bile  acids  taken  by  mouth 
or  injected  cause  an  increased  secretion  of  bile  by  the  liver.  The  bile  acids  are  increased 
in  amount  but  not  the  pigments.  The  acids  and  their  salts  also  stimulate  intestinal 
peristalsis.  Given  by  injection  in  toxic  dose,  bile  paralyzes  all  parts  of  the  nerve 
system,  giving  rise  to  loss  of  motor  power  and  of  reflexes  followed  by  coma. 

The  action  of  bile  and  of  each  of  the  acids  is  very  similar,  according  to  most 
observers,  although  the  bile  is  more  toxic  than  the  corresponding  amount  of  acids. 
According  to  King  and  Stewart  the  acids  are  almost  non-toxic,  almost  the  entire  action 
of  bile  on  the  nerve  system  depending  on  the  pigments.     This  has  not  been  confirmed. 

The  official  preparation  is  an  alcoholic  extract  of  fresh  ox  bile  decanted  from  the 
insoluble  matter  and  dried.  It  contains  all  the  constituents  mentioned.  It  is  used  in 
medical  practice  as  a  cholagogue  and  cathartic,  especially  in  cases  of  obstructive 
jaundice. 

Materia  Medica. — Fel  Bovis  (U.S.  X.),  Oxgall. 

The  fresh  bile  of  the  ox,  Bos  iaurus  Linne  (Fam.  Bovidoc).  A  brownish  green  or 
dark  green,  somewhat  viscid  liquid,  having  a  characteristic  odor,  and  a  disagreeable, 
bitter  taste. 

Dose,  not  used  in  substance. 

Albumen  Cholicum  (N.N.K.).     Synonym:   Ovogal. 

A  combination  of  bile  acids  with  egg  albumen.  A  greenish-yellow  powder ;  in- 
soluble in  water,  dilute  acids,  ether,  benzol  or  fats. 

Dose,  8  to  15  grains  (0.5  to  1  Gm.)  in  capsules  several  times  daily,  to  be  followed 
by  liquids. 

ExTRACTUM  Fellis  Bovis  (U.S.  X.),  Extract  of  Oxgall.  Ahhr.,  Ext.  Fel.  Bov. 
Synonym:  Powdered  Extract  of  Oxgall. 

One  Gm.  of  the  extract  represents  8  Gm.  of  the  crude  oxgall. 

Dose,  1  to  8  grains  (0.06  to  0.5  Gm.). 

Fel  Bovinum  Puhifratum  (Br.),  Purified  Ox  Bile. 

One  Gm.  represents  5  Gm.  of  the  crude  oxgall. 

Dose,  3  to  12  grains  (0.2  to  0.8  Gm.). 

SoDii  Glyco-Taurociiolas-Bovis  (N.N.R.),  Sodium  Glyco-Taurocholate-Bovine. 
Synonyms:   Bilin,  Glycotaui'o. 

A  mixture  of  the  sodium  salts  of  conjugated  cholic  acids,  in  varying  proportions 
as  occurring  in  cattle,  which  is  approximately  3  percent,  each  of  sodium  glycocholate 
and  sodium  taurocholate. 

Dose,  M2  to  2  grains  (0.005  to  0.13  Gm.). 
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Antipathogenic  Action. — Neither  bile  nor  any  of  its  constituents  have  any  injurious 
action  on  most  bacteria,  bile  serving  as  a  culture  medium  for  certain  forms,  infection 
of  the  gall  bladder  by  colon  and  typhoid  being  common,  and  bile  being  added  to  culture 
media  for  typhoid  organisms.  Nevertheless,  the  presence  of  bile  in  the  stools  has  a  very 
marked  action  in  lessening  intestinal  putrefaction.  This  may  be  solely  dependent  on 
the  improved  absorption  of  fat  and  protein,  which  is  deficient  in  its  absence.  Certain 
organisms,  such  as  those  of  glanders  and  of  vaccinia,  are  killed  by  high  concentrations. 
Pathogenic  pneumococci  are  dissolved  by  bile  in  dilution  of  1/50  to  1/300,  this  action 
depending  on  the  bile  acids.  Streptococcus  mucosus  is  dissolved  by  stronger  solutions 
and  certain  strains  of  hemolytic  streptococci  are  killed  but  not  dissolved  by  rabbit  bile 
(Stone).     Non-virulent  pneumococci   and  most  streptococci  are  not  injured. 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Bile  is  rapidly  absorbed 
from  all  mucosae  and  excreted  largely  unchanged  in  the  bile  and  urine.  That  fraction 
which  appears  in  the  bile  partly  escapes  with  the  feces  and  in  part  is  reabsorbed  and 
goes  through  the  same  cycle.    Foreign  bile  salts  are  excreted  as  such  in  the  bile. 

Bile  given  by  mouth  with  various  substances  as  diverse  as  calcium  lactate,  sodium 
salicylate,  and  strychnine  hydrochloride,  is  found  to  hasten  their  absorption  (Kolda). 

Toxicity. — Although  bile  causes  no  toxic  phenomena  when  given  by  mouth,  large 
doses,  introduced  by  vein  or  subcutaneously,  are  poisonous.  The  fatal  dose  differs 
widely  with  the  rate  of  injection  and  with  the  source  of  the  bile.  Thus  a  quantity 
which  causes  no  fall  of  blood  pressure  when  injected  over  half  an  hour,  kills  when 
given  in  five  minutes.  Dogs  receiving  14  cc.  of  pigs'  bile  per  minute  show  slowing  of 
the  heart  after  16  cc.  and  death  after  36  cc.  Ox  bile  is  about  ten  times  as  toxic  as 
rabbit  bile.  Rabbits  receiving  20  cc.  of  a  50  percent,  solution  of  ox  bile  are  not  injured 
if  the  quantity  is  distributed  over  %  of  an  hour,  but  they  are  killed  by  2  to  3  cc. 
intravenously  if  injected  rapidly,  and  marked  fall  of  blood  pressure  follows  smaller 
doses.  Undiluted  bile  is  even  more  poisonous.  Intravenous  injection  of  20  to  30  mgm. 
(i/<  grain)  of  sodium  glycocholate  causes  in  rabbits  and  guinea-pigs  ulceration  of  the 
stomach  with  subperitoneal  hemorrhages.  (Sellards.)  The  fatal  dose  of  this  salt 
is  about  0.5  Gm.  per  kilo,  intraperitoneally. 

Aliynentary. — The  chief  and,  in  fact,  the  only  constant  effect  on  the  alimentary  tract 
is  a  true  cholagogue  action.  That  is,  an  increase  in  the  amount  of  bile  and  bile  acids. 
Associated  with  this  increase  of  quantity  and  of  bile  acids  there  is  a  diminution  of  the 
pigment.  Comparative  studies  of  the  bile  acids  have  shown  that  taurocholic  acid  is 
chiefly  responsible  for  the  cholagogue  action  and  glycocholic  is  the  active  agent  in  reduc- 
tion of  the  pigments. 

The  effect  on  peristalsis  is  contradictory  or  slight  in  normal  animals,  but  when 
there  is  acholia,  peristalsis  is  likely  to  be  increased,  the  constipation  being  thus  partly 
overcome.  Fats  are  not  well  absorbed  in  the  absence  of  bile  and  therefore  its  adminis- 
tration increases  their  absorption  in  cases  of  acholia.  The  nitrogenous  waste  in  the 
feces  is  also  diminished. 

Circulatory. — In  vitro  even  dilute  solutions  of  bile  cause  hemolysis,  but  this  effect 
never  reaches  importance  in  vivo.  The  heart  is  weakened  by  a  stimulation  both  central 
and  peripheral  of  the  vagus,  with  consequent  slowing,  and  by  paralysis  of  the  endings 
of  the  accelerans.  The  intracardiac  ganglia  and  later  the  muscle  are  also  paralyzed. 
This  effect,  according  to  Stewart  and  King,  depends  on  the  bile  pigments,  of  which  the 
amount  present  in  36  cc.  of  bile  (minimal  fatal  dose)  kills  dogs  by  cardiac  failure. 
The  action  of  large  doses  on  the  vasomotors  appears  to  be  paralysis.  In  the  perfused 
frog,  dilute  (1  to  100,000)  bile  causes  vaso-dilatation  followed  in  5  to  30  minutes  by 
lasting  constriction.  It  is  possible  that  this  may  be  due  to  free  acids  in  the  bile  pro- 
ducing the  usual  effect  of  acids  and,  as  these  are  neutralized  by  the  perfusion  fluid,  the 
alkaline  bile  salts  reverse  the  action. 

A^ervo its.— Bile  is  a  universal  paralyzant  to  nerve  tissue.  The  effects  of  bile  salts 
injected  manifest  themselves  as  somnolence  passing  into  coma,  reduction  of  reflexes  and 
failure  of  respiration.  The  muscles  are  directly  paralyzed,  the  latent  period  being 
increased  and  contractility  being  completely  lost.  Meltzer  and  Salant  have  shown  that 
there  is  also  present  a  convulsive  substance.  This  is  only  found  in  certain  animals 
(rabbits),  and  is  lost  on  standing,  so  that  it  cannot  be  demonstrated  in  bile  from  the 
gall  bladder,  but  only  in  that  from  a  biliary  fistula.  Its  action  may  be  brought  out  by 
giving  small  doses  of  bile  to  frogs  together  with  subminimal  doses  of  strychnine. 

The  other  actions  of  bile  are  less  important.  It  causes  slight  diuresis  and  the 
contractions'  of  the  uterus  in  vitro  are  strengthened  by  weak,  and  lessened  by  strong, 
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solutions   (CantonI).     The  disturbed  metabolism  seen  after  obstruction  of  the  common 
duct  may  be  improved  by  feeding  the  bile  collected  from  a  fistula  in  the  gall  bladder. 

Therapeutics. — Oxgall  is  used  in  conditions  in  which  there  is  a  diminished 
secretion  of  bile  or  a  lessened  amount  of  the  same  poured  into  the  intestine.  In 
cases  of  torpid  liver  it  often  renders  good  service,  not  only  supplying  the  deficiency 
of  bile  in  the  intestines  but  acting  analogously  to  certain  endocrine  extracts  by 
stimulating  the  liver  to  greater  secretory  activity.  It  is  given  with  benefit  in  certain 
cases  of  catarrhal  jaundice  depending  upon  a  subacute  cholangitis. as  well  as  in  entero- 
intoxication  and  in  chronic  constipation. 

Administration — Oxgall  may  be  used  conjointly  with  sodium  phosphate  or  be  asso- 
ciated with  nux  vomica  and  resinoid  cathartics.  In  chronic  cholecystitis,  it  is  to  be 
associated  with  antiseptics  such  as  sodium  salicylate  and  methenamine;  perhaps  also 
with  sodium  succinate  and  benzyl  succinate.  Crude  oxgall  is  not  administered  inter- 
nally, although  sometimes  used  in  enemas,  from  one  to  eight  fluidounces  (30  to  250  cc.) 
of  a  solution  containing  1  ounce  (30  Gm.)  to  the  pint  (500  cc.)  being  injected.  The 
extract  of  oxgall  (U.S.)  or  the  purified  oxbile  (Br.)  or  the  separated  bile-salts  or  a  mix- 
ture of  them,  may  be  used  in  pill  or  capsule,  alone  or  in  any  desirable  association.  The 
dose  of  each  of  these  varies  with  the  strength  or  purity  of  the  particular  preparation 
and  cannot  be  definitely  stated.  From  1  to  5  grains  (0.06  to  0.3  Gm.)  may  be  used 
tentatively;  and  this  is  to  be  increased  or  diminished  according  to  result.  It  is  best 
given  between  1  and  2  hours  after  meals,  when  the  gastric  chyme  is  passing  through 
the  pylorus. 

Boldo 

Boldo  consists  of  the  leaves  of  a  South  American  tree,  Peumas  holdus  or  Boldo 
fvagrans.  It  contains  an  essential  oil  (containing  eugenol,  ascaridol,  cymol  and 
terpenes),  a  glucoside  (holdin  or  toldoglucin),  an  alkaloid  (holdeine  or  holdine),  gum 
and  tannin.  The  alkaloid  is  toxic  and  apparently  a  spinal  convulsant,  but  is  present 
in  such  small  amount  that  it  takes  no  part  in  the  action  of  the  drug,  which  is 
similar  to,  and  presumably  depends  on,  that  of  the  glucoside. 

In  toxic  dose  the  fluid  extract  and  glucoside  produce  similar  effects  on  dogs  and 
rabbits;  excitement,  ataxia,  repeated  vomiting,  followed  by  weakness  and  hypnosis. 
Death  results  from  respiratory  paralysis. 

Studies  on  dogs  with  biliary  fistula  showed  no  effect  on  the  total  quantity  of 
bile,  but  a  marked  temporary  decrease  in  bile  acids  and  total  solids.  The  viscosity 
was  lessened  by  decrease  in  the  amount  of  mucin.  The  bile  pigments  are  increased 
as  a  result  of  destruction  of  the  red  blood  cells.  This  probably  suggested  its  reputed 
cholagogue  action.  The  heart  is  slowed  and  at  first  is  stronger,  but  it  soon  weakens 
and  blood  pressure  falls.  Respiration  is  slowed  and,  under  small  doses,  may  be 
deeper,  but  with  toxic  amounts  it  is  shallow,  and  fails  before  the  heart.  The  kidneys 
are  irritated  even  by  small  doses,  showing  increased  secretion  followed  by  albuminuria, 
casts  and  often  blood.     The  urine  is  greenish  from  destroyed  blood  pigment. 

Materia  Medica. — Boldus  (N.F.),  Boldo.    Synonym:  Boldo  Leaves. 

The  leaves  of  Boldu  holdus  (Molina)  Lyons  (Fam.  Monimiacece).  Odor,  peculiar, 
disagreeable  and  somewhat  like  that  of  chenopodium;  taste,  bitter,  warm  and  pungent, 
camphoraceous  and  slightly  terebinthinate. 

Dose,  5  to  12  grains  (0.3  to  0.8  Gm.). 

FLuroEXTRACTUM   BoLDi    (N.F.),    Fluidextract   of   Boldo.     Ahlr.,   Fldext   Boldi. 

Each  cc.  represents  1  Gm,  of  the  drug,  with  an  alcoholic  content  of  about  92 
percent. 

Dose,  1  to  10  minims  (0.06  to  0.6  cc). 

Therapeutics. — Boldo,  in  doses  of  4  to  8  minims  (0.25  to  0.5  cc.)  of  the  fluidextract, 
has  been  employed  in  rheumatism,  dyspepsia,  constipation,   chronic   congestion  and 
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torpidity  of  the  liver  and  in  hepatitis,  jaundice,  and  gall-stone  formation.  The  lessened 
viscosity  of  the  bile  serves  to  hasten  its  flow,  thus  hindering  the  production  of  gall- 
stones. The  alkaloid,  holdine,  in  doses  of  ^Aoo  to  %o  grain  (0.0006  to  0.0012  Gm.),  has 
been  suggested. 

Pancreatic  Stimulants 

Pancreas. — The  secretion  of  the  pancreas  is  stimulated  b^  much  the  same  drugs 
as  cause  salivation,  including  acids  (when  swallowed),  pilocarpine,  eserine,  and  ether. 
An  extract  of  the  duodenal  mucosa,  containing  a  hormone,  known  as  secretin  or  duo- 
denin,  is  used  experimentally  to  excite  the  pancreatic  secretion,  but  it  has  not  found 
wide  employment  in  therapeutics.  Irritant  carminatives,  such  as  mustard  and  pepper, 
stimulate  the  secretion  reflexly. 

The  secretion  is  checked  by  alkalis  and  by  small  doses  of  atropine  and  morphine. 

Stimulation  of  the  pancreatic  secretion  is  not  much  utilized  in  practice.  In  case 
of  deficiency,  pancreatin  is  administered  or  predigested  foods  are  given. 

The  excretion  of  drugs  in  the  pancreatic  juice  is  not  well  studied,  but  it  is 
not  improbable  that  drugs  secreted  in  the  saliva  will  also  be  found  .in  it. 

The  production  of  insulin  is  not  known  to  be  stimulated  by  any  drug. 

Alimentary  Depressants 

Antisialogogues 

It  is  rarely  necessary  to  check  the  salivary  secretion  in  clinical  practice,  but  toxic 
salivation,  ptyalism,  as  seen  in  mercury  poisoning,  may  require  control.  The 
most  effective  agent  for  this  purpose  is  atropine,  but  dry  mouth  is  also  characteristic 
of  opium  even  in  medicinal  dose,  and  the  flow  is  checked  reflexly  by  holding  alkalis 
such  as  soda,  borax,  lime  and  magnesia  in  the  mouth.  Astringents  are  effective  by 
topical  action,  alum,  soluble  iron  salts  and  tannins  inducing  dryness  of  the  mouth. 

When  excessive  secretion  of  saliva  is  part  of  a  symptom-complex  indicating 
autonomic  imbalance,  and  especially  when  it  is  associated  with  hyperhidrosis,  atropine 
is  first  to  be  tried;  this  failing,  astonishing  improvement  may  follow  the  use  of 
pilocarpine  hydrochloride  in  doses  of  about  %ooo  to  '/f)00  grain  (0.002  to  0.008  mgm.) 
every  2  hours.  When  the  improvement  ceases,  atropine  may  be  tried  again,  either  in 
one  decided  dose — about  %o  grain  (1  mgm.) — daily  or  in  minute  doses — say,  ^/iooo 
grain  •(0.004  mgm.)  more  or  less — frequently.  Individual  responses  vary  and  must 
be  watched  closely,  so  that  dosage  may  be  gauged  correctly  and  timed  effectively. 
Alternations  of  pilocarpine  and  atropine  courses  may  prove  more  successful  than 
either  one  singly.  In  many  such  instances  neither  atropine  alone  nor  pilocarpine  alone 
will  prove  effective,  but  the  addition  of  ergot,  of  quinine  hydrobromide  or  of  opium  in 
minute  quantity,  or  the  conjoint  use  of  decided  doses  of  strontium  or  calcium  bromide, 
will  bring  the  symptom  under  control.  As  a  matter  of  course  the  underlying  condition 
must  be  treated  appropriately  to  prevent  recurrence. 

Antemetics 

The  antemetics  are  of  two  sorts,  those  which  exert  a  soothing  action  on  the 
stomach,  reducing  the  reflexes  to  the  vomiting  center,  and  those  which  directly  act  on 
the  center  to  reduce  its  sensitiveness  or  otherwise.  In  the  first  class  belong  the 
entire  groups  of  protectives  and  demulcents  as  well  as  local  anesthetics.  The  pro- 
tectives  are,  of  course,  only  of  value  to  overcome  vomiting  due  to  gastric  irritation. 
The  local  anesthetics  may,  by  anesthetizing  the  sensory  area  in  the  stomach  from  which 


ASTRINGENTS  1191 

continued  impulses  pass  to  the  center,  check  also  vomiting  arising  reflexly  from  other 
parts. 

Among  the  central  antemetics  are  the  narcotics,  chloral  being  very  efTcctive  in 
spite  of  irritating  the  stomach.  Morphine,  which  has  the  advantage  of  hypoder- 
mic administration,  is  also  useful,  although  in  many  persons  it  also  causes  emesis. 
Scopolamine  is  also  used,  and  its  addition  to  morphine  injections  prevents  the  develop- 
ment of  nausea  and  vomiting  on  waking.  Scopolamine  and  dionine  is  sometimes  a 
more  effective  association.  Certain  drugs  which  act  on  the  sympathetic  system  also 
prevent  vomiting  when  this  is  centrally  produced.  Atropine  and  hyoscyamine  prevent 
the  vomiting  from  pilocarpine  and  nicotine  but  not  that  from  apomorphine  and 
emetine  (Egglcston). 

The  local  antemetics  include  agents  which  act  by  controlling  fermentation  or 
absorbing  its  products,  as  wood  charcoal  and  animal  charcoal,  hydrochloric  acid, 
phenol,  creosote  and  oil  of  cloves.  The  last  three,  which  may  be  given  in  drop  doses, 
are  also  local  anesthetics.  Pure  local  anesthetics,  such  as  cocaine,  procaine  and 
apothesine,  are  often  more  effective  against  the  vomiting  of  gastric  ulcer  and  cancer. 
The  anesthetic  is  best  administered  in  relatively  concentrated  form — say  ^4  grain 
(30  mgm.)  of  cocaine  hydrochloride  in  a  scant  teaspoonful  of  water — about  20  minutes 
before  food  or  medicine  is  to  be  given.  Apothesine  (y2  to  2  grains — 0.03  to  0.12  Gm.) 
can  be  given  in  powder  or  tablet  washed  down  with  a  sip  of  water.  Orthoform, 
although  slow  in  action,  is  useful  when  there  is  gastric  ulceration  and  may  be  given 
as  an  adjuvant  20  minutes  after  the  more  powerful  anesthetics,  washed  down  with 
sufficient  water.  Aconite  and  cerium  oxalate  appear  to  combine  local  and  central 
effects. 

Astringents 

The  use  of  astringents  is  frequently  called  for  in  affections  of  the  stomach  and 
bowel,  especially  those  characterized  by  increased  secretion  of  mucus  or  the  excessive 
outpouring  of  fluid  into  the  bowel. 

The  excessive  secretion  of  gastric  catarrh  may  often  be  checked  by  administration 
of  the  mildly  astringent,  metallic  agents  such  as  bismuth  subnitrate,  aluminum  hydrate 
and  small  doses  of  silver  nitrate.  The  milder  tannins  such  as  hamamelis,  rhus,  and 
myrrh,  may  also  be  used.  Active  protein  precipitants  are  occasionally  of  service  to 
control  hemorrhage  from  gastric  ulcer.  Citric  acid,  gallic  acid,  tannic  acid,  dilute 
sulphuric  acid,  alum  and  soluble  iron  salts  may  be  administered  after  being  suitably 
diluted. 

Astringents  are  more  often  employed  for  the  control  of  diarrhea.  The  less  soluble 
tannins  are  especially  available,  hematoxylon  being  often  effective  when  other  agents 
fail.  Kino  and  krameria  are  also  serviceable.  Tannic  acid  is  valueless  as  it  is  too 
rapidly  absorbed.  Many  synthetic  organic  compounds  of  tannin  which  are  slowly 
broken  down  have  been  introduced,  such  as  tannalbin,  tannigen,  and  protan,  but  these 
are  no  better  than  the  natural  tannins.  Of  the  metallic  astringents,  lead  and  bismuth 
salts  are  most  used  for  the  control  of  diarrhea,  and  are  often  associated  with  opium. 
Copper  sulphate,  zinc  sulphate  and  iron  sulphate,  although  causing  diarrhea  in  large 
dose,  are  markedly  astringent  in  doses  of  a  fraction  of  a  grain  (5  to  15  mgm.)  Asso- 
ciated with  these  astringents  may  be  administered  agents  which  check  peristalsis, 
especially  opium  and  camphor.  A  favorite  pill  for  chronic  diarrhea  contains  1  grain 
(60  mgm.)  each  of  lead  acetate,  powdered  opium  and  camphor.  This  dose  is  too  large, 
however,  and  half  the  amount  stated  is  preferable. 

The  agents  which  have  just  been  enumerated  are  discussed  in  detail  with  astrin- 
gents (Order  II),  or  antiseptics  (Order  I). 
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Antispasmodics 

The  intestinal  antispasmodics  are  rarely  administered  alone,  but  are  frequently 
added  to  cathartics  to  prevent  griping  pain,  and  to  carminatives  to  aid  in  their  action. 
The  narcotics  are  all  antispasmodics  and  their  attractiveness  to  habitues  may  depend 
in  part  on  quieting  of  the  gastroenteric  movements.  Dilute  alcohol  in  the  form  of  wine 
or  diluted  whisky  or  gin  is  very  eflS^eacious  in  relieving  intestinal  cramps,  and  bro- 
mides, spirit  of  chloroform,  asafetida,  Hoffmann  anodyne,  turpentine  and  valerian  are 
used  for  the  same  purpose.  Cannabis  is  extensively  administered  to  horses  with 
"wind  colic"  and  is  used  more  rarely  in  man.  When  the  patient  cannot  swallow, 
or  pain  is  severe,  a  hypodermic  injection  of  morphine  (gr.  Vs-Vi*  mgm.  8-15)  with 
atropine  (gr.  1/500-1/200,  mgm.  0.1-0.3)  will  commonly  bring  prompt  relief.  A 
saturated  watery  solution  of  chloroform,  preferably  in  a  digestive  mixture,  is  often 
effective  if  the  stomach  is  too  sensitive  to  take  food.  Camphor  water  may  be  added 
or  tincture  of  hyoscyamus.  The  carminatives,  especially  compound  spirit  of  lavender, 
are  useful,  and  commonly  a  mixture  is  better  than  any  single  agent.  As  additions  to 
purgative  mixtures,  belladonna  (and  atropine),  camphor  and  hyoscyamus  are  especially 
useful. 

Gastric  spasticity,  sometimes  manifested  irregularly,  sometimes  as  a  tendency 
to  hour-glass  contraction,  sometimes  as  construction  at  or  near  the  pylorus,  is  more 
common  both  in  adults  and  children,  especially  in  its  slighter  degrees,  than  it  was 
before  the  x-ray  enabled  the  condition  to  be  seen.  In  x-ray  studies  it  is  commonly 
overcome  by  the  use  of  tincture  of  belladonna  in  ascending  doses — as  10  drops  thrice 
daily,  the  first  day,  20  drops  thrice  on  the  second  day,  30  drops  thrice  on  the  third 
day,  or  until  physiologic  effect  is  shown.  Or  atropine  sulphate  in  solution  (1:500) 
about  1  grain  to  the  fluidounce,  is  given  in  progressively  increasing  doses,  from  3 
or  5  to  20  or  even  40  drops  thrice  daily,  according  to  the  patient's  reaction.  Infants 
with  pylorospasm  beginning  with  1  drop  of  such  a  solution  thrice  daily  and  increasing 
by  1  drop  thrice  daily,  may  reach  a  dose  of  40  drops  or  more  without  showing  any 
sign  of  poisoning.  Calcium  bromide  with  parathyroid  and  the  benzyl  ester  group  of 
agents,  are  applicable  as  adjuvants  or  succedanea,  especially  in  the  more  chronic  or 
less  urgent  cases  in  which  such  large  doses  of  belladonna  or  its  principle  might  be 
unnecessary  or  even  dangerous. 

Spasm  of  the  gall-ducts  in  the  absence  as  well  as  the  presence  of  calculi,  and 
possibly  of  the  pancreatic  duct  likewise,  occurs  and  recurs  in  certain  persons.  It 
may  be  relieved  by  belladonna  and  the  other  agents  mentioned — the  activity  of  treat- 
ment to  depend  on  the  special  symptoms  and  results. 

The  principal  discussion  of  all  these  agents  will  be  found  with  the  nerve 
depressants,  except  that  of  camphor,  which  is  placed  with  the  antiseptics. 

Alimentary  Adjuvants 

Digestive  Ferments 

Ferments  are  organic  compounds  secreted  by  animal  and  vegetable  cells  and  act- 
ing in  the  breaking  down  or  building  up  of  other  substances  which  are  termed  "sub- 
strates." The  human  body  contains  and  forms  a  great  variety  of  such  agents,  some 
of  which  are  as  yet  of  physiologic  interest  only;  some  of  great  pathologic  importance; 
a  few  directly  utilizable  in  therapeutics. 

Nothing  definite  is  known  of  their  chemical  constitution.  All  contain  nitrogen 
and  phosphorus,  but  not  as  protein,  and  most  contain  sulphur.  Iron  and  chlorine  are 
frequent  constituents.    Calcium  is  usually  present,  but  may  be  an  impurity. 
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These  bodies  occur  in  nature  as  proferments  or  zymogens  which  require  activators 
or  kinases  to  convert  them  into  enzyme.  Pepsin,  lipase  and  rennin  are  activated  by 
acids;  ptyalin  and  thrombin  by  calcium;  the  lipase  of  the  pancreas  by  bile,  and  trypsin 
by  a  special  kinase  formed  in  the  intestinal  wall.  Most  ferments  are  soluble  in  water 
and  in  dilute  alcohol  and  can  be  salted  out  by  neutral  salts.  Purified  trypsin,  pepsin 
and  other  ferments  dialyze  slowly,  through  certain  membranes  but  not  through  others ; 
a  membrane  may,  however,  hold  one  ferment  back  and  allow  another  to  pass.  Fer- 
ments are  adsorbed  by  some  precipitates  but  not  by  others,  and  this  also  differs  with 
the  ferment,  being  partly  determined  by  electric  charge,  partly  by  adsorption  to  the 
substrate. 

Ferments  are  extremely  unstable,  degenerating  slowly  in  watery  and  alcoholic 
solutions,  but  keeping  fairly  well  in  glycerin  solutions,  or  dry.  They  are  much  more 
easily  injured  when  highly  purified.  Acids  destroy  ptyalin  and  trypsin;  alkalis  and 
strong  acids  destroy  pepsin.  The  stability  to  heat  varies  with  the  ferment  and  other 
conditions.  Pure  trypsin  in  water  is  destroyed  at  45°  C,  but  in  alcohol  resists  65°  C. 
Dry  ferments  resist  temperatures  which  destroy  them  quickly  in  solution.  The  resis- 
tance is  greater  in  the  presence  of  the  substrate.  They  are  not  much  altered  by 
exposure  to  light. 

Ferments  are  to-day  looked  upon  as  catalyzers,  that  is,  agents  which  accelerate 
and  complete  a  .reaction  which  may  go  on  without  them,  but  so  slowly  as  not  to  be 
perceived.  Each  ferment  produces  a  specific  effect  upon  a  specific  substrate;  that  is, 
it  acts  only  upon  a  group  of  closely  related  bodies  of  one  chemical  type,  and  produces 
in  all  the  same  kind  of  change.  Zymase,  for  example,  acts  only  on  sugars  with  six 
or  nine  carbons  and  not  on  pentoses;  the  ferment  of  yeast  splits  only  dextrorotary 
sugars  and  not  Isevorotary;  erepsin  acts  only  on  certain  proteins,  while  trypsin  breaks 
down  all  protein  molecules. 

Each  ferment  has  an  optimum  temperature  and  pH,  but  these  differ  over  a  fairly 
wide  range.  Their  action  is  hindered  by  the  presence  of  the  products  of  their  activity 
and  by  many  other  substances  known  as  "poisons."  These  also  differ  with  each 
ferment. 

The  digestive  ferments  are  numerous  and  of  great  physiologic  importance,  but 
although  many  have  been  introduced  as  medicaments,  only  three  find  extensive  use  in 
medical  practice  to-day.  Among  those  which  have  been  more  or  less  used  in  the  past 
may  be  mentioned  the  diastase  of  the  salivary  gland;  the  proteolytic  ingluvin  of  the 
hog  stomach;  a  ferment  from  the  stomach  of  the  chicken;  secretin,  which  is  not  a  true 
digestive  ferment  but  a  stimulant  of  the  pancreatic  glands;  and  diastase  and  maltase 
from  yeast.  To-day  only  three  ferments  find  extensive  use,  namely,  pepsin,  a  proteolytic 
ferment  from  the  hog  stomach;  pancreatin,  a  mixed  ferment  from  the  pancreas  con- 
taining trypsin  (proteolytic),  lipase  (lipolytic)  and  diastase  (amylolytic) ;  papain, 
a  vegetable  ferment  also  able  to  digest  proteins,  fats  and  carbohydrates,  and  diastase, 
from  yeast. 

These  ferments  are  used  either  to  replace  the  deficient  natural  enzymes,  being 
administered  with  or  shortly  after  food,  or  they  are  added  to  food  to  digest  it,  at  least 
partly,  before  it  is  eaten.  In  the  form  of  Elixir  digestivum  (KF.),  they  are  used 
as  vehicles  for  remedies  which  are  likely  to  upset  the  digestion,  and  through  some 
obscure  action  the  disturbing  effect  of  iodides  and  other  undigested  substances  is 
diminished.  They  may  also  be  encapsulated  with  medicaments  administered  in  that 
way,  for  a  similar  protective  purpose. 

Yeast  is  administered  as  the  living  organisms,  but  rather  to  increase  the  acidity  of 
the  bowel,  by  acetous  fermentation,  and  thus  to  check  the  growth  of  putrefactive 
bacteria,  than  to  aid  in  the  digestion  of  starches.    Its  vitamin  content  is  also  a  factor 
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in  the  benefit  at  times  derived.  Bacilli  which  form  lactic  acid  from  starches  are 
likewise  given  to  set  up  an  unfavorable  medium  for  harmful  microbes.  Both  yeast 
and  lactic  acid  bacilli  are  discussed  with  Biologic  Antipathogens. 

Pepsin 

Pepsin  is  a  proteolytic  enzyme  found  in  the  stomach  of  all  vertebrates,  with  the 
exception  of  certain  fishes.  It  is  found  in  the  new-born  of  man  and  herbivora  but 
not  in  new-born  carnivora.  It  is  secreted  as  a  proferment,  pepsinogen,  which  is  con- 
verted to  pepsin  by  acids.  It  is  doubtful  whether  it  is  secreted  by  the  pyloric  portion 
of  the  stomach  in  mammals,  or  only  by  the  fundus.  A  normal  man  secretes  about 
1500  cc.  (3  pints)  of  gastric  juice  daily,  1  cc.  of  which  will  digest  10  Gm.  (2y2  drams) 
of  egg  white  (Carlson). 

Chemistry. — Carefully  purified  pepsin  contains  sulphur  and  nitrogen  but  no  phos- 
phorus. It  may  or  may  not  give  protein  reactions,  such  as  the  biuret.  Commercial 
preparations  are  made  by  adding  starch  or  milk  sugar  to  a  partly  purified  extract 
of  the  mucosa.  The  Brueke  method  of  purification  consists  in  extracting  the  chopped 
mucous  membrane  with  phosphoric  acid  and  precipitating  with  limewater.  The  pepsin 
comes  down  with  the  precipitate.  This  is  extracted  with  dilute  HCl  and  treated  with 
a  solution  of  cholesterin  in  alcohol-ether.  This  precipitates  and  carries  the  pepsin 
down  with  it.  The  cholesterin  is  removed  by  shaking  with  ether,  leaving  the  purified 
pepsin   in   watery  solution. 

Pepsin  in  solution  is  unstable,  a  neutral  watery  solution  being  quickly  destroyed 
at  55°  C.  In  dilute  acid  it  is  destroyed  slowly  at  65°  C.  and  rapidly  at  80°  C.  It  is 
somewhat  less  readily  destroyed  in  the  presence  of  proteins  or  peptones.  It  is  also 
destroyed  by  0.5  to  1  percent.  NajCO,  and  by  HCl  above  0.2  percent.  It  is  not  much 
injured  by  formalin. 

Summary  of  Actions  and  Uses. — ^The  only  effect  of  pepsin  is  to  convert  proteins  to 
peptones  in  an  acid  medium.  It  is  used  for  this  purpose  to  prepare  foods  for  assimila- 
tion; by  administration  in  certain  types  of  indigestion;  and  more  rarely  in  glycerin 
solution,  to  cleanse  the  surface  of  ulcers  or  to  remove  false  membranes. 

Materia  Medica. — Pepsinum  (U.S.  X.),  Pepsin.     Ahhr.,  Pepsin. 

A  product  obtained  from  the  glandular  layer  of  the  fresh  stomach  of  the  hog, 
Bus  scrofa  var.  domesticus  Gray  (Fam.  Suidoe),  and  containing  a  proteolytic  enzyme 
or  ferment.  It  digests  not  less  than  3000  times  its  own  weight  of  freshly  coagulated 
and  disintegrated  egg  albumin.  Lustrous,  white,  pale  yellow,  transparent  or  translucent 
scales,  granules,  or  spongy  masses,  or  a  fine,  white  or  cream-colored,  amorphous  powder, 
free  from  any  offensive  odor,  and  having  a  slightly  acid  or  saline  taste.  It  is  not 
more  than  slightly  hygroscopic.  Pepsin  is  freely  soluble  in  water,  the  solution  being 
more  or  less  opalescent.  It  is  nearly  insoluble  in  alcohol,  chloroform,  and  ether.  Dry 
pepsin  is  not  injured  by  heating  to  100°  C.  (212°  F.).  The  activity  of  pepsin  in 
solution  is  destroyed  by  alkalis  or  by  temperatures  exceeding  70°  C.  (158°  F.). 

Antagonists  and  Incompatihles. — Alkalis,  chlorides  of  sodium  and  of  potassium, 
sulphates  of  copper  and  magnesium,  alcohol,  alum,  when  present  in  large  amounts, 
hinder  or  prevent  the  digestive  action  of  pepsin ;  pancreatin  in  alkaline  solution 
destroys  pepsin. 

Synergists. — ^Hydrochloric  acid,  papain,  diastase. 

Dose,  8  to  60  grains  (0.5  to  4  Gm.). 

Pepsinum  Saccharatum  (N.F.),  Saccharated  Pepsin.   Ahlr.,  Pepsin.  Sacchar. 

Pepsin,  10  percent. ;  sugar  of  milk,  90  percent. 

Dose,  10  to  60  grains  (0.6  to  4  Gm.). 
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Glycerinum  Pepsini  (Br.),  Glycerin  of  Pepsin.    Ahbr.,  Glycer.  Pepsin. 

Each  fluidram  is  equivalent  to  6  grains  of  pepsin,  with  60  percent,  of  glycerin. 

Dose,  1  to  2  fluidrams  (4  to  8  cc). 

Glyceritum  Pepsini  (N.F.),  Glycerite  of  Pepsin.    Ahhr.,  Glycer.  Pepsin. 

Each  fluidram  is  equivalent  to  5  grains  of  pepsin,  with  50  percent,  of  glycerin. 

Dose,  30  to  60  minims  (2  to  4  cc). 

Liquor  Pepsini  (N.F.),  Solution  of  Pepsin.    Ahbr.,  Liq.  Pepsin. 

Glycerite  of  pepsin,  5  percent,  glycerin,  31.5  percent. 

Dose,  1  to  3  fluidrams  (4  to  12  cc). 

Liquor  Pepsini  Antisepticus  (N.F.),  Antiseptic  Solution  of  Pepsin.  Ahhr.,  Liq. 
Pepsin.  Antisept. 

This  solution  represents  5  percent,  of  pepsin  with  traces  of  menthol,  eucalyptol 
and  methyl  salicylate. 

Dose,  1  to  3  fluidrams  (4  to  12  cc). 

Liquor  Pepsini  Aromaticus  (N.F.),  Aromatic  Solution  of  Pepsin.  Ahhr.,  Liq. 
Pepsin.  Arom. 

Each  cc.  represents  1  Gm.  of  pepsin  flavored  with  oil  of  cinnamon,  oil  of  pimenta 
and  oil  of  clove. 

Dose,  1  to  3  fluidrams  (4  to  12  cc). 

Elixir  Pepsini  (N.F.),  Elixir  of  Pepsin.   Ahhr.,  Elix.  Pepsin. 

Each  fluidram  represents  1  grain  (0.06  Gm.)  of  pepsin,  with  hydrochloric  acid  and 
aromatic  elixir. 

Dose,  1  to  3  fluidrams  (4  to  12  cc). 

Elixir  Pepsini  Compositum  (N.F.),  Compound  Elixir  of  Pepsin.  Ahhr.,  Elix.  Pep- 
sin. Co.     Synonym:    Compound  Digestive  Elixir. 

The  only  important  differences  between  this  and  the  simple  elixir  are  those  of  color 
and  flavor. 

Dose,  2  fluidrams  (8  cc). 

Elixir  Pepsini,  Bismuthi  et  Strychnine  (N.F.),  Elixir  of  Pepsin,  Bismuth  and 
Strychnine.    Ahhr.,  Elix.  Pepsin.  Bism.  et  Strych. 

Each  fluidram  contains  Vioa  grain,  strychnine;  V2  grain,  pepsin,  and  7^2  grains, 
glycerite  of  bismuth. 

Dose,  1  to  3  fluidrams  (4  to  12  cc). 

Ellxir  Pepsini  et  Bismuthi  (N.F.),  Elixir  of  Pepsin  and  Bismuth.  Ahhr.,  Elix. 
Pepsin,  et  Bism. 

Each  fluidounce  contains  about  Y2  grain  of  pepsin  and  IV2  minims  of  glycerite 
of  bismuth. 

Dose,  1  to  3  fluidrams  (4  to  12  cc). 

Elixir  Pepsini  et  Ferri  (unofficial),  Elixir  of  Pepsin  and  Iron.  Ahhr.,  Elix. 
Pepsin,  et  Ferr. 

Each  fluidram  contains  about  A\2  minims  of  the  tincture  of  ferric  citrochloride, 
with  elixir  of  pepsin. 

Dose,  1  to  3  fluidrams  (4  to  12  cc). 

Elixir  Pepsini  et  Rennini  Compositum  (N.F.),  Compound  Elixir  of  Pepsin  and 
Rennin.   Ahhr.,  Elix.  Pepsin  et  Rennin.  Co.    Synonym:  Essence  of  Pepsin. 

Contains  2.25  percent,  of  pepsin  and  1.75  percent,  of  rennin,  with  an  alcoholic 
content  of  about  12  percent. 

Dose,  1  to  3  fluidrams  (4  to  12  cc). 

Vinum  Pepsins  (unofficial).  Wine  of  Pepsin.    Ahhr.,  Vin.  Pepsin. 

Glycerite  of  pepsin,  20  parts;  alcohol,  10  parts;  sherry  wine,  70  parts. 

Dose,  1  to  3  fluidrams  (4  to  12  cc). 
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Enzymol  (N.N.K.). 

An  extract  prepared  from  the  fresh  animal  stomach ;  said  to  contain  the  activated 
gastric  enzyme  in  association  with  the  soluble  constituents  with  which  the  proenzyme 
is  naturally  associated.    It  is  a  light  straw-colored  fluid. 

Dose,  used  with  addition  of  1/2  to  2  volumes  of  water  for  application  to  necrotic 
and  carious  bone,  and  in  large  abscess  cavities.  Two-tenths  percent,  of  hydrochloric 
acid  should  be  used  in  conjunction  with  it. 

Gastron  (N.N.K.). 

A  solution  of  the  gastric  tissue  juice  obtained  by  direct  extraction  from  the 
mucosa  of  the  fresh  stomach  of  the  pig  and  containing  the  activated  principles  of 
the  gastric  cells,  the  enzymes  and  the  associated  organic  and  inorganic  constituents 
in  an  acid;  aromatized  menstruum  containing  25  percent,  glycerin  by  weight.  It  is 
a  viscid,  slightly  opaque,  straw-colored  fluid,  which  is  coagulated  by  heat  and  strong 
alcohol. 

Dose,  1  to  2  fluidrams  (4  to  8  cc),  diluted  with  water. 

Elixir  of  Enzymes  (N.N.K.). 

A  solution  containing  pepsin  and  rennet  in  a  menstruum  containing  15  percent, 
of  alcohol.  It  is  a  light  yellow,  palatable  liquid  preparation,  capable  of  digesting  about 
TO  parts  of  egg  albumin  in  2^/2  hours.  Two  fluidrams  coagulate  1  pint  of  milk  in  a 
few  minutes. 

Dose,  1  to  2  fluidrams  (4  to  8  cc),  with  meals. 

Ingluvin  (unofficial),  Ingluvin. 

A  digestive  ferment — prepared  from  the  gizzards  of  fowls  and  used  as  is  pepsin. 
It  is  best  given  with  or  followed  by  a  small  amount  of  well  diluted  hydrochloric  acid. 

Dose,  5  to  15  grains  (0.3  to  1  Gm.). 

Betain^  Hydrochloridum  (N.N.R.),  Betaine  Hydrochloride. 

An  alkaloid  from  the  Beta  vulgaris  and  other  plants.  Consists  of  colorless  crystals 
which  are  freely  soluble  in  water,  containing  23.8  percent,  of  absolute  hydrochloric  acid. 

Dose,  8  grains   (0.5  Gm.)   dissolved  in  water. 

Pharmacodynamic  Action. — The  sole  action  of  pepsin  is  the  digestion  of  proteins, 
which  when  exposed  to  its  action  swell  and  become  soluble  in  water.  They  are  first 
changed  to  acid  albumins  (Kuhne),  then  to  primary  proteoses,  then  to  secondary  pro- 
teoses (deutero-proteoses),  and  finally  to  peptones.  The  pepsin  aids  in  the  first  change, 
which  is  really  effected  by  the  acid.  Each  successive  stage  is  more  soluble  in  water 
and  requires  more  concentrated  solutions  to  "salt  out."  Peptones  are  not  coagulated  by 
heat  nor  precipitated  by  saturated  ammonium  sulphate.  In  place  of  the  original  protein 
molecule  with  an  atomic  weight  of  about  6000,  we  have  molecules  with  an  atomic  weight 
of  about  250  to  400  (Howell).  Peptones  give  the  biuret  reaction,  but  if  pepsin  acts  a 
long  time  it  yields  bodies  like  those  from  trypsin  (polypeptids  and  aminoacids),  which 
do  not  (Fischer).  Mucoids  from  cartilage,  bone,  tendon,  are  converted  to  a  mucin-like 
body  and  dissolve,  leaving  a  residue  of  about  10  percent.  Elastin  is  also  digested,  but 
keratin  is  not. 

The  optimum  temperature  is  37°  to  40°  C.  (98°  to  103°  F.).  Pepsin  acts  only  in 
acid  medium,  but  the  acid  optimum  varies  with  the  substrate,  being  (with  HCl)  0.09  per- 
cent, for  fibrin,  0.1  percent,  for  casein  and  myosin,  0.25  percent,  for  egg  albumin.  With 
phosphoric  acid  about  eight  times  as  much  is  needed,  but  the  result  is  just  as  good,  while 
sulphuric  acid  is  less  effective.  The  rate  of  digestion  varies  as  the  square  of  the  amount 
of  pepsin  within  certain  limits  but  in  the  presence  of  peptones  may  vary  directly  as  the 
amount. 

Peptic  digestion  is  interfered  with  by  the  presence  of  neutral  salts,  e.g.,  NaCl;  by 
benzoic  acid,  salicylic  acid,  thymol,  beta-naphthol,  and  sodium  sulphite,  and  less  markedly 
by  boric  acid  and  resorcin  (Heineberg).  Nicotine  and  tannic  acid  retard  the  action 
slightly  and  iron  and  bismuth  salts  markedly   (Ramsay). 

Assay  Methods  for  Pepsin:  1.  Official  (U.S.P.)  Method.— Ten  Gm.  of  powdered 
(sieved)   coagulated  albumin  from  a  fresh  egg  is  suspended  in  35  cc.  of  N/12  HCl  and 
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treated  with  5  cc.  of  the  pepsin  dissolved  in  the  same  acid.  It  is  kept  at  52°  C.  for 
21/3  hours,  with  frequent  shalving,  allowed  to  stand  for  X4  hour  to  settle,  and  the  bullc 
of'the  remaining  precipitate  estimated.  It  must  not  be  more  than  1  cc,  using  0.1  Gm. 
of  pepsin. 

2.  Bruecke  Method. — A  standard  pepsin  and  the  unknown  are  each  dissolved  in 
0.1  HCl  and  dilutions  made  of  each  of  VL>,  %,  etc.  To  each  tube  a  flake  of  fibrin  is 
added  and  the  time  of  beginning  and  end  of  digestion  are  noted.  Direct  comparison 
of  the  tubes  shows  the  relative  strength.  The  test  may  be  modified  by  staining  the 
fibrin  with  carmine  and  colorometrically  determining  the  amount  of  dye  released. 

3.  Volhard  Method. — An  acid  casein  solution  is  digested  and  samples  of  the  orig- 
inal and  the  digested  material  are  precipitated  with  sodium  sulphate  and  the  extent 
of  digestion  determined  by  titrating  the  amount  of  acid  set  free.  The  relative  amount 
of  pepsin  in  two  samples  is  as  the  squares  of  the  acidity. 

4.  Mett  Method. — Egg  white  is  run  into  glass  tubes  of  1  to  2  mm.  lumen  and,  after 
coagulation  by  brief  boiling,  the  tubes  are  cut  into  short  pieces  and  placed  in  tubes 
as  in  the  Bruecke  method.  After  ten  hours  the  amount  digested  out  of  the  tubes  is 
measured,  the  relative  quantity  of  pepsin  varying  as  the  square  of  this.  Not  more 
than  7  mm.  should  be  digested. 

Ruppert  determines  polariscopically  the  amount  of  albumoses  formed;  Fuld,  the 
power  to  change  edestin;  Jacob,  the  ability  to  clear  up  a  turbid  solution  of  ricin. 
None  of  these  methods  is  much  used  in  this  country. 

Therapeutics. — Pepsin  acts  as  an  aid  to  digestion  in  the  stomach  when  there  is  a 
deficiency  of  the  substance  in  the  gastric  juice.  Therapeutically  the  necessity  for 
pepsin  does  not  often  arise,  since  it  is  the  acid  of  the  secretion  that  is  most  frequently 
lacking.  However,  despite  theory,  pepsin  is  frequently  of  service  in  acute  and  chronic 
indigestion,  even  when  there  is  no  reason  to  suspect  a  lack  of  the  natural  enzyme. 
It  is  given  with  good  results  in  the  vomiting  of  pregnancy  in  doses  of  6  to  8  grains 
(0.4  to  0.5  Gm.),  though  here  the  related  substance,  ingluvin,  derived  from  the  gizzard 
of  the  fowl,  sometimes  acts  better,  given  in  doses  of  5  to  10  grains  (0.3  to  0.6  Gm.), 
Pepsin  is  useful  also  in  the  treatment  of  tropical  sprue  and  "hill  diarrhea"  and  of 
the  summer  diarrhea  of  infants. 

Pepsin  should  be  given  with,  or  followed  by,  diluted  hydrochloric  or  phos- 
phoric acid,  since  it  acts  only  in  an  acid  medium  and  the  acid  is  lacking  in  most 
cases  of  gastric  indigestion.  The  glycerite  (U.S.)  or  glycerin  (Br.)  is  a  good  form 
in  which  to  give  pepsin,  since  it  contains  also  hydrochloric  acid  in  proper  dilution 
and  dose.  In  the  prescribing  of  pepsin  for  digestive  disorder,  the  physician  must 
remember  that  it  is  essentially  a  temporary  expedient.  It  palliates  by  relieving  distress 
and  giving  rest.  It  does  not  remedy  the  underlying  condition,  except  as  it  gives 
time  and  opportunity  for  natural  recovery.  Long  continued  dependence  on  artificial 
digestives — and  this  applies  not  only  to  pepsin  but  to  all  such  agents — tends  to 
diminish  and  impair  the  physiologic  activity  of  the  digestive  organs.  Hence,  it  is  only 
in  cases  of  permanent  defect,  for  example,  in  pernicious  anemia,  gastric  cancer  and 
other  conditions  associated  with  achylia  gastrica,  that  these  ferments  should  be  con- 
tinued indefinitely. 

Pepsin  loses  much  of  its  activity  when  kept  long  in  solution,  hence  extemporaneous 
prescription  of  a  limited  quantity  is  preferable.  Pepsin  and  other  digestive  ferments, 
including  pancreatic  preparations,  papain,  etc.,  are  useful  auxiliaries,  at  times,  in  any 
organic  or  functional  impairment  of  the  stomach,  bowel  or  pancreas,  in  permitting 
food  to  be  pushed  beyond  ordinary  limits  in  pulmonary  tuberculosis,  exophthalmic 
goiter,  anemia,  delayed  convalescence,  malnutrition  in  children  and  similar  conditions. 
In  typhoid  fever  especially,  but  in  other  febrile  infections  as  well,  they  are  sometimes 
of  great  service  in  helping  to  maintain  nutrition. 

The  action  of  pepsin  is  not  a  vital  process,  but  purely  chemical,  for  it  digests 
dead  protein  in  the  test-tube  as  effectively  as  in  the  stomach.    This  property  is  some- 
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times  utilized  in  the  treatment  of  sloughing  wounds  and  to  dissolve  away  necrosed 
and  carious  bone  substance.  In  contused  wounds  when  interior  necrosis  is  suspected 
it  has  been  advised  to  inject  the  glycerite  or  antiseptic  solution  of  pepsin  to  destroy 
all  the  devitalized  tissue.  Superficial  sloughs,  if  covered  with  compresses  soaked  in 
the  antiseptic  solution,  will  be  digested,  leaving  the  surface  of  the  ulcer  clean  and  in 
condition  to  take  on  reparative  action.  A  similar  method  has  been  suggested  to 
dissolve  coagula  in  the  bladder.  The  U.  S.  Dispensatory  states  that  Physick  of 
Philadelphia  employed  the  gastric  juice,  a  century  ago,  to  cleanse  sloughing,  and  espe- 
cially cancerous,  ulcers.  Dry  pepsin  or  saccharated  pepsin  may  be  used  as  a  vehicle 
for  calomel  in  powder,  especially  when  the  mercurial  is  given  to  check  vomiting.  A 
number  of  elixirs  and  glycerin  solutions  of  pepsins,  preparations  of  gastric  juice  and 
the  like,  are  on  the  market,  some  of  which  are  eligible  preparations  in  themselves 
or  are  vehicles  for  irritant  medicaments,  such  as  arsenic,  iron,  mercurials,  salicylates, 
etc. 

Pepsin  may  be  used  in  the  predigestion  of  meat.  One  pound  of  lean  meat  is 
passed  through  a  pulper  and  added  to  6  pints  of  water  holding  in  solution  120  grains 
of  pepsin  and  0.2  percent,  hydrochloric  acid  and  kept  at  a  temperature  of  116°  P. 
for  5  hours.  The  solution  is  now  neutralized  with  sodium  bicarbonate,  boiled  and 
filtered  and  then  evaporated  to  the  consistence  of  a  soft  extract.  As  a  rule,  pancreatin 
is  superior  to  pepsin  for  the  preparation  of  predigested  foods. 

Trypsin 

Trypsin  is  a  proteolytic  ferment  secreted  by  the  gland  cells  of  the  pancreas  as 
a  proferment,  which,  if  collected  from  a  fistula  in  the  pancreatic  duct,  must  be  acti- 
vated by  an  extract  of  the  duodenal  mucosa  (enterokinase).  The  secretion  excited  by 
injection  of  peptone,  secretin,  or  pilocarpine,  may  contain  ready-formed  trypsin.  In 
herbivora,  the  discharge  of  trypsin  into  the  bowel  is  continuous,  in  carnivora  excited 
only  by  the  food  or  other  stimulus.  Enterokinase  of  different  activating  power  is 
excited  by  different  kinds  of  food;  the  character  of  the  pancreatic  secretion  is  not 
so  influenced.  Calcium  salts  activate  the  proferment,  but  very  slowly,  requiring  two 
hours   (Zunz). 

Chemistry. — Crude  trypsin  contains  so  much  protein  that  it  solidifies  when  heated. 
It  contains  several  ferments,  including  trypsin  proper,  pancreas  diastase,  pancreas 
lipase,  a  lab  ferment,  and  erepsin.  There  are  also  present  leucin,  fat,  soaps,  sodium 
bicarbonate,  sodium  chloride  and  calcium.  The  total  solids  vary  from  1  to  7  percent. 
The  ferments  can  be  purified  to  some  extent  by  salting  out  with  a  mixture  of  MgSO^ 
and  NaCl;  dissolving  the  precipitate  and  dialyzing.  Such  crude  ferment,  as  well  as 
all  commercial  products,  contain  the  diastase  and  lipase  and  a  special  ferment  which 
attacks  mucus. 

The  purified  trypsin  in  watery  solution  is  very  sensitive  to  heat.  It  is  quickly 
injured  at  45°  C.  and  destroyed  in  a  few  minutes  by  55°  C.  in  weakly  acid  or  alkaline 
solutions.  It  is  destroyed  quite  rapidly  by  0.05  percent.  HCl  and  by  soaps,  but  ia 
protected  by  the  presence  of  substrate. 

Summary  of  Actions  and  Uses. — Trypsin  is  a  proteolytic  enzyme,  differing  from 
pepsin  in  that  it  acts  best  in  alkaline  medium  and  carries  digestion  beyond  the  stage 
of  peptones. 

It  is  used  to  prepare  foods  for  assimilation  and  is  given  by  mouth  (often  in  enteric 
capsules)  in  certain  types  of  indigestion.  It  is  occasionally  applied  to  external  cancers 
and  injected  into  tuberculous  sinuses. 

Pancreatic  Diastase. — This  is  not  present  in  the  secretion  of  the  new-born  and 
resembles  the  ptyalin  of  the  saliva.     It  converts  starch,  especially  when   cooked,  to 
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dextrin,  maltose  and  isomaltose,  very  little  glucose  being  formed.  The  action  is 
hindered  by  free  acids. 

Pancreas  Lipase. — This  ferment  splits  fats  into  fatty  acids  and  glycerin  or  emul- 
sifies the  fat.  Its  amount  can  be  determined  by  the  degree  of  acidity  arising  in  neutral 
fat  under  its  influence.     It  is  the  chief  lipolytic  ferment  of  the  body. 

Materia  Medica. — Trypsin   (N.N.R.),  Trypsin. 

The  proteolytic  enzyme  of  the  pancreas,  separated  to  a  considerable  extent  from 
the  other  enzymes  and  constituents  of  the  gland.  A  fine,  light-yollow,  dry  powder 
possessing  a  faint  odor  and  a  meat-like  taste.     It  is  slowly  soluble  in  water. 

Dose,  1  to  2  grains  (0.06  to  0.12  Gm.). 

Pancreatinum  (U.S.  X.),  Pancreatin.    ^?j&r.,  Pancreat.- 

A  substance  containing  enzymes,  principally  amylopsin,  trypsin,  and  steapsin, 
obtained  from  the  fresh  pancreas  of  the  hog,  or  of  the  ox.  It  converts  not  less  than 
25  times  its  weight  of  starch  into  soluble  carbohydrates  and  not  less  than  2.5  times 
its  weight  of  casein  into  proteoses.  It  is  a  cream-colored,  amorphous  powder,  having 
a  faint,  characteristic,  but  not  offensive,  odor.  It  is  slowly  and  incompletely  soluble 
in  water;  insoluble  in  alcohol. 

Dose,  5  to  15  grains  (0.3  to  1  Gm.). 

Liquor  Pancreatini  (N.F.),  Solution  of  Pancreatin.  Ahhr.,  Liq.  Pancreat.  Syno- 
nym: Pancreatic  Solution. 

Each  fluidram  represents  about  1  grain  of  pancreatin,  with  an  alcoholic  content 
of  about  4  percent. 

Dose,  1  to  4  fluidrams  (4  to  16  cc). 

Liquor  Pancreatis  (Br.),  Pancreatic  Solution.    Ahhr.,  Liq.  Pancreat. 

Pancreatic  solution  contains  the  digestive  principles  of  the  fresh  pancreas  of 
the  pig.  Each  fluidram  represents  about  25  percent,  of  fi-esh  (hog)  pancreas,  with 
an  alcoholic  content  of  about  22  percent. 

Dose,  1  to  2  fluidrams  (4  to  8  cc). 

PuLMS  Pancreatini  Compositus  (IST.F.),  Compound  Pancreatin  Powder.  Ahhr., 
Pulv.  Pancreat.  Co.     Synonym:   Peptonizing  Powder. 

A  mixture  of  20  parts  of  pancreatin  and  80  parts  of  sodium  bicarbonate. 

Dose,  25  grains  (1.6  Gm.)  to  peptonize  1  pint  (500  cc.)  of  cow  milk. 

ExTRACTUM  Pancreaticum  INTEGRUM  (N.IST.K.),  Extract  of  Whole  Pancreas.  Syn- 
onym: Holadin. 

An  extract  of  the  entire  pancreas  containing  all  the  constituents  of  the  gland 
and  exhibiting  great  potency  in  respect  to  the  several  known  enzymes,  trypsin,  amyl- 
opsin, lipase,  and  the  milk-curdling  ferment;  has  the  power  to  digest  starch  and 
protein  and  to  split  fats.  It  is  a  grayish-white  powder,  slightly  aromatized;  some- 
what hygroscopic;  freely,  but  not  wholly,  soluble  in  water. 

Dose,  3  to  10  grains  (0.2  to  0.6  Gm.). 

Panase  CN.N.R.). 

A  combination  of  the  digestive  enzymes  of  the  pancreas  derived  from  the  pan- 
creatic gland  of  the  pig.  It  is  a  light,  yellowish-white  powder,  having  a  slight  odor 
and  somewhat  mucilaginous  taste;  not  entirely  soluble  in  water  or  glycerin,  but 
filtration  of  its  solution  docs  not  impair  its  digestive  activity. 

Dose,  2  to  4  grains  (0.13  to  0.25  Gm.). 

Amylzyme  (unofficial). 

An  extract  containing  all  the  digestive  enzymes  of  the  fresh  pancreas  of  the  hog. 
It  is  a  pale  yellowish-white  powder,  having  the  characteristic  odor  of  pancreatin  and 
a  faintly  saline  taste;  it  is  hygroscopic  and  incompletely  soluble  in  water. 

Dose,  2  to  4  grains  (0.13  to  0.25  Gm.). 
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DiAZYME  Essence  (N.N.R.). 

A  liquid  said  to  contain  the  amylolytic  enzyme  of  the  pancreas,  devoid  of  trypsin 
and  lipase,  in  a  menstruum  containing  18.5  percent,  of  alcohol  by  volume.  It  is  an 
amber  fluid  of  aromatic  taste  and  odor  and  slightly  acid  reaction.  It  is  capable  of 
digesting  starch  and  useful  as  a  compensating  agent  where  starch  digestion  is  poor. 

Dose,  1  to  2  fluidrams  (4  to  8  cc). 

DiAZYME  Glycerole  (N.N.E.). 

A  liquid  said  to  contain  the  amylolytic  enzyme  of  the  pancreas,  devoid  of  trypsin 
and  lipase,  in  a  menstruum  containing  about  60  percent,  of  glycerin  by  volume.  It  is 
a  dense  amber  fluid,  of  agreeable  taste  and  odor,  and  of  slightly  acid  reaction.  One  cc. 
will  convert  5  Gm.  of  dry  starch,  so  that  a  solution  will  in  ten  minutes  cause  a  color 
reaction  with  iodine. 

Dose,  1  to  2  fluidounces  (4  to  8  cc). 

Pharmacodynamic  Action. — The  proteolytic  activity  of  trypsin  is  similar  to  that  of 
pepsin,  but  its  effect  is  more  rapid  and  powerful.  Proteins  submitted  first  to  the  action 
of  pepsin  and  then  to  that  of  trypsin  are  more  completely  broken  down  than  by  trypsin 
alone,  being  changed  to  amino-acids.  The  action  is  best  seen  on  fibrin;  serum  albumin 
and  globulin  being  less  strongly  attacked  unless  first  submitted  to  pepsin.  Mucin  is 
digested.  It  acts  best  on  raw  fibrin  in  alkaline  solution  of  N/70  to  N/200;  more  alkali 
is  needed  with  cooked  fibrin,  the  optimum  being  represented  by  0.8  percent.  NaoCOg. 
The  activity  is  not  lessened  by  0.02  percent,  lactic  acid,  but  is  delayed  by  a  strong 
solution  of  COj. 

Therapeutics. — Trypsin  is  used  to  dissolve  false  membrane  and  is  also  applied  in 
5  or  10  percent,  glycerin  solution  in  the  treatment  of  cancerous  ulcerations.  Beard 
advised  that  trypsin  be  given  internally  with  an  alkali  in  cancer,  the  treatment 
being  based  on  the  theory  that  the  hypothetical  cancer  enzyme  can  act  only  when  the 
pancreatic  secretion  is  deficient.  Amylopsin,  the  starch-digesting  ferment  of  the 
pancreas,  was  sometimes  given  in  conjunction  with  the  trypsin.  Neither  plan  has 
proved  successful. 

Pancreutin,  which  is  supposed  to  contain  all  the  enzymes  of  the  pancreas,  digests 
both  starch  and  protein,  converting  the  former  into  sugar,  and  albumin  and  fibrin 
into  peptones;  it  also  emulsifies  fats  and  coagulates  and  peptonizes  milk. 

Pancreatin  is  the  most  eligible  agent  for  the  predigestion  of  foods.  About  2V2 
grains  (0.15  Gm.)  with  ^Vo  grains  (0.5  Gm.)  of  sodium  bicarbonate  will  digest  i/4 
pint  (250  cc.)  of  milk.  To  prepare  "pancreatized  milk"  a  powder  (these  are  on  the 
market  in  single  tubes)  is  dissolved  in  2  ounces  of  cold  water  and  milk  at  a  little 
above  body  temperature  is  added  to  make  a  glassful  (8  ounces),  which  is  swallowed 
at  once.  In  this  method,  termed  the  "immediate  process"  the  development  of  the 
bitter  peptone  taste  is  avoided,  and  the  artificial  digestion  proceeds  in  the  stomach. 
Smaller  or  larger  quantities  of  milk  may  be  prepared  similarly.  Patients  who  are 
inclined  to  vomit  will  often  retain  milk  prepared  similarly.  Patients  who  are  inclined 
to  vomit  will  often  retain  milk  prepared  in  this  way  when  other  food  is  rejected. 
When  the  pancreatin  and  soda  solution  is  added  to  milk  and  kept  at  body  temperature 
for  30  minutes,  the  milk  is  digested,  and  this  so-called  "pancreatized"  milk,  after  heat- 
ing to  60°  C.  to  prevent  further  ferment  action,  may  be  kept  on  ice  and  used  as 
needed.  If  the  heating  is  carried  out  for  only  10  minutes  the  milk  is  only  partially 
digested  or  "peptonized"  and  such  milk  may  be  given  by  mouth.  Fully  pancreatized 
milk  is  too  bitter  to  be  swallowed  readily  and  is  used  for  recta]  feeding,  or  administra- 
tion by  stomach  tube.  In  pulmonary  tuberculosis,  great  benefit  often  follows  daily 
gavage  with  1  quart  (1  liter)  of  fully  peptonized  milk,  to  which  2  or  3  raw  eggs,  1  or  2 
ounces  of  beef  powder  and  10  minims  of  hydrochloric  acid  may  be  added.    When  pan- 
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creatin  is  used  to  digest  a  starch,  with  milk,  the  product  is  called  "peptonized  milk 
gTuel."  Many  proprietary  foods  utilize  the  principle  here  illustrated  and  numerous 
formulas  for  predigestion  of  meat  and  other  foods  can  be  found  in  Sir  William  Roberts' 
lectures  and  the  special  books  on  diet. 

Pancreatin  is  sometimes  of  benefit,  to  persons  with  intestinal  indigestion  and 
fatty  stools.  If  given  with  food,  it  will  be  destroyed  in  the  stomach,  but  if  1  dram 
(4  Gm.)  associated  with  an  alkali  and  suspended  in  cold  water  is  given  1  to  2  hours 
after  a  meal,  the  ferments  will  pass  into  the  intestine  in  effective  quantities. 

Holadin  is  a  preparation  similar  to  pancreatin,  but  more  energetic;  it  represents 
the  whole  gland.  It  may  usefully  be  associated  with  bile  salts  and  succinate  in  mild 
cholecystitis. 

Secretin 

Secretin  is  a  preparation  of  the  duodenojejunal  mucosa,  made  by  digesting  this  in 
dilute  acid  (0.4  percent  HCl),  which  converts  the  prosecretin  to  the  active  form, 
neutralizing,  boiling  and  filtering.  Secretin  injected  parenterally  excites  the  secretory 
activity  of  the  pancreas,  liver  and  intestinal  mucosa,  and  also  stimulates  peristalsis. 
The  pancreatic  secretion  is  normal  in  character.  Salivary  and  gastric  secretions  are 
not  increased. 

Secretin  must,  according  to  most  physiologists,  be  given  parenterally  to  be  effective, 
although  favorable  clinical  results  have  been  reported  from  its  use  by  mouth  in 
"enteric  capsules."  It  is  probably  of  value  in  achylia  gastrica  when  this  is  associated 
with  deficiency  of  other  digestive  ferments,  and  it  is  said  to  improve  nutrition  in 
diabetics,  although  it  has  no  effect  on  the  glycosuria.  Subcutaneous  injections  hasten 
the  recovery  from  experimentally  produced  anemia  in  dogs  and  rabbits  (Downs  and 
Eddy). 

Hormonal,  a  product  with  somewhat  similar  properties,  is  present  both  in  the 
bowel  wall  and  in  the  spleen,  from  which  the  commercial  product  is  made.  It  is  used 
hypodermically  as  a  stimulant  to  peristalsis  in  cases  with  atony  of  the  bowel,  but  is 
inferior  to  pituitary  extract  for  this  purpose.  Its  injection  is  at  times  followed  by 
extreme  fall  of  blood  pressure  and  even  collapse. 

Secretin  is  not  a  digestive  enzyme,  but  a  hormone  produced  by  the  action  of 
hydrochloric  acid  on  the  duodenal  mucosa,  its  function  being  to  stimulate  the  pan- 
creatic secretion. 

Materia  Medica. — Secretin  (unofficial). 

The  pancreas-stimulating  hormone  formed  by  the  action  of  the  hydrochloric  acid 
of  the  gastric  juice  upon  the  duodenal  mucous  membrane.  It  is  prepared  commercially 
by  treating  scrapings  of  the  duodenum  of  the  pig  with  hydrochloric  acid,  and  occurs  in 
the  form  of  a  powder. 

Dose,  2  to  5  grains  (0.13  to  0.3  Gm.). 

Therapeutics. — Secretin,  in  doses  of  2  to  5  grains  (0.13  to  0.3  Gm.)  before  meals, 
is  of  benefit  in  hypochlorhydria  or  achlorhydria.  In  most  cases  the  administration  of 
hydrochloric  acid  at  the  beginning  of  the  meal  will  have  the  same  effect. 

Rennet 

Rennet,  also  known  as  chymosin  and  as  lab  ferment,  is  found  in  the  stomachs 
of  all  vertebrates,  including  fish,  but  is  not  identical  in  all  species.  Chymosins  are 
also  present  in  almost  all  other  organs.  The  chymosin  of  the  human  and  pig  stomach 
(often  called  parachymosin)  differs  from  that  of  the  calf,  (1)  in  being  more  resistant 
to  heat  and  acids  (it  resists  70°  C.  in  acid  solution),  (2)  in  being  less  resistant  to 
alkalis,  (3)  in  being  much  more  strongly  activated  by  the  calcium  in  milk. 
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Chemistry. — Rennet  is  made  from  the  calf's  stomach,  in  which  it  is  formed  in 
the  tubular  glands  of  the  fundus,  which  also  secrete  pepsin.  It  is  present  as  a  pro- 
ferment which  is  extracted  with  water,  glycerin  or  dilute  alcohol  and  converted  to 
rennin  by  acid.  After  extraction  by  acid  it  is  still  active  in  neutral  or  weakly  acid 
media.  It  is  almost  certainly  not  pepsin  unless  the  common  ferment  molecule  has 
two  side  chains,  one  pepsin  and  the  other  chymosin,  which  are  inactivated  by  different 
factors  (Nencki  and  Sieber).  Of  the  usual  protein  precipitants,  only  lead  acetate 
throws  it  down.  It  is  destroyed  by  heating  in  acid  solution  to  45°  C,  which  does  not 
injure  pepsin. 

Summary  of  Actions  and  Uses. — Rennet  is  the  enzyme  which  curdles  milk  in  the 
stomach  and  prepares  it  for  further  digestion. 

It  is  employed  only  in  the  preparation  of  milk  for  food. 

Materia  Medica. — Rennixum  (N.F.),  Rennin.     Synonyms:  Rennet,  Seriparium. 

The  partially  purified  milk-curdling  enzyme  obtained  from  the  glandular  layer 
of  the  fourth,  or  true  digesting  stomach  of  the  calf.  Bos  taurus  Linne  (Fam.  Bovidse), 
and  capable  of  coagulating  not  less  than  25,000  times  its  weight  of  fresh  milk.  It 
occurs  as  a  grayish-white  or  yellowish-white  powder,  or  as  pale  yellow  grains  or  scales, 
having  a  characteristic  and  slightly  saline  taste  and  a  peculiar,  not  unpleasant,  odor. 
It  is  slightly  hygroscopic ;  slowly  soluble  in  water  and  in  diluted  alcohol,  the  solutions 
being  more  or  less  opalescent. 

Dose,  used  for  the  preparation  of  milk  curds  or  junket. 

PharmacodyTiamic  Action. — The  action  of  rennin  is  confined  to  the  precipitation  of 
casein  in  milk  and  in  solutions  of  this  substance  containing  calcium.  It  first  converts 
the  casein  into  paracasein,  which  then  reacts  with  the  calcium  phosphate  in  the  milk 
to  form  an  insoluble  calcium  salt.  The  chemical  relationship  of  casein  and  paracasein 
is  now  known.  Cow's  milk  yields  a  firm  curd,  human  milk  a  flocculent  curd,  but  the 
former  may  be  made  to  yield  a  softer  mass  by  addition  of  various  substances. 

Rennin  acts  best  with  addition  of  1.7  parts  of  NaCl  to  1  part  of  rennin.  It  is 
delayed  by  cane  sugar.  The  time  required  for  action  is  inversely  proportional  to  the 
amount  of  the  ferment.  One  part  of  rennin  should  solidify  30,000  parts  of  milk  at 
40°  C.    in   7   minutes. 

If  rennin  is  injected  into  an  animal,  an  antiferment  appears  in  the  blood  which 
prevents  its  action  when  mixed  with  it. 

Therapeutics. — Rennet  curdles,  but  does  not  digest,  milk.  It  is  used  to  make 
junket. 

Papain 

The  term  "Papain"  is  applied  both  to  the  dried  juice  of  the  pawpaw  and  to  an 
albuminous  digestive  ferment  obtained  from  this.  Its  digestive  action  is  exerted  most 
strongly  on  proteins,  but  ability  to  digest  starch,  especially  cooked  starch,  and  to 
emulsify  fats  is  also  asserted.  The  proteolytic  power  is  exerted  on  living  as  well  as 
on  dead  proteins  and  injections  into  the  tissues  bring  about  topical  destruction. 
Intravenously  administered,  it  destroys  the  blood  cells.  Injections  into  tumors  have 
been  made  in  the  vain  hope  of  destroying  their  vitality,  but  it  has  been  used  with 
more  or  less  success  for  the  removal  of  false  membrane  from  the  pharynx.  It  has 
no  antiseptic  power  and  even  strong  solutions  will  putrefy. 

Materia  Medica. — ^Papain  (unofficial).    Synonyms:  Papayotin,  Papoid. 

It  is  the  dried  aqueous  portion  of  the  juice  of  the  fruit  of  Carica  papaya  Linne 
(Fam.  Oaricacew)  (Papaw  tree).    A  whitish,  amorphous  powder. 

Dose,  5  to  10  grains  (0.32  to  0.65  Gm.).  Note:  Injected  in  the  blood  stream,  it 
acts  as  a  powerful  poison. 
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Pharmacodynamic  Action. — The  only  action  of  papain  requiring  discussion,  is  that 
as  a  digestive  ferment.  It  differs  from  the  animal  enzymes  in  that  it  is  effective  over  a 
wide  range  of  temperature  and  reaction.  It  is  markedly  active  at  all  temperatures 
between  15°  and  80°C.  and  is  not  destroyed  by  brief  boiling.  Although  active  in  neutral 
solutions,  it  is  more  so  in  a  slightly  acid  solution  (0.05  percent.  HCl)  and  in  slightly 
alkaline  solutions.  The  most  favorable  conditions  are  found  at  a  temperature  of  60°C.; 
an  alkalinity  corresponding  to  o  percent.  NaHCOa,  or  0.5  percent.  NajCOa;  and  a  concen- 
tration of  about  2  percent.  Proteolysis  proceeds  only  to  the  stage  of  peptones,  but  in 
the  presence  "of  certain  activators,  notably  hydrocyanic  acid  or  potassium  cyanide,  amino- 
acids  are  formed.  Antiseptics  do  not  interfere  with  its  action,  as  they  do  with  that  of 
pepsin. 

Crude  papain  contains  a  water  soluble  lipase  of  considerable  power,  0.08  Gm. 
digesting  18  percent,  of  2.5  Gm.  of  olive  oil  in  1  hour  at  40°C.,  and  at  a  pH  of  6,  these 
being  its  optimum  conditions.  It  is  not  influenced  by  bile  salts  and  may  thus  be  of 
value  in  conditions  associated  with  acholia   (Sandberg  and  Brand). 

There  is  also  present  a  lab,  or  milk-curdling  ferment,  which  acts  promptly  in  0.5 
percent,  solution,  and  which  differs  from  the  proteolytic  enzyme  in  that  its  action  is 
delayed  by  even  small  amounts  of  alkali. 

Therapeutics. — Papain,  which  acts  in  acid,  alkaline  and  neutral  media,  is  used 
for  the  same  purposes  as  pepsin  and  is  especially  recommended  for  the  relief  of 
fermentative  dysi)epsia  with  acid  eructation.  Like  pepsin,  it  is  dusted  over  foul  and 
sloughing  sores.  It  has  been  recommended  to  reduce  enlarged  tonsils  and  adenoids, 
but  unless  there  is  some  contraindication  to  thorough  surgical  procedure,  the  practice 
is  not  particularly  good.  For  this  purpose  a  solution  of  1  or  2  parts  of  papain  in  10 
parts  each  of  glycerin  and  water  is  swabbed  over  the  parts.  A  solution  of  this  strength 
is  used  as  an  application  to  fissures  of  the  tongue.  A  stronger  solution,  1  part  in  2 
parts  each  of  glycerin  and  water,  is  sprayed  into  the  throat  to  dissolve  false  membrane, 
and  is  applied  in  compresses  to  warts  to  effect  their  dispersion  and  to  malignant 
ulcers  to  cleanse  them. 

For  internal  use  it  may  be  encapsulated  or  dissolved  or  emulsified  with  glycerin 
and  aromatics,  a  solution  of  this  kind  making  an  admirable  vehicle  for  salicylates, 
mercurials,  iodides,  iron  salts  and  other  medicaments  that  might  irritate  the  stomach. 
It  may  likewise  be  associated  with  diastase  or  pancreatin  and  given  about  2  hours 
after  meals,  or  sooner  if  distress  be  felt.  Like  all  the  digestive  ferments,  it  must  be 
withdrawn  after  a  short  course,  except  in  cases  in  which  there  exists  some  organic 
lesion  from  which  recovery  cannot  be  expected,  and  artificial  digestion  has  become  a 
constant  necessity. 

Yeast 

Materia  Medica. — Cerevisle  Fermentum  Compressum  (N.F.),  Compressed  Yeast. 
Ahhr.,  Cerev.  Ferm.  Compr.     Synonym:   Yeast. 

The  moist,  living  cells  of  Saccharomyces  cerevisice  Meyen  (Fam.  Saccharomy- 
cetacece)  or  of  other  species  of  Saccharomyces,  accompanied  with  a  starch  or  absorbent 
basis.  The  yeast  is  white  or  yellowish-white  and  occurs  in  soft  and  easily  broken 
masses  having  a  characteristic,  slightly  sour  odor  and  not  more  than  a  faintly  acid 
reaction. 

Dose,  of  compressed  yeast  1  to  3  drams  (4  to  11  Gm.).  It  is  probable  that  the 
ordinary  yeast  cake  may  well  be  substituted  for  compressed  yeast  in  doses  of  from 
8  to  30  grains  (0.5  to  2  Gm.).  Liquid  yeast  (baker's  or  brewer's),  when  obtainable, 
is  probably  to  be  preferred.    The  dose  is  a  teaspoonful  to  a  tablespoonful. 

DusTASUM  (U.S.  IX.),  Diastase. 

A  mixture  containing  amylolytic  enzymes  obtained  from  an  infusion  of  malt.  It 
converts  not  less  than  50  times  its  weight  of  potato  starch  into  sugars.  It  occurs 
as  a  yellowish- white,  amorphous  powder  or  translucent  scales;  odorless,  and  tasteless; 
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converts  starch  into  dextrin  and  maltose;  soluble  in  water,  almost  insoluble  in  alcohol. 

Dose,  5  to  10  grains  (0.3  to  0.6  Gm.). 

Taka-diastase  (unofficial). 

This  variety  of  diastase  is  a  ferment  formed  by  the  action  of  a  fungus,  Asper- 
gillus oryzas  Cohn  or  Eurotium  oryzce  Ahlburg  upon  rice.  It  is  said  to  convert  from 
100  to  300  times  its  weight  of  starch  into  sugars.  A  yellowish-white  powder,  with 
very  slight  taste;  hygroscopic,  and  soluble  in  water. 

Dose,  2  to  10  grains  (0.13  to  0.6  Gm.)  in  capsule. 

Therapeutics. — Yeast  has  been  used  topically  in  the  form  of  a  thick  paste  spread 
on  strips  of  gauze  and  applied  to  hums.  In  acute  and  chronic  vaginitis,  a  mixture  of 
yeast  and  sugar  solution  is  smeared  over  the  vaginal  walls  and  a  douche  is  adminis- 
tered twelve  hours  later.  The  treatment  is  repeated  every  second  day.  Yeast  is  also 
applied  to  the  nose  and  throat  to  control  local  infection. 

Internally,  yeast  has  been  employed  chiefly  in  the  treatment  of  digestive  dis- 
turbances. When  swallowed,  it  grows  actively  in  the  stomach  and  bowel,  producing 
acids,  which  hinder  the  growth  of  putrefactive  bacteria.  It  is  probably  by  such  action 
that  it  exerts  a  favorable  influence  on  intestinal  indigestion  and  constipation  as  well 
as  on  acne,  furunculosis  and  other  mild  infections  of  the  skin,  for  which  it  is  now 
used  as  a  folk  remedy.  Yeast  contains  the  water  soluble  vitamin  B  and  the  presence 
of  this  may  in  part  account  for  its  beneficial  effects  in  malnutrition  in  children.  It 
seems  to  increase  the  opsonic  index  for  strepto-and  staphylo-cocci.  Yeasts,  specially 
cultivated,  have  proved  useful  in  diabetes  mellitus,  although  the  mode  of  action  is 
not  clear.  Its  virtues  have  been  much  exaggerated  in  interested  advertisments,  but 
it  has  some  merit  in  the  conditions  named.    Yeast  has  been  given  for  constipation. 

Diastase  is  employed  in  carbohydrate  indigestion  in  which  there  is  a  deficiency  of 
saliva  or  of  the  amylolytic  enzymes  in  the  pancreatic  juice.  Its  range  of  usefulness  is 
not  very  wide,  but  in  its  limited  field  it  may  be  of  great  service.  Taka-diastase  has  the 
same  action  as  malt  diastase  but  is  much  more  powerful,  being  said  to  convert  300  times 
its  weight  of  starch  into  glucose  in  ten  minutes,  the  official  (malt)  diastase  being 
standardized  to  digest  not  less  than  50  times  its  weight  of  starch. 

Acids 

The  mineral  acids  and  the  stronger  vegetable  acids  are  given  by  mouth  for  two 
purposes;  first  to  aid  in  peptic  digestion  when  the  natural  acid  is  deficient;  and 
second  for  their  antiseptic  and  antiputrefactive  influence.  The  stomach  will  bear  a 
degree  of  acidity  greater  than  is  borne  by  other  tissues  or  by  most  lower  organisms, 
and  the  swallowing  of  1  to  2  percent,  hydrochloric  or  phosphoric  acid  will  aid  in  pre- 
venting bacterial  infection  of  the  digestive  tract  and  check  fermentation  in  -the 
stomach.  Nitrohydrochloric  acid  is  supi)osed  also  to  exert  an  obscure  stimulating 
action  on  the  biliary  secretion.  Sulphuric  acid  is  distinctly  astringent.  The  vegetable 
acids,  acetic,  citric,  lactic  and  tartaric,  have  the  advantage  that  they  are  destroyed  in 
the  body  and  not  being  combined  with  alkalis  for  excretion,  do  not  deplete  the  body's 
alkali  reserve.  They  must,  however,  be  given  in  much  larger  dose  than  the  mineral 
acids,  to  exert  an  equal  effect. 

The  acids  are  discussed  under  their  own  head  with  Antiseptics. 

Antacids 

Antacids  are  often  required  to  neutralize  excessive  secretion  of  hydrochloric  acid 
in  the  stomach,  thereby  relieving  pain  and  perhaps  lessening  the  tendency  to  gastric 
ulcer.  They  are  also  employed  to  relieve  the  distress  occasioned  by  acid  fermentation 
in  the  stomach.     Any  mild   alkali  may  be  used  for  the   purpose,   so   that  the  list 
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of  antacids  is  very  loug.  Sodium  carbonate  and  bicarbonate  are  often  taken,  but 
in  hyperchlorhydria  have  the  disadvantage  that  the  sodium  chloride  formed  is 
absorbed  and  serves  as  a  source  for  further  hydrochloric  acid.  Calcium  carbonate 
(chalk,  lime  water)  is  therefore  preferable  in  this  condition,  or  potassium  acetate  or 
bicarbonate  may  be  given.  If  a  mild  cathartic  action  is  desired,  magnesium  carbonate 
or  oxide  or  one  of  the  mixtures  of  rhubarb  and  soda,  may  be  availed  of.  If  general 
stimulation  is  indicatetl,  ammonium  carbonate  or  aromatic  spirits  of  ammonia  will 
be  useful.  Sometimes  excessive  secretion  of  gastric  juice  is  controlled  by  belladonna 
or  atropine  given  in  progressively  increasing  doses,  as  in  pylorospasm.  Sometimes 
small  frequent  doses  act  better.  Sometimes  both  fail  and  pilocarpine  in  minute  doses 
succeeds,  as  in  excessive  salivary  flow.  In  certain  persons,  hyperacidity  is  overcome 
by  the  use  of  a  few  drops  of  hydrochloric  acid  or  other  dilute  mineral  acid  given 
10  to  30  minutes  before  meals. 

Antiseptics 

The  claim  is  often  made  that  intestinal  antiseptics  are  of  no  value,  and  it  may  be 
conceded  that,  at  least  in  the  normal  animal,  no  chemical  agent  which  we  can 
administer  by  mouth  will  cause  a  notable  reduction  in  the  number  of  living  bacteria 
in  the  stools.  This  fact,  however,  does  not  show  that  the  agents  are  without  value. 
In  intestinal  intoxication  a  very  large  part  of  the  absorption  of  toxic  products  occurs 
in  the  duodenum  and  jejunum  and  if  bacterial  growth  can  be  checked  or  materially 
diminished  in  this  portion  of  the  bowel,  much  good  will  be  accomplished.  The  clinical 
evidence  that  this  is  possible,  at  least  in  certain  states  in  which  an  excessive  amount 
of  putrefactive  products  is  formed,  is  too  strong  to  be  successfully  denied. 

Antiseptics  are  also  used  to  prevent  and  correct  fermentation  in  the  stomach. 
Normally  the  hydrochloric  acid  is  sufficient  in  quantity  to  check  bacterial  growth  at 
the  time  when  food  is  present,  and  when  it  is  deficient  the  administration  of  an  ounce 
(30  cc.)  of  0.5  percent.  HCl  half  an  hour  to  an  hour  after  meals,  will  prevent  the 
growth  of  putrefactive  or  fermentative  organisms.  If  food  remains  too  long  in  the 
stomach  and  remnants  are  decomposed  after  the  acid  has  disappeared,  recourse  must 
often  be  had  to  other  agents.  Boric,  sulphurous  and  salicylic  acids  are  used  as  well 
as  certain  of  their  salts,  such  as  sodium  bisulphate,  sodium  thiosulphate,  sodium 
salicylate  and  salol.  Iodine,  as  the  tincture,  may  be  employed  in  drop  doses,  perhaps 
associated  with  an  equal  part  of  phenol  well  diluted.  Many  of  the  essential  oils  are 
of  moderate  value,  as  thymol,  oil  of  thyme,  peppermint,  oil  of  cloves,  etc. 

For  effect  in  the  bowel,  agents  must  be  selected  which  are  not  too  soluble  in  water 
and  therefore  too  rapidly  absorbed.  Naphthalene  and  its  less  irritating  relatives 
beta-naphthol  and  bismuth  beta-naphthol  are  among  the  most  effective.  Guaiacol  and 
salol  are  also  useful.  Resorcin  and  iodoform  are  recommended,  but  the  danger  of 
systemic  poisoning  must  be  borne  in  mind.  Creosote,  sodium  salicylate  and  phenol- 
sulphonates  are  likely  to  be  absorbed  before  developing  their  full  effect.  The  value  of 
oxgall  is  doubtful.  It  has  no  direct  antiseptic  action  but  aids  the  digestion  and 
absorption  of  foodstuffs  and  thus  removes  nutriment  from  the  bacteria.  It  is  of 
great  service  in  this  way  in  biliary  obstruction,  doing  away  with  the  peculiarly  offensive 
stools  which  characterize  this  condition. 

Insoluble  salts  or  slightly  soluble  salts  of  certain  of  the  heavy  metals  are  also 
available  as  intestinal  antiseptics  for  occasional  use  in  acute  enterointoxication.  Of 
these,  the  most  generally  useful  are  those  which  have  also  a  cathartic  action,  such 
as  calomel  and  other  massa  hydrargyri.  Antiseptic  action  is  associated  with  astrin- 
gency  in  the  compounds  of  bismuth  and  perhaps  in  those  of  iron. 

All  of  these  agents  except  bile  are  discussed  with  the  Antiseptics  in  Order  II. 
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Liver  Tests 

The  agents  here  described  aid  in  determining  the  functional  powers  of  the  hepatic 
cells,  or  throw  light  on  the  patency  and  condition  of  the  bile  ducts  and  gall-bladder. 

It  has  been  found  that  certain  halogen  compounds  of  phenolphthalein,  especially 
phenoltetrachlorpltthalein  and  bromsulphalein,  are  excreted  wholly  or  almost  wholly 
by  the  liver,  and  that  the  time  of  their  api)earanee  in  the  bile,  or,  conversely,  of  their 
disappearance  from  the  blood,  gives  an  index  of  the  secretory  (excretory)  activity 
of  the  hepatic  cells. 

Certain  of  these  compounds,  including  tethrothalein  sodium  and  tetiothalein 
sodium,  form  solutions  which  are  opaque  to  the  x-rays  and  their  presence  in  the  bile- 
ducts  permits  radiographic  study  of  these  passages  and  of  the  gall-bladder. 

Magnesium  sulphate,  when  injected  directly  into  the  duodenum,  causes  relaxation 
of  the  sphincter  of  the  gall-bladder  and  permits  the  collection  of  bile  for  study,  or 
when  this  does  not  appear,  indicates  obstruction  of  the  duct.  Ergotamine  tartrate, 
intravenously  injected,  causes  emptying  of  the  gall-bladder. 

Materia  Medica. — Phenoltetrachlorphthaleinum  (N.N.E.),  Phenoltetrachlor- 
phthalein. 

A  dibasic  dye  formed  by  the  condensation  of  phenol  and  tetrachlorphthalic  acid 
or  its  anhydride.  A  cream-white  powder;  odorless;  permanent  in  the  air;  practically 
insoluble  in  water,  soluble  in  alcohol  and  ether,  slightly  soluble  in  chloroform,  benzene 
and  carbon  disulphide. 

Dose,  %  to  6  grains  (0.005  to  0.4  Gm.)  administered  intravenously  in  the  form 
of  its  disodium  salt. 

Bromsulphalein  (N.N.E.),  Disodium  phenoltetrabromphthalein-sulphonate. 

The  disodium  salt  formed  by  the  interaction  of  tetrabromphthalic  acid  (or  anhy- 
dride) and  phenol  with  subsequent  sulphonation.  It  contains  from  37  to  38  percent, 
of  bromine.  A  white,  crystalline  powder;  soluble  in  water;  insoluble  in  alcohol  or 
acetone. 

Dose,  0.002  Gm.  per  kilogram  of  body  weight  injected  intravenously  in  5  percent, 
aqueous  solution  without  dilution. 

Tetbrothaleinis  Sodium  (N.N.R.),  Tethrothalein  Sodium.  Synonyms:  Tetrabro- 
mophthalein  Sodium,  Tetrabromophenolphthalein  Sodium. 

The  sodium  salt  of  a  dibasic  dye,  tetrabromophenolphthalein.  It  differs  from 
phenolphthalein  in  that  4  hydrogen  atoms  have  been  replaced  by  4  bromine  atoms. 
It  contains  about  47  percent,  of  bromine.  It  is  an  odorless,  purple  powder,  freely 
soluble  in  water.  Its  aqueous  solution  has  a  Ph  of  8  to  10.  It  is  very  slightly  soluble 
in  alcohol,  insoluble  in  ether. 

Dose,  72  to  80  grains  (4.5  to  5  Gm.). 

Tetraiodophthaleinis  Sodium  (N.N.R.),  Tetraiodophthalein  Sodium.  Synonyms : 
Tetraiodophenolphthalein  Sodium  Salt,  lodeikon. 

The  sodium  salt  of  a  dibasic  dye,  tetraiodophenolphthalein.  It  contains  not  less 
than  53  percent,  of  iodine.  It  is  blue,  crystalline;  soluble  in  water  and  alcohol.  The 
aqueous  solution  has  a  Ph  of  7  to  9. 

Dose,  45  to  60  grains  (3  to  4  Gm.). 

Phenoltetrachlorphthalein. — This  dye  was  introduced  in  1909  as  a  purgative  for 
subcutaneous  use,  but  was  abandoned,  as  its  purgative  dose  caused  disagreeable 
symptoms.  It  was,  however,  found  to  be  excreted  almost  wholly  in  the  bile,  when 
given  in  small  dose.  In  severe  affections  of  the  liver,  as  well  as  in  obstruction  of  the 
hepatic  duct,  its  excretion  is  interfered  with,  and  by  studying  the  rate  of  excretion 
an  idea  of  the  integrity  of  the  liver  may  be  obtained.    After  the  intravenous  injection 
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of  5  mgm.  per  kilo,  in  dogs,  there  is  an  immediate  appearance  in  the  blood  stream 
of  the  full  amount  of  dye  injected.  This  falls  rapidly,  in  15  minutes  there  being  none 
or  only  a  trace.  When  the  liver  is  damaged  by  chloroform  or  by  phosphorus,  the 
amount  found  at  this  time  may  be  as  much  as  50  percent,  of  that  injected  and  the 
fall  is  very  slow,  a  large  percent,  remaining  even  after  2  hours. 

Injury  of  the  liver  is  induced  in  dogs  and  rabbits  by  injections  of  0.2  Gm.  per 
kilo.,  and  death  results  from  2  to  3  times  this  amount.  In  man,  chills  are  common 
after  the  injection,  and  in  many  instances  local  reactions  have  occurred  near  the  site 
of  injection.  At  least  3  deaths  have  been  reported,  two  showing  thrombi  on  autopsy. 
In  persons  with  severe  lesions  of  the  liver,  the  danger  of  such  accidents  is  greatly 
increased.  Similar  toxic  phenomena  have  been  observed  after  the  use  of  the  other 
halogenated  phenolphthaleins. 

The  clinical  test  may  be  carried  out  in  one  of  several  ways : 

As  first  devised  by  Rowntree,  Hurwitz  and  Bloomfield  in  1913,  4  grains  (0.25  Gm.) 
of  the  dye  in  dilute  solution  was  injected  intravenously,  purgation  was  induced  and 
the  amount  of  dye  passed  in  the  feces  was  determined.  Normally  30  to  45  percent,  of 
the  amount  injected  can  be  recovered  within  48  hours.  The  results  by  this  method 
are  very  irregular  and  of  little  diagnostic  value. 

When,  by  means  of  a  duodenal  tube,  the  dye  is  recovered  as  soon  as  it  is  excreted 
by  the  liver  into  the  duodenum,  the  results  are  more  exact.  The  disodium  salt  is  used 
or  may  be  prepared  extemporaneously  by  boiling  40  grains  (2.5  Gm.)  of  the  dye  in 
13  drams  (50  cc.)  of  %  (0.8  percent.)  sodium  hydrate,  and  filtering.  The  duodenal 
tube  is  passed  into  the  fasting  stomach  which  is  emptied  and  a  pint  (500  cc.)  of  water 
is  swallowed  to  aid  its  passage  into  the  duodenum.  When  the  tube  is  in  place 
15  minims  (1  cc.)  of  the  above  solution,  containing  %  grain  (50  mgm.)  of  dye,  is 
slowly  injected  into  a  vein.  Fluid  drips  continuously  from  the  duodenal  tube  into 
a  white  dish  containing  40  percent,  sodium  hydrate,  and  the  first  appearance  of  the 
dye  is  shown  by  a  purplish  red  ring  at  the  point  of  contact  of  the  duodenal  contents 
and  the  alkali.  The  dye  should  appear  within  20  minutes,  reach  a  maximum  in  90 
and  cease  in  140  minutes.  As  the  dye  circulates  in  the  blood  stream  until  it  is 
excreted  by  the  liver,  the  rate  of  its  excretion  can  be  very  exactly  determined  by 
studying  the  course  of  its  disappearance  from  the  plasma.  The  patient  is  weighed 
and  5  mgm.  per  kilo,  in  25  to  30  cc.  (about  1  fluidounce)  of  salt  solution  is  injected 
into  a  vein  after  wnthdrawing  8  cc.  of  blood.  From  Mj  to  1  fluidram  (2  to  4  cc.)  of 
blood  is  taken  from  another  vein  at  intervals  of  1^4  hour  and  1  hour  after  the  in- 
jection. The  serum  is  drawn  ofF  and  1  drop  of  5  percent,  sodium  hydrate  per  cc.  is 
added  to  each  sample.  Each  is  then  compared  in  a  colorimeter  with  a  0.01  percent, 
aqueous  solution  of  phenoltetrachlorphthalein  sodium.  This  is  chosen  as  a  standard 
because  it  represents  the  approximate  concentration  which  would  be  reached  if  all 
the  dye  injected  remained  in  the  blood  stream.  Normally  the  blood  should  contain 
2  to  G  percent,  after  i/4  hour  and  be  free  from  the  dye  after  %  to  1  hour.  Marked 
delay  in  disappearance  indicates  a  lesion  involving  the  hepatic  cells,  or  obstruction 
of  the  bile  passages.  The  highest  degrees  of  retention  are  seen  in  acute  hepatitis,  and 
in  advanced  cirrhosis  and  carcinoma. 

Bromsulplithalein. — This  dye  is  used  for  the  same  purpose  but  chiefly  by  the 
method  last  described.  It  has  the  advantages  that  the  dose  is  smaller  (2  mgm.  per 
kilo.)  and  that  excretion  is  more  rapid,  none  being  found  in  the  blood  of  normal 
persons  ^2  hour  after  injection. 

Tethrothalein  Sodium. — This  salt,  solutions  of  which  are  impervious  to  the 
x-rays,  is  used  for  radiographic  study  of  the  gall-bladder  and  ducts.  A  dose  of  0.1 
Gm.   per  kilo,   is  sufficient  to  render   the  contents  of  the  gall-bladder  opaque.     In 
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clinical  practice,  72  to  80  grains  (4.5  to  5  Gm.)  is  dissolved  in  upwards  of  an  ounce 
(35  to  40  cc.)  of  freshly  distilled  water,  filtered,  sterilized  by  heat  and  injected  in  2 
doses  V2  hour  apart  before  breakfast.  The  shadow  of  the  gall-bladder  begins  to  appear 
on  the  radiograms  in  an  hour  or  two  and  continues  to  increase  in  size  and  density 
until  4  to  8  hours  after  the  injection.  It  then  becomes  smaller,  but  continues  to 
increase  in.  density  for  12  to  10  hours  more.  Diseased  gall-bladders  may  not  show 
this  distensibility  and  "do  not  cast  so  heavy  a  shadow  as  normal  ones,  since  the 
production  of  the  shadow  is  dependent  on  the  concentration  power,  which  may  be 
partially  or  completely  destroyed  by  disease"  (Graham,  Cole  and  Gopher).  Some 
persons  show  dizzinesss,  nausea  and  fall  in  blood-pressure,  which  appear,  however, 
never  to  be  dangerous  with  the  dosage  mentioned. 

Tetiothalein  Sodium. — This  is  used  in  the  same  manner  as  the  corresponding 
bromine  compound  and  for  the  same  purpose.  It  is  said  to  be  safer  because  it  is  even 
more  opaque  and  thus  can  be  given  in  smaller  dose,  only  55  grains  (3.5  Gm.)  being 
injected  in  an  adult  of  average  weight. 

Magnesium  Sulphate. — Drainage  of  the  gall-bladder,  for  either  diagnostic  or 
therapeutic  purposes,  may  be  effected  by  instillation  of  a  strong  aqueous  solution  (20 
to  33  percent.)  of  magnesium  sulphate  (Lyon).  After  thorough  disinfection  of  the 
mouth  and  throat  of  the  patient,  who  has  been  fasting  for  twelve  hours,  the  duodenal 
tube  is  passed  to  the  greater  curvature  at  the  55  cm.  mark.  The  gastric  residue  is 
now  removed  and  the  stomach  is  washed  out  repeatedly  with  sterile  water  and  treated 
with  a  mild  antiseptic  silver  solution.  Then  the  duodenal  tube  is  advanced  to  the 
75  cm.  mark,  when  its  tip  is  in  the  upper  part  of  the  duodenum,  and  75  cc.  of  a  33 
percent,  volumetric  solution  of  magnesium  sulphate  is  instilled.  The  result  is  an 
immediate  relaxation  of  Oddi's  sphincter  and  an  escape  of  bile  from  (1)  the  common 
duct,  (2)  the  gall-bladder,  and  (3)  the  hepatic  duct.  These  three  types  of  bile  can  be 
obtained  through  the  duodenal  tube  and  examined  chemically  and  bacteriologically. 

Ergotamine  Tartrate. — This  salt  injected  intravenously  in  man  in  dose  of  V250 
to  %oo  grain  (0.12  to  0.25  mgm.),  causes  emptying  of  the  gall-bladder,  and  the  bile 
obtained  by  duodenal  tube  is  more  concentrated  than  that  obtained  by  the  Lyon- 
Meltzer  method  (Campanacci  and  Groppoli). 

Condiments,  Flavors  and  Colors 

Condiments  are  ingredients  added  to  foods  or  medicaments  to  render  them  more 
palatable  by  improving  their  taste  or  appearance.  Those  used  in  pharmacy  include 
all  of  those  essential  oils  which  we  have  classed  as  "flavoring  oils,"  other  agents  used 
as  flavors,  sweetening  agents,  and  coloring  matters. 

Of  the  substances  used  for  their  sweet  taste,  the  most  important  are  the  sugars, 
that  is  hexoses  of  the  general  formula  C^Hj^Oj,  or  condensation  products  of  two  or 
more  of  these.  The  most  important  simple  hexoses  are  glucose  (grape  sugar,  dextrose), 
fructose  (levulose)  and  galactose.  The  disaccharides  include  sucrose  or  cane  sugar 
(glucose  and  fructose),  lactose  or  milk  sugar  (glucose  and  galactose)  and  maltose  or 
malt  sugar  (two  glucoses).  None  of  these  substances  have  any  topical  or  systemic 
action,  although  strong  solutions  are  somewhat  antiseptic  and  they  may  be  poisonous 
in  certain  states  of  deranged  metabolism  (diabetes).  More  properly  classed  as 
medicaments  are  the  sweetening  agents  glusidum  and  eriodictyon  which,  although  not 
sweet  itself  has  the  property  common  to  sweets,  of  disguising  bitter  taste.  Both  of 
these  agents  are  discussed  fully  in  this  section.  Glycerin,  which  is  placed  with  the 
demulcents,  has  a  sweetish  taste  and  in  addition  by  coating  the  tongue,  obtunds  the 
sensitiveness  of  the  taste  buds.  Like  the  sugars  it  mitigates  both  bitter  and  sour 
tastes. 
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Colors  are  of  importance  in  pharmacy,  not  only  to  improve  the  appearance  of 
medicines  and  tlius  render  them  less  repulsive  or  even  more  inviting,  but  also  to  color 
poisonous  tablets  so  as  to  render  their  solutions  distinctive,  as  in  the  addition  of 
methylene  blue  to  corrosive  sublimate  tablets.  The  colors  most  used  in  pharmacy  are 
cochineal,  cudbear,  saffron,  crocus  and  red  saunders. 

SWEETENING  AGENTS:  Glusidum. — Gluside,  or  saccharin,  as  it  was  for- 
merly called,  although  having  a  sweet  taste,  is  not  a  carbohydrate,  but  a  coal-tar 
derivative,  C.H^CO.NH.SO,. 
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Gluside. 

It  is  comparatively  insoluble  in  water,  but  has  a  freely  soluble  sodium  salt.  Its 
interest  in  medicine  is  dependent  on  the  fact  that  it  imparts  a  sweet  taste  to  foods, 
being  300  to  500  times  as  active  as  cane  sugar  in  this  respect.  It  is  absorbed  readily 
from  the  gastroenteric  tract  and  excreted  almost  wholly  in  the  urine  as  a  salt. 

Gluside  has  little  bactericidal  action,  but  hinders  fermentation  to  some  extent 
and,  when  given  with  food,  lessens  intestinal  fermentation.  Added  to  digestive 
ferments  in  vitro,  from  0.04  to  0.2  percent,  reduce  the  rate  of  digestion  to  half  or 
prevent  it  almost  entirely.  Salivary  and  pancreatic  digestion  seem  to  bo  more  inter- 
fered w^th  than  peptic.  Small  amounts  added  to  blood  in  vitro  lessen  its  reducing 
power  and  the  tendency  to  hemolysis. 

It  is  not  poisonous  in  the  amounts  commonly  used,  at  most  a  few  grains.  Carlson 
has  shown,  not  only  in  animals,  but  also  by  studies  on  a  man  with  gastric  fistula, 
that  doses  far  larger  than  any  used  in  practice  may  check  the  secretion  of  appetite 
gastric  juice  and  greatly  retard  digestion.  Acute  poisoning  with  digestive  upset  and 
erythematobullous  eruption  resulted  in  a  boy  9  years  old  who  took  I/2  ounce  (14  Gm.) 
at  a  single  dose.  Much  smaller  doses  than  this  may  give  rise  to  similar  disturbance, 
but  certain  persons  have  taken  amounts  as  large  as  75-  grains  (5  Gm.)  a  day  for 
■weeks  with  no  appreciable  effect.  In  some  persons,  small  daily  doses  long  continued 
give  rise  to  anorexia  and  headache  and  less  frequently  to  insomnia  and  nervous 
irritability.  Diabetics  and  gouty  persons  who  are  taking  it  without  the  knowledge 
of  their  attending  physicians  sometimes  present  puzzling  symptoms  which  disappear 
when  accident  or  inquiry  leads  to  discovery  of  the  fact  and  interruption  of  the 
practice.  Its  use  in  beverages  and  prepared  foods  of  various  kinds  and  as  a  sweetening 
agent  in  proprietary  medicines  has  properly  been  prohibited  in  several  European 
countries. 

As  a  sweetening  agent  in  diabetes,  gluside  is  used  in  the  proportion  of  about  1 
part  in  10,000;  Vs  grain  (30  mgm.)  takes  the  place  of  an  ordinary  lump  of  sugar. 
As  it  is  unnecessary  in  the  management  of  diabetics  and  other  persons  for  whom 
sugar  must  be  prohibited,  it  should  not,  on  accoimt  of  possible  ill  effects,  be  pre- 
scribed for  them  or  used  in  medicinal  preparations. 

Eriodictyon. — Eriodictyon  has  little  or  no  pharmacodynamic  power,  but  is  of 
pharmaceutic  importance  on  account  of  its  property  of  disguising  the  disagreeable 
taste  of  alkaloids  and  of  bitters.    It  may  act  on  the  former  by  making  them  insoluble. 
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Its  addition  to  bitters  would  probably  prevent  the  beneficial  effect  of  these.  The  taste 
of  Yo  grain  (12  mgm.)  of  quinine  sulphate,  or  24  grains  (1.5  Gm.)  of  quasia,  is 
covered  by  15  minims  (1  cc.)  of  the  fluidextract. 

Materia  Medica. — Syrupus  (U.S.  X.),  Syrup.     Synonyms:    Sirup,  Simple  Syrup. 

Sucrose,  850  Gm. ;  distilled  vs^ater,  q.s.  to  make  1000  cc.  when  dissolved  with  heat. 
It  should  have  a  specific  gravity  of  1.313  at  25°C. 

Dose,  used  throughout  pharmacy  as  a  medium. 

Syrupus  Glucosi  (Br.),  Syrup  of  Glucose. 

Glucose,  1  part;  syrup,  2  parts.     Mix  thoroughly  by  the  aid  of  gentle  heat. 

Dose,  used  as  a  pill  excipient  and  as  a  vehicle. 

Glusidum  (U.S.  X.),  Gluside.  Ahhr.,  Glusid.  Syno7iyms:  Benzosulphinidum, 
Saccharin. 

The  anhydride  (CjII^P^NS)  of  ortho-sulphamide-benzoic  acid.  Occurs  as  white 
crystals  or  a  crystalline  powder;  odorless  or  having  a  faint  aromatic  odor;  one  part 
dissolves  in  290  of  water,  and  31  of  alcohol  at  25°  C.,  and  in  25  parts  of  boiling  water. 
It  is  from  300  to  500  times  as  sweet  as  sucrose. 

Dose,  as  a  sweetening  agent  for  diabetics,  etc.,  gluside  is  used  in  proportion  of 
1 :  10,000  (0.1  Gm.  per  Liter-1/20  grain  per  ounce). 

Glusidum  Solubile  (U.S.  X.),  Soluble  Gluside.  Ahhr.,  Glusid.  Sol.  Synonyms: 
Sodii  Benzo-sulphinidum,  Soluble  Saccharin. 

Colorless  crystals  or  white  crystalline  powder;  odorless  or  with  a  faint  aromatic 
odor,  and  an  intensely  sweet  taste  even  in  dilute  solution. 

Dose,  as  a  sweetening  agent  for  diabetics,  etc.,  gluside  is  used  in  proportion  of 
1: 10,000  (0.1  Gm.  per  Liter-1/20  grain  per  ounce). 

OxYMEL  (Br.),  Oxymel.     Synonym:   Mellitum. 

A  mixture  of  honey  and  vinegar  with  distilled  water,  in  the  proportions  of  5 : 1 : 1. 
respectively. 

Dose,  1  to  2  fluidrams  (4  to  8  cc). 

Eriodictyon  (U.S.  X.),  Eriodictyon.    Ahhr.,  Eriodict.     Synonym:  Yerba  Santa. 

The  dried  leaves  of  Eriodictyon  californicum  (Hooker  et  Arnot)  Greene  (Fam. 
Hydrophyllacew) .  The  powdered  drug  is  greenish  in  color,  aromatic  odor,  balsamic 
taste,  bitter,  becoming  sweetish.  Contains  two  aromatic  resins  and  tannic  acid  and  a 
minute  quantity  of  volatile  oil.     It  apparently  depends  for  its  effects  upon  its  resins. 

Dose,  best  exhibited  in  the  form  of  the  fluidextract  (q.v.),  but  may  be  smoked  in 
substance  for  asthma  and  bronchial  affections. 

Fluidextractum  Eriodictyi  (U.S.  X.),  Fluidextract  of  Eriodictyon.  Ahhr.,  Fldext. 
Eriodict.    Synonym:  Fluidextract  of  Yerba  Santa. 

Each  cc.  represents  1  Gm.  of  the  drug,  with  an  alcoholic  content  of  about  60 
percent. 

Dose,  15  to  60  minims  (1  to  4  cc). 

Elixir  Eriodictyi  Aromaticum  (N.F.),  Aromatic  Elixir  of  Eriodictyon.  Ahhr., 
Elix.  Eriodict.  Arom.     Synonyms:  Aromatic  Elixir  of  Yerba  Santa,  Elixir  Corrigens. 

Fluidextract  of  eriodictyon,  6  percent.;  compound  elixir  of  taraxacum,  44  per- 
cent, in  simple  syrup. 

Dose,  as  a  vehicle  for  bitter  substance. 

Syrupus  Eriodictyi  Aromaticus  (N.F.),  Aromatic  Syrup  of  Eriodictyon.     Ahhr., 

Syr.  Eriodict.  Arom.    Synonym:  Aromatic  Syrup  of  Yerba  Santa,  Syrupus  Corrigens. 

Represents   3.2   percent,   of  fluidextract   of  eriodictyon,   flavored   with   compound 

tincture  of  cardamom,  the  oils  of  sassafras,  lemon  and  clove,  alcohol,  sugar  and  water. 

Used  as  a  vehicle. 

Dose,  1  to  3  fluidrams  (4  to  12  cc). 
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FLAVORING  AGENTS :    Materia  Medica.— 

Bel.e  Fructus  (Br.),  Bad  Fruit.    Synonyms :  Bengal  Quince,  Indian  Bael. 

The  fresh,  half-ripe  fruit  of  the  JEglc  viarmelos  Correa  (Fani.  Rutacav).  The  so- 
called  Bengal  quince  yields  its  virtues  to  water  by  maceration  or  decoction.  It  contains 
a  tannin,  an  essential  oil  and  a  vegetable  acid.     Best  administered  as  extract  or  decoction. 

Dose,  of  decoction  (1 :  2^/^),  V2  to  2  fluidounces  (15  to  fiO  cc). 

ExTRACTUM  Bel^  Liquidum  (Br.),  Liciuid  Extract  of  Bael.    Ahhr.,  Liq.  Ext.  Bael. 

Each  cc.  represents  1  Gm.  of  the  drug.     Alcoholic  content  about  22  percent. 

Dose,  1  to  2  fluidrams  (4  to  8  cc). 

CoNFECTio  Ros^  (N.F.),  Confection  of  Rose.    Ahhr.,  Confect.  Rose. 

Red  rose,  8  percent.;  sugar,  64  percent.;  clarified  honey,  12  percent.;  stronger 
rosewater,  16  percent. 

Dose,  used  principally  as  a  pill  excipient  or  vehicle. 

Elixir  Amygdalae  Compositu.m  (N.F.),  Compound  Elixir  of  Almond.  Ahhr., 
Elix.  Amygdal.  Co. 

A  flavoring  elixir  of  5  percent,  alcoholic  strength,  containing  40  percent,  of  simple 
syrup,  15  percent,  of  orange-flower  water,  0.1  percent,  of  vanillin*,  0.05  percent,  of 
oil  of  bitter  almonds,  in  distilled  water. 

Dose,  used  as  a  vehicle. 

Elixir  Anisi  (N.F.),  Elixir  of  Anise.    Ahhr.,  Elix.  Anis. 

Oil  of  fennel,  0.05  percent.;  spirit  of  bitter  almond,  1.2  percent.;  anethol,  0.35 
percent.;  alcohol,  5  percent.;  simple  syrup,  62.5  percent.,  with  distilled  water. 

Dose,  used  as  a  vehicle. 

Elixir  Catari^e  et  Funiculi  (N.F.),  Elixir  of  Catnep  and  Fennel.  Ahhr.,  Elix. 
Catar.  et  Fcenic. 

Fluidextract  of  catnep,  10  percent.;  sodium  bicarbonate,  1.75  percent.;  oil  of 
fennel,  0.2  percent.;  oil  of  spearmint,  0.1  percent.;  alcohol,  15  percent.;  syrup,  20 
percent. ;  distilled  water,  q.s.  ad  100  percent. 

Dose,  for  infants,  8  minims  (0.5  cc). 

Elixir  Aromaticum  (U.S.  X.),  Aromatic  Elixir.  Ahhr.,  Elix.  Arom.  Synonym: 
Simple  Elixir. 

Each.  cc.  contains  12  mgm.  of  compound  spirit  of  orange,  and  37.5  mgm.  of  simple 
syrup,  with  an  alcoholic  content  of  about  23  percent. 

Dose,  used  as  a  vehicle. 

Elixir  Glycyrrhiz^  (U.S.  X.),  Elixir  of  Glycyrrhiza.  Ahhr.,  Elix.  Glycyrrh. 
Synonyms:  Elixir  Adjuvans,  Elixir  of  Licorice. 

Fluidextract  of  glycyrrhiza,  12.5  percent.;  aromatic  elixir,  87.5  percent.  Alco- 
holic content  about  22  percent. 

Dose,  used  as  a  vehicle. 

Spiritus  Aurantii  Compositus  (U.S.  X.),  Compound  Spirit  of  Orange.  Ahhr., 
Sp.  Aurant.  Co. 

Oil  of  orange,  20  percent.;  oil  of  lemon,  5  percent.;  oil  of  coriander,  2  percent.; 
oil  of  anise,  0.5  percent.     Alcoholic  content,  about  70  percent. 

Dose,  used  as  a  vehicle. 

Syrupus  Aurantii  (U.S.X.),  Syrup  of  Orange.  Ahhr.,  Syr.  Aurant.  Synonym: 
Syrup  of  Sweet  Orange. 

Tincture  of  sweet-orange  peel,  5  percent.;  citric  acid,  0.5  percent.;  sucrose, 
82  percent.    Alcoholic  content  about  3  percent. 

Dose,  used  as  a  vehicle. 

Syrupus  Aur.\ntii  Florum  (U.S.  X.),  Syrup  of  Orange  Flowers.  Ahhr.,  Syr 
Aurant.  Flor. 
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Orange  flower  water,  22.5  parts;  sucrose,  85  parts. 

Dose,  used  as  a  vehicle, 

Syrupus  Aromaticus  (Br.),  Aromatic  Syrup. 

Tincture  of  orange,  25  percent.;  cinnamon  water,  25  percent.;  syrup,  50  percent. 

Dose,  ^2  to  1  fluidram  (2  to  4  cc).    Mainly  used  as  a  vehicle. 

Syrupus  Cacao  (N.F.),  Syrup  of  Cocoa.  Ahhr.,  Syr.  Cacao.  Synonyms:  Syrup 
of  Chocolate,  Chocolate  Syrup. 

Prepared  from  chocolate,  tincture  of  vanilla  and  sugar  with  5  percent,  alcohol. 

Dose,  used  as  a  flavoring  agent. 

EuBi  Fructus  (unofficial),  Blackberries.    Ahhr.,  Rubi.  Fruct. 

The  fresh  ripe  fruit  of  varieties  of  Ruhus  nigrohaccus  Bailey,  or  Ruhus  villosus 
Alton  (Fam.  Rosacece).  The  berries  are  bluish-purple  to  black;  taste  sweet  and  slightly 
acid. 

Dose,  used  as  the  syrup. 

Syrupus  Rubi  Fructus  (unofficial).  Syrup  of  Blackberry  Fruit.  Ahhr.,  Syr.  Rubi. 
Fruct. 

Prepared  from  fresh  ripe  blackberries  and  sugar. 

Dose,  used  freely  as  a  flavor. 

Rubi  Id^i  Fructus  (N.F.),  Raspberries.    Ahhr.,  Rubi  Id.  Fruct. 

The  fresh  ripe  fruit  of  varieties  of  Ruhus  idoeus  Linne,  or  of  Ruh^  strigosus 
Michaux  (Fam.  Rosacece).  For  pharmaceutical  purposes,  black  raspberries  (Ruhus 
occidentalis,  Linne)  may  be  substituted  either  in  part  or  wholly  for  red  rasp- 
berries. 

Dose,  used  as  the  syrup. 

Syrupus  Rubi  Id^ei  (N.F.),  Syrup  of  Raspberry.    Ahhr.,  Syr.  Rubi.  Id. 

Fresh  ripe  raspberries  and  sugar  in  sufficient  quantity. 

Dose,  as  indicated. 

Iris  (N.F.),  Orris.     Synonyms :    Orris  Root,  Iridis  Rhizoma. 

Powdered  drug  light  yellow  in  color,  starchy  and  having  a  bitter  and  somewhat 
acrid  taste,  and  a  peculiar  and  somewhat  lasting  fragrance. 

Dose,  used  mainly  for  its  fragrance. 

..(Ether  Aceticus  (N.F.),  Acetic  Ether.  Ahhr.,  Mih.  Acet.  Synonyms:  Ethyl 
Acetate,  Vinegar  Naphtha,  Naphtha  Aceti. 

A  liquid  containing  not  less  than  96  percent,  of  ethyl  acetate  (Br.,  90  percent.)  ; 
transparent ;  colorless ;  of  a  fragrant,  refreshing,  slightly  acetous  odor ;  peculiar  acetous 
and  burning  taste. 

Dose,  15  to  30  minims  (1  to  2  cc). 

Benzaldehydum  (U.S.  X.),  Benzaldehyde.  Ahhr.,  Benzald.  Synonym:  Benzoic 
Aldehyde. 

An  aldehyde  produced  synthetically  or  obtained  from  oil  of  bitter  almond,  con- 
taining not  less  than  85  percent,  of  C.HgO.  A  colorless  or  yellowish,  strongly  refractive 
liqviid,  having  an  odor  resembling  that  of  oil  of  bitter  almond  and  a  burning,  aromatic 
taste;  soluble  in  about  350  volumes  of  water  and  miscible  with  alcohol,  ether,  fixed  or 
volatile  oils.    The  label  should  state  whether  the  preparation  is  synthetic  or  otherwise. 

Dose,  1/2  to  1  minim  (0.03  to  0.06  cc). 

Yanillinum   (U.S.  X.),  Vanillin.     Ahhr.,  Vanillin. 

A  methylprotocatechuic  aldehyde  with  the  formula  C,H3.CIIO.OCH3.0H  1:2:4; 
a  fine  white  or  slightly  yellowish  substance  occurring  in  needle-like  crystals,  having 
an  odor  and  taste  resembling  vanilla.  One  part  is  soluble  in  100  parts  of  water  and 
20  parts  of  glycerin  at  25°  C;  freely  soluble  in  alcohol,  chloroform,  and  ether. 

Dose,  as  a  flavor. 
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Elixir  Yanillini  Compositum  (N.F.),  Compound  Elixir  of  Yanillin.  Ahhr.,  Elix. 
Vanillin.  Co. 

Each  fluidram  represents  %  minim  (0.04  cc.)  of  compound  spirit  of  vanillin,  with 
alcohol,  glycerin  and  distilled  water,  and  colored  with  caramel. 

Dose,  used  as  a  vehicle. 

CoUMARiNUM  (N.F.),  Coumarin.     Abhr.,  Coumar. 

The  anhydride  of  ortho-oxycinnamic  acid,  occurring  naturally  in  Tonca,  Melilot 
and  other  plants  or  prepared  synthetically;  colorless,  prismatic  crystals;  odor  fragrant; 
taste  bitter,  aromatic  and  burning;  sparingly  soluble  in  cold  water,  more  readily  so 
in  hot;  freely  soluble  in  alcohol,  ether,  chloroform,  fixed  or  volatile  oils. 

Dose,  employed  in  pharmacy  to  disguise  disagreeable  odors  of  drugs  used  externally 
(e.g.  coumarinum,  1  part;  iodoform,  50  parts). 

COLORING  AGENTS :    Materia  Medica.— 

Caramel  (N.F.),  Caramel.  Abhr.,  Caram.  Synonyms:  Saccharum  Ustum,  Burnt 
Sugar  Coloring. 

A  concentrated  aqueous  solution  of  the  product  obtained  by  heating  sucrose  or 
glucose  until  the  sweet  taste  is  destroyed  and  a  uniform  dark  brown  mass  results,  a 
small  amount  of  alkali  carbonate  being  added  while  heating.  A  thick  dark  brown 
liquid,  having  the  characteristic  odor  of  burnt  sugar  and  a  pleasant  bitter  taste;  dis- 
solves with  water  in  all  proportions. 

Dose,  used  as  a  coloring  agent. 

Carminum  (N.F.),  Carmine.    Abhr.,  Carmin. 

The  aluminum  lake  of  the  coloring  principle  obtained  from  cochineal;  occurs  in 
irregular,  angular,  bright  red  fragments,  or  as  a  powder ;  odorless  and  tasteless ;  slightly 
soluble  in  water,  freely  soluble  in  ammonia  water  and  alkali  liquids. 

Dose,  used  as  a  coloring  agent. 

Coccus  (U.S.  X.),  Cochineal.    Abhr.,  Cochineal. 

The  dried,  fecundated  insect.  Coccus  cadi  Linne  (Fam.  Caccidce).  The  powdered 
substance  is  dark  red;  odor  characteristic;  taste  slightly  bitter;  when  macerated  in 
water,  no  insoluble  powder  separates. 

Dose,  of  substance,  1/3  to  2  grains  (0.02  to  0.13  Gm.)  ;  mainly  used  to  color 
tinctures. 

Liquor  Cocci  (N.F.),  Cochineal  Color.  Abhr.,  Liq.  Cocci.  Synonym:  Liquor 
Cochineus. 

Powdered  cochineal,  6.5  percent.;  potassium  carbonate,  3.2  percent.;  alum,  3.2 
percent. ;  potassium  bitartrate,  6.5  percent. ;  glycerin,  45  percent. ;  water,  q.s.  ad  100 
percent. 

Dose,  used  as  a  coloring  agent. 

TiNCTURA  Cocci  (Br.),  Tincture  of  Cochineal. 

Powdered  cochineal,  100  Gm.,  macerated  with  1000  ec.  of  alcohol  (45  percent.). 
Used  chiefly  as  a  coloring  agent  and  is  rendered  more  miscible  by  the  addition  of  10 
percent,  of  potassium  citrate. 

Dose,  5  to  15  minims  (0.3  to  1  cc). 

Crocus  (N.F.),  Saffron.    Abbr.,  Croc. 

The  stigmas  of  Crocus  sativus  Linne  (Fam.  Iridacece) ;  odor  strong,  peculiarly 
aromatic;  taste  bitter  and  aromatic;  when  ch«wed,  it  colors  the  saliva  orange-yellow. 

Dose,  used  as  a  coloring  agent. 

Tlxctura  Croci  (N.F.),  Tincture  of  Saffron.    Abbr.,  Tr.  Croe. 

A  10  percent,  tincture  of  saffron  with  an  alcoholic  content  of  about  55  percent. 

Dose,  used  as  a  coloring  and  flavoring  agent. 
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Glycerinum  Croci  (Br.),  Glycerin  of  Saffron.    Abhr.,  Glycer.  Croc. 
Powdered  saffron,  1  part;  glycerin,  40  parts. 
Dose,  5  to  10  minims  to  the  fluidounce,  as  a  coloring  agent. 
Persic  (N.F.),  Cudbear. 

A  pui'plish-red  powder  prepared  from  species  of  Roccella  T)e  Candolle  Lecanora 
Acharius  or  other  lichens.  An  aqueous  or  alcoholic  preparation  is  of  a  deep  red  color 
rendered  lighter  in  tint  by  the  addition  of  acids  and  changed  to  purplish-red  by  the 
addition  of  alkalis. 

Dose,  used  as  a  coloring  agent. 

TiNCTURA  Persionis  (N.F.),  Tincture  of  Cudbear.    Abhr.,  Tr.  Persion. 
A  10  percent,  tincture  with  an  alcoholic  content  of  about  70  percent. 
Dose,  used  as  a  coloring  agent. 

TiNCTURA  Persionis  Composita  (N.F.),  Compound  Tincture  of  Cudbear.  Ahhr., 
Tr.  Persion.  Co. 

Powdered  cudbear,  1.5  percent.;  caramel,  10  percent.  Alcoholic  content  about 
30  percent. 

Dose,  used  as  a  coloring  agent. 
Ehceados  Petala  (Br.),  Eed  Poppy  Petals. 

The  fresh  petals  of  Papaver  rha^as  Linne   (Fam.  Papaveracece).     Bright  scarlet 
color  with  an  impleasant  heavy  odor,  slightly  bitter  taste.    The  chief  constituent  of  the 
petals   is   a   coloring   matter,   known   as   mekocyanin,    and    a   non-poisonous    alkaloid, 
rhoeadine.     The  presence  of  morphine  has  never  been  confirmed. 
Dose,  used  as  a  coloring  agent. 
Syrupus  Ehceados  (Br.),  Syrup  of  Eed  Poppy. 

Eed  poppy-petals,  260  Gm. ;  sugar,  720  Gm. ;  alcohol  (70  percent.),  50  cc;  dis' 
tilled  water,  q.s.  to  make  1000  cc.    A  mild  astringent  and  a  coloring  agent. 
Dose,  Y2  to  1  fluidram  (2  to  4  cc). 

Santalum  Eubrum  (U.S.  X.),  Eed  Saunders.  Abhr.,  Santal.  Kub.  Synonyms: 
Pterocarpi  Lignum,  Lignum  Santali  Eubri. 

Taste  slight;  odor  peculiar  when  submitted  to  friction. 
Dose,  used  only  as  a  coloring  agent. 

Elixir  Aromaticum  Eubrum  (N.F.),  Eed  Aromatic  Elixir.  Abhr.,  Elix.  Arom. 
Eub.    Synonym  :  Eed  Elixir. 

The  aromatic  elixir  (U.S.P.),  colored  with  cudbear. 
Dose,  used  as  a  vehicle. 

DRUGS  ACTING  ON  THE  BLOOD  AND  BLOOD  MAKING 

ORGANS 

Drugs  may  act  directly  on  the  circulating  blood,  altering  the  composition  or 
clotting  power  of  the  plasma,  or  influencing  the  number  or  character  of  the  whit(; 
corpuscles,  or  of  the  red  cells.  They  may  also  influence  the  function  and  alter  the 
tissue  of  the  blood  making  and  blood  destroying  organs,  the  spleen,  bone  marrow, 
lymph  glands  and  liver. 

The  composition  of  the  plasma  is  temporarily  altered  by  the  passage  or  injection 
into  it  of  any  foreign  substance,  or  of  any  of  its  normal  constituents  in  excess.  It 
is  also  altered  by  the  escape  or  removal  of  any  constituent,  as  of  water  in  excessive 
purgation,  or  of  cells  in  profuse  hemorrhage.  Medicaments  rarely  reach  a  concen- 
tration sufficient  to  cause  a  measurable  alteration  in  the  composition  of  the  plasma, 
and  their  presence  is  recognized  only  by  their  effects  on  other  tissues.  Injection  of 
sodium  chloride,  potassium  chloride,  calcium  chloride,  sodium  bicarbonate,  or  their 
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mixture  as  Ringer  solution,  may  bring  about  more  or  less  profound  alteration,  and 
during  administration  of  bromides  or  of  iodides  appreciable  amounts  of  plasma 
chloride  may  be  replaced  by  these.  In  cases  of  acidosis,  sodium  bicarbonate  or 
disodium  phosphate,  in  dilute  solution  or  associated  with  sodium  chloride,  may  be 
injected  directly  into  the  blood  stream  in  sufficient  amount  to  restore  the  alkaline 
balance.  In  other  forms  of  poisoning  large  amounts  of  isotonic  sodium  chloride,  or 
of  Ringer  solution  are  injected  to  dilute  the  offending  substance  or  to  hasten  its 
elimination.  After  hemorrhage  similar  injections  are  given  to  restore  blood  volume. 
Reduction  of  the  volume  of  circulating  blood,  if  indicated  for  the  relief  of  high 
blood  pressure  or  to  avert  threatened  hemorrhage,  may  be  brought  about  by  purgation 
or  by  bleeding. 

In  considering  the  agents  which  influence  the  clotting  of  blood,  a  distinction 
must  be  kept  in  mind  between  those  agents  which  assist  or  hasten  true  clotting  and 
the  much  more  numerous  substances  which  will  cause  coagulation  of  any  protein, 
among  which  are  soluble  salts  of  iron  and  silver,  lead  acetate,  zinc  chloride  and 
picric  acid.  Clotting  is  prevented  by  calcium  precipitants,  by  hirudin  and  a  few 
other  substances,  as  well  as  by  hypochlorites,  which  also  have  the  power  to  dissolve 
freshly  formed  clots. 

The  white  blood  cells  are  markedly  influenced  both  in  number  and  in  function 
by  physiologic  processes  and  by  drug  action.  While  drugs,  in  the  narrower  sense,  have 
been  but  little  used  for  this  purpose,  stimulation  of  phagocytic  activity  constitutes 
one  of  the  most  important  reactions  to  various  biologic  agents,  especially  the  bacterines 
and  the  non-specific  proteins.  It  is  well  known  that  the  number  of  circulating  leucocytes 
is  increased  after  eating,  perhaps  owing  to  the  increased  flow  of  lymph  through  the 
thoracic  duct.  A  similar  increase  is  caused  by  administration  of  bitters,  and  of 
digitalis.  The  effect  of  the  last  is  so  great  that  it  has  been  suggested  as  a  means 
of  preventing  infection  after  operation.  The  leucocytosis  which  accompanies  in- 
fection is  paralleled  by  the  effect  of  injecting  killed  bacteria  or  bacterines,  which 
also  increase  the  phagocytic  tendency  of  the  white  cells.  The  white  cells  are 
paralyzed  or  their  amebic  movements  checked  by  certain  alkaloids,  including  emetine 
(1:2000),  strychnine  (1:1000),  morphine  (1:150),  quinine  (1:800)  and  caffeine  (1:100), 
as  well  as  by  volatile  anesthetics,  and  this  effect  is  seen  even  in  vitro.  Quinine  causes 
stimulation  of  ameboid  movements  or  decrease  in  them  according  to  dose  and  other 
circumstances.  Benzol  and  certain  related  compounds  destroy  leucocytes,  and  eryth- 
rocytes as  well,  directly  and  also  by  inhibition  or  destruction  of  the  bone  marrow; 
an  action  sometimes  sought  in  the  management  of  leucemia. 

The  red  corpuscles  and  hemoglobin  are  equally  subject  to  drug  influence.  The 
cells  are  agglutinated  (caused  to  adhere  in  clumps)  by  abrin  and  by  ricin.  They 
are  dissolved  (hemolysis,  laking)  by  many  poisons  including  certain  snake  venoms, 
the  toxin  of  Streptococcus  hemolyticus,  arseniureted  hydrogen  and  plant  saponins. 
Water  or  hypotonic  salt  solution  added  to  blood  or  injected  intravenously  also  causes 
laking.  Red  cells  are  destroyed  by  phenylhydrazine  and  certain  of  its  esters;  this 
effect  being  utilized  in  the  treatment  of  polycythemia. 

Structural  changes  in  the  red  cells  are  seen  in  poisoning  by  lead,  arsenic,  and 
mercury. 

The  hemoglobin  is  altered  to  methemoglobin  in  poisoning  by  chlorates,  the 
oxyphenols,  chrysarobin,  nitroglycerin,  picric  acid,  and  aniline  and  the  synthetic 
antipyretics.  It  is  changed  to  hematoporphyrin  by  sulphonal  and  by  trional.  Special 
hemoglobin  compounds  which  nullify  its  power  to  carry  orygen  are  formed  by  carbon 
monoxide,  carbon  disulphide,  hydrogen  sulphide,  and  hydrocyanic  acid. 

The  spleen  and  bone  marrow  are  stimulated  by  salts  of  iron,  of  manganese,  of  ger- 


1216  HEMIC  STIMULANTS 

manium,  and  of  arsenic.  Stimulation  of  the  lymph  glands  is  less  prominently 
manifested,  but  apparently  results  from  full  doses  of  the  iodides,  mercurials  and 
certain  arsenicals. 

Hemic  Stimulants 

As  the  blood  consists  of  plasma,  platelets,  leucocytes  and  erythrocytes,  it  might  be 
considered  proper  to  include  under  this  head  all  agents  -^hich  by  their  action  induce 
an  increase  in  the  quantity  or  the  functional  activity  of  any  of  these  constituent  parts, 
or  of  the  organs  or  tissues  from^  which  the  cellular  elements  arise.  Only  agents 
affecting  the  red  cells  seem,  however,  to  lend  themselves  to  such  special  consideration. 

The  total  volume  of  circulating  blood  is  probably  subject  to  considerable  variation 
under  normal  and  pathological  conditions,  but  apart  from  the  mechanical  increase  in 
volume  brought  about  by  administration  of  water — or  of  salt  solution — ^by  mouth,  by 
rectum,  by  hypodermoelysis  or  intravenously  and  its  depletion  by  diuresis  and 
diaphoresis,  but  little  therapeutic  attempt  is  made  to  influence  it.  Discussion  of  certain 
phases  of  this  subject  will  be  found  under  the  head  of  Circulatory  Adjuvants,  in 
the  introduction  to  Diuretics,  and  among  the  therapeutic  uses  of  digitalis.  Stimula- 
tion of  production  of  the  plasma  constituents  is  not  practiced  therapeutically,  al- 
though the  calcium,  potassium  and  salt  content  may  be  altered  by  administration 
of  the  respective  salts.  The  proteins  of  the  plasma  may  likewise  be  altered  by  such 
measures  as  bleeding  and  perfusion  of  saline  solution. 

The  number  of  leucocytes  in  the  circulating  blood  is  subject  to  wider  variation 
than  any  other  property  of  the  blood.  As  already  mentioned,  leucocytosis  may  be 
artificially  induced  by  injection  of  many  proteins,  especially  those  of  bacterial  origin, 
as  instanced  by  the  bacterines.  An  increase  of  circulating  leucocytes  likewise  results 
from  the  adininistration  of  certain  drugs  including  digitalis  and  the  bitters. 

The  drugs  used  to  bring  about  increase  in  the  number  of  red  cells  and  in  the 
quantity  of  hemoglobin  are  numerous  and  important,  and  these  alone  will  receive 
extended  consideration  in  this  section. 

Hematinics 

The  hematinics  are  agents  which  bring  about  increase  in  the  number  of  circu- 
lating red  blood  cells  or  in  their  hemoglobin  content.  Such  agents  are  mainly  com- 
prised among  the  metals,  although  the  general  action  of  such  tonics  as  nux  vomica 
and  cinchona  may  include  some  stimulating  effects  on  the  bloodmaking  organs. 
Extracts  and  preparations  of  several  animal  tissues  have  been  used  as  hematinics. 
Among  these,  spleen  and  bone  marrow  are  most  useful,  and  Leake  has  shown  that 
they  are  most  effective  when  administered  together.  Preparations  of  liver  have  also 
been  employed,  but  probably  owe  any  slight  efficacy  which  they  may  possess  to  the 
presence  of  an  organic  iron  compound,  ferratin. 

Of  the  metallic  hematinics  by  far  the  most  important  is  iron,  both  its  inorganic 
and  organic  compounds  showing  a  particularly  stimulating  action  on  hemoglobin 
formation  as  well  as  on  the  production  of  red  cells.  Manganese  has  been  used  likewise 
in  various  anemias,  but  is  much  less  effective.  Recently  several  compounds  of  germa- 
nium have  been  shown  to  have  a  remarkable  effect  in  increasing  red  cell  production, 
even  in  the  normal  animal.  The  therapeutic  indications  are  less  well  established  than 
those  of  iron.  Of  the  hematinics  considered  with  other  groups,  the  most  important 
is  arsenic,  the  inorganic  salts  of  which,  especially  arsenious  and  arsenous  acids  and 
their  salts,  are  of  great  value  in  the  treatment  of  secondary  and  so-called  essential 
anemias,  especially  in  conjunction  with  iron  compounds.  Vanadium  has  been  highly 
recommended  for  use  in  certain  types  of  anemia,  but  its   indications   are  not  yet 
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clearly  established.  Mercury  had  at  one  time  a  reputation  as  a  hemic  stimulant,  but 
it  is  now  generally  believed  that  its  beneficial  effects  were  limited  to  syphilitic  and 
other  infectious  anemias  and  were  secondary  to  its  destructive  action  on  the  causative 
agents,  preventing  destruction  of  red  cells  rather  than  increasing  their  production. 
The  last  three  agents  named  are  all  classed  with  Antipathogens. 

Iron 

The  compounds  of  iron  which  have  been  suggested  or  used  in  medicine  are 
almost  innumerable.  In  prehistoric  times,  iron  rust  dissolved  in  sour  wine  was 
employed  as  a  tonic,  and  in  the  Hippocratic  period  and  afterward,  the  insoluble 
inorganic  compounds  were  used  internally  and  iron  rust  and  scales  wet  with,  or 
dissolved,  in  vinegar  were  employed  extensively  as  astringents  and  tonics.  Such 
applications  were  used  to  stop  bleeding  from  wounds  and  from  the  uterus.  They 
were  also  found  valuable  as  astringents  in  diarrhea,  and  to  overcome  infection, 
as  in  granulated  lids,  condyloma,  pustules  and  erysipelas.  Sydenham,  in  1681,  pointed 
out  the  value  of  iron  in  chlorosis,  and  from  this  time  iron  salts  have  been  generally 
employed  as  hematinics  and  general  tonics. 

Chemistry. — From  a  physiologic  standpoint  iron  compounds  are  divided  into 
two  groups,  inorganic  and  organic.  In  the  former,  the  iron  is  present  in  a  form 
in  which  it  reacts  with  such  precipitants  as  hydrogen  sulphide,  ferrocyanides  and 
hematoxylon.  The  usual  salts  of  iron,  including  those  with  organic  acids,  are 
placed  here.  In  the  latter  the  iron  is  not  p'-esent  in  ionic  form  and  is  released 
from  combination  with  difficulty,  not  being  immediately  precipitated  by  sulphides, 
etc.  It  is,  therefore,  called  "masked  iron."  These  distinctions,  although  useful,  are 
not  perfectly  sharp,  and  there  is  a  series  of  iron  compounds  showing  a  gradually 
decreasing  tendency  to  ionize.  At  one  end  of  the  series  are  the  soluble  salts;  the 
chloride  and  sulphate,  the  acetate  and  the  citrate.  These  are  irritating  and  precipitate 
proteins.  Next  follow  the  double  salts,  such  as  iron  and  potassium  tartrate  and 
iron  and  ammonium  acetate.  These  are  soluble  but  not  irritating,  and  do  not 
precipitate  proteins.  The  insoluble,  inorganic  compounds  are,  of  course,  also  un- 
irritating.  After  these  come  the  precipitates  of  iron  peptonate,  iron  albuminate,  etc., 
which  result  when  albumen  and  peptone  are  treated  with  salts  of  the  first  type.  From 
such  compounds  the  iron  is  split  off  slowly  by  mere  contact  with  sulphides,  and 
promptly  by  hematoxylon,  although  these  compounds  are  always  classed  as  organic. 
Finally,  there  occur  in  nature  a  series  of  substances,  of  which  the  type  is  hemoglobin, 
the  iron  of  which  is  so  firmly  bound  that  prolonged  boiling  with  concentrated  acids, 
or  incineration,  is  required  to  free  it.  Ferratin  from  the  liver,  hematogen  from  egg 
yolk,  etc.,  are  intermediate  between  the  last  two,  the  iron  not  being  directly  precipi- 
tated, but  being  freed  by  the  addition  of  acids.  The  iron  of  foods  belongs  entirely 
to  the  organic  or  masked  type. 

The  ferrocyanides,  which,  with  the  exception  of  ferrocyanide  of  iron  (forri- 
ferrocyanide,  Fe,Fe,(C]Sr),,),  do  not  give  up  their  iron  in  the  body  at  all,  hardly  belong 
among  the  iron  compounds.  Ferrous  iodide,  Fel^,  ferrous  arsenate,  Fe.FeO.AsO,, 
ferric  valerianate,  Fe,(C5H,0j)j(0H)j,  and  a  few  other  iron  compounds  are  taken 
up  with  their  other  constituents. 

Summary  of  Actions  and  Uses. — The  soluble  inorganic  iron  salts  are  irritant  exter- 
nally in  high  concentration,  and  internally  in  large  dose.  Applied  to  ulcers  they  coat 
these  with  precipitated  proteins  and  check  oozing  and  hemorrhage.  By  mouth  large 
doses  induce  painful  vomiting  and  diarrhea.  Normal  animals  receiving  small  doses  of 
these  salts  or  even  very  large  doses  of  the  masked  compounds  show  no  effect,  except  a 
tendency  to  constipation. 
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Topically,  ferrous  sulphate  and  certain  similar  compounds  are  used  as  hemostatics, 
styptics,  and  astringents.  Internally  all  iron  compounds  are  used  as  hematinics  in 
anemia,  especially  in  chlorosis.  Benefit  from  their  use  in  malaria,  amenorrhea,  and 
consumption  is  probably  linked  up  with  the  association  of  anemia  with  these  conditions. 

Materia  Medica. — Ferrum  (U.S.  X.),  Iron.    Ahhr.,  Ferr. 

Metallic  iron  (Fe  =  55.84)  in  the  form  of  fine,  bright  wire,  having  a  diameter  of 
about  0.1  millimeter  (or  wrought-iron  nails  free  from  oxide  (Br.).  Arsenic  limit  200 
parts  per  million. 

Dose,  not  used  in  substance. 

Ferrum  Albuminatum   (KF.),  Iron  Albuminate.     Ahhr.,  Ferr.  Album. 

A  compound  of  iron  oxide  and  albumin,  rendered  soluble  by  the  presence  of  sodium 
citrate;  contains  not  less  than  17  percent,  nor  more  than  19  percent,  of  Fe.  Occurs 
in  reddish-brown,  lustrous  granules  or  a  brown  powder;  odorless;  freely  soluble  in 
water,  insoluble  in  alcohol. 

Dose,  5  to  10  grains  (0.3  to  0.6  Gm.). 

Ferrum  Peptonatum  (N.F.),  Iron  Peptonate.     Ahhr.,  Ferr.  Pepton. 

A  compound  of  iron  oxide  and  peptone,  rendered  soluble  by  the  presence  of  sodium 
citrate;  contains  not  less  than  16  percent,  or  more  than  IS  percent,  of  Fe.  Occurs 
in  dark  brown,  lustrous  granules  or  brown  powder,  with  a  slight,  characteristic  odor; 
freely  soluble  in  water,  almost  insoluble  in  alcohol. 

Dose,  3  to  8  grains  (0.2  to  0.5  Gm.). 

Ferrum  Reductum  (U.S.  X.),  Reduced  Iron.  Ahhr.,  Ferr.  Reduct.  Synonyms: 
Powder  of  Iron,  Iron  by  Hydrogen,  Quevenne  Iron. 

Iron  reduced  to  the  metallic  state  by  the  action  of  hydrogen  upon  ferric  oxide. 
It  contains  not  less  than  90  percent.  (Br.  80  percent.)  of  metallic  iron.  Reduced  Iron 
occurs  as  a  very  fine,  grayish-black,  lusterless  powder,  without  odor  or  taste;  permanent 
in  dry  air.     It  is  insoluble  in  water  or  alcohol. 

Dose,  1  to  3  grains  (0.06  to  0.2  Gm.). 

Ferri  Carbonas  Saccharatus  (U.S.  X.),  Saccharated  Ferrous  Carbonate.  Ahhr., 
Ferr.  Carb.  Sacch.    Synonym :    Saccharated  Iron  Carbonate. 

A  greenish-brown  powder,  containing  not  less  than  15  percent.  FeCOj,  gradually 
becoming  oxidized  by  contact  with  air;  odorless,  and  having  at  first  a  sweetish,  after- 
wards slightly  ferruginous  taste.  It  is  only  partly  soluble  in  water,  but  is  completely 
dissolved  by  hydrochloric  acid.  The  Br.  calls  for  not  less  than  50  percent,  of  ferrous 
salts,  calculated  as  ferrous  carbonate. 

Dose,  4  to  15  grains  (0.25  to  1  Gm.). 

Ferri  Oxidum  Saccharatum  (N.F.),  Saccharated  Ferric  Oxide.  Ahhr.,  Ferr.  Oxid. 
Sacch.    Synonym:   Soluble  Ferric  Oxide. 

Contains  the  equivalent  of  not  less  than  2.8  percent,  of  iron. 

Dose,  30  grains  (2  Gm.). 

Ferri  Chloridum  (U.S.  X.),  Ferric  Chloride.  Ahhr.,  Ferr.  Chlor.  Synonyms: 
Iron  Perchloride,  Sesquichloride  of  Iron. 

It  contains  FeCl^  in  a  hydrated  form  corresponding  to  not  less  than  20  per  cent, 
of  Fe.  It  occurs  in  orange-yellow,  crystalline  pieces,  odorless,  or  with  a  faint  odor  of 
hydrochloric  acid,  and  having  a  strongly  styptic  taste.  It  is  very  deliquescent,  in  air. 
One  Gm.  dissolves  in  0.2  cc.  of  water  at  25°  C. ;  freely  soluble  in  alcohol  and  soluble 
in  glycerin  or  ether. 

Dose,  Vo  to  2  grains  (0.03  to  0.12  Gm.). 

Ferri  Cacodylas  (unofficial).  Iron  Cacodylate.  Ahhr.,  Ferr.  Cacodyl.  Synonyms : 
Ferric  Cacodylate,  Ferricodil. 

Occurs  as  a  grayish-brown  powder,  with  an  apple-like  odor,  which  contains  from 
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40  to  45  percent,  of  arsenic  in  the  form  of  cacodylic  acid.  It  is  soluble  in  16  parts 
of  cold  water;  more  soluble  in  hot  water;  less  soluble  in  alcohol. 

Dose,  by  mouth,  1  to  2  grains  (O.OCS  to  0.12  Gm.)  ;  hypodermically,  %  to  V2  grain 
(0.01  to  0.03  Gm.). 

Ferri  Arsenis  (unofficial),  Iron  Arsenite.  Ahbr.,  Fcrr.  Arsenite.  Synonyms: 
Arsenite  of  Iron. 

Occurs  as  a  brownish-yellow  powder,  soluble  in  acids,  insoluble  in  water,  but 
rendered  soluble  in  water  by  combination  with  ammonium  citrate.  The  soluble  prepa- 
ration, ferr-arseno-citras  ammonia tus,  represents  15  percent,  of  iron  and  1.4  percent. 
of  arsenous  acid. 

Dose,  V4o  to  V2  grain  (0.0016  to  0.03  Gm.),  with  a  maximum  daily  dose  of  1  grain 
(0.065  Gm.). 

Ferri  et  Ammonii  Citras  (U.S.  X.),  Iron  and  Ammonium  Citrate.  Ahbr.,  Ferr. 
et  Ammon.  Cit.     Synonyms:    Soluble  Ferric  Citrate,  Ammonio-ferric  Citrate. 

Ferric  citrate  rendered  more  readily  soluble  by  the  presence  of  ammonium 
citrate  and  containing  not  less  than  16  percent,  nor  more  than  18  percent,  of  Fe.  It 
occurs  as  thin,  transparent,  garnet-red  scales,  odorless,  and  having  a  saline,  mildly 
ferruginous  taste.  It  is  deliquescent  in  moist  air,  and  is  readily  soluble  in  water; 
insoluble  in  alcohol. 

Dose,  3  to  8  grains  (0.2  to  0.5  Gm.). 

Ferri  et  Potassii  Tartras  (Br.),  Iron  and  Potassium  Tartrate.  Synonyms: 
Ferrum  Tartaratum,  Tartarated  Iron. 

Prepared  by  dissolving  freshly  precipitated  ferric  hydroxide  with  the  help  of  acid 
potassium  tartrate,  filtering  and  drying.  It  has  the  appearance  of  thin,  transparent, 
garnet-red  scales;  sweetish,  and  of  an  iron  taste.  It  represents  about  15  percent,  of 
Fe  and  is  soluble  in  1  part  of  water. 

Dose,  5  to  10  grains  (0.3  to  0.6  Gm.). 

Ferri  et  Quixix^  Citras  (Br.),  Iron  and  Quinine  Citrate.  Ahhr.,  Ferr.  et 
Quin.  Cit.  Synonyms:  Citrate  of  Iron  and  Quinine,  Soluble  Iron  and  Quinine 
Citrate. 

Iron  citrate  and  quinine  citrate  rendered  more  soluble  by  the  presence  of 
ammonium  citrate  and  containing  not  less  than  11.5  percent,  of  anhydrous  quinine 
and  not  less  than  13  percent,  of  Fe.  It  occurs  as  thin,  transparent  scales  of  a  greenish 
or  golden-yellow  color;  odorless,  and  having  a  bitter,  mildly  ferruginous  taste.  It  is 
deliquescent  and  is  rapidly  and  completely  soluble  in  cold  water,  partly  soluble  in 
alcohol.  Each  5  grains  represents  V2  grain  (0.03  Gm.)  of  quinine,  and  %  grain  (0.036 
Gm.)  of  iron. 

Dose,  5  to  10  grains  (0.3  to  0.6  Gm.). 

Ferri  Glycerophosphas  (N.F.),  Ferric  Glycerophosphate.  Ahbr.,  Ferr.  Glycero- 
phos.     Synonym:  Ferric  Glycerinophosphate. 

It  contains  a  variable  quantity  of  Fej(C,HjOgP)3  corresponding  to  not  less  than  14 
percent,  nor  more  than  16  per  cent,  of  Fe.  It  occurs  as  yellowish-green,  transparent, 
amorphous  scales  or  as  a  greenish-yellow  powder,  odorless,  and  nearly  tasteless.  One 
Gm.  dissolves  slowly  in  about  2  cc.  of  water  at  25°  C. ;  insoluble  in  alcohol. 

Dose,  2  to  8  grains  (0.12  to  0.5  Gm.). 

Ferri  IIvdroxidlm  cum  MAfJNESii  Oxido  (U.S.  X.),  Ferric  Hydroxide  with  Mag- 
nesium Oxide.  Abhr.,  Ferr.  Ilydrox.  cum  Mag.  Oxid.  Synonyms:  Arsenic  Antidote, 
Ferric  Hydrate  with  Magnesia. 

Solution  of  Ferric  Sulphate,  40  cc. ;  magnesium  oxide,  10  Gm, ;  water,  q.s.  The 
solution  of  ferric  sulphate  and  the  magnesium  oxide  are  each  made  into  a  thin  mixture 
with  water  and  kept  in  separate  bottles  ready  to  be  mixed  when  needed.     Instead 
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of  the  magnesia  mixture  300  cc,  of  magnesia  magma  (milk  of  magnesia),  properly 
diluted,  may  be  used. 

Dose,  4  fluidounces  (120  cc.). 

Ferri  Hypophosphis  (N.F.),  Ferric  Hypophosphite.  Ahhr.,  Ferr.  Hypophos. 
Synonym :  Hypophosphite  of  Iron. 

It  contains  not  less  than  98  percent,  of  Fe(PHjOj)3  corresponding  to  not  less 
than  21.8  percent,  of  Fe;  occurs  as  a  white,  or  grayish-white  powdei',  odorless,  and 
nearly  tasteless;  permanent  in  the  air.  One  gram  dissolves  in  2300  cc.  of  water  at 
25°  C.  and  in  1200  cc.  of  boiling  water;  more  readily  soluble  in  the  presence  of  hypo- 
phosphorous  acid  or  in  a  warm,  concentrated  solution  of  an  alkali  citrate,  forming  with 
the  latter  a  green  solution. 

Dose,  5  to  10  grains  (0.3  to  0.6  Gm.). 

Ferri  Lactas  (IST.F.),  Ferrous  Lactate.  Ahhr.,  Ferr.  Lact.  Synonym:  Iron 
Lactate. 

It  contains  not  less  than  97  percent,  of  Fe(C3H503)2  +  3HjO) ;  and  occurs  as  a 
greenish-white  crystalline  powder,  or  in  crystalline  masses,  having  a  slight,  character- 
istic odor,  and  a  mild,  sweet  and  ferruginous  taste.  One  gram  dissolves  slowly  but 
almost  completely  in  40  cc.  of  water  at  25°  C,  and  in  12  cc.  of  boiling  water;  freely 
soluble  in  solutions  of  the  alkali  citrates,  yielding  a  green-colored  solution;  almost 
insoluble  in  alcohol. 

Dose,  2  to  8  grains  (0.12  to  0.5  Gm.). 

Ferri  Phosphas  Solubilis  (U.S.  X.),  Soluble  Ferric  Phosphate.  Ahhr.,  F«rr.  Phos. 
Sol.    Synonyms :  Ferri  Phosphas,  Ferric  Phosphate  with  Sodium  Citrate. 

Ferric  Phosphate  rendered  soluble  by  the  presence  of  sodium  citrate.  It  con- 
tains not  less  than  12  percent,  of  Fe;  occurs  as  thin,  bright  green,  transparent  scales, 
without  odor,  and  having  an  acidulous,  slightly  saline  taste.  The  salt  is  permanent  in 
dry  air  when  excluded  from  light,  but  when  unprotected  soon  becomes  discolored.  It  is 
freely  soluble  in  water;  insoluble  in  alcohol. 

Dose,  5  to  10  grains  (0.3  to  0.6  Gm.). 

Ferri  Phosphas  Saccharatus  (Br.),  Saccharated  Iron  Phosphate.  Ahhr.,  Ferr. 
Phos.  Sacch. 

It  is  ferrous  phosphate,  more  or  less  oxidized,  mixed  with  glucose  and  containing 
not  less  than  60  percent,  of  ferrous  salts  calculated  as  ferrous  phosphate. 

It  is  a  slate-colored  powder,  slightly  soluble  in  water,  soluble  in  diluted  hydro- 
chloric acid;  of  a  sweetish,  ferruginous  taste. 

Dose,  5  to  10  grains  (0.3  to  0.6  Gm.). 

Ferri  Pyrophosphas  Solubilis  (N.F.),  Soluble  Ferric  Pyrophosphate.  Ahhr., 
Ferr.  Pyrophos.  Sol.    Synonym:  Ferric  Pyrophosphate. 

It  contains  Ferric  Pyrophosphate  corresponding  to  not  less  than  10  percent,  of  Fe. ; 
occurs  in  thin,  apple-green,  transparent  scales,  without  odor,  and  having  an  acidulous, 
slightly  saline  taste.  The  salt  is  permanent  in  dry  air,  when  protected  from  light,  but 
when  unprotected  soon  becomes  discolored.  It  is  freely  and  completely  soluble  in 
water;  insoluble  in  alcohol. 

Dose,  2  to  6  grains  (0.13  to  4  Gm.). 

Ferri  Sulphas  (U.S.  X.),  Ferrous  Sulphate.  Ahhr.,  Ferr.  Sulph.  Synonym: 
Iron  Protosulphate. 

It  contains  not  less  than  54.36  nor  more  than  57.07  percent,  of  anhydrous  ferrous 
sulphate,  corresponding  to  about  99.5  percent,  of  the  crystallized  salt  (FeSO^-j" '^H,0). 
Ferrous  Sulphate  occurs  as  pale  bluish-green,  monoclinic  prisms,  without  odor,  and 
having  a  saline,  styptic  taste;  efflorescent  in  dry  air.  On  exposure  to  moist  air,  the 
crystals  rapidly  oxidize  and  become  coated  with  brownish-yellow  basic  ferric  sulphate. 


HEMATINICS  1221 

When  it  has  thus  deteriorated  the  salt  must  not  be  used  for  any  official  purpose.  One 
Gm.  dissolves  in  1.4  cc.  of  water  at  25°  C. ;  in  0.4  cc.  of  boiling  water;  insoluble  in 
alcohol. 

Dose,  IV2  to  5  grains  (0.1  to  0.3  Gm.). 

Ferri  Sulphas  Exsiccatus  (U.S.  X.),  Exsiccated  Ferrous  Sulphate.  Ahhr.,  Ferr. 
Sulph.  Exsic.    Synonym:  Dried  Ferrous  Sulphate. 

Most  of  the  water  of  crystallization  is  driven  off  by  heat  from  ferrous  sulphate 
until  the  residue  contains  the  equivalent  of  not  less  than  SO  percent,  of  the  anhydrous 
salt  (FeSOJ.    It  is  a  grayish-white  powder,  slowly  soluble  in  water. 

Dose,  1  to  3  grains  (0.06  to  0.2  Gm.). 

Ferri  Sulphas  Granulatus  (U.S.  X.),  Granulated  Ferrous  Sulphate.  Alhr.,  Ferr. 
Sulph.  Gran.  Synonyms:  Precipitated  Ferrous  Sulphate,  Granulated  Sulphate  of 
Iron. 

A  solution  of  ferrous  sulphate  is  evaporated  by  heat  while  being  constantly 
stirred,  and  "when  nearly  dry  is  washed  with  alcohol.  The  resultant  is  a  very  pale 
bluish-green,  crystalline  powder.  It  possesses  the  advantage  over  the  crude  sulphate 
that  it  is  less  liable  to  oxidation  on  exposure  to  the  air. 

Dose,  IV2  to  5  grains  (0.1  to  0.3  Gm.). 

ExTRACTUM  Ferri  Pomatum  (N.F.),  Ferrated  Extract  of  Apples.  Ahhr.,  Ext. 
Ferr.  Pomat.    Synonyms:  Ferri  Malas  Crudus,  Crude  Malate  of  Iron. 

Prepared  from  iron  wire,  fresh  apple  juice  and  water. 

Dose,  5  to  15  grains  (0.3  to  1  Gm.). 

Liquor  Ferri  Acetatis  (unofficial),  Solution  of  Ferric  Acetate.  Ahlr.,  Liq.  Ferr. 
Acet. 

An  aqueous  solution  containing  about  31  percent,  of  anhydrous  ferric  acetate 
[Fe(CjH3  02)3],  corresponding  to  about  7.5  percent,  metallic  iron  (Fe). 

Dose,  3  to  8  minims  (0.18  to  0.5  cc). 

Liquor  Ferri  Albuminati  (N.F.),  Solution  of  Albuminized  Iron.  Ahhr.,  Liq. 
Ferr.  Albumin. 

A  clear,  yellowish-brown  liquid,  containing  5  percent,  of  albuminized  iron  or  about 
%  grain  (0.025  Gm.)  of  Fe  in  each  fluidram. 

Dose,  1  to  3  fluidrams  (4  to  12  cc). 

Liquor  Ferri  Chloridi  (U.S.  X.),  Solution  of  Ferric  Chloride.  Ahhr.,  Liq.  Ferr. 
Chlor.    Synonyms:  Solution  of  Iron  Perchloride,  Solution  of  Chloride  of  Iron. 

The  solution  is  a  reddish-brown  liquid  having  a  faint  odor  of  hydrochloric  acid,  an 
acid,  strongly  styptic  taste,  and  an  acid  reaction.  Contains  ferric  chloride  correspond- 
ing to  not  less  than  10  percent,  nor  more  than  11  percent,  of  Fe. 

Dose,  1  to  3  minims  (0.06  to  0.18  cc).     Externally,  undiluted. 

Liquor  Ferri  Citratis  (N.F.),  Solution  of  Ferric  Citrate.    Ahhr.,  Liq.  Ferr.  Cit. 

This  is  an  aqueous  solution  containing  ferric  citrate  corresponding  to  not  less  than 
7.25  percent,  of  metallic  iron  (Fe). 

Dose,  5  to  15  minims  (0.3  to  1  cc). 

YiNUM  Ferri  Citratis  (Br.),  Wine  of  Iron  Citrate.  Ahhr.,  Vin.  Ferr.  Cit.  Syno- 
nyms:  Vinum  Ferri,  Wine  of  Iron. 

Iron  and  ammonium  citrate,  18  parte;  orange  wine,  q.s.  ad  1000  cc.  Alcoholic 
content  about  12  percent. 

Dose,  1  to  4  fluidrams  (4  to  16  cc). 

Liquor  Ferri  et  Ammonii  Acetatis  (U.S.  X.),  Solution  of  Iron  and  Ammonium 
Acetate.    Ahhr.,  Liq.  Ferr.  et  Ammon.  Acet.    Synonym:   Basham  Mixture. 

A  clear,  reddish-brown  liquid  of  a  sweetish,  saline  and  afterward  slightly  astringent 
taste;  it  possesses  an  aromatic  odor.     Each  100  cc.  corresponds  to  not  less  than  0.6 
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nor  more  than  0.8  of  NH3  and  not  less  than  0.16  nor  more  than  0.20  Gm.  of  Fe.  It 
must  not  he  dispensed  unless  freshly  prepared. 

Dose,  2  to  6  fluidrams  (8  to  24  ec). 

Liquor  Ferri  IIypophosphitis  (unofficial),  Solution  of  Ferric  Hypophosphite. 
Ahhr.,  Liq.  Ferr.  Hypophos.    Synonym:  Solution  of  Hypophosphite  of  Iron. 

Each  minim  represents  about  Vi  grain  of  ferric  hypophosphite. 

Dose,  10  to  20  minims  (0.6  to  1.2  cc). 

Liquor  Ferri  Nitratis  (unofficial),  Solution  of  Ferric  Nitrate.  Ahhr.,  Liq.  Ferr. 
Nit. 

An  aqueous  solution  containing  ferric  nitrate  [Fe(N03)3]  corresponding  to  not 
less  than  1.3  percent,  of  metallic  iron   (Fe). 

Dose,  3  to  5  minims  (0.18  to  0.3  cc). 

Liquor  Ferri  Oxychloridi  (unofficial).  Solution  of  Ferric  Oxychloride.  Ahhr.,  Liq. 
Ferr.  Oxychlor. 

A  solution  containing  about  3  percent,  of  Fe,  with  a  glycerin  content  of  about  12 
percent. 

Dose,  20  to  40  minims  (1.3  to  2.6  cc). 

Liquor  Ferri  Perchloridi  (Br.),  Solution  of  Ferric  Chloride.  Ahhr.,  Liq.  Ferr. 
Perchlor.    Synonyms:   Solution  of  Perchloride  of  Iron,  Liquor  Stypticus. 

A  solution  containing  5  grains  of  iron  in  each  110  minims. 

Dose,  5  to  15  minims  (0.3  to  1  cc). 

Liquor  Ferri  Perchloridi  Fortis  (Br,),  Strong  Solution  of  Ferric  Chloride. 

A  solution  containing  20  grains  of  iron  in  each  110  minims. 

Dose,  as  application  to  mucous  membranes  in  1 :5  solution. 

Liquor  Ferri  Oxysulphatis  (unofficial),  Solution  of  Ferric  Oxysulphate.  Ahhr., 
Liq.  Ferr.  Oxysulph. 

An  aqueous  solution  containing  16.5  percent,  each  of  ferrous  sulphate  and  nitric  acid. 

Dose,  used  in  making  other  ferruginous  preparations. 

Liquor  Ferri  Peptonati  (N.F.),  Solution  of  Peptonate  of  Iron.  Ahhr.,  Liq. 
Ferr.  Pepton. 

Each  fluidram  contains  about  1.Y5  percent,  of  peptonized  iron,  equivalent  to  about 
%  grain  (0.025  Gm.)  of  Fe. 

Dose,  1  to  3  fluidrams  (4  to  12  cc). 

Liquor  Ferri  Peptonati  et  Mangani  (N.F.),  Solution  of  Peptonate  of  Iron  and 
Manganese.  Ahhr.,  Liq.  Ferr.  Pepton.  et  Mangan.  Synonym:  Liquor  Ferri  Pep- 
tonati cum  Mangano, 

This  preparation  is  the  same  as  the  Liquor  Ferri  Peptonati  with  the  addition 
of  10  Gm.  of  soluble  magnesium  citrate. 

Dose,  1  to  3  fluidrams  (4  to  12  cc). 

Liquor  Ferri  Protochloridi  (unofficial).  Solution  of  Ferrous  Chloride:  Ahhr., 
Liq.  Ferr.  Protochlor.    Synonym :   Solution  of  Protochloride  of  Iron. 

This  solution  contains  20  grains  of  ferrous  chloride  to  the  fluidram,  with  about 
62  percent,  of  hydrochloric  acid  and  25  percent,  of  glycerin. 

Dose,  5  to  15  minims  (0.3  to  1  cc). 

Liquor  Ferri  Subsulphatis  (U.S.  IX.),  Solution  of  Ferric  Subsulphate.  Ahhr., 
Liq.  Ferr.  Subsulph.    Synonyms:  Solution  of  Basic  Ferric  Sulphate,  Monsel  Solution. 

A  dark,  reddish-brown  liquid;  odorless  or  nearly  so;  of  an  acid,  strongly  styptic 
taste;  an  acid  reaction  and  miscible  with  water  and  alcohol  without  decomposition.  It 
contains  basic  ferric  sulphate,  corresponding  to  not  less  than  13  percent,  nor  more 
than  14  percent,  of  Fe. 

Dose,  1  to  5  minims  (0.06  to  0.3  cc). 
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Liquor  Ferri  Tersulphatis  (U.S.  X.),  Solution  of  Ferric  Sulphate.  Abhr.,  Liq. 
FeiT.  Tersulph.  Synonyms:  Liquor  Ferri  Persulphatis  (Br.),  Solution  of  Per- 
sulphate of  Iron,  Solution  of  Iron  Tersulphate. 

A  yellowish-brown  liquid,  almost  odorless,  having  an  acid,  strongly  styptic  taste, 
and  an  acid  reaction;  it  is  miscible  with  water  and  alcohol.  Contains  normal  ferric 
sulphate,  corresponding  to  not  less  than  9.5  nor  more  than  10.5  percent,  of  Fe. 

Dose,  employed  in  making  the  scale  preparations  of  Iron. 

Massa  Fehhi  Carboxatis  (U.S.  X.),  Mass  of  Ferrous  Carbonate.  Abbr.,  Mass. 
Ferr.  Carb.    Synonym:   Vallet  Mass. 

A  soft,  pillular  mass,  of  a  dark  greenish-gray  color,  becoming  black  on  exposure 
to  air  and  having  a  strong  ferruginous  taste.  Contains  not  less  than  35  percent,  of 
iron  carbonate. 

Dose,  2  to  S  grains  (0.13  to  0.5  Gm.). 

MiSTi'RA  Fekui  Composita  (Br.),  Compound  Iron  Mixture.  Ahhr.,  Mist.  Ferr.  Co. 
Syyionym :   Griffith  Mixture. 

Each  fluidram  contains  ^2  grain  of  ferrous  sulphate  and  1  grain  of  myrrh. 

Caution :   Should  be  dispensed  only  when  freshly  prepared. 

Dose,  1  to  6  fluidrams  (4  to  24  cc). 

PiLUL.E  Feriu  Carboxatis  (U.S.  X.),  Pills  of  Ferrous  Carbonate.  Ahlr.,  Pil.  Ferr. 
Carb.     Synonyms:  Chalybeate  Pills,  Ferruginous  Pills,  Blaud  Pills. 

Each  pill  contains  not  less  than  0.06  Gm.  of  FeCO,. 

Dose,  1  to  4  pills. 

PiLULiE  Ferri  Iodidi  (N.F.),  Pills  of  Ferrous  Iodide.  Abbr.,  Pil.  Ferr.  lod.  Syno- 
nym :   Blancard's  Pills, 

Each  pill  represents  1  grain  (0.065  Gm.)  of  ferrous  iodide. 

Dose,  1  to  3  pills. 

PiLUL.E  Ferri,  Quinine,  Aloes  et  Nucis  Vomicae  (N.F.),  Pills  of  Iron,  Quinine, 
Aloe  and  Xux  Vomica.  Abbr.,  Pil.  Ferr.  Quin.  Aloe  et  Nuc.  Vom.  Syno7iynis:  Pilulse 
Quadruplices,  Quadruplex  Pill,  Pilulse  Ferri  et  Quininae  Compositse,  Compound  Pills 
of  Iron  and  Quinine. 

Each  pill  contains  1  grain  each  of  dried  ferrous  sulphate,  quinine  sulphate  and 
aloe;  %  grain  of  extract  of  nux  vomica  and  enough  extract  of  gentian  to  make  mass. 

Dose,  1  to  2  pills. 

PiLUL.E  Ferri,  Quinix^,  Strychxin^  et  Arsexi  Fortiores  (N.F.),  Stronger  Pill 
of  Iron,  Quinine,  Strychnine,  and  Arsenic.  Abbr.,  Pil.  Ferr.  Quin.  Strych.  et  Arsen. 
Fort.     Synonyms:   Pilulae  Metallorum  Amarae,  Bitter  Metallic  Pills. 

Each  pill  contains  1  grain  each  of  reduced  iron  and  quinine  sulphate  and  V20 
grain  each  of  strychnine  and  arsenic  trioxide,  with  honey  to  make  mass. 

Dose,  1  pill. 

Pilule  Ferri,  Quixix.e,  Strychnin.e  et  Arseni  Mites  (N.F.),  Mild  Pills 
of  Iron,  Qujnine,  Strychnine  and  Arsenic.  Abbr.,  Pil.  Ferr.  Quin.  Strych.  et  Arsen. 
Mit.    Synonym:  Aitken  Tonic  Pill. 

Each  pill  contains  %  grain  of  reduced  iron  and  1  grain  quinine  sulphate,  and 
Ho  grain  each  of  strychnine  and  arsenic  trioxide,  with  honey  to  make  mass. 

Dose,  1  pill. 

Syrupus  Ferri  Hypophosphitis  (unofficial),  Syrup  of  Ferric  Hypophosphite. 
Abbr.,  Syr.  Ferr.  Hypophos. 

Each  fluidram  contains  about  1  grain  of  ferric  hypophosphite. 

Dose,  1/2  to  2  fluidrams  (2  to  8-cc.). 

Elixir  Ferri  Hypophosphitis  (unofficial),  Elixir  of  Ferric  Hypophosphite.  Abbr., 
Elix.  Ferr.  Hypophos. 
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Each  fluidram  contains  about  1  grain  of  ferric  hypophosphite. 

Dose,  V2  to  2  fluidrams  (2  to  8  cc). 

Elixir  Chloridorum  (N.F.),  Elixir  of  Chlorides.  Ahhr.,  Elix.  Chlorid.  Syno- 
nym :  Elixir  of  Four  Chlorides. 

Each  fluidram  contains  about  %4  grain  (1  mgm.)  of  mercuric  bichloride,  Moo 
grain  of  arsenous  trioxide;  %  grain  (0.04  Gm.)  of  ferric  chloride,  and  5  minima 
(0.3  cc.)   of  diluted  hydrochloric  acid. 

Dose,  1  to  2  fluidrams  (4  to  8  cc). 

Elixir  Ferri  Pyrophosphatis,  Quinine  et  STRYCHNiNiE  (N.F.),  Elixir  of  Ferric 
Pyrophosphate,  Quinine  and  Strychnine.    Ahhr.,  Elix.  Ferr.  Pyrophos.  Quin.  et  Strych. 

Soluble  Ferric  Pyrophosphate,  3.5  percent;  quinine  sulphate,  0.875  percent.; 
strychnine  sulphate,  0.014  percent. ;  citric  acid,  0.07  percent. ;  oil  of  orange,  0.07  per- 
cent.; alcohol,  22.5  percent.;  syrup,  37.5  percent.;  ammonia  water  and  distilled  water, 
aa,  q.s.  ad  100  percent. 

Dose,  1  fluidram  (4  cc). 

Elixir  Ferri,  Quinine  et  STRYCHNiNiE  (N.F.),  Elixir  of  Iron,  Quinine  and 
Strychnine.    Ahbr.,  Elix.  Ferr.,  Quin.  et  Strych.     Synonym:   Elixir  Triplex. 

Each  fluidram  contains  about  71/8  minims  (0.5  cc.)  of  tincture  of  ferric  chloride, 
1/2  grain  (0.035  Gm.)  of  quinine  hydrochloride  and  Vioo  grain  (0.00065  Gm.)  of  strych- 
nine sulphate. 

Dose,  1  to  2  fluidrams  (4  to  8  cc). 

Elixir  Gentun^  et  Ferri  Phosphatis  (N.F.),  Elixir  of  Gentian  and  Iron  Phos- 
phate.   Ahhr.,  Elix.  Gent,  et  Ferr.  Phosph.    Synonym:   Elixir  Gentiange  Ferratum. 

Each  fluidram  represents  1  grain  (0.065  Gm.)  of  soluble  ferric  phosphate  and 
about  2  grains  (0.13  Gm.)  of  gentian. 

Dose,  1  to  4  fluidrams  (4  to  16  cc). 

Syrupus  Ferri  Iodidi  (U.S.  X.),  Syrup  of  Ferrous  Iodide.  Ahhr.,  Syr.  Ferr. 
lod.    Synonyms :  Syrup  of  the  Iodide  of  Iron,  Ferri  Iodidi  Syrupus,  P.  I. 

A  transparent,  pale  yellowish-green,  syrupy  liquid,  having  a  sweet,  strongly  ferru- 
ginous taste,  and  a  slightly  acid  reaction.  Contains  not  less  than  6.5  Gm.  nor  more  than 
7.5  Gm.  of  ferrous  iodide  in  each  100  cc.  (approximately  5  percent,  of  Fel,  by  weight). 

Dose,  10  to  30  minims  (0.6  to  2  cc). 

Syrupus  Ferri  Lactophosphatis  (unofficial),  Syrup  of  Iron  Lactophosphate. 
Ahhr.,  Syr.  Ferr.  Lactophos. 

Each  fluidram  represents  about  1  grain  of  ferrous  lactate  or  IV2  grain  of  the 
so-called  lactophosphate  of  iron. 

Dose,  1/2  to  2  fluidrams  (2  to  8  cc). 

Syrupus  Ferri  Phosphatis  (Br.),  Syrup  of  Ferrous  Phosphate.  Ahhr.,  Syr.  Ferr. 
Phos. 

Each  fluidram  contains  1  grain  of  ferrous  phosphate. 

Dose,  1  to  2  fluidrams  (4  to  8  cc). 

Syrupus  Ferri  Protochloridi  (unofficial),  Syrup  of  Ferrous  Chloride.  Ahhr.,  Syr. 
Ferr.  Protochlor.    Synonym:   Syrup  of  Protochloride  of  Iron. 

Each  fluidram'  contains  about  1  grain  of  ferrous  chloride. 

Dose,  ^2  to  2  fluidrams  (2  to  8  cc). 

Syrupus  Ferri,  QumiNiE  et  STRYCHNiNiE  Phosphatum  (N.F.),  Syrup  of  the 
Phosphates  of  Iron,  Quinine  and  Strychnine.  Ahhr.,  Syr.  Ferr.  Quin.  et  Strych. 
Phos.    Synonyms:   Aitken  Syrup,  Easton  Syrup. 

Each  fluidram  contains  about  1.2  grain  of  soluble  ferric  phosphate;  1.6  grain  of 
quinine  phosphate,  and  %o  grain  of  strychnine  phosphate. 

Dose,  1  to  2  fluidrams  (4  to  8  cc). 
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Syeupus  Ferri  Saccharati  Solubilis  (N.F.),  Syrup  of  Soluble  Saccharated 
Iron.  Ahhr.,  Syr,  Ferr.  Sacch.  Sol.  Synonyms:  Syrup  of  Saccharated  Oxide  of 
Iron,  Syrup  of  Soluble  Oxide  of  Iron. 

Each  fluidram  represents  about  %  grain  of  metallic  iron. 

Dose,  1/2  to  2  fluidrams  (2  to  8  cc). 

TiNCTURA  Feriu  Chlokidi  (U.S.  X.),  Tincture  of  Ferric  Chloride.  Ahhr.,  Tr.  Ferr. 
Chlor.    Synonyms :  Tincture  of  Chloride  of  Iron,  Tincture  of  Iron. 

Solution  of  Ferric  Chloride,  350  cc. ;  alcohol,  q.s.  to  make  1000  cc.  It  is  a  bright 
amber-colored  liquid,  having  a  slightly  ethereal  odor,  a  very  astringent,  styptic  taste, 
and  an  acid  reaction.  Alcoholic  content  about  60  percent.  Contains  about  13  percent, 
ferric  chloride,  corresponding  to  about  4.48  percent,  of  Fe. 

Dose,  5  to  30  minims  (0.3  to  2  cc). 

TixcTURA  Ferri  Chloridi  ^Etiierea  (N.F.),  Ethereal  Tincture  of  Ferric  Chloride. 
Ahhr.,  Tr.  Ferr.  Chlor.  ^Eth.     Synonyms:  Bestucheff  Tincture,  Lamotte  Drops. 

Each  cc.  repi'esents  %o  grain  of  Fe.  The  mixture,  in  bottles  of  flint  glass,  is 
exposed  to  the  rays  of  the  sun  until  it  is  completely  decolorized;  then  the  bottles  are 
removed  from  the  sunlight  and  opened  occasionally  until  the  liquid  has  again  assumed 
a  yellow  color.     Alcoholic  content  about  05  percent. 

Dose,  10  to  30  minims  (0.6  to  2  cc). 

TiNCTURA  Ferri  Citrochloridi  (N.F.),  Tincture  of  Ferric  Citrochloride.  Ahhr., 
Tr.  Ferr.  Citrochlor.  Synonyms:  Tasteless  Tincture  of  Ferric  Chloride,  Tasteless 
Tincture  of  Iron. 

Each  minim  represents  about  V24  grain  of  Fe  in  the  form  of  ferric  citrochloride. 
Alcoholic  content  about  11  percent. 

Dose,  4  to  15  minims  (0.25  to  1  cc). 

TiNCTURA  Ferri  Pomata  (N.F.),  Tincture  of  Ferrated  Extract  of  Apples.  Ahhr., 
Tr.  Ferr.  Pomat.  Synony7ns:  Tinctura  Ferri  Malatis  Crudi,  Tincture  of  Crude 
Malate    of   Iron. 

A  10  percent,  tincture  of  ferrated  extract  of  apple,  flavored  with  cinnamon.  Alco- 
holic content  about  7.5  percent. 

Dose,  Yz  to  2  fluidrams  (2  to  8  cc). 

Trochiscus  Ferri  Redacti  (Br.),  Reduced  Iron  Lozenge. 

The  lozenge  is  formed  with  a  simple  base  and  reduced  iron  so  that  each  lozenge 
contains  1  grain  of  reduced  iron. 

Dose,  1  to  3  troches. 

Elixir  Carnis  et  Ferri  (iST.F.),  Elixir  of  Beef  and  Iron.  Ahhr.,  Elix.  Carn.  et 
Ferr.     Synonym:    Vinum  Carnis  et  Ferri  (N.F.  IV). 

Extract  of  Beef,  3.5  percent.;  iron  and  ammonium  citrate,  0.875  percent.;  alcohol, 
20  percent.;  compound  spirit  of  orange,  0.5  percent.;  syrup,  10  percent.;  distilled  water, 
q.s.  ad  lOQ  percent.  Each  fluidounce  contains  about  2  grains  (0.13  Gm.)  of  extract 
of  beef  and  V^  grain  (0.03  Gm.)  of  iron  and  ammonium  citrate. 

Dose,  1  to  4  fluidrams  (4  to  16  cc). 

YiNUM  Carnis  et  Ferri  (unofficial).  Wine  of  Beef  and  Iron.  Ahhr.,  Yin.  Carn.  et 
Ferr.     Synonym:    Beef,  Wine,  and  Iron. 

Each  fluidram  represents  2  grains  of  extract  of  beef  and  73  grain  of  iron  and 
ammonium  citrate.    Alcoholic  content  about  15  percent. 

Dose,  1/2  to  3  fluidrams  (4  to  12  cc). 

YiNUM  Ferri  (Br.),  Wine  of  Iron.    Synonym:  Chalybeate  Wine. 

The  iron  is  allowed  to  remain  in  the  wine  until  the  solution  is  of  the  strength  of 
0.125  to  0.3  Gm.  of  metallic  iron  (Fe)  in  100  cc.     Alcoholic  content  about  18  percent. 

Dose,  from  1  to  4  fluidrams  (4  to  16  cc). 
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SoDil  Ferrialbumas  (unofficial),  Ferratin.    Synonyms:  Ferratose,  Ferratinum. 

A  light-brown  or  reddish-brown  powder,  nearly  tasteless,  almost  insoluble 
in  water  and  acid  solutions,  but  soluble  in  alkaline  solutions.  It  was  originally 
obtained  from  the  liver  of  the  hog,  but  is  now  made  synthetically  by  combining 
albumin  and  a  tartrate  of  iron  and  sodium.  The  preparation  contains  6  to  7 
percent,  of  iron  which  is  in  a  masked  form,  not  giving  the  reactions  of  its  inor- 
ganic salts. 

Dose,  3  to  6  grains  (0.2  to  0.4  Gm.). 

Hemoglobinum  (unofficial),  Hemoglobin.  Synonyms:  Oxyhemoglobin,  Hemol, 
Hemogallol,  Ferrohemol. 

The  iron  constituent  of  the  red  blood  corpuscles  occurring,  as  variously  prepared, 
as  a  reddish-black  to  reddish-brown  or  brown  powder,  scales,  or  a  mass  of  pilular  con- 
sistence.    It  is  nearly  tasteless. 

Dose,  5  to  10  grains  (0.3  to  0.6  Gm.). 

Liquor  Ferri  Dialysatus  (unofficial),  Dialyzed  Solution  of  Iron.  Synonyms: 
Dialized  Iron,  Liquor  Ferri  Oxychlorati. 

A  translucent  reddish-brown  liquid,  a  'colloid  sokition  of  ferric  oxychloride 
in  water.  It  lacks  entirely  the  astringent,  styptic  taste  of  most  of  the  iron 
salts  in  solution.  It  mixes  readily  with  water,  alcohol  or  glycerin.  All  salines  pre- 
cipitate it. 

Dose,  %  to  1  fluidram  (2  to  4  cc). 

OVOFERRIN    (N.N.K.). 

A  solution  containing  5  percent,  of  an  artificial  protein  product  in  which  a  masked 
form  of  iron,  equivalent  to  0.4  Gm.  of  metallic  iron  is  present,  in  each  100  cc.  Alco- 
holic content  9  percent. 

Dose,  2  to  4  fluidrams  (8  to  15  cc). 

Antagonists  and  Incompatihles. — Metallic  iron  is  incompatible  with  tannic  and 
gallic  acids  and  the  mineral  acids.  The  soluble  salts  of  iron  are  incompatible  with 
alkali  hydroxides,  carbonates,  phosphates,  arsenates  and  arsenites,  and  tannic  and  gallic 
acids,  and  hence  with  drugs  and  galenicals  containing  these.  The  ferrous  salts  are 
changed  to  the  corresponding  ferric  salts  in  the  presence  of  hydrogen  dioxide,  chro- 
mates,  permanganates,  chlorates,  and.  all  oxidizing  agents.  Color  changes  in  solution 
of  ferrous  salts  are  caused  by  the  addition  of  borax,  the  soluble  sulphides,  ferricyanides, 
ferrocyanides,  tannic  and  gallic  acids.  Color  changes  in  solutions  of  ferric  salts  are 
caused  by  the  addition  of  ferricyanides,  ferrocyanides,  sulphites,  salicylates,  phenol, 
creosote,  guaiacol,  acetanilid,  antipyrine,  phenacetine,  resorcin,  salol,  the  volatile  oils, 
podophyllin,  aloin,  gamboge,  storax,  myrrh,  benzoin,  morphine,  and  apomorphine. 
Ferrous  phosphate  is  decomposed  by  strong  acids,  with  the  formation  of  an  astringent 
ferric  compound  of  the  acid  in  question.  On  the  addition  of  the  insoluble  carbonates 
of  barium,  calcium,  magnesium,  or  copper  to  solutions  of  ferric  salts,  iron  is  precipi- 
tated, and  the  base  unites  with  the  acid  of  the  ferric  salt.  The  iron  carbonates  are 
incompatible  with  acids  and  acid  salts  and  with  the  vegetable  astringents ;  the  citrates 
and  tartrates  with  mineral  acids;  the  iodide  with  acids  and  acid  salts.  The  precipi- 
tation which  occurs  when  ferric  salts  are  added  to  salicylates  is  prevented  by  ammo- 
nium citrate  or  acetate  in  the  presence  of  excess  of  citric  or  acetic  acid.  A  complex 
double  salt  is  probably  formed.  This  reaction  is  the  basis  of  the  ferric  salicylate  of 
the  National  Formulary. 

The  mercurials  and  all  agents  increasing  tissue  waste  are  physiologically  antago- 
nistic to  iron. 

Synergists. — Arsenic,  strychnine,  quinine,  and  all  tonics  and  roborants  aid  the 
action  of  iron. 
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Antipathogenic  Action. — Iron  itself  has  practically  no  antiseptic  action,  except  that 
due  to  setting  free  of  the  acids  from  the  inorganic  salts,  and  the  power  of  the  same 
compounds  to  precipitate  proteins. 

Ferrous  sulphate,  so-called  copperas,  was  formerly  much  employed  as  an  antiseptic, 
but  recent  investigations  have  much  diminished  its  reputation.  It  has  no  marked 
influence  on  putrefactive  processes,  and  little  effect  upon  the  growth  of  pathogenic  or 
other  bacteria,  unless  present  in  a  concentration  of  at  least  5  percent.  Even  a  saturated 
solution,  about  50  percent.,  is  not  especially  injurious  to  certain  microorganisms.  Mixed 
with  one-half  its  volume  of  fecal  material,  such  a  solution  fails  to  disinfect  in  3  days. 
Ferrous  sulphate  has,  however,  found  extended  use  in  the  treatment  of  sewage,  which 
it  clears  of  bacteria  merely  by  precipitating  the  proteins.  The  bacteria  are  carried  down 
with  the  precipitate  but  not  destroyed.  Because  of  its  power  to  combine  with  hydrogen 
sulphide  and  ammonia,  it  acts  as  a  deodorant,  and  its  reputation  as  an  antiseptic  may 
be  largely  based  on  this  fact.  In  distilled  water  it  is  able  to  act  on  the  proteins  of  the 
bacteria  and,  in  such  a  suspension,  typhoid  bacilli  are  killed  in  a  few  minutes  by  a  2  per- 
cent, solution.  In  the  presence  of  organic  matter,  this  bactericidal  power  is  entirely 
lost. 

It  is  possible  that  this  antiseptic  and  antiputrefactive  action  of  ferrous  sulphate  is 
entirely  dependent  on  the  presence  of  ferric  salts  as  impurities,  or  on  the  oxidation  of 
basic  sulphate  to  subsulphate,  which  has  the  properties  of  ferric  compounds.  Starken- 
stein  finds  that  pure  ferrous  salts  have  no  power  to  precipitate  proteins  or  mucin.  The 
fermentation  of  glucose  by  yeast  is  prevented  by  M/4  and  delayed  by  M/10  solutions  of 
ferric  alum,  but  not  influenced  by  similar  concentrations  of  the  corresponding  ferrous 
salt   (Hodel  and  Neuenschwander). 

Pharmacodynamic  Action:  Absorption  and  Elimination. — There  has  been  much  dis- 
cussion and  contradiction  in  reference  to  the  question  of  the  absorption  of  iron,  but  the 
subject  is  now  fairly  definitely  settled  and  a  detailed  presentation  of  the  conflicting 
theories  which  were  previously  held  would  add  to  the  bewilderment  of  the  student 
rather  than  augment  his  knowledge.  At  the  same  time  the  controversy  possesses  such 
historical  interest  that  some  mention  must  be  made  of  it.  It  seems  best,  therefore,  to 
present  first  those  views  that  are  to-day  most  generally  held,  delaying  discussion  of 
adverse  theories  until  the  former  have  been  set  forth. 

It  is  now  generally  conceded  that  though  the  absorption  of  inorganic  iron  may  be 
slight  and  incomplete,  it  does  occur.  It  is  true  that  a  very  large  percentage  of  iron  swal- 
lowed, either  in  masked  or  inorganic  form,  reappears  in  the  stools,  but  this  does 
not  exclude  the  possibility  of  absorption,  as  it  is  known  that  iron  is  excreted  by  the 
intestinal  epithelium  after  making  the  circuit  of  the  blood,  both  after  administration 
by  mouth  and  after  hypodermic  or  intravenous   injection. 

Much  experimental  evidence  points  to  the  correctness  of  this  view.  For  example, 
Kunkel  has  shown  that  if  two  pups  from  the  same  litter  be  bled  repeatedly  until  they 
are  rendered  markedly  anemic,  and  if  one  be  fed  upon  milk  alone  (a  food  containing 
a  minimum  amount  of  iron)  and  the  other  be  given  in  addition  a  small  quantity 
(about  6  mgm.)  of  inorganic  iron  daily,  the  first  continues  wasted  and  anemic,  while 
the  second  rapidly  gains  in  weight,  strength  and  hemoglobin. 

Furthermore,  iron  has  been  demonstrated  in  the  lymph  of  the  thoracic  duct  and 
within  the  epithelial  cells  of  the  duodenal  mucosa  three-quarters  of  an  hour  after  the 
oral  administration  of  a  weak  solution  of  ferric  chloride.  This  evidence  proves  the 
possibility  of  absorption  of  inorganic  iron  compounds. 

Mention  should  be  made  of  a  theory  advocated  by  Bunge  of  the  action  of  iron  in 
anemia.  This  investigator  held  the  inorganic  compounds  could  not,  under  ordinary 
circumstances,  be  absorbed,  and  only  after  the  ingestion  of  such  large  amounts  that  the 
mucosa  of  the  intestinal  tract  was  damaged  by  their  corrosive  action,  could  any  of  the 
iron  reach  the  blood.  Organic,  or  masked,  iron  does  not  easily  combine  with  sulphur, 
but  Bunge  held  that  in  chlorosis  the  abnormally  large  amounts  of  sulphides  in  the  bowel 
suffice  to  precipitate  it  in  the  form  of  insoluble  ferric  sulphide,  which  can  not  be 
absorbed.  The  beneficial  action  of  inorganic  compounds  was  therefore  attributed  by 
him  to  their  ability  to  protect  food  iron  ("organic  iron"  in  the  food)  from  precipitation 
by  the  hydrogen  sulphide  in  the  intestine.  If  the  efficacy  of  iron  compounds  depended 
upon  this  property  only,  other  metals  which  have  a  greater  afl^inity  for  sulphur  would 
prove  equally  beneficial,  and  no  result  would  be  expected  in  chlorosis  from  hypodermic 
administration  of  iron  salts.  But  other  metals  are  of  little,  if  any,  benefit  in  the 
condition  in  question,  and  iron  salts  injected  under  the  skin  are  of  considerable  value. 
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Even  the  administration  of  ferric  sulphide  itself,  in  a  manner  to  insure  its  reaching 
the  intestine  unchanged,  is  found  to  increase  the  hemoglobin. 

Bunge  having  been  forced  to  admit  the  absorption  of  inorganic  iron,  then  made  the 
claim  that  such  iron  was  never  combined  into  hemoglobin,  but  merely  acted  as  a  stimu- 
lant to  the  blood-making  organs.  The  experiments  of  Kunkel,  above  cited,  are  sufficient 
to  refute  this  theory. 

The  inorganic  iron  compounds  are  now  known  to  combine  readily  with  proteins 
before  or  during  absorption,  so  that  the  distinction  between  the  two  types  is  largely 
lost  in  the  body.  Ferric  salts  are  reduced  to  ferrous  before  this  occurs  (Cervello).  The 
possibility  of  absorption  and  assimilation  of  inorganic  salts  of  iron  is,  therefore,  unques- 
tioned, and  the  advantage  of  masked  iron  preparations  is  limited  to  their  freedom  from 
disagreeable  taste  and  from  tendency  to  discolor  the  teeth. 

The  principal  seat  of  absorption  of  iron  is  the  duodenal  mucosa.  Robert  holds 
that  hemoglobin  and  ferrocyanides  are  absorbed  throughout  the  small  intestine,  but 
other  forms  of  iron  only  in  the  duodenum.  Certain  cases  of  anemia  seem  to  be  more 
benefited  by  hemoglobin  than  by  other  compounds,  and  in  such  cases  the  fault  may  lie 
in  the  duodenum. 

Hemoglobin  is  changed  to  hematin  in  the  stomach,  while  inorganic  iron  forms  loose 
protein  compounds  which  pass  perhaps  into  the  lymph  (existing  therein  partly  in  solu- 
tion, partly  in  granular  form  within  the  lymph  corpuscles)  and  also  directly  into  the 
blood.*  It  is  quickly  carried  to  the  spleen,  which  consequently  shows  an  increased  con- 
tent of  the  metal,  and  to  the  liver.  That  which  is  stored  temporarily  in  the  spleen  later 
finds  its  way  to  the  liver,  where  it  is  stored  in  the  form  of  ferratin.  Eventually  the  iron 
is  again  taken  up  by  the  blood  and  excreted,  chiefly  by  the  epithelium  of  the  intestine. 
In  man  and  the  dog,  this  is  entirely  through  the  large  intestine;  in  the  rabbit,  from  the 
duodenum.     None  of  the  ingested  iron  escapes  by  the  bile,  urine,  or  other  secretions. 

After  administration  of  iron,  large  amounts  of  iron  oxide  and  of  a  special  form  of 
hemosiderin  known  as  ferratin,  are  found  in  the  liver.  When  excessive  amounts  of 
hemoglobin  are  being  destroyed  there  is  a  large  excess  of  iron  in  the  spleen.  It  would 
seem  that  the  latter  is  the  chief  storehouse  of  used  iron,  and  the  liver  of  fresh  iron.  At 
the  onset  of  puberty  in  women,  and  during  pregnancy,  additional  stores  of  iron  are 
deposited  in  the  breasts  and  in  the  uterus  (Robert).  If  there  is  a  lack  of  iron  in  the 
food  during  pregnancy  the  circulating  hemoglobin  may  be  broken  down  and  the  iron 
deposited  in  the  uterus. 

The  renal  excretion  will  be  discussed  under  the  normal  metabolism  of  iron. 

Topical  Action. — Topically,  the  soluble  inorganic  ferric  salts,  because  of  their  protein 
precipitant  properties,  are  astringent,  styptic,  irritant,  and  even  corrosive.  The  intact 
skin  is  but  little  affected  by  any  but  the  chloride  and  subsulphate;  applied  to  superficial 
wounds  or  abrasions  they  arrest  bleeding.  These  salts  injected  hypodermically  cause 
intense  irritation  and  may  even  lead  to  necrosis.  Most  of  the  iron  is  precipitated  and 
retained  at  the  point  of  injection. 

According  to  Starkenstein,  pure  ferrous  salts  injected  hypodermically,  have  no 
such  destructive  topical  action,  nor  do  they  precipitate  the  blood  proteins,  or  agglu- 
tinate the  red  cells.  The  styptic  effects  seen  from  ferrous  sulphate  depend  on  alteration 
to  ferric  form.  Owing  to  chemical  alterations  in  the  stomach  and  bowel,  the  distinctions 
between  the  effects  of  ferrous  and  ferric  salts  are  largely  lost  when  either  are  swallowed. 

When  a  strong  solution  of  ferric  chloride  or  ferrous  sulphate  is  brought  in  contact 
with  a  mucous  membrane,  a  precipitate  of  iron  albuminate  is  at  once  formed  and  the 
acid  ion  is  liberated.  The  precipitate  forms  a  coating  over  the  surface,  clogging  the 
ducts  of  glands  and  occluding  any  bleeding  vessels,  thus  tending  to  dry  the  mucous 
membrane  and  to  arrest  hemorrhage.  The  liberated  acid  is  irritant,  but  is  prevented 
from  penetrating  the  depths  of  the  tissues  by  the  protecting  layer  of  albuminate  formed. 
These  effects  are  limited  strictly  to  the  point  at  which  the  iron  compound  is  applied, 
e.g.,  the  nasal  and  pharyngeal  mucosa,  or  the  wall  of  the  stomach.  Little  action  is  to  be 
expected  in  the  intestine,  for  the  salts  are  previously  precipitated  or  decomposed.  By 
the  addition  of  an  alkali,  e.g.,  potassium  carbonate  in  Blaud's  pills  (pilule  ferri  carbo- 
natis)  these  local  effects  are  much  diminished  by  neutralization  of  the  irritating  acid. 

The  double  salts  of  iron   {e.g.,  iron  and  ammonium  citrate)    lacking  the  power  of 


*  The  absorption  of  iron  from  the  bowel  differs  from  that  of  other  metals,  in  that  it  is 
taken  up  through  the  epithelial  cells;  all  other  metals  through  the  intercellular  spaces. 
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precipitating  proteins,   are  neither  irritant  nor  astringent.     The   same   is   true   of  the 
albuminous  compounds  and  of  "masked  iron"  preparations. 

Toxicity. — In  man  the  only  symptoms  of  a  possible  poisonous  action  of  iron  salts 
are  to  be  attributed  to  these  local  actions,  and  no  evidence  of  a  specific  toxicity  after 
absorption  has  been  presented.  Thus,  very  large  amounts  (several  cubic  centimeters) 
of  the  solution  of  ferric  chloride  may  cause  pain  in  the  epigastrium,  nausea,  vomiting, 
and  purging,  with  remote  symptoms  of  collapse,  rapid  and  feeble  pulse  and  respiration, 
and  lowering  of  the  internal  temperature,  all  due  to  the  intense  gastroenteric  irritation. 
Fatal  poisoning  in  man  is  exceptional,  but  death  has  resulted  from  swallowing  1% 
ounces  (45  cc.)  of  tincture  of  ferric  chloride.  Death  has  resulted  from  8  ounces 
(250  Gm.)  of  ferrous  sulphate  administered  to  a  horse,  and  2  Gm.  (30  grains)  causes 
gastroenteritis  in  dogs. 

In  the  frog,  the  injection  of  large  quantities  of  one  of  the  soluble  salts  which  do  not 
precipitate  protein,  e.g.,  iron  and  sodium  tartrate,  elicits  symptoms  of  intoxication 
of  the  central  nerve  system,  the  animal  becoming  slow  and  awkward  in  its  move- 
ments, and  eventually  paralyzed.  The  circulatory  system  is  apparently  but  little  affected. 
The  systemic  effects  of  ferric  and  ferrous  salts  differ  completely  when  given  hypo- 
dermically  or  intramuscularly.  The  ferric  salts  are  precipitated  as  protein  compounds 
or  as  hydroxide  at  the  point  of  injection  and  cause  no  systemic  effects,  excepting  those 
resulting  indirectly  from  the  local  lesion.  Injected  intravenously,  they  agglutinate  the 
red  cells  and  precipitate  the  blood  proteins,  the  resulting  symptoms  being  those  of 
vascular  obstruction  and  blood  destruction  and  varying  from  slight  embolic  lesions  to 
extensive  thrombosis,  according  to  the  amount  injected. 

Pure  ferrous  salts  given  parenterally  produce  no  local  irritation  or  blood  destruc- 
tion but  have  a  characteristic  systemic  effect,  shown  by  depression  of  the  central  nerve 
system.  Ferrous  sulphate  given  to  rabbits  hypodermically  in  doses  corresponding  to 
0.1  to  0.8  Gm.  of  iron  per  kilo  induces  narcosis,  coming  on  in  half  an  hour  or  more  and 
ending  fatally  in  6  to  10  hours,  death  being  preceded  in  many  animals  by  weak  con- 
vulsions. Intravenous  injections  of  0.02  to  0.04  Gm.  cause  similar  symptoms.  Smaller 
doses  by  vein  do  not  induce  narcosis,  but  death  occurs  from  0.015  to  0.01  Gm.  in  about 
9  hours,  preceded  by  weakness  and  convulsions.  In  dogs,  subcutaneous  injection  of  even 
much  larger  quantities  is  not  followed  by  narcotic  symptoms,  but  only  by  vomiting 
(Starkeustein). 

Systemic  Action. — Alimentary. — The  inorganic  iron  compounds,  of  which  ferric 
chloride  is  perhaps  the  best  known  and  most  used,  have  an  astringent,  metallic,  some- 
times acid  taste.  Repeated  ingestion  of  solutions  of  such  preparations  often  discolors 
the  teeth  and  softens  the  gums,  rendering  them  sore  and  tender;  untoward  effects 
which  may  be  in  great  measure  be  obviated  by  simple  precautions. 

The  discoloration  of  the  teeth  has  been  ascribed  to  the  precipitation  of  sulphide 
of  iron  from  the  reaction  of  the  iron  compound  ingested  with  hydrogen  sulphide  present 
as  a  result  of  growth  of  bacteria  in  carious  teeth;  or  to  the  formation  of  iron  tannate 
from  tannic  acid  ingested  with  the  food. 

In  ordinary  doses  the  salts  of  iron  have  practically  no  influence  upon  the  gastric 
mucous  membrane  other  than  a  slight  astringent  action,  but  react  with  the  protein  of 
the  gastric  contents,  forming  iron  albuminate  which  passes  to  the  intestine. 

Large  quantities  of  inorganic  iron  salts  act  as  gastroenteric  irritants  from  libera- 
tion of  the  acid  radical  with  which  the  iron  is  joined,  and  give  rise  to  epigastric  pain, 
nausea,  vomiting,  and  even  purging.  The  prolonged,  though  slight,  gastric  irritation 
which  results  from  the  continued  ingestion  of  moderately  large  doses  may  result  in 
gastric  disturbance,  anorexia,  distress  after  eating,  etc.  The  albuminate  and  peptonate 
are  less  irritant  to  the  stomach  and  are  non-astringent. 

Some  of  the  iron  is  absorbed  from  the  duodenum,  but  much  the  larger  portion 
combines  with  sulphides  rendering  the  stools  gray  or  even  black  in  color.  Unless  given 
in  large  enough  doses  to  prove  irritating,  the  iron  compounds  have  a  constipating  in- 
fluence due  to  their  astringent  properties. 

Blood. — Inorganic  iron  compounds  injected  intravenously  coagulate  the  blood  caus- 
ing thrombosis.  Fatal  results  have  been  reported  from  this  cause  when  the  chloride 
has  been  injected  into  angiomata.  The  double  salts,  such  as  iron  and  sodium  tartrate 
or  citrate,  are  not  coagulants. 

In  anemic  subjects  the  continued  ingestion  of  iron  or  its  hypodermic  administration 
causes  a  notable  increase  in  the  hemoglobin  percentage.  There  is  at  first  less  increase 
in  the  number  of  erythrocytes  than  in  their  hemoglobin  content,  but  later  there  occurs 
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hypertrophy  of  the  functional  tissue  in  the  bone  marrow,  associated  with  a  higher  red 
cell  count.  The  number  of  nucleated  red  cells  (the  progenitors  of  the  erythrocytes) 
in  the  circulating  blood,  increases  markedly,  but  their  number  accounts  for  only  a  small 
part  of  the  improvement.  The  increased  number  of  red  cells  may  be  due  to  a  specific 
stimulation  of  the  hemoglobin-building  tissue;  but  it  is  at  least  as  probable  that  the 
augmented  activity  is  the  result  of  the  excess  of  available  material.  In  acute  poisoning 
in  animals  the  alkalinity  of  the  blood  is  reduced  by  an  increase  in  the  amount  of  lactic 
acid  formed. 

Though  stored  in  the  liver  and  spleen,  iron  seems  to  have  no  specific  influence  upon 
the  function  or  structure  of  these  organs. 

Upon  the  circulatory  system  iron  has  but  little  influence.  Very  large  quantities 
cause  a  dilatation  of  the  blood  vessels  in  perfusion  experiments.  In  vivo  there  is  no 
such  action,  and  in  fact  it  is  said  to  be  contraindicated  in  hypertension,  possibly  because 
it  may  tend  to  increase  the  amount  of  circulating  blood.  Its  local  astringent  action 
is  due  not  to  any  action  upon  the  caliber  of  vessels,  but  to  its  protein-precipitating 
property. 

Metabolism. — Iron  differs  from  most  drugs  in  that  it  is  a  normal  constituent  of  the 
body  and  of  the  food,  and  the  medicinal  use  is  largely  related  to  influencing  its  own 
metabolism.  It  will,  therefore,  be  necessary  to  review  briefly  the  normal  iron  metabolism, 
before  studying  how  this  is  altered  by  administration  of  iron. 

Iron  is  present  in  the  nuclei  of  most,  if  not  all  cells,  forming  an  essential  constituent 
of  the  chromatin,  and  is  also  present  in  all  oxidases.  In  red-blooded  animals  the  greatest 
amount  is  contained  in  the  hemoglobin.  A  reserve  supply,  which  can  be  drawn  upon 
for  the  formation  of  hemoglobin  is  found  as  ferratin  in  the  liver  and  as  similar  com- 
pounds in  the  spleen  and  bone  marrow.  In  lower  forms  of  life,  iron  is  also  necessary; 
thus  in  green  plants  chlorophyll  is  not  formed  in  the  absence  of  iron,  although  it  con- 
tains none.  In  certain  invertebrates,  iron  is  replaced  in  the  blood  by  manganese  or 
copper,  but  even  in  them,  iron  seem  to  be  indispensable. 

In  mammals  the  iron  metabolism  is  concerned  almost  entirely  with  the  hemoglobin 
and  the  substances  arising  from  it.  The  life  of  the  red  cells  is  brief  and  as  these  are 
broken  down  the  iron  of  the  hemoglobin  is  chiefly  retained  in  the  spleen  and  liver  and 
used  again.  A  small  part  is  lost  and  this  is  excreted  through  the  rectal  mucosa.  While 
the  liver  is  essential  to  iron  metabolism,  excision  of  the  spleen  leads  only  to  temporary 
disturbance.  Minute  and  quite  constant  amounts  of  iron  are  found  normally  in  the  bile 
and  urine,  but  their  source  is  doubtful,  and  they  may  not  come  from  the  broken  down 
hemoglobin.  In  certain  types  of  anemia  the  iron  in  the  urine  is  markedly  increased, 
when  hemoglobin  is  present  in  solution  in  the  blood  in  concentration  above  0.12  percent., 
as  in  hemoglobinemia,  it  also  passes  out  through  the  kidneys.  Lesser  concentrations  are 
taken  care  of  by  the  liver. 

After  parenteral  injection  of  ferric  or  ferrous  salts  excretion  of  iron  occurs  solely 
from  the  bowel.  The  iron  of  certain  complex  salts  in  which  the  iron  does  not  ionize, 
appears  in  part  in  the  urine    (Starkenstein). 

In  adult  man  the  body  contains  from  2.5  to  3.5  Gm.  (40  to  60  grains)  of  iron,  of 
which  about  three-fourths  exists  as  hemoglobin  while  most  of  the  remainder  is  in  the 
liver  and  spleen.  On  iron  free  diet  about  8  mgm.  (%  grain)  is  excreted  daily,  of  which 
0.5  to  1.5  mgm.  (i/iso  to  145  grain)  is  found  in  the  urine,  and  even  less  in  the  bile  (about 
40  mgm.  per  liter),  the  remainder  being  excreted  by  the  mucosa  of  the  colon  and  rectum. 
On  an  average  diet  the  food  contains  from  5  to  20  mgm.  daily,  widely  distributed,  but 
chiefly  in  meats  and  green  vegetables,  and  the  excretion  corresponds  to  the  intake. 
When  the  iron  of  the  food  is  increased  beyond  normal,  this  increased  excretion  occurs 
In  the  feces,  the  amount  in  the  urine  and  bile  not  fluctuating  with  the  diet.  It  seems 
probable,  therefore,  that  the  iron  of  these  secretions  is  not  derived  from  the  food  diet. 
The  store  of  ferratin  in  the  liver  varies  with  the  amount  of  iron  in  the  food,  and  any 
excess  is  gradually  excreted.  A  temporary  increase  in  the  food  iron  causes  a  more 
prolonged  increase  in  the  iron  content  of  the  feces,  but  none  in  that  of  bile  and  urine. 

Absence  of  iron  from  the  food  leads  only  slowly  to  pronounced  changes  in  the  normal 
adult,  as  the  reserve  supply  lasts  a  long  time.  If  the  supply  is  depleted  by  frequent 
bleedings  and  iron  is  not  given  in  the  food,  a  condition  of  anemia  soon  develops  associated 
with  weakness,  emaciation,  and  general  undernutrition,  so  called  "wet  beriberi."  The 
same  condition  is  brought  about  by  feeding  rapidly  growing  animals  on  an  iron  free 
diet,  for  example,  rice  and  milk.  Human  milk  contains  about  5  mgm.,  cow's  milk  only 
0.5  mgm.  per  liter.    Prompt  restoration  occurs  when  iron  is  added  to  the  diet.    If  enough 
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iron  is  contained  in  the  diet  of  the  pregnant  female  enough  excess  iron  will  be  present 
in  the  liver  of  the  newborn  to  last  it  until  weaning.  Iron  starvation  during  pregnancy 
will  result  in  anemic  offspring. 

Although  Starkenstein  believes  that  ferric  iron  is  not  utilized  in  the  animal  body, 
it  has  been  found  that  young  rats  on  a  special  limited  diet  develop  normally  if  the  iron 
is  supplied  as  ferric  salts,  but  die  of  malnutrition  if  only  ferrous  salts  arc  given  (Sira- 
monds,  Becker  and  McCollum). 

Kidney. — Repeated  small  injections  of  citrate  of  iron  cause  congestion  of  the  kidney 
accompanied  by  albuminuria  and  renal  casts. 

Therapeutics:  Topical. — The  styptic  preparations  in  solution  were  formerly  in 
vogue,  and  are  still  used  occasionally,  especially  in  cases  of  emergency,  to  arrest 
hJeeding  from  small  vessels  or  general  oozing  from  any  denuded  surface.  The  salt 
preferred  for  this  purpose  is  the  subsulphate  in  the  form  of  Monsel  solution.  It  may 
be  applied,  diluted  with  glycerin,  to  fissured  nipples,  and  in  full  strength  to  syphilitic 
vegetations  on  the  glans  and  prepuce.  It  may  give  relief  as  a  wash  for  protruded 
and  bleeding  piles.  A  very  weak  solution  (1:60)  has  been  used  as  a  spray  into  the 
nostrils  in  cpisfaxis  and  in  the  later  stages  of  coryza,  and  was  said  to  give  relief,  when 
strongly  inhaled,  in  hemoptysis.  Local  applications  of  a  mixture  of  tincture  of  ferric 
chloride,  glycerin  and  water,  reduce  the  swelling  and  still  the  pain  in  acute  tonsillitis. 
In  acute  pharyngitis  and  in  certain  mild  cases  of  diphtheria,  the  infection  may  often 
be  controlled  by  gargling  with  a  mixture  containing  1  dram  (2  Gm.)  of  potassium 
chlorate,  2  fluidrams  (4  cc.)  of  tincture  of  ferric  chloride,  Yz  fluidounce  (15  cc.)  of 
glycerin,  and  water  to  make  3  fluidounces  (100  cc).  An  even  more  effective  prepara- 
tion is  made  by  mixing  1  dram  (2  Gm.)  of  potassium  chlorate  with  Mj  fluidram  (1  cc.) 
of  concentrated  hydrochloric  acid  in  a  well-stoppered  3  ounce  (100  cc.)  bottle,  and 
after  effervescence  with  formation  of  chlorine  has  proceeded  for  some  time,  adding 
2  fluidrams  (4  cc.)  of  tincture  of  ferric  chloride,  and  finally  %  fluidounce  (15  cc.)  of 
glycerin,  and  sufficient  water  to  fill  the  bottle,  adding  the  water  half  an  ounce  at  a 
time  and  shaking  after  each  addition  to  take  up  the  chlorine  gas.  A  solution  of  30 
grains  of  ferric  chloride  to  the  ounce  of  water  (1 :16)  is  said  to  be  the  best  application 
available  in  rhus  poisoning.  It  causes  some  discoloration  and  for  this  reason  it  is  not 
always  best  to  apply  it  to  the  face.  Ferrous  sulphate  in  0.2  to  0.4  percent,  solution  is 
employed  as  an  astringent  collyrium  in  intense  congestion  of  the  conjunctiva  of  gouty 
origin.    An  ointment  of  the  same  salt,  3  percent.,  is  recommended  for  eczema. 

In  liematemesis,  whether  dependent  on  gastric  ulcer  or  upon  venous  congestion, 
it  may  at  times  be  permissible  to  resort  to  small,  frequent  doses  of  one  of  the  styptic 
preparations — solution  of  the  nitrate,  the  subsulphate,  or  the  chloride.  Bleeding  from, 
the  digestive  tract  below  the  stomach  cannot  be  controlled  by  such  means,  since  the 
iron,  in  whatever  form  ingested,  is  converted  into  an  inert  salt  in  the  intestine.  In 
rectal  hemorrhage,  a  Murphy  drip  with  a  cold  dilute  solution  of  one  of  the  astringent 
and  styptic  preparations  sometimes  proves  efficacious. 

An  injection  of  the  diluted  tincture  of  ferric  chloride,  is  at  times  useful  to  expel 
threadworms.  Commercial  ferrous  sulphate,  or  copperas,  was  at  one  time  extensively 
used  as  a  deodorant  and  germicide,  but  has  been  superseded  by  more  effective  disin- 
fectants. 

Systemic. — The  one  compelling  indication  for  the  systemic  use  of  iron  compounds 
is  anemia.  Iron  is  almost  a  certain  remedy  in  the  chlorosis  of  growing  girls  and 
young  women  and  is  commonly  of  great  benefit  in  all  forms  of  secondary  anemia, 
but  is  useless  in  the  leukemias,  in  pernicious  and  aplastic  anemia  and  in  those  forms 
due  to  focal  infection  until  the  source  of  the  intoxication  is  removed.  It  is  prescribed 
with  benefit  in  association  with  other  indicated  remedies  in  rheumatism,  chorea, 
syphilis,   chronic   malarial   affections,  neuralgia,   tuberculosis,  especially  in   children, 
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and  in  the  early  stages  of  the  pulmonary  form  in  adults,  and  in  cachexias  of  various 
kinds,  in  which  there  is  more  or  less  anemia  with  debility,  and  a  general  lack  of  tone 
in  the  tissues.  In  all  "run-down"  conditions  with  loss  of  appetite  and  sluggishness 
of  function,  even  when  anemia  is  not  a  conspicuous  symptom,  the  addition  of  iron 
to  the  tonic  pill  or  potion  increases  the  efficacy.  Full  doses  of  the  tincture  of  ferric 
chloride  are  often  given  in  erysipelas,  and  though  the  mode  of  action  is  not  clear,  the 
therapeutic  effect  is  manifest. 

Iron,  preferably  the  tincture  of  ferric  chloride,  has  a  special  value  in  certain  cases 
of  rheumatic  fever  (inflammatory  rheumatism),  acute,  subacute  or  chronic.  The 
indications  are  an  undue  prolongation  of  the  attack  or  a  tendency  to  relapse  or  frequent 
recurrences;  as  also  feebleness  or  anemia,  especially  in  the  young  or  the  aged.  It  is 
usefully  associated  with  sodium  or  ammonium  salicylate  as  the  salicylated  iron  solution, 
the  formula  of  which  is  now  recognized  in  the  N.F.^  The  dose  is  1  to  2  fluidrams 
(4  to  10  cc.)  well  diluted  and  perhaps  taken  through  a  tube,  every  2  to  4  hours.  The 
solution  must  be  compounded  carefully,  the  tincture  of  ferric  chloride  being  added 
last,  drop  by  drop  while  stirring.  It  may  be  appropriately  flavored  with  methyl 
salicylate  (oil  of  wintergreen). 

In  chronic  bronchitis,  ferrous  sulphate,  in  the  form  of  the  compound  iron  mixture, 
is  sometimes  prescribed  with  benefit.  In  functional  amenorrhea  iron  is  sometimes  of 
great  benefit.  It  is  best  given  in  association  with  "aloe,  as  in  the  pills  of  aloe  and 
iron,  or  the  pills  of  iron,  quinine,  aloe  and  nux  vomica.  Such  mixtures  are  especially 
indicated  when  the  amenorrhea  is  associated  with  chlorosis. 

In  chronic  nephritis  one  of  the  ferric  salts,  the  tincture  or  the  chloride,  or  prefer- 
ably the  acetate  in  the  form  of  Basham  mixture,  may  increase  the  urinary  flow  and 
diminish,  though  it  does  not  arrest,  the  albuminuria. 

When  the  double  action  of  iron  and  an  iodide  is  desired,  as  in  the  scrofulous 
swelling  of  the  lymph  nodes  in  the  neck  and  elsewhere;  in  syphilitic  cachexia,  and  in 
hypothyroidism  in  anemic  subjects,  ferrous  iodide  i^  useful ;  as  it  is  also  in  the  per- 
sistent bronchial  coughs  of  children,  which  are,  in  many  instances,  simply  signs  of 
the  irritation  of  peribronchial  tuberculosis  or  tuberculosis  of  bronchial  lymph  nodes. 
It  may  in  some  cases  be  alternated  with  a  calcium  preparation  (as  syrup  of  the  lacto- 
phosphate)  or  with  cod-liver  oil  or  an  emulsion  of  this  with  a  lime  salt. 

Iron  is  contraindicated  in  conditions  of  plethora,  in  hemorrhages  other  than  those 
above  mentioned,  e.g.,  monorrhagia  associated  with  anemia,  in  cerebral  or  pulmonary 
congestion. 

Administration. — Ferkum  reductum  is  one  of  the  best  forms  to  administer  when  a 
pure  hematinic  is  indicated.  It  may  be  given  in  pill  form,  or  to  children  in  chocolate 
confection.  In  early  tuberculosis  and  in  some  cases  of  late  syphilis  and  some  of  con- 
genital syphilis,  it  is  well  associated  with  iodoform  and  arsenous  iodide. 

Ferrous  carbonate  is  also  an  excellent  preparation,  being  given,  as  the  saccharated 
carbonate,  in  capsule  as  Vallet  mass,  or  as  Blaud  pill.  It  is  non-irritating  and  may  be 
given  continuously  for  prolonged  periods  without  disturbing  digestion.  Blaud  pills 
are  best  prescribed  extemporaneously  in  small  number  (say  24  doses),  equal  parts  of 
ferrous  sulphate  and  potassium  carbonate  (say  1  dram,  4  Gm.)  being  ordered,  to  he  so 
divided  that  each  pill  (or  capsule)  shall  cont^.in  ly^  to  2Y>  grains  (0.1  to  0.16  Gm.)  of 
each.  The  resulting  reaction  produces  fresh  ferrous  carbonate  and  potassium  sulphate. 
Some  of  the  commercial  products,  however,  if  sufficiently  fresh,  are  eligible.  One  pill 
after  meals,  thrice  daily,  is  the  initial  dose,  the  number  being  increased  each  week,  espe- 
cially in  chlorotic  girls,  by  one  pill  thrice  daily,  until  a  sufficient  dose  is  reached,  which 
may  be  10  to  15  grains  (0.6  to  1  Gm.)  three  times  daily.    When  given  in  this  gradual 

"*  In  this  preparation  the  iron  is  held  in  solution  by  the  aid  of  glycerin  and  solution 
of  ammonium  citrate  (Br.)  slightly  overacidulated.  Citric  acid  (10  grains  in  4  ounces — 
0.7  Gm.  in  125  cc.)  may  be  added,  or  the  tincture  of  iron  citro-chloride  may  be  used. 
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way,  the  medicament  is  well  borne  and  both  constipation  and  intestinal  distress  are 
avoided.  There  is  no  objection  to  the  inclusion  of  a  digestive  ferment  in  the  capsule, 
but  it  is  commonly  unnecessary.  Griffith  mixture  is  a  liquid  preparation,  analogous  to 
Blaud  pill  and  containing  freshly  precipitated  ferrous  carbonate  in  suspension. 

Fekroi's  SUT.PHATE  may  be  given  in  pill  form  as  the  exsiccated  salt,  which  contains 
about  twice  as  much  iron  as  the  crystals,  or  as  the  granulated  crystals.  It  is  used  in 
making  various  other  preparations,  such  as  the  solution  of  ferric  oxysulphate,  Monsel 
solution,  which  are  used  externally  as  styptics,  and  the  forms  of  ferrous  carbonate 
already  described.     It  is  a  constituent  of  two  official  pills  with  aloe. 

Fkukic  ciirxJiUDK  is  used,  in  watery  solution  with  excess  of  acid,  externally  as  a 
styptic  and  internally  as  the  tincture  and  the  ethereal  tincture.  It  is  one  of  the  most 
effective  preparations  of  iron  as  a  hematinic,  but  has  the  serious  disadvantage  of  staining 
the  teeth.  This  can  be  avoided  if  the  precaution  is  observed  of  taking  it  well  diluted 
through  a  glass  tube,  and  of  rinsing  the  mouth  immediately  afterward  with  a  solution 
of  sodium  bicarbonate.  Unfortunately,  patients  cannot  always  be  relied  upon  to  do  this 
faithfully.  Furthermore,  when  given  for  a  long  period,  it  has  a  tendency  to  disturb 
digestion.     It  was  much  more  popular  a  generation  ago,  than  it  is  now. 

Fekhic  1'Hosi'ii.vTE  Is  among  the  least  disturbing  to  digestion  of  the  soluble  inorganic 
iron  compounds.  It  may  be  given  in  pill  or  capsule  as  the  freshly  prepared  saccharated 
phosphate  or  as  the  soluble  phosphate,  or  as  the  syrup.  Ferric  pyrophosphate,  glycero- 
phosphate and  hypophosphite  are  also  available,  being  commonly  given  as  solution,  syrup 
or  elixir. 

Salts  of  iron  with  organic  acids  are  numerous.  Ferrous  lactate  is  mild  and  un- 
irritatiug  and  may  be  given  in  pill  with  extract  of  gentian  when  the  stomach  is  irritable. 
Iron  and  ammonium  citrate  is  not  suitable  for  use  in  pill,  although  it  may  be  encapsu- 
lated dry.  It  is  best  given  in  solution  as  it  has  no  disagreeable  taste  and  is  not  astringent. 
The  solutions  of  iron  acetate  and  of  iron  and  ammonium  acetate  are  useful  when 
stimulation  of  the  kidneys  is  desired. 

Ferrois  iodide  is  given  as  pill  or  more  commonly  as  the  syrup,  which  may  be 
administered  to  a  child  in  milk  or  water,  beginning  with  1  drop  thrice  daily  after  meals 
and  increasing — with  periods  of  decrease,  remission  and  perhaps  intermission — to,  or 
nearly  to,  the  largest  dose  which  is  well  tolerated.  This  may  be  so  little  as  10  or  so  much 
as  30  to  40  drops;   as  a  rule  30  drops  is  a  sufficient  dose. 

In  case  the  stomach  is  peculiarly  susceptible  to  the  irritating  effects  of  the  more 
soluble  iron  salts,  recourse  may  be  had  to  the  so-called  "albuminates"  or  masked  iron 
preparations.  The  solution  of  iron  albuminate  and  the  solution  of  iron  peptonate 
(N.F.),  are  representative  of  these,  as  are  numerous  proprietary  preparations.  The 
popular  wine  of  beef  and  iron  is  less  useful  than  the  true  albuminates,  and  is  positively 
harmful  in  Bright's  syndrome  and  advanced  tuberculosis,  in  which  conditions  it  is  often 
self  prescribed   by  the  patient   in  his   search   for  a  "tonic." 

There  are  a  very  large  number  of  official  and  proprietary  preparations  containing 
iron  in  association  with  other  tonics,  such  as  quinine,  strychnine  and  arsenic,  which 
may  be  ordered  in  suitable  cases,  if  the  dosage  of  each  constituent  is  appropriate. 

If  it  is  desired  to  spare  the  digestive  system  or  for  any  other  reason  to  administer 
iron  parenterally,  there  is  a  wide  choice  of  preparations  for  intravenous  or  intramuscular 
injection.  Most  of  these  are  available  as  ampules,  and  this  form  is  to  be  preferred  to 
bulk  solutions.  For  subcutaneous  injection  the  desired  dose  is  commonly  dissolved  in 
15  minims  (1  cc.)  of  distilled  water,  while  for  intravenous  administration  a  larger 
volume,  say  75  minims  (5  cc.)  of  normal  salt  solution  is  preferable.  The  salt  most 
often  used  is  iron  and  ammonium  citrate,  which  is  not  markedly  irritating  even  in  true 
solution.  It  may  be  given  intramuscularly  in  doses  of  from  %  grain  (0.025  Gm.)  to  2 
grains  (0.13  Gm.).  When  it  is  desirable  to  associate  phosphorus  with  the  iron,  iron 
glycerophosphate  may  be  given  in  dose  of  1  grain  (0.06  Gm.)  to  IV,  grains  (0.1  Gm.). 
For  concomitant  use  of  iron  and  arsenic,  there  are  available  solutions  of  iron  arsenite 
in  dose  from  %  grain  (10  mgm.)  to  1  grain  (70  mgm.)  and  of  iron  cacodylate  in  dose 
of  i/o  grain  (30  mgm.)  to  1  grain  (65  mgm.).  The  latter  is  commonly  preferred,  but 
must  be  in  colloidal  form  as  the  solution  of  the  usual  salt  is  extremely  irritating. 

Manganese 

The  constant  occurrence  of  manganese  in  the  blood  and  its  chemical  relation 
to  iron  suggested  that  it  might  also  be  of  use  as  a  hematinic.  A  few  early  clinical 
studies  pointed  in  this  direction,  but  experiment  both   in   the  laboratory   and   clinic 
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has  failed  to  establish  any  such  action.  The  oxides  of  manganese,  and  especially  the 
permanganates,  are  active  oxidizing  agents  and  the  latter  have  been  considered  with 
the  antiseptics. 

The  soluble  salts,  like  those  of  most  metals,  are  irritant  to  mucous  membranes, 
precipitating  albumen  and  especially  oxidizing  organic  matter.  In  this  way  they 
act  as  antiseptics.    The  double  salts,  like  those  of  iron,  have  neither  of  these  actions. 

Manganese  compounds  have  been  used  as  hematinics  and  stimulants  to  nutri- 
tion in  the  same  class  of  cases  as  arsenic  and  iron;  that  is  to  say,  in  anemias, 
chlorosis,  tuberculosis,  etc.  Manganese  without  iron,  however,  has  never  been  shown 
to  have  any  hematinic  or  other  useful  action,  and  the  advantage  of  adding  it  to 
iron  on  account  of  any  supposed  catalytic  or  other  action  is,  to  say  the  least,  prob- 
lematical. 

Materia  Medica. — Makganesium  (unofficial).  Manganese.    Ahhr.,  Mangan. 

A  reddish-gray,  metallic  element  with  the  symbol  Mn;  atomic  weight,  54.93,  and 
a  specific  gravity  of  7.42. 

Dose,  not  used  in  substance. 

Mangani  Citras  Solubilis  (N.F.),  Soluble  Manganese  Citrate.  Ahhr.,  Mangan. 
Cit.  Sol.    Synonym:  Manganese  and  Sodium  Citrate. 

Manganous  citrate  rendered  soluble  by  the  presence  of  sodium  citrate.  It  corre- 
sponds to  not  less  than  48  percent.,  nor  more  than  52  percent.,  of  MnjCCjIIjO,)^.  It 
occurs  as  a  yellowish  or  pinkish- white  powder  or  as  translucent  scales;  odorless,  and 
having  a  slightly  bitter  and  astringent  taste.  It  is  permanent  in  the  air.  One  gram 
dissolves  slowly  in  about  4  cc.  of  water;  slightly  more  soluble  in  boiling  water;  nearly 
insoluble  in  alcohol. 

Dose,  1  to  4  grains  (0.06  to  0.25  Gm.). 

Mangani  Dioxidum  Pr^cipitatum  (U.S.  IX.),  Precipitated  Manganese  Dioxide. 
Ahhr.,  Mangan.  Diox.  Praec. 

It  consists  chiefly  of  manganese  dioxide  (MnO^)  with  small  amounts  of  other 
oxides  of  manganese,  corresponding  to  not  less  than  80  percent,  of  MnO,.  It  is  a 
heavy,  very  fine,  black  powder,  without  odor  or  taste;  permanent  in  the  air.  It  is 
insoluble  in  water  or  alcohol. 

Dose,  3  to  10  grains  (0.2  to  0.6  Gm.). 

Mangani  Glycerophosphas  Solubilis  (N.F.),  Soluble  Manganese  Glycerophos- 
phate. Ahhr.,  Mangan.  Glycerophos.  Sol.  Synonym:  Soluble  Manganous  Glycerino- 
phosphate. 

Manganous  glycerophosphate  rendered  soluble  by  the  aid  of  citric  acid.  It  con- 
tains not  less  than  70  percent,  nor  more  than  75  percent,  of  MnCjHjPO,.  It  occurs 
as  a  yellowish  or  pinkish-white  powder,  odorless,  and  having  an  acid  taste.  One  gram 
dissolves  in  4  cc.  of  water  at  25°  C.  Alcohol  dissolves  the  citric  acid,  leaving  a  residue 
which  is  nearly  insoluble  in  water. 

Dose,  2  to  6  grains  (0.12  to  0.4  Gm.). 

Mangani  Hypophosphis  (N.F.),  Manganese  Hypophosphite.  Ahhr.,  Mangan. 
Hypophos. 

Manganese  hypophosphite  is  a  pink,  granular  or  crystalline  powder;  odorless 
and  nearly  tasteless;  permanent  in  the  air.  It  is  freely  soluble  in  water;  insoluble 
in  alcohol.     It  contains  not  less  than  97  percent,  of  'M.n(F'H.fi^)^-\-'R.fi. 

Dose,  3  to  5  grains  (0.2  to  0.3  Gm.). 

Mangani  Sulphas  (unofficial).  Manganese  Sulphate.    Ahhr.,  Mangan.  Sulph. 

It  contains  not  more  than  38  percent,  of  water,  and  not  less  than  62  percent,  nor 
more  than  68  percent,  of  MnSO^.  It  occurs  as  pale  rose-colored,  translucent,  tetrahedral 
prisms;  slightly  efflorescent  when  exposed  to  moist  air;  odorless;  taste  slightly  bitter 


HEMATINICS  1235 

and  astringent.  One  gram  of  the  salt  dissolves  in  about  1  cc.  of  water  at  25°  C,  and 
in  about  0.6  cc.  of  boiling  water;  insoluble  in  alcohol. 

Antagonists  and  Incompatibhs. — The  alkali  hydroxides  (caustic  alkalis),  the 
salts  of  lead,  mercury,  and  silver,  hydrogen  dioxide,  and  the  halogens  are  incom- 
patible with  the  salts  of  manganese,  causing  a  precipitation  of  manganese  dioxide. 

Synergists. — Iron   and   the  physical   and  medicinal  tonics. 

Dose,  2  to  6  grains  (0.12  to  0.4  Gm.). 

Pharmacodynamic  Action. — Manganese  taken  by  mouth  is  combined  with  proteins 
and  readily  absorbed.  It  passes  through  the  system  much  more  rapidly  than  iron,  excre- 
tion beginning  in  three  hours  and  most  of  the  metal  being  found  in  the  feces  within  a 
day.  Like  iron,  the  chief  excretion  is  through  the  intestinal  epithelium,  a  small  amount 
passing  out  in  the  bile  and  after  very  large  doses,  traces  appearing  in  the  urine.  When 
given  by  mouth,  elimination  keeps  pace  with  absorption  and  no  intoxication  occurs. 
This  is  shown  by  the  fact  that  no  ill  effects  result  from  its  presence  in  large  quantity 
in  many  vegetables,  and  is  confirmed  by  feeding  experiments  in  animals. 

The  simple,  soluble  salts  of  manganese  are  irritating  and  cause  local  inflammation 
if  injected,  and  vomiting  and  diarrhea  if  given  by  mouth,  and  the  systemic  action  has 
been  studied  by  means  of  hypodermic  injections  of  double  salts. 

A  single  toxic  dose  of  one  of  these,  causes  in  frogs  a  descending  paralysis  of  the 
central  nerve  system,  followed  by  paralysis  of  the  heart.  The  muscles  and  nerves 
remain  unaffected.  In  mammals  a  single  toxic  dose  (about  10  mgm.  per  kilo,  in  the  dog, 
cat  and  rabbit),  causes  paralysis  of  the  brain  and  cord,  with  somnolence,  stupor,  weak- 
ness and  ataxia,  followed  by  medullary  paralysis  with  weak  respiration  and  fall  of  blood 
pressure  and  of  temperature.  The  vasomotor  center  is  affected  early,  and  the  heart  very 
late.  The  kidneys  are  irritated  and  albuminuria  and  casts  are  found.  The  urine  may  be 
increased  at  first.  Death  results  from  paralysis  of  respiration.  Post  mortem  the  chief 
findings  are  fatty  degeneration  of  the  liver  with  icteric  staining  of  the  tissues  and 
tubular  nephritis. 

Chronic  poisoning  results  from  repeated  injections  of  nontoxic  doses  and  from  inhala- 
tion of  the  dust  by  workmen  in  manganese  factories.  In  both  cases,  the  symptoms  are 
chiefly  nervous,  resembling  multiple  sclerosis  and  consisting  in  loss  of  appetite,  weak- 
ness, dullness  and  spastic  paralysis  with  increased  deep  reflexes.  There  is  no  atrophy  of 
the  muscles,  and  no  pain.  There  is  often  a  psychosis  with  impulsive  laughing  and  cry- 
ing, scanning  speech,  and  expressionless  face  or  stiffness  of  the  facial  muscles.  Sensa- 
tion and  the  eye  grounds  are  not  altered.  Manganese  nucleate  has  a  remarkable  power  to 
stimulate  the  formation  of  leucocytes  (Manfroni),  but  it  seems  possible  that  this  action  is 
due  to  the  nuclein  rather  than  the  metal.  Repeated  administration  of  manganous  chloride 
to  rabbits  and  guinea-pigs,  leads  to  jaundice  and  cirrhosis  of  the  liver   (Findlay). 

Therapeutics. — -Manganese  is  prescribed,  usually  in  conjunction  with  iron,  in 
anemia  and  amenorrhea,  and  alone  as  an  antacid  in  pyrosis  and  hyperdilorhydria; 
it  is  credited  also  with  remedial  action  in  gastric  ulcer. 

The  dioxide  is  preferred  in  the  treatment  of  stomach  disorders,  but  as  a  hema- 
tinic  the  sulphate  is  chosen.  In  amenorrhea  the  latter  is  frequently  given  in  associa- 
tion with  the  pill  of  aloes  and  iron. 

Potassium  permanganate  is  a  powerful  oxidizing  agent  and  its  therapeutic  action 
is  discussed  under  the  head  of  Oxidizers.  It  was  regarded  by  Bartholow  as  superior  to 
any  of  the  salts  of  manganese  in  the  treatment  of  amenorrhea.  He  advised  its  use  in 
doses  of  1  or  2  grains  (0.06  to  0.13  Gm.)  in  compressed  tablets,  followed  by  a  large 
draft  of  distilled,  or  boiled  and  filtered  water;  the  medication  should  be  begun  one 
week  before  the  menses  are  due. 

The  syrup  of  iron  and  manganese  iodide  is  prescribed  to  meet  the  same  indica- 
tions as  iron  iodide,  the  manganese  being  added  for  its  supposed  synergistic  action. 

Germanium 

Germanium  (Ge:  atomic  weight  T2.5),  discovered  by  Winkler  in  1886,  is  of 
interest  as  one  of  the  trio  of  ''predicted  elements"  of  Mendeleeif,  who  described  it  under 
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the  name  of  "ekasilicon."  Its  close  chemical  relationship  to  arsenic — the  adjacent 
element  in  the  succeeding  periodic  group — led  the  chemist,  J.  H.  Muller,  who  was 
making  comprehensive  studies  of  it,  to  think  that  its  compounds  might  have  thera- 
peutic powers,  antiseptic  or  hematinic.  He  found  the  dioxide  (also  known  as  ger- 
manic  oxide)  to  be  the  most  manageable,  and  in  1922  he  interested  a  number  of 
physiologists,  pathologists  and  clinicians  to  undertake  investigations  with  this  sub- 
stance, independent  of  his  own.  Among  these  observers  were  Hammett  and  associates 
at  the  Wistar  Institute.  Muller  had  found  that  germanium  dioxide  was  practically 
non-toxic  to  the  guinea-pig,  dog,  rabbit  and  man  (himself).  Hammett  showed  that 
the  drug  was  but  very  slightly  toxic  to  white  rats,  and  that  when  these  animals  were 
killed  by  enormous  doses,  all  of  the  organs  were  filled  with  bright  red  blood  con- 
taining an  unusually  large  number  of  erythrocytes.  Color  change  and  increase  of 
corpuscles  were  especially  sti'iking  in  the  bone-marrow.  Clinicians  were  thus  encour- 
aged to  make  observations  upon  the  use  of  the  drug  in  the  treatment  of  anemias, 
Solis-Cohen  and  others  finding  it  to  be  of  definite,  but  limited,  usefulness. 

Chemistry. — Germanium  is  found  in  argyrodite,  germanite,  and  a  few  other  rare 
minerals,  and  is  associated  with  certain  zinc  ares.  In  the  elementary  state,  it  is  a 
grayish-white,  brittle  metal.  It  is  bivalent  and  quadrivalent,  and  shows  many  resem- 
blances to  carbon  and  silicon,  as  well  as  to  titanium  and  tin,  all  of  which  are  its 
associates  in  the  fourth  periodic  group.  Only  the  dioxide  is  used  in  medicine.  This 
is  a  white,  microcrystalline  powder  of  which  the  ordinary  form  is  soluble  in  water  to 
faintly  acid  solution;  but  Muller  and  Blank  have  shown  that  the  compound  has 
several  allotropic  modifications  and  that  one  of  these — termed  alpha  germanic  oxide 
— is  quite  insoluble  in  water,  and  is  chemically  and  physiologically  inert.  Change 
from  the  soluble  to  the  inert  form  appears  to  take  place  at  times  in  old  solutions. 
Any  preparation  of  germanic  oxide,  including  the  alpha  form,  when  fused  at  about 
1100°  C,  is  converted  to  a  metastable,  glassy  mass  which  is  completely  soluble  in 
water.  Solution  of  either  the  fused  oxide  or  the  finely  divided  soluble  form  takes 
place  only  very  slowly  in  cold  water,  but  1  part  will  dissolve  in  160  parts  of  boiling 
water  in  an  hour  or  two. 

Summary  of  Actions  and  Uses, — Germanium  dioxide  in  watery  solution,  administered 
by  mouth  or  parenterally  in  small  doses,  induces  a  marked  increase  in  the  number  of 
circulating  red  cells,  and  in  the  amount  of  hemoglobin,  accompanied  by  hypertrophic 
changes  in  the  spleen  and  bone  marrow.     In  moderate  dose  it  has  no  other  effect. 

At  present,  it  is  used  only  in  the  treatment  of  blood  affections.  It  brings  about  in- 
creased erythrocytosis  in  normal  persons  and  animals,  and  in  most  cases  of  anemia  in 
man,  and  while  the  effect  is  not  lasting  in  normal  persons,  it  leads  to  permanent 
benefit  in  secondary  anemias.  In  pernicious  anemia  the  capacity  to  respond  to  the 
stimulus  of  the  drug  is  soon  exhausted,  or  the  newly  formed  cells  are  destroyed  by 
some  lytic  agent,  and  the  action  of  germanium  must  be  supplemented  by  transfusion. 

Materia  Medica. — Germanii  Dioxidum  (unofficial).  Germanium  Dioxide.  Ahhr., 
Germ.  Diox.     Synonym:    Germanic  Oxide. 

Occurs  as  a  fine  white  powder,  without  odor,  tasteless  or  having  a  faintly  acid 
taste.  Dissolves  in  200  parts  of  hot  water  and  to  a  very  small  extent  in  cold  water. 
Unsuitable  for  medicinal  use  in  solid  form.    Insoluble  in  alcohol.* 

Note. — Germanium  dioxide  exists  in  several  allotropic  modifications,  of  which  the 
alpha  (insoluble)  form  is  inert. 

Dose,  See  under  Liquor  Germanii  Dioxidi. 

*  Germanic  oxide  is  best  prepared  by  the  action  of  water  on  the  redistilled  tetra- 
chloride. Frequent  moistening,  followed  by  ignition,  is  required  to  expel  the  last  of  the 
hydrochloric  acid  split  off  in  the  hydrolytic  process  (Muller). 
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Liquor  Germanii  Dioxidi  (imofBcial),  Solution  of  Germanium  Dioxide.  Ahhr., 
Liq.  Germ.  Diox. 

A  0.5  percent,  solution  of  germanium  dioxide  prepared  from  tlie  pure  dioxide  or 
the  pure  sulphide,  according  to  the  method  of  Muller  and  Iszard.**  Contains  0.005 
Gm.  in  each  cc.  Solutions  of  this  concentration  will  keep  unchanged  for  long  periods, 
but  stronger  solutions  deposit  insoluble  precipitates  on  long  standing.  This  solution 
is  not  suitable  for  parenteral  use. 

Antagonists  and  Incompatibles. — Soluble  sulphides  are  chemically  incompatible. 
Agents  destroying  the  blood  cells,  such  as  benzol,  aniline  compounds  and  phenylhydra- 
zine,  are  physiologic  antagonists. 

Synergists. — Arsenic,  iron,  bone  marrow,  nux  vomica  and  other  tonics  and  hema- 
tonics  are  synergistic.  Germanium  dioxide  should  always  be  administered  without 
mixture. 

Dose,  2V2  to  15  fluidrams  (10  to  60  cc. — approximately  Mi  to  1  grain)  by  mouth 
once  daily  for  5  to  7  days,  in  several  series  of  such  courses. 

Liquor  Germanh  Dioxidi  Isotonica  (unofficial),  Isoplasmotonic  Solution  of  Ger- 
manium Dioxide. 

The  0.5  percent,  solution  of  germanium  dioxide  is  adjusted  to  a  Pn  of  7.5  and 
made  approximately  isotonic  with  blood  plasma  by  addition  of  pure  sodium  chloride. 
It  is  sterilized  in  ampules  containing  5,  10  or  25  cc.  for  parenteral  use. 

Dose,  5  to  25  cc.  hypodermically,  intramuscularly  or  intravenously  in  one  or  two 
doses  daily  for  5  days,  and  repeated  in  5-day  courses. 

Antipathogenic  Action. — Germanium  dioxide  is  ineffective  against  Treponema  pallida 
and  does  not  prevent  or  benefit  luetic  infection  in  rabbits  (Kolmer,  unpublished). 

Fharmacodynamic  Action:  Absorption  and  Elimination. — Germanium  dioxide  swal- 
lowed in  solid  form  is  so  slowly  dissolved  that  almost  all  escapes  absorption.  The 
aqueous  solution,  on  the  other  hand,  is  almost  completely  absorbed  from  the  bowel.  As 
there  is  some  advantage  in  having  the  drug  enter  the  body  gradually,  there  is  nothing 
to  be  gained,  under  ordinary  conditions,  by  parenteral  administration. 

Apparently  the  blood  cannot  hold  more  than  0.006  to  0.014  percent,  of  its  weight 
of  germanic  oxide;  on  which  basis  from  13  to  15  grains  (0.8  to  1  Gm.)  would  produce 
maximum  saturation  in  a  man  of  average  weight.  Muller  emphasizes,  however,  that 
such  an  amount,  while  perfectly  safe  as  a  single  dose,  should  be  divided  into  many 
doses  to  avoid  the  excessive  elimination  that  is  to  be  expected  with  any  quantity  much 
in  excess  of  one  grain  (0.06  Gm.). 

Elimination  is  almost  exclusively  by  the  kidnej's,  but  a  very  small  proportion  of 
the  amount  ingested  may  pass  out,  probably  unabsorbed,  with  the  feces.  Whether  admin- 
istered by  mouth  or  otherwise,  germanium  is  found  in  the  urine  in  less  than  24  hours. 
With  single  large  doses   (8  grains — 0.5  Gm.,  or  more,  to  a  man  of  65  kilos — 142  lbs.) 

**  Place  5  Gm.  of  the  ignited  ptire  germanic  oxide,  or  6.531  Gm.  of  pure  germanium 
sulphide  in  a  liter  flask  with  90O  to  950  cc.  of  distilled  water.  When  the  oxide  is  used, 
digest  at  or  near  boiling  temperature  until  solution  is  complete — which  commonly  re- 
quires from  1/2  to  1  hour.  Cool  and  dilute  to  1  liter.  At  times,  there  remain  traces  of 
an  insoluble  modification  of  the  oxide,  which  should  be  filtered  off.  If  the  sulphide 
be  employed,  boil  actively  until  all  of  the  hydrogen  sulphide  formed  has  been  carried 
off  by  the  escaping  steam.  When  hydrogen  sulphide  can  no  longer  be  detected  in  the 
steam  (test  paper  of  lead  acetate  or  of  alkaline  nitroprusside  may  be  used),  the  com- 
plete hydrolysis  of  the  sulphide  has  taken  place.  Cool  and  dilute  the  clear  solution  to 
1  liter.  Prepared  in  either  way,  the  solution  contains  0.005  Gm.  germanium  dioxide 
per  cc.  and  is  ready  for  immediate  administration  by  mouth.  For  hypodermic  or 
intravenous  injection  the  weakly  acid  solution  prepared  as  above  should  be  adjusted  to 
a  Ph  value  of  about  7.5  by  adding  normal  sodium  hydroxide  solution  drop  by  drop, 
until  a  faint  alkalinity  to  litmus  is  shown.  The  addition  of  0.5  Gm.  of  sodium  chloride 
for  each  100  cc.  will  then  make  the  solution  approximately  isotonic  with  blood  plasma. 

Sterilization  may  be  carried  out  in  the  ordinary  way  in  the  autoclave  or  by  boiling 
for  a  few  minutes,  avoiding  material  loss  of  water;  but  it  is  not  safe  to  confentrate 
solutions  by  continued  boiling,  since  0.005  Gm.  per  cc.  represents  about  water-saturation 
at  room  temperature. 
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approximately  half  the  amount  taken  is  expelled  within  48  hours;  the  remainder  con- 
tinuing to  circulate  or  possibly  accumulating  for  a  time  in  the  tissues,  as  in  the  case 
of  original  small  doses.  With  doses  not  exceeding  1  grain  (50  to  60  mgm.)  not  more 
than  2  to  5  percent.  (2  to  3  mgm.)  will  be  excreted  daily  for  the  first  few  days,  after 
which  the  percentage  diminishes  gradually  over  a  long  period.  The  curve  obtained  by 
Muller  from  continued  urinalyses  indicates  that  about  100  days  are  required  for  the 
complete  removal  of  germanium  from  the  system.  Following  a  dose  of  this  order,  a  like 
or  slightly  larger  quantity  will  be  equally  well  tolerated  the  next  day  and  subsequent 
days,  the  blood  and  tissues  apparently  adapting  themselves  to  the  presence  of  the  drug. 
Thus,  by  appropriate  regulation  of  quantity  and  frequency,  there  may  be  brought  about 
a  veritable  therapeutic  accumulation,  up  to  a  blood  content  of  about  0.01  percent.,  as 
previously  mentioned,  or  300  to  700  mgm.  for  a  man  of  average  weight  (65  kilos). 

Toxicity. — Solutions  of  germanium  dioxide  injected  intraperitoneally  are  only  mod- 
erately toxic.  Laboratory  animals  show  only  slight  loss  of  weight  from  doses  ranging 
from  0.15  to  0.3  Gm.  per  kilo.  The  maximum  tolerated  dose  for  rabbits  is  over  0.5  Gm. 
per  kilo  (Muller  and  Iszard).  Extended  to  man,  these  figures  would  give  a  large  margin 
of  safety,  since  they  indicate  that  2^2  drams  (10  Gm.)  and  perhaps  much  more,  could 
readily  be  tolerated  by  an  individual  weighing  60  kilos  (132  lbs.)  if  the  body  weight  be  a 
dependable  factor. 

Guinea-pigs  are  poisoned  by  0.5  Gm.  per  kilo,  and  killed  by  a  little  less  than  0.6  Gm. 
White  rats  resist  0.7  Gm.  per  kilo  (Hammett).  No  case  of  poisoning  appears  to  have 
occurred,  and  by  mouth  very  large  doses  may  safely  be  given.  Muller  swallowed  0.5  Gm. 
daily  for  3  days  and  experienced  no  ill  effects. 

Topical  Action. — Solutions  of  germanium  dioxide  are  not  topically  irritating  and,  if 
isotonic  and  of  proper  alkalinity,  may  be  freely  administered  parenterally. 

Systemic  Action. — The  principal  action  of  germanic  dioxide  is  upon  the  blood  and 
incidentally  upon  metabolism,  through  oxidative  processes.  The  alterations  in  the  red 
cells  and  hemoglobin  alone  appear  to  have  been  carefully  studied.  Injections  of  26  to 
45  mgm.  (about  y,  grain)  cause,  in  normal  guinea-pigs,  a  rise  in  the  number  of  red  cells 
in  the  circulating  blood  from  the  normal  of  41/3  to  5  millions  per  cc.  to  over  6  millions. 
In  rats,  repeated  injections  of  15  mgm.  per  kilo,  cause  a  rise  from  the  normal  71/3 
millions  to  10  millions.  The  only  other  effect  noted  after  such  injections  is  an  increase 
in  the  coagulability  of  the  blood,  which  with  larger  doses  may  be  so  marked  that  blood 
can  not  be  drawn  for  examination.  The  white  cells  are  not  affected.  Similar  effects 
are  seen  in  patients  with  severe  anemia,  the  red  cells  rising  to  as  much  as  75  percent, 
above  those  of  controls   (Kast  et  al.). 

Muller  found  in  the  venous  blood  a  tendency  to  localization  of  germanium  in  the 
red  cells,  while  in  the  arterial  blood  it  was  found  in  greater  quantity  in  the  plasma. 
Spectroscopic  study  showed  (1)  that  the  oxygenated  blood  of  animals  saturated  with 
germanic  oxide  gives  a  normal  absorption  spectrum;  (2)  that  the  same  blood  when 
reduced  in  vitro  by  exposure  to  carbon  dioxide,  to  reduced  pressure,  or  to  certain  micro- 
organisms that  absorb  oxygen,  gives  an  entirely  different  absorption  spectrum  from 
that  of  the  reduced  blood  of  control  animals — indicating  the  presence  of  an  alien  con- 
stituent in  the  cells;  (3)  that  upon  reoxygenation  in  vitro  of  this  reduced  germanium- 
blood,  the  normal  spectrum  of  oxyhemoglobin  reappears — indicating  escape  of  the  alien 
element  into  the  plasma,  where  it  can  no  longer  influence  the  spectrum,  of  a  normal 
cell  constituent. 

Muller  infers  the  GeOz  (germanium  dioxide)  in  blood,  in  the  presence  of  reducing 
agents  and  in  the  absence  of  free  oxygen,  yields  an  atom  of  O  and  becomes  GeO  (ger- 
manium monoxide) ;  but  is  restored  to  the  state  of  higher  oxidation  when  the  blood 
containing  it  again  takes  up  free  oxygen.  Tentatively,  he  suggests,  its  course  in  the 
body  may  be  pictured  thus:  When  carried  by  the  venous  blood  to  the  tissues,  GeO^  is 
reduced  to  GeO.  The  monoxide  having  a  strong  affinity  for  hemoglobin,  enters  the  red 
cell.  On  reaching  the  lungs,  however,  O  is  taken  up  by  the  germaniumized  hemoglobin 
and  GeOj  is  again  formed.  Being  more  soluble  in  the  plasma  than  in  the  cells,  the 
dioxide  leaves  the  latter.  Dissolved  in  the  plasma,  it  passes  on  in  the  arterial  stream, 
and  reaches  again  the  veins  and  the  tissues.  In  the  latter  it  is  again  reduced,  to  be 
again  oxidized  in  the  lungs;  and  so  on.  In  such  a  way,  germanium  may  serve  as  a 
carrier  of  oxygen  in  the  blood  and  this  capacity  may  be  the  underlying  cause  of  its 
stimulating  action  on  hemoglobin  and  red  cell  production. 

Therapeutics:  Systemic. — Germanium  has  no  topical  employment.  Internally, 
it  is  recommended,  as  yet,  only  in  the  anemias,  but  further  study,  experimental  and 
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clinical,  of  its  oxidizing  action,  may  possibly  suggest  other  fields  of  usefulness.  The 
improvement  that  it  brings  about  in  blood  picture  and  in  general  sense  of  well  being 
is  sometimes  astonishingly  great,  and  the  disappointment  suffered  by  those  who  have 
looked  for  impossible  results,  should  not  lead  to  the  neglect  of  a  potent  addition  to 
tiie  physician's  arnianicntarium.  It  is  quite  probable,  as  shown  by  the  studies  recorded 
under  absorption  and  elimination,  that  the  doses  heretofore  employed  have  been  too 
small.  The  attempt  should  be  made  to  administer  from  8  to  15  grains  (0.5  to  1  Gm.) 
in  from  seven  to  ten  days.  The  action  being  at  its  height  in  about  the  fifth  to  seventh 
day. 

Germanium  dioxide  will  not  bring  about  recovery  in  pernicious  anemia  or  in 
gastric  or  other  forms  of  cancer.  In  gastric  cancer,  indeed,  its  effect  is  so  often  nil, 
as  almost  thereby  to  offer  a  diagnostic  test.  In  aplastic  anemia,  the  effect  is  very 
slight,  even  at  first,  but  not  entirely  negative.  In  the  hyperplastic  form  of  pernicious 
anemia,  however,  the  drug  is  of  considerable  palliative  value.  It  stimulates  erythro- 
poiesis  remarkably  at  first,  especially  when  used  early ;  and,  if  supplemented  by  transfu- 
sions of  good  blood  at  the  appropriate  times,  will  not  only  aid  materially  in  the 
prolongation  of  life,  but  will  help  to  keep  the  patient  comfortable,  and  even  moderately 
active,  for  relatively  long  periods  between  transfusions.  Tranfusion  should  be  prac- 
ticed as  soon  as  the  patient  comes  under  observation.  When  the  increased  count 
after  transfusion  begins  to  subside,  germanium  is  to  be  given.  The  dose  must  be 
regulated  by  effects  observed.  Muller's  method  is  to  be  followed,  with  such  modifica- 
tions as  conditions  in  individual  cases  may  suggest,  and  with  intervals  of  some  weeks 
or  even  months  after  a  series  of  3  or  4  courses  of  five  to  ten  days  each. 

When,  during  one  of  these  intervals,  the  germanium  erythrocytosis  is  found  to 
diminish,  preparation  for  another  transfusion  is  to  be  made;  and  the  transfusion  should 
be  done  promptly  when  the  loss  threatens  to  become  great.  Afterward,  the  same 
routine  is  to  be  followed  as  after  the  original  transfusion.  In  secondary  anemias 
(except  that  of  carcinosis)  which  do  not  yield  to  removal  of  cause,  or  to  diet,  iron 
and  arsenic,  or  in  which  the  erythropenia  is  so  severe  as  to  constitute  in  itself  an 
indication  for  prompt  and  energetic  therapy,  germanium  dioxide  may  be  resorted  to 
with  great  confidence.  The  stimulus  it  gives  evokes  the  latent  recuperative  forces  of 
the  organism,  perhaps  removing  an  obstacle  to  their  action.  The  gains  made  are  held ; 
and  after  a  few  five  or  seven-day  courses,  the  drug  may  be  withdrawn  and  the  com- 
pletion of  recovery  entrusted  to  unaided  nature  or  to  the  more  common  measures. 
When  restoration  of  blood  is  sluggish  after  hemorrhage — whether  traumatic  or  de- 
pendent on  pathologic  lesions,  as  gastric  or  intestinal  ulcer,  or  pulmonary  tuberculosis 
— or  when  obstinate  anemia  is  a  feature  of  general  malnutrition,  or  of  tardy  con- 
valescence from  an  infectious  malady,  as  endocarditis  or  typhoid  fever,  a  course  or 
two  of  germanium  dioxide,  in  conjunction  with  an  appropriate  regime  of  life,  will 
prove  of  marked  benefit.  In  any  case  of  anemia  in  which  germanium  is  used,  it  can 
be  supplemented  by  iron  and  arsenic,  both  or  either,  given  during  the  periods  when 
germanium  is  intermitted,  and  by  preparations  of  spleen  and  bone  marrow,  which  may 
be  used  continuously,  if  so  desired. 

Administration. — An  appropriate  and  somewhat  elastic  method  of  administration  is 
essential  to  success  in  the  therapeutic  use  of  germanic  oxide,  and  the  blood  should  be 
studied  at  least  weekly  to  keep  track  of  results.  As  pointed  out,  only  an  active  solution 
is  of  any  effect.  The  drug  must  not  be  mixed  with  any  other.  Apparently  administration 
by  mouth  is  equally  effective  with  parenteral,  since  the  prompt  elimination  of  excess 
renders  gradual  absorption  desirable.  The  medicament  is  to  be  given  once  daily,  at  a 
time  when  the  stomach  is  presumably  empty,  and  not  less  than  y._,  to  1  grain  (30  to  60 
mgm.)  in  distilled  water,  should  be  taken.  Parenterally,  single  doses  of  less  than  i^ 
grain  (20  mgm. — 4  cc,  of  the  0.5  percent,  solution)  will  be  without  result.  Up  to  'Ji  grain 
(50  mgm. — 10  cc.)   may  be  given  in  a  single  dose,  repeated  as  seems  necessary  or  as 
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indicated  by  the  blood  picture.  It  is  commonly  well  to  make  daily  injections  for  5  to  7 
days  and  then  wait  for  further  indications.  The  effect  of  a  single  dose  does  not  neces- 
sarily show  itself  before  24  hours,  and  may  reach  its  height  about  the  third  day.  As 
large  doses  (2  grains — 100  mgm.,  or  more)  are  attended  by  excessive  elimination  in  the 
first  24  to  48  hours,  followed  by  a  slow  exit  of  that  remaining  in  the  system,  Muller 
recommends  that  a  quantity  not  exceeding  1  grain  (0.06  Gm.),  i.e.,  12  cc.  of  the  solution, 
be  given  daily  or  every  second  day  for  5  or  more  doses,  daily  blood  counts  being  made. 
After  an  interval  of  2  or  3  days  to  a  week,  the  course  is  to  be  repeated.  The  number 
of  courses,  the  duration  of  each  and  the  intervals  of  intermission  will  depend  on  the 
pathologic  characteristics  of  the  case,  and  the  effects  observed.  It  is  not  considered 
advisable  to  exceed  in  any  single  course  a  total  of  15  grains  (1  Gm.),  although  there 
is  every  reason  to  believe  that  at  least  10  times  that  quantity  might  be  given  with 
perfect  safety.  It  is  also  possible  that  instead  of  repeating  the  same  dose  day  after 
day,  a  gradual  increase — as  5  cc.  the  first  day,  6  cc.  the  second  day,  7  cc.  the  third  day 
and  so  on — will  be  found  the  better  plan  in  many  instances. 

Splenic  Extract 

Dried  extract  of  splenic  tissue  has  been  shown  to  have  a  fairly  marked  effect 
in  increasing  the  number  of  red  cells  and  the  hemoglobin.  It  is  effective  in  normal 
animals  and  man,  doses  of  14  grains  (0.9  Gm.)  daily  causing  an  increase  of  10  to  15 
percent,  in  man,  dogs  and  rabbits.  The  material  can  be  obtained  from  any  species 
and  is  effective  when  given  by  mouth.  It  causes  a  more  rapid  increase  and  reaching 
as  high  as  20  percent,  above  normal,  when  combined  with  extract  of  bone  marrow  in 
the  same  dose  (Leake).  The  mixture  should  contain  about  0.24  percent,  of  iron  and 
3  percent,  of  phosphatides.  Leake  believes  that  the  spleen  elaborates  an  erythropoietic 
hormone  from  red  blood  cells  destroyed  in  it. 

Materia  Medica. — Spleen  Substance. 

There  is  no  official  preparation  of  spleen  substance,  but  the  dried  substance  is  sold 
in  powdered  form,  and  an  extract  in  licjuid  form. 

Synergists. — An  extract  of  bone  marrow  given  with  it,  adds  to  the  hemopoietic 
action.     Iron,  arsenic,  germanium  dioxide  and  general  tonics  are  synergistic. 

Dose,  of  the  powder,  8  to  15  grains  (0.5  to  1  Gm.)  ;  of  the  liquid  extract,  1 
fluidram   (4  cc). 

Therapeutics. — The  therapeutics  of  splenic  extract  or  desiccated  spleen  substance 
is  more  or  less  empirical,  since  so  little  is  definitely  known  regarding  the  function 
of  the  spleen,  and  whether  or  not  it  is  one  of  the  endocrine  organs.  It  has  been 
prescribed  with  reported  benefit  in  anemia,  simple  and  pernicious,  myxedema,  exoph- 
thalmic goiter,  malaria,  typhoid  fever,  and  various  mental  disorders,  but  whether 
the  favorable  results,  when  such  have  been  observed,  are  attributable  to  a  splenic 
hormone  or  to  the  nucleins  contained  in  the  desiccated  gland  substance  is  not  yet 
determined.  It  has  also  been  given  in  splenomegaly  and  cirrhosis  of  the  spleen, 
and  as  a  nutritional  tonic  in  tuberculosis   and  other  wasting  disorders. 

Splenic  feeding  seems  to  have  a  rational  indication  in  cases  in  which  splenectomy 
has  been  performed  for  surgical  indications,  and  we  have  personally  observed  apparent 
benefit.  After  splenectomies  for  blood  dyscrasias  and  hemorrhagic  vascular  affections, 
its  use  will  be  governed  by  the  special  pathologic  and  clinical  conditions.  If  no  contra- 
indication exists,  the  continuous  use  of  a  preparation  of  spleen  tissue  may  materially 
diminish  the  risk  of  infections  of  various  kinds,  consequent  upon  the  lowered  general 
resistance  always  entailed  by  loss  or  malfunction  of  the  organ. 

Hemic  Depressants 

Under  the  heading  of  hemic  depressants  may  justly  be  included  certain  agents 
which  have  a  destructive  effect  on  the  blood  making  organs  or  on  the  formed  elements 
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of  the  blood.  Most  drugs  exerting  such  actions  find  little,  if  any,  corresponding  thera- 
peutic use  and  are  more  conveniently  taken  up  with  other  classes  of  agents,  the  only 
drug  receiving  extended  consideration  here  being  phcnylliydrazine,  which  destroys  the 
red  blood  cells  and  may  be  employed  with  advantage  in  certain  cases  of  polycythemia. 
Fatty  degeneration  of  the  spleen  and  bone  marrow  is  a  frequent  accompaniment  of 
metallic  poisoning,  as  by  antimony,  lead  and  mercury.  Lead  also  acts  destructively 
on  the  red  cells.  A  condition  known  as  hemochromatosis  associated  with  destruction 
of  hemoglobin  and  pigment  deposits  in  the  liver  may  occur  in  chronic  poisoning  by 
copper.  Alteration  of  the  hemoglobin  is  seen  in  poisoning  by  aniline  and  the  related 
"coal-tar"  antipyretics. 

The  white  blood  cells  are  destroyed  by  benzol,  which  may  be  of  benefit  in  certain 
forms  of  leukemia,  but  which,  on  account  of  its  chemical  relation  to  aromatic  anti- 
septics and  its  use  as  a  preservative,  has  been  described  with  antipathogens.  The 
lymphatic  tissues,  which  are  the  source  of  the  lymphocytes,  are  injured  or  destroyed 
by  radium  emanations  as  well  as  by  x-rays,  and  these  have  found  a  limited  use  in 
lymphatic  leukemias. 

Phenylhydrazine 

Phenylhydrazine  was  used  in  animal  experiments  by  Hoppe-Seyler,  who  found 
that  it  induced  hepatic  lesions  and  destruction  of  erythrocytes.  In  1908,  Morawitz 
and  Pratt  succeeded  in  producing  experimental  anemia  in  animals  by  its  use,  but  it 
was  not  used  clinically  until  10  years  later,  Eppinger  and  Hess  giving  it  to  several 
patients  with  polycythemia'  vera.  Since  this  time  it  has  had  a  rather  limited  use  in 
the  treatment  of  this  condition. 

Chemistry. — Phenylhydrazine  is  an  aniline  derivative,  having  the  composition, 
CjHj.NH.XH,.  It  forms  salts  with  acids,  which  are  far  more  soluble  than  the  basic 
substance,  and  these  share  its  action  on  the  blood  and  liver.  Certain  other  derivatives, 
such  as  acetyl-phenylhydrazine,  CgHj.NH.NHCOCHj,  show  equal  destructive  action 
on  the  red  cells,  but  are  less  injurious  to  the  liver.  It  is  probable  that  some  such  com- 
pound will  be  found  more  suitable  for  use  in  polycythemia  than  the  original  substance. 

Summary  of  Actions  and  Uses. — Phenylhydrazine  exhibits  a  destructive  action  on 
the  red  blood  cells,  and  induces  fatty  degeneration  of  the  liver.  After  small  doses  only 
the  action  on  the  red  blood  cells  and  leucocytosis  of  uncertain  origin  are  noted. 

It  is  employed  solely  in  the  treatment  of  a  condition  of  unknown  origin,  character- 
ized by  an  excessive  number  of  red  corpuscles  in  the  circulating  blood,  and  known  as 
polycythemia  vera. 

Materia  Medica. — Phenylhydr.^zine  Hydrochlokide  (unofiicial),  Phenylhydrazine 
hydrochloride. 

Occurs  as  a  white  crystalline  powder,  melting  at  about  200°  C. 
Dose,  iVo  to  5  grains   (0.1  to  0.3  Gm.)   daily  by  mouth. 

Pharmacodynamic  Action. — Phenylhydrazine  hydrochloride  is  absorbed  from  the 
digestive  tract  unchanged,  but  absorption  is  either  slow  or  incomplete  and  the  effective 
dose  by  mouth  is  much  larger  than  when  the  drug  is  given  parenterally. 

It  is  excreted  slowly  in  the  urine,  which  becomes  dark  as  red  cell  destruction  pro- 
ceeds, and  if  allowed  to  stand  may  be  almost  black.  Owing  to  slow  excretion  the  effects 
of  the  drug  are  likely  to  be  cumulative  and  the  red  cell  count  may  continue  to  fall  for 
2  weeks  after  administration  has  ceased. 

Topically  it  is  not  irritating.  It  is  moderately  toxic,  especially  when  administered 
parenterally.  Dogs  given  0.2  Gm.  per  kilo,  die  after  several  days  as  a  result  of  blood 
destruction  and  hepatic  degeneration.  Rabbits  are  killed  by  0.05  Gm.  per  kilo,  subcu- 
taneously  or  by  0.5  by  stomach  tube.  By  the  stomach,  0.1  Gm.  has  no  toxic  effect.  After 
fatal  poisoning,  all  the  organs,  especially  the  kidneys  and  spleen,  are  found  stained  with 
altered  hemoglobin.  The  liver  exhibits  fatty  degeneration  of  the  cells,  beginning  in  the 
center  of  the  lobules   (in  contrast  to  that  of  phosphorus  poisoning),  and  progressing 
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outward  until,  In  dogs  dying  3  to  6  days  after  being  poisoned,  all  the  cells  are  involved. 
The  nuclei  remain  intact. 

Doses  too  small  to  affect  the  liver  develop  only  the  destructive  effect  on  the  red 
cells,  accompanied  by  alterations  in  the  hemoglobin  and  staining  of  the  tissues  and 
urine  with  the  products  of  the  destroyed  pigment.  An  adult  rabbit  given  a  single  intra- 
peritoneal injection  of  i/o  grain  (30  mgm.)  develops  anemia  reaching  a  maximum  on 
the  4th  day,  when  the  red  cells  and  hemoglobin  are  reduced  to  about  60  percent,  of  the 
normal.  Repeated  doses  of  10  mgm.  daily  given  to  adult  rabbits  cause  at  first  a  destruc- 
tion of  the  red  cells  and  some  anemia,  but  with  repeated  doses,  the  resistance  gradually 
increases.  This  phenomenon  is  not  due  to  destruction  of  the  poison,  but  to  a  generally 
increased  power  of  resistance  of  the  red  cells,  exhibited  not  only  to  phenylhydrazine 
i)i  vivo,  but  seen  also  when  the  drawn  blood  is  exposed  to  dilute  salt  solution,  to  chloro- 
form, ether,  saponins,  or  hemolytic  serums.  The  increased  resistance  lasts  only  4  to  5 
days  after  the  last  dose  (Morawitz  and  Pratt).  The  only  other  effect  of  small  doses  is 
the  leucocytosis  affecting  the  polymorphonuclears,  which  begins  before  the  red  cell  count 
begins  to  fall,  and  which  in  man  may  bring  the  white  cells  as  high  as  30,000  to  60,000 
per  cc.    The  platelet  count  is  not  affected. 

Therapeutics. — Phenylhydrazine  is  employed  solely  in  polycythemia,  being  given 
in  small  dose  at  first  and  the  clinical  condition  and  the  blood  picture  carefully  watched. 
When  the  red  cell  count  falls  to  near  normal,  administration  should  be  stopped  and 
not  continued  unless  it  rises  again.  If  the  rise  in  leucocytes  is  marked,  the  treatment 
should  be  discontinued. 

Administration. — Phenylhydrazine  is  given  by  mouth  in  dose  of  3  to  5  grains  (0.2 
to  0.3  Gm.)  daily,  until  the  hemoglobin  falls  to  normal  or  the  leucocytes  rise  above 
normal  limits.  The  drug  may  then  be  discontinued  until  the  leucocyte  count  falls  or 
the  red  cell  count  rises,  as  the  case  may  be,  or  doses  of  li/o  grains  (0.1  Gm.)  may  be  given 
every  other  day,  the  patient  being  watched  carefully  for  excessive  alterations  in  the 
blood  count.  The  jaundice,  urobilinuria,  etc.,  which  accompany  the  blood  destruction, 
are  rarely  severe  enough  to  demand  interruption  of  treatment. 

Hemic  Adjuvants 

Coagulants 

In  medical  practice  it  is  often  desirable  to  induce  clotting  of  blood  for  the  pur- 
pose of  checking  or  preventing  hemorrhage.  Anticoagulants,  or  measures  which  delay 
or  prevent  clotting  are  employed  to  conserve  drawn  blood,  as  in  indirect  transfusion, 
and  are  invaluable  in  certain  animal  experiments   and  laboratory  tests. 

Before  considering  the  individual  substances  used  for  these  purposes  it  may  be 
well  to  review  briefly  the  normal  process  of  clotting.  Clotting  consists  in  the  change 
of  fibrinogen  into  fibrin,  fibrinoglobulin  being  formed  at  the  same  time.  This  change 
is  brought  about  by  the  action  of  thrombin,  which  is  apparently  not  a  ferment,  but 
which  may  unite  with  fibrinogen  in  very  definite  proportions — according  to  Howell, 
1  part  of  thrombin  to  115  parts  of  fibrinogen.  Thrombin  probably  exists  in  the  blood 
in  the  form  of  prothrombin,  although  it  may  circulate  in  small  amount  as  such.  The 
prothrombin  is  converted  into  thrombin  by  the  action  of  calcium.  There  exists  in 
normal  blood  also  a  substance  which  interferes  with  clotting,  and  which  is  known 
as  antithrombin.  It  is  possible  that  this  is  loosely  combined  with  the  thrombin. 
Extracts  of  all  animal  tissues  hasten  clotting,  and  may  cause  it  in  blood  in  which 
spontaneous  clotting  has  been  prevented.  That  the  action  of  such  extracts  is  not 
due  to  the  presence  of  thrombin,  is  shown  by  their  lack  of  power  to  coagulate  pure 
fibrinogen.  They  may  either  hasten  the  conversion  of  prothrombin  to  thrombin,  or, 
more  likely,  they  unite  with  antithrombin,  thus  freeing  the  thrombin  and  allowing 
it  to  act. 

Any  factor  which  interferes  with  the  no.rmal   process  of  clotting  gives  rise  to 
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grave  danger  of  hemorrhage,  and  the  various  methods  employed  for  stopping  bleed- 
ing are  thus  of  great  practical  importance. 

When  the  part  is  accessible  the  method  most  used  is  that  of  direct  pressure. 
This  mechanically  prevents  the  exit  of  blood  from  the  vessels  and  gives  time  for 
the  escaped  blood  to  clot  firmly  and  thus  occlude  them.  The  bleeding  stops  more 
quickly  if  the  pad  with  which  pressure  is  made  is  wet  with  very  hot  water.  Clotting 
is  probably  thus  accelerated. 

Cold  acts  also  as  a  preventive  of  hemorrhage.  This  is  partly  due  to  a  constrict- 
ing action  on  the  vessels.  There  may  be  reflex  effect  on  the  circulation  even  at  a 
distance,  as  seen  in  the  checking  of  pulmonary  hemorrhage  by  holding  ice  in  the 
mouth. 

The  drugs  which  prevent  and  restrain  hemorrhage  act  in  one  of  three  ways: 
(1)  by  constricting  the  vessels  and  thus  delaying  the  flow  from  them;  (2)  by  pre- 
cipitating (coagulating)  the  proteins  of  the  blood  and  thus  plugging  the  vessels; 
and  (3)   by  causing  a  true  clotting  or  formation  of  fibrin. 

Of  the  drugs  acting  as  vasoconstrictors  adrenalin  is  by  far  the  most  active. 
Pituitrin  acts  similarly  but  more  feebly.  Cocaine  is  often  of  especial  value  as  the 
local  anesthetic  action  removes  those  reflex  stimuli  which  indirectly  cause  hyperemia 
of  the  injured  part.  These  drugs  are  of  use  only  when  applied  topically  (which  in- 
cludes swallowing  for  effect  on  the  stomach  in  gastric  ulcer),  and  other  remedies 
must  be  employed  to  check  internal  bleeding.  The  chief  agent  for  this  purpose  is 
ergot,  which  is,  however,  of  greatest  value  in  hemorrhages  from  organs  well  supplied 
with  unstriped  muscular  tissue  which  it  causes  to  contract.  Its  action  in  hemorrhage 
from  the  uterus  is  almost  always  prompt  and  it  is  used  .with  success  in  bleeding 
from  the  stomach,  bowel,  bladder,  etc.  Its  active  principles,  ergotoxine  and  tyramine, 
act  in  a  similar  manner.  More  obscure  is  the  mode  of  action  of  ipecac  and  emetine, 
which  are  said,  especially  by  French  authors,  to  be  very  effective  in  checking  hemor- 
rhage from  the  lungs,  stomach  and  bowels.  Most  of  the  other  drugs  which  cause 
vasoconstriction  excite  such  a  rise  in  blood  pressure  as  to  make  their  employment  in 
hemorrhage  seem  hazardous,  but  digitalis  has  been  recommended  for  certain  types 
of  bleeding,  and  hydrastis  is  used  both  systemically  and  topically.  In  certain  animal 
experiments  potassium  chloride  has  been  found  very  effective.  This  drug  would  seem 
to  fill  theoretic  indications  quite  well,  as  it  constricts  the  blood  vessels  and  yet  causes 
a  fall  in  blood  pressure  by  action  on  the  heart.  It  does  not  seem  to  have  been  used 
clinically. 

Drugs  of  the  second  group — coagulants — stop  bleeding  by  precipitating  proteins, 
and  often  mucus  as  well,  if  this  be  present.  The  openings  in  the  vessels  are  thus 
plugged,  or  the  walls  sealed  together.  Such  drugs  are  used  only  topically,  either  in 
solution  as  ferric  chloride,  ferric  sulphate  (Monsel's  solution),  alum,  etc.,  or  in 
crystals  or  fused  beads,  as  silver  nitrate  (lunar  caustic),  copper  sulphate  (blue  stone), 
chronic  acid,  etc.  Any  drug  which  acts  destructively  on  cells  or  proteins  may  cause 
intravascular  clotting  if  injected  in  a  vein,  and  this  accident  has  been  reported 
after  injection  of  ether.  Whether  acting  as  coagulants  or  in  some  obscure  manner, 
certain  essential  oils,  including  turpentine  and  oil  of  erigeron,  appear,  even  when 
administered  by  mouth,  to  have  the  power  to  check  internal  hemorrhages.  Hydrogen 
dioxide  and  other  peroxides  are  efficacious  locally,  perhaps  through  their  effervescence, 
in  some  mechanical  manner. 

The  third  method  of  preventing  bleeding  is  by  hastening,  aiding,  or  causing 
the  true  clotting  of  the  blood,  that  is,  the  formation  of  fibrin.     This  may  be  done: 

(1)  By  the  use  of  fibrin  ferment  as  found  in  excess  in  fresh  serum  or  as  prepared 
in  dry  form. 
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(2)  By  the  use  of  tissue  juices,  of  which  brain  and  lung  extracts  seem  to 
be  most  efficacious.  A  specific  coagulant  action  is  sometimes  attributed  to  the 
thymus  and  thyroid,  but  it  is  probable  that  they  act  merely  as  do  other  tissue  extracts 
(whether  extracts  of  blood  platelets  have  a  specific  action  is  as  yet  doubtful). 

(3)  By  the  use  of  calcium  salts  which  act  on  the  prothrombin,  but  are  effective 
only  in  a  limited  class  of  cases.  Thus,  in  the  hemoptysis  of  pulmonary  tuberculosis, 
they  are  of  distinct  benefit;  they  aid  in  the  prevention  of  operative  and  postoperative 
hemorrhages,  especially  from  the  liver  and  after  tonsillectomy,  but  in  hemophilia  and 
purpura  they  are  less  efficient  than  the  tissue  extracts. 

(4)  By  the  use  of  gelatin. 

(5)  A  slight  increase  in  the  acidity  of  blood  causes  it  to  clot  more  quickly,  while 
increase  in  alkalinity  has  thejapposite  effect.  Neither  is  taken  advantage  of  in  loutine 
medical  or  laboratory  methods. 

Blood  Coagulins 

The  clotting  of  blood  is  a  reaction  between  fibrinogen  and  fibrin  ferment  and,  in 
many  cases  characterized  by  delayed  or  inefficient  clotting,  it  would  seem  that  the  latter 
is  deficient.  Fibrin  ferment  appears  to  be  formed  from  prothrombin  (which  may  be 
contained  in  the  blood  platelets),  and  after  normal  clotting  an  excess  of  it  remains 
in  the  serum.  Both  fresh  serum,  therefore,  and  extract  of  blood  platelets  contain  the 
ferment  or  proferment  and  may  be  effective  in  checking  bleeding  dependent  on  abnor- 
mality of  the  blood. 

Chemistry. — Fibrin  ferment  or  thrombin,  as  contained  in  fresh  serum,  is  a  highly 
labile  substance  of  ferment  character.  It  is  destroyed  by  heat  and  soon  loses  its 
activity  on  standing.  From  the  platelets  a  lipoid  has  been  isolated,  which  is  related 
to  the  tissue  coagulins  and  is  effective  in  causing  or  hastening  clotting.  This  is 
thermostable  and  can  be  boiled  for  sterilization.  It  may  be  kept  for  months  in  powder 
or  as  solution  in  sealed  glass  containers  without  loss  of  power.  It  may  be  a  profer- 
ment or  it  is  possible  that  a  more  fermentlike,  thermolabile  body  is  also  present  in  fresh 
platelets. 

Materia  Medica. — Precipitated  Horse  Serum  (unofficial).  Precipitated  Horse 
Serum.    Synonym :    Coagulose. 

A  dry  sterile  powder  obtained  by  precipitating  normal  horse  serum  with  a  mixture 
of  acetone  and  ether.  For  use,  10  grains  (0.65  Gm.)  of  the  powder  (equivalent  to 
10  cc. — 21/2  fluidrams,  of  serum)  is  dissolved  in  1^/2  to  2  fluidrams  (6  to  8  cc.)  of 
sterile  water. 

Dose,  IV2  to  2  fluidrams  (6  to  8  cc.)  of  such  solution,  subcutaneously,  repeated  in 
2  to  3  hours.     Also  used  in  the  same  strength  externally. 

Hemostatic  Serum  (unofficial),  Hemostatic  Serum.     Synonym:    Hemoplastin. 

A  solution  of  fibrin  ferment  with  prothrombin,  prepared  from  fresh  horse  serum. 
It  is  a  clear  light  amber  solution,  having  a  very  low  protein  content. 

Dose,  15  to  30  minims  (1  to  2  cc),  intravenously  or  subcutaneously,  every  4  to  6 
hours.     Also  rised  undiluted  externally. 

Blood  Platelet  Extract  (unofficial).  Blood  Platelet  Extract.  Synonym: 
Coagulen. 

A  powder  made  by  separating  the  blood  platelets  of  the  horse  by  centrifugation, 
drying  them  and  triturating  with  cane-sugar  to  make  a  powder  of  which  1  Gm. 
corresponds  to  30  Gm.  of  blood.  It  occurs  as  a  yellow  granular  powder,  freely  soluble 
in  water. 

Dose,  3  fluidounces  (100  cc.)  of  a  3^/2  to  5  percent,  solution,  subcutaneously.  Also 
used  externally  in  5  to  10  percent,  solution. 
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Pharmacodynamic  Action. — Fresh  serum,  even  of  a  different  species,  added  to  blood 
kept  from  clotting  by  hirudin,  to  the  blood  of  a  hemophiliac  or  even  to  a  solution  of 
pure  fibrinogen,  promptly  causes  spontaneous  clotting.  Injection  of  fresh  serum  under 
the  skin,  or  especially  intravenously,  is  likely  to  give  rise  to  symptoms  suggestive  of 
serum  sickness,  and  it  is  possible  that  the  lesser  tendency  of  aged  serum  to  cause  such 
symptoms,  may  in  part  be  dependent  on  inactivatlon  of  the  fibrin  ferment.  In  normal 
persons  shorter  clotting  time  follows  soon  after  such  injections  of  fresh  serum,  but 
this  acceleration  is  much  greater  in  persons  whose  clotting  time  is  abnormally  long. 

Both  coagulose  and  hemoplastin  are  said  to  contain  too  little  protein  to  cause  serum 
sickness  (anaphylaxis),  but  fatal  anaphylactic  shock  has  been  reported  from  the  latter 
(De  Lee),  and  very  severe  shock  from  the  former  applied  to  a  surgical  wound  (Sayre). 

Platelet  extract  added  to  blood,  in  vitro,  causes  prompt  clotting,  and  injection  of 
10  cc.  per  kilo,  of  a  1  percent,  solution,  causes,  in  rabbits  and  dogs,  a  reduction  of 
clotting  time  to  half  the  normal.  In  addition  to  the  direct  effect  upon  the  blood,  it  pro- 
motes vasoconstriction  (Hirose),  more  particularly  by  topical  action.  Intravenous  in- 
jection of  25  cc.  of  such  a  solution  per  kilo,  checks  promptly  the  bleeding  from  the  cut 
surface  of  the  dog's  kidney.  Injections  do  not  lead  to  intravascular  clotting  in  normal 
vessels  of  man  or  other  animals,  but  if  there  are  varicose  veins,  valvular  lesions  of  the 
heart  or  pyemia,  the  injection  may  be  dangerous.  In  man,  over  3  fluidounces  (100  cc.) 
of  a  5  percent,  solution  may  be  given  with  no  other  effect  than  to  check  any  existing 
hemorrhage.  Twice  this  dose  is  likely  to  be  followed  by  rapid  pulse,  flushed  face,  fever, 
headache,  dizziness  and  faintness  and  other  anaphylactic  phenomena. 

Therapeutics. — Fresh  serum,  precipitated  horse  serum  (in  solution)  and  hemostatic 
serum  are  used  to  meet  the  same  indications.  They  are  applied  topically  to  chock  any 
accessible  hemorrhage  and  are  injected  subcutaneously  in  the  hope  of  controlling 
internal  bleeding,  such  as  hemoptysis,  hemUtemesis,  metrorrhagia  and  melena.  During 
surgical  operations,  when  bleeding  is  excessive,  they  may  be  used  systemieally  and 
also  applied  on  pads  to  the  cut  surfaces.  In  hemorrhagic  dyscrasias,  such  as  purpura 
and  hemophilia,  they  may  be  injected  every  4  hours  until  bleeding  ceases,  and  admin- 
istration by  mouth  then  tried.  This  will  often  continue  the  good  effect  and  ensure 
permanent  relief.    The  hemorrhages  of  scurvy  yield  to  like  measures. 

Extract  of  blood  platelets  is  effective  in  the  same  conditions.  Topically,  a  10 
percent,  solution  applied  on  a  cotton  pledget,  will  commonly  stop  bleeding  from  any 
accessible  surface,  such  as  the  nose  or  rectum. 

Internally,  from  2^2  to  3  fluidounces  (70  to  100  cc.)  of  a  10  percent,  solution, 
given  subcutaneously,  will  commonly  check  epistaxis,  bleeding  from  tumors,  metror- 
rhagia, hemoptysis  and  similar  hemorrhages.  In  purpura  and  hemophilia  and  in  the 
bleeding  of  scurvy,  it  may  be  given  subcutaneously  or  by  mouth.  In  hemophilia,  its 
action  "Should,  if  possible,  be  supplemented  by  topical  application. 

Administration. — The  various  preparations  of  serum  and  of  blood  platelets  are 
commonly  most  effective  when  given  subcutaneously,  and  the  injection  need  not  be  near 
the  site  of  the  hemorrhage.  They  may  also  be  applied  externally,  their  use  being  supple- 
mented, when  possible,  by  pressure  applied  to  the  cotton  pledget.  The  liquid  preparations 
are  to  be  used  undiluted;  the  solid,  in  10  percent,  solution.  In  hemorrhagic  dyscrasias, 
such  as  hemophilia,  it  is  advisable  to  give  an  additional  dose  after  the  bleeding  has 
ceased,  as  it  is  otherwise  likely  to  recur.  The  serum  must  be  that  of  freshly-shed  blood, 
as  the  ferment  is  destroyed  on  standing  in  solution.  Dried,  precipitated  horse  serum 
and  dry  platelet  extract  retain  their  activity  for  months. 

Tissue  Coagulins 

It  has  long  been  known  that  extracts  of  tissues  added  to  drawn  blood  hasten  its 
clotting,  and  added  to  blood  which  was  hindered  from  clotting  by  various  measiires, 
such  as  injection  of  hirudin  or  of  peptone,  cause  it  to  clot.  The  substance  or  sub- 
stances in  the  tissues  which  bring  about  this  clotting  have  been  termed  tissue  coagulins, 
tissue  thrombins,  thromboplastin,  kephalin  and  many  other  names.  The  substance 
is  not  species-specific  and  the  tissue  extract  of  one  species  is  as  effective  in  clotting 
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the  blood  of  another  species  as  in  clotting  its  own.  The  lungs  seem  to  contain  the 
greatest  proportion  of  the  tissue  coagulins,  the  central  nerve  system  and  spleen  being 
almost  equal  in  content.  Although  apparently  identical,  the  thromboplastins  from 
different  tissues  differ  in  stability,  that  made  from  the  central  nerye  system,  and 
known  as  kephalin,  retaining  its  effectiveness  longest. 

Chemistry. — The  active  agent  in  the  tissue  coagulins  has  been  shown  by  Howell 
to  be  a  phosphatid,  related  to  or  identical  with  lecithin.  As  it  is  contained  in  large 
amount  in  the  brain,  the  name  of  kephalin  has  been  applied  to  it  by  Thudicum.  It 
is  present  in  the  ether  extract  of  brain  tissue  and,  being  thermostable,  may  be  steri- 
lized by  brief  boiling.     In  solution  preserved  with  cresol,  it  keeps  for  several  months. 

Materia  Medica. — Brain  Lipoid  (N.N.E.),  Brain  Lipoid. 

The  brains  of  cattle  are  extracted  with  alcohol,  dried,  and  the  dry  residue  extracted 
with  ether,  which  is  evaporated  off,  leaving  the  brain  lipoid.  The  impurities  do  not 
interfere  with  its  action,  but  facilitate  its  emulsification  in  salt  solution. 

Dose,  used  externally  in  0.1  to  0.2  percent,  suspension. 

Kephalin  (N.N.K.),  Kephalin. 

The  brains  of  cattle  are  dried  and  extracted  with  petroleum  ether.  This  extract 
is  concentrated  and  precipitated  with  acetone,  the  precipitate  being  dried  and  sus- 
pended as  0.1  to  0.2  percent,  emulsions  in  salt  solution. 

Dose,  used  freely  externally. 

Solution  Brain  Extract  (N.N.R.),  Solution  of  Brain  Extract.  Synonyms: 
Thromboplastin,  Hemagulen,  Thromboplastin  Solution. 

Cattle  brains,  finely  chopped,  are  diluted  with  an  equal  quantity  -of  salt  solution 
and,  after  standing,  strained  through  cheese  cloth.  To  the  extract  is  added  half  its 
volume  of  salt  solution  and  0.3  percent,  of  tricresol.  A  special,  sterile  preparation 
(thromboplastin,  hypodermic)  marked  appropriately,  conlaining  1  part  in  8  of  brain 
tissue,  is  marketed  for  hypodermic  use  in  dose  up  to  10  to  20  cc.  every  24  hours. 

Dose,  used  freely  externally. 

Pharmacodynamic  Action. — Blood  plasma  prevented  from  clotting  by  addition  of 
sodium  oxalate,  sodium  citrate  or  other  anticoagulant,  clots  in  less  than  1  minute  if 
1  part  in  100  of  solution  of  thromboplastin  is  added.  The  clotting  of  normal  blood  is 
markedly  accelerated,  perhaps  as  suggested  by  Howell,  through  the  neutralization  of 
antithrombin.  The  brain  extracts  are  not  toxic  and  do  not  cause  clotting  within  the 
normal  vessels.  When  injected  they  may  lead  to  formation  of  clots  within  varicose 
veins,  on  diseased  heart  valves,  in  aneurisms,  etc.  The  injection  is  dangerous  in 
the  presence  of  arteriosclerosis,  syphilitic  lesions  of  the  blood  vessels  and  phlebitis.  As 
the  extracts  are  made  from  cattle  brain,  sensitization  to  horse  serum  is  not  to  be  feared. 

Therapeutics:  Topical. — These  suspensions  fixid  their  chief  use  as  external  appli- 
cations in  external  hemorrhages.  The  bleeding  from  wounds,  such  as  those  left  after 
tonsillectomy  and  intranasal  operations,  is  promptly  controlled  if  a  pledget  of  cotton 
wet  with  the  emulsion  be  pressed  against  the  wound  surface.  Larger  operative  areas 
may  be  similarly  treated.  The  special  preparation  for  hypodermic  use,  made  by  grind- 
ing brain  tissue  in  8  volumes  of  salt  solution,  sterilizing  by  heat  and  drawing  off  the 
clear  liquid  after  standing,  may  be  injected  hypodermically  to  cheek  internal  bleeding 
and  to  relieve  hemophilia  and  similar  dyscrasias.  This  may  also  be  used  prophylacti- 
cally  before  operations,  when  hemorrhage  is  anticipated,  as  in  the  presence  of  jaundice. 

Administration. — Thromboplastin  and  kephalin  are  used  in  the  same  manner  as  the 
blood  coagulins.  They  may  be  applied  to  bleeding  surfaces  on  cotton  pledgets  or  tampons 
or  as  sprays.  Close  contact  with  the  bleeding  surface  is  essential,  soft  clots  being 
removed,  if  necessary,  to  effect  this.  Prolonged  contact,  even  up  to  an  hour,  may  be 
necessary,  the  solution  being  renewed  from  time  to  time.  By  mouth  the  suspensions 
may  be  used  in  hemorrhages  from  the  stomach  and  even,  with  some  hope  of  success,  in 
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those  from  the  bowel,  as  in  typhoid  fever.  The  single  dose  Is  from  21/2  to  8  fluldrams 
(10  to  30  cc).  given  on  an  empty  stomach  with  ice  or  ice  water  and  well  diluted.  It 
may  be  repeated  in  2  to  4  hours. 

When  local  applications  are  ineffective  or  impracticable,  hypodermic  or  intramuscular 
injection  ii^  more  effective  than  administration  by  mouth.  From  2%  to  5  fluidrams  (10 
to  20  cc.)  of  the  special  hypodermic  preparation  may  be  injected  and  repeated  in 
4  to  8  hours.  The  same  amount  may  be  given  an  hour  or  two  before  operation.  Intra- 
venous injection  is  more  or  less  dangerous  and  may  lead  to  intravascular  clotting,  if 
the  vessels  of  any  part  of  the  body  are  diseased.  If  the  special  hypodermic  preparation 
is  not  available,  the  external  preparation  may  be  suitably  diluted  and  sterilized  by 
boiling.  Mills,  however,  states  that  if  75  minims  (5  cc.)  of  a  1.5  percent,  solution  in 
ice  water  be  swallowed  on  an  empty  stomach  so  that  it  enters  the  empty  duodenum 
promptly,  it  is  absorbed  so  quickly  that  in  15  to  30  minutes  the  clotting  time  of  the 
blood  may  be  reduced  to  half  or  even  less.  The  effect  is  even  more  prompt  than  from 
subcutaneous  injection. 

Gelatin 

Gelatin  is  a  foodstuff,  being  able  to  replace  part  of  the  protein  of  an  ordinary 
diet.    It  has  no  topical  or  systemic  action  except  on  the  clotting  of  the  blood. 

Materia  Medica. — Gelatinum  (U.S.  X.),  Gelatin.    Ahhr.,  Gelat. 

The  purified  product  obtained  from  animal  tissues,  as  skin,  ligaments,  and  bones, 
by  treatment  with  boiling  water.  An  amorphous  solid,  in  sheets  or  flakes  or  in  ground, 
powdered  or  shredded  form,  colorless  or  slightly  yellowish,  and  having  a  very  slight, 
characteristic  odor  and  taste;  unalterable  in  the  air  when  dry,  but  decomposing  when 
moist  or  in  solution.  Gelatin  is  insoluble  in  cold  water  but  swells  and  softens  when 
immersed  in  it,  gradually  absorbing  from  5  to  10  times  its  own  weight  of  water ;  soluble 
in  hot  water,  acetic  acid  or  glycerin;  insoluble  in  alcohol,  chloroform,  ether,  benzene, 
carbon  disulphide  or  fixed  or  volatile  oils. 

Antagonists  and  Incompatihles. — Tannin,  chlorine,  bromine,  picric  acid,  mercuric 
chloride,  alcohol  and  formaldehyde  coagulate  solutions  of  gelatin. 

Dose,  V2  to  1  ounce  (15  to  30  Gm.). 

Gel.^tinum  Glycerinatum  (U.S.  X.),  Glycerinated  Gelatin.  Allr.,  Gelat. 
Glycerin. 

Equal  parts  by  weight  of  glycerin  and  gelatin  are  heated  together  in  a  sufficient 
amount  of  water  on  a  water  bath  until  the  gelatin  is  dissolved;  the  solution  is  then 
strained  while  hot,  and  when  cool  the  mass  is  cut  into  pieces. 

Dose,  used  as  a  vehicle. 

Pharmacodynamic  Action. — Gelatin  was  found  by  Dastre  and  Florescu  (1896)  to 
shorten  the  coagulation  time  of  the  blood  when  Injected  intravenously  in  dogs.  It  also 
increases  the  firmness  of  the  clot.  They  found  that  0.8  Gm.  per  kilo,  made  the  blood  clot 
almost  instantly  on  being  drawn,  while  an  injection  of  0.3  Gm.  per  kilo,  hastened  clotting 
distinctly.  These  amounts  are  sufficient  to  cause  gelification  of  the  blood  in  the  cold; 
but  as  clotting  proceeds  rapidly  even  when  the  blood  is  kept  warm,  and  as  formation 
of  fibrin  threads  can  be  followed  under  the  microscope,  the  process  is  not  one  of  gelifica- 
tion. Clotting  of  peptone  blood  is  likewise  brought  about,  but  not  that  of  oxalate  blood, 
and  no  increase  in  the  amount  of  oxalate  is  needed  to  prevent  it.  The  action  of  gelatin 
is,  therefore,  not  due  to  calcium. 

All  acids  in  small  amounts  decrease  coagulation  time.  Commercial  gelatin  is  acid 
and  its  effect  is  weakened  but  not  lost  by  neutralization.  Its  action  is  thus  partly  due 
to  the  acidity. 

The  facts  reported  by  the  authors  cited  have  been  disputed,  but  the  main  discovery 
has  been  amply  confirmed.  Gelatin  in  solution  has  also  been  found  to  restrain  bleeding 
when  applied  externally  to  wounds  and  ulcers  (Carnot).  Heating,  as  in  complete  sterili- 
zation, deprives  gelatin  of  much  of  its  activity  and  considerably  larger  doses  of  such 
preparations  are  required  to  achieve  equal  effects.  Digestion  produces  an  even  greater 
loss  of  coagulant  power.     Nevertheless,   the  products  of  artificial   digestion  of   gelatin 
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injected  intravenously  in  dogs  reduced  the  average  clotting  time  from  314  minutes  to  1 
minute  (Wood).  In  man,  the  taking  of  a  single  large  dose  of  gelatin  by  mouth  increases 
the  rapidity  of  clotting  slightly  (Grau).  After  the  daily  administration  of  gelatin  for 
eighteen  months,  the  blood  clotted  so  quickly  that  a  specimen  could  not  be  obtained 
for  an  agglutination  test  (Ruediger).  In  addition  to  the  decreased  clotting  time,  gelatin 
brings  about  two  changes  in  the  blood  which  also  tend  to  shorten  the  flow  from  large 
vessels  cut  across.  These  are:  (1)  an  increase  in  viscosity  and  (2)  a  tendency  of  the 
red  cells  to  cling  together  in  large  lumps  that  mechanically  plug  the  lumen  (Sackur). 
Thus,  Wood  reports  that  after  injection  of  gelatose  he  cut  the  femoral  arteries  of  two 
dogs  completely  across  and  bleeding  stopped  in  each  within  four  minutes,  only  a  small 
amount  of  blood  being  lost.  Locally,  a  10  percent,  solution  on  gauze  has  been,  found 
most  efficacious. 

The  manner  in  which  gelatin  brings  about  coagulation  of  blood  is  not  perfectly 
clear.  Its  acidity  no  doubt  assists;  probably  also  its  calcium  content,  which  is  usually 
about  0.6  percent.,  but  may  be  as  high  as  2  percent.  The  clumping  of  the  red  cells  and 
the  increase  in  viscosity,  mechanically  interfere  with  the  escape  of  blood  from  the 
vessels.  In  addition  to  all  this,  there  is  an  effect  on  the  fibrinogen  itself:  apparently 
a  neutralization  of  antithrombin,  similar  to  the  effect  of  tissue  extracts — less  probably 
an  increase  in  the  prothrombin.  That  there  is  no  formation  of  thrombin  directly  is 
shown  by  the  fact  that  oxalates  prevent  clotting  in  gelatinized  blood.  That  the  effect 
of  gelatin  is  markedly  increased  by  previous  hemorrhage  (Gebele)  might  be  true  in  either 
case.  The  fact  that  gelatin  acts  both  systematically  and  topically  in  hemophilia  is 
well  established.  In  this  also  it  resembles  in  action  the  tissue  coagulins,  but  as  these 
are  lipoids,  probably  lecithin   (Howell),  there  is  no  chemical  relationship. 

Various  opinions  are  expressed  as  to  the  power  of  gelatin  to  cause  coagulation  of 
blood  containing  hirudin.  Apparently  it  is  able  to  overcome  a  minimal  effective  dose 
of  hirudin;  but  if  somewhat  more  hirudin  than  this  is  injected,  even  larger  amounts  of 
gelatin  prove  entirely  ineffective.     In  this  respect  gelatin  differs  from  tissue  extracts. 

Gelatin  may  act  by  destroying  the  blood  platelets,  and  thus  releasing  the  thrombo- 
plastic  substances  which  they  contain  (Cesana). 

The  comparative  ineffectiveness  of  gelatin  which  has  been  heated  to  140°  C,  or 
similar  high  temperatures,  raises  doubt  as  to  the  possibility  of  efficient  sterilization, 
especially  in  view  of  its  frequent  contamination  with  tetanus  spores.  The  usual  method 
of  discontinuous  sterilization  is  ineffective,  as  the  spores  do  not  sprout  under  aerobic 
conditions.  On  the  whole,  it  seems  wiser  to  use  the  strongly  heated  gelatin,  even  though 
it  is  less  effective.  This  applies  to  injection  rather  than  to  use  in  open  wounds,  where 
there  is  free  access  of  air. 

Gelatin  has  been  added  to  perfusion  fluids  to  prevent  their  leaving  the  vessels  rapidly, 
but  oh  account  of  the  difficulty  of  sterilization  it  is  inferior  to  acacia. 

Therapeutics. — The  topical  and  demulcent  uses  of  gelatin  have  already  been  con- 
sidered; here  we  will  discuss  its  employment  as  a  coagulant,  it  being  used  to  arrest 
bleeding,  not  only  by  topical  application,  but  also  by  mouth,  by  enema  and  by  injection. 

Topical. — Epistaxis  may  be  controlled  by  intranasal  spray  of  a  5  to  10  percent, 
aqueous  solution.  Bleeding  in  other  locations  as  from  hemorrhoids,  from  the  throat 
after  tonsil  operations,  from-  tumors  of  the  Madder,  can  be  checked,  at  least  in  part, 
by  application  or  instillation  of  like  solutions.  Hemorrhages  from  the  stomach  and 
bowel  often  yield  to  the  swallowing  of  an  ounce  or  two  (30  to  60  cc.)  of  a  10  to  12 
percent,  solution  or  jelly.  In  gastric  and  intestinal  ulcer,  typhoid  hemorrhage  and 
dysentery,  it  is  possibly  of  some  benefit  given  as  a  flavored  jelly  by  the  mouth.  At  all 
events  it  satisfies  to  a  certain  extent  a  psychic  craving  for  other  than  liquid  food,  and 
has  a  slight  food  value.  In  hemorrhage  from  the  lower  bowel,  as  well  as  in  colitis, 
benefit  is  occasionally  obtained  by  high  enemas  of  a  pint  (500  cc.)  of  a  10  to  12  percent, 
solution. 

Systemic. — In  internal  hemorrhages — hemoptysis,  hematemesis,  melena,  hematuria, 
metrorrhagia,  etc.,  gelatin  may  be  administered,  with  some  hope  of  success,  by  mouth, 
by  subcutaneous  or  intramuscular  injection  or  even  intravenously.  Intravenous  in- 
jection of  4  fluidounces  (125  cc.)  of  a  1  percent,  solution,  is  recommended  to  counteract 
the  hemolytic  action  of  snaTce  venom  or,  if  only  the  commercial  gelatin  be  available, 
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one  ounce  (30  cc.)  of  a  5  percent,  solution  may  be  given  by  mouth  every  half  hour. 
The  use  of  gelatin  has  been  advised,  not  only  to  arrest  hemorrhage,  but  also  to  favor 
clotting  with  obliteration  of  aneurysmal  sacs.  A  "gelatinized  serum,"  so-called,  is 
made  by  dissolving  5  percent,  of  gelatin  and  1  percent,  of  calcium  chloride  in  distilled 
water  and  sterilizing  by  heat.  In  aortic  aneurysm  from  50  to  100  cc.  may  be  injected 
under  the  skin  of  the  back,  the  thigh  or  in  some  other  convenient  locality,  but  never 
intravenously  or  into  the  aneurysmal  sac.  The  solution  is  warmed  to  a  temperature 
slightly  above  that  of  the  body  (38°  C — 100°  F.).  The  injections  sometimes  cause  in- 
crease of  temperature,  lasting  1  or  2  days,  chills  and  sleeplessness.  At  the  site  of 
injection,  there  may  be  pain,  redness  and  induration  without  suppuration.  Thrombosis 
and  embolism  occasionally  result,  and  although  many  successes  have  been  reported, 
on  the  whole  the  advantages  of  the  method  do  not  seem  to  outweigh  its  dangers. 

Adrninistration. — Gelatin  is  best  given  by  mouth,  unless  parenteral  use  is  strongly 
indicated.  It  may  be  taken  in  warm  solution,  but  is  equally  effective  and  more  palatable 
as  a  flavored  jelly.  The  dose  by  mouth  is  hardly  limited,  but  an  ounce  (30  cc.)  of  a  5 
or  10  percent,  solution  or  jelly  may  be  taken  every  y,  hour  for  4  to  8  doses.  By  enema, 
2  ounces  (60  cc.)  of  hot  solutions  (43°  C — 110°  F)  of  similar  strength  may  be  given. 
Against  internal  hemorrhages,  gelatin  is  more  effective  if  given  parenterally,  but  there 
are  two  serious  objections  to  this  mode  of  administration.  The  first  is  that  subcutaneous 
injections  are  often  exceedingly  painful;  the  second,  and  more  serious,  is  that  com- 
mercial gelatin  often  contains  tetanus  spores  and  several  cases  of  tetanus,  presumably 
due  to  infection  by  this  means  are  on  record.  Heat,  sufficient  to  destroy  these  spores, 
impairs  the  efficacy  of  the  gelatin;  hence,  no  preparation  of  gelatin  should  be  injected, 
unless  it  is  guaranteed  by  a  reliable  manufacturer  to  be  absolutely  sterile.  From  y^  to 
1  ounce  (15  to  30  cc.)  of  a  0  to  10  percent,  solution  is  commonly  employed. 

Anticoagulants 

The  anticoagulants  prevent  or  retard  clotting,  either  by  inactivating  the  plasma 
calcium,  or  by  an  obscure  action  on  the  ferments  (or  proferments)  or  proteins  of  the 
blood.  Oxalates  precipitate  the  calcium  as  insoluble  calcium  oxalate,  and  although 
they  are  often  most  convenient  for  keeping  fluid  specimens  of  blood  drawn  for  ex- 
amination, they  are  too  toxic  to  be  given  to  prevent  intra  vitam  clotting.  Citrates 
form  with  calcium  a  compound  which  does  not  ionize  and  is  therefore  inert.  Sodium 
citrate  may  be  added  to  blood  drawn  for  reinjection  by  indirect  transfusion,  being  the 
substance  most  frequently  used  for  this  purpose.  Arsphenamine  has  recently  been 
employed  similarly.  Tartrates  also  precipitate  calcium  but  are  not  very  effective. 
Fluorides  also  form  an  insoluble  compound  with  lime,  but  appear  to  have  some  other 
additional  anticoagulant  action,  as  blood  prevented  from  clotting  by  them  does  not 
clot  well  on  addition  of  calcium  chloride  alone,  but  forms  a  good  clot  if  tissue  coagulins 
are  added  as  well. 

If  0.3  Gm.  of  peptone  per  kilo,  be  injected  intravenously  in  a  dog,  blood  drawn 
even  several  hours  afterward  will  remain  fluid  for  days.  In  vitro,  blood  clotting  is 
hastened  by  addition  of  small  amounts  of  peptone,  but  larger  quantities  (5  percent.) 
delay  it.  In  this  concentration  it  may  act  as  do  strong  solutions  of  all  salts ;  an  equal 
volume  of  a  saturated  solution  of  sodium  chloride  or  sulphate,  for  example,  added  to 
blood  prevents  clotting  until  the  mixture  is  diluted.  The  action  of  hirudin  is  not  fully 
explained  but  it  apparently  acts  as  an  antithrombin.  In  animal  experiment  it  is 
frequently  injected  to  prevent  the  clotting  of  the  circulating  blood.  Recently,  sodium 
hypochlorite  and  hypochlorous  acid  have  been  shown  to  prevent  clotting,  even  in  high 
dilution.  The  mechanism  of  their  action  has  not  been  fully  explained.  The  addition 
of  0.05  percent,  of  a  soluble  zinc  salt  to  blood,  prevents  clotting.  Addition  of  0.15 
percent,  or  more  coagulates  the  red  blood  cells  and  prevents  them  from  laking  in 
dilute  solutions  (Lumiere  and  Couturier). 
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Blood  to  whicli  these  anticoagulants  have  been  added  may  be  caused  to  clot  by 
adding  various  substances.  Oxalate,  citrate,  and  tartrate  bloods  are  promptly  and 
perfectly  clotted  by  addition  of  calcium  chloride  or  of  serum,  but  not  by  tissue 
extracts.  Fluoride  blood  is  imperfectly  clotted  by  calcium,  but  clots  well  when  tissue 
extract  or  serum  is  also  added.  Peptone  blood  and  hirudin  blood  are  not  affected 
by  calcium,  and  only  by  large  amounts  of  serum,  but  are  readily  caused  to  clot 
by  tissue  extracts.    The  same  is  true  of  hypochlorite  blood. 

Hirudin 

Hirudin  is  a  substance,  probably  a  deutero-albumose,  secreted  by  the  salivary 
(cervical)  glands  of  all  leeches.  It  can  be  readily  extracted  by  crushing  the  heads  of 
leeches  in  water  and  precipitating  the  coagulable  proteins.  It  dialyzes  slowly  and  does 
not  give  Millon  reaction.  The  material  properly  purified  is  not  destroyed  by  boiling. 
From  a  freshly  caught  leech  (hirudo  medicinalis)  about  8  mgm.  can  be  obtained. 
Live  leeches  have  been  used  for  extracting  blood  from  time  immemorial;  the  use  of 
purified  leech  extract,  or  hirudin,  is  quite  recent. 

Materia  Medica. — Hirudin  (unofficial).  Hirudin.     Synonym:  Hirudine. 

The  active  anticoagulant  principle  derived  from  the  Hirudo  medicinalis  Linne; 
occurs  as  brownish  scales,  easily  soluble  in  water. 

Caution.:  Commercial  samples  of  hirudin  may  be  highly  toxic,  probably  because 
of  decomposition. 

Dose,  M20  grain  to  each  fluidram  (0.5  mgm.  to  4  cc.)  of  withdrawn  blood  prevent3 
clotting. 

Hirudo  (Br.),  Leeches. 

The  medicinal  leech  is  either  the  Hirudo  medicinalis  Linne  (the  speckled  leech), 
or  the  H.  quinquestriaha  Schmarda  (the  five-striped  leech).  They  are  fresh  water 
annelids  used  to  reduce  congestion  and  inflammation,  the  average  leech  drawing  90 
minims  of  blood. 

Dose,  1  to  3  leeches  may  be  applied. 

Pharmacodjmamic  Action:  Absorption  and  Elimination. — ^Hirudin  given  by  mouth 
is  destroyed  before  absorption  and  even  subcutaneously  is  partly  rendered  inert  in  the 
tissues,  so  that  it  must  be  given  intravenously.  It  is  mostly  destroyed  in  the  body,  but 
a  small  proportion  is  eliminated  unchanged  in  the  urine. 

Toxicity. — Pure  hirudin  is  almost  non-toxic  in  dose  sufficient  to  render  the  blood  in- 
coagulable, but  some  commercial  preparations  are  highly  toxic,  probably  from  the  pres- 
ence of  putrefaction  products,  and  cause  vomiting  with  severe  bloody  diarrhea  and 
hemorrhages  into  the  viscera  (Marshall).  Unless  given  slowly,  however,  even  fresh 
extract  causes  a  temporary  fall  of  blood  pressure.  In  some  manner,  which  is  as  yet 
unexplained,  injectioiis  of  hirudin  increase  the  toxicity  of  soluble  compounds  of  mercury 
(Siebert). 

Systemic  Action. — Blood. — One  mgm.  (%7  grain)  of  hirudin  added  to  30  cc.  (1  ounce) 
of  blood  prevents  clotting  for  2  days  or  more.  The  effect,  however,  gradually  passes  off, 
and  eventually  spontaneous  clotting  occurs.  If  50  mgm.  per  kilo,  be  injected  intra- 
venously, blood  drawn  within  4  hours  will  remain  fluid  24  hours  or  may  not  clot  spon- 
taneously. The  same  effect  is  produced  by  the  fresh  watery  extract  of  3  heads,  showing 
that  there  is  considerable  loss  of  activity  during  preparation.  A  similar  loss  takes  place 
in  solution  or  even  in  dampness. 

The  mechanism  by  which  hirudin  prevents  clotting  is  not  clear,  but  coagulability 
is  not  at  all  restored  by  calcium  and  only  partly  by  blood  platelets  and  tissue  extracts. 
If  a  great  excess  of  hirudin  is  used  these  are  ineffective. 

After  repeated  injections  antibodies  are  formed  which  prevent  its  anticoagulant 
action  both  in  vivo  and  in  drawn  blood  (Vera  and  Loeb). 

Metabolism. — Injection  of  10  mgm.  of  hirudin  per  kilo  prevents  adrenalin  glyco- 
suria, partly  by  lessening  the  hyperglycemia  induced  and  partly  by  preventing  the 
diuresis.     It  has  no  effect  on  diuretin  glycosuria  (Miculicich). 
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Therapeutics. — Hirudin  has  been  used  to  prevent  clotting  of  the  blood  during 
transfusion.  The  pipette  is  prepared  by  introducing  5  to  10  cc.  of  a  1:500  solution 
of  hirudin  in  saline  solution,  draining  away  the  excess  just  before  using.  Enough 
solution  adheres  to  the  walls  of  the  cylinder  to  prevent  the  220  cc.  of  blood  drawn 
into  the  pipette  from  clotting.  If  the  inner  surface  of  the  pipette  is  not  paraffined, 
the  hirudin  solution  should  be  of  the  strength  of  1 :300. 

Because  of  its  anticoagulant  properties,  hirudin  has  been  recommended  in  the 
tjTies  of  dysmenorrheas  accompanied  by  clotting. 

Hirudin  attenuates  the  anaphylactic  symptoms  produced  by  minimum  fatal  doses 
of  serum,  but  when  a  massive  dose  has  been  injected,  it  fails  to  reduce  the  severity 
of  the  symptoms  or  to  delay  the  lethal  issue  (Van  Geertrugden-Bernard). 

Citrates 

Citric  acid  in  the  form  of  lemonade  and  other  citrus  fruit  juices  has  long  been 
in  use  as  a  flavor  and  vehicle.  Such  juices  were  used  as  antiscorbutics  and  anti- 
rheumatics in  the  early  days  of  medicine. 

Citric  acid  possesses  three  replaceable  hydrogen  atoms,  C3H/0H)(C00H)„ 
and  in  most  of  its  salts  all  3  are  replaced.  Many  of  the  salts  are  used  in  medicine, 
but  most  of  them  are  discussed  with  the  basic  constituent  (see  iron,  magnesium,  and 
caffeine  citrates).     Sodium,  potassium  and  ammonium  citrates  will  be  taken  up  here. 

Summary  of  Action  and  Uses. — Administered  by  mouth  the  citric  constitutent  of 
citrates  is  digested  or  destroyed,  and  the  base,  being  set  free,  acts  as  an  alkali  inducing 
especially  diuresis  and  lessened  acidity  of  the  urine.  Given  by  injection  the  citrate 
effect  is  seen  as  an  inactivation  of  calcium,  with  which  alkali  citrates  form  non-ionizing 
double  salts.  This  leads  to  loss  of  clotting  power  in  the  blood,  and,  in  excessive  dose, 
to  tetany,  convulsions  and  cardiac  failure,  all  direct  results  of  calcium  deprivation. 

In  medical  practice,  citrates  are  utilized  as  diuretics  and  are  added  to  blood  to 
prevent  its  clotting — for  example,  in  indirect  transfusion — and  to  milk  to  delay  curdling 
and  to  render  the  curd  softer  and  more  digestible.  Citric  acid  and  citrates,  especially 
ammonium  citrate,  may  be  used  to  keep  iron  salts  from  precipitating  in  certain  medi- 
cinal compounds,  as  in  the  N.F.  salicylated  iron  mixture. 

Materia  Medica. — Syrupus  Acidi  Citrici  (U.S.  X.),  Syrup  of  Citric  Acid.  Ahhr., 
Syr.  Acid.  Cit. 

A  1  percent,  solution  of  citric  acid,  flavored  with  lemon  peel  and  sweetened  with 
sugar.    Not  to  he  dispensed  if  it  has  a  terehinthinate  taste  or  odor. 

Dose,  used  as  a  vehicle. 

Liquor  Ammoxii  Citratis  (unofficial),  Solution  of  Ammonium  Citrate.  Ahhr.,  Liq. 
Ammon.  Cit. 

A  12.5  percent,  aqueous  solution  of  citric  acid  neutralized  with  ammonia  water. 

Dose,  1  to  6  fluidrams  (4  to  24  cc). 

PoTASSii  CiTRAS  (U.S.  X.),  Potassium  Citrate.     Ahhr.,  Pot.  Cit. 

It  contains  not  less  than  99  percent,  of  KjC.H^O,  +  HiO-  I*  occurs  as  transparent, 
prismatic  crystals,  or  as  a  white  granular  powder,  odorless,  and  having  a  cooling,  saline 
taste.  It  is  deliquescent  when  exposed  to  moist  air.  One  Gm.  dissolves  in  0.6  cc.  of 
water  at  25°  C. ;  almost  insoluble  in  alcohol;  freely  soluble  in  glycerin. 

Dose,  15  to  30  grains  (1  to  2  Gm.). 

SoDii  CiTRAS  (U.S.  X.),  Sodium  Citrate.  Ahhr.,  Sod.  Cit.  Synonym:  Citrate  of 
Sodium. 

Sodium  Citrate  occurs  in  small  crystals  or  as  a  white,  granular  powder;  odorless, 
and  having  a  cooling,  saline  taste.  It  contains  not  less  than  98  percent,  of 
Na3C.H,0,  +  2H,0.  One  Gm.  dissolves  in  1.3  cc.  of  water  at  25°  C;  also  in  0.6  cc. 
of  boiling  water;  insoluble  in  alcohol. 

Dose,  15  to  60  grains  (1  to  4  Gm.). 
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Liquor  Sodii  Citratis  (N.F.),  Solution  of  Sodium  Citrate.  Ahhr.,  Liq.  Sod.  Cit. 
Synonyms:     Mistura  Sodii  Citratis,  Potio  Kiverii. 

Prepared  with  2  percent,  of  citric  acid;  2,5  percent,  of  sodium  bicarbonate,  and 
95.5  percent,  of  water.  Should  always  be  freshly  prepared.  Each  fluidram  contains 
about  IV2  grains  (0.1  Gm.)  of  sodium  citrate. 

Dose,  1  to  4  fluidrams  (4  to  16  cc). 

Sodii  Citro-tartras  Effervescens  (Br.),  Effervescent  Sodium  Citro-tartrate. 
Ahlr.,  Sod.  Citro-tart.  Eff. 

Sodium  bicarbonate,  51  percent. ;  powdered  tartaric  acid,  27  percent. ;  powdered 
citric  acid,  18  percent.;  powdered,  refined  sugar,  15  percent.;  all  thoroughly  dried  at 
a  temperature  between  90°  and  105°  C,  to  make  about  100  percent.  No  action  takes 
place  except  in  the  presence  of  water. 

Incompatihles  and  Antagonists. — Mineral  acids  and  strong  alkalis  decompose 
citrates.     Calcium  is  both  chemically  incompatible  and  physiologically  antagonistic. 

Dose,  1  to  2  drams  (4  to  8  Gm.). 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Both  citric  acid  and  its 
salts  are  destroyed  in  the  body,  by  digestion  or  oxidation  and  the  effects  are  never  seen 
when  they  are  taken  by  mouth,  citric  acid  having  merely  the  influence  of  a  weak  acid, 
and  sodium  and  potassium  citrates  releasing  their  base  by  destruction  of  the  acid  radical 
and  thus  acting  as  alkalis  and,  under  certain  conditions,  as  alkaline  diuretics.  Excretion 
of  lime  is  not  increased  by  repeated  administration  and  the  calcium  content  of  the  blood 
is  not  altered  (Clark). 

Action  on  Isolated  Organs. — In  general  it  may  be  said  that  isolated  organs  sub- 
jected to  the  action  of  citrates  behave  like  the  same  organs  deprived  of  calcium.  Thus, 
voluntary  muscle  of  the  frog  placed  in  Ringer's  solution  with  citrate  shows  fibrillary 
twitching  similar  to  that  seen  in  plain  saline,  and,  like  that,  relieved  by  calcium. 
Addition  of  0.1  percent.  (N/1000)  sodium  citrate  to  the  fluid  perfusing  the  isolated  heart 
of  a  frog  or  mammal,  weakens  the  contractions  and  addition  of  1  percent,  stops  them 
within  a  minute.  Citrates  added  to  isolated  bowel  wall  differ  in  their  action  in 
different  species.  Thus,  both  the  large  and  the  small  bowel  of  the  cat  show  loss  of  tone 
and  weaker  contractions  with  all  strengths.  The  same  is  true  of  the  large  intestine  of  the 
rabbit,  but  the  small  intestine  of  the  latter  is  stimulated  by  the  weakest  effective  dilu- 
tions, N/200  to  N/100  (Salant).  The  isolated  uterus  is  paralyzed  but  is  restored  by 
calcium.  That  the  action  of  citrates  is  not  entirely  due  to  the  formation  of  a  calcium 
salt  of  citric  acid  is  shown  by  the  perfusion  of  frog  hearts  with  Ringer  solution  in 
which  the  calcium  chloride  is  replaced  by  an  equivalent  amount  of  calcium  citrate. 
Such  hearts  show  almost  no  deviation  from  the  normal. 

Sodium  citrate  has  no  detrimental  action  on  microorganisms,  and  citric  acid  has 
merely  that  ascribable  to  its  acidity. 

The  addition  of  0.25  percent,  of  sodium  citrate  to  milk  lessens  its  antiscorbutic 
power   (Faber)   and  delays  curdling. 

Toxicity. — Although  the  acid  taken  by  mouth  in  enormous  doses  may  lead  to  even 
fatal  gastroenteritis,  the  salts  are  hardly  at  all  toxic.  Injected  intravenously  or  even 
subcutaneously  their  effects  are  probably  wholly  to  be  ascribed  to  their  action  on  the 
body  calcium.  These  effects  are  very  similar  to  those  caused  by  tartrates  and  oxalates, 
consisting  in  twitching  of  the  muscles  Increasing  to  tetany  and  even  to  clonic  and  tonic 
convulsions,  with  dyspnea  and  weakness  of  the  heart.  Loss  of  sensibility  and  of  reflexes 
follows  and  death  occurs  in  coma. 

The  lethal  dose  shows  wide  individual  variation,  but  for  full  grown  rabbits  is  from 
2  to  21/2  Gm.  per  kilo  subcutaneously  and  about  twice  as  much  by  mouth.  Smaller  doses 
are  destroyed  and  commonly  have  no  visible  effect.  Repeated  small  doses  may  lead  to 
lime  deprivation  with  cumulative  poisoning,  or  to  tolerance;  both  effects  are  denied  by 
Clark. 

Systemic  Action. — Blood. — The  addition  of  sodium  citrate  to  blood  in  vitro  retards 
or  prevents  coagulation.  This  fact  has  been  taken  advantage  of  to  render  blood  intended 
for  transfusion  incoagulable.  Formerly  1  percent,  of  sodium  citrate  was  added,  but  in 
large  infusions  it  was  found  that  this  amount  might  itself  be  toxic  and  the  method  was 
abandoned.    Recently  it  has  been  shown  that  0.2  percent,  will  prevent  coagulation  for 
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several  hours  and  the  amount  thus  given  falls  far  below  toxic  limits.  Some  authors 
state  that  blood  with  this  amount  will  occasionally  clot  and  prefer  to  use  0.25  percent; 
0.1  percent,  does  not  even  delay  clotting  in  vitro. 

The  effect  of  injections  of  citrate  on  clotting  time  in  vivo  varies  with  the  dose 
and  the  species.  At  first,  that  is  within  a  few  minutes  of  the  injection,  cats  and  dogs 
Bhow,  strangely  enough,  a  shortening  of  coagulation  time  which  soon  becomes  longer 
than  normal  and  slowly  returns.  In  the  rabbit,  injection  of  0.5  Gm.  (8  gr.)  leads  soon  to 
increase  of  the  clotting  time,  reaching  a  maximum  in  an  hour  (increase  from  B'/o  to  5 
minutes)  and  returning  to  normal  in  several  hours.  Transfusion  of  citrated  blood  leads 
in  normal  persons  to  a  lengthening  followed  by  shortening  of  coagulation  time.  In 
hemophiliacs  citrates  given  intravenously  hasten  clotting.  In  one  such,  whose  usual 
coagulation  time  was  1  to  2>/,  hours,  injection  of  0.6  Gm.  of  sodium  citrate  was  followed 
in  10  minutes  by  a  time  of  25  minutes  and  in  24  hours  by  a  time  of  3  hours.  Next  day 
it  was  the  same  as  before  injection.  In  the  same  person,  transfusion  of  citrated  blood 
had  a  similar  influence.  Citrate  addition  lessens  the* phagocytic  index  of  the  leucocytes 
and  interferes  with  some  immune  reactions. 

Other  Actions. — The  tonus  and  movements  of  the  intestine  are  increased  by  injec- 
tions of  sodium  citrate  even  after  section  of  both  vagus  nerves.  The  heart  is  depressed 
by  direct  action  and  probably  by  calcium  deprivation,  and  blood  pressure  falls.  The 
action  on  the  bowel  is  reversed  by  previous  administration  of  atropine  or  pilocarpine 
(Salant  and  Kleitman),  and  the  fall  of  pressure  is  replaced  by  a  rise. 

When  sodium  citrate  is  applied  directly  to  the  brain,  the  gray  cortical  matter  Is  not 
influenced,  but  as  soon  as  it  reaches  the  white  substance  below  it  induces,  in  both  dogs 
and  rabbits,  violent  clonic  convulsions.  These  soon  pass  off  if  the  dose  is  not  large. 
The  cerebellum  is  more  sensitive  than  the  cerebrum  and,  if  citrate  be  given  by  vein,  the 
convulsions  which  result  are  probably  cerebellar  (Robertson  and  Burnett).  The 
twitching  and  convulsions  do  not  occur,  however,  after  removal  of  the  cerebrum  (Salant 
and  Kleitman). 

Therapeutics:  Citric  Acid. — Topical. — Citric  Acid  in  solution,  or  more  con- 
veniently as  lemon  juice,  is  used  as  a  soothing  and  healing  application  to  the  skin  in 
sunburn  and  freckles.     It  is  also  useful  to  relieve  itching. 

Systemic. — The  natural  citric  acid  as  existent  in  lemon  juice  is  a  specific  remedy 
for  the  prevention  and  remedy  of  scurvy,  but  citric  acid  as  such  is  ineffective  since  it 
lacks  the  vitamin  which  is  the  active  agent.  Lime  juice  also  appears  to  lack  the 
specific  principle  of  lemons  and  to  be  of  no  value  in  scurvy.  Citric  acid  in  the 
form  of  lemonade  is  a  grateful  refrigerant  in  fehrile  states,  and  also  is  regarded 
popularly  as  of  use  in  jaundice  and  "hiUousness."  An  artificial  lemonade  may  be 
made  by  dissolving  20  grains  of  citric  acid  in  a  pint  of  water,  adding  3  or  4  drops  of 
oil  of  lemon,  and  sweetening  to  taste. 

Ammonii  Citr.as. — The  official  solution  of  ammonium  citrate  is  given  for  its 
diaphoretic  and  diuretic  action  in  fevers  in  which  there  is  some  prostration  calling 
for  the  stimulant  action  of  the  base.  It  differs  but  little,  if  at  all,  in  its  action  from 
the  solution  of  ammonium  acetate. 

Potassium  Citrate  has  long  Keen  used  in  fevers  and  has,  indeed,  the  semipopular 
title  of  "neutral  fever  mixture."  It  is  one  of  the  best  agents  for  the  treatment  of  a 
beginning  cold.  It  promotes  diaphoresis  and  diuresis  and  opposes  the  tendency  to 
acidosis.  Some  physicians  advise  caution  in  its  use  to  avoid  the  depressing  effect  of 
the  base  upon  the  heart.  In  mild  hronchitis  with  scanty  and  difficult  expectoration  it 
loosens  the  cough  by  increasing  and  liquefying  the  secretion  of  the  mucous  glands. 
Painful  micturition  due  to  the  scanty  excretion  of  highly  acid  urine,  is  greatly  relieved 
by  the  exhibition  of  potassium  citrate  in  10  grain  doses  every  hour. 

A  pleasant  form  for  the  administration  of  this  salt  is  the  official  effervescent 
potassium  citrate  which  may  be  given  in  teaspoonful  doses  in  a  glass  of  water. 

Sodium  Citrate  solution  has  been  highly  praised  as  an  application  to  hoils;  2  grains 
(0.12  Gm.)  of  sodium  citrate  and  20  grains  (1.2  Gm.)  of  sodium  chloride  are  dissolved 
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in  one  ounce  of  water,  and  a  compress,  soaked  in  the  solution,  is  placed  upon  the  part 
and  covered  with  rubber  tissue. 

The  salt  is  added  to  milk  for  infant  feeding  to  prevent  the  formation  of  thick 
curds;  it  may  be  used  in  the  proportion  of  1  to  3  grains  (about  0.25  percent.)  to  the 
ounce  of  milk.  It  is  to  be  remembered,  however,  that  this  addition  to  milk  weakens 
its  antiscorbutic  power,  perhaps  by  destroying  its   content  of  vitamin. 

Sodium  citrate  is  also  used  in  the  operation  of  mediate  transfusion  of  hlood  to 
prevent  coagulation.  The  donor's  blood  is  drawn  into  a  glass  vessel  containing 
a  10  percent,  solution  of  sodium  citrate,  to  each  cc.  of  which  50  cc.  of  blood  is 
added,  making  the  final  citrate  solution  of  0.2  percent,  strength.  Lewisohn  recom- 
mends that  the  citrate  percentage  do  not  exceed  0.25  percent.,  the  total  dosage  not 
exceeding  5  Gm.  The  citrate  method  is  inferior  to  both  the  3-way  syringe  plan  of 
linger  and  the  relay  syringe  plan  of  Lindeman,  in  which  unchanged  blood  is  used; 
but  when  these  are  impracticable,  it  has  certain  merits.  The  advantages  of  this 
citrate  method  of  transfusion  are  summed  up  by  Zingher  as  follows:  ''(a)  Sodium 
citrate  in  the  strength  recommended  is  non-toxic  and  perfectly  safe,  (b)  The  stock 
solution  of  sodium  citrate  can  be  sterilized  by  boiling  without  destroying  the  efficiency 
of  the  salt,  (c)  No  special  apparatus  is  required,  (d)  The  blood  can  be  collected 
in  one  place,  kept  and  carried  some  distance  before  transfusion,  (e)  A  fairly  uniform 
degree  of  success  with  this  method  is  the  usual  experience.  It  is,  therefore,  especially 
applicable  in  emergencies,  (f)  After  the  citrate  transfusion  the  coagulation  time  of 
the  recipient's  blood  is  not  perceptibly  lowered.  This  method  of  transfusion  can,  there- 
fore, also  be  utilized  in  conditions  associated  with  a  hemorrhagic  tendency."  Indeed, 
although  the  citrate  delays  coagulation  in  vitro,  it  accelerates  it  when  injected  intra- 
venously or  intramuscularly  in  vivo.  When  given  by  the  mouth  it  has  no  such  action. 
Kenaud  has  utilized  this  reduction  of  the  coagulation  period  in  the  arrest  of  hemor- 
rhage. He  claims  to  have  treated  with  signal  success  a  number  of  cases  of  hemoptysis 
and  oi  profuse  uterine  hemorrhage  with  intravenous  injections  of  10  to  30  cc.  of  a  30 
percent,  sodium  citrate  solution.  Higgins  and  Fisher  suggest  injections  of  the  salt  as  a 
preliminary  to  surgical  operations.  They  injected  15  cc.  of  a  30  percent,  c.p.  sodium 
citrate  solution  into  each  buttock,  previously  anesthetized  by  a  procaine  injection. 
This  promptly  caused  a  notable  reduction  of  the  coagulation  time,  the  return  to  normal 
occurring  within  24  to  48  hours.  Troisier  and  Ravina  employ  sodium  citrate  in  the 
treatment  of  thromboangitis  obliterans,  giving  daily  intravenous  injections  of  5 
fluidrams  (20  cc.)  of  a  30  percent,  solution.  After  improvement  begins  the  daily 
dose  is  reduced  to  3  fluidrams  (12  cc),  and  later  the  injections  are  given  only  once 
every  two  or  three  days.    The  results  are  claimed  to  be  most  satisfactory. 

Sodium  citrate  is  used,  like  the  potassium  salt,  internally  in  cases  of  over-acid 
urine  and  to  correct  the  acidosis  and  acetonuria  in  diabetes.  It  is  given,  with  occa- 
sional success,  in  the  vomiting  of  pregnancy  and  in  the  cyclic  vomiting  of  children. 
It  is  also  used  in  fevers,  but  its  diaphoretic  action  is  less  marked  than  that  of  potassium 
citrate. 

A  pleasant  way  of  administering  sodium  citrate  is  to  dissolve  three-quarters  to 
one  teaspoonful  in  a  nearly  full  glass  of  cool  water  and  add  slowly  the  juice  of  half 
a  large  lemon  or  one  lime. 

Oxalates 

Oxalates  are  little  used  medicinally  (with  tlie  exception  of  the  cerium  salt  which 
does  not  exert  oxalate  action) ;  they  possess,  nevertheless,  considerable  toxicologic 
importance.  They  are  constantly  present  in  the  urine,  being  excreted  as  oxaluric  acid 
which  on  standing  changes  to  oxalic  acid  and  crystallizes  out  as  calcium  oxalate. 
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Most  of  this  comes  from  the  food,  a  little  being  formed  in  metabolism,  perhaps  from 
uric  acid.  Oxalates  act  by  removing  lime  from  the  blood  and  tissues  and  the  symp- 
toms of  poisoning-  are  similar  to  those  of  calcium  deprivation. 

Materia  Medica.-SoniUM  Oxalate  (unofficial),  Sodium  Oxalate.    Ahhr.,  Sod.  Oxal. 

It  has  the  formula,  Na^CjO,,  and  occurs  as  a  white  crystalline  powder,  one  Gm. 
of  which  is  soluble  in  34  cc.  of  water  at  25°  C.  and  in  about  10  cc.  of  boiling  water. 

Dose,  used  in  the  laboratory  to  prevent  clotting  of  blood  samples. 

AciDUM  OxALicuM  (unofficial).  Oxalic  Acid.    Ahhr.,  Acid.  Oxal. 

It  is  a  dibasic  acid  and  occurs  as  a  colorless,  crystallized  solid,  possessing  con- 
siderable volatility  and  a  strong,  sour  taste.  Its  crystals  have  the  shape  of  slender, 
flattened,  four-  or  six-sided  prisms  with  two-sided  summits,  and  are  slightly  efflorescent. 
Soluble  in  4.5  parts  of  dehydrated  alcohol,  in  2.5  parts  of  alcohol;  almost  insoluble  in 
ether,  chloroform,  benzene,  or  benzin.  It  has  a  very  strong  affinity  for  lime  and  makes 
with  it  an  insoluble  precipitate  consisting  of  calcium  oxalate. 

Caution:  While  oxalic  acid  has  been  advocated  for  use  in  cystitis  and  amenor- 
rhea, it  must  not  be  overlooked  that  it  is  a  rapidly-acting  and  fatal  poison,  as  are  the 
soluble  salts  of  the  acid,  i.e.,  ammonium  oxalate,  potassium  oxalate. 

Dose,  Yz  grain  (0.03  Gm.).     Not  to  be  recommended. 

Antipathogenic  Action. — Oxalic  acid  is  a  fairly  strong  acid  and  shares  such  destruc- 
tive action  on  lower  organisms  as  all  acids  possess.  Its  salts  are  toxic  to  all  forms  of 
life  which  contain  calcium.  This  includes  all  animals  and  all  chlorophyll  containing 
plants.    Many  bacteria  destroy  it  and  others  produce  it  from  carbohydrates. 

Pharmacodynamic  Action:  Ahsorption  and  Elimination. — Oxalates  are  readily 
absorbed,  especially  from  the  gastroenteric  tract  and  when  they  reach  the  blood  are 
combined  with  circulating  calcium  as  the  insoluble  oxalate.  This  crystallizes  out  slowly 
and  is  deposited  chiefly  in  the  kidneys  although  there  is  a  ferment  in  the  blood  which 
destroys  oxalates  in  vitro  (Klemperer  and  Fritschler).  When  given  hypodermically 
from  92  to  95  percent,  is  excreted  by  the  kidneys  as  calcium  oxalate,  and  as  oxaluric 
acid  which  changes  to  oxalic  on  standing.  Crystals  and  stones  may  be  formed  in  the 
tubules. 

Topical  Action. — The  oxalates  have  no  local  action  but  the  free  acid  is  very  irritating 
in  strong  solution  and  its  fumes  inhaled  may  give  rise  to  pharyngitis  or  bronchitis. 

Toxicity. — Two  forms  of  poisoning  are  distinguished,  acute  and  chronic.  In  the 
former  the  symptoms  are  partly  due  to  precipitation  of  calcium,  and  in  the  latter, 
entirely.  More  than  a  thousand  cases  of  acute  poisoning  have  been  reported  and  more 
than  half  of  these  resulted  fatally;  in  fact,  oxalic  acid  ranks  third  among  poisons  as 
regards  the  number  of  fatal  cases.  Its  toxicology  is  therefore  of  great  importance. 
Accidental  poisoning  occurs  often  because  of  the  resemblance  of  the  crystals  to  those  of 
Epsom  salts,  and  deliberate  poisoning,  especially  suicidal,  is  also  common.  Fatal  poison- 
ing has  also  resulted  from  the  use  of  foods  containing  large  quantities,  e.g.,  rhubarb 
leaves  as  a  salad.  The  minimal  fatal  dose  in  man  is  about  5  Gm.  (80  gr.)  but  recovery 
has  occurred  after  as  much  as  40  Gm.  (10  drams)  of  the  acid  have  been  swallowed. 
When  large  amounts  of  lime  are  taken  in  the  diet,  as  in  dogs  receiving  bone,  its  toxicity 
is  much  reduced.  In  cases  of  sudden  poisoning  there  is  gastroenteric  irritation  if  the 
acid  is  taken  by  mouth,  otherwise  the  symptoms  are  due  to  loss  of  calcium  and  to  acute 
inflammation  of  the  kidneys  and  blocking  of  the  tubules  by  calcium  oxalate.  In  most 
instances  there  is  severe  pain  in  the  throat  and  stomach,  with  vomiting,  generally  bloody, 
followed  by  pain  in  the  loins  and  bladder;  the  skin  is  cold  and  cyanotic,  and  covered 
with  a  sticky  sweat;  the  pulse  is  impalpable;  the  pupils  are  dilated.  Coma  usually 
precedes  death  although  death  within  10  minutes  from  acute  heart  failure  and  with  few 
premonitory  symptoms  has  occurred.  Nephritis  may  result  fatally  after  a  week  or  more. 
After  death  the  most  striking  phenomenon  is  the  fluidity  of  the  blood,  which  does  not 
clot  iri  the  vessels  and  flows  when  the  body  is  opened.  The  kidney  is  clogged  with 
crystals  of  calcium  oxalate  and  shows  a  white  line  at  the  junction  of  the  medulla  and 
cortex  and  lines  from  the  base  to  the  apex  of  the  pyramids.  Treatment  consists  in  the 
subcutaneous  injection  of  an  isoserotonic  solution  of  magnesium  sulphate.  This  must 
be  given  cautiously  in  doses  of  15  to  30  grains  (1  to  2  Gm.),  watching  for  signs  of  failing 
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respiration  and  guarding  against  this  by  the  intramuscular  or  intravenous  injection  of 
small  amounts  (iVs  to  3  grains — 0.1  to  0.2  Gm.)  of  calcium  chloride  in  2  percent,  solution. 
Lime  water  by  mouth  and  alkalis  are  also  of  service. 

Chronic  poisoning  results  from  continued  ingestion  of  small  amounts,  usually  with 
the  food.  Such  intoxication  is  probably  the  cause  of  the  condition  described  as  a  metab- 
olic disease  under  the  name  of  oxaluria.  Rabbits  to  whose  food  5  percent,  of  sodium 
oxalate  is  added  die  in  2  months.  The  symptoms  are  due  to  calcium  deprivation  and 
to  occurrence  of  calcium  oxalate  in  the  urine.  On  the  one  hand  weakness  and  softening 
of  the  bones  suggests  rickets,  and  on  the  other  there  are  renal  pains  and  calculi  in  the 
kidney  and  bladder.  The  treatment  is  administration  of  magnesium  salts  which  also 
aid  in  overcoming  the  usual  constipation.     Radium  emanation  water  is  useful. 

When  oxalates  are  given  by  mouth  to  rabbits,  tolerance  is  acquired  and  doses  above 
those  usually  fatal  are  well  borne.  When  given  by  vein,  on  the  other  hand,  there  is 
cumulation,  and  sublethal  doses  eventually  prove  acutely  fatal   (Salant  and  Swanson). 

Oxalates  given  by  vein  produce  weakening  of  the  heart  similar  to  that  of  the  isolated 
organ  deprived  of  calcium.  At  the  same  time  there  is  loss  of  sensitiveness  of  the  central 
nerve  system,  the  mental  functions  being  first  affected  and  coma  developing,  then  the 
respiratory  center  fails  and  finally  the  spinal  reflexes.  All  these  phenomena  may  be 
accounted'  for  by  the  loss  of  calcium.  In  the  frog  similar  symptoms  are  observed. 
Restoration  may  be  brought  about  by  calcium,  but  not  by  barium  or  strontium,  showing 
that  symptoms  are  not  due  to  other  effects  of  oxalates,  which  would  also  be  stopped  by 
precipitation  by  barium  (Januschke). 

Systemic  Action. — Alimentary. — Both  the  free  acid  and  its  salts  may  act  as  irritants 
causing  vomiting  and  bloody  diarrhea.  Calcium  oxalate  crystals  are  found  in  the  stools 
when  the  poison  is  given  by  mouth.  Applied  to  the  excised  intestine  oxalates  increase 
tonus  and  peristalsis. 

Circulatory. — On  the  circulatory  system  oxalates  act  as  does  the  lack  of  lime  salts 
and  10  grains  (0.6  Gm.)  of  the  acid  is  enough  to  inactivate  all  the  calcium  in  the  blood 
of  an  average  man.  The  coagulability  of  the  blood  is  abolished  both  in  vivo  and  i7i  vitro 
and  in  vivo  the  acidity  is  increased  and  there  is  hyperglycemia.  The  vasomotor  center 
is  briefly  stimulated  and  then  paralyzed,  and  the  heart  which  beats  more  rapidly  as  a 
result  of  paralysis  of  the  vagus  soon  becomes  weaker  by  direct  action  on  the  muscle. 
Intravenously  a  large  dose  may  cause  prompt  arrest  of  the  mammalian  heart  although 
in  vitro  it  is  more  resistant  than  that  of  the  frog. 

Respiration. — The  respiratory  center  is  first  stimulated  and  then  paralyzed  and  in 
subacute  poisoning  in  mammals  this  is  the  cause  of  death. 

Metabolism. — The  total  metabolism  is  lessened  in  chronic  poisoning  and  there  is 
lessened  nitrogen  elimination  and  lessened  respiratory  exchange.  The  temperature  is 
low  in  chronic  poisoning  but  may  rise  in  acute.  After  prolonged  oxalate  feeding  there 
is  loss  of  calcium  reserve  and  consequent  softening  of  the  bones. 

Nerve  System. — In  general,  deprivation  of  calcium  causes  in  the  central  nerve  system 
irritation  followed  by  paralysis,  and  the  same  train  of  phenomena  results  from  oxalate 
poisoning.  The  mental  functions  are  generally  weakened  from  the  first,  but  in  the  cord 
there  is  temporary  excitement  with  twitching  of  the  muscles  and  even  convulsions. 
Weakness  is  noted  early  and  the  reflexes  after  a  brief  period  of  increase  diminish  rapidly 
and  may  be  lost.  Irritation  of  the  sensory  nerves  is  shown  by  numbness  and  tingling. 
If  oxalate  is  given  slowly  by  injection  to  a  frog  it  is  noted  that  the  cerebrum  is  affected 
first,  then  the  medulla,  the  cord,  and  finally  the  peripheral  nerves,  and  last  of  all  the 
muscles.  A  peculiar  effect  of  calcium  precipitants  is  that  given  with  magnesium  by 
injection,  they  precipitate  the  antagonistic  calcium  and  thus  increase  the  paralytic 
effect  of  the  magnesium  (Gates  and  Meltzer).  On  the  autonomic  system  oxalates  act 
like  removal  of  calcium,  lessening  the  sensitiveness  of  the  vagus  but  increasing  that 
to  epinephrine  and  to  pilocarpine  (Gates  and  Meltzer). 

Urinary. — The  alterations  in  the  kidneys  have  been  mentioned.  Acute  poisoning 
induces  albuminuria,  hematuria  and  glycosuria  partly  renal  and  partly  hyperglycemic. 
After  a  single  large  dose  there  may  be  complete  anuria  or  scanty  urine  with  uremia 
several  days  later.  In  chronic  poisoning  the  urine  is  scanty,  strongly  acid,  end  contains 
a  heavy  deposit  of  calcium  oxalate  crystals. 
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DRUGS  ACTING  ON  THE  CARDIOVASCULAR  SYSTEM 

Drugs  modify  the  functions  of  the  heart  and  blood  vessels,  either  by  direct  action 
upon  the  musculature,  or  by  indirect  influence  through  action  upon  the  controlling 
nerve  mechanism. 

The  normal  rhythm  of  systole  and  diastole,  myogenic  no  doubt  in  mechanism — 
and  in  ultimate  origin  dependent  upon  the  presence  and  interaction  of  the  inorganic 
salts  of  the  lymph  (especially  calcium,  sodium  and  potassium)  ° — is  nevertheless  sub- 
ject to  nerve  regulation,  both  from  medullary  centers  and  by  intracardiac  ganglia. 

It  is  not  necessary  here  to  describe  in  detail  either  the  arrangement  of  the  muscle 
fibers  or  the  distribution  of  the  nerves.  It  is  sufficient  for  our  purpose  to  recognize  the 
existence  in  the  medulla  of  an  accelerator  or  exciting  nerve  center  from  which  impulses 
pass  by  way  of  the  sympathetic  nerve,  and  an  inhibitory  or  sedating  center  from  which 
impulses  pass  by  means  of  the  vagus  nerve.  In  addition  to  this  continuous  autonomic  * 
governance,  both  muscle  and  nerve  cells  respond  to  reflex  stimuli  (the  exciting  impulses 
of  which  are  mainly,  but  not  exclusively,  conveyed  to  the  centers  by  autonomic  fibers), 
and  to  the  stimulus  of  various  chemical  compounds  of  endocrine,  metabolic  and  other 
origin  carried  by  the  circulating  blood  and  lymph.  In  health,  these  responses  are  such 
that  the  needs  of  the  organism  at  the  particular  instant — and  in  the  special  condition 
of  rest  or  exercise  of  nervous,  muscular,  or  visceral  function — are  so  served  as  to  pre- 
serve the  physiologic  balance.     In  disease,  the  responses   often  exhibit   clearly   the 

"Howell's  theory  is  thus  summarized  by  Brubaker:  "The  heart  muscle,  it  is  assumed, 
contains  a  stable  organic  energy-yielding  compound  of  which  potassium  is  one  of  the 
constituents  and  on  which  its  stability  depends.  This  compound  must  be  present  in 
relatively  large  amounts  as  the  heart  will  continue  to  contract  and  expend  energy  for 
many  hours  after  the  blood-supply  has  been  withdrawn. 

"During  the  diastole  a  reaction  takes  place  between  this  compound  and  the  calcium, 
or  the  calcium  and  the  sodium  salts,  whereby  a  portion  of  the  organic  compound  is  freed 
from  potassium  and  is  then  combined  with  calcium,  or  with  calcium  and  sodium.  In 
consequence,  this  portion  of  the  organic  compound  in  combination  with  the  calcium 
acquires  and  gradually  increases  in  stability,  reaching  its  maximum  at  the  end  of  the 
diastole,  when  it  undergoes  a  dissociation  giving  rise  to  a  chain  of  events  that  culminate 
in  a  contraction.  The  initial  step,  therefore,  is  a  dissociation  of  a  complex  unstable  • 
molecule  followed  by  an  oxidation  of  the  dissociated  products.  That  an  active  dissocia- 
tion of  some  character  takes  place  is  evident  from  the  consumption  of  oxygen,  the  pro- 
duction of  carbon  dioxid,  the  liberation  of  heat,  electricity,  and  mechanic  motion. 

"Inasmuch  as  the  contraction  is  always  maximal  and  as  the  heart  is  refractory  to  a 
stimulus  during  the  systole,  the  probabilities  are  that  all  of  the  unstable  portion  of  the 
energy-yielding  compound  is  dissociated  with  each  contraction.  With  the  relaxation 
there  is  a  renewal  of  the  unstable  combination  of  calcium  with  the  organic  molecules, 
which  increases  in  amount  until  the  maximum  is  again  attained,  when  another  disso- 
ciation occurs,  followed  by  another  contraction.  The  rhythmicity  of  the  heart's  action, 
the  appearance  of  a  refractory  condition  during  the  systole  and  its  gradual  disappearance 
during  the  diastole,  as  well  as  other  phenomena,  are  readily  explained  by  the  foregoing 
hypothesis. 

"The  cause  of  the  dissociation  of  the  energy-yielding  material  is,  however,  a  subject 
of  discussion.  According  to  Howell,  it  is  not  necessary  to  assume  the  presence  of  any 
cause  other  than  the  extreme  instability  of  the  organic  compound  in  question.  According 
to  Engelmann,  Langendorff,  and  others,  the  dissociation  is  not  spontaneous,  but  is  the 
result  of  the  action  of  a  specific  stimulus,  an  'inner  stimulus'  arising  within  the  muscle 
elements  themselves  through  metabolic  processes;  and  so  long  as  these  processes  are 
chemically  and  physically  conditioned  by  blood  or  tissue  fluids  containing  the  inorganic 
salts,  so  long  will  this  stimulus  be  produced.  As  to  the  nature  of  this  stimulus,  whether 
chemic,  electric  or  enzymic,  nothing  definite  can  be  stated  at  present." 

•  To  avoid  misunderstanding,  it  may  be  well  to  repeat  here  that  the  term  mitonomic 
is  used  in  this  book  in  Langley's  original  signification.  It  comprises  the  whole  "invol- 
untary," "visceral,"  "vegetative"  nerve  system,  and  not  merely  the  "craniosacral"  or 
"parasympathetic"  division  thereof.  Both  accelerator  and  inhibiting  nerves  are  therefore 
autonomic;  but  the  accelerator  nerve  belongs  to  the  sympathetic  division,  and  the  in- 
hibiting vagus  to  the  parasympathetic  division,  of  the  autonomic  system. 
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pathologic  imbalance.  They  may  be  the  result  of  intoxication  with  compounds  of 
intrinsic  or  extrinsic  origin — as,  for  example,  perverted  thyroid  secretion  or  bacterial 
toxins — or  of  various  other  disturbing  factors.  They  may  tend  to  spontaneous  sub- 
sidence or  to  persistence;  they  may  be  such  as  to  excite  remedial  adjustments  or  to 
give  rise  to  additional  disturbances.  In  both  normal  and  abnormal  responses,  adjust- 
ments and  readjustments,  the  vascular  system  participates;  and  although  necessarily 
separated  in  discussion,  the  heart  and  vessels  must  be  thought  of  together,  vt^hether 
physiologic,  pathologic,  pharmacodynamic  or  therapeutic  phenomena  are  in  view. 

In  considering  the  circulation  as  a  whole,  moreover,  due  attention  must  be  given 
to  the  splanchnic  system,  both  neural  and  vascular.  The  dilatation  and  contraction  of 
the  abdominal  vessels  not  only  regulates  the  supply  of  blood  to  the  viscera — thus  influ- 
encing markedly  their  nutrition  and  their  functioning,  both  normal  and  pathologic — 
but  affects  also  the  general  distribution  of  blood  throughout  the  body.  By  diverting  a 
large  part  of  the  circulating  blood  to  the  abdomen,  where  it  accumulates  in  the  capil- 
laries and  veins,  splanchnic  dilatation  may  cause  anemia  or  ischemia  elsewhere — thus, 
in  the  brain,  producing  syncope.  Or,  as  in  the  action  of  veratrum  viride — once  lauded, 
for  that  reason,  in  lobar  pneumonia — the  deflection  of  blood  may  relieve  a  pathologic 
congestion  by  "bleeding  a  patient  into  his  own  vessels."  On  the  other  hand,  splanchnic 
contraction,  by  closing  the  equalizing  channels,  may  cause  hyperemia  or  plethora  else- 
where, giving  rise,  for  example,  to  pulmonary  engorgement  and  hemoptysis,  or  to 
cerebral  congestion  and  even  apoplexy.  Dilatation  in  the  splanchnic  area  may  be 
brought  about  by  division  of  the  great  splanchnic  nerve,  hence  by  any  agent  depressing 
it  centrally  or  peripherally.  Contraction  may  be  caused  by  stimulation  of  the  pe- 
ripheral end  of  the  cut  nerve,  hence  by  any  agent  exciting  the  intact  nerve  centrally 
or  peripherally. 

Returning  now  to  cardiac  functions,  we  have  to  recognize  that  discrepancies  in 
nomenclature  have  introduced  a  degree  of  confusion  into  recent  analytic  studies. 
This,  however,  may  be  avoided  by  a  little  care  in  definition;  and  points  important  for 
therapeutic  diagnosis  can  be  listed  as  follows : 

(1)  The  origin  (internal  or  external  to  the  heart)  of  the  impulse  to  muscular  con- 
traction (automaticity  or  stimulus  production). 

(2)  The  power  to  respond  to  internal  or  external  stimulus  (irritahility  or  excita- 
bility). 

(3)  The  character  and  force  of  the  contraction  ensuing  upon  internal  or  external 
stimulus  {contractility). 

(4)  The  conduction  (transmission  through  the  cardiac  tissue)  of  the  contractile 
impulse  {conductivity). 

(5)  The  regularity  (or  irregularity)  of  the  recurring  cycles  of  contraction  and 
relaxation  {rhythmicity). 

(6)  The  general  tone  of  the  musculature  (with  its  normal  or  pathologic  variations) 
in  the  interval  between  the  recurring  contractile  impulses   (tonicity).* 

*  It  will  be  observed  that  (6)  tonicity  might  be  considered  as  a  subdivision  of  (3) 
contractility,  and  that  (5)  rhythviicity  might  be  studied  as  a  phenomenon  of  (1)  auto- 
maticity or  of  (2)  excitability,  while  (1)  stimulus  production  might  be  studied  as  a  part 
of  (2)  irritability.  Thus,  Vaquez,  for  example,  lists  four  functions  only:  (1)  excitability 
(bathmotropism),  (2)  contractility  (inotropism) ,  (3)  conductivity  {dromotropism), 
and  (4)  tonicity;  which  last  he  defines  not  as  a  property  exhibited  during  relaxation  but 
as  "the  energy  of  contraction"  that  is  "the  functional  efficiency"  expressed  by  "the 
systolic  reaction."  For  therapeutic  purposes,  however,  it  seems  better  to  hold  in  mind 
the  particulars  of  normal  or  disordered  cardiac  action  with  reference  to  the  six  phases 
of  function  as  here  stated.  And  as  "functional  efficiency  in  systolic  reaction"  must 
depend  on  the  condition  of  the  relaxed  muscle  fibers  we  prefer  to  consider  tonicity  as  that 
condition. 
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When  in  a  pi-operly  arranged  experiment  (Stannius  heart)  contractions  of  the 
heart  are  excited  by  passage  of  an  electric  current,  the  strength  of  the  contraction 
is  independent  of  the  current  strength.  It  is  not  great  for  a  strong  current,  and  slight 
for  a  weak  current,  but  if  the  current  be  sufficient  to  excite  any  response  whatever, 
that  response  will  always  be  maximal. 

This  fact  has  given  rise  to  the  expression  that  the  contraction  of  the  heart  is  "all 
or  none."  However  apt  in  relation  to  physiologic  conditions,  the  statement  needs 
clarification  when  applied  to  pathologic  states  and  to  therapeutic  problems.  "All  or 
none"  means  simply  that  in  any  particular  systole,  the  heart  contracts  to  the  full  extent 
of  its  power  at  that  time,  independent  of  the  intensity  of  the  excitation;  but  not  that 
the  power  of  the  cardiac  muscle  to  contract  may  not  be  increased  or  diminished  through 
drug  action  and  other  influences. 

If  a  heart  contracting  under  experimental  excitation  be  again  stimulated  before 
its  systole  is  complete,  the  vigor  or  duration  of  the  contraction  under  way  will  not  be 
affected,  nor  will  a  new  contraction  be  originated.  Irritahility  has,  for  the  time  being, 
been  lowered  to  a  point  at  which  no  response  to  stimulus  takes  place.  This  is  called 
the  refractory  period  (Marey).  It  is  systolic  and  exists  for  both  auricle  and  ventricle 
during  their  respective  contractions.  Upon  it,  rhythmicity  (or  periodicity  of  con- 
traction and  relaxation)  may  be  said  to  depend.  Since  the  systole  produces  a  phase 
of  inexcitability,  the  heart  must  await  the  end  of  this  phase  before  contracting  again. 
Excitability  reappears  at  the  end  of  the  systole,  increases  gradually  during  diastole, 
and  as  it  reaches  its  maximum,  the  contractile  impulse  is  again  effective,  and  excita- 
bility again  disappears.  During  diastole,  however,  artificial  stimuli  will,  under  experi- 
mental conditions,  excite  contraction,  and  under  pathologic  conditions  of  various  kinds 
tending  to  break  through  the  inexcitable  phase,  such  contractions  occur  as  "extra- 
systoles." 

Extrasystoles  are  followed  by  a  prolonged  refractory  period,  equaling  that  re- 
maining to  the  normal  systole,  plus  that  appertaining  to  the  abnormal  one.  This  must 
be  considered  in  estimating  clinically  the  effect  of  remedies. 

The  chief  function  of  the  blood  vessels  requiring  consideration  is  the  regulation 
of  their  caliber  (constriction,  relaxation,  dilatation),  with  its  consequences  (a)  in  the 
maintenance  of  normal  regional  blood  supply  or  the  production  of  ischemia  or  hyper- 
emia, (b)  in  the  rise  or  fall  of  blood  pressure.  As  it  is  necessary  to  take  into  account 
the  state  of  the  cardiac  structures,  so  is  it  necessary  also  to  consider  the  state  of  the 
arterial  walls  and  lining.  The  mistake  must  not  be  made,  however,  of  considering  the 
vessels  the  sole  source  of  blood  pressure;  that  depends  primarily  upon  the  action  of 
the  heart.  The  arterial  resistance  modifies  it  and  tends  to  call  forth  greater  or  less 
cardiac  effort  to  maintain  it;  and  loss  of  elasticity  (as  by  sclerotic  changes)  or  a  nar- 
rowing of  the  caliber  (as  by  muscular  spasm  or  hypertonicity)  will  increase  the  re- 
sistance (increase  or  decrease  in  the  viscosity  of  the  blood  also  modifies  peripheral 
resistance,  but  this  is  apart  from  present  discussion).  But  the  energy  that  manifests 
itself  in  the  pressure  of  the  blood  column  on  the  containing  walls  is  cardiac  energy  and 
with  weakening  of  the  cardiac  muscle  may  fall,  despite  arterial  change  or  hypertension. 

Neither  must  we  make  the  opposite  error,  however,  of  reasoning  concerning  the 
vessels  as  if  they  were  a  system  of  passive  tubes  whose  contribution  to  the  circulatory 
pressure  depended  only  upon  their  greater  or  less  caliber.  They  are  not  merely  elastic, 
they  are  contractile;  and  their  modification  of  cardiac  action  depends  upon  their  con- 
tractile tonus,  as  well  as  upon  their  narrowing  and  widening.  The  old  term  of  "arterial 
tension,"  were  it  not  liable  to  misconstruction — since  technically  it  merely  expresses 
blood  pressure — might  well  be  used  to  designate  this  condition.  We  speak,  instead  of 
vascular  tonus,  which  is  nearly,  but  not  precisely,  the  same. 
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It  must  be  remembered,  too,  that  veins  and  capillaries  as  well  as  arteries  contract 
and  dilate,  and  by  such  narrowing  and  dilatation  affect  circulation  both  locally  and 
generally. 

The  functioning  of  the  vessels  is  governed  centrally  as  well  as  peripherally  by 
nerve  impulses.  Clinical  considerations  point  to  one  center  which  exercises  taxic 
control  over  two  subordinate  centers,  that  bring  about  dilatation  and  contraction  (in- 
crease or  diminution  in  tension  or  tonus)  respectively;  thus  making  dilatation  as  well 
as  contraction  a  positive  action  rather  than  a  negative  state,  both  under  normal  and 
certain  abnormal  conditions ;  while  under  other  abnormal  influences,  either  contraction 
or  dilatation  may  be  passive,  i.e.,  the  result  of  weakening  or  loss  of  the  opposite 
function — hence,  paretic.  Convincing  experimental  evidence  for  a  vasodilator  center 
has,  however,  not  been  attained;  and  it  is  the  custom  to  speak  of  the  action  of  those 
agents  that  affect  vascular  tonus  and  caliber  by  central  influence,  as  one  of  excitation 
or  of  sedation  of  the  vasomotor  center;  excitation  causing  the  vessels  to  contract 
and  sedation  causing  them  to  dilate.  In  considering  the  treatment  of  conditions  de- 
pendent upon  vascular  imbalance  the  other  hypothesis  is  more  helpful. 

The  vessels,  like  the  heart,  contain  ganglia  within  their  walls,  and  these  also  may 
be  excited  or  sedated  by  drug  influence.  Finally  there  may  be  excitation  or  sedation 
of  the  muscular  fibers  of  the  walls  of  arteries  and  veins  (possibly  of  other  structural 
constituents)  and  of  the  constituent  cells  of  the  capillary  walls. 

Action  on  the  nervous  mechanism  in  the  wall  of  heart  or  vessel  is  not  always 
readily  distinguishable  from  direct  action  on  the  muscle  or  other  tissue ;  nor  can  action 
on  capillaries  and  venules  be  established  easily.  It  is  convenient  therefore,  to  divide 
the  drugs  that  influence  the  circulatory  system  into  those  of  central  and  those  of 
peripheral  action,  rather  than  into  those  affecting  the  nerves  and  those  affecting  the 
muscular  tissue.  Of  course,  drugs  rarely  have  an  influence  limited  entirely  to  one 
only  of  these  functional  units,  but  substances  having  several  types  of  action  may  be 
distinguished  as  follows: 

1.  Excitation  of  the  heart  peripherally  and  of  the  vessels  centrally  and  periph- 
erally (digitalis,  strophanthus,  apocynmn,  convallaria,  squill,  methyl  violet). 

2.  Excitation  of  the  heart  and  vessels  centrally  associated  with  more  impor- 
tant action  on  other  portions  of  the  central  nerve  system  (strychnine,  caffeine,  spar- 
teine, picrotoxin,  morphine,  cocaine,  hyoscine,  ammonium  salts). 

3.  Excitation  of  the  vessels  peripherally  (some  centrally  also),  but  little  action 
on  the  heart  (alkalis,  iron  salts,  lead  salts,  uranium  salts,  vanadium  salts,  formalde- 
hyde, astringents  including  tannin,  delphinine,  emetine,  hydrastine,  hydrastinine, 
cotamine) . 

4.  General  sympathico-mimetic  action,  including  some  action  on  the  nerve 
mechanism  of  the  heart  and  vessels  (barium,  cocaine,  ergot,  epinephrin,  pituitary 
and  thymus  extracts,  pilocarpine,  eserine,  nicotine,  conium,  gelsemium,  lobelia, 
atropine,  ephedrine). 

5.  Excitation  or  depression  of  the  heart  and  vessels  according  to  dose  and  con- 
ditions (silver,  salicylates,  camphor,  alcohol,  ether,  dihydroxybenzols,  atropine,  yohim- 
bine). All  of  these  drugs  act  as  depressants  when  given  in  large  dose  to  normal 
animals. 

6.  Depression  of  the  heart  and  of  the  vasomotor  center  (narcotics,  including 
chloral  and  chloroform,  antipyretics,  nicotine). 

7.  Depression  of  the  heart  peripherally  (aconite,  veratrmn). 

8.  Dilatation  of  the  vessels  by  peripheral  (some  also  by  central)  action 
(acids,  antimony,  arsenic,  radium,  nitrites,  essential  oils,  naphthalin,  quinine,  pilo- 
carpine) . 
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Most  of  the  drugs  in  these  lists  have  more  important  actions  than  those  on  the 
circulation,  and  they  are  more  conveniently  discussed  at  length  with  other  groups. 
The  drugs  which  are  here  taken  up  are  arranged  in  these  classes. 

1.  Drugs  which  excite  and  slow  the  heart,  and  stimulate  the  arterioles  cen- 
trally and  peripherally  (digitalis  bodies — digitalis,  strophanthus,  squill,  convallaria, 
apocynum,  methyl  violet). 

2.  Synthetic  heart  stimulants  (pentamethylenetetrazol,  homocamfin). 

3.  Drugs  which  seem  to  excite  the  heart  in  certain  abnormal  states  but  cannot 
be  sho^vn  to  have  any  such  action  on  the  normal  heart  (cactus,  Crataegus,  quinidine). 

4.  Peripheral  vasoconstrictors   (hydrastis,  cotarnine). 

5.  Peripheral  cardiac  depressants  (aconite,  veratrum). 

6.  Peripheral  vasodilators  (nitrites). 

7.  Normal  constituents  of  the  blood,  the  balance  between  which  keeps  the  car- 
diovascular system  in  proper  tonus  (sodium  chloride,  potassium  chloride,  calcium 
chlonde). 

Cardiovascular  Stimulants 

Digitalis  Bodies 

The  term  "digitalis  bodies"  is  applied  to  a  large  number  of  drugs  which  closely 
resemble  one  another  in  action,  and  of  which  digitalis  was  the  first  to  be  carefully 
studied  and  is,  moreover,  that  which  is  chiefly  used.  Almost  all  the  drugs  of  this 
class  are  of  vegetable  origin  and  most  of  them  owe  their  important  medicinal  properties 
to  glucosides.  So  far  as  they  -have  been  studied,  their  actions  on  the  circulatory  sys- 
tem are  qualitatively  identical,  the  differences  among  them  depending  on  the  varying 
doses,  both  absolute  and  relative,  required  to  bring  out  the  various  specific  effects,  and 
being  thus  quantitative. 

It  would  be  an  error,  however,  to  consider  that  they  can  be  used  entirely  inter- 
changeably with  reference  only  to  the  size  of  the  dose.  Many  other  factors  enter  into 
the  problem — e.g.,  rapidity  of  action;  convenience  of  administration;  collateral  influ- 
ences, good  and  bad;  accumulation,  quantitative  or  dynamic;  habituation  and  intol- 
erance, etc.  Some  physicians  have  developed  from  their  personal  observation  what 
may  fairly  be  termed  a  fondness  for  the  influence  of  one  or  the  other  agent  in  certain 
classes  of  patients  or  under  certain  conditions — as,  for  example,  strophanthus  rather 
than  digitalis  in  the  aged;  digitalis  by  mouth  rather  than  strophanthin  or  ouabain 
intravenously — or  vice  versa — in  auricular  fibrillation;  apocynum  rather  than  digitalis 
in  certain  forms  of  dropsy,  or  squill  (with  calomel)  rather  than  either  of  these  agents 
in  other  forms  of  effusion.  One  drug,  too,  is  used  as  a  succedaneum  for  another, 
either  to  avert  intolerance  or  habituation,  or  by  reason  of  the  induction  thereof. 
Finally  certain  agents  or  preparations  lend  themselves  more  readily  thari  others  to 
association  in  general  or  to  special  associations,  and  may  be  chosen  for  that  purpose. 

History. — Historically,  the  drugs  resembling  digitalis  fall  into  three  groups : 
(1)  Substances  (plants)  originally  used  as  primitive  or  domestic  remedies,  chiefly 
for  dropsy.  This  includes  digitalis,  squill,  adonis,  apocynum,  convallaria  and  helle- 
bore. (2)  Substances  of  vegetable  origin  used  by  primitive  peoples  as  arrow  poisons. 
In  this  group  are  strophanthus,  acocanthera,  antiaris,  erj'throphleum,  tanghinia, 
thevetia  and  a  few  others.  (3)  Substances  which  attracted  attention  by  accidental 
poisoning,  such  as  cheiranthus,  coronilla  and  neriiim,  or  whose  resemblance  to  digi- 
talis was  discovered  in  the  course  of  pharmacologic  studies,  as  the  salts  of  barium  and 
bufagin  and  bufotalin  from  the  parotid  gland  of  the  toad. 

Digitalis  has  long  been  known   as  a   poison,   and   is   deacribed   and   pictured   by 
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Dioscorides.  It  does  not  appear  to  have  been  used  by  the  ancients  and  is  not  men- 
tioned by  medical  writers  until  1542  when  it  is  described  by  Fuchsius  under  its 
present  name.  Until  two  centuries  later  it  was  used  only  as  a  dressing  for  wounds, 
and  as  a  purgative  and  emetic.  It  seems  to  have  been  a  popular  remedy  for  the 
treatment  of  dropsies  in  several  parts  of  England,  but  was  not  adopted  by  the  medical 
profession  for  this  purpose  until  William  Withering  of  Birmingham  recognized  it 
as  the  active  constituent  of  a  secret  formula  used  by  an  old  woman  of  his  neighbor- 
hood for  the  treatment  of  dropsy.  In  1785  Withering  published  an  account  of  experi- 
ments with  it,  and  from  this  time  its  use  rapidly  became  general  over  the  whole 
of   Europe. 

Squill,  in  contrast  to  digitalis,  has  been  known  as  a  valuable  medicine  since 
before  the  Christian  era.  Hippocrates  appears  to  have  employed  it  both  externally 
as  a  counterirritant  and  internally  as  a  cathartic  and  for  the  relief  of  coughs  and 
of  dropsies.  Pythagoras,  Pliny  and  Dioscorides  write  of  it  at  length,  as  do  the 
physicians  of  the  Arabian  school.  It  has  been  extensively  used  as  an  expectorant  and 
as  a  diuretic  down  to  modern  times,  but  in  the  last  few  years  it  has  been  largely 
displaced  by  digitalis  as  a  remedy  for  cardiac  and  even  renal  dropsies. 

Convallaria  seems  to  have  been  used  first  in  Russia  and  was  brought  to  the 
notice  of  the  medical  profession  in  1880  by  Troitzky  as  a  remedy  in  cardiac  valve 
affections.  Careful  studies  showed  its  action  to  be  much  the  same  as  that  of  digitalis, 
and  it  is  used  chiefly  as  a  succedaneum  to  the  latter. 

Strophanthus  was  used  in  Africa  as  an  arrow  poison  and  was  sent  to  England 
for  study  about  1870.  Eraser  of  Edinburgh  found  that  it  resembled  digitalis  in  its 
action  on  the  heart  and  vessels  and  that  its  active  principles  are  more  readily  obtained 
in  a  pure  state.  For  this  reason  strophanthin,  a  glucoside  obtained  from  it,  has  been 
used  largely  for  intravenous  injection.  Confusion  has  arisen  from  the  fact  that 
seeds  from  three  species  of  Strophanthus  are  in  use  and  that  these  differ  in  com- 
position. Acocanthera,  another  African  arrow  poison  belonging  to  a  related  genus, 
is  of  interest  because  one  of  the  chief  glucosides  of  strophanthus,  ouabain,  was  first 
obtained  from  it. 

Apocynum  was  introduced  to  the  profession  in  1826  by  Knapp,  an  American 
physician,  as  an  emetic  and  diaphoretic.  In  1910  Dale  and  Laidlaw  isolated  cymarin 
from  it  and  showed  that  this  acted  like  digitalis  on  the  circulation. 

Chemistry. — All  the  important  drugs  of  this  group  are  of  vegetable  origin  and 
their  active  principles  are  largely  glucosidal  in  nature,  none  of  them  being  alkaloidal. 
These  drugs  and  their  chief  constituents  will  be  enumerated  and  the  chemistry  of  the 
more  important  will  then  be  discussed. 

The  following  drugs  and  active  principles  are  believed  to  have  an  action  on  the 
circulation  like  that  of  digitalis.  Digitalis  leaves  (digitoxin,  digitophyllin,  digitalin, 
digitalein,  gitalin,  anhydrogitalin)  ;  Digitalis  seed  (digitalin,  digitalein) ;  Strophan- 
thus hispidus  and  S.  homhe  (k-strophanthin,  crystalline  strophanthin,  strophanthidin) ; 
Strophanthus  glaher  (g-strophanthin,  ouabain)  ;  Scilla  (scillitoxin,  scillitin,  scillaren, 
scillain)  ;  Convallaria  (convallamarin)  ;  Apocynum  androsimcefolium  (apocynamarin)  ; 
A.  cannahinum  (cynotoxin)  (the  last  two  principles  are  probably  identical);'  Acocan- 
thera (ouabain,  acocantherin,  dimethyl-ouabain,  acocanthin) ;  Adonis  (adonidin) ; 
Antiaris  (antiarin) ;  Cheiranthus  (cheiranthin) ;  Coronilla  (coronillin) ;  Euonymus 
(euonymin) ;  Erythrophyleum  (erythrophlein) ;  HeUehorus  (helleborien) ;  Nerium 
(oleandrin,  neriin,  neriodorin)  ;  Tanghinia  (tanghinin)  ;  Thevetia  (thevetin,  cerberin)  ; 
Urechites;  Methyl  violet   (West  African  Boxwood    (Gonioma)    contains   an   alkaloid 

•A  principle  obtained  from  either  species,  and  termed  cymarin,  is  said  by  Impens 
to  be  the  active  principle. 
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which  has  an  action  on  the  heart  similar  to  that  of  digitalis  and  produces  chronic 
cardiac  intoxication  in  laborers  handling  the  wood). 

Only  the  first  six  are  used  as  cardiants.  Methyl  violet  is  employed  as  an  anti- 
septic and  euouymin  is  a  drastic  purge.  Certain  bodies  of  animal  origin  share  the 
digitalis  action;  such  arc  bufaginin,  isolated  from  the  parotid  gland  of  the  tropical 
toad  (Bufo  ac/ua)  and  bufonin  and  bufotalin  from  the  skin  of  the  same  species. 

Digitalis. — Much  confusion  has  arisen  in  regard  to  the  chemistry  of  digitalis 
through  two  errors:  First,  the  description  of  artificial  products  as  original  plant 
constituents;  and,  second,  the  application  to  principles  in  the  leaves,  of  names  given 
to  similar,  but  essentially  different,  bodies  in  the  seeds. 

Digitalis  Seeds. — The  seeds  of  digitalis  contain  two  glucosides,  digitalin  and 
digitalein,  and  a  crystalline  glucosidal  saponin,  digitonin.  Digitonin  constitutes  about 
80  percent,  of  the  mixed  glucosides;  digitalin  most  of  the  remainder.  Digitonin  is 
freely  soluble  in  water  and  alcohol,  as  is  digitalein.  Digitalin  is  freely  soluble  in 
alcohol  but  less  so  in  water. 

Digitalis  Leaves. — Four  glucosides  having  similar  action  on  the  heart  have  been 
ascribed  to  the  leaves  by  Schmiedeberg  and  Kiliani,  and  more  or  less  purified  bodies 
bearing  their  names  have  been  isolated  and  distinguished  by  solubilities  and  by  color 
reactions.  Two  of  these  are  freely  soluble  in  chloroform,  namely,  digiioxin,  present 
to  about  0.3  percent.,  and  digitophyllin,  the  amount  of  which  is  too  small  to  be 
determined  or  to  influence  the  action  of  the  leaf.  The  others  soluble  in  water  are 
digitalin,  presumably  identical  with  the  active  principle  of  the  seed,  aud  present  in 
very  small  amount,  and  digitalein,  which  is  not  a  uniform  body  but  a  sort  of  collec- 
tive name  applied  to  the  mixed  water-soluble  active  glucosides.  It  is  doubtful  whether 
any  of  these  purified  substances  occur  in  the  natural  leaf.  All  may  be  artificial 
products. 

Digitoxin  is  the  only  one  of  these  bodies  which  is  readily  obtained  in  an  approxi- 
mately pure  state.  It  is  merely  necessary  to  extract  the  leaves  with  70  percent,  alcohol, 
evaporate  to  dryness,  take  up  the  extract  in  water,  add  ammonia  and  shake  out 
with  chloroform.  On  pouring  the  chloroform  into  several  volumes  of  petroleum  ether, 
the  digitoxin  separates  out  in  crystals.  Digitoxin  is  freely  soluble  in  chloroform  and 
somewhat  less  so  in  alcohol.  It  is  not  precipitated  by  diluting  the  alcohol  to  25  per- 
cent, or  less,  although  it  is  not  soluble  in  water.  Digitophyllin  resembles  digitoxin 
in  solubilities.  Both  of  these  bodies  are  completely  removed  from  the  leaf  by  macera- 
tion or  percolation  with  hot  water.  It  is  said  that  solution  is  made  possible  by  the 
help  of  a  saponin  present  in  the  leaf.  The  extent  to  which  they  are  present  in  cold 
water  infusions  is  a  matter  of  controversy,  some  authors  claiming  complete  extrac- 
tion, others  none  at  all.  Digitalein,  so-called,  is  freely  soluble  in  water  and  in  alcohol, 
but  not  in  chloroform.  No  body  of  definite  or  uniform  composition  has  been  isolated 
from  it.    Digitalin  resembles  it  in  solubilities  and  is  not  readily  separated. 

In  an  average  leaf  the  combined  "chloroform-soluble''  bodies  are  responsible  for 
from  1/3  to  2/5  of  the  total  activity ;  the  water-soluble  from  2/3  to  3/5. 

Two  glucosides  obtained  from  the  leaf  were  described  by  Kraft  under  the  names 
of  gitalin  and  anhydrogitalin.  He  considers  that  these  with  digitoxin  account  for  all 
activity.  The  first  of  these  (of  which  the  leaf  contains  0.7  percent.)  is  freely  soluble 
in  chloroform,  ether  and  alcohol,  but  only  slightly  in  water.  Anhydrogitalin  is  a 
crystalline  glucoside  entirely  insoluble  in  water  and  chloroform  and  only  slightly 
soluble  in  alcohol.  Gitalin  tends  to  change  into  it  in  standing  but  may  be  changed 
back  by  solution  in  chloroform  and  precipitation  by  benzin.  Cloetta,  in  an  extremely 
painstaking  study,  has  recently  described  three  glucosides  which  he  believes  account 
for  the  entire  activity  of  digitalis  leaves.    They  are  digitoxin  and  two  new  glucosides, 
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gitalin,  which  is  a  purer  form  of  the  substance  described  by  Kraft  under  this  name, 
and  ligitalin,  which  corresponds  probably  with  anhydrogitalin.  Both  of  these  bodies, 
when  pure,  are  insoluble  in  water,  but  in  the  presence  of  other  constituents  of  the 
leaf,  are  more  soluble  than  digitoxin  under  the  like  conditions,  and  they  therefore 
enter  more  readily  into  aqueous  extracts. 

Very  little  study  has  been  given  to  the  other  constituents  of  digitalis  leaves.  They 
contain  a  saponin,  which  dift'ers  from  that  of  the  seeds,  although  often  referred  to  as 
"digitonin."  The  substance  more  properly  known  as  "digitsaponin"  is  probably  a 
mixture  of  several  related  bodies  (Kraft) ;  at  least  two,  one  of  which  is  soluble 
in  alcohol,  the  other  not;  they  are  not  hemolytic.  The  saponin  is  not  soluble  in 
chloroform  or  ether,  but  is  freely  soluble  in  water,  and  is  said  to  render  water-soluble 
those  active  principles  which  are  not  naturally  so.  It  is  also  said  that  its  irritating 
character  accounts  for  much  of  the  pain  which  follows  hypodermic  administration 
of  digitalis  preparations.  This  is  probably  not  true.  The  tannin  of  the  leaves,  digito- 
tannic  acid,  is  freely  soluble  in  water,  especially  in  the  presence  of  alkalis,  and  is 
precipitated  by  strong  alcohol  and  by  ether.  It  is  associated  with  a  brown  coloring 
matter  of  similar  solubilities,  with  which  it  constitutes  more  than  half  of  the  water- 
soluble  constituents.  The  leaf  contains  several  organic  acids,  extracts  being  very 
strongly  acid  in  reaction,  and  their  irritating  qualities  being  somewhat  reduced  by 
neutralization.  There  are  also  present  starch,  gums,  a  brown  and  a  yellow  coloring 
matter  and  other  substances  of  less  importance. 

There  are  a  number  of  commercial  preparations  of  digitalis  which  are  of  sviffi- 
cient  importance  to  warrant  description.  Digitalin  German  (or  Merck),  a  mixture 
of  glucosides  and  saponins  from  digitalis  seed,  containing  digitonin  (50  to  60  per- 
cent.), digitalin  and  traces  of  digitalein;  Digitalin  Homolle,  a  similar  preparation; 
Digitaline  Nativelle  (or  French),  water-insoluble  glucosides  from  the  leaves,  chiefly 
digitoxin;  Digalen  (soluble  digitoxin  Cloetta),  a  product  of  unknown  composition 
purified  by  the  use  of  lead  acetate,  probably  a  mixture  of  glucosides  altered  by 
chemical  action;  it  varies  considerably  in  activity.  Various  partially  purified  prod- 
ucts are  marketed  under  trade  names  such  as  Digipoten,  glucosides  precipitated  by 
tannin  and  recovered;  Digitalysatum  and  Digitalone,  purified  by  dialyzation;  Digitos, 
Digitan  and  Digipuratum,  purified  by  precipitating  inert  matters  with  ether ;  Digifolin. 

Strophanthus. — The  chemistry  of  strophanthus  is  in  some  respects  more  simple 
than  that  of  digitalis,  but  the  study  has  been  complicated  by  the  fact  that  there  are 
several  species  on  the  market,  and  that  these  diifer  decidedly  in  composition.  Three 
species  or  varieties  are  commonly  described.  The  seeds  of  one  of  these,  S.  grains 
or  glaber,  are  readily  distinguished  from  all  others  by  being  hairless.  The  seeds  of 
S.  Jcomhe  and  of  *S^.  hispidus  are  readily  confused,  and  as  they  differ  widely  in  gluco- 
sidal  content,  serious  mistakes  in  dosage  are  likely  to  occur.  A  pure  crystalline 
glucoside  of  constant  composition  (g-strophanthin  Thoms,  crystalline  strophanthin 
Merck)  can  be  isolated  from  8.  grains  and  is  identical  with  ouabain  originally  found 
in  acocanthera.  The  pseudostrophanthins  of  Feist  were  probably  ouabain,  but  this 
is  now  uncertain  (Sollmann). 

Strophanthns  komhe  and  S.  hispidns  each  contain  two  active  glucosides,  an  amor- 
phous (strophanthin  U.S.  X,  strophanthin  Boehringer),  and  a  crystalline.  These  are 
apparently  identical  in  the  two  species  but  the  proportion  and  total  quantity  differ. 
S.  hispidus  averages  0.65  percent,  and  S.  komhe  0.95  percent,  total  glucosides  (Tut- 
hill).  Both  glucosides  are  hydrolyzed  by  acids,  giving  rise  to  a  reducing  sugar  and 
crystalline  strophanthidin,  which  is  no  longer  glucosidal  but  resembles  strophanthin 
in  its  cardiac  action.  It  has  been  asserted  that  the  crystalline  strophanthin  is  niethyl- 
ouabain,  but  this  is  disproved  by  the  fact  that  the  sugars  split  off  from  them  are 
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not  identical  (being  rhamnose  in  ouabain  and  a  disaccharide  yielding  glucose  in  stro- 
phanthin)  and  that  a  body  differing  widely  from  strophanthidin  is  obtained  from 
ouabain  (Brauns  and  Closson). 

Convallaria  contains  two  glucosides:  convallamarin,  digitalis-like  in  action,  and 
convallarin,  irritant  and  paralyzant. 

Scilla. — The  chemistry  of  squill  is  puzzling  and  probably  no  pure  active  principle 
has  been  isolated.  A  glucoside  called  "scillitoxin"  (Merck,  1879),  "scillitin" 
(Kopacewski,  1914),  "scillareu"  (Schamclhout,  1923)  is  soluble  in  alcohol  but  only 
slightly  (0.18  percent.)  in  water,  from  which  it  may  be  shaken  out  with  chloroform. 
An  average  drug  contains  0.1  percent.  It  is  not  injured  by  boiling.  Another  prin- 
ciple is  also  present,  according  to  Kopacewski,  which  is  diuretic  and  not  toxic,  "scilli- 
diuretin";  scillipicrin  (Merck)  was  an  impure  form  of  this.  It  is  freely  soluble  in 
water  and  in  alcohol.  Squill  contains  a  large  amount  of  mucilage  which  renders 
aqueous  extraction  of  the  ground  drug  almost  impossible.  Other  constituents  are  of 
less  importance.  Crystalline  scilla ren  has  recently  been  introduced  in  medicine.  It 
kills  frogs  in  a  dose  of  0.0008  mgm.  per  Gm.,  is  active  when  given  by  mouth,  and  is 
rapidly  eliminated.     The  drug  contains  about  0.06  percent.   (Markwalder). 

Methods  of  Standardization. — The  ignorance  of  the  chemistry  of  digitalis  and  of 
the  other  members  of  the  group,  and  the  necessity  for  determining  the  strength  of  any 
given  sample  before  employing  it  clinically,  has  led  to  the  devising  and  introduction 
of  methods  of  standardizing  these  preparations  physiologically;  that  is,  by  their  quanti- 
tative effect  on  the  living  animal.  In  addition,  certain  color  reactions  are  said  to 
show  the  content  of  active  glucosides,  especially  in  digitalis  and  strophanthus. 

Physiologic. — These  are  sometimes  divided  into  cardiac  methods  and  toxic 
methods,  according  to  whether  the  stoppage  of  the  heart  in  systole  or  the  death  of 
the  experimental  animal  is  taken  as  the  end  point.  As  the  death  is,  however,  due 
to  stoppage  of  the  heart,  the  distinction  is  more  academic  than  fundamental. 

The  principal  methods  are  as  follows : 

(1)  Frog  Method  (U.S.  X.). — Rana  pipiens  (20  to  30  Gm.  weight)  are  kept  at 
20°  C.,  and  the  material  to  be  tested  is  injected  into  the  ventral  lymph  sac,  the  volume 
being  about  0.015  cc.  per  gram,  and  the  alcohol  content  not  higher  than  20  percent. 
The  smallest  dose  causing  systolic  standstill  of  the  heart  at  the  end  of  one  hour  is  the 
minimal  lethal  dose.  The  frogs  should  be  standardized  by  injections  of  ouabain 
which  should  kill  in  a  dose  of  0.00054  mgm.  per  gram.  If  the  dose  for  any  lot  of  frogs 
differs  from  this,  a  corresponding  correction  should  be  made  in  the  results  of  the  assay. 
Digitalis  tincture  must  cause  systolic  stoppage  in  a  dose  between  0.0055  and  0.0065  cc. 
per  gram. 

(2)  Famulener  and  Lyon's  One-Hour  Method. — The  solution  to  be  tested  is 
injected  into  several  40  Gm.  frogs  in  varying  dose.  That  amount  which  paralyzes 
the  heart  in  an  hour,  leaving  it  sensitive  to  stimulation,  is  tne  quantity  on  which 
standardization  is  based.  Each  lot  of  frogs  must  be  "standardized"  before  use  by 
testing  them  with  ouabain.  The  result  of  the  test  is  then  compared  with  this  standard, 
and  expressed  in  units. 

(3)  Focke's  Frog  Heart  Method. — The  heart  of  a  normal  frog  is  exposed,  the 
preparation  injected  and  the  time  required  for  the  heart  to  stop  in  systole  is  observed. 
If  this  is  not  between  Y  and  20  minutee  a  larger  or  smaller  dose  must  be  given.  Four 
such  frogs  are  weighed  after  the  heart  stops,  and  averages  are  taken.  The  weight 
divided  by  the  minutes  multiplied  by  the  dose  in  cc.  is  the  standard  and  should  be 
about  10  (e.g.:  weight,  0.30  Gm.;  dose,  0.3  cc;  time,  10  minutes— for  a  10  percent, 
infusion).    The  method  is  extremely  inaccurate  and  is  not  used  in  this  country. 

(4)  Houghton's  Twelve-Hour  Method. — Frogs  of  any  size  are  used,  the  doses 
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being  adjusted  to  the  weight.  The  smallest  amount,  per  gram,  killing  regularly 
within  12  hours  is  the  "m.l.d."  and  10  times  this  is  a  heart  tonic  unit,  "h.t.u."  A 
standard  fluid  extract,  which  contains  about  66  h.t.u.  per  cc.  and  whose  "average 
m.l.d."  on  standard  frogs  is  known,  is  put  on  test  at  the  same  time,  and  the  result 
of  the  test  is  calculated  by  the  following  formula: 

found  m.l.d.  of  standard 


^..^^.^^  .^  1  A    ^-P  ..„»^....i   =  h.t.u.  per  cc. 


10  m.l.d.        average  m.l.d.  of  standard 

It  has  been  suggested  that  more  constant  results  are  obtained  if  the  injections  aro 
given  intramuscularly  instead  of  into  a  lymph  sac. 

(5)  Reed  and  Vanderkleed's  Guinea-pig  Method,  as  modified  by  Githens  and 
Pittenger. — Guinea-pigs  of  any  size  are  used,  a  dose  based  on  that  for  a  250  Gm.  pig 
and  adjusted  to  the  weight  being  injected  subcutaneously  in  the  abdomen.  The 
smallest  amount  of  the  preparation  which  will  kill  250  Gm.  of  guinea-pig  in  24  hours 
is  the  unit.  This  is  the  most  accurate  of  the  methods  of  physiologic  standardization, 
as  shown  by  comparative  tests  of  the  American  Pharmaceutical  Association,  and  is 
much  less  influenced  by  changes  due  to  temperature,  season,  alcohol  content  of  the 
preparation,  etc.,  than  any  of  the  other  methods.  Large  amounts  of  alcohol  interfere 
with  absorption  by  topical  injury  of  the  tissues  at  the  site  of  injection,  and  thus 
increase  the  toxic  dose.  Abnormally  dry  feed  will  reduce  the  weight  of  the  stomach 
contents  and  thus  cause  too  small  doses  to  be  given.  (Test  not  selected  as  official 
because  of  expense.) 

(6)  Hatcher  and  Brody's  Cat  Method. — A  cat  is  anesthetized  and  an  amount 
of  the  material  to  be  tested  less  than  enough  to  cause  death  is  run  into  a  vein. 
Injection  is  then  discontinued  and  a  standard  solution  of  ouabain,  the  value  of 
which  is  known,  is  run  in  until  death  occurs.  The  amount  less  than  0.1  mgm.  per 
gram  required,  represents  the  value  of  the  digitalis  body  previously  given.  The 
amount  which  would  have  been  required  without  the  ouabain  is  calculated  by  a 
simple  proportion.  The  test  may  be  modified  by  giving  0.075  mgm.  of  ouabain  per 
kilo,  and  continuing  with  the  unknown  solution  until  death,  which  must  occur  in 
1  to  2  hours  after  beginning  the  injection.  The  quantity,  which  represents  the  activity 
corresponding  to  the  additional  0.025  mgm.  of  ouabain,  is  multiplied  by  4  to  give 
the  fatal  dose,  per  kilo,  which  is  termed  ''cat-unit."  It  is  claimed  that  this  method 
gives  a  more  exact  idea  of  the  clinical  value  of  the  drugs  than  other  methods  but 
it  is  essentially  a  "toxic"  method  and  there  is  no  basis  for  this  claim.  It  has  the 
advantage  of  cheapness,  one  or  two  cats  being  used  instead  of  6  to  8  guinea-pigs. 

(7)  Pittenger's  Goldfish  Method. — Goldfish  which  have  been  kept  for  an  hour 
at  a  temperature  of  22°  C.  are  placed  one  each  in  500  cc.  of  water  to  which  is  added 
varying  amounts  of  the  drug  to  be  tested.  The  fish  are  kept  at  this  temperature  and 
reading  made  at  the  end  of  3  hours.  The  unit  is  the  smallest  amount  of  the  prepara- 
tion which  causes  death  in  this  time. 

(8)  Isolated  Heart  Methods. — The  isolated  heart  of  the  frog  or  mammal  is  per- 
fused with  Locke  solution,  and  after  normal  beats  have  been  established,  the  drug 
is  added  to  the  perfusion  fluid.  The  amount  required  to  cause  stoppage  is  compared 
with   a   standard. 

Sowton's  Method. — The  heart  of  a  young  rabbit  is  perfused  through  the  coronary 
arteries  with  oxygenated  Locke  solution.  Digitalis  is  added  to  the  fluid  so  as  to 
make  a  1 :  200  dilution,  and  if  the  drug  is  of  proper  activity,  the  heart  should  stop 
in  25  to  45  minutes.  This  method  is  only  very  roughly  quantitative,  and  has  been 
used  much  less  than  the  other  methods. 

(9)  Emetic  Dose. — The  preparation  is  injected  into  the  wing  vein  of  a  pigeon. 
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Vomiting  occurs  in  5  to  10  minutes.  The  minimal  emetic  dose  of  standard  tincture 
of  digitalis  is  about  0.3  cc.  per  kilo,  and  that  of  ouabain  about  0.045  mgm.  per  kilo 
(Hanzlyk  and  Shoemaker). 

The  standard,  or  unit,  doses  of  each  drug  and  preparation,  are  shown  in  the  follow- 
ing comparative  table: 

TABLE  SHOWING  THE  ACTIVITY  OF  SEVERAL  PREPARATIONS 
AS    STANDARDIZED   BY   DIFFERENT    METHODS 


Name  of  Preparation 


Digitalis 

Drug 

Fluidextract  

Tincture   

Extract 

Infusion    

Digitoxin     

Squill 

Drug  

Alcohol  Fluidextract 

Acetic  Fluidextract 

Tincture      

Strophanthus 

Drug 

Tincture   

Strophanthin 

Ouabain 

Apocynum 

Fluidextract   

Convallaria 

Fluidextract  

Adonis 

Fluidextract   

Hellebore 

Fluidextract   


1  Hour  Frog 
U.S.P.    Method 


0.6  • 
0.8 
6.0 
0.2 

0.008 

0.5 
0.6 
2.0 


0.006 
0.15 
0.0006 
0.00015 

0.2 

0.2 


Guinea-pig 

Githens  and  Van- 

derkleed  Method 


0.4 
0.4 
4.0 
0.1 


0.3 

1.0 
3.0 
3.0 

0.01 
0.1 


0.3 
0.3 


Cat 
Hatcher  Method 


0.09   (0.1) 

0.1 

1.0 

o!6ooi7 


0.58 
0.58 


0.0015 
0.018 
0.00013 
0.0001 

0.066 

0.05 

0.1 

0.1 


*  The  doses  are  given  in  Grams  per  kilo  or  in  mgm.  per  Gram. 

As  will  be  seen,  the  data  in  regard  to  certain  of  the  tests  are  incomplete.  It  is 
noteworthy  that  the  several  drugs,  as  tested  by  the  different  methods,  do  not  have  the 
same  relative  value.  The  tests  are  available  for  comparing  different  lots  of  the  same 
drug,  rather  than  different  drugs  with  one  another. 

Chemical. — The  chemical  methods  proposed  for  testing  digitalis  are  of  two  kinds, 
gravimetric  and  colorimetric.  They  apply  only  to  digitalis,  except  Baljet's  test,  which 
applies  to  strophanthus  also.    The  more  important  are  the  following: 

(1)  Keller's  Digitoxin  Assay. — The  digitalis  preparation  is  cleared  by  precipita- 
tion with  lead  subacetate,  the  excess  of  lead  removed,  the  digitoxin  shaken  out  with 
chloroform,  dried,  redissolved  in  a  small  amount  of  chloroform,  precipitated  as  crystals 
by  addition  of  ether  and  gasoline,  dried  and  weighed.  The  standard  is  0.03  mgm.  per 
gram  drug.    The  results  bear  little  relation  to  the  physiologic  activity. 

(2)  Martindale's  Colorimetric  Method. — Ten  cc.  of  tincture  is  mixed  with  an 
equal  volume  of  water,  precipitated  with  lead  subacetate,  and  the  excess  of  lead 
removed  by  sodium  phosphate.  After  filtration  the  filtrate  is  evaporated  to  dryness, 
and  extracted  thoroughly  with  chloroform.  The  chloroform  is  driven  off,  the  residue 
taken  up  in  water,  filtered,  dried  and  dissolved  in  4  cc.  of  glacial  acetic  acid.  Of  this 
solution,  0.1  cc.  is  mixed  with  Froehde's  sulphuric  ammonium  molybdate  reagent  and 
after  5  minutes  compared  with  a  color  scale  which  has  been  standardized  by  com- 
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parison  with  digitalis  tinctures  of  known  activity.  The  method  is  more  complex  and 
probably  inferior  to  Baljet's.    Berry's  colorimetric  method  is  a  modification. 

(3)  Baljet's  Colorimetric  Method  as  Modified  by  Knudson  and  Dresbach. — To 
5  cc.  of  tincture  of  digitalis,  or  a  corresponding  amount  of  other  preparations  brought 
to  this  volume,  add  10  cc.  of  water  and  2.5  cc.  of  neutral  lead  acetate.  Let  stand  a 
minute;  filter.  To  12.5  cc.  of  the  filtrate  add  1.25  cc.  of  10  percent,  disodium  phos- 
phate (JSTajHPOJ,  dilute  to  25  cc,  and  filter.  Transfer  5  cc.  to  a  graduated  10  cc. 
tube,  and  add  5  cc.  of  a  solution  made  by  mixing  95  cc.  of  saturated  picric  acid  with 
5  cc.  of  10  percent.  NaOH.  Compare  in  a  colorimeter  with  a  standard  made  by  treat- 
ing a  solution  of  0.266  mgm.  of  crystalline  ouabain  in  5  cc.  of  water,  with  the  same 
reagent.  The  depth  of  color  of  the  unknown,  divided  by  that  of  the  standard,  multi- 
plied by  twice  the  amount  of  drug  in  the  sample,  gives  the  equivalent  of  one  Hatcher- 
Brody  Cat  Unit.  The  method  is  said  to  be  applicable  to  other  glucosides  with  digi- 
talis   action. 

These  colorimetric  methods  measure  the  glucose  split  off  from  the  decomposed 
glucosides,  and  when  a  drug  contains  several  glucosides  of  differing  power,  they 
give  an  unreliable  index  of  its  value. 

Summary  of  Actions  and  Uses. — The  actions  which  characterize  the  group  are  largely 
limited  to  the  circulatory  system.  The  heart  is  strengthened  in  its  beat  by  an  increase 
both  in  the  dilatation  during  diastole  and  the  contraction  during  systole.  In  the  frog 
the  systolic  action  is  by  far  the  stronger  and  the  heart  stops  in  an  excessive  systolic 
contraction.  In  mammals  the  asphyxia  caused  by  the  circulatory  disturbance  causes  a 
secondary  paralysis  of  the  heart  muscle  which  usually  stops  in  diastole.  The  heart  is 
slowed,  chiefly  by  stimulation  of  the  vagus,  and  conduction  time  between  auricle  and 
ventricle  is  also  prolonged  and  may  be  interrupted  completely.  Both  by  perfusion  of 
the  vessels  and  in  the  intact  animal  there  is  vasoconstriction,  although  the  degree  of 
this  varies  more  from  drug  to  drug  than  does  the  cardiac  action.  There  is  a  depressing 
action  on  the  nervous  system  which  in  certain  species  may  be  preceded  by  stimulation 
of  the  motor  cortex  leading  to  convulsions.  These,  like  all  other  actions,  are  of  no 
importance  compared  with  the  action  on  the  circulation. 

In  practice  the  members  of  the  group  are  used  as  heart  stimulants  in  cases  of 
valvular  and  muscular  affections  and  to  raise  blood  pressure  and  improve  circulation 
when  there  is  general  loss  of  tone.  They  are  used  largely  as  diuretics,  and  may  have 
some  specific  action  on  the  renal  cells  in  addition  to  increasing  blood  flow  through  the 
kidneys.  Squill  is  used  largely  as  an  expectorant.  Euonymin  has  a  strongly  purgative 
action,  which  precludes  its  employment  as  a  heart  stimulant. 

Only  three  members  of  the  group  have  found  extensive  use  as  medicaments,  namely 
digitalis,  strophanthus  and  squill.  Convallaria,  apocynum  and  adonis  have  been,  and 
are,  used  occasionally. 

All  the  drugs  and  their  active  principles  resemble  one  another  in  their  action  on 
the  heart  and  vessels,  but  other  substances  present  in  each  drug  may  mpdify  this. 
There  are  also  certain  differences  in  the  intensity  of  action  in  the  vessels  relative  to 
that  upon  the  heart,  in  equivalent  doses. 

Materia  Medica. — Digitalis  (U.S.  X.),  Digitalis.  Ahhr.,  Digit.  Synonyms:  Fox- 
glove, Digitalis  Folium  P.  I. 

The  carefully  dried  leaves  of  Digitalis  purpurea  Linne  (Fam.  Scropliulariacew). 
Odor  slight,  characteristic ;  taste  strongly  bitter.     The  powder  is  dark  green. 

Antagonists  and  Incompatihles. — Soluble  salts  of  iron  and  of  lead;  tannins  and 
drugs  containing  them  (including  cinchona),  form  precipitates  with  the  fluid  prepa- 
rations of  digitalis.     Strong  acids  and  alkalis  destroy  the  active  principles. 

Cardiac  depressants  (including  aconite  and  veratrum) ;  vasodilators  (such  as 
nitrites)  ;  agents  depressing  the  parasympathetic  system  (belladonna,  lobelia,  tobacco 
and  gelsemium),  and  certain  nerve  depressants  (bromides,  chloral,  chloroform,  alcohol), 
oppose  one  or  more  of  the  actions  of  digitalis.  Opium  and  morphine  may  antagonize 
or  assist  the  cardiac  action,  according  to  dose  and  other  conditions. 
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Synergists. — Other  cardiac  stimulants — strophanthus,  strychnine,  ergot,  and  more 
briefly,  epinephrine,  camphor,  ammonia  and  the  precordial  application  of  cold — 
aid  the  cardiac  stimulant  action.  Small  doses  of  potassium  chloride  also  act  synergis- 
tically,  especially  as  regards  the  vagus  effects;  nitrites  may  aid  the  cardiac  action 
by  reducing  resistance  through  opposing  vaso-constriction.  Hydrastis,  ephedrine 
and  other  vasoconstrictors  augment  the  action  of  digitalis  on  the  vessels.  Caffeine, 
cocaine,  theobromine,  alkaline  diuretics  and  Basham  mixture  aid  the  diuretic 
effect. 

Dose,  1/2  to  2  grains  (0.03  to  0.12  Gm.). 

Fluidextractum  Digitalis  (U.S.  IX.),  Fluidextract  of  Digitalis.  Ahhr.,  Fldext. 
Digital. 

A  100  percent,  preparation  in  80  percent,  alcohol. 

Dose,  V2  to  3  minims  (0.03  to  0.18  cc). 

IxFUSUM  Digitalis  (U.S.  X.),  Infusion  of  Digitalis.     Abhr.,  Inf.  Digit. 

Prepared  by  infusing  1  Gm.  of  the  finely  powdered  leaf  for  1  hour  in  TO  cc.  of 
boiling  water,  then  adding  10  cc.  of  alcohol,  15  cc.  of  cinnamon  water  and  cold  distilled 
water  g.s.  to  make  100  cc.  The  Br.  preparation  is  less  than  half  the  strength  of  the 
U.S. 

Dose,  y-z  to  4  fluidrams  (2  to  16  cc). 

TiNCTURA  Digitalis  (U.S.  X.),  Tincture  of  Digitalis.  Ahbr.,  Tr.  Digit.  Synonym: 
Digitalis  Tinctura  P.  I. 

A  10  percent,  preparation  in  70  percent,  alcohol. 

Dose,  5  to  30  minims  (0.3  to  1.3  cc). 

Pilule  Digitalis,  Scill.e  et  Hydrargyri  (N.F.),  Pills  of  Digitalis,  Squill  and 
Mercury.  Alhr.,  Pil.  Digit.,  Scill.  et  Hydrarg.  Synonyms:  Niemeyer  Pills  for  Dropsy, 
Guy  Pills. 

Each  pill  contains  1  grain  each  of  digitalis,  squill  and  mass  of  mercury. 

Dose,  1  to  2  pills. 

Owing  to  the  assumed  disadvantages  and  unreliability  of  the  official  forms  of 
digitalis,  a  great  number  of  proprietary  preparations  and  active  principles  have  been 
offered  as  substitutes.    Of  these  the  following  may  be  mentioned: 

French  or  HomoUe's  Digitaline,  said  to  be  a  glucoside  identical  with  digitoxin. 
Dose,  1/260  grain  (0.00025  Gm.). 

German  Digitalin,  a  mixture  of  glucosides  in  varying  proportions  obtained  from 
digitalis  seeds,  practically  an  extract  containing  all  the  principles.  Dose,  1/10  grain 
(0.006  Gm.). 

True  Digitalin  (Kiliani  or  Schmiedeberg),  a  glucoside  obtained  from  both 
seeds  and  leaves.    Dose,  approximately  0.5  grain  (0.03  Gm.). 

Crude  Digitalin,  a  mixture  of  glucosides  from  digitalis  leaves  or  a  purified  extract 
of  the  same    Dose,  1/30  grain  (0.002  Gm.). 

Digipuratum,  said  to  be  a  mixture  of  the  tannates  of  the  glucosides  of  digitalis. 
Dose,  1  grain  (0.06  Gm.). 

Digalen,  Cloetta's  soluble  digitoxin,  altered  glucosides  from  the  leaf  made  by 
removing  inert  matters  with  lead  subacetate  and  further  purifying  by  "a  secret 
process."    Dose,  15  minims   (1   cc). 

Digitos,  a  preparation  containing  the  water-soluble  glucosides  prepared  from  an 
ether-alcohol  extract.    Dose,  same  as  tincture. 

Digitoxin,    Nativelle's    Crystalline    Digitaline,    a    glucoside    of   digitalis.     Dose, 
1/250  to  1/60  grain  (0.00025  to  0.001  Gm.). 
*  Digifolin,  said  to  contain  the  active  principles  freed  from  saponins.    Dose  of  the 

liquid  preparation,  15  minims  (1  cc). 
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Digipoten,  a  mixture  of  the  soluble  glucosides  of  digitalis,  saponin-free  and 
standardized.    Dose,  1  grain   (0.06  Gm.). 

Digitan,  Digipuratum   (q.v.). 

Digitol,  a  fat-free  tincture  of  digitalis  leaves  biologically  standardized.  Dose, 
10  minims  (0.6  cc). 

Strophanthus  (U.S.  X.),  Strophanthus.  Ahhr.,  Strophanth.  Synonym:  Stro- 
phanthi  semina  (Br.). 

The  dried,  ripe  seeds  of  Strophanthus  komhe  Oliver,  or  of  Strophanthus  hispidus 
De  Candolle  (Fam.  Apocynacece),  deprived  of  the  awns.  Odor  heavy  when  the  seeds 
are  crushed  and  moistened;  taste  very  bitter. 

Antagonists,  Incompatihles  and  Synergists. — Same  as  given  for  digitalis. 

Dose,  ^4,  to  1  grain  (0.016  to  0.06  Gm.). 

ExTRACTUM   Strophanthi   (Br.),  Extract  of  Strophanthus. 

Powdered  strophanthus  seeds  extracted  by  maceration  with  ether  and  alcohol; 
milk  sugar  added. 

Dose,  14  to  1  grain  (0.015  to  0.06  Gm.). 

Tinctura  Strophanthi  (U.S.  X.),  Tincture  of  Strophanthus.  Ahhr.,  Tr.  Stro- 
phanth.    Synonym:    Strophanthi  Tinctura   (P.  I.). 

Ten  cc.  corresponds  to  1  Gm.  of  drug.    Contains  90  percent,  alcohol. 

Dose,  5  to  10  minims  (0.3  to  0.6  cc). 

Strophanthinum  (U.S.  X.),  Strophanthin.    Ahhr.,  Strophanthin. 

A  glucoside  or  mixture  of  glucosides  obtained  from  Strophanthus  komhe  Oliver 
(Fam.  Apocynacece).  Strophanthin  is  a  white  or  yellowish  powder  containing  varying 
amounts  of  water,  which  it  does  not  lose  entirely  without  decomposition.  It  is  perma- 
nent in  the  air.  Great  caution  must  he  used  in  tasting  it  and  then  only  in  very  dilute 
solutions.  (U.S.)  Strophanthin  is  very  soluble  in  water  and  in  diluted  alcohol,  less 
soluble  in  dehydrated  alcohol;  nearly  insoluble  in  chloroform,  ether,  or  benzene. 

Dose,  per  os,  %o  grain  (0.001  Gm.)  ;  intravenous,  M20  grain  (0.0005  Gm.). 

OuABAiNUM    (N.N.R.),   Ouabain.     Synonym:    Crystallized   Strophanthin. 

Appears  in  form  of  colorless,  quadratic  crystals  of  bitter  taste,  which  are  easily 
soluble  in  hot  water,  soluble  in  100  parts  of  cold  water,  or  30  parts  of  cold  absolute 
alcohol. 

Dose,  intravenous  or  intramuscular,  ^20  grain  (0.0005  Gm.),  not  to  be  repeated  in 
less  than  24  hours,  and  then  with  a  smaller  dosage. 

CoNVALLARi^  Radix  (N.F.),  Convallaria  Root.  Ahhr.,  Convallar.  Rad.  Synonym: 
Lily-of-the-Yalley  Root. 

The  dried  rhizome  and  roots  of  Convallaria  majalis  Linne  (Fam.  Liliacew). 
Odor  faint;  taste  sweetish,  becoming  bitter  and  acrid. 

Antagonists,  Incompatihles  and  Synergists. — Same  as  given  for  digitalis. 

Dose,  5  to  10  grains  (0.3  to  0.6  Gm.). 

Convallaria  Flores  (unoflScial),  Convallaria  Flowers.  Ahhr.,  Convallar.  Flor. 
Synonym:  Lily-of-the- Valley  Flowers. 

The  dried  inflorescence  of  Convallaria  majalis  Linne  (Fam.  Liliacew).  Odor 
agreeable;  taste  sweetish,  then  somewhat  acrid. 

Dose,  5  to  10  grains  (0.3  to  0.6  Gm.). 

Fluidextractum  CoNVALLARiiE  Radicis  (N.F.),  Fluidcxtract  of  Convallaria  Root. 
Ahhr.,  Fldext.  Conval.  Rad. 

Each  cc.  corresponds  to  1  Gm.  of  the  root.     Alcoholic  content  about  70  percent. 

Dose,  5  to  10  minims  (0.3  to  0.6  cc). 

Fluidextractum  Convallaria  Florum    (unofficial),  Fluidextract  of  Convallaria  * 
Flowers.    Ahhr.,  Fldextr,  Conval.  Flor. 
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One  cc.  corresponds  to  1  Gm.  of  flowers.    Contains  55  percent,  alcohol. 

Dose,  5  to  10  minims  (0.3  to  0.6  cc). 

SciLLA  (U.S.X.),  Squill.     Abhr..  Scill. 

The  fleshy,  inner  scales  of  the  bulb  of  the  white  variety  of  Urginea  maritima 
(Linno)  Baker  (Fam.  Liliacecv).     Odor  slijxlit ;  taste  bitter  and  acrid. 

Antagonists,  Incompadbles  and  Synergists. — Same  as  given  for  digitalis. 

Dose,  1  to  3  grains  (0.06  to  0.18  Gm.). 

AcETUM  SciLL^  (U.S.  X.),  Vinegar  of  Squill.     Abhr.,  Acet.  Scill. 

A  10  percent,  solution  of  the  substance.  The  British  preparation  is  about  2  times 
tlie  U.S.  strength. 

Dose,  5  to  15  minims  (0.3  to  1  cc). 

Antagonists  and  Incompatibles. — All  alkali  carbonates  are  incompatible. 

Fluidextractum  Scill^  (U.S.  X.),  Fluidextraet  of  Squill.     Abbr.,  Fldext.  Scill. 

Prepared  by  macerating  powdered  squill  in  alcohol  and  water  for  forty-eight  hours, 
then  percolating  and  concentrating  the  percolate  to  the  prescribed  strength.  One  cc. 
equals  1  Gm.  of  drug.    Alcoholic  content  about  50  percent. 

Dose,  1  to  3  minims  (0.06  to  0.18  cc). 

MisTURA  Pectoralis,  Stokes  (N.F.),  Stokes'  Expectorant.  Abhr.,  Mist.  Pect. 
Stokes. 

Each  fluidram  represents  approximately  1  grain  of  ammonium  carbonate,  2  minims 
each  of  fluidextracts  of  squill  and  senega  and  10  minims  of  paregoric;  dissolved  in 
water  and  syrup  of  tolu. 

Dose,  V2  to  2  fluidrams  (2  to  8  cc). 

OxYMEL  SciLL^  (N.F.),  Oxymcl  of  Squill.    Abbr.,  Oxymel  Scill. 

Vinegar  of  squill,  1  part ;  clarified  honey,  2  parts.  One  Gm.  corresponds  to  0.05 
Gm.  of  drug.    The  Br.  preparation  represents  0.075  Gm.  per  Gm.  of  drug. 

Dose,  Y2  to  1  fluidram  (2  to  4  cc). 

PiLULA  Ipecacuanha  cum  Scilla  (Br.),  Pill  of  Ipecac  with  Squill. 

Compound  powder  of  ipecac,  3  parts ;  powdered  squill,  1  part ;  powdered  ammoniac, 
1  part;  syrup  of  glucose,  q.s.  to  form  a  mass.  This  pill  contains  about  5  percent,  of 
opium. 

Dose,  4  to  8  grains  (0.25  to  0.5  Gm.). 

PiLULA  Ipecacuanha  cum  Urginea  (Br.),  Pill  of  Ipecacuanha  with  Urginea. 
Ahbr.,  Pil.  Ipecac,  c.  Urgin. 

The  same  as  pill  of  ipecacuanha  with  squill  except  that  Indian  squill  (urginea) 
is  used  in  place  of  the  Mediterranean  variety. 

Dose,  5  to  10  grains  (0.3  to  0.6  Gm.). 

PiLULA  Scilla  Composita  (Br.),  Compound  Squill  Pill. 

Squill,  25  parts;  ginger,  20  parts;  ammoniac,  20  parts;  hard  soap,  15  parts;  syrup 
of  glucose,  q.s.  to  form  a  mass. 

Dose,  4  to  8  grains  (0.25  to  0.5  Gm.). 

Syrupus  Scilla  (U.S.  X.),  Syrup  of  Squill.  yl?*Z*r.,  Syr.  Scill.  Synonym:  Syru- 
pus  Aceti  Scillae. 

Vinegar  of  squill,  45  percent.;  sucrose,  80  Gm. ;  water,  q.s.  to  make  100  cc.  The 
Br.  formula  calls  for  175  cc.  of  the  vinegar,  650  Gm.  of  sugar,  and  water  q.s.  to  make 
1000  cc.  The  two  preparations  are  of  about  the  same  strength,  the  Br.  vinegar  of 
squill  being  about  three  times  as  strong  as  the  U.S. 

Dose,  15  to  45  minims  (1  to  3  cc). 

Syrupus  Scilla  Compositus  (U.S.X.),  Compound  Syrup  of  Squill.  Abbr.,  Syr. 
Scill.  Co.    Synonym :   Hive  Syrup. 

Fluidextraet  of  squill  and  senega,  of  each  80  cc;  antimony  and  potassium  tar- 
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trate,  2  Gm.;  sucrose,  720  Gm. ;  distilled  water,  q.s.  to  make  1000  ec.  Each  cc.  repre- 
sents 1.5  grains  of  senega  and  0.75  grain  of  squill,  with  an  alcoholic  content  of  about 
8  percent. 

Dose,  15  to  40  minims  (1  to  2.6  cc). 

TiNCTURA  SciLL^  (U.S.  X.),  Tincture  of  Squill.     Ahbr.,  Tr.  Scill. 

The  powdered  drug  is  macerated,  then  percolated.  Each  cc.  represents  0.1 
Gm.  of  the  drug,  with  an  alcoholic  content  of  about  65  percent.  The  Br.  formula  is 
twice  the  strength  of  the  U.S. 

Dose,  15  minims  (1  cc.)  ;  of  the  Br,  tincture,  8  minims   (0.5  cc). 

Urginea  (Br.),  Urginea.    Abhr.,  Urgin.    Synonym:  Indian  Squill. 

Consists  of  the  younger  bulbs  of  the  Urginea  indica  Kunth  or  of  Scilla  indica 
Baker  (Fam.  Liliace<je),  the  first  only  being  official  in  the  B.P.  The  bulbs  are  of  a 
bitter,  acrid  taste.  The  constituents  are  similar  to  those  of  squill,  for  which  it  may 
be  substituted. 

Dose,  1  to  3  grains  (0.06  to  0.2  Gm.). 

TiNCTURA  Urginea  (Br.),  Tincture  of  Urginea. 

A  20  percent,  extract  with  an  alcoholic  content  of  60  percent. 

Dose,  5  to  15  minims  (0.3  to  1  cc). 

PiLULA  Urginea  Composita  (Br.),  Compound  Urginea  Pill. 

Powdered  urginea,  25  Gm. ;  powdered  ginger,  20  Gm. ;  powdered  ammoniacum,  20 
Gm. ;  powdered  hard  soap,  15  Gm. ;  glucose,  20  Gm.    Mix  to  form  mass. 

Dose,  4  to  8  grains  (0.25  to  0.5  Gm.). 

Syrupus  Urginea  (Br.),  Syrup  of  Urginea, 

Vinegar  of  urginea,  175  cc;  refined  sugar,  650  cc;  distilled  water,  q.s.  to  make 
1000  Gm.  by  weight.  Add  the  sugar  to  the  vinegar  with  an  equal  volume  of  water; 
dissolve  by  gentle  heat ;  make  up  to  required  weight  with  water. 

Dose,  Vz  to  1  fluidram  (2  to  4  cc). 

AcETUM  Urginea  (Br.),  Vinegar  of  Urginea.  Ahhr.,  Acet.  Urgin.  Synonym: 
Vinegar  of  Indian  Squill. 

Four  cc  represent  about  1  Gm.  of  the  drug. 

Dose,  5  to  15  minims  (0.3  to  1  cc). 

OxYMEL  Urginea  (Br.),  Oxymel  of  Urginea. 

Vinegar  of  urginea,  20  cc;  purified  honey,  50  cc.  Mix  and  add  distilled  water 
(if  necessary)  to  have  a  specific  gravity  of  1.290. 

Dose,  Vz  to  1  fluidram  (2  to  4  cc). 

Apocynum    (N.F.),    Apocynum.     Ayhr.,    Apocyn.     Synonym:    Canadian    Hemp. 

The  dried  rhizome  and  roots  of  A-pocynum  cannahinum  Linne  (Fam.  Apocynacece). 
Almost  inodorous ;  taste  starchy,  afterwards  becoming  bitter  and  somewhat  acrid. 

Antagonists,  Incompatihles  and  Synergists. — Same  as  given  for  digitalis. 

Dose,  5  to  20  grains  (0.03  to  1.2  Gm.),  The  N.F.  calls  for  caution  in  the  admin- 
istration of  this  drug  and  its  fluidextract,  as  its  absorption  in  the  gastroenteric  tract  is 
said  to  be  uncertain  and  irregular  and  there  is  therefore  danger  of  a  cumulative  action. 

Fluidextractum  Apocyni  (N.F.),  Fluidextract  of  Apocynum.  Abhr.,  Fldext. 
Apocyn, 

One  cc  corresponds  to  1  Gra.  of  drug.     Contains  50  percent,  alcohol. 

Dose,  5  to  20  minims  (0.03  to  1.2  cc). 

Adonis  (N.F.),  Adonis.     Abhr.,  Adonis.     Synonym:   Pheasant's  Eye. 

The  dried,  overground  portion  of  Adonis  vemalis  Linne  (Fam.  Ranunculacece). 

Odor  faint;  taste  bitter,  afterwards  acrid;  powdered  drug  grayish-green  in  color. 

Antagonists,  Incompatihles  and  Synergists. — Same  as  given  for  digitalis. 

Dose,  1  to  3  grains  (0.06  to  0.19  Gm.). 
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Cymarin  (KKR.). 

A  neutral,  non-glucosidal  substance  obtained  from  Apocynum  cannahinum  or 
A.  androsemifolium.  Occui's  as  colorless,  thick,  prismatic  crystals  of  a  bitter  taste. 
Slightly  soluble  in  cold,  more  soluble  in  hot  water,  dissolves  easily  in  acetone,  alcohol 
or  chloroform. 

Dose,  for  oral  administration,  V^oo  grain  (0.0003  Gm.),  not  to  exceed  Vso  grain 
(0.002  Gm.)  daily;  intravenous  or  intramuscular  daily  dose,  Vuo  to  %o  (0.0005  to  0.001 
Gm.). 

Fluidextractum  Adonidis  (N.F.),  Fluidextract  of  Adonis.  Ahbr.,  Fldext,  Adonis. 

One  ec.  corresponds  to  1  Gm.  of  drug.     Contains  70  percent,  alcohol. 

Dose,  1  to  3  minims  (0.06  to  0.19  cc). 

Adonidix  (unofficial). 

An  amorphous  glucoside  from  adonis,  occurring  as  a  bright  yellow  powder  of 
intenselj^  bitter  taste;  soluble  in  water  and  in  alcohol;  insoluble  in  cliloroform  and  in 
petroleum  benzin. 

Dose,  Vii  to  1/4  grain  (0.005  to  0.015  Gm.). 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Most  digitalis  bodies,  given 
by  mouth,  are  very  slowly  absorbed,  and  a  large  and  variable  portion  of  the  glucosides 
is  destroyed  before  absorption,  the  sugar  being  split  off.  This  destruction  occurs  chiefly 
in  the  stomach  and  is  due  in  large  part  to  the  gastric  acid.  Destruction  is  not  hastened 
by  the  presence  of  digestive  ferments.  The  residue  (which  is  often  designated  by  the 
name  of  the  glucoside  with  the  suffix  "genin";  as  digitoxigenin,  digitaligenin,  etc.)  may 
be  relatively  active  as  regards  the  heart,  or  almost  inert.  Cloetta  believes  that  the 
effectiveness  of  any  one  of  these  glucosides,  when  given  by  mouth,  is  largely  related  to  the 
activity  of  its  "genin."  Thus,  the  decomposed  glucosides  of  strophanthus,  adonis  and 
hellebore  are  almost  inert,  and  the  drugs  also  are  of  little  value  when  given  by  mouth. 
Squill,  on  the  other  hand,  develops  its  action  quite  well  when  swallowed.  Convallaria 
and  apocynum  are  irregular  in  this  respect,  and  therefore  unreliable  and  even  dangerous, 
when  taken  by  mouth. 

The  several  glucosides  of  digitalis  differ  in  the  relative  activity  developed  after 
administration  by  mouth,  digitoxin  producing  almost  as  much  effect  as  when  given 
parenterally,  although  more  slowly,  while  the  other  glucosides  are  much  less  effective. 
Cloetta  found  that  digitoxigenin  had  more  than  half  the  activity  of  digitoxin,  while 
gitaligenin  and  bigitaligenin  showed  but  a  small  proportion  of  the  activity  of  the 
parent  substances.  The  tincture  of  digitalis  is  said  to  be  better  absorbed  from  the 
digestive  tract  than  the  infusion  (Ogawa),  and  although  the  correctness  of  this  observa- 
tion is  disputed,  it  is  in  line  with  the  old  conception  that  the  tincture  had  the  greater 
cardiac  action. 

That  portion  of  digitalis  which  is  absorbed,  is  taken  up  from  the  upper  bowel,  and 
apparently  very  slowly,  so  that  a  long  time  is  required  for  a  single  dose  to  develop  its 
full  effect.  With  digitoxin  this  interval  is  about  21/0  days,  after  tincture  of  digitalis 
at  least  I1/2  days,  the  first  effect  being  manifest  in  about  8  hours.  Bartholow  was  in 
the  habit  of  saying  "Give  digitalis  today  for  effect  tomorrow."  After  hypodermic  or 
intramuscular  injections,  the  effect  comes  on  in  an  hour  or  two  and  continues  to  in- 
crease for  4  hours  or  more.  Even  after  intravenous  administration  of  digitoxin  or 
other  glucoside,  the  effect  does  not  show  itself  at  once,  indicating  that  the  delayed 
action  is  not  solely  determined  by  the  time  required  for  the  drug  to  enter  the  circulation, 
but  also  by  slow  reaction  of  the  cardiac  apparatus. 

Squill  is  shown  by  clinical  observation  to  develop  its  cardiac  action  when  given 
by  mouth,  but  is  probably  even  slower  than  digitalis  In  showing  its  effect.  None  of 
its  preparations,   except  perhaps  scillaren,   is  suitable  for  parenteral   administration. 

The  glucosides  of  strophanthus,  adonis,  hellebore  and  most  of  the  other  digitalis- 
like drugs  are  too  slightly  or  too  uncertainly  absorbed  to  be  dependable  when  given 
by  mouth.  Thus,  in  the  rabbit,  the  fatal  dose  of  ouabain  by  vein  is  only  0.1  mgm.  per 
kilo;  that  by  mouth  is  1000  times  as  large — 100  mgm.  per  kilo  (Lhota).  The  discrepancy 
between  effective  doses  in  man  is  probably  of  similar  magnitude.  Whether  in  the  case 
of  ouabain  the  small  effect  obtained  is  dependent  on  the  absorption  of  an  almost  inert 
modified  principle  or  of  a  small  proportion  of  the  natural  glucoside,  is  uncertain,  but 
such  absorption  as  occurs  takes  place  rapidly  from  the  upper  bowel,  and  the  full  effect 
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is  seen  within  a  few  hours.  All  effect  is  prevented  by  artificial  portal  obstruction. 
Given  by  rectum,  ouabain  is  somewhat  more  effective  than  when  swallowed.  Strophan- 
thin  and  tincture  of  strophanthus  are  no  more  useful  by  mouth  than  ouabain,  but 
when  given  parenterally  the  glucosides  act  more  promptly  than  those  of  digitalis. 

Injected  by  vein  digitoxin  and  strophanthin  disappear  almost  at  once  from  the 
blood  stream,  and  are  not  readily  found  in  any  of  the  tissues.  A  small  portion  is  held 
in  the  heart,  and  some  probably  in  the  liver.  If  all  the  blood  is  drawn  from  a  rabbit 
immediately  after  an  injection,  and  replaced  by  the  blood  of  a  normal  rabbit,  while 
its  blood  is  injected  into  another,  only  the  rabbit  which  received  the  injection  will  be 
poisoned,  showing  that  fixation  by  the  tissues  is  practically  instantaneous  (Lhota). 
Although  it  is  extremely  difficult  to  show  the  presence  of  digitalis  bodies  in  the  tissues, 
the  fixation  by  the  heart  has  been  demonstrated  experimentally  by  perfusing  several 
frog  hearts  successively  with  the  same  solution  of  digitalin  or  strophanthin.  The  effect 
was  found  to  decrease  progressively  in  strength,  and  the  amount  removed  v/as  calculated 
by  noting  the  time  required  for  the  next  heart  to  stop  in  systole.  Thus  starting  with 
0.2  mgm.  digitalin,  after  perfusion  through  one  heart  there  remained  0.15,  after  2  hearts 
0.1,  after  3  hearts  0.05  mgm.    (Weiszacker). 

The  same  thing  has  been  shown  by  the  weakening  of  a  digitoxin  solution  shaken 
with  an  emulsion  of  heart  tissue.  Other  tissues  caused  no  loss  of  strength  (Schliomen- 
sun).  The  same  fact  is  indirectly  indicated  by  perfusing  an  isolated  heart  with  digi- 
talis and  then  washing  it  for  a  long  time  with  Ringer  solution  until  the  beat  is  normal, 
when  less  digitalis  is  required  to  stop  it  than  to  stop  a  normal  heart  (Issekutz). 

In  spite  of  the  many  attempts  to  trace  the  excretion  of  the  digitalis  bodies,  little 
success  has  been  obtained.  It  is  probable  that  the  greater  part  is  held  a  long  time  in 
the  tissues  and  slowly  destroyed  either  there  or  by  gradual  release  to  the  heart.  Traces 
too  small  to  estimate  have  been  detected  in  the  urine. 

The  gradual  release  of  the  drugs  from  the  tissues  is  indicated  by  the  duration  of 
digitalis  action  for  several  weeks  after  its  administration  has  ceased.  The  storage  of 
digitalis  bodies  in  the  tissues  has  been  studied  indirectly  by  administering  a  full  dose 
and,  after  a  certain  period,  a  specified  fraction  of  this  dose  (perhaps  a  half).  By  noting 
quantitatively  the  effect  of  the  second  dose,  an  estimate  may  be  arrived  at  of  the 
amount  of  still  active  digitalis  bodies  remaining  in  the  organism.  From  studies  of 
this  sort.  Hatcher  estimates  that  half  the  effect  of  a  single  full  dose  of  digitoxin  has 
passed  off  in  14  days;  of  the  tincture  of  digitalis  in  5  to  12  days;  of  digitalein  in  3; 
and  of  ouabain  in  1  day.  He  has  recently  shown  the  presence  of  a  more  rapidly  elimi- 
nated, chloroform  soluble  body  in  digitalis  leaf.  These  figures  were  obtained  on  cats, 
but  Hatcher  believes  they  approximate  those  for  man.  In  dogs  and  rabbits  and  rats 
the  effects  are  much  less  lasting.  Pardee  has  shown  that  the  human  body  can  dispose 
of  from  10  to  40  minims  (0.6  to  2.3  cc.)  of  tincture  of  digitalis  daily,  the  average  being 
22  minims  (1.5  cc).  These  figures  limit  the  amount  which  can  safely  be  given,  for 
example,  strophanthin  by  vein  should  not  be  given  more  than  once  in  2  days  and  the 
dose  should  not  exceed  0.5  mgm.   (1/130  gr.). 

Topical  Action. — Topically  all  the  digitalis  bodies  are  irritant  but  differ  widely  in 
this  respect.  Digitoxin  is  one  of  the  most  irritant,  then  follow  in  the  order  named, 
digitonin,  digitalein  and  cymarin.  Digitalin  commercial  and  euonymin  are  rather  irritant, 
but  true  digitalin  and  ouabain  hardly  at  all. 

The  crude  drugs  given  by  mouth  in  large  dose  cause  burning  pain  in  the  mouth, 
throat  and  stomach,  followed  by  nausea  and  vomiting,  but  only  in  doses  larger  than 
those  given  therapeutically,  the  nauseant  action  from  which  is  chiefly,  if  not  entirely, 
central. 

Applied  to  the  intact  skin  the  pure  principles  are  generally  without  action,  but 
slices  of  squill  laid  on  the  skin  may  blister.  On  the  skin  of  young  pigs  both  digalen 
and  digitoxin  are  irritating,  and  equally  so  (Loeb  and  Loewe).  Applied  to  the  denuded 
skin  the  more  irritant  bodies  cause  inflammation  and  even  ulceration. 

On  exposed  mucous  membranes  all  the  drugs  cause  marked  irritation.  Powdered 
digitalis,  when  inhaled,  causes  sneezing  with  congestion  and  lacrymation.  In  rabbits, 
0.1  percent,  strophanthin  or  cymarin,  or  somewhat  stronger  solutions  of  the  digitalis 
glucosides,  dropped  in  the  eye,  cause  conjunctivitis  and  even  corneal  ulceration. 

Hypodermic  injections  even  of  purified  digitalis  glucosides  are  painful  and  may  be 
followed  by  abscess.  It  is  stated  that  digalen  hypodermically  is  not  irritating,  but  some 
irritation  is  likely  to  result  from  large  doses. 
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Anesthetic  Action. — Strophanthin  applied  to  the  rabbit  eye,  causes  first  irritation 
and  then  anesthesia  lasting  several  hours.  Other  digitalis  bodies,  ouabain  and  ery- 
throphlein,  have  similar  effects,  but  the  primary  irritation  is  more  marked.  Even 
tinctures  of  digitalis  and  squill  have  some  anesthetic  power   (Haynes). 

Toxicity:  Dosage. — A  very  large  amount  of  work  has  been  done  to  establish  the 
relative  effects  of  the  various  digitalis  bodies  when  given  by  various  routes,  and  widely 
different  opinions  have  been  expressed.  Death  has  occurred  in  man  from  2.5  Gm.  (gr. 
40)  of  digitalis  leaf  by  mouth,  while  recovery  has  followed  after  much  larger  doses. 
While  studying  the  toxic  action  of  pure  digitoxin,  Koppc  took  1  mgm.,  followed  after 
several  hours  by  2  mgm.  There  resulted  very  severe,  almost  fatal,  poisoning.  The 
average  fatal  dose  for  the  horse  is  said  to  be  25  Gm.  and  for  the  dog  5  Gm.  (75  gr.) 
of  digitalis  leaf.  Dogs  are  killed  by  digalen  corresponding  to  1.5  mgm.  digitoxin  per 
kilo  subcutaneously.  In  the  rabbit  the  fatal  dose  of  the  leaves  by  mouth  is  7  to  10  Gm. 
per  kilo;  of  digitoxin  is  0.1  Gm.  per  kilo  by  mouth  and  only  1  mgm.  by  vein.  Rats  are 
extremely  insusceptible,  requiring  in  the  neighborhood  of  250  Gm.  per  kilo  by  mouth 
or  30  mgm.  by  vein.  This  insusceptibility,  as  shown  by  perfusion  experiments,  is  due 
to  a  greater  resistance  of  the  heart  muscle  itself,  but  the  rabbit  is  exceptional,  its 
resistance  depending  on  greater  destruction  in  the  stomach  or  less  complete  absorption. 
Frogs  are  quite  susceptible  to  digitalis,  the  heart  being  stopped  in  systole  by  fatal 
doses.  The  different  species  of  frogs  differ  widely  in  susceptibility.  Of  the  European 
frogs  Eana  temporaria  is  more  susceptible  than  K.  esculenta  or  the  American  R.  pipiens, 
and  this  species  more  than  R.  cJamitans.  Toads  are  poisoned  with  great  difficulty.  This 
may  be  due  to  habituation  to  their  own  similar  poison,  and  it  is  stated  that  some  time 
after  removal  of  the  parotid  glands,  the  immunity  is  lost  (Fillippi).  Snakes  are  also 
relatively  immune,  and  the  isolated  heart  of  the  snake  shares  the  immunity  of  the 
intact  animal.  It  is,  in  general,  true  that  differences  in  susceptibility  to  digitalis  are 
dependent  on  differences  in  the  heart  itself  and  not  to  destruction  or  imperfct  absorp- 
tion. 

Strophanthus. — The  fatal  dose  of  strophanthus  is  much  lower  than  that  of  digitalis, 
but  owing  to  uncertain  absorption  of  the  crude  drug  and  irregularity  in  its  strength, 
most  tests  have  been  made  with  the  glucosides.  Tincture  of  strophanthus  kills  frogs 
(R.  pipiens)  in  dose  of  0.0015  cc.  for  a  20  Gm.  frog.  Cats  are  killed  in  an  hour  by  2  cc. 
per  kilo  by  mouth.  Guinea-pigs  are  killed  within  2  hours  by  0.025  cc.  subcutaneously 
for  a  250  Gm.  pig.  The  following  shows  the  minimal  dose  of  various  strophanthins 
required  to  stop  the  heart  of  Rana  pipiens  in  systole.  Doses  given  in  milligram  per 
gram  (Brauns  and  Closson,  1913):  Cryst.  k.  stroph.  0.001;  amorph.  k.  stroph.  0.00095; 
cryst.  g.  stroph.  (ouabain)  0.00042.  Brauns  and  Closson  point  out  that  ouabain  contains 
a  variable  amount  of  water  of  crystallization,  and  is  thus  less  constant  in  composition 
than  crystalline  k.  strophanthin. 

Strophanthidin,  which  is  the  remainder  of  the  molecule  of  k-strophanthin  after  the 
sugar  is  split  off,  requires  about  3.6  times  as  large  a  dose  as  k-strophanthin. 

The  toxicity  of  different  lots  of  squill  (Scilla)  shows  wide  variation.  The  active 
principles  are  also  variable  and  probably  generally  impure.  The  fatal  dose  of  the  crude 
drug  by  mouth  for  cats  and  dogs  varies  from  4  to  as  much  as  40  Gm.  (1  to  10  drams), 
but  much  less  causes  acute  gastroenteritis.  Horses  die  from  enteritis  after  60  Gm. 
(2  oz. ).  In  man  death  has  resulted  from  1.5  Gm.  (24  gr. ).  Jiirmerstedt's  scillain  was 
fatal  to  rabbits  in  a  dose  of  2.5  mgm.  and  to  dogs  in  a  dose  of  1  mgm.  per  kilo.  Kopacew- 
ski's  scillitin  kills  with  similar  doses,  and  Schamelhout  gives  the  fatal  dose  of  his 
scillaren  for  frogs  as  0.0008  mgm.  per  Gm.  (about  1/2000  gr.  for  a  440  Gm.  frog). 

There  are  two  species  of  apocynum,  A.  cannabinum,  containing  cynotoxin  and 
A.  androsam<Tfolium  containing  apocynamarin.  These  principles  are  not  glucosides,  and 
are  said  by  Dale  and  Laidlaw  to  be  identical  in  all  respects.  Githens  found  the  fatal 
dose  of  the  crude  drug  (A.  cannabinum)  for  guinea-pigs  to  average  0.03  Gm.  per  kilo. 
The  fatal  doses  of  the  active  principles  differ  considerably  as  given  by  different  authors; 
for  frogs  {R.  esculenta  and  R.  temporaria,  which  differed  little),  from  0.06  to  0.3  mgm. 
per  100  Gm.;  for  rabbits  from  0.15  to  0.36  mgm.  per  kilo;  for  cats  by  Hatcher  method, 
from  0.13  to  0.4  mgm.  per  kilo. 

Adonis. — This  resembles  digitalis  in  its  action.  The  fatal  dose  of  the  drug  for 
frogs  (R.  esculenta  and  R.  temporaria)  was  found  to  be  5  mgm.  Dogs  are  killed  by 
infusion  of  extract  corresponding  to  4  Gm.  per  kilo  and  cats  by  3  Gm.  per  kilo.  The 
active  principle,  adonidin,  is  fatal  to  cats  intravenously  in  dose  of  4.35  mgm.  per  kilo, 
and  Cervello  saw  death  occur  in  a  dog  after  only  1  mgm.  per  kilo. 
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TBe  following  paragraphs  compare  a  number  of  these  substances  by  different  methods 
of  testing. 

1.  Amounts  (injected  in  a  lymph  sac)  required  to  stop  the  heart  of  an  average 
Rana  temporaria;  antiarin  0.004  mgm.;  digitoxin  1  mgm.;  echujin  0.1  mgm.;  ouabain 
0.013  mgm.;    k-strophanthin  0.025  mgm. 

2.  Amounts  (injected  in  a  lymph  sac)  required  to  stop  the  heart  of  R.  pipiens  in 
one  hour  (pharmacopoeial  test,  U.S.P.  X)  (dose  in  mgm.  per  Gm.)  digitalis  0.6; 
strophanthus  0.0006;  digitoxin  0.0085;  digitalin  French  0.013;  digitalin  German  0.07; 
digitalein  0.024;   digipuratum  0.6;   strophanthin  amorph.  0.0011;    ouabain  0.00075. 

3.  Amounts  injected  subcutaneously  required  to  kill  a  guinea-pig  of  250  Gm.; 
apocynum  0.0075  Gm.;  convallaria  0.0075  Gm.;  digitalis  0.1  Gm.;  squill  0.075  Gm.; 
strophanthus  0.0025  Gm.  The  fluid  extract  equals  the  drug  in  activity  and  the  tincture 
is  one-tenth  as  active  except  in  the  case  of  squill.  The  fatal  dose  of  its  preparations 
is,  alcoholic  fluidextract  0.25  cc;   acetic  extract  0.5  cc;   tincture  0.75  cc. 

4.  Amount  required  to  stop  the  heart  of  a  cat  when  given  slowly  by  vein  (Hatcher). 
Doses  in  mgm.  per  kilo.  Apocynum  70;  convallaria  50;  digitalis  100;  euonymus  475; 
helleborus  100;  scilla  575;  Strophanthus  hispidus  1.5;  S.  kombe  3;  adonidin  4.35; 
convallamarin  1.7;  digitalein  3.5;  digitalin  true  1.5;  digitalin  Merck  German  3.6;  digi- 
toxin 0.4;   helleborein  1.7;   ouabain  0.1;   strophanthin  amorph.  0.15;   scillitoxin  0.4. 

These  fatal  doses  are  the  standards  of  the  physiologic  tests. 

The  doses  above  given  are  all  more  or  less  subject  to  variation.  Frogs  are  especially 
uncertain  in  response  and  conclusions  can  be  drawn  only  when  the  reaction  of  the 
frogs  of  each  lot  to  a  definite  standard  is  determined.^"  Guinea-pigs  are  less  variable, 
but  their  susceptibility  may  be  altered  at  will  by  changes  in  the  diet.  Toads  lose  their 
immunity  if  starved  until  emaciated  or  if  kept  for  a  time  after  excision  of  two  poisonous 
skin  glands  called  the  parotid  or  cervical  glands.  Different  preparations  of  the  same 
drug  may  show  marked  difference  in  toxicity,  as  shown  by  the  three  preparations  of 
squill.  Certain  of  the  drugs,  especially  digitalis  and  its  tincture  and  fluid  extract, 
deteriorate  gradually,  some  preparations  losing  a  large  part  of  their  strength  in  a 
year,  others  very  little."  The  leaves  lose  strength  rapidly  if  stored  in  a  damp  place; 
strophanthus  keeps  much  better  and  ouabain  dry  or  in  sealed  ampules  may  keep  in- 
definitely. Commercial  ouabain  and  k-strophanthin  show  at  least  100  percent,  variation, 
but  the  latter  made  from  selected  seeds  by  an  exact  method  is  almost  constant  (Rowe, 
1916).  The  view  was  at  one  time  prevalent  that  only  leaves  of  2-year-old  plants  should 
be  used — and  formerly  these  alone  were  official — and  that  wild  plants  yielded  better 
leaves  than  did  the  cultivated.  The  first  year  leaves  are,  however,  as  active  as  those 
of  the  second  year,  and  American  wild  and  cultivated  plants  are  as  active  as  the  wild 
European   (Roth). 

Symptoms  and  Course. — If  a  fatal  dose  of  digitalis  is  injected  in  a  frog,  the  first 
symptom  noted  is  a  quietness  and  apathy.  The  pupils  are  dilated  but  for  several  minutes 
nothing  else  is  noted.  If  the  animal  is  turned  over  it  will  be  seen  that  the  heart  is 
beating  slowly  and  forcibly.  If  the  heart  is  exposed  it  will  be  seen  that  the  slowing  is 
chiefly  due  to  prolongation  of  diastole.  Both  diastolic  relaxation  and  systolic  contraction 
are  increased  in  strength  at  first,  but  soon  the  apex  of  the  heart  fails  to  relax  and 
gradually  more  and  more  of  the  ventricle  passes  into  this  state  of  systole,  and  the  heart, 
after  becoming  irregular  in  rate,  ceases  to  beat;  the  ventricle  being  firmly  contracted 
and  the  auricle  dilated  extremely.  After  death  strong  stimuli  are  necessary  to  cause 
contraction  of  the  voluntary  muscles  and  soon  response  to  indirect  stimulation  is  lost. 
This  effect  does  not  develop  until  some  time  after  the  heart  has  stopped,  and  frogs  with 
the  heart  in  full  systolic  stoppage  may  hop  about  almost  normally. 

Cats  and  dogs  given  a  toxic  dose  of  digitalis  subcutaneously  or  by  vein,  become 
rather  quiet  and  anxious,  and  soon  begin  to  show  nausea,  which  is  followed  in  a  short 
time  by  vomiting.  The  pulse  at  this  time  is  slow  and  forcible  and  gradually  becomes 
more  so.  General  weakness  develops  and  staggering  gait.  Soon  the  animal  lies  down 
and  responds  to  stimuli  only  by  a  cry.  At  this  time  it  will  be  found  that  the  heart  is 
no  longer  slow  but  that  it  has  become  quite  rapid.     The  blood  pressure  rises  sharply  at 

^^  A  comparison  of  different  lots  of  frogs  tested  with  the  same  ouabain  solution 
showed  that  the  toxic  dose  ranged  from  0.0003  to  0.0055  mgm.  per  gram,  or  almost  20 
times  as  much  in  some  lots  as  in  others. 

"  The  official  infusion  of  digitalis  may  retain  its  strength  for  several  weeks  at  room 
temperature. 
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first,  but  later  the  heart  begins  to  show  irregularity  and  to  enter  upon  the  stage  of 
delirium  cordis,  the  pressure  falls  rapidly  and  respiratory  failure  with  long  sighing 
respiration  supervenes.  If  the  heart  is  exposed  as  respiration  ceases,  it  will  be  found 
to  be  beating  irregularly  and  feebly,  and  i*  cannot  be  revived  by  artificial  respiration. 
Rabbits  show  similar  symptoms,  but  of  course  do  not  vomit.  Diarrhea  is  not  uncommon. 
In  guinea-pigs  the  respiratory  distress  is  more  marked,  but  seems  dependent  on  circu- 
latory failure;  the  temperature  falls  rapidly  and,  at  the  time  of  death,  may  be  very 
low.  Rats  and  mice  show  similar  phenomena.  In  horses  and  cattle  salivation  is  par- 
ticularly marked  and  motor  weakness  occurs  early.  Certain  deviations  from  this  course 
are  noted  with  other  drugs  of  the  class.  Strophanthus  has  an  action  limited  more 
closely  to  the  heart,  and  the  alimentary  and  general  nervous  symptoms  are  less  marked 
than  with  digitalis.  Apocynum  has  more  tendency  to  cause  paralysis  than  has  digitalis; 
even  doses  which  are  not  fatal  may  cause  complete  motor  paralysis  of  guinea-pigs,  last- 
ing an  hour  or  more.  This  was  noted  in  tests  to  determine  the  minimal  lethal  dose  of 
the  crude  drug  (Githens  and  Vanderkleed),  but  that  it  is  not  due  to  additional  sub- 
stances present  in  the  drug  is  shown  by  its  occurrence  with  cymarin  (Gaisbock).  Scilla 
and  convallaria,  on  the  other  hand,  cause  convulsions,  which  may  occasionally  be  quite 
severe.  The  question  arises  whether  or  not  these  are  asphyctic,  but  this  view  is  not 
favored  by  their  failure  to  occur  with  certain  other  drugs  of  the  series,  which  cause  the 
same  asphyxia.  Adonis  also  causes  convulsions,  which  Bubnoff  (1883)  attributes  to 
asphyxia.  The  nausea  is  said  by  most  authors  to  be  particularly  disagreeable  after  squill. 
There  are  two  varieties  of  squill  on  the  market,  white  squill,  official  in  the  U.S. P.,  and 
red  squill,  official  in  the  French  Codex.  The  latter  is  largely  used  as  a  rat  poison  and 
Winton  has  recently  shown  that  the  constituent  toxic  to  rodents  is  not  a  cardiac  glucoside, 
but  a  thermostable  substance  of  unknown  character,  which  is  not  present  in  white  squill. 
The  fatal  dose  of  red  squill  by  mouth  for  male  rats  is  from  0.7  to  1  Gm.  per  kilo.  Female 
rats  succumb  to  little  more  than  half  this  amount.  Extracts  of  white  squill  are  ineffective 
in  six  times  these  doses  (Winton). 

Digitalis  poisoning  in  man  is  characterized  by  weakness  followed  by  nausea  and 
vomiting  and  often  diarrhea  with  cramps.  The  pulse  is  slow  but  hard  and  wiry,  and  the 
difference  in  rate  between  reclining  and  standing  is  exaggerated.  There  may  be  attacks 
resembling  angina  pectoris.  The  temperature  is  usually  low  and  the  extremities  cold. 
Later  the  pulse  becomes  rapid  and  irregular  and  nerve  symptoms  develop.  There  is 
drowsiness  and  even  delirium.  Convulsions  are  rare  with  digitalis;  there  are  often 
disturbances  of  the  special  senses;  roaring  in  the  ears;  flashes  of  light,  photophobia; 
failure  of  vision,  illusions  and  even  complete  temporary  blindness.  Death  is  rare  but 
recovery  is  extremely  slow,  the  pulse  may  show  abnormalities  for  several  weeks.  Koppe, 
for  experimental  purposes,  took  0.5  mgm.  of  digitoxin  and,  as  this  had  no  marked  effect, 
he  took  the  next  day  1  mgm.  and  4  days  later,  2  mgm.;  an  hour  later  he  felt  weak  and 
depressed  and  the  pulse  rate  had  fallen  from  75  to  58  per  minute.  After  5  hours,  in 
spite  of  rest  in  bed,  there  was  repeated  vomiting,  and  the  pulse  fell  to  40,  dropping 
every  third  beat;  walking  and  even  rising  were  impossible;  vision  was  so  blurred  that 
persons  in  the  room  could  not  be  recognized;  vomiting  continued  until  early  the  next 
morning,  and  walking  was  not  possible  for  five  days. 

Strophanthus  or  its  more  soluble  glucosides,  injected  intravenously  in  rabbits  In 
acutely  fatal  dose,  produces  almost  purely  nervous  phenomena.  There  are  dyspnea, 
tremors  and  even  convulsions;  weakness  with  paralysis,  especially  of  the  neck  muscles 
and  of  the  fore  legs;  loss  of  reflexes,  miosis  due  to  stimulation  of  the  autonomic  system, 
and  finally  death  from  central  paralysis  of  respiration.  Death  may  occur  before  the 
effects  on  the  heart  are  well  developed.  In  man  at  least  25  acute  deaths  have  been 
reported  from  intravenous  use  of  therapeutic  doses. 

Pathologic  Changes. — The  only  change  usually  found  after  acute  death  from  digi- 
talis bodies  is  congestion  or  even  inflammation  of  the  gastric  mucosa.  In  a  few  cases 
hemorrhages  have  been  noted  under  the  endocardium  and  in  the  wall  of  the  heart.  In 
rabbits  there  is  a  peculiar  loss  of  elasticity  in  the  ventricular  wall,  which  becomes  dry 
and  friable  almost  as  if  coagulated   (Auer). 

Treatment  of  Acute  Poisoning. — The  treatment  is  chiefly  symptomatic.  The  patient 
must  be  kept  in  the  most  absolute  repose.  Vomiting  should  be  checked  as  soon  as  the 
drug  is  removed  from  the  stomach.  Hydrocyanic  acid  may  restore  the  frog's  heart 
stopped  by  digitalis  (Bastert).  In  man,  if  intervention  be  necessary,  agents  of  the  type 
of  caffeine,  cocaine,  and  especially  atropine  will  prove  useful.     Should  the  blood  pres- 


1278  CAEDIOVASCULAE  STIMULANTS 

sure  be  alarmingly  elevated  (which  is  not  often  the  case)  nitroglycerin  would  be 
applicable,  or  if,  as  sometimes  happens,  there  is  a  considerable  fall  of  pressure,  epineph- 
rine or  pituitary  extract  could  be  used. 

Cumulative  Action. — The  most  dreaded  complication  in  digitalis  therapy  is  the  so- 
called  cumulative  action  of  the  drugs  of  this  class.  This  is  a  state  of  intoxication 
developing  suddenly  during  a  course  of  treatment  with  no  increase  of  dose  or  other 
alteration  in  condition  to  account  for  it.  The  first  indication  of  cumulative  poisoning 
is  usually  loss  of  appetite  and  nausea  with  headache  and  weakness.  Diarrhea  is  not 
uncommon.  This  is  followed  by  cardiac  irregularity,  often  of  the  type  of  "heart  block," 
or  there  may  be  a  sudden  increase  in  the  rate  of  the  heart.  The  heart  block  may  cause 
excessive  slowing,  noticed  especially  after  exercise  and  even  leading  to  faintness. 
Finally  there  occurs  a  muscular  irritability  with  extrasystoles.  Excessive  slowing,  the 
rate  dropping  suddenly  even  to  half  its  former  rate,  is  more  common  than  rapidity. 
Intermission  and  marked  irregularity  are  also  frequent.  These  signs  of  poisoning  must 
be  borne  in  mind  and  attentively  watched  for,  when  a  patient  is  taking  digitalis,  espe- 
cially in  large  doses.  On  the  first  indication,  the  drug  should  be  stopped.  If  the  dis- 
turbance subsides  promptly,  digitalis  may  be  resumed  in  smaller  dose,  but  it  is  better 
ordinarily  to  substitute  some  other  agent  of  the  group,  or  to  use  a  drug  or  association 
of  drugs  from  an  allied  group,  as  caffeine,  strychnine,  sparteine,  even  atropine  in 
appropriate  instances,  the  choice  depending  on  all  the  conditions  present  in  the  special 
case.  These  toxic  effects  come  on  at  varying  intervals  after  beginning  administration, 
according  to  the  dose,  the  preparation  and  individual  peculiarities.  They  usually  pass 
off  in  a  day  or  two  after  stopping  the  drug,  but  extrasystoles  may  continue  for  two 
weeks  and  heart  block  even  longer. 

Cumulative  action  depends  on  the  fact  that  elimination  of  the  digitalis  bodies  Is 
very  slow  and,  if  the  dose  be  large,  does  not  keep  pace  with  administration.  There  is 
thus  a  tendency  for  the  drug  to  collect  in  the  body.  This  tendency  is  aided  by  the 
storage  of  the  bodies  in  the  heart  muscle  itself.     (See  Absorption.) 

If  digitalis  be  given  to  animals  daily  in  half  to  one-quarter  of  the  toxic  dose,  symp- 
toms of  poisoning  usually  appear  in  a  week  or  so,  and  death  results  if  the  drug  is  not 
stopped  soon. 

The  danger  of  causing  cumulation  varies  markedly  with  the  different  digitalis 
bodies,  the  less  soluble  being  considered  more  dangerous.  Thus  digitoxin  is  especially 
likely  to  give  rise  to  cumulative  poisoning,  while  strophanthus  is  much  less  likely  to 
do  so. 

Habituation. — If  small  doses  of  digitalis  are  given  for  several  weeks,  there  develops 
an  ability  to  withstand  large  doses.  Klein  has  shown  that  if  cats  are  given  daily  that 
dose  of  strophanthin  which  is  just  sufficient  to  cause  salivation,  they  soon  cease  to 
react  in  this  manner  and  the  dose  must  be  increased  to  obtain  it.  Such  cats  will, 
however,  show  cumulative  action  if  a  large  dose  be  repeated  daily,  and  salivation 
will,  as  usual,  be  the  first  symptom  of  intoxication.  Lhota  has  immunized  rabbits  to 
such  an  extent  that  5  times  the  fatal  dose  of  digitalis  could  be  given  daily  by  mouth. 
There  was  less  resistance  when  given  by  injection.  Most  of  the  rabbits  died  from 
cumulative  action,  only  a  few  developing  immunity.  Heide  states  that  with  hellebore, 
a  resistance  is  developed  by  the  digestive  and  nervous  systems  but  not  by  the  heart. 
Certain  authors  (Sollmann)  doubt  the  occurrence  of  habituation  altogether;  but  some 
good  clinicians  are  of  opinion  that  it  sometimes  develops  in  man  to  an  extent  per- 
mitting moderate  doses  (i/o  to  1  grain — 0.3  to  0.6  Gm.  of  digitalis  leaves  or  equivalents 
of  other  preparations)  to  be  continued  with  good  effect  once  or  twice  daily,  or  once  in 
several  days,  over  prolonged  periods. 

Systemic  Action:  Alimentary.— The  digitalis  bodies  are  irritant  to  the  entire  tract, 
causing  salivation,  nausea  and  vomiting,  and  more  rarely,  diarrhea.  Taken  by  mouth, 
they  have  a  very  disagreeable  and  bitter  taste,  which  adds  to  their  nauseant  powers. 
The  emetic  action  is  exercised  by  the  cardiac  principles.  The  oils,  tannins  and  other 
constituents  of  digitalis  and  strophanthus,  and  probably  of  the  other  members  of  the 
group,  take  no  part  in  this. 

The  vomiting  is  due  almost  wholly  to  central,  reflex  action,  a  small  part  being 
dependent  on  direct  central  action  and  on  topical  irritation  of  the  stomach.  The  active 
principles  injected  in  dogs  deprived  of  their  stomach  and  bowels,  cause  vomiting  motions 
(Hatcher  and  Eggleston).  They  also  cause  contraction  of  the  isolated  stomach  of  the 
frog  (Dale  and  Laidlaw).  A  very  important  reflex  from  the  heart  has  been  shown  by 
Hatcher  and  Weiss.     The  emetic  action  occurs  whenever  the  intoxication  of  the  heart 
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reaches  a  certain  degree,  and  vomiting  can  be  prevented  by  cutting  the  vagus  nerves 
and  the  cord,  thus  preventing  the  reflex  from  the  poisoned  heart  reaching  the  vomiting 
center.  Section  of  the  cord  can  be  replaced  by  excision  of  the  stellate  ganglion.  Direct 
application  of  digitalis  to  the  vomiting  center  does  not  cause  emesis,  although  the  drug 
may  induce  marked  vomiting  in  dogs  after  section  of  all  the  extrinsic  cardiac 
nerves. 

The  proportion  of  a  fatal  dose  required  to  cause  vomiting  differs  with  the  special 
agents,  being  in  dogs,  for  digitalin  22  percent.,  for  strophanthus,  ouabain,  adonis, 
digitalis,  digipuratum,  digalen,  40  to  50  percent.;  digitoxin,  amorphous  strophanthin, 
58  to  68  percent.;  squill,  apocynum  75  to  88  percent.  (Eggleston  and  Hatcher).  Hclle- 
borein  and  cymarin  are  especially  irritant  to  the  stomach,  2  ragm.  (1/35  gr.)  of  the 
latter  subcutaneously,  causing  vomiting  in  cats. 

Salivation,  nausea  and  vomiting  are  among  the  most  important  signs  of  Impending 
cumulative  intoxication. 

Diarrhea  often  results  in  dogs  from  digitalis,  apocynum  and  squill,  but  very  rarely 
from  strophantus.  In  man,  however,  strophanthus  provokes  diarrhea  not  uncommonly. 
Squill  frequently  sets  up  digestive  disturbance  in  man. 

The  isolated  gall-bladder  of  the  dog  is  stimulated  by  strophanthin  (Lieb  and 
McWhorter). 

Blood. — Considerable  controversy  has  arisen  over  the  power  of  the  digitalis  bodies 
to  induce  leucocytosis.  Certain  authors  (Lowenstein)  assert  that  the  number  of  leu- 
cocytes is  diminished,  while  others  (Fralick)  aflSrm  that  digitalis  given  by  mouth  has  so 
marked  an  influence  in  causing  leucocytosis  that  it  should  be  administered  for  several 
weeks  before  operations  in  which  infection  is  feared,  in  order  to  raise  the  patient's  re- 
sistance by  increasing  the  number  of  phagocytes.  Fralick  in  a  series  of  10  cases  saw 
an  increase  from  an  average  of  8000  to  10,000  after  2  to  4  weeks. 

Many,  if  not  all,  of  the  digitalis  glucosides  possess  in  common  with  saponins,  the 
power  of  causing  hemolysis  in  vitro.  They  never  reach  the  blood,  however,  in  a  con- 
centration even  approaching  that  which   is  requisite. 

Circulation. — The  action  of  digitalis  and  its  group  on  the  circulation  is  the  only 
action  which  is  of  more  than  toxicologic  or  academic  interest.  It  will  be  most  clearly 
explained  if  we  give  first  a  general  summary  of  its  action  and  then  analyze  the  effect 
under  various  circumstances.  The  effects  are  three:  (a)  Stimulation  of  the  heart  by  a 
direct  action  on  the  muscle;  (b)  stimulation  of  the  vagus  center,  and  to  a  slight  degree 
of  the  vagus  endings,  followed  by  paralysis  of  the  vagus  endings,  and  (c)  stimulation 
of  the  muscle  of  the  arterial  wall.  These  lead  to  strengthening  of  the  systoles  and  a 
tendency  to  extrasystoles;  to  slowing  and  increased  dilatation  during  diastole,  followed 
by  rapid  rate  and  delayed  conduction  time,  and  to  constriction  of  the  arteries  even  i7i  vitro 
and  corresponding  rise  of  blood  pressure.  These  phenomena  may  now  be  analyzed, 
taking  up  first  the  action  on  the  heart  of  the  intact  frog. 

Actio7i  on  the  Frog  Heart  iji  situ. — If  a  minimal  fatal  dose  of  any  of  the  digitalis 
bodies  be  injected  into  the  lymph  sac  of  a  frog,  and  the  animal  be  then  placed  on  the 
back  and  a  part  of  the  anterior  chest  wall  removed,  exposing  the  heart,  the  first  change 
that  will  be  noted  is  that  the  heart  beats  more  forcibly.  At  first  there  may  be  a  slight 
increase  in  rate,  but  marked  slowing  never  fails  to  set  in  soon.  Immediately  after  the 
injection  the  diastolic  dilatation  may  be  increased,  but  soon  the  contrary  is  the  case. 
The  ventricle  no  longer  dilates  fully  in  diastole,  but  a  small  portion  at  the  apex  fails 
to  dilate,  remaining  always  pale,  bloodless  and  contracted.  If  the  cycle  of  the  heart  is 
studied  at  this  time  it  will  be  found  that  the  slowing  is  entirely  dependent  on  lengthen- 
ing of  the  systolic  phase,  the  diastolic  period  being  of  normal  duration.  The  basal  portion 
of  the  ventricle  which  continues  to  beat,  gradually  becomes  smaller  until  finally  the 
entire  ventricle  remains  firmly  contracted  in  continuous  systole  while  the  auricles,  being 
unable  to  empty  themselves,  are  forced  to  stop  in  full  diastole.  That  this  systolic  stop- 
page is  not  a  form  of  death  of  the  heart  muscle  can  be  shown  by  injecting  fluid  sud- 
denly so  as  to  distend  the  ventricle  forcibly,  when  a  few  strong  beats  will  follow  and 
the  heart  return  to  full  systole.  During  this  time  the  contractions  are  so  much  stronger 
than  usual  that  in  systole  the  ventricle  may  become  only  half  as  large  as  in  normal 
systole.  At  first  the  strengthened  systole  leads  to  an  increase  in  the  output  of  blood  at 
each  beat,  but  as  more  and  more  of  the  ventricle  remains  contracted,  the  amount  rapidly 
lessens  and  soon  becomes  less  than  normal.  There  may  be  interference  with  conduction 
of  the  impulse  from  auricle  to  ventricle  so  that  the  latter  only  beats  once  for  two  beats 
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of  the  former.  In  this  case,  of  course,  diastole  will  be  more  complete.  In  some  case8 
the  auricles  beat  alternately,  the  blood  being  thrown  back  and  forth  from  one  to  the 
other  and  very  little  entering  the  ventricle.  This  is  known  as  cardiac  peristalsis, 
although  it  is  not  a  peristalsis  at  all.  The  irritability  of  the  heart  muscle  is  increased 
at  first,  as  shown  by  the  fact  that  weaker  stimuli  than  normal  will  stop  the  heart  in 
diastole.  The  irritability  of  the  vagus  nerves  is  also  increased,  and  at  first  the  heart 
can  "be  stopped  in  diastole  by  stimulation  of  these  weaker  than  normally  required.  Late 
in  the  poisoning  the  vagus  endings  are  paralyzed  and  when  the  ventricle  is  in  almost 
complete  systolic  stoppage,  stimulation  of  the  vagus  nerves  has  no  effect  on  it.  If, 
however,  the  nerve  be  stimulated  when  slowing  is  first  marked,  a  further  slowing  will 
occur  from  prolongation  of  the  diastole.  The  slowing  which  results  from  stimulation 
of  the  vagus  nerves  is  prevented  by  nicotine  or  atropine,  which  paralyze  the  vagus 
endings.  It  may  be  mentioned  here,  that  the  diastolic  slowing  of  the  isolated  frog  heart 
is  prevented  by  atropine  but  not  by  nicotine  (Bubnoff).  In  the  frog  the  peripheral 
nature  of  the  systolic  slowing  may  also  be  shown  by  its  continuance  after  destruction  of 
the  brain  and  cord,  and  by  the  fact  that  it  is  not  much  influenced  by  atropine  or  by 
section  of  the  vagus  nerves,  while  in  the  mammalian  heart  it  is  prevented  or  greatly 
lessened  by  either.  According  to  Kochmann  slowing  of  the  frog  heart  after  section  of 
the  vagus  nerves  is  not  caused  equally  by  all  the  digitalis  bodies.  Digitalis  always 
slows  the  heart  distinctly,  digitoxin  weakly,  adonidin  sometimes  and  strophanthin  never. 
This  requires  confirmation.  That  the  slowing  of  the  heart  is  due  to  action  on  the  vagus 
center  has  been  directly  shown  in  the  turtle  by  Greene  and  Peeler  who  obtained  slowing 
by  perfusion  of  the  brain  but  not  by  perfusion  of  the  heart,  unless  some  reached  the 
brain. 

Isolated  Frog  Heart. — To  a  certain  extent  it  is  possible  to  determine  which  of  the 
actions  of  digitalis  are  central  and  which  peripheral  by  adding  digitalis  or  strophanthin 
to  the  perfusion  fluid  of  an  isolated  frog  heart.  There  is  great  difference  in  the  behavior 
of  the  heart  with  differences  in  concentration,  etc.  According  to  the  concentration  the 
heart  may  stop  either  in  systole  or  in  diastole,  thus  differing  from  the  heart  in  situ, 
which  always  stops  in  systole  even  with  enormous  doses.  According  to  Werschinin, 
concentrations  of  ouabain  between  1  to  4  mgm.  per  100  cc.  stop  the  heart  in  systole, 
much  weaker  or  stronger  solutions  stop  it  in  diastole."  Trendelenburg  compared  the 
strengths  of  different  principles  required  to  stop  the  frog's  heart  in  systole  and  expressed 
them  as  molecular  solutions  as  follows:  k.  stroph.  M/100,000;  antiarin  M/500,000; 
helleborein  and  digitalin  M/5,000;  cymarin  stops  the  heart  in  systole  in  1  to  5,000. 
Gros  states  that  the  heart  of  R.  esculenta  is  stopped  in  systole  by  1  to  2,000,000  strophan- 
thin. In  general  the  action  on  the  isolated  heart  resembles  that  on  the  heart  in  situ. 
There  is  first  slowing  and  strengthening,  followed  by  systolic  arrest  if  the  concentration 
is  correct.  The  action  is  only  exhibited  in  the  presence  of  calcium,  and  a  heart  which 
has  been  perfused  with  plain  saline  until  it  stops  is  not  revived  by  digitalis,  although 
one  which  has  been  paralyzed  by  excess  of  KCl  will  beat  again  under  the  influence  of  the 
drug.  The  action  on  the  isolated  auricle  is  similar  but  it  requires  about  50  times  as 
much  strophanthin  to  stop  it. 

At  first  the  irritability  of  the  muscle  is  increased  but  later  it  is  lessened.  The 
strength  of  the  muscle  is  not  altered  and  the  same  weight  of  mercury  which  holds  a 
normal  heart  in  diastole  does  the  same  after  digitalis,  although  the  heart  under  digi- 
talis is  stretched  even  more.  This  is  related  to  the  increased  diastolic  dilatation  already 
noted.  If  auricle  and  ventricle  are  connected,  there  may  occur  heart  block  just  as 
in  vivo.  The  heart  muscle  finally  shows  a  peculiar  physical  alteration,  becoming  dry 
and  friable.  The  action  of  the  digitalis  bodies  on  the  isolated  heart  is  increased  by 
any  factor  which  increases  the  metabolism  such  as  higher  temperature  or  repeated 
induction  shocks.  The  following  concentrations  of  the  digitalis  glucosides  and  their 
respective  genines  cause  systolic  stoppage  (concentrations  greater  than  these  may  lead 
to  stoppage  in  diastole):  digitoxin,  1:250,000-300,000;  digitoxigenin,  1:75,000-100,000; 
gitalin,  1:100,000-125,000;  gitaligenin,  1:15,000-20,000;  bigitalin,  1:50,000-100,000;  bigitali- 
genin,  1:15,000-20,000.  Systolic  stoppage  occurs  in  about  an  hour  with  these  concentra- 
tions of  digitoxin;  in  less  than  half  an  hour  with  gitalin  and  bigitalin,  and  in  about  half 
these  times  with  respective  genines.     Hearts  treated  with  digitoxin  do  not  recover  on 


"This  is  with  Ringer  solution;   with  diluted  blood  as  perfusion  fluid  the  systolic 
limits  are  much  wider. 
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washing  with  fresh  Ringer,  while  those  stopped  by  other  glucosides  may  be  made  to  beat 
normally  again    (De  Giacomo). 

Turtle  Muscle.— Strips  of  turtle  ventricle  have  relatively  little  of  the  ganglionic 
element  and  under  digitalis  show  almost  purely  muscular  effects,  with  increase  in  rate  as 
well  as  in  strength  and  tonus.  Stimulated  electrically,  it  is  found  that  irritability  is 
decreased  and  that  stronger  shocks  are  required  to  cause  extrasystoles.  The  length  of 
the  refractory  period  is  also  increased  (Guthrie).  The  isolated  turtle  heart  including 
both  auricle  and  ventricle  shows  the  same  slowing  in  conduction  time  and  in  rate,  after 
the  nerve  elements  are  paralyzed  by  chloral,  showing  that  these  alterations  are  dependent 
on  action  on  the  muscle  (d'Irsay). 

Invertebrate  Heart. — It  is  said  that  the  hearts  of  snails  show  slowing  and  final 
stoppage  in  systole,  while  the  hearts  of  small  crustaceans  are  little  affected  even  by 
high  concentrations  in  the  water. 

Isolated  IMammalian  Heart. — The  behavior  of  the  Isolated  mammalian  heart  is 
more  like  that  of  the  frog  heart  in  situ  than  that  of  the  frog  heart  isolated.  It  differs 
from  the  mammal  heart  in  situ  in  that  stoppage  in  systole  is  readily  obtained.  The 
slowing  is  slight  and  may  not  occur  but  the  force  of  the  ventricular  systoles  is  markedly 
increased  and  may  be  3y^  times  as  strong  as  in  the  previous  control  period.  The 
increased  output  is  entirely  systolic,  the  diastolic  dilatation  not  being  increased  as 
in  situ.  The  point  of  origin  of  impulses  in  the  sinus  node  is  stimulated  and  the  rate 
may  be  increased.  If  slowing  occurs  it  is  entirely  systolic  and  lasts  only  a  short  time, 
giving  place  to  a  rapid  rate  as  the  effect  of  stimulation  of  the  sinus  node  becomes  evident. 
Later  this  node  is  paralyzed  and  heart  block  also  occurs.  The  ventricle  then  beats  with 
no  rhythm  and  generally  at  a  very  rapid  rate,  giving  rise  to  the  condition  known  as 
delirium  cordis.  After  this  has  lasted  for  several  minutes,  the  heart  rather  suddenly 
stops  in  systole.  If  the  ventricle  is  forcibly  distended  it  will  continue  to  beat  for  a  short 
time,  stopping  again  in  systole.  Even  with  perfusion  through  the  coronary  vessels  the 
effect  develops  slowly,  strophanthin  requiring  a  quarter  of  an  hour  and  digitalis  one 
hour  to  attain  the  period  of  greatest  slowing.  When  the  normal  cat  heart  is  perfused 
in  this  way,  it  is  found  that  the  ventricle  in  systole  can  lift  a  column  of  mercury  15  to 
36  mm.  {%  to  ly^  inches),  while  under  the  influence  of  0.08  mgm.  of  strophanthin  k. 
per  100  cc.  the  height  is  almost  doubled,  reaching  25  to  60  mm.  (Magnus  and  Sowton). 
In  contrast  to  the  frog  heart,  typical  digitalis  action  is  shown  by  strophanthin  in  calcium- 
free  Ringer  solution,  but  the  action  is  increased  in  the  presence  of  excess  calcium  chlo- 
ride   (Mandelstamm). 

Rohde  and  Ogawa  studying  the  effect  of  digitalis  on  the  oxygen  consumption  of  the 
isolated  heart,  found  that  this  was  increased  markedly,  not  only  during  the  period  of 
increased  work  but  also  after  complete  stoppage  in  systole.  This  again  shows  that  the 
systolic  stoppage  is  of  the  nature  of  an  active  contraction  and  not  a  form  of  rigor  mortis. 
That  the  stimulating  action  of  digitalis  is  exerted  directly  on  the  muscle  is  indicated  by 
its  ability  to  renew  the  beats  in  a  heart  stopped  by  pilocarpine  (Ransom). 

It  has  already  been  mentioned  that  various  species  differ  widely  in  their  suscepti- 
bility to  the  digitalis  bodies.  These  differences  are  shared  by  the  isolated  hearts.  Thus 
the  isolated  rabbit  heart  is  stopped  in  systole  by  ouabain  1:  20,000,000,  while  the  rat  heart 
requires  1:500,000. 

Mammal  heart  w  situ.  The  action  of  the  digitalis  bodies  on  the  intact  mammalian 
heart  is  by  far  the  most  important  on  account  of  its  close  relation  to  the  therapeutic  use 
of  the  drugs.  The  effects  seen  in  the  mammal  heart  have  been  divided  into  three  stages 
as  follow: 

1.  Therapeutic  Stage. — If  a  single  large  dose  or  repeated  small  doses  of  one  of  the 
digitalis  bodies  be  administered  to  an  intact  animal,  the  first  changes  observed  in  the 
heart  action  is  a  slowing  of  the  rate,  chiefly  or  entirely  brought  about  by  lengthening  of 
the  diastole,  through  stimulation  of  the  vagus  center  in  the  medulla.  Studies  of  dogs 
with  crossed  circulation  has  shown  that  the  stimulation  of  the  center  is  not  direct,  but 
a  reflex  from  the  peripheral  (cardiac)  vagus  (Heymans  and  Heymans).  The  normal 
heart  never  empties  itself  completely,  but  under  the  influence  of  digitalis  the  emptying  is 
more  nearly  complete  and  the  ventricle  thus  becomes  very  small  in  systole.  This  is  due  to 
a  direct  action  on  the  muscle;  the  papillary  muscles  also  contract  strongly.  The  increase 
in  systolic  contraction  is  in  inverse  ratio  to  the  former  systole;  in  weak  hearts  the 
increase  of  output  may  thus  be  enormous.  In  the  normal  heart  the  dilatation  with 
diastole  increases  also,  so  that  the  capacity  of  the  ventricle  at  each  beat  is  enhanced  in 
both  directions.     This  increase  of  cardiac  capacity   in  diastole   is   a  vagus  effect,  the 
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muscle  tonus  not  being  depressed,  but  preserved  or  heightened.  In  a  heart  with  poor 
myocardial  tonus,  showing  abnormally  great  diastolic  relaxation,  before  the  drug  Is 
given,  not  only  does  the  diastolic  dilatation  fail  to  increase,  but  may  be  lessened.  In 
the  mammal  the  intracardial  ganglia  play  no  such  important  part  as  in  the  frog,  the 
slowing  being  almost  entirely  central.  The  slowing  may  occasionally,  in  a  very  strong 
heart,  slightly  reduce  the  output  per  minute  but  usually  in  a  normal,  and  always  in  a 
weak  or  diseased  heart,  this  is  increased,  becoming  even  21/3  times  as  great  as  before. 
The  effects  on  the  auricle  are  the  same  as  on  the  ventricle,  there  being  an  increase  of 
strength  from  direct  muscle  action  and  a  slowing  and  increased  diastole  from  action 
on  the  vagus.  If  the  heart  has  been  irregular  from  vagus  overaction,  the  slowing  tends 
to  make  it  more  regular.  During  this  stage  the  blood  pressure  is  high,  at  least  in 
laboratory  animals. 

2.  Inhibitory  stage. — This  stage  is  not  seen  with  therapeutic  doses.  In  it  the  effect 
of  the  vagus  inhibition  predominates  over  the  muscle  stimulation;  the  heart  is  very 
slow  and  irregular.  The  interval  between  the  contraction  of  the  auricles  and  ventricles 
is  unduly  prolonged  which  may  lead  to  heart  block  with  further  slowing  of  the  ventricle; 
the  diastole  is  excessive  and,  although  each  beat  still  expels  more  blood  than  normal,  the 
output  per  minute  is  decreased.  The  systole  is  likely  to  be  weaker  than  normal  but  may 
still  be  strong.  The  auricles  beat  weakly  and  may  even  cease  altogether.  During  this 
stage  the  blood  pressure  still  remains  high  on  account  of  vasomotor  constriction.  If 
the  inhibitory  cardiac  mechanism  is  weak  or  paralyzed  by  atropine,  the  second  stage  does 
not  occur. 

3.  Toxic  stage. — This  stage  falls  into  two  periods. 

(a)  Period  of  High  Blood  Pressure. — Following  the  stimulation  of  the  vagus  nerves 
which  characterizes  the  second  stage,  there  occurs  almost  suddenly,  a  paralysis,  both 
central  and  peripheral,  of  these  nerves,  and  as  a  result  the  heart,  deprived  of  its  re- 
straining mechanism,  becomes  extremely  rapid.  The  rate  is  even  greater  than  is  seen 
after  simple  vagus  paralysis,  and  is  partly  due  to  direct  stimulation  of  the  muscle.  In  the 
early  part  of  this  stage,  stimulation  of  the  peripheral  vagus  causes  slowing  and  increased 
diastole,  showing  that  the  center  is  paralyzed  before  the  periphery,  but  soon  all  effect 
of  stimulation  is  lost.  Stimulation  may  cause  weakening  after  it  no  longer  causes  slow- 
ing. The  auricles  are  also  accelerated  but  less  than  the  ventricles  and  this  leads  to 
disparity  in  the  rhythm  of  the  two  chambers.  The  two  auricles  always  beat  synchron- 
ously as  do  the  two  ventricles.  This  may  lead  to  a  peculiar  rhythmic  increase  and  decrease 
in  the  strength  of  the  pulse  as  the  ventricles  beat  with  the  auricles  or  between  their 
beats.  In  the  clinical  use  of  digitalis  certain  signs  of  toxic  action  on  the  heart,  such  as 
heart  block,  often  associated  with  rapid  sinus  rate,  auricular  fibrillation  and  extrasystoles 
must  be  watched  for  and  administration  interrupted  for  a  time  if  they  appear. 

(6)  Period  of  Low  Blood  Pressure. — After  a  time  the  sudden  increase  of  blood  pres- 
sure resulting  from  the  increase  in  rate,  gives  place  to  a  lowered  pressure  with 
indications  of  failing  circulation.  Extrasystoles  which  expel  no  blood,  occur  immediately 
after  contraction,  the  rhythm  becomes  more  and  more  rapid  and  the  ventricle  and  auricle 
beat  with  no  association  whatever,  the  heart  passing  into  the  stage  of  total  irregularity 
known  as  delirium  cordis.  Auricular  fibrillation  begins  and  is  soon  followed  by  ven- 
tricular. The  heart  stops  in  diastole,  from  asphytic  paralysis.  A  condition  similar  to 
the  third  stage  can  be  brought  about  in  a  normal  heart  by  frequent  induction  shocks  to 
the  ventricle. 

Action  in  Man. — In  man,  in  contrast  to  certain  other  animals,  digitalis  commonly 
causes  no  slowing  of  the  heart  (unless  its  rate  has  been  rapid  beforehand)  until  heart 
block  occurs.  This  block  may  result  from  6  grains  (0.4  Gm.)  of  digitalis  daily  for  5 
to  7  days. 

Electrocardiogram  studies  have  shown  two  striking  actions  of  digitalis,  both  in 
normal  and  in  abnormal  hearts.  The  first  to  occur  is  a  gradual  reduction  in  the  height 
of  the  T-wave  which  becomes  flat  and  finally  reversed.  Later  there  is  a  prolongation 
of  auriculoventricular  conduction  time.  The  latter  is  prevented  or  stopped  by  atropine, 
but  not  the  former.  The  Keith-Flack  node  is  first  stimulated  and  later  paralyzed;  the 
Tawara  node  is  less  affected. 

The  diseased  heart  is  more  readily  influenced  than  the  normal,  the  existence  of  a 
defect  rendering  the  organ,  and  especially  any  defective  chamber,  more  susceptible  than 
normal  to  digitalis  influence.  Hence,  the  drug  brings  about  better  coordination  in  the 
work  of  the  respective  chambers.  The  heart's  nutrition  is  improved,  probably  by  an 
increase  in  the  circulation  in  the  coronaries  as  well  as  by  lengthening  the  rest  period. 
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Aconite,  which  also  brings  about  diastolic  slowing,  has  no  such  influence  because  it  does 
not  improve  coronary  circulation. 

Fever  had  been  said  to  make  the  effect  of  digitalis  bodies  less  active,  but  Cohn  found 
that  the  reversal  of  the  T-wave  in  the  electrocardiogram,  which  is  characteristic  of  the 
action  of  digitalis  on  normal  hearts,  occurred  with  the  same  dose  in  patients  with 
pneumonia  and  high  fever,  and  Jamieson  found  the  same  dose  of  strophanthin  fatal 
in  cats  (0.1  mgm.  per  kilo)  and  dogs  (0.12  mgm.  per  kilo)  with  experimental  pneu- 
monia, as  in  normal  animals.  Cats  whose  temperature  is  raised  by  external  heat  are 
unusually  susceptible  (Hirschfelder),  but  in  toxemia  larger  doses  may  be  required  than 
otherwise. 

In  cases  with  fibrillation  of  the  auricles,  Cushny  has  shown  that  the  slowing  is  not, 
like  that  in  normal  hearts,  duo  to  action  on  the  vagus,  but  that  it  depends  on  an  obscure 
effect  on  the  heart  muscle  itself. 

The  interactions  of  digitalis  with  calcium  and  potassium  are  of  more  than  theoretical 
interest.  In  the  isolated  heart  the  calcium  in  the  perfusion  fluid  determines  the  force 
of  the  cardiac  contractions.  Addition  of  a  digitalis  body  to  the  fluid  renders  the  heart 
more  susceptible  to  calcium,  so  that  smaller  proportions  are  needed  to  bring  about  a 
given  effect.  The  response  of  the  heart  to  calcium  is  increased  5  to  10  times  by  previous 
perfusion  with  digitoxin.  In  the  intact  animal  and  in  man,  activation  of  digitalis 
action  by  concurrent  administration  of  calcium  can  be  shown,  and  it  is  an  expedient 
worth  trying  if  failure  to  respond  to  therapeutic  doses  of  digitalis  is  associated  with  low 
blood-calcium.  The  action  of  potassium  salts  on  the  intact  heart  resembles  that  of 
digitalis  in  many  respects.  The  heart  is  slowed  and  its  beats  strengthened  through 
vagus  stimulation,  but  there  is  in  addition  a  direct  weakening  effect  on  the  muscle. 
The  effect  of  digitalis  in  slowing  the  heart  may  perhaps  be  increased  without  aiding 
the  pressor  effect,  by  giving  moderate  doses  of  potassium  chloride  in  association. 

The  differences  in  action  between  the  drugs  of  the  group  are  not  great.  Strophanthus 
is  said  to  slow  the  heart  more  than  digitalis  or  squill,  but  to  strengthen  it  less  for  a 
given  slowing  (Haynes).  Kochmann  states  that  after  vagotomy  the  heart  is  distinctly 
slowed  by  digitalis  tincture,  slightly  by  digitoxin  and  adonidin  and  not  at  all  by 
strophanthin.  There  are  certain  differences  also  in  regard  to  the  coronary  arteries. 
These  are  little  constricted  by  strophanthin  but  more  markedly  by  digitalis  and  by  squill. 

The  action  of  digitalis  on  the  heart  may  now  be  summed  up  briefly,  the  effects  seen 
with  the  smaller  doses  being  first  given.  1.  Stimulation  of  the  vagus  center,  and  with 
full  doses  of  the  vagus  endings  also;  leading  to  slowing  of  the  cardiac  rate  (negative 
chronotropic  action)  and  to  prolongation  of  auriculoventricular  conduction  time.  2. 
Increased  strength  of  contraction  (positive  inotropic  action)  of  both  ventricles  and 
auricles.  3.  Increased  tonus  of  the  cardiac  muscle  (positive  tonotropic  action),  which 
may  be  preceded  by  increased  distention  in  diastole.  4.  Increased  irritability  of  the 
cardiac  muscle  (positive  bathmotropic  action) ;  giving  rise,  with  full  doses,  to  premature 
contractions  of  the  ventricles.  5.  Depression  of  conduction  in  the  heart  muscle  (nega- 
tive dromotropic  action)  by  direct  action,  chiefly  affecting  the  neuromuscular  bridge 
between  the  auricles  and  ventricles,  known  as  the  bundle  of  His,  but  also  interfering 
with  conduction  between  sinus  and  auricle.  This  causes  dropping  of  beats  and  probably 
accounts  for  the  reversal  of  the  T-wave  seen  in  electrocardiograms. 

Blood  Vessels. — The  action  of  the  digitalis  bodies  on  the  vessels  may  be  summed  up 
in  a  phrase  by  saying  that  they  stimulate  the  vasomotor  center  and  in  moderate  con- 
centration constrict  the  arterioles  peripherally  by  a  direct  action  on  the  muscle  while 
in  very  high  dilution  they  dilate  the  vessels  peripherally."  The  vessels  of  different 
organs  are  constricted  by  very  different  concentrations  and  it  is  possible  to  find  an 
amount  which  constricts  one  group  of  vessels  while  it  dilates  another.  To  the  altered 
distribution  of  blood  brought  about  in  this  way,  a  large  part  of  the  therapeutic  effects 
of  digitalis  is  to  be  attributed.  The  dilatation  of  certain  areas  is  partly  attributable  to 
a  reflex  inhibition  of  the  vasomotor  center  brought  about  by  the  constriction  in  the 
splanchnic  area,  but  the  difference  is  also  noted  in  isolated  organs  and  vessel  strips. 
If  strips  of  vessel  wall  from  different  organs  are  exposed  to  the  action  of  various  con- 
centrations, it  is  found  that  the  vessels  of  the  splanchnic  area  are  constricted  by  lower 
concentrations  than  those  needed  for  any  other  part.     Next  in  sensitiveness  are  the  ves- 


"  As  the  vasoconstrictor  action  is  not  prevented  by  apocodeine  nor  by  large  doses 
of  ergotoxine,  which  reverse  the  action  of  adrenalin,  it  is  evidently  exerted  directly  on 
the  contractile  tissue  of  the  vessel  wall. 
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sels  of  the  liver  and  of  the  spleen;  then  follow  those  of  the  kidneys,  the  brain,  the  heart, 
the  limbs  and  the  lungs. 

All  the  'Inigs  of  the  series  stimulate  the  vasomotor  center  as  is  shown  by  the  fact 
that  they  cause  less  vasoconstriction  in  frogs  with  the  cord  destroyed  than  in  normal 
frogs.  The  relative  action  is,  however,  variable;  thus  the  action  of  strophanthin  is 
largely  central,  that  of  digitalis  almost  wholly  peripheral.  Comparing  the  action  on  the 
vessels  to  that  on  the  heart  the  following  list  gives  the  drugs  in  approximately  the  order 
of  their  vasoconstrictor  action.  Digitoxin  is  the  strongest,  then  follow  strophanthin, 
squill,  convallamarin,  digitalin,  coronillin,  adonidin.  Digitonin  dilates  the  vessels,  and 
a  pi-eparation  containing  this  should  therefore  be  preferred  to  pure  principles,  if  an 
increase  of  blood  pressure  is  not  desirable. 

Blood  Pressure. — Toxic  doses  of  the  digitalis  bodies  cause  a  rise  of  blood  pressure 
followed  by  a  fall.  The  action  of  therapeutic  doses  varies  according  to  circumstances;  if 
the  blood  pressure  is  low,  it  is  raised  and  doses  of  digitalis  and  of  helleborein  which 
have  no  influence  on  the  blood  pressure  of  normal  rabbits,  raise  it  distinctly  when  it 
has  been  lowered  by  bleeding  (Hernando.)  In  man  the  blood  pressure,  unless  abnormally 
low,  is  not  as  a  rule  raised  by  therapeutic  doses.  If  the  slowing  of  the  heart  is  pre- 
vented by  atropine,  however,  a  rise  will  result.  In  normal  dogs  even  small  doses 
usually  raise  the  pressure.  In  man,  if  pressure  is  high,  it  may  be  lowered  by  dilatation 
of  the  arterioles  in  the  limbs  which  accompanies  the  vasoconstriction  in  the  intestinal 
vessels.  'The  pulmonary  pressure  is  less  raised  than  the  systemic  and  this  together  with 
the  constriction  of  the  finer  arterioles,  tends  to  make  the  blood  collect  in  the  arteries 
rather  than  in  the  veins.  This  improves  the  tone  of  overstretched  veins  consequent  on 
stagnation  of  the  circulation. 

Venous  Pressure. — Even  with  toxic  doses  this  is  not  much  altered. 

Respiration. — Digitalis  stimulates  the  respiratory  center,  giving  rise  to  deep  and 
rapid  respiration,  especially  in  rabbits.  With  toxic  dose  the  volume  per  minute  is  first 
increased  and  later  decreased.  The  amount  which  causes  increase  in  the  volume  In 
rabbits  is  less  than  H  of  the  fatal  dose;  in  fatal  poisoning,  respiration  stops  before  the 
heart.  Animals  given  barely  fatal  doses  of  digitoxin  may  be  saved  by  artificial  respira- 
tion.   Wfth  strophanthin  this  is  not  the  case  (Gross). 

Sqiiill  is  said  to  stimulate  the  secretion  of  bronchial  mucus  directly  and  not  merely 
by  its  nauseant  action.  Excised  bronchial  muscle  is  not  stimulated  by  strophanthin 
(Trendelenburg). 

Ductless  Glands. — Digitalis  and  strophanthus  may  stimulate  the  adrenal  secretion 
centrally  but  there  is  no  such  effect  if  the  splanchnics  are  cut  (Richards  and  Woods). 

Temperature. — It  has  been  reported  that  in  fever  the  temperature  may  be  reduced 
by  central  action.  It  is  possible  that  such  an  effect  is  secondary  to  redistribution  of  the 
blood  with  increase  of  the  skin  circulation. 

Of  more  interest  is  the  reputed  failure  of  activity  in  febrile  cases  (Mackenzie). 
There  is  less  slowing  in  hearts  rapid  from  fever  than  in  those  rapid  from  cardiac  dis- 
orders; this  is  due  to  toxemia  and  not  to  high  temperature  as  such. 

Sexual. — In  even  mild  intoxication,  the  general  muscular  weakness  is  associated 
with  a  certain  loss  of  sexual  power.  The  isolated  muscular  tissues  of  the  sexual  tract, 
such  as  the  uterus,  share  the  stimulating  action  seen  in  other  unstriped  muscle. 

Nerve  System. — The  digitalis  bodies  in  full  therapeutic  dose  depress  the  cerebral 
cortex,  giving  rise  to  a  general  sense  of  languor  and  weakness.  Many  members  of  the 
group,  in  toxic  dose,  stimulate  the  motor  centers,  giving  rise  to  convulsions.  The  nerve 
endings,  both  sensory  and  motor,  are  paralyzed  by  full  doses.  Sensory  paralysis  is 
shown  as  a  loss  of  ability  to  produce  reflexes  from  near  the  site  of  injection  in  frogs 
(Piccinnini),  and  by  local  anesthesia  of  the  cornea  from  topical  application. 

The  motor  nerve  endings  are  paralyzed  by  large  doses,  both  in  the  frog  and  mammal. 
The  paralysis  is  preceded  by  a  brief  period  of  increased  irritability,  during  which  the 
contractions  are  stronger  and  the  latent  period  shorter,  so  that  very  rapid  shocks  cause 
more  frequent  contractions.  Mice,  rabbits  and  dogs  show  the  same  primary  stimulation 
followed  by  paralysis  (Piccinnini).  The  paralysis  is  not  due  to  poor  circulation  as  shown 
by  the  following  facts.  In  the  frog  indirect  excitability  is  lost  while  the  heart  is  still 
beating  and  direct  excitability  soon  after  it  stops.  If  one  leg  is  ligated  at  the  base, 
excitability  lasts  longer  in  this  leg.  In  guinea-pigs  under  digitalis  the  muscles  of  the 
neck  and  forelegs  show  weakness  first  and  first  lose  their  irritability,  while  under 
asphyxia,  as  induced  by  bleeding,  these  alterations  appear  first  in  the  hind  legs.     Auer 
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has  noted  the  loss  of  irritability  of  the  muscles  in  the  ral)bit  and  described  early  onset 
of  rigor  mortis. 

Special  Senses:  Eye. — After  tincture  of  digitalis  is  taken  by  man,  even  in  half  minim 
doses,  a  power  is  acquired  to  distinguish  more  sharply  shades  of  color  in  green.  If  two 
minims  are  taken,  this  gives  place  within  an  hour  to  less  sharp  distinction.  The  ability 
to  judge  shades  of  red  lessens  as  that  of  green  improves  and  increases  as  the  latter 
decreases.  With  a  dose  of  ten  drops  the  first  stage  is  hardly  noted,  but  the  dulling  of 
green  vision  and  sharpening  of  red  is  very  marked.  This  action  is  exactly  the  opposite 
of  that  of  santonin  (Schultz).  Other  disturbances  of  vision  result  occasionally  from 
full  therapeutic  doses.  These  include  dimness  of  vision  or  an  appearance  of  cotton  or 
hair  before  the  eyes,  flashes  of  light,  and  concentric  bands  of  color.  Purkinje,  who 
studied  the  phenomenon  on  himself,  suggests  that  excitation  of  the  vagus  innervation 
of  the  iris  and  ciliary  muscle  may  partly  account  for  it. 

The  pupil  of  birds  is  coiftracted  by  local  action  and  this  stimulation  is  followed  by 
a  paralysis  which  m.ay  last  for  weeks  (H.  Meyer). 

Kidney.— The  diuretic  action  of  the  digitalis  bodies  has  already  been  mentioned. 
This  is  due  chiefly,  if  not  entirely,  to  an  increase  in  the  blood  flow  through  the  kidney. 
As  the  renal  vessels  are  dilated  by  small  doses  but  constricted  by  large,  there  is  more 
diuresis  from  the  small  doses,  and  toxic  amounts  are  likely  to  lead  to  oliguria.  The 
diuresis  is  largely  dependent  on  the  amount  of  fluid  at  the  disposal  of  the  body,  and  may 
be  entirely  prevented  by  a  dry  diet,  while  it  is  greater  if  there  is  edema  or  dropsy. 
The  fluid  is  more  increased  than  the  solids,  although  both  may  show  marked  increase. 
In  patients  with  edema,  squill  increases  the  urea  more  than  the  water,  although  the 
inorganic  solids  are  not  proportionately  augmented  (Pic  and  Bonnamour).  The  stimu- 
lant action  on  the  kidney  cells,  which  seems  to  be  shown  by  this  selective  action  on 
urea,  is  also  indicated  by  the  occasional  occurrence  of  albuminuria  and  even  hematuria. 

Cymarin  causes  a  marked  diuresis  In  dogs,  enormously  increased  by  small  doses  of 
caffeine  (Dale  and  Laidlaw).  Preparations  of  the  whole  drug,  containing  digisaponin, 
which  relaxes  the  renal  vessels,  may  act  better  as  a  diuretic  than  any  of  the  isolated 
principles. 

Therapeutics:  Topical. — Application  of  hot  infusion  of  digitalis  leaves  was  at  one 
time  in  vogue  to  give  relief  from  the  pain  of  inflamed  varicose  ulcers  of  the  leg;  and 
flaxseed  poultices  with  which  tincture  of  digitalis  was  incorporated,  were  applied  over 
the  liver  and  kidneys  to  overcome  suppression  of  urine.  The  uncertainty  of  absorption, 
making  benefit  dubious  and  danger  possible,  has  led  to  the  abandonment  of  these 
practices. 

Systemic. — Digitalis  accomplishes  its  therapeutic  results  by  a  well-known  threefold 
action :  It  slows  the  rate  of  the  heart,  chiefly  by  prolonging  the  diastole ;  it  increases 
the  force  of  the  contractions;  it  improves  the  nutrition  of  the  muscle.  It  likewise  tends, 
under  clinical  conditions,  to  raise  diastolic  (and  to  a  less  degree  systolic)  blood  pressure, 
by  constriction  of  peripheral  vessels.  The  drug  is  therefore  indicated  in  all  conditions 
in  which  circulatory  failure  and  the  results  thereof  exist,  provided  there  is  no  mechanical 
obstacle  confronting  the  heart,  and  no  pathologic  condition  of  vessels  or  viscera  in 
which  increase  of  blood  volume  or  blood  pressure  is  to  be  avoided;  and  provided  also  that 
its  action  in  delaying  conductivity,  and  its  collateral  effects  upon  the  digestive  tract, 
offer  no  contraindication.  Nevertheless,  there  is  much  diversity  of  teaching  as  to  its 
use  in  special  ailments.  Many  laboratory  workers,  and  some  clinicians,  would  mis- 
takenly restrict  it  to  the  correction  of  arrhythmias — or  even  of  auricular  fibrillation 
alone.  This  last,  indeed,  is  the  one  condition  concerning  which  all  agree  that  foxglove 
and  its  allies  exert,  at  least  temporarily,  remedial,  and  sometimes  life-saving,  influence. 

In  auricular  fibrillatio7i  there  is  a  mutiny  of  the  individual  muscle  fibers,  each 
one  acting  for  itself  without  regard  to  its  neighbor;  and  none  any  longer  obeying 
the  leader,  the  pace-maker,  the  sino-auricular  node.  There  is  a  riot  of  ineffectual 
twitehings,  but  no  coordinated  auricular  contraction.  The  anarchic  impulses  are  trans- 
mitted to  the  ventricl?,  which  contracts  as  soon  as  it  can  after  each  "refractory  interval," 
but  irregularly  and  with  varying  force.    Many  of  its  pulsations  fail  to  reach  the  radial 
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artery,  and  thus  capricious  intermissions  add  to  the  irregularity  at  the  wrist,  and  break 
the  synchronicity  of  pulse  with  apex  beat.  The  specific  digitalis  action  is  probably  a 
partial  blocking  of  the  abnormal  auricular  impulses  at  the  a-v  junction,  resulting  in  a 
slowing  of  the  ventricular  beat.  Some  physiologists,  however,  do  not  accept  this  view, 
but  hold  that  the  effect  results  solely  from  the  digitalis  action  on  the  vagus ;  the  better 
nutrition  of  the  heart  that  occurs  therewith  tending  to  diminish  the  irritability  of  the 
ventricle,  and  thus  leading  to  further  slowing  and  regulation  of  its  contractions.  The 
auricular  disorder  is  not  directly  influenced,  but  the  ventricular  contractions  are  reduced 
in  number  and  occur  with  less  irregularity.  The  heart  muscle  receives,  in  consequence, 
more  nourishment  and  its  strength  is  increased.  With  the  slowed  action  of  the  ventricle 
the  diastolic  period  is  lengthened  and  more  blood  enters  from  the  auricle,  relieving  the 
overfulness  of  that  quasi-paralyzed  sac.  If  the  fibrillation  has  been  of  short  duration  it 
may  disappear  and  a  normal  condition  return,  but  in  most  cases  the  pathologic  changes 
persist,  and  the  necessity  for  digitalis  treatment  continues. 

In  this  affection  digitalis  must  be  given  in  large  doses,  its  administration  being 
pushed  to  the  saturation  point  and  there  held.  Twenty  minims  (1.3  cc.)  or  more  of 
the  tincture  may  be  given  three  times  a  day  until  the  pulse  has  fallen  to  80  or 
90  per  minute,  or  until  vomiting  or  sometimes  diarrhea  occurs.  Then  the  dose  is 
reduced  and  only  enough  of  the  drug  given  to  keep  the  patient  just  below  the  satura- 
tion point.  The  method  of  Eggleston,  which  would  give  to  the  ordinary  adult  some- 
thing more  or  less  than  5  fluidrams  (20  cc.)  of  a  standard  tincture  in  3  to  4  portions 
in  the  course  of  24  hours,  may  be  followed,  especially  in  urgent  cases,  when  full  and 
rapid  digitalization  of  the  heart  is  deemed  necessary,  and  intravenous  injection  is 
undesirable.  Ordinarily,  less  heroic  dosage  will  sujEce.  In  some  cases  of  sudden 
onset  and  great  gravity,  the  action  of  digitalis  may  be  too  slow,  and  resort  must  be 
had  to  the  intravenous  use  of  strophanthin,  ouabain  or  one  of  the  purified  prepara- 
tions of  digitalis  glucosides.  This,  however,  necessitates  great  caution.  There  is  a 
danger  of  fatal  poisoning  which  is  greater  when  the  patient  has  taken  digitalis,  or  some 
allied  body,  within  12  or  14  days,  the  added  dose  of  rapid  action  transcending  the 
vital  elasticity  of  the  cells.  Like  danger,  but  of  less  degree,  attends  of  course  the 
use  of  digitalis  itself  under  the  same  circumstances  in  the  large  doses  that  are  now 
common.  It  is  necessary,  therefore,  to  inquire  as  to  previous  treatment,  and  when 
there  is  good  reason  to  fear  that  additional  digitalization  might  be  harmful,  to  resort 
to  other  expedients  if  possible.  Whatever  remedy  be  chosen,  or  even  if  the  decision 
be  made  to  use  a  digitalis  or  strophanthus  preparation  with  due  caution,  as  entailing 
the  lesser  risk,  the  influence  of  the  medicament  may  be  aided  and  a  smaller  dose, 
therefore,  be  needed,  by  the  conjoint  use  of  a  precordial  coil  or  of  some  other  method 
of  applying  heat  and  cold  over  the  heart  area.  There  are  various  plans  of  thermal 
stimulation.  Tentatively,  to  obtain  a  guide  to  the  patient's  reaction,  heat  may  be 
applied  for  about  2  minutes,  and  followed  by  cold  for  15  to  20  minutes.  After  an 
interval  of  1  to  4  hours,  the  procedure  may  be  repeated,  or  some  variant  routine  sug- 
gested by  the  result  be  substituted. 

Digitalis,  though  accounted  a  specific  in  auricular  fibrillation,  sometimes  fails 
to  restore  normal  rhythm.  In  some  cases  no  reason  can  be  found  for  this  failure,  but 
usually  it  is  because  the  drug  is  given  with  timidity,  in  too  small  doses  and  for  too 
restricted  a  period.  Even  with  large  doses  the  effect  of  digitalis  is  not  noticeable, 
as  a  rule,  under  forty-eight  hours  and  sometimes  only  at  the  end  of  three  or  four 
days.  It  should  be  continued  until  one  or  more  of  the  signs  of  digitalization,  namely, 
slowing  of  the  heart,  diuresis,  nausea  and  diarrhea,  are  manifest.  Good  results  are 
to  be  anticipated  in  recent  cases  and  in  young  adults;  in  old  age,  success,  indeed,  is  not 
the  rule,  but  it  is  not  uncommon. 
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Auricular  flutter  is  closely  related  to  fibrillation,  but  is  a  somewhat  less  com- 
mon and  possibly  a  less  serious  condition.  Here  the  muscle  fibers  do  not  contract 
independently  of  each  other,  there  is  no  mutiny,  but  the  entire  army  is  running 
away.  According  to  one  theory,  it  runs  under  the  influence  of  an  excitation  wave 
which,  once  started,  never  stops,  but  goes  round  and  round  uninterruptedly — the 
"circus  movement,"  so-called.  The  auricle  contracts  abortively  some  300  times  a 
minute,  but  only  every  second,  third  or  fourth  impulse  is  transmitted  to  the  ventricle. 
The  favorable  action  of  digitalis  on  the  ventricular  system  is  the  same  as  in  auricular 
fibrillation.  Its  effect  on  the  auricle  is  peculiar  as,  in  favorable  cases,  it  first  trans- 
forms the  flutter  into  a  fibrillation,  and  the  latter  then  often  disappears  under  con- 
tinued digitalis  treatment  i^nri  j^ansu  with  the  increase  in  strength  and  steadiness  of  the 
ventricle. 

Some  writers  emphasize  the  danger  of  embolism  in  the  digitalis  or  equinidine 
treatment  of  auricular  flutter.  There  is  no  doubt  that  the  detachment  of  a  shred  of 
fibrin  from  a  valve,  or  of  a  fragment  of  a  clot  from  the  auricular  wall,  does  occur  at 
times  as  the  contractions  become  more  forcible,  but  the  danger,  while  it  imposes  caution 
and  emphasizes  the  necessity  for  keeping  the  patient  at  rest  and  under  close  observation, 
should  not  deter  from  the  attempt  to  restore  normal  cardiac  rhythm. 

There  is  less  unanimity  of  opinion  regarding  the  value  of  digitalis  in  valve 
infirmities.  At  the  outset  of  discussion,  it  should  be  emphasized  that  digitalis  is 
contraindicated  in  all  cases  of  valve  defect  with  perfect  compensation.  It  is  only 
when  the  ventricle  shows  signs  of  giving  way  under  the  strain  of  pumping  against 
leaks  or  obstructions  that  medication  is  necessary.  Even  then  it  may  be  possible  by 
prompt  rest  and  by  restriction  of  the  patient's  activities  to  the  level  of  his  impaired 
functional  capacity,  to  obviate  or  to  minimize  the  necessity  for  the  resort  to  drugs,  but 
when  there  is  dyspnea — although  only  upon  exertion,  or  even  a  special  form  of  exertion, 
as  climbing  stairs — or  a  tendency  to  cyanosis  or  to  irregularity  of  pulse,  or  to  swelling, 
however  slight,  of  dependent  parts — in  a  word,  to  any  of  those  phenomena  that  are 
sometimes  termed  the  rational  signs  (as  distinguished  from  the  physical  signs)  of 
cardiac  impairment,  therapeutic  intervention  is  obviously  called  for,  and  if  the  degree 
of  impairment  be  too  great  for  prompt  recovery  simply  upon  institution  of  the  needed 
rest,  a  remedy  is  to  be  sought  among  drugs.  Digitalis  is  that  remedy;  proved  l^eyond 
contravention  by  long  clinical  experience.  It  does  not,  indeed,  correct  anatomic  lesion; 
but  it  reestablishes  function  by  restoring  to  the  heart  the  vigor  necessary  to  carry  on 
circulation  despite  lesion.  In  this  effect  all  three  phases  of  its  action  participate,  but 
the  greatest  stress  is  to  be  laid  upon  improvement  of  cardiac  nutrition.  The  vicious 
circle — heart-weakness,  impairment  of  circulation ;  undernourishment  and  greater  weak- 
ness of  the  heart,  further  circulatory  impairment,  and  so  on — is  broken ;  and  in  many 
cases  virtually  perfect  compensation  is  restored.  In  others,  restoration  is  partial  and 
the  patient  must  be  kept  permanently  upon  a  plane  of  lowered  activity.  It  may  be 
necessary  to  keep  up  medication  continuously  or  intermittently,  or  to  supplement  or 
substitute  for  drugs,  certain  physical  measures,  as  effervescent  baths  and  gentle  resist- 
ance exercises.  Digitalis  or  allied  bodies,  however,  must  not  be  used  uninterruptedly  or 
for  too  long  a  time.  Sparteine,  caffeine,  strychnine,  pentamethylenetetrazol,  even  cactus, 
are  among  the  alterant  remedies  to  be  thought  of. 

Objection  has  been  made  to  the  use  of  digitalis  in  mitral  stenosis,  on  the  ground 
that  through  the  action  of  the  drug  on  the  vagus  the  auricular  contractions  will  be 
slowed,  the  right  ventricle  will  be  stimulated  to  pump  more  blood  into  the  distended 
auricle,  and  an  already  existent  delay  in  conduction  over  the  His  bundle  will  be  pro- 
longed.    On  the  other  hand,  the  argument  is  advanced  that  digitalis,  by  slowing  the 
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heart  beat,  prolongs  ventricular  diastole  as  well  as  systole  and  so  gives  the  auricle  more 
time  in  which  to  get  rid  of  its  load. 

The  guide  in  practice  is  the  relation  between  cardiac  effort  and  circulatory  result 
as  shown  by  the  relative  force  of  apex  beat  and  radial  pulse.  When  beat  and  pvilse  are 
alike  feeble,  and  symptoms — as  precordial  pain,  dyspnea  on  exertion,  perhaps  hemopty- 
sis or  other  evidence  of  pulmonary  congestion — call  for  correction,  digitalis  may  be  used 
with  care.  Rest  is  to  be  enforced,  especially  at  the  beginning  of  treatment,  and  Dover 
powder  is  often  a  useful  adjuvant.  But  when  the  overacting  heart  thumps  against  the 
chest,  while  the  vessel  at  the  wrist  is  small  and  poorly  filled,  blood  pressure  and  pulse 
pressure  both  being  markedly  low,  digitalis  is  to  be  avoided.  Rest,  aconite,  opium,  are 
indicated  until  a  new  clinical  equilibrium  between  heart-effort  and  pulse-result  has  been 
established — a  balance  of  function  on  a  lower  level  than  that  of  health,  but  one  that 
will  suffice  to  maintain  life  and  give  comfort  so  long  as  general  activity  is  kept  within 
necessary  limits.  Not  only  this,  but  with  careful  watching  and  adjustment  of  exertion 
and  of  medication  to  the  necessities  of  the  individual  patient  (tincture  of  ferric  chloride 
being  sometimes  a  supplementary  agent  of  great  service)  the  gradual  improvement  in 
general  and  cardiac  nutrition,  together  with  the  sedation  of  cardiac  effort,  may  bring 
about  a  condition  in  which  digitalis  may  be  used  helpfully  to  promote  further  improve- 
ment, or  in  which  no  drug  may  be  required.  This  is  especially  to  be  anticipated  in  the 
case  of  children  or  adolescents  seen  early,  and  treated  or  kept  under  observation  for  a 
sufficient  number  of  years. 

Between  the  two  extremes  pictured,  there  may  be  many  gradations.  Sometimes 
blood-letting  (leeching,  wet-cupping)  is  a  necessary  preliminary  to  drug  treatment.  The 
heart  wearing  itself  out  in  fruitless  effort  may,  when  it  comes  under  observation,  be 
"laboring"  rather  than  overacting.  In  that  case,  brief  digitalis  support  may  sometimes 
be  useful,  and  aconite  may  be  contraindicated  or  may  be  given  with  the  digitalis  for 
mutual  modification.  Opium  will  almost  certainly  be  called  for  in  either  event,  strych- 
nine, caffeine,  sparteine  are  to  be  considered.  There  is  scarcely  any  condition  in  which 
action  must  so  clearly  be  guided,  not  by  general  rules,  but  by  the  indications  of  the 
individual  and  the  moment. 

In  mitral  insufficiency,  similar  theoretic  objections  to  the  use  of  digitalis  have 
been  offered.  It  has  been  urged  that  the  more  prolonged  and  more  forceful  ven- 
tricular contractions  will  force  more  blood  back  into  the  auricle;  but  the  fact  that 
the  period  of  diastole  is  also  prolonged  permits  of  more  blood  passing  out  of  the 
auricle  at  the  same  time  that  the  walls  of  this  cavity  are  strengthened. 

There  are  not  a  few  clinicians  of  experience  who  maintain  that  digitalis  does 
harm  in  aortic  insufficiency,  but  in  most  cases  they  have  in  mind  the  aortic  insuffi- 
ciency of  the  aged,  in  whom  it  is  often  a  sequel  of  aortitis  or  associated  with  advanced 
arterial  and  myocardial  degeneration.  In  the  young,  when  the  valve  defect  is  due 
to  rheumatism  or  some  infectious  process,  it  is  generally  conceded  that  digitalis 
does  good  when  the  compensation  begins  to  yield.  In  all  of  these  conditions,  indeed, 
in  spite  of  theoretical  objections  to  its  use,  beneficial  results  are  constantly  obtained 
in  practice,  and  in  valve  defects  of  whatever  nature  with  failing  compensation,  digitalis 
should  be  given  until  a  good  or  toxic  effect  is  noted. 

In  aortic  stenosis,  compensation  usually  lasts  imtil  late  in  life,  and  when  the 
hypertrophy  finally  gives  way  to  dilatation,  digitalis  may  be  tried,  but  no  brilliant 
results  are  to  be  looked  for. 

The  dose  of  digitalis  in  cases  of  valve  trouble  with  beginning  failure  of  com- 
pensation should  be  small  at  first  (5  minims — 0.3  cc),  gradually  increased  to  the 
point  of  tolerance,  then  stopped  for  a  day  and  begun  again  at  the  initial  figure. 

In  acute  inflammatory  affections  of  the  heart — endocarditis,  myocarditis,  and  peri- 
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carditis — digitalis  is  contraindicated,  as  it  is  also  in  paroxysmal  tachycardia  and  par- 
tial heart  block.  In  tho  latter  condition  it  may  do  actual  harm  by  converting  a 
partial  into  a  complete  heart  block  through  paralysis  of  conduction.  In  complete 
heart  block  in  which  the  beating  of  the  ventricle  is  entirely  cut  off  by  the  lesion  from 
auricular  control,  digitalis,  or  some  one  of  the  digitalis  bodies,  in  moderate  doses, 
may  sometimes  strengthen  the  ventricular  muscle,  increase  its  rate  and  make  its 
contractions  regular.  In  continuous  tachycardia,  digitalis  may  be  given  with  the 
hope  of  improving  the  condition  of  the  heart  muscle  and  possibly  also  of  reducing  the 
rate  of  pulsation.  In  palpitation  the  drug  is  of  no  service  nor  can  it  be  given  with 
much  hope  of  success  in  cases  of  pulsus  alternans. 

In  acute  dilatation  of  the  heart  from  overstrain,  the  remedy  is  rest,  but  a  return 
to  normal  may  be  hastened  by  full  doses  of  digitalis  to  saturation,  or  by  an  intrave- 
nous injection  of  strophanthin.  In  dilatation  resulting  from  broken  compensation, 
digitalis  may  be  helpful  or  harmful.  It  is  helpful  when  the  loss  of  compensation  is 
recent  and  the  myocardium  is  not  in  a  condition  of  extreme  fatty  or  fibroid  degenera- 
tion. Even  when  there  is  fatty  degeneration,  digitalis  is  not  absolutely  contraindicated 
unless  that  degeneration  be  excessive,  for  with  improvement  in  tone  and  nutrition 
of  the  sound  fibers  further  change  may  be  prevented  and  the  heart  will  be  better 
able  to  meet  the  demands  upon  it. 

Digitalis  was  recommended  as  a  potent  means  of  the  jugulation  of  pneumonia 
by  Petrescu  of  Bucharest,  who  gave  the  drug  in  what  were  then  regarded  as  large 
doses,  as  high  as  2  drams  (8  Gm.)  of  the  leaves  in  twenty-four  hours.  He  held  that 
by  this  means  the  exudative  process  was  arrested  and  convalescence  speedily  estab- 
lished. Petrescu's  confidence  in  digitalis  as  a  specific  in  this  malady  has  not  been 
shared  by  practitioners  in  general,  but  many  advocate  the  use  of  the  drug  early  in 
its  course  to  anticipate  the  weakening  effect  of  the  toxins  on  the  heart.  When  the 
pulse  is  small,  compressible  and  frequent,  when  there  is  venous  stasis  and  a  cyanotic 
state  of  the  skin,  with  diarrhea,  digitalis  often  gives  excellent  results.  Small  doses 
are  useless;  it  is  necessary  to  give  enough  to  produce  the  effect  sought.  A  special 
method  of  administration  of  digitalis  is  part  of  the  routine  that  has  been  called  the 
definite  treatment  of  the  pneumonias.  Small  doses  (say  5  minims — 0.3  cc,  of  a  good 
tincture  three  times  daily)  are  given  from  the  first  in  order  to  digitalize  the  muscle 
and  thus  render  it  more  quickly  responsive  when  the  definite  indication  for  large 
doses  arises.  The  indication  may  be  symptomatic — as  when  cardiac  weakness  is 
expressed  by  great  rapidity  or  feebleness  of  the  pulse;  evidences  of  general  dilatation 
or  overdistention  of  the  right  heart  with  cyanosis  (in  which  last  condition  bleeding 
and  inhalation  of  oxygen  may  also  be  called  for) — or  it  may  be  derived  from  observa- 
tion of  the  blood  pressure.  Should  the  diastolic  pressure  fall  to  approximately  60  mm. 
Hg  or  should  the  gap  between  the  curves  of  diastolic  pressure  and  frequency  of 
respiration,  as  charted  upon  the  same  vertical,  be  narrowed  to  approximately  10 
points,  relatively  large  doses  of  the  best  available  preparations  of  digitalis  principles 
(equivalent  to  at  least  15  or  20  minims — 1  to  1.3  cc.  of  a  good  tincture)  are  to  bo 
injected  intramuscularly  or  intravenously  every  3  or  4  hours  so  long  as  necessary; 
quantity,  frequency  and  persistence  being  guided  by  the  intensity  and  the  duration 
of  the  effect.  In  other  words,  enough  of  the  drug  is  to  be  given  often  enough  and 
long  enough  to  meet  the  requirements  of  the  individual  case.  In  the  pneumonias 
of  children,  and  especially  in  catarrhal  pneumonia,  which  is  much  more  dangerous 
than  lobar  pneumonia  in  the  very  young,  digitalis  should  be  used  actively.  It  may 
be  associated  with  strychnine.  The  dose  must  be  proportionate  to  the  age  of  the 
patient,  but  a  child  of  four  or  five  years  will  bear  2  or  even  3  minims  of  the  tincture 
of  digitalis  repeated  3  or  4  times  daily. 
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This  employment  of  digitalis  has  been  extended  to  other  febrile  and  infectious 
maladies,  but  as  a  rule  without  any  striking  success.  Much  has  been  claimed  for  it 
in  influenza  in  the  way  of  prophylaxis  against  the  cardiac  involvement  so  dreaded 
in  that  infection,  but  it  is  doubtful  whether  it  serves  any  better  purpose  there  than 
in  rheumatism.  It  is  to  be  remembered  that  both  pyrexia  and  toxemia  interfere  seri- 
ously with  the  action  of  digitalis,  and  consequently  in  high  fevers,  and  in  intoxica- 
tion, alcoholic  as  well  as  bacillary,  and  also  enterointoxication,  large  doses  must  be 
given  to  obtain  the  desired  effect.  Clearing  out  the  intestinal  tract  by  two  or  three 
doses  of  castor  oil  at  two-day  intervals  is  a  useful  preliminary  to  a  course  of  digitalis 
when  time  permits.  Napier  speaks  well  of  the  use  of  digitalis  and  nux  vomica  to 
raise  the  blood-pressure  in  kala-azar.  Digitalis  and  camphor  in  conjunction  have  been 
employed  for  their  roborant  action  in  heat  stroke. 

Allied  to  this  employment  of  digitalis  in  acute  infections  is  its  post-operative 
and  even  pre-operative  use  in  surgery.  It  has  been  given  per  rectum  after  abdominal 
and  intrapelvic  operations  with  a  view  to  sustain  the  pulse  pressure  and  reduce  the 
incidence  of  complications  dependent  upon  vascular  disturbances.  The  mode  of  action 
here  is  uncertain,  but  it  is  probable  that  the  vascular  influence  of  the  drug  in  toning 
up  and  filling  the  arterial  tree  and  relieving  the  venous  congestion  has  much  to  do 
with  the  prevention  of  shock  and  avoidance  of  complications.  Recently  the  attempt 
has  been  made  to  anticipate  the  circulatory  changes  of  shock  by  giving  a  full  dose 
of  digitalis  prior  to  the  operation,  so  that  the  drug  may  be  present  and  active  the 
moment  it  is  wanted.  It  has  also  been  given  as  a  preliminary  to  operation  in  hyper- 
thyroid  eases  with  gastroenteric  symptoms,  high  blood-pressure,  and  myocardial 
insufficiency.  When  pregnancy  occurs  in  a  woman  with  mitral  stenosis  or  insuf- 
ficiency, the  judicious  prophylactic  use  of  digitalis  may  avert  the  necessity  of  inducing 
abortion;  although  it  must  be  remarked  that  such  necessity  is  not  so  urgent,  as  a 
rule,  as  some  practitioners  seem  to  suppose. 

An  important  use  of  digitalis  is  as  a  diuretic  in  cardiac  edema.  It  was  indeed 
the  success  of  foxglove  in  dropsy  that  brought  it  into  the  medical  armamentarium. 
The  indications  are  the  same  here  as  they  are  in  the  disorders  of  cardiac  rhythm. 
We  have  stated  that  the  therapeutic  action  of  digitalis  is  favorable  when  the  later 
symptoms  or  sequelae  of  the  cardiac  disorder  are  in  evidence,  but  the  drug  is  of  no 
avail  in  the  acute  inflammatory  stages.  So  it  is  with  dropsy.  W^hen  this  is  associated 
with  acute  nephritis,  digitalis  is  contraindicated.  In  chronic  nephritis,  on  the  other 
hand,  the  dropsy  is  cardiac  dropsy,  due  to  failure  of  the  circulation,  this  in  turn 
being  dependent  upon  failing  compensation.  The  action  of  digitalis  in  such  a  case 
is  exerted  upon  the  heart  and  not  upon  the  kidney,  and  as  a  corollary  of  this  we 
find  that  the  drug  relieves  the  dyspnea  as  well  as  the  dropsy  and  the  heart  weakness. 
The  diuretic  effect  is  the  result  of  the  improved  circulation  in  the  kidney,  the  secre- 
tory cells  of  the  organ  being  relieved  of  the  venous  congestion  and  bathed  more  freely 
in  the  arterial  stream.  Digitalis  is  said  to  have  a  very  favorable  action  in  the  wet 
form  of  heriheri,  relieving  some  of  the  symptoms,  though  it  is  no  sure  specific. 

To  sum  up  briefly  the  indications  and  contraindications:  The  action  of  the  drug 
is  simple,  and  the  indications  for  its  use  clear.  Digitalis  has  no  control  over  structure ; 
it  will  not  prevent  and  it  cannot  remove  valve  deformity.  As  a  result  of  its  tonic 
effect  upon  the  cardiac  musculature,  the  patulous  openings,  only  partly  closed  by 
the  defective  valves,  may  be  slightly  narrowed,  thus  reducing  somewhat  the  volume  of 
regurgitated  blood,  but  the  valves  are  not  repaired.  The  main  indication  is  the 
appearance  of  the  rational  symptoms  of  cardiac  failure  following  myocardial  or 
valve  lesion  or  altered  rhythm.  It  acts  best  in  auricular  fibrillation  and  auricular 
flutter,  in  mitral  and  the  rare  tricuspid  lesions,   and  when  the  decompensation  is 
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accompanied  with  edema,  eflfusiou  into  tlie  right  chest,  and  dyspnea.  It  is  less  effec- 
tive when  the  failing  accommodation  is  the  result  of  aortic  incompetence,  and  is  of 
little  use  in  aortic  stenosis,  especially  in  the  later  stages. 

Contraindications. — Digitalis  is  never  merely  harmless — it  is  either  needed  and 
useful  or  needless  and  harmful.  The  mere  existence  of  valve-lesion,  of  pain,  or  of  a 
tendency  to  palpitation,  does  not  call  for  its  use;  the  state  and  the  functioning  of  the 
licart  are  the  determining  factors.  While  the  terms  "compensation"  and  "decom- 
pensation" are  rejected  by  certain  of  the  most  modern  cardiologists,  they  embody  a 
liighly  useful  conception,  not  only  in  pathologic  physiology,  but  emphatically  in 
therapeutics,  and  we  shall  use  them  accordingly. 

When  compensation  has  not  been  established,  or  having  been  established  is  failing, 
digitalis  is  to  be  used;  but  when  compensation  is  sufficient  and  is  being  maintained — 
and,  a  fortiori,  when  the  change  in  the  cardiac  musculature  passes  the  bounds  of 
compensation  and  the  force  of  the  heart's  action  is  such  that  a  state  of  hypertrophy 
may  reasonably  be  inferred,  digitalis  is  to  be  avoided.  It  is  to  be  avoided,  likewise, 
in  hypertrophy  or  overaction  from  other  causes,  as  that  which  is  sometimes  shown  at 
puberty  or  the  menopause,  and  that  which  accompanies  arteriosclerosis.  The  drug  is 
never  merely  harmless — it  is  either  needed  and  useful  or  unnecessary  and  harmful.  It 
was  once  common  teaching  that  digitalis  should  be  avoided  in  the  presence  of  aortic 
insufficiency,  since  prolongation  of  the  diastole  increases  the  time  and  volume  of 
leakage,  thus  tending  to  produce  cerebral  anemia,  as  well  as  further  distention  and 
fatigue  of  the  left  ventricle.  The  relative  frequency  of  sudden  death  during  the  use 
of  digitalis  in  persons  with  this  lesion  was  cited  in  support  of  the  position.  On  the 
other  side  it  was  argued  that  such  happenings  are  the  inevitable  consequences  of  the 
lesion ;  and  that  while  it  may  fairly  be  said  that  digitalis  fails  to  postpone  cardiac 
exhaustion  as  long  in  this  class  of  cases  as  in  cases  of  mitral  insufficiency,  it  does  keep 
the  organ  going  to  the  last  possible  minute — that  is  to  say,  while  any  contractile  power 
is  left. 

Probably  there  is  some  truth  in  both  contentions.  Clinical  experience,  apart 
from  theory,  warrants  the  use  of  digitalis  in  aortic,  as  in  other  valve-lesions,  when 
it  is  needed  to  restore  or  maintain  muscle- function,  especially  in  the  presence  of 
dropsy;  and  both  theory  and  experience  call  for  careful  observation  of  the  results 
(circulatory,  respiratory,  renal),  aided  from  time  to  time  by  electrocardiography.  It  is 
necessary  to  enforce  rest  in  bed  during  the  period  of  active  digitalization,  and  to  avoid 
sudden  change  from  recumbency  to  the  upright  position;  but  this  caution  applies, 
although  in  less  degree,  to  any  other  pathologic  condition  in  which  decided  doses  of  the 
drug  are  being  administered.  It  is  in  cases  of  mitral  stenosis,  that  relatively  excessive 
action  of  the  heart — that'  is  to  say,  a  central  effort  markedly  disproportionate  to  the 
result  as  measured  by  the  force  and  volume  of  the  peripheral  circulation  (radial  pulse) 
— most  frequently  calls  for  the  avoidance  of  digitalis  or  its  modification  by  conjoint 
use  of  aconite.  However,  since  digitalis  is  often  needed,  especially  for  effect  upon  the 
pulmonic  circulation  through  the  right  ventricle,  it  is  again  the  muscle-function  and 
not  the  valve-lesion  that  determines  in  which  individual  instance  the  drug  is  to  be 
given  and  in  which  withheld  or  partially  antagonized. 

The  older  teaching  that  digitalis  tends  to  increase  arterial  tension,  and  is  there- 
fore to  be  avoided  or  modified  when  blood  pressure  is  even  moderately  increased,  or  in 
cases  of  beginning  fibroid  change  in  the  arteries  without  evident  hypertension,  is  not 
now  accepted.  Clinical  observation,  however,  especially  in  cases  of  acute  lobar  pneu- 
monia, seems  to  indicate  at  least  a  potential  influence  of  digitalis  over  the  diastolic 
(more  than  the  systolic)  pressure;  and  the  possibility  should  always  be  kept  in  mind. 
Moreover,  a  greatly  increased  force  of  cardiac  action  may  in  itself  be  undesirable  in 
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cases  of  marked  arteriosclerosis  or  of  distinctly  high  pressure,  unless  the  pressure  can 
be  reduced.  Hemorrhage,  even  apoplexy,  may  otherwise  result.  Hence,  association 
with  nitrites,  or  even  in  some  instances  with  aconite,  may  have  to  be  taken  into 
consideration  when  digitalis  is  needed  to  slow  and  steady  the  cardiac  rate  in  patients 
showing  arterial  change.  When  the  pressure  is  permanently  high  and  there  is  distinct 
hypertrophy  of  the  left  ventricle,  digitalis  must  be  used,  if  at  all,  with  caution.  In 
the  presence  of  aneurysm,  of  actual  cerebral  hemorrhage,  or  of  recent  embolism  it  must 
be  absolutely  avoided.  Osier,  however,  states  as  a  paradox  of  therapeutics  that  in  the 
presence  of  cardiac  failure  with  dilatation  of  the  heart,  gallop  rhythm  and  high  blood 
pressure,  the  latter  is  to  be  disregarded  and  digitalis  given  for  effect. 

While  some  physicians  would  restrict  the  use  of  digitalis  to  cases  of  arrhythmia 
and  especially  of  auricular  fibrillation,  it  must  be  remembered  that  the  drug  may  itself 
induce  irregularities  of  all  the  clinical  types.  Before  prescribing  in  such  cases,  it  is 
needful  to  know  whether  digitalis  has  been  used,  and  if  so,  whether  or  not  the 
irregularity  was  present  prior  to  its  use.  Perhaps  the  most  significant  of  the  digitalis 
arrhythmias  are  the  slow,  bigeminal  pulse,  and  the  rarer  pulsus  alternans.  Sometimes 
a  beat  may  be  too  weak  to  be  detected  by  the  finger  palpating  the  radial  artery  but 
be  heard  feebly  over  the  heart ;  and  atropine  may  correct  the  condition.  It  is  said  that 
coupled  beats  occur  only  when  the  heart  has  undergone  auricular  fibrillation,  but  we 
have  seen  the  symptom  in  cases  in  which  the  electrocardiograph  showed  no  fibrillative 
change.  When  irregularities  of  such  types  or  even  the  common  forms  of  extrasystole 
occur  as  the  result  of  pathologic  changes  in  the  heart,  digitalis  is  to  be  withheld. 
When  they  manifest  under  the  influence  of  digitalis,  the  drug  is  to  be  withdrawn; 
and  should  a  tendency  to  repetition  be  shown  upon  resumption,  must  not  be  used 
thereafter.  Sparteine,  strychnine,  caffeine,  cactus,  Crataegus,  singly,  or  in  varied  asso- 
ciation and  alternation,  may  often  serve  instead.  Marked  slowing  of  the  pulse,  even 
without  irregularity,  also  calls  for  withdrawal  of  the  drug.  Commonly  a  lower  rate 
than  60  should  not  be  brought  about;  but  the  individual  instance  is  always  to  be 
considered  on  its  own  basis.  The  somewhat  uncommon  occurrences  of  very  rapid 
rate  with  disturbed  rhythm  and  lost  beats,  or  marked  rise  or  fall  of  blood  pressure, 
demand  immediate  discontinuance  of  the  medication. 

Pathologic  bradycardia  commonly  contraindicates  the  drug.  Thus,  although  it 
may  be  given  cautiously  in  complete  heart  block,  it  should  be  withheld,  if  possible, 
in  partial  block,  for  it  may  convert  this  into  complete  block  or  marked  arrhythmia  by 
diminishing  conductivity.  In  marked  myopathies  (fibroid,  and  especially  fatty, 
change),  digitalis  must  be  used  with  caution,  since  there  is  danger  of  overstraining 
the  weakened  muscle.  Many  authors  consider  digitalis  useless  or  harmful  in  acute 
cardiac  dilatation,  holding  that  it  prolongs  diastole,  but  does  not  induce  contraction 
of  the  cardiac  chambers.  Probably  it  is  a  question  of  the  degree  of  distention,  as  in  all 
cases  that  have  come  under  our  own  observation  digitalis  and  opium,  in  association 
with  venesection  and  rest,  have  been  helpful. 

In  cardiac  neuroses,  digitalis  is  rarely  needed,  and  may  be  harmful.  If  used  in 
these,  it  should  be  given  cautiously  and  tentatively.  The  same  thing  is  to  be  said 
concerning  paroxysmal  tachycardia  which  it  may  apparently  convert  into  flutter, 
and  even  fibrillation.  Graves'  syndrome  is  not  a  contraindication  to  the  use  of 
digitalis,  although  the  drug  frequently  fails  to  overcome  the  tachycardia. 

When  gastric  inflammation  or  irritation  is  present,  digitalis  must  be  given  cau- 
tiously and  only  in  the  presence  of  distinct  indications  for  its  characteristic  effects. 
True,  its  emetic  action  is  chiefly  central,  but  with  the  leaves  or  tincture  in  decided 
doses,  local  irritation  does  occur;  and  there  is  predisposition  to  nausea  and  digestive 
upset  under  parenteral  administration,  when  the  gastric  mucosa  is  already  irritated. 
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When,  in  cases  of  general  edema,  there  is  marked  and  rapid  increase  of  urinary 
flow,  with  resultant  reabsorption  of  fluid,  there  sometimes  occur  headache,  restlessness 
and  even  a  mild  delirium.  These  symptoms  have  been  attributed  to  autointoxication 
with  poisons  washed  out  from  the  tissues.  Headache,  with  coldness  of  feet  and  hands, 
may  be  attributable  to  vasoconstriction;  and  a  similar  explanation  is  made  of  the 
dizziness,  nightmare  and  mental  confusion  occasionally  observed.  Such  symptoms, 
however,  sometimes  occur  in  cardiopathies  when  digitalis  is  not  exhibited,  and  may 
be  dependent  on  cerebral  anemia,  and  even  on  autointoxication  secondary  to  circu- 
latory impairment.  The  delirium,  somewhat  resembling  that  of  alcoholism,  sometimes 
observed  when  digitalis  is  being  used — more  particularly  in  cases  of  adynamic  fevers 
and  high  temperature — is  probably  a  direct  toxic  effect  of  the  drug.  At  all  events, 
digitalis  must  be  withdrawn. 

At  times,  oliguria  may  develop  during  the  use  of  digitalis.  The  most  plausible 
explanation  is  the  substitution  of  vasoconstriction  for  the  dilatation  of  renal  vessels 
first  produced.  The  drug,  of  course,  is  to  be  discontinued.  Digitalis  should  not 
ordinarily  be  used  during  the  active  stage  of  nephritis  of  any  type,  although  in  some 
cases  of  acute  "Bright's  disease"  there  may  be  a  tendency  to  cardiac  dilatation  in 
consequence  of  the  impaired  renal  functions,  and  moderate  doses  of  digitalis  cautiously 
given  may  then  prove  of  benefit.  In  the  early  stages  of  an  interstitial  nephritis  when 
hypertension  exists,  digitalis  can  do  no  good,  and  may  do  harm,  but  later,  when  the 
heart  becomes  enfeebled,  and  congestions  and  dropsies  show  loss  of  pressure,  the  drug 
may  be  used  palliatively.     Albuminuria  is  not  in  itself  a  contraindication. 

Administration. — Owing  to  the  slow  absorption  and  delayed  elimination  of  its  active 
principles,  digitalis  is  best  administered  at  longer  intervals  than  is  customary  with  most 
drugs.  One  dose  daily,  every  second  day  or  sometimes  only  once  or  twice  weekly,  may 
suffice  after  its  effect  has  become  established.  In  persons  with  broken  compensation 
whose  condition  is  not  immediately  threatening,  the  tincture  may  be  given  in  doses  of 
10  or  15  minims  (0.6  to  1  cc.)  twice  or  thrice  daily  or  15  to  60  minims  (1  to  4  cc.) 
once  daily  until  its  effect  is  manifest.  If  nausea,  diarrhea  or  sudden  increase  in  pulse 
rate  occur,  the  drug  should  be  withheld  for  several  days,  until  the  effects  have  passed 
off,  and  then  continued  in  not  more  than  half  the  previous  dose,  or  enough  to  keep 
the  patient  safely  below  the  toxic  limit. 

When  it  is  desirable  to  bring  the  heart  promptly  under  the  full  influence  of 
digitalis,  intramuscular  or  intravenous  injection  (hypodermic  injection  is  likely  to  be 
painful)  of  a  suitable  preparation  (digalen,  digipuratum,  digifolin,  digipoten,  digitos) 
in  effective  dose  may  be  practiced,  or  the  so-called  "Eggleston  dosage"  by  mouth  may 
be  adopted.  This  is  based  on  the  patient's  weight  in  pounds  (deducting  any  excess 
caused  by  dropsy)  and  on  the  so-called  "cat  unit"  which  is  about  equal  to  15  minims 
(1  cc.)  of  a  standard  tincture,  but  is  expressed  as  mgm.  of  drug  represented.  The 
following  formula  is  being  used  for  the  tincture  (the  dose  of  the  powdered  leaf  being 
y^Q  and  that  of  the  infusion  7  times  as  large)  :  Cat  unit  X  0.15  X  weight  -=-  100  =  dose  in  cc. 
For  the  average  adult  this  gives  100  X  0.15  X  150  h-  100  =  22.5  cc.  (about  5y.  fluidrams). 
In  urgent  cases  %  to  Va  of  this  amount  is  given  by  mouth  in  a  single  dose,  followed 
in  6  hours  by  %  to  14  of  it,  and  in  6  hours  by  %  to  i/j  of  it,  after  which  140  of  the  amount 
is  given  every  6  hours  until  the  effects  of  the  drug  are  manifest,  when  the  dose  is  re- 
peated as  indicated.  For  example,  in  the  case  cited,  the  first  dose  would  be  7  to  11  cc. 
(1%  to  2%  fluidrams),  the  second,  3.7  to  5  cc.  (1  to  1^4  fluidrams),  the  third,  2.8  to 
3.7  cc.  (42  to  55  minims)  and  later  doses  2  cc.  (30  minims).  In  less  urgent  cases,  14 
the  calculated  dose  is  given  twice  and  Yiq  subsequently,  always  at  6-hour  intervals. 
When  digitalis  has  been  recently  used,  not  more  than  half  these  doses  should  be  given. 

The  preparation  commonly  to  be  preferred  is  the  U.S. P.  (standardized)  tincture, 
which  keeps  well  in  the  strong  alcoholic  menstruum  now  provided.  In  measuring  the 
dose,  it  is  important  to  remember  that  (as  in  other  alcoholic  liquids)  a  drop  is  only  a 
half  or  even  a  third  of  a  minim,  and  that  doses  cannot  be  given  accurately  by  drops. 
The  infusion,  if  freshly  prepared,  is  equally  good,  but  has  only  the  advantage  of  avoiding 
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alcohol,  when  this  seems  advisable.  The  finely  powdered  leaf  or  solid  extract  may  be 
given  in  pill  to  ambulant  patients. 

When  gastric  disturbance  not  dependent  on  digitalis  action  exists,  the  tincture 
may  be  given  by  rectum  in  dram  doses  or  by  the  Murphy  drip  method.  It  is  preferable, 
however,  to  use,  intramuscularly  or  by  vein,  one  of  the  purified  preparations  already 
mentioned.  When  the  dosage  of  these  is  determined  by  weight,  as  in  digalen  and 
digitaline,  the  activity  is  uncertain,  and  preparations  standardized  biologically,  such 
as  digifolin  and  digitos,  are  preferable. 

Eclectic  authorities  originally  avoided  foxglove  and  its  preparations  entirely. 
According  to  J.  U.  Lloyd,  this  attitude  was  based  partly  upon  observation  of  a  once 
common  misuse  of  the  drug  in  all  conditions  of  edema  or  of  circulatory  weaknesses 
without  regard  to  cause  or  mechanism;  and  partly  upon  a  theoretic  objection  against 
"sudden  and  forcible  efforts  of  the  physician  to  remove  disease"  (J.  M.  Scudder).  It  is 
true,  as  the  author  just  cited  elsewhere  urges,  that  "as  a  rule,  it  is  best  to  change 
the  manifestations  of  diseased  life  slowly,  giving  time  for  the  organism  to  adapt  itself 
to  the  change,  and  to  gain  strength  as  it  returns  to  health,"  but  the  judicious  use 
of  the  digitalis  bodies  does  this  very  thing  in  most  instances  of  their  use;  and  in  those 
instances  in  which  the  more  potent  preparations,  or  massive  doses,  or  parenteral  methods 
of  administration  are  employed,  the  indications  are  sufficiently  urgent  to  justify  de- 
parture from  the  rule.  Practitioners  of  the  Eclectic  School,  however,  still  prefer  what 
Lloyd  terms  "non-toxic"  preparations  of  digitalis.  The  differences  in  content,  quali- 
tative or  quantitative,  between  these  and  the  oflScial  (U.S. P.)  preparations  are  not 
definitely  stated,  but  emphasis  is  laid  on  the  facts  that  by  all  the  methods  of  physiologic 
assay  the  "specific  medicine"  lacks  potency,  and  is  therefore  "devoid  of  lethal  or  cumula- 
tive effect,"  and  that  being  insoluble  in  water  it  cannot  be  satisfactorily  used  parenterally. 
Apparently  the  necessity,  at  times,  for  a  more  energetic  preparation  is  recognized,  and 
there  is  also  a  special  preparation  for  subcutaneous  use.  These  are,  however,  regarded 
as  emergency  remedies  only,  and  the  "detoxicated"  preparation  is  substituted  as  soon 
as  possible  and  especially  when  continued  use  is  contemplated.  Clinical  reports  lay 
stress  upon  the  gradual  and  gentle  action  of  the  latter,  advocating  small  and  frequent 
doses  to  slow  and  strengthen  the  heart  in  cases  of  muscular  weakness,  intermittence 
and  failing  compensation.  They  differ  respecting  its  eflBcacy  as  a  diuretic — though  mainly 
affirming  this — and  as  to  the  use  of  more  active  preparations  in  the  presence  of  effusions 
of  various  kinds. 

Strophanthus. — Despite  the  statements  of  pharmacologists,  that  strophanthus  is 
not  absorbed  from  the  alimentary  tract,  clinicians  who  use  it  have  confidence  in  its 
effects  when  good  preparations  are  obtained.  It  may  be  said  to  have  the  same  indica- 
tions as  digitalis,  but  to  be  in  general  inferior  to  the  latter,  although  when  the  heart 
is  very  weak,  strophanthus  is  sometimes  to  be  preferred  as  it  causes  less  contraction 
of  the  arteries  and  so  adds  less  to  the  work  of  the  heart — a  fact  which  makes  it 
especially  eligible  for  the  aged.  It  is  devoid  of  cumulative  action  if  properly  admin- 
istered. One  drawback  to  its  use  is  the  diarrhea  that  may  be  excited  even  by  small 
doses.  As  its  action  is  commonly  prompt,  it  may  be  useful  in  the  beginning  of  a 
course  of  treatment  of  valvular  infirmity  or  arrhythmia,  being  followed  by  digitalis. 
Strophanthus  has  also  an  extensive  field  of  usefulness  as  a  succedaneum  to  digitalis, 
being  substituted  for  the  latter  whenever  unpleasant  symptoms  occur  or  without 
waiting  for  their  occurrence  in  cases  in  which  the  drug  must  be  given  for  a  long 
period.  It  may  also  be  used  as  an  alternative  and  adjunct  to  digitalis,  in  chronic 
cardiac  ailments,  especially  in  poorly  compensated  valve  infirmities  and  in  my- 
opathies. It  is  perhaps  most  useful  in  the  cardiac  feebleness  of  aged  persons,  in 
which  more  or  less  continuous  use  of  medicaments  is  necessary.  An  excellent  plan 
is  to  alternate  digitalis  and  strophanthus,  whether  by  doses,  by  days  or  by  weeks.  In 
some  cases,  a  routine  like  the  following  may  be  instituted:  Ten  drops  of  digitalis 
tincture  are  given  once,  twice  or  thrice  daily  for  a  week.  The  second  week  the  dose 
of  digitalis  is  progressively  diminished  by  one  drop  in  each  dose  each  day  and  a 
drop  of  strophanthus  tincture  substituted  for  each  drop  withdrawn.  On  the  10th 
day  each  dose  will  consist  of  10  drops  of  tincture  of  strophanthus.     This  is  continued 
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for  a  week  and  then  digitalis  progressively  substituted  so  that  by  the  20th  day  the 
patient  is  again  taking  10  drops  of  tincture  of  digitalis  at  each  dose.  The  procedure 
is  then  repeated.  The  method  is  susceptible  of  modification  in  many  ways.  It  is 
often  useful  to  make  sparteine  a  third  rotating  agent. 

The  diuretic  action  of  strophanthus  is  uncertain  and  at  its  best  is  less  marked 
than  that  of  digitalis.  It  may  be  given,  however,  in  advanced  organic  kidney  affec- 
tions when  the  exhibition  of  digitalis  might  be  dangerous. 

Administration. — Except  in  cases  of  emergency  if  is  better  to  give  the  official  tinc- 
ture of  strophanthus  seeds,  in  doses  of  from  5  to  10  minims  (0.3  to  0.6  cc.)  rather  than 
the  ghicosides.  "When  immediate  action  is  called  for  in  urgent  cases  the  glucoside 
strophanthin  may  be  given  intravenously  in  dose  of  1/200  grain  (0.0003  Gm.)  provided 
one  can  be  assured  of  the  purity  of  the  drug,  and  provided  also  that  none  of  the  digitalis 
group  has  been  administered  within  ten  days  or  two  weeks. 

Ouahain. — This  drug  is  a  crystalline  glucoside,  said  to  be  identical  in  action  with 
strophanthin.  It  is  obtained  from  Strophanthus  gratus  or  glaber,  and  is  called  also 
g-strophanthin  or  gratus  strophanthin.  It  is  given  intravenously  for  the  same  purposes 
and  in  the  same  dose  as  the  official  strophanthin.  In  mitral  insufficiency  ouabain  is 
sometimes  given  in  conjunction  with  theobromine  and  a  low  protein  or  protein-free 
diet  with  little  or  no  sodium  chloride.  Vaquez  says  that  ouabain  acts  chiefly  on 
cardiac  contractility  and  tonus  but  that  its  action  on  the  frequency  of  contraction 
is  feeble.  He  gives  digitalis  in  cases  of  cardiac  insufficiency  with  rjipid  pulse  but 
ouabain  when  the  pulse  is  slow  or  when  there  are  coupled  beats. 

Convallaria. — Lily-of-the-valley  is  recommended  in  place  of  digitalis  which,  as 
regards  its  action  on  the  heart  and  blood-vessels,  it  closely  resembles,  when  for  any 
reason  it  is  deemed  advisable  to  suspend  the  administration  of  the  latter  for  a  period 
and  yet  not  to  leave  the  heart  without  any  support.  Felter  considers  it  especially 
useful  in  mitral  insufficiency  when  palpitation  and  dyspnea  are  prominent  symptoms. 
It  slows  and  strengthens  the  cardiac  pulsations  and  often  relieves  the  dyspnea.  It  is  a 
useful  heart  tonic  following  acute  fevers  or  influenza. 

In  cardiac  dropsy,  no  drug  is  more  effective  when  a  good  preparation  has  been 
obtained,  and  it  is  sometimes  to  be  preferred  to  digitalis  because  of  the  lesser  tendency 
to  nauseate.  Different  specimens  of  the  plant  differ  much  in  activity,  and  it  would 
seem  that  biologic  standardization  does  not  always  give  a  true  conception  of  thera- 
peutic activity  as  it  does  with  digitalis  and  squill.  The  galenical  preparations  are 
uncertain  and  this  has  militated  against  general  employment  and  even  knowledge  of 
a  potent  medicament. 

Administration.  The  dose  of  any  preparation  must  be  tentative  until  its  activity  is 
ascertained.  Of  a  fairly  good  specimen  of  the  flower  or  the  root,  doses  of  5  to  8  grains 
(0.3  to  0.5  Gm.)  may  be  taken  in  pill,  or  the  fluidextract  may  be  used  in  corresponding 
quantity  (5  to  10  minims).  Convallamarin  is  prescribed  in  doses  of  y^  to  1  grain 
(0.03  to  0.06  Gm.)  but  it  possesses  no  advantage  except  that  of  small  dose  over  the 
crude  drug. 

Squill. — Although  one  of  the  digitalis  group  and  capable  of  slowing  and  steadying 
the  heart's  action,  squill  is  now  seldom  used  for  that  purpose  unless  the  cardiac 
affection  is  complicated  by  marked  edema.  Its  disfavor  is  largely  because  of  its 
nauseant  and  emetic  action  when  given  in  full  therapeutic  doses.  It  is  sometimes 
found  serviceable  to  continue  the  digitalis  action  when  an  idiosyncrasy  regarding  the 
use  of  the  latter  develops  or  signs  of  saturation  are  manifested.  It  is  especially 
contraindicated  in  sclerosis  of  the  coronary  arteries,  but  sometimes  acts  well  in  myo- 
cardial weakness. 

In  bronchitis,  especially  of  children,  and  in  spasmodic  croup,  squill  is  a  useful 
expectorant. 
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In  dropsy  dependent  upon  heart  failure  or  congestion  of  the  kidney  and  some- 
times in  the  ascites  of  cirrhosis  of  the  liver,  squill  acts  as  an  effective  diuretic, 
causing  a  rapid  draining  of  the  fluid  from  the  tissues  or  cavities  of  the  body.  The 
drug  should  not  be  given  when  there  is  acute  inflammation  of  the  kidneys;  it  may, 
however,  be  of  service  in  cases  of  renal  cirrhosis  or  degeneration,  to  stimulate  the 
remaining  healthy  cells  to  greater  secretory  activity. 

The  use  of  squill  as  cardiant  has  increased  recently,  especially  in  Germany,  through 
the  introduction  of  purified  active  principles.  These,  of  which  the  type  is  scillaren, 
are  said  to  be  of  particular  value  in  certain  types  of  functional  cardiac  insufl&ciency 
without  valvular  lesion,  and  in  cases  characterized  by  low  diastolic  pressure. 

Administration. — The  best  preparation  for  use  in  cardiac  infirmities  is  the  tincture, 
given  in  doses  of  10  to  15  minims  (0.6  to  1  cc.)  well  diluted  of  the  U.  S.  preparation,  or  5 
to  10  minims  (0.3  to  0.6  cc.)  of  the  Br.  The  fluidextract  is  only  half  as  active  as  the 
tincture,  dose  for  dose.  As  an  expectorant  for  children  the  syrup  or  oxymel  is  prefer- 
able, and  for  adults  the  old  fashioned  Stokes  expectorant  (Mistura  Pectoralis,  N.F.) 
hords  its  own  with  all  the  newer  remedies.  When  the  diuretic  action  is  sought  the  drug 
may  be  given  alone,  or  associated  witb  small  doses  of  digitalis  and  calomel  or  blue  mass 
in  pill  form. 

The  dose  of  preparations  of  squill  must  be  approximately  twice  as  great  as  those 
of  digitalis,  relative  to  the  values  found  in  biologic  assay,  in  order  to  obtain  like  clinical 
effects.    The  reason  for  this  discrepancy  is  not  clear. 

Apocynum. — This  drug  may  be  given  to  meet  the  same  indications  as  digitalis; 
it  acts  especially  well  in  weakness  of  the  myocardium  and  lack  of  tonus  in  the  arteries, 
but  is  less  dependable  to  normalize  arrhythmia.  The  chief  objection  to  its  use  is  irri- 
tant action  in  the  gastroenteric  tract.  The  National  Formulary  declares  that  its 
absorption  from  the  digestive  tract  is  uncertain  and  irregular  and  warns  the  pre- 
scriber  to  observe  its  effects  carefully.  There  is,  however,  little  danger  when  small 
doses  are  given  and  in  appropriate  cases.  It  should  not  be  prescribed  in  acute  condi- 
tions or  when  there  is  inflammation  of  the  stomach  or  intestine.  It  is  said  to  be  useful 
to  relieve  the  precordial  pain  and  dyspnea  of  the  smoker's  heart. 

Apocynum,  like  many  related  drugs,  has  failed  to  receive  general  recognition 
through  the  lack  of  certainty  in  its  preparations.  No  drug  better  deserves  the  attention 
of  scientific  pharmacists,  or  their  effort  to  supply  a  standard  galenical.  When  a  good 
specimen  is  obtained  the  drug  is  an  excellent  remedy  for  cardiac  and  renal  dropsies 
provided  the  kidneys  are  not  extensively  damaged.  Its  chief  reputation,  however,  is 
for  the  relief  of  hepatic  ascites.  It  may  also  be  useful  in  helping  to  get  rid  of  pleural 
effusions.    The  older  physicians  called  it  "the  vegetable  trocar." 

Cymarin. — The  bitter  principle  derived  from  apocynum  acts  fully  as  a  diuretic 
in  dropsy  from  heart  weakness  and,  at  times,  in  edema  of  renal  or  hepatic  origin. 
It  is  given  in  doses  of  VioQ  grain  (0.003  Gm.)  three  times  a  day  per  os,  or  Viso  grain 
(0.0005  Gm.)  daily  intracutaneously.  The  intramuscular  injection  is  sometimes 
quite  painful. 

Administration. — It  is  very  important  to  be  sure  that  the  preparation  used  is  de- 
rived from  Apocynum  cannabinum  or  A.  androsimwfolium  and  not  from  other  species 
of  Apocynum  whose  action  may  be  quite  unlike  that  of  the  genuine  drug.  The  admin- 
istration must  be  begun  with  small  doses— not  to  exceed  3  grains  (0.2  Gm.)  of  the  crude 
drug  or  3  minims  (0.2  cc.)  of  the  official  (N.F.)  fluidextract— repeated  every  three  or 
four  hours.  The  Eclectic  "specific  medicine"  is  a  reliable  preparation  which  may  be 
given  without  apprehension  of  poisonous  symptoms  in  doses  of  one  drop  in  water  every 
hour  or  every  two  hours. 

Adonis. — Adonis  may  be  given  to  meet  the  same  indications  as  those  of  digitalis 
as  regards  both  cardiac  affections  and  infirmities.    A  good  specimen  acts  more  promptly 
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than  digitalis  and  may  therefore  be  given  to  initiate  treatment,  digitalis  being  sub- 
stituted later  when  the  severity  of  the  symptoms  is  mitigated.  Largely  through  tlie 
same  uncertainty  and  absence  of  standardization  that  has  been  remarked  upon  in 
relation  with  other  drugs  of  the  class,  adonis  is  seldom  used  in  the  United  States. 
In  Russia,  on  the  recommendation  of  Bechterew,  adonis  has  been  given  with  bromides, 
in  the  treatment  of  epilepsy. 

A(Iministratio7i. — The  best  galenical  is  the  N.F.  fluidextract  given  in  initial  dose  of 
1  minim  (0.06  cc.)  to  be  doubled  after  two  days.  The  glucoside  adonidin  may  be  given, 
if  preferred,  in  doses  of  Vio  grain  (0.006  Gm.)  gradually  increased  to  0.25  grain  (0.25  Gm.). 

Synthetic  Cardiac  Stimulants 

Pentamethylenetetrazol 

In  a  general  study  of  certain  new  synthetic  tetrazols,  made  by  F.  K.  Schmidt,  one 
of  these,  pentamethylenetetrazol,  was  found  by  Hildebrandt  and  others  to  have  a 
powerful  stimulating  action  on  the  heart  muscle.  It  was  introduced  into  medicine  by 
Krehl  in  1925,  under  the  name  of  cardiazol. 

Chemistry. — Cardiazol,  which  has  the  following  structure 
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forms  white  crystals,  melting  at  58°  C.  and  subliming  without  decomposition.  It  is 
freely  soluble  in  water  and  in  most  organic  solvents.  Its  solution  is  neutral.  It  has 
no  chemical  incompatible  among  the  usual  therapeutic  agents  and  aqueous  solutions 
may  be  sterilized  by  heat. 

Summary  of  Actions  and  Uses. — Small  doses  of  cardiazol  cause  an  increase  in  the 
rate  and  force  of  the  heart,  dependent  on  peripheral  stimulation,  associated  with  excita- 
tion of  the  vasomotor  center,  inducing  a  marked  rise  of  blood  pressure.  Larger  doses 
excite  the  respiratory  center.  Poisoning  is  characterized  by  general  stimulation  of  the 
central  nerve  system,  resulting  in  clonic  convulsions  resembling  those  from  picrotoxin. 
Smooth  muscle,  as  that  of  the  bowel  or  uterus,  is  not  influenced  by  non-toxic  doses. 

It  is  used  to  improve  cardiac  action  in  acute  and  chronic  circulatory  disturbances, 
those  dependent  on  lesions  of  the  heart  itself,  or  occurring  in  the  course  of  depressing 
infectious  maladies.  It  helps  to  maintain  circulation  and  respiration  in  intoxications, — ■ 
as  from  chloroform  or  carbon  monoxide. 

Materia  Medica. — Pent.^methylenetetrazol  (unofficial).    Synonym:  Cardiazol. 
Occurs  as  small  white  crystals  soluble  in  water  and  organic  solvents.     Odorless; 
taste  slightly  bitter. 

Dose,  1  to  2  grains  (0.06  to  0.12  Gm.)  intramuscularly  in  10  percent,  solution. 

Antipathogenic  Action.— Solutions  of  1  to  10  percent,  have  sufficient  antiseptic  power 
to  prevent  growth  of  bacteria  in  sterilized  solutions. 

Pharmacodynamic  Action:  Absorption  and  Elimination. — It  is  absorbed  very  promptly 
after  subcutaneous  injection  and  is  completely  eliminated,  probably  unaltered  in  1^4 
to  3  hours.     If  swallowed  it  is  absorbed  from  the  stomach   (Voss). 

Topical  Action. — Cardiazol  in  10  percent,  solution  is  little  if  at  all  irritating,  when 
administered  subcutaneously. 

Toxicity. — The  picture  of  severe  acute  intoxication  from  cardiazol  is  dominated  by 
medullary  convulsions.  In  the  frog,  injection  of  0.1  mgm.  per  Gram  is  followed  in  10 
minutes  by  violent  clonic  convulsions,  associated  with  increased  secretion  of  cutaneous 
mucus.  After  an  hour  or  so  the  frog  passes  into  a  state  of  paralytic  exhaustion,  from 
which  it  slowly  recovers.     Larger  doses  induce  tetanic  convulsions  followed  by  death. 
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Rats  or  guinea-pigs  given  the  minimal  fatal  dose  of  0.05  Gm.  per  kilo  subcutaneously  or 
intravenously,  show  excited  respiratory  movements  and  restlessness,  passing  in  a  few- 
minutes  into  epileptiform  convulsions,  interrupted  by  periods  of  almost  normal  behavior. 
Rabbits  have  a  similar  train  of  symptoms  from  about  half  this  dose.  The  fatal  dose  is 
20  to  30  times  as  large  as  that  which  shows  a  distinct  stimulating  action  on  the  heart. 

Systemic  Action. — The  chief  action  of  cardiazol  is  on  the  circulatory  apparatus  and 
includes  a  stimulation  of  the  cardiac  muscle  and  of  the  vasomotor  center,  associated 
with  brief  excitation  of  the  vagus  center,  followed  by  paralysis  of  the  cardiac  vagus 
endings. 

The  isolated  frog  heart  shows  marked  increase  in  rate  and  force  of  beats  on  addition 
of  0.02  percent,  to  0.1  percent,  of  cardiazol  to  the  perfusion  fluid,  associated  with  shorten- 
ing of  the  refractory  period,  increased  irritability  and,  in  hearts  injured  by  quinine, 
shortening  of  auriculoventricular  conduction  time  (Strube).  Addition  of  0.5  percent,  is 
followed  by  lessening  of  rate  and  force,  both  of  which  are  restored  on  washing  with 
fresh  Ringer  solution.  The  stimulating  effect  is  seen  even  better  in  hearts  previously 
injured  by  treatment  with  chloroform  or  after  excitation  of  the  vagus  endings  with 
choline. 

The  isolated  rat  or  guinea-pig  heart  shows  similar  effects  from  addition  of  0.001  to 
0.01  percent.,  while  injury  results  from  0.1  to  1  percent  .  Hearts  rendered  irregular  and 
slow  by  excess  of  strophanthin  are  promptly  restored  by  0.01  percent,  of  cardiazol.  Stross, 
however,  believes  that  cardiazol  has  but  little  direct  effect  on  the  cardiac  muscle  and 
that  its  beneficial  effect  on  poisoned  hearts  depends  on  its  power  to  force  poisons  out 
from  the  tissues.  He  finds  that  in  the  frog  it  paralyzes  the  vagus  endings  and  thus  causes 
acceleration  of  the  cardiac  rate  and  restores  the  heart  stopped  by  muscarine.  The  work 
of  the  normal  isolated  heart  is  not  markedly  influenced,  but  that  of  a  heart  poisoned 
by  chloroform,  chloral  or  lack  of  calcium,  is  distinctly  increased. 

In  the  intact  animal  there  is  also  acceleration  and  strengthening  of  the  cardiac  con- 
tractions after  even  small  doses.  The  vagus  endings  of  the  frog  and  rat  are  paralyzed 
but  not  those  of  the  rabbit   (Stross).     The  accelerator  endings  are  not  influenced. 

Blood  pressure  is  raised  as  well  as  pulse  amplitude  by  an  excitation  of  the  vaso- 
motor center.  Volume  measurements  on  the  bowel  or  limb  show  concomitant  decrease 
in  volume.  These  effects  are  not  seen  after  section  of  the  cervical  cord,  nor  are  the 
blood  vessels  constricted  by  perfusion. 

Respiration. — The  respiratory  center  is  markedly  stimulated  by  full  doses  (10  mgm. 
per  kilo  in  the  rabbit).    The  depth  of  respiration  is  increased  rather  than  the  rate. 

Therapeutics. — Cardiazol  is  of  proved  value  as  an  emergency  stimulant  in  condi- 
tions of  collapse,  operative  shock,  respiratory  disturljance  under  anesthesia  and  acute 
circulatory  disorder.  It  may  be  injected  subcutaneously,  intramuscularly  or  intraven- 
ously ami  repeated  as  necessary,  the  action  being  evident  in  from  2  to  5  minutes.  In 
chronic  cardiac  insufficiency ,  cardiac  asthma  and  angina  pectoris  and  in  cardiac  weak- 
ness of  infections  (pneumonia,  influenza,  typhoid,  etc.),  it  may  be  given  by  mouth  or 
parenterally,  according  to  urgency. 

It  may  replace,  alternate  with,  or  be  associated  with  digitalis.  When  the  heart  or 
respiration  is  depressed  by  narcotics  (morphine,  carbon  monoxide,  etc.)  injection  is 
the  best  method  of  use;  and  this  is  advised  also  in  asphyxia  of  the  newborn. 

In  paretic  patients  inoculated  with  malaria  the  use  of  cardiazol  is  said  to  prevent 
depression  of  the  heart  during  the  postfebrile  stage. 

Administration. — Cardiazol  is  available  in  powder,  tablets  and  solution  (10  percent.) 
in  ampules  of  1  cc.  each.  The  powder  may  be  dissolved  to  make  a  10  percent,  solution 
and  given  by  mouth  in  drops.  The  dose  parenterally  is  from  li/^  to  3  grains  (0.1  to  0.2 
Gm. — 1  to  2  cc.  of  the  10  percent,  solution)  repeated  in  from  1  to  3  hours  or  as  required. 
By  mouth  the  dose  is  from  li/.  to  414  grains  (0.1  to  0.3  Gm.).  The  tablets  should  be 
crushed  and  given  in  liquid.    Infants  are  given  from  14  to  1  grain  (0.015  to  0.06  Gm.). 

Homocamfin 

Homocamfin  was  introduced  into  medicine  by  Gottlieb  and  Schulemann  in  1923, 
as  a  rapidly  acting  stimulant  of  the  circulation  and  respiration,  to  replace  camphor 
in  emergencies.    It  has  found  considerable  use  in  Germany  for  this  purpose. 
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Chemistry. — Homocamfin  is  a  ring  compound  of  the  general  conformation  of  cam- 
phor but  without  the  internal  bond.     Chemically  it  is  mcthylisopropylcyclohexenone, 

C3H,.C.H,0.CH.. 
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Summary  of  Actions  and  Uses. — Its  action  on  the  body  is  almost  the  same  as  that 
of  camphor,  except  for  being  more  prompt  and  stronger.  It  is  employed  as  a  rapidly 
acting  stimulant  of  circulation  and  respiration  in  conditions  associated  with  shock  and 
collapse. 

Materia  Medica. — Homocamfin  (N.N.E.),  Cyclosal.    Synonym:  Hexetone. 

A  light  yellowish  oil;  taste  bitter.  Boils  at  127°  C.  Soluble  in  alcohol,  ether  and 
benzene;  slightly  soluble  in  water;  freely  soluble  in  2^^  parts  of  sodium  salicylate  in 
water. 

Dose,  subeutaneously  or  intramuscularly,  IV2  to  3  grains  (0.1  to  0.2  Gm. ;  1  to  2 
CO.  of  10  percent,  solution  in  25  percent,  sodium  salicylate).  Intravenously,  1/6  grain 
(0.01  Gm. ;  1  cc.  of  1  percent,  solution  in  2.5  percent,  sodium  salicylate). 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Homocamfin  injected  in 
salicylic  solution  is  promptly  absorbed,  the  effects  being  noted  in  man  within  3  minutes 
after  an  intramuscular  injection  (Krehl  and  Frantz)  and  about  10  minutes  after  sub- 
cutaneous injection  in  rabbits.  After  intravenous  injection  in  man,  stimulation  of  the 
heart  and  respiration  is  almost  immediate,  and  reaches  its  height  in  2  to  7  minutes. 
It  is  excreted  in  the  urine  as  a  glycuronic  compound. 

Topical  Action. — Homocamfin  in  sodium  salicylate  is  somewhat  irritating  when  given 
hypodermically,  and  intramuscular  injections  are  therefore  preferable.  If  the  circulation 
is  poor,  or  there  is  much  edema,  there  may  even  be  slight  necrosis  at  the  site  of  in- 
jection   (Julich). 

Systeinic  Action. — Circulation. — Homocamfin  causes  acceleration  of  the  heart  with 
stronger  pulse,  but  little  or  no  rise  in  blood  pressure,  unless  this  is  already  low.  It  does 
not  alter  the  electrocardiogram.  Effective  stimulation  is  seen  only  when  the  heart  is  pre- 
viously depressed.  The  isolated  frog  heart  injured  by  chloroform,  chloral  or  choline  is 
restored  to  normal  by  1:  100,000  to  1:  20,000  concentrations  of  pure  homocamfin.  The 
isolated  rabbit  heart  may  be  restored  by  as  little  as  1  part  in  1  million  (Gottlieb  and 
Schulemann). 

Respiration. — The  respiratory  center  is  stimulated,  but  the  effect  on  respiratory 
movements  is  distinctly  seen  only  when  the  center  has  been  previously  depressed,  as 
by  narcotics  or  carbon  monoxide.  The  respiration  of  the  rabbit,  depressed  by  full  doses 
of  morphine  or  other  poison,  is  restored  by  an  injection  of  1  to  2  mgm.  of  homocamfin. 
The  depth  of  respiration  is  increased  more  than  the  rate,  except  in  some  febrile  cases 
(Guth).  The  minute-volume  is  augmented  25  to  100  percent,  by  an  intravenous  injection 
of  20  mgm.  in  man.  When  bronchitis  is  present,  it  induces  an  increase  in  bronchial 
secretion. 

Nerve  System. — Homocamfin  stimulates  the  brain  centers,  causing,  in  toxic  dose, 
excitement,  increased  spinal  reflexes,  clonic  convulsions.  The  convulsive  dose  in  rabbits 
is  2  to  4  mgm.  per  kilo.  Mild  convulsive  seizures,  relieved  by  magnesium  sulphate, 
were  seen  in  an  infant  after  an  intramuscular  injection  of  0.2  Gm.  (3  grains).  On  the 
autonomic  system  it  acts  as  does  camphor,  depressing  most  unstriped  muscle,  including 
that  of  the  bowel.  Modrakowski  and  Sikorski  take  exception  to  all  the  statements  in 
regard  to  the  stimulating  action  of  homocamfin.  They  affirm  that  intramuscular  injec- 
tions of  sodium  salicylate  have  effects  equal  to  those  of  corresponding  doses  of  the 
salicylated  homocamfin  solution  (they  did  not  compare  the  effects  of  pure  homocamfin). 

Therapeutics. — Homocamfin  is  used  solely  as  an  emergency  remedy  to  stimulate 
circulation  and  respiration  in  shock,  collapse,  acute  poisoning  and  similar  conditions. 
It  may  be  given  intramuscularly  or  intravenously  in  the  circulatory  failure  of  the 
acute  infectious  fevers,  and  in  sudden  heart  failure  associated  with  organic  lesions  of 
this  organ.  In  infantile  pneumonia,  with  failing  circulation  and  respiration  it  may 
be  of  great  benefit.    It  is  given  in  the  gluteal  muscle,  infants  up  to  3  months  receiving 
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1/3  to  2/3  grain  (20  to  40  mgm.) ;  from  3  to  12  months  of  age,  up  to  l^/^  grains  (100 
mgm.).    By  vein,  1/5  to  1/10  of  these  doses  may  be  given. 

In  poisoning  by  narcotics  or  toxic  gases,  and  in  respiratory  failure  occurring  dur- 
ing surgical  anesthesia,  bronchitis  and  other  conditions  in  which  a  quickly  acting 
respiratory  stimulant  is  indicated,  homocamfin  may  meet  the  indications. 

Administration. — Homocamfin  is  given  in  solution  containing  2i^  times  as  much 
sodium  salicylate.  It  may  be  given  by  mouth  in  doses  of  3  to  8  grains  (0.2  to  0.5  Gm.) 
but  is  best  given  intramuscularly  (lyo  to  3  grains;  0.1  to  0.3  Gm.),  or  intravenously  (% 
grain;   0.01  Gm.). 

Stimulating  Depressants 

Quinidine 

Quinidine,  also  known  as  chinidine  and  conchinine,  was  used  formerly  as  a  sub- 
stitute for  quinine  of  which  it  is  the  dextrorotatory  stereoisomer.  While  cheaper 
than  quinine,  it  was  considered  on  the  whole  inferior  as  an  antiperiodic,  and  its  use 
was  abandoned.  It  was  reintroduced  by  Frey  in  1918,  as  a  remedy  in  certain  types 
of  cardiac  irregularity. 

Summary  of  Actions  and  Uses. — Quinidine  resembles  quinine  in  its  action,  but  has 
a  special  effect  on  certain  functions  of  the  heart,  which  is  taken  advantage  of  in  thera- 
peutics, it  being  used  to  relieve  conditions  known  as  "auricular  fibrillation"  and 
"flutter"  in  which  the  auricular  muscle  does  not  beat  as  a  whole,  and  does  not  send 
rhythmic  impulses  to  the  ventricle. 

Materia  Medica. — Quinidina  (KF.),  Quinidine.  Ahhr.,  Quinid.  Synonyms: 
Chinidine,  Conchinine. 

An  alkaloid  obtained  from  the  bark  of  several  species  of  Cinchona  (Fam. 
Ruhiacece).  A  dextrorotatory  isomer  of  quinine,  Cj^Hj^OjN^.  It  occurs  in  white 
crystalline  form,  or  as  an  amorphous  white  powder,  soluble  in  2000  parts  of  water, 
750  of  boiling  water,  32  of  80  percent,  alcohol,  and  53  parts  of  ether.  Taste  bitter, 
but  less  so  than  that  of  quinine. 

Antagonists  and  Incompatihles. — The  alkalis  and  their  carbonates,  potassium 
iodide,  sodium  phosphate,  mercuric  chloride,  and  silver  nitrate  in  solution  precipitate 
quinidine  from  its  solutions. 

Synergists. — Quinine  and  its  salts  have  an  action  similar  to  that  of  quinidine — 
stronger  as  an  antiperiodic,  weaker  in  respect  to  auricular  fibrillation.  Digitalis  and 
quinidine  may  supplement  each  other,  but  should  not  ordinarily  be  given  conjointly. 

Dose,  2  to  5  grains  (0.12  to  0.3  Gm.), 

Quinidine  Sulphas  (U.S.  X.),  Quinidine  Sulphate,    Ahhr.,  Quinidin  Sulph, 

The  neutral  sulphate  of  quinidine.  It  occurs  in  the  form  of  white  silky  acicular 
crystals;  odorless;  taste  very  bitter;  permanent  in  the  air.  Soluble  at  25°  C.  in  90  parts 
of  water,  15  parts  of  boiling  water,  10  parts  of  alcohol,  and  insoluble  in  ether. 

Dose,  3  to  6  grains  (0.2  to  0.4  Gm.).  as  a  cardiant,  three  times  daily  imth  caution. 

Syrupus  QuixiDiNiE  (IST.F.),  Syrup  of  Quinidine.  Ahhr.,  Syr.  Quinid,  Synonym: 
Bitterless  Syrup  of  Quinidine, 

Each  fluidram  contains  about  2  grains  of  quinidine. 

Dose,  ^2  to  2  fluidrams  (2  to  8  cc). 

Pharmacodynamic  Action:  Toxic  Action. — Quinidine  resembles  quinine  in  its  toxic 
dose  as  well  as  in  the  phenomena  of  poisoning.  As  with  quinine  and  other  fluorescent 
substances,  the  toxicity  is  greater  in  animals  exposed  to  sunlight.  The  fatal  dose  in 
rats  kept  in  the  sun  is  about  20  mgm.  which  has  little  effect  on  rats  kept  in  the  dark 
(Macht).  Several  fatalities  have  resulted  from  clinical  use  of  the  drug.  A  girl  814 
years  old  given  2  Gm.  (30  grains)  in  3  doses,  died  immediately  after  the  third  dose. 
Such  large  dosage  is  now  considered  dangerous.     A  woman  died  7  days  after  taking  by 
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mistake  4  Gm.  (1  dram)  by  mouth.  The  smallest  dose  which  has  produced  a  fatal 
accident  in  man  appears  to  be  0.25  Gm.  (4  grains)  given  in  two  doses.  This  is  about  the 
usual  single  dose. 

Persons  with  much  dilated  hearts  and  bad  valvular  lesions,  and  those  with  broken 
compensation  which  cannot  be  restored  under  digitalis  are  peculiarly  susceptible  to 
poisoning,  and  in  such,  the  drug  should  be  used  with  caution,  if  at  all. 

The  symptoms  of  poisoning  are  weakness,  with  slow  or  very  rapid  heart,  nausea 
and  vomiting,  giddiness,  precordial  pain,  diarrhea,  fever,  tinnitus,  flushing  and  sweating. 
These  may  terminate  at  once  in  cessation  of  the  heart  and  respiration,  or  may  continue 
for  several  days,  ending  in  coma  or  in  recovery.  Some  of  these  symptoms  are  not 
uncommon   after  doses,   such   as  3   Gm.    (45   grains)    given  over   3   days. 

Treatment.  Quinidine  is  to  be  discontinued  on  the  first  untoward  symptom.  Digi- 
talis should  be  given  or  strychnine  and  caffeine  may  be  of  use.  The  heart  may  be 
temporarily  supported  by  camphor  or  epinephrine. 

Systemic  Action.— The  action  on  the  heart  alone  requires  discussion.  Quinidine 
depresses  the  heart  by  a  direct  action  on  the  muscle,  similar  to  that  of  potassium 
chloride,  increasing  the  dilatation  of  the  ventricle  (Jackson).  The  isolated  heart  is 
stopped  by  0.06  to  0.2  percent,  and  may  be  started  again  by  digitalis  or  calcium.  The 
toxic  dose  is  less  if  excess  of  potassium  is  present  in  the  perfusion  fluid  (Wiechmann). 
Quinidine  increases  the  refractory  period  of  the  auricular  muscle  in  the  normal  heart 
(Cohn  and  Levy),  and  slows  the  conduction  rate  (Mann).  Heart  block  and  premature 
ventricular  beats  are  caused  in  guinea-pigs  by  large  doses. 

In  auricular  fibrillation  a  wave  runs  in  a  circus  movement  around  the  auricle 
(Lewis).  In  order  to  continue,  its  course  must  be  slow  enough  to  escape  the  latent 
period;  for  this  to  be  possible  there  must  be  a  slow  conduction  rate  and  brief  refractory 
period.  Quinidine  may  act  either  by  increasing  the  refractory  period  until  the  circus 
movement  is  blocked  (Cohn),  or  by  slowing  the  rate  until  normal  sinus  node  stimuli  can 
break  in  and  restore  the  normal  rhythm   (Mann). 

Quinidine  acts  on  striped  muscle  much  as  it  does  on  the  heart.  The  height  of  the 
individual  contraction  is  lessened,  tetanus  is  less  well  sustained,  fatigue  occurs  earlier, 
and  the  latent  period  is  longer  (Brody). 

Therapeutics. — Quinidine  is  seldom  utilized  as  an  antipathogen.  Its  chief,  if  not 
sole,  use  at  present  is  a  relatively  new  one — correction  of  the  arrhythmia  of  auricular 
fibrillation. 

Following  Wenckebach's  revival  of  the  use  of  quinine  in  cardiac  arrhythmias,  and 
his  special  application  of  it  to  the  control  of  auricular  fibrillation,  Frcy  made  a  series 
of  observations  upon  the  effect  of  quinidine  in  that  condition,  which  led  to  the  general 
adoption  of  the  drug.  It  is,  perhaps,  not  so  enthusiastically  praised  at  this  writing 
as  it  was  in  the  early  twenties,  but  resort  to  it  is  still  made  with  considerable,  and 
justifiable  confidence,  under  appropriate  conditions;  success  in  the  immediate  purpose 
of  the  medication  being  recorded  in  some  fifty  or  sixty  percent,  of  the  reported  cases. 
Consideration  must  be  given,  therefore,  to  the  nature  of  that  purpose,  and  to  the  con- 
ditions that  may  be  regarded  as  appropriate. 

In  the  present  state  of  knowledge,  the  exciting  cause  of  auricular  fibrillation  can- 
not be  stated  accurately.  Possibly  it  is  of  multiple  origin.  Its  predisposing  cause  is 
undoubtedly  some  change,  chemical  or  degenerative,  in  the  muscular  wall  of  the  auricle. 
However  this  may  be,  its  tendency  is  to  induce  cardiac  failure  by  setting  up  irregular 
action  of  the  ventricle.  The  first  and  most  pressing  indication  in  an  established  case 
is  to  restore  the  tone  of  the  heart,  and  for  this  purpose  the  only  effective  drugs  are 
those  of  the  digitalis  group — preferably  digitalis  itself  or  in  certain  emergencies 
strophanthin  (or  ouabain),  as  set  forth  under  the  respective  heads.  But  after  the 
immediate  danger  of  heart  failure  is  averted,  it  is  desirable  to  stop  the  circus  move- 
ment in  the  auricle  and  restore  the  sinus  rhythm.  This  is  the  indication  for  quinidine. 
Its  best  results  are  seen  in  recent  cases  and  in  cases  of  complete  arrhythmia  without 
complicating  valvular  lesion ;  but  it  is  useful  in  the  latter,  also.  While  it  fails,  as  a 
rule,  to  do  permanent  good — fibrillation  or  flutter  recurring  when  the  exciting  cause 
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again  becomes  active — the  cases  are  few  in  which  it  does  not  produce  at  least  some 
temporary  benefit;  and  that  is  well  worth  while.  Quinidine,  however,  is  in  no  sense 
a  succedaneum  to  digitalis.  It  does  not  overcome  myocardial  degeneration  or  restore 
the  balance  of  circulation.  Its  influence  upon  heart  muscle  is  depressant,  not  tonic. 
But  for  that  very  reason  it  has  a  selective  sedative  and  regulatory  effect  upon  the 
rhythm,  apparently  through  diminution  of  the  irritability  and  aberrant  conductivity 
of  the  auricular  muscle  fibers,  with  prolongation  of  their  refractory  phase.  Its  indi- 
cation is  thus  solely  the  arrhythmia  of  fibrillation  (or  of  flutter)  ;  and  it  is  to  be  re- 
garded as  a  special  supplement  to  digitalis  for  this  purpose  alone.  The  return  from 
fibrillation  to  normal  rhythm  under  its  influence,  may  be  sudden,  or  may  be  preceded 
by  an  intermediary  phase  of  flutter,  just  as  flutter  may,  in  the  pathologic  sequence, 
precede  fibrillation.  In  recent  cases,  the  restoration  is  often  established  within  a  week, 
sometimes  in  three  or  four  days. 

Leconte  and  Vaquez  have  observed  an  apparent  regularity  of  the  pulse  in  patients 
taking  quinidine  while  fibrillation,  as  shown  by  the  electrocardiogram,  still  persists. 
Vaquez — it  must  be  said — is  also  of  the  opinion  that  "although  quinidine  seems  to  act 
only  on  the  disordered  rhythm,  it  is  not  always  without  effect  on  the  heart  failure." 
Nevertheless  he  concedes  its  inferiority  in  this  respect  to  digitalis. 

The  chief  disappointment  in  the  use  of  quinidine  is  the  frequency  with  which, 
when  the  arrhythmia  returns  after  several  months  or  weeks — or  perhaps  only  days — 
the  patient  seems  to  have  lost  the  power  of  response  to  the  remedy ;  although  in  excep- 
tional cases  benefit  may  again  be  observed.  Some  rare  instances  have  been  reported 
in  which  there  has  been  lasting  improvement;  that  is  to  say,  the  rhythm  has  remained 
normal  for  a  few  years  (up  to  the  time  of  report.) 

The  indications  for  and  against  the  use  of  quinidine  in  auricular  fibrillation  are 
well  stated  in  a  report  on  the  answers  to  a  questionnaire  addressed  to  the  members  of 
the  Cardiac  Club  of  Great  Britain  (Hay).  Quinidine,  this  report  states,  is  most  likely 
to  be  of  service  when  the  fibrillation  is  of  recent  development  and  when  there  is  but 
little  cardiac  enlargement  and  no  valvular  affection.  Another  favorable  type  is  that 
in  which  the  fibrillation  is  due  to,  or  associated  with,  an  acute  infection  such  as  influ- 
enza, or  the  presence  of  an  infective  focus.  Should  the  abnormal  rhythm  be  the  occa- 
sion of  great  distress  to  the  patient  the  administration  of  quinidine  might  be  favorably 
considered. 

In  the  fibrillation  associated  with  Graves'  syndrome,  quinidine  is  said  to  be  help- 
ful; but  we  confess  to  much  disappointment  in  this  respect.  The  reported  cases  refer 
especially  to  fibrillation  persisting  after  thyroidectomy,  and  to  fibrillation  in  otherwise 
mild  cases  of  Graves'  syndrome,  in  which  quinidine  is  given  precedent  to  operation. 
It  is  not  our  custom,  however,  to  advise  thyroidectomy  save  in  exceptional  instances; 
so  that  we  do  not  stress  either  this  use  of  the  drug  or  this  special  relationship.  It  may 
be  remarked  in  passing  that  the  fibrillation  of  Graves'  syndrome  not  rarely  disappears 
under  an  adequate  rest  course,  and  often  seems  amenable  to  strophanthus  and  quinine 
hydrobromide. 

In  cases  of  fibrillation  accompanying  decompensation — that  is  to  say,  heart-failure 
consequent  upon  myocardial  degeneration  associated  with  long-standing  valvular  lesion 
— quinidine  is  without  good  effect  until  the  failure-complex  has  been  overcome  (as  by 
rest  and  digitalis),  when  it  may  not  be  necessary.  Sometimes,  in  such  cases,  it  may 
be  used  following  a  preliminary  dose  or  doses  of  strophanthin  (or  ouabain) ;  or  this 
emergency  measure  may  be  followed  by  digitalis,  and  then,  if  the  fibrillation  still  per- 
sists, quinidine  may  be  substituted  for  the  digitalis  or,  with  due  care,  alternated  with 
the  latter.  The  use  of  the  two  drugs  on  the  same  day  or  on  alternate  days,  however, 
is  thought  by  some  to  be  dangerous,  and  the  preferred  method  of  alternation  is  to  give 


QUINIDIXE  1303 

each  for  five  days  in  the  week,  during  alternate  weeks.  The  same  phm  may  be  adopted 
after  fibrillation  has  been  controlled  by  quinidine,  in  cases  in  which  digitalis  has  not 
been  used  previously. 

Relapses  after  quinidine,  as  well  as  the  milder  forms  of  continuing  arrhythmia, 
are  best  controlled  by  the  skillful  and  persistent  use  of  sparteine,  alone  or  in  conjunc- 
tion with  other  remedies. 

In  a  patient  subject  to  angina  pectoris  in  whom  the  onset  of  fibrillation  has  been 
followed  by  surcease  of  pain,  quinidine  is  commonly  withheld;  not  because  of  any 
special  contraindication  but  because  the  wisdom  of  attempts  to  restore  the  normal 
rhythm  under  such  conditions,  is  questioned.  The  problem  is  suh  judice  and  must  be 
considered  and  decided  in  and  for  tlie  individual  instance. 

It  is  quite  possible  to  do  harm  with  quinidine.  Paralysis  and  even  death  has  re- 
sulted from  pushing  its  action  too  far;  and  symptoms  of  intolerance,  more  or  less 
severe — such  as  cyanosis,  dyspnea,  dizziness,  transient  blindness,  or  in  less  severe  cases, 
gastroenteric  disturbances  (including,  perhaps,  vomiting  and  diarrhea)  and  cutaneous 
eruptions  of  various  kinds — are  not  very  uncommon.  The  drug  is  absolutely  contra- 
indicated  by  a  history  of  embolism,  as,  also,  by  active  (acute  or  recurrent)  endocarditis, 
subacute  endocarditis,  fever,  and  partial  or  complete  heart  block. 

Before  prescribing  quinidine,  inquiry  should  be  made  as  to  the  patient's  possible 
idiosyncrasy,  not  to  quinidine  only,  but  to  cinchonics  in  general.  Should  such  idiosyn- 
crasy be  found,  the  drug  is  to  be  withheld.  But  the  accidents,  fatal  and  otherwise, 
that  have  been  reported  are  by  no  means  confined  to  the  subjects  of  quinine  idonsjTi- 
crasy.  The  minor  symptoms  have  been  observed  under  small  doses,  6  to  10  grains  (0.4 
to  0.6  Gm.)  daily,  and  chiefly  in  cases  in  which  the  drug  has  failed  to  control  tha 
arrhythmia.  In  the  severe  cases,  the  symptoms  have  commonly  followed  the  restora- 
tion of  normal  (sinus)  rhythm.  As  a  rule,  if  not  invariably,  they  are  to  be  attributed 
to  emboli,  visceral  or  cerebral — fragments  of  clot  that  have  been  detached  from  the 
auricular  wall — squeezed  out,  as  it  were,  by  the  improved  action  of  the  muscle  fibers. 
While  Vaquez  considers  the  risk  of  this  accident  little  greater  with  quinidine  than 
with  the  digitalis  bodies,  general  opinion  places  it  much  higher. 

Quinidine,  it  would  thus  appear,  is  to  be  advised  only  ivhen  the  arrhythmia  in 
itself  calls  for  a  control  that  digitalis  alone  does  not  exert;  and  where  the  patient  can 
be  kept  at  rest  under  skilled  observation,  including  electrocardiography.  There  is 
some  tendency  to  prescribe  the  drug  for  ambulant  patients  attending  a  hospital  dis- 
pensary, after  previous  observation  in  the  ward;  but  only  an  experienced  cardiologist 
may  take  the  risk. 

The  dosage  should  be  tentative  at  first;  gradually  increasing  as  the  medicament 
is  seen  to  be  well  borne,  and  ceasing  when  the  desired  effect  has  been  produced  or  is 
evidently  unattainable.  At  the  slightest  sign  of  intolerance,  the  medication  is  to  be 
stopped. 

Administration. — ^The  sulphate,  being  quite  soluble,  is  the  salt  commonly  used.  A 
recognized  plan  is  to  give  two  doses  of  4  or  5  grains  (0.25  to  0.3  Gm.)  each,  the  first 
day;  three  such  doses  on  the  second  day;  four  on  the  third  day,  and  three  or  four  each 
day  thereafter.  The  benefit  should  be  manifest  by  the  fourth  day.  Another  plan  advised 
is  to  give  an  initial  dose  of  2  grains  (0.13  Gm.)  and  if  no  untoward  symptom  appear 
within  2  or  3  hours  follow  with  a  second  dose  of  3  grains  (0.2  Gm.).  If  after  3  hours 
more  no  ill  result  is  observed,  regular  dosage  of  G  grains  (0.4  Gm.)  3  times  a  day  may 
be  instituted.  The  drug  is  to  be  withdrawn  as  soon  as  normal  rhythm  is  reestablished; 
or  after  six  days  at  the  most,  if  by  that  time  improvement  is  not  shown. 
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Drugs  with  an  Obscure  Cardiac  Action 
Cactus 

The  flowers  and  tops  of  Cactus  grandifiorus  have  been  much  lauded  as  a  cardiac 
stimulant.  Certain  authors  state  that  the  action  resembles  that  of  strychnine,  others 
that  of  digitalis,  while  others  claim  that  it  has  neither  of  these  actions  but  relieves 
the  heart  in  certain  nervous  conditions,  notably  angina  pectoris  and  tobacco  heart. 

Claims  to  any  action  similar  to  that  of  digitalis  on  the  heart  or  vessels  or  to 
that  of  strychnine  on  the  heart  or  cord  may  be  looked  upon  as  abundantly  disproved 
(Hatcher,  Matthews,  Lyon  and  Quails,  Hatcher  and  Bailey),  The  action  on  cardiac 
irregularity  has  not  been  investigated  from^  a  pharmacodynamic  standpoint  (as  is 
now  possible  with  the  electrocardiogram)  and  until  this  is  done  we  cannot  assume 
that  the  drug  is  without  action  on  the  heart.  If,  for  example,  its  action  was  to  hasten 
intracardiac  conduction,  the  effect  might  be  hardly  noticeable  on  a  normal  heart, 
but  might  lead  to  regularity  in  a  heart  which  was  dropping  beats  because  of  slow 
conduction. 

Materia  Medica. — Cactus  Grandiflorus  (N.F.),  Cactus  Grandifiorus.  Ahhr., 
Cact.  Grand.     Synonym:  Night  Blooming  Cereus. 

The  fresh  succulent  stem  of  the  wild  growing  SeJenicereus  grandifiorus  (Linne) 
Britton  et  Eose  (Fam.  Cactacece).  It  has  a  strong  herby  odor;  taste  acidulous  and 
mucilaginous.  It  is  preserved  in  alcohol  and  the  amount  of  alcohol  must  be  stated 
on  the  label. 

Dose,  5  to  15  grains  (0.3  to  1  Gm.), 

TiNCTURA  Cacti  Grandiflori  (N.F.),  Tincture  of  Cactus  Grandiflorus.  Ahhr., 
Tr.  Cact.  Grand. 

Each  cc.  represents  7  grains  of  the  drug,  with  an  alcoholic  content  of  about  87 
percent. 

Dose,  10  to  20  minims  (0.6  to  1.2  cc). 

Therapeutics. — Cactus  is  valued  most  highly  by  Eclectic  practitioners,  although 
others — as  K.  G.  Curtin  and  E.  A.  Watson — have  assigned  it  distinct  place  among  the 
useful  cardiants.  It  has  neither  "digitalis  action"  nor  clinically  appreciable  effect  upon 
healthy  hearts;  and  it  is  of  more  value  as  an  adjuvant,  than  as  a  principal.  The  dis- 
appointment sometimes  experienced  in  its  use  may  probably  be  attributed  to  failure  to 
realize  these  facts.  Ellingwood,  expressing  the  consensus  of  opinion  in  his  school,  says 
that  cactus  is  of  service  when  the  temperature  is  subnormal  and  the  nervous  condition 
below  par,  and  insistence  is  placed  upon  its  tonic,  restorative  and  nutritional  influence, 
primarily  on  the  heart  and  secondarily  upon  other  organs  and  the  nerve  system;  and 
thus  of  peculiarly  good  effect  in  cases  of  protracted  subnormal  temperature  and  general 
asthenia.  While  useful  in  conditions  attended  by  enfeeblement  of  the  heart,  it  is  con- 
traindicated  in  the  disorders  associated  with  hypertrophy. 

Some  writers  have  lauded  cactus  in  angina  pectoris,  and  it  is  among  the  medica- 
ments which  sometimes  control  the  lesser,  constant  pains  present  in  certain  cases  of 
this  affection.  It  is  possible,  however,  that  in  some  reported  instances  mistakes  in 
diagnosis  have  been  made.  Cardiac  and  cardiovascular  disorders  of  various  kinds,  both 
functional  and  organic  (including  aortitis)  are  not  rarely  attended  by  recurrent  or 
persistent  pain  or  discomfort  in  the  precordium  and  in  neighboring  chest  areas;  and 
such  sensations  are  sometimes  astonishingly  relieved  by  cactus — irrespective  of  the 
underlying  condition  and  probably  without  effect  thereon. 

It  is  useful,  alone  or  in  association  (with  digitalis,  caffeine  sparteine,  etc.)  in  cor- 
recting functional  arrhythmias,  especially  when  these  are  of  the  type  superinduced  by 
fatigue,  emotion,   indigestion   and   similar  causes;   and   its  prolonged   use  sometimes 
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seems  to  bring  about  disappearance  of  the  tendency  to  extrasystole.  It  frequently  re- 
lieves the  heart  consciousness  and  sensation  of  "hea»t  weakness"  not  only  of  neuras- 
thenia and  hypochondria,  but  also  of  serious  organic  cardiac  affection.  Its  use  in 
connection  with  one  of  the  more  active  cardiac  tonics  or  stimulants  enhances  the 
effect  of  the  principal  drug,  permitting  smaller  doses  to  be  given;  and  its  continued 
administration,  when  the  main  agent  is  withdrawn  or  intermitted,  may  suffice  to  keep 
up  the  impression  for  a  time.  Cactus  is  of  peculiar  value  in  the  circulatory  disturb- 
ances of  autonomic  nerve  disorders,  particularly  in  vasomotor  depression,  with  abnormal 
relaxation  of  the  vessels  and  low  blood  pressure;  sometimes  in  the  cardiac  irregularities 
and  overaction  of  so-ealletl  "hyperthyroidism"  and  of  Graves's  syndrome.  It  is  of 
distinct  benefit  in  irritable  heart,  and  markedly  so  in  that  form  attributed  to  tobacco. 
It  may  usefully  be  associated  with  its  companion  drug  of  obscure  action — Crataegus. 

Administration. — Cactus  appears  to  have  no  toxic  or  cumulative  action  and  it  may 
be  given  without  fear  in  doses  larger  than  those  ordinarily  recommended,  namely  10  to  20 
minims  (0.6-1.2  cc.)  of  the  N.F.  tincture  or  Vs  to  2  minims  of  the  Eclectic  "specific 
medicine." 

Crataegus 

This  remedy,  so  far  as  known,  was  first  used  in  medicine  by  a  Dr.  Green  of  County 
Clare,  Ireland,  who  acquired  a  great  reputation  in  the  treatment  of  heart  affections 
by  means  of  a  medicine  the  nature  of  which  he  kept  secret.  On  his  death  in  1894 
his  daughter  stated  that  the  remedy  was  a  tincture  of  the  ripe  berries  of  the  English 
hawthorn.  J.  Uri  Lloyd,  who  gives  this  history  of  the  early  use  of  the  drug,  says 
that  the  first  conspicuous  American  reference  to  Crataegus  was  in  an  article  by  J.  C. 
Jennings  published  in  the  New  York  Medical  Journal  in  1896.  Since  that  time  the 
remedy  has  been  in  a  gradually  increasing  use  by  clinicians. 

Some  observers  report  effects  resembling  those  of  digitalis,  but  we  have  not  seen 
such.  Some  state  that  its  effects  come  on  within  a  few  minutes  even  when  it  is  given 
by  mouth  (Jennings),  others  that  no  effects  are  observed  until  the  drug  has  been  con- 
tinued several  weeks,  which  accords  with  our  own  experience.  No  adequate  pharmoco- 
dynamic  studies  appear  to  have  been  made.  The  flowers  contain  trimethylamine  which 
resembles  ammonia  in  action  and  may  account  partly  for  the  activity  of  the  drug. 

Materia  Medica. — Crataegus  (unofficial),  Crataegus.  Synonyms:  Hawthorn,  Haw, 
Red  Haw. 

The  ripe  berries  and  bark  of  Crataegus  oxyacantha  Linne,  C.  coccinea  and  other 
species  of  Craicegus  (Fam.  Rosacea;).  The  chief  constituents  are  a  water-soluble, 
crystallizable  bitter  principle  which  is  slightly  soluble  in  alcohol,  and  contains  trimethyl- 
amine, a  circulatory  depressant. 

Synergists. — Drugs  of  the  digitalis  group, 

I)osc  of  the  Eclectic  "specific  medicine,"  5  to  50  minims  (0.3  to  3  cc). 

Therapeutics. — The  use  of  Crataegus  is  at  present  empirical.  Its  chief  employment 
by  other  than  Eclectic  physicians  is  in  angina  pectoris  and  similar  conditions  of  cardiac 
or  cardiovascular  pain,  and  in  arterial  hypertension,  irrespective  of  causation.  It  is 
palliative  only,  not  remedial;  nor  is  its  palliative  influence  always  or  quickly  shown; 
which  leads  many  to  the  conclusion  that  in  apparent  instances  of  relief  through 
cratsegus,  other  factors — as  rest,  diet,  physical  measures,  other  medicaments,  or  even 
psychic  influence — should  be  credited.  Personal  observation,  however,  seems  to  justify 
the  opinion  that  the  Crataegus  influence  is  real,  although  individuals  differ  greatly  in 
their  sensitiveness  to  it,  some  requiring  many  times  larger  doses  than  others,  and 
some  being  quite  refractory. 

We  have  not  observed  any  constant  effect  from  the  drug  in  well  developed  angina, 
nor  should  we  expect  it  in  coronary  thrombosis ;  but  its  addition  to  other  measures  in- 
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dicated  has  been  helpful  in  cases  suggestive  of  early  anginal  tendencies — as  angina  is 
now  understood — and  in  what  is  called  pseudoangina  or  angina  vasomotoria;  and  very 
distinct  and  easily  demonstrable  service  is  rendered  by  it  in  atherosclerosis  associated 
with  high  blood  pressure,  and  in  essential  hypertension.  It  will  not,  of  itself,  lower 
blood  pressure,  but  it  aids  in  maintaining  the  lower  level  brought  about  by  other  means. 
This  is  peculiarly  noticeable  in  the  intervals  between  applications  in  cases  treated  by 
diathermy  or  autocondensation ;  and  after  a  few  weeks  permits  these  intervals  to  be 
lengthened.  It  also  tends  to  maintain  the  good  effect  after  the  electric  treatment  has 
been  reduced  to  monthly,  or  even  less  frequent,  courses.  Ellingwood  characterizes 
Crataegus  as  a  "tonic  to  the  heart  and  blood  vessels"  and  recommends  it  in  a  variety  of 
conditions  attended  by  myocardial  weakness.  He  says  that  it  is  adapted  to  both  func- 
tional and  organic  heart  disorders,  characterized  by  pain,  oppression  in  the  heart  region, 
shortness  of  breath,  rapid  and  feeble  heart  action  with  evidence  of  cardiac  hypertrophy, 
valvular  insufficiency  and  profound  anemia  and  reports  also  ''excellent  results  in  valvu- 
lar insufficiency  without  hypertrophy,  in  tachycardia,  cardiac  neuralgia,  pericarditis, 
endocarditis,  so  called  rheumatism  of  the  heart,  dropsy  depending  on  weak  heart  action, 
and  in  apoplexy,  vertigo,  spinal  hyperemia  and  venous  stasis." 

Administration. — The  fluidextract  or  the  Eclectic  "specific  medicine"  (of  which  1 
minim  represents  1  grain  of  the  drug)  is  given  by  mouth  in  doses  of  5  to  30  minims 
(0.3  to  2  cc.)  three  to  six  times  daily.  Eclectic  physicians,  as  a  rule,  prefer  the  smaller 
doses,  but  Ellingwood  recommends  "in  urgent  cases"  the  frequent  use  of  doses  as  large 
as  60  minims   (4  cc). 

Vasoconstrictors 
Hydrastis 

Hydrastis,  or  yellow  root,  is  of  recent  introduction  in  medicine,  having  been  first 
used  by  the  Eclectics  in  this  country  for  purposes  similar  to  those  for  which  it 
is  still  employed. 

Chemistry. — ^Hydrastis  contains  three  alkaloids  of  which  berberine  is  present  in 
the  greatest  amount  and  probably  accounts  for  most  of  the  toxicity  of  the  crude 
drug  (85  percent.,  Williams),  while  hydrastine  is  the  most  important  from  a  medicinal 
standpoint.  The  third  alkaloid,  canadine  is  present  in  small  amount  and  takes  no 
part  in  the  action  of  the  drug.  Chemically  hydrastine  is  very  closely  related  to 
certain  minor  opium  alkaloids  such  as  narcotine  and  papaverine,  being,  like  them,  a 
compound  of  an  isoquinoline  nucleus  with  opianic  acid.  From  hydrastine  as  well  as 
from  narcotine,  the  opianic  acid  is  readily  split  off,  giving  rise  in  the  case  of 
hydrastine  to  hydrastinine  and  in  the  case  of  narcotine  to  cotarnine.  Berberine 
also  contains  isoquinoline  but  in  a  more  complex  grouping. 

The  simplest  of  these  compounds  is  hydrastinine  which  has  the  composition 
shown  in  fig.  1.  If  an  oxy methyl  group  is  added  we  have  cotarnine,  as  seen  in  fig.  2. 
On  addition  of  opianic  acid  to  these  formulas  we  have  respectively  hydrastine  and 
narcotine,  figs.  3  and  4. 
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Summary  of  Actions  and  Uses. — Preparations  of  the  whole  drug  and  of  its  chief 
alkaloids  have  been  used  in  medicine  and  studied  experimentally.  The  whole  drug  and 
the  natural  alkaloids  resemble  each  other  in  action,  producing  topically  constriction  of 
blood  vessels  with  little  other  effect.  Systemically  they  cause  contraction  of  certain 
smooth  muscles,  e.g.,  of  the  uterus  and  blood  vessels,  and  convulsions,  followed  by  paral- 
ysis with  death  from  failure  of  respiration.  Hydrastinine  and  cotarnine  act  similarly,  but 
produce   only   paralysis   and  no   convulsions. 

All  of  the  preparations  are  employed  in  medicine  as  topical  astringents  in  cases  of 
hemorrhage  and  congestion,  and  to  produce  contraction  of  the  uterus  in  cases  of 
metrorrhagia. 

Materia  Medica. — Hydr.\stis  (U.S.  X.),  Hydrastis.  Ahhr.,  Hydrast.  Synonyms: 
Hydrastis  Rhizoma   (Br.),  Golden  Seal. 

The  dried  rhizome  and  roots  of  Hydrastis  canadensis  Linne  (Fam.  Ranunculaceoe). 
Yields  not  less  than  2.5  percent,  of  the  ether-soluble  alkaloids.  The  powdered  drug  is 
brownish-yellow  in  color;  odor  distinctive,  taste  bitter.  A  substance  obtained  in  the 
shape  of  a  resin  is  used  by  the  Eclectics  under  the  name  of  liydrastin,  with  a  stipulated 
dose  of  from  5  to  10  grains.  The  drug  evidently  owes  its  virtues  to  the  alkaloid 
hydrastine  aside  from  some  effects  as  a  bitter. 

Antagonists  and  Incompatibles. — The  alkalis,  tannin  and  hydrochloric  acid  are 
chemically  incompatible  with  the  preparations  of  hydrastis.  Chloral  is  a  physiological 
antagonist. 

Synergists. — The  vegetable  bitters  in  general  are  synergistic,  especially  berberia 
and  calumba.     The  excitomotor  drugs  and  ergot  also  aid  its  action. 

Dose,  15  to  30  grains  (1  to  2  Gm.). 

Elixir  Hydrastis  Compositum  (N.F.),  Compound  Elixir  of  Hydrastis.  Ahhr., 
Elix.  Hydrast.  Co.    Synonym:   Alkaline  Elixir. 

Each  fluidram  contains  1  minim  (0.06  cc.)  each  of  the  fluidextracts  of 
hydrastis,  oats  and  xanthoxylum,  with  traces  of  ginger,  gentian  and  sodium 
bicarbonate. 

Dose,  1  to  4  fluidrams  (6  to  16  cc.). 

ExTRACTUM  Hydrastis  (KF.),  Extract  of  Hydrastis.  Ahhr.,  Ext.  Hydrast. 
Synonym:   Extract  of  Golden  Seal. 

A  dry  extract  of  hydrastis  in  which  1  Gm.  represents  4  Gm.  of  the  drug,  containing 
about  10  percent,  of  the  ether-soluble  alkaloids  of  hydrastis. 

Dose,  3  to  10  grains  (0.2  to  0.6  Gm.). 

Fluidextractum  Hydrastis  (U.S.  X.),  Fluidextract  of  Hydrastis.  Ahhr.,  Fldext. 
Hydrast.  Synonyms:  Extractum  Hydrastis  Liquidum  (Br.),  Liquid  Extract  of 
Hydrastis,  Fluidextract  of  Golden  Seal. 
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Contains  about  2  percent,  of  the  ether-soluble  alkaloids  of  hydrastis,  with  an 
alcoholic  content  of  about  50  percent,  and  10  percent,  of  glycerin. 

DosBj  15  to  60  minims  (1  to  4  cc). 

Glyceritum  Hydrastis  (U.S.  IX.),  Glycerite  of  Hydrastis.  Ahhr.,  Glycer. 
Hydrast.    Synonym:  Glycerite  of  Golden  Seal. 

Yields  about  1.25  percent,  of  the  ether-soluble  alkaloids  of  hydrastis.  Alcoholic 
content  about  35  percent.,  glycerin,  about  50  percent. 

Dose,  15  to  45  minims  (1  to  3  cc). 

TiNCTURA  Hydrastis  (N.F.),  Tincture  of  Hydrastis.  Ahhr.,  Tr.  Hydrast.  Syno- 
nym :   Tincture  of  Golden  Seal. 

Contains  0.4  percent,  of  the  ether-soluble  alkaloids  of  hydrastis,  with  an  alcoholic 
content  of  about  55  percent.    The  Br.  tincture  is  one-half  the  drug  strength  of  the  U.S. 

Dose,  1/2  to  2  fluidrams  (2  to  8  cc). 

Hydrastina  (U.S.  IX.),  Hydrastine. 

An  alkaloid  (C^jH^jOgN)  obtained  from  hydrastis  or  prepared  synthetically. 
Hydrastine  occurs  in  white  to  creamy-white,  glistening  prisms  or  as  a  white  microcrys- 
talline  powder;  permanent  in  the  air.  It  is  almost  insoluble  in  water;  1  gram  is 
soluble  in  lYO  cc.  of  alcohol,  1.4  cc.  of  chloroform,  and  in  175  cc.  of  ether  at  25°  C. ; 
also  in  22  cc.  of  alcohol  at  60°  C;  freely  soluble  in  benzene.  Must  be  kept  in  well  closed 
containers  and  protected  from  light.     Not  to  be  confounded  with  Eclectic  Hydrastin. 

Dose,  %o  to  ^/4  g^"'^!^  (0.006  to  0.016  Gm.). 

Hydrastin.e  Hydrochloridum  (U.S.  IX.),  Hydrastine  Hydrochloride.  Ahhr., 
Hydrastin.  Hydrochl.     Synonym :  Hydrastine  Chloride. 

The  hydrochloride  (C^iH^iO.N.HCl)  of  the  alkaloid  hydrastine.  It  occurs  as  a 
white  to  creamy-white  powder,  odorless  and  hygroscopic;  is  very  soluble  in  water  and 
in  alcohol;  slightly  soluble  in  chloroform;  very  slightly  soluble  in  ether. 

Dose,  Y-id  to  y4,  grain  (0.006  to  0.016  Gm.). 

Liquor  Hydrastine  Compositus  (N.F.),  Compound  Solution  of  Hydrastine.  Ahhr., 
Liq.  Hydrastin.   Co.     Synonym:    Colorless  Hydrastine  Solution, 

Contains  0.3  percent,  each  of  hydrastine  hydrochloride,  aluminum  chloride,  calcium 
chloride,  magnesium  chloride,  and  0.1  percent,  of  potassium  chloride,  with  50  percent, 
glycerin  and  water,  q.s.  ad  100  percent. 

Dose,  1  to  2  fluidrams  (4  to  8  cc). 

Hydrastixin/E  Hydrochloridum  (U.S.  IX.),  Hydrastinine  Hydrochloride,  Ahhr., 
Hydrastinin.  Hydrochl.    Synonym :  Hydrastinine  Chloride. 

The  hydrochloride  (CjjHjjO^N.HCl)  of  hydrastinine,  an  alkaloid  obtained  by  the 
oxidation  of  hydrastine.  It  occurs  in  light  yellowish  needles  or  as  a  yellowish-white 
crystalline  powder  without  odor.  One  gram  dissolves  in  195  cc.  of  chloroform,  and  in 
1820  cc  of  ether  at  25°  C;  very  soluble  in  water  and  alcohol. 

Dose,  1/4  to  1  grain  (0.016  to  0.065  Gm.). 

CoTARNiNiE  Chloridum  (U.S.  X.),  Cotamine  Chloride.  Ahhr.,  Cotarn.  Chlor. 
Synonyms :  Cotarninae  Hydrochloridum,  Stypticin,  Cotarnine  Hydrochlorate. 

The  chloride  (CjjHj^OjNCl.HjO)  of  an  alkaloid  prepared  from  narcotin.  Occurs 
as  a  yellow,  odorless,  crystalline  powder,  deliquescing  in  moist  air;  very  soluble  in 
water  and  alcohol. 

Dose,  %  to  3  grains  (0.04  to  0.2  Gm.). 

Cotarnine  Phthalas  (unofficial),  Cotarnine  Phthalate.     Synonym:  Styptol. 
The  phthalic   acid   salt   of   cotarnine,    a   derivative   of   narcotine,    (Cj^Hj^NOJj. 
C'dH^COOH.COOH),  an  orange-red  or  yellowish  crystalline  powder,  soluble  in  water 
and  alcohol.    It  contains  73  percent,  of  the  base,  cotarnine. 

Dose,  %  tq  iVs  grain  (0.02  to  0.09  Gm.). 
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Pharmacodynamic  Action. — The  behavior  of  the  different  alkaloids  in  the  body  and 
their  topical  action  is  so  similar  that  all  will  be  taken  up  together.  Berberine  and 
hydrastine  resemble  each  other  also  in  their  toxic  action  as  do  hydrastiniue  and  cotarnine. 
The  toxic  and  systemic  actions  will  therefore  be  considered  separately. 

Absorption  and  EUmUmtlon. — The  alkaloids  are  readily  absorbed  from  all  mucosae 
and  also  when  injected  hypodermically.  A  considerable  portion  is  destroyed  in  the 
body,  the  remainder  being  excreted  rather  slowly,  and  only  slightly  altered,  in  the 
urine.     A  small  part  is  found  in  the  bile. 

Topical  Action. — The  chief  topical  action  of  all  the  alkaloids  is  a  constriction  of 
the  blood  vessels.  Blanching  of  the  scarified  skin  is  caused  by  hydrastine  1  to  1000 
(Sollmann  and  Pilcher).  In  the  eye,  1  percent,  to  3  percent,  solutions  cause  pain  with 
congestion  and  lacrymation,  followed  by  brief  anesthesia.  Weaker  solutions  have  an 
astringent  effect. 

Hydrastine  and  Berberine 

Toxic  Action. — These  alkaloids,  like  the  crude  drug,  when  administered  in  fatal 
dose,  kill  by  paralysis  of  the  respiration  associated  with  failure  of  the  heart  from  direct 
action  on  the  muscle. 

The  fatal  dose  of  hydrastine  given  hypodermically  to  several  species  is  as  follows: 
frog,  0.3  mgm.  per  Gm.;  mouse  and  rat,  1  mgm.  per  Gm. ;  rabbit,  0.2  Gm.  per  kilo.;  cat 
and  dog,  0.3  Gm.  per  kilo.;  pigeon,  0.1  Gm.  per  kilo.  The  fatal  dose  of  berberine  is  very 
much  smaller.  The  fatal  dose  in  man  is  not  known,  but  severe  poisoning  has  resulted 
from  taking  by  mouth  3  cc.  (45  minims)  of  the  fluidextract.  The  symptoms  were 
gastric  pain,  nausea,  faintness  and  giddiness,  extreme  weakness,  headache,  and  hallu- 
cinations of  sight,  followed  by  dyspnea  and  precordial  distress.  In  accidental  poisoning 
treatment  would  consist  of  respiratory  and  cardiac  stimulation,  ammonia  being  indi- 
cated, and  epinephrine  if  the  pulse  failed. 

Frogs  given  toxic  doses  show  first  a  period  of  weakness  with  lessened  reflexes  and 
feeble  respiration,  which  may  even  cease.  This  is  followed  by  hyperesthesia  passing 
into  violent  tetanus,  which  again  gives  place  to  paralysis  after  a  short  time.  The  heart 
is  slowed  after  brief  acceleration.  With  very  large  doses  there  is  paralysis  of  the  motor 
nerve  endings,  otherwise  paralysis  is  spinal. 

When  a  toxic  dose  of  hydrastine  is  injected  into  a  dog  or  rabbit,  there  is  weakness 
with  restlessness  and  anxiety  followed  by  tremors.  The  animal  falls  on  its  side,  being 
unable  to  stand  on  account  of  weakness  and  ataxia.  The  reflexes  are  increased  and  the 
tremors  soon  give  place  to  convulsions  which  resemble  those  from  strychnine.  Between 
the  convulsive  attacks  there  is  almost  complete  paralysis,  which  gradually  becomes 
more  pronounced  and  the  tetanic  attacks  less  violent,  until  there  is  a  state  of  complete 
relaxation  with  loss  of  all  reflexes  and  ending  in  stoppage  of  respiration.  The  heart 
continues  to  beat  until  asphyxia  supervenes.  If  artificial  respiration  be  given  and  the 
animal  curarized,  the  fatal  dose  is  several  times  as  great  as  that  required  to  stop 
respiration. 

Systemic  Action. — Alimentary. — Large  doses  of  hydrastis  by  mouth  may  cause 
nausea  and  vomiting  followed  by  diarrhea.  Such  effects  are  not  seen  from  medicinal 
quantities.  In  fatal  poisoning  the  intestine  is  found  contracted  and  the  gall  bladder 
empty  and  contracted,  as  a  result  of  stimulation  of  the  muscles. 

Blood. — Neither  in  vitro  nor  in  vivo  do  these  bodies  influence  clotting  time  or  have 
any  other  important  action  on  the  blood.  Very  large  amounts  may  delay  clotting  in 
vitro. 

Circulation. — The  isolated  heart  of  the  frog,  perfused  with  0.01  percent,  hydrastine, 
first  becomes  rapid,  then  slow  and  irregular  and  finally  stops  in  diastole.  The  intact 
frog's  heart  shows  first  a  similar  period  of  acceleration,  followed  by  slowing  with  the 
longest  pause  in  diastole.  The  rate  may  be  only  half  the  normal,  and  there  is  often 
heart  block.  The  slowing  occurs  after  section  of  the  vagus  nerves,  but  not  after  their 
endings  have  been  paralyzed  by  large  doseg  of  atropine.  Gradually  the  beats  grow 
weaker  and  weaker,  and  the  heart  finally  stops  in  diastole,  although  it  will  still  contract 
when  stimulated.  The  mammalian  heart  shows  similar  phenomena.  There  is  first  a 
period  of  acceleration,  followed  by  slowing,  largely  dependent  on  vagus  stimulation, 
and  finally,  with  large  doses,  stoppage  in  diastole. 

Berberine  first  causes  acceleration  from  paralysis  of  the  vagus  endings,  followed  by 
slowness  due  to  direct  muscular  action,  with  final  stoppage  in  diastole. 
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The  effect  on  general  blood  pressure  varies  with  thfe  dose.  With  small  doses  (less 
than  1  mgm.  per  kilo),  there  is  a  sustained  rise  of  blood  pressure  due  to  peripheral 
cardiac  stimulation  and  constriction  of  the  vessels  by  peripheral  action.  There  is  little 
if  any  action  on  the  vasomotor  center;  with  larger  doses  1  to  5  mgm.  per  kilo  there 
is  a  primary  rise  followed  by  a  fall  and  a  secondary  rise  to  above  normal.  Still  larger 
doses  cause  little  primary  and  no  secondary  rise,  and  with  doses  much  above  10  mgm. 
per  kilo  the  rise  may  be  wanting  entirely  and  only  the  fall  occur.  "With  increasing 
doses  the  stimulant  action  on  the  heart  is  seen  with  no  vasoconstriction.  All  vaso- 
constrictor action  is  denied  by  "Williams,  who  registered  blood  pressure  and  kidney 
volume  and  found  that  as  the  pressure  rose  the  volume  increased,  showing  that  there 
was  no  lessening  in  the  size  of  the  arteries.  Precisely  similar  experiments  by  Marfori, 
however,  gave  a  decrease  in  kidney  volume  with  rise  of  pressure,  and  this  agrees  better 
with  the  results  of  most  observers.  Mixtures  of  hydrastine  and  berberine  in  the  pro- 
portion present  in  hydrastis  cause  a  rise  of  blood  pressure  like  that  from  hydrastine 
alone  if  administered  in  medicinal  doses  (Marfori),  while  toxic  doses  of  hydrastis  cause 
a  fall  of  pressure,  as  does  berberine  alone   (Fellner,  "Williams). 

Perfusion  of  isolated  organs  leads,  according  to  some  authors,  to  marked  constriction 
of  the  arterioles  (Trovati),  while  others  report  vasodilatation  (Sollmann).  There  is 
probably  little  action. 

Respiration. — The  respiratory  center  is  depressed  by  even  moderate  doses  and,  as 
there  is  also  weakness  from  direct  action  on  the  muscle,  respiratory  distress  is  one  of 
the  most  conspicuous  features  of  poisoning  from  moderate  and  large  doses. 

Nerve  System. — All  the  alkaloids  of  this  group  cause  a  depression  of  the  motor  side 
of  the  spinal  cord,  passing  into  complete  paralysis.  This  is  associated  with  a  certain 
degree  of  loss  of  conduction  in  the  motor  nerve  ending.  In  spite  of  these  paralytic 
phenomena  there  is  found  during  the  early  part  of  the  intoxication  an  increase  of 
reflexes  with  marked  hyperesthesia  and  even  spinal  convulsions.  Rarely  death  results 
from  tetanus,  but  more  often  the  tetanic  attacks  yield  to  paralysis  before  death  occurs. 
In  frogs  very  small  doses  of  hydrastine  0.5  to  1  mgm.  may  cause  only  hyperesthesia  or 
tetanus  and  no  marked  loss  of  power.  Large  doses  cause  paralysis  with  little  excite- 
ment.    In  rabbits  0.2  Gm.  per  kilo  cause  weakness  followed  by  tetanus. 

Subcutaneous  injections  of  hydrastine  cause  marked  local  loss  of  sensation,  but 
when  instilled  in  the  eye  anesthesia  is  less  marked  and  may  not  occur. 

Genital. — Hydrastis  and  its  alkaloids  all  cause  contraction  of  the  uterus  by  direct 
action  on  the  muscle.  This  can  always  be  observed  in  the  excised  organ,  even  very 
dilute  solutions  causing  an  increase  in  tone  and  in  the  rhythmic  waves;  this  is  also  true 
of  the  human  uterus.  It  is  usually  not  seen  in  situ  with  medicinal  doses,  so  that  there 
is  doubt  as  to  whether  the  power  of  hydrastis  to  check  uterine  bleeding  bears  any  rela- 
tion to  it.  Even  in  situ  the  pregnant  uterus  of  the  rabbit  and  cat  is  caused  to  contract 
more  strongly  by  large  doses,  but  the  virgin  uterus  may  not  show  any  contractions.  The 
excised  vas  deferens,  seminal  vesicles  and  uterus  masculinus  of  the  guinea-pig  are  also 
stimulated   ("Waddell). 

Urinary. — The  secretion  of  urine  is  not  altered  by  hydrastine,  although  the  alkaloid 
is   eliminated   by   the   kidneys. 

Strips  of  ureter  show  decreased  tonus  and  lessening  of  rhythmic  contractions  on 
addition  of  hydrastine. 

Hydrastinine  and  Cotarnine 

Hydrastinine,  as  already  stated,  differs  from  hydrastine  by  the  fact  that  opianic 
acid  is  cut  off  from  the  latter  and  that  there  is  a  double  bond  between  the  nitrogen 
of  the  isoquinoline  ring  and  the  adjacent  carbon  atom.  According  to  Laidlaw,  the 
existence  of  this  double  bond  removes  the  convulsant  action  characteristic  of  the  parent 
substance.  The  toxic  or  fatal  dose  is  slightly  larger  than  that  of  hydrastine  but  the 
discrepancy  is  not  great. 

When  a  fatal  dose  is  given  to  a  frog  there  is  weakness  with  loss  of  reflexes, 
failure  of  respiration,  complete  paralysis  and  death  from  stoppage  of  the  heart.  In 
mammals  the  symptoms  are  similar;  there  may  be  a  period  of  restlessness  or  tremors 
but  there  are  no  true  tetanic  convulsions.  The  heart  may  stop  in  systole  or  death 
may  result  from  failure  of  respiration. 
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Coiarnine  bears  the  same  chemical  relation  to  narcotine  that  hydrastinine  does 
to  hydrastine.  It  is  marketed  as  stypticin,  which  is  the  hydrochloride  and  as  styptol, 
the  phthalate.  Its  action  is  similar  to  that  of  hydrastinine  in  that  it  causes  paralysis 
without  convulsions  and  may  stop  the  heart  in  systole.  The  toxic  dose  is,  however, 
considerably  higher,  as  is  also  the  therapeutic  dose. 

Systemic  Action. — AUmentary. — Hydrastinine  and  cotarnine  have  less  tendency  to 
disturb  the  stomach  than  has  hydrastine,  but  in  large  doses  cause  an  increase  in  intes- 
tinal peristalsis. 

Circulatory. — The  circulatory  action  of  these  alkaloids  is  alone  of  practical  im- 
portance. 

They  have  no  effect  on  the  blood  and  do  not  favor  its  clotting,  although  they  are 
reputed  to  have  even  greater  power  to  stop  hemorrhage,  especially  from  the  uterus,  than 
hydrastine.  It  does  not  seem  probable  that  vasoconstriction  accounts  for  their  action 
on  hemorrhage,  although  it  may  be  possible  that  injured  vessels  are  more  constricted 
than  normal  ones. 

The  blood  pressure  rises  in  mammals  after  both  small  and  large  doses.  This  is  due 
in  part  to  stimulation  of  the  heart,  but  chiefly  to  constriction  of  the  arterioles  by  direct 
action  on  their  walls. 

The  heart  is  more  rapid  at  first  from  direct  action,  then  slowed  by  stimulation  of 
the  vagus  center.  During  the  acceleration  the  output  of  blood  is  increased,  but  later 
is  diminished.  There  is  no  slowing  and  no  fall  in  output  if  the  vagus  nerves  are  pre- 
viously cut    (Falk). 

The  characteristic  action  on  the  blood  vessels  is  a  constriction  of  the  arterioles 
from  action  on  the  walls.  All  authors  are  agreed  that  the  vasomotor  center  is  not 
affected  by  cotarnine  and  little  if  at  all  by  hydrastinine.  Vessels  perfused  with  hydrasti- 
nine or  cotarnine  are  uniformly  constricted  by  hydrastinine  and  usually  by  cotarnine, 
but  the  response  of  the  vessels  in  situ  is  less  constant.  In  rabbits,  injections  cause 
constriction  of  the  splanchnic  vessels  and  alternating  constriction  and  dilatation  in  the 
ear,  ending  in  constriction  (Falk).  The  vessels  of  the  guinea-pig  are  also  constricted 
(Laidlaw),  while  those  of  the  dog  are  not  (Williams).  The  vessels  of  the  frog's  foot  and 
of  the  cock's  comb  are  dilated  (Falk).  It  seems  probable  that  there  is  commonly  con- 
striction, at  least  of  the  splanchnic  vessels,  but  that,  as  with  digitalis,  this  may  be 
associated  with  dilatation  of  superficial  vessels,  and  perhaps  those  of  the  kidney.  The 
blood  vessels  of  the  Trendelenburg  frog  perfused  with  0.025  percent,  hydrastinine  hydro- 
chloride show  marked  constriction,  while  weaker  solutions  induce  rhythmic  contractions 
or  have  no  effect.  The  constricting  effect  is  aided  by  increase  of  the  calcium  content 
of  the  perfusion  fluid,  is  increased  by  dilute  atropine  solutions  and  is  prevented  by 
ergotamine   (Lundberg). 

Respiration. — Respiration  is  stopped  by  paralysis  of  the  center.  The  muscles  are 
not  affected  as  in  poisoning  with  hydrastine.  The  bronchioles  are  dilated  by  peripheral 
action. 

Nerve  System. — Hydrastinine  depresses  the  central  nerve  system  throughout  its 
extent.  It  reduces  the  irritability  of  the  cerebral  cortex  of  guinea-pigs,  an  effect  observed 
also  In  epileptics  (Kisilew).  Toxic  doses  paralyze  the  respiratory  center  and  the  cord. 
No  paralysis  results  from  direct  application  of  hydrastinine  to  the  superior  cervical 
ganglion  (Laidlaw),  and  there  Is  no  paralysis  of  the  motor  nerve  ending.  The  sensory 
endings  are  not  affected,  and  there  is  no  anesthesia  from  local  application  or  Injection. 

Instilled  in  the  eye  of  the  pigeon  hydrastinine  causes  a  maximal  myosis  by  stimu- 
lation of  the  nerve  muscle  ending,  while  cotarnine  causes  mydriasis  by  paralysis  of  the 
sphincter    (Meyer). 

Genital. — Both  hydrastinine  and  cotarnine  cause  increase  in  the  tonus  and  force  of 
contractions  of  the  isolated  uteri  of  all  species,  hydrastinine  being  the  more  powerful. 
The  pregnant  uterus  of  the  guinea-pig  in  situ  contracts  more  strongly  after  injection  of 
either,  but  that  of  the  rabbit  is  little  affected  by  cotarnine,  and  neither  acts  on  the 
virgin  cat  or  rabbit  'uterus. 

The  seminal  vesicles,  vas  deferens  and  uterus  masculinus  of  the  guinea-pig  in  vitro, 
show  increase  of  tonus  and  of  contractions. 

Urinary. — The  secretion  of  urine  may  be  lessened  when  the  blood  pressure  rises 
markedly.  The  isolated  ureter  and  bladder  wall  contract  under  the  influence  of  hydrasti- 
nine or  cotarnine. 
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Therapeutics. — Topical. — Hydrastis  exerts  an  astringent  and  tonic  action  in  con- 
gestion and  chronic  inflammation  of  the  mucous  memhranes  of  the  respiratory  and 
genito-urinary  tracts.  It  is  employed  locally  in  subacute  and  chronic  catarrhal  affec- 
tions of  the  nose  and  throat,  rhinitis,  turbinal  congestion,  pharyngitis  and  chronic 
nasopharyngeal  catarrh,  with  thick  mucous  secretion.  It  is  used  also  by  injection 
in  leucorrhea  and  in  the  late  stages  of  gonorrhea  in  man  or  woman  after  the  use  of 
gonococcocidal  drugs.  In  these  cases  the  addition  of  zinc  sulphate  increases  the 
efficacy  of  the  hydrastis.  Chronic  colitis  and  proctitis  and  non-inflammatory  hemor- 
rhoids are  often  remarkably  benefited  by  hydrastis  enemata.  Hydrastis  is  also  an 
excellent  collyrium  in  conjunctivitis  and  eye-strain  congestion.  Hydrastis,  hydrastine 
or  hydrastinine  may  be  usefully  incorporated  in  suppositories  or  ointments  for  appli- 
cation to  hemorrhoids.  Ointment  (5  percent,  in  lanolin)  of  hydrastinine  or  cotarnine 
or  both  is  said  to  be  useful  in  eczema,  in  herpes  and  in  erysipelas. 

Systemic. — In  subacute  and  chronic  catarrhal  gastritis  and  enteritis  a  favorable 
local  effect  is  obtained  by  the  internal  administration  of  the  drug,  and  this  is  increased 
by  the  systemic  action  after  absorption.  Hydrastis  is  an  excellent  bitter  tonic  in  the 
anorexia  and  morning  vomiting  of  drunkards  and  is  reputed  to  be  even  better  than 
quassia  to  remove  or  lessen  the  craving  for  alcohol.  Eclectic  physicians  regard  it  highly 
as  a  ionic,  improving  the  digestion  and  nutrition  and  strengthening  the  circulation, 
even  in  the  absence  of  inflammatory  or  catarrhal  states  of  the  mucosa,  and  for  this 
purpose,  Scudder  prefers  the  finely  powdered  root. 

The  hemostatic  action  of  hydrastis  furnishes  an  indication  for  its  use  in  func- 
tional uterine  hemorrhage,  in  metrorrhagia  and  menorrhagia  when  not  very  profuse. 
It  is  thought  to  be  of  service  in  pelvic  congestion  with  dysmenorrhea.  Hydrastis  in- 
ternally, with  coincident  topical  application  when  circumstances  permit,  has  been 
recommended  as  a  palliative  in  cases  of  inoperable  cancer,  especially  of  the  breast;  it 
is  said  to  lessen  pain  and  remove  the  odor  in  ulcerative  tumors.  It  is  also  recom- 
mended to  relieve  the  night  sweats  of  tuberculosis.  Cotarnine  and  hydrastinine  are 
used  symptomatically,  both  topically  and  systemically  for  the  arrest  of  hemorrhage. 
While  their  chief  field  of  employment  is  in  bleeding  from  the  uterus,  they  are  of  con- 
siderable service  in  hemoptysis  and  hematemesis.  Given  at  the  beginning,  in  associa- 
tion with  opium,  they  will  often  check  promptly  a  slight  pulmonary  hemorrhage;  but 
their  principal  usefulness,  in  our  hands,  has  been  in  the  milder  bleeding  that  some- 
times continues,  especially  in  tuberculosis,  after  the  severe  symptoms  have  been  brought 
under  control  by  morphine  and  calcium  continued  for  3  or  4  days.  The  association 
of  cotarnine  with  hydrastinine,  and  sometimes  with  iodoform  or  opium  or  both,  may 
succeed  when  the  single  agent  fails.  In  the  bleeding  of  gastric  ulcer,  hydrastinine  or 
cotarnine  or  both  may  be  alternated  or  conjoined  with  epinephrine,  cocaine,  morphine 
or  whatever  other  agent  seems  desirable.  In  intestinal  bleeding,  a  tannin  may  be 
associated. 

Administration. — ^The  glycerite  is  the  best  preparation  for  external  use  in  the  throat 
and  nose.  For  vaginal  and  urethral  injections  the  fluidextract  diluted  with  water 
(fl.  3i  in  fl.  50 — 4  in  30  mils.,  answers  well.  For  use  as  a  collyrium,  the  eclectic 
"colorless  hydrastis"  is  preferable.  For  rectal  or  vaginal  application  the  extract  may 
be  used  in  the  form  of  suppositories.  Commercial  hydrastin,  which  is  really  a  con- 
centrated extract  of  the  various  principles,  with  resin,  is  used  as  a  bitter  tonic  and 
stomachic.  For  systemic  action  hydrastine  hydrochloride  is  to  be  preferred  to  the 
galenical  preparations,  and  better  than  either  is  hydrastinine  hydrochloride,  given  in 
pill  or  capsule  in  doses  of  Yo  grain  (0.03  Gm.)  three  times  daily;  the  hypodermic  dose 
is  14  grain   (0.015  Gm.)   in  10  percent,  solution. 

Topical. — For  the  arrest  of  bleeding  following  tooth  extraction,  absorbent  cotton  is 
saturated  with  a  strong  aqueous  solution  of  cotarnine  and  placed  in  the  bleeding  socket, 
or  the  slightly  moistened  cotton  may  be  dusted  with  the  powder  and  inserted.     In  nose- 
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bleed  the  powder  may  be  used  pure,  or  in  the  form  of  a  10  to  50  percent,  aqueous  solu- 
tion applied  on  cotton  compresses  or  tampons. 

Systemic. — Both  the  salts  of  cotarnine  are  used  internally  for  the  control  of  hemor- 
rhage. esi)ecially  uterine  bleeding  in  any  of  its  forms — metrorrhagia,  menorrhagia  or 
post  partum  hemorrhage.  In  menorrhagia  it  is  well  to  begin  administration  by  mouth, 
4  days  before  the  expected  period.  One  or  two  grains  (0.05  to  0.12  Gm.)  may  be  given 
every  3  or  4  hours.  Some  prefer  to  use  cotarnine  chloride  or  phthalate  hypodermically 
at  the  time  of  bleeding,  giving  a  single  dose  of  2  to  3  grains  (0.05  to  0.12  Gm.).  In 
pulmonary  and  gastric  hemorrhage  the  dose  by  mouth  or  hypodermically  is  from  Va 
grain  to  3  grains  (0.03  to  0.2  Gm.)  repeated  every  2  hours  or  as  necessary,  with  due 
regard  to  effect. 

Cardiovascular  Depressants 

Vagus  Stimulants  and  Muscle  Depressants 

Aconite 

History. — Monkshood  is  a  plant  indigenous  in  Europe  but  cultivated  extensively 
in  this  country.  The  peculiar  active  principles  are  contained  in  all  parts  of  the  plant, 
but  in  greatest  concentration  in  the  root  which  is  the  only  part  oflScial.  Aconite  has 
been  known  since  ancient  times  as  a  remedy  and  has  held  a  unique  position  as  a  poison, 
being  referred  to  as  "venenorum  caput  et  mater"  by  certain  medieval  writers.  It  was 
used  largely  by  the  ancients  as  a  poison  for  wild  animals  and  as  a  wash  for  painful 
affections  of  the  eyes.  The  earliest  description  in  European  writings  of  its  properties, 
appears  to  be  in  Matthiolus'  commentary  on  the  Materia  Medica  of  Dioscorides. 
Matthiolus  describes  several  experiments  which  he  made  by  order  of  Pope  Clement  VI 
(in  1524),  on  condemned  criminals,  in  hope  of  finding  an  antidote.  He  gave  surely 
fatal  doses  to  each  of  two  criminals  and  to  one  gave  the  antidote,  using  the  otherf 
as  control.  Throughout  medical  history  it  has  appeared  as  the  most  favored  and  most 
mysterious  of  vegetable  poisons.  The  name  "Aconitum"  is  applied  to  various  poison- 
ous plants  by  ancient  writers  and  its  derivation  is  uncertain. 

Chemistry. — The  active  principles  of  the  plant  are  contained  in  amorphous  aconi- 
tine,  a  mixture  of  alkaloids  whose  composition  is  not  definitely  known  but  the  action 
of  which  corresponds  to  that  of  the  drug.  Other  species  of  aconitum  and  certain  plants 
of  related  genera,  contain  principles  which  resemble  aconitine  both  chemically  and 
physiologically  and  they  will  receive  brief  mention. 

From  crude,  amorphous  aconitine  can  be  isolated  a  crystalline  alkaloid  aconitine 
(Cj^H^jNOjj).  This  readily  loses  a  molecule  of  acetic  acid  and  becomes  picroaconitine 
or  benzaconine.  From  this  a  molecule  of  benzoic  acid  can  be  split  off,  changing  it  to 
aconine  (C^sH^^NOg).    Aconine  is  a  compound  of  quinoline. 

Aco7iitu7n  ferox  contains  pseudaconitine  (C3gH5jNO,j),  which  resembles  aconitine 
except  that  it  contains  veratrinic^acid  instead  of  benzoic.  Aconitum  japonicum  con- 
tains japaconitine  (Cj^H^^NO^),  which  is  acetyl-benzyl-japaconine.  Aconitum  chas- 
manthicum,  contains  indaeonitine  which  is  acetyl-benzyl-pseudaconin ;  Aconitum, 
paniculatum,  picraconitine;  A.  Septentrionale,  lappaconitine  and  septentrionaline. 
Other  species  contain  similar  alkaloids  most  of  which  are  esters  of  bodies  resembling 
aconine. 

The  alkaloids  of  delphinium,  delphinine,  delpho-curarine,  and  staphisagrine,  re- 
semble the  alkaloids  of  aconite  in  many  respects. 

Most  of  the  alkaloids  mentioned  resemble  aconitine  in  their  action,  but  certain 
of  them,  notably  aconine  and  delphocurarine  induce  a  paralysis  of  the  nerve  endings 
of  voluntary  muscle,  which  overcomes  all  other  actions. 

Japaconitine  is  about  as  toxic  as  aconitine  and  resembles  it  clo-sely  in  action. 
Pseudaconitine  is  more  toxic,  but  delphinine  much  less  so.    Aconine  is  almost  inactive 
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but  large  doses  induce  stimulation  of  the  heart  and  curare  action.  Benzaconine  is 
much  less  toxic  than  aconitine  and  physiologically  stands  between  this  and  aconine. 

Summary  of  Actions  and  Uses. — Aconitine  is  a  general  protoplasm  poison  being 
not  only  toxic  to  organized  animals,  but  also  to  protozoa  and  even  to  plants;  it  has  little, 
if  any,  bactericidal  power. 

In  small  doses  the  only  effect  is  a  stimulation  of  the  cardiac  vagus,  which  leads  to 
slowing  of  the  heart  and  thus  to  a  fall  of  blood  pressure,  which  is  the  most  conspicuous 
feature  of  its  action.  Larger  doses  first  stimulate  and  then  depress  the  respiratory 
center  and  the  vasomotor  center. 

Apart  from  the  action  on  the  medulla,  the  most  important  action  of  aconitine  is  a 
stimulation  followed  by  depression  of  the  sensory  nerve  endings;  this  has  led  to  its 
use  both  topically  and  systemically  as  an  antineuralgic  and  anodyne. 

In  larger  doses  it  depresses  the  heart  by  direct  action  on  the  muscle,  but  this  action 
is  never  seen  with  proper  medicinal  doses,  i.e.,  unless  deliberately  produced  by  a  pur- 
posely large  quantity. 

In  medical  practice  aconite  Is  used  as  a  depressant  of  the  circulation  in  febrile 
cases  with  overactlon  of  the  heart.  It  is  sometimes  of  great  service  in  high  blood 
pressure,  in  mitral  stenosis  with  excessive  cardiac  hypertrophy,  in  certain  cases  of 
Graves'  syndrome  and  in  other  non-inflammatory  conditions  with  unbalanced  circulation. 
In  neuralgia,  the  drug  was  formerly  of  great  importance,  being  used  both  systemically 
and  topically. 

Materia  Medica. — Aconitum  (U.S.X.),  Aconite.  Ahlr.,  Aconit.  Synonyms: 
Aconiti  Radix  (Br.),  Aconite  Root,  Monkshood,  Wolfsbane,  Aconiti  Tuber,  P.  I. 

The  dried  tuberous  roots  of  Aconitum  Napellus  Linn^  (Fam.  Ranunculacece). 
Odor  very  slight;  taste  sweetish,  soon  becoming  acrid  and  developing  a  tingling  sen- 
sation, followed  by  numbness. 

Aconite,  in  the  form  of  the  tincture,  administered  subcutaneously  to  guinea-pigs, 
has  a  minimum  lethal  dose  not  exceeding  0.0004  cc.  of  tincture  for  each  gram  of  body 
weight.  The  U.S.P.  IX  required  that  the  drug  contain  approximately  0.05  percent, 
of  ether-soluble  alkaloids,  and  its  preparations  were  then  adjusted  to  contain  a  pro- 
portionate amount. 

Antagonists  and  Incompatibles. — The  action  of  aconite  is  antagonized  by  heat, 
alcohol,  ether,  turpentine  and  cardiac  stimulants. 

Synergists. — Veratrum  viride  and  all  motor  depressants. 

Dose,  1/2  to  2  grains  (0.03  to  0.12  Gm.). 

AcoNiTiNA  (U.S.  X.),  Aconitine.    Ahhr.,  Aconitin. 

An  alkaloid  (Cj^H^^OuN)  obtained  from  aconite.  It  occurs  in  colorless  or  white 
rhombic  tablets  or  prisms,  possessing  no  odor  and  permanent  in  the  air.  The  alkaloid 
itself  must  never  he  tasted,  and  its  solutions  only  when  largely  diluted,  and  then  with 
the  utmost  caution.  A  drop  of  the  aqueous  solution  of  the  alkaloid  or  its  salts  (1  in 
100,000),  placed  on  the  tongue,  produces  a  tingling  and  numbing  sensation.  One  Gm. 
dissolves  in  28  cc.  of  alcohol,  about  65  cc.  of  ether,  and  in  7  cc.  of  benzene,  at  25°  C; 
very  slightly  soluble  in  water  and  almost  insoluble  in  petroleum  benzin. 

Antagonists  and  Incompatibles. — The  alkali  hydroxides  and  carbonates  of  the 
fixed  alkalis  (not  of  ammonium,  and  not  the  bicarbonates)  precipitate  aqueous  solution 
of  the  salts  of  aconitine;  the  alkaloid  is  decomposed  by  heating  with  acids,  alkalis  or 
water. 

Synergists. — See  under  Aconitum-. 

^ose,  %4o  to  1^0  0  g^ain  (0.0001  to  0.0003  Gm.). 

ExTRACTUM  Aconiti  (U.S.  IX.),  Extract  of  Aconite.  Ahhr.,  Ext.  Aconit.  Syno- 
nym: Powdered  Extract  of  Aconite. 

One  grain  represents  4  grains  of  the  drug  and  contains  2  percent,  of  the  ether- 
soluble  alkaloids. 

Dose,  %  to  %  grain  (0.01  to  0.02  Gm.). 
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FLuroEXTRACTUM  AcoNiTi  (N.F.),  Fluidcxtract  of  Aconite.    Ahhr.,  Fldext.  Aconit. 

One  minim  represents  1  grain  of  the  drug.  Contains  about  70  percent,  alcohol 
and  0.5  percent,  of  the  ether-soluble  alkaloids. 

Dose,  1/4  to  Yi  minim  (0.016  to  0.05  cc). 

TiNCTURA  AcoxiTi  (U.S.  X.),  Tincture  of  Aconite.  Ahhr.,  Tr.  Aconit.  Synonym: 
Aconiti  Tinctura,  P.  I. 

Ten  minims  represent  1  grain  of  the  drug.  It  contains  about  60  percent,  of  alcohol 
and  about  0.07  percent,  of  ether-soluble  alkaloids.  The  Br.  tincture  is  of  50  percent, 
greater  strength. 

Dose,  5  to  15  minims  (0.3  to  1  cc). 

Fleming's  Tincture  of  Aconite  (unofficial). 

One  and  one-half  minim  represents  1  grain  of  the  drug.  It  contains  about  90 
percent,  alcohol  and  about  0.33  percent,  of  ether-soluble  alkaloids.  It  is  much  stronger 
than  the  official  tincture. 

Dose,  1  minim  (0.06  cc),  initially,  to  be  increased  with  care. 

Dentilinimentum  Aconiti  Compositum  (N.F.),  Compound  Dental  Liniment  of 
Aconite.    Ahhr.,  Dentilin.  Aconit.  Co. 

Menthol,  36  percent.;  chloroform,  13.5  percent.;  tincture  of  aconite,  50.5  percent. 

Caution:   not  to  be  confounded  with  the  comf)ound  liniment  of  aconite. 

Dose,  topical  application. 

Dentilinimentum  Aconiti  et  Iodi  Compositum  (N.F.),  Compound  Dental  Lini- 
ment of  Aconite  and  Iodine.  Ahhr.,  Dentilin.  Aconit.  et  lod.  Co.  Synonym:  Refrig- 
erant Counterirritant. 

Menthol,  2.2  percent. ;  iodine,  2.2  percent. ;  chloroform,  16.5  percent,  dissolved  in 
tincture  of  aconite,  about  80  percent. 

Dose,  topical  application. 

Linimentum  Aconiti  (Br.),  Liniment  of  Aconite.    Ahhr.,  Lin.  Aeon. 

An  alcoholic  extract  in  which  camphor  is  dissolved.  One  grain  of  drug  is  con- 
tained in  2V2  minims.  It  has  about  90  percent,  of  alcohol;  0.2  percent,  of  ether 
soluble  alkaloids,  and  3  percent,  of  camphor. 

Dose,  externally,  painted  on  with  camel's  hair  brush  or  diluted  with  Linimentum 
Saponis. 

Linimentum  Aconiti  et  Chloroformi  (N.F.),  Liniment  of  Aconite  and  Chloro- 
form.   Ahhr.,  Lin.  Aconit.  et  Chlorof. 

Fluidextract  of  aconite,  4.5  percent.;  alcohol,  8  percent.;  chloroform,  12.5  percent.; 
soap  liniment,  75  percent.    Mix. 

Dose,  external  use  only. 

Unguentum  Aconitin^  (Br.),  Aconitine  Ointment.    Ahhr.,  Ung.  Aconitin. 

Aconitine,  2  percent. ;  oleic  acid,  16  percent. ;  prepared  lard,  82  percent. 

Dose,  external,  in  an  amount  equal  to  a  medium-sized  pea. 

Oleatum  Aconitine.  (unofficial),  Oleate  of  Aconitine.    Ahhr.,  Oleat.  Aconitin. 

Aconitine,  2  percent.;  oleic  acid,  50  percent.;  olive  oil,  q.s.  to  make  100  percent. 
This  is  of  the  same  strength  as  the  Br.  ointment.  The  preparation  should  never  be 
applied  with  the  unprotected  hand  or  fingers;  a  brush  or  small  swab  should  be  used. 

Dose,  external  use  only,  same  as  Unguentum  Aconitinse. 

Pharmacodynamic  Action:  Absorption  and  EUmination. — Aconitine  and  the  other 
alkaloids  are  readily  absorbed  from  the  mucous  membranes  of  the  mouth,  stomach  and 
bowel,  as  well  as  from  all  exposed  mucosae.  Aqueous  solutions  are  very  slowly  absorbed 
from  the  skin,  but  the* topical  action  is  readily  produced  with  the  help  of  friction.  Oily 
solutions  and  ointments  are  rapidly  absorbed  and  poisoning  must  be  guarded  against 
if  such  are  applied.     From  abraded  surfaces  absorption  also  occurs  freely. 
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Excretion  begins  promptly;  chiefly  in  the  urine  but  also  in  the  saliva  and  to  a  less 
extent  in  the  bile.  From  all  of  these  aconitine  may  be  collected  many  hours  after  the 
dose  was  given. 

Topical  Action. — Applied  to  the  skin  in  oily  solution  or  with  friction,  aconitine 
produces  first  an  irritation  of  the  sensory  nerve  endings  shown  by  tingling  and  formica- 
tion. This  is  succeeded  by  numbness,  which  indicates  a  true  local  anesthesia.  There 
is  no  redness  and  no  tendency  to  blister.  Only  the  nerves  of  pain  and  temperature  sense 
are  stimulated  and  paralyzed. 

In  the  mouth  it  causes  a  sense  of  tingling  followed  by  numbness  of  the  lips,  cheeks 
and  tongue.  This  is  followed  by  an  agreeable  sense  of  warmth  in  the  stomach,  which 
is  followed  by  pain  if  the  dose  be  large.    The  taste  is  bitter  and  acrid. 

Dropped  in  the  eye  it  causes  constriction  of  the  pupils  and,  according  to  Fleming, 
if  applied  to  one  temple,  aconitine  produces  more  or  less  temporary  blindness  of  the 
same  eye  with  dilatation  of  the  pupil. 

Toxicity. — Aconite  is  one  of  the  most  quickly  acting  poisons  known.  A  large  dose 
hypodermically  may  kill  by  stoppage  of  the  heart  within  a  minute  or  even  in  a  few 
seconds  and  even  minimal  fatal  doses  always  kill  within  an  hour.  If  the  drug  is  taken 
by  mouth  death  occurs  within  six  hours,  if  at  all. 

The  symptoms  of  poisoning  depend  on  its  local  irritating  action,  on  the  paralysis 
of  the  vital  centers  in  the  medulla  and  on  the  stimulation  followed  by  paralysis  of  the 
sensory  nerve  endings. 

If  a  large  dose  be  taken  by  mouth  the  burning  and  tingling  of  the  lips  and  throat  is 
followed  by  a  similar  sensation  in  the  tips  of  the  fingers,  which  rapidly  spreads  up  the 
arms,  even  involving  the  entire  body;  this  is  diagnostic.  Pain  in  the  stomach  may  be 
associated  with  vomiting  and  later  diarrhea  with  colic,  and  even  hemorrhagic  stools 
are  not  unusual.  Vomiting  and  diarrhea  may  occur  when  the  drug  is  given  by  injection, 
and  may  be  wanting  after  even  large  doses  by  mouth.  There  is  great  weakness  and 
prostration,  standing  being  often  impossible.  Headache,  compared  to  a  tight  bandage 
around  the  head  is  usual.  Examination  shows  the  patient  lying  flat,  the  face  pallid 
and  anxious;  the  eyes  are  described  as  protruding  or  glaring.  The  pupil  is  usually  con- 
tracted in  the  early  stages.  The  respiration  is  labored,  shallow  and  irregular,  the 
accessory  muscles  being  brought  into  play.  The  skin  is  covered  with  a  cold  sweat  and 
the  body  temperature  is  low.  The  pulse  is  very  slow  and  weak;  often  intermittent  or 
irregular,  and  in  fatal  cases  imperceptible.  The  voice  is  lost,  probably  from  a  direct 
paralysis  of  the  larynx.  If  the  dose  be  very  large  these  symptoms  may  be  followed  by 
convulsions,  which  are  probably  asphyctic  and  during  which  the  pupils  are  dilated.  In 
other  cases  stupor  supervenes  and  death  results  either  from  failure  of  respiration  or 
of  the  heart.     During  the  convulsions  the  pupil  is  dilated. 

Even  in  non-fatal  cases  there  is  often  dulness  or  even  complete  loss  of  sight,  which 
may  come  and  go.  Following  the  tingling  in  the  skin  there  is  a  sense  of  numbness  and 
examination  sTiows  that  there  is  an  obtunding  of  the  sensations,  especially  that  of  pain. 
This  is  found  over  the  entire  skin  and  even  in  the  exposed  mucous  membranes.  In 
animals  the  period  of  weakness  is  preceded  by  restlessness  and  excitement.  Rabbits 
often  jump  high  in  the  air  squealing  loudly.     Dogs  run  about  as  if  in  fear. 

Toxic  Dose. — There  are  wide  variations  in  the  fatal  dose  according  to  circumstances. 
The  dose  by  mouth  is  much  greater  than  by  injection.  In  man  death  has  followed  2  Gm. 
of  the  root  by  mouth,  while  recovery  has  occurred  after  7  Gm.  A  physician  doubting 
his  patient's  statement  that  he  had  been  severely  poisoned  by  6  mgm.  of  aconitine  in 
divided  doses,  took  4  mgm.  at  a  single  dose  and  died  as  a  result.  Robert  describes  an 
experiment  in  which  3  mgm.  of  aconitine  killed  a  horse.  Guinea-pigs  are  killed  by  good 
specimens  of  aconite  root  by  a  dose  of  1  mgm.  for  a  250  Gm.  pig  (0.04  mgm.  per  Gm.), 
and  this  dose  has  been  accepted  as  the  standard  for  the  U.S.P.  X.  Specimens  on  the 
market,  however,  differ  considerably  in  activity,  some  being  almost  ten  times  as  strong 
as  others. 

The  "aconitine"  most  commonly  used  in  medical  practice  is  the  so-called  amorphous 
aconitine,  which  is  a  mixture  of  true  aconitine  with  benzaconine  and  aconine  in  vary- 
ing proportions.  It  is  about  one-tenth  as  toxic  as  pure  aconitine,  and  is  usually  pre- 
ferred, as  the  presence  of  the  other  alkaloids  seems  to  guard  against  the  sudden  cardiac 
failure  which  occasionally  follows  the  use  of  crystalline  aconitine.  Crystalline  (Du- 
quesnel's)  aconitine  is  a  pure  alkaloid,  and  is  one  of  the  most  deadly  substances  known. 
The  daily  dose  in  man  should  not  exceed  1/200  grain   (3.5  mgm.).     Pseudaconitine  is 
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hardly,  If  at  all,  used  medicinally.     It  is  almost  twice  as  toxic  as  pure  aconltine.     Benz- 
aconine  and  aconine  are  relatively  non-toxic. 

The  fatal  dose  per  kilo  for  rabbits  may  be  given  as  approximately:  Crystalline 
aconltine,  0.1  nigm.;  amorphous  aconltine,  1  mgm. ;  benzaconine,  28  mgm.;  aconine,  280 
mgm.     The  fatal  doses  for  frogs  are  somewhat  higher. 

Treatment  of  Poiso7iing. — In  poisoning  by  mouth  the  stomach  should  be  at  once 
emptied  and  hot  drinks,  e.g.,  tea  or  coffee,  given  to  raise  the  temperature  and  hasten 
excretion.  Stimulation  by  strychnine  in  massive  doses  and  by  caffeine  is  also  indicated. 
Atropine  is  a  physiologic  antagonist,  especially  in  the  early  stages,  and  should  be  given 
In  large  dose.  It  acts  by  paralyzing  the  depressor  fibers  of  the  sympathetic,  which 
aconltine  stimulates.  Complete  rest  is  required  and  narcotics  or  ether  may  be  needed 
for  the  convulsions.  Atropine  by  stimulating  the  respiration  will  usually  prevent  them,  \ 
however. 

Habituatiot}. — Rabbits  given  aconite  repeatedly,  eventually  are  able  to  withstand 
doses  much  above  those  usually  toxic.  This  acquired  tolei-ance  has  not  been  shown  in 
man. 

Systemic  Action:  Alimentary. — The  most  striking  action  on  the  digestive  tract  is 
the  topical  action  on  the  mouth,  throat,  and  stomach,  already  referred  to.  The  sense  of 
tingling  of  the  tongue  is  one  of  the  most  delicate  tests  for  the  presence  of  aconite,  and 
the  following  table  shows  the  amount  of  various  preparations  required  to  cause  such 
tingling.  The  material  is  chewed  for  one  minute  and  the  mouth  then  rinsed  with  cool 
water.  Of  crystalline  aconltine  (Duquesnel's)  0.06  mgm.;  of  amorphous  aconitine 
(Merck),  0.8  mgm.;  of  pseudaconitine  0.17  mgm.;  of  the  powdered  root,  6.5  mgm.;  of 
the  powdered  leaf,  60  mgm. 

The  irritant  action  of  all  the  alkaloids  shows  itself  in  the  bitter  acrid  taste,  in  the 
burning  pain  in  the  throat  and  stomach  which  follows  large  doses,  and  in  the  vomiting 
and  diarrhea  which  still  larger  amounts  occasion.  Peristalsis  and  digestion  are  not 
influenced  by  moderately  small  doses. 

Circulation. — In  studying  the  action  of  aconite  on  the  circulatory  organs  it  is  well 
to  remember  that  many  of  the  pharmacodynamic  studies  have  been  made  with  crystalline 
aconitine,  while  most  clinical  observations  have  been  made  with  the  galenical  prepara- 
tions or  with  amorphous  aconitine,  in  which  the  action  is  modified  by  the  presence  of 
the  other  alkaloids. 

Both  the  drug  and  the  alkaloid,  in  any  sufficient  dose,  bring  about  a  fall  of  blood 
pressure  chiefly  due  to  slowing  of  the  heart  and  dependent  first  on  stimulation  of  the 
vagus  center  and  later  on  a  direct  depression  of  the  heart.  In  the  dog  with  the  vagus 
nerve  cut,  a  moderate  dose  causes  a  rise  of  pressure  followed'  by  a  fall.  In  the  rabbit 
this  rise  may  also  be  seen  even  in  the  intact  animal.  * 

Medicinal  doses  have  no  effect  on  the  vasomotor,  center,  but  toxic  doses  cause  a 
stimulation  followed  by  paralysis.  Doses  of  100  mgm.  per  kilcf  in  dogs  cause  an  extreme 
contraction  of  the  splenic  vessels,  greater  than  can  be  caused  by  asphyxia  or  by  sensory 
stimulation  (Pilcher  and  SoUmann).  There  is  no  action  on  the  peripheral  vasomotors 
and  stimulation  of  any  vasoconstrictor  nerve  has  its  usual  effect  even  after  no  reflex 
rise  can  be  obtained. 

Heart. — Aconitine  has  two  chief  -actions  on  the  heart:  (1)  stimulation  of  the 
central  and  to  a  less  extent  of  the  peripheral  vagus,  and  (2)  depression  of  the  peripheral 
vagus  with  increased  irritability  of  the  muscle.  The  first  effect  only  is  seen  with 
moderate  doses,  and  is  manifested  first  under  the  influence  of  toxic  doses,  the  second 
effect  appears  later  and  thus  the  influence  of  a  toxic  dose  may  be  divided  into  two  stages. 
In  the  dog,  the  first  stage  comes  on  about  2  hours  after  a  dose  of  0.15  Gm.  by  mouth  and 
is  succeeded  in  3  to  5  hours  by  the  second  stage. 

1.  The  Inhibitory  Stage. — This  stage  is  characterized  by  extreme  slowing,  a  dose 
of  0.25  mgm.  of  aconitine  may  reduce  the  rate  to  half  its  original  figure.  The  slowing 
16  due  to  prolonged  diastole.  The  ventricular  contractions  are  stronger  at  first  but  soon 
become  weaker.  The  total  output  of  the  heart  is  reduced  from  the  beginning.  The 
diastolic  pause  in  the  auricle  is  even  longer,  and  it  may  stop  in  diastole  for  a  minute  at 
a  time.  In  this  case  the  stimulation  of  the  muscle  becomes  manifest  and  the  ventricle 
beats  independently.  If  the  vagus  nerves  are  cut,  or  atropine  administered  during  this 
stage,  there  is  brief  acceleration  followed  by  slowing. 

2.  The  Irritable  Stage. — Gradually  or  suddenly  the  independent  contractions  of  the 
ventricle  become  more  evident  and  frequent.  At  first  there  is  no  marked  change  in  rate, 
but  soon  the  contractions  become  irregular  both  in  strength  and  rhythm,  and  the  heart 


1318  CARDIOVASCULAE  DEPRESSANTS 

passes  into  a  stage  characterized  by  increased  irritability  of  the  muscle  associated  with 
depression  but  not  full  paralysis  of  the  peripheral  vagus.  The  blood  pressure  falls  but 
becomes  extremely  irregular,  varying  periodically  with  variations  in  cardiac  rhythm. 
Often  strong  contractions  alternate  with  weak,  so  that  only  every  other  beat  is  felt  at 
the  wrist.  The  auricle  and  ventricle  beat  independently  and  often  at  quite  different 
rates.  Later  the  contractions  become  very  weak,  the  ventricle  remaining  in  almost  full 
systole,  the  auricle  in  almost  full  diastole   (Matthews). 

The  isolated  heart  of  the  rabbit  perfused  through  the  coronaries  shows  similar 
changes.  There  is  first  acceleration  with  increase  in  amplitude,  followed  by  heart 
block,  extrasystole,  fibrillation  and  stoppage  in  diastole.  This  is  caused  by  a  dilution 
of  1  to  6,000,000;  1  to  12,000,000  does  not  stop  the  heart.  There  is  no  effect  on  the  flow 
through  the  coronaries  (Chistoni). 

The  heart  of  the  frog  in  situ  shows  a  similar  action.  If  atropine  be  given  as  soon 
as  the  heart  stops  it  will  beat  again  for  a  short  time.  The  isolated  frog  heart  stops 
first  in  systole  and  cannot  then  be  revived  by  washing  with  Ringer  solution  but  relaxes 
under  the  influence  of  an  excess  of  potassium.  During  the  systolic  stoppage  of  the 
ventricle,  the  auricles  show  peristalsis  as  described  under  digitalis.  This  is  brought 
about  by  1  to  500,000.  The  auricles  continue  to  beat  for  some  time  after  the  ventricle 
has  stopped,  if  a  solution  of  1  to  1,000,000  is  used  for  perfusion  of  a  heart  so  fixed  that 
both  auricles  and  ventricles  are  intact  (Hartung). 

Respiration. — There  is  first  stimulation  and  then  depression  of  the  respiratory  center 
and  paralysis  of  the  vagus  nerve.  After  a  moderate  dose  the  respiration  first  becomes 
deep  and  rapid  then  slow  and  gradually  shallower.  Expiration  is  slow  and  there  is  a 
long  expiratory  pause,  like  the  respiration  after  section  of  the  vagus  nerves.  The 
accessory  muscles  are  drawn  into  service  and  there  are  active  expiratory  efforts,  suggest- 
ing attempts  to  vomit.  With  very  large  doses  (0.1  mgm.  per  kilo)  there  is  no  stage  of 
acceleration.  Section  of  the  vagus  nerves  has  no  effect  on  the  respiration  under  aconite 
but  aconite  produces  its  usual  effects  after  section  of  these  nerves.  Atropine  has  no 
effect  during  the  period  of  acceleration  but  during  that  of  slowing  it  causes  acceleration 
and  may  prevent  the  stoppage  of  respiration  which  is  the  cause  of  death  in  barely  fatal 
doses.    Morphine  prevents  the  acceleration  of  the  first  stage   (Chistoni). 

The  paralysis  of  the  muscles  of  the  larynx  which  with  poisonous  doses  may  lead  to 
respiratory  obstruction,  has  already  been  mentioned. 

Temperature. — The  vasomotor  paralysis  of  the  skin  area  increases  the  dissipation  of 
heat  and  thus  leads  to  fall  of  temperature  both  in  normal  and  febrile  individuals.  The 
central  control  is  also  lost  and  if  the  surrounding  air  is  warmer  than  the  body  tempera- 
ture, the  latter  rises  correspondingly. 

The  sweating  is  fadirect,  being  due  to  vasodilatation  or  an  accompaniment  of 
faintness. 

Nerve  System^ — The  most  prominent  effects  of  aconite  on  the  nerve  system  are  the 
stimulation  followed  by  paralysis  of  several  of  the  medullary  centers,  notably  the  respira- 
tory and  vasomotor;  the  stimulation,  likewise  followed  by  paralysis  of  the  motor  root 
cells,  and  the  motor  and  sensory  nerve  endings. 

The  first  nervous  symptom  is  a  peculiar  tingling  which  is  felt  first  in  the  lips,  and 
after  larger  doses  in  the  finger  tips,  from  which  it  spreads  up  the  arm.  Later  it  begins 
in  the  toes,  and  spreading  up  the  leg  may  involve  the  entire  body.  The  sensory  cells  of 
the  cord  are  paralyzed  in  the  frog,  as  reflexes  are  lost  while  voluntary  motion  still 
remains.  In  both  frog  and  mammal,  there  is  stimulation  of  the  motor  nerve  ending, 
shown  by  fibrillation,  which  is  prevented  by  curare  but  not  by  section  of  the  nerves. 
This  stimulation  is  accompanied  or  followed  by  motor  paralysis,  shown  in  mammals, 
by  great  muscular  inertia.  The  isolated  nerve-muscle  preparation  of  the  frog  loses  its 
power  to  respond  to  indirect  stimulation,  in  a  1  to  100,000  solution  of  aconitine  in  about 
three  hours  and  even  to  a  direct  stimulation  in  1  to  20,000  in  4  hours.  Before  paralysis 
there  is  a  period  during  which  the  muscle  shows  the  slow  relaxation  which  is  described 
under  veratrine.  This  contracture,  however,  does  not  occur  under  curare.  To  bring  it 
out,  a  strength  of  aconitine  of  1  to  1000  is  required. 

The  cortex  is  not  affected  even  by  fatal  doses  and  consciousness  is  usually  preserved 
until  just  before  death. 

Special  Senses. — There  is  a  peculiar  effect  on  the  sight,  probably  a  direct  action  on 
the  optic  nerve.  In  the  early  stage  of  poisoning  there  are  apt  to  be  rings  of  colors  and 
later  complete  loss  of  sight,  often  only  momentary,  always  temporary  and  frequently 
recurring. 
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The  pupils  at  first  show  a  peculiar  alternation  of  constriction  and  dilatation  with 
the  former  predominating  until  asphyxia  develops.  Aconitine  rubbed  on  the  temple  is 
said  to  cause  dilatation  of  the  pupils,  most  marked  on  the  corresponding  side,  but 
instilled  in  the  eye  it  produces  constriction   (Fleming). 

Noises  in  the  ears  are  often  complained  of  in  poisoning  but  are  very  likely  circula- 
tory in  origin. 

Urinary. — The  amount  of  urine  may  be  increased  by  small  doses  owing  to  a  circula- 
tory action,  but  the  effect  is  inconstant. 

Benzaconine. — Benzaconine  differs  from  aconitine  in  action.  It  causes  a  fall  of 
blood  pressure  due  to  slowing  of  the  heart.  Heart  block  may  occur  but  there  are  no 
extrasystoles.     The  heart  may  stop  for  a  time  and  then  resume. 

Kespiration  is  depi-essed  by  central  action.  There  is  no  eli'ect  on  the  temperature. 
The  sensory  nerve  endings  are  not  affected  and  there  is  thus  no  tingling  or  numbness. 
The  motor  nerve  endings  are  paralyzed  and  there  is  typical  curare  action. 

Aconine. — Aeonine  resembles  benzaconine  in  action,  having  a  bitter  taste,  but  caus- 
ing no  tingling,  numbness  or  salivation.  The  heart  is  stimulated  and  the  tendency  to 
heart  block  is  less.  The  respiratory  center  is  depressed.  It  paralyzes  the  motor  nerve 
ending  producing  a  typical  curare  action  in  frogs. 

Therapeutics. — Topical. — Aconite  or  its  alkaloid  has  been  applied  to  obtund  the 
pain  of  neuralgia  or  rheumati>sm,  to  relieve  itching,  and  to  abort  inflammation.  In 
toothache  of  intra-alveolar  or  peridental  origin,  painting  the  gum  with  equal  parts  of 
tincture  of  aconite  and  tincture  of  iodine  sometimes  palliates,  but  the  mixture  must 
be  applied  cautiously  lest  a  poisonous  amount  of  aconite  be  swallowed.  This  same  mix- 
ture or  the  aconite  tincture  alone  is  said  to  relieve  the  pain  of  middle-ear  inflammation 
if  painted  over  the  mastoid  process. 

The  liniment  of  aconite  or  that  of  aconite  and  chloroform  is  applied  for  the  relief 
of  pain  in  neuritis  or  neuralgia  or  in  muscular  rheumatism.  In  neuralgia,  especially 
tic  douloureux,  cautious  use  of  the  ointment  or  oleate  of  aconitine  will  prove  more 
effective,  but  in  m,u&ciUar  rheumatism  it  is  safer  to  use  the  liniment  because  of  the 
wide  extent  of  surface  to  be  covered. 

The  tincture  or  fluidextract  may  quiet  the  pain  and  itching  of  chilblains.  The 
fluidextract,  locally  applied,  sometimes  affords  relief  in  pruritus  ani  when  other  anti- 
pruritics fail,  but  there  is  danger  from  absorption  if  it  be  used  too  freely. 

Systemic. — Some  authorities  consider  aconite  too  dangerous  to  be  used  in  effective 
doses ;  and  it  was  indeed,  at  one  time,  prescribed  too  freely  in  infectious  fevers*  and  in 
inflammatory  conditions  of  various  kinds,  with  the  idea  of  preventing  or  overcoming 
congestion  by  diminishing  blood  supply.  Especially  unwise  was  its  use  in  the  pneu- 
monias. Although  there  was  undoubtedly  clinical  evidence  of  its  helpfulness  when  used 
sufficiently  early,  it  was  harmful  when  the  somewhat  uncertain  line  was  crossed;  and 
the  safest  plan  is  to  avoid  it.  The  action  of  aconite  in  reducing  circulatory  activity  is, 
however,  of  considerable  service  in  the  restraint  of  hemorrhages,  and  especially  of  pul- 
monary hemorrhages.  When  used  in  .any  condition  it  must  be  given  at  first  tentatively, 
in  minute  doses  (1  to  2  drops  of  tincture)  every  hour  or  two  so  that  the  effect  of  the 
particular  specimen  of  drug  on  the  individual  patient  may  be  estimated;  after  which  a 
sufficient  dose  (5  to  10  minims)  may  be  ordered  at  intervals  of  3  or  4  hours  or  the 
very  small  frequent  dose  be  continued,  or  the  drug  be  withdrawn,  as  seerae  best.  Careful 
watching  is  always  necessary. 

Aconite  is  sometimes  of  use  in  gastroenteric  disturbances;  thus,  in  actite  gastritis, 
the  tincture  has  been  given  in  doses  of  ^/^  drop  (not  minim)  in  a  tablespoonf  ul  of  water 
every  half  hour.  In  seasickness  and  the  vomiting  of  pregnancy,  drop  doses  hourly 
have  been  advocated,  but  the  practice  is  of  doubtful  merit.  In  cholera  infantum  with 
elevation  of  temperature  the  addition  of  aconite  to  other  remedies  may  hasten  recovery. 
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Aconite  tincture  is  given  by  some  physicians  at  the  onset  of  inflammations  of  the 
respiratory  tract — coryza,  pharyngitis,  tonsillitis,  laryngitis,  bronchitis,  especially  when 
accompanied  with  fever  and  a  small  frequent  pulse.  In  acute  rheumatic  fever, 
it  may  be  associated  with  the  salicylates.  In  the  acute  exanthemata  with  rising  tem- 
perature and  frequent  pulse,  aconite  was  at  one  time  much  employed,  but  should  be 
given,  if  at  all,  in  the  early  stages  only.  In  malaria  a  few  doses  of  aconite  may,  occa- 
sionally, aid  the  action  of  quinine. 

Aconite  was  formerly  much  employed  as  a  cardiac  sedative  in  palpitation,  in  essen- 
tial tachycardia,  in  functional  irregularities  with  high  hlood  pressure,  in  smoker's  heart 
and  in  the  irritable  heart  of  soldiers.  Such  use  is  not  common  at  present.  With  a  weak 
or  overstrained  cardiac  muscle  it  is  indeed  dangerous.  But  when  the  muscle  is  strong 
and  overactive,  aconite,  perhaps  associated  with  bromide,  is  indicated  and  digitalis 
contraindicated.  The  peculiar  field  of  aconite  in  cardiac  disturbances  is,  however,  in 
hypertrophy  of  the  heart,  from  any  cause,  and  especially  when  this  is  associated  with 
high  blood  pressure  or  with  mitral  stenosis.  In  some  cases  of  extreme  high  blood  pres- 
sure, even  without  cardiac  hypertrophy,  nitrites  will  fail,  and  it  may  be  necessary  to 
supplement  them  by  aconite,  given  conjointly  or  alternately  in  some  routine  adapted 
to  the  individual  case.  We  have  given  with  benefit  as  much  as  30  drops  of  the  tincture 
daily,  every  once  in  a  while,  in  such  cases.  In  mitral  stenosis,  the  indication  for  aconite 
is  the  disproportion  between  the  great  cardiac  efFort  and  the  small  pulse  at  the  wrist. 
Beginning  with  1  drop  of  tincture  thrice  daily,  the  dose  is  increased  carefully  and 
gradually  until  the  effect  desired — restoration  of  functional  balance — is  attained ;  per- 
haps to  3  or  even  5  minims  thrice  daily.  It  may  then  be  reduced;  first  in  frequency, 
later,  in  size,  according  to  results.  Such  medication  may  sometimes  be  necessarily 
and  usefully  continued  for  months  and  years,  especially  when  the  patient  is  an  adoles- 
cent. Intermissions  are  often  permissible,  and  are  always  desirable  if  possible.  In 
some  instances,  paradoxical  as  it  may  seem,  aconite  and  digitalis  are  usefully  associated ; 
the  one  to  calm,  the  other  to  steady.  In  children  and  adolescents,  who  suffer  with 
mitral  stenosis  following  rheumatic  fever,  it  is  often  useful  to  administer  tincture  of 
ferric  chloride  coincidently. 

Heart  pains  are  sometimes  relieved  by  aconite,  and  it  is  said  that  angina  pectoris 
may  in  some  instances  be  prevented  by  the  use  of  the  tincture  in  2  or  3  drop  doses 
three  times  a  day.  It  is.  not,  like  amyl  nitrite,  an  emergency  remedy,  but  for  long-con- 
tinued use  is  considered  helpful  by  some  authorities  (F.  P.  Henry). 

In  myalgia  and  neuralgia,  the  internal  use  of  aconite  may  be  associated  with  the 
external  application  of  the  ointment.  Aconitine,  1/500  to  1/200  grain  (0.12  to  0.3 
mgm.),  may  be  given  every  hour  to  every  3  hours  cautiously  till  relief  is  afforded,  or 
failure  evident,  provided  no  ill  effect  upon  the  heart  is  shown. 

AdTfiinistration. — The  tincture  is  the  preparation  of  choice.  Small  doses  frequently 
repeated,  such  as  i/4  to  %  minim  every  half  hour  or  hour,  are  commonly  more  effec- 
tive and  safer  than  larger  doses  at  longer  intervals,  such  for  instance  as  5  minims 
2  or  3  times  a  day,  but  this  is  a  matter  of  judgment  in  the  individual  case,  depending 
on  the  pathologic  condition,  its  acuteness  or  chronicity,  the  age  of  the  patient  (children 
receiving  minute,  closely  spaced  doses),  and  the  special  purpose  of  the  medication.  When 
fever  is  present,  it  may  be  given*  in  liquor  ammonii  acetatis  or  with  sweet  spirit  of  niter. 
Fleming's  tincture,  which  is  several  times  the  strength  of  the  U.S.P.  tincture,  is  best 
avoided  on  account  of  the  danger  of  confusion.  Crystalline  aconitine  represents  the  full 
activity  of  the  drug  and  may  be  given  in  doses  of  1/600  to  1/200  grain  (0.1  to  0.3  mgm.). 
Many  practitioners  prefer  the  "amorphous  aconitine"  which  is  given  in  larger  dose,  but 
is  of  variable  activity. 

The  ointment  or  oleate  of  aconitine  should  be  applied  only  under  the  personal  direc- 
tion of  the  physician  or  of  an  experienced  and  trustworthy  nurse. 
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Veratrum 


Veratrum  viride  is  an  American  plant,  and  the  drug  was  not  introduced  into 
scientific  medicine  until  its  properties  had  been  investi{?ated  by  American  clinicians. 
Like  many  other  native  vef«etable  drugs  it  has  been  praised  extravagantly  by  some, — 
especially  by  practitioners  of  the  Eclectic  school — and  condemned  as  entirely  valueless 
by  others.  It  has  been  called  the  "therapeutic  lancet";  as  H.  C.  Wood  put  it,  "bleeding 
a  man  into  his  own  veins."  A  bitter  controversy  raged  around  its  use  in  pneumonia, 
and  although  it  is  still  employed  in  this  malady,  the  physicians  who  recommend  it  are  a 
small  minority.  Most  tcxtliooks  of  therapeutics  state  that  it  is  similar  to  aconite  in 
action  and  possesses  no  advantages  over  this. 

Veratrum  album  is  a  native  of  southern  Europe  and  was  used  by  the  Greeks 
and  thoir  successors  as  an  emetic  and  purgative.  The  two  species  are  almost  indis- 
tinguishable morphologically  and  chemically,  and  both  are  found  in  the  market  under 
the  name  of  '"veratrum." 

Chemistry. — The  therapeutic  and  to  a  less  extent  the  pharmacodynamic  references 
to  veratrum  are  confused  by  the  existence  of  several  plants  which  contain  mixtures 
of  alkaloids,  resembling  each  other  only  partly  in  their  effects  and  yet  frequently 
spoken  of  as  if  they  were  identical.  The  chief  plants  of  this  group  and  their  alkaloids 
are: 

Veratrum  viride  (Green  hellebore)  containing  as  its  chief  alkaloids  protoveratrine 
(0.03  to  0.08  percent.);  and  of  less  activity  jervine  (0.01  per  cent.).  Even  less  active 
are  ruhijervine  and  veratroidine,  although  the  latter  may  play  an  important  part  in 
the  clinical  use  of  the  drug. 

Veratrum,  alhum  (White  hellebore)  contains  the  same  alkaloids.  It  is  to  be 
emphasized  that  T''.  album  contains  no  veratrine  and  that  V.  viride,  if  it  contains  any, 
has  only  traces.     Protoveratrine  dominates  the  toxic  effects  of  both  species. 

Cevadilla  (Veratrum  sabadilla?)  is  the  source  of  veratrine  which  is  sometimes 
incorrectly  spoken  of  as  the  active  principle  of  veratrum  viride  and  album. 

Veratrine  is  itself  a  mixture  of  alkaloids,  the  chief  of  which  is  cevadine  to 
which  its  action  is  due.  Veratridine,  cevadilline,  sabadine,  and  sdbadinine  are 
present   but   unimportant. 

The  last  two  are  also  found  in  Zygadenus  with  veratralhine. 

Veratroidine  and  veratralhine  are  probably  mixtures  of  some  of  the  other  alkaloids 
named. 

Summary  of  Actions  and  Uses. — Although  these  alkaloids  differ  in  some  respects,  they 
all  have  certain  actions  in  common  which  justify  placing  them  together.  They  all  lower 
blood  pressure  by  action  partly  on  the  vasomotor  center  but  chiefly  on  the  vessel  wall 
associated  with  weakening  of  the  heart  by  direct  action  on  its  muscle.  The  cardiac 
vagus  is  first  stimulated  and  then  depressed  and  paralyzed.  The  respiratory  center  is 
depressed.  Veratrine  also  causes  a  peculiar  alteration  in  the  voluntary  muscles,  leading 
to  a  very  slow  relaxation  after  contraction. 

Veratrum  viride  has  been  advocated  as  a  remedy  in  all  forms  of  disease  associated 
with  acute  inflammation  of  the  viscera,  but  its  chief  employment  has  been  in  acute  lobar 
pneumonia.  Since  the  pneumonias  have  been  recognized  as  primarily  infections,  and 
the  conception  of  the  malady  as  a  pneumonitis — i.e.,  a  "sthenic  inflammation"  to  be  re- 
duced by  blood  letting — has  disappeared,  this  use  of  the  drug  has  materially  lessened. 

Materia  Medica. — Veratrum  Viride  (U.S.  X.),  Veratrum  Viride.  Ahhr.,  Verat. 
Vir.  Synonyms;:  Green  Hellebore,  American  Hellebore,  Swamp  Hellebore,  False 
Hellebore. 

The  dried  rhizome  and  roots  of  Veratrum  viride  Alton  (Fam.  Liliacccv).  Inodorous 
but  sternutatory;  taste  bitter  and  acrid. 
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Antagonists  and  Incompatible s. — Alcohol,  opium  and  ammonia  and  heart  stimu- 
lants. 

Synergists. — Blood-letting,  purgatives,  aconite,  lobelia,  and  the  motor  depressants. 

Dose,  1  to  3  grains  (0.06  to  0.2  Gm.). 

Veratrina  (N.r.),  Yeratrine.     Ahhr.,  Veratrin.     Synonym:    Yeratria. 

A  mixture  of  alkaloids  obtained  from  the  seed  of  Asagrcea  officinalis  (Chamisso  et 
Schlechtendal)  Lindley  (Fam.  Liliacece).  Yeratrine  is  a  white,  or  grayish- white, 
amorphous  powder,  odorless,  but  causing  intense  irritation  and  sneezing  when  even  a 
minute  quantity  reaches  the  nasal  mucous  membrane.  Great  caution  must  he  used  in 
tasting  it.  It  is  slightly  hygroscopic.  One  gram  dissolves  in  1760  cc.  of  water,  2.8  cc. 
of  alcohol,  0.7  cc.  of  chloroform,  and  in  4.2  cc.  of  ether  at  25°  C;  also  in  1345  cc. 
of  water  at  80°  C;  insoluble  in  petroleum  benzin. 

Dose,  %4  to  14 6  grain  (0.001  to  0.004  Gm.). 

Fluidextractum  Yeratri  Yiridis  (U.S.  IX.),  Fluidextract  of  Yeratrum  Yiride. 
Ahhr.,  Fldext.  Yerat.  Yir.    Synonym:  Fluidextract  of  Green  Hellebore. 

Each  minim  represents  0.95  Gm.  of  the  drug,  with  an  alcoholic  content  of  about  72 
percent. 

Dose,  1  to  4  minims  (0.06  to  0.24  cc). 

Oleatum  Yeratrinin^e  (N.F.),  Oleate  of  Yeratrine.  Ahhr.,  Cleat.  Yeratrin. 
Synonym:  Oleate  of  Green  Hellebore. 

Yeratrine,  2  percent. ;  oleic  acid,  50  percent. ;  olive  oil,  q.s.  to  make  100  percent. 

Dose,  external  use  only;  applied  with  a  brush,  not  rubbed. 

TInguentum    Yeratrine    (N.F.),    Yeratrine    ointment.      Ahhr.,    Ung.    Yeratrin. 

Yeratrine,  4  percent.;  expressed  oil  of  almond,  6  percent.;  benzoinated  lard,  90 
percent. 

Dose,  external  use  only,  applied  with  care. 

TiNCTURA  Yeratri  Yiridis  (IJ.S.  X.),  Tincture  of  Yeratrum  Yiride.  Ahhr.,  Tr. 
Yerat.  Yir. 

Each  cc.  represents  IV2  grain  of  the  drug  with  an  alcoholic  content  of  about  90 
percent. 

Dose,  10  to  20  minims  (0.6  to  1.2  cc). 

Warning. — The  tincture  of  veratrum  viride,  IT.S.Y.,  known  as  Norwood's  tinc- 
ture, is  about  10  times  as  strong  as  that  of  the  U.S.P.  X.  The  unofficial  Br.  tincture, 
on  the  other  hand,  is  only  half  as  strong. 

Pharmacodynamic  Action:  Absorption  and  Elimination. — The  veratrum  alkaloids  are 
readily  absorbed  from  the  gastrointestinal  tract  and  somewhat  less  readily  from  other 
mucosae.  Their  absorption  by  the  intact  skin  is  shown  by  the  irritation  to  which  their 
application  gives  rise,  although  general  poisoning  is  not  often  caused.  From  abrasions 
and  ulcers  toxic  absorption  may  occur  and  this  is  to  be  guarded  against  in  the  use  of 
sabadilla  against  skin  parasites. 

Elimination  occurs  almost  entirely  in  the  urine,  and  veratrine  can  be  recognized 
there  by' physiologic  or  chemical  reactions.  When  perfused  through  isolated  organs,  or 
applied  to  muscle  in  vitro,  veratrine  appears  to  be  held  rather  firmly  and  is  not  readily 
removed  by  washing. 

Topical  Action. — Even  to  the  unbroken  skin  veratrum  is  extremely  irritating.  Oint- 
ments applied  with  friction  in  cases  of  pediculosis  capitis  may  give  rise  to  an  extremely 
painful  dermatitis.  Hypodermic  injections  cause  local  edema  with  severe  pain  followed 
by  a  certain  sense  of  numbness.  Even  dilute  solutions  in  the  eyes  cause  severe  pain  with 
lacrymation.  The  powder  of  veratrum  inhaled,  in  even  minute  amounts,  causes  sneez- 
ing, lacrymation,  coryza,  and  even  rhinitis.  Taken  by  mouth,  the  same  irritating  prop- 
erties are  shown  by  burning  pain  in  the  mouth,  throat  and  stomach,  accompanied  by 
nausea  or  vomiting.  Larger  amounts  cause  diarrhea  with  cramps  and  even  inflammation 
of  the  bowel  with  dysenteric,  hemorrhagic  stools. 
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There  does  not  seem  to  be  any  irritation  of  the  kidneys  from  the  excretion  of  the 
various  alkaloids. 

These  irritative  phenomena  occur  with  all  the  alkaloids  of  this  group,  but  are  most 
marked  with  veratroidine  and  least  marked  with  jervine. 

Toxicity. — The  toxic  dose  of  vkratkum  in  man  is  not  well  established,  as  large  doses 
cause  vomiting  which  carries  off  most  of  the  drug.  In  a  feeble  child,  death  resulted  from 
35  drops  of  the  tincture,  but  recovery  has  followed  the  ingestion  of  a  tumblerful  by  a 
robust  man.  In  guinea-pigs  the  average  fatal  dose  subcutaneously  was  found  to  be  0.2 
mgm.  per  gram  (Githens  and  Vanderkleed).  The  fatal  dose  of  different  lots  varied  from 
0.15  to  0.25  mgm.  The  fatal  dose  for  dogs  is  about  50  mgm.  per  kilo  (Wood).  The  fatal 
dose  for  frogs  varies  from  1.4  to  6.5  mgm.  per  gram,  the  average  being  2.5  mgm. 
(Pilcher). 

Protovekatrine  is  fatal  to  rabbits  in  a  dose  of  0.11  mgm.  per  kilo  (Eden).  In  aver- 
age frogs  the  fatal  dose  is  0.2  mgm.  while  in  mice  it  is  only  0.005  mgm.  Cats  and 
dogs  are  killed  by  0.2  mgm.  per  kilo.  Veratroidine  and  jervine  are  much  less  toxic. 
Veratrine  is  fatal  to  frogs  in  a  dose  of  0.5  to  1  mgm.  Rabbits  die  after  2.5  mgm.  per  kilo 
hypodermically. 

The  symptoms  of  poisoning  by  veratrum  begin  with  violent  vomiting,  which  gen- 
erally empties  the  stomach  so  effectively  that  life  is  saved  even  after  enormous  doses. 
There  is  burning  pain  in  the  mouth,  throat,  and  stomach,  followed  by  anxiety  and  giddi- 
ness with  headache.  The  mind  may  be  disturbed,  hallucinations  and  even  mania  occur- 
ring. These  give  place  to  somnolence.  The  pulse  is  very  slow  but  early  in  the  poisoning 
any  exertion  is  succeeded  by  mai'ked  acceleration.  The  heart  is  extremely  weak  and 
auscultation  may  show  that  the  auricles  beat  more  rapidly  than  the  ventricles.  Respira- 
tion is  shallow  and  there  is  oppression  with  inspiratory  dyspnea.  There  is  great  general 
weakness  and  lessened  reflexes.  In  spite  of  this  there  may  be  convulsions,  largely  due 
to  asphyxia.  The  skin  is  cold  and  wet,  the  pupils  dilated  and  the  temperature  very  low. 
These  symptoms  may  all  be  indirect.  Death  occurs  either  from  failure  of  the  respiration 
or  of  the  heart,  both  of  which  are  always  profoundly  depressed.  Respiration  is  likely 
to  stop  first  if  the  dose  is  barely  fatal,  and  the  heart  if  it  is  overwhelming. 

The  toxic  symptoms  from  veratroidine  are  similar. 

Veratrixe  causes  more  weakness  and  less  nausea  and  vomiting  and  abdominal  pain. 
Otherwise  the  picture  is  similar.  If  death  does  not  occur  promptly  a  peculiar  condition 
of  the  muscles  is  noted  consisting  in  a  slow  relaxation  of  any  muscle  which  is  con- 
tracted.    This  gives  all  motions  a  slowness  and  uncertainty  which  is  very  characteristic. 

In  frogs  this  peculiar  stiffness  and  the  great  muscular  weakness  which  accompanies 
it,  are  the  outstanding  features  of  intoxication  by  any  of  the  alkaloids. 

Treatment  of  Poisoning. — Experimentally  it  has  been  shown  that  the  nervous  and 
cardiac  effects  of  veratrum  can  be  overcome  by  calcium,  and  the  chloride  of  calcium  may 
be  given  cautiously  by  injection  as  recommended  for  magnesium  poisoning,  (q.v.)  An 
excess  must  be  carefully  guarded  against.  Atropine  has  been  recommended  but  is  of 
doubtful  value.  Large  doses  of  caffeine,  or  of  tea,  will  excite  excretion  of  the  drug  by  the 
kidneys  and  at  the  same  time  stimulate  the  weakened  heart  and  nerve  system.  Emetics 
are  rarely  needed.  Strychnine  may  be  of  value.  The  patient  should  be  kept  horizontal 
or  with  the  feet  raised  and  external  heat  applied. 

Systemic  Action. — Alimentary. — Little  need  be  added  to  what  has  already  been  said 
as  the  effect  of  veratrum  on  the  alimentary  tract  is  wholly  irritative.  The  vomiting  is 
partly  central,  partly  peripheral,  all  other  symptoms  are  due  to  local  irritation  excepting 
the  reflex  salivation. 

Circulation. — The  most  important  action  of  veratrum  from  a  clinical  standpoint  is 
that  on  the  heart  and  vessels,  but  the  action  seen  clinically  does  not  seem  to  be  entirely 
explained  by  the  experimental  evidence. 

When  a  toxic  or  moderate  dose  of  veratrine  is  given  to  a  mammal,  there  always 
results  a  marked  fall  of  blood  pressure.  In  some  instances  this  is  succeeded  by  a  rise 
which  may  be  from  direct  stimulation  of  the  vasomotors,  or  reflex  from  asphyxia,  or 
dependent  on  muscular  contraction  as  in  convulsions.  The  vasomotor  center  is  soon 
paralyzed  and  also,  though  developing  more  slowly,  the  vessel  walls.  Pilcher  and  Soll- 
mann  state  that  there  is  no  direct  stimulation  of  the  vasomotor  center,  although  Wood 
and  Cushny  believe  that  there  is  a  brief,  primary  direct  stimulation  which  causes  the 
primary  rise  of  pressure. 

The  heart  is  first  slowed  by  stimulation  of  the  vagus  center,  but  soon  becomes  rapid 
by  its  depression.    This  acceleration  gives  place  again  to  slowing  from  direct  action  on 
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the  heart  muscle.  This  second  slowing  is  due  to  a  peculiar  slowness  of  relaxation  fol- 
lowing contraction  which  leads  to  a  prolongation  of  ventricular  systole  resembling  that 
noted  with  digitalis  but  having  a  different  cause.  The  auricle  is  less  affected  by  this 
delayed  relaxation  and  after  a  time  it  is  seen  to  be  beating  at  a  rate  twice  as  fast  as 
that  of  the  ventricle,  every  other  beat  occurring  during  the  continuance  of  the  ventricular 
contraction.  This  peculiar  lengthening  of  systole  is  seen  in  the  isolated  heart  as  well  as 
in  sitti  and  depends  on  direct  action  on  the  muscle.  At  first  the  individual  beats  are 
stronger  than  normal  but  with  large  doses  they  weaken  and  although  the  heart  ceases  to 
beat  at  the  point  between  systole  and  diastole,  it  finally  passes  into  diastole. 

In  the  isolated  heart  of  the  frog  under  normal  conditions  there  are  periodic  altera- 
tions in  tonus  in  addition  to  the  beats.  These  alterations  are  not  usually  seen  in  the 
isolated  mammalian  heart,  but  may  occur  in  rabbit  hearts  lightly  poisoned  with  veratrine 
(Kuliabko).  With  large  doses  the  heart  muscle  passes  into  a  phase  of  prolonged  con- 
traction similar  to  that  seen  in  voluntary  muscle  Kuliabko  suggests  that  the  periodic 
variations  of  tone  as  well  as  the  prolonged  contraction  are  due  to  contraction  of  the 
sarcoplasm  and  that  stimulation  of  this  by  veratrine  would  explain  both  phenomena. 

The  action  of  the  other  alkaloids  is  similar  but  veratroidine  has  no  effect  on  the 
vasomotor  center.  Protoveratrine  and  jervine,  like  veratrine,  cause  stimulation  followed 
by  paralysis. 

Isolated  vessels  perfused  with  veratrine  are  strongly  contracted  by  an  action  on  the 
nerve  elements,  which  is  prevented  by  atropine   (Kondo). 

Respiration. — All  the  alkaloids  induce  weakness  followed  by  paralysis  of  the  respira- 
tion by  a  direct  depression  of  the  respiratory  center,  associated  in  large  doses  with  a 
direct  action  on  the  muscles.  The  action  of  veratrine  on  the  diaphragm  is  the  same  as  on 
voluntary  muscle. 

Contrary  to  other  unstriped  muscle,  rings  of  bronchial  muscle  are  depressed  by 
veratrine  showing  loss  of  tonus  and  more  prompt  relaxation  after  contraction   (Titone). 

Metabolism. — Veratrine  causes  lessening  of  metabolism  by  its  weakening  effect  on 
the  muscle.  This  is  associated  with  a  fall  of  temperature  often  as  great  as  2  degrees 
in  the  normal  animal  and  more  in  fever. 

In  the  frog  there  is  hyperglycemia,  said  to  be  due  to  increased  formation  of  sugar. 

Skin. — Veratrum  and  veratrine  increase  the  secretion  of  the  skin  by  a  direct  action 
on  the  sweat  glands.  The  same  phenomenon  is  seen  in  the  frog,  the  mucus  secretion 
of  the  skin  being  so  increased  that  it  appears  as  if  covered  with  foam.  Later  it  becomes 
abnormally  dry   (Eden). 

Nerve  System. — The  entire  nerve  system  is  affected  by  the  veratrum  alkaloids,  but 
with  veratroidine  and  protoveratrine  the  effects  are  chiefly  on  the  central  nerve  system, 
with  veratrine  on  the  voluntary  muscles. 

Protoveratrine  reduces  reflexes  by  depression  of  the  spinal  centers.  It  has  also  a 
peculiar  action  on  the  nerve  trunk.  If  a  nerve  be  wet  with  protoveratrine  and  an  action 
current  then  set  up  and  registered,  it  is  seen  that  instead  of  returning  promptly  to 
rest,  the  nerve  remains  negative  for  a  long  time.  In  other  words,  the  current  once  set 
up  continues  to  flow  after  the  exciting  stimulus  has  ceased.  The  sensory  nerve  endings 
are  first  stimulated,  burning  pain  resulting,  and  later  depressed,  a  sense  of  prickling  and 
tingling  coming  on.  In  regard  to  the  autonomic  system  it  may  be  repeated  that  small 
doses  stimulate  the  vagus  center  directly  and  depress  the  vasomotor  center,  no  other 
effect  being  noted  if  the  dose  be  of  therapeutic  size  (Cramer). 

Veratrine  has  similar  effects  but  they  are  largely  overshadowed  by  its  remarkable 
action  on  the  muscles.  When  normal  muscle  is  stimulated  by  a  single  shock,  contraction 
occurs  promptly  and  reaches  its  maximum  in  a  fraction  of  a  second,  relaxation  taking 
place  almost  as  quickly.  If  a  muscle  be  poisoned  with  veratrine  the  contraction  occurs 
in  the  normal  manner  but  Instead  of  prompt  relaxation  the  muscle  remains  contracted 
for  several  seconds  and  then  relaxes  gradually.  In  early  or  light  poisoning  there  may  be 
a  prompt  partial  or  almost  complete  relaxation,  followed  by  a  slow  contraction  with  a 
long  pause  and  slow  relaxation.  These  phenomena  are  noted  both  in  the  body  and  in 
isolated  muscles  after  injection  of  veratrine  before  their  removal  or  when  treated  after- 
ward. They  are  not  prevented  by  curare  and  therefore  are  situated  in  the  muscle  fiber 
Itself.  If  a  very  small  dose  of  veratrine  be  given  and  the  muscle  made  to  lift  a  weight, 
the  first  effect  is  a  strengthening  of  the  contraction  shown  both  by  a  greater  shortening 
and  by  ability  to  lift  a  greater  weight.  A  weight  so  heavy  that  it  cannot  be  lifted  by 
the  usual  contraction  is  lifted  by  the  slow   shortening.     In   dilute   solution,   e.g.,   1   to 
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500,000  these  effects  come  on  after  several  hours,  but  there  is  no  spontaneous  contraction. 
In  stronser  solutions  there  is  a  direct  stimulation  and  a  primary  shortening  of  the 
muscle  occurs  without  other  stimulation.  This  may  be  prevented  by  the  presence  of 
an  excess  of  calcium  chloride  (CaClj)  in  the  Ringer  solution  with  which  the  muscle  is 
bathed.  As  this  tends  to  prevent  the  spontaneous  twitchings  which  often  occur  in 
excised  muscle,  it  may  be  that  such  contractions  inaugurate  the  shortening. 

Several  theories  have  been  advanced  to  account  for  the  prolonged  contraction.  The 
first  idea  was  that  it  was  a  tetanus,  but  a  muscle  in  tetanus  will  cause  a  series  of  shocks 
in  the  nerve  of  a  nerve  muscle  preparation  laid  across  it,  and  thus  cause  a  tetanus  in 
the  second  muscle.  This  does  not  occur  with  veratrine,  although  it  does  with  the 
tetanus  caused  by  glycerin,  which  is  similar  in  appearance.  Recent  studies  with  the 
galvanometer  have  shown  that  it  is  an  active  process  and  that  an  action  current  flows 
along  the  nerve  throughout  the  contraction.  The  muscle  and  galvanometer  tracings 
are  exactly  parallel. 

Bottazzi  believes  that  in  all  striated  muscles  there  are  two  contractile  substances, 
the  refractile  substance  which  gives  the  true  contraction  and  the  sarcoplasm  which 
causes  by  its  contraction  slow  changes  of  tonus.  It  is  the  contraction  of  this  latter  which 
by  its  slow  relaxation  gives  rise  to  the  peculiar  veratrine  myogram.  Various  facts  sup- 
port the  view  that  there  is  such  a  substance  and  that  veratrine  raises  its  irritability  so 
that  stimuli  which  normally  do  not  affect  it  are  able  to  cause  it  to  contract.  Santesson 
saw  in  an  isolated  frog  muscle  wet  with  veratrine  rhythmic  contractions  like  those  of 
smooth  muscle.  Electromyograms  of  veratrinized  muscle  show  that  an  active  contrac- 
tion is  in  progress.  The  fact  that  a  greater  weight  can  be  lifted  than  from  the  stimula- 
tion of  tetanizing  currents  in  the  normal  muscle  would  seem  to  show  that  a  different 
substance  is  responsible.  In  any  case  we  must  conclude  that  although  the  shortening 
is  due  to  an  active  contraction  it  is  not  a  form  of  tetanus. 

There  are  other  changes  in  the  nerve-muscle.  If  a  muscle  be  stimulated  until  it  is 
exhausted  and  is  then  treated  with  veratrine  the  contractile  power  is  restored  for  a 
time.  If  a  large  dose  is  given  to  a  frog  it  is  found  that  response  to  indirect  stimulation 
is  lost  while  direct  response  is  still  normal.  In  other  words  there  is  curarization.  There 
is  always  a  certain  latent  period  between  stimulation  and  response  from  both  muscle 
and  nerve  and  Lapicque  has  shown  that  either  of  these  latent  periods  may  be  affected 
by  drugs  independently  of  the  other.  If  one  is  affected  and  the  other  not,  there  results 
a  block  at  the  nerve  ending.  After  giving  veratrine  there  is  shortening  of  the  latent 
period  from  the  nerve  and  muscle  both,  with  small  doses  (0.25  mgm.  per  frog)  but  only 
of  the  direct  stimulation  with  doses  8  times  as  large.  That  this  is  the  explanation  of 
the  curarization  is  indicated  by  the  fact  that  strychnine  which  reduces  the  latent  period 
of  indirect  stimulation,  relieves  the  block  of  the  impulse   (Lapicque). 

Alterations  similar  in  character  to  those  described  are  also  seen  in  smooth  muscle 
under  the  influence  of  veratrine. 

Therapeutics:  Topical. — The  tincture  of  veratrum  may  be  used  externally  for 
the  same  purposes  as  tincture  of  aconite,  over  which,  however,  it  has  no  advantage. 
It  quiets  the  pain  of  neuralgia  and  muscular  rheumatism  and  may  abort  superficial 
inflammation.  In  erysipelas  the  tincture  of  veratrum  is  sometimes  applied  locally  in 
conjunction  with  its  internal  use. 

Systemic. — Veratrum  is  given  to  quiet  tumultuous  and  over-powerful  action  of 
the  heart  in  Graves'  syndrome,  cardiac  hypertrophy,  the  irritable  heart  of  soldiers,  and 
that  of  chronic  tobacco  poisoning.  In  high  blood  pressure,  either  functional  or  that 
due  to  arteriosclerosis  or  nephritis,  it  acts  well,  though  in  the  case  of  sclerotic  and 
contracted  kidney  it  is  not  always  wise  to  lower  the  blood  pressure  unduly  as 
veratrum  may  do  if  given  injudiciously.  It  formerly  enjoyed  a  reputation  as  a  most 
useful  drug  for  the  control  of  puerperal  convulsions.  Veratrum  was  at  one  time 
rogarded  as  a  remedy  of  great  value  in  pneumonia  but  it  has  fallen  into  merited 
disuse  in  that  disease.  Indeed,  it  appears  to  have  lost  its  former  popularity  in  all 
respects,  in  some  undeservedly.  It  is  still  largely  used  by  Eclectic  practitioners  in 
peritonitis,  especially  puerperal  peritonitis,  and  in  all  inflammatory  conditions  of 
sthenic  character  with  full   bounding  pulse  and  high  fever. 
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Administration. — The  tincture  is  a  better  preparation  in  most  cases  than  the  fluid- 
extract.  It  should  in  general  be  given  in  smaller  dose  than  that  recommended  in  the 
U.S.P.,  but  at  frequent  intervals  (1  minim  every  half-hour),  its  effects  being  carefully- 
watched  and  the  drug  being  withdrawn  upon  the  appearance  of  poisonous  symptoms. 

Local  Vasodilators 
Nitrites 

The  introduction  of  nitrites  into  medicine  is  very  recent,  amyl  nitrite  having 
been  used  by  Eiehardson  in  1S65  and  nitroglycerin  soon  after.  Other  nitrites  have 
been  employed  only  in  recent  years. 

Chemistry. — Medicinally,  the  term  "nitrites"  is  applied  to  a  group  of  drugs  which 
either  contain  the  NOj  radical  or  release  it  in  the  organism.  Those  of  chief  medical 
importance  are:  potassium  nitrite,  KNO^;  sodium  nitrite,  NaNOj,-  amyl  nitrite, 
CjHjNOj;  ethyl  nitrite,  C^H^NO,;  and  the  following  nitrates  which  give  rise  to  nitrites 
in  the  body;  nitroglycerin,  C3H,(]Sr03)3;  erjrthrol  tetranitrate,  C.H.CNOg),;  mannitol 
hexanitrate,  C.HgCNOj),.  The  three  last  mentioned  are  broken  up  by  alkalis  into  a 
mixture  of  nitrates  and  nitrites  and  a  similar  change  occurs  in  the  body.  Nitrites  may 
be  formed  from  other  nitrates  in  the  body,  and  nitrite  poisoning  may  result  when  large 
amounts  of  bismuth  subnitrate  are  injected,  e.g.,  as  the  Beck  paste,  in  the  treatment  of 
tuberculous  sinuses.  Nitrite  poisoning  has  also  been  seen  after  the  use  of  bismuth  sub- 
nitrate  for  X-ray  studies  of  the  digestive  tract.  Nitrites  also  may  arise  from  the  action 
of  reducing  bacteria  in  the  intestine,  but  the  amounts  formed  in  this  way  are  never 
large  enough  to  be  important.    Nitrous  oxide  gas  is  taken  up  with  surgical  anesthetics. 

Summary  of  Actions  and  Uses. — The  effects  of  the  nitrites  are  chiefly  three:  (1)  A 
widespread  action  on  the  tissues  innervated  by  the  autonomic  system,  shown  espe- 
cially as  a  dilatation  of  the  arteries;  (2)  a  destruction  of  hemoglobin  with  formation  of 
a  mixture  of  methemoglobin  and  a  little  nitric-oxide-hemoglobin,  and  (3)  an  irritant 
topical  action.    Many  of  their  other  effects  are  secondary  to  one  of  these. 

Their  chief  medical  use  is  to  bring  about  relaxation  of  smooth  muscle,  principally 
in  the  arterioles  as  in  cases  with  high  blood  pressure  or  with  localized  vascular  spasm, 
such  as  angina  pectoris;  but  also  in  enteric,  renal  and  gallstone  colic. 

Materia  Medica. — Potassii  Nitris  (unofficial).  Potassium  Nitrite.  Ahhr.,  Pot. 
Nitris. 

A  white  fusible  and  uncrystallizable  mass,  usually  cast  in  sticks  like  the  hydroxide; 
deliquescent  and  absorbs  carbon  dioxide  from  the  air. 

Antagonists  and  Incompatihles. — The  chlorates,  hypophosphites,  iodides,  sulphides, 
permanganates  decompose  the  nitrites  and  form  nitric  acid.  Antipyrin  and  acetanilid 
cause  color  changes  in  acid  solutions  of  nitrites. 

Synergists. — The  same  as  of  nitroglycerin. 

Dose,  1  to  3  grains  (0.06  to  0.2  Gm.). 

SoDii  Nitris  (U.S.  X.),  Sodium  nitrite.    Ahhr.,  Sod.  Nitris. 

Occurs  as  white  or  nearly  white,  opaque  fused  masses  or  sticks,  or  colorless  trans- 
parent, hexagonal  crystals,  or  as  a  granular  powder,  odorless,  and  having  a  mild  saline 
taste.  Deliquescent,  soluble  in  water  (1  Gm.  in  1.5  ec),  sparingly  soluble  in  alcohol, 
very  soluble  in  boiling  water. 

Dose,  1/2  to  11/2  grain  (0.03  to  0.09  Gm.). 

Amylis  Nitris  (U.S.  X.),  Amyl  Nitrite.  Ahhr.,  Amyl  Nitris.  Synonym:  Amyl 
Nitris  (Br.). 

A  clear  yellowish  liquid  of  a  peculiar  ethereal  fruity  odor  and  a  pungent  aromatic 
taste.  Almost  insoluble  in  water,  miscible  with  alcohol  or  ether.  It  is  volatile  and 
inflammable.    Not  to  be  confounded  with  amyl  nitrate. 

Dose,  by  inhalation,  3  minims  (0.2  cc). 
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Glycerylis  Nitras  (unofficial),  Glyceryl  Trinitrate.  Abbr.,  Glyceryl.  Nitrat. 
Synonyms:  Glonoin,  Trinitrin,  Nitroglycerin. 

An  explosive,  slightly  volatile  liquid,  sparingly  soluble  in  water,  quite  soluble  in 
alcohol. 

Dose,  not  employed  in  medicine  in  its  crude  form,  but  it  is  used  to  prepare  the 
official  spirit  of  nitroglycerin. 

Spiritus  Glycerylis  Nitratis  (U.S.  X.),  Spirit  of  Glyceryl  Trinitrate.  Abbr., 
Sp.  Glyceryl.  Nitrat.  Synonyms:  Liquor  Trinitrini  (Br.),  Solution  of  Trinitrin, 
Spirit  of  Nitroglycerin,  Spirit  of  Glonoin. 

An  alcoholic  solution  containing  not  less  than  1  percent,  nor  more  than  1.1 
percent,  of  C3H,(N03)3.  It  is  a  clear,  colorless  liquid,  having  the  odor  of  alcohol. 
Caution  must  be  exercised  in  tasting  it,  since  even  a  small  quantity  is  liable  to  produce 
a  violent  headache.    The  same  effect  is  produced  when  it  is  applied  to  the  skin. 

Antagonists  and  Incompatible?,. — Alkalis  and  their  carbonates  decompose  nitro- 
glycerin; the  LLS.P.  advises  pouring  a  solution  of  potassium  hydroxide  on  any  of  this 
solution  that  may  be  accidentally  spilled,  otherwise  after  evaporation  of  the  alcohol 
a  highly  explosive  substance  would  be  left.  Vasomotor  and  spinal  stimulants,  such 
as  strychnine,  digitalis,  etc.,  are  physiological  antagonists. 

Synergists. — The  nitrites  in  general;  the  motor  depressants. 

Dose,  1  minim   (0.06  cc),  containing  1/100  grain  of  glonoin. 

Spiritus  ^thylis  Nitritis  (U.S.  X.),  Spirit  of  Ethyl  Nitrite.  Abhr.,  Sp.  ^th. 
Nitrit.    Synonyms:  Spiritus  ^theris  Nitrosi,  Sweet  Spirit  of  Nitre. 

An  alcoholic  solution  of  ethyl  nitrite,  C^HgNO^,  containing  not  less  than  3.5 
percent.,  nor  more  than  4.5  percent,  of  ethyl  nitrite.  A  clear,  mobile  liquid  of  a  pale 
yellow  or  greenish-yellow  color.  Has  a  fragrant,  ethereal,  pungent  odor,  free  from 
acridity,  and  a  sharp  burning  taste.  It  is  volatile  and  inflammable  and  rapidly  decom- 
poses upon  exposure  to  air  and  light.    Alcoholic  content,  about  90  percent. 

Dose,  V'z  to  1  fluidram  (2  to  4  cc). 

Liquor  Ethyl  Nitritis  (Br.),  Solution  of  Ethyl  Nitrite.    Abbr.,  Liq.  Ethyl  Nitrit. 

A  solution  containing  not  less  than  2.5  nor  more  than  3  percent,  by  weight  of 
ethyl  nitrite  in  a  mixture  of  95  parts  by  volume  of  absolute  alcohol,  with  5  parts  by 
volume  of  glycerin. 

Dose,  15  to  60  minims  (1  to  4  cc). 

Tabell^e  Trinitrini  (Br.),  Trinitrin  Tablets.    Synonym:  Tablets  of  Nitroglycerin. 

Tablets  of  chocolate,  each  weighing  4.8  grains,  containing  Vi2  8  grain  of  the 
trinitroglycerin  of  commerce. 

Dose,  1  to  2  tablets. 

Erythrol  Tetranitras  (Br.),  Erythrol  Tetranitrate.  Abbr.,  Erythrol.  Tetranit. 
Synonyms :  Tetranitrin,  Nitro-erythrite. 

Occurs  in  the  form  of  colorless,  crystalline  scales;  insoluble  in  cold  water,  but 
readily  soluble  in  alcohol  and  ether;  decomposed  by  heat  and  exposure  to  sunlight; 
very  liable  to  explosion  and  must  be  manipulated  with  care.  Best  given  in  the  form 
of  tablet. 

Antagonists,  Incotnpatihlcs  and  Synergists. — Same  as  those  of  nitroglycerin. 

Dose,  Vo  to  1  grain  (0.03  to  0.05  Gm.). 

Tabell.e  Erythrol  (Br.),  Erythrol  Tablets.    Synonym :  Tablets  of  Tetranitrin. 

Tablets  made  with  a  chocolate  basis  to  contain  respectively  ^4,  V2  or  1  grain  of 
the  drug. 

Dose,  Yz  to  1  grain  (0.03  to  0.06  Gm.),  which  may  be  increased  by  14  grain  steps 
to  as  much  as  3  grains  daily. 

Antagonists,  Incompatibles  and  Synergists. — Same  as  of  nitroglycerin. 
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Mannitol  Hexanitrate  (unofficial).  Synonyms:  Mannitol  Nitrate,  Hexanitrin, 
Nitromannite. 

The  nitrate  [CgHgCNO,),]  of  the  hexatomic  alcohol,  mannite.  Occurs  in  the  form 
of  colorless  crystals,  insoluble  in  water,  soluble  in  alcohol  or  ether.  It  is  very  explosive 
and  must  be  handled  with  great  care. 

Antagonists,  Incompatihles  and  Synergists. — Same  as  those  of  nitroglycerin. 

Dose,  same  as  Erythrol  Tetranitras,  see  above. 

Pharmacodynamic  Action:  Absorption  and  Elimination.  The  alkali  nitrites  are 
readily  taken  up  from  the  mouth  and  stomach  and  even  more  rapidly  from  the  bowel, 
but  not  by  the  unbroken  skin.  They  are  largely  destroyed  in  the  body,  less  than  30 
percent,  being  eliminated  in  the  urine  as  a  mixture  of  nitrites  and  nitrates.  Much  of 
the  remaining  portion  is  converted  into  ammonia  and  this  substance  plays  a  large 
part  in  nitrite  intoxication   (Harnack). 

Amyl  nitrite  is  usually  given  by  inhalation  as  it  is  promptly  absoi'bed  by  the  lungs. 
It  is  also  taken  up  by  other  mucosae.  It  is  partly  destroyed  in  the  body  and  partly 
eliminated  by  the  lungs. 

Nitroglycerin  is  completely  broken  down  in  the  body  but  probably  exerts  some 
specific  effects  peculiar  to  itself  before  this  occurs.  It  is  eliminated  in  part  as  a  mixture 
of  nitrates  and  nitrites.  It  is  absorbed  by  the  vmbroken  skin  as  well  as  by  all  mucos£e. 
It  may  be  administered  by  inhalation,  or  by  drops  on  the  tongue  which  are  absorbed  in 
the  mouth  or  stomach.  It  may  also  be  given  hypodermically,  as  injections  are  not  at  all 
irritant  or  painful. 

Topical  Action. — The  alkali  nitrites  are  extremely  irritating  in  concentrated  solu- 
tion, such  solutions  when  taken  by  mouth  causing  burning  pain  in  the  throat  and 
stomach,  followed  by  vomiting  and  diarrhea.  Similar  symptoms  follow  even  the  1 
percent,  alcoholic  solution  of  nitroglycerin  if  taken  in  large  dose  and  not  well  diluted. 
Isotonic  solutions  of  sodium  nitrite  are  extremely  irritating  to  the  eye  and  other 
mucosae. 

Toxicity. — The  margin  between  the  effective  and  the  fatal  dose  of  all  these  sub- 
stances is  very  wide.  This  is  largely  because  the  therapeutic  action  of  the  drug  and  its 
toxic  action  affect  different  structures,  the  former  being  due  to  its  influence  on  smooth 
muscle  and  the  latter  to  destruction  of  hemoglobin.  The  chief  action  of  moderate  doses 
is  a  fall  of  blood  pressure  due  to  dilatation  of  the  arterioles,  but  even  with  enormous 
doses,  although  this  may  cause  fainting,  it  is  rarely  fatal,  asphyxia  brought  about  by  the 
alteration  in  the  blood  more  often  endangering  life.  Thus  in  man  2  mgm.  of  nitroglycerin 
by  mouth  may  cause  severe  poisoning,  while  recovery  has  followed  ingestion  of  18  Gm. 
or  more  than  half  an  ounce  of  the  pure  material.  Doses  of  such  magnitude  give  rise 
to  severe  gastroenteritis,  but  this  is  not  often  fatal.  In  the  case  of  nitroglycerin  another 
reason  for  this  wide  margin  arises  from  the  fact  that  drop  doses  are  absorbed  almost 
instantly  from  the  mouth,  while  larger  amounts,  being  swallowed,  are  partly  destroyed 
and  the  rest  is  much  more  slowly  taken  up  from  the  stomach  and  bowel.  Fatal  poisoning 
has,  however,  resulted  from  cerebral  congestion  and  even  hemorrhage,  after  taking  several 
doses  of  10  minims  (0.6  cc.)  of  spirit  of  glonoin  (1  percent.)  at  hourly  intervals. 

The  following  doses  cause  a  comparable  fall  of  blood  pressure:  nitroglycerin,  2  mgm. 
per  kilo;  sodium  nitrite,  100  mgm.;  erythrol  tetranitrate,  80  mgm.;  mannitol  hexani- 
trate, 70  mgm.;  amyl  nitrite  200  mgm.  It  will  be  seen  that  nitroglycerin  is  about  100 
times  as  active  as  amyl  nitrite,  the  official  1  percent,  spirit  acting  as  strongly  as  pure 
amyl  nitrite.  The  comparison  with  the  other  substances  is  less  fair,  as  the  resulting 
depression  lasts  so  much  longer  that  the  total  effect  of  the  doses  mentioned  is  really 
greater.  In  regard  to  the  duration  of  action,  the  following  table,  compiled  from  several 
sources,  gives  an  idea  of  the  relatively  rapid  action  of  the  more  volatile  compounds.  The 
amyl  nitrite  was  given  by  Inhalation,  all  the  others  by  vein. 

The  fatal  dose  of  each  of  these  substances  shows  wide  discrepancies  with  varying 
conditions.  Mice  are  killed  by  0.33  mgm.  of  sodium  nitrite  subcutaneously  per  Gram,  and 
rabbits  by  an  even  smaller  dose  (Haldane).  Dogs  die  with  asphyxial  symptoms  after 
as  little  as  65  mgm.  per  kilo  (Dossin).  Death  results  from  alteration  of  so  large  a 
proportion  of  the  hemoglobin  that  respiration  is  impossible.  Life  can  often  be  pre- 
served by  inhalation  of  pure  oxygen,  which  increases  the  saturation  of  the  remaining 
hemoglobin.    Death  from  nitroglycerin  is  not  due  to  methemoglobin  formation,  and  life 
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Drug. 

Dose 

Miiiutes  Until  Fall. 

Fall 

p.K. 

Begins. 

Maximxivi. 

Ends. 

mm. 

Amyl  nitrite 

0.2 

0.002 

0.1 

0.05 

0.1 

V2 

2 

8 

15 

12 

3 

8 

25 

30 

100 

7 

.10 

120 

240 

300 

15 

Nitroglycerin 

15 

Sodium    nitrite 

18 

Erythrol  tetranitrate 

Mannitol  hexanitrate 

16 
35 

is  not  saved  by  putting  small  animals  in  an  atmosphere  of  pure  oxygen  (Haldane).  No 
deaths  have  been  reported  from  erythrol  tetranitrate  or  mannitol  hexanitrate.  Fatal 
poisoning  with  severe  lesions  of  the  liver  and  kidneys  resulted  from  inhalation  within 
4  days,  of  36  ampules  of  amyl  nitrite,  each  containing  0.2  Gm.  (gr.  3)  (Vialard  and 
Lancelin). 

The  symptoms  of  poisoning  by  any  of  the  nitrites  are  first  an  excessively  severe, 
throbbing  headache  due  to  dilatation  of  the  arteries  of  the  head,  especially  those  of  the 
meninges.  This  is  likely  to  be  followed  by  nausea  and  vomiting  and  if  the  drug  is  taken 
by  mouth,  by  diarrhea.  Dizziness  and  faintness  supervene  and  there  may  be  hallucina- 
tions. Muscular  tremors,  especially  of  the  masseter,  may  be  noted.  Rarely  convulsions 
occur  but  it  is  probable  that  these  are  largely  if  not  entirely  asphyxial. 

Treatment  of  severe  acute  intoxication,  with  profound  alteration  of  the  blood,  is  of 
little  avail,  but  compressed  oxygen  should  be  inhaled  in  order  to  increase  the  amount  in 
the  blood,  as  in  two  atmospheres  pressure  of  pure  oxygen,  the  plasma  can  carry  enough 
to  support  life,  and  any  unaltered  hemoglobin  will  be  kept  at  full  saturation.  Stimula- 
tion, especially  by  epinephrine  and  pituitrin,  may  be  given  as  indicated. 

Chronic  Poisoning. — There  is  a  form  of  chronic  poisoning  seen  in  workers  in  nitro- 
glycerin which  is  extremely  painful  but  not  dangerous  to  life.  It  begins  often  with  an  at- 
tack of  blindness  but  this  is  soon  succeeded  by  a  headache  of  extreme  severity,  absolutely 
preventing  sleep  and  worse  on  lying  down  or  stooping.  Vomiting  is  frequent  and  dizzi- 
ness often  noted.  The  head  throbs  and  feels  as  if  a  band  were  drawn  tightly  about  it. 
The  heart  is  usually  slow  but  tachycardia  results  from  the  least  exertion.  In  rare  cases 
a  sort  of  acute  mania  develops  with  quarrelsomeness  and  even  homicidal  impulses.  This 
mental  derangement  is  much  more  apt  to  occur  in  alcoholics,  and  the  mania  which  results 
from  acute  alcoholism  on  top  of  nitroglycerin  poisoning  is  very  severe  and  persistent. 
Such  attacks  last  from  a  few  hours  to  as  much  as  two  days,  but  after  having  one,  the 
workers  are  generally  immune  as  long  as  they  are  continually  exposed  to  the  dust  or 
fumes.  If  they  leave  the  shop  even  for  a  day,  however,  an  attack  may  develop  on  re- 
entering it.  Some  persons  show  such  symptoms  only  after  prolonged  exposure,  while 
others  are  so  susceptible  that  merely  shaking  hands  with  a  workman  who  has  been 
handling  nitroglycerin  will  bring  on  an  attack. 

Habituation. — As  mentioned  under  chronic  poisoning,  after  prolonged  exposure  there 
develops  a  sort  of  immunity  or  habituation  to  nitroglycerin,  and  the  toxic  effects  no 
longer  occur  while  exposure  continues.  Virtually  the  same  phenomenon  is  sometimes 
observed  in  patients  who  are  taking  any  of  the  nitrites.  At  first  a  dose  of  half  a  drop 
of  1  percent,  nitroglycerin  will  cause  throbbing  in  the  head  and  a  fall  of  blood  pressure, 
but  after  taking  a  drop  six  times  a  day  for  5  to  10  days  the  effect  is  no  longer  seen,  and 
even  large  doses  (10  cc.  of  1  percent)  may  be  ineffective.  In  such  instances  the  drug 
must  be  discontinued  for  several  days,  when  the  original  sensitiveness  Will  ordinarily 
return. 

Wide  variations  in  susceptibility  are  also  seen  in  normal  individuals,  a  dose  which 
causes  merely  slight  lowering  of  tension  in  one  person,  may  in  another  cause  violent 
throbbing  of  the  head  with  irregular,  even  tumultuous,  heart  action  and  faintness. 

Systemic  Action. — Alimentary. — The  irritant  action  of  large  doses  of  nitrites  and 
of  nitroglycerin  on  the  gastroenteric  tract  gives  rise  to  pain  and  indigestion.  The  secre- 
tion of  saliva  is  increased,  apparently  by  a  direct  action  on  the  gland  cells.  The  nerve 
endings  of  the  chorda  tympani  (the  secretory  nerve)  appear  to  be  paralyzed,  as  stimula- 
tion of  this  nerve  causes  no  increase  in  saliva  after  administration  of  nitrites  (Froelich 
and  Loewi). 

All  the  nitrites  check  peristalsis  by  a  paralyzing  action  on  the  muscle  of  the  bowel 
wall.  Rabbits  given  acetate  of  lead  show  cramplike  contractions  of  the  bowel  wall  which 
are  promptly  checked  by  inhalation  of  amyl  nitrite    (Hirschf elder).     In  colic  in  man 
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the  results  of  its  use  have  not  been  very  encouraging.  In  line  with  the  relaxation  of 
the  bowel  is  the  loss  of  tonus  seen  in  the  isolated  gall-bladder  under  the  influence  of 
sodium  nitrite. 

Blood. — Nitrites  and  other  nitro  compounds,  as  already  stated,  destroy  the  blood 
with  the  formation  of  methemoglobin  and  a  smaller  amount  of  nitrous-oxide  hemoglobin. 
In  fatal  poisoning  by  nitrites  this  alteration  is  the  cause  of  death.  Haldane  found  that 
in  a  rabbit  given  0.13  Gm.  of  sodium  nitrite,  per  kilo.,  53  percent,  of  the  blood  was 
changed  to  methemoglobin  in  48  minutes.  Mice  given  0.33  mgm.  per  Gm.  died  in 
30  minutes,  but  survived  if  kept  in  pure  oxygen  under  pressure.  This  shows  that  death 
is  solely  due  to  destruction  of  the  blood.  Mice  inhaling  amyl  nitrite  had  similar  changes 
in  the  blood  and  recovered  unless  so  much  was  given  that  the  amyl  radical  itself  caused 
death.  Winkler  states  that  if  amyl  nitrite  is  saturated  with  CO,  before  inhalation  it 
loses  to  a  great  extent  its  action  on  the  hemoglobin,  but  not  on  the  vessels.  It  thus 
causes  the  usual  fall  of  pressure  but  is  much  less  toxic. 

Circulatory  System.— The  most  striking  action  of  all  the  nitrite  bodies  is  the  fall 
of  blood  pressure  which  follows  their  use.  This  is  entirely  dependent  on  a  paralyzing 
action  exerted  on  the  walls  of  the  blood  vessels  and  probably  on  the  muscle  itself.  The 
effect  is  seen  equally  in  situ,  in  perfusion  of  isolated  organs  and  in  strips  of  vessel  wall. 
There  is  some  difference  of  opinion  in  regard  to  the  relative  effect  on  different  vascular 
areas.  The  most  susceptible  vessels  seem  to  be  those  of  the  skin  of  the  head  and  neck  (as 
in  emotional  blushing),  and  of  the  brain  and  meninges.  Probably  larger  doses  are  re- 
quired to  cause  dilatation  of  the  coronary  vessels  and  renal  arteries  and  even  larger  for 
the  splanchnic  area  and  the  arteries  of  the  legs.  Schloss,  studying  the  outflow  of  blood 
from  a  cannula  in  the  coronary  vein  of  a  cat,  found  that  the  flow  increased  with  the  first 
fall  in  pressure,  showing  dilatation  of  the  vessels.  As  the  circulation  failed,  the  flow 
decreased  notably  but  as  the  pressure  rose,  it  again  increased  and  remained  greater 
than  before  the  injection,  after  the  pressure  had  returned  to  normal,  showing  that  the 
effect  on  the  coronaries  lasted  longer  than  on  other  vessels.  Similar  differences  in  effect 
on  different  vascular  areas  are  pointed  out  by  Rzentkowski  who  found  that  in  man  there 
is  a  dilatation  of  the  skin  vessels  from  doses  which  cause  no  fall  of  pressure,  and  thus 
there  must  be  contraction  of  other  arteries,  probably  splanchnic.  In  cases  of  arterio- 
sclerosis with  high  blood  pressure,  amyl  nitrite  causes  a  much  more  marked  fall  than 
in  normal  men,  showing,  according  to  the  same  author,  that  in  this  condition  the 
splanchnic  arteries  are  already  contracted  and  thus  cannot  contract  further  to  equalize 
the  circulation.  The  rigidity  of  the  arterial  walls,  which  is  present  in  arterial  sclerosis 
and  causes  a  plateau  in  systole  in  the  sphygmogram,  is  removed  by  nitroglycerin  and  the 
plateau  disappears  (Vaquez).  The  effects  on  blood  pressure  in  cases  of  arteriosclerosis 
are  proportionate  to  the  height  of  the  blood  pressure,  the  same  percentile  fall  occurring 
as  in  normal  persons  (Wallace  and  Ringer,  Matthew).  In  cases  with  high  pressure  due 
to  some  temporary  condition  the  fall  is  much  greater  (Vaquez).  Vaquez  giving  sodium 
nitrite  to  patients  with  arteriosclerosis,  and  measuring  the  pressure  in  the  radial  and  in 
the  capillaries  of  the  tip  of  the  finger,  found  that  the  fall  of  pressure  was  greater  in  the 
capillaries  than  in  the  arteries.  Dmitrenko  giving  nitroglycerin  under  similar  condi- 
tions found  exactly  the  opposite.  As  the  circulation  was  freed  by  dilatation  of  the  radial 
artery,  the  capillary  pressure  rose  as  the  radial  fell.  Whether  this  is  due  to  differ- 
ence between  nitroglycerin  and  sodium  nitrite  is  not  certain  but  Vaquez  has  pointed 
out  that  there  may  be  differences  between  members  of  the  group,  amyl  nitrite  caus- 
ing marked  dilatation  of  the  retinal  vessels  and  nitroglycerin  having  almost  no  such 
action. 

Heart. — The  primary  effect  on  the  heart  is  acceleration.  This  is  entirely  central  and 
is  partly  due  to  depression  of  the  vagus  center  and  partly  to  stimulation  of  the  accelerator 
center  (Dossin).  The  cardiac  output  is  likely  to  be  increased  by  this  acceleration  and 
dogs  given  0.1  c.c.  of  spirit  of  glonoin  per  kilo  show  a  marked  improvement  also  in  the 
force  of  the  beats,  especially  if  the  heart  were  fatty  and  feeble  (MacNider).  The 
isolated  heart  perfused  with  sodium  nitrite  becomes  slower  and  stronger  at  first  but 
gradually  weakens,  and  0.24  percent,  of  amyl  nitrite  also  causes  marked  weakening  of 
the  beats,  which  are  stopped  entirely  by  0.4  percent. 

Pulmonary  Vessels. — Although  all  the  arteries  of  the  systemic  circulation  are  dilated 
by  nitrites,  the  pulmonary  artery  appears  to  be  constricted.  Isolated  rings  of  pulmonary 
artery  contract  when  nitrites  are  added  to  the  fluid  (Macht).  The  exposed  lungs  are 
seen  to  blanch  as  the  systemic  pressure  falls  (Petitjean)  and  the  pressure  in  the  pulmo- 
nary artery  rises  (Wood).    According  to  Love  and  McGuigan,  however,  nitrites  dilate  the 
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pulmonary  arteries,  but  pulmonary  arterial  pressure  may  rise  by  reason  of  augmented 
cardiac  output  from  increased  return  of  venous  blood  to  the  heart. 

Respiration. — Nitrites  cause  slowing  of  respiration  associated  with  increased  depth. 
This  leads  to  increase  of  volume  per  minute  and  is  entirely  central  as  shown  by  applica- 
tion to  the  center  (Hooker  and  Macht).  The  bronchial  muscles  are  relaxed,  leading  to 
dilatation  of  the  excised  bronchial  ring  (Titone).  In  situ  Baehr  and  Pick  found  that 
the  bronchial  spasm  caused  by  peptone  was  relaxed  by  aniyl  nitrite  but  not  by  other 
nitrites,  and  they  believe  that  the  effect  is  due  to  the  narcotic  action  of  the  amyl  radical. 

Metabolism. — Nitroglycerin  given  in  moderate  dose  to  dogs  causes  an  increase  in 
metabolism,  shown  by  the  greater  output  of  total  nitrogen  and  urea.  The  total  quantity 
of  urine  is  also  increased.  The  dogs  gain  in  weight  in  spite  of  the  increased  metabolism 
(Surveyor). 

"With  toxic  doses  rabbits  show  a  fall  of  temperature,  slight  in  normal  animals  but 
very  marked  in  those  with  heat  puncture.  This  fall  is  chiefly  due  to  dilatation  of  the 
vessels  of  the  skin. 

Nerve  System. — The  nitrites  in  small  dose  have  no  direct  effect  on  the  nerve  system, 
apart  from  the  medulla.  In  large  doses  they  cause  a  stimulation  of  the  motor  centers  in 
the  brain  and  cord,  but  it  is  possible  that  this  may  be  partly  due  to  dilatation  of  the 
vessels  of  the  brain  and  meninges  and  partly  to  asphyxia.  Nitroglycerin  is  especially  apt 
to  produce  such  symptoms.  Psychic  excitement  is  seen  in  the  chronic  industrial  poisoning 
with  this  substance.  In  the  frog  there  is  depression  of  the  motor  cells  of  the  cord,  but 
this  has  not  been  shown  in  mammals. 

Sodium  nitrite  has  no  effect  on  the  nerve  trunk,  but  if  the  voluntary  muscle  of  a 
frog  is  immersed  in  Ringer's  solution  containing  1:500  NaNO,  both  direct  and  indirect 
irritability  are  lost  in  20  minutes.    No  such  effect  is  seen  in  the  body  (Pigorini). 

In  the  sympathetic  nerve  system,  the  nitrites  have  a  specific  paralyzing  action  on 
the  endings  of  all  inhibitory  nerves.  There  is  thus  paralysis  of  the  vagus  endings  in  the 
heart,  of  the  endings  of  the  chorda  in  the  parotid,  of  the  dilator  fibers  of  the  tongue 
vessels  in  the  lingual  nerve,  of  the  vagus  fibers  which  cause  relaxation  of  the  cardia,  etc. 
(Froehlich  and  Loewi). 

There  is  rise  in  intraocular  tension  and  in  the  pressure  of  the  cerebrospinal  fluid. 

Urinary. — The  nitrites  have  no  direct  action  on  the  renal  cells  but  cause  diuresis 
by  dilating  the  renal  arteries  and  increasing  the  flow  of  blood. 

Applied  to  the  muscle  of  the  ureter  in  vitro,  sodium  nitrite  first  causes  a  contraction, 
but  in  even  moderate  concentration  soon  destroys  its  contractility  (Macht). 

Therapeutics: — Pot.\ssii  Nitris. — This  salt  is  unofficial  and  is  less  frequently 
employed  than  others  of  the  vasodilator  group.  It  may  be  given  to  equalize  the 
cerebral  circulation  in  migraine,  to  reduce  high  blood  pressure  not  dependent  upon 
renal  disease,  to  relieve  the  asthmatic  paroxysm,  and  as  a  prophylactic  of  epileptic 
attacks. 

Administration. — The  drug  is  best  given  in  powder  form  mixed  with  potassium 
nitrate  and  potassium  carbonate  in  the  proportion  of  y^  grain,  18  grains  and  25  grains; 
one  such  powder  to  be  taken  in  a  glass  of  water  every  morning  to  lower  blood  pressure 
and  reduce  the  frequency  of  attacks  of  epilepsy  or  migraine. 

SoDli  NiTRis. — As  in  the  case  of  the  potassium  salt,  the  effect  of  sodium  nitrite 
appears  slowly  but  is  more  lasting  than  that  of  amyl  nitrite.  The  salt  is  given  for 
the  same  purpose  as  potassium  nitrite  and  also  to  arrest,  if  possible,  the  paroxysms 
of  angina  pectoris. 

Administration. — It  may  be  given  in  tablets  of  y^  to  1  grain  each;  when  there  is 
more  or  less  continuous  heart  pain  3  to  5  grains  of  sodium  iodide  may  be  added  to  each 
tablet.     One  such  tablet  may  be  given  every  two  or  three  hours. 

Amylis  Xithis. — This  is  the  best  preparation  of  the  nitrite  group  to  cut  short 
an  anginal  attack  because  of  its  prompt  action  when  inhaled;  its  effects  are,  however, 
very  evanescent  so  that  it  is  of  little  service  in  reducing  blood  pressure.  It  may  also 
be  inhaled  at  the  instant  of  the  aura  to  avert  an  epileptic  attack.  Inhalation  of 
amyl  nitrite  has  been  advised  in  the  treatment  of  asthma  and  of  seasickness,  but 
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the  more  slowly  acting  salts,  because  of  their  more  lasting  effect,  are  preferable  in 
these  conditions.  Hare  advises  its  use  in  hemoptysis  on  the  theory  that  the  pul- 
monary vessels  are  contracted  in  this  condition  while  the  visceral  arterioles  aru 
dilated;  the  amyl  nitrite  relieves  the  pressure  in  the  pulmonary  vessels  and  the 
bleeding  therefore  ceases.  On  the  same  theory  of  local  arteriospasm  the  inhalation 
of  amyl  nitrite  has  been  suggested  in  cerebral  hemorrhage. 

Administration. — Amyl  nitrite  is  practically  always  given  by  inhalation.  For  this 
purpose  it  is  enclosed  in  glass  pearls  each  holding  3  minims  (0.2  cc);  when  the  occasion 
demands  one  of  these  pearls  is  crushed  in  the  handkerchief  and  the  amyl  nitrite  is 
inhaled. 

Glycerylis  Nitras. — Nitroglycerin  is  the  most  generally  useful  of  the  nitrite 
group.  (As  has  been  explained  above,  the  three  nitrates  in  this  group  are  broken 
up  within  the  body  into  nitrates  and  nitrites  and  so  have  the  same  action  as  the 
nitrites.)  Its  action  is  slower  than  that  of  amyl  nitrite  but  it  is  more  prolonged, 
and  if  the  drug  is  placed  beneath  the  tongue  it  will  be  quickly  absorbed,  the  effect 
being  evident  within  a  minute  or  less.  In  acute  attacks  of  weak  or  irregular  heart 
action  nitroglycerin  is  one  of  the  most  effective  and  certain  remedies  we  possess. 
Given  in  small  doses,  1/300  to  1/200  grain  (Vs  to  y2  minim  of  the  spirit)  every  hour 
or  half  hour,  it  will  often  relieve  the  dyspnea  and  remove  the  feeling  of  vertigo 
and  faintness  in  myocardial  weakness  or  aortic  stenosis  as  no  other  remedy  can. 
The  angina  pectoris  "habit"  may  sometimes  be  broken  up  when  the  attacks  are  not 
caused  by  pronounced  aortic  or  cardiac  lesions.  The  drug  may  be  used  with  gratify- 
ing results  sometimes,  in  seasickness,  migraine,  and  asthma,  but  its  action  is  too 
slow  for  it  to  be  of  use  in  warding  off  a  threatened  epileptic  seizure. 

In  Bright's  disease,  nitroglycerin  in  small  and  repeated  doses  may  improve  the 
symptoms  by  relieving  the  heart  of  the  burden  of  forcing  the  blood  through  the 
contracted  small  vessels,  and  also  by  dilating  the  vessels  may  exert  a  beneficial 
diuretic  effect;  at  the  same  time  the  dangerously  elevated  blood  pressure  is  reduced. 

Administration. — The  spirit  is  the  only  preparation  of  nitroglycerin  used  in  thera- 
peutics. It  may  be  taken  in  liquid  form  but  more  frequently  is  given  in  tablets  of  sugar 
of  milk,  each  tablet  having  been  moistened  with  one  drop  or  a  half  drop  of  the  spirit. 
This  is  a  convenient  form  of  administration  if  the  tablets  are  freshly  prepared,  but  the 
nitroglycerin  evaporates  and  the  tablets  become  inert  if  left  too  long.  A  better  prepara- 
tion is  that  of  a  coated  granule  impregnated  with  a  fraction  of  a  drop.  The  coating 
prevents  evaporation  and  if  the  granule  is  crushed  in  the  mouth  and  pushed  under  the 
tongue  absorption  will  be  rapid.  The  granules  can  be  made  of  any  strength  desired  and 
will  retain  their  efficacy  for  many  months.  The  effect  will  be  obtained  somewhat  more 
rapidly  if  a  few  grains  of  sugar  are  moistened  with  a  drop  of  the  spirit  at  the  time  the 
dose  is  to  be  taken.  The  convenience  of  the  granules  is  that  they  can  be  carried  in  a 
vial,  one  being  taken  as  needed,  wherever  the  patient  may  happen  to  be  at  the  time. 

Erythrol  Tetranitrate  may  be  given  instead  of  nitroglycerin  when  duration 
of  effect  is  more  important  than  rapidity  of  action.  The  remedy  takes  effect  in  about 
15  minutes  and  its  action  continues  for  some  three  hours  or  longer.  In  the  treat- 
ment of  an  attack  of  angina  pectoris  a  dose  of  erythrol  tetranitrate  may  be  given 
at  the  same  time  with  or  a  few  minutes  after  an  inhalation  of  amyl  nitrite  with 
the  object  of  prolonging  the  period  of  arterial  relaxation.  It  is  useful,  also,  in  doses 
of  ^2  grain  (0.03  Gm.)  every  four  hours,  in  the  prevention  of  angina  pectoris  and 
breaking  up  the  anginal  "habit." 

Mannitol  Hexanitrate  is  very  similar  to  erythrol  tetranitrate  in  its  therapeutic 
action  which  is,  however,  a  little  less  powerful  and  a  little  more  prolonged.  Its  effects 
appear  in  from  15  minutes  to  an  hour  and  last  usually  for  6  to  7  hours.  Because 
of  this  long  duration  of  its  therapeutic  action,  requiring  a  less  frequent  repetition 
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of  dose,  mannitol  nitrate  is  preferable  to  nitroglycerin  in  the  treatment  of  high  blood 
pressure  and  as  a  prophylactic  of  angina  pectoris. 

Admi)iist7-atioti. — There  is  sometimes  difficulty  in  obtaining  the  drug  in  this  country. 
In  the  English  market  it  is  found  in  VI,  V'2  and  1  grain  chocolate  tablets  which  may  be 
given  by  steps  of  14  grain  up  to  3  grains  daily. 

Central  Vasodilators 
Mistletoe 

The  European  mistletoe  (Viscuni  album)  has  gained  a  limited  use  to  reduce  high 
blood  pressure,  especially  of  the  "essential"  or  "functional"  type.  Chemical  studies 
have  shown  a  large  number  of  constituents,  among  them  an  alkaloid,  a  saponin,  a 
sapotoxin  and  parahydroxyphenylethylamine.  The  action  of  the  drug,  which  is  ob- 
tained in  characteristic  manner  only  from  extracts  of  the  fresh  plant,  is  complex,  as 
might  be  anticipated.  There  is  first  a  brief  rise  of  blood  pressure  (probably  due  to  the 
amine),  followed  by  a  profound  and  prolonged  fall,  probably  due  to  depression  of  the 
vasomotor  center  (Fubini  and  Antonini)  by  the  sapotoxin  or  alkaloid.  Chevalier, 
however,  points  out  that  the  plant  contains  large  amounts  of  magnesium  and  of 
potassium,  and  states  that  preparations  from  which  these  are  absent  do  not  bring  about 
the  characteristic  fall.  The  vagus  center  is  paralyzed  by  large  doses,  and  probably  also 
the  peripheral  vagus  (Gaultier).  The  voluntary  muscles  of  the  frog  are  directly 
paralyzed  and  become  stiff  after  injections  of  the  watery  extract.  Given  as  an  aqueous 
extract  by  vein,  0.15  Gm.  per  kilo  is  fatal  to  a  dog.  Subcutaneously,  such  an  extract 
causes  great  local  irritation  but  much  greater  amounts  are  required  to  cause  systemic 
poisoning.  Given  by  mouth  to  dogs  and  to  guinea-pigs,  it  has  no  apparent  effect  except 
gastroenteric  irritation. 

The  American  mistletoe  {Phoradendron  flavescens)  has  been  found  to  cause  con- 
traction of  the  uterus  and  to  raise  blood  pressure,  apparently  closely  resembling  ergot 
in  its  effects,  but  being  less  powerful.  The  plant  contains  phenylethylamine,  which 
may  account  for  its  activity. 

Materia   Medica. — Viscum    (unofficial),   European   Mistletoe. 

The  bark  and  shoots  of  Viscum  album  Linne  (Fam.  Loranthace<e) .  An  evergreen, 
parasitic  shrub,  growing  on  various  trees,  particularly  fruit  trees.  It  should  not  be 
confused  with  the  American  mistletoe,  phoradendron. 

Dose,  3  grains  (0.2  Gm.)  daily. 

Phoradendron  (unofficial),  American  Mistletoe. 

The  bark,  leaves  and  tops  of  Phoradendron  flavescens  (Pursh)  Nutt  (Fam. 
Loranthacece) .     A  parasitic  shrub  similar  to  the  European  mistletoe. 

Dose,  V2  to  1  dram  (4  to  8  Gm.)  every  20  minutes  to  4  hours. 

Therapeutics. — An  aqueous  extract  of  fresh  Viscum  album  is  highly  recommended 
by  Gaultier  and  other  French  authors  to  reduce  "functional"  high  blood  pressure  as 
well  as  in  patients  with  fibrotic  kidney,  and  in  the  albuminuria  and  hypertension  some- 
times accompanying  pregnancy.  A  proprietary  preparation  "Guipsine"  is  on  the 
market. 

Phoradendron  is  employed  in  domestic  practice,  and  occasionally  in  scientific 
medicine,  especially  in  the  South  Atlantic  states,  as  an  oxytocic,  in  doses  of  2  fluid- 
ounces  (60  cc.)  of  an  infusion  of  2  drams  to  the  pint  (8  parts  in  1000) ;  also  as  an 
emmenagogue  in  half  this  dose  taken  hot.  In  postpartum  hemorrhage  the  larger  dose 
may  be  given  every  20  minues  for  4  or  5  doses;  in  less  urgent  conditions,  it  is  given 
every  4  hours.  The  drug  has  been  used  also  in  rather  smaller  dose  for  the  relief  of 
cardiac  dyspnea,  and  of  cerebral  congestion.  The  Eclectics  use  phoradendron  in  the 
form  of  a  "specific  tincture"  for  similar  indications. 
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Cardiovascular  Adjuvants 

Inorganic  Substances  Used  in  Perfusion 

The  peculiar  properties  of  the  cations  of  the  blood  plasma  are  of  much  more 
interest  in  physiology  than  in  therapeutics.  Sodium  is  practically  indifferent  to  the 
economy,  and  its  salts  are  never  used  in  medicine  to  obtain  the  effects  of  the  cation. 
Potassium  has  marked  effects  on  all  tissues  when  applied  to  them  in  vitro,  or  when 
injected  parenterally  in  large  quantity;  like  sodium,  however,  its  salts  are  used  in 
therapeutics  chiefly  to  obtain  the  effects  of  the  anions.  Calcium  is  used  occasionally 
therapeutically  to  influence  the  clotting  of  the  blood,  as  well  as  for  those  effects  on  the 
nerve  tissues  which  are  of  such  great  physiologic  importance. 

Sodium  and  potassium  are  the  bases  most  commonly  combined  with  anions  whose 
action  is  desired.  The  salts  of  sodium  are  generally  to  be  preferred  as  this  has  no 
action  on  the  economy,  while  potassium  has  a  depressing  action  which  is  seen,  for 
example,  in  the  greater  depressing  effect  of  potassium  than  of  sodium  bromide.  In 
several  instances,  the  salts  of  potassium  are  preferred  for  pharmaceutic  reasons. 
Thus  sodium  nitrate,  sodium  iodide,  sodium  bromide,  and  sodium  chlorate  are  deli- 
quescent, and  the  last  three  prone  to  decomposition  if  exposed  to  any  dampness, 
while  the  corresponding  potassium  salts  are  kept  without  difficulty. 

Until  40  or  50  years  ago  potassium  was  used  exclusively  for  administration  of 
iodide,  bromide,  chlorate,  nitrate,  etc.  About  that  time  pharmacologists  called  atten- 
tion to  the  depressing  action  of  potassium,  and  attempts  were  made  to  substitute 
salts  of  ammonium,  sodium,  lithium,  strontium,  etc.,  and  many  such  salts  are  now  to 
be  found  in  official  and  unofficial  lists. 

Sodium 

It  may  be  said  in  general  that  the  sodium  ion  as  such  has  neither  toxic  nor 
pharmacodynamic  action.  Sodium  salts  form  by  far  the  larger  part  of  the  inorganic 
matter  of  all  body  fluids  and  if  the  amount  of  such  salts  be  increased  or  diminished, 
the  effect  of  alteration  in  tonicity  of  the  fluid  is  overwhelmingly  greater  than  the 
change  in  the  amount  of  sodium.  If  the  sodium  salts  are  replaced  by  isotonic  solu- 
tions of  salts  of  other  metals,  the  effect  of  these  is  alone  apparent.  Only  one  type 
of  experiment  seems  to  have  been  performed  which  throws  light  on  the  action  of 
sodium  ions.  Lingle  showed  that  if  in  the  perfusion  fluid  of  an  isolated  frog  heart 
the  sodium  chloride  were  gradually  replaced  by  lithium  chloride  the  heart  continued 
to  beat  normally  until  50  percent,  was  lithium.  This  would  seem  to  show  that  the 
lithium  itself  was  not  toxic  to  the  heart.  If  the  replacement  were  continued,  the 
heart  beats  were  fairly  strong  when  only  20  percent,  of  sodium  remained,  but  they 
did  not  continue  long.  Contractions  were  not  efficient  or  constant  if  the  proportion 
of  sodium  was  reduced  below  20  percent.  This  indicates  that  the  action  of  sodium 
on  the  isolated  frog  heart  is  rather  a  stimulating  one. 

The  salts  of  sodium  may  be  classed  as  follows,  according  to  their  action:  (1)  Salts 
whose  action  is  determined  by  the  anion,  or  acid  radical:  Sodium  hydroxide,  car- 
bonate, perborate,  peroxide,  borate,  arsenate,  benzoate,  salicylate,  nitrite,  cholate, 
succinate,  etc.  (2)  Salts  which  act  as  diuretics,  stimulating  the  excretion  of  water 
by  "salt  action":  Sodium  acetate,  citrate,  nitrate,  etc.  (3)  Salts  which  by  reason 
of  slow  absorption  and  diffusion  act  as  saline  cathartics:  Sodium  sulphate  and  phos- 
phate. (4)  Salts  which  act  by  altering  the  tonicity  of  blood  and  other  body  fluids: 
Sodium  chloride.  Only  the  last  group  will  be  considered  here,  the  remarks  applying 
only  to  sodium  chloride,  unless  otherwise  indicated. 
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The  action  of  sodium  cliloride  may  be  considered  under  two  very  distinct  heads: 
First,  that  of  the  dry  salt  or  of  concentrated  solutions,  which  act  by  raising  the 
tonicity  of  fluids;  and,  second,  the  action  of  isotonic  solutions,  which  act  chiefly 
by  the  water  in  which  they  are  dissolved,  and  whose  action  is  in  no  way  that  of 
sodium.    The  first  of  these  actions  will  be  chiefly  dealt  with. 

Materia  Medica. — Sonii  Ciiloiudum  (U.S.  X.),  Sodium  Chloride.  Ahhr.,  Sod. 
Chlorid.    Synonyins :  Salt,  Table  Salt. 

Occurs  as  colorless,  odorless,  transparent,  cubical  crystals,  or  a  white  crystalline 
powder.  It  contains,  when  dried  to  constant  weight  at  110°  C,  not  less  than  99  per- 
cent, of  NaCl.  One  Gm.  dissolves  in  2.8  cc.  of  water,  and  in  10  cc.  of  glycerin  at 
25°  C. ;  also  in  2.7  cc.  of  boiling  water;  slightly  soluble  in  alcohol. 

Antagonists  and  Incompatihles. — The  soluble  salts  of  silver,  mercury  and  lead 
are  chemically  incompatible. 

Dose,  1/2  to  6  drams  (2  to  24  Gm.). 

Liquor  Sodii  CiiLORini  Phvsiolooicus  (U.S.  X.),  Physiological  Solution  of  Sodium 
Chloride.  Ahhr.,  Liq.  Sod.  Chlor.  Physio.  Synonyms:  Physiological  Salt  Solution, 
Normal  (correctly  decinormal)   Salt  Solution,  Normal  (decinormal)   Saline  Solution, 

Sodium  chloride,  8.5  Gm. ;  freshly  distilled  water  to  make  1000  cc.  The  solu- 
tion must  be  sterilized,  preferably  in  an  autoclave,  under  steam  pressure,  at  a  tem- 
perature of  from  115°  to  120°  C,  for  fifteen  minutes,  or  by  boiling  it  during  at 
least  one  hour. 

Dose,  as  indicated. 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Sodium  chloride  is  not 
absorbed  by  the  intact  skin  and  only  slowly  from  wounds  and  exposed  mucosae.  From 
the  stomach  and  bowel  it  is  absorbed  quite  readily  although,  when  in  concentrated 
solution,  it  must  first  be  diluted  by  excretion  of  water  until  approximately  isotonic  with 
the  blood.  From  this  time  absorption  goes  on  rapidly.  If  the  blood  is  concentrated  or 
reduced  in  volume  as  by  diarrhea  or  hemorrhage,  absorption  is  more  rapid.  Injected 
under  the  skin,  it  is  absorbed  as  rapidly  as  the  water  in  which  it  is  dissolved. 

Elimination  occurs  in  all  the  secretions  and  excretions  in  all  of  which  it  normally 
occurs.  When  large  amounts  are  taken,  by  far  the  greater  part  appears  in  the  urine, 
but  an  excess  of  salt  is  also  found  in  the  sweat  and  in  the  saliva,  etc.  In  some  instances, 
especially  in  certain  nephritics,  elimination  is  delayed  and  the  salt  accumulates  in  the 
body,  perhaps  giving  rise  to  edema. 

In  certain  fevers,  especially  in  pneumonia  the  metabolism  of  salt  is  much  disturbed. 
Excretion  is  usually  diminished  during  the  fever  and  enormously  increased  immediately 
after  defervescence.  In  pneumonia  this  disturbance  is  largely  due  to  the  retention  of 
salt  in  the  pulmonary  exudate.  It  has  been  calculated,  however,  that  the  lessened 
elimination  is  greater  than  can  be  accounted  for  in  this  way,  and  that  it  must  be  stored 
elsewhere  as  well.  In  diarrheal  diseases,  such  as  typhoid  and  especially  cholera,  the 
excretion  of  salt  as  well  as  of  water  by  the  bowel  is  enormously  increased  and  this 
accounts  for  the  disturbance  in  such  diseases.  Exudates  also  withdraw  a  certain  amount 
from  circulation  and  thus  from  excretion.  Sodium  chloride  injected  intravenously  dis- 
appears from  the  blood  very  rapidly,  the  normal  proportion  between  blood  and  tissues 
being  promptly  restored. 

Antiseptic  Action. — Salt  exerts  its  antiseptic  power  entirely  by  increasing  the 
tonicity  of  fluid  to  such  a  point  that  bacteria  and  moulds  can  no  longer  grow  in  them. 
It  has  very  little  bactericidal  power,  even  saturated  solutions  not  killing  the  more  resist- 
ant organisms.  Such  a  solution  will  kill  cholera  bacilli  in  a  day  but  merely  stop  the 
growth  of  staphylococci.  To  stop  the  further  development  of  anthrax  in  blood  serum  or 
bouillon  from  6  to  8  percent,  is  required  and  other  organisms  require  similar  amounts. 
Salt  is  one  of  the  most  ancient  and  best  food  preservatives,  acting  by  withdrawing  water 
from  the  food  stuff  and  thus  inhibiting  the  growth  of  bacteria  and  moulds.  It  has  the 
advantage  of  being  odorless  and  readily  removed  by  washing. 

Whether  any  benefit  arises  directly  from  the  infusion  of  isotonic  solutions  of  salt 
in  infections  is  problematical,  but  in  certain  cases  of  profound  intoxication  they  may  be 
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of  benefit  by  diluting  the  toxins  and  aiding  in  their  excretion.  A  slightly  hypertonic 
solution  acts  even  more  strongly  in  hastening  excretion  and  probably  stimulates  to  a 
slight  extent  the  phagocytes,  both  their  number  and  motility  having  been  found  in- 
creased after  such  infusions. 

Topical  Action. — -Hypertonic  solutions  of  salt  are  irritating  to  the  more  sensitive 
mucosge,  causing  lacrymation  and  congestion  in  the  eye  and  sneezing  with  swelling  of 
the  turbinates  of  the  nose.  On  wounds  they  tend  to  withdraw  water,  and  may  thus 
reduce  swelling,  although  they  are  apt  to  be  painful.  Hypotonic  solutions  are  less  irri- 
tating to  mucosae  but  on  wounds  are  likely  to  cause  swelling  and  softening  of  the  super- 
ficial layers.  Isotonic  solutions  are  sedative  and  protective  to  denuded  and  inflamed 
surfaces.  Saturated  solutions  are  somewhat  irritating  even  to  the  sound  skin,  causing 
redness  with  itching  and  burning.     Applied  to  bleeding  surfaces  they  are  hemostatic. 

If  0.2  cc.  of  0.8  percent,  salt  solution  be  injected  intracutaneously  in  a  normal  person, 
a  circumscribed,  white  wheal  is  produced.  Although  the  whiteness  disappears  in  a 
minute  or  so,  a  palpable  elevation  remains  for  15  to  30  minutes  in  children  (Cohen), 
and  as  much  as  an  hour  in  adults.  If  circulation  is  poor  and  there  is  a  tendency  to 
edema,  this  elevation  will  pass  off  much  more  rapidly,  not  being  palpable  in  1  to  5 
minutes  in  children  or  in  10  to  15  minutes  in  adults.  According  to  McClure  and  Aldrich, 
this  is  an  important  diagnostic  means  of  determining  the  adequacy  of  the  circulation 
or  the  affinity  of  the  tissues  for  water,  which  is  increased  in  early  Bright's  disease  and 
similar  conditions. 

Toxicity. — Sodium  chloride  endangers  life  only  by  altering  the  tonicity  of  the  blood. 
Almost  any  quantity  of  isotonic  solution  may  be  injected  with  no  further  effect  than  a 
temporary  diuresis,  but  caution  is  required  with  concentrated  solutions  or  the  dry  salt. 

The  dangerous  dose  of  the  dry  salt  by  mouth  is  about  3  Gm.  per  kilo  and  consider- 
ably less  may  kill  by  injection.  Injections  of  even  a  few  ounces  of  concentrated  solu- 
tions into  the  bladder  and  vagina  for  purposes  of  lavage  even  when  the  excess  of  fluid 
was  drained  off,  have  proved  fatal. 

The  symptoms  of  such  poisoning  are  extreme  thirst,  great  restlessness  terminating 
in  delirium,  and  finally  coma.  The  respiration  is  markedly  increased  and  this  hyperpnea 
is  likely  to  be  the  first  indication  of  overconcentration  of  the  blood. 

The  milder  cases  may  be  treated  by  the  administration  of  large  amounts  of  water 
by  mouth.  In  more  severe  cases,  extremely  hypotonic  solutions  are  given  by  hypodermoc- 
lysis,  or,  if  the  symptoms  are  threatening,  such  solutions  may  be  given  slowly  and 
cautiously  by  vein,  until  some  relief  is  manifest. 

Whenever  hypertonic  solutions  of  salt  are  used  for  purpose  of  douching,  the  patient 
should  be  made  to  drink  large  amounts  of  water  before,  and  if  long  continued,  during 
the  douching,  and  the  solution  should  be  carefully  washed  out  with  sterile  water  or 
isotonic  saline. 

Systemic  Action:  Alimentary. — Sodium  chloride  has  a  characteristic  salty  taste,  and 
in  strong  solution  is  astringent,  puckering  the  mouth  and  stopping  bleeding  from  the 
gums,  etc.  It  provokes  reflexly  an  increase  of  saliva,  which  is  soon  followed  by  a  sensa- 
tion of  dryness  and  thirst.  This  is  largely  due  to  abstraction  of  water  from  the  mucous 
membranes. 

In  small  doses,  salt  increases  appetite  and  often  increases  the  quantity  as  well  as 
the  acidity  of  the  gastric  juice.  Larger  doses  are  irritant  and  restrain  gastric  digestion; 
hence  the  habitual  eating  of  salty  foods  may  impair  digestion  and  even  help  to  produce 
gastric  catarrh.  In  the  test  tube  the  activity  of  pepsin  is  increased  by  the  addition  of 
1.5  percent,  of  sodium  chloride,  but  it  is  retarded  if  that  quantity  be  exceeded,  perhaps 
because  the  salt  interferes  with  the  swelling  of  the  proteins.  A  similar  influence  oh  the 
activity  of  trypsin  is  noted. 

The  introduction  by  stomach  tube  of  a  large  quantity  of  salt,  say* an  ounce  or  more, 
even  if  dissolved  in  a  quart  of  water,  causes  fairly  prompt  vomiting  and  even  diarrhea. 
This  is  more  prompt  and  violent  the  more  concentrated  the  solution.  If  repeated  several 
times,  gastroenteritis  will  result.  Smaller  amounts  of  solution,  containing  8  to  16  Gm. 
(2  to  4  drams)  of  salt,  cause  vomiting  if  taken  in  the  mouth  and  swallowed,  but  not  if 
given  by  stomach  tube,  showing  that  the  reflex  is  partly  excited  from  the  mouth  and 
throat.  (See  under  Emetics.)  Such  or  weaker  solutions  may  be  used  for  gastric  lavage 
without  exciting  any  nausea.  Marked  hypertonicity  must  be  carefully  avoided.  Large 
doses  of  isotonic  solution  act  as  a  saline  purge,  about  a  quart  being  necessary  in  man  for 
prompt  action. 

Action  After  Absorption. — Sodium  chloride  after  absorption  enters  the  blood  stream 
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in  isotonic  solution  and  the  effects  of  such  solutions  are  dependent  merely  on  their  bulk 
and  hot  on  the  presence  of  sodium  chloride  as  such.  The  action  of  hypertonic  solutions 
given  either  by  mouth  or  injection,  in  reducing  the  size  of  the  brain  and  lowering  intra- 
cranial pressure  has  found  considerable  clinical  application.  It  is  part  of  a  general 
withdrawal  of  water  from  the  tissues  to  the  blood.  Restriction  of  salt  intake  appears  to 
cause  lowering  of  blood  pressure  in  cases  of  hypertension. 

Metabolism. — There  are  two  effects  of  intravenous  or  subcutaneous  Injections  of 
sodium  chloride  which  do  not  seem  to  depend  merely  on  the  amount  of  fluid  or  salt,  but 
to  be  a  specific  effect  of  the  sodium  itself.  These  are-  the  so-called  "salt  fever"  and  "salt 
diabetes." 

S.vLT  Fkvku. — A  rise  of  temperature  is  seen  in  infants  after  even  small  amount  of 
salt  solution  given  hypodermically  and  occasionally  when  swallowed.  A  slight  rise  of 
temperature  is  seen  in  adults  after  a  liter  or  more  of  isotonic  salt  solution  is  injected 
or  after  much  smaller  quantities  of  hypertonic.  It  is  not  due  merely  to  the  injection 
as  such,  as  it  is  prevented  by  addition  of  small  amounts  of  calcium  chloride. 

Salt  Glycosiiua. — It  has  long  been  known  that  intravenous  injection  of  sodium 
chloride  in  rabbits  was  followed  by  glycosuria.  It  is  due  to  action  on  the  nerve  system 
and  not  on  the  kidneys  and  is  prevented  by  section  of  the  splanchnics.  It  may  not  be 
accompanied  by  hyperglycemia.  Dogs  show  the  glycosuria  less  readily  but  it  may  be 
induced  by  hypertonic  solutions.  That  the  glycosuria  is  not  due  to  increased  diuresis 
washing  the  sugar  out  of  the  blood,  is  shown  by  its  absence  after  infusions  of  sodium 
sulphate.  It  may  be  related  in  some  way  to  the  glycosuria  which  follows  puncture  of 
the  funiculus  teres  in  rabbits,  which  also  increases  the  sodium  chloride  and  water  of  the 
urine. 

Therapeutics:  Topical. — Physiologic  (or  therapeutic)  salt  solution,  or  as  it  is 
sometimes  erroneously  termed,  "normal  saline  solution,"  is  much  used  for  irrigation 
and  for  surgical  dressings — thus,  to  cleanse  wounds  or  mucous  surfaces;  to  flush  an 
operation  field;  to  restrain  hemorrhage;  to  remove  pus  and  detritus;  to  soothe  and! 
protect  denuded  or  inflamed  areas.  Mathematical  exactness  of  concentration  is  not 
necessary,  and  the  solutions  are  commonly  made  up  with  a  teaspoonful  of  salt  (sodium 
chloride)  to  a  pint  of  clean  tap  water,  sterilized  when  necessary.  When  the  peritoneal 
cavity  is  to  be  flushed  during  or  after  an  operation,  the  solution  should  be  lukewarm 
or  hot,  100°  to  108°  F.  (or  even  in  special  instances,  110°  to  120°  F.).  For  washing 
wounds,  or  douching  canals  and  cavities,  warm  solutions  are  likewise  necessary.  As 
an  external  dressing  for  wounds  or  burns,  inflammatory  areas,  and  the  like,  the  solution 
may  be  hot  or  cold,  according  to  circumstances.  Compresses  wet  in  salt  solution  may 
be  used  in  contusions  and  sprains,  when  the  skin  is  not  broken,  to  promote  absorption 
and  prevent  inflammation.  The  physiological  solution,  often  rendered  alkaline  with  a 
little  sodium  bicarbonate,  is  used  to  wash  out  the  posterior  nares,  when  they  are 
obstructed  with  an  accumulation  of  thick  mucopus,  as  in  the  late  stages  of  an  acute 
catarrhal  rhinitis.  Care  must  be  exercised  lest  the  solvition  enter  the  Eustachian 
tubes  and  spread  the  infection  to  the  middle  ear.  Douching  of  the  nasal  passages  in 
chronic  catarrh  and  similar  conditions  is  much  abused,  and  as  a  rule  should  be 
avoided.  Even  the  sniffing  of  salt  water  from  the  hand,  or  the  pouring  in  of  a  small 
quantity  from  a'  special  cup,  is  bad  practice  in  the  vast  majority  of  cases.  In  cases 
of  ozena,  in  some  cases  of  epistaxis,  and  sometimes  after  operations  upon  the  nasal 
passages,  douching,  carefully  carried  out  by  the  physician  himself,  may,  however,  be 
of  service.  The  head  should  always  be  bent  forward  and  the  solution  should  be  hot. 
In  otitis  media,  the  external  auditory  canal  may  be  flushed  at  very  low  pressure  with 
250  to  500  cc.  (one-half  to  one  pint)  of  salt  solution,  as  hot  as  can  be  borne  without 
discomfort;  preferably  from  a  reservoir  held  but  a  few  inches  above  the  ear,  through 
a  long  rubber  siphon-tube  (8  ft.)  ending  in  a  suitable  glass  nozzle.  This  may  be  used 
both  before  and  after  suppuration  and  discharge. 

Gargles  of  hot  salt  water  are  sometimes  useful  in  various  forms  of  sore  throat. 
Saline  gargles  and  saline  drafts  have  also  been  used  to  detach  leeches  which  have 
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become  fixed  in  the  gullet  or  upper  portion  of  the  digestive  tract,  from  drinking  water 
containing  the  embryos. 

Sodium  chloride  solutions  are  used  for  lavage  of  the  stomach  in  cases  of  poison- 
ing, of  ohstinate  vomiting,  of  acute  and  chronic  dilatation  of  the  organ,  in  ileus,  in 
gastric  catarrh  and  in  other  conditions  indicating  emptying  or  cleansing  of  the 
organ;  and  for  colonic  lavage — sometimes  in  very  large  quantity  (6  to  12  quarts) — in 
mucous  colitis,  in  atonic  constipation,  and  in  anomalies  of  the  bowel  with  retention 
of  feces.  Smaller  quantities  are  employed  in  acute  and  chronic  diarrheas,  in  dysentery, 
in  ileus,  in  fecal  impaction,  and  various  other  affections  of  the  alimentary  tract,  as 
well  as  in  diahetes  mellitus,  Graves'  disorder,  typhoid  fever,  and  other  systemic  dis- 
turbances in  which  it  is  sought  to  minimize  absorption  of  toxic  substances  from 
the  lower  bowel.  After  hemorrhage  in  typhoid  fever,  it  is  sometimes  useful  to  wash 
out  the  colon  with  hot  salt  water  before  administering  morphine.  Saline  enemas  are 
used  to  empty  the  bowel;  and  in  cases  of  thread-worm,  for  parasiticide,  as  well  as  for 
cleansing,  effect.  Vaginal  douches  containing  1  or  2  teaspoonfuls  of  table  salt  to  a 
pint  of  hot  water  (8  to  15  Gm.  per  liter)  are  ck*dnsing  and  sometimes  healing  in 
leucorrhea. 

Salt  water  baths  are  tonic  and  invigorating;  a  proper  saline  strength  is  about  10 
pounds  of  sodium  chloride  (sea-salt  or  ice-cream  freezing  salt)  to  40  gallons  (an 
ordinary  bathtubful)  of  water. 

A  pinch  of  salt  rubbed  on  a  recent  mosquito  bite  or  bee-sting  will  promptly 
allay  the  irritation.  Oozing  of  blood  or  persistent  bleeding  from  an  incised  wound 
may  be  checked  by  the  application  of  a  saturated  solution  of  salt,  but  in  an  open 
wound  a  solution  of  this  strength  will  cause  painful  smarting. 

Wright's  hypertonic  citrated  salt  solutions  (containing  0.5  percent,  of  sodium 
citrate  in  addition  to  either  1.5  to  2  percent.,  or  4  to  5  percent,  of  sodium  chloride) 
are  useful  dressings  for  infected  wounds,  abscesses  and  the  like.  The  citrate  precipi- 
tates the  calcium  salts  in  the  lymph,  thus  preventing  coagulation  and  permitting  free 
drainage.  The  hypertonic  chloride  solution  is  itself  antiseptic,  and  by  its  osmotic 
tension  increases  the  flow  of  fluid  from^  the  wound,  thus  washing  out  bacteria,  pus  and 
tissue  debris.  When  there  i3  ■&  tendency  to  persistent  oozing  of  blood,  or  when 
protective  adhesions  are  desirable,  the  solution  is  contraindicated. 

Sodium  chloride  is  used  to  precipitate  silver  nitrate  in  cases  of  poisoning  by  that 
agent,  and  to  limit  cauterization  by  it.  Salt  bags  heated  in  an  oven  are  used  as  a 
convenient  means  of  applying  heat  externally  to  rheumatic  joints,  as  likewise  in 
lumbago  and  other  forms  of  myalgia,  in  earache,  in  facial  neuralgia  and  the  like. 

Systemic. — Sodium  chloride  is  emetic  in  doses  of  4  drams  (16  Gm.)  taken  in 
a  tumblerful  of  lukewarm  water;  it  acts  slowly  but  its  efficacy  is  increased  by  the 
addition  of  a  teaspoonful  of  mustard.  The  physiological  (isotonic)  saline  solution  may 
act  as  a  mild  laxative  when  taken  cold  in  the  morning  in  dose  of  one  pint  (2  tumbler- 
fuls).  Sodium  chloride  in  small  quantities  has  also  been  given  by  ^he  mouth — as  a 
rule,  in  hot  water — to  increase  appetite  and  assist  digestion  in  cases  of  deficient  gastric 
secretion,  associated  with  flatulence  and  diarrhea.  When  there  is  constipation,  sodium 
sulphate  may  be  added  to  make  a  sort  of  artificial  Carlsbad  water.  Sodium  bicar- 
bonate and  sodium  phosphate  may  be  used  additionally  in  cases  of  gastric  or  gastro- 
duodenal  catarrh,  with  tendency  to  hyperacidity ;  the  latter  condition,  if  marked, 
being  a  contraindication  to  sodium  chloride.  In  typhoid  fever,  in  pneumonia,  both 
lobar  and  lobular,  in  scarlatina  and  in  other  infections,  alkaline-saline  beverages  given 
systematically  by  the  mouth,  from  the  beginning,  may  avert  the  necessity  for  saline 
injections  under  the  skin.  A  child,  as  well  as  an  adult,  will  readily  swallow  a  weak 
lemonade   containing   about   20   grains    (1.5   Gm.)    of   sodium   chloride   to   the   pint 
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(500  cc.)  to  -which  at  the  time  of  administration  about  1  grain  (0.05  Om.)  of  sodium 
or  potassium  bicarbonate  to  the  ounce,  may  be  added  to  prochice  a  slight  eifervescence 
and  impart  alkalinity.  Salts  may  also  be  added  to  food,  especially  milk  and  broths; 
the  amount  being  governed  somewhat  by  the  quantity  of  food  taken,  since  this  nor- 
mally contains  a  large  proportion  of  the  mineral  matter  needed  in  the  body.  The 
total  quantity  supplied  in  all  ways,  including  the  estimated  mineral  content  of  the 
food  actually  consumed,  should  be  somewhat  greater  than  the  amount  ordinarily 
excreted  in  health  (circa  4  drams,  16  Gm.,  daily)  ;  for  it  is  desirable  to  increase  very 
considerably  both  the  intake  and  the  output  of  water,  without  diminishing  the 
alkaline-saline  content  of  the  blood  and  fluids  generally ;  and  at  the  same  time  to 
provide  tissue  and  blood  cells  with  a  sufficient  quantity  of  salts  for  their  defensive 
activities.  Fresh  fruits,  containing  water  and  neutral  salts,  are  useful,  when  other- 
wise permissible.  When  an  alkaline  "febrifuge,"  such  as  potassium  citrate  is  being 
given,  this  may  likewise  be  taken  into  account.  Sodium  carbonate,  sodium  bicar- 
bonate, potassium  bicarbonate,  sodium  phosphate,  sodium  or  calcium  chloride, 
strontium  bromide,  strontium  lactate,  ammonium  acetate,  ammonium  chloride,  amj- 
monium  carbonate,  additionally  exemplify  the  types  of  salt  which  may,  according 
to  indications,  be  associated  from  time  to  time  with  the  sodium  chloride.  From  30 
to  60  grains  (2  to  4  Gm.)  daily,  of  these  auxiliary  compounds  is  usually  sufficient, 
in  the  absence  of  special  symptoms  calling  for  a  greater  quantity  of  a  particular  drug. 
When  no  indication  exists  for  any  special  agent,  sodium  phosphate  may  be  used  as  a 
natural  constituent  of  the  serum. 

Sodium  chloride,  singly  or  with  other  salts,  has  also  been  used  in  a  long  series 
of  conditions  in  most  of  which  it  finds  little  employment  nowadays,  except  as  one 
of  the  ingredients  of  some  popular  mineral  water.  These  include  gout,  rheumatism, 
arthritis  deformans,  obesity,  anemia,  epilepsy,  neurasthenia,  diabetes  mellitus,  pul- 
monary tuberculosis,  scrofula,  cholelithicesis.  It  is  of  benefit  in  some  forms  of  chronic 
nephritis,  chiefly  as  an  ingredient  of  natural  or  artificial  ''waters,"  while  in  others 
it  must  be  withheld  even  from  the  diet.  Careful  observation  in  the  individual  case, 
with  due  attention  to  the  blood  chemistry,  seems  at  present  to  be  the  only  means 
of  discrimination;  since  accepted  pathologic  and  diagnostic  criteria  have  been  chal- 
lenged, and  the  whole  subject  is  yet  sub  judice.  It  may  be  said,  however,  that  as  a 
rule,  salt  is  to  be  restricted  or  even  interdicted  in  cases  associated  with  arteriosclerosis, 
as  also  when  blood  studies  show  marked  salt  retention. 

It  is  good  practice  to  give  some  alkaline-saline  mineral  water  freely  for  a  time, 
in  most  cases  of  chronic  nephritis,  and  in  all  cases  of  goutyt  habit  or  inheritance,  and 
then  to  intermit  the  saline  beverage  for  a  time,  and  give  instead,  some  water  of  very 
low  mineral  content;  alternating  in  this  way,  not  periodically,  but  as  conditions  seem 
to  indicate.  Diet  must,  of  course,  be  regulated  carefully,  and  the  urine  and  the 
general  symptoms  be  closely  watched.  Sometimes  it  is  advantageous  to  give  strontium 
salts  or  even  lithium  or  potassium  compounds  while  withdrawing  sodium  compounds 
from  diet  and  medication;  but  each  patient  is  an  individual  study. 

C.  C.  Davis  quotes  Sir  Josiah  Cornet  to  the  eflect  that  the  fatigue  and  occasional 
attacks  of  cramps,  from  which  miners  working  in  a  dry  atmosphere  at  a  high  tempera- 
ture suffer,  may  be  averted  in  great  measure  by  drinking  water  containing  about  0.25 
percent,  of  sodium  chloride  (about  one  level  teaspoonful  to  the  quart).  The  treat- 
ment is  based  upon  the  theory  that  the  fatigue  and  cramps  are  due  to  a  loss  of  sodium 
chloride  through  excessive  sweating. 

Hughson,  basing  himself  upon  the  work  of  Weed  and  McKibben,  which  showed 
that  the  pressure  of  the  cerebrospinal  fluid  could  be  markedly  reduced  by  intravenous 
injection  of  concentrated  saline  solutions,  and  of  Gushing  and  Foley,  who  observed 
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the  same  result  following  the  ingestion  of  strongly  hypertonic  solutions,  advocates  the 
use  of  sodium  chloride  by  mouth  for  the  relief  of  headaches,  presumably  caused  by 
cranial  hypertension.  To  permit  the  medicament  to  pass  into  the  intestine,  he  pre- 
scribes salol-coated  tablets,  each  containing  15  grains  (1  Gm.)  of  the  salt;  giving 
from  two  to  three  tablets  every  five  minutes  (with  as  small  an  amount  of  water  as 
possible),  until  eight  or  ten — or  in  severe  cases,  twelve  or  fifteen,  or  more — have  been 
taken.  The  method  is  contraindicated  in  certain  cases  of  nephritis,  in  arterial  hyper- 
tension, and  in  persons  past  middle  age  whose  salt  tolerance  is  known  to  be  low. 

In  domestic  practice,  dry  salt  in  teaspoonful  doses  enjoys  a  reputation  as  a 
hemostatic  in  hemoptysis.  It  is  often  apparently  effective  but  is  uncertain,  and  should 
be  resorted  to  only  when  other  remedies,  such  as  gelatin  and  calcium  compounds, 
are  not  available. 

In  obstinate  cases  of  thread-worm  which  do  not  yield  to  the  more  ordinary  forms 
of  treatment,  sodium  chloride  in  mildly  purgative  dose  may  be  of  service,  but  should 
be  used  with  caution. 

The  chief  therapeutic  application  of  this  agent,  however,  is  in  the  form  of 
isotonic — so-called  "physiologic" — solution,  by  rectal,  subcutaneous,  intraperitoneal 
or  intravenous  injection.  Exceptionally,  hypertonic  solutions  are  employed,  as  ad- 
vised by  Martin  H.  Fischer  in  edema  and  by  Leonard  Rogers  in  Asiatic  cholera. 
Frequently,  as  set  forth  later,  other  salts  are  added  for  special  purposes.  Saline 
solution  is  also  a  favorite  vehicle  for  intravenous  injections  of  compatible  drugs. 

The  indications  for  saline  infusion  {i.e.,  the  introduction  of  sodium  chloride 
solution  in  quantity  and  otherwise  than  by  mouth)  are  many,  but  they  may  be  com- 
prised under  the  general  heads  of  hlood  and  fluids  losses;  shock;  infectious  and  other 
poisonings;  suppression  of  urine. 

Blood  Loss. — The  usefulness  of  saline  infusion  and  the  possibility  of  substituting 
it  for  transfusion  of  blood  in  the  prostration  that  follows  profuse  bleeding  (acute 
anemia  of  hemorrhage)  depends  upon  the  fact  that  there  still  remain  in  the  organism 
a  sufficient  number  of  formed  elements  to  carry  on  function,  provided  fluid  be  sup- 
plied to  maintain  cardiovascular  tone  and  potency  and  convey  blood  globules  to  and 
from  the  lungs  and  tissue  capillaries.  Doubtless  many  corpuscles  are  swept  out  from 
remote  regions  of  comparative  quietude  into  the  streams  of  activity.  Meanwhile  the 
reparative  power  is  at  work  in  the  bone-marrow  and  other  blood-forming  tissues,  and 
the  saline  fluid  offers  a  ready  means  of  transport  for  their  products — even  if  some  of 
these  be  but  half  finished — to  the  areas  of  demand. 

The  pathologic  conditions  under  which  the  necessity  for  this  measure  arises 
are  many  and  varied.  They  fall,  however,  into  two  great  classes;  those  in  which 
the  source  of  bleeding  is  evident  and  readily  accessible;  and  those  in  which  it  is  con- 
cealed, inaccessible,  or  difficult  to  reach.  When  the  injured  vessel  can  readily  be 
reached  and  secured  this  is  the  first  thing  to  be  done;  and  infusion  may  follow.  In 
the  other  group  of  cases,  however,  the  question  may  arise  whether  or  not  it  is  advis- 
able to  postpone  saline  infusion  until  after  a  prolonged  operation,  itself  probably 
entailing  further  blood  loss;  or,  in  cases  in  which  operation  is  not  feasible,  to  wait 
upon  spontaneous  cessation  of  bleeding  or  the  result  of  hemostatic  medication.  It  is, 
ill  this  condition,  to  be  remembered  that  increase  of  pressure  upon  the  vessels  at  the 
seat  of  hemorrhage  is  commonly  unwise. 

Certainly  a  large  infusion  should  not  be  made  until  the  bleeding  vessels  have 
been  secured  or  there  is  reasonble  ground  to  believe  that  an  internal  hemorrhage 
has  ceased  and  a  sufficiently  firm  clot  has-  sealed  the  point  of  rupture.  Under  urgent 
conditions,  however,  a  small  quantity  (3  to  6  or  8  ounces,  100  to  200  or  250  ce.)  of  a 
hot  and  slightly  hypertonic  solution  may  be  introduced  slowly  by  the  most  practicable 
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route — which  is  sometimes  rectal.  It  is  advisable,  and  especially  when  there  is  shock, 
to  add  a  small  quantity  of  epinephrine  (1:50,000  to  1:10,000)  or  to  inject  10  to  30 
minims  of  epinephrine  solution  (1:  1000)  into  a  vein.  But  even  apart  from  the  action 
of  the  adrenal  principle,  such  solutions  frequently  have  a  distinct  hemostatic  effect. 
They  bring-  about  not  only  increase  in  the  deposition  of  blood  platelets,  but  also  a  de- 
sirable contraction  of  arterioles  and  capillaries.  Thus,  so  far  from  hindering  thrombus- 
formation,  they  aid  it;  and,  in  addition  they  heighten  vasomotor  tone  without  dan- 
gerous increase  of  general  blood  pressure;  whereas  the  risk  attendant  upon  large  in- 
fusions is  either  an  untoward  increase  in  pressure  at  the  bleeding  point,  or  vaso- 
motor relaxation,  especially  in  the  splanchnic  area.  The  addition  of  sodium  bicar- 
bonate to  the  solution  is  said  to  stimulate  contraction  of  the  splanchnic  vessels,  thus 
averting  one  source  of  danger.  Calcium  chloride  and  sodium  carbonate  or  bicar- 
bonate cannot,  however,  be  used  together  in  much  greater  proportion  than  in  Locke's 
solution,  or  calcium  carbonate  will  be  precipitated.  Calcium  chloriJe  and  gelatin 
(2  percent.)  have  likewise  been  added  to  the  solution,  still  further  to  favor  clotting. 
Indeed  such  solutions  have  been  proposed  for  administration  prior  to  certain  opera- 
tions, as  upon  the  liver,  as  a  means  of  diminishing  expected  bleeding. 

Whether  used  before  of  after  operation,  or  before  or  after  the  spontaneous  cessa- 
tion of  hemorrhage,  the  choice  of  route,  the  exact  quantity  and  the  rate  of  flow  must 
be  matters  of  individual  surgical  judgment  in  a  particular  case.  When  the  symptoms 
are  desperate,  the  solution  should  be  introduced  by  vein;  otherwise  hypodermoclysis 
or  rectal  infusion  will  answer.  If  appreciable  improvement  has  occurred,  even  in  a 
desperate  case,  after  the  introduction  of  one-half  pint  or  of  one  pint  (250  or  500  cc.) 
one  may  stop  there ;  at  least  temporarily.  It  does  not  follow  that  because  this  quantity 
has  been  helpful,  an  increased  amount  will  be  more  helpful.  On  the  contrary,  even 
apart  from  the  danger  of  causing  renewed  bleeding,  harm  may  be  done  by  deluging 
the  patient's  vessels  with  a  quantity  of  fluid  which  they  are  unable  to  hold,  and  by 
diminishing  still  further  the  relative  richness  of  the  blood  in  corpuscular  and  other 
colloidal  constituents.  This  may  of  itself  bring  about  collapse  or  asphyxiation,  espe- 
cially in  conditions  of  shock.  In  traumatic  shock,  unattended  with  hemorrhage, 
saline  infusion  is  indeed,  according  to  some  surgeons,  contraindicated.  Others  find 
very  hot  rectal  infusions  of  distinct  service.  It  is  probably  the  heat,  more  than  the 
fluid,  that  does  good;  and  a  moderate  quantity  only  should  be  used.  Continuous 
irrigation  with  a  two-way  tube  allowing  prompt  escape  of  the  injected  fluid,  is  there- 
fore the  method  of  l^lection;  giving  a  maximum  of  heat  with  a  minimum  of  absorp- 
tion.    Epinephrine  should   be   injected   coincidently,   into   a  vein. 

Among  the  conditions,  apart  from  traumatism,  in  which  saline  infusion  may  be 
employed  to  remedy  loss  of  blood  attended  with  shock,  are:  gastric  and  duodenal 
ulcer;  large  venous  hemorrhage  from  the  stomach  or  esophagus,  dependent  upon 
cirrhosis  of  the  liver;  excessive  hematuria  from  renal  calculus,  tumor  and  other 
mechanical  causes;  hematuria  of  Blight's  disease;  large  or  repeated  hemorrhages  in 
typhoid  fever;  the  hemorrhage  of  acute  pancreatitis;  menorrhagia,  excessive  uterine 
Heeding  from  tumors  and  other  causes;  postpartum  hemorrhage;  rupture  in  ectopic 
gestation,  and  the  like. 

Fluid  Losses  Other  Than  Blood. — In  Asiatic  cholera,  saline  infusions  are  particu- 
larly helpful.  They  should  be  used  promptly,  without  waiting  for  shock  and  collapse, 
and  the  peritoneal  route  has  been  specially  recommended  (B.  W.  Richardson,  L. 
Rogers).  Others,  however,  laud  the  intravenous  method  above  all,  and  some  prefer  the 
rectal  method.  Subcutaneous  infusion  is  also  employed,  especially  in  India.  It  would 
seem  to  be  largely  a  matter  of  convenience  and  urgency.  The  infusion  should  be  as 
copious  as  possible,  the  guide,  of  course,  being  the  reaction  of  the  patient;  and  what- 
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ever  method  be  employed  for  the  first  infusion,  subsequent  administration  in  many 
cases  may  well  be  by  the  continuous  rectal  drip.  Rogers  urges  the  use  of  a  hypertonic 
solution  containing  to  the  pint,  sodium  chloride,  120  grains  (8  Gm.) ;  potassium 
chloride,  6  grains  (0.4  Gm.) ;  calcium  chloride,  4  grains  (0.25  Gm.).  The  object  is 
not  only  to  replace  the  water  and  salt  lost,  but  also  to  increase  the  mineral  content 
of  the  blood  above  the  normal  point,  so  that  the  osmotic  currents  will  tend  to  flow 
inward  rather  than  outward. 

In  cholera  nostras,  in  the  summer  diarrheas  of  children  (cholera  infantum) ,  the 
life-saving  influence  of  saline  infusion  is  marked,  at  times  almost  miraculous.  They 
are  of  great  benefit  in  dysentery,  in  profuse  intestinal  discharge  from  any  cause, 
for  example,  arsenical  poisoning ;  in  postoperative  nausea,  and  in  uncontrollable  vomit- 
ing, whether  of  toxic  or  of  nervous  origin  (including  the  vomiting  of  pregnancy  and 
the  cyclic  vomiting  of  infants).  They  are  likewise  applicable  in  all  conditions  in 
which  there  is  a  deficient  supply  of  fluid  to  the  tissues,  as  for  example,  in  esophageal 
or  pyloric  stricture,  or  preceding  or  following  operation,  when  it  is  desired  to  keep 
the  stomach  empty.  Some  surgeons,  indeed,  employ  saline  enteroclysis  or  proctoclysis 
as  a  routine  procedure,  after  operations  under  general  anesthesia.  In  all  cases  in 
which  rectal  feeding  is  necessary,  salt  solution  may  be  employed  as  a  vehicle  in  prefer- 
ence to  water;  and  it  finds  a  further  indication  for  administration  by  hy^odermoclysis 
in  the  quantity  of  10  to  16  ounces  (300  to  500  cc),  to  relieve  thirst  without  increasing 
unduly  the  bulk  of  the  nutritive  enemata. 

Shock. — Surgeons  differ  considerably  as  to  the  value  of  saline  infusion  in  shock, 
and  those  who  advocate  it,  express  preference  for  various  solutions.  Cause  and  con- 
comitants must  be  considered  and  the  infusion  is  only  one  of  a  number  of  appro- 
priate measures.  Epinephrine  should  always  be  used  promptly  (Sajous),  and  is  well 
followed  by  pituitary  solution.  The  addition  of  acacia  (3  to  6  percent.)  to  Locke's 
solution  given  intravenously  is  said  to  aid  in  the  restoration  of  blood  pressure,  but 
not  exceeding  5  fluidounces  (150  cc.)  should  be  given,  and  when  there  has  been 
considerable  hemorrhage  this  injection  is  to  be  preceded  by  sufficient  saline  or  glucose 
solution  to  "give  the  heart  something  to  pump  on"  (Delaunay).  Fisher  and  Snell 
saw  good  results  from  association  of  insulin  with  the  glucose  or  saline-and-glucose 
solutions  used. 

Crile  advocates,  among  other  measures  of  prophylaxis  against  shock  in  "bad 
surgical  risks,"  a  sufficient  hydration  of  all  the  body  cells;  and  in  addition  to  water 
by  mouth  administers  sufficiently  in  advance  of  surgical  procedure,  some  2  to  4  quarts 
of  saline  solution,  subcutaneously  or  by  the  bowel,  as  most  feasible.  For  resuscitation 
in  postoperative  shock,  he  urges  intra-arterial  infusion. 

The  patient  being  in  the  prone  position,  rapid  rhythmic  pressure  is  made  upon  the 
chest  with  one  hand  on  each  side  of  the  sternum  to  promote  respiration  and  circulation. 
A  cannula  pointing  toward  the  heart  is  inserted  into  an  artery  (preferably  the  carotid) 
and  a  solution  of  sodium  chloride  (2  teaspoonsful  to  the  quart  of  warm  water,  being 
careful  not  to  use  the  non-deliquescent  table  salt  now  common)  is  infused  slowly  by 
means  of  a  funnel  and  rubber  tube  connected  with  the  cannula.  As  soon  as  the  flow 
has  begun,  15  to  30  minims  of  adrenaline  solution  (1:  1000)  are  introduced  into  the 
saline  solution  by  plunging  the  syringe-needle  into  the  rubber  tube  close  to  the  cannula, 
the  dose  being  repeated,  if  need  be,  in  1  minute.  The  manipulation  of  the  chest  is  con- 
tinued. When  blood  pressure  reaches  40  mm.  Hg.,  the  heart  beats  will  become  perceptible 
and  when  they  have  been  fairly  well  established  (so  that,  if  there  is  a  glass  observation 
tube,  blood  will  be  seen  to  enter  it),  the  cannula  is  withdrawn.  In  Dawharn's  intra- 
arterial method,  the  solution  is  introduced  into  the  femoral  artery  by  means  of  a  hypo- 
dermic needle  attached  to  any  convenient  reservoir. 

Many  surgeons,  however,  believe  the  risks  attending  intra-arterial  infusion  out- 
weigh the  advantages;  and  some  of  these  authorities  use  intravenous  infusion  instead. 
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As  heat  is  itself  stimulant,  an  initial  temperature  of  108°  to  110°  F.  is  desirable,  but 
100°  F.  is  permissible.  Not  more  than  1  pint  to  1  quart  (0.5  to  1  liter)  should  be 
given  at  first;  and  the  procedure  may  be  repeated  as  necessary.  Intravenous  infusion 
preceding  operation  is  deprecated,  as  being  lilvcly  to  increase  the  risk  of  hemorrhage, 
by  elevating  blood  pressure.  The  question  is  one  to  be  decided  by  operative  ex- 
perience. 

In  prolonged  shock  not  immediately  threatening,  high  enteroclysis  or  proctoclysis 
with  hot  saline  solution  is  useful.  According  to  Dawbarn,  the  temperature  should 
be  about  150°  F.,  but  others  consider  this  too  high.  From  1  to  3  quarts  (liters)  may 
be  used,  if  introduced  slowly — at  least  10  minutes,  and  frequently  more,  being  con- 
sumed for  each  quart.  After  a  quart  or  so  has  been  introduced  by  continuous  flow, 
the  drip  method  is  sometimes  substituted. 

The  intravenous  drip  (R.  Matas)  is  recommended  as  a  secondary  measure  which 
may  be  kept  up  for  1  to  6  days,  following  primary  massive  intravenous  injection  of 
saline  or  glucose  solution  in  shocked,  exhausted  and  starved  surgical  patients.  The 
apparatus  is  essentially  the  same  as  for  ordinary  venous  infusion,  with  the  addition 
of  a  Murphy  drip  bulb  and  clamp  to  control  the  flow  (40  to  60  drops  per  minute), 
a  cannula  with  beaded  or  shouldered  tip  to  prevent  slipping,  a  glass  observation  tube 
about  6  inches  above  the  cannula,  and  an  electric  pad  to  maintain  the  temperature  of 
the  solution. 

Infections  and  Intoxications. — Saline  infusion  may  usefully  be  employed  in 
nearly  all  forms  of  toxemia  and  septicemia;  thus  in  nearly  all  infectious  diseases  and 
autointoxications.  It  is  of  special  value  in  acute  lobar  pneumonia  (F.  P.  Henry),  and 
while  many  patients  recover  without  it,  its  routine  employment — or  the  administration 
of  saline  beverages — in  every  case  would  undoubtedly  diminish  the  mortality  percent- 
age. The  Murphy  drip  is  the  preferable  method  when  practicable.  In  typhoid  fever, 
daily,  hot  saline  irrigation  of  the  colon  is  often  useful.  Care  must  be  exercised, 
especially  after  the  10th  day,  not  to  produce  overdistention  of  the  gut,  as  the  fluid 
might  force  its  way  past  a  relaxed  ileocecal  valve  should  a  large  quantity  be  introduced 
under  pressure.  In  cases  showing  profound  intoxication,  hypodermoclysis  or  proctoc- 
lysis should  be  resorted  to.  In  scarlatina,  in  acute  articular  rheumatism  and  in 
endocarditis,  alkalinized  saline  infusions  may  be  helpful.  In  puerperal  septicemia, 
in  postoperative  septicemia  and  in  surgical  or  other  general  sepsis  from  any  cause, 
they  are  of  distinct  benefit.  Recoveries  have  also  been  attributed  to  the  use  of  salt 
solution  in  relapsing  fever  (in  which  it  is  said  to  promote  immobilization  and  agglu- 
tination of  the  spirilla)  and  it  is  apparently  of  some  benefit  in  tetanus,  in  erysipelas 
and  in  yellow  fever.  In  diphtheria,  on  the  other  hand,  experiments  upon  animals  are 
said  to  indicate  that  its  use  aids  in  the  diffusion  of  the  toxin,  and  it  is  therefore  contra- 
indicated.  The  same  observation  has  been  made  concerning  antJu-ax  and  pyocyaneus 
infections.  In  puerperal  eclampsia,  in  uremia,  in  diabetic  coma  and  other  forms  of 
acidosis,  surprising  aid  to  recovery  has  often  been  given  by  endovenous  or  subcutaneous 
saline  or  alkaline-saline  infusion  in  conjunction  with  venesection.  A  like  therapeutic 
association  has  been  advised  in  both  early  and  late  stages  of  acute  lobar  pneumonia; 
and  we  have  seen  recoveries  from  alcoholic  coma  under  simultaneous  bloodletting  from 
the  vein  at  one  elbow  and  injection  of  salt  solution  into  the  vein  at  the  other. 

Among  other  poisons  from  whose  acute  or  chronic  influence  recovery  has  been 
aided  by  saline  or  alkaline-saline  infusion  with  or  without  preliminary  or  coincident 
venesection  (according  to  the  particular  indications  offered  by  drug,  patient  and 
special  symptoms)  are:  hydrogen  sulphide;  carbon  monoxide  and  illuminating  gas; 
carbon  dioxide;  phenol;  ether;  chloroform  and  chloral;  morphine;  poisonous  mush- 
rooms and  ptomaines;  arsenic;  phosphorus;  iodoform;  and  mercury. 
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Subcutaneous  injection  of  sea-water  drawn  from  the  open  sea  40  to  50  miles  from 
shore  and  from  a  depth  of  5  to  6  fathoms,  has  been  recommended  in  the  treatment  of 
acne,  fwunculosis^  and  other  skin  affections,  and  in  autointoxication,  various  metahoUc 
disorders,  arthritis  deformans,  tuberculosis,  rachitis,  and  many  other  ailments.  The 
procedure  had  a  great  vogue  at  one  time,  but  the  difficulty  in  obtaining  a  constant 
supply  of  sea- water  and  doubt  as  to  its  superiority  over  an  artificial  solution  of 
approximately  the  same  composition,  have  led  to  its  alxnost  complete  abandonment. 
There  may  be  in  sea-water  some  factor  that  is  not  reproduced  in  the  saline  solutions 
of  the  laboratory;  and  to  its  presence  the  good  effects  sometimes  obtained,  and  appar- 
ently not  attainable  with  the  laboratory  solutions,  may  be  attributable.  This  is,  how- 
ever, a  matter  of  conjecture.  At  all  events,  the  practice  has  gone  into  almost  complete 
desuetude. 

Suppression  of  Urine. — In  conditions  associated  with  diminution  or  suppression 
of  Jcidney  function,  concentrated  alkalinized  saline  solution  is,  as  a  rule,  to  be  used, 
and  the  rectal  route  preferred.  But  it  is  especially  as  a  prophylactic  against  uremia 
that  the  therapeutic  virtue  of  high  colonic  infusions  should  be  emphasized.  They  are 
to  be  used  promptly — perhaps  preceded  or  followed  by  sweating — when  the  first  faint 
symptoms,  such  as  dizziness,  languor,  anorexia,  constipation  or  diarrhea,  muscular 
twitchings,  headache,  undue  readiness  of  fatigue  and  the  like,  are  noticed  in  a  subject 
of  kidney  affection.  In  such  persons,  and  particularly  in  elderly  and  gouty  individuals 
without  salt  retention,  the  continuous  use  of  alkaline-saline  mineral  waters  or  artificial 
beverages,  as  already  pointed  out,  may  avert  the  oncoming  of  such  symptoms,  and 
hence  the  use  of  the  infusion  will  not  become  necessary.  So,  too,  in  diabetes  mellitus, 
alkaline  or  alkaline-saline  beverages  tend — even  in  the  absence  of  insulin — to  prevent 
acid  intoxication  and  the  coma  that  calls  for  alkaline-saline  infusion.  When,  however, 
poisoning — acid  or  uremic  or  both — has  supervened,  the  associated  measures  discussed 
under  intoxication  become  applicable. 

In  acute  nephritis,  especially  when  complicated  by  suppression  of  urine  or  marked 
edema,  Martin  H.  Fischer  recommends  the  administration  by  mouth,  by  rectum  or 
by  vein  of  a  hypertonic  alkaline-saline  solution.  The  formula  is  somewhat  elastic, 
an  average  being  1.4  percent,  of  sodium  chloride  and  1  to  1.5  percent,  of  sodium 
carbonate.  The  solution  weaker  in  sodium  carbonate  is  injected  intravenously;  the 
stronger  is  given  by  the  mouth  or  rectum.  By  mouth,  1/2  to  1  glassful  may  be  given 
hourly,  acidulated,  if  desired,  by  lemon  juice;  or  an  equivalent  amount  may  be  admin- 
istered by  the  rectal  drip.  By  vein,  a  pint  (500  cc.)  of  the  weaker  solution  (sterilized) 
may  be  given  slowly  and  repeated  the  following  day  if  the  urine  be  still  acid.  Clini- 
cians in  general  forbid  the  use  of  salt  or  of  large  quantities  of  water  in  dropsy,  on 
the  ground  that  they  increase  edema ;  but  the  reports  of  the  results  of  Fischer's  method, 
both  in  acute  and  chronic  nephritis,  as  well  as  in  cardiorenal  dropsy,  together  with 
our  own  observation,  would  indicate  that  the  practice  has  merit  in  many  instances. 
Fischer  teaches  that  the  principal  element  in  edemas  is  imbibition  of  water  by  colloids 
in  an  acid  medium,  and  that  this  applies  to  the  kidney  cells  as  well  as  to  the  tissues 
in  general.  Alkalinization  and  change  of  osmotic  tension  limits  the  water-retaining 
power  of  the  colloids,  and  the  excess  of  fluid  leaches  out  the  retained  solids  from 
the  renal  cells.  Fischer  solution,  therefore,  is  worth  consideration,  not  only  in  the 
conditions  mentioned,  but  likewise  in  uremia  and  in  puerperal  toxemia.  It  is  advised 
also  in  surgical  operations  in  which  temporary  occlusion  of  the  renal  blood  supply 
may  be  necessary.  It  must  not  be  used  subcutaneously.  In  some  cases  of  chronic 
diffuse  nephritis  and  of  cardiorenal  dropsy,  without  salt  retention,  in  which  Fischer 
solution  was  used  by  vein,  we  have  seen  profuse  watery  discharge  from  the  bowel 
supervene  in  an  hour  or  two,  rendering  other  purgation  unnecessary.     In  acute  sup- 
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prcssion  of  urine  in  infectious  diseases  (as,  for  example,  and  especially,  scarlatina), 
however,  and  in  acute  nephritis  of  any  orif?in,  whether  isotonic  or  hypertonic  saline 
infusion  be  employed,  it  should  be  conjoined  with  appropriate  cathartic  and  diaphoretic 
measures. 

Miscellaneous. — The  auxiliary  use  of  saline  infusions  in  the  treatment  of  various 
psychoses  has  been  advocated  on  the  ground  of  the  toxic  origin  of  these  conditions; 
and  similar  arguments  have  been  made  in  relation  to  hysteria,  hypochondriasis  ajid 
neurasthenia.  That  their  occasional  employment,  as  well  as  the  use  of  alkaline-saline 
beverages,  is  useful  in  the  disorders  named,  becomes  none  the  less  true,  because  we 
recognize  that  such  measures  will  not  of  themselves  alone  bring  about  recovery. 
The  same  may  be  said  concerning  the  application  of  saline  infusions  in  malignant 
syphilis  and  in  mycosis  fungoides;  and  the  injection  of  concentrated  salt  mixtures  in 
small  quantities  in  the  neighborhood  of  chronic  local  lesions  of  the  sJcin  (ulcers, 
eczema)  and  of  persistent  glandular  enlargements. 

Contraindications. — Saline  infusion  should  be  avoided  or  administered  with  great 
caution  in  the  presence  of  uncompensated  cardiac  valve  lesions;  in  cardiac  dilatation 
or  myasthenia;  in  degeneration  of  the  myocardium,  especially  in  the  aged;  in  arterio- 
sclerosis with  marked  hypertension;  in  pulmonary  congestion  or  edema;  in  some 
instances  of  hepatic  cirrhosis;  in  all  cases  in  which  the  kidney  is  not  able  to  respond 
to  the  stimulation.  It  is  said  to  be  harmful  in  uremia,  but  this  is  true  only  in  cases 
of  marked  salt  retention;  and  in  these,  hypotonic  solutions,  glucose  solutions,  bicar- 
bonate solutions  (or  even  water  tap  by  rectum),  may  be  substituted.  Hypotonic  and 
isotonic  solutions  are  commonly  harmful  m  the  presence  of  dropsy,  although  hypertonic 
solutions  may  be  employed  with  care.  Sometimes,  however,  a  coincident  leeching, 
cupping  or  venesection  will  permit  the  use  of  salt  solution  in  conditions  in  which 
overfilling  of  the  vessels  is  otherwise  to  be  feared. 

Administration. — Topical  applications  of  sodium  chloride  solution  are  commonly 
made  by  simple  compress  and  bandage;  but  certain  details  must  be  carried  out  in  the 
use  of  Wright's  solutions  on  wounds  and  infected  areas.  It  is  customary  to  cleanse  the 
surrounding  skin  with  70  percent,  alcohol,  and  apply  a  coating  of  petrolatum,  to  which 
sometimes  boric  acid  or  eucalyptus  is  added.  The  weaker  solution  (1.5  to  2  percent. 
NaCl;  0.5  percent,  sodium  citrate)  is  used  where  the  surface  has  been  covered  with 
scab,  and  after  the  removal  of  the  latter.  Such  applications  are  continued  only  from  a 
few  minutes  to  half  an  hour.  The  stronger  solution  (4  to  5  percent.  NaCl;  0.5  percent, 
sodium  citrate)  may  be  introduced  into  the  sac  of  an  abscess  which  cannot  be  effectively 
drained:  sinuses  may  be  syringed  with  the  brine  and  then  dressed  with  lint  that  has 
been  soaked  therein;  saturated  lint  may  also  be  applied  where  incisions  have  been  made 
into  indurated  tissues,  and  to  the  orifices  of  boils,  carbuncles,  tuberculous  abscesses,  etc., 
so  long  as  induration  persists  or  purulent  discharge  continues.  Sometimes  the  wound 
is  simnly  covered  with  a  large  pad  of  gauze  dripping  wet  with  the  hot  solution.  Outside 
of  this,  a  hot  water  bottle  or  a  hot  poultice  may  be  applied.  Should  the  dressing  become 
cold,  heat  is  renewed  by  pouring  hot  solution  over  it.  Such  applications  are  suspended 
from  time  to  time,  to  observe  results.  They  should  not  commonly  be  used  for  more  than 
36  to  72  hours,  lest  they  produce  maceration  and  retard  healing. 

Tablets  containing  sodium  chloride,  or  sodium  chloride  and  other  salts,  intended  for 
saline  infusion  liquids  are  on  the  market.  Their  size  varies.  In  the  United  States,  a 
tablet  is  usually  made  to  contain  the  proper  quantity  (17  grains)  for  4  ounces  of  an 
0.9  percent,  solution.  These  may  likewise  be  dissolved  in  water,  milk,  coffee,  lemonade, 
or  broth  for  internal  use;  or  table  salt  (20  grains)  and  baking  soda  (10  grains),  in 
weighed  or  approximated  quantity,  may  be  dissolved  in  a  pint  of  water,  and  a  teaspoonful 
or  so  of  orange  or  lemon  juice  be  squeezed  into  each  tumblerful,  as  it  is  given.  An 
elixir  can  also  be  conveniently  prescribed,  or  a  pepsinated  vehicle  be  employed. 

Valine  Infusions:  Composition.— Solutions  of  sodium  chloride  introduced  under  the 
skin  (subcutaneous  infusion,  hypodermoclysis) ,  or  into  a  vein  (venous  infusion,  angio- 
clysis),  or  into  an  artery  ( intra-arterlal  infusion,  atheroclysis),  or  into  the  colon  or 
rectum  for  absorption  (colonic  Infusion,  enteroclysis ;  rectal  infusion,  proctoclysis),  are, 
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as  a  rule,  approximately  isoplasmotonic  (circa  0.9  percent.)  or  isoseratonic  (circa  0.7 
percent.);  and  at  one  time  considerable  stress  was  laid  upon  the  exact  concentration.  In 
venous  infusion,  it  was  also  urged,  the  best  results  could  be  obtained  only  when  various 
other  salts  were  added  in  proper  quantity,  so  that  the  fluid  should  approach  the  blood 
closely  in  mineral  composition  as  well  as  in  osmotic  pressure.  Such  accuracy  may  at 
times  be  necessary,  but  under  ordinary  circumstances,  the  convenient  rule  of  "a  teaspoon- 
ful  to  the  pint"  answers  every  practical  purpose.  Desirable  in  certain  instances,  however, 
are  (1)  the  addition  of  sodium  carbonate  or  bicarbonate  in  sufficient  quantity  to  ensure 
alkalinity  (remembering  that  the  carbonate  should  not  be  used  subcutaneously) ;  and 
(2)  the  use  of  a  more  highly  concentrated  solution  (2  teaspoons  or  more  to  the  pint), 
in  cases  of  uremia,  of  general  edema,  and  of  other  manifestations  of  renal  failure — 
especially  when  the  latter  is  of  relatively  sharp  onset.  Calcium  chloride  in  small  quan- 
tity (0.03  percent.;  5  grains  to  the  quart)  may  be  added  to  endovenous  infusions,  to 
assist  the  stimulating  effect  upon  the  heart;  and  in  somewhat  larger  amounts  (up  to  0.1 
percent. — 15  grains  to  the  quart)  is  sometimes  useful  to  aid  in  restraint  of  hemorrhage. 
The  calcium  salt  is,  however,  unsuitable  for  hypodermoclysis,  and  should  not  be  added 
to  a  solution  containing  a  phosphate  or  carbonate,  lest  calcium  phosphate  or  carbonate 
be  precipitated.  In  may  be  given  by  mouth  coincidently,  if  needed,  or  even  by  separate 
intravenous  injection  with  a  sufficient  interval.  Tap  water  or  distilled  water  cannot  be 
given  in  sufficient  quantity  by  vein  or  under  the  skin,  but  is  available  for  rectal  use.  It 
is  absorbed  from  the  bowel  more  rapidly  than  is  salt  solution;  the  patient  has  less  thirst 
and  the  elimination  in  most  cases  is  about  the  same.  A  number  of  formulas  for  complex 
infusions  have  received  the  names  of  their  authors: 

Fischer  solution  or  "salt-alkali-water"  is  a  hypertonic  alkaline  solution  containing 
sodium  chloride  1.4  to  3  percent.,  and  crystallized  sodium  carbonate  1  to  2  percent.  It 
cannot  be  used  subcutaneously  but  may  be  introduced  by  vein  or  bowel. 

A  much  used  formula  is  sodium  chloride,  4  drams  (15  Gm.);  crystallized  sodium 
carbonate,  21/^  to  4  drams  (10  to  15  Gm.) ;  water  to  make  1  quart  (1000  cc). 

It  must  be  remembered  that  a  carbonate  cannot  be  boiled  without  driving  off  its 
CO,,  converting  it  into  the  caustic  hydroxide.  To  get  a  sterile  solution  the  sodium 
carbonate  is  dissolved  in  as  little  cold,  distilled  (or  filtered  or  sterilized)  water  as  pos- 
sible. The  sodium  chloride  is  then  dissolved  in  an  appropriate  amount  of  (filtered)  water 
and  sterilized.  After  this  solution  has  cooled  sufficiently,  the  carbonate  solution  is  added 
to  it.  When  dried  sodium  carbonate  is  used  instead  of  the  crystals,  only  one-third 
as  much  is  to  be  employed,  for  the  latter  are  approximately  two-thirds  water  of  crys- 
tallization. More  precisely,  3.7  Gm.  of  the  dried  carbonate  equals  10  Gm.  of  the  crys- 
tallized. 

A  slightly  hypertonic  solution  containing  a  mixture  of  salts  suitable  for  intravenous 
or  subcutaneous  use  contains:  Sodium  chloride,  75  grains  (5.0  Gm.);  calcium  chloride 
(C.P.)  hydrated  crystals,  5  grains  (0.3  Gm.);  potassium  chloride,  5  grains  (0.3  Gm.); 
water,  1  pint  (500  cc. ).  Another  convenient  alkaline  saline  solution  contains:  Sodium 
chloride,  2  drams  (8  Gm.);  sodium  phosphate,  30  grains  (2  Gm.);  water,  1  quart 
(1000  cc). 

Hay  em  solution,  used  in  cholera,  contains:  Sodium  chloride,  80  grains  (5  Gm.); 
sodium  sulphate,  160  grains  (10  Gm.);  water,  1  quart  (1000  cc. ).  A  solution  used  in 
diabetic  coma  contains:  Sodium  carbonate  (crystallized)  or  sodium  bicarbonate,  1  ounce 
(30  Gm.)  ;  sodium  chloride,  90  grains  (6  Gm.)  ;  water,  1  quart  (1000  cc). 

Cheron  solution,  which  is  used  in  small  quantities  (circa  2  drams,  10  cc.)  hypo- 
dermically  as  a  stimulant  to  nutrition,  and  is  not  suitable  for  massive  infections,  con- 
tains: Pure  crystallized  phenol,  15  grains  (1  Gm.);  sodium  chloride,  30  grains  (2  Gm.); 
sodium  phosphate,  60  grains  (4  Gm.) ;  sodium  sulphate,  120  grains  (8  Gm.);  distilled 
water,  373  fluidounces   (100  cc). 

Modified  Ringer  solution  contains:  Sodium  chloride,  144  grains  (9  Gm.);  calcium 
chloride,  4  grains  (0.25  Gm.)  ;  potassium  chloride,  2^2  grains  (0.15  Gm.);  distilled 
water  to  make  100  cc.  add  to  900  cc  of  distilled  water  to  make  1  liter  (quart)  of  saline 
mixture. 

Lennander  solution,  which  is  advised  for  subcutaneous  alimentation  in  conditions  of 
exhaustion  after  operations,  in  preparation  for  operations  and  in  conditions  attended 
with  obstinate  vomiting,  contains:  Sodium  chloride  (0.9  percent.),  68  grains  (4.5  Gm.); 
pure  glucose  (5.0  percent.),  380  grains  (25.0  Gm.);  distilled  water  to  make  (100  percent.) 
1  pint  (500  Gm.).    This  amount  may  be  injected  in  from  2  to  4  portions  in  24  hours. 

Kuettner  oxygenated  saline  solution,  advised  for  endovenous  injection  in  cases  of 
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shock  and  toxic  narcosis,  consists  of  a  0.9  percent,  sodium  chloride  solution  (to  which 
0.1  percent,  calcium  chloride  may  be  added),  heated  and  shaken  up  with  about  10  percent, 
of  its  volume  (or  as  much  as  it  will  absorb)  of  pure  oxygen.  The  oxygen  is  allowed  to 
flow  into  the  sterile  solution,  in  a  suitable  reservoir,  under  agitation. 

Ewart  hydroqen  dioxide  saline  infusion,  advised  for  suhciitaneoiis  use  in  cases  of 
asphyxia,  consists  simply  of  a  warm  solution  of  hydrogen  dioxide  to  which  sodium 
chloride  or  sodium  chloride  and  sodium  carbonate  have  been  added  in  physiologic  pro- 
portion (to  make  a  0.9  percent,  solution).  Not  over  50  cc.  (about  1%  fluidounce)  is  to 
be  used  at  a  time. 

Quintin  sohition  consists  of  83  parts  of  sea-water  to  193  parts  of  spring  water. 
Undiluted  sea-water,  taken  from  a  sufficient  depth  to  be  sterile,  and  immediately  sealed 
in  sterile  containers,  so  that  its  proportions  shall  not  be  changed  by  boiling,  has  been 
advocated  by  others,  on  the  theory  that  the  primal  environment  of  the  tissue  cells  is 
then  represented,  and  that  sufficient  dilution  will  take  place  in  the  blood  and  lymph 
stream.  This  is  used  by  intramuscular  injection  in  doses  of  about  5  cc. 

Schieking  solution  is  designed  to  furnish  in  addition  to  sodium  chloride  a  substance 
that  will  neutralize  the  excessive  carbon  dioxide  of  blood  and  tissues  and  leave  a  helpful 
residue.  It  contains:  Sodium  saccharate  (chemically  pure),  0.03  percent.;  sodium 
chloride,  0.7  percent.;  distilled  water  to  make  100  percent.  In  the  presence  of  carbon 
dioxide,  the  sodium  saccharate  forms  sodium  carbonate  and  sugar.  It  must,  when 
injected,  be  free  from  sugar  and  from  sodium  hydroxide. 

Apparatus. — For  any  form  of  infusion,  the  necessary  apparatus  comprises  (1)  a 
reservoir  for  the  fluid  with  some  means  of  maintaining  its  heat;  (2)  a  connecting  tube; 
(3)  a  needle,  cannula  or  other  hollow  terminal. 

(1)  In  emergencies,  use  may  be  made  of  any  reservoir,  such  as  a  fountain  syringe, 
a  surgical  "thimble,"  or  a  glass  syringe  from  which  the  piston  has  been  removed.  Special 
electric  attachments  have  been  devised  to  preserve  the  heat  of  the  fluid.  In  the  absence 
of  better  means,  hot  water  bags  may  be  strapped  to  the  container,  and  refilled  as 
necessary.  A  graduated  vacuum-walled  glass  flask  furnished  with  a  thermometer  is  to 
be  preferred,  since  it  keeps  the  fluid  at  an  even  temperature,  while  the  flow  can  be 
watched  accurately  and  the  amount  introduced  at  any  moment  is  thus  known.  The 
vacuum-walled  bottles  sold  for  travelers  may  be  adapted  by  Inserting  a  cork  or  rubber 
stopper  pierced  with  two  holes,  through  which  pass  respectively  a  long  and  a  short  glass 
tube.  The  bottle  is  not  quite  filled,  so  that,  when  inverted,  the  long  (air)  tube  shall 
extend  well  above  the  surface  of  the  fluid.  Over  the  shorter  (delivery)  tube,  which  passes 
but  an  inch  or  two  beyond  the  stopper,  the  connecting  tube  is  fitted. 

(2)  The  connecting  tube  of  soft  rubber  should  be  from  4  to  G  feet  long  to  permit  of 
r^ady  manipulation  and  avoid  kinks.  It  should  be  fitted  with  a  clip,  preferably  regu- 
lated with  a  thumb-screw,  to  control  the  flow.  By  interposing  a  few  inches  of  glass 
tubing  near  the  terminal,  the  flow  of  the  solution  can  be  watched.  A  tube  thermometer 
permits  the  temperature  to  be  observed  also. 

(3)  For  terminal  in  hypodermoclysis,  an  ordinary  hypodermic  needle  will  answer; 
but  one  a  little  longer  and  of  slightly  larger  caliber,  more  like  an  aspirating  needle,  is 
to  be  preferred.  A  needle  of  large  bore  is  objectionable,  as  it  permits  too  great  a 
quantity  of  fluid  to  be  introduced  in  a  short  time. 

The  site  of  infusion  may  be  the  loose  connective  tissue  of  the  buttock,  the  abdomen 
(ilio-inguinal  and  iliolumbar  regions),  the  back  (subscapular  or  lumbar  region),  the 
breast  (submammary  region)  or  axilla  (posterior  pectoral  margin).  In  icomen,  the 
region  of  election  is  the  loose  tissue  between  the  mammary  gland  and  the  chest  wall.  The 
breast  should  be  lifted  and  the  needle  introduced  from  the  outer  side,  taking  care  not 
to  penetrate  the  gland  tissue.  In  men,  the  loose  tissue  at  the  anterior  border  of  the 
axilla  is  to  be  preferred.  The  needle  is  introduced  just  behind,  and  almost  parallel 
with,  the  edge  of  the  pectoral  muscle,  pointing  toward  the  axilla.  There  is  little  pain 
and  no  risk  of  injury;  the  tissues  are  lax  and  the  lymjjhatics  are  abundant,  so  that 
absorption  proceeds  as  rapidly  as  is  to  be  desired  and  there  is  a  minimum  of  disten- 
tion. 

Peritoneal  infusion  has  been  termed  a  "modified  hypodermoclysis,"  the  serous  sac 
being  regarded  as  a  huge  lymph  space.  In  the  closed  method,  the  infusion  needle  is 
thrust  through  the  abdominal  wall;  not,  however,  without  risk  of  wounding,  or  even 
perforating,  the  bowel.  The  open  mefhod.  is  available  in  connection  with  operations; 
the  last  portions  of  the  irrigating  fluid  being  allowed  to  remain,  and  the  wound  closed; 
or  a  quantity  of  hot  salt  solution  may  be  poured  into  the  peritoneal  cavity  especially 
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for  the  purpose.  For  continuous  peritoneal  irrigation  incisions  have  been  made  into  the 
abdomen,  a  drainage  tube  being  inserted  to  carry  off  the  excess  of  fluid. 

For  endovenous  infusion,  the  terminal  needle,  or  a  suitable  trocar  and  cannula,  may 
be  introduced  by  the  accepted  and  careful  technic,  either  through  the  skin  or,  if  neces- 
sary, after  exposure  of  the  vessel,  preferably  under  local  anesthesia.  Commonly  the 
median  basilic  or  the  internal  saphenous  vein  is  selected. 

Arterial  infusion  is  dangerous;  it  has  been  followed  by  permanent  dilatation  of  the 
vessel  and  by  sloughing  of  the  soft  parts.  At  all  events,  it  should  be  done  only  by  an 
experienced  surgeon.     Either  Crile's  or  Dawbarn's  method  may  be  used. 

Both  endovascular  and  subcutaneous  methods  require  sterilization  of  all  the  instru- 
ments used,  and  strict  aseptic  precautions;  although  in  an  emergency,  it  may  suffice  to 
paint  the  skin  at  the  site  of  puncture  with  tincture  of  iodine.  After  the  injection  an 
aseptic  compress  should  be  applied  or  the  puncture  sealed  with  gauze  and  collodion. 

For  colonic,  infusion,  the  terminal  is  an  ordinary  soft  rubber  colon  tube  to  be  passed 
into  the  bowel  for  6,  12  or  18  inches.  There  is  less  danger  of  reflex  when  the  solution 
is  introduced  well  beyond  the  upper  part  of  the  rectum.  For  double  current  irrigation 
a  two-way  nozzle  of  hard  or  soft  rubber  is  used;  or  the  principle  of  a  two-way  catheter 
may  be  adapted  to  the  colon-tube. 

For  proctoclysis  it  is  desirable  and  in  the  continuous  drip  method  it  is  necessary, 
first  to  cleanse  the  intestinal  tract  by  soapsuds  or  other  enema.  The  simple  rectal  or 
colon-tube  of  hard  or  soft  rubber  may  be  used  as  a  terminal,  although  a  special  device 
to  permit  the  escape  of  gases  and  of  backflowing  solution  is  to  be  preferred.  For  this 
purpose,  some  use  a  medium-sized  hard  rubber  vaginal  douche  tube  with  several  open- 
ings iYg  to  Yq  inch),  flexed  at  an  obtuse  angle  2  or  3  inches  from  its  tip.  Others  prefer 
a  double  terminal;  or  a  Y-shaped  connection  with  single  terminal,  interposing  valves 
opening  in  opposite  directions,  and  a  vent  pipe,  emptying  into  a  suitable  receptacle. 
Some  use  merely  a  perforated  drip-bulb.  The  flow  (from  20  to  60  drops  per  minute) 
is  commonly  regulated  by  means  of  a  special  attachment  which  permits  the  drip  from 
the  container  to  enter  a  glass  bulb,  whence  it  is  carried  into  the  delivery  tube  and  to 
the  rectum.  This — or  when  it  is  not  available,  a  simpler  arrangement,  such  as  a  clamp 
on  the  rubber  delivery  tube — answers  in  all  so-called  medical  cases.  Some  surgeons, 
however,  in  using  the  Murphy  method,  especially  after  operation  upon  an  infected 
abdomen,  prefer  to  omit  the  drip  and  use  a  continuous  gentle  flow,  regulated  by  the 
elevation  of  the  container.  This  should  be  from  2  to  6  inches  above  the  buttocks  of  the 
patient,  who  is  in  the  Fowler  position.  This  will  allow  from  I14  to  2  pints  to  flow  into 
the  rectum  in  from  40  to  60  minutes.  The  average  quantity  employed  in  the  course  of 
24  hours  is  18  pints.  Murphy  gave  30  pints  in  24  hours  to  a  child  of  11  years;  and  held 
that  less  than  8  pints  in  24  hours  is  of  very  little  therapeutic  value.  When  the  Fowler 
position  is  uncomfortable,  the  head  of  the  bed  may  be  raised  instead,  from  12  to  18 
inches. 

However  introduced,  the  solutions  should  be  hot,  not  less  than  105°  F.  (40.5°  C.)  and 
for  endovascular  infusion,  or  in  cases  of  cholera,  hemorrhage  or  shock,  even  more  (110° 
to  120°  F.,  43.5°  to  49°  C. — or  more) ;  sometimes  it  is  advisable  to  begin  with  the  lower 
temperature  and  increase. 

Heat  is  of  distinct  service.  We  have  seen  the  contact  of  hot  saline  solution  with 
the  intestinal  peritoneum,  apparently  revive  a  patient  who  was  very  much  in  shock 
both  from  ether  and  from  hemorrhage  and  other  incidents  of  operations. 

In  all  methods,  the  rate  of  the  flow  which  is  regulated  by  the  height  of  the  reservoir 
and  sometimes,  also,  by  a  clip  on  the  delivery  tube — must  be  comparatively  slow.  Re- 
iteration is  necessary  because  this  detail  is  so  often  neglected.  In  cases  of  hemorrhage, 
especially  in  connection  with  ruptured  tubal  pregnancy,  and  following  abdominal 
operations,  salt  solutions  are  taken  up  very  quickly  and  without  danger  from  the  colon. 
In  the  veins  and  lymph  spaces,  however,  rapidity  is  not  safe.  Not  over  20  cc.  per  minute 
(taking  some  25  to  30  minutes  for  a  pint)  is  ordinarily  desirable;  and  for  a  continuous 
subcutaneous  infusion,  200  cc.  an  hour  may  suffice.  Such  a  flow  may  safely  be  kept  up, 
if  necessary,  under  the  static  pressure  of  one  to  two  feet  elevation  of  the  reservoir,  for 
12  hours.  All  methods  which  force  the  solution  into  veins  or  subcutaneous  lymph  spaces 
by  air  pressure  of  pump,  syringe,  or  bulb,  are  to  be  avoided  when  large  quantities  of 
fluid  are  given. 

The  sivelling  caused  by  accumulation  of  fluid  under  the  skin,  when  that  route  is 
chosen,  may  be  very  gently  massaged,  when  necessary,  but  no  attempt  should  be  made  to 
"press  it  all  out";  and  what  remains  after  the  needle  is  withdrawn  should  be  left  undis- 
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turbed.  Not  more  than  one  pint  (500  cc.)  should  ordinarily  be  introduced  in  any  one 
place.  If  more  should  be  needed,  a  new  situation  is  to  be  chosen.  New  sites  should  be 
selected,  if  possible,  for  successive  injections. 

Route. — When  there  is  no  call  for  haste  the  infusion  should  be  made  by  the  rectum, 
or  under  the  skin,  rather  than  into  a  vein;  the  choice  of  route  depending,  first,  upon 
the  comparative  urgency  of  indication,  and,  second,  upon  the  facilities  at  hand.  Colonic 
infusion,  although  less  rapid  than  the  hypodermic  method,  is  still  reasonably  prompt; 
and  in  cases  of  fluid-loss,  blood-loss  and  low  pressure,  remarkably  so;  the  fluid  some- 
times being  "sucked  up  by  the  tissues  like  a  sponge."  From  continuous  irrigation  with 
large  quantities  of  hot  fluid,  about  1  quart  in  13  will  be  absorbed  in  the  course  of  an 
hour  or  so.  Enteroclysis  has  the  great  advantage  of  not  requiring  a  strict  aseptic  technic; 
and  it  can  be  carried  out  by  a  nurse  or  an  intelligent  member  of  the  patient's  household, 
after  the  physician  has  once  demonstrated  it.  The  "continuous  drip"  method  of 
Murphy  (sloiv  proctoclysis)  does  not  produce  such  marked  immediate  result,  but  if 
instituted  promptly  and  kept  up  properly,  is  probably  the  most  effective  of  all.  It  was 
first  suggested  as  a  postoperative  procedure  in  cases  of  laparotomy,  especially  those 
attended  with  supiniration,  and  in  which  a  peritoneal  drain  was  inserted.  The  injected 
fluid  apparently  enters  the  abdominal  lymphatic  circulation  and  finds  exit  in  part 
through  the  drainage  tube,  thus  materially  assisting  the  local  cleansing,  as  well  as  renal 
flow  and  general  elimination.  It  has  since  been  used,  when  circumstances  and  condi- 
tions permit,  as  a  substitute  for  the  other  methods  in  various  forms  of  toxemia  and 
septicemia.  The  rate  of  flow  may  be  from  20  to  30  to  60  drops  to  the  minute.  At  the 
latter  rate,  one  liter  would  be  introduced  in  4  hours.  Careful  watching  of  the  apparatus 
is  necessary,  but  that  is  not  difficult.  The  method  overcomes,  too,  the  objection  to  colonic 
infusion  in  conditions  associated  with  ulceration  and  weakening  of  the  bowel — namely, 
the  danger  of  overdistention  and  perforation.  This  danger  is  not  theoretical;  cases 
are  on  record. 

Subcutaneous  infusion  or  venous  infusion  should  never  be  left  to  the  nurse;  serious 
accidents  may  happen  from  attempts  at  too  rapid  introduction  or  the  use  of  too  great 
a  quantity. 

Quantity. — Exceptionally  only,  is  it  necessary  to  employ  the  massive  subcutaneous 
and  endovenous  injections  (1000  to  1500  cc. ;  2  to  3  pints  and  more)  that  were  once  in 
vogue.  Smaller  quantities  (125  to  250  or  at  most  500  cc;  4  to  8  fluidounces,  or  at  most 
a  pint)  should  ordinarily  be  used,  and  repeated  more  frequently  (every  6  or  8  hours). 
The  objection  to  repetition  of  venous  infusions  is  obvious,  and  the  pain  of  the  sub- 
cutaneous method  is  not  to  be  inflicted  needlessly;  hence,  after  the  first  injection  by 
either  of  these  routes,  the  rectal  channel  may  be  substituted.  A  further  advantage  of 
the  latter  is  the  absence  of  risk  of  excess  either  in  quantity  or  velocity  of  absorption; 
in  fact  the  ability  to  introduce  relatively  large  amounts  of  fluid  in  the  course  of  24 
hours  without  danger  of  pulmonary  edema  or  embarrassment  of  the  heart  is  one  of  the 
chief  recommendations  of  continuous  proctoclysis  in  such  conditions  as  the  pneumonias, 
typhoid  fever  and  general  septicemia- 

Potassium 

Potassium  is  a  normal  constituent  of  the  body,  but  differs  from  sodium  in  that 
it  is  almost  entirely  contained  in  the  solid  tissues,  very  little  being  found  in 
solution  in  the  blood  plasma.  In  human  blood,  for  example,  the  plasma  contains 
0.554  percent,  of  NaCl  and  0.035  percent,  of  KCl,  while  the  corpuscles  contain  much 
more  potassium — NaCl,  0.075  percent. ;  KCl,  0.4  percent.  The  muscles  of  the  dog  con- 
tain potassium  but  no  sodium  (Fahr),  and  juice  expressed  from  muscle  exercises  a 
typical  potassium  action  on  the  heart  (MacLeod).  Macallum  has  shown  that  potassium 
is  present  in  the  cytoplasm  of  most  cells  but  absent  from  the  nuclei.  In  secreting 
cells,  as  in  the  kidney  tubules,  potassium  tends  to  collect  in  the  distal  portion  of 
the  cell,  away  from  the  nucleus.  The  total  body  of  the  adult  contains  more  potas- 
sium and  less  sodium  per  kilo,  than  that  of  the  embryo  and  infant.  This  is  prob- 
ably due  to  the  greater  relative  amount  of  muscle  in  the  former. 

Isolated  organs  all  require  the  presence  of  potassium  for  optimal  functioning. 
The  amount  best  adapted  for  different  organs  varies  from  5  percent,  to  10  percent, 
of  the  amount  of  sodium. 
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Althougli  in  therapeutic  practice,  potassium  salts  are  almost,  if  not  quite,  as 
much  used  as  the  con-esponding  sodium  salts,  to  obtain  the  effect  of  the  anions, 
this  should  not  be  the  case,  as  the  potassium  itself  exercises  an  influence  -which 
should  be  avoided  if  it  is  not  especially  desired.  In  almost  all  such  cases  the  sodium 
salts  are  as  eligible  as  the  potassium,  although  frequently  they  are  more  deliquescent. 

As  with  sodium,  the  discussion  of  potassium  action  is  here  limited  to  that  of 
the  chloride. 

Materia  Medica. — Potassii  Chloridum  (N.F.),  Potassium  Chloride.  Ahhr.,  Pot. 
Chlorid.     Synonym:  Sal  Digestivum  Sylvii. 

It  contains,  when  dried  to  constant  weight  at  100°  C,  not  less  than  99  percent,  of 
KCl ;  occurs  in  colorless,  elongated,  prismatic,  or  cubical  crystals,  or  as  a  white,  granular 
powder;  permanent  in  dry  air.  Odorless;  taste  saline.  One  gram  dissolves  in  2.8  cc. 
of  water  at  25°  C,  slightly  more  soluble  in  boiling  water;  insoluble  in  alcohol. 

Dose,  15  to  60  grains  (1  to  4  Gm.). 

Antipathogenic  Action. — Potassium  chloride  has  no  direct  antiseptic  action  except 
the  salt  action  described  under  sodium.  In  even  moderate  concentration  it  paralyzes 
the  movements  of  amebse  and  other  animalcules,  weak  solutions  usually  stimulating  the 
motions  primarily. 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Potassium  salts  are  rather 
more  diffusible  and  more  quickly  absorbed  than  the  corresponding  sodium  salts.  If 
large  amount  are  given  at  once,  they  disappear  promptly  from  the  blood,  being  deposited 
in  the  tissues,  from  which  they  are  gradually  removed  and  excreted  by  the  kidney  and 
bowel.  Relatively  much  more  potassium  than  sodium  is  excreted  in  the  feces,  even  as 
much  as  25  percent.     This  proportion  is  increased  in  certain  cases  of  nephritis. 

Topical  Action. — Potassium  salts,  owing  to  their  greater  diffusibility  are  more  irri- 
tating in  strong  solution  than  are  corresponding  solutions  of  sodium  salts,  but  they  are 
less  irritant  than  ammonium  salts.     Otherwise  the  topical  action  is  similar. 

Toxicity. — The  toxicity  of  potassium  by  mouth  to  mammals  is  very  slight,  the  intake 
of  man  on  average  diet  is  about  4  Gm.  daily,  and  on  an  almost  pure  diet  of  potatoes 
may  rise  to  40  grams  daily  without  harm  (1  to  10  drams).  The  small  medicinal 
amounts  of  potassium  which  may  be  added  to  this  are  probably  without  significance. 
The  drug  is  not,  however,  altogether  devoid  of  danger  when  taken  into  the  stomach. 
In  a  healthy  man,  death  has  followed  the  ingestion  of  10  grams  (155  gr.)  of  potassium 
chloride.  The  symptoms  were  jaundice  with  scanty,  high-colored  albuminous  urine,  fol- 
lowed by  respiratory  and  cardiac  failure,  paralysis,  coma,  and  death. 

When  potassium  salts  are  injected  hypodermically  or  intravenously,  they  are  toxic. 
In  rabbits  the  fatal  dose  by  vein  is  about  0.6  gram  per  kilo.  When  injected  into  the 
carotid  artery  so  that  it  reaches  the  heart  after  passing  through  the  vessels,  it  is  half 
again  as  large.  This  is  probably  because  the  tissues  remove  the  potassium  from  the 
blood  stream  with  great  rapidity. 

The  toxicity  of  potassium  given  by  mouth  is  markedly  increased  by  nephrectomy, 
and  in  cases  of  nephritis  with  decreased  excretory  power,  even  the  amount  of  potassium 
contained  in  ordinary  diet  may  be  dangerous.  The  toxicity  is  much  reduced  by  simultane- 
ous administration  of  sodium  salts,  at  least  in  normal  animals,  as  these  hasten  excretion. 
Given  in  a  single  fatal  injection,  nephrectomized  rabbits  are  killed  no  more  readily  than 
normal  controls  (Hald). 

The  toxic  action  of  potassium  is  exerted  on  the  nerve  system  and  on  the  skeletal 
and  heart  muscles.  Both  respiration  and  the  heart  are  weakened  and  which  will  fail 
first  is  largely  a  question  of  dose.  With  excessive  doses  injected  at  once,  there  is  prompt 
cardiac  paralysis,  the  respiration  continuing  for  a  few  breaths.  With  barely  fatal 
doses,  given  slowly,  on  the  other  hand,  the  bulbar  and  spinal  centers  suffer  most.  Mus- 
cular weakness  and  apathy  are  followed  by  arrest  of  the  respiration,  the  heart  stopping 
almost  at  the  same  time.  A  dose  of  1  cc.  M/3  solution  of  KCl  (about  40  mgm.)  per  kilo 
will  stop  the  heart  of  a  cat  at  once  if  injected  suddenly,  while  at  least  20  times  as  much 
can  be  given  if  the  solution  is  run  in  slowly.  The  toxicity  of  potassium  chloride  is  much 
reduced  if  sodium  chloride,  especially  in  excess,  is  given  with  it. 

Systemic  Action:  Alimentary. — Strong  solutions  of  potassium  chloride  taken  in  the 
stomach,  excite  nausea  and  vomiting  and  perhaps  burning  pain.    The  motions  and  secre- 
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tions  of  the  alimentary  tract  are  not  much  affected  except  reflexly  by  salt  action.  If 
strips  of  intestine  are  suspended  in  Ringer  solution  and  the  amount  of  potassium 
slightly  increased,  there  will  first  be  an  increase  in  tonus  and  in  the  rhythmic  motions, 
which  passes  over  into  depression.  If  much  be  added,  the  depression  is  immediate  and 
is  followed  by  paralysis. 

Blood. — Potassium  in  dilute  solution  added  to  blood,  increases  for  a  time  the 
motions  of  the  leucocytes,  which  later  are  paralyzed. 

Hemolytic  agents  destroying  the  red  cells,  set  free  the  potassium  salts  contained  in 
them,  and  one-fifth  of  the  red  cells  contains  enough  potassium  to  prove  fatal  if  given  at 
a  single  dose. 

Circulation. — The  action  of  small  doses  of  potassium  on  the  circulation  somewhat 
suggests  that  of  digitalis,  the  heart  becoming  slow  and  strong  and  the  blood  pressure 
rising.  With  moderate  doses,  this  effect  passes  over  into  cardiac  paralysis,  with  fall  of 
pressure. 

The  blood  vessels  are  constricted  both  by  central  stimulation  of  the  vasomotor  center 
and  by  a  direct  action  on  the  vessel  wall.  The  former  is  seen  only  with  very  small 
doses,  but  the  peripheral  effects  on  the  vessels  is  noted  with  doses  which  paralyze  the 
heart.  Perfusion  of  the  legs  and  isolated  organs  of  cats  and  dogs  gives  diminished  out- 
flow when  potassium  is  added  to  the  perfusion  fluid  in  strength,  up  to  5  percent.  The 
same  effect  is  noted  in  perfusion  of  frogs. 

When  potassium  salts  are  injected  in  a  vein,  the  rise  of  blood  pressure  is  concealed 
by  weakening  of  the  heart,  but  if  injected  into  the  carotid  artery,  so  that  they  reach  the 
arterioles  first  and  are  diluted  before  reaching  the  heart,  the  rise  is  enormous  (Mathison) 

Small  doses  slow  the  mammal  heart  in  situ  by  increasing  the  tonus  of  the  cardiac 
vagus  and  later  by  a  direct  action  on  the  heart.  The  heart  first  becomes  slower  and 
stronger  and  the  cardiac  output  is  increased.  This  lasts  only  a  short  time,  the  slowing 
soon  overcoming  the  increase  in  strength  and  the  output  lessening.  Later  still  the 
vagus  nerve  is  paralyzed  and  the  rate  becomes  more  rapid,  still  remaining  slower  than 
normal.  With  toxic  doses  the  beats  then  become  weaker  and  weaker  until  the  heart 
passes  into  fibrillation  or  stops  in  diastole.  Heart  block  may  occur  during  the  early 
period  of  slowing. 

The  action  on  the  isolated  heart  is  similar.  There  is  first  slowing  and  strengthening 
with  slight  increase  or  no  change  in  the  work  done,  then  more  marked  slowing  with  a 
long  pause  in  diastole  and  marked  reduction  in  the  work.  Carlson  and  Beccari  have 
showed  on  the  heart  of  limulus  and  the  frog,  respectively,  that  potassium  stimulates  the 
intracardiac  ganglia  and  depresses  the  muscle.  Hald  states  that  if  an  isolated  frog 
heart  is  perfused  with  Ringer  solution  containing  excess  of  potassium,  the  smallest 
effective  dose  decreases  the  work  and  0.24  percent,  stops  the  heart  quickly.  If  the  solu- 
tion is  dropped  on  the  outside  of  the  heart,  the  work  is  increased  50  percent,  by  0.12 
percent,  and  even  0.3  percent,  increases  the  strength  of  the  beats,  although  the  output  is 
decreased  by  the  marked  slowing.  It  has  been  claimed  (Zwaardemaker)  that  the  action 
of  potassium  salts  on  isolated  organs  was  due  to  their  slight  radioactivity,  and  that 
they  could  be  replaced  by  other  radioactive  salts  of  equal  radiant  power.  Clark,  how- 
ever, has  shown  that  if  the  entire  heart  of  the  frog  is  tested  instead  of  the  ventricle 
alone,  equimolecular  amounts  of  rubidium  are  required,  while  only  1/10  of  this  amount 
should  be  on  the  basis  of  radiant  activity  and  that  thorium  and  uranium  cannot  replace  it. 

Respiration. — Large  doses  of  potassium  salts  depress  the  respiration  both  by  action 
on  the  center  and  on  the  muscles.  If  the  isolated  respiratory  center  of  the  frog  is  per- 
fused with  Ringer  solution  containing  an  excess  of  potassium,  the  respiration  is  slowed. 
The  depth  is  decreased,  partly  by  action  on  the  muscles. 

Metabolism. — Potassium  causes  an  increase  of  excretion  of  sodium  in  the  urine 
and  this  leads  to  a  peculiar  salt  hunger  in  those  herbivora,  whose  diet  contains  large 
amounts  of  potassium.  Horses  and  cattle  are  especially  eager  for  salt  and  do  not  remain 
well  if  they  fail  to  get  it.  It  is  claimed  that  the  destructive  side  of  metabolism  (catabo- 
lism)  is  increased  by  potassium  but  the  evidence  is  inadequate.  It  is  chiefly  based  on 
the  facts  that  potassium  salts  hasten  certain  forms  of  oxidation  in  vitro  and  that  the 
urinary  solids  are  increased  in  vivo. 

Temperature. — Toxic  doses  of  potassium  reduce  the  temperature,  probably  indirectly 
by  circulatory  depression. 

Urinary. — The  salts  of  potassium  act  as  diuretics,  chiefly,  but  not  entirely,  by  salt 
action.  The  amount  of  sodium  chloride  and  of  organic  solids  is  also  increased  probably 
by  reason  of  the  increased  flow  of  fluid.     (See  Saline  Diuretics.) 
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In  nephritis  the  excretion  of  potassium  is  interfered  with  and  it  piles  up  in  the 
kidney.  In  uranium  nephritis  in  dogs,  the  potassium  is  found  in  grec.t  quantity  in  the 
cells  of  the  convoluted  tubules  and  even  in  the  nuclei  from  which  it  is  normally  absent 
(MacNider). 

The  toxicity  of  normal  urine  depends  almost  wholly  upon  its  potassium  content. 
At  least  85  percent,  can  be  accounted  for  in  this  way.  (The  other  toxic  factors  have 
never  been  satisfactorily  determined.  The  constituents,  which  are  commonly  estimated, 
are  not  responsible.    The  pigments  may  play  a  certain  role.) 

Nerve  System. — The  brain  and  cord  are  depressed  by  direct  action.  Astolfini  has 
shown  that  stronger  stimuli  are  needed  to  excite  the  brain  and  cord  after  topical  appli- 
cations of  solutions  of  potassium  chloride.  The  exposed  sciatic  of  the  frog  is  also 
paralyzed  by  5  percent,  solution,  while  1  percent,  gives  brief  increase  of  excitability, 
followed  by  loss.  The  isolated  muscle  of  the  frog  contracts  more  strongly  in  solutions 
from  0.02  to  1  percent.,  but  is  paralyzed  by  stronger.  Zorn  claims  that  solutions  of 
cocaine  and  novocaine  dissolved  in  isotonic  potassium  chloride  or  sulphate  are  more 
effective  than  in  sodium  chloride  or  distilled  water. 

Unstriped  Muscle. — The  contractions  and  tonus  of  isolated  strips  of  the  uterus  and 
esophagus  of  the  rabbit  and  cat  are  stimulated  markedly  by  concentrations  of  potassium 
chloride  from  0.05  to  1  percent.  (Mathison). 

Therapeutics. — Potassium  chloride  is  a  little  used  remedy.  It  has  been  recom- 
mended for  the  reduction  of  high  blood  pressure  but  there  are  other  more  efficacious 
drugs  for  this  purpose.  It  is  sometimes  substituted  for  sodium  chloride  as  a  table 
salt  for  use  by  the  gouty.  Its  effect  on  the  fluids  of  the  body  is  the  opposite  of 
that  of  the  sodium  salt,  for  it  causes  their  outgo  instead  of  retention  and  so  acts  as  a 
diuretic.  Blum,  Aurel  and  Levy  found  it  of  great  value  in  nephritis  with  edema 
and  have  obtained  the  desired  results  from  its  use  in  some  cases  in  which  a  num- 
ber of  other  diuretics  had  been  tried  and  had  failed.  It  has  also  a  slightly  laxative 
action  in  persons  with  a  tendency  to  diarrhea.  The  main  objection  to  the  nse  of 
potassium  chloride  in  nephritis  is  that  if  its  elimination  be  delayed  the  patient 
suffers  from  symptoms  of  poisoning — chilliness,  fatigue,  headache,  nervous  manifes- 
tations, and  weakness.  No  cardiovascular  symptoms  are  to  be  apprehended  if  the 
circulatory  system  is  uninjured,  but  if  there  be  any  myocardial  or  arterial  degenera- 
tion, dyspnea,  cyanosis,  a  sensation  of  constriction  in  the  chest,  morbid  apprehension, 
extra-systoles  and  possibly  a  sudden  fall  in  blood  pressure,  may  result  from  the  action 
of  the  potassium  ion.  In  order  to  avoid  these  toxic  manifestations  the  amount  taken 
should  not  exceed  2  drams  (8  Gm.)  in  the  24  hours.  It  is  well  also  to  test  the  patient's 
tolerance  with  an  initial  dose  of  15  grains  (1  Gm.),  and  to  withhold  potassium  salts 
when  there  is  any  indication  of  circulatory  depression. 

Calcium 

Calcium  is  one  of  the  most  widespread  elements  in  nature  and  is  a  normal 
constituent  of  the  tissues  of  both  plants  and  animals.  It  is  indispensable  to  the 
life  of  all  organisms  except  certain  of  the  lower  fungi,  and  the  functional  activity 
of  nerve  and  muscle  cells  depends  on  its  presence  and  is  markedly  influenced  by  any 
deficiency  or  excess. 

The  bodies  of  vertebrates  contain  enormous  amounts,  but  it  is  chiefly  fixed  in 
the  bones  as  the  insoluble  phosphate  and  carbonate,  and  the  portion  which  circu- 
lates in  the  blood  and  body  fluids  and  influences  the  function  of  the  body  cells  is 
only  a  tenth  part  or  less  of  the  amount  of  sodium.  Large  quantities  of  lime  are 
contained  in  the  food  and  the  amounts  ordinarily  given  as  medicaments  are  not 
large  enough  to  increase  this  materially.  In  pregnant  women,  in  growing  children, 
and  in  certain  disturbances  associated  with  undue  excretion  of  lime,  it  may  be 
necessary,  however,  to  supplement  the  food  calcium. 

Most  of  the  salts  of  calcium  which  are  used  in  medical  practice  depend  for 
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their  action  on  the  anion  and  are  discussed  elsewhere.  Dried  calcium  sulphate,  plas- 
ter of  Paris,  is  important  because  of  its  peculiar  physical  properties.  The  salts  to 
which  the  following'  article  applies  are  the  chloride  and  certain  organic  salts,  such 
as  the  citrate  and  lactate. 

Summary  of  Actions  and  Uses. — The  presence  of  sohible  calcium  salts  is  necessary 
for  the  action  of  certain  ferments,  lab  ferment,  rennin,  ttirombin,  etc.  Their  presence 
is  a\sb  necessary  in  a  fixed  balance  with  sodium  and  potassium,  for  the  proper  func- 
tioning of  voluntary  and  autonomic  nerve  and  muscle  cells,  and  perhaps  of  all  cells. 
Calcium  exhibits  an  antagonism  to  potassium  in  some  respects  and  also  to  magnesium. 
Slight  decrease  in  the  proportion  of  calcium  leads  to  overirritability  of  the  motor  nerve 
cells,  shown  by  twitching  of  the  muscles  and  even  tetany.  This  is  associated  with 
weakness,  eventually  passing  into  complete  paralysis.  Increase  causes  lessened  irri- 
tability, but  stronger  contraction  if  the  stimulus  is  effective.  Permeability  of  individual 
cells  and  of  the  capillaries  is  increased  by  lime  deficiency  and  decreased  by  lime  excess. 
Excretion  of  urine  is  also  decreased  by  administration  of  lime. 

The  therapeutic  uses  of  lime  salts  closely  follow  their  physiologic  effects.  They  are 
of  great  value  in  certain  defects  in  bone  nutrition  associated  with  softening.  When 
lime  metabolism  is  disturbed,  however,  as  in  rachitis  and  osteomalacia,  the  fault  is  not 
usually  a  deficient  supply  of  calcium,  but  a  disturbance  in  the  power  of  the  bones  to 
utilize  it,  or  a  disproportion  between  the  lime  and  phosphorus  intake.  Lime  salts  have 
been  used  with  little  success  to  assist  blood  clotting  in  hemophilia,  and  with  greater 
benefit  in  conditions  associated  with  increased  permeability  of  capillaries,  such  as 
urticaria  and  hay  fever.  In  cases  of  infantile  tetany  and  of  tetania  thyreopriva,  they 
may  be  of  great  usefulness. 

Materia  Medica. — Calcii  Chloridum  (F.  S.  X.),  Calcium  Chloride.  Ahlr.,  Calc. 
Chlor.     Synonym:  Muriate  of  Lime. 

A  hydrated  salt  containing  not  less  than  Y5  percent,  of  CaCl^;  occurs  in  white, 
slightly  translucent,  hard,  odorless  fragments,  granules,  or  sticks;  having  a  sharp, 
saline  taste.  It  is  very  deliquescent.  One  Gm.  is  soluble  in  1.2  cc.  of  water  and  in 
about  10  cc.  of  alcohol  at  25°  C,  and  in  0.7  cc.  of  boiling  water,  and  about  2  cc.  of 
boiling  alcohol. 

Antagonists  and  Incompatthles. — Soluble  oxalates,  tartrates,  carbonates,  citrates, 
phosphates,  sulphates  and  salts  of  lead,  zinc,  mercury  and  silver  form  precipitates  with 
solutions  of  calcium  chloride.    Potassium  and  magnesium  are  physiologic  antagonists. 

Dose,  5  to  30  grains  (0.3  to  2  Gm.). 

Calcium  Chloride  Urea  (N.N.E.).    Synonym:  Afenil. 

A  molecular  compound  of  calcium  chloride  and  urea,  with  the  actions  of  calcium 
chloride.     Occurs  as  colorless  crystals;  non-hygroscopic,  but  very  soluble  in  water. 

Dose,  150  minims  (10  cc.)  of  a  10  percent,  solution  intravenously. 

Calcii  Caseinas,'  (N.N.R.),  Calcium  Caseinate.  Synonyms:  Casec,  Larosan, 
Protolac. 

Casein  from  cow's  milk  rendered  partially  soluble  by  combination  with  calcium  and 
containing  not  less  than  1.4  percent,  nor  more  than  2.1  percent  of  calcium.  Occurs  as 
a  yellowish-white,  fluffy  powder,  free  from  rancid  odor  and  having  a  characteristic, 
slightly  saline  taste. 

Dose,  infants  and  children,  %  ounce  (10  Gm.)  to  the  pint  of  milk  and  water; 
adults,  twice  this  amount. 

Calcii  Lactas  (U.S.  X.),  Calcium  Lactate.    Ahhr.,  Calc.  Lact. 

The  hydrated  form  of  calcium  lactate,  Ca(C3Hi.03)j.5H,0.  It  contains  not  less 
than  70  percent,  and  not  more  than  75  percent,  of  Ca(C3TIj03)j,  corresponding  to  not 
less  than  98  percent,  of  the  hydrated  salt.  It  occurs  in  white,  granular  masses  or 
])owder;  odorless,  and  nearly  tasteless.  One  Gm.  dissolves  in  20  cc.  of  water  at  25°  C; 
almost  insoluble  in  alcohol. 
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Antagonists  and  Incompatihles. — The  soluble  carbonates,  phosphates,  and  sul- 
phates cause  a  precipitation  with  calcium  lactate.     Strong  acids  decompose  it. 

Dose,  5  to  20  grains  (0.3  to  1.2  Gm.) 

Calcii  Lactophosphus  (ISr.F.),  Calcium  Lactophosphate.     Ahhr.,  Calc.  Lactoplios. 

A  mixture,  in  varying  proportions,  of  calcium  lactate,  calcium  acid  lactate  and 
calcium  acid  phosphate,  corresponding  to  not  less  than  1.5  percent,  nor  more  than 
2  percent,  of  phosphate  oxide.  Occurs  in  white  granules  or  a  white  powder,  wrthout 
odor;  soluble  in  water,  but  almost  insoluble  in  alcohol. 

Dose,  5  to  10  grains  (0.3  to  0.6  Gm.). 

Sykupus  Calcii  Lactophospiiatis  et  Ferri  (N.F.),  Syrup  of  Calcium  Lactophos- 
phate and  Iron.    Ahhr.,  Syr.  Calc,  Lactophos.  et  Ferr. 

Prepared  from  ferrous  lactate,  potassium  citrate,  water  and  syrup  of  calcium 
lactophosphate.  Each  fluidram  contains  about  1^/4  grain  (0.01  Gm.)  of  calcium 
phosphate,  and  Vo  grain  (0.03  Gm.)  of  ferrous  lactate. 

Dose,  1  to  4  fluidrams  (4  to  13  cc). 

Pharmacodynamic  Action:  Absorption  and  Elimination. — The  absorption  of  calcium 
from  the  alimentary  canal  is  always  very  incomplete,  probably  because  of  the  formation 
of  the  carbonate  and  other  insoluble  compounds.  Absorption  is  so  slow  that  no  toxic 
or  pharmacodynamic  effect  can  be  noted  from  calcium  salts  exhibited  in  this  way, 
except  local  action  on  the  stomach  and  bowel.  Injected  subcutaneously  calcium  chloride 
and  other  soluble  salts  are  also  absorbed  quite  slowly.  For  prompt  action  it  is  neces- 
sary to  give  intravenous  injections.  Calcium  lactate  appears  to  be  better  absorbed  than 
the  chloride  and  ingestion  of  75  grains  (5  Gm.)  on  an  empty  stomach  causes,  in  normal 
men,  a  marked  rise  of  the  blood-calcium  lasting  about  9  hours  (Kalin  and  Roe).  It  is 
not  well  absorbed  when  given  with  food. 

When  small  doses  are  given  by  vein,  there  is  a  considerable  retention  in  the  tissues. 
Mendel  and  Benedict  found  that  after  giving  0.4  Gm.  to  dogs,  elimination  was  distinctly 
increased  for*  only  two  days,  and  during  this  time  less  than  one-fourth  of  the  amount 
injected  was  eliminated.  This  was  entirely  in  the  urine.  The  calcium  of  the  feces 
was  not  increased.  Rabbits  receiving  0.2  Gm.  eliminated  more  than  half  within  two 
days. 

Elimination  of  the  calcium  of  the  food  takes  place  partly  in  the  feces  and  partly 
in  the  urine.  In  the  former  it  is  present  chiefly  as  carbonate,  in  the  latter  as  carbonate, 
phosphate  and  in  certain  organic  combinations,  of  which  the  carbamate  has  been  recog- 
nized. On  ordinary  diet  about  5  to  10  percent,  of  the  calcium  ingested  appears  in  the 
urine. 

When  calcium  excretion  is  increased  there  is  always  noted  an  increase  in  the 
excretion  of  magnesium,  which  may  be  very  marked.  Increased  excretion  of  magnesium 
likewise  causes  increase  in  that  of  calcium. 

In  the  kidneys  the  chief  seat  of  calcium  excretion  is  said  to  be  the  convoluted 
tubules  (contrast  to  sodium  chloride),  and  after  administration  of  large  amounts  of 
calcium,  crystals  of  calcium  phosphate  are  found  in  the  cells  of  these.  (This  deposition 
occurs  during  reabsorption,  according  to  the  view  of  urinary  secretion  which  we  have 
adopted. 

Topical  Action. — The  soluble  salts  of  calcium  are,  as  a  rule,  slightly  more  irritating 
than  the  corresponding  salts  of  sodium.  Applied  to  the  skin  and  mucous  membranes, 
solutions  of  not  too  high  concentration  are  without  effect. 

Injected  subcutaneously,  calcium  salts  are  slowly  absorbed  and,  in  strong  solution, 
may  give  rise  to  irritation,  thickening  and  even  suppuration.  In  the  rabbit,  suppuration 
may  occur  with  10  cc.  of  1  percent,  solution  but  not  with  0.5  percent.;  in  guinea-pigs 
it  is  likely  to  follow  5  cc.  of  2  percent,  subcutaneously  (Finsterwalder).  Somewhat  larger 
amounts  have  caused  pus  formation  in  man. 

Applied  to  the  abraded  skin  10  percent,  calcium  chloride  will  cause  local  urticaria 
(Pilcher  and  Sollmann). 

Toxicity. — Calcium  given  by  mouth  either  as  carbonate  or  in  a  soluble  but  not 
irritating  form,  such  as  the  chloride  or  citrate,  has  no  toxic  action  except  such  as  may 
arise  from  disturbance  of  digestion  by  its  quantity. 

Calcium    chloride   injected   intravenously   is,   on   the   other   hand,   quite    dangerous. 
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Large  doses  cause  irregular  and  spasmodic  contractions  of  the  skeletal  muscles,  leading 
to  tetany  and  clonic  convulsions,  but  passing  rapidly  into  paralysis.  Cramp-like  con- 
tractions of  the  intestine,  bladder  and  other  unstriped  muscles  occur,  but  these  also 
are  soon  paralyzed.  The  blood  pressure  rises  at  first  from  constriction  of  the  arterioles 
and  increased  force  of  the  heart,  which  is  slowed  primarily  but  becomes  rapid  and 
irregular.  In  frogs  the  heart  is  likely  to  stop  in  systole,  but  in  mammals  the  respiration 
fails  and  about  the  same  time,  or  soon  after,  the  cardiac  contractions  weaken  and 
cease. 

The  fatal  dose  of  calcium  chloride  injected  intravenously  in  dogs  is  slightly  less  than 
0.6  Gm.  per  kilo.  A  similar  amount  is  fatal  to  rabbits.  Frogs  bear  relatively  more,  as  the 
disturbance  of  the  respiratory  movements  is  not  so  serious,  and  life  continues  until  the 
heart  is  brought  to  a  complete  standstill.  In  contrast  to  potassium,  calcium  chloride 
is  more  toxic  to  mammals  when  injected  in  an  artery  than  in  a  vein  (Joseph  and 
Meltzer). 

Systemic  Action:  Alimentary. — The  effect  of  calcium  salts  on  the  digestive  system 
is  not  very  marked.  The  carbonate  acts  as  an  antacid  and  may  be  used  to  correct  the 
acidity  of  the  stools  seen  in  children.  All  the  salts  tend  to  lessen  the  motions  of  the 
viscera,  and  chalk  is  often  of  benefit  in  vomiting,  and  this  and  other  compounds  in 
diarrhea.  It  is  said  that  this  is  due  merely  to  antacid  and  protective  action,  but  the 
specific  depressing  action  of  the  calcium  probably  plays  a  part. 

Calcium  is  not  necessary  to  the  action  of  pepsin,  which  acts  when  mixed  with  oxalic 
instead  of  hydrochloric  acid,  nor  to  the  action  of  trypsin.  It  is,  however,  required  for 
the  precipitation  of  casein  by  rennin. 

Blood. — The  chief  interest  of  calcium  in  connection  with  the  blood  lies  in  its  con- 
verting the  pro-ferment  into  fibrin  ferment  and  thus  making  clotting  of  the  blood 
possible.  The  actual  conversion  of  fibrinogen  to  fibrin  takes  place  just  as  well  in  its 
absence.  Blood  drawn  directly  into  solutions  of  calcium  precipitants  does  not  clot,  but 
clots  firmly  if  fibrin  ferment  from  fresh  serum  is  added. 

The  decalcification  or  the  plasma  lowers  the  temperature  of  heat  coagulation  from 
the  normal  of  5G  degrees  C.  to  50  degrees  C.  Addition  of  small  amounts  of  calcium 
raises  the  temperature  slightly.  Decalcified  fibrinogen  solution  is  more  easily  salted 
out.     The  coagulation  of  other  proteids  is  not  influenced. 

The  rate  of  phagocytosis  in  vitro  is  markedly  increased  by  the  addition  of  0.005 
percent,  of  CaCL;  it  is  less  increased  by  0.05  percent,  and  stopped  by  0.5  percent.  (Ham- 
burger). Chemotaxis  is  increased  if  0.01  percent,  of  CaCL  is  added  to  the  tube  contain- 
ing the  chemotactic  substance,  and  the  same  effect  may  be  obtained  by  injecting  0.3  Gm. 
of  CaCL  in  rabbits  immediately  before  implanting  the  tubes. 

The  blood-calcium  may  be  materially  raised  in  normal  persons  by  the  ingestion  of 
calcium  lactate.  A  single  dose  of  2 '4  drams  (10  Gm.)  raises  the  blood-calcium  about 
1  to  2  mgm.  per  100  cc.  (5  to  25  percent.).  Half  the  dose  causes  about  half  as  much  rise, 
which  falls  to  normal  in  about  12  hours  (Bauer  and  Ropes).  Injection  of  calcium 
chloride  in  rabbits,  on  the  other  hand,  induces  a  fall  in  the  percentage  of  circulating 
calcium,  dependent  on  hydremia  (Cantorelli). 

Circulation. — The  action  of  calcium  on  the  circulation  is  very  much  complicated  by 
the  fact  that  it  is  present  in  normal  blood,  and  the  effect  of  increase  in  amount  and 
of  decrease  must  both  be  studied.  Often  a  slight  increase  gives  the  same  effect  as  total 
absence,  while  a  slight  decrease  gives  the  opposite  effect.  Generally  the  effect  of  great 
increase  in  amount  in  perfusion  fluids  is  the  opposite  of  that  of  slight  increase. 

A  slight  increase  in  the  amount  of  calcium  chloride  in  the  perfusion  fluid  of  an 
isolated  mammalian  heart  causes  first  an  increase  in  strength,  followed  by  increase  in 
rate.  The  vagus  nerves  are  depressed  and  this  accounts  at  least  partly  for  the  rapidity 
of  the  beats.  The  irritability  of  the  accelerator  is  increased  at  the  same  time.  With 
somewhat  larger  amounts  the  heart  becomes  irregular  and  then  slower.  The  irregu- 
larity increases  and  is  accompanied  by  weakness.  Stimulation  of  the  peripheral  vagus 
gives  less  and  less  response  until  finally  paralysis  is  complete.  Irregularity  and  weak- 
ness increase  until  the  heart  stops  in  diastole.  The  isolated  heart  of  the  frog  perfused 
with  Ringer  solution  containing  a  great  excess  of  calcium  may,  however,  stop  in 
systole. 

Absence  of  calcium  from  the  perfusion  fluid  causes  weakness  increasing  to  stoppage 
in  diastole.  The  vagus  endings  are  paralyzed.  Fibrillation  occurs  as  the  heart  stops. 
In  cases  of  heart  block  an  excess  of  calcium  may  also  cause  fibrillation. 

A  slight  increase  in  the  calcium  content  of  the  perfused  whole  frog,  causes  a  con- 
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striction  of  the  vessels  and  decrease  in  the  flow.  Decrease  in  calcium,  or  great  excess, 
alike  cause  dilation.    The  effect  on  the  vessels  is  not  seen  after  systemic  administration. 

The  plaques  of  sclerotic  arteries  contain  a  large  amount  of  calcium,  but  no  arterial 
hardening  is  caused  in  rabbits  by  prolonged  administration  of  lime  salts  (Finsterwalder). 

Exudates  and  Edema. — It  may  be  stated  in  general  terms  that  the  administration 
of  calcium  chloride  by  vein,  and  to  a  less  extent  even  subcutaneously  or  by  mouth, 
lessens  the  amount  of  edema  or  exudate  which  follows  local  irritation.  It  is  well  estab- 
lished that  the  simultaneous  giving  of  lime  salts  lessens  the  tendency  to  local  reactions 
after  injection  of  serum  in  man  and  other  animals.  If  oil  of  mustard  is  instilled  into 
the  eye  of  a  ralDbit  there  results  an  enormous  edema.  This  reaction  is  lessened  by 
intravenous  injection  of  10  cc.  of  1  percent,  calcium  chloride  (Finsterwalder,  Chiari 
and  Januschke).  The  exudate  which  follows  the  presence  of  a  piece  of  copper  wire 
in  the  anterior  chamber  of  the  rabbit's  eye  is  delayed  but  not  prevented  (Rosenow). 
According  to  Leo  the  same  reduction  of  inflammatory  reaction  may  be  observed  when 
the  calcium  is  instilled  in  the  eye  or  given  by  mouth.  Injection  of  certain  poisons,  for 
example,  diphtheria  toxin  or  potassium  iodide  cause,  when  given  intravenously  in  the 
rabbit,  exudates  in  the  pleural  and  peritoneal  cavities.  Such  exudates  are  prevented  by 
intravenous  injection  of  10  cc.  of  10  percent,  calcium  chloride  (Chiari  and  Januschke), 
but  not  influenced  by  subcutaneous  administration   (Levy). 

Related  to  these  phenomena  is  the  delay  in  the  absorption  of  convulsant  poisons 
by  rabbits  and  guinea-pigs  (Januschke  and  Masslow),  and  of  fluorescein.  The  appear- 
ance of  fluorescein  in  the  eye  is  delayed  even  if  this  is  given  intravenously  (Rosenow), 
so  that  the  effect  is  only  partly  due  to  delayed  absorption. 

If  the  exudate  is  not  dependent  on  a  local  inflammatory  reaction,  it  may  be  favored 
by  calcium.  Thus  rabbits  given  such  large  amounts  of  perfusion  that  part  escapes  into 
the  pleura  and  tissues,  show  under  the  influence  of  addition  of  calcium  to  the  perfusion 
fluid,  an  increase  in  the  pleural  and  peritoneal  exudates,  but  a  decrease  in  the  excretion 
of  fluid  by  the  bowel  and  kidneys  (Loeb;  Fleisher  and  Hoyt).  That  calcium  has  an 
influence  on  the  intercellular  spaces  has  been  suggested,  and  Herbst  has  shown  that  in 
the  early  stages  of  the  sea  urchin  the  cells  break  apart  soon  after  division  if  there  is 
a  lack  of  calcium  in  the  water,  and  unite  firmly  when  this  is  added.  Even  slight  reduc- 
tion in  the  amount  of*  calcium  caused  spaces  that  were  visibly  wider  under  the  micro- 
scope and  increased  the  permeability  to  poisons. 

Respiration. — The  respiration  is  not  markedly  influenced  by  small  doses,  but  may 
be  more  rapid.  Larger  doses,  for  example,  0.1  Gm.  per  kilo  in  dogs,  cause  great  slowing 
and  weakening  of  respiration,  followed  by  irregularity.  The  respiration  usually,  but 
not  always,  stops  before  the  heart.  The  perfused  respiratory  center  of  the  frog  is  stimu- 
lated by  increase  of  calcium  and  depressed  by  decrease   (Hooker). 

Metabolism. — Calcium  has  little  or  no  effect  on  metabolism  when  added  to  the  dietary 
of  normal  animals  even  in  excessive  amount.  It  is  said  to  favor  the  excretion  of  uric 
acid  by  decreasing  the  acidity  of  the  urine  but  Lubienecki  found  no  influence  on  purin 
metabolism  in  man  or  dogs  and  Abel  states  that  It  prevents  the  increase  in  uric  acid 
output  which  usually  results  from  atophan. 

The  deprivation  of  calcium  in  the  diet  has  little  effect  on  adults,  as  the  bones  present 
an  excess  supply,  but  in  young  animals,  whose  bones  are  not  yet  fully  calcified,  a  diet  free 
from  lime  causes  defective  bone  formation,  delayed  growth  and  general  retardation  of 
development.  It  is  important  to  see  that  suflScient  calcium  is  given  during  pregnancy, 
and  if  this  is  not  done  there  may  be  a  dangerous  loss  of  lime  from  the  maternal  organ- 
ism. It  is  claimed  that  certain  cases  of  eclampsia  are  merely  tetany  due  to  lack  of 
circulating  lime.  The  normal  adult  requires  about  0.45  Gm.  (7  grains)  daily  to  main- 
tam  proper  balance  (Sherman).  In  the  rat,  food-calcium  is  even  more  necessary  during 
lactation  than  during  pregnancy,  as  the  bones  of  the  offspring,  being  largely  cartilaginous 
at  birth,  require  little  lime  before  this  occurs   (Macomber). 

There  are  a  number  of  affections  in  which  the  calcium  metabolism  is  disturbed,  espe- 
cially rachitis  and  osteomalacia.  In  the  former,  the  bone  contains  less  than  half  the  nor- 
mal amount  of  lime  but  the  presence  of  excess  of  lime  in  the  food  is  of  no  benefit, 
showing  that  the  use  of  the  calcium  is  disturbed.  In  osteomalacia  there  is  increased 
excretion  of  lime  but  the  loss  cannot  be  prevented  by  addition  of  lime  to  the  dietary. 

In  pulmonary  tuberculosis  there  is  often  an  excessive  excretion  of  lime  and,  as  deposi- 
tion of  lime  is  one  of  the  methods  of  the  body  for  the  healing  of  tuberuluos  lesions,  lime 
has  been  given  and  seems  to  be  of  benefit. 

Calcium  is  deposited  in  all  degenerated  tissues  and  is  found  is  sclerotic  patches  in 
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the  arterial  walls.  The  formation  of  such  sclerosis  is  not  Influenced  by  administration  of 
lime. 

In  pernicious  anemia  there  is  likely  to  be  a  negative  lime  balance  (Moraczewski), 
and  the  same  has  been  said  as  to  diabetes   (Kahn  and  Kahn). 

Urinary. — Calcium  tends  to  lessen  permeability  of  cells  in  general  and  thus  it  lessens 
the  excretion  of  urine.  This  effect  is  not  seen  with  moderate  doses  by  mouth.  Forges 
and  Pribram  claimed  that  the  lessened  secretion  was  entirely  due  to  fall  of  blood  pres- 
sure, but  Fleisher  and  Loeb  showed  by  infusion  of  calcium  with  adrenalin  that  the  usual 
diuretic  effect  of  the  adrenalin  was  not  seen  altliough  the  pressure  was  as  high  as  in 
the  controls.  Calcium  cuts  down  the  excretion  of  solids  as  well  as  of  water  and  on 
account  of  its  power  to  lessen  excretion  of  albumin,  its  use  has  been  suggested  in  neph- 
ritis. Iscovesco  observed  lessened  albuminuria  and  general  improvement  in  nephritics 
after  its  use  but  Eisner  in  more  carefully  controlled  experiments  found  that  excretion  of 
normal  constituents  was  lessened  more  than  that  of  albumin  and  that  the  kidneys  were 
injured.  Dunner  found  that  doses  of  uranium  which  produced  a  subacute  nephritis, 
would  produce  an  acute  inflammation  if  calcium  were  associated.  Administered  with 
phlorizin,  calcium  lessens  the  excretion  of  sugar,  but  the  kidneys  are  more  damaged, 
and  dogs  under  daily  doses  of  phlorizin,  die  sooner  if  calcium  is  also  given  (Jacoby  and 
Roseufeld).    There  is  no  hyperglycemia. 

The  isolated  perfused  kidney  shows  a  decrease  in  both  the  venous  outflow  and  the 
urinary  excretion,  when  CaCU  is  added  to  the  perfusion  fluid  (Sollmann). 

Capillary  renal  hemorrhage  may  be  increased  by  calcium  through  injurious  action 
on  the  vessels. 

Nerve  System. — In  general  it  may  be  stated  that  all  nervous  and  muscular  structures 
function  best  with  a  certain  optimum  concentration  of  calcium  and  that  their  function  is 
disturbed  by  increase  or  decrease.  In  general  a  decrease  in  calcium  content  in  perfusion 
fluids,  or  as  brought  about  in  the  body  by  giving  calcium  precipitants,  causes  an  increase 
in  irritability  and  a  decrease  in  strength  in  all  neuromuscular  structures.  As  the 
amount  of  calcium  approaches  zero,  the  irritability  is  again  lost  and  total  paralysis 
occurs.  Slight  decrease  of  calcium  in  muscles  leads  to  spontaneous  fibrillary  jerking 
and  in  the  intact  animal  to  tremors,  hyperesthesia  and  convulsions.  Death  finally  occurs 
from  paralysis.  These  effects  are  removed  by  restoration  of  calcium.  Slight  increase  of 
calcium  in  isolated  muscles  lessens  irritability  but  may  for  a  short  time  increase  the 
strength  of  contractions.  Larger  amounts  lead  to  loss  first  of  indirect  and  then  of  direct 
irritability.  The  isolated  frog  muscle  suspended  in  M/10  calcium  chloride  and  stimu- 
lated electrically  at  close  intervals  stops  in  contracture.  In  children,  low  blood-calcium 
is  associated  with  a  tendency  to  spasms,  these  commonly  occurring  when  this  is  reduced 
from  the  normal  of  10  mgm.  to  6  or  7  mgm.  per  100  cc.  of  blood. 

The  autonomic  system  is  not  all  affected  identically.  Chiari  and  Froehlich  found 
that  reduction  of  calcium  by  giving  oxalate  to  cats,  caused  increase  of  sensitiveness  of 
all  those  structures  which  are  stimulated  by  adrenalin  and  pilocarpine.  Salivation  was 
noted.  Loewi  found,  after  oxalate  administration,  increase  in  the  irritability  of  the 
vagus  but  decrease  in  that  of  the  chorda  tympani  and  pelvic  nerves.  Complete  removal 
of  calcium  causes  paralysis  of  these  nerves.  Auer  and  Meltzer  found  that  calcium 
causes  marked  constriction  of  the  pupil  of  the  rabbit.  Both  nerve  ending  and  muscle 
are  stimulated  as  shown  by  the  inability  of  atropine  to  cause  any  dilatation  and  the 
slight  effect  of  cocaine  and  of  asphyxia.  Whether  the  good  results  reported  by  many 
observers  from  the  use  of  calcium  salts  in  hay  fever  and  asthma  are  due  to  an  action 
on  the  autonomic  system  or  to  alteration  in  the  permeability  of  the  membranes  is 
uncertain. 

Tetany  is  relieved  in  many  cases  by  calcium  salts.  Tetania  thyreopriva  is  very 
susceptible  to  this  treatment.  In  frogs  Yagi  found  a  beneficial  action  on  convulsions 
caused  by  minimal  doses  of  strychnine,  but  Januschke  and  Masslow  could  not  confirm 
this  in  mammals. 

Therapeutics:  Topical. — The  topical  uses  of  calcium  compounds  have  been  treated 
largely  under  other  headings,  and  the  indications  are  based  on  the  anion  rather  than 
on  the  calcium  ion.  Calcium  carbonate  is  largely  used  as  an  antacid,  both  as  a 
protective  against  acid  discharges  and  against  hyperchlorhydria.  It  is  often  added 
to  dusting  powders  adapted  to  use  on  moist  surfaces,  as  in  eczema.  In  hyperchlorhydria 
this  salt  is  to  be  preferred  to  sodium  carbonate  as  it  is  excreted  in  full  and  not  recon- 
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verted  to  the  acid  in  the  body.  The  caustic  properties  of  so-called  "caustic  lime," 
which  contains  sodium  hydroxide  as  an  impurity,  formerly  led  to  extensive  use  of  this 
substance  as  a  destructive  of  redundant  tissue.  Its  use  is  much  circumscribed  today, 
operative  procedures  being  generally  preferable.  The  use  of  calcium  sulphide  as  a 
depilatory  is  referred  to  with  other  svilphides.  A  brief  reference  to  the  use  of  calcium 
sulphate  or  "plaster  of  Paris"  as  a  surgical  dressing  is  all  that  is  needed  here;  it  is 
one  of  the  most  important  surgical  expedients. 

Systemic. — The  number  of  morbid  conditions  in  which  the  administration  of 
calcium  is  recommended  is  large,  and  is  being  increased  daily.  In  many,  the  ground 
for  the  recommendation  is  observed  deficiency  in  the  lime  salts  of  the  blood  or  tissues. 
While  this  deficiency  is  sometimes  the  result  of  excessive  outgo  under  the  influence 
of  one  or  another  pathological  process,  and  the  obvious  indication  is  the  correction 
of  this  destructive  factor,  yet  the  supply  of  calcium  in  excess,  if  only  as  a  temporary 
expedient  to  compensate  loss,  is  not  irrational.  In  other  instances,  the  amount  of 
calcium  contained  in  the  food  is  amply  sufficient  to  meet  the  needs  of  the  organism, 
but  assimilation  thereof  is  defective,  often  as  a  result  of  malfunctioning  of  the  thyroid 
or  parathyroid  gland,  or  both,  these  being  of  great  importance  in  calcium  metabolism. 
In  such  conditions,  of  course,  the  use  of  the  appropriate  gland  substance  or  hormone 
is  the  obvious  measure  of  correction,  and,  indeed,  in  most  cases  in  which  calcium  is 
employed  medicinally,  the  conjoint  use  of  a  parathyroid  preparation  is  desirable,  and 
sometimes  imperative. 

Apart  from  their  use  to  supply  deficiencies,  the  compounds  of  calcium  promote 
nutrition,  tend  to  restrain  hleeding  and  to  improve  cardiac  and  vascular  tone.  They 
inhibit  cerebromotor  and  neuromuscular  irritahility  and  sedate  sensory  nerves;  and 
they  lessen  the  permeability  of  tissue  elements — by  which  factors  they  probably  act 
in  preventing  angioneurotic  edema,  in  allaying  cutaneous  irritations,  in  controlling 
muscular  spasms  and  in  preventing  or  remedying  transudations.  They  also  promote 
the  resolution  of  certain  types  of  enlarged  glands,  and  aid  the  healing  of  tuberculous 
lesions. 

It  is  doubtless  true  that  a  larger  or  smaller  part  of  the  calcium  administered 
medicinally  fails  of  absorption,  even  when  parathyroid  is  used,  and  passes  out  in  the 
feces.  Enough,  however,  seems  to  be  taken  up  into  the  blood  to  produce  distinctive 
and  easily  recognizable  therapeutic  effects.  These  may  be  direct  or  indirect;  our 
knowledge  of  calcium  metabolism  in  health  and  disease  being  yet  too  scant  to  permit 
of  dogmatism.  Empirically,  there  is  no  doubt  of  the  benefit  observed,  and  in  the  class 
of  cases  in  which  calcium  is  indicated,  equivalent  results  cannot  be  obtained  from^ 
any  other  aid  to  nutritive  or  blood-making  functions,  or  from  the  more  direct  sedatives. 

To  get  the  best  results  from  calcium-parathyroid  therapy,  a  sufficient  dose  must 
be  persistently  given,  and  for  a  sufficiently  long  time. 

The  calcium  requirement  is  greatly  increased  during  pregnancy  by  the  demands 
of  the  growing  fetus,  and  if  the  diet  is  not  sufficiently  rich  in  lime  salts  to  meet 
these  demands,  both  mother  and  child  will  suffer.  The  nervous  erethism,  dental  caries 
and  other  signs  of  calcium  deficiency  in  the  mother  may  often  be  relieved  by  calcium 
chloride  or  lactate  or  by  milk  which  is  very  rich  in  lime  salts.  In  the  nursing 
woman  again,  there  is  a  large  outgo  of  calcium,  which  must  be  supplied  by  the  food, 
or  by  drawing  on  the  lime  in  the  teeth  or  bones,  and  this  outgo  must  be  balanced 
by  the  administration  of  calcium  whenever  any  signs  of  lime  deficiency  become 
apparent. 

A  scrofulous  or  rachitic  child,  especially  one  with  delayed  dentition  or  enlarged 
submaxillary  or  cervical  glands,  hypertrophied  tonsils,  adenoid  vegetations,  etc.,  shoidd 
receive  from  3  to  10  grains   (0.2  to  0.65  Gm.)   or  more — preferably  of  the  hydrated 
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chloride — three  or  four  times  daily,  with  occasional  intermissions,  over  a  period  of 
several  months,  perluqDS  years.  Such  treatment  will  frequently  obviate  the  need  for 
operation  upon  the  tonsils  or  lymph  glands,  and  even  in  cases  in  which  operation  is 
necessary,  calcic  medication  is  useful  to  prevent  recurrence.  So,  too,  when  in  addition 
to  enlarged  glands,  the  child  suffers  from  disordered  digestion  with  more  or  less  fre- 
quent vomiting,  foul  smelling,  pasty  stools,  offensive  breath,  coated  tongue  and  dis- 
turbed sleep,  calcium  compounds  are  often  effective  in  remedying  the  condition  and 
should  be  given  in  fairly  large  doses,  8  to  30  grains  (0.5  to  2  Gm.)  according  to  age, 
3  or  4  times  a  day.  Calcium  lactophosphate  or  glycerophosphate  sometimes  acts  better 
than  the  chloride,  and  irradiation  with  ultraviolet  light  and  the  administration  of 
cod-liver  oil  or  morrliuol  are  necessary  associated  measures,  especially  in  rachitis. 
Some  physicians  prefer  precipitated  calcium  phosphate  in  the  latter  affection,  or  give 
small  doses  of  oil  of  phosphorus  coincidently.  Feeding  with  milk  and  egg-yolk  gives 
assurance  of  dietetic  lime  and  phosphorus. 

This  treatment  is  helpful  also  in  the  chronic  diarrheas  of  children,  even  when 
signs  of  scrofulous  or  tuberculous  diathesis  are  wanting,  as  well  as  in  malnutrition 
of  scrofulous  or  tuberculous  origin  and  in  tuberculous  arthritis. 

In  hyperchlorhydria  and  in  acid  diarrheas  of  adults  as  well  as  of  children,  calcium 
carbonate  is  often  chosen  as  an  antacid,  and  as  this  drug  is  for  the  most  part  con- 
verted in  the  body  into  the  soluble  chloride,  it  may  be  used  for  a  double  purpose  in 
those  cases  in  which  the  chloride  or  other  soluble  salt  is  indicated.  In  urticaria  and 
other  forms  of  angioneurotic  edema,  in  hay  fever,  in  vasomotor  coryza,  in  pruritus  from 
known  and  unknown  causes,  in  migraine  and  other  forms  of  headache  not  dependent 
on  organic  lesion,  in  certain  forms  of  eczema  and — though  less  frequently — in  asthma, 
decided  doses  of  calcium  chloride  (10  to  25  grains — 0.65  to  1.5  Gm.)  frequently 
repeated  (every  hour  or  two  for  short  periods)  give  at  times  surprising  relief.  The 
effect  has  been  attributed  in  part  to  lessened  permeability  of  cells,  thus  lessening 
transudation.  It  may  be  also  due  in  part  to  improvement  of  autonomic  nerve  func- 
tion as  well  as  to  relief  of  spasm  of  unstriped  muscle;  and  in  the  paroxysmal  types 
of  disorder,  as  has  been  suggested  by  Pottenger,  to  a  blunting  of  the  sensitiveness  of 
the  tissues  to  pollens  and  other  excitants.  Sometimes  moderate  doses  (5  grains,  0.3 
Gm.)  at  a  time,  will  prevent  return  of  symptoms. 

In  these  and  like  cases,  the  bromide  may  be  associated  with  the  chloride,  or  even 
given  instead.  A  drop  or  two  of  Fowler  solution  often  improves  the  action;  and 
picrotoxin  (^/i20  grain,  0.0005  Gm.)  is  usefully  associated,  when  the  patient  is  one  of 
those  individuals  whose  pronounced  vasomotor  instability  is  manifested  by  frequent 
recurrences,  or  by  variety  in  the  form  of  the  attacks.  In  such  instances  also  it  is 
commonly  well  to  make  gradual  increase  of  dose,  both  of  the  calcium  salt  and  of  the 
cocculus  principle,  decreasing  the  frequency  of  administration   correspondingly. 

Calcium  is  useful,  both  as  a  prophylactic  and  as  a  remedy,  for  anaphylaxis  and 
serum  sickness.  In  cyclic  albuminuria  it  is  said  to  reduce,  or  even  suppress,  the  waste 
of  albumin.    When  the  albumin  is  due  to  nephritis,  however,  the  drug  is  of  no  service. 

Keith,  Barrier  and  Whelan  have  used  calcium  chloride  in  cases  of  nephritis  for 
the  purpose  of  overcoming  anasarca  or  ascites  by  inciting  a  profuse  diuresis.  They 
give  daily  doses  of  150  gi-ains  (10  Gms.),  in  capsules  rather  than  in  solution.  This 
method  of  treatment  is  quite  likely  to  excite  gastric  and  even  intestinal  irritability  and 
cannot  be  kept  up  for  any  length  of  time.  It  is  scarcely  to  be  commended  unless 
less  drastic  measures  prove  ineffective. 

In  secondary  anemia  and  in  cJdorosis,  when  iron  and  arsenic  are  slow  or  in- 
effective, the  association  of  calcium  with  these  remedies,  or  its  administration  sepa- 
rately, sometimes  brings  about  marked  improvement. 
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Although  some  pharmacologists  deny  that  calcium  increases  the  coagulability 
of  the  blood,  clinicians  have  found  it  of  more  or  less  service  in  purpura  and  scurvy 
(less  frequently  in  hemophilia)  as  -well  as  in  cases  of  internal  bleeding;  thus  in 
hematemesis,  whether  due  to  erosion  or  to  gastric  or  duodenal  ulcer,  or  secondary  to 
cirrhosis  of  the  liver;  in  intestinal  hemorrhage,  especially  that  of  typhoid  fever,  in 
hemoptysis,  both  of  tuberculous  and  other  origin;  in  uterine  hemorrhage  and  in 
postoperative  hemorrhage.  Its  use  neither  substitutes  nor  precludes  the  use  of  tissue 
coagulants,  serum,  etc.,  nor  does  it  obviate  the  necessity  for  surgical  procedures  when 
indicated. 

Even  in  severe  pulmonary  hemorrhage,  however,  especially  that  of  early  tubercu- 
losis, considerable  reliance  can  be  placed  upon  calcium,  either  alone  or  as  a  supplement 
to  physiologic  coagulants.  It  should  be  given  at  first  every  hour  or  two — at  least 
15  grains  (1  Gm.)  of  the  hydrated  chloride  or  8  grains  (0.5  Gm.)  each  of  the  chloride 
and  bromide,  in  solution  in  a  digestant  vehicle,  and  with  Ys  to  1/2  grain  (8  to  30  mgm.) 
of  codeine  in  each  dose.  Certain  nursing  details,  however,  are  of  importance:  The 
patient  is  put  to  bed  and  kept  at  absolute  rest,  with  an  ice-bag  upon  the  chest,  and 
instructed  not  to  use  the  voice  unnecessarily,  and  then  only  to  speak  in  a  whisper. 
The  head  is  to  be  propped  up  slightly  on  a  pillow,  so  that  by  turning  to  the  side  the 
blood  may  easily  run  out  in  cloths  or  a  suitable  receptacle,  and  not  produce  choking — 
perhaps  fatal — by  flowing  back  into  the  windpipe.  Diet  is  restricted  to  raw  eggs,  cold 
gelatin,  cold  custard,  ice  cream,  cold  junket,  cold  (pancreatized)  milk,  all  in  small 
quantities. 

If  there  has  been  constipation,  calomel  and  a  saline  purgative  are  adminis- 
tered, and  in  any  event,  straining  at  stool  is  to  be  prevented,  not  only  by  the  use 
of  the  bedpan,  but  also,  if  necessary,  by  the  administration  of  a  rectal  injection  of 
warm  oil  (10  to  12  ounces — 250  to  350  mils),  followed  by  a  cleansing  enema  of  hot 
saline  solution  or  soapsuds.  An  injection  of  morphine  and  atropine  is  sometimes  an 
imperative  first  aid.  Calcium  should  be  continued  for  not  more  than  four  days, 
the  frequency  of  dosage  being  gradually  diminished  as  improvement  takes  place. 
It  may  be  resumed,  if  necessary,  in  the  same,  or  smaller  doses,  remedially  or  prophy- 
lactically,  after  an  interval  of  four  days,  during  which  time,  if  medication  is  needed, 
opiates,  hydrastinine  or  cotarnine  preparations,  or  camphorated  oil,  or  turpentine, 
or  oil  of  erigeron,  or  an  ergot  preparation,  or  a  natural  or  synthetic  ergot  principle 
may  be  used.  In  place  of  codeine,  deodorized  tincture  of  opium,  5  to  15  minims  (0.3 
to  1  cc.)  may  be  used;  or  morphine,  with  or  without  atropine,  may  be  alternated  with 
the  calcium.  In  severe  cases  it  may  be  necessary  to  quiet  the  heart  with  aconite, 
or  to  reduce  excessive  pressure  with  nitrites  or  veratrum  viride. 

Some  prefer  the  intravenous  use  of  calcium  for  pulmonary  and  other  hemorrhages, 
especially  when  severe.  The  procedure  is  always  one  calling  for  caution;  leakage  of 
solution  around  the  vein  may  cause  sloughing,  and  too  concentrated  a  solution  or  too 
rapid  injection  may  lead  to  formation  of  clot.  At  one  time  the  lactate  was  advised 
in  preference  to  the  chloride  as  less  irritating,  and  warning  was  given  not  to  use  a 
stronger  solution  than  3  percent.  Contemporary  practice  disregards  both  cautions. 
A  compound  of  calcium  chloride  with  urea  (afenil)  is  marketed  in  ampules  containing 
10  cc.  (21/2  fluidrams)  of  a  10  percent,  solution.  This  seems  to  be  less  irritating  than 
unbuffered  solutions,  though  correspondingly  weaker  in  calcium.  One  ampule  may 
be  used  and  the  dose  repeated  after  several  hours.  It  has  also  been  recommended 
that  80  minims  (5  cc.)  of  a  10  percent,  solution  of  calcium  chloride  should  be  given 
every  8  hours  until  the  bleeding  ceases.  Intravenous  injections  of  calcium  chloride, 
supplemented  by  parathyroid  gland  substance  by  mouth,  have  likewise  been  recom- 
mended for  varicose  ulcers  and  for  gastric  ulcers  (Grove  and  Vines). 
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*  '  The  hemostatic  virtues  of  calcium  may  also  be  utilized  in  preparation  for  opera- 
tions, especially  those  upon  the  liver,  gall-bladder,  tonsils  and  adenoids.  The  dose 
of  calcium  chloride  for  a  child  is  8  to  15  grains  (0.5  to  1  Gm.)  four  or  five  times  daily 
for  three  days  prior  to  operation  and  one  day  following  operation.  Adults  may  take 
twice  as  much.  In  a  few  instances,  we  have  seen  benefit  from  calcium  in  hemorrhages 
dependent  on  leukemia  and  other  aifections  of  the  spleen,  and  it  is  sometimes  useful 
in  promoting  clotting  or  consolidation  of  clot  in  non-operable  aneurysms,  as  those  of 
the  carotid,  innominate  and  aorta. 

In  menorrhagia  not  due  to  conditions  calling  for  operation,  a  calcium  compound 
m-ay  be  given  in  doses  of  5  grains  (0.3  Gm.)  3  times  daily  for  several  days  or  even  a 
week  prior  to  the  expected  period.  Women  in  whom  antepartum  hemorrhage  has 
resulted  from  premature  separation  of  placenta  owing  to  poverty  of  the  maternal 
blood,  should,  in  subsequent  pregnancies,  receive  moderate  doses  of  calcium  from  the 
beginning  to  the  end  of  gestation,  with  but  occasional  intermissions.  Continuous  use 
of  moderate  doses  for  a  number  of  months  is  said  to  relieve  dysmenorrhea  not  depend- 
ent on  new  growth,  displacement  or  developmental  anomaly.  Incidentally  it  may  be 
recalled  that  in  veterinary  practice  calcium  is  given  to  overcome  sterility  in  cattle, 
and  the  suggestion  has  been  made  that  this  treatment  might  be  of  like  service  for 
anemic  women  who  suffer  from  profuse  menstruation. 

In  pulmonary  tuhereulosis,  calcium,  aided  by  parathyroid,  is  indicated  from  the 
moment  the  diagnosis  is  made,  and  should  be  continued  for  months  and  years — perhaps 
throughout  the  life  of  the  patient.  Its  use  was  based  originally  not  only  on  the 
observation  that  workers  in  lime-kilns  escaped  the  malady,  or  if  affected,  were  likely  to 
recover,  but  also  upon  the  pathologic  finding  that  tubercles  heal  by  calcification. 
Recent  studies  of  calcium  deficiencies  in  tuberculosis  have  but  confirmed  early  empiric 
knowledge,  too  much  neglected.  The  criticism  that  sufficient  calcium  is  ordinarily 
to  be  found  in  food  does  not  apply;  for  in  that  case  lesion  would  not  be  present.  As 
a  matter  of  fact,  food  alone  will  not  accomplish  the  result,  even  with  the  aid  of  the 
parathyroid  hormone.  The  persistent  use  of  parathyroid,  however,  is  essential  to  the 
highest  degree  of  success.  A  trustworthy  preparation  given  by  mouth  is  effective  in 
ordinary  cases;  but  Collip's  hormone  may  be  used  parenterally  in  conditions  of 
urgency. 

In  early  cases,  the  administration  of  calcium-parathyroid  hastens  healing  and 
prevents,  or  at  least  limits,  the  extension  of  the  field  of  tissue  change.  In  advanced 
cases,  notably  in  those  in  which  early  treatment  has  been  neglected  or  deficient,  it 
promotes  calcification  in  areas  of  softening  and  liquefaction.  In  cases  with  a  tendency 
to  recurrence  of  destructive  processes,  its  continuous  use  in  moderate  quantity  tends 
to  prevent  such  recurrences  or  lessen  their  severity,  while  in  their  presence,  increase 
in  dose,  supplemented  by  other  measures  appropriate  to  the  situation — as  the  discreet 
use  of  blisters — will  often  bring  them  quickly  to  an  end.  Even  in  cases  apparently 
manifesting  rapid  progression  to  a  fatal  issue,  we  have  repeatedly  seen  arrest  of  the 
morbid  process,  with  great  prolongation  of  life,  and  sometimes  with  more  or  less 
definitive  recovery..  It  is  presumed,  of  course,  that  rest,  food,  fresh  air,  and  other 
means  of  reinvigoration  are  not  neglected,  and  that  other  medicaments — as  arsenic, 
creosote  carbonate,  digitalis — are  also  used,  if  indicated.  But  these  will  fail  without 
the  calcium-parathyroid,  and  succeed  with  it.  After  the  threatening  symptoms  have 
subsided,  there  may  in  many  instances  be  detected  extensive  losses  of  tissue,  but 
the  cavities,  though  large  or  multiple,  will  be  dry;  and  sometimes,  especially  in  cases 
in  which  calcium-parathyroid  has  been  continued  without  intermission,  a  febrile  recur- 
rence will  subside  with  little  or  no  extension  of  cavitation.  In  one  such  case,  the 
patient  after  seven  years  of  intermittent  disease,  has  remained  well  for   thirty-five 
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years,  being  now  over  seventy-seven  years  of  age;  and  except  for  the  hereditary  ten- 
dency to  longevity,  this  is  not  an  isolated  case. 

Any  calcium  salt  is  applicable  at  any  stage  of  the  malady.  The  chloride  and  the 
bromide  may  be  used  singly  or  in  association,  the  bromide  being  especially  useful 
when  cough  and  nervous  symptoms  are  troublesome.  Since  they  are  both  deliquescent, 
however,  other  compounds — e.g.,  lactate,  lactophosphate,  hypophosphite — are  sometimes 
more  readily  handled.  The  dose  is  about  5  to  10  grains  (0.3  to  0.6  Gm.)  or  more  thrice 
daily,  preferably  with  food.  Some  commercial  preparations  are  suitable  for  solution 
in  hot  liquid — soup,  coffee,  milk,  etc. — taken  at  mealtime,  and  the  lactophosphate 
may  be  dissolved  in  hot  soup  or  hot  water,  but  not  in  milk,  which  it  curdles.  It 
is  advisable  to  change  the  form  of  the  calcium  medication  from  time  to  time,  and 
attention  to  details  of  administration  are  quite  important.  It  is  sometimes  useful 
to  associate  with  the  lime  salt  an  arsenical  or  a  compound  of  the  creosote  or  guaiacol 
group,  or  a  phenol  compound,  such  as  salol.  Calcium  creosotate,  which  contaiins 
in  loose  chemical  combination  equal  parts  of  lime  and  creosote,  is  sometimes  a  useful 
form  in  which  to  give  the  component  drugs  conjointly. 

Cinnamic  acid  also  aids  the  healing  process,  and  either  its  sodium  or  its  guaiacol 
salt  may  usefully  be  given  in  capsule  with  a  calcium  compound  and  parathyroid  gland. 
An  opiate  may  be  added  when  necessary.  When  capsules  are  used,  codeine  is  the 
most  available;  when  solutions  are  employed,  the  deodorized  tincture  is  best.  Any 
other  medicament  desired  may  be  given  coincidently.  Such  associations  should,  of 
course,  be  varied  according  to  the  progress  of  the  case  and  the  special  indications 
from  time  to  time. 

Some  prefer  intravenous  injections  of  calcium  chloride  even  in  non-hemorrhagic 
pulmonary  tuberculosis,  though  in  our  own  observation,  this  is  seldom  necessary. 
Cheinisse  employs,  systematically,  calcium  chloride  intravenously  in  doses  of  10  fluid- 
ounces  (300  cc.)  of  a  1.5  percent,  solution  every  second  day,  until  fifteen  injections 
have  been  made.  He  then  suspends  the  treatment  for  ten  days,  and  resumes  for 
another  course  of  fifteen  injections,  and  so  on.  He  reports  that  subfebrile  temperature 
subsides,  and  that  all  the  symptoms  are  favorably  influenced.  For  control  of  diarrhea 
and  vomiting  in  subjects  of  pulmonary  tuberculosis,  intravenous  injections  of  from 
30  to  150  minims  (2  to  10  cc.)  of  a  5  percent,  solution  of  calcium  chloride  are  advo- 
cated. In  tuberculous  and  other  forms  of  pleural  effusion,  Navarro  gives  20  to  25 
grains  (1.5  Gm.)  of  calcium  chloride  ten  or  fifteen  times  a  day,  and  believes  that  this 
frequently  obviates  the  necessity  for  operative  measures,  while  the  absorption  of  the 
fluid  may  be  beneficial  from  the  viewpoint  of  auto-immunization.  Lunde  gives  calcium 
chloride  in  tuberculous  pleurisy  on  the  hypothesis  that  deficiency  of  calcium  with 
relative  excess  of  sodium,  by  destroying  the  chemodynamic  balance  in  the  tissues, 
favors  retention  of  water.  He  gives  8  grains  (0.5  Gm.)  of  calcium  chloride  three 
times  daily,  in  association  with  a  diet  of  high  calcium  content,  especially  milk  and 
eggs,  at  the  same  time  administering  cod-liver  oil  for  the  influence  of  fat-soluble 
vitamine  A  upon  the  calcium  absorption. 

Ivrummenacker  holds  that  good  effects  of  calcium  in  acute  inflammation  of  the 
serous  membranes  is  not  confined  to  tuberculous  cases.  He  gives  doses  of  V2  ounce 
(15  Gm.)  of  the  chloride  in  the  twenty-four  hours,  continued  if  necessary  for  three 
or  four  days,  but  reducing  the  quantity  one-half  as  soon  as  the  temperature  falls. 

In  Graves'  syndrome,  calcium  bromide  has  a  triple  indication :  As  an  autonomic, 
and  especially  cardiovascular,  tonic;  as  a  general  sedative;  and  as  an  inhibitor  of 
muscular  tremor.  It  is  not  to  be  used  continuously,  but  as  an  occasional  succedaneum 
to  quinine  hydrobromide,  or  when  a  pronounced  bromide  action  is  temporarily  neces- 
sary.   The  etiologic  relation  between  calcic  waters  and  endemic  goiter  is  not  a  contra- 
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indication,  for  this  relationship  does  not  hold  in  the  condition  under  discussion. 
From  5  to  15  grains  (0.3  to  1  Gm.)  may  be  given  once,  twice  or  thrice  daily.  The 
chloride  or  other  compound  may  be  used  when  calcium  seems  indicated  and  the 
l>romide  action  is  not  specially  desired.  In  this  disorder,  as  in  tetany,  in  chorea,  in 
paralysis  agitans,  in  excessive  winking  and  other  tics,  in  laryngismus  stridulus,  in 
pylcrospasin,  and  in  similar  states  of  neuromuscular  irritability  (especially  the  asthenic 
varieties),  and  in  epilepsy,  not  only  parathyroid  gland,  but  other  remedies  appropriate 
to  the  special  conditions  and  symptoms,  may  be  associated  with  the  calcium  compound : 
Thus,  in  Graves'  syndrome,  thymus  or  adrenal  gland  or  picrotoxin;  in  pylorospasm 
and  facial  tics,  atropine;  in  laryngismus  stridulus,  amyl  nitrite  when  necessary;  and 
so  on. 

To  control  acute  tetany,  especially  that  form  which  follows  accidental  removal  of 
the  parathyroids  in  the  course  of  a  thyroidectomy,  and  certainly  in  the  presence  of 
threatening  spasms,  it  is  best  to  give  the  calcium  compound  in  sufficiently  dilute  solu- 
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tion   (CaClj,  tt:  =  2  percent,  anhydrous  salt  or  3  percent,   crystals)   by   intravenous 

injection,  continuously,  but  cautiously,  until  the  danger  is  overcome.  The  drug  may 
then  be  continued  by  mouth  in  doses  of  15  to  25  grains  (1  to  1.5  Gm.)  or  more  for  an 
adult,  repeated  three  or  four  times  daily,  or  more  frequently,  according  to  result. 
Even  in  infantile  tetany,  large  doses — 15  grains  (1  Gm.)  or  more  if  necessary,  at 
first  hourly,  later  according  to  effect.  Chloral  hydrate  may  be  used  coincidently,  after 
the  immediate  danger  is  overcome,  or  when  the  condition  is  recognized  in  a  latent 
stage,  or  before  dangerous  symptoms  develop.  The  same  line  of  treatment  (including 
calcic  and  phosphoric  feeding  and  medication)  is  advised  in  scrofulosis  and  rachitis, 
with  the  addition,  if  necessary,  of  hydrochloric  acid  or  ammonium  chloride  to  over- 
come or  prevent  alkalosis. 

The  lactate  (3  to  5  percent.)  was  formerly  urged  for  intravenous  use  in  tetany, 
but  at  present  the  chloride  is  in  equal  vogue.  For  subcutaneous  injection  the  chloride 
is  ineligible,  producing  slough.  The  3  percent,  lactate  solution  may  be  used  thus, 
but  apparently  gives  no  better  result  than  when  swallowed.  Parathyroid  hormone 
should  be  injected  at  the  same  time  as  the  calcium-  in  urgent  cases,  and  given  by 
mouth  later,  the  combined  effect  of  the  agents  being  better  than  that  of  either  alone. 

Luckhardt  and  Goldberg,  having  kept  parathyroidectomized  dogs  alive  without 
tetany  for  prolonged  periods  by  the  use  of  huge  doses  of  calcium  lactate  (1.5  Gm. 
per  kilo),  with  gradual  diminution  and  final  cessation  of  treatment,  suggested  propor- 
tionally large  doses  for  use  in  human  beings  in  cases  of  idiopathic  epilepsy.  Such 
doses  are  reported  to  have  been  well  borne  and  to  have  ameliorated  the  condition. 
In  the  bromide  treatment  of  epilepsy,  calcium  bromide  should  always  be  used,  either 
separately  or  in  association  with  other  bromides. 

In  certain  cases  of  postinfective,  anemic  and  nervous  cardiasthenia — especially  in 
young  persons  and  when  associated  with  low  blood-pressure — calcium  salts  (the  chloride 
in  particular  but  sometimes  the  bromide  also)  seem  to  steady  and  strengthen  the 
heart.  Likewise  we  have  often  found  it  useful  to  associate  these  agents  with  digitalis 
or  other  active  cardiant,  to  overcome  persistent  weakness  or  tremulousness  of  the 
myocardium — a  condition  that  could  not  be  definitely  called  auricular  or  ventricular 
flutter — when  decompensation  threatens  in  valvular  affections.  Calcium  chloride  or 
bromide  is  sometimes  useful  also  in  actual  flutter  and  fihrillation  as  an  adjunct  to 
digitalis  or  quinidine.  Despite  some  favorable  experience,  we  still  regard  the  practice 
as  tentative,  and  it  is  to  be  remembered  that  Barr  warned  against  the  use  of  calcium 
in  mitral  stenosis.  On  the  other  hand,  Petzeltakis  docs  not  hesitate  to  give  the 
chloride  intravenously  (5  to  10  ce.,  1  to  2Vo  fluidrams,  of  a  10  percent,  solution)   to 
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overcome  cardiac  arrhythmias  of  various  kinds,  including  premature  contractions  and 
auricular  fibrillation.  He  has  also  observed  benefit  from  this  measure  in  paroxysmal 
tachycardia.  Brunton  and  others  gave  calcium  chloride  in  small  frequent  doses  to 
ward  off  heart  failure  in  pneumonia,  influenza  and  other  acute  infections.  Luiga  and 
Cheinisse  give  15  minims  (1  cc.)  of  a  10  percent,  calcium  chloride  solution  intra- 
venously, daily  or  less  frequently,  while  a  course  of  digitalis  is  being  given  by 
mouth,  to  reenforce  the  tonic  action  of  the  drug  while  diminishing  gastric  symptoms 
and  avoiding  undue  vagus  excitation. 

Calcium  chloride  is  an  ingredient  of  Ringer  and  other  solutions  intended  to 
imitate  'blood  serum,  and  may  be  added  to  therapeutic  saline  infusion  in  small  quan- 
tity; not  ordinarily  exceeding  3  to  5  grains  (0.2  to  0.3  Gm.)  to  the  quart  (liter).  In 
excess,  it  produces  necrosis  at  the  site  of  subcutaneous  injection.  The  lactate  may  be 
used  instead,  up  to  3  percent.,  if  larger  doses  are  necessary. 

Calcium  chloride  has  also  been  advocated  in  the  treatment  of  the  exanthemata.  In 
measles,  Galli  gives  15  to  20  grains  (1  to  2  Gm.),  according  to  the  age  of  the  child, 
beginning  when  the  first  suggestive  signs  appear  and  ceasing  with  the  eruption. 
He  considers  that  it  exerts  a  coagulating  action  upon  the  toxic  proteins  that  are 
invading  the  organism. 

Calcium  has  been  used  to  restrain  secretion  as  well  as  for  its  antacid  properties, 
not  only  in  hyperchlorhydria,  but  also  in  mucous  colitis  and  for  inhibition  of  both 
secretion  and  spasm  in  intestinal  colic.  Scott  finds  it  helpful  in  sprue,  giving  10 
grains  (0.6  Gm.)  of  the  lactate  3  times  a  day  with  Via  grain  (6  mgm.)  of  parathyroid 
substance. 

Among  other  conditions  in  which  calcium  is  advocated  are  acute  inflammations 
of  the  uterine  adnexa,  150  minims  (10  cc.)  of  a  10  percent,  solution  being  injected 
intravenously  every  second  day  (Fekete).  Cerf  uses  the  same  solution  in  epididymitis. 
The  injection  may  be  repeated  in  3  days.  Two  injections  are  usually  sufficient,  though 
in  some  cases  4  or  5  are  needed.  Calcium  salts  by  mouth  are  said  to  be  palliative 
in  some  forms  of  leucorrhea. 

Contraindications. — Calcium  is,  for  the  most  part,  contraindicated  by  advanced 
years,  but  an  exception  is  to  be  made  concerning  small  doses  of  the  glycerophosphate 
as  an  occasional  tonic  or — to  quote  an  old  lady  who  found  it  useful — "nerve  booster." 
Sodium  glycerophosphate  does  not  have  an  equivalent  subjective  effect,  which  is  our 
only  criterion.  Calcium  salts  are,  in  general,  to  be  avoided  when  there  is  a  manifest 
tendency  to  pathologic  fibrosis  (especially  of  the  vessels),  or  to  exostoses  or  deposits 
in  or  about  the  joints;  as  likewise  in  persons  showing  premature  high  blood-pressure 
and  in  the  subjects  of  chronic  alcoholism  or  of  lead  poisoning.  Phosphaturia  and 
oxaluria  are  obvious  contraindications. 

Administration. — Calcium  chloride  and  calcium  hromide  are  hygroscopic  and  must 
be  used  in  solution.  They  may  be  prescribed  in  elixir,  or  syrup,  in  plain  or  flavored 
aqueous  solution,  or,  best,  in  a  pepsinated  vehicle.  The  medicinal  solution  should  contain 
not  more  than  25  percent,  of  the  salt,  and  should  be  well  diluted  (with  3  or  4  ounces  of 
water)  when  swallowed.  As  an  ingredient  of  infusion  solutions,  not  more  than  0.03 
percent,  of  calcium  chloride  should  be  used;  nor  should  a  hypodermic  injection  have 
greater  concentration.  Solutions  for  intravenous  injection  may  contain  5  or  even  10 
percent,  of  calcium  chloride,  but  must  be  given  slowly,  and  if  a  greater  quantity  than 
5  cc.  or  at  most  10  cc.  is  to  be  injected,  the  solution  should  not  be  stronger  than  3 
percent. 

For  children  the  official  and  N.F.  elixirs  and  syrups  of  calcium  lactophosphate  and 
hypophosphite  are  eligible  preparations;  but  for  adults  the  salts  themselves  are  to  be 
preferred.  Calcium  lactate  or  calcium  hypophosphite  may  be  encapsulated  or  placed  in 
a  wafer  without  excipient,  and  in  such  wafer  or  capsule  any  other  compatible  drug  the 
prescriber  wishes  to  associate  with  the  lime  salt  may  be  included.  Calcium  lactophosphate 
is  an  unofficial  mixture  of  somewhat  varying  composition,  and  has  various  commercial 
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forms.  Flakes  or  scales,  when  these  are  not  too  acid,  may  be  taken  in  the  mouth  like 
candy;  and  this  is  a  particularly  good  way  to  give  the  drug  to  children  who  are  to 
take  it  continuously — even  very  young  children.  A  drink  of  water  may  be  given  after- 
ward. The  "soluble"  powder  or  granules  may  be  dissolved  in  water  or  soup — or  in 
milk  which  has  been  pancreatized  to  prevent  curdling.  For  an  adult  with  tuberculosis, 
\-2  to  1  teaspoonful  in  a  glass  (6  fluidounces)  of  liquid,  once  to  three  times  daily,  makes 
a  fair  dose — greater  exactitude  is  unnecessary. 
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The  drugs  whose  chief  medicinal  use  is  connected  with  disorders  affecting  the 
respiratory  system,  and  which  are  therefore  inchided  in  this  group,  are  in  many, 
if  not  in  most,  instances  substances  whose  chief  pharmacodynamic  and  toxic  actions 
are  exerted  on  some  other  function.  Many  of  them  produce  symptoms  of  intoxica- 
tion pointing  to  the  nerve,  rather  than  to  the  respiratory  system.  Ammonia,  san- 
guinaria  and  senega  cause  convulsions  when  given  in  large  dose,  while  grindelia 
and  the  cyanides  induce  paralysis,  and  it  is  only  when  small  doses  are  given  that 
any  dominating  action  on  the  respiration  can  be  brought  out.  This  lack  of  relation 
between  the  medicinal  and  toxic  actions  must  be  borne  in  mind  in  studying  almost 
all  of  the  members  of  the  group. 

The  drugs  acting  on  the  respiratory  system  may  excite  or  depress  the  respiratory 
movements;  they  may  diminish  or  increase  the  secretion  of  bronchial  mucus;  they 
may  cause  relaxation  or  contraction  of  the  bronchial  musculature;  or  they  may  act 
on  the  nasopharynx  or  larynx.    The  last  are  not  given  separate  consideration. 

The  respiratory  center  is  excited  reflexly  by  all  vapors  which  irritate  the  nasal 
mucosa  or  that  of  the  deeper  respiratory  passages.  Irritant  oils,  such  as  those  of  mus- 
tard and  pepper,  which  excite  sneezing,  induce  temporary  increase  in  depth  of  respira- 
tion succeeding  this.  Ammonia  and  carbon  dioxide  excite  the  center  both  reflexly 
and  directly.  The  familiar  use  of  smelling  salts  to  revive  persons  who  Ijave  fainted, 
is  based  on  this  property  of  ammonia  and  the  beneficial  effects  of  ammonium  chloride 
and  carbonate  in  bronchitis  is  largely  dependent  on  stimulation  of  the  center.  Carbon 
dioxide  is  now  utilized  to  prevent  failure  of  respiration  during  surgical  anesthesia, 
a  tank  of  the  compressed  gas  forming  part  of  all  closed  systems  of  administering  ether, 
etc.  Caffeine,  cocaine,  camphor,  C[uebrachine,  strychnine,  atropine,  lobeline  and  the 
emetics,  including  apomorphine,  stimulate  the  center  by  immediate,  direct  action. 
Cyanides  and  ether  induce  marked  stimulation  followed  by  paralysis.  The  stimulation 
of  apomorphine  is  likewise  followed  by  depression.  Lobeline  has  recently  been  praised 
as  an  effectual  remedy  against  threatened  exhaustion  of  the  center  associated  with 
asthma  or  bronchitis.  Caffeine  and  strychnine  are  employed  in  states  of  general  ex- 
haustion and  weakness,  while  quebrachine  is  sometimes  referred  to  as  "the  digitalis 
of  the  respiration." 

The  center  is  depressed  by  sparteine  and  by  opium  and  its  alkaloids,  which  are 
utilized  to  check  respiratory  reflexes,  such  as  coughing.  Respiratory  movements  and 
reflexes  are  also  lessened  by  nerve  sedatives  such  as  chloral,  chloroform,  bromides  and 
barbital. 

The  secretion  of  bronchial  mucus  is  stimulated  by  saponins,  senega,  grindelia  and 
sanguinaria,  all  of  which  are  chiefly  of  value  in  the  first  stage  of  bronchitis.  Secretion 
is  likewise  augmented  under  the  influence  of  ammonium  salts,  potassium  iodide,  pilo- 
carpine, physostigmine  and  emetics,  including  ipecac  and  tartar  emetic,  both  of  which 
are  used  in  small  dose  as  expectorants. 

Bronchial  secretion  is  lessened  by  opium  and  by  belladonna,  which  may  be  given 
in  the  later  stages  of  bronchitis  when  the  secretion  is  profuse. 
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The  bronchi  dilate  under  the  influence  of  epinephrine,  ephedrine,  cotarnine,  caf- 
feine, lobeline,  small  doses  of  opium,  nitrates  and  ammonium  salts,  several  of  which 
are  of  undoubted  value  in  alleviating  the  attacks  of  asthma. 

Bronchoconstriction  follows  strychnine,  barium  salts,  pilocarpine,  physostigmine 
and  large  doses  of  opium. 

Certain  medicaments  are  employed  as  antiseptic  agents  in  infections  of  the 
bronchial  mucosa,  being  either  inhaled  from  special  atomizers  or  vaporizers  or  admin- 
istered by  mouth  with  the  view  of  their  being  excreted  in  the  bronchial  mucus. 

As  used  in  the  last  named  manner  may  be  mentioned  cubeb,  copaiba,  sandalwood 
oil,  and  the  modified  turpentines  such  as  terebene  and  terpin  hydrate.  Many  of  the 
essential  oils  are  applied  directly  to  the  bronchial  mucosa  and  the  nose  and  throat 
by  means  of  atomizers  and  vaporizers.  Camphor,  thymol  and  menthol  are  much  used 
in  such  sprays  as  well  as  oil  of  Pinus  pumilionis,  sandalwood  oil,  benzoin  and  other 
volatile  agents. 

Respiratory  Stimulants 

,  .  Excitants  of  Respiratory  Center 

Ammonium 

Ammonia  was  first  known  and  first  used*  in  medicine  as  the  native  ammonium 
chloride.  By  Greek  and  Arabian  writers  this  was  confused  with  rock  salt  (native 
sodium  chloride)  and  both  were  designated  "sal  ammoniac,"  a  name  presumably 
derived  from  the  temple  of  Jupiter  Ammon  in  Libya,  near  which  occurred  large 
deposits  of  rock  salt.  Ammonium  chloride  was  also  obtained  in  Arabia  from  the 
soot  of  burnt  camel  dung.  In  the  middle  ages  ammonium  chloride  was  often  referred 
to  as  "sal  armoniacum,"  a  term  of  doubtful  etymology,  and  this  name  was  altered 
by  later  scribes  and  writers  to  the  older  term,  which  came  to  be  limited  to  ammo- 
nium chloride. 

Sal  ammoniac  was  used  externally  by  Greek  and  Arab  physicians  as  an  eye- 
wash and  counterirritant.  Its  systemic  use  internally  is  modern.  Ammonia  water 
was  not   introduced   until  the  nineteenth   century. 

Chemistry. — Ammonia  (jSTHg)  is  a  gas  which  in  the  presence  of  water  changes 
to  ammonium  (NHJ  which  behaves  chemically  like  a  metal,  having  the  property 
of  combining  with  acids  to  form  salts.  As  regards  their  pharmacodynamic  action 
we  may  distinguish  the  following  classes  of  these:  (1)  Compounds  which  spontane- 
ously release  gaseous  ammonia  (ammonium  hydrate,  ammonia  water,  ammonium 
carbonate) ;  (2)  compounds  which,  by  destruction  of  their  organic  acid  radical,  yield 
ammonia  in  the  body  (ammonium  acetate,  ammonium  citrate,  liquor  ammonii  ace- 
tatis,  ammonium  benzoate) ;  (3)  compounds  which  are  broken  down  by  herbivora 
but  excreted  unchanged  by  camivora  and  man  (ammonium  chloride,  ammonium 
nitrate) ;  (4)  compounds  whose  action  is  dominated  by  the  acid  radical  (ammonium 
bromide,  ammonium  iodide,  ammonium  salicylate,  ammonium  valerate) ;  (5)  ammo- 
nium sulphate,  which  differs  from  the  other  salts  in  not  being  readily  absorbed  and 
in  thus  acting  as  a  cathartic. 

The  first  three  classes  only  are  considered  here.  The  members  of  the  fourth 
class  will  be  taken  up  with  their  respective  acid  radicals,  while  ammonium  sulphate 
is  of  no  therapeutic  interest.  The  alkali  reactions  of  ammonium  hydrate  and  carbonate 
are  considered  with  the  alkaline  antiseptics. 

Summary  of  Actions  and  Uses. — Most  of  the  ammonium  compounds  are  topically 
irritating  and  their  systemic  action  is  often  complicated  by  reflex  effects,  especially  those 
dependent  on  stimulation  of  the  trigeminal  and  laryngeal  nerves.  Direct  excitation  of 
the  nerve  endings  of  the  vagus  in  the  lung  and  stomach  may  also  occur. 
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The  chief  systemic  action  is  the  reflex  stimulation  of  the  respiratory  center.  The 
heart,  too,  is  stimulated  and  the  arterioles  constricted.  Spinal  convulsions  are  caused 
by  toxic  doses. 

The  action  of  ammonium  salts  on  metabolism  differs  with  the  acid  radical  and  with 
the  species  of  animal.  The  hydroxide  and  carbonate  act  as  alkalis,  as  do  the  acetate 
and  citrate.  The  chloride  and  nitrate,  on  the  other  hand,  in  herbivora,  have  the  metabolic 
effects  of  acids,  as  they  break  up  and  the  ammonia  being  changed  to  urea,  the  acid 
radical  combines  with  and  depletes  the  fixed  alkali  of  the  tissues.  In  carnivora  and  man 
the  chloride  and  nitrate  are  almost  wholly  excreted  unchanged  in  the  urine  and  have  no 
evident  metabolic  effect. 

Therapeutically,  ammonium  compounds  are  used  chiefly  as  expectorants,  to  increase 
the  secretion  of  bronchial  mucus  or  to  soften  that  already  present.  They  are  also  used 
as  cardiac  and  as  respiratory  stimulants.  Aromatic  spirit  of  ammonia  both  internally 
and  by  inhalation  and  ammonium  carbonate  in  the  form  of  smelling  salts,  have  a  wide- 
spread popular  use  to  relieve  syncope  and  to  control  emotional  hysterics.  Life  may  be 
saved  by  the  intermittent  use  of  strong  smelling  salts  in  cardiac  collapse  consequent 
upon  poisoning  by  antipyrine  and  other  coal  tar  derivatives. 

Materia  Medica. — Aqua  AMMoxiiE  (U.S.  X.),  Ammonia  Water.  Ahhr.,  Aq. 
Ammon.     ;S'i/«on^»i  .•  Liquor  Ammonia  (Br.). 

An  aqueous  solution  of  ammonia  containing  not  less  than  9.5  percent,  nor  more 
than  10.5  percent,  by  weight  of  NH3.  A  colorless,  transparent  liquid,  having  a  very 
pungent,  characteristic  odor  and  a  caustic,  alkaline  taste. 

Antagonists  and  Incompattbles. — Acids,  solutions  of  the  salts  of  lead,  silver, 
mercury,  and  other  metals,  corrosive  sublimate,  calomel,  chlorine,  iodine,  bromine, 
chloral  hydrate,  and  aqueous  solutions  of  salts  of  the  alkaloids  are  chemically  incom- 
patible.   Aconite,  digitalis,  and  other  cardiac  sedatives  are  antagonistic. 

Synergists. — The  antispasmodics  and  diffusible  and  aromatic  stimulants  aid 
the  action  of  ammonia. 

Dose,  5  to  15  minims   (0.3  to  1  cc). 

Aqua  Ammonia  Fortiob  (U.S.  X.),  Stronger  Ammonia  Water.  Ahhr.,  Aq.  Ammon. 
Fort.    Synonym  :  Liquor  Ammonia?  Fortis  (Br.). 

An  aqueous  solution  of  ammonia  containing  not  less  than  27  percent,  nor  more 
than  29  percent,  by  weight  of  iSTHj.  A  colorless,  transparent  liquid,  having  an  exces- 
sively pungent,  characteristic  odor  and  a  very  caustic  and  alkaline  taste.  It  must  never 
be  tasted  nor  smelled  unless  greatly  diluted. 

Dose,  2  to  5  minims  (0.13  to  0.3  cc),  well  diluted. 

Ammonii  Benzoas  (U.S.  X.),  Ammonium  Benzoate.     Ahhr.,  Ammon,  Benz. 

Occurs  in  thin,  white,  Inminar  crystals  or  as  a  crystalline  powder.  Odorless, 
having  a  saline,  bitter,  afterward  slightly  acrid,  taste.  Soluble  in  10  parts  of  water, 
35.5  of  alcohol,  and  8  of  glycerin.    It  contains  not  less  than  98  percent,  of  the  salt. 

Dose,  10  to  30  grains  (0.6  to  2  Gm.). 

Ammonii   Carboxas    (U.S.  X.),    Ammonium    Carbonate.      Ahhr.,    Ammon.    Garb. 

This  consists  of  varying  proportions  of  a  mixture  of  acid  ammonium  carbonate 
and  ammonium  carbamate  and  yields  not  less  than  30  percent,  nor  more  than  32  per- 
cent, of  XH3.  It  occurs  in  white,  hard,  translucent,  striated  masses,  having  a  strong 
odor  of  ammonia,  without  empyreuma,  and  a  sharp,  ammoniacal  taste.  One  Gm.  of 
ammonium  carbonate  dissolves  very  slowly  in  4  cc.  of  water.  Alcohol  dissolves  the 
carbamate,  leaving  the  acid  carbonate. 

Antagomsts  and  Incompatihlcs. — Calomel,  corrosive  sultlimate  and  the  copper 
and  silver  salts  are  chemically  incompatible.  The  physiological  antagonists  are  the 
same  as  those  of  aqua  ammonise. 

Synergists. — The  same  as  those  noted  under  Aqua  Ammoniae. 

Dose,  3  to  10  grains  (0.2  to  O.G  Gm.). 
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Ammonii  Chloridum  (U.S.  X.),  Ammonium  Chloride.  Ahhr.,  Ammon.  Clilor. 
Synonyms:  Sal  Ammoniac,  Muriate  of  Ammonia. 

A  white,  crystalline  or  granular  powder,  without  odor,  having  a  cooling  and 
saline  taste;  somewhat  hygroscopic.  One  Gm.  of  ammonium  chloride  dissolves  in 
2.6  cc.  of  water,  100  cc.  of  alcohol,  and  in  8  cc.  of  glycerine;  also  in  1.4  cc.  of  boil- 
ing water. 

Antagonists  and  Incompatihles. — Solution  of  the  fixed  alkali  hydroxides  or  car- 
bonates and  the  hydroxides  of  barium,  calcium,  and  strontium.  See  also  Ammonii 
Carbonas   and   Aqua   Ammoniae. 

Synergists. — Same  as  noted  under  Aqua  Ammoniae. 

Dose,  5  to  15  grains  (0.3  to  1  Gm.). 

Liquor  Ammonii  Acetatis  (U.S.  X.),  Solution  of  Ammonium  Acetate.  Ahhi-., 
Liq.  Ammon.  Acet.     Synonyms:  Spiritus  Mindereri,  Spirit  of  Mindererus. 

Ammonium  carbonate,  5  Gm. ;  diluted"  acetic  acid,  100  cc.  A  clear,  colorless 
liquid,  free  from  empyreumatic  odor,  and  having  a  mildly  saline,  acidulous  taste 
and  an  acid  reaction. 

Dose,  2  to  6  fluidrams   (8  to  24  cc). 

Spiritus  Ammonia  Anisatus  (IST.F.),  Anisated  spirit  of  Ammonia.  Ahhr.,  Sp. 
Ammon.  Anis.  Synonyms:  Liquor  Ammonia}  Anisatus,  Anisated  Solution  of  Am- 
monia. 

A  solution  of  anethol,  3  percent.,  in  a  mixture  of  20  percent,  ammonia  water  in 
alcohol.     Alcoholic  content,  77  percent. 

Dose,  15  to  45  minims  (1  to  3  cc). 

Spiritus  Ammonia  Aromaticus  (U.S.  X.),  Aromatic  Spirit  of  Ammonia.  Ahhr., 
Sp.  Ammon.  Arom. 

A  nearly  colorless  liquid  when  freshly  prepared,  but  gradually  acquiring  a  yellow 
color.  It  has  the  pungent  odor  and  taste  of  ammonia.  Alcoholic  content  about 
65  percent. 

Dose,  20  to  40  minims   (1.3  to  2.6  cc). 

Spiritus  AMMONiiE  Fcetidus  (Br.),  Fetid  Spirit  of  Ammonia. 

A  nearly  colorless,  transparent  liquid  with  a  strong  odor  of  ammonia  and  of 
asafetida.    Alcoholic  content  about  10  percent. 

Dose,  30  to  40  minims   (1.3  to  2.6  cc). 

LiNiMENTUM  Ammonia  (N.F.),  Ammonia  Linimenf.  Ahhr.,  Lin.  Ammon.  Syno- 
nyms: Volatile  Liniment,  Hartshorn  Linim'ent. 

Ammonia  water,  250  cc. ;  sesame  oil,  750  cc.  (U.S.);  solution  of  ammonia,  1; 
almond  oil,  1;  olive  oil,  2   (Br.). 

Dose,  external  use  only. 

Trochisoi  Ammonii  Chloridi  (U.S.  X.),  Troches  of  Ammonium  Chloride.  Ahhr., 
Troch.  Ammon.  Chlor. 

Each   lozenge   contains   IV2   grains    (0.1    Gm.)    of   ammoniufn   chloride. 

Dose,  1  to  2  troches, 

Ammonii  Nitras   (unofficial).  Ammonium  Nitrate  (NH^NOj). 

Occurs  in  colorless  crystals  or  in  fused  masses;  odorless,  but  having  a  sharp, 
bitter  taste.  Soluble  in  0.5  part  of  water  and  in  20  parts  of  alcohol  at  15°  C;  very 
soluble  in  boiling  water. 

Dose,  5  to  20  grains  (0.3  to  1.2  Gm.). 

Pharmacodynamics:  Absorption  and  Elimination. — Ammonia  as  vapor  or  as  hydrox- 
ide, is  one  of  the  most  diffusible  substances,  and  one  of  the  most  rapidly  absorbed, 
with  which  we  have  to  deal.  It  is  taken  up  even  by  the  intact  skin,  as  shown  by  the 
rapidity  with  which  it  blisters.    All  mucosae  absorb  it  and  it  passes  through  them  rapidly 
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into  the  blood.  The  alveoli  of  \he  lungs  occupy  a  unique  position,  according  (o  most 
authorities,  in  neither  absorbing  nor  excreting  ammonia.  Small  quantities  of  inhaled 
ammonia  are  taken  up  from  the  respiratory  tract,  but  these  pass  through  the  walls  of 
the  trachea  and  bronchi.  The  salts  of  ammonium  are  in  general,  absorlied  rapidly  from 
all  mucous  membranes.  From  the  stomach  ammonium  chloride  is  taken  up  much  more 
promptly  than  the  corresponding  salt  of  sodium. 

The  alterations  which  ammonium  compounds  undergo  in  the  body  are  complax  and 
differ  both  with  the  compound  and  the  species  of  animal.  Inhaled  ammonia  vapor  is 
perhaps  converted  to  carbonate  in  the  finer  bronchioles,  even  before  absorption.  In  any 
case  this  change  must  occur  immediately  on  reaching  the  blood.  This  ammonium  carbo- 
nate is  converted  almost  quantitatively  into  urea,  all  the  tissues  having  power  to  effect 
the  alteration,  the  liver  being,  however,  the  chief  seat*  of  the  process  under  normal 
conditions.  The  compounds  with  organic  acids  pass  through  similar  changes.  The 
ability  of  the  body  cells  to  bind  ammonia  is  indicated  by  its  being  held  in  isolated 
organs,  and  by  the  fact  that  when  large  amounts  are  injected  they  are  reduced  to  Vj  in 
half  an  hour.  The  rate  at  which  the  change  to  urea  occurs  differs  with  the  species  and 
the  compound.  Dogs  can  take  care  of  70  mgm.  and  rabbits  of  30  mgm.  per  kilo  per  hour 
of  ammonium  lactate,  but  of  only  half  this  much  ammonium  carbonate  (Marfori).  In 
vwo,  the  liver  of  birds  is  even  more  active  than  that  of  mammals,  but  no  ferment  or 
extract  capable  of  effecting  the  change  in  vitro  has  been  prepared.  In  birds,  moreover, 
a  certain  portion  of  the  ammonia  is  changed  to  uric  acid. 

Smaller  portions  of  the  ammonia  undergo  other  changes.  Part  may  be  converted  to 
ammonium  chloride,  perhaps  after  excretion  into  the  stomach,  with  reabsorption.  In 
carnivora  part  may  be  changed  to  nitric  acid  and  an  increase  in  urinary  acidity  occur  by 
its  excretion.  As  regards  the  salts  of  the  mineral  acids,  there  is  a  difference  between 
carnivora,  including  man,  and  herbivora;  the  former  excreting  them  unchanged,  the 
latter  breaking  them  down,  excreting  the  ammonia  as  urea  and  the  acid  radicals  as 
alkali  salts. 

Excretion  occurs,  as  already  indicated,  chiefly  as  urea.  A  portion  is  excreted  as 
ammonium  chloride  or  other  salts.  Ammonium  carbonate  in  small  amount  may  escape 
with  the  breath.  In  birds  part  may  be  changed  to  uric  acid  and  in  carnivorous  mam- 
mals a  small  fraction  to  nitric  acid,  escaping  as  nitrates  in  the  urine. 

Topical  Action. — Ammonia  vapor  is  extremely  irritating  to  all  parts  with  which  it 
comes  in  contact.  It  has  the  peculiar  property  of  penetrating  rapidly  and  killing  the 
lower  layers  of  epithelium  before  destroying  the  stratum  corneum.  Applied  to  the 
unbroken  skin  and  covered  to  prevent  evaporation,  10  percent,  ammonia  water  will 
produce  a  blister  in  5  to  10  minutes  and  if  left  longer,  kill  the  deeper  layers  of  the 
skin,  producing  an  ulcer  which  heals  very  slowly.  The  application  is  extremely  painful, 
which  limit's  its  usefulness  as  an  epispastic,  but  it  is  used  occasionally  when  cantharides 
is  contraindicated  by  nephritis.  The  slow  healing  is  probably  dependent  on  destruction 
of  the  walls  of  the  blood  vessels,  which  seem  to  be  more  sensitive  to  its  influence 'than 
other  tissues.  Dilute  solutions  are  rubefacient  and  are  effective  in  relieving  the  itching 
of  insect  bites. 

Inhaled,  the  vapor  is  very  painful  to  all  the  mucosae  of  the  respiratory  tract. 
Sneezing  is  caused  by  3  parts  in  10,000  of  air  and  1  to  2,000  or  1  to  1,000  is  insupportable. 
Prolonged  exposure  to  even  more  dilute  vapors,  leads  to  severe  bronchitis  (habituation 
may  occur).  C'oncentrated  ammonia  water  taken  in  the  mouth  leads  to  severe  Inflamma- 
tion of  the  mouth  and  throat  with  deep  ulceration. 

A  drop  splashed  in  the  eye  rapidly  destroys  the  cornea  and  leads  to  ulceration  which 
is  followed  by  opaque  scars.  The  opacities  following  ammonia  burns  are  more  dense 
than  from  any  of  the  acids  or  fixed  alkalis. 

Ammonfum  chloride,  because  of  its  rapid  diffusion,  exercises  a  very  strong  salt 
action.  It  is  not  absorbed  by  the  skin  but  solutions  are  quite  irritating  to  exposed 
mucosae. 

Toxicity:  Toxic  Dose. — The  fatal  dose  of  ammonia  varies  within  very  wide  limits 
according  to  method  and  rate  of  administration,  species  and  salt  studied.  Ammonia 
water,  10  percent.,  is  likely  to  prove  fatal  to  man  if  5  to  10  cc.  (1V4  to  2y^  drams)  are 
swallowed,  while  recovery  has  occurred  after  60  cc.  (2  ounces)  have  been  taken.  Dogs 
show  no  toxic  symptoms  from  as  much  as  40  Gm.  of  ammonium  carbonate  given  by 
mouth  in  the  course  of  24  hours,  while  a  fraction  of  this  amount  can  kill  if  given  in  a 
single  dose.  Inhaled,  ammonia  vapor  is  irritating  if  the  air  contains  0.2  percent,  and 
death  results  from  0.2  percent. 
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In  frogs  convulsions  follow  4  to  8  mgm.  of  ammonia;  25  mgm.  of  ammonium  carbo- 
nate, or  0.1  Gm.  of  ammonium  chloride  being  fatal.  The  fatal  dose  of  the  last  sub- 
cutaneously  per  100  Gm.  is,  in  the  mouse,  50  mgm.;  in  the  guinea-pig,  35  mgm.;  in  the 
rabbit,  20  mgm. 

If  ammonium  chloride  is  injected  slowly  in  herbivora,  the  ammonia  is  converted  to 
urea,  and  hydrochloric  acid  is  set  free,  giving  rise  to  acid  poisoning.  If  the  salts  are 
injected  rapidly  the  difference  between  herbivora  and  carnivora  is  not  noted,  the  fatal 
dose  varying  from  50  to  70  mgm.  of  NHj  per  kilo.  Differences  due  to  rate  of  injection 
are  greater  than  those  due  to  species. 

Toxic  Action. — All  the  salts  or  compounds  of  ammonia  act  similarly  on  the  central 
nerve  system  causing  marked  stimulation,  especially  of  the  vasomotor  and  respiratory 
centers  and  of  the  spinal  cord,  with  increased  reflexes  and  tetanus.  Nevertheless,  the 
toxicity  of  ammonium  hydroxide  differs  so  greatly  from  that  of  the  salts  with  strong 
acids,  that  they  must  be  considered  separately. 

Ammonia  in  vapor  form  or  in  solution  (ammonia  water,  ammonium  hydroxide)  is 
extremely  irritating  to  all  mucous  membranes,  acting  as  a  caustic  alkali,  and  the  picture 
of  poisoning  is  dominated  by  its  topical  effects.  When  even  a  small  amount  of  a  con- 
centrated solution  (10  percent.)  is  taken  by  mouth,  there  is  at  once  extreme  pain  in  the 
mouth  and  throat,  with  choking  from  laryngeal  spasm,  followed  by  burning  pain  in  the 
stomach,  and  by  headache  and  vertigo.  If  a  drop  enters  the  larynx,  as  is  often  the  case, 
on  account  of  the  violent  respirations  which  result  from  the  choking  sensation,  a  com- 
plete spasmodic  closure  of  the  larynx  occurs,  which  may  prove  fatal  or  require  tracheot- 
omy. Laryngeal  stenosis  may  also  result  from  edema.  The  vapor  causes  violent  lacry- 
mation  and  congestion  with  edema  of  the  conjunctiva,  and  sneezing  with  swelling  of  the 
turbinates  and  profuse  watery  discharge  from  the  nose.  Inspection  of  the  mouth  and 
throat  shows  corrosion  and  vesication  and  if  the  dose  be  large,  false-membrane  formation. 
Vomiting  of  matter  smelling  of  ammonia  and  often  stained  with  blood  is  usual.  The 
respiration  is  very  rapid,  there  is  usually  mental  excitement,  rarely  stupor.  Reflexes  are 
increased  and  if  much  absorption  has  occurred,  convulsions,  increasing  to  violent  tetanus, 
come  on.  Respiration  stops  suddenly  either  during  a  convulsion  or  from  exhaustion,  and 
coma  and  death  result.  The  heart  continues  for  some  time  after  respiration  has  ceased. 
The  prognosis  is  good  if  life  is  prolonged  for  a  few  hours  after  the  poison  has  been 
taken.  The  danger  of  esophageal  stricture  must  be  borne  in  mind.  If  death  occurs 
there  will  be  found  the  usual  lesions  of  corrosive  poisons,  with,  however,  a  greater  tend- 
ency to  blister  and  less  to  eat  away  the  epidermal  surface  than  others  show.  There  is 
usually  marked  edema  of  the  larynx  and  frequently  of  the  lungs  also. 

Treatment  consists  in  administration  of  dilute  vinegar  or  other  mild  acid  to  neu- 
tralize what  remains  in  the  stomach;  lavage  is  not  advisable.  The  severe  pain  or  con- 
vulsions may  require  narcosis.  Laryngeal  spasm  will  indicate  intubation  or  tracheotomy 
and  the  failure  of  respiration  may  be  relieved  by  pharyngeal  Insufflation  with  Meltzer's 
apparatus. 

Ammonium  chloride  by  mouth  rarely  if  ever  produces  fatal  poisoning,  although  in 
animals,  death  may  be  caused  by  enormous  doses.  When  given  by  vein  it  causes  chiefly 
nervous  symptoms,  weakness  especially  in  the  legs  in  man  and  hind  legs  in  animals, 
extreme  acceleration  of  the  respiration,  sharp  rise  of  blood  pressure  followed  by  a  fall, 
and  finally  death  from  failure  of  respiration.  If  a  fatal  dose  is  given  at  once,  there  are 
convulsions  passing  into  violent  tetanus,  but  if  the  fatal  dose  is  run  slowly  into  a  vein, 
paralysis  occurs  and  death  results  from  gradual  failure  of  respiration. 

According  to  Pohl  and  Munzer,  this  paralytic  type  of  poisoning  is  not  due  to  ammonia 
at  all,  but  to  the  chlorine  ion,  which  is  i-eleased  as  part  of  the  ammonia  is  converted 
into  urea.    It  is  thus  an  acid  intoxication  and  shares  the  characteristics  of  such. 

Frogs  given  subcutaneous  injections  of  0.25  mgm.  of  ammonium  salts,  show  marked 
restlessness  followed  by  brief  paralysis  which  is  soon  succeeded  by  increased  reflexes 
and  convulsions,  clonic  (cerebral)  and  tetanic  (spinal).  Paralysis,  coma,  and  death  occur 
in  i/o  to  %  hour. 

Systemic  Action':  Alimentary. — Ammonia  water,  even  diluted  is  apt  to  irritate  the 
gastroenteric  tract,  causing  nausea  and  vomiting  or,  more  rarely,  diarrhea.  Ammonium 
chloride  in  large  doses,  is  also  emetic,  but  chiefly  by  salt  action.  Ammonium  sulphate 
is  not  absorbed  and  acts  as  a  saline  cathartic.  The  isolated  bowel  of  the  rabbit  is,  how- 
ever, paralyzed  by  ammonium  chloride  (Rona  and  Neukirch). 

Ammonium  compounds  excite  the  secretion  of  the  salivary  glands,  partly  by  action 
on  the  center,  partly  reflexly.     Transfusion  experiments  show  that  the  gland  cells  are 
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not  'directly  stimulated,  but  the  carbonate  may  increase  the  flow  indirectly,  the  alkalinity 
making  the  mucus  more  fluid  and  less  tenacious. 

Subacute  poisoning  with  ammonia  salts  leads  to  degenerative  changes  in  the  liver 
in  dogs  and  rabbits  ( Joannowics). 

Blood. — In  poisoning  by  ammonium  compounds  a  peculiar  alteration,  the  nature  of 
■which  is  not  well  understood,  takes  place  in  the  blood.  The  red  corpuscles  contain  less 
oxygen  than  normally,  and  are  able  to  absorb  less  when  exposed  to  it.  They  are  less 
easily  destroyed  by  dilute  acetic  acid.  The  spectroscope  shows  a  faint  band  of  hematin. 
Prolonged  use  of  ammonium  chloride  is  said  to  cause  an  increase  in  the  viscosity  of  the 
blood.  In  chronic  poisoning  there  is  a  tendency  to  petechial  hemorrhages  in  the  skin 
and  mucos£e,  and  often  bleeding  from  the  kidney,  caused  by  a  change  either  in  the  blood 
or  in  the  vessel  walls. 

Ammonium  hydroxide  is  hemolytic  in  vitro  by  reason  of  its  alkalinity.  The  chloride 
in  high  concentration  injures  the  cell  wall  permitting  escape  of  hemoglobin. 

Circulation. — Although  ammonia  was,  and  perhaps  still  is,  used  chiefly  as  a  cardiac 
stimulant,  its  action  on  the  heart  is  much  less  marked  than  that  on  the  respiration,  to 
which,  in  fact,  it  is  partly  secondary. 

Moderate  doses  of  ammonium  chloride,  given  by  injection,  cause  a  brief  fall  of 
lilood  pressure  partly  due  to  direct  action  on  the  heart,  but  lessened  by  previous  section  of 
the  vagus  nerves.  This  is  followed  by  a  strong  and  well  maintained  rise.  This  rise  is 
in  part  due  to  the  respiratory  disturbance  and  the  convulsant  effects  which  result  from 
ammonia,  but  it  occurs  in  curarized  animals,  in  which  these  effects  are  eliminated,  and 
in  lesser  extent  after  section  of  the  medulla,  showing  that  there  is  a  direct  stimulation 
of  the  vasomotor  center,  and  probably  of  the  vessel  wall.  Inhalation  of  ammonia  vapor 
produces  slowing  of  the  heart  with  rise  of  blood  pressure  and  occurrence  of  vagus  pulses. 
This  effect  is  reflex  from  stimulation  of  the  trigeminus  endings. 

During  the  rise  of  pressure  the  heart  is  slow  and  strong,  the  output  being  Increased. 
If  the  dose  is  toxic,  vagus  pulses  appear,  from  overstimulation  of  the  vagus  center,  which 
later  passes  into  paralysis,  the  heart  becoming  rapid.  There  may  be  direct  stimulation 
of  the  accelerator  center  in  the  rabbit  (Formanek).  The  isolated  heart  of  the  frog  and 
mammal  shows  increase  of  amplitude  with  little  change  of  rate  from  low  concentrations, 
0.005  percent.  Stronger  concentrations  weaken  the  contractions  and  bring  about  stop- 
page in  diastole.    The  effect  is  counteracted  by  calcium  chloride  (Ringer). 

Ammonium  chloride  perfused  through  the  kidney,  spleen  or  lung,  causes  a  marked 
dilatation  of  the  vessels   (Thomson).     Sollmann  could  not  confirm  this  action. 

Respiration. — Ammonia  vapor  inhaled  acts  on  the  respiration  reflexly,  stimulating 
the  trigeminus  nerve  and  the  pulmonary  vagus.  There  results  a  momentary  stoppage  of 
breathing,  either  in  expiration  or  in  inspiration,  followed  by  long,  deep,  sometimes  gasp- 
ing respirations. 

After  absorption,  or  when  given  by  vein,  both  ammonium  hydroxide  and  chloride 
cause  a  brief  stoppage  in  inspiration  followed  by  stimulation  of  the  respiratory  center 
with  increase  in  rate  and  depth.  The  amount  of  air  moved  per  minute  is  markedly  in- 
creased. The  primary  inspiratory  pause  is  probably  due  to  strong  stimulation  of  the 
center.  If  large  doses  are  given,  this  stimulation  firyally  passes  into  paralysis,  and 
respiration  ceases  while  the  heart  is  still  in  good  condition.  In  many  instances  of 
poisoning  the  breathing  is  interfered  with  by  convulsions  before  paralysis  of  the  center 
has  occurred,  and  if  artificial  respiration  be  given,  to  keep  the  animal  alive  during 
these,  respiration  will  continue,  very  much  exaggerated,  between  them. 

Ammonium  chloride  dilates  the  bronchi  as  can  be  shown  by  relaxation  of  an 
excised  strip,  while  inhaled  ammonia  vapor  causes  strong  bronchial  constriction.  Both 
by  topical  action  and  through  the  circulation  after  absorption,  ammonium  salts  cause  an 
increase  in  secretion  of  bronchial  mucus,  which  in  the  rabbit  may  cause  the  lungs  to  fill 
with  frothy  secretion. 

Metabolism. — Ammonium  chloride  is  a  constituent  of  the  body;  the  blood  containing 
normally  1.5  mgm.  per  100  cc.  The  ammonia  is  partly  converted  into  urea  in  the  liver 
and  the  portal  blood  contains  norm.ally  from  3.5  to  8.5  mgm.  per  100  cc.  (Carlson  and 
Jacobson). 

After  parathyroidectomy  the  amount  of  ammonia  in  the  blood  increases  markedly. 
At  the  time  of  onset  of  tetania  thyreopriva,  the  amount  of  ammonia  in  the  blood  is  about 
that  required  to  cause  a  similar  nervous  condition  according  to  Jacobson,  who  believes 
its  presence  largely  accounts  for  the  phenomenon  in  dogs.  Gastric  tetany,  which  is 
associated  with  alkalosis,  is  relieved  by  injections  of  ammonium  chloride,  the  ammonia 
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being  excreted  as  urea  and  the  chlorine  ion  adding  to  the  body  store  of  acid  radicles 
(Youmans  and  Greene). 

Large  doses  of  ammonium  chloride  lead  to  increased  excretion  of  nitrogen  as  a  re- 
sult of  increased  protein  destruction.  This  is  greatest  after  intravenous  injections. 
After  injection  of  0.5  Gm.  (8  gr.)  of  ammonium  acetate,  a  dog  may  lose  as  much  as  1 
Gm.  (16  gr.)  of  nitrogen  (Pescheck).  Feeding  of  ammonium  salts  leads  to  nitrogen 
retention. 

Organic  ammonium  salts  fed  to  rabbits,  lead  to  increase  of  glycogen  storage  in  the 
liver  (Rohmann). 

Ammonium  given  over  long  periods  is  said  to  cause  increased  exfoliation  of  the 
outer  layers  of  all  mucous  membranes. 

Skin. — Ammonium  chloride  increases  the  excretion  of  sweat,  and  this  may  occasion- 
ally lead  to  a  fall  of  temperature.  Helms  saw  no  increase  in  the  sweat  secretion  of  the 
ball  of  the  cat's  foot,  after  large  doses  of  ammonium  chloride. 

Nerve  System. — Ammonium  hydroxide  and  chloride  act  similarly  on  the  nerve  sys- 
tem, causing  brief  paralysis  followed  by  stimulation,  first  of  certain  medullary  centers, 
chiefly  the  respiratory  and  vagus,  and  later  of  the  spinal  cord.  The  latter  is  seen  only 
after  toxic  doses  and  is  shown  by  tremors,  passing  into  twitching,  convulsions,  and 
finally  violent  tetanus.  In  mammals  the  convulsions  continue  until  death.  Frogs  show 
stimulation  of  the  "cramp  center"  in  the  medulla  and  of  the  motor  cord,  causing  clonic 
and  tetanic  convulsions.  This  is  followed  by  central  paralysis,  associated  with  curare 
action  on  the  motor  nerve  endings,  which  stops  the  convulsions  while  the  heart  is  still 
beating.  Curare  action  is  shown  on  the  excised  muscle  by  a  solution  of  the  strength 
of  N/40  (0.14  percent.  NH^Cl).  Ammonia  vapor  causes  a  tetanic  contraction  of  isolated 
frog  muscle,  by  precipitation  of  magnesium  phosphate,  but  the  irritability  is  lost  (Rossi). 

Sensory  nerve  endings  are  stimulated  by  ammonia  vapor  and  by  strong  solutions  of 
ammonium  salts.     Medullated  nerves  are  not  affected. 

Urinary. — Ammonium  chloride  acts  as  a  diuretic  but  entirely  through  salt  action, 
being  less  effective  than  a  similar  amount  of  table  salt.  The  urinary  solids  are  all  in- 
creased except  uric  acid,  urea  especially  so. 

Therapeutics:  Topical. — Ammonia  in  the  form  of  the  official  liniment  is  used 
as  a  counterirritant  in  rheumatic  pains  and  the  stiffness  following  unwonted  exercise, 
and  in  catarrhal  sore  throat  and  chest  pains  in  bronchitis.  The  stronger  water  of 
ammonia  may  be  used  as  a  vesicant  if  evaporation  is  prevented,  but  care  must  be 
taken  not  to  leave  the  application  on  too  long  lest  troublesome  ulceration  ensue. 
A  drop  of  ammonia  water  will  relieve  the  irritation  of  mosquito  bites  and  the  stings 
of  other  insects.    A  dilute  solution  of  ammonia  water  is  a  useful  antipruritic. 

Systemic. — In  some  cases  of  acid  dyspepsia  and  of  pyrosis  the  carbonate  of 
ammonium  in  3  grain  doses,  or  the  aromatic  spirit  of  ammonia  in  half  teaspoonful 
doses,  well  diluted,  will  give  relief;  it  is  not  suitable,  however,  for  continued  use 
as  an  antidyspeptic.  In  the  acute  indigestion  following  an  alcoholic  debauch  the 
aromatic  spirit  of  ammonia  acts  as  a  gastric  sedative.  Bartholow  recommends  the 
chloride  highly  in  catarrhal  jaundice  and  in  the  early  stages  of  cirrhosis.  It  may 
be  given  with   fluidextract  of   taraxacum   as   a  vehicle. 

Ammonia  is  a  powerful  cardiac  stimulant,  and  the  water  of  ammonia  or  a 
solution  of  ammonium  carbonate  has  been  given  by  intravenous  or  hypodermic 
injection  in  sudden  ]ieart  failure  during  surgical  anesthesia  and  in  stoppage  of 
the  heart  from  fright  or  other  emotional  shock.  The  hypodermic  dose  is  5  to  10 
minims  (0.3  to  0.6  cc.)  of  the  water  of  ammonia,  or  3  to  5  grains  (0.2  to  0.3  Gm.) 
of  the  carbonate.  In  faintness  or  syncope,  inhalation  of  the  vapor  given  off  from 
an  open  bottle  of  ammonia  water,  held  not  too  close  to  the  nostrils,  acts  as  a  stimu- 
lant to  the  circulation;  "smelling  salts,"  consisting  of  carbonate  of  ammonium, 
2  parts;  stronger  ammonia  water,  1  part,  scented  with  oil  of  lavender,  is  a  more 
grateful  preparation  for  inhalation  in  these  cases.  Aqua  ammoniae  is  given  to  con- 
trol shock  in  snahe  poisoning  in  hypodermic  dose  of  20"  to  30  minims  (1.3  to  2  cc). 
In  the  abdominal  distention  following  operation   an  enema   of  aqua  ammoniae   (not 
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the  stronger  water),  of  the  strength  of  three  teaspoonfuls  to  the  pint,  may  aflford 
great    relief. 

When  there  is  shortness  of  breath,  as  in  syncope  or  after  a  blow  on  the  abdomen, 
inhalation  of  ammonia  vapors' or  a  swallow  of  diluted  (1  to  8  or  10)  aromatic  spirits 
of  ammonia,  will  often  restore  the  respiration  promptly.  The  favorable  action  on  the 
circulation  already  mentioned,  is  largely  secondary  to  the  improvement  in  respiration. 

The  carbonate  or  chloride  of  ammonium  is  employed  in  bronchitis  in  conjunc- 
tion with  other  expectorants,  when  the  sputurn  is  scanty  and  tenacious.  The  car- 
bonate is  perhaps  more  often  prescribed  in  such  cases,  the  released  carbonic  acid 
possibly  aiding  in  the  respiratory  stimulation. 

In  mild  hysteria  or  an  "attack  of  nerves"  aromatic  spirit  of  ammonia  internally 
or  inhalation  of  smelling-  salts  is  a  popular  domestic  remedy.  A  nervous  headache 
is  sometimes  relieved*  by  10  grains  (0.6  Gm.)  of  ammonium  chloride,  repeated,  if 
necessarj^  in  an  hour. 

In  fevers,  especially  in  children,  the  solution  of  the  acetate  or  citrate  of  ammo- 
nium exerts  a  mild  diaphoretic  and  diuretic  action,  given  in  teaspoonful  doses. 

The  salts  of  ammonium  are  commonly  best  given  in  watery  solution,  well  diluted, 
as  gastric  irritation  is  likely  to  result  from  swallowing  them  in  concentrated  form.  The 
tablets  of  ammonium  chloride  should  not  be  swallowed  on  an  empty  stomach,  except 
after  solution  in  at  least  an  ounce  of  water.  Ammonia  water  and  aromatic  spirits  of 
ammonia  are  likewise  to  be  well  diluted  before  taking.  Solutions  of  the  less  alkaline 
salts  may  be  given  hypodermically,  but  this  method  is  rarely  to  be  recommended. 
Ammonia  gas,  as  given  off  from  ammonia  water  or  ammonium  carbonate,  may  be  in- 
haled, due  care  being  taken  to  avoid  too  great  concentration. 

Quebracho 

The  bark  of  the  South  American  tree.  Quebracho  bianco,  was  introduced  into 
medicine  about  fifty  years  ago  as  an  antiperiodic,  for  which  purpose  it  was  used  by 
the  natives  of  Argentina.  It  was*  found,  however,  to  have  a  markedly  stimulating 
action  on  the  respiration  and  is  now  used  solely  for  this  effect. 

The  bark  contains  six  alkaloids,  all  of  which  are  similar  in  composition.  These 
are:  aspidospermine  (C^H^^XjOJ ;  quebrachine  (Cj,Hj,]Sr,0,) ;  aspidosperraatine ; 
aspidosamijie;  quebrachamine,  and  hypoquebrachine.  Of  these,  only  the  first  two 
have  found  their  way  into  medical  practice.  There  is  also  on  the  market  an  amor- 
phous or  crude  "aspidospermine"  which  is  a  mixture  of  the  alkaloids  in  varying 
proportion. 

Summary  of  Actions  and  Uses. — All  of  these  alkaloids  resemble  each  other  in  action, 
the  differences  being  chiefly  quantitative.  Their  chief  action  is  a  stimulation  of  the 
respiratory  center,  which,  if  the  dose  is  large,  is  followed  by  paralysis.  Other  bulbar 
centers  and  the  spinal  cord  also  show  stimulation  which  is  likely  to  be  followed  by 
depression.    The  heart  is  little  affected. 

Aspidosperma  and  its  alkaloids  are  used  as  respiratory  stimulants  in  cases  of 
dyspnea  and  asthma. 

Materia  Medica. — Aspidosperma  (U.S.  IX.),  Aspidosperma.  Abbr.,  Aspidosp. 
Synonym:  Quebracho. 

The  dried  bark  of  Aspidosperma  quebracho  bianco  Schlechtendal  (Fam,  Apocy- 
nacece).  It  occurs  in  irregular  chips  or  longitudinal  pieces,  brownish-gray  or  reddish- 
brown  in  color  and  deeply  furrowed.  Nearly  inodorous;  taste  bitter  and  slightly 
aromatic. 

Dose,  40  to  60  grains  (2.3  to  4  Gm.). 

Fluidextractum  Aspidospermatis  (U.S.  IX.),  Fluidextract  of  Aspidosperma. 
Abbr.,  Fldext.  Aspidosp.    Synonym:  Fluidextract  of  Quebracho. 
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Each  cc.  represents  1  Gm.  of  the  drug,  with  a  glycerin  content  of  about  10  percent, 
and  an  alcoholic  content  of  about  60  percent. 

Dose,  40  to  60  minims  (2.3  to  4  cc). 

TiNCTURA  Quebracho  (unofficial),  Tincture  of  Quebracho.  Ahhr.,  Tr.  Quebrac. 
Synonym:   Tincture  of  Aspidosperma. 

An  aqueous  tincture  in  the  proportion  of  1 :5,  used  as  a  bitter  tonic  and  febrifuge. 

Dose,  V2  to  1  fluidram  (2  to  4  cc). 

Pharmacodynamic  Action:  Topical  Action. — Instilled  in  the  eye,  solutions  of  aspido- 
spermine  cause  pain  and  hyperemia,  followed  by  anesthesia.  Quebrachine  causes  severe 
lacrymation  but  less  congestion.  When  the  foot  of  a  frog  is  immersed  in  a  1  percent, 
solution  of  any  of  the  alkaloids  there  are  pain  and  congestion,  followed  by  anesthesia. 

Toxicity:  Toxic  Dose. — The  fatal  dose  of  the  crude  drug  is  not  constant  by  reason  of 
its  varying  composition,  the  total  alkaloids  varying  from  0.3  to  1.4  percent.  Frogs 
are  killed  by  0.05  mgm.  per  Gm.  of  quebrachine;  by  0.1  mgm  of  aspidosamine;  by  0.16 
mgm.  of  aspidospermine.  Dogs  die  from  an  injection  of  3  mgm.  of  quebrachine.  per  kilo., 
while  the  other  alkaloids  are  much  less  poisonous,  requiring  doses  above  60  mgm. 

Symptoms  of  Poisoning. — Frogs  given  a  toxic  dose  of  any  of  the  alkaloids,  show  first 
restlessness  with  nausea  and  increased  respiratory  movements,  associated  with  muscular 
jerking,  which  may  pass  into  brief  convulsions.  This  is  followed  by  paralysis  of  the 
respiration  and  by  general  loss  of  motor  power.  The  heart  continues  to  beat  after 
respiration  has  ceased.    The  symptoms  in  mammals  are  similar. 

Systemic  Action:  Alimentary. — The  chief  action  on  the  digestive  tract  is  the  nausea 
which  all  the  alkaloids  induce.  This  does  not  go  on  to  vomiting,  except  with  aspido- 
samine. Salivation  accompanies  the  nausea,  and  diarrhea  is  occasionally  seen  after 
large  doses. 

Blood. — The  venous  blood  is  of  a  bright  red  color  in  quebracho  poisoning,  indicating 
a  change  in  the  red  corpuscles,  the  nature  of  which  is  not  clear.  The  change  may  be 
in  the  hemoglobin,  causing  it  to  bind  the  oxygen  more  firmly,  or  there  may  be  inter- 
ference with  the  oxygen  exchange  between  the  blood  and  tissues,  like  that  of  cyanides, 
which  produce  a  similar  blood  picture. 

Circulation. — All  the  alkaloids  in  large  dose  cause  a  primary  fall  of  blood  pressure 
followed  by  a  rise,  which  gives  place  to  a  second  fall.  This  complicated  picture  is 
occasioned  by  the  fact  that  the  vasomotor  center  is  depressed  while  the  vessel  walls  are 
stimulated.  In  the  vessels  of  the  splanchnic  area  the  dilator  effect  usually  predomin- 
ates elsewhere  the  constrictor  is  often  seen.  With  moderate  doses  of  aspidospermine 
the  effects  balance  one  another  and  blood  pressure  is  little  altered;  with  aspidosamine  the 
fall  predominates;  and  with  quebrachine  and  quebrachamine,  the  rise.  All  probably 
increase  the  pressure  in  the  pulmonary  artery. 

The  heart  is  little  influenced  even  by  large  doses,  showing  only  the  alternate  slowing 
and  acceleration  which  always  accompany  nausea.  Hearts  perfused  with  quebrachine 
are  paralyzed  by  direct  action  on  the  muscle. 

Respiration. — All  of  the  alkaloids  first  stimulate  the  respiratory  center  and  later, 
if  in  large  dose,  paralyze  it.  The  effects  of  the  alkaloids  on  the  respiration  differ  more 
than  those  on  the  circulation.  Quebrachine  in  moderate  dose  is  by  far  the  most 
active.  It  increases  the  depth  and  rate  of  respiration  to  such  an  extent  that  the  amount 
of  air  moved  is  increased  fourfold,  and  this  effect  may  continue  for  several  hours  from 
a  single  dose.  Paralysis  occurs  late  and  only  from  toxic  doses.  The  respiration  is  first 
rapid  and  deep,  then  slow  and  deep;  with  toxic  doses  it  later  becomes  shallow  and  then 
intermittent  or  periodic.  The  vagus  nerves  seem  to  be  paralyzed  and  section  of  them 
has  no  effect.    This  is  not  the  case  with  the  other  alkaloids. 

After  aspidospermine  the  depression  follows  the  stimulation  much  sooner,  and  doses 
which  act  strongly  on  the  respiration  cause  a  very  marked  fall  of  blood  pressure. 
Aspidosamine  causes  slight,  but  more  lasting,  respiratory  stimulation,  while  quebracha- 
mine has  little  action. 

After  large  doses  of  quebrachine,  which  cause  marked  stimulation  of  respiration, 
it  is  found  that  the  lungs  are  congested  and  show  ecchymotic  areas.  There  is  also 
edema  with  exudate  in  the  bronchioles.  This  occurred  after  curare  and  artificial  respira- 
tion so  that  it  is  probably  not  mechanical.  It  only  occurred  in  noncurarized  dogs  when 
the  respiration  was  enormously  increased.  It  may  be  associated  with  stimulation  of  the 
vagus  endings,  or  paralysis  of  the  center  (Wood). 
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Temperature. — Quebracho  causes  a  marked  fall  of  body  temperature,  apparently 
dependent  on  a  direct  action  on  the  regulating  center. 

Urine. — There  is  usually  diuresis,  probably  due  to  the  vascular  dilatation  of  the 
abdominal  arterioles. 

Nerve  System. — Most  of  the  bulbar  centers  are  paralyzed  after  brief  stimulation. 
The  parasympathetic  system  is  first  alfected,  then  the  vagus  centers,  then  the  true 
sympathetic  and  finally  the  brain  and  cord.  In  the  frog  there  is  progressive  paralysis 
with  no  motor  stimulation;  in  the  mammal  there  are  twitchings  and  convulsions  before 
paralysis  (Wood).  Curare  action  is  produced  in  the  frog  by  aspidosamino,  quebrachine 
and  hypoquebrachine  and  to  a  less  extent  by  quebrachamine.  Aspidospermine  does  not 
seem  to  have  this  effect.  All  of  the  alkaloids  poison  the  muscle  directly,  eventually 
causing  in  the  frog  a  loss  of  response  to  direct  stimulation. 

Aspidospermine  and  quebrachamine  are  particularly  prone  to  cause  convulsions; 
with  the  latter,  in  fact,  they  dominate  the  picture  of  poisoning. 

Therapeutics. — Quebracho,  or  aspidosperma  is  sometimes  given  as  a  bitter  tonic 
in  cases  of  sluggish  digestion  and  loss  of  appetite,  but  its  chief  sphere  of  usefulness 
is  in  the  treatment  of  dyspnea  of  respiratory  origin — emphysema,  uremic  dyspnea, 
bronchial  asthma,  and  chronic  or  capillary  bronchitis.  Here  it  often  gives  marked 
relief.  In  cardiac  dyspnea,  its  action  is  less  certain;  but  often  of  marked  palliative 
benefit.  It  sometimes  relieves  dyspnea  of  nervous  origin  and  even  mitigates  the  dis- 
tress caused  by  intrathoracic  obstruction,  such  as  aneurysm  and  mediastinal  growths. 
It  is  not  an  infallible  remedy,  but  it  is  an  invaluable  one. 

Administration. — To  ward  off  paroxysms,  the  best  method  of  use  is  hourly  adminis- 
tration of  i^>„  to  1/12  grain  (3  to"  5  mgm.)  for  10  to  12*  hours  daily.  During  a  dyspneic 
paroxysm,  amorphous  aspidospermine  may.  be  given  in  pill  or  tablet  every  hour  (Ys 
grain,  8  mgm.)  or  every  2  hours  in  twice  this  dose,  or  146  grain  (4  mgm.)  every  10 
minutes  for  not  exceeding  6  doses.  The  crystalline  aspidospermine  hydrochloride  may 
be  given  in  like  manner  in  %  to  ^4  the  doses  mentioned.  It  may  be  better  to  give  the 
hydrochloride  intramuscularly  (1^4  to  1^2  graiu,  2.5  to  5  mgm.),  repeated  in  an  hour 
if  needed.  The  fiuidextract  is  not  an  eligible  preparation,  as  in  effective  dose  (1  fluidram, 
4  cc,  hourly)  it  nauseates. 

Yohimbine 

This  is  an  alkaloid  obtained  from  the  bark  of  Corynanthe  johhnhe,  an  African 
tree  related  to  Quebracho.  Fourneau  and  Page  claim  that  the*  alkaloid  is  chemically 
identical  with  quebrachine,  and  although  this  probably  is  not  the  case  they  are  very 
closely  related  both  chemically  and  pharmacodynamically. 

Yohimbine  causes  the  same  enormous  increase  of  respiration,  followed,  if  the 
dose  be  toxic,  by  paralysis.  There  is  also  the  same  stimulation  and  paralysis  of 
other  bulbar  centers.  Filippi  made  a  careful  comparative  study  of  the  two  alkaloids 
and  points  out  the  following  as  the  only  diiTerences  in  action. 

The  effect  on  the  respiration  is  identical.  On  the  circulation  yohimbine  dilates 
the  vessels  by  both  central  and  peripheral  action,  quebrachine  only  by  the  former. 
Yohimbine  has  a  peculiar  action  in  causing  chiefly  dilatation  of  the  blood  vessels 
of  the  genital  organs.  This  is  not  the  case  with  quebrachine.  Stimulation  of  the 
cervical  sympathetic  in  the  rabbit  produces  its  usual  effect  after  quebrachine  but 
causes  no  vascular  constriction  in  yohimbine  poisoning,  as  the  peripheral  vasomotor 
endings  are  paralyzed.  Instilled  in  the  eye,  yohimbine  causes  marked  hyperemia  but 
little  lacrymation,  quebrachine  the  opposite.  Both  cause  local  anesthesia,  but  this 
is  much  more  marked  and  lasting  from  yohimbine.  In  the  frog  yohimbine  causes 
more  violent  spinal  convulsions. 

The  toxic  doses  are  also  quite  different,  yohimbine  being  almost  twice  as  toxic 
as  quebrachine. 
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Expectorants 

Expectorants  are  medicines  -whicli  alter  the  character  of  the  pharyngeal,  tracheal 
and  bronchial  secretions,  and  thus  influence  inflammatory  conditions  of  the  respiratory 
mucosa. 

They  are  commonly  divided  into  sedative  expectorants,  which  increase  bronchial 
secretion,  and  many  of  which  are  nauseants  or  in  larger  dose  emetics,  and  stimulating 
expectorants,  which  are  largely  excreted  in  the  bronchial  mucus,  and  which  check  the 
secretion  or  modify  its  character  in  some  obscure  way. 

Coughing  is  more  severe  when  the  secretion,  of  the  inflamed  bronchi  is  dry  and 
scanty,  and  is  rendered  easier  in  the  early  stages  of  bronchitis  by  any  agency  which 
renders  it  thinner  and  more  profuse. 

The  sedative  expectorants  are  chiefly  useful  in  the  early  stages  of  bronchitis. 
Among  them  are  included  all  the  central  emetics,  which  increase  bronchial  secretion, 
both  from  the  normal  and  inflamed  mucosa.  Those  chiefly  used  for  this  purpose  are 
ipecac,  squill,  sanguinaria,  the  saponins,  including  senega  and  grindelia,  and  tartar 
emetic.  Lobelia,  quebracho  and  apomorphine  are  less  often  prescribed.  Commonly 
these  agents  are  given  in  doses  far  short  of  that  which  causes  vomiting,  but  when  there 
is  choking  from  excessive  secretion  blocking  the  bronchi,  full  emetic  doses  may  be 
indicated.  Drugs  which  thin  the  secretion  by  more  direct  action,  such  as  ammonium 
salts,  potassium  iodide  and*  pilocarpine,  are  often  useful.  The  sedative  effect  of  these 
drugs  on  cough"  is  due,  at  least  in  part,  to  the  mucus  which  they  excite,  coating  the 
walls  of  the  bronchi.  A  similar  sedative  influence  may  be  attained  by  allowing 
demulcent  lozenges  to  dissolve  in  the  mouth,  the  mucilage  may  penetrate  to  even  the 
finer  bronchi  and  thus  exert  an  influence  similar  to  that  of  the  sedative  expectorants. 

The  stimulant  expectorants  are  more  useful  in  the  later  stages  of  bronchitis,  or 
in  its  chronic  form,  when  the  desire  is  rather  to  check  secretion  than  to  encourage  it. 
They  are  represented  especially  by  aromatic  antiseptics  which  are  excreted  in  the 
bronchial  mucus.  Among  the  agents  which  are  useful  in  this  way  may  be  mentioned 
benzoin,  balsams  of  Peru  and  Tolu,  sandalwood  oil,  pix,  creasote  and  guaiacol,  the 
terebinthinates  (turpentine,  terebene  and  myrtol)  copaiba,  cubeb,  eucalyptus,  and 
ammoniac.  Hydrogen  sulphide  and  allium  have  also  been  recommended,  although 
their  bad  odor  interferes  with  their  usefulness.  Several  expectorants  are  classed  both 
as  stimulant  and  as  sedative.  The  effect  of  these  on  the  bronchial  secretion  differs  with 
the  condition  of  the  mucosa.  Ammonium  chloride  and  carbonate,  squill,  and  the 
saponins  may  be  cited.  Secretion  may  in  certain  cases  be  directly  checked  by  inhala- 
tion of  astringents  from  an  atomizer  or  nebulizer.  Alum  is  recommended  by  H.  C. 
Wood,  Sr.,  for  this  purpopse.  Tannic  acid  and  soluble  iron  salts  have  also  been  used, 
with  alleged  good  effect. 

Sanguinaria 

Sanguinaria  is  the  root  of  Sanguinaria  canadensis,  a  small  herb  common  in  the 
Eastern  United  States.  The  root  contains  several  alkaloids,  and  as  might  be  sus- 
pected from  the  fact  that  sanguinaria  also  belongs  to  the  Papaveracece,  certain  of  these 
bear  a  close  chemical  and  physiologic  relationship  to  certain  of  the  alkaloids  of  opium. 

The  alkaloids  of  sanguinaria  are:  Sanguinarine  (C^JI^^l^OJ,  a  white  alkaloid 
with  reddish  orange  salts  which  give  the  peculiar  color  to  the  juice  of  the  root,  which 
contains  about  0.5  percent.,  and  chelerythrine  (G^JI^jNO^,  1  percent.)  of  less  activity. 
The  other  alkaloids,  protopine  and  homochelidonine  are  present  in  such  small  amount 
as  to  be  of  no  importance.  All  of  these  alkaloids  except  sanguinarine  are  also  found 
in  chelidonium. 
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Summary  of  Actions  and  Uses. — Sanguinaria  depresses  the  respiratory  as  well  as 
other  nerve  centers.  It  stimulates  the  secretion  of  bronchial  mucus,  and  is  used  as  a 
sedative  expectorant. 

Materia  Medica. — Sanguinaria  (N.F.),  Sanguinaria.  Ahhr.,  Sanguin.  Synonym: 
Bloodroot. 

The  dried  rhizome  and  roots  of  Sanguinaria  canadensis  Linne  (Fam.  Papaveracece). 
Odor  slight;  taste  persistently  acrid  and  bitter.  The  powder  is  brownish  red  in  color 
and  sternutatory. 

Antagonists  and  Incompalibles. — Alkalis,  the  metallic  salts,  and  tannic  and 
gallic  acids  are  chemically  incompatible  with  preparations  of  sanguinaria.  Opium, 
amyl  nitrite,  and  aconite  are  physiological  antagonists. 

Synergists. — Alteratives,  emetics  and  expectorants  aid  the  action  of  the  drug. 

Dose,  1  to  3  grains  (0.06  to  0.2  Gni.). 

TiNCTURA  Sanguinaria  (N.F.),  Tincture  of  Sanguinaria.  Abhr.,  Tr.  Sanguin. 
Synonym:  Tincture  of  Bloodroot. 

Each  cc.  represents  1.5  grain  of  the  drug,  with  an  alcoholic  content  of  about 
55  percent. 

Dose,  10  to  20  minims  (0.6  to  1.2  cc). 

Fluidextractum  Sanguinaria  (N.F.),  Fluidextract  of  Sanguinaria.  Ahhr., 
Fldext.  Sanguin.     Synonym:  Fluidextract  of  Bloodroot. 

Each  cc,  represents  1  Gm.  of  the  drug,  with  an  alcoholic  content  of  about  68 
percent. 

Dose,  1  to  2  minims   (O.OG  to  0.12  cc). 

Syrupus  Sanguinaria  (unofficial),  Syrup  of  Sanguinaria.  Ah'^r.,  Syr.  Sanguinar. 
Synonym:    Syrup  of  Bloodroot. 

Powdered  sanguinaria,  225  Gm. ;  acetic  acid,  125  cc. ;  sugar,  800  Gm. ;  water,  q.s. 

Each  cc  represents  3^  grains  of  the  drug  and  acetic  acid  about  11  percent. 

Dose,  20  to  40  minims  (1.3  to  2.6  cc). 

Sanguinarina  Nitras  (unofficial),  Sanguinarine  Nitrate. 

A  red  powder,  soluble  in  water  and  in  alcohol.    Taste  acrid  and  burning. 

Dose,  V\2  to  ^  grain  (5  to  15  mgm,). 

Pharmacodynamic  Action:  Topical  Action. — Both  sanguinarine  and  chelidonine  are 
markedly  irritating  to  mucous  membranes  and  cause  an  inflammatory  reaction  if  in- 
jected hypodermically.  They  do  not  injure  the  intact  skin  but  produce  stains  which  are 
not  readily  removed. 

Toxicity. — Sanguinaria  is  quite  poisonous  and  a  number  of  cases  of  fatal  accidental 
poisoning  in  man  have  been  reported.  Dogs  are  killed  by  about  0.5  Gm.  per  kilo  of  the 
root.  Cats  are  killed  in  tetanus  by  22  mgm.  per  kilo  of  sanguinarine  and  average  frogs 
by  2  mgm. 

The  symptoms  of  poisoning  are  Intense  gastroenteric  irritation  with  vomiting,  pre- 
ceded by  salivation  and  nausea  and  followed  by  diarrhea.  Faintness  and  vertigo  are 
complained  of,  and  burning  pain  in  the  stomach.  The  skin  is  cold;  the  pulse  rapid  and 
weak;  the  pupils  dilated.  Weakness  and  prostration  are  succeeded  by  spinal  convulsions 
and  death  results  either  from  these  or  from  exhaustion.  The  cortex  is  affected  and  there 
may  be  stupor  or  fear  and  hallucinations. 

The  convulsions  are  followed  by  spinal  paralysis  which  begins  at  the  lower  end  of 
the  cord  and  travels  progressively  upward.  The  nerve-muscle  ending  is  still  intact  when 
paralysis  is  complete,  but  very  soon  after  death  in  the  frog,  it  is  found  to  be  paralyzed. 
Direct  stimulation  of  the  muscle  at  this  time  causes  contraction  followed  by  a  slow 
relaxation  suggesting  that  seen  under  veratrine.  Local  application  to  the  conjunctiva 
or  the  skin  of  the  frog  causes  a  local  anesthesia  after  brief  irritation. 

Systemic  Action:  Alimentary.— The  secretions  of  the  stomach  are  increased  by  the 
local  irritation  or  by  an  action  like  that  of  the  bitters.  The  secretion  of  bile  is  said  to  be 
increased  but  this  is  doubtful. 

Circulation. — The  vasomotor  center  is  first  stimulated,  the  blood  pressure  rising,  and 
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later  is  paralyzed.  The  heart  is  slowed  and  weakened,  partly  by  stimulation  of  the 
vagus  endings.  The  direct  effect  on  the  muscle  of  the  heart  appears  to  be  stimulation, 
as  muscarine  does  not  stop  the  frog  heart  under  the  influence  of  sanguinarine. 

Respiration. — The  respiratory  center  is  depressed,  the  respiration  becomes  slow 
and  shallow.  The  bronchi  are  dilated  and  bronchial  secretion  increased,  partly  reflexly, 
partly  by  action  on  the  vagus. 

Nerve  System. — The  action  resembles  that  of  opium,  consisting  in  paralysis  of  the 
higher  centers  and  stimulation  of  the  cord.  In  both  frog  and  mammal  there  is  a  period 
of  depression  and  quietness,  even  suggesting  stupor;  but  it  is  soon  noticed  that  the 
reflexes  are  increased  and  later  brief  tetanic  convulsions  occur.  These  resemble  strych- 
nine convulsions  in  intensity  but  are  of  less  duration  and  there  is  more  tendency  to 
paralysis  between  them,  and  to  early  exhaustion. 

Sanguinarine  resembles  the  morphine  group  of  alkaloids  in  its  structure  and 
resembles  thebaine  rather  than  morphine  in  its  action.  In  both  frogs  and  mammals 
the  chief  effect  of  toxic  doses  is  an  enormous  increase  of  spinal  reflexes,  passing 
into  fatal  tetanus.  There  is  more  tendency  to  paralysis  than  from  strychnine 
and  exhaustion  occurs  earlier.  Cats  are  killed  by  22  mgm.  per  kilogram;  guinea-pigs 
require  about  twice  as  much.  Frogs  {R.  esctilenta)  show  hyperesthesia  after  0.5  mgm. 
and  convulsions  after  2  mgm.  In  dogs  and  rabbits,  smaller  than  fatal  doses  cause  forced 
motions  and  apparently  hallucinations  of  sight.  The  heart  is  slowed  by  action  on  the 
intracardiac  ganglia,  but  the  muscle  is  stimulated  directly  and  muscarine  does  not  cause 
stoppage.  The  vasomotor  center  is  stimulated  by  small  doses,  paralyzed  by  large.  The 
voluntary  muscles  are  paralyzed  by  a  direct  action  on  the  muscle  fiber.  This  effect  is 
seen  if  0.5  percent,  solution  is  applied  directly  to  a  frog  muscle. 

Chelerythrine  causes  no  narcosis  nor  stimulation  of  the  cord  but  a  descending 
motor  paralysis.  In  frogs,  weakness  results  from  2.5  mgm.  and  complete  spinal  paralysis 
from  20  mgm.;  guinea-pigs  show  weakness  after  0.1  Gm.  per  kilogram  and- fatal  paralysis 
from  0.2  Gm.  The  blood-pressure  falls  from  paralysis  of  the  vasomotor  center  after 
doses  as  small  as  7  mgm.  per  kilogram  in  rabbits.  The  heart  is  not  directly  affected 
by  this  dose  but  is  paralyzed  by  full  doses  in  frogs.  The  vasomotor  and  respiratory 
centers  are  both  paralyzed  by  toxic  doses. 

Other  Alkaloids. — The  other  alkaloids  of  sanguinaria  have  less  action  on  the  cord 
than  sanguinarine  but  an  even  greater  paralyzing  action  on  the  motor  and  sensory 
nerve  endings.    Chelidonine  shares  the  relaxing  action  on  the  bronchi. 

Therapeutics:  Topical. — Sanguinaria  in  powder  was  formerly  used  as  a  sternuta- 
tory in  chronic  nasal  catarrh  and  as  an  application  for  the  reduction  in  size  or 
destruction  of  nasal  polypi.  It  has  also  been  used  locally  in  eczema  and  in  sluggish 
ulceration  to  stimulate  granulation. 

Systemic. — Sanguinaria  is  used  chiefly  as  a  component  of  expectorant  mix- 
tures, acting  as  stimulant  of  bronchial  secretion.  According  to  Eclectic  authors, 
who  are  its  chief  users,  it  is  of  value  in  pulmonary  or  bronchial  congestion  with  in- 
creased secretion,  with  hoarse  cough  and  burning  sensations  but  no  tendency  to 
bronchial  spasm.  For  such  purpose  the  dose  should  be  small.  It  is  also  recommended 
in  larger  dose  as  a  relaxant  in  laryngismus  stridulus. 

It  has  been  used  for  hepatic  congestion,  to  meet  the  same  indications  as  cheli- 
donium,  and  in  gastric  atony. 

Sanguinaria  is  employed  in  Eclectic  practice  for  the  relief  of  functional  amenor- 
rhea and  dysmenorrhea  in  chlorotic  young  women.  Bartholow  recommends  it  in  the 
same  condition  in  doses  of  6  minims  of  the  tincture  combined  with  an  equal  amount 
of  tincture  of  nux  vomica  and  12  minims  of  the  tincture  of  aloes  three  or  four  times 
a  day. 

Administration. — Sanguinarine  nitrate  is  the  most  eligible  preparation  and  may  be 
given  by  mouth  in  dose  of  %o  grain  (1  mgm.)  every  hour  or  two,  or  3,20  grain  (3  mgm.) 
3  times  a  day.     It  is  best  given  in  association  with  ipecac  (emetine)   or  terebinthinates. 

In  subacute  bronchitis  the  tincture  of  sanguinaria*  may  be  used  in  combination  with 
various  adjuvants  in  dose  of  30  minims  (2  cc.)  or  the  syrup  may  be  given  alone  in  30 
minim  (2  cc.)  doses  four  times  ar  day. 
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Saponins 

Drugs  containing  saponins,  and  depending  largely,  if  not  chiefly,  on  these  for 
their  activity,  liave  been  used  since  primitive  times  as  cough  remedies,  but  only  in 
recent  years  has  the  idea  been  advanced  that  their  beneficial  action  depended  on 
their  saponin  content.  None  o£  the  members  of  the  class  is  very  -widely  prescribed 
at  present,  and  it  is  probable  that  they  can  be  replaced  by  other  drugs,  such  as 
ipecac,  without  loss  to  the  practice  of  therapeutics. 

Chemistry. — The  saponins  are  glucosides,  usually  non-nitrogenous,  and  of  varying 
reaction.  Most  are  neutral,  a  few  weakly  acid,  and  only  one  a  basic  amine.  Most 
of  the  acid  and  neutral  saponins  fall  into  one  of  the  following  formulas:  CnHjn.,oO,„ 
or  CuHjn_,0,„.  The  former  range  from  C.^H^Ojo  to  Cj,H^C,„,  and  those  with  18  mole- 
cules of  oxygen  are  exemplified  by  quillajac  acid,  CjjHjjO,,.  Several  of  the  more 
poisonous  members  of  the  group,  including  those  of  sapindus,  quillaja  and  saponaria, 
have  the  composition  C„Hj,0,„,  and  these  are  grouped  together  by  Kobert  under  the 
name  of  "sapotoxins,"  a  term  given  a  wider  significance  by  Schmiedeberg.  On  heating 
with  acids,  saponins  are  broken  down  into  a  sugar,  commonly  a  hexose,  and  a  sub- 
stance insoluble  in  cold  water,  termed  "sapogenin."  They  give  the  following  color 
reactions.  With  concentrated  sulphuric  acid,  on  long  standing,  red  to  purple;  with 
alcoholic  sulphuric  acid  and  a  drop  of  dilute  FeClj  greenish  blue;  with  Millon's 
reagent  a  deep  red  color. 

The  saponins  possess  in  common  certain  physical  or  physicochemical  peculiarities. 
They  lower  the  surface  tension  of  water  very  markedly  and  thus  cause  the  water  to 
foam  and  aid  in  the  formation  of  emulsions  and  suspensions.  This  similarity  to 
soap  (sapo)  gives  the  name  to  the  class  and  also  to  several  members  of  it,  such  as 
sapindus,  saponaria,  soap  root  and  soap  bark  (quillaja).  They  do  not  dialyze  but 
increase  the  permeability  of  living  cells  and  thus  act  destructively  on  them.  The 
neutral  saponins  and  the  neutral  alkali  salts  of  the  acid  saponins  are  soluble  in 
water  and  in  dilute  alcohol,  especially  hot,  but  are  insoluble  in  absolute  alcohol  and 
in  fat  solvents.     They  can  be  salted  out  and  are  precipitated  by  lead  acetate. 

The  following  list  gives  some  of  the  more  important  plants  containing  saponins, 
with  their  saponin  constituents,  when  these  have  distinctive  names.  ^Esculus,  seed; 
Agrostemma,  seed  (agrostemma  acid,  sapotoxin) ;  Aralia  spinosa,  bark ;  Chionanthus, 
bark  of  stem  and  root  (chionanthin)  ;  Cyclamen,  root  (cyelamin)  ;  Dioscorea,  root; 
Digitalis,  seed  (digitonin) ;  Grindelia,  flower  heads  (acid  and  neutral  saponins) ; 
Guaiac,  resin  (acid);  Leptandra,  root;  Ononis,  root  (acid);  Primula,  root  (acid  and 
neutral)  ;  Nigella  sativa,  seed  (melanthin,  melanthic  acid)  ;  Quillaja,  bark  (quillaja 
sapotoxin,  quillajac  acid) ;  Sapindus,  seed  and  leaves  (sapotoxin) ;  Saponaria,  root 
(sapotoxin,  saporubric  acid);  Senega,  root  (neutral  senegin,  polygallic  acid;  Sarsapa- 
rilla,  root  (parillin  or  smilacin,  smilasaponin,  sarsasaponin) ;  Solanum  and  Dul- 
camara, leaves  and  fruit   (solanine,  dulcamarin). 

Acid  saponins  are  contained  in  grindelia,  guaiac,  nigella,  quillaja,  senega  and 
others;  neutral  saponins,  in  agrostemma,  grindelia,  quillaja,  sarsaparilla,  senega  and 
most  members  of  the  group.  Only  one  alkaline  saponin  has  been  described,  solanine 
from  dulcamara   and  other   Solanaceae. 

Summary  of  Actions  and  Uses. — The  most  striking  action  of  saponins  is  their  power 
to  dissolve  the  red  blood  cells,  which  is  seen  chiefly  in  vitro.  Topically  they  are  irri- 
tating to  mucosa,  the  more  toxic  members  of  the  group  causing  sneezing  and  lacryma- 
tion  when  inhaled  and  salivation  and  nausea  when  swallowed.  Systemically  they  excite 
secretion,  especially  that  of  bronchial  mucus,  and  of  the  urine. 

The  different  saponin-containing  plants  are  used  to  meet  very  different  therapeutic 
indications,  but  the  most  important  are  employed  as  stimulant  or  nauseant  expectorants 
(Senega,  quillaja).     Caulophyllum  was  formerly  used  as  a  diuretic.     Sarsaparilla  and 
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guaiac,  which  enjoyed  a  high  reputation  as  antisyphilitics  and  alteratives,  are  now  used 
merely  as  flavors,  and*  to  hold  emulsions  and  for  similar  pharmaceutic  purposes.  Sapo- 
naria  and  Sapindus  are  used  as  cleansing  agents  and  to  aid  in  the  formation  of  foam, 
as  in  shampoos  and  shaving  creams. 

Materia  Medica. — Aralia  (N.F.),  Aralia.  Alhr.,  Aral.  Synonyms:  American 
Spikenard,  Spignet. 

The  dried  rhizome  and  roots  of  Aralia  racemosa  Linne  (Fam.  Araliacece) ;  rhizome 
externally  pale  brown,  internally  whitish;  odor  aromatic;  taste  pungent  and  slightly 
acrid. 

Dose,  15  to  45  grains  (1  to  3  Gm.). 

Fluidextractum  ARALiiE  (N.F.),  Fluidextract  of  Aralia.     Alhi:,  Fldext.  Aral. 

Each  cc.  represents  1  Gm.  of  the  drug.    Alcoholic  content  about  60  percent. 

Dose,  30  minims  (2'cc.), 

Chionanthus  (N.F.),  Chionanthus.  Abhr.,  Chionant.  Synonyms:  Fringe  Tree 
Bark,  Old  Man's  Beard,  Snowdrop  Tree. 

The  dried  bark  of  the  root  of  Chionanthus  virginica  Linne  (Fam.  Oleacece).  Odor 
characteristic ;  taste  bitter. 

Dose,  20  to  40  grains  (1.3  to  2.6  Gm.). 

Fluidextractum  Chionanthi  (N.F.),  Fluidextract  of  Chionanthus.  Abhr., 
Fldext.  Chionanth.    Synonym:  Fluidextract  of  Fringe  Tree  Bark. 

Each  minim  represents  0.95  grain  of  the  drug;  alcoholic  content  about  62  percent. 

Dose,  20  to  30  minims  (1.3  to  2  cc). 

DioscoREA  (N.F.),  Dioscorea.  Abbr.,  Diosc.  Synonyms:  Wild  Yam  Root,  Colic 
Root. 

The  dried  rhizome  of  Dioscorea  villosa  Linne  (Fam.  Dioscoreacew).  Occurs  in 
knotty,  woody  pieces,  elongated,  from  6  to  12  mm.  in  thickness.  Odorless ;  taste  starchy, 
insipid,  afterward  acrid. 

Dose,  45  to  60  grains  (3  to  4  Gm.). 

Fluidextractum  Dioscore.e  (N.F.),  Fluidextract  of  Dioscorea.  Abhr.,  Fldext. 
Diosc.     Synonym:  Fluidextract  of  Wild  Yam  Root. 

Each  cc.  represents  1  Gm.  of  the  drug,  with  an  alcoholic  content  of  about  70 
percent. 

Dose,  45  to  60  minims  (3  to  4  cc). 

Saponaria   (unoflScial),   Saponaria.    Synonyms:  Soapwort,  Sheep  Weed. 

The  rhizome  and  roots  of  Saponaria  officinalis  Linne  (Fam.  Caryophyllacece) . 
Odorless,  taste  sweetish-bitter,  afterward  pungent  and  causing  numbness  of  the  tongue. 
They  impart  to  water  the  property  of  forming  a  lather  when  agitated. 

Dose,  used  as  an  expectorant  in  the  form  of  the  tincture. 

Tinctura  Saponaria  (unofficial),  Tincture  of  Saponaria.  Abhr.,  Tr.  Saponar. 
Synonym:  Tincture  of  Soapwort. 

A  6  percent,  tincture  prepared  with  60  percent,  alcohol. 

Dose,  1/2  to  1  fluidram  (2  to  4  cc.)  ;  larger  doses  are  emetic. 

QuiLLAj^  (N.F.),  Quillaja.     Abbr.,  Quillaj.       Synonym:    Soap  Bark, 

The  dried  inner  part  of  the  bark  of  Quillaja  saponaria  Molina  (Fam.  Rosacecs). 
There  are  several  other  varieties  of  the  quillaja  bark  which,  however,  are  not  official. 
Odorless;  acrid  taste.  Chief  constituents  are  two  colorless,  amorphous,  toxic  glucosides 
(quillajic  acid,  quillaja  sapotoxin) ,  which  both  impart  the  property  of  frothing  to 
water. 

Dose,  not  used  in  substance. 

Tinctura  Quillai^  (N.F.),  Tincture  of  Quillaia.  Abbr.,  Tr.  Quillaj.  Synonyms: 
Tincture  of  Soap  Bark,  Tincture  of  Panama  Bark. 
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Each  cc.  represents  3  grains  of  the  drug,  with  an  alcoholic  content  of  about 
30  percent. 

Dose,  1/2  to  1  fluidram  (2  to  4  cc),  as  an  expectorant.     Larger  doses  are  emetics. 

Sarsaparilla  (U.S.  X.),  Sarsaparilla.     Ahhr.,  Sarsap.     Synonym:  Sarsse  Radix. 

The  dried  root  of  Smilax  medica  Chamisso  et  Schlechtendal  (Mexican  sarsa- 
parilla), of  Smilax  officinalis  Kunth  (Honduras  sarsaparilla),  or  of  Smilax  ornata 
Hooker  filiiis  (Jamaica  sarsaparilla)  Fam.  (Liliacece).  The  ground  drug  is  nearly- 
odorless;  taste  mucilaginous;  somewhat  sweetish  and  acrid;  of  a  light  grayish-brown 
to  dark  grayish-brown  in  color. 

Dose,  30  to  60  grains  (2  to  4  Gm.)  of  the  crude  drug.  It  is  also  smoked  in  the 
crude  form  in  asthmatic  conditions. 

Fluidextractum  SARSAPARiLLiE  (U.S.  X.),  Fluidextract  of  Sarsaparilla.  Abhr., 
Fldext.  Sarsap.  Synonyms:  Extractum  Sars£e  Liquidum  (Br,),  Fluidextractum  Sarsa- 
parillje  Compositum. 

Each  cc.  represents  1  Gm.  of  the  drug,  with  an  alcoholic  content  of  about  40  per- 
cent. 

Dose,  30  to  60  minims  (2  to  4  cc). 

Pharmacodynamic  Action:  Absorption  and  Elimination. — The  saponins  are  destroyed 
by  the  digestive  ferments  and  as  a  rule  develop  little  effect  if  swallowed.  Hemolytic 
substances  have  been  found  in  the  urine  after  administration  of  saponins  by  mouth 
(Friboes)  but  these  were  probably  fatty  acids  and  not  saponins  (Gaisbock).  The 
saponins  of  agrostemma,  quillaja  and  solanums  are  better  absorbed  from  the  digestive 
tract  than  others.    Many  saponins  are  well  absorbed  by  the  gills  of  fish. 

Topical  Action. — The  saponins  vary  in  topical  action,  the  more  poisonous  ones  being 
intensely  irritating.  In  the  nose  they  cause  sneezing,  and  coryza,  and  in  the  eye  lacry- 
mation  and  even  conjunctivitis.  When  swallowed,  nausea  and  vomiting  occur,  followed 
by  diarrhea  and  even  by  intestinal  ulceration.  Hypodermic  injections  lead  to  severe  pain 
ana  perhaps  to  sterile  abscess.  Even  the  unbroken  skin  may  be  inflamed  by  prolonged 
application.  Injected  into  the  tissues  of  the  frog  they  destroy  the  function  of  the  nerves 
and  muscles  near  the  site  of  injection.  They  induce  a  certain  local  anesthesia,  but  can- 
not be  safely  used  for  this  purpose  as  the  nerves  are  destroyed.  Such  effects  are  exerted 
by  agrostemma,  cyclamen,  dulcamara,  dioscorea,  nigella,  quillaja,  sapindus  and  others. 

Toxicity. — Certain  members  of  the  group,  such  as  agrostemma  and  solanum  are 
powerful  poisons,  others,  such  as  sarsaparilla  and  guaiac,  almost  entirely  harmless. 
Agrostemma  sapotoxln  is  a  frequent  cause  of  poisoning  in  parts  of  Europe,  as  the  plant 
grows  in  grain  fields  and  the  seeds  are  mixed  with  the  grain.  Solanine  is  found  in  young 
and  in  sprouting  potatoes,  especially  in  and  near  the  skin,  and  leads  to  poisoning  if 
these  are  not  well  cooked.  Cooking  renders  it  harmless.  iEsculus  seed  are  occasionally 
eaten  and  give  rise  to  poisoning.  The  toxicity  bears  no  relation  to  the  chemical 
composition. 

When  a  poisonous  dose  of  a  toxic  saponin  is  injected  intravenously,  the  first  symptom 
Is  depression,  with  weakness,  collapse,  dyspnea  and  irregular  feeble  pulse.  Weak  con- 
vulsions occur  just  before  the  heart  fails.  If  the  dose  is  smaller,  these  symptoms  are 
succeeded  by  signs  of  irritation  of  the  gastroenteric  tract  such  as  nausea  and  vomiting, 
diarrhea  and  cramps.  In  fatal  cases  ecchymoses  will  be  found  in  the  serous  membranes 
and  in  the  kidneys.  There  may  be  renal  hemorrhage  with  hematuria,  especially  from 
solanine.  Very  large  doses  injected  intravenously  may  kill  in  a  few  minutes  with  respira- 
tory paralysis  and  no  characteristic  lesions.  When  taken  in  poisonous  amount  by  mouth 
the  gastroenteric  symptoms  are  more  prominent  and  the  nervous  less. 

All  cell  activities,  ciliary  and  ameboid  motions,  muscle  contractions,  nerve  conduc- 
tion, cease  under  the  action  of  saponins.  Worms  are  killed  in  dilute  solutions  and  fish 
are  very  sensitive,  death  resulting  in  dilutions  as  high  as  1  to  200,000  of  many  saponins. 
The  toxicity  is  not  proportional  to  the  action  on  the  red  blood  cells,  and  death  may  occur 
several  days  after  a  single  subcutaneous  injection  too  small  to  affect  these  cells.  In 
mammals  the  fatal  dose  by  intravenous  injection  of  quillajac  acid  and  of  quillaja  sapo- 
toxin  is  about  0.5  to  1  mgm.  per  kilo.  The  saponins  of  agrostemma,  gypsophila,  cyclamen 
and  dulcamara,  are  equally  toxic,  that  of  senega  only  one  tenth  as  active. 
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Systemic  Action:^  Alimentary. — Even  when  injected  intravenously  or  subcutaneously, 
the  saponins  cause  irritative  symptoms  in  the  digestive  system.  Salivation,  nausea  and 
vomiting,  diarrhea  and  cramps,  with  collapse,  are  the  usual  effects.  There  may  be 
hemorrhage  from  the  bowel  or  ulceration.  When  swallowed  the  digestive  action  is  little 
more  marked. 

Blood. — Of  all  the  actions  of  saponins,  that  of  causing  hemolysis  of  the  red  blood 
cells  has  been  most  studied.  This  effect  is  seen  best  with  suspension  of  red  cells  in  salt 
solution,  plasma  or  serum  interfering  to  some  extent  with  the  action,  although  it  is  seen 
in  typical  form  after  intravenous  injections.  The  power  to  dissolve  the  cells  is  not  pro- 
portional to  the  toxicity,  although  it  is  most  developed  in  the  poisonous  saponins.  The 
dilution  in  which  complete  hemolysis  occurs  is  with  dioscorea  saponin  1:400,000;  sar- 
saponin  1:  125,000;  cyclamin  1:  100,000;  digitonin  1:  80,800;  senegin  1:  12,000;  quillaja 
sapotoxin  1:  10,000;   guaiac  has  almost  no  hemolytic  action    (Robert). 

The  effect  is  dependent  on  the  power  of  saponins  to  combine  with  the  lecithin  of  the 
stroma,  thus  disrupting  it.  This  compound  with  lecithin  is  poisonous  to  the  nerves. 
Cholesterin  added  to  saponins  combines  in  a  similar  way  and  prevents  the  hemolysis, 
b«t  not  other  poisonous  actions.  The  presence  of  this  in  serum  may  explain  its  pro- 
tective action. 

The  white  blood  cells  are  attacked  only  by  much  stronger  solutions. 

Circulation. — The  isolated  heart  perfused  with  saponin  solutions  becomes  stiff  and 
dies  contracted  in  rigor.    This  action  is  not  seen  in  the  living  animal. 

Respiration. — The  respiratory  center  is  directly  paralyzed  by  large  intravenous  injec- 
tions, but  respiratory  effects  are  otherwise  limited  to  those  associated  with  nausea  and 
to  the  increased  flow  of  mucus  from  the  entire  respiratory  tract,  especially  the  bronchi. 
This  is  a  direct  action  and  not  secondary  to  nausea  (Gaisbock). 

Nerve  System. — The  legs  of  frogs  immersed  in  strong  saponin  solutions  show  loss  of 
irritability  and  of  conductivity  of  the  nerve  trunks,  and  loss  of  contractile  power  in  the 
muscles.  These  eventually  become  stiff  as  if  in  rigor.  The  condition  is  not  reversible  if 
well  advanced.  A  similar  action  occurs  when  such  solutions  are  injected  into  muscles  or 
in  the  neighborhood  of  nerve  trunks. 

Urinary. — Saponins  produce  an  irritative  diuresis,  often  accompanied  by  albuminuria. 
They  are  but  little  used  therapeutically  for  this  purpose.  They  cause  a  fairly  marked 
increase  of  urine  the  first  day,  but  even  if  administration  is  continued  and  edema  is 
present,  the  secretion  falls  below  previous  figures  in  3  or  4  days. 

Senegu 

Senega  is  the  root  of  Polygala  senega,  a  small  herb  native  in  the  middle  and 
southern  United  States.  It  contains  a  saponin  on  which  its  activity  depends,  but 
in  practice  only  preparations  of  the  whole  drug  are  employed. 

Senega  is  irritant  and  causes  nausea  and  even  vomiting  when  taken  in  full 
doses.  Like  many  other  nauseants  this  action  is  associated  with  an  increase  of  the 
bronchial  secretion  on  which  its  medicinal  employment  depends.  Like  other  saponins, 
senega  dissolves  red  blood  cells  and  acts  as  a  general  protoplasm  poison,  destroying 
the  vitality  of  all  tissues  to  which  it  is  directly  applied  in  high  concentration.  In 
therapeutic   doses   only  its  topical   and  expectorant   actions   are   seen. 

Materia  Medica. — Senega  (U.S.  X.),  Senega.  Ahhr.,  Seneg,  Synonyms:  Senegse 
Radix  (Br.),  Senega  Snakeroot,  Seneca  Snakeroot,  Rattlesnake  Root,  Mountain  Flax. 

The  dried  roots  of  Polygala  Senega  Linne  (Fam.  Polygalacece).  Odor  peculiar, 
penetrating;  taste  sweetish,  afterwards  acrid.  The  powder  is  yellowish-gray.  The 
chief  constituents  are  two  glucosidal  saponins,  senegin  and  polygalic  acid,  which 
resemble  but  are  not  identical  with  the  sapotoxin  and  acid  of  quillaja. 

Dose,  10  to  20  grains   (0.6  to  1.2  Gm.). 

Fluidextractum  Senega  (U.S.  X.),  Fluidextract  of  Senega.    Ahhr.,  Fldext.  Seneg. 

Powdered  senega,  percolated  with  ammonia  water  and  dilute  alcohol,  each  cc. 
representing  1  Gm.  of  the  drug,  with  an  alcoholic  content  of  about  48  percent.  De- 
pends on  the  glucoside  constituent,  senegin,  for  effect. 

Dose,  10  to  30  minims  (0.65  to  2.0  cc). 
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Infusum  Seneo.«  (Br.),  Infusion  of  Senega. 

Powdered  senega  root,  r>0  Gni.;  boiling  distilled  water,  1000  cc. ;  infused  for  half 
an  hour  and  strained  while  hot. 

Dose,  V2  to  1  fluidounce  (15  to  30  cc). 

TiNCTURA  Seneg.e   (Br.),  Tincture  of  Senega. 

Each  cc.  represents  3  grains  of  the  drug,  with  an  alcoholic  content  of  about  60 
percent. 

Dose,  V2  to  2  fluidrams  (2  to  8  cc). 

Syrupus  SeneGjE  (U.S.  X.),  Syrup  of  Senega.  Ahhr.,  Syr.  Seneg.  Synonym: 
Syrup  of  Snakeroot. 

Each  cc.  represents  3  grains  of  senega  with  an  alcoholic  content  of  about  10  percent. 

Dose,  ^2  to  11,2  fluidram  (2  to  6  cc). 

Therapeutics. — Senega  is  employed  as  a  stimulant  expectorant  in  subacute  and 
chronic  bronchitis.  It  is  not  often  given  alone  but  usually  as  a  vehicle  for  other 
expectorants ;  for  this  purpose  the  syrup  is  the  best  preparation,  exhibited  in  teaspoon- 
ful  doses. 

Grindelia 

Grindelia  is  the  leaves  and  flowering  tops  of  Grindelia  camporum  and  squarrosa, 
herbaceous  plants  of  western  North  America.  Only  preparations  of  the  entire  plant 
are  in  use,  as  no  active  principle  has  been  demonstrated.  Kobert  states  that  the 
activity  depends  on  a  saponin ;  Power  and  Tntin  claim  that  no  saponin  is  present 
but  that  the  active  principle  is  an  amorphous  resin. 

Grindelia  stimulates  the  respiratory  center  and  causes  increased  bronchial 
secretion.  It  depresses  the  rest  of  the  central  nerve  system.  It  is  employed  as  a 
stimulating  expectorant  and  topically  in  certain  forms  of  dermatitis,  e.g.,  rhus 
poisoning,  the  fluid  extract  forming  a  sticky  varnish. 

Materia  Medica. — Grindelia  (N.F.),  Grindelia.  Ahhr.,  Grindel.  Synonym:  Cali- 
fornia Gum  Plant. 

The  dried  leaves  and  flowering  tops  of  Grindelia  camporum  Greene,  or  Grindelia 
cuneifoliu  Nuttall,  or  Gnndelia  squarrosa  (Pursh)  Dunal  (Earn.  Compositce).  Odor 
balsamic;  taste  aromatic  and  bitter,  resinous.  The  powder  is  yellowish-brown.  The 
drug  contains  tannins  (about  20  percent.),  also  glucosides  belonging  to  the  class  of 
saponins. 

Antagonists  and  Incompatibles. — The  caustic  alkalies  and  mineral  salts  are  in- 
compatible. Opium,  strj^chnine,  alcohol,  and  cerebral  stimulants  in  general  are 
physiologically  antagonistic. 

Synergists. — The  motor  depressants  aid  the  action  of  grindelia. 

Dose,  20  to  40  grains  (1.3  to  2.5  Gm.) ;  also  smoked  in  the  form  of  cigarettes. 

Eluidextractum  Grindelia  (N.E.),  Eluidextract  of  Grindelia.  Ahbr.,  Eldext. 
Grindel. 

Each  cc.  represents  1  Gm.  of  the  drug,  with  an  alcoholic  content  of  about  58 
percent. 

Dose,  15  to  45  minims,  1  to  3  cc). 

Pharmacodynamic  Action:  Topical  Action. — Fluidextract  of  grindelia  painted  on  the 
skin,  dries  into  a  sticky  varnish,  which  is  somewhat  soothing  to  inflamed  surfaces. 
Taken  by  mouth  it  produces  no  local  effect. 

Toxicity. — The  fatal  dose  for  rabbits  is  12  to  15  Gm.  (3  lo  4  drams)  of  the  fresh  drug 
or  fluidextract. 

Systemic  Action. — In  small  doses  it  causes  a  rise  of  blood  pressure  by  stimulation  of 
the  vasomotor  center.  The  heart  is  slowed  by  vagus  stimulation  but  the  beats  are 
strengthened.     The   respiratory  center   is  also  stimulated   and   respiration   increases   in 
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depth  and  frequency.  The  bronchial  secretion  is  increased,  probably  by  vagus  stimula- 
tion. In  asthma,  grindelia  seems  to  have  a  relaxing  effect  on  the  bronchi.  Larger  doses 
depress  the  respiratory  center  and  cause  a  general  paralysis  of  the  nerve  system,  begin- 
ning in  the  peripheral  sensory  nerves  and  involving  successively  the  sensory  side  of  the 
cord,  the  motor  nerve  endings  and  the  motor  side  of  the  cord.  Narcosis  with  dilatation 
of  the  pupils  has  also  been  observed.  Bartholow  believed  that  the  sensory  cord  is  not 
affected  in  the  frog,  as  he  found  increased  reflexes  during  full  paralysis.  There  may  be 
renal  irritation  and  increased  secretion  of  urine. 

Therapeutics:  Topical. — A  fluidextract  of  grindelia  is  sometimes  employed  locally 
in  the  treatment  of  superficial  ulcerations,  hums  and  rhus  poisoning.  The  dried  leaves 
are  smoked  for  the  relief  of  asthma  in  cases  in  which  specific  treatment  is  unavailing. 

Systemic. — The  drug  is  used  as  an  expectorant  in  chronic  hronchitis  with  a  dry 
rasping  cough  and  more  or  less  dyspnea.  It  is  often  of  benefit  in  bronchial  asthma  and 
in  emphysema  in  association  with  a  bromide  or  iodide.  It  is  also  given,  sometimes  with 
benefit,  in  whooping  cotigh  and  the  later  stages  of  hay  fever.  It  often  gives  relief  in 
chronic  cystitis  and  pyelitis  (Bartholow). 

The  fluidextract  (U.S.  IX.)  is  the  preparation  used,  in  doses  of  10  to  30  minims 
(0.6  to  2  cc.)  three  or  four  times  a  day. 

Respiratory  Depressants 
Depressants  of  Respiratory  Center 

Drugs  which  depress  the  respiratory  center  and  thus  reduce  the  violence  or  force 
of  the  respiratory  movements  are  not  employed  in  therapeutics  to  reduce  respiratory 
volume,  but  either  to  lessen  expiratory  reflexes  such  as  coughing  or  to  lessen  the  extent 
of  the  motions  of  the  chest  in  pleurisy,  fracture  of  the  ribs  and  similar  painful  con- 
ditions of  the  chest  wall.  Opium  and  its  alkaloids  are  largely  used  for  this  purpose 
as  are  cyanides  in  the  form  of  amygdalin  (wild  cherry  bark).  Gelsemium  and  lobelia 
are  extensively  employed  by  the  Eclectics.  Bromides,  chloral  and  chloroform,  cannabis, 
aconite  and  physostigma  are  rarely  employed  alone  but  often  added  to  the  sedative 
expectorants,  to  aid  in  controlling  excessive  coughing. 

Cyanides 

Hydrocyanic,  or  as  it  is  commonly  called,  prussic  acid  and  its  salts  and  organic 
compounds  are  not  of  great  therapeutic  importance,  but  on  account  of  the  frequency 
of  poisoning  by  them,  are  of  great  toxicologic  interest.  Hydrocyanic  acid  is  one 
of  the  most  rapidly  acting  poisons  known.  The  pure  acid  is  rarely  used  excepting  in 
technical  chemistry  and  on  account  of  its  volatility  is  very  dangerous  to  handle. 
Scheele  made  it  from  Prussian  blue  in  the  latter  part  of  the  eighteenth  century  and 
described  its  chemical  properties,  but  unfortunately  he  was  not  aware  of  its  extremely 
poisonous  properties,  and  was,  in  fact,  its  first  victim. 

Chemistry. — The  acid  itself  (HON)  is  extremely  weak  as  an  acid,  dissociating 
very  slightly.  Potassium  cyanide  (KCN)  on  the  other  hand  is  markedly  alkaline 
and,  injected  in  frogs,  it  produces  death  by  the  action  of  the  alkali,  and  not  by  that 
of  the  cyanic  radical.  Compounds  of  hydrocyanic  acid  are  rather  widely  spread 
among  plants,  many  of  them  breaking  down  readily  and  releasing  small  amounts  of 
the  free  acid.  The  most  important  of  these  compounds  is  amygdalin  which  is  present 
in  bitter  almonds  and  in  the  seeds  of  various  stone  fruits.  Occasionally  poisoning, 
even  fatal,  has  resulted  from  eating  such  kernels  or  puddings  flavored  with  them. 
Amygdalin  is  broken  down  by  a  ferment,  emulsin,  into  prussic  acid,  glucose  and 
benzaldehyde,  according  to  the  following  reaction: 
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C„H„NO  +  211,0  =  2C,H„0,  +  HON  +  C.H.CHO. 

Cyanogen  (CN)  exists  as  a  gas  which  produces  effects  somewhat  different  from 
those  of  prussic  acid. 

Simimary  of  Actions  and  Uses. — The  cyanides  are  poisonous  to  all  living  matter,  pre- 
venting the  action  of  vital  ferments,  especially  the  oxidases,  to  whose  activity  is  due  the 
respiratory  exchange  of  the  individual  cells.  Even  in  weak  solutions  they  thus  are  fatal 
to  all  cells,  both  plant  and  animal;   both  lowly  and  highly  organized. 

In  higher  animals  cyanides  induce  increase  of  the  respiratory  and  cardiac  action, 
followed  by  paralysis.  Continuous  administration  of  small  amounts  may  continue  the 
stage  of  stimulation  indefinitely,  while  very  large  doses  cause  almost  immediate  death 
without  evidence  of  the  primary  stimulation. 

Hydrocyanic  acid  gas  is  used  occasionally  as  a  fumigant  to  destroy  animal  life, 
especially  rodents  on  ships,  and  noxious  insects. 

Potassium  cyanide  is  administered  to  check  cough  and  to  relieve  certain  dyspneic 
symptoms.  Its  use  was  probably  suggested  by  the  presence  of  cyanide  in  wild  cherry 
bark,  which  is  used  to  meet  similar  indications. 

Materia  Medica. — Acidum  Hydrocyanicum  Dilutum  (U.S.  IX.),  Diluted  Hydro- 
cyanic Acid.  Ahhr.,  Acid.  Hydrocyan.  Dil.  Synonyms:  Diluted  Prussic  Acid,  Acidum 
Hydrocyanicum  Dilutum,  P.  I. 

An  aqueous  solution  containing  not  less  than  1.9  percent,  nor  more  than  2.1 
percent,  of  HCN  and  not  more  than  0.1  percent,  of  HCl.  A  colorless  liquid,  of  a 
characteristic  odor  resembling  that  of  bitter  almond.  On  account  of  its  poisonous 
character  it  must  he  hundled  with  great  caution. 

Antagonists  and  Incompatihles. — Mineral  acids,  silver  salts,  mercurous  com- 
pounds and  oxidizing  agents  are  chemically  incompatible.  Atropine  and  ammonia 
are  physiologicaDy  antagonistic. 

Synergists. — The  nerve   and  respiratory  sedatives   in  general   are  synergistic. 

Dose,  1  to  3  minims  (0.06  to  0.2  cc). 

SoDii  Cyanidum  (U.S.  IX.),  Sodium  Cyanide.    Ahhr.,  Sod.  Cyanid. 

Contains  not  less  than  95  percent  of  ISTaCiN'.  It  occurs  in  the  form  of  white, 
opaque,  amorphous  prisms,  or  as  a  white  granular  powder;  odorless  when  perfectly 
dry;  deliquescent  in  the  air,  exhaling  the  odor  of  hydrocyanic  acid.  Freely  soluble 
in  cold  water.     Gr&at  caution  must  he  used  in  handling  this  salt. 

Antagonists  and  Incompatihles. — Same  as  those  of  hydrocyanic  acid. 

Synergists. — Same  as  those  of  hydrocyanic  acid. 

Dose,  i/ie  ^o  %  grain  (0.004  to  0.01  Gm.). 

PoTASSli  Cyanidum    (unofficial).  Potassium   Cyanide. 

It  should  contain  not  less  than  95  percent,  of  pure  potassium  cyanide  (KCN). 
It  occurs  in  white,  opaque,  amorphous  pieces,  or  as  a  white,  granular  powder,  odorless 
when  perfectly  dry;  deliquescent  in  the  air  and  exhaling  the  odor  of  hydrocyanic 
acid.  Great  daxition  should  he  used  in  tasting  and  handling  this  salt.  Soluble  in 
about  2  parts  of  water  at  25°  C.  (77°  F.).  Boiling  water  dissolves  its  own  weight 
of  the  salt,  but  rapidly  decomposes  it.  In  alcohol  it  is  but  sparingly  soluble.  It  has  the 
same  poisonous  and  medicinal  properties  as  has  hydrocyanic  acid. 

Dose,  see  Acid  Hydrocyanicum  Dilutum. 

Laurocei{A.si  Folia  (Br.),  Cherry-Laurel  Leaves. 

The  fresh  leaves  of  Prunus  laurocerasus  Linne  (Fam.  Rosacece).  Inodorous,  but 
when  bruised  emit  an  odor  resembling  that  of  prussic  acid.  As  the  hydrocyanic  acid 
content  varies  greatly,  the  plant  is  not  much  used  in  the  United  States,  the  variability 
making  it  inferior  to  bitter  almonds. 

Dose,  used  only  in  the  preparation  of  Aqua  Laurocerasi. 
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Aqua  Laurocerasi   (Br.),   Cherry-laurel  Water. 

A  distilled  aqueous  solution  containing  0.1  percent,  by  weight  of  hydrocyanic  acid. 
It  is  employed  both  internally  and  externally  as  a  sedative. 

Dose,  y2  to  1  fluidram  (2  to  4  cc).     Also  as  a  flavoring  agent. 

Pbunus  Virginiana  (U.S.X.),  Wild  Cherry.  Ahhr.,  Prun.  Virg.  Synonym:  Wild 
Black  Cherry  Bark. 

The  stem  bark  of  Prunus  serotina  Ehrhart  (Pam.  RosascecB)  collected  in  autumn 
and  carefully  dried.  Odor  distinct,  bitter-almondlike  when  macerated  in  water;  taste 
astringent,  aromatic,  and  agreeably  bitter.  The  bark  contains  principles  similar  to 
those  in  bitter  almonds,  which  yield  volatile  oil  and  hydrocyanic  acid  on  distil- 
lation. 

Antagonists  and  Incompatihles. — The  ferric  salts  and  those  of  antimony,  lead, 
and  silver,  the  mineral  acids,  and  alkalis  are  chemically  incompatible. 

Synergists. — The  bitter  tonics  and  the  respiratory,  cardiac  and  nerve  sedatives. 

Dose,  15  to  30  grains  (1  to  2  Gm.). 

Syrupus  Pruni  Virginians  (U.S.  X.),  Syrup  of  Wild  Cherry.    Ahhr.,  Syr.  Prun. 

"Virg. 

Wild  cherry  bark  macerated  in  sugar,  glycerin  and  water.  It  should  be  freshly 
made  as  it  rapidly  loses  its  hydrocyanic  acid. 

Dose,  ^2  to  4  fluidrams  (2  to  16  cc). 

Tinctura  Pruni  Virginians  (Br,),  Tincture  of  Wild  Cherry.  Ahhr.,  Tr.  Prun. 
Virg. 

Each  cc.  represents  3  grains  of  the  drug  with  a  glycerin  content  of  about  8.5  per- 
cent, and  an  alcoholic  content  of  about  45  percent. 

Dose,  1/2  to  1  fluidram  (2  to  4  cc). 

Fluidextractum  Pruni  Virginians  (N.E.),  Pluidextract  of  Wild  Cherry.  Ahhr., 
Eldext.  Prun.  Virg. 

Each  cc  represents  1  Gm.  of  the  drug  with  a  glycerin  content  of  about  19  percent, 
and  an  alcoholic  content  of  about  27  percent. 

Dose,  20  to  40  minims  (1.3  to  2.6  cc). 

Infusum  Pruni  Virginians  (unofficial).  Infusion  of  Wild  Cherry.  Ahhr.,  Inf. 
Prim.  Virg. 

Each  cc.  represents  0.06  Gm.  of  the  drug. 

Dose,  10  to  15  fluidrams  (40  to  60  cc). 

ViNUM  Pruni  Virginians  (unofficial).  Wine  of  Wild  Cherry.  Ahhr.,  Vin.  Prun. 
Virg. 

Each  cc.  represents  about  0.25  Gm.  of  the  drug,  with  an  alcoholic  content  of  about 
19  percent. 

Dose,  1  to  2  fluidrams  (4  to  8  cc). 

ViNUM  Pruni  Virginuns  Eerratum  (unofficial),  Ferrated  Wine  of  Wild  Cherry. 
Ahhr.,  Vin.  Prun.  Virg.  Ferr. 

Tincture  of  ferric  citrochloride,  8  percent.,  in  wine  of  wild  cherry. 

Dose,  1  to  2  fluidrams  (4  to  8  cc). 

Trifolium  (N.F.),  Trifolium.  Ahhr.,  Trifol.  Synonyms:  Red  Clover  Blossoms, 
Trefoil. 

The  dried  inflorescence  of  Trifolium  praiense  Linne  (Fam.  Leguminos(s).  The 
powdered  drug  is  brownish-red  to  greenish-red;  odor  faintly  aromatic;  somewhat  re- 
sembling tea ;  taste  first  sweetish,  then  bitter. 

Dose,  used  in  form  of  ointment  or  cigarettes  or  Eclectic  Specific  Medicine,  1  to  30 
minims  (0.06  to  2  cc). 
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Fluidextractum  Trifolh  (N.F.),  Fluidextract  of  Trifolium.  Ahhr.,  Fldext. 
Trifol. 

Each  cc.  represents  1  Gm.  of  the  drug. 

Dose,  1  fluidram  (4  cc.). 

Fluidextractum  Trifolii  Compositum  (N.F.),  Compound  Fluidextract  of  Tri- 
folium.   Ahhr..  Fldext.  Trifol.  Co. 

Represents  21.5  percent,  each  of  trifolium,  glycyrrhiza  and  berberis  with  half 
that  quantity  of  cascara  amarga,  lappa,  phytolacca  and  stillingia,  and  3  percent,  of 
xanthoxylum. 

Dose,  1  fluidram  (4  cc). 

Syrupus  Trifolii  Compositus  (N.F.),  Compound  Syrup  of  Trifolium.  Ahhr., 
Syr.  Trifol.  Co. 

Contains  30  percent,  of  the  compound  fluidextract  of  trifolium  flavored  with  oils 
of  sassafras,  anise  and  methyl  salicylate. 

Dose,  2  to  4  fluidrams  (8  to  10  cc). 

Fluidextractum  Droserle  (N.F.),  Fluidextract  of  Droseria.  Ahhr.,  Fldext. 
Droser. 

Each  cc.  represents  1  Gm.  of  the  drug.    Alcoholic  content  about  60  percent. 

Dose,  Vo  to  1  fluidram  (2  to  4  cc). 

Pharmacodynamic  Action:  Antipathogenic  Action. — All  forms  of  life  are  destroyed 
by  cyanides  although  weak  concentrations  may  require  a  long  time.  Protozoa  in  sea 
water  are  killed  by  N/1000  (0.0027  percent.)  but  only  after  several  days'  exposure.  The 
saprophytic  bacteria  of  sea  water  are  killed  by  N/300  (0.01  percent.)  in  24  hours. 

Hydrocyanic  acid  gas  is  much  used  for  fumigation  of  buildings  infested  with  animal 
parasites  but  it  is  extremely  dangerous  and  many  fatal  accidents  have  occurred.  Under 
no  circumstances  should  it  be  used  in  one  room  or  apartment  if  there  are  persons  remain- 
ing in  other  rooms  or  apartments  of  the  same  building.  Fatal  accidents  have  occurred 
in  houses  next  door  to  those  being  fumigated.  The  fumes  are  particularly  effective 
against  higher  animals  such  as  rats  and  mice,  and  their  most  important  use  is  in  freeing 
ships  from  rodents.  They  are  less  effective  than  sulphur  dioxide  fumes  against  insect 
pests  and  are  comparatively  ineffective  against  bacteria. 

Absorption  and  EliminoMon. — Hydrocyanic  acid  is  absorbed  with  great  rapidity  from 
all  mucous  membranes.  Toxic  symptoms  may  occur  within  a  few  seconds  when  inhaled; 
and  inside  of  a  minute  when  even  a  dilute  solution  is  swallowed.  Applied  to  other 
mucosae  or  to  abrasions  it  is  also  rapidly  taken  up.  Even  the  unbroken  skin  absorbs  it 
and  this  necessitates  unusual  care  in  handling.  Rabbits  are  killed  in  8  minutes  by  ex- 
posure of  1  square  inch  of  the  dehaired  skin  to  strong  fumes  (Watson  and  Witherspoon). 
Potassium  cyanide  is  less  rapidly  absorbed,  but  is  taken  up  with  great  rapidity  by  the 
stomach  and  from  abraded  surfaces.  It  may  also  be  absorbed  by  the  unbroken  skin  and 
if  used  to  remove  extensive  stains,  caution  is  required. 

In  the  body  it  is  partly  converted  into  sulphocyanides  which  are  entirely  non-toxic 
and  partly  converted  into  less  closely  related  nitrogenous  compounds. 

Excretion  occurs  as  hydrocyanic  acid  on  the  breath,  and  as  cyanides  and  sulpho- 
cyanides in  the  urine.  After  taking  even  small  amounts  sulphocyanides  are  found  in 
the  saliva  in  man  but  apparently  not  in  other  animals. 

Topical  Action. — The  cyanogen  compounds  have  little  topical  action  except  a  para- 
lyzant effect  on  nerve  tissues  exposed  to  them.  This  effect  may  be  manifested  as  a 
paralysis  of  the  sensory  nerve  endings  with  local  anesthesia  on  application  of  dilute 
solutions  to  the  eye  or  even  to  the  intact  skin.  Strong  solutions  of  potassium  cyanide 
are  caustic  by  reason  of  their  alkalinity. 

Action  on  Ferments  and  Cells. — Cyanides  are  able  to  prevent  the  action  of  certain 
ferments  outside  the  body.  This  is  particularly  true  of  the  oxidizing  ferments  or  oxidases, 
even  very  weak  hydrocyanic  acid,  for  example,  preventing  the  decomposition  of  hydrogen 
peroxide  by  shed  blood.  The  ferment  is  not  destroyed  and  renews  its  power  if  the 
cyanide  is  removed. 

On  plant  cells,  on  simple  animals  and  on  animal  organs  and  cells  in  vitro,  cyanides 
act  like  deprivation  of  oxygen.     All  the  functions  of  the  cell  are  paralyzed,  and  if  the 
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action  is  sufficiently  prolonged,  life  is  destroyed.  The  movements  of  motile  bacteria, 
of  protozoa  and  of  other  unicellular  forms  are  paralyzed  by  concentrations  of  about 
N/1000  to  N/5000  (0.0027  to  0.0005  percent.)  HCN.  The  protoplasmic  flow  in  Tradescan- 
tia  is  stopped  and  the  permeability  of  cells  is  increased  as  by  narcotics  (Krehan).  Strong 
solutions  decrease  the  permeability  of  the  cells  of  algse  (Osterhaut).  Sea  urchin  eggs 
do  not  develop  in  water  to  which  small  amounts  are  added,  and  they  are  killed  by 
exposure  to  N/1000  for  4  days.  The  stopping  of  ferment  action  may  prolong  life  in 
unfertilized  eggs,  by  preventing  the  autolysis  which  is  the  direct  cause  of  death. 

While  it  is  certain  that  when  added  to  single  cells  or  to  suspensions  of  cells  in  vitro, 
hydrocyanic  acid  acts  by  preventing  their  utilization  of  oxygen,  it  is  not  certain  that  this 
influence  explains  its  toxic  action  on  higher  animals.  Although  the  respiratory  exchange 
of  animals  poisoned  by  it  is  very  much  reduced,  this  may  have  another  explanation. 

Toxicity. — Although  in  respect  of  fatal  dose,  hydrocyanic  acid  does  not  rank  among 
the  most  deadly  poisons,  yet  it  is  one  of  the  most  dangerous  known,  on  account  of  the 
suddenness  of  its  action  and  the  promptness  with  which  death  occurs.  Inhalation  of  a 
large  amount  of  the  concentrated  fumes  may  kill  almost  before  the  victim  can  call  for 
help  or  a  fellow  workman  can  cross  the  room  to  his  assistance.  On  account  of  the 
rapidity  of  action  and  the  difficulty  of  resuscitation,  cyanides  are  frequently  used  as  a 
means  of  suicide.  Potassium  cyanide  is  readily  obtained  as  it  has  an  extended  technical 
use  in  photography,  electroplating,  etc.  It  is  little  used,  however,  for  homicide  as  its 
odor  is  so  readily  detected.  Fatal  poisoning  of  chemists  by  inhaling  the  fumes  of  the 
pure  acid  has  occurred  in  several  instances,  the  most  noteworthy  being  that  of  its  dis- 
coverer, Scheele. 

Toxic  Dose. — In  mammals  the  fatal  dose  of  the  pure  acid  by  inhalation  or  injection 
is  about  1  mgm.  per  kilo.  By  mouth  this  dose  may  or  may  not  kill  according  to  rapidity 
of  absorption  and  other  factors.  The  fatal  dose  in  man  is  about  50  to  60  mgm.  (gr.  % 
to  1).  The  fatal  dose  of  potassium  cyanide  is  variable  on  account  of  its  frequent 
impurity,  the  commercial  forms  often  developing  only  half  the  theoretical  amount  of 
HCN.  The  toxicity  is  about  y^  to  %  that  of  the  acid.  Bitter  almonds  are  extremely 
poisonous,  each  kernel  containing  a  little  over  a  milligram  of  HCN.  The  fatal  doses 
for  an  adult  are  said  to  be:  bitter  almonds,  40  to  50  seeds;  oil  of  bitter  almonds  1  cc. 
The  bitter  almond  water  of  the  foreign  pharmacopeias  contains  0.1  percent,  of  HCN,  that 
of  the  U.S. P.  only  a  trace. 

Glucose,  lactose  and  other  reducing  sugars  combine  with  hydrocyanic  acid  forming 
the  non-toxic  glucoheptonic  acid.  It  is  said  that  an  attempt  to  poison  Rasputin,  the 
Russian  monk,  by  hydrocyanic  acid  given  in  wine  was  frustrated  by  the  antidotal  effect 
of  the  sugar  in  the  wine,  the  detoxicating  action  of  which  is  hastened  by  alcohol  (Saint 
Rat). 

Lehman  found  that  cats  exposed  to  the  fumes  of  hydrocyanic  acid  were  not  much 
affected  by  0.04  parts  in  1000  of  air  but  were  severely  poisoned  or  killed  by  0.05  parts 
per  thousand.  A  larger  concentration  than  this  would  therefore  be  required  to  make 
Bupe  of  the  destruction  of  animal  pests  in  fumigation. 

Symptoms  of  Poisoning. — If  a  large  dose  is  given  or  the  concentrated  fumes  inhaled, 
death  may  be  almost  immediate,  with  no  preceding  symptoms.  If  a  fatal  but  smaller 
dose  is  given,  the  first  symptom  is  vertigo  with  headache.  This  is  followed  by  extreme 
dyspnea  with  very  violent  respiration.  There  is  salivation  and  often  vomiting.  The 
face  is  pale  and  the  pulse  extremely  weak  or  impalpable.  After  a  few  minutes  tremors 
are  seen  and  these  soon  develop  into  generalized  convulsions  with  extremely  violent 
respiratory  motions.  The  convulsions  stop  suddenly  and  pass  into  paralysis,  and  at 
the  same  time  or  even  sooner  stupor  or  even  coma  sets  in  and  the  respiration  soon 
after  ceases;  the  heart  often  continuing  to  beat  for  several  minutes  after  respiration 
has  ceased.  Death  is  usually  very  prompt  and  the  mortality  is  about  95  percent.,  but  if 
the  patient  survives  an  hour,  recovery  is  probable. 
"The  diagnosis  is  readily  made  by  the  characteristic  odor  of  the  breath. 

Treatment  of  Poisoning. — Treatment  is  usually  of  no  avail,  but  if  measures  of  relief 
are  promptly  instituted,  a  few  cases  will  be  saved.  The  stomach  should  be  emptied  at 
once  and  stimulants  administered.  The  chemical  antidotes  are  substances  which  com- 
bine with  the  cyanogen  to  form  non-toxic  compounds.  Oxidizing  agents  may  act  by  con- 
verting it  into  oxamide  (2HCN  +  H202=  (CO)2(NH2)2.  Alkaline  ferrous  sulphate  forms 
ferrocyanide.  Bourke  reports  a  case  in  which  life  was  saved  by  the  use  of  ferrous  sul- 
phate and  magnesium  carbonate,  after  2  drams  of  2  percent.  HCN  by  mouth.  The  anti- 
dote may  be  conveniently  prepared  by  adding  FeSOi  to   the  official   arsenic  antidote. 
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Hyposulphites  have  also  been  used  with  the  idea  of  forming  sulphocyanides.  Artificial 
respiration  preferably  by  such  an  apparatus  as  Meltzer's  should  be  Instituted  as  the 
respiration  stops  with  doses  which  would  not  kill  the  heart.  The  elimination  of  the 
poison  by  the  lungs  is  also  aided.  Oxygen  inhalations  are  not  indicated  as  the  carrying 
power  of  the  blood   is  unaltered. 

Postmurtcm  Changes. — The  odor  is  noticeable  when  the  body  is  opened  or  if  long 
after  death  may  be  noted  in  the  contents  of  the  skull.  The  blood  is  bright  red  as  are  the 
spots  of  postmortem  lividity.  The  veins  and  heart  are  overfilled  and  the  blood  clots  very 
slowly.  Long  after  death  the  blood  becomes  a  dark  red  and  does  not  brighten  on  exposure 
to  air.  Ecchymotic  liemorrhages  in  various  organs  and  edema  of  the  lungs  are  com- 
monly found. 

Systemic  Action:  Alimentary. — Cyanides  have  little  direct  action  on  the  alimentary 
tract.  Tlie  vomiting  seen  in  cases  of  poisoning  is  secondary.  Segments  of  intestine 
exposed  to  1  part  in  300,000  of  HCN  are  paralyzed,  this  effect  being  more  marked  in 
segments  from  near  the  stomach  and  decreasing  progressively  toward  the  cecum. 

Blood. — When  cyanides  are  added  to  blood  outside  the  body  they  combine  with  the 
hemoglobin,  a  compound  called  cyan-hemoglobin  being  formed,  which  has  a  spectrum 
like  that  of  methemoglobin.  No  such  change  occurs  in  the  body.  In  poisoning  by  HCN 
even  the  venous  blood  has  a  bright  red  color  but  this  is  not  due  to  any  alteration  in  the 
hemoglobin,  but  to  the  inability  of  the  tissues  to  remove  the  oxygen  from  it.  If  such 
blood  is  exposed  to  nitrogen  with  COj,  outside  the  body,  it  is  at  once  converted  to  reduced 
hemoglobin.  As  death  approaches,  and  respiration  ceases,  the  venous  blood  becomes 
dark  even  during  life,  but  as  long  as  there  is  any  respiration  there  is  not  enough  gas 
exchange  to  reduce  the  hemoglobin. 

Clotting  is  delayed,  perhaps  by  precipitation  of  calcium. 

Phagocytosis  in  vitro  is  hastened  by  minute  amounts  of  KCN  but  delayed  by  large 
amounts.  The  effects  being  the  same  respectively  as  those  of  brief  and  prolonged 
asphyxia. 

Circulation. — The  effects  of  cyanides  on  the  circulation  are  identical  apparently  with 
those  of  asphyxia.  There  is  great  rise  of  blood  pressure  from  stimulation  of  the  vaso- 
motor center  followed  by  a  fall  as  the  center  and  the  heart  fail.  The  heart  is  first  rapid, 
but  even  during  the  high  blood  pressure,  becomes  very  slow,  and  then  irregular  as  the 
pressure  falls.  The  heart  continues  to  beat  after  the  respiration  has  stopped  and  may 
exhibit  groups  of  beats  after  apparently  ceasing.  It  may  also  be  revived,  at  least  for 
a  time  by  artificial  respiration.  As  the  arterial  blood  pressure  falls,  the  venous  pressure 
rises   (Chio). 

The  isolated  heart  of  the  frog  is  slowed  and  stops  in  diastole.  The  muscle  still 
responds  to  mechanical  stimuli  but  is  not  revived  by  atropine. 

Respiration. — All  the  cyanides  cause,  as  the  first  effect  of  small  doses,  a  marked  stimu- 
lation of  the  respiratory  center  with  increase  in  rate  and  depth  of  the  respirations.  The 
minute  volume  may  double  or  even  triple.  This  stimulation  with  small  doses  is  very 
transitory  lasting  at  most  a  few  minutes  and  usually  only  a  fraction  of  a  minute.  That 
it  is  due  to  interference  with  oxidations  is  indicated  by  the  fact  that  it  is  prevented 
by  simultaneous  injection  of  iodosobenzoate,  which  yields  active  oxygen  (Grove  and 
Loevenhart). 

The  gas  exchange  of  mammals  shows,  with  toxic  doses,  a  rise  followed  by  a  more 
marked  fall  (Geppert).  The  respiratory  quotient  is  not  altered  in  surviving  frog  muscle 
(Thunberg).  Sponges  exposed  to  dilutions  of  M/200,000  (1:4,000,000)  showed  a  very 
marked  increase  in  gas  exchange,  but  in  M/25,000  (1:500,000)  they  showed  a  very 
marked  decrease. 

Loevenhart  has  proposed  the  use  of  sodium  cyanide  solution  M/50  (1  percent.)  con- 
tinuously by  intravenous  perfusion,  2  to  6  cc.  per  minute,  as  a  clinical  method  of  stimu- 
lating respiration.  He  claims  that  there  is  no  danger  of  toxic  action  if  the  condition  of 
the  patient  is  carefully  watched  and  the  injection  interrupted  temporarily  on  the  appear- 
ance of  certain  symptoms.  The  method  is  of  value  in  certain  cases  of  brain  tumor, 
and  similar  conditions. 

Metabolism.^ — The  characteristic  action  of  all  the  cyanides  is  the  prevention  of  tissue 
respiration  by  interference  with  the  action  of  the  oxydases.  This  leads  to  a  reduction  in 
the  gas  exchange  and  a  general  reduction  in  all  chemical  processes  throughout  the  body. 
The  elimination  of  nitrogen  in  the  urine  is  increased  if  sufficient  amounts  are  given  to 
cause  convulsions,  otherwise  there  is  no  distinct  effect,  some  animals  showing  an  In- 
crease, others  a  decrease. 
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Chio,  in  a  large  series  of  experiments  on  mammals,  reached  the  conclusion  that 
although  the  interference  with  oxidation  accounted  for  the  effects  of  cyanides  on  isolated 
tissues,  there  was  not  enough  evidence  for  this  in  the  body.  He  gave  dogs  fatal  doses 
of  potassium  cyanide  and  after  death  tested  their  organs  for  oxydase  reactions,  finding 
no  diminution.  The  power  of  tissues  to  decompose  peroxide,  the  absorption  of  O^  in  vitro, 
the  catalytic  power  of  organ  extracts  and  the  glycolytic  power  of  the  liver  are  all  stopped 
by  addition  of  KCN  after  removal,  but  are  not  affected  by  injection  of  cyanides  during 
life.  Chio  believes  that  the  red  color  of  the  venous  blood  is  chiefly  due  to  an  enormous 
dilatation  of  the  capillaries,  the  blood  from  the  veins  spurting  as  from  arteries.  The 
toxic  symptoms  he  believes  are  due  to  reduction  of  the  alkalinity  of  the  blood  which  he 
found  very  marked  and  to  deprivation  of  calcium  which  is  precipitated.  He  states  that 
the  dyspnea  and  convulsions,  the  fall  of  arterial  and  rise  of  venous  pressure,  and  the 
reduced  coagulability  of  the  blood  are  all  caused  by  tartrates  and  other  calcium  precipi- 
tants.  Also  that  the*  toxic  action*  of  cyanides  is  almost  entirely  prevented  by  simultane- 
ous administration  of  calcium. 

Urinary. — After  repeated  large  doses  of  cyanides  dogs  may  show  inflammatory  and 
degenerative  changes  in  the  kidneys.  (Welker  and  Ditman).  Such  changes  have  not 
been  noted  in  human  poisoning.  The  alterations  in  the  urine  are  secondary  to  changes 
in  circulation  and  metabolism. 

Genital. — The  motions  of  the  isolated  uterus,  like  other  isolated  organs,  are  paralyzed 
by  cyanides  (Fardon). 

Cyanogen  gas  (C^NJ  resembles  hydrocyanic  acid  to  a  great  extent  in  its  action 
but  differs  in  the  following  respects,  according  to  Bunge.  It  is  much  less  toxic, 
about  five  times  as  much  being  required  to  cause  death.  When  given  in  moderate 
dose  or  by  inhalation  it  causes  much  more  restlessness  before  paralysis  sets  in  and 
there  is  some  topical  irritation  as  shown  by  lacrymation  and  coryza.  There  is 
more  violent  respiration  with  cyanogen  than  with  cyanides  and  the  breathing 
stops  very  suddenly.  The  pupil  is  likely  to  be  contracted  by  cyanogen  and  is  dilated 
by  prussic  acid.  Finally  after  death,  rigor  is  apt  to  set  in  early,  which  is  not  the 
case  with  cyanides. 

Therapeutics:  Topical. — A  lotion  of  dilute  hydrocyanic  acid  is  sometimes  em- 
ployed as  an  antipruritic,  but  there  are  other  agents  equally  effective  in  allaying 
itching,  and  on  account  of  the  danger  of  accidental  poisoning  a  resort  should  be  had 
to  this  drug  only  when  other  measures  have  failed. 

Systemic. — Internally,  diluted  hydrocyanic  acid  is  used  as  a  nerve  sedative,  in 
gastrodynia  and  nervous  dyspepsia,  and  for  the  relief  of  cough.  It  has  been  given 
also  in  mild  angina  pectoris,  the  so-called  pseudoangina,  but  the  nitrites  are  more 
efficacious  and  less  dangerous.  The  dose  should  not  exceed  IV2  minims  at  the  be- 
ginning but  may  be  cautiously  raised  to  3  minims,  always,  however,  returning  to  1^^ 
minims  when  a  fresh  preparation  is  used. 

Cherry-laurel  water  is  a  good  vehicle  for  cough  remedies  and  gastric  sedatives, 
but  it  is  an  uncertain  preparation  and  the  dose  employed  should  seldom  exceed  half 
a  fluidram. 

Bronchodilators 

Agents  which  relax  bronchial  spasm  and  cause  dilatation  of  the  bronchi  are  em- 
ployed to  meet  a  number  of  therapeutic  indications.  Several  of  them  are  of  distinct 
value  in  alleviating  attacks  of  asthma,  and  they  are  much  used  to  aid  in  the  effect 
both  of  sedative  and  of  stimulant  expectorants. 

Many  of  them  are  general  nerve  depressants,  such  as  bromides,  antipyrine, 
hyoscyamus  and  lactucarium.  Others  exert  a  specific  action  on  many  structures  inner- 
vated by  the  autonomic  system.  Among  these  the  most  important  is  atropine,  but 
scopolamine  (hyoscyamus),  stramonium,  lobelia,  tobacco,  ephedrine  and  epinephrine  are 
also  much  employed.    Stramonium,  tobacco  and  hyoscyamus  are  smoked  to  cause  relaxa- 
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tion  during-  asthmatic  attacks  and  ei)inei)hrine  is  injected  subcutaneously,  the  relaxing 
effect  coming  on  promptly  and  las^ting  an  hour  or  more,  if  not  cutting  the  attack 
short.  The  nitrites  are  also  fairly  quick  in  action,  nitroglycerin  dropped  on  the  tongue 
often  atfording  prompt  relief.  Iodides  are  useful  in  certain  cases  when  given  con- 
tinually to  lessen  the  tendency  to  asthma,  but  are  too  slow  to  be  useful  during  the 
attack. 

Euphorbia 

Euphorbia  grows  in  various  tropical  lands  and  has  been  used  by  the  natives,  chiefly 
in  respiratory  disorders.  It  was  introduced  into  Europe  in  1884,  but  has  never  been 
extensively  prescribed.    The  activity  is  believed  to  depend  on  an  unstable  glucoside. 

Summary  of  Actions  and  Uses. — ^Euphorbia  has  a  depressing  action  on  the  heart  and 
respiration  and  causes  relaxation  of  the  bronchi  by  central  action  (Marsset).  Applied 
to  the  skin  it  produces  vesication.    It  has  been  employed  in  asthma  and  chronic  bronchitis. 

Materia  Medica. — Euphorbia  (N.F.),  Euphorbia. 

The  entire  aerial  portion  of  Euphorbia  Irirta  Linne  (Fam.  Euphorbiacew).  Odor 
aromatic;  taste  bitter,  aromatic  and  acrid.  The  drug  is  administered  in  the  form  of 
a  decoction  (0.5  percent.),  tincture  or  extract. 

Dose,  not  used  in  substance. 

Elixir  Euphorble  Compositum  (N.F.),  Compound  Elixir  of  Euphorbia.  Abhr., 
Elix.  Euphorb.  Co. 

Each  fluidram  contains  o  minims  (0.2  cc.)  of  fluidextract  of  euphorbia;  ]-2  minim 
(0.03  cc.)  of  fluidextract  of  lobelia;  2  grains  (0.12  Gm.)  each  of  sodium  bromide  and 
sodium  iodide;  V2  minim  (0.03  cc.)  of  spirit  of  nitroglycerine. 

Dose,  1  to  2  fluidrams  '(4  to  8  cc). 

Eluidextractum  Euphorble  (N.F.),  Fluidextract  of  Euphorbia.  Abhr.,  Fldext. 
Euphorb.     Synonym  :    Fluidextract  of  Pill  Bearing  Spurge. 

Each  cc.  representing  about  1  Gm.  of  the  drug,  with  an  alcoholic  content  of  about 
57  percent. 

Dose,  15  to  45  minims  (1  to  3  cc). 

TiNCTURA  Euphorble  (unofiicial),  Tincture  of  Euphorbia.     Abbr.,  Tr.  Euphorb. 

Each  cc.  represents  0.2  Gm.  of  the  drug.    Contains  85  percent,  of  alcohol. 

Dose,  10  to  30  minims  (0.6  to  1.8  cc). 

Therapeutics. — Euphorbia  finds  a  very  limited  use,  being  mainly  employed  as  a 
constituent  of  cough  mixtures  containing  more  active  drugs.  It  finds  some  use  as  a 
bronchodilator  in  spasmodic  asthma  and  in  chronic  bronchitis.  It  is  occasionally  em- 
ployed in  small  dose  in  coryza  and  hay  fever,  and  still  more  rarely  as  a  cathartic,  in 
dose  of  3  to  10  grains,  and  as  an  emetic,  in  dose  of  10  to  20  grains. 

Dulcamara 

Materia  Medica. — Dulcamara  (N.F.),  Dulcamara.  Abhr.,  Dulcam.  Synonym: 
Bittersweet. 

The  dried  stems  and  branches  of  the  Solanum  dulcamare  Linne  (Fam.  Solanacew). 
All  portions  of  the  plant  are  active.  Odor  slight,  taste  bitter,  then  sweet.  In  powder, 
it  is  greenish-yellow. 

Dose,  of  substance  in  powder,  30  to  90  grains  (2  to  6  Gm.). 

Fluidextractum  Dulcamara  (N.F.),  Fluidextract  of  Dulcamara.  Abbr.,  Fldext. 
Dulcam.     Synonym:  Fluidextract  of  Bittersweet. 

Each  cc.  represents  1  Gm.  of  the  drug,  with  an  alcoholic  content  of  about  56 
percent. 

Dose,  30  to  60  minims  (2  to  4  cc). 
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Therapeutics. — Dulcamara  probably  depends  for  its  action  upon  solanine,  a  physio- 
logically active  substance  derived  from  practically  all  the  family  Solanacece.  Boiling 
water  and  alcohol  extract  all  of  the  virtues  of  the  drug.  In  addition  to  solanine,  the 
drug  contains  a  glucoside  which  has  not  been  studied  to  any  great  extent.  Dulcamara 
possesses  feeble  narcotic  properties  with  the  power  of  increasing  the  secretions,  espe- 
cially of  the  kidney  and  the  skin.  In  over-doses  it  produces  nausea,  vomiting,  faint- 
ness,  vertigo  and  convulsive  muscular  movements.  Its  chief  use  is  in  the  treatment 
of  scaly  cutaneous  eruptions. 

Solanum 

Materia  Medica. — Solanum  (N.F.),  Solanum.  Ahhr.,  Sulan.  Synonym:  Horse- 
nettle  Berries. 

The  air-dried  ripe  fruit  of  Solanum  carolinense  Linne  (Fani.  Solanacew),  appear- 
ing globose,  slightly  shrivelled  and  wrinkled;  pepper-like  odor,  bitter  and  acrid  taste. 

Dose,  30  to  60  grains  (2  to  4  Gm.). 

FLumEXTRACTUM  SoLANi  (N.F.),  Fluidcxtract  of  Solanmn.  Abbr.,  Fldext.  Solan. 
Synonym:  Fluidextract  of  Horse-nettle  Berries, 

Each  cc.  represents  1  Gm.  of  the  drug,  with  an  alcoholic  content  of  about  57 
percent. 

Dose,  30  to  60  minims  (2  to  4  cc). 

Therapeutics. — The  action  of  the  drug  probably  depends  on  two  active  principles, 
solanine  and  solanidine.  The  Eclectics  believe  that  the  alkaloid  in  the  plant  is  not 
identical  with  solanine  and  call  it  solnine.  Solanum  produces  stupor  with  tetanic 
spasms,  not  prevented  by  section  of  the  cord.  It  has  been  widely  used  by  the  negroes 
of  the  southern  U.  S.,  and  has  been  recommended  by  clinicians  in  epilepsy;  although 
its  usefulness  is  probably  limited,  it  is  an  adjuvant  to  the  bromides  in  this  condition. 


Respiratory  Adjuvants 

Respiratory  Gases 

The  respiratory  gases  are  two  in  number,  oxygen  and  carbon  dioxide.  These  are 
used  to  meet  entirely  different  indications.  Oxygen  is  administered  whenever  the 
carrying  power  of  the  blood  is  decreased  as  in  severe  anemia,  after  extensive  hemor- 
rhage or  in  poisoning  by  agents  which  combine  with  the  hemoglobin  (carbon  monoxide) 
or  destroy  it  (phenol,  acetanilid).  Carbon  dioxide  is  given  to  stimulate  the  respiratory 
center,  especially  in  threatened  failure  during  inhalation  of  surgical  anesthetics. 

Oxygen  msm^olua 

Oxygen  was  discovered  almost  simultaneously  by  Priestley  (1774)  and  by  Scheele 
(1775).  Lavoisier  (1774  to  1781)  explained  its  importance  in  combustion  and  respira- 
tion. Its  necessity  to  all  forms  of  life  is  now  recognized,  even  so-called  anaerobic 
growth  ceasing  in  its  entire  absence. 

Chemistry. — Oxygen  (0-16)  is  the  most  widely  distributed  element  on  the  surface 
of  the  world.  It  constitutes  about  1/5  of  the  air,  about  8/9  of  water,  and  is  present  in 
most  rocks  and  almost  all  organic  matter.  Combustion  is  chiefly  a  form  of  oxidation, 
and  similar  oxidations  yield  the  energy  of  plant  and  animal  life.  Oxygen  is  soluble 
in  water  at  body  temperature  to  the  extent  of  about  5  cc.  per  liter,  and  rather  less 
than  4  cc.  per  liter  in  physiologic  saline.  Blood  plasma  takes  up  about  3  cc.  Hemo- 
globin forms  a  loose  chemical  compound  with  oxygen,  one  molecule  of  each  combining. 
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Summary  of  Actions  and  Uses. — Oxygen  is  a  normal  constituent  of  the  body  and 
its  action  can  be  discussed  only  as  a  question  of  deficiency  or  excess.  Normal  life  can 
take  place  within  very  wide  limits,  as  the  amount  carried  by  the  blood  varies  much  less 
than   that  in  the  atmosphere. 

Oxygen  is  employed  topically  by  injection  in  infectious  processes,  especially  in 
anaerobic  infections  and  in  tubercular  and  septic  peritonitis.  It  is  injected  into  the 
pleural  cavity  to  hasten  the  absorption  of  exudates  and  to  cause  collapse  of  the  lung  In 
tuberculosis  and  hemorrhage.  If  continued  effect  is  desired,  nitrogen  is  preferable  as 
the  oxygen  is  rapidly  absorbed.  Injected  into  the  sac  of  a  hydrocele  it  may  cure  the 
condition  without  adhesions.  It  is  also  injected  into  body  cavities  to  break  up  adhesions 
and  to  aid  in  the  taking  of  x-ray  photographs. 

Systematically  oxygen  is  employed,  chiefly  by  inhalation  to  relieve  cyanosis  dependent 
on  pneumonia,  tuberculosis,  anemia,  methemoglobinemia,  carbon  monoxide  poisoning, 
morphine  poisoning  and  similar  conditions.  It  is  given  with  volatile  anesthetics  to 
prevent  asphyxia.  Inhalations  may  quiet  the  convulsions  of  eclampsia,  tetanus  and 
strychnine  poisoning.  The  beneficial  effect  of  inhalations  on  edema  of  the  glottis  and  of 
the  lungs  is  partly  topical  and  partly  systemic. 

Materia  Medica. — Oxygenium  (U.S.  X.),  Oxygen.    Ahhr.,  Oxygen. 

Contains  not  less  than  98  percent,  of  O  by  volume.  It  is  a  colorless,  odorless  and 
tasteless  gas;  one  volume  dissolves  in  34  volumes  of  water  and  in  3.G  volumes  of 
alcohol  at  25°  C. 

Antagonists  and  Incompat'ibles. — Oxygen  is  incompatible  with  all  readily  oxidized 
substances.    Its  action  is  opposed  to  that  of  CO,. 

Synergists. — Oxidizing  agents  and  peroxides  may  aid  in  its  topical  actions.  Its 
absoription  is  favored  by  alkalis. 

Dose,  used  as  an  inhalant  as  long  as  indicated  by  symptoms. 

Pharmacodynamic  Action:  Absorption  and  Elimination. — The  normal  adult  (70  kilo. 
150  lbs),  absorbs  daily  by  inhalation  into  the  lungs  about  540  liters  of  0,,  weighing  773 
Gm.  (about  26  oz.),  that  is  about  5  cc.  per  kilo,  per  minute.  During  exercise  this  amount 
may  be  more  than  doubled. 

It  is  not  certain  whether  the  absorption  of  oxygen  through  the  alveoli  follows  the 
simple  laws  of  diffusion  of  gases,  as  does  the  passage  of  CO,  in  the  opposite  direction, 
or  whether  there  is  an  active  absorption,  a  sort  of  reversed  secretion,  so  that  the  partial 
pressure  of  O,  in  the  blood  may  be  higher  than  that  in  the  alveolar  air.  It  is  claimed 
that  this   is  found   in  carbon  monoxide  poisoning    (Douglas  and   Haldane). 

Oxygen  is  commonly  absorbed  from  the  lungs  of  terrestrial  animals  but  is  taken 
up  readily  by  the  skin  of  frogs  and  certain  reptiles.  If  any  is  absorbed  by  the  skin 
or  by  other  mucosae  of  warm-blooded  animals  the  amount  is  of  no  importance.  Oxygen 
injected  subcutaneously  is  gradually  absorbed  and  utilized.  Life  can  be  sustained 
indefinitely  without  respiratory  movements  by  the  continuous  intravenous  injection  of 
pure  0..  In  man  150  to  300  cc.  per  minute  would  be  required,  but  a  small  fraction  of 
this   amount   may   aid   oxygenation   in   states   of   cyanosis. 

The  amount  of  oxygen  absorbed  by  the  blood  does  not  vary  directly  with  the  oxj'gen 
gas  pressure  of  the  air.  This  is  because  the  major  part  is  combined  with  hemoglobin  and 
this  is  nearly  saturated  with  oxygen  when  exposed  to  air  in  vitro.  If  the  oxygen  tension 
is  increased,  no  more  is  taken  up.  If  the  oxygen  pressure  is  gradually  decreased,  satura- 
tion is  still  almost  complete  until  a  pressure  of  70  mm.  is  reached,  corresponding  to  11 
percent,  of  oxygen  at  atmospheric  pressure.  The  arterial  blood  contains  about  18.5  cc. 
of  oxygen  combined  with  Hgbl.  and  about  0.5  cc.  dissolved  in  the  plasma  to  each  100  cc, 
while  if  shaken  with  air  in  vitro  the  corpuscles  will  take  up  20  cc,  the  plasma  0.6  cc.  At 
i/o  atmospheric  pressure  the  corpuscles  take  up  98  to  99  percent,  of  the  same  amount,  the 
plasma  only  half  as  much.  When  exposed  to  pure  oxygen,  the  corpuscles  take  up  only 
20  cc,  the  plasma  3  cc.  The  total  oxygen  of  the  blood  is  merely  increased  from  19  to  21.7 
percent.  As  the  oxygen  is  more  readily  released  from  the  plasma,  Haldane  considers  that 
this  represents  an  increase  of  about  40  percent,  in  the  easily  available  oxygen  of  the  blood. 
Breathing  pure  oxygen,  however,  causes  no  increase  in  the  total  oxidations  of  normal 
persons,  except  perhaps  after  vigorous  exercise.  In  case  the  hemoglobin  is  markedly 
reduced,  on  the  other  hand,  this  increase  may  be  of  great  importance.  If  the  hemo- 
globin is  reduced  to  30  percent.,  the  carrying  capacity  of  the  blood  is  increased  from 
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6  to  9  cc.  or  about  50  percent,  instead  of  only  10  percent.  Such  an  increase  may  easily 
save  life.  The  dissociation  curve  of  oxyhemoglobin  follows  the  la,vf  of  mass  action, 
show^ing  that  the  union  is  chemical.  The  affinity  of  hemoglobin  for  oxygen  is  lessened 
by  acids,  even  by  COo,  40  mm.  of  which  cuts  the  absorptive  power  in  half. 

Toxic  mul  Systemic  Action. — Oxygen  has  no  toxic  or  systemic  action  unless  given 
in  concentrations  approaching  or  above  that  of  1  atmosphere.  Birds  are  restless  and 
excited  in  pure  oxygen  (Claude  Bernard).  Pressures  of  li/.  atmospheres  of  pure  Oo 
cause  death  by  pneumonia  or  convulsions,  this  occurring  when  a  concentration  of  about 
28  cc.  per  100  cc.  of  blood  is  reached.  Similar  symptoms  are  produced  by  air  under  7 
atmospheres  pressure.    Fish  are  killed  by  10  volume  percent,  of  O^  in  the  water. 

Therapeutics:  Topical. — Oxygen  gas  is  not  readily  brought  in  contact  with  open 
sores  and  other  superficial  lesions  in  which  its  stimulating  and  revivifying  eiTects 
might  be  of  value,  and  the  oxygen  is  commonly  applied  to  such  areas  by  letting  it  be 
formed  in  situ  through  the  decomposition  of  hydrogen  dioxide  or  other  peroxides,  the 
application  of  which  is  often  of  value  in  obstinate  bedsores,  tuberculous  and  syphilitic 
ulcers  of  the  skin,  caries  of  bone,  and  senile  and  phagedenic  gangrene.  The  applica- 
tion of  ozonized  oxygen  by  means  of  an  Andriolis  ozonizer  is  of  great  usefulness  in 
the  treatment  of  caries  of  the  bones,  in  bedsores  occurring  in  typhoid  fever  and  in  all 
types  of  necrosis  and  gangrene.  We  have  been  able  to  confirm  Stoker's  favorable  report 
on  the  benefits  obtained  by  this  method.  Pure  oxygen  gas,  retained  in  position  by 
a  rubber  cap,  is  said  to  be  useful  as  a  stimulant  to  the  hair  roots  in  alopecia  areata. 

The  subcutaneous  injection  of  oxygen  gas  (which  may  be  forced  into  the  tissues 
through  an  ordinary  hypodermic  needle  attached  by  a  rubber  tube  to  an  oxygen  tank) 
is  of  value  in  many  forms  of  local  infection,  especially  those  associated  with  anaerobic 
organisms,  such  as  gas  gangrene.  Sutton  describes  beneficial  results  in  a  case  of 
gangrenous  balanitis.  Neuralgia,  especially  the  intercostal  form  accompanying  pul- 
monary tuberculosis,  is  often  relieved  by  injections  near  the  nerve. 

Intraperitoneal  injections  of  oxygen  following  abdominal  section  are  said  by 
Bainbridge  to  be  of  value,  especially  in  those  cases  in  which  peritonitis  is  present, 
pus  has  been  evacuated,  or  the  bowel  has  been  opened.  The  procedure  is  better  than 
injection  of  air,  as  the  oxygen  is  rapidly  and  completely  absorbed  and  the  escape  into 
a  vein  is  not  dangerous  as  the  bubbles  are  rapidly  fixed  by  the  red  cells.  Oxygen  may 
be  injected  into  the  large  body  cavities  for  diagnostic  purposes,  as  to  outline  the  organs 
for  x-ray  pictures,  and  injection  may  be  made  into  the  uterus  in  order  to  determine 
whether  the  Fallopian  tubes  are  patulous,  the  escape  of  the  gas  into  the  peritoneal 
cavity  being  readily  recognized. 

Baths  in  which  bubbles  of  nascent  oxygen  are  formed  have,  of  late  years,  come  to 
rival  the  better  known  carbon  dioxide  baths,  although  the  effects,  and  therefore  the 
therapeutic  indications,  are  different.  While  resulting  from  topical  application,  the 
effects  are  largely  systemic.  The  continuous  bombardment  of  the  skin  by  the  minute 
bubbles  arising  from  the  decomposition  of  sodium  perborate  (2  to  4  parts  in  1000  of 
water)  by  manganese  dioxide  (5  percent,  of  the  quantity  of  perborate)  produces  a 
mild  cutaneous  irritation  somewhat  resembling  the  effect  of  menthol.  The  skin  feels 
cool  pnd  is  slightly  hyperemic.  The  subjective  coolness  permits  baths  to  be  given  at  a 
higher  temperature  than  would  otherwise  be  agreeable  to  certain  patients,  for  ex- 
ample, subjects  of  Graves'  syndrome,  but  the  preferable  temperature  is  90  to  95°  F. 
(32  to  35°  C.)  of  the  body.  The  disengagement  of  gas  should  give  active  effervescence 
before  the  patient  enters  the  water.  The  duration  is  at  first  8  to  10  minutes,  but  is 
lengthened  gradually  until  a  limit  of  25  minutes  is  reached.  At  the  temperatures 
stated,  blood-pressure  is  commonly  slightly  diminished;  higher  or  lower  temperatures 
may  tend  to  increase  it.  In  the  upper  limit  or  beyond  it,  blood-pressure  may  fall  sud- 
denly and  markedly.    The  baths  are  usually  repeated  2  or  3  times  a  week  for  4  to  8 
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weeks.  The  baths  are  indicated  in  functional  and  fairly  well  compensated  organic 
cardiac  ajfections  and  in  arteriosclerosis  with  chronic  cardiac  dilatation.  The  bath 
tends  to  correct  abnormal  circulatory  function;  thu.s,  an  excessive  pulse  rate  is  lowered, 
irregularity  may  be  overcome,  high  blood-pressure  subsides,  and  the  size  of  the  heart 
is  demonstrably  diminished.  The  patient  experiences  a  delightful  sensation  of  re- 
freshment and  coolness  and  a  quieting  of  any  nervousness  or  excitement.  In  exoph- 
thalmic goiter,  the  baths  often  relieve  nervous  excitement,  palpitation  and  even  tachy- 
cardia. They  are  contraindicated  in  acute  and  febrile  heart  affections,  in  valvular 
lesions  with  badly  ruptured  compensation  and  in  all  forms  of  degeneration  of  the 
heart  muscle. 

Systemic. — The  chief  indication  for  the  systemic  administration  of  oxygen  is 
anoxemia.  This  occurs  in  a  variety  of  conditions  including  obstructions  to  the  respira- 
tory passages  or  other  forms  of  suffocation;  diminution  of  the  alveolar  absorbing  sur- 
face, as  in  pneumonia  and  pulmonary  edema;  lessening  of  available  hemoglobin,  as  in 
anemia  and  carbon  monoxide  poisoning ;  deficient  blood  flow  through  the  lungs,  as  in 
cardiac  insufficiency ;  respiratory  failure,  as  seen  during  surgical  anesthesia,  in  asphyxia 
neonatorum  and  certain  forms  of  paralysis. 

It  is  in  acute  pneumonia  that  anoxemia  occurs  with  the  greatest  frequency,  and 
oxygen  should  be  given  by  inhalation  whenever  there  is  cyanosis.  Cyanosis  and  de- 
lirium are  commonly  improved  or  relieved,  but  subjective  dyspnea  may  not  be  influ- 
enced. Oxygen  is  now  almost  universally  admitted  to  be  of  great  usefulness  and  even 
life  saving  in  certain  cases.  To  save  life,  however,  it  must  be  used  in  time,  in  suf- 
ficient quantity  and  in  the  right  way.  In  lobar  pneumonia,  an  abundant  supply  of 
fresh  air,  cold  or  warmed,  according  to  the  age  and  vigor  of  the  patient,  is,  in  the 
majority  of  cases,  the  best  form  in  which  oxygen  can  be  administered.  Cold  air  is, 
however,  only  for  the  lungs :  the  body  is  to  be  suitably  covered  and  the  bed  properly 
prepared — the  so-called  ''Klondike  bed."  Even  when  tent  or  roof  is  available,  some 
patients  need  additional  oxygen,  and  the  gas  is  all  the  more  necessary  in  crowded 
hospital  wards,  in  tenement  rooms  and  in  other  places  where  air  is  lacking  in  quality 
and  freshness.  Moreover,  with  the  aged,  the  very  young,  the  very  feeble,  and  in  nearly 
all  alcoholic  subjects,  as  well  as  in  the  bronchopneumonias,  exposure  to  the  open  air  is 
not  always  possible  or  judicious. 

Failures  in  the  use  of  oxygen  in  pneumonia — that  is  failures  to  obtain  such  help 
as  is  possible  in  the  individual  case — are  commonly  to  be  attributed  to  one  or  all  of 
three  errors  on  the  part  of  the  physician:  (1)  delay;  (2)  ineffective  methods  of  admin- 
istration; (3)  false  economy.  Its  use  must  not  be  postponed  until  the  patient  is 
moribund,  for  even  oxygen  will  not  revive  the  dead.  It  should  be  begun  as  soon  as 
there  is  the  first  indication  of  cyanosis  in  the  finger  nails  and  continued  until  adequate 
tissue  oxj'genation  can  be  had  without  effort  from  the  air.  It  must  be  given  properly, 
as  described  later  under  administration  methods,  and  it  must  be  given  for  effect,  enough 
and  long  enough.  This  may  mean  continuous  introduction  of  oxygen  into  the  air 
passages  for  24  or  48  hours  without  interruption — or  it  may  mean  inhalation  periods 
of  15  minutes  to  an  hour  or  two,  with  corresponding  intervals.  The  comfort  of  the 
sick  man  as  well  as  the  objective  symptoms,  especially  air  hunger,  the  condition  and 
color  of  the  skin,  the  frequency  and  character  of  the  respiration,  the  rate  and  force 
of  the  heart,  must  all  be  taken  into  consideration. 

In  chronic  respiratory  affections  both  dyspneic  and  non-dyspneic,  oxygen  may  be 
indicated.  It  may  have  high  palliative  value,  as  in  emphysema  and  in  chronic  pleu- 
risy; or  aid  in  bringing  about  recovery,  as  in  chronic  pneumonia  in  bronchitis  and  in 
laryngitis.  Its  efficacy  in  these  conditions  is  sometimes  much  increased  by  ozonization 
as  well  as  by  using  the  gas  as  a  carrier  of  terebinthinate  or  balsamic  vapors. 
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In  all  cases  with  obstruction  in  the  upper  air  passages  accompanied  by  dyspnea 
or  cyanosis,  oxygen  is  of  value.  In  any  condition  requiring  intubation  or  tracheotomy, 
oxygen  inhalations  may  be  of  great  benefit  both  before  and  after  the  operation.  In 
the  severe  paroxysmal  dyspnea  which  sometimes  occurs  in  whooping-cough,  in  laryn- 
gismus stridulus  and  in  spasmodic  croup  oxygen  may  be  of  service  as  a  palliative 
during  the  attack.  It  rarely  cuts  short  a  paroxysm,  however,  unless  used  as  a  carrier 
of  a  narcotic  or  antispasmodic  vapor  (as  ether,  chloroform  or  amyl  nitrite).  Even 
in  hopeless  forms  of  obstruction,  as  in  pressure  upon  the  windpipe  by  thoracic  aneu- 
rism, mediastinal  tumor,  inoperable  goiter  and  the  like,  the  use  of  oxygen  prolongs  life 
and  reduces  the  distress  of  the  dying. 

When  the  upper  air  passages  are  free  but  the  bronchioles  or  alveoli  obstructed, 
as  in  asthma,  pulmonary  edema,  catarrhal  pneumonia  {capillary  bronchitis  of  children, 
senile  pneumonia,  etc.)  oxygen  administered  in  time  and  freely  may  make  all  the 
difference  between  death  and  recovery. 

In  threatened  or  accomplished  failure  of  the  respiratory  motions,  oxygen,  either 
drawn  in  by  the  weak  movements  still  remaining  or  given  by  artificial  respiration,  is 
of  primary  importance.  In  surgical  inhalation  anesthesia  oxygen  may  be  mixed  with 
the  chloroform  or  ether  vapor,  or  used  to  carry  it,  either  for  the  whole  or  a  portion 
of  the  operation.  It  should  always  be  used  with  nitrous  oxide,  in  place  of  air.  In 
any  case,  oxygen  should  always  be  at  hand,  ready  for  use  in  case  cyanosis  or  respiratory 
failure  should  supervene  during  the  operation.  In  any  prolonged  operation  the  use 
of  oxygen  should  be  instituted  before  the  time  comes  to  withdraw  the  anesthetic  and 
it  should  be  continued  for  some  minutes  after  the  operation  is  concluded.  The  lia- 
bility to  accident  from  the  anesthetic,  both  during  and  after  the  narcotic  period  is 
thus  greatly  diminished.  It  is  not  the  part  of  wisdom  to  wait  for  untoward  symptoms 
before  a  hurried  resort  to  tjie  gas. 

In  coma  or  stupor  from  any  cause — as  heat  exhaustion,  uremia,  and  intoxication 
by  narcotic  and  other  poisons,  as  alcohol,  opium,  general  and  local  anesthetics,  coal  tar 
hypnotics,  etc.,  and  in  accidents  such  as  drowning,  hanging,  etc.,  oxygen  inhalations 
often  save  life.  Artificial  respiration  may  also  be  necessary  and,  if  necessary,  by 
the  method  of  forced  insufflation  through  a  laryngeal  or  tracheal  tube  or  an  opening 
into  the  windpipe. 

Inhalations  of  oxygen  are  also  of  much  benefit  when  the  failure  to  aerate  the 
blood  and  the  consequent  dyspnea  and  cyanosis  are  of  circulatory  origin;  hence  not 
only  in  the  severe  attacks  termed  cardiac  asthma  (which  are  usually  pulmonary  edema) 
but  also,  preventively,  in  the  routine  treatment  of  chronic  cardiac  affections  in  which 
compensation  is  deficient. 

In  affections  of  the  blood  associated  with  reduction  in  the  hemoglobin  content, 
oxygen  will  often  enable  proper  oxygenation  of  the  tissues,  which  would  be  impossible 
without  it.  In  pernicious  anemia,  chlorosis,  and  leukemia  as  well  as  in  secondary 
anemias  oxygen  is  of  distinct  service,  enabling  the  remaining  hemoglobin  to  become 
fully  saturated  and  even  increasing  the  amount  taken  up  by  the  plasma  when  this 
comes  in  contact  with  higher  percentages  than  those  in  the  air.  It  promotes  comfort 
and  greatly  prolongs  life  in  the  irremediable  cases  and,  in  the  others,  aids  the  re- 
covery which  is  hastened  by  hygienic  measures  and  roborant  medication.  In  poisoning 
associated  with  destruction  of  the  hemoglobin,  as  in  carbon  monoxide  poisoning,  oxygen 
inhalations  will  often  save  life  in  otherwise  hopeless  cases.  Oxygen  in  high  concen- 
tration may  break  down  the  union  betwen  the  hemoglobin  and  the  carbon  monoxide, 
which  is  too  firm  to  yield  to  the  concentration  ordinarily  found  in  the  alveoli.  Great 
benefit  is  also  seen  in  aniline  and  acetanilid  poisoning  and  in  any  intoxication  which 
leads  to  methemoglobinemia. 
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Inhalations  of  oxygen  and  of  ozonized  air  are  sometimes  useful  in  pulmonary 
tuherculosis.  There  are  times  during  the  progress  of  a  patient  toward  recovery,  when, 
for  some  not  easily  discoverable  reason,  improvement  comes  to  a  standstill,  or  a  steady 
decline  is  noted.  Under  such  circumstances,  fever  and  softening  being  absent,  the 
inhalation  of  oxygen  or  of  ozonized  air  for  some  10  to  20  minutes  daily  or  on  alternate 
days,  will  often  give  just  the  impetus  needed  to  restore  the  reparative  tendency.  In 
hopeless  cases  of  consumption,  toward  the  end,  when  dyspnea  becomes  a  source  of 
great  distress,  the  inhalation  of  oxygen  may  afford  considerable  relief  and  is  fully 
justified  as  a  palliative  measure.  Should  there  be  much  fever,  it  may  be  diluted  with 
20  to  40  percent,  of  nitrogen  monoxide.  In  acute  and  florid  cases  of  consumption  and 
in  chronic  cases  attended  with  persistent  fever,  or  presenting  liquefaction,  oxygen  is 
contraindicated.  It  increases  the  fever  and  hastens  the  breaking  down  of  tissue  and 
the  fatal  termination.  This  was  pointed  out  by  Beddoes  more  than  a  hundred  years 
ago,  during  the  first  enthusiasm  that  followed  the  discovery  of  the  gas,  and  the  recog- 
nition of  its  important  physiologic  functions. 

In  that  group  of  not  well  understood  psychic  disorders,  perhaps  best  termed  hypo- 
chondriasis, but  also  loosely  designated  as  neurasthenia  and  hysteria,  and  often  incor- 
rectly as  melancholia,  there  can  be  no  question  of  the  benefit  from  inhalations  of 
oxygen.  The  effect  is  not  suggestive  merely,  although  doubtless  suggestion  helps. 
Autointoxications  of  various  kinds, — enterointoxication,  faulty  metabolism,  etc. — 
play  a  large  part  in  the  production  of  the  symptoms.  Although  the  fact  is  at  present 
beyond  demonstration,  it  is  reasonable  to  suppose  that  the  oxygen  assists  the  com- 
bustion of  these  poisons  whether  or  not  it  also  stimulates  the  oxidative  and  eliminative 
processes.  It  often  relieves  the  insomnia  occasioned  by  mental  fatigue,  and  the 
digestive  disturbances,  usually  attended  by  perverted  secretion,  which  are  frequent 
in  the  disorders  under  consideration. 

Inhalations  of  oxygen  and  of  ozonized  air  seem  to  improve  nutrition  in  rickets 
and  in  the  scrofulosis  of  children,  in  arthritis  deformans  and  in  debilitated  states 
generally.  In  disorders  of  metabolism,  as  gout  and  diabetes  meUitus,  they  are  some- 
times of  remarkable  benefit,  especially  if  conjoined  with  alkalis  and  sometimes  with 
spermin.  In  a  few  cases  the  urine  will  gradually  become  free  from  sugar  and  from 
diacetic  acid  and  acetone  under  circumstances  in  which  only  the  treatment  could  be 
credited  with  the  result.  The  cases  benefited  are  in  the  main  chronic,  sluggish  ones, 
in  elderly  persons,  in  whom  the  ordinary  measures  are  but  partially  successful.  When 
diabetic  coma  is  threatened  despite  wise  regulation  of  the  diet,  and  even  more  urgently 
in  cases  in  which  such  regulation  has  been  lacking,  the  inhalation  of  oxygen  or  of 
ozonized  air,  in  conjunction  with  the  use  of  alkalines  by  the  stomach,  the  rectum,  the 
subcutaneous  tissue  or  veins  is  indicated  and  may  aid  in  averting  the  accident.  The 
same  combination  of  measures  is  useful  in  developed  coma.  This  use  of  oxygen  is 
less  often  indicated  now  that  insulin  is  available,  but  may  be  borne  in  mind  as  a 
possible  substitute  or  supplementary  measure. 

In  acute  disease  attended  by  profound  toxemia,  prostration  or  collapse,  as  in 
Asiatic  cholera,  cholera  infantum,  severe  cases  of  smallpox,  measles,  scarlatina,  typhoid 
fever,  endocarditis  and  sepsis,  as  well  as  in  uremic  poisoning ,  oxygen  will  afford  com- 
fort and  sometimes  greatly  assist  recovery. 

Administration. — Various  forms  of  elaborate  apparatus  have  been  devised  for  the 
administration  of  oxygen,  but  they  are  by  no  means  indispensable;  nor  can  approval  be 
given  to  those  forms  in  which  a  closed  circuit  is  set  up,  the  CO,  taken  out  of  the  expired 
gases  by  lime,  and  the  oxygen  again  inspired.  B.  W.  Richardson's  observations  on  the 
dangers  of  "rebreathed  oxygen"  are  not  to  be  lightly  dismissed.  While  simple  apparatus 
is  sufficient,  yet  care  is  necessary.  Insertion  of  the  soft  rubber  delivery  tube  into  the 
mouth  or  nostril  is  an  inadequate  measure  at  best,  and  compression  of  the  tube,  cutting 
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off  the  flow,  is  always  possible.  In  acute  illnesses,  and  especially  in  the  pneumonias, 
asphyxias,  etc.,  failure  will  almost  certainly  result  from  the  attempt  to  administer  oxygen 
by  nozzle  or  intranasal  tube.  The  greater  portion  of  the  gas  will  run  in  by  one  (nostril) 
and  out  by  the  other,  unless  the  catheter  be  carried  into  the  pharynx  below  the  level  of 
the  uvula — a  procedure  objectionable  from  many  viewpoints  and  only  to  be  adopted 
through  unavoidable  necessity.  When  a  cone  or  inverted  funnel  is  suspended  above  the 
mouth  and  nose,  most  of  the  oxygen  escapes  into  the  surrounding  atmosphere.  A  very 
light  face-mask  with  delicate  exhalation  valves  is,  perhaps,  the  most  desirable  as  well 
as  the  most  elegant  appliance;  but  ordinarily  a  mouthpiece — one  that  can  easily  be 
cleansed — will  answer.  It  should  be  of  not  easily  breakable  material — ivory,  bone,  hard- 
rubber,  metal — and  have  a  sufficient  aperture.  Meltzer's  device — in  effect,  a  long,  curved, 
metal  tongue  depressor  with  twin  channels,  one  communicating  with  the  air,  the  other 
with  the  source  of  oxygen — is  the  best.  In  cases  of  asphyxia,  or  in  any  instance  of 
artificial  respiration,  hand-operated  valves  may  be  attached,  which  are  to  be  opened 
and  closed  in  rhythm  with  the  patient's  natural  or  induced  chest  movements.  In  pneu- 
monia, however,  or  in  cases  with  Cheyne-Stokes  phenomena,  this  part  of  the  apparatus 
is  not  needed,  nor  is  it  practicable.  When  Meltzer's  terminal  is  not  at  hand,  the  mouth- 
piece, preferably  a  long  flat  one,  is  to  be  carried  as  far  back  upon  the  tongue  as  possible, 
with  due  regard  to  the  patient's  comfort;  the  effort  being  made  to  deliver  the  gas  within, 
or  nearly  within,  the  posterior  faucial  space.  However,  very  good  results  are  obtained 
when  the  mouthpiece  is  inserted  between  the  lips  and  teeth,  merely  above  the  tip  of  the 
tongue.  Either  way,  exhalation  takes  place  readily  through  the  mouth  (to  the  sides  of  the 
terminal  appliance),  and  through  the  nose.  In  chronic  cases,  and  especially  with  ambu- 
lant patients,  a  valved  face-mask  is  far  superior  to  any  other  device;  but  a  mouthpiece 
may  be  used. 

In  large  institutions,  especially  those  in  which  many  cases  of  pneumonia  are  treated, 
the  ideal  arrangement  is  to  provide  an  airtight  chamber  or  room  in  which  the  patient 
or  patients,  together  with  the  nurse  and  doctor,  when  necessary,  may  be  placed,  the 
atmosphere  of  the  entire  space  being  regulated  to  a  fixed  percentage  of  oxygen  and  of 
carbon  dioxide.  The  best  proportions  are  between  60  and  70  percent,  of  oxygen  and 
1  to  5  percent,  of  carbon  dioxide.  Binger  states  that  40  percent,  of  oxygen  as  actually 
respired  is  of  as  great  benefit  as  any  higher  proportion.  A  device  must  be  provided 
for  removing  the  expired  carbon  dioxide  from  the  air  as  it  accumulates.  A  muslin  tent 
over  the  patient  may  be  used  instead,  as  described  by  Guedel. 

In  patients  with  deficient  respiratory  movements,  as  in  narcotic  poisoning  and 
paralytic  conditions,  it  is  well  to  add  to  the  mixture  inhaled  from  any  form  of  appa- 
ratus, an  amount  of  carbon  dioxide  up  to  10  percent,  or  so.  This  is  the  most  efficient 
stimulant  of  the  respiratory  center  which  can  be  provided. 

As  a  source  of  oxygen  cylinders  containing  the  compressed  gas  (either  pure,  or 
diluted  with  nitrous  oxide)  are  most  commonly  employed,  but  the  recently  disengaged 
gas  is  to  be  preferred  and  is  now  readily  obtained  from  the  cartridges  of  fused  sodium 
dioxide  prepared  for  this  purpose.  Every  physician  should  have  some  such  easily  carried 
source  of  oxygen  at  hand,  for  when  wanted  it  is  usually  wanted  quickly.  In  emergencies 
all  precautions  may  be  neglected,  but  it  is  best  to  run  the  gas  through  clean  water  in  a 
wash  bottle,  the  rate  of  flow  being  regulated  by  watching  the  bubbles  passing  through 
the  liquid.  It  should  ordinarily  be  such  that  the  individual  bubbles  can  just  be  recog- 
nized, that  is  just  short  of  a  continuous  stream. 

Oxygen  may  also  be  administered  subcutaneously,  as  absorption  is  complete  and 
rapid;  or  even  by  vein,  a  slow  continuous  stream  of  bubbles  passing  through  sterile 
water  before  entering  the  intravenous  needle.  If  the  stream  is  not  too  rapid,  gas 
embolism  is  not  to  be  feared. 

Medicinal  vapors  may  be  associated  with  oxygen  or  ozone  by  passing  the  gas  through 
or  over  the  volatile  substance,  in  a  suitable  flask  or  wash  bottle.  Among  agents  thus 
usefully  employed  as  antispasmodics,  as  respiratory  stimulants,  as  expectorants,  as 
antiseptics,  as  local  alteratives,  etc.,  are  ether,  chloroform,  amyl  nitrite,  ammonia,  iodine, 
bromine,  benzoin,  terebene,  eucalyptol  and  volatile  oils  in  general.  Whether  any  par- 
ticular substance  is  to  be  used  alone,  or  diluted — and,  if  diluted,  with  what  solvent,  and 
in  what  concentration — will  depend  (1)  upon  its  physical  and  chemical  properties,  and 
(2)  upon  the  special  effect  desired.  The  medicated  gas  may  be  used  directly  as  pre- 
pared, or  collected  in  a  suitable  receptacle  (of  glass  in  the  case  of  ozone),  and  a  fixed 
quantity  inhaled  from  this  through  a  mask  or  mouthpiece  with  regulating  attachment. 

When  ether  is  to  be  used — if  not  in  anesthetic  quantity — the  following  plan  is  con- 
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venient.  In  a  two-necked  bottle,  one  neck  of  which  is  furnished  with  a  delivery  tube 
and  valved  mouthpiece,  are  placed  2  ounces  (60  cc.)  or  more  of  ozonic  ether  and  through 
a  funnel  in  the  other  opening  is  poured  1  ounce  (30  cc.)  of  a  solution  of  potassium 
permanganate  (1:60)  in  water.  This  opening  is  then  corked,  and  the  patient  begins 
to  inhale  oxygen  and  ether  through  the  mouthpiece. 

Carbon  Dioxide 

Carbon  dioxide  is  of  importance  as  being  the  toxic  agent  in  asphyxia  and  as  the 
regulator  of  and  stimulus  for  normal  respiration.  The  knowledge  of  its  physiologic 
importance  dates  approximately  with  that  of  oxygen. 

Chemistry. — Carbon  dioxide  (COJ  when  dry  is  an  inert  gas,  but  in  contact  with 
water  forms  carbonic  acid,  II^CO,,  which  acts  as  a  weak  acid,  producing  the  chemical 
and  physiologic  effects  of  such.  Unlike  oxygen  it  does  not  enter  into  combination  with 
hemoglobin,  although  a  related  compound,  carbon  monoxide,  CO,  forms  a  union  200 
times  as  strong  as  that  of  oxygen. 

Summary  of  Actions  and  Uses. — Topically  solutions  of  COj  are  irritant,  causing  a 
prickling  sensation  on  the  skin  and  in  the  throat,  followed  by  lessened  sensation. 
Systemically  it  acts  as  a  stimulant  to  most  of  the  nerve  centers,  especially  the  respiratory 
center,  the  vasomotor  center  and  the  motor  centers. 

Materia  Medica. — Carbon  Dioxidum  (unofficial).  Carbon  Dioxide.  Ahhr.,  Carbon 
Diox.    Synonyms :    Carbonic  Acid  Gas,  Carbonic  Acid,  Carbonic  Anhydride. 

Occurs  naturally  in  the  atmosphere;  is  produced  by  the  breathing  of  animals 
and  the  decomposition  of  organic  matter.  It  may  be  prepared  by  the  action  of  hydro- 
chloric or  other  acids  on  carbonates. 

Dose,  by  inhalation  to  increase  depth  of  respiration;  externally  in  the  solidified 
(snow)  form  as  an  escharotic. 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Carbon  dioxide  is  ab- 
sorbed from  and  eliminated  from  the  lungs  and  less  readily  from  other  mucosae.  Its 
passage  in  either  direction  follows  the  laws  of  gas  pressure,  the  amount  absorbed  or 
eliminated  being  directly  proportional  to  the  relative  pressure  in  the  blood  and  the 
alveolar  air. 

Topical  Action. — Strong  solutions  of  carbonic  acid  in  water  are  quite  irritant, 
causing  redness  and  tingling  of  the  skin  and  inflammation  if  long  applied  to  mucous 
membranes.    Even  in  saturated  solution,  the  action  is  not  destructive. 

Toxic  and  Systemic  Action. — ^Carbon  dioxide  acts  as  a  general  stimulant  to  most 
nerve  centers,  but  is  generally  depressing  to  muscle  and  gland  cells.  In  the  intact 
animal,  peristalsis  is  increased  by  inhalations  of  CO,,  although  applied  to  intestinal 
strips  in  vitro  it  may  cause  loss  of  tonus.  The  blood  is  affected  as  by  other  acids,  the 
viscosity  being  slightly  increased  and  the  carrying  capacity  of  hemoglobin  for  oxygen 
being  markedly  impaired.  The  action  on  the  circulatory  system  is  of  great  importance. 
The  vasomotor  center  is  stimulated,  and  in  asphyxia  the  blood  pressure  rises  from 
constriction  of  the  splanchnic  vessels.  The  pressure  in  the  pulmonary  artery  also  rises 
(Wood).  Perfused  vessels  are  dilated,  as  are  those  of  the  skin  in  systemic  poisoning, 
flushing  of  the  face  characterizing  the  early  stage  of  asphyxia.  The  heart  is  slowed  by 
excitation  of  the  vagus  center,  but  after  vagotomy  is  slowed  as  is  the  isolated  organ. 
The  output  of  the  intact  heart  is  increased  after  inhalation  of  COo,  that  of  the  isolated 
organ  is  lessened  if  the  gas  is  added  to  the  perfusion  fluid.  The  chief  action  of  small 
amounts  of  COj  is  on  the  respiratory  center,  which  is  markedly  stimulated.  The  volume 
of  respiration  is,  under  normal  conditions,  controlled  by  the  percent,  of  CO.  in  the 
blood  supplied  to  the  respiratory  center,  and  a  rise  of  0.2  percent,  in  the  alveolar  air 
doubles  the  respiratory  volume.  Reduction  may  lead  to  apnea.  Under  the  influence 
of  carbon  dioxide  increase,  or  of  asphyxia,  metabolism  is  disturbed,  hyperglycemia  and 
glycosuria  being  found.  This  does  not  occur  if  the  adrenals  are  previously  removed  or 
the  liver  is  excluded  from  the  circulation,  showing  that  glycogenolysis  is  stimulated  in 
the  liver  but  not  in  the  muscles.  The  motor  centers  are  directly  stimulated,  clonic  or 
more  rarely  tonic  convulsions  characterizing  extreme  and  fairly  rapid  asphyxia.  If 
asphyxia   is   produced   very   gradually,   paralysis   and   coma   may   supervene   and    motor 
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excitement  be  wanting.     The  pupil  is  dilated,  by  inhibition  of  the  oculomotor  center. 
Peripherally  CO2  constricts  the  pupil  of  the  frog  (Auer). 

Therapeutics:  Topical. — The  use  of  dry  carbon  dioxide  gas  as  an  application  to 
inflamed,  infected  and  painful  surfaces  has  been  especially  praised  by  Achilles  Rose 
of  'New  York  City.  He  allows  the  dry  gas  to  flow  from  the  tank  directly  upon  the 
surface  to  be  treated,  holding  it  in  contact  if  necessary  by  any  convenient  means.  He 
finds  it  particularly  useful,  however,  in  ulcerative  and  catarrhal  conditions  of  mucous 
membranes.  Ulcerations  of  the  rectum  are  treated  by  filling  the  rectum  with  gas 
under  light  pressure  several  times  a  day.  Relief  from  pain  is  almost  immediate  and 
healing  is  often  prompt.  Similar  treatment  is  adopted  in  the  treatment  of  dysentery. 
Anal  fistulas  may  be  treated  by  passing  the  gas  through  the  fistulous  tract  into  the 
rectum  by  means  of  a  glass  dropper  inserted  into  the  outer  opening.  Pain  and  ten- 
esmus are  always  promptly  relieved  in  these  conditions  even  when  the  ulceration  is  not 
healed.  Otitis  media  is  treated  successfully  by  passing  the  gas  into  the  middle  ear 
through  a  eustachian  catheter.  In  acute  rhinitis  inhalation  of  the  pure  gas  is  of  value. 
Inhalation  may  produce  anesthesia  of  the  larynx  in  painful  ulcerations  of  this  organ. 
Cystitis  may  be  greatly  improved  by  dilating  the  bladder  with  carbon  dioxide  under 
pressure.  Various  affections  of  the  uterus  may  be  relieved  by  introduction  of  the  gas 
into  the  vagina.  Vaginismus,  menorrhagia  and  menorrhalgia  and  painful  spasm  of  the 
OS  uteri  during  labor  are  among  the  conditions  which  Rose  has  treated  with  success. 
The  action  may  be  summed  up  by  stating  that  the  applications  are  locally  anesthetic, 
mildly  antiseptic,  and  that  they  cause  relaxation  of  spasm  and  stimulate  healing. 

One  of  the  most  important  topical  uses  of  carbon  dioxide  is  as  a  means  of  pro- 
ducing extreme  cold.  The  carbon  dioxide  is  compressed  until  it  is  obtained  as  a 
liquid,  which  is  confined  in  metal  cylinders.  As  it  escapes  from  the  cylinder,  part 
evaporates,  giving  rise  to  sufficient  chilling  to  freeze  the  rest  to  what  is  termed  "carbon 
dioxide  snow."  This  snow  may  be  formed  into  sticks  which  are  applied  to  naevi,  slug- 
gish ulcers  and  similar  lesions  where  a  mild,  but  peneti'ating  caustic  action  is  desired. 
The  chief  eii'ect  of  the  intense  cold  is  to  cause  formation  of  scar  tissue  with  resulting 
closure  of  blood  vessels  and  reduction  of  the  excessive  vascularity. 

The  topical  application  of  carbonic  acid  to  the  skin,  in  the  form  of  baths,  pro- 
duces, as  in  the  case  of  oxygen  baths,  systemic  rather  than  topical  effects.  Two  types 
of  bath  are  distinguished :  Those  in  which  carbonic  acid  under  pressure  is  released  from 
water  as  fine  bubbles ;  and  those  in  which  dry  carbon  dioxide  gas  is  brought  into  con- 
tact with  the  dry  skin.  The  first  of  these  attained  a  great  reputation  some  years  ago 
through  the  beneficial  effects  exerted  on  patients  with  chronic  affections  of  the  heart 
by  the  natural  carbonic  acid-salt  baths  of  Nauheim,  Germany.  The  best  method  of 
preparing  such  baths  artificially  is  to  convey  CO^  gas  under  pressure  into  a  mixing 
cylinder  and  to  let  the  charged  water  flow  into  the  tub  at  the  desired  temperature  just 
before  the  patient  enters  the  water.  If  suitable  apparatus  is  not  at  hand  sodium 
carbonate  may  be  dissolved  in  the  water  and  a  molecular  amount  of  tartaric  acid 
added  just  before  the  bath  is  entered.  In  either  case  the  water  should  be  at  a  tempera- 
ture of  86  to  96°  F.  (30  to  36°  C.)  depending  on  the  condition.  The  bath  lasts  8  to 
20  minutes,  after  which  the  patient  is  wrapped  in  a  bath  towel,  quickly  dried  and  rests 
V2  to  %  of  an  hour.  The  rest  period  is  followed  by  light  exercises  (Schott  movements). 
The  baths  are  especially  useful  in  patients  with  myocardial  degeneration  and  with  the 
nervous  affections  of  the  heart,  such  as  those  arising  from  tobacco  and  from  overwork. 
They  may  be  given  with  caution  in  persons  with  valvular  lesions  and  decompensation. 
The  blood  pressure  should  fall  during  the  bath,  if  it  be  unduly  high,  but  may  rise 
slightly.  The  baths  are  contraindicated  in  patients  with  adynamia  and  hypotension. 
The  pulse  is  slowed  and  strengthened,  the  respiration  deepened.     The  baths  may  be 
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p:iven  twice  a  week  or  oftener  according  to  the  condition  and  reaction  of  the  individual 
patient. 

The  dry  carbon  dioxide  baths  produce  the  same  dilatation  of  the  cutaneous  vessels, 
the  same  sense  of  heat  and  exhihiration,  and  the  same  stimulation  of  respiration,  the 

chief  diflference  being  that  the  blood  pressure  commonly  rises.  The  patient,  fully 
dressed,  sits  in  a  tub,  shaped  like  a  bath  cabinet.  A  lighted  candle  is  placed  about 
the  level  of  the  ensiform  cartilage.  Dry  COj  gas  enters  at  the  bottom  of  the  tub,  and 
as  soon  as  the  candle  is  extinguished,  the  flow  is  shut  off.  The  patient  then  stays  in 
the  bath  for  20  minutes.  After-treatment  is  the  same  as  that  described  for  the 
Nauheim  baths.  The  indications  are  also  the  same,  except  that  low  blood  pressure 
is  less  a  contraindication.  These  baths,  through  stimulating  the  skin  of  the  perineum 
and  surrounding  parts,  may  act  beneficially  in  tiervotis  impotence,  and  atony  of  the 
uterus  as  well  as  in  vaginismus. 

Systemic. — For  systemic  effect  carbon  dioxide  gas  is  given  by  inhalation.  The 
chief  effect  is  a  stimiilation  of  respiration,  partly  reflex,  but  chiefly  by  a  direct  action 
on  the  respiratorj'  center.  The  gas  is  rarely  given  alone,  but  is  often  added  to  other 
gases,  as  to  oxygen,  nitrous  oxide,  etc.,  when  stimulation  of  the  respiratory  movements 
is  desired. 

The  pure  gas  may  be  given  by  the  rectum,  from  which  it  is  rapidly  absorbed  and 
excreted  by  the  lungs.  It  is  said  that  inflation  of  the  rectum  exerts  a  beneficial  effect 
on  the  paroxysms  of  whooping-cough  and  of  asthma  and  that  the  increased  ventilation 
of  the  lungs  aids  in  the  recovery  of  chlorosis  and  other  forms  of  anemia. 

Administration. — Carbon  dioxide  is  supplied  in  cylinders  containing  the  gas  under 
pressure,  and  is  most  conveniently  obtained  from  these,  by  bubbling  the  escaping  gas 
through  water  in  a  wash  bottle.  Addition  of  a  small  amount  (less  than  1  percent.)  of 
sulphuric  acid  to  the  water  prevents  it  from  absorbing  the  gas.  The  undiluted  gas  may 
be  injected  into  fistulous  tracts  or  into  the  rectum  or  bladder  through  suitable  cannulas. 
When  used  by  inhalation  it  must  be  diluted  to  a  strength  of  not  more  than  10  percent., 
more  commonly  2  to  5  percent.,  by  oxygen,  nitrous  oxide  or  air. 

The  gas  may  be  formed  in  situ  by  Introducing  first  sodium  bicarbonate  in  solution, 
followed  by  a  solution  of  a  somewhat  smaller  amount  of  tartaric  acid  likewise  in  solution. 
Thus  for  use  in  the  rectum,  2Y>  drams  (10  Gm.)  of  soda  may  be  used  and  2  drams  (8  Gm.) 
of  the  acid.  The  use  of  this  device  for  dilatation  of  the  stomach  for  diagnostic  purposes 
is  hot  without  danger,  and  a  few  cases  of  rupture  of  deep  ulcers  following  it,  have  been 
reported. 

DRUGS  ACTING  ON  THE  METABOLISM 

Strictly  speaking,  all  drugs  as  well  as  all  foods  affect  the  body  by  altering  its 
metabolism.  Even  the  absorption  and  elimination  of  a  salt  or  of  a  plant  principle 
involves  some  change  in  the  chemistry  of  the  organism,  often  including  alterations 
of  a  secondary  nature,  which  would  hardly  be  anticipated. 

Obviously  all  those  drugs  which  produce  alteration  in  the  structure  of  tissues 
must  cause  incidentally  changes  in  their  chemical  processes.  These  changes  are 
often  largely  local,  and  may  influence  the  total  metabolism  very  little. 

Drugs  influencing  metabolic  processes  may  alter  those  dealing  with  the  physical 
balance  of  the  organism,  such  as  the  acid-base  equilibrium;  they  may  alter  the  salt 
balance;  the  carbohydrate;  the  fat  or  the  protein  and  nitrogen  metabolism.  Drugs 
may  also  alter  the  chemical  processes  within  the  individual  cell,  some  or  all  of  the 
above  changes  being  simultaneously  involved.  Two  special  phases  of  physiologic 
control  are  closely  associated  with  metabolic  processes;  the  control  of  body  tem- 
perature and  the  functional  activities  of  the  endocrine  glands. 

The  acid-base  equilibrium  is  disturbed  or  restored  most  strikingly  by  administra- 
tion of  acids  or  alkalis.     The  alkali  salts  of  many  organic  acids  (citric,  acetic)  func- 
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tion  as  alkalis,  the  acid  radical  being  digested  and  the  base  forming  an  alkali  car- 
bonate. Acidosis  is  not  readily  induced  by  administration  of  weak  acids  by  mouth, 
as  the  nitrogen  metabolism  is  altered  with  the  formation  of  ammonia  instead  of 
urea.  Acidosis,  however,  is  likely  to  result  during  narcosis  by  chloroform  ether  or 
other  volatile  anesthetics. 

The  salt  balance  may  be  disturbed  by  administration  of  large  amounts  of 
potassium  salts  either  by  mouth  or  parenterally.  Calcium  may  be  removed  from 
the  blood  by  lime  precipitants,  such  as  oxalates,  citrates,  fluorides.  The  salt  content 
of  the  plasma  may  be  increased  by  the  action  of  drastic  purgatives.  Substitution 
of  blood  salts  by  iodides  and  bromides  may  occur  during  administration  of  these. 

These  alterations  in  the  physical,  physicochemical  and  salt  balance  can  hardly  be 
classed  as  stimulation  or  depression  of  the  metabolic  processes.  In  dealing  with  the 
metabolism  of  carbohydrates,  fats  and  proteins,  on  the  other  hand,  two  phases  can 
be  distinguished:  (1)  The  deposition  of  these  substances  in  the  body  (anabolism, 
nutritive  stimulation) ;  (2)  their  removal  or  destruction  (catabolism,  nutritive  de- 
pression). Either  of  these  phases  may  be  increased  or  decreased  by  drug  action, 
and  a  given  drug  may  affect  proteins  in  one  way  and  fats  or  carbohydrates  in 
another. 


Nutritive  Stimulants 

A  decrease  of  tissue  waste  in  general,  that  is,  of  total  metabolic  activity,  is  brought 
about  indirectly  by  several  kinds  of  drug  action.  Rest  has  such  an  effect  and,  there- 
fore, all  those  medicaments  which  quiet  or  depress  the  nerve  centers  and  restrain 
motion,  including  the  hypnotics,  narcotics,  and  antispasmodics,  lessen  metabolic  waste. 
We  may  cite  as  examples  of  drugs  exerting  such  an  effect,  opium  and  its  alkaloids, 
alcohol,  bromides,  cannabis  and  resorcin.  A  similar  reduction  in  all  metabolic  processes 
accompanies  reduction  of  body  temperature,  and  is  seen  especially  in  fever,  after  all 
antipyretics,  including  anti^yrine,  alcohol  and  quinine. 

Certain  agents  exert  a  more  direct  or  specific  stimulating  action  on  nutrition, 
being  called  tonics,  or  roborants.  These  substances,  as  a  rule,  excite  tissue  waste  when 
given  in  large  doses  and,  thus,  according  to  circumstances,  are  either  nutritive  stimu- 
lants or  nutritive  depressants.  Phosphorus  is  perhaps  the  best  example  of  this  group, 
but  as  its  effect  in  full  dose  is  that  of  a  nutritive  depressant,  we  have,  in  accordance 
with  the  general  principles  enunciated  in  Part  I,  under  primary  and  secondary  action, 
placed  it  with  nutritive  depressants.  Similar  in  action  are  arsenic,  mercury  and 
perhaps  gold,  all  of  which  are  considered  with  antiseptics,  and  strychnine  and  cocaine, 
which  are  placed  with  drugs  acting  on  the  nerve  system. 

Special  phases  of  nutrition  are  favored  by  certain  agents.  Thus,  formation  of 
hemoglobin  and  of  red  blood  cells  is  stimulated  by  iron  and  germanium  and  perhaps 
by  arsenic.  Mercury  exerts  a  like  effect  in  some  cases  of  anemia,  especially  those 
associated  with  syphilis.  Insulin,  and  to  a  less  extent,  opium,  alcohol  and  jambul, 
check  the  excessive  breaking  down  of  fats  in  diabetics  and  reduce  glycosuria.  Normal 
carbohydrate  metabolism  is  reduced  by  many  of  the  essential  oils.  Nitrogen  excretion 
is  markedly  lessened  by  quinine,  although  fats  and  carbonates  are  not  spared. 

Foods  are,  of  course,  closely  related  to  nutritive  stimulants  and  those  peculiar 
food  factors,  the  vitamins,  have  a  determining  influence  on  certain  nutritive  processes. 
Thus  the  antirachitic  vitamin,  as  found  in  cod-liver  oil,  controls  the  deposition  of 
lime  and  phosphorus  in  the  bones.  Recent  studies  indicate  that  the  active  vitamin  is 
cholesterol  altered  by  exposure  to  ultraviolet  light. 
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Nutritive  Depressants 

General  nutritive  activity,  that  is,  tissue  waste,  is  increased  by  agencies  the 
reverse  of  those  just  described. 

Exercise  increases  metabolism,  and  all  drut?s  which  cause  restlessness,  tremors  or 
convulsions  act  similarly.  We  may  cite  strychnine,  picrotoxin,  sparteine,  caffeine, 
santonin,  and  cocaine.  Increase  in  body  temperature  has  a  like  effect,  as  is  seen  in  the 
action  of  cocaine  and  of  ergot.  The  catabolic  effects  of  radium  and  radioactive  sub- 
stances, perhaps  including  potassium,  is  obscure  in  its  nature,  but  can  be  partly 
imitated  by  exposing  animals  to  light  after  giving  them  fluorescent  dyes,  such  as  eosin. 

The  oxidative  processes  of  the  body  are  increased  by  thyroid  substance  and  by 
iodides,  as  well  as  by  large  doses  of  arsenic,  phosphorus,  antimony  and  mercury.  All 
of  these  substances  cause  profound  alterations  in  nil  the  metabolic  processes,  especially 
that  of  fat. 

Destruction  of  circulating  carbohydrates  is  brought  about  by  insulin  and  de- 
pressed by  pituitary  extract.  General  protein  destruction  is  increased  by  mercury 
and  by  antimony.  The  hemoglobin  is  altered  or  destroyed  by  many  drugs,  including 
phenol  bodies,  aniline  compounds,  lead  and  mercury. 

Included  among  nutritive  depressants  may  be  those  agents  which  modify  the  uric 
acid  metabolism,  whether  they  act  in  some  obscure  manner  (colchicum),  increase  purin 
elimination  (atophan,  salicylates,  iodides),  or  render  uric  acid  more  soluble  (pipera- 
zine,  qiiinic  acid,  lithium). 

General  Nutritive  Depressants 

Phosphorus 

Phosphorus  was  discovered  in  certain  earths  in  the  last  half  of  the  seventeenth 
century,  and  almost  a  hundred  years  later  it  was  shown  that  this  mysterious  substance 
which  glowed  in  the  dark  was  also  present  as  phosphate  in  the  bones  and  in  organic 
combination  in  the  central  nerve  system.  The  crude  element  was  used  as  a  remedy  in 
various  disorders,  but  gradually  came  to  be  prescribed  chiefly  for  depressed  nervous 
and  mental  states.  The  doses  originally  given  ranged  from  0.2  to  0.8  Gram  (3  to  12  gr.), 
and  it  is  probable  that  fatal  poisoning  occurred  in  many  cases.  Fully  oxidized 
phosphorus  (as  in  phosphates)  does  not  share  the  medicinal  (rickets  and  similar  bone 
affections  excepted)  or  toxic  properties  of  the  element,  but  about  1857  Churchill  of 
Paris  made  the  claim  that  partly  oxidized  phosphorus  (as  in  hypophosphites)  stimu- 
lated the  processes  of  repair  in  tuberculosis.  In  spite  of  ridicule,  his  idea  found 
wide  acceptance  and  the  hypophosphites  still  have  considerable  vogue. 

Chemistry. — Phosphorus  is  of  great  importance  in  normal  metabolism.  As 
calcium  phosphate  it  forms  a  large  part  of  the  bones,  and  in  lipoid  combinations, 
such  as  lecithin,  it  is  an  indispensable  constituent  of  nerve  tissues,  and  perhaps  of  all 
cells.  It  is  present  in  small  proportion  in  all  nucleoproteids,  and  its  avidity  for 
oxygen  suggests  that  oxidation  of  some  compound  containing  it  is  the  basic  source  of 
vital  energy. 

Elementary  phosphorus  has  two  allotropic  forms:  white  and  red  phosphorus. 
Only  the  former  possesses  physiologic  and  toxic  activities.  The  peculiar  action  of  white 
phosphorus  on  nutrition  is  shared  to  some  degree  by  certain  organic  compounds  such 
as  lecithin,  and  perhaps  by  glycerophosphates  and  hypophosphites.  These  substances 
are  non-toxic.  The  inorganic  phosphates  are  utilized  in  the  formation  of  osseous 
tissue  and   are  indispensable  to  the  growing  animal. 
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Summary  of  Actions  and  Uses. — The  importance  of  phosphorus  in  the  body  chemistry 
would  lead  one  to  expect  from  its  administration  a  marked  influence  upon  nutrition. 
Such  influence  is  indeed  observed,  but  it  does  not  bear  the  close  relation  that  might  have 
been  anticipated  to  the  special  structures  into  whose  composition  the  element  most 
largely  enters.  Rather  it  seems  to  depend  on  a  far-reaching  influence  over  all  the 
oxidative  processes  of  the  organism,  a  reflection,  as  it  were,  of  the  peculiar  relation  of 
phosphorus  to  combustions  and  oxidations  outside  the  body.  The  effects  are  almost 
wholly  nutritive  and  all  other  alterations  in  function  are  secondary  to  metabolic  dis- 
turbances. 

The  effect  of  the  drug  on  the  body  is  made  very  puzzling  by  the  fact  that  even 
minute  amounts  may  cause  such  disturbances  of  nutrition  as  to  upset  the  entire 
chemical  regulation  of  the  body;  yet  these  changes  are  brought  about  by  a  shifting  of 
the  products  of  metabolism  within  the  body,  and  even  after  poisonous  doses  the  elimina- 
tion of  waste  products  and  absorption  of  nutriment  may  show  very  little  alteration 
until  death  is  near. 

In  medical  practice  phosphorus  is  used  as  a  general  stimulant  of  metabolism,  par- 
ticularly in  persons  whose  oxidative  processes  are  shown  to  be  low  by  obesity,  general 
sluggishness,  low  temperature  and  similar  symptoms.  It  is  also  used  in  various  condi- 
tions of  wasting  and  malnutrition,  as  in  phthisis,  neurasthenia,  rickets,  to  stimulate, 
by  secondary  reaction,  the  processes  of  repair.  For  this  purpose  calcium  hypophosphite 
or  glycerophosphate  or  certain  organic  phosphorus  compounds  may  be  preferable  to  the 
uncombined  element. 

Inorganic  phosphates  are  often  of  value  in  rachitis,  osteomalacia  and  similar  dis- 
turbances of  ossification,  but  have  no  effect  on  general  metabolism.  As  regards  lecithin, 
about  5  Gm.  (70  grains)  is  contained  in  the  ordinary,  daily,  mixed  diet,  and  it  would 
appear  superfluous  to  add  a  fraction  of  a  gram  to  this,  as  has  been  frequently  recom- 
mended. 

Materia  Medica. — Phosphorus  (U.S.  X.),  Phosphorus.    Ahhr.,  Phosphor. 

The  yellow,  allotropic  form  of  phosphorus  is  a  translucent,  nearly  colorless,  solid, 
of  a  waxy  luster,  having  at  ordinary  temperatures  about  the  consistence  of  beeswax. 
By  long  keeping  the  surface  becomes  white  or  red,  and  occasionally  black.  It  has  a 
distinctive  and  disagreeable  odor  and  taste,  hut  should  not  he  tasted,  except  in  very 
dilute  solution.  It  is  almost  insoluble  in  water;  one  Gm.  dissolves  in  about  400  cc,  of 
dehydrated  alcohol,  in  about  40  cc.  of  chloroform,  and  in  102  cc.  of  absolute  ether;  it 
is  sparingly  soluble  in  fixed  oils. 

Antagonists  and  Incompatibles. — Hydrated  magnesia,  lime  water,  copper  sulphate, 
powdered  charcoal,  potassium  permanagate,  hydrogen  peroxide,  and  turpentine  are 
antidotal  to  phosphorus. 

Synergists. — Arsenic  and  sulphur  are  synergistic.  Oils  and  fats  favor  the  ab- 
sorption of  phosphorus. 

Dose,  i/ieo  to  V^a  grain  (0.0004  to  0.0013  Gm.). 

Pilule  Phosphori  (U.S.  X.),  Pills  of  Phosphorus.    Ahhr.,  Pil.  Phosphor. 

Each  pill  contains  Vim  grain  of  phosphorus,  with  althea  and  acacia. 

Dose,  1  pill. 

Oleum  Phosphokatum   (N.F.),  Phosphorated  Oil.     Ahhr.,  01.  Phosphorat. 

A  1  percent,  solution  of  phosphorus  in  oil  of  sweet  almond. 

Dose,  1/2  to  11/2  minim  (0.03  to  0.09  cc). 

Elixir  Phosphori  (IST.F.),  Elixir  of  Phosphorus.     Ahhr.,  Elix.  Phosphor. 

A  0.25  percent,  solution  of  phosphorus  in  a  mixture  of  (approximately)  equal  parts 
of  alcohol,  glycerin  and  water. 

Dose,  ^2  to  1  fluidram  (2  to  4  ec). 

Liquor  Phosphori  (N.F.),  Solution  of  Phosphorus.  Ahhr.,  Liq.  Phosphor, 
Synonym:     Thompson's  Solution  of  Phosphorus. 

A  0.07  percent,  solution  of  phosphorus. 

Dose,  5  to  15  minims  (0.3  to  1  cc). 
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ZiNCi  Phosphidum  (unoflficial),  Zinc  Phosphide. 

A  gray,  gritty  powder,  1  Gm.,  corresponding  in  strength  to  0.25  Gm.  phosphorus. 

Dose,  initial,  1/20  grain  (0.003  Gm.). 

Ammonii  Phosphas  (N.F.),  Ammonium  Phosphate.    Ahhr.,  Animon.  Phos. 

Contains  diammonium  hydrogen  phosphate  and  ammonium  dihydrogen  phosphate, 
corresponding  to  not  less  than  20  percent,  of  combined  ammonia  (NH,).  A  white, 
crystalline  powder  or  colorless  crystals;  1  part  dissolves  in  4  parts  of  water,  but  is 
insoluble  in  alcohol. 

Dose,  3  to  30  grains  (0.2  to  1.9  Gm.). 

Calcii  Phosphas  Pr.«cipitatus  (N.F.),  Precipitated  Calcium  Phosphate.  Ahhr., 
Calc.  Phos,  Prsec.    Synonyms:   Calcium  Phosphate,  Tribasic  Calcium. 

Contains  not  less  than  99  percent,  of  calcium  phosphate  and  loses  not  more  than 
4  percent,  of  moisture  when  dried  at  200°  C.  A  white,  amorphous  or  microcrystalline, 
bulky  powder;  odorless  and  tasteless;  almost  insoluble  in  cold  water,  partially  decom- 
posed by  boiling  water,  easily  dissolved  by  hydrochloric  or  nitric  acid. 

Dose,  10  to  20  grains  (0.6  to  1.3  Gm.). 

Calcii  Glycerophosphas  (U.S.  X.),  Calcium  Glycerophosphate.  Ahhr.,  Calc.  Glyc- 
erophos.    Synonym:  Calcium  Glycerinophosphate. 

A  fine  white  powder,  odorless  and  almost  tasteless,  somewhat  hygroscopic.  One 
Gm.  of  calcium  glycerophosphate  dissolves  in  about  50  cc.  of  water  at  25°  C;  more 
soluble  in  water  at  a  lower  temperature;  citric  acid  increases  its  solubility;  insoluble 
in  alcohol.  When  dried  to  constant  weight  it  should  contain  about  18,68  percent, 
of  calcium  and  14.47  percent,  of  phosphorus. 

Dose,  3  to  10  grains  (0.3  to  0.6  Gm.). 

SoDU  Glycerophosphas  (U.S.  X.),  Sodium  Glycerophosphate.  Ahhr.,  Sod.  Glycero- 
phos.    Synonym:  Sodium  Glycerinophosphate, 

Occurs  as  white  monoclinic  plates  or  scales,  or  as  a  white  powder,  having  a 
saline  taste;  odorless.  It  is  very  soluble  in  cold  or  hot  water;  nearly  insoluble  in 
alcohol.    Contains  not  less  than  68  percent  of  the  anhydrous  salt. 

Dose,  2  to  6  grains  (0.13  to  0.38  Gm.). 

Liquor  Sodh  Glyceb&phosphatis  (U.S.  IX.),  Solution  of  Sodium  Glycerophosphate. 
Ahhr.,  Liq.  Sod.  Glycerophos.     Synonym:  Solution  of  Sodium  Glycerinophosphate. 

An  aqueous  solution  of  sodium  glycerophosphate  containing  not  less  than  50 
percent,  of  the  anhydrous  salt.    A  clear,  colorless  or  yellowish  syrupy  liquid. 

Dose,  2  to  10  minims  (0.12  to  0.6  cc). 

Elixib  Calch  et  Sodh  Glycerophosphatum  (N.F.),  Elixir  of  Calcium  and  Sodium 
Glycerophosphates.  Ahhr.,  Elix.  Calc.  et  Sod,  Glycerophos.  Synonym:  Elixir  Glycero- 
phosphatum. 

A  solution  containing  1  grain  of  sodium  glycerophosphate  and  I/2  grain  of  calcium 
glycerophosphate  in  each  fluidram. 

Dose,  ^  2  to  2  fluidrams  (2  to  8  cc). 

Elixir  Glycerophosphatum  Compositum  (N,F.),  Compound  ElLxir  of  Glycero- 
phosphates, Ahhr.,  Elix.  Glycerophos,  Co.  Synonym:  Compound  Solution  of  Glycero- 
phosphate, 

A  solution  containing  about  2V2  grains  of  the  combined  glycerophosphates  of 
sodium,  calcium,  iron,  manganese,  quinine  and  strychnine,  equalling  ^eo  grain  of 
strychnine  and  ^0  grain  of  quinine  in  each  fluidram, 

Do»e,  1  to  3  fluidrams  (4  to  12  cc). 

Strychnine  Glycerophosphas  (unofficial).  Strychnine  Glycerophosphate.  Ahhr., 
Strych.  Glycerophos.    Synonym:  Stryclmine  Glycerinophosphate. 

Occurs  in  white,  rhombic  crystals  or  as  a  white  powder;  odorless,  having  at  first 
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a  faint  sweet  taste,  afterwards  becoming  intensely  bitter.  One  Gm.  dissolves  in  about 
350  CO.  of  water,  also  in  about  310  cc.  of  alcohol ;  slightly  soluble  in  chloroform ;  very 
slightly  soluble  in  ether. 

Dose,  Voo  to  Vso  grain  (0.0013  to  0.002  Gm.). 

AciDUM  HypoPHosPHOROsuM  (U.S.  X.),  Hypophosphorous  Acid.  Ahhr.,  Acid. 
Hypophos. 

An  aqueous  solution  containing  not  less  than  30  percent,  nor  more  than  32  per- 
cent, of  HPH,0,.  A  colorless  or  slightly  yellow,  odorless  liquid,  having  an  intensely 
acid  taste. 

Dose,  5  to  15  minims  (0.3  to  1  cc). 

Ammonii  Hypophosphis  (N.F.),  Ammonium  Hypophosphite.  Ahhr.,  Ammon. 
Hypophos. 

Contains,  when  dried  to  constant  weight  at  100°  C,  not  less  than  97.5  percent,  of 
NH^PHjOj.  A  deliquescent,  colorless,  granular  powder,  or  in  plates;  odorless,  with  a 
saline  and  bitter  taste;  dissolves  in  1  part  of  water  and  20  parts  of  alcohol  at  25°  C., 
very  soluble  in  boiling  water  or  boiling  alcohol. 

Dose,  2  to  5  grains  (0.13  to  0.3  Gm.),  to  be  repeated. 

Syrupus  Ammonii  Hypophosphitis  (N.F.),  Syrup  of  Ammonium  Hypophosphite. 
Ahhr.,  Syr.  Ammon.  Hypophos. 

Each  fluidram  (4  cc.)  contains  2  grains  (0.12  Gm.)  of  ammonium  hypophosphite. 
Flavored  with  compound  spirit  of  vanillin. 

Dose,  1  to  2  fluidrams  (4  to  8  cc). 

Calcii  Hypophosphis  (N.F.),  Calcium  Hypophosphite.     Ahhr.,  Calc  Hypophos. 

Occurs  as  colorless,  transparent  monoclinic  prisms,  as  small  lustrous  scales,  or  as 
a  white  crystalline  powder;  odorless,  having  a  nauseous  and  bitter  taste.  One  Gm.  is 
slowly  soluble  in  6.5  cc  of  water  at  25°  C;  insoluble  in  alcohol.  Contains,  when  dried 
to  constant  weight,  not  less  than  98  percent,  of  pure  calcium  hypophosphite. 

Caution:  When  triturated  or  heated  with  nitrates,  chlorates,  or  other  oxidizing 
agents,  explosions  are  liable  unless  care  is  exercised. 

Dose,  3  to  10  grains  (0.2  to  0.6  Gm.). 

Syrupus  Calcii  Hypophosphitis  (N.F.),  Syrup  of  Calcium  Hypophosphite.  Ahhr., 
Syr.  Cal.  Hypophos. 

Prepared  from  calcium  hypophosphite,  hypophosphorous  acid,  sugar  and  water. 
Each  fluidram  contains  2  grains  (0.14  Gm.)  of  calcium  hypophosphite. 

Dose,  1  to  4  fluidrams  (4  to  16  cc). 

Syrupus  Phosphatum  Compositus  (KF.),  Compound  Syrup  of  Phosphates.  Ahhr., 
Syr.  Phos.  Co.     Synonym:    Chemical  Food. 

Each  fluidram  represents  2  grains  (0.14  Gm.)  of  calcium  phosphate,  1  grain  (0.065 
Gm.)  of  ferric  phosphate,  1  grain  (0.065  Gm.)  of  ammonium  phosphate.  Glycerin 
content  15  percent. 

Dose,  1  to  2  fluidrams  (4  to  8  cc). 

Syrupus  Phosphatum  cum  Quinina  et  Strychnina  (N.F.),  Syrup  of  Phosphates 
with  Quinine  and  Strychnine.     Ahhr.,  Syr.  Phos.  c  Quin.  et  Strych. 

Each  fluidram  represents  1/4  grain  (0.016  Gm.)  of  quinine  hydrochloride,  M25 
grain  (0.00056  Gm.)  of  strychnine  nitrate,  with  30  minims  (2  cc.)  of  compound 
solution  of  phosphates.     Glycerin  content  15  percent. 

Dose,  1  to  2  fluidrams  (4  to  8  cc). 

PoTASsn  Hypophosphis  (N.F.),  Potassium  Hypophosphite.    Ahhr.,  Pot.  Hypophos. 

Occurs  as  white,  opaque,  hexagonal  plates,  crystalline  masses,  or  as  a  granular 
powder;  odorless  and  having  a  pungent,  saline  taste;  very  deliquescent.  One  Gm. 
dissolves  in  0.6  cc.  of  water  and  9  cc.  of  alcohol  at  25°  C. ;  also  in  0.4  cc.  of  boiling 
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water,  and  in  5  cc.  of  boiling  alcohol.  An  explosion  is  likely  to  occur  when  potassium 
hypophosphate  is  triturated  or  heated  with  nitrates,  chlorates,  or  other  oxidizing 
agents.  When  dried  to  constant  weight  it  contains  not  less  than  98  percent,  of  the 
pure  salt. 

Dose,  5  to  15  grains  (0.3  to  1  Gm.). 

SoDii    Hypophosi'HIs    (N.F.),    Sodium    Hypophosphite.      Ahhr.,    Sod.    Hypophos. 

Occurs  as  small,  colorless,  transparent,  rectangular  plates  of  a  pearly  luster,  or  in  a 
white,  granular  powder,  odorless  and  having  a  saline  taste.  One  Gm.  dissolves  in 
1  cc.  of  water  at  25°  C.  and  about  0.15  cc.  of  boiling  water;  soluble  in  alcohol,  slightly 
soluble  in  dehydrated  alcohol,  freely  soluble  in  boiling  alcohol;  freely  soluble  in 
glycerin  at  25°  C.  Contains,  when  dried  to  constant  weight,  not  less  than  98  percent, 
of  the  pure  salt. 

Dose,  10  to  20  grains  (0.6  to  1.3  Gm.). 

Elixir  Calcii  Lactophosphatis  (KF,),  Elixir  of  Calcium  Lactophosphate.  Ahhr., 
Elix.  Calc.  Lactophos. 

Precipitated  calcium  carbonate,  1  percent. ;  lactic  acid,  3  percent. ;  phosphoric  acid, 
1.5  percent.;  compound  spirit  of  orange,  1  percent.;  syrup,  35  percent.;  alcohol,  20 
percent.;  distilled  water,  q.s.  ad  100  percent.  Each  fluidram  contains  Y^  grain  (0.016 
Gm.)  of  calcium  phosphate. 

Dose,  2  to  6  fluidrams  (8  to  22  cc). 

Syrupus  Calcii  Lactophosphatis  (KF.),  Syrup  of  Calcium  Lactophosphate. 
Ahhr.,  Syr.  Calc.  Lactophos. 

Contains  about  1.5  grain  of  calcium  phosphate  in  each  fluidram. 

Dose,  Vo  to  21/2  fluidrams  (2  to  10  cc). 

Syrupus  Calcii  et  Sodii  Hypophosphitum  (N.F.),  Syrup  of  Hypophosphites  of 
Calcium  and  Sodium.    Ahhr.,  Syr.  Calc.  et  Sod.  Hypophos. 

Contains  about  2  grains  each  of  calcium  and  sodium  hypophosphites  with  hypo- 
phosphorous  acid,  sugar  and  water  in  each  fluidram. 

Dose,  1/2  to  2  fluidrams  (2  to  8  cc). 

Syrupus  Hypophosphitum  (N.F.),  Syrup  of  Hypophosphites.  Ahhr.,  Syr. 
Hypophos. 

Each  fluidram  contains  about  2.7  grains  of  calcium  hypophosphite  and  0.9  grain  of 
each  of  sodium  and  potassium  hypophosphites. 

Dose,  1  to  3  fluidrams  (4  to  12  cc). 

Syrupus  Hypophosphitum  Compositus  (KF.),  Compound  Syrup  of  Hypophos- 
phites.   Ahhr.,  Syr.  Hypophos.  Co. 

Each  fluidram  contains  2  grains  of  calcium  hypophosphite,  1  grain  each  of  potas- 
sium and  sodium  hypophosphites,  Vs  grain  each  of  ferric  and  manganese  hypophos- 
phites, Mc  grain  of  quinine  and  Vuo  grain  of  strychnine,  with  sodium  citrate  and 
diluted  hypophosphorous  acid,  in  a  vehicle  of  glycerine  and  syrup. 

Dose,  1  to  4  fluidrams  (4  to  16  cc). 

Elixir  Calcii  Hypopiiosphitis  (unofficial).  Elixir  of  Calcium  Hypophosphite. 
Ahhr.,  Elix.  Calc.  Hypophos. 

Calcium  hypophosphite,  3.5  percent.;  hypophosphorous  acid,  0.4  percent. 

Dose,  1  to  4  fluidrams  (4  to  16  cc). 

Elixir  Soon  Hypophosphitis  (unofficial).  Elixir  of  Sodium  Hypophosphite.  Ahhr., 
Elix.  Sod.  Hypophos. 

Sodium  hypophosphite,  3.5  percent.;  hypophosphorous  acid,  0.4  percent. 

Dose,  1/2  to  1  fluidram  (2  to  4  cc). 

Liquor  Hypophosphitum  Compositus  (N.F.),  Compound  Solution  of  Hypophos- 
phites.    Ahhr.,  Liq.  Hypophos.  Co. 
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Each  fluidram  contains  Vs  grain  quinine,  ¥250  grain  strychnine,  %,  grain  iron,  with 
calcium,  potassium,  sodium  and  manganese  hypophosphites. 
Dose,  V2  to  2  fluidrams  (2  to  8  cc). 

Antipathogenic  Action. — Phosphorus  is  insoluble  in  water  and  therefore  has  no 
direct  antiseptic  action.  It  is,  however,  oxidized  in  the  air,  and  the  fumes,  in  contact 
with  moisture,  are  converted  into  acids  whose  marked  bactericidal  power  has  already 
been  considered.     The  salts  have  no  such  action. 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Phosphorus  is  absorbed 
either  after  volatilization  through  the  lungs  or  bowel,  or  from  the  latter  by  solution  in 
oil  or  water.  The  bile  assists  in  solution  and  thus  in  absorption.  Water  dissolves  only 
2  parts  in  1,000,000,  bile  almost  100  times  as  much.  Fixed  oils  dissolve  about  1  part  in 
1000. 

After  absorption  it  circulates  unchanged,  phosphorescence  revealing  the  presence 
of  small  amounts  in  the  blood.  Oxidation  does  not  occur  to  any  extent  in  the  body, 
which  is  the  more  remarkable,  as  phosphorus  is  one  of  the  most  readily  oxidizable 
substances  known. 

The  excretion  is  extremely  slow.  A  large  part  is  eliminated  unchanged  in  the 
urine,  which  may  be  phosphorescent  for  several  days  after  a  single  dose.  The  manner 
by  which  the  remainder  leaves  the  body  is  unknown.  Unimportant  amounts  are  excreted 
as  phosphureted  hydrogen  in  the  stools  and  as  phosphates  in  the  urine. 

In  pregnancy,  phosphorus  passes  to  the  fetus,  causing  fatty  infiltration  of  the  liver 
and  even  death.     It  has  been  used  occasionally  as  an  abortifacient. 

The  phosphorus  of  organic  compounds  is  held  for  a  time  in  the  body  and  •  then 
excreted  as  phosphate,  to  which  it  may,  in  fact,  be  altered  before  absorption. 

Phosphates  and  glycerophosphates  are  absorbed  less  rapidly  than  most  inorganic 
compounds  and  excreted  chiefly  as  acid  sodium  phosphate  in  the  urine  and  as  calcium 
phosphate  in  the  stool.  Hypophosphite  given  by  mouth  to  man  is  practically  all  excreted 
unchanged  in  the  urine  within  twenty-four  hours  (Delanin  and  Mariott). 

Topical  Action. — White  phosphorus  gives  rise  to  painful  burns  when  a  particle  of 
it  gets  on  the  eye  or  other  exposed  mucosa,  or  when  a  particle  already  igdited  attaches 
itself  to  the  skin.  Application  of  water  stops  the  flaming  but  does  not  remove  the 
particles,  and  oils  which  dissolve  it,  favor  absorption.  If  a  1  percent,  solution  of  copper 
sulphate  is  applied  for  a  few  minutes,  the  phosphorus  particles  will  be  coated  with  a 
black  deposit  which  stops  them  from  fuming  and  loosens  them  from  the  tissues,  so 
that  they  may  easily  be  washed  off. 

Toxicity. — Yellow  (white)  phosphorus  alone  is  toxic  and  is  one  of  the  most  poison- 
ous of  all  the  elements.  As  it  was  formerly  a  constituent  of  the  heads  of  matches  it 
was  easily  obtained  and  often  used  with  suicidal  intent.  The  dose  taken  could  usually 
not  be  determined,  but  the  mortality  was  from  50  to  75  percent.  In  man  the  minimal 
fatal  dose  swallowed  in  oil  solution  is  about  50  mgm.  (%  grain).  In  a  2-year-old  boy 
death  followed  1.2  mgm.  (1/50  grain)  in  oil.  The  fatal  dose  for  rabbits  by  mouth  is 
aboiit  5  mgm.  per  kilo,  and  subcutaneously  about  half  this.  Tolerance  to  somewhat 
larger  doses  may  be  established. 

Symptoms  and  Course. — Phosphorus  given  by  mouth,  being  slowly  absorbed,  grave 
symptoms  may  not  appear  until  several  hours  or  days  after  the  dose  is  taken.  The  first 
symptom  is  pain  in  the  upper  abdomen,  followed  by  eructations  and  vomiting  of  matter 
with  the  odor  and  luminous  character  of  phosphorus. 

These  early  symptoms  pass  off  and  the  patient  may  feel  perfectly  well  for  several 
days.  Then  begins  renewed  distress.  The  first  sign  is  usually  icterus  of  the  sclera, 
steadily  becoming  more  and  more  intense  and  accompanied  by  abdominal  pain  and 
tenderness  of  the  liver  or  entire  abdomen.  Vomiting  of  masses  streaked  with  blood 
and  bloody  diarrhea  are  noted.  The  tongue  is  heavily  coated;  the  breath  fetid.  Vomit- 
ing is  constant,  and  not  even  small  amounts  of  milk  can  be  retained.  There  is  com- 
plaint of  anxiety,  headache,  pain  in  the  limbs,  depression  and  weakness.  The  mind  is 
usually  clear.  Examination  sbows  a  dry,  icteric  skin.  The  temperature  is  normal.  The 
liver  is  enormously  enlarged  and  very  tender.  The  urine  is  strongly  acid  and  contains 
albumin,  casts  and  often  blood.  It  is  often  stated  that  the  eyes,  the  breath  and  the 
urine  glow  with  phosphorescence  in  the  dark,  but  this  is  not  frequent  enough  to  be 
trusted  as  a  diagnostic  sign. 

The  symptoms  continue  to  grow  more  severe,  and  in  two  or  three  days  it  is  noted 
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that  the  pulse  Is  very  weak;  the  heart  sounds  are  obscure,  often  with  soft  murmurs. 
The  mind  may  be  clear,  or  somnolence,  delirium  or  even  convulsions  may  occur.  With 
this  nervous  disturbance  there  is  irregular  temperature,  now  high,  now  subnormal. 
The  blood  pressure  falls  markedly  and  even  electric  stimulation  of  the  splanchnics  has 
no  effect,  as  the  vessel  walls  are  paralyzed.  Petechial  hemorrhages  occur  from  the 
degenerated  vessels.  The  dark,  brown  urine  becomes  very  scanty  and  contains  leucin 
and  tyrosin.  Various  skin  eruptions  may  be  seen,  most  commonly  petechia,  urticaria 
and  herpes,  but  occasionally  gangrene  of  the  dorsum  of  the  foot,  due  to  alterations  in 
the  vessel  walls.  Hemorrhages  from  the  nose,  lungs,  stomach,  and  urinary  pasaa.ges 
are  often  noted.  Bleeding  from  the  uterus  and  abortion,  if  pregnancy  exists,  are  fre- 
quent. The  average  duration  of  life  is  eight  days.  In  case  of  recovery,  the  heart  grad- 
ually becomes  stronger  and  the  other  symptoms  disappear,  the  icterus  remaining  longest. 
The  liver  returns  to  its  normal  size  and  then  becomes  even  smaller  than  normal,  as  the 
parenchyma  has  been  destroyed.  Atrophic  cirrhosis  may  result  and  sclerotic  alteration 
in  the  kidneys. 

The  diagnosis  from  acute  yellow  atrophy  may  be  difficult,  but  examination  of  vomitus 
and  stools  for  phosphorus  will  decide  the  question. 

Treatment  for  Toxic  Dose. — Copper  sulphate  should  be  given  as  an  emetic  if  the 
case  is  seen  early,  as  this  coats  the  phosphorus  masses  with  an  insoluble  layer.  The 
stomach  should  then  be  washed  out  with  a  0.2  or  0.3  percent,  solution  of  potassium 
permanganate  or  with  3  percent,  hydrogen  peroxide.  Ozonized  turpentine  should  be 
given  in  doses  of  0.5  Gm.  (8  grains)  three  times  a  day  for  8  days,  to  oxidize  any  free 
phosphorus  remaining  in  the  digestive  tract.  It  will  not  follow  into  the  system  and 
counteract  it  there  as  some  have  claimed.  Alkaline  drinks  should  be  given  freely  to 
reduce  the  acidosis  and  to  flush  the  system.  In  some  cases  transfusion  has  seemed  to 
save  life.  The  taking  of  foods  containing  fat  or  oils  is  to  be  carefully  avoided,  as  this 
increases  the  absorption  of  the  poison.  Even  milk  is  to  be  forbidden.  Liquid  petrolatum 
may  be  given,  as  it  delays  absorption,  and  may  prevent  poisoning  even  when  given  as 
much  as  an  hour  after  the  phosphorus  was  swallowed  (Atkinson).  Albumen  water  is 
best  at  first.  Unless  there  is  severe  diarrhea  the  bowels  should  be  thoroughly  purged  by 
a  saline. 

Chronic  Poisoning. — A  form  of  poisoning  is  frequently  seen  in  persons  working  in 
phosphorus,  the  so-called  "phosphorus  necrosis."  The  disease  depends  on  the  inhalation 
of  phosphorus  fumes,  and  is  manifested  by  salivation  and  ulceration  of  the  gums  with 
periosteltis  of  the  upper  or  lower  jaw  followed  by  extensive  necrosis.  The  lower  jaw 
is  most  often  affected,  but  in  case  the  upper  is  diseased  there  may  be  extension  to  the 
neighboring  facial  bones.  Ulceration  of  the  nose  and  catarrh  of  the  throat  accompany 
the  affection. 

The  condition  is  not  reproduced  in  animals  by  inhalation  of  phosphorus  fumes,  and 
depends  for  its  existence  on  infection  of  the  tooth  roots,  associated  with  phosphorus 
poisoning,  which  affects  the  nutrition  of  the  bone.  It  is  of  interest  to  note  that  growing 
children  and  animals,  whose  bones  are  not  completely  ossified,  show,  as  a  result  of 
chronic  phosphorus  intoxication,  a  change  in  all  the  bones,  with  hardening  of  the 
growing  surface,  and  interference  with  growth.  The  jaw  is  less  likely  to  be  affected  in 
children. 

Two  other  forms  of  chronic  poisoning  are  occasionally  seen  characterized  by  cirrhosis 
of  the  liver  and  by  interstitial  change  in  the  kidneys,  respectively. 

The  treatment  of  chronic  poisoning  consists  In  the  obvious  hygienic  measures  and 
surgical  treatment  of  infected  teeth  and  necrotic  bone. 

Systemic  Action:  Alimentary. — The  vomiting  and  diarrhea  which  follows  ingestion 
of  large  doses  of  phosphorus  have  been  described.  Even  small  doses  may  give  rise  to  a 
garlicky  odor  on  the  breath.  The  changes  in  the  liver  and  the  jaundice  are  character- 
istic of  both  acute  and  subacute  intoxication.  Salts  and  pigments  are  reduced  in  the 
bile,  which  may  consist  mainly  of  mucus  from  the  ducts  rather  than  of  secretion  from 
the  liver  cells.     It  may  also  contain  albumin. 

Blood. — When  added  to  blood  i»  vitro  phosphorus  has  no  effect  on  it,  but  in  the 
body  it  brings  about  a  number  of  changes.  Non-toxic  doses  cause  an  increase  in  the 
number  of  red  cells  in  the  circulating  blood,  both  in  man  and  other  animals  (Leoncini, 
Ragazzi).  This  is  entirely  due  to  loss  of  water,  the  total  amount  of  hemoglobin  in  the 
body  being  decreased  (Welsch).  The  viscosity  and  electrical  resistance  are  increased; 
the  white  cells  show  no  constant  change. 

After  toxic  doses  the  fibrinogen  is  lessened  and   may  disappear  entirely.     This   is 
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probably  owing  to  action  on  the  liver  or  other  glands,  and  not  to  direct  action  on  the 
blood  (Jacoby).  Antithrombin  is  also  lessened,  and  this  fact  is  used  to  show  its  origin 
in  the  liver  (Denny  and  Minot).  The  catalase  is  decreased  (Burge).  Split  products  of 
proteins  are  found  in  the  blood  late  in  the  intoxication  (Moriani).  These  pass  into 
the  urine,  giving  rise  to  peptonuria.  The  alkalinity  of  the  blood  is  decreased  by  the 
presence  of  acid  products  of  incomplete  metabolism,  chiefly  sarcolactic  acid.  The 
eosinophiles  disappear,  and  the  polynuclear  cells  are  increased  at  the  expense  of  the 
lymphocytes    (Ragazzi). 

The  bone  marrow  is  stimulated  by  small  doses,  and  at  first  by  toxic  doses,  which 
later  cause  hyperemia  and  increase  of  the  erythroblasts.  It  then  undergoes  fatty  degen- 
eration (Roger  and  Josue)  and  finally  is  absorbed,  the  long  bones  at  times  becoming 
completely  hollow.  In  fowls,  in  which  the  bone'  marrow  is  not  the  source  of  the  red 
cells,  the  changes  are  not  seen,  and  there  is  a  decrease  in  the  red  cells  of  the  blood. 
The  spleen  shows  fatty  changes  but  less  marked  than  those  in  the  epithelial  glands. 

Circulation. — In  the  slow  type  of  poisoning  the  heart  is  not  affected  except  as  its 
function  suffers  somewhat  from  the  fatty  changes  in  its  muscle.  There  is  a  rapid  type 
of  poisoning,  however,  which  is  not  seen  commonly  in  man,  but  may  readily  be  induced 
by  injection  of  large  amounts  of  oily  solution  of  phosphorus,  in  which  the  heart  muscle 
is  directly  paralyzed  and  death  occurs  in  a  few  hours,  before  any  fatty  changes  have 
appeared.  This  paralysis  is  caused  by  direct  action  on  the  muscle  and  not  on  the 
extrinsic  or  intrinsic  ganglia  (Meyer).  The  heart  beats  are  extremely  weak;  the  rate 
is  first  accelerated   and   then  slowed. 

In  the  later  stages  of  chronic  poisoning,  the  capillary  walls  show  degenerative 
changes,  and  these  lead  to  fall  of  blood  pressure  and  to  hemorrhages  into  the  skin  and 
from  various  mucous  membranes.  Abortion,  which  is  frequent  in  poisoning,  is  probably 
due  to  degeneration  of  the  vessels  of  the  uterus.  Gangrene  of  the  skin,  most  often  of 
the  dorsum  of  the  foot,  may  occur. 

Respiration. — The  respiration  is  little  affected.  Strangely  enough,  in  view  of  the 
profound  disturbance  of  nutrition,  the  respiratory  exchange  shows  no  constant  change, 
being  often  normal  until  near  death. 

Metabolism. — Both  organic  and  inorganic  compounds  of  phosphorus  are  present  in 
the  food,  and  both  are  of  importance.  It  is  commonly  assumed  that  the  latter  are 
available  only  for  building  up  the  bones,  and  that  the  cell  constituents  essential  to  life 
can  be  elaborated  solely  from  the  former,  but  this  has  not  been  definitely  established. 
The  effect  of  increased  administration  of  inorganic  phosphorus  is  noted  in  certain 
abnormalities  of  metabolism,  calcification  being  increased  in  rickets  and  similar  condi- 
tions. It  is  not  possible  here  to  enter  into  the  normal  metabolism  of  phosphorus  or  the 
variations  to  which  it  is  subject  in  disease.  A  ministration  of  organic  or  elemental 
phosphorus  in  small  dose  to  growing  children  or  young  animals  may  lead  to  increase 
in  its  retention  far  beyond  the  amount  administered.  This  effect  is  associated  with 
nitrogen  retention  and  rapid  increase  in  weight.  To  obtain  this  action,  and  even  for 
proper  nutrition  there  must  be  a  certain  balance  between  the  phosphorus  and  calcium 
intake. 

Excess  of  elemental  phosphorus  is  injurious,  and  the  profound  changes  In  metab- 
olism are  by  far  the  most  important  phenomena  of  poisoning.  They  may  be  summed 
up  as  follows:  All  syntheses  are  hindered  and  all  autolyses  are  favored.  Thus  the 
synthesis  of  glucose  to  glycogen  is  hindered  (Frank  and  Isaac),  as  is  the  formation  of 
glucose  from  lactic  acid  and  amino-acids  (Frank  and  Isaac).  The  power  to  change 
benzoic  to  hippuric  acid  is  lost  (Hauser).  The  increase  of  urinary  ammonia  may  be 
due  in  part  to  inability  to  synthesize  urea  from  it.  The  increase  in  autolysis  is  seen 
in  the  increase  of  amino-acids  and  peptones  in  the  circulating  blood.  The  autolysis, 
although  more  rapid,  and  perhaps  partly  for  this  reason,  is  less  complete,  the  blood 
and  urine  both  containing  destroyed  metabolites.  Autolysis  of  the  liver  of  animals 
poisoned  with  phosphorus  proceeds  much  more  rapidly  in  vitro,  but  there  is  more 
peptone  formed  in  proportion  to  amino-acids  than  normally  (Forges  and  Pribam). 

The  metabolic  changes  in  phosphorus  poisoning  have  been  compared  both  to  the 
interference  with  oxidation  caused  by  cyanides  and  to  the  changes  of  delayed  chloro- 
form poisoning.  With  the  former  it  has  in  common  the  acidosis,  the  increase  in  autol- 
ysis and  certain  of  the  changes  in  carbohydrate  metabolism.  It  differs,  however,  in 
that  the  consumption  of  oxygen  is  not  diminished,  and  this  one  fact  is  enough  to 
disprove  any  profound  change  in  the  body  oxidations.  It  resembles  the  latter  in  the 
acidosis,  the  autolytic  changes  in  the  liver  in  vivo,  the  fatty  changes  in  the  liver,  kidney 
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and  gland  cells.  It  is  reasonable  to  suppose  that  there  is  some  relation  between  the 
two  conditions. 

Carbohydrates. — The  chief  disturbance  of  the  metabolism,  according  to  Frank  and 
Isaac,  is  the  disturbance  in  the  power  of  the  body  to  form  carbohydrate  from  fatty 
acids,  amino-acids  and  lactic  acids,  as  is  done  by  the  normal  individual.  Coupled  with 
this  is  a  loss  of  the  power  to  store  excess  carbohydrate  as  glycogen.  Under  normal 
conditions  carbohydrate  is  being  constantly  carried  to  the  liver  from  the  bowel  and 
there  deposited,  to  be  called  on  as  needed.  In  conditions  of  starvation  the  reserve 
glycogen  is  used  up  and  fat  from  subcutaneous  deposits  is  carried  to  the  liver  and 
there  broken  down,  carbohydrate  being  formed  from  it.  In  phosphorus  poisoning  this 
entire  process  is  stopped.  The  reserve  of  glycogen  in  the  liver  is  rapidly  used  up  and 
no  more  can  be  formed  by  carbohydrates.  In  an  attempt  to  restore  the  hepatic  glycogen, 
fats  are  then  carried  to  the  liver,  but  as  the  liver  has  lost  its  power  to  metabolize  fats, 
these  simply  pile  up  in  it,  with  the  production  of  fatty  infiltration.  Other  fat  is  carried 
to  other  organs  whose  nutrition  is  suffering  for  lack  of  available  carbohydrate,  and  as 
their  power  to  metabolize  it  is  also  lost  it  piles  up  in  all  the  organs  of  the  body.  In 
this  way  fatty  infiltration  of  the  liver,  kidney,  stomach,  intestine,  heart  and  nerve  cells 
occurs  with  little  disturbance  in  the  fat  metabolism  as  such.  The  rapid  disappearance 
of  glycogen  from  the  liver  is  apparently  due  to  an  increase  in  its  own  activity  caused 
by  the  phosphorus,  for  there   is  no  hyperglycemia. 

Animals  starved  and  given  phosphorus  in  toxic  dose  show  no  alteration  in  blood 
sugar  until  just  before  death,  when  it  disappears.  If  rabbits,  under  these  circumstances, 
are  given  sugar  by  mouth,  there  is  a  greater  hyperglycemia  than  in  normal  starved 
rabbits,  and  there  may  be  glycosuria;  in  the  early  stages  the  blood  sugar  falls  to  normal 
in  2  hours,  but  late  In  the  poisoning  will  remain  high  8  hours.  Animals  starved  and 
given  phosphorus  show  much  more  nitrogen  loss  than  normal  starved,  but  if  carbo- 
hydrate is  given  freely  less  loss  in  nitrogen  occurs  than  in  normal  animals,  showing 
that  the  nitrogen  metabolism  is  not  primarily  disturbed  (Rettig).  Epinephrine  in 
normal  animals  causes  hyperglycemia  by  the  conversion  of  glycogen  to  glucose;  as 
there  is  no  glycogen  left  in  phosphorus  poisoning,  this  hyperglycemia  and  glycosuria 
do  not  occur.  Phlorizin,  on  the  other  hand,  causes  more  glycosuria  in  poisoned  than 
in  normal  animals.  Apparently  sugar  is  formed  in  the  kidney  under  the  influence  of 
phlorizin    (Frank   and   Isaac). 

Fats. — The  most  striking  feature  of  phosphorus  poisoning  is  the  enormous  fatty 
Infiltration  of  the  liver  and  other  viscera.  It  was  formerly  believed  that  this  depended 
on  a  transformation  of  the  proteins  of  the  tissues  into  fats,  under  the  influence  of  the 
poison.  It  is  evident  that  if  such  a  change  were  as  widespread  as  the  fat  deposits  in 
the  cells  would  lead  one  to  suppose,  there  would  be  a  great  loss  of  protein  in  the  entire 
body  and  an  increase  of  fat.  Analyses  of  the  entire  bodies  of  such  small  animals  as 
mice  (Shibata),  and  frogs  (Taylor),  however,  show  that  no  such  change  occurs.  Com- 
parison of  the  iodine  number  and  other  tests  which  distinguish  between  fats,  show  that 
the  fat  in  the  liver  is  not  that  peculiar  to  the  liver  but  that  of  the  subcutaneous  deposits, 
which  lose  their  fat  in  proportion  as  that  in  the  liver  increases  (Leathes).  Foreign 
fat,  such  as  beef  suet  or  codliver  oil,  given  to  mice,  is  deposited  in  the  liver  cells 
(Shibata).  There  is  no  longer  any  doubt  that  the  fat  in  the  liver,  kidney  and  other 
parenchymatous  cells  is  not  formed  from  their  own  proteins  but  is  deposited  after 
transportation  from  fat  deposits  already  existing.  Shibata  found  in  mice  that  the 
administration  of  carbohydrate  had  a  stimulating  effect  on  the  destruction  of  fat  in 
phosphorus  poisoning,  so  that  mice  given  carbohydrates  lost  more  fat  than  those  given 
no  food.     The  metabolism  of  fat  in  the  food  is  not  affected    (Lusk). 

Proteins. — The  alteration  in  the  metabolism  of  proteins,  which  leads  to  a  great 
loss  of  nitrogen,  is  thought  by  many  to  be  dependent  entirely  on  a  primary  disturbance 
of  carbohydrate  chemistry,  which  leads  to  a  loss  of  the  energy  normally  derived  from 
this.  The  early  stages  of  catabolism  seem  to  be  increased  so  that  there  is  an  increase 
in  the  amount  of  amino-acids  in  the  blood  and  tissues,  while  the  later  stages  are  inter- 
fered with  so  that  less  urea  is  tormed.  A  study  of  the  urinary  nitrogen  reveals  a  num- 
ber of  changes.  The  total  nitrogen  is  increased,  often  very  markedly.  This  is  largely 
dependent  on  an  enormous  increase  in  the  ammonia,  partly  necessitated  by  the  neu- 
tralization of  lactic  acid,  partly  dependent  on  lessened  power  to  convert  ammonia  into 
urea.  The  amino-acids  are  much  increased  and  peptones,  leucin  and  tyrosin  appear  in 
the  urine.  The  creatinin  is  not  affected,  which  indicates  that  there  is  no  primary 
change  in  the  nitrogen  metabolism.    The  urea  is  likely  to  be  diminished.     Cystinuria  is 
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common,  the  uric  acid  is  increased  but  less  than  the  total  nitrogen.  Urinary  phosphorus 
is  also  increased. 

Liver. — The  liver  in  phosphorus  poisoning  contains  more  water  and  less  solids. 
The  glycogen  is  reduced  or  lost.  Lecithin  is  reduced.  Fat  is  increased.  The  proteins 
are  reduced  as  are  the  hexone  bases,  but  the  amino-acids  and  ammonia  are  much 
increased  in  proportion.  The  bile  salts  are  much  less  than  normal.  The  oxidase  is 
destroyed  or  much  reduced. 

Connective  Tissues. — The  connective  tissues  of  the  liver,  kidney,  stomach  and  bowel 
are  increased  after  phosphorus  poisoning,  probably  as  a  secondary  result  of  the  degen- 
eration of  the  parenchyma. 

The  bones  of  young  animals  become  very  dense  at  the  ends,  while  the  shaft  becomes 
thin  and  hollow;  the  cancellous  bone  may  disappear  entirely,  leaving  a  thin  walled, 
completely  hollow  shaft,  which  is  very  liable  to  fractures.  In  birds  the  shaft  may 
become  solid    (Wegner). 

Urinary  System. — There  is  fatty  degeneration  of  the  kidney  cells  which  leads  to 
albuminuria  and  to  the  occurrence  of  fatty  casts  and  droplets  in  the  urine.  The  total 
solids  are  increased.  The  bile  pigments  are  increased  but  not  always  the  bile  acids. 
The  sulphates  and  phosphates  are  increased  by  the  increased  destruction  of  tissue.  The 
changes  in  the  urinary  nitrogen  are  mentioned  under  metabolism. 

Nerve  System. — Apart  from  the  widespread  fatty  degeneration  there  is  little  change 
in  the  nerve  system.  Edema  of  the  retina,  secondary  to  the  degeneration  of  the  capillary 
walls,  has  been  described. 

Therapeutics. — For  a  substance  of  such,  toxic  power  and  so  essential  to  normal 
growth  and  vital  functioning,  phosphorus  is  singularly  restricted  in  its  therapeutic 
uses.  It  was  formerly  regarded  with  much  more  respect  than  now,  when  influenced 
largely  by  the  statements  of  pharmacologists,  clinicians  are  losing  faith  in  the  drug 
as  a  stimulant  of  nutrition.  Facts,  howcA^er,  must  yield  to  theories,  and  clinical 
experience  bears  out  many  of  the  deductions  drawn  from  physiological  chemistry 
to  the  effect  that  phosphorus  is  of  service  in  metabolic  disorders  of  the  bone  and 
nerve  structures  and  blood-making  organs.  In  ricl-ets,  phosphorus  is  given  with 
benefit  and  its  action  in  osteomalacia  is  often  favorable.  For  the  prevention  of 
rickets  in  communities  or  families  in  which  the  malady  is  common,  Korenchowsky 
advocates  the  administration  of  phosphates,  together  with  calcium  and  insistence 
upon  a  hygienic  regimen,  to  all  pregnant  women. 

Cantomet  and  others  speak  highly  of  the  action  of  phosphorus  in  tobacco  and 
alcohol  amhlyopia  and  in  atrophy  of  the  optic  nerve  and  retina. 

It  has  been  vaunted  theoretically  as  a  remedy  of  great  power  for  hastening 
repair  in  delayed  union  of  fractured  bones,  but  its  action  in  this  respect  is  uncertain. 
Backward  children,  late  in  teething  and  walking,  even  though  without  any  osseous 
manifestation  of  rickets,  are  often  greatly  benefited  by  phosphorus.  The  drug  is  also 
recommended  for  leucemia  and  pseudoleucemia  (Poulsson)  and  is  said  by  Bartholow 
to  be  most  efficient  in  the  treatment  of  functional  impotence,  and  it  is  given  also  for 
the  control  of  involuntary  seminal  emissions. 

In  neurasthenia,  and  especially  in  less  marked  nerve  weakness  resulting  from 
overwork,  worry,  or  sexual  excesses,  phosphorus  is  of  real  service,  and  in  some 
cases  of  neuralgia,  especially  those  occurring  in  the  aged,  which  do  not  yield  to  the 
more  usual  hygienic  and  drug  therapy,  it  may  effect  a  cure,  or  at  least  a  softening 
of  the  pain.  As  a  nutritional  stimulant  it  is  useful  in  conditions  of  lowered  vitality 
with  subnormal  temperature  and  ready  fatigability,  such  as  not  infrequently  follows 
an  attack  of  influenza.  In  so-called  scrofula  and  the  pretuberculous  stage  of  delicate 
adolescents  it  renders  good  service  in  conjunction  with  other  metabolic  stimulants. 

Phosphorus  is  given  with  alleged  benefit  in  certain  skin  affections,  especially 
chronic  eczema,  lichen  and  psoriasis,  its  action  in  these  cases  being  compared  to 
that  of  arsenic. 
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Administration. — Phosphorus  may  be  given  In  solution  in  various  menstrua  or  in 
pill.  In  rickets  it  is  best  administered  in  doses  of  1/120  to  1/60  grain  (0.0005  to  0.001) 
per  diem,  in  cod-liver  oil.  For  adults  the  N.F.  elixir  is  the  most  palatable  of  the  liquid 
preparations.  For  its  action  on  the  osseous  structures  elemental  phosphorus  is  the 
remedy  of  choice,  as  also  in  the  treatment  of  impotence.  In  neurasthenia  and  other 
functional  nerve  affections  and  in  conditions  of  depressed  metabolism  the  glycero- 
phosphates are  preferable.  There  is  much  skepticism  abroad  regarding  the  therapeutic 
efficacy  of  glycerophosphorlc  acid  and  its  salts,  but  so  long  as  patients  with  subnormal 
temperature,  low  vitality  and  other  evidences  of  depressed  metabolic  activity  are 
reanimated  after  a  course  of  treatment  with  glycerophosphates,  just  so  long  will  physi- 
cians continue  to  prescribe  them. 

In  cases  of  malnutrition,  anemia,  and  cachexia  the  hypophosphites  are  usually 
prescribed,  but  here  there  is  reasonable  ground  for  question  as  to  whether  the  good 
effects  not  infrequently  observed  are  due  to  the  anion,  or  to  the  particular  cation 
employed.  At  all  events  the  need  of  the  many  different  hypophosphite  preparations 
listed  in  the  U.S. P.  and  N.F.  is  not  apparent.  Oleaginous  solutions  of  phosphorus  should 
be  freshly  prepared.  When  elemental  phosphorus  is  given  the  patient  should  be  care- 
fully watched   for  signs  of  its  poisonous  action. 

Sodium  phosphate  is  as  effective  as  other  forms  of  phosphorus  in  the  treatment 
of  rachitis.  It,  as  well  as  any  other  form  of  phosphorus,  must  be  associated  with  a 
greater  amount  of  lime,  as  relative  excess  of  phosphorus  is  as  injurious  as  relative  or 
actual  deficiency. 

Iodides 

Substances  in  which  iodine  was  combined  in  organic  form,  such  as  burnt  sponge 
and  seaweed,  were  used  even  by  the  Greek  and  Arabian  physicians  as  remedies  for 
various  ailments  and  as  acrid  and  diseutient  external  applications.  In  Chinese  works 
of  1567  A.D.,  burnt  sponge  is  mentioned  as  curative  of  goiter,  and  Arnold  of  Villa- 
nova,  in  the  13th  century  employed  it  for  goiter  and  for  scrofula.  It  would  appear 
that  burnt  sponge  and  burnt  seaweed  have  been  popularly  recognized  since  primitive 
times,  as  of  value  in  such  conditions. 

Iodine  was  isolated  first  in  1811  and  soon  after  the  pure  element  and  its  organic 
compounds  were  introduced  into  medicine.  More  recently,  various  organic  com- 
pounds have  been  used,  with  the  hope  of  avoiding  the  disagreeable  eflFects  of  the 
iodides  or  of  having  products  of  increased  efficiency.  In  the  last  few  years  substances 
containing  iodine  have  been  prepared  from  the  thyroid  gland. 

Chemistry. — The  compounds  of  iodine  fall  into  certain  large  groups  as  regards 
their  chemistry,  their  pharmacodynamic  action,   and  their  therapeutic  uses. 

Inorganic 

1.  Iodine. — Elemental  iodine  is  used  topically  as  the  tincture,  and  more  rarely 
in  ointment.  As  Lugol's  solution  it  is  used  topically  and  internally.  Its 
topical  and  antiseptic  uses  are  discussed  with  antiseptics.  Its  systemic  action 
is  in  general  that  of  the  alkali  iodides,  into  which  it  is  largely  changed  on 
absorption. 

2.  Iodides. — Hydriodic  acid  and  the  metallic  and  alkali  iodides  are  used  chiefly 
internally,  and  the  action  sho^vn  by  them  is  commonly  referred  to  as  the 
systemic  action  of  iodine.  They  are  used  therapeutically  chiefly  in  conditions 
characterized  by  connective  tissue  overgrowth. 

3.  lodates. — lodutes  are  little  used  and  have  not  been  extensively  studied.  Their 
action  is  much  the  same  as  that  of  iodides. 

4.  Loosely  Combined  Compounds,  in  which  both  the  iodine  and  the  substance 
combined  with  it  are  of  therapeutic  importance.  These  include  iodide  of  iron, 
iodized  lime,  sulphur  iodide,  arsenious  iodide,  etc.  The  physiological  action 
is  a  varied  complex  of  the  actions  of  the  two  components.     They  are  used 


1414  NUTRITIVE  DEPRESSANTS 

in  medicine  to  meet  special  indications  rather  than  those  fulfilled  by  other 
iodine  compounds. 

Organic 

5.  Synthetic  Compounds. — These  are  artificial  compounds  designed  to  avoid 
the  irritating  properties  of  the  more  soluble  inorganic  substances  and  fall 
into  two  groups  according  to  whether  they  are  intended  for  external  use 
and  liberate  iodine  in  contact  with  moist  organic  tissue,  or  whether  they  are 
designed  to  obtain  systemic  effects.  The  former  are  discussed  with  iodine  anti- 
septics, the  latter  are  chiefly  of  two  types.  The  first  type  is  intended  for 
parenteral  administration.  In  these  the  iodine  forms  part  of  a  simple 
hydrocarbon  or  aromatic  compound,  which  breaks  down  slowly  in  the  tissues, 
gradually  releasing  it.  Of  this  type  is  ethyl  iodide  which  may  be  used  by 
inhalation.  The  base  may  be  fatty  to  determine  distribution  to  the  central 
nerve  system,  as  in  iotliion,  and  used  by  inunction;  iodopin,  iodol  and 
saiodin,  all  soluble  in  fats  and  given  by  inunction  or  by  mouth,  by  injection 
in  oil  solution  or  by  mouth.  The  second  type  includes  compounds  with  food- 
stuffs devised  for  administration  by  mouth  and  so  constituted  that  the  iodine 
is  not  released  by  peptic  digestion  but  only  by  pancreatic  or  enteric.  It  is 
hoped  thus  to  avoid  digestive  disturbances.  Iodized  starch,  lipoiodine,  casein 
iodine,  iodoglidin,  peptone  iodine,  iodonucleoid,  and  many  other  compounds 
are  thus  constituted. 

With  few  exceptions  these  synthetic  compounds  are  inactive  until  their 
iodine  is  released,  which  then  produces  its  usual  effects. 

Thyroid  Compounds 

Desiccated  or  fresh  thyroid  gland,  thyroxin,  thyreoglobulin,  iodothyrin, 
etc.,  produce  effects  which  cannot  be  reproduced  by  the  use  of  iodine  or 
iodides.  These  thyroid  preparations  cannot  be  used  for  the  same  purposes 
as  organic  and  inorganic  iodine  compounds.  They  are  chiefly  used  for  their 
influence  on  the  thyroid  gland  and  are  discussed  with  this  gland.  A  com- 
pound isolated  from  bladder  wrack  (Fucus)  shares  somewhat  their  properties 
(Hunt  and  Seydell). 

Summary  of  Actions  and  Uses. — Iodides  cause  an  increase  in  the  destructive  or 
catabolic  side  of  the  metabolism  of  all  cells,  and  to  this  action  many  of  their  effects  are 
to  be  attributed.  The  action  is  particularly  exerted  on  diseased  cells.  Among  normal 
cells  the  ovoblasts  and  spermatoblasts  are  particularly  susceptible  and  next  the  lymphatic 
tissues.  Iodine  exerts  a  specific  action  on  the  thyroid  gland,  increasing  its  functional 
activity  and  the  secretion  of  thyroxin.  In  early  cases  of  simple  goiter  this  leads  to 
decrease  in  the  size  of  the  gland. 

Iodine  in  excessive  dose  .or  too  long  continued  produces  a  form  of  chronic  poisoning 
known  as  iodism,  characterized  by  digestive  disturbance,  foul  breath,  sore  mouth, 
diarrhea,   ocular  congestion,  and  multiform  cutaneous  eruptions. 

The  systemic  effects  of  the  iodides  and  of  those  organic  compounds  which  release 
their  iodine  readily  are  similar.  Sodium  iodide  is  less  irritant  to  the  digestive  tract 
than  ammonium  or  calcium  iodide,  but  more  than  rubidium  or  strontium  iodides. 
Potassium  iodide,  by  reason  of  its  potassium  ion,  is  depressant  to  the  heart  and  should 
not  be  given  intravenously.  Iron  iodide  and  sulphur  iodide  show  special  actions  in 
addition  to  those  of  iodine.  The  iodides  of  mercury  and  of  arsenic  are  taken  up  with 
mercury  and  arsenic  respectively.  Certain  of  the  organic  compounds  have  individual 
actions,  but  none  of  these  are  of  therapeutic  importance  except  that  of  thyroid  princi- 
ples, the  chief  effect  of  which  is  an  increase  in  the  metabolic  rate,  often  associated  with 
loss  of  weight. 

Iodides  are  used  topically  with  an  electric  current  by  the  ionic  (cataphoretic) 
method,   as   resolvents  in   chronic  infiltrative,   proliferative  or   adhesive   inflammations, 
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especially  those  in  and  about  the  joints,  as  chronic  rheumatism,  gout  and  arthritis 
deformans. 

Internally  the  alkali  iodides  and  hydriodic  acid  are  given  in  chronic  metallic 
poisoning,  in  syphilis,  in  sclerosis  of  the  myocardium,  of  the  vessels,  of  the  viscera 
and  of  the  nerve  system:  in  angina  pectoris,  in  aortic  and  other  inoperable  aneurisms, 
in  gout,  chronic  rheumatism  and  arthritis  deformans;  in  chronic  bronchial  and  pul- 
monary affections,  in  goiter,  in  scrofula,  in  obesity  and  in  various  other  acute  and 
chronic  conditions,  when  it  is  desired  to  heighten,  for  a  time,  the  general  metabolic 
activity,  to  stimulate  resorption  and  secretion  and  to  hasten  the  elimination  of  waste 
products.  They  are  contraindicated  in  wasting  diseases,  especially  tuberculosis,  and  in 
Graves'  syndrome. 

The  organic  compounds  are  used  to  meet  similar  indications  with  the  exception  of 
the  thyroid  products,  which  are  of  value  in  conditions  of  hypothyroidism  such  as 
myxedema,  cachexia,  thyreopriva,  cretinism  and  certain  cases  of  obesity  and  lethargy. 

Materia  Medica. — Ammoxii  lonini  m  (U.S.  IX.),  Ammonium  Iodide.  Ahhr.,  Am- 
nion, led. 

Occurs  in  minute,  colorless,  cubical  crystals,  or  as  a  white  granular  powder; 
odorless,  and  having  a  sharp,  saline  taste.  One  Gm.  dissolves  in  0.6  cc.  of  water,  3.7 
cc.  of  alcohol,  1.5  cc.  of  glycerin  at  25°,  and  0.5  cc.  of  boiling  water.  Contains,  when 
dried  to  constant  weight,  not  less  than  99  percent,  of  NHJ. 

Dose,  2  to  10  grains  (0.12  to  0.6  Gm.). 

C.\LCii  loDiDUM  (unofficial),  Calcium  Iodide.  Ahhr.,  Calc.  lod.  Synonym:  Calcium 
lodatum. 

Occurs  in  large,  white,  laminated  crystals,  freely  soluble  in  water.  Deliquescent; 
very  soluble  in  water. 

Antagonists  and  Incompaiihles. — Sulphates,  carbonates,  tartrates,  and  acids. 

Synergists. — Iodine,  the  iodides,  and  all  drugs  favoring  waste  of  the  tissues. 

Dose,  1  to  4  grains  (0.06  to  0.25  Gm.)  after  meals. 

Syrupus  Calcii  Iodidi  (N.F.),  Syrup  of  Calcium  Iodide.    Ahhr.,  Syr.  Calc.  lod. 

Each  fluidram  contains  about  5  gi*ains  of  calcium  iodide. 

Dose,  15  to  45  minims  (1  to  3  cc.). 

PoTASSii  loDiDUM  (U.S.  X.),  Potassium  Iodide.    Ahhr.,  Pot.  lod. 

Occurs  as  cubical  crystals  or  a  white,  granular  powder  having  a  pungent,  saline, 
afterwards  bitter,  taste.  One  Gm.  dissolves  in  0.7  cc.  of  water,  22  cc.  of  alcohol,  2  cc. 
of  glycerin,  0.5  cc.  of  boiling  water,  and  8  cc.  of  boiling  alcohol.  Contains,  when  dried 
to  constant  weight,  not  less  than  99  per  cent,  of  KI. 

Antagonists  and  Incompatihles. — Alkaloidal  solutions,  mineral  acids,  oxidizing 
agents,  calomel  and  most  of  the  mercurials. 

Synergists. — Alkalis,  thyroid  preparations,  and  other  agents  which  increase 
waste,  and  also  certain  mercurials,  aid  the  systemic  actions  of  the  iodides  and  iodine. 

Dose,  general,  2  to  10  grains  (0.12  to  0.6  Gm.) ;  antiluetic,  10  to  40  grains  (0.6  to 
2.6  Gm.). 

Liquor  Potassii  Iodidi  (X.F.),  Solution  of  Potassium  Iodide.  Ahhr.,  Liq.  Pot. 
lod.     Synonym:    Saturated  Solution  of  Potassium  Iodide. 

A  100  percent,  solution  of  potassium  iodide  in  distilled  water,  with  the  addition 
of  a  minute  quantity  of  sodium  thiosulphate. 

Dose,  5  to  15  minims  (0.3  to  1  cc). 

Elixir  Corydalis  Compositum  (IST.F.),  Compound  Elixir  of  Corydalis.  Ahhr., 
Elix.  Coryd.  Co. 

Fluidextract  of  corydalis,  6  percent.;  fluidextract  of  stillingia,  6  percent.;  fluid- 
extract  of  xanthoxylum,  3  percent.;  fluidextract  of  blue  flag,  9  percent.;  potassium 
iodide,  5  percent.;  alcohol,  12.5  percent.;  aromatic  elixir,  q.s.ad  100  percent. 

Dose,  1  fluidram  (4  cc.). 
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LiNiMENTUM  PoTASSii  loDiDi  CUM  Sapone  (Br.),  Liniment  of  Potassium  Iodide 
with  Soap. 

A  soap  containing  potassium  iodide,  glycerin  and  oil  of  lemon. 

Dose,  external  use  only ;  readily  absorbed  when  applied  with  gentle  friction. 

Unguentum  Potassii  Iodidi  (N.F.),  Potassium  Iodide  Ointment, 

A  freshly  prepared  ointment  containing  10  parts  of  potassium  iodide,  1  part  sodium 
thiosulphate,  9  parts  water  and  80  parts  benzoinated  lard. 

Dose,  externally,  as  indicated,  practically  ad  lib. 

SoDii  loDiDUM  (U.S.  X.),  Sodium  Iodide.    Ahh:,  Sod.  lod. 

Occurs  as  colorless,  cubical  crystals,  or  as  a  white  crystalline  powder;  odorless,  and 
having  a  saline  taste.  One  Gm.  dissolves  in  0.55  cc.  of  water,  about  2  cc.  of  alcohol, 
1  cc.  of  glycerin  at  25°  C,  and  0.4  cc.  of  boiling  water.  Contains,  when  dried  to  con- 
stant weight,  not  less  than  99  per  cent,  of  Nal. 

Dose,  general,  2  to  10  grains  (0.12  to  0.6  Gm.) ;  antiluetic,  10  to  40  grains  (0.6  to 
2.6  Gm.). 

SxRONTn  loDiDUM  (U.S.  IX.),  Strontium  Iodide.    Ahhr.,  Stront.  lod. 

Occurs  as  colorless,  transparent,  hexagonal  plates,  as  a  white  granular  powder,  or 
in  crystalline  crusts ;  odorless,  and  having  a  bitter,  saline  taste.  One  Gm.  dissolves  in 
about  0.2  cc.  of  water  at  25°  C.,  soluble  in  alcohol,  slightly  soluble  in  ether.  Contains 
not  less  than  99  percent,  of  Sri, -}- 611^0. 

Dose,  2  to  10  grains  (0.12  to  0.6  Gm.). 

AciDUM  Hydriodicum  Dilutum  (U.S.,  X.),  Diluted  Hydriodic  Acid.  Abhr.,  Acid. 
Hydriod.  Dil. 

Contains  not  less  than  9.5  nor  more  than  10.5  percent,  of  HI. 

Antagonists  and  Incompatihles. — The  salts  of  mercury  and  bismuth  and  the  per- 
salts  of  copper  and  iron,  and  also  all  the  oxidizing  agents,  are  incompatible  with 
hydi-iodic  acid. 
^^Dose,  2  to  10  minims  (0.12  to  0.6  cc). 

Syrupus  Acidi  Hydriodici  (U.S.  X.),  Syrup  of  Hydriodic  Acid.  Abhr.,  Syr. 
Acid.  Hydriod. 

Contains  not  less  than  1.3  Gm.  nor  more  than  1.5  Gm.  of  HI  in  each  100  cc. 

Dose,  1/2  to  2  fluidrams  (2  to  8  cc). 

Amylum  Iodatum  (unofficial).  Iodized  Starch.    Synonym:  Amyl  lodidum. 

Prepared  by  triturating  together  95  parts  of  starch  and  5  parts  of  iodine.  A  fine 
powder  of  a  dark  blue  color. 

Dose,  2  drams  (8  Gm.),  three  times  daily;  to  be  increased. 

lODALBIN  (N.N.R.). 

A  compound  of  blood  albumin  and  iodine,  in  the  proportion  of  Y8.5  of  the  former 
to  21.5  of  the  latter.    A  reddish  powder,  tasteless  and  nearly  odorless. 

Dose,  5  to  10  grains  (0.3  to  0.6  Gm.),  repeated  as  indicated. 

loDiPiNUM  (N.N.R.),  lodipin. 

A  compound  of  iodine  and  sesame  oil.  An  oily  liquid  of  orange  color  and  oleagi- 
nous taste  with  little  or  no  suggestion  of  iodine.  In  human  medicine  a  10  percent, 
solution  is  used ;  a  25  and  40  percent,  solution  are  also  made  for  veterinary  use. 

Dose,  40  to  100  minims  (2.4  to  6  cc). 

loDiPiNUM  SoLiDUM  (N.N.R.),  Solid  lodipin. 

Prepared  in  the  form  of  tablets  usually  containing  8  grains  (0.5  Gm.),  each  of  10 
percent,  iodipin.    Each  tablet  represents  %  grain  of  iodine. 

Dose,  3  to  4  tablets,  repeated. 

LiPoioDiNUM  (N.N.R.),  Lipoiodine. 

Occurs  in  the  form  of  white  needles,  odorless  and  tasteless;   soluble  in  alcohol, 


IODIDES  1417 

ether,  chloroform,  and  fatty  oils,  but  not  in  water.  It  is  said  to  contain  41  percent,  of 
iodine. 

Dose,  5  to  25  grains  (0.3  to  1.7  Gm.). 

Calcii  Iodobehenas  (U.S.  X.),  Calcium  lodobehenate.  Ahhr.,  Cale.  lodobeben. 
Synonyms:  Calioben,  Calcium  Monoiodobehenate,  Saiodine,  Sajodin. 

It  consists  principally  of  calcium  monoiodobehenate  ((Cj,H^jlCOO),Ca)  and  con- 
tains not  less  than  23.5  percent,  iodine.  A  white  or  yellowish  powder,  unctuous  to  the 
touch;  odorless  or  with  a  slight  fat-like  odor;  insoluble  in  water,  slightly  soluble  in 
alcohol  and  in  ether,  freely  soluble  in  warm  chloroform. 

Dose,  6  to  10  grains  (0.4  to  0.6  Gm.). 

Ferrosajgdin  (N.N.R.),  Ferric  lodobehenate.    Synonym:  Ferioben. 

A  reddish-brown,  odorless  and  tasteless  powder ;  unctuous  to  the  touch ;  insoluble 
in  water  or  alcohol ;  slightly  soluble  in  chloroform,  ether,  and  warm  fatty  oils. 

Dose,  8  to  15  grains  (0.5  to  1  Gm.),  three  times  a  day. 

loDOLEiNE  (unofficial),  Iodized  Poppy-seed  Oil. 

Dubois'  iodoleine  is  an  oil-like  liquid,  light  brownish,  with  an  odor  like  that  of 
poppy-seed  oil,  of  which  it  is  an  addition  product.  It  is  insoluble  in  water  or  alcohol; 
soluble  in  chloroform  and  in  ether.    It  contains  26  percent,  of  combined  Iodine. 

Dose,  4  to  30  minims  (0.25  to  2  cc). 

loDOGLlDiN   (unofficial). 

A  compound  of  iodine  with  wheat  gluten  containing  about  10  percent,  of  iodine.  It 
occurs  as  a  dark  yellow  powder,  sparingly  soluble  in  water. 

Dose,  15  to  45  grains  (1.0  to  3.0  Gm.)  per  diem. 

Iodine  Eigones  (unofficial). 

Albuminous  Compound  of  Iodine,  containing  various  percentages  of  iodine.  Vari- 
ous compounds  under  this  title  are  alpha-eigone,  alpha-eigone  sodium,  and  beta-eigone. 

Dose,  5  to  10  grains  (0.3  to  0.6  Gm.). 

Alpha-Eigone  (unofficial). 

An  albvimin-iodine  compound,  containing  about  20  percent,  of  iodine.  It  occurs 
as  a  light  brown,  odorless  and  tasteless  powder. 

Dose,  5  to  10  grains  (0.3  to  0.6  Gm.). 

Alpha-Eigone  Sodium  (unofficial). 

The  sodium  salt  of  alpha-eigone,  containing  about  15  percent,  of  iodine.  It  occurs 
as  a  whitish  powder,  moderately  soluble  in  water. 

Dose,  5  to  10  grains  (0.3  to  0.6  Gm.). 

Beta-Eigone  (unofficial). 

A  peptonized,  iodized  iodoeigone,  containing  about  10  percent,  of  iodine.  A 
nearly  colorless  powder,  readily  soluble  in  water. 

Dose,  5  to  10  grains  (0.3  to  0.6  Gm.). 

loDOPYRROLUM  (unofficial),  lodopyrrole.  Ahhr.,  lodopyrrol.  Synonyms:  lodolum, 
lodol,  Jodol. 

Occurs  as  a  light  grayish-brown,  almost  odorless,  crystalline  powder ;  almost  in- 
soluble in  water,  but  soluble  in  alcohol,  ether,  chloroform  or  fixed  oils. 

Dose.  1  to  5  grains  (0.06  to  0.3  Gm.). 

loDOCASETN  (N.N.R.),  Casein-iodinc. 

A  compound  of  milk  casein  and  iodine,  containing  about  18  percent,  of  the  latter. 
A  brownish-yellow  powder,  with  very  slight  odor  or  taste;  insoluble  in  water,  or  acid 
solutions ;  decomposed  by  alkalis. 

Dose,  5  to  20  grains  (0.3  to  1.2). 

SlOMINE  (N.KR.). 

A  tetra  iodide  of  hexamethylenamine.    A  red  powder  of  slight  odor  and  taste,  con- 
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taining  78.5  percent,   of  iodine;  practically  insoluble  in  water;   slightly  soluble   in 
alcohol. 

Dose,  same  as  potassium  iodide  but  in  solid  form. 

lODOSTARINE   (N.N.E.). 

Diiodotariric  acid  is  an  iodine  addition  product  of  tariric  acid,  derived  from  the 
fruit  of  a  species  of  Picramia.  lodostarine-Roche  contains  47.5  percent,  of  iodine. 
Occurs  as  a  white,  crystalline,  odorless,  and  tasteless  solid;  insoluble  in  water;  soluble 
in  warm  alcohol,  ether,  and  chloroform. 

Dose,  same  as  potassium  iodide  but  administered  in  solid  form. 

Oridine   (N.N.R.). 

The  calcivim  salt  of  the  iodized  fatty  acids  of  cottonseed  oil.  Contains  about  25 
percent,  of  iodine  in  organic  combination.  Occurs  as  a  light  brown  powder;  odorless 
and  tasteless;  almost  insoluble  in  water,  benzene  and  alcohol;  slightly  soluble  in 
chloroform. 

Dose,  %  to  V2  grain  (0.01  to  0.03  Gm.)  per  day,  until  40  doses  have  been  taken. 

EioDiNE  (N.N.R.). 

A  66  percent,  solution  in  oil  of  an  iodine  addition  product  of  castor  oil.  Riodine 
contains  about  17  percent,  of  iodine.  An  oil-like,  light,  amber-colored  liquid;  insoluble 
in  water;  soluble  in  alcohol,  chloroform  and  ether. 

Dose,  6  to  20  grains  (0.4  to  1.2  Gm.). 

AciDUM  loDicuM   (unofficial).  Iodic  Acid. 

Occurs  as  colorless,  rhombic  crystals  or  a  white,  crystalline  powder;  soluble  in 
cold  or  boiling  water;  taste  astringent  and  acid.    In  concentrated  solutions  it  is  caustic. 

Dose,  1/2  to  3  grains  (0.03  to  0.2  Gm.)  well  diluted. 

Calcii  Iodas  (unofficial).  Calcium  lodate.  Ahhr.,  Calc.  lodate.  Synonym:  Cal- 
cinol. 

Occurs  as  a  white  powder  without  odor  or  taste.  One  Gm.  dissolves  in  380  cc. 
of  water  at  about  50°  F.  Contains  about  51  percent,  of  iodine  and  16  percent,  of  avail- 
able oxygen. 

Antagonists  and  Incompatihles. — All  oxidizing  agents  are  incompatible  with  all 
iodates,  for  with  them  they  are  liable  to  form  explosive  mixtures. 

Dose,  2  to  5  grains  (0.13  to  0.3  Gm.)  in  diluted  solution. 

SoDii  Iodas  (unofficial).  Sodium  lodate.     Ahhr.,  Sod.  lodate. 

Occurs  in  form  of  rhombic  crystals  or  a  white  crystalline  powder;  odorless;  soluble 
in  water,  insoluble  in  alcohol. 

Dose,  1  to  5  grains  (0.06  to  0.3  Gm.). 

PoTASsii  Iodas  (unofficial).  Potassium  lodate. 

Occurs  as  small  crystals. 

Dose,  4  to  8  grains  (0.25  to  0.5  Gm.). 

Antipathogenic  Action. — The  alkali  iodides  have  but  little  antiseptic  power  except 
against  actinomyces.  When  exhibited  internally  they  are  able  to  inhibit  the  growth  of 
this  fungus  as  do  iodine  solutions  applied  directly.  They  are  said  to  reduce  the 
resistance  of  the  tissues  to  staphylococcic  infection  (Strubell). 

Pharmacodynamic  Action:  Absorption  and  Elimination. — The  absorption  of  iodine 
varies  markedly  according  to  the  form  in  which  it  is  given  and  the  method  of  admin- 
istration.    The  various  compounds  will  therefore  be  considered  separately. 

The  soluble  iodides  are  very  slightly  taken  up  by  the  skin,  but  are  absorbed  with 
great  rapidity  from  all  mucous  surfaces.  Taken  by  mouth  they  are  chiefly  absorbed  in 
the  stomach  and  pass  at  once  into  the  blood  without  any  chemical  alteration."  If, 
however,  there  is  free  hydrochloric  acid  present  they  may  be  broken  down  with  the 

"  According  to  Buchholtz,  iodides  are  not  absorbed  from  the  stomach  at  all. 
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release  of  iodine,  which  will  exert  its  irritant  action.  Any  iodide  which  passes  into 
the  bowel  is  rapidly  absorbed.  In  man  (Werschin)  and  other  animals  (Friedman) 
absorption  of  dilute  solutions  from  the  rectum  is  more  rapid  than  from  the  stomach. 
Sodium  iodide  injected  into  closed  loops  of  bowel  is  absorbed  very  rapidly  during  the 
first  ten  minutes,  about  GO  percent,  being  taken  up  in  that  time.  After  this,  absorption 
is  very  slow  on  account  of  an  alteration  in  the  bowel  wall.  Sodium  chloride  in  the 
bowel  delays  absorption  but  chlorine-poor  and  chlorine-rich  animals  absorb  sodium  iodide 
equally  rapidly  (HanzlyU). 

Elemental  iocliiir  is  readily  absorbed  not  only  by  all  mucous  membranes,  and  from 
the  surface  of  wounds,  but  also  from  the  skin.  When  the  tincture  is  applied  to  sound 
skin  the  amount  absorbed  is  usually  so  small  as  not  to  exert  any  systemic  influence, 
but  in  certain  persons  it  may  do  so  (see  Idiosyncrasy).  Applied  in  ointment,  however, 
enough  to  produce  therapeutic  effects  may  be  taken  up.  It  has  been  found  in  the  saliva 
in  less  than  15  minutes,  and  in  the  urine  in  less  than  30  minutes  after  inunction  of 
ointment  in  saponified  petrolatum.  When  absorbed  from  the  digestive  tract  it  is  in  great 
part  converted  into  alkali  iodides.     Part  combines  with  unsaturated  fatty  acids. 

The  organic  compounds  differ  widely  in  the  manner  of  their  absorption  and  modifi- 
cation. IMost  of  those  used  for  internal  administration  pass  through  the  stomach  un- 
changed and  are  broken  down  in  the  bowel,  protein  compounds  being  mostly  converted 
into  alkaline  iodides  before  absorption.  Others,  such  as  iodoform,  lipoiodine,  iodol, 
iothion,  etc.,  are  absorbed  in  part  unchanged  and  circulate  as  such.  Iodoform  produces 
toxic  symptoms  different  from  those  of  iodism.  ' 

The  iodates  are  chiefly  absorbed  and  eliminated  unchanged. 

After  absorption  the  iodides  circulate  in  inorganic  form,  and  tests  for  organically 
combined  iodine  in  the  normal  tissues  are  likely  to  be  negative.  There  may  be  some 
conversion  to  iodates. 

Of  the  iodine  which  is  absorbed,  a  small  part  remains  in  the  blood,  chiefly  in  the 
red  cells.  The  remainder  is  widely  distributed,  the  largest  proportionate  amount  being 
found  in  the  thyroid  gland  and  the  liver.  If  the  dose  is  small  and  the  body  poor  in 
iodine  the  greater  part  may  be  retained  in  the  thyroid.  Diseased  structures  exert  par- 
ticular attraction  upon  iodine  (pathotropism).  Large  amounts  are  found  in  the  pus 
of  aseptic  abscesses  and  in  tuberculous  tissues.  The  blood  of  a  syphilitic  patient  taking 
sodium  iodide  contained  0.088  mgm.  per  Gm.,  while  a  softened  lymphatic  gland  con- 
tained 0.53  mgm.  per  Gm.,  largely  in  organic  combination   (Loeb). 

Attempts  have  been  made  to  cause  distribution  of  iodine  to  the  lipoid-rich  struc- 
tures, such  as  the  central  nerve  system  by  giving  fatty  compounds,  such  as  lipoiodine. 
These  attempts  were  not  successful;  as  much  iodine  is  found  in  the  central  nerve 
system  after  administration  of  sodium  iodide  as  after  the  use  of  fat  soluble  compounds. 
The  amount  is,  however,  increased  in  meningitis  and  in  syphilitic  disease  of  the  central 
nerve  system. 

Elimination  begins  quickly  and,  after  taking  soluble  iodides  by  mouth,  reaches  its 
height  in  about  two  hours.  When  the  kidneys  are  sound,  sodium  iodide  may  be  found 
in  the  urine  thirty  seconds  after  the  injection  of  tincture  of  iodine  into  a  serous  cavity 
and  two  or  three  minutes  after  ingestion  of  an  iodide.  Iodine  should  appear  in  the 
saliva  less  than  fifteen  minutes  after  swallowing  potassium  iodide  in  a  sealed  capsule 
which  releases  it  on  digestion,  and  this  fact  is  utilized  in  testing  the  solvent  power  of 
the  gastric  juice  and  the  absorbent  power  of  the  mucosa. 

Active  excretion  takes  place  by  all  the  emunctories,  the  greatest  part  escaping  in 
the  urine,  from  which  60  to  80  percent,  of  the  amount  ingested  can  normally  be  recov- 
ered within  24  hours,  and  90  to  95  percent,  within  48  hours,  irrespective  of  the  route 
of  administration.  Iodides  are  excreted  in  the  milk,  the  tears,  the  nasal  and  bronchial 
mucus,  the  bile,  the  gastric  juice,  the  sweat,  and  all  other  secretions.  The  amount 
recovered  from  each  of  these  is  very  small:  In  the  bile  less  than  1  percent,  of  the 
amount  ingested  (Fricker);  in  the  pancreatic  juice  about  0.05  percent.  (Benedicenti) ; 
in  the  sweat  (Kellerman)  and  spinal  fluid  (Achars  and  Ribot)  traces  too  small  to 
estimate  accurately. 

If  the  stomach  contains  free  acid,  the  portion  which  is  excreted  into  it  may  be 
converted  into  hydriodic  acid  or  even  to  free  iodine,  provoking  nausea  or  vomiting. 

The  eliminative  tissues  are  stimulated,  irritated,  or  inflamed,  according  to  indi- 
vidual sensitiveness,  the  quantity  of  the  drug,  and  the  form  in  which  elimination  occurs. 
The  duration  of  elimination  varies  with  the  quantity  absorbed.  It  is,  as  a  rule,  prac- 
tically complete  in  from  24  to  9G  hours  after  the  last  dose  has  been  taken.     Although 
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iodine  cannot  be  demonstrated  in  the  blood  later  than  this,  traces  may  persist  in  the 
urine,  and  large  quantities  in  the  saliva,  milk,  and  mucus,  for  even  10  or  20  days. 
Quantitative  accumulation  may  thus  occur  and  produce  symptoms  of  iodine 
poisoning. 

In  cases  of  iodoform  poisoning  organic  compounds  which  do  not  affect  starch  are 
found  in  the  urine,  but  when  the  drug  is  well  tolerated  it  is  eliminated  as  an  iodide. 
Iodoform  intoxication  would  thus  appear  to  depend  on  faulty  chemism. 

Topical  Action. — Apart  from  salt  action,  which  may  be  greater  than  from  cor- 
responding chlorides,  the  iodides  exert  no  topical  action. 

Toxicity. — Acute  poisoning  by  iodiaes  is  relatively  rare,  but  occasionally  after  large 
therapeutic  doses,  dangerous  and  even  fatal  poisoning  has  occurred.  In  some  cases 
there  is  edema  of  the  larynx  with  suffocation,  but  multiple  cutaneous  hemorrhages  and 
bullae  in  the  skin  and  mucous  membranes  are  more  often  reported.  Death  has  occurred 
as  a  result  of  multiple  ulcers  3  days  after  taking  2  Gm.  (30  grains)  of  iodide,  and  nine 
similar  fatal  cases  were  collected  by  Knowles  in  1910.  One  was  a  5  months'  old  child 
who  had  taken  only  a  single  dose  of  0.16  Gm.  (21/3  grains).  In  all  cases  in  which 
purpuric  or  vesiculo-buUous  eruptions  occur  administration  should  be  stopped.  Severe 
poisoning  is  more  likely  to  occur  in  persons  with  renal  or  cardiac  lesions,  probably 
because  elimination  is  interfered  with. 

The  iodates  when  given  by  mouth  are  not  poisonous,  but  injected  hypodermically 
or  intravenously  are  quite  toxic.  The  fatal  dose  hypodermically  in  the  rabbit  is  about 
0.1  Gm.  per  kilo.  A  dose  of  0.07  Gm.  per  kilo  gives  rise  to  toxic  phenomena,  character- 
ized by  spastic  paralysis,  clonic  convulsions  and  destruction  of  blood,  with  hemoglobin- 
uria and  albuminuria.  The  respiration  is  paralyzed,  but  if  artificial  respiration  is 
maintained  the  heart  fails  shortly  after.  Binz  believed  the  symptoms  were  due  to 
liberation  of  free  iodine  in  the  tissues,  but  Macciotta  was  able  to  show  that  no  such 
change  occurred,  the  action  being  that  of  the  iodate  itself. 

Chronic  poisoning  or  iodism  is  much  more  frequently  seen.  This  is  an  indication 
of  intolerance  or  of  idiosyncrasy,  and  occurs,  as  a  rule,  only  after  prolonged  adminis- 
tration. The  degree  of  susceptibility  varies  not  only  in  different  individuals,  but  even 
in  the  same  individual  at  different  times,  and  like  variability  is  seen  as  to  particular 
symptoms.  As  a  rule,  iodides  are  borne  by  children  in  proportionately  larger  doses 
than  by  adults,  while  liability  to  iodism  is  increased  by  old  age  and  debility,  as  well 
as  by  inadequacy  of  the  kidneys. 

Usually,  tolerance  is  readily  induced  by  the  use  of  small  doses,  0.05  to  0.1  Gm.  (1 
to  2  grains),  gradually,  or  even  rapidly,  increased  to  1  Gm.  (15  grains)  or  more.  Even 
after  such  preparation,  most  persons  begin  again  to  manifest  intolerance  when  a  daily 
dosage  of  3  to  6  Gm.  (45  to  90  grains)  is  reached.  Large  quantities  given  without 
habituation  are  likely  not  only  to  irritate  the  stomach  and  bowel,  but  to  give  rise  to 
more  or  less  severe  symptoms  involving  the  epithelial  and  endothelial  tissues  chiefly. 
In  certain  sensitive  subjects  such  disturbances  may  be  brought  about  by  very  small 
quantities,  and  idiosyncrasy  may  be  so  pronounced  that  the  drug  cannot  be  supported 
at  all,  be  the  initial  dose  never  so  minute  or  the  augmentation  never  so  gradual  (S.  S.-C, 
unpublished). 

Extreme  intolerance  is  said  to  be  present  in  persons  whose  saliva  contains  an 
excess  of  sulphocyanide,  but  it  is  not  restricted  to  such.  It  is  found  in  some  subjects 
of  hay-fever  and  asthma,  but  by  no  means  in  all;  as  the  iodides  are  often  therapeutically 
beneficial  in  these  disorders.  As  a  rule,  persons  who  exhibit  a  tendency  to  angio- 
neurotic phenomena  of  the  dilative  type  bear  iodides — as  they  bear  heat — badly.  Some 
of  these  subjects,  among  them  a  group  of  asthmatics,  are  made  worse  by  the  air  of 
the  seashore — and  this  has  been  attributed  to  iodine  influences. 

Strangely,  however,  certain  individuals  intolerant  of  iodides  in  small  quantity,  may 
bear  large  doses  very  well;  and  some  who  react  badly  to  either  iodine  or  an  iodide 
administered  by  the  mouth,  suffer  no  discomfort  when  large  quantities  of  an  8  to  10 
percent,  ointment  of  iodine  in  a  saponified  petrolatum  are  rubbed  into  the  skin.  That 
this  is  not  to  be  explained  by  lack  of  absorption,  has  been  shown  by  examination  of  the 
urine  and  the  saliva  (S.  S.  C).  In  other  cases,  some  form  of  protein-iodine  combination 
is  best  tolerated,  but  this  may  be  owing  to  lack  of  dissociation,  or  to  the  relatively  low 
iodine  content  of  the  preparation. 

Subjects  of  exophthalmic  goiter,  while  often  benefited  by  local  applications  of  iodine 
or  mercuric  iodide  over  the  enlarged  thyroid  gland,  are  ordinarily  intolerant  to  the 
internal  use  of  iodides.     A  similar  contradiction  is  sometimes  seen  in  cases  of  fibroid 
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and  of  cystic  goiter;  but  less  frequently  In  apparently  simple  adenomatous  hyper- 
trophy." 

On  the  other  hand,  certain  goitrous  persons  can  take  large  doses  of  iodides,  for 
long  periods,  without  the  least  disturbance;  and  the  beneficial  influence  of  iodothyrin 
in  goitrous  cretins  is  one  of  the  triumphs  of  modern  medicine.  Some  authors  would 
make  intolerance  of  iodides,  and  others  would  make  tolerance  indicative  of  thyroid 
inadequacy;  a  condition  which  can  coexist  with  enlargement.  The  whole  question  of 
the  relation  of  the  thyroid  gland  to  iodine,  and  of  the  mechanism  by  which  iodine  and 
thyroid  secretion  affect  tissue  and  function,  is  quite  obscure;  and  no  explanation  thus 
far  adduced  is  complete.  Normal  and  abnormal  thyroid  function  must  be  better  eluci- 
dated before  we  can  deal  in  very  positive  assertions. 

Syphilitics,  especially  those  affected  with  cerebral  or  spinal  symptoms,  and  those 
who  were  not  vigorously  or  persistently  mercurialized  in  the  early  stages,  and  who 
exhibit,  in  consequence  severe  ulcerations  of  the  throat  or  extensive  rupiae,  can  usually 
bear  large  quantities  of  iodides;  the  more  readily  when  the  maximum  has  been  ap- 
proached by  a  sort  of  remittent  progression.  Thus  300  grains  (20  Gm.)  or  more  at  a 
dose  have  been  taken  by  persons  of  this  type  without  any  disturbance.  Such  heroic  use 
of  the  drug  is,  nevertheless,  not  often  advisable. 

The  most  frequent  symptoms  of  iodism  are  those  of  eliminative  irritation  of  the 
skin  and  mucous  membranes — eruptive  and  serous  discharge.  Severe  inflammatory  and 
edematous  reactions  do,  indeed,  occur;  but  these  are  rare.  Usually  the  first  sign  is  a 
disagreeable  taste,  bitter  or  metallic,  accompanied  with  soreness  of  the  teeth  and  gums, 
burning  sensations  in  the  mouth  and  throat,  and  an  increased  flow  of  saliva;  or,  less 
commonly,  dryness  of  the  parts.  Sneezing  and  coryza,  with  more  or  less  obstruction  to 
nasal  breathing,  follow;  the  eyes  become  red,  burning,  and  watery;  the  lids  swell;  and 
there  is  dull  headache,  that  sometimes,  from  involvement  of  the  frontal  and  ethmoid 
sinuses,  rises  to  agonizing  pain. 

In  more  severe  cases,  the  parotid  glands,  the  submaxillary  glands,  the  tonsils,  the 
pharynx,  the  larynx,  the  bronchi,  and  the  alveoli  of  the  lung  may  be  involved.  Swallow- 
ing may  be  difficult;  there  may  be  constant  cough,  with  expectoration  of  thin,  watery 
mucus;  and  dyspnea,  persistent  or  paroxysmal,  with  asthmatic  wheezing;  sometimes 
symptoms  of  pulmonary  edema.  Occasionally,  respiration  is  strident  from  edema  of 
the  larynx;  which  has,  in  exceptional  cases,  been  so  severe  as  to  prove  fatal  despite 
tracheotomy.  In  sensitive  subjects,  edema  of  the  larynx  has  resulted  from  very  small 
doses   (0.15  to  0.2  Gm.  — 114  to  3  grains). 

The  skin  may  be  the  seat  of  various  lesions.  Commonly  there  is  nothing  more  than 
papular  or  pustular  acne,  and  this  may  indeed  be  the  only  sign  of  iodism.  In  graver 
cases,  or  in  very  sensitive  subjects,  the  eruption  may  be  eczematous,  vesicular,  urticarial, 
purpuric,  petechial,  even  gangrenous. 

The  alimentary  tract  may  or  may  not  suffer.  Usually  there  is  some  disturbance 
of  digestion  with  loss  of  appetite.  Vomiting  is  not  common,  except  from  direct  irrita- 
tion upon  ingestion,  but  there  may  be  diarrhea,  sometimes  profuse,  with  blood-stained 
stools  or  even  large  intestinal  hemorrhages. 

Bleeding  has  also  been  observed  from  the  nose,  the  lungs,  the  uterus,  the  kidneys; 
even   cerebral  hemorrhage   is   reported. 

As  a  rule,  the  urine  is  increased  in  quantity;  sometimes  there  is  a  veritable  polyuria. 
Albuminuria  is  not  infrequent. 

Nervous  symptoms  are  rare.  In  certain  very  acute  cases  mental  excitement  with 
acceleration  of  the  heart  and  flushing  of  the  skin  has  been  reported.  Ophthalmic  zona, 
herpes  zoster,  intense  facial  neuralgia  and  muscular  twitchings,  are  among  the  rarer 
accidents.     Exceptionally  there  has  been   fatal   coma. 

The  heart  may  become  feeble  and  irregular,  especially  under  long  continued  use  of 
the  drug.  Death  has  occurred  from  cardiac  paralysis,  from  respiratory  paralysis  and 
from  exhaustion. 

Treatment. — Iodism  usually  subsides  upon  withdrawal  of  the  drug.  The  eruption 
may  persist  for  a  week  or  two,  but  the  catarrhal  symptoms  rarely  last  more  than  a  few 
hours  or  days.    The  administration  of  belladonna  or  alkaline  carbonates  with  the  iodides 

"  In  those  parts  of  the  Alps  where  endemic  goiter  is  frequent,  the  number  of  indi- 
viduals showing  idiosyncrasy  to  iodides  is  especially  large  (Oswald).  In  Basel,  68 
percent,  of  all  patients  showed  acceleration  of  the  heart  after  small  doses  of  sodium 
iodide    (Gurewitsch). 
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may  prevent  their  development.  The  addition  of  arsenic,  say  a  drop  of  Fowler  solu- 
tion to  each  dose  of  iodide,  will  often  avert  the  acneform  eruption.  Calcium  given  with 
the  iodides  prevents  the  serous  discharges  (v.  d.  Velden)  and  also  the  pleural  exudate 
which  follows  toxic  doses  of  iodides  in  dogs  (Chiari  and  Januschke).  Taking  a  hot  bath 
every  morning,  during  a  course  of  iodides,  also  tends  to  prevent  lodism. 

Systemic  Action:  Alimentary. — Alkali  iodides  in  small  quantity,  well  diluted,  excite 
a  sensation  of  epigastric  warmth,  but  do  not  usually  irritate.  In  sensitive  persons  even 
small  doses  may  induce  gastric  distress  (pain,  nausea,  vomiting)  and  perhaps,  diarrhea; 
results  not  uncommon  in  the  generality  of  individuals  when  large  doses  are  given 
abruptly.  Usually  iodides  are  well  borne  if  care  be  observed  in  the  method  of  adminis- 
tration, especially  the  gradual  induction  of  tolerance.  Taken  just  before  meals,  they 
assist  digestion  indirectly,  through  the  increased  salivary  flow  that  is  excited  during 
elimination.  This  begins  ordinarily  within  a  few  minutes  after  ingestion.  The  salivary 
glands  are  not  excited  directly,  but  merely  reflexly  by  irritation  of  the  stomach  and  the 
taste  in   the  mouth    (Henderson). 

Taken  shortly  after  meals,  iodides  may  retard  digestion,  especially  of  starches. 
Peptic  digestion  is  hindered  probably  by  injury  of  the  ferment  by  iodine  set  free  in  the 
acid  gastric  juice.    In  vitro,  1  part  in  1500  lessens  digestion   (Fujutani). 

Ammonium  and  calcium  iodides  produce  the  greatest  and  strontium  iodide  the 
least  disturbance  of  the  stomach.  Those  organic  iodine  compounds  which  are  not  decom- 
posed in  the  stomach  give  rise,  as  a  rule,  to  no  irritation.  No  matter  what  iodide  may 
be  ingested,  an  impure  preparation  containing  iodates  or  free  iodine  in  appreciable 
quantity  will  quickly  set  up  gastric  irritation. 

Among  the  early  phenomena  of  iodism  are  soreness  of  the  mouth  and  throat; 
anorexia  is  not  uncommon,  and  in  some  cases  there  may  be  diarrhea  and  even  vomiting. 

Blood. — The  iodides  reduce  the  antitryptic  action  of  the  blood,  probably  by  combining 
with  the  unsaturated  fatty  acids  on  which  this  action  largely  depends  (Jobling  and 
Petersen). 

Iodine  and  all  its  compounds  induce  leucocytosis.  Small  doses  diminish  the  viscosity 
of  the  blood.  The  non-protein  nitrogen  is  increased  by  continued  administration  of 
iodidfes  (Grabfield,  Osborne). 

In  the  test-tube  a  minute  quantity  of  elemental  iodine  will  transform  hemoglobin 
into  methemoglobin.  This  action  is  not  seen  in  the  circulating  blood.  Prolonged  use 
of  iodine  or  iodides,  however,  reduces  the  number  of  red  cells  by  a  destructive  action. 
Iodoform,  on  the  other  hand,  seems  to  stimulate  hematosis  at  first  and  in  certain 
pathological  conditions,  associated  with  anemia,  for  example,  tuberculosis  or  syphilis, 
appropriate  iodic  medication,  if  not  too  long  continued,  will  improve  the  condition  of 
the  blood.  Association  of  iodine  with  arsenic  or  iron,  or  both,  assists  their  hematinic 
effect. 

The  spleen  sometimes  and  the  lymphatic  glands  commonly,  if  enlarged  by  disease, 
diminish  in  size  under  the  use  of  the  drug,  and  this  is  true  not  only  or  even  especially 
of  syphilitic  enlargements. 

Circulation. — Iodides  in  moderate  dose  have  no  influence  on  the  normal  heart  or 
blood  vessels  and  do  not  influence  blood  pressure.  Enormous  doses  given  intravenously 
to  animals,  paralyze  the  heart  and  perhaps  the  vessel  walls.  It  is,  however,  impossible 
in  these  experiments  to  distinguish  between  the  action  of  the  cation  and  the  salt  action, 
so  that  the  deleterious  influence  of  iodides  on  the  normal  circulatory  system  is  still 
unproved. 

In  perfusion  of  the  isolated  heart,  sodium  iodide  has  no  constant  influence  unless 
present  in  high  enough  concentration  to  exert  salt  action.  Iodine,  even  in  high  dilution, 
exerts  a  depressing  effect  both  on  force  and  rate  (Salant  and  Livingston).  Sodium 
iodide,  according  to  Macht,  stimulates  the  isolated  heart. 

Clinical  observation  indicates  that  iodides  in  medicinal  dose  may  lower  abnormally 
high  blood  pressure  by  relaxing  the  arterioles.  The  heart  appears  to  be  stimulated,  but 
may  merely  show  the  good  influence  of  decreased  peripheral  resistance.  This  action 
is  particularly  seen  in  cases  of  moderate  fibroid  change  with  high  tension,  but  it  is 
evident  also  when  no  change  in  the  vessel  wall  can  be  detected.  This  vascular  relaxation, 
which  seems  to  be  well  established  clinically,  has  not  been  confirmed  or  explained  experi- 
mentally, but  the  similarity  of  certain  of  the  symptoms  to  those  of  thyroid  overactivity 
should  not  be  overlooked.  The  atheroma  of  the  aorta,  which  results  from  repeated 
injection  of  epinephrine  in  rabbits,  is  not  prevented,  nor  even  lessened,  by  simultaneous 
administration  of  iodides    (Loeb  and  Fleisher). 
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Respiration. — No  direct  influence  of  iodides  upon  the  respiration  can  be  affirmed  on 
the  basis  of  its  action  when  administered  to  the  intact  animal. 

In  perfusion  experiments  on  the  respiratory  center  of  the  dog,  increase  in  rate  and 
depth  of  respiration  was  noted    (Macht  and  Hooker). 

Under  pathologic  conditions  iodides  relieve  dyspnea  by  improving  circulation,  dimin- 
ishing hyperemia,  and  relaxing  spasm.  During  eUmiyiation  they  stimulate  the  broncho- 
pulmonary mucous  membrane,  producing  two  results  of  therapeutic  importance:  (1) 
increased  sccretioji,  diminishing  the  viscosity  of  morbid  products  and  facilitating  their 
expectoration;  (2)  alteration  of  nutrition,  through  general  influence  upon  cells.  Gaseous 
exchange  becomes  more  active  not  only  through  the  greater  freedom  of  respiration,  but 
also,  perhaps,  through  certain  chemical  processes  dependent  on  the  presence  of  iodides 
and  protoplasm  in  a  mixture  of  carbon  dioxid  and  oxygen.  These  effects  are  produced 
by  any  active  iodine  preparation,  sufficient  in  quantity,  but  best  by  the  alkali  iodides. 
Hematosis  is  thus  indirectly  enhanced,  and  this  again  improves  circulation  and  respira- 
tion, so  that  we  have  a  beneficial  circle  established. 

In  toxic  doses  iodine  causes  circulatory  dyspnea  and  finally  paralyzes  respiration. 
The  symptoms  of  iodism  are  more  frequent  in  the  upper  air  passages,  and  especially  in 
the  nose  rather  than  in  the  lungs  and  bronchi. 

Iodine  is  a  normal  constituent  of  the  body.  As  thyroxin  it  is  contained  in  the 
thyroid  gland  in  varying  proportions,  generally  stated  as  from  0.33  to  1  milligram  of 
iodine  in  each  grain  of  gland  tissue.  It  is  found  in  normal  blood-serum  in  varying  and 
undetermined,  but  always  minute,  quantity;  the  proportion  being  greatest  in  menstrual 
blood.  The  iodine  of  the  blood  is  not  a  salt,  but  an  organic  compound,  probably  similar 
to  thyroxin,  and  the  amount  is  much  increased  in  cases  of  exophthalmic  goiter. 

A  due  and  proportionate  supply  of  thyroxin  is  necessary  to  health.  Excess  gives 
rise  to  superoxidation;  with  tissue  wasting  and  functional  erethism  in  both  the  auto- 
nomic and  volitional  spheres — symptoms  which  appear  in  toxic  adenoma  and  in  Graves' 
syndrome  (exophthalmic  goiter).  Deficiency  is  characterized  by  suboxidation,  with 
obesity  or  mucoid  degeneration  of  tissue  and  general  sluggishness  of  function — as 
illustrated  by  myxedema  and  cretinism. 

Alterative  Action. — Iodine  is  a  typical  "alterative,''  and  its  behavior  justifies  the 
retention  in  modern  medical  teaching  of  that  ancient  and,  according  to  some  writers, 
obsolete  term.  Iodine  affects  all  cells,  causing  an  increase  in  their  catabolism  and  a 
destruction  of  the  nucleins,  which  may  be  sufficient  to  lead  to  cell  death.  This  action 
varies  markedly  with  different  cells,  according  to  character  and  health.  Of  the  normal 
cells  the  spermatoblasts  and  ovoblasts  are  especially  affected. 

Cells  altered  or  enfeebled  by  disease  offer  less  resistance  to  destruction,  hence  the 
drug  attacks,  and  is  absorbed  by  these  before  it  affects  healthy  tissue.  Intolerance, 
when  not  dependent  on  idiosyncrasy,  may  thus  be,  at  times,  a  sign  of  approaching 
recovery,  and  this  has  been  recognized  in  syphilis.  The  destruction  of  diseased  tissue 
stimulates  the  reactive  reproduction  of  healthy  structure,  and  it  is  to  this  action  that 
the  term  "alterative"  is  applied.  The  effect  may  be  largely,  if  not  entirely,  attributable 
to  the  destruction  by  iodides  of  the  antitryptic  power  of  the  blood.  This  antitryptic 
power  appears  to  reside  in  unsaturated  fatty  compounds  and  iodine,  by  combining  with 
these  and  thus  inactivating  them,  may  allow  the  proteolytic  ferments  present  in  the 
blood  to  attack  any  degenerated  or  necrotic  tissues.  This  would  account  for  the  rapid 
disintegration  of  diseased  lymph  glands,  fibrous  nodules,  gummata,  etc.,  under  the  influ- 
ence of  iodides.  The  cytolysis  is  not  due  to  the  toxic  action  of  the  iodine  as  such,  but 
to  ferments  normally  present,  but  inhibited  (Jobling  and  Petersen).  Autolysis  in  vitro 
is  not  increased  by  iodides   (Morse). 

Conjoining  with  these  influences  a  direct  chemical  combination  with  the  metal, 
iodides  assist  in  the  elimination  of  lead,  mercury,  arsenic,  silver,  and  other  poisons 
deposited  in  the  tissues. 

Nutritive  Action. — The  effect  of  iodides  on  the  general  nutrition  varies  with  the 
condition  of  the  patient.  A  healthy  person,  or  one  with  functional  rather  than  nutritive 
disorder,  loses  weight  under  doses  that  will  cause  a  syphilitic  or  a  subject  of  mer- 
curialism  or  lead  cachexia  to  put  on  flesh.  When  potassium  iodide  is  administered  the 
denutritive  effect  of  the  base  is  also  to  be  considered.  In  the  morbidly  obese,  marked 
reduction  of  weight  may  be  brought  about.  If,  however,  this  is  too  rapidly  produced, 
there  will  be  an  associated  intoxication  through  accumulation  of  waste  products;  and, 
in  consequence,  a  depressing  influence  upon  the  digestion  and  circulation,  with  con- 
comitant impoverishment  of  the  blood.     The  drug  itself  may  also,  under  such  circum- 
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stances,  or  whenever  administered  too  long  or  in  too  great  dosage,  produce  toxic  symp- 
toms referable  to  disturbed  nutrition. 

The  activity  of  resorptive  processes,  both  leucocytic  and  lymphatic,  seems  to  be 
increased  by  iodine  influence — probably  in  part  directly;  in  part  indirectly,  through  the 
natural  stimulus  of  the  products  of  cell  destruction  and  increased  endosmotic  pressure; 
in  part  owing  to  the  dilatation  of  the  deeper  vessels  that  occurs  not  only  systemically, 
but  also  where  local  applications  are  made.  Thus  inflammatory  congeries  of  new-formed 
cells  and  morbid  collections  of  fluid,  both  passive  and  inflammatory,  disappear  under 
the  administration  of  iodides  or  the  local  use  of  iodine. 

In  the  latter  case  the  ordinary  phenomena  of  irritation — diapedesis,  determination 
of  fluid,  reflex  dilatation  of  vessels,  reflex  acceleration  of  circulation,  and  reflex  stimu- 
lation of  internal  parts — are  added  to  the  specific  histolytic  effect  of  the  drug. 

In  both  instances,  in  addition  to  the  salt  or  solvent  action  of  the  iodide  and 
increased  determination  of  fluids  into  the  lymph  channels,  there  is  heightened  general 
and  local  leucocytosis,  with  a  more  active  absorption  and  elimination  of  the  products 
of  tissue  waste.  This  action  may  be  assisted  by  any  measure  inducing  a  more  copious 
outpouring  of  fluid  from  the  body;  as  sweating,  watery  purging,  or  increased  diuresis. 
The  general  energy  of  metabolism  is  also  thus  increased  and  the  urine  contains  a  larger 
percentage  of  waste  products.  This  is  more  marked  when  potassium  iodide  is  taken, 
owing  to  the  synergistic  effects  of  the  cation.  The  general  stimulation  of  metabolism 
may  be  the  reason  that  the  luetin  test  for  syphilis  often  becomes  positive  after  a  few 
doses  of  an  iodide  (Sherrick). 

Purin  Metabolism. — In  dogs  sodium  iodide  in  continued  administration  causes  a 
marked  increase  in  excretion  of  uric  acid,  followed  by  a  decrease  to  much  below  the 
normal.  The  purins  show  an  extreme  and  continued  increase,  so  that  the  total  purin 
elimination  remains  high  as  long  as  the  medication  is  continued.  The  formation  of 
endogenous  purin  by  nuclein  destruction  remains  at  an  unduly  high  level,  while  the 
formation  of  uric  acid  from  xanthin  is  hindered  (Chistoni). 

Endocrines, — Iodine  and  its  compounds  excite  the  thyroid  gland,  causing  increased 
production  of  iodothyrin  (thyroxin),  but  the  effect  differs  not  only  with  the  condition 
of  the  patient,  but  with  the  diet   (Bensley). 

The  action  of  iodothyrin  on  the  thyroid  gland  is  two  thousand  times  as  potent  as 
that  of  alkali  iodide,  based  on  corresponding  amounts  of  iodine.  An  iodine  com- 
pound prepared  from  bladder  wrack  (Fucus)  approaches  iodothyrin  in  activity.  In 
line  with  the  relative  ineffectiveness  of  iodides  is  the  observation  that  the  perfused 
thyroid  gland  takes  up  inorganic  iodine  from  the  perfusion  fluid,  but  does  not  convert 
it  to  an  organic  form  (Marine  and  Feiss).  If  the  thyroid  is  normal,  or  especially  if 
there  is  a  tendency  to  overactivity,  excessive  use  of  iodides  may  give  rise  to  the  so-called 
"iodine  cachexia,''  characterized  by  anemia,  wasting,  acceleration  and  irregularity  of 
the  heart,  tremors,  irritability,  sleeplessness  and  other  nervous  disturbances  resembling 
those  of  Graves'  syndrome.     Fever  may  be  present. 

It  has  been  established  that  in  regions  where  the  surface  water  and  soil  are  deficient 
in  iodine,  goiter  is  prevalent.  The  amount  of  iodine  in  surface  water  in  regions  where 
goiter  is  not  endemic,  and  which  suffices  to  prevent  it,  is  from  1  part  in  4  billion  to  as 
much  as  1  part  in  1  million  (McClendon).  The  endemic  goiter  of  trout  does  not  occur 
in  water  containing  more  than  1  part  of  iodine  in  1  million. 

Temperature. — In  poisoning  with  iodine  the  temperature  may  be  more  or  less  ele- 
vated, but,  as  a  rule,  it  is  subnormal,  as  it  is  during  the  stage  of  vasodilatation  in 
animals  under  intravenous  injection  of  toxic  amounts.  Under  therapeutic  doses  there 
is  usually  no  change. 

Nerve  System. — As  a  rule,  iodine  and  its  compounds  in  therapeutic  doses  exercise 
no  appreciable  influence  upon  sensation,  consciousness  or  voluntary  motion,  but  in  rare 
cases  there  may  be  headache,  vertigo,  insomnia  and  disturbing  dreams.  The  cardiac 
and  vascular  effects  of  the  drug,  however,  are  probably  due  in  large  part  to  influence 
upon  the  controlling  nerve  apparatus.  Among  the  very  rare  phenomena  of  iodism  are 
paralyses  and  coma.  Iodine  cachexia  and  iodoform  poisoning  are  marked  by  both  irri- 
tative and  depressive  symptoms.  In  animals  poisoned  by  intravenous  injections  of 
potassium  iodide  the  convulsions  are  probably  to  be  attributed  to  the  cation;  but  sodium 
iodide  may  cause  death  in  collapse,  accompanied  by  general  adynamia  and  respiratory 
failure. 

Injected  into  the  leg  of  a  frog  sodium  iodide  induces  local  rigor  of  the  muscle;  and 
even  by  subcutaneous  injection,  0.1  Gm.  may  excite  contractions,  or  persistent  stiffness 
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of  all  the  muscles,  with  slow  relaxation  like  that  from  veratrine.  These  phenomena  are 
not  observed  in  mammals    (Stockman  and  Charteris). 

Urinary. — Very  small  doses  of  iodides  are  without  marked  effect  on  the  quantity 
of  urine,  but  moderate  doses,  especially  of  the  alkaline  iodides,  increase  it  notably. 
This  is  attributable  in  part  to  indirect  action,  through  the  influence  of  the  basic  ion — 
particularly  when  the  strontium  salt  is  administered;  in  part  to  salt  action;  and  in 
part  to  eliminative  stimulation.  The  quantity  of  urea  excreted  does  not  seem  to  be 
modified  in  an  invariable  way  under  the  iodic  influence,  but  the  total  nitrogen  and 
sulphur  are  usually  increased. 

In  acute  iodine  poisoning  and  less  frequently  In  lodism,  irritation  or  inflammation 
of  the  kidney  with  albuminuria,  hematuria,  oliguria,  or  even  anuria  may  occur.  In 
children  local  applications  of  tincture  of  iodine  to  the  surface  may  excite  a  transient 
albuminuria,  which  sometimes  persists  for  several  days  after  the  application  has  ceased. 

Sex  Organs. — The  iodides  in  large  doses  cause  a  temporary  loss  of  fertility.  No 
atrophy  of  the  sex  organs  occurs,  but  the  spermatoblasts  show  degenerative  changes. 

Lugol's  solution  and  loose  organic  compounds  (iodalbuminate,  peptone  iodine,  iodine 
vasogen)  given  to  rabbits  cause  total  loss  of  spermatoblasts  followed  by  atrophy  of  the 
testicles  (Adler).  Iodine  tropon  did  not  cause  atrophy  (Guimme).  In  women,  sterility 
and  atrophy  of  the  breasts  have  been  observed  after  long  continued  use  of  iodides,  and 
milk  secretion  may  be  stopped  in  nursing  women    (antigalactagogue  action). 

Therapeutics:  Topical. — Potassium  iodide  is  applied  locally  in  the  form  of  the 
official  ointment  to  produce  a  resolvent  effect  on  enlarged  glands,  and  in  the  treat- 
ment of  simple  goiter  with  hypothyroidism.  An  ointment  of  ammonium  iodide  of 
the  same  strength  as  the  potassium  iodide  ointment  is  preferred  by  some,  for  the 
reason  that  it  is  more  readily  decomposed  on  exposure  to  the  air,  and  deposits  ele- 
mental iodine.  A  solution  of  this  salt  of  the  strength  of  one  dram  to  the  ounce  of 
glycerin  has  been  recommended  as  an  application  to  reduce  enlarged  tonsils.  Various 
idcers  and  tuberculous  lesions  of  the  skin  and  mucous  membranes  have  been  treated 
by  the  local  application  of  hydrogen  dioxide,  the  patient  having  been  given  previously 
large  doses  of  sodium  iodide.  It  is  stated  that  the  hydrogen  dioxide  causes  a  deposi- 
tion of  iodine  from  the  sodium  iodide  excreted  at  the  site  of  the  lesion. 

Iodized  starch  has  been  used  with  benefit  as  a  dressing  for  syphilitic  ulcers. 
Casein-iodine  is  recommended  as  an  antiseptic  dusting  powder  for  ivounds  in  place 
of  iodoform,  and  iodalbin  has  been  used  for  the  same  purpose. 

Systemic. — The  iodides  are  given  largely  in  arteriosclerosis  and  chronic  aortitis, 
before  the  stage  of  calcification,  to  promote  absorption  of  the  fibrous  hyperplasia  of 
the  vessels.  Although  they  are  seemingly  of  benefit  even  in  senile  fibrosis  of  the 
arteries,  it  is  particularly  in  the  presenile  cases,  especially  if  there  is  a  syphilitic  taint, 
that  the  most  marked  effects  are  seen.  The  iodides  are  given  also  in  aneurysm,  and 
sometimes  with  apparent  benefit,  though  it  is  difficult  to  explain  their  action  in  this 
affection.  In  high  arterial  tension  they  lower  the  blood  pressure  through  relaxation 
of  the  arterioles,  and  the  same  action  sometimes  affords  relief  in  cases  of  angina 
pectoris.  The  iodides  are  given  also  in  fatty  and  fibrous  degenerations  of  the  myo- 
cardium. The  resolvent  action  of  these  salts  is  advantageously  employed  for  the 
removal  of  the  exudate  following  pleurisy  and  that  occurring  as  a  sequel  of  pelvic 
cellulitis,  and  to  clear  an  unresolved  pneumonia.  They  have  also  been  given  in 
hepatic  and  renal  cirrhosis,  and  to  soften  the  adhesions  in  chronic  rheumatism.  In 
thromho-angiitis  obliterans  Steele  recommends  potassium  iodide  in  conjunction  with 
intravenous  injection  of  sodium  citrate  solution. 

The  iodides  are  useful  in  chronic  hronchitis  with  scanty  viscid  sputa  through 
their  action  in  increasing  the  fluid  content  of  the  mucous  secretion,  thereby  diminish- 
ing its  viscosity.  In  bronchitic  dyspnea  also,  in  emphysema  and  in  asthma  they  are 
sometimes  of  benefit.  They  are  more  likely  to  be  of  serv-ice  in  asthma  of  bacterial 
origin  than  in  the  forms  dependent  on  hypersensitiveness  to  pollens,  keratins  and  like 
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excitants  (so-called  atopens) ;  but  even  in  these  latter,  they  help  occasionally.  Complex 
mixtures  are  commonly  used  and  useful.  One  such  contains  5  or  10  grains  (0.3  to 
0.6  Gm.)  of  potassium  or  sodium  iodide,  5  grains  (0.3  Gm.)  of  ammonium  bromide, 
10  or  15  minims  (0.6  to  1  cc.)  of  fluidextract  of  grindelia  (or  perhaps  a  somewhat 
smaller  dose  of  tincture  of  lobelia,  or  an  equivalent  dose  of  euphorbia),  with  20  minims 
(1.3  cc.)  of  syrup  of  ipecac,  20  to  30  minims  of  paregoric,  1  fluidram  (4  cc.)  of  syrup 
of  senega,  with  sufficient  digestant  elixir  and  water  to  make  up  a  tablespoonful  (30  cc). 
This  may  be  given  3  or  4  times  daily;  and  amorphous  aspidospermine  (i/s  grain,  8 
mgm.)  is  sometimes  given  hourly  in  the  intervals  between  doses.  Sometimes  dilute 
hydrocyanic  acid  (2  or  3  minims,  0.1  to  0.2  cc.)  is  added,  or  syrup  of  wild  cherry 
is  used  in  place  of  senega.  A  terebinthinate  or  a  preparation  of  garlic  may  be  sub- 
stituted or  added;  calcium  is  occasionally  used  as  a  base  for  part  or  all  of  the  iodide 
or  bromide,  and  parathyroid  is  sometimes   administered   concurrently. 

Iodides  shovild  not  be  given  in  pulmonary  tuberculosis,  as  they  tend  to  break 
down  tissue  and  to  prevent  fibrous  healing.  Iodoform  and  elemental  iodine  (tincture), 
however,  are  of  great  service  in  the  early  stage,  preventing  the  spread  of  infiltration. 
Potassium  iodide  (5  grains  in  alkaline  mixture  t.i.d.  for  a  week  or  less)  is  sometimes 
given  to  produce  sputum  for  diagnostic  purposes  in  cases  of  dry  phthisis  in  which 
expectoration  is  scanty  or  absent.     The  practice  is  not  good. 

Iodine  and  the  iodides  (potassium  or  sodium)  are  stated  by  Egyptian,  physi- 
cians to  be  of  great  value  in  the  treatment  of  hronchomoniliasis.  The  preparation 
that  is  preferred  is  lipiodol  (a  40  percent,  solution  or  combination  of  iodine  in  oil 
of  poppy),  of  which  30  minims  (2  cc.)  should  be  injected  subcutaneously  or  in,trave- 
nously  every  second  day  up  to  40  doses. 

Chatin  in  1850  had  called  attention  to  iodine  deficiency  in  food  and  drinl?  as  an 
etiologic  factor  in  cretinism  and  endemic  goiter,  and  suggested  the  prophylactic  use 
of  foods  rich  in  iodine  and  of  iodized  table  salt.  It  remained  for  Marine  to  demon- 
strate through  independent  studies  the  value  of  the  suggestion.  In  1917  and  suc- 
ceeding years  he  and  Kimball  treated  with  sodium  iodide  a  large  number  of  school 
girls  in  Akron,  Ohio,  and  other  localities  in  "the  Lake  Erie  goiter  belt."  Less  than 
1  percent,  of  those  treated  developed  thyroid  enlargement  while  in  many  instances, 
existing  enlargements  gradually  subsided.  No  untoward  results  were  observed. 
Among  the  untreated  children  goiter  occurred  in  15  percent.  The  method  was  inten- 
sive. Twice  a  year  (May  and  December)  iodide  was  given  for  10  days.  Children 
under  10  years  received  2  or  3  grains  daily — i.e.,  20  to  30  grains  (1.3  to  2  Gm.)  in 
each  series.  Those  between  10  and  16  years  received  3  to  5  grains  daily — i.e.,  30  to  50 
grains  (2  to  3.3  Gm.)  in  each  series.  In  Lausanne,  Switzerland,  the  incidence  of 
goiter  among  children  was  much  diminished  by  placing  open-mouthed  bottles  con- 
taining 10  percent,  tincture  iodine  in  the  school  rooms  so  that  the  drug  was  inhaled 
with  the  air;  30  grains  (2  Gm.)  per  month  being  thus  volatilized  in  each  room 
(Weith).  In  Zurich,  ^A20  grain  (2  mgm.)  every  week  (0.1  Gm.  annually)  sufficed.  In 
some  goitrous  regions,  the  addition  of  1  percent,  of  sodium  iodide  to  all  table  salt 
is  practiced.  In  still  other  places  the  water  supply  has  been  treated  continuously  or 
intermittently.  McClendon  and  Hathaway  advise  maintenance  of  an  iodine  level 
of  0.01  mgm.  per  liter  (1  part  in  100  millions).  Objection  to  the  intermittent  plan 
as  tried  at  Rochester,  N.  Y.  (where  the  water  was  brought  up  to  5  times  this  content 
of  sodium  iodide  for  3  weeks  twice  yearly),  are  that  the  quantity  taken  during  the 
year  is  too  little  for  those  who  need  it  and  possibly  too  great — as  it  is  certainly  too 
great  if  used  continuously — for  those  who  do  not  need  it. 

The  Swiss  Commission  suggested  the  use  of  iodized  table  salt,  5  mgm.  of  sodium 
iodide  to  the  kilogram  (1:  200,000).    With  an  average  daily  consumption  of  150  grains 
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(10  Gm.)  of  salt  this  would  amount  to  yi200  grain  (0.05  nigm.)  of  iodide.  In  America 
much  stronger  iodization  of  salt  has  been  practiced — some  brands  containing  up  to  1 
part  in  10,000,  which  would  give  %o  grain  (1  mgm.)  of  iodide  per  diem.  For  some 
persons  this  may  be  excessive  and  Hartsock  reports  hyperthyroidism  in  consequence. 
On  the  whole,  individual  administration  carefully  supervised  by  the  physician — 
not  left,  that  is  to  parents,  teachers  and  other  persons  untrained  in  medicine  (even 
those  trained  in  nursing) — is  best.  Danger  lurks  in  other  plans  except,  perhaps,  that 
of  McClendon.  Minimal  doses  are  to  be  preferred,  except  for  special  reasons  in 
particular  instances.  Various  plans  have  been  adopted  with  about  equal  success. 
Many  schools  in  the  American  goiter  belts  continue  Marine's  intensive  practice.  In 
Switzerland,  weekly  administration  is  preferred — the  dose  being  V\2  to  %  grain  (5  to 
10  mgm.)  of  sodium  iodide  or  an  organic  compound  (commonly  iodostarin).  This 
method  permits  earlier  recognition  of  a  possible  excessive  susceptibility  in  individual 
children.  Others  advocate  daily  administration  of  %oo  to  Vm  grain,  and  for  this  pur- 
pose find  iodized  salt  more  convenient  than  the  ordinary  pharmaceutic  preparations. 
Crile  strongly  urges  some  form  of  iodine  treatment  for  all  adolescents  in  goitrous 
regions,  and  since  pregnancy  is  commonly  marked  by  thyroid  hyperemia  or  enlarge- 
ment or  both  (which  may  be  to  supply  iodine  for  the  fetus),  he  would  also  give  it  to 
expectant  mothers  in  these  districts.  A  theoretical  objection  to  this  is  that  iodine 
tends  to  diminish  the  secretion  of  the  mammary  glands ;  but  that  may  be  the  lesser 
evil.  It  remains  a  question  of  clinical  judgment  in  the  individual  case.  In  other  than 
goitrous  regions,  the  thyroid  enlargement  of  adolescents,  and  especially  of  adolescent 
girls,  may  not  call  for  treatment.  If  it  be  sufficiently  marked  and  persistent,  or 
accompanied  by  nervous  or  toxemic  symptoms,  or  by  significant  depression  of  blood 
pressure,  iodine  may  be  given  intermittently  in  many  and  various  ways.  We  prefer 
Lugol  solution  or  a  slowly-decomposed  organic  compound,  but  any  iodide  is  eligible. 
From  1/4  to  3  grains  (0.015  to  0.2  Gm.)  of  sodium  iodide  or  its  equivalent,  may  be 
given  once  or  twice  weekly  for  2  or  3  months  at  a  time,  or  once  daily  every  week, 
or  for  two  days  successively  every  2  weeks,  or  by  some  other  appropriate  intermittent 
method.  More  vigorous  treatment  is  needed  at  times  in  the  definite  hyperplastic  goiter 
of  adults,  especially  if  associated  with  deficient  secretion ;  1  to  3  grains  (0.05  to  0.2 
Gm.)  of  iodide  or  its  equivalent  being  given  2  or  3  times  daily,  with  perhaps  inunctions 
of  iodine  ointment.  In  hyperthyroidism,  however,  with  or  without  marked  goiter,  the 
problem  is  first  to  determine  whether  the  gland  is  overworking  because  its  secretion 
lacks  iodine,  in  which  case  the  use  of  iodine  to  supply  the  want  may  quiet  it.  When 
the  overactivity  arises  from  other  causes,  however,  as  in  the  condition  termed  by 
Plummer  toxic  adenoma  of  the  thyroid,  iodine  is  contraindicated;  and  it  is  to  be 
remembered  that  overstimulation  with  iodine  may  convert  a  borderline  case  of  appar- 
ently simply  adenoma  into  a  case  of  toxic  goiter.  Care,  caution  and  watchfulness 
(which  may  mean  repeated  observation  of  the  basal  metabolic  rate)  are  therefore 
needed  to  determine  the  effect  of  medication  and  to  withdraw  or  modify  it  as  necessary. 
In  Graves'  syndrome,  still  another  problem  is  presented,  as  fully  discussed  elsewhere. 
Plummer  and  his  associates  at  the  Mayo  Clinic  have  found  iodine  (Lugol  Solution, 
10  drops  daily)  helpful  in  reducing  the  basal  metabolic  rate,  quieting  nervous  unrest 
and  diminishing  tremor  and  tachycardia.  They  attribute  a  diminished  operative 
mortality  to  its  use  as  a  preparatory  routine  for  6  days  or  more  prior  to  the  thyroidec- 
tomy. As  we  rarely  find  thyroidectomy  necessary,  we  give  the  Lugol  solution  after  the 
patient  has  been  put  at  rest  and  the  effect  of  rest  observed,  to  see  whether  it  brings 
about  further  reduction  in  basal  metabolism,  and  may  return  to  it  from  time  to  time 
during  the  progress  of  the  case,  should  increase  of  the  rate  or  other  symptoms  suggest 
its  necessity — or  for  the  purpose  of  varying  the  medication — an  important  part  of 
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the  management.  It  should  not,  however,  be  used  for  more  than  2  weeks  continuously 
under  ordinary  conditions. 

Lugol  solution  (1  to  3  or  5  or  up),  syrup  of  ferrous  iodide  (1  to  30  drops  or 
tolerance),  less  frequently  the  alkaline  iodides  are  useful  in  the  treatment  of  so-called 
scrofulous  children,  notably,  those  presenting  cervical  adenitis  and  the  like.  The  con- 
comitant use  of  tincture  of  iodine  or  of  an  iodine  ointment  topically  is  helpful. 
Sometimes  Donovan  solution  (mercuric  and  arsenous  iodides)  in  ascending  and 
descending  doses  (1  to  5  or  10  drops  t.i.d.)  is  to  be  preferred. 

The  syrup  of  iron  iodide  is  said  to  be  of  special  value  in  interstitial  keratitis  and 
phlyctenular  ulceration  of  the  cornea  in  children.  The  iodides  have  been  said  to  be 
useful  in  cataract,  but  no  authentic  cases  of  retrogression  of  a  ripe  cataract  under 
their  influence  are  known.  Vision  has  been  restored  in  post-hemorrhagic  blindness 
after  the  use  of  potassium  iodide. 

Potassium  iodide  or  other  iodide  is  given  in  chronic  poisoning  by  lead,  mercury, 
silver  and  other  metals,  its  action  being  to  increase  the  rate  of  excretion  of  the 
metal.  In  these  cases,  especially  in  chronic  mercurial  poisoning,  it  should  be  given 
in  moderate  doses  (6  grains  three  times  a  day,  and  intermittently),  lest  the  metal 
be  taken  up  too  rapidly  from  the  tissues,  and  so  give  rise  to  acute  poisoning. 
Arsphenamine  dermatoses  are  sometimes  promptly  dissipated  by  the  administration 
of  potassium  iodide  or  colloid  iodine.  The  drug  is  given  in  actinomycosis,  blasto- 
mycosis and  sporotrichosis,  in  certain  skin  affections,  even  those  of  non-syphilitic 
causation,  such  as  psoriasis,  in  chronic  rheumatism  and  in  neuralgia. 

Linder  has  revived  the  iodide  test  of  renal  function  proposed  in  the  last  cen- 
tury by  Dyce  Duckworth.  Persons  with  normal  kidneys  excrete  within  12  hours 
45  percent,  or  more  of  the  potassium  iodide  ingested;  those  who  excrete  over  35  per- 
cent, within  this  period  have  a  good  prognosis,  but  those  who  excrete  less  than  15  per- 
cent, have  seriously  damaged  kidneys. 

Sodium  iodide  has  been  used  in  ureteropyelography  and  cystography,  150  grains 
being  injected  slowly  in  solution  intravenously,  x-ray  photographs  of  the  urinary 
tract  being  taken  during  the  excretion  of  the  salt  (Osborne,  Sutherland,  Scholl  and 
Eowntree).  The  procedure  is  contraindicated  in  tuberculous,  hyperthyroidism,  and 
extreme  debility.  Before  giving  the  injections  the  presence  or  absence  of  an  iodide 
idiosyncrasy  should  be  ascertained  by  the  administration  of  15  grains  (1  Gm.)  of 
potassium  iodide  thrice  daily  for  two  days. 

Perhaps  the  most  extensive  employment  of  the  iodides  is  in  the  treatment  of 
syphilis — chiefly  in  the  late  secondary  and  tertiary  stages.  The  drug  is  not  directly 
antipathogenic,  for  it  has  no  effect  on  the  spirochetes  and  does  not  influence  the 
primary  lesion  nor  prevent  occurrence  of  the  rash,  but  it  acts  upon  tissue  to  correct 
the  gummatous  and  other  lesions,  and  in  breaking  down  these  morbid  tissues,  further 
aids  recovery  by  exposing  the  specific  organism  to  the  action  of  the  spirocheticide  agent 
— mercury,  arsenic,  bismuth — as  well  as  to  the  defensive  substances  developed  in  the 
body.  In  many  cerebral  nervous  affections,  especially  when  there  is  a  history  of 
syphilis,  the  iodides  are  given  with  benefit  in  large  doses.  In  tabes  dorsalis  the  light- 
ning pains  also  are  often  controlled  by  these  large  doses  of  the  iodide,  or  by  one  of 
the  combinations  of  iodine  and  oil.  Marked  improvement  is  seen  also  from  the  use 
of  potassium  iodide  in  some  cases  of  multiple  sclerosis;  not  improbably,  however,  these 
are  really  types  of  disseminated  spinal  syphilis,  having  the  same  symptomatology  as 
insular  sclerosis.  In  hematemesis  a  trial  can  be  made  of  potassium  iodide  before 
resorting  to  operation,  if  the  exigency  of  the  situation  permits,  for  persistent  hemor- 
rhage may  be  due  to  syphilitic  ulceration  of  the  gastric  mucosa,  and  the  timely  use 
of  iodine  may  obviate  the  necessity  of  operation.     No  absolute  rule  can  be  laid  down 
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for  the  association  or  alternation  of  iodides  with  mercurials  and  arsphenaniinc  in 
syphilis.  Certain  syphilographers  deprecate  the  use  of  iodides  during  or  following 
mercurial  courses  on  the  ground  that  it  is  better  not  to  favor  the  elimination  of 
the  metal.  This  may  be  true  in  the  earlier  stages,  but  it  is  not  the  rule  in  later 
ones.  In  chronic  syphilis  of  the  viscera  especially  (heart,  vessels,  lung,  liver,  kidney) 
after  rapid  mercurialization  by  inunction  or  by  vein,  elimination  is  to  be  favored  by 
sweating  and  iodide;  and  a  course  of  iodide  then  instituted.  In  the  course  of  slow 
mercurialization  by  mouth,  vein  or  muscle,  interruptions  with  similar  climinativc 
treatment  are  helpful,  and  enable  larger  doses  of  the  mercurial  to.  be  reached  upon 
resumption.  They  diminish,  also,  the  risk  of  retention  of  mercury  with  sudden 
absorption  of  a  toxic  quantity.  After  the  conclusion  of  a  slow  mercurial  course, 
two  or  three  weeks  should  be  allowed  to  elapse  before  a  course  of  iodides  is  begun. 
In  all  forms  of  late  syphilis,  there  is  a  time  when  in  place  of  mercury,  bismuth,  iodide 
or  arsphenamine  alone,  it  is  advisable  to  give  mercury  and  iodide  conjointly — the 
so-called  "mixed  treatment"  of  earlier  days.  This  is  discussed  under  mercury.  Here 
we  need  only  point  out  the  availability  and  great  usefulness  of  the  potassium  iodide 
and  mercuric  chloride  solution  containing  from  V^i  to  %  grain  (3  to  10  mgm.)  of 
the  bichloride,  with  from  5  to  20  grains  (0.3  to  1.3  Gm.)  of  the  iodide,  preferably  in 
1  fluidram  (4  cc.)  of  a  digestant  vehicle,  further  diluted  when  swallowed.  Both  drugs 
are  given  in  the  smaller  doses  at  first  and  increased  as  rapidly  as  seems  wise;  or 
one  may  be  increased  continuously  and  the  other  remain  stationary  at  times,  or  even 
be  diminished.  The  dose  can  be  better  adjusted  in  this  way  than  when  a  definite 
compound  of  mercury  and  iodine  is  employed.  Arsphenamine  and  bismuth  are  to  be 
used  in  conjunction  with  iodides  and  mercury  as  set  forth  under  the  respective  heads. 
Iodide  is  sometimes  given  to  syphilitic  infants  through  the  medium  of  the  mother's 
milk,  but  this  is  held  by  many  to  be  objectionable  for  the  reason  that  there  can  be 
no  definiteness  of  dose  and  especially  because  iodine  has  a  tendency  to  diminish  the 
secretion  of  milk  when  given  to  nursing  women.  Cases  have  been  recorded  of  atrophy 
of  the  testes  after  prolonged  use  of  potassium  iodide  and  it  has  been  suggested  that 
there  may  be  risk  of  future  sterility  when  the  drug  is  given  for  long  periods  to 
children  (Poulsson). 

Economs  has  found  iodine  solution,  intravenously  administered,  of  value  in 
Eome  cases  of  epidemic  (lethargic)  encephalitis. 

Vassalo  has  revived  Connor's  iodine  treatment  of  plague.  He  uses  a  solution  of 
iodine  (1  dram),  potassium  iodide  (1  ounce)  in  alcohol  (20  ounces)  and  of  this 
gives  10  to  15  minims  in  2  ounces  of  distilled  water  by  vein.  The  temperature 
promptly  falls  but  it  may  rise  again  at  the  end  of  24  hours,  in  which  case  the  remedy 
is  repeated  in  half  the  dose. 

Administration. — Elemental  iodine  is  sometimes  given  internally,  but  on  account  of 
its  irritant  action  on  the  stomach  it  is  better  to  get  the  systemic  effect  by  giving  tiie 
iodides  or  hydriodic  acid.  The  only  iodides  available  for  this  purpose  are  those  of 
ammonium,  potassium,  sodium  and  strontium,  and  of  these  the  potassium  salt  is  by 
far  the  most  commonly  used.     Digestant  vehicles  minimize  local  irritation. 

In  order  to  avoid  the  by-effects  of  the  iodides  (acne,  rhinorrhea,  etc.),  and  to  test 
the  idiosyncrasy  of  the  individual,  the  doses  should  at  first  be  moderate  (3  to  5 
grains — 0.2  to  0.3  Gm. — three  times  a  day),  but  may  be  rapidly  increased  if  no  symp- 
toms of  the  poisonous  action  are  manifested.  To  obtain  the  best  results  it  is  often 
necessary  to  give  large  doses  up  to  20  or  30  grains  (1.3  or  2  Gm.)  three  times  a  day; 
indeed,  in  syphilis  of  the  nerve  centers  it  may  be  that  no  improvement  will  be  noted 
until  the  drug  is  given  in  these  or  even  much  larger  quantities — up  to  3  drams  (45  Gm.) 
a  day.  Equally  large  doses  are  often  needed  in  the  treatment  of  actinomycosis.  The 
choice  of  base  Is  not  unimportant.  Ordinarily  potassium,  properly  guarded,  is 
the  best,  because  more  penetrating,  but  when  large  doses  are  to  be  given  it  is  too  depres- 
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sant  to  the  heart.  The  sodium  salt  does  not  affect  the  heart  specially  and  is  less  irritant 
to  the  stomach  than  any  other  iodide  except  strontium;  hence  it  is  commonly  chosen 
for  massive  quantity  or  long  continued  use.  Strontium  is  to  be  preferred  when  slow 
absorption  and  minimal  gastric  irritation  are  desirable.  Ammonium  iodide  is  specially 
useful  in  bronchial  and  pulmonary  affections,  in  delayed  resolution  after  pneumonia  and 
in  chronic  inflammations  of  the  serous  membranes.  Calcium  iodide  is  not  often  pre- 
scribed as  such,  but  as  iodated  calcium  has  special  applicabilities  in  scrofula  and  in 
spasmodic  affections  of  the  respiratory  tract  in  children.  Frequently  a  mixture  of  bases 
is  best.  Whatever  salt  be  chosen,  it  should  be  well  diluted.  A  concentrated  solution 
can  be  ordered  containing  1  grain  in  a  drop  or  two  drops  of  water  (e.g.,  potassium  iodide, 
1  ounce,  30  Gm.;  water  suflBcient  to  make  1  fluidounce  or  2  fluidounces,  30  cc.  or  60  cc). 
This  can  be  given  in  drops,  in  ascending  doses,  in  water  (at  least  1  fluidram  to  each  grain, 
commonly  much  more).  A  dilute  solution  may  be  made  containing  5  grains  (0.3  Gm.) 
to  the  teaspoonful  of  a  digestant  elixir,  or  of  a  highly  flavored  syrup  (as  sarsaparilla), 
and  this  be  further  diluted  with  a  tablespoonful  or  more  of  water  to  each  teaspoonful 
when  administered.  Diluted  hydriodic  acid  exerts  the  same  alterative  action  as  iodine 
or  the  iodides,  and  may  conveniently  be  given  to  children  in  the  form  of  official  syrup, 
when  large  doses  are  not  called  for.  It  should  be  well  diluted  to  avoid  destructive  action 
on  the  teeth. 

lodalbin.  casein-iodine,  iodol,  iodipin,  saiodin  and  the  other  compounds  of  iodine 
with  albumins  or  oils,  as  well  as  iodized  starch,  have  certain  advantages  over  the 
alkaline  iodides  in  that  they  are  usually  well  borne  by  the  stomach  and  are  less  liable 
to  cause  iodism.  The  iodine  of  the  fatty  compounds  is  more  slowly  absorbed  and 
excreted,  and  the  amount  of  the  drug  in  the  blood  in  consequence  is  less  variable  than 
when  the  rapidly  moving  iodides  are  used.  In  the  ordinary  run  of  cases  these  organic 
iodides  may  be  substituted  for  the  inorganic  salts,  but  when  an  intense  iodine  effect  is 
desired,  as  in  actinomycosis  or  in  syphilis  of  the  brain  or  spinal  cord,  potassium  or 
sodium  iodide  is  to  be  preferred. 

Antilithics 

The  antilithics  are  remedies  which  increase  the  elimination  of  urates  or  are  known 
empirically  to  exert  a  beneficial  effect  on  the  acute  attacks  or  the  minor  manifesta- 
tions of  gout,  an  ailment  associated  with  disturbance  of  the  purin  metabolism, 

Colchicum,  which  was  used  in  medieval  times,  is  still  the  most  effective  agent  at 
our  disposal  for  cutting  short  the  acute  attacks.  Salicylates  are  of  chief  value  in 
relieving  gouty  muscular  pains,  such  as  lumbago.  Aspirin,  is  often  used,  but  is  dan- 
gerous and  should  be  avoided.  Potassium  iodide  is  of  use  in  so-called  chronic  gout, 
but,  like  colchicum,  the  manner  of  its  action  is  obscure. 

The  usefulness  in,  gout  of  remedies  which  increase  the  elimination  of  urates  or 
which  render  them  more  soluble,  is  doubted  by  some  authorities;  but  if  used  for 
what  they  will  do  and  not  for  some  desired  impossibility,  they  are  of  great  service. 
They  will  not  overcome  the  inherited  mal-chemism  of  body  cells,  or  obviate  the  bad 
results  of  food  and  drink  unsuited  to  the  individual  of  gouty  inheritance,  or  compen- 
sate for  lack  of  exercise  and  fresh  air;  but  due  attention  to  hygienic  measures  being 
given,  the  uric  solvents  and  eliminators — mobilizers,  as  they  are  called — tend  to 
diminish  the  poisons,  whatever  they  be,  responsible  for  the  intoxications,  inflammatory 
reactions  and  tissue  deposits  which  characterize  the  ailment.  They  are  less  useful  in 
acute  attacks  than  colchicum  and  the  alkalis,  i.e.,  potassium  and  lithium  (sodium 
tends  to  form  insoluble  deposits),  and  it  is  well  to  use  them  in  alternation  and  for 
short  periods  only — say  a  week  or  two,  with  several  freedom  weeks  intervening,  and 
with  occasional  substitution  of  alkalis.  Xor  is  the  patient  to  be  kept  constantly 
medicated.  When  and  for  what  length  of  time  drugs  are  to  be  given  must  be  deter- 
mined in  each  instance  upon  its  own  characteristics.  It  is  said  by  some  that  lithium 
salts  are  of  use  only  as  an  indirect  means  of  increasing  the  water  intake.  "We  think 
otherwise,  but  even  if  so,  that  is  of  high  importance.     "While  piperazine  and  lycetol 
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are  chiefly  useful  in  chronic  gout  and  half  gout  (lithemia)  the  phenylcinchoninic 
compounds  (cinchophen)  also  help  in  acute  attacks  (podagra)  especially  when  these 
recur  in  quick  succession  (Klemperer). 

Colchicum 

Colchicum  is  the  seeds  or  corm,  often  improperly  called  the  bulb,  of  Colchicum 
auiumnale  L.,  or  meadow  saffron.  Both  corm  and  seeds  are  official  in  the  U.S.P. 
The  former  must  contain  at  least  0.35  percent,  colchicine,  the  latter  at  least 
0.45   percent. 

Colchicum  is  mentioned  as  a  poison  by  Dioscorides  and  by  Galen,  and  as  a  remedy 
for  gouty  complaints  by  Paul  of  ^ilgina,  who  calls  it  "hermodactylus."'  It  is  not 
mentioned  often  in  later  times,  although  Alexander  of  Tralles  and  Avicenna  refer 
to  its  value  in  gout.  Like  Paul  of  ^gina  they  note  that  it  is  rather  injurious  to 
the  stomach,  and  that,  as  it  acts  quickly,  it  should  be  used  only  when  there  is  urgent 
need  of  prompt  relief.  It  is  again  recommended  by  Ambrose  Pare,  but  other  writers 
of  the  sixteenth  century  condemn  it.  Thus  Dodoens  says,  ''Medow  or  wilde  saffron 
is  corrupt  and  venemous,  therefore  not  used  in  medicine"'  (Lyte).  The  drug  was 
not  widely  used  by  physicians  until  in  the  latter  part  of  the  eighteenth  century  a 
secret  remedy  for  gout,  "d'Husson's  Eau  Medicinale,''  became  popular.  In  1S14  an 
Englishman,  Mr.  "Want,  published  a  statement  that  colchicum  was  the  basis  of  this, 
and  from  that  time  its  use'  became  general.  Considerable  controversy  arose  over  the 
alleged  publication  by  Want  of  a  discovery  made  by  another. 

Chemistry. — The  activity  of  colchicum  depends  on  an  alkaloid,  colchicine,  the 
formula  of  which  is  given  as  follows  by  Windaus: 

C      C 

H,C  — 0  — C       C       CNH  — CO  — CHa 


H,C  —  0  —  C      C       C 

H.C  —  0  —  C       C      C  —  0 


CoJchiceine,  which  lacks  the  oxymethyl  group  which  is  in  parenthesis,  and  oxy- 
colchicine,  which  has  an  oxygen  in  place  of  the  two  hydrogens,  on  the  carbon 
marked  *,  are  readily  formed  from  it.  It  is  claimed  by  some  that  colchiceine  also 
occurs  naturally  in  the  drug. 

Summary  of  Actions  and  Uses. — Colchicum  is  extremely  irritating,  even  small  doses 
causinfr  vomiting  followed  by  diarrhea.  The  pure  alkaloids  share  this  irritant  property. 
Large  doses  cause  paralysis  of  the  central  nervous  system,  death  often  resulting  from 
respiratory  failure. 

In  medicine  the  drug  is  used  to  relieve  attacks  of  acute  gout,  and  to  lessen  the 
tendency  to  gouty  manifestations.  There  is  no  doubt  that  it  has  these  effects,  which 
have,  however,  received  no  satisfactory  explanation.  They  have  been  ascribed  to 
various  actions  of  the  drug,  such  as  the  diarrhea  and  diuresis  which  follow  its  use,  but 
other  drugs  which  cause  these  are  of  no  value  in  gout.  It  is  claimed  that  colchicum 
becomes  ineffective  after  continued  use',  but  this  is  not  always  true. 
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Materia  Medica. — Colchici  Cormus  (U.S.  X.),  Colchicum  Corm.  Ahhr.,  Colch. 
Corm.  Synonyms:  Colchici  Tuber,  Colchici  Bulbus,  Colchici  Radix,  Colchicum  Root, 
Meadow-Saffron  Root, 

The  dried  corm  of  Colchicum  Uutumnale  Linne  (Fam.  Liliacece).  Occurs  in 
reniform,  transverse,  or  ovate  longitudinal  slices.  Odor  slight;  taste  bitter  and  some- 
what acrid.    Contains  0.35  percent,  of  colchicine. 

Antagonists  and  Incompatihles. — Tannin  is  chemically  incompatible;  alcohol  is 
antagonistic. 

Synergists. — Aconite  and  veratrum  increase  the  depressant  action  of  colchicum 
on  the  heart.    Iodides,  piperazine,  quinine  and  einchophen  and  alkalis  are  synergistic. 

Dose,  2  to  6  grains  (0.13  to  0.4  Gm.). 

ExTRACTUM  Colchici  (U.S.  X.),  Extract  of  Colchicum.  Ahhr.,  Ext.  Colch.  Syn- 
onym: Extractum  Colchici  Cormi  (Br.),  Extract  of  Colchicum  Corm. 

Prepared  from  defatted  colchicum  corm.  The  finished  dry  product  contains  1.4 
percent,  of  colchicine,  each  Gm.  representing  4  Gm.  of  the  crude  drug. 

Dose,  1/2  to  2  grains  (0.3  to  0.13  Gm.), 

Fluidextractum  Colchici  Cormi  (N.F.),  Fluidextract  of  Colchicum  Corm. 
Ahhr.,  Fldext.  Colch.  Corm. 

Each  100  cc.  yields  not  less  than  31,  nor  more  than  39  percent,  of  colchicine.  Each 
cc.  representing  1  Gm.  of  the  drug,  with  an  alcoholic  content  of  67  percent. 

Dose,  2  to  5  minims  (0.12  to  0.3  cc). 

Colchici  Semen  (U.S.  X.),  Colchicum  Seed.  Ahhr.,  Colch.  Sem.  Synonym:  Col- 
chici Semina  (Br.). 

The  dried  seeds  of  Colchicum  autumnale  Linne  (Fam.  Liliacece).  Ovoid  or  ir- 
regularly globular,  from  2  to  3  mm,  in  diameter.  Nearly  inodorous;  taste  bitter  and 
somewhat  acrid.    Yields  not  less  than  0.45  percent,  of  colchicine. 

Dose,  1  to  5  grains  (0.06  to  0.3  Gm.). 

Fluidextractum  Colchici  (U.S.  X.),  Fluidextract  of  Colchicum,  Ahhr.,  Fldxt. 
Colch.  Sem.    Synonym:  Fluidextract  Colchici  Seminis. 

Prepared  from  defatted  colchicum  seeds.  Each  cc.  represents  1  Gm.  of  the  crude 
drug;  contains  0.004  Gm.  of  colchicine,  with  an  alcoholic  content  of  about  55  percent. 

Dose,  1  to  8  minims  (0.06  to  0.05  cc). 

TiNCTURA  Colchici  (U.S.  X.),  Tincture  of  Colchicum.  Ahhr.,  Tr.  Colch.  Syno- 
nym:   Tinctura  Colchici  Seminis  (Br.). 

Each  cc.  represents  0.1  Gm.  of  the  drug,  and  about  0.0004  Gm.  of  colchicine  with 
an  alcoholic  content  of  about  55  percent. 

Dose,  5  to  40  minims  (0.3  to  2.5  cc). 

Tinctura  Colchici  Cormi  Fortior  (N.F.),  Stronger  Tincture  of  Colchicum  Corm. 
Ahhr.,  Tr.  Colch.  Corm.  Fort.    Synonym:  Colchici  Tinctura  P,  I, 

100  cc  yields  not  less  than  0.126  Gm.  nor  more  than  0.154  Gm.  of  colchicine. 

Dose,  5  to  10  minims  (0.3  to  0.6  cc). 

ViNUM  Colchici  (Br.),  Colchicum  Wine.  Ahhr.,  Vin.  Colch.  Synonym:  Vinum 
Colchici  Cormi. 

Prepared  with  powdered  colchicum  corn  and  sherry  wine.  Each  cc,  represents 
0.3  Gm.  of  the  drug.    Alcoholic  content  about  18  percent. 

Dose,  10  to  40  minims  (0.6  to  2.5  cc). 

Colchicina  (U.S.  X.),  Colchichine. 

An  alkaloid  obtained  from  colchicum,  either  seed  or  corm,  occurring  in  pale  yellow, 
amorphous  scales,  or  as  a  pale  yellow,  amorphous  powder,  nearly  odorless.  Great  cau- 
tion must  he  used  in  tasting  it,  and  then  only  in  very  dilute  solutions. 

Dose,  1/120  to  %o  grain  (0.0005  to  0.0018  Gm.). 
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Pharmacodynamic  Action:  Absorption  and  Elimination. — Very  little  work  appears 
to  have  been  done  on  the  absorption  and  elimination  of  colchicine.  It  is  readily  taken 
up  from  the  digestive  tract,  and  when  given  subcutaneously,  but  in  either  case  and 
even  when  given  by  vein,  its  effects  do  not  occur  for  several  hours,  the  theory  being 
that  an  effective  degree  of  oxidation  must  first  occur.  It  has  been  found  in  the  vomitu3 
even  after  administration  subcutaneously  and  in  various  organs  and  the  blood.  Excre- 
tion takes  place  chiefly  by  the  urine.  Some  is  excreted  by  the  stomach  and  by  the 
intestine  and,  according  to  Maurel,  it  is  this  portion  which  gives  rise  to  the  gastro- 
enteric symptoms.  The  chemical  manipulations  to  which  the  excreta  have  been  sub- 
jected have  apparently  prevented  decision  as  to  whether  it  is  excreted  as  oxydicolchicine. 
It  is  excreted  also  in  the  milk  and  may  poison  the  nursling. 

Topical  Action. — Colchicum  and  its  alkaloids  are  extremely  irritating,  dilute  solu- 
tions on  sensitive  mucosa  give  rise  to  pain,  and  1  mgm.  sub?!utaneously  in  man  may 
cause  severe  inflammation  of  the  point  of  injection.  The  juice  of  the  corm  causes 
redness  even  on  the  unbroken  skin. 

Toxicity. — Both  accidental  and  medicinal  poisoning  by  colchicum  are  by  no  means 
rare.  Tartarin  describes  a  fatal  case  following  the  eating  of  the  leaves  by  a  girl  as 
salad,  and  poisoning  from  the  milk  of  goats  which  had  fed  on  colchicum  is  reported 
by  Ratti.  As  small  a  dose  as  3  mgm.  of  colchicin  at  a  single  dose  has  proved  fatal  in 
man  by  mouth  and  subcutaneously,  but  much  larger  doses,  even  40  mgm.  (Roller)  have 
been   recovered  from. 

The  fatal  dose  in  animals  varies  widely  with  the  species  and  the  method  of  admin- 
istration. Frogs  in  the  cold  are  almost  insusceptible,  and  at  14°  C.  the  large  dose  of 
0.5  mgm.  per  Gra.  is  required  to  kill.  When  they  are  warmed  they  lose  this  insuscepti- 
bility, and  at  30°  C.  the  fatal  dose  is  only  0.02  mgm.  (Sanno).  The  fatal  dose  in  rabbits 
is  about  2.5  mgm.  per  kilo.,  and  in  cats  and  dogs  about  1  mgm.  per  kilo.  Mice  die  after 
0.01  mgm.  per  Gm.  All  these  doses  are  by  injection.  By  mouth  considerably  larger 
doses  are  required.  Thus  rabbits  need  15  to  20  mgm.  per  kilo.  The  fatal  dose  of  a 
20  per  cent,  infusion  of  colchicum  is  10  cc.  in  cats  and  1  cc.  in  guinea-pigs   (Roy). 

If  a  large  dose  is  taken  by  mouth,  gastric  pain  and  vomiting  may  occur  soon  after, 
but,  as  a  rule,  no  distress  is  felt  until  several  hours  have  elapsed,  and  this  interval  is 
much  the  same  whether  the  drug  be  taken  by  mouth  or  subcutaneously,  or  whether  the 
dose  be  barely  fatal,  or  several  times  as  large.  In  any  case  the  first  symptom  is  distress 
in  the  stomach  with  nausea  and  salivation,  followed  by  vomiting  and  cramp-like  pains. 
These  rapidly  increase  in  violence,  the  pain  becoming  very  severe  and  the  vomitus 
showing  first  remains  of  food,  then  bile  and  finally  bloody  mucus.  Diarrhea  first  show- 
ing intestinal  contents,  and  finally  mucus  tinged  with  blood  accompanies  the  vomiting. 
Weakness  and  prostration  are  noted,  and  then  a  paralysis  first  of  sensation  and  then 
of  motion  beginning  in  the  hind  limbs,  and  gradually  creeping  upward  until  the  respira- 
tory muscles  are  affected  and  death  results.  The  weakness  is  often  accompanied  by 
spasms  or  twitchings  which  may  rise  to  violent  convulsions.  In  man  there  is  usually 
restlessness  and  sleeplessness,  but  in  at  least  one  human  case,  and  not  uncommonly  in 
dogs,  there  is  apathy  even  amounting  to  true  narcosis.  The  reflexes  are  reduced, 
probably  by  paralysis  of  the  sensory  side  of  the  arc.  Dilatation  of  the  pupil  has  been 
observed,  but  is  not  constant.  The  symptoms  continue  for  several  days,  and  recovery 
or  death  does  not  occur  for  from  2  to  8  days. 

In  dogs  intravenous  injection  of  a  fatal  dose  gives  a  brief  rise  of  blood  pressure, 
with  arrhythmia.  The  respiration  is  slow  and  shallow  from  the  first.  Sensation  is 
reduced  and  there  is  little  response  to  pinching  or  pricking.  There  is  no  true  narcosis, 
but  a  condition  of  apathy.  The  vagus  and  splanchnic  nerves  retain  their  irritability 
until   death. 

The  pupils  are  often  dilated,  but  convulsions  are  rare.  The  bowel  is  paralyzed  by 
action  on  its  wall  and  is  not  affected  by  stimulation  of  the  vagus.  The  cardiac  branches 
of  this  nerve  are  intact. 

If  colchicine  solutions  are  allowed  to  stand  they  gradually  become  yellow  and  a 
brown  alkaloid  can  be  separated  from  them,  which  Harnack  found  to  be  oxydicolchicine. 
This  was  toxic  for  frogs,  even  in  the  cold,  and  showed  the  same  toxicity  for  mammals 
as  colchicine. 

He  assumed  that  colchicine,  as  such,  has  no  toxic  properties,  and  that  the  reason 
that  poisoning  does  not  occur  in  the  frog  in  the  cold  is  dependent  on  the  fact  that  this 
toxic  substance  is  not  formed.  The  interval  before  onset  of  symptoms  in  mammals  is 
the  time  required  to  convert  the  colchicine  to  the  active  oxidation  product.     The  fact 
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that  the  same  delay  occurs  after  injection  of  this  product  would  seem  to  weaken  his 
theory,  in  spite  of  the  activity  in  frogs. 

The  postmortem  findings  after  fatal  poisoning  are  largely  limited  to  the  gastro- 
enteric tract,  the  entire  mucosa  of  which  is  red,  injected  and  inflamed.  Hemorrhages 
in  the  mucosa  are  numerous,  and  here  and  there  are  round,  small,  punched  out  ulcers. 
There  is  usually  effusion  in  the  pericardium  and  often  in  the  pleura,  and  there  may  be 
hemorrhages  in  these  and  in  the  endocardium.  The  central  nerve  system  shows  no 
gross  lesions.     All  the  veins  of  the  abdomen  are  distended  with  blood. 

Treatment  of  Poisoning. — Treatment  should  consist  of  emptying  of  the  gastro- 
enteric canal,  follov/ed  by  morphine  hypodermically.  If  the  respiration  is  very  weak 
caffeine  or  atropine  may  be  given.  Tannin  and  mucilaginous  drinks  can  be  given  as 
local  antidotes,  and  large  amounts  of  water  to  hasten  excretion  by  the  kidneys. 

Systemic  Action. — Alimentary. — The  intense  irritation  and  inflammation  of  the 
stomach  and  bowel  caused  by  toxic  doses  has  already  been  mentioned.  Even  small 
doses  may  give  rise  to  gastric  distress  and  soft  passages.  Many  believe  that  this  is  not 
due  to  a  direct  effect  on  the  bowel  wall,  but  on  its  blood  vessels.  Certainly  much 
smaller  doses  act  on  the  bowel  when  injected,  than  by  mouth.  Maurel  found,  for  exam- 
ple, in  rabbits,  1  mgm.  by  vein,  3  mgm.  subcutaneously  and  30  mgm.  by  mouth,  caused 
diarrhea.  He  ascribed  the  effect  to  the  passage  through  the  wall  during  elimination. 
Paschkis  found  that  colchicine  caused  paralysis  of  the  bowel,  but  his  results  are  evi- 
dently faulty.  He  gave  the  enormous  dose  of  500  mgm.  to  a  dog.  Fuhner  and  Rehbein 
believe  that  the  increase  in  peristalsis  which  occurs  from  colchicine  is  due  to  hyperemia, 
and  not  to  action  on  the  tissues  of  the  wall  itself.  The  stimulation  of  isolated  loops  is 
against  this  view. 

The  flow  of  bile  and  the  bile  acids  are  increased  even  by  moderate  doses  in  man 
(Rutherford  and  Vignal);  perhaps  this  is  due  to  improved  circulation  through  the  liver 
(Kionka  and  Frey). 

Blood. — Subcutaneous  injections  of  colchicine  cause  an  enormous  leucocytosis  of 
the  peripheral  blood  and  increase  of  coagulation  time  (Dixon,  Coleman).  When  given 
by  mouth,  the  leucocytes  are  first  decreased  and  later  a  marked  increase  of  polynuclears 
is  seen.     This  effect  is  not  specific,  but  is  produced  by  many  gastroenteric  irritants. 

Circulation. — The  circulatory  system  is  not  directly  affected  by  colchicine,  even  in 
enormous  doses.  With  the  first  abdominal  cramps  there  may  be  a  slight  rise  of  pressure 
followed  by  a  slight  fall,  but  these  are  secondary  to  the  abdominal  condition.  Perfused 
vessels  and  the  perfused  heart  are  little  influenced.  Eventually,  as  respiration  fails, 
the  circulation  fails  with  it,  and  although  the  heart  continues  to  beat  several  minutes 
after  all  breathing  has  ceased,  it  is  weak  and  dilated,  and  the  large  veins  distended 
with  blood  for  some  time  before  death. 

Respiration. — The  respiration  is  weakened  rather  late  in  the  poisoning,  partly  by  a 
paralyzing  effect  on  the  center,  partly  by  direct  action  on  the  muscles.  The  central 
paralysis,  which  begins  in  the  cord,  gradually  creeps  upward  and  eventually  involves 
the  respiration  which,  however,  continues  for  a  time  after  paralysis  of  the  limbs  is 
complete  or  almost  so;  in  fatal  cases,  this  failure  is  the  immediate  cause  of  death. 

Urinary  System. — The  metabolic  effects  of  colchicum  are  apparently  limited  to  its 
effect  on  nitrogen  balance.  Most  authors  report  an  increase  in  the  quantity  of  urine, 
accompanied  by  increase  of  total  nitrogen  and  of  urea  and  uric  acid.  This  occurs  in 
spite  of  the  decrease  in  nitrogen  ingested  caused  by  the  loss  of  appetite.  The  results 
have  been  seen  also  in  dogs  and  man  (Abel),  but  are  not  constant,  as  they  are  in 
rabbits  (Maurel  and  Arnaud).  Denis,  in  a  few  experiments  on  men,  without  gout, 
found  no  effect  on  uric  acid  in  blood  or  urine  from  small  doses  given  on  three  successive 
days.  Noel  Paton,  and  also  Taylor,  found  increase  in  urea  and  uric  acid  excretion  in 
cases  of  gout,  but  recent  work  has  failed  to  confirm  this.  Charcot  claims  that  relief 
from  the  gouty  attack  is  most  certainly  attained  if  no  diarrhea  is  caused.  He  found 
no  effect  on  excretion  of  uric  acid. 

There  is  no  reason  to  doubt  the  effects  in  relieving  the  pain  of  acute  gouty  attacks, 
but  this  is  apparently  not  dependent  on  influencing  the  uric  acid  metabolism. 

The  kidneys  are  not  injured  even  by  large  doses,  although  there  may  be  albuminuria, 
hematuria,  and  even  temporary  anuria  in  severe  poisoning. 

Genital. — The  motions  and  tonus  of  the  uterus  of  the  rabbit  are  increased  by 
colchicine.  The  action  is  prevented  by  ergotoxine,  but  not  by  atropine,  and  is,  therefore, 
exerted  on  the  augmentary  nerve  endings  (Pardon). 

Nerve  System. — Nervous  phenomena  dominate  the  picture  of  intoxication  by  colchi- 
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cum.  The  symptoms  are  chiefly  paralytic,  beginning  with  a  loss  of  sensation,  probably 
from  paralysis  of  the  sensory  cells  in  the  cord.  This  is  followed  by  loss  of  function  in 
the  motor  section  of  the  cord.  At  the  same  time  the  respiratory  center  in  the  medulla  is 
depressed  and  the  higher  brain  centers  also,  giving  rise  to  apathy  and  somnolence  and 
in  dogs,  even  to  narcosis.  Convulsions  have  been  reported  but  their  origin  is  not  clear. 
In  mammals  they  may  be  in  part  asphyctic.  In  frogs  there  is  apparently  a  primary 
stimulation  of  the  reflex  arc  in  the  cord  associated  with  paralysis  of  voluntary  paths. 
The  muscles  show  a  peculiar  loss  of  power,  associated  with  slow  relaxation  like 
that  described  under  veratrine   (Harnack). 

Therapeutics. — Colchicum  or  its  alkaloid,  colchicine,  is  still  the  remedy  of  choice 
in  the  treatment  of  gout  and  gouty  conditions,  though  by  some  practitioners  its 
application  is  limited  almost  entirely  to  the  treatment  of  acute  gout.  It  is  given  at 
the  beginning  of  an  attack  in  doses  of  1  grain  (0.06  Gm.)  of  the  extract  of  the 
corm,  10  to  30  minims  (0.6  to  2  cc.)  of  the  tincture  or  wine  of  the  seeds,  or  K20  to  %o 
grain  (0.5  to  1  mgm.)  of  colchicine  salicylate  every  three  hours  until  some  of  the 
physiological  actions,  such  as  moderate  sweating,  diarrhea,  or  diuresis,  are  manifested. 
It  is  not  necessary  to  push  the  drug  to  the  production  of  nausea  or  vomiting.  Its 
efficiency  is  increased  by  the  simultaneous  administration  of  an  alkali  or  of  an  iodide. 

In  addition  to  its  use  in  the  abortion  of  the  acute  attack  of  podagra,  colchicum 
renders  excellent  service  in  the  headaches,  neuralgia,  joint  pains,  bronchitis,  consti- 
pation, etc.,  of  gouty  subjects.  In  these  conditions  it  is  best  given  in  quite  small 
doses,  e.g.,  1  to  5  minims  of  the  wine,  well  diluted  and  associated  with  salicylates,  or 
with  effervescing  preparation  of  potassium  or  lithium,  or  as  an  adjuvant  to  some 
remedy  directed  specifically  to  the  neuralgia,  constipation  or  other  condition  present. 

In  rheumatoid  arthritis,  colchicum  sometimes  acts  very  well,  especially  when 
given  in  conjunction  with  salicjdates.  In  acute  rheumatism,  colchicum  is  seldom 
of  service,  but  in  the  subacute  and  chronic  forms,  when  salicylates  fail  to  bring 
complete  relief,  the  addition  of  colchicum  or  its  alkaloid  may  put  an  end  to  the 
patient's  discomfort. 

Among  the  conditions  in  which  colchicum  appears  to  have  been  prescribed  with 
satisfactory  results  in  the  last  century,  Bartholow  mentions  cardiac  and  postscarla- 
tinal dropsy,  acute  cerebral  congestion,  uremia,  gonorrhea  and  nocturnal  chordee. 

The  nausea  excited  by  moderately  large  doses  of  colchicum  or  colchicine  may 
often  be  prevented  by  the  administration  of  1/100  grain  (0.0006  Gm.)  of  atropine 
per  OS  or  hypodermically. 

Allbutt  recommends  for  relieving  the  acute  attack  of  gout,  15  to  30  drops  of  wine 
of  colchicum,  with  potassium  bicarbonate  and  magnesium  carbonate  or  sulphate.  This 
is  given  in  half  a  glass  of  hot  water,  3  times  a  day,  before  meals,  and  at  night  a  pill 
of  blue  mass  with  2  grains  (0.12  Gm.)  of  extract  of  colchicum,  is  taken. 

Cinchophen 

Phenyl-quinolin-carboxylic  acid  was  shown  by  Nicolaier  and  Dohrn  to  have  a 
very  marked  influence  on  the  excretion  of  uric  acid,  increasing  it  within  a  few 
hours  to  several  times  the  normal.  Soon  after,  it  was  introduced  as  a  medicine  for 
gout  under  the  name  of  atophan.  The  tenth  edition  of  the  U.S.P.  recognizes  it  as 
cinchophen.  It  is  a  white  powder  with  the  formula  as  shown  on  the  following 
page. 

It  has  a  sour  and  bitter  taste.  As  will  be  seen,  it  is  related  chemically  to  both 
the  alkaloids  and  acids.  It  is  acid  in  reaction  and  forms  salts  with  alkali  metals. 
The  sodium  salt  is  marketed  under  the  name  of  novatophan  (neoeinchophen). 

Its  effect  is  almost  entirely  limited  to  alteration  of  the  uric  acid  excretion,  and 
consequently  of  the  nitrogen  partition.    It  has  no  topical,  and,  in  therapeutic  dose, 
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no  other  systemic  action.  We  will  take  up,  therefore,  only  the  toxicity  and  metabolic 
effects. 

Atophan  has  given  very  good  results  in  the  treatment  of  gout  and  is  somewhat 
less  good  in  the  treatment  of  chronic  rheumatism  and  other  inflammatory  joint 
lesions.  It  is  stated  that  certain  products  related  chemically  to  atophan  possess 
its  action  on  gout  and  joint  affections,  but  not  on  uric  acid  excretion.  If  this  be  true, 
its  benefit  in  gout  is,  like  that  of  colchicum,  due  to  some  other  action  than  modification 
of  purin  metabolism. 

Materia  Medica. — Cinchophenum  (U.S.  X.),  Cinchophen.  Synonyms:  Aeidum 
Phenylcinchoninicum,  Phenylcinchoninic  Acid,  Phenyl-quinoline-carboxylic  Acid, 
Atophan. 

An  organic  acid  containing  not  less  than  99  percent,  of  CuHjjOjN.  Occurs  as 
small,  colorless,  needlelike  crystals  or  a  yellowish-white  powder;  odorless,  of  bitter 
taste;  stable  in  the  air.  Insoluble  in  cold  water;  one  Gm.  soluble  in  about  400  cc.  of 
chloroform,  and  in  100  cc.  of  ether  at  25°  C. 

Dose,  6  to  10  grains  (0.4  to  0.6  Gm.). 

Neocinchophenum  (N.N.R.),  Neocinchophen.    Synonym:  Novatophan. 
^   A  pale  yellow,  crystalline  powder,  odorless  and  tasteless ;  nearly  insoluble  in  water, 
but  soluble  in  hot  alcohol,  in  ether,  and  in  chloroform. 

Dose,  5  to  15  grains  (0.3  to  1  Gm.). 

Tolysin  (unofficial),  Tolysin.  Synonym:  Ethyl  ester  of  paramethylphenylcin- 
choninic  acid. 

Resembles  cinchophen  in  properties,  but  is  more  freely  soluble  in  water.  It  is 
isomeric  with  neocinchophen. 

Dose,  10  to  15  grains  (0.6  to  1  Gm.)  3  to  4  times  daily  in  water. 

Chloroxyl  (N.N.R.). 

A  yellow,  ci-ystalline  powder,  with  an  astringent,  slightly  bitter  taste;  insoluble 
in  water,  ether  or  chloroform,  but  slightly  soluble  in  alcohol. 

Dose,  8  to  15  grains  (0.5  to  1  Gm.)  three  times  daily. 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Absorption  both  from  the 
stomach  and  subcutaneously  is  very  prompt.  The  effect  on  the  uric  acid  excretion  is 
already  near  its  maximum,  45  minutes  after  a  single  dose  by  mouth,  and  has  begun  to 
decline  within  3  hours.  A  fresh  dose  renews  the  increase  in  uric  acid,  showing  that 
elimination  or  destruction  of  the  drug  is  advanced  by  this  time. 

Cinchophen  undergoes  various  chemical  changes  in  the  body,  giving  rise  to  products 
which  give  a  number  of  color  reactions  in  the  urine.  One  of  these  is  dark  brown, 
resembling  bile  pigment,  for  which  it  has  been  mistaken.  Another  product  is  oxyatophan, 
which  gives  the  diazo  reaction.  It  differs  from  Ehrlich's  diazo  body  in  that  it  can  be 
extracted  from  urine  by  ether  while  Ehrlich's  body  can  not.  Part  is  excreted  imchanged 
in  the  urine  and  in  the  bile. 

Starkenstein  and  Wiechowski  showed  that  a  product  isolated  from  the  rabbits* 
urine,  after  administration  of  cinchophen,  had  the  same  effect  as  the  original  substance 
in  preventing  exudate  in  the  eye,  but  had  no  effect  on  uric  acid  elimination. 
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Toxic  and  Systemic  Action. — In  medicinal  doses,  that  is,  up  to  5  or  even  10  Gm. 
daily  (1  to  2y,  drams),  cinchophen  usually  causes  no  symptoms  whatsoever.  In  very 
large  dose,  as  when  the  entire  daily  amount  is  given  at  once,  there  may  be  distress  or 
even  burning  in  the  stomach,  passing  off  in  a  short  time.  A  few  individuals  show  an 
idiosyncrasy  to  the  drug,  it  causing  urticarial,  or  more  rarely  scarlalinil'orm,  eruptions 
even  in  small  doses.  Fever  may  accompany  the  eruption  (Philips,  Miiller,  Maranov). 
One  case  has  been  reported  in  which  administration  of  3  Gm.  daily  for  several  days 
led  to  nausea,  precordial  distress  and  dizziness  (Loenning).  Idiosyncrasy  resulting  in 
poisoning  with  extremely  low  blood  pressure  (nitritoid  crisis,  like  those  following 
arsphenamine)   from  each  of  several  0.5  Gm.    (71/3  grains)   doses  is  reported  by  Scully. 

Enormous  doses  in  frogs,  rabbits  and  mice  by  vein  and  subcutaneously,  cause  light 
convulsive  attacks  and  loss  of  power.  The  vagus  and  vasomotor  centers  arc  first  stimu- 
lated and  then  depressed.  Miosis  of  brief  duration,  not  prevented  by  atropine,  is  seen 
(Starkenstein  and  Wiechowski).  Tolysin  is  said  to  be  even  less  toxic  than  cinchophen. 
Smaller  doses  have  effects  like  those  of  calcium,  thus  0.5  Gm.  per  kilo  subcutaneously 
in  the  rabbit  prevents  glycosuria  after  medullary  puncture  and  causes  a  fall  of  tem- 
perature. Mustard  oil  dropped  in  the  eye  an  hour  after  such  an  injection  does  not 
produce  the  usual  inflammatory  exudate  (Starkenstein  and  Wiechowski).  The  peripheral 
gastroenteric  vagus  is  stimulated  by  moderate  doses.  Cinchophen  causes  a  marked  in- 
crease in  the  secretion  of  bile  by  the  hepatic  cells,  a  dose  of  15  grains  (1  Gm.)  by  mouth, 
augments  the  flow  of  100  percent,  within  the  next  2  hours,  but  the  beneficial  effect  of 
the  bile  on  fat  digestion  is  lessened  (Taubmann).  The  administration  of  cinchophen 
continuously  in  full  doses  may  lead  to  hepatitis  and  jaundice.  The  leucocytes  may  show 
increase  or  decrease.  The  isolated  bowel  shows  increase  of  tonus  and  of  motions,  when 
treated  with  cinchophen,  and  the  isolated  frog  heart  is  slowed  and  stops  in  diastole.  Both 
effects  are  prevented  by  atropine.  The  bronchi  may  be  constricted  and  asthmatics  thus 
made  worse.    The  pupil  is  narrowed  by  large  doses  (Ullman). 

Before  beginning  the  discussion  of  the  effects  of  cinchophen  on  uric  acid  metabolism, 
it  is  perhaps  well  to  explain  that  man  is  peculiar  in  his  purin  chemistry.  In  man  the 
exogenous  portion  of  the  purin  nitrogen  is  derived  from  nucleic  acid,  and  only  a  third 
of  this,  or  less,  appears  as  uric  acid  in  the  urine.  The  rest  is  altered  to  urea  or  other 
products.  In  almost  all  other  mammals  the  nuclein  nitrogen  appears  almost  quanti- 
tatively in  the  urine  as  allantoin,  and  a  very  small  percentage  is  found  as  uric  acid. 
In  birds,  on  the  other  hand,  practically  the  entire  nitrogen  of  the  urine  is  excreted  as 
uric  acid  (urates  are  here,  of  course,  included  as  uric  acid).  The  studies  on  each  of 
these  must  therefore  be  considered  separately. 

If  a  normal  man  is  given  a  single  dose  of  0.25  to  3  Gm.  (4  to  48  gr.)  of  cinchophen, 
there  is  an  enormous  increase  in  the  excretion  of  uric  acid,  which  reaches  two  to  four 
times  the  normal  amount.  This  begins  within  an  hour  of  the  administration  and 
reaches  the  lowest  point  9  hours  after  (M'Lester).  If  the  urine  is  divided  into  daily 
periods,  it  is  found  that  in  the  .day  on  which  cinchophen  is  taken,  about  twice  as  much 
uric  acid  is  eliminated  as  normal,  and  in  the  next  two  days  about  half  as  much  as 
normal,  so  that  eventually  the  total  elimination  is  little  influenced. 

If  administration  is  continued  of  0.25  Gm.  (4  gr.)  to  0.5  Gm.  (8  gr.)  every  4  hours 
for  several  days,  excretion  shows  the  same  enormous  increase  in  the  first  few  hours,  and 
then  drops  to  a  level  nearer,  but  still  above  normal,  and  remains  there  fairly  constantly 
for  6  days  or  more.  "When  the  administration  is  stopped,  the  fall  below  normal  occurs 
as  described  and  lasts  several  days  (2  to  4  days.  Fine  and  Chace).  The  total  amount 
eliminated  is,  however,  greater  than  normal. 

Corresponding  to  the  marked  rise  in  the  uric  acid  excretion  there  is  an  equally 
marked  fall  of  uric  acid  in  the  blood.  The  amount  is  promptly  reduced  to  half  what  it 
was,  and  remains  at  that  point  or  lower  as  long  as  administration  is  continued.  This 
increased  elimination  when  there  is  almost  none  in  the  blood  is  very  striking. 

The  effect  on  other  nitrogenous  bodies  is  not  as  marked  and  is  inconstant.  The 
total  nitrogen  of  the  urine  sometimes  is  increased,  sometimes  decreased.  Other  purin 
bodies  are  not  affected  (Bass),  nor  is  creatinin  (Denis).  Excretion  of  sulphur  and  of 
oxyprotein  acids  is  Increased,  pointing  to  interference  with  oxidation  (Skorcewski). 
The  non-protein  nitrogen  of  the  blood  falls  markedly  (Weintraud). 

In  normal  persons  sodium  urate  injected  subcutaneously  is  eliminated  rather  slowly, 
requiring  about  three  days  until  all  appears  in  the  urine.  In  gouty  persons  elimination 
is  even  slower,  but  under  the  influence  of  cinchophen,  even  these  excrete  the  entire 
amount  injected  Avlthin  24  hours  (Frank  and  BaUch). 
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In  man,  under  normal  conditions,  ingestion  of  nucleic  acid  is  followed  by  increase 
of  uric  acid  excretion  amounting  to  about  30  percent,  of  the  theoretical.  If  a  dose  of 
cinchophen  is  given  with  the  nucleic  acid,  about  60  percent,  is  eliminated  as  uric  acid 
within  24  hours  (Schittehelm  and  Ullman,  Franck,  Frank  and  Przedborski).  Not  only 
is  the  amount  formed  increased,  but  its  elimination  is  more  rapid  in  normal  as  well 
as  in  gouty  men  (Frank  and  Bauch).  Excretion  of  ingested  hydroxycaffein  is,  on  the 
other  hand,  not  hastened   (Biberfeld). 

The  effects  in  gouty  persons  are  much  the  same  as  in  normal.  The  increase  of  uric 
acid  in  the  urine  is  apt  to  be  greater,  and  to  continue  longer  (Starkenstein  and  Wiechow- 
ski),  and  this  difference  is  said  by  Zuelzer  to  be  so  great  as  to  be  of  diagnostic  value. 
This  is  probably  a  very  uncertain  indication.  The  relief  of  gouty  attacks  is  only  partly 
dependent  on  the  increased-  elimination  of  uric  acid,  as  closely  related  chemical  com- 
pounds, which  have  no  effect  on  uric  acid,  share  its  therapeutic  powers  (Klemperer). 
Weintraud  recommends  in  gout,  doses  of  0.5  Gm.  (8  grains)  three  times  daily  for  4  days. 
If  this  fails  to  give  relief,  wait  a  few  days  and  give  3  Gm.  (48  grains)  three  times  a 
day  for  4  days.  If  this  is  ineffective,  no  dose  will  relieve  that  particular  person.  The 
drug  should  always  be  given  in  periods  of  a  few  days  with  a  rest  between. 

Cinchophen  differs  from  piperazine  in  that  the  urine  which  is  passed  after  taking 
it,  has  no  increased  power  to  dissolve  uric  acid  or  urates  (Haskins).  For  this  reason  a 
cloud  of  urate  is  constantly  seen  in  the  urine  first  passed  after  the  drug  is  taken.  To 
avoid  the  danger  which  might  arise  of  deposit  of  urate  in  the  urinary  passages,  large 
amounts  of  water  should  always  be  given  with  it,  and,  if  it  seems  necessary,  sodium 
carbonate  also.  The  amount  of  sodium  in  neocinchophen  (atophan  new)  is  insufficient 
to  have  any  effect  on  the  alkalinity  of  the  urine   (Weintraud). 

In  nephritis  the  effect  varies  with  the  permeability  of  the  kidneys  to  uric  acid.  It 
may  have  almost  the  same  effect  as  with  normal  kidneys;  or  especially  when  there  is 
very  advanced  contracted  kidney,  urate  excretion  may  be  very  little  increased. 

In  many  respects  the  action  of  cinchophen  resembles  that  of  calcium  salts.  Its 
similar  power  to  hinder  the  occurrence  of  exudates  h"as  already  been  pointed  out.  Like 
calcium,  it  causes  convulsions  in  toxic  dose,  and  like  it  hinders  the  excretion  of  sugar 
after  phlorizin  (Biberfeld).  It  differs  from  calcium,  however,  in  not  lessening  excretion 
of  water  by  the  kidneys,  although  it  does  cause  a  decrease  in  elimination  of  chlorides 
(Eisner).  Injected  in  frogs  it  prevents  the  wandering  out  of  leucocytes  in  the  exposed 
mesentery   (Ikeda). 

Various  theories  have  been  advanced  to  account  for  the  specific  action  of  cinchophen 
on  urate  metabolism,  and  it  may  be  well  to  mention  these  briefly. 

1.  Weintraud.  Cinchophen  lowers  the  renal  threshold  for  urates,  so  that  they  are 
excreted  more  rapidly.  The  lowered  amount  in  the  blood  leads  eventually  to  increased 
formation,  both  exogenous  and  endogenous,  not  to  any  increased  cell  destruction  as 
other  purins  and  products  of  such  destruction  are  not  increased. 

2.  Nicolaier  and  Dohrn.  The  renal  threshold  is  lowered  and  the  formation  of 
urates  is  increased  by  destruction  of  such  muscle  cells  as  are  already  in  bad  nutrition. 

3.  Starkenstein  and  Wiechowski.  The  renal  threshold  is  lowered  and  the  continued 
high  elimination  is  due  to  mobilization  of  urate  deposits  in  the  tissues.  Folin  and 
Lyman  doubt  this  explanation  on  the  basis  of  a  case  of  gout  in  which  elimination  fell 
quickly. 

4.  Frank  and  Przedborski.  Cinchophen  modifies  circulating  urates  to  a  more  readily 
eliminated   form. 

5.  Starkenstein.  There  is  greater  destruction  of  body  nucleins  and  increase  of 
the  endogenous  fraction.  This  theory  is  shown  to  be  untrue  by  the  fact  that  other 
purins  are  not  increased  (Bass). 

6.  Perhaps  the  fact  noted  by  Fasiani,  that  there  is  no  increase  in  a  blood  ferment 
which  is  able  to  break  down  nucleic  acid  might  be  mentioned  here  as  bearing  on  the 
theory  of  its  action. 

The  increased  amount  of  urate  formed  from  nucleins  when  these  were  fed  to  man 
led  to  experiments  to  determine  whether  in  dogs  the  metabolic  balance  would  be  shifted 
toward  urate  away  from  allantoin.  Results  of  different  authors  are  widely  at  variance. 
Starkenstein  found  that  the  total  purin  excretion  was  not  increased  (contrast  to  man), 
but  that  more' urate  and  correspondingly  less  allantoin  was  eliminated.  Fromherz  found 
also  increase  in  urates  but  no  constant  change  in  allantoin,  and  believed  that  the  change 
was,  as  in  man,  a  lowering  of  the  renal  threshold.    Biberfeld  injected  2  Grams  of  sodium 
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urate  in  doss  and  found  that  no  more  was  eliminated  as  uric  acid  by  dogs  under  cincho- 
phen  than  by  normal  dogs.  He  believes  this  disproves  Fromherz's  conception.  The 
effect  on  the  dog  is  still  in  doubt. 

Therapeutics. — Phenylcinchoninic  Acid  is  employed  primarily  for  its  power  to 
mobilize  uric  acid  and  urates,  whether  endogenous  or  exogenous,  and  expel  them 
from  the  system.  This  it  does  eflFectually.  Through  this  quality,  or  some  other  as 
yet  undiscovered,  the  drug  has  great  power  over  both  acute  gout  and  the  chronic 
manifestion  of  the  so-called  uric-acid  or  gouty  constitution,  cutting  short  the  acute 
attack  and  relieving  the  neuralgia  and  joint  pains  of  gouty  snd  rheumatic  origin. 
It  is  said  also  that  the  gouty  tophi  grow  smaller,  even  if  they  do  not  entirely  disappear, 
during  a  course  of  cinchophen  or  one  of  its  congeners. 

Acute  rheumatic  fever  yields  in  many  instances  as  readily  as  the  acute  gouty 
paroxysm  to  the  action  of  cinchophen  or  neocinchophen.  Gonorrheal  rheumatism, 
at  least  so  far  as  its  painful  manifestations  are  concerned,  is  also  amenable  to  the 
action  of  the  drug. 

Like  the  synthetic  antipyretics,  cinchophen  is  an  analgesic  and  gives  prompt 
relief  to  nerve  pains  of  varied  character,  to  neuralgia,  headache,  and  muscular  sore- 
ness. It  is  also  credited  with  hypnotic  properties,  but  this  is  only  when  pain  or  dis- 
comfort is  present  and  the  sleep  comes  because  of  the  surcease  of  pain. 

Acute  coryza  may  often  be  cut  short,  if  taken  in  time,  by  two  or  three  full 
doses  of  phenylcinchoninic  acid  (10  grains — 0.6  Gm.)  at  two-hour  intervals,  given  in 
conjunction  with  half  an  ounce  of  sodium  bicarbonate  or  citrate. 

Adhninistration. — The  remedy  may  be  given  as  a  powder  in  capsules  or  as  tablets. 
The  disadvantage  of  the  latter  is  that  the  dose  is  fixed  and  cannot  be  modified  so 
readily  as  when  the  powder  is  used.  One  of  the  newer  preparations — neocinchophen 
(tolysin,  novatophan) — is  preferred  by  many,  although  its  action  is  essentially  the  same 
as  that  of  the  original  form.  To  avoid  the  danger  of  overstimulation  of  the  liver,  with 
resulting  hepatitis,  it  should  be  given  in  periods  of  4  to  7  days  interrupted  by  rests  of 
equal  or  greater  length. 

During  the  administration  of  phenylcinchoninic  acid,  a  glassful  of  water  with  half 
a  teaspoonful  of  sodium  bicarbonate  should  be  taken  with  each  dose  to  obviate  the 
danger  of  the  formation  of  uric-acid  or  uratic  concretions  in  the  kidneys  or  urinary 
passages. 

Piperazine 

Piperazine  was  first  thought  to  have  the  same  chemical  constitution  as  spermin 
and  was  introduced  as  a  synthetic  substitute  for  this,  being  first  called  spermin, 
then  piperazidin,  and  soon  piperazine.  It  is  a  soluble,  strongly  alkaline  compound. 
A  number  of  similar  compounds  were  introduced  soon  after,  all  of  which  have  the 
property  of  dissolving  large  amounts  of  uric  acid  when  added  to  suspensions  of  this 
outside  the  body.    The  following  are  the  chief  compounds  of  this  class: 


Piperazine:    (CH,).(NH),. 


Lysidin:    (CH,),CCH,NHN. 
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Lycetol:    Dimethyl  piperazine  tartrate. 

Sidonal:    Piperazine  di-quinic   acid. 

Materia  Medica. — Piperazine  (unofficial).  Synonyms:  Piperazidine,  Arthriticine, 
Diethylenediamine. 

Occurs  in  lustrous  plates  of  alkaline  taste  and  little  odor;  soluble  in  water.  It  is 
extremely  hygroscopic. 

Antagonists  and  Incompatihles. — Acetanilid,  alkaloidal  salts,  spirits  of  nitrous 
ether,  sodium  salicylate  and  salts  of  iron  and  mercury. 

Dose,  5  to  15  grains  (0.3  to  1  Gm.)  in  a  quart  of  water  over  a  period  of  24  hours. 

Piperazine  Quinatet  (unofficial).    Synonym:   Sidonal. 

A  compound  of  quinic  acid  and  piperazine.  Occurs  as  a  white,  crystalline  powder ; 
soluble  in  water. 

Dose,  10  to  20  grains  (0.6  to  1.2  Gm.). 

Pharmacodjmamic  Action. — In  moderate  dose  their  effect  is  limited  to  the  alteration 
in  the  urinary  nitrogen. 

In  spite  of  the  great  effect  on  the  solubility  of  uric  acid  which  is  brought  about  by 
adding  any  of  these  substances  to  water,  even  as  little  as  1  percent,  increasing  the 
solubility  of  uric  acid  more  than  100  times,  they  seem  to  have  very  little  effect  In  increas- 
ing the  solubility  in  urine  to  which  they  are  ladded,  and  none  at  all  when  added  to  blood. 
In  fact,  in  some  experiments  blood  to  which  piperazine  had  been  added  was  able  to  take 
up  less  uric  acid  than  the  control. 

Almost  all  authors  are  agreed  that  there  is  little  increase  in  the  elimination  of  uric 
acid  after  administration  of  piperazine  and  its  substitutes  and  that  what  little  increase 
there  is  may  be  made  up  by  lessened  excretion  the  next  day.  In  persons  whose  urine 
is  habitually  cloudy  with  urates,  piperazine  does  not  prevent  the  clouding. 

There  is  usually  some  increase  in  the  amount  of  urine  and  of  total  nitrogen  after 
piperazine. 

Piperazine  is  precipitated  by  picric  acid  and  if  this  is  used  as  a  reagent  its 
presence  in  the  urine  may  give  rise  to  the  belief  that  it  has  caused  albuminuria. 

Therapeutics. — The  piperazine  group  are  useful  in  chronic  gout  rather  than  in 
podagra,  although  sometimes  of  service  in  the  less  severe  inflammatory  outbreaks,  as 
adjuvants  or  succedanea  to  colchicum.  We  have  also  seen  them  aid  in  the  breaking- 
tip  and  excretion  of  uratic  calculi.  They  cannot  be  depended  upon,  but  deserve  trial 
in  all  instances  as  alternatives  to  other  agents.    The  quinate  is  commonly  preferable. 

The  action  in  gout  is  either  prompt  or  wanting  and  there  may  be  relief  from 
pain  or  from  swelling  of  the  joints  with  no  alteration  in  the  uric  acid  excretion.  In 
gouty  subjects,  and  especially  in  the  elderly,  the  association  of  piperazine  with  other 
indicated  remedies  is  useful  not  only  in  neuralgia,  in  myalgias,  in  arthralgia,  in 
cephalalgia  and  the  like,  but  also  in  inflammatory  conditions,  acute  or  chronic  of  both 
serous  and  mucous  membranes,  coryza,  bronchitis,  pleuritis,  cystitis,  even  enteritis 
and  colitis. 

Piperazine  checks  the  excretion  and  perhaps  the  formation  of  glucose,  both  in 
clinical  and  phlorizin  diabetes,  in  dose  of  1.5  Gm.  daily  (Hildebrandt). 

Quinic  Acid 

In  patients  taking  the  fruit  cure  (grape  or  raisin  cure)  for  gout,  it  was  noted 
that  the  urine  contained  large  amounts  of  hippuric  acid  and  very  small  amounts  of 
uric  acid.  It  was  found  that  the  substance  in  the  grapes  which  gave  rise  to  the  hip- 
puric acid  was  quinic  acid.  From  these  facts  came  the  suggestion  that  perhaps  the 
nucleins  of  the  food  were  converted  either  to  uric  or  to  hippuric  acid,  and  that  any 
factor  which  increased  the  formation  of  the  former  would  pari  passu  decrease  the 
formation  of  the  latter.  With  this  end  in  view,  various  compounds  which  give  rise 
to  hippuric  acid,  notably  benzoic  acid,  quinic  acid,  cinnamic  acid  and  certain  modi- 
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fications  of  them — for  example,  urosin  (quinio  acid  with  lithium  citrate),  chinitropin 
(quinic  acid  with  urotropin),  sidonal  (quinie  acid  with  piperazine) — were  tested. 

It  was  soon  found  that  the  formation  of  hippuric  acid  brought  about  no  decrease 
of  uric  acid  (^icolaier  and  Hagenberg,  chinotropin;  Hupfer,  quinic  acid;  Ulrici, 
Abl,  benzoic  acid;  Denis,  cinnamic  acid).  Denis  saw  in  some  gouty  patients  a 
slight  increase  in  the  urinary,  and  fall  in  the  blood,  urate  after  sodium  benzoate. 
The  method  of  treatment  has  been  practically  abandoned. 

Materia  Medica. — Acidum  Quinicum  (unofficial),  Quinic  Acid.  Synonyms:  Kinic 
Acid,  Xcw  Sidonal. 

Exists  naturally  in  cinchona,  grapes,  strawberries,  coffee  and  other  substances. 
Occurs  in  the  form  of  colorless,  rhombic  prisms;  soluble  in  water. 

Dose,  5  to  15  grains  (0.3  to  1  Gm.). 

Lithium 

Lithium  urate  is  the  most  soluble  of  the  alkali  urates,  and  it  was  hoped  that 
administration  of  lithium  chloride  might  lead  to  formation  of  lithium  urate  either  in 
the  blood  or  urinary  passages  and  thus  aid  in  the  solution  of  and  removal  of  joint 
deposits  (antilithic  action)  and  urate  calculi  (lithotriptic  action).  No  such  effect 
could  be  demonstrated,  lithia  waters  being  of  no  more  value  in  gout  than  equal 
amounts  of  slightly  alkaline  water  without  lithium.  'Lithium  citrate  is  therefore  taken 
up  with  other  saline  diuretics. 

Materia  Medica. — Litiiii  Uras  (unofficial).  Lithium  Urate. 

An  acid  urate  of  lithium,  occurring  as  a  white  granular  or  crystalline  powder; 
soluble  in  water  (1:370),  boiling  water  (1:39),  and  because  of  its  solubility  over 
other  alkali  urates  it  has  been  used  as  an  anti-arthritic. 

Dose,  10  to  30  grains  (0.6  to  2  Gm.). 

Metabolic  Adjuvants 

The  physiologic  functions  of  the  endocrine  glands  belong,  as  do  their  therapeutic 
indications,  among  the  most  disputed  questions  in  the  whole  range  of  medical  science. 
Certain  of  these  glands  contain  active  principles  which  exert  an  immediate  and  striking 
influence  on  the  normal  animal  and  are  used  in  various  clinical  conditions  to  produce 
these  effects.  Such  are  the  pressor  principles  of  the  adrenal  and  pituitary  glands  and 
the  oxytocic  principle  of  the  latter.  Certain  endocrine  preparations  are  used  for  the 
relief  of  clinical  conditions  known  to  be  associated  with  deficiency  of  the  corresponding 
secretion,  and  produce  constant  and  convincing  results.  Of  these  the  most  important 
are  thyroid  preparations  in  myxedema  and  cretinism  and  certain  forms  of  pathologic 
obesity;  insulin  in  diabetes;  pituitary  extract  in  diabetes  insipidus  and  certain  obesi- 
ties and  parathyroid  in  tetany,  in  errors  of  calcium  metabolism,  and  when  it  is  desired 
to  promote  the  absorption  of  calcium  given  medicinally,  as  in  tuberculosis.  Other 
gland  extracts  are  known  to  have  definite  effects  on  the  development  or  nutrition  of 
the  animal  body,  but  many  of  the  conditions  which  they  are  called  upon  to  combat 
are  only  remotely  or  indirectly  dependent  on  deficient  secretion.  Such  products  are 
ovarian  extract,  corpus  luteum,  extract  of  placenta  and  mammary  extract,  all  of 
which  are  used  more  or  less  indiscriminately  in  various  disturbances  of  the  female 
sex  life.  Testicular  extract,  spemiin  and  prostatic  extract  are  employed  with  similar 
lack  of  precision  in  the  male.  Finally  there  are  a  number  of  glands,  certain  phases 
of  whose  physiologic  activity  is  known,  but  the  medicinal  indications  for  which  are 
still  unsettled.  We  may  place  in  this  class  thymus  extract.  This  (as  well  as  thyroid, 
parathyroid  and  pituitary  extracts)  has  a  marked  and  constant  influence  on  growth 
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and  development  when  fed  to  immature  (and  especially  larval)  animals.  It  has  how- 
ever no  definite  efEect  on  the  normal  adult  organism  and  its  therapeutic  value  is 
disputed. 

Perhaps  the  most  disputed  field  in  endocrinology  is  the  relation  of  the  various 
endocrine  glands  and  secretions  to  one  another.  It  is  known,  for  example,  that  lack 
of  thyroid  secretion  prevents  the  development  of  the  sex  glands  in  both  male  and  female. 
In  young  animals,  removal  of  the  pituitary  interferes  with  the  growth  of  the  thyroid 
and  sex  glands.  The  amount  of  thyroxin  in  the  thyroid  is  increased  after  removal  of 
the  adrenals,  but  epinephrine  is  diminished  after  thyroidectomy.  Such  facts  could  be 
multiplied  almost  indefinitely,  but  throw  little  light  on  the  medicinal  use  of  the  gland 
extracts.  The  relationships  are  made  enormously  difficult  to  study  by  the  fact  that 
almost  without  exception  the  endocrine  tissues  are  placed  in  close  anatomic  relation  with 
other  cells  with  apparently  unrelated  internal  or  external  secretions.  Attempts  to 
utilize  these  relationships  are  not  unknown.  Thus.  Solis-Cohen  and  Marine  have  re- 
ported favorable  results  from  administration  of  adrenal  substance  in  exophthalmic 
goiter,  and  others  (Solis-Cohen,  Mackenzie)  have  used  pituitary  extract  for  the  same 
purpose.  Knowles  treated  osteomalacia  with  pituitary  extract  which  was  intended  to 
counteract  the  supposed  ovarian  hyperplasia.  None  of  these  procedures  is  invariably 
successful  and  they  have  not  attained  widespread  use. 

The  ductless  glands  are  profoundly  influenced  by  drug  action  although  but  few 
agents  are  much  used  for  this  purpose.  The  action  of  iodine  on  the  function  of  the 
thyroid  and  of  calcium  on  that  of  the  parathyroid  are  of  greatest  interest.  The 
adrenals  are  injured  by  diphtheria  toxin  and  by  many  protoplasm  poisons. 

We  include  in  this  class  products  of  the  thyroid  gland,  the  thymus,  the  adrenals, 
pituitary  and  pineal  glands.  The  internal  secretions  of  the  sex  glands  are  taken  up 
with  that  system,  and  the  spleen  is  considered  with  agents  influencing  the  blood. 

Endocrine  Products 
Insulin 

Insulin  is  an  extract  of  pancreatic  tissue  containing  the  internal  secretion  of 
the  islands  of  Langerhans  without  the  external  secretion  of  trypsin  and  other  diges- 
tive   ferments. 

After  Mering  and  Minkwoski,  in  1899,  showed  that  the  internal  secretion  of  the 
pancreas  was  concerned  in  sugar  metabolism,  it  was  established  that  diabetes  was 
dependent  on  lack  of  this  secretion  and  was  associated  with  lesions  of  the  island 
tissue.  Attempts,  experimental  and  clinical,  were  early  made  to  treat  diabetes  with 
extracts  of  pancreatic  tissue,  but  all  failed.  The  failure  was  due  to  inactive  prepara- 
tions, to  topical  irritation  from  presence  of  ferments,  or,  in  one  series,  apparently 
to  overdose,  which  caused  such  alarming  symptoms  that  further  tests  were  abandoned. 
In  1921  and  1922  Banting  and  Best  of  Toronto  succeeded  in  preparing  an  extract  from 
pancreas,  the  glandular  tissue  of  which  had  been  caused  to  degenerate  by  ligation  of 
the  excretory  duct.  The  island  tissue  not  degenerating  this  yielded  a  preparation 
containing  the  island  secretion  (insulin)  free  from  digestive  ferments.  Study  of 
the  properties  of  this  led  to  the  development  of  methods  by  which  it  can  be  obtained 
from  normal  pancreas  in  full  strength  and  comparative  purity,  and  the  extract  from^ 
the  whole  gland  is  more  active  than  that  from  the  degenerated.  Insulin  free  from 
digestive  ferments  may  be  obtained  directly  from  teleost  (bony)  fishes.  In  these, 
the  island  tissue,  instead  of  being  imbedded  in  the  gland  tissue  is  present  as  separate 
organs,  which  may  be  removed  by  themselves.  A  potent  preparation  of  this  kind 
has  been  made  at  the  great  cod  and  sturgeon  fisheries  of  Norway.  In  the  embryo 
shortly  before  birth,  the  islet  tissue  is   developed,   although  formation  of  digestive 
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ferments  does  not  begin  until  after  birth.  Embryonal  pancreas  thus  readily  yields 
preparations  free  from  trypsin.  In  this  country  it  has  been  found  most  economical 
to  prepare  the  insulin  from  normal  adult  pancreas,  removing  the  digestive  ferments 
by  special  methods  of  extraction  and  purification.  Normally,  this  ferment  passes 
into  the  lymph  and  not  into  the  pancreatic  vein   (Biedl). 

The  pancreas  is  extracted  with  acidulated  70  percent,  alcohol,  which  prevents 
any  action  by  ferment  during  extraction.  The  extract  is  chilled,  concentrated,  and 
the  insulin  precipitated  by  strong  alcohol,  dissolved  in  dilute  acid  and  precipitated 
by  neutralization.  This  precipitate  is  the  crude  insulin,  and  may  be  dissolved  in 
dilute  acid  and  further  diluted.  By  this  method  all  ferments,  and  almost  all  protein 
may  be  removed.    Insulin  is  rapidly  destroyed  by  even  weaker  alkalis. 

Insulin  is  precipitated  by  most  protein  precipitants,  can  be  salted  out  by  ammo- 
nium sulphate  and  sodium  chloride,  and  is  destroyed  by  trypsin.  From  this  it  appears 
to  be  related  to  proteins,  although  it  is  not  injured  by  boiling  in  acid  solution  (Murlin). 
For  its  standardization,  therefore,  it  must  be  tested  physiologically.  The  standard  at 
present  in  use  is  as  follows :  The  amount  required  to  reduce  to  0.045  percent,  the  blood 
sugar  of  a  2  kilogram  rabbit,  starved  for  24  hours,  is  determined.  One-third  of  this 
amount  is  termed  a  unit,  and  all  dosage  is  based  on  such  units.  The  amount  required 
to  prevent  glycosuria  and  hyperglycemia,  after  administration  of  a  definite  amount 
of  glucose  to  a  normal  or  depancreatized  dog  or  rabbit,  may  also  be  used  as  a  standard. 

The  pancreas  may  also  be  extracted  with  acidulated  water  (N/5  HCl).  Extraction 
is  best  done  according  to  Murlin,  at  a  temperature  of  50°  C.  By  this'  method  pig 
pancreas  yields  about  400  rabbit  units  per  kilo  (1200  of  above  units).  The  largest 
yield  has  been  above  1500  (4500  Toronto  units)  per  kilo  (Clough,  Allen  and  Murlin). 
A  product  having  properties  similar  to  those  of  insulin  can  be  obtained  by  perfusing 
the  isolated  pancreas  of  the  dog  (Kusnetzow). 

Substances  resembling  insulin  in  action  and  perhaps  identical  with  it  have 
been  isolated  from  other  animal  tissues,  thymus  gland,  muscle,  liver,  etc.,  yield  amounts 
about  one-tenth  of  those  in  pancreas.  Diabetic  dogs'  tissues  also  contain  such  a 
substance,  but  in  reduced  amount  (Best,  Smith  and  Scott).  A  very  active  material 
has  also  been  prepared  from  yeast.  These  substances  appear  to  be  related  in  many 
respects  to  vitamine  B.  Guanidine  injections  are  also  followed  ty  a  fall  in  blood- 
sugar,  and  a  guanidine  compound,  agviatine,  has  been  used  with  success  in  the  treat- 
ment of  experimental  and  clinical  diabetes. 

"Weak  solutions  of  insulin  may  be  concentrated  by  adding  sodium  benzoate  and 
precipitating  this  as  benzoic  acid  by  acidulation.  The  insulin  is  carried  down  with 
the  precipitate   (Maloney  and  Findlay). 

Materia  Medica. — Insulin  (N.N.E.), 

An  aqueous  solution  of  an  active  principle  from  the  pancreas  which  affects  sugar 
metabolism.    Its  strength  is  measured  in  "units"  (see  above). 

In  the  excess  administration  of  insulin  there  is  need  for  immediate  treatment 
which  is  best  secured  by  the  ingestion  of  carbohydrates,  i.e.,  enough  sugar  to  counteract 
the  excess. 

Dose,  each  case  is  handled  individually. 

Insulin,  being  patented,  can  be  made  and  sold  under  that  name  only  by  permission 
of  the  University  of  Toronto.  Several  recognized  makes  are  on  the  market,  "Uetin" 
being  one  of  the  best  known  preparations  in  the  United  States. 

Summary  of  Actions  and  Uses. — The  most  striking  action  of  insulin  is  a  reduction  in 
the  blood  sugar  of  normal  and  diabetic  animals,  and  it  is  possible  that  all  other  actions 
are  results  of  this.  All  forms  of  hyperglycemia  seem  to  be  reduced.  That  of  clinical  and 
experimental  diabetes  is  brought  to  normal  by  appropriate  dosage,  and  those  forms  due 
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to  brain  puncture,  to  epinephrine,  asphyxia,  morphine  and  ether  are  also  reduced.  In 
the  normal  animal  reduction  also  occurs,  and  it  is  found  that  when  the  blood  sugar  falls 
to  0.04  percent.,  or  thereabouts,  convulsions  and  other  symptoms  of  nerve  derangement 
occur.    The  relation  of  these  to  the  low  blood  sugar  is  not  clear. 

Insulin  finds  almost  its  chief  use  in  the  treatment  of  diabetes.  In  the  very  severe 
cases  in  childhood  it  restores  the  nutrition  and  preserves  life,  when  given  repeatedly. 
In  diabetic  coma  a  single  injection  will  often  restore  consciousness  and  several  lead  to 
recovery  from  the  threatening  acidosis.  In  milder  cases  it  will  enable  the  patient  to 
enjoy  a  full  diet  without  the  danger  of  glycosuria.  There  are  no  contraindications  to  its 
use  in  diabetes,  and  the  chief  danger  is  from  overdosage.  Of  course,  it  is  only  a  pallia- 
tive, and  its  use  must  be  continued  indefinitely.  Relieving  the  strain  on  deficient  Island 
tissue,  will,  however,  permit  this  to  improve  functionally,  and  permanent  benefit  may 
thus  result  from  a  course  of  injections.  In  young  patients  "Hunger  is  replaced  by  appe- 
tite, thirst  is  lessened,  edema  disappears  in  about  ten  days,  and  considerable  physical 
vigor  is  restored." 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Insulin  is  probably  readily 
absorbed  by  mucous  membranes,  but  as  it  is  inactivated  by  the  digestive  juices  it  is  with- 
out effect  when  swallowed  with  food.  Administered  by  duodenal  tube  it  was  ineffective  in 
man,  although  when  injected  directly  into  the  bowel  of  normal  or  depancreatized  dogs  it 
showed  fairly  strong  action.  Given  by  rectum  it  may  or  may  not  be  absorbed  in  potent 
form.  The  best  method  for  clinical  use  Is  hypodermically.  Intravenous  injections  are 
effective  but  no  more  so  than  hypodermic.  Intramuscular  injections  cause  local  necrosis 
and  must  be  avoided. 

Insulin  in  ointment  form,  rubbed  into  the  skin,  has  been  shown  to  be  absorbed 
both  in  children  and  in  rabbits,  but  more  than  ten  times  as  much  is  required  es  by 
injection,  and  the  method  is  too  uncertain  for  satisfactory  clinical  use. 

Given  by  mouth  with  large  amounts  of  alcohol,  which  prevent  the  action  of  diges- 
tive ferments,  it  may  develop  its  action.  This  demonstrates  the  possibility  of  absorption 
from  the  stomach  and  upper  bowel,  but  Is'  not  a  satisfactory  clinical  method.  Insulin 
may  also  be  protected  from  the  action  of  the  digestive  ferments  through  the  concurrent 
administration  of  8  grains   (0.5  Gm.)   of  saponin   (Lasch  and  Bruegel). 

Insulin  is  quite  rapidly  excreted  in  the  urine,  and  in  normal  dogs,  apparently  un- 
changed. The  purified  urine  collected  after  an  injection  of  insulin  causes  the  same  fall 
of  blood  sugar  as  the  amount  of  Insulin  administered  (Fisher).  Excretion  is  practically 
complete  within  twenty-four  hours  after  a  single  injection. 

Topical  Action. — Properly  prepared  insulin  is  not  irritating  to  mucous  membranes, 
nor  when  given  by  hypodermic  injection.  When  given  intramuscularly  It  causes  localized 
necrosis. 

Toxicity. — Insulin  in  small  dose  produces  no  other  obvious  effect  than  a  lowering  of 
blood  sugar.  If  given  in  too  large  dose  it  causes  a  characteristic  train  of  symptoms, 
chiefly  indicating  nerve  excitement  passing  into  paralysis.  In  the  rabbit  the  symptoms 
resemble  those  of  strychnine  poisoning.  There  is  motor  hyperexcitability  with  rapid 
breathing  and  after  any  stimulus  violent  convulsions  lasting  one  or  two  minutes,  but 
rarely  fatal.  This  is  followed  by  coma  with  dilated  pupils.  Such  symptoms  begin  when 
the  blood  sugar  is  about  0.045  percent. 

In  man,  moderate  overdose  causes  a  sense  of  weakness  or  fatigue,  with  anxiety  or 
loss  of  self-control.  There  is  a  feeling  of  tremulousness,  but  usually  no  tremor.  There 
may  be  slight  incoordination.  Pallor  and  flushing,  chilliness  and  sweating  are  common. 
Such  symptoms  are  seen  with  a  blood  sugar  of  0.07  percent.  When  the  blood  sugar  falls 
to  0.05  percent,  there  is  acute  distress  or  mental  disturbance  and  with  lower  concentra- 
tions, coma  with  loss  of  reflexes.  Convulsions  have  not  been  seen,  although  they  pre- 
sumably would  occur  if  the  dose  were  large  enough.  Similar  symptoms  result  in  other 
species  of  animals. 

The  convulsions  in  both  rabbits  and  cats  resemble  those  due  to  asphyxia,  and  the 
blood  is  dark,  oxidative  processes  apparently  being  interfered  with.  In  decerebrate  cats 
with  the  pituitary  body  intact,  it  is  impossible  to  cause  convulsions,  because  the  sugar 
does  not  fall  sufficiently.  In  totally  decerebrate  cats  the  blood  sugar  falls  but  no  con- 
vulsions occur.  After  removal  of  the  cerebrum  and  pituitary  bodies  only  typical  con- 
vulsions occur.    These  are  due  to  action  on  the  bulbar  centers  (Olmstead  and  Logan). 

Even  when  no  convulsions  occur  rigor  mortis  comes  on  very  soon  in  animals  dying 
as  a  result  of  insulin  overdosage.  This  is  apparently  related  to  the  early  onset  in 
asphyxiated  animals. 

Treatment  of  Poisoning. — If  symptoms  of  poisoning  occur  from  overdosage  they  will 
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commonly  be  promptly  relieved  by  taking  sugar,  especially  glucose  (5  to  25  Gm.)  by 
mouth.  By  injection,  only  glucose  is  of  much  value.  Levulose,  maltose  and  galactose 
have  a  slight  effect,  while  saccharose  and  lactose  are  of  no  value.  If  the  patient  is  uncon- 
scious cc.  (15  minims)  of  1:  1000  epinephrine,  should  be  injected  intramuscularly  and 
glucose  solution  subcutaneously. 

tiystemic  Action. — The  only  well-established  action  of  insulin  is  that  on  the  sugar 
metabolism,  and  it  is  probable  that  all  other  effects  are  secondary  to  this.  Insulin, 
however  administered,  and  in  whatever  dose,  causes  a  fall  in  the  blood  sugar.  This 
occurs  in  all  species,  in  normal  animals,  in  those  subjects  of  hyperglycemia  due  to 
diabetes,  pancreatectomy,  brain  puncture,  asphyxia,  epinephrine,  ether  and  injection  of 
glucose.  Avitaminosis  in  pigeons  leads  to  metabolic  disturbance  associated  with  high 
blood  sugar.  In  this  condition,  administration  of  insulin  leads  to  fall  of  the  blood  sugar 
and  increase  of  glycogen  deposits  (Bickel  and  Collazo).  In  man,  the  injection  of  5  to  10 
units  of  insulin  20  minutes  before  a  meal,  results  in  a  marked  increase  of  gastric  acidity. 
"Whether  this  increase  is  related  to  other  metabolic  effects  is  uncertain   (Anciaes). 

The  mechanism  by  which  insulin  produces  these  effects  is  still  a  matter  of  dis- 
pute, although  many  facts  have  been  determined  regarding  the  details  of  its  action. 
There  is  a  rise  in  the  respiratory  quotient  of  diabetics,  and  a  fall  in  ketosis  and  acidosis, 
resulting  in  disappearance  of  acetone  from  the  urine.  This  indicates  that  the  metabolism 
of  fats  is  influenced  also.  Diabetic  coma  is  often  promptly  relieved  by  a  single  injection. 
The  glucose  which  disappears  from  the  blood  under  the  influence  of  insulin  is  not 
burned,  nor  is  it  deposited  as  glycogen  in  the  liver.  There  is  no  increase  in  calorie 
production  nor  in  oxygen  consumption,  and  a  slight  increase  in  CO2  excretion  is  bal- 
anced by  decrease  later.  There  is  no  increase  in  glycolysis  of  organ  extracts  to  which 
insulin  is  added  in  vitro,  and  although  the  sugar  consumption  of  the  isolated  mammalian 
heart  perfused  with  Tyrode  solution  is  increased  from  the  normal  of  87  mgm.  per  gram 
per  hour  to  300  mgm.,  this  is  not  accompanied  by  any  increase  in  work,  showing  that  the 
sugar  is  not  burned.  A  similar  phenomenon  is  noted  if  Locke  solution  is  passed  first 
through  the  pancreas,  and  then  through  a  muscle.  Although  no  apparent  change  occurs 
as  a  result  of  the  pancreatic  passage,  the  amount  of  glucose  removed  by  the  muscle  is 
much  greater  than  from  a  control  solution.  Although  the  amount  of  glycogen  in  the 
liver  of  pancreatectomized  dogs  may  increase  from  1  percent,  up  to  14  percent,  under  the 
influence  of  insulin  this  does  not  account  for  the  fall  in  blood  sugar,  as  a  similar  fall 
occurs  after  excision  of  the  liver.  The  glycogen  in  other  tissues  is  reduced  and  there 
may  be  merely  a  shifting  of  it.  The  more  glycogen  is  present  in  the  liver,  the  more 
rapid  is  the  rise  of  blood  sugar  on  recovery  from  the  effect  of  an  injection.  In  normal 
animals,  on  the  other  hand,  the  hepatic  glycogen  is  reduced  and  may  disappear  entirely. 
No  such  loss  in  hepatic  glycogen  occurs  if  the  convulsions  are  prevented  by  narcosis,  and 
it  may  be  analogous  to  that  which  follows  convulsions  from  other  causes  (Heymans  and 
Heymans). 

That  the  insulin  does  not  act  through  the  nerve  system  is  indicated  by  the  occurrence 
of  the  hypoglycemia  after  destruction  of  the  entire  central  nerve  system,  paralysis  of 
the  parasympathetic  nerve  endings  by  atropine  and  paralysis  of  the  autonomic  ganglia 
by  nicotine   (Mason  and  Matthew). 

Quantitative  studies  of  the  metabolic  action  of  insulin  have  given  rather  discordant 
results,  but  it  is  estimated  that  in  human  diabetes  1  unit  causes  the  disappearance  from 
the  urine  of  1  to  1.5  Gm.  (15  to  24  grains)  of  sugar.  To  complete  the  burning  of  150  Gm. 
(5  ounces)  of  fat,  22  units  are  required. 

The  insulin  hypoglycemia  is  lessened  or  prevented  by  coincident  administration  of 
various  drugs,  for  example,  pituitary  extract,  epinephrine,  strychnine  and  morphine,  and 
it  is  somewhat  reduced  by  quinine  and  atropine.  It  is  not  influenced  by  thyroid  extract, 
caffeine,  pilocarpine,  eserine,  nicotine  or  cocaine  (Magenta  and  Biasotta).  Conversely 
the  hyperthermia  of  morphine  is  prevented  by  insulin  (Stewart  and  Rogoff).  Egg  for- 
mation in  pigeons,  which  is  normally  accompanied  by  hyperglycemia  is  prevented  by 
insulin.  The  anuretic  effect  of  pituitary  extract  in  dogs  is  prevented  by  insulin 
(Klissinius). 

Various  theories  have  been  advanced  to  account  for  these  phenomena.  The  dis- 
coverers of  insulin.  Banting  and  Best  and  Macleod,  believe  that  sugar  disappears  from 
the  blood  because  it  passes  into  the  tissues,  that  insulin  no  doubt  also  enters  the  tissue 
cells  and  sets  up  a  process  which  leads  to  the  disappearance  of  sugar  as  such,  so  that  a 
"vacuum"  for  sugar  is  created  in  the  cell  and  sugar  is  withdrawn  from  the  blood  more 
rapidly  than  the  supply  can  be  replenished.     It  is  unlikely  that  a  combination  between 
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insulin  and  sugar  is  an  essential  step  in  this  process.  Winter  and  Smith  believe  that 
there  are  two  forms  of  glucose,  which  they  term  a  glucose  and  y  glucose  and  which 
resemble  one  another  in  reducing  power  and  optical  qualities,  but  differ  in  that  only 
the  gamma  form  can  be  utilized  by  the  tissues.  The  normal  individual  possesses  in 
insulin  a  ferment  which  converts  the  alpha  into  the  gamma  form.  In  diabetes  this 
ferment  is  lacking,  and  the  glucose  circulates  in  the  alpha  form  which  can  only  be  gotten 
rid  of  by  excretion.  This  theory  postulates  an  increased  destruction  of  glucose  under 
the  influence  of  insulin,  which  view  is  favored  by  the  work  of  Neuberg,  Gottschalk  and 
Strauss  who  believe  that  they  have  proved  that  acetaldehyde  is  a  stage  in  the  normal 
breaking  down  of  sugar,  and  who  have  shown  that  the  formation  of  acetaldehyde  by 
liver  tissue  in  vitro  is  increased  by  addition  of  insulin. 

Winter  and  Smith  have  suggested  that  the  gamma  form  of  glucose  enters  into  com- 
bination with  phosphates,  which  permits  its  destruction.  In  line  with  this  is  the  work 
of  Andova  and  Wagner,  who  found  that  under  the  influence  of  insulin  there  was  a 
decrease  of  the  inorganic  phosphates  in  the  blood  and  muscles,  but  no  fall  in  the  total 
phosphorus.  If  the  combined  form  is  hexose-monophosphoric  acid  then  30  mgm.  of  PO4 
corresponds  to  65  mgm.  of  glucose.  They  found  in  muscle  an  increase  of  combined 
phosphorus  from  the  normal  of  465  mgm.  per  100  Gm.  to  557  mgm.  per  100  Gm.  This 
would  account  for  more  sugar  than  disappears  from  the  blood. 

A  somewhat  different  conception  is  held  by  Laufberger.  He  showed  that  there  was 
no  increase  in  the  total  non-protein  carbon  of  the  blood  or  tissues,  thus  disproving  the 
idea  that  the  glucose  was  stored  in  a  non-reducing  form.  He  points  out  that  under 
normal  conditions  of  metabolism  a  rabbit  will  burn  the  entire  glucose  of  the  blood  in  a 
few  minutes,  and  the  glycogen  of  the  liver  in  an  hour  and  a  half  or  so.  If  no  further 
glucose  is  formed,  there  will  be  a  fall  of  blood  sugar  occurring  an  hour  or  two  after  its 
formation  is  prevented.  He  assumes  that  insulin  prevents  the  formation  of  glucose  from 
glycogen  or  other  combineu  sugars,  and  that  toxic  symptoms  occur  when  the  reserve  is 
exhausted.  This  corresponds  with  the  fact  that  saccharose  injections  do  not  relieve  the 
condition,  but  only  those  of  glucose.  In  diabetes  the  normal  check  on  glucose  produc- 
tion is  removed  and  it  is  formed  more  rapidly  than  the  tissue  can  use  it.  Normally 
glycogen  is  replaced  from  the  fat  deposits  or  from  the  food.  In  the  absence  of  insulin 
this  process  is  disturbed  as  it  is  in  starvation,  resulting  in  acidosis.  Diabetes  is  thus  not 
due  to  inability  to  burn  sugar,  but  to  inability  to  check  its  overproduction  from  the 
reserve  glycogen  and  fats. 

Several  vegetable  extracts  have  been  shown  to  reduce  blood-sugar  in  a  manner  some- 
what similar  to  insulin.  They  differ  from  this,  however,  in  that  they  are  effective  when 
swallowed,  and  that  they  have  relatively  little  effect  on  normal  blood-sugar,  being  chiefly 
effective  when  this  is  abnormally  high.  Among  them  may  be  mentioned  "myrtillin," 
prepared  from  cranberry  leaves  (Vacciniuvi  oxpcoccus)  and  a  tea  made  from  the  shells 
of  beans  {Phaseolus  vulgaris).  The  place  of  such  extracts  in  the  treatment  of  diabetes 
is  still  uncertain,  but  they  appear  to  increase  the  effect  of  insulin,  so  that  this  may  be 
secured  with  fewer  and  smaller  doses.  They  may  prove  sufficiently  powerful  to  replace 
insulin  altogether. 

Therapeutics. — Insulin  was  introduced  and  finds  its  chief  field  of  usefulness  as 
a  remedy  for  use  in  diabetes,  but  it  is  not  curative  of  that  disease,  nor  it  is  required 
in  the  treatment  of  all  cases.  Indeed  it  is  estimated  that  in  about  75  percent,  of  the 
sufferers  from  diabetes  the  sugar  waste  can  be  controlled  by  a  dietetic  regimen  with 
a  septenary  day  of  fasting.  The  cases  in  which  this  treatment  is  sufficient  are  those 
of  chronic,  stationary  or  very  slowly  progressive  diabetes  in  patients  of  middle  or 
advanced  age.  The  cases  in  which  insulin  treatment  is  indicated  are  those  in  which 
it  is  impossible  to  secure  for  the  patient  the  necessary  number  of  calories  of  food  with- 
out hyperglycemia,  and  the  presence  in  the  urine  of  sugar  and  ketone  bodies. 

It  is  found  that  each  unit "  of  insulin  will  insure  the  consumption  of  2  Gm. 
of  carbohydrate  and  4  Gm.  of  protein   in  the  food  of  the  diabetic,   independent  of 

"  The  physiological  unit  of  insulin  is  the  amount  which  lowers  the  content  of  sugar 
in  the  blood  of  a  normal  rabbit  weighing  2  kilos,  and  previously  starved  for  24  hours, 
to  0.045  percent,  within  3  hours.  This  unit  has  been  found  to  be  inconveniently  large, 
so  use  is  now  made  of  the  "clinical  unit"  which  is  one-third  this  size. 
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tlio  lessened  amount  -which  the  patient's  own  pancreas  will  provide  for.  The  proper 
dose  will  vary,  therefore,  in  different  cases,  according  to  the  amount  of  sugar  excreted, 
from  10  to  100  units  daily,  but  the  giving  of  more  than  60  units  in  tvelve  hours  is 
risky  and  the  patient  receiving  that  amount  should  be  closely  watched  for  the  first 
signs  of  insulin  shock.  Happily,  however,  these  signs  appear  gradually  and  the 
really  serious  symptoms  are  preceded  by  minor  disturbances  which  usually  give  ample 
warning.  "When  an  overdose  of  insulin  has  been  given  and  a  condition  of  hypo- 
glycemia (blood-sugar  below  the  normal  0.1  percent.)  has  supei\^ened,  the  patient 
begins  to  feel  nervous  and  tremulous  and  complains  of  fatigue;  whf^n  the  sugar  content 
of  the  blood  falls  below  0.07  percent,  a  tremor  and  sweating  aj^pear,  and  the  stage 
of  unconsciousness  comes  on  with  a  percentage  below  0.03.  The  treatment  of  the 
early  stages  is  fortunately  as  simple  as  it  is  efficacious — the  juice  of  an  orange,  or  three 
or  four  lumps  of  sugar,  aided,  if  need  be,  by  a  hypodermic  injection  of  15  minims 
(1  cc.)  of  a  1 :  1000  solution  of  adrenalin  chloride.  The  taking  of  sugar  should  be 
avoided  if  possible,  and  in  most  cases  the  beginning  nervousness  can  be  arrested  by 
the  orange  juice  alone  or  even  by  a  cup  of  unsweetened  hot  tea. 

McLean  gives  the  following  outline  of  a  course  of  insulin:  The  diet  during  the 
treatment  ehould  contain  at  least  30  or  40  Gm.  of  carbohydrate  divided  for  the  most 
part  between  two  large  meals,  these  being  separated  by  two  smaller  meals  containing 
a  minimum  of  carbohydrate.  The  initial  dose  of  insulin  is  10  units  hypodermically 
about  20  minutes  or  half  an  hour  before  each  of  the  two  larger  meals.  This  dosage 
is  continued  for  three  days  and  if  then  the  urine  still  contains  sugar  it  is  I'aised  to 
15  units  twice  a  day.  Again  after  three  days,  if  sugar  continues  to  be  excreted,  the 
morning  dose  is  increased  to  20  units;  and  three  days  later  if  the  urine  is  still  not 
sugar  free,  the  evening  dose  is  raised  to  the  same  amount,  and  so  on.  When  finally 
sugar  is  no  longer  excreted,  the  insulin  may  be  decreased  by  5  units  in  each  dose,  and 
a  little  more  carbohydrate  may  be  allowed  in  the  diet.  If  sugar  reappears  the  dose 
must  be  again  increased  by  5  units.  Murray  Lyon  advises  the  giving  of  insulin  two 
hours  before  the  meal,  for  the  reason  that  its  effect  is  rather  slowly  produced  at  first 
so  that  if  it  is  given  too  near  the  meal  time  there  will  not  be  time  for  the  blood-sugar 
to  be  reduced  before  the  access  of  fresh  carbohydrate  from  the  food ;  this  may  raise 
it  above  the  renal  threshold  and  there  will  then  be  a  reappearance  of  glycosuria.  If, 
however,  the  blood-sugar  percentage  is  much  lowered  by  the  insulin,  the  amount  of 
carbohydrate  ingested  will  not  be  sufficient  to  raise  it  to  the  overflow  figure. 

In  presence  of  a  patient  with  acidosis  verging  on  coma,  or  actually  comatose, 
insulin  is  to  be  given  intravenously  in  full  dose  (20  to  25  units),  together  with  car- 
bohydrates ;  if  the  patient  be  unconscious,  the  latter  must  be  given  as  glucose  intrave- 
nously. The  insulin  injection  is  to  be  repeated  in  two  hours  if  no  improvement 
ensues.  Blood-sugar  estimations  should  be  made  in  these  cases,  for  the  possibility 
exists  that  if  too  large  an  amount  of  insulin  be  given,  the  initial  coma  maj''  be 
insensibly  replaced  by  that  due  to  excessively  reduced  blood-sugar  percentage. 

Although  the  administration  of  insulin  is  not  absolutely  required  in  diabetics  in 
whom  the  urine  may  be  kept  sugar-free  by  a  diet  sufficient  to  meet  the  calory  needs, 
it  may  nevertheless  prove  useful  in  the  direction  of  relieving  the  tax  on  the  island  cells 
of  the  pancreas.  As  in  hypothyroidism,  in  which  the  long  continued  exhibition  of 
thyroid  extract  may,  by  opening  the  gland,  lead  to  more  or  less  marked  restoration  of 
function  so  that  the  extract  will  need  to  be  given  only  in  occasional  doses,  so  a  judicious 
administration  of  small  doses  (10  units  daily)  of  insulin  in  an  incipient  case  of 
diabetes  may  aid  in  the  partial  recuperation  of  the  Langerhans  function,  and  so  relieve 
the  patient  in  a  measure  of  his  burdensome  dietary  restrictions. 

Before  beginning  insulin  treatment  it  is  advisable  to  exclude  the  rare  possibility 
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of  the  case  being  one  of  renal  diabetes,  for  then  the  insulin  would  be  of  no  service 
and  would  probably  soon  bring  on  symptoms  of  hypoglycemia. 

Insulin  has  been  given  with  apparent  success  to  lessen  or  remove  the  operative 
risk  in  bad  surgical  cases  occurring  in  diabetic  subjects,  and  it  is  suggested  that  the 
remedy  might  be  of  service  also  in  case  of  infection  in  diabetics. 

Several  maladies  often  associated  with  high  blood-sugar,  with  low  sugar  toler- 
ance, or  with  a  tendency  to  acidosis,  have  been  treated  with  benefit  by  injections  of 
insulin.     The  following  list  might  easily  be  extended. 

Thalhimer  has  successfully  treated  several  cases  of  pernicious  vomiting  of 
pregnancy  with  insulin,  conjoined  with  glucose.  He  claims  that  by  this  means  one 
can  break  up  the  vicious  circle  of  acidosis  causing  vomiting  and  the  starvation 
resulting  therefrom  increasing  the  acidosis.  Under  the  influence  of  insulin  the 
glucose  is  oxidized  and  this  leads  to  the  destruction  of  the  products  of  incomplete  fat 
metabolism  (the  ketone  bodies)  and  so  to  the  cure  of  the  acidosis. 

Several  observers  have  reported  a  reduction  in  the  size  of  the  thyroid  gland  and  an 
amelioration  of  the  symptoms  in  cases  of  Graves'  syndrome  treated  with  insulin. 

Insulin  has  given  good  results  in  cases  of  post-traumatic  and  operative  acidosis 
in  non-diabetic  patients. 

In  furunculosis,  in  which  there  was  an  excess  of  blood-sugar  but  no  glycosuria, 
Bartle  obtained  good  results  with  insulin. 

The  tendency  to  high  blood-sugar  in  cancerous  animals  and  men,  suggested  the  use 
of  insulin  in  this  affection.  After  finding  that  injections  brought  about  reduction  in 
the  size  of  tumors  in  lower  animals,  insulin  was  used  in  patients  with  inoperable 
cancer.  Injection  of  60  to  100  and  even  300  units  brings  about  amelioration  of  the 
condition  both  local  and  general,  in  a  large  proportion  of  cases.  Injection  may  be 
made  directly  into  the  tumor  mass  when  this  is  very  large,  otherwise  hypodermically 
elsewhere.  Many  cancers  are  changed  from  an  inoperable  to  an  operable  state  by  such 
treatment. 

Administration. — Insulin  is  best  given  hypodermically  in  a  single  daily  dose,  or  if 
the  dose  be  large,  in  2  or  even  3  daily  doses.  In  mild  cases,  doses  may  be  given  at  longer 
intervals.  The  dose  is  based  on  the  unit  value  and  not  on  the  actual  volume  given.  The 
patient  being  on  a  diet  which  is  just  sufficient  to  maintain  nutrition,  a  single  daily  dose 
of  10  units  is  given.  If  the  urine  does  not  become  sugar  free,  this  is  increased  5  units  at 
a  time  at  intervals  of  several  days,  until  the  glycosuria  is  controlled.  The  dose  may  be 
more  exactly  determined  according  to  the  following  plan:  The  patient  is  given  a  daily 
diet,  containing  1  Gm.  of  carbohydrate,  1  Gm.  of  protein  and  2.5  Gm.  of  fat  for  each 
kilogram  of  body  weight  (in  obese  patients,  give  1  Gm.  of  carbohydrate,  2/3  Gm.  of 
protein  and  2  Gm.  of  fat).  After  several  days  on  this  diet,  determine  the  daily  excretion 
of  urinary  sugar  and  give,  in  24  hours,  14  as  many  units  of  insulin  as  there  are  Gms.  of 
sugar.  Continue  this  diet  3  days,  reexamine  the  urine,  and  if  sugar  is  still  present, 
increase  the  dose  of  insulin  by  the  same  formula.  If  food  is  not  taken  at  any  meal,  or 
the  diet  reduced  for  any  external  reason,  the  dose  of  insulin  should  be  correspondingly 
reduced,  to  avoid  the  danger  of  inducing  hypoglycemia.  The  injections  should  not  be 
given  continuously  in  one  part  of  the  body,  as  local  fat  necrosis  or  induration  of  the 
tissues  will  result.  The  dose  should  commonly  be  given  by  the  physician  or  nurse. 
Occasionally,  with  persons  of  intelligence  and  judgment,  it  is  quite  safe  to  entrust  the 
giving  of  the  injections  to  the  patient  himself,  or  some  member  of  his  household,  but 
the  danger  of  overdosing  is  too  great  to  warrant  this  practice  in  general.  Owing  to  the 
inconvenience,  in  private  practice,  of  the  hypodermic  method  of  administering  insulin, 
many  attempts  have  been  made  to  devise  some  other  way  of  exhibiting  the  remedy. 
It  has  been  given  in  water  by  enema,  and  by  inunction,  and  has  been  smeared  over  the 
dorsum  of  the  tongue.  In  all,  there  was  some  result,  but  the  dose  had  to  be  greatly 
increased.  The  most  promising  route,  if  the  stomach  is  barred,  would  be 'the  sublingual, 
as  absorption  at  that  point  is  rapid  and  complete  in  the  case  of  all  soluble  substances. 
It  is  probable,  however,  that  those  who  contend  that  the  oral  route  is  impossible  are 
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mistaken.  Banting  and  Best  gave  the  extract  through  a  stomach  tube  on  an  empty 
stomach,  and  in  four  hours  the  blood-sugar  fell  from  0.41  to  0.28  percent.  Murlin  says 
that  "insulin,  placed  in  enteric  coated  tablets  containing  a  substance  designed  to  delay 
temporarily  the  destructive  action  of  trypsin,  can  survive  the  stomach  in  some  patients, 
can  be  absorbed  in  the  intestine,  and  can  operate  to  improve  the  diabetic  condition  very 
materially."  It  is  said  that  administration  of  saponin  with  the  insulin  hastens  its 
absorption  and  prevents  the  injurious  effects  of  the  digestive  ferments  on  it. 

Thyroid  Gland  Preparations 

The  thyroid  gland  is  one  of  the  glands  of  internal  secretion  which  is  always 
functionally  active,  and,  in  a  general  way  the  effects  of  the  administration  of  thyroid 
preparations  to  normal  individuals  are  closely  parallel  with  those  of  excess  of  the 
normal  secretion. 

With  the  devolopment  of  modern  surgery,  excision  of  goiters  or  enlarged  thyroid 
glands  became  cQmmon,  and  it  was  soon  seen  that  certain  patients,  after  complete 
excision,  developed  symptoms  (cachexia  strumipriva)  resembling  those  of  myxedema. 
It  was  also  observed  that  there  were  certain  features  in  common  between  myxedema 
and  the  defect  of  development  known  as  cretinism.  These  facts  suggested  that  not 
only  myxedema,  but  cretinism  as  well,  might  depend  on  a  defect  of  the  thyroid  secre- 
tion, and  led  to  attempts  to  treat  these  conditions,  first  by  implantation  of  thyroid 
tissue,  and  later  by  feeding  of  the  fresh  and  dried  substance.  •  The  experiments  were 
eminently  successful  and  thyroid  gland,  in  the  fresh  and  dried  form,  was  added  to 
the  therapeutic  armamentarium.  More  recently  various  disturbances,  chiefly  of  the 
nerve  and  vascular  systems  are  looked  upon  as  due  to  lesser  degrees  of  thyroid 
deficiency  and  are  treated  by  the  administration  of  the  desiccated  gland  or  of  various 
iodine  compounds  derived  therefrom. 

Chemistry. — As  soon  as  it  became  evident  that  thyroid  preparations  had  definite 
eflFects  on  the  body,  attempts  were  made  to  determine  the  substance  responsible  for 
them.  The  first  advance  in  this  direction  was  the  discovery  by  Baumann,  in  1896, 
of  the  presence  of  iodine.  Since  this  discovery,  and  especially  since  Baumann  and 
others  pointed  out  that  the  activity  of  gland  preparations  was  closely  related  to  their 
iodine  content,  a  large  amount  of  study  has  been  devoted  to  the  variations  and 
alterations  in  iodine  content  in  different  species  under  various  conditions.  Iodine 
is  commonly  absent  from  the  gland  in  the  fetus  and  its  content  is  lower  in  carnivora 
than  in  herbivora,  but  the  variations  due  to  diet,  time  of  year,  and  size  of  the  glands 
are  so  great  that  it  is  hardly  possible  to  give  accurate  averages  for  any  species.  The 
following  figures  are  only  approximations:  The  fresh  sheep  gland  varies  in  weight 
from  1.4  to  14  Gm.  (20  to  200  gr.),  averaging  4  Gm.  (1  dram).  It  yields  on  an 
average  1  Gm,  (15  gr.)  of  dried  powder  containing  from  0.15  to  0.04  percent,  of 
iodine,  that  is,  O.G  to  2  mgm.  per  gland.  Beef  thyroids  vary  from  6  to  12  Gm.  (V,2  to 
3  drams)  containing  from  0.03  to  0.04  percent.,  2.5  to  5  mgm.  Hog  thyroids  weigh 
from  7  to  18  Gm.  (1%  to  4y2  drams)  with  0.04  to  0.05  percent,  and  31/2  to  7^/2  mgm. 
of  iodine  (Aldrich). 

The  amount  of  iodine  in  the  human  gland  varies  widely  with  locality,  age, 
disease  of  the  thyroid  and  other  conditions.  The  fresh  glands  contain  normally 
about  0.1  percent.,  averaging  about  0.34  percent,  when  dried.  It  is  least  in  persons 
living  in  regions  where  goiter  is  endemic  and  greatest  in  those  who  live  near  the 
sea.  Thus,  studies  of  average  human  glands  removed  at  autopsy  showed  at  Fribourg, 
Switzerland,  where  goiter  is  endemic,  2  mgm.  of  iodine  per  person;  at  Hamburg, 
3  mgm.;  in  Berlin  7  mgm.  (Baumann),  In  infants  at  Fribourg  iodine  was  often 
wanting,  while  at  Hamburg  it  was  always  present  in  amounts  from  0.1  to  0.5  mgm. 
The  percentage  of  iodine  is  very  low  in  goitrous  glands,  but  the  total  amount  may 
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vary  from  mere  traces  to  as  much  as  100  mgm.  (2  gr.).  The  iodine  content  can 
be  readily  increased  by  feeding  of  iodine,  inorganic  or  organic.  At  first  the  iodine 
is  stored  in  the  gland  in  an  inert  form,  but  it  is  gradually  converted  into  iodothyro- 
globulin.  This  is  not  done  in  preparing  glands  for  commercial  purposes.  In  dogs,  of 
which  the  percentage  is  normally  low,  continued  administration  of  iodides  or  iodine 
may  give  rise  to  as  much  as  30  mgm.  or  0.6  percent,  of  iodine  in  the  gland. 

•The  active  principle  associates  itself  with  the  proteins  of  the  gland,  and  if  the 
colloid  material  is  taken  up  in  water  and  treated  with  ammonium  sulphate,  a  globulin 
is  thrown  down  which  contains  the  active  material  of  the  gland,  and  which  is  known 
as  thyroglohiiUn.  The  iodine  content  of  this  varies  with  that  of  the  original  thyroid, 
averaging  about  0.35  percent,  and  rising  to  1.3  percent.  (Oswald).  A  more  pure, 
but  probably  decomposed,  substance  is  obtained  by  boiling  the  fresh  gland  with 
10  percent,  sulphuric  acid  (Baumann)  or  acting  on  it  with  digestive  ferments  (Eoos). 
An  undissolved  residue  is  thus  obtained  soluble  in  alkalis  and  alcohol,  and  precipitated 
by  acids.  This  substance,  known  as  iodotliyrin  or  tliyroiodine,  can'be  obtained  from 
the  fresh  gland  to  about  1  percent,  of  its  weight,  and  it  contains  from  4y2  to  15 
percent,   of  iodine,   averaging   about   9   percent. 

The  strength  of  each  of  these  preparations  varies  so  greatly  that  only  rough 
comparisons  can  be  made.  The  dried  powder  of  the  whole  gland  is  about  four  times 
as  active  as  the  fresh,  moist  glands.  Thyroglobulin  is  several  times  as  active  as 
dried  thyroid  and  is  able  to  replace  it  completely.  The  most  powerful  preparations 
of  iodothyrin  are  many  times  more  active  and  replace  the  gland  completely,  but 
most  commercial  preparations  sold  under  this  name  are  almost  devoid  of  iodine  and 
entirely  ineffective  for  thyroid  medication.  Even  active  preparations  do  not  readily 
cause  symptoms  of  hyperthyroidism,  and  only  rarely  are  the  nervous  symptoms  of 
thyroid   deficiency   relieved,   even  when   there   is   improvement   in   nutrition. 

In  1919  Kendall  isolated  from  the  thyroids  of  sheep  and  hogs  a  pure  crystalline 
substance  which  possesses  all  the  activities  of  the  glands,  and  which  he  terms  thyroxin. 
Of  the  total  iodine  of  the  average  thyroid  gland,  %  is  held  in  a  compound  soluble 
in  acids  and  %,  in  a  compound  containing  all  of  the  active  iodine  which  is  extracted 
from  the  glands  by  alcohol;  this  compound  is  soluble  in  dilute  alkalis  and  can  be 
precipitated  as  crystals  by  acidulation.    It  has  the  following  structure: 

1.  2. 
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By  the  use  of  derivatives  closely  related  to  thyroxin  it  is  proved  that  these  in- 
crease the  rate  of  combustion  in  the  body,  while  only  the  closed  ring  form  (3)  is 
active  in  vitro.  The  combustion  of  hydrogen  occurs  by  the  change  from  1  to  2,  with 
loss  of  2  atoms  of  H.  The  ring  then  closes  to  form  3  and  then  takes  up  two  atoms 
of  H  and  returns  to  form  1.  There  is  on  the  average  65  percent,  of  iodine,  but  any  or  all 
of  the  iodine  atoms  may  be  replaced  by  hydrogen.    In  the  gland,  thyroxin  is  associated 
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with  a  peculiar  globulin  in  inconstant  proportions.  This  is  the  substance  isolated 
by  Baumann  as  thyroglobulin.  A  derivative  without  the  imino  group,  but  with  a 
simihir  iodine  linkage  has  no  effect  on  metabolism  but  increases  the  rate  of  develop- 
ment or  maturation  of  immature  animals.  The  acceleration  of  metabolism  is  thus 
bound  up  with  the  0  =  C  —  Nil  group  while  the  developmental  effect  depends  on 
the  iodine  containing  portion  of  the  molecule.  A  simpler  formula  has  recently  been 
suggested,  as  follows :  OH.C,II,O.C,II,.CII,.CHNH,.COOH.  The  iodine  replaces  the 
hydrogen  of  the  first  ring. 

Iodine  is  also  present  in  normal  blood  in  varying  and  undetermined  but  always 
minute  quantity,  the  proportion  being  greatest  in  menstrual  blood.  The  iodine  of  the 
blood  is  not  a  salt,  but  an  organic  compound  probably  similar  to  thyroglobulin.  The 
amount  is  much  increased  in   cases  of  exophthalmic  goiter. 

Thyroglobulin  injected  parcnterally  induces  the  formation  of  a  precipitin  wliich 
gives  reactions  with  thyroid  extracts  and  thyroid  lymph,  not  only  from  the  same  but 
from  other  species  (Hektoen,  Carlson  and  Schulhof).  This  indicates  that  the  thyro- 
globulins  from  different  species  are  closely  related  chemically. 

Summary  of  Actions  and  Uses. — Thyroid  extract  and  its  principles  stimulate  many 
of  the  physiological  processes  to  a  remarkable  extent.  They  cause  a  marked  increase  in 
the  metabolic  rate,  cause  fever  and  loss  of  weight,  increased  respiration,  tachycardia  and 
diuresis.  Crude  extracts  cause  a  fall  of  blood  pressure,  but  this  effect  is  attributable  in 
considerable  part  to  the  chlorine  contained  in  them.  There  is  often  stimulation  of  the 
brain  leading  to  restlessness,  insomnia  and  similar  symptoms. 

Therapeutically  thyroid  preparations  are  employed  chiefly  to  replace  or  supplement 
the  normal  thyroid  secretion  when  this  is  lacking  or  deficient.  Myxedema,  whether 
dependent  on  atrophy  or  excision  of  the  thyroid,  demands  thyroid  medication  as  does 
also  cretinism.  The  other  indications  are  less  well  defined.  Pathologic  obesity  may  at 
times  be  markedly  improved  by  its  use.  Benefit  sometimes  follows  administration  in 
various  defects  of  nutrition,  such  as  premature  loss  of  hair,  delayed  union  of  fractures 
and  general  loss  of  energy.  Thyroid  preparations  may  also  be  of  value  in  certain  dry 
and  scaly  conditions  of  the  skin;  in  some  cases  of  arterial  hypertension  and  sclerosis;  in 
disseminated  sclerosis  of  the  cord;  in  senile  degenerations,  and  in  certain  types  of  scanty 
urination  without  marked  structural  alteration  of  the  kidneys,  and  in  functional  enuresis. 

Materia  Medica.— Thyroideum  (U.S.  X.),  Dried  Thyroids.  Abhr.,  Thyroid.  Syn- 
onyms: Thyroideum  Siccum,  Glandula?  Thyroidese  Siccse,  Desiccated  Thyroid  Glands. 

The  thyroid  glands  of  domesticated  animals  which  are  used  for  food  by  man,  dried 
and  powdered  (U.S.).  Prepared  from  fresh  and  healthy  thyroid  glands  of  the  sheep 
(Br.).  A  yellowish  amorphous  powder,  having  a  slight  characteristic  odor;  contains 
not  less  than  0.17  nor  more  than  0.23  percent,  of  iodine  in  thyroid  combination;  must 
be  free  from  iodine  and  inorganic,  or  any  other  form  of  combination  than  that  peculiar 
to  the  thyroid  gland.  One  part  of  the  preparation  corresponds  to  about  5  parts  of  the 
fresh  gland. 

Dose,  1/2  to  5  grains  (0.03  to  0.3  Gm.). 

Thyroxixum  (U.S.  X.),  Thyroxin.     Ahbr.,  Thyrox. 

An  active  principle  obtained  from  the  thyroid  gland  and  containing  not  less  than 
63  percent,  of  iodine,  I.  Occurs  in  white  or  slightly  yellow,  needle-like  crystals  or 
powder;  insoluble  in  water,  and  practically  insoluble  in  the  usual  organic  solvents. 
In  the  presence  of  mineral  acids,  it  dissolves  in  alcohol.  Soluble  in  solutions  of 
alkali  hydroxides. 

Dose,  1/120  to  1/50  grain  (0.0005  to  0.0013  Gm.). 

Thyroxixum  Crudum  (N.N.R.),  Crude  Thyroxin.    Ahhr.,  Thyrox.  Crude. 

The  partially  purified  disodium  salt  of  thyroxin,  approximately  25  percent.,  ad- 
mixed with  the  acid-insoluble  humus-like  products  of  protein  hydrolysis.    It  is  a  light 
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brown  powder  having  a  characteristic  odor  and  an  alkaline  taste.  It  is  soluble  in  water 
and  decomposed  by  acids. 

Dose,  supplied  in  tablets  containing  from  1/320  to  1/32  grain  (0.0002  to 
0.002  Gm.)  for  oral  administration. 

Thyroid  Nucleoproteins  (unofficial). 

The  nucleoproteins  of  the  thyroid  gland  as  extracted  originally  in  the  Cornell 
Medical  School  Laboratory.  They  are  prepared  in  tablets,  each  containing  1,  2,  5  or 
10  percent,  of  iodized  nucleoproteins. 

Dose,  1  to  3  tablets  daily. 

Thyroglobulin  (unofficial).     Synonym:   lodoglobulin. 

Prepared  by  macerating  the  thyroid  gland  in  physiological  salt  solution  and  then 
precipitating  the  globulins  with  ammonium  sulphate. 

Dose,  when  standardized  to  strength  of  U.S.P.  Thyroideum,  1/2  to  2  minims  (0.03 
to  0.12  cc). 

loDOTHYRiNUM  (unofficial),  lodothyrin. 

Believed  to  represent  the  activities  of  the  gland ;  however,  this  has  not  been  proved, 
nor  strictly  speaking  is  the  preparation  a  chemical  entity,  since  it  may  contain  varying 
proportions  of  iodine.  Commercially  it  appears  diluted  with  sugar  of  milk  to  the 
strength  of  the  fresh  gland. 

Dose,  10  to  30  grains  (0.6  to  2  Gm.). 

Antipathogenic  Action. — Bacteria  and  molds  will  not  usually  grow  on  a  bouillon  pre- 
pared from  thyroid  tissue,  perhaps  because  of  its  high  iodine  content.  Anthrax  bacilli 
grow  slowly  and  do  not  form  long  chains,  while  tubercle  bacilli  will  not  grow  at  all. 
Both  typhoid  and  colon  bacilli  grow  well  on  agar  with  a  large  proportion  of  thyroid  juice, 
but  more  slowly  than  on  plain  agar.  A  one  percent,  solution  has  marked  positive  chemo- 
tactic  power  for  Paramecium,  and  in  it  they  divide  very  much  more  rapidly  than  usual. 
In  4  days  5  individuals  had  increased  to  over  100,  the  controls  being  only  30  (Nowikoff). 
In  5  percent,  solution  they  were  all  dead  in  20  minutes. 

Thyroid  in  0.5  percent,  solution  added  to  cultures  of  mouse  typhoid  bacilli  in  0.5 
percent,  solution  reduced  their  virulence,  but  in  0.1  percent,  increased  it.  It  was  also 
found  that  mice  and  guinea-pigs  given  thyroid  gland  were  more  readily  killed  by  typhoid 
and  by  plague.  Boiling  the  extract  for  an  hour  increased  its  effect.  In  guinea-pigs  a 
single  dose  of  8  grains  (0.5  Gm.)  of  the  fresh,  or  3  grains  of  the  boiled  gland  reduced 
resistance  to  infection  distinctly  (Marbe).  The  animals  infected  intraperitoneally  showed 
a  hemorrhagic  exudate  with  chiefly  mononuclear  leucocytes,  as  contrasted  with  the  clear 
polynuclear  celled  exudate  of  the  normal  animals. 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Thyroid  products  are  read- 
ily absorbed  when  given  parenterally  or  by  mouth,  and  are  not  injured  by  the  digestive 
ferments. 

They  are  held  in  the  body  a  variable  time,  largely  in  the  thyroid  gland,  and  are 
slowly  broken  down,  the  iodine  being  excreted  in  other  forms. 

Toxicity. — Animals  are  not  readily  killed  by  single  doses  of  thyroid  gland  even  when 
these  are  enormous.  Thus  Caldwell  observed  no  bad  effects  on  dogs  or  cats  from  injec- 
tions of  the  pressure  liquid  obtained  from  35  to  50  dog  thyroids.  Rabbits  died  after  an 
intravenous  injection  of  the  liquid  from  10  glands,  but  it  is  doubtful  whether  death  was 
due  to  specific  thyroid  bodies. 

Chronic  poisoning  is,  on  the  other  hand,  readily  obtained,  either  by  feeding  or 
injecting  repeated  doses  of  the  thyroid  gland  or  a  desiccated  extract  from  the  same  or 
any  other  species.  If  a  fixed  dose  is  given  daily,  the  animals  either  become  accustomed 
to  it  or  else  show  progressive  changes  in  nutrition  which  sooner  or  later  lead  to  death. 
Thus,  it  is  possible  to  fix  on  the  daily  toxic  dose  for  any  given  species.  As  different  lots 
of  thyroid  gland  vary  widely  in  toxicity,  such  figures  are  only  approximate.  There  is 
little  difference  in  the  fatal  dose  by  mouth  and  by  hypodermic  injection.  The  fatal  dose 
of  dried  sheep  thyroid  in  Grams  per  kilo  daily  is  approximately  as  follows:  Man  (esti- 
mate), 0.03;  monkey,  0.25;  rabbit,  0.25;  guinea-pig,  0.05;  pigeon,  2.0;  chicken,  2.0;  rat, 
2.0;  cat,  6.0;  duck,  10.0;  dog,  20.0  (Carlson,  Rooks  and  McKee).    On  the  whole  it  will  be 
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noted  that  carnivorous  animals  are  much  less  susceptible  than  herbivorous.     Goitrous 
glands  with  a  lower  iodine  content  are  much  less  toxic  than  this. 

Fresh  beef  thyroid  fed  to  white  rats  in  doses  as  high  as  5  Gm.  weekly  ted  to  death 
•with  symptoms  of  hyperthyroidism  while  1  Gm.  a  week  caused  roughness  of  the  hair  and 
loss  of  weight.  Even  after  recovery  from  this  the  rats  were  rarely  able  to  breed,  and 
if  they  did,  abortion  occurred  or  the  young  died  soon  after  birth   (Gudernatsch). 

An  extract  of  fresh  sheep  thyroid  given  by  mouth  to  rabbits  in  a  dose  corresponding 
to  0.05  of  the  fresh  gland  daily  caused  an  increase  in  weight,  an  increase  in  the  number 
of  red  blood  cells  and  in  the  alkalinity  of  the  blood.  Daily  doses  of  0.1  Gm.  caused  loss 
of  weight  associated  with  falling  of  the  hair,  anemia  and  lessened  alkalinity  of  the  blood. 
Daily  amounts  of  0.15  Gm.  led  to  death  within  a  month,  with  increased  nitrogen  metabo- 
lism, emaciation  and  albuminuria  (Donath). 

The  symptoms  caused  by  feeding  thyroid  gland  to  man  or  to  animals  correspond 
with  those  associated  with  excessive  secretion  by  the  gland  and  are  known  collectively 
as  hyperthyroidism.  These  are  largely  connected  with  an  increase  in  metabolic  processes 
which  is  seen  as  increase  in  the  nitrogen  excretion,  especially  the  urea  and  ammonia, 
and  increase  in  elimination  of  phosphates.  The  respiratory  exchange  is  also  increased. 
The  temperature  is  above  normal  although  fever  is  rare.  The  heart  is  rapid  and  often 
weak  and  irregular.  Palpitation  may  occur.  All  secretions  are  increased  leading  to 
diuresis,  sweating  on  exertion  and  often  to  diarrhea.  There  are  various  nervous  symp- 
toms, most  often  excitement  and  insomnia,  often  associated  with  tremors  or  hot  flashes. 
Occasionally  the  nervous  symptoms  are  more  like  those  in  myxedema,  apathy,  depres- 
sion, weakness  and  pains  in  the  limbs.  If  toxic  doses  are  continued  the  emaciation 
becomes  more  and  more  pronounced,  and  the  tremors  and  weakness  lead  to  complete 
incapacitation.  Death  occurs  from  exhaustion.  A  few  cases  of  maniacal  excitement  have 
been  reported  and  also  of  sudden  death  from  collapse  or,  in  brain  disease,  from  edema 
of  the  brain. 

The  reports  of  cases  to  whom  very  large  doses  daily  were  given  with  no  toxic  phe- 
nomena developing  must  be  accepted  with  great  reserve  on  account  of  the  frequency  of 
inert  preparations. 

Influence  on  Other  Poisons. — Administration  of  thyroid  extract  to  white  mice  has 
been  shown  to  increase  very  markedly  their  resistance  to  poisoning  by  acetonitrile 
(CHjCN).  As  this  substance  develops  its  toxicity  by  releasing  HON,  and  as  thyroid 
does  not  influence  the  toxicity  of  cyanides  it  seems  certain  that  the  effect  is  brought 
about  by  an  alteration  in  metabolic  activity,  delaying  the  conversion.  The  matter  is 
complicated  by  the  fact  that  extremely  small  doses  (1  mgm.  of  thyroid),  which  are  too 
small  to  affect  metabolism  distinctly,  are  readily  recognized  by  giving  them  with  ace- 
tonitrile. The  explanation  of  the  mechanism  of  the  action  of  thyroid  is  still  further 
complicated  by  the  fact  that  rats  and  guinea-pigs  are  rendered  less  resistant  to  acetoni- 
trile when  fed  with  thyroid.  The  amount  of  thyroid  extract  required  to  cause  increased 
resistance  in  mice  may  be  used  as  a  measure  of  the  activity  of  the  gland  in  other 
respects  (Hunt). 

Hunt  also  showed  that  rats  given  thyroid  extract  were  made  more  sensitive  to 
morphine.  If  a  large  dose  of  morphine  is  given  to  a  normal  rat,  and  the  entire  body 
chopped  up  at  the  end  of  4  hours  and  examined,  about  40  percent,  of  the  morphine  can 
be  recovered,  the  rest  having  been  destroyed.  After  thyroid  feeding  almost  all  can  be 
recovered,  while  after  thyroidectomy  very  little  is  found  (Gottlieb).  In  spite  of  the 
supposed  greater  power  to  destroy  morphine,  the  fatal  dose  is  the  same  in  thyroidec- 
tomized  rats  as  in  normal    (Olds). 

Systemic  Action:  Alimentary. — Administration  of  thyroid  causes  an  increased 
activity,  both  secretory  and  motor,  of  the  entire  gastroenteric  tract.  This  is  shown  by 
salivation,  nausea  and  often  vomiting  in  cases  of  Graves'  disease,  and  in  thyroid  intox- 
ication. There  is  increased  acidity  of  the  gastric  juice  (Marbe).  The  secretion  of 
intestinal  mucus  is  increased  as  shown  by  diarrhea  with  mucus  in  the  stools  (Leopold- 
Levi)  and  by  increased  secretion  in  a  closed  intestinal  loop  (Marb6).  In  man  after 
thyroid  feeding,  diarrhea  and  tenesmus  are  often  among  the  first  signs  of  overdose.  On 
the  other  hand  the  diarrhea,  which  is  occasionally  present  in  myxedema,  is  relieved. 

Blood. — The  most  important  and  constant  change  in  the  blood  as  a  result  of  thyroid 
medication  is  a  very  marked  increase  in  the  mononuclear  white  cells  associated  with 
disappearance  of  the  polynuclears.  The  total  number  of  white  cells  may  either  increase 
or  diminish   (Staehlin).    The  eosinophiles  and  basophiles  may  show  no  change  or  may 
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be  markedly  increased.  Rabbits  given  a  single  dose  of  0.5  Gm.  (8  gr.)  and  guinea  pigs 
given  0.2  Gm.  show  leucocytosis  with  a  very  marked  increase  of  mononuclears  and 
partial  disappearance  of  polynuclears.  With  much  larger  doses  there  is  leucopenia 
because  the  increase  of  mononuclears  does  not  keep  pace  with  the  destruction  of 
polynuclears.     Eosinophiles  also   disappear. 

No  change  in  the  hemoglobin  or  red  cells  is  usually  seen,  but  Donath  found  in 
rabbits  that  doses  of  50  mgm.  of  fresh  gland  every  other  day  caused  an  increase  in  the 
red  count,  and  increased  alkalinity  of  the  blood.  Twice  this  dose  had  the  opposite 
effect.  Growing  rabbits  and  cats  given  thyroid  extract  showed  cellular  proliferation 
and  marked  congestion  of  the  bone  marrow  from  doses  of  0.2  Gm.  daily,  which  killed 
in  3  to  10  weeks  (Parhon  and  Parhon).  In  myxedema  with  anemia  there  may  be 
increase  in  the  number  of  red  cells  and  appearance  of  nucleated  reds,  as  result  of  thyroid 
medication.  The  relative  amounts  of  serum  albumin  and  globulin  are  not  altered 
(Hanson  and  McQuarrie,  Dieballa  and  Illyes). 

Thyroid  extract  has  a  marked  influence  on  the  reaction  of  the  organism  to  infection. 
Animals  fed  on  thyroid  and  injected  intraperitoneally  with  pathogenic  bacteria  show 
instead  of  the  normal,  white  exudate,  with  preponderance  of  polynuclears,  a  blood- 
stained exudate  consisting  almost  wholly  of  mononuclears  (Marbe).  Even  after  the 
exudate  has  formed  it  may  become  bloody,  after  giving  thyroid,  in  man  (Parhon  and 
Goldstein). 

The  immune  bodies  are  all  increased  by  thyroid  feeding.  Rabbits  and  dogs  given 
even  moderate  doses  show  a  marked  increase  in  the  hemolytic  power  and  complement 
content  of  their  serum  (Fassin,  Miiller).  Phagocytosis  is  decreased  by  adding  thyroid 
extract  to  a  mixture  of  bacteria  and  leucocytes,  but  increased  if  the  leucocytes  are  first 
treated  with  the  extract,  and  washed  before  adding  the  bacteria.  This  effect  is  increased 
by  boiling  the  extract  first  (Marbe).  Rabbits  given  thyroid  extract  show  a  greater  or 
less  resistance  to  infection  by  typhoid  and  pus  organisms  according  to  the  dose.  Guinea- 
pigs  show  reduced  resistance  to  typhoid  bacilli  after  0.5  Gm.  of  thyroid.  The  blood, 
however,  shows  increased  opsonic  index,  and  there  is  more  phagocytosis  in  vitro.  The 
serum  from  a  thyroid  fed  rabbit,  added  to  normal  leucocytes  in  vitro,  not  only  causes 
them  to  take  up  bacteria  more  rapidly,  but  if  such  leucocytes  are  added  to  a  mixed 
suspensioii  of  bacteria  and  charcoal,  the  phagocytes  will  take  both  up  with  equal  readi- 
ness (Marbe).  The  phagocytosis  in  the  thyroid  serum  is  chiefly  by  large  mononuclears; 
in  the  control  by  polynuclears   (Marbe). 

Circulation. — Administration  of  thyroid  by  mouth  may  cause  a  lowering  of  the 
blood  pressure,  with  slowing  of  the  heart,  but  has  little  influence  on  the  circulation  until 
other  signs  of  intoxication  occur.  There  is  irregularity  of  the  heart,  palpitation  and 
hot  flashes.  Vasomotor  irritability  when  present  may  be  relieved  by  dilatation  of  the 
peripheral  vessels   (Leopold-Levi  and  Rothschild). 

Intravenous  injection  of  the  whole  gland  causes  a  marked  fall  of  pressure  followed 
by  a  slight  rise.  The  pulse  is  momentarily  rapid  and  then  slow,  with  a  tendency  to 
become  irregular  (Guinard  and  Martin;  Schoenbord).  In  some  experiments,  especially 
on  dogs,  a  marked  rise  of  pressure  is  seen.  The  primary  fall  of  blood  pressure  is  not 
caused  by  the  active  principle  of  the  gland,  but  chiefly  by  a  non-protein  iodine  compound 
(Fawcett,  Rogers,  Rahe  and  Beebe)  and  partly  perhaps  by  choline.  The  blood  flow  is 
slowed,  showing  that  the  fall  of  pressure  is  due  to  cardiac  depression,  rather  than  to 
vasodilatation  (Haskovec).  The  rapid  pulse,  seen  chiefly  in  dogs,  is  due  to  a  direct 
stimulation  of  the  accelerans  center  (Haskovec).  The  secondary  slowing  is  dependent 
on  stimulation  of  the  peripheral  vagus  with  sensitization  to  the  normally  arising  stimuli 
(Cyon  and  Oswald).  When  a  rise  of  pressure  occurs  it  is  not  due  to  a  direct  action  of 
the  thyroid  but  to  sensitizing  the  vessels  to  the  action  of  the  animal's  own  adrenal 
secretion. 

Intravenous  injections  of  thyrdglobulln  and  of  iodothyrin  have  no  direct  action 
on  the  heart  or  vessels,  but  increase  the  effect  of  many  stimuli  on  the  sympathetic 
system.  Thus  a  greater  slowing  is  obtained  from  the  vagus,  a  greater  fall  from  the 
depressor,  and  a  greater  rise  from  the  splanchnic.  Subminimal  stimuli  also  become 
effective.  The  pressor  effect  of  epinephrine  is  markedly  prolonged,  and  that  of  pilo- 
carpine increased.  The  effects  of  histamine  on  blood  pressure,  and  of  atropine  and 
morphine  on  the  vagus  are  also  much  increased. 

Metabolism. — It  is  known  beyond  question  that  thyroid  gland  and  its  preparations, 
if  given  in  quantities  which  are  even  slightly  toxic,  cause  an  increase  in  destruction 
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of  protein  and  of  carbohydrates,  with  loss  of  weight  and  negative  nitrogen  and  phos- 
phorous balance.  The  effect  of  a  single  dose  of  thyroxin  develops  slowly,  reaching  its 
maxinnim  on  the  tenth  day  and  lasting  ten  days  more.  In  a  man  of  average  weight 
(150  lbs.),  1  mgm.  (1/G7  grain)  increases  the  metabolic  rate  about  2  percent^ 
(Kendall). 

The  gas  exchange  is  increased  and  the  heat  production  likewise.  Most  normal  per- 
sons given  2  to  3  mgm.  (1/30  to  1/20  grain)  intramuscularly  or  by  vein,  show  an  Increase 
in  oxidations  beginning  in  a  few  hours  and  lasting  several  hours  or  rarely  as  much  as 
10  days.  In  persons  with  myxedema,  the  metabolism  rises  to  normal  and  remains  high 
for  about  10  days.  There  is  marked  loss  of  fat,  five-sixths  of  the  loss  of  weight  being 
due  to  this  and  only  one-sixth  to  loss  of  proteins.  The  loss  of  phosphorus  is  relatively 
greater  than  that  of  nitrogen.  The  loss  of  nitrogen  is  not  controlled  by  increasing 
carbohydrates,  as  in  starvation,  but  is  by  feeding  excess  of  protein.  The  ability  to 
assimilate  sugar  is  lessened  and  hyperglycemia  or  alimentary  glycosuria  may  occur. 
With  large  doses  there  is  an  enormous  excretion  of  calcium  (Pharon).  The  Increased 
elimination  of  nitrogen  in  the  urine  is  mostly  as  urea,  less  as  creatine  and  ammonia. 
Uric  acid  and  creatinine  are  not  increased.  The  loss  of  protein  by  destruction  may  lead 
to  lessened  albuminuria  in  cases  of  nephritis  (Dieballa  and  Illyes). 

Considerable  discussion  has  arisen  in  regard  to  the  effect  of  amounts  of  thyroid 
which  are  not  toxic.  Some  physiologists  claim  that  as  the  normal  individual  has  a 
proper  amount  of  thyroid  secretion  already  present,  any  addition  to  this  may  be  looked 
upon  as  a  toxic  dose.  The  physiologic  action  can  thus  be  studied  only  in  individuals 
with  deficient  thyroid  secretion  (Janney).  In  such  cases,  that  is,  in  cretinism  and  in 
myxedema,  the  nutrition  is  improved  by  thyroid  administration;  the  nitrogen  retention 
increases  and  increase  of  weight  occurs.  With  inadequate  thyroid  secretion  neither 
growth  nor  healing  of  wounds  occurs  properly.  The  disturbed  regeneration  affecting 
the  blood  may  lead  to  anemia,  and  in  many  cases  of  anemia,  thyroid  medication  not 
only  improves  the  blood,  but  also  the  general  nutrition.  When  children  do  not  grow 
properly,  it  may  be  because  of  thyroid  deficiency,  and  in  such  cases,  nutrition  will  also 
be  improved  by  thyroid  feeding  (Leopold-Levi  and  Rothschild).  In  obesity,  thyroid 
medication  often  causes  a  loss  of  weight  associated  with  nitrogen  retention  and  improved 
nutrition.  If  small  doses  are  ineffective,  it  is  useless  and  dangerous  to  increase  them, 
as  lack  of  response  demonstrates  that  the  case  is  not  one  of  hypothyroidism.  The  nutri- 
tion of  normal  rabbits  may  be  improved  by  very  small  doses  (25  mgm.  of  fresh  gland 
daily)   and  the  weight  increased   (Donath). 

Development. — The  thyroid  secretion  has  a  very  important  role  in  the  control  of 
development.  When  the  secretion  is  deficient,  development  is  delayed,  and  if  entirely 
absent,  it  is  interrupted  altogether.  In  cretinism,  which  is  a  congenital  deficiency  of 
thyroid  secretion,  there  is  a  deficient  growth  both  physical  and  mental.  If  thyroid  is 
given  to  such  an  individual,  even  after  the  condition  has  lasted  several  years,  the 
development  begins  at  once,  and  if  treatment  is  begun  early,  the  cretin  may  develop 
almost  normally.  It  will  usually  be  necessary  to  continue  taking  thyroid  during  the 
entire  life,  as  the  gland  rarely  develops  after  infancy.  Animals  from  which  the  thyroids 
are  removed  at  birth  resemble  human  cretins  in  their  lack  of  development. 

Thyroid  gland  given  to  young  animals,  hastens  their  sexual  development  and 
maturity,  without  always  stimulating  growth.  Tadpoles  fed  exclusively  on  thyroid 
gland  show  a  very  early  metamorphosis  into  frogs,  but  do  not  grow  as  large  nor  as  fast 
as  controls.  The  rapid  metamorphosis  is  apparently  due  to  increased  autolysis  and 
phagocytosis  (Rogoff  and  Marine).  The  same  hastening  of  development  is  caused  by 
various  organic  iodine  compounds,  but  not  by  inorganic  iodine.  This  reaction  may  be 
used  to  standardize  thyroid  preparations  by  giving  to  young  tadpoles  daily  doses  of 
5,  10,  30  and  CO  mgm.  of  the  preparation,  to  be  tested  and  of  a  standard  preparation, 
and  comparing  the  acceleration  caused  by  relative  doses  (Rogoff  and  Marine).  When 
added  to  the  water,  thyroxin  hastens  metamorphosis  in  a  dilution  of  1  to  100,000,000; 
iodothyrin  and  iodothyroglobulin  1  part  in  1,000,000;  di-iodotyrosin  1  part  in  10,000 
(Romeis).  These  effects  may  be  prevented  by  adding  antithyroidin  (serum)  to  the  water 
(Gessner). 

Endocrines:  Thyroid  Gland. — The  amount  of  iodine  in  the  thyroid  gland  is  readily 
increased  by  feeding  iodine.  This  can  also  be  done  by  feeding  thyroid  preparations. 
If  these  are  given  to  rats  in  doses  large  enough  to  cause  death,  even  after  several  weeks, 
the  rat  thyroids  show  vacuolation  of  the  gland  cells  and  nuclei,  similar  to  the  alterations 
seen  in  autolysis  (Reiser).    Rabbits  injected  with  the  blood  of  thyroid-fed  rabbits  show 
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an  increase  in  the  iodine  content  of  tlie  thyroids,  while  injection  of  the  blood  of  thy- 
roidectomized  animals  causes  a  decrease   (Jones  and  Tatum). 

Adrenal  Gland. — The  administration  of  thyroid  preparations  increases  the  response 
of  the  system  to  adrenalin.  This  is  seen  in  increased  rise  of  blood  pressure,  and  in 
greater  effect  of  epinephrine  on  the  vagus  and  depressor  nerves  (Asher  and  Rodt). 
The  dilatation  of  the  pupil  is,  on  the  contrary,  no  more  readily  obtained.  Exophthalmos, 
which  is  not  caused  by  thyroid  alone,  may  be  caused  by  epinephrine  and  thyroid  given 
together    (Kraus  and   Friedenthal). 

Epinephrine  glycosuria  in  rabbits  is  markedly  increased,  in  fact,  almost  doubled, 
if  thyroid  extract  is  given  with  the  epinephrine.  The  output  of  sugar  was  increased 
from  3  Gm.  to  5  Gm.  in  one  experiment  after  giving  2  Gm.  of  fresh  thyroid  (Garnier 
and  Schulmann). 

Genital  System. — Thyroid,  fed  to  rabbits  and  rats,  even  in  doses  too  small  to  cause 
sickness,  interferes  with  the  reproductive  functions.  Males  are  apt  to  become  sterile 
and  females  either  do  not  become  pregnant  or  tend  to  abort  early.  If  any  young  are 
born  the  litters  are  very  small,  usually  only  one  living,  and  death  occurs  in  the  first 
few  days  (Gudernatsch).  If  feeding  is  not  begun  until  pregnancy  begins,  rabbits  do 
not  abort  and  the  young  may  develop  normally.  The  most  striking  results  are  obtained 
by  feeding  thyroid  until  pregnancy  begins  and  then  stopping  (Etienne  and  Remy). 

Nerve  System. — Although  mental  apathy  and  dulness  are  caused  by  lack  of  thyroid 
secretion  and  such  symptoms  are  relieved  by  thyroid  preparations,  and  although  rest- 
lessness and  insomnia  are  common  as  symptoms  of  hyperthyroidism,  nevertheless  admin- 
istration of  thyroid  leads  often  to  just  the  opposite  condition.  Gley  states  that  single 
toxic  injections  cause  in  dogs,  weakness  followed  by  a  stupor  from  which  they  are  not 
easily  roused.  Berkeley,  who  was  interested  in  the  nervous  phenomena,  by  reason  of 
the  excitement  which  followed  the  use  of  thyroid  in  demented  patients,  fed  the  gland  to 
mice  and  guinea-pigs  and  observed  weakness  and  apathy  instead  of  excitement.  Haworth 
saw  great  apathy  in  a  girl  to  whom  thyroidin  was  given  for  goiter. 

Although  the  effect  of  the  thyroid  on  the  cerebrum  is  rather  depressing,  the  effect 
on  the  peripheral  organs  is  stimulating.  The  weakness  is  accompanied  by  twitchings 
and  tremors,  which,  however,  are  less  violent  than  those  due  to  thyroid  deprivation. 
The  entire  autonomic  system  is  more  sensitive  to  stimuli  when  under  the  influence  of 
thyroid,  and  this  accounts  for  many  of  the  symptoms  of  Graves'  syndrome. 

If  a  trocar  is  inserted  in  the  spinal  canal  and  thyroid  extract  injected  intravenously, 
it  is  found  that  the  flow  from  the  cannula  is  markedly  decreased.  This  is  due  to  lessened 
secretion  of  fluid  into  the  canal,  probably  dependent  on  a  specific  action  on  the  choroid 
plexus   (Frazier  and  Peet). 

Urinary. — Thyroxin  may  induce  a  diuresis  not  due  to  an  effect  on  the  kidney,  but 
dependent  on  mobilization  of  water  and  salts  leading  to  hydremia  (Hildebrandt).  In 
man,  2  to  3  mgm.  (1/30  to  1/20  grain)  causes  hydremia  with  diuresis  beginning  in  half 
an  hour,  lasting  12  to  24  Eburs  and  passing  into  overconcentration  of  the  blood.  In  myx- 
edematous individuals,  the  diuresis  is  more  marked  and  may  last  9  days,  being  associated 
with  sweating.  This  is  not  true  of  other  forms  of  edema.  The  excretion  of  sodium 
chloride  and  of  urea  is  increased  in  myxedematous,  but  not  in  normal,  persons. 

Therapeutics. — Dried  thyroid,  or  one  of  the  many  extracts,  is  used  in  the  treat- 
ment of  deficiency  in  the  secretion  of  that  gland — hypothyroidism.  The  symptoms 
of  this  condition  may  be  unmistakable,  as  in  cretinism,  myxedema,  and  cachexia 
thyreopriva,  or  they  may  be  ill-defined  and  give  no  clear  indication  of  dependence 
upon  thyroid  deficiency.  In  the  treatment  of  frank  hypothroidism  one  should  begin 
with  small  doses,  1/6  grain  (0.01  Gm.)  of  the  dried  thyroid  or  its  equivalent  of  an 
extract,  and  increase  gradually  until  signs  of  a  remedial  action,  or  of  overdose  are 
apparent;  in  the  former  case  holding  the  dose  at  that  point,  in  the  latter  reducing 
it  or  discontinuing  for  a  time.  The  evidence  of  overdosage  is  given  by  nervousness, 
tachycardia,  increase  in  the  basal  metabolism  rate,  or  reduction  in  weight.  The 
effects  are  slow  in  manifesting  themselves;  several  days  may  elapse  before  the  first 
signs  are  noted,  but  in  compensation,  the  effects  of  one  large  dose  may  be  noted  for 
two  weeks  or  longer.  After  relief,  or  as  much  improvement  as  can  be  hoped  for, 
the  gain  can  be  held  by  a  dose  of  the  thyroid  substance  once  every  week  or  two. 
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Eeid  Hunt  and  Ecnshaw  state  that  on  the  basis  of  the  iodine  content,  thyroxin  is 
less  effective  than  thjToglobiilin  in  relieving  the  symptoms  of  hypothyroidism. 

In  simple  goiter,  thyroid  may  be  given  instead  of  iodine.  Success  is  not  always 
obtained,  and  if  no  imi)rovement  follows  in  0  to  8  weeks,  the  treatment  should  be 
discontinued.  It  must  be  remembered  that  Graves'  syndrome  and  hyperthyroidism  are 
not  synonymous.  In  the  former,  the  autonomic  nerve  system  is  primarily  affected,  the 
thyroid  secondarily.  The  symptoms  added  by  the  malfunction  of  the  thyroid,  while 
they  may  depend  in  part  on  excessive  secretion,  are  chieHy  those  of  perverted  secretion. 
Hence,  the  relief  sometimes  given  by  iodine  and  the  disappearance  of  tachycardia 
and  nervous  phenomena  under  rest  and  appropriate  management  despite  the  per- 
sistence of  even  considerable  thyroid  enlargement.  The  thyroid  medication  may  there- 
fore, in  such  cases,  serve  either  of  two  purposes,  or  indeed,  both.  A  portion  of  the 
gland  is  probably  atrophied,  and  in  an  endeavor  to  supply  missing  function,  the 
other  secreting  cells  are  overstimulated.  If  the  secretion  be  already  qualitatively 
changed,  both  excess  and  perversion  are  to  that  extent  increased.  The  thyroid  extract, 
acting  vicariously,  to  supply  organic  needs,  favors  rest  of  the  overacting  cells,  and 
hy  virtue  of  its  iodine  content,  tends  to  correct  the  perversion  of  their  product.  Cases 
must,  however,  be  selected  carefully  and  the  effects  of  the  treatment — which  is  always 
tentative — be  followed  by  exact  methods  of  observation. 

Thyroid  is  sometimes  given  to  reduce  excessive  hody  weight,  but  this  practice  is 
not  free  from  danger.  The  substance  may  be  given  for  a  week  or  two  to  accelerate  the 
basal  metabolism  rate,  at  the  beginning  of  the  reduction  treatment,  and  then  discon- 
tinued, reliance  being  placed  on  diet  and  exercise,  a  few  doses  only  being  given  now  and 
then  during  the  course  of  treatment. 

In  pathologic  ohesity,  however,  when  shown  by  careful  diagnostic  study  to  be 
dependent  on  lack  of  thyroid  function  (or  of  both  thyroid  and  pituitary  function), 
thyroid  gland  preparations,  with  or  without  pituitary  preparations,  perhaps  reenforced 
or  alternated  with  an  iodine  preparation,  are  to  be  used  without  fear,  but  not  without 
care.  A  dose  may  be  given  once  to  thrice  daily,  every  other  day  or  only  once  or  twice 
a  week.  It  is  always  w-ell  to  intermit  for  several  days  every  4  to  6  weeks,  and  to 
increase  or  diminish  both  quantity  and  frequency  from  time  to  time  according  to 
progress.  Not  only  the  reduction  in  weight,  but  the  basal  metabolic  rate  and  the 
general  symptoms,  physical  and  mental,  especially  circulatory  integrity  and  muscular 
energy,  must  be  considered.  No  general  rule  can  be  given.  It  is  a  question  of  judg- 
ment in  the  special  instance.  Sometimes,  especially  in  adolescent  girls,  with  scanty 
or  painful  menstruation,  or  in  cases  of  delayed  menstruation,  the  conjoined  use  of 
ovarian  preparations  is  helpful. 

Among  the  symptoms  of  thyroid  deficiency  in  which  thyroid  medication  may 
render  signal  service,  retarded  development  is  prominent.  Children  who  are  back- 
ward mentally  or  physically  often  show  striking  improvement  xmdcr  thyroid 
treatment. 

Muscular  rheumatism  which  is  associated  with  intestinal  autointoxication  may 
be  greatly  relieved  by  stimulation  of  the  metabolism  and  excretion  effected  by  thyroid 
medication,  and  some  amelioration  of  adiposis  dolorosa  has  been  obtained  by  the 
same  means.  Patients  suffering  from  inoperable  cancer  may  be  helped  in  many 
ways  by  a  simple  non-protein  diet,  free  bowel  movements,  and  ^  to  V2  grain  of  dried 
thyroids,  or  the  equivalent  in  one  of  the  extracts,  once  or  twice  a  day. 

In  certain  cases  with  edema  and  dropsy,  thyroid  extract  promotes  diuresis  and  a 
draining  of  water  from  the  tissues  and  serous  cavities.  These  effects  are  not  con- 
stant and  are  probably  obtained  in  those  not  rare  cases  of  nephrosis  caused  or 
aggravated  by  thyroid  dysfunction.     In  the  depression  with  subnormal  temperature> 
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following  influenza,  thyroid  extract,  preferably  with  adrenal  extract  at  the  beginning, 
may  raise  the  body  temperature  and  restore  the  patient's  wonted  energy. 

Psoriasis  and  various  other  scaly  dermatoses,  and  even  certain  syphilides,  are 
sometimes  benefited  by  a  course  of  thyroid  medication,  and  obstinate  pruritus, 
especially  in  the  aged,  may  yield  to  this  treatment.  High  hlood-pressure,  also,  and 
other  senile  troubles,  are  sometimes  amenable  to  a  small  daily  dose  of  thyroid,  or 
more  frequently  such  use  of  the  gland  is  of  benefit  as  an  auxiliary  to  other  measures. 

Other  symptoms  sometimes  associated  with  a  mild  degree  of  hypothyroidism  and 
relieved  by  thyroid  medication  are  nervous  irritability,  asthenia,  poor  circulation, 
constipation,  deficient  gastric  juice,  asthma,  amenorrhea  or  menorrhagia,  purpura, 
hemophilia,  enuresis  in  children,  and  functional  albuminuria;  sometimes  anterior  or 
whole  pituitary  gland  helps,  especially  when  stature  and  bony  development  are  de- 
ficient. The  association  of  these  conditions  on  lack  of  thyroid  secretion  is  frequently 
not  evident,  and  treatment  may,  therefore,  be  an  element  in  diagnosis. 

Administration. — The  only  official  preparation  is  dried  thyroid,  which  is  given  in 
dose  of  ^  to  1  grain  (0.03  to  0.06  Gm.)  from  once  to  thrice  daily.  It  is  better  in  all 
cases  to  begin  with  the  small  dose  and  increase  gradually.  The  patient  should  be 
carefully  watched  and  the  dose  reduced,  or  the  remedy  stopped  entirely  if  any  of  the 
signs  of  hyperthyroidism  appear.  When  greater  accuracy  of  dose  is  desired  one  of  the 
unofficial  extracts,  thyroxin,  or  thyroid  nucleoproteins,  should  be  given.  Thyroxin  may 
be  given  by  intravenous  injection  according  to  the  following  directions:  Place  a  known 
amount  of  pure  crystalline  thyroxin — from  %o  to  %  grain  (1  to  10  mgm.) — in  a  small 
sterile  test  tube,  such  as  Is  used  for  the  Wassermann  test.  Add  one  drop  of  10  percent, 
sodium  hydroxide  and  about  one  cc.  of  water.  Warm  and  agitate  the  solution  until  the 
crystals  are  dissolved,  and  then  sterilize  by  placing  the  tube  in  boiling  water.  Transfer 
the  solution  to  a  sterile  hypodermic  syringe,  rinse  out  the  test  tube  with  1  cc.  of  sterile 
distilled  water  which  is  added  to  the  syringe,  and  inject  the  contents  of  the  syringe. 
As  a  rule,  the  administration  of  any  thyroid  preparation  by  mouth  gives  satisfactory 
results. 

Thymus  Gland 

The  thymus  gland,  although  undoubtedly  an  organ  of  internal  secretion,  does 
not  seem  to  have  any  such  marked  influence  on  the  body  as  the  other  glands  of  this 
nature.    It  contains  a  peculiar  principle,  thymin 
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which  is  related  to  the  purins,  but  seems  to  have  little  relation  to  the  specific  action 
of  the  gland. 

Excision  of  the  thymus  in  adults  is  without  efl^ect,  but  in  newborn  cats  and 
dogs  may  lead  to  delay  in  growth  and  in  ossification.  In  rats  the  only  effect  is 
earlier  sexual  maturity,  growth  being  normal.  The  same  is  probably  true  of  rabbits 
and  guinea-pigs.  Excision  of  both  thymus  and  testicles  causes  delayed  growth  in 
these  animals. 

Feeding  of  thymus  to  adults  is  without  effect.  In  very  young  animals  it  is 
said  to  accelerate  growth  but  usually  has  no  effect  except  some  delay  in  reaching 
sexual  maturity.  If  thymus  alone  is  fed  to  batrachian  larvae  they  grow  more  rapidly 
than  the  controls  at  first,  but  metamorphosis  is  markedly  delayed  and  tetany  is 
noted.  This  ceases  when  metamorphosis  finally  occurs,  probably  because  of  the 
development  of  the  thyroid  at  that  time  (TJhlenhuth). 

Intravenous  injection  of  thymus  extract  induces  a  marked  fall  in  blood  pressure, 
with  acceleration  of  the  pulse,  but  this  is  not  specific  and  occurs  after  extracts  of 
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many  organs.  Death,  which  is  seen  after  large  doses,  is  probably  due  to  intravascular 
clotting  or  other  non-specific  action.  The  protein  free  extract  causes  neither  the 
fall  of  pressure  nor  death.  The  only  effects  of  thymus  extracts  which  can  be  looked 
upon  as  specific  and  constant  are  an  increase  in  the  secretion  of  urine  due  to  the 
effect  of  thymin  (Lcvcn),  and  in  the  secretion  of  milk  (Ott  and  Scott)." 

Materia  Medica. — There  is  no  official  preparation  of  the  thymus  gland  in  this 
country  or  England,  but  there  are  a  number  of  preparations  of  the  dried  gland,  and 
some  extracts  in  liquid  form  on  the  market,  varying  in  dose  from  3  to  30  grains 
(0.2  to  2.0  Gm.). 

Therapeutics:  Topical. — Wright  used  a  thymus  extract  as  a  topical  "physiologic 
liomostatic."  Fresh  thymus  is  extracted  with  10  to  20  times  its  weight  of  1  percent, 
phenol  in  1  percent,  salt  solution  and  to  this  is  added,  after  straining,  0..5  percent, 
of  calcium  chloride.  Before  use  it  is  made  faintly  alkaline,  shaken,  and  mixed  with 
the  effused  blood  in  the  proportion  of  1  to  10.  For  therapeutic  use  it  has  been  re- 
placed by  the  more  stable  tissue  coagulins. 

Systemic. — The  uses  of  the  thymus  gland  are  largely  empirical,  but  partly  guided 
by  the  idea  of  an  uncertain  degree  of  antagonism,  or  partial  antagonism  and  partial 
synergism,  between  the  thyroid  and  the  diverse  elements  of  the  thymus.  As  a  rule, 
the  desiccated  gland,  given  in  doses  of  from  1  to  15  grains  (0.06  to  1  Gm.)  3  or  more 
times  daily,  is  beneficial  in  cases  showing  symptoms  commonly  attributed  to  hyper- 
tliyroidism — as  paroxysmal  erythema,  undue  sweating,  low  hlood  pressure,  congestive 
headaches  and  similar  disturbances  indicative  of  the  ecstatic  variety  of  autonomic 
imbalance.  By  the  happy  mistake  of  a  butcher,  the  remedial  influence  of  the  raw 
gland  was  discovered,  and  we  have  seen  and  published  instances  of  like  benefit  from 
the  desiccated  gland,  especially  when  conjoined  with  adrenal  substance.  It  may  be 
well  given  at  some  time  during  the  progress  of  every  case.  Its  value  is  the  greater 
the  more  recent  the  disturbance,  as  in  the  acute  attack  sometimes  precipitated  by 
parturition.  Too  much  must  not  be  expected,  but  given  from  time  to  time  it  favors 
subsidence  of  goiter,  of  cardiac  disorder  and  of  nervous  unrest. 

In  the  preventive  treatment  of  asthma,  it  may  be  alternated  or  conjoined  with 
other  agents,  especially  in  patients  exhibiting  signs  of  disturbed  peripheral  circulation, 
as  cyanosis  of  the  skin  and  mucous  membranes,  cold  nose,  cold  feet  and  the  like.  The 
commercial  preparations  are  not  entirely  freed  from  material  having  a  tendency 
to  decompose  in  the  intestines,  giving  rise  to  flatulence  and  perhaps  to  fetid  diarrhea; 
hence  their  use  cannot  be  continued  too  long  at  a  time  or  the  dose  pushed  too  far. 
A  fair  tentative  single  dose  is  2  grains  (0.12  Gm.)  which  may  be  rapidly  pushed  to  5 
grains — further  increase  depending  on  result  observed.  The  gland  substance  has  been 
given  with  more  or  less  successful  results  in  exophthalmic  goiter,  hemophilia,  athrepsia 
and  marasmus,  delayed  development,  rheumatoid  arthritis,  diabetes,  tuberculosis  and 
cancer,  and  to  promote  the  growth  of  callus  in  ununited  fractures.  W.  MacKcyndrie 
reports  successful  treatment  of  a  number  of  cases  of  infantile  paralysis  with  daily 
doses  of  15  to  20  grains,  according  to  the  age  of  the  child.  Gross  has  treated  psoriasis 
with  very  satisfactory  results,  giving  every  second  day  an  intramuscular  injection  of 
15  minims  (1  cc.)  of  a  liquid  extract  gradually  increased  to  90  minims  (6  cc).  He 
reports  that  the  eruption  disappears  after  from  8  to  14  injections  have  been  given. 
Calderin  successfully  treated  laryngospasm  with  calcium,  with  the  addition  of  para- 
thyroid and  thymus  to  ensure  its  assimilation. 

"  The  conditions  of  delayed  ossification,  rachitis,  infantilism  and  idiocy,  often  said 
to  be  due  to  persistence  of  the  thymus,  are  merely  parts  of  a  general  condition  of  which 
the  latter  is  a  symptom  and  not  the  cause.  The  same  is  probably  true  of  status  lymphat- 
icus,  in  which  improper  development  of  the  adrenals  is  likely  to  be  the  cause  of  death. 
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Epinephrine 

Epinephrine,  the  active  principle  of  the  medulla  of  the  adrenal  gland,  whose 
isolation  in  pure  form  is  one  of  the  greatest  triumphs  of  physiologic  chemistry,  has 
long  been  known  through  its  color  reactions. 

In  1856,  Vulpian  found  in  the  suprarenal  bodies  a  powerful  reducing  substance, 
which  gave  characteristic  color  reactions  when  oxidized,  e.g.,  blue  or  green  with  ferric 
chloride  and  reddish  with  halogens  and  caustic  alkalis.  Almost  40  years  later,  in 
1895,  Oliver  and  Schaefer  showed  that  adrenal  extracts  had  the  power  to  raise  blood 
pressure,  and  Moore  pointed  out  that  this  power  corresponded  to  the  amount  of 
Vulpian's  reducing  substance,  for  which  the  names,  chromogen,  chromaffin  and 
chromophil  substance,  were  used.  In  1896  this  substance  was  partly  purified  by 
Fraenkel ;  in  1897  a  purer  product  was  prepared  by  von  Fuerth  under  the  name  of 
suprarenin ;  and  in  this  country  in  1897  by  Abel,  who  gave  it  the  name  of  epinephrine. 
In  1901,  it  was  obtained  in  pure  crystalline  form  by  Takamine  (who  patented  it  as 
"adrenalin"),  and  by  Aldrich.  Its  constitution  was  determined  by  Jowett  in  1904. 
The  pure  product  has  almost  entirely  replaced  the  cruder  extracts,  both  for  ex- 
perimental and  therapeutic  use.  In  British  publications  it  is  often  referred  to  ae 
"adrenin." 

Chemistry. — Epinephrine  is  chemically  laevo-methylamine-ethanol-catechol  and  has 
the  following  composition : 
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Owing  to  its  amino  group  it  acts  as  a  feeble  base  forming  "salts"  with  acids.  It 
gives  characteristic  color  reactions.  With  FeClj  dilute  solutions  shows  a  green  color 
changing  to  violet  and  red  on  adding  alkali.  With  iodine,  chlorine  and  bromine  it 
turns  rose  red,  as  on  exposure.  On  adding  a  dilute  solution  of  bichloride  of  mercury 
followed  by  sodium  acetate,  even  a  solution  as  dilute  as  1 :  40,000  shows  a  rose  red 
color.  Even  more  delicate  is  a  test,  which  can  also  be  used  quantitatively,  proposed 
in  1913  (Folin,  Cannon  and  Denis).  A  solution  of  sodium  tungstate  (100  Gm.  in 
750  cc.)  is  mixed  with  80  cc.  of  85  percent,  phosphoric  acid.  This  is  added  to  the 
solution  to  be  tested,  and  a  blue  color,  varying  in  depth  with  the  amount  of  epinephrine 
present,  results.  This  test  will  show  the  presence  of  one  part  in  3  millions.  Epine- 
phrine is  rapidly  destroyed  in  solution  in  the  presence  of  fixed  alkalis,  but  solutions 
so  strong  as  1 :1000  may  be  preserved  a  long  time  in  the  presence  of  dilute  acids. 
Certain  other  substances,  e.g.,  acetanilid,  chloretone,  also  have  a  preserving  action. 
It  is  rapidly  inactivated  by  dilute  formalin. 

The  amount  present  in  the  glands  of  different  species  and  tinder  various  con- 
ditions is  much  more  constant  than  is  the  case  with  other  internal  secretions,  being 
0.1  percent,  of  the  fresh  glands,  and  it  is  estimated  that  in  mammals  5  mgm.  per 
kilo  per  day  is  secreted  by  both  glands  (Trendelenburg).  In  man  it  constitutes  about 
0.1  percent,  of  the  whole  gland,  and  about  4  times  this  of  the  medulla,  averaging 
about  5  mgm.  per  gland  (Elliott).  In  young  female  white  rats  the  glands  are  40 
percent,  heavier  than  in  the  male  and  contain  twice  as  much  epinephrine  (Herring), 
but  such  marked  differences  between  sexes  are  rare.  Both  glands  contain  in  sheep 
14  mgm.;  in  dogs  4  mgm.;  in  cats  0.4  mgm.  Epinephrine  appears  early  in  fetal 
life  bixt  the  proportion  is  less  in  infants  than  in  adults.  The  amount  is  decreased 
by  inhalation  anesthetics,  especially  chloroform,  by  fatigue  and  in  traumatic  shock. 
The  size  of  the  adrenal  glands  and  the  amount  of  epinephrine  in  them  are  increased 
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by  thyroid  feeding  (Herring)  and  in  experimental  beriberi  of  pigeons  (McCarrison). 
TLe  release  of  adrenalin  from  the  glands  is  increased  hy  the  action  of  various  drugs, 
including  eserine,  pilocarpine,  morphine,  strychnine,  picrotoxin,  and  veratrine;  and 
depressed  by  curare,  quinine  and  many  other  substances. 

A  substance  resembling  epinephrine  in  physiologic  action  and  color  reactions  is 
found  in  the  carotid  bodies,  in  certain  retroperitoneal  glands  known  as  accessory 
adrenals,  and  in  all  other  chromaffin  tissues.  It  is  possible  that  the  existence  of  such 
deposits  make  life  possible  in  those  cases  in  which  it  continues  after  removal  of  the 
adrenals.  It  is  not  present  in  the  cortex  of  the  adrenals,  the  injection  of  extracts  of 
which  has  no  immediate  effect.  Malignant  hypernephromas  do  not  contain  epinephrine 
(Greer  and  ^yclls). 

Epinephrine  can  readily  be  made  synthetically,  as  shown  by  Stolz  (1904),  Dakin 
(1905),  Fliicher  (1908)  and  others.  As  is  often  the  case  with  similar  products  (cf. 
tartaric  acid),  the  synthetic  product  is  optically  inactive,  and  has  been  shown  to 
consist  of  a  mixture  of  equal  parts  of  dextro-  and  of  laavo-rotary  substance.  These 
can  be  separated  by  methyl  alcohol  and  Cushny  has  shown  that  the  dextro  form  has 
only  1/12  of  the  activity  of  the  laevo-,  so  that  the  optically  inactive  (racemic)  mixture  is 
little  more  than  half  as  active  physiologically  as  the  natural  product.  The  synthetic 
substance  is  prepared  from  cratechol,  methyl-amino-catechol  (adrenoline)  being  first 
obtained,  and  racemic  adrenalin  being  made  from  it  by  reduction.  Epinephrine  is  also 
closely  related  chemically  to  tyrosine,  and  it  is  not  impossible  that  it  may  be  formed 
from  this  in  the  body  (Halle). 

Summary  of  Actions  and  Uses. — The  characteristic  action  of  epinephrine  is  stimula- 
tion of  the  nerve  endings  of  the  entire  true  sympathetic  system  (sympathomimetic 
action,  Langley).  Injections  have  commonly  the  same  effect  as  stimulation  of  these 
nerves,  and  often  the  opposite  effect  to  that  of  stimulation  of  the  cranial  and  sacral 
autonomic  nerves.  When  a  full  dose  is  given  intravenously  the  most  striking  effect  is 
a  marked  rise  of  blood  pressure  dependent  on  peripheral  stimulation  of  the  arterioles. 
The  heart  is  strong  and  rapid.  The  intestinal  movements  are  inhibited;  the  bronchi 
dilated;  the  pupil  dilates,  and  there  is  increased  intra-ocular  tension.  Glucose  is  lib- 
erated by  increased  destruction  of  glycogen,  leading  to  hyperglycemia  and  even  to 
glycosuria. 

Many  of  these  effects  are  increased  if  the  sympathetic  ganglia  are  removed  or  the 
nerves  cut  peripheral  to  them.  The  reason  for  this  "paradoxical"  effect  is  not  estab- 
lished. Langley  and  other  English  physiologists  suggest  that  at  the  termination  of  the 
sympathetic  nerves  a  "receptive  substance"  is  formed,  through  which  epinephrine  acts, 
and  that  this  substance  is  formed  in  excessive  amount  if  its  production  or  destruction 
Is  not  controlled  by  the  normal  nerve  impulses.  Two  other  paradoxical  effects  of 
epinephrine  deserve  mention.  One  is  the  frequency  with  which  minute  doses  cause  an 
opposite  effect  to  that  of  full  doses;  very  small  amounts  cause  a  fall  of  blood  pressure, 
for  example.  The  other  is  the  reversal  of  effect  by  previous  administration  of  ergo- 
toxine  or  apocodeine,  both  of  which  prevent  the  effect  of  stimulation  of  sympathetic 
nerves  when  this  is  exciting,  but  not  when  it  is  inhibitory.  If  the  effect  of  epinephrine 
on  any  functions  varies  with  dose  or  other  conditions,  only  the  inhibitory  effects  can 
be  obtained  after  these  drugs;  when  the  usual  effect  is  inhibitory  there  is  no  reversal. 
This  reversal  of  action  throws  doubt  on  the  generalization  of  Langley  just  mentioned. 
Many  of  the  effects  of  epinephrine,  such  as  that  on  blood  pressure,  are  only  well  seen 
when  the  drug  is  given  intravenously;  others,  such  as  relaxation  of  the  bronchi  and 
hyperglycemia,  are  noted  after  hypodermic   injection   also. 

The  therapeutic  applications  of  epinephrine  are  topical  and  systemic.  Topically  it 
is  of  great  value  to  arrest  or  prevent  hemorrhage  after  injuries  or  before,  during  or 
after  operations.  It  is  also  used  to  prevent  absorption  of  other  topically  applied  sub- 
stances, especially  local  anesthetics,  with  which  it  seems  to  act  as  a  synergist.  It  is 
less  often  employed  to  prevent  edema  or  effusion  where  this  will  press  on  vital  organs. 
Intraspinal  injections  may  reduce  pressure  symptoms  in  meningitis  and  poliomyelitis 
(Meltzer). 
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Systemically  it  relieves  asthmatic  paroxysms  promptly  when  given  hypodermically 
or  by  vein.  In  collapse  with  cardiac  failure  and  in  stillborn  children  it  may  restore 
circulation  if  given  intravenously,  or  if  the  circulation  is  at  a  standstill  directly  into 
the  heart. 

Application  to  the  skin  is  said  to  relieve  congestion  and  spasm  in  underlying  organs 
(Sardou). 

Materia  Medica. — Suprarenalum  Siccum  (U.S.  IX.),  Dried  Suprarenals.  Ahhr., 
Supraren.  Sice.    Synonym:  Desiccated  Suprarenal  Glands. 

The  suprarenal  glands  of  domesticated  animals  which  are  used  as  food  by  man, 
dried  and  powdered,  contain  not  less  than  0.4  percent.,  nor  more  than  0.6  percent,  of 
epinephrine.  A  light,  yellowish-brown,  amorphous  powder,  having  a  slight  characteris- 
tic odor;  partially  soluble  in  water.  One  part  corresponds  to  6  parts  of  fresh  glands. 
A  colorimetric  assay  is  required. 

Dose,  2  to  6  grains  (0.13  to  0.4  Gm.). 

Epinephrina  (U.S.  X.),  Epinephrine.  Ahhr.,  Epineph.  Synonym:  Adrenalin, 
Laevo-methylamino-ethanolcatechol. 

The  benzoyl-chloride  of  a  base  from  the  suprarenal  capsule  of  animals,  carrj^ing 
the  formula  CgHjjOjN.  It  occurs  as  a  white  or  light  brownish,  microcrystalline,  odor- 
less powder,  which  gradually  darkens  on  exposure  to  air;  very  slightly  soluble  in  water 
and  in  alcohol,  insoluble  in  ether,  chloroform,  acetone  or  in  fixed  or  volatile  oils ;  com- 
bines with  acids,  forming  salts  which  are  readily  soluble  in  water. 

Dose,  1/200  to  3/200  grain,  or  as  more  commonly  expressed,  5  to  15  minims  (0.3 
to  1  cc.)  of  a  1 :  1000  solution. 

Liquor  Epinephrine  Hydrochloridi  (U.S.  X.),  Solution  of  Epinephrine  Hydro- 
chloride. Ahhr.,  Liq.  Epineph.  Hydrochl.  Synonyms:  Hydrochloric  Solution  of 
Epinephrine,  Liquor  Adrenalini  Hydrochloricus. 

Adrenalin,  1  Gm. ;  chloroform,  5  cc. ;  sodium  chloride,  9  Gm. ;  dilute  hydrochloric 
acid,  3  cc. ;  distilled  water,  recently  boiled  and  cooled,  q.s.  to  make  1000  cc.  Use  as  a 
1 :  1000  solution. 

Dose,  10  to  30  minims  (0.6  to  1.8  cc). 

Pharmacodynamic  Action:  Absorption  and  Eliynination. — Epinephrine  is  not  ab- 
sorbed by  the  intact  skin,  even  of  the  frog,  but  is  taken  up  by  all  mucous  membranes. 
This  process  occurs  so  slowly,  perhaps  because  of  the  induced  anemia,  that  the  only 
effect  usually  seen  is  a  local  one,  blanching  from  contraction  of  the  superficial  arterioles 
and  capillaries.  To  obtain  distant  or  systemic  effects  with  certainty  the  drug  must  be 
injected,  although  4  mgm.  (14^,  grain)  in  10  cc.  (2y^,  fluidrams)  of  water,  given  by  rectal 
tube,  may  cause,  in  man,  a  rise  of  blood-pressure  of  more  than  20  mm.  Hg.,  coming  on 
in  10  minutes  and  lasting  V2  to  2  hours. 

Subcutaneous  injections  produce  no  obvious  systemic  effect  in  normal  individuals, 
absorption  apparently  occurring  by  the  lymphatics,  and  reaching  the  circulation  bo 
slowly  that  the  heart  and  vessels  are  not  influenced.  It  has  been  claimed  that  absorp- 
tion was  so  slow  that  destruction  or  neutralization  kept  pace  with  it.  That  this  explana- 
tion is  inadequate  is  shown  by  the  fact  that  glycosuria  is  more  readily  produced  by 
hypodermic  than  by  other  methods  of  administration,  that  diuresis  follows  such  injec- 
tions in  rabbits,  that  attacks  of  asthma  are  promptly  relieved  by  such  injections,  and 
that  in  cases  of  hyperthyroidism  rise  of  blood  pressure  and  irregularity  of  the  heart 
may  occur  from  injection  of  1  cc.  of  a  1:  1000  solution. 

Absorption  from  the  serous  cavities  is  more  rapid,  and  a  mild  continuous  effect  on 
blood  pressure  may  often  be  obtained  by  intraperitoneal  or  even  intraspinal  injection. 
After  intramuscular  injection,  absorption  may  be  almost  immediate,  with  effects  similar 
to  those  from  intravenous  injection,  or  may  be  more  gradual,  giving  milder,  prolonged 
action.  Injection  under  pressure  into  the  nasal  mucosa  may  give  very  prompt  effects 
(Pilcher). 

Intravenous  injections  show  immediate  effects  on  the  circulation,  passing  off  in  a 
few  minutes  even  after  large  doses. 
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The  fate  of  injected  epinephrine  has  been  the  subject  of  considerable  study,  but  the 
problem  Is  still  far  from  being  solved.  Most  authors  have  not  been  able  to  show  the 
presence  of  epinephrine  in  the  blood  after  the  pressure  has  returned  to  normal.  None 
could  be  found  in  the  blood  of  a  rabbit  5  minutes  after  an  injection  of  0.45  mgm.  per 
kilo  (DeVos  and  Kochmann),  or  3  minutes  after  injection  of  3  mgm.  in  the  cat  or  dog 
(Jackson).  Some  authors  claim  to  have  shown  its  presence  in  the  blood  long  after 
pressure  had  returned  to  normal,  even  30  minutes  after  the  injection  in  the  cat  and  the 
frog   (Weiss  and  Harris,  Ehrmann). 

The  belief  is  widespread  that  epinephrine  is  rapidly  destroyed  in  the  body,  but  the 
evidence  in  favor  of  this  view  is  not  convincing.  Epinephrine  added  to  blood  or  ground 
organs,  ih  vitro,  is  very  slowly  acted  on,  and  Meltzer  has  shown  that  if  a  ligature  is 
put  around  the  base  of  a  rabbit's  leg  and  an  injection  of  epinephrine  given  into  the  leg, 
the  release  of  the  ligature  even  hours  later  is  followed  by  a  typical  rise  of  blood  pressure. 
Certain  effects  also  do  not  pass  off  as  rapidly  as  those  on  the  blood  pressure.  If  the 
pupil  is  denervated  by  excision  of  the  superior  cervical  ganglion,  injection  of  epinephrine 
will  cause  dilatation  lasting  several  hours:  this  is  not  readily  explained  if  the  substance 
is  rapidly  destroyed.  It  has  been  suggested  that  the  disappearance  from  the  blood  is 
due  to  storage  in  the  voluntary  muscles;  this  is  possible,  but  has  not  been  demonstrated. 
It  has  also  been  proposed  that  its  action  depended  on  the  difference  between  the  amount 
in  the  surrounding  fluids  and  the  receptive  substance,  and  that  this  rapidly  reached  a 
balance  after  injection.  Tliis  is  a  priori  unlikely,  and  is  rendered  most  improbable  by 
the  fact  that  If  repeated  injections  of  the  same  amount  of  epinephrine  are  given  the 
rise  of  blood  pressure  is  just  as  great  after  the  tenth  or  twentieth  injection  as  after  the 
first.  Whatever  the  explanation  the  fact  remains  that  after  a  single  injection  most  of 
the  effects  pass  off  completely  within  a  few  minutes.  None  is  to  be  found  in  any  of  the 
excreta.  Owing  to  this  peculiarity  a  continuous  effect  can  be  kept  up  almost  indefinitely 
by  constant  intravenous  injection. 

Topical  Action: — The  only  topical  action  of  importance  is  the  contraction  of  super- 
ficial vessels  already  alluded  to.  The  intact  skin  is  blanched  if  a  galvanic  current  is 
passed  toward  the  skin  through  a  drop  of  a  solution  of  epinephrine.  All  mucous  mem- 
branes are  rendered  bloodless  or  nearly  so  by  application  of  weak  or  strong  solutions, 
the  normal  human  eye  being  blanched  in  1  minute  by  1:  50,000,  and  such  erectile  tissues 
as  those  of  the  nasal  turbinates  are  contracted  strongly.  There  is  a  slight  anesthetic 
action  not  always  noted,  largely  dependent  on  anemia  of  the  nerve  endings.  It  can, 
however,  be  shown  in  tissues  from  which  all  blood  has  been  previously  expelled.  The 
synergism  with  local  anesthetics  is  also  not  entirely  due  to  action  on  the  vessels,  as  it  is 
much  more  marked  with  cocaine  than  with  certain  of  its  substitutes. 

Epinephrine  delays  absorption  of  poisons  by  a  topical  action  not  entirely  dependent 
on  anemia.  The  escape  of  phosphoric  acid  from  isolated  frog  muscle  suspended  in 
Ringer's  solution  is  delayed  by  addition  of  1  to  100,000  to  the  bath,  and  absorption  of 
potassium  is  delayed  also   (Lange). 

The  constricting  action  is  followed  after  half  an  hour  or  so  by  dilatation  which 
may  lead  to  hemorrhage  if  epinephrine  is  used  during  operations  in  the  nose  and  throat. 
This  relaxation  leads  to  chronic  engorgement  and  loss  of  tonus  in  the  mucosa  if 
epinephrine  is  applied  repeatedly. 

Toxicity. — The  earlier  students  working  with  impure  extracts  of  the  whole  adrenal 
gland  saw  a  peculiar  train  of  toxic  symptoms  after  subcutaneous  injection  of  large 
doses.  These  are  described  especially  by  Vincent,  who  tested  a  large  number  of  species. 
In  rabbits,  guinea-pigs,  rats,  mice,  frogs  and  most  other  animals  there  are  slowed  mus- 
cular movements,  followed  by  weakness  and  paralysis,  the  hind  limbs  always  being 
paralyzed  first.  There  is  also  bleeding  from  the  mouth  and  nostrils,  hematuria;  rapid 
shallow  respiration  becoming  deep  and  slow;  and  occasionally  convulsions,  probably 
asphyctic  preceding  death.  In  dogs  the  paralysis  is  preceded  by  motor  unrest,  and  in 
cats  by  enor:T>.ous  acceleration  of  respiration.  In  both  there  is  great  thirst.  The  paraly- 
sis is  a  direct  action  on  the  cord,  and  not  secondary  to  anemia.  The  active  material  is 
in  the  medulla  of  the  gland,  and  as  there  is  no  very  active  substance  in  it  except 
epinephrine,  they  are  presumably  due  to  that  principle.  They  do  not  result  in  typical 
fashion,  howevei,  from  subcutaneous  injection  of  the  pure  product.  Immunity  is  said 
to  be  produced  by  repeated  doses. 

Intravenous  injection  of  poisonous  amounts  of  epinephrine  lead  to  enormous  accel- 
eration of  the  heart,  sudden  rise  of  blood  pressure,  and  acute  dilatation  of  the  ventricles 
accompanied  by  enormous  acute  pulmonary  edema,  which  is  often  fatal  in  rabbits.    The 


lini  METABOLIC  ADJUVANTS 

fatal  dose  is  subject  to  wide  individual  variation,  but  in  rabbits  and  most  other  animals 
is  from  ^^  to  2  cc.  of  the  usual  1:  1000  solution  per  kilo  by  vein,  and  10  to  20  mgm. 
per  kilo  subcutaneously.  Fatal  pulmonary  edema  is  readily  caused  in  rabbits  by  intra- 
tracheal injection  of  0.25  cc.  of  this  solution  per  kilo.  (Auer  and  Gates).  In  man  even 
doses  as  small  as  0.4  cc.  of  1:  1000  may  be  dangerous,  if  the  heart  is  diseased. 

The  effects  produced  by  epinephrine  may  be  arranged  in  a  sort  of  scale  as  follows, 
those  effects  induced  by  the  smallest  doses  being  placed  first:  Rise  of  blood  pressure; 
inhibition  of  the  intestine;  inhibition  of  the  bladder;  dilatation  of  the  pupil  (cat);  con- 
traction of  the  uterus,  vas  deferens,  seminal  vesicles,  etc.;  salivary  and  lacrymal  secre- 
tion; inhibition  of  stomach  motion:  inhibition  of  the  gall  bladder  and  contraction  of 
the  bile  ducts;  dilatation  of  pupil  (rabbit);  inhibition  of  internal  anal  sphincter;  con- 
traction of  arrectores  pilorum;  secretion  of  sweat  and  contraction  of  tunica  dartos  of 
scrotum   (Langley). 

Sensitiveness  to  epinephrine  is  apparently  increased  in  persons  with  excessive 
secretion  of  the  thyroid  gland,  and  this  obsei'vation  has  been  made  the  basis  of  a 
clinical  test  to  determine  early  cases  of  this  condition  (Goetsch).  A  hypodermic  injec- 
tion of  1  cc.  of  1:  1000  epinephrine  is  given,  and  a  positive  reaction  consists  in  (1) 
A  systolic  rise  of  blood  pressure  of  10  or  more  points,  remaining  above  normal  for  55 
minutes  or  more,  (2)  inci'eased  pulse  rate  of  10  or  more  beats  per  minute,  (3)  increase 
of  pulse  pressure  of  35  mm.,  (5)  irregular  pulse,  (6)  increase  in  respiratory  rate  of  4 
per  minute,  and  (7)  pupil  dilatation.  Such  changes,  if  marked,  indicate  hyperthy- 
roidism, they  are  commonly  entirely  absent  in  early  tuberculosis.  According  to  Clough, 
hypersensitiveness  to  epinephrine  indicates  excessive  activity  of  the  adrenal  glands,  and 
this  idea  is  confirmed  by  the  great  resistance  of  patients  with  Addison's  syndrome  to 
excessive  doses  (Wolf  and  Fredericq). 

If  a  dose  of  1  mgm.  causes  dilatation  of  the  heart,  as  shown  by  the  x-ray,  there 
is  weakness  of  the  heart  muscle   (Loeper). 

Systemic  Action:  Alimentary. — The  action  of  epinephrine  on  the  alimentary  canal 
corresponds  in  the  main  with  the  effects  of  stimulation  of  the  nerves  of  the  true  sym- 
pathetic system,  and  is  the  opposite  fi'om  stimulation  of  the  vagus.  The  secretion  of 
saliva  and  of  buccal  and  pharyngeal  mucus  is  increased  or  provoked,  especially  in  the 
cat,  although  larger  doses  are  required  than  are  needed  to  cause  a  rise  in  blood  pressure. 
The  secretions  of  the  stomach  and  bowel  are  not  influenced,  or  there  is  a  slight  decrease, 
perhaps  ffom  anemia.  The  movements  and  tonus  of  the  bowel  are  decreased  both  in  vivo 
and  in  vitro,  the  latter  effect  being  one  of  the  most  delicate  tests  for  the  presence  of 
epinephrine,  as  it  can  be  distinctly  seen  in  a  dilution  of  from  1  to  20  million  to  as 
little  as  1  in  800  million.  Epinephrine  by  vein,  in  dose  of  0.001  to  0.005  mgm.,  causes,  in 
healthy  men,  a  lowering  of  tonus  and  cessation  of  peristalsis  in  the  stomach  and  entire 
bowel,  lasting  5  to  20  minutes.  By  mouth,  1  mgm.  (%o  grain)  causes  a  fall  of  gastric 
tonus  but  not  cessation  of  peristalsis  (Weitz  and  Vollers).  Occasionally  an  increase  of 
tonus  occurs  from  stimulation  of  the  muscularis  mucosae.  All  sphincters  but  the  cardia 
contract,  these  being  affected  also  by  nerve  stimulation  in  a  sense  inverse  to  the  rest  of 
the  canal.  The  gall  bladder  is  relaxed,  but  the  walls  of  the  bile  ducts  contract.  The 
secretion  of  bile  is  augmented.  Glycogen  Is  broken  up  and  glucose  discharged  into  the 
blood.     This  effect  will  be  discussed  with  metabolic  disturbances. 

All  parts  of  the  isolated  digestive  tract  of  the  frog  respond  by  contraction  to  weak 
solutions  and  by  relaxation  to  strong.  The  intestine  is  more  sensitive  than  the  stomach 
or  esophagus    (Gruber). 

Blood. — By  increasing  the  prothrombin,  intravenous  injection  of  small  doses  (0.002 
mgm.  per  kilo)  shortens  coagulation  time  (Cannon  and  Mendenhall),  as  do  intraperi- 
toneal injections  of  larger  amounts  (Vorburgh  and  Richards) ;  but  only  if  the  portal 
system  is  intact  (Grabfield).  Larger  doses  (0.05  mgm.  per  kilo)  intravenously  delay 
clotting,  which  effect  may  be  due  to  decrease  of  prothrombin  (Howell).  The  volume 
of  the  blood  is  decreased  by  increased  filtration  due  to  the  high  blood  pressure,  and  this 
leads  to  an  increase  in  the  red  cell  count  and  hemoglobin.  The  presence  of  an  increased 
number  of  young  red  cells  in  the  circulating  blood.  Indicates  that  there  is  a  discharge 
of  cells  from  the  blood  forming  organs  (Edmunds  and  Nelson).  Epinephrine  added  to  the 
blood  of  certain  animals  (beef)  in  vitro  produces  hemolysis  and  even  hemoglobin  forma- 
tion; smaller  amounts,  even  1:  100,000  increase  the  binding  power  of  the  hemoglobin 
for  oxygen  and  similar  effect  may  be  observed  from  injections  during  life  (Menten). 
The  contraction  of  the  vessels  of  the  bone  marrow  forces  leucocytes  into  the  blood 
stream.    This  leueocytosis  may  be  prevented  by  ergotamine  (Schoen  and  Berchtold). 
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Circulation.— By  far  the  most  striking  and  important  action  of  epinephrine  is  the 
stimulation  of  the  circulatory  system,  with  the  resulling  contraction  of  small  blood 
vessels  and  acceleration  and  strengthening  of  the  heart  beats.  Blood  pressure  is  raised 
in  all  animals  by  moderate  doses,  the  rise  increasing  with  increased  dose,  unless  central 
vagus  stimulation  causes  marked  slowing.  If  the  vagus  nerves  are  cut  the  rise  increases 
regularly  with  the  dose.  Distinct  rise  of  blood  pressure  is  seen  in  dogs  with  less  than 
1/1500  of  the  fatal  dose.  Fall  of  blood  pressure  due  to  dilatation  of  arterioles  is  noted 
with  very  minute  doses  (0.2  cc.  of  1  to  100,000  in  the  cat).  After  doses  of  0.01  to  0.1 
mgm.  (1/10  to  2  drops  of  1:  1000  solution)  the  rise  begins  in  1  or  a  few  seconds,  ascends 
rapidly  (in  less  than  10  seconds)  to  its  maximum  height,  maintains  this  for  a  minute 
or  less  and  gradually  falls  to  normal,  reaching  its  previous  level  in  5  to  10  minutes. 
If  one  waits  a  few  minutes  and  repeats  the  injection  a  curve  of  exactly  the  same  height 
and  duration  will  result,  and  similar  curves  may  be  obtained  by  repeated  doses  over 
the  course  of  several  hours.  There  is  no  tendency  to  cumulative  action  and  very  little 
to  lessened  response.  Such  regular  curves  are  seen  only  if  the  doses  are  small  enough 
not  to  excite  the  vagus  center  strongly.  With  very  large  doses  the  beginning  of  the 
curve  is  similar,  but  as  it  reaches  its  height  the  heart  becomes  very  slow  and  the 
pressure  falls  markedly  between  each  beat,  interfering  with  the  sustained  rise,  so  that 
with  these  doses  the  rise  is  less  than  with  small  ones.  The  return  to  normal  is  slower 
and  is  likely  to  be  preceded  by  a  fall. 

These  phenomena  are  dependent  on  peripheral  stimulation  of  the  heart  and  arteries 
and  stimulation  of  the  vagus  center.  The  last  is  probably  not  direct,  but  caused  by  the 
high  blood  pressure  and  anemia.  If  the  vagus  nerves  are  cut,  the  pressure  rises  much 
higher,  and  in  the  dog  may  reach  300  mm.  of  mercury  or  even  more.  The  effect  of  the 
vagus  is  also  removed  by  previous  administration  of  atropine,  and  the  rise  in  atropinized 
dogs  from  large  doses  is  more  regular  than  in  normal.  Sollmann  gives  the  following 
table  showing  this  rise:  After  0.00008  mgm.  per  kilo.,  5  mm.  rise;  0.00025,  7  mm.; 
0.0005,  15  mm.;  0.0007,  20  mm.;  0.0017,  25  mm.;  0.004,  45  mm.;  0.006,  6C  mm.;  0.03, 
150  mm.  Intramuscular  injection  of  0.5  to  1.5  mgm.  causes  a  rise  of  8  to  25  mm.,  occa- 
sionally over  90  mm.  with  toxic  symptoms.  A  similar  subcutaneous  injection  raises  the 
pressure  only  8  to  12  mm.,  although  the  effect  is  more  lasting.  The  effect  is  less  likely 
to  be  actually  greater,  although  relatively  smaller,  if  the  pressure  is  high  at  the  time 
of  injection,  and  epinephrine  must  be  used  with  great  caution  in  persons  whose  pressure 
is  naturally  high.  The  figures  given  for  the  dog  apply  in  general  to  most  mammals,  the 
goat  and  opossum,  among  animals  tested,  are  peculiar  in  that  the  doses  of  the  smaller 
part  of  this  range  cause  a  fall  instead  of  a  rise. 

Isolated  Heart. — The  heart  is  stimulated,  the  beats  being  stronger  and  more  rapid. 
This  is  a  direct  effect  on  the  muscle  and  is  seen  in  isolated,  perfused  hearts  and  in 
heart  lung  preparations.  Both  auricles  and  ventricles  are  stimulated  as  has  been  shown 
in  cases  of  complete  heart  block  (Hardoy  and  Hussay).  In  the  mammalian  heart  the 
increase  in  work  leads  to  increased  consumption  of  oxygen  and  utilization  of  glucose. 
The  tonus  is  especially  increased,  it  may  be  even  doubled.  The  heart  beats  are  more 
regular  with  low  concentrations,  and  the  effect  of  cardiac  depressants  is  counteracted. 
A  heart  which  has  ceased  to  beat,  even  for  several  minutes  (exceptionally  an  hour  or 
more)  may  be  restored  to  normal  activity  by  injection  into  its  cavity  or,  in  the  mam- 
malian heart,  the  coronary  arteries.  Serum  markedly  enforces  the  effect  of  epinephrine 
on  the  isolated  frog  heart  (Moog),  while  in  the  absence  of  calcium,  the  stimulation  is 
replaced  by  depression  with  stoppage  in  diastole    (Burridge). 

Heart  in  Situ. — The  effects  on  the  heart  in  situ  are  similar  to  those  described  for 
the  isolated  heart,  with  the  exception  that  stimulation  of  the  vagus  center  occurs,  lead- 
ing to  slowing.  This  effect,  which  occurs  as  the  pressure  is  rising,  is  indirect,  being 
due  in  part  to  the  high  pressure  itself,  in  part  to  anemia  of  the  center  from  vasocon- 
striction. There  may  be  prolonged  and  even  fatal  stoppage  of  the  heart,  even  with 
doses  that  are  not  excessive.  Increased  strength  of  each  beat  is  seen  with  doses  too 
small  to  affect  the  rate,  but  there  is  no  reversal  of  action  with  very  small  doses,  as  is 
the  case  with  the  vascular  effect.  According  to  Heinekamp,  epinephrine  stimulates  both 
the  vagus  and  sympathetic  endings  in  the  heart,  and  the  effect  varies  according  to  which 
has  the  lower  threshold  in  the  particular  animal  being  studied.  The  effect  on  the  vagus 
endings  is  prevented  by  atropine  but  not  by  nicotine. 

No  slowing  occurs  after  section  of  the  vagus  nerves  or  paralysis  of  their  endings 
■with  atropine,  showing  that  the  effect  is  central.     In  a  few  cases  in  man  and  not  infre- 
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quently  in  animal  experiments,  delirium  cordis,  with  fatal  outcome,  has  resulted  from 
moderate  amounts.  It  is  said  that  this  effect  is  especially  to  be  feared  during  light 
anesthesia,  particularly  with  chloroform. 

In  the  frog  there  is  paralysis  of  the  cardiac  endings  of  the  vagus  (Barbour  and 
Kleiner).  Repeated  injections  lead  to  cardiac  hypertrophy  in  the  rabbit  (Mieroviez) 
and  myocarditis    (Fleisher  and  Loeb),  but  not  in  dogs    (Strickler  and  Fleisher). 

Blood  Vessels  in  Situ. — In  general  it  may  be  said  that  in  full  dose  epinephrine  causes 
constriction  of  all  blood  vessels  by  action  on  some  structure  in  their  walls.  This  is  not 
the  nerve  ending,  as  the  effect  remains  after  the  nerves  have  been  severed  and  their 
endings  allowed  to  degenerate;  it  is  not  the  muscle,  as  the  effect  is  prevented  by  the 
action  of  substances  such  as  ergotoxin,  which  paralyze  some  structure  between  the  muscle 
and  nerve.  The  hypothesis  of  Langley  to  account  for  this  peculiar  behavior  has  already 
been  mentioned.  Doses  too  small  to  cause  vasoconstriction,  cause  active  dilatation. 
The  different  vessels  show  very  wide  divergences  in  the  amount  required  to  cause  con- 
striction. The  arteries  may  be  thus  arranged,  those  in  which  the  small  dose  causes 
constriction  being  placed  first:  Mesenteric;  splenic;  cutaneous;  renal;  pulmonary; 
coronary  (man  and  monkey);  cerebral;  coronary  (most  mammals);  voluntary  muscular. 
The  dose  required  to  cause  dilatation  of  the  splanchnic  vessels  is  in  the  cat,  about 
1/100  mgm.  (1/6700  grain),  that  required  to  cause  constriction  in  the  muscular  arterioles 
is  so  large  as  to  be  toxic.  With  a  dose  of  about  0.1  cc.  of  1:  1000  solution  given 
intravenously  to  a  cat  or  dog,  the  arterioles  of  the  intestines,  spleen,  skin  and  kidneys 
will  be  constricted;  those  of  the  lung,  heart  and  brain  little  influenced,  or  dilated; 
those  of  the  muscles  widely  dilated.  With  such  a  dose  the  coronary  arteries  of  man  and 
monkey  contract;  those  of  other  species  dilate  (Barbour  and  Prince).  The  walls  of 
veins,  including  the  portal  veins,  and  those  of  capillaries,  contract  with  moderate  doses. 
The  effects  on  the  pulmonary  arteries  are  often  overlooked,  as  the  contraction  is  largely 
prevented  by  inhalation  anesthetics  which  paralyze  the  vessel  walls  by  direct  action. 
The  large  arteries,  including  the  aorta,  are  distended  by  the  rise  of  blood  pressure. 
This  distention,  or  a  direct  toxic  action,  leads  in  rabbits  to  a  degenerative  change  in  the 
aorta,  which  may  result  in  deposit  of  calcareous  plaques  in  the  wall,  or  conversion  to  a 
bony  tube,  like  a  thin  pipe  stem. 

As  measured  by  the  oncometer  the  organs  in  situ  show  a  diminution  of  volume,  due 
to  lessened  amount  of  blood  in  their  vessels.  The  spleen  contracts  markedly,  this  effect 
being  partly  due  to  contraction  of  its  intrinsic  muscle  fibers.  Injected  into  the  tissues, 
epinephrine  brings  about  a  lasting  constriction  both  of  the  arterioles  and  of  the 
capillaries.  This  effect  is  well  seen  if  0.5  cc.  (8  minims)  of  1:1000  epinephrine  is 
injected  near  the  base  of  the  ear  of  a  rabbit.  Constriction  of  the  vessels  comes  on  in  a 
few  minutes  and  causes  blanching  of  the  ear,  which  may  last  several  hours  (Auer  and 
Meltzer).  If  the  ear  is  previously  denervated  by  cutting  the  3rd  cervical  and  cervical 
sympathetic  nerves,  the  constrictor  effect  is  more  marked  (Meltzer  and  Meltzer)  and 
lasts  a  long  time  even  after  intravenous  injections.  The  volume  of  the  kidney  is  dimin- 
ished by  large  doses  which  cause  contraction  of  all  the  vessels,  but  is  increased  by 
smaller  amounts,  as  these  cause  contraction  of  the  vessels  supplying  the  convoluted 
tubules,  and  the  glomerular  tufts  are  distended  passively.  This  action  is  further  dis- 
cussed under  diuresis.  The  action  on  the  volume  of  a  limb  varies  according  to  whether 
the  constrictor  action  on  the  skin  vessels  or  the  dilator  action  on  the  muscle  arteries 
predominates. 

The  vasodilatation  is  partly  due  to  action  on  the  dorsal  root  ganglia,  and  is  partly 
peripheral;  it  cannot  be  obtained  immediately  after  section  of  the  nerves,  but  only 
several  days  later  when  the  vessels  have  partially  regained  their  tonus,  when  it  is  more 
readily  obtained  than  in  the  normal  limb  (Hartman,  Kilborn  and  Frazier).  The  per- 
fused splenic  artery  of  the  dog  with  its  nerve  connections  intact  dilates  if  epinephrine 
is  injected  into  the  general  circulation,  but  contracts  if  any  concentration  greater  than 
1:  1,000,000  is  added  to  the  perfusion  fluid    (Hartman  and  Lang). 

Isolated  Vessels. — Contraction  of  blood  vessels  in  vitro  is  shown  by  perfusion  of 
isolated  organs  and  by  action  on  vessel  rings.  Very  dilute  solutions  cause  contraction 
of  the  blood  vessels  of  the  pithed,  perfused  frog.  The  amount  required  to  cause  con- 
traction in  different  vessels  varies  markedly,  the  relation  being  the  same  already  given, 
mesenteric  and  splenic  arteries  requiring  very  weak  concentrations,  cerebral,  coronary 
and  especially  voluntary  muscular  arteries,  being  caused  to  contract  only  by  such 
concentrations  as  1:  10,000.  Very  dilute  solutions  perfused  through  the  coronary  arteries, 
cause  dilatation  (Jackson). 
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Respiration. — Intravenous  injection  of  a  full  dose  of  epinephrin  is  followed  by  a 
brief  period  of  apnea,  succeeded  by  shallow  respiration.  This  effect  is  partly  a  direct 
action  on  the  center,  partly  due  to  central  anemia.  The  direct  effect  on  the  center  is 
stimulation  with  small  doses,  depression  with  large  (Nice,  Rock  and  Cortwright).  The 
effect  is  less  marked  after  section  of  the  vagus  nerves.  The  bronchial  muscles  are 
relaxed,  and  this  effect  leads  to  prompt  relief  of  asthma  if  full  doses  are  given  intra- 
venously or  subcutaneously.     The  secretion  of  bronchial  mucus  is  increased. 

Metabolism. — The  most  important  action  on  the  metabolism  is  the  hyperglycemia, 
which  results  from  even  small  doses,  and  is  seen  in  almost  all  species.  After  sub- 
cutaneous injection  of  1  mgra.  (15  minims  of  1:  1000)  in  man,  the  blood  sugar  begins 
to  rise  within  a  few  minutes,  reaching  its  height  in  about  an  hour  and  returning  to 
normal  in  2  to  3  hours.  With  this  dose  the  blood  sugar  rises  about  O.OG  percent,  and 
glycosuria  is  rare,  although  this  occurs  after  doses  of  0.1  mgm.  per  kilo.  The  hyper- 
glycemia is  due  to  mobilization  of  glycogen,  the  store  of  which  is  diminished,  and  also 
in  part  to  increased  formation  of  glucose  from  proteins,  as  indicated  by  increase  in 
nitrogen  excretion  (Paton).  The  rise  in  blood  sugar  is  prevented  by  previous  injections 
of  insulin  or  ergotoxin. 

The  hyperglycemia  and  protein  destruction  coincide  with  increased  basal  metabolic 
rate  and  increased  heat  production,  which  may  lead  to  a  rise  in  temperature. 

The  secretion  of  autacoids  by  the  thyroid  and  pancreas,  as  well  as  that  by  the 
adrenal  glands  themselves,  appear  to  be  stimulated  by  epinephrine. 

In  rabbits  the  injection  of  0.3  to  1  cc.  of  1:1000  causes  marked  glycosuria.  The 
effect  is  greater  from  subcutaneous  than  from  intramuscular  injections  (Kleiner  and 
Meltzer). 

Genital. — The  muscular  tissues  of  the  sexual  organs,  like  other  sympathetically 
innervated  organs,  are  markedly  influenced  by  epinephrine.  Strong  contractions  of  the 
uterus  are  caused  by>  it  in  most  species,  including  man,  both  in  vivo  and  in  vitro,  that 
of  the  rabbit  being  affected  by  as  little  as  1  part  in  20  million.  The  uterus  of  the  cat 
contracts  under  its  influence,  when  pregnant,  but  otherwise  the  uterine  contractions 
are  inhibited,  as  are  those  of  the  rat,  mouse  and  guinea-pig  under  all  circumstances. 
The  effects  correspond  with  those  of  stimulation  of  the  true  sympathetic.  The  last 
distinguishes  this  substance  from  pituitrin,  which  causes  contraction.  The  muscu- 
lature of  the  vagina  is  stimulated  in  the  dog,  pig,  rabbit  and  sheep;  but  inhibited  in 
the  cow,  cat,  guinea-pig  and  rat.  The  secretion  of  the  mammary  gland  is  not  influ- 
enced. In  the  male  the  retractor  penis  and  the  scrotal  dartos  contract.  Young  white 
rats  fed  for  several  weeks  with  whole  suprarenal  gland  showed  some  enlargement  of 
the  testicles,  this  effect  probably  depending  on  some  constituent  of  the  cortex. 

Nerve  System. — Poiso'nous  doses  of  adrenal  extract,  especially  if  injected  intra- 
cerebrally  or  subdurally,  cause  a  paralysis  of  the  entire  central  nerve  system,  with  death 
from  failure  of  the  respiratory  center.  Intracerebral  or  subdural  injection  of  smaller 
amounts  may  cause  an  apparently  natural  sleep  lasting  several  hours,  while  lumbar 
injection  causes  tremors  and  spasms  of  the  muscles  of  the  hind  legs.  These  effects  are 
probably  not  dependent  on  anemia  from   local   vasoconstriction    (Bass). 

Voluntary  muscles  are  stimulated  by  injections  of  epinephrine,  although  this  effect 
is  not  usually  seen  in  normal  animals.  Excision  of  the  adrenals  or  destructive  lesions, 
as  in  Addison's  syndrome,  cause  great  muscular  weakness,  which  is  temporarily 
improved  by  epinephrine  injections.  In  animals  performing  muscular  work  such  injec- 
tions postpone  the  onset  of  fatigue.  The  irritability  of  frog  muscle  exhausted  by 
repeated  electrical  stimulation  may  be  restored.  The  frog  gastrocnemius  excised  after 
injection  of  epinephrine  is  less  easily  exhausted  than  normal  muscle  (Oliver  and 
Schaefer).  In  line  with  these  facts  is  the  observation  that  the  secretion  of  the 
adrenals  is  increased  during  work  (Cannon  and  others),  and  that  the  glands  vary  in 
size  with  the  degree  of  muscular  development  of  the  individual  (Elliott  and  Tuckett). 
Although  white  rats  are  not  apparently  injured  by  removal  of  both  adrenals,  such 
animals  are  much  more  readily  fatigued.  Addition  of  0.0002  to  0.005  percent,  of 
epinephrine  to  skeletal  muscle  in  vitro  causes  a  weakening  and  shortening  of  contrac- 
tion. Larger  amounts  (0.01  percent.)  cause  flattened  curves  like  those  from  fatigue. 
The  slow  relaxation  like  that  seen  in  veratrine  poisoning,  reported  by  Oliver  and 
Schaefer,  was  probably  due  to  glycerin  in  their  extracts    (Schaefer). 

Peripheral  nerves  and  nerve  endings,  either  motor  or  sensory,  are  little,  if  at  all, 
affected. 

The  eye  shows  several  interesting  and   important  effects,  all  of  which   correspond 
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to  those  of  stimulation  of  the  cervical  sympathetic,  including  contraction  of  Mueller's 
muscle  with  protrusion  of  the  eyeball;  opening  of  the  lids  and  retraction  of  the  nictitat- 
ing membrane,  dilatation  of  the  pupil,  increase  of  intraocular  pressure  and  excitation  of 
lacrymal  secretion.  The  effect  on  the  pupil  has  been  made  the  basis  of  several  tests 
and  therefore  will  be  considered  in  some  detail.  Frogs  show  the  dilating  action  more 
strongly  than  mammals,  an  injection  of  1  cc.  of  a  1:  100,000  solution  causing  an  almost 
maximal  dilatation  lasting  a  long  time.  The  enucleated  eye  is  extremely  sensitive.  An 
eye  placed  in  1:  5000  solution  shows  a  full  dilatation,  coming  on  promptly  and  lasting 
until  death  of  the  eye.  Such  a  pupil  is  not  affected  by  light.  Much  weaker  dilutions 
(even  1:  20,000,000)  have  a  perceptible  dilating  action,  and  the  test  may  be  used  to 
show  differences  in  the  amount  of  adrenal  secretion  in  different  samples  of  blood.  The 
pupil  of  the  cat,  dog,  man  and  many  other  species  is  not  dilated  by  instillation  of  even 
strong  (1  percent.)  solutions.  The  pupil  of  the  rabbit  and  guinea-pig  is  more  easily 
influenced  in  this  way.  Intravenous  injection  causes  dilatation  in  all  these  species. 
The  pupil  of  the  cat  responds  to  smaller  doses  than  that  of  the  rabbit,  but  the  effect  is 
much  more  fleeting,  which  apparently  accounts  for  the  failure  to  obtain  effects  from 
instillation  (Githens).  It  is  not  due  to  failure  of  absorption  as  has  been  suggested. 
All  the  effects  on  the  eye,  but  especially  that  on  the  pupil,  are  enormously  increased  if 
the  superior  cervical  ganglion  is  removed  or  the  sympathetic  nerve  cut  peripheral  to  it 
(Meltzer).  In  all  species  dilatation  is  promptly  obtainable  by  instillation  of  small 
amounts,  and  is  of  longer  duration  and  obtainable  with  smaller  doses  from  intravenous 
injection.  In  the  rabbit,  for  example,  a  dose  of  0.1  mgm.  per  kilo,  causes  slight  dila- 
tation of  the  normal  pupil  with  return  to  normal  in  about  10  minutes,  while  in  the 
denervated  eye  the  dilatation  is  maximal  and  lasts  2  or  3  hours.  In  the  cat  0.01  mgm. 
per  kilo,  causes  a  distinct  dilatation  in  the  normal  eye  and  0.1  mgm.  maximal  dilatation 
lasting  a  minute  or  two.  In  the  denervated  eye  the  effect  of  0.002  mgm.  was  evident, 
while  0.01  mgm.  caused  transient  maximal  dilatation  lasting  a  few  minutes  and  0.1 
maximal  effect  lasting  2  hours  (Githens).  The  increased  effect  from  instillation  follow- 
ing denervation  was  claimed  by  Straub  to  be  due  to  vasodilation  leading  to  increased 
absorption  from  the  conjunctiva.  In  support  of  this  idea  he  cited  the  fact  that  an  eye 
inflamed  by  preliminary  treatment  with  creosote  and  thus,  congested,  showed  increased 
effect  from  instillation.  Such  an  inflamed  eye,  however,  shows  increased  response  to 
intravenous  injections,  and  the  denervated  eye  is  also  more  sensitive  if  inflamed,  so 
that  increased  absorption  can  not  be  the  cause  of  the  increased  effect  in  inflammation. 
It  has  been  suggested  (Elliott)  that  the  greater  duration  of  the  pupillary  dilatation 
after  denervation  is  due  to  the  fact  that  smooth  muscles  separated  from  their  centers 
tend  to  remain  in  aiiy  state  of  tonus  into  which  they  are  brought.  This  explanation 
does  not  account  for  the  great  effect  of  small  doses,  however.  In  1908  Loewi  observed 
that  after  excision  of  the  pancreas  in  dogs  and  cats  the  dilating  influence  of  epinephrine 
was  increased  (Loewi's  reaction),  although  the  effect  was  not  as  great  as  that  of 
denervation.  He  showed  that  this  reaction  could  be  obtained  in  many  cases  of  Base- 
dow's syndrome  and  diabetes  in  man.  It  is  not  associated  with  the  hyperglycemia, 
and  either  may  occur  without  the  other  in  experimental  injury  to  the  pancreas,  or 
bowel  (Zak).  Fistula  of  the  thoracic  duct,  which  causes  hyperglycemia,  also  increases 
the  sensitiveness  of  the  pupil  to  epinephrine.  In  applying  Loewi's  test  two  drops  of 
1  to  1000  epinephrin  are  instilled  into  the  eye,  dilatation  indicating  a  lesion  of  the 
pancreas. 

The  sympathetic  nerve  system  is,  as  already  indicated,  the  chief  seat  of  action  of 
epinephrine,  and  most  of  its  effects  already  described  are  dependent  on  such  action. 
To  sum  up  these  effects  it  may  be  said  that  they  correspond  in  general  to  the  effects  of 
stimulation  of  the  true  sympathetic  and  are  opposed  by  stimulation  of  the  parasym- 
pathetic. They  are  commonly  increased  by  section  of  the  sympathetic  nerves  peripheral 
to  the  ganglia.  Many  of  the  effects  are  reversed  by  previous  use  of  ergotoxin  or  apo- 
codeine. 

Urinary  System. — The  influence  of  epinephrine  on  the  secretion  of  urine  has  been 
the  subject  of  much  controversy.  The  effects  vary  with  dose  and  other  conditions,  and 
appear  to  be  entirely  secondary  to  actions  on  the  renal  and  other  blood  vessels.  In  large 
dose  there  results  anuria  due  to  vasoconstriction  of  the  renal  arterioles,  succeeded  by 
diuresis  due  to  vasodilatation.  Addition  of  minute  amounts  (0.1  cc.  of  1  to  100,000)  to 
the  perfusion  fluid  of  the  isolated  mammal  kidney  causes  constriction  of  the  arterioles 
between  the  glomerulus  and  the  tubules.  This  leads  to  increase  in  the  volume  of  the 
kidney,  to  decreased  blood  outflow  and  to  diuresis  (Richards  and  Plant).     Larger  doses 
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cause  constriction  of  the  glomerular  arterioles  with  decreased  kidney  volume,  decreased 
blood  flow  and  decreased  urinary  secretion.  Diuresis  is  always  seen  in  rabbits  after 
subcutaneous  injections  but  not  constantly  after  intramuscular  or  intravenous  (Kleiner 
and  Meltzer).  The  secretion  of  salt  is  decreased  in  normal  dogs  (Arnstein  and  Redlich), 
with  decrease  in  volume  of  urine.  This  is  not  due  to  an  effect  on  the  vessels  of  the 
kidney  but  to  the  tissues  holding  water  more  strongly  (Arnstein  and  Redlich).  The 
excretion  of  urea  is  increased  and  its  content  in  the  blood  thus  lowered  (Addis,  Barnett 
and  Shevky).  Pituitrin  has  the  opposite  effect  and  a  balanced  mixture  has  no  influence 
on  urea  excretion  (Addis,  Shevky  and  Bevier). 

The  ureter  shows  increase  of  tonus  and  movements  in  vitro  and  in  vivo.  This  effect 
is  reversed  by  ergotoxin.  The  tonus  of  bladder  is  not  influenced  in  most  species,  but  is 
decreased  in  the  monkey  and  increased  in  the  goat;  in  the  cat  there  is  contraction 
followed  by  relaxation  (Edmunds  and  Roth).  The  muscle  of  the  isolated  cat  urethra 
contracts  on  addition  of  epinephrine  to  the  bath. 

Skin. — Epinephrine  applied  to  the  scarified  skin  of  man  or  other  animals  causes 
blanching  and  goose  flesh  (Sollmann  and  Pilcher).  The  contraction  of  the  erector  pili 
muscles  occurs  from  full  doses  in  all  animals  whose  hair  erects  rapidly.  The  secretion 
of  the  sweat  glands  is  increased  in  the  guinea-pig,  but  not  in  the  cat. 

The  pigment  cells  of  the  skin  of  frogs  and  fish  contract  from  small  doses  of 
epinephrine,  even  as  little  as  1  part  in  50  million  showing  an  effect  in  vitro.  After  pre- 
liminary treatment  with  ergotoxine  they  are  relaxed  by  epinephrine. 

Therapeutics:  Topical. — Epinephrine  (adrenaline  hydrochloride)  is  used  topically, 
as  a  rule,  in  a  1 :  1000  solution,  and  it  is  to  this  that  we  refer,  unless  otherwise  specified. 
Its  vasoconstrictive  action  is  of  service  in  both  medical  and  surgical  treatment. 
Applied  to  the  accessible  mucosce,  it  blanches  and  shrinks  them  and  may  thus  be 
utilized  in  many  ways;  for  example,  in  the  conjunctiva  to  reduce  congestion  or  to 
ensure  a  bloodless  field  for  operation  upon  the  eye;  in  the  nose  to  produce  an  ischemic 
operative  field  or  to  shrink  the  tissues  in  order  to  facilitate  examination,  cleansing, 
or  manipulation.  It  is  trebly  viseful  in  hay  fever,  relieving  conjunctival  itching,  open- 
ing the  nasal  passages  and  diminishing  secretion.  A  solution  of  1 :  2000  or  1 :  4000  may 
be  sufficient.  The  effect  is  temporary,  however,  passing  off  in  an  hour  or  two;  and 
if  the  application  l)e  too  strong,  too  free,  or  too  frequent,  there  may  be  a  subsequent 
paresis  of  vessels  with  embarrassing  edema.  This  has  been  especially  marked  in  the 
palate  and  fauces  under  the  use  of  sprays  and  instillations  allowed  to  run  back  into 
the  pharynx.  On  the  other  hand,  adrenaline  applications  control  angioneurotic  edema, 
and  persons  subject  to  this  type  of  swelling  of  tongue  or  larynx  should  carry  tablets  of 
epinephrine  hydrochloride  (or  of  ephedrine)  for  prompt  use  in  emergency.  The 
solution  is  similarly  utilized  in  the  auditory  canal,  in  the  bronchi,  in  the  esophagus 
and  in  the  urethra,  when  indicated;  and  may  be  swallowed  for  local  effect  in  the 
stomach.  Added  to  cocaine  or  other  local  anesthetic — whether  to  be  applied  super- 
ficially or  injected  subcutaneously,  as  in  Schleich's  infiltration  method — epinephrine 
enhances  the  effect  by  constricting  the  vessels  and  retarding  absorption;  thus  also 
diminishing  systemic,  and  possibly,  toxic,  action.  Commonly,  1  part  of  adrenaline 
solution  is  used  with  9  parts  of  anesthetic  solution. 

Local  capillary  hemorrhage  or  bleeding  from  the  smaller  arterial  twigs  is  promptly 
arrested  by  the  application  of  epinephrine  solution.  It  is  used  thus,  on  all  accessible 
parts — skin,  nasal  passages,  tooth  sockets,  throat,  rectum,  bladder,  urethra,  vagina, 
uterus.  In  postpartum  hemorrhage,  its  local  application  upon  a  pledget  of  cotton 
may  be  supplemented  by  a  hypodermic  or  intravenous  injection  of  ^pituitary  solution. 
In  hematemesis,  epinephrine  may  be  given  by  mouth,  with  or  without  cocaine.  Gastric 
hypersecretion  is  sometimes  restrained  similarly. 

Systemic. — Perhaps  the  most  important  therapeutic  use  of  epinephrine  is  as  a 
circulatory  stimulant.  Both  its  vasoconstrictor  and  pressor  action  and  its  peripheral 
excitant  action  on  the  heart  are  often  availed  of.     It  has  the  disadvantage  that  its 
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circulatory  effects  are  of  brief  duration,  but  the  temporary  improvement  in  the  tone 
of  the  heart  and  vessels,  may  be  of  lasting  benefit.  In  all  cases  characterized  by 
adynamia  with  low  hlood  pressure,  it  may  be  used  by  giving  1  or  2  daily  hypodermic 
injections  of  5  to  15  minims  (0.3  to  1  cc.)  of  the  solution.  The  asthenia  following 
pneumonia,  influenza,  diphtheria,  and  the  acute  infections  of  childhood  responds 
promptly  to  the  cardiac  stimulation  of  epinephrine.  It  is  also  useful  in  the  course  of 
influenza,  pneumonia,  typhoid  fever,  cholera,  streptococcic  and  staphylococcic  infec- 
tions and  other  depressing  maladies  to  sustain  general  vigor,  and  support  the  circu- 
lation. In  sudden  conditions  of  collapse  or  when  low  blood  pressure  occurs  acutely, 
adrenaline  injection  is  indicated;  but  for  constant  support  of  blood  pressure,  pituitary 
extract,  caffeine  or  cocaine  is  to  be  preferred.  In  chronic  hypotension,  continued 
injection  is  not  commonly  advisable  but  a  tablet  of  adrenaline  (%2o  to  Vso  grain,  0.5 
to  2  mgm.)  may  be  allowed  to  dissolve  on  or  under  the  tongue  once  to  four  times 
daily,  or  the  whole  gland  (3  grains,  0.2  Gm.)  with  thymus  gland  (3  grains,  0.2  Gm.) 
and  perhaps  caffeine  (2  grains,  0.12  Gm.)  or  barium  chloride  (Vs  grain,  8  mgm.)  may 
be  given  by  mouth. 

Injections  of  epinephrine  solution  although  inferior  to  pituitary  extract  may 
be  used  to  relieve  paretic  abdominal  distention,  as  in  infective  fevers,  or  in  paraplegia 
or  after  operation.  They  are  of  great  service  at  times  in  urticaria  and  in  angioneurotic 
edema,  whether  of  the  surface  (skin,  mucosae)  or  the  viscera  and  ducts. 

In  the  heart  stoppage,  occurring  as  an  anesthesia  accident,  an  injection  into  the 
heart  wall,  or  directly  into  its  cavity,  should  be  made  immediately,  for  if  the  circula- 
tion is  arrested,  an  intravenous  injection  will  fail  of  its  object.  If  massage  of  the 
heart  has  been  practiced  and  the  pulsation  has  been  restored  by  this  means,  an  intra- 
venous injection  of  epinephrine  will  raise  blood  pressure  and  increase  the  force  of 
the  cardiac  contractions,  bringing  about  rapid  improvement.  Resuscitation  of  the 
asphyxiated  newborn  child  may  also  be  aided  by  intracardiac  injections.  The  dose 
for  a  newborn  infant  is  3  minims  (0.2  cc.)  of  a  1 :  1000  solution  of  epinephrine 
chloride;  for  a  child  of  six  months,  8  minims  (0.5  cc),  and  for  an  adult,  15  to  25 
minims  (1  to  1.5  cc).  Intracardiac  injection  is  also  applicable  as  an  emergency 
measure  in  acute  cardiac  failure  in  chronic  cardiopathy  or  in  the  course  of  either 
acute  or  chronic  ailments  of  any  type,  or  after  operation;  it  will  prolong  life  and,  if 
there  be  sufficient  general  vitality  or  good  cardiac  muscle,  may  even  give  sufficient 
support  for  the  time,  to  permit  ultimate  recovery. 

Epinephrine  is  often  remedial  in  serum  sichncss,  in  anaphylactic  shock,  in  the 
shock  following  the  bite  of  venomous  serpents,  and  in  arsphenainine  shock.  In  the 
latter  an  injection  of  15  minims  (1  cc.)  of  the  1 :  1000  solution  may  be  made  deep  into 
the  gluteal  region  or,  if  the  patient  is  unconscious  and  apparently  moribund,  directly 
into  the  right  ventricle  (Crofton). 

In  the  hypoglycemia  resulting  from  an  overdose  of  insulin  in  the  treatment  of 
diabetes  mellitus,  an  intramuscular  of  hypodermic  injection  of  15  minims  (1  cc.) 
of  epinephrine  1 :  1000  solution  should  be  given  to  counteract  any  insulin  still  in 
the  circulation  at  the  same  time  that  the  sugar  content  of  the  blood  is  increased  by 
the  ingestion  of  orange-juice  or  glucose.  Given  by  mouth,  epinephrine  does  not  cause 
appreciable  rise  of  blood  pressure,  although  its  topical  constrictive  action  is  averted, 
with  control  of  bleeding  and  diminution  of  secretion.  Indeed,  small  doses  absorbed 
from  the  alimentary  tract  are  thought  to  induce  relaxation  of  vessels;  and  Jackson 
reports  relief  of  angina  pectoris  from  10  drops  of  the  solution  3  to  5  times  daily. 
Further  observation  is  desirable  before  coming  to  a  conclusion.  Epinephrine  hypo- 
dermically  or  intramuscularly  is  of  great  but  temporary  service  in  most  cases  of 
asthma,  but  is  not  devoid  of  danger.    The  writer  of  these  lines  having  been  the  first 
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to  advocate  the  use  of  adrenal  extract  (before  epinephrine  had  been  isolated)  in  this 
condition,  deems  it  incumbent  upon  him  to  warn  against  the  present-day  abuse  of 
the  practice;  especially  the  repeated  injection  of  epinephrine  solution  when  paroxysms 
recur  shortly  after  their  apparent  cessation  under  the  influence  of  the  drug.  Thought- 
lessly carried  on,  such  repetitions  may  cause  deatli  by  laryngeal  or  pulmonary  edema, 
or  by  cardiac  exhaustion.  Nor  does  repetition  from  day  to  day  (or  night  to  night) 
conduce  to  permanent  benefit.  Kather  does  it  render  control  by  other  measures  (in- 
cluding hyposensitization)  more  diflBcult.  The  injection  is  distinctly  an  emergency 
measure,  like  the  injection  of  morphine,  and  is  to  be  practiced  with  at  least  ecjual 
caution  and  equal  regard  for  the  future.  The  dose  is  from  5  to  10  minims  of  the 
solution  (0.3  to  0.6  cc.)  and  repetition  within  2  hours  or  more  than  once  in  the  24 
hours  should  be  barred.  Adrenal  substance  by  the  mouth  may,  however,  be  given 
over  a  period  of  days,  in  doses  of  from  1  to  3  grains  of  the  desiccated  gland  one- 
half  an  hour  before  meals  and  at  bedtime,  with  benefit  in  some  instances,  especially 
those  of  pollenic  excitation — and  without  cither  benefit  or  harm  in  others.  The 
adrenal  treatment  of  asthma  is,  however,  contraindicated  entirely  in  subjects  of 
marked  arteriosclerosis,  in  those  who  show  high  blood  pressure  persistently  or  during 
the  attack,  and  in  those  benefited  by  inhalation  of  amyl  nitrite  or  administration  of 
nitrites  internally. 

As  a  rule,  the  gland  substance  or  the  substance  of  the  medulla  or  of  the  cortex 
is  to  be  preferred  for  administration  by  mouth.  Dumont,  however,  uses  the  epinephrine 
solution  in  u-hooping-cough  with  good  result — 2  minims  (0.12  cc.)  for  a  child  less 
than  3  years  old;  6  minims  (0.4  cc.)  for  one  of  15  years  or  older.  If  no  improvement 
is  observed  in  3  days,  the  dose  may  be  increased  1  minim  daily.  To  avoid  vomiting  of 
the  remedy,  it  is  given  after  a  paroxysm.  French  physicians  have  reported  success 
in  the  treatment  of  vertigo  and  Meniere's  syndrome  with  doses  of  16  minims  (1  cc.) 
of  a  1 :  1000  solution,  twice  a  day,  Vo  to  1  hour  before  meals  or  3  hours  after.  Epineph- 
rine reduces  the  intraocular  pressure  in  glaucoma  quite  as  effectively  as  does 
pilocarpine. 

In  Addison's  syndrome,  insuccess  attends  the  use  of  epinephrine  or  any  of  the 
preparations  of  the  medulla  alone,  but  in  some  cases  considerable  improvement  has 
been  obtained  by  the  whole  gland  substance  with  the  addition  occasionally  of  a  prepa- 
ration of  the  cortex. 

Paradoxically,  epinephrine  and  other  medullary  preparations  sometimes  seem  to 
reduce  the  blood  pressure.  In  Graves'  syndrome  and  other  forms  of  autonomic  imbal- 
ance as  well  as  in  many  varieties  of  hyperthyroidism,  the  desiccated  whole  gland,  or 
the  cortex  alone,  often  relieves  the  symptoms  remarkably,  causing  a  reduction  of  the 
nervous  manifestations,  increase  in  weight,  slowing  of  the  pulse,  and  a  retardation 
of  the  basal  metabolic  rate.  In  our  judgment,  the  whole  gland  or  the  cortex  (raw 
or  desiccated)  should  be  used  at  some  time  during  the  progress  of  every  case  of 
Graves'  syndrome.  We  have  seldom  been  disappointed  when  the  whole  course  of 
the  case  has  been  considered — since  we  look  for  gradual  betterments  and  not  for 
miraculous  transformations  over  night.  The  best  results  follow  the  persistent  (albeit 
interrupted)  use  of  the  remedies.  Whole  gland  or  cortex,  singly  or  together  or  alter- 
nated, may  be  given,  commonly  for  a  month,  or  even  for  two  months  in  succession. 
Adrenal  feeding  or  medication  is  then  intermitted;  to  be  resumed  in  a  fortnight,  more 
or  less,  or  perhaps  not  for  some  months.  The  symptoms  guide.  Thus,  relief  may  be 
steady  and  progressive,  or  the  case  becomes  stationary.  On  the  other  hand,  if  there 
be  partial  relapse  or  even  new  developments  in  nervous  irritability,  medication  must 
be  modified  and  adjusted  accordingly.  Thymus  gland  is  almost  a  necessary  adjunct. 
It  may  be  used  coincidently  or  alternately;  or  it  may  be  substituted  for  the  adrenal 
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■when  this  is  temporarily  withdrawn.  The  possible  variations  of  routine  are  many. 
Other  agents  usefully  associated  or  substituted,  as  may  be,  from  time  to  time,  are 
quinine  hydrobromide,  strontium — less  frequently  calcium — bromide,  cactus,  parathy- 
roid, sodium  phosphate.  The  dose  of  the  desiccated  gland  or  cortex  is  from  1  to  10 
grains  (0.06  to  6  Gm.)  according  to  effect.  It  is  preferably  given  in  powder,  incap- 
sulated,  half  an  hour  before  food — once,  twice,  or  even  thrice  daily.  A  fair  average — 
if  there  be  such  a  thing — is  five  grains  night  and  morning.  If  diarrhea  is  set  up  the 
dose  must  be  reduced.  At  times,  good  results  are  obtained  from  adrenal  nucleoproteins 
(^io  grain,  0.0006  Gm.)  three  or  four  times  a  day. 

Preparations  of  the  cortex  or  whole  gland  are  of  great  service  in  disorders  of  the 
nerve  system  dependent  upon  hypoadrenia,  such  as  neurasthenia  and  melancholia,  in 
infantilism,  and  in  a  lack  of  masculine  characteristics  in  young  men. 

Administration. — For  topical  action,  a  sohition  of  the  gland  was  first  used,  but  has 
been  well  supplanted  by  the  epinephrine  solution,  which  may  be  used  by  cotton  wad, 
spray,  dropper,  etc.  A  solution  in  liquid  petrolatum  is  obtainable  for  use  in  spray  or 
nebula,  commonly  with  aromatics  or  local  anesthetic  and  much  diluted.  An  ointment, 
for  application  chiefly  to  nose  and  eyelids,  is  also  marketed.  Sometimes,  a  tablet  con- 
taining from  1^20  to  1^0  srain  (0.5  to  3  mgm.)  is  inserted  into  the  nose  or  placed  on  or 
beneath  the  tongue  for  combined  local  and  systemic  effect.  Thus  absorbed,  it  exerts 
pressor  action  and  may  also  be  used  in  lieu  of  injection  to  relieve  asthma — an  effect 
also  produced  at  times  by  other  forms  of  topical  applications  to  nose,  tongue  or  throat. 
Given  by  mouth,  epinephrine  does  not  exert  appreciable  pressor  action,  but  may  be 
used  for  other  purposes;  which  are,  however,  with  the  exception  of  local  action  on  the 
gastric  membrane,  better  accomplished,  as  a  rule,  by  the  gland  substance.  To  stimulate 
the  heart,  overcome  shock  or  raise  blood  pressure,  and  for  quick  relief  of  an  asthmatic 
paroxysm,  injection  of  the  epinephrine  hydrochloride  solution  is  necessary.  The  whole 
gland  and  the  cortex  are  more  active  when  given  as  fresh  glycerine  extracts  of  the  raw 
substance,  but  it  is  more  convenient  to  use  desiccated  powder,  incapsulated  or  in  the 
commercial  tablets. 

Pituitary  Extracts 

The  physiologic  importance  of  the  pituitary  body  is  but  remotely  related  to  the 
action  of  its  extracts  on  the  body.  In  1886  Marie  pointed  out  that  acromegaly  was 
associated  with  overgrowth  of  this  structure  but  it  was  many  years  before  surgical 
technic  advanced  to  the  point  that  made  possible  a  study  of  the  effects  of  its  removal 
without  serious  injury  to  other  parts  of  the  brain.  In  1908  Paulesco  showed  that 
death  followed  soon  after  removal  of  the  anterior  lobe  or  of  the  whole  gland,  while 
removal  of  the  posterior  lobe  was  without  serious  effects.  This  was  verified  by 
Gushing  and  others,  who  found  that  partial  removal  of  the  anterior  lobe  led  to 
adiposity  with  degeneration  of  sex  glands  or  persistence  of  sexual  infantilism. 
Polyuria  and  glycosuria  also  resulted.  Before  this,  in  1895,  Oliver  and  Schaefer 
showed  that  extracts  of  the  whole  gland  caused  peripheral  constriction  of  the  arterioles 
resembling  in  some  respects  that  due  to  epinephrine  and  accompanied  by  cardiac 
stimulation  with  rise  of  blood  pressure.  Two  years  later  Howell  showed  that  these 
effects  depended  on  the  posterior  portion.  Schaefer  and  Vincent,  in  1899,  demon- 
strated the  presence  of  a  depressor  principle  which  could  be  separated  from  the 
pressor  by  its  insolubility  in  alcohol.  In  1901  Magnus  and  Schaefer  discovered  the 
diuretic  action.  In  1906  and  1909  Dale  noted  the  uterine  contraction  resulting  from 
injections  and  verified  them  on  the  isolated  uterus,  while  the  galactagogue  action 
was  first  demonstrated  by  Ott  and  Scott  in  1910.  Feeding  experiments  on  young 
and  adult  animals  of  different  species  have  led  to  no  very  definite  results. 

Bell,  in  1909,  introduced  pituitary  extract  into  therapeutics,  recommending  it  for 
uterine  inertia,   intestinal   atony,   especially   after   abdominal   section,   and  low   blood 
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pressure.  Later  it  was  used  to  check  excessive  urinary  flow  in  diabetes  insipidus  and 
to  increase  milk  secretion   in  lactating  women. 

Chemistry. — Little  is  known  of  the  chemistry  of  pituitary  extract.  It  has  been 
shown  that  the  active  substances  which  can  he  extracted  from  the  gland  arc  present 
in  the  posterior  portion  (pars  nervosa),  to  a  less  extent  in  the  intermediate  portion 
and  not  at  all  in  the  anterior  portion  (pars  glandulosa).  The  active  principles  seem 
to  be  identical  in  all  species  of  mammals,  although  present  in  different  amounts.  The 
po.sterior  portion  averages  9  percent,  of  the  total  weight  of  fresh  glands,  in  cattle 
(total  weight,  2.7  Gm.)  and  IS  percent,  in  hogs  (total  weight,  O.o."}  Cm.),  other  species 
being  largely  between  these  extremes.  Of  the  total  gland  of  cattle  about  80  percent,  is 
water,  17  to  18  percent,  dried  anterior  portion  and  2  to  3  percent,  dried  posterior.  The 
glands  contain  a  large  amount  of  colloidal  material  which  is  inactive.  The  dried  whole 
glands  of  the  hog,  cat  and  dog  contain  more  active  material  than  those  of  the  horse, 
cattle  or  rabbit,  but  this  is  due  entirely  to  a  greater  proportion  of  posterior  portion, 
the  amount  of  active  matter  obtainable  from  a  given  weight  of  this  being  similar  in 
hogs  and  cattle  (Fenger). 

The  relative  action  of  pituitary  extracts  has  been  studied  chiefly  in  regard  to 
their  action  on  the  uterus  and  on  the  blood  pressure,  less  attention  being  paid  to 
diuretic  effects  and  action  on  the  pupil  and  bowel.  There  is  no  agreement  as  to 
whether  these  different  actions  are  dependent  on  one  principle,  or  whether  several 
are  present,  but  the  weight  of  opinion  is  in  favor  of  the  latter.  In  most  extracts  the 
oxytocic  and  pressor  activities  differ  in  the  same  relation,  but  it  is  possible  by  special 
methods  to  prepare  extracts  in  which  either  is  preponderant.  Extracts  of  pars  inter- 
media, for  example,  are  said  to  be  only  1/2  to  %  as  active  as  those  of  pars  posterior 
on  blood  pressure,  but  relatively  much  more  effective  in  causing  uterine  contraction. 
If  the  dried  gland  is  extracted  with  butyl  alcohol,  the  oxytocic  agent  is  comidetely 
removed,  while  half  of  the  pressor  agent  remains  in  the  tissue. 

From  these  studies  it  would  appear  that  there  are  at  least  three  principles  in 
extracts  of  the  posterior  portion  of  the  pituitary,  one  pressor,  one  oxytocic  and 
probably  also  pressor,  and  one  depressor.  The  chief  active  principle  which  supplies  the 
oxytocic  action,  is  not  a  protein  or  proteose,  and  may  be  related  to  histamine  in  its 
chemical  nature.  It  is  not  injured  by  boiling,  by  strong  alcohol  nor  by  weak  acids, 
but  is  rapidly  destroyed  by  alkalis,  even  very  weak.  It  can  be  separated  from  the 
depressor  principle  by  the  fact  that  this  is  soluble  in  absolute  alcohol,  while  the 
pressor  and  oxytocic  principles  are  not.  These,  however,  seem  to  form  salts  with 
hydrochloric  acid  which  are  soluble  (Crawford).  The  pressor  principle  stimulates 
peristalsis,  the  depressor  paralyzes  it  (Beyer  and  Peter).  Although  the  principle, 
or  principles,  have  never  been  isolated  in  a  pure  state,  it  has  been  shown  that  an 
average  ox  gland  contains  less  than  2  mgm.  As  the  fresh  gland  is  1/45  as  active 
as  histamine,  this  would  make  the  principle  much  more  active  (Abel  and  Rouiller). 
The  gland  contains  histamine  (Abel)  but  in  too  small  amount  to  influence  its  action 
(Dale).  The  oxytocic  agent  is  distinguished  from  histamine  by  the  fact  that  the 
former  is  destroyed  by  alkalis  and  by  trypsin,  the  latter  is  not;  histamine  depresses 
the  uterus  of  the  rat,  pituitary  substance  excites  it. 

Dudley  has  isolated  two  partly  purified  principles:  A.  insoluble  in  acetone  and 
having  12  times  the  oxytocic  action  of  histamine,  and  causing  rise  of  blood  pressure 
in  the  dog  in  a  dose  of  0.01  mgm. ;  R.  soluble  in  acetone  with  much  less  oxytocic  and 
rather  less  pressor  action.  He  believes  the  oxytocic  and  pressor  portions  of  A.  to  be 
separable. 

In  addition  to  the  organic  substances  mentioned,  the  gland  contains  relatively 
large  amounts  of  calcium  and   of  phosphorus,  but  no   iodine. 
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As  no  chemical  assay  of  pituitary  extracts  is  possible  in  the  present  state  of  our 
knowledge,  physiologic  standardization  is  necessary.  This  is  best  done  by  determining 
its  action  on  the  virgin  uterus  of  the  guinea-pig.  Histamine  may  be  used  as  a 
standard,  but  it  is  better  to  employ  a  standard  pituitary  preparation  as  the  subsequent 
response  of  the  uterus  is  somewhat  altered  by  histamine  but  not  by  pituitary.  The 
dried  gland  should  be  1/1000  as  active  as  histamine.  The  activity  may  also  be 
determined  by  the  power  to  raise  blood  pressure.  A  distinct  rise  of  blood  pressure 
with  diuresis  should  follow  intravenous  injection  of  2  cc.  of  a  0.005  percent,  extract 
of  the  posterior  portion.  This  method  does  not  allow  of  such  exact  comparison  as  the 
uterus  method,  as  each  injection  tends  to  have  less  effect  than  the  previous  one. 

In  old  preparations  the  oxytocic  and  pressor  actions  decrease  proportionately 
(Smith  and  McClosky). 

Summary  of  Actions  and  Uses. — Pituitary  extract  exerts  almost  its  entire  activity  on 
structures  innervated  by  the  autonomic  system.  It  increases  the  tonus  of  the  vessels 
and  stimulates  the  heart,  causing  a  rise  of  blood  pressure  similar  to  that  due  to 
epinephrine,  but  more  lasting.  It  increases  the  tonus  and  the  movements  of  the  intestine, 
giving  rise  to  brief  diarrhea.  It  excites  contractions  in  the  uterus  of  most  species. 
Under  normal  conditions  there  is  diuresis,  but  in  diabetes  insipidus  it  checks  excessive 
secretion.  The  bladder  muscle  is  stimulated.  It  acts  as  a  galactagogue.  The  action  on 
the  pupil  varies  with  the  species  and  other  conditions,  dilatation  being  the  rule. 

In  practice  it  is  employed  as  a  circulatory  stimulant  in  shock  and  other  temporary 
conditions  of  low  blood  pressure.  It  ranks  second  only  to  ergot  as  a  uterine  stimulant, 
and  may  be  used  in  selected  cases  during  the  third  stage  of  labor.  If  the  os  is  not  fully 
dilated  there  is  grave  danger  of  rupture  of  the  uterus.  It  can  more  safely  be  employed 
to  bring  about  expulsion  of  the  placenta  in  postpartum  uterine  inertia.  In  the  atony 
of  the  bowel  and  of  the  bladder  which  follow  abdominal  section  and  childbirth,  pituitary 
extract  is  of  great  value.  In  these  conditions,  normal  function  once  established  is  likely 
to  continue,  so  that  prolonged  action  of  the  drug  is  not  required.  Under  normal  condi- 
tions pituitary  extract  causes  an  increase  in  urinary  secretion,  but  if  an  excess  of  dilute 
urine  is  being  excreted,  as  in  diabetes  insipidus,  it  checks  the  flow.  It  is,  therefore, 
employed  to  relieve  both  excessive  and  scanty  diuresis.  In  some  cases  of  hyperthroidism 
good  results  have  been  reported  from  long  continued  administration. 

Materia  Medica. — Pituitarium  (U.S.  X.),  Pituitary.  Ahhr.,  VitmtaT.  Synonym: 
Hypophysis  Sicca. 

The  cleaned,  dried  and  powdered  posterior  lobe  of  the  pituitary  body  of  domesti- 
cated animals  which  are  used  for  food  by  man.  Occurs  as  a  yellowish  or  grayish, 
amorphous  powder,  having  a  characteristic  odor;  partially  soluble  in  water. 

Dose,  lA  to  1  grain  (0.016  to  0.06  Gm.). 

Desiccated  Pituitary  (N.N.K.). 

The  dried  substance  of  entire  pituitary  body  of  the  ox,  including  infundibulum 
and  both  anterior  and  posterior  lobes. 

Dose,  1  to  3  grains  (0.06  to  0.2  Gm.)  t.i.d. 

Desiccated  Pituitary  Substance  (Anterior  Lobe)  (N.N.R.). 

The  anterior  lobe  of  the  pituitary  of  the  ox,  separated,  dried  and  powdered. 

Dose,  1  to  10  grains  (0.06  to  0.6  Gm.). 

Desiccated  Pituitary  Substance  (Posterior  Lobe)  (IST.N.R.) 

The  posterior  lobe  of  the  pituitary  of  the  ox,  separated,  dried  and  powdered. 

Dose,  Vjo  to  %  grain  (0.006  to  0.015  Gm.). 

Extractum  Hypophysis  Cerebro  Liquidum  (N.N.E.),  Liquid  Extract  of  Pituitary 
(obstetrical).  Synonym:  Pituitary  Solution;  Pituglandol,  Pituitary  Extract  (sur- 
gical). 

An  extract  of  the  posterior  lobe  of  the  pituitary  body  of  cattle. 

Dose,  5  to  15  minims  (0.3  to  1  cc.)  for  deep  intramuscular  injection. 
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Liquor  Pituitarii  (U.S.  X.),  Solution  of  Pituitary.  Ahhr.,  Liq.  Pituitar.  Syn- 
onyms:   Liquor  Hypopliysis,  Pituitary  Extract. 

A  transparent,  colorless  liquid,  having  a  faint,  characteristic  odor;  containing  the 
water-soluble  principle  or  principles  of  the  fresh  posterior  lobe  of  the  pituitary  body  of 
cattle.  When  assayed  on  the  isolated  uterus  of  the  guinea-pig,  1  cc.  corresponds  to 
0.005  Gm.  of  the  standard  powdered  pituitary. 

Dose,  5  to  20  minims  (0.3  to  1.2  cc). 

There  are  many  preparations,  dried  substance  and  liquid,  of  the  posterior  pituitary 
lobe  on  the  market,  called  desiccated  pituitary,  pituitary  liquid,  pituitary  solution, 
pituitary  extract,  pituglandol,  pituitol,  pituitrin,  infundibulin,  etc.  They  vary  in 
amount  of  gland  represented  from  equality  to  six  times  the  strength  of  the  official  liquor 
hypophysis,  but  the  physiologic  activity  is  commonly  less  than  claimed. 

Pharcacodynamic  Action:  Absorption  and  Elimination. — The  active  principle  of 
pituitary  extracts  is  absorbed  slowly  from  mucous  membranes,  but  not  from  the  intact 
skin.  When  administered  by  mouth  it  is  absorbed  from  the  stomach,  and  is  not  injured 
by  the  acid  or  the  pepsin,  but  on  entering  the  bowel  is  destroyed  by  the  alkaline  juices 
and  the  action  of  trypsin.  For  this  reason  much  larger  doses  must  be  given  than  are 
effective  parenterally.  When  injected  hypodermically,  intramuscularly  or  intravenously, 
the  full  effect  is  developed;  no  such  marked  differences  being  observed  between  the 
three  methods  as  are  noted  with  epinephrine. 

The  pituitary  principle  is  less  rapidly  destroyed  than  epinephrine,  but  is  eventually 
altered  or  destroyed  in  the  body.     The  mechanism  is  not  established. 

Topical  Actioit. — Pituitary  extract  is  not  irritating  and  produces  little  topical  effect 
except  the  vascular  constriction,  which  is  much  less  marked  than  that  produced  by 
epinephrine,  but  of  longer  duration.  It  causes  blanching  of  the  scarified  skin  (Sollmann 
and  Pilcher)   and  increases  the  topical  action  of  local  anesthetics   (Otrich). 

Toxicity. — When  poisonous  doses  are  injected  into  animals  these  show  rapid,  panting 
respiration,  with  increased,  tumultuous  heart  action,  and  sharp  rise  of  blood  pressure 
followed,  and  often  preceded  by  a  fall.  This  is  followed  by  spinal  paralysis  beginning 
in  the  hind  legs,  and,  in  fatal  cases,  involving  the  entire  body.  There  may  be  motor 
excitement  followed  by  weakness  with  apathy  and  somnolence.  Death  may  result  from 
respiratory  failure  or  from  sudden  cessation  of  the  heart  beats.  If  life  is  prolonged, 
diuresis,  hematuria  and  albuminuria  are  likely  to  occur. 

Repeated  administration  leads  to  chronic  poisoning,  characterized  by  loss  of  weight, 
cardiac  hypertrophy,  ulceration  of  the  bowels  resulting  in  hemorrhages,  and  hematuria. 
The  cardiac  changes  may  lead  to  permanent  hypertension  (Etienne  and  Parisot).  The 
amount  required  to  produce  such  changes  is  far  in  excess  of  the  therapeutic  dose. 

Systemic  Action:  Alimentary. — Pituitary  extracts  are  commonly  stated  to  cause 
contraction  of  the  isolated  bowel  and  increased  peristalsis  in  the  intact  animal,  when 
administered  by  injection,  or  even  by  mouth  (Hamill).  This  effect  is  apparently  always 
noted  when  the  bowel  is  relaxed,  and  is  utilized  therapeutically  in  the  relief  of  those 
conditions  of  intestinal  atony  which  follow  childbirth  and  abdominal  operations.  In 
the  normal  animal  a  similar  action  commonly  results  from  full  doses,  but  may  be 
replaced  by  relaxation.  Reports  indicate  that  relaxation  is  the  usual  effect  of  certain 
lots  of  pituitrin  and  stimulation  of  others,  although  both  kinds  act  similarly  on  the 
uterus  and  on  blood  pressure.  The  increase  of  tonus  and  peristalsis  is  due  to  stimula- 
tion of  Auerbach's  plexus  and  structures  peripheral  to  this;  the  paralyzing  effect  is 
more  central.     The  stomach  is  affected  in  the  same  way  as  the  bowel  in  each  case. 

On  the  isolated  bowel  the  effects  are  also  variable.  The  isolated  esophagus  of  the 
frog  is  relaxed  (Waddell)  by  commercial  pituitrin  and  extracts  of  the  fresh  gland. 
Young  saw  increase  of  tonus  and  peristalsis  in  the  isolated  bowel  of  the  cat;  King  and 
Church  in  that  of  the  dog  (1  to  100  of  commercial  solution),  and  Shamoff  obtained 
varying  results  with   different  lots. 

The  salivary  secretion  is  diminished  in  cats  and  dogs  by  intravenous  injections  and 
pilocarpine  salivation  largely  prevented.  The  effect  is  not  secondary  to  circulatory 
changes.  Pancreatic  secretion  is  also  lessened  (Pemberton  and  Sweet),  perhaps  through 
lessened  blood  flow. 

The  secretion  of  gastric  juice  is  increased  (Houssay)  but  the  acidity  decreased  (Pal). 
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Pituitary  extract  introduced  into  closed  loops  of  bowel  with  water  delays  its  absorp- 
tion. This  effect  may  account,  in  part,  for  the  decrease  in  urinary  secretion  seen  in 
diabetes  insipidus  (Rees). 

Hemorrhage  from  the  stomach  and  bowel  is  diminished  or  stopped  by  intravenous 
injections   (Wiggers). 

Circulation. — Pituitrin  stimulates  both  the  heart  and  vessels  by  peripheral  action, 
causing  a  rise  of  blood  pressure  more  gradual  and  not  as  great  as  that  from  epinephrine, 
but  of  longer  duration,  lasting  after  intravenous  injections  from  10  to  40  minutes  and 
after  subcutaneous  even  several  hours.  The  rise  is  commonly  preceded  by  a  fall  which 
appears  to  be  due  to  a  depressor  substance  in  the  extracts,  and  which  does  not  occur 
with  specially  pui'ified  preparations.  With  repeated  injections  the  rise  becomes  pro- 
gressively less  marked  and  is  followed,  and  finally  replaced,  by  a  fall.  The  pressure 
in  the  veins  rises  with  doses  large  enough  to  cause  cardiac  depression  and  dilatation 
(Capps  and  Matthews).  The  pressure  in  the  pulmonary  artery  is  increased  by  small 
doses  from  constriction  of  the  pulmonary  vessels,  but  falls  if  the  heart  is  weakened  by 
large.  The  response  to  pressor  reflex  stimuli  is  increased  by  doses  of  pituitrin  too  small 
to  raise  the  pressure  directly.  The  effect  of  stimulation  of  the  depressor  nerve  in  rabbits 
is  also  increased  (Auer  and  Meltzer).  In  birds  only  a  fall  of  pressure  is  seen,  this 
being  due  to  peripheral  vasodilatation  and  opposed  by  epinephrine  or  by  barium.  The 
heart  is  stimulated  (Paton  and  Watson).  Pituitrin  acts  as  a  true  synergist  with 
epinephrine  as  regards  its  pressor  effects.  It  raises  pressure,  however,  in  animals  after 
ligation  of  the  adrenal  vessels  (Hoskins  and  McPeek),  but  is  said  not  to  do  so  after 
excision  of  the  pituitary    (Cyon). 

Prolonged  administration  of  the  dried  extract  by  mouth  to  normal  men  causes 
slight  diarrhea  and  a  rise  of  blood  pressure,  even  as  much  as  28  mm.  The  increased 
pressure  continued  for  several  days  after  administration  ceased    (Musser). 

Heart. — The  heart  is  slowed,  partly  by  vagus  action,  largely  a  central  effect  from 
the  high  blood  pressure,  and  partly  by  direct  action  on  the  heart  muscle,  as  slowing 
is  not  prevented  by  vagus  section  nor  by  previous  administration  of  atropine.  Slowing 
is  also  produced  in  excised  hearts.  The  slowing  leads  to  decreased  ventricular  output 
(Wiggers)  which,  with  large  doses,  may  be  great  enough  to  cause  venous  stagnation. 
With  moderate  doses,  large  enough  to  produce  marked  vasoconstriction,  the  heart  action 
is  not  much  altered.  In  the  isolated  frog  heart  the  force  of  the  contractions  is  increased, 
the  rate  being  accelerated  by  small,  and  slowed  by  large,  doses  (Einis).  Auriculo- 
ventricular  conduction   time   is  slowed    (Claude,    Porak   and   Routier). 

Blood  Vessels. — The  characteristic  action  of  pituitrin  is  vasoconstriction  resulting 
from  stimulation  of  the  muscular  tissue  of  the  finer  arterioles  and  capillaries.  This  is 
the  cause  of  the  rise  of  pressure.  It  is  not  so  readily  reversed  by  change  of  dose  as  with 
epinephrine,  but  lessens  with  repeated  administration  and,  in  vivo,  eventually  fails  to 
occur.  The  reason  for  this  is  not  clear  as  it  is  not  seen  in  isolated  vessels.  The 
constriction  is  peripheral,  being  noted  after  nerve  section,  in  isolated  vessels,  and  even 
after  ergotoxin.  As  this  reverses  the  pressor  action  of  epinephrine,  it  is  probable  that 
pituitrin  acts  directly  on  the  muscle. 

Pituitrin  does  not  constrict  all  vascular  fields.  The  mesenteric  vessels  are  con- 
stricted, the  spleen  diminishing  in  volume.  The  cerebral,  coronary  and  pulmonary 
vessels  are  constricted.  The  vessels  of  the  limbs  and  of  the  kidneys  are  not  affected 
directly  but  show  a  passive  dilatation  from  the  high  blood  pressure.  According  to 
Richards  and  Plant,  the  renal  vessels  leading  from  the  glomerulus  to  the  tubules  are 
constricted,  leading  to  diuresis  with  lessened  blood  flow   through  the  kidney. 

Perfusion  of  isolated  vessels  gives  different  results  according  to  the  vessel.  Tren- 
delenburg frogs  are  likely  to  show  vasodilatation  (Fruhlich  and  Pick).  Vessel  rings 
commonly  contract,  but  the  intercostal  and  cerebral  vessels  may  show  no  response,  and 
the  renal  artery  dilates   (Cow).     There  is  true  synergism  with  epinephrine   (Kepinow). 

Injected  into  the  tissues,  pituitrin  causes  constriction  of  near-by  vessels.  Injected 
at  the  base  of  the  rabbit  ear  it  does  not  cause  blanching  of  the  ear  as  does  epinephrine 
(Auer  and  Meltzer).  Injected  near  bleeding  points  it  will  often  control  oozing.  Applied 
to  the  scarified  skin  it  causes  blanching  (Sollmann  and  Pilcher). 

The  pressor  action  is  of  advantage  in  clinical  conditions  associated  with  general 
depression,  and  repeated  administration  may  lead  to  lasting  improvement  in  the  circu- 
lation. There  is,  however,  the  danger  of  production  of  atheromatous  change  in  the 
aorta  (fitienne  and  Parisot). 

Respiration. — Intravenous   injections  of  full   doses   in   cats   and   dogs   cause   a   tem- 
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porary  stoppage  of  respiration  from  stimulation  of  the  vagus  center,  partly  direct,  partly 
from  cerebral  anemia  secondary  to  vasoconstriction  (Houssay).  This  is  followed  by 
deep  breaths  succeeded  shortly  by  shallow  respiration.  The  rate  is  usually  slowed  but 
may  be  accelerated.  The  respiration  returns  to  normal  before  the  blood  pressure.  These 
respiratory  effects  are  seen  only  after  the  first  few  injections  (Nice,  Rock  and  Cort- 
right)  in  cats  under  urethane  anesthesia.  In  frogs  and  fish  the  center  is  paralyzed 
(Hepner). 

In  guinea-pigs  the  bronchi  are  strongly  contracted,  even  so  strongly  as  to  cause 
fatal  dyspnea  (Fruhlich  and  Pick).  This  contraction  is  seen  also  in  the  isolated  lung. 
In  dogs,  if  any  constriction  of  the  bronchi  occurs,  it  is  slight  and  dependent  on  histamine 
present  in  the  extract  (Jackson  and  Mills).  The  bronchial  constriction  is  opposed  by 
epinephrine  and  by  atropine  but  not  by  section  of  the  vagus.  Injections  of  epinephrine 
sometimes  act  better  in  relieving  attacks  of  asthma  if  associated  with  pituitary  in 
approximately  equal  parts  of  the  commercial  solutions   (S.  Solis-Cohen). 

Metabolisms. — The  effects  of  pituitary  extract  on  metabolism  are  unimportant.  Fed 
in  large  amount  to  healthy  half-grown  white  rats  it  has  no  effect  on  growth  or  develop- 
ment (Frank).  Birds  are  likely  to  show  subnormal  temperature  after  injury  of  the 
optic  thalamus,  and  such  birds  react  by  fever  to  injections  of  pituitrin   (Rogers). 

Anterior  lobe  fed  to  growing  animals  is  likely  to  induce  more  rapid  growth  and 
even  growth  to  abnormal,  giant  size  (rats,  Goetsch;  mice,  Robertson;  salamanders, 
Uhlenhuth).  These  effects  could  not  be  confirmed  by  Aldrich  on  pups,  or  Schaefer  on 
rats.  Goetsch  found  also  that  the  sex  glands  were  larger  in  males  and  females  fed  with 
anterior  portion.  Robertson  isolated  from  anterior  portion  of  ox  pituitary  a  substance 
which  he  terms  "tethelin,"  which  he  claims  stimulates  the  growth  of  tumors  and  hastens 
the  healing  of  wounds.  His  results  have  not  been  confirmed  by  most  of  those  who  have 
used  the  preparation. 

The  thyroid  secretion  is  decreased  under  the  influence  of  pituitrin  administration, 
and  benefit  has  been  reported  in  cases  of  hyperthyroidism    (Pal). 

Sex  Organs. — The  most  Important  action  of  pituitary  extract  on  the  sex  organs  is 
the  contraction  of  the  uterus,  which  is  brought  about  in  most  species  and  irrespective 
of  the  condition  of  the  organ.  In  the  intact  virgin  rabbit  an  injection  of  0.3  to  0.5  cc. 
of  a  preparation  representing  5  percent,  of  the  fresh  gland  will  cause  strong  and  lasting 
contractions  with  paling  of  the  uterus.  Ineffective  aimounts  will  cause  the  organ  to 
respond  by  contraction  to  subliminal  electric  stimulation  of  the  hypogastric  nerves. 
The  pregnant  and  puerperal  uterus  responds  more  strongly,  but  more  irregularly  than 
the  adult  virgin.  The  human  uterus  responds  by  strong  but  intermittent  contractions  to 
full  doses.  Because  of  the  intermittent  character,  pituitary  is  better  adapted  than  ergot 
to  stimulate  the  uterus  in  the  third  stage  of  labor,  but  less  effective  in  preventing  post- 
partum hemorrhage.  The  isolated  uterus  contracts  strongly  when  pituitary  extract  is 
added  to  the  bath  in  which  it  is  suspended.  The  uterus  of  the  virgin  adult  guinea-pig 
shows  contractions  which  vary  directly  with  the  amount  of  substance  added,  and  the 
strength  of  contraction  may  be  used  to  compare  different  preparations.  The  reaction  is 
not  influenced  by  srfiall  amounts  of  alcohol,  such  as  may  be  present  in  the  preparations. 
The  uterus  of  the  cat  is  less  regular  in  reaction.  Rucker  and  Haskell  believe  that  the 
dangers  of  its  obstetrical  use  outweigh  its  advantages. 

There  is  much  dispute  as  to  the  galactagogue  action  of  pituitrin.  It  is  well 
established  that  in  lactating  animals  it  causes  an  increased  flow  of  milk,  but  although 
the  effect  lasts  about  a  day  and  is  accompanied  by  an  increase  in  the  fat  content,  there 
follows  a  decrease  in  secretion  the  next  day,  so  that  the  total  amount  secreted  is  not 
increased.  Three  explanations  are  offered:  (1)  that  it  is  a  direct  effect  on  the  secreting 
cells  (Simpson);  (2)  that  it  is  due  to  relaxation  of  the  muscles  of  the  duct  allowing 
the  alveoli  to  empty  more  completely  (Schaefer);  (3)  that  it  is  due  to  contraction  of 
the  ducts  squeezing  the  milk  out.  The  last  is  almost  certainly  not  true.  The  pituitary 
glands  of  virgins  and  even  those  of  birds  are  as  effective  as  those  of  pregnant  animals 
(Mackenzie).     Egg  production   in  fowl  is  not  influenced    (Simpson). 

In  general  other  smooth  muscle  of  the  male  and  female  tract,  such  as  that  of  the 
vagina,  the  uterus  masculinus,  etc.,  is  stimulated.  The  erectile  nerves  of  the  penis  are 
not  influenced  (Frankl  and  Frohlich),  nor  the  muscle  of  the  vas  deferens  (Waddell). 

Nerve  System.— Pituitrin  stimulates  all  autonomically  innervated  structures  (Froh- 
lich and  Pick),  and  by  action  on  a  structure  more  peripheral  than  that  acted  on  by 
epinephrine,  the  effect  not  being  prevented  by  ergotoxine.  The  smooth  muscles  of  the 
arteries,  veins,  gall-bladder,   stomach  and   intestines,   bladder,   uterus   and   most  others 
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contract  more  or  less  strongly  under  its  influence.  The  effect  on  some  of  these  is  pre- 
vented or  counteracted  by  atropine. 

The  action  on  the  pupil  has  been  a  matter  of  dispute.  The  enucleated  eye  of  the 
frog  placed  in  Ringer  solution  containing  pituitrin  dilates  somewhat  more  slowly  than 
in  epinephrine  solution,  but  completely.  Extracts  of  anterior  portion  cause  constriction 
(Cramer).  In  mammals,  intravenous  injections  of  pituitrin  cause  a  brief  constriction 
of  the  pupil  (Frankl-Hochwart  and  Frohlich,  Meltzer  and  Githens).  The  effect  is  much 
the  same  after  excision  of  the  superior  cervical  ganglion.  The  constriction  is  due  to 
stimulation  of  the  oculomotor  center  and,  if  the  third  nerve  is  cut,  is  replaced  by  dila- 
tation from  peripheral  excitation  of  the  dilator.  Dilatation  also  results  from  instillation 
of  pituitrin  in  the  rabbit  (Pollock)  and  from  injection  of  pituitrin  followed  by  instillation 
of  epinephrine  (Kepinow). 

The  secretion  of  cerebrospinal  fluid  by  the  choroid  plexus  is  lessened  (Pal). 

Urinary  System. — The  influence  on  diuresis,  as  well  as  that  on  the  renal  arteries 
differs  with  dose,  species  and  other  conditions.  As  a  rule,  in  normal  animals,  intravenous 
injections  lead  to  an  increased  flow  of  urine,  increased  flow  of  blood,  and  increase  in 
kidney  volume  (King  and  Stoland)  (Pal).  Subcutaneous  injections  cause  increased 
secretion  of  water  and  urea  in  dogs  (Stoland  and  Korb)  and  rabbits  (Addis,  Barnett 
and  Shevky),  but  lessened  secretion  in  man,  both  normal  (Brunn)  and  subjects  of 
diabetes  insi'pidus  (Leschke).  The  mechanism  of  the  diuretic  action  is  not  clear;  it 
may  depend  on  increased  blood  flow  through  the  organ  from  constriction  of  the  other 
vascular  fields;  on  constriction  of  the  efferent  vessels  between  the  glomeruli  and 
tubules  (Richards  and  Plant),  or  on  a  specific  action  on  the  secreting  cells.  Strips  of 
renal  artery  are  dilated  (Pal).  The  diuretic  action  of  different  lots  is  not  proportional 
to  tReir  power  to  raise  blood  pressure.  The  power  to  transform  benzoic  into  hippuric 
acid  may  be  increased   (Farini  and  Ceccaroni). 

More  important  from  a  therapeutic  standpoint  is  the  stimulant  action  of  pituitrin 
on  the  muscle  of  the  bladder.  This  is  seen  both  in  normal  animals  (Frankl-Hochwart 
and  Frohlich)  and  in  conditions  of  decreased  tonus  as  after  childbirth. 

Skin. — The  skin  is  blanched  when  pituitrin  is  applied  to  a  scarified  area,  and  there 
may  be  a  contraction  of  the  erector  pili  muscles.  The  pigment  cells  of  fish  scales, 
isolated  and  placed  in  0.1  NaCl  solution  expand  completely,  but  contract  if  pituitary 
extract  be  added  to  the  solution.  This  action  may  be  used  to  standardize  extracts,  the 
time  required  for  full  contraction  being  compared  to  that  in  a  standard  solution  of  KCl 
(Spaeth). 

Therapeutics:  Topical. — Pituitary  solution  (posterior  lobe)  is  usefully  applied 
to  the  accessible  mucosae  in  the  same  way  as  epinephrine  solution  and  for  like  pur- 
poses. The  effect  is  less  prompt  but  more  lasting;  thus  being  of  especial  value  in  hay 
fever  and  preparatory  to  cleansing  or  to  operative  manipulations.  It  is  of  great  value 
as  a  constituent  of  spray  solutions,  about  1  part  to  4  or  8  of  the  vehicle.  Like 
epinephrine,  it  is  used  to  limit  and  enhance  the  action  of  local  anesthetics,  being  prefer- 
able when  duration  rather  than  promptitude  of  effect  is  desired.  Unlike  the  adrenal 
principle,  its  pressor  action  is  exerted  (although  in  lessened  degree)  when  it  is  given 
by  mouth;  and  while  it  may  be  used  for  local  decongestive  and  hemostatic  action,  in 
the  stomach  and  for  restraint  of  gastric  secretion,  the  systemic  effect  must  be  con- 
sidered, and  if  this  be  undesirable,  epinephrine  should  be  preferred. 

Tethelin,  an  extract  of  the  anterior  lobe  and  supposed  to  be  its  active  principle, 
is  sometimes  applied  in  powdered  form  to  hasten  the  cicatrization  of  ulcers. 

Systemic. — Pituitary  extract  is  used  to  relieve  the  symptoms  caused  by  a  de- 
ficiency in  the  secretion  of  the  hypophysis.  Among  these  are  headache,  obesity, 
somnolence,  diabetes  insipidus,  under-development  of  the  sex  glands,  amenorrhea, 
and  abnormal  drowsiness.  In  diabetes  insipidus  the  result  of  pituitary  medication 
is  immediate  and  striking,  but  is  not  permanent,  lasting  only  from  a  few  hours  to 
three  or  four  days,  when  the  hypodermic  or  intramuscular  injection  must  be  repeated. 
The  effect  is  enhanced  by  concomitant  administration  of  potassium  chloride  and  less- 
ened by  calcium  chloride  (Zondek  and  Bernhardt).  The  effect  of  rectal  administration 
is  less  pronounced,  but  good  results  have  been  observed  from  intranasal  application 
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(Blumgarten).  Some  forms  of  persistent  headache  which  are  due  to  compression  of  an 
hypertrophied  hypophysis  resting  in  the  sella  turcica  are  promptly  relieved  by  a  course 
of  treatment  with  a  preparation  of  the  whole  gland.  Amenorrhea,  when  associated  with 
dyspituitarism,  is  sometimes  relieved  by  desiccated  hypophysis  in  i/f,  grain  (0.01 
(Gm.)  doses  two  or  three  times  a  day.  Dysmenorrhea  and  menorrhagia  also,  if  de- 
pendent upon  hypophyseal  dysfunction,  may  often  be  relieved  by  a  similar  course  of 
treatment. 

Extract  of  the  anterior  lobe  (tethelin)  or  the  desiccated  whole  gland  is  occasionally 
of  service  in  under-development,  in  obesity,  dystrophia  adiposogenitalis ,  and  in  the 
later  stages  of  acromegaly,  but  is  contraindicated  in  the  early  stages  of  the  last 
mentioned.  It  is  recommended  in  conjunction  with  desiccated  suprarenal — hypophysis, 
1  grain  (0.06  Gm.),  and  suprareiuil,  2  grains  (0.12  Gm.) — once  or  twice  a  day  before 
meals — in  old  age  when  the  blood  pressure  is  low,  and  also  in  senile  epilepsy;  and 
in  conjunction  with  desiccated  thyroid,  hypophysis,  whole  gland  or  anterior  lobe, 
1  grain  (0.06  Gm.)  and  thyroid,  ^2  grain  (0.03  Gm.),  once  to  three  times  a  day  before 
meals — in  old  age  with  high  blood  pressure.  The  anterior  lobe,  2V'2  grains  (0.15  Gm.) 
4  times  a  day,  is  of  reputed  usefulness  in  bronchial  asthma;  better,  however,  is  the  use 
by  mouth  of  the  whole  gland  or  of  the  posterior  lobe,  and  still  better  that  of  the 
solution  intramuscularly.  From  8  to  15  minims  (0.5  to  1  cc.)  may  be  injected  1  to  3 
times  daily  for  several  days  in  succession  without  the  untoward  results  that  follow 
the  prolonged  use  of  epinephrine,  and  while  less  prompt  than  the  latter  in  overcoming 
paroxysms,  it  seems  to  have  a  better  effect  in  averting  them.  Sometimes  a  more  prompt 
and  lasting  action  can  be  obtained  from  the  conjoint  use  of  pituitary  solution  and 
epinephrine  solution  in  equal  parts,  0.2  to  0.5  cc.  of  each,  or  with  one  part  of  epi- 
nephrine solution  to  2  of  pituitary  (5  to  15  minims,  0.3  to  1  cc,  of  the  mixture). 
The  same  caution  as  to  repetition  is  to  be  observed,  however,  as  with  epinephrine 
alone. 

Posterior  pituitary  preparations  are  useful  both  topically  and  systemically  in 
angioneurotic  edema,  in  urticaria  and  in  other  relaxing  and  mixed  forms  of  autonomic 
imbalance,  including  congestive  migraine  and  Graves'  syndrome.  They  are  contra- 
indicated,  of  course,  in  the  spastic  forms,  as  ischemic  migraine,  pseudo-angina  or 
genuine  angina  pectoris  and  angina  abdominalis,  as  also  in  cases  associated  with 
arterial  hypertension  and  in  those  showing  marked  Raynaud  phenomena  or  the 
complete  Raynaud  syndrome.  To  control  acute  manifestations,  hyi^odermic  or  intra- 
muscular injections  are  best,  for  chronic  conditions,  desiccated  posterior  lobe  may 
be  given  by  mouth  (according  to  the  severity  of  symptoms  and  the  effect  observed), 
in  doses  of  %  grain  (8  mgm.)  to  2  or  3  grains  (0.12  to  0.2  Gm.)  or  the  whole  gland  in 
about  twice  these  doses.  This  may  be  continued  for  months,  if  needed,  with  occa- 
sional intermissions.  In  the  mixed  cases,  when  constrictive  phenomena  are  present 
to  an  extent  demanding  consideration,  thyroid  in  small  doses  may  be  associated  with 
the  pituitary  as  a  corrective.  Thymus  may  be  conjoined  with  pituitary  in  cases 
with  hypotension,  in  which  it  is  desired  to  keep  down  the  dose  of  both  agents,  or 
substituted  for  it  occasionally  in  the  course  of  treatment. 

In  acute  pneumococcus  pneumonias  of  any  severity,  intramuscular  injection  of 
pituitary  solution  is  a  necessary  part  of  the  treatment,  life  saving  in  many  instances. 
In  the  plan  termed  the  definite  management  of  the  pneumonias,  an  injection  of  15 
minims  (1  cc.)  is  made  at  once  upon  diagnosis  or  even  suspicion  of  the  malady  and, 
in  the  absence  of  more  urgent  indications,  it  may  be  repeated  once  or  twice  daily. 
When,  however,  the  number  representing  systolic  blood  pressure  in  millimeters  of 
mercury  is  less  than  the  number  representing  pulse  frequency  in  beats  per  minute — 
that  is  to  say,  when  the  curve  of  systolic  blood  pressure  charted  upon  the  same  curve 
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as  pulse  frequency  (Gibson  ratio)  is  the  lower — 15  minims  (1  cc.)  of  pituitary  solution 
is  injected  every  3  hours  until  the  pressure  curve  rises  to  or  crosses  the  pulse  curve. 
Digitalis  is  used  routinely  in  conjunction,  but  small  doses  are  given,  5  to  10  minims 
(0.3  to  0.6  cc.)  of  tincture  thrice  daily,  unless  the  diastolic  pressure  curve  falls  below 
60  or  the  respiration  curve  rises  so  that  an  interval  of  less  than  10  points  separates 
the  two.  An  effective  digitalis  preparation  is  then  injected  intramuscularly  in  doses 
equivalent  to  not  less  than  15  minims  (1  cc.)  of  tinctvire  and,  unless  the  symptoms 
demand  more  frequent  use  of  digitalis  or  pituitary,  their  injections  are  alternated 
every  2  hours  (each  being  given  every  4  hours)  for  so  long  a  time  as  seems  necessary 
or  until  both  systolic  and  diastolic  pressure  have  risen  to  a  satisfactory  level.  Whether 
antibody  solution,  quinine  or  mercurial  be  used  as  antipathogen,  the  same  method  may 
be  followed  as  to  pituitary  and  digitalis. 

In  labor,  pituitary  solution  is  often  given  as  a  routine  measure  at  the  beginning 
of  the  third  stage,  especially  in  multiparae  when  there  has  been  more  or  less  hemor- 
rhage in  previous  labors.  It  facilitates  the  expulsion  of  the  placenta  and  obviates 
the  necessity  of  uterine  manipulation  before  placental  separation,  and  manual  expul- 
sion after  separation.  The  action  of  the  pituitary  is  prompt  but  brief,  and  it  is, 
therefore,  well  to  give  ergot  at  the  same  time,  the  action  of  which  is  slow  in  appear- 
ance but  piolonged,  thus  doing  away  with  the  necessity  of  repeated  injection  of 
pituitary.  In  primary  uterine  inertia  pituitary  should  be  given,  if  at  all,  with  great 
caution  for  fear  of  rupture  of  the  uterus  or  death  of  the  fetus,  but  in  secondary 
inertia  when  the  os  is  relaxed  and  open,  the  judicious  use  of  pituitary  offers  great 
advantages.  It  renders  excellent  service  also  in  postpartum  hemorrhage  through 
the  quickness  of  its  action,  but  ergot  should  be  given  at  the  same  time  in  order  to 
prolong  the  effect.  It  renders  good  service  in  facilitating  closure  of  the  uterine 
wound  after  cesarean  section.  Webster  advocates  the  injection  of  a  few  drops  of  pitui- 
tary extract  into  the  uterine  muscle  as  soon  as  the  organ  is  exposed,  so  as  to  secure 
a  firm  and  bloodless  field  for  the  incision.  In  hemoptysis  an  intravenous  injection 
of  15  minims  (1  cc.)  of  pituitary  extract  in  2^/2  drams  (10  cc.)  of  saline  solution  is 
given  very  slowly  and  repeated  twice  at  twenty-four-hour  intervals  (Wiggers).  Pitui- 
tary has  been  given  also  about  half  an  hour  before  operations  to  prevent  hemorrhage. 
It  is  of  service  in  dispelling  postoperative  or  paralytic  flatulence,  and  is  recommended 
also  to  sustain  the  heart  and  maintain  the  blood  pressure  in  pneumonia.  In  anaphy- 
lactic shock  and  serum  sickness  pituitary  extract  may  be  given  in  15  minim  (1  cc.) 
dose,  repeated  if  necessary  in  5  or  10  minutes,  or  every  2  to  4  hours  when  edema 
is  excessive.  It  is  also  recommended  in  the  treatment  of  snake  hite  to  relieve  the 
shock. 

In  anesthesia  accidents  when  the  heart  has  been  started  again  by  massage,  an 
intramuscular  or  intravenous  injection  of  pituitary  solution,  with  or  without  epi- 
nephrine, is  useful  to  raise  the  blood  pressure  and  increase  the  strength  of  the  heart 
beats.  It  is  often  advisable,  in  the  absence  of  surgical  contraindication,  to  give  an 
injection  of  pituitary  solution. 

Pituitary  has  been  used  with  success  in  the  treatment  of  acne  vulgaris. 

Norgate  reports  a  number  of  cases  of  inoperahle  cancer  in  which  great  ameliora- 
tion of  the  condition  followed  a  weekly  injection  of  15  minims   (1  cc.)   of  pituitary. 

Administration. — When  prompt  action  Is  desired  one  of  the  liquid  preparations 
should  be  given  by  hypodermic,  intramuscular  or  intravenous  injection.  In  chronic  cases 
when  treatment  is  to  be  continued  over  a  long  period,  the  dried  gland  or  posterior  lobe 
may  be  given  in  capsules  or  tablets  per  os.  The  digestive  ferments  do  not  interfere,  to 
any  appreciable  extent  with  the  action  of  pituitary  or  of  most  of  the  other  endocrine 
preparations.  In  most  cases  the  whole  gland  should  be  used  by  preference,  but  when 
the  action  on  unstriped  muscular  tissue  of  uterus,  arteries,  or  intestine  is  desired,  and 


PINEAL— rATJATOYEOTD  1481 

in  cases  of  autonomic  imbalance,  in  whicli  vasorelaxation  or  vagus  failure  is  prominent, 
the  posterior  lobe  preparations  are  indicated. 

Pineal  Gland 

Experiments  on  the  pineal  gland,  including  injury,  removal  and  administration, 
have  not  led  to  any  definite  idea  as  to  its  function,  although  it  appears  to  be  associated 
with  development  rather  than  with  growth. 

Intravenous  injections  cause  a  slight  fall  of  blood  pressure  with  dilatation  of 
the  mesenteric  arteries,  but  the  eflFect  is  unimportant  (.TonUin  and  Eyster,  Dixon  and 
Halliburton).     It  is  said  to  increase  the  milk  secretion  (Ott  and  Scott). 

Continued  administration  has  no  eifect  on  adults  but  may  hasten  development 
and  cause  more  rapid  growth  without  gigantism,  in  certain  mentally  undeveloped 
children. 

Materia  Medica. — There  are  no  official  preparations  of  the  pineal  gland,  but  ex- 
tracts have  been  made  and  arc  to  be  had  in  the  market.  The  gland  is  dried  and 
reduced  to  powdered  form. 

Dose,  1/2  to  1  grain  (0.03  to  O.OG  Gm.),  standardized  so  that  1  part  of  the  prepara- 
tion is  equivalent  to  5  parts  of  the  fresh  gland. 

Therapeutics. — Our  knowledge  regarding  the  therapeutic  activity  of  the  pineal 
body  is  very  indefinite  (Berkeley).  Dana  and  Berkeley  treated  a  number  of  backward 
children  with  a  pineal  gland  preparation,  in  doses  of  10  to  20  mgm.  (1/16  to  1/3  gr.) 
daily;  there  was  no  acceleration  of  growth  but  the  mental  condition  improved.  Others 
have  seen  apparent  benefit  following  the  administration  of  the  gland  substance  or 
extract  in  cases  of  mental  dejiciency  with  no  physical  stigmata  of  degeneracy. 

Parathyroid 

The  parathyroid  glands  are  small  bodies,  which  in  most  animals,  are  situated  in 
close  anatomic  relation  to  the  thyroids.  Attention  was  first  directed  to  them  by  the 
occurrence  of  tetany  after  thyroidectomy  for  goiter.  It  was  discovered  that  this  acci- 
dent occurred  only  in  those  cases  in  which  the  parathyroids  were  also  removed,  and 
since  this  discovery,  care  is  taken  to  spare  them,  and  tetania  thyreopriva  is  a  thing  of 
the  past.  Tetany  occurs  in  animals  when  the  parathyroids  alone  are  removed,  leaving 
the  thyroid  intact,  and  is  likely  to  be  fatal  unless  certain  preventive  measures  are  taken. 
The  relationship  was  demonstrated  experimentally  by  Gley  in  1891,  the  parathyroids 
having  been  first  described  by  Sandstrom  in  1880.  The  symptoms  following  parathy- 
roidectomy vary  markedly  with  species,  age  and  other  factors.  They  are  as  a  rule  more 
severe  and  more  likely  to  prove  fatal  in  carnivora  than  in  herbivora  or  omnivora  and 
are  much  more  fatal  in  young  animals  than  in  older  ones.  The  tendency  to  tetany  is 
increased  by  a  meat  diet  and  by  the  existence  of  pregnancy. 

Chemistry.— Unlike  the  thyroids  the  parathyroids  contain  no  iodine,  or  if  traces 
are  present,  it  has  no  relation  to  their  functional  activity.  The  active  principle  has 
been  separated  in  a  partially  purified  form  and  can  be  extracted  from  the  gland  by 
alcohol  or  acidulated  water.  It  is  a  complex  protein  derivative  which  is  thermostable, 
withstanding  boiling  for  2  hours  and  keeping  for  months  on  ice  in  watery  solution 
(Hanson,  Collip).  It  may  be  standardized  by  its  effect  on  the  serum  calcium,  1  unit 
being  1/100  of  the  amount  required  to  cause  an  increase  of  5  mgm.  of  Ca.  per  100  cc. 
in  the  blood  serum  of  a  20  kilogram  dog,  in  the  course  of  over  15  hours.  One  unit 
should  contain  about  0.05  mgm.  of  nitrogen. 

Summary  of  Actions  and  Uses.— Parathyroid  administration  has  no  distinct  effect 
on  normal  animals,  except  inconstant  increase  in  the  calcium,  phosphate,  non-protein 
nitrogen  and  viscosity  of  the  blood  plasma.  Large  doses  injected  cause  atonla  diarrhea 
dyspnea  and  depression.    These  may  all  be  secondary. 


1483  METABOLIC  ADJUYAXTS 

Materia  Medica. — Desiccated  Parathyroid  Gland  (N.N.R.). 

The  cleaned  parathyroid  glands  of  the  ox,  freed  from  fat,  desiccated  and  powdered. 
A  light  yellow  powder  having  a  peculiar  odor.  One  part  represents  from  5  to  10  parts 
of  the  fresh  gland  (strength  indicated  by  manufacturer's  label).  The  dried  substance 
is  supplied  also  in  tablet  form,  each  tablet  containing  1/10  grain. 

Dose,  1/20  to  1/10  grain  (0.003  to  0.006  Gm.).    Prepared  in  tablet  form. 

Paraglythoid  Pills  (unofficial). 

Prepared  by  extracting  fresh  glands  with  glycerin.  The  resultant  liquid  is  in- 
corporated in  gelatin-coated  pills,  each  containing  5  minims  representing  1  grain  of  the 
fresh  gland. 

Dose,  1  pill. 

Parathyroid  Nucleoprotein  Tablets  (unofficial). 

Each  1  grain  tablet  contains  5  percent,  or  1/20  grain,  of  dried  parathyroid  nucleo- 
protein  material. 

Dose,  1  or  2  tablets. 

Parathormone  (N.N.R.),  Parathyroid  extract. 

Fresh  parathyroid  glands  of  animals,  from  which  fat  and  connective  tissue  have 
been  removed,  ground  and  extracted  with  a  hot,  acidified  solution.  It  is  then  sterilized 
and  standardized,  one  unit  being  defined  as  1/100  of  the  amount  of  solution  required  to 
cause  an  increase  of  0.005  Gm.  of  calcium  in  the  blood  serum  of  a  20  kilo  dog.  It 
is  claimed  to  be  specific  in  tetania  parathyreopriva,  and  to  have  relieved  infantile  and 
idiopathic  tetany. 

Dose,  20  to  30  units;  in  severe  cases,  repeated  2  or  3  times  in  first  24  hours,  then 
diminished. 

Pharmacodynamic  Action:  Absorption  arud  Elimination.  The  active  principle  of 
parathyroid  substance  is  absorbed  from  the  digestive  tract  and  is  effective  when 
administered  by  mouth.  The  elimination  and  destruction  do  not  seem  to  have  been 
studied. 

Systemic  Action. — As  already  stated,  the  only  action  of  parathyroid  extract  on  noi-mal 
animals  appears  to  be  a  disturbance  of  metabolism  characterized  by  increase  in  the 
circulating  calcium  and  phosphates  and  increase  in  the  non-protein  nitrogen  and  the 
viscosity  of  the  blood  plasma.  Accompanying  these  phenomena  and  in  part  at  least 
dependent  on  the  increase  in  calcium,  are  symptoms  of  general  weakness,  with  looseness 
of  the  bowels,  dyspnea  and  decrease  of  reflexes. 

Therapeutics. — The  difficulty,  happily  now  past,  of  obtaining  genuine  preparations 
of  parathyroid  led  to  uncertainty  and  skepticism  as  to  its  therapeutic  value.  While 
injection  of  the  so-called  hormone  (in  reality  a  concentrated  extract  containing  the 
hormone)  is  the  surest  way  to  obtain  effect  and  should  be  used  in  emergency,  the 
cumulative  experience  of  careful  observers  shows  definite  results  from  administration 
by  mouth  and  this  is  preferable  for  continued  treatment.  The  gland  or  its  concen- 
trated extract  has  been  of  service  in  our  hands  chiefly  as  an  adjuvant  to  calcium  and 
many  of  its  uses  are  set  forth  in  the  discussion  of  that  agent.  It  is  also  used  alone 
in  conditions  characterized  by  defective  calcium  metabolism  (whether  from  excessive 
excretion  or  imperfect  assimilation),  with  the  idea  that  sufficient  calcium  is  furnished 
by  the  food.  We  prefer,  in  most  instances,  to  reenforce  alimentary  calcium  by  admin- 
istration of  calcic  medicaments. 

Good  results  are  reported  from  both  methods  in  tetania  thyreopriva  and  other 
forms  of  tetany,  in  infantile  spasmophilia,  in  tics,  in  hiccup  and  other  conditions  of 
excessive  or  irregular  contractions  of  both  striped  and  unstriped  muscle,  including 
even  paralysis  agitans,  epilepsy  and  chorea.  We  have  not  been  impressed  with  its 
usefulness  in  tremors  and  convulsions  dependent  on  organic  nerve  lesions,  especially 
central  lesions,  but  have  obseiT^ed  benefit  in  some  toxic  states,  notably  the  tremors 
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of  Graves'  syndrome  and  of  thyroid  affections,  as  have  Vassale  and  others  in  puerperal 
eclampsia. 

It  is  of  use  (with  a  calcium  compound)  in  hay  fever,  asthma,  urticaria  and 
angioneurotic  edema.  In  pulmonary  tuberculosis,  we  have  long  used  it  with  calcium, 
giving  from  Mo  to  V2  grain  (6  to  30  mgm.)  daily,  over  many  months;  intermitting 
and  resuming  as  seems  wise.  Ordinarily,  Vs  grain  (8  mgm.)  is  given,  at  first,  3  times 
daily  half  an  hour  before  meals,  then  twice  daily,  then  once  daily,  and  for  brief 
periods  only.  Cavitation  with  fever  and  wasting  will  often  cease  under  the  influence 
of  parathyroid,  calcium  and  creosote  carbonate  after  failure  of  other  methods,  and  of 
either  agent  alone;  but  a  greater  field  of  usefulness  is  in  the  prevention  of  destructive 
processes  through  healing  by  calcification  and  fibrosis  in  early  stages.  The  plan 
should  be,  as  least  adjuvantly,  helpful  in  other  forms  of  tuberculosis,  as  of  bones, 
joints  and  genito-urinary  apparatus,  and  the  recent  work  of  Rosenberger  and  Pelouse 
upon  experimental  tuberculosis  of  the  genitalia  in  rabbits  is  confirmatory.  In  rickets, 
in  delayed  union  of  fractures,  in  osteomalacia  and  in  similar  conditions  associated 
with  disturbance  of  the  bony  metabolism,  parathyroid  may  advantageously  be  asso- 
ciated with  calcium  and  phosphorus  preparations.  The  increased  excretion  of  calcium 
which  occurs  under  the  influence  of  parathyroid,  leads,  in  chronic  lead  poisoning, 
to  mobilization  and  excretion  of  the  deposits  of  lead  in  the  bony  tissues,  which  char- 
acterize this  condition   (Hunter  and  Aub). 

The  presence  of  chronic  ulcers  is  often  associated  with  low  serum-calcium,  and 
parathyroid  administration  has  benefited  many  cases  of  varicose  leg  ulcer,  gastric  and 
duodenal  ulcer,  and  corneal  ulcer  (Grove  and  Vines).  Nasal  sinusitis  associated  with 
deficiency  of  circulating  calcium,  may  also  show  improvement  under  parathyroid  treat- 
ment. Thompson  observed  marked  amelioration  follow  its  use  in  cases  of  mental 
disorder  with  maniacal  tendency. 

Administration. — The  desiccated  gland  may  be  given  in  powder  or  capsule  and  is 
marketed  in  tablets  of  i^g  grain — a  little  too  small,  %  grain  is  better  ordinarily.  It 
may  be  given  at  first  thrice,  then  twice,  then  once  daily,  at  least  V^  hour  before  food.  The 
nucleoprotein  may  also  be  given  in  5  percent,  strength,  one  tablet  daily  or  twice  a  day. 

Dosage  may  also  be  calculated  in  units,  from  10  to  50  units  being  given  at  each 
dose,  and  up  to  100  units  a  day. 

DRUGS  ACTING  ON  BODY  TEMPERATURE 
Stimulants — Pyretics 

Alterations  of  the  body  temperature  are  frequent  accompaniments  of  drug  action, 
both  rise  and  fall  being  often  encountered.  Drugs  causing  rise  of  temperature  are  very 
rarely  employed  for  this  purpose  in  therapeutics,  pyrosis  being  either  a  side  action  or  a 
symptom  of  poisoning.  Febrile  reaction  is  not  unusual  after  the  injection,  subcutaneous 
or  intravenous,  of  any  foreign  protein,  and  is  usual  after  administration  of  any  bacterial 
product,  whether  or  not  this  be  of  protein  character.  The  true  toxins  in  non-poisonous 
doses  cause  less  rise  than  other  bacterial  products.  The  pyrexia  is  probably  related  to 
infectious  fever.  Certain  lots  of  salt  solution,  prepared  from  distilled  water  in  which 
bacteria  have  grown,  contain  a  pyretic  substance  which  may  cause  extreme  hyperthermia 
if  injected  intravenously.  "Salt  fever"  which  follows  injection  of  concentrated  salt 
solution  is  of  a  different  character.  Skin  eruptions  (drug  eruptions)  such  as  are  caused 
by  arsenicals,  iodides,  bromides,  salicylates,  etc.,  are  often  accompanied  by  a  febrile 
reaction.  In  general,  drugs  which  check  sweating,  such  as  atropine,  cause  a  slight  rise, 
analogous  to  the  fall  induced  by  sudorifics.  Strychnine,  picrotoxin  and  other  motor 
excitants,  cause  increased  heat  production  which  may  lead  to  a  slight  rise,  cocaine  may 
even  bring  the  temperature  of  small  animals  up  several  degrees  without  causing  con- 
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vulsions.    Ergotoxine  is  peculiar  in  its  action,  causing  a  rise  in  some  species,  a  fall  in 
others  (Githens).    Methylene  blue  causes  hyperthermia  only  when  injected  (Heymans). 
As  drug  induced  pyrexia  is  not  a  therapeutic  measure,  no  drugs  will  be  discussed 
under  this  head. 

Depressants — Antipyretics 

Reduction  of  temperature  by  drug  action  is  a  common  therapeutic  expedient,  as 
well  as  a  frequent  accompaniment  of  toxic  drug  action.  Severe  poisoning  of  any  type 
except  convulsive,  is  commonly  associated  with  fall  of  temperature,  and  in  general  it 
may  be  said  that  weakness,  collapse,  faintness,  purgation,  vomiting  or  sweating  due  to 
drug  action,  will  have  this  as  an  accompaniment.  In  addition  to  these  secondary 
actions,  certain  drugs  appear  to  act  directly  on  the  so  called  "heat  center,"  setting  its 
regulating  mechanism  at  a  lower  point.  Examples  are  the  synthetic  antipyretics, 
quinine  and  salicylates.  The  temperature  reducing  action  of  the  volatile  anesthetics 
and  of  opium  is  complex  but  is  partly  dependent  on  the  motor  depression,  which  leads 
to  fall  of  temperature  in  poisoning  by  most  of  the  essential  oils,  the  bromides,  curare 
and  other  depressomotors.  With  these  as  well  as  phenol  and  other  aromatic  alcohols, 
peripheral  vasodilation  and  other  factors  also  enter  in. 

H.  H.  Meyer  and  others  postulate  two  temperature  centers,  a  "heat  center" 
stimulation  of  which  causes  pyrexia  and  a  "cold  center"  stimulation  of  which  causes  a 
fall  of  temperature.  The  first  is  stimulated  by  cocaine  and  caffeine,  the  latter  by 
picrotoxin  and  aconitine  and  veratrine.  As  picrotoxin  stimulates  the  parasympathetic 
and  caffeine  and  cocaine  excite  the  true  sympathetic,  it  is  surmised  that  the  heat  center 
is  a  sympathetic  center,  the  cool  center,  parasympathetic.  Picrotoxin  and  insulin  are 
peculiar  in  that  they  stimulate  the  cold  center  and  thus  cause  fall  of  temperature  in 
spite  of  inducing  convulsions.  The  efferent  nerves  from  the  cold  center  pass  along  the 
cord  to  the  2nd  dorsal,  and  no  fall  occurs  from  picrotoxin  after  section  of  the  cord 
above  this  point. 

Certain  drugs  give  a  false  feeling  of  warmth  by  dilating  the  skin  vessels,  although 
actually  causing  a  fall  of  body  temperature.  The  most  important  representative  is 
alcohol. 

Synthetic  Antipyretics 

Although  there  was  some  knowledge  of  the  chemistry  of  coal  tar  in  the  middle 
of  the  last  century  and  a  number  of  synthetic  dyes  based  on  aniline  were  prepared, 
it  was  not  learned  until  the  eighties  that  certain  compourds  of  aniline  had  also 
important  medicinal  properties.  The  discovery  of  the  antipyretic  and  analgesic  powers 
of  aniline  compounds  led  to  extensive  experiments  with  related  bodies,  in  the  hope 
of  finding  a  substance  which  would  relieve  pain  and  reduce  fever  without  producing 
the  deleterious  effects  of  aniline  and  related  compounds.  An  enormous  variety  of 
synthetic  compounds  have  been  studied  but  only  few  have  proved  to  be  useful  addi- 
tions to  the  materia  medica. 

Chemistry. — Most  of  the  synthetic  antipyretics  are  based  on  aniline,  and  as  this 
is  derived  from  coal  tar  they  are  often  classed  together  as  aniline  or  coal  tar  anti- 
pyretics. All  of  them  contain  a  hexagonal  ring,  with  an  atom  of  nitrogen  either  in 
the  ring  itself,  as  in  the  alkaloids,  or,  more  commonly,  attached  to  it  by  a  single 
bond  as  in  aniline. 

According  to  the  composition  of  the  nucleus  on  which  the  compound  is  based, 
we  may  separate  the  groups  shown  on  following  page. 

Summary  of  Actions  and  Uses. — The  antipyretic  coal  tar  derivatives  have  several 
actions  in  common,  and  although  the  relative  strength  of  these  effects  differs  in  various 
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members  of  the  group,  they  are  rarely,  if  ever,  entirely  wanting.     These  effects  are: 

(1)  Ability  to  reduce  temperature.  This  action  is  hardly  seen  in  man  when  the  tempera- 
ture is  normal,  but  with  higher  temperatures  the  effect  becomes  greater  and  greater, 
until  in  patients  with  high  fever,  a  dose  which  is  entirely  ineffective  normally,  may 
cause   a   fall   of   several    degrees   and   even   carry   the   temperature    far    below    normal. 

(2)  Relief  of  pain.  There  is  little  or  no  reduction  of  sensation  in  the  normal  skin,  but 
small  doses  may  relieve  pain  even  when  this  is  due  to  organic  disease.  (3)  Local  anes- 
thetic action.  This  is  especially  noted  when  they  are  applied  as  dusting  powders  to  ulcer- 
ated surfaces  or  to  inflamed  mucous  membranes.  (4)  Depression  of  the  heart.  This  results 
from  too  large  doses  or  too  long  continued  use  and  is  associated  with  actual  injury  of  the 
cardiac  muscle.  Prolonged  use  of  large  doses  may  lead  to  attacks  of  heart  failure.  (5)  De- 
struction of  the  blood  with  formation  of  methemoglobin.  This  is  especially  marked  in 
those  compounds  with  a  hydrazine  group.  (6)  Bactericidal  and  antiseptic  powder.  This  is 
never  very  great  and  in  many  compounds  is  limited  by  slight  solubility  in  water. 

Most  of  the  substances  have  a  bitter  taste  and  many  of  them  in  powder  or  strong 
solution  cause  gastric  distress  or  even  pain.  Absorption  is  usually  fairly  rapid  and 
elimination  occurs  promptly  in  more  or  less  modified  form,  often  as  phenolsulphonatee 
in  the  urine  to  which  they  lend  color  reactions  or  reducing  power.  Toxic  effects  due  to 
intolerance  or  idiosyncrasy  are  often  noted.  Among  the  most  frequent  of  these  are  skin 
eruptions,  tinnitus  aurium,  disturbances  of  vision  and  digestive  disturbance.  Irregularity 
and  weakness  of  the  heart  are  to  be  constantly  watched  for.  The  sudden  fall  of  tempera- 
ture which  often  follows  large  doses  in  fever,  may  be  accompanied  by  collapse  with 
pallor,  cold  sweat,  blue  lips,  subnormal  temperature,  fluttering  pulse,  sighing  respiration 
and  faintness.    Death  has  rarely  been  reported. 

Temperature. — As  the  mechanism  by  which  these  drugs  lower  temperature  appears 
to  be  the  same  with  all,  it  can  be  considered  here. 

The  temperature  of  the  body  is  regulated  by  a  center  in  the  medulla,  probably  In 
the  corpus  striatum  which  maintains  a  balance  between  heat  dissipation  and  heat  pro- 
duction. If  an  animal  is  heated  by  external  warmth  and  the  temperature  watched,  it  is 
found  that  as  soon  as  it  has  risen  to  a  certain  point,  a  few  tenths  of  a  degree  above 
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normal,  sweating  occurs  and  heat  dissipation  is  increased.  If  an  animal  is  similarly 
cooled  shivering  occurs  about  the  same  distance  below  normal,  and  the  increase  of  heat 
production  brings  the  temperature  back.  We  may  say  that,  like  a  thermostat,  the  body 
is  "set"  for  a  certain  temperature.  In  fever  the  same  regulating  mechanism  is  seen, 
shivering  occurring  if  the  temperature  is  reduced  below  the  febrile  level.  We  may  thus 
say  that  in  fever  the  regulating  mechanism  is  "set"  at  a  higher  level.  The  antipyretics 
act  on  the  regulating  center,  "setting"  it  at  a  lower  point  and  thus  the  regulating 
mechanism  responds  by  decrease  of  heat  production  and  increase  of  dissipation  until  the 
temperature  reaches  this  new  level.  If  the  temperature  is  reduced  below  normal  by 
large  doses  of  antipyretics  sweating  will  occur  on  application  of  external  heat,  just  as  if 
the  temperatuYe  were  normal. 

The  synthetic  antipyretics  exert  almost  no  influence  on  the  temperature  in  normal 
man  but  exert  a  very  powerful  effect  in  fever.  Experiments  were  performed  by  the 
author  (T.S.G.)  in  connection  with  S.  J.  Meltzer,  to  determine  whether  this  greater  effect 
is  merely  due  to  the  high  temperature  or  to  some  other  cause.  Birds,  whose  normal 
temperature  is  equal  to  febrile  temperatures  in  man,  were  studied  and  it  was  found 
that  both  in  pigeons  and  chickens,  antipyrin  and  pyramidon  caused  a  marked  fall  of 
temperature.  This  pronounced  effect  is  not  dependent  on  the  higher  temperature  but 
apparently  on  the  higher  metabolic  activity.  It  is  well  known  that  the  smaller  an 
animal  the  greater  the  metabolism  per  unit  of  weight,  and  correspondingly  the  smaller 
animals  were  more  susceptible  to  the  antipyretic  action.  Rabbits  were  moderately 
affected,  guinea-pigs  more  so,  rats  still  more  and  mice,  with  an  average  temperature  of 
37°  C.  showed  a  greater  reduction  of  temperature  than  pigeons  whose  average  tempera- 
ture is  42°  C.  Feletti  has  shown  that  antipyretics  cause  a  fall  of  temperature  in  normal 
rabbits  even  if  they  are  wrapped  in  cotton  to  prevent  free  dissipation  of  heat  and  it  is 
known  that  in  fever  the  fall  occurs  when  sweating  is  prevented  by  atropine.  The 
increase  of  heat  dissipation  may  be  therefore  looked  upon  as  an  accompaniment  of  the 
fall  and  not  as  the  cause  of  it.  This  is  to  be  sought  in  the  alteration  of  the  "setting" 
of  the  center  which  brings  about  changes  both  in  heat  dissipation  and  production. 

In  medical  practice  these  substances  have  been  used  chiefly  for  two  purposes;  reduc- 
tion of  fever  and  relief  of  pain.  It  is  now  generally  recognized  that  the  first  effect  can 
be  better  attained,  in  most  instances,  by  measures  such  as  cold  sponging,  which  do  not 
carry  with  them  the  dangers  of  serious  injury  to  the  heart  and  of  morbid  alteration  of 
the  blood.  For  the  second  purpose,  aniline  compounds  are  still  much  used,  especially 
in  cases  with  neuralgic  or  referred  pain,  but  they  should  not  commonly  be  employed  if 
this  is  so  constant,  or  recurrent,  that  resort  to  the  drug  is  likely  to  become  habitual. 
They  are  counterindicated  in  pain  due  to  organic  disease  since  this  can  be  relieved  only 
by  dangerously  large  doses.  While  still  much  abused  as  domestic  remedies,  it  is  probable 
that  such  abuse— for  which  physicians  are  not  free  from  blame — is  lessening  with  the 
spread  of  knowledge  concerning  their  injurious  effects. 

There  is,  however,  a  legitimate,  if  restricted,  field  for  the  employment  of  some  of 
these  drugs,  partly  as  emergency  palliatives  in  selected  cases;  partly  in  the  treatment 
of  certain  paroxysmal  nervous  disturbances,  e.g.,  epilepsy  and  painful  spasms  of  muscles 
and  of  blood  vessels,  when  these  are  set  up  by  spinal  cord  or  nerve  root  irritation. 

Quinoline  Compounds 

The  first  synthetic  antipyretics  which  were  introduced  in  medical  practice  were 
formed  on  the  quinoline  nucleus,  which  forms  part  of  the  molecule  of  the  cinchona 
alkaloids.    The  chief  drugs  of  this  type  are  kairine,  thalline  and  kairoline. 

CHj  CHj  CH,  HC  — OCH3  CHj  CH, 
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More  rccent]j^  analffen  and  thermif uglne  have  been  introduced,  but  nono  Has  found  ex- 
tended use. 

Thalline 

Thalline  is  chemically  C,NH„.OCIT,.  That  is,  a  quinoline  with  three  extra  hydro- 
gens and  an  oxymethyl.  It  is  a  liquid  but  forms  solid  salts  with  acids.  It  is  easily 
soluble  in  water,  has  a  bitter  saline  taste  and  an  aromatic,  agreeable  odor.  The  hydro- 
chloride is  hygroscopic,  but  the  sulphate  and  tartrate,  which  have  an  odor  like  that 
of  anise  oil  and  of  coumarin,  respectively,  are  easily  kept. 
Materia  Medica. — Thalline  (unofficial). 

Occurs  in  the  form  of  rhombic  crystals;  soluble  in  water,  alcohol  and  ether. 

Dose  (of  Thalline  sulphate  or  tartrate),  3  to  10  grains  (0.12  to  O.G  Gm.). 

Pharmacodynamic  Action:  Absorption  and  EUminatlon. — Absorption  is  rapid,  the 
effect  on  the  circulation  being  noted  in  less  than  15  minutes  after  administration  by 
mouth.     Elimination  takes  place  in  the  urine,  as  a  combined  sulphonate. 

Toxicity. — Thalline  is  much  more  toxic  than  acetanilid  or  antipyrine  and  on  this 
account  has  been  entirely  abandoned  in  medical  practice.  Commonly  it  provokes  weak- 
ness, dizziness  and  prostration  and  more  rarely  eruptions  like  those  of  antipyrine  and  in 
fever  even  doses  of  0.1  Gm.  (1.5  gr.)  may  produce  alarming  symptoms. 

Blood. — The  most  striking  effect  of  thalline,  except  that  on  the  temperature,  is  its 
power  to  destroy  the  red  cells  with  the  formation  of  methemoglobin.  This  is  more 
extreme  than  with  most  of  the  other  antipyretics. 

Circulation. — The  heart  is  markedly  depressed  by  large  doses  causing  a  fall  of  blood 
pressure.    The  peripheral  vessels  are  dilated. 

Respiration. — The  respiratory  center  is  depressed,  and  this,  together  with  the  altera- 
tion in  the  blood  le'ads  to  extreme  cyanosis. 

Nutrition. — As  with  other  drugs  of  this  class,  the  reduction  of  temperature  leads  to 
lessened  excretion  of  urinary  nitrogen.  Hemoglobin  and  bilirubin  are  present  in  the 
urine,  giving  it  a  brownish  or  greenish  color.  The  respiratory  gas  exchange  is  markedly 
decreased. 

Temperature. — Even  small  doses  have  a  marked  power  to  reduce  temperature  in 
fever.  In  normal  men  0.6  to  0.8  Gm.  (10  to  13  gr.)  may  have  no  effect  on  the  tempera- 
ture, while  in  high  fever  half  this  dose  will  reduce  it  2  or  3  degrees.  The  fall  begins  in 
from  %  to  2  hours  after  such  a  dose  by  mouth  and  lasts  2y._,  to  4  hours.  The  fall  is 
accompanied  by  sweating,  cyanosis  and  often  by  faintness  or  even  collapse.  As  the 
temperature  rises  again,  rigor  is  apt  to  be  complained  of. 

Nerve  System. — The  medullary  centers  are  all  depressed  and  the  cord  rather  less  so. 
The  nerve  endings  are  not  affected. 

Kairine  and  Kairoline 

These  are  similar  to  thalline  in  their  action. 

Hydrazine  Compounds 

Hydrazine  has  a  marked  power  to  depress  febrile  temperature,  but  it  is  extremely 
toxic.  Substitution  ])roducts  of  it  were  among  the  first  synthetic  antipyretics  to 
be  introduced,  but  all  were  found  to  exert  a  very  powerful  destructive  action  on 
the  hemoglobin  as  well  as  a  strong  depressing  action  on  the  heart  muscle  and  on 
the  central  nervous  system.  Among  these  compounds  may  be  mentioned  Hydrocine 
(Acetyl-phenyl-hydrazine);  Pyrodin  (impure  hydrocine);  Agathin  (Salicyl-methyl- 
phenyl-hydrazine)  ;  Antithermin  (Levulinic  acid  phenyl-hydracid-hydrazine) ;  Maretin 
(Phenyl-hydrazin-acid-amine) ;  and  Orthin  (Parabenzoic-acid-hydrazine).  On  account 
of  their  great  toxicity,  none  of  these  are  now  used  in  medicine. 

Acetylphenylhydrazine 

Like  thalline,  tliis  exerts  its  chief  actions  on  the  blood,  and  on  the  heat  centers. 
Its  toxicity  to  guinea-pigs  is  not  great,  the  fatal  dose  being  about  0.25  Cm.   (4  gr.) 
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per  kilo.  Even  mucli  smaller  doses,  however,  depress  the  temperature  markedly  and 
destroy  the  red  blood  cells  with  the  formation  of  methemoglobin.  The  urine  is  deeply 
pigmented  and  contains  albumin  and  casts.  The  nerve  system  is  less  depressed 
than  by  acetanilid  and  antipyrine.  Foti  states  that  as  the  red  cells  diminish  under 
its  influence  the  platelets  increase. 

Materia  Medica. — Acetylphenylhydrazine  (unofficial),  Acetylphenylhydrazlne. 
Synonyms :  Hydracetin,  Pyrodin. 

Occurs  in  the  form  of  a  crystalline  powder,  without  odor  or  taste;  soluble  in 
alcohol  and  less  readily  in  water.  Plas  been  used  externally  to  replace  pyrogallic  acid 
in  skin  diseases;  internally  as  an  antipyretic. 

Dose,  1  to  2  grains  (0.06  to  0.12  Gm.). 

Orthin 

Orthin  resembles  thalline  in  its  action.  Dogs  and  cats  are  not  injured  by 
0.1  Gm.  (1^2  gr.)  per  kilo.,  subcutaneously,  although  vomiting  follows.  Even  smaller 
doses  by  vein  cause  blood  destruction.  Perfused  organs  show  vasodilatation  from 
1  to  100,000,  but  the  isolated  frog  heart  is  not  injured  by  1  to  100,000  (Robert). 

In  man,  especially  in  fever,  doses  of  0.5  Gm.  (8  gr.)  are  apt  to  cause  very 
marked  fall  of  temperature  with  collapse.  Even  0.2  Gm.  (3  gr.)  may  prove  dan- 
gerous, and  alarming  heart  depression  may  occur  with  no  fall  of  temperature 
(Unverricht). 

Aniline  Compounds 

By  far  the  greater  number  of  the  synthetic  antipyretics  are  aniline  compounds, 
of  which  the  next  group  (phenetidin  compounds)  is  merely  a  modification.  Like  other 
types  of  synthetic  antipyretics,  they  exert  a  destructive  action  on  the  hemoglobin  and 
a  depressing  action  on  the  heart,  but  this  is  much  less  marked  in  comparison  to  the 
effect  on  temperature.  They  possess  also  a  marked  antineuralgic  action  which  is  less 
noteworthy  in  the  first  groups. 

Among  the  first  of  these  substances  to  be  introduced  was  acetanilid  (acetyl- 
anilid).  This  is  extremely  active  both  as  an  antipyretic  and  as  an  analgesic,  but  as 
it  is  also  toxic,  numerous  attempts  were  made  to  develop  a  substance  which  would 
have  its  advantages  without  its  drawbacks.  Although  many  of  the  substitutes  are 
less  toxic,  they  are  proportionately  less  active  and  none  seems  to  present  marked 
advantages  over  the  parent  substance.  Examples  are:  Exalgin  (Methyl-acetyl-anilid) ; 
Benzanilid  (Benzoyl-anilid)  ;  Salophen  (Salicyl-acetyl-anilid)  ;  and  Phenalgercine  (Phe- 
nyl-creosotic  acid-acetyl-anilid). 

Acetanilid 

Acetanilid,  Acetyl-anilid  (C,H.NH.C0CIl3),  was  introduced  in  1886  under  the 
name  of  Antifebrin  and  its  use  soon  became  very  widespread,  although  probably  never 
becoming  as  great  as  that  of  antipyrine.  It  was  found  to  be  much  less  poisonous 
than  the  drugs  of  the  quinoline  and  hydrazine  groups  and  to  produce  fewer  disagree- 
able reactions  than  antipyrine.  It  was  first  introduced  as  an  antipyretic  but  almost 
simultaneously  its  antineuralgic  powers  were  discovered  and  it  was  soon  advocated 
also  as  an  antiseptic,  some  going  so  far  as  to  say  that  it  could,  without  danger, 
reach  such  a  concentration  in  the  blood  as  to  destroy  bacteria  in  the  tissues.  Poison- 
ings were  soon  reported  and  a  wholesome  fear  of  the  drug  developed. 

Materia  Medica. — Acetaniudum  (U.S.  X.),  Acetanilid.  Ahhr.,  AcetaniL  Syn- 
onyms: Antifebrin,  Phenylacetamide. 

Occurs  in  colorless,  shining,  micaceous,  crystalline  leaflets,  or  as  a  white  crystalline 
powder;  odorless,  having  a  slightly  burning  taste;  permanent  in  the  air.     One  Gm.  of 
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Rcetanilid  dissolves  in  190  cc.  of  water,  3.4  cc.  of  alcohol,  and  in  about  5  cc.  of 
glycerin. 

Antagonists  and  Incompatibles. — Acetanilid  is  incompatible  witli  all  alkalis.  When 
triturated  with  phenol  and  similar  organic  drugs,  it  liquefies. 

Dose,  1  to  5  grains  (0.06  to  0.3  Gm.). 

PuLMs  AcETANiLiDi  CoMPosiTUS  (N.F.),  Compound  Acetanilid  Powder.  Ahhr., 
Pulv.  Acetan.  Co. 

Acetanilid,  70  parts;  caffeine,  10  parts;  sodium  bicarbonate,  20  parts. 

Dose,  2  to  5  grains  (0.12  to  0.3  Gm.). 

Antipathogenic  Action. — Even  in  0.5  percent,  solution,  which  approaches  saturation, 
acetanilid  has  almost  no  bactericidal  action.  Much  weaker  solutions,  however,  check 
the  growth  of  bacteria  and  molds  and  thus  preserve  urine  and  blood  from  decomposition 
for  some  time.  Applied  as  dusting  powder  to  wounds  and  ulcers,  so  that  a  strong  solu- 
tion is  constantly  present  in  the  discharge,  acetanilid  brings  about  disinfection  of  the 
surface  and  thus  favors  healing.  The  bacteria  are  not  destroyed,  but  merely  prevented 
from  developing. 

Pharmacodynamic  Action:  Absorption  and  Elimination. — In  man  acetanilid  is  ex- 
creted chiefly  as  paramidophenol  and  a  smaller  portion  as  oxyphenyl-carbaminic  acid. 
In  the  dog  it  is  excreted  chiefly  as  the  latter  and  in  the  rabbit  wholly  as  the  former. 
Both   are  combined   with   glycuronic  or  sulphuric   acid    (Jaffe  and   Hilbert). 

Topical  Action. — Acetanilid,  even  in  pure  powder,  is  not  at  all  irritating  and  can  be 
applied  to  inflamed  ulcers.  On  the  contrary,  indeed,  it  is  distinctly  anesthetic  and  relief 
of  pain  in  ulcers  is  one  of  the  chief  reasons  that  it  is  liked  by  the  laity  as  a  dressing. 
"When  used  as  a  constituent  of  a  dusting  powder,  not  more  than  a  small  proportion 
should  consist  of  it,  on  account  of  the  danger  of  poisoning  from  absorption. 

Toxicity. — The  acutely  fatal  dose  of  acetanilid  is  quite  large  but  in  spite  of  this  fact 
cases  of  severe  poisoning  have  frequently  been  reported.  The  most  common  form  of 
poisoning  is,  however,  the  chronic  type  caused  by  prolonged  administration  or  by 
absorption  from  an  ulcer  dressed  with  the  powder  for  a  long  time. 

The  fatal  dose  subcutaneously  in  dogs  is  from  0.1  to  0.25  Gm.  (IV^  to  4  gr.)  per  kilo. 
Such  doses  cause  rapid  fall  of  temperature  with  general  weakness  passing  into  paralysis 
and  loss  of  sensation  in  the  hind  legs  or  even  the  entire  body,  convulsive  tremors  which 
may  be  asphyctic  occur,  and  collapse  and  death  in  24  to  36  hours.  At  first  the  heart 
is  rapid  and  the  blood  pressure  rises.  The  vessels  of  the  skin  are  contracted.  The 
respiration  is  slow  and  weak  from  the  beginning.  Soon  the  heart  also  weakens,  the 
skin  vessels  dilate  and  blood  pressure  falls,  a  direct  action  on  the  muscle  being  the  cause 
of  death,  when  this  results.  The  amount  of  urine  is  not  affected  but  it  contains  albumen, 
hemoglobin  and  urobilin.  The  blood  shows  marked  destruction  of  the  red  cells  with 
formation  of  methemoglobin  even  in  rapidly  fatal  poisoning. 

In  rabbits  the  picture  is  similar  but  much  larger  doses  are  required.  Recovery  fol- 
lowing total  paralysis  may  occur  after  0.8  Gm.  (lo  grains)  per  kilo.  Paralytic  symptoms 
are  more  pronounced  than  in  the  dog,  and  the  tendency  to  tremors  less.  The  hemoglobin 
is,  however,  more  readily  destroyed  in  the  rabbit.  Guinea-pigs  are  killed  by  0.25  Gm. 
per  kilo  in  the  cold,  but  not  if  kept  in  a  warm  place. 

The  acutely  fatal  dose  in  man  can  not  be  stated  with  certainty  but  disagreeable 
symptoms  are  likely  to  result  from  doses  larger  than  0.25  Gm.  (4  gr.)  in  afebrile 
persons  and  from  even  half  this  when  there  is  fever.  It  is  best  always  to  give  small 
doses  and  repeat  as  indicated,  stopping  at  once  if  intolerance  is  indicated  by  the  occur- 
rence of  pallor  or  blueness  of  the  face,  weakness,  faintness  or  weak  or  rapid  heart. 
In  infants  acute  poisoning  has  often  resulted  from  topical  applications  of  powders  con- 
taining acetanilid  to  prevent  chafing  in  intertrigo. 

Chronic  poisoning  is  much  more  common  than  acute,  and  results  either  from  repeated 
use  of  the  drug  internally  or  from  continued  use  as  a  dusting  powder,  for  example,  in 
chronic  leg  ulcer.  Habit  readily  develops,  especially  in  persons  subject  to  recurrent 
headache.  The  chief  danger  of  such  repeated  use  is  not  immediate,  but  the  heart  fiber 
is  so  weakened  that  it  may  suddenly  give  way  under  some  additional  burden,  as  in  an 
infective  fever  or  some  new  physiologic  task,  as  childbirth. 

The  symptoms  are  characteristic — weakness,  shortness  of  breath,  hot  flashes  over 
the  body,  sweating  and   mental   depression;    on   exertion   there   are   dyspnea   and   very 
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rapid  heart.  Digestion  is  usually  not  impaired,  althougli  there  may  l)e  constipation. 
The  heart  is  likely  to  show  soft,  blowing  murmurs.  The  color  of  the  skin  is  charac- 
teristic. The  face  is  pale,  but  grayish  rather  than  white.  The  lips  are  dusky  blue  and 
Irregular  flushing  and  sweating  is  common.  Examination  of  the  blood  shows  varying 
degrees  of  anemia.  In  poisoning  from  external  application  this  is  usually  not  extreme, 
but  in  some  cases  reported  by  Lepine,  in  which  amounts  totalling  from  28  to  50  Gm. 
(7^2  to  121/2  drams)  had  been  given  as  an  antipyretic  during  typhoid  fever,  the  red 
cells  varied  from  1,650,000  to  2,350,000.  The  urine  is  dark  and  on  standing  may  become 
almost  black.  Tests  show  the  presence  of  altered  blood  pigments,  but  the  color  is  chiefly 
due  to  combined  paramidophenol.  To  test  for  this,  100  cc.  of  urine  is  boiled  for  3 
minutes  with  8  cc.  of  concentrated  HCl.  and  after  cooling  extracted  with  ether.  The 
ethereal  extract  is  dried,  dissolved  in  10  cc.  of  water,  and  3  cc.  of  5  percent,  phenol  added. 
A  reddish  color  on  addition  of  calcium  hypochlorite  solution  which  becomes  blue  on 
adding  ammonia,  indicates  the  presence  of  paramidophenol.  As  paramidophenol  re- 
duces copper,  the  presence  of  sugar  may  be  wrongly  suspected.  Skin  eruptions  occur 
but  are  much  less  common  than  from  antipyrine.  The  symptoms  have  been  well  analyzed 
by  Herrick  and  Irons,  who  report  a  case  of  leg  ulcer  which  had  been  dressed  with  pure 
acetanilid  for  seven  years.  During  the  last  five  years  there  had  been  symptoms  of 
poisoning.  In  this  case  there  was  a  well  established  habit  and  the  drug  had  to  be 
withdrawn  gradually  on  account  of  maniacal  outbursts  on  sudden  removal. 

in  fatal  poisoning  in  animals  there  is  fatty  degeneration  of  the  liver,  heart  and 
kidneys. 

Treatment  consists  of  withdrawal  of  the  drug,  external  heat  and  stimulation  as 
indicated.    Oxygen  inhalations  may  be  used  to  combat  the  cyanosis. 

The  association  of  caffeine  with  acetanilid  in  headache  powders  and  tablets  is  fre- 
quently resorted  to.  This  may  be  either  on  account  of  the  efficacy  of  caffeine  in  certain 
types  of  headache,  or  because  as  a  respiratory  stimulant,  it  might  lessen  the  toxicity. 
It  can,  however,  be  shown  that  it  has  no  beneficial  effect  on  the  heart  directly  poisoned 
with  acetanilid  in  vitro  and  seems  to  increase  the  danger  from  poisoning  by  mouth 
(Hale).  Sodium  bicarbonate  is  also  commonly  combined  with  acetanilid,  and  Hale  found 
that  it  was  able  to  lessen  the  toxic  action  of  acetanilid  distinctly,  both  on  the  isolated 
heart  and  on  fhe  whole  animal. 

Systemic  Action:  Alimentary. — The  effect  of  acetanilid  on  the  alimentary  tract  is 
not  marked  although  long  continued  use  may  lead  to  constipation  and  large  doses  occa- 
sionally are  followed  by  vomiting  or  by  eructations  with  a  bitter  taste. 

Blood. — The  occurrence  of  methemoglobinemia  after  acetanilid  is  one  of  the  most 
characteristic  effects  of  the  drug.  It  is  not  due  to  acetanilid  itself  and  is  not  seen  when 
this  is  added  to  blood  in  vitro.  Recent  studies  of  the  blood  and  urine  indicate  that  no 
methemoglobin  is  present  in  acetanilide  poisoning,  but  that  the  discoloration  of  the 
plasma  and  urine  depend  on  the  presence  of  para-amidophenol.  It  depends  on  the  action 
of  paramidophenol  or  some  other  decomposition  product.  Hemoglobin  is  more  reduced 
than  the  number  of  cells.  The  red  cells  lose  their  property  of  forming  rouleaux.  In 
cases  with  very  severe  symptoms  of  poisoning  there  may  be  only  slight  changes  in  the 
blood,  while  in  others  blood  changes  are  among  the  first  noted.  The  platelets  are  in- 
creased. The  white  cells  vary  in  different  cases.  Therapeutic  doses  in  man  have  no 
effect  on  the  amount  of  hemoglobin  but  affect  the  red  cells  in  such  a  way  that  their 
carrying  power  for  oxygen  is  reduced  even  to  half  the  normal.  Henocque  found  that  in 
the  dog  0.67  Gm.  per  kilo  caused  this  much  reduction.  This  reduction  precedes  the 
formation  of  methemoglobin  (Piccinini).  In  poisoning  the  alkalescence  of  the  blood  is 
decreased  more  in  the  dog  than  in  the  rabbit  (Herczel).  The  alkalinity  of  the  serum  is 
increased  (Pitini)  and  the  freezinig  point  lowered  (Piccinini). 

Circulation. — The  first  effect  of  small  doses  is  a  stimulation  of  the  heart  and  of  the 
vasomotor  center,  giving  a  rise  of  blood  pressure.  The  heart  is  rapid  on  account  of 
depression  of  the  vagus  center  (Podanowski).  No  acceleration  occurs  if  the  vagus 
nerves  are  cut  before  the  drug  is  given.  Large  doses  weaken  the  heart  by  direct  action 
on  the  muscle  analogous  to  that  of  aniline,  and  may  also  cause  heart  block.  The 
vasodilatation  of  the  skin  vessels  only  occurs  when  there  is  a  fall  of  temperature  and 
is  secondary  to  an  action  on  the  heat  regulating  center;  isolated  organs  perfused  show 
vasoconstriction.  The  isolated  heart  of  the  frog  is  not  affected  according  to  most  authors, 
but  Carr  states  that  strips  from  the  turtle  heart  are  markedly  slowed  by  0.1  percent., 
and  promptly  stopped  by  0.25  percent,  solutions. 

Respiration.    The  respiratory  center  is  depressed  by  moderate  doses,  and  even  small 
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amounts  (35  mgm.  per  kilo),  reduce  both  rate  and  depth  in  the  rabbit  (Fonteyne). 
This,  together  with  the  reduction  in  the  respiratory  power  of  the  blood  leads  to  dyspnea 
and  cyanosis.  The  power  of  the  tissues  to  absorb  oxygen  is  also  decreased,  even  by 
small  doses  (Piccinini). 

Metabolism.— The  influence  on  general  metabolism  varies  very  widely  with  dose  and 
other  factors.  In  normal  animals  moderate  or  toxic  doses  are  likely  to  lead  to  increase 
in  the  excretion  of  total  nitrogen.  In  fever  the  reduction  of  temperature  may  have  the 
opposite  effect.  Combined  sulphates  are  increased  if  the  dose  is  at  all  large.  The  reduc- 
tion of  respiratory  exchange  has  already  been  noted. 

The  effect  on  temperature  is  the  same  as  that  of  other  antipyretics  and  has  been 
discussed.  The  doses  required  to  bring  about  a  fall  of  temperature  in  fever  are  less 
than  those  needed  to   relieve  neuralgic  pains. 

Urinary  Organs. — Apart  from  the  appearance  of  paramidophenol  and  blood  pigments 
in  the  urine  there  is  no  effect  on  the  kidney  function.  If  the  blood  destruction  is  extreme, 
albuminuria  will  result  from  this. 

Nerve  System. — The  entire  nerve  system  is  depressed  by  both  small  and  large  doses 
of  acetanilid.  In  the  frog,  depression  of  the  spinal  cord  with  loss  of  reflexes  occurs 
from  doses  which  do  not  cause  narcosis.  Larger  doses  bring  about  a  condition  of  stupor, 
while  the  heart  is  unaffected.  The  sensory  endings  are  paralyzed  even  sooner  than  the 
cord  and  response  to  stimuli  may  be  lost  while  voluntary  motion  is  possible.  Later  the 
motor  nerve  ending  is  paralyzed  but  the  muscle  itself  is  not  affected.  Doses  of  1  to  5 
mgm.  (i^;o  to  I12  grain)  depress  the  cerebral  cortex  of  cats  and  reduce  acuity  of  hearing 
in  man  (Macht). 

In  mammals  large  doses  cause  weakness,  beginning  in  the  hind  legs  and  associated 
with  loss  of  reflexes.  The  sensitiveness  of  the  skin  is  reduced.  The  sensory  cord  is  more 
reduced  than  the  motor  (Bokai).  Large  doses  are  able  to  prevent  the  convulsions  caused 
by  strychnine  and  by  nicotine  in  dogs,  thus  showing  the  strong  depressing  action  on  the 
medulla  as  well  as  on  the  cord  (Bonnot,  Herczel). 

The  relief  of  pain  is  one  of  the  most  striking  manifestations  of  its  action.  This  is 
partly  peripheral  and  partly  central.  It  is  especially  seen  in  so-called  neuralgic  pains 
and  is  less  easily  shown  in  those  due  to  gross  lesions.  In  the  lancinating  pains  of  tabes, 
acetanilid  is  very  effective. 

Fhenetidin  Compounds 

Phenacetin  (Oxy-ethyl-acetyl-anilid)  proved  so  active  as  an  antipyretic  and  anti- 
neuralgic  that  a  series  of  similar  compounds  were  prepared,  most  of  them  substituting 
the  acetyl  by  some  other  radical.  Such  compounds  are  Triphenin  (Propyl-phenetidin, 
Ivryofine  (Glyocoll-phenetidin),  Phenocoll  (Glycocoll-phenetidin),  Apolys^in  and 
Citrophen  (Citric  acid-phenetidins),  Malakiu  (Salicylic-phenetidin),  Phenosol 
(Salicyl-aeetyl-phenetidin),  Amygdophenin  (Mandelic-phenetidin),  and  Lactophenin 
(Lactylphenetidin).  As  with  the  acetanilid  substitutes,  these  compounds,  as  far  as 
they  are  less  toxic  than  phenacetin,  are  less  active,  and  none  of  them  seems  to  present 
any  sufficient  advantage  over  the  parent  substance  to  warrant  using  it  in  its  place. 

Acetphenetidin 

Phenacetin  is  almost  identical  in  its  action  with  acetanilid,  except  that  the  dose 
is  almost  twice  as  great  and  that  there  is  less  tendency  to  cyanosis  and  faintness. 
Habit  is  as  readily  induced  and  as  disastrous;  especially  in  the  weakening  of  the 
heart,  so  that  it  becomes  unable  to  meet  the  emergencies  of  life. 

In  the  urine  it  is  excreted  chiefly  as  phenetidin  and  less  as  paramidophenol.  Both 
occur  in  combination  with  sulphuric  or  glycuronic  acid.  The  fact  that  phenacetin 
is  less  broken  down  than  acetanilid  probably  accounts  for  its  lesser  toxicity. 

In  rabbits  and  dogs  as  much  as  1  Gm.  (16  gr.)  per  kilo,  may  be  given  by 
mouth  with  no  further  disturbance  than  sleepiness,  nausea  and  shivering,  with  slight 
fall  of  temperature.  Death  results  from  3  Gm.  per  kilo,  by  mouth  in  rabbits  (Mahn- 
ert),  and  from  0.5  Gm.  in  suspension  by  vein  in  dogs  (Wood  and  Wood).  In  normal 
men  2  Gm.  (V2  dram)  by  mouth  causes  shivering,  yawning,  dullness,  sleepiness,  and 
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dizziness  lasting  two  to  four  hours.  The  temperature  falls  about  half  a  degree 
(Hoppe).  Half  a  gram  (8  gr.)  causes  no  disagreeable  sensations.  In  certain  suscep- 
tible individuals  even  such  doses  cause  cyanosis,  faintness,  nausea  and  even  collapse, 
but  much  less  often  than  does  acetanilid.  Children  are  much  more  susceptible  than 
adults.  Even  0.1  to  0.2  Gm.  (iVs  to  3  gr.)  may  cause  cyanosis,  chills,  and  rarely 
collapse    (von  Jaksch). 

One  disadvantage  is  more  marked  with  phenacetin  than  with  acetanilid,  namely, 
the  lessening  of  the  effect  on  repeated  use,  necessitating  constant  increase  of  dosage. 
This  prevents  any  continued  use  of  the  drug  either  to  relieve  chronic  neuralgia  or 
to  keep  fever  down  in  prolonged  hyperpyrexia. 

Experiments  on  two  normal  men  showed  a  lowering  of  the  sensory  threshold  in 
both  from  doses  of  0.3  to  1  Gm.  (5  to  15  gr.).  In  one  of  them  habituation  soon 
occurred,  but  not  in  the  other  (Martin,  Grace  and  McGuire).  Nitrogen  metabolism 
is  increased  by  non-toxic  doses  of  phenacetin  in  normal  rabbits  (Morinaka),  but  it 
is  not  by  antipyrin  or  acetanilid.  The  maximum  single  dose  is  about  0.5  Gm.  (8  gr.) 
and  daily  4  Gm.  (32  gr.).  Even  in  fever  no  fall  may  occur  if  sweating  is  prevented 
by  atropine  (Hirschf elder),  although  the  effect  is  not  always  prevented  in  this 
way. 

Materia  Medica. — Acetphenetidinum  (U.S.  X.),  Acetphenetidin.  Ahbr.,  Acetphen. 
Synonyms:  Phenacetinum  (Br.),  Phenacetin. 

Occurs  in  white,  glistening,  crystalline  scales,  or  as  a  fine,  crystalline  powder; 
odorless,  having  a  slightly  bitter  taste.  One  Gm.  of  acetphenetidin  dissolves  in 
1310  cc.  of  water,  15  cc.  of  alcohol,  82  cc.  of  boiling  water,  2.8  cc,  of  boiling  alcohol. 

Dose,  2  to  8  grains  (0.13  to  0.5  Gm.). 

Apolysin  and  Lactophenin 

Two  of  the  compounds  which  have  been  introduced  to  replace  phenacetin  deserve 
special  mention  because,  on  account  of  their  combination  in  rather  stable  form  with 
organic  acids,  they  break  down  in  the  system  rather  more  slowly  than  phenacetin 
and  it  was  hoped  they  would  on  this  account  be  less  toxic.  This  hope  has  not  been 
realized.    ^Yllat  they  gain  in  safety  they  lose  in  effectiveness. 

Materia  Medica. — Apolysin  (unofficial),  Monophenetidin  Citrate.  Synonym: 
Aconitylphenetidine. 

A  yellowish,  crystalline  powder;  soluble  in  water,  alcohol  and  glycerin,  having  a 
very  peculiar  taste  and  odor. 

Dose,  5  to  20  grains  (0.3  to  1.2  Gm.). 

Lactophexin  (vmofficial).     Synonym:  Lactyl-p-phenetidin. 

A  white  powder  with  slightly  bitter  taste,  but  no  odor;  soluble  in  alcohol,  but 
practically  insoluble  in  water.     It  possesses  some  of  the  properties  of  salicylic  acid. 

Dose,  5  to  20  grains  (0.3  to  1.2  Gm.). 

Urethane  Compounds 

These  substances  were  introduced  from  1890  to  1895,  and  although  the  early 
reports  on  them  were  very  favorable,  they  do  not  seem  to  have  been  used  extensively. 
The  chief  compounds  of  this  class  are  Euphorin  (Phenyl-urethane),  Neurodin 
(  Acetyl -paroxy-phenyl-urethane),  and  Thermodin  (  Acetyl -paroxyethyl-phenyl-urethane). 
All  compounds  of  this  class,  as  is  seen,  are  phenyl  compounds,  and  the  graphic  formulas 
show  that  the  compounds  could  just  as  well  be  called  aniline  substitution  products  as 
urethanes. 

All  of  these  are  active  antipyretics  and  antineuralgics.  They  resemble  phenacetin 
more  than  acetanilid,  but  are  less  effective,  although  they  show  even  less  tendency 
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to  destroy  the  blood.  Some  claim  that  they  do  not  induce  methemoglobin  formation 
at  all  (Sansoni). 

Materia  Medica. — Euphorin  (unofficial),  Phenyl  Urethane.  Synonym:  Ethyl 
Phenyl  Carbamate. 

Occurs  in  the  form  of  colorless  needles  or  a  white  powder;  soluble  in  alcohol; 
almost  insoluble  in  water;  having  a  faint  aromatic  taste.  It  is  both  an  anodyne  and  an 
antipyretic. 

Dose,  5  to  15  grains  (0.3  to  1  Gm.),  also  externally  as  a  dusting  powder. 

Neurodin  (unofficial),  Acetyl-para-oxy-phenyl-urethane.    Synonym:   Acetoxane. 

Occurs  in  the  form  of  colorless,  odorless  crystals,  soluble  in  1400  parts  of  cold 
water.    Used  mainly  for  its  anodyne  effect. 

Dose,  10  to  20  grains  (0.6  to  1.2  Gm.). 

Thermodin  (unofficial),  Acetyl-para-ethoxy-phenyl-urethane. 

A  derivative  of  nrethane  occurring  in  the  form  of  a  colorless  crystalline  pon^der 
which  is  insoluble  in  water. 

Dose,  5  to  15  grains  (0.3  to  1  Gm.). 

Antipathogenic  Action. — The  antiseptic  action  is  feeble.  Even  20  percent,  solutions 
of  euphorin  although  they  check  bacterial  growth  are  not  actively  bactericidal. 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Euphorin  is  more  readily 
absorbed  than  thermodin  which  appears  only  to  act  if  there  is  free  acid  in  the  stomach 
when  it  is  given  by  mouth  (Spineanu).  They  are  excreted  as  paramidophenol,  as  is 
acetanilid. 

Topical  Action. — Although  euphorin  has  some  anesthetic  action  it  is  extremely  irri- 
tant in  strong  solution  and  therefore  is  less  suited  for  application  to  ulcers,  etc.,  for 
which  it  is  recommended,  than  is  acetanilid. 

Toxicity.— The  fatal  dose  of  euphorin  in  rabbits  is  about  3  Gm.  per  kilo  by  mouth. 
In  dogs  0.5  Gm.  produces  no  bad  effects  and  in  man  half  this  dose  appears  to  be  per- 
fectly safe  as  a  rule.  The  frequency  of  idiosyncrasy  toward  all  such  products  must  be 
remembered. 

Systemic  Action:  Temperature. — In  fever  a  fall  of  temperature  is  caused  by  about 
0.1  Gm.  (1.5  gr.).  With  euphorin  the  fall  begins  in  about  1  hour  and  reaches  its  maxi- 
mum in  about  6  hours.  With  thermodin  the  action  is  more  delayed.  The  accompani- 
ments of  the  fall  are  like  those  resulting  from  acetanilid,  although  there  is  less  cyanosis. 
The  fall  is  chiefly  due  to  dilatation  of  the  skin  vessels  and  sweating. 

Nerve  System.  The  action  on  the  nerve  system  is  like  that  of  acetanilid.  Neuro- 
dine  is  said  to  be  the  most  effective  as  an  antineuralgic,  although  the  least  as  a  febrifuge 
(v.  Mering). 
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Fyrazol  Compounds 

This  group  is  of  especial  importance,  as  its  members,  although  exhibiting  similar 
antipyretic  and  analgesic  actions  to  the  acetanilid  compounds,  exert  much  less  toxic 
action.  Their  destructive  action  on  the  blood  is  much  less,  according  to  I^obert  it  is 
entirely  absent  and  their  depressing  action  on  the  heart  is  also  less.  The  depression 
of  the  central  nerve  system  is  well  marked.  The  chief  member  of  the  group  is 
Antipyrine  (Phenyl-dimethyl-pyrazolon).  Pyramidon  ( Phenyl -dimethyl -amido- 
dimethyl-pyrazolon)  ;  Resopyrin  (Resorcinol-antipyrin)  ;  Salipyrin  (Salicyl-antipyrin)  ; 
Tolyprine  (Phenyl-trimethyl-pyrazolon)  ;  and  Tolysal  (Salicylate  of  tolyprin)  are  sim- 
ilar in  action  and  possess  no  advantages.  The  only  one  which  has  found  extended 
clinical  use  is  pyramidon.  Tussol  (antipyrine  mandelate)  has  been  recommended  to 
check  the  paroxysms  of  pertussis. 

Antipyrine 

Antipyrine  was  the  first  of  the  synthetic  antipyretics  to  be  found  of  great  value 
and  this  fact,  together  with  its  free  solubility  in  water  and  consequent  ease  in  handling, 
has  led  to  more  work  being  done  with  it  than  with  almost  all  other  synthetic  anti- 
pyretics put  together.  Its  action  is  similar  in  many  respects  to  those  drugs  which 
have  already  been  considered,  but  it  has  more  tendency  to  cause  sweating  and  skin 
eruptions  than  has  acetanilid  and  much  less  to  cause  cyanosis.  It  is  doubtful  whether 
it  has  any  tendency  to  induce  the  formation  of  methemoglobin. 

It  has  found  extensive  use  in  clinical  medicine,  both  as  an  antipyretic  and  as  an 
antineuralgic.  One  of  its  most  important  properties  is  that  of  relieving  spasm,  and 
if  it  were  not  for  the  disagreeable  toxic  phenomena  often  caused  it  would  be  con- 
stantly used  in  such  conditions  as  chorea,  whooping  cough  and  muscular  spasms.  As 
an  antirheumatic  it  is  less  used  than  certain  others. 

Materia  Medica. — Antipyrina  (U.S.  X.),  Antipyrine.  ilbZ^r.,  Antipyr.  Synonym: 
Phenazonum   (Br.),  Phenazone. 

Occurs  as  a  white,  almost  odorless,  crystalline  powder,  or  in  tabular  crystals  with 
a  slightly  bitter  taste.  One  Gm.  dissolves  in  less  than  1  cc.  of  water,  in  1.3  cc.  of 
alcohol,  1  cc.  of  chloroform,  and  43  cc.  of  ether  at  25°  C. 

Dose,  3  to  10  grains  (0.2  to  0.6  Gm.). 

Antipyrine  Mandelas  (unofficial),  Antipyrine  Mandelate.  Synonyms:  Phenyl- 
Glycolate,  Tussol  (C„H,,N,O.C,H,CH(OH)COOH). 

A  white  powder,  soluble  in  water.  It  is  incompatible  with  milk  and  alkaline  mix- 
tures and  with  most  of  the  substances  incompatible  with  antipyrine. 

Dose,  in  the  treatment  of  whooping  cough,  for  an  infant  under  1  year,  ^/^  grain 
(0.03  Gm.)  ;  from  2  to  4  years,  1  to  2  grains  (0.06  to  0.13  Gm.) ;  for  a  child  of  7  years, 
3  grains  (0.2  Gm.)  ;  of  12  years,  6  grains  (0.4  Gm.),  from  2  to  4  times  a  day. 

Antipathogenic  Action. — Like  most  of  the  other  antipyretic  drugs,  antipyrine  has 
almost  no  bactericidal  power,  but  some  antiseptic  properties.  Putrefaction  is  merely 
delayed  by  a  2  percent,  solution,  but  is  prevented  by  a  5  percent,  solution. 

Pharmacodynamic  Action:  Absorption  and  Elimination.  Absorption  is  rapid,  owing 
partly  to  its  free  solubility,  and  elimination  begins  by  the  kidneys  within  8  minutes  of 
ingestion  by  mouth.  Elimination  is  largely  in  an  unaltered  state,  partly  as  related 
substances. 

Toxicity. — As  with  other  synthetic  antipyretics  various  individuals  show  wide  dif- 
ferences in  susceptibility.  A  normal  adult  can  usually  take  about  2  Gm.  {%  dram) 
with  no  further  disturbance  than  slight  sleepiness  with  a  tendency  to  chilliness  and 
sweating.  Temperature  may  fall  a  fraction  of  a  degree.  In  many  persons,  however, 
even  doses  which  are  well  within  the  therapeutic  range  cause  various  toxic  phenomena. 
The  most  frequent,  as  a  result  of  small  doses,  are  eruptions  of  various   sorts,   chiefly 
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roseola,  less  often  urticarial  with  severe  itching.  In  many  cases  there  is  a  resemblance 
to  measles  or  scarlet  fever.  Larger  doses,  such  as  0.5  Gm.  (8  gr.)  in  children  or  1  Gm. 
(16  gr.)  in  adults  may  lead  to  more  severe  symptoms.  There  is  sleepiness  rarely  amount- 
ing to  stupor,  severe  or  dull  headache,  dizziness  and  ringing  in  the  ears.  Sensations  of 
heat  or  cold,  or  both  alternately,  are  common.  Amaurosis  and  difficulty  of  speech  are 
rare.  Examination  shows  a  weak  rapid  heart,  rapid,  hyperpneic  or  rarely  feeble  respira- 
tion, cyanosis,  cold  wet  skin  and  low  temperature.  The  condition  usually  yields  readily 
to  stimulation.  Convulsions,  which  are  seen  in  animals  from  toxic  doses,  are  not  usual 
in  man. 

Intoxication  from  the  doses  named  is  exceptional,  as  a  rule  2  to  3  grams  (30  to 
48  gr. )  by  mouth  to  an  adult  causes  sleepiness  lasting  a  short  time,  some  shivering, 
slight  sweating  and  a  decrease  of  the  gas  exchange.  The  temperature  may  fall  a  frac- 
tion of  a  degree  but  usually  does  not  (Liepelt).  When  there  is  fever  such  doses  are 
very  likely  to  cause,  in  association  with  the  fall  of  temperature,  a  feeling  of  faintness 
and  weakness  and  a  rapid,  weak  pulse,  or  even  complete  collapse  with  markedly  sub- 
normal temperature.  The  maximum  dose  for  use  as  a  febrifuge  is  aoout  0.25  Gm. 
(4  gr.). 

In  rabbits  there  is  no  effect  from  doses  below  66  mgm.  per  kilo  by  vein,  but  with 
larger  doses  there  is  rapid  heart,  dilatation  of  the  vessels  of  the  skin,  and  some  fall  of 
temperature. 

Cats  given  1  Gram  per  kilo  by  mouth  show  salivation  and  lacrymation  followed  in  a 
quarter  of  an  hour  by  ataxia  with  increased  reflexes  succeeded  shortly  by  decrease  of 
reflexes  and  such  weakness,  that  they  fall  on  the  side  and  are  unable  to  rise.  The  pupils 
are  widely  dilated,  the  respiration  very  rapid  and  first  deep,  but  finally  growing  weaker 
and  weaker.  The  heart  is  moderately  rapid.  Cerebral  convulsions,  not  asphyxial,  but 
prevented  by  section  of  the  cord,  occur  from  time  to  ;time.  The  convulsive  phenomena 
gradually  give  place  to  paralysis  involving  first  the  cord  and  later  the  motor  nerve 
endings.  Death  occurs  either  in  a  convulsion  or  from  paralysis  of  respiration.  In 
chickens  the  narcotic  action  is  predominant  with  doses  below  0.5  Gm.  (8  gr. )  but  with 
doses  above  1  Gram   (15  gr.)   there  are  ataxia  and  convulsions   (Wagner). 

Frogs  given  0.05  to  0.1  mgm.  per  Gm.  show  only  congestion  of  the  skin.  After  0.2 
mgm.  per  Gm.  there  is  ataxia  with  Increased  reflexes  followed  by  decrease  of  reflexes 
and  weakness.  Doses  of  1  mgm.  per  Gm.  cause  convulsions  followed  by  paralysis  of  the 
cord  associated  with  curare  action  and  death  (Iwanoff,  Coppolo).  The  heart  continues 
to  beat  after  all  other  signs  of  life  have  ceased. 

Systemic  Action:  Alimentary. — There  is  no  effect  on  digestion  or  secretion  and 
digestion  in  vitro  is  not  delayed  by  less  than  1  percent.  (Fujitani,  fiawadowski).  Large 
doses  often  cause  salivation,  and  if  there  is  faintness  this  is  often  associated  with  nausea. 
In  dogs  vomiting  is  caused  by  direct  action  on  the  center  by  doses  above  0.3  Gm.  per  kilo 
(Sawadowski). 

Blood. — Although  antipyrine  does  not,  like  acetanilid  and  its  relations,  cause  the 
formation  of  methemoglobin,  it  seems  to  have  a  destructive  action  on  the  red  cells. 
This  is  especially  seen  in  vitro  when  2  percent,  is  added  to  drawn  blood.  It  is  so 
slight  that  it  can  be  disregarded  in  the  body.  Cervello  stated  that  an  influence  on 
protein  metabolism  was  indicated  by  an  increase  in  the  globulins  of  the  blood,  but  this 
has  not  been  confirmed  by  later  workers  (Hanson  and  McQuarrie).  The  alkalinity  of 
the  blood  is  increased  and  this  leads  to  depression  of  the  freezing  point  and  to  decrease 
of  viscosity  of  the  whole  bload  from  reduction  in  the  size  of  the  red  cells  (Piccinlni). 
The  blood  sugar  is  increased  (Lepine)  and  the  blood  clots  more  rapidly. 

Circulation. — The  most  striking  and  constant  effect  of  antipyrine  on  the  organs  of 
the  circulation  is  the  vasodilatation  which  it  causes.  This  is  largely  peripheral  as  shown 
by  its  occurrence  in  organs  perfused  in-  vitro.  That  the  center  is  largely  concerned  is 
however,  shown  by  the  fact  that  in  the  body  the  dilatation  is  largely  limited  to  the 
vessels  of  the  skin,  those  of  the  viscera,  on  the  other  hand,  contracting  enough  to  prevent 
any  fall  of  bl6od  pressure  from  small  doses.  The  heart  is  stimulated  and  beats  more 
rapidly.  The  same  is  true  of  the  isolated  heart.  Large  doses  cause  first  a  rise  of  pres- 
sure from  the  accelerated  heart  followed  by  a  fall  due  to  vasodilatation,  chiefly  of  the 
vessels  of  the  skin. 

Respiration. — The  respiratory  movements  are  increased  slightly  by  small,  and  enor- 
mously by  large,  doses  in  all  animals.  This  is  a  direct  effect  on  the  respiratory  center. 
In  cats  the  number  may  reach  250  per  minute  and  in  the  rabbit  even  more.  In  the 
latter  the  volume  of  air  moved  is  doubled  by  0.1  Gm.  per  kilo  and  less  increased,   in 
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spite  of  more  rapid  respiration,  by  larger  doses  (Fonteyne).  The  increase  is  not  pre- 
vented by  previous  section  of  the  vagus  nerves  or  section  of  crura  cerebri  (Simon  and 
Hoch).  That  the  action  is  central  is  shown  by  the  fact  that  in  the  rabbit  20  mgm. 
injected  into  the  brain  have  as  much  effect  as  300  mgm.  by  vein  (Barbour  and  Wing). 

TlTe  absorption  of  oxygen  by  ground  up  tissue  in  vitro  is  not  influenced  by  addition 
of  antipyrine  (Senta).  The  gas  exchange  of  the  issues  in  the  body  is  increased  by  large, 
and  decreased  by  small  doses.  The  available  oxygen  of  the  arterial  blood,  on  the  other 
hand,  is  first  increased  and  then  decreased  under  the  influence  of  small  doses  and  de- 
creased from  the  beginning  by  large  doses.  This  corresponds  to  the  decrease  of  heat 
production  by  small  doses  and  increase  after  large  (Piccinini). 

Metabolism. — Apart  from  the  lessening  of  gas  exchange  and  of  general  tissue  waste 
which  follows  nontoxic  doses,  and  accompanies  reduction  of  temperature,  the  changes  in 
metabolism  are  inconstant.  Some  have  reported  increase  and  others  decrease  of  nitrogen 
waste,  and  the  only  conclusion  to  be  drawn  is  that  there  is  no  constant  effect.  Hanson 
and  McQuarrie  claim  to  have  shown  that  there  is  no  effect  on  the  synthesis  of  proteins 
from  amino  acids. 

Temperature. — While  the  influence  of  small  doses  of  antipyrine  seem  to  be  the  same 
as  that  of  other  antipyretics,  and  to  be  accompanied  by  a  fall  in  heat  production  and  a 
rise  in  dissipation,  the  nervous  excitement  which  results  from  large  doses  leads  to  an 
increase  in  heat  production  and  it  is  only  because  the  dissipation  increases  to  an  even 
greater  extent  that  a  fall  of  temperature  occurs.  Even  small  doses  may  cause  a  rise 
of  heat  production,  but  special  methods  are  required  to  bring  this  out.  Different  species 
vary  in  their  response,  thus  in  rabbits,  with  fever,  the  fall  is  chiefly  due  to  increase  of 
heat  dissipation  while  in  guinea  pigs  it  is  chiefly  due  to  decrease  of  heat  production. 
In  the  rabbit  the  heat  dissipation  is  largely  from  hyperpnea,  in  the  guinea-pig  almost 
wholly  from  dilatation  of  the  vessels  of  the  skin  (Stuhlinger).  That  there  is  dilatation 
of  the  skin  vessels  in  the  rabbit  also  is  shown  by  the  fact  that  the  temperature  of  the 
skin  rises  immediately  after  the  injection,  while  the  internal  temperature  falls  from  the 
first. 

That  the  antipyretic  action  is  central  is  shown  by  many  facts.  There  i§  no  fall  of 
the  temperature  from  antipyrin  after  section  of  the  medulla  below  the  corpora  striata 
(Caravias  and  Gley,  Sawadowski,  Barbour  and  Deming).  In  rabbits  the  same  fall  of 
temperature  is  produced  by  20  mgm.  injected  in  the  brain  as  by  67  mgm.  by  vein.  In 
the  former  case  the  fall  is  chiefly  due  to  vasodilatation,  in  the  latter  to  hyperpnea  (Bar- 
bour and  Deming).  The  fever  caused  by  infection  or  by  brain  puncture  (Mosso)  is 
reduced,  but  not  that  due  to  cocaine  (Mosso),  or  ergotoxine  (Githens). 

The  rise  of  heat  production  caused  by  antipyrine  may  be  shown  in  several  ways. 
In  the  first  place  calorimetric  studies  show  that  after  large  doses  both  heat  production 
and  dissipation  are  increased.  In  fact,  with  small  doses  in  the  rabbit  both  may  be 
increased  equally  and  the  temperature  show  no  alteration  (Stuhlinger).  If  two  rabbits 
are  kept  in  a  thermostat,  thus  limiting  heat  dissipation,  and  one  of  them  be  given  a  dose 
of  antipyrine,  his  temperature  will  rise  more  than  that  of  the  control.  This  shows  that 
more  heat  must  have  been  produced.  If  the  center  on  which  the  antipyretic  action  is 
chiefly  exerted,  namely,  the  corpora  striata  be  removed,  antipyrine  will  cause  in  rabbits 
a  rise  of  temperature  (Barbour  and  Deming). 

In  normal  animals  of  various  species  the  effect  on  tempei'ature  is  related  to  the  basal 
metabolism  rather  than  to  the  normal  temperature  (see  also  Amidopyrine).  The  follow- 
ing table,  showing  the  effect  of  antipyrine  (Githens),  brings  out  this  fact: 


Average 

normal 

temp. 

Basal  me- 
tabolism. 

Fall  of  Temperature  froin 

Species. 

0.1  Gm. 
p.  Kilo 

0.25  Gm. 
p.  Kilo 

0.5  Gm. 
p.  Kilo 

Rabbit 

39°  C. 
42°  C. 
38°  C. 
43°  C. 
37.5°  C. 

115 
116 
131 
219 
400 

0.1°  C. 
1.6°  C. 
1.0°  C. 
1.6°  C. 
1.0°  C. 

0.6°  C. 
2.0°  C. 
1.3°  C. 
2.7°  C. 
5.7°  C. 

0.7°  C. 

Chicken 

2.5°  C. 

Guinea-pig 

2.0°  C. 

Pigeon 

4.2°  C. 

Mouse 

7.9°  C. 

Urinary  System. — Antipyrine  is  said  to  have  a  diuretic  action  in  rabbits  (Tappeiner). 
This  is  probably  dependent  on  dilatation  of  the  renal  vessels. 
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Nerve  System. — As  already  indicated  the  action  of  antipyrine  on  the  nerve  system 
is  a  strange  combination  of  excitant  and  paralytic  phenomena.  The  differences  depend 
on  dosage  rather  than  on  species,  and  it  may  be  roughly  stated  that  with  small  doses 
there  is  a  depressing  action  on  most  of  the  centers  while  with  large  or  toxic  doses  this 
may  give  rise  to  excitation  associated  with  paralytic  phenomena  in  the  peripheral 
nerves. 

Small  doses  have  a  quieting  effect  but  no  true  narcosis  is  ever  caused  as  increase 
in  dose  gives  rise  to  restlessness  (rats  given  2  mgm.  are  slower  in  traversing  a  maze). 
The  narcotic  action  can  readily  be  demonstrated  by  giving  small  doses  in  association  with 
subnarcotic  doses  of  chloral  or  urethane.  By  this  method  profound  narcosis  may  be 
induced  (Lomonosoff).  The  cord  is  depressed  by  large  doses  as  shown  by  diminution  of 
reflexes  and  by  its  power  to  prevent  death  (Chouppe),  and  restore  respiration  (Mahnert) 
after  fatal  doses  of  strychnine.  The  anti-spasmodic  action  is  also  shown  by  the  relief 
afforded  in  chorea  (Anderson).  Large  doses  cause  increase  of  reflexes  passing  on  to  con- 
vulsions from  stimulation  of  the  brain  and  prevented  by  section  of  the  cord  (Simon  and 
Hoch).  The  pupils  are  dilated  by  stimulation  of  the  sympathetic  (Coppolo).  Large 
doses  paralyze  the  motor  nerve  endings  and  even  the  sensory  nerves.  The  muscle  sense 
is  abolished  causing  ataxia.  Application  to  the  skin  in  man  causes  a  lessening  of  sensa- 
tion, but  in  man  acuity  of  hearing  is  increased  by  small  doses  (Macht).  Frog  muscles, 
in  even  weak  solutions,  rapidly  lose  their  response  to  indirect  stimulation  and  the  nerve 
trunk  loses  its  ability  to  transmit  impulses  after  12  minutes  in  4  percent,  and  after  40 
minutes  in  1  percent,  solution  (Sollmann). 

Amidopyrine 

Pyramldon  is  similar  to  antipyrine  both  in  constitution  and  action.  It  is  effective 
in  about  half  the  dose,  but  as  it  is  more  than  twice  as  toxic  it  has  not  met  with  ex- 
tended use. 

Materia  Medica. — Amidopyrina  (U.S.  X.),  Amidopyrine.  Ahhr.,  Amidopyrin. 
Synonyins :   Pyramidon,  Diethylamino-antipyrine. 

Occurs  as  a  colorless,  odorless,  crystalline  powder,  with  very  slight  taste,  soluble 
in  water  and  alcohol.    It  is  both  an  anodyne  and  an  antipyretic. 

Dose,  2  to  6  grains  (0.13  to  0.4  Gm.). 

Pharmacodynamic  Action:  Toxicity. — The  lethal  dose  in  rabbits  is  about  0.5  Gm. 
(8  gr.)  per  kilo;  0.3  Gm.  may  prove  fatal.  The  animal  after  such  doses  sits  quietly, 
drawn  together,  with  the  hair  erect.  The  respiration  is  deep  and  rapid.  There  is  con- 
vulsive shivering  and  chewing  motions.  This  may  be  followed  by  hyperesthesia  and 
tetanic  convulsions.  Respiration  ceases  while  the  heart  is  still  beating  strongly.  The 
blood  pressure  rises  even  before  the  convulsions  begin.  There  is  no  alteration  in  the 
hemoglobin. 

In  man  0.5  Gram  (8  gr.)  causes  redness  of  the  face  and  slight  sweating  but  usually 
no  other  symptoms.  In  case  of  poisoning  or  idiosyncrasy  the  symptoms  resemble  those 
from  antipyrine.    The  fatal  dose  is  about  2  drams  (8  Gm.). 

There  are  two  camphorated  pyramidons  which  are  about  as  toxic  and  as  effective 
as  pyramidon.    They  do  not  appear  to  be  any  less  depressing  in  proportionate  dose. 

The  heart  seems  to  be  stimulated.  This  was  claimed  in  tuberculosis  in  man  (Ko- 
bert)  and  shown  in  concentrations  from  1  to  4000  to  1  to  100  on  the  isolated  rabbit  heart 
(Kakowski). 

Temperature. — ^Like  antipyrine,  pyramidon  increases  both  heat  production  and  heat 
dissipation,  but  as  the  latter  effect  is  the  greater,  the  temperature  falls.  The  effect  is 
exerted  on  normal  animals  in  proportion  to  their  basal  metabolism.  As  is  well  known 
this  increases  with  the  temperature  but  the  metabolism  per  kilo  decreases  with  the  size 
of  the  animal,  so  that  mice  have  a  basal  metabolism  about  five  times  as  great  as  rabbits 
whose  temperature  is  higher.  The  table  on  the  following  page  shows  the  basal  metabo- 
lism and  the  fall  of  temperature  following  the  hypodermic  use  of  pyramidon  in  normal 
animals.  That  the  effect  is  in  relation  to  the  metabolic  activity  rather  than  to  the 
temperature  is  evident. 

Nerve  Systevi. — The  narcosis  produced  by  association  of  pyramidon  with  narcotics, 
as  described  under  antipyrine,  is  less  marked  than  with  that  drug  (Lomonosoff).  Other- 
wise the  effects  are  similar  to  those  of  antipyrine.    Unstriped  muscle,  such  as  that  of 
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Species. 


Rabbit 

Chicken. . . 
Guinea-pig 
Pigeon. . . . 
Mouse. . . . 


Average  nor- 
mal temp. 


39°C. 

42 

38 

43 

37.5 


Basal 
metabolism,. 


115 
116 
131 
219 
400 


Fall  of  Temperature  from. 


0.1  Gm.  p.K.       0.2  Om.  p.K 


i.e-'c. 

1.3 
1.0 
1.6 
4.3 


1.8°C. 

1.7 

1.8 

2.9 

6.9 


the  uterus,  blood  vessel  walls,  bowel  and  bronchi,  is  paralyzed  in  vitro  by  concentrations 
of  0.005  to  0.01  percent. 

Therapeutics  of  Synthetic  Antipyretics:  Topical. — The  synthetic  antipyretics, 
especially  antipyrine,  are  slightly  astringent,  antiseptic,  analgesic,  and  hemostatic  when 
locally  applied,  and  are  sometimes  used  to  meet  the  indications  thus  suggested.  There 
are  other  remedies,  however,  which  possess  one  or  more  of  these  properties  in  much 
greater  degree.  A  15  percent,  solution  of  antipyrine  is  occasionally  used  in.  the  form  of 
spray  in  the  treatment  of  catarrhal  inflammation  of  the  upper  air  passages.  Before  the 
introduction  of  the  epinephrine  preparations  and  of  the  blood  derivatives,  coagulins 
and  the  like,  antipyrine  found  frequent  employment  as  an  efficient  hemostatic,  and  this 
action  should  be  borne  in  mind  in  case  of  emergency  when  other  blood-clotting  agents 
are  not  immediately  available. 

Systemic. — ^Although  denominated  antipyretics,  and  actually  possessing  marked 
temperature-depressing  properties,  these  synthetics  find  their  widest  field  of  therapeutic 
employment  in  the  relief  of  pain.  The  only  members  that  are  employed  to  any  extent 
therapeutically  are  acetanilid,  acetphenetidin,  antipyrine,  and  pyramidon,  and  even 
of  these  the  last,  which  was  at  one  time  lauded  as  of  special  value  in  pulmonary 
tuberculosis,  is  falling  out  of  use. 

The  analgesic  action  of  the  antipyretics  is  most  effectual  in  headache,  neuralgia, 
neuritis,  tabetic  crises  and  other  pains  of  nerve  origin,  but  is  less  marked  in  pain 
caused  by  rheumatism.  Aspirin  is  more  efficacious  in  the  latter  condition,  and 
also  in  gallstone,  intestinal  and  other  forms  of  colic,  but  owing  to  the  injurious  action 
of  all  these  agents  on  the  heart  muscle,  they  are  falling  more  and  more  into  disuse. 
Although  there  is  less  tendency  to  habit  formation  than  with  opiates,  they  are  not 
wholly  free  from  this  objection,  many  instances  of  an  acetanilid  habit  being  recorded. 
To  obtain  the  analgesic  effect  large  doses  are  ordinarily  not  necessary :  of  acetanilid 
3  grains  (0.2  Gm.),  of  acetphenetidin  5  grains  (0.3  Gm.),  of  antipyrine  8  grains  (0.5 
Gm.),  may  be  given  and  repeated,  if  needed,  in  1  hour.  Pyramidon  (%  grain,  50  mgm.) 
by  mouth,  has  been  used  to  control  intestinal  colic  in  infants,  but  the  practice  is  hardly 
to  be  recommended. 

Let  it  be  said  again  that  these  agents  are  to  be  used  only  in  emergencies  when 
naught  else  will  serve;  and  that  the  patient  is  to  be  warned  against  repetition. 

The  dangers  of  antipyretic  medication  in  fever  have  been  discussed  in  Part  I ; 
but  the  warning  must  be  repeated  and  stressed.  Whether  in  moderate  fevers,  cold  or 
tepid  applications  of  suitable  form  and  degree  (other  than  cleansing  sponges)  should 
or  should  not  be  made,  is  another  question  and  may  be  answered  differently  for  dif- 
ferent maladies  and  for  different  individuals.  General  experience,  for  example,  shows 
their  utility  in  typhoid  and  counsels  their  avoidance  in  the  pneumonias.  The  use 
of  antipyretic  drugs,  however,  is  always  contraindicated  except  when  hyperpyrexia 
in  itself  threatens  life.  Even  then  they  are  to  be  avoided,  unless  the  cold  bath,  the 
ice  rub,  and  like  measures  prove  unavailing.  If  given,  they  are  to  be  guarded  by 
ammonia,  strychnine  or  other  stimulants  to  the  heart.  To  avoid  misleading  the 
student,  it  may  be  well  to  add  that  the  reduction  of  fever  when  brought  about  by 
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antipathogenic  agents,  as  by  quinine  in  malaria  and  in  lobar  pneumonia,  by  salicylates 
in  rheumatism,  etc.,  is  not  of  the  same  mechanism  and  is  to  be  welcomed  as  an  index 
of  good  effect,  while  not  the  object  of  the  treatment. 

The  least  dangerous  of  the  antipyretics  in  common  use  is  phenacetin  and  the 
most  dangerous  is  acctanilid.  The  antipyretic  doses  are  about  double  the  analgesic 
doses,  which  may  be  stated  as :  acctanilid,  5  grains  (0.3  Cm.) ;  acetphenetidin,  10 
grains  (0.6  Gm.) ;  antipyrine,  15  grains  (1  Gm.). 

Tussol,  the  mandelate  of  antipyrine,  has  been  recommended  to  check  tho  paroxysms 
of  pertussis. 

DRUGS  ACTING  ON  THE  URINARY  ORGANS 

The  drugs  acting  on  the  urinary  organs  may  influence  either  the  secretion  of 
urine  by  the  kidneys  or  may  stimulate  or  depress  the  motor  mechanism  which  con- 
trols the  ureters,  the  bladder  and  its  sphincter.  The  urethra  can  hardly  be  said  to 
be  influenced  directly  by  drug  action,  except  as  the  musculature  of  its  first  portion 
takes  part  in  the  contraction  of  the  vesical  sphincter. 

The  secretory  action  of  the  kidneys  appears  to  be  aided  by  the  peristaltic  waves 
which  normally  occur  in  the  ureter,  and  to  be  interfered  with  if  these  are  wanting 
or  if  there  is  spasmodic  contraction  of  the  muscle.  Study  of  the  action  of  drugs  on 
the  ureteral  movements  has  been  limited  to  shortening  of  an  isolated  strip  of  the 
tube,  and  it  is  not  certain  whether  drugs  such  as  cotarnine,  sodium  nitrite,  epinephrine, 
barium,  pilocarpine,  physostigmine,  and  ergotoxine,  which  cause  increase  of  contrac- 
tions of  the  longitudinal  muscle;  caffeine,  which  causes  contraction  of  the  circular 
fibers;  or  cocaine,  hydrastine,  chloral  and  hypnotics,  papaverine,  and  atropine,  which 
cause  relaxation  of  its  muscles,  have  any  favorable  or  unfavorable  influence  on  urinary 
secretion.  None  of  these  drugs  is  used  in  therapeutics  for  such  effect,  except  to  aid 
in  the  passage  of  renal  calculi. 

Contraction  of  the  bladder,  as  caused  by  drug  action,  is  of  importance  in  atonic 
conditions  such  as  follow  abdominal  section  and  childbirth.  Pituitrin,  strychnine, 
and  yohimbine  act  on  the  bladder  through  the  controlling  nerves,  but  only  the  first 
two  are  used  for  this  action.  Various  irritant  drugs  impel  reflex  contractions,  when 
excreted  in  the  urine.  Among  these  may  be  mentioned  cantharides,  the  irritant,  diuretic 
essential  oils,  and  certain  metallic  salts.  In  the  use  of  these  drugs  the  action  on  the 
bladder  is  never  of  advantage. 

The  kidneys  exercise  a  chemical  effect  on  certain  substances;  of  these  actions 
the  best  known  is  the  conversion  of  benzoic  into  hippuric  acid.  The  power  of  the 
renal  epithelium  to  effect  this  change  is  used  as  a  test  of  its  integrity.  Arbutin 
is  split  in  the  kidneys  into  a  sugar  and  hydrochinone  which  has  antiseptic  properties. 
The  glycuronates  of  certain  essential  oils,  such  as  oils  of  sandalwood,  cubeb  and 
copaiba,  are  perhaps  split  in  the  kidneys  and  the  oil  restored  to  its  original,  active 
form  (Meyer). 

A  peculiar  action  is  exercised  on  the  kidneys  by  phlorizin  which  lowers  the 
threshold  for  glucose  and  allows  it  to  escape  in  the  urine. 

Urinary  Stimulants 

Diuretics 

The  drugs  which  increase  or  lessen  the  secretion  of  urine  are  of  much  greater 
importance.  Of  these  the  former,  "diuretics,"  are  more  often  useful  than  the  latter, 
"anuretics." 


1500  TTRmARY  STIMULANTS 

Before  taking  up  the  study  of  these  agents  it  will  be  advisable  to  sketch  briefly 
the  physiology  of  urine  secretion  as  at  present  understood. 

The  "modern  view"  (Cushny)  of  the  secretion  of  urine  may  not  be  complete  and 
correct  in  every  particular,  but  it  offers  the  basis  for  a  classification  of  diuretic  agents 
helpful  alike  in  study  and  in  practice. 

According  to  this  view  there  occurs  first  a  simple  diffusion  or  filtration  through 
the  glomeruli  of  a  solution  of  all  the  diffusible  substances  contained  in  the  blood  and 
in  the  same  proportion  and  concentration  as  there  present.  This  is  termed  the  "fil- 
trate." In  the  tubules  there  takes  place  a  reabsorption  of  most  of  the  water  and  all 
or  a  great  part  of  certain  dissolved  constituents  of  this  filtrate  or  "glomerular  secre- 
tion." The  residue  of  the  water,  together  with  those  dissolved  substances  which  are 
not  reabsorbed,  is  excreted,  passing  into  the  ureter,  the  bladder  and  finally  out  of 
the  body  and  constituting  the  "urine." 

Substances  reabsorbed  are  termed  "threshold  substances"  or  are  spoken  of  as  hav- 
ing a  "threshold"  because  they  appear  in  the  excreted  urine  only  when  their  concen- 
tration in  the  blood  and  hence  in  the  glomerular  filtrate  exceeds  an  approximately 
fixed  or  "threshold"  percentage.    They  may  then  be  said  to  "overflow." 

Certain  substances,  such  as  sugar,  rarely  reach  this  level  of  overflow  in  health. 
Others,  such  as  sodium  chloride,  are  pretty  constantly  above  it. 

Most  of  the  characteristic  constituents  of  the  urine,  however — urea,  uric  acid, 
urates,  phosphates,  etc. — are  not  reabsorbed  at  all.  These  appear  in  the  urine  in  the 
same  absolute  quantity  as  in  the  filtrate;  therefore,  in  much  greater  proportion.  The 
excess  of  their  urinary  concentration  over  their  concentration  in  the  blood  thus  affords 
an  approximate  idea  of  the  quantity  of  water  normally  reabsorbed,  which  probably 
amounts  to  95  to  99  percent,  of  that  in  the  filtrate. 

Threshold  substances,  on  the  other  hand,  may  exhibit  a  greater  or  less  concen- 
tration in  the  urine  than  in  the  blood.  Each  of  these  substances  has  an  "optional" 
concentration  for  reabsorption.  If  its  percentage  in  the  filtrate  be  greater  than  this, 
evidently  a  greater  proportion  of  the  water  of  the  filtrate  than  of  the  threshold  sub- 
stance will  be  taken  up  and  its  concentration  in  the  remaining  or  urinary  water  will 
be  increased.  If,  on  the  other  hand,  the  filtrate  contain  less  than  the  optional  per- 
centage of  the  substance,  less  water  proportionately  than  substance  will  be  taken  up 
and  the  solution  remaining  in  the  tubules  will  become  more  dilute. 

Another  theory  of  urinary  secretion  should  be  mentioned,  that  of  Heidenhain, 
who  believed  that  water  and  inorganic  salts  were  secreted  by  the  glomeruli  and  the 
organic  matters  added  to  them  by  the  epithelium  of  the  tubules.  In  its  original  form 
this  theory  has  been  disproved  by  the  brilliant  studies  of  Richards,  who  introduced 
capillary  tubes  directly  into  Bowman's  capsule  in  frogs,  and  showed  that  the  glomeru- 
lar filtrate  contained  all  the  organic  components  of  the  urine.  Even  parenterally 
administered  dyes,  the  presence  of  which  in  the  cells  of  the  tubules  was  one  of  the 
main  supports  of  Heidenhain's  theory,  were  found  in  the  glomerular  filtrate.  It  is 
possible  that  certain  substances  foreign  to  the  urine  may  pass  into  it  through  the 
cells  of  the  tubules,  but  direct  evidence  in  favor  of  this   is  lacking. 

At  present  it  is  not  easy  to  explain  the  mechanism  by  which  certain  diuretics 
increase  the  excretion  of  one  constituent  more  than  that  of  another.  The  effect  may 
be  either  on  the  force  with  which  individual  substances  are  held  in  the  blood  and 
tissues,  or  a  direct  effect  on  the  tubule  epithelium  influencing  reabsorption  to  a 
different  extent. 

The  volume  of  urine  secreted  under  normal  conditions  depends  chiefly  on  four 
factors:  First,  the  quantity  of  blood  passing  through  the  kidney  in  a  given  time — 
the  greater  this  quantity  the  greater  the  secretion.    The  renal   blood -pressure  and 
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the  dilatation  or  contraction  of  renal  vessels  are  of  importance  chiefly  as  they  affect 
this  factor.  Richards  has  shown  that  normally  only  part  of  the  glomeruli  receive 
blood,  and  the  number  may  be  increased  by  diuretics.  Second,  the  relative  richness 
of  the  blood  in  colloid  substances — ^the  greater  this  colloid  concentration  the  greater 
is  the  attractive  power  of  the  blood  for  water;  or,  in  other  words,  the  more  difficult 
it  is  for  the  water  to  escape  from  the  blood  through  the  glomeruli ;  while  any  dilu- 
tion of  the  blood  increases  the  quantity  of  water  that  they  secrete.  Third,  the  con- 
centration of  the  filtrate — that  is,  of  the  fluid  passing  from  the  glomeruli  into  the 
tubules — the  more  concentrated  the  filtrate,  the  less  readily  is  water  removed  from 
it  by  reabsorption.  Fourth,  the  rapidity  of  the  flow  in  the  tubules — the  faster  this 
flow,  the  less  time  is  there  for  reabsorption  to  occur.  Becher  argues  that  as  the  secre- 
tion of  other  glands  is  not  increased  by  diuretics  the  effect  must  be  on  the  kidney 
in  all  cases. 

Blood  entering  the  kidneys  passes  first  to  the  glomeruli  and  then  to  the  tubules, 
and  Richards  has  pointed  out  that  vasoconstriction  may  occur  either  before  the 
glomeruli  are  reached  or  between  the  glomeruli  and  the  tubules.  In  either  case, 
blood  flow  through  the  kidneys  will  be  decreased,  but  in  the  former  case  the  secretion 
of  urine  will  be  diminished,  in  the  latter  increased.  Small  doses  of  pituitary  act 
in  the  latter  manner,  as  diuretics;  large  doses  act  as  anuretics,  as  the  constriction 
occurs  before  the  blood  reaches  the  glomeruli. 

There  are  four  types  of  pliysiologic  diuresis:  namely,  (1)  circulation  diuresis, 
(2)  dilution  diuresis,  and  two  varieties  of  tubule  diuresis,  respectively,  depending 
upon  (3)  concentration  of  filtrate  and  (4)  velocity  of  flow. 

Correspondingly,  diuretic  agents  may  act  either  by  increasing  the  blood  flow 
(circulatory  stimulants),  by  diluting  the  blood  (water),  by  diluting  the  blood  and 
increasing  urinary  concentration  (salines),  or  by  increasing  the  rate  of  flow  through 
the  tubules   (caffeine,  irritants) — specific  diuretics. 

As  already  pointed  out,  diuretic  agents  produce  an  increased  secretion  of  urine 
in  several  ways,  and  for  purposes  of  study  they  may  be  arranged  in  the  following 
groups,  with  the  reservation  that  the  dividing  lines  are  not  at  all  sharp  and  that 
one  agent  may  act  in  more  than  one  manner. 

1.  Agents  which  act  upon  the  circulatory  system,  causing  an  increased  flow  of 
blood  through  the  kidney.  The  most  important  of  this  type  ate  digitalis,  squill,  spar- 
teine, all  of  which  are  treated  with  drugs  acting  on  the  heart;  and  alcohol,  which  will 
be  found  among  narcotics. 

2.  Agents  which  act  directly  on  the  kidney,  increasing  the  permeability  of  the 
glomeruli  for  water  or  lessening  reabsorption  in  the  tubules.  By  far  the  most  impor- 
tant of  this  class  are  certain  xanthine  bodies,  such  as  caffeine,  theobromine,  and  theo- 
phylline. These  are  all  taken  up  in  this  section.  Recent  studies  (Fleisher  and  Loeb, 
Meyer  and  others)  indicate  that  these  bodies  act,  at  least  partly,  by  primary  alteration 
in  the  salt  content  of  the  blood  plasma. 

3.  Agents  which  act  on  the  blood,  increasing  the  amount  of  water  available 
for  excretion,  hydremic  diuretics.    This  result  is  brought  about  in  one  of  three  ways: 

(a)  By  diluting  the  blood,  lessening  the  amount  of  both  crystalloids  and  col- 
loids.   Water   alone  acts   in   this  way. 

(h)  By  increasing  the  concentration  of  the  blood  crystalloids,  raising  the  osmotic 
tension  and  thus  withdrawing  water  from  the  tissues.  This  produces  a  relative  hydre- 
mia by  disturbing  the  balance  between  colloids  and  water.  The  so-called  saline 
diuretics  act  in  this  way.  They  include  acetates,  chlorides,  citrates,  lactates,  nitrates, 
sulphates,  etc.,  as  well  as  urea  and  sugars.  These  substances  are  briefly  considered 
here. 
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(c)  By  acting  on  the  plasma  colloids,  lessening  their  avidity  for  -water.  Her- 
curials  (including  novasurol,  an  organic  mercury  compound)  act  in  this  way,  as  do 
perhaps  the  diuretic  essential  cils,  and  thyroid  extract. 

Even  in  effective  dose  the  hydremia  caused  by  any  of  the  hydremic  diuretics 
may  be  too  slight  to  be  measured  by  direct  methods. 

The  mechanism  of  the  action  of  uva  ursi,  also  taken  up  here,  is  less  established. 
It,  as  well  as  the  essential  oils,  may  act  by  causing  a  local  congestion  of  the  kidney, 
thus  increasing  the  number  of  active  glomeruli. 

Xanthine  Diuretics 

Certain  substances  which  contain  the  xanthine  nucleus  are  among  the  most 
active  diuretics  known,  and  as  other  bodies  containing  this  nucleus  are  entirely  devoid 
of  such  action  it  will  be  useful  to  glance  at  the  composition  of  compounds  of  both 
types. 

Xanthine  itself,  C^N^H^Oj,  has  very  little  diuretic  action  and  is  of  no  value  clini- 
cally or  pharmacologically.  Its  compounds  which  have  medical  interest  are  in  two 
groups.  First,  the  group  including  uric  acid  and,  second,  products  in  which  one  or 
more  of  the  hydrogens  are  replaced  by  methyl  groups.  The  former  have  no  stimulat- 
ing action  on  the  kidney,  while  certain  of  the  methylated  ^xanthines  are  powerful 
diuretics.  The  relation  of  these  to  one  another  will  be  made  clear  by  reference  to 
the  following  diagram  of  the  xanthine  nucleus,  in  which  the  carbon  atoms  are  num- 
bered. The  methylated  xanthines  are  described  as  mono-,  di-  or  tri-methyl,  the  name 
being  preceded  by  the  numbers  of  the  ring  atoms  to  which  the  methyl  groups  are 
attached. 

(1)N  — C(6)  HN  — CO  HN  — CO 

I  I  J        I 

II  11 
(2)C       C(5)— N(7)                    OC       C  — NH 


OC       C  — N  — CH, 
\C(8)  I        II         \,CH  I        II  ^CH 

NO)  HN  — C  — N  CH3N  — C  — N 


(3)N  — C(4)  — N(9) 

Purine  Xanthine  Theobromine 

CH^N  —  CO  CHjN  —  CO 

OC       C  — NH  OC      C  — NCH, 

I    II     >'^«  I    II     >» 

CH3N  —  C  —  N  CH3N  —  C  —  N 

Theophylline  Caffeine 

Theobromine  is  seen  to  be  3 . 7 .  dimethyl-xanthine ;  theophylline,  1 . 3 .  dimethyl- 
xanthine,  and  caffeine,  1.3.7.trimethyl-xanthine.  The  mono-methyl-xanthines,  of 
which  four  are  known,  have  little  or  no  diuretic  power.  The  dimethyl  xanthines  all 
act  on  the  kidney,  but  theobromine  and  theophylline  are  the  most  active.  Several 
trimethyl-xanthines  have  been  studied,  but  caffeine  is  the  most  active. 

Caffeine 

Caffeine  is  the  chief  alkaloid  of  several  plants,  notably  coffee,  tea,  cola,  mate, 
and  guarana.  Theobromine  and  theophylline  are  often  associated  with  it.  In  cacao, 
although  caffeine  is  present,  theobromine  predominates.  The  alkaloid  of  tea,  formerly 
called  theine,  has  long  been  known  to  be  identical  with  caffeine,  of  which,  indeed, 
tea  is  the  chief  commercial  source. 

The  use  of  plants  from  which  beverages  containing  caffeine  are  prepared  goes 
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back  to  immemorial  times  in  certain  countries  in  which  alcoholic  drinks  were  not 
made.  Coffee  has  been  in  use  in  Abyssinia  and  Ethiopia  since  primitive  times  and 
was  thence  introduced  into  Arabia.  It  was  not  known  to  the  Greeks  or  Romans 
and  in  fact  does  not  seem  to  have  become  known  in  Europe  until  the  latter  part 
of  the  sixteenth  century,  when  a  coffee  house  was  establislied  in  Constantinople.  The 
first  of  the  famous  coffee  houses  of  London  was  founded  in  1652  by  a  Greek  named 
Pasquet,  the  servant  of  a  merchant  who  had  brou{?lit  a  large  quantity  of  the  "berries" 
from  the  East.  Coffee  is  now  extensively  cultivated  in  all  countries  having  a  suitable 
climate — most  of  the  world's  supply  being  derived  from  Brazil  and  Java.  India, 
Porto  Rico  and  Mexico  are  also  important  sources. 

Tea  has  been  known  since  very  early  times  in  China,  having  apparently  been 
brought  to  that  country  and  to  Japan  from  Korea.  It  became  known  in  Europe  at 
the  latter  end  of  the  sixteenth  century,  but  its  use  did  not  become  general  until 
long  after.  The  first  tea  room  in  England  was  established  in  London  in  1657,  under 
the  name  of  "Garraway's  Coffee-house."  The  expiration,  in  1833,  of  the  charter  of 
the  East  India  Company,  which  had  a  monopoly  of  the  sale,  led  to  a  great  reduction 
in  price  and  much  more  general  use.  China  is  still  the  chief  source  of  the  tea  of 
commerce.  Two  varieties  are  commonly  distinguished,  green  and  black,  which  differ 
in  the  manner  of  preparation,  the  former  being  dried  rapidly  over  a  hot  fire  while 
fresh,  and  the  latter  being  allowed  to  remain  for  some  time  in  the  air  and  then  dried 
slowly  over  charcoal  fires. 

Cola  has  been  in  use  for  centuries  on  the  west  coast  of  Africa  and  was  intro- 
duced into  other  countries  by  African  slaves.  It  is  extensively  cultivated  in  Brazil, 
Mexico  and  elsewhere. 

Mate  or  Paraguay  tea  is  of  minor  commercial  importance,  its  use  being  almost 
limited  to  South  America  which  annually  uses  upwards  of  five  million  pounds,  most 
of  which  is  grown  in  Paraguay. 

Chemistry. — The  action  of  each  of  the  plants  named  depends  wholly  or  largely 
on  the  presence  of  caffeine.    The  percentage  of  this  varies  widely  in  the  different 
substances;  thus,  in  coffee  it  is  from  O.Y  to  2  percent.,  usually  being  about  1.2  per- 
cent.; tea  leaves  contain  1.4  to  4  percent.,  averaging  about  2.5  percent.;  kola  shows 
1.5  to  3.5  percent.,  commonly  about  2.3  percent.;  mate  leaves  have  about  0.8  percent., 
and  guarana  paste  about  5  percent.    In  each  of  the  plants  the  alkaloids   are  asso- 
ciated with  tannins,  aromatics,  and  other  substances  which  modify  the  action  to  a 
considerable  extent.    Coffee  contains  about  11  percent,  of  tannin  and  about  13  per-  j 
cent,   of  oil,   only   a  small  fraction  of  which   is  volatile.     Tea   contains   upwards   of 
25  percent,  of  tannin  and  almost  1  percent,  of  volatile  oil.    Cola  contains  a  trace  ' 
of  theobromine  and  about  2  percent,  of  tannin.    It  also  contains  a  glucoside,  kolanin 
or  kola  red,  from  which  caffeine  can  be  split  off  by  acids,  leaving  a  glucosidal  tannin, 
kolatin  and  about  40  percent,  of  starch.    Certain  modified  coffees  which  are  claimed 
to  be  free  from  caffeine  or  from  tannin  deserve  mention.    The  analyses   are  taken  1 
from  Street:  Average  Java  coffee:   caffeine,   1.2;   caffeetannic  acid,   11.37  percent.;  1 
George  Washington  prepared   coffee:   caffeine,   4.96;   caffeetannic   acid,  48  percent.;  | 
Granger's    Fairy    Cup    Instant    Soluble    coffee :    caffeine,    4.48 ;    caffeetannic    acid,  I 
55.48   percent.     Kaffee  Hag   contains    0.03    percent,    caffeine,    and   Dekafa    (A.M.A.  i 
analysis)  about  0.13  percent,  of  caffeine,  the  tannic  acid  being  present  in  the  usual 
amount. 

Caffeine,  by  reason  of  its  ring  nitrogen  (No.  9  in  the  diagram),  is  an  alkaloid 
capable  of  forming  salts  with  acids.  It  is,  however,  so  weak  a  base  that  its  salts  are 
decomposed  by  water  and  their  solutions  have  a  strongly  acid  reaction.  Only  salts 
of  weak  acids,  such  as  the  citrate,   can  therefore  be  xised  when  strong  acidity  is 
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undesirable,  and  even  this  is  hardly  suited  for  hypodermic  injection.  This  is  the 
less  disadvantage,  as  the  free  alkaloid  is,  in  distinction  to  most  bodies  of  its  class, 
fairly  soluble  in  water  (1  part  in  50).  Caffeine  also  forms  double  salts  which  are 
neutral  in  reaction  and  freely  soluble.  Caffeine  sodium  benzoate  and  caffeine  sodium 
salicylate  are  largely  used  for  injection.  In  coffee  the  alkaloid  is  present  chiefly  as 
such  a  double  salt,  caffeine  potassium  chlorogenate. 

Summary  of  Actions  and  Uses. — The  chief  action  of  caffeine  is  a  stimulation  of  the 
entire  central  nerve  system,  including  the  cerebral  cortex,  the  respiratory  and  vasomotor 
centers  and  the  spinal  cord.  In  man  the  predominant  action  is  stimulation  of  the 
psychic  centers,  leading  to  mental  activity  and  insomnia.  In  frogs  only  the  stimulant 
effect  on  the  cord,  with  resultant  tetanus,  is  seen.  The  peripheral  motor  apparatus  is 
stimulated  leading  to  slow  relaxation  of  the  muscle.  The  blood  vessels  are  dilated  by 
peripheral  action.  Caffeine  also  stimulates  the  secreting  cells  of  the  kidney  causing  an 
increased  secretion  of  urine. 

Therapeutically  caffeine  is  used  chiefly  as  a  diuretic,  and  as  a  cardiorespiratory 
stimulant.  It  also  finds  extended  employment  as  a  general  stimulant  of  the  central  nerve 
system  in  patients  with  general  weakness  and  depression.  It  overcomes  the  sense  of 
fatigue  and  may  occasionally  be  used  to  make  possible  prolonged  effort  and  wakefulness. 
Undue  repetition  of  such  use  is  dangerous.  The  caffeine  habit  is  readily  formed,  but  may, 
in  most  cases,  be  broken.  Prolonged  overuse  tends  to  produce  arteriosclerosis  and 
cardiac  irritability. 

The  effects  of  the  different  drugs  and  beverages  which  contain  caffeine  do  not 
differ  widely  from  each  other  although  thebromine  and  theophylline  act  less  on  the  cen- 
tral nerve  system  than  caffeine,  and  chocolate  and  cocoa  are  therefore  less  likely  to 
cause  insomnia  than  are  tea  and  coffee.  The  effect  on  the  kidneys  is  similar  with  all 
the  group  of  methyl-xanthines.  Fresh  cola  nuts  are  credited  with  an  ability  to  sustain 
exertion  for  days  without  other  food   (Du  Chaillu). 

A  distillate  from  tea  and  from  coffee  given  by  mouth  to  men  or  dogs  stimulates 
respiration,  but  does  not  affect  circulation  (Archangelsky). 

Materia  Medica. — Cafpeina  (U.S.  X.),  Caffeine.  Ahhr.,  Caff.  Synonyms: 
Theine,  TetramethyLxanthine. 

!  ■  A  feebly  basic  substance  [C,H,A^4  +  H,0  or  C,H(CN3)30,N,  +  H,0=212.14] 
obtained  from  the  leaves  of  Thea  sinensU  Linne  (Fam.  Ternstroemiacece) ,  or  from 
the  seeds  of  Coffea  arabica  Linne  (Fam.  Ruhiacece)  ;  also  occurring  in  some  other 
plants;  or  prepared  synthetically.  White,  flexible,  silky,  glistening  needles,  usually 
matted  together  in  fleecy  masses ;  odorless,  and  having  a  bitter  taste ;  efflorescent  in  dry 
air.  One  Gm.  of  caffeine  dissolves  in  46  cc.  of  water,  66  cc.  of  alcohol,  5.5  cc.  of  chloro- 
form and  in  530  cc.  of  ether  at  25°  C;  also  in  5.5  cc.  of  water  at  80°  C.  and  in  22  cc.  of 
alcohol  at  60°  C. 

Antagonists  and  Incompatibles. — Silver  nitrate,  mercuric  chloride,  and  tannin 
precipitate  caffeine  from  strong  solutions;  the  alkali  hydroxides  are  also  incompatible. 
The  cerebral  and  cardiac  sedatives  are  physiologically  antagonistic. 

Synergists. — The  heart  tonics  and  diuretics  are  synergistic  in  their  respective 
fields. 

Dose,  2  to  5  grains  (0.13  to  0.3  Gm.). 

Capfeina  Citrata  (U.S.  X.),  Citrated  Caffeine.  Ahhr.,  Caff.  Cit.  Synonyms: 
Caffeinae  Citras   (Br.),  Citrate  of  Caffeine. 

Citrated  caffeine  occurs  as  a  white  powder;  odorless,  and  having  a  slightly  bitter, 
acid  taste.  It  gives  a  clear,  syrupy  solution  with  a  small  quantity  of  water,  but  caf- 
feine precipitates  on  dilution.  This  precipitate  redissolves  on  the  further  addition 
of  water.  Contains  not  less  than  48  percent,  nor  more  than  52  percent,  of  anhydrous 
caffeine. 

Dose,  2  to  8  grains  (0.13  to  0.5). 
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Capfeina  Citrata  Effervescens  (U.S.  IX.),  Effervescent  Citrated  Caffeine.  Ahbr., 
Caff.  Cit.  Eff.  Synonym:  Caffeinae  Citras  Effervescens  (Br.),  Effervescent  Citrate 
of  Caffeine. 

Contains  not  less  than  1.9  percent,  of  anhydi'ous  caffeine. 

Dose,  Y2  to  2  drams  {2  to  8  Gm.). 

Caffeine  Sodio-Benzoas  (U.S.  X.),  Caffeine  Sodiobenzoate.    Abbr.,  Caff.  Sod.  Benz. 

A  mixture  of  caffeine  and  sodium  benzoate,  containing  not  less  than  46  percent., 
nor  more  than  50  percent.,  of  anhydrous  caffeine.  Occurs  as  a  white  powder ;  odorless, 
and  with  a  slightly  bitter  taste.  One  Gm.  dissolves  in  1.1  cc.  of  water,  some  caffeine 
separating  on  standing,  and  in  30  ce.  of  alcohol  at  25°  C;  partly  soluble  in  chloroform. 

Dose:  By  mouth,  5  grains  (0.3  Gm.)  ;  hypodermic,  3  grains   (0.2  Gm.). 

Ampullae  Caffeinae  Sodio-Benzoatis  (N.F.),  Ampules  of  Caffeine  Sodio-Benzoate. 
Abbr.,  Ampul.  Caff.  Sod. -Benz. 

Each  ampule  contains  8  grains  (0.5  Gm.)  of  the  U.S.P.  caffeine  sodiobenzoate  in 
sterile  distilled  water. 

Dose,  1  ampule. 

Caffeine  Sodio-Salicylas  (N.F.),  Caffeine  Sodiosalicylate.  Abbr.,  Caff.  Sod.- 
Sal. 

Caffeine,  50  parts;  sodium  salicylate,  50  parts;  these  are  triturated  with  alcohol 
to  make  a  smooth  paste  which  is  dried  and  powdered. 

Dose,  2  to  5  grains  (0.13  to  0.3  Gm.). 

Coffea  Tosta  (N.F.),  Boasted  Coffee.    Abbr.,  Coff.  Tost.    Synonym:  Coffee. 

The  dried  ripe  seeds  of  Cojfea  arabica  Linne,  or  Coffea  liberica  Bulliard  (Fam. 
Ruhiacece),  roasted  until  they  develop  a  dark  brown  color  and  a  characteristic  aroma, 
and  yielding  not  less  than  1  percent,  of  caffeine.  It  has  a  characteristic  aroma  and  a 
pleasantly  bitter  taste. 

Dose,  2  to  8  drams  (8  to  30  Gm.)  as  a  freshly  made,  hot  infusion. 

Fluidextractum  Coffee  (N.F.),  Fluidextract  of  Coffee.    Abbr.,  Fldext.  Coff. 

Prepared  by  percolating  the  powdered  drug  with  glycerin,  alcohol,  and  water. 

Dose,  30  to  60  minims  (2  to  4  cc). 

Thea  (unofficial),  Tea. 

The  dried  leaves  of  Thea  si7iensis  Linne  (Fam.  Theacece).  It  contains  from  3  to  5 
percent,  of  caffeine  (theine). 

Dose,  1  to  4  drams  (4  to  15  Gm.)  as  a  freshly  made,  hot  infusion. 

Mate  (unofficial),  Paraguay  Tea. 

The  dried  leaves  of  Ile.v  paraguayensis  St.  Hilaire  (Fam.  Aquifoliacece).  It  con- 
tains 0.5  to  1  percent,  of  caffeine. 

Dose,  1  to  4  drams  (4  to  15  Gm.)  as  a  freshly  made,  hot  infusion. 

GuARANA  (U.S.  IX.),  Guarana.     Abbr.,  Guaran. 

A  dried  paste  consisting  chiefly  of  the  crushed  seeds  of  PaulUnia  cupana  Kunth 
(Fam.  Sapindacece),  yielding  not  less  than  4  percent,  of  caffeine.  It  occurs  usually  in 
cylindrical  sticks,  about  3  to  5  cm.  in  diameter;  externally  dark  reddish-brown,  hard 
and  heavy;  odor  slight ;  taste  slightly  astringent  and  bitter.  The  powder  is  light  pinkish- 
brown. 

Dose,  30  to  60  grains  (2  to  4  Gm.). 

Elixir  GuARANiE  (N.F.),  Elixir  of  Guarana.    Abbr.,  Elix.  Guar. 

Each  fluidram  repi-esents  12  grains  (0.77  Gm.)  of  guarana  in  a  medium  of  aro- 
matic elixir  and  compound  elixir  of  taraxacum. 

Dose,  1  to  4  fluidrams  (4  to  16  cc.) 

FLUiDEXTRACTr.M  Gi'ARAX.-E  (U.S.  IX.),  Fluidextract  of  Guarana.  Abhr.,  Fldext. 
Guaran. 
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One  cc.  represents  1  Gm.  Contains  about  70  percent,  of  alcohol  and  4  percent, 
of  caffeine. 

Dose,  30  to  50  minims  (2  to  4  cc). 

Kola  (N.F.),  Kola.  Synonyms:  Cola,  Semen  Kolae  or  Colae,  Guru  Nuts,  Bicky 
Nuts,  Soudan  Coffee. 

The  dried  cotyledons  of  Cola  acuminata  Schott  and  Endlicher  (Fam.  Stercu- 
liacece),  yielding  not  less  than  1  percent,  of  caffeine.  The  powdered  drug  is  reddish- 
brown;  odorless;  taste  slightly  astringent. 

Dose,  30  to  60  grains  (2  to  4  Gm.). 

Fluidextractum  Kol^  (N.F.),  Fluidextract  of  Kola.  Ahhr.,  Fldext.  Kol.  SynO' 
nym:  Fluidextractum  Sterculiae  (N.F.  III). 

Each  cc.  represents  1  Gm.  of  the  drug.  Alcoholic  content  about  60  percent.  Each 
100  cc.  yields  not  less  than  0.85  Gm.  nor  more  than  1.15  Gm.  of  caffeine. 

Dose,  1  fluidram  (4  cc). 

Theobromina  (N.N.R.),  Theobromine.    Synonym :  3.7  Dimethyl-Xanthine. 

A  base  occurring  in  Theohroma  cacao  and  also  made  synthetically.  It  occurs  as 
colorless,  rhombic  needles  or  as  a  white  crystalline  powder;  odorless,  bitter,  and  perma- 
nent in  the  air.  Theobromine  is  slightly  soluble  in  water,  alcohol,  ethyl  acetate  and 
chloroform,  and  insoluble  in  petroleum  ether.  It  is  soluble  in  aqueous  solutions  of  the 
alkalis,  with  formation  of  double  salts. 

Antagonists  and  Incompatihles. — Carbonated  beverages,  saccharine,  mucilaginous 
liquids,  and  acids,  and  most  of  the  alkaloidal  reagents  are  incompatible. 

Synergists. — The  diuretics  in  general. 

Dose,  5  to  8  grains  (0.3  to  0.5  Gm.). 

THEOBROMiNiE  Sodio-Salicylas  (U.S.  X,),  Theobromine  Sodiosalicylate.  Ahhr., 
Theobrom.  Sodio-Sal.    Synonyms:  Theobromina;  et  Sodii  Salieylas  (Br.),  Diuretin. 

Sodium  theobromine  and  sodium  salicylate  in  approximately  molecular  propor- 
tions. A  white,  odorless  powder  of  a  sweetish,  saline,  and  somewhat  alkaline  taste. 
One  Gm.  of  theobromine  sodio-salicylate  dissolves  in  one  cc.  of  water  at  25°  C; 
slightly  soluble  in  alcohol.  Yields  not  less  than  46.5  percent,  of  theobromine  or  35 
percent,  of  salicylic  acid. 

Dose,  10  to  20  grains  (0.6  to  1.3  Gm.). 

Theobromine  Sodio-Acetas  (N.N.R.),  Theobromine  Sodium  Acetate.  Ahhr., 
Theobrom.  Sod.-Acet.    Synonym:  Agurin. 

A  white,  crystalline,  hygroscopic  powder;  soluble  1  in  2  of  water  and  about 
1  in  200  of  alcohol.     Contains  not  less  than  63  percent,  of  theobromine. 

Dose,  8  to  15  grains  (0.5  to  1  Gm.). 

Theocalcin  (N.N.R.). 

A  double  salt  of  calcium  theobromine  and  calcium  salicylate,  containing  not  less 
than  44  percent,  of  theobromine.  A  white,  amorphous  powder,  having  a  saline  taste 
and  being  partly  soluble  in  water. 

Dose,  7  to  15  grams  (0.5  to  1  Gm.). 

Theophyllina  (U.S.  X.),  Theophylline,  ^fcfcr.,  Theophyll.  Synonym:  Dimethyl- 
xanthine,  Theocine. 

An  organic  base  isomeric  with  theobromine,  found  in  small  amounts  in  the  leaves 
of  Thea  sinensis  Linne  (Fam.  Ternstra'miacece),  and  also  prepared  synthetically 
(Theocine).  It  occurs  as  a  white,  crystalline  powder;  odorless,  and  having  a  bitter 
taste;  permanent  in  the  air.  One  Gm.  of  theophylline  dissolves  in  120  cc.  of  water  and 
80  cc.  of  alcohol  at  25°  C.  It  is  more  readily  soluble  in  hot  water;  sparingly  soluble 
in  ether;  readily  soluble  in  solutions  of  the  alkali  hydroxides  and  in  ammonia  water. 

Dose,  3  to  6  grains  (0.2  to  0.4  Gm.). 
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TiiEOPiivLLiN.E  SoDio-AcETAS  (N.N.R.),  Theophylline  Sodium  Acetate.  Synonym: 
Theosin  Sodium  Acetate. 

A  double  salt  of  sodium  acetate  and  sodium  thcopliylline.  It  is  a  white,  crystal- 
line powder,  containing  about  (50  percent,  of  anhydrous  theophylline.  It  dissolves  in 
about  20  parts  of  water  at  25°  C,  but  is  insoluble  in  alcohol  or  ether. 

Dose,  2  to  8  grains  (0.13  to  0.5  Gm.). 

Theophyllix.e  Sonio-FoRMAs  (unofficial),  Theophylline  Sodium  Formate. 

A  white  powder;  soluble  in  water. 

Dose,  3  to  15  grains  (0.3  to  1  Gm.). 

Pharmacodjmamic  Action:  Action  on  Plants  and  Loioer  Animals. — The  frequent  pres- 
ence of  caffeine  in  seeds  and  young  shoots  suggested  to  Ranson  that  it  might  have  an 
effect  in  stimulating  plant  growth.  Seeds,  however,  of  many  species  put  in  solutions  con- 
taining 0.01  to  1  percent,  of  caffeine  or  wet  with  such  solutions  did  not  grow  as  fast  or  as 
well  as  seeds  in  plain  water.  Weaker  solutions  delayed  growth  slightly  or  had  no 
effect.  Bokorny  found  that  various  water  plants  put  in  dilute  solutions  of  caffeine  were 
injured  and  the  cells  showed  definite  alterations,  consisting  in  extrusion  of  water  with 
condensation  of  the  protoplasm  and  formation  of  spheres  of  altered  albumen.  If  re- 
turned to  Avater,  they  recovered. 

Protozoa  are  injured  by  0.1  per  cent,  solutions,  both  ameba  and  Paramecium  showing 
Increase  in  the  size  of  the  contractile  vacuole  which  gradually  becomes  very  large  and 
ceases  to  contract. 

Frog  muscle  in  0.1  percent,  solution  shows  degenerative  changes  in  the  tissues  asso- 
ciated with  rigor. 

Toxicity. — Fatal  cases  of  acute  poisoning  in  man  are  apparently  unknown ''  but  the 
fatal  dose  is  probably  above  10  Gm.  (gr.  150).  Injected  hypodermically  in  dogs,  cats, 
rabbits  and  birds,  the  fatal  dose  is  about  0.12  to  0.15  Gm.  per  kilo.  In  rabbits  it  is  much 
more  toxic  when  given  intraperitoneally  and  less  when  given  by  mouth,  while  the  method 
of  administration  makes  little  difference  in  carnivora.  Young  animals  withstand  larger 
doses. 

The  chief  symptoms  of  acute  poisoning  in  animals  are  excitement,  restlessness,  rapid 
respiration,  and  finally  convulsions,  ending  in  weakness  or  paralysis  from  the  effect  on 
the  muscle  substance.  The  temperature  rises  markedly,  even  2  or  3  degrees.  Death 
occurs  usually  from  failure  of  the  heart,  but  the  respiration  may  fail  first.  At  autopsy 
the  most  characteristic  change  is  a  peculiar  stiffness  of  the  muscles  similar  to  rigor 
mortis. 

In  man  doses  of  1  Gm.  (15  gr.)  or  more  lead  to  sleeplessness,  motor  and  mental  rest- 
lessness and  even  extreme  excitement.  Muscular  tremors  may  be  noted,  associated  with 
weakness.  The  temperature  may  be  high.  The  respiration  is  rapid  and  deep.  Urinary 
secretion  is  increased.  Headache  and  vertigo  with  palpitation  of  the  heart  and  hot  flashes 
are  frequent.  Tremors  of  the  jaws,  hands  and  feet  and  muscular  stiffness  are  less  com- 
mon.   There  may  be  vomiting  and  rarely,  collapse. 

In  rabbits  and  dogs  sublethal  doses  repeated  a  few  times  on  successive  days  lead 
to  death  from  inanition  brought  on  by  inflammation  of  the  stomach  and  bowel  (Salant). 

Chronic  Intoxication. — Chronic  poisoning  from  repeated  use  of  caffeine  is  of  much 
greater  practical  interest  than  is  acute  intoxication.  A  great  deal  of  writing  has  been 
done  in  the  last  few  years  attempting  to  show  that  all  sorts  of  ailments,  especially  nerv- 
ousness and  digestive  disturbances  may  result  from  the  moderate  use  of  beverages  con- 
taining caffeine,  but  no  evidence  worthy  of  the  name  has  been  brought  to  substantiate 
these  claims.  It  is  well  known  that  certain  persons  cannot  sleep  soon  after  taking  tea 
or  coffee,  and  if  such  individuals  insist  on  drinking  it  in  the  evening  it  is  hardly  fair  to 
blame  the  effects  of  lack  of  sleep  on  the  caffeine  as  such.  Most  cases  of  chronic  tea  and 
coffee  poisoning  occur  in  persons  who  keep  the  pot  on  the  stove  all  the  time  and  drink 
frequently  a  decoction  boiled  a  long  time.  Such  a  brew  is  very  strong  in  tannins  and  it 
is  not  possible  to  separate  the  damage  done  by  them  from  that  due  to  caffeine. 

The  symptoms  of  such  abuse  are  dyspepsia,  dizzy  spells,  palpitations,  insomnia  and 

"Fatalities  in  patients  following  the  use  of  theocine  are  reported  by  Allard  (con- 
vulsions) and  by  Cadbury  (heart  failure).  That  Allard's  deaths  could  have  been  caused 
by  the  drug  is  denied  by  Schmiedeberg. 
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often  headache  and  restlessness.  The  blood  pressure  is  likely  to  be  high,  the  reflexes 
exaggerated.  In  such  cases  treatment  will  consist  in  withdrawing  the  drug  and  replac- 
ing it  by  one  of  the  coffee  substitutes  or  tea  made  from  some  indifferent  substance,  flax- 
seed, couchgrass,  Iceland  moss,  etc.  The  stimulation  of  the  caffeine  may  be  replaced  by 
nux  vomica  perhaps  associated  with  gentian. 

Adsorption  and  Elimination. — Caffeine  and  its  various  salts  are  readily  absorbed, 
both  from  the  stomach  and  bowel,  and  from  the  subcutaneous  tissues  and  peritoneal 
cavity.  It  circulates  in  the  blood  as  far  as  is  known  without  showing  any  tendency  to 
be  deposited  in  particular  tissues. 

Considerable  discussion  has  arisen  with  regard  to  its  elimination.  A  small  part  is 
eliminated  unchanged  in  the  urine.  This  is  about  10  percent,  of  a  moderate  single  dose 
in  the  rabbit  and  guinea-pig  but  only  about  1  percent,  in  the  cat  and  dog.  In  man  it  is 
between  4  and  8  percent.  Elimination  of  this  portion  is  almost  complete  in  24  hours. 
A  very  variable  portion  is  demethylated  and  excreted  as  various  other  purine  bodies.  In 
the  rabbit  more  than  half  may  be  eliminated  in  this  way,  chiefly  as  3  monomethyl- 
xanthine  (Kruger  and  Schmidt).  The  greater  part  is,  in  man,  still  further  reduced  and 
probably  excreted  as  urea.  Probably  no  uric  acid  is  formed  from  caffeine,  although  the 
uric  acid  excretion  in  man  on  a  purine  free  diet  may  be  increased  by  addition  of  coffee  or 
tea  (Mendel  and  Wardell). 

Topical  Action. — Caffeine,  as  such,  has  no  irritating  action  but  warning  must  be  given 
against  the  hypodermic  use  of  the  ordinary  salts  which  are  strongly  acid.  On  isolated 
organs  the  chief  action  is  vasodilator.  There  is  no  action  on  nerves  wet  with  solutions 
of  it. 

Systemic  Action:  Alimentary  Action. — The  action  of  caffeine  on  the  stomach  and 
bowel  is  less  important  than  that  of  the  tannin  and  aromatics  contained  in  tea  and 
coffee.  Tea,  if  brewed  for  a  long  time,  or  coffee  after  long  boiling  on  the  grounds,  con- 
tains a  large  amount  of  tannin  and  its  continued  use  gives  rise  to  indigestion  and  even 
severe  gastritis.  On  account  of  the  predominance  of  tannins,  tea  is  supposed  to  be  rather 
constipating,  while  coffee,  with  a  larger  proportion  of  oils,  may  be  laxative.  Hemor^ 
rhoids  are  supposed  to  result  from  the  excessive  use  of  such  beverages,  and  may  be  due 
in  part  to  the  vasodilating  action  of  the  caffeine.  Caffeine  in  very  large  doses  repeated 
daily  was  found  to  cause  such  severe  gastroenteritis  in  dogs  and  rabbits  as  to  lead  to 
death  from  malnutrition  (Salant).  Caffeine  has  no  effect  on  peristalsis.  But  the  contrac- 
tions of  an  isolated  strip  of  bowel  are  increased  by  addition  of  0.006  percent.  (Junkmann 
and  Stress). 
\  Caffeine  added  to  pepsin  in  vitro  accelerates  its  action.    Addition  of  4  percent,  may 

'  cause  40  percent,  acceleration.    Tea  and  coffee  infusions  on  the  contrary  delay  digestive 
action,  probably  by  reason  of  the  tannins. 

Blood. — Caffeine  lowers  the  osmotic  tension  of  the  blood  (Fleisher  and  Loeb)  as 
well  as  its  viscosity.  Small  amounts  added  to  shed  blood  increase  the  motions  of  the 
leucocytes,  while  large  amounts  kill  them.  There  is  no  effect  on  the  red  cells,  on  the 
formation  of  fibrin,  nor  on  the  recovery  of  the  blood  after  hemorrhage   ("Gaisbock). 

Circulatory  System — The  study  of  the  effects  of  caffeine  on  the  circulatory  system 
is  confused  by  the  fact  that  the  influence  on  certain  centers  is  opposed  to  that  on  the 
periphery,  and  that  of  large  doses  to  that  of  small. 

The  heart  muscle  is  stimulated  by  small  doses  (10  to  20  mgm.  per  kilo)  but  depressed 
by  large  doses  and  increasing  cardiac  failure  preceded  by  rapid  and  irregular  contrac- 
tions is  the  cause  of  death  in  acute  fatal  poisoning  in  animals.  The  cardiac  output  is 
considerably  increased  under  the  influence  of  small  doses,  but  this  is  largely  due  to 
more  complete  relaxation  in  diastole,  and  is  not  noted  if  the  caffeine  is  given  during 
work,  when  the  heart  is  already  dilating  fully  (Means  and  Newburgh).  Doses  of  40 
mgm.  per  kilo  cause  lessening  of  tone  throughout  the  cycle  and  an  increased  tendency 
to  dilate  under  strain.  This  loss  of  tone  may  occur  with  small  doses  when  these  are 
given  by  intravenous  injection  and  it  accounts  for  the  brief  fall  of  pressure  which  fol- 
lows them.  That  this  fall  is  not  due  to  vasodilatation  is  shown  by  the  fact  that  an 
oncometer  tracing  falls  with  the  pressure  (Sollmann).  The  rise  of  pressure  which  fol- 
lows this  primary  fall,  or  occurs  without  it,  is  associated  with  increase  in  the  heart  rate 
and  strengthening  of  the  beats.  This  acceleration  is  always  seen  in  the  isolated  heart 
but  stimulation  of  the  vagus  center  may  mask  it  to  some  extent  or  even  prevent  it 
entirely,  in  the  intact  animal. 

The  chief  action  on  the  extrinsic  nerves  of  the  heart  is  the  stimulation  of  the  vagus 
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center  and  with  small  doses  this  may  lead  to  slowing  of  the  heart,  especially  in  the  dog. 
If  the  vagus  nerves  are  previously  cut,  if  atropine  is  given,  or  if  the  dose  of  caffeine  is 
above  20  mgm.  per  kilo,  acceleration  is  always  seen.  Auriculo-ventricular  conduction 
time  is  accelerated  slightly   (LaFranca). 

The  cold  blooded  heart  in-  situ  is  affected  similarly  to  that  of  the  mammal.  In  the 
isolated  heart,  caffeine  paralyzes  the  vagus  endings  when  0.05  percent,  is  added  to  the 
perfusion  fluid,  although  the  amount  also  injures  the  heart  muscle  (Kakowski).  Added 
to  the  fluid  bathing  the  isolated  turtle  heart  strip,  caffeine  abolishes  the  rhythmic  tonus 
changes   (Sciolla). 

Blood  Vessels.— The  effect  of  caffeine  on  the  blood  vessels  is  complicated  by  the  fact 
that  it  stimulates  the  vasomotor  center  in  all  doses,  and  in  large  dose  paralyzes  the 
vessel  wall.  Only  small  doses  cause  any  vasoconstriction  and  this  is  seen  in  the  limbs 
rather  than  in  the  viscera.  Doses  even  smaller  than  those  which  cause  distinct  fall  of 
blood  pressure  bring  about  an  increase  in  the  volume  of  the  kidney,  spleen  and  bowel 
and  also  of  the  brain,  pia  mater  and  retina.  The  coronary  arteries  are  dilated  only  by 
toxic  doses  (Sakai  and  Saneyoshi),  although  this  effect  is  seen  with  small  amounts  of 
theophylline  (Guggenheimer).  The  pulmonary  arteries  are  constricted  by  small,  but 
dilated  by  toxic  amounts.  That  the  dilating  action  is  peripheral  is  shown  by  its  being 
exhibited  on  isolated  organs  and  by  the  fact  that  the  constrictor  action  of  digitalis 
(Strooman)  and  of  epinephrine  (Sollmann)  is  prevented.  Strooman  suggests  giving 
caffeine  with  digitalis  clinically  to  prevent  its  action  on  the  vessels. 

Blood  Pressure. — Doses  up  to  20  mgm.  per  kilo  cause  a  rise  of  arterial  pressure  in 
the  dog  and  cat,  while  doses  of  40  mgm.  or  more  cause  a  fall.  The  venous  pressure  is 
usually  not  affected. 

The  blood  flow  in  the  limbs  of  men  Is  increased  by  the  hypodermic  injection  of  0.3 
to  0.5  Gm.  (gr.  5  to  8). 

In  rabbits  the  bleeding  from  pulmonary  wounds  is  Increased  (Frey). 

Respiration. — The  most  striking  effect  of  caffeine  is  the  marked  stimulation  of  the 
respiratory  center  leading,  even  with  small  doses,  to  marked  increase  in  alveolar  ventila- 
tion. In  man  small  doses  by  mouth  have  little  effect,  but  the  hypodermic  injection  of 
0.15  to  0.25  Gm.  (gr.  2.5  to  4)  causes  distinct  increase  in  the  volume  of  air  breathed 
with  lowering  of  the  alveolar  COj  (Higgins  and  Means).  The  rate,  depth  and  minute 
volume  are  all  increased.  This  is  accompanied  by  increase  in  gas  metabolism  (Edsall 
and  Means).  In  narcotized  dogs  both  rate  and  depth  are  increased  by  caffeine,  but  in 
decerebrate  dogs  and  in  the  rabbit  under  all  circumstances  only  the  rate  increases  dis- 
tinctly. In  the  intact  rabbit,  10  to  20  mgm.  per  kilo  hypodermically  causes  very  rapid 
respiration  with  incomplete  expiration.  Increased  9epth  of  inspiration  leaves  the  depth 
unchanged.  The  acceleration  endures  only  5  to  10  minutes  and  lessens  with  repeated 
injections.  The  acceleration,  in  contrast  to  that  caused  by  inhalation  of  carbon  dioxide, 
is  not  affected  by  section  of  the  vagus  nerves.  Stronger  stimulation  of  the  vagus  and 
laryngeal  nerves  is  required  to  stop  respiration  in  rabbits  under  caffeine  (Cushny).  In 
the  rabbit  the  effect  of  carbon  dioxide  on  the  respiration  is  increased  by  caffeine 
(Cushny)  but  not  in  man  (Grabfield  and  Means). 

Caffeine  causes  a  dilatation  of  the  bronchi,  perhaps  by  direct  stimulation  of  dilator 
fibers,  perhaps  by  release  of  adrenalin  (Jackson).  In  rabbits  the  bronchial  spasm  caused 
by  muscarine  or  peptone  is  relieved,  and  in  man  asthma  is  often  beneficially  influenced, 
especially  by  coffee. 

Metabolism. — The  metabolic  effect  of  caffeine  in  mammals  may  be  summed  up  by 
saying  that  all  metabolic  processes  throughout  the  body  seem  to  be  increased.  Calori- 
metric  studies  in  man  show  an  increase  of  8  to  23  percent.,  as  a  result  of  the  ingestion 
of  8.6  mgm.  per  kilo.  The  pulse,  respiratory  quotient  and  temperature  are  not  affected 
(Means,  Aub,  Dubois  and  Soderstrom).  This  increase  in  metabolism  is  indicated  by 
the  fact  that  rabbits  under  caffeine  diuresis  may  eliminate  within  half  an  hour  more 
phosphates  than  are  contained  in  the  circulating  blood  (Bock).  This  shows  stimulation 
of  the  tissue  metabolism,  which  is  also  indicated  by  an  increase  in  the  flow  from  the 
thoracic  duct  (Marfori  and  Chistoni).  The  excretion  and  formation  of  carbon  dioxide 
are  increased  apart  from  change  in  temperature  (Edsall  and  Means). 

The  nitrogen  metabolism  is  increased.  There  is  increased  elimination  of  urea  and 
the  autolytic  formation  of  urea  by  the  liver  of  the  dog  in  vitro  is  increased  (Zanda). 
In  man  the  elimination  of  uric  acid  is  doubled  by  the  ingestion  of  coffee  containing  1.3 
Gm.  (gr.  22)  of  caffeine.    No  part  of  this  uric  acid  is  probably  formed  from  the  caffeine. 
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Hyperglycemia  and  often  glycosuria  are  seen  in  rabbits  and  cats  under  the  influence 
of  caffeine,  but  not  in  dogs.  There  is  never  glycosuria  without  hyperglycemia,  but 
there  is  an  increased  glycogenolysis,  like  that  after  medullary  puncture.  It  is  generally 
prevented  by  section  of  the  splanchnics  and  is  therefore  chiefly  central   (Nishi). 

Temperature. — Injection  of  caffeine  in  sufficient  dose  leads  to  rise  of  temperature 
in  all  animals.  This  is  said  to  be  greater  in  dogs  than  in  rabbits,  and  is  greater  in 
either  than  in  man.  It  is  due  to  increased  heat  production  from  greater  muscle  tonus 
and  is  central  as  shown  by  its  occurrence  after  very  small  intracerebral  injections  in 
the  rabbit  (Barbour  and  Wing).  The  febrile  reaction  is  much  greater  in  dogs  after 
thyroidectomy  (Karelkin). 

Genital  Organs. — Caffeine  given  over  a  long  period,  in  toxic  amounts,  to  dogs  or 
roosters  {e.g.,  daily  doses  over  a  period  of  10  weeks,  with  a  total  of  5  Gm.  per  kilo), 
induces  aspermia,  followed  by  atrophy  of  the  testicular  epithelium  (Vacca).  It  does 
not  influence  the  secretion  of  milk  (Ott  and  Scott)  although  it  may  be  excreted  in  this. 
The  uterine  contractions  are  not  altered  by  even  large  doses. 

Urinary. — Of  all  the  diuretics  at  our  disposal  caffe'ine  is  perhaps  the  most  reliable 
and  least  injurious,  if  we  except  water,  which  can  be  used  for  this  purpose  only  under 
certain  conditions.  Like  other  diuretics,  the  drugs  of  the  caffeine  group  may  fail  to 
increase  the  secretion  of  urine  if  there  is  no  excess  of  water  at  the  disposal  of  the  tissues, 
as  in  the  case  of  rabbits  kept  for  a  long  time  on  a  dry  diet,  while  in  case  the  amount  of 
water  in  the  tissues  is  excessive,  as  in  edema,  the  effect  may  be  enormous.  It  is  possi- 
ble by  administering  water  in  increasing  amount  to  normal  animals  to  force  the  kidneys 
to  their  maximum  excretory  capacity,  and  in  this  case  caffeine  will  cause  no  further 
diuresis  (Sol  and  Hoffman).  In  most  animals,  however,  on  normal  diet,  and  with  nor- 
mal, or  not  too  severely  damaged  kidneys,  the  amount  of  urine  excreted  is  markedly 
increased  by  even  small  doses  of  caffeine  and  its  congeners. 

Four  factors  enter  into  the  production  of  the  increased  secretion  in  normal  ani- 
mals: a  rise  of  pressure  in  the  renal  vessels;  an  increased  flow  of  blood  through  the 
kidney,  an  alteration  in  the  salt  content  of  the  plasma,  and  a  specific  action  on  the  renal 
epithelium.  The  first  two  are  caused  by  the  dilatation  of  the  renal  arteries  and  by  the 
stimulation  of  the  heart.  That  the  last  is  also  operative  is  shown  by  experiments  in 
which  a  clamp  was  applied  to  the  renal  artery  and  so  adjusted  as  to  keep  the  pressure 
and  flow  in  the  blood  vessels  constant.  Even  under  these  conditions  a  marked  increase 
in  secretion  is  obtained  (Richards  and  Plant). 

Various  ingenious  experiments  have  been  devised  to  determine  whether  the  increase 
in  the  urinary  secretion  under  the  influence  of  caffeine  were  due  to  increased  filtration 
through  the  glomeruli,  or  to  diminished  reabsorption  in  the  tubules.  Experiments  on 
the  frog  kidney,  which  have  a  separate  arterial  supply  for  the  glomeruli  have  not  given 
clear  results  and  in  any  case  the  justification  of  applying  such  conclusions  to  mammals 
is  doubtful.  The  urine  and  blood  flow  may  both  increase  in  a  kidney,  the  usual  increase 
in  size  of  which  is  prevented  by  imbedding  in  plaster,  but  the  assumption  that  this 
excluded  either  increase  in  the  size  of  the  blood  vessels  or  of  the  renal  tubules  is  now 
considered  false.  There  is  less  staining  of  the  cells  of  the  convoluted  tubules  with  indigo- 
carmine,  and  this  is  in  favor  of  diminished  absorption  but  does  not  prove  it.  In  fact  the 
entire  discussion  is  rendered  somewhat  academic  by  the  acknowledged  fact  that  if  the 
urine  flows  more  rapidly  past  the  canals  there  is  less  opportunity  for  absorption  and 
therefore  any  increase  in  glomerular  secretion  must  at  the  same  time  diminish  the 
reabsorption. 

Light  is  thrown  on  the  importance  of  the  blood  flow  by  experiments  in  which  the 
kidney  of  a  dog  with  nerves  intact  was  perfused  in  situ,  with  blood  at  constant  pressure. 
Addition  of  1  part  of  caffeine  to  750  of  blood  increased  the  blood  flow  214  times  and 
the  urine  12  times.  If  the  blood  flow  were  kept  constant  by  a  clamp  on  the  artery,  the 
urine  flow  still  increased  C  times  (Gabriels). 

Of  greater  interest  is  the  fact  shown  by  Fleisher  and  Loeb,  that  caffeine  causes  a 
diminution  of  both  the  water  and  salts  in  the  blood  of  rabbits  by  a  direct  action.  That 
if  the  kidneys  are  ligated  or  rendered  inefficient  by  uranium,  these  pass  into  the  tissues; 
if  the  kidneys  are  active,  they  escape  through  them.  According  to  these  authors  the 
primary  factor  in  caffeine  diuresis  is  elimination  of  sodium  chloride  from  the  blood. 
The  escape  of  water  and  the  diuresis  are  secondary.  This  is  confirmed  by  observations 
of  Wallace  and  Pellini  on  dogs.  They  found  that  even  when  caffeine  caused  no  diuresis 
in  normal  dogs,  it  caused  a  diminution  of  the  water,  salts  and  urea  in  the  blood. 

According   to    Curtis,    intramuscular    injections    of    theophylline    cause,    in    normal 
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rabbits,  an  increase  in  the  salt  content  of  the  plasma,  which  precedes  the  diuresis. 
Diuresis  is  prevented  by  intraperitoneal  injection  of  hypertonic  glucose,  which  also 
prevents  the  rise  in  plasma  chlorides.  The  influence  on  the  exchange  of  water  and  salts 
in  the  tissue  is  reflected  in  the  increased  growth  shown  by  tadpoles,  when  1:1000  to 
1:3000  of  the  sodium  salt  of  theophylline  is  added  to  the  water  (Frohlich  and  Zak), 
and  in  the  more  rapid  absorption  of  substances  other  than  caffeine,  shown  as  an  increased 
sensitiveness  to  various  poisons  injected  hypodermically  in  animals  under  the  influence 
of  theophylline. 

That  the  effect  is  a  more  or  less  specific  increase  or  alteration  in  the  function  of 
particular  kidney  cells  is  indicated  by  the  fact  that  all  constituents  of  the  urine  are  not 
equally  increased.  The  water  is  increased  most  as  a  rule,  so  that  the  urine  is  more 
dilute,  and  urea  is  increased  more  than  inorganic  matters.  When  albumen  is  present, 
the  total  amount  is  not  increased,  so  that  the  percent,  is  diminished.  Occasionally  the 
total  amount  of  albumen  may  increase.  Another  indication  of  specific  cell  action  is  the 
Increased  power  of  the  kidney  to  convert  benzoic  acid  into  hippuric  acid  under  caffeine, 
and  the  increased  metabolism  as  shown  by  gas  analyses  of  blood  from  the  renal  vein 
( Astolfini). 

In  man  caffeine  always  causes  diuresis  if  the  kidneys  are  not  badly  diseased,  but 
in  both  dogs  and  rabbits  it  sometimes  fails  and  it  is  of  interest  to  study  the  reasons  for 
such  failure.  The  absence  of  diuresis  in  rabbits  on  dry  diet  has  already  been  mentioned, 
but  it  has  been  found  that  even  when  water  is  at  the  disposal  of  the  organism  no  diuresis 
may  occur,  especially  in  rabbits  under  the  influence  of  morphine.  In  such  animals  there 
is  no  increase  in  the  flow  through  the  renal  artery,  and  it  is  found  that  this  is  strongly 
contracted.  If  the  vasomotors  are  paralyzed  by  chloral  or  even  if  their  sensitiveness  is 
reduced  by  paraldehyde,  diuresis  at  once  sets  in.  If  the  sympathetic  nerves  going  to  one 
kidney  are  cut,  diuresis  occurs  in  this  kidney  only  (Schroeder).  In  dogs,  this  inhibitory 
action  of  the  central  nerve  system  is  seen  without  morphine.  Diuresis  is  always  obtained 
if  the  kidneys  are  denervated  or  the  vasomotors  paralyzed  and  section  of  the  vagus 
nerves  leads  to  increased  diuresis  or  starts  it  when  absent.  This  has  led  to  the  idea  that 
the  vagus  nerves  carry  inhibitory  fibers  for  the  secretory  cells  of  the  kidney  in  the  dog, 
and  that  these  fibers  are  stimulated  by  caffeine  (Anten).  Theobromine  does  not  stimu- 
late these  vagus  fibers  and  causes  diuresis  even  when  the  nerves  are  intact. 

It  is  always  difficult  to  give  exact  figures  to  show  the  quantitative  effect  of  a  drug, 
but  certain  statements  with  regard  to  the  effect  of  given  doses  are  of  interest.  In  nor- 
mal men  it  has  been  found  that  the  average  increase  of  the  24  hour  urine  resulting  from 
a  single  dose  of  0.5  Gm.  (gr.  8)  is  42  percent.  In  rabbits  under  chloral  it  is  considerably 
more.  The  combination  of  caffeine  with  theocine  or  theobromine  gives  merely  a  sum- 
mation of  effects,  the  combination  of  one  of  these  with  a  nitrate  or  sulphate  may  give 
an  effect  greater  than  the  sum  of  the  individual  effects.  In  rabbits  this  is  true  if  the 
doses  are  below  10  mgm.  of  caffeine  and  100  mgm.  of  magnesium  sulphate  per  kilo  given 
hypodermically  (Schlosser).  After  repeated  administration  of  caffeine  to  dogs  or  rabbits 
the  effect  of  a  given  dose  is  less,  and  this  is  probably  true  of  man  also  (Myers). 

Considerable  study  has  been  given  to  possible  injurious  effects  of  caffeine  on  the 
kidney.  The  universal  opinion  is  that  in  such  amounts  as  are  habitually  taken  by  man, 
there  is  no  such  action.  When  relatively  enormous  doses  (40  mgm.  per  kilo,  about  3  Gm. 
(gr.  50)  for  an  average  man)  are  given  daily  to  dogs,  they  eventually  show  degenera- 
tive changes  in  the  renal  cells,  which,  however,  clear  up  if  the  drug  is  stopped.  In 
acute  fatal  poisoning  in  dogs  the  kidneys  are  often  inflamed  (Vinci).  Large  doses  cause, 
in  frogs,  swelling  of  the  cells  of  the  tubules,  which  is  looked  on  by  Tocco-Tocco  as 
indication  of  injury. 

In  nephritis  caffeine  and  its  congeners  are  often  effective  but  may  fail  entirely.  It 
seems  that  they  are  useful  in  tubular  but  not  in  glomerular  lesions.  Thus  caffeine 
causes  diuresis  in  rabbits  with  nephritis  caused  by  aloin  or  chromate  but  has  no  effect 
or  very  little,  on  the  amount  of  urine,  after  poisoning  by  arsenic,  cantharidin  or 
uranium  (Hellin  and  Spiro).  In  Bright's  disease  in  man,  the  urinary  nitrogen  is  usually 
not  increased,  even  when  there  is  good  diuresis   (Christian,  Farr  and  Welker). 

Effect  on  Ureters. — Caffeine  causes  a  contraction  of  the  circular  fibers  of  the  ureter, 
but  not  enough  to  interfere  with  secretion. 

Nerve  System. — Caffeine  is  perhaps  the  most  universal  stimulant  of  nerve  tissue 
known.  Even  when  it  is  apparently  depressant  it  is  usually  so  either  by  virtue  of  stimu- 
lation of  the  inhibitory  function  or  by  exhaustion  from  overstimulation  by  excessive  dose. 
The  mental  functions  are  exalted  and  the  special  senses  more  keenly  perceptive  under 
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its  influence.  The  association  and  reflex  functions  of  the  brain  and  cord  are  more 
prompt  and  respond  to  weaker  stimuli.  Isolated  muscle  and  nerve  muscle  preparations 
as  well  as  strips  of  smooth  muscle  respond  more  strongly  and  to  weaker  stimuli.  It 
will  perhaps  be  best  to  take  up  the  effects  on  each  of  the  functions  in  turn. 

In  man  small  doses,  0.3  Gm.  (gr.  5),  show  by  psychologic  tests  quickening  of  the 
thought  processes  and  less  tire  from  a  given  piece  of  mental  work.  Fatigue  from 
prolonged  thought  is  relieved.  There  is  more  prompt  association  of  ideas  and  more 
prompt  and  efficient  appreciation  of  sensory  impressions.  There  is  relief  of  sleepiness 
and  a  tendency  to  insomnia.  With  larger  doses,  varying  considerably  in  different  indi- 
viduals, there  is  mental  and  physical  restlessness,  inability  to  sleep,  mental  excitement, 
and  perhaps  combativeness  but  not  delirium.  The  mental  excitation  is  sufficient  to 
combat  the  effects  of  morphine,  alcohol,  chloral  and  other  hypnotics  and  renders  it  useful 
in  narcotic  poisoning.  Rabbits  in  chloral  narcosis  (from  0.6  Gm.)  are  promptly  and  per- 
manently awakened  by  injection  of  50  mgm.  (gr.  %)  (Airila).  Cats  are  especially 
roused  by  caffeine,  becoming  wildly  excited,  rabbits  are  merely  very  restless,  while  frogs 
show  no  symptoms  referable  to  the  cerebrum. 

The  stimulation  of  the  sensory  perceptions  is  shown  by  certain  of  the  psychologic 
tests  already  mentioned  and  also  by  the  fact  that  after  coffee  there  is  shortening  of 
the  color  reaction  time  (Glaser).  An  influence  on  the  sensory  mechanism  is  also  shown 
by  the  well  established  power  of  caffeine  to  relieve  certain  headaches,  especially  of  the 
migraine  type.  This  may  be  associated  with  its  power  to  relieve  fatigue  which  pre- 
disposes markedly  to  neuralgia. 

The  stimulation  of  the  cord  shows  itself  in  mammals  chiefly  by  increased  spinal 
reflexes.  Even  moderate  doses  cause  in  man  such  an  increase,  beginning  in  the  cervical 
cord  and  progressing  downward.  Toxic  doses  cause  tremor  or  twitching,  followed,  if  the 
amount  be  excessive,  by  tetanic  convulsions.  These  are  distinguished  from  those  of 
strychnine  by  the  less  tendency  to  kill  by  stoppage  of  respiration,  and  by  the  muscular 
stiffness  which  accompanies  them.  The  reflexes  are  enormously  increased  in  decapitated 
cats  by  100  mgm.  (gr.  15).  In  frogs  the  convulsions  are  indistinguishable  from  those  of 
strychnin^,  when  at  their  height,  but  do  not  continue  as  long  before  ending  in  exhaus- 
tion. They  are  further  distinguished  from  the  convulsions  caused  by  strychnine,  and 
especially  from  those  of  morphine,  by  the  fact  that  they  are  increased  neither  by 
cardiectomy  nor  by  decerebration.  Like  other  spinal  convulsions  in  the  frog,  however, 
they  are  more  violent  and  are  caused  by  smaller  doses  when  the  frogs  are  kept  cold 
(Githens).  Tetanus  in  the  frog  is  followed  by  paralysis  of  the  cord  like  that  from 
strychnine,  as  well  as  by  the  peculiar  muscular  rigor. 

An  enormous  amount  of  work  has  been  done  on  the  motor  effects  of  caffeine.  This 
is  partly  because  of  the  ease  with  which  such  reactions  are  studied  quantitatively  and 
partly  to  the  peculiar  changes  which  caffeine  induces  in  striated  muscle. 

The  influence  of  caffeine  on  muscular  work  is  similar  to  that  of  exercise.  Studies 
on  man  with  the  ergograph  show  that  small  amounts  given  before  beginning  exercise 
cause  an  increase  in  the  height  and  number  of  contractions  and  more  rapid  recovery 
from  fatigue.  The  stimulating  effect  is  increased  by  giving  sugar  with  the  caffeine 
(Schumburg).  If  the  muscle  is  already  fatigued  before  the  caffeine  is  given  there  is  less 
effect  or  even  a  depressing  action. 

In  intact  frogs  0.03  mgm.  per  gram  (in  a  warm  room)  results  in  slow  motion,  from 
stiffness  of  the  muscles,  with  slow  relaxation.  If  only  0.012  mgm.  per  gram  be  given, 
and  the  leg  later  fixed  in  a  recording  apparatus  the  muscle  does  more  work  and  tires  less 
readily. 

Similar  results  are  obtained  with  the  isolated  nerve-muscle  preparations.  Wet  with 
0.02  percent,  solution  there  is  pure  stimulation.  Irritability  is  increased  and  a  weaker 
stimulus  causes  contraction  (Pashkis  and  Pal).  The  latent  period  is  shortened.  More 
work  is  performed  with  the  optimal  load  but  less  with  a  maximal,  and  the  muscle  is 
more  quickly  exhausted  by  tetanus.  With  concentrations  of  0.025  percent,  there  is  a 
contraction  curve  like  that  of  fatigue,  with  longer  latent  period,  slow  contraction  and 
very  slow  relaxation.  With  concentrations  of  0.1  percent,  there  is  rigor  in  five  minutes 
(Secher).  This  rigor  is  not  prevented  by  curare  and  is  due  to  a  direct  action  on  the 
muscle  fiber.  Like  other  rigors  it  is  associated  with  the  formation  of  lactic  acid 
(Ransom).  In  mammals  this  rigor  is  seen  only  when  the  caffeine  in  large  dose  is  in- 
jected directly  into  the  artery  of  a  limb.  Washing  out  the  caffeine  promptly  restores  the 
plasticity  of  the  muscle  but  not  its  excitability. 
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Frog  muscles  immersed  iu  solutions  of  caffeine  show  histologic  changes.  In  0.05 
percent,  solution  the  muscle  appears  bloodless,  swollen  and  shortened.  The  reaction  is 
acid.  The  sarcolemma  is  detached  and  the  longitudinal  striae  become  more  prominent, 
■while  the  cross  striae  tend  to  disappear. 

Smooth  muscle  immersed  in  dilute  solutions  of  caffeine  shows  similar  changes  in 
the  muscle  curve,  there  being  a  stronger  and  more  persistent  contraction  with  slow 
relaxation. 

Substitutes. — A  number  of  natural  and  artificial  methylated  xanthines  have  been 
introduced  in  medicine  in  the  endeavor  to  find  a  substance  which  will  have  the  diuretic 
action  of  caffeine,  without  its  stimulating  action  on  the  central  nerve  system.  Only 
a  few  of  these  deserve  special  mention. 

Theobromine 

This  is  a  dimethyl  xanthine  occurring  naturally  in  cocoa.  It  is  used  in  the  same 
dose  as  caffeine  and  the  effects  on  the  kidneys  are  practically  identical.  It  has  some 
tendency  to  cause  insomnia,  but  less  than  caffeine.  It  differs  from  caffeine  also  in 
not  having  the  stimulating  action  on  the  vasomotor  and  inhibito-secretory  ner\'es 
of  the  kidney,  which  characterizes  caffeine,  and  it  therefore  produces  diuresis  con- 
stantly in  dogs  and  rabbits.  It  is  occasionally  effective  in  man  when  caffeine  fails, 
perhaps  also  through  some  obscure  central  inhibition.  Tests  have  shown  the  same  effect 
in  delaying  fatigue  as  caffeine  produces  (Fero),  but  it  is  less  effective  in  this  respect. 

Theobromine  is  quite  insoluble  in  water,  and  two  soluble  salts  of  it  have  been 
widely  used.  These  are  diuretin,  which  is  sodium  theobromine  salicylate,  and  agurin, 
sodium  theobromine  acetate.  The  latter  is  to  be  preferred  in  ease  of  susceptibility 
to  salicylate  intoxication. 

Theophylline  (theocine)  is  more  prompt  in  its  ditirotic  action  than  caffeine  or 
theobromine,  but  its  effect  is  also  less  lasting.  Like  theobromine,  it  has  little  or  no 
stimulating  action  on  the  central  nerve  system,  but  this  advantage  is  offset  by  the 
fact  that  in  certain  individuals  it  appears  to  be  quite  poisonous.  Marked  alterations 
have  been  noted  in  the  kidneys  of  rabbits  which  had  received  large  doses,  and  at 
least  three  deaths  in  man  are  ascribed  to  its  action,  two  by  Allard  from  convulsions 
and  one  by  Cadbury  from  sudden  heart  failure.  The  coronary  arteries  are  dilated 
even  by  small  doses,  in  contrast  to  caffeine  (Guggenheimer).  A  more  soluble  but 
otherwise  similar  substance  is  sodium  theophylline  acetate. 

Therapeutics  of  Caffeine  and  Theobromine. — Although  classed  among  the  diuretics, 
caffeine  has  a  wide  range  of  action  and  of  therapeutic  efficacy.  It  is  a  powerful 
cardiac  stimulant  and  tonic,  synergistic  in  a  measure  to  digitalis,  but  not  a  succe- 
daneum  of  that  drug.  It  strengthens  the  heart  muscle  and  dilates  the  vessels,  so 
far  bettering  the  circulation,  but  it  does  not  slow  the  pulsations  and  so  prolong  the 
diastolic  phase,  consequently  the  volume  of  blood  expelled  at  each  ventricular  con- 
traction is  not  increased.  It  is  a  useful  drug  when  the  heart  action  is  weak  and 
irregular,  and  as  it  acts  more  promptly  than  digitalis  it  may  sometimes  be  given 
with  advantage  to  initiate  a  course  of  treatment  by  the  latter  drug,  preparing  the 
heart  to  respond  more  readily.  Sometimes  it  is  usefully  associated  with  digitalis  or 
with  sparteine  and  strychnine;  and  it  may  be  given  alone  for  limited  periods  in  the 
varied  treatment  of  cardiac  myopathies. 

In  the  lieart  weahness  of  acute  infections  with  high  temperature  caffeine  given 
Bubcutaneously  acts  better  and  more  promptly  than  the  digitalis  bodies;  its  effect  is 
less  prolonged,  so  that  the  dose  must  be  repeated  whenever  the  heart  again  begins 
to  ilag.  The  quantity  will  depend  on  the  urgency  of  the  symptoms.  It  should  be  suf- 
ficient. The  effect  is  particularly  good  in  cases  marked  by  low  blood  pressure;  and 
the  drug  may  likewise  be  given  from  time  to  time  in  cases  of  chronic  hypotension, 
alone  or  in  association  with  other  remedies.     In  acute  heart  failure  caffeine  is  ex- 
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tremely  valuable,  both  by  reason  of  its  promptness  of  action  and  because  of  its  ready 
availability,  a  cup  of  strong,  black  coffee  being  obtainable  almost  everywhere  and  at 
short  notice. 

Caffeine  is  indicated  especially  for  the  removal  of  dropsy  dependent  upon  cardiac 
insufficiency,  its  diuretic  action  being  most  in  evidence  in  such  cases.  In  acute  edema 
of  the  lungs  caffeine  acts  promptly  and  well;  it  should  be  given  in  the  form  of  the 
sodio-benzoate  hypodermically  in  dose  of  3  to  8  grains  (0.2  to  0.5  Gm.)  repeated  as 
necessary,  which  may  be  every  2  to  4  hours.  In  dropsy  of  nephritic  origin  caffeine  is 
less  useful,  as  a  rule,  than  theobromine  or  theophylline,  as  its  action  is  somewhat  less 
certain  and  its  continued  use  in  large  doses  may  induce  undesirable  nervous  symptoms, 
yet  it  often  acts  well  in  dropsy  of  chronic  interstitial  nephritis  accompanied  by 
shortness  of  breath  and  cardiac  dilatation.  It  is  absolutely  contraindicated  in  all  cases 
of  acute  nephritis. 

Caffeine  is  indicated  as  a  respiratory  stimulant  in  asthma  and  also  in  acute 
narcotic  poisoning  and  alcoholic  intoxication.  In  the  latter  it  tends  to  restore  mental 
and  muscular  coordination. 

In  the  treatment  of  certain  forms  of  congestive  headache,  especially  migraine 
and  the  cephalalgia  following  undue  indulgence  in  alcoholics,  caffeine  is  of  great 
service.  It  is  valueless  or  even  harmful  in  headache  associated  with  cerebral  anemia. 
It  is  an  ingredient  of  many  of  the  proprietary  "headache  cures,"  being  added  partly 
to  counterbalance  the  injurious  influence  on  the  heart  of  the  acetanilid  or  other 
synthetic  drug,  and  partly  for  its  action  as  a  cerebral  stimulant.  It  is  sometimes 
also  used,  unwisely,  as  a  cerebral  stimulant  when  some  mental  work  must  be  done  at 
a  definite  time,  and  to  overcome  drowsiness  during  study. 

Theobromine  is  in  some  respects  superior  to  caffeine  as  a  diuretic;  it  is  more  cer- 
tain in  its  action,  and  it  is  less  apt  to  excite  disagreeable  ner\'ous  symptoms.  It  may  be 
used  whenever  there  is  edema  or  an  accumulation  of  fluid  in  the  chest  or  abdominal 
cavity,  whether  of  cardiac,  renal  or  hepatic  causation.  It  acts  best  in  cardiac  dropsy, 
and  least  satisfactorily  in  ascites  due  to  cirrhosis  of  the  liver.  Some  authorities  con- 
demn its  use  in  renal  dropsies  owing  to  its  supposed  irritant  action  on  the  kidneys. 
Inflammatory  effusions  are  not  susceptible  of  removal  by  any  of  the  caffeine  group.  It 
has  been  employed,  with  apparent  success,  as  a  preventative  of  angina  pectoris,  this  use 
being  based  on  the  theory  that  it  dilates  the  coronary  arteries. 

Theophylline,  or  theocine,  is  more  powerfully  diuretic  than  caffeine  or  theobro- 
mine, but  is  more  irritating  to  the  renal  epithelium,  and  also  to  the  stomach  when  given 
by  mouth.  For  this  reason  it  is  better  given  intermittently,  alternating  with  some  other 
diuretic — five  days  theophylline,  and  five  days  Basham  mixture.  Theophylline  acts 
more  promptly  than  caffeine,  but  its  effects  pass  off  more  rapidly.  The  diuretic  effects 
of  theophylline  and  of  theobromine  are  so  much  greater  than  those  of  caffeine  that 
some  recent  authors  have  gone  so  far  as  to  deny  all  clinical  value  to  the  last  as  a 
diuretic. 

Administration. — Citrated  caffeine  is  given  per  os  in  3  to  5  grain  doses  three  or  four 
times  a  day  in  the  treatment  of  cardiac  weakness  or  as  a  diuretic  in  cardiac  dropsy.  In 
acute  heart  failure  caffeine  should  be  administered  hypodermically  in  the  form  of  sodio- 
benzoate  or  the  sodiosalicylate  in  doSe  of  3  to  8  grains  (0.2  to  0.5  Gm.),  repeated  in  half 
an  hour  if  necessary.  The  second  of  these  two  may  also  be  given  by  mouth  for  the  relief 
of  headache.  For  headache,  or  as  a  cerebral  stimulant,  a  cup  of  hot,  black  coffee  may  be 
taken  instead  of  the  alkaloid. 

There  are  a  number  of  theobromine  preparations  but  none  of  them  is  superior  in 
its  action  to  the  pure  alkaloid.  For  hypodermic  administration,  however,  diuretin  or 
agurin  must  be  used  because  of  the  insolubility  of  theobromine,  the  hypodermic  dose  of 
the  former  being  10  grains  (0.6  Gm.),  and  of  the  latter  8  grains  (0.5  Gm.). 
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Theophylline,  also,  is  not  suitable  for  subcutaneous  injection  because  of  its  relative 
insolubility;  theophylline  sodium  acetate  or  theophylline  sodium-formate  should  be  used 
for  that  purpose  in  doses  of  3  or  8  grains  (0.2  or  0.5  Gm.),  respectively. 

Arbutin 

Arbutin  is  a  gliioosidc  which  occurs  in  Uva  ursi  (Arcto.staphylos  uva-ursi,  bear- 
berr5')  and  in  Chhnaphila  nmb.'llata  (not  in  C.  maculata).  In  both  plants  it  is  asso- 
ciated with  a  closely  related  glucoside,  methyl  arbutin,  and  with  a  volatile  oil. 
Arbutin  and  methyl-arbutin,  respectively,  consist  of  glucose  in  combination  with 
hydrochinone  and  methyl-hydrochinone.  Both  plants  also  contain  tannic  and  probably 
gallic  acids.  TJva  ursi  contains  in  100  parts  of  the  leaves  1  part  of  arbutin  and  8  parts 
of  tannic  and  gallic  acids. 

The  plants  resemble  each  other  in  action,  the  former  being  more  effective.  In 
normal  animals  they  produce  no  effects,  even  in  very  large  dose,  except  the  digestive 
disturbance  which  results  from  the  tannin  and  a  slight  increase  in  the  secretion  of 
urine.  In  case  of  pyelonephritis  and  of  cystitis  there  is  some  lessening  of  the  pus 
after  their  use  and  in  the  former  often  a  marked  increase  in  the  flow  of  urine. 

When  arbutin  is  administered  to  normal  rabbits  it  is  almost  entirely  decom- 
posed, and  almost  the  theoretical  amount  of  hydrochinone  can  be  isolated  from  the 
urine  (Lewin).  In  man,  on  the  other  hand,  especially  when  given  in  large  dose, 
the  greater  part  is  eliminated  unchanged  (Kunkel).  When  there  is  infection  of  the 
urinary  tract,  however,  a  much  larger  proportion  is  decomposed,  perhaps  by  bacterial 
action  in  the  urinary  passages.  It  is  probable  that  the  antiseptic  action  of  arbutin 
and  of  uA'a  ursi  on  the  urine  is  chiefly  due  to  the  hydrochinone  split  off  in  this  way. 
Arbutin  added  to  urine  does  not  check  the  growth  of  the  micrococcus  urese  (v.  Lim- 
beck). Paschkis  found  uva  ursi  much  more  efficacious  in  cystitis  than  arbutin  and 
believes  that  the  benefit  is  largely  dependent  on  the  tannin  which  also  appears  in 
the  urine.  The  diuretic  action  is  chiefly  due  to  the  ethereal  oil  (Paschkis),  although 
arbutin  0.6  to  0.8  Gm.  (10-13  gr,),  taken  by  a  normal  man  without  water,  increased 
the  daily  exci-etion  of  urine  500  cc. 

Materia  Medica.— Arbutinum  (N.N.E.),  Arbutin,  C^K^fi,  -f-  VzEfi. 

A  glucoside  occurring  in  the  leaves  of  Arctostaphylos  uva  ursi,  Vaccinium  vitis- 
ida'a,  and  many  other  species,  (Fam.  Ericacece).  Occurs  in  long,  glistening,  colorless 
needles,  or  as  a  fine,  white,  crystalline,  colorless  powder,  having  a  bitter  taste.  It  is 
soluble  in  8  parts  of  water  and  16  parts  of  alcohol ;  very  soluble  in  hot  water  and  hot 
alcohol;  insoluble  in  chloroform,  ether,  and  carbon  disulphide. 

Dose,  2  to  5  grains  (0.15  to  0.3  Gm.). 

UvA  Ursi  (U.S.  X.),  Uva  Ursi,  Synonyms:  Mountain  Box,  Rockberry,  Barren 
Myrtle,  Bearberry  Leaves. 

The  dried  leaves  of  Arctostaphylos  uva-ursi  (Linne)   Sprengel   (Fam.  Ericacece). 

Uva  ursi  is  incompatible  with  spirit  of  nitrous  ether. 

Dose,  15  to  45  Grains  (1  to  3  (im.). 

Fluidextractum  \J\m  Ursi  (U.S.  X.),  Fluidextract  of  Uva  Ursi.  Alhr.,  Fldext. 
Uvae  Ursi. 

Each  ec.  corresponds  to  1  Gm.    Alcoholic  content  about  20  percent,  by  volume. 

Dose,  15  to  45  minims  (1  to  3  cc). 

Initjsum  Uv.f:  Uhsi  (Br.),  Infusion  of  Bearberry. 

Bearberry  leaves,  50  Gm.,  infused  for  15  minutes  in  boiling  water,  1000  cc. 

Dose,  y->  fluidounce  (15  cc). 

Chimaphila   (N.F.),  Chimaphila.    Ahhr.,  Chimaph.    Synonym:  Pipsissewa. 

The  dried  leaves   of   Chimaphila   umhellata   (Linne)    Barton    (Fam.   Ericacece), 
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Odor  slight;  taste  astringent  and  bitter.  The  powdered  drug  is  brownish-green  in 
color. 

Dose,  15  to  90  grains  (1  to  6  Gm.). 

Fluidextractum  CniMAPHiLiE  (N.F.),  Fluidextract  of  Chimaphila.  Ahhr.,  Fldext. 
Chimaphil. 

Prepared  by  percolating  the  powdered  drug  to  exhaustion  with  diluted  alcohol. 
Each  cc.  representing  1  Gm.  of  the  drug.    Alcoholic  content  about  60  percent. 

Dose,  15  to  30  minims  (1  to  2  cc). 

Hydrangea  (N.F.),  Hydrangea.  Ahhr.,  Hydrang.  Synonyms:  Wild  Hydrangea, 
Seven-Barks. 

The  dried  rhizome  and  roots  of  Hydrangea  arhorescens  Linne  (Fam  Saxi- 
fragacem).  The  powdered  drug  is  light  yellow  in  color;  inodorous;  taste,  sweetish, 
becoming  acrid. 

Dose,  15  to  45  grains  (1  to  3  Gm.). 

Therapeutics. — Uva  ursi,  chimaphila,  with  arbutin  (a  glucoside  found  in  uva 
ursi  and  chimaphila)  are  all  more  or  less  diuretic  and  faintly  antiseptic,  increasing 
the  flow  of  urine,  and  retarding  putrefactive  changes  in  it.  They  are  somewhat 
astringent  and  tend  to  restrain  the  bowel  movements.  Uva  ursi  is  the  most  pro- 
nouncedly diuretic  and  chimaphila  the  least  so,  but  none  of  the  group  is  of  much 
value  in  the  treatment  of  dropsy.  In  general,  they  are  indicated  in  chronic,  low-grade 
infiamtnution  of  the  hladder,  when  the  urine  is  turbid  or  has  a  brick  dust  deposit  and 
burns  the  urethra  when  passed.  They  have  been  employed  in  cases  of  gravel  and  vesical 
calculus,  under  the  impression  that  they  were  solvents  of  urinary  concretions,  but  are 
no  longer  given  with  that  idea.  They  are  not  to  be  given  in  acute  cystitis,  except 
uva  ursi  which  sometimes  acts  well  even  when  the  inflammatory  process  is  active. 

When  uva  ursi  or  arbutin  is  given,  the  patient  should  be  warned  that  the  urine 
•will  be  colored  a  dark  green  by  the  hydroquinone  which  arbutin  contains. 

Chimaphila  is  given  in  disease  of  the  prostate,  loss  of  tone  in  the  bladder  lead- 
ing to  retention  and  later  incontinence  of  urine,  and  irritability  of  the  bladder  caus- 
ing frequent  desire  to  urinate. 

Administration. — ^These  remedies  may  be  given  as  infusions,  but  the  most  convenient 
preparation  is  tlie  fluid  extract  of  uva  ursi  wliich  may  be  given  in  hot  water  in  the  guise 
of  an  infusion.  The  best  results  are  obtained  by  small  frequent  doses,  about  15  minims 
(1  cc.)  of  the  fluid  extract  every  two  or  three  hours.  Arbutin  is  best  given  in  small  and 
repeated  doses — 1  grain  (0.06  Gm.)  every  two  hours.  It  is  given  also  for  its  purely 
diuretic  effect  in  doses  of  3  to  5  grains  (0.2  to  0.3  Gm.)  two  or  three  times  a  day. 

Hydremic  Diuretics 

It  cannot  have  escaped  the  notice  of  primitive  man  that  the  urinary  secretion  was 
increased  by  taking  large  quantities  of  water  or  of  certain  salts.  The  use  of  these 
agents  as  diuretics  is  thus  very  ancient.  Watery  infusions  of  many  plants  were  lauded 
by  our  ancestors  as  diuretics,  but  recent  comparative  studies  have  shown  that  many  of 
these,  chiefly  demulcents,  acted  merely  on  account  of  the  water  administered  with 
them  (e.g.,  triticum) ;  others  contained  mildly  stimulant  essential  oils  which  are 
excreted  in  the  urine  and  thus  excite  the  renal  activity  (e.g.,  buchu,  pareira,  zea). 

With  the  increasing  knowledge  of  chemistry  of  the  18th  century,  pure  saline 
substances  were  introduced,  including  various  citrates,  tartrates  and  nitrates  which 
are  excreted  by  the  kidney.  More  recently  a  few  substances  have  been  tried  as  diuretics, 
because  studies  of  the  urine  had  shown  that  they  were  excreted  in  it.  Urea  given  by 
mouth  and  glucose  by  injection  are  the  most  important. 

Chemistry. — The  hydremic  diuretics  do  not  belong  to  any  one  chemical  group, 
having  in  common  only  the  property  of  excretion  by  the  kidney.    They  may  be  divided 
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into  aqueous  diuretics  (water,  milk,  infusion  of  triticum) ;  saline  diuretics  (sodium 
acetate,  potassium  acetate,  lithium  citrate,  potassium  nitrate,  ammonium  acetate  and 
iron  and  ammonium  acetate) ;  organic  urinary  constituents  (urea,  sugars). 

Summary  of  Actions  and  Uses.— Hydremic  diuretics  act  Indirectly  on  the  kidneys  by 
altering  the  composition  of  the  blood  plasma  and  thus  causing  certain  of  its  constituents 
to  be  excreted,  carrying  water  with  them.     The  mechanism  is  discussed  elsewhere. 

They  may  be  employed  therapeutically  whenever  the  flow  of  urine  is  scanty  and 
the  kidneys  are  capable  of  responding  to  a  mild  stimulus  by  increased  work.  If  the 
urine  is  already  concentrated,  water  may  be  given;   if  dilute,  one  of  the  salines. 

Aqueous  Diuretics 

Materia  Medica. — Aqua  (U.S.  X.),  Water. 

Natural  potable  water  (H,0).  A  colorless,  limpid  liquid,  practically  tasteless  and 
odorless ;  neutral  to  litmus  paper.  When  heated  nearly  to  the  boiling  point  and  agitated, 
no  disagreeable  odor  is  evolved.  The  residue  obtained  upon  evaporating  100  cc.  of 
water  in  a  platinum  dish  does  not  exceed  0.03  Gm.  (solids),  and  this  residue,  when 
carefully  heated  to  redness,  evolves  no  visible  fumes  and  shows  no  appreciable  charring 
(organic  impurities). 
Dose,  ad  lib. 

Aqua  Destillata  (U.S.  X.),  Distilled  Water.    Ahhr.,  Aq.  Dest. 

Water  purified  by  distillation  from  good  natural  potable  water.  A  colorless,  limpid 
liquid,  without  odor  or  taste,  and  neutral  to  the  official  indicators. 

Dose,  ad  lib. 

Aqua  Destillata  Sterilis.\ta  (U.S.  X.),  Sterilized  Distilled  Water.  Alhr.,  Aq. 
Dest.  Steril. 

Freshly  distilled  water  in  a  container  of  insoluble  glass,  of  not  over  1000  cc. 
capacity,  stoppered  with  a  plug  of  purified  absorbent  cotton  wrapped  in  gauze,  stout 
non-absorbent  paper  or  tinfoil  and  secured  over  the  top  of  the  plug  and  the  tip  of  the 
flask,  is  sterilized  in  an  autoclave,  under  steam  pressure  giving  a  temperature  of  115°  C, 
for  thirty  minutes. 

Dose,  used  in  the  preparation  of  hypodermic  and  intravenous  injections. 

Pharmacodynamic  Action. — Water,  however  administered,  directly  increases  the 
amount  of  fluid  available  for  urine  formation,  and  thus  augments  the  glomerular  filtrate. 
This  filtrate  is  below  the  "optimum  concentration"  of  sodium  chloride,  sugar,  etc.,  and  a 
greater  amount  of  these  are  reabsorbed  than  of  the  water,  thus  giving  a  very  dilute 
urine.  In  normal  animals  there  is  usually  no  marked  change  in  the  total  amount  of 
solids,  but  in  case  there  has  been  retention  of  solids  these  may  be  markedly  increased. 
Milk  is  commonly  believed  to  exert  more  diuretic  action  than  water,  but  this  opinion 
lacks  experimental  foundation. 

If  there  is  acidosis,  the  tissues  hold  water  firmly  and  if  the  CO2  combining  power  of 
the  plasma,  as  determined  by  the  Van  Slyke  method,  is  below  45,  no  diuresis  will  occur 
unless  alkali  is  given  with  the  water  (Andrews). 

Therapeutics. — Water  is  not  commonly  looked  upon  as  a  drug  or  medicament,  but 
the  regulation  of  its  intake  may  be  of  the  very  greatest  importance  in  various  maladies 
and  affections,  especially  those  involving  the  digestive  and  urinary  systems. 

Reduction  of  water  drinking  is  often  advisable  in  affections  associated  with  dropsy 
such  as  nephritis  and  cardiac  insufficiency. 

Copious  water  drinking  is  of  value  to  flush  from  the  system,  or  to  dilute,  poisons 
of  extrin.^ic  and  intrinsic  origin.  In  those  derangements  of  metabolism  in  which 
urates  and  uric  acid  tend  to  accumulate  in  the  tissues  or  to  appear  as  gravel  or  even 
as  calculi  in  the  urine,  free  drinking  of  water  may  relieve  condition  and  prevent  its 
recurrence. 

In  acute  and  chronic  poisoning  by  substances  such  as  the  alkaloids,  arsenic,  lead 
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and  mercury,  which  are  largely  excreted  by  the  kidneys,  the  free  ingestion  of  water 
is  strongly  indicated  unless  the  kidneys  are  too  badly  damaged  to  carry  it  off.  If, 
in  acute  poisoning,  the  stomach  is  too  irritable  to  retain  even  liquids,  normal  salt 
solution  may  be  given  by  hypodermoclysis. 

The  addition  of  demulcents,  as  in  barley  water,  may  lessen  irritation  and  enable 
retention  of  water  which  would  otherwise  be  rejected. 

The  application  of  water  to  the  skin  has  not  led  to  its  absorption  in  appreciable 
quantity  and  its  application  as  "hydrotherapy"  hardly  comes  within  the  scope  of  this 
work.  The  diuretic  effect  which  often  follows  tub  bathing  depends  on  the  external 
pressure  of  the  water  on  the  upper  abdomen. 

The  so-called  "Natural  Mineral  Waters"  are  of  five  chief  types  according  to  the 
predominant  constituent:  (1)  Dolomitic,  containing  calcium  and  magnesium  car- 
bonates, held  in  solution  by  carbonic  acid;  (2)  Alkaline,  containing  sodium  bicarbonate 
or  borax;  (3)  Saline,  sodium  chloride  predominating;  (4)  Cathartic,  containing  epsom 
and  glauber  salts;  (5)  Chalybeate,  containing  usually  ferrous  carbonate  held  in  solution 
by  carbonic  acid.  A  red  precipitate  of  the  carbonate  and  hydroxide  precipitates  out,  if 
these  waters  are  exposed  to  the  air,  allowing  the  carbonic  acid  to  escape.  A  few 
mineral  waters  also  contain  valuable  amounts  of  iodine,  arsenic  and  other  constituents. 

The  natural  mineral  waters  are  employed  chiefly  as  diuretics  (dolomitic,  alkaline 
and  saline  types),  as  cathartics  (alkaline  and  cathartic  types),  and  as  hematinica 
(chalybeate  type  and  arsenical  waters). 

Saline  Diuretics 

The  saline  diuretics  include,  chiefly,  salts  of  sodium,  potassium,  ammonium, 
lithium  and  strontium.  Salts  of  sodium  occupy  a  unique  position,  in  that  they  con- 
stitute the  greater  part  of  the  inorganic  matter  of  the  blood,  and  therefore  an 
increase  in  their  absolute  quantity  provokes  less  disturbance  of  physiologic  balance 
than  salts  of  other  bases.  Potassium  salts  resemble  sodium  salts  in  their  action  as 
diuretics,  differing  chiefly  in  the  fact  that  they  are  less  readily  reabsorbed  in  the 
tubules  and  thus  lead  to  a  relatively  greater  secretion  of  water.  In  certain  animal 
experiments  their  diuretic  action  has  been  missed  because  such  large  doses  were 
given  that  the  heart  action  was  deranged  and  the  flow  of  blood  through  the  kidney 
decreased.  Salts  of  lithium  are  widely  praised  as  diuretics,  but  they  have  little,  if 
any,  advantage  over  corresponding  salts  of  other  bases.  Ammonium  acetate  is  a 
particularly  active  agent  and  both  alone  and  associated  with  acetate  of  iron  is  very 
widely  used.    Other  ammonium  salts  are  less  employed. 

Chlorides. — Salt  given  by  mouth  is  largely  excreted  in  the  urine  and,  by  increas- 
ing the  proportion  above  the  optimal,  leads  to  a  urine  very  rich  in  sodium  chloride. 
The  effect  on  the  urinary  volume  differs  according  to  circumstances.  If  the  urine 
had  been  very  dilute,  the  added  salt  may  lead  to  an  absolutely  greater  reabsorption 
of  salt  in  the  tubules,  and  thus  to  a  greater  reabsorption  of  water.  If  the  urine  was 
already  concentrated,  the  additional  salt  excreted  will  not  be  reabsorbed  and  thus  will 
hold  more  water  in  the  tubules. 

The  chlorides  of  potassium,  ammonium,  and  lithium  lead  more  regularly  to 
diuresis. 

Nitrates. — The  nitrates  differ  from  the  chlorides  in  that  they  are  not  at  all 
reabsorbed  in  the  tubules.  To  the  effectiveness  of  the  latter  as  diuretics  they  thus 
add  a  greater  resistance  to  reabsorption  of  water.  Given  by  vein,  the  nitrates  are 
very  effective,  and  by  mouth  are  second  only  to  the  acetates,  being  fully  absorbed 
and  largely  excreted  by  the  kidneys.  More  chloride  is  excreted  under  the  influence 
of  nitrates  than  under  that  of  sulphates.    This  is  because  the  nitrate,  like  the  bro- 
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mide,  but  to  a  less  extent,  is  able  to  replace  chloride  in  the  tissues  and  a  certain 
amount  is  held  back  for  a  time,  chloride  being  excreted  in  its  place. 

Acetates. — Acetates  are  the  most  active  of  the  saline  diuretics  when  given  by 
mouth,  and  are  the  ones  chiefly  used  clinically.  When  injected,  their  action  cor- 
responds to  that  of  nitrates  given  in  the  same  way.  Acetate  of  sodium,  acetate  of 
lithium,  acetate  of  ammonium,  and  Basham  mixture  (acetate  of  ammonium  and 
iron)   are  all  extensively  iised. 

Sulphates. — Sodium,  potassium  and  ammonium  sulphates,  given  by  mouth,  are 
slowly  absorbed  and  are  largely  reexcreted  into  the  bowel.  Their  action  on  the 
urine  is  apt  to  be  the  reverse  of  diuretic,  as  they  increase  the  loss  of  water  with 
the  stools  and  leave  less  available  for  the  urine.  When  given  parenterally,  and  espe- 
cially by  vein,  however,  they  cause  more  diuresis  than  an  equivalent  amount  of 
chloride  equaling  nitrates.  As  is  the  case  with  all  diuretics,  the  percentage  of  all 
urinary  constituents,  except,  of  course,  the  sulphates,  tends  to  approach  more  nearly 
the  concentration  in  the  plasma.  The  chlorides  are  less  increased  than  by  nitrates 
as  they  are  not  replaced  by  sulphate  in  the  plasma. 

Bromides. — Bromides  act  on  the  urine  very  much  as  do  the  corresponding  chlo- 
rides. Like  them,  they  are  reabsorbed  in  the  tubules,  although  their  optimum  con- 
centration is  somewhat  lower.  Bromides  have  the  peculiarity  of  replacing  chloride 
in  the  blood  and  tissues,  and  thus  are  held  in  the  body  for  a  time,  the  excretion  of 
chlorides  being  correspondingly  increased. 

Chlorates  and  iodides  cause  increase  of  urinary  secretion,  but  their  effects  on 
other  tissues  and  functions  are  too  great  to  permit  their  clinical  use  as  diuretics. 

Citrates. — Lithium  citrate  is  diuretic  but  in  no  way  superior  to  the  corresponding 
sodium  and  potassium  salts,  and  is,  moreover,  liable  to  cause  irritation  of  the  gastro- 
enteric tract  if  its  administration  is  long  continued.  It  was  at  one  time  extensively 
employed  in  the  treatment  of  gout  on  the  theoi-y  that  lithium  formed  a  soluble  com- 
pound wih  uric  acid,  but  its  use  in  this  disease  has  now  been  practically  abandoned. 

Materia  Medica. — Sodii  Acetas  (U.S.  X.),  Sodium  Acetate.    Ahhr.,  Sod.  Acet. 

Contains  not  less  than  59.97  percent.,  nor  more  than  62.96  percent,  of  anhy- 
drous sodium  acetate,  corresponding  to  not  less  than  99.5  percent,  of  the  crystallized 
salt  (NaCjHjOj-j-SHjO).  Occurs  as  colorless,  transparent,  monoclinic  prisms,  or  as  a 
granular,  crystalline  powder;  odorless,  or  having  a  faint,  acetous  odor,  and  a  cooling, 
saline  taste.  One  Gm.  of  sodium  acetate  dissolves  in  0.8  cc.  of  water  and  in  19  cc.  of 
alcohol  at  25°  C. 

Dose,  20  grains  to  2  drams  (1.3  to  8  Gm.). 

Sodii  Nitras  (unofficial).  Sodium  Nitrate,  NaNO,.  Abhr.,  Sod.  Nit.  Synonyms: 
Cubic  Nitre,  Chili  Saltpeter. 

Occurs  as  colorless,  transparent,  rhomboidal  crystals;  odorless,  and  having  a  cool- 
ing, saline  taste.  Soluble  in  about  1.1  parts  of  water,  in  0.6  part  of  boiling  water, 
and  in  about  100  parts  of  alcohol. 

Dose,  V2  to  1  ounce  (15  to  30  Gm.). 

Sodii  Tartras  (unofficial),  Sodium  Tartrate,  Na,C,H,0,.2H,0.    Ahhr.,  Sod.  Tart. 

Occurs  as  a  white,  crystalline  powder,  almost  tasteless ;  soluble  in  2  parts  of  water. 

Dose,  10  to  20  grains  (0.6  to  1.3  Gm.). 

PoTASsn  Acetas  (U.S.  X.),  Potassium  Acetate.    Ahhr.,  Pot.  Acet. 

Contains  not  less  than  90  percent,  of  pure  potassium  acetate,  KCjH,0,=98.12. 

Occurs  as  a  white  powder  or  in  crystalline  masses  of  a  satin-like  luster;  odorless, 
or  with  a  faint  acetous  odor,  and  having  a  warming,  saline  taste.  One  Gm.  dissolves 
in  0.5  cc.  of  water,  and  in  2.9  cc.  of  alcohol  at  25°  C. 

Dose,  10  to  60  grains  (0.6  to  4  Gm.). 
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Elixir  Buchu  et  Potassh  Acetatis  (N.F.),  Elixir  of  Buehu  and  Potassium 
Acetate.    Ahhr.,  Elix.  Buchu  et  Pot.  Acet. 

Contains  5  grains  of  potassium  acetate  and  the  equivalent  of  7.5  grains  of  buchu 
in  each  fluidram. 

Dose,  ^2  to  2  fluidrams  (2  to  8  ec). 

Elixir  Buchu,  Juniperi  et  Potassii  Acetatis  (N.F.),  Elixir  of  Buchu,  Juniper  and 
Potassium  Acetate.    Ahhr.,  Elix.  Buchu,  Junip,  et  Pot.  Acet. 

Fluidextract  of  buehu,  15  percent. ;  fluidextract  of  juniper,  7.5  percent. ;  potassium 
acetate,  5  percent,;  alcohol,  5  percent.;  aromatic  elixir,  q.s.ad  100  percent.  Each 
fluidram  represents  8.5  minims  (0.5  cc.)  of  fluidextract  of  buchu;  4.2  minims  (0.25  cc.) 
of  fluidextract  of  juniper,  and  about  3  grains  (0.2  Gm.)  of  potassium  acetate. 

Dose,  1  to  4  fluidrams  (4  to  15  cc). 

Potassii  Citras  Effervescens  (U.S.  X.),  Effervescent  Potassium  Citrate.  Ahhr., 
Pot.  Cit.  Eff. 

Potassium  citrate,  20  percent.;  sodium  bicarbonate,  47.7  percent.;  tartaric  acid, 
25.2  percent.;  citric  acid,  16.2  percent.;  thoroughly  dried  at  54°  C,  to  make  about  100 
percent. 

Dose,  1  to  2  drams  (4  to  8  Gm.). 

PoTASsn  NiTRAS  (U.S.  X),  Potassium  Nitrate.  Ahhr.,  Pot.  Nit.  Synonyms: 
Saltpeter,  Purified  Nitre. 

Contains  not  less  than  99  percent,  of  KN03= 101.11.  Occurs  as  colorless,  trans- 
parent, six-sided  rhombic  prisms,  or  a  white,  crystalline  powder;  odorless,  having  a 
cooling,  saline  taste.  One  Gm.  dissolves  in  2.8  cc.  of  water,  0.5  cc.  of  boiling  water, 
and  620  cc.  of  alcohol;  soluble  in  glycerin. 

Dose,  5  to  10  grains  (0.3  to  0.6  Gm.). 

Charta  Potassii  Nitratis  (N.F.),  Potassium  Nitrate  Paper.  Ahhr.,  Chart.  Pot. 
Nit. 

Unsized  paper  saturated  with  strong  solution  of  potassium  nitrate  and  dried. 

Dose,  smoke  from  burning  paper  inhaled. 

Liquor  Potassii  Citratis  (U.S.  X.),  Solution  of  Potassium  Citrate.  Ahhr.,  Liq. 
Pot.  Cit.    Synonym:  Liquor  Kalii  Citrici. 

An  aqueous  solution  containing  not  less  than  8  percent,  of  KjCjHjO,,  with  small 
amounts  of  citric  and  carbonic  acids.    Must  be  freshly  prepared. 

Dose,  2  to  4  fluidrams  (8  to  15  cc). 

LiTHn  Citras  (U.S.  IX),  Lithium  Citrate.    Ahhr.,  Lith.  Cit. 

Contains  not  less  than  98.5  percent,  of  pure  lithium  citrate,  LijCgH^O,  -f~  4HjO 
(281.92).  Occurs  as  small,  white  crystals  or  granular  powder;  odorless,  with  a  cool- 
ing, faintly  alkaline  taste.  One  Gm.  dissolves  in  1.4  cc.  of  water  at  25°  C;  very 
slightly  soluble  in  alcohol. 

Dose,  5  to  30  grains  (0.3  to  2  Gm.). 

Sal  Lithii  Citratis  Effervescens  (N.F.),  Effervescent  Salt  of  Lithium  Citrate. 
Ahhr.,  Sal.  Lith.  Cit.  Eff.    Synonym:  Lithii  Citras  Effervescens. 

Contains  lithium  citrate,  5  percent.,  in  a  mixture  of  sodium  bicarbonate,  tartaric 
acid  and  citric  acid. 

Dose,  60  to  180  grains  (4  to  12  Gm.). 

Elixir  Lithh  Citratis  (unofficial).  Elixir  of  Lithium  Citrate.  Ahhr.,  Elix.  Lith. 
Cit. 

Lithium  citrate,  8.5  percent.,  in  aromatic  elixir. 

Dose,  1  to  3  fluidrams  (4  to  12  cc.">. 
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Organic  Urinary  Constituents 

Urea. — Urea  resembles  the  nitrates  in  being  almost  wholly  excreted  by  the  kidneys, 
even  when  given  by  mouth,  and  in  not  being  at  all  reabsorbed  in  the  tubules.  It  diflfera 
from  the  saline  diuretics  in  having  much  less  osmotic  power  and  thus  leading  to 
less  hydremia.  When  given  l)y  mouth  there  may  be  no  hydremia  at  all,  in  spite  of 
fairly  marked  diuresis.  In  this  case  the  increase  in  urinary  volume  may  be  due 
not  to  increase  in  the  rate  of  glomerular  filtration,  but  to  lessened  tubular  absorp- 
tion, dependent  on  excess  of  urea  in  the  filtrate  raising  its  osmotic  tension. 

Urea  in  strong  solution  is  injurious  to  pathogenic  bacteria  and  a  saturated  solu- 
tion has   been  used  as   a   wound  dressing   (Symmers  and  Kirk). 

Materia  Medica. — Ukka  (unofficial),  Urea.    Synonym:  Carbamide. 

The  diamide  of  carbonic  acid,  COCNH,),.  Occurs  as  colorless,  transparent,  pris- 
matic crystals;  almost  odorless,  and  having  a  cooling,  saline  taste.  It  is  soluble  in 
water  (one  Gra.  to  the  cc.)  and  in  alcohol  (1  in  10). 

Antagonists  and  Incompatibles. — Chloral  hydrate  and  lead  acetate. 

Synergists. — The  diuretics  in  general. 

Dose,  15  grains   (1  Gm.). 

Sug'ars. — Sugars  given  by  mouth  to  non-diabetic  persons  do  not  pass  into  the  urine 
in  sufficient  quantity  to  aifect  the  quantity  or  composition  of  this  fluid.  When  glucose 
or  other  sugar  is  given  parenterally,  on  the  other  hand,  and  especially  if  administered 
intravenously,  it  causes  hydremia  and  leads  to  increased  glomerular  filtration  and  at  the 
same  time  interferes  with  reabsorption  of  water.  Lactose  and  maltose,  being  less 
readily  destroyed  in  the  body,  and  also  absorbed  to  a  less  extent  in  the  tubules,  are  more 
effective  diuretics  than  glucose. 

Materia  Medica. — Lactosum  (U.S.  X.),  Lactose.  Ahhr.,  Jjactos.  Synonym:  Sugar 
of  Milk,  Milk  Sugar,  Saccharum  Lactis. 

Occurs  in  white,  hard,  crystalline  masses  or  as  a  white  powder,  producing  a  gritty 
sensation  on  the  tongue;  odorless,  and  having  a  faintly  sweet  taste.  One  Gm.  dis- 
solves in  4.9  cc.  of  water  at  25°  C;  almost  insoluble  in  alcohol,  chloroform,  or  ether. 

Dose,  3  drams  to  1  ounce  (12  to  30  Gm.). 

As  milk  sugar  is  not  hygroscopic,  it  is  largely  employed  in  pharmacy  as  a  diluent 
of  powder  and  in  the  manufacture  of  compressed  tablets.  It  is  used  also  in  making 
the  trituration  of  homeopathic  remedies.  It  is  an  ingredient  of  many  infant  foods, 
both  commercial  and  extemporaneous  preparations. 

Therapeutics  of  Hydremic  Diuretics. — The  sodium  salts — acetate,  nitrate  and  tar- 
trate— are  less  serviceable  as  diuretics  than  the  potassium  salts,  and  are  seldom  used  for 
this  purpose.  The  nitrate  was  at  one  time  used  in  the  treatment  of  dysentery  but  is 
very  seldom,  if  ever,  so  employed  at  the  present  day.  It  is  not  diuretic  when  given  by 
mouth.  The  tartrate  is  sometimes  given  as  a  purgative,  acting,  in  doses  of  an  ounce, 
similarly  to  magnesium  sulphate.  In  smaller  dose,  2  drams  or  so,  it  is  diuretic.  The 
acetate  acts  like  potassium  acetate  but  is  inferior  to  it  and  is  rarely  used. 

The  potassium  salts  are  the  most  important  of  the  saline  diuretics.  The  acetate, 
citrate,  bitartrate,  and  tartrate  are  all  iised,  but  the  acetate  is  usually  preferred  on 
accovint  of  its  pleasant  taste  and  freedom  from  irritant  properties.  It  is  less  apt  to 
act  on  the  bowels  than  is  the  citrate.  It  is  very  useful  as  a  diuretic  in  renal  dropsies, 
and  also  as  an  alkalinizer  of  the  urine.  The  potassium  salts  have  been  given  to 
effect  a  solution  of  uric  acid  calculi  and  gravel  by  providing  an  abundance  of  alkaline 
urine,  but  the  practical  results  of  such  a  therapy  do  not  support  the  theory.  The 
acetate  has  also  been  given,  in  conjunction  with  calcium  chloride,  in  pleurisy  with 
effusion,   with   the  object  of  displacing  the  excess   of   sodium    in   the   tissues.    The 
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acetate  and  citrate  in  solution  afford  grateful  drafts  in  fever,  cooling  the  mouth 
and  throat  and  promoting  a  gentle  diaphoresis  and  diuresis.  They  are  also  given 
in  the  early  stages  of  bronchitis  to  loosen  the  secretions  in  the  tubes.  The  acetate 
formerly  enjoyed  much  repute  in  the  treatment  of  rheumatism,  and  it  is  often  very 
useful  in  dissipating  the  vague  muscular  and  joint  pains  in  persons  of  the  uric  acid 
constitution. 

Potassivim  nitrate  is  diaphoretic  and  diuretic  and  may  be  given  to  assist  in  the 
removal  of  the  dropsies  of  chronic  nephritis,  but  it  is  in  no  vray  superior  in  this 
action  to  the  acetate  or  citrate,  and  is  sometimes  irritating  to  the  kidneys.  Lauder 
Brunston  advocated  its  use  in  arteriosclerosis  and  high  blood  pressure  on  the  theory 
that  it  is  converted  into  the  nitrite  after  absorption.  The  inhalation  of  the  fumes 
of  burning  nitre  paper  (blotting  paper  soaked  in  a  solution  of  potassium  nitrate  and 
dried)  often  affords  relief  in  the  asthmatic  paroxysm,  the  nitrate  being  converted 
into  nitrite  during  combustion. 

The  solution  of  ammonium  acetate  is  a  favorite  diaphoretic  and  diuretic  remedy 
for  use  in  fevers.  The  same  with  the  addition  of  iron,  liquor  ferri  et  ammonii  aeeta- 
tis,  or  Basham  mixture,  is  an  astringent  chalybeate  and  diuretic,  employed  in  chronic 
nephritis  to  combat  the  anemia.  It  is  believed  by  some  practitioners  actually  to  exert 
a  curative  action  in  the  early  stages  of  parenchymatous  or  interstitial  nephritis.  In 
nephritis  with  retention  of  urea,  in  the  absence  of  edema,  the  forcing  of  water  may  be 
of  great  benefit. 

Administration. — The  saline  diuretics  should  be  given  well  diluted,  otherwise  they 
are  apt  to  irritate  the  stomach  and  intestines,  giving  rise  to  gastric  pain,  nausea,  and 
sometimes  diarrhea.  This  caution  applies  particularly  to  the  use  of  the  nitrates.  They 
should  also  be  administered  in  small  doses  frequently  repeated,  for  if  given  in  one 
large  dose  they  may  act  as  cathartics.  Given  in  hot  solutions  many  of  them  exert  a 
diaphoretic  rather  than,  or  equally  with,  a  diuretic  action.  There  is  no  advantage  in 
giving  these  diuretics  intravenously  when  the  patient  is  conscious  and  the  stomach 
tolerant. 

Urea:  Topical. — Urea  in  saturated  solution  or  in  substance  has  been  used  as 
an  antiseptic  dressing  for  operation  wounds.  It  was  suggested  by  Symmons  and 
Kirk  as  a  first  aid  dressing  for  war  wounds  as  the  presence  of  blood  does  not  pre- 
vent its  bactericidal  action.  It  does  not  seem  to  possess  any  advantage  over  the 
more  commonly  employed  antiseptics,  beyond  the  fact  that  it  is  non-toxic. 

Systemic. — Urea  is  an  efiicient  and  prompt  diuretic,  whether  given  by  the  mouth 
or  intravenously,  its  absorption  from  the  bowel  being  rapid  and  complete.  It  has 
no  poisonous  action,  unless  given  in  enormous  quantities,  an  ounce  or  more  at  a 
dose.  It  has  been  suggested  for  use  as  a  solvent  of  vesical  calculi,  but  there  is  no 
clinical  evidence  of  its  having  any  such  action.  It  has  been  recommended  also  as 
a  remedy  of  value  in  pulmonary  tuberculosis,  but  it  apparently  has  no  effect  on  the 
course  of  this  disease. 

Administration. — The  diuretic  dose  is  10  to  15  grains  (0.6  to  1  Gm.)  every  four 
hours  in  solution  or  as  a  powder  enclosed  in  capsules.  Unless  the  stomach  is  intolerant, 
intravenous  administration  is  unnecessary  and  inadvisable. 

Glucose:  Topical. — Anhydrous  glucose  may  be  used  to  promote  lymph  lavage 
in  wounds  and  ulcers;  it  may  be  applied  in  powder  form  or  by  means  of  compresses 
wet  with  a  40  percent,  solution.  In  gunshot  wounds  a  profuse  discharge  of  lymph 
is  obtained  by  the  application  of  gauze  saturated  with  liquid  glucose  containing  a 
1:80  phenol  admixture  (Wliitehouse).  Painting  with  a  25  percent,  glucose  solution 
sometimes  gives  good  results  in  otorrhea,  ozena  and  bromidrosis.  In  leucorrhea, 
vaginal  injections  of  glucose  solution  of  the  same  strength  are  useful. 
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Systemic. — Given  by  enema  or  by  subcutaneous  or  intravenous  injection,  glu- 
cose renders  vjiluablo  service  as  an  emergency  food  in  cases  of  gastric  ulcer,  in- 
coercible  or  recurrent  vomiting,  starvation  and  marasmus.  In  cancerous  stricture 
of  the  esophagus  tlie  nutrition  may  be  maintained  by  rectal  feeding  combined  with 
subcutaneous  infusions  of  a  '>i  to  5  percent,  solution  of  anhydrous  glucose  in  physio- 
logical salt  solution.  In  acidosis,  especially  that  of  delayed  chloroform  poisoning, 
the  rectal  administration  of  sodium  bicarbonate  in  conjunction  with  an  intravenous 
injection  of  half  a  pint  to  a  pint  of  a  10  percent,  solution  of  glucose  in  saline 
solution  is  most  efficacious.  An  intravenous  injection  or  subcutaneous  infusion  given 
immediately  prior  to  a  surgical  operation  is  often  preventive  of  shock  and  of  post- 
anesthesia vomiting.  Intravenous  injections  of  glucose  are  used  in  insulin  shock  to 
bring  up  the  blood-sugar  to  the  necessary  proportion.  In  sudden  heart  weakness, 
tone  is  given  to  the  cardiac  pulsation  by  glucose  given  intravenously.  Four  or  five 
drops  of  a  1 :  1000  adrenalin  solution  should  be  added  to  the  fluid  for  intravenous 
injection.  In  cases  of  hyperchlorhydria  or  of  gastric  atony  with  dilatation,  dextrose 
is  preferable  to  cane  sugar,  and  even  less  liable  to  fermentation  is  milk  sugar,  though 
a  much  larger  quantity  must  be  used  since  it  is  so  much  less  sweet.  Intravenous  injec- 
tion of  hypertonic  glucose  solution  is  a  valuable  means  of  reducing  intracranial  pressure. 

Glucose  increases  the  urinary  secretion,  without  the  production  of  glycosuria  in 
the  non-diabetic,  but  it  is  inferior  in  this  respect  to  lactose,  or  milk  sugar.  This 
latter  has  been  employed  with  success  in  the  treatment  of  edema  and  dropsical  effu- 
sions, especially  of  cardiac  origin,  when  given  in  doses  of  one  ounce  (30  Gm.)  four 
times  a  day.  Milk  sugar  is  a  mild  laxative  in  doses  of  3  drams  (12  Gm.)  taken  in 
a  glass  of  warm  milk  or  cold  water  on  rising  in  the  morning.  It  also  increases  the 
laxative  action  of  magnesia.  In  diabetes  lactose  is  believed  to  be  better  tolerated 
than  the  other  sugars.  Subcutaneous  injections  of  saccharose  cause  increase  of  milk 
secretion  in  lactating  women  as  well  as  in  cows  and  goats  (Monaco).  Where  lactic 
acid  therapy  is  indicated,  milk  sugar,  perhaps  associated  with  Bacillus  acidophilus, 
should  be  given  with  food  because  of  its  slow  absorption. 

Administration. — The  proper  degree  of  concentration  of  ghicose  in  saline  solution 
for  intravenous  injection  has  been  stated  above.  The  same  solution  may  be  used  for 
subcutaneous  infusion.  The  latter  is  best  given  through  a  needle,  1  mm.  in  diameter, 
inserted  under  the  skin  on  the  inner  aspect  of  the  arm  near  the  axilla.  The  injection 
fluid  flows  from  a  reservoir  raised  about  two  feet  above  the  point  of  insertion  of  the 
needle.  A  quart  (liter)  of  a  5  percent,  solution  may  be  infused  at  one  sitting.  As  a 
laxative  the  dose  of  milk  sugar  is  a  teaspoonful  for  a  child  and  a  dessertspoonful  for 
an  adult,  best  taken  dissolved  in  a  glass  of  cold  water  on  rising  in  the  morning  or  at 
bed-time;  or  it  can  be  taken  in  milk  or  buttermilk,  mixed  with  jam  or  stewed  prunes,  etc. 

Irritant  and  Antiseptic  Oils 

The  group  of  diuretic  oils  and  oleoresins  has  already  been  discussed  with  the 
organic  antiseptics,  and  only  the  action  on  the  urinary  tract  will  be  considered  here. 
The  oils  are  excreted  by  the  kidneys,  chiefly  in  the  form  of  glycuronates,  and  they 
difiFer  in  effect  according  to  the  relative  irritating  and  antiseptic  powers  of  these 
compounds.  Those  which  act  as  irritants  cause  diuresis  in  small  dose,  and  strangury 
with  retention  in  large.  There  may  be  acute  congestion  of  the  kidney  with  albu- 
minuria and  casts,  and  even  hematuria.  The  antiseptic  compounds  are  regarded  as 
specially  efficacious  in  the  treatment  of  gonorrhea,  but  they  have  no  destructive 
action  on  the  gonococcus,  and  are  of  benefit  by  reason  of  their  power  to  kill  or 
inhibit  the  putrefactive  bacteria  which  accompany  it.  They  also  lessen  the  amount 
of  inflammatory  exudate.     The  oils   have  the   advantage   over   methamine,   to   which 
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they  are  much  inferior  as  bactericides,  in  that  they  act  in  neutral  or  alkaline  as 
well  as  in  acid  urine.  They  are  eflfective  only  when  given  by  mouth  and  not  paren- 
terally  (Cow).  Warning  should  be  given  that  the  resins  are  precipitated  as  a  white 
ring  by  acids  in  the  Heller  test,  and  that  the  glycuronates  reduce  Fehling  solution. 
Erigeron  oil,  juniper  oil,  and  turpentine  are  more  active  diuretics  than  the 
others,  but  have  little  or  no  antiseptic  action.  Copaiba,  cubeb,  matico  and  zea  are 
both  diuretic  and  antiseptic ;  cubeb  excels  especially  in  the  former  respect,  and  copaiba 
in  the  latter.  Matico  and  zea  are  less  active  in  both  respects.  Buchu,  eucalyptus 
and  sandalwood  are  antiseptic  but  have  no  diuretic  action.  Sabal  and  piper  methys- 
ticum  are  recommended  as  diuretics  and  antiseptics,  but  it  is  doubtful  whether  they 
have  any  such  action. 

Urinary  Depressants 

Anuretics 

Anuretics,  or  drugs  which  check  urinary  secretion,  are  but  rarely  employed  for 
this  purpose  in  therapeutics,  but  are  of  importance  because  their  use  must  be  avoided 
when  the  urinary  secretion  is  already  deficient.  In  general  all  those  drugs  which  lower 
blood  pressure  by  an  effect  on  the  heart,  cause  as  a  result  lessened  blood  flow  through 
the  kidney  and  lessened  urinary  secretion.  On  the  other  hand  vasoconstrictors  may  cut 
off  flow  through  the  renal  artery  and  thus  have  a  similar  result.  Epinephrine  in  full 
dose,  has  this  effect  as  do,  in  animal  experiment,  large  doses  of  digitalis.  There  are 
a  number  of  substances  which  increase  urinary  flow  when  given  in  small  dose,  but 
injure  the  renal  epithelium  and  check  secretion  when  taken  in  large  amount.  These 
agents,  administration  of  which  in  any  dose  may  be  dangerous  in  nephritis,  include 
cantharides,  aloin,  arsenicals,  chromates  and  the  salts  of  uranium.  They  are  widely 
used  in  animal  experiment  to  induce  experimental  nephritis. 

Certain  vasoconstrictors  which  are  excreted  in  the  urine  have  the  effect  of  lessening 
secretion  although  they  may  be  useful  in  the  control  of  renal  hemorrhage.  Gallic  acid 
and  ergot  are  chiefly  recommended  for  this  purpose. 

Pituitary  extract,  which  checks  urinary  flow  in  some  obscure  manner,  is  employed 
in  the  treatment  of  diabetes  insipidus. 

Urinary  Adjuvants 

The  urinary  adjuvants  include  those  drugs  which  are  administered  to  alter  the 
character  and  composition  of  the  urine  rather  than  to  affect  its  quantity.  This  altera- 
tion, which  is  largely  effected  by  their  appearance  in  the  secretion,  may  concern  the 
reaction  of  the  urine,  or  they  may  lend  it  antiseptic  power.  Included  here  are  also 
those  bodies  whose  excretion  by  the  kidneys  is  utilized  as  a  test  of  their  efficiency  and 
condition. 

Urinary  Acidlfiers 

Certain  weak  acids  which  are  not  decomposed  in  the  body,  such  as  boric  and 
benzoic  acids,  may  be  given  by  mouth  to  increase  the  acidity  of  the  urine.  Ammonium 
benzoate  acts  similarly,  as  the  ammonium  is  converted  to  urea,  freeing  benzoic  acid. 
Alkalinity  of  the  urine  is  often  due  to  ammoniacal  fermentation  in  the  urinary  pas- 
sages, and  in  this  case  antiseptic  agents  which  are  excreted  in  the  urine  are  likely  to 
restore  the  normal  acidity. 

Urinary  acidifiers  are  employed  to  restore  the  acidity  of  the  urine  whenever  it  is 
found  to  be  alkaline,  either  on  account  of  decomposition  within  the  urinary  passages  or 
by  reason  of  metabolic  disturbances. 
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Urinary  Alkalinizers 

Most  of  the  alkali  salts  of  weak  acids  and  of  organic  acids  when  administered  by 
mouth,  lead  to  an  increase  in  the  alkalinity  of  the  urine.  The  carbonates  and  bicarbo- 
nates  of  sodium  potassium  and  lithium  are  very  effective  in  this  respect  and  their 
acetates  and  citrates  are  almost  equally  so,  as  the  organic  acid  is  burned  in  the  body 
and  the  base  excreted  in  the  urine.  The  presence  of  the  excess  base  in  the  urine  may 
merely  lead  to  alteration  of  inonosodium  (acid)  phosphate  to  the  di-  or  tri-sodiura  salt, 
both  of  which  are  alkaline. 

Urinary  alkalinizers  are  useful  when  a  highly  acid  urine  causes  irritation  of  the 
bladder  or  urethra  especially  in  cystitis  or  urethritis. 

Urinary  Antiseptics 

The  treatment  of  cystitis  and  urethritis  by  administration  of  antiseptic  substances 
which  are  excreted  in  the  urine,  is  one  of  great  antiquity.  The  method  has  been 
replaced  to  a  great  extent,  in  recent  years,  by  direct  injection  of  antiseptic  agents  too 
poisonous  to  be  allowed  to  pass  through  the  body.  Cystitis  is,  however,  likely  to  be 
benefited  by  administration  of  such  substances  of  which  the  earliest  to  be  used  were 
certain  oils  and  resins,  such  as  eucalyptol,  sandalwood,  copaiba,  cubeb,  buchu  and 
matico.  More  recently  phenolic  substances  have  been  much  employed,  including  sal- 
icylates and  salol,  resorcin  and  the  recently  introduced  hexylresorcinol.  Novasurol, 
an  organic  mercury  compound  has  been  much  used  in  Germany.  Several  dyes  are 
useful,  including  methylene  blue  and  gentian  violet.  Methenamine  releases  formalde- 
hyde in  the  presence  of  acids  and  is  thus  of  great  value  when  the  urine  is  acid,  as  in 
certain  cases  of  colon  bacillus  pyelitis.  If  the  urine  is  not  strongly  acid,  urinary 
acidifiei's  must  be  given  with  it. 

Urinary  Tests 

Various  drugs  have  been  suggested  to  test  the  functional  capacity  of  the  kid- 
neys. These  fall  sharply  into  two  groups:  First,  drugs  the  rate  or  amount  of 
excretion  of  which  by  the  kidneys  is  used  as  a  measure  of  capacity  to  excrete  other 
substances;  and,  second,  drugs  which  cause  normal  kidneys  to  excrete  glucose.  Of 
the  first  type,  various  substances,  chiefly  dyes,  are  in  use;  of  the  second  type,  only 
one  is  known,  phlorizin. 

Drugs  Which  Are  Themselves  Excreted 
The  chief  substances  used  in  this  way  are  potassium  iodide,  sodium  salicylate, 
methylene  blue,  indigo  carmine,  rosaniline,  and  phenolsulphonephthalein.  Calcium 
chloride  has  recently  been  praised  by  Hetenyi.  The  excretion  of  each  of  these  sub- 
stances usually  runs  parallel,  one  being  delayed  if  another  is.  The  dyes  are  somewhat 
more  delayed  in  interstitial  and  the  iodides  in  parenchymatous  nephritis,  however,,  and 
very  rapid  excretion  of  dyes  is  sometimes  met  with  in  chronic  parenchymatous  nephritis, 
with  concentrated  urine.  At  the  present  time  phenolsulphonephthalein  is  the  substance 
used  most  extensively. 

Methylene  Blue 

This  is  usually  given  as  1  cc.  (15  min.)  of  5  percent,  solution  intramuscularly. 
The  drug  is  largely  decolorized  in  the  body,  but  the  color  is  restored  by  heating  the 
urine  with  a  little  acetic  acid.  The  tinie  of  first  appearance,  the  time  of  greatest 
intensity  and  the  total  duration  of  excretion  are  observed.  These  are  irregular,  even 
in  normal  men,  the  first  being  about  half  an  hour  after  the  injection,  the  second 
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varying  from  one  to  several  hours,  and  the  third  from  IV2  to  6  days.  No  exact 
quantitative  studies  can  be  made.  A  varying  portion  cannot  be  converted  to  the 
pigment  and  this  renders  the  test  so  uncertain  that  it  has  been  largely  abandoned. 
The  injection  is  likely  to  be  painful  (Achard  and  Castaigne). 

Indigo  Carmine 

This  is  used  by  injecting  20  cc.  of  a  0.4  percent,  solution  in  the  gluteal  muscles. 
The  injection  is  somewhat  painful.  In  normal  persons  the  urine  becomes  greenish- 
blue  after  10  to  15  minutes,  and  excretion  is  complete  within  24  hours.  Not  more 
than  25  percent,  is  usually  excreted  by  the  kidneys   (Voelcker  and  Joseph). 

Materia  Medica. — Somr  Indigotindisulphonas  (U.S.  X.),  Sodium  Indigotindisul- 
phonate.     Ahhr.,  Sod.  Indigotin.     Synonym:   Indigo  Carmine. 

Chiefly  the  sodium  salt  (C„H,02(S03Na)j)  of  ihdigotindisulphonic  acid.  A  blue 
powder  or  dark  purple  paste  which,  when  compressed,  acquires  a  coppery  luster.  It  is 
sparingly  soluble  in  water,  almost  insoluble  in  alcohol. 

Dose,  it  is  official  only  for  coloring  tablets  of  corrosive  sublimate. 

Sodium  Hyposulphite 

Excretion  of  this  drug  may  be  used  as  an  index  of  renal  activity,  10  cc.  of  a 
solution  being  injected  intravenously,  and  the  urine  collected  every  hour  for  three 
hours.  The  amount  of  hyposulphite  being  determined  by  titration  with  iodine.  Nor- 
mal kidneys  excrete  from  30  to  40  percent,  within  three  hours.  The  test  has  been 
little  used  in  this  country  (Nyiri). 

Rosaniline 

A  subcutaneous  injection  of  1  cc.  of  a  1  percent,  solution  is  given.  The  dye 
appears  in  the  urine  within  half  an  hour,  the  greatest  intensity  of  color  shows  dur- 
ing the  third  hour,  and  elimination  is  complete  in  20  to  24  hours.  From  65  to  95  per- 
cent, is  normally  eliminated  in  the  urine.  In  acute  and  in  parenchymatous  nephritis 
its  appearance  is  not  delayed,  but  only  25  to  50  percent,  of  that  injected  appears 
in  the  urine  within  twenty-four  hours.  In  interstitial  nephritis  excretion  begins  late 
and  is  markedly  prolonged.  In  febrile  albuminuria,  etc.,  excretion  is  normal.  The 
urine  must  be  made  definitely  acid  to  bring  out  the  full  intensity  of  the  color,  and 
quantitative  colorimetric  tests  can   then  be  made   (Pugnat  and  Revillod). 

Phenolsulphonephthalein 

This  dye,  introduced  by  Rowntree  and  Geraghty,  has  been  widely  used  in  this 
country.  Chemically  it  differs  from  phenolphthalein  in  CO  being  replaced  by  SOj, 
the  formula  being: 

O  O  CeH^OH 

\  /\  / 

s  c 

//\     /\ 

//     \/     \ 

O  CJi,  C,H,OH 

Materia  Medica. — Phenolsulphonepiithaleinum  (U.S.  X.),  Phenolsulphonephtha- 
lein. 

A  bright-red  crystalline  powder;  slightly  soluble  in  water  and  in  alcohol,  soluble 
in  dilute  alkalis.     Slightly  sweetish  taste  which  changes  to  disagreeable  bitterness. 

Dose,  Vvi  grain  (0.006  Gm.)  of  the  monosodium  salt,  by  intramuscular  injection. 

This  substance  is  not  at  all   toxic;   1   Gm.    (15   gr.)    to   rabbits  subcutaneously 


PHENOLSULl'nOXI<:rilTHALKIX  ir,?7 

causes  no  symptoms  except  slight  diuresis,  and  larger  doses  to  dogs  by  mouth  cause 
merely  slight  catharsis.  The  urine  remains  normal.  Solutions  of  the  sodium  salt  in- 
jectcfl  subcutaneously  or  intramuscularly  are  not  painful  and  are  rapidly  and  completely 
absorbed.  By  mouth  the  taste  is  at  first  sweetish,  later  bitter  and  disagreeable. 
The  tongue  is  stained  red,  which  fades  to  yellow.  Its  chief  value  is  in  its 
excretion.  This  occurs  by  the  bile  and  the  urine.  That  which  is  excreted  in  the 
bile  is  reabsorbed  and  later  excreted  by  the  kidneys,  so  that  eventually  over  90  per- 
cent, passes  out  with  the  urine,  only  traces  being  found  in  the  stools.  The  rate  of 
excretion  varies  considerably  with  the  species  and  the  site  of  injection.  In  man  prac- 
tically the  whole  amount  is  excreted  promptly,  but  in  dogs,  under  certain  conditions, 
as  much  as  50  percent,  may  be  reduced  and  not  appear  in  the  urine  or  stools  in  a 
roeot-nizable  form  (Kendall)."  In  guinea-pigs  it  may  be  excreted  as  a  conjugated 
substance  which  is  broken  down  by  boiling  with  acid,  and  excretion  may  be  very 
slow;  thus,  0.5  Gm.  (8  gr.)  intraperitoneally  continues  to  appear  in  the  urine  for 
35  days  (Kastle).  In  rabbits  excretion  is  irregular,  owing  to  its  being  held  in  the 
liver  (Major). 

It  has  been  chiefly  used  as  a  test  of  the  kidneys.  For  this  purpose,  after  a 
glass  of  water  (or  more  in  case  of  unilateral  disease)  has  been  drunk,  1  cc.  of  0.6  per- 
cent, solution  (6  mgm.  or  1/10  gr.)  is  injected  subcutaneously  and  the  urine  col- 
lected continuously  by  catheter.  The  urine  is  allowed  to  flow  into  25  percent,  solution 
of  sodium  hydrate  and  the  time  of  the  first  pink  color  is  noted.  In  addition,  the 
amount  excreted  at  the  end  of  one  and  of  two  hours  is  determined  by  treating  the 
urine  with  alkali  and  comparing  it  with  a  standard  solution  in  a  colorimeter.  In 
normal  persons  excretion  begins  in  5  to  11  minutes;  40  to  60  percent,  is  excreted 
during  the  first  hour  and  20  to  25  during  the  second.  In  acute  and  parenchymatous 
nephritis,  the  first  color  appears  in  6  to  30  minutes;  the  amount  in  the  first  hour 
varies  from  5  to  50,  and  in  the  second  from  5  to  25  percent.  In  chronic  interstitial 
nephritis,  the  first  appearance  is  in  5  to  15  minutes,  and  from  3  to  40  percent,  is 
excreted  in  the  first  hour,  and  from  10  to  50  in  the  second.  In  obstruction  of  the 
urethra  hypertrophied  prostate,  etc.,  excretion  may  be  normal  or  very  markedly 
delayed.  In  unilateral  disease  ureteral  catheterization  is  performed  and  the  urine 
is  collected  separately.  The  time  of  first  coloration  should  not  differ  more  than 
3  minutes  and  the  total  amount  excreted  by  each  kidney  in  one  and  in  two  hours 
should  be  almost  identical.  The  sum  of  the  two  should  be  within  normal  limits  if 
one  kidney  is  completely  normal  (Rowntree  and  Geraghty).  In  acute  pyelitis  in  chil- 
dren there  is  no  delay  but  in  parenchymatous  nephritis  the  appearance  is  late  (Git- 
tings  and  Mitchell), 

The  rate  of  absorption  of  phenolsulphonephthalein  from  the  spinal  canal  has  been 
used  as  a  means  of  diagnosing  disease  of  the  cord  and  meninges.  In  infants,  if 
injected  intraspinally,  it  appears  normally  in  the  urine  in  4  to  10  minutes  but  is 
delayed  in  hydrocephalus  (Dandy  and  Blackfan).  In  adults  it  appears  in  4  to  14 
minutes,  but  marked  delay,  in  the  absence  of  kidney  disease,  indicates  disease  of  the 
central  nerve  system.  The  degree  of  delay  corresponds  roughly  to  the  severity  of  the 
clinical  symptoms  and  is  especially  great  if  the  meninges  are  involved.  The  test  is 
of  chief  value  in  doubtful  cases  of  syphilis  and  of  arteriosclerosis  of  the  cord,  the 
first  excretion  in  these  cases  varying  from  14  to  70  minutes   (Mehrtens  and  West). 

Free  phenolsulphonephthalein — that  is,  the  acid  form — has  considerable  bacteri- 
cidal power,  0.01  percent,  solutions  killing  colon  bacilli  in  1  hour.    The  sodium  salt, 

^  Generally,  however,  about  80  percent,  is  excreted,  and  this  is  the  same  with  any 
dose  from  3  to  30  mgm.  (1/20  to  y^  gr.)    (Arbuthnot,  Snowden  and  Brooks). 
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as  ■which  it  is  given  and  exci'eted,  has,  however,  no  such  action,  and  attempts  to  pre- 
pare a  substance  resembling  it  which  would  be  an  active  urinary  antiseptic  were  not 
successful  (Abel  and  Eowntree). 

Drugs  Which  Cause  Glycosuria 
Phlorizin 

Phlorizin  (spelled  also  phloridzin,  phlorhizin  and  phlorhidzin)  is  a  glucoside 
occurring  naturally  in  the  rootbark  of  the  apple,  pear,  peach,  cherry  and  related 
fruit  trees.  It  was  discovered  by  de  Ivoninck  in  1855,  but  it  was  not  until  1885  that 
V.  Mering  found  that  injected  in  man  it  caused  glycosuria.  In  1895  Zuntz  estab- 
lished the  renal  origin  of  the  sugar  by  injecting  phlorizin  into  the  renal  artery  of 
dogs  and  showing  that  more  glucose  was  excreted  by  the  kidney  on  that  side. 

Chemistry. — Phlorizin  is  a  glucoside  of  the  composition  G^JI^fi^^-{-2Hfi.  It  is 
split  by  acids  into  a  glucose,  known  as  phlorose  and  phloretin,  CijH^Oj,  which  is  a 
condensation  product  of  phloroglucin,  C,H3(0H)„  and  phloretin  acid,  CjII^(OH)CH.- 
CHjCOOH.   Phloretin  has  much  the  same  action  as  phlorizin. 

Summary  of  Actions  and  Uses. — Phlorizin  administered  parenterally  causes  a  glyco- 
suria which  is  commonly  not  associated  with  hyperglycemia,  and  which  has  been  shown 
to  depend  on  an  alteration  in  the  kidney.    Its  other  effects  are  secondary  to  this. 

In  clinical  medicine  it  is  used  to  test  the  integrity  of  the  renal  epithelium,  it  having 
been  shown  that  glucose  excretion  is  much  reduced  in  disease  of  the  kidneys.  A  fixed 
dose  is  given  hypodermically  or  intravenously  and  the  condition  of  the  kidney  judged 
by  the  time  interval  before  excretion  of  sugar  begins  and  by  the  total  amount  passed. 
The  normal  variations  are  so  great  that  no  comparison  of  one  individual  with  another 
can  be  made,  and  the  test  is  of  use  only  to  study  the  relative  integrity  of  the  two  kidneys 
in  one  sided  disease. 

Materia  Medica. — ^Phlorhizinum  (N.N.E.),  Phlorhizin. 

A  glucoside  from  the  root  of  the  apple,  pear,  cherry,  etc.  Occurs  as  small  pinkish- 
white  crystals  of  silky  texture;  odorless;  taste  at  first  bitter,  then  sweet;  freely  soluble 
in  hot  water  and  in  alcohol  (1:4),  sparingly  soluble  in  ether. 

Dose,  5  to  10  grains  (0.3  to  0.6  Gm.). 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Given  by  mouth,  phlorizin 
is  destroyed  in  the  liver  and  is  without  effect  on  sugar  metabolism.  Absorption  takes 
place  promptly  from  the  subcutaneous  tissue  when  a  dilute  solution  in  alcohol  is  injected. 
Excretion  occurs  chiefly  by  the  kidneys,  beginning  15  to  30  minutes  after  a  hypodermic 
injection  and  about  7  minutes  after  intravenous. 

Toxicity  and  Dosage. — As  its  only  medical  use  is  to  induce  glycosuria,  the  smallest, 
effective  dose  for  this  purpose  is  of  interest.  In  man  this  is  10  mgm.  (1/6  grain)  hypo- 
dermically or  intravenously;  in  dogs  only  1  mgm.  (1/67  grain);  while  in  rabbits  the 
enormous  dose  of  0.1  to  1  Gm.  (1.6  to  16  grains)  is  required. 

In  large  dose,  phlorizin  is  injurious  to  the  kidneys.  In  dogs  1  Gm.  per  kilo,  causes 
fatty  degeneration  of  the  liver  and  necrotic  inflammation  of  the  renal  tubules.  Albumi- 
nuria may  result  from  smaller  doses.  Rabbits  may  be  killed  by  1  Gm.  (16  grains) 
intravenously.    The  glycosuric  doses  are  perfectly  safe  in  man. 

Systemic  Action. — The  only  noteworthy  action  of  phlorizin  is  the  glycosuria  which 
it  causes  in  all  animals.  This  glycosuria  is  always  marked  if  the  dose  be  suflSicient  and 
in  normal  dogs  may  rise  as  high  as  18  percent.  The  glycosuria  is  not  prevented  by 
absence  of  glycogen  from  the  liver  or  even  by  extirpation  of  all  the  abdominal  viscera 
(including  the  liver)  except  the  kidneys.  Nor  is  it  interfered  with  by  removal  of  the 
adrenals,  hypophysis  and  thyroids,  nor  by  section  of  the  renal  nerves.  The  blood  sugar 
may  remain  unchanged,  rise  or  fall,  according  to  the  amount  of  food  and  of  glycogen 
available.  The  glycosuria  is  increased  by  feeding  carbohydrate  or  protein,  but  not  fat. 
Any  sugar  above  the  amount  excreted  is  utilized  normally  in  contrast  to  pancreatic 
diabetes.  If  no  carbohdyrate  is  given,  60  percent,  of  the  non-protein  carbon  may  be  ex- 
creted as  glucose,  as  opposed  to  a  maximum  of  45  percent,  in  total  pancreatic  diabetes 
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(Allen).  The  excretion  of  sugar  begins  and  ends  with  that  of  the  phlorizin.  In  birds, 
phlorizin  causes  excretion  of  sugar  in  the  stools.  In  cocks,  however,  about  3  times  as 
much  is  found  in  the  urine  (Kossa).  Phlorizin  lessens  excretion  of  chlorides  in  the 
rabbit,  in  spite  of  causing  slight  diuresis.  Other  solids  are  not  influenced.  In  the  dog 
neither  chlorides  nor  other  solids  are  affected  (Muls). 

Diabetics  react  by  increase  of  glycosuria  to  doses  which  have  no  effect  on  normal 
men  (Diinner,  and  others). 

It  is  not  established  whether  the  change  in  the  kidney  involves  the  glomeruli  or  the 
tubules  and  we  cannot  positively  say  whether  the  kidney  is  merely  made  more  permeable 
to  glucose,  or  whether  it  actually  forms  this  substance  in  a  manner  comparable  to  that 
by  which  the  mammary  glands  form  lactose.  The  former  seems  more  reasonable,  but 
almost  all  the  experimental  evidence  favors  the  latter.  The  reasons  for  accepting  this 
view  are  as  follows:  more  sugar  can  be  excreted  in  a  short  time  than  the  total  blood 
would  contain  normally;  phlorizin  injected  in  one  renal  artery  causes  glycosuria  chiefly 
on  that  side;  in  perfusion  experiments  with  sugar  free  solution,  a  reducing  substance, 
probably  glucose,  appears  in  the  urine,  and  if  a  small  amount  of  sugar  be  present  in  the 
perfusion  fluid,  the  amount  in  the  urine  and  vein  is  greater  than  that  in  the  artery; 
the  permeability  to  levulose  is  not  increased,  but  in  clinical  levulosuria  this  is  changed 
to  glycosuria;  after  excision  of  one  kidney  the  urinary  glucose  is  just  half  as  great  as 
before.  Against  this  view  may  be  brought  the  excretion  of  glucose  in  the  pancreatic, 
salivary  and  gastric  secretions  in  spite  of  the  fact  that  the  blood  contains  no  increase  in 
dialyzable  glucose. 

Use  in  Man. — The  clinical  test  is  performed  as  follows:  the  ureters  are  catheterized 
and  10  mgm.  (gr.  1/6)  is  injected  intravenously.  Glucose  should  appear  in  the  urine 
in  about  5  minutes.  Urine  is  then  collected  for  three  successive  15  minute  periods  and 
the  percent,  of  sugar  in  each  of  the  six  samples  is  determined.  Any  marked  difference 
on  the  two  sides  is  an  absolute  indication  of  renal  impairment.  The  comparison  is  much 
more  accurate  than  with  the  phenolsulphonephthalein  test,  etc.,  as  the  percentage  is 
determined  instead  of  the  total  quantity  and  leakage  alongside  the  catheter  or  other 
loss  from  one  side  does  not  disturb  the  relation  (Krotoszyner  and  Stevens). 

DRUGS  ACTING  ON  THE  SKIN  AND  APPENDAGES 

The  respiratory  and  excretory  functions  of  the  skin  of  mammals  are  of  minor 
importance  compared  to  the  regulation  of  body  temperature  which  occurs  as  a  result 
of  the  evaporation  of  sweat.  As  the  loss  of  body  heat  bears  a  relation  to  the  amount 
of  water  evaporated  and  thus  to  the  amount  secreted,  the  influence  of  sweating  by 
drug  action  is  of  chief  importance. 

Many  drugs  are  excreted  by  the  skin,  and  certain  of  them,  either  in  this  way 
or  by  some  more  obscure  mechanism,  induce  eruptions  of  manifold  character. 
Vasomotor  disturbances  such  as  erythema,  urticaria,  and  macular  or  papular  erup- 
tions are  caused  in  susceptible  persons  by  belladonna,  copaiba,  quinine,  chloral,  anti- 
pyrine  and  salicylates.  Itching  without  visible  lesions  may  follow  the  use  of  valerian, 
morphine  or  copaiba.  Inflammatory  lesions  result  from  iodides  (eruptions  being 
so  common  as  to  form  part  of  the  symptomatology  of  the  drug's  action),  bromides, 
iodoform,  arsenic,  antimony  and  mercury.  The  lesions  may  take  the  form  of  pus- 
tules or  necrotic  areas,  bullae  or  granulomatous  growths.  Arsenic  occasionally  causes 
a  thickening  or  overgrowth  of  the  skin  accompanied  by  pigmentation.  In  connection 
with  pigmentation  the  deposition  of  silver,  known  as  argyria,  deserves  mention.  For 
some  obscure  reason  drug  eruptions  appear  to  be  more  frequent  in  women  and  chil- 
dren than  in  men. 

In  the  treatment  of  skin  affections  arsenic  is  perhaps  more  used  systemically 
than  any  other  drug.  It  has  a  peculiar  power  to  stimulate  the  formation  of  new 
fibrous  tissue  in  the  skin,  and  is  utilized  in  various  chronic  conditions  to  excite 
the  processes  of  repair.  It  is  contraindicated  in  acute  inflammations.  Phosphorus  is 
utilized  for  similar  indications,  as  are  salicylates.    Mercury  is  employed  in  the  treat- 
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ment  of  syphilides  and  lichen ;  iodides  in  syphilis  and  actinomycosis ;  sulphur  is  much 
praised,  but  probably  with  little  reason,  for  both  external  and  internal  use. 

Cutaneous  Stimulants 

Diaphoretics 

Many  drugs  induce  sweating,  and  these  act  chiefly  in  one  of  three  ways:  Central 
stimulation  of  the  sweat  glands  is  shown  by  most  spinal  stimulants,  such  as  strychnine, 
camphor,  picrotoxin,  ammonium  acetate,  as  well  as  by  antipyretics,  including  salicylates 
and  quinine.  Central  and  peripheral  stimulation  may  be  associated  in  nicotine, 
pilocarpine  and  physostigmine,  all  of  which  excite  the  secretory  activity  of  many  other 
glands  as  well.  The  activity  of  the  sweat  glands  is  increased  reflexly  by  nauseants 
and  emetics  and  drugs  which  lower  blood  pressure  and  cause  syncope.  The  secreting 
cells  are  excited  peripherally  by  arecoline,  muscarine,  nigelline  and  epinephrine,  which 
also  has  the  power,  seen  in  many  nauseants,  to  excite  the  secretion  of  mucus  by  the 
skin  of  the  frog.  Alcohol  dilates  the  blood-vessels  of  the  skin,  and  if  associated  with 
external  heat  causes  very  profuse  sweating. 

Hair  Tonics 

Growth  of  hair  is  stimulated  by  pilocarpine  and  is  favored  by  topical  applica- 
tions of  cantharides  and  quinine  which  cause  congestion  of  the  scalp  or  other  portion 
to  which  they  may  be  applied.  Boric  acid  in  continued  internal  use  causes  a  peculiar 
temporary  loss  of  hair. 

Cutaneous  Depressants 

Anhidrotics 

Sweating  is  checked  by  but  few  drugs,  of  which  the  most  important  are  bella- 
donna and  atropine,  agaricin  and  camphoric  acid,  the  last  two  being  the  only  drugs 
treated  at  length  in  this  section.  Topical  applications  of  tannin  and  other  astringents, 
of  formalin  and  of  salicylic  acid  are  used  to  limit  local  sweating,  as  of  the  palms, 
soles   and   axillae. 

Camphoric  Acid 

Camphoric  acid  is  prepared  from  camphor  by  treatment  with  nitric  acid  and  has 

CH, 

the  following  formula:     H,C C COOH 

H3C— C— CH, 

H,C C COOH 

H 

It  was  first  recommended  as  an  antiseptic  but  was  found  hardly  more  effective  than 
other  acids,  and  since  Wittkowsky  and  Furbringer  in  1888  recommended  it  for  the 
night  sweats  of  phthisis,  this  has  been  its  chief  medicinal  use. 

Materia  Medica. — Acidum  Camphoricum  (unofficial).  Camphoric  Acid. 

A  dibasic  organic  acid  obtained  by  the  oxidation  of  camphor.  It  occurs  as  color- 
less, odorless,  monoclinic  prismatic  crystals  or  plates.  Soluble  in  125  parts  of  water  at 
25°  C.  (77°  F.),  and  in  10  parts  of  boiling  water;  readily  soluble  in  alcohol;  less 
soluble  in  ether  and  chloroform;  soluble  in  fatty  oils  (U.S.  VIII. ). 

Dose,  5  to  15  grains  (0.3  to  1  Gm.). 
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Pharmacodynamic  Action. — A  pharmacologic  study  by  Wegner  showed  effects  like 
those  of  camphor,  but  later  work  has  proved  that  it  has  very  little  action  on  frogs  or 
mammals  except  a  fairly  marked  stimulation  of  the  respiratory  center  and  a  convulsant 
action  on  the  cord  exerted  by  enormous  doses.  Hayashi  noted  a  reduction  of  the  fever 
caused  by  medv\llary  puncture  in  rabbits. 

Although  the  beneficial  effects  on  night,  sweats  in  phthisis  seems  well  established 
there  is  no  evidence  of  a  direct  action  on  the  sweat  glands,  and  the  sweating  of  the  cat 
foot  caused  by  pilocarpine  or  by  stimulation  of  the  peripheral  sciatic  is  not  influenced 
(Fujitani,  Roth,  Tyrode).  Robert  claims  that  night  sweats  are  due  to  asphyxia  and 
that  camphoric  acid  and  picrotoxin  relieve  them  by  stimulating  the  respiration. 

Therapeutics:  Topical. — An  aqueous  solution  of  camphoric  acid  (3  percent.) 
applied  by  insufflation  or  in  spray,  is  used  for  its  astringent  and  antiseptic  effect  in 
rhinitis  with  profuse  secretion  and  in  pharyngitis.  In  saturated  solution  in  diluted 
alcohol  it  is  employed  as  a  lotion  in  certain  scaly  dermatoses  such  as  psoriasis.  Irriga- 
tions of  a  2  percent,  solution  with  the  addition  of  10  percent,  alcohol  have  been 
recommended  in  the  treatment  of  cystitis. 

Systemic. — The  chief  employment  of  camphoric  acid  is  as  a  remedy  for  the 
nigJit  sweats  of  phthisis  (given  in  a  single  dose  of  20  to  30  grains  (1.2  to  2  Gm.) 
soon  after  the  evening  meal),  in  which  its  action  is  very  satisfactory.  It  is  also 
given  in  doses  of  10  grains  (0.6  Gm.)  three  or  four  times  a  day  for  hyperhidrosis 
from  other  causes.  It  may  be  tentatively  given,  when  other  measures  fail,  in  the 
diarrhea  of  intestinal  tuberculosis  in  doses  of  10  grains  (0.6  Gm.)  three  times  a  day, 
but  its  action  here  is  uncertain.  The  same  is  true  in  regard  to  catarrhal  cystitis, 
for  the  relief  of  which  it  is  sometimes  given  in  small  (5  grain)  doses  every  three 
hours,  at  the  same  time  that  the  bladder  is  irrigated  twice  a  day  with  from  4  to 
8  ounces  of  the  alcoholized  2  percent,  solution. 

Administration. — Camphoric  Acid   is  best  given  in  capsules. 

Agaricin 

Agaricin  is  the  active  principle  of  a  fungus,  Polyporus  officinalis,  and  is  itself 
merely  a  mixture  of  resinous  acids  with  agaricic  acid  which  is  the  sole  principle  of 
importance   which   the   drug   contains.    Agaricic   acid   is   a    triatomic,   fatty   acid   of 
COOH       COOH      COOH 

the    formula:     C..H3— C C CH, 

H  OH 

Materia  Medica.— Agaricus  (N.F.),  Agaric.  Ahhr.,  Agaric.  Synonyms:  White 
Agaric,  Larch  Agaric,  Purging  Agaric. 

The  dried  fruit  body  of  the  fungus  Polyporus  officinalis  Fries  (Fam.  Polyporacea>), 
deprived  of  its  outer  rind.  It  occurs  in  the  form  of  light,  fibrous,  somewhat  spongy 
pieces  of  irregular  shape. 

Dose,  10  to  20  grains   (0.6  to  1.2  Gm.). 

Agaricin  (unofficial). 

A  preparation  obtained  from  white  agaric,  containing  a  variable  amount  of  the 
active  principle,  agaric  acid.  A  yellowish  powder  of  a  sweetish,  turning  to  bitter, 
taste;  slightly  soluble  in  water;  readily  soluble  in  alcohol. 

Dose,  Vi  to  1  grain  (0.015  to  0.06  Gm.). 

AciDUM  Agaricum   (unofficial),  Agaric  Acid.     Ahhr.,  Acid.   Agaric.     Synonyms: 

Agaricinic  Acid,  Laricic  Acid. 

A  tribasic  acid,  occurring  as  an  odorless,  tasteless,  microcrystalUne  powder. 

Dose,  Vg  to  V2  grain  (0.01  to  0.03  Gm.). 
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Pharmacodynamic  Action:  Topical  Actioti. — Agaricic  acid  is  extremely  irritating  and 
as  its  salts  are  broken  down  in  the  presence  of  water,  they  are  hardly  less  so.  Applied 
to  exposed  mucosse  or  to  wounds  even  dilute  solutions  may  give  rise  to  severe  inflamma- 
tion. Subcutaneous  injections  of  1  cc.  (m.  15)  of  a  3  percent,  solution  of  the  sodium 
sSlt  in  the  cat  or  dog  lead  to  edema  followed  by  abscess  formation.  Administered  by 
mouth  doses  of  0.5  to  1  Gm.  (gr.  7VL'  to  15)  cause  severe  gastroenteritis  with  vomiting 
and  diarrhea. 

Systemic  Action. — Frogs  given  25  mgm.  (gr.  2/5)  show  weakening  and  stoppage  of 
respiration  with  labored  motions  followed  by  paralysis.  There  are  no  changes  in  the 
nerve  endings.  The  heart  later  becomes  slow  and  gradually  stops.  This  slowing  is  not 
prevented  by  atropine  nor  is  the  muscarine  stoppage  prevented  by  agaricic  acid.  The 
skin  remains  completely  dry,  no  water  or  mucus  being  secreted.  The  sweat  glands  show 
a  wide-open  lumen  as  after  atropine. 

When  the  frog  heart  is  perfused  in  situ  with  a  0.002  percent,  solution  of  sodium 
agaricate  it  stops  in  systole  as  with  digitalis  and  saponins.  The  perfused  blood  vessels 
are  strongly  contracted  and  the  action  is  not  prevented  by  apocodeine,  showing  that  it  is 
a  direct  stimulation  of  the  muscle  tissue  (McCartney). 

Given  to  rabbits  by  mouth  it  causes  no  symptoms  but  vomiting  and  diarrhea,  as 
but  little  is  absorbed.  Subcutaneously  0.1  Gm.  (gr.  ly^  per  kilo)  causes  sleepiness  and 
weakness  with  slow  deep  respiration.  Larger  doses  cause  dyspnea,  increasing  until  death 
results.    If  artificial  respiration  is  given,  death  results  from  cardiac  failure. 

Doses  of  25  mgm.  (gr  2/5)  intravenously  cause  brief  fall  of  blood  pressure  followed 
by  a  more  prolonged  rise  associated  with  slowing  of  the  heart  due  to  central  vagus 
stimulation. 

The  influence  on  sweating  has  been  studied  on  the  cat's  paw.  Cats  given  50  mgm. 
(gr.  1)  subcutaneously  did  not  sweat  in  a  warm  box  even  at  70°  C.  (158°  F.).  Sweating 
from  stimulation  of  the  sciatic  and  from  injection  of  pilocarpine  was  also  prevented. 
After  10  mgm.  (gr.  1/7)  sweating  in  the  warm  box  was  slower  and  less  profuse  than  in 
the  control.  There  is  no  lessening  of  the  tears  and  saliva,  as  there  is  with  atropine 
(Hofmeister).  Strips  from  the  uterus  and  from  the  intestine  of  the  rabbit  show  increase 
of  motions  from  1  to  10,000  and  increased  tonus  from  1  to  5,000  (McCartney). 

In  man  from  20  to  50  mgm.  (gr.  1/3  to  1)  by  mouth  will  check  sweating  in  phthisis 
and  other  conditions.  It  is  more  apt  to  upset  digestion  than  is  atropine,  but  has  not  its 
other  disadvantages. 

Therapeutics. — The  principal  use  of  agaric  is  in  the  control  of  the  colliquative 
sweats  of  phthisis,  and  other  forms  of  hyperhidrosis,  such  as  that  accompanying-  a 
reduction  of  temperature  by  one  of  the  synthetic  antipyretics.  As  the  action  of 
agaricin  is  slow,  it  should  be  given  in  dose  of  Vo  grain  (0.03  Gm.)  early  in  the 
evening  for  the  control  of  night  sweats.  Pure  agaric  acid,  when  procurable,  is  more 
certain  in  its  action  than  agaricin;  it  may  be  given  in  dose  of  V^  grain  (0.015  Gm.). 
A  10  percent,  tincture  of  agaric  has  been  employed  in  the  treatment  of  simple  diar- 
rhea and,,  with  less  success,  in  tubercular  ulceration  of  the  bowel.  The  dose  of  the 
tincture  is  30  to  60  minims  (2  to  4  cc.) ;  given  in  large  dose  (2  fluidrams — 8  cc), 
it  is  purgative,  but  it  is  not  used  now  to  produce  that  effect,  which  is  regarded  as 
a  sign  of  poisoning. 

Cutaneous  Adjuvants 

Cosmetics 
Skin  Foods 

A  certain  amount  of  fat  is  necessary  to  maintain  the  softness  and  flexibility  of 
the  skin  and  when  this  is  not  supplied  in  sufficient  amount  by  nature,  the  lack  of  it  is 
met  by  the  external  application  of  cold  creams,  lanolin,  or  lard.  The  official  (U.S.) 
cold  cream,  unguentum  aquae  rosae,  is  modified  in  a  multitude  of  directions  by  various 
manufacturers.  Lard  is  an  absorbable  form  of  fat,  but  is  seldom  used  in  the  prepara- 
tion of  cosmetic  creams.   A  greater  favorite  is  wool  fat,  or  lanolin,  which  is  used  in  a 
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variety  of  combinations.  It  may  be  applied  unmixed  with  other  fats,  but  is  somewhat 
sticky  when  used  alone,  so  is  best  combined  with  oil  of  theobroma.  A  good  "skin-food" 
of  this  kind  is  a  mixture  of  lanolin,  2V'2  ounces;  cocoa  butter,  7  ounces;  vanillin, 
8  grains. 

Greaseless  Creams 

When  the  skin  is  already  too  greasy,  cold  cream  or  any  so-called  skin  food  is 
contraindicated.  In  such  cases  one  of  the  many  "vanishing  creams,"  composed  of 
demulcents,  may  be  used.  These  for  the  most  part  contain  glycerin.  Walker  gives 
the  following  formula  of  a  greaseless  rose  cream :  Put  30  grains  of  white  ribbon  traga- 
canth  into  7  ounces  of  rosewater,  letting  it  soften  for  2  days.  Then  squeeze  the  mass 
through  a  coarse  jelly-bag  and  add  1  ounce  each  of  glycerin  and  alcohol.  A  drop  of 
attar  of  rose  may  be  used  to  scent  the  cream.  Immediately  after  bathing  the  skin, 
apply  the  cream,  rubbing  it  on  gently  until  the  skin  is  dry.  Another  greaseless  cream 
may  be  made  of  starch,  5  Gm. ;  rosewater,  5  cc. ;  glycerin,  90  cc. ;  oil  of  rose,  2  drops. 

Depilatories 

Depilatories  are  substances  which  remove  hair  from  the  surface  to  which  they 
are  applied,  but  do  not  destroy  the  hair  bulbs,  so  that  the  application  must  be  renewed 
from  time  to  time.  The  only  means  of  preventing  the  regrowth  of  the  hair  is  electrol- 
ysis of  each  individual  hair-follicle.  The  depilatories  most  in  use  are  the  sulphides 
of  calcium,  barium,  sodium,  and  potassium.  After  washing  the  part  and  drying  it 
thoroughly,  the  depilatory,  made  into  a  paste,  is  spread  over  the  skin,  and  after  a 
variable  period,  depending  upon  the  strength  of  the  material  employed,  is  scraped 
off  by  a  paper-cutter  or  a  blunt  knife.  The  hair  comes  off  with  the  paste,  and  then 
the  skin  is  washed  again  and  anointed  with  cold  cream  or  a  bland  oil.  An  efficient 
depilatorj^  is  made  by  mixing  2  parts  of  calcium  sulphide  with  1  part  each  of  sugar 
and  starch  and  moistening  the  powder  with  sufficient  water  to  make  a  paste.  This 
may  be  left  on  the  skin  for  half  an  hour  and  then  washed  off  with  water.  Barium 
sulphide  may  be  mixed  with  an  equal  quantity  of  starch  and  made  into  a  paste  with 
water.  It  is  applied  to  the  skin,  left  for  ten  minutes,  and  then  scraped  off  with  a 
paper-cutter  or  a  spatula.  Koller,  quoted  by  Walker,  recommends  the  following  "depil- 
atory soap":  (1)  Powdered  wheat  starch,  20  parts;  water,  120  parts.  (2)  Sodium  sul- 
phide, 34  parts;  barium  sulphide,  30  parts;  water,  180  parts.  (3)  Palm  oil,  36  parts; 
glycerin,  21  parts.  Dissolve  the  powdered  starch  in  120  parts  of  tepid  water,  in  one 
vessel,  and  set  aside  for  use  when  wanted  (1).  In  a  second  vessel  dissolve  the  sodium 
sulphide  (crystals),  and  stir  it  and  the  barium  sulphide  into  the  180  parts  of  water  (2). 
Add  the  glycerin.  In  another  separate  vessel  melt  the  palm  oil.  To  mix  the  com- 
pounds, make  the  sulphide  solution  (2)  boiling  hot,  stir  up  the  starch  solution  (1), 
and  then  gradually  stir  it  into  the  sulphide  solution  (2) ;  keep  stirring  until  the  starch 
thickens;  add  the  melted  palm  oil,  mix  all  well  together,  and  add  the  perfume 
(citronella  essence,  mirbane,  oil  of  lavender,  or  the  like).  Before  the  mass  cools  and 
congeals,  pour  it  into  porcelain  pots  or  wide-mouthed  bottles.  Rub  the  soap  into  the 
hair  to  be  removed  until  the  hair  loses  its  crispness  and  filamentous  form,  and  becomes 
a  pulpy  mass;  then  wash  the  part  well  with  water,  and  the  hair  will  all  be  removed. 
Should  the  skin  smart  after  applying  the  soap,  rub  in  a  little  olive  oil  or  vaseline. 

Corn  Solvents 

The  corn  solveiits  are  agents  which  have  the  power  of  softening  the  corneal  layers 
of  the  skin.  When  applied  continuously  to  thickened  epidermis,  such  as  callus  and 
corns,  they  cause  a  separation  of  the  outer  layers,  which  are  then  readily  removed. 
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Such  applications  may  either  be  made  by  incorporating  the  keratolytic  substance  in  a 
plaster,  or  by  dissolving  it  in  collodion  and  painting  on  the  area  to  be  treated.  In 
either  case  it  is  usually  left  in  place  a  day,  the  softened  material  removed  with  a  dull 
knife  and  the  application  renewed  until  removal  is  completed.  The  substances  most 
used  as  corn  solvents  are  salicylic  acid  and  trichloracetic  acid. 

The  skin  foods  and  constituents  of  greaseless  creams  are  discussed  with  Pro- 
tective Tissue  Alterants.  The  sulphides  are  taken  up  with  the  Sulphur  Compounds 
among  the  Antiseptics.  The  corn  solvents,  such  as  salicylic  and  trichloracetic  acid, 
are  also  placed  with  the  Antiseptics. 

DRUGS  ACTING  ON  THE  REPRODUCTIVE  ORGANS 

The  sex  organs  include  (1)  the  "sex  glands"  (ovaries,  testicles)  which  prepare 
cellular  elements  (spermatozoa,  ova) ;  (2)  the  ducts  conveying  these  to  the  exterior 
of  the  body  (spermatic  ducts,  urethra,  fallopian  tubes,  vagina),  which  in  the  mam- 
malian female  include  a  special  portion  (uterus)  for  retaining  the  impregnated  ovum 
during  part  of  its  development;  and  (3)  associated  glands  for  different  purposes  (pros- 
tate, mammae).  All  of  these  portions  are  influenced  by  drugs,  and  the  extracts  pre- 
pared from  certain  of  these  organs  have  distinct  pharmacodynamic  effects  and  thera- 
peutic usefulness. 

Most  of  the  drugs  employed  in  medicine  to  influence  the  sex  organs  have  more 
important  uses  or  physiologic  action  and  are  taken  up  with  other  groups.  Extracts 
of  the  sex  organs  are  considered  here  as  are  several  drugs  with  weak  physiologic 
action.  Ergot,  the  most  prominent  therapeutic  use  of  which  is  associated  with  its 
action  on  the  uterus,  is  being  employed  to  an  increasing  extent  in  other  connections, 
especially  as  a  circulatory  stimulant,  and  as  it  influences  all  organs  innervated  by  the 
autonomic  system,  it  was  thought  best  to  consider  it  with  that  system.  Pituitrin  is 
placed  with  the  ductless  glands. 

Drugs  Influencing  Sexual  Desire 

Aphrodisiacs 

The  drugs  which  increase  sexual  desire  or  sexual  power,  act  in  one  of  three 
ways.  Either  they  increase  desire  by  depressing  those  inhibitory  centers  in  the 
brain  which  normally  restrain  the  sexual  impulses,  and  thus  give  rise  to  more 
unbridled  desire,  or  they  stimulate  directly  the  centers  in  the  cord  which  control 
the  sexual  organs,  or  finally,  they  cause  congestion  of  those  organs  by  an  action  on 
their  blood  vessels  and  thus  attract  attention  to  them,  stimulate  them  reflexly  and 
cause  erection  of  the  erectile  tissue   associated  with  them. 

For  action  in  the  first  of  these  manners,  alcohol  is  largely  taken  in  this  country, 
but  in  the  East  a  mixture  of  cannabis  and  hyoscyamus  under  the  name  of  "hasheesh" 
is  employed.  The  effect  is,  of  course,  immediate  and,  as  it  passes  off,  is  likely  to  leave 
lessened  desire. 

The  second  group  act  more  slowly,  their  stimulating  action  being  more  of  a 
tonic  character.  Strychnine  raises  the  sensitiveness  of  the  sexual  reflexes  together 
with  all  other  reflexes  and  also  by  increasing  blood  flow  to  the  cord  improves  the 
nutrition  of  the  spinal  centers  in  cases  of  exhaustion  and  impotence.  Phosphorus 
is  supposed  to  act  in  a  similar  manner. 

The  third  group  acts  promptly  and  only  on  desire  and  on  the  erectile  power. 
Its  members  do  not  have  any  tendency  to  relieve  sterility. 

The  reflex  center  for  erection   is   stimulated   specifically  by   yohimbine   and   all 
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spinal  cord  stimulants  such  as  strychnine  and  picrotoxin.  It  is  excited  reflexly  by 
all  irritating  drugs  which  are  excreted  in  the  urine — for  example,  cantharides,  capsi- 
cum, and  irritant  ethereal  oils.  In  Oriental  countries  the  mixture  containing  arsenic, 
which  is  used  as  a  depilatory  on  women,  is  supposed  to  stimulate  desire,  but  ergot 
causes  more  congestion  of  the  female  sex  organs. 

Yohimbine 

Yohimbine  is  prepared  from  the  bark  of  an  African  tree,  which  contains  in 
addition  a  second  alkaloid,  yohimbenine,  which  is  much  less  active  and  of  no  prac- 
tical importance. 

Tlie  chemical  structure  of  j'ohimbine  and  its  general  action  on  the  body  are 
almost  identical  with  those  of  quebrachine  and  have  already  been  spoken  of  with  that 
drug.  The  chief  difference,  as  pointed  out  there,  is  the  action  on  the  blood  vessels. 
Yohimbine  acts  as  a  general  vasodilator,  depressing  the  vasomotor  center  and  relaxing 
the  walls  of  the  vessels  by  direct  action.  In  all  laboratory  animals  it  is  found  that 
in  minimal  elective  dose  (0.02  mgm.  per  kilo  in  dogs;  0.06  in  cats)  this  vasodilatation 
affects  chiefly  the  genital  organs.  Doses  which  cause  no  fall  of  blood  pressure  will, 
in  male  animals,  lead  to  swelling  of  the  testicles  and  erection  of  the  penis.  The 
sensitiveness  of  the  genitalia  is  much  increased  and  sexual  excitement  is  brought  on. 
It  is  frequently  used  to  excite  brood  bulls  and  stallions  which  have  lost  their  libido. 
In  impotence  in  man  it  is  frequently  effective  also.  It  acts  chiefly  by  dilatation 
of  the  vessels  of  the  external  genitals  with  consequent  swelling  and  hardening  and 
reflex  excitement  of  the  genital  centers  in  the  cord.  The  lumbar  cord  is,  however, 
also   hyperemic   and   this   stimulates   the   centers   of  erection    and   emission   directly. 

The  tonus  of  the  bladder  and  the  enteric  peristalsis  are  increased  by  small  doses 
(.02  mgm.  per  kilo)  and  decreased  by  large  (2  mgm.  per  kilo)  in  vitro  and  in  vivo 
(Loewy  and  Rosenberg).  In  full  doses  it  is  used  to  relieve  the  strangury  of  enlarged 
prostate. 

Yohimbine  has  local  anesthetic  powers,  a  1  percent,  solution  in  the  eye  causing 
loss  of  sensation  lasting  twenty  to  thirty  minutes,  accompanied  by  hyperemia. 
Stronger  solutions  are  required  in  the  nose  and  ear  (Haike).  The  isolated  frog 
heart  is  paralyzed  by  direct  action  on  the  muscle  (Kakowski). 

Materia  Medica. — Yohimbine  (unofficial). 

An  alkaloid  (CjjHj^NjOg)  obtained  from  the  bark  of  an  African  tree,  Corynanthe 
johimhe  Schum  (Fam.  Euhiacece).  It  occurs  in  white  acicular  crystals.  The  alkaloid 
is  seldom  used,  a  salt,  yohimbine  hydrochloride,  being  preferred  because  of  its  greater 
solubility. 

Dose,  i/is  to  yi2  grain  (0.005  to  0.007  Gm.)  of  the  hydrochloride. 

Therapeutics. — Yohimbine  has  been  employed  in  the  treatment  of  functional 
impotence  in  man  with  varying  results,  and  also  as  an  emmenagogue.  It  has  been 
tried  in  arteriosclerosis,  but  is  not  suitable  for  this  purpose  since  the  initial  fall 
in  blood  pressure  caused  by  it  is  succeeded  by  an  appreciable  rise.  The  drug  may 
be  given  in  tablet  form  or  in  one  percent,  alcoholic  solution.  In  cases  in  which  no 
benefit  was  obtained  from  the  medicine  given  per  os,  success  is  reported  to  have 
followed  the  subcutaneous  exhibition  of  1/6  grain  (0.01  Gm.).  Lissman  states  that  in 
cases  of  impotence  in  which  it  proved  ineffective  when  given  by  mouth  or  hypoder- 
mically,  a  positive  result  was  obtained  by  intrathecal  injection  of  1  milligram.  Strubel 
reports  good  results  in  cases  of  sexual  neurasthenia  but  warns  against  using  it  in  men 
who  are  taking  alcohol,  as  the  combination  may  lead  to  dangerous  increase  of  intra- 
cranial pressure.  Such  increase  is  seen  with  yohimbine  alone  but  never  to  a 
'lisagreeable  extent. 
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The  local  anesthetic  action  of  yohimbine  is  quite  strong,  but  it  is  not  available  in 
practice  since  the  drug  is  also  a  local  irritant  and  this  action  persists  after  the  anesthetic 
effect  has  passed  away. 

Anaphrodisiacs 

Anaphrodisiacs,  or  drugs  which  lessen  sexual  desire,  include  most  of  the  spinal 
and  cerebral  depressants.  Bromides  are  at  times  effective,  especially  if  associated  with 
a  mental  sedative  such  as  hyoscine  or  opium.  Certain  of  the  drugs  which  tend  to  cause 
delirium  in  large  dose  are  also  recommended,  particularly  in  those  cases  in  which  local 
irritation  seems  to  be  a  factor.  Belladonna,  camphor  and  cocaine  may  be  useful,  and 
the  last  perhaps  adds  a  certain  local  anesthetic  action  to  its  central  effect. 

Sex  Glands 

The  presence  of  the  sex  glands  is  requisite  for  the  development  of  secondary  sex 
characteristics  and  these,  when  deficient,  can  be  remedied  to  some  extent  by  adminis- 
trations of  extracts  of  the  ovaries  in  women  and  of  the  testicles  in  men.  In  artificial 
menopause  brought  on  by  removal  or  destruction  of  the  ovaries,  nervous  symptoms 
are  likely  to  occur,  and  these  are  often  relieved  by  ovarian  extracts. 

Male  Sex  Glands 

Extracts  of  various  male  genital  glands  have  been  tried  in  therapeutics  with 
little  success  and  their  physiologic  action  has  been  studied.  Extracts  of  the  epididymis 
resemble  testicle  extracts  but  are  less  active. 

Testicular  Extract. — Testicular  extract  has  been  recommended  not  only  for  sexual 
weakness  but  for  general  loss  of  energy  and  especially,  by  its  introducer,  Brown- 
Sequard,  for  the  changes  incident  to  old  age.  Although  this  author  believed  that 
he  had  renewed  his  own  strength  at  an  advanced  age  by  taking  an  extract  of  the 
testicles  of  the  bull,  others  have  not  confirmed  his  results,  and  today  the  extract  is 
used  only  to  replace  the  results  which  follow  castration  and  to  cause  development  in 
cases  of  congenital  deficiency  of  the  testicles.  It  is  now  thought  by  many  that  these 
effects  depend  on  a  secretion  of  the  so-called  "interstitial"  or  Leydig  cells,  and  these 
have  in  consequence  attained  considerable  literary  notoriety.  Kenneth  Walker  main- 
tains that  the  internal  secretion  of  the  testes  is  formed  by  the  cells  of  the  tubules  and 
not  by  the  interstitial  cells,  a  theory  which  is  strengthened  by  the  experience  of  some 
clinicians  that  the  best  results  of  testicular  therapy  are  obtained  by  giving  orchic 
substance  and  not  an  extract  of  Leydig's  cells. 

Injected  into  normal  animals,  testicular  extract  causes  an  increase  in  energy, 
as  shown  by  the  Mosso  ergograph  (Capriati)  with  dyspnea,  salivation,  and  tetanus 
followed  by  paralysis,  if  the  dose  be  toxic.  It  is  much  more  toxic  for  females  than 
for  males  (Loisel).  Small  doses  of  extract  of  testicles  of  bulls  and  dogs,  frequently 
repeated,  cause  increase  of  weight  in  male  guinea-pigs  and  rabbits,  and  loss  of  weight 
in  females   (Loisel). 

Castrated  young  animals  grow  more  slowly  than  controls,  but  tend  to  become 
fatter.  Both  these  abnormalities  are  corrected  by  feeding  the  extract  of  testicles  of 
the  same  or  another  species  (Monziol).  The  penis  and  seminal  vesicles  resemble  the 
normal  rather  than  the  castrated,  and  there  is  an  increase  in  metabolism  as  shown 
by  increased  excretion  of  nitrogen  and  phosphates  (Ancel  and  Bouin).  Wounds 
made  in  castrated  cocks  heal  slowly  but  if  extract  of  bull  testicle  is  given,  they  heal 
almost  normally. 

Prostatic  extract  has  little  influence  on  the  body  but  it  has  the  interesting  prop- 
erty of  preserving  alive  for  a  long  time,  spermatozoa  suspended  in  it. 
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Spermin,  prepared  from  testicles  by  extraction  with  alcoliol,  is  probably  merely 
an  impure  choline  and  without  specific  action.  It  is  recommended  for  almost  all 
conditions  by  its  introducer,  Poehl. 

Materia  Medica. — There  is  no  oflacial  preparation  of  testicular  extract,  but  manu- 
facturers supply  the  desiccated  substance  of  the  glands  of  bulls  or  rams.  It  is  found 
on  the  market  in  powder  or  tablet  form  and  a  liquid  prcjiaration  is  also  available  for 
hypodermic  injection.  The  dose  of  the  dried  orchic  substance  is  5  grains  (0.3  Gm.). 
Extract  from  the  interstitial  (Leydig's)  cells  of  the  testicle  may  also  be  obtained. 
Dose,  3  grains  (0.2  Gm.). 

Therapeutics. — The  therapeutics  of  orchic  substance  is  very  uncertain  and  is 
under  a  cloud  of  prejudice  excited  by  sensational  accounts  in  the  lay  press  of  testicular 
grafting.  But  both  laboratory  experiment  and  clinical  experience  credit  the  testicle 
with  an  internal  secretion  utilizable  in  the  treatment  of  sexual  neuroses,  impotence, 
and  premature  senility.  Good  results  are  claimed  also  from  the  administration  of 
dried  orchic  substance  in  enlarged  prostate,  a  decided  reduction  in  the  size  of  the 
gland  being  thereby  obtained.  The  use  of  the  substance  is  believed  to  delay  the 
involution  processes  in  old  age.  This  power  of  retarding  the  degenerative  changes 
in  the  aged  is  manifested  in  either  sex.  In  younger  women  a  return  of  the  arrested 
menses  has  been  observed  following  the  exhibition  of  orchic  substance,  and  it  appears 
to  be  almost  equally  effective  with  ovarian  substance  in  relieving  the  troubles  inci- 
dent to  the  menopause. 

Moschus. — Musk,  the  secretion  of  the  preputial  follicles  of  the  musk  ox,  was  at  one 
time  very  widely  recommended,  but  has  practically  disappeared  from  the  drug  market. 
Doses  of  1.3  grams  (20  gr.)  cause  in  normal  men  slight  exhilaration,  followed  by 
giddiness,  drowsiness  and  lassitude.  It  is  supposed  to  be  of  value  in  quieting  those 
forms  of  nervousness  and  hysteria  which  are  associated  with  weakness  and  exhaustion. 

Castoreum. — A  greasy  substance  obtained  from  the  preputial  follicles  of  the 
beaver,  is  allied  to  musk  in  physical  properties  and  in  action,  but  is  even  more 
feeble.     It  is  rarely  if  ever  used  today. 

Materia  Medica. — Moschus  (U.S.  IX.),  Musk,  ^btr.,  Mosch.  (S'j/non^/ms;  Tonquin 
Musk,  Deer  Musk. 

The  dried  secretion  from  the  preputial  follicles  of  Moschus  moschiferus  Linne 
(Fam.  Moschidw),  the  musk  deer  inhabiting  the  table-lands  of  Central  Asia.  Occurs 
in  small  irregular  granules,  glistening  and  somewhat  oily;  odor  peculiar,  penetrating, 
powerful  and  persistent ;  taste  somewhat  bitter. 

Dose,  2  to  8  grains  (0.13  to  0.5  Gm.). 

TiNCTURA  MoscHii  (U.S.  IX.),  Tincture  of  Musk.    Ahhr.,  Tr.  Mosch. 

Prepared  by  macerating  musk  in  diluted  alcohol  and  triturating;  of  5  percent, 
strength. 

Dose,  1/2  to  1  fluidram  (2  to  4  cc). 

Therapeutics. — Musk  was  formerly  regarded  with  great  favor  in  the  treatment 
of  adynamic  conditions  occurring  in  the  later  stages  of  continued  fever,  and  was 
also  given  as  an  antispasmodic  for  the  control  of  laryngismus  stridulus,  obstinate 
hiccough,  and  other  local  spasms.  At  the  present  day,  it  is  very  seldom,  if  ever, 
used. 

Female   Sex  Glands 

The  female  sex  organs,  extracts  of  which  have  been  shown  to  exercise  definite 
effects  on  the  sex  functions,  include  the  ovary  (with  the  corpus  luteum  and  ovarian 
residue),  the  follicular  fluid,  the  placenta  and  the  mammarj-  gland.  Kecent  studies 
(Allen  and  Doisy,  Frank  and  Gustavson,  Fraenkel  and  Fonda)  indicate  that  all  but 
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the  last  depend  for  their  activity  on  a  single  principle.  This  is  a  lipoid,  not  a  fatty 
acid,  non-nitrogenous,  of  high  molecular  weight  (approximately  Cj^H^jOj,  Fraenkel 
and  Fonda),  thermostable,  soluble  in  ether  and  other  fat  solvents  and  dissolved  by  water 
with  the  aid  of  extractives  (thus  being  present  in  watery  extracts).  It  is  not  injured 
by  the  digestive  ferments  in  vitro,  but  appears  not  to  be  absorbed  from  the  digestive 
tract. 

It  produces  when  injected  (in  dose  as  low  as  2.5  mgm.  (1/25  gr.)  the  following 
effects:  (1)  Development  of  secondary  sex  characters  in  immature  and  castrated  fe- 
males; (2)  Hyperplasia  of  the  uterus,  vagina  and  mammae  (especially  in  rats); 
(o)  Vaginal  smears  typical  of  the  estrus  period ;  (4)  Contractions  of  the  isolated  uterus 
like  those  of  organs  removed  at  the  estrual  period. 

Ovarian  Extract 

Ovarian  extracts  have  been  suggested  for  various  disturbances  of  menstruation, 
especially  amenorrhea.  It  being  known  that  menstruation  ceases  if  the  ovaries  are 
removed,  their  use  for  this  purpose  is  obvious.  The  results,  however,  have  not  always 
been  successful,  and  today  they  are  not  much  recommended.  On  the  other  hand, 
such  extracts  are  able  to  relieve  the  nervous  phenomena  which  are  apt  to  result  from 
the  premature  menopause  following  ovariotomy,  and  often  the  nervous  phenomena  of 
dysmenorrhea. 

Studies  of  different  parts  of  the  ovary  have  shown  that  the  toxic  and  sexual 
action  is  almost  entirely  confined  to  the  corpora  lutea  and  extracts  of  these  bodies 
have  largely  replaced  those  of  the  whole  ovary.  Injected  into  animals,  extracts  of 
corpus  luteum  of  the  same  or  different  species  cause  symptoms  suggesting  those 
from  testicular  extract.  There  are  sexual  excitement,  violent  peristalsis,  irregular 
respiration,  followed  by  tremors,  and  rarely  convulsions  followed  by  paralysis.  The 
extract  is  twice  as  toxic  for  males  as  for  females.  Postmortem  examination  shows 
widespread  hemorrhages  and  bloody  exudates  in  the  serous  cavities.  Frogs  show 
slowing  of  the  heart,  cessation  of  respiration,  and  later  complete  paralysis.  The 
heart  may  continue  beating  for  hours  and  recovery  ensue  after  prolonged,  complete 
paralysis.  Smaller  doses  occasionally  cause  tachycardia  from  paralysis  of  the  vagus, 
rapid  respiration  and  fall  of  blood  pressure  from  vasodilatation.  The  effects  on 
metabolism  and  on  the  functions  of  most  organs  are  inconstant.  Repeated  doses 
cause  development  of  the  breasts  similar  to  that  occurring  in  pregnancy,  and  free 
secretion  of  milk  in  pregnant  females.  Repeated  injections  lead,  in  rabbits  and  most 
other  mammals,  to  changes  in  the  sex  organs  similar  to  those  occurring  during  estrus 
(heat).  The  breasts  are  congested  and  swollen,  the  uterus  and  vagina  enlarge  and  show 
waves  of  contraction,  a  vaginal  discharge  similar  to  that  occurring  during  the  estrual 
period,  is  found.  As  ovulation  does  not  normally  occur  during  the  estrual  period, 
this  process  may  be  prevented  by  the  administration  of  ovarian  extract  in  suitable 
dose.  In  mice,  a  period  of  sterility  lasting  several  months  may  be  brought  about  by 
feeding  0.2  Gm.  (3  grains)  of  desiccated  placenta  or  ovary,  daily  (Miura). 

Ovarian  and  other  similar  preparations  may  be  physiologically  standardized  by 
determining  the  minimal  amount  required  to  bring  about,  in  castrated  rodents,  the 
changes  in  the  vaginal  discharge  which  characterize  the  estrual  period.  This  dose 
is  referred  to  as  a  "mouse  unit,"  a  *'rat  unit,"  etc.  Laqueur  proposes  as  a  more 
definite  unit  "That  amount  which  will  cause  disappearance  of  leucocytes  from  the 
vaginal  smears  of  75  percent,  of  12  castrated  female  mice."  On  this  basis  it  is  pos- 
sible to  prepare  material  of  such  potency  that  each  mgm.  (%o  grain)  contains  100 
units.  Laqueur  believes  that  the  minimum  activity  allowed  in  commercial  prepara- 
tions should  be  10  units  per  mgm. 
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If  a  young  rabbit  be  given  injections  of  ovarian  extracts  every  day  for  a  week 
or  two,  the  uterus  after  removal  will  show,  in  vitro,  contractions  like  those  of  the 
estrual  organ.  If  injections  are  continued  in  castrated  or  immature  females,  they 
lead  to  development  of  the  sex  organs.  The  retrogressive  changes,  which  follow  castra- 
tion in  women  can  be  largely  prevented  or  delayed  by  continued  administration. 

Extracts  of  corpus  luteum  added  to  the  fluid  surrounding  the  isolated  uterus  cause 
increase  of  tone  and  strong  contractions.  In  small  early  corpora  there  is  also  a  sub- 
stance which  inhibits  contractions,  but  the  eflFcct  of  this  is  usually  overcome.  The 
substances  may  be  separated  partly  by  extraction  of  the  dried  glands  with  alcohol, 
which  removes  all  of  the  depressant  body.  The  extracted  glands  have  a  purely  stimulant 
action.  The  effect  of  such  extracts  on  intestinal  strips  varies  with  the  species.  In  cats 
and  rabbits  there  is  stimulation  of  the  circular  coat  and  inhibition  of  the  longitudinal. 
In  the  rat  both  coats  are  inhibited  (Itagaki). 

Other  portions  of  the  ovary  have  also  been  tested.  Extracts  of  the  hilum  cause 
increase  in  tone  in  the  uterus  of  cats,  rabbits  and  guinea-pigs,  but  loss  of  tone  in  the 
rat  uterus.  The  tone  of  an  intestinal  strip  is  increased.  Liquor  folliculi  and  extract 
of  the  whole  ovary  give  somewhat  similar  results.     All  cause  a  fall  in  blood  pressure. 

The  pupil  of  the  excised  frog's  eye  is  dilated  by  extracts  of  corpus  luteum  (Macht 
and  Matsumoto). 

Low'e  and  Lange  state  that  the  ovary  contains  two  hormones,  one  which  induces 
estrus  in  castrated  females  (theJykinin)  and  one  which  prevents  estrus  in  normal 
females  (thelysistin).  Some  commercial  purified  extracts  contain  only  the  latter  and 
are  of  no  value  for  therapeutic  use. 

Materia  Medica. — Ovaries. — As  is  the  case  with  the  other  dried  organ  substances 
and  extracts,  there  is  no  official  preparation  of  the  ovaries,  but  there  are  many  unofficial 
ones — desiccated  ovarian  substance,  ovarian  extract,  ovarian  lipoids,  glycerin  extract, 
of  the  whole  gland;  ovarian  residue  (the  dried  substance  remaining  after  the  removal 
of  the  corpus  luteum)  ;  desiccated  corpus  luteum,  lutein,  soluble  corpora  lutea.  These 
are  made  from  the  ovary  of  the  cow  or  of  the  pig.  The  dose  varies  according  to  the 
preparation,  from  1  to  10  grains  (0.06  to  0.6  Gm.).  As  based  on  "rat  units,"  it  is  from 
1/^  to  1  rat  unit,  up  to  2  units  a  day. 

LuTEiNUM  (N.N.R.),  Lutein. 

The  fully  developed  corpora  lutea  of  the  hog,  freed  from  foreign  material,  dried 
and  powdered. 

Dose,  2  to  10  grains  (0.12  to  0.6  Gm.)  two  or  three  times  daily. 

Other  Lutein  Products  (N.N.E.). 

Corpus  Luteum;  Corpus  Luteum  Desiccated;  Corpora  Lutea  Soluble  Extract; 
Corpus  Luteum  Extract;  Sterile  Solution  of  Lutein. 

Ovarian  Substance  (N.N.R.). 

The  entire  fresh  ovaries,  including  corpora  lutea,  of  the  hog,  cleaned,  dried  and 
powdered. 

Dose,  1  to  10  grains  (0.06  to  0.6  Gm.)  three  times  daily. 

Other  Ovarian  Substances  (N.N.R.). 

Ovarian  substance  desiccated;  Whole  Ovary;  Ovarian  Residue. 

Therapeutics. — The  most  definite  results  from  ovarian  medication  are  obtained 
in  the  syndrome  occurring  at  the  menopause  or  after  operative  removal  of  the  ovaries, 
consisting  of  vertigo,  hot  flushes,  palpitation,  nervousness,  and  mental  depression.  It 
is  useful  also  in  amenorrhea  when  not  due  to  pituitary  or  thyroid  dysfunction,  and 
occasionally  in  dysmenorrhea  when  not  of  mechanical  causation.  In  prnritns  vidvcn 
of  elderly  women  the  use  of  ovarian  substance  or  extract  may  afford  great  relief,  and 
even  in  definite  lesions,  such  as  kraurosis  and  furunculosis,  of  the  vulva  occurring  in 
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women  at  or  beyond  the  menopause,  ovarian  medication  may  have  a  very  beneficial 
effect  (Graves). 

It  is  probable  that  the  different  sex  glands  depend  on  the  same  active  principle 
for  their  effects;  they  have  been  used,  nevertheless,  to  meet  different  indications. 

Ovarian  residue  has  been  recommended  in  obesity  accompanied  with  scanty 
menses  or  amenorrhea,  in  menstrual  irregularities  at  puberty,  in  delayed  puberty 
and  in  infantilism  (Hirst). 

Corpus  luteum  is  sometimes  of  great  service  in  habitual  abortion.  In  such  a 
case,  the  administration  of  the  extract  should  be  begun  as  soon  as  the  woman  misses 
a  period  or  has  other  signs  pointing  to  preg-nancy.  The  dried  substance  or  extract 
has  been  given  also  in  sterility,  though  without  notable  success.  The  extract  has 
been  used  by  hypodermic  injection  in  the  pernicious  vomiting  of  pregnancy,  some- 
times with  great  benefit. 

In  appropriate  cases,  daily  doses  may  be  used  for  a  short  time  to  prevent  ovulation 
and  thus  to  prevent  conception. 

The  conjoined  administration  of  corpus  luteum,  mammary  substance,  and 
placenta  has  been  used  to  increase  lactation  (Crofton).  In  many  cases  the  efficacy 
of  ovarian  substance  is  increased  by  the  simultaneous  administration  of  a  thyroid 
preparation. 

Uterine  Extract 

^Extracts  of  uterine  tissue  during  pregnancy  cause  a  secretion  of  milk.  No  other 
effects  have  been  noted. 

Placental  Extract 

It  has  been  stated  that  placental  extracts  contain  a  substance  which  stimulates 
milk  secretion,  but  more  careful  studies  have  shown  that  milk  secretion  is  inhibited 
by  them  (Mackenzie).  Placental  extract  administered  to  nursing  mothers  is  said 
to  stimulate  the  growth  of  the  nursling  (Hammett).  It  probably  is  identical  with 
ovarian  extract. 

Mammary  Extracts 

Like  the  other  sex  glands,  extracts  of  the  breasts  have  been  recommended  as 
galactagogues.  A  few  successful  cases  have  been  reported,  but  generally  the  results 
were  negative.     The  extract  of  corpus  luteum  is  certainly  much  more  effective. 

Desiccated  placenta  has  been  given  with  benefit  to  nursing  women  in  whom 
the  flow  of  milk  was  scanty,  although  its  galactagogue  action  has  been  denied  by 
Schafer  and  others.  It  is  said  also  to  promote  the  growth  of  the  child  when  given  to 
a  mother  nursing  a  puny  infant. 

Desiccated  cow  or  sheep  udder  is  used  to  hasten  involution  of  the  uterus  after 
childbirth,  to  arrest  uterine  hemorrhage,  and  to  increase  the  flow  of  milk.  It  is 
usually  given  with  placenta,  pituitary,  or  thymus. 

Drugs  Influencing  the  Uterus  and  Menses 

Ecbolics 

The  drugs  which  have  power  to  influence  the  contractions  of  the  uterine  muscle 
are  of  great  importance  in  medical  practice.  From  the  pharmacodynamic  standpoint 
they  differ  from  those  influencing  menstruation  in  that  their  action  can  be  analyzed 
by  experiments  on  lower  animals,  and  can  even  be  studied  to  advantage  on  the 
isolated  uterus  removed  from  all  nerve  connections.     Electrical  stimulation  of  the 
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hypogastric  (true  sympathetic)  nerve  causes  inhibition  of  the  uterine  contractions 
in  non-pregnant  cats  but  excitation  in  guinea-pigs  and  in  pregnant  cats.  Full  doses 
of  epinephrine  have  the  same  effects.  The  actioii  of  nicotine  also  varies  with  the 
spices  and  condition  of  the  animal,  causing  strong  contraction  in  the  pregnant  womb 
in  most  forms  and  being  occasionally  used  as  an  abortifacient.  Atropine  and  mor- 
phine both  cause  loss  of  tonus  when  given  in  large  dose  and  increase,  when  given 
in  small.  Stiitiulants  of  the  parasympathetic  endings,  such  as  pilocarpine  and 
physostigmine  excite  strong  movements,  and  ergot  and  hydrastis  are  used  in  medical 
practice  for  this  purpose.  Pituitrin  and  epinephrine  which  excite  the  pregnant 
iiterus  are  employed  to  increase  the  force  of  contractions  in  the  third  stage  of  labor 
and  post  partum.  Quinine  also  excites  contractions,  by  action  on  the  motor  nerve 
endings,  more  especially  during  pregnancy,  and  this  fact  must  be  borne  in  mind 
when  administering  large  doses  to  gravid  women.  Salicylates  cause  similar  con- 
tractions and  may  give  rise  to  uterine  hemorrhage  in  pregnancy.  Scopolamine  has 
little  effect  in  large  dose.     Papaverine  inhibits  contractions. 

Many  drugs  excite  uterine  contractions  refiexly,  and  the  gravid  womb  is  especially 
sensitive  to  such  stimulation.  Of  these  the  purgatives  are  of  first  importance,  aloes 
being  occasionally  the  cause  of  abortion.  Many  of  the  essential  oils  are  used  as 
abortifacients  in  domestic  practice.  Of  these  the  most  important  are  tansy,  mace, 
savin,  thuja,  taxus  and  rue.     Cantharides  has  a  similar  action. 

Emmenagogues 

The  influence  of  drugs  on  menstruation  has  been  much  debated,  but  little  real 
knowledge  is  available.  The  "heat"  of  animals  is  not  sufficiently  analogous  to  render 
study  of  one  applicable  to  the  other.  Cessation  of  menstruation,  amenorrhea,  is 
usually  dependent  on  a  cause  which  can  be  recognized  and  perhaps  relieved.  Anemia 
may  yield  to  iron,  general  weakness  to  arsenic,  or  strychnine.  A  few  selected  cases 
are  cured  by  continued  administration  of  ovarian  extract.  Apiol  is  recommended 
also.  Profuse  menstruation,  monorrhagia,  is  commonly  best  treated  by  local  measures. 
Painful  menstruation,  menorrhalgia,  has  been  treated  by  a  very  large  number  of 
vegetable  drugs  of  little  activity,  and  as  these  are  usually  given  as  alcoholic 
extracts  it  is  probable  that  they  owe  their  efficacy  to  the  alcohol,  which  has  the  power 
to  control  pain  to  a  marked  degree.  Antispasmodics  such  as  valerian  and  bromides, 
are  also  much  used.     Chloral  is  not  to  be  recommended. 

Many  drugs  of  little  pharmacologic  interest  are  reputed  to  influence  the  men- 
strual function  or  in  some  vague  way  to  assist  in  the  progress  of  labor.  It  is 
difficult  to  classify  these  (all  plants  or  plant  principles,  with  the  exception  of  a  few 
animal  products)  into  clinical  groups,  as  the  same  drug  is  used  by  different  writers 
for  too  scanty  menstruation,  for  too  profuse  menstruation,  for  painful  menstruation, 
to  quiet  the  uterus  in  threatened  abortion  and  to  stimulate  it  in  delayed  labor.  The 
few  drugs  which  can  be  shown  experimentally  to  have  a  marked  or  constant  influence 
on  the  contractions  of  the  uterus,  such  as  ergot,  epinephrine,  opium,  pituitrin,  have 
also  a  widespread  action  on  other  organs  and  will  not  be  considered  in  detail  here. 
None  of  the  drugs  which  are  reputed  to  act  chiefly  on  the  menstrual  function  is  of 
sufficient   importance  to   deserve   extended    individual   discussion. 

These  drugs  may  be  divided   (with  great  hesitancy)   into  the  following  groups: 

(1)  Said  to  increase  the  tone  of  the  uterus  and  to  increase  or  induce  menstrual  flow: 
apiol,  caulophyllum,  gossypii  cortex,  senecio,  trillium,  and  oils  of  hedeoma  and  sabina. 

(2)  Said  to  relieve  spasmodic  dysmenorrhea  and  often  to  act  as  general  sedatives: 
cypripedium,  dioscorea,  fraxinus,  passiflora,  piscidia,  Pulsatilla,  Scutellaria,  valerian  and 
viburnum.     (3)  Said  to  relieve  congestion  of  the  pelvic  organs  and  thus  check  uterine 
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bleeding:  sesculus,  aletris,  oil  of  erigeron.  (4)  Recommended  about  equally  often  for 
dysmenorrhea,  menorrhagia  and  amenorrhea:  aletris  and  vibumiun.  (5)  Less  strongly 
praised  and  probably  having  no  action  whatever :  asclepias,  cnicus  benedictus,  helonias, 
leonurus,  mitchella,  scrophularia,  smnbul. 

Most  of  the  clinical  reports  are  rendered  uncertain  by  the  presence  of  alcohol 
in  the  preparation  administered.  Even  in  small  dose,  alcohol  relieves  many  cases 
of  dysmenorrhea,  but  is  not  often  prescribed  on  account  of  the  danger  of  leading  to 
alcoholism.  Peruna  and  Lydia  Pinkham's  remedy,  for  example,  which  were  extremely 
effective  in  dysmenorrhea  and  have  had  a  wide  popular  vogue  for  female  troubles, 
were    merely    alcoholics. 

Macht  and  his  pupils  studied  the  action  of  several  of  these  drugs  on  the  surviving, 
isolated  guinea-pig  uterus,  and  showed  that  most  of  them  lessened  the  amplitude  of 
the  rhythmic  contractions,  often  without  influencing  rate  or  tonus  distinctly.  Both 
amplitude  and  rate  were  lessened  by  apiol,  cypripedium,  hedeoma  oil,  piscidia  and 
scrophularia,  and  very  slightly  and  inconstantly  by  Scutellaria  and  senecio.  Ampli- 
tude only  was  lessened  by  aletris,  dioscorea,  Pulsatilla  and  valerian.  No  constant  or 
marked  result  was  obtained  with  mitchella,  passiflora,  viburnum  opulus  and  viburnum 
prunifolium.  One  drug,  caulophyllum,  increased  the  tone  of  the  uterus  markedly, 
at  the  same  time  lessening  the  contractions.  Similar  results  were  obtained  with 
aletris,  caulophyllum,  Pulsatilla,  valerian  and  viburnum  prunifolium  on  a  strip  of 
human  uterus  and  on  a  segment  of  rabbit  intestine.  Although  the  action  of  drugs  on 
the  isolated  organ  and  on  the  uterus  in  situ  is  similar,  it  is  not  possible  to  draw 
conclusions  in  regard  to  the  power  of  drugs  to  regulate  the  menses  from  such  experi- 
ments. They  would,  however,  indicate  that  little  assistance  was  to  be  expected  from 
any  of  them,  except  caulophyllum,  in  uterine  atony  in  labor." 

Materia  Medica. — Aletris  (N.F.),  Aletris.  Ahhr.,  Aletr.  Synonyms:  Star  Grass, 
Unicorn  Root. 

The  dried  rhizome  and  roots  of  Aletris  farinosa  Linne  (Fam.  Liliacece).  The 
powdered  drug  is  light  gray  to  yellowish-brown,  with  a  slight  odor,  sweetish  taste, 
somewhat  bitter.  In  small  doses,  about  10  grains,  it  is  a  simple  bitter;  in  large  doses 
it  is  a  cathartic  and  emetic. 

Dose,  10  to  60  grains  (0.6  to  4  Gm.). 

Fluidextractum  Aletridis  (N.F.),  Fluidextract  of  Aletris.  Ahh7\,  Fluidext. 
Aletrid.    Synonyms :  Fluidextract  Star  Grass,  Fluidextract  Unicorn  Root. 

Each  cc.  represents  1  Gm.  of  the  drug.    Alcoholic  content  about  45  percent. 

Dose,  30  to  60  minims  (2  to  4  cc). 

Elixir  Aletridis  Compositum  (N.F.),  Compound  Elixir  of  Aletris.  Ahhr.,  Elix. 
Aletrid.  Co.     Synonyms:   Elixir  of  Star  Grass,  Elixir  of  Unicorn  Root. 

="  It  is  perhaps  worth  noting  that  two  species  of  genera  mentioned  in  this  group  have 
marked  actions  which  are  not  shared  by  other  members  of  the  genus.  These  are 
Dioscorea  hirsuta  and  Senecio  jacobsea.  Dioscorea  hirsuta  contains  an  alkaloid  (dios- 
corine),  which  acts  on  frogs  and  mammals  like  picro toxin,  but  is  less  powerful  (Plugge 
and  Schutte). 

Senecio  jacobsea  contains  two  alkaloids,  senecifoline  and  senecifolidine,  with  similar 
actions  and  not  readily  separated.  The  mixture  in  dose  of  10  milligrams  per  kilo  causes 
in  dogs  a  slight  rise  of  blood  pressure  with  lessened  contractions  of  the  heart.  Larger 
doses  cause  slowing  of  the  heart  and  fall  of  blood  pressure,  in  spite  of  contraction  of  the 
blood  vessels.  The  slowing  is  not  prevented  by  vagotomy  but  is  by  atropine  (Bunch). 
The  intestinal  contractions  are  stopped  by  large  doses.  Fed  to  animals  it  causes  a 
peculiar  delayed  poisoning,  coming  on  several  days  after  the  plant  is  eaten,  and  char- 
acterized by  central  paralysis  and  by  extremely  severe  hemorrhagic  inflammation  of 
the  entire  bowel,  especially  the  colon.  Pure  blood  may  be  passed  in  such  large  amounts 
as  to  cause  prompt  death.  The  poisoning  is  of  great  commercial  importance  in  Canada 
and  New  Zealand,  causing  loss  of  great  numbers  of  cattle  and  sheep  annually  (Cushny). 
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Each  fluidram  contains  3-')4  minims  (0.24  cc.)  each  of  the  fluidextracts  of  alctris, 
mitchcHa,  helonias  and  caulophyllum,  with  1%  minims  (0.11  cc.)  of  viburnum  opulus. 

Dose,  1  to  4  fluidrams  (4  to  15  cc),  increased  if  desired. 

Apii  Fructus  (N.F.),  Celery  Fruit.     Ahhr.,  Apii  Fruct.     Synonym:   Celery  Seed. 
The  ripe  fruit  of  Apiuni  graveolens  Linne  (Fam.  Umbellifeiw).    The  seeds  of  the 
ordinary  garden  celery.     The  powdered  drug-  is  oily  and  has  a  brown  color,  a  charac- 
teristic agreeable  odor,  and  an  aromatic,  somewhat  pungent,  taste.    Contains  apiol. 

Dose,  15  to  45  grains  (1  to  3  Gm.). 

Fluidextuactum  Apii  Fructus  (N.F.),  Fluidextract  of  Celery  Fruit.  Ahhr., 
Fluidext.  Apii  Fruct.     Synonym:   Fluidextract  of  Celery  Seed. 

Each  cc.  represents  1  gm.  of  the  drug.     Alcoholic  content  90  percent. 

Dose,  20  to  60  minims  (1.3  to  4  cc). 

Elixir  Guaran^e  et  Apii  (N.F.),  Elixir  of  Guarana  and  Celery.  Ahhr.,  Elix. 
Guaran.  et  Apii. 

Each  fluidram  represents  18  minims  each  of  the  fiuidextracts  of  Guarana  and  of 
Celery. 

Dose,  2  to  4  fluidrams  (8  to  15  cc). 

AscLEPiAS  (N.F.),  Asclepias.     Ahhr.,  Asclep.     Synonym:     Pleurisy  Root. 

The  dried  roots  of  Asclepias  tuherosa  Linnc  (Fam.  Asclepiadacew).  Irregularly 
broken  pieces.     Odor  slight ;  taste  bitter,  acrid.     Contains  a  glucoside  asclepiadin. 

Dose,  15  to  45  grains  (1  to  3  Gm.). 

Fluidextractum  Asclepiadis  (N.F.),  Fluidextract  of  Asclepias.  Ahhr.,  Fluidext. 
Asclepiad.    Synonym:  Fluidextract  of  Pleurisy  Root. 

Each  cc.  represents  1  Gm.  of  the  drug.    Alcoholic  content  about  45  percent. 

Dose,  20  to  60  minims  (1.2  to  4  cc). 

Caulophyllum  (N.F.),  Caulophyllum.  Ahhr.,  Caulophyll.  Synonyms:  Blue 
Cohosh,  Papoose  Root,  Squaw  Root. 

The  dried  rhizome  and  roots  of  Caulophyllum  thalictroides  (Linne)  Michaux  (Fam. 
Berheridacece).  The  plant  and  the  powdered  drug  are  odorless,  but  sternutatory;  taste 
bitter-sweet,  with  an  acrid  after-taste.     The  powdered  drug  is  light  brown. 

Dose,  4  to  30  grains  (0.25  to  2  Gm.). 

Fluidextractum  Caulophvlli  (N.F.),  Fluidextract  of  Caulophyllum.  Ahhr..  Fluid- 
ext. Caulophyll.  Synonyms:  Fluidextract  of  Blue  Cohosh,  Fluidextract  of  Squaw  Root. 

Each  cc.  represents  1  Gm.  of  the  drug.    Alcoholic  content  about  70  percent. 

Dose,  5  to  10  minims  (0.3  to  0.6  cc). 

Fraxixus  (unofficial),  Fraxinus.    Ahhr.,  Yraxin.    Synonym:   "White  Ash  Bark. 

The  dried  bark  of  Fraxinus  americana  Linne,  and  probably  of  other  species  of 
fraxinus  (Fam.  Oleacew).  Occurs  in  flat  pieces  of  varying  length  and  width,  having 
a  faintly  aromatic  odor,  bitter  taste,  pale  brown  to  yellowish  color;  contains  a  volatile 
oil,  an  alkaloid  and  several  resins. 

Dose,  15  to  30  grains  (1  to  2  Gm.). 

Fluidextractum  Fraxini  (unofficial),  Fluidextract  of  Fraxinus.  Ahhr.,  Fluidext. 
Fraxin.     Synonym :   Fluidextract  of  White  Ash  Bark. 

Each  cc.  represents  1  Gm.  of  the  drug.    Alcoholic  content  of  about  60  percent. 

Dose,  15  to  30  minims  (1  to  2  cc). 

Gossvpii  Cortex  (KF.),  Cotton  Root  Bark.  Ahhr.,  Gossyp.  Cort.  Synonym: 
Gossypii  Radicis  Cortex. 

The  bark  of  the  root  of  one  or  more  of  the  cultivated  varieties  of  Gossypii  herha- 
ceum  Linne,  G.  harhadense  Linne,  or  G.  arhoreum  Linne  (Fam.  Malvacccv).  Odor 
slight;  taste  very  slightly  acrid. 

Dose,  15  to  45  grains  (1  to  3  Gm.). 
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Flutoextractum  Gossypii  Corticis  (N.F.),  Fluidextract  of  Cotton  Root  Bark. 
Ahhr.,  Fluidext.  Gossjrp.  Cort.     Synonyms :   Fluidextractum  Gossypii  Radicis. 

Each  cc.  represents  1  Gm.  of  the  drug.    Alcoholic  content  about  70  percent. 

Dose,  15  to  45  minims  (1  to  3  cc). 

ExTRACTUM  Gossypii  Radicis  Corticis  Liquidum  (Br.),  Liquid  Extract  of  Cotton 
Roojt  Bark. 

Each  cc.  represents  1  Gm.  of  the  drug.    Alcoholic  content  about  70  percent. 

Dose,  Yz  to  1  fluidram  (2  to  4  cc). 

Decoctum    Gossypii   Radicis    Corticis    (Br.),   Decoction   of   Cotton   Root   Bark, 

Cotton  root  bark,  bruised,  200  Gm,  boiled  in  2000  cc.  distilled  water  down  to 
1000  cc. 

Dose,  1  fluidounce  (30  cc). 

Helonias  (N.F.),  Helonias.    Ahhr.,  Helon.    Synonym:   False  Unicorn. 

The  dried  rhizome  and  root  of  Chamwlhium  lutciun  (Linne)  A.  Gray  (Fam. 
Liliacew).  The  rhizome  is  externally  grayish-brown.  In  the  root,  the  cortex  is  always 
attached  and  is  pale  yellowish  in  color.  Odor  distinctive;  taste  bitter,  slightly  astrin- 
gent. 

Dose,  15  to  45  grains  (1  to  3  Gm.). 

Fluidextractum  Heloniadis  (N.F.),  Fluidextract  of  Helonias.  Ahhr.,  Fluidext. 
Helon.     Synonym:   Fluidextract  of  False  Unicorn. 

Each  cc.  represents  1  Gm.  of  the  drug.    Alcoholic  content  about  45  percent. 

Dose,  15  to  45  minims  (1  to  3  cc). 

Elixir  Heloniadis  Compositum  (N.F.),  Compound  Elixir  of  Helonias.  Ahhr., 
Elix.  Heloniad.  Co.    Synonym :  Elixir  of  False  Unicorn. 

Each  fluidram  contains  1%  minims  each  of  fluidextracts  of  helonias,  caulophyllum 
and  viburnum  opulus;  and  7%  minims  of  mitchella. 

Dose,  1  to  4  fluidrams  (4  to  15  cc). 

Mitchella  (N.F.),  Mitchella.  Ahhr.,  Mitchel.  Synonyms:  Squaw  Vine,  Checker- 
berry. 

The  dried  plant  of  Mitchella  repens  Linne  (Fam.  Buhiacece).     Powdered  drug  is 
light  grayish-green,  faint  odor,  slightly  bitter  taste. 
"  '    Dose,  30  to  60  grains  (2  to  4  Gm.). 

Fluidextractum  Mitchells  (N.F.),  Fluidextract  of  Mitchella.  Ahhr.,  FluiH- 
ext.  Mitchel.  Synonyms:  Fluidextract  of  Squaw  Vine,  Fluidextract  of  Checker- 
berry. 

Each  cc.  represents  1  Gm.  of  the  drug.    Alcoholic  content  about  45  percent. 

Dose,  30  to  60  minims  (2  to  4  cc). 

Passiflora  (N.F.),  Passion  Flower.     Ahhr.,  Passiflor.     Synonym:    Passion  Vine. 

The  dried  flower  and  fruit  of  Passiflora  incarnata  Linne  (Fam.  Passifl^oracea^), 
collected  only  after  some  of  the  berries  have  matured ;  taste  and  odor  slight. 

Dose,  3  to  10  grains  (0.2  to  0.6  Gm.). 

TiNCTURA  Passiflora  (N.F.),  Tincture  of  Passion  Flower.  Ahhr.,  Tr.  Passiflor. 
Synonym^ :   Tincture  of  Passion  Vine. 

Each  cc  represents  3  grains  of  the  drug  with  an  alcoholic  content  of  about  55 
percent. 

Dose,  10  to  20  minims  (0.6  to  1.3  cc). 

Piscidia  (unofficial),  Piscidia.  Synonyms:  Jamaica  Dogwood,  Dogwood  Bark, 
Fish  Poison  Tree. 

The  bark  of  the  root  of  Piscidia  erythrina  Linne  (Fam.  Leguminosce).  Odor  re- 
sembles that  of  opium;  taste  acrid  and  burning. 

Dose,  15  to  45  grains  (1  to  3  Gm.). 
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Fluidextractum  PisriDi^  (unofficial),  Fluidextract  of  Piacidia.  Synonym:  Fluid- 
extract  of  Dogwood  Bark. 

Each  cc.  represents  1  Gm.  of  the  drug.    Contains  about  60  percent  alcohol. 

Dose,  V2  to  1  rtuidram  (2  to  4  cc). 

Pulsatilla  (IST.F.),  Pulsatilla.  Ahhr.,  Pulsatil.  Synonyms:  Meadow  Anemone, 
Pasque  Flower. 

The  dried  herb  of  Pulsatilla  vidgaris  (Linne)  Miller,  P.  pratensis  (Linne)  Miller, 
or  P.  patens  (Linne)  Miller  (Fam.  Ranunculacece).  Nearly  odorless;  taste  very  acrid. 
Contains  not  more  than  5  percent,  of  foreign  organic  matter. 

Antagonists  and  Incompatibles. — Tannin,  the  metallic!  salts,  and  alkali  hydroxides 
are  incompatible.  Alcohol,  opium,  digitalis  and  heart  tonics  are  therapeutically  antago- 
nistic. 

Synergists. — Aconite,  veratrum,  and  the  nerve  depressants  are  synergists. 

Dose,  2  to  8  grains  (0.13  to  0.5  Gm.). 

Tln-ctura  Pulsatill.e  (N.F.),  Tincture  of  Pulsatilla.     Abhr.,  Tr.  Pulsatil. 

Ten  cc.  represents  1  Gm.  of  the  drug.     Contains  about  60  percent,  alcohol. 

Dose.  20  to  40  minims  (1.3  to  2.5  cc). 

ScuTELLARL\  (N.F.),  Scutellaria.    Ahhr.,  Scutell.     Synonym:    Skullcap. 

The  dried  plant  of  Scutellaria  lateriilora  Linne  (Fam.  Lahiatce).  Odor  slight; 
taste  slightly  bitter.  Contains  a  glucoside,  scutellarin,  on  which  its  activity 
depends. 

Dose.  30  to  90  grains  (2  to  5.8  Gm.). 

Fluidextractum  ScuTELLARL^i:  (N.F.)„  Fluidextract  of  Scutellaria.  Ahhr. 
Fluidext.  Scutellar.     Synonym:   Fluidextract  of  Skullcap. 

Each  cc.  represents  1  Gm.  of  the  drug.    Alcoholic  content  about  45  percent. 

Dose,  15  to  60  minims  (Ito  4  cc). 

SuMBUL  (N.F.),  Sumbul.    Synonym:   Musk  Eoot. 

The  dried  rhizome  and  root  of  Ferula  sumbul  (Kaufmann)  Hooker  filius,  or  other 
closely  related  species,  (Fam.  Umbelliferce).  Odor  peculiar,  musklike;  taste  bitter  and 
aromatic;  powdered  substance  grayish-brown. 

Dose,  15  to  30  grains  (1  to  2  Gm.). 

ExTRACTUM  Sumbul  (N.F.),  Extract  of  Sumbul.  Ahhr.,  Ext.  Sumbul.  Synonym: 
Extract  of  Musk  Eoot, 

Each  grain  represents  1  grain  of  the  drug. 

Dose,  2  to  5  grains  (0.12  to  0.3  Gm.). 

TiNCTURA  Sumbul  (N.F.),  Tincture  of  Sumbul.  Ahhr.,  Tr.  Sumbul.  Synonym: 
Tincture  of  Musk  Eoot. 

Ten  cc  represent  1  Gm.  of  the  drug.    Alcoholic  content  about  60  percent. 

Dose.  1  to  3  fluidrams  (4  to  11  cc). 

Trillium  (N.F.),  Trillium.     Ahhr.,  Trill.     Synonyms:  Beth  Eoot,  Birth  Eoot. 

The  dried  rhizome  of  Trillium  erectum  Linne,  and  closely  allied  species  of  Trillium 
(Fam.  Liliacew).  Odor  distinctive;  taste  bitter  and  acrid,  causing  warmth  in  the 
throat  and  increased  flow  of  saliva.    The  active  principle  appears  to  be  a  glucoside. 

Dose,  30  to  90  grains  (2  to  6  Gm.). 

Fluidextractum  Trillii  (KF.),  Fluidextract  of  Trillium.  Ahhr.,  Fluidext.  Trill 
Synonyms:   Fluidextract  of  Beth  Eoot,  Fluidextract  of  Birth  Eoot. 

Each  cc.  represents  1  Gm.  of  the  drug.    Alcoholic  content  about  65  percent. 

Dose,  30  to  60  minims  (2  to  4  cc). 

Viburnum  Opulus  (N.F.),  Viburnum  Opulus.  Ahhr.,  Yiburn.  OpuL  Synonyms: 
High  Bush  Cranberry  Bark,  Cramp  Bark. 

The  dried  bark  of  Viburnum  opulus  Linne  var.  Americanum  (Miller)  Aiton  (Fam. 
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Caprifoliaceoe).  Odor  slight  and  characteristic;  taste  mildly  astringent  and  decidedly 
bitter. 

Dose,  15  to  45  grains  (1  to  3  Gm.). 

Elixir  Viburni  Opuli  Compositum  (N.F.),  Compound  Elixir  of  Viburnum  Opulus. 
Ahhr.,  Elix.  Viburn.  Opul.  Co.    Synonyms :    Compound  Elixir  of  Cramp  Bark. 

Each  fluidram  represents  5  grains  each  of  viburnum  opulus  and  aletris,  and  10 
grains  of  trillium,  with  compound  elixir  of  taraxacum. 

Dose,  1  to  4  fluidrams  (4  to  15  cc). 

Fluidextractum  Viburni  Opuli  (N.F.),  Fluidextract  of  Viburnum  Opulus.  Ahhr., 
Fluidext.  Viburn.  Opul.     Synonym:  Fluidextract  of  Cramp  Bark. 

Each  cc.  represents  about  1  Gm.  of  drug. 

Dose,  20  to  40  minims  (1.3  to  2.5  cc). 

TiNCTURA  Viburni  Opuli  Composita  (N.F.),  Compound  Tincture  of  Viburnum 
Opulus.  Ahhr.,  Tr.  Viburn.  Opul.  Co.  Synonym:  Compound  Tincture  of  Cramp 
Bark. 

Each  fluidram  contains  about  2  grains  each  of  viburnum  opulus  and  dioscorea,  and 
%  grain  of  Scutellaria,  flavored  with  cinnamon  and  cloves. 

Dose,  1  fluidram  to  1  fluidounce  (4  to  30  cc). 

Viburnum  Prunifolium  (N.F.),  Viburnum  Prunifolium.  Ahhr.,  Viburn.  Prun. 
Synonyms:  Viburnum  (Br.)  Black  Haw,  Stag  Bush,  Sheep  Berry. 

The  dried  bark  of  Vihurnum  prunifolium  Linne  or  Vihurnum  lentago  Linne 
(Fam.  Caprifoliacece).  Odor  of  powdered  dust  slight;  taste  distinctly  bitter  and 
somewhat  astringent. 

Dose,  15  to  45  grains  (1  to  3  Gm.). 

ExTRACTUM  Viburni  Prunifolii  Liquidum  (Br.),  Liquid  Extract  of  Viburnum 
Prunifolium.  Ahhr.,  Liq.  Ext.  Viburn  Prun.  Synonyms:  Liquid  Extract  of  Black 
Haw,  Fluidextractum  Viburni  Prunifolii. 

Each  cc  represents  1  Gm.  of  the  drug.    Alcoholic  content  about  60  percent. 

Dose,  1/2  to  1  fluidram  (1.8  to  3.75  cc). 

Elixir  Viburni  Prunifolii  (N.F.),  Elixir  of  Viburnum  Prunifolium.  Ahhr.,  Elix. 
Viburn.  Prun.     Synonym  :   Elixir  of  Black  Haw. 

Each  fluidram  represents  about  7.5  grains  of  the  drug. 

Dose,  1  to  4  fluidrams  (4  to  15  cc). 

Gossypium  (Cortex) 

This  was  found  by  Scott  to  increase  the  tonus  and  contractions  of  the  cat  uterus, 
both  isolated  and  in  situ. 

Therapeutics. — Gossypii  Cortex. — Cotton  root  bark  is  used  in  the  treatment  of 
dysmenorrhea,  and  especially  of  metrorrhagia  in  all  its  forms.  The  fresh  bark  is 
reputed  to  be  ecbolic,  and  it  has  been  used  successfully  in  the  third  stage  of  labor 
when  neither  ergot  nor  pituitrin  was  available. 

Administration. — For  menorrhagia  or  uterine  hemorrhage  the  fluid-extract  is  a  good 
preparation,  given  in  doses  of  30  minims  (2  cc.)  every  two  hours.  The  official  (Br.) 
decoction  is  not  to  be  recommended  as  it  is  made  from  old  bark;  it  is  stated  that  the 
bark  rapidly  loses  its  effect  and  so  the  fluidextract  should  be  made  from  fresh  bark. 

Pulsatilla 

The  fresh  drug  is  quite  toxic,  causing  extreme  gastroenteric  irritation  and  in 
both  frogs  and  mammals,  convulsions  followed  by  paralysis.  It  should  not  be  kept 
more  than  a  year. 

Therapeutics:  Topical. — ^Pulsatilla  is  said  to  be  useful  in  relieving  the  pain  of 
toothache,  due  to  a  root  abscess,  thovigh  not  curative  of  the  inflammation.    It  is  also 
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used  as  a   collyrium   (10  drops  of  the  tincture  to  the  ounce  of  distilled  water)    in 
eyestrain,  styes,  and  chronic  conjunctivitis. 

Systemic. — Pulsatilla  is  useful  in  catarrhal  inflammation  of  the  upper  air 
passages,  and  also  in  non-specific  urethritis.  In  conjunctival  irritation  it  may  be 
given  iiiteriially  as  well  as  locally  applied.  As  an  enimenagogue,  the  drug  is  especially 
useful  in  restoring  menstruation  which  has  been  suddenly  arrested  by  cold  bathing 
or  emotional  shock.  Eclectic  practitioners  claim  that  Pulsatilla  is  an  emotional 
stimulant,  vei'y  useful  in  mental  depression  and  the  "blues." 

Piscidia 

This  drug  is  the  bark  of  a  tree  and  an  extract  of  it  is  used,  like  picrotoxin,  by 
the  natives  of  Januiica,  to  poison  fish.  Its  active  principle  is  a  resinoid,  soluble 
in  alcohol  and  ether  but  not  in  water  or  petroleum.  Fishes  are  paralyzed  by  0.006 
percent,  of  the  resiu  in  the  water.  Frogs  after  a  dose  of  5  to  10  milligrams  become 
quiet,  the  reflexes  are  lessened,  respiration  ceases,  but  the  heart  continues  to  beat 
slowly  but  strongly  for  even  twenty-four  hours  after  all  other  motions  have  ceased. 
Stimulation  of  sensory  nerves  has  no  effect,  but  stimulation  of  the  cord  directly 
causes  tetanus  (Tyrode).  The  motor  nerve  endings  are  intact.  There  may  be  motor 
tremors  not  prevented  by  section  of  the  nerves  and  due  to  a  direct  effect  on  the 
muscle  (Ott,  but  not  Tyrode).  In  mammals  the  respiratory  and  vasomotor  centers 
are  depressed  and  later  paralyzed.  The  heart  is  slow  and  strong,  its  work  increasing 
so  that  the  blood  pressure  may  rise  in  spite  of  the  dilated  vessels.  There  is  no  de- 
pression of  the  cerebrum  in  rabbits  (Tyrode),  although  Hamilton  noted  a  markedly 
narcotic  action  of  a  tincture  of  the  root  on  himself,  sudden  sleep  occurring  fn  spite 
of  severe  toothache.  The  pupil  is  contracted  and  later  dilated.  Dogs  given  full 
doses  show  incoordination   similar  to  that  from  cannabis. 

Therapeutics. — This  drug  has  been  used  to  relieve  pain  and  overcome  spasm  in 
dysmenorrhea.  It  is  said  to  be  soporific  and  to  quiet  nervous  unrest,  and  has  been 
recommended  to  still  spasmodic  cough  in  bronchitis  and,  applied  externally  as  well 
as  given  internally,  to  relieve  toothache. 

Viburnum 

Both  the  viburnums  are  much  praised  and  also  repeatedly  stated  to  be  without 
effect.  Their  detractors  point  out  that  for  years  the  Viburnum  opulus  bark  has 
been  replaced  by  that  of  Acer  spicatum,  which  is  without  effect,  but  that  the  users 
of  it  never  noticed  the  difference  in  action.  Shennan  in  early  studies  of  V.  prunifolium 
on  rabbits  saw  depression,  with  weakness  of  the  hind  legs,  and  general  motor  weak- 
ness. The  blood  pressure  fell  rapidly  but  soon  returned  to  normal.  The  heart  was 
irregular.  Frogs  showed  indifference,  loss  of  reflexes  and  weakness.  He  did  not 
study  its  action  on  the  uterus.  Lieb  saw  stimulation  of  the  excised  uterus  but  this 
has  not  been  confirmed  by  later  work  which  has  shown  either  slight  depression  or  no 
noteworthy  effect.  No  proper  clinical  study  of  its  influence  on  menstruation  has 
been  reported. 

Therapeutics. — The  chief  application  of  viburnum  is  in  the  relief  of  uterine  dis- 
orders of  a  spasmodic  character.  The  fluidextract  is  given  with  apparent  good  effect  in 
threatened  abortion,  though  many  obstetricians  are  skeptical  regarding  its  action  in 
such  cases.  It  may,  however,  relieve  pain  and  uterine  contraction  during  pregnancy. 
In  dysmenorrhea  it  acts  by  relieving  spasm  and  congestion  of  the  pelvic  organs.  It  is 
given  also  in  subinvolution  of  the  uterus  following  pregnancy,  as  well  as  to  quiet 
tearing  after-pains,  and  to  give  tone  to  the  uterus  after  the  removal  of  one  or  more 
small  fibroids.  All  of  these  actions  are  uncertain  and  may  depend  chiefly,  if  not  en- 
tirely, upon  the  alcohol  in  the  liquid  preparations  which  are  commonly  used. 
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There  seems  to  be  little  difference  in  the  action  of  the  two  forms  of  viburnum, 
though,  influenced  perhaps  by  the  popular  name,  cramp  bark,  some  practitioners  give 
preference  to  Viburnum  opulus  in  the  treatment  of  dysmenorrhea  and  after-pains  of 
puerperium,  giving  Viburnum  prunifolium  as  a  tonic  in  relaxed  and  congested  states 
of  the  pelvic  organs. 

Administration.  The  best  preparations  of  either  drug  are  the  fluidextract  and 
elixir. 

Drugs  Influencing  Mammary  Secretion 

Galactagogues 

In  mammalian  females,  the  development  of  the  breasts  with  their  power  to  secrete 
milk  is  of  great  importance.  Development  of  the  breasts  is  favored  by  ovarian 
extracts  and  perhaps  by  thyroid  extract.  The  secretion  of  milk  is  increased  by  sub- 
stances termed  "galactagogues."  Among  these  the  most  efficient  is  probably  pituitary 
extract,  and  even  this  is  not  of  great  value.  In  veterinary  practice  an  extract  of  a  plant, 
Galega  officinalis,  has  been  recommended,  but  its  effects  are  not  well  established.  The 
usual  gland  stimulants  such  as  pilocarpine  have  no  effect  on  milk  secretion. 

From  the  therapeutic  standpoint,  the  secretion  of  medicaments  in  the  milk  is  of 
greater  importance.  In  all  cases  in  which  medicine  is  given  to  the  nursing  mother, 
the  possibility  of  the  drug  reaching  the  infant  in  this  manner  must  be  considered. 
Among  drugs  secreted  in  large  amounts  are  iodides,  bromides,  arsenic,  mercury, 
salicylates,  antipyrin,  alcohol,  and  many  alkaloids,  including  morphine,  atropine, 
and  scopolamine.  Poisoning  of  infants  by  each  of  these  has  been  reported.  Aloes 
and  other  emodin  cathartics  may  purge  the  nursling  if  given  to  the  mother.  The 
excretion  of  antibodies  in  the  milk  is  of  great  importance.  In  cattle  it  is  the  chief 
source  of  inherited  immunity   (Howe  and  others),  but  not  in  man. 

Materia  Medica. — Galega  (N.F.),  Galega.  Ahhr.,  Galeg.  Synonym:  European 
Goat's  Rue. 

The  dried  flowering  tops  of  Galega  officinalis  Linne  (Fam.  Leguminosm).  Odor 
indistinctive,  taste  mucilaginous,  slightly  bitter  and  astringent.  It  colors  the  saliva 
yellowish-green. 

Dose,  8  to  15  grains  (0.5  to  1  Gm.),  three  to  five  times  daily. 

Fluidextractum  Galega  (N.F.),  Fluidextract  of  Galega.  Ahhr.,  Fldext.  Galeg. 
Synonym:   Fluidextract  of  Goat's  Rue. 

Each  cc.  represents  1  Gm.  of  the  drug.    Alcoholic  content  of  about  68  percent. 

Dose,  30  to  60  minims  (2  to  4  cc). 

Antigalactagogues 

Milk  secretion  is  not  decreased  by  most  autonomic  agents  as  it  is  not  centrally 
controlled,  but  determined  by  a  hormone. 

Secretion  may  be  lessened  by  administration  of  potassium  iodide  or  atropine,  and 
by  the  application  to  the  breasts  of  compresses  with  camphor  and  astringents. 

DRUGS  ACTING  ON  THE  NERVE  SYSTEM 

Almost  all  physiologically  active  substances  which  are  absorbed  and  find  their 
way  into  the  circulation  exert  some  action  on  the  nerve  centers.  This  group  of 
"Agents  Modifying  the  Function  of  the  Nerve  System"  might  thus  be  extended 
to  include  almost  all  the  drugs  in  Order  III,  that  is,  those  which  act  after  absorption. 
A  very  large  proportion   of  the  medicaments   acting  on  the  digestive,   circulatory, 
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respiratory  and  sex  organs,  for  example,  influence  their  function  through  their  con- 
trolling nerA'e  centers.  Wo  have  elected,  however,  to  place  a  drug  whose  chief  thera- 
peutic usefulness  is,  in  our  judgment,  related  to  its  effects  on  the  vasomotor,  respira- 
tory or  other  vital  center  with  agents  modifying  circulatory,  respiratory  or  other 
function,  rather  than  with  agents  influencing  nerve  function. 

There  are  no  lymphatics  in  the  brain  and  cord,  the  lymph  circulating  in  peri- 
vascular spaces  which  communicate  with  the  subarachnoid  space  (Robin,  Goldmann) 
which  also  communicates  with  the  ventricles  of  the  brain.  It  is  suggested  that  soluble 
substances  carried  in  the  blood  vessels  of  the  brain  and  cord  do  not  pass  through  the 
walls  of  these  directly  into  the  n(>rvc  substance,  but  flrst  enter  the  cerebrospinal  liquid, 
perhaps  through  the  choroid  plexus,  and  thence  penetrate  the  tissue  spaces  of  the 
central  nerve  system.  It  has  been  shown  that  the  composition  of  the  cerebrospinal 
fluid  is  not  like  that  of  the  plasma,  but  more  like  that  of  the  aqueous  humor  of  the 
eye;  that  any  substance  which  develops  an  effect  on  the  brain  or  cord  can  be  found  in 
the  fluid ;  that  substances,  such  as  bile,  which  do  not  enter  brain  or  fluid  when  given 
into  a  vein,  enter  and  influence  the  brain  if  injected  subdurally.  It  is  probable  that 
substances  normally  reach  the  ventricles  from  the  blood,  and  pass  through  the  brain 
tissue  to  the  subdural  space.  Action  of  nerve  depressants  and  stimulants  is  more 
prompt  if  they  are  injected  into  a  ventricle,  than  if  given  subdurally  (Stern). 

In  the  text,  we  have  divided  the  agents  included  here  into  those  stimulating  and 
those  depressing  function.  This  arrangement  was  made  partly  for  the  sake  of  con- 
sistency, but  the  nerve  system  is  so  complex  in  its  structure  and  varied  in  its  functions 
that  there  are  certain  advantages  in  arranging  the  agents  according  to  the  portion 
of  it  which  they  chiefly  influence.  In  order  to  bring  out  these  relationships  we  will 
in  these  introductory  paragraphs  group  them  according  to  this  plan,  dividing  them 
into  those  which  affect  chiefly,  (1)  the  cerebral  cortex;  (2)  the  bulbar  centers;  (3)  the 
spinal  cord;  (4)  the  peripheral  sense  organs;  (5)  the  motor  nerve  endings;  (6)  the 
autonomic  system.  The  agents  in  each  of  these  groups  can  well  be  classed  as  (a)  stimu- 
lants, and  (h)  depressants,  the  arrangement  being  somewhat  forced  in  the  last  group 
whose  members   share  both   actions. 

1.  Cerebral  Cortex. — The  cortical  cells  controlling  mental  activity  are  stimu- 
lated by  caffeine,  cocaine,  strychnine,  picrotoxin,  atropine  and  camphor.  In  small 
dose  these  agents  cause  wakefulness  and  may  either,  as  caffeine  or  strychnine,  increase 
temporarily  the  power  of  mental  concentration  or,  as  atropine,  camphor  and  cocaine 
lead  to  a  state  in  which  the  mind  travels  actively  from  one  subject  to  another  "with 
lessened  power  of  fixation.  In  overdose  the  latter  often  lead  to  delirium;  with  the 
former,  concurrent  stimulation  of  lower  centers  is  likely  to  dominate  the  picture. 
Certain  of  these  agents  are  of  value  therapeutically  in  many  states  of  depressed 
mentality,  and  also,  as  most  of  them  likewise  stimulate  the  lower  centers,  in  shock 
and  other  conditions  characterized  by  depression  of  vital  centers  in  the  medulla. 

Related  to  mental  stimulation  is  that  of  the  special  senses  as  exerted  on  all 
these  by  strychnine  and  caffeine,  and  by  santonine  and  anhalonium  on  the  sight. 

The  motor  cells  of  the  cortex  are  excited  by  picrotoxin,  atropine,  camphor, 
sparteine  and  ammonia,  poisoning  by  any  of  which  is  often  characterized  by  clonic 
convulsions  indicating  such  stimulation  as  opposed  to  tonic  or  tetanic  convulsions 
which  arise  from  stimulation  of  the  cord. 

The  drugs  depressing  the  cortical  centers  are  much  more  varied  in  their  effects 
and  in  their  uses  and  in  general  it  may  be  said  that  agents  depressing  the  central 
nerve  system  do  not  fall  readily  into  groups  affecting  this  or  that  part  of  the  brain 
or  cord,  but  are  rather  distinguished  by  the  general  character  of  their  effects.  Most 
central  depressants  paral.yze  all  portions  of  the  nerve  system,  but  in  different  manners 
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or  to  different  degrees,  and  they  may  thus  be  separated  into  certain  more  or  less 
well  defined  groups. 

The  first  group  includes  a  large  series  of  substances,  mostly  simple  organic  com- 
pounds, paraffins,  alcohols,  ketones  and  ethers,  the  depressing  and  paralyzing  action 
of  which  is  exerted  not  only  on  the  nerve  centers  of  higher  animals,  but  on  all  tissues 
of  these  animals  as  well  as  on  the  cells  of  lowly  oi-ganized  forms  and  even  on  plants. 
Of  the  very  large  number  of  substances  belonging  pharmacologically  to  this  class 
only  a  few  have  found  use  in  therapeutics.  These  include  the  inhalation  anesthetics, 
ether,  chloroform,  ethylene,  nitrous  oxide  and  ethyl  chloride  whose  action  is  charac- 
terized by  early  paralysis  of  consciousness  and  of  pain  sensation  with  little  de- 
pression of  the  vital,  medullary  centers.  These  agents  are  of  particular  value  in 
preparing  patients  for  surgical  procedures  and  painful  examinations  and  are  often 
referred  to  as  Surgical  Anesthetics.  Similar  in  their  action  on  various  cells  are 
ethyl  or  grain  alcohol,  methyl  or  wood  alcohol,  acetone,  benzol  and  benzin.  None  of 
these,  however,  share  the  early  paralysis  of  pain  sense,  and  in  anesthetic  doses  all 
cause  dangerous  depression  of  the  bulbar  centers.  Alcohol  in  small  dose  exerts  an 
almost  specific  depressing  action  on  certain  inhibitory  functions,  making  its  action 
appear  to  be  stimulant,  and  it  is  often  used  to  relieve  nerve  tension  and  excitement, 
especially  that  form  of  exhaustion  which  masquerades  as  such.  Benzol  and  benzine 
are  employed  as  antipathogens,  while  acetone  and  wood  alcohol  possess  only  toxicologic 
interest. 

The  second  group,  or  Hypnotics,  includes  drugs  which  in  therapeutic  dose  exert 
a  selective  depressing  action  on  consciousness,  paralyzing  neither  the  pain  sense  nor 
the  motor  reflex  mechanism.  In  overdose  they  paralyze  the  respiratory  center,  but 
differ  from  the  surgical  anesthetics  in  the  possibility  of  rousing  persons  or  animals 
from  their  effects  by  adequate  stimulation.  Here  are  included  many  synthetic  sub- 
stances such  as  veronal,  urethane,  paraldehyde,  chlorinated  compounds  such  as  chloral 
and  chloralose,  and  bromine  compounds  such  as  neuronal,  and  one  alkaloid, 
hyoscine. 

The  third  group,  which  we  have  termed  rather  loosely  "Narcotics,"  includes  a 
group  of  drugs  which  have  little  in  common  except  that  all  are  cerebral  depressants 
without  being  true  hypnotics,  and  all  tend  to  induce  drug  habits.  This  group  includes 
alcohol,  cannabis,  anhalonium  and  opium.  For  convenience  certain  drugs  containing 
related  alkaloids  have  been  placed  with  opium;  and  with  grain  alcohol,  the  related 
wood  alcohol.  Hyoscyamus  is  also  habit  forming,  although  its  habitual  use  is  limited  to 
eastern  countries. 

The  organs  of  special  sense  are  obtunded  b,y  the  narcotic  and  anesthetic  agents 
already  enumerated,  and  specific  paralysis,  at  times  leading  to  permanent  impairment 
of  sensation,  follows  the  use  of  several  drugs.  Hearing  is  reduced  by  quinine  and  by 
salicylates,  even  permanent  deafness  resulting  in  very  susceptible  individuals.  The 
sensory  elements  of  the  retina  are  injured  by  wood  alcohol  and  by  certain  organic 
arsenicals,  chiefly  atoxyl,   arsphenamine  and   tryparsamide. 

The  cortical  motor  centers  are  depressed  by  the  group  of  antispasmodics,  includ- 
ing magnesium,  valerian,  sumbul,  baptisia,  cypripedium,  asafetida,  humulus  and  lac- 
tucarium  as  well  as  by  morphine,  opium,  alcohol  and  cannabis.  These  agents  either 
cause  general  weakness,  as  bromides  and  magnesium,  or  loss  of  control  over  the 
voluntary  muscles,  as  alcohol  and  cannabis. 

2.  Bulbar  Centers. — Agents  stimulating  and  depressing  the  vital  centers  in  the 
medulla  are,  in  this  book,  discussed  with  the  systems  over  which  these  centers  preside 
and  not  in  this  section.  All  of  the  centers  are  stimulated  by  the  spinal  stimulants 
and  by  caffeine,  and  all  are  depressed  by  the  narcotics  and  antispasmodics. 
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3.  Spinal  Cord. — The  drugs  which  stimulate  the  motor  cells  of  the  spinal  cord 
include  strychnine,  brucine,  caflFeine,  sparteine,  pictrotoxin,  morphine,  thebaine, 
barium,  ammonia,  cannabis,  hyoscyamine,  stramonium  and  a  few  other  drugs.  They 
are  readily  distinguished  from  poisons  acting  on  the  motor  cortex  by  their  power 
to  cause  convulsions  in  decerebrate  animals,  and  by  the  tetanic  character  of  the 
convulsions.  Drugs  stimulating  the  sensory  cells  of  the  posterior  horns  are  not 
readily  distinguished  from  those  acting  on  the  brain.  Excitants  of  the  spinal  reflex 
arc  are  included  in  the  list  just  given. 

Depression  of  the  motor  cells  of  the  cord  is  exercised  by  the  dvpresso-motor 
drugs  including  bromides,  magnesium,  gelsemium  and  lupulin.  A  similar  action 
is  also  exerted  by  the  narcotics  cannal)is,  narcotine,  papaverine  and  alcohol,  but  not 
by  morphine. 

4.  Sensory  Nerve  Endings. — The  sensory  nerve  endings  are  not  influenced  by 
many  drugs  introduced  systemically,  but  their  paralysis  by  agents  acting  topically, 
local  anesthetics,  is  of  very  great  importance.  Of  such  agents  cocaine  and  its  substi- 
tutes are  of  greatest  interest.  Cocaine,  novocaine  and  orthoform  exercise  this  action 
when  applied  to  sound  mucous  membranes;  others,  such  as  stovaine  and  alypine,  only 
when  injected  into  the  tissues.  Of  agents  having  other  more  important  actions, 
menthol  and  phenol  act  even  on  the  unbroken  skin,  aconitine  on  mucous  membranes, 
while  quinine  and  urea  hydrochloride  must  be  injected. 

Sensory  endings  are  stimulated  by  thymol  and  by  menthol  wliich  acts  spe- 
cifically on  the  nerves  of  temperature  sense,  and  the  nerves  of  general  and  pain 
sense  are  stimulated  by  all  rubefacients  and  counterirritants. 

5.  Motor  Nerve  Endings. — Stimulation  of  the  motor  nerve  endings,  leading 
often  to  fibrillary  twitching,  is  seen  after  physostigmine  and  guanidine.  The  action 
of  veratrine  in  causing  contracture  of  muscle  should  also  be  mentioned  in  this 
connection. 

Paralysis  of  the  motor  nerve  ending,  or  curare  action,  as  it  is  called,  is  a  con- 
dition in  which  the  muscle  contracts  when  a  weak  stimulus  is  applied  directly  to 
it,  but  fails  to  respond  to  even  strong  stimulation  of  the  motor  nerve,  the  impulse 
being  "blocked"  at  the  myoneural  junction.  The  mechanism  of  this  block  has  been 
discussed  in  Part  I.  Of  drugs  exercising  the  action  the  most  important  is  curare, 
although  it  is  often  seen  in  poisoning  by  crotaline,  strychnine,  lathyrus,  ether, 
brucine  and  certain  amines,  including  trimethylamine,  choline  and  muscarine;  it 
is  also  shown  by  delphocurarine  and  cocaine. 

6.  Autonomic  System. — Before  discussing  the  action  of  drugs  on  this  system 
it  -will  be  well  to  glance  briefly  at  its  structure.  It  shows  a  certain  difference  from 
the  rest  of  the  nerve  system,  in  that  its  nerves  in  their  passage  from  the  center  to 
the  periphery  and  rice  versa  pass  through  ganglia  in  which  their  course  is  interrupted. 
Two  groups  of  autonomic  nerves  arc  distinguished,  the  true  sympathetic,  which  rise 
from  the  cord  between  the  1st  dorsal  and  5th  lumbar  vertebra?,  and  the  parasym- 
pathetic, which  rise  from  certain  cranial  and  sacral  nerves.  In  general  all  auto- 
nomically  controlled  organs  receive  nevves  from  both  of  these  systems  which  act 
in  an  antagonistic  manner  to  one  another.  It  is  also  noteworthy  that  as  a  general 
rule  a  drug  which  stimulates  or  depresses  one  function  innervated  by  one  of  these 
systems  will  act  in  a  similar  manner  on  all  other  functions  innervated  by  the  same 
system.  Atropine,  for  example,  mimics  throughout  the  effects  of  the  stimulation  of 
the  true  sympathetic,  dilatation  of  the  pupil,  depression  of  salivary  secretion,  accelera- 
tion of  the  heart,  paralysis  of  the  bowel,  etc.  Pilocarpine  mimics  the  effects  of 
stimulation  of  the  parasympathetic,  contraction  of  the  pupil,  slowing  of  the  heart, 
etc.     In  general,  drugs  stimulating  the  true  sympathetic  depress  the  parasympathetic 


1552  NERVE  STIMULANTS 

and  vice  versa  so  that  a  strict  division  into  stimulant  and  depressant  agents  is  not 
possible.  Almost  all  agents  which  act  on  the  nerve  system  influence  some  function 
of  its  autonomic  portion,  and  as  almost  all  systematically  acting  agents  are  included 
in  this  category  it  is  possible  to  enumerate  here  only  the  most  important. 

The  autonomic  agents  may  be  divided  according  to  whether  they  act  (1)  on 
the  entire  system;  (2)  chiefly  on  the  sympathetic  system;  or  (3)  chiefly  on  the 
parasympathetic  system,  and  the  following  groups  may  be  distinguished: 

(1)  Stimulate  all  autonomic  nerve  endings — pituitary  extract  and  barium  salts. 
(2)  Stimulate  the  parasympathetic  centrally — picrotoxin  and  cicutoxin.  (3)  Stim- 
ulate true  sympathetic  endings — epinephrine,  cocaine,  ergotoxine  and  ephedrin.  Paral- 
ysis follows  stimulation  from  large  doses  of  ergotoxine,  (4)  Stimulate  the  parasym- 
pathetic nerve  endings — pilocarpine,  physostigmine,  caffeine,  muscarine  and  choline. 
(5)  Paralyze  all  autonomic  ganglia,  the  paralysis  being  often  preceded  by  brief  stimu- 
lation— nicotine,  cytisine,  and  the  alkaloids  of  lobelia,  gelsemium,  caulophyllum  and 
conium.  (6)  Paralyze  the  parasympathetic  nerve  endings — atropine,  homatropine, 
hyoscyamine,  scopolamine,  solanine  and  alkaloids  from  related  solanacese. 

Therapeutically  these  agents  are  used  chiefly  for  their  effects  on  the  muscles  of 
the  eye,  the  uterus,  the  bronchi,  and  the  bowel,  and  on  the  sweat  glands  and  the 
mucous  glands  of  the  bronchi.  It  is  said  that  formation  of  an  urticarial  wheal  by  in- 
jection of  a  minute  amount  of  salt  solution  intracutaneously,  increases  the  suscepti- 
bility of  the  autonomic  system  to  all  of  these  agents  (Luithlen  and  Molitor). 

Nerve  Stimulants 

Of  the  agents  exerting  a  stimulating  action  on  the  nerve  system,  onlr  those  stimu- 
lating the  spinal  cord  are  much  employed  in  therapeutic  practice  for  this  purpose. 

Several  drugs  stimulate  the  cerebral  cells,  the  most  important  being  caffeine,  which 
is  considered  with  the  diuretics,  and  cocaine,  which  will  be  found  with  the  local  anes- 
thetics. Other  cerebral  stimulants  include  camphor,  placed  among  the  organic 
antiseptics;  and  atropine,  and  hyoscyamine  whose  chief  action  is  on  the  autonomic 
system.  Of  the  drugs  stimulating  the  motor  cortex  several  excite  also  the  cord  and 
will  be  found  in  this  section.  Atropine,  camphor  and  ammonia  are  also  motor 
excitants,  the  last  being  placed  with  respiratory  stimulants. 

Stimulation  of  the  motor  nerve  endings  is  seen  from  physostigmine,  which  has 
more  important  actions  on  the  autonomic  system. 

The  spinal  cord  is  excited  by  strychnine,  picrotoxin,  sparteine,  and  barium  salts, 
which  are  the  only  agents  placed  in  this  group.  Of  agents  having  more  important 
actions,  morphine  and  cannabis  are  included  among  the  narcotics;  hyoscyamine  and 
stramonium  among  autonomic  agents;  caffeine  and  ammonium  salts  with  renal  and 
respiratory  agents  respectively. 

Spinal  Stimulants 
Strychnine 

Strychnine  is  the  principal  alkaloid  present  in  Nux  Vomica,  the  seeds  of  a 
tree  native  to  India,  Strychnos  nux-vomica.  The  origin  of  the  name,  Nux  Vomica, 
or  "emetic  nut"  is  obscure,  as  the  drug  has  little  tendency  to  cause  emesis.  It  may 
have  arisen  through  confusion  with  the  seed  of  a  similar  shape,  which  was  used  by 
the  Arabian  school  for  this  purpose  and  which  was  supposed  to  be  the  same  drug. 
Nux  Vomica  was  introduced  from  India  into  Germany  in  the  sixteenth  century  as  a 
poison  for  rats  and  other  vermin  and  for  wolves  and  similar  wild  animals.  Parkinson 
of  England  first  used  it  in  medicine  about  1640,  but  its  use  was  not  general  until 
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comparatively  recent  years.  It  was  not  used  medicinally  by  the  Hindus  nor  by  the 
Arabians. 

Chemistry. — The  action  of  nux  vomica  depends  almost  entirely  on  the  presence 
of  two  alkaloids,  strychnine  and  brucine.  The  amounts  of  these  vary  in  proportion 
and  in  total  concentration  within  wide  limits.  The  alkaloidal  content  of  the  seeds 
varies  from  2  to  3.5  percent,  or  rarely  more;  the  percentage  of  strychnine  from 
0.7  to  1.16,  and  that  of  brucine  from  1  to  2.3.  Brucine  thus  constitutes  more  than 
half  of  the  total,  but  as  strychnine  is  30  to  40  times  as  powerful,  its  action  alone  is 
of  importance  in  the  whole  drug. 

Chemically  strychnine  is  C,jH„NjOj.  Its  constitution  has  not  been  absolutely 
determined,  but  is  probably  as  given  here  (Perkin  and  Robinson). 
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Brucine  differs  from  it  in  the  presence  of  two  oxymethyl  groups  ( —  OCH,) 
which  are  attached  to  the  carbon  atoms  marked  x. 

The  bark  of  the  nux  vomica  tree,  known  as  False  Angostura  Bark,  contains  about 
1.5  percent,  of  brucine  and  traces  of  strychnine.  The  wood  contains  0.3  percent, 
of  strychnine  and  traces  of  brucine.  The  leaves  contain  an  inactive  alkaloid 
strychnicine. 

Various  other  plants  of  the  same  genus  contain  strychnine.  Thus,  Ignatia,  the 
seeds  of  8.  ignatia,  contains  about  1.5  percent,  of  strychnine  and  0.5  percent,  of 
brucine.  The  seeds  of  <S'.  tieiite  contain  about  1.5  percent,  of  strychnine  and  little 
or  no  brucine.  Lignum  Colubrinum,  the  root  of  S.  coluhrina  contains  brucine  and 
very  little  strychnine. 

Two  other  alkaloids  may  occur  in  nux  vomica,  but  neither  is  of  any  practical 
importance.  Igasurine  has  been  described  as  present  in  very  small  amount,  but  it 
may  be  merely  impure  brucine  or  an  artificial  product  made  in  the  handling  of  the 
drug.  Prom  some  mouldy  samples  of  nux  vomica  a  fourth  alkaloid,  struxine,  prob- 
ably a  decomposition  product,  has  been  isolated. 

Several  plants  of  the  same  genus  contain  curarine,  an  alkaloid  which  is  related 
only  remotely  to  strychnine  in  its  action,  but  resembles  it  chemically. 

Summary  of  Actions  and  Uses. — Strychnine  excites  all  the  nerve  centers,  its  action  on 
the  motor  system  of  the  spinal  cord  being  its  most  striking  effect  in  higher  animals. 
The  psychic  functions  are  little  influenced,  but  all  the  special  senses  are  rendered  more 
acute  and  even  pain  stimuli  are  more  plainly  perceived.  The  motor  cells  of  the  cerebral 
cortex  are  stimulated,  as  seen  best  by  direct  application  of  dilute  solutions.  The  sen- 
sitiveness of  the  motor  cells  of  the  spinal  cord  is  greatly  augmented,  and  this,  associated 
with  increased  responsiveness  of  the  sensory  reflex  arc,  leads  to  twitching  or  involuntary 
motions  after  moderate  doses  and  to  spinal  convulsions,  tetanus,  after  large.  The 
medullary  centers,  such  as  the  vasomotor,  respiratory  and  vagus  centers  are  also  ren- 
dered more  excitable.  The  law  of  reciprocal  innervation  provides  that  when  any  muscle 
contracts,  the  opposing  muscle  is  automatically  inhibited,  and  relaxes.     This  makes  co- 
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ordinated  motions  possible.  This  law  is  abolished  by  strychnine,  the  flexors  and  exten- 
sors of  the  limbs,  for  example,  contracting  at  the  same  time,  rendering  the  spasms 
"tonic." 

When  strychnine  is  administered  systemically  these  central  effects  are  chiefly  seen, 
but  when  solutions  are  applied  locally  to  nerve  trunks,  motor  or  sensory  endings,  or 
sympathetic  ganglia,  their  responsiveness  to  stimulation  and  power  to  conduct  impulses 
are  reduced.  Unstriped  muscle,  on  the  other  hand,  such  as  that  of  the  bowel  or  the 
uterus,  is  stimulated. 

Animals  too  low  in  the  scale  to  have  a  well  developed  central  nerve  system  do  not 
show  convulsions,  but  the  reciprocal  innervation  is  likely  to  be  abolished,  and  coordina- 
tion of  motion  lost.  Starfish  lose  the  power  to  turn  over  when  placed  on  the  back 
(Moore). 

Strychnine  is  the  most  important  of  the  stimulant  drugs  and,  in  therapeutic  prac- 
tice, is  perhaps  the  most  widely  used  of  all  medicines.  It  is  employed  as  a  tonic  stimu- 
lant in  all  conditions  characterized  by  loss  of  energy,  whether  these  be  general  or  limited 
to  a  single  function;  whether  they  depend  on  a  structural  lesion  or  are  emotional  or 
toxic.  In  loss  of  appetite  and  lowered  tone  of  the  gastroenteric  tract  the  preparations 
of  the  crude  drug  are  often  employed,  but  in  conditions  characterized  by  cardiac  weak- 
ness, low  blood  pressure  or  general  adynamia,  the  pure  alkaloid  is  commonly  preferred, 
and  its  use  is  well  nigh  universal.  Strychnine  is  also  of  great  value  in  diseases  of  the 
central  nerve  system,  characterized  by  weakness  or  improper  functioning.  In  spinal 
paralyses,  such  as  that  following  poliomyelitis,  in  neurasthenia,  in  myelitis  of  other 
types,  in  ocular  and  other  localized  palsies,  its  value  can  hardly  be  overestimated.  The 
improved  functioning  of  the  digestive  and  circulatory  apparatus  leads  to  its  widespread 
use  also  in  persons  whose  nutrition  is  disturbed,  as  in  cachexia  and  consumption. 

Materia  Medica. — Nux  Vomica  (U.S.X.),  Nux  Vomica.  Ahhr.,  Nux  Vom. 
Synonym:  Strychni  Semen  P.  I. 

The  dried,  ripe  seeds  of  Strychnos  Nux-vomica  Linne  (Fam.  Loganiacew)  yield- 
ing not  less  than  2.5  percent.  (1.25  Br.)  of  the  alkaloids  of  nux  vomica.  The  powder  is 
of  a  light  gray  color,  inodorous,  and  of  an  intensely  and  persistently  bitter  taste. 

Dose,  1  to  4  grains  (0.06  to  0.24  Gm.). 

ExTRACTUM  Nucis  VoMic^  (U.S.  X.),  Extract  of  Nux  Vomica.  Ahhr.,  Ext.  Nuci. 
Vom.  Synonym:  Extraetum  Nucis  Vomicae  Siccum  (Br.),  Dry  Extract  of  Nux 
Vomica. 

The  U.S.  extract  should  yield  not  less  than  15.2  percent,  nor  more  than  16.8 
percent,  of  the  alkaloids  of  nux  vomica.  The  Br.  extract  is  standardized  to  contain  5 
percent,  of  strychnine,  no  strength  in  other  alkaloids  being  specified.  One  Gm.  of  the 
U.S.  extract  represents  about  6  Gm.  of  drug ;  of  the  British,  about  4  Gm. 

Dose,  Vi  to  1  grain  (0.015  to  0.06  Gm.). 

Fluidextractum  Nucis  Vomica  (U.S.  IX.),  Fluidextract  of  Nux  Vomica.  Ahhr., 
Eldext.  Nuc.  Vom.  Synonym:  Extraetum  Nucis  Vomica;  Liquidum  (Br.),  Liquid 
Extract  of  Nux  Vomica. 

Each  100  cc.  of  the  U.S.  fluidextract,  70  percent,  alcohol,  contains  2.5  Gm,  of  the 
alkaloids  of  nux  vomica ;  in  eaoh  100  cc.  of  the  Br.  liquid  extract  there  should  be 
1.5  Gm.  strychnine. 

Dose,  1  to  3  minims  (0.06  to  0.2  cc). 

TiNCTURA  Nucis  Vomica  (U.S.  X.),  Tincture  of  Nux  Vomica.  Ahhr.,  Tr.  Nuc. 
Vom.     Synonym:    Strychni  Tinctura  P.  I. 

Of  the  U.S.  tincture,  each  cc.  contains  0.0025  Gm.  of  the  alkaloids  of  nux  vomica 
and  70  percent,  alcohol;  of  the  Br.  tincture,  each  cc.  is  standardized  to  contain  0.00125 
Gm.  of  strychnine. 

Dose,  5  to  30  minims  (0.3  to  2  cc). 

Elixir  Phosphori  et  Nucis  Vomicjd  (N.F.),  Elixir  of  Phosphorus  and  Nux 
Vomica.     Ahhr.,  Elix.  Phosphor,  et  Nuc.  Vom. 
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Tincture  of  mix  vomica,  3,5  cc, ;  elixir  of  phosphorus  to  make  100  cc. 

Dose,  V2  to  1  fluidram  (2  to  4  cc). 

Strvchnina  (N.F.),  Strychnine.    Ahhr.,  Strych. 

An  alkaloid  obtained  from  nux  vomica  and  also  obtainable  from  other  seeds  of  the 
Loganiacece. 

Colorless,  transparent,  prismatic  crystals,  or  a  white,  crystalline  powder;  odor- 
less, exceedingly  bitter.  Great  caution  should  be  used  in  tasting  it,  and  then  only  in 
very  dilute  solutions.     Almost  insoluble  in  water,  soluble  in  loG  parts  of  alcohol. 

Antagonists  and  Incompatihhs. — Alkalis,  chlorides,  iodides,  bromides,  tannin, 
arsenates;  tobacco,  conium,  ojjium,  belladonna,  physostigma. 

Synergists. — Picrotoxiu,  ergot,  thebaine. 

Dose.  1/GO  to  1/20  grain  (0.001  to  0.003  Cm.). 

Strychnin.e  Hvdrochloridum  (Br.),  Strychnine  Hydrochloride.  Ahhr.,  Strych. 
Hydrochl. 

Small,  colorless,  prismatic  crystals  of  intensely  bitter  taste,  soluble  in  GO  parts 
of  water. 

Dose,  1/64  to  1/16  grain  (0.001  to  0.004  Cm.). 

Strychnine  Nitras  (U.S.  X.),  Strychnine  Nitrate.    Ahhr.,  Strych.  Nit. 

Colorless,  glistening  needles,  or  a  white  crystalline  powder,  odorless,  of  exceedingly 
bitter  taste.     Soluble  in  42  parts  of  water,  150  of  alcohol,  and  50  of  glycerin. 

Dose,  1/60  to  1/20  grain  (0.001  to  0.003  Gm.). 

SxRYCHNlNiE  SuLPHAs  (U.S.  X.),  Strychnine  Sulphate.     Ahhr.,  Strych.  Sulph, 

Colorless  or  white  prismatic  crystals,  or  a  white,  crystalline  powder,  odorless, 
and  of  exceedingly  bitter  taste.  Soluble  in  32  parts  of  water,  81  of  alcohol;  freely 
soluble  in  glycerin. 

Dose,  1/60  to  1/20  grain  (0.001  to  0.003  Cm.). 

Strychnine  Valeras  (unofficial).  Strychnine  Valerate.     Ahhr.,  Strych.  Valer. 

A  white,  crystalline  powder  having  an  odor  of  valeric  acid  and  an  intensely  bitter 
taste.    Sparingly  soluble  in  water,  soluble  in  alcohol  or  chloroform. 

Dose,  1/60  to  1/20  grain  (0.001  to  0.003  Gm.). 

Injectio  Strychnine  Hypodermica  (Br.),  Hypodermic  Injection  of  Strychnine. 
Ahhr.,  Inject.  Strych.  Hyp.  Strychnine  hydrochloride,  0.75  Gm.;  distilled  water, 
100  cc.  Eleven  minims  contain  3/40  grain  strychnine  hydrochloride  (1  cc.  equals 
1/10  grain). 

Dose,  5  to  10  minims   (0.3  to  0.6  cc). 

Liquor  Strychnin.^  Hydrochloridi  (Br.),  Solution  of  Strychnine  Hydrochloride. 
Ahhr.,  Liq.  Strych.  Hydrochl. 

A  1  percent,  solution  in  24  percent,  alcohol. 

Dose,  2  to  8  minims  (0.12  to  0.5  cc). 

Liquor  Strychnine  Acetatis  (unofficial).  Solution  of  Strychnine  Acetate.  Ahhr., 
Liq.   Strych.  Acet.     Synonym:     Hall's  Solution  of  Strychnine. 

Ten  minims  contain  1/60  grain  of  strychnine. 

Dose,  8  to  15  minims  (0.5  to  1  cc). 

Brucina   (unofficial),  Brucine. 

An  alkaloid  obtained  from  nux  vomica  and  the  seeds  of  other  related  plants. 
A  fine,  whitish  crystalline  powder;  soluble  in  alcohol  and  chloroform,  very  slightly 
so  in  water. 

Dose,  1/12  to  1/2  grain  (0.005  to  0.03  Gm.). 

Ignatia  (N.F.),  Ignatia.  Ahhr.,  Ignat.  Synonyms:  St.  Ignatius  Bean,  Ignatia 
Amara. 

The  dried  ripe  seeds  of  Strychnos  ignaiii  Bergius  (Fam.  Loganiacece),  yielding 
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not  less  than  2  percent,  of  the  alkaloids  of  Ignatia.     Nearly  inodorous  and  intensely 
bitter.     The  powder  is  grayish  brown. 

Dose,  1/2  to  2  grains  (0.03  to  0.13  Gm.). 

ExTRACTUM  IgnatIjE  (N.F.),  Extract  of  Ignatia.    Ahhr.,  Ext.  Ignat. 

Extract  of  ignatia  yields  not  less  than  5.4  percent.,  nor  more  than  6.6  percent,  of 
the  combined  alkaloids  of  ignatia. 

Dose,  1/2  to  1  grain  (0.03  to  0.06  Gm.). 

TiNCTURA  Ignatia  (N.F.),  Tincture  of  Ignatia.    Ahhr.,  Tr.  Ignat. 
■  ''      One  hundred  cc.  of  tincture  of  ignatia  yields  not  less  than  0.18  Gm.  nor  more  than 
0.22  Gm.  of  the  alkaloids  of  ignatia.    Alcoholic  content  about  45  percent. 

Dose,  10  to  15  minims  (0.6  to  1  cc). 

Pharmacodynamic  Action:  Ahsorption  and  Elimination. — "When  soluble  salts  of 
strychnine  are  injected  hypodermically  absorption  is  almost  immediate,  and  convulsions 
may  occur  within  a  few  seconds  of  the  time  of  injection.  If,  however,  a  suspension  of  a 
fine  powder  of  the  pure  alkaloid  be  similarly  introduced,  absorption  is  quite  slow  and 
in  the  comparatively  insusceptible  guinea-pig,  as  much  as  100  mgm.  or  100  times  the 
lethal  dose  may  be  injected  without  causing  tetanus  (Kuenzer).  Absorption  of  soluble 
salts  may  be  delayed  by  injecting  the  strychnine  in  a  solution  of  colloids  or  an  emulsion 
of  fat,  or  even  with  a  suspension  of  inorganic  matter  such  as  animal  charcoal  or  fuller 
earth. 

Absorption  differs  markedly  in  different  parts  of  the  alimentary  canal.  If  strychnine 
is  taken  by  the  mouth  into  the  intact  canal,  absorption  and  convulsions  may  occur  within 
ten  minutes.  Studies  of  absorption  from  parts  of  the  canal  isolated  by  ligature  show 
little  absorption  from  the  stomach,  spasms  occurring  only  if  doses  above  25  mgm.  per 
kilo  are  given.  By  this  method  Meltzer  found  in  rabbits  almost  no  absorption  from  the 
stomach.  In  dogs  there  was  very  slow  absorption  from  the  esophagus  and  stomach,  but 
prompt  from  the  pharynx,  small  and  large  intestine  and  rectum.  That  the  circulation 
of  the  stomach  was  not  disturbed  was  proved  by  the  prompt  absorption  of  other  poisons. 

The  strychnine  after  absorption  is  carried  in  the  blood  stream  to  the  liver  and  a 
large  part  of  it  is  held  there.  This  fixation  accounts  for  the  difference  between  the  toxic 
dose  by  mouth  and  by  injection,  as  is  shown  by  increased  susceptibility  to  poisoning  in 
frogs  after  excision  of  the  liver  (Roger),  and  in  dogs  with  Eck  fistula  (Rothberger  and 
Winterberg),  as  well  as  by  the  fact  that  large  amounts  may  be  recovered  from  the  liver 
soon  after  administration  (Vamossy).  Little  or  no  strychnine  is  to  be  found  in  the 
blood  from  the  time  of  onset  of  tetanus  till  death,  but  a  certain  amount  can  be  isolated 
from  the  kidneys  and  cord  (Roger,  Lovett). 

Elimination  begins  promptly,  chiefly  in  the  urine,  but  also  in  the  saliva,  bile  and 
other  excreta.  Although  elimination  continues  for  several  days  after  a  single  moderate 
dose,  only  a  small  fraction  can  be  recovered,  often  as  little  as  1  percent,  and  rarely  more 
than  10  percent.  The  remainder  appears  to  be  destroyed.  This  destruction  may  occur  in 
the  liver  (Hatcher  and  Eggleston),  but  probably  does  not  occur  there  alone. 

Destruction. — Numerous  attempts  have  been  made  to  demonstrate  the  destruction 
of  strychnine  in  various  organs  and  tissues  by  adding  strychnine  to  suspensions  of  them 
and  injecting  either  at  once  or  after  incubation.  It  has  been  shown  that  strychnine 
injected  with  blood,  or  with  a  suspension  of  muscle  tissue  is  almost  as  toxic  as  in  plain 
saline.  Strychnine  injected  with  a  suspension  of  liver  tissue,  on  the  other  hand,  shows 
much  less  toxicity  than  in  simple  aqueous  solution.  Similarly  strychnine  treated  with 
emulsions  of  nerve  tissue  and  later  injected  shows  lessened  action.  The  most  effective 
suspensions  are  obtained  from  the  white  matter  of  the  cord,  next  from  the  anterior 
horns  and  the  gray  matter  of  the  motor  area  of  the  cortex,  and  less  from  the  posterior 
horns  and  the  other  parts  of  the  cortex  (Sano).  In  frogs  from  2  to  21/,  times  the  minimal 
convulsant  dose,  thus  treated,  was  without  effect,  and  in  rabbits  about  ly^  times  the 
fatal  dose  caused  only  mild  symptoms.  That  this  detoxication  is  not  due  to  the  destruc- 
tion of  the  strychnine  is  shown  by  the  fact  that  the  entire  amount  can  be  recovered 
from  such  mixtures  by  chemical  means  even  after  twenty-four  hours  in  the  incubator 
(Pellacani  and  others). 

Attempts  have  been  made  to  demonstrate  the  destruction  of  strychnine  in  living 
tissues  by  ligating  the  leg  of  a  guinea-pig  near  the  hip  and  injecting  a  fatal  dose  into 
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the  leg.  After  several  hours  the  ligature  was  removed  and  there  were  no  toxic  symp- 
toms (Czylharz  and  Donath,  Carrara).  This  is  not  true  of  rabbits  and  in  guinea-piga 
is  due  entirely  to  delayed  absorption  caused  by  circulatory  changes  in  the  leg.  There  is 
no  reason  to  assume  the  destruction  of  any  strychnine   (Meltzer  and  Salant). 

Topical  Action. — Strychnine  applied  to  the  peripheral  nerve  organs  exercises  a  para- 
lytic action  on  them.  Handling  of  the  crude  drug  or  of  the  powdered  alkaloids  is  said  to 
lead  occasionally  to  irritation  of  the  skin.     The  topical  action  is  relatively  unimportant. 

Toxicity. — Poisoning  by  strychnine  is  of  great  importance  for  many  reasons.  It  is 
a  very  powerful  and  easily  obtained  drug,  and  intoxication,  accidental  and  deliberate, 
homicidal  and  suicidal  is  frequent  and  often  fatal.  The  characteristic  tetanus  which 
small  doses  produce  in  laboratory  animals  has  made  it  a  great  favorite  for  testing  the 
influence  of  various  factors  on  absorption  in  general,  and  for  solving  other  problems  in 
which  a  prompt  and  characteristic  drug  action  is  desired.  The  literature  of  accidental 
and  criminal,  as  well  as  of  experimental  poisoning  is  thus  enormous  and  can  only 
briefly  be  reviewed  here. 

Toxic  Dose. — This  differs  widely  in  different  species  and  according  to  the  method  of 
administration.  In  mammals  the  toxic,  that  is  the  convulsant,  dose  is  usually  close  to 
the  fatal  dose,  as  the  respiratory  movements  are  arrested  during  the  convulsions  and 
death  is  caused  if  these  are  at  all  prolonged  and  violent.  In  frogs,  on  the  other  hand, 
in  which  arrest  of  respiration  is  not  fatal,  there  is  a  wide  difference  between  the  con- 
vulsant dose  and  that  which  kills  by  action  on  the  heart. 

The  more  fully  developed  the  nerve  system  the  more  sensitive  are  animals  to  the 
action  of  strychnine.  Thus,  young  animals  are  more  resistant  than  adults,  and  mammals, 
birds,  frogs,  fish  and  invertebrates  show  a  decreasing  susceptibility  in  the  order  named. 
Animals  too  slightly  organized  to  possess  a  distinct  central  nerve  system  are  very 
little  influenced  even  by  high  concentrations.  Starfish  show  abnormal  response  to  stimu- 
lation under  the  influence  of  such  enormous  doses  as  10  mgm.  Small  crustacea  may 
show  spasmodic  muscular  contractions  if  as  little  as  1  part  in  100,000  is  added  to  the 
water.  Certain  bacteria  and  many  moulds  can  grow  in  2  percent,  and  even  5  percent, 
solutions,  higher  forms  of  plant  life  are  killed  if  watered  with  a  solution  containing  a 
few  milligrams  of  strychnine. 

The  fatal  dose  of  strychnine,  subcutaneously  administered,  is,  in  most  mammals 
between  0.5  and  1.0  mgm.  per  kilo.  This  is  true  of  horses,  cattle,  swine,  cats,  mice,  rats, 
etc.  In  rabbits  it  is  between  0.6  and  0.7  mgm.  per  kilo,  and  in  dogs  the  same,  or  slightly 
less.  Guinea-pigs  are  extremely  resistant,  requiring  3.5  to  6  mgm.  per  kilo.  Birds  require 
still  more.  The  fatal  dose  intravenously  is  rather  smaller.  In  dogs,  for  example,  it  is 
below  0.4  mgm.  per  kilo.  The  fatal  dose  by  mouth  is  in  most  animals  about  twice  that 
by  subcutaneous  injection;  but  in  guinea-pigs  it  is  3  or  4  times  as  great.  Pigeons  can 
hardly  be  killed  by  strychnine  given  by  mouth   (Heinekamp). 

The  fatal  dose  in  man  is  not  readily  determined,  even  approximately.  There  seems 
to  be  a  wider  range  between  the  convulsant  and  fatal  doses,  howeVer,  than  is  the  case 
with  most  mammals.  Persons  with  heart  disease  are  peculiarly  susceptible  and  death 
is  reported  from  doses  of  10  to  30  mgm.  in  adults  with  valvular  disease  (Robert).  Con- 
vulsions have  been  noted  in  normal  adults  after  10  mgm.  and  in  children  after  smaller 
doses.  Unless  several  hundred  mgm.  have  been  swallowed,  recovery  is  usual,  and  has 
been  reported  after  doses  as  high  as  1  Gm.  and  even  4  Gm.  In  these  cases  vomiting 
occurred,  so  all  the  drug  was  not  absorbed.  In  most  adults  6  to  10  mgm.  subcutaneously 
will  cause  hypersensitiveness,  but  no  convulsive  symptoms.  The  minimal  fatal  dose 
by  mouth  is  50  to  100  mgm.,  corresponding  to  1  to  5  Gm.  of  nux  vomica. 

Conditions  Influencing  the  Toxic  Dose:  (a)  Character  of  solvent,  etc.— Owing  to  the 
rapid  destruction  of  strychnine  in  the  body  any  factor  which  delays  its  absorption 
markedly  reduces  its  toxicity.  Such  a  delay  is  observed  if  strychnine  is  injected  in 
colloidal  solutions,  such  as  starch  or  gum  arabic  (Simon),  or  in  emulsions  of  various 
fats  (Paulucci). 

Various  solids  in  suspension  absorb  strychnine  and  thus  hold  it  longer  at  the  place 
of  injection.  This  results  if  it  is  injected  in  a  suspension  of  cholesterin  or  lecithin,  or  of 
animal  charcoal  or  colloidal  carbon  (Sabbatini),  or  fullers'  earth  (McGuigan);  and 
causes  marked  delay  in  onset  of  symptoms  and  even  recovery  from  otherwise  surely 
fatal  doses.  The  delayed  action  of  strychnine  injected  in  solutions  of  bile  salts  (Lusini 
and  Mori)  is  probably  to  be  accounted  for  similarly. 

Administrations  of  large  amounts  of  water  after  a  barely  fatal  dose  of  strychnine 
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•will  save  life  in  rabbits  (Kleiner  and  Meltzer).    This  probably  acts  merely  by  dilution 
and  consequent  lessening  of  the  concentration  in  the  nerve  centers. 

(b)  Temperature. — The  temperature  of  the  surrounding  air  exercises  a  distinct  in- 
fluence on  the  toxic  action  of  strychnine.  Rabbits  and  other  animals  kept  in  a  warm 
room  will  show  merely  hyperesthesia  from  doses  which  cause  fatal  tetanus  in  the  cold. 
This  may  be  due  to  the  increased  spinal  reflexes  caused  by  exposure  to  cold  in  normal 
animals  or  to  other  causes. 

In  the  frog  the  influence  of  temperature  is  extremely  interesting.  Frogs  show  the 
paralyzing  action  of  strychnine  much  more  readily  than  mammals,  as  life  may  continue 
in  spite  of  complete  motor  paralysis.  The  paralytic  element  of  the  poisoning  is  increased 
by  warmth,  and  the  warmer  the  frogs  the  briefer  will  be  the  attacks  of  tetanus  and  the 
earlier  the  onset  of  paralysis.  As  it  is  the  paralysis  and  not  the  tetanus  which  is  the 
cause  of  death  in  frogs,  the  fatal  dose  is  the  smaller  the  higher  the  temperature.  The 
convulsant  dose  shows  the  opposite.  The  lower  the  temperature  to  which  the  frogs 
are  exposed  the  smaller  is  the  convulsant  dose:  in  Rana  pipiens  at  5°  C,  0.0002  mgm. 
per  Gm.;  at  13°  C,  0.0005  mgm.  per  Gm.  and,  at  21"  C.,  0.0006  mgm.  per  Gm.  are  required. 
At  such  a  high  temperature  as  30°  C.  the  minimal  dose  falls  again  to  0.0005  mgm. 
(Githens).  The  interval  between  the  injection  and  the  onset  of  tetanus  is  markedly 
shorter  at  high  temperatures,  being  with  the  minimal  dose  only  a  fraction  of  an  hour 
at  21°  C,  and  several  days  at  5°  C.  The  duration  of  the  tetanus  is  correspondingly 
longer  at  low  temperatures  (Githens). 

(c)  Conditions  Altering  Metabolism. — The  peculiar  alteration  in  metabolism  which 
accompanies  castration  has  been  shown  to  induce  in  rabbits  an  enhanced  resistance  to 
strychnine  intoxication  (Silvestri).  This  is  ascribed  to  the  alteration  in  calcium  metabo- 
lism which  occurs  after  castration,  but  it  is  still  uncertain-  whether  this  explains  the 
phenomenon.  Even  more  difficult  of  explanation  is  the  fact  shown  by  Meltzer  and  Salant 
that  rabbits  after  nephrectomy  can  be  given  several  times  the  fatal  dose  of  strychnine, 
provided  it  is  administered  in  divided  doses  extending  over  several  hours. 

On  the  other  hand  excision  of  the  adrenals  in  rabbits  decreases  markedly  the  resist- 
ance to  strychnine.  That  this  is  not  due  to  a  protective  action  of  adrenaline  is  shown  by 
the  fact  that  strychnine  given  with  adrenaline  is  more  toxic  than  alone  (Camus  and 
Porak). 

(d)  Factors  Influencing  the  Central  Nerve  System. — In  the  frog  the  convulsant  dose 
of  strychnine  is  slightly  lessened  by  removal  of  the  brain  or  even  slight  injury  of  the 
frontal  lobe.  Thus,  at  a  temperature  of  18°  C.  the  dose  of  0.0004  mgm.  per  Gm.,  which 
is  ineffective  in  normal  Rana  pipiens  causes  tetanus  in  the  decerebrate  animal.  In 
frogs  rendered  asphyctic  by  removal  of  the  heart,  sensitiveness  is  also  increased;  the 
minimal  convulsant  dose  in  such  frogs  at  15°  C.  being  0.0003  mgm.  per  Gm.  as  compared 
to  0.0005  in  intact  frogs  (Githens).^ 

Picrotoxin,  which  causes  mixed  clonic  and  tetanic  convulsions  in  the  frog,  enhances 
the  effects  of  strychnine,  and  if  half  the  convulsant  dose  of  each  be  given  together, 
mixed  convulsions  will  occur   (Gurber). 

It  has  been  claimed  that  cocaine  hypodermically  would  save  life  after  fatal  doses  of 
strychnine  by  mouth  (Bignoni),  but  this  has  been  disproved  (Pisana).  On  the  other 
hand  cocaine  injected  intraspinally  will  check  the  convulsions  and  may  thus  save  life 
(Aron  and  Rothman). 

(e)  Habituation. — Habituation  to  strychnine  is  very  slight.  If  doses  are  given  about 
a  week  apart  they  may  cause  slightly  increased  resistance,  but  two  doses  a  week  lead  to 
cumulation  and  thus  to  increased  toxic  effects,  death  occurring  in  a  month  or  so,  from 
half  lethal  doses  (Hale).  Frogs  given  barely  convulsant  doses  a  week  apart  die  in  4  to  6 
weeks  and  show  earlier  onset  of  tetanus  with  succeeding  doses  (Mostrom  and  McGuigan). 

Symptoms  of  Poisoning. — After  a  toxic  dose  of  strychnine  by  mouth  the  first  symp- 
toms come  on  usually  in  15  to  20  minutes.  There  is  hyperesthesia,  shown  by  a  tendency 
of  the  muscles  to  jerk  when  any  part  of  the  body  is  touched.  The  reflexes  are  modified 
so  that  the  response  to  a  single  stimulus  consists  of  repeated  contractions  and  tends  to 
spread  to  other  muscle  groups  or  even  to  the  entire  body.  Soon  after,  and  generally 
without  warning,  occurs  a  true  tetanic  attack.  The  entire  body  is  shaken  by  a  violent 
convulsive  tremor  but  soon  becomes  rigid,  every  muscle  is  contracted  firmly,  the  legs 
and  arms  are  extended  strongly,  the  feet  everted,  the  fists  closed;    the  head   is  drawn 

"  A  fuller  discussion  of  the  influence  of  decerebration  and  cardiectomy  on  drug  action 
will  be  found  under  morphine. 
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back  and  the  spine  arched,  opisthotonos),  or  more  rarely  bent  forward  (emprosthotonos). 
The  jaws  are  held  rigidly  shut,  the  eyes  wide  open,  the  pupils  dilated  and  the  eyeballs 
rolled  up. 

As  the  attacks  always  involve  the  muscles  of  respiration  this  is  completely  inter- 
rupted during  them,  hence  cyanosis  ensues,  the  face  becomes  livid  and  the  extremities 
bluish.  Urine  and  feces  may  be  voided  involuntarily  by  the  contraction  of  the  abdominal 
muscles.  The  heart  and  involuntary  muscles  are  affected  only  secondarily  by  asphyxia, 
etc.    Consciousness  is  fully  preserved  and  the  pain  from  the  contractions  is  extreme. 

Such  an  attack  lasts  a  few  seconds  or  the  greater  part  of  a  minute,  and  is  followed 
by  a  period  of  relaxation  associated  with  exhaustion  and  rapid  shallow  respiration. 
Soon,  in  less  than  15  minutes,  another  similar  attack  follows,  ending  again  in  relaxation. 
Such  tetanic  attacks  come  on  apparently  spontaneously,  or  may  be  caused  by  the  least 
touch  or  especially,  by  any  jar.  Noise  will  bring  on  an  attack,  but  light  is  less  effective. 
Heat  and  cold,  if  applied  in  such  a  way  that  contact  is  avoided,  may  not  induce  attacks. 
The  attacks  follow,  at  first  closer  and  closer  and  more  and  more  prolonged,  then  grad- 
ually becoming  less  violent,  the  exhaustion  between  them  deepening  into  paralysis.  In 
fatal  poisoning  death  is  most  likely  to  occur  from  asphyxia  during  an  early  attack,  or 
from  exhaustion  in  one  of  the  intervals  between  the  second  and  sixth.  If  life  is  pro- 
longed three  hours  after  the  onset  of  symptoms  recovery  is  probable.  If  the  dose  is  not 
fatal  the  attacks  gradually  lessen  in  severity  and  finally  pass  off,  leaving  a  state  of 
extreme  exhaustion  and  relaxation. 

Treatment  of  Poisoning. — The  treatment  of  strychnine  poisoning  must  meet  three 
indications:  to  stop  the  convulsions,  to  supply  oxygen,  and  to  eliminate,  dilute  or  destroy 
the  poison. 

In  severe  poisoning  any  attempt  to  swallow  an  antidote,  to  pass  a  stomach  tube, 
or  to  prepare  for  artificial  respiration  may  bring  on  a  fatal  convulsion.  The  first  indica- 
tion, therefore,  is  to  administer  chloroform  or  ether  by  inhalation  in  just  sufficient 
quantity  to  stop  the  convulsions  but  not  to  interfere  with  respiration.  A  stomach  tube 
may  then  be  passed  and,  after  givihg  tannic  acid,  potassium  permanganate  or  sodium 
persulphate  to  destroy  or  render  insoluble  such  of  the  poison  as  has  not  been  absorbed, 
the  stomach  should  be  washed  out.  If  this  is  not  possible  one  of  the  antidotes  should 
be  given,  followed  by  an  emetic.  This  is,  however,  more  dangerous  as  inhalation  pneu- 
monia may  follow  should  the  attack  recur  with  the  vomiting.  Chloral  may  be  given  by 
mouth  or  injection,  but  morphine  is  to  be  avoided  as  it  has  a  tendency  to  aggravate  the 
convulsions. 

Narcosis  alone  will  save  life  in  many  cases  if  very  carefully  watched,  but  in  others 
respiration  will  be  embarrassed  and  will  cease  if  enough  ether  is  given  to  check  the 
tetanus.  In  such  cases  resort  must  be  had  to  artificial  respiration  by  means  of  one 
of  the  mechanical  apparatuses  adapted  for  simultaneous  administration  of  ether.  For 
emergency  use  Meltzer's  pharyngeal  insufflation  apparatus  is  especially  good,  but  if 
skilled  assistance  is  at  hand  intratracheal  insufflation  is  preferable  as  all  danger  of 
inhaling  foreign  matter  is  avoided.  By  this  method,  combined  with  injection  of  salt 
solution,  all  dogs  were  saved  even  after  receiving  twice  the  surely  fatal  dose  of  strychnine 
by  vein  (Githens  and  Meltzer).  The  action  of  artificial  respiration  in  checking  tetanus 
is  not  due  alone  to  the  supply  of  air,  for  it  is  also  effective  for  a  time  in  an  atmosphere 
of  hydrogen  (Gies  and  Meltzer).  Any  regular  rhythmic  motion  will  stop  the  convul- 
sions (Denys),  but  will  not  save  life  if  the  amount  taken  is  much  above  the  minimal 
lethal  dose,  as  in  large  doses  strychnine  kills  by  exhaustion  and  paralysis  (Mathieu). 
Hypodermoclysis  of  large  amounts  of  saline  solution  is  of  great  benefit,  although  prob- 
ably not  by  aiding  elimination.     It  is  more  effective  than  glucose  (Githens  and  Meltzer). 

Other  methods  of  treatment  have  been  used  from  time  to  time.  One  of  the  earliest 
was  to  check  the  convulsions  by  means  of  curare,  and  this  associated  with  artificial 
respiration  is  quite  effective.  Inhalation  of  oxygen  is  effective  in  saving  the  life  of 
animals  (Mathieu)  and,  if  given  several  hours  before  and  after  the  strychnine,  rab- 
bits and  guinea-pigs  will  survive  ly,  times  the  usually  fatal  dose  (Fodera  and  Genti- 
lucci,  Osterwald). 

The  interesting  statement  has  been  made  that  antitetanus  serum  has  a  marked 
effect  in  increasing  the  resistance  to  strychnine  (Raimondi,  Lusini). 

Systemic  Action:  Alimentary. — Strychnine  is  stimulant  to  all  parts  of  the  alimentary 
tract,  acting  as  a  bitter  in  increasing  gastric  secretion,  and  directly  stimulating  the  motor 
activity  of  the  stomach  and  intestine. 
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As  a  bitter,  liquid  preparations  of  nux  vomica  are  to  be  preferred  to  strychnine,  as 
the  brucine  which  they  contain  is  about  equal  to  strychnine  for  this  purpose,  and  has 
much  less  effect  on  the  central  nerve  system.  Like  other  bitters  the  tincture  must 
be  given  from  one  half  to  two  hours  befoi'e  meals.  Doses  of  0.5  cc.  (8m.)  taken  in  this 
way  are  particularly  effective  in  increasing  appetite  and  in  stimulating  the  secretion  of 
saliva  and  gastric  juice. 

Strychnine  in  doses  from  0.5  to  6  mgm.  (gr.  1/120  to  1/10)  given  to  normal  men  by 
mouth  or  hypodermic  injection  with  a  test  meal  causes  a  marked  increase  in  the  motions 
of  the  stomach  seen  by  radiography  to  be  strongest  in  the  pyloric  portion.  The  first 
appearance  of  food  in  the  intestine  is  greatly  advanced,  and  with  0.5  mgm.  complete 
emptying  also  occurs  sooner.  With  doses  above  8  mgm.,  although  there  are  strong 
and  rapid  peristaltic  waves,  such  as  are  never  seen  in  a  normal  stomach,  the  strong 
contraction  of  the  pylorus  interferes  with  emptying,  which  is  complete  one-half  to  one 
hour  later  than  normal  (Berti  and  Manara).  Very  similar  results  were  obtained  with 
cats  (Berti  and  Urban). 

The  motions  of  the  intestine  are  also  inci'eased,  but  not  to  the  same  extent.  With 
toxic  doses  the  increased  tone  of  the  voluntary  muscles  of  the  abdominal  wall  brings 
about  a  tendency  to  defecate  and  also  an  indirect  stimulation  of  the  bowel,  but  that 
there  is  a  direct  effect  also,  can  be  shown  in  animals  with  the  abdomen  opened  and  even 
on  strips  of  the  large  and  small  intestine  in  vitro.  Strips  of  cat's  intestine  treated  with 
0.5  per  cent,  strychnine  sulphate,  show  series  of  strong  waves  and  increased  tone. 

Blood. — Strychnine  administered  to  animals  has  no  effect  on  the  blood  cells,  but 
added  in  concentration  of  1:8000  to  1:2000  to  a  suspension  of  leucocytes  in  serum  in  vitro, 
it  stimulates  phagocytosis.  As  it  has  no  stimulating  effect  on  leucocytes  suspended  in 
salt  solution  it  appears  that  the  effect  is  not  a  direct  one  on  the  cells,  but  that  it  acts 
indirectly  through  a  change  produced  in  the  serum  (Arkin).  During  strychnine  tetanus 
in  rabbits,  the  calcium  content  of  the  plasma  rises,  but  no  rise  occurs  unless  there  is 
tetanus. 

It  has  recently  been  claimed  that  in  latent  malaria,  strychnine  acts  on  the  spleen 
in  such  a  way  that  the  malarial  organisms  are  driven  from  it  into  the  blood  stream 
causing  renewed  attacks.  Here,  however,  they  can  be  reached  by  quinine  and  the 
patient  cured   (Vecchia  and   Segre). 

Circulation. — Strychnine  in  doses  large  enough  to  cause  a  distinct  increase  in  the 
tone  and  excitability  of  the  voluntary  muscles  causes  a  rise  of  blood  pressure,  which 
becomes  extremely  high  when  there  are  actual  convulsions,  and  sinks  to  normal  or 
below  between  them.  If  a  very  large  dose  of  strychnine  is  given  to  an  animal  receiving 
artificial  respiration  the  pi'essure  will  rise  to  an  extreme  height  during  the  early  con- 
vulsions, but  as  these  give  way  to  paralysis,  often  in  a  few  minutes,  it  will  sink  below 
normal,  and  the  animal  will  die.  Doses  too  small  to  cause  convulsive  movements  cause 
no  rise  in  normal  animals.  It  would  seem  from  these  facts  that  the  rise  is  entirely 
mechanical,  and  due  to  the  forcing  of  blood  out  of  the  muscles  and  abdomen  by  the 
violent  contractions.  That  it  is  not  so  is  shown  by  the  fact  that  under  curare  the  rise 
is  more  marked  and  of  much  greater  duration  than  in  intact  animals,  a  single  large 
dose  (ten  times  the  fatal)  causing  in  dogs  and  rabbits  a  rise  lasting  40  minutes  or 
more  (Denys). 

The  effect  of  small  doses  of  strychnine  on  the  blood  pressure  in  clinical  cases  with 
low  pressure  is  a  matter  of  dispute.  Cook  and  Briggs  state  that  it  is  possible  from 
small  doses,  to  obtain  marked  and  well  sustained  rises,  coming  on  an  hour  after  injec- 
tion and  lasting  3  or  4  hours.  Cabot  and  Newburgh,  on  the  other  hand,  saw  no  meas- 
urable rise  under  similar  conditions. 

The  cause  of  the  rise  of  blood  pressure  is  a  marked  constriction  of  the  vessels  of 
the  splanchnic  area.  The  blood  is  forced  out  of  these  and  as  a  result  there  is  in  dogs 
a  secondary  dilatation  of  those  of  the  skin,  mouth  and  tongue.  The  temperature  of  the 
skin  rises,  while  that  in  the  rectum  falls  (Wertheimer).  The  blood  vessels  of  the  web 
of  the  frog's  foot,  on  the  other  hand,  are  constricted  even  during  convulsions  (Maurel). 
The  intracranial  pi'essure  increases  with  the  rise  of  blood  pressure  (Roy  and  Sherring- 
ton), although  the  vessels  of  the  retina  and  those  of  the  pia  mater,  if  exposed,  appear  con- 
tracted (Hirschfelder). 

The  vascular  constriction  is  universally  held  to  depend  on  a  stimulation  of  the 
vasomotor  center.  If  the  center  is  already  in  a  state  of  hypersensitiveness  as  from 
slight  asphyxia,  the  pressor  response  is  marked  in  dogs,  even  with  small    (0.05  mgm. 
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))er  kilo)  doses  (Sollmann).  Large  doses  bring  about  paralysis  of  the  center.  If  dogs  or 
other  animals  are  curarized  and  given  artificial  respiration  they  will  withstand  doses 
many  times  as  large  as  those  otherwise  fatal.  If  such  animals  are  given  a  dose  of 
5  nigm.  per  kilo  there  is  an  enormous  rise  of  pressure,  followed  by  a  return  to  normal. 
A  second  dose  produces  a  fall  with  return  to  normal.  The  same  effect  is  seen  in  normal 
animals  if  the  sympathetic  nerves  are  cut,  separating  the  vessels  largely  from  the 
vasoconstrictor  center,  but  not  from  the  vasodilator.  This  shows  that  strychnine  stimu- 
lates the  vasodilator  center  as  well  as  the  constrictor  (Bayliss).  If  in  a  cat  or  rabbit 
under  the  influence  of  large  doses  of  strychnine  the  depressor  nerve  is  stimulated,  a  rise 
of  pressure  is  seen  instead  of  the  usual  fall.  This  may  be  a  reversal  of  an  inhibitory 
phenomenon  into  an  activating  one  (Bayliss).  The  occurrence  of  the  phenomenon  is 
denied  by  Langley.  If  the  dose  of  strychnine  is  not  large  enough  to  cause  early  paralysis 
of  the  vasomotor  center,  a  curarized  animal  under  the  influence  of  strychnine  will  show 
spasmodic  rises  of  pressure  suggesting  convulsions,  and  will  respond  to  sensory  stimuli 
by  rise  of  pressure  instead  of  by  tetanus.  This  seems  to  indicate  that  the  stimulation  of 
the  pressor  center  is  very  similar  to  that  of  the  spinal  cord.  Perfusion  of  the  medulla 
in  the  turtle  leads  to  weakening  of  the  heart  beats  from  stimulation  of  the  cardio- 
inhibitory  center  (Bush). 

Both  therapeutic  and  toxic  doses  slow  the  heart,  and  large  doses  weaken  its  con- 
tractions, while  small  doses  have  no  effect  on  them.  The  peripheral  vagus  is  first  stimu- 
lated briefly  and  slightly,  and  with  large  doses  later  paralyzed  (Forli).  At  first  the 
irritability  of  the  heart  may  be  slightly  increased  (LaFranca)  but  soon  the  intracardiac 
conductivity  and  the  irritability  of  the  ventricle  are  decreased  and  a  heart  which  is 
irregular  by  reason  of  extrasystoles  becomes  regular;  one  which  is  dropping  beats  be- 
comes worse  (Smith).  The  heart  of  the  frog  is  affected  similarly  to  that  of  the  mammal, 
becoming  slower  and  weaker.  During  tetanic  attacks  the  heart  continues  to  beat,  but 
more  slowly  while  the  lymph  hearts  stop  (Igersheimer). 

Respiration. — The  respiratory  center  is  markedly  stimulated  by  moderate  and  by 
toxic  doses  of  strychnine,  the  increase  in  the  volume  of  air  moved  increasing  with  the 
other  motor  effects.  With  small  doses  this  effect  may  not  be  seen  in  normal  indi- 
viduals (Edsall  and  Means),  but  is  almost  always  distinct  if  the  respiration  has  been 
depressed  by  narcotics  or  otherwise.  If  chloral  is  given  to  rabbits  in  dose  large  enough 
to  threaten  life  from  asphyxia,  strychnine  in  moderate  dose  may  restore  the  respiration 
almost  to  normal. 

The  motor  unrest  caused  by  large  doses  gives  rise  to  an  increase  in  the  formation 
of  CO,  and  the  gas  exchange  is  still  further  Increased  if  there  is  a  rise  in  temperature. 
It  is  hardly  necessary  to  recall  the  stoppage  of  respiration  brought  about  indirectly  by 
the  convulsions,  which  is  often  fatal. 

Metabolism. — Strychnine  has  no  direct  effect  on  the  metabolism.  The  increased 
motor  activity  induced  by  large  doses  gives  rise  to  increase  of  gas  exchange  and  of 
excretion  of  nitrogen.  The  same  increase  in  general  chemical  exchange  is  said  to  be 
accompanied  by  increased  secretion  from  the  thyroid  gland,  with  resulting  loss  of  col- 
loid material  (Mills). 

Both  heat  production  and  heat  dissipation  are  increased.  Early  in  the  poisoning 
the  former  is  most  increased  and  the  temperature  rises,  but  later  heat  dissipation 
is  greater  and  the  temperature  falls  (Kionka). 

Nerve  System. — Every  part  of  the  nerve  system  is  influenced  by  strychnine,  the  cen- 
ters being  without  exception  stimulated  so  that  they  respond  to  weaker  stimuli,  the 
peripheral  portions,  on  the  contrary,  being  depressed  and  eventually  paralyzed.  The 
psychic  functions  are  little  influenced.  The  stimulating  action  on  the  medulla  and  cord 
is  so  great  that  it  overcomes  and  obscures  all  other  effects  and  with  moderate  doses  is 
alone  observed.  The  most  evident  peripheral  action  is  a  paralysis  of  the  motor  nerve- 
ending,  but  by  local  application  it  can  be  shown  that  sensory  endings  are  also  depressed. 
The  retina  appears  to  be  the  only  peripheral  structure  the  sensibility  of  which  is 
increased,  and  morphologically  this  is  really  an  extension  of  the  brain. 

As  the  spinal  cord  shows  the  action  of  strychnine  most  strikingly  and  character- 
istically it  will  be  best  to  describe  first  the  action  on  this. 

Spinal  Cord. — The  most  important  and  characteristic  action  of  strychnine  on  the  body 
consists  in  a  remarkable  increase  of  the  spinal  reflexes.  This  is  shown  not  only  by 
increased  response  to  such  stimuli  as  normally  call  forth  reflexes,  but  also  by  the  occur- 
rence of  motor   reactions  to  all   sensory  impulses.    In   mild   strychnine  intoxication,  a 
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stimulus  applied  to  any  part  of  the  body  will  cause  a  spasmodic  jerking  of  the  muscles 
of  that  part.  This  might  be  looked  upon  as  merely  an  exaggerated  and  uncontrolled 
reflex  of  a  physiologic  type.  In  moderately  severe  poisoning  a  local  stimulus  will  call 
forth  a  response  from  the  entire  body.  Thus,  if  one  leg  is  touched,  or  even  blown  on 
gently,  not  only  will  that  leg  show  spasmodic  jerking,  but  the  opposite  leg  will  show 
a  similar  reaction,  and  even  the  other  legs  and  the  muscles  of  the  neck  may  be  involved. 
If  finally  the  dose  is  large  enough  to  cause  true  tetanus,  any  stimulus  will  call  forth  a 
strong  and  continued  contraction  of  all  or  almost  all,  the  muscles  of  the  body.  The 
physiologic  character  of  the  reaction  is  entirely  lost,  inasmuch  as  the  flexors  and  exten- 
sors are  contracted  at  the  same  time,  which  never  happens  in  normal  reflexes.  This 
simultaneous  contraction  of  flexors  and  extensors  is  also  shown  in  a  peculiar  reversal 
of  the  inhibitory  motor  reflex.  Normally  if  a  motor  nerve  is  stimulated,  the  muscles 
innervated  by  this  contract,  and  the  opposing  muscles  relax.  Under  the  influence  of 
strychnine,  however,  both  groups  contract.  This  is  best  seen  in  the  spinal  animal 
(Sherrington). 

The  spread  of  motor  impulses  to  other  muscle  groups  than  the  one  properly 
involved  in  the  reflex,  is  due  to  the  lowering  of  the  threshold  for  complex  responses. 
The  simplest  spinal  reflex  is  the  withdrawal  of  the  foot  when  it  is  stimulated,  the  so 
called  "flexor  reflex."  This  is  normally  elicited  by  comparatively  weak  stimuli.  A 
stimulus  several  times  as  strong  is  required  in  the  unpoisoned  spinal  cat  to  cause  a 
response,  usually  extensor,  in  the  opposite  leg,  and  very  strong  stimuli  must  be  used 
to  cause  a  spread  of  the  response  to  the  foreleg  if  the  hind  foot  be  stimulated.  Under 
large  doses  of  strychnine  the  threshold  for  the  flexor  reflex  is  only  slightly  lessened 
but  that  for  the  other  reflexes  is  brought  down  to  the  same  level  (Porter). 

Another  peculiarity  of  the  response  of  the  animal  under  strychnine  is  that  instead 
of  the  normal  brief  muscular  contraction,  the  muscles  pass  into  prolonged,  spasmodic 
contractions  whix-h  may  last  as  much  as  a  minute.  This  tetanic  spasm  is  not  dependent 
on  a  rapid  succession  of  sensory  stimuli  as  is  the  tetanus  of  normal  muscle,  but  a  single 
stimulus  will  call  forth  a  series  of  impulses  from  the  motor  cells  of  the  cord,  even  when 
cerebral  impulses  are  prevented  by  high  section,  and  all  the  sensory  roots  are  cut.  That 
there  are  not  repeated  sensory  stimuli  arising  from  the  contracted  muscle  is  shown  by 
a  prolonged  action  current  in  the  motor  nerve  of  a  similar  animal  under  curare  (Veszi). 

The  response  to  various  kinds  of  sensory  stimuli  differs  widely.  Mechanical  stimuli 
are  by  far  the  most  effective,  and  the  least  jar,  even  of  the  floor  of  the  room,  entirely 
Imperceptible  to  normal  individuals,  will  bring  on  a  tetanic  attack.  A  sudden  touch 
also  acts  as  an  excitant,  while  gradually  increasing  pressure  may  be  well  borne.  The 
abruptness  of  the  stimulus  is  of  more  importance  than  its  strength.  Rhythmically 
recurring  stimuli,  as  the  motion  of  artificial  respiration,  may  exert  a  soothing  effect. 
Blowing  on  the  skin  will  cause  attacks,  but  application  of  heat  and  cold  is  less  effective. 
The  threshold  for  electric  stimuli,  that  is  the  strength  of  the  weakest  stimulus  which 
will  cause  any  response,  is  the  same  in  normal  and  in  poisoned  frogs  (Elrington).  In 
the  strychnine  frog,  however,  this  current  causes  a  true  tetanic  attack.  Chemical  stimu- 
lation, as  by  dipping  the  foot  of  a  frog  in  dilute  acid,  has  little  power  to  induce 
convulsions. 

Stimulation  of  different  tissues  is  very  different  in  its  effectiveness.  The  skin  Is 
most  sensitive.  In  the  frog  direct  stimulation  of  the  muscles  has  almost  no  effect,  while 
stimulation  of  joints  and  tendons  causes  tetanus  (Baglioni).  Handling  of  the  exposed 
viscera  does  not  cause  attacks.  Even  on  the  skin,  if  one  spot  is  repeatedly  stimulated, 
the  stimuli  will  eventually  become  ineffective,  but  stimulation  of  a  fresh  spot  will  cause 
renewed  tetanus,  showing  that  the  sensory  cells  become  exhausted  before  the  motor 
(Baglioni). 

If  a  stimulus  is  strong  enough  to  cause  a  reaction  in  an  animal  under  strychnine, 
the  response  differs  from  that  in  a  normal  animal  in  that  however  weak  the  stimulus, 
the  response  is  always  maximal.  In  other  words  every  muscle  in  the  body  may  con- 
tract to  its  fullest  extent  as  the  result  of  the  weakest  effective  stimulus  and  obviously 
stronger  stimuli  can  have  no  greater  effect. 

Much  work  has  been  done  to  determine  what  portion  of  the  nerve  system  is  responsi- 
ble for  these  exaggerated  responses  and  what  is  the  mechanism  of  the  reaction.  It  was 
early  shown  th'at  the  tetanus  was  as  violent  in  frogs  decapitated  below  the  medulla  as  in 
normal  animals,  and  the  same  fs  true  of  mammals.  This  shows  that  the  brain  and 
medulla  are  not  the  parts  acted  on.    That  the  peripheral  structures  are  not  involved  is 
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shown  by  the  following  experiments.  A  limb  tied  off  from  the  rest  of  the  body  leaving 
only  the  nerve  free  is  involved  equally  with  the  intact  limbs.  Injection  of  strychnine 
into  a  limb  tied  off  with  exclusion  of  the  nerve  produces  no  symptoms  showing  that  the 
tetanic  effect  is  neither  on  the  peripheral  sensory  nor  on  the  peripheral  motor  structures 
(Magendie,  1819).  If  the  motor  nerve  is  cut  the  tetanus  ceases  in  the  corresponding 
muscles  (Job.  Mueller,  1844).  The  posterior  root  ganglia  are  not  concerned  as  applica- 
tion of  strychnine  to  these  is  without  effect  (Baglioni),  and  typical  tetanus  occurs  in 
frogs  in  which  all  the  posterior  roots  have  been  cut  (Herrman,  1846),  and  also  in  dogs, 
so  long  after  the  section  that  all  the  afferent  fibers  from  these  ganglia  have  degenerated 
(Sherrington).  After  section  of  the  posterior  roots  the  cord  must  be  directly  stimu- 
lated, as  no  afferent  impulses  can  reach  it. 

These  results  prove  that  the  action  is  limited  to  the  spinal  cord  and  the  tetanus 
resulting  from  the  application  of  weak  solutions  of  strychnine  to  the  cord  itself  confirms 
this  view. 

Many  experiments  have  been  devised  with  a  view  to  showing  whether  the  motor 
(ventral)  or  sensory  (dorsal)  portion  of  the  cord  is  affected.  The  first  important  work 
done  with  this  purpose  consisted  in  the  exposure  of  the  cervico-dorsal  portion  of  the  cord 
of  the  frog,  and  the  application  to  it  of  dilute  strychnine  solutions  (Houghton  and 
Muirhead).  It  is  evident  that  if  a  foreleg  be  stimulated  the  impulse  to  the  hind  legs 
passes  through  a  poisoned  sensory  and  an  intact  motor  cell,  while  if  a  hind  leg  be 
stimulated  the  impulse  to  the  forelegs  passes  through  an  intact  sensory  and  a  poisoned 
motor  cell.  It  was  found  that  stimulation  of  the  front  legs  produced  tetanus  of  both 
forelegs  and  hind  legs,  while  stimulation  of  the  hind  legs  was  without  effect.  This 
was  looked  upon  as  proving  that  poisoning  of  the  sensory  cells  was  alone  necessary  to 
cause  tetanus,  and  the  idea  was  apparently  confirmed  by  the  fact  that  in  strychnine 
frogs  the  sensory  cells  of  whose  cords  had  been  destroyed  by  application  of  phenol, 
tetanus  could  not  be  produced  by  direct  stimulation  of  the  cord  (Baglioni).  That  fhe 
conclusions  of  Houghton  and  Muirhead  were  erroneous  is  shown  by  injecting  in  frogs 
a  barely  tetanic  dose  of  strychnine.  In  such  frogs  gentle  stimulation  of  the  hind  legs 
will  cause  a  response  only  in  these  while  stimulation  of  the  forelegs  causes  a  response 
in  the  forelegs  and  hind  legs  both  (McGuigan  and  Becht,  McGuigan,  Keeton  and  Sloan). 
These  experiments  show  that  the  earlier  results  may  be  explained  merely  by  the  fact  that 
impulses  spread  along  the  cord  away  from  the  head  more  readily  than  in  the  opposite 
direction. 

More  recent  studies  appear  to  establish  definitely  the  fact  that  to  obtain  true  tetanus 
in  either  frogs  or  mammals  it  is  requisite  that  not  only  the  sensory  but  also  the  motor 
cells  of  the  cord  be  acted  on  by  the  drug.  The  question  of  the  influence  on  the  connecting 
tracts  or  possible  intermediate  cells  is  not  clear.  If  strychnine  is  applied  to  both  sur- 
faces of  the  lumbar  cord  of  dogs  stimulation  of  the  head  and  forelegs  is  without  effect, 
while  stimulation  of  the  hind  legs  causes  tetanus  limited  to  these.  If  strychnine  is 
applied  solely  to  the  dorsal  aspect  of  the  lumbar  cord  of  a  dog  or  a  frog,  the  reflexes 
from  this  part  are  increased  and  there  is  twitching  of  the  hind  legs,  but  no  true  tetanus 
even  from  strong  stimuli.  If  strychnine  is  applied  to  the  ventral  surface  of  any  part 
of  the  cord,  it  has  no  effect  whatever.  If,  on  the  other  hand  it  is  applied  to  the  ventral 
surface  of  the  lumbar  cord  and  the  dorsal  surface  of  the  dorsal  cord  stimulation  of  the 
forelegs  causes  twitching  of  the  forelegs  and  violent  tetanus  of  the  hind  legs,  while 
stimulation  of  the  hind  legs  causes  no  tetanic  symptoms  (Dusser  de  Barenne).  Injection 
of  strychnine  both  into  the  lateral  ventricle  and  intradurally  into  the  lumbar  region 
gives  rise  to  a  condition  in  which  stimulation  of  the  body  has  no  effect;  stimulation  of 
the  hind  legs  causes  tetanus  limited  to  the  hind  legs;  and  stimulation  of  the  face  causes 
tetanus  of  the  face  and  head  and  also  of  the  hind  legs,  but  not  of  the  parts  between 
(McGuigan  and  Becht).  That  the  influence  of  strychnine  is  on  the  sensory  and  motor 
cells  rather  than  on  the  neurons  between  is  indicated  by  the  fact  that  if  the  cord  is  poi- 
soned in  the  dorsal  region  stimulation  of  the  head  does  not  cause  increased  response  in 
the  hind  legs,  although  it  causes  tetanus  in  the  forelegs  (McGuigan,  Keeton  and  Sloan). 
The  sensory  impulses  here  pass  down  the  cord  to  the  poisoned  sensory  cells  and  thence 
to  the  poisoned  motor  cells  of  the  forelegs,  but  in  passing  through  the  poisoned  area 
they  are  not  increased. 

As  already  stated  the  tetanus  and  hyperexcitability  which  characterize  the  early 
stage  of  strychnine  poisoning  are  followed  by  exhaustion  and  paralysis.  This  paralysis 
is  partly  dependent  on  a  curare-like  block  at  the  motor  nerve  ending,  but  is  chiefly  or 
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primarily  spinal,  as  shown  by  the  fact  that  it  occurs  before  the  nerve  ending  is  blocked. 
Two  ideas  with  regard  to  the  causation  of  this  paralysis  have  been  advanced:  one,  held 
by  Verworn,  is  that  the  paralysis  is  not  due  to  a  direct  action  of  the  strychnine  but  that 
it  depends  on  asphyxia.  The  use  of  oxygen  by  the  cord  is  enormously  increased  by 
strychnine  and  thus  a  condition  favorable  to  asphyxia  is  produced.  The  reason  that  large 
doses  cause  paralysis  and  small  do  not  is  because  the  former  paralyze  the  heart  and 
interrupt  the  circulation.  If  the  paralyzed  cord  is  perfused  with  oxygenated  Ringer  solu- 
tion the  tetanus  returns.  That  this  is  not  due  merely  to  removing  strychnine  is  shown 
by  the  failure  of  tetanus  to  return  on  perfusing  with  plain  Ringer  (Verworn,  Lipschutz). 
The  other  view  that  strychnine  itself  exercises  a  direct  paralyzing  action  on  the  motor 
cells  of  the  cord  seems,  however,  to  be  established  beyond  a  doubt.  A  dose  just  large 
enough  to  cause  paralysis  in  a  frog  has  little  effect  on  the  heart  or  blood  pressure 
(Igersheimer,  Heubner  and  Loewe,  Jacobi),  which  may  even  beat  for  several  days  while 
paralysis  continues  (Maurel).  That  the  difference  in  the  effect  of  large  and  small  doses 
is  not  due  to  the  former  stopping  the  heart  is  shown  by  the  fact  that  in  frogs  with  the 
heart  removed,  injection  of  small  doses  of  strychnine  is  followed  by  violent  tetanus 
lasting  several  hours,  while  large  doses  cause  only  brief  tetanus  and  early  paralysis 
(Githens,  unpublished).  If  the  paralysis  were  due  to  asphyxia  dependent  on  excessive 
activity  of  the  cord,  the  smaller  doses  causing  more  violent  tetanus,  should  have  caused 
the  earlier  paralysis,  as  the  circulation  was  stopped  in  both. 

Brain. — In  man  the  thought  processes  are  not  stimulated  by  the  action  of  strychnine 
(Poffenberger).  In  fact  the  only  way  in  which  a  direct  action  on  the  brain  is  seen  in 
animals  is  by  direct  application  to  the  cerebrum.  Application  to  all  parts  of  the  cortex 
except  the  motor  area  is  without  apparent  effect,  but  applied  to  motor  area,  even  very 
weak  solutions,  0.05  percent.,  may  lower  the  irritability  to  direct  electric  stimulation 
(Bernatzky)  or  increase  it  (Baglioni  and  Magnini)  while  stronger  ones,  1  percent,  cause 
clonic  spasms  of  the  corresponding  limb  (Amantea;   Baglioni  and  Magnini). 

Poisonous  doses  are  said  to  decrease  the  time  required  by  rats  to  find  their  way 
through  a  maze.     Smaller  doses  are  without  effect   (Lashley). 

Injected  into  one  of  the  lateral  ventricles  in  the  dog,  strychnine  causes  spasmodic 
contraction  of  muscles,  especially  of  the  head  and  neck. 

Applied  to  the  cerebellum  or  injected  into  it  even  3  percent,  solutions  have  no  dis- 
tinctive effects   (Magnini). 

Strychnine  applied  to  the  medulla  and  floor  of  the  fourth  ventricle  in  dogs  causes 
hyperesthesia  and  spasms,  especially  in  the  face  and  neck  but  sometimes  over  the  rest 
of  the  body.  Applied  to  the  lateral  portion  it  causes  salivation  and  vomiting  with  inco- 
ordination in  walking  and  forced  motions  toward  the  same  side  of  the  body  (Magnini  and 
Bartolommeo). 

The  stimulation  of  the  respiratory  and  vasomotor  centers  has  been  described. 

Special  Senses  and  Pain  Sense. — Strychnine  in  small  dose  renders  all  the  special 
senses  more  acute  by  action  on  the  centers.  The  peripheral  sense  organs  are  depressed, 
with  the  exception  of  the  retina. 

Pain. — The  pain  sense  is  increased  by  action  on  the  cord,  as  shown  by  the  hyper- 
esthesia and  pain  occurring  in  dogs  after  application  of  strychnine  to  the  dorsal  columns 
(Baglioni,  Dusser  de  Barenne). 

Strychnine  applied  locally  to  the  skin  of  the  frog,  on  the  other  hand,  reduces  its 
sensibility.    The  same  is  true  of  the  tongue  in  man  (Filehne). 

Taste. — The  sense  of  taste  is  sharpened  centrally,  but  depressed  peripherally.  Thus 
Filehne  found  that  solutions  of  sugar,  of  quinine  and  of  sulphuric  acid  which  he  could 
just  taste  normally,  tasted  strong  after  a  hypodermic  injection  of  4  to  5  mgm.  (gr.  3/40) 
of  strychnine,  but  could  not  be  tasted  at  all  after  rinsing  the  mouth  with  strychnine 
solution  and  waiting  an  hour  until  all  the  bitter  taste  had  passed  away. 

Smell. — The  sense  of  smell  is  also  sharpened,  although  the  usually  quoted  experiences 
of  Frcihlich  and  Lichtenfels  in  this  respect  are  of  little  value  as  they  confused  local  and 
systemic  action. 

Hearing. — The  sense  of  hearing  is  rendered  hyperesthetic — loud  noises  often  be- 
coming painful. 

Sight. — The  sense  of  sight  has  been  more  studied.  There  is  an  increase  in  the 
ability  to  perceive  differences  in  shades  of  color  and  degrees  of  light  intensity.  Colors 
normally  beyond  the  visual  range  may  be  appreciated.  After  5  mgm.  hypodermically 
the  visual  field  is  distinctly  enlarged,  especially  for  white  and  blue.     This  last  effect 
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can  be  brought  about  in  one  eye  only,  by  instillation  of  0.1  cc.  of  1  percent,  solution 
of  strychnine  sulphate.  The  horizontal  meridian  for  white  is  increased  from  the  nor- 
mal, 90°,  to  95°  and  the  blue  may  increase  to  90°  (Filehne).  All  those  effects  have 
recently  been  denied  (Schlagintweit). 

Peripheral  Nerves. — In  contrast  to  its  action  on  the  centers,  direct  application  of 
strychnine  to  nerve  trunks  lessens  and  finally  abolishes  their  irritability  (Couvreur; 
Lapicque). 

The  motor  nerve  ending  is  paralyzed  by  large  doses  in  a  manner  similar  to  that  of 
curare,  but  if  small  doses  be  given  to  frogs,  it  is  found  that  soon  after  the  injection, 
stimulation  of  the  nerve  causes  contraction  with  currents  too  weak  to  be  effective  in 
the  normal  animal  (Lapicque,  Hammett)  and  frog  muscle-nerve  preparations  exposed  to 
1:1,000,000  solutions  of  salts  of  strychnine,  give  augmented  contractions. 

According  to  Lapicque,  the  latent  period  following  stimulation  of  the  nerve  and  of 
the  muscle  is  essentially  the  same  in  the  normal  frog.  Any  disturbance  of  this  relation- 
ship causes  a  block  in  the  nerve  impulse.  Thus,  curare  causes  a  prolongation  of  the 
latent  period  in  the  muscle,  strychnine  a  shortening  of  the  latent  period  in  the  nerve. 

The  paralysis  of  the  motor  nerve  ending  may  occur  soon  with  overwhelming  doses, 
or  may  not  come  until  after  the  heart  has  ceased  beating.  The  larger  the  dose  the  sooner 
it  occurs,  and  with  small  doses  it  is  not  seen  at  all.  Doses  of  2  mgm.  per  Gm.  cause 
complete  block  within  24  hours   (Githens  and  Meltzer). 

Autonomic  System. — The  autonomic  centers,  such  as  the  vasomotor  and  vagus 
centers,  are  stimulated  by  strychnine,  but  the  application  of  solutions  directly  to  the 
peripheral  ganglia,  such  as  the  vagus  ganglion  (Forli)  or  the  superior  cervical  (Langley 
and  Dickinson,  Forli),  lessens  their  conductivity  or  even  entirely  prevents  the  passage 
of  impulses. 

Applied  to  unstriped  muscle  in  vitro,  strychnine  stimulates  it,  increasing  both  the 
strength  of  contraction  and  the  tonus.  This  has  been  shown  for  the  intestine  of  the  cat 
(Langley  and  Magnus),  and  the  vas  deferens  of  the  rat  (Waddell). 

In  the  cat  and  dog,  doses  of  strychnine  too  small  to  cause  increased  reflexes,  induce 
a  marked  increase  in  the  formation  and  excretion  of  adrenalin.  This  is  similar  to  that 
which  occurs  on  stimulation  of  the  splanchnic  nerves,  and  is  presumably  central  in 
origin   (Stewart  and  Rogoff). 

Therapeutics. — Strychnine  is  perhaps  the  most  widely  used  agent  in  the  whole 
therapeutic  armamentarium,  if  not  more  often  prescribed  than  iron,  certainly  em- 
ployed in  a  wider  range  of  ailments  than  any  other  drug.  It  is,  however,  a  remedy 
regarding  the  therapeutic  efficacy  of  which  there  is  a  divergence  of  opinion,  some 
clinicians  prescribing  it  in  all  conditions  characterized  by  depressed  function  of  any 
part  of  the  body,  others  limiting  its  use  to  affections  of  the  spinal  cord  and  of  certain 
structures  innervated  by  the  autonomic  system. 

There  is  very  little  difference,  save  in  degree  of  force,  between  the  action  of 
nux  vomica  and  that  of  strychnine,  but  the  general  practice,  to  which  there  are  and 
properly  may  be  many  exceptions,  is  to  prescribe  one  of  the  preparations  of  nux 
vomica  when  a  local  action  on  the  gastric  mucus  membrane  is  desired,  which  the 
presence  of  brucine  and  the  slower  rate  of  absorption  of  the  crude  drug  favors,  giving 
strychnine  when  action  on  a  distant  organ  after  absorption  is  the  object  aimed  at.  And, 
of  course,  for  hypodermic  or  intravenous  injection  strychnine  alone  is  available. 
Brucine,  which  is  of  uncertain  strength  but  in  general  is  less  than  1/15  as  strong  as 
strychnine,  is  sometimes  employed  for  children,  or  by  practitioners  who  are  timid  in 
prescribing  drugs  of  enormous  toxic  power. 

Nux  vomica  is  one  of  the  best  of  the  simple  bitters,  not  only  increasing  the 
secretion  of  the  gastric  juice,  but  toning  up  the  muscular  wall  of  the  viscus.  It 
improves  the  appetite  and  aids  digestion.  It  is  serviceable  in  the  treatment  of  chronic 
gastric  catarrh  and  of  dilatafion  of  the  stomach,  in  doses  of  5  to  10  minims  (0.3  to  0.6 
ce.)  of  the  tincture  three  times  a  day  V2  to  1  hour  before  meals,  and  sometimes  quiets 
nausea  and  vomiting  of  reflex  origin,  such  as  the  vomiting  of  pregnancy  and  seasick- 
ness, when  given  in  doses  of  two  drops  (1  minim)  of  the  tincture  in  a  teaspoonful 
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of  ice- water  every  hour.  In  chronic  "biliousness,"  characterized  by  a  thickly  coated 
tongue,  pyrosis,  sallow  complexion,  yellowish  conjunctivae  and  nagging  colicky  pains 
between  the  gall-bladder  and  umbilicus,  relief  may  sometimes  be  obtained  by  y2  to  1 
grain  (0.03  to  0.06  Gm.)  doses  of  the  extract  of  nux  vomica  in  pill  with  capsicum 
(1/8  grain)  and  extract  of  gentian,  three  times  a  day.  In  chronic  alcoholism,  the  same 
pill  may  be  given  every  4  hours.  Nux  vomica  or  strychnine  is  contraindicated  in 
hyperchlorhydria  and  acute  gastritis. 

Intestinal  indigestion  with  jfiatulence  and  diarrhea,  catarrhal  enteritis  and  mucous 
colitis  are  benefited  by  Yz  to  1  grain  (0.03  to  0.06  Gm.)  doses  of  the  extract  of  nux 
vomica  three  times  a  day  before  meals.  In  atony  and  relaxation  of  the  bowels  with 
sluggish  peristalsis,  10  drops  of  the  tincture  of  nux  vomica  in  a  glass  of  water,  sipped 
slowly  while  dressing  in  the  morning,  will  sometimes  relieve  the  constipation  and 
restore  tone  to  the  intestinal  walls.  Strychnine  is  an  ingredient  of  many  laxative 
pills  and  is  useful  in  atonic  constipation,  but  should  not  be  given  in  spastic  conditions 
of  the  intestine.  In  postoperative  distention  of  the  bowel,  relief  is  obtained  by  hypo- 
dermic injection  of  pituitary  extract,  and  the  intestinal  tone  can  then  be  maintained 
by  the  sulphate  or  hydrochloride  of  strychnine,  given  by  mouth  or  hypodermically,  in 
dose  of  1/40  grain  (0.0015  Gm.)  every  four  hours.  In  colliquative  diarrhea,  good  re- 
sults are  obtained  from  the  exhibition  of  strychnine  sulphate,  1/128  grain,  in  a  mixture 
with  diluted  sulphuric  acid  and  morphine  sulphate  four  times  a  day. 

The  most  conflicting  opinions  are  held  regarding  the  action  of  strychnine  on  the 
heart.     Cushny  denies  that  there  is  any  evidence  pointing  to  the  power  of  strychnine 
in  medicinal  doses  to  act  upon  the  heart,  or  to  modify  blood-pressure  and  Sollmann 
is  in  practical  agreement  with  him.     On  the  other  hand,   clinicians  daily  prescribe 
strychnine  for  the  relief  of  shock  with  low  blood  pressure  and  cardiac  depression, 
and  maintain  that  the  remedy  meets  their  expectation  in  these  conditions.     Whitla 
even  asserts  that  it  is  the  only  drug  of  real  value  in  degeneration  of  the  heart  muscle, 
and  most  practitioners  will  agree  with  Duckworth  in  the  statement,  that  somehow 
we  do  get  good  results  from  the  use  of  strychnine  in  cardiac  troubles,  and  that  even 
admitting  that  such  treatment  is  empirical,  it  is  at  least  beneficial.    As  a  matter  of 
fact,  strychnine  is  a  powerful  stimulant  of  muscular  as  well  as  of  other  tissues,  but 
in  the  case  of  the  heart,  the  direct  action  on  the  muscle  is  counteracted  in  a  measure 
by  its  stimulation  of  the  vagus-centers;  nevertheless,  when  rapid  action,  though  not 
necessarily  of  long  duration,  is  desired  in  case  of  sudden  heart  weakness,  an  admirable 
and  satisfactory  agent  in  found  in  strychnine.    For  example  when  the  heart  suddenly 
flags  during  the  administration  of  an  anesthetic,  an  intramuscular  injection  of  1/10 
grain  (0.006  Gm.)   of  either  of  the  official  salts  of  strychnine,  associated,  if  desired, 
■with  1/60  grain  (0.001  Gm.)  of  atropine  sulphate,  will  almost  immediately  raise  the 
tone  of  the  organ  and  strengthen  the  pulse.     The  same  treatment  is   called  for  in 
the  cardiac  and  respiratory  failure  attending  narcotic  poisoning,  in  gas  asphyxia,  or 
in  poisoning   by   one   of   the   coal-tar   analgesics   or   antipyretics;    strychnine   is   not 
antidotal  to  these  poisons,  nor  will  it  suffice  ordinarily  of  itself  to  save  life,  but  by 
it  one  gains  time  in  which  to  institute  curative  measures.     Hale  White  goes  further 
than  most  practitioners,  except  Whitla,  when  he  states  that  in  cases  of  heart  disease 
in  which  for  any  reason  the  administration  of  digitalis  is  inadmissible,  strychnine, 
with  or  without  caffeine,  may  be  used  in  its  place;  but  he  adds,  that  some  doubt  its 
efficacy.     In  the  heart  weakness  of  acute  fevers,  such  as  pneumonia,  influenza  and 
diphtheria,  strychnine  by  subcutaneous  injection  is  very  useful.     In  valvular  disease 
with  loss  of  compensation,  it  may  be  given  as  an  adjuvant  to  digitalis. 

As  a  respiratory  stimulant,  strychnine  renders  excellent  service.     In  the  respira- 
tory depression  of  apoplexy  or  that  resulting  from  the  compression  by  a  tumor  or  a 
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depressed  fracture  of  the  skull,  much  improvement  may  be  anticipated  from  intra- 
muscular or  hypodermic  injection  of  strychnine  in  moderate  doses  (1/40  grain) 
repeated  as  occasion  requires.  In  chronic  bronchitis,  pneumonia,  pulmonary  tubercu- 
losis and  emphysema;  the  feeble  and  shallow  respirations  are  greatly  strengthened  and 
deepened  by  the  continued  administration  of  the  fluidextract  or  tincture  of  nux 
vomica  in  doses  of  2  minims  (0.12  cc.)  or  of  10  minims  (0.6  cc.)  respectively  three 
times  a  day. 

Dunlop  advocates  the  giving  of  stryclmine  as  a  routine  measure  in  the  capillary 
bronchitis  of  infants.  He  gives  1  minim  of  the  Br.P.  liquor  strychninae  hydrochloridi 
(equivalent  to  1/110  of  a  grain)  every  four  hours  except  when  there  is  diarrhea  or 
extreme  respiratory  stridor.  If  signs  of  increasing  strain  on  the  heart  appear,  he 
adds  minute  doses  (V^  minim)  of  tincture  of  strophanthus.  The  depression  occurring 
at  the  crisis  in  pneumonia  may  be  safely  tided  over  by  a  hypodermic  injection  of 
1/30  grain  (0.002  Gm.)  of  strychnine  and  1/150  grain  (0.0004  Gm.)  of  strophanthin."* 
In  typhoid  fever  and  other  adynamic  affections,  breathing  may  become  labored  from 
hypostatic  congestion  of  the  lungs,  and  here  much  relief  is  afforded  by  the  sub- 
cutaneous administration  of  strychnine  in  conventional  dose.  In  bronchitis  with,  dif- 
ficult expectoration  the  addition  of  nux  vomica  to  the  cough  mixture  renders  good 
service.  In  cardiac  dyspnea,  in  some  cases  of  asthma,  and  in  the  winter  cough  of 
the  aged,  nux  vomica  or  strychnine  sometimes  affords  great  relief,  when  given  in 
moderate  doses  (15  drops  of  the  tincture  of  nux  vomica  or  1/40  grain  of  strychnine) 
three  or  four  times  a  day.  When,  during  artificial  respiration  in  a  case  of  drowning 
or  asphyxia  from  any  cause,  the  first  natural  inspiration  is  taken,  a  hypodermic 
injection  of  1/30  to  1/20  grain  (0.002  to  0.003  Gm.)  will  often  give  the  respiratory 
center  a  fillip  that  will  insure  return  to  natural  breathing. 

As  a  general  tonic  and  stimulant  of  metabolism  strychnine  is  unrivaled.  It  is 
invaluable  in  stimulating  the  flagging  powers  of  the  aged,  but  must  be  given  only 
when  these  powers  are  unduly  depressed,  and  overstimulation  must  be  avoided. 
Strychnine  is  a  whip  which  should  never  be  applied  to  a  willing  horse;  it  is  a 
stimulant,  and  when  employed  as  a  tonic,  must  be  given  in  very  small  doses  (1/120  to 
1/110  grain — 0.0005  to  0.0006  Gm.)  three  times  a  day.  If  the  dose  is  too  large, 
reaction  will  be  inevitable  and  there  will  be  no  remedy  available,  unless  possibly 
epinephrine.  Properly  administered  in  cases  of  cachexia  and  general  debility,  it 
stimulates  the  nutritive  processes,  gives  tone  to  the  relaxed  muscles,  and  strengthens 
the  heart  both  by  its  direct,  though  slight,  action  on  the  myocardium  and  by  raising 
the  blood  pressure  (an  effect  which  some,  without  sufficient  evidence,  deny)  which 
improves  the  nutrition  of  the  muscle  by  increasing  the  flow  through  the  coronary 
arteries.  In  convalescence  from  exhausting  illness  when  anemia  is  present,  strychnine 
is  very  useful,  in  association  with  iron  and  arsenic. 

Strychnine  finds  a  very  wide  field  of  usefulness  as  a  stimulant  and  .tonic  to  the 
nerve  and  muscular  sj^stems.  It  is  indicated  in  many  forms  of  functional  paralysis 
and  muscular  weakness,  such  as  rheumatic  and  reflex  paraplegia,  facial  paralysis 
from  cold,  beginning  scoliosis,  especially  in  chlorotic  and  "toneless"  girls,  etc.  In 
toxic  paralyses  also — alcoholic,  diphtheritic,  plumbic — and  pressure  palsies,  strychnine 
is  of  great  value.  In  infantile  paralysis  it  may  be  given  with  benefit  after  all  acute 
symptoms  have  subsided,  and  also  in  hemiplegia  in  the  stage  of  relaxation,  but  it 
is  contraindicated  by  symptoms  of  inflammatory  reaction  in  the  brain,  by  cardinal 
headache,  tinnitus,  or  vertigo.  In  all  these  types  of  paralysis  the  remedy  should  be 
given  in  doses  of  1/100  to  1/60  grain  (0.0006  to  0.001  Gm.)   by  mouth  three  times 

^'The  strophanthin  should  be  omitted  if  digitalis  has  been  given  daily  during  the 
course  of  the  pneumonia. 
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a  day,  but  the  administration  should  not  be  continued  without  intermission  longer 
than  a  month  or  six  weeks  at  the  outside.  In  cases  of  incontinence  of  urine  or 
feces,  from  paralysis  of  the  sphincters,  strychnine  may  be  injected  in  dose  of  1/40 
grain  (0.0015  Gm.)  directly  into  the  paralyzed  muscle.**  In  nocturnal  enuresis  in  a 
child  of  six  years,  1  minim  (0.06  cc.)  of  the  fluidextract  of  nux  vomica  or  4  minims 
(0.25  cc.)  of  the  tincture,  or  1/20  grain  (0.003  cc.)  of  brucine  twice  a  day  will  often 
be  beneficial.  In  myasthenia  gravis,  strychnine  given  in  large  doses  up  to  %  grain 
(0.008  Gm.)  hypodermically  once  or  twice  a  day  renders  good  service.  Gowers  asserts 
that  strychnine  is  the  only  remedy  that  will  arrest  the  course  of  progressive  muscular 
paralysis.  Strychnine  in  1/40  grain  doses  twice  a  day  is  the  best  remedy  we  possess 
for  muscular  weakness  following  peripheral  neuritis  (but  not  during  the  acute  stage 
of  the  neuritis)  and  for  the  ophthalmoplegia  due  to  neuritis  occurring  in  diabetes;  its 
action  should  be  supplemented  by  galvanism.  In  malarial  neuritis,  it  should  be  given 
in  association  with  arsenic  and  quinine.  For  tic  douloureux  and  other  neuralgias 
occurring  in  anemic  and  asthenic  subjects,  Dana  gives  strychnine  hypodermically  in 
one  daily  dose  progressively  increasing  from  1/30  grain  (0.002  Gm.)  to  1/5  grain 
(0.013  Gm.)  for  from  10  to  20  days.  Strychnine  is  a  stimulant  of  the  special  senses, 
especially  sight  and  hearing.  In  failing  vision  and  impaired  color  sense,  when  the 
trouble  is  functional  and  not  due  to  errors  of  refraction,  improvement  may  be  expected 
from  the  use  of  strychnine  in  conventional  doses  by  mouth.  In  toxic  amblyopia  and 
amaurosis  (alcohol  and  tobacco  poisoning),  strychnine  is  i^referably  given  in  full  doses 
(up  to  1/12  gi'ain — 0.005  Gm.)  by  intramuscular  injection  once  or  twice  a  day.  Eye- 
strain of  slight  intensity  may  also  be  temporarily  relieved.  In  the  deafness  of  the 
senescent,  strychnine  often  sharpens  the  hearing  to  a  very  satisfactory  degree,  but  the 
deafness  may  return  when  the  remedy  is  discontinued. 

Strychnine  subcutaneously  may  afford  temporary  relief  in  shod',  but  its  beneficial 
action  is  of  brief  duration.  In  the  collapse  attending  the  withdrawal  of  the  narcotic 
in  the  treatment  of  alcohol  or  opium  addiction,  strychnine  is  of  value;  it  is  admin- 
istered 3  times  a  day  hypodermically  in  beginning  dose  of  1/50  grain  (0.0012  Gm.) 
gradually  increased  to  1/16  grain  (0.004  Gm.)  and  then  reduced  to  the  initial  dose; 
in  mild  cases  equally  good  results  may  be  obtained  by  the  oral  administration  of  the 
tincture  of  nux  vomica  10  minims,  with  tincture  of  capsicum,  30  minims,  in  water  6 
times  a  day.  Strychnine  is  also  of  service  in  relieving  the  craving  for  alcohol,  and 
constitutes  the  active  ingredient  in  many  of  the  alleged  "cures"  for  alcohol  addiction. 
For  this  purpose  nux  vomica  by  mouth,  with  capsicum,  in  the  doses  just  mentioned, 
is  the  preferable  mode  of  administration. 

Murrel  and  others  speak  well  of  the  action  of  stryelinine  in  impotence  and  sper- 
matorrhea; it  is  given  in  1/60  to  1/40  grain  doses  in  association  with  capsicum  and 
cantharides  three  times  a  day.  Trousseau  recommends  it  as  a  remedy  of  value  in 
the  treatment  of  chorea,  in  small  dose  (1/60  grain — 0.001  Gm.)  once  a  day,  gradually 
increased  to  the  limit  of  tolerance.  It  has  also  been  given  with  reported  success  in 
chronic  idiopathic  tetanus,  and  in  epilepsy  with  cerebral  anemia. 

The  mental  faculties  are  sharpened  by  strychnine,  and  one  well  under  its  influence 
is  apt  to  look  on  the  brighter  side  of  life  and  to  take  a  more  optimistic  view  of  the 
every-day  occurrences.  Hartenberg,  indeed,  speaks  very  favorably  of  its  action  in 
cases  of  genuine  melancholia,  using  a  one  percent,  solution  in  increasing  doses,  begin- 
ning with  7  drops  three  times  a  day  by  mouth  or  hypodermically,  and  increasing  by 
1  drop  each  dose  each  day.  When  symptoms  of  poisoning  appear,  the  dose  is  held 
at  the  point  reached,  until  habituation  is   established,   and  is  then  again  gradually 

^  Any  increased  effect  is  probably  suggestive  rather  than  a  true  topical  action  of  the 
drug. 
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increased.  The  dose  finally  reached  is  from  3/4  grain  (0.05  Gm.)  to  2  grains  (0.08 
Gm.)  a  day.  Hartenberp:  offers  the  theory,  that  by  the  use  of  the  drug,  an  organic 
crisis,  so  to  speak,  is  engendered,  which  stimulates  nutrition,  reawakens  sensibility, 
reinvigorates  the  physical  and  intellectual  activity,  and  forces  the  patient  out  of  his 
inertia,  so  that  he  returns  to  normal  life. 

Administration. — When  a  topical  effect  on  the  gastric  mucous  membrane  is  desired 
one  of  the  galenical  preparations  of  nux  vomica  is  to  be  preferred,  strychnine  being  so 
rapidly  absorbed  that  its  local  action  is  comparatively  insignificant.  Also  when  the 
drug  is  to  be  given  in  very  small  dose,  as  to  a  young  child,  the  tincture  of  nux  vomica 
may  be  used;  its  bitterness  is  disguised  more  or  less  by  peppermint  or  tincture  of  cin- 
namon, or  syrup  of  orange.  To  obtain  the  systemic  effects  in  adults  the  nitrate  or 
sulphate  of  strychnine,  or  the  hydrochloride  of  the  Br.  P.,  should  be  given.  The  drug  is 
readily  absorbed,  and  except  when  the  patient  is  unconscious  or  when  an  immediate 
effect  is  desired,  it  can  be  given  by  the  mouth.  When  an  effort  is  to  be  made  to  awaken 
a  paralyzed  muscle,  it  is  sometimes  better  to  inject  the  strychnine  directly  into  the 
muscle;  especially  is  this  useful  in  the  case  of  relaxed  or  paralyzed  vesical  or  rectal 
sphincters.  For  hypodermic  use  the  injectio  strychnin*  hypodermici  of  the  Br.  P.  is  of 
convenient  strength  (0.75  percent),  but  more  convenient  are  the  unofficial  hypodermic 
tablets  by  the  use  of  which  a  solution  of  any  desired  strength  can  be  prepared  extem- 
poraneously. 

Picrotoxin 

Picrotoxin  is  a  bitter  principle  contained  to  about  5  percent,  in  the  seed  of 
Cocculus  incUcus.  This  seed  has  been  used  since  early  times  in  the  East  as  a  means 
of  catching  fish.  When  half  ripe,  the  bruised  berries  are  formed  into  little  pellets 
which  are  cast  upon  the  water  and  eagerly  devoured  by  the  fish,  which  lose  their 
ability  to  swim  and  rise  to  the  surface.  An  infusion  of  the  berries  was  used  by  the 
Arabian  school  as  a  remedy  for  animal  parasites  of  the  skin.  Picrotoxin  was  dis- 
covered by  Boullay  in  1812,  and  was  introduced  into  medical  practice  a  few  years 
later  for  conditions  characterized  by  lack  of  tone. 

Chemistry. — Picrotoxin  is  a  loose  chemical  compound,  in  molecular  proportions, 
of  picrotin  and  picrotoxinin,  which  break  apart  in  dilute  watery  solutions  or  when 
heated,  and  reunite  if  concentrated  or  cooled.  They  differ  from  each  other  in  that 
picrotin  has  an  additional  molecule  of  water  (Angelico). 

CHs  HO      CH3 

I  I         I 

0  =  C  —  CH,  —  C  =  C  —  CH CHa  O  =  C  —  CU,  —  C  —  CH  —  CH  — 

HC  —  CO  —  O  —  C  —  CH, 
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Picrotoxinin  Picrotin 


Picrotoxinin  -J- Picrotin  =  Picrotoxin 

Summary  of  Actions  and  Uses. — Picrotoxin  has  two  chief  actions:  It  excites  the 
medulla,  causing  clonic  convulsions,  often  tetanic  in  the  cold  frog;  and  stimulates  the 
auton(5mic  centers.  Its  other  actions  are  of  less  importance.  The  circulatory  action 
depends  on  stimulation  of  the  vagus  center,  Picrotin  is  inert,  the  entire  activity  residing 
in  the  picrotoxinin  (Chistoni). 

Picrotoxin  is  used  as  a  general  nerve  stimulant  as  an  alternate  for  strychnine.  Its 
employment  is  not  widespread,  and  the  indications  for  its  use  not  well  defined.  It 
has  been  deleted  from  the  U.S. P.  but  the  author  believes  it  should  be  restored. 

Certain  other  principles  have  a  physiologic  action  which  is  similar  in  many  respects, 
but  as  their  therapeutic  use  is  not  the  same,  they  are  not  considered  here.    These  include: 
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cicutoxin,  the  principle  of  Cicuta  maculata;  coriamyrtin  from  Coriaria  myrtifoUa;  and 
tutin  from  otlier  Coriaria  species;  and  decomposition  products  of  digitalis  glucosides, 
including  digitaliresin  and  toxiresin. 

Materia  Medica. — Picrotoxinum  (unofficial),  Picrotoxin.    Ahhr.,  Picrotox. 

A  feebly  acid  principle  found  in  Cocculus  indicus  Linne.  Colorless,  flexible, 
sbining,  prismatic  crystals,  or  a  microcrystalline  powder;  odorless,  and  having  a  very 
bitter  taste;  soluble  at  15°  C.  in  240  parts  of  water  and  in  9  parts  of  alcohol.  Soluble 
in  solutions  of  alkalis  and  in  acids. 

Dose,  1/100  to  1/30  grain  (0.0006  to  0.002  Gm.). 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Absorption  from  the 
digestive  tract  is  slow  and  incomplete,  and  even  after  subcutaneous  injection  is  not 
rapid.     Little,  if  any,  absorption  occurs  through  the  intact  skin. 

Pictroxin  is  broken  up  in  the  organism,  the  picrotoxinin  being  completely  destroyed 
and  the  picrotin  being  largely  eliminated  unchanged  in  the  urine    (Chistoni). 

Toxicity:  Toxic  Dose. — The  convulsant  and  fatal  doses  of  picrotoxin  are  very  close 
to  one  another,  and  any  animal  which  shows  convulsions  will  probably  die.  On  the 
other  hand  there  is  a  wide  discrepancy  between  the  toxic  dose  by  mouth  and  that  by 
injection.  The  former  is  large  and  very  irregular  owing  to  slow  absorption  and  partial 
destruction  in  the  alimentary  canal.  In  both  frogs  and  mammals  picrotoxinin  is  about 
twice  as  toxic  as  picrotoxin,  while  picrotin  is  not  poisonous  (Chistoni).  A  25  percent, 
tincture  of  cocculus  is  about  equal  in  activity  to  an  0.8  percent,  solution  of  picrotoxin 
(Guinard   and   Demarest). 

The  convulsant  dose  for  rabbits  and  guinea-pigs  is  about  2  mgm.  per  kilo,  and  the 
fatal  dose  from  2.5  to  3  mgm.  Dogs  and  cats  are  slightly  less  susceptible.  Fish  require 
from  1.5  to  5  mgm.  to  kill,  according  to  their  size.  Frogs  differ  widely  according  to 
time  of  year  and  species.  They  are  much  more  susceptible  in  the  summer  than  in  the 
winter,  and  this  is  not  entirely  due  to  higher  temperature,  although,  in  contrast  to 
strychnine,  picrotoxin  is  more  toxic  at  higher  temperatures.  In  summer  the  convulsant 
doses  are  as  follows,  the  doses  being  calculated  on  100  Gm.  of  frog:  Bufo  vulgaris  0.9 
mgm.;  Rana  esculenta  0.4  mgm.  (Honda);  R.  pipiens  0.15  mgm.  (Githens,  unpublished). 
In  contrast  to  spinal  convulsants  the  toxic  dose  is  not  increased  by  removal  of  the 
heart  or  injury  of  the  cerebrum  in  frogs.  Crabs  are  readily  brought  into  convulsions, 
Carcinas  mwnas,  a  European  sea  crab,  by  0.01  mgm.   (Robert). 

In  man  severe  poisoning  has  followed  the  swallowing  of  20  mgm.  of  picrotoxin,  and 
fatal  poisoning  has  resulted  from  an  amount  of  the  tincture  of  cocculus  representing 
2.4  Gm.  (gr.  38)  of  the  berries.    Poisoning  from  picrotoxin  has  rarely  been  reported. 

Symptoms  of  Poisoning. — Doses  of  1  to  2  mgm.  per  kilo  cause,  in  rabbits  and  guinea- 
pigs,  tremors  and  weakness  with  snapping  of  the  jaws  and  convulsive  jerking  of  the 
legs.  Even  after  intravenous  injection  there  are  no  symptoms  for  5  or  10  minutes,  and 
they  do  not  reach  their  height  for  i/o  to  1  hour.  After  larger  doses  the  animals  fall  on 
the  side  the  legs  jerking  irregularly  or  showing  constant  running  motions.  There  is  no 
complete  intermittence  of  the  convulsions  as  with  strychnine.  Although  the  respiration 
becomes  wildly  irregular,  it  does  not  stop  entirely,  even  in  the  most  severe  attacks. 
Even  after  large  doses,  death  occurs  only  after  several  hours  from  paralysis  of  the 
respiration.  With  these  nervous  symptoms  are  associated  salivation  and  often  vomit- 
ing. The  heart  is  slowed  and  there  is  sweating.  The  pupils  are  contracted  except  during 
the  most  severe  convulsions,  when  they  dilate.  In  many  respects  the  convulsions  suggest 
epileptic  attacks.    In  man  unconsciousness  occurs,  even  in  nonfatal  cases. 

Postmortem  Findings. — The  only  characteristic  lesions  are  congestion  of  the  medulla 
and  of  the  salivary  glands,  with  early  rigor  and  phenomena  of  asphyxia.  Picrotoxin  is 
rapidly  destroyed  by  putrefaction  and  will  not  be  found  after  2  weeks.  It  can  be  recog- 
nized by  its  characteristic  effect  on  frogs. 

Treatment. — Of  the  various  sedatives  used  to  combat  the  convulsions,  chloral  has 
proved  most  efficacious  in  animal  experiment,  and  should  be  given  preference.  The 
stomach  should  be  emptied  if  the  poison  were  swallowed,  but  treatment  is  likely  to  be 
unavailing,  and  most  severe  cases  have  proved  fatal   (Robert). 

Systemic  Action. — The  systemic  action  may  be  divided  into  the  convulsive  effects 
and  the  stimulation  of  vital  medullary  centers.  In  frogs  the  convulsions  differ  from 
those  in  mammals  in  that  they  tend  to  be  tetanic  and  discontinuous.    A  frog  given  a 
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convulsant  dose  shows  first  apathy,  whicTi,  after  several  minutes,  gives  place  to  excite- 
ment. Soon  after,  wild  convulsive  contractions  of  the  legs  occur,  these  being  drawn 
into  fantastic  position,  often  widely  abducted  or  drawn  straight  up  at  right  angles  to 
the  body.  At  times  there  are  windmill  motions,  both  legs  being  revolved  rapidly  in 
opposite  directions.  Straight  extension,  as  after  strychnine,  is  also  common.  The  con- 
vulsions gradually  lessen  in  severity  and  are  succeeded  by  paralysis  which  precedes 
death  by  some  hours.  The  motor  nerve  ending  is  not  affected,  the  paralysis  being 
central. 

Autonomic  System. — Picrotoxin  stimulates  all  the  autonomic  centers,  thus  the 
salivary  secretion  is  increased  by  stimulation  of  the  nucleus  of  the  chorda  tympani; 
the  heart  is  slowed  by  stimulation  of  the  vagus  center;  the  oculomotor  center  is  stimu- 
lated causing  contraction  of  the  pupil.  In  the  same  way  is  caused  dilatation  of  the 
skin  vessels  with  sweating,  contraction  of  the  bladder  and  of  the  uterus,  and  lacrymation. 
All  these  effects  cease  on  section  of  the  nerves  (Gruenwald).  The  sweating  and  dilata- 
tion of  the  skin  vessels  cause  a  fall  of  temperature  which  is  quite  marked  if  there  are 
no  convulsions  (Harnack).  Increased  peristalsis  is  also  seen,  but  this  gives  way  late 
in  the  poisoning  to  paralysis,  as  the  muscle  or  nerve  endings  are  paralyzed.  The  heart 
becomes  rapid  at  the  same  time,  the  vagus  endings  being  paralyzed.  With  the  con- 
vulsions there  is  hyperglycemia,  perhaps  dependent  on  increased  adrenal  secretion 
(Kogan). 

Therapeutics:  Topical. — Picrotoxin  in  one  percent,  ointment,  or  tincture  of  coc- 
culus  indicus  in  full  strength,  is  sometimes  used  externally  in  the  treatment  of  pedicu- 
losis, scabies  and  other  parasitic  skin  diseases.  It  must  be  used,  if  at  all,  with  great 
caution,  and  should  never  be  applied  to  abraded  surfaces. 

Systemic. — The  great  usefulness  of  picrotoxin  is  in  the  control  of  the  numerous 
and  varied  symptoms  and  syndromes  of  autonomic  imbalance,  for  which  purpose  it 
may  be  used  singly  or  in  associations,  varied  from  time  to  time.  It  should  be  inter- 
mitted and  resumed  at  such  intervals  as  results  indicate.  It  seems  to  aid  in  restoring 
taxis,  whether  the  fault  be  one  of  undue  excitation  or  of  undue  inhibition  of  a  given 
function,  or  excitation  of  one  function  and  sedation  of  another.  Thus,  in  hyperchlor- 
hydria  of  nervous  origin,  it  is  usefully  associated  with  strontium  bromide,  while  in 
subacidity  it  may  be  conjoined  with  a  mixture  of  dilute  acids.  In  hay  fever  and 
asthma  it  may  be  given  at  times  with  iodides.  In  Graves'  syndrome,  picrotoxin  often 
enhances  the  beneficial  action  of  ergot  or  of  quinine  hydrobromide.  The  ordinary 
dose  is  from  %4  to  Vm  grain  (1  to  4  mgm.)  2  or  3  times  daily.  For  the  prevention  of 
seasickness,  it  may  be  taken  (after  a  cleansing  course  of  calomel  and  saline)  previous 
to  embarkation,  in  pills  of  yi2o  grain  (0.5  mgm.)  hourly,  or  in  a  mixture  with  bromide 
and  chloral  in  larger  dose  less  frequently.  To  restrain  nigJit  sweats,  as  after  influenza 
or  in  phthisis,  %2  to  Vi2  grain  (2  to  5  mgm.),  or  a  greater  dose  with  a  relatively  small 
dose  of  ergot  or  belladonna,  may  be  given  at  bedtime.  In  postanesthetic  nausea  and 
vomiting,  benefit  is  said  to  follow  the  hypodermic  injection  of  yi2o  grain  (0.5  mgm.) 
of  picrotoxin  repeated  in  half  an  hour  and  again,  if  needed,  after  a  like  interval. 
Its  use  in  convulsive  ailments  (epilepsy,  chorea,  paralysis  agitans,  alcoholic  tremor, 
eclampsia,  etc.,  is  practically  abandoned,  as  likewise  in  paretic  conditions  of  the 
intestine  and  in  both  spasm  and  relaxation  of  sphincters,  except  in  the  nocturnal 
enuresis  of  children.  A  minute  dose  1  to  3  times  daily  conjoined  with  an  alkali,  a 
bromide,  ergot  or  other  appropriate  agent,  may  here  change  failure  to  success. 

Sparteine 

Sparteine  is  the  chief  principle  of  broom,  Cytisus  scoparius,  the  tops  of  which 
are  official  (Br.)  under  the  name  Scoparius.  Under  the  name  of  "Genista"  or  "Broom" 
it  is  found  in  all  the  herbals  of  the  middle  ages  and  in  the  works  of  the  later  Greek 
writers.  It  seems  to  have  been  used  to  relieve  dropsies  and  in  fever.  It  enjoyed 
great  popularity  until  about  the  beginning  of  the  last  century,  but  has  never  been 
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extensively  used  in  this  country.    The  U.S.P.  X,  does  not  recognize  sparteine,  the  Br.P. 
only  the  crude  drug. 

Chemistry. — The  amount  of  sparteine  in  broom  varies  from  0.68  percent,  in  the 
spring  to  0.23  percent,  in  midsummer.  Through  the  winter  and  autumn  there  is 
about  0.4  percent.  Sparteine  is  a  volatile  liquid  alkaloid  and  has  the  following  con- 
stitution, CjjHjgNj. 

CH  CH 

HjC      CHa  CH CH-i  — —  JJC      CHa  CHj 

III  III 

HjC      CHj  CHa  H^C      CHj  CHj 
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Associated  with  sparteine  is  a  neutral  principle,  scoparin,  and  a  considerable  amount 
of  potassium  carbonate. 

Summary  of  Actions  and  Uses. — Sparteine  slows  the  heart,  but  does  not  increase 
its  output,  as  do  the  digitalis  bodies.  It  has  a  sedative  action  on  the  cerebral  cortex 
but  a  stimulating  effect  on  the  cord,  causing  tetanus  in  toxic  dose. 

Broom  was  formerly  much  used  as  a  diuretic  but  has  fallen  largely  into  disuse. 
Sparteine  is  employed  as  a  sedative  in  states  of  cerebral  excitement  and  as  a  spinal 
stimulant  in  loss  of  muscular  tone. 

Materia  Medica. — Scoparius  (N.F.),  Scoparius.  Ahhr.,  Scopar.  Synonymn: 
Scoparius  Cacumina  (Br.),  Broom  Tops. 

The  tops  of  Cytisus  scoparius  (Linne)  Link  (Fam.  Leguminosce).  Thin,  flexible, 
branched  twigs;  odor  slight,  but  more  distinctive  and  characteristic  on  bruising  and 
when  fresh ;  taste  disagreeable,  bitter. 

Dose,  10  to  15  grains  (0.6  to  1  Gm.). 

Succus  ScoPARii  (Br.), 'Juice  of  Broom.     Aihr.,  Succ.  Scopar. 

Expressed  juice  of  fresh  broom  tops,  with  the  addition  of  1  volume  of  90  percent, 
alcohol  to  every  3  volumes  of  the  juice.     Contains  about  0.162  percent,  of  alkaloid. 

Dose,  1  to  2  fluidrams  (4  to  8  cc). 

Infusum  Scoparii  (Br.),  Infusion  of  Broom.    Ahhr.,  Inf.  Scopar. 

Dried  and  bruised  broom  tops,  100  Gm.  infused  for  15  minutes  in  1000  cc.  of 
boiling,  distilled  water. 

Dose,  1  to  2  fluidrams   (30  to  60  cc). 

Fluidextractum  Scoparii  (N.F.),  Fluidextract  of  Scoparius.  Ahhr.,  Fldext. 
Scopar. 

One  cc.  corresponds  to  1  Gm.  of  drug.     Contains  47  percent,  alcohol. 

Dose,  15  to  20  minims  (1  to  1.3  cc). 

Sparteine  Sulphas  (IJ.S.  IX),  Sparteine  Sulphate.    Ahhr.,  Spartein.  Sulph. 

The  sulphate  of  sparteine,  a  liquid  alkaloid  obtained  from  Cytisus  scoparius 
(Linne)  Link  (Fam.  Leguminosce).  Occurs  as  colorless,  rhombohedral  crystals,  or  as  a 
crystalline  powder;  odorless,  and  having  a  slightly  saline  and  somewhat  bitter  taste; 
soluble  in  water  and  in  alcohol. 

Dose,  1/6  to  2  grains  (0.01  to  0.12  Gm.). 

Pharmacodynamic  Action:  Toxicitu- — Toxic  Dose. — This  varies  within  wide  limits, 
probably  largely  according  to  the  rate  of  injection,  and  different  authors  give  widely 
varying  estimates  of  the  fatal  dose.  Thus  in  the  rabbit  by  vein  it  may  be  as  little  as 
5  mgm.  per  kilo  (Boldoni)  or  as  much  as  250  mgm.  (Cushny  and  Matthews).  In  other 
animals  it  varies  from  20  to  150  mgm.  per  kilo,  and  no  reason  for  such  wide  discrepancy 
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is  apparent.  Cold-blooded  animals  are  less  susceptible,  15  mgm.  is  required  to  kill  the 
average  frog  (R.  temporaria). 

Symptoms  of  Poisoning.— After  a  toxic  dose  the  first  symptom  may  be  a  tendency 
to  somnolence,  but  this  is  inconstant  and  soon  gives  place  to  the  stage  of  excitement. 
There  are  tremors  of  the  whole  body,  strongest  in  the  forelegs.  The  reflexes  are  in- 
creased and  there  is  incoiirdination  with  hyperesthesia.  The  last  may  be  so  extreme 
that  violent  convulsions  result  from  the  least  touch.  This  motor  excitement  gradually 
passes  into  weakness  and  paralysis  with  loss  of  reflexes  and  death  from  failure  of  the 
respiration.  The  blood  pressure  is  raised  at  first  and  the  heart  slowed,  but  later  the 
pressure  falls  or  is  kept  up  only  by  the  asphyxia. 

There  are  no  characteristic  postmortem  changes.  Treatment  must  include  artificial 
respiration,  as  life  can  be  preserved  after  fatal  doses  by  this  alone.  Cardiac  stimulation 
must  be  given  cautiously  as  the  muscle  is  directly  weakened. 

Repeated  doses  do  not  lead  to  habituation  in  the  rabbit   (Dorlencourt). 

Syste7nic  Action:  Alimentary. — Scoparius  in  large  dose  by  mouth  acts  as  a  hydra- 
gogue  cathartic.  Sparteine  on  the  other  hand  causes  a  loss  of  tone  and  paralysis  of  the 
bowel.  This  is  seen  in  isolated  strips  of  intestine,  and  Is  due  to  an  action  on  the 
muscle    (Ikeda). 

Circulatory. — No  feature  of  the  action  of  sparteine  has  given  rise  to  as  much  con- 
troversy as  its  action  on  the  circulation.  The  only  point  on  which  there  is  universal 
agreement  is  that  the  heart  is  slowed  by  action  on  the  cardiac  muscle.  There  is  also 
paralysis  of  the  vagus  endings  and  this  occasionally  causes  a  brief  acceleration,  but 
usually  the  effect  on  the  muscle  is  prompt  enough  to  prevent  it.  The  output  of  the 
heart  is  not  lessened  by  the  slowing,  and  the  blood  pressure  usually  shows  no  tendency 
to  fall,  except  after  toxic  doses.  The  isolated  heart  is  not  slowed.  One  of  the  matters 
of  greatest  controversy  is  whether  a  rise  is  usual.  It  seems  probable  that  small  doses 
given  by  vein  in  the  dog  and  rabbit  cause  a  rise  (asphyxial,  Pilcher  Sollmann),  but  that 
by  mouth,  certainly  in  man,  there  is  usually  none.  Oncometer  experiments  show  con- 
traction of  the  renal  vessels  which  might  be  expected  to  dilate  if  there  is  diuresis, 
but  surviving  strips  of  mammalian  artery  treated  with  sparteine,  dilate. 

With  doses  large  enough  to  be  toxic,  the  cardiac  slowing  becomes  so  extreme  that 
it  leads  to  marked  fall  of  blood  ly^essure  and  proves  fatal,  if  respiratory  death  is  pre- 
vented by  artificial  respiration. 

After  the  pressure  is  lowered  by  bleeding,  or  especially  by  starvation  in  dogs,  no 
rise  can  be  obtained  from  sparteine,  and  fairly  marked  fall  is  usual   (Boldoni). 

Respiration. — Depression  of  the  respiration  is  by  far  the  most  striking  effect  of 
large  doses  of  sparteine.  The  respiration  becomes  slow  and  shallow  and  it  is  noticed 
that  the  diaphragm  is  no  longer  contracting,  breathing  being  entirely  carried  on  by  the 
accessory  muscles.  This  leads  to  extreme  dyspnea  and,  as  aeration  becomes  inadequate, 
to  death.  The  failure  of  respiration  is  due  to  a  paralysis  of  the  respiratory  center 
combined  with  a  specific  paralysis  of  the  endings  of  the  plirenic  nerve.  In  rabbits,  30 
mgm.  per  kilo  will  cause  complete  block  of  the  phrenic  nerve  endings.  The  center  is 
still  intact,  as  shown  by  its  sending  impulses  to  the  accessory  muscles.  After  60  mgm. 
these  also  cease  while  their  nerve  endings  are  intact,  showing  paralysis  of  the  center 
(Muto  and  Ishizaka).  If  artificial  respiration  is  given,  larger  doses  will  cause  block  of 
their  nerves  also,  while  the  heart  is  still  in  good  condition. 

Urinary  System. — Although  the  older  clinical  observers  always  counted  extract  of 
scoparius  among  the  most  reliable  diuretics,  recent  pharmacologic  studies  have  failed 
to  show  any  such  action.  It  is  possible  that  scoparin  may  be  a  diuretic  of  the  general 
type  of  arbutln,  or  that  sparteine  increases  the  flow  of  blood  through  the  kidney,  but  no 
explanation  of  the  diuresis  has  been  forthcoming  either  from  the  clinician  or  the 
pharmacologist. 

Nerve  System. — Sparteine  appears  to  have  a  mildly  sedative  effect  upon  the  cere- 
bral cortex,  and  a  more  markedly  stimulating  action  on  the  medulla  and  cord.  It  is 
extremely  difficult  to  exclude  the  influence  of  asphyxia,  and  the  central  effects  may  be 
entirely  secondary. 

The  nerve  endings,  both  motor  and  sensory,  are  paralyzed.  The  first  nerve  to  lose 
its  function  is  the  phrenic;  this  is  followed  by  the  cardiac  vagus  and  by  the  nerve 
endings  of  voluntary  muscle.  In  the  frog,  complete  curarization  may  be  obtained  with 
an  injection  of  50  mgm.  (Weill).  The  power  to  work  with  the  Mosso  ergograph  is 
markedly  lessened  by  0.1  to  0.2  Gm.  in  man.     A  local  anesthetic  action  is  seen  after 


1574  NERVE  STIMULANTS 

instillation  in  the  eye  or  injection  under  the  skin.     A  5  percent,  solution  causes  loss  of 
sensation,  coming  on  slowly  and  lasting  several  hours    (Guinard  and  Geley). 

The  pupil  is  dilated  by  paralysis  of  the  constrictor  and  stimulation  of  the  dilator 
fibers. 

Therapeutics. — Among  cardiologists  of  a  former  generation,  especially  the  French, 
sparteine  sulphate  enjoyed  a  wide  reputation  as  perhaps  the  best  of  the  heart  tonics, 
but  therapeutic  practice,  like  other  human  activities,  is  largely  governed  by  fashion, 
and  today  digitalis  has  largely  replaced  it.  Nevertheless,  sparteine  is  a  cardiac  remedy 
of  considerable  value  and  deserves  more  consideration  than  it  is  accorded  by  most 
clinicians.  It  slovs^s  the  heart  and  regulates  its  rhythm  in  a  manner  suggestive  of 
digitalis,  but  lacks  the  other  actions  on  the  cardiac  muscle.  It  must  be  used  properly, 
at  first  in  decided  doses  at  relatively  short  intervals,  then  in  gradually  diminishing 
quantity  and  frequency.  The  effect  is  sometimes  slow  of  establishment,  but  is  lasting. 
It  may  be  recognized  at  times  2  or  3  days  after  withdrawal  of  the  remedy.  As  elimina- 
tion is  somewhat  slow,  there  is  both  quantitative  and  dynamic  accumulation.  This 
is  a  distinct  benefit  in  just  the  conditions  in  which  the  drug  is  most  useful ;  namely, 
myocardial  degeneration,  without  valve  lesion,  especially  in  elderly  persons  and  in 
cases  manifesting  arrhythmia  or  a  tendency  to  high  blood  pressure  with  or  without 
evident  arteriosclerosis,  or  recurrent  attacks  of  faintness  or  syncope. 

In  syncopal  crises,  after  the  immediate  disturbance  has  been  overcome  by  rest 
and  appropriate  medication,  of  which  sparteine  may  or  may  not  be  a  part,  sparteine 
is  to  be  given  in  doses  of  V2  to  1  grain  (30  to  60  mgm.),  by  mouth  or  parenterally, 
every  2  to  4  hours  for  the  first  6  to  12  hours,  then  in  lessened  dose  at  longer  intervals. 
When  the  patient  is  permitted  to  resume  activity,  a  total  daily  dose  of  but  1/4  to  Yz 
grain  (15  to  30  mgm.),  in  one  or  two  doses,  will  often  suffice  to  maintain  regular  and 
effective  heart  action.  This  may  be  continued  beneficially  for  months  or  years,  but  in 
most  cases  it  is  wise  to  alternate  with  courses  of  other  appropriate  agents,  or  to  give 
sparteine  2  or  3  days  in  the  week  and  nothing  on  the  other  days  or  to  give  sparteine 
in  the  morning  and  digitalis,  caffeine  or  strychnine  in  the  evening.  When  there 
has  been  no  syncopal  crisis,  the  medication  may  begin  with  y2  to  1  grain  of  sparteine, 
3  times  daily,  which  is  gradually  diminished  after  a  few  days  and  continued  as 
described. 

Sparteine  may  be  used  in  the  presence  of  valve  lesions  with  actual  or  threatening 
decompensation,  especially  in  cases  with  asystole  or  other  irregularity.  It  is  of 
greater  service  in  mitral  than  in  aortic  cases.  Alone  or  with  caffeine  or  strychnine 
it  may  be  used  during  the  withdrawal  of  digitalis  or  in  preparation  for  a  digitalis 
course.  It  was  largely  used  by  the  British  in  the  world  war  to  relieve  the  condition 
known  as  "effort  syndrome"  and  similar  functional  states.  It  is  of  great  value  in 
nervous  palpitation,  in  the  tachycardia  of  Graves'  syndrome  and  in  cases  showing 
asystole,  dropped  beats  and  similar  disturbances. 

Many  authors  consider  it  of  especial  value  when  dropsy  is  present,  ascribing  to 
it  a  distinct  diuretic  action.  Any  direct  action  on  the  kidney  is,  however,  doubtful. 
It  may  be  given  in  conjunction  with  iodide  in  arteriosclerosis  and  hypertension  since 
it  tends  to  reduce  peripheral  resistance  by  dilating  the  vessels.  The  "softening"  of 
the  pulse  and  its  increased  volume  are  almost  as  marked  clinical  features  of  the 
drug's  action  as  its  regulation  of  rhythm.  Sparteine  in  large  dose,  1  to  2  grains 
(0.06  to  0.12  Gm.),  may  relieve  postoperative  suppression  of  urine.  It  has  been  em- 
ployed with  apparent  benefit  in  the  nervous  unrest  of  opium  addicts  undergoing  with- 
drawal treatment. 

Administration. — The  various  preparations  of  scoparius  are  rarely  used  today, 
sparteine  sulphate  being  the  preparation  chiefly  employed.     This  may  be  given  in  dose 
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of  %  to  1^  grain  (0.01  to  0.03  Gm.)  hypodermically,  and  up  to  so  high  as  2  grains  (0.12 
Gm.)   by  mouth  as  pill  or  in  solution. 

Barium 

Barium  is  at  the  same  time  the  heaviest  and  the  most  toxic  of  the  alkaline  earths. 
Its  high  atomic  weight  is  believed  by  many  physiologists  to  account  for  its  toxic 
power,  as  these  are  considered  to  vary  in  direct  proportion  within  any  chemical  group. 

Barium  exerts  a  stiinulating,  followed  by  a  more  profound  depressing,  action  on 
the  central  nerve  system,  the  chief  reason  for  which  it  is  employed  in  the  labora- 
tory, being  the  effect  of  stimulating  directly  the  functionating  cells  of  many  tissues 
innervated  by  the  autonomic  system.  Thus  it  acts  on  unstriped  muscle  fiber  through- 
out the  body  and  on  certain  gland  cells. 

Barium  enters  less  into  the  physiologic  relations  known  as  "balanced"  and 
"antagonistic"  salt  action  than  do  the  other  alkaline  earths.  It  has  a  slight  power 
to  reduce  the  toxic  effects  of  solutions  of  pure  sodium  chloride  on  lower  forms  of 
life.  To  a  slight  extent  it  can  replace  calcium  in  opposing  the  toxic  action  of  potas- 
sium. The  ability  of  potassium  to  lessen  the  toxicity  of  barium  is  even  more  dis- 
tinct and  is  shared  to  a  less  degree  by  calcium  (Loeb).  The  most  striking  antagonism, 
however,  is  that  to  magnesium.  This  has  been  shown  for  the  heart  (MacNider  and 
Matthews),  the  respiration  (Joseph  and  Meltzer),  and  the  intestine  (Meltzer  and 
Auer). 

In  medical  practice,  barium  sulphate  is  employed  to  render  meals  opaque  in 
x-ray  studies  of  the  digestive  tract.  Fatal  poisoning  has  resulted  from  confusion  of 
this  with  barium  sulphide,  which  is  used  as  a  depilatory. 

Materia  Medica. — Barium  (unofficial),  Barium  (Ba.  =  137.37). 

A  metal  of  silvery  gray  color,  present  in  baryta.  It  oxidizes  rapidly  when  exposed 
to  the  air. 

Dose,  not  used  in  crude  form. 

Bare  Chloridum  (unofficial).  Barium  Chloride. 

Occurs  in  the  form  of  white,  rhombic  tables;  soluble  in  water  and  diluted  alcohol. 

Dose,  Vz  to  IV2  grains  (0.03  to  0.1  Gm.). 

Barii  Sulphas  (U.S.  X.),  Barium  Sulphate.  Ahhr. :  The  title  should  never  be  abbre- 
viated, in  order  to  avoid  confusion  with  barium  sulphide  or  sulphite. 

A  fine,  white,  odorless  and  tasteless  bulky  powder,  free  from  grittiness.  Insoluble 
in  water  and  organic  solvents  and  in  aqueous  solutions  of  acids  and  alkalis. 

Dose,  4  to  8  ounces  (112  to  221  Gm.)  by  mouth,  for  x-ray  examination. 

Antipathogenic  Action. — The  slow  penetration  of  barium  salts  makes  them  of  little 
avail  in  destroying  those  bacteria  which  are  protected  by  a  thick  wall.  Thus  anthrax 
spores  are  not  injured  by  a  5  percent,  solution  of  barium  chloride,  and  an  11  percent, 
solution  requires  10  days  to  kill  them   (Paul  and  Kronig). 

Protozoa  and  low  water  animals  are  killed  by  very  weak  concentrations,  and  the 
cells  of  water  plants  are  also   readily  injured. 

Pharmacodynamic  Action:  Absorption  and  Eliviination. — Although  the  soluble  salts 
of  barium  are  readily  absorbed  from  the  alimentary  canal,  or  when  injected  subcu- 
taneously,  the  insoluble  salts  are  not  dissolved  in  the  body  fluids  and  are  nontoxic. 
Barium  carbonate  may  be  converted  into  the  soluble  chloride  by  the  gastric  acid,  but 
subcutaneously  injected  in  suspension  is  not  absorbed  rapidly  enough  to  cause  poisoning. 
Barium  sulphate  is  so  free  from  danger  that  it  is  used  as  an  opaque  suspension  for 
x-ray  work. 

After  absorption  or  injection,  the  salts  of  barium  are  deposited  in  the  bones,  liver, 
kidney,  brain  and  cord.  It  soon  disappears  from  all  except  the  bone,  where  it  may  still 
be  found  for  several  weeks.  The  presence  of  crystals  of  barium  sulphate  in  the  vessels 
and  clogging  the  capillaries  of  the  lungs  (Onsum)  is  unusual,  partly  because  the  minute 
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crystals  pass  readily  through  all  vessels  (Neumann),  partly  because  small  amounts  of 
the  sulphate  can  be  held  in  solution  by  sodium  bicarbonate  (Santi). 

Elimination  takes  place  almost  entirely  through  the  mucosa  of  the  lower  bowel. 
Traces  are  found  in  the  saliva  and  in  the  urine,  but  these  are  usually  too  small  to  be 
weighed,  not  more  than  0.1  percent,  of  the  amount  given   (Meyer). 

Toxicity. — The  toxic  dose  varies  within  wide  limits  in  different  species  and  by 
various  methods  of  administration.  Absorption  from  the  alimentary  tract  may  be 
almost  entirely  prevented  if  this  contains  large  amounts  of  sulphates  or  carbonates. 
The  low  toxicity  in  herbivora  is  probably  due  to  the  presence  of  these,  and  their  insuscep- 
tibility is  largely  lost  if  a  soluble  salt  is  injected. 

The  fatal  dose  of  soluble  salts  by  vein  in  the  dog  is  about  20  mgm.  per  kilo;  in 
the  cat  about  30,  and  in  the  rabbit  and  rat  about  50.  Subcutaneously  the  dog  is  killed 
by  25  mgm.  per  kilo;  the  cat  by  60,  and  the  rabbit  by  100.  By  mouth  the  dose  must  be 
three  to  four  times  as  large.  The  fatal  dose  in  man  has  varied  enormously.  Most  of 
the  subjects  of  fatal  poisoning  have  swallowed  about  a  teaspoonful  of  a  solid  salt  in 
mistake  for  a  purgative.  Fatal  poisoning  has  followed  ingestion  of  40  to  80  Gm. 
(10  to  20  dr.)  of  the  sulphide  or  carbonate  in  mistake  for  the  sulphate  which  was  to 
be  used  for  x-ray  pictures  of  the  bowel.  Recovery  has  followed  after  3  teaspoonfuls 
taken  in  solution,  and  death  is  said  to  have  resulted  from  1  Gm.  Severe  poisoning  with 
complete  paralysis  lasting  several  days  followed  4  Gm.  of  a  solution  of  the  acetate  and 
severe  gastroenteric  symptoms  resulted  from  0.8  Gm.  If  a  soluble  salt  is  used  at  all, 
not  more  than  0.2  Gm.  (gr.  3)  should  be  given  at  a  dose.  The  doses  given  are  for  the 
salts,  not  the  metallic  ion. 

When  a  fatal  dose  of  a  soluble  salt  of  barium  is  taken  by  mouth  there  are  as  a  rule 
no  symptoms  of  poisoning  for  15  to  30  minutes.  After  this  time  a  feeling  of  distress  in 
the  stomach  is  felt,  followed  shortly  by  nausea,  cramp-like  pains,  and  often  dizziness  or 
severe  headache.  The  cramps  "steadily  increase  in  severity  and,  after  an  hour  or  more, 
vomiting  and  profuse  diarrhea  begin.  The  number  of  stools  is  so  great  that  no  count 
of  them  can  be  kept,  and  the  pain  is  often  very  severe.  There  may  be  pains  in  the 
legs  especially  as  cramps  of  the  calf  muscles.  After  several  hours  great  weakness  is 
noted  increasing  to  partial  or  even  complete  paralysis.  The  hands  and  wrists  are 
usually  first  affected,  then  the  legs  and  later  the  muscles  of  the  trunk.  The  paralysis 
of  the  muscles  of  respiration  leads  to  extreme  dyspnea  with  labored  breathing,  and  the 
symptoms  proper  are  complicated  by  those  of  asphyxia.  The  muscles  of  the  larynx  are 
also  affected,  and  difficulty  in  speaking  is  one  of  the  most  constant  and  characteristic 
symptoms  of  poisoning  in  man.  The  sphincters  are  often  paralyzed  leading  to  involun- 
tary urination  and  defecation.  More  rarely  paralysis  of  the  bladder  leads  to  retention 
of  urine.  The  secretion  of  urine  is  not  affected.  When  the  doctor  is  called,  usually 
after  12  to  18  hours,  the  chief  complaint  is  of  dyspnea  and  weakness.  The  voice  is 
feeble,  the  skin  cyanotic  and  cold.  The  mind  is  clear  and  the  special  senses  not  affected. 
Rarely  there  is  tinnitus  or  double  vision.  The  pupils  are  normal.  The  limbs  may  be 
completely  paralyzed;  occasionally  convulsive  twitching  of  the  face  and  body  is  noted. 
The  respiration  is  rapid,  shallow  and  labored.  The  pulse  may  be  hard  and  full,  but 
much  more  commonly  it  is  extremely  weak  and  slow,  often  irregular.  Frorii  this  time 
the  weakness  may  lessen  as  recovery  ensues,  paralysis  often  lasting  2  or  3  days,  or  may 
increase  until  death  occurs  from  respiratory  failure,  usually  6  to  24  hours  after  the 
dose  was  swallowed. 

Autopsy  shows  congestion  of  the  brain  and  cord  with  a  peculiar  dark  discoloration 
of  the  gray  matter.  The  lungs  are  congested  and  show  scattered  hemorrhages  or  edema. 
The  heart  is  soft  and  filled  with  dark,  liquid  blood. 

Treatment  consists  in  administration  of  sodium  or  magnesium  sulphate  to  precipi- 
tate insoluble  barium  sulphate.  Vomiting  and  diarrhea  must  be  checked  and  pain 
relieved.  Stimulation  by  strychnine  is  usually  required.  The  prognosis  is  bad  if  a 
large  amount  has  been  swallowed,  unless  prompt,  free  vomiting  occurred. 

Chronic  poisoning  is  rarely  seen  in  man,  but  may  be  produced  in  animals  by  repeated 
small  doses.  There  are,  as  a  rule,  no  symptoms  for  several  days,  and  then  sudden 
paralysis  or  convulsions.  Often  the  nervous  phenomena  are  preceded  for  a  few 
hours  by  nausea  or  diarrhea.  Death  usually  results  shortly  after  the  onset  of 
symptoms. 

The  symptoms  resulting  in  animals  from  the  intravenous  injection  of  barium  chloride 
are  quite  different,  beginning  always  with  violent  diarrhea  followed  by  severe  convul- 
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sions.  Death  frequently  occurs  during  a  convulsion  and  the  progressive  paralysis, 
characteristic  of  more  gradual  poisoning,  is  not  seen. 

A  peculiar  form  of  nervous  trouble  seen  in  sheep  and  cattle  in  the  western  United 
States,  has  been  ascribed  to  the  eating  of  certain  plants  known  as  "loco  weeds,"  the 
animals  being  referred  to  as  "locoed."  Crawford  analyzed  two  of  these  "loco"  plants 
and  found  large  amounts  of  barium,  to  which  he  ascribed  the  symptoms.  Other  workers 
have  shown  that  the  same  condition  occurs  where  no  barium-containing  plants  are  at 
hand,  and  ascribe  the  condition  to  vegetable  poisons.  Lately  the  claim  has  been  made 
that  there  is  no  such  thing  as  "loco  weed  disease,"  but  that  all  cattle  and  sheep  sick 
from  almost  any  cause,  chiefly  animal  parasites,  are  called  "locoed"  by  the  stockmen. 
Barium  carbonate  is  used  as  a  rat  poison,  and  about  20  percent,  of  the  bait  must  consist 
of  this,  as  rats  eat  1  percent,  of  their  body  weight  at  a  meal. 

Systemic  Action:  Alimentary. — Barium  stimulates  all  parts  of  the  alimentary  tract, 
vomiting  and  increased  peristalsis  with  diarrhea  ensuing.  It  stimulates  both  the  Auer- 
bach  and  Meissner  plexuses,  as  well  as  the  muscle  (Kobert).  In  the  rabbit  it  causes 
such  spasmodic  contraction  of  the  bowel  that  peristalsis  is  interfered  with,  but  if  asso- 
ciated with  magnesium,  there  occurs  the  rapid  progression  of  chyme  called  peristaltic 
rush  (Meltzer  and  Auer).     Large  doses  of  magnesium  prevent  its  action. 

In  dogs  and  rabbits  barium  causes  increased  secretion  of  the  salivary  glands  and 
of  the  pancreas  by  action  on  the  endings  of  the  secretory  nerves.  Secretion  is  not 
stopped  by  nerve  section,  but  is  by  atropine  (Wertheimer  and  Boulet). 

Blood. — In  autopsies  on  fatal  cases  of  barium  poisoning,  it  is  often  noted  that  the 
blood  is  liquid,  and  barium  chloride  added  to  ox  blood,  1 :  200,  delays  clotting  for  several 
hours  (Home).  Clotting  can  be  induced  by  addition  of  enough  oxalate  to  precipitate 
the  barium. 

Circulation. — Although  in  barium  intoxication  the  heart  is  usually  weak  and  the 
blood  pressure  low,  intravenous  injections  cause  stimulation  of  the  heart  and  vessels 
with  enormous  rise  of  pressure,  even  to  2i/o  times  the  normal.  This  rise  of  pressure 
is  due  to  vasoconstriction,  which  results  from  action  on  the  vessel  wall,  the  center  not 
being  involved  (Boehm).  The  visceral  arteries  can  be  seen  to  contract,  hemorrhage 
from  cuts  is  lessened  (Frey),  and  flow  is  decreased  in  the  Trendelenburg  frog  by  1:  5000 
barium  chloride.  Even  1:  500  does  not  injure  the  vessels  as  they  respond  well  after  it 
has  been  washed  out  (Strooman).  This  constriction  is  not  prevented  by  apocodeine 
(Dixon).  The  rise  of  pressure  occurs  after  large  doses  of  curare  (Boehm)  and  of 
veronal  (Holzbach),  but  is  prevented  by  large  doses  of  nicotine  (Cathcart  and  Clark). 
These  facts  have  been  interpreted  as  showing  that  barium  acts  on  the  nerve  ending 
(Cathcart  and  Clark),  and  that  it  acts  on  the  capillaries  (Holzbach).  The  constriction 
of  the  vessels  in  the  systemic  circulation  leads  to  a  dilatation  of  the  vessels  of  the 
lungs  (Frey,  Weber),  although  these  are  constricted  when  perfused  in  vitro  (Baehr 
and  Pick;    Brodie  and  Dixon). 

The  rate  of  the  heart  is  accelerated  at  first  by  a  direct  action.  The  accelerators 
are  made  more  sensitive  to  stimulation  (Rothberger  and  Winterberg;  Boehm).  The 
vagus  endings  are  not  affected  (de  Nicola;  Filippi).  The  heart  of  the  rabbit  and  prob- 
ably of  other  mammals  remains  rapid  unless  there  is  asphyxia  or  during  convulsions, 
when  there  may  be  marked  slowing  (Boehm;  Filippi).  The  frog  heart,  on  the  other 
hand,  is  slowed   (Filippi). 

The  isolated  heart,  both  of  the  frog  and  mammal,  is  slowed  and  strengthened  when 
barium  is  added  to  the  perfusion  fluid.  For  the  rabbit  heart  only  1:  100,000  is  required 
(Kakowski),  but  for  the  frog  much  stronger  solutions  are  needed.  With  addition  of 
1:  10  to  1:  6000  the  isolated  frog  heart  will  stop  in  systole,  immediately  or  up  to  24 
hours,  as  the  solution  is  diluted  ( Werschinin).  With  more  dilute  solutions,  stoppage  is 
in  diastole.  Direct  stimulation  of  the  muscle  fiber  is  shown  by  the  fact  that  the  heart 
stopped  by  muscarine  is  started  again  by  barium  (Boehm;  Bary),  and  by  the  fact  that 
if  a  frog  or  dog  be  poisoned  with  barium,  the  apex  of  the  heart  will  beat  spontaneously 
if  removed  and  suspended   in  Ringer  solution    (Wertheimer  and   Boulet). 

Barium,  given  with  magnesium  to  dogs,  is  able  to  prevent  the  paralyzing  action 
of  the  latter  on  the  heart,  even  in  4  to  5  times  the  fatal  dose.  A  mixture  of  Ba.  M/625 
and  Ca.  M/8  shows  the  antagonizing  action  even  better  (MacNider  and  Matthews). 

In  the  abnormal  heart  there  may  be  either  stimulation  or  depression  according  to 
condition  and  species  (Salant  and  Kleitman). 

Respiration. — The  respiration  is  weakened  and  finally  paralyzed  by  action  on  the 
striped  muscle.     The  unstrii)ed  muscle  of  the  bronchi,  on  the  other  hand,  is  stimulated. 
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and  these  constrict  both  in  situ  (Weber),  and  in  the  perfused  lung  (Baehr  and  Pick). 
The  secretion  of  mucus  is  increased  in  the  bronchi  and  nose. 

Genital. — The  pregnant  uterus  contracts  strongly  under  the  influence  of  barium, 
although  abortion  is  not  often  mentioned  in  cases  of  human  poisoning.  In  vitro,  all 
smooth  muscles  contract  when  barium  is  added  to  the  solution,  thus  the  vas  deferens, 
uterus  and  vagina  show  increase  of  tonus  and  strength  of  contractions  (Waddell, 
Itagaki). 

Skin. — The  mucous  secretion  of  the  skin  of  the  frog  is  increased. 

Kidneys. — The  kidneys  do  not  usually  suffer  in  acute  intoxication,  but  dogs  given 
repeated  doses  of  barium  chloride  may  show  considerable  albuminuria  and  hyaline 
degeneration  of  the  renal  cells  (Rilliet  and  Malbec). 

Nerve  System. — The  action  of  barium  on  the  central  nerve  system  is  still  most 
obscure.  The  convulsions  which  have  been  described,  arise  apparently  in  the  medulla, 
but  are  thought  by  certain  authors  to  be  entirely  asphyctic.  The  paralysis  may  be 
partly  central  (Cyon),  but  is  chiefly  peripheral  and  apparently  due  to  a  direct  effect  on 
the  muscle  substance.  The  first  change  in  the  motor  apparatus  is  an  increase  in  irri- 
tability. This  leads  to  constant  fibrillary  twitching,  both  in  the  intact  animal  and  in 
the  isolated  muscle  nerve  preparation  (Luchsinger).  In  the  latter,  a  single  touch  of  the 
nerve  to  which  barium  has  been  applied,  will  cause  a  prolonged  tetanic  contraction 
(Grutzner).  Barium  chloride  in  1:  5000  solution  in  Ringer  solution  applied  to  a  muscle 
nerve  preparation,  increases  the  strength  of  the  contraction  at  first  (Ringer).  Later 
there  is  slow  relaxation,  such  as  is  described  under  veratrine.  Somewhat  stronger  solu- 
tions lead  to  a  loss  of  response  from  indirect,  and  finally  from  direct,  stimulation.  In 
solutions  of  sodium  chloride  plus  barium  1:20,000,  irritability  is  lost  in  an  hour  or  two, 
while  in  solutions  containing  calcium,  or  calcium  and  potassium  in  addition,  it  is 
retained  several  days   (Overton). 

Therapeutics:  Topical. — A  paste  of  barium  sulphide,  diluted  with  arrowroot  or 
starch,  is  much  vised  as  a  depilatory. 

Systemic. — Barium  is  seldom,  if  ever,  employed  therapeutically  at  the  present 
day.  The  chloride  was  recommended  by  Lauder  Brunton  as  a  cardiac  stimulant,  in- 
creasing the  force  of  the  ventricular  systole  and  steadying-  the  rhythm.  It  has  been 
used  to  slow  the  heart  in  Graves'  syndrome  and  to  aid  the  circulation  and  better  the 
local  condition  in  varicose  veins.  Bartholow  used  barium  chloride  "with  excellent 
effect"  for  the  removal  of  inflammatory  exudates  in  cases  of  cardiac  asthenia  with  low 
arterial  tension.  He  speaks  well  of  it  also  in  atony  of  the  intestines  with  deficient 
secretion  and  in  atony  of  the  bladder.  Murrell  says  that  barium,  in  its  action  on  the 
heart,  is  allied  to  digitalis. 

Barium  sulphate  is  taking  the  place  of  bismuth  subcarbonate  to  give  a  shadow 
in  x-ray  examination  of  the  intestinal  movements.  Caution  must  be  exercised  not 
to  use  barium  sulphide  in  place  of  the  sulphate,  the  former  being  extremely  poisonous. 

Formic  Acid  and  Formates 

Formic  acid  was  introduced  into  therapeutics  as  an  antirheumatic,  toward  the 
end  of  the  last  century,  it  having  been  observed  that  persons  with  rheumatism  who  had 
been  stung  by  bees  sometimes  showed  marked  amelioration  of  their  rheumatic  symp- 
toms. As  formic  acid  is  one  of  the  chief  constituents  of  the  apian  poison,  the  idea  of 
using  this  in  measured  dose  as  a  remedy  for  this  malady,  suggested  itself.  Its  use  for 
other  purposes  followed  later. 

Chemistry. — Formic  acid  is  the  lowest  acid  in  the  chain  series  of  hydrocarbons, 
having  the  formula  HCOOH.  It  is  an  active  acid  and  is  thus  destructive  to  organic 
matter  when  present  in  concentrated  form.  It  forms  salts  readily,  those  with  sodium 
and  potassium  having  an  alkaline  reaction. 

Summary  of  Actions  and  Uses. — Formic  acid  shares  the  topical  actions  of  other 
acids,  but  neither  it  nor  its  salts  have  much  systemic  action.  The  formates  are  used  as 
nerve  stimulants  and  antirheumatics. 
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Materia  Medica. — Acidum  Formicum  (N.F.),  Formic  Acid.  Ahhr.,  Acid.  Formic. 
Synonym:  Aminic  Acid. 

An  aqueous  solution  containing  25  percent,  of  formic  acid,  HCOOH.  Formic 
acid  is  a  clear,  colorless  liquid,  having  a  strongly  acid  reaction  and  a  characteristic 
pungent  odor.     It  is  miscible  with  water  or  alcohol. 

Dose,  2  to  5  minims  (0.12  to  0.3  cc). 

Si'iKiTUS  AciDi  FoRMici  (N.F.),  Spirit  of  Formic  Acid.  Ahhr.,  Sp.  Ac.  Formic. 
Synonyms :  Spiritus  Formicarum,  Spirit  of  Ants. 

Alcohol  (90  percent.)  70  parts;  distilled  water,  2G  parts;  formic  acid  (24.25  per- 
cent.), 4  parts. 

Dose,  30  to  90  minims  (2  to  6  cc). 

SoDir  FoRMAS  (unofficial),  Sodium  Formate. 

A  white,  crystalline  powder,  deliquescent  in  the  air;  soluble  in  water  and  glycerin. 

It  is  incompatible  with  acids. 

Dose,  V'Z  to  2  grains  (0.03  to  0.12  Gm.). 

Elixir  Formatum  (unofficial).  Elixir  of  Formates.    Ahhr.,  Elix.  Format. 

A  22.5  percent,  solution  of  formic  acid  in  aromatic  elixir,  with  respectively  4  and 
3.5  percent,  of  potassium  carbonate  and  monohydrated  sodium  carbonate. 

Dose,  1  to  2  fluidrams  (4  to  8  cc). 

Elixir  Formatltm  Compositum  (unofficial).  Compound  Elixir  of  Formates.  Ahhr., 
Elix.  Format.  Co. 

Monohydrated  sodium  carbonate,  23  Gm.;  magnesium  carbonate,  20  Gm. ;  stron- 
tium carbonate,  25  Gm. ;  lithium  carbonate,  8  Gm. ;  quinine,  7.7  Gm. ;  formic  acid, 
200  cc;  compound  spirit  of  cardamom,  6  cc;  acetic  ether,  2  cc. ;  alcohol,  100  cc. ; 
glycerin,  300  cc. ;  purified  talc,  20  Gm. ;  distilled  water,  q.s.  to  make  1000  cc 

Dose,  1  to  2  fluidrams  (4  to  8  cc). 

Pharmacodynamic  Action:  Topical. — Formic  acid  applied  in  concentrated  sohition 
to  the  skin,  penetrates  very  rapidly,  causing  severe  pain,  and  may  blister.  Injected 
under  the  skin  even  small  amounts  of  dilute  solutions  incite  inflammatory  reaction. 
The  irritation  of  the  stings  of  bees,  the  bites  of  ants  and  the  burning  from  nettles  are 
ascribed  in  large  part  to  its  presence. 

Systemic. — The  only  systemic  action  of  these  compounds,  with  the  single  exception 
of  a  slight  dilatation  of  the  visceral  blood  vessels  and  a  slight  constriction  of  those  of 
the  limbs,  may  be  attributed  to  the  acidity  if  the  acid  be  administered  or  the  excess 
of  alkalinity  if  a  salt  is  taken. 

Halt  to  two-thirds  of  the  amount  swallowed  is  eliminated  unchanged  or  as  sodium 
formate  in  the  urine,  the  remainder  being  burned  to  COj. 

Doses  as  large  as  1  Gm.  per  kilo  have  no  topical  or  systemic  effect.  Doses  of  3  Gm. 
per  kilo  of  sodium  formate,  injected  subcutaneously,  cause  death  from  failure  of  respira- 
tion and  convulsions,  probably  dependent  on  alkali  poisoning  (Fleig,  Sollmann). 

Therapeutics. — Formic  acid  has  been  given  in  rheumatism  and  neuralgia  in  doses 
of  2  to  15  minims  (0.12  to  1  cc),  three  or  four  times  a  day,  this  use  having  been 
suggested  by  the  repeated  cures  of  rheumatism  by  bee-stings.  It  has  also  found 
employment  in  cases  of  muscular  tremor,  in  nystagmus,  and  as  a  cardiac  tonic  in 
infectious  fevers.  Subcutaneous  injections  have  been  given  locally  in  the  treatment 
of  epitheliomata  and  lupus,  from  5  to  15  minims  (0.3  to  1  cc.)  of  a  1 :  5000  to  1: 1000 
solution  being  the  usual  range  of  dose. 

Sodium  formate  is  usually  preferred  to  the  uncombined  acid  for  therapeutic  use 
as  causing  less  irritation.  It  is  somewhat  diuretic,  lessens  edema,  and  reduces  the 
loss  of  albumin  in  chronic  nephritis  and  cardiovascular  affections  when  given  in  doses 
of  2  to  8  grains  (0.12  to  0.5  Gm.)  three  times  a  day.  Muscular  fatigue  and  the  sore- 
ness of  muscles  after  a  long  tramp  or  horseback  ride  are  sometimes  relieved  by  formic 
acid  or  the  formate;  the  N.F.  elixir  formatum  in  doses  of  two  teaspoonfuls,  repeated 
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if  necessary  in  two  or  three  hours,  being  a  useful  preparation.  The  fatigue  of  eye- 
strain is  often  relieved  by  the  instillation  of  2  or  3  drops  of  a  1 :  40  sodium  formate 
solution. 

Paralysis  agitans  and  senile  tremor  are  sometimes  greatly  helped  by  sodium  for- 
mate in  3  to  6  grain  (0.2  to  0.3  Gm.)  doses  thrice  daily. 

Good  results  have  been  reported  from  the  use  of  sodium  formate  in  tuberculosis — 
internally  in  doses  of  3  grains  (0.2  Gm.)  four  times  a  day  in  the  pulmonary  and 
laryngeal  form;  by  local  subcutaneous  or  parenchymatous  injection  of  1  to  3  grains, 
according  to  age,  once  or  twice  a  week,  in  lupus  and  joint  tuberculosis. 

Administration. — Formic  acid  may  be  given  hypodermically  well  diluted  in  minute 
dose,  imitating  the  effect  of  the  bee  stings,  but  is  more  often  taken  by  mouth  as  the 
spirit  of  formic  acid  or  as  one  of  the  elixirs  of  formates. 

Nerve  Depressants 

Anesthetics 

The  group  of  "anesthetics"  is  here  limited  to  volatile  or  gaseous  substances  which 
are  administered,  usually  by  inhalation  for  absorption  by  the  lungs,  to  induce  a 
state  of  unconsciousness  with  insensibility  to  pain,  making  possible  major  and  minor 
surgical  operations  and  similar  procedures. 

These  anesthetics  fall  more  or  less  sharply  into  two  groups :  (1)  volatile  agents, 
including  chloroform,  ether,  ethyl  chloride  and  ethyl  bromide;  and  (2)  gaseous  agents, 
including  nitrous  oxide  and  ethylene.  The  agents  of  the  first  of  these  groups  are 
inhaled  in  relatively  small  amount  with  air,  and  produce  their  effects  by  a  chemical 
or  physical  action  on  the  nerve  cells.  The  agents  of  the  second  group  are  inhaled 
in  high  concentration,  75  to  85  percent.,  mixed  with  15  to  25  percent,  of  oxygen. 
In  full  anesthetic  concentration  they  reduce  the  amount  of  oxygen  available  for 
respiration  and  interfere  with  tissue  oxidations  more  than  do  the  agents  of  the  first 
type.  Many  authorities  believe  they  produce  anesthesia  merely  by  asphyxiation  of 
the  higher  centers. 

i^':  The  "local  anesthetics"  which  produce  their  effects  by  direct  or  topical  applica- 
tion to  the  nerve  structures  will  be  taken  up  in  a  later  section. 

There  has  been  and  still  is  considerable  controversy  as  to  placing  the  credit  for 
first  using  anesthesia  in  surgery.  A  number  of  men  had  the  idea  almost  simultaneously, 
and  nitrous  oxide,  or  laughing  gas,  as  it  was  first  called,  ether  and  chloroform  were 
brought  forward  in  rapid  succession. 

Various  narcotics  of  other  kinds  were  used  in  primitive  times  and  in  the  middle 
ages,  to  produce  partial  loss  of  sensitiveness  to  pain  during  operations.  Included 
among  these  are  opium,  cannabis,  hyoscyamus,  alcohol,  and  various  mixtures  of 
essential  oils.  Mandragora,  the  root  of  Atropa  mandragora,  which  is  no  longer  used, 
was  among  the  most  famous. 

Inhalation  anesthesia  was  employed  experimentally  and  in  isolated  instances, 
long  before  it  came  into  general  use.  In  or  about  1800,  Humphrey  Davy  inhaled 
nitrous  oxide  for  extraction  of  a  tooth.  In  1818,  Faraday  announced  that  "sulphuric 
ether"  produced  effects  like  those  of  laughing  gas.  Between  1820  and  1828,  Hickman 
of  Shropshire,  England,  showed  that  animals  could  be  anesthetized  by  inhaling  nitrous 
oxide,  but  he  could  not  get  surgeons  to  take  it  up.  It  was  not  until  1842,  that  ether 
was  used  properly  for  a  surgical  operation  by  Crawford  W.  Long  of  Georgia.  He 
continued  to  use  it  in  his  own  practice,  but  did  not  publish  his  results.  In  1844, 
Horace  Wells  began  the  use  of  nitrous  oxide  in  dentistry,  but  failed  to  obtain  satis- 
factory surgical  anesthesia.    In  1846,  William  T.  G.  Morton  gave  a  public  demonstra- 
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tion  of  ether  in  the  Massachusetts  General  Hospital,  and  from  this  time  its  use 
became  more  or  less  general.  In  1847,  Simpson  of  Edinburgh  introduced  chloroform 
as  an  improvement  on  ether,  and  it  was  used  very  largely,  in  spite  of  religious  opposi- 
tion, in  childbirth.  From  this  time  on  the  three  anesthetics  were  widely  used,  but 
in  recent  years  chloroform  has  been  largely  given  up  on  account  of  its  danger. 
Improved  methods  of  administration  have  made  quantitative  control  of  any  anesthetic 
possible.    The  use  of  mixtures  and  of  oxygen  will  be  referred  to  under  "Technique." 

Theories  of  Narcosis. — It  is  still  a  matter  of  uncertainty  whether  narcosis,  as 
seen  in  higher  animals,  depends  on  an  alteration  in  the  functioning  of  the  nerve 
cells  or  on  an  interruption  of  the  communication  between  them.  The  similarity  of 
the  phenomena  of  narcosis  of  unicellular  and  of  complex  organisms,  however,  strongly 
favors  the  first  view. 

The  first  well-considered  theory  of  narcosis  was  enunciated  in  1899  by  Meyer, 
and  at  about  the  same  time,  independently,  by  Overton,  These  observers  noted  that, 
almost  without  exception,  the  substances  which  acted  as  narcotics,  sedatives  and 
anesthetics  were  soluble  in  lipoids,  and  that  their  relative  anesthetic  power,  which 
they  determined  by  the  concentration  required  to  paralyze  tadpoles  and  fish,  bore  a 
direct  relation  to  their  relative  solubility  in  lipoids  and  in  water.  Solubility  in 
water  is  requisite  for  their  action,  as  otherwise  they  cannot  be  carried  to  the  nerve 
cells.  Liquid  petrolatum  is  for  this  reason  not  a  narcotic.  All  the  aliphatic  series 
fit  well  into  this  law.  All  members  of  this  series  which  are  soluble  in  water  and 
yet  more  soluble  in  fats,  act  as  narcotics.  Meyer  and  Hoppf  have  recently  determined 
on  mice,  that  aliphatic  inhalation  narcotics  are  effective  "if  they  can  be  inhaled  in 
such  concentration  that  a  content  of  0.06  cc.  per  liter  is  reached  in  the  fatty  lipoids 
of  the  brain."  Compounds  such  as  methane,  which  are  not  narcotic,  can  be  made 
so  if  introduced  under  several  atmospheres  pressure,  so  that  this  concentration  is 
attained,  which  occurs  at  8  atmospheres  with  methane.  According  to  this  law,  ethylene 
requires  a  concentration  of  80  percent,  and  acetylene  65  percent,  of  the  inhaled  air. 
Meyer  and  Overton's  law  cannot  be  applied  strictly  to  narcotic  alkaloids,  or  even  to 
ring  compounds.  The  only  narcotics  which  are  not  at  all  soluble  in  fats,  however, 
are  the  salts  of  magnesium.  Miller  and  Eeicher  have  also  formulated  theories  based 
on  lipoid  solubility,  the  latter  believing  that  lipoids  are  washed  out  of  the  brain. 

A  second  theory  of  narcosis  was  based  on  the  idea  that  excitation  of  a  cell 
depends  on  sudden  increase  in  permeability  of  its  wall,  resulting  in  concentration 
of  certain  ions  at  its  surface,  with  consequent  change  in  electric  potential  or  polariza- 
tion (Nernst).  Narcotics,  by  altering  the  lipoids  at  the  cell  surface  or  membrane, 
might  prevent  this  change  and  thus  prevent  stimulation.  The  narcotic  powers  of 
magnesium  and  the  paralytic  powers  of  potassium  salts  could  be  explained  by  altera- 
tions in  the  ion  concentration.  Living,  healthy  cells  are  generally  permeable  to 
substances  soluble  in  fats  but  not  to  those  insoluble.  This  indicates  the  existence 
of  a  lipoid  film  surrounding  the  cell.  Disease,  narcosis  and  death  alter  the  selective 
permeability.  In  arenicola  larvae,  permeability,  as  indicated  by  diffusion  of  dyes,  is 
lessened  by  narcotics  and  by  magnesium  salts  (Lillie). 

A  similar  idea  is  that  narcotics  alter  the  surface  tension  of  the  cells  and  thus 
bring  about  a  change  in  the  relation  between  the  individual  cells  and  their  sur- 
roundings. Lipoid  soluble  substances  in  general  reduce  surface  tension  at  oil-water 
interfaces,  and  such  a  change  may  be  related  to  narcosis.  Traube  assumes  that  the 
change  occurs  not  at  the  surface  of  the  cell,  but  at  the  surface  of  each  colloid  and 
lipoid  particle  contained  in  it.  With  higher  animals,  however,  narcotic  power  is 
more  clearly  proportional  to  oil-water  solubility  than  to  power  to  lower  surface  tension. 

Verworn,  in   1911,  based   a  theory  of  narcosis   on   the  well-known  fact  that  all 
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narcotics  reduce  markedly  the  rate  of  oxidation  in  cells  exposed  to  their  action,  thus 
bringing  about  a  condition  analogous  to  asphyxia.  He  believed  that  all  narcosis  was 
due  solely  to  this  condition  and  that  narcotics  acted  solely  by  virtue  of  this.  This 
theory,  like  those  already  outlined,  would  require  that  all  narcotics  should  act  simi- 
larly, and  makes  it  hard  to  explain  how  one  can  aflfect  the  entire  nerve  system  and 
another  only  the  cerebrvim.  Burge  has  shown,  that  narcotics  prevent  the  action  of 
oxydases  and  catalases,  but  that  does  not  bring  any  nearer  the  demonstration  that 
reduction  of  oxidation  is  a  cause  and  not  an  effect  of  narcosis.  That  the  theory  is 
not  universally  true  is  shown  by  the  possibility  of  preventing  the  growth  of  anaerobic 
bacteria,  and  by  prevention  of  segmentation  in  sea  urchin  eggs  by  concentrations  of 
chloroform  too  low  to  influence  oxidation  (Loeb  and  Wasteneys),  The  lack  of  anes- 
thetic power  in  cyanides  is  also  against  the  idea.  Interference  with  oxidative  processes 
is  also  assumed  by  Gill,  Mathews  and  Brown;  Baglioni  and  Burker. 

The  theories,  briefly  sketched,  are  applicable  to  the  narcotic  process  as  seen  in 
single  cells,  ova  and  unicellular  organisms,  all  of  which  are  susceptible  to  the  volatile 
anesthetics.  It  is  not  impossible  that  in  higher  organisms  the  process  is  less  simple. 
The  activity  of  the  nerve  system  of  higher  animals  depends  on  the  transmission  of 
impulses  between  different  nerve  centers  and  between  these  and  the  sensory,  motor 
and  secretory  end  organs.  These  communications  probably  occur  through  the  medium 
of  filaments  from  the  nerve  cells  and  interruption  of  them  leads  to  unconsciousness 
and  to  partial  or  complete  loss  of  function  in  the  organs  separated  from  their  centers. 
It  is  possible  that  narcotics  may  cause  a  retraction  of  these  filaments  (Lepine  and 
Duval)  or  otherwise  interrupt  those  inter-cell  connections  on  whose  integrity  con- 
sciousness depends. 

Anesthesia  is  looked  upon  as  a  physical  or  chemical  change  in  the  proteins  of 
the  cell  by  Binz,  Bernard,  Dubois  and  Wright,  while  Moore  and  Roaf  consider  that 
anesthetics  enter  into  a  loose  chemical  compound  with  protoplasm.  Tscherkis  and 
Gorodinsky  have  shown  that  certain  anesthetics  bring  about,  at  least  in  rabbits,  a  de- 
crease in  the  phosphorus-containing  lipoids  and  an  increase  in  the  alcohol  soluble 
fats.     The  relation  of  these  changes  to  narcosis  is  uncertain. 

Effects  of  Anesthetics. — All  of  the  surgical  anesthetics  have  in  common  certain 
actions  which  make  it  worth  while  to  consider  them  together  briefly. 

Absorption  and  Elimination. — All  of  the  drugs  of  this  group  are  most  readily  taken 
up  by  the  lungs.  Absorption  also  occurs  through  other  mucous  membranes,  and  although 
it  is  not  possible  to  obtain  anesthesia  by  swallowing  ether,  it  is  possible  to  induce  it  by 
ether  vapor  given  by  rectum  or  by  the  colonic  injection  of  ether  dissolved  in  a  fixed  oil. 
Chloroform  is  too  irritating  for  such  use. 

After  absorption  they  are  carried  in  the  blood,  both  by  the  plasma  and  cells,  and 
are  distributed  throughout  the  body,  the  amount  held  in  each  organ  and  tissue  being 
almost  proportional  to  the  amount  of  lipoid  and  fatty  tissue.  The  greatest  concentration 
is  found  in  adipose  deposits,  next  in  the  brain  and  spinal  cord,  and  third  in  the  liver. 

After  administration  has  ceased,  the  narcotic  is  removed  from  these  deposits  and 
excreted.  The  duration  of  storage  differs  much  with  different  narcotics.  With  nitrous 
oxide  and  ethylene  it  is  quite  brief,  the  nerve  tissue  being  often  almost  free  from  their 
effects  in  a  few  minutes.  Ether  and  chloroform  are  held  much  longer.  It  is  not  imcom- 
mon  for  several  hours  to  elapse  before  consciousness  is  fully  restored,  and  the  vapor 
may  be  detected  on  the  breath  for  several  days.  Animals  which  have  been  given  ether 
and  chloroform  will  retain  the  odor  in  their  fat  for  weeks  afterward.^ 

"With  the  usual  continuous  method  of  administration,  elimination  soon  keeps  pace 
with  absorption  and  the  amount  present  in  the  body  is  little  greater  after  2  hours  than 

^When  the  author  (T.S.G. )  was  in  Strassburg,  a  pig  which  had  been  operated  on 
several  months  before  under  ether,  was  killed.  It  was  found  impossible  to  use  the  flesh 
for  food  on  account  of  the  strong  ethereal  odor,  which  was  not  removed  even  by  cooking. 
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after  10  minutes  of  full  narcosis.  Elimination  occurs  almost  wholly  through  the  lungs. 
Minute  amounts  of  ether  and  of  chloroform  are  found  in  the  urine,  and  this  excretion 
may  have  a  bearing  on  the  renal  irritation  which  is  often  seen  after  chloroform  and 
occasionally  after  ether.  Small  amounts  of  ether  and  of  chloroform  are  also  excreted 
into  the  stomach  and  the  vomitus  may  smell  strongly  of  them. 

Topical  Action. — Ether,  and  especially  chloroform,  vapors  are  irritating  to  all  mucous 
membranes  causing  lacrymation,  sneezing  and  coughing,  dryness  of  the  mouth  and 
throat  and  irritation  of  the  bronchi.  Continued  inhalation  in  full  anesthetic  concentra- 
tion may  lead  to  a  topical  paralysis  of  the  capillaries  of  the  lungs  resulting  in  pulmonary 
congestion.  Nitrous  oxide  and  ethylene  are  devoid  of  topical  action.  Post  anesthetic 
pneumonia  is  a  danger  constantly  to  be  borne  in  mind. 

Systemic  Action:  Alimentary  Canal.— All  of  these  anesthetics  have  a  tendency  to 
cause  nausea,  which  is  noted  during  recovery  and  which  may  endanger  life  by  severe 
straining  after  abdominal  operations,  or  may  last  several  days,  leading  to  exhaustion. 
It  is  partly  central,  but  largely  caused  by  local  irritation  from  the  narcotic  excreted  into 
the  stomach.  It  may,  therefore,  be  materially  helped  by  lavage  of  that  organ.  Vomiting 
is  often  prolonged  and  severe  in  cases  with  acidosis.  The  tendency  is  very  slight  with 
nitrous  oxide  or  ethylene,  being  commonly  limited  to  a  single  act  of  emesis  before  full 
recovery. 

Ether  and  chloroform  given  to  dogs  by  inhalation,  cause  paralysis  of  the  bowel  fol- 
lowed by  increased  tonus  of  the  colon.  Nitrous  oxide  has  no  effect  during  administration, 
but  causes  increased  peristalsis  as  an  after  effect.  Ethylene  has  little  effect  during  or 
after  administration  (Miller  and  Plant). 

A  much  more  serious,  but  fortunately  rare,  condition  is  loss  of  tone  of  the  stomach 
or  bowel  with  acute  dilatation.  This  condition  must  be  relieved  at  once,  or  may  prove 
fatal.  The  gastric  dilatation  may  be  relieved  by  repeated  lavage  through  a  stomach 
tube.  The  intestinal  type,  which  is  a  complete  motor  inhibition  of  the  bowel  wall,  does 
not  yield  to  the  usual  purgatives,  but  can  usually  be  relieved  by  hypodermic  injection 
of  \'2  to  1  cc.  (8  to  16  minims)  of  pituitary  extract,  associated  with  7  mgm.  (1/100  gr.) 
of  physostigmine  (Cross),  or  by  the  passage  of  a  duodenal  tube.  Fatty  degeneration  of 
the  liver  is  seen  especially  after  chloroform. 

Blood. — Volatile  anesthetics  paralyze  the  ameboid  motions  of  white  blood  cells  and 
thus  interfere  temporarily  with  phagocytosis.  The  power  of  hemoglobin  to  take  up  and 
give  off  oxygen  is  possibly  interfered  with  and  blood  catalase  is  prevented  from  acting 
or  may  disappear.     The  blood  lipoids  are  markedly  increased   (Reicher). 

Circulation. — The  blood  pressure  is  variously  affected  by  anesthetics.  Nitrous  oxide 
and  ethylene  cause  a  brief  rise  followed  by  return  to  normal.  Ether  causes  a  more 
prolonged  rise  during  the  first  and  often  the  second  stages,  the  pressure  during  the 
third  stage  remaining  constant  at  a  level  slightly  below  normal. 

Chloroform  causes  a  marked  fall  from  the  beginning,  which  may,  with  full  nar- 
cosis, be  great  enough  to  endanger  life.  These  effects  are  all  due  to  action  on  the 
vasomotor  center.  Apart  from  reflex  action  through  the  vagus,  the  normal  heart  is  not 
much  influenced  by  any  but  chloroform  and  ethyl  chloride,  which  share  the  toxic  action 
of  other  chlorine  narcotics,  such  as  chloral.  Fatty  or  dilated  hearts  may  be  poisoned 
by  any  of  these  agents.  Chloroform  is  absolutely  forbidden  when  the  heart  is  diseased 
and  even  ether  may  be  dangerous.  Narcosis  was  formerly  ascribed  to  anemia  of  the 
brain,  but  the  cerebral  circulation  is  not  affected  in  any  constant  manner. 

Respiration. — The  topical  action  on  the  throat  and  lungs  has  been  mentioned.  The 
action  on  the  respiratory  center  is  of  great  importance.  Direct  depression  of  the  center 
is  noted  with  ether  before  there  is  any  depression  of  the  vasomotor  center,  and  shallow 
respiration  occurring  in  the  third  stage  gives  a  valuable  signal  of  excess  before  life  is 
endangered.  With  chloroform  this  warning  is  not  given,  the  two  centers  failing 
together    (Githens  and  Meltzer). 

In  the  early  stages,  especially  with  ether,  the  respiratory  center  is  stimulated 
reflexly,  respiration  being  rapid  and  often  deep.  The  breathing  is  usually  irregular 
during  the  first  stage,  and  may  be  interrupted  entirely  by  spasm  of  the  laryngeal 
muscles,  or  by  reflex  inhibition  of  the  center.  The  tendency  to  respiratory  stoppage  is 
favored  by  the  fact  that  the  hyperpnea  leads  to  reduction  of  the  COj  of  the  blood,  as 
emphasized  by  Henderson,  and  as  this  is  the  physiologic  stimulant,  any  reduction  in  it 
depresses  the  respiratory  center.  As  anesthesia  becomes  complete  these  reflexes  cease, 
respiration  becoming  deep  and  slow  and  often  noisy  from  vibration  of  the  relaxed 
throat  muscles. 


1584  NERVE  DEPRESSANTS 

With  nitrous  oxide  and  ethylene,  the  reflexes  are  less  troublesome  and  there  is  little 
or  no  tendency  to  washing  out  of  CO3.  The  center  is  also  somewhat  stimulated  by 
asphyxia. 

As  narcosis  passes  beyond  the  stage  of  complete  safety,  inspiration  becomes  shal- 
lower and  respiration  may  cease.  This  is  a  matter  of  grave  danger,  as  excretion  of  the 
anesthetic  depends  on  its  continuance.  Artificial  respiration  must  therefore  be  initiated 
at  once  and  continued  until  natural  respiration  is  established.  The  broncho-constrictor 
fibers  are  paralyzed  in  deep  anesthesia  favoring  the  occurrence  of  inhalation  pneu- 
monia. 

Metabolism. — All  anesthetics,  througU  reduction  of  oxidative  processes  or  otherwise, 
produce  a  condition  of  acidosis,  characterized  by  incomplete  combustion  of  fats  and 
carbohydrates  with  the  formation  of  acetone  and  diacetic  acid,  hyperglycemia  and  glyco- 
suria. The  condition  is  very  similar  to  that  of  diabetes,  but  may  be  prevented  or 
relieved  by  feeding  of  sugar  or  injection  of  glucose  as  the  capacity  to  burn  this  is  not 
lacking.  Usually  the  acidosis  is  not  severe  enough  to  be  of  great  importance,  but  in 
persons  in  poor  nutrition  and  in  those  starved  unduly  before  operation,  in  whom  the 
store  of  glycogen  is  depleted,  it  is  likely  to  be  dangerous.  In  diabetics,  and  even  more 
in  children  subject  to  status  lymphaticus,  it  is  of  the  very  gravest  import,  and  in  unsus- 
pected cases  of  the  latter,  is  often  fatal.  In  normal  persons,  acetone  may  appear  in  the 
urine  within  a  few  minutes  after  beginning  ether  or  chloroform  and  usually  passes  off 
in  1  to  4  days  (Becker),  lasting  longer  after  chloroform  than  after  ether   (Beesly). 

The  urinary  excretion  of  phosphates  is  increased,  but  not  that  of  chlorides,  indi- 
cating an  increase  in  discharge  of  phosphoric  acid  from  the  tissues.  The  increase  Is 
noted  especially  immediately  after  cessation  of  the  anesthetic. 

The  epinephrine  content  of  the  adrenal  glands  is  much  reduced  after  prolonged 
ether  or  chloroform  anesthesia  and  this  contributes  to  the  low  blood  pressure  (Corbett). 

Temperature. — Temperature  reduction  is  a  constant  effect  of  anesthesia.  This  is 
partly  due  to  direct  cooling  of  the  tissues  by  the  evaporation  of  the  volatile  anesthetics, 
which  the  body  must  raise  to  its  own  temperature  with  loss  of  heat;  partly  to  exposure 
of  the  body,  especially  if  large  body  cavities  are  opened;  and  partly  a  direct  effect  of 
the  anesthetics  on  the  heat  regulating  center.  In  experiments  made  by  Meltzer,  admin- 
istering ether  in  continued  overdose  by  a  method  providing  for  artificial  respiration, 
death  finally  occurred  after  12  to  16  hours,  from  inability  to  keep  the  body  temperature 
near  normal. 

Urinary. — If  the  kidneys  are  normal  they  are  usually  not  markedly  affected  by 
inhalation  anesthetics,  although  there  may  be  anuria  during  and,  for  a  short  time,  after 
anesthesia.  In  certain  types  of  renal  lesion,  and  especially  after  operations  involving 
the  kidney,  complete  fatal  anuria  may  occur.  It  is  doubtful  what  part  anesthesia  plays 
in  this,  but  the  danger  is  particularly  great  after  nephrectomy,  and  is  said  to  be 
lessened  by  blocking  of  the  splanchnic  nerves. 

Atony  of  the  bladder  with  retention,  is  frequent  after  abdominal  operations,  but  may 
be  relieved  by  catheterization  and  injection  of  pituitary  extract. 

Nerve  System. — It  is  upon  the  central  nerve  system  that  the  effects  of  anesthetics 
are  especially  exerted,  and  all  of  them  influence  it  in  much  the  same  way,  and  affect 
the  several  portions  in  the  same  general  order,  the  effects  being  often  described  under 
three  stages. 

The  lowest  concentrations  cause  a  sort  of  drunkenness  with  motor  restlessness  and 
often  talkativeness,  intellection  being  dulled  and  partly  lost    (First  stage). 

The  second  stage  is  characterized  by  loss  of  pain  sense  and  power  of  voluntary 
motion  and  complete  loss  of  consciousness.  Some  reflexes  are  exaggerated,  respiration 
is  stimulated,  but  may  be  interrupted  by  vagus  reflex.  Spasmodic  contraction  of  volun- 
tary muscles,  especially  from  strong  stimulation  of  sensory  nerves,  is  seen.  The  lid 
reflex  is  almost  normal. 

The  direct,  paralytic,  central  effects  are  apt  to  be  disturbed  to  a  varying  effect  by 
reflex  stimulation  of  the  vagus  and  respiratory  centers  from  the  topical  action  of  the 
gas  on  the  throat  and  lungs,  and  by  the  incoordinated  responses  of  the  motor  ganglia 
freed  from  cerebral  control.  These  reflex  disturbances  are  most  troublesome  with  ether 
and  least  with  chloroform. 

The  third  stage  shows  complete  muscular  relaxation  with  loss  of  deep  reflexes  and 
of  the  lid  reflex.  Full  relaxation  is  obtained  with  great  difficulty  under  nitrous  oxide 
and  ethylene.     A  depressing  action  on  the  respiratory  center  indicates  that  narcosis  is 
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unnecessarily,  and  even  dangerously,  deep.  Except  under  chloroform,  the  vasomotor 
center  and  the  cardiac  action  do  not  show  much  disturbance  until  later. 

The  loss  of  reflexes  is  one  of  the  most  useful  guides  to  the  depth  of  narcosis.  The 
eye  is  usually  readily  accessible  to  the  anesthetist,  and  for  this  reason  the  lid  reflex 
and  reaction  of  the  pupil  have  been  much  studied.  If  the  lid  no  longer  moves  when  its 
margin  is  touched  the  patient  is  usually  ready  for  operation.  If  the  reaction  of  the 
pupil  to  light  is  lost  or  markedly  reduced,  the  narcosis  is  too  deep  for  safety.  The 
muscle  reflexes  may  be  tested  by  flexing  the  arm  sharply  at  the  elbow  and  noting 
absence  of  resistance.  Occasionally  abdominal  muscles  over  areas  of  inflammation  will 
not  yet  be  relaxed. 

Of  the  special  senses,  sight  is  lost  before  hearing,  while  taste  persists  longer  and 
smell  is  lost  earlier. 

The  effects  of  anesthetics  on  peripheral  nerves  and  endings  are  overshadowed  by 
their  central  actions,  but  all  cells  are  susceptible  to  their  action.  With  low  concentra- 
tions, irritation  rather  than  paralysis  of  sensory  nerve  endings  is  seen.  Nerves  exposed 
directly  to  the  vapors  show  loss  of  conductivity  and  of  excitability  in  exact  proportion 
(Verworn).  The  motor  nerve  endings  are  paralyzed  by  ether  and  show  distinct  weak- 
ening of  response  to  nerve  stimulation  while  the  animal  is  still  breathing  fairly  well 
(Githens  and  Meltzer).  With  chloroform  this  paralysis  occurs  only  after  the  blood 
pressure  is  very  low. 

The  autonomic  system  is  less  affected  than  the  centers.  Several  of  the  autonomic 
centers  show  reflex  excitement  early,  but  all  are  eventually  paralyzed.  The  endings  are 
readily  paralyzed  in  isolated  organs,  but  not  in  the  intact  animal. 

Dangers  from  Anesthetics. — The  tendency  to  acidosis  occurring  during  and  after 
narcosis  has  been  mentioned.  Related  to  this  is  a  condition  known  as  "delayed  poison- 
ing.'" which  may  occur  after  any  anesthetic,  but  is  rarely  seen  excepting  after  chloroform, 
and  will  be  considered  with  that  substance. 

Death  as  a  direct  effect  of  the  anesthetic  is  quite  rare,  but  is  so  much  more  frequent 
with  chloroform  than  with  any  other,  that  the  question  arises  whether  the  use  of  this 
substance  is  justifiable,  apart  from  exceptional  circumstances.  Its  small  bulk  as  com- 
pared to  ether,  make  transportation  of  it  much  easier  in  camp,  and  its  brief  first  and 
second  stages  make  it  more  speedy  when  many  operations  are  to  be  done  in  close  suc- 
cession, as  on  a  battlefield.  For  these  reasons  it  has  been  recommended  for  army  use. 
It  would  appear  to  be  much  safer  in  the  tropics  than  in  temperate  climates.  The  table 
shows  the  number  of  deaths  ascribed  to  the  anesthetic,  as  compiled  from  large  surgical 
statistics    (Gwathmey). 

Ether    (drop    method) 28  deaths  in  157,000  1  in  5,623 

Chloroform    (drop   method) 8        "         "     16,390  1    "    2,048 

Chloroform   oxygen    1        "         "       4,009  1    "    4,009 

Nitrous    oxide    oxygen 0        "         "       8,585  

Ethyl   chloride    9        "         "   100,971  1    "  11,219 

Most  of  the  anesthetics  are  inflammable  and  explosive,  and  if  a  flame  is  burning 
near  by,  there  is  great  danger.  The  use  of  a  cautery  near  the  head  has  frequently  led 
to  explosions,  which  have  more  than  once  proved  fatal.  Chloroform  is  free  from  this 
danger,  but  is  decomposed  by  flame  with  the  formation  of  a  very  irritating  chlorine 
compound. 

Preexisting  Dangers. — Certain  physical  conditions  and  disorders  lead  to  difficulty 
and  danger  in  administering  anesthesia.  Children  have  a  greater  tendency  than  adults 
to  acidosis  and  are  rnore  easily  chilled.  Pregnant  women  also  tend  to  show  acid  poison- 
ing. Obesity  renders  the  obtaining  of  full  narcosis  difficult,  and  this  has  been  accounted 
for  by  assuming  that  the  excessive  fat  retains  the  narcotic.  In  animal  experiment, 
however,  results  in  fattened  and  emaciated  individuals  have  not  shown  constant  differ- 
ences. Feeding  and  injection  of  lecithin,  of  cream  and  of  other  fats,  have  either  given 
Inconstant  results,  or  the  effect  on  fat  soluble  narcotics  have  been  the  same  as  on 
morphine.  Alcoholics  are  diflScult  to  anesthetize,  as  they  are  resistant  to  the  narcotic 
action  and  susceptible  to  the  toxic.  Anemia  of  high  grade  is  said  to  bring  about  danger 
of  asphyxia  and  to  allow  narcosis  with  small  amounts  of  the  anesthetic. 

Diabetes  is  the  most  dangerous  and  important  of  these  already  existing  conditions. 
The  acidosis  is  enormously  increased  and  is  not  readily  prevented  by  preliminary  admin- 
istration of  glucose.  To-day  we  are  perhaps  in  a  position  to  do  away  with  the  danger 
by  simultaneous  injection  of  glucose  and  insulin. 
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In  many  instances,  children  who  have  died  suddenly  while  anesthetics  were  being 
administered,  have  been  found  to  be  subjects  of  status  lymphaticus.  It  is  recognized 
that  this  condition  almost  precludes  the  use  of  general  anesthesia. 

The  existence  of  severe  heart  disease  and  of  any  form  of  lesion  of  the  lung,  make 
the  use  of  inhalation  anesthesia  dangerous.  In  these  conditions,  as  well  as  in  the  others 
cited,  it  is  best  whenever  possible  to  make  use  of  local,  nerve  trunk,  or  spinal  anesthesia 
as  described  later. 

Technique  of  Systemic  Anesthesia. — Surgical  anesthesia,  that  is,  such  annulment 
of  painful  sensations  as  is  required  for  convenient  transaction  of  surgical  operations 
arid  similar  procedures,  may  be  obtained  either  by  paralyzing  the  higher  centers,  includ- 
ing those  of  intellection,  sense  perception  and  voluntary  motion;  or  by  interrupting  the 
transmission  of  impulses  from  the  periphery  to  the  centers  and  from  the  centers  to  the 
periphery.  The  latter  process  will  be  described  under  "local  anesthesia"  in  a  subsequent 
section,  only  the  former  being  considered  here. 

The  number  of  agents  which  will  bring  about  a  paralysis  of  the  higher  centers 
without  endangering  the  integrity  of  the  centers  of  respiration  and  vasomotion,  are 
comparatively  few,  and  the  most  important  of  them  are  given  usually  by  inhalation  for 
absorption  from  the  lungs.  A  few  alkaloids,  such  as  morphine  associated  with  sco- 
polamine, are  occasionally  used,  especially  for  obstetric  procedures,  but  these  are  not 
included  here. 

For  the  details  of  methods  of  administration,  the  student  is  referred  to  textbooks 
of  surgery  or  to  special  works  on  anesthesia,  such  as  Gwathmey's,  but  a  general  sketch 
will  not  be  out  of  place  here. 

The  simplest  method  of  administration  of  the  volatile  anesthetics  consists  in  placing 
a  towel,  gauze,  or  special  inhaler  over  the  face  and  dropping  upon  this  the  ether  or  other 
anesthetic,  gradually  increasing  the  amount  as  the  first  stage  is  passed,  and  judging  of 
the  amount  employed  by  the  condition  of  the  subject  and  the  number  of  drops  allowed 
to  fall  from  the  bottle  per  minute.  As  an  uncertain  amount  is  evaporated  during  expira- 
tion and  blown  away,  there  is  no  true  guide  as  to  the  amount  actually  received.  This 
is  known  as  the  "open  method"  and,  until  a  few  years  ago,  was  universally  used. 

In  recent  years  this  method  has  been  largely  replaced  by  so-called  "closed  methods." 
In  these  the  anesthetic,  commonly  ether,  is  added  to  a  stream  of  air  or  oxygen,  which 
passes  along  a  closed  tube  to  a  mask  or  other  device,  which  is  provided  with  a  separate 
path  for  expiration.  By  this  method  all  the  anesthetic  which  evaporates  is  conveyed  to 
the  patient,  and  the  amount  may  be  exactly  measured.  The  amount  per  minute  is  con- 
trolled either  by  a  valve  which  allows  a  known  proportion  of  the  air  to  pass  over  the 
ether,  the  rest  going  through  a  by-pass  (Meltzer  and  Elsberg's  apparatus),  or  more 
commonly  by  arranging  an  evaporating  chamber  into  which  the  anesthetic  falls  drop 
by  drop,  the  rate  of  flow  being  controlled.  The  closed  methods  have  the  additional 
advantage  that  the  air  vapor  mixture  can  be  passed  through  a  warm  chamber  before 
going  to  the  patient,  and  may  be  passed  through  or  over  water  to  moisten  it.  This 
avoids  the  cooling  and  drying  effects  of  anesthesia,  which  are  both  disagreeable  and 
dangerous.  The  mixture  having  been  adjusted,  warmed  and  moistened,  may  be  admin- 
istered to  the  patient  by  means  of  a  hollow  mask  fitting  over  the  face,  and  provided  with 
exit  valves  for  expiration,  or  for  special  reasons,  it  may  be  more  convenient  to  convey 
it  through  tubes  of  various  types.  For  operations  on  the  throat,  tubes  fitting  into  the 
nostrils  are  provided,  or  a  tube  may  be  passed  deep  into  the  pharynx  or  even  into  the 
larynx.  Particular  mention  should  be  made  of  intratracheal  insufflation,  introduced  by 
Meltzer.  In  this  method  the  patient  is  first  anesthetized  and  a  soft  rubber  tube  is 
passed  through  the  mouth  and  larynx  deep  into  the  trachea.  Through  this  tube  the 
mixture  of  air  and  anesthetic  is  driven  by  compressed  air,  the  current  being  inter- 
rupted about  18-20  times  a  minute  to  permit  the  lungs  to  collapse.  This  provides  at 
once  a  controlled  anesthesia  and  a  method  of  artificial  I'espiration.  There  is  also  a 
continuous  flow  outward  (upward)  through  the  trachea  and  larynx,  which  absolutely 
prevents  inhalation  of  foreign  matter.  This  method  of  administration  is  indicated  in 
operations  on  the  brain,  during  which  cessation  of  respiration  is  common,  and  is  of 
great  value  in  operations  requiring  opening  of  the  chest,  as  the  positive  pressure  keeps 
the  lungs  expanded  to  any  desired  extent  and  provides  adequate  artificial  respiration. 

Nitrous  oxide  and  ethylene  may  be  given  by  any  of  the  closed  methods,  but  the  gas 
contained  in  an  iron  cylinder  under  pressure  is  first  mixed  with  a  known  volume  of 
oxygen,  and  this  mixture  conveyed  to  the  patient  as  described. 
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Ether  may  be  administered  in  a  stream  of  compressed  air  into  the  rectum,  and 
enough  absorbed  to  maintain  anesthesia.  It  may  also  be  given  mixed  with  oil,  50  to  75 
percent,  in  olive  oil,  one  ounce  to  every  20  pounds  of  body  weight  by  colonic  tube 
(Gwathmey).  Anesthesia  may  also  be  maintained  by  intravenous  injection  of  a  5  to  T'/g 
percent,  solution  of  ether  in  Ringer  solution  at  a  rate  of  about  40  to  60  drops  per  minute, 
continued  throughout  the  operation. 

Anesthetic  Mixtures. — Very  early  in  the  history  of  inhalation  anesthesia,  attempts 
were  made  to  improve  on  the  single  agents  by  the  use  of  mixtures  of  various  composi- 
tion. The  first  to  attain  wide  recognition  was  A.C.E.  mixture,  a  combination  of  alcohol 
1  part,  chloroform  2  parts,  ether  3  parts,  or  of  the  same  agents  in  different  proportions. 
It  is  little,  if  at  all,  used  to-day. 

Much  more  important  is  the  anesthetic  sequence,  that  is,  the  use  of  one  anesthetic 
to  initiate  anesthesia  and  its  continuance  with  another.  The  superior  safety  of  ether 
and  its  disagreeable  first  stage,  led  to  the  use  of  other  agents  to  inaugurate  narcosis, 
ether  being  substituted  when  this  was  established.  Chloroform  was  formerly  much 
used  in  this  way,  but  respiration  is  likely  to  stop  when  the  transfer  is  made,  and  this 
sequence  has  been  largely  abandoned;  ethyl  chloride  is  now  used  instead.  Of  greater 
Importance  is  the  preliminary  use  of  nitrous  oxide;  closed  systems  containing  tanks  of 
ether,  of  nitrous  oxide  and  of  oxygen,  which  can  be  given  in  any  way  desired.  Gwath- 
mey mentions  16  such  sequences  and  mixtures  which  are  in  use  to-day. 

The  administration  of  narcotics  before  anesthetization  makes  the  induction  of  this 
easier,  and  reduces  the  amount  of  anesthetic  required.  The  drugs  most  used  are 
morphine,  hyoscine  (often  associated),  chloretone,  bromides  and  alcohol.  Atropine  is 
often  added  to  prevent  the  reflex  stoppage  of  respiration  and  the  cardiac  vagus  reflex. 
Alcohol  mixed  with  oil  of  bitter  orange  peel  inhaled  before  ether  or  chloroform  will 
largely  prevent  the  choking  sensations  caused  by  the  odor  of  these  agents. 

The  rapid  breathing  which  occurs  at  the  beginning  of  anesthesia,  may  "wash  out" 
the  carbonic  acid  from  the  blood  and  thus  remove  the  normal  stimulant  of  the  respira- 
tory center,  at  the  same  time  that  its  sensitiveness  is  reduced  by  the  anesthetic.  Cessa- 
tion of  respiration  may  readily  occur  from  this  cause,  early  in  the  administration.  To 
avoid  this,  the  patient  may  be  made  to  rebreathe  his  expired  air,  or  better,  may  be  given 
inhalations  of  carbonic  acid,  a  tank  of  which  may  be  added  to  closed  systems.  Much 
more  common,  Is  lack  of  proper  oxygenation  of  the  blood,  and  a  tank  of  oxygen  should 
always  be  at  hand.  In  closed  systems  the  best  results  are  obtained  if  oxygen  is  substi- 
tuted, at  least  in  part,  for  air. 

Of  great  importance  is  the  association  of  local  with  general  anesthesia.  This  pre- 
vents the  painful  impulses  from  reaching  the  centers,  even  when  narcosis  is  incomplete, 
and  thus  avoids  all  danger  of  the  vagus  and  other  disagreeable  reflexes  as  well  as  a 
great  part  of  the  shock  which  follows  operations  in  incomplete  narcosis.  The  method 
of  nerve  block  with  general  anesthesia  has  been  developed  at  great  length  by  Crile  under 
the  name  of  "Anoci  association." 

Uses  of  Anesthetics. — The  most  important  use  of  inhalation  anesthetics  is  for  the 
purpose  of  obtaining  loss  of  sensitiveness  to  pain  and  muscular  relaxation  for  the  per- 
formance of  surgical  operations  and  such  related  processes  as  the  setting  of  broken 
bones  and  painful  examinations  and  manipulations.  They  are  also  employed  for  the 
relief  of  brief,  painful  conditions,  such  as  renal  and  biliary  colic  and  the  passage  of 
calculi.  Convulsive  states  may  be  relieved  by  their  use,  and  the  patient  often  tided  over 
while  curative  measures  are  employed.  Infantile  convulsions  are  most  appropriately 
treated  with  ethyl  chloride;  puerperal  eclampsia  with  ether;  for  tetanus  and  strychnine 
poisoning,  it  is  best,  if  possible,  to  employ  intratracheal  insufflation  or  other  form  of 
artificial  respiration  associated  with  ether.  Occasionally  a  brief  anesthesia  will  cut 
short  an  attack  of  acute  mania,  or  give  sedative  drugs  a  chance  to  act.  In  the  diagnosis 
of  contractures,  anesthesia  may  be  of  use,  as  a  hysterical  contracture  will  at  once  yield, 
while  joint  stiffness  will  not  be  influenced.  Lavage  with  ether  often  exercises  a  bene- 
ficial influence  on  local  infections.  Ether-oil  colonic  injections  are  used  with  great 
benefit  in  pertussis.  Other  uses  of  individual  agents  will  be  considered  under  the 
respective  headings. 

Chloroform 

Chloroform,  the  most  rapidly  acting  and  most  powerful  of  the  inhalation  anes- 
thetics,  but   at   the   same   time   by   far   the   m().st   poisonous,    was   discovered    in   1.S81 
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independently  by  Lieberg,  Guthrie  and  Soubieran,  and  in  1847  Flourens  showed 
that  it  exercised  on  lower  animals  an  anesthetic  effect  like  that  of  ether,  and  Simp- 
son employed  it  in  surgery  and  obstetrics.  Ten  years  later  Snow  demonstrated  the 
degrees  of  anesthesia  associated  with  different  concentrations  of  the  gas.  In  1904 
Gwathmey  showed  that  the  danger  from  chloroform  was  enormously  reduced  when 
it  was  administered  with  oxygen  instead  of  air,  and  two  years  later  reported  increased 
safety  if  the  vapor  was  warmed  before  administration. 

Chemistry. — Chloroform  is  trichlormethane  (CHCI3),  a  compound  which  when 
pure  tends  to  decompose  and  which  is  therefore  always  marketed  (for  anesthesia) 
with  I/4  to  1  percent,  of  alcohol  which  preserves  it.  Chloroform  is  not  combustible 
nor  explosive,  but  the  vapors  in  contact  with  an  open  flame  are  decomposed  with 
the  formation  of  unascertained  or  varying,  irritating  compounds.  The  pharmacopeial 
tests  are  not  sufficient  to  exclude  the  presence  of  more  poisonous  chlorine  com- 
pounds   (Gwathmey). 

Summary  of  Actions  and  Uses. — Chloroform  exercises  a  paralyzant  effect  on  all 
functions  of  all  living  cells,  and  in  quantities  somewhat  larger  causes  death.  It  is  a 
fairly  efficient  antiseptic,  its  addition  to  liquids  preventing  their  putrefaction  or  fer- 
mentation. It  is  too  irritant  and  poisonous  to  use  on  wounds  or  in  the  body.  Its  chief 
use  is  as  an  anesthetic  in  surgery,  obstetrics  and  infantile  convulsions.  For  these  pur- 
poses it  is  administered  by  inhalation.  When  small  doses  are  swallowed,  not  enough  is 
absorbed  to  affect  the  sensorium,  but  the  drug  has  a  marked  effect  in  relieving  painful 
spasm,  colic,  etc.  For  this  purpose  it  is  often  added  to  remedies  for  infantile  colic,  for 
menorrhalgia  and  similar  conditions. 

Materia  Medica. — Chloroformum   (U.S.  X.),  Chloroform.     Ahhr.,  Chlorof. 

A  clear,  colorless,  mobile  liquid,  having  a  characteristic,  ethereal  odor  and  a  burn- 
ing, sweet  taste.  It  is  not  inflammable,  but  noxious  gases  are  produced  in  the  presence 
of  a  naked  flame.  Soluble  in  210  volumes  of  water,  miscible  with  alcohol  and  fixed 
and  volatile  oils. 

Dose,  5  to  15  minims  (0.3  to  1  cc.) 

Aqua  Chloloformi  (U.S.  X.),  Chloroform  Water.    Ahtr.,  Aq.  Chlorof. 

A  saturated  solution  of  chloi'oform,  i.e.,  0.5  percent.,  in  distilled  water. 

Dose,  4  to  8  fluidrams  (16  to  32  cc). 

LiNlMENTlJM  Chloroformi  (U.S.  X.),  Chloroform  Liniment.     Ahhr.,  Lin.  Chlorof. 

Chloroform,  3  parts;  soap  liniment,  7  parts  (U.S.);  equal  parts  of  chloroform  and 
camphor  liniment   (Br.). 

Dose,  for  external  use. 

Spiritus   Chloroformi   (U.S.  X.),   Spirit  of  Chloroform.     Ahhr.,   Sp.   Chlorof. 

Chloroform,  60  cc. ;  alcohol,  940  cc.  (U.S.);  chloroform,  1;  alcohol  (90  percent.), 
19  (Br.).  The  strength  of  the  U.S.  preparation  is  6  percent.,  that  of  the  Br.  5 
percent. 

Dose,  10  to  60  minims  (0.6  to  4  cc). 

TiNCTURA  Chloroformi  et  Morphin^e  Composita  (Br.),  Compound  Tincture  of 
Chloroform  and  Morphine.    Ahhr.,  Tr.  Chlorof.  et  Morph.  Co. 

Ten  minims  contains  %  minim  chloroform,  Vu  grain  morphine  hydrochloride, 
and  V2  minim  diluted  hydrocyanic  acid.     Alcoholic  content  about  22  percent. 

Dose,  5  to  15  minims  (0.3  to  1  cc). 

Mistura  Chloroformi  et  Morphine  Composita  (N.F.),  Compound  Mixture  of 
Chloroform  and  Morphine.  Ahhr.,  Mist.  Chlorof.  et  Morph.  Co.  Synonyms:  Com- 
pound Mixture  of  Chloroform  and  Cannabis  Indica,  Chloroform  Anodyne. 

Each  fluidram  represents  1.7  grain  of  morphine  sulphate;  lYo  minims  of  tincture 
of  capsicvim;  11  minims  of  tincture  of  cannabis,  and  7^4  minims  of  chloroform.    Note: 
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Not  to  be  confounded  witli  chlorodyne,  wliii'h  is  a  similar  but  iiuicli  stronger 
preparation. 

Dose,  30  to  GO  minims  (2  to  4  cc). 

Petboxolinum  Chloruformi  Camphoratum  (N.F.),  Campliorated  Chloroform 
Petroxolin.     Ahhr.,  Petrox.  Chlorof.  Camph. 

Contains  chloroform  and  camphor,  each  20  percent.,  in  li(iuid  petroxolin. 

Dose,  external  use. 

Antipathogenic  Action. — Chloroform,  except  in  concentrations  above  its  solubility  in 
water,  does  not  exercise  a  marked  bactericidal  action,  but  even  dilute  solutions  will 
prevent  bacterial  growth.  A  saturated  aqueous  solution  (about  1:  200)  is  amply  suffi- 
cient for  this  purpose,  but  if  a  culture  medium  is  shaken  with  excess  chloroform  and 
allowed  to  stand  in  an  open  vessel,  the  vapor  will  escape  from  the  surface  of  the  liquid 
and  will  not  be  replaced  by  diffusion,  so  that  growth  may  occur  on  the  surface  with 
undissolved  chloroform  in  the  bottom. 

Pharmacodynamic  Action:  Absorption  and  Elimmation. — Chloroform  is  but  slowly 
absorbed  from  mucous  membranes  unless  presented  in  vapor.  When  swallowed,  applied 
to  wound  surfaces  or  injected  hypodermically,  even  in  large  dose,  elimination  by  the 
lungs  keeps  pace  with  absorption  after  the  concentration  in  the  body  has  reached  a 
certain  height,  and  recovery  after  prolonged  anesthesia  may  thus  result  from  single 
doses,  much  larger  than  those  causing  brief,  full  narcosis. 

When  chloroform  is  administered  continuously  by  inhalation,  a  concentration  in  the 
blood  and  other  tissues  is  soon  reached  which  bears  a  definite  relation  to  the  concen- 
tration inspired,  after  which  expiration  keeps  pace  with  absorption.  From  the  beginning 
of  the  inhalation  more  than  half  of  that  inspired  is  expired.  In  a  few  minutes  the  two 
become  almost  equal  and,  if  any  reduction  in  the  amount  inhaled  occurs,  the  excretion 
immediately  exceeds  the  intake. 

Distribution. — Chloroform  is  carried  in  the  blood,  in  which  it  is  more  soluble  than 
in  water  or  salt  solution.  The  red  cells  contain  about  3  times  as  much  as  the  plasma 
(Pohl).  The  amount  in  different  organs  differs  very  much  at  different  stages  of  narcosis. 
It  may  be  roughly  said  that  the  central  nerve  system  and  the  liver  contain  about  as 
much  as  the  blood,  although  they  may  contain  much  more,  and  other  organs  contain 
less.  The  fatty  tissue,  owing  to  its  poor  blood  supply,  contains  less  than  would  be 
anticipated. 

Elimination. — Elimination  occurs  almost  wholly  by  the  lungs,  and  tends  to  keep 
pace  with  absorption.  Small  amounts  are  eliminated  in  the  urine,  in  the  saliva,  the 
gastric  secretions,  etc.,  but  although  irritation  of  these  organs  may  be  caused  thereby, 
the  total  quantity  is  negligible.  Elimination  of  minute  amounts  may  continue  for  hours, 
or  even  days,  after  the  administration.  A  chlorine  containing  reducing  compound  also 
appears  in  the  urine   (Kast). 

Studies  of  the  vapor  pressure  exerted  by  different  amounts  of  chloroform  in  blood, 
show  that  it  forms  an  unstable  compound  with  proteins.  The  curve  of  pressure  and 
concentration  is  a  straight  line  in  watery  soiution,  but  in  blood  the  pressure  rises  very 
little  from  l\ii  to  4  percent,  chloroform,  after  which  it  rises  regularly,  as  the  protein  is 
already  saturated   (Moore  and  Roaf). 

Topical  Action. — Chloroform  is  extremely  irritating  even  to  the  unbroken  skin, 
minute  amounts  causing  burning  and  itching  and  the  liquid  inducing  redness,  and  if 
evaporation  is  hindered,  vesication  and  even  necrosis.  A  saturated  watery  solution  is 
irritant  to  the  eyes  or  nose,  and  the  pure  liquid  swallowed  may  cause  ulceration  of  the 
stomach  and  bloody  diarrhea.  The  irritation  of  the  mucosa  of  the  bronchi  and  lungs  is 
much  greater  than  from  ether,  but  owing  to  the  promptness  with  which  narcosis  super- 
venes, disturbing  reflexes  from  irritation  of  the  throat  are  less  common. 

Peripheral  nerves  exposed  to  chloroform  vapor  lose  their  excitability,  conductivity 
and  action  current.  Sufficient  concentration  for  this  effect  is  never  reached  in  the 
body. 

Toxicity. — As  already  stated  chloroform  is  the  most  toxic  of  the  inhalation  anes- 
thetics, that  is,  its  anesthetic  dose  is  closer  to  its  fatal  or  dangerous  dose.  These  doses 
are  commonly  stated  as  the  percent,  of  its  vapor  in  the  inspired  air  which  is  required 
to  produce  a  certain  effect.  In  general  it  may  be  said  that  less  than  1  percent,  chloro- 
form vapor  by  volume  will  not  cause  anesthesia;  that  4  percent,  will  cause  death;   that 
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the  most  satisfactory  anesthesia  will  occur  with  li/,  to  2  percent.  As  1  Gm.  of  choloro- 
form  makes  200  cc.  of  vapor,  this  means  from  0.075  to  0.1  Gm.  of  chloroform  per  liter 
of  air.  Intraperitoneal  injection  showed  fatal  doses  from  2  to  4  Gm.  per  kilo  (Anstie). 
The  content  of  the  blood  in  full  anesthesia  (in  the  dog)  is  0.035  percent.,  the  content  at 
death  only  0.058  percent.,  showing  the  narrow  margin  of  safety  (Meyer  and  Gottlieb). 
In  man,  life  is  endangered  by  swallowing  60  cc.  (2  oz.). 

If  chloroform  is  administered  by  inhalation  in  gradually  increasing  amount,  it  will 
be  seen  that,  as  narcosis  becomes  deeper,  the  blood  pressure  starts  to  fall,  and  that  if 
the  amount  is  still  further  increased,  the  cardiac  pulsations  weaken  and  the  respiration 
becomes  shallower.  If  dangerous  concentrations  are  continued,  the  two  functions  will 
grow  steadily  weaker  and  cease  almost  at  the  same  time.  There  has  been  some  con- 
troversy as  to  whether  the  heart  or  respiration  actually  failed  first,  some  authors  believ- 
ing that  the  low  blood  pressure  led  to  paralysis  of  the  respiratory  center  (Hewitt), 
others  that  the  respiration  ceased  first  unless  the  heart  were  diseased   (Gill). 

More  recent  studies  by  a  special  method  which  allowed  artificial  respiration  to  be 
administered  showed  that  (in  dogs)  the  respiration  and  heart  failed  together  (Githens 
and  Meltzer)  in  contrast  to  ether,  in  which  the  respiration  ceases  while  the  heart  is  in 
good  condition. 

After  apparent  recovery  from  the  anesthesia  the  danger  is  by  no  means  over. 
Chloroform  vapors  are  extremely  irritating  to  the  lungs,  and  congestion  and  even 
inflammation  of  these,  is  not  uncommon  after  prolonged  administration.  In  dogs  given 
fatal  quantities  of  chloroform  by  intratracheal  insufHation,  extreme  congestion  of  the 
lungs  is  always  encountered.  The  kidneys  are  also  subject  to  the  poisonous  action,  albu- 
minuria being  frequently  encountered  when  the  kidneys  are  normal,  and  chloroform 
being  rather  dangerous  in  nephritis.  Other  organs  are  subject  to  fatty  degenerative 
changes,  these  being  particularly  marked  in  the  liver,  on  which  the  brunt  of  the  poison- 
ing usually  falls,  jaundice  of  mild  degree  being  often  seen.  The  central  nerve  system, 
on  which  the  acute  effects  are  chiefly  manifested,  very  rarely  suffers  any  permanent  ill 
effects. 

The  most  serious  toxic  action  of  chloroform,  is  a  profound  alteration  in  the  metab- 
olism of  the  body,  leading  to  acidosis  with  appearance  in  the  urine  of  acetone  and 
diacetic  acid.  This  condition  may  occur  at  the  time  of  the  narcosis,  but  its  most 
serious  and  dangerous  form  is  encountered  several  days  later,  and  is  known  as  delayed 
chloroform  poisoning. 

Delayed  chloroform  poisoning  is  a  form  of  acidosis  due  largely  to  the  starvation 
which  preceded  operations  of  all  sorts  a  few  years  ago,  and  which  is  still  too  frequently 
practiced.  Clinically  it  shows  two  chief  types,  one  resembling  diabetic  coma,  the  other 
acute  yellow  atrophy  of  the  liver.  The  first  type  is  almost  always  seen  in  children 
and  begins  iX  to  4  days  after  the  narcosis,  recovery  from  which  has  been  normal.  The 
first  sign  is  usually  a  wild  terror,  with  loud  screaming,  after  which  the  child  sinks  into 
lethargy  and  the  odor  of  acetone  is  noted  on  the  breath.  Screaming  spells  alternating 
with  attacks  of  air  hunger  follow,  and  vomiting  of  sour  matter  smelling  of  acetone. 
Soon  coma  supervenes  and  death  has  usually  followed  in  a  day  or  two.  The  urine  shows 
acetone  bodies  and  reducing  substance,  but  usually  no  other  abnormality.  At  autopsy 
widespread  fatty  degeneration  is  found. 

The  second  type  begins  at  the  same  interval  with  vomiting  of  sour  material,  which 
is  soon  replaced  by  a  brown  fluid  like  the  dregs  of  coffee.  Jaundice  rapidly  follows  with 
air  hunger,  restlessness  and  finally  coma.  The  urine  shows  large  amounts  of  bile 
pigments,  but  less  acetone  than  in  the  other  type.  Autopsy  shows  marked  fatty  change 
in  all  organs.  The  kidneys  are  inflamed  and  show  areas  of  necrosis.  The  liver  is 
changed  into  a  homogeneous  mass  of  bright  yellow  fat,  the  lines  between  the  lobules 
being  lost  and  the  findings  like  those  of  acute  yellow  atrophy. 

Treatment  should  be  preventive.  The  condition  is  readily  avoided  if  certain  pre- 
cautions are  taken.  It  is  merely  necessary  to  assure  a  sufficient  supply  of  glycogen 
before  operation.  Food  rich  in  carbohydrate  should  be  given  several  days  before  opera- 
tion, and  a  meal  of  starches  and  sugar  about  two  hours  before.  This  will  give  the 
stomach  time  to  empty.  In  cases  of  enforced  starvation,  as  in  cancer  of  the  stomach 
or  stricture  of  the  esophagus,  as  much  as  a  hundred  grams  of  glucose  should  be  given 
in  isotonic  solution  by  hypodermoclysis.  This  will  commonly  prevent  the  acid  intoxica- 
tion. If  in  spite  of  precautions,  or  through  neglect  of  them,  the  first  warning  symptoms 
are  noted,  a  large  dose  of  sugar  should  immediately  be  given  by  mouth,  or,  if  for  any 
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reason  that  is  impossible,  by  injection.  If  the  intoxication  is  advanced  sodium  bicar- 
bonate should  be  given  by  hypodermoclysis  and  by  rectum. 

Other  dangers  from  chloroform  are  present  also  with  other  anesthetics,  and  have 
been  considered. 

Systemic  Action:  Alimentary  System. — The  topical  irritation  of  chloroform  in  the 
mouth,  as  well  as  its  sweetish  taste,  stimulate  the  secretion  of  saliva  and  of  the  mucus 
of  the  throat.  The  stomach  shares  in  the  irritative  action  and  vomiting  may  occur  in 
patients  kept  for  some  time  in  very  light  narcosis  or  while  recovering  from  deep. 
Diarrhea  is  likely  to  follow  prolonged  anesthesia  unless  constipation  is  favored  by 
preliminary  starvation.  The  liver  always  shows  some  degree  of  fatty  change  after  deep 
anesthesia,  and  although  this  may  be  too  slight  to  cause  evident  symptoms  it  may  lead 
to  jaundice  or  be  so  extensive  as  to  prove  fatal.  Repair  commonly  proceeds  rapidly, 
and  even  badly  damaged  livers  may  become  normal  in  2  to  3  weeks.  If  chloroform  is 
given  again  before  this  interval,  it  is  attended  with  great  danger,  and  it  should  never 
be  given  for  a  preliminary  examination,  and  used  shortly  after  for  operation. 

Blood. — The  lipoid  content  of  the  blood  plasma  is  increased  during  chloroform  nar- 
cosis, presumably  by  the  solvent  action  of  the  narcotic  carried  in  the  blood.  This,  or 
the  presence  of  the  narcotic  itself,  may  lead  to  increase  in  osmotic  pressure.  The  white 
blood  cells  lose  their  ameboid  motion  during  the  height  of  the  narcosis.  The  red  cells 
show  lowering  of  resistance  to  injurious  agents,  and  destruction  of  old  cells  (Bloch). 
This  rarely,  if  ever,  is  extensive  enough  to  cause  anemia.  The  reducing  power  of  the 
blood  is  increased,  although  its  sugar  content  is  not. 

Circulation. — A  large  amount  of  study  has  been  devoted  to  the  action  of  chloroform 
on  the  circulatory  system.  In  general  it  may  be  said,  that  all  parts  of  the  system,  both 
central  and  peripheral,  are  depressed  by  all  effective  concentrations.  The  irritating 
topical  action  of  chloroform  on  the  larynx  or  bronchi  may  cause  early  stoppage  of  the 
heart,  by  stimulation  of  the  vagus  center.  Usually  circulation  recommences  when  the 
v-Bpor  is  withdrawn,  but  death  may  ensue.  This  early  death  is  most  likely  to  result 
when  the  chloroform  is  given  intermittently,  or  when  COj,  which  also  stimulates  the 
vagus  center,  is  allowed  to  accumulate.  It  rarely,  if  ever,  is  seen  when  chloroform  is 
administered  with  oxygen.  If  the  early  stage  of  partial  narcosis  is  passed,  the  blood 
pressure  begins  to  fall  and  becomes  lower  with  every  increase  in  the  concentration  of 
the  inhaled  vapor.  The  coincident  depression  of  the  respiration  leads  to  anoxemia, 
which  also  injures  the  circulatory  organs. 

The  heart  muscle  and  intrinsic  ganglia  suffer  both  in  vivo  and  in  vitro.  Heart 
failure  in  the  early  stages  of  anesthesia  appears  to  depend  on  the  occurrence  of  auricular 
fibrillation  (MacWilliams,  Levy).  There  is  also  interference  with  auriculoventricular 
conduction,  which  may  be  avoided  by  preliminary  use  of  atropine;  and  a  direct  depres- 
sion of  the  heart  muscle  leading  to  dilatation  and  eventually  to  stoppage.  In  the 
isolated  heart  of  the  cat,  the  strength  of  the  beats  is  reduced  90  percent,  by  100  mgm. 
per  liter;  in  that  of  the  ape,  somewhat  less.  The  effect  is  markedly  increased  by  the 
presence  of  CO.  in  the  perfusion  fluid,  and  lessened  by  excess  of  oxygen.  The  tendency 
to  dilatation  is  augmented  by  increase  in  peripheral  resistance,  for  which  reason  the 
use  of  epinephrine  or  other  vasoconstrictors  in  treatment  of  the  low  blood  pressure  of 
chloroform  poisoning  is  extremely  dangerous.  Artificial  massage  of  the  heart  asso- 
ciated with  inhalation  of  oxygen,  is  most  likely  to  bring  about  recovery  in  heart  failure. 

Respiration. — The  first  effects  of  inhaled  chloroform  upon  the  respiration  are  reflex, 
and  are  shown  by  irregularity,  with  contraction  of  accessory  muscles;  periods  of  holding 
of  the  breath,  coughing  and  contraction  of  the  throat  muscles,  interfering  with  respira- 
tion. As  anesthesia  becomes  deeper  the  breathing  becomes  regular,  slow  and  deep.  A 
tendency  to  shallowness  is  a  valuable  indication  that  the  danger  point  is  reached,  and 
the  anesthetic  must  be  at  once  withdrawn,  until  it  improves.  The  depression  of  the 
respiratory  center  may  be  delayed  by  inhalation  of  carbonic  acid  (Henderson),  but 
owing  to  the  concomitant  depression  of  the  circulation,  this  is  not  a  safe  procedure,  as 
it  is  with  ether.  Inhalation  of  excess  of  oxygen  is,  however,  of  value  in  preventing  the 
injury  to  the  heart  from  anoxemia,  which  the  shallow  respiration  would  otherwise 
cause.  Inhaled  with  oxygen,  chloroform  is  said  to  be  almost  as  safe  as  ether  (Gwath- 
mey).  In  fatal  poisoning,  the  breathing  may  cease  just  before  the  heart  or  soon  after  it. 
There  is  no  such  interval,  as  is  seen  with  ether  (Githens  and  Meltzer,  partly  unpub- 
lished). 

Metabolism. — Chloroform  alters  or  interferes  with  almost  all  the  metabolic  activ- 
ities of  the  organism.     The  chief  changes  may  be  briefly  described.     By  virtue  of  its 
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fat  solubility,  or  for  some  more  obscure  reason,  chloroform  disturbs  the  destruction  of 
fats,  leading  to  the  appearance  in  the  blood  of  poisonous  lower  fatty  acids.  This  may 
be  dependent,  at  least  in  part,  on  the  injury  to  the  liver. 

The  destruction  of  proteins  is  increased,  but  their  oxidation,  like  that  of  the  fats,  is 
incomplete.  This  leads  to  increase  of  total  nitrogen  in  the  urine,  as  well  as  of  creatinin, 
allantoin,  ammonia  and  diamino  acids.  Organic  sulphur  is  also  increased,  but  urea  and 
monamino  acids  are  lessened.  Excretion  of  chloride  is  increased,  while  that  of  water  is 
diminished. 

The  ductless  glands  are  little  affected,  except  the  adrenals.  The  output  of  adrenaline 
is  much  diminished  during  and  for  about  12  hours  after  narcosis,  and  death  may  result 
from  this   (Delbet). 

Temperature  is  lowered  by  a  direct  action  on  the  center,  as  well  as  by  the  evapora- 
tion of  the  vapor  in  the  lungs,  and  special  precaution  must  be  taken  to  keep  patients 
warm   during  prolonged   anesthesia. 

Kidneys. — The  secreting  cells  of  the  kidney  are  markedly  influenced  by  chloroform, 
secretion  ceasing  to  a  great  extent  during  narcosis,  and  fatty,  degenerative  and  inflam- 
matory changes  being  found  in  fatal  poisoning.  The  decreased  secretion  of  urine  is 
partly  due  to  lessened  blood  flow  through  the  organ.  There  is  an  exudation  of  leucocytes 
into  the  renal  tubules,  and  frequently  albuminuria  is  noted.  The  danger  of  injury  is 
much  increased  if  nephritis  is  already  present,  and  chloroform  should  not  be  given 
to  persons  with  advanced  renal  disease,  and  very  cautiously  to  those  with  mild  lesions. 

Glycosuria  is  less  frequent  than  with  ether,  but  chlorinated  reducing  substances 
appear  in  the  urine. 

Nerve  System. — All  parts  of  the  nerve  system  are  paralyzed,  and  eventually  killed 
by  chloroform,  but  in  the  intact  animal,  death  occurs  through  the  action  on  the  centers, 
before  the  peripheral  structures  are  markedly  affected.  The  cerebral  centers  of  con- 
sciousness are  first  paralyzed,  then  those  of  cerebral  sensation  and  voluntary  motion. 
Later  reflexes  are  lost  and  finally  automatic  movements,  such  as  those  of  the  respiration, 
the  bowel  and  the  heart. 

When  the  anesthetic  is  given  by  inhalation,  four  stages  of  narcosis  are  commonly 
noted. 

First  Stage:  Light  Anesthesia. — Consciousness  is  dulled,  the  pupil  dilates,  roaring 
sounds  are  heard,  pain  sense  is  dulled,  reflexes  are  often  increased,  perhaps  from  lessened 
control  by  higher  centers.  Breathing  is  deep  and  regular,  and  the  pulse  rapid  and  full 
with  lowered  tension.  Reflexes  which  disappear  during  this  stage  are  (1)  superficial 
skin;    (2)    vomiting;    (3)    swallowing;    (4)    coughing. 

Second  Stage:  Excitement. — This  stage  should  never  occur  when  chloroform  is 
properly  given  (Gwathmey),  although  it  is  diflficult  to  avoid  it  in  alcoholic  and  athletic 
patients.  In  this  stage  the  respiration  becomes  irregular,  the  pulse  rapid;  there  may  be 
struggling  or  incoordinated  movements,  delirious  talking  or  incoherent  shouting  or 
laughing.  Spasms  of  the  throat  or  chest  muscles  may  interfere  seriously  with  breathing. 
The  pupil  and  corneal  reflexes  are  uncertain.  The  pupils  are  likely  to  be  widely  dilated, 
oerhaps  partly  from  asphyxia,  and  this  does  not  indicate  excess  of  chloroform,  as  it  does 
in  the  third  stage.  Sensibility  to  pain  is  greatly  diminished  or  lost,  but  operation 
during  this  stage  and  the  first,  is  likely  to  be  dangerous  on  account  of  the  tendency  to 
r-ardiac  arrest  through  a  vagus  reflex.  During  this  stage,  the  maintenance  of  a  free 
passage  for  respiration  is  of  greatest  importance.  Silence  should  be  maintained  in  the 
room  until  the  third  stage  is  reached. 

Third  Stage:  Surgical  Anesthesia. — In  this  stage  consciousness  is  completely  lost; 
special  and  pain  senses  are  abolished;  the  voluntary  muscles  are  completely  relaxed 
and  deep  reflexes  cannot  be  elicited.  Most  superficial  reflexes,  including  corneal  and 
lid  reflexes,  are  also  lost.  The  respiration  is  regular,  slow  and  automatic;  irregulaTity 
or  shallowness  indicates  danger.  The  pulse  is  regular  and  slightly  slowed;  a  rate 
below  50  per  minute  shows  the  imminence  of  shock.  The  pupil  is  usually  smaller  than 
normal,  and  should  respond  promptly  to  light.  Occasional,  slow  or  jerky  motions  of 
voluntary  muscles,  do  not  necessarily  indicate  a  tendency  to  return  to  the  second  stage. 
Trie  body  temperature  falls,  unless  special  precautions  are  taken  to  maintain  it.  There 
may  be  involuntary  voiding  of  urine  or  feces,  from  relaxation  of  the  sphincters. 

Fourth  Stage:  Overdose. — Great  care  must  be  exercised  with  chloroform  to  avoid 
this  stage,  which  may  come  on  very  suddenly  soon  after  the  end  of  the  first  or  second 
stage.    The  pupil  dilates;  the  face  becomes  very  pale  and  often  beaded  with  sweat;   the 
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respiration  becomes  very  shallow;  blood  pressure  falls  and  the  pulse  becomes  irregular 
and  thready.  Death  is  likely  to  result  very  quickly,  and  on  the  first  indication  of  this 
stage  the  anesthetic  must  be  withdrawn  and  oxygen  administered. 

Studie'fe  by  application  to  Isolated  portions  of  the  central  nerve  system  of  the  frog 
have  shown,  that  throughout,  the  sensory  cells  are  paralyzed  before  the  motor.  The 
motor  nerve  endings  are  not  paralyzed  until  the  circulation  is  failing  (contrast  to 
ether — Githens  and  Meltzer). 

Therapeutics:  Topical. — Chloroform  is  a  local  anesthetic,  counterirritant,  anti- 
septic, and  hemostatic.  In  superficial  neuralf/in  a  few  drops  of  chloroform  on  a  piece 
of  flannel  or  a  folded  handkerchief  applied  over  the  seat  of  pain  and  covered  with 
oil  silk  (not  rubber  tissue)  will  often  give  considerable  relief.  The  pain  of  flatulent 
colic  may  be  quieted  by  the  same  means.  In  earache  from  middle-ear  catarrh,  chloro- 
form vapor  blown  into  the  external  meatus  or  preferably  into  the  tympanum  through 
the  Eustachian  tube  will  give  much  comfort.  A  spray  of  chloroform  directed  to  the 
surface  of  an  irritable  ulcer,  or  on  a  hum,  sometimes  arrests  the  pain.  A  few  drops 
in  the  hollow  of  the  hand,  held  beneath  the  eye,  will  be  found  most  grateful  in 
coiijunctivitis  with  photophobia  and  aching  in  the  eyeball.  Relief  to  the  aching  of 
a  carious  tooth  may  be  obtained  by  inserting  a  pledget  of  absorbent  cotton  moistened 
with  a  drop  or  two  of  chloroform  into  the  cavity. 

Pnnidis  ani  is  sometimes  controlled  by  the  application  of  zinc  ointment  contain- 
ing chloroform,  one  dram  (4  cc.)  to  the  ounce  (30  Gm.).  Even  the  pain  of  a  fissure 
of  the  anus  may  be  palliated  by  the  same  application.  Caution  must  be  observed  in 
the  external  use  of  chloroform,  for  if  applied  in  quantity  and  covered  with  oil  silk 
or  several  folds  of  flannel  it  may  blister  the  part.  Serious  trouble  may  thus  be  occa- 
sioned by  inserting  a  pledget  of  absorbent  cotton  moistened  with  chloroform  into  the 
external  meatus  for  the  relief  of  earache. 

Touching  the  part  with  a  wisp  of  cotton,  or  the  edge  of  a  towel,  wet  with  chloro- 
form will  arrest  bleeding  from  a  scratch  or -a  cut  of  the  skin,  as  in  shaving. 

The  addition  of  chloroform  to  a  specimen  of  urine  or  any  vegetable  or  animal 
broth,  in  the  proportion  of  a  drop  to  the  fluidounce,  will  prevent  decomposition. 

Systemic. — Nausea  and  vomiting  of  non-inflammatory  nature,  such  as  sea-sick- 
ness, sick  headache,  and  sometimes  the  morning  vomiting  of  pregnancy,  are  occa- 
sionally controlled  by  two  or  three  drops  of  chloroform  taken  on  a  lump  of  sugar 
or  in  a  wine-glass  of  ice-cold  water.  For  the  relief  of  flatulent  colic  a  rather  larger 
dose  is  required — up  to  10  drops — and  the  same  dose  in  cold  water  may  arrest  an 
attack  of  hiccups.  Gallstone  colic,  if  not  too  severe,  may  be  quieted  by  dram  (4  cc.) 
doses  every  hour,  but  it  is  better  in  such  cases,  to  take  a  few  whiffs  from  time  to 
time  from  a  folded  handkerchief,  moistened  with  5  or  10  drops  of  chloroform.  The 
inhalation,  however,  should  not  be  prolonged  to  the  production  of  general  anesthesia; 
if  this  be  the  object,  it  will  be  safer  to  give  ether. 

For  the  relief  of  nervous  cough,  1  or  2  minims  of  chloroform  may  be  added 
to  each  dose  of  the  expectorant  mixture,  or  chloroform  water  may  be  used  as  a 
vehicle  for  the  mixture.  An  irritable  reflex  cough  may  be  quieted  by  inhalation  of 
the  vapor  rising  from  a  cup  of  warm  water  into  which  a  teaspoonful  of  chloroform 
has  been  put ;  the  patient  must  be  cautioned  not  to  continue  the  inhalation  indefinitely 
or  to  repeat  it  more  than  three  or  four  times  during  the  day.  The  asthmatic  paroxysm 
may  be  treated  in  the  same  way.  In  chronic  hronchitis  and  pulmonary  tuberculosis 
10  drops  of  chloroform  with  a  drop  or  two  of  eucalyptus  oil  will  give  comfort  when 
the  cough  is  dry  and  harassing. 

Heart  pains,  even  a  paroxysm  of  angina  pectoris,  may  often  be  relieved  by  the 
inhalation  of  10  drops  of  chloroform  on  a  folded  handkerchief. 
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Chloroform,  when  given  in  full  dose  of  1  or  2  fluidrams  (4  to  8  cc.)>  will  destroy 
intestinal  icorms,  if  it  can  reach  them  before  absorption.  It  is  apt  to  irritate  the 
intestine,  however,  and  is  rarely  given  alone,  often  being  associated  with  oil  of 
chenopodium. 

Ethyl  Chloride 

Ethyl  chloride  was  obtained  in  alcoholic  solution  by  Basil  Valentine  in  the 
fifteenth  century  and  was  purified  before  1800.  Its  use  as  an  anesthetic  was  first 
proposed  by  Flourens  in  1847  and  it  was  used  the  following  year  by  Heyfelder,  It 
was  little  used  until  1895,  when  a  pure  preparation  was  introduced,  and  since  that 
time  it  has  been  extensively  used  as  an  inhalation  anesthetic  and  as  a 'freezing  agent 
for  local  anesthesia. 

Its  name  denotes  its  formula,  C^HjCl,  and  it  is  prepared  by  treating  ethyl  alcohol 
with  dry  hydrogen  chloride  (HCl),  the  chlorine  replacing  the  hydroxyl  group.  It  is 
important  that  no  other  chlorides  should  be  present  as  impurities.  Pure  ethyl  chloride 
boils  at  12.5°  C.  (54.5°  F.)  and  is  thus  rapidly  volatilized  at  body  temperature.  It 
is  decomposed  by  heat  and  flame  much  more  readily  than  is  chloroform,  and  as  the 
resulting  compounds  are  extremely  irritating,  including  hydrogen  chloride,  it  must 
never  be  used  near  a  flame,  a  cautery  or  even  an  electric  light  bulb. 

Summary  of  Actions  and  Uses. — Ethyl  chloride  is  employed  for  the  same  purposes  as 
other  inhalation  anesthetics,  namely,  during  painful  operations,  examinations  and  other 
procedures;  for  the  relief  of  gallstones  and  urinary  colic;  for  the  relaxation  of  con- 
tractures and  for  other  brief  painful  conditions.  It  is  also  used  to  cause  local  analgesia, 
being  sprayed  upon  the  part,  and  by  its  rapid  evaporation  freezing  the  nerve  endings  to 
the  point  of  insensibility. 

Materia  Medica. — J^thylis  Chloridum  (U.S.  X.),  Ethyl  Chloride.  Ahhr.,  .^thyl. 
Chlor.     Synonyms:    Ethyl  Chloridum  (Br.),  Kelene,  Kelin. 

A  colorless,  mobile,  very  volatile  liquid  at  low  temperature  or  under  pressure.  It 
has  a  characteristic  ethereal  odor  and  a  burning  taste.  The  gas  of  ethyl  chloride  is 
very  inflammable,  and  should  not  be  liberated  near  a  fire. 

Dose,  5  to  10  minims  (0.3  to  0.6  cc.)  in  alcoholic  solution. 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Ethyl  chloride  is  not  ab- 
sorbed, or  but  slightly,  by  the  unbroken  skin  or  from  ulcers,  but  is  rapidly  taken  up 
by  the  lungs  when  inhaled  as  vapor. 

It  is  less  soluble  in  blood  plasma  and  in  the  cell  constituents  than  ether  or  chloro- 
form and,  although  mostly  carried  in  the  blood  cells,  tends  to  leave  them  rapidly.  It 
accumulates  in  the  cells  of  the  central  nerve  system,  but  is  less  excreted  into  the  gastric 
juice  and  other  secretions  than  other  narcotics.  For  this  reason  it  has  less  tendency 
to  cause  nausea  during  recovery,  although  vomiting  within  15  minutes  of  stopping  the 
administration  occurs  after  15  to  20  percent,  of  surgical  narcoses.  Elimination  of  the 
imchanged  substance  by  the  lungs  keeps  pace  with  absorption,  and  it  is  difficult  to  find 
the  vapor  in  the  expired  air  even  a  few  minutes  after  brief  narcosis.  It  is  possible  that 
it  is  altered  into  some  form  the  excretion  of  which  is  not  readily  recognized. 

Topical  Action. — Ethyl  chloride  appears  to  be  much  less  irritating  to  exposed  mucous 
membranes  than  ether  or  chloroform.  It  does  not  cause  the  laryngeal  constriction  so 
often  seen  with  the  former,  nor  the  burning  of  the  lips  and  tongue  characteristic  of 
the  latter. 

The  most  important  topical  effect  is  dependent  on  its  rapid  volatilization  at  body 
temperature.  When  it  is  applied  aS  a  fine  spray  this  gives  rise  to  rapid  cooling  of  the 
surface,  the  effect  being  so  great  that  all  the  nerve  tissues  are  paralyzed  by  cold,  and 
operations,  extraction  of  teeth,  etc.,  can  be  performed  painlessly.  If  prolonged  loss  of 
sensation  is  desired,  an  injection  of  saline  can  be  given  subcutaneously  and  the  injected 
mass  frozen,  otherwise  the  occurrence  of  freezing  is  recognized  by  extreme  whiteness 
and  hardness  of  the  skin.    This  hardening  may  cause  difficulty  in  certain  operations. 
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Toxicity. — Ethyl  chloride  resembles  chloroform  in  the  small  amount  which  is  re- 
quired for  narcosis,  but  differs  from  it  in  the  difficulty  of  obtaining  deep  anesthesia  and 
in  the  prompt  recovery.  For  brief  periods  it  is  comparatively  safe,  but  is  even  more 
dangerous  than  chloroform  for  prolonged  operations,  and  is  not  suitable  when  complete 
relaxation  is  required.     It  is  relatively  safer  in  young  children  than  in  adults. 

The  narcotic  amount  in  rabbits  is  about  4  to  9  volume  percent,  of  the  inhaled  air. 
The  fatal  dose  is  about  15  volume  percent,  in  frogs  and  rabbits,  but  it  is  doubtful  to 
what  extent  these  figures  can  be  applied  to  man.  No  careful  study  of  ethyl  chloride 
concentration  has  been  reported.  In  man  not  more  than  5  cc.  (75  minims)  should  be 
used  for  induction  of  anesthesia,  and  not  more  than  1  cc.  per  minute  for  maintaining  it. 
If  greater  amounts  than  this  are  given,  or  if  the  proportion  of  vapor  in  a  closed  inhaler 
exceeds  10  percent.,  the  blood  pressure  falls,  the  heart  becoming  irregular  and  weak. 
Vagus  inhibition  of  the  heart  is  more  prone  to  occur  than  with  ether.  It  requires  19 
times  as  much  ethyl  chloride  as  chloroform  to  bring  about  direct  depression  of  the 
cardiac  muscle,  but  only  4  times  as  much  to  cause  vagus  arrest  (Embley).  Death  from 
asphyxia  is  likely  to  occur  if  there  is  any  obstruction  about  the  mouth  or  throat;  spasm 
of  the  muscles  of  the  throat  and  respiration  being  often  troublesome. 

Systemic  Action.  The  effects  of  ethyl  chloride  have  been  little  studied  apart  from 
those  on  the  circulation,   respiration  and  central  nerve  system. 

Circulation. — Early  in  the  narcosis  the  heart  is  slowed  by  reflex  vagus  stimulation 
and  blood  pressure  is  apt  to  fall.  It  rises  again  to  normal,  but  if  narcosis  is  pushed  to 
full  unconsciousness  it  again  falls,  and  becomes  dangerously  low  before  full  relaxation 
is  obtained.  The  fall  is  due  to  depression  of  the  vasomotor  center  and  to  direct  action 
on  the  heart  muscle,  like  that  seen  with  chloroform.  Isolated  blood  vessels  are  also 
dilated. 

Respiration. — As  with  chloroform,  respiration  and  circulation  fail  together,  the 
anoxemia  resulting  from  respiratory  failure  which  follows  a  direct  depressing  action 
on  the  center,  hastening  and  being  the  ultimate  cause  of  cardiac  paralysis.  Respiration 
always  ceases,  in  fatal  cases,  before  the  heart.  Some  authors  have  found  that  respiration 
often  stops  while  the  circulation  is  almost  intact,  as  is  the  case  with  ether;  others  deny 
this. 

Nerve  System. — Loss  of  certain  functions  while  others  are  relatively  intact  is  more 
characteristic  of  this  agent  than  of  other  inhalation  anesthetics.  Pain  sense  is  often 
lost  before  consciousness,  and  brief  operations  may  at  times  be  performed  painlessly 
while  the  patient  is  able  to  talk  intelligently.  Reflexes  are  lost  before  the  medullary 
centers  of  respiration  and  vasomotion  are  much  affected,  but  complete  relaxation  is  not 
obtained  until  blood  pressure  is  low.  A  stage  of  excitement  is  rare  and  the  third  stage 
of  unconsciousness  with  almost  complete  relaxation  is  very  quickly  reached.  Recovery 
is  usually  prompt. 

Therapeutics:  Topical. — On  account  of  its  great  volatility  (its  boiling  point  is 
about  50°  F.),  and  consequent  rapid  evaporation,  ethyl  chloride,  when  spraj'ed  on  the 
skin,  produces  intense  cold  sufficient  to  freeze  the  superficial  tissues.  The  anesthesia 
so  caused  is  utilized  in  minor  surgical  opei'ations  such  as  the  opening  of  abscesses,  and 
in  the  relief  of  neuralgic  pains. 

Warfs  may  be  removed  by  the  application  of  ethyl  chloride;  one  application,  if 
thorough,  may  suffice,  but  if  not  it  may  be  repeated  in  a  week  or  ten  days.  Ring- 
worm also  is  often  successfully  treated  by  spraying  with  ethyl  chloride  after  the 
surface  has  been  washed  with  bicarbonate  of  soda  solution  and  spirit  of  ether.  It  is 
even  more  effective  to  paint  the  surface  with  tincture  of  iodine,  after  washing  as  above, 
and  when  this  is  dry,  to  spray  with  ethyl  chloride.  Nascent  ethyl  iodide  is  the  active 
agent  here.   Three  or  four  treatments  at  intervals  of  a  week  will  usually  effect  a  cure. 

Systemic. — Ethyl  chloride  is  not  given  by  the  mouth,  and  its  only  systemic  action 
is  the  production  of  general  anesthesia  by  inhalation. 

Ethyl  Bromide 

Ethyl  bromide,  which  was  introduced  as  an  inhalation  anesthetic  by  Nunnely 
in  1849,  has  been  much  less  used   than  ethyl  chloride.    It  differs  from   that  agent 


159n  NKRVE  DEPRESSANTS 

chemically  only  in  the  substitution  of  the  chlorine  by  bromine.  It  causes  more  irri- 
tation of  the  respiratory  passages  than  ethyl  chloride,  but  its  narcosis  sets  in  more 
rapidly  and  ceases  more  promptly  than  that  of  chloroform.  Pain  is  abolished  before 
consciousness  is  lost,  but  the  proportion  required  to  bring  about  muscular  relaxation 
is  little  less  than  that  which  paralyzes  respiration  and  but  little  more  is  needed  to 
stop  the  heart.  The  margin  of  safety  is  thus  so  close,  that  the  agent  can  not  be 
safely  used  in  long  operations,  and  although  it  is  appropriate  for  drawing  of  teeth 
and  other  brief  procedures,  other  and  better  agents  are  available  for  such  purposes. 
It  has  the  further  disadvantage  that  it  decomposes  rapidly  when  exposed  to  air  or 
light.  The  total  amount  administered  to  children  should  not  exceed  1  cc.  per  year 
of  age,  and  12  cc.  suffices  to  cause  narcosis  in   adults. 

Materia  Medica. — ^thylis  Bromidum  (N.N.R.),  Ethyl  Bromide.  Synonym: 
Hydrobromic  Ether. 

A  colorless,  very  volatile  liquid  with  a  strong  bvit  not  disagreeable  odor  and  a 
warm,  sweetish  taste.  Very  slightly  soluble  in  water,  freely  so  in  alcohol.  It  is  not 
inflammable. 

Dose,  2  to  4  fluidrams  (7.5  to  15  cc.)  on  Allis  inhaler  or  on  a  napkin. 

Methylis  Chloridum  (N.N.K.),  Methyl  Chloride. 

The  hydrochloric  acid  ester  of  methyl  alcohol.  In  the  compressed  state,  it  is  a 
colorless  liquid,  having  an  ethereal  odor  and  a  sweet  taste. 

Dose,  used  as  a  general  anesthetic  with  ethyl  chloride  and  ethyl  bromide. 

Therapeutics. — Ethyl  bromide  resembles  ethyl  chloride  in  both  its  topical  and 
its  systemic  actions,  but  is  inferior  in  both  respects.  It  has  been  employed  with 
some  success  by  inhalation  of  5  minims,  in  cutting  short  an  asthmatic  attack  and  may 
prevent  an  epileptic  fit,  if  inhaled  at  the  first  intimation  given  by  the  avira.  For 
this  use  the  drug  is  supplied  in  thin  glass  capsules  (pearls)  covered  with  absorbent 
cotton  and  silk.  The  capsule  is  crushed  in  the  fingers  and  the  contents  inhaled.  It 
has  been  recommended  for  use  in  labor,  the  statement  being  made  that  it  does  not 
weaken  the  uterine  contractions,  while  rendering  the  woman  insensible  to  pain.  The 
dose  for  inhalation  is  2  fluidrams  (8  cc.)  on  a  towel.    There  is  danger  in  its  use. 

Nitrous  Oxide 

Nitrous  oxide,  or  as  it  was  formerly  called  "laughing  gas,"  was  discovered  by 
Priestley  in  1772,  and  in  1800  Humphrey  Davy  published  physiologic  experiments  on 
it,  and  suggested  its  use  to  prevent  the  pain  of  operations.  The  suggestion  does  not 
appear,  however,  to  have  been  acted  on  until  December,  1844,  when  Horace  Wells, 
a  dentist  of  Hartford,  Conn.,  while  present  at  a  demonstration  of  the  gas,  allowed 
one  of  his  teeth  to  be  pulled  and  felt  no  pain.  Wells  died  in  1848  and  its  use  was 
discontinued  until  1863  when  it  was  revived  by  Colton,  who  had  given  the  demon- 
stration mentioned.  From  this  time  it  was  used  frequently.  In  1868  it  was  used  in 
association  with  oxygen,  and  since  this  time  great  mechanical  improvements  have 
been  made  in-  the  methods  of  handling  and  administering  it. 

Chemistry. — Chemically  it  is  nitrogen  monoxide  (N^O),  and  is  quite  stable,  not 
being  destroyed  by  heat,  and  supporting  combustion,  the  oxygen  being  utilized  and 
the  nitrogen  released  as  such.  It  often  contains  impurities,  although  these  are  usually 
small  in  amount.    It  is  freely  soluble  both  in  water  and  alcohol. 

Summary  of  Actions  and  Uses. — Nitrous  oxide  is  a  true  narcotic,  paralyzing  all  parts 
of  the  central  nerve  system,  although  at  normal,  atmospheric  pressures,  concentration 
sufficient  to  injure  the  medullary  centers  is  not  obtained  until  too  little  oxygen  remains 
in  the  mixture  to  support  respiration.  Complete  relaxation  of  voluntary  muscles  can 
hardly  be  obtained  with  safe  concentrations. 
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Nitrous  oxide  is  chiefly  used  for  brief  operations  such  as  extraction  of  teeth,  reduc- 
tion  of  fractures,  painful  dressings.  It  may  be  employed,  however,  by  experienced 
persons  in  operations  lasting  an  hour  or  more.  It  is  not  satisfactory  at  the  extremes  of 
life,  nor  in  men  of  very  large  muscle. 

Materia  Medica. — Nitrogemi  Monoxidum  (U.S.  X.),  Nitrogen  Monoxide.  Ahhr., 
Nitrogen.  Mouox.     Synonyma:    Nitrous  Oxide,  Laughing  Gas. 

A  colorless  gas  possessing  a  slight  characteristic  odor,  and  a  somewhat  sweet  taste. 
One  volume  of  water  dissolves  about  1.3  volumes  of  nitrous  oxide  at  25°  C. 

Dose,  inhaled  in  concentration  up  to  HO  percent.,  preferably  mixed  with  oxygen. 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Nitrous  oxide  is  well  ab- 
sorbed only  through  the  lungs  and  is  carried  in  the  blood,  probably  a  larger  proportion 
being  held  in  the  plasma  than  with  ether  or  chloroform;  it  probably  is  more  evenly 
distributed  through  the  body,  and  less  gathered  in  fatty  organs  than  these  agents. 
Elimination  occurs  entirely  by  the  lungs,  and  keeps  pace  with  absorption,  very  little 
remaining  in  the  body  even  10  or  15  minutes  after  administration  ceases.  For  this 
reason  after-effects  are  commonly  very  slight. 

Toxicity. — The  gas  is  not  at  all  irritating,  and  in  moderate  concentration  is  only 
slightly  toxic.  When  inhaled  in  mixture  with  air  the  patient  suffers  from  low  oxygen 
before  its  toxic  effects  are  noted,  and  these  can  be  studied  only  in  mixtures  with  oxygen. 
In  general  it  may  be  said  that  in  warm-blooded  animals  inhalation  of  mixtures  con- 
taining less  than  60  percent,  of  nitrous  oxide  will  cause  no  loss  of  consciousness;  80 
percent,  will  induce  light  anesthesia;  and  85  to  90  percent,  full  narcosis.  Mixtures 
above  this  are  dangerous,  as  the  increased  effect  of  the  anesthetic  is  complicated  by 
asphyxia.  With  8  percent,  of  oxygen  poisoning  is  slow,  and  this  concentration  may  be 
used  for  induction;  with  4  percent,  dangerous  symptoms  and  cessation  of  respiration 
occur  promptly. 

If  given  properly  death  is  extremely  rare,  probably  less  than  1:  100,000  inhalations, 
but  as  the  gas  is  actually  used  it  occurs  in  about  1  in  20,000. 

Systemic  Action:  Blood. — There  has  been  and  still  is  difference  of  opinion  as  to  the 
effects  on  the  red  blood  cells  and  the  hemoglobin.  The  blood  gases  are  markedly  altered. 
In  addition  to  the  presence  of  nitrous  oxide  there  is  a  reduction  in  the  amount  of  oxygen 
proportional  to  the  amount  in  the  inhaled  mixture.  The  amount  of  nitrogen  in  the 
blood  plasma  is  increased,  but  no  explanation  of  this  fact  is  forthcoming.  The  amount 
of  CO;  is  commonly  markedly  reduced.  Reduction  of  hemoglobin  in  the  circulating 
blood  and  shortening  of  the  coagulation  time  have  been  reported  (Casto).  These  return 
to  normal  within  half  an  hour.    There  is  no  change  in  the  spectrum. 

Circulation. — The  changes  in  the  circulatory  system  are  largely  asphyxial.  Blood 
pressure  commonly  rises  during  the  early  stages,  but  not  if  large  amounts  of  oxygen 
are  present;  the  vessels  of  the  skin  are  dilated,  giving  rise  to  lividity.  Direct  action 
on  the  vasomotor  center  or  heart  from  anesthetic  concentrations  in  the  absence  of 
asphyxia  have  not  been  proved. 

Respiration. — With  moderate  concentrations  the  effects  on  the  respiratory  center  are 
asphyxial,  but  if  the  gas  is  administered  under  pressure  direct  paralysis  of  the  center 
results.     In  fatal  poisoning  respiration  ceases  before  the  heart. 

Metabolism. — The  tendency  to  cause  acidosis  is  very  much  less  marked  than  with 
ether  or  chloroform,  and  the  gas  may  be  used  with  comparative  safety  in  diabetics. 

Nerve  System. — Nitrous  oxide  presents  the  same  stages  as  the  other  inhalation 
narcotics,  but  their  characters  are  quite  different.  The  first  stage  is  characterized  by 
numbness  in  the  limbs,  and  a  feeling  of  exhilaration  often  associated  with  a  sense  of 
suffocation.     It  lasts  about  half  a  minute. 

The  second  stage  is  characterized  by  incoherent  talking,  often  accompanied  by 
drunken  laughter,  whence  the  popular  name  of  the  gas.  Fanciful,  often  erotic,  dreams 
frequently  occur  and  events  in  them  may  appear  real  on  waking.  Respiration  is  excited, 
hearing  is  maintained;  the  pupils  are  dilated;  the  skin  livid.  No  surgical  intervention 
or  rough  movement  should  be  attempted  during  this  stage,  which  lasts  from  1  to  4 
minutes,  or  more. 

The  third  stage,  that  of  surgical  anesthesia,  is  shown  by  automatic,  regular,  quiet 
or  noisy  breathing.     The  pulse  is  full  and  regular,  the  skin  still  livid.     The  lid  reflex 
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is  lost  and  relaxation  is  complete  or  almost  so.  This  stage  may  be  indefinitely  pro- 
longed, but  exactly  the  proper  proportion  of  gas  and  oxygen  must  be  maintained. 

The  fourth  stage  or  overdose  is  characterized  by  asphyxia.  There  is  hyperpnea 
followed  by  irregular  and  finally  failing  respiration.  Blood  pressure  falls  and  there  is 
marked  cyanosis,  the  circulation  through  the  right  heart  is  obstructed,  and  the  heart 
finally  dilates  and  ceases  to  beat.  Treatment  consists  in  artificial  respiration  with 
oxygen.     Intracardiac  injections  of  small  doses  of  epinephrine  may  be  given. 

The  paralysis  of  the  nerve  system  is  less  complete  than  with  other  inhalation 
anesthetics.  The  mind  is  more  disturbed  by  dreams;  unconscious  motions  are  more 
apt  to  follow  painful  stimuli;  complete  muscular  relaxation  is  not  readily  obtained. 
The  danger  from  overdose  is  always  complicated  by  asphyxia. 

Therapeutics. — Nitrous  oxide  is  used  as  a  surgical  anesthetic,  chiefly  in  brief  opera- 
tions, such  as  tooth  extraction,  opening  of  abscesses,  reduction  of  dislocations,  etc. 
Its  uses  and  the  methods  of  administration  are  discussed  later. 

Ethylene 

Ethylene,  or  defiant  gas,  as  it  was  formerly  called,  was  first  prepared  by  Ingen- 
houss  in  1779,  but  its  physiologic  properties  were  not  studied  until  1840,  when  a 
few  experiments  were  made  by  Nunnely  of  Leeds.  From  1875  to  1885  a  few  studies 
were  made,  but  the  narcosis  was  unsatisfactory,  perhaps  because  the  gas  was  not 
pure.  In  1908  Crocker  and  Knight  showed  its  great  toxicity  for  plants  which  sug- 
gested its  use  to  Luckhardt.  The  claim  that  it  aided  in  the  anesthetic  effect  of  ether 
led  to  studies  by  W.  Easson  Brown  in  1923.  In  1917  Cotton  and  in  1918  Luckhardt 
and  Thompson  showed  the  narcotic  effects  of  the  pure  substance,  and  in  1923  Luck- 
hardt and  Carter  reported  the  first  series  of  operations  under  its  use. 

Chemistry. — Ethylene,  H^C :  CH^,  is  best  prepared  from  alcohol  by  the  action  of 
orthophosphoric  acid.  Carbon  dioxide  and  monoxide  may  be  present  as  impurities. 
It  is  inflammable  and  explosive  and  the  same  precautions  must  be  taken  in  using 
it  as  are  required  with  ether.  Mixtures  containing  more  than  40  percent,  with  oxygen 
or  more  than  75  percent,  with  air  are  explosive  (Brown). 

Summary  of  Actions  and  Uses. — Ethylene  is  similar  to  nitrous  oxide  in  its  effects 
and  indications,  but  it  is  easier  to  obtain  full  muscular  relaxation,  and  there  is  more 
depression  of  respiration.  The  lividity  which  characterizes  nitrous  oxide  is  absent.  At 
present  there  are  no  contraindications  except  the  use  of  the  cautery.  A  few  Individuals 
appear  to  be  resistant  to  its  action. 

Materia  Medica. — ^thylenum   (unofficial).  Ethylene. 

Ethylene  for  anesthesia  is  a  colorless  gas  with  a  sweetish  taste  and  an  odor 
which  is  more  or  less  offensive  to  some.  It  is  somewhat  lighter  than  air.  It  is  soluble 
in  7  volumes  of  water  at  20°  C.  and  in  about  1/2  volume  of  alcohol  at  25°  C,  and 
is  very  soluble  in  ether.  A  mixture  of  ethylene  and  oxygen  explodes  in  the  presence 
of   fire. 

Dose:  A  concentration  of  90  percent,  ethylene  and  10  percent,  oxygen  is  neces- 
sary to  produce  surgical  anesthesia,  but  this  can  be  maintained  later  by  a  concentra- 
tion of  80  percent. 

Pharmacodynamic  Action:  Absorption  and  Elimination. — The  fate  of  ethylene  ap- 
pears to  be  identical  with  that  of  nitrous  oxide.  It  is  eliminated  with  equal  rapidity 
and  recovery  is  noted  a  few  minutes  after  the  anesthetic  is  stopped. 

Toxicity. — Like  nitrous  oxide,  ethylene  has  no  topical  irritant  action.  Animals 
exposed  to  ethylene  and  oxygen  are  anesthetized  by  mixtures  containing  85  to  90  percent, 
of  the  former.  Comparison  with  nitrous  oxide  shows  that  ethylene  is  effective  in  lower 
concentration.  If  CO,  is  added  to  the  anesthetic  gas  mixture,  full  anesthesia  can  be 
obtained  in  dogs  with  an  ethylene  concentration  of  only  50  percent.  (Nicloux).  When 
the  concentration  in  the  air  is  70  percent,  the  blood  contains  about  10  cc.  per  100,  and 
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wi(h  a  concentration  of  r>0  percent,  in  the  air,  it  holds  about  70  percent.  After  breathing 
pure  air  for  2  minutes,  ethylene  is  no  longer  found  in  the  blood  (Nicloux).  There  is  no 
asphyxia,  no  lividity,  and  the  same  rapid  recovery  and  relative  freedom  from  nausea 
that  are  noted  with  nitrous  oxide.  In  full  anesthetic  concentrations  the  heart  and 
respiration  are  little  affected  (Luckhardt  and  Carter).  Some  commercial  samples  of 
ethylene  contain  poisonous  amounts  of  carbon  monoxide. 

Si/stoiiic  AdioH. — Ethylene  appears  to  cause  less  alteration  in  the  blood  gases  than 
nitrous  oxide.  The  hemoglobin  spectrum  is  not  altered,  and  if  there  is  no  anoxemia 
there  is  no  acidosis.  The  CO.  content  is  not  altered.  The  heart  action,  blood  pressure 
and  respiration  are  irregularly  but  only  slightly  affected  by  full  anesthetic  concentra- 
tions. Full  muscular  relaxation  is  much  more  readily  obtained  than  with  nitrous  oxide. 
Pain  sense  is  lost  long  before  the  sense  of  hearing,  and  even  before  complete  uncon- 
sciousness and  cessation  of  voluntary  movement.  During  recovery  vomiting  may  occur 
before  consciousness  is  restored,  but  the  patient  rarely  remembers  it. 

Plauts  are  peculiarly  susceptible  to  its  action,  1  part  in  2,000,000  of  air  will  cause 
carnations  to  close;  1  part  in  1,000,000  causes  the  leaves  of  sweet  peas  to  droop;  1  part 
in  4,000  kills  the  seedlings  of  legumes  (Crocker  and  Knight). 

Therapeutics. — Ethylene  is  used  solely  as  a  general  anesthetic,  its  use  having 
increased  very  much  during  the  last  few  years,  since  the  introduction  of  "closed 
systems."     Its  use  is  described  later  with  the  general  discussion. 

Ether 

Ether  appears  to  have  been  first  prepared  by  Haymond  Lulli,  and  its  mode  of 
preparation  and  physical  qualities  were  described  by  Basil  Valentine  and  by  Valerius 
Cordus  about  1540.  It  was  first  called  "ether"  by  Froben  in  1730,  Valerius  Cordus 
used  it  for  spasmodic  aflFections  and  for  relieving  the  pain  of  biliary  and  renal  calculi. 
Friedrich  Hoffmann,  about  1720,  introduced  as  a  remedy  for  painful  conditions  a 
mixture  of  alcohol  and  ether,  HoflFmann  anodyne.  For  the  next  hundred  years  ether 
alone  or  mixed  with  alcohol  was  given  by  mouth  for  asthma,  colic,  headache  and 
other  painful  and  spasmodic  affections.  In  1818  Faraday  stated  that  when  inhaled 
it  produced  effects  similar  to  those  of  laughing  gas,  and  occasionally  demonstrations 
of  such  effects  were  made  at  public  lectures.  It  was  first  used  surgically  by  Crawford 
Long  in  1842,  but  before  he  published  his  results  it  was  employed  even  more  exten- 
sively by  William  T.  G.  Morton  in  1846.  The  same  year  it  was  used  in  England  for 
surgical  operations  by  Dr.  Boot  and  for  midwifery  by  J.  Y.  Simpson.  The  last-named 
later  introduced  chloroform,  which  was  considered  preferable  by  surgeons  in  Europe, 
and  it  is  only  within  recent  years  that  the  greater  danger  from  chloroform  has  been 
admitted,  its  place  being  yielded  to  ether  all  over  the  world.  The  first  scientific 
study  of  the  effects  of  ether  on  laboratory  animals  was  made  by  Snow  in  1858,  and 
in  1864  a  committee  on  anesthetics  was  appointed  by  the  British  Medical  Association 
which  is  still  in  existence,  and  which  published  very  extensive  investigations  about 
1895.  The  more  recent  improvements  in  administration,  including  closed  inhalers 
which  permit  definite  amounts  of  ether  vapor  to  be  administered,  the  use  of  oxygen 
in  place  of  air,  and  the  admixture  of  oil  of  bitter  orange  to  conceal  the  offensive 
odor  have  already  been  alluded  to. 

Chemistry. — In  chemical  parlance  the  term  "ether"  is  applied  to  any  compound 
which  has  an  oxygen  atom  interrupting  a  chain  of  carbons,  but  ethyl  ether,  CjHjOCjHj, 
also  called  sulphuric  ether  because  it  is  made  by  the  action  of  sulphuric  acid  on 
alcohol,  is  commonly  known  by  this  name.  Ether  often  contains  acetaldehyde,  ethylene, 
amylene  and  other  impurities,  and  the  claim  has  recently  been  made  that  the  narcotic 
power  of  ether  depended  on  them.  This  has  been  abundantly  disproved.  Pure  ether 
is  as  powerfully  anesthetic  as  any  impure  product.  Alcohol  is  generall.y  added  to  ether 
to  be  used   for  anesthesia.    This  is  not  to  prevent  decomposition  but  to  prevent  too 
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rapid  evaporation  with   consequent  obstruction  of  the  mask   by  frozen  water  vapor. 
Its  presence  is  of  no  advantage  in  ether  administered  by  a  closed  method. 

Summary  of  Actions  and  Uses. — Ether  paralyzes  the  functions  of  all  cells,  both 
animal  and  vegetable.  When  given  to  intact  animals  it  exerts  its  chief  effects  upon 
the  central  nerve  system,  although  effects  on  other  parts  of  the  body  may  be  shown  by 
appropriate  means.  In  contrast  to  chloroform  it  brings  about  stoppage  of  respiration 
while  the  circulation  is  relatively  unaffected.  It  also  differs  from  this  agent  in  paralyz- 
ing the  nerve  endings  of  voluntary  muscle  while  the  blood  pressure  is  still  high. 

Ether  is  used  to  bring  about  unconsciousness,  freedom  from  pain  and  muscular 
relaxation  in  surgical  operations,  midwifery,  reduction  of  dislocations  and  fractures 
and  other  painful  procedures.  It  is  also  used  to  check  convulsions,  especially  those  of 
infants.  Ether  is  an  excellent  antiseptic,  and  is  used  in  the  treatment  of  infections; 
the  abdominal  cavity  in  purulent  peritonitis,  or  the  wound  in  septic  infection  being 
washed  with  ether,  the  evaporation  of  which  is  delayed  by  suitable  dressings  (Souli- 
goux). 

Materia  Medica. — ^ther  (U.S.  X.),  Ether.  Synonyms:  Ethylic  Ether,  Ethyl 
Oxide,  Sulphuric  Ether. 

A  transparent,  colorless,  mobile  liquid,  having  a  characteristic  odor,  and  a  burn- 
ing, sweetish  taste.  It  is  highly  volatile  and  inflammable.  It  is  soluble  in  about  12 
times  its  volume  of  water,  miscible  with  alcohol,  chloroform,  and  fixed  and  volatile 
oils. 

Dosp,  15  to  30  minims  (1  to  2  cc). 

Oleum  tEthereum  (N.F.),  Ethereal  Oil.     Ahhr.,  01.  ^.ther. 

A  transparent,  nearly  colorless,  volatile  liquid  of  a  peculiar  aromatic,  ethereal 
odor  and  a  pungent,  refreshing,  bitter  taste. 

Dose,  external  use. 

Spiritus  tEtheris  (U.S.  IX.),  Spirit  of  Ether.  Ahhr.,  Sp.  J^th.  Synonym:  Hoff- 
mann's Drops. 

Ether,  325  cc. ;  alcohol,  675  cc.   (U.S.);  ether,  500  ec. ;  alcohol,  1000  cc.   (Br.). 

Dose,  40  to  60  minims  (2.6  to  4  cc). 

Spiritus  ^theris  Compositus  (N.F.),  Compound  Spirit  of  Ether.  Ahhr,, 
Sp.  ^th.  Co.     Synonym:   Hoffmann's  Anodyne. 

Ether,  325  cc. ;  alcohol,  650  cc. ;  ethereal  oil,  25  cc. 

Dose,  40  to  60  minims  (2.6  to  4  cc). 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Ether  is  probably  not 
absorbed,  or  but  slowly,  by  the  intact  skin,  but  may  be  taken  up  from  all  normal  mucous 
membrafiies.  Only  the  lung  and  the  colon-rectum  provide  sufficiently  rapid  absorption 
to  induce  true  anesthesia.  Ether,  swallowed,  will  induce  drunkenness  somewhat  like 
that  from  alcohol,  but  of  briefer  duration,  and  even  deep  sleep,  but  not  true  narcosis. 
If  forced  into  the  rectum  as  vapor,  or  injected  mixed  with  oil,  true  surgical  anesthesia 
may  be  obtained.  Absorption  of  the  vapor  takes  place  with  particular  readiness  by  the 
lung^,  and  inhalation  is  thus  the  chief  method  of  administration,  when  its  full  effect  is 
desired. 

When  ether  vapor  of  constant  concentration  is  inhaled,  the  amount  of  ether  absorbed 
in  a  unit  of  time,  and  thus  the  concentration  in  the  blood,  is  directly  related  to  the 
percent,  of  ether  vapor  in  the  inspired  air,  and  the  volume  inspired.  At  body  tempera- 
ture, blood  holds  14.9  times  as  much  ether  as  the  same  volume  of  air.  In  dogs  inhaling 
air  containing  0.1  Gm.  ether  per  liter,  the  body  contains  about  1.2  Gm.  or  slightly  more 
ether  per  kilo.  The  blood  contains  13i/,  times  as  much  as  the  air  (Ronzoni).  The  con- 
centration in  the  blood  is  about  the  same  as  in  the  solid  tissues  taken  as  a  whole 
(Haggard).  The  greater  the  respiratory  volume,  the  more  rapidly  will  ether  be  ab- 
sorbed and  this  relation  reached.  The  greater  the  blood  supply  of  any  tissue,  the 
more  rapidly  will  saturation  be  reached.  The  brain,  having  a  very  free  supply,  is  thus 
affected  very  early.  The  concentration  in  the  brain  is  only  slightly  higher  than  that 
in  the  arterial  blood.     Rapid  absorption  of  ether  may  be  induced   without  the  danger 
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of  Increasing  the  conoentiation.  by  simply  tausing  increased  pulmonary  ventilation,  as 
by  addition  of  CO,  to  the  inhaled  air  (Haggard).  In  the  blood  the  red  cells  contain 
more  ether  than  the  plasma,  but  the  disproportion  is  not  so  great  as  with  chloroform. 

Elimination  takes  place  almost  wholly  by  the  lungs.  None  is  destroyed  in  the  body, 
hut  traces  are  found  in  all  the  excretions  and  secretions;  enough  at  least  to  give  these 
an  ethereal  odor,  which  is  often  marked  in  the  vomitus.  The  ether  is  held  in  the 
adipose  tissues,  nerve  system  and  liver,  and  escapes  from  these  much  more  slowly  than 
nitrous  oxide,  but  i)robably  more  rapidly  than  chloroform.  After  administration  has 
ceased,  the  blood  contains  less  than  the  tissues,  but  it  is  gradually  given  up  by  these 
and  escapes  in  the  expired  air.  After  prolonged  narcosis,  the  breath  will  show  the  odor 
of  ether  for  more  than  a  day,  but  amounts  large  enough  to  be  recognized  chemically  are 
not  found  after  two  or  three  hours.  The  rate  of  elimination  depends  on  the  volume  of 
respiration,  and  may  be  hastened  by  inhalation  of  dilute  CO-^  which  increases  this. 

Toxicity:  Action  on  Bacteria. — Even  small  concentrations  of  ether  cause  a  cessation 
in  the  vital  activity  of  bacteria,  cell  division,  motion  of  cilia,  etc.,  being  readily  stopped. 
Saturated  solutions  are  required  to  kill  most  pathogenic  bacteria,  and  even  these  require 
several  hours.  Spores  are  not  always  killed.  The  action  is  thus  much  weaker  than 
that  of  chloroform.  It  is  claimed  that  addition  of  ether  to  cowpox  vaccine  will  destroy 
the  contaminating  organisms  without  injuring  the  virus  itself,  but  this  has  not  been 
established.     Spores  of  anthrax  dried  on  threads  and  immersed  in  ether,  are  not  killed. 

Action  on  Protozoa  and  Low  Forms  of  Animal  Life. — These  are  much  more  sensitive 
than  bacteria,  all  activities  coming  to  an  end  in  relatively  low  concentrations  and 
death  resulting  after  brief  exposure.  Starfish,  worms,  shellfish,  insects,  Crustacea,  etc., 
are  readily  narcotized  and  recover  without  permanent  injury  when  transferred  to  fresh 
air  or  water.  If  exposure  is  continued  for  periods  of  an  hour  to  several  hours,  recovery  is 
no    longer    possible. 

Action  on  Higher  Plants. — The  protoplasmic  currents  in  the  cells  of  algae  and  other 
plants  are  promptly  checked  by  even  low  concentrations.  Seeds  will  not  sprout  if  kept 
exposed  to  the  fumes,  and  grow  improperly  if  exposed  after  sprouting.  The  movements 
of  the  sensitive  plant,  etc.,  are  prevented.  Very  small  amounts  act  as  a  stimulus  to 
these  movements  and   even  hasten  flowering    (Keeble). 

Cold-blooded  Vertebrates. — Fish,  frogs,  etc.,  are  as  readily  anesthetized  as  higher 
animals  and  require  even  smaller  concentrations  in  the  air,  if  air  breathing,  to  bring 
about  anesthesia.  The  range  between  the  anesthetic  dose  and  the  fatal  dose  is,  however, 
greater. 

Warm-blooded  Animals. — Most  of  the  studies  on  the  concentrations  of  ether  required 
to  produce  narcosis  or  death  have  been  made  on  mammals,  and  it  is  to  these  that  the 
figures  here  given  apply.  Rabbits,  cats  and  dogs  have  been  carefully  studied,  and  the 
elTects  of  given  doses  or  concentrations  are  similar  among  all  these  species  and  in  man. 

Most  studies  are  based  on  the  effects  of  given  concentrations  in  the  inhaled  air, 
and  the  relation  between  this  and  the  amount  in  the  blood  is  thus  of  great  importance. 
In  dogs  with  a  temperature  of  36°  to  37°  C,  the  amount  of  ether  in  a  liter  of  blood  is 
131/0  times  as  great  as  that  in  a  liter  of  inspired  air  after  equilibrium  is  reached  (Ron- 
zoni).  Different  authors  agree  quite  well  in  regard  to  the  concentration  of  ether  in  the 
blood  at  different  stages  of  anesthesia.  In  dogs  these  are  as  follows:  With  0.39  to 
n.4G  Gm.  per  liter  unconsciousness  comes  on;  with  1.15  to  1.25  the  corneal  reflex  is  lost; 
with  1.45  to  1.50  the  respiration  is  depressed;  and  with  1.54  to  1.7.  respiration  ceases 
(Haggard).  These  figures  confirm  those  of  other  authors  on  various  species  and  on 
man.  In  regard  to  the  proportion  of  ether  in  the  inhaled  air,  which  is  required  to  bring 
about  these  percentages,  there  is  a  marked  difference  of  opinion.  1  Gm.  of  ether  gives 
37  cc.  of  vapor  at  body  temperature,  so  that  0.1  Gm.  in  one  liter  of  air  gives  3.7  volume 
percent.  If,  however,  a  given  amount  of  ether  is  allowed  to  evaporate  in  a  fixed  volume 
of  air  the  amount  of  ether  determined  by  analysis  is  commonly  about  half  what  it 
should  be  (Haggard).  No  explanation  for  this  surprising  fact  is  forthcoming,  but  it 
may  account  for  the  fact  that  some  authors  place  the  concentrations  at  twice  the  amount 
that  others  do.  Those  authors  who  base  their  figures  on  analysis  of  gas  samples  give 
figures  like  the  following  for  relation  of  narcosis  and  volume  percent,  of  ether  in 
inhaled  air;  with  1.5  percent.,  slight  hypnosis;  with  2.5  narcosis  incomplete,  reflexes 
present;  with  3.5,  full  narcosis  in  25  minutes;  with  4.5.  full  narcosis  in  15  minutes;  with 
G  percent.,  respiration  stops  in  10  minutes  ( Spenzer— cats  and  rabbits).  With  the  other 
method  of  calculation  6.7  percent,  gives  full  narcosis  and  10  percent,  is  used  to  induce 
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it  (Boothby;  Kochman).  When  an  animal  is  breathing  badly,  the  alveolar  air,  and  thus 
the  blood,  will  show  a  higher  percent,  of  ether  with  a  given  concentration  in  the  inhaled 
air  (Kruse). 

Owing  to  the  slow  absorption  and  rapid  excretion,  the  action  of  ether  when  swallowed 
is  very  uncertain.  It  is  said  that  in  Ireland  ether  is  drunk  as  an  intoxicant,  the  effects 
resembling  those  of  alcohol,  but  passing  off  more  rapidly.  In  rabbits  it  Is  easy  to  obtain 
brief  surgical  anesthesia  by  administering  a  few  cc.  by  stomach  tube,  but  death  does 
not  commonly  result   even  from  much  larger  doses. 

Injected  subcutaneously,  ether  develops  its  anesthetic  and  toxic  actions.  A  dose  of 
4  cc.  (60  minims)  to  a  rabbit  causes  narcosis  lasting  about  8  minutes,  with  great 
depression  of  respiration  and  fall  of  blood  pressure.  Intraperitoneal  injections  of  0.9 
Gm.  of  pure  ether  per  kilo  kill  rabbits  in  about  4  hours,  but  death  does  not  result  if 
the  ether  be  mixed  with  half  the  quantity  of  olive  oil   (Testoni). 

When  ether  is  injected  directly  into  the  blood  stream  its  injurious  action  on  the 
blood  complicates  the  picture  of  poisoning.  It  exercises  a  destructive  action  on  the 
cells  causing  extensive  thrombosis  in  the  veins  and  heart.  There  is  also  thrombosis 
of  the  vessels  in,  and  necrosis  of  the  cells  of,  the  liver  (Loeb).  The  extent  of  these 
lesions  depends  more  upon  the  rate  of  injection  than  upon  the  amount.  As  little  as 
0.15  cc.  (2  minims)  injected  rapidly,  may  kill  a  full-grown  rabbit,  while  many  times 
this  amount  can  safely  be  injected  if  given  very  slowly.  Even  when  intravascular  clot- 
ting is  prevented,  small  doses  injected  rapidly  may  kill  in  one  of  three  ways:  (1)  by 
direct  cardiac  paralysis;  (2)  by  vagus  stoppage  of  the  heart;  (3)  by  vasomotor  paralysis. 
Respiratory  paralysis  may  also  occur,  but  is  less  likely  to  than  when  it  is  inhaled. 

In  fatal  poisoning  by  ether,  swallowed  or  inhaled,  death  is  due  to  paralysis  of  the 
respiratory  center,  which  is  much  more  sensitive  to  its  action  than  the  vasomotor 
center.  In  fatal  cases,  fatty  alteration  in  the  heart  and  liver  is  likely  to  be  present. 
There  may  be  congestion  of  the  lungs,  or  merely  dilatation  of  the  heart  and  distention 
of  all  the  large  vessels. 

Treatment  of  impending  death  consists  in  immediate  withdrawal  of  the  anesthetic 
with  institution  of  artificial  respiration  with  oxygen,  perhaps  containing  a  small  amount 
of  COo  to  stimulate  respiration.  If  the  heart  is  laboring,  epinephrine  must  be  used  with 
great  caution,  as  the  sudden  rise  of  pressure  (increase  in  resistance)  may  cause  over- 
distention.  Inhalation  of  weak  ammonia  vapor  may  be  given.  If  the  heart  has  stopped 
it  may  be  started  again  by  direct  massage  through  the  diaphragm  from  the  abdominal 
incision  (if  present).  Epinephrine,  0.5  cc.  (8  minims)  of  1:1,000  may  be  injected 
directly  into  the  left  ventricle  through  the  chest  wall.  The  use  of  camphorated  oil  is  of 
doubtful  value. 

Systemic  Action:  Alimentary. — Inhalation  of  ether  leads  to  salivation  and  to 
nausea,  partly  reflex,  partly  due  to  direct  action  on  the  "vomiting  center."  Small  doses 
probably  cause  an  increased  secretion  of  other  digestive  juices.  Taken  by  mouth,  ether 
acts  as  a  carminative,  as  seen  best  with  Hoffmann's  anodyne,  but  by  narcotic  doses  the 
intestinal  movements  are  paralyzed  and  the  stomach  does  not  empty  itself.  The  relation 
of  ether  to  the  acute  dilatation  of  the  stomach  and  bowel,  which  occasionally  follows 
operation,  is  not  clear. 

Blood. — Ether  added  to  shed  blood,  even  in  small  amount,  causes  hemolysis,  and 
when  injected  intravenously  brings  about  intravascular  clotting.  Neither  of  these 
effects  is  seen  in  inhalation  anesthesia.  There  is,  however,  some  destruction  of  red 
cells,  and  for  this  reason  ether  should  not  be  used  in  persons  with  a  high  degree  of 
anemia;  the  coagulation  time  is  shortened;  specific  gravity  is  increased  as  with  chloro- 
form; the  fat  content  is  increased.  Catalase  is  destroyed  during  anesthesia,  but  rises 
above  normal  afterward  (Burge).  Agglutinins  are  not  affected,  and  transfusion  may 
be  performed  after  the  ether  has  largely  escaped  from  the  blood. 

Circulation.— In  the  early  stages  of  anesthesia,  blood  pressure  rises  and  the  heart 
is  rapid  and  strong.  If  cardiac  depression  occurs  at  this  stage  it  is  reflex  from  vagus 
stimulation,  and  can  be  prevented  by  preliminary  administration  of  atropine.  As  full 
anesthesia  is  reached,  the  blood  pressure  falls  to  a  level  slightly  below  normal  and  the 
heart  becomes  slow  and  regular.  If  carbonic  acid  is  given,  or  its  free  escape  interfered 
with,  the  pressure  may  remain  above  normal  and  the  pulse  rate  high.  The  cerebral  and 
cutaneous  vessels  are  dilated,  the  visceral  arteries  contracted.  Even  with  concentra- 
tions of  efher  far  above  those  which  paralyze  the  respiratory  center,  the  circulation  is 
well  maintained  if  artificial  respiration  is  provided  for  (Githens  and  Meltzer).  The 
isolated  heart  is  depressed  by  high  concentrations  but  not  affected  by  low.     Perfusion 
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of  organs  with  intact  nerve  supply,  shows  vasoconstrirtion  when  ether  is  inhaled  or 
injected  in  saline  solution.  The  effect  is  inconstant,  5ut  is  not  due  to  asphyxia  (Pilcher 
and  Sollmann).  In  shock  and  after  hemorrhage,  the  heart  is  depressed  and  the 
vasoconstriction  does  not  occur,  so  that  the  blood  pressure,  already  low,  is  further  de- 
pressed. 

Respiration. — The  respiratory  center  is  stimulated  reflexly  in  the  first  stage  of 
Inhalation  anesthesia,  and  may  be  excited  by  direct  action,  as  a  similar  effect  is  seen 
when  saline  solution  of  ether  is  injected  intravenously.  The  irritation  of  the  throat 
may,  however,  give  rise  to  contraction  of  the  laryngeal  muscles  closing  the  glottis,  or 
to  stoppage  of  respiration  either  in  inspiration  or  expiration.  Other  irritative  reflexes, 
such  as  coughing,  sighing,  choking  and  noisy  breathing  are  common,  especially  when 
this  stage  is  unduly  prolonged.  With  proper  surgical  anesthesia  (third  stage)  the 
respiration  is  full  and  regular,  although  it  may  be  noisy.  If  the  ether  is  pushed  beyond 
this  stage,  respiration  fails,  the  contractions  of  the  diaphragm  become  progressively 
weaker,  partly  owing  to  paralysis  of  the  respiratory  center,  partly  to  direct  paralysis 
of  the  endings  of  the  phrenic  nerve.  Poor  nutrition  of  the  center  plays  no  part  in  this 
action,  as  respiration  fails  while  the  blood  pressure  is  still  well  maintained. 

Light  etherization  lowers  the  threshold  of  the  center  for  CO;,  but  raises  that  for 
pain.  Full  etherization  raises  both.  The  excessive  respiration  of  the  early  stages  may 
thus  lead  to  diminution  of  the  COj  in  the  blood  (acapnia),  and  when  the  sensitiveness 
of  the  center  is  reduced  by  full  ether,  the  respiration  may  cease.  The  danger  of  this 
occurrence  is  lessened  by  preliminary  morphine,  which  prevents  the  lowering  of  the 
COj  threshold. 

The  respiratory  exchange  of  isolated  tissues,  lower  organisms  and  plants  is  increased 
by  minute  amounts  of  ether  (the  exact  amount  differing  with  different  tissues),  but  is 
markedly  decreased  or  stopped  by  larger  amounts.  This  is  due  to  the  narcosis  and  is  not 
the  cause  of  it.  Ether  also  exercises  its  effects  on  tissues,  such  as  the  nerve  cord  of 
the  heart  of  the  horse-shoe  crab,  which  function  in  the  absence  of  oxygen.  The  heart  is 
not  affected  by  holding  this  cord  in  hydrogen  gas,  bu'  is  at  once  brought  to  a  standstill 
if  ether  vapor  is  added  to  the  hydrogen  (Mathews).  The  COj  output  of  animals  is 
decreased  by  ether,  that  of  bacteria  increased  (Brooks),  that  of  plants  unaltered, 
although   other  vital   processes  are   stopp'ed    (Irwin). 

The  topical  action  of  ether  on  the  lungs  is  of  great  practical  importance.  The 
irritation  of  the  throat  and  larynx  is  commonly  without  serious  effect.  The  deeper 
structures,  however,  may  be  seriously  injured,  if  not  normal  before.  It  was  at  one  time 
claimed,  that  chloroform  was  less  irritating  than  ether,  and,  therefore,  to  be  preferred 
in  patients  with  lesions  of  the  lungs;  this  idea  has  been  abundantly  disproved.  Chloro- 
form is  the  most  irritating  of  the  inhalation  anesthetics,  but  nitrous  oxide  is  to  be 
preferred  to  ether  in  such  cases.  Post  anesthetic  bronchitis  and  pneumonia  depend  on 
a  series  of  injurious  influences.  The  irritating  action  of  the  vapor;  the  increased 
secretion  of  bronchial  mucus;  the  paralysis  of  the  movement  of  the  bronchial  and 
tracheal  cilia  which  allows  this  mucus  and  any  foreign  matter  to  pass  into  the  finer 
bronchioles;  the  paralysis  of  the  epiglottis,  with  consequent  aspiration  of  particles 
and  mucus  from  the  mouth  and  throat,  all  seem  to  play  a  part.  Chilling  of  the  body 
during  operation  and  of  the  air  passages  by  the  ether  vapor  are  important  contributing 
causes.     Occasionally  acute  edema  of  the  lungs  develops  after  inhalation  of  ether. 

Metabolism. — The  metabolism  is  less  profoundly  altered  than  by  chloroform.  The 
most  constant  metabolic  change  is  hyperglycemia.  This  is  generally  insufficient  to 
cause  glycosuria,  but  may  do  so.  It  is  not  increased  by  feeding  of  carbohydrates,  in 
fact,  dogs  on  a  meat  diet  are  likely  to  give  a  greater  rise,  than  those  on  a  mixed  diet 
(Ross).  The  hyperglycemia  is  not  lessened  by  preliminary  use  of  morphine,  but  is 
reduced  more  than  half  by  atropine  (Ross).  It  is  not  prevented  by  previous  removal 
of  the  adrenals  in  rabbits  (Stewart  and  Rogoff).  The  hyperglycemia  is  due  to  increased 
destruction  of  glycogen,  and  does  not  occur  if  the  liver  is  excluded  from  the  circulation. 
The  glycosuria  which  results  from  phlorizin  is  increased  by  concurrent  administration 
of  ether.  The  acidity  of  the  blood  is  increased  and  the  alkaline  reserve  and  acid  bind- 
ing power  diminished.  This  is  especially  true  fn  children,  and  when  ether  is  given  by  a 
closed  method,  or  asphyxia  occurs.  Acetonuria  is  less  frequent  than  with  chloroform, 
and  is  serious  only  when  the  patient  has  been  starved,  or  is  in  a  state  of  poor  nutrition 
before  etherization.  The  hyperglycemia  may  depend  on  the  acidosis,  or  both  may  result 
from  a  common  cause. 
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Endocrines. — During  ether  anesthesia,  the  adrenalin  content  of  the  adrenal  glands 
becomes  much  reduced,  and  in  prolonged  narcosis  it  may  disappear  entirely. 

Temperature. — The  temperature  always  falls  during  narcosis,  partly  from  the  cooling 
effect  of  the  ether  on  the  lungs,  partly  from  a  direct  effect  on  the  "heat  center,"  which 
loses  control  and  becomes  unable  to  keep  the  body  temperature  constant  in  spite  of  varia- 
tions in  surrounding  temperature.  If  too  much  external  heat  is  applied,  the  temperature 
may  equally  rise  above  normal. 

Kfdneys. — The  functional  activity  of  the  kidneys  is  depressed  during  ether  narcosis, 
secretion  being  at  times  completely  at  a  standstill.  It  is  uncertain  whether  this  decrease 
in  secretion  depends  on  a  direct  effect  on  the  renal  cells,  on  the  increased  specific 
gravity  of  the  blood  plasma,  or  on  constriction  of  the  renal  vessels.  Available  evidence 
favors  the  first  view.  There  is  a  compensatory  diuresis  which  lasts  several  hours  after 
recovery.  Albuminuria  is  often  seen,  but  is  temporary  unless  the  kidneys  were  diseased 
previously.  Occasionally  anuria,  dangerous  and  even  fatal,  has  been  reported.  The 
cause  of  this  complication  is  not  clear,  but  it  most  often  follows  operations  on  the 
kidneys,  and  may  not  depend  on  the  anesthetic.  Paralysis  of  the  bladder  often  follows 
within  a  few  hours  after  abdominal  operations,  but  normal  tone  returns  in  a  day  or 
two. 

Nerve  System. — The  four  stages  of  narcosis  already  described  are  noted  also  with 
ether.  The  first  stage  is  characterized  by  increased  respiration,  high  blood  pressure,  and 
often  by  choking  and  violent  forced  expiration.  The  second  stage,  or  state  of  excitement, 
is  more  distinct  than  with  other  anesthetics,  and  is  shown  by  muscular  rigidity,  often 
coupled  with  struggling;  by  incoherent  and  often  loud  and  violent  talking;  by  crying, 
laughing  or  singing.  The  muscles  of  the  throat  are  contracted.  This  stage  should  be 
brief  and  inconspicuous  if  the  anesthetic  is  properly  given,  but  in  nervous  persons  and 
those  in  a  state  of  fear  is  likely  to  be  troublesome.  The  third  stage,  or  stage  of  surgical 
anesthesia  is  indicated  by  the  following  condition:  (1)  Respirations  regular,  deep  and 
softly  stertorous;  (2)  muscles  of  extremities  lax;  (3)  color  of  face,  ears  and  lips  about 
normal;  (4)  pupils  reactive  to  light;  (5)  lid  reflex  weakly  present;  (6)  coughing  reflex 
absent;  (7)  phonation  absent  (Gwathmey).  A  decrease  in  the  depth  of  respiration  is 
the  chief  change  to  be  watched  for.  This  may  indicate  either  too  deep  narcosis  or  a 
tendency  to  come  out,  and  must  be  checked  by  the  character  of  the  pulse,  lid  reflex,  etc. 
An  increase  in  the  separation  of  the  lids  and  flushing  of  the  face  are  danger  signals  in 
this  connection.  The  fourth  stage,  or  stage  of  overdose,  is  shown  by  feeble  respiration, 
irregular  weak  pulse,  cyanosis,  loss  of  reaction  of  pupil  to  light  and  increased  flaccidity 
of  muscles.  When  these  signs  occur  the  anesthetic  should  be  immediately  withdrawn, 
and  if  improvement  is  not  prompt,  inhalation  of  oxygen,  injection  of  1/20  grain  of 
strychnine,  or  even  artificial  respiration,  should  be  instituted. 

When  ether  is  given  by  inhalation  the  nerve  centers  are  paralyzed  in  the  following 
order:  (1)  the  higher  cerebral  centers;  (2)  the  lower  cerebral  centers,  involving  sensa- 
tion and  motion;  (3)  the  spinal  cord,  involving  reflexes;  (4)  the  medullary  centers  con- 
trolling vital   functions. 

Self-control  is  lost  early,  the  mind  becoming  confused,  much  as  in  acute  alcoholism. 
Memory  follows,  it  becoming  impossible  to  answer  simple  questions.  The  special  senses 
are  next  lost,  sight  and  smell  failing  before  hearing  or  taste.  Pain  sense  is  next  lost, 
and  about  the  same  time  the  nerve  cells  of  the  cortex  are  paralyzed.  The  coordinating 
function  of  the  cerebellum  is  lost  even  earlier.  The  sensory  cells  of  the  cord  are 
paralyzed  before  the  motor.  At  this  time,  deep  muscle  reflexes  are  retained  and  are 
not  lost  until  after  most  of  the  superficial.  The  corneal,  swallowing  and  cough  reflexes 
are  next  lost,  while  the  reaction  of  the  sphincters  and  hollow  organs  to  stretching  lasts 
longer.  The  respiratory  center  in  the  medulla  shows  depression  about  the  same  time 
that  the  paralysis  of  the  motor  nerve  ending  can  be  noted.  The  vasomotor  center  is 
more  resistant.  The  peripheral  nerves  are  not  affected  by  the  concentrations  of  ether 
reached  in  anesthesia,  but  if  ether  vapor  is  directly  applied  to  an  exposed  nerve,  its 
power  to  conduct  sensory  impulses  is  first  lost,  and  its  power  to  conduct  motor  impulses 
and  to  respond  to  direct  stimulation  are  lost  together.  It  is  to  be  noted  that  after  the 
motor  cells  of  the  cortex,  and  even  those  of  the  cord,  seem  to  have  lost  all  function  they 
may  still  respond  to  direct  electric  stimulation.  Paralysis  of  the  sensory  nerve  endings 
probably  occurs,  although  it  is  not  readily  demonstrated.  Paralysis  of  the  motor  nerve 
ending  has  been  shown,  however,  to  be  an  accompaniment  of  deep  narcosis  (Auer  and 
Meltzer).    The  reaction  of  the  pupils  to  light  is  lost  very  late,  and  sudden  dilatation  is 
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an   important   danger  signal,  often  indicating   impending  cyanosis   from   respiratory  or 
circulatory   failure. 

Therapeutics:  Topical. — The  rapid  evaporation  of  ether  when  dropped  or  sprayed 
on  the  s^kin  produces  a  certain  degree  of  numl)ness  or  local  anesthesia  which  can  be 
availed  of  for  slight  operations  such  ns  incising  a  boil  or  carbuncle,  but  the  after- 
pain  is  often  very  severe,  and  the  oozing  of  blood  after  the  incision  is  sometimes 
troublesome.  This  use  of  ether  may  be  resorted  to  in  an  emergency,  but  it  is  better 
to  employ  ethyl  chloride,  or  to  give  a  few  whiffs  of  ether  to  produce  primary  anes- 
thesia without  unconsciousness. 

Superficial  neuralgia  may  be  relieved  by  the  application  to  the  part  of  ether, 
which  is  either  allowed  to  evaporate,  producing  cold,  or  is  covered  so  as  to  prevent 
evaporation,  when  it  acts  as  a  rubefacient  and  eounterirritant  or  even  vesicant. 
Strangulated  lieinia  in  an  early  stage  is  sometimes  released  if  the  overlying  tissues 
are  chilled  by  an  ether  spray.  In  post-partum  hemorrhage  the  uterus  may  be  made 
to  contract  by  spraying  ether  on  the  lower  part  of  the  abdomen  (Felter).  When 
there  is  profuse  hemorrhage  from  an  atonic  uterus  following  extraction  of  the  fetus 
in  cesarean  section,  Sigwart  pours  50  cc.  of  ether  into  the  uterus  or  swabs  the  sur- 
face of  the  organ  with  it,  a  procedure  which  almost  invariably  checks  the  bleeding. 

A  mixture  of  equal  parts  of  ether  and  of  a  2  to  5  percent,  aqueous  solution  of 
formalin  is  a  useful  application  in  intertrigo.  The  parts  are  bathed  with  the  mixture, 
then  dried,  and  protected  by  diachylon  ointment  or  absorbent  cotton.  The  same  mix- 
ture, or  pure  ether,  is  an  efficient  application  in  phthiriasis  inguinalis. 

Ether  is  at  times  employed  as  an  antiseptic  dressing  to  wounds,  especially 
if  already  infected.  It  has  been  used  as  the  flushing  liquid  in  the  Carrel  method  of 
wound  treatment,  but  it  is  painful  because  of  the  intense  cold  it  produces,  and  more- 
over is  quite  costly.  LaA'age  of  the  peritoneum  with  ether  is  greatly  favored  by 
German  surgeons,  and  is  used  by  some  as  a  routine  prophylactic  measure  if  the  cavity 
has  been  soiled  during  celiotomy,  and  also  if  peritonitis  is  already  present.  When 
free  or  localized  pus  is  found,  it  is  removed  by  suction,  and  at  the  end  of  the  opera- 
tion about  an  ounce  (30  cc.)  of  ether  is  poured  into  the  abdominal  or  pelvic  cavity, 
as  the  case  may  be,  and  then  the  wound  is  immediately  closed,  without  drainage, 
unless  some  necrotic  tissue  is  unavoidably  left  behind  or  unless  there  is  a  fistula. 
Diffuse  peritonitis  has  been  treated,  without  operation,  by  the  injection  of  2V2  to  3 
ounces  (75  to  100  cc.)  of  ether  into  the  abdominal  cavity.  The  results  are  said  to  be 
excellent,  though  Weber  reports  one  fatality  directly  attributable  to  the  ether  in  his 
series  of  about  100  cases.  Ether  is  bactericidal  in  itself,  and  also  occasions  a  great 
outpouring  of  lymph  and  other  exudates  having  germicidal  properties.  This,  however, 
constitutes  the  greatest  drawback  to  its  use  in  abdominal  operations  as  it  not  infre- 
quently results  in  the  formation  of  adhesions. 

A  few  drops  of  Hoffmann  anodyne  (spiritus  setheris  compositus)  in  camphor 
water  when  there  is  flatulent  distention  of  the  stomach  will  often  promptly  expel 
the  flatus  and  relieve  the  pain  and  tension,  and  the  same  mixture  will  sometimes 
prove  useful  in  nausea. 

Systemic. — Ether  is  one  of  the  most  quickly  acting  and  best  of  heart  stimulants 
in  cardiac  failure,  palpitation,  syncope,  extra-systoles  of  nervous  origin,  shock-  and 
collapse.  It  should  be  given  subcutaneously  in  dose  of  10  to  15  minims  (0.6  to  1  cc), 
repeated  if  the  response  is  not  satisfactory,  and  may  be  aided  in  its  action  by  an 
equal  amount  of  aromatic  spirit  of  ammonia.  In  liepatic  or  renal  colic,  half-dram 
doses  (2  cc.)  of  spirit  of  ether,  with  the  addition  of  5  minims  (0.3  cc.)  of  rectified 
oil  of  turpentine,  repeated  once  or  twice  at  15-minute  intervals,  will  lessen  the  pain. 
An  asthmatic  paroxysm-  may   at   times  be  cut   short   by   a   dose  of   half  a   dram   of 
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spiritus  setheris  with  or  without  camphor,  and  the  same  is  useful  in  an  hysterical 
attack  with  flatulence  and  globus.  Spirit  of  ether  may  be  employed  in  expectorant 
mixtures,  with  a  view  to  increasing  the  bronchial  secretion.  Whooping-cough  may 
sometimes  be  greatly  benefited,  and  its  paroxysms  of  coughing  mitigated,  by  intra- 
gluteal  injections  of  ether  in  doses  of  1  cc.  for  a  child  of  7  or  8  months,  up  to  2  cc. 
for  older  children,  repeated  every  second  day.  This  treatment  is  not  always  successful 
and  is  quite  painful,  but  it  may  be  tried  when  other  measures  fail,  in  order  to  break 
up  the  "habit"  of  paroxysmal  coughing  holding  on  after  the  specific  infection  is  re- 
moved. C.  L.  Gibson  has  found  intramuscular  injections  in  the  buttocks  very  effective 
in  arresting  protracted  attacks  of  hiccups  in  elderly  patients.  He  injects  25  to  30 
minims  (1.6  to  2  cc),  repeated  once  or  more  times,  at  intervals  of  several  hours. 

Tomb  states  that  a  mixture  of  ether  with  volatile  oils  is  both  curative  and  prophy- 
lactic in  cholera.  He  gives  Hoffmann  drops  (spiritus  setheris),  30  minims;  oil  of 
cloves,  cajuput  and  juniper,  aa  5  minims,  and  aromatic  sulphuric  acid,  15  minims, 
in  Vo  fluidounce  of  water  every  half  hour. 

In  leprosy.  Harper  has  had  excellent  results  from  a  mixture  of  phenol,  1  part; 
ether,  25  parts,  and  chaulmoogra  oil,  75  parts.  He  gives  an  intravenous  injection  of 
10  minims  daily  for  six  days  in  each  week,  increasing  gradually  to  20  minims,  and 
continues  the  treatment  for  at  least  five  months.  Muir  employs  a  mixture  of  500 
minims  each  of  chaulmoogra  oil  and  ether,  with  the  addition  of  5  grains  of  iodine, 
giving  10  minims  intravenously  for  three  days,  then  increasing  to  20  minims  daily. 

Ether  is  sometimes  given  as  a  teniacide  in  doses  of  30  minims  (2  cc),  but  is 
not  to  be  recommended  for  that  purpose  when  other  remedies  are  available.  The 
anesthetic  uses  and  administration  are  considered  later. 

Administration. — For  systemic  effect,  ether  is  commonly  given  by  inhalation,  as  its 
insolubility  in  water  and  irritating  character  make  administration  by  mouth  difficult, 
although  it  may  be  given  without  trouble  either  as  the  simple  or  compound  spirit.  If 
it  is  desired  to  give  it  by  itself,  it  may  be  dropped  into  8  or  10  times  its  volume  of 
ice-cold  water  and  swallowed  at  once.  In  cardiac  failure  it  must  be  given  by  hypodermic 
injection. 

General  Surgical  Anesthesia.— Since  ether  was  first  employed  to  induce  surgical 
anesthesia  many  substitutes  for  it  have  been  proposed,  with  the  claim  that  they  were 
more  free  from  the  disadvantages  which  ether  unquestionably  possesses,  but  none  of 
them  has  proved  itself  superior  for  general  use  or  has  been  accepted  by  surgeons  as 
more  suitable  in  the  ordinary  run  of  major  operations.  At  present  writing,  ethylene 
is  being  widely  used  and  seems  to  offer  some  advantages  over  any  of  the  available 
inhalation  anesthetics,  but  until  it  has  had  a  much  more  extensive  trial  at  the  hands 
of  a  large  number  of  anesthetists,  it  will  not  be  possible  to  arrive  at  a  final  judgment 
regarding  its  absolute  or  relative  value. 

Chloroform  anesthesia  is  more  rapidly  and  pleasantly  induced  than  that  by  ether, 
but  it  lacks  the  third  and  most  essential  member  of  the  therapeutic  triad,  namely, 
safety.  The  three  dangers  that  attend  its  use  are  respiratory  failure,  cardiac  failure, 
and  the  so-called  "delayed  chloroform  poisoning."  The  first  two  accidents  may  occur 
during  the  administration  of  the  anesthetic ;  the  third  comes  on  from  24  to  96  hours 
after  the  operation. 

Ethyl  chloride  is  perhaps  less  frequently  employed  than  the  others  in  this  series 
for  the  induction  of  general  anesthesia,  but  its  neglect  is  not  altogether  deserved. 
It  is  unsuitable  for  prolonged  operation  because  by  reason  of  its  extreme  volatility 
its  effects  are  short  lived,  and  its  administration  must  be  pushed  to  keep  the  con- 
sciousness of  the  patient  from  rising  to  the  surface.  The  risk  to  life  is  greater  under 
ethyl  chloride  than  under  ether,  but  less  than  under  chloroform.    For  minor  opera- 
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tions  of  short  duration,  it  is  practically  as  safe  as,  and  more  rapid  in  its  action  than 
any  of  the  other  inhalation  anesthetics,  which  is  a  decided  advantajjje  in  certain  circum- 
stances; moreover,  if  given  by  the  open  method,  there  is  no  need  of  any  apparatus 
other  than  a  face  mask  or  a  napkin. 

Nitrous  oxide  remains  the  favorite  general  anesthetic  for  tooth  extraction  and 
minor  surgical  operations,  and  with  oxygen  or  oxygen  and  ether,  is  used  even  for  major 
operations.  Its  advantages  are  rapidity  of  action,  absence  of  odor,  absence  of  after- 
effects, other  than  perhaps  a  transient  feeling  of  faintness  and  slight  nausea,  and 
possibly  greater  safety  when  properly  administered,  though  there  are  many  who  con- 
tend that  nitrous  oxide-oxygen  anesthesia  is  far  more  dangerous  than  ether,  and, 
as  far  as  one  can  judge  from  the  limited  time  it  has  be^en  in  use,  ethylene  is  safer 
than  any  of  the  group.  Its  chief  disadvantage  is  the  need  of  bulky  apparatus  for  its 
administration  and  the  dif&culty  of  obtaining  comijlete  muscular  relaxation  under 
its    influence. 

Ethylene  gives  promise  of  becoming  a  serious  rival  not  only  of  nitrous  oxide 
but  of  all  the  inhalation  anesthetics.  As  compared  with  nitrous  oxide,  the  advantages 
claimed  for  it  are  that  it  induces  deep  anesthesia  without  any  signs  of  asphyxia 
and  without  dyspnea,  that  complete  muscular  relaxation  is  produced,  and  that  it  is 
incomparably  safer.  Another  point  in  its  favor  is  that  analgesia  is  produced  early, 
before  the  occurrence  of  unconsciousness,  thus  giving  opportunity  for  minor  opera- 
tions such  as  opening  an  abscess  or  incising  a  carbuncle  without  the  induction  of 
complete  surgical  anesthesia.  Recovery  after  its  administration  is  rapid,  and  there 
are  no  disagreeable  after-effects,  except  occasionally  slight  and  evanescent  nausea. 
The  disadvantages  so  far  revealed  are,  that  the  gas  is  inflammable  and  its  mixture 
with  air  or  oxygen  is  explosive;  its  odor  is  disagreeable  to  many  persons,  and  there 
is  apparently  considerable  oozing  from  the  wound  during  the  continuance  of  the 
anesthesia.  Its  superiority  over  ether  is  that  it  is  not  irritating  to  the  respiratory 
passages  and  excites  no  increase  in  the  secretion  of  mucus,  thus  minimizing  the 
danger   of  inhalation  pneumonia. 

Ether  is  unquestionably  safer  than  chloroform,  not  only  for  prolonged  operations 
but  also  and  especially  for  very  brief  operations,  such  as  the  opening  of  an  abscess 
when  only  light  anesthesia  is  desired.  In  such  cases  the  shock  of  the  incision,  when 
the  patient  is  under  light  chloroform  anesthesia,  may  induce  ventricular  fibrillation 
with  sudden  and  fatal  heart  failure;  on  the  other  hand,  such  minor  operations  may 
be  done  safely  and  painlessly  during  the  primary  anesthetic  stage  of  ether,  or  ethylene 
administration.  The  vomiting  following  prolonged  ether  anesthesia  is  sometimes 
most  distressing,  but  it  lacks  the  pernicious  quality  of  that  which  ushers  in  the 
acidosis  of  delayed  chloroform  poisoning,  and  is  seldom  or  never  fatal.  Capillaiy 
hemorrhage  is  less  easily  controlled  when  ether  is  used  than  when  the  operation  is 
done  under  chloroform  anesthesia,  and  for  this  reason,  if  there  were  no  other  choice 
of  anesthetic,  chloroform  would  be  preferable  for  nose  and  throat  work.  One  serious 
objection  to  the  use  of  ether  is  the  danger  of  inhalation  pneumonia,  but  this  can 
be  minimized  by  the  administration  of  1/100  grain  of  atropine  sulphate  hypodermi- 
cally  half  an  hour  before  the  operation,  which  prevents  excessive  accumulation  of 
mucus  in  the  air  passages.  Except  when  there  is  no  alternative,  ether  should  not  be 
given  to  subjects  of  pulmonary  tuberculosis,  even  when  there  is  apparent  arrest  of  the 
morbid  process.  It  is  ordinarily  contraindicated  also  by  acute  or  chronic  bronchitis 
or  bronchopneumonia ;  and  sometimes  by  inflammatory  processes  in  the  larynx  or 
trachea.  The  odor  of  ether  is  more  objectionable  to  some  patients  than  that  of 
chloroform,  but  it  can  be  disguised  by  a  little  oil  of  orange  poured  into  the  inhaler 
before  the  ether  administration  is  begun. 
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The  A.C.E.  mixture  (alcohol  1,  chloroform  2,  ether  3  parts),  which  was  at  one 
time  in  considerable  vogue,  is  unscientific,  in  that  the  three  components  have  dif- 
ferent rates  of  volatilization  so  that  the  patient  is  not  breathing  a  true  mixture  of 
vapors,  at  least  at  the  beginning;  he  inhales,  first  or  preponderatingly,  ether,  then 
chloroform,  and  thirdly  alcohol.  If  by  chance  the  three  vapors  are  inhaled  together, 
they  are  more  irritating  than  either  chloroform  or  ether  alone,  and  excite  coughing 
and  struggling.  There  is  no  advantage  in  the  mixture  on  the  score  of  safety,  for 
a  chain  is  no  stronger  than  its  weakest  link,  and  the  A.C.E.  or  any  other  similar 
mixture  is  no  safer  than  its  most  dangerous  component.  For  these  and  other  reasons 
such  anesthetic  mixtures  are  seldom  used  to-day. 

Ethanesal. — J.  H.  Cotton  has  stated  that  by  the  addition  of  ethylene  and  car- 
bon dioxide  to  pure  ether  it  is  possible  to  produce  complete  analgesia  before  con- 
sciousness is  clouded,  and  Mackenzie  Wallis  has  found  that  larger  amounts  of  these 
two  gases  will  be  taken  up  if  ketones  are  added  to  the  ether.  The  product  so  obtained 
is  marketed  in  Great  Britain  under  the  name  of  ethanesal.  It  is  said  to  be  rapid 
and  powerful  in  its  action,  non-irritating  and  more  free  than  unmodified  ether  from 
unpleasant  after-effects. 

Administration. — For  the  induction  of  general  anesthesia  the  anesthetic  agent  must 
enter  the  blood  stream  by  way  of  the  lungs  (inspiration  or  insufflation),  the  rectum 
(oil-ether  injections),  or  directly  (intravenous  injection).  The  first-named  method  is 
the  usual  one,  and  all  the  general  anesthetics  are  suitable  for  administration  in  this 
way.  Ether  is  the  only  one  of  the  group  we  are  now  considering,  which  is  also  given  by 
rectum.  Ether,  as  well  as  chloral,  and  some  other  hypnotics  have  been  given  intraven- 
ously to  induce  and  maintain  general  anesthesia,  but  such  procedures  are  dangerous  and 
unjustifiable. 

Inhalation  anesthesia  is  induced  by  one  of  several  methods,  viz.,  the  open  method, 
the  semi-open  method,  the  closed  method,  the  vapor  method,  and  the  intrapharyngeal 
and  the  intratracheal  methods.  Insufflation  is  a  modification  of  the  inhalation  method, 
in  that  the  vapor  is  not  simply  breathed  in,  but  is  blown  into  the  mouth  (oral  insuffla- 
tion), into  the  pharynx  (nasal  insufflation),  or  directly  into  the  trachea  through  a  tube 
passed  between  the  vocal  cords  (intratracheal  insufflation).  The  open  and  semi-open 
methods  may  be  further  divided  into  the  drop  and  the  douche  methods,  according  as 
the  liquid  anesthetic  is  supplied  drop  by  drop  on  the  face  mask,  or  is  poured  on  from 
time  to  time  in  greater  or  less  quantity  as  seems  to  be  required. 

In  the  open  method,  the  mask  is  set  loosely  over  the  face  so  that  the  air  can  enter 
around  the  edges  as  well  as  through  the  entire  area  of  the  ether-soaked  gauze  or 
stockinet.  The  semi-open  method  differs  from  the  open  only  by  the  fact  that  the  mask 
fits  more  closely  to  the  face  and  the  surface  of  the  mask  is  partly  covered  by  towels 
or  wholly  covered  by  a  piece  of  dentists'  rubber  dam  with  a  hole  in  the  center;  less  air 
is  admitted  and  there  is  more  or  less  rebreathing.  In  the  closed  method  there  is  no 
communication  with  the  outer  air  except  by  a  valve  controlled  by  the  anesthetist,  the 
patient  breathing  into  and  out  from  a  bag,  or  from  a  bag  and  out  into  the  air.  In  both 
the  semi-open  and  the  first  of  the  closed  methods  the  patient  must  be  given  a  breath  of 
outside  air  now  and  then  to  prevent  asphyxiation. 

In  the  methods  hitherto  considered  the  patient  vaporizes  the  liquid  anesthetic  by 
his  out-  and  in-breathing,  but  in  the  vapor  method  the  anesthetic  is  first  vaporized  and 
warmed  in  the  apparatus  before  it  is  supplied  to  the  patient.  In  the  intrapharyngeal 
inhalation  method,  as  well  as  in  the  oral  and  intratracheal  insufflation  methods,  the 
ether  is  supplied  in  the  form  of  vapor.  The  intrapharyngeal  method  is  used  to  maintain 
the  anesthesia  when  the  mask  will  be  in  the  way  during  operations  in  the  mouth  cavity. 
It  is  effected  by  passing  the  anesthetic  vapor  or  gas- into  the  pharynx  through  two  nasal 
tubes.  In  the  intratracheal  inhalation  method,  a  tube  is  passed  through  the  larynx.  In 
both  these  methods  the  patient  draws  in  the  vapor  by  his  own  inspiratory  effort.  In  the 
insufflation  methods — oral,  intrapharyngeal  and  intratracheal — the  vapor  is  blown  under 
more  or  less  pressure  into  the  mouth,  pharynx,  or  trachea.  In  these  methods  the  tubes 
are  passed  only  after  anesthesia  has  been  induced  by  the  open  or  closed  method. 

AVhen   ether   is  given   by   the    rectal   method   all   apparatus   is  dispensed   with   and 
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operations  about  the  head  and  neck  can  be  performed  without  the  annoying  presence  of 
the  maslc  or  even  of  uasal  or  intratracheal  tubes.  The  rectum  is  thoroughly  emptied  by 
a  cathartic  the  night  before,  and  by  enemas  the  morning  of  the  operation.  One  hour 
before  the  operation,  the  patient  is  given  a  hypodermic  injection  of  morphine,  %  grain, 
and  atropine,  1/100  grain,  and  receives  a  suppository  containing  10  grains  of  chloretone, 
or  the  same'  amount  in  4  lluidrams  each  of  olive  oil  and  ether,  or  4  fluidrams  each 
of  olive  oil  and  paraldehyde  by  enema.  A  mixture  of  ether,  75  percent,  and  olive  oil, 
25  percent.,  is  then  slowly  injected  in  amount  of  about  one  ounce  for  every  20  pounds 
of  body  weight.  Anesthesia  is  induced  in  about  20  minutes  and  Is  maintained  without 
further  Injection  for  three-quarters  to  one  hour.  After  the  operation  the  rectum  is 
thoroughly  washed  out  with  soap  and  water  enemas  until  all  traces  of  the  ether  have 

been  removed. 

Chloroform.— The  general  method  of  administration  is  .by  the  open  drop  method. 
Other  methods  of  administration,  however,  have  been  introduced  whereby  the  percentage 
of  chloroform  administered  can  be  gauged  and  oxygen  can  be  administered  with  it. 

In  the  Roth-Driiger  method,  oxygen  is  administered  conjointly  with  the  chloroform 
and  the  vapors  are  warmed  by  rebreathing.  With  Harcourt's  method,  a  definite  mixture 
of  air  or  oxygen  can  be  administered  with  the  chloroform.  This  apparatus  provides  for 
two  percent,  vapor.  This  is  considered  the  most  accurate  method  of  administering 
chloroform  ever  devised,  but  because  of  its  intricacy,  it  has  not  come  into  general  use. 
The  Gwathmey  three-bottle  vapor  inhaler  is  a  modification  of  the  Braun  method,  in 
which  the  vapors  are  passed  through  a  bottle  containing  water.  This  water  may  be 
warmed  if  desired. 

Ethyl  Chloride. — Either  the  open  or  the  closed  method  may  be  used,  but  when  ethyl 
chloride  is  employed  as  an  emergency  anesthetic,  or  one  for  minor  operations  of  short 
duration,  the  open  method,  as  dispensing  with  troublesome  apparatus,  is  the  method  of 
choice.  When  the  anesthetic  is  given  as  a  preliminary  to  ether  anesthesia  the  closed 
method  is  the  one  to  be  employed. 

Ethyl  Bromide,  if  ever  used,  should  be  given  only  by  the  open  method  and  for  as 
short  a  time  as  possible. 

Nitrous  Oxide.— This  gas,  whether  alone  or  with  oxygen  admixture,  is  necessarily 
administered  by  the  closed  method  only.  When  given  undiluted  with  oxygen,  as  is 
usual  for  tooth  extraction  or  some  very  brief  operation,  if  the  anesthesia  is  to  be  main- 
tained longer  than  a  minute  the  patient  must  be  allowed  to  breathe  air  every  third  to 
fifth  inspiration.  For  nitrous  oxide-oxygen  administration,  whatever  machine  is  used 
should  provide  for  an  even  flow  of  both  gases,  the  relative  proportions  of  which  are 
under  the  absolute  control  of  the  anesthetist.  The  inhalation  is  begun  with  pure  nitrous 
oxide,  and,  after  a  few  inhalations,  when  anesthesia  is  being  induced  and  the  patient 
is  getting  asphyxiated,  as  shown  by  duskiness  of  face,  oxygen  is  added  in  gradually 
greater  amount,  and  the  pressure  at  which  the  mixture  is  given  is  also  steadily  and 
evenly  raised.  When  the  nitrous  oxide-ether  sequence  is  employed  the  ether  vapor  can 
now  be  added  gradually  in  increasing  amount  until  the  gas  is  entirely  shut  off  and  ether 
vapor  alone  is  being  inhaled. 

Ethylene,  like  nitrous  oxide,  can  be  administered  by  the  closed  method  only.  It  is 
usually  mixed  with  oxygen  in  the  proportion  of  90  percent,  ethylene  and  10  percent, 
oxygen.  After  deep  anesthesia  has  been  induced  it  may  be  maintained  by  an  ethylene 
concentration  of  80  percent. 

Ether  may  be  given  by  any  of  the  methods  above  described,  and  also  by  rectal 
injection.  It  may  also  be  used  to  maintain  the  anesthesia  after  its  induction  by  ethyl 
chloride  or  nitrous  oxide. 

Hypnotics 

The  hypnotics,  as  already  explained,  constitute  a  group  of  remedies  having  a  more 
or  less  specific  depressing  effect  on  the  psychic  faculties  and  thus  inducing  a  condition 
closely  resembling  natural  sleep.  Until  1869,  when  chloral  was  introduced  by  Liebreich, 
full  doses  of  alcohol,  morphine  and  similar  agents  which  have  a  more  widespread 
depressing  action,  and  which  are  in  this  work  termed  ''narcotics"  were  used  to  combat 
sleeplessness.  Paraldehyde,  which  is  less  depressing  to  the  vital  centers  than  chloral, 
was  brought  forward  by  Cervello,  in  1S82,  and  was  shortly  followed  by  sulphonal, 
trional  and  several  chlorine  and  bromine  compounds.    Veronal  was  first  used  in  1903, 
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and  other  barbituric  acid  compounds  followed  soon  after.  The  medicaments  classed 
as  hypnotics  are  synthetic  remedies,  with  the  single  exception  of  hyoscine^  a  natural 
alkaloid,  which  is  taken  up  with  agents  aflFecting  the  autonomic  system. 

The  synthetic  hypnotics  are  quite  dissimilar  from  one  another  in  composition, 
but  certain  chemical  groups  appear  to  enhance  the  somnifacient  action.  The  presence 
of  ketone  or  aldehyde  linkings  is  often  found  in  them  and  ethyl  and  propyl  side  chains 
are  usual.  Presence  of  chlorine  or  bromine  enhances  the  hypnotic  power,  but  at  the 
same  time  increases  even  more  markedly  the  depressing  action  on  the  circulation  which 
characterizes  all  hypnotics. 

A  caution  must  be  given  here  that  applies  in  some  degree  to  all  hypnotics,  but 
with  special  force  to  the  synthetics  and  most  of  all  to  the  diethyl-sulphones  and  the 
malonyl-ureas.  These  compounds  are  highly  dangerous  and,  as  is  the  case  with 
the  synthetics  of  the  antipyretic-analgesic  group,  it  is  precisely  their  commonly  prompt 
and  effective  action,  that  makes  them  so.  The  danger  is  of  two  sorts  (1)  a  depressant 
and  sometimes  delirifacient  affect;  (2)  the  induction  of  a  morbid  habit,  as  definite, 
if  not  so  persistent  or  so  harmful,  as  the  morphine  habit.  This  caution  must  be  con- 
sidered to  qualify  every  recommendation  in  the  various  sections  on  therapeutics,  which 
represent,  however,  the  general  practice,  and  must  be  recorded.  Other  sedatives  are 
commonly  to  be  preferred,  and  with  a  little  study  it  is  often  possible  to  get  rid  of 
sleep-disturbing  factors  by  physical  methods,  including  baths,  massage  or  exercise 
by  suggestion  or  persuasion  without  recourse  to  hypnotic  drugs. 

All  the  coal-tar  synthetics  depress  the  heart  and  diminish  or  even  suppress  the 
secretion  of  urine.  In  some  individuals,  such  effects  are  seen  with  vei'y  small  doses; 
in  most  persons  the  weakened  pulse  can  be  detected  after  several  full  doses  have  been 
taken  on  successive  nights. 

Addiction  is  of  many  varieties,  but  three  principal  types  may  be  described.  (1) 
There  is  a  morbid  fear  of  the  deprivation  of  the  drug's  influence.  The  patient  is 
sure  that  sleep  will  not  come  without  the  medicine,  and  by  autosuggestion  wakens 
often  enough  to  be  convinced  that  this  is  true.  No  other  hypnotic  is  of  equal  value  or 
is  found  effective.  One  of  the  most  convincing  evidences  of  this  type  of  addiction  is 
inability  to  obtain  relief  with  any  other  medicament.  If  there  is  no  organic  cause 
for  sleeplessness,  the  first  step  in  treatment  is  to  withdraw  the  drug;  the  next  to 
prescribe  the  free  drinking  of  water  or  perhaps  the  use  of  saline  infusion  or  sodium 
citrate  and  bicarbonate.  In  addition  the  use  of  baths,  massage  or  temporary  admin- 
istration of  bromides  or  sedatives  of  another  class  will  often  overcome  the  addiction. 

(2)  The  patient  constantly  craves  a  sleeping  medicine,  but  none  satisfies  him.  He 
has  a  favorite,  perhaps,  but  is  seeking  a  better  one.  He  may  take  several  in  one  night. 
This  type  of  addiction  is  extremely  hard  to  overcome.  The  treatment  is  the  same 
as  described  for  the  first  type. 

(3)  There  is  a  positive  morbid  craving  for  the  drug  effect.  The  patient  is  really 
unable  to  sleep  without  it.  He — more  often  she — may  have  made  numerous  attempts 
to  give  up  the  drug  or  to  substitute  others,  but  such  attempts  fail.  Nothing  will 
answer  but  sulphonal,  barbital,  or  whatever  the  special  addiction  may  be.  Treatment 
of  this  type  is  also  difficult,  but  not  infrequently  successful.  The  "Weir  Mitchell 
rest  cure"  as  applied  in  neurasthenia  and  hysteria,  and  perhaps  decided  doses  of  an 
opiate  for  2  or  3  nights  at  first — are  commonly  helpful.  Persuasion,  suggestion,  baths, 
massage  and  general  hygiene,  complete  the  work. 

The  more  important  synthetic  hypnotics  may  be  divided  chemically  into  six  groups, 
as  follows:  1.  Polymeric  aldehydes  (paraldehyde);  2.  Diethyl  sulphones  (sulphon- 
methane,  sulphonethylmethane) ;  3.  Malonyl  ureas  (barbital,  luminal,  dial,  proponal, 
chineonal) ;  4.  Carbamates  (ethylcarbamate,  heddnal) ;  5.  Chlorine  compounds  (Chloral, 
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chloral  formamidum,  isopral,  chlorbutanol,  chloralose) ;  6.  Bromine  compounds  (bro- 
mural,  neuronal,  adalin). 

Polymeric  Aldehydes 
Paraldehyde 

Paraldehyde,  C,H„0„  is  a  polymer  of  methyl  aldehyde  of  the  following  formula: 
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It  ■was  introduced  as  a  hypnotic  by  Cervello  in  1882,  who  claimed  that  it  was  less 
depressing  than  chloral. 

Like  other  hypnotics,  it  acts  chiefly  by  depression  of  the  cerebral  cortex  and  has 
no  influence  on  pain.  It  has  the  great  disadvantage  of  bad  taste  and  burning  in  the 
throat  and  stomach  from  local  irritation,  and  on  this  account  is  little  used  to-day, 
although  it  acts  as  an  efficient  hypnotic  in  acute  maniacal  excitement,  in  the  excite- 
ment of  epileptic  insanity  and  in  delirium  in  fever.  It  is  less  effective  in  the  rest- 
lessness of  dementia  and  in  conditions  associated  with  pain. 

Materia  Medica. — Paraldehvdum    (U.S.  X.),  Paraldehyde.     Ahhr.,  Paraldehyd. 

Paraldehyde  is  a  colorless,  transparent  liquid,  having  a  strong,  characteristic,  but 
not  unpleasant  or  pungent  odor,  producing  first  a  burning  and  then  a  cooling  sensa- 
tion in  the  mouth. 

Dose,  1/2  to  1  fluidram  (2  to  4  cc). 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Absorption  is  very  rapid 
as  evidenced  by  the  fact  that  sleepiness  may  be  felt  5  minutes  after  administration  by 
mouth.  It  is  well  absorbed  from  the  stomach,  rectum  or  subcutaneously,  but  administration 
by  all  but  the  first  route  is  interfered  with  by  irritation.  Little  destruction  occurs  in 
the  body,  the  drug  being  eliminated  very  slowly,  chiefly  by  the  lungs.  A  bad  taste 
and  the  odor  of  fusel  oil  on  the  breath,  persist  for  several  days  after  a  single  full  dose. 

Topical  Action. — Paraldehyde  is  extremely  irritating  to  all  mucous  membranes,  and 
must  always  be  given  well  diluted  with  water. 

Toxicity:  Toxic  dose.— Frogs  are  not  readily  killed.  In  an  average  frog  (European) 
50  mgm.  (%  gr.)  causes  paralysis  with  complete  loss  of  reflexes,  deepest  in  2  hours  and 
lasting  4  hours.  100  mgm.  stops  the  respiration  but  250  mgm.  does  not  kill,  or  even 
depress  the  heart  much. 

Rabbits  given  ly.  Cm.  per  kilo  pass  into  narcosis  lasting  6  hours  and  not  preceded 
by  excitement.  The  respiration  is  low,  the  heart  slow  but  strong.  The  reflexes  are 
weak,  but  the  animal  can  be  roused  by  strong  stimuli.  The  blood  pressure  may  fall 
slightly.  Death  from  respiratory  failure  follows  4  Gm.  per  kilo.  Dogs  are  narcotized 
by  1  to  2  Gm.  per  kilo  given  by  stomach,  and  the  latter  dose  may  prove  fatal.  Narcosis 
sets  in  in  5  to  10  minutes.  Respiration  is  not  depressed  and  there  is  no  vomiting  nor 
nausea.  The  blood  pressure  is  much  less  depressed  than  by  chloral,  for  the  same  degree 
of  narcosis. 

In  man  2  cc.  may  be  effective,  but  8  cc.  (2  dr.)  are  often  required,  and  20  cc.  (5  dr.)  is 
not  a  dangerous  dose.  Recovery  after  34  hours'  sleep  has  followed  ingestion  of  100  cc. 
(31/2  0Z-)    (Mackenzie). 

Habituation.— Habituation  readily  occurs  and  increasing  doses  must  be  taken  if 
paraldehyde  is  used  repeatedly.  In  several  cases  a  drug  habit  has  developed,  as  much 
as  30  to  60  cc.  ( '/^  to  1  oz.)  being  taken  daily.  Dreams  result  in  such  cases  before  sleep 
comes  on.  Abstinence  symptoms  are  not  severe  and  the  habit  is  readily  broken  off  if 
sleep  can  be  secured  by  other  means.  Occasionally  a  prolonged  debauch  ends  in  a 
condition  resembling  delirium  tremens. 
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^rtin^Toxic  and  Systemic  Action. — Paraldehyde  causes,  in  moderate  dose,  a  sort  of  di'unk- 
enness  resembling  that  of  alcohol,  and  characterized  by  warmth  in  the  stomach  and 
limbs,  dizziness  and  confusion  followed  very  quickly  by  sleep,  which  varies  in  depth 
with  the  amount  of  drug  taken.  The  respiration  and  heart  are  not  affected  by  thera- 
peutic doses.  With  doses  approaching  the  toxic,  the  respiration  is  slowed,  and  in  fatal 
poisoning  fails  while  the  heart  is  still  in  good  condition.  Headache  and  other  disagree- 
able sensations,  apart  from  the  bad  taste,  are  not  usually  felt.  If  the  drug  fails  to 
cause  sleep,  dizziness  and  faintness  are  likely  to  be  experienced.  Hyperglycemia  and 
glycosuria  may  occur  in  deep  hypnosis,  with  decrease  of  nitrogen  excretion  (Powell). 

Paraldehyde,  like  chloral,  has  been  found  an  effective  antidote  to  strychnine.  Rab- 
bits, which  normally  are  killed  by  2  mgm.  by  mouth  of  strychnine  may  survive  6  mgm. 
if  2  Gm.  of  paraldehyde  are  injected  subcutaneously  immediately  after  giving  the 
strychnine.  Convulsions  can  be  caused  in  such  animals  by  strong,  prolonged  stimulation 
(Dujardin-Beaumetz,  Coudray).  It  has  been  used  with  some  success  in  tetanus  con- 
vulsions. 

Therapeutics. — Paraldehyde  in  doses  of  1  to  2  fluidrams  (4  to  8  cc.)j  is  a  safe, 
thovigh  not  always  certain,  hypnotic  resembling  chloral,  but  with  less  toxic  action 
on  the  heart  or  respiration.  It  is  most  dependable  in  eases  of  simple  insomnia  not 
due  to  pain,  though  it  sometimes  causes  refreshing  sleep  even  in  rheumatic  fever.  It  is 
contraindicated  when  there  is  any  gastric  or  intestinal  trouble,  on  account  of  its  irri- 
tant properties,  and  also  in  bronchitis  and  pulmonary  affections,  because  of  its 
pungent  odor  which  excites  cough.  This  disagreeable  odor  is  imparted  to  the  breath 
and  may  be  noticed  in  it  for  twenty-four  hours  or  longer. 

The  most  frequent  use  of  paraldehyde  is  in  mental  affections,  to  produce  quiet 
in  maniacal  conditions  and  to  induce  sleep  in  melancholia.  In  delirium  tremens  it 
is  one  of  the  best  hypnotics,  given  in  doses  of  1^2  to  2  fluidrams  (6  to  8  cc.)  or  more. 
It  should  not  be  given  for  prolonged  periods,  to  alcoholic  subjects  especially,  for  a 
habit  is  easily  fonned,  despite  the  disagreeable  odor  and  taste  of  the  drug.  The 
symptoms  of  chronic  paraldehyde  addiction  are  not  unlike  those  of  chronic  alcoholism. 

A  paraldehyde  enema  (2  to  4  fluidrams  with  equal  parts  of  olive  oil)  given  an  hour 
before  the  anesthetization  is  recommended  by  Gwathmey  as  preliminary  to  the  induc- 
tion of  general  anesthesia  by  ether-oil  rectal  injections.  It  is  also  given  as  an  anal- 
gesic, and  Gwathmey  notes  that  a  mixture  of  paraldehyde  (1  fluidram — 4  cc),  ether 
(3  fluidrams— 12  cc),  and  liquid  paraffin  (4  fluidrams — 16  cc),  given  per  os,  will 
produce  sufficient  analgesia  to  permit  of  the  dressing  of  quite  painful  wounds. 

Profound  general  anesthesia  can  be  rapidly  induced  by  intravenous  injection  of 
IV2  to  4  fluidrams  (5  to  15  cc.)  of  paraldehyde  and  an  equal  amount  of  ether,  in  5  fluid- 
ounces  (150  cc.)  of  physiological  saline  solution.  Atkey  has  reported  a  case  of  tetanus 
treated  by  intravenous  injection  of  the  same  mixture  given  once  or  twice  a  day,  begin- 
ning with  5  cc.  and  increasing  to  15  cc,  alternating  with  copious  saline  injections 
to  wash  out  the  toxin  and  ending  in  recovery. 

Administration. — The  disagreeable  odor  and  taste  of  paraldehyde  may  be  partly 
disguised  by  syrup  of  orange  peel,  or  the  drug  may  be  administered  in  capsules.  It 
acts  well  when  given  per  rectum  mixed  with  equal  parts  of  olive  oil,  or  with  an  equal 
quantity  of  alcohol  in  a  10  percent,  solution  in  saline.  Sleep  is  very  rapidly  induced  if 
the  medicament  be  given  intravenously  in  small  dose  (1  fluidram  —  4  cc.)  as  a  10  percent, 
solution  in  saline. 

Diethyl  Sulphones 
Sulphonmethane 

H,C  SO— C,H, 

\  / 
Sulphonmethane    (diethyl-sulphone-dimethyl-methane),  C 
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was  introduced  in  1888  by  Baumann  and  Kast  under  the  name  of  "sulphonal."  Its 
use  soon  became  very  widespread,  and  it  tended  to  replace  other  synthetic  hypnotics. 
Its  popularity  was  largely  due  to  its  tastelessness  and  consequent  ease  of  administra- 
tion.   Owing  to  numerous  cases  of  poisoning,  its  use  has  decreased  in  recent  years. 

Summary  of  Actions  and  Uses. — Sulphonal  is  au  almost  pure  hypnotic,  having  little 
action  except  sedation  of  the  cerebrum.  It  does  not  overcome  pain,  but  has  some  influ- 
ence on  spasm,  both  of  striped  and  unstriped  muscle.  It  is  absorbed  slowly  and  must 
be  given  an  hour  or  more  before  the  time  it  is  expected  to  act.  Prolonged  usage  leads 
to  habituation  and  also  to  destruction  of  the  blood,  with  appearance  of  hematoporphyrln 
in  the  urine. 

Clinically  it  is  well  adapted  to  combat  insomnia  not  caused  by  severe  pain  or  mental 
aberration.  It  is  more  effective  than  most  hypnotics  in  insomnia  caused  by  mental 
anxiety,  and  is  particularly  effective  in  that  form  in  which  the  sufferer  falls  asleep 
promptly  but  wal<cns  after  an  hour  or  so  and  cannot  sleep  again. 

Materia  Medica.— Si'i.pnoxMETiiAxrAr  (F.S.  X.),  Sulphonmethane.  Ahhr.,  Sul- 
plionmetli.    Synonym:  Sulphonal  (Br.). 

Occurs  as  colorless,  inodorous,  and  nearly  tasteless  prismatic  crystals,  or  as  a 
crystalline  powder.  One  Gm.  of  sulphonmethane  dissolves  in  3(35  cc.  of  water,  60  cc. 
of  alcohol,  11  cc.  of  chloroform,  and  64  cc.  of  ether  at  25°  C;  also  in  16  cc,  of  boiling 
water  and  3  cc.  of  boiling  alcohol. 

Dose,  10  to  20  grains  (0.6  to  1.2  Gm.). 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Sulphonmethane  is  but 
slightly  soluble  in  water  (1  to  450  in  cold,  1  to  20  in  boiling  water),  and  is  very  slowly 
absorbed  from  the  digestive  tract.  It  cannot  be  given  by  other  routes.  In  dogs  the 
greater  part  is  absorbed  in  2  hours  and  absorption  is  complete  in  6  hours  (Kast).  It 
may  be  found  in  the  blood  6  hours  after  ingestion  (Clerval).  Part  is  excreted  un- 
changed in  the  urine,  but  the  greater  part  is  broken  down  and  excreted  as  inorganic 
sulphates  (Houdaille)  and  as  ethylsulphonic  acid.  Elimination  in  both  forms  is  ex- 
tremely slow.  On  account  of  its  solubility  in  hot  water  it  should  always  be  administered 
with  a  hot  liquid,  preferably  milk  or  soup. 

Topical  Action. — Owing  to  its  slight  solubility  at  body  temperature  sulphonmethane 
has  no  other  topical  effect  than  that  of  an  inert  powder. 

Toxicity:  Toxic  Dose. — The  lethal  dose  is  not  readily  fixed  because  enormous  doses 
are  commonly  withstood,  while  death  occasionally  follows  small  fractions  of  what  might 
be  called  an  ordinary  full  dose.  In  various  animals  death  is  likely  to  result  from 
0.2  to  0.6  Gm.  (3  to  10  gr.)  per  kilo,  while  recovery  may  occur  after  much  larger  doses. 
In  man  very  large  doses  have  in  a  few  instances  led  to  sleep  lasting  several  days,  for 
example,  a  boy  after  taking  100  Gm.  (SVo  oz.)  passed  into  a  semicomatose  state  in 
which  he  remained  for  5  days.  He  then  awoke  and  answered  questions  but  fell  asleep 
immediately  and  slept  for  2  days  longer,  waking  none  the  worse.  It  is  not  certain  how 
much  of  the  dose  he  absorbed  as  the  stomach  was  emptied  by  vomiting  6  hours  after 
the  drug  was  swallowed. 

In  man  the  usual  hypnotic  dose  is  from  1  to  5  Gm.  (15  to  80  gr.).  Doses  above  2 
Gm.   (gr.  30)  should  rarely  be  given  at  once. 

Many  cases  of  fatal  poisoning  from  therapeutic  doses  have  been  reported.  A  few 
of  these  have  occurred  in  persons  who  had  taken  only  one  or  a  few  doses,  and  who 
probably  had  an  idiosyncrasy  toward  the  drug.  By  far  the  greater  number  have  been 
poisoned  by  long  continued  administration,  having  taken  1  to  2  Gm.  nightly  for 
several  months.  One  such  case,  for  example,  had  taken  a  kilogram  (33  oz.)  in  the 
course  of  two  years.  The  injury  in  such  cases  consists  in  destruction  of  the  red  blood 
cells  with  occurrence  of  hematoporphyrinuria.  Death  is  usually  preceded  several  days 
by  vomiting  or  abdominal  pain  associated  with  weakness  of  the  limbs,  often  extreme, 
and  frequently  accompanied  by  pains,  tremors  or  swelling.  The  urine  is  likely  to  be 
discolored  by  the  cherry  red  hematoporphyrin  some  time  after  these  symptoms  are  first 
manifest.  To  guard  against  accidents,  the  urine  of  all  patients  taking  sulphonmethane 
should  be  watched  carefully,  and  the  appearance  of  any  of  the  symptoms  mentioned 
should  lead  to  immediate  withdrawal  of  the  drug. 
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We  have  seen,  following  a  dose  of  but  10  grains  (0.6  Gm.)  of  sulphonal,  a  night- 
marish delirium,  in  which  the  patient,  a  butcher,  got  his  cleaver  from  the  shop  and 
might  have  killed  his  wife,  had  not  her  screams  brought  rescue.  Given  a  hypodermic 
injection  of  morphine  and  put  to  bed,  the  man  had  no  recollection  of  the  incident.  He 
had  never  shown  hostility  to  his  wife  at  any  other  time.  This  narrative  is  given  because 
of  the  impression  made  by  such  an  untoward  result  from  a  medicament  originally  re- 
ported as  having  no  "unpleasant  action." 

Systemic  Action:  Digestive  Tract. — Sulphonmethane  has  no  action  on  the  digestive 
tract  in  single  dose,  even  when  very  large,  but  chronic  poisoning  is  frequently,  if  not 
usually,  u^ered  in  by  continuous  and  stubborn  vomiting  associated  with  severe  pain 
centering  in  the  umbilicus,  and  with  constipation  or  obstinate  diarrhea.  The  vomiting 
is  apparently  central  in  origin. 

Blood. — In  chronic  poisoning  there  is  destruction  of  the  red  blood  cells  with  occur- 
rence in  the  urine  and  bile  of  a  pigment  known  as  hematoporphyrin,  which  is  related 
chemically  to  bilirubin.  This  gives  the  urine  a  cherry  red  color  and  may  be  present  in 
such  large  amount  as  to  represent  1/17  of  the  total  hemoglobin  in  a  single  day  (Tyson 
and  Croftan).  Owing  to  the  slow  excretion  of  sulphonmethane  this  destruction  may 
continue  for  several  days  after  administration  is  stopped,  and  prognosis  is  always  grave 
if  it  has  reached  a  high  degree. 

Circulatory  and  Respiratory. — Even  in  very  large  dose  sulphonal  has  almost  no 
effect  on  the  heart  and  blood  pressure.  Toxic  doses  slow  the  respiration  and  acute  fatal 
poisoning  is  due  to  respiratory  stoppage,  which  occurs  while  the  heart  is  still  in  good 
condition. 

Urinary  System, — Except  in  chronic  poisoning  sulphonmethane  has  no  effect  on  the 
kidneys.  In  most  cases  of  poisoning  there  are  symptoms  of  renal  irritation  indicated 
by  the  occurrence  in  the  urine  of  albumen  and  casts,  and  even  of  red  cells  and  methemo- 
globin. 

Nervous. — Sulphonmethane  exerts  its  chief  action  as  a  sedative  of  the  cerebral 
cortex  and  higher  brain  centers.  In  dogs,  cats  and  rabbits,  the  sedative  action  of  the 
drug  is  preceded  by  a  period  of  excitement  with  tremors  and  hyperesthesia,  accom- 
panied by  staggering  gait  and  loss  of  muscular  control.  This  stage  is  not  seen  in  man, 
but  in  animals  is  followed  by  progressively  increasing  muscular  weakness,  beginning  in 
the  hind  legs  and  ending  in  complete  relaxation  with  loss  of  reflexes.  Strong  stimuli 
will  ordinarily  rouse  the  animal,  even  at  the  height  of  the  action.  With  toxic  doses, 
the  muscular  weakness  extends  to  the  muscles  of  respiration  and  death  occurs  from 
its  cessation.  Autopsy  shows  congestion  of  the  meninges  and  of  all  parts  of  the 
brain. 

In  man,  sleep  usually  comes  on  1  to  3  hours  after  a  full  dose  and  continues  6  to  8 
hours.  After  very  large  doses  there  may  be  dulness  and  some  vertigo  on  standing, 
lasting  several  hours  after  waking. 

Therapeutics. — Sulphonmethane,  sulphonal  (diethyl-sulphone-dimethyl-methane),  is 
used  almost  solely  as  a  hypnotic,  acting  best  in  nervous  insomnia  not  due  to  pain.  It 
is  especially  useful  in  those  cases  in  which  sleep  comes  promptly  but  does  not  continue, 
the  patient  waking  after  two  or  three  hours  and  then  sleeping  no  more.  As  sulphon- 
methane does  not  exert  its  full  effect  until  the  lapse  of  three  or  four  hours,  its  action 
begins  just  as  the  patient  is  in  need  of  it.  A  dose  of  15  to  20  grains  (1  to  1.3  Gm.)  at 
bedtime  will  ensure  a  good  night's  rest.  Such  doses,  however,  and  even  one  of  10 
grains  (0.6  Gm.)  are  attended  with  definite  risk,  and  the  drug  should  not  be  used 
when  less  dangerous  measures  will  answer.  In  ordinary  cases  of  insomnia,  the  drug 
should  be  given  about  four  hours  before  bedtime.  It  is  a  serviceable  and  quite  depend- 
able hypnotic  in  fevers  to  quiet  delirium  and  overcome  restlessness.  In  the  delirium  of 
cerebro-spinal  meningitis,  for  example,  a  dose  of  25  to  30  grains  at  5  p.m.  will  ensure  a 
night's  sleep.  Sulphonmethane  is  one  of  the  best  motor  sedatives  in  chorea  and  paralysis 
agitans.  In  the  sleeplessness  of  heart  or  kidney  disease,  especially  the  latter,  it  will  be 
better  to  select  some  other  remedy,  as  it  is  very  necessary  that  the  excretion  of  the  drug 
shall  not  be  impeded.  In  the  nervous  unrest  of  alcoholism,  presaging  an  attack  of  de- 
lirium tremens,  this  may  occasionally  be  prevented  by  inducing  a  long,  deep  sleep  with  a 
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mixture  of  jmraldehyde  (1  dram — -t  Gin.)  and  sulplionnietluinc  (15  j^rains — 1  Gm.), 
the  paraldehyde  inducing  sleep  quickly  and  the  sulplionniethane  prolonging  it. 

Administration. — On  account  of  its  difficult  solubility  sulphonmethane  is  best  given 
in  hot  milk  or.  if  a  stimulant  is  called  for,  hot  whisky  and  water  or  brandy  and  water. 
The  drug  must  be  fresh,  and  if  the  powder  shows  any  color  it  should  be  rejected  as 
having  undergone  possibly  dangerous  decomposition.  It  has  a  cumulative  action,  and  it  is 
best  therefore  to  begin  with  a  dose  of,  say,  15  grains  (1  Gm.)  the  first  night,  12  grains  the 
next  night,  and  10  grains  the  third  and  subsequent  nights.  On  account  of  the  danger 
of  poisoning,  the  excretion  of  the  drug  should  be  provided  for  by  giving  a  laxative  at 
the  same  time,  and  the  urine  should  be  inspected  constantly  in  order  to  detect  the  first 
sign  of  hematoporphyrinuria.  To  avoid  accidents  sulphonal  should  not  be  given  for 
more  than  six  or  eight  nights  in  succession  without  intermitting. 

Sulphonethylmethane 

Sulphonethylmethane,  trional  (diethyl-sulphone-ethyl-methyl-methane),  resembles 
sulphonmethane  in  its  effects  but  is  more  poisonous  and  less  powerful  as  a  h.ypnotic. 

Materia  Medica. — SuLPHONETHVLMKTHANrM  (U.S.X.),  Sulphonethylmethane. 
^6?>r.,  Sulphonethylmeth.    Synonym:    Trional. 

Occurs  in  colorless,  lustrous,  odorless,  crystalline  scales  which  have  a  bitter  taste 
in  aqueous  solution.  One  Gm.  of  sulphonethylmethane  dissolves  in  200  cc.  of  water 
at  25°  C;  more  soluble  in  boiling  water;  soluble  in  alcohol  or  ether. 

Dose,  10  to  15  grains  (0.6  to  1  Gm.). 

Therapeutics. — Sulphonethylmethane  (trional)  is  very  similar  in  its  action  to 
sulphonmethane,  but  is  more  soluble  and  induces  sleep  more  promptly.  It  may  be  given 
to  patients,  especially  children,  with  heart  trouble  to  procure  them  rest.  It  is  a  useful 
antispasmodic  in  chorea  and  will  sometimes  arrest  hiccups  when  all  other  remedies  have 
failed.  It  sometimes  quiets  the  pains  of  cancer,  though  as  a  rule  it  is  not  a  very 
efficient  hypnotic  when  there  is  much  pain.  Trional  is  not  cumulative  in  its  action, 
and  as  a  rule  does  not  produce  the  mental  confusion  and  lassitude  which  often  fol- 
low a  night  of  sulphonal  sleep.  The  hypnotic  dose  is  10  to  12  grains  (0.6  to  0.8  Gm.) ; 
as  a  motor  sedative  15  grains  (1  Gm.)   may  be  given. 

Administration. — Sulphonethylmethane  should  be  given  about  half  an  hour  before 
its  effect  is  desired,  in  capsule  or  as  powder  dissolved  in  hot  milk  or  bouillon.  It  has 
the  same  toxic  action  as  sulphonal,  and  for  this  reason  should  not  be  given  for  more 
than  eight  or  ten  nights  without  a  break. 

Malonylureas 
Barbital 

Chemistry. — Barbital  is  the  most  important  member  of  a  small  group  of  hyp- 

CO— NH 

notics   which   are   based   on   barbituric   acid,   or   malonyl   urea,   H^C  CO. 
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C,H,  CO— NH 

Barbital  is  diethyl  barbituric  acid  (diethyl  malonylurea),  C  CO. 

/   \  / 

C,H,  CO— NH 

The  substance  itself  is  only  slightly  soluble  in  w'ater,  but  forms  soluble  salts  with 
alkalis.  It  was  introduced  by  Fischer  and  von  Mering  in  1903,  and  soon  became 
more  popular  than  sulphonmethane,  which  it  resembles  in  action. 
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In  recent  years  many  attempts  have  been  made  to  prepare  compounds  related  to 
barbital  chemically  which  should  possess  the  advantages  of  this  substance  without  its 
dangers.  Of  these  the  most  important  are  the  following:  Medinal,  the  monosodium 
salt  of  barbital  which  resembles  it  in  all  respects  except  that  it  is  soluble  in  water; 
Luminal,  which  is  phenyl-ethyl-barbituric  acid;  Dial,  or  diallyl-barbituric  acid;  Chineonal, 
a  combination  of  quinine  and  barbital. 

Summary  of  Actions  and  Uses. — Barbital  is  almost  a  pure  hypnotic,  exerting  a 
sedative  action  on  the  cerebral  cortex  in  man,  in  doses  too  small  to  exhibit  any  other 
action.  In  dogs,  cats  and  rabbits,  hypnotic  doses  cause  brief  excitement  with  muscular 
tremors,  followed  by  paresis  of  the  legs  and  general  weakness,  passing  into  sleep. 
Tremors  often  continue  during  sleep  and,  after  moderate  doses,  the  animals  are  readily 
awakened  by  sensory  stimuli.  After  large  doses,  there  is  complete  relaxation  Avith  loss 
of  reflexes,  coma  which  can  not  be  interrupted  by  stimulation,  and  depression  of  the 
respiration  resulting  in  death. 

Therapeutically  it  is  used  in  cases  of  insomnia  due  to  mental  excitement,  but  not 
accompanied  by  severe  pain.  It  has  been  much  used  as  a  remedy  for  seasickness  and 
to  relieve  spasm  of  striped  and  unstriped  muscle. 

Materia  Medica, — Barbitalum  (U.S.  X.),  Barbital.  Ahbr.,  Barhital.  Synonyms: 
Barbitonum  (Br.),  Barbitone,  Malonurea,  Malonylurea,  Diethylbarbituric  Acid, 
Dietliylmalonylurea,   Veronal, 

Occurs  as  colorless  or  white  crystals,  or  a  white  crystalline  powder.  It  is  odor- 
less, has  a  slightly  bitter  taste,  and  is  stable  in  the  air.  One  Gm.  is  soluble  in 
130  cc.  of  water,  14  ec.  of  alcohol,  and  13  cc.  of  boiling  water. 

Dose,  5  to  10  grains  (0.3  to  0.6  Gm.). 

Barbitalum  Solubile  (U.S.X.),  Soluble  Barbital.  Ahbr.,  Barbital  Sol.  Sy7W- 
nyms:   Sodium  Diethylbarbiturate,  Medinal,  Barbital  Sodium. 

Occurs  as  white  crystals;  soluble  in  5  parts  of  water. 

Dose,  5  to  15  grains  (0.3  to  1  Gm.). 

Phenobarbitalum  (U.S.  X.),  Phenobarbital.  Ahhr.,  Phenobarb.  Synonyms: 
Phenylethylbarbituric  Acid,  Phenylethylmalonylurea,  Luminal. 

Occurs  as  a  white,  odorless,  slightly  bitter  powder;  almost  insoluble  in  cold 
water;  slightly  soluble  in  hot  water;  soluble  in  alcohol  and  alkaline  solution. 

Dose,  1/2  to  3  grains  (0.03  to  0.2  Gm.). 

Phenolbarbital  Sodium  (N.N.E.).  Synonyms:  Luminal  Sodium,  Luminal 
Soluble. 

The  monosodium  salt  of  phenolethylbarbituric  acid.  Occurs  as  a  white,  hygro- 
scopic powder;  very  soluble  in  water;  slightly  soluble  in  alcohol. 

Dose,  hypodermic  injection,  10  to  30  minims  (0.6  to  2  cc.)  of  a.  20  percent,  solution. 

Dial  (unofficial),  Diallylbarbituric  Acid. 

Occurs  in  colorless,  lustrous,  odorless  scales;  slightly  soluble  in  water;  soluble 
in  alcohol. 

Dose,  %  to  IV2  grains  (0.05  to  0.1  Gm.).  It  is  sold  in  IV2  gi'ain  (0.1  Gm.) 
tablets. 

Proponal  (unofficial),  Dipropyl  Barbituric  Acid,  Propal. 

Occurs  as  colorless  crystals;  slightly  soluble  in  water,  but  freely  so  in  weak 
alkaline  solutions. 

Dose,  2  to  8  grains  (0.12  to  0.5  Gm.). 

Neonal  (N.N.E.),  Butylethylbarbituric  acid. 

A  white  crystalline  odorless  powder;  taste  slightly  bitter.  Soluble  in  5  parts 
alcohol  and  10  parts  ether;  very  slightly  soluble  in  cold  water;  acid  to  litmus.  It 
differs  from  barbital  in  that  one  of  the  ethyl  groups  is  replaced  by  a  normal  butyl 
group. 

Dose,  %  to  2  grains  (0.05  to  0.12  Gm.).    Maximum  daily  dose,  6  grains  (0.4  Gm.). 
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Chineonal  (unofficial),  Quinine  Diethylbarbiturate. 

Occurs  as  colorless  crystals  with  a  bitter  taste;  slightly  soluble  iu  water,  freely 
so  in  alcohol.    Represents  63.8  percent,  quinine  and  36.2  percent,  barbital. 

Dose,  adult,  5  to  10  grains  (0.3  to  0.6  Gra.) ;  for  children,  11/2  to  3  grains  (0.1  to 
0.2  Gm.)  3  times  daily. 

Ipral  (N.N.R.),  Calcium  ethylisopropylbarbiturate. 

A  white,  crystalline,  odorless,  slightly  bitter  powder.  Soluble  in  40  parts  of  water; 
insoluble  in  alcohol;  alkaline  to  litmus. 

Dose,  2  to  4  grains  (0.12  to  0.25  Gm.). 

Synergists. — Other  hypnotics  and  narcotics,  chloral,  sulphonal,  etc.,  hyoscine, 
opium,  cannabis. 

Antagonists  and  Incompatihles. — Cerebral  stimulants,  caffeine,  cocaine,  etc. 

Pharmacodsmamic  Action:  Absorption  and  Elimination. — Barbital,  although  not  very 
soluble  in  water,  is  readily  absorbed  from  the  stomach.  There  is  a  soluble  sodium  salt, 
sodium  barbital,  which  can  be  given  by  rectum  or  even  hypodermically,  as  it  is  not 
irritating  and  !s  taken  up  quickly.  If  given  by  mouth  near  meals  the  sodium  salt  is 
decomposed  and  barbital  released. 

A  variable  proportion  is  destroyed  in  the  body,  the  end  compounds  being  apparently 
very  simple  bodies,  but  the  greater  part  is  excreted  unchanged  in  the  urine.  Excretion 
continues  for  several  days  and  the  amount  recovered  varies  from  50  percent,  with  large 
doses  to  90  percent,  with  small  (Bachem).  The  rest  is  destroyed  and  not  merely  stored, 
the  proportion  found  in  the  excreta  does  not  increase  after  repeated  administration 
(Hoffman)  3  times  daily.  Luminal  administered  to  nursing  mothers  may  be  excreted 
in  the  milk  and  cause  sleepiness  in  the  infant  (Frensdorf). 

Toxicity:  Toxic  dose. — The  fatal  dose  for  animals  is  comparatively  large.  Dogs 
require  from  0.5  to  1  Gm.  (8  to  16  gr.)  per  kilo  to  cause  death,  while  cats  and  rabbits 
are  killed  by  0.3  to  0.4  Gm.  (5  to  6  grains)  per  kilo.  Frogs  die  after  1.5  mgm.  of 
sodium  barbital  per  Gm. 

Sleep  is  induced  by  about  one-quarter  of  these  doses,  but  is  not  profound.  Deep 
sleep  is  caused  by  about  half  the  fatal  dose. 

Many  cases  of  fatal  poisoning  in^  man  have  been  reported.  More  fatal  accidents  are 
now  reported  in  England  from  barbital  than  from  any  other  drug  in  the  pharmacopeia, 
and  barbituric  derivatives  can  now  be  sold  there  only  on  prescription.  Two  deaths  follow- 
ing doses  of  0.7  Gm.  (gr.  10)  have  been  reported,  one  in  a  healthy  child  of  three  years. 
Doses  of  5  Gm.  (gr.  75)  are  distinctly  dangerous,  and  death  may  follow  the  use  of  3  Gm. 
(gr.  45)  even  in  healthy  adults,  and  8  to  10  Gm.  (2  to  2%  dr.)  will  commonly  be  fatal 
in  spite  of  the  best  treatment. 

Recovery  after  long  periods  of  coma  and  threatening  symptoms,  has  followed  doses 
ranging  from  4  to  7  Gm.   (gr.  60  to  100). 

Symptoms  of  Poisoning. — These  differ  somewhat  in  different  species.  In  the  frog 
there  is  narcosis  wuth  loss  of  reflexes  and  periodic  slowing  of  the  respiration  and  heart. 
Animals  laid  on  the  back  will  try  to  turn  over  after  reflexes  are  lost.  Such  abortive 
attempts  to  move  may  be  mistaken  for  twitching  or  tremors  -(Roemer).  Much  more 
water  than  normal  is  taken  up  from  the  skin,  if  this  is  kept  wet,  and  very  large  amounts 
collect  in  the  bladder,  which  is  not  emptied  spontaneously.  The  increased  secretion  of 
urine  leads  to  rapid  drying  up,  if  the  skin  is  not  kept  wet. 

In  rabbits,  the  first  effect  of  full  doses  (0.27  Gm.  per  kilo)  is  weakness  of  the  hind 
legs,  then  of  the  fore  legs,  the  animal  lying  on  its  side.  There  are  tremors  of  the  face 
or  of  the  entire  body.  This  is  not  shivering,  as  it  occurs  when  the  animals  are  kept 
warm.  "Violent  contractions  of  the  diaphragm,  like  hiccup,  are  often  seen,  accompanied 
by  trismus  and  chewing  motions.  Nystagmus  and  opisthotonos  are  frequent.  There  is 
no  loss  of  pain  sense  or  of  reflexes,  and  rabbits  respond  to  pinching  by  cries  or  increased 
tremors.  There  is  an  increased  flow  of  tears,  saliva  and  bronchial  mucus,  the  last  being 
associated  with  cough  and  rattling  in  the  trachea.  The  respiration  is  slow,  and  very 
much  less  air  than  normal  is  moved.  The  temperature  falls  as  a  result  of  lessened 
metabolism  and  dilatation  of  the  blood  vessels  of  the  skin.  There  is  marked  diuresis 
unless  too  large  dose  causes  a  fall  of  blood  pressure.  In  fatal  cases,  autopsy  shows 
dilatation  of  the  heart  with  distention  of  the  large  veins,  and  visceral  hyperemia.  The 
bronchi  are  full  of  mucus,  and  there  may  be  broncho-pneumonia. 
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In  cats  there  is  motor  excitement  and  drunkenness,  before  narcosis  sets  in.  Ttie 
tremors  are  stronger  than  in  the  rabbit,  and  may  appear  tetanic.  The  effects  on  reflexes, 
respiration  and  temperature  are  similar. 

Toxic  doses  cause,  in  man,  symptoms  suggesting  those  already  described.  There  is  a 
brief  period  of  motor  excitement,  with  headache,  ataxia  and  twitching  of  muscles,  fol- 
lowed by  sleep,  deepening  rapidly  into  coma.  At  first  the  sleep  is  quiet,  the  respiration 
slow  and  quiet,  the  pulse  normal,  the  pupils  dilated.  There  is  little  or  no  response  to 
stimulation.  Later  the  respiration  becomes  slow  and  shallow,  and  often  periodic; 
cyanosis  appears  and  the  breathing  may  be  noisy  with  rattling  of  mucus  and  symptoms 
of  edema  at  the  bases  of  the  lungs.  The  sleep  is  interrupted  by  periods  of  restlessness, 
as  in  uremia.  There  is  commonly  nystagmus,  which  is  an  important  aid  in  distinguish- 
ing barbital  poisoning  from  other  forms  of  coma  (Lange  and  Guttmann).  The  tem- 
perature rises,  reaching  even  108°  F.  in  one  case.  The  bladder  is  paralyzed  and  not 
emptied  spontaneously.  The  urine  is  likely  to  contain  albumen,  and  hematuria  is 
occasionally  seen.  The  periods  of  restlessness  may  later  show  as  partial  awakening, 
with  a  tendency  to  shorter  and  shorter  periods  of  sleep  between,  until  recovery 
gradually  occurs.  Headache,  dullness  and  ataxia  are  likely  to  persist  for  several 
days.  In  other  cases,  the  respiration  becomes  weaker  and  death  occurs  from  its  cessation. 
Postmortem  examination  shows,  usually,  dilatation  of  the  heart,  with  congestion  of 
the  brain  and  viscera.  There  is  edema  of  the  lungs  and  often  patches  of  consolidation. 
The  bronchi  are  filled  with  mucus. 

Treatment  of  acute  poisoning  consists  in  getting  rid  of  as  much  of  the  drug  as 
possible,  by  washing  out  the  stomach  and  by  stimulating  renal  elimination  by  giving 
water  by  stomach  tube  or  hypodermoclysis.  Caffeine  is  very  useful  both  to  stimulate 
excretion  and  to  help  in  overcoming  the  depressant  actions.  Respiratory  and  cardiac 
stimulants,  will  probably  be  indicated,  and  strychnine,  digitalis,  epinephrine  and  pituitary 
may  be  used  as  indicated.  The  bladder  must  be  observed,  to  avoid  overdistention.  In 
cases  of  prolonged  somnolence  with  periods  of  awakening,  liquid  food  should  be  given 
at  such  periods. 

A  peculiar  type  of  poisoning  is  seen  in  a  few  individuals.  This  consists  in  skin 
eruptions,  usually  widespread  and  of  differing  character.  In  some  cases  they  are  like 
insect  bites,  in  others  morbilliform,  and  in  others  bullous.  They  disappear  promptly  on 
stopping  the  drug,  but  may  occur  after  single  small  doses. 

Chronic  Poisoning. — Patients  taking  veronal  for  a  long  time  often  develop  a  condi- 
tion suggesting  chronic  alcoholism  and  accompanied  by  confusion,  ataxia,  headache, 
visual  disturbances  and  weakness.  The  blood  may  be  destroyed  and  anemia  or  hemato- 
porphyrinuria  result.  There  is  likely  to  be  irritation  of  the  kidneys,  with  albuminuria 
and  casts,  and  more  rarely  hematuria.  The  cerebellum  appears  to  suffer,  leading  to 
marked  ataxia.  Susceptibility  to  its  action  results  instead  of  tolerance,  so  that  small 
doses  are  more  dangerous  in  addicts  than  in  normal  individuals.  Treatment  consists 
in  immediate  withdrawal  of  the  drug,  and  meeting  of  indications  as  they  arise. 

Systemic  Action. — Barbital  exerts  very  little  action  on  any  part  of  the  body  except 
the  central  nerve  system.  Even  in  toxic  doses  it  causes  no  disturbance  of  the  digestive 
function.  After  continued  use  there  may  be  constipation  or  diarrhea.  It  seems  to  have 
a  sedative  action  on  reflex  vomiting,  and  is  highly  recommended  for  seasickness  and 
similar  conditions. 

Circulation. — The  blood  is  not  affected.  The  most  important  action  of  barbital, 
apart  from  that  on  the  central  nerve  system,  is  that  on  the  smaller  blood  vessels.  Dila- 
tation of  the  vessels  of  the  skin,  leading  to  sweating  and  fall  of  temperature;  dilatation 
of  the  renal  vessels,  leading  to  diuresis;  and  dilatation  of  the  abdominal  vessels,  shown 
by  congestion  of  all  the  organs  in  cases  of  fatal  poisoning,  are  constant  phenomena. 
This  dilatation  is  peripheral  and  occurs  in  isolated  organs  and  in  the  Trendelenburg 
frog  (Roemer).  That  it  is  also  partly  central,  is  indicated  by  the  fact  that  in  such  a 
frog,  with  the  nerve  system  intact,  0.1  percent,  increases  the  flow  to  double,  and  0.5 
percent,  to  3  times;  after  destruction  of  the  cord  0.1  percent,  has  no  effect  and  0.5  per- 
cent, increases  the  flow  only  li/^  times  (Roemer).  That  it  is  not  dependent  on  paralysis 
of  the  arterioles  is  shown  by  the  fact  that  epinephrine  has  its  usual  effect  during 
veronal  poisoning.  This,  and  its  peripheral  character,  are  shown  also  by  the  enormous 
rise  which  asphyxia  causes  in  cats  whose  blood  pressure  is  reduced  by  large  doses.  It 
seems  probable  ithat  the  fall  of  pressure  is  due  to  a  paralysis  of  the  capillaries  such  as 
occurs  with  arsenic  (Roemer).  The  heart  is  not  much  influenced,  even  0.5  percent, 
having  very  little  effect  on  the  isolated  heart  of  the  frog. 
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Respiration. — Respiration  is  much  slowed  by  toxic  doses  and  the  volume  of  air  moved 
may  be  reduced  to  1/10  of  the  normal  in  the  rabbit.  The  secretion  of  mucus  in  all 
parts  of  the  trachea  and  bronchi  is  increased  and,  after  toxic  doses,  there  is  often 
edema  of  the  lungs. 

Metabolism. — Metabolism  is  markedly  lessened  by  full  doses  as  indicated  by  respira- 
tory exchange  and  by  nitrogen  excretion   (Trautmann). 

Temperature. — The  temperature  is  often  much  reduced,  reaching  its  lowest  point  in 
three  hours  after  full  doses.  In  man  it  may  fall  to  35.4°  C.  (9G°  F.)  (Umber).  In  small 
animals  the  fall  is  even  more,  extreme  temperatures  of  28°  C.  (78°  F.)  having  been 
seen  in  fatal  poisoning  in  rabbits.  In  many  cases  of  acute  poisoning  in  man  there  is  a 
disturbance  of  the  heat  center  which  leads  to  the  opposite  effect,  an  extreme  rise  of 
temi)erature  even  to  43°  C.    (108.5°  F.)    (Germann). 

Urinary  System. — Barbital  has  a  markedly  diuretic  action  both  in  man  and  in  lower 
animals;  both  in  therapeutic  and  in  toxic  dose.  The  increased  flow  is  associated  with 
dilatation  of  the  renal  vessels,  to  which  it  is  probably  due.  In  the  isolated  kidney  of 
the  dog  0.012  percent,  added  to  the  perfusion  fluid,  increases  both  the  flow  of  blood  and 
of  urine  (Kleist).  In  cases  of  poisoning,  there  may  be  irritation  of  the  kidneys,  with 
albuminuria   and    even   hematuria. 

Skin. — Like  many  other  drugs  which  act  as  diaphoretics,  barbital,  in  addition  to 
causing  sweating,  induces  in  a  few  predisposed  individuals,  rashes  often  of  a  very 
severe  character.     These  have  already  been  described. 

Nerve  System. — The  action  on  this  system  is  limited  almost,  if  not  entirely,  to  the 
brain  and  cord,  both  sensory  and  motor  peripheral  organs  remaining  intact.  The  chief 
effect  is  a  depression  of  the  psychic  cells  of  the  brain  which,  especially  in  lower  animals, 
may  be  preceded  by  excitement  of  the  psychomotor  centers  with  restlessness  and  tremors. 
Sleep  of  a  normal  character  is  commonly  induced  by  ordinary  therapeutic  doses,  and 
there  should  be  no  disagreeable  after-effects.  In  some  cases,  and  especially  after  ex- 
cessive doses,  there  are  tremors  of  a  few  muscles  with  unsteady  gait  and  difficult  speech 
for  several  hours.  The  motor  cells  of  the  cord  are  more  depressed  than  the  sensory,  and 
reflexes  are  lost  before  pain  sense.  The  special  senses  are  not  much  affected,  but  there 
is  apt  to  be  dilatation  of  the  pupil  with  delay,  or  loss,  of  light  reflex. 

Luminal. — This  compound,  in  which  one  of  the  ethyl  groups  of  veronal  is  substi- 
tuted by  phenyl,  is  active  in  little  more  than  half  the  dose  of  barbital,  but  is  cor- 
respondingly more  toxic,  so  that  it  would  appear  to  have  no  advantage.  In  fact  it 
appears  to  be  more  dangerous,  as  its  effective  and  fatal  doses  are  close  together,  and  it 
depresses  the  blood  pressure  (Taddei).  The  fall  of  blood  pressure  is  due  in  part  to 
slowing  and  weakening  of  the  cardiac  contractions  by  a  direct  action  on  the  muscle, 
in  part  to  a  peripheral  vasodilatation  (Gruber  and  Baskett).  Several  cases  of  poisoning, 
both  acute    (Fernet)    and  chronic    (Farnell),  have  been   reported. 

Dial. — It  is  claimed  that  this  compound,  in  which  both  ethyl  groups  have  been 
replaced  by  allyl,  CH.  =  CH  —  CH^ — ,  is  more  effective  and  less  toxic  than  barbital. 
No  advantage,  however,  seems  to  exist  in  this  regard  (Castaldi).  As  it  is  broken  down 
in  the  organism   there   may  be   less  tendency   to   accumulation   and   chronic   poisoning. 

Proponal.—ln  proponal  both  ethyl  groups  of  barbital  are  replaced  by  propyl,  CjHj — , 
which  alteration  makes  it  more  active  but  at  the  same  time  more  dangerous. 

Chineonal. — Chineonal  has  been  widely  recommended  as  an  improvement  on  barbital, 
but  the  evidence  is  not  convincing.  One  case  of  fatal  poisoning  is  reported  in  a  child 
of  3  years  who  took  0.65  Gm.  (10  gr.)  of  the  substance  (Erdt). 

Therapeutics:  B.mjbital. — As  a  rule,  the  agents  of  the  barbituric  group  are  less 
objectionable  than  those  of  the  sulphon-methane  group',  being  eflFective  in  smaller 
dose  as  well  as  freer  from  untoward  effects.  Nevertheless  they  must  not  be  prescribed 
in  a  routine  fashion  and  patients  must  be  warned  not  to  fly  to  them  habitually  to  get 
rid  of  slight  discomforts. 

Barbital  is  a  dependable  hypnotic  giving  refreshing  sleep  without  any  disagreeable 
after-effects.  It  is  useful  for  light  sleepers  who  wake  up  several  times  in  the  night 
and  lie  awake  for  long  periods.  Good  results  are  obtained  from  barbital  in  cases  of 
nervous  unrest,  delirium  of  fevers,  and  even  mild  mania.  It  is  also  useful  in  migraine 
and  has  attained  a  widespread  reputation  as  a  preventive  of  seasickness.  The  drug  is 
sometimes  given  in  preparation  for  general  anesthesia  in  abdominal  operation;  a  dose 
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of  5  grains  (0.3  Gm.)  of  barbital  is  given  by  mouth  two  hours  before  the  operation, 
and  is  followed  one  hour  later  by  a  hypodermic  injection  of  atropine  and  morphine 
sulphate.  Wilmer  and  Lister  warn  against  the  use  of  barbital  as  a  hypnotic  after 
operations  on  the  eye,  for  it  sometimes  causes  great  motor  excitement. 

Barlntal-Sodiuvx. — This  is  similar  in  all  respects  to  barbital  except  that  it  is 
soluble  in  water  and  more  rapid  in  its  action.  It  may  be  given  in  suppository  in 
dose  of  8  grains  (0.5  Gm,).  The  taste,  when  given  in  solution  by  the  mouth,  is 
objected  to  by  some  patients. 

Luminal. — Luminal  has  recently  come  into  quite  extensive  use  in  the  treatment  of 
epilepsy.  Dercum  commends  it  highly,  but  not  as  a  sole  dependence.  He  prefers 
the  sodium  salt,  but  varies  the  method  with  the  case.  Intermittent  courses  may  be 
given  for  years,  the  doses  at  first  being  moderate,  1  to  1^/2  grain  (0.06  to  0.1  Gm.)  3  or 

4  times  daily.  Both  dose  and  frequency  are  reduced  according  to  effect,  until  it  may 
be  but  V-z  grain  (0.03  Gm.)  once  daily  or  less  often.  A  bromide  or  iodide  or  both, 
in  small  dose,  may  be  given  concurrently  or  during  intermissions  and  general  hygienic 
and  other  treatment  must  not  be  neglected.  Jackson  and  True  state  that  a  daily  dose 
of  IV2  grain  (0.1  Gm.)  of  luminal  will  at  first  reduce  the  frequency  of  epileptic 
attacks,  but  after  a  time  the  effect  is  lost  and  although  increase  of  dose  brings  relief, 
this  also  is  temporary.  Mitigation  results  but  not  recovery.  Maitland  and  Meignant 
say  that  under  luminal  both  major  and  minor  attacks  diminish  and  may  disappear 
altogether,  and  at  the  same  time  the  mental  condition  improves.  They  hold  that 
failure  in  luminal  treatment  is  due  to  insvifficient  dosage,  or  to  neglect  on  the  part 
of  the  patient.  The  optimum  daily  dose  varies,  but  the  average  is  3  grains  for  women, 
4^/^  grains  for  men.  If  symptoms  of  overdose,  such  as  drowsiness  and  languor,  appear, 
the  amount  may  be  diminished  but  the  medication  must  not  be  discontinued.  Carriere 
gives  potassium  borotartrate,  20  grains,  with  luminal,  1^/4  grains,  three  times  a  day, 
increasing  the  dose  gradually  to  double  these  figures. 

Luminal  is  also  used  in  the  treatment  of  insomnia,  meeting  the  same  indications 
as  the  other  barbital  derivatives.  The  prolonged  use  of  luminal  is  not  free  from 
danger,  the  toxic  symptoms  being  the  same  as  those  caused  by  barbital. 

Luminal-sodium. — This  soluble  derivative  of  luminal  is  used  for  the  same  purposes 
as  luminal  itself,  namely,  as  a  hypnotic  and  a  remedy  for  epilepsy.  Like  other  anti- 
epileptic  remedies,  it  acts  best  in  cases  in  which  the  major  attacks  prevail,  and  some- 
times when  the  seizures  are  not  entirely  controlled,  the  attacks  of  grand  mal  are  trans- 
formed into  petit  mal.  The  usual  dose  in  epilepsy  is  1  to  2  grains  (0.6  to  0.12  Gm.) 
daily,  though  some  neurologists  regard  from  3  to  4^/2  grains  per  diem  as  within  the 
limits  of  safety.  In  status  epilepticus  and  in  mania,  luminal-sodium  may  be  given 
subcutaneously  in  doses  of  1  to  3  grains  (0.6  to  0.2  Gm.),  or  per  rectum  in  doses  of  2  to 

5  grains  (0.12  to  0.3  Gm.).  Luminal  is  not  cumulative,  but  the  therapeutic  and  toxic 
doses  are  not  widely  separated.  Like  barbital,  luminal  not  rarely  excites  a  general 
erythema  or  a  morbilliform  eruption,  and  sometimes  erosions  of  the  buccal  and  lingual 
raucous  membranes. 

Dial. — This  member  of  the  barbituric  group  of  hypnotics  is  more  powerful  than 
barbital.  It  is  employed  in  chorea  and  other  spasmodic  affections,  and  is  very  useful 
in  the  relief  of  simple  insomnia  in  dose  of  %  to  4^4  grains  per  day. 

Proponal. — Proponal  (dipropyl  barbituric  acid)  is  more  rapid  in  its  hypnotic 
action  than  barbital  and  it  is  said  to  be  also  more  toxic.  It  has  no  particular  points 
of  superiority  over  the  other  members  of  the  group. 

Chineonal. — Ghineonal  (quinine  diethyl  barbiturate)  is  a  useful  nerve  sedative  in 
fevers,  neuralgia,  psychic  unrest,  and  worry.  When  given  in  conjunction  with  quinine 
it  is  said  to  prevent  the  tinnitus  and  other  symptoms  which  a  large  dose  of  quinine 
may  cause.    In  inigraiiie  of  either  hyperemic  or  ischemic  type,  in  angiospasm  attended 
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with  pain,  in  tingling  or  cyanosis  of  the  extremities  or  even  in  the  definite  Raynaud 
syndrome,  as  well  as  in  the  erethism,  vascular  and  nervous  of  Graves'  syndrome,  this 
compound,  in  doses  of  1  to  3  or  even  5  grains  (0.06  to  0.3  Gm.)  once  to  thrice  daily, 
is  often  of  definite  service.  It  is  also  among  the  agents  sometimes  helpful  in  asthma 
and  hay  fever. 

Ipral. — Ipral  is  used  chiefly  as  a  simple  hypnotic  to  combat  insomnia,  irritability 
and  restlessness. 

Alloxal. — Allonal,  a  loose  combination  of  amidopyrine  with  allyl-isopropyl-barbi- 
turate,  stated  to  be  in  the  proportion  of  1.66  part  of  the  former  to  1  part  of  the  latter, 
is  dispensed  in  tablets  containing  2%  grains  each.  It  is  a  safe  hypnotic,  analgesic  and 
sedative,  and  is  particularly  serviceable  in  patients  having  aflFections  and  disorders  of 
the  nerve  system,  including  psychoses  and  psychoneuroses.  It  is  said  to  be  five  times 
as  active  as  barbital,  and  the  dose  is  proportional,  varying  from  1  tablet  at  bedtime  to 
produce  sleep,  or  1  or  2  tablets  daily  to  calm  nervous  excitement,  to  1  or  2  tablets  every 
two  or  three  hours  (or  in  severe  cases,  even  hourly)  to  relieve  pain.  It  is  continued 
until  relief  is  given.     Commonly  4  to  6  tablets  in  24  hours  should  be  sufficient. 

Administration. — The  barbital  hypnotics  are  given  in  dose  of  5  to  10  grains  (0.3  to 
0.6  Gm.)  in  powder  of  capsule  with  a  hot  drink,  preferably  milk.  In  habitual  insomnia 
they  should  be  taken  1  to  2  hours  before  bedtime.  In  migraine  they  are  most  likely 
to  be  effective  if  taken  at  the  beginning  of  the  attack.  All  the  hypnotics  act  best  when 
given  in  tablet  or  powder  form  with  a  warm  liquid,  though  they  usually  act  well  in 
enema  or  suppository,  given  in  slightly  larger  dose.  A  precaution  to  be  observed  in 
the  administration  of  any  of  the  urea-derivatives,  as  well  as  of  the  ethyl-sulphone 
hypnotics,  is  to  see  that  the  bowels  are  moving  freely  and  that  the  kidneys  are  sound. 
If  there  is  any  tendency  to  constipation  a  laxative  must  be  given  with  each  evening  dose 
of  the  hypnotic.  All  the  drugs  of  these  classes  are  more  or  less  habit-forming  and 
should  not  be  given  for  long  periods  without  intermission.  If  it  is  necessary  to  give 
a  hypnotic  every  night,  a  different  one  should  be  given  every  week  or  ten  days,  playing 
the  changes  with  veronal  and  sulphonal,  dial  and  paraldehyde,  chineonal  and  urethane, 
etc.  The  coincident  use  of  digitalis  is  sometimes  advisable:  and  when  the  object  is 
not  so*  much  to  produce  sleep  as  to  relieve  distress — as  in  migraine — caffeine  and 
camphor  may  be  associated  with  the  synthetic.  To  avoid  repetition  of  the  drug  when 
sleep  does  not  follow  in  2  to  4  hours  after  the  dose,  an  opiate  or  bromide  may  be  given. 

Carbamates 
Ethylcarbamate 

Ethylcarbamate  (Urethane),  which  was  introduced  by  Schmiedeberg  in  1884,  is 
the  ethylic  ester  of  carbaminic  acid,  XH, —  CO  —  O  —  C^H^.  It  is  freely  soluble  in 
water  and,  having  neither  disagreeable  odor  nor  taste,  nor  local  effects,  it  is  well 
adapted  for  administration  by  mouth  or  subcutaneously. 

Summary  of  Actions  and  Uses. — It  differs  from  most  of  the  hypnotics  in  causing  in 
full  dose  a  profound  state  of  narcosis,  during  which  operations  may  be  performed  with- 
out disturbing  the  sleep.  Such  doses  are  likely  to  cause  dangerous  depression  of  the 
respiration.  In  small  dose  it  induces  a  condition  resembling  natural  sleep,  from  which 
the  patient  awakens  refreshed  and  without  disagreeable  after-effects. 

It  is  recommended  for  use  in  children  on  account  of  the  ease  with  which  it  is  taken 
and  its  lack  of  toxicity.  It  is  often  efficacious  in  insomnia  and  restlessness  due  to  cough 
or  to  painful  spasm.  It  may  be  given  in  insanities  with  depressive  symptoms,  but  is 
less  effective  in  maniacal  attacks  than  certain  other  hypnotics.  It  is  frequently  used 
as  an  anesthetic  in  animal  experiments. 

Materia  Medica. — .^Ethvlis  Carbamas  (U.S.  IX.),  Ethyl  Carbamate.  Ahhr.,  ..Ethyl. 
Carbam.    Synonym:  Urethane. 

Occurs  in  colorless,  columnar  crystals  or  scales;  odorless,  and  having  a  cooling, 
saline  taste.  One  Gm.  dissolves  in  0.45  cc.  of  water,  0.8  cc.  of  alcohol,  2.5  cc.  of 
glycerin,  32  cc.  of  olive  oil. 

Dose,  10  to  20  grains  (0.6  to  1.2  Gm.). 
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Pharmacodynamic  Action:  Absorption  and  Elimination. — Ethyl  carbamate  is  taken 
up  unchanged  from  all  mucous  membranes,  and  from  the  subcutaneous  tissue.  It  is 
completely  broken  down  in  the  body,  the  nitrogen  being  excreted  as  urea. 

Topical  Action. — Given  by  mouth,  subcutaneously,  or  even  intraperitoneally,  dilute 
solutions  are  almost  devoid  of  irritating  properties.  Repeated  use  by  mouth  may  lead 
to  eventual  disturbance  of  digestion. 

Toxicity. — Frogs  (European)  are  paralyzed  and  narcotized  by  1  mgm.  per  Gm.,  all 
reflexes  being  lost.  The  heart  continues  beating  and  is  not  stopped  even  by  5  mgm. 
per  Gm.,  this  dose  being  followed  by  complete  recovery  in  2  or  3  days.  A  dose  of  10  to 
15  mgm.  per  Gm.  is  likely  to  stop  the  heart. 

Pigeons  develop  catalepsy  after  0.5  to  1  Gm.,  with  loss  of  spontaneous  motions,  but 
incomplete   relaxation. 

Dogs  given  1  Gm.  per  kilo  by  mouth  are  sleepy  and,  after  2  to  4  Gm.,  show  ataxia 
and  light,  restless  sleep.  As  the  dose  is  increased  the  restlessness  increases  and  the 
ataxia  develops  into  fine  tremors,  but  true  narcosis  is  not  often  obtained.  Running 
motions  are  noted  after  all  reflexes  are  lost.  Doses  of  5  to  8  Gm.  intraperitoneally,  cause 
excitement  followed  by  full  anesthesia.  Death  may  result  from  these  large  doses 
(Houdaille). 

Rabbits  given  1  Gm.  per  kilo  by  mouth,  stand  well  for  a  short  time  and  then  become 
stiff  and  immovable,  and  will  hold  any  position  (catalepsy).  After  1.5  to  2  Gm.  they 
show  excitement  followed  by  narcosis,  during  which  they  lie  relaxed  and  hardly  respond 
to  stimulation.  Recovery  is  slow,  requiring  several  days.  After  3  to  3.5  Gm.  per  kilo 
there  is  deep  narcosis  during  which  any  operation  may  be  performed.  There  is  no  fall 
of  blood  pressure  and  the  respiration  is  stimulated  (Schmiedeberg).  Death  usually 
results  after  several  hours. 

Guinea-pigs  show,  after  1  Gm.,  a  brief  excitement  followed  by  narcosis.  The  reflexes 
are  weak  and  the  animal  lies  on  its  side  and  cannot  be  roused.  The  next  day  it  has  recov- 
ered.   After  2  Gm.  there  is  complete  anesthesia  usually  followed  by  death  (Houdaille). 

Habituation  and  cumulation  do  not  readily  occur  in  any  of  these  animals. 

Systemic  Action. — In  certain  individuals  gastroenteric  irritation  occurs,  shown  by 
salivation,  increased  peristalsis  and  vacuolar  degeneration  of  the  liver  cells  (Sollmann). 

The  blood  is  not  altered  and  the  circulatory  system  but  little  affected  even  by  large 
doses.  Blood  pressure  may  rise  during  the  stage  of  restlessness,  but  soon  becomes 
normal.  The  blood  vessels  of  the  skin  and  of  the  rabbit's  ear  are  dilated  during  this 
stage,  but  as  narcosis  develops  the  ears  and  skin  become  pale. 

The  isolated  heart  of  the  frog  is  slowed,  but  the  force  is  not  altered  (Houdaille). 
Warm-blooded  animals  show  cardiac  acceleration,  followed  by  even  more  marked  slow- 
ing, but  no  loss  of  strength. 

Marked  slowing  of  respiration  is  the  first  sign  of  passage  from  the  stage  of  excite- 
ment to  that  of  narcosis.    The  rate  may  fall  to  less  than  half  normal. 

Nutrition  is  not  affected  except  by  the  decrease  of  respiratory  exchange,  which 
always  accompanies  narcosis,  and  by  the  loss  of  appetite  which  follows  large  doses. 

Temperature  falls  to  a  moderate  extent.  The  urinary  secretion  is  not  altered  by 
small  doses,  but  large  cause  decrease  of  phenolsulphonephthalein  excretion  (Whipple 
and  Speed).  There  is  also  glycosuria  dependent  on  hyperglycemia,  not  influenced  by 
epinephrine  or  pituitary  extract,  and  perhaps  due  to  degeneration  of  the  pancreatic  islet 
cells  (Bang),  analogous  to  the  changes  in  the  liver. 

The  action  of  moderate  doses  on  the  central  nerve  system,  consists  in  excitement 
followed  by  depression,  the  vital  centers  in  the  medulla  being  largely  exempt  from  both 
actions.  The  cerebral  cortex  is  first  stimulated,  there  being  excitement  and  catalepsy, 
and  later  depressed,  sleep  resulting,  or,  with  larger  doses,  coma.  The  respiration  is 
slowed  by  direct  action  on  the  center.  Stimulation  of  the  cord  may  be  indicated  by 
muscular  stiffness,  and  its  subsequent  depression  is  shown  by  loss  of  reflexes  and  com- 
plete muscular  relaxation,  which  follow  large  doses,  and  by  the  power  of  ethyl  carbamate 
to  prevent  or  stop  the  convulsions  of  strychnine. 

The  paralysis  of  all  parts  of  the  reflex  arc  including  pain  sense  and  voluntary 
motion,  is  so  complete  after  full  doses  that  a  single  dose  is  suitable  for  experimental 
anesthesia  in  laboratory  animals. 

Therapeutics. — In  moderate  doses  ethyl  carbamate  is  slightly  hypnotic,  produc- 
ing quiet,  though  not  deep,  sleep,  and  the  patient  awakes  refreshed  without  any  after- 
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effects.  On  account  of  its  freedom  from  toxic  action,  it  is  iiseful  for  children  and 
the  aged,  and  for  the  subjects  of  any  form  of  cardiac  weakness.  The  usual  hypnotic 
dose  is  15  or  20  grains  (1  to  1.2  Gm.)  for  adults  and  less,  in  proportion  to  the  age, 
for  children.  The  drug  has  been  given  in  delirium  tremens  and  acute  mania,  but 
is  not  powerful  enough  to  be  of  much  service  ordinarily  in  such  cases;  the  dose 
should  be  large — 40  to  (10  grains  (2.6  to  4  Gm.).  It  has  been  tried  with  occasional 
apparent  success  in  nocturnal  epilepsy. 

Ethyl  carbamate  was  official  in  the  eighth  and  ninth  editions  of  the  U.S. P.  but 
has  been  dropped  from  the  tenth. 

Hedonal 

Chemistry.— ITodonal  CT-r,Cn,CH,CT-I(CHJO.CO.NPT,  (Methylpropylcarbinolure- 
thane),  is  a  crystalline  powder,  fusing  at  7(»°  C,  decomposed  by  boiling  with  alkalis. 
It  is  believed  to  split  up,  in  the  system,  into  carbon  dioxide,  ammonia,  and  urea ;  prob- 
ably because  of  the  presence  of  urea,  its  action  is  sometimes  that  of  a  diuretic. 

Materia  Medica. — Hedon.\l  (unofficial),  Hedonal.  Synonym:  Methylpropylcar- 
binolurethane. 

A  white  crystalline  powder,  of  weak  aromatic  odor,  slightly  soluble  in  cold  water, 
somewhat  more  so  in  boiling  water;  soluble  in  alcohol,  ether,  and  other  organic  solvents. 
Solutions  have  a  powerful  menthol-like  taste. 

Dose,  15  to  45  grains  (1  to  3  Gm.),  preferably  in  capsules. 

Pharmacodynamics. — Its  diuretic  action  is  greatly  increased  by  administration  in 
solution.  Dreser  states,  that  in  the  dog  it  acts  very  feebly  upon  respiration  and  blood 
pressure.    No  cases  of  poisoning  have  been  reported. 

Therapeutics. — Hedonal  as  an  hypnotic  is  mild  in  its  action  and  seldom  produces 
disagreeable  after-effects.  Occasionally,  when  administered  in  the  form  of  a  solution, 
it  has  a  diuretic  action.  In  severe  cases  of  insomia  or  when  the  patient  was  kept  awake 
because  of  pain,  it  is  of  little  service.  Its  prolonged  use  is  not  followed  by  disagreeable 
sjrmptoms.    The  chief  action  of  hedonal  is  depression  of  the  cerebral  centers. 

Chloral  Chlorine  Compounds 

Chloral  was  the  first  of  the  artificial,  or  synthetic,  hypnotics  to  be  introduced 
in  medicine  and  is  still  the  standard  to  which  all  new  drugs  in  this  field  are  com- 
pared. Chloral  hydrate  was  first  made  in  1832  by  Liebig,  who  found  that  it  was 
converted  into  chloroform  by  alkalis.  Liebrich,  conceiving  that  the  same  reaction 
might  occur  in  the  body,  tested  its  action  on  animals  in  1869  but  found  that  his 
hypothesis  was  not  confirmed.  In  spite  of  this  fact,  it  was  shown  to  have  marked 
hypnotic  powers,  and  after  considerable  experimentation  on  animals  it  was  introduced 
into  medicine  as  a  hypnotic.  In  recent  years  it  has  been  replaced  to  some  extent  by 
synthetics  whose  depressing  action  on  the  circulation  is  less  marked,  but  it  is  still 
used  very  extensively. 

Chemistry. — Chloral  hydrate  is  the  hydrate  of  trichloraldehyde,  CI3C — CH(OH)j. 
It  is  converted  to  chloroform  by  the  action  of  caustic  alkalis,  formates  arising  at  the 
same  time,  C1,C  —  CH(OH),  +  NaOH  =  CHCl,  +  NaOCOH  +  H,0.  Such  a  reaction 
occurs  to  a  very  slight  extent,  if  at  all,  in  the  body.  The  decomposition  of  chloral 
occurs  on  other  lines  and  its  action  is  exerted  before  it  is  altered. 

Summary  of  Actions  and  Uses. — Chloral  in  small  dose  depresses  the  cerebral  cortex 
only,  inducing  physiologic  sleep.  In  large  dose  it  depresses  also  the  respiratory  center, 
the  vasomotor  center  and  the  heat  center,  causing  slow  and  shallow  respiration,  with 
extreme  fall  of  blood  pressure  and  of  temperature.  It  is  very*  irritating,  and  is  apt  to 
cause  gastric  distress  if  not  well  diluted. 
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Therapeutically,  it  is  used  as  an  hypnotic  in  all  forms  of  insomnia,  except  those  due 
to  pain.  It  is  quite  effective  in  calming  motor  restlessness,  and  even  the  convulsions  of 
eclampsia,  tetanus  and  strychnine  poisoning.  Topically  it  is  used  on  the  skin  as  a 
counterirritant,  and,  combined  with  camphor,  against  neuralgia  and  neuritis,  as  well 
as  for  its  antiseptic  action  on  the  vagina  and  uterus.  In  this  combination  it  is  not 
irritating. 

Materia  Medica. — Chloral  Hydras  (U.S.  X.),  Chloral  Hydrate.  Ahhr.,  Chloral 
Hydr.    Synonym:  Chloralum  Hydratum. 

Occurs  as  colorless,  transparent  crystals,  having-  an  aromatic,  penetrating  and 
slightly  acid  odor,  and  a  slightly  hitter,  caustic  taste.  One  Gm.  of  hydrated  chloral 
is  soluble  in  0.25  cc.  of  water,  1.3  cc.  of  alcohol,  2  cc.  of  chloroform,  and  1.5  cc.  of 
ether;  it  is  very  soluble  in  olive  oil  and  freely  soluble  in  turpentine. 

Dose,  10  to  30  grains  (0.6  to  2  Gm.). 

Chloral  Camphoratum  (N.F.),  Camphorated  Chloral.    Ahhr.,  Chloral  Camph. 

Equal  parts  of  chloral  hydrate  and  camphor,  warmed  together  and  shaken  until 
they  unite  in  liquid  form. 

Dose,  external  use  only. 

ChloralformamiduJiI  (N.N.E,.),  Chloralformamide.  Ahhr.,  Chloralformam. 
Synonym :  Chloralamide. 

A  crystalline  solid  made  by  direct  action  of  formamide  with  anhydrous  chloral. 
Occurs  in  colorless,  lustrous  crystals,  without  odor,  having  a  somewhat  bitter  taste; 
soluble  in  about  18  parts  of  water  and  in  1.3  parts  of  alcohol  at  25°  C;  readily  soluble 
in  ether,  acetone,  or  acetic  ether. 

Dose,  15  to  45  grains  (1  to  3  Gm.). 

Syrupus  Chloral  (Br.),  Syrup  of  Chloral. 

Chloral  hydrate,  20  parts;  distilled  water,  20  parts.  Dissolve  the  hydrate  in  the 
water;  after  thorough  solution,  add  syrup  to  equal  100  parts.  Each  fluidram  contains 
approximately  12  grains  of  chloral  hydrate  (0.2  Gm.  per  cc). 

Dose,  1/2  to  2  fluidrams  (2  to  8  cc). 

Butyl  Chloral  Hydras  (Br.),  Butyl  Chloral  Hydrate.  Ahhr.,  Butyl-Chloral  Hydr. 
Synonyms:   Trichloibutylidene  Glycol,  Croton  Chloral  Hydrate. 

A  crystalline  hydrate  (C^HjCl^OJ  obtained  by  adding  water  to  the  liquid  butyl 
chloral  produced  by  the  action  of  chlorine  gas  on  aldehyde.  It  occurs  as  pearly-white 
laminse;  with  pungent  but  not  acrid  odor  and  an  acid  and  nauseous  taste;  soluble  iu 
about  40  parts  of  water  and  in  less  than  1  part  of  glycerin  or  of  alcohol  (90  percent.). 

Dose,  5  to  20  grains  0.3  to  1.3  Gm.),  preferably  in  freshly  made  capsules. 

Isopral  (unofficial),  Trichlorisopropylalcohol. 

Occurs  as  a  fine,  crystalline  powder,  with  a  camphor-like  odor  and  an  aromatic 
taste.    Soluble  in  water,  alcohol  and  ether. 

Dose,  5  to  15  grains  (0.3  to  1  Gm.). 

Chlorbutanol  (N.N.R.),    Synonyms:  Acetone-chloroform,  Chloretone. 

A  white,  crystalline,  volatile  compound  having  a  camphoraceous  odor  and  taste. 
It  is  soluble  in  water  (8: 1000),  in  fixed  and  volatile  oils,  and  in  glycerin;  very  soluble 
in  alcohol. 

Dose,  5  to  20  grains  (0.3  to  1.3  Gm.). 

Chloralose  (unofficial),  Chloralose.     Synonym:    Anhydroglucochloral. 

Occurs  in  crystals  of  bitter  taste;  soluble  in  alcohol  and  hot  water,  but  not  in 
cold  water. 

Dose,  5  to  10  grains  (0.3  to  0.6  Gm.). 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Chloral  is  very  rapidly 
absorbed   from   the   stomach   and   other   mucosie,  but   is   too   irritating  to   be  suited   to 
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other  modes  of  administration.  The  promptness  of  absorption  is  indicated  by  the  fact 
that  hypnosis  usually  comes  on  in  5  to  10  minutes  after  taking  a  full  dose,  and  may  be 
almost  immediate  if  the  dose  is  very  large.  It  circulates  as  such  and  is  carried  to  the 
nerve  centers,  but  is  gradually  broken  down  into  trichlorethyl  alcohol  in  the  tissues. 
Chloral  itself  and  trichlorethyl  alcohol,  both  combined  as  sulphonates,  are  excreted  by 
the  kidneys  in  varying  proportions.  Apparently  none  appears  as  inorganic  chlorides 
(Kast)  and,  at  most,  small  traces  as  chloroform  (Nicloux).  The  amount  excreted  as 
organic  chlorine  compounds  in  the  first  18  hours  is  about  70  to  85  percent.  (Wallace). 
Of  this  60  to  75  percent,  is  combined  with  sulphuric  acid  (Wallace).  These  compounds 
reduce  copper  solutions  and  may  be  mistaken  for  sugar,  leading  to  statements  that 
chloral  causes  glycosuria. 

The  amount  of  chloral  found  in  the  blood  during  narcosis,  varies  more  with  the 
period  of  narcosis  than  with  its  depth,  thus,  at  the  beginning  of  deep  narcosis,  a  rabbit 
which  had  received  0^.8  Gm.  per  kilo,  showed  0.15  percent.,  and  a  dog  with  half  the  dose 
showed  0.12  percent.,  while  toward  the  end  of  narcosis  both  showed  0.05  percent.  The 
amount  in  the  brain  remained  constant  from  the  beginning  to  the  end  of  narcosis, 
being  about  0.05  percent,  in  both  rabbit  and  dog. 

Topical  Action. — Chloral  is  extremely  irritating  to  mucous  membranes  and  even  to 
the  sound  skin.  Unless  well  diluted  it  is  apt  to  cause  gastric  pain  and  vomiting  when 
swallowed,  and  is  unsuited  for  hypodermic  injection.  Applied  to  the  skin  in  concen- 
trated solution  it  acts  as  a  counterirritant. 

Chloral,  pure,  poured  into  the  external  ear  of  rabbits,  causes  inflammation  of  the 
middle  and  even  of  the  internal  ear,  with  forced  rolling  motions  from  injury  of  the 
semicircular  canals.  Facial  paralysis  also  results.  Some  of  the  material  passing  into 
the  throat,  may  cause  laryngitis  and  even  bronchopneumonia  (Vulpian). 

Toxicity:  Toxic  Dose. — There  is  a  fairly  wide  range  between  the  dose  of  chloral 
which  causes  hypnosis  and  that  which  causes  death.  In  most  species,  the  former  is  about 
one-third  of  the  latter,  the  cat  being  quite  exceptional  in  this  regard.  The  following  table 
shows  the  "effective"  and  fatal  doses  for  several  species,  all  doses  being  given  in  Gm.  per 
kilo  (or  mgm.  per  Gr.).  The  hypnotic  dose  is  given  first.  Frog  0.3  and  0.9;  guinea-pig 
0.25  and  0.85;  rabbit  0.5  and  1.6;  cat  0.2  and  0.25;  dog  0.25  and  1.0.  The  doses  are  those 
effective  by  subcutaneous  injection,  except  in  the  dog,  which  are  by  mouth.  In  this  ani- 
mal 0.5  Gm.  per  kilo  is  fatal  by  intravenous  injection.  .  In  man  the  usual  hypnotic  dose  is 
from  1  to  2  Gm.  (15  to  30  gr.),  but  as  much  as  3  Gm'.  (45  grains)  can  usually  be  given 
safely.  Death  in  man  usually  results  after  doses  of  10  Gm.  (21/2  dr.),  but  has  been  re- 
ported from  doses  of  1  Gm.  and  several  times  from  3  Gm.  (45  gr.).  On  the  other  hand, 
recovery  has  followed  after  taking  28  Gm.   (almost  an  ounce)    (Lewin). 

Symptoms  of  Poisoning. — In  man  and  animals  the  effects  of  full  hypnotic  doses  are 
very  similar.  There  results  hypnosis  resembling  normal  sleep  but  more  profound,  with 
some  slowing  of  respiration  and  slight  fall  of  temperature.  On  waking  there  are  com- 
monly no  disagreeable  after-effects. 

After  toxic  doses,  the  sleep  is  more  profound  and  is  associated  with  slow  and  feeble 
respiration,  very  weak  pulse,  with  profound  fall  of  blood  pressure,  marked  reduction  of 
temperature  and  complete  relaxation,  with  loss,  or  great  reduction,  of  reflexes.  The 
weak  respiration  may  lead  to  asphyxia  and  cyanosis.  After  very  large  doses,  there  may 
be  almost  immediate  collapse,  the  coma  being  sometimes  preceded  by  brief  delirium, 
and  death  may  result  within  a  few  minutes  from  failure  of  respiration  and  circulation 
together.  Death  is  rare  after  5  hours,  but  there  may  be  fatal  collapse  after  apparent 
recovery.  If  recovery  follows,  there  will  be  indications  of  depression  of  the  brain,  such 
as  dizziness  and  ataxia,  as  well  as  symptoms  due  to  local  irritation,  gastric  pain  and 
vomiting,  and  renal  irritation  with  albuminuria  and  even  hematuria.  Chloral  is  used 
for  the  relief  of  eclamptic  convulsions  (Stroganoff),  but  if  not  handled  carefully  may 
kill  the  fetus  in  utero  while  saving  the  mother. 

In  the  rabbit  there  is  apt  to  be  a  brief  preliminary  stage  of  excitement,  passing  into 
hypnosis  and  coma.  The  reflexes  are  increased,  which  distinguishes  the  condition  sharply 
from  chloroform  narcosis.  After  a  sleep  of  six  to  twenty-four  hours,  there  is  a  prompt 
awakening,  with  immediate  return  to  normal.  In  frogs  the  effects  of  toxic  doses  are 
purely  depressant,  resembling  those  of  chloroform. 

As  a  matter  of  clinical  experience,  the  circulatory  depression  of  chloral  is  temporary 
and  not  dynamically  cumulative,  like  that  of  the  sulphon-methane  or  malonyl-urea 
derivatives. 
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There  is  little  tendency  to  either  toleration  or  cumulation  with  repeated  use.  Habit 
formation  is  not  often  encountered,  but  resembles  alcoholism. 

Systemic  Action:  Alimentary  System. — Chloral,  by  reason  of  its  local  action,  is 
likely  to  cause  vomiting  if  given  by  mouth  in  too  concentrated  a  solution,  or  on  an 
empty  stomach,  and  to  cause  diarrhea  if  continued  in  full  dose  for  several  days.  Its 
action,  apart  from  this,  is  a  depressing  one,  as  shown  by  the  fact  that  if  chloral  is  given 
intravenously  to  a  dog  the  excised  stomach  shows  weaker  motions  in  vitro  than  that  of 
a  normal  animal    (Schultz). 

Blood. — Chloral  is  without  action  on  the  circulating  blood. 

Circulation. — Apart  from  its  action  on  the  cerebral  cortex,  the  depression  of  the 
vasomotor  center  by  chloral  is  by  far  its  mosf  important  action  from  the  standpoint  of 
experimental  pharmacology.  If  given  in  a  dose  somewhat  less  than  the  fatal,  it  causes 
a  fall  of  blood  pressure  to  half  or  one-third  the  normal,  dependent  chiefly  on  paralysis 
of  the  vasomotor  center.  If,  now,  a  drug  which  raises  blood  pressure  in  a  normal 
animal  be  given,  it  will  show  its  usual  effect  if  its  action  is  peripheral,  whereas 
if  its  action  is  on  the  center,  this  will  not  be  able  to  respond  and  no  rise  will 
occur.  This  method  is  frequently  used  to  determine  the  point  of  action  of  pressor 
drugs. 

Chloral  in  moderate  concentration  has  little  effect  on  the  peripheral  vessels. 

The  heart  is  markedly  influenced  both  centrally  and  peripherally.  The  perfused 
heart  of  the  frog  or  turtle  shows  increasing  slowing  and  weakening,  with  final  stoppage 
in  diastole.  The  arrested  heart  responds  to  stimulation,  but  is  not  started  by  atropine, 
showing  that  stoppage  is  not  due  to  vagus  stimulation  (Schultz).  Similar  action  is 
exerted  on  the  excised  mammalian  heart  (Gunn).  The  ganglia  of  the  frog  heart  are 
affected  before  the  muscle   (Harnack  and  Witkowsky). 

The  effects  on  the  cardiac  vagus  are  somewhat  complex.  It  would  appear  that  there 
is  first  increase  in  the  sensitiveness  of  the  center,  shown  by  the  fact  that  section  of  the 
vagi  causes  more  rise  than  normal,  early  in  the  poisoning  (Heidenhain).  The  same 
increased  sensitiveness  is  probably  also  responsible  for  the  occasional  cases  of  sudden 
death  seen,  especially  in  cats,  during  the  prehypnotic  stage  of  excitement.  Some  of  the 
fatal  accidents  in  man  may  have  a  similar  explanation.  Later,  the  center  is  paralyzed, 
and  section  of  the  vagus  nerves  is  without  effect.  The  effect  of  stimulation  of  the 
peripheral  vagus  is  also  increased,  but  this  is  probably  owing  to  depression  of  the 
automatic  mechanism  in  the  ganglia.  Even  after  small  hypnotic  doses,  brief  stimulation 
of  the  peripheral  vagus  may  stop  the  heart  permanently  (Vulpian).  Doses  too  small 
to  affect  blood  pressure,  delay  resumption  of  beats  after  vagus  stimulation  (Loewi). 
The  accelerator  mechanism  is  depressed  in  rabbits   (Fredericq). 

Chloral  increases  temporarily  the  flow  of  lymph  from  the  thoracic  duct,  probably 
because  the  dilated  vessels  force  it  from  the  perivascular  spaces   (Tschirwinsky). 

Respiration. — The  respiration  is  depressed  even  by  small  doses  of  chloral  and 
cessation  of  respiration  is  the  usual  cause  of  death  in  fatal  poisoning.  The  respiratory 
center  is  depressed  in  decerebrate  rabbits.  This  is  shown  by  rise  in  the  CO,  threshold 
rather  than  by  lessening  of  the  rate  or  depth  of  respiration  (Cushny).  The  effect  of 
stimulation  of  the  central  vagus  is  increased,  so  that  brief  stimulation  may  cause  perma- 
nent stoppage  of  respiration  (Vulpian).  Section  of  the  vagus  nerves  has  its  usual 
slowing  effect  (Rajewski). 

Metabolism. — The  total  metabolism,  as  measured  by  the  respiratory  exchange,  is 
lowered  by  hypnotic  doses  of  chloral,  but  this  effect  is  not  reflected  in  the  nitrogen 
exchange,  which  remains  normal  or  may  be  somewhat  increased.  In  normal  animals 
the  respiratory  exchange  is  in  relation  to  skin  area  rather  than  to  weight,  so  that 
small  animals  have  a  greater  combustion  per  kilo  to  make  up  for  their  greater  heat 
loss.  In  chloralized  animals  this  relation  is  lost,  the  oxygen  consumption  being  in  direct 
relation  to  weight,  and  the  heat  loss  not  being  balanced.  As  a  result,  the  temperature 
of  small  animals  falls  much  more  markedly  than  that  of  larger  ones. 

After  0.5  Gm.  per  kilo  the  temperature  of  a  dog  weighing  6.7  kilos  fell  to  28.5°  C, 
while  that  of  a  dog  of  39  kilos  fell  only  to  36.2°  C.   (Richet). 

With  mildly  hypnotic  doses  the  nitrogen  excretion  and  urea  ratio  are  not  Influenced, 
but  with  large  doses  the  excretion  of  ammonia  increases  (Wallace),  as  does  that  of  uric 
acid  (Abel).  Several  days  after  administration  of  a  large  dose  there  may  be  an  increase 
of  nitrogen  and  of  sulphur  in  the  urine  (Harnack  and  Remertz). 

Severe  chloral  coma  is  not  followed  by  the  fatty  and  degenerative  changes  in  the 
liver  and  kidneys,  which  are  characteristic  of  chloroform  poisoning   (Hopkins). 
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In  deep  narcosis,  hyperglycemia  may  occur  similar  to  that  of  chloroform  narcosis 
(Jacobsen). 

Urinary  System. — Like  most  narcotics,  chloral  reduces  the  secretion  of  urine  and 
the  excretion  of  phenolsulphonephthalein  during  deep  coma.  The  excretory  products 
may  Injure  the  kidneys,  producing  transient  albuminuria.  The  alterations  are  not 
usually  severe  or  permanent. 

Nerve  System.— Chloral  depresses  the  functions  of  the  entire  central  nerve  system, 
there  being  very  little  tendency  to  stimulation,  either  as  a  primary  effect,  or  as  narcosis 
is  passing  off.  With  therapeutic  doses  in  man,  only  the  depression  of  the  cerebral  cortex 
is  noted,  and  the  depressing  effects  on  the  respiration  and  circulation,  which  are  so 
prominent  in  animal  experiment,  are  hardly  to  be  feared.  Even  in  cardiac  disease, 
moderate  doses  may  be  given  without  danger  (Cushny).  With  full  doses,  however,  the 
depressant  effects  on  the  medullary  centers  and  on  the  reflex  centers  in  the  cord  are 
more  marked  than  with  most  of  the  hypnotics.  The  peripheral  mechanism  is  not 
affected  by  ordinary  methods  of  administration,  but  injection  of  large  doses  into  an 
artery  may  bring  this  about.  Thus,  0.6  Gm.  (10  gr.)  injected  into  the  carotid  of  a  rabbit 
caused  complete  loss  of  sensation  on  that  side  of  the  head  and  stimulation  of  the  cervical 
sympathetic,  but  had  no  effect  on  the  pupil  or  the  vessels  of  the  ear  (Maxiraowitch). 

The  depression  of  the  spinal  centers  is  shown  not  only  by  lessening  of  reflexes  but 
by  the  relief  of  strychnine  convulsions  by  full  doses  of  chloral. 

That  the  effect  of  small  doses  is  chiefly  on  the  cortex,  is  indicated  by  the  fact  that 
light  chloral  hypnosis  can  be  interrupted  by  caffeine   (Airila). 

Chloralformamidum 

Chemistry. — Chloral  formamide,  having  the  formula  C.H.Cl^NOj,  is  obtained  by 
the  direct  combination  of  formamide  with  anhydrous  chloral.  The  crystalline  mass  so 
produced  is  purified  by  reerystallization.  When  heated  with  water  to  60°  C,  it  is 
hydrolized,  hydrated  chloral  and  formamide  being  produced.  At  temperatures  above 
the  melting  point  it  decomposes. 

Pharmacodynamic  Action. — Locally,  chloral  formamide  is  nonirritant;  when  taken 
internally,  it  is  quickly  absorbed  and  chiefly  eliminated  as  urochloralic  acid.  When 
given  to  the  lower  animals,  it  produces  lethargy,  sleep,  muscular  relaxation,  arrested 
respiration,  followed  by  coma,  and  if  the  dose  has  been  suflScient,  death  ensues  because 
of  centric  respiratory  paralysis.  Its  influence  upon  the  circulation  and  spinal  cord  is 
extremely  feeble   (Wood,  H.  C,  and  Cerna). 

As  a  hypnotic,  it  resembles  hydrated  chloral,  but  the  action  is  more  slowly  developed 
and  less  positive.  This  lessened  hypnotic  effect  is  probably  the  result  of  decomposition 
after  absorption,  liberating  chloral  and  formamide,  the  latter  antagonizing  the  depress- 
ant action  of  the  chloral  upon  the  nerve  centers. 

Isopral 

Isopral  was  first  recommended  as  a  hypnotic  by  Impens  in  1903  who  claimed  that 
it  was  more  effective  and  safer  than  chloral.   It  is  closely  related  to  chloral  chemically, 

C1,C 

being  the  trichlor-isopropylalcohol,  CH — OH,  and  also  resembles  it  almost  pre- 

/ 
H,C 

cisely  in  action.    The  chief  difference  lies  in  the  fact  that  it  is  twice  as  active. 

The  fatal  dose  for  several  species  of  animal  is  as  follows,  in  mgm.  per  Gm. :  Frog, 
0.66;  cat,  0.4;  guinea-pig,  0.75;  rabbit,  0.85;  dog,  0.6.  The  hypnotic  dose  is  also  about 
half  that  of  chloral  and  the  range  between  them  is  apparently  not,  as  claimed  by 
Impens,  much  greater.  There  seems  to  be  no  good  reason  for  using  it  in  place  of 
chloral. 

Chlorbutanol 

Trichlor-tertiarybutyl-alcohol  (chloretone)  was  discovered  by  Willegerodt  in  1881 
and  its  pharmacologic  action  was  studied  by  Abel  who  reported  his  experiments  before 
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the  American  Physiological  Society  in  1895,  but  did  not  publish  them.  He  found 
that  it  caused  in  full  dose,  a  deep  narcosis  lasting  several  hours  and  associated  with 
marked  depression  of  the  respiration  and  blood  pressure.  In  1899  the  compound  was 
put  on  the  market  under  the  name  of  "chloretone." 

This  substance  is  made  by  the  action  of  caustic  alkalis  on  a  mixture  of  chloro- 
form and  acetone,  and  has  the  following  composition:    CCI3 — COH-.CCHg)^. 

Topically,  it  is  both  irritating  and  anesthetic,  the  former  effect  being  felt  first 
and  being  alone  noted  with  dilute  solutions.  Saturated  solutions  in  water  (0.6  per- 
cent.) cause  burning  pain  when  applied  to  mucous  membranes,  followed  by  a  moderate 
degree  of  anesthesia.  By  injection  it  is  markedly  anesthetic  and  applied  to  the 
exposed  sciatic  of  a  frog  in  dry  powder,  or  as  a  saturated  solution  in  saline,  it 
interrupts  conduction  in  about  half  an  hour  (Githens,  unpublished). 

It  has  marked  disinfectant  powers  and  is  used  by  certain  manufacturers  as  a 
preservative  for  medicinal  products. 

Chloretone  (1  percent.)  may  be  added  to  oily  sprays  for  inhalation,  or  for  local 
application  to  the  nose  and  throat.  It  has  a  mild  sedative  effect  which  may  be  inter- 
fered with  by  irritation. 

Systemically,  it  has  found  little  use  as  a  hypnotic  or  narcotic  in  man,  as  its 
effective  dose  is  very  close  to  its  toxic  dose.  It  has  become,  however,  an  important 
anesthetic  for  use  in  animal  experiments  in  which  it  is  not  desired  that  the  animal 
should  recover.  If  a  dose  of  0.4  Gm.  (6  grains)  per  kilo,  dissolved  in  dilute  alcohol, 
is  injected  intraperitoneally  in  a  dog,  profound  narcosis,  suitable  for  operations  of 
any  sort,  will  come  on  in  an  hour  or  so,  and  the  condition  will  remain  fairly  constant 
for  about  twelve  hours,  the  pulse  and  respiration  then  gradually  failing  and  death 
occurring  in  twenty-four  hours  or  more.  If  it  is  desired  that  the  dog  should  live, 
satisfactory  anesthesia  lasting  several  hours  may  be  obtained  by  giving  first  an  injec- 
tion of  morphine  and  following  this  with  an  intraperitoneal  injection  of  0.2  Gm. 
of  chloretone  per  kilo. 

Chloralose 

Chloralose  is  a  condensation  product  of  chloral  and  glucose  and  was  introduced 
by  Heffter  and  by  Ch.  Richet  in  1893.  It  differs  from  all  other  drugs  of  its  class 
in  showing  a  marked  tendency  to  stimulate  the  spinal  cord  and  in  having  no  depress- 
ing action  on  the  heart  or  circulation  even  in  fatal  doses.  It  is  frequently  contam- 
inated with  the  toxic  but  not  hypnotic  parachloralose.  r 

Summary  of  Actions  and  Uses. — Chloralose  causes  a  depression  of  the  cerebral  cortex 
with  loss  of  consciousness  and  of  voluntary  motion.  The  respiratory  center  is  depressed 
by  large  doses  and  periodic  respiration  Is  followed  by  cessation  of  respiration,  if  the 
quantity  is  fatal.  The  circulation  is  not  influenced  even  by  doses  which  suffice  to  stop 
the  respiration.  The  reflex  arc  in  the  cord  and  medulla  is  stimulated  and  reflexes  are 
markedly  increased  during  the  period  of  hypnosis.  Dogs  narcotized  by  chloralose  can 
be  cut  without  sign  of  pain,  but  jump  strongly  If  loud  noises  are  made  or  If  they  are 
shaken. 

In  practice  its  chief  value  is  in  cases  of  simple  insomnia  with  weak  heart.  In  such 
cases  it  is  without  danger.  It  Is  of  no  value  in  cases  with  pain,  although  It  may  relieve 
muscular  spasm.    It  is  not  Irritating  and  has  no  effect  on  the  digestive  tract. 

Pharmacodynamic  Action:  Toxic  and  Systemic  Action. — Toxic  Dose. — As  with  so 
many  of  the  hypnotics  there  is  a  wide  difference  in  the  hypnotic  and  fatal  dose  In 
different  species.  The  following  table  shows  the  effective  and  fatal  doses  In  certain 
animals:  Pigeon  0.015  and  0.05;  cat  0.015  and  0.05;  dog  0.15  and  0.5.  In  man  good 
hypnosis  is  obtained  with  doses  varying  from  0.002  to  0.007  Gm.  (All  doses  are  given 
in  Grams  per  kilo.)     Frogs  are  paralyzed,  but  with  increased  reflexes  by  10  mgm. 

Systemic  Action. — Dogs  given  hypnotic  doses  walk  at  first  restlessly,  avoiding  objects, 
but  not  recognizing  their  nature,  thus  exhibiting  psychic  blindness.     Soon,  they  lie  down 
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and  sleep,  but  are  likely  to  show  twitching  of  the  limbs  and  to  jump  strongly  if  stlmu^ 
lated.  If  the  dose  is  above  0.15  Gm.  per  kilo,  the  respiration  will  become  periodic  and, 
if  above  0.5  Gm.,  will  cease.  If  artificial  respiration  is  given,  the  circulation  will  con- 
tinue normally. 

On  recovering  from  small  doses,  there  is  immediate  return  to  normal,  but  after 
large  there  is  staggering  and  "drunkenness"  and  perhaps  increase  of  reflexes. 

Therapeutics  of  Chlorine  Compounds:  Chloral:  Topical. — Neuralgia,  lumbago  and 
rheumatic  pains  may  be  quickly  relieved  by  the  application  of  a  15  percent,  chloral  oint- 
ment applied  on  flannel,  or  camphorated  chloral  painted  on  the  part  with  a  soft  brush 
and  allowed  to  dry.  The  addition  of  menthol  or  of  chloroform  to  the  camphorated 
chloral  increases  its  efficacy.  This  improved  preparation,  if  painted  on  the  larynx,  will 
sometimes  quiet  a  spasmodic  nervous  cough,  or  abort  an  attack  of  laryngismus  stridulus. 
It  is  also  a  satisfactory  remedy  in  eases  of  obstinate  local  pruritus.  In  influenza, 
especially  if  sore  throat  is  present,  Thewlis  recommends  gargling  every  half  hour  -with 
a  2  percent,  solution  of  chloral  hydrate.  A  solution  of  20  grains  (1.3  Gm.)  in  an  ounce 
(30  cc.)  of  glycerin  is  a  useful  lytic  application  to  the  diphtheritic  membrane.  The 
fetor  of  cancerous  and  gangrenous  ulcers  may  be  overcome  by  the  application,  by 
means  of  compresses,  of  a  1  percent,  aqueous  solution  of  chloral,  and  the  same  is 
useful  in  cases  of  hromidrosis.  A  5  percent,  solution  applied  on  a  flannel  compress 
often  gives  welcome  relief  in  chilblains. 

Systemic. — Chloral,  taken  in  doses  of  1  grain  (0.06  Gm.)  frequently  repeated, 
or  taken  in  hypnotic  dose  (10  to  15  grains — 0.6  to  1  Gm.)  when  one  goes  on  board, 
is  of  value  in  seasiclmess.  Obstinate  hiccups  may  be  controlled  by  an  hypnotic  dose  at 
bedtime,  the  patient  sleeping  profoundly  and  awaking  with  his  diaphragmatic  spasms 
stilled.  'In  infantile  dyspepsia  due  to  nervous  unrest,  JCameron  advises  small  doses 
of  chloral  and  sodium  bromide,  Vo  grain  of  each  for  each  year  of  the  child's  age,  a 
half  hour  before  the  meal,  in  order  to  insure  that  the  child  shall  be  placid  when  fed^_y 

The  chief  employment  of  chloral  is  as  a  hypnotic  in  nervous  insomnia  not  due 
to  severe  pain  and  as  a  sedative  in  nervous  unrest  and  even  maniacal  excitement. 
For  insomnia  it  may  be  given  in  doses  of  from  5  to  15  grains  (0.3  to  1  Gm.) ;  a 
better  result  with  smaller  dose  is  obtained  if  an  equal  amount  of  sodium  bromide 
js^^iven  at  the  same  time.  Opium  also  may  usefully  be  associated  when  necessary 
to  insure  rest  in  acute  inflammations  and  in  infective  fevers,  as  rheumatism,  influenza, 
typhoid,  pneumonia,  and  even  in  the  presence  of  acute  or  chronic  heart  affections, 
when  there  is  no  marked  degeneration  of  muscle  or  actual  or  impending  decompensa- 
tion. A  mixture  containing  deodorized  tincture  of  opium  10  minims  (0.6  cc),  chloral 
6  to  10  grains  (0.3  to  0.6  Gm.)  and  sodium  or  ammonium  bromide  5  to  10  grains, 
perhaps  guarded  with  tincture  of  digitalis  (10  to  15  minims,  0.6  to  1  cc),  may  be  pre- 
scribed without  fear,  and  may  be  repeated  in  3  or  4  hours,  if  need  be.  Chloral  is  fre- 
quently employed  to  quiet  maniacal  excitement  and  in  delirium  tremens,  usually  with 
good  results,  but  in  general,  paraldehyde  is  preferable  in  these  conditions.  The  drug 
is  not  entirely  safe  in  delirium  tremens,  especially  if  the  subject  is  a  confirmed 
drunkard  with  myocardial  degeneration  and  atheromatous  arteries,  the  large  doses  (40 
to  60  grains — 2.6  to  4  Gm.)  needed  to  quiet  the  patient,  sometimes  causing  fatal 
depression. 

Chloral  is  very  useful  in  controlling  convulsions,  especially  in  tetanus  and  in 
strychnine  poisoning.  In  tetanus  it  may  be  given  in  a  single  large  dose  (40  to  60 
grains — 2.6  to  4  Gm.)  daily  or  in  doses  of  20  grains  (1.2  Gm.)  with  60  grains  (4  Gm.) 
of  potassium  or  sodium  bromide,  five  or  six  times  a  day.  The  drug  may  be  given 
by  rectum  if  the  spasms  render  swallowing  difficult  or  impossible.  In  puerperal 
eclampsia,  an  arrest  of  the  convulsions  may  very  often  be  obtained  by  the  exhibition 
of  chloral  in  doses  of  20  to  30  grains  (1.2  to  2  Gm.),  repeated  in  an  hour  if  the  fits 
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continue.  The  seizures  may  be  reduced  in  frequency  in  epilepsy,  but  the  disease  is 
not  cured  by  chloral.  The  drug  is  sometimes  used  to  moderate  excessive  muscular 
movement  in  chorea,  but  the  movements  often  return  with  undiminished  intensity 
when  the  patient  awakes  from  the  chloral  sleep.  In  idiopathic  infantile  convulsions, 
relief  may  often  be  effected  by  the  exhibition  of  chloral  continuously  and  in  suffi- 
ciently large  amount;  one  grain  is  given  every  two  hours  in  the  case  of  a  child 
under  three  months  and  the  dose  is  continuously  increased  to  IV2  or  even  2  grains 
every  two  hours,  if  immediate  reduction  in  the  number  of  convulsions  does  not  occur. 

In  tedious  labor,  when  there  are  numerous  nagging  but  ineffectual  pains,  a  dose 
of  15  to  20  grains  of  chloral,  repeated  once  or  twice  if  necessary,  will  greatly  improve 
matters,  and  the  same  dose  is  of  value  to  still  after-pains. 

Chloral  is  of  peculiar  service  in  scarlatina.  It  allays  restlessness,  diminishes  the 
irritation  of  the  skin  and  greatly  increases  the  urinary  flow.  It  may  possibly  act  as  a 
renal  antiseptic,  certainly  it  does  not  harm  the  kidney,  and  it  seems  to  help.  To  a 
child  of  6  or  7  years,  3  to  5  grains  (0.3  to  0.6  Gm.)  may  be  given  every  3  or  4  hours, 
with  due  watchfulness  of  the  circulation. 

Administration. — The  disagreeable  taste  of  chloral  may  be  covered  more  or  less  com- 
pletely by  syrup  or  tincture  of  orange  peel,  or  the  drug  may  be  administered  by  rectal 
injection,  the  fluid  may  be  given  a  little  more  consistency  by  the  addition  of  some 
mucilaginous  substance.  The  drug  may  be  incorporated  in  cocoa  butter,  and  made  up 
into  suppositories  for  rectal  use.  Because  of  its  irritant  character  and  the  rather  large 
size  of  the  dose,  chloral  is  unsuitable  for  hypodermic  injection. 

Chloralfobmamidum. — Chloralamide  (not  to  be  confused  with  chloraKmide  which 
is  a  drug  of  no  particular  value)  resembles  chloral  hydrate  in  its  action  but  is  weaker 
both  therapeutically  and  as  a  heart  depressant,  but  is  likewise  contraindicated  when 
there  is  fatty  degeneration  of  the  heart.  Sleep  is  not  so  rapidly  produced  as  by 
chloral.  Chloralamide  is  useful  in  doses  of  30  to  40  grains  (2  to  2.6  Gm.)  in  the 
insomnia  of  sufferers  from  cerebral  troubles,  but  has  little  influence  over  muscular 
movements  and  is  not  serviceable  in  delirium  tremens  or  in  epilepsy  and  other  con- 
vulsive disorders.    Its  taste  is  disagreeable  and  it  is  best  given,  therefore,  in  capsules. 

IsoPRAL. — Isopral  is  a  more  powerful  hypnotic  than  chloral,  but  it  is  also  more 
toxic;  it  should  therefore  be  given  in  smaller  doses,  5  to  15  grains  (0.3  to  1  Gm.). 
It  is  contraindicated  in  myocardial  degeneration  and  in  atheroma  of  the  arteries. 
It  is  an  excellent  hypnotic  in  simple  insomnia  and  is  useful  also  in  mental  dis- 
orders such  as  melancholia,  nervous  excitement,  motor  unrest  and  general  paralysis. 
Stoddart  remarks  that  its  use  tends  to  produce  remissions  or  even  recovery  in  the 
latter  condition. 

Schmitzer  states  that  general  anesthesia  can  be  produced  by  the  intravenous 
injection  of  15  grains  (1  Gm.)  of  isopral  with  15  minims  (1  cc.)  of  ether  in  3^2 
fluidounces  (100  cc.)  of  physiological  saline  solution.  Anesthesia  is  induced  in  7  min- 
utes and  can  then  be  maintained  by  the  infusion  of  from  5  to  7  percent,  of  ether  in 
saline  solution  in  quantity  proportional  to  the  requirements  of  the  case  or  length 
of  the  operation. 

Chlorbutanol  :  Topical. — ^Acetone-chloroform  or  chloretone  is  a  useful  anal- 
gesic for  irritable  ulcers,  painful  excoriations,  hums  and  scalds,  etc.,  applied  in  10 
percent,  ointment  with  or  without  the  addition  of  boric  acid.  The  addition  of 
10  percent,  to  linimentum  calcis  also  makes  an  excellent  application  to  burns.  A 
5  percent,  solution  in  castor  oil  is  a  soothing  application  for  bums  of  the  cornea. 
A  10  or  15  percent,  ointment  is  useful  in  pruritus  vulvw.  A  spray  of  one  percent, 
chloretone  in  liquid  paraffin  with  cinnamon,  menthol,  and  camphor  is  a  grateful 
application  in  acute  laryngitis,  and  the  same  mixture  or,  better  yet,  in  some  cases 
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an  insufflation  of  chloretone  in  fine  powder  (10  percent,  in  zinc  oxide  and  talcum) 
will  temporarily  relieve  the  pain  of  laryngeal  tuherculosis.  It  is  also  of  value  as  a 
dustin}?  powder  for  irritable  ulcerations.  A  mixture  of  chlorbutanol,  phenol  and 
thymol,  of  each  15  grains  (1  Gm.),  and  trichloracetic  acid,  2  grains  (0.12  Gm.)  in 
6  fluidranis  (90  cc.)  each  of  alcohol,  and  glycerin,  is  recommended  to  be  painted  on 
the  gums  twice  or  three  times  a  day  in  i)yorrhea  alveolaris.  In  one  percent,  solution, 
chloretone  induces  local  anesthesia. 

Systemic. — Chlorbutanol  is  only  slightly  hypnotic  in  ordinary  dose,  and  should 
never  be  used  to  induce  sleep.  It  has  been  used  as  a  palliative  in  tetanus  in  doses 
of  40  grains  (2.G  Gm.)  by  rectum,  twice  or  three  times  a  day.  Although  concentrated 
solutions  irritate  mucous  membranes,  chloretone  is  a  gastric  sedative  and  is  given  with 
good  effect  to  relieve  the  pain  of  ulcer  of  the  stomach  and  gastralgia,  and  to  check 
vomiting,  especially  that  following  general  anesthesia  and  in  seasickness.  Post- 
operative vomiting  may  oftentimes  be  prevented  by  a  dose  of  15  grains  an  hour  before 
giving  the  anesthetic.  Gwathmey  gives  a  suppository  containing  5  to  20  grains  of 
chloretone  or  the  same  by  enema  in  4  fluidrams  (15  cc),  each,  of  ether  and  olive  oil 
one  hour  before  beginning  the  induction  by  the  oil-ether  rectal  method. 

Administration. — Chlorbutanol  is  best  given  in  capsules  or  cachets  followed  by  half 
a  glass  of  water  or  milk,  or  in  suspension  in  a  mucilaginous  mixture. 

Chloralose. — Chloralose  resembles  alcohol  in  its  action  but  is  less  powerful  and 
is  uncertain.  Extreme  nervousness,  diplopia,  weakness  of  heart  action,  slow  pulse, 
tremulousness,  vomiting,  or  tetanoid  movements  may  follow  a  dosC'  of  5  or  10  grains 
(0.3  or  0.(3  Gm.)  in  oiae  person  and  the  same  dose  fail  to  produce  sleep  in  another. 
For  this  reason  it  finds  little  employment  as  an  hypnotic. 

Administration. — Chloralose  is  best  given  in  initial  dose  of  2  to  7  grains  beginning 
with  the  lower  figure  and  increasing  tentatively  to  8  or  10  grains  (0.5  to  0.6  Gm.).  It 
should  be  given  in  capsules  and  followed  by  half  a  glass  of  water  or  a  cup  of  hot  milk. 

Bromine  Compounds 

The  hypnotics  containing  bromine  differ  from  those  containing  chlorine  chiefly 
in  that  their  effects  are  milder  and  that  they  are  less  effective  in  cases  of  mental 
excitement,  cough,  muscular  spasm  and  pain.  They  are  thus  more  pure,  but  less 
effective  hypnotics. 

Bromural 

Bromural  is  monobrom-isovaleryl-urea,  (CHJj.CH.CHBrCONH.CONHj.  It  is  sol- 
uble in  hot,  but  only  slightly  in  cold,  water. 

It  is  apparently  completely  broken  down  in  the  body,  both  the  bromine  and  nitro- 
gen being  eliminated  in  inorganic  form  as  bromide  and  nitrate,  respectively  (Porter). 
In  rabbits  any  decomposition  takes  place  slowly,  and  daily  doses  show  cumulative 
action. 

In  rabbits,  good  hypnosis  follows  0,2  to  0.25  Gm.  (3  to  4  gr.)  by  mouth.  Sleep 
comes  on  promptly  and  lasts  1  to  2  hours,  awakening  being  normal.  The  fatal  dose 
is  1  Gm.  (15  gr.)  per  kilo.  In  dogs  0.25  Gm.  per  kilo  causes  hypnosis  and  0.5  Gm. 
has  a  dangerous  effect  on  the  respiration.  The  heart  and  blood-pressure  are  not 
influenced  CEeckhout), 

In  man  hypnosis  may  be  obtained  in  the  milder  forms  of  insomnia  from  doses 
of  0.3  to  0,7  Gm.  (5  to  10  gr.).  If  these  doses  do  not  succeed,  it  is  of  no  use  to  try 
larger  ones.    Administration  of  bromide  beforehand  increases  the  effect   (Takeda), 
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Neuronal  and  Carbromalum 

Neuronal  (diethylbromacetamide)  and  carbromalum  (bromdiethyl-acetyl-carba- 
mide)  resemble  bromural  in  action,  being  very  mild  hypnotics,  ineffective  in  the  presence 
of  great  excitement,  cough  or  pain,  but  being  largely  free  from  depressing  action. 

Neuronal  is  the  most  powerful  of  the  three  bromine  hypnotics  but  its  effective 
dose  is  largest.  In  the  rabbit  1  Gm.  per  kilo  is  required  for  hypnosis  and  in  the 
dog  0.5  Gm.  per  kilo. 

Adalin  is  the  least  effective  but  also  the  least  toxic.  It  may  be  given  therapeuti- 
cally without  danger  in  doses  of  0.5  to  2  Gm.  (7  to  30  gr.). 

Analysis  of  the  brain  of  rabbits  during  comparable,  deep  hypnosis  showed  the 
following  amounts  of  bromine :  With  carbromalum,  0.008  percent. ;  with  bromural,  0.009 
percent.;  with  neuronal,  0.015  percent.  (Kwan).  Neuronal  shows  the  greatest  tendency 
to  cumulative  action. 

Materia  Medica  of  Bromine  Hypnotics. — Bromural  (unofficial),  Dormigene. 

Occurs  in  the  form  of  small,  white,  almost  tasteless,  needles  which  are  easily  soluble 
in  hot  water,  ether,  alcohol  and  alkalis,  but  less  readily  in  cold  water. 

Dose,  5  to  10  grains  (0.3  to  0.6  Gm.). 

Neuronal   (unofficial),  Diethylbromacetamide.     Synonym:    Acetobromal. 

A  crystalline  substance  slightly  soluble  in  cold  water,  but  decomposed  in  hot 
water.    It  possesses  a  camphoraceous  odor  and  a  bitter,  cooling  taste. 

Dose,  15  to  30  grains  (1  to  2  Gm.). 

Carbromalum  (U.S.  X.),  Carbromal.  Ahhr.,  Carbrom.  Synonyms:  Bromdiethyl- 
acetylurea,  Adalin. 

A  white,  crystalline  powder  with  a  slightly  bitter  taste,  odorless;  almost  insoluble 
in  water,  soluble  in  18  parts  of  alcohol,  3  parts  of  chloroform  or  14  parts  of  ether  at 
25°  C.    It  contains  about  33  percent,  of  bromine.     Very  soluble  in  boiling  alcohol. 

Dose,  5  to  15  grains  (0.2  to  1  Gm.). 

Therapeutics  of  Bromine  Hsrpnotics :  Bromural. — Bromural  is  a  rather  feeble  hyp- 
notic and  nerve  sedative,  but  is  useful  in  early  morning  wakefulness  associated  with 
high  blood  pressure.  A  dose  of  5  to  8  grains  (0.3  to  0.5  Gm.)  should  be  taken  when 
the  natural  sleep  terminates;  not  at  bedtime,  as  its  hypnotic  action  lasts  only  three 
or  four  hours  and  would  thus  be  terminated  before  it  was  needed.  On  account  of  this 
speedy  exhaustion  of  effect,  it  is  often  unsatisfactory  as  a  producer  of  a  full  night's 
rest,  although  the  early  sleep  caused  by  the  drug  may  be  carried  through  the  rest  of 
the  night  by  the  impetus  so  gained.  Bromural,  given  in  dose  of  10  to  15  grains 
(0.6  to  1.0  Gm.),  is  sometimes  useful  for  the  relief  of  asthma,  whooping-cough  and 
hysterical  manifestations.  It  has  been  given  also  in  epilepsy  and  neuralgia,  but  is  not 
powerful  enough  to  be  dependable.  Doses  of  5  grains  (0.3  Gm.)  four  times  a  day  for 
three  days  before  and  three  days  after  the  beginning  of  the  voyage  often  prevent 
seasickness. 

Neuronal. — Neuronal  is  a  hypnotic  and  nerve  sedative  of  slight  power,  useful 
only  in  very  mild  forms  of  insomnia  and  ordinarily  of  no  value  when  wakefulness 
is  due  to  mental  or  physical  pain.  What  little  power  it  has,  is  said  to  become  gradu- 
ally weaker  when  the  drug  is  given  continuously  for  some  length  of  time. 

Carbromalum. — Carbromal  is  slowly  absorbed  and  partially  broken  up  in  the 
system,  being  eliminated  both  as  an  inorganic  bromide  and  in  its  original  form.  It  is 
vised  as  a  somnifacient,  nerve  sedative  and  analgesic.  As  a  hypnotic  it  is  frequently 
used  in  sleeplessness  of  nerve  origin  with  a  dose  of  from  15  to  20  grains.  It  differs 
markedly  from  most  of  the  other  aliphatic  narcotics  in  that  it  possesses  distinct  anal- 
gesic properties  and  is  useful  in  neurotic  pains.    As  a  nerve  sedative  it  has  been  used 
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in  manj^  conditions  accompanied  by  a  hyp^irritability  of  the  central  nerve  system. 
It  is  a  very  satisfactory  hypnotic  for  occasional  use  in  cases  in  which  the  sleeplessness 
is  due  to  worry  or  emotional  disturbance  of  any  sort.  In  dose  of  10  grains  (0.6  Gm.) 
it  promptly  induces  a  quiet,  restful  slumber  and  the  patient  awakes  at  the  end  of  six 
or  seven  hours  refreshed  and  without  experiencing  any  after-effects.  In  dose  of  15 
to  20  grains  (1  to  1..'^  (im.)  carbromalum  relieves  headache  and  neuralgia  of  slight 
intensity,  calms  the  excitement  of  hysteria,  neurasthenia,  mild  mania,  and  anger, 
and  sometimes  even  controls  the  involuntary  movements  of  chorea  and  paralysis 
agifans.  It  has  little  or  no  influence  over  severe  pain,  great  maniacal  excitement 
or  delirium  tremens. 

Narcotics 

The  term  "narcotics"  is  here  used  not  in  the  strictly  scientific  sense,  but  rather  in 
the  popular  conception  of  depressing  drug's,  which  tend  to  induce  a  habit.  All  the  drugs 
of  this  class  are  peculiar  in  that  they  are  used  not  only  by  the  sick,  but  also  by  persons 
in  perfect  health.  The  peculiar  combination  of  excitement  and  depression,  which  all 
occasion  in  full  dose,  is  not  always  pleasant  when  first  experienced,  but  in  most  persons 
the  desire  for  it  increases  with  repeated  indulgence. 

As  pointed  out  in  Part  I.,  the  "habit"  which  thus  arises,  differs  in  character  with 
each  drug,  and  stimulant  agents  as  well  as  narcotics  may  induce  such  habits,  caffeine, 
cocaine  and  tobacco  being  conspicuous  examples. 

The  narcotics  considered  here  are  alcohol,  used  as  an  intoxicant  by  almost  all 
white  peoples;  opium,  the  abuse  of  which  extends  also  to  Asia  and  North  Africa; 
anhalonium,  taken  by  the  Mexican  Indians;  cannabis,  the  chief  intoxicant  of  India 
and  Turkey;  valerian,  which  is  hardly  intoxicating;  and  certain  less  important  drugs, 
chemically  related  to  alcohol,  cannabis  and  opium. 

Alcohol 

The  origin  of  alcoholic  intoxicants  is  hidden  in  the  mists  of  antiquity.  The 
manufacture  of  wines  is  an  extremely  ancient  process  and  even  in  primitive  times 
was  widely  extended.  Among  the  earliest  references  to  it  is  the  description  of  the 
drunkenness  of  Noah  in  the  ninth  chapter  of  Genesis.  There  are  several  other  ref- 
erences to  its  use,  in  the  early  Hebrew  scriptures.  Manufacture  of  wine  is  pictured 
in  ancient  Egyptian  carvings,  and  its  production  evidently  dates  back  into  the  early 
history  of  man.  Greek  and  Roman  writings  abound  in  references  to  its  pleasant  and 
to  its  injurious  properties.  Wherever  grapes  would  grow,  its  manufacture  has  flour- 
ished from  the  earliest  times  until  the  present.  In  more  northern  countries,  where 
the  grape  did  not  flourish,  the  making  of  malt  liquors  is  evidently  very  ancient. 
References  to  mead  occur  in  the  earliest  Scandinavian  sagas.  Almost  all  primitive 
peoples  seem  to  have  some  form  of  alcoholic  beverage,  the  North  American  Indians 
being  almost  unique  in  having  none.  The  pulque  and  mescal  of  the  Mexicans  are 
■well  known,  as  are  the  vodka  of  Russia  and  the  arrack  of  the  Orient.  In  recent  years 
there  has  been  a  very  strong  movement  toward  the  limitation  or  prohibition  of  the 
use  of  alcoholic  liquors.  That  this  is  not  without  historic  precedent  is  instanced  by 
the  provisions  of  the  Mohammedan  code  and  even  in  very  early  times,  by  the  vows 
of  the  Rechabites  (Jeremiah  xxxv:6). 

Its  medicinal  use  is  also  very  ancient.  Before  the  age  of  inhalation  anesthetics, 
alcoholic  drinks  were  used  to  produce  narcosis  befox*e  painful  operations  and  to  relieve 
other  types  of  severe  pain.  Their  use  in  fevers  is  also  very  ancient.  The  inci- 
dental use  of  alcohol  in  pharmacy,  to  extract  vegetable  drugs,  does  not  date  back 
so  far. 


1634  NEEVE  DEPRESSANTS 

Chemistry. — Alcohol  in  the  chemical  sense,  is  a  generic  term  applied  to  those 
organic  compounds  which  contain  a  hydroxyl  group.  It  is  commonly  limited  to  those 
straight  chain  compounds  which  have  only  one  hydroxyl,  e.g.,  methyl  alcohol,  ethyl 
alcohol,  amyl,  propyl,  butyl  alcohol,  etc.  The  term  alcohol  used  by  itself,  however, 
is  understood  to  apply  to  ethyl  or  grain  alcohol,  CJIjOH,  and  it  is  to  this  form 
alone  that  the  present  article  applies. 

Grain  alcohol  is  a  product  of  vinous  fermentation,  commonly  by  yeasts,  which 
consists  in  the  decomposition  of  grape  or  cane  sugar  with  the  formation  of  carbonic 
acid  and  alcohol.  It  occurs  in  commerce  not  only  in  the  pure  state,  but  also  in  the 
form  of  various  liquors.  These  are  divided  into  two  groups,  malt  liquors  prepared 
from  malted  grains  (beer,  ale,  porter,  etc.)  and  vinous  liquors  from  fruit  juices 
(wines).  From  each  of  these  more  concentrated  preparations  are  made  by  distilla- 
tion, those  from  the  malt  liquors  known  as  whiskey  and  those  from  the  fruit  juices 
as  brandy.  Liquors  distilled  from  fermented  sugar  and  molasses  are  known  as  rum. 
A  large  group  of  liquors  to  which  various  substances  are  added  before  distillation 
and  sugar  afterward,  are  known  as  cordials  and  liqueurs.  Liquors  to  which  juniper 
berries  are  added  before  distillation  are  termed  gin.** 

Summary  of  Actions  and  Uses. — Alcohol  in  its  general  physiologic  action,  is  placed 
among  the  narcotics,  and  its  usual  effect  is  to  depress  the  activity  of  all  organs  and 
tissues  on  which  its  effects  are  exhibited.  It  is  much  used  in  medicine  as  a  "diffusible 
stimulant"  but  its  stimulant  action  is  largely  reflex,  from  local  irritation  of  mucous  mem- 
branes, etc.  The  respiration  is,  however,  stimulated  and  even  the  heart  may  show 
increased  output  under  its  inlfuence.  On  the  central  nerve  system  its  action  is  purely 
that  of  a  depressant,  and  the  apparent  mental  stimulation  which  results  from  its  use  in 
moderation,  is  in  reality  due  to  a  specific  depression  of  the  inhibitory  function  of  the 
cerebral  cortex,  which  permits  a  display  of  feelings  ordinarily  repl-essed.  The  occurrence 
of  uncontrolled  laughter  and  weeping  under  the  influence  of  alcohol  is  a  matter  of  daily 
observation.  Recent  metabolic  studies  have  shown,  that  alcohol  added  to  the  food  is 
burned  in  the  tissues  and  not  only  results  in  sparing  an  equivalent  amount  of  carbo- 
hydrate, but  reduces  metabolic  activity,  so  that  nitrogenous  waste  is  lessened.  The 
vessels  of  the  skin  and  mucous  membranes  are  dilated,  leading  to  fall  of  temperature. 

In  medical  practice  alcohol  is  much  less  employed  to-day  than  a  century  ago,  when 
it  was  recommended  as  a  stimulant  in  all  diseases  characterized  by  weakness  or  general 
infection.  To-day  its  employment  is  largely  limited  to  acute  fevers,  in  which  it  replaces 
food  and  reduces  tissue  waste.  In  the  presence  of  febrile  temperature  a  much  larger 
proportion  is  burned  than  normally  and  larger  doses  can  therefore  be  given  with 
impunity. 

Materia  Medica. — Alcohol  (U.S.  X.),  Alcohol.  Synonyms:  Ethanol,  Spiritus 
Kectificatus,  Ethyl  Alcohol,  Grain  Alcohol. 

Alcohol  contains  not  less  than  92.3  percent,  by  weight,  corresponding  to  94.9  per- 
cent, by  volume,  at  15.56°  C.  of  (ethyl  hydroxide)  C,H,OH  (U.S.).  Spiritus  rectifi- 
catus  (Br.)  contains  90  percent,  by  volume.  A  transparent,  colorless,  mobile  and 
volatile  liquid.  It  has  a  slight  characteristic  odor  and  a  burning  taste.  It  is  inflam- 
mable. Alcohol  is  miscible  with  water  without  any  trace  of  cloudiness;  also  miscible 
with  ether  and  with  chloroform. 

Dose,  used  in  pharmaceutic  operations. 

Alcohol  Dehydratum  (U.S.  X.),  Dehydrated  Alcohol.  Ahhr.,  Alcohol  Dehyd. 
Alcohol  Ahsolutum  (Br.),  Absolute  Alcohol,  Dehydrated  Ethanol. 

Dehydrated  or  absolute  alcohol  contains  not  less  than  99  percent,  by  weight  of 
ethyl  hydroxide,  C,H,OH. 

Dose,  used  only  in  pharmaceutic  operations. 

^  Almost  all  the  gin  now  on  the  market  is  so-called  "synthetic  gin,"  in  which  the 
juniper  is  added  after  distillation. 
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Alcohol  Dilutum  (U.S.  X.),  Diluted  Alcohol.  Abhr.,  Alcohol  Dil.  Synonyms: 
Diluted  Ethanol. 

Diluted  alcohol  contains  not  less  than  41  percent,  and  not  more  than  42  percent, 
by  weight,  corresponding  to  not  less  than  48.4  percent,  and  not  more  than  49.5  per- 
cent, by  volume,  at  15.56°  C,  of  C.H.OH. 

The  British  Pharmacopopia  includes  four  diluted  alcohols  of  70,  60,  45  and  20 
percent,  by  volume,  respectively.  Proof  spirit  (spiritus  tenuior  of  the  B.P.  1885) 
contains  57  percent,  by  volume,  or  49  percent,  by  weight,  of  absolute  alcohol. 

Dose,  varies  with  percent. 

Spiritus  Fbumenti  (U.S.  X.),  Whiskey.    Ahhr.,  Sp.  Frum. 

Whiskey  is  an  alcoholic  liquid  obtained  by  the  distillation  of  the  fermented  mash 
of  wholly  or  partly  malted  cereal  grains,  and  contains  not  less  than  47  and  not 
more  than  53  percent,  by  volume  of  CjH^OH  at  15.56°  C.  It  must  have  been  stored 
in  charred  wood  containers  for  a  period  of  not  less  than  four  years.  A  light  to  deep 
amber-colored  liquid,  having  a  characteristic  odor  and  taste  and  an  acid  reaction. 

Dose,  4  to  8  fluidrams  (15  to  30  cc). 
.  Spiritus  Vini  Vitis  (U.S.  X.),  Brandy.    Ahhr.,  Sp.  Vin.  Vit. 

Brandj'  is  an  alcoholic  liquid  obtained  by  the  distillation  of  the  fermented  juice 
of  sound,  ripe  grapes  and  containing  not  less  than  48  and  not  more  than  54  percent, 
by  volume  of  CjHjOH  at  15.56°  C.  It  must  have  been  stored  in  wood  containers  for 
a  period  of  not  less  than  four  years.  A  pale,  amber-colored  liquid,  having  a  charac- 
teristic odor  and  taste  and  an  acid  reaction. 

Dose,  4  to  8  fluidrams  (15  to  30  cc). 

ViNUM  Xericum  (IST.F.),  Sherry  Wine.    Ahhr.,  Vin.  Xeric.     Synonym:    Sherry. 

Sherry  is  a  Spanish  wine  made  by  fermenting  the  juice  of  fresh  ripe  grapes,  and 
fortified  with  pure  grape  brandy.  It  is  a  pale  yellowish-brown  liquid  containing  not 
less  than  16  percent,  nor  more  than  24  percent.,  by  volume,  of  alcohol  (ethyl  hydroxide, 
CjH^OH) ;  it  has  a  pleasant  aromatic  odor,  free  from  yeastiness,  and  a  fruity  charac- 
teristic taste  without  excessive  sweetness  or  acidity. 

Dose,  1  to  2  fluidounces  (30  to  60  cc). 

ViNUM  Oporto  (unofficial).  Port  wine. 

Prepared  by  the  fermentation  of  certain  grapes  freed  from  seeds  and  stems.  A 
fortified  wine  of  rich  taste  and  aroma.  It  occurs  as  a  red  and  also  as  a  white  liquid, 
containing  from  18  to  23  percent,  of  alcohol  by  volume. 

Dose,  Vs  dram  to  4  ounces  (3.5  to  120  cc). 

Antipathogenic  Action. — Alcohol  Is  perhaps  the  most  universally  used  of  all  pre- 
servatives, and  its  antiputrefactive  powers  were  availed  of  long  before  it  was  known 
that  putrefaction  depended  on  living  organisms.  Although  comparatively  low  percent- 
ages prevent  bacterial  growth,  much  greater  concentrations  and  prolonged  exposure  are 
required  to  kill  germs,  especially  spore  formers.  Alcohol,  like  formaldehyde,  requires 
the  presence  of  water  in  order  to  penetrate  the  bacterial  wall,  and  absolute  alcohol  is 
thus  almost  devoid  of  bactericidal  power.  The  most  effective  concentration  is  from  40 
to  50  percent.,  which  agrees  with  the  concept  of  Christiansen,  that  it  combines  with  4 
molecules  of  water  to  form  an  active  hydrate.  It  is  said  that  40  percent,  alcohol  will 
kill  anthrax  spores  in  5  minutes.  Other  authors,  however  (Beyer,  Sottile).  state  that 
only  concentrations  between  60  and  80  percent,  are  active,  as  only  these  penetrate 
proteins. 

Alcohol  vapor  is  perhaps  more  effective.  In  a  formaldehyde  sterilizer  the  formalin 
may  be  replaced  by  5  times  the  amount  of  70  to  80  percent,  alcohol  and  the  sterilization 
will  be  equally  effective  ( Arkiphants).  Heated  under  pressure  in  an  autoclave  the 
germicidal  power  is  greatest  with  weak  solutions. 

The  addition  of  alcohol  to  other  antiseptics,  probably  affects  their  activity  according 
to  its  influence  on  their  penetration.    Thus  phenol,  cresbl,  thymol,  etc.,  act  more  strongly 
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in  50  percent,  alcohol  than  in  water,  while  mercuric  chloride,  silver  nitrate  and  other 
metallic  salts,  which  dissociate  less  in  alcoholic  solution,  are  weakened. 

Bacteria  treated  with  alcohol  do  not  lose  their  antigenic  properties  nor  their  com- 
plement fixation  powers '(Thorsch). 

It  has  generally  been  found  that  alcohol  administered  to  animals,  reduced  their 
resistance  to  disease.  This  has  long  been  recognized  by  sanitarians,  and  in  armies  it  is 
the  practice  to  forbid  drinking  in  the  presence  of  epidemics.  This  idea  has  received 
ample  experimental  confirmation.  It  has  been  shown  that  the  blood  of  alcoholics  is 
naturally  less  destructive  to  typhoid  bacilli  than  that  of  abstainers  (Reich),  although 
there  was  no  difference  in  regard  to  tubercle  bacilli.  On  the  other  hand  it  is  known 
that  animals  given  alcohol  die  sooner  when  inoculated  with  tubercle  bacilli  than  do  con- 
trols (Laitinen).  Protective  inoculation  against  cholera  is  less  effective  in  habitual 
hard  drinkers  (Konradi)  and  it  is  difficult  to  protect  alcoholics  against  rabies  (Pam- 
poukis,  Szekely). 

On  the  other  hand,  mice  injected  with  10  percent,  alcohol  were  less  readily  inoculated 
with  cahcer,  although  this  concentration  had  no  effect  on  cancer  cells  in  vitrO'  (Tsurumi). 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Alcohol  is  rapidly  and  com- 
pletely absorbed  from  all  mucous  surfaces  or  when  injected  subcutaneously,  and  is  de- 
stroyed to  a  great  extent  in  the  body.  The  portion  which  escapes,  is  excreted  almost 
wholly  by  the  lungs,  and  kidneys,  chiefly  the  former. 

Alcohol  given  by  mouth  is  absorbed  chiefly  from  the  small  intestine.  In  dogs,  very 
little  is  absorbed  from  the  mouth,  about  a  fifth  from  the  stomach,  less  from  the  duo- 
denum, about  half  from  the  jejunum  and  the  remainder  from  the  ileum  (Nemser).  The 
concentration  of  the  alcohol,  unless  it  is  excessively  strong  does  not  influence  the  rate  of 
absorption,  but  it  is  much  more  rapid  in  habituated  animals.  Thus  normal  dogs  given 
2  cc.  per  kilo  diluted,  absorbed  66  percent,  in  1  hour  and  absorption  was  almost  complete 
in  2i^  hours.  Habituated  dogs  absorbed  87.5  percent,  in  1  hour  and  96  percent,  in  2 
hours  (Voeltz  and  Dietrich).  According  to  Hanzlyk  the  absorption  from  an  intestinal 
loop  is  quite  rapid  for  the  first  half  hour  and  then  becomes  slow.  This  is  irrespective 
of  the  amount  absorbed  and  is  apparently  due  to  a  local  effect  of  the  absorbed  alcohol, 
as  absorption  may  be  delayed  by  intravenous  injections. 

Alcohol  given  by  inhalation  collects  slowly  in  the  body  until  an  amount  up  to  60 
mgm.  for  each  mm.  of  (mercury)  pressure  in  the  inspired  air  is  reached.  In  man,  0.1 
to  0.25  percent,  in  the  air  may  lead  to  intoxication. 

It  is  carried  chiefly  in  the  plasma,  which  contains  twice  as  much  as  the  red  cells 
(Miles).  The  whole  blood  may  contain  0.2  percent.,  or  rarely  more,  intoxication  begin- 
ning witl)  about  0.02  percent,  and  narcosis  with  about  0.1  percent. 

Almost  all  of  the  alcohol  thus  absorbed  is  destroyed  in  the  body,  only  2  percent. — 
to  as  much  as  15  percent,  in  exceptional  cases — being  excreted.  If  given  slowly  or  in 
moderate  doses,  practically  all  is  destroyed.  From  1  to  5  percent,  may  be  excreted  by 
the  lungs  and  usually  lesser  amounts  passed  off  in  the  urine.  The  alcohol  excreted  in 
the  urine  is  of  the  same  or  of  greater  concentration  than  in  the  blood  and  this  in  spite 
of  the  occurrence  of  some  reabsorption  from  the  bladder  (Nicloux).  Alcohol  passes  read- 
ily into  an  of  the  tissues  of  the  body  and  has  been  found  in  all  the  secretions,  but 
always  in  very  minute  amounts,  except  in  the  breath  and  urine.  In  the  cerebrospinal 
fluid  it  reaches  the  same  percentage  as  in  the  blood  (Lenoble).  If  given  to  pregnant 
animals  the  fetal  blood  corresponds  to  the  maternal  (Nicloux).  It  may  be  found  in 
fairly  high  concentration  in  the  semen  and  in  the  secretion  of  the  prostate  and  may  thus 
affect  the  vitality  of  the  spermatozoa  if  fecundation  takes  place  while  the  father  is 
under  its  influence.  Soon  after  absorption  the  blood  contains  more  than  the  fixed  tis- 
sues, but  after  a  time  the  brain  and  fatty  tissues  contain  the  most.  Fat  may  iold  it 
after  all  indications  of  its  effects  have  ceased. 

The  mechanism  of  its  destruction  is  not  known.  Tissues  in  vitro  do  not  destroy  it 
(Messner). 

Topical  Action. — Alcohol,  even  pure,  is  not  particularly  irritating  to  the  skin,  largely 
because  it  is  very  slowly  absorbed.  If  applied  on  a  cloth  and  closely  covered  it  will, 
however,  cause  pain  after  a  few  minutes,  and  if  the  application  is  not  removed,  it  will 
destroy  the  superficial  tissues,  partly  by  dehydration,  partly  by  coagulation  of  proteins, 
and  lead  to  necrosis  of  the  skin.  The  ulcer  produced  in  this  way  heals  slowly,  the  sur- 
rounding tissues  being  injured.  Friction  with  dilute  alcohol,  rum  or  whiskey  is  popu- 
larly used  after  exposure  to  coJd  to  prevent  frost  bite  and  chilblains.    It  probably  acts 
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by  a  combination  of  effects  which,  together,  increase  the  flow  of  blood  through  the  parts 
and  overcome  the  venous  and  capillary  stagnation  that  characterizes  these  conditions. 
It  is  also  used  to  prevent  soreness  and  chafing  of  the  skin  under  plaster  casts,  etc.,  and 
to  prevent  bedsores.  In  these  cases  it  acts  by  drying  the  skin  and  lessening  the  tendency 
to  sweatipg.  It  lessens  sweating  partly  by  drawing  the  stored  sweat  from  the  glands 
and  perhaps  also  by  a  direct  action  of  the  secreting  cells.  Cologne  water,  the  basis  of 
which  is  concentrated  alcohol,  is  used  largely  as  an  external  application  in  facial  neu- 
ralgia. There  is  some  effect  from  counterirritatlon  and  from  the  chilling  of  the  part  and 
probably  enough  of  the  alcohol  is  absorbed  by  inhalation  to  exert  a  soothing  influence. 
It  is  doubtful  whether  enough  alcohol  can  penetrate  the  skin,  under  such  conditions, 
to  have  any  direct  effect  on  the  nerve  terminals. 

Alcohol  is  irritating  to  the  mucosa  of  the  mouth  and  stomach  only  when  compara- 
tively concentrated,  above  30  percent.  To  all  other  mucous  membranes,  however,  even 
very  dilute  solutions  are  painful.  Solutions  of  25  to  50  percent,  are  used  to  cleanse 
ulcers,  and  act  as  antiseptics  and  mild  stimulants,  improving  circulation  and  hardening 
the  surface  of  unhealthy  and  edematous  sores. 

Subcutaneous  injections  of  concentrations  above  25  percent,  or  so  are  not  only  ex- 
tremely painful  but  are  likely  to  destroy  the  neighboring  tissues  and  to  cause  necrosis 
and  ulceration.  The  nerves  are  especially  susceptible  to  the  topical  action  and  such 
solutions  may  destroy  the  vitality  of  the  fibers  if  the  injection  is  given  near  a  nerve. 
Even  dilute  solutions  cause  severe,  temporary  pain,  but  are  quickly  absorbed.  Advantage 
Is  taken  of  the  specific  destructive  action  on  nerve  tissue  In  the  treatment  of  neuralgia 
by  injection  of  alcohol  into  the  affected  nerve.  Complete  facial  anesthesia  results  from 
the  injection  of  50  to  80  percent,  alcohol  into  the  Gasserian  ganglion.  Weaker  solutions 
are  injected  into  motor  nerves  to  relieve  tics  and  contractures  and  In  the  neighborhood 
of  large  vessels  to  paralyze  the  vasomotors,  as  in  sympathectomy. 

Toxic  Action. — Alcohol,  like  other  volatile  narcotics,  is  poisonous  not  only  to  higher 
animals  but  to  protozoa  and  even  to  plants.  The  effect  on  higher  plants  may  be  largely 
bound  up  with  extraction  of  water  from  their  tissues,  but  there  is  a  specific  action  as 
well.  Algae  are  killed  by  solutions  over  2  percent,  but  only  after  many  hours.  The 
growth  of  molds  is  delayed  by  4  percent,  alcohol  and  10  percent,  kills  them  after  pro- 
longed exposure.  Infusoria  are  not  Injured  at  once  by  1  percent,  solutions  and  sea 
anemones  are  not  affected  by  this  strength  but  are  injured  by  2  percent.  Even  after 
remaining  24  hours  in  5  percent.,  they  recover  if  transferred  to  fresh  sea  water.  The 
yeast  which  causes  alcoholic  fermentation  will  continue  to  grow  actively  until  the  liquor 
has  reached  a  strength  of  upwards  of  10  percent.  Goldfish  in  solutions  of  alcohol  die  in 
10  hours  in  3  percent.;  in  2  hours  in  4  percent.;  in  1  hour  in  8  percent.;  and  instantly  in 
20  percent.  (Picaud).  With  birds  and  mammals  the"  figures  differ  widely  with  the  rate 
and  manner  of  administration.  Given  by  stomach  tube  to  rabbits  the  fatal  dose  varies 
with  conditions  from  5  to  10  cc.  per  kilo,  animals  of  less  than  1900  Gm.  being  readily 
injured  while  those  above  2400  Gm.  are  resistant.  Given  subcutaneously  the  fatal  dose 
is  much  the  same;  while  by  vein  it  may  be  much  smaller  if  the  injection  is  rapid,  or 
rather  larger  if  it  is  given  very  slowly.  Dogs  and  pigs  are  killed  by  approximately  the 
same  doses  as  rabbits. 

The  acutely  fatal  dose  is  not  much  modified  by  addition  of  small  amounts  of  higher 
alcohols,  although  such  symptoms  as  malaise,  weakness  and  headache  are  much  increased. 
Caffeine,  on  the  other  hand,  added  to  toxic  doses  of  alcohol,  increases  the  acute  toxicity 
markedly    (Pilcher). 

The  symptoms  of  acute  poisoning  from  alcohol  in  man  are  almost  too  well  known 
to  warrant  description,  but  an  interpretation  of  them  Is  not  out  of  place.  When  liquor 
Is  taken  in  repeated  doses  close  together,  as  is  commonly  the  case  in  acute  drunkenness, 
the  first  symptoms  seen  point  to  a  general  stimulation  of  the  central  nerve  system,  and 
were  formerly  interpreted  as  such.  More  exact  study  has  shown  that  they  are  either 
reflex  or  dependent  on  depression  of  the  inhibitory  functions  of  the  nei've  system,  which 
are  partly  paralyzed  before  the  accelerator  side  of  the  same  functions  is  notably  influ- 
enced. The  mental  activities  are  freed  from  the  restraint  ordinarily  imposed  by  reason 
and  caution  and  the  individual  becomes  talkative  and  communicative,  given  to  loud 
laughter  and  coarse  jokes,  the  tendency  to  which  is  normally  repressed.  The  sense  of 
reason  and  order  is  depressed  and,  as  a  result,  ideas  flow  through  the  mind  with  unaccus- 
tomed rapidity  and  variety.  As  drunkenness  advances,  there  is  a  failure  to  distinguish 
the  trivial  from  the  serious,  and,  as  a  result,  quarrels  arise  over  trifles  which  are  exag- 


1G38  NEEVE  DEPRESSANTS 

gerated  beyond  their  importance,  or  an  unwarranted  degree  of  intimacy  is  assumed 
because  of  some  fancied  similarity  in  ideas.  All  of  these  phenomena  are  seen  to  be  due 
to  depression  of  the  inhibitory  side  of  the  mental  faculties,  which  includes  caution  and 
other  artificially  imposed  restraints.  In  a  corresponding  manner,  the  inhibitory  nerves 
of  the  cardiac  and  respiratory  mechanisms  are  depressed  leading  to  acceleration  of  the 
heart  and  respiration.  Such  stimulation  cannot  be  shown  on  the  isolated  heart  deprived 
of  its  depressor  mechanism. 

If  the  taking  of  alcohol  is  continued,  these  phenomena  of  apparent  stimulation  are 
replaced  by  evident  indications  of  depression.  The  mind  becomes  clouded  more  and 
more,  mere  stupidity  finally  passing  into  somnolence,  stupor  or  even  deep  coma.  The 
control  of  the  muscles  becomes  less  and  less  sure,  until  unsteadiness  of  gait  and  inability 
to  hold  an  object  steady,  develop  into  complete  helplessness.  The  motions  requiring 
most  coordination  are  likely  to  be  affected  first,  thus  speech  shows  the  effects  very  early 
and  staggering  gait  will  commonly  be  noticed  before  the  ability  to  carry  out  movements 
involving  fewer  muscles  is  decreased. 

The  action  of  alcohol  on  the  autonomic  system  and  the  organs  under  its  control  is 
manifested  by  a  number  of  phenomena,  which  form  an  important  and  characteristic 
part  of  the  picture  of  acute  alcohol  poisoning.  The  face  is  flushed,  the  pulse  full  and 
bounding  during  the  early  stage  of  excitement.  Soon  the  eyes  become  bloodshot  also, 
and  increased  flow  of  blood  to  the  inside  of  the  skull  is  shown  by  the  swimming  of  the 
head  and  the  way  in  which  surrounding  objects  appear  to  move  around  in  a  whirling 
dance.  At  this  stage  vomiting  is  a  very  common  occurrence  and  may  relieve  the  system 
of  enough  of  the  poison  to  aid  in  recovery.  The  pupil  is  apt  to  be  dilated  even  in  this 
stage. 

In  the  stage  of  stupor  the  skin  of  the  face  and  usually  of  the  entire  body  is  flushed, 
the  eyes  are  suffused  with  blood,  the  skin  is  warm,  but  on  account  of  the  great  loss  of 
heat  from  the  dilated  vessels  the  internal  temperature  is  low.  The  pupil  is  dilated  and 
sluggish,  the  pulse  slow  and  of  low  tension,  the  respiration  slow  and  stertorous,  often 
noisy.  Reflexes  are  lost.  Commonly,  prolonged  stimulation  will  rouse  the  victim  suffi- 
ciently to  lead  to  protective  or  evasive  movements,  but  as  soon  as  the  stimulus  is 
removed  the  stupor  returns. 

Death  from  acute  poisoning  is  relatively  rare,  as  the  drug  is  taken  in  repeated 
small  amounts  and  further  drinking  ceases  before  a  fatal  dose  is  reached.  It  may, 
however,  occur  from  paralysis  of  the  respiration  or  of  the  heart  or  from  pulmonary 
edema.  Death  from  the  alcohol  itself,  usually  occurs  within  24  hours,  and  if  the  coma 
lasts  more  than  13  hours,  recovery  is  exceptional.  Fatalities  from  indirect  causes  are 
much  more  frequent.  The  disturbance  of  the  heat  regulating  mechanism  is  apt  to  result 
in  a  fatal  fall  of  body  temperature  if  the  person  is  exposed  to  extreme  cold  while  in  the 
state  of  stupor.  Pneumonia  is  also  frequent  after  exposure  to  cold  while  drunk.  Falls 
are  apt  to  lead  to  serious  injuries,  and  fracture  of  the  skull  is  a  particularly  serious 
complication,  ^s  it  is  most  commonly  overlooked  at  first,  the  coma  being  attributed  to 
the  alcohol  and  no  further  cause  sought  until  the  duration  of  unconsciousness  indicates 
more  serious  trouble. 

Recovery  from  severe  drunkenness  is  rather  slow  and  painful.  The  coma  passes 
into  more  natural  sleep,  profuse  perspiration  often  accompanying  the  change.  On  awak- 
ening there  is  extreme  thirst  and  headache,  which  leads  to  desire  for  another  drink. 
Coated  tongue,  loss  of  appetite  and  diarrhea  reflect  the  local  irritating  effects  of  the 
alcohol.  Muscular  pains  and  extreme  lassitude  are  frequent.  In  rare  cases  there  is 
acute  neuritis  or  phenomena  pointing  to  changes  in  the  nerves  or  blood  vessels  of  the 
skin.  Extravasations  resembling  trauma,  blisters,  edema  and  even  bedsores  or  local 
gangrene  may  be  seen.  In  by  far  the  greater  number  of  cases  recovery  is  complete  and 
uneventful. 

Diagnosis. — Few  errors  in  diagnosis  are  more  common  or  more  fatal  in  their  results 
than  the  assumption  so  frequently  made  that  any  stuporous  condition  is  due  to  acute 
alcoholism  if  the  breath  smells  of  liquor.  In  many  cases  of  impending  stroke  or  even 
uremic  or  diabetic  coma,  a  sense  of  dizziness  precedes  the  attack,  and  oftentimes  the 
patient  has  recourse  to  an  alcoholic  stimulant  in  the  hope  of  forestalling  an  attack  of 
faintness.  In  such  cases  the  stroke  or  coma  comes  on  in  spite  of  the  glass  of  whiskey, 
and  the  unfortunate  person  is  assumed  to  be  dead  drunk  because  of  the  odor  of  liquor 
on  the  breath.  In  other  cases  a  man  becomes  quarrelsome  while  drinking,  and  in  fight- 
ing is  struck  on  the  head  and  the  skull  fractured.     Serious  injuries  to  the  brain  are  also 
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common  as  a  result  of  falls  while  drunk.  For  these  reasons,  no  case  of  stupor  should 
be  assumed  to  be  alcoholic,  until  all  other  causes  have  been  excluded  as  far  as  possible. 
The  urine  should  be  obtained,  by  catheter  if  necessary,  and  examined  for  albumin  and 
sugar  to  determine  whether  uremic  or  diabetic  coma  may  be  present.  The  tonus  of  the 
sides  of  the  body  and  the  relative  size  of  the  pupils  should  be  compared  to  exclude 
apoplexy  and  fracture,  and  the  surface  of  the  skull  should  also  be  carefully  examined. 
Not  until  all  other  causes  are  excluded  should  stupor  be  considered  purely  alcoholic. 
The  possibility  of  "knock-out  drops,"  chloral,  etc.,  having  been  added  to  the  liquor  must 
not  be  forgotten. 

Treatment. — Treatment  consists  in  evacuation  of  the  stomach  by  hypodermic  injec- 
tion of  2  to  7  mgm.  (Gr.  1/10  to  1/30)  of  apomorphine.  This  acts  as  a  hypnotic  if  there 
is  any  tendency  to  excitement  remaining,  and  frequently  no  other  treatment  is  needed. 
Lavage  is  often  to  be  preferred,  however.  Saline  diuretics,  e.g..  liquor  ammonii  acetatis, 
are  indicated.  If  the  stomach  will  not  retain  medicine,  a  dose  of  cocaine  ( Vo  grain, 
30  mgm.,  in  water)  will  reduce  the  irritability  of  the  mucosa  and  permit  administration, 
after  10  to  20  minutes.  The  urine  should  be  carefully  examined  and,  if  the  kidneys  are 
not  acting,  sweating,  aided  by  hot  packs,  or  even  by  pilocarpine  should  be  encouraged; 
or  even  venesection  with  simultaneous  venous  infusion  of  saline. 

In  case  stimulation  is  required  a  liquid  medicine  containing  ginger  and  nux  vomica  is 
applicable.  Strong  stimulation  of  the  heart  will  rarely  be  required.  The  subsequent 
headache  may  be  combated  by  caffeine  (strong  coffee)  or,  if  necessary,  by  acetyl  salicylic 
acid.  Excretion  from  the  lungs  may  be  increased  by  inhalation  of  dilute  COj,  and  this 
has  been  found  to  hasten  recovery  from  coma. 

Chronic  Alcoholism. — Chronic  intoxication  with  alcohol  differs  from  that  with  most 
other  poisons  in  the  diversity  of  its  character  and  manifestations.  It  will  be  necessary 
to  consider  the  peculiarities  of  the  habit  or  tendency  as  such;  the  alterations  produced 
in  the  economy  by  continued  use;  a  peculiar  manifestation  of  its  action  when  continued 
several  years,  which  is  known  as  delirium  tremens;  and  finally  the  measures  which 
may  be  employed  to  combat  the  desire  and  to  overcome  delirium  tremens  and  other 
acute  manifestations. 

The  tendency  to  the  use  of  alcoholic  stimulants  shows  several  forms.  In  some 
instances  small  or  moderate  amounts  of  wine  or  beer  are  taken  daily  and  no  tendency 
is  seen  throughout  life  to  increase  the  amount  taken  either  permanently  or  temporarily. 
In  a  second  group  a  similar  daily  consumption  is  found,  but  in  addition  there  are  periods 
when  the  individual  suddenly  increases  the  daily  amount,  adding  distilled  liquors  to  the 
lighter  drinks,  and  consuming  increasing  amounts  until  acute  drunkenness  results. 
Such  sprees,  as  they  are  called,  may  be  indulged  in  at  intervals  of  several  months  or 
may  occur  very  close  together,  in  fact,  it  was  formerly  not  uncommon  for  laborers  to 
spend  the  greater  part  of  every  week's  wages  in  a  weekly  spree  which  lasted  over  Satur- 
day and  Sunday  and  often  into  Monday.  A  third  type  of  alcoholism  is  seen  in  those  indi- 
viduals who  drink  daily  large  amounts  of  distilled  liquors.  The  daily  amount  in  such 
persons  is  usually  an  ounce  or  two  of  whiskey,  but  may  run  as  high  as  a  pint  of  whiskey 
daily.  This  excessive  indulgence  may  or  may  not  be  interrupted  by  periods  during 
which  larger  quantities,  even  up  to  a  quart  daily,  are  consumed.  Alcoholics  of  this  sort 
are  especially  subject  to  delirium  tremens.  There  is  a  fourth  type  of  habit  which  is 
peculiar  to  alcohol.  In  this  there  is  no  desire  for  alcoholic  liquors  between  sprees,  and 
there  may  even  be  an  extreme  distaste  for  them,  but  at  long  intervals  an  overwhelming 
desire  for  alcohol  is  experienced.  This  is  frequently  so  strong  that  it  cannot  be  resisted, 
and  the  afflicted  individual  disappears  from  his  business  and  friends  for  a  time  and 
indulges  in  a  typical  spree.  When  the  acute  attack  has  passed  over,  the  desire  is  no 
longer  present  and  may  not  return  for  several  months  or  even  a  year  or  more.  This 
type  of  alcoholism  appears  to  occur  chiefly  in  the  children  of  hard  drinkers,  who  have 
themselves  been  brought  up  without  the  taste  of  alcohol. 

There  is  no  agreement  from  statistical  evidence  as  to  whether  habitual,  but  not 
excessive,  drinking  tends  to  shorten  human  life;  in  fact.  Pearl  has  shown  that  expec- 
tation of  life  is  lengthened  in  temperate  drinkers.  It  is  said  that  habitual  use  of  alcohol 
may  lead  to  greater  tolerance  on  the  part  of  the  central  nerve  system,  but  not  on  the  part 
of  other  cells,  so  that  individuals  who  can  take  a  large  amount  of  liquor  without 
becoming  "drunk"  are  in  greater  danger  of  showing  degenerative  visceral  changes,  than 
are  those  who  develop  less  cerebral  tolerance. 

The  alterations  produced  by  chronic  alcoholism  may  be  arranged  as  follows:      (1) 
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Alterations  in  the  alimentary  tract  due  to  local  irritation,  and  consisting  of  hyperemia 
and  chronic  catarrh  of  the  throat,  pharynx,  stomach  and  bowel.  This  shows  itself  by 
the  so-called  "drunkard's  cough,"  by  dyspepsia  with  deficient,  irregular  or  excessive 
appetite,  by  attacks  of  nausea  and  by  irregularity  of  the  bowels,  constipation  often 
alternating  with  diarrhea.  If  beer  or  ale  in  large  amount  is  taken,  the  excessive  amount 
of  fluid,  together  with  the  over-eating  which  frequently  accompanies  their  use,  leads  to 
dilatation  and  atony  of  the  stomach. 

(2)  Degenerative  changes  in  the  walls  of  the  blood  vessels,  which  result  in  dilata- 
tion of  the  small  vessels  of  the  skin,  especially  over  the  nose  and  cheeks.  The  red  nose 
is  one  of  the  most  characteristic  signs  of  alcoholism.  These  vascular  changes  lead  also 
to  degenerative  alterations  in  the  internal  organs  and  not  uncommonly  result  in  apo- 
plexy or  other  hemorrhages.  In  cases  of  cirrhosis  of  the  liver,  vomiting  of  blood  is 
frequently  met  with.  The  heart  muscle  likewise  shows  degenerative  changes,  probably 
largely  dependent  on  the  failure  of  nutrition  from  alteration  in  the  coronary  vessels. 
Dilatation  of  the  heart  is  seen  frequently  in  habitual  beer  drinkers  and  is  usually 
ascribed  to  mechanical  stretching  of  the  weakened  walls,  occasioned  by  the  excessive 
amount  of  fluid  which  passes  through  the  organ.  Deposits  of  fat  around  the  heart  often 
interfere  with  its  action.  These  depend  on  the  same  metabolic  changes  as  do  other  fat 
deposits. 

(3)  Visceral  alterations  are  of  three  sorts,  changes  in  the  blood-vessels,  degenera- 
tion of  the  parenchymatous  cells  and  deposits  of  fibrous  tissue.  These  changes  are  due 
to  the  direct  presence  of  small  amounts  of  alcohol  in  the  blood  and  thus  in  the  tissues. 
The  liver,  perhaps  because  most  directly  exposed,  suffers  more  than  any  other  organ. 
The  first  change  noted  is  a  fatty  infiltration  and  degeneration  of  the  tissues,  followed 
by  atrophy  of  the  secreting  cells,  which  are  replaced  by  connective  tissue.  This  consti- 
tutes the  typical  alcoholic  cirrhosis.  The  liver  is  much  more  commonly  enlarged  from 
the  deposits  of  fat  than  reduced  in  size  by  contraction  of  connective  tissue.  Chronic 
interstitial  inflammation  of  the  pancreas  is  occasionally  associated  with  disease  of  the 
liver.  Degenerative  changes  in  the  kidneys  lead  more  often  to  contraction  and  less  to 
fatty  deposit  than  in  the  liver.  Albuminuria,  edema  and  other  indications  of  chronic 
Bright's  disease  are  common  in  alcoholics,  although  uremia  is  not  often  encountered 
as  a  direct  result  of  alcoholic  intemperance.  The  combined  affections  of  the  vessels, 
heart,  liver  and  kidneys  lead  frequently  to  excessive  dropsies,  with  grossly  swollen  legs 
and  enormous  collections  of  fluid  in  the  abdomen  and  even  in  the  pericardium.  Such 
dropsy  may  be  the  direct  cause  of  death  by  interference  with  the  heart  or  respiration. 

(4)  The  voluntary  muscles  exhibit  commonly,  fatty  and  degenerative  changes 
similar  to  those  seen  in  the  heart  wall,  and  largely  dependent  on  interference  with 
nutrition  dependent  on  the  vascular  changes. 

(5)  The  nerve  system  is  particularly  sensitive  to  the  toxic  action  of  alcohol.  In- 
flammatory and  degenerative  changes  may  occur  in  any  part  of  the  system,  from  the 
cortical  cells  to  the  peripheral  nerves.  Psychic  disturbance  shown  by  change  in  dis- 
position or  even  acute  or  chronic  insanity  is  often  seen  in  drinkers.  Myelitis  is  less 
common,  but  peripheral  neuritis  is  not  rarely  encountered.  This  has  been  shown  to  be 
only  one  part  of  an  affection,  which  may  implicate  the  nerve  cells  and  neurones  through- 
out the  whole  system.  The  symptoms  resemble  those  of  other  multiple  neuritides, 
consisting  of  lancinating  pains  irregularly  distributed  over  the  body,  associated  with 
weakness  or  even  complete  paralysis  of  corresponding  muscle  groups.  The  lesion  may 
be  limited  to  the  distribution  of  one  nerve.  It  has  been  claimed  that  epilepsy  is 
caused  by  alcohol.  A  very  large  proportion  of  epileptics,  criminals  and  insane  persons 
are  excessive  drinkers,  but  it  has  been  pointed  out  that  just  as  many  cases  of  insanity 
are  seen  in  recent  as  in  chronic  alcoholics,  and  that  epilepsy  is  70  times  as  frequent  in 
alcoholics  as  in  normal  pesons.  These  facts  suggest  that  the  disorders  of  the  mind 
lead  to  alcoholism  rather  than  the  reverse. 

(6)  Disorders  of  metabolism  occur  in  all  cases  of  chronic  alcoholism,  but  differ 
with  the  kind  and  amount  of  the  liquor.  Overindulgence  in  beer,  ale  and  similar  bever- 
ages leads  commonly  to  excessive  increase  in  the  bodily  fat,  due  partly  to  the  additional 
food  supplied  by  the  liquor,  but  chiefly  to  the  interference  with  oxidation  of  fat  and 
destruction  of  glycogen  by  the  alcohol.  Distilled  liquors,  on  the  other  hand,  by  their 
interference  with  digestion,  more  commonly  lead  to  emaciation,  although  fatty  degen- 
eration of  internal  organs  accompanies  the  loss  of  stored  fat.  The  stronger  wines  pre- 
dispose to  gout  in  some  little  understood  manner. 
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Perhaps  the  most  characteristic  manifestation  of  chronic  alcoholism  is  the  peculiar 
condition  known  as  delirium  tremens.  This  state  is  observed  only  in  persona  who  have 
indulged  persistently  in  strong  liquors,  and  is  commonly  manifested  when  such  an  indi- 
vidual consumes  for  a  time  an  amount  of  whiskey  or  brandy  beyond  that  to  which  he  is 
accustomed.  It  may  also  be  brought  on  in  a  steady  hard  drinker  by  a  sudden  stoppage 
of  alcohol,  by  an  injury,  by  an  acute  infection  or  by  physical  exhaustion.  It  is  peculiar 
to  those  who  have  taken  strong  liquors  over  considerable  periods.  It  is  said  that  7  to  10 
years  of  alcoholic  indulgence  is  required  for  its  production  (Sceleth  and  Beifeld).  It  is 
claimed  that  delirium  tremens  occurs  only  in  persons  whose  kidneys  are  sclerotic 
(Vincent). 

The  first  symptom  of  delirium  tremens  is  likely  to  be  a  complete  loss  of  appetite 
associated  with  a  loss  of  desire  for  liquor  and  a  sense  of  great  weakness  with  an  unde- 
fined fear  of  impending  disaster  or  death.  Physical  examination  at  this  time  may  show 
no  other  abnormality  than  a  rather  weak  pulse.  Insomnia  is  soon  added  to  the  picture, 
and  is  preceded  by  restless  sleep  with  a  tendency  to  move  and  mutter  incoherently. 
Somnambulism  is  not  uncommon.  About  the  same  time  it  will  be  seen  that  there  is  a 
fine  tremor  of  the  tongue  followed  by  twitching  of  the  facial  muscles  and  tremors  of  the 
limbs.  Hallucinations  which  commonly  assume  a  terrifying  character  supervene.  From 
this  time  the  development  of  the  case  is  rapid.  The  weakness  of  the  pulse  becomes 
extreme  and  demands  active  stimulation.  The  hallucinations  pass  into  a  maniacal  state 
in  which  the  patient,  driven  into  an  extremity  of  terror  by  frightful  visions  and  concep- 
tions, must  be  controlled  by  force  to  prevent  him  from  doing  bodily  injury  to  himself 
or  his  attendants.  The  exhaustion  resulting  from  his  exertions  may  overstrain  the 
weakened  heart,  leading  to  fatal  collapse  or  the  condition  of  the  brain  may  Idad  directly 
to  death. 

The  average  case  of  delirium  lasts  about  5  days,  but  death  may  occur  sooner, 
especially  if  there  have  been  previous  attacks,  or  the  case  may  be  lengthened  by  pro- 
longed prodromal  symptoms.  The  mortality  varies  very  widely  with  conditions,  different 
authors  quoting  figures  from  above  50  percent,  to  below  1  percent.  The  mortality  con- 
tinues to  increase  with  each  successive  attack  and  is  also  markedly  increased  by  any 
associated  disease,  especially  pneumonia,  or  by  severe  injury  such  as  fracture  of  the 
femur  or  humerus.     The  death  rate  is  higher  in  old  persons  than  in  young. 

In  fatal  cases,  certain  lesions  of  the  brain  are  usually  found.  These  consist  in 
sclerotic  changes  in  the  walls  of  the  blood  vessels,  and  degenerative  alterations  in  the 
ganglion  cells  associated  with  marked  chromatolysis.  Edema  of  the  brain  is  very  fre- 
quent toward  the  end  of  the  attack.  It  is  indicated  by  a  change  in  the  character  of  the 
delirium,  which  becomes  mild  and  muttering  in  type.  Rigidity  of  the  muscles  of  the 
back  of  the  neck  is  a  bad  sign  in  this  connection.  There  is  always  a  marked  increase 
in  intraspinal  pressure,  it  being  usually  possible  by  spinal  puncture  to  withdraw  50  to 
60  cc.  (2  oz.)  of  fluid.  This  fluid  is  found  to  be  toxic  when  injected  into  animals 
(Kraemer).  The  toxicity  may  be  partly  due  to  alcohol,  as  the  alcohol  content  is  as  high 
or  higher  than  that  of  the  blood   (Finkelnburg). 

Treatment  consists  of  four  parts.  First,  attempts  to  give  food,  to  overcome  the 
results  of  loss  of  appetite.  Second,  heart  stimulants  to  relieve  the  cardiac  depression. 
Third,  eliminative  measures,  designed  to  overcome  the  toxemia  (among  which  the  use 
of  ammonium  acetate  or  citrate  solution  is  always  helpful  and  sweating  or  venesection 
together  with  saline  infusion  by  vein,  may  have  place),  and  fourth,  hypnotics 
and  nerve  depressants  to  check  the  delirium  and  relieve  the  insomnia.  The  claim  is 
made  that  in  one  large  clinic  the  mortality  has  been  reduced  to  less  than  1  percent,  by 
simply  giving  all  patients  full  doses  of  digitalis  from  the  time  the  diagnosis  is  first 
made  (Ganser).  Strychnine  is  of  less  importance  as  a  cardiac  stimulant.  Purgation  by 
means  of  saline  purges,  preferably  a  mixture  of  sodium  and  magnesium  sulphates,  is 
indicated  as  an  eliminative  measure,  and  may  be  associated  with  a  saline  diuretic  such 
as  sodium  acetate.  The  gastric  distress  may  be  relieved  by  capsicum,  often  conveniently 
given  with  ginger.  Relief  of  the  nervous  symptoms  may  in  some  cases  be  obtained  by 
spinal  puncture  (Kraemer).  Opium  is  apparently  injurious,  and  bromides  given  by 
mouth  do  no  good.  It  is  claimed,  however,  that  great  benefit  is  obtained  by  performing 
spinal  puncture  and  injecting  a  1  percent,  solution  of  sodium  bromide  intraspinally 
(Kraemer).  All  the  sedatives  and  hypnotics  have  been  used  to  control  the  delirium. 
Chloral  is  too  depressing  to  be  recommended.  Sulphonethylmethane  and  sulphonmethane 
mixed  in  equal  parts  or  with  barbital  are  preferable.    A  combination  of  these  acts  better 
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than  any  one  alone.  German  writers  claim  that  fewer  deaths  occur  if  no  hypnotic 
medication  whatever,  is  given   (Eichelberg). 

The  treatment  of  the  alcohol  habit  presents  even  greater  difficulties  than  that  of  the 
acute  attacks.  The  true  periodic  desire,  or  dipsomania,  is  classed  with  the  insanities, 
and  for  it  little  can  be  done.  The  light  drinkers,  who  indulge  only  in  light  wines  or 
beer,  and  who  never  become  drunk,  do  not  require  treatment,  as  such  indulgence  is  not 
injurious.  The  heavy  continuous  drinker,  or  victim  of  inebriety,  frequently  requires 
assistance  to  rid  him  of  the  habit.  It  may  be  stated  as  a  general  rule  that  it  is  impos- 
sible to  effect  a  cure  while  the  patient  is  in  his  own  home  surrounded  by  his  family. 
He  will  commonly  obtain  alcoholic  drinks  without  the  knowledge  of  the  doctor,  and  the 
family  cannot  insist  on  the  details  of  the  treatment  as  can  an  institution  attendant. 
The  first  indication  is  to  empty  the  bowels,  as  there  is  almost  always  constipation  in 
such  cases,  and  the  toxemia  thus  produced  is  a  large  factor  in  maintaining  the  desire. 
A  brisk  saline,  preferably  a  mixture  of  sodium  and  magnesium  sulphate,  should  be 
given  at  once,  and  the  bowels  kept  clear  with  the  compound  cathartic  pill  or  a  similar 
mixture.  The  strong  desire  for  liquor,  which  is  felt  immediately  after  stopping  its  use, 
may  be  prevented  entirely  by  full  doses  of  atropine.  This  should  be  used  for  5  or  6  days 
only,  and  the  desire,  as  far  as  it  is  a  local  craving  for  topical  stimulation,  can  then  be 
prevented  to  a  great  extent  by  infusion  of  quassia  every  few  hours  and  by  taking  food 
at  frequent  intervals.  The  diet  must  be  plentiful,  and  it  is  best  to  reduce  the  amount 
of  meat  and  increase  the  use  of  fat.  Small  amounts  of  food  every  few  hours  should  be 
given  for  the  first  week  or  two.  Alcohol  should  not  be  given  in  any  form  after  it  has 
once  been  stopped,  and  even  medicaments  containing  small  amounts  of  it  should  be 
replaced  by  w'atery  or  glycerinated  preparations.  If  there  is  such  insistence  on  alcohol 
that  it  must  be  given,  it  may  be  given  with  apomorphine,  or  its  administration  preceded 
a  few  minutes  by  a  hypodermic  of  the  same.  The  vomiting  which  follows  can  be 
ascribed  to  the  liquor,  and  a  strong  psychic  lesson  drawn.  A  large  part  of  the  craving 
is  circulatory.  As  far  as  this  is  dependent  on  poor  circulation,  it  may  be  combated  by 
digitalis.  It  is  probable,  however,  that  a  large  part  of  the  restlessness  which  follows 
withdrawal  of  alcohol  is  due  to  the  lack  of  its  dilating  effect  on  the  vessels  of  the  skin. 
This  leads  to  unwonted  congestion  of  the  internal  organs  and  of  the  brain  and  cord. 
This  condition  can  be  relieved  by  nitroglycerin,  which  often  has  a  very  soothing  effect. 
If  there  is  insomnia,  or  extreme  excitement,  or  restlessness,  recourse  must  be  had  to 
more  active  sedatives.  Sulphonmethane  is  particularly  effective  and  may  advanta- 
geously be  combined  with  chloralose.  Opium  and  morphine  are  particularly  to  be 
avoided,  and  bromides  are  likely  to  be  followed  by  mental  depression.  After  the  period 
of  active  treatment  is  over,  certain  precautions  should  be  observed.  A  life  of  an  active 
sort,  out  of  doors  with  plenty  of  exercise,  is  a  most  important  aid  to  final  recovery. 
Great  assistance  to  restoration  of  general  bodily  tone  will  be  found  in  the  use  of  hot 
or  cold  baths,  followed  by  friction  of  the  skin.  The  least  use  of  alcohol  even  in  cooking 
must  be  strictly  avoided,  as  the  suggestion  brought  by  the  taste  may  play  havoc  with 
the  best  intentions.  Above  all,  it  is  to  be  emphasized  that  no  cure  can  be  accomplished 
without  earnest  effort  on  the  part  of  the  victim,  and  continued  patience  and  sympathy 
on  the  part  of  his  attendants. 

Expei-imental  Alcoholism. — The  condition  resulting  from  repeated  administration  of 
alcohol  or  liquors  to  laboratory  animals,  resembles  the  results  of  inebriety  in  man  in 
some  respects  but  not  in  all.  Different  species  and  different  individuals  of  the  same 
species  show  marked  variation  in  their  response.  Rabbits  and  birds,  for  example,  are 
less  severely  poisoned  by  repeated  doses  than  are  dogs  or  rats.  The  alterations  in  the 
walls  of  the  blood  vessels  and  the  fatty  degenerations  in  the  heart,  liver  and  other 
organs  are  readily  produced.  Hepatic  cirrhosis  and  alterations  in  the  kidney  are  not 
commonly  seen,  although  occasional  authors  have  reported  them.  Degenerative  mental 
changes  are  frequent.  Poisoned  dogs  are  timid,  unduly  quiet,  and  not  easily  trained  to 
perform  tricks.  If  alcohol  is  given  daily  to  young  animals,  its  effects  on  growth  are 
not  constant.  In  some  series,  growth  has  been  retarded,  in  others,  not.  Neuritis  is  not 
infrequently  seen,  and  optic  neuritis  leading  to  blindness  has  been  reported  by  several 
authors. 

Systemic  Action:  Alimentary  System. — The  action  of  alcohol  on  digestion  varies 
with  the  strength  and  character  of  the  beverage  and  the  relation  to  food.  Small  quanti- 
ties of  dilute  alcohol,  beer,  ale,  light  wines,  taken  with  meals,  stimulate  the  stomach 
and  thus  induce  an  increased   secretion  of  gastric  juice.     In  normal   individuals  this 
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effect  is  hardly  "noticeable,  but  if  the  secretion  is  defective  may  be  beneficial.  The 
dilatation  of  the  blood-vessels  of  the  gastric  and  intestinal  mucosa  also  improves  secre- 
tion, as  well  as  favoring  absorption  and  increasing  the  peristaltic  movements.  Con- 
centrations up  to  10  percent,  given  by  mouth  to  dogs  cause  an  increase  in  the  secretion 
of  acid  and  pepsin;  concentrations  of  10  to  20  percent,  increase  the  mucus  also,  while 
above  20  percent,  the  mucus  is  markedly  increased  but  the  ferments  decreased.  The 
secretion  of  saliva  increases  if  the  alcohol  is  taken  by  mouth  but  not  if  it  is  given  by 
gastric  fistula  or  injected  subcutaneously.  The  pancreas  is  stimulated  reflexly  by  the 
local  irritating  action.  Small  amounts  given  by  mouth  cause  a  slight  reflex  increase  in 
the  secretion  of  bile,  while  injected  intravenously,  in  dogs,  the  amount  of  bile  is  de- 
creased   (Salant). 

Added  to  pepsin  in  vitro,  dilute  solutions  (1  to  2  percent.)  increase  the  rapidity  of 
digestion,  while  stronger  (15  percent.)  delay  it  markedly,  and  20  percent,  solutions 
prevent  it  almost   entirely   (Chittenden,  Mendel  and   Jackson). 

Absorption  of  other  substances  is  favored  by  dilute  but  delayed  by  strong  solutions. 

Alcohol  prevents  the  hunger  contractions  of  the  stomach  (Carlson)  and  depresses 
the  movements  of  the  excised  rabbit  intestine  (Kuno),  but  small  amounts  with  food  do 
not  lessen  the  normal  gastric  peristalsis,  although  preventing  spasmodic  contractions. 

The  effects  of  repeated  use  of  alcoholic  drinks  differ  widely  from  that  of  single  doses, 
which  has  just  been  described.  The  other  constituents  of  liquor  enter  largely  into  the 
effect.  Thus  the  tannins  in  red  wines  are  apt  to  cause  a  chronic  irritation  of  the 
stomach  with  resulting  dyspepsia,  and  the  large  amounts  of  liquid  commonly  consumed 
by  habitual  beer  drinkers  often  leads  to  gastric  dilatation.  The  alcohol  itself  causes 
inflammatory  changes  in  the  mucosa,  however,  in  case  stronger  drinks  are  repeatedly 
indulged  in,  and  chronic  indigestion,  with  increased  secretion  of  mucus  and  lessened 
amounts  of  acid  result.  The  liver  is  affected  differently  by  different  beverages.  Malt 
liquors,  such  as  beer  and  ale,  cause  a  fatty  infiltration  of  the  liver,  with  increase  of 
size.  The  abuse  of  distilled  liquors,  on  the  other  hand,  is  apt  to  be  followed  by  over- 
growth of  connective  tissue,  which  contracts  and  leads  to  the  small  cirrhotic  or  hobnail 
liver,  which  is  so  characteristic  of  alcoholism.  The  fatty,  enlarged  liver  is  readily 
produced  in  animals  by  the  feeding  of  alcoholic  drinks;  atrophic  cirrhosis,  on  the  other 
hand,  has  never  been  produced  in  typical  form.  That  acute  alcoholic  intoxication  also 
produces  injury  to  the  liver  in  man  has  recently  been  shown  by  Wallace,  who  found  that 
the  amount  of  bilirubin  in  the  blood  plasma  and  of  urobilinogen  in  the  urine  were  dis- 
tinctly increased  in  patients  with  acute  alcoholism. 

Blood. — Alcohol  when  administered  to  animals  either  by  inhalation  or  by  mouth 
causes  an  increase  in  the  viscosity  of  the  blood.  This  may  rise  from  the  normal  of  5.4 
times  that  of  water  to  7.5  times   (Burton  Opitz). 

Added  to  blood  in  vitro,  alcohol  induces  hemolysis.  Although  it  never  reaches  a 
suflBcient  concentration  to  have  such  an  effect  in  the  circulating  blood,  it  may  cause  a 
reduction  of  the  resistance  to  other  hemolytic  agents.  Repeated  administration  may,  on 
the  other  hand,  increase  the  resisting  power  of  the  red  cells    (Orban). 

Circulation. — The  effects  of  alcoholic  liquors  and  of  alcohol  on  the  circulation  has 
given  rise  to  considerable  controversy,  certain  authors,  especially  clinicians,  ranking  it 
among  the  most  valuable  stimulants,  others,  especially  laboratory  workers,  claiming  that 
its  circulatory  action  is  purely  depressing  and  that  any  apparent  improvement  in  circu- 
lation occurred  as  a  result  of  lessened  resistance  from  dilated  vessels,  and  not  from  a 
direct  increase  of  cardiac  activity.  These  differences  in  opinion  are  not  due  to  faulty 
observation,  but  to  the  differences  exhibited  by  different  animals  and  even  by  the  same 
individual  under  varying  conditions. 

Blood-Pressure. — Concentrated  solutions  of  alcohol,  or  strong  liquors,  given  by 
mouth  induce  a  rise  in  blood-pressure,  associated  with  acceleration  of  the  heart  and 
increase  in  its  force.  These  effects  are  mainly  reflex,  depending  on  local  irritation,  and 
are  inconstant  if  care  be  taken  to  avoid  such  stimulation  and  excitement.  The  rise 
occurs  almost  immediately  and  then  falls  promptly,  returning  to  normal  in  half  an  hour. 

Administration  of  solutions  too  dilute  to  cause  irritation,  or  injection  of  such 
solutions  by  vein,  has  but  slight  effect  on  the  blood-pressure,  and  according  to  the  condi- 
tion of  the  animal  this  may  be  either  a  fall  or  a  rise,  more  commonly  the  latter.  Under 
experimental  conditions  the  venous  pressure  is  altered  only  by  doses  large  enough  to 
injure  the  heart  and  thus  increase  it,  while  McDowall  contends  that  even  in  therapeutic 
doses,  alcohol  reduces  the  venous  pressure  in  man  and  may  relieve  the  heart  in  this  way. 
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Distribution  of  the  Blood. — The  output  of  the  heart  is  increased,  as  shown  by  studies 
with  the  stromuhr  (Hemmeter,  Wood  and  Hoyt),  or  by  the  cardiometer  (Dixon).  This 
increased  activity  is  not  due  to  a  direct  stimulation  of  the  cardiac  muscle,  but  to 
improved  nutrition  of  the  heart,  from  dilatation  of  the  coronary  vessels,  or  from  the 
nutrient  effect  of  the  alcohol. 

The  distribution  of  the  blood  is  altered,  the  splanchnic  vessels  being  contracted  and 
the  vessels  of  the  skin  dilated.  Both  effects  are  central.  In  agreement  with  this  are 
studies  of  bloodflow,  that  in  the  hand  being  increased,  while  that  in  the  bowel  is  de- 
creased (Hanzlik  and  Collins).  The  meningeal  and  retinal  vessels  are  usually  dilated 
(Hirschfelder). 

Rate  of  Heart. — The  rate  of  the  heart  is  increased  by  reflex  action,  but  is  not 
commonly  influenced  by  small  doses  if  care  is  taken  to  exclude  this.  With  large  doses 
there  may  be  a  compensatory  increase  secondary  to  the  weakening  of  the  force.  Rapid 
injection  in  a  vein  is  apt  to  cause  slowing. 

Force  of  Heart. — The  normal  heart  is  not  influenced  by  small  doses,  if  reflex  effects 
are  excluded.  Otherwise  there  is  increase  in  force  and  in  output  per  minute.  The 
exhausted  heart  is  likely  to  show  stimulation,  due  to  improved  nutrition.  Even  when 
the  force  of  the  beats  is  increased,  there  is  dilatation  as  shown  by  the  orthodiagram 
(Galli). 

The  increase  in  force  is  not  usually  seen  in  the  isolated  heart,  although  it  may  be 
noted  if  the  nutrifent  supply  of  the  heart  is  exhausted  (Dixon).  It  is  possible  for  the 
Isolated  heart  to  metabolize  alcohol  (Fisher,  Hamill),  but  it  has  no  such  effect  in  restor- 
ing an  exhausted  heart  as  has  glucose  (Backman).  This  stimulating  action  is  seen  only 
with  very  small  amounts.  Percentages  of  0.05  to  0.2  added  to  the  perfusion  fluid  may 
stimulate  the  cat  heart  but  commonly  not  the  rabbit's  (Chistoni).  Concentrations  above 
0.5  percent,  always  lead  to  depression.  The  depressing  action  is  lessened  by  repeated 
perfusion    (Kuno). 

Blood  Vessels. — The  effects  of  alcohol  on  the  blood  vessels  in  the  intact  animal  are 
contradictory,  certain  vessels  being  constricted  and  others  dilated.  There  is  a  dilatation 
of  the  skin  vessels,  which  is  central  as  shown  by  the  fact  that  the  primary  rise  of 
pressure  is  greater  if  the  vasomotor  center  is  destroyed  (Kochmann,  Wood  and  Hoyt). 
The  effect  of  this  dilatation  on  blood-pressure  is  overcome  in  the  normal  animal  by  a 
central  constriction  of  the  splanchnic  vessels.  The  vasoconstrictor  reflexes  are  lessened 
(Porter  and  Turner),  whereas  the  vasodilator  reflexes  are  enhanced  (Stewart).  The 
vessels  of  the  meninges  and  retina  are  dilated  with  those  of  the  skin  (Hirschfelder). 
The  effects  on  the  pulmonary  vessels  are  inconstant. 

Perfusion  of  isolated  blood  vessels  with  dilute  solutions  has  little  effect,  there  being 
a  slight  and  inconstant  dilatation  with  weak  solutions  and  a  constriction  with  strong. 

Repeated  administration  of  alcohol  to  rabbits  leads  to  degenerative  changes  in  the 
wall  of  the  aorta  (MacNider). 

The  death  rate  from  pneumonia  is  distinctly  higher  in  excessive  users  of  liquor,  this 
being  probably  related  to  some  degenerative  change  in  the  circulatory  apparatus. 

Respiration. — Alcohol  in  almost  all  doses  causes  an  increase  in  the  volume  of  air 
moved  within  a  given  time,  and  is  thus  a  true  respiratory  stimulant.  The  increase  is 
usually  from  5  to  10  percent.,  but  may  be  as  much  as  100  percent.  Narcotic  doses  have, 
of  course,  the  opposite  effect. 

Like  the  stimulant  action  on  the  circulation,  the  respiratory  excitation  is  largely 
reflex,  and  is  greater  with  wines  rich  in  bouquet  than  with  diluted  alcohol,  as  the 
former  have  more  local  effect  (Binz).  The  effect  is  not  due  to  mental  excitement,  as  it 
continues  during  alcoholic  sleep  (Singer).  At  first  there  is  an  increase  in  the  rate  of 
respiration,  but  this  may  pass  off  while  the  stimulation  continues.  With  the  increased 
volume  of  respiration  there  is  an  increased  absorption  of  oxygen,  the  increased  need 
for  which  partly  explains  the  phenomenon.  Injection  of  small  amounts  of  alcohol 
directly  into  the  carotid  induce,  however,  an  increase  in  respiration,  showing  that  the 
effect  is  partly  a  direct  stimulation  of  the  respiratory  center  (Willmanns).  Abel  has 
suggested  that  the  increased  production  of  heat  which  accompanies  the  fall  of  tempera- 
ture from  dilatation  of  the  blood  vessels  of  the  skin,  leads  to  an  increased  demand  for 
oxygen  on  the  part  of  the  tissues,  and  that  the  entire  effect  on  respiration  may  be 
accounted  for  secondarily  on  this  basis.  It  is  more  probable,  however,  that  the  center 
is  directly  stimulated. 

Metabolism. — The  consideration  of  the  action  of  alcohol  on  metabolism  is  much 
complicated  by  the  fact  that  it  must  be  taken  up  from  two  standpoints;  first,  the  effect 
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of  alcohol  on  general  metabolism,  and  second,  the  possible  value  of  alcohol  itself  as  a 
food. 

The  studies  of  the  effect  of  alcohol  on  general  metabolic  exchange  agree  in  showing 
that  this  is  markedly  reduced,  even  by  moderate  doses.  Recent  studies  have  shown  that, 
in  general,  nitrogen  metabolism,  as  shown  by  excretion  of  urinary  nitrogen,  is  reduced 
by  small  doses  in  the  same  way  that  it  is  reduced  by  small  amounts  of  carbohydrates, 
that  is,  the  alcohol  is  burned  in  place  of  proteins.  If  alcohol  is  added  to  a  barely  suffi- 
cient dietary,  there  are  certain  characteristic  alterations  in  the  partition  of  nitrogen  in 
the  urine.  Moderate  doses  in  dogs  cause  a  12  percent,  decrease  in  the  total  nitrogen 
elimination.  The  urea  is  more  lessened,  falling  from  80  to  73  percent,  of  the  total 
(Salant  and  others).  The  ammonia  and  the  uric  acid,  on  the  other  hand,  are  increased 
(Mendel  and  others).  It  is  doubtful  to  what  extent  these  effects  are  due  to  the  influence 
of  alcohol  as  such,  and  how  largely  they  are  dependent  on  general  increase  in  the  non- 
nitrogenous  food.  Hammett  made  very  careful  experiments  on  men  accustomed  to  the 
use  of  alcohol.  An  amount  of  sugar  representing  370  calories  (90  Gm. )  was  replaced 
by  an  isodynamic  amount  of  rum  (120  cc).  There  was  no  alteration  in  the  urinary 
nitrogen  or  in  the  general  metabolism. 

The  influence  of  small  amounts  of  alcohol  on  the  metabolism  of  fats  is  similar  to 
that  on  proteins,  there  being  decreased  consumption  of  fats  when  it  is  added  to  the 
dietary.  If  a  man  or  an  animal  is  given  a  diet  barely  sufficient  to  maintain  weight 
constant,  and  alcohol  is  then  added,  there  will  be  a  gain  in  weight.  Thus  addition  of  500 
calories  as  alcohol  (about  80  cc. )  causes  in  a  normal  man  an  increase  of  weight  of  2 
ounces  a  day;  the  addition  of  an  isodynamic  amount  of  sugar  had  the  same  effect 
(Scarborough). 

Alcohol  does  not  behave  like  carbohydrates  as  regards  certain  of  their  peculiar 
properties.  Thus  it  is  not  converted  into  glycogen  and  does  not  lead  to  increased 
glycogenesis  (Salant).  Alcohol  also  does  not  have  the  favorable  effect  upon  acidosis 
that  carbohydrates  have  (Higgins,  Peabody  and  Fitz),  although  in  mild  diabetes  it  may 
lead  to  reduction  of  blood  and  urinary  sugar. 

There  is  no  influence  on  absorption  of  other  foods,  when  small  or  moderate  amounts 
are  taken  with  meals  (Mendel). 

"When  alcohol  is  given  in  doses  large  enough  to  cause  even  mild  intoxication  its 
effects  are  entirely  different.  There  is  first  a  marked  reduction  of  utilization  of  food 
materials,  its  narcotic  action  causing  lessened  vital  activities  of  all  the  body  cells.  This 
is  followed  by  increased  elimination  of  nitrogen,  due  to  injury  of  the  cells  with  conse- 
quent loss  of  substance.  In  chronic  alcoholism  there  may  be  cholesterinuria,  indicating 
increase  of  cholesterin  in  the  blood.  It  is  probable  that  it  is  dissolved  from  the  nerve 
cells  by  the  solvent  action  of  the  alcohol.  In  young  animals,  food  intake  is  lessened  by 
continued  use,  but  growth  is  interfered  with  even  sooner,  and  is  not  a  result  of  this. 
Tadpoles  kept  in  w^ater  containing  0.3  to  0.6  percent,  of  alcohol,  grow  more  rapidly  than 
the  controls   (Most  and  Ihara). 

The  facts  already  brought  forward  indicate  that  alcohol  is  to  be  classed  among  the 
foodstuffs.  Of  small  and  moderate  amounts,  upwards  of  98  percent,  are  burned  in  the 
body  (Atwater  and  Benedict),  and  about  7  calories  of  chemical  energy  is  liberated  for 
each  cc.  of  pure  alcohol  burned.  There  is  absolutely  no  foundation  for  the  oft-repeated 
assertion  that  the  energy  thus  liberated  is  not  available  for  the  needs  of  the  economy. 
In  persons  already  taking  a  sufficient  diet,  the  addition  of  alcohol  is  without  benefit 
and  may  be  injurious.  There  is  a  tendency  for  fat  to  pile  up  in  various  tissues,  as  it  is 
spared  by  the  alcohol,  and  in  certain  persons,  incompletely  burned  nitrogenous  bodies, 
such  as  uric  acid,  may  also  remain  in  the  tissues.  The  amount  of  alcohol  which  will 
lead  to  metabolic  disturbances  of  this  type  shows  enormous  differences.  Some  indi- 
viduals are  injured  by  a  glass  of  beer  daily,  others  can  take  a  similar  amount  of  . 
whiskey.  In  all  persons,  however,  alcohol  differs  from  other  foods  in  that  it  can  never 
be  called  on  to  produce  a  large  proportion  of  the  total  bodily  needs,  on  account  of  its 
toxic  action  on  the  central  nerve  system. 

While  rarely,  if  ever,  a  proper  foodstuff  in  health,  it  may  be  of  great  use  in  disease. 
In  fever  it  is  more  rapidly  burned  than  when  the  temperature  is  normal,  and  has  less 
tendency  to  produce  toxic  effects.  As  digestion  is  frequently  disturbed  in  the  infectious 
fevers,  and  as  alcohol  is  absorbed  without  digestion,  it  is  often  of  the  very  greatest 
usefulness  in  such  conditions.  The  reduced  narcotic  action  seen  in  fever  is  not  solely 
due  to  the  high  temperature,  as  shown  by  the  fact  that  pigeons,  whose  normal  tempera- 
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ture  is  about  42°  C,  are  more  readily  narcotized  than  are  guinea-pigs  of  the  same 
weight  whose  normal  temperature  is  about  38°  C.   (Githens,  unpublished). 

In  diabetes,  alcohol  is  often  of  great  service  as  a  food.  The  excretion  of  sugar, 
acetone  and  nitrogen  are  decreased  if  50  to  80  Gm.  of  the  fat  in  the  food  are  replaced  by 
isodynamic  amounts  of  alcohol  (Benedict  and  Foriik).  In  convalescence  and  other 
states  of  undernutrition  the  lighter  liquors,  and  especially  the  malt  beverages,  are  often 
of  inestimable  value. 

That  alcohol  is  a  true  food,  and  that  the  energy  released  by  its  combustion  is 
actually  available  to  the  muscles  is  shown  by  the  fact  that  it  disappears  from  fluids 
used  to  perfuse  the  isolated  heart,  and  is  evidently  used  as  a  food  by  the  muscle  cells 
(Fisher).  As  larger  amounts  reduce  the  activity  of  such  hearts,  while  glucose  improves 
their  action,  it  has  been  claimed  that  alcohol  is  not  a  food  for  isolated  tissues  (Back- 
man). 

Temperature. — The  effect  of  alcohol  on  body  temperature  is  of  great  importance. 
Alcohol  in  any  dose,  from  the  largest  to  the  smallest,  causes  a  dilatation  of  the  vessels 
of  the  skin  with  consequent  rise  in  heat  dissipation.  The  fall  of  blood  temperature 
thus  produced  leads  to  stimulation  of  heat  production,  and  this  is  constantly  found 
to  be  increased  also,  if  small  doses  are  given,  while  it  may  be  decreased  by  large 
amounts.  Studies  on  rabbits,  which  differ  widely  from  man  in  their  temperature  con- 
trol, showed  that  heat  dissipation  was  increased  8  percent,  by  2  cc.  per  kilo;  17  percent, 
by  5  cc,  and  24  percent,  by  8  cc.  The  increase  began  in  15  minutes,  reached  its  height 
in  1  to  2  hours,  and  lasted  3  hours.  It  was  due  to  dilatation  of  the  blood-vessels  of  the 
skin  and  also  of  the  mucosae.  The  temperature  of  the  expired  air  may  rise  1°  C.  in  man 
as  a  result  of  dilatation  of  the  pulmonary  vessels  following  ingestion  of  moderate  doses 
by  mouth  (Azzi).  Heat  production  is  lessened  by  doses  above  2  cc.  per  kilo  and  5  cc. 
causes  a  reduction  of  20  percent.  (Harnack  and  Laible).  In  man  the  effect  of  alcohol  is 
seen  especially  in  a  reduction  of  the  power  of  the  heat-regulating  mechanism  to  adapt 
itself  to  varying  external  temperatures.  This  is  particularly  seen  in  the  fall  of  body 
temperature  which  follows  alcoholic  beverages  in  persons,  such  as  arctic  explorers,  who 
are  subjected  to  low  external  temperature.  Death  from  chilling  is  not  uncommon  in 
alcoholics  overcome  by  sleep  out  of  doors  in  winter.  Persons  exposed  to  high  tempera- 
tures, as  in  the  tropics  or  in  rolling  mills,  are  also  much  more  subject  to  heat  stroke 
if  they  indulge  in  alcohol.     In  all  such  individuals  its  use  should  be  strictly  prohibited. 

Endocrine  System. — Alcohol  does  not  have  any  very  marked  or  important  effects  on 
the  endocrine  glands,  but  in  chronic  alcoholism  there  may  be  degenerative  changes  in 
the  adrenals.  In  persons  dying  from  delirium  tremens  there  is  often  a  characteristic 
change  in  the  cortex  of  the  adrenals,  consisting  in  a  diminution  of  the  yellow  color. 
This  was  found  to  be  due  to  a  lessening  of  the  droplets  of  cholesterol;  the  amount  of 
cholesterol  in  the  glands  being  reduced  from  the  normal  average  of  about  8  percent,  to 
less  than  2  percent.  (Hirsch).  In  young  rats,  degenerative  lesions  of  the  thymus  gland 
have  been  reported  as  the  result  of  small  doses,  0.5  cc,  of  alcohol. 

Urinary  System. — In  moderate  dose,  and  especially  when  taken  with  large  amounts 
of  water,  alcohol  is  an  efficient  diuretic.  This  action  is  probably  circulatory  rather  than 
dependent  on  any  direct  action  on  the  secreting  cells.  In  a  normal  man  ingestion  of 
lYi  liters  of  water  may  be  followed  by  secretion  of  ly,  liters  of  urine  within  6  hours, 
while  ingestion  of  the  same  amount  of  6  percent,  alcohol  will  be  followed  by  secretion 
of  2  liters  (John).  Gin,  which  contains  oil  of  juniper,  has  a  more  marked  diuretic  action, 
as  the  oil  irritates  the  secreting  cells  of  the  kidney.  Alcohol  given  parenterally  does  not 
commonly  have  any  diuretic  effect,  perhaps  because  it  leads  to  a  loss  of  tonicity  in  the 
blood,  which  causes  a  temporary  reduction  in  the  amount  of  urine.  Alcohol  is  excreted 
by  the  kidneys  and  tends  to  irritate  the  urinary  passages  if  these  are  inflamed. 

Alcohol  differs  from  many  irritant  poisons,  in  that  the  organs  of  excretion,  the  lungs 
and  kidneys,  are  not  injured  by  large  single  doses.  Although  in  chronic  alcoholism  the 
renal  cells  are  apt  to  share  in  the  widespread  fatty  degenerations,  nephritis  is  not  a 
common  accompaniment.  Intravenous  injections  of  dilute  alcohol  in  the  rabbit  lead  to 
inflammation  of  the  glomeruli,  which,  if  the  injections  are  repeated,  develops  into 
sclerosis  with  atrophy  of  the  epithelium   (Honda). 

Generation. — An  enormous  amount  of  work  has  been  devoted  to  the  study  of  the 
effects  of  alcohol  on  the  reproductive  organs,  on  the  reproductive  power  and  on  the 
development  of  the  offspring  of  alcoholic  parents.  There  is  no  question  that  alcoholics 
tend  to  have  fewer  offspring,  that  a  greater  percentage  perish  in  early  childhood,  and 
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that  those  who  survive  show  epilepsy  and  other  nervous  defects  much  more  commonly 
than  the  offspring  of  average  individuals.  It  is  claimed,  however,  that  the  defects  in 
the  offspring  may  be  due  to  an  inherited  weakness  which  takes  the  form  of  alcoholism 
in  the  parent  and  perhaps  that  of  epilepsy  in  the  child.  Forel  has  particularly  espoused 
the  former  view,  that  is,  the  direct  deleterious  effect  of  alcohol  on  the  germ  cells,  while 
most  other  authors  hold  the  opposite  opinion. 

Studies  of  the  testicular  tissues,  both  in  chronic  alcoholics  and  in  animals  subjected 
to  alcoholism,  have  shown  in  a  large  proportion  of  cases  either  azoospermia  or  atrophy 
of  the  testicles.  Thus  Simmonds  found  azoiispermia  in  60  percent,  of  chronic  alcoholics 
in  Hamburg;  and  Berhollet  saw  atrophy  of  the  parenchymatous  cells  of  the  testicle  in 
73  out  of  75  chronic  alcoholics  who  died  before  the  fiftieth  year.  Arlitt  and  Wells,  giving 
alcohol  to  white  rats,  found  that  the  spermatozoa  first  became  feeble  and  defective, 
later  complete  azoiispermia  occurred,  and  there  was  atrophy  of  the  testicular  cells  with 
fibrosis.  The  effects  of  alcohol  upon  the  structure  of  the  ovary  and  upon  the  ova  do 
not  seem  to  be  as  marked  as  in  the  corresponding  structures  of  the  male.  Females 
given  alcohol,  appear  to  ovulate  normally,  but  intrauterine  development  is  markedly 
interfered  with  by  the  action  of  alcohol  on  the  fetus  in  utero;  the  results  are  similar, 
whether  the  feeding  of  alcohol  to  the  mother  is  begun  af  the  time  of  conception  or 
before.  If  alcohol  is  given  to  female  guinea-pigs  during  pregnancy,  the  number  of  still- 
born and  non-viable  offspring  is  increased  enormously,  although  the  actual  number  of 
young  in  a  litter  is  not  much  altered  (Stockard).  In  a  small  series  of  experiments  on 
spaniels,  in  which  the  reproduction  of  normal  and  alcoholic  females  were  compared, 
the  average  number  of  offspring  in  each  litter  was  6  in  both  series,  but  whereas  90 
percent,  of  the  normal  offspring  lived,  only  17  percent,  of  the  alcoholic  offspring  were 
viable  (Hodge).  This  agrees  very  well  with  figures  of  Demme's  in  man.  He  found  that 
88  percent,  of  the  offspring  of  non-alcoholic  parents  were  normal,  and  only  17  percent, 
of  those  of  alcoholics. 

Of  equal  importance  with  the  effects  of  alcohol  in  causing  sterility  is  its  influence 
on  those  offspring  which  are  born  alive.  Many  of  these  are  obviously  defective  at  birth, 
and  many  apparently  normal  do  not  develop  properly.  Of  those  which  reach  maturity 
many  are  sterile  (Stockard),  and  women  who  are  the  children  of  alcoholics  are  said 
to  be  less  likely  to  be  able  to  nurse  their  own  children  (von  Bunge),  but  this  is  probably 
not  true. 

A  statistical  study  of  3,600  school  children  showed  no  differences  in  regard  to 
growth,  mental  development,  general  health  and  death  rate  between  the  children  of 
normal  parents  and  those  of  alcoholics  (Edelston  and  Pearson).  Administration  of 
alcohol  to  rats  caused  a  defect  in  the  brains  of  the  offspring  which  was  transmitted  to 
the  third  generation.  This  was  shown  by  the  fact  that  they  took  twice  as  long  to  find 
the  way  through  a  "maze"  as  did  normal  rats. 

When  exposure  to  alcohol  is  continued  through  several  generations,  the  weaker 
strains  are  eliminated  and  a  race  is  developed  which  is  superior  to  the  average  of  non- 
alcoholics.  Stockard  suggests  that  the  superiority  of  the  nations  which  have  been 
users  of  alcohol  may  depend  on  such  elimination  of  the  unfit. 

Experiments  in  which  alcoholized  male  mice  w^ere  bred  with  normal  females,  showed 
an  increase  in  the  relative  number  of  male  offspring  (Bluhm,  Danforth). 

Treatment  of  the  spermatozoa  outside  the  body  with  various  concentrations  of 
alcohol,  shows  that  these  are  quite  resistant.  Thus,  spermatozoa  treated  with  10  percent, 
alcohol  for  30  minutes  were  not  paralyzed  and  did  not  lose  their  fertilizing  power.  Ova 
and  fetuses  of  fish  and  invertebrates  treated  with  alcohol  during  development  show  vari- 
ous defects  of  development,  especially  spina  bifida  in  fish,  and  abnormalities  of  the  ears 
and  eyes  (Stockard).  Treatment  of  hen  eggs  with  fumes  of  alcohol  causes  delay  in 
rate  of  development  and  deformity  of  the  chicks  (Stockard). 

Nerve  System. — Of  all  the  actions  of  alcohol  on  the  organism  that  on  the  central 
nerve  system  is  probably  the  most  marked  and  the  most  important.  It  may  be  said  in 
general  terms  to  consist  in  a  depression  of  the  inhibitory  side  of  the  system,  leading 
to  alterations  in  function  which  simulate  stimulation,  followed  by  a  general  depression 
resembling  that  of  the  typical  narcotics.  Chronic  use  of  large  amounts  leads  to  degenera- 
tive changes  in  the  ganglion  cells. 

In  man,  the  psychic  effects  of  acute  alcoholism  are  by  far  the  most  striking:  these 
have  already  been  described  under  "Toxic  action."  Self-consciousness  and  bashfulness 
are  dissipated  and,  as  a  result,  the  timid  become  brave  and  the  modest,  boastful.    The 
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hesitating  speaker  throws  aside  his  caution  and  may  seem  an  inspired  orator.  Reck- 
lessness is  characteristic,  and  our  police  courts  and  accident  wards  are  filled  with  those 
whose  lack  of  ordinary  prudence  has  led  them  into  crime  or  danger.  Small  amounts  of 
alcohol  have  the  same  effect  to  a  less  degree,  as  may  be  shown  by  psychologic  tests. 
Many  persons  perform  certain  tasks  badly  or  slowly  because  of  fear  of  making  mistakes. 
In  such  persons,  alcohol,  by  removing  this  fear,  will  lead  to  increased  speed  and  often  to 
increased  accuracy.  In  general,  however,  the  most  careful  tests  have  shown  that  even 
the  smallest  amounts  of  alcohol  which  have  any  appreciable  effects,  lead  to  delay  in 
execution  and  inaccuracy  in  performance.  It  has  been  definitely  established  that  soldiers 
given  a  small  glass  of  liquor  before  going  on  the  rifle  range,  shoot  less  accurately  than 
when  no  liquor  was  taken.  Expert  typists  make  more  mistakes  per  page  and  write  more 
slowly  under  the  influence  of  alcohol;  athletes  run  or  swim  less  swiftly.  The  same 
lessening  of  accuracy  is  seen  in  more  purely  mental  tests  such  as  adding  a  column  of 
figures,  although  in  some  instances  mechanical  performances  of  this  type  may  be  done 
more  rapidly.  Very  simple  motor  processes  such  as  tapping  with  the  fingers  are  usually 
performed  more  rapidly  under  the  influence  of  small  doses  of  alcohol,  probably  because 
of  lessening  of  interfering  impulses.  This  may  be  associated  with  the  decreased  sensi- 
tiveness to  external  stimuli,  which  otherwise  distract  the  attention.  This  increased  ease 
of  performance  begins  soon  after  the  alcohol  is  taken  and  lasts  only  a  fraction  of  an 
hour. 

The  perception  of  sensory  impressions  in  general  is  depressed  even  by  small  doses. 
Ability  to  judge  the  distance  between  compass  points  on  the  skin  is  lessened  (Kremer 
and  others).  Tea  tasters  are  said  to  find  that  alcohol  lessens  their  ability  to  judge 
flavors.    The  error  of  measurement  by  the  eye  is  increased  by  alcohol  (Reis). 

Experiments  on  the  motor  effects  of  alcohol,  apart  from  the  influence  on  accuracy, 
have  dealt  mostly  with  its  influence  on  fatigue.  In  general  it  may  be  said  that  alcohol 
does  not  actually  relieve  exhaustion,  as  a  food  might,  but  that  it  lessens  the  sense  of 
fatigue  and  may  therefore  lead  to  work  being  done  for  a  longer  time  than  normally. 
Experiments  with  the  Mosso  ergograph  have  commonly  shown  more  work  to  be  done  after 
taking  small  amounts  of  liquor.  Kent  found  that  alcohol  had  no  effect  on  physical,  but 
lessened  mental  fatigue  in  the  workers  of  an  industrial  establishment. 

Reflexes  of  all  sorts  are  commonly  delayed  and  lessened  in  intensity  by  alcohol. 
The  knee  jerk  is  variously  affected  by  small  single  doses  but  is  frequently  lost  in  acute 
alcoholism.  In  87  cases  of  chronic  alcoholism  the  pupil  reaction  was  absent  in  13  and 
sluggish  or  limited  in  36  (Leahy).  The  skin  reflexes  of  frogs,  as  brought  about  by 
touching  the  skin  with  dilute  acid,  are  delayed  by  0.1  cc.  of  alcohol  subcutaneously  (this 
being  too  small  a  dose  to  have  any  other  effect),  and  prevented  by  somewhat  larger  doses 
(Hyde,  Spray  and  Howat). 

Complete  surgical  narcosis  may  be  obtained  in  animals  by  intravenous  injection  of 
5  cc.  per  kilo  in  5  percent,  solution  (Nakagawa),  but  not  by  inhalation  (Githens, 
unpublished). 

Chronic  Alcoholism. — The  effects  of  chronic  alcoholism  on  the  central  nerve  system 
are  mainly  degenerative  in  character.  The  changes  in  the  nerve  elements  are  partly 
dependent  on  alterations  in  the  blood  vessels,  interfering  with  nutrition,  but  are  largely 
a  direct  effect  of  the  toxin  upon  the  cells  and  fibers.  Chromatolysis  of  the  third  layer 
of  large  pyramidal  cells  in  the  cortex,  with  dilatation  of  the  capillaries  and  small  hemor- 
rhages, but  no  leucocytic  infiltration,  is  the  characteristic  lesion  (Jones).  Inflammation 
of  the  nerve  tracts  with  degeneration,  is  also  frequent,  and  degenerative  changes  in  the 
corpus  callosum  with  dementia,  are  occasionally  seen  (Guizetti). 

The  alcoholic  psychoses  are  numerous  and  complex.  They  may  be  classified  as  fol- 
lows. 1.  Delirium  tremens,  which  has  already  been  described.  2.  Polyneuritic  psychosis 
or  Korsakow  syndrome.  This  is  characterized  by  symptoms  of  polyneuritis  with  delirium 
ifl  the  early  stages,  passing  into  agitation,  loss  of  memory,  especially  for  recent  events, 
disorientation,  hallucinations,  amnesias  and  a  tendency  to  fanciful  but  detailed  fabrica- 
tions to  fill  in  the  loss  of  recent  memory.  3.  Acute  alcoholic  mania.  In  this  form  there 
is  wild  delirium  with  hallucinations  and  varied  delusions  and  maniacal  outbreaks,  during 
which  the  subject  is  restrained  with  difficulty.  Sudden  death  during  maniacal  outbursts 
is  frequent.  4.  Confusional  insanity.  This  differs  from  most  confusional  insanities  in 
its  tendency  to  interruption  by  acute  maniacal  outbursts,  and  the  frequency  of  hallucina- 
tions. 5.  Alcoholic  paranoia.  This  is  comparatively  uncommon  and  the  delusions,  which 
tend  to  be  fixed  and  to  recur  in  the  same  form,  are  often  associated  with  infidelity  of 
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the  wife  or  husband.  6.  Dementia.  All  forms  of  alcoholic  psychosis  lead  to  dementia 
which  may  show  as  general  loss  of  mentality  or  may  resemble  paretic  dementia. 

The  loss  of  memory  for  recent  events  forms  a  prominent  feature  of  many  of  these 
psychoses,  including  delirium  tremens,  and  it  may  be  exhibited  in  cases  of  acute  alco- 
holism in  which  there  are  no  other  mental  abnormalities.  Prisoners  arrested  for  alco- 
holism commonly  have  no  clear  conception  of  what  passed  before  their  arrest  and 
although  part  of  their  refusal  to  answer  questions  may  be  set  down  to  deceit,  a  large 
factor  is  an  actual  loss  of  memory.  Several  typical  cases  of  this  sort  are  described  by 
Crothers. 

In  addition  to  the  lesions  of  the  central  nerve  system,  alcohol  frequently  causes 
Inflammation  of  the  peripheral  ner\'es.  This  neuritis  almost  always  involves  a  large 
number  of  scattered  areas,  appearing  as  a  typical  polyneuritis,  but  may  involve  only  one 
nerve  most  commonly  the  sciatic.  The  nerves  of  the  limbs  are  more  often  affected  than 
those  of  the  face  or  trunk.  Rarely  the  sphincters  of  the  rectum  and  bladder  are  para- 
lyzed. The  symptoms  are  those  usual  in  neuritis,  extreme  pain  with  hyperesthesia  to 
touch  but  lessened  pain  sense;  atrophy  of  the  muscles  and  redness  of  the  skin.  Per- 
forating ulcer  of  the  foot  has  been  reported. 

Therapeutics:  Topical. — Alcohol  in  strength  of  60-70  percent,  is  useful  as  a  local 
antiseptic  for  cleansing  needles  and  syringes  as  well  as  the  hands  of  the  surgeon 
and  the  skin  of  the  patient.  A  lotion  of  equal  parts  of  alcohol  and  water  gives  some 
relief  in  superficial  inflammations,  bruises,  arthritis,  orchitis,  etc.  It  has  some 
astringent  properties  and  is  an  excellent  hemostatic  for  restraining  oozing  from  large 
surfaces.  Being  somewhat  refrigerant,  its  local  application  may  mitigate  headache; 
and  sponging  with  alcohol,  more  or  less  diluted,  is  refreshing  and  cooling  in  fever. 
In  suppurative  wounds  it  may  be  used  as  an  antiseptic  dressing. 

It  is  useful  routine  practice  to  wash  with  alcohol,  or  alcohol  and  alum,  parts 
threatened  with  hed-sores,  as  this  hardens  the  skin  and  prevents  ulceration.  The  same 
application  may  be  used  for  sore  nipples;  and  as  an  anhidrotic  in  sweating  of  the 
hands  and  feet ;  as  also  in  the  night  sweats  of  tuberculosis.  Alcohol  prevents  the  pene- 
tration of  carbolic  acid  into  the  skin  and  is  locally  antidotal  to  phenol  hums  if  used 
immediately.  When  applied  with  friction,  as  in  the  liniment  of  camphor,  it  is 
rubefacient,  aiding  in  the  absorption  of  inflammatory  products.  It  is  also  thus  used 
to  relieve  pain  in  chronic  rheumatism,  lumbago  or  myalgia.  In  certain  cases  of 
senile  gangrene  of  the  feet,  remarkable  results  have  been  obtained  by  periarterial  injec- 
tions of  90  percent,  alcohol.  The  needle  is  passed  obliquely  into  the  tunica  adventitia 
and  an  injection  of  4  minims  (0.25  cc.)  is  made  at  four  points  surrounding  the 
femoral  artery.  In  favorable  cases,  warmth  returns  to  the  foot  after  the  injection 
and  the  gangrenous  process  is  arrested.  The  procedure  is  preferable  to  periarterial 
sympathectomy  or  arterial  decortication. 

In  refractory  trigeminal  neuralgia  or  sciatica,  15  minims  of  the  official  alcohol 
injected  into  the  nerve  trunk  sometimes  affords  permanent  relief,  even  when  the 
nerve  is  not  actually  blocked  thereby.  Unfortunately,  however,  the  relief  of  trigemi- 
nal neuralgia  so  obtained  is  often  only  temporary,  and  the  period  of  freedom  from 
pain  is  shorter  after  each  succeeding  injection.  There  is  danger  also  of  a  number 
of  accidents,  such  as  paralysis  of  the  facial  nerve,  a  locking  of  the  jaw  from  infiltra- 
tion, paralysis  of  the  motor  branch  of  the  V  nerve  in  the  mandibular  region,  etc.  In 
coccygodynia,  relief  is  sometimes  afforded  by  the  injection  of  10  to  20  minims 
of  80  percent,  alcohol  (0.6  to  1.2  cc.)  at  each  point  where  tenderness  is  most  marked; 
several  injections  at  intervals  of  5  to  7  days  may  be  necessary.  The  pain  of  the 
injection  soon  subsides,  but  a  dull  ache  may  persist  for  24  hours  or  so.  A  mouth 
wash  of  equal  parts  of  brandy  and  water  is  useful  in  mercurial  stomatitis.  As  a 
gargle  or  spray,  dilute  alcohol  is  one  of  the  best  local  agents  in  tonsillitis,  pharyngitis, 
and    other    inflammatory    conditions    of    the    throat — also    in    diphtheria,    where    it 
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acts  as  an  antiseptic  and  astringent.  In  causalgia,  the  intraneural  injection  of  60  per- 
cent, alcohol  gives  almost  instant  relief  from  pain,  and  the  ulcers  and  chapped  and 
bleeding  areas  heal  promptly.  The  intolerable  itching  of  the  pustules  in  smallpox  is 
sometimes  stilled  by  a  spray  of  alcohol  with  ^-z  to  1  percent,  menthol  in  solution. 
In  moist  eczema,  mopping  the  part  with  90  percent,  alcohol  alone  or  mixed  with 
1  or  2  percent,  glycerin  aifords  relief  in  some  cases. 

Systemic. — In  small  doses  (V2  ounce,  15  cc.)  brandy  or  whiskey,  well  diluted,  or 
a  good  wine,  is  a  useful  stomachic  tonic,  best  taken  after  or  with  meals  (not  before 
meals  in  the  form  of  a  cocktail)  and  is  serviceable  in  the  feeble  digestion  of  old 
people  and  in  the  slow  and  imperfect  digestion  of  convalescents  from  acute  diseases. 

Excellent  results  are  obtained  from  the  use  of  brandy  in  the  apepsia  of  infants. 
The  summer  diarrheas  of  infants  and  adults  may  sometimes  be  arrested  by  full  doses 
(half  an  ounce  every  two  hours  for  six  doses,  for  an  adult,  and  children  in  propor- 
tion) of  brandy,  the  bowel  having  previously  been  cleansed  by  castor  oil. 

In  both  acute  and  chronic  enterocolitis  of  infants,  whether  dependent  on  milk- 
poisoning  or  other  infection,  5  to  10  drops  of  brandy  in  a  teaspoonful  of  water  may  be 
given  hourly  (or  less  frequently,  according  to  effect)  with  great  benefit. 

The  vomiting  of  cholera  morbus  and  cholera  may  frequently  be  arrested  by  small 
doses  of  iced  brandy — a  teaspoonful  in  pounded  ice  every  half  hour,  or  a  tablespoon- 
ful  of  iced  champagne  at  like  intervals.  The  vomiting  of  pregnancy  can  sometimes 
be  controlled  in  the  same  manner.  Ice-cold  brandy  and  soda,  or  champagne,  because  of 
the  carbon  dioxide  content,  is  employed  in  seasickness  and  other  forms  of  intractable 
nausea  and  vomiting.  Because  of  this  antemetic  quality  together  with  such  food  and 
other  value  as  its  low  alcoholic  content  gives,  champagne  is  of  peculiar  service — 
perhaps  life-saving — under  conditions  in  w;hich  there  is  difficulty  in  sustaining  and 
nourishing  a  patient  who  badly  needs  therapeutic  support  of  his  failing  powers ;  thus, 
in  persistent  nausea,  vomiting  or  anorexia,  after  serious  operations  and  in  the  course  of 
depressant  infections — as  streptococcic  sore-throat,  scarlatina,  influenza,  pneumonia, 
typhoid — or  in  the  presence  of  peri-endo-  or  myocarditis  or  of  threatening  hea7-t 
failure. 

As  gastric  disturbance  subsides,  the  quantity  may  gradually  be  increased  and  the 
frequency  of  administration  be  lessened.  Brandy  may  be  added  to  reenforce  the 
alcoholic  content,  or  be  given  after  the  champagne  or  alternately.  Other  expedients 
may  be  suggested  by  the  individual  case.  Thus,  we  have  frequently  seen  benefit  from 
a  method  advised  by  Bartholow  in  a  consultation:  From  2  to  4  fluidrams  of  solution 
of  ammonium  acetate  or  citrate  to  which  2^2  to  5  grains  (0.15  to  0.3  Gm.)  of  am- 
monium carbonate  is  freshly  added,  are  placed  in  a  suitable  glass  with  a  tablespoonful 
or  two  of  crushed  ice.  From  I/2  to  IV2  fluidounce  (8  to  25  cc.)  of  sherry  is  poured 
on,  and  allowed  to  stand  for  a  few  minutes.  The  patient  may  then  swallow  the 
mixture,  ice  and  all,  or  be  fed  with  it  slowly  by  teaspoonfuls,  or  suck  the  liquid  portion 
through  a  tube,  as  seems  and  proves  best.  The  sherry  and  ice  may  be  repeated 
with  or  without  the  ammonium  salts,  as  needed.  The  carminative  action  of  alcohol 
may  be  useful  in  flatulence  and  colic. 

The  effect  of  alcohol  as  a  rapid  equalizer  of  the  circulation  gives  its  usefulness 
in  all  forms  of  circulatory  failure  due  to  shock  or  poisons.  When  shock  is  of  mild 
degree  and  consciousness  is  not  abolished,  as  in  emotional  shock  or  mild  traumatism, 
good  effect  may  be  produced  by  reflex  stimulation  from  surface  application  of  alcohol 
and  internal  administration  may  sedate  the  excited  mind,  in  part  psychically,  in 
part  by  an  actual  narcotic  influence.  Fortified  wines  and  distilled  liquors  are  em- 
ployed for  their  reflex  stimulating  action  in  threatened  syncope. 

Alcohol  in  some  form  is  given  with  benefit  in  fevers,  acute  inflammations  and 
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depressing  ailments  of  all  kinds  and  in  exhausting  maladies,  such  as  typhoid,  typhus 
and  pneumonia,  but  it  is  not  always  needful.  Probably  no  question  of  practical 
therapeutics  is  more  disputed  or  requires  better  judgment.  In  both  croupous  and 
catarrhal  pneumonia  in  alcohol  addicts — and  the  same  may  be  said  as  to  other  infec- 
tions in  such  subjects — it  should  be  given  from  the  first  and  in  goodly  doses,  perhaps 
8  fluidounees  (250  cc.)  or  more  daily.  Reform  of  the  patient's  habit  may  be  post- 
poned until  after  recovery.  In  the  aged,  also,  it  is  well  to  give  alcohol  from  the  first. 
Small  doses  are  best  (V2  to  2  tablespoonfuls  of  whiskey,  proportionately  less  of  brandy 
or  more  of  sherry  or  champagne,  every  four  hours;  or  still  smaller  quantities  every 
two  hours).  Increase  may  be  made  later,  if  requisite.  In  others,  the  alcohol  need 
not  be  given  until  special  symptoms  arise — as  great  restlessness,  marked  feebleness  of 
circulation,  delirium,  or  other  evidence  of  decided  toxemic  prostration — or  there  seems 
to  be  probability  that  they  will  develop  if  not  forestalled.  But  whether  the  patient  be 
addict,  abstainer  or  neither,  there  must  be  no  hesitancy  in  giving  enough,  once  the 
administration  has  been  begun.  In  some  instances — and  not  of  addicts — a  pint 
(0.5  liter)  a  day  in  doses  of  from  2  to  4  fluidounees  (60  to  125  cc.)  of  whiskey,  or  its 
equivalent  in  other  liquor  (given  from  every  hour  to  every  4  hours  according  to  cir- 
cumstances) has  seemed  necessary  and  has  been  helpful.  The  induction  of  a  mild 
alcoholic  delirium,  in  place  of  the  pneumonic  delirium  does  not  necessarily  call  for 
withdrawal  of  the  whiskey. 

In  pneumonia  of  children,  catarrhal  or  croupous,  5  to  60  minims  of  brandy  every 
2  or  3  hours  is  beneficial  when  the  circulation  is  feeble.  The  effect  may  depend  on 
vasodilatation  reducing  the  work  of  the  heart  and  equalizing  the  pulmonary  and 
systemic  circulations. 

In  influenza  of  any  severity — perhaps  more  urgently  in  the  thoracic  type,  but  in 
cerebral  or  abdominal  or  mixed  types,  as  well — the  judicious  and  early  use  of  alcohol 
may  not  only  save  life,  but  shorten  the  time  of  both  illness  and  convalescence.  It 
will  do  no  harm  in  any  case;  so  that  doubt  as  to  its  necessity  in  a  given  instance 
had  best  be  resolved  in  favor  of  its  use.  Especially  in  the  aged,  and  in  those  whose 
vitality  has  been  lowered  by  exhaustive  labor,  by  recent  fatigue,  by  chronic  illness,  by 
worry,  or  by  any  other  cause,  should  the  support  that  apparently  comes  from  alcohol 
only  be  promptly  given. 

In  typhoid  fever,  alcohol  is  less  urgently  and  less  frequently  needed,  and  many 
cases  may  well  recover  without  it.  If,  however,  cold  bathing,  cold  packing,  ice  rubs, 
sprinkling,  or  even  frequent  sponging  is  being  practiced  (all  of  which  may  be  super- 
seded in  most  instances  by  the  continuous  use  of  the  cold  abdominal  coil)  a  little 
alcohol,  as  that  contained  in  a  good  dose  of  aromatic  spirit  of  ammonia  (2  fluidrams, 
8  cc.  in  water)  or  a  small  glass  (1  or  l^^  ounce,  30  to  40  cc.)  of  red  wine,  or  its 
equivalent  in  whiskey  or  brandy,  may  be  given  before  or  after  the  cold  application,  or 
both  before  and  after.  While  in  pneumonia,  and  influenza,  as  in  streptococcic  in- 
fections and  other  forms  of  profound  sepsis,  alcohol,  from  the  clinical  viewpoint, 
appears  to  combat  the  toxemia,  and  perhaps  the  infectious  agent — at  all  events,  to 
diminish,  in  some  way  not  clear,  the  severity  of  the  toxic  condition — its  benefit  in 
typhoid  seems  to  depend  rather  on  its  ready  combustion  in  the  body.  The  indication 
for  its  use  in  typhoid,  therefore  (except  with  addicts  or  moderate  steady  drinkers), 
comes  either  from  difficulty  in  feeding,  from  high  fever,  or  from  prostration ;  and  is 
likely  to  be  shown  late — i.e.,  toward  the  third  week — while  its  helpfulness  is  not  that 
of  an  antitoxemic  agent  but  that  of  a  food  and  a  tissue  sparer.  Doubtless  the  latter 
properties  contribute  to  its  total  therapeutic  efi"ect  in  all  cases;  and  hence  the  custom 
of  giving  alcohol  with  other  food — as  in  sherry  and  egg,  milk  punch,  eggnog,  etc. — 
may  well  be  followed  when  rapid  absorption  is  not  a  special  object. 
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In  malignant  diphtheria  of  adults  and  children  large  doses  of  brandy  to  the  point 
of  tolerance,  may  be  life  saving.  Alcoholic  stimulants  may  be  employed  in  poisoning 
with  aconite,  veratrum  viride,  conium  and  digitalis,  but  are  injurious  after  snake  bites. 

Alcohol  may  be  used  symptomatically,  when  there  is  no  contraindication,  to 
relieve  pain,  promote  sleep  and  quiet  delirium.  In  restlessness  due  to  cerebral  anemia 
a  full  dose  of  whiskey  or  brandy  will  often  induce  sound  and  refreshing  sleep,  but  the 
practice  must  not  be  repeated  too  frequently. 

By  dilating  the  vessels  of  the  skin,  alcohol  acts  as  a  diaphoretic ;  hence  the  un- 
questionable utility  of  the  domestic  practice  of  giving  a  hot  foot-bath  and  a  whiskey 
toddy — especially  when  accompanied  or  followed  by  a  hot  pack — to  abort  a  "cold," 
in  particular  a  coryza.  When  such  treatment  with  the  addition  of  a  large  dose  (15 
grains,  1  Gm.,  or  more)  of  a  quinine  compound  can  be  applied  sufficiently  early,  it 
is  of  benefit  in  checking  the  progress  or  diminishing  the  severity  of  any  of  the 
pneumonias. 

The  use  of  alcohol  in  chronic  dehilities  and  wasting  affections  of  various  kinds 
is  common,  but  also  requires  discretion.  Widespread  observation  seems  to  show  that 
the  regular  use  of  moderate  doses,  preferably  as  wine,  with  meals,  by  persons  of  forty 
years  or  more  tends  to  promote  digestion,  increase  appetite,  check  waste,  favor  deposi- 
tion of  fat,  and  possibly  prolong  life;  but,  as  many  American  citizens  have  been 
compelled  to  learn,  life  can  be  lived — perhaps  as  well — without  it. 

In  persons  of  more  advanced  years,  however,  as  in  those  who  do  hard  manual 
or  mental  labor,  life  is  apparently  not  so  well-sustained  in  its  total  absence;  and  this 
is  true,  beyond  doubt,  of  the  majority  of  adults  who  suffer  with  cardiac  debility,  with 
diabetes,  with  blood-dyscrasias,  with  cancer,  and  other  chronic  affections  of  depressing 
and  wasting  type.  In  diabetes,  the  high  caloric  value  of  alcohol  tends  to  permit  main- 
tenance of  a  more  strict  regime ;  and  it  is  especially  needful  should  periods  of  fasting 
or  of  meager  diet  be  requisite. 

As  to  pulmonary  tuberculosis,  opinion  is  divided;  some  would  interdict  it,  entirely; 
others  give  it  routinely.  Truth  is  in  the  middle.  In  cases  which  apparently  begin 
actively  and  are  attended  with  fever,  but  are  not  of  the  acute  miliary  type,  benefit 
sometimes  results  from  the  early  and  careful  use  of  large  doses.  From  8  to  16  ounces 
daily  may  be  given  for  days,  and  sometimes  for  weeks  in  succession  (with  or  without 
intermissions)  to  patients  who  can  be  trusted;  and  who  remain,  meanwhile,  at  rest 
in  bed  on  a  porch  or  in  a  well-aired  room,  with  competent  attendant.  When  there 
is  an  apparent  early  involvement  of  the  larynx  as  well  (thickening  but  not  ulceration), 
this  treatment  is  more  urgent ;  and  we  have  seen  complete  recovery  follow  it  in  the 
practice  of  J.  Solis-Cohen.  The  method  is  not  to  be  advised  when  the  urgency  is 
less,  when  the  patient  is  of  doubtful  mental  resisting  power,  when  there  is  renal 
impairment,  or  when  the  physician  is  inexperienced. 

Apart  from  such  extraordinary  and  heroic  use  of  the  drug,  it  is  also  of  service 
in  many  chronic  cases,  but  is  not  often  of  imperative  necessity.  When  the  patient 
is  doing  well  under  the  appropriate  hygienic  and  medicinal  routine,  is  eating  a  suf- 
ficient quantity  of  food  and  is  gaining  weight,  alcohol  is  commonly  needless.  When, 
however,  despite  fresh  air,  food,  and  skillful  management  in  general,  debility  persists, 
emaciation  increases,  fever  recurs  from  time  to  time,  and  calcium-parathyroid  medica- 
tion does  not  control  liquefaction,  the  old  prescription  of  cod-liver  oil  and  whiskey,  or 
whiskey  without  the  oil,  in  moderate  quantity  (3  to  6  fluidounces,  100  to  200  cc. 
daily,  in  2  to  4  portions),  continued  for  not  too  many  months,  may  be  of  considerable 
benefit  in  promoting  nutrition  and  hastening  healing.  Untoward  as  well  as  helpful 
effects  must  be  looked  for  carefully  and  critically,  and  the  decision  as  to  continuance 
of  treatment  guided  by  such  results. 
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Wood  Alcohol 

Wood  alcohol  or  methyl  alcohol,  CH.OH,  has  only  recently  come  into  promi- 
nence, being:  used  in  the  arts  and  manufactures  in  place  of  grain  alcohol.  It  is  not 
used  in  medicine  and  derives  its  entire  pharmacologic  importance  from  the  frequency 
and  seriousness  of  poisoning  produced  by  it.  Until  1890  poisoning  by  it  was  com- 
paratively infrequent,  as  the  impurities  present  in  it  caused  it  to  have  an  extremely 
disagreeable  odor  and  prevented  its  employment  in  manufacturing  processes  requiring 
pure  alcohol.  In  that  year  a  cheap  process  for  purifying  it  was  discovered,  and  the 
"deodorized  wood  alcohol"  or  "Columbian  Spirit"  was  introduced  as  a  substitute  for 
grain  alcohol  in  many  arts  and  crafts.  From  this  time  cases  of  poisoning  have  been 
numerous,  both  in  the  United  States  and  abroad. 

Summary  of  Actions. — The  actions  of  wood  alcohol  when  taken  internally  are 
of  three  sorts:  those  due  to  topical  irritation,  such  as  gastric  pain  and  vomiting; 
those  due  to  narcotic  action,  chiefly  sudden  coma — often  followed  by  death;  and 
remote  effects,  of  which  by  far  the  most  important  is  optic  neuritis  with  partial  or 
complete  loss  of  vision.  Chronic  poisoning  frequently  occurs,  leading  to  optic  neuritis 
but  commonly  to  no  other  lesions. 

Pharmacodynamic  Action:  Absorption,  and  Elimination. — Methyl  alcohol  is  rapidly 
absorbed  from  all  mucous  membranes  and  probably  from  the  skin.  A  dangerous  amount 
of  absorption  may  occur  if  the  air  contains  as  little  as  2  cc.  per  liter  (Loewy  and  Heide). 

Excretion  and  destruction  are  both  very  slow,  the  long  retention  of  the  poison 
largely  accounting  for  the  danger  of  cumulative  poisoning.  Unlike  grain  alcohol,  it  is 
not  completely  consumed,  the  product  of  combustion  consisting  largely  of  formic  acid 
and  perhaps  formaldehyde.  The  products  of  decomposition,  especially  the  formic  acid, 
are  more  poisonous  than  the  wood  alcohol  itself,  but  it  is  difficult  to  ascertain  to  what 
extent  they  participate  in  the  phenomena  of  poisoning. 

Systeynic  and  Toxic  Action:  Toxic  Dose. — It  is  not  easy  to  state  the  toxic  or  fatal 
dose  of  wood  alcohol.  This  is  because  the  toxic  action  of  wood  alcohol  is  largely  depen- 
dent on  the  formic  acid  which  arises  from  it. 

In  man,  blindness  has  been  reported  after  taking  only  10  cc,  but  it  is  usual  only 
after  much  larger  quantities.  Puckner,  in  order  to  prove  that  pure  wood  alcohol  was  not 
poisonous,  swallowed  90  cc.  (3  oz.)  in  divided  doses,  with  no  bad  effects.  Death  occa- 
sionally results  from  half  an  ounce.  Wood,  who  has  collected  all  the  cases  up  to  1912, 
says  that  if  ten  persons  each  drink  4  ounces  within  3  hours,  all  will  have  marked  abdomi- 
nal distress,  4  will  probably  die,  and  2  become  totally  blind.  Poisoning  occurs  readily 
from  inhalation  of  the  fumes,  especially  if  the  space  is  enclosed;  many  cases  of  death 
have  resulted  in  workmen  varnishing  the  inside  of  beer  vats. 

The  alterations  in  the  eye  are  almost  distinctive.  There  is  marked  hyperemia  of  the 
eyeground,  with  degenerative  changes  in  the  ganglion  cells  in  all  parts  of  the  retina. 
The  nerve  fibers  of  the  optic  tract  also  show  degeneration,  but  although  this  is  less 
marked  than  that  of  the  cells,  it  begins  too  early  to  be  secondary  to  nutritive  deficiency. 
The  lesions  are  not  ififlammatory  in  character,  and  are  similar  in  man  and  in  experi- 
mental animals.  The  lesions  are  more  marked  in  the  cones  of  the  retina  than  in  the 
rods,  differing  thus  from  atoxyl  and  nicotine  amblyopia.  The  macula  is  particularly 
affected,  leading  to  central  scotoma.  Most  other  toxic  amblyopias  show  instead  a  con- 
traction of  the  visual  field  (Birch-Hirschfeld).  The  retina  and  choroid  show  edema,  the 
iris  being  commonly  not  affected. 

Treatment  of  Poisoning. — The  first  indication  is  to  get  rid  of  as  much  of  the  poison 
as  possible.  For  this  purpose  the  stomach  should  be  washed  out  thoroughly  and  repeat- 
edly, as  excretion  into  it  continues  for  several  days.  The  acidosis  should  be  combated 
by  administration  of  sodium  bicarbonate,  or  if  it  appears  to  be  severe,  by  hypodermic 
injections  of  5  percent,  bicarbonate.  In  most  cases  this  is  the  chief  indication.  The 
tendency  to  fedema  of  the  lungs  will  be  met  in  part  by  the  alkaline  infusions,  but  may 
be  combated  also  by  inhalations  of  oxygen,  by  sweat  baths  and  perhaps  by  pilocarpine, 
given  cautiously  and  with  due  regard  to  its  tendency  to  cause  such  edema.  General 
stimulation  is  often  required,  large  doses  of  strychnine  being  applicable.  The  treatment 
of  the  ocular  disturbance  is  very  unsatisfactory.    Strychnine  may  improve  the  circulation 
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through  the  retina  and  negative  galvanism  is  highly  recommended.     The  outlook  is  bad 
whatever  treatment  is  used. 

Opium 

The  knowledge  of  the  narcotic  powers  and  medicinal  virtues  of  opium,  the  dried 
juice  of  the  opium  poppy,  appears  to  have  been  very  ancient  in  certain  parts  of  the 
Near  East,  where  its  cultivation  is  of  great  antiquity.  The  name  opium  (from  the 
Greek  ojtog,  juice)  is  used  by  Hippocrates  to  designate  a  sedative  drug,  but  it  is 
uncertain  whether  the  present  substance  was  intended,  and  although  it  is  described 
by  Dioscorides  and  the  opium  plant  pictured,  opium  does  not  appear  to  have  been 
extensively  used  in  Western  medicine  until  it  was  introduced  by  the  Arabian  school, 
especially  Avicenna  and  Rhazes.  To  some  Arab  teacher  is  to  be  attributed  the  saying 
that  "opium  is  the  finger  of  God,  it  smites  and  it  heals."  After  this  period  it  again  fell 
into  disuse,  through  the  teachings  of  the  Galenical  doctrine,  but  was  revived  in  the 
sixteenth  century  by  Paracelsus,  who  introduced  laudanum  under  that  name,  since 
which  time  opium  has  been  extensively  employed,  especially  for  the  relief  of  pain 
and  diarrhea.  Sydenham  in  1670  exclaims,  "Without  it  the  healing  art  would  cease 
to  exist"  (Wood).  The  history  of  morphine  is  of  especial  interest,  as  it  was  the  first 
alkaloid  whose  chemical  relationship  to  ammonia  was  discovered  (Sertiirner,  1804). 
Narcotine  had  been  obtained  as  crystals  a  year  earlier  (Derosne,  1803)  and  all  the  im- 
portant alkaloids  had  been  isolated  by  1850. 

Opium  is  still  grown  chiefly  in  the  Near  East.  It  can  be  obtained  from  poppies 
cultivated  in  Europe  and  America,  but  the  yield  of  morphine  is  small  and  it  does 
not  pay.  The  opium  poppy  has  been  introduced  into  China  within  modern  historical 
times,  chiefly  by  English  traders  from  Hong  Kong  and  Shanghai.  The  "opium  war" 
was  occasioned  by  the  attempt  of  China  to  break  up  this  traffic  and  the  insistence 
of  England  that  it  continue,  as  her  East  Indian  subjects  derived  a  large  revenue 
from  the  sale  of  opium  to  the  Chinese.  In  recent  years  the  influence  of  other  nations 
has  forced  England  to  allow  China  to  prohibit  importation. 

Chemistry. — Opium  contains  about  20  percent,  of  total  alkaloids,  the  remainder 
consisting  of  several  organic  acids,  among  them  meconic  acid  (4  percent.),  lactic  acid 
(2  percent.),  and  citric  acid;  albumen,  gum,  wax,  sugars,  coloring  matters,  and  water. 
Inorganic  ash  constitutes  about  4  percent. 

The  activity  of  opium  depends  entirely  on  its  alkaloids,  of  which  about  twenty 
have  been  isolated.  As  regards  both  composition  and  properties  these  fall  into  two 
groups,  one  based  on  the  so-called  "phenanthrene  nucleus,"  the  other  on  an  isoquino- 
line  nucleus.  The  first  group  includes  as  its  chief  representatives  morphine,  codeine, 
thebaine,  and  five  artificial  alkaloids :  heroine,  dionine,  peronine,  apomorphine,  and 
apocodeine.  The  isoquinoline  nucleus  characterizes  chiefly  narcotine,  papaverine,  and 
narceine.  An  average  sample  of  total  alkaloids  contains  in  100  parts:  (A)  phenan- 
threne group — morphine,  62  parts;  codeine,  3  parts;  thebaine,  2.5  parts;  monacetyl 
morphine,  pseudomorphine,  and  oxydimorphine,  together  less  than  1  part;  (B)  iso- 
quinoline group — narcotine,  22  parts;  papaverine,  3.5  parts;  narceine,  1.9  parts.  Pictet 
gives  the  following  percentages  in  powdered  opium:  phenanthrene — morphine,  9;  the- 
baine, 0.4;  codeine,  0.3;  pseudomorphine,  0.02;  monacetyl  morphine  and  oxydimor- 
phine, traces;  isoquinoline — narcotine,  5;  papaverine,  0.8;  narceine,  0.2;  cryptopine, 
0.08;  laudanine,  0.01;  lanthopine,  0.006;  protopine,  0.003;  codamine,  0.002;  tritopine, 
0.0015 ;  laudanosine,  0.0008 ;  and  traces  of  cotarnine,  gnoscopine,  meconidine,  papa- 
veramine,  neopine,  rhoeadine  and  oxynarcotine;  of  other  constituents — meconic  acid, 
4;  lactic  acid,  1.2,  and  meconine,  0.3  percent. 

The  uLiounts  of  these  alkaloids  are  quite  variable:  morphine  may  be  present  in 
2.7  to  22  percent,  of  the  crude  drug,  but  is  usually  between  9  and  11  percent,  and 
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imist  be  present  to  at  least  9.5  percent,  in  U.S. P.  opium.  Papaverine  is  absent  from 
opium  grown  in  Hindustan,  and  tbe  minor  alkaloids  may  or  may  not  be  present. 

Several  artificial  alkaloids  made  by  additions  to  the  morphine  molecule  are  em- 
ployed as  substitutes  for  it  and  have  become  more  important  than  any  of  the  natural 
alkaloids  except  morphine  and  codeine.  These  are  diacetylmorphine  or  "heroine," 
ethyhuorphine  or  "dionine,"  and  benzylmorphine  or  "peronine."  Two  other  artificial 
alkaloids,  apomorphinc,  an  anhydride  of  morphine,  and  apocodeine,  a  similar  deriva- 
tive of  codeine,  have  actions  distinct  from  any  of  the  natural  alkaloids.  Two  artificial 
mixtures  of  alkaloids  have  attained  wide  vogue  especially  abroad :  "pantopon,"  a 
mixture  of  the  hydrochlorides  of  all  the  alkaloids  in  the  natural  proportions,  and 
"narcophine,"  a  mixture  of  1  part  of  morphine  and  2  parts  of  narcotine. 

The  following  formulas  show  the  structure  of  the  most  important  alkaloids: 
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Summary  of  Actions  and  Uses, — The  alkaloids  of  opium  act  chiefly  on  the  nerve  sys- 
tem, their  effects  on  other  structures  being  in  the  main  indirect,  through  influence  on 
the  controlling  nerve  apparatus.  All  portions  of  the  system  are  influenced,  but  in  gen- 
eral it  may  be  said  that  the  natural  phenanthrene  alkaloids  act  chiefly  on  the  central 
nerve  system;  the  isoquinolihe  alkaloids,  more  strongly  on  the  autonomic  system.  The 
action  of  opium  is  so  dominated  by  that  of  morphine  as  to  coincide  with  it  in  the  main. 
The  isoquinoline  alkaloids  modify  the  action  of  the  total  drug  largely  by  their  relaxing 
effect  on  smooth  muscle  and  their  sedative  action  on  the  autonomic  system.  Opium  is 
thus  more  constipating  than  morphine  and  has  more  effect  on  painful  spasmodic  affec- 
tions of  smooth  muscle. 

Opium  is  classed  with  the  nerve  depressants,  narcotics  or  sedatives  because  in  man 
its  most  important  actions  are  paralysis  of  the  cerebrum  and  of  the  sensory  receptive 
apparatus.  Certain  functions  of  the  nerve  system  are,  however,  stimulated,  for  example, 
the  spinal  reflexes.  This  combination  of  depression  and  stimulation,  which  is  perhaps 
more  characteristically  seen  in  opium  than  in  any  other  drug,  is  not  dependent  on  its 
being  a  mixture  of  alkaloids  of  differing  actions.  Each  of  the  more  important  alkaloids 
possesses  in  itself  both  properties,  although  in  very  different  proportions.  Morphine  is 
the  most  narcotic  and  least  stimulant  to  man,  then  follow  papaverine  and  narcotine, 
then  codeine  and  narceine,  and  at  the  other  extreme,  most  stimulant  and  least  narcotic, 
thebaine.  The  proportionate  degree  of  stimulation  and  narcosis  differs  widely  with  each 
of  these  in  different  species  of  animals  and  the  effects  bear  no  relation  to  the  group  to 
which  the  species  belongs.  As  regards  morphine,  the  narcotic  action  predominates  in 
man,  dogs,  rabbits,  and  pigeons,  while  in  cats,  guinea-pigs,  horses,  cattle,  goats  and 
frogs,  the  exciting  effects  are  more  striking. 

The  combination  of  stimulation  and  depression  is  seen  in  all  portions  of  the  nerve 
system.  In  man  the  cerebral  thought  centers  are  depressed  as  are  the  centers  receiving 
sensory  stimuli,  this  combination  of  effects  leading  to  sleep  of  a  peculiarly  deep  character. 
The  respiratory  center  is  depressed  and  cessation  of  respiration  is  the  cause  of  death  in 
fatal  poisoning.  The  vasomotor  center  is  stimulated  by  small  doses  and  the  spinal 
reflexes  by  all  amounts.  In  most  species  the  spinal  convulsions  which  result,  dominate 
the  picture  of  acute  poisoning  and  result  fatally  if  the  dose  be  large  enough.  The  per- 
ipheral portions  of  the  nerve  system  are  less  influenced,  neither  sensory  nor  motor  end- 
ings being  depressed  by  fatal  doses.  The  endings  of  the  autonomic  system  are  paralyzed 
by  the  isoquinoline  alkaloids,  the  centers  and  ganglia  being  variously  affected. 

Opium  and  morphine  are  used  in  therapeutics  solely  for  their  depressant  qualities. 
They  stand  alone  in  their  power  to  relieve  pain  dependent  on  gross  organic  lesions.  In 
such  distressing  conditions  as  cancer,  gastric  ulcer,  and  renal  and  biliary  calculus  only 
this  drug  and  its  alkaloids  are  able  to  bring  relief  in  doses  which  do  not  endanger  the 
vital  functions.  Insomnia  dependent  on  pain  or  on  motor  excitement  or  dyspnea  may 
be  relieved  but  a  thorough  trial  should  first  be  made  of  pure  hypnotics,  as  the  formation 
of  a  habit  is  especially  to  be  dreaded  in  such  conditions.  Excessive  cough  is  often 
promptly  quieted  by  small  doses,  codeine  being  often  preferable  to  morphine.  The 
narcotic  and  analgesic  actions  give  morphine  great  value  as  a  preparatory  to  surgical 
anesthesia.  For  the  checking  of  diarrhea,  opium  is  best  adapted,  as  the  isoquinoline 
alkaloids  aid  in  lessening  peristalsis.  The  dilating  action  on  the  skin  vessels  leads  to 
its  association  with  ipecac  in  the  diaphoretic  "Dover's  powder,"  while  the  fall  of  blood 
pressure  which  it  occasions  accompanied  by  its  general  quieting  action,  aid  in  the  control 
of  internal  hemorrhage. 

The  pharmacodynamics  and  therapeutics  of  opium  and  morphine  will  be  taken  up 
together;  that  of  other  alkaloids  being  considered  separately. 

Materia  Medica. — Opium  (U.S.  X.),  Opium. 

The  air  dried  milky  exudation  obtained  by  incising  the  unripe  capsules  of  Papaver 
soniniferum  Linne  or  its  variety  album.  DeC.  (Fam.  Papaveracece).  In  more  or  less 
rounded,  somewhat  flattened  masses,  usually  about  8  to  15  cm.  in  diameter;  odor  char- 
acteristic, narcotic;  taste  bitter,  characteristic.  Yields  not  less  than  9.5  percent,  of 
anhydrous  morphine.  The  Brussels  (International)  Conference  agreed  that  opium 
should  contain  10  percent,  of  morphine,  but  the  value  of  this  agreement  is  reduced  by 
the  varying  results  obtained  by  the  different  assay  processes  of  the  several 
Pharmacopoeias. 


OPIUM  AND  OPIUM  DEPTVATIVES  1650 

Antagonists  and  IncompatiUes. — All  alkaloidal  precipitants  are  chemically  incom- 
patible, including  alkalis,  soluble  salts  of  heavy  metals,  tannin.  Oxidising  agents 
destroy  morphine.  Caffeine  is  the  most  complete  physiologic  antagonist.  Atropine 
opposes  its  action  on  the  autonomic  system;  bromides,  its  action  on  the  cord; 
strychnine,  that  on  the  heart;  ammonia,  that  on  the  respiratory  center. 

Synergists. — All  anesthetics,  narcotics  and  sedatives  assist  the  action  on  the  brain; 
astringents  and  camphor  aid  the  quieting  effect  on  the  bowel;  the  various  opium 
alkaloids  are  also  synergistic  in  this  respect ;  ipecac  aids  the  diaphoretic  action ;  the 
anodyne  action  is  aided  by  the  coal  tar  antipyretics  and  by  atropine. 

Dose,  1/2  to  2  grains  (0.003  to  0.12  Gm.). 

Opium  Granulatum  (U.S.  X.),  Granulated  Opium.     Ahhr.,  Opium  Gran. 

Opium  dried  at  a  temperature  not  exceeding  70°  C.  and  reduced  to  a  coarse  powder. 
It  yields  between  10  and  10.5  percent,  of  morphine. 

Dose,  V2  to  2  grains  (0.03  to  0.12  Gm.). 

Opium  Pulveratum  (U.S.  X.),  Powdered  Opium.  Ahhr.,  Opium  Pulv.  Synonym: 
Opii  Pulvis  (U.S.  IX  and  P.L). 

Identical  with  opium  granulatum  except  in  fine  powder. 

Dose,  1/2  to  2  grains  (0.03  to  0.12  Gm.). 

Opium  Deodoratum  (U.S.  IX.),  Deodorized  Opium.    Ahhr.,  Opium  Deod. 

Opium  powder  deodorized  by  maceration  in  petroleum  benzin.  Morphine  content 
same  as  that  of  opium. 

Dose,  V2  to  2  grains  (0.03  to  0.12  Gm.). 

TixcTURA  Opii  (U.S.  X.),  Tincture  of  Opium.  Ahhr.,  Tr.  Opii.  Synonyms: 
Laudanum,  Tincture  of  Deodorized  Opium,  Opii  Tinctura  P.I. 

An  aqueous  extract  of  opium  is  deodorized  by  shaking  with  melted  paraffin  and 
adjusted  to  contain  18  percent,  of  alcohol  and  1  percent,  of  morphine;  10  cc.  corre- 
sponds to  1  Gm.  of  opium.  The  deodorized  tincture  was  formerly  made  (U.S.  IX.), 
by  shaking  the  watery  extract  with  petroleum  benzin  which  was  evaporated  off  before 
adding  the  alcohol. 

Dose,  5  to  15  minims  (0.3  to  1  cc). 

Tinctura  Opii  Ammoniata  (Br.),  Ammoniated  Tincture  of  Opium.  Ahhr.,  Tr. 
Opii  Ammon.     Synonym :    Scotch  Paregoric. 

This  tincture  contains  0.1  Gm.  of  morphine,  calculated  as  anhydrous,  in  100  cc, ; 
110  minims  contain  about  Mo  grain. 

Dose,  1/2  to  1  fluidram  (2  to  4  cc). 

Tinctura  Opii  Camphorata  (U.S.  X.),  Camphorated  Tincture  of  Opium.  Ahhr., 
Tr.  Opii  Camph.  Tinctura  Campliorce  Composita  (Br.),  Compound  Tincture  of 
Camphor.    Synonyms :  Paregoric,  Paregoric  Elixir. 

Powdered  opium,  benzoic  acid,  and  camphor,  of  each  4  Gm. ;  oil  of  anise,  4  cc, 
macerated  and  then  percolated  with  diluted  alcohol  and  glycerin  to  make  1000  cc 
The  Br.  preparation  is  made  with  tincture  of  opium  and  contains  1/10  more  mor- 
phine than  the  U.S.  tincture. 

Dose,  1/2  to  3  fluidrams  (2  to  12  cc). 

Extractum  Opii  (U.S.  IX.),  Extract  of  Opium.  Ahhr.,  Ext.  Opii.  Synonyms: 
Extractum  Opii  Siccum  (Br.),  Dry  Extract  of  opium. 

A  powdered  extract;  1  Gm.  corresponds  to  2  Gm.  of  opium;  contains  20  percent, 
of  morphine. 

Dose,  y^  to  1  grain  (0.015  to  0.06  Gm.). 

Syrupus  Papaveris  (unofficial).  Syrup  of  poppy.    Ahhr.,  Syr.  Papaver. 

A  10  percent,  extract  of  poppy  capsules  in  simple  syrup. 

Dose,  1/2  to  2  fluidrams  (2  to  8  cc). 
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Emplastrum  Oph  (unofficial),  Opium  Plaster.    Ahhr.,  Empl.  Opii. 

A  mixture  of  opium  powder,  10  parts ;  resin  plaster,  90  parts. 

Dose,  for  external  use,  the  effect  being  obtained,  however,  only  after  absorption  and 
by  action  on  the  brain. 

Enema  Opii  (unofficial).  Enema  of  opium. 

1  part  of  tincture  of  opium  in  32  parts  of  starch  mucilage. 

Dose,  administered  warm  as  sedative  and  peristaltic  inhibitor. 

ExTRACTUM  Oph  Liquidum  (Br.),  Liquid  Extract  of  Opium.  Ahhr.,  Ext.  Opii  Liq. 
Synonym:  Fluidextractum  Opii,  Fluidextract  of  Opium. 

Contains  20  percent,  alcohol  and  0.75  percent,  of  anhydrous  morphine.  Sixteen 
cc.  corresponds  to  1  Gm.  of  opium;  110  minims  contain  %  grain. 

Dose,  5  to  30  minims  (0.3  to  2  cc). 

PuLVis  Opii  Compositus  (Br.),  Compound  Powder  of  Opium.  Ahhr,,  Pulv. 
Opii  Co. 

Opium  powder,  10  parts;  black  pepper,  15  parts;  ginger,  30  parts;  caraway,  42 
parts;  tragacanth,  3  parts.  This  powder  is  of  the  same  strength  as  Dover's  powder, 
containing  10  percent,  of  opium. 

Dose,  5  to  10  grains    (0.3  to   0.6   Gm.). 

PuLVis  Cret.«:  et  Opii  Aromaticus  (N.F.),  Aromatic  Powder  of  Chalk  and  Opium. 
Ahhr.,  Pulv.  Cret.  et  Opii  Arom.  Synonym :  Pulvis  Cretse  Aromaticus  cum  Opio 
(Br.). 

This  is  aromatic  chalk  powder,  containing  2.5  percent,  of  opium. 

Dose,  10  to  60  grains  (0.6  to  4  Gm.). 

Pilule  Oph,  Digitalis  et  Quinine  (N.F.),  Pills  of  Opium,  Digitalis  and  Quinine. 
Ahhr.,  Pil.  Opii,  Digit,  et  Quin.     Synonym:  Niemeyer's  Pills  for  Phthisis. 

Each  pill  contains  %  grain  (0.01  Gm.)  of  opium  and  1  grain  (0.065  Gm.)  each  of 
digitalis  and  quinine. 

Dose,  1  pill. 

Pilule  Opii  et  Plumbi  (N.E.),  Pills  of  Opium  and  Lead.  Ahhr,,  Pil.  Opii  et 
Plumb.     Synonym:  Pilula  Plumbi  cum  Opio  (Br.). 

.    •     Each  pill  contains  1  grain  (0.06  Gm.)  of  opium  and  1  grain  (0.06  Gm.)  of  lead 
acetate. 

Dose,  2  to  4  grains  (0.12  to  0.24  Gm.). 

Pilula  Saponis  Composita  (Br.),  Compound  Pill  of  Soap.  Ahhr.,  Pil.  Sap.  Co. 
Synonym:  Pilula  Opii. 

This  pill  mass  contains  about  20  percent,  of  opium. 

Dose,  2  to  4  grains  (0.12  to  0.24  Gm.). 

Linimentum  Opii  (Br.),  Liniment  of  Opium.    Ahhr.,  Lin.  Opii, 

Tincture  of  opium  and  liniment  of  soap,  of  each  500  cc. 

Dose,  used  externally  as  an  anodyne  application. 

Linimentum  Opii  Compositum  (N.E.),  Compound  Liniment  of  Opium.  Ahhr., 
Lin.  Opii  Co.    Synonym:  Canada  Liniment. 

Contains  about  10  percent,  of  tincture  of  opium,  22  percent,  of  oil  of  turpentine, 
35  percent,  of  ammonia  water,  with  camphor,  alcohol  and  oil  of  peppermint,  emulsified 
with  fresh  egg  albumen. 

Dose,  externally  as  stimulative  anodyne. 

AcETUM  Opii  (unofficial),  Vinegar  of  Opium.  Ahhr.,  Acet.  Opii,  Synonym: 
Black  Drop, 

An  extract  in  dilute  acetic  acid  flavored  with  nutmeg.  Ten  cc,  corresponds  to 
1  Gm.  of  opium. 

Dose,  5  to  10  minims   (0.3  to  0.6  cc). 
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MiSTURA  Carminativa  (N.F.),  Carminative  Mixture.  Abbr.,  Mist.  Carminat. 
Synonym :  Dalby's  Carminative. 

Magnesium  carbonate,  65  Gm. ;  potassium  carbonate,  3  Gm. ;  tincture  of  opium, 
25  ec.;  oil  of  caraway,  oil  of  fennel,  and  oil  of  peppermint,  of  each,  0.5  cc;  eyrup, 
160  cc. ;  water,  q.s.  to  make  1000  cc.    Contains  Ko  grain  of  opium  in  each  10  minims. 

Dose  for  infants,  5  to  8  minims  (0.3  to  0.5  cc). 

MrsTURA  Magnesle,  Asafcetid^  et  Opii  (N.F.),  Mixture  of  Magnesia,  Asafetida 
and  Opium.    Abbr.,  Mist.  Mag.,  Asafoet.  et  Opii.    Synonym:  Dewee's  Carminative. 

Magnesium  carbonate,  5  percent.;  tincture  of  asafetida,  7.5  percent.;  tincture  of 
opium,  1  percent.,  with  sugar  and  water.  Each  teaspoonful  contains  about  %  minim 
of  laudanum. 

Dose,  1  to  2  fluidrams  (4  to  8  cc). 

Mistura  Opii  et  Chloroformi  Composita  (N.F.),  Compound  Mixture  of  Opium 
and  Chloroform.  Abbr.,  Mist.  Opii  et  Chlorof.  Co.  Synonym:  Squibb's  Diarrhea 
Mixture. 

Tincture  of  opium,  and  spirit  of  camphor,  of  each,  20  percent.;  tincture  of  capsi- 
cum, 10  percent. ;  chloroform,  and  alcohol. 

Dose,  15  to  30  minims  (1  to  2  cc). 

Mistura  Opii  et  Khei  Composita  (N.F.),  Compound  Mixture  of  Opium  and 
Rhubarb.    Abbr.,  Mist.  Opii  et  Rhei  Co.    Synonym:  Sun  Cholera  Mixture. 

Tincture  of  capsicum  and  tincture  of  rhubarb,  of  each,  10  percent.;  tincture  of 
opium,  spirit  of  camphor,  and*  spirit  of  peppermint,  of  each,  20  percent.,  with  alcohol. 

Dose,  15  to  30  minims  (1  to  2  cc). 

Mistura  Opii  et  Sassafras  (unofficial).  Mixture  of  Opium  and  Sassafras.  Abbr., 
Mist.  Opii  et  Sassaf.   Synonyms :  Mistura  Opii  Alkalina,  Godfrey's  Cordial. 

Each  fluidram  contains  about  2V^  minims  of  laudanum. 

Dose  for  infants,  4  to  8  minims  (0.25  to  0.5  cc). 

Pilule  Opii  et  Camphors  (N.F.),  Pills  of  Opium  and  Camphor.  Abbr.,  Pil. 
Opii  et  Camph. 

Each  pill  contains  about  1  grain  of  opium  and  2  grains  of  camphor. 

Dose,  1  pill. 

TiKCTURA  Opii  Crocata  (N.F.),  Tincture  of  Opium  with  Saffron.  Abbr.,  Tr.  Opii 
Crocat.     Synonyms :  Sydenham's  Laudanum,  Tinctura  Opii  Crocata  P.I. 

Each  100  cc.  contains  1  Gm.  of  anhydrous  morphine. 

Dose,  5  to  10  minims  (0.3  to  0.6  cc). 

Tinctura  Opii  et  Gambir  Composita  (N.F.),  Compound  Tinctura  of  Opium  and 
Gambir.  Abbr.,  Tr.  Opii  et  Gambir  Co.  Synonyms :  Tinctura  Pectoralis,  Bateman's 
Pectoral  Drops. 

Each  fluidram  represent  2.4  minims  of  tinctura  of  opium;  3.5  minims  of  com- 
pound tinctura  of  gambir,  and  0.22  grains  of  camphor. 

Dose  for  infants,  10  to  15  minims  (0.6  to  1  cc). 

Morphina  (U.S.  X.),  Morphine. 

An  alkaloid  obtained  from  opium.  It  occurs  in  colorless  or  white,  shining,  rhom- 
bic prisms,  in  fine  needles,  or  as  a  crystalline  powder;  odorless;  permanent  in  the  air. 
One  Gm.  dissolves  in  3340  cc.  of  water,  210  cc.  of  alcohol.  One-fifth  of  a  grain  is  the 
equivalent  of  one  grain  of  opium. 

Dose,  1/8  to  1/5  grain  (0.008  to  0.013  Gm.). 

Morphine  Acetas  (Br.),  Morphine  Acetate.    Abbr.,  Morph.  Acet. 

A  white,  crystalline  or  amorphous  powder,  of  bitter  taste,  and  soluble  in  2.5  parts 
of  water. 

Dose,  Vs  to  1/2  grain  (0.008  to  0.03  Gm.). 
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Morphine  Hydrochloridum  (U.S.  X.),  Morphine  Hydrochloride.  Ahhr.,  Morph. 
Hydrochlor. 

Occurs  in  white,  silky,  glistening  needles  or  cubical  masses,  or  a  white,  crystal- 
line powder.  Soluble  in  17.5  parts  of  cold  water  and  half  a  part  of  boiling  water; 
soluble  in  glycerin,  and  in  52  parts  of  alcohol. 

Dose,  Vs  to  1/2  grain  (0.008  to  0.03  Gm.). 

Morphine  Sulphas  (U.S.  X.),  Morphine  Sulphate.    Ahhr.,  Morph.  Sulph. 

Occurs  in  white,  feathery,  silky  crystals  or  cubical  masses  or  a  white,  crystalline 
powder.    Soluble  in  15.5  parts  of  water,  and  in  565  parts  of  alcohol. 

Dose,  Vs  to  1/2  grain  (0.008  to  0.03  Gm.). 

Morphine   Tartras   (Br.),  Morphine  Tartrate.    Ahhr.,  Morph.   Tart. 

Occurs  in  minute,  acicular  crystals,  efflorescent  at  20°  C.;  taste,  bitter;  soluble 
in  11  parts  of  water. 

Dose,  Vs  to  1/2  grain  (0.008  to  0.03  Gm.). 

Liquor  Morphine  Acetatis  (Br.),  Solution  of  Morphine  Acetate.  Ahhr.,  Liq. 
Morph.  Acet. 

This  solution  contains  1  Gm,  of  morphine  acetate  in  100  cc;  110  minims  contain 
1  grain.     Alcoholic  content  22  percent. 

Dose,  10  to  60  minims  (0.65  to  1  cc). 

Liquor  Morphine  Hydrochloridi  (Br.),  Solution  of  Morphine  Hydrochloride. 
Ahhr.,  Liq.  Morph.  Hydrochl. 

This  solution  contains  1  Gm.  of  morphine  hydrochloride  in  100  cc. ;  110  minims 
contain  1  grain.     Alcoholic  content  22  percent. 

Dose,  10  to  60  minims  (0.65  to  1  cc). 

Liquor  Morphine  Tartratis  (Br.),  Solution  of  Morphine  Tartrate.  Ahhr.,  Liq. 
Morph.  Tart. 

This  solution  contains  1  Gm.  of  morphine  tartrate  in  100  cc. ;  110  minims  con- 
tains 1  grain.    Alcoholic  content  22  percent. 

Dose,  10  to  60  minims  (0.65  to  1  cc). 

Injectio  MoRPHiNiE  Hypodermica  (Br.),  Hypodermic  Injection  of  Morphine. 
Ahhr.,  Inject.  Morph.  Hyp. 

This  preparation  contains  2.5  percent,  of  morphine  tartrate;  110  minims  contains 
2^2  grains. 

Hypodermic  dose,  5  to  10  minims  (0.3  to  0.6  cc). 

Suppositoria  MoRPHiNiE  (Br.),  Morphine  Suppositories.    Ahhr.,  Supp.  Morph. 

Each  suppository  contains  about  V^  grain  (0.017  Gm.)  of  morphine  hydrochloride 
in  oil  of  theobroma. 

Trochiscus  MoRPHiNiE  (Br.),  Morphine  Lozenge.    Ahhr.,  Troch.  Morph. 

Each  lozenge,  with  a  tolu  basis,  contains  1/32  grain  (0.002  Gm.)  of  morphine 
hydrochloride. 

Dose,  1  or  2  troches. 

Syrupus  Morphine  et  Acacia  (unofficial).  Syrup  of  Morphine  and  Acacia.  Ahhr., 
Syr.  Morph.  et  Acac    Synonyms :  Syrupus  Pectoralis,  Jackson's  Pectoral  Syrup. 

Each  fluidram  contains  about  %2  grain  of  morphine  hydrochloride. 

Dose,  I/2  to  2  fluidrams  (2  to  8  cc). 

Syrupus  Pini  Albae  Compositus  cum  Morphina  (N.F.)  Compoimd  syrup  of 
White  Pine  with  Morphine,  Ahhr.,  Syr.  Pin.  Strob.  c  Morph.  Synonym:  Syrupus 
Pini  Strobi  Compositus  cum  Morphina. 

Each  fluidram  represents  about  %o  grain  (0.0016  Gm.)  of  morphine  sulphate  in 
compound  syrup  of  white  pine. 

Dose,  V^  to  2  fluidrams  (2  to  8  cc). 
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CCDEINA  (U.S.X.),  Codeine.    Ahhr.,  Codein.    Synonym:  Methylmorphine. 

An  alkaloid  obtained  from  opium  or  prepared  from  morphine  by  methylation.  It 
occurs  as  colorless,  translucent  crystals,  or  a  white,  crystalline  powder;  odorless; 
slightly  efflorescent  in  warm  air.  One  Gm.  is  soluble  in  120  cc.  of  water,  2  cc.  of 
alcohol,  0.5  cc.  of  chloroform. 

Dose,  V4,  to  1  grain  (0.015  to  0.06  Gm.). 

CoDEiN.E  Phospiias  (U.S.  X.),  Codeine  Phosphate.    Ahhr.,  Codein.  Phos. 

This  contains  not  less  than  67  percent,  of  anhydrous  codeine.  It  occurs  in  fine, 
white,  needle-shaped  crystals,  or  a  white,  crystalline  powder;  odorless,  and  very 
efflorescent.  One  Gm.  is  soluble  in  2.3  cc.  of  water,  325  cc.  of  alcohol,  4500  cc.  of 
chloroform. 

Dose,  14  to  1  grain  (0.015  to  0.06  Gm.). 

CoDEiNiE  Sulphas  (U.S.  X.),  Codeine  Sulphate.    Ahhr.,  Codein.  Sulph. 

Occurs  in  long,  glistening,  white,  needle-shaped  crystals  or  rhombic  prisms,  or 
a  crystalline  powder;  odorless,  and  efflorescent  in  the  air.  One  Gm.  is  soluble  in 
30  cc.  of  water  and  in  1280  cc.  of  alcohol;  insoluble  in  chloroform. 

Dose,  14  to  1  grain  (0.015  to  0.06  Gm.). 

Syrupus  Codeine  Phosphatis  (Br.),  Syrup  of  Codeine  Phosphate.  Ahhr.,  Syr. 
Codein.  Phosph. 

One  fluidram  contains  about  Yi  grain  of  codeine  phosphate  in  simple  syrup. 

Dose,  Yz  to  2  fluidrams  (2  to  8  cc). 

Syrupus  Codeine  (unofficial).  Syrup  of  Codeine.    Ahhr.,  Syr.  Codein. 

One  fluidram  contains  about  Ys  grain  (0.008  Gm.)  of  codeine  sulphate  in  simple 
syrup. 

Dose,  1  to  2  fluidrams  (4  to  8  cc). 

DucETYLMORPHiNA  (U.S.  IX.),  Diacetylmorphine.  Ahhr.,  Diacetylmorph.  Syno- 
nyms: Diamorphine,  Heroine. 

An  alkaloid  prepared  from  morphine  by  acetylization.  It  occurs  as  a  white,  crys- 
talline powder  without  odor.  One  Gm.  dissolves  in  about  1700  cc  of  water,  31  cc. 
of  alcohol,  1.4  cc.  of  chloroform.     (Sale  forbidden  in  U.S.). 

Dose,  y-zQ  to  i/s  grain  (0.0025  to  0.008  Gm.). 

DUCETYLMORPHINA  Hydrochloridum  (U.S.  IX.),  Heroine  Hydrochloride.  Ahhr., 
Diacetylmorph.  Hydrochl.  Synonyms:  Diamorphinae  Hydrochloridum  (Br.),  Diamor- 
phine Hydrochloride. 

Occurs  as  a  white,  crystalline  powder  of  bitter  taste  and  without  odor.  Soluble 
in  3  parts  of  water  and  11  parts  of  alcohol. 

Dose,  Vio  to  Vs  grain  (0.0025  to  0.008  Gm.). 

^THYLMORPHiNJE  Hydrochloridum  (U.S.  X.),  Ethylmorphine  Hydrochloride. 
Ahhr.,  .^thylmorph.  Hydrochl.    Synonym:  Dionine. 

The  hydrochloride  of  a  synthetic  alkaloid  prepared  from  morphine  by  ethylation, 
occurring  as  a  white  or  faintly  yellow  microcrystalline  powder,  having  no  odor.  One 
Gm.  is  soluble  in  8  cc.  of  water  and  in  22  cc.  of  alcohol. 

Dose,  ^4.  to  1/2  grain  (0.015  to  0.03  Gm.). 

Benzylmorphina  Hydrochloridum  (unofficial),  Benzylmorphine  Hydrochloride. 
Synonym:  Peronine. 

Occurs  as  a  white,  crystalline  powder;  odorless;  taste,  bitter.  Soluble  in  134 
parts  of  water,  but  in  10  parts  of  boiling  water. 

Dose,  1/3  to  1  grain  (0.02  to  0.06  Gm.). 

Paxtopium  Hydrochlorium  (N.N.R.),  Pantopium  Hydrochloride.  Ahhr.,  Pant- 
opium  Hydrochl.    Synonyms:  Pantopon,  Omnopon. 

A  mixture  of  the  hydrochlorides  of  all  the  alkaloids  of  opium  in  the  same  relative 
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proportion  as  they  occur  in  that  drug,  but  without  the  resins  and  other  inert 
constituents.  Occurs  as  a  dark  gray  powder;  soluble  in  water,  and  suitable  for 
hypodermic  administration. 

Dose,  %  to  1/^  grain  (0.01  to  0.02  Gm.)  by  mouth;  Vit.  to  %  (0.005  to  0.01  Gm.) 
hypodermically. 

Narcophine  (unofficial),  Morphine  and  Narcotine  Meconate. 

A  double  salt  of  morphine  and  narcotine,  containing  one  molecule  of  each,  com- 
bined with  meconic  acid.  Occurs  as  a  crystalline  powder;  readily  soluble  in  water, 
and  suitable  for  hypodermic  administration. 

Dose,  1/4  to  1/2  grain  (0.015  to  0.03  Gm.). 

Papaverina  (N.N.R.),  Papaverine. 

An  alkaloid  obtained  from  opium,  belonging  to  the  benzyl  isoquinoline  group. 
It  occurs  as  fine,  white,  rhombic  prisms  or  needles  or  sometimes  in  scales;  odorless, 
and  tasteless;  slightly  soluble  in  alcohol;  nearly  insoluble  in  water. 

Dose,  1/2  to  1  grain  (0.03  to  0.06  Gm.). 

Papaverine  Hydrochloridum  (N.N.R.),  Papaverine  Hydrochloride. 

Occurs  as  a  fine,  white,  crystalline  powder  or  in  small,  monoclinic  plates  or 
prisms;  odorless;  taste,  bitter;  soluble  in  alcohol,  sparingly  so  in  water. 

Dose,  1/2  to  2  grains  (0.03  to  0.12  Gm.). 

PAPAVERiNiE  Sulphas  (N.N.R.),  Papaverine  Sulphate. 

Occurs  as  a  white,  crystalline  powder;  odorless;  taste,  bitter;  soluble  in  water 
and  in  alcohol. 

Dose,  1/2  to  1  grain  (0.03  to  0.06  Gm.). 

CoMBRETUM  (unofficial).  Jungle-weed. 

The  leaves  of  Comhretum  sundalcum,  Miquel  (Fam.  C omhretacece) .  Contains  a 
resin  and  a  tannin  but  no  glucosides  or  alkaloids.  Fifty  Gm.  of  dried  herb  is 
macerated  with  4  liters  of  water,  filtrate  evaporated  to  one  liter. 

Dose,  used  only  in  treatment  of  opium  habit.  Accustomed  daily  dose  of  opium 
is  reduced  one  half.  Equal  amount  of  combretum  is  added :  one  fluidounce  (30  cc.) 
is  given  each  3-4  hours,  combretum  to  amount  of  dose  given  being  added  to  container 
at  once.    Each  successive  dose  containing,  therefore,  less  opium. 

Pharmacodynamic  Action:  Absorption  and  Eliminatioii. — Morphine  taken  by  mouth 
is  rapidly  and  completely  absorbed  from  the  stomach  and  upper  bowel.  Absorption  also 
occurs  from  parenteral  mucosae,  including  that  of  the  bladder,  and  from  the  abraded,  but 
not  from  the  intact  skin.  The  soluble  salts,  injected  hypodermically,  are  not  irritating 
and  develop  their  action  within  a  few  minutes. 

Morphine  is  stored  for  a  short  time,  chiefly  in  the  liver  and  less  in  the  kidneys  and 
muscles.  Only  traces  can  be  found  in  the  central  nerve  system.  Two  days  after  a  single 
dose  not  enough  to  estimate  remains  in  any  tissue,  but  traces  have  been  found  In  the 
liver,  kidneys  and  brain  of  an  habitue  14  days  after  the  last  dose  (Antheaume  and 
Mouneyrat). 

Elimination  takes  place  through  the  entire  alimentary  tract,  morphine  being  recover- 
able from  the  vomitus  (if  present)  and  bile.  In  the  normal  dog  about  75  percent,  and 
in  man  about  90  percent,  of  a  single  dose  may  be  recovered  from  the  stools  within 
3  days.  Traces  too  small  to  estimate  are  found  in  the  urine,  and  similar  traces  in  the 
milk.  In  the  pregnant  cat  enough  of  a  single  toxic  dose  may  pass  into  the  fetus  to  kill 
it.  Morphine  is  excreted  partly  unchanged,  partly  as  oxymorphine  (also  called  oxydi- 
morphine)  and  in  smaller  part  as  ester-like  compounds. 

The  excretion  of  morphine  in  the  alimentary  tract  is  of  sufficient  toxicologic  and 
therapeutic  importance  to  warrant  considering  it  in  some  detail.  The  amount  excreted 
in  the  saliva  is  very  small  and  is  likely  to  be  swallowed  and  reabsorbed.  In  man  receiving 
daily  doses,  it  appears  in  the  saliva  about  the  3rd  or  4th  day  and  lasts  2  or  3  days  after 
the  last  doce  (Rosenthal).  Excretion  into  the  stomach  is  of  greater  importance,  and 
morphine  is  always  to  be  found  in  the  vomitus,  which  results  commonly  from  hypodermic 
injections  in  dogs  and  man.     Alt,  by  repeated  lavage  of  the  stomach  in  dogs  which  had 
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received  morphine  hypodermically,  showed  that  excretion  began  in  2^4  minutes,  continued 
steadily  for  half  an  hour  and  ceased  entirely  in  an  hour.  More  than  a  third  of  the 
amount  injected  was  recovered.  This  fact  indicates  the  importance  of  frequent  lavage 
of  tne  stomach  in  morphine  poisoning.  Hatcher,  on  the  basis  of  carefully  controlled 
experiments  in  cats,  denies  Alfs  results,  finding  that  only  traces  of  morphine  are 
excreted  by  the  gastric 'mucosa. 

By  far  the  greatest  excretion  of  morphine  takes  place  in  the  bowel,  and  more  in  the 
large  than  in  the  small.  In  cats,  excretion  of  a  hypodermic  dose  begins  in  the  large 
bowel  in  1  hour  and  in  the  small  in  2  hours  (Marquis).  It  appears  much  sooner  in  the 
duodenum  if  given  by  mouth.  Enteric  excretion  is  increased  by  intestinal  irritants,  such 
as  quillaja  and  senega  (McCrudden).  Part  of  the  morphine  in  the  bowel  may  be  de- 
stroyed by  bacterial  action,  and  such  action  may  account  for  the  small  amount  recovered 
by  Valenti  from  the  stools  of  dogs  on  a  vegetable  diet.  The  amount  excreted  in  the  bile 
is  insignificant  (Kauzmann). 

The  destruction  of  morphine  in  the  tissues  has  given  rise  to  much  controversy. 
Faust  showed,  that  whereas  normal  dogs  excreted  almost  all  the  morphine  they  received, 
dogs  habituated  by  repeated  doses  excreted  very  little,  and  in  one  animal  he  was  not  able 
to  find  morphine  in  either  the  stools  or  urine,  after  enormous  doses.  The  diminished 
excretion  in  tolerant  animals  has  been  amply  confirmed  and  is  universally  assumed  to  be 
due  to  greater  destruction  of  morphine  in  the  body.  The  seat  of  this  destruction  is  not 
clear  and  the  methods  of  study  leave  much  to  be  desired.  Thus  Cloetta  injected  pigeons 
and  rats  with  large  amounts  of  morphine,  killed  them  at  once  and  was  able  to  find  in  the 
entire  body  only  half  the  amount  injected.  It  is  hardly  to  be  supposed  that  the  rest  was 
destroyed  by  any  physiologic  process  during  the  time  lost  in  the  preparation  for  extrac- 
tion. If  the  animal  were  allowed  to  live  5  to  14  hours,  almost  as  much  was  recovered. 
Fraenkel,  in  the  entire  body  of  a  frog,  given  morphine  the  day  before,  found  'all  except 
that  which  had  been  recovered  from  the  excreta.  He  decided  that  the  frog  does  not 
destroy  morphine;  most  was  found  in  the  feces,  liver  and  muscles.  Ordinarily  ull  but  19 
percent,  appears  in  the  feces  of  frogs,  but  more  may  be  destroyed  if  oxygen  is  given. 
If  rats  are  given  a  fatal  dose  of  morphine,  from  94  to  60  percent,  can  be  found  in  the 
body  after  death,  but  habituated  rats  destroy  17  to  48  percent.  (Riibsamen).  Very  dis- 
cordant results  have  been  obtained  as  a  result  of  treating  morphine  with  tissues  in  vitro. 
Riibsamen  found  that  the  brains  of  normal  and  of  immune  rats,  incubated  with  morphine, 
did  not  destroy  it,  while  Cloetta  found  slight,  and  Herrmann  very  marked,  destruction  by 
the  brain  tissue  of  rabbits  under  similar  conditions.  The  blood  does  not  seem  to  have 
any  such  power  to  reduce  the  toxicity  of  morphine.  After  incubating  morphine  with  the 
ground  liver  of  normal  rabbits  no  reduction  in  its  toxicity  for  mice  was  found,  and 
morphine  incubated  with  frog  liver  was  just  as  toxic  for  frogs  (Githens,  unpublished). 
It  seems  probable,  that  very  little  if  any  destruction  of  morphine  is  caused  by  different 
tissues  outside  the  body  and  that  the  reduction  of  toxicity  which  is  seen  under  certain 
circumstances  is  analogous  to  that  seen  under  similar  circumstances  with  strychnine. 
It  is  possible,  as  claimed,  that  the  organs  of  habituated  animals  have  a  specific  destructive 
power  (Albanese,  Dorlencourt). 

Topical  Action. — Opium  and  its  alkaloids  are  popularly  supposed  to  have  a  direct 
local  action  in  relieving  pain  when  applied  to  the  bruised  or  abraded  skin.  It  has  long 
been  taught  that  no  absorption  occurs  and  that  in  any  case  there  is  no  action  on  sensory 
endings,  so  that  such  applications  are  entirely  useless.  Recent  studies,  however,  seem 
to  show  that  the  old  usage  was  founded  on  results  obtained.  It  has  been  shown  that 
intracutaneous  injections  of  a  dilute  solution  of  morphine  sulphate  reduces  the  sense 
of  pain  locally  in  guinea-pigs  (Moukhtar),  and  that  in  man  4  percent,  solutions  applied 
on  the  lips  or  tongue  or  even  rubbed  into  the  intact  skin,  reduce  the  power  to  appreciate 
electric  stimuli  (Macht,  Johnson  and  Bollinger). 

Another  peculiarity  of  morphine  (M.  hydrochloride,  1  percent.)  is  its  power  to  raise 
wheals  when  rubbed  on  the  abraded  skin  or  injected  intracutaneously  (Sollmann  and 
Pilcher).  This  is  not  associated  with  its  local  anesthetic  action  and  is  also  seen  in 
habitues  tolerant  of  large  doses,  showing  that  habituation  does  not  include  all  tissues. 

Toxicity:  Toxic  Dose. — The  toxic  dose  of  opium  and  its  alkaloids  may  be  regarded 
either  as  that  which  is  necessary  to  induce  narcosis,  to  occasion  convulsions  or  to  cause 
death.  In  man  the  fatal  dose  of  opium  by  mouth  is  about  4  Gm.,  that  of  morphine  about 
400  mgm.  but  much  smaller  doses  than  this  have  occasionally  caused  death  in  adults. 
Children,  or  perhaps  only  nurslings  (Doebeli),  are  particularly  sensitive.  Death  has 
twice  been  reported  from  O.I?  mgm.  (gr.  1/200)   in  infants  (Lewin).    A  baby  4  weeks  old 
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died  from  taking  1  mgm.  (gr.  1/67)  and  a  child  of  2  months  from  5  mgm.  (gr.  1/13) 
(Robert).  Whether  the  greater  sensitiveness  of  infants  is  in  any  way  related  to  the 
increased  susceptibility  which  results  in  mice  when  kept  on  a  milk  diet,  is  not  known. 

The  average  fatal  doses  of  morphine  hypodermically  per  kilogram  are  about  as  fol- 
lows: man,  0.005  Gm.;  cat,  0.04  Gm.;  horse,  0.007  Gm.;  cattle,  0.015  Gm.;  dog,  0.12  Gm.; 
rabbit,  0.35  Gm.;  guinea-pig,  0.4  Gm.;  rat  and  mouse,  0.4  Gm.  "In  goats  and  pigs  the 
fatal  dose  is  even  higher,  in  fact  these  can  hardly  be  killed. 

The  refractoriness  of  rabbits  and  guinea-pigs  appears  to  be  largely  due  to  destruction 
or  fixation  of  the  morphine  in  other  than  nervous  tissues.  Injected  in  the  brain  of 
rabbits,  1  mgm.  causes  marked  symptoms  (Roux  and  Borrel)  and  15  mgm.  kills  in  a 
few  minutes  (Hohr).  Guinea-pigs  are  also  killed  by  minute  intracerebral  injections 
(Marie). 

The  narcotic  dose  varies  from  0.001  Gm.  per  kilo  in  man  to  0.01  Gm.  in  the  dog  and 
rabbit,  0.03  Gm.  in  the  pigeon  and  0.3  Gm.  in  the  guinea-pig.  Convulsions  are  caused 
by  the  following  doses  per  kilo:  horse,  0.007  Gm.;  cat,  0.02  Gm.;  rabbit,  0.3  Gm.;  and 
pigeon,  0.35  &m. 

In  many  species  the  true  toxic  symptoms  are  preceded  by  restlessness,  which  in 
certain  species,  especially  in  cats  and  in  hoofed  animals,  is  associated  with  great  mental 
excitement  and  signs  of  fear  or  of  terrifying  hallucinations.  Moderate  degrees  of  rest- 
lessness are  induced  in  such  animals  by  very  small  doses,  for  example:  (per  kilo)  in 
the  horse,  0.0005  Gm.;  cattle,  0.003  Gm.;  cat,  0.002  Gm.;  pigeon,  0.08  Gm.;  goat  and  pig, 
0.1  Gm.;  mouse,  0.001  mgm.  per  Gm. 

In  the  frog,  the  convulsant  and  paralyzant  doses  vary  markedly  with  the  tempera- 
ture. The  tetanic  dose,  which  is  that  most  accurately  determined,  becomes  constantly 
smaller  the  lowe-r  the  temperature.  Thus  for  the  leopard  frog  (R.  pipiens)  it  is  at  5°  C., 
0.1  mgm.  per  Gm.;  at  15°  C.,  0.3  mgm.  per  Gm.;  and  at  20°  C.,  0.6  mgm.  per  Gm. 
(Githens,  unpublished).  The  fatal  dose  is  much  less  sharp;  certain  frogs  will  die  from 
half  the  amount  required  to  kill  others  kept  under  similar  conditions.  It  is  rather  larger 
at  low  temperatures  (in  contrast  to  the  tetanic  dose)  and  much  smaller  at  very  high 
temperatures,  perhaps  because  the  cessation  of  respiration  leads  to  asphyxia.  At  room 
temperature  it  is  about  1  mgm.  per  Gm.  With  this  dose  tetanus  may  last  2  days,  being 
followed  by  paralysis  which  precedes  death  by  several  hours.  Very  much  smaller  doses, 
even  1/5  of  this  may  lead  to  death  if  the  frogs  are  not  in  the  best  condition. 

In  general,  invertebrates  are  less  susceptible  to  morphine  than  to  most  other  alka- 
loids. The  medicinal  leech,  placed  in  water  containing  1.5  percent,  of  morphine  sulphate, 
shows  no  effect,  and  in  2  percent,  only  wild  motions  followed  by  moderate  stupor. 
Ascarides  are  not  killed  within  4  hours  by  2  percent.  Freshwater  mussels  are  nar- 
cotized, but  not  injured,  by  intramuscular  injection  of  100  mgm.  The  protozoa  are  also 
little  affected.  Paramecium  is  not  influenced  in  2  hours  by  0.1  percent,  solution.  Trypa- 
nosomes  are  killed  by  exposure  to  0.05  percent,  for  30  minutes.  The  other  phenanthrene 
alkaloids  have  also  little  effect  on  protozoa,  while  the  isoquinoline  group  are  moderately 
toxic  to  them. 

Sympfoms  and  Course. — The  symptoms  of  morphine  and  opium  poisoning  in  various 
specie^  differ  as  widely  as  the  toxic  doses.  It  will  be  best  to  describe  in  some  detail  the 
course  of  poisoning  in  man  and  to  sketch  briefly  the  deviations  seen  in  the  chief  labora- 
tory and  domestic  animals.  The  symptoms  following  administration  of  opium  are  identi- 
cal with  those  from  morphine  (in  1/10  the  dose),  except  that  with  the  former  there  is 
somewhat  more  tendency  to  excitement. 

Course  in  Man. — ^When  a  toxic  dose  of  morphine  (250  mgm.,  gr.  4)  or  opium  (2.5 
Gm.,  gr.  40)  is  taken  by  mouth,  there  is  generally  no  effect  for  a  quarter  of  an  hour  to 
an  hour  except  a  slight  sense  of  warmth  in  the  stomach.  After  this  interval,  thinking 
becomes  an  effort  and  drowsiness  supervenes,  passing  gradually  into  sleep.  The  respira- 
tion becomes  slow  and  shallow  and  the  pulse  slow  and  forcible.  The  pupils  contract 
strongly.  At  this  time  the  person  is  easily  roused  by  handling  or  loud  noise  and,  when 
awakened,  the  miiid  not  only  responds  intelligently,  but  the  respiration  improves  in  rate 
and  depth,  the  heart  becomes  more  rapid  and  the  pupil  may  dilate  slightly.  After  stimu- 
lation ceases  the  stupor  returns  at  once,  but  the  improvement  of  the  pulse  and  respira- 
tion lasts  several  minutes.  Gradually,  however,  the  former  condition  returns  and  soon 
becomes  more  marked, — respiration  may  sink  to  3  or  4  a  minute  and  the  pulse  to  30  or 
40.  At  the  same  time  coma  gradually  develops  and  it  is  increasingly  difficult  to  rouse 
the  victim  or  even  to  obtain  a  response  to  handling  or  to  painful  stimuli.    The  skin  is 
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dry  and  warm  but  the  internal  temperature  is  low;  the  face  is  flushed  and  becomes  more 
and  more  cyanotic  as  the  respiration  fails.  The  pupil  is  reduced  to  a  pin  point.  In  the 
course  of  two  hours  or  so,  the  picture  changes  for  the  worse;  prostration  becomes  ex- 
treme; the  muscles  are  relaxed  and  all  reflexes  lost;  the  skin  becomes  pale  and  is 
covered  with  a  cold  sweat;  the  pupils  begin  to  dilate  and  before  death  may  become  very 
wide;  the  heart  becomes  irregular  and  then  rapid  and  feeble;  the  respiration  is  labored 
and  stertorous,  often  periodic,  becoming  less  and  less  adequate  and  finally  ceasing,  the 
heart  continuing  to  beat  for  a  short  time  longer.  Death  usually  occurs  in  from  7  to  12 
hours  but  occasionally  in  2  or  3  hours.  If  life  is  prolonged  more  than  12  hours,  recovery 
is  probable.  If  it  occurs,  either  as  the  result  of  treatment  or  because  the  dose  was  insuffi- 
cient, the  pulse  and  respiration  improve  before  any  change  is  noted  in  the  coma.  After 
a  time  the  patient  can  be  roused  by  repeated  stimulation,  and  the  stupor  passes  into 
deep  sleep  which  may  last  several  days.  On  awakening  there  are  various  disagreeable 
after-effects.  Headache,  nausea  and  other  digestive  disturbances  always  follow.  Violent 
retching  and  vomiting  are  common  and  constipation  is  apt  to  be  troublesome.  Itching 
of  the  skin  and  even  urticaria,  frequently  occur.  Impotence  of  the  bladder  is  more 
rarely  seen,  as  is  excessive  mental  depression. 

Although  this  is  the  usual  course  of  acute  opium  poisoning,  many  cases  show  other 
phenomena.  Coma  may  come  on  within  a  few  minutes,  even  in  cases  which  are  not 
fatal.  'Convulsions  may  occur,  usually  after  a  period  of  coma,  the  convulsant  action  of 
the  morphine  being  aided  by  asphyxia.  Occasionally,  they  come  on  before  the  respira- 
tion fails,  especially  in  infants  and  children  and  in  people  of  certain  backward  races, 
particularly  the  Malays.    The  convulsions  are  cerebral  and  not  tetanic. 

In  fatal  cases  the  postmortem  findings  are  not  characteristic,  but  merely  those  com- 
mon to  all  asphyctic  deaths;  general  venous  congestion,  marked  in  the  brain  and 
meninges,  hyperemia  and  often  edema  of  the  lungs,  and  rarely  ecchymoses  in  the  heart 
or  peritoneum.  The  bladder  is  usually  overdistended.  If  opium  has  been  taken,  its 
characteristic  odor  is  noted. 

Treatment  of  Opium  Poisoning. — If  the  drug  has  been  swallowed,  the  stomach  should 
at  once  be  washed  out  with  a  0.05  percent,  (gr.  5  per  quart)  solution  of  potassium  per- 
manganate, which  will  destroy  any  remaining  morphine.  If  the  patient  can  swallow, 
0.1  Gm.  (gr.  li/o)  of  the  same  can  be  given  in  water.  Tannin  is  less  effective.  The  mor- 
phine which  has  been  absorbed  cannot  be  reached  by  any  chemical  antidote  and  the 
recommendation  of  permanganate  by  injection  is  based  on  ignorance  of  chemistry. 

The  patient  sh^ould  be  kept  warm  and  kept  awake.  This  may  be  done  by  continuous 
exercise,  as  provided  by  seizing  both  arms  of  the  victim  and  walking  him  up  and  down 
the  room.  It  is  claimed  that  constant  movement  aids  in  keeping  up  the  tone  of  the 
medullary  centers,  but  exercise  probably  acts  only  by  keeping  the  person  awake  and  it  is 
disadvantageous  in  that  it  is  exhausting,  and  leads  to  markedly  increased  demand  for 
oxygen,  which  the  system  cannot  supply.  It  is  better  to  prevent  sleep  by  external  stimuli 
such  as  hot  or  cold  douches  or,  best,  by  the  electric  brush.  The  improvement  in  respira- 
tion seen  when  a  brush  electrode  is  passed  along  the  spine  is  remarkable.  Inhalation 
of  ammonia,  as  smelling  salts,  serves  both  as  a  sensory  and  as  a  respiratory  stimulus. 
As  the  respiration  begins  to  fail,  inhalation  of  oxygen  or  artificial  respiration  by  some 
mechanical  device  should  be  instituted.  The  pharyngeal  insufflation  apparatus  of 
Meltzer  is  particularly  good  for  such  emergencies.  Artificial  respiration  should  be  insti- 
tuted even  after  apparent  death,  as  the  heart  may  revive  after  its  beats  can  no  longer 
be  appreciated. 

Caffeine  is  a  true  physiologic  antidote,  stimulating  the  brain,  the  respiration  and 
the  heart.  It  may  be  given  as  hot  coffee  or,  if  the  patient  cannot  swallow,  hypo- 
dermically.  The  heat  of  the  coffee  is  of  benefit,  and  the  diuretic  action  of  the  caffeine 
aids  in  the  excretion  of  morphine. 

The  antagonistic  action  of  atropine  to  many  of  the  effects  of  morphine  has  led  to 
its  use  as  an  antidote  in  cases  of  morphine  poisoning.  The  chief  antagonisms  are,  how- 
ever, in  regard  to  the  effects  on  the  autonomic  system,  such  as  the  pupil  and  bowel,  and 
these  are  unimportant  in  poisoning.  Large  doses  of  atropine  and  morphine  are  syner- 
gistic on  the  respiration  and  this  is  the  chief  point  of  danger.  If  atropine  is  used,  not 
more  than  2  mgm.  (gr.  1/40)  hypodermically  should  be  given.  Robert  gives  1  mgm. 
repeated  twice,  Vs  hour  apart.  Cocaine  is  also  an  antagonist  of  morphine  but,  like 
atropine,  only  as  regards  the  effects  of  small  doses.  It  is  probably  of  no  value  in  opium 
poisoning.     Strychnine  is  probably  contraindicated  by  its  tendency  to  cause  convulsions. 
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Caffeine  is  the  best  remedy  for  the  nausea,  depression  and  other  after-effects  and  should 
be  given  as  strong  coffee  associated  with  milk  or  other  food. 

In  cats  and  guinea-pigs  in  which  the  convulsant  rather  than  the  narcotic  action  of 
morphine  is  the  cause  of  death,  large  doses  of  caffeine  are  harmful  when  given  with 
sub-lethal  doses  of  morphine    (Haskell  and   Siewers). 

In  rats,  in  which  death  also  occurs  during  convulsions,  atropine  has  a  very  marked 
power  to  save  life.  After  twice  the  minimal  lethal  dose  (1  mgm.  per  Gm.)  a  very 
minute  dose  of  atropine  (0.0025  to  0.01  mgm.  per  Gm.)  saves  most  of  them  (Bashford). 

Course  in  Laboratory  Animals. — Dogs  given  a  narcotic  or  toxic  dose  of  morphine  by 
mouth  or  injection,  show  first  anxiety  and  restlessness  with  whining  and  constant 
motion.  After  half  an  hour  or  so  they  vomit  and  defecate,  the  stool  being  commonly 
soft.  Not  until  after  vomiting  do  they  lie  down,  but  soon  after,  drowsiness  begins  which 
passes  into  deep  narcosis.  This  ends,  if  the  dose  is  fatal,  in  failure  of  respiration,  and 
death  in  coma. 

Cats  show  an  entirely  different  picture.  The  restlessness  seen  in  the  dog,  passes  into 
wild  excitement  with  terrifying  hallucinations.  The  gentlest  house  cat  is  changed  by  a 
few  mgm.  of  morphine  (10  to  50  mgm.  14  to  %  grain)  into  the  wildest  beast  of  prey, 
gnashing  its  teeth  and  growling  at  all  who  approach  it.  There  is  salivation  and  wide 
dilatation  of  the  pupil,  rapid  pulse,  and  in  general  aspect  a  complete  reversal  of  the 
picture  seen  in  the  dog.  Twitching  of  the  muscles  shows  itself  and  although  there 
is  finally  a  state  of  stupor,  this  is  interrupted  by  convulsions,  which  are  the  immediate 
cause  of  death. 

Rabbits  show  no  primary  excitement,  but  in  half  an  hour  or  so  pass  into  a  deep 
sleep  or  true  narcosis  in  which  surgical  operations  can  be  carried  out  without  awaking 
them.  After  this  has  lasted  2  or  3  hours,  twitchings  of  the  limbs  are  noticed  which 
gradually  increase  in  severity  until  they  pass  into  violent  clonic  convulsions,  in  the 
course  of  which  death  occurs  from  exhaustion  of  the  heart. 

Rats  after  a  toxic  dose,  lie  quietly  and  soon  fall  into  a  stupor,  in  which  they  will 
lie  on  the  back.  They  are  wakened  by  noises  but  not  by  gentle  handling.  Half  an  hour 
after  the  injection  the  tail  straightens  out  and  then  gradually  rises  and  comes  to  lie 
along  the  back  as  in  mice.  Soon  after,  twitching  of  the  face  and  tail  is  seen,  the  hind 
legs  are  drawn  strongly  backward  and  dragged,  and  after  5  to  6  hours  there  are  clonic 
and  tonic  convulsions  which  result  in  death.  Atropine  does  not  affect  the  narcotic  stage 
but  lessens  the  convulsions.  It  also  prevents  the  pupillary  contraction  which  normally 
characterizes  the  narcotic  stage  (Bashford).  If  morphine  be  given  to  rats  in  repeated 
doses,  they  soon  become  habituated  to  the  narcotic  effects,  but  not  to  the  excitant  (Joel 
and  Ettinger). 

Mice  become  restless  soon  after  an  injection  of  morphine,  and  run  around  in  circles 
with  their  tails  sticking  straight  up  or  curled  over  the  back.  In  the  course  of  an  hour 
or  so,  twitching  of  the  legs  begins,  followed  by  paralysis  of  the  hind  legs  which  are 
dragged,  and  soon  violent  convulsions  supervene  during  one  of  which  death  occurs.  The 
position  of  the  tail  is  due  to  contraction  of  the  sphincters  of  the  anus  and  bladder. 

Course  in  Domestic  Animals. — Horses  show,  after  toxic  doses,  extreme  restlessness 
associated  with  stiffness  of  the  legs  and  ataxic  gait.  There  is  loss  of  sensory  response 
followed  by  increased  reflexes.  There  is  a  loss  of  response  to  their  surroundings  but  no 
true  narcosis.    Death  occurs  in  convulsions  without  coma. 

Cattle  show  salivation  and  lacrymation  followed  by  excitement  and  restlessness 
which  gives  place  to  extreme  weakness  and  loss  of  motion.  There  Is  stupor,  but  no  true 
narcosis  or  sleep.     Death  results  from  motor  paralysis. 

Goats  and  pigs  show  only  excitement  and  restlessness  and  can  hardly  be  killed  by 
morphine  given  by  mouth. 

Birds. — Pigeons  can  hardly  be  killed  by  morphine  by  mouth.  Given  30  to  300  mgm. 
per  kilo  hypodermically,  they  show  stupor  but  no  true  narcosis,  with  muscular  twitching 
but  no  true  tetanus.  Both  weakness  and  ataxia  are  marked,  and  the  temperature  falls 
considerably. 

Frogs. — The  frog  shows  under  morphine  a  peculiar  behavior,  which  is  so  modified 
by  external  conditions  that  it  requires  separate  discussion.  Frogs  kept  in  a  cold  place 
both  before  and  after  injection  of  morphine  show  no  depression  whatever.  The  first 
symptom  is  increase  of  reflexes.  This,  however,  is  long  delayed  and  with  small  doses 
the  animals  will  remain  perfectly  normal  for  several  hours  or  even  a  day.  Then  follows 
a  period  of  increased  reflexes,  succeeded  by  a  stage  in  which  the  hind  legs  are  spasmodic- 
ally extended  for  a  moment  on  the  least  touch.     This  passes  gradually  into  typical  ex- 
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tensor  tetanus  indistinguishable  from  that  caused  by  strychnine.  If  the  frogs  are  still 
kept  cold,  they  remain  several  hours  to  several  days,  according  to  the  dose,  in  a  condi- 
tion in  which  the  least  touch  or  Jar"  is  followed  by  violent  tetanus.  After  a  time  the 
duration  of  the  attacks  slowly  lessens  and  recovery  occurs  through  the  same  stages  of 
momentary  extensor  tetanus  and  increased  reflexes.  If  the  frog  is  kept  in  a  warm  place, 
for  example  at  ordinary  room  temperature,  after  the  injection  is  given,  it  reacts  quite 
differently.  After  a  dose  of  2  mgm.  per  Gm.  for  example,  the  first'  sign  of  morphine 
action  appears  after  Vt  to  1  hour  as  a  depression  of  volition,  the  frog  remaining  per- 
fectly quiet  unless  disturbed.  (This  corresponds  to  ablation  of  the  cerebral  lobes.) 
Later  It  jumps  awkwardly,  not  avoiding  objects  and  does  not  rise  in  water  to  breathe. 
(Corresponds  to  section  at  corpora  quadrigemina.)  Soon  it  fails  to  leap  even  when 
stimulated  (excision  of  cerebellum)  and  finally  lies  quietly  on  the  back  but  draws  the 
legs  in"  when  placed  in  sitting  position  (loss  of  entire  brain).  This  narcotic  state  lasts 
from  a  few  minutes  to  an  hour  or  so,  after  which  there  is  gradual  recovery  of  volitional 
movements  associated  with  increased  reflexes  which  rapidly  pass  into  extensor  tetanus. 
Each  tetanic  attack  is  much  briefer  than  in  the  cold  frog  and  between  them  there  is 
complete  relaxation  instead  of  increased  muscular  tonus.  After  half  an  hour  to  several 
hours  the  tetanic  attacks  gradually  lessen  in  severity,  the  relaxation  increases  and  the 
frog  passesMnto  a  condition  of  almost  complete  paralysis  which  may  end  in  slow  recovery 
or  in  death. 

Rana  temporaria,  the  common  European  frog,  has  more  tendency  to  narcosis  than 
has  the  leopard  frog.  At  room  temperature,  only  narcosis  follows  0.3  mgm.  per  Gm., 
while  paralysis  followed  by  convulsions,  results  from  1  mgm.  per  Gm.,  the  fatal  dose 
being  very  little  larger.  Very  large  doses  kill  with  paralysis  not  preceded  by  convul- 
sions. In  it,  and  perhaps  in  the  leopard  frog,  injection  of  large  doses  directly  into  the 
aorta,  so  they  reach  the  cord  at  once,  causes  tetanus  almost  immediately  (Dott  and 
Stockman). 

There  are  a  large  number  of  more  or  less  unclassified  observations  on  factors  which 
increase  and  lessen  the  toxic  power  of  morphine  and  It  may  be  as  well  to  consider  them 
together  here. 

In  frogs  it  has  been  found  that  any  injury  of  the  brain  increases  the  tendency  to 
tetanus.  In  partially  decerebrate  frogs  at  room  temperature,  doses  of  0.1  mgm.  per  Gm. 
lead  constantly  to  violent  tetanus  coming  on  in  6  to  8  hours  and  causing  death  within  a 
day.  At  5"  C.  such  frogs  show  violent  tetanus  always  from  0.01  mgm.  per  Gm.  and  this 
dose  is  usually  fatal.  Tetanus  followed  by  recovery  usually  results  from  1/3  of  this 
dose.  That  this  sensitization  to  the  convulsant  action  of  morphine  is  not  due.  to  removal 
of  inhibitory  impulses  from  the  brain  is  indicated  by  the  fact  that  much  the  same  result 
is  brought  about  by  slight  injury  to  the  olfactory  lobes. 

A  very  peculiar  reaction  to  morphine  is  seen  in  frogs  in  which  the  heart  has  been 
excised.  Such  frogs  will  live  for  several  hours  and  respond  normally  to  stimuli  if  kept 
at  a  temperature  about  10°  C.  If  such  a  frog  be  given  an  injection  of  morphine,  it  will 
show  tetanus  of  the  usual  character.  This  tetanus,  however,  can  be  induced  by  much 
smaller  doses  than  in  the  intact  animal  and  the  long  interval  between  injection  and 
onset  is  no  longer  seen.  From  doses  which  cause  tetanus  after  a  delay  of  several  hours 
in  the  intact  frog,  it  results  in  several  minutes  in  the  cardioectomized.  Distribution  in 
such  frogs  takes  place  largely  by  means  of  the  lymph  hearts,  and  Abel  claims  that  the 
acceleration  is  entirely  due  to  more  rapid  distribution  to  the  cord,  which  is  seen  when 
these  act  alone.  This  is  disproved  by  the  fact  that  tetanus  can  be  caused  in  frogs  in 
which  all  the  lymph  hearts  have  been  destroyed,  as  well  as  the  blood  heart,  and  that 
even  in  such  frogs  rapid  onset  is  occasionally  noted.  It  is  also  disproved  by  the  observa- 
tion that  the  onset  of  tetanus  bears  a  relation  to  the  time  after  cardiectbmy  and  not  to 
the  time  after  injection.  Thus  if  morphine  be  given  to  a  normal  frog  and  the  heart 
removed  an  hour  later,  tetSnus  will  come  on  in  15  to  20  minutes,  as  when  the  injection 
is  given  at  the  same  time  as  the  operation.  If,  however,  the  injection  be  given  15  min- 
utes after  the  cardioectomy,  tetanus  will  come  on  in  5  minutes,  that  is,  in  the  usual  20 
minutes  after  the  operation.  It  is  probable  that  the  chief  factor  in  rendering  the  frog 
more  sensitive  is  not  a  variation  in  distribution,  but  an  effect  of  asphyxia  increasing 
the  susceptibility  of  the  cord  to  the  convulsant  action  of  morphine. 

Frogs  kept  in  an  atmosphere  of  CO.  for  a  time  are  more  sensitive  to  morphine,  and 
an  increased  susceptibility  to  the  convulsant  action  is  also  seen  in  asphyxiated  mice 
(Gitbens),  and  pigeons  (Zeehuizen),  and  in  frogs  poisoned  with  cyanide  (Githens). 
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In  mice  it  has  been  shown  that  a  milk  diet  increases  the  narcotic  action,  but  not 
the  convulsant  (Hunt). 

Mice,  rats  and  guinea-pigs  given  thyroid  gland  or  sodium  iodide  for  a  long  period 
are  killed  by  smaller  doses  of  morphine  (Hunt)  as  are  rats  after  removal  of  the 
adrenals  (Scott).  Injections  of  large  amounts  of  sodium  iodide  solution  in  mice  just 
before  a  large  dose  of  morphine  have  no  influence  on  its  toxicity,  but  in  rabbits  it  de- 
creases the  convulsant  while  increasing  the  narcotic  effect  and  lessening  the  fatality 
(Githens  and  Meltzer). 

A  very  large  amount  of  work  has  been  done  on  the  antagonistic  and  synergistic 
actions  of  other  drugs.  The  antagonistic  action  of  atropine  to  the  effects  of  morphine 
on  the  autonomic  system  is  well  known.  Thus,  the  constricting  action  of  morphine 
on  the  pupil,  as  well  as  its  actions  on  the  pylorus  and  bowel,  its  constricting  action  on 
the  bronchi,  its  slowing  of  the  heart,  etc.,  are  all  opposed  by  small  doses  of  atropine. 
The  convulsant  action  on  the  cord  is  also  opposed,  while  the  depression  of  respiration 
is  less  influenced.  Caffeine  opposes  the  narcotic  action  and  the  respiratory  depression, 
but  not  the  convulsant  action. 

Ipecac  with  opium,  as  Dover's  powder,  has  more  diaphoretic  action  than  either 
alone.  Frogs  given  small  doses  of  morphine  are  more  sensitive  to  strychnine  (Mc- 
Guigan  'and  Ross).  Morphine  and  scopolamine  show  together  a  greater  stimulation  of 
the  uterus  than  either  alone.     Similar  examples  might  be  multiplied. 

Perhaps  of  greatest  importance  are  the  synergisms  between  morphine  and  the  other 
opium  alkaloids.    These  will,  however,  be  taken  up  with  them  and  not  here. 

The  discovery  (Barbour),  that  tyramine  is  able  to  prevent  the  respiratory  depres- 
sion of  morphine  may  prove  of  value*  in  the  treatment  of  poisoning. 

Morphinism. — As  regards  its  relation  to  man,  chronic  opium  poisoning,  opium  habit 
or  morphinism,  is  even  more  important  than  acute  poisoning.  Habitues  to-day  rarely 
use  op!um  itself,  but  employ  morphine  instead  or,  perhaps  even  more  commonly,  heroine. 
In  China,  opium  is  used  chiefly  by  smoking  and  there  is  considerable  difference  of  opinion 
as  to  the  extent  to  which  morphine  can  escape  with  the  fumes  of  burning  opium  and 
be  carried  into  the  system.  Under  the  usual  experimental  conditions  morphine  is  not 
volatile  and  certain  authorities  deny  the  possibility  of  its  being  present  in  the  smoke. 
Others  have  found  very  large  amounts  of  morphine  in  the  smoke  (Leland).  It  is  prob- 
able that  small  amounts  pass  over  and  that  the  effect  of  the  morphine  is  enhanced  by 
the  presence  of  more  volatile  narcotic  bodies  such  as  pyridine,  pyrrol  and  acetone.  It 
seems  certain  that  smoking  opium  is  less  harmful  than  other  methods  of  use,  and  this 
is  presumably  due  to  the  relatively  small  amounts  of  morphine  taken  in. 

In  most  eastern  countries,  except  China,  opium  is  taken  by  mouth  in  the  form  of 
pills.  In  western  lands  it  was  formerly  used  chiefly  as  laudanum  but  in  recent  years 
morphine  has  almost  entirely  supplanted  the  crude  drug,  the  hypodermic  needle  has 
become  the  usual  method  of  introduction,  and  the  use  of  morphine  has  extended  rapidly, 
especially  in  the  United  States.  It  is  estimated  that  about  500,000  pounds  of  opium 
are  used  annually  by  habitues  in  this  country  and  that  between  0.1  percent,  and  0.02 
percent,  of  the  population  are  addicts.  The  number  of  physicians  who  use  morphine  is 
between  6  and  10  percent.  (Crothers).  As  the  first  reports  of  its  use  here  date  from 
1860,  it  will  be  seen  that  its  spread  has  been  very  rapid.  To-day  the  per  capita  consump- 
tion in  the  U.S.A.  is  more  than  10  times  that  of  any  European  country.  In  many  persons 
it  seems  to  do  no  more  harm  than  the  moderate  use  of  alcohol  and  the  tendency  to 
increase  the  dose  immoderately  is  not  seen.  In  others,  especially  neurotics,  or  those 
addicted  also  to  alcohol  or  cocaine,  the  depression  which  follows  the  effect  of  each  dose 
requires  ever-increasing  amounts  to  overcome  it,  and  as  the  dose  is  increased  the  physical 
and  mental  conditions  show  rapid  deterioration.  The  habit  becomes  firmly  established  if 
the  drug  is  used  daily  for  a  month  (Pettey).  Infants  frequently  acquire  the  opium 
habit  from  the  use  of  soothing  syrups  containing  it,  but  this  is  no  longer  likely  to  occur, 
as  opium  may  not  be  used  in  popular  proprietary  medicines. 

The  habit  begins  by  the  use  of  doses  small  enough  to  produce  only  a  depression  of 
the  sensitiveness  of  the  nerve  system  to  external  stimuli.  These  may  increase  the 
ability  of  the  mind  to  concentrate  by  lessening  interruptions-  from  outside.  As  this 
effect  passes  off,  it  is  succeeded  by  a  pleasant  drowsiness  and  freedom  from  anxiety, 
which  passes'  into  sleep.  The  primary  pseudo-stimulation  may  be  wanting.  On  waking 
from  the  sleep,  or  as  the  drowsiness  wears  off,  which  usually  occurs  in  6  to  12  hours, 
there  is  a  feeling  of  depression,  often  very  extreme,  which  is  relieved  by  another  dose. 
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In  this  way  the  after-effect  of  each  dose  leads  to  the  necessity  of  taking  the  next  and  it 
is  found  that  larger  and  larger  doses  are  needed  to  produce  the  desired  sedation.  The 
ability  of  the  body  to  withstand  the  toxic  effects  of  large  doses  increases  rapidly  and 
finally  the  most  enormous  doses  may  be  taken.  DeQuincey  claims  to  have  used  20  Gm. 
(gr.  320)  at  a  dose,  and  Jacquet  reports  a  case  in  which  a  daily  dose  of  14  Gm.  (gr.  224) 
of  morphine  and  1  Gm.  (gr.  14)  of  cocaine  were  taken.  The  usual  daily  dose  is  0.5  to  1 
Gm.  (gr.  8  to  15)    (Mclver,  Joseph  and  Price). 

The  bad  effects  of  the  increased  doses  may  show  in  a  few  weeks  or  not  for  several 
months.  There  is  first  an  uncertainty  of  temper,  periods  of  exaltation  alternating  with 
those  of  depression.  The  ability  to  do  continuous  work  is  lost,  the  sense  of  duty  and  of 
honor  follow,  and  finally  a  complete  absence  of  pov/er  to  make  any  mental  effort  de- 
velops. Beginning  somewhat  later  than  the  mental  symptoms,  but  keeping  pace  with 
them,  are  physical  changes.  Loss  of  appetite,  muscular  weakness,  emaciation,  and  ex- 
treme cachexia.  The  temperature  is  low  most  of  the  time,  but  is  irregular  with  sharp 
febrile  rises,  or  even  long  periods  of  fever.  The  skin  becomes  hard  and  dry  and  the 
hair  and  nails  are  dry  and  brittle.  The  eyes  are  sunken  and  do  not  open  fully  or  look 
steadily  at  a  person  or  object.  The  pupils  are  contracted.  Albuminuria  may  be  found 
and  retention  of  urine  is  common.  Impotence  or  amenorrhea  is  usual.  The  weakness 
may  become  so  extreme  as  to  confine  the  victim  to  bed,  but  this  is  not  common. 

The  drug  is  generally  taken  2  or  3  times  a  day  and  if  it  is  not  received  at  the 
accustomed  time,  a  peculiar  restlessness  manifests  itself  and  rapidly  becomes  unbearable. 
There  is  extreme  depression,  yawning,  sneezing,  lacrymation,  coughing,  retching  and 
vomiting.  Later  there  is  diarrhea  accompanied  by  agonizing  abdominal  cramps,  profuse 
sweating,  exhaustion  and  weakness  passing  into  collapse.  The  pulse  is  first  rapid  and 
later  irregular,  periods  of  tachycardia  aud  extreme  bradycardia  alternating.  Insomnia 
is  constant,  and  the  mental  unrest  may  pass  into  wild  mania  with  homicidal  or,  more 
commonly,  suicidal  impulse.  In  persons  already  cachectic  by  long  use  of  the  drug,  death 
is  not  infrequent. 

Two  problems  arising  in  connection  with  such  cases  are  not  yet  fully  solved.  The 
cause  of  the  increased  tolerance  and  the  cause  of  the  withdrawal,  or  "abstinence,"  symp- 
toms. The  increased  tolerance  is  associated  with,  and  partly  dependent  on,  an  increase 
in  the  normal  power  of  the  body  to  oxidize  morphine  to  the  inert  oxydimorphine.  That 
it  is  not  entirely  dependent  on  such  power,  as  claimed  by  Faust,  is  shown  by  the  fact 
that  immunized  rats  may  contain  in  their  bodies  at  one  time,  more  than  enough  mor- 
phine to  kill  normal  animals,  and  show  no  sign  of  intoxication  (Ruebsamen).  It  has 
been  shown  even  more  convincingly,  by  the  fact  that  certain  functions  become  accustomed 
to  morphine  long  before  others.  Thus,  in  dogs,  the  vagus  center,  the  respiratory  center 
and  the  pupil  are  readily  made  resistant  to  large  doses,  while  the  digestive  system  is 
still  sensitive  to  small  doses  (VanEgmond,  VanDongen).  These  experiments  show  be- 
yond a  doubt  that  the  cells  themselves  become  resistant  to  the  morphine  action  and  the 
habituation  is  not  entirely,  if  at  all,  a  generalized  one.  Several  authors  have  reported 
experiments  which  favored  the  idea  that  an  antiserum  is  formed,  comparable  to  bacterial 
antitoxins  (Gioffredi,  Berri  and  Belgrano).  Morphine  salts  possess  anticomplementary 
power  and  are  able,  by  complement  deviation,  to  prevent  hemolysis  in  certain  hemolytic 
systems  (Ferrai).  Other  authors  (Cloetta,  Mirto)  have  not  been  able  to  find  any  evi- 
dence of  antibodies,  and  the  considerations  above  show  that  it  is,  at  any  rate,  not  the 
chief  reason  for  habituation.  Another  theory  which  attempts  to  account  for  the  toler- 
ance and  abstinence  symptoms  on  a  common  basis,  is  that  the  repeated  use  of  morphine 
gives  rise  to  the  formation  of  toxins  in  the  body,  which  exert  an  opposite  effect  and 
are  therefore  able  to  counteract  small  doses  of  morphine,  making  larger  and  larger 
doses  ever  necessary  to  overcome  them,  and  leading  to  the  intoxication  known  as  absti- 
nence symptoms,  when  the  drug  is  withdrawn  (Pettey).  This  theory  is  confirmed  by 
the  demonstration  that  injections  of  the  serum  of  habituated  dogs,  taken  in  an 
abstinence  period,  causes  in  normal  dogs  phenomena  similar  to  those  following  with- 
drawal (Valenti).  The  idea  that  this  counter  poison  was  an  oxidation  product  of 
morphine  (Marme),  has  been  abandoned. 

Treatment. — The  first  necessity  of  treatment  of  the  morphine  habit  is  the  removal 
of  the  cause,  that  is  of  the  drug.  As  the  victims  are  made  completely  unreliable  by  the 
effect  of  the  drug,  and  as  they  are  sure  to  attempt  to  bribe  any  one  they  can  reach  to 
get  it  for  them,  this  withdrawal  is  usually  impossible  outside  of  an  institution.  It  is 
commonly  necessary  to  forbid  all  visitors  during  the  first  days.  Immediate  complete 
withdrawal  gives  rise  to  such  severe  abstinence  phenomena  that  it  is   rarely  wise   to 
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attempt  it.  The  best  plan  is  to  cut  down  the  dose  very  much  at  once  and  to  withdraw 
the  remainder  gradually  in  the  course  of  8  to  14  days.  During  this  time,  and  for  a  few 
days  afterward,  the  patient  must  be  kept  under  a  special  regime.  The  diet  must  be  as 
free,  as-  can  be  assimilated  and  plenty  of  water  should  be  taken  to  aid  in  elimination  of 
the  morphine  and  other  waste  pl-oducts.  Free  catharsis  is  also  to  be  continued  for  sev- 
eral days,  partly  for  the  same  reason  and  partly  to  overcome  the  effects  of  the  chronic 
constipation  from  which  these  patients  always  suffer.  In  regard  to  drugs,  long  study 
has'shown  that  two  are  of  especial  value.  Atropine  is  of  great  usefulness  in  combating 
the  mental  and  physical  depression  and  scopolamine  is  best  adapted  to  overcoming  the 
insomnia.  The  details  of  using  these  substances  differ  widely  in  different  institutions. 
Hyoscyamine  is  often  substituted  for  atropine. 

Almost  all  the  hypnotics  and  sedatives,  Including  chloral,  veronal,  luminal,  bromides, 
etc.,  have  been  used  to  relieve  the  insomnia.  Alcohol  and  chlaral  are  not  to  be  recom- 
mended. Wuth  considers  that  the  antipyretics,  antipyriu,  phenacetln,  etc.,  are  often  of 
more  value. 

A  treatment,  the  principle  of  which  is  more  recent,  is  based  on  the  narcotic  action 
of  scopolamine,  the  patient  being  kept  in  that  state  of  semiconsciousness  which  is  known 
as  "twilight  sleep"  until  the  desire  for  the  morphine  has  passed  away.  This  usually 
requires  only  3  or  4  days.  The  scopolamine  is  given  hypodermically  in  doses  of  0.3  mgm. 
(gr.  1/200)  guarded  by  atropiYie,  0.1  mgm.  (gr.  1/650)  and  strychnine,  0.4  mgm.  (gr. 
1/150).  The  first  dose  usually  is  without  visible  effect  but  is  repeated  at  intervals  of 
3/3  to  2  hours  until  the  full  scopolamine  effect  is  obtained.  This  is  shown  by  restless- 
ness with  partial  loss  of  consciousness  and  some  delirium,  dry  throat,  flushed  face  and 
dilated  pupils.  This  condition  is  maintained  for  3  to  4  days  by  repeating  the  injections 
as  required,  every  2  to  6  hours,  the  dose  being  reduced  to  half,  if  excessive.  The  pulse 
usually  varies  from  60  to  70  and  is  of  normal  tension  throughout  the  treatment.  If  It 
falls  below  50  or  rises  above  110,  the  scopolamine  and  atropine  are  withdrawn  and  the 
dose  of  strychnine  increased.  A  very  small  dose  of  morphine  may  be  given  also.  The 
most  marked  abstinence  symptoms  are  usually  seen  on  the  second  day.  These  are  chiefly 
digestive,  and  rarely  need  special  treatment.  Soft  diet  is  given  throughout  the  treat- 
ment and  as  the  restlessness  will  cause  the  patient  to  wander  about  the  room  a  very,  close 
and  constant  watch  must  be  kept  on  the  general  condition  and  special  symptoms.  At  the 
end  of  the  third  day  the  injections  are  stopped  and  the  craving  for  morphine  will  usually 
not  return.    If  it  does  so  the  treatment  is  continued  another  day. 

In  1906  a  new  cure  for  the  opium  habit  was  introduced  in  England,  with  the  state- 
ment that  it  was  very  successful  in  China.  This  was  Comhretium.  sundiacum,  a  shrub, 
the  leaves  and  wood  of  which  are  extracted  after  roasting  and  a  liquid  prepared  to  which 
opium  is  added.  As  each  dose  is  taken  the  amount  is  replaced  by  the  Combretum 
extract  and  the  dose  thus  gradually  reduced.  It  is  said  that  after  a  few  days  the  desire 
for  opium  is  lost.  This  does  not  seem  to  be  true  at  all.  Combretum  contains  no  physio- 
logically active  substances,  its  chief  constituents  being  a  gum  and  a  tannin.  It  is 
probable  that  any  benefit  derived  from  its  use  is  due  partly  to  this  tannin  checking  the 
diarrhea  of  abstinence  and  partly  to  the  fact  that  a  tannate  of  morphine  is  formed,  which 
being  only  slightly  soluble  is  very  slowly  absorbed  and  the  sudden  stimulation  of  the 
usual  dose  prevented,  while  withdrawal  is  gradually  accomplished.  There  seems  to  be  no 
advantage  over  other  methods. 

Systemic  Action:  Alimentary  Tract.— Morphine,  even  in  small  dose,  has  the  dis- 
agreeable property  of  causing  nausea  and  often  vomiting.  In  man  there  is  a  marked 
individual  difference  in  the  sensitiveness  to  this  action,  certain  persons  having  violent 
retching  and  vomiting  from  amounts  too  small  to  produce  narcosis,  others  feeling  almost 
no  nausea  from  full  narcotic  doses.  In  dogs  such  doses  always  cause  vomiting  before  the 
narcotic  action  is  manifest.  The  emetic  action  is  exerted  entirely  on  the  vomiting  center, 
the  emetic  dose  in  dogs  being  over  100  times  as  great  by  stomach  as  by  vein  (Hatcher 
and  Eggleston).    In  man  the  nausea  is  antagonized  by  atropine. 

In  spite  of  its  property  of  causing  nausea,  morphine  antagonizes  the  influence  of 
other  emetics  and  clinically  may  also  be  used  as  an  antemetic.  Doses  of  1  to  3  mgm. 
per  kilo,  which  are  hardly  narcotic  in  the  dog,  are  suflScient  to  prevent  the  action  of 
surely  emetic  doses  of  apomorphine.  The  action  of  morphine  in  this  respect  is  markedly 
Increased  by  addition  of  papaverine,  which  has  itself  no  antemetic  power  (Issekutz). 

Apart  from  its  sedative  action  on  the  central  nerve  system,  the  most  important 
clinical  action   of  morphine   is   that   of  producing  constipation,   this   action   being  fre- 
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quently  (aken  advantage  of  by  including  morphine  in  mixtures  for  the  treatment  of 
diarrhea.  It  was  formerly  assumed  that  morphine  exercised  a  sedative  action  on  the 
motor  function  of  the  bowel,  similar  to  that  which  it  exerts  on  the  brain.  It  was  found, 
however,  that  the  isolated  bowel  was  stimulated,  and  much  research  has  since  been  de- 
voted to  analyzing  its  action  on  each  part  of  the  alimentary  tract. 

Stomach. — The  action  on  the  muscularis  of  the  stomach  is  similar  with  all  doses 
and  in  all  animals.  It  consists  in  a  powerful  and  lasting  contraction  of  the  pyloric 
portion,  which  interferes  markedly  with  the  escape  of  the  gastric  contents.  If  the  pas- 
sage of  food  is  studied  with  the  radiogram  in  the  normal  animal,  it  is  seen  that  food, 
when  swallowed,  passes  at  once  into  the  stomach  and  immediately'  spreads  throughout 
this  organ.  Strong  peristaltic  waves  pass  over  the  fundus  and  the  pylorus  and  in  V4  to  y^ 
hour  the  food  begins  to  leave  the  stomach,  which  is  completely  empty  in  3  to  6  hours. 
This  is  about  the  course  in  man,  dogs  and  cats.  If  cats  or  dogs  are  given  about  30  mgm, 
per  kilo  of  morphine  hypodermically  at  the  time  of  feeding  or  shortly  before,  the  whole 
picture  is  changed.  When  the  food  is  swallowed,  instead  of  passing  at  once  into  the 
stomach,  it  is  often  delayed  at  the  cardia  by  a  strong  contraction  of  the  ring,  muscle 
and  after  entering  the  stomach  does  not  enter  the  pyloric  portion,  which  remains  firmly 
contracted  or  is  separated  from  the  antrum  by  a  ring-like  contraction  suggesting  hour- 
glass stomach  (Magnus).  The  mass  of  food  is  moved  to  and  fro  in  the  antrum  often  for 
several  hours  before  it  is  able  to  enter  the  pyloric  portion.  Here  it  still  meets  with 
resistance,  the  strong  tonus  preventing  proper  peristaltic  waves  and  the  ring  muscle 
of  the  pyloric  exit  remaining  firmly  contracted.  In  cats  6  hours  may  elapse  before  waves 
are  seen  in  the  pylorus  and  another  hour  before  the  first  food  leaves  the  stomach.  In 
dogs  and  man  the  time  is  usually  not  quite  so  long.  The  contracted  condition  of  the 
pylorus  also  leads  to  great  delay  in  the  emptying  of  the  stomach;  in  fact,  it  is  not 
unusual  f3r  part  of  the  food  to  remain  over  24  hours.  The  pyloric  contraction  is  more 
marked  in  children  than  in  adults  (van  den  Velden).  Although  the  pyloric  contraction 
is  by  far  the  most  marked  influence  on  the  stomach,  it  is  not  the  only  one.  With  some- 
what larger  doses,  20  mgm.  in  man  (van  den  Velden),  the  contraction  of  the  cardiac 
orifice  which  delays  swallowing,  is  followed  by  relaxation,  which  leads  to  vomiting. 
There  is  incr^sed  secretion  of  saliva  if  this  occurs,  otherwise  the  saliva  is  diminished 
and  the  mouth  and  throat  feel  dry.  The  gastric  juice  is  constantly  diminished,  while 
absorption  from  the  stomach  is  not  delayed  (Macht).  The  physiology  of  the  rabbit's 
stomach  is  entirely  different,  as  it  is  never  empty.  The  same  delay  is,  however,  observed. 
Rabbits  given  morphine  hypodermically,  kept  without  food  for  4  days,  and  killed  at  the 
end  of  this  period  had  over  ten  times  as  much  material  in  their  stomachs  as  controls 
(Krylow).  Absorption  of  toxin  (botulinus)  is  delayed,  if  morphine  is  given  hypoder- 
mically in  guinea-pigs,  and  this  delay  may  save  life   (Bronfenbrenner). 

Small  Intestine. — Morphine,  given  in  small  dose  either  by  mouth  or  subcutaneously, 
delays  the  passage  of  food  through  the  small  intestine.  This  is  true  not  only  of  normal 
intact  animals  studied  with  radiograms  but  also  in  certain  kinds  of  diarrhea.  The 
mechanism  of  the  delay  is  not  quite  clear.  The  peristaltic  waves  as  seen  by  the  radio- 
scope  appear  of  normal  strength  (Magnus,  Pancoast  and  -Hopkins).  This  fact  is  enough 
to  disprove  the  former  assumption  (Nothnagel),  that  the  effect  was  due  to  stimulation 
of  the  sympathetics  causing  inhibition  of  peristalsis.  The  delayed  progress  through  the 
bowel,  is,  however,  seen  when  all  extrinsic  nerves  have  been  cut  (Magnus).  The  observa- 
tions of  Nothnagel  and  of  Spitzer,  that  small  doses  caused  lessened  motion  of  the  bowel 
in  situ  and  large  doses  increased  motion,  have  been  discredited.  Small  doses  have  In- 
constant effects  or  none.  In  the  dog,  injection  of  10  mgm.  per  kilo  causes  increased  peri- 
stalsis (Miller  and  Plant).  The  isolated  bowel  wall  suspended  in  Ringer  or  Locke  solu- 
tions are  usually  said  to  be  stimulated  by  all  concentrations  of  morphine  (1  to  1,000,000 
up,  Popper).  Certain  authors  claim,  however,  that  it  is  depressed  by  weak  (1  to  5,000) 
and  strengthened  by  stronger  (1  to  500)  solutions  (Magnus).  (The  difference  is  not  to 
be  explained  from  their  papers.)  The  plexus  of  Auerbach,  not  the  muscle,  is  stimulated 
(Magnus).  The  slow  progress  of  food  through  the  bowel  is  very  largely  due  to  ita 
gradual  escape  from  the  stomach,  which  prevents  the  accumulation  in  the  bowel  of  the 
large  masses  which  normally  give  a  mechanical  stimulus.  That  this  is  not  the  sole 
cause  is  shown  by  the  fact  that  delay  occurs  if  morphine  is  given  to  dogs  after  the 
stomach  has  emptied  itself  (Magnus).  A  second  cause  of  slow  passage  is  the  lessening 
of  secretion  in  the  bowel.  This  makes  the  contents  more  solid  (Macht).  A  third  and 
probably  more  important  factor  is  the  lessened  sensitiveness  of  the  bowel  to  normal  and 
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abnormal  stimuli.  ToTiching  the  bowel  of  an  animal  under  morphine  causes  little  re- 
sponse; greater  distention  is  required  to  excite  a  contraction  and  much  stronger  electric 
stimuli  are  required  on  the  exposed  intestine  (Spitzer).  Another  explanation  which 
requires  conlflrmation  is  as  follows.  The  normal  intestine  secretes  a  hormone  called  by 
certain  French  writers  "motilene,"  which  stimulates  the  motility  of  the  bowel.  A  strip 
of  isolated  bowel  contracts  more  strongly  if  a  little  intestinal  juice  is  added  to  the  sus- 
pension fluid.  It  is  claimed  that  under  the  influence  of  morphine  this  "motilene"  is 
no  longer  secreted  and  that  the  juice  of  a  poisoned  bowel  is  without  effect.  The  bowel 
of  a  dog  which  has  received  morphine  is  less  stimulated  by  motilene  than  a  normal 
bowel  (Zunz  and  Gyorgy).  The  motilene  is  absent  from  the  bowel  for  as  much  as  24 
hours  after  a  single  dose  of  6  mgm.  per  kilo. 

Large  Intestine. — The  effect  of  morphine  on  the  motion  of  the  large  bowel  is  much 
the  same  as  on  the  small.  The  peristaltic  waves  are  not  much  affected  but  the  sensitive- 
ness is  markedly  decreased.  This  leads  to  one  of  the  most  important  factors  in  mor- 
phine constipation,  the  loss  of  desire  to  defecate.  Normally  this  results  from  the  presence 
of  feces  in  the  rectum,  but  under  the  influence  of  morphine  even  large  masses  produce 
no  stimulus  (Schapiro).  The  total  amount  of  feces  is  also  lessened,  as  the  prolonged 
stay  in  the  colon  allows  more  time  for  absorption  of  water. 

Effect  on  Diarrhea. — In  those  forms  of  diarrhea  which  are  due  to  inflammation  of 
the  intestine,  and  in  which  increased  exudate  is  associated  with  increased  peristalsis, 
morphine  is  very  effective.  In  man  it  is  of  great  use  in  all  infectious  diarrheas  in  which 
it  is  desirable  to  quiet  the  bowel,  and  the  same  is  true  in  experimental  diarrheas.  The 
diarrhea  caused  in  cats  by  colocynth,  which  is  accompanied  by  acute  inflammatory  reac- 
tion, is  checked  by  5  mgm.  of  morphine  per  kilo  (Takahashi).  The  excessive  peristalsis 
is  controlled,  the  action  in  this  respect  differing  from  that  on  the  normal  bowel,  and 
the  excessive  secretion  from  the  intestinal  mucosa  is  also  stopped.  If  an  infusion  of 
colocynth  is  introduced  into  a  closed  intestinal  loop  in  a  cat,  a  free  secretion  of  watery 
mucus  occurs  in  the  loop.  If  30  mgm.  of  morphine  are  given  subcutaneously  at  the  same 
time,  less  than  half  as  much  is  secreted   (Padtberg). 

Adult  cats  fed  exclusively  on  milk,  develop  a  non-inflammatory  diarrhea,  largely  due 
to  the  small  amount  of  solid  in  the  diet.  This  is  promptly  stopped  by  morphine.  The 
effect  is  probably  not  an  action  on  the  intestine,  but  dependent  on  the  slow  emptying  of 
the  stomach,  which  gives  time  for  the  whey  to  be  absorbed  from  the  bowel,  before  the 
curd  escapes  from  the  stomach   (Magnus). 

Those  forms  of  diarrhea  which  are  due  to  direct  action  on  the  motion  of  the  bowel, 
such  as  follow  magnesium  sulphate,  senna  and  castor  oil,  are  not  affected  by  morphine. 

Mixed  Alkaloids  in  Diarrhea. — While  morphine,  codeine  and  thebaine  have  a  stimu- 
lant action  on  the  intestinal  motions,  at  least  in  vitro,  the  other  opium  alkaloids  which 
have  a  benzyl-isoquinoline  nucleus,  have  just  the  opposite  effect,  acting  as  paralyzants  of 
all  smooth  muscle  including  that  of  the  bowel.  On  this  account  the  alkaloids  of  the  two 
groups  show  a  marked  synergism  (Macht).  Thus  1  part  of  papaverine  will  prevent  the 
stimulating  action  of  15  parts  of  morphine  on  the  isolated  bowel  of  the  cat  (Macht). 
The  milk  diarrhea  of  cats  is  not  checked  by  codeine  or  by  narcotlne  alone  but  is  stopped 
by  0.1  Gm.  of  morphine-free  pantopon  (Hesse  and  Neukirch).  The  exudation  into  the 
isolated  bowel  irritated  by  colocynth  is  less  influenced  by  30  mgm.  of  morphine  alone 
than  by  an  amount  of  opium  which  contains  only  half  as  much.  The  synergism  of  mor- 
phine and  codeine  is  not  readily  explained  but  it  is  said  that  colocynth  diarrhea  in  cats 
can  be  checked  by  morphine,  5  mgm.  per  kilo;  by  codeine,  10  mgm.  per  kilo;  and  by 
morphine,  0.5  mgm.  with  only  1  mgm.  of  codeine  (Takahashi).  Papaverine  did  not  add 
to  the  efficacy  of  the  combination. 

Gall  Bladder. — The  gall  bladder,  both  isolated  and  in  situ,  is  little  influenced  by 
morphine,  usually  showing  slight  increase  in  tonus  (Macht).  The  secretion  of  bile  is 
not  influenced  or  may  be  slightly  lessened. 

Blood. — Morphine  sulphate  injected  subcutaneously  in  rabbits,  dogs  or  men  in  small 
as  well  as  in  full  doses,  causes  brief  leucopenia  followed  by  leucocytosis,  chiefly  of 
polymorphonuclear  neutrophils. 

Circulatory  System. — The  action  of  morphine  on  the  circulatory  system  is  quite 
different  in  animals  which  are  quieted,  such  as  the  rabbit,  dog  and  man,  from  what  it  is 
in  species  which  are  excited,  such  as  the  cat  and  hoofed  animals.  The  action  of  the 
former  is  of  chief  interest  from  the  standpoint  of  therapeutics  and  it  will  first  be 
considered. 
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Small,  narcotic  doses  cause  brief  acceleration  of  the  heart,  followed  by  distinct  and 
often  marked  slowing.  It  is  not  probable  that  the  acceleration  is  due  to  nausea  as  the 
heart  is  often  rapid  long  after  this  has  passed  off.  With  the  period  of  slowing  the  heart 
begins  to  beat  more  forcibly,  the  pulse  becoming  stronger,  and  a  cardiac  lever  applied 
to  the  exposed  heart,  showing  a  greater  excursion  (Guinard).  "With  small  doses  the 
heart  remains  slow  and  strong  until  recovery.  The  blood  pressure  rises  slightly  during 
the  primary  acceleration,  falls  to  a  little  below  normal  as  the  heart  becomes  slow,  then 
slowly  rises  to  normal  again.  These  changes  in  pressure  are  never  very  marked  and 
may  not  occur  at  all.  The  blood  vessels  of  the  skin  are  dilated,  especially  on  the  head 
and  neck,  those  of  the  internal  organs  little  altered.  The  vasodilatation  is  apparently 
central  in  origin.  Full  narcotic  doses  cause  occasionally  in  man  and  almost  constantly 
in  the  dog,  peculiar  changes  in  cardiac  rhythm,  dependent  on  central  vagus  stimulation. 
In  normal  dogs  stimulation  of  the  right  vagus  nerve  causes  block  at  the  sino-auricular 
node  and  total  irregularity,  the  auricles  often  stopping  completely  and  circulation  being 
carried  on  by  ventricular  extrasystoles.  Stimulation  of  the  left  nerve  causes  block  at  the 
auriculo-ventricular  node  with  dropped  beats  or  1:2  rhythm;  both  types  of  irregularity 
are  seen  in  morphine  poisoning  (Cohn).  That  stimulation  of  the  vagus  center  is  the 
chief  cause  of  the  slowing  is  further  indicated  by  the  fact  that  acceleration  always  fol- 
lows moderate  doses  if  the  vagus  nerves  have  been  cut.  Very  large  doses  may,  however, 
cause  considerable  slowing,  and  weak  electric  stimulation  of  the  peripheral  vagus  may 
stop  the  heart,  showing  that  the  endings  are  also  stimulated  (Picard).  Sufferers  from 
angina  pectoris  show  especial  tendency  to  heart  block  and  stoppage  of  the  auricles 
(Hering).  The  excited  vagus  center  is  unduly  sensitive  to  asphyxia  and  extreme  slow- 
ing of  the  heart  may  thus  result  from  a  moderate  respiratory  depression,  or  from  small 
doses  of  epinephrine. 

Toxic  doses  of  morphine  cause  similar  symptoms,  but  these  are  followed  by  weak, 
rapid  heart  action,  due  to  direct  effect  on  the  heart  muscle  and  intracardiac  ganglia  and 
leading  to  an  immediate  fall  of  blood  pressure,  if  moderate  doses  are  injected  rapidly 
intravenously,  so  that  they  reach  the  heart,  while  concentrated.  In  the  late  stages  of 
morphine  poisoning,  the  vagus  endings  may  be  paralyzed. 

The  cardio-inhibitory  center  of  the  turtle  is  stimulated  by  direct  perfusion  with  mor- 
phine (Bush). 

Direct  studies  of  the  blood  flow  in  dogs  show  that  it  is  slowed.  All  studies  appear 
to  have  been  made  on  the  circulation  in  the  head  and  brain  (deBoeck  and  Verhoogen; 
Stcherbak,  Guinard).  The  slowing  is  associated  with  stagnation  in  the  arterioles  which 
lose  their  normal  pulsations  and  dilate  (Guinard).  The  vasodilation  is  shown  by  the 
large  pulse  pressure  and  the  visible  beating  of  the  veins  in  dogs  (Picard).  The  coronary 
arteries  are  slightly  dilated  (Macht),  this  effect  being  also  seen  in  isolated  rings  exposed 
to  0.01  percent,  solution. 

Animals,  such  as  the  cat,  which  are  not  narcotized  by  morphine,  show  almost  purely 
stimulant  effects.  Small  and  moderate  doses  cause  very  marked  increase  in  the  force 
of  the  heart,  the  beats  being  often  twice  as  strong  as  before  (Guinard).  The  heart  is 
accelerated  and  the  blood  pressure  rises,  often  markedly.  The  peripheral  blood  vessels 
are  strongly  constricted  and  the  blood  flow  is  slowed  by  this  and  not  by  congestion  as 
in  the  dog.  In  goats,  the  rise  of  pressure  is  often  extreme,  even  45  to  60  mm.  after  a 
dose  of  10  Gm.  (2^  dr.)  (Guinard).  The  vagus  nerve  is  depressed  and  section  of  it  has 
little  effect  on  the  rate  of  the  heart  and  none  on  its  force. 

The  action  on  the  isolated  mammal  heart  is  similar  to  that  just  described.  There  is 
acceleration  with  increase  in  the  force  of  the  beats.  With  strong  solutions  the  heart 
later  becomes  weak.    The  isolated  frog  heart  also  becomes  stronger  and  more  rapid. 

Lymph. — Morphine  has  no  effect  on  the  flow  from  the  thoracic  duct  (Tchirwinsky). 
The  increase  in  leucocytes  which  normally  follows  infection  is  said  to  be  reduced  by 
morphine,  but  this  reduction  is  probably  not  marked  enough  to  be  of  any  importance. 

Respiratory. — Among  the  most  important  actions  of  morphine  is  that  on  the  respira- 
tory center,  consisting  in  a  reduction  of  its  sensitiveness.  This  results  in  a  marked 
lessening  of  the  minute-volume  of  air,  brought  about  entirely  by  slowing  of  the  respira- 
tion, the  depth  being  unaltered,  or  if  the  rhythm  becomes  very  slow,  even  increased. 
In  dogs  there  may  be  primary  acceleration  associated  with  nausea,  and  in  other  animals 
the  respiration  may  be  rapid  before  the  onset  of  convulsions,  but  in  all  species  the  char- 
acteristic effect  of  full  doses  of  morphine  is  marked  slowing  of  the  respiratory  rate  and 
decrease  in  the  volume  of  air  moved.     In  the  rabbit   (Macht)   and  occasionally  in  man, 
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very  small  doses  may  lead  to  an  increase  in  volume.  In  cats  the  chief  action  of  small 
doses  is  depression  of  the  active  expiration  (Issekutz,  Henderson  and  Scarbrough). 
The  depression  of  the  respiratory  center  is  also  shown  by  the  fact,  that  increase  of  00, 
in  the  blood  raises  the  respiratory  volume  much  less  than  normally,  as  well  as  by  the 
increased  duration  of  apnea  which  results  from  over-ventilation  and,  in  the  rabbit,  from 
inhalation  of  ammonia  fumes  or  ether.  The  response  to  inhalation  of  CO2  is  of  normal 
character,  that  is,  depth  is  increased  more  than  rate  (Cushny  and  Lieb).  The  lessening 
of  this  response  is  often  of  value  clinically,  morphine  quieting  dyspneic  respiration. 
McGuigan  believes  the  depression  is  only  apparent  and  due  to  lessening  of  afferent 
stimuli.  The  vagus  center  is  depressed,  although  less  than  the  respiratory  and,  in  the 
rabbit,  somewhat  stronger  stimulation  of  the  central  vagus  is  needed  to  cause  stoppage 
in  inspiration.  After  preliminary  vagus  section,  the  same  slowing  of  respiration  is  seen 
as  in  normal  animals,  but  smaller  doses  are  required  to  cause  respiratory  death  in  the 
rabbit  (Cushny).  The  depression  of  the  center  is  antagonized  by  atropine,  which  may 
increase  the  respiratory  volume  40  percent.   (Vollmer). 

The  gas  exchange  is  influenced  by  the  quietness  of  the  animal  (dogs  and  men),  and 
by  the  reduced  sensitiveness  of  the  center  to  CO2.  The  output  of  COo  per  minute  is 
markedly  decreased,  and  the  per  minute  consumption  of  oxygen  decreased  rather  less. 
In  both  arterial  and  venous  blood  the  amount  of  CO2  is  increased  30  to  60  percent,  and 
the  amount  of  oxygen  decreased  to  a  less  degree;  in  fact,  it  may  be  normal  in  the  venous 
blood.  In  animals  which  are  excited  by  morphine,  such  as  cats  and  rats,  the  gas  exchange 
is  increased  and  the  above  statements  in  regard  to  blood  gases  do  not  apply.  In  dogs 
and  rabbits,  and  more  rarely  in  man,  narcotic  doses  of  morphine  cause  periodic  breathing, 
associated  with  alternate  rises  and  falls  in  the  blood  gases.  It  is  probable  that  the 
depressed  center  finds  too  little  CO,  in  the  blood  to  stimulate  it  and  the  respiration 
ceases.  After  a  period  of  apnea  the  CO2  increases  to  a  degree  sufficient  to  act  on  the 
center,  but  the  respiratory  movements  which  result  soon  get  rid  of  this  excess,  and 
the  center  falls  into  inactivity  once  more.  "With  the  periods  of  apnea  there  are  usually 
rhythmic  alternation^  of  higher  and  lower  blood  pressure,  due  to  variations  in  the  force 
of  the  heart  and  fiot  to  the  state  of  the  vasomotor  center.  Some  authors  believe  that 
these  are  primary  and  affect  the  respiratory  center.  The  theories  are  discussed  by  Bar- 
bour.   The  periodic  respiration  may  be  relieved  by  inhalation  of  oxygen. 

The  bronchi  are  dilated  in  man  by  very  small  doses  (Macht,  Brodie  and  Dixon),  but 
constricted  by  as  much  as  15  mgm.  in  man  or  1  mgm.  per  kilo  in  the  dog.  The  dilata- 
tion is  central;  the  constriction,  which  may  aid  in  producing  asphyxia,  peripheral,  as 
shown  by  its  occurrence  in  pithed  animals  (Jackson)  and  in  isolated  bronchial  rings 
(Trendelenburg).  Constriction  is  prevented  by  atropine  or  epinephrine,  showing  that  the 
muscle  is  not  stimulated. 

The  bronchial  and  tracheal  secretion  of  mucus  may  at  first  be  increased  as  an 
accompaniment  of  nausea,  but  later  both  are  reduced.  The  effect  on  the  tracheal  mucus 
can  be  shown  by  direct  inspection  of  the  tracheal  mucosa  in  the  cat  (Rossbach).  The 
cough  reflex  as  elicited  by  stimulation  of  the  larynx  is  reduced  in  man  by  doses  of  2 
mgm.  (gr.  1/30),  which  are  too  small  to  have  any  other  noticeable  effect. 

Metabolism. — All  metabolic  activity  is  decreased  in  those  species  which  are  nar- 
cotized. The  gas  exchange,  the  nitrogen  elimination,  the  sense  of  hunger,  the  tempera- 
ture, are  all  depressed,  and  the  loss  of  sexual  desire  and  the  enfeeblement  of  mental 
processes  also  lead  to  reduction  in  metabolic  activity.  The  increase  of  alkali  reserve, 
which  occurs  in  all  species  from  single  narcotic  doses,  may  be  connected  with  the 
reduced  metabolism.  The  decrease  in  elimination  of  urinary  nitrogen  is  not  greater 
than  would  be  accounted  for  by  the  quietness  and  fall  of  temperature,  and  no  direct 
action  on  nutrition  need  be  assumed.  In  chronic  poisoning  the  elimination  of  phosphorus 
and  of  purins  is  increased,  and  certain  of  the  symptoms  of  chronic  poisoning  have  been 
attributed  to  their  loss  (Schuber).  Associated  with  the  general  depression  of  metabolism 
is  the  lessened  activity  of  the  thyroid  gland  seen  in  rats  (Mills).  The  activity  of  the 
liver,  as  shown  by  the  urea  metabolism  in  dogs,  is  not  affected  by  moderate  doses  (Paton 
and  Eason). 

Morphine  appears  to  have  a  direct  action  on  the  carbohydrate  metabolism.  Moderate 
doses  cause  hyperglycemia;  in  man,  dogs  and  rabbits  this  may  be  prevented  by  starva- 
tion, and  is  not  seen  in  habituated  animals,  and  in  normal  individuals  is  not  often  great 
enough  to  lead  to  glycosuria.  In  partially  pancreatectomized  dogs  this,  however,  follows 
the  subcutaneous  injection  of  2  mgm.  per  kilo  CAuer  and  Kleiner).    In  human  diabetics 
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on  strict  diet,  no  change  in  blood  sugar  is  found  after  injection  of  15  mgm.  (gr.  ^) 
(Epstein),  and  if  morphine  is  given  before  taking  a  definite  dose  of  sugar,  the  resulting 
alimentary  glycosuria  is  decreased  by  the  better  assimilation  occasioned  by  the  delay  in 
absorption  (Klercker).  In  rabbits,  the  glycosuria  from  epinephrine  and  from  medullary 
puncture  are  not  influenced,  while  phlorizin  (Klercker)  and  ether  (Ross)  glycosuria  are 
decreased. 

Temperature. — In  those  species  which  are  quieted  by  morphine,  there  is  a  distinct 
and  often  marked,  fall  of  temperature  following  its  administration.  This  is  chiefly  due 
to  lessening  of  heat  production  (Reichert),  but  there  may  be  associated  increased  heat 
loss  from  dilatation  of  the  cutaneous  vessels.  The  fall  of  temperature  is  much  more 
marked  in  men  or  animals  exposed  to  cold.  The  temperature  of  normal  dogs  is  reduced 
4  to  6°  C.  by  10  mgm.  of  morphine  per  kilo  and  in  rabbits  made  febrile  by  puncture  of 
the  heat  center,  a  similar  dose  causes  a  fall  of  about  2°  C.   (Gottlieb). 

Genital. — With  the  general  narcotic  action  of  large  doses  of  morphine  is  associated 
a  decrease  in  sexual  desire. 

The  musculature  of  the  entire  genital  tract,  both  male  and  female,  is  stimulated  by 
morphine,  although  with  opium  this  effect  is  modified  by  the  reflaxing  influence  of  the 
isoquinoline  alkaloids.  Great  interest  attaches  to  the  influence  of  morphine  on  uterine 
contractions,  because  of  its  frequent  use  in  labor,  especially  its  recent  employment  with 
scopolamine  in  "twilight  sleep."  Both  in  vivo  and  in  vitro  its  effect  is  purely  stimulant. 
In  the  intact  cat  or  guinea-pig  there  is  no  effect  from  less  than  20  mgm.  (gr.  1/3)  but 
doses  above  this  induce  stronger  contractions  and  large  doses  increase  of  tonus  also. 
The  tonus  of  the  isolated  uterus  of  the  guinea-pig  shows  no  effect  from  a  concentration 
of  0.005  percent.,  increase  of  contractions  from  0.01  percent.,  and  increase  of  tonus  from 
stronger  solutions,  passing  into  tetanus  with  0.02  to  0.1  percent.  Any  delay  in  labor 
which  may  occur  under  morphine  is  central  and  not  due  to  an  action  on  the  uterus 
(Barbour).  The  excised  vagina  of  the  rabbit  shows  stronger  contractions,  but  little  or 
no  increase  of  tonus  from  O.OIG  percent.  (Waddell).  The  action  on  the  vas  deferens  is 
similar  to  that  on  the  ureter  (Macht). 

Urinary  System. — The  kidneys  are  not  irritated  even  by  poisonous  doses  of  mor- 
phine, and  any  effect  on  urinary  secretion  is  indirect. 

The  musculature  of  the  urinary  apparatus  is  stimulated  throughout.  Strips  of  pig 
ureter  show  increase  in  contractions  and  tonus  from  0.005  and  0.01  percent,  solutions 
of  morphine  (Macht).  The  muscle  of  the  bladder  is  stimulated  directly  as  is  the  vesical 
sphincter,  and  spasm  of  both  muscles  at  the  same  time*  may  lead  to  vesical  rupture  in 
guinea-pigs  and  to  painful  tenesmus  in  man. 

Nerve  System. — The  action  of  morphine  on  the  nerve  system  is  almost  purely  cen- 
tral, such  peripheral  influence  as  it  may  exert  being  of  little  therapeutic  significance. 
The  effects,  particularly  on  the  brain,  differ  so  widely  in  different  species  and  with 
varying  dose  that  it  will  be  best  first  to  describe  the  effects  of  therapeutic  doses  (10  to 
60  mgm.,  gr.  14  to  1)  in  man,  and  later  to  note  the  discrepancies  caused  by  different 
doses  in  this  and  other  species. 

In  man  the  first  effect  of  such  a  dose  is  an  obstruction  to  the  path  by  which  sensory 
impressions  reach  the  cerebral  cortex.  This  obstruction  is  above  the  reflex  arc,  and 
simple  reflexes  are  not  diminished.  There  results,  however,  a  lessening  of  pain  sense,  a 
lessened  tendency  to  cough  when  the  larynx  or  respiratory  tract  is  irritated,  and  failure 
to  respond  to  gentle  sensory  stimuli,  even  when  frequently  repeated,  although  stronger 
stimuli  may  evoke  abnormally  strong  responses.  Almost  as  soon  there  is  a  diminution 
in  the  ability  to  fix  the  attention,  giving  rise  to  a  condition  in  which  the  mind  wanders 
dreamily  from  one  subject  to  another.  With  the  smaller  doses  (10  mgm.)  it  is  possible 
by  effort  to  overcome  this  mental  condition,  and  to  fix  the  attention  on  any  desired  idea. 
While  such  effort  is  continued  the  mental  processes  functionate  clearly,  and  often  seem 
to  work  unusually  easily  because  of  the  cutting  off  of  external  interruptions  to  the 
train  of  thought.  As  soon  as  the  strong  effort  ceases,  however,  the  mind  reverts  to  its 
dreamy  state.  This  peculiar  mental  condition  is  due  to  interference  with  the  conducting 
paths  before  the  cells  concerned  in  ideation  are  much  depressed.  The  motor  cortex  is 
not  affected  at  this  time,  and  although  the  person  prefers  to  remain  quiet,  motions  can 
"be  carried  out  with  normal  rapidity  and  accuracy.  The  sensitiveness  of  the  skin  to 
painful  (Moukhtar),  and  electric  (Magnus,  Hermann  and  Levy),  stimuli  is  decreased. 

After  a  few  hours  (much  sooner  with  doses  of  30  to  60  mgm.),  there  succeeds  a 
state  in  which   ideation  and   concentration  are  much   depressed,  and  psychologic  tests 
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show  lessening  of  judgment  and  of  ability  to  memorize  (Weygandt).  The  mind  is 
apathetic  and  drowsy,  all  sense  of  time  is  lost,  and  ideas  and  visions  follow  each  other 
in  rapid  and  disorderly  sequence.  This  phase  may  last  a  long  time  or  may  be  almost 
wanting,  but  in  any  case,  passes  into  a  heavy  sleep  or,  more  rarely,  into  a  restless  som- 
nolence in  which  dreams  continue.  On  waking  there  may  be  no  disagreeable  after- 
effects except  dry  throat  and  constipation,  which  are  almost  always  noted.  Occasionally 
there  are  nausea,  headache  and  vertigo.  Many  persons  are  comfortable  as  long  as  they 
remain  horizontal,  but  nausea  and  headache  occur  at  the  least  attempt  to  stand  or  even 
to  raise  the  head. 

Much  smaller  doses  (1  to  5  mgm.,  gr.  1/60  to  1/12)  produce  in  most  individuals  no 
effects  except  lessening  of  disagreeable  sensations.  Reaction  time  is  shortened  (Macht 
and  Isaacs),  and  mental  effort  made  easier.  Certain  persons  show  the  disagreeable 
effects  just  described.  It  is  probable  that  very  small  doses  act  differently  from  full 
therapeutic  ones  in  several  respects;  for  example,  the  pupil  is  always  contracted  by  full 
doses,  but  may  be  dilated  by  very  small  amounts.  When  there  is  severe  pain,  especially 
headache,  there  is  often  interference  with  the  mental  processes,  and  small  doses  of 
morphine,  by  relieving  this,  commonly  improve  the  mental  power  and  the  ability  to 
think  connectedly.  It  is  not  to  be  recommended  for  such  a  purpose,  as  less  dangerous 
drugs  are  equally  efficacious,  and  the  necessity  of  constantly  increasing  the  dose  and 
the  danger  of  initiating  the  morphine  habit,  make  its  use  reprehensible. 

Man  very  rarely  exhibits  those  phenomena  of  stimulation  which  are  usual  in  certain 
other  species,  but  delirium  or  extreme  restlessness,  suggesting  the  uneasiness  of  the 
hoofed  animals,  while  seldom  seen  in  the  white  races,  is  said  to  be  common  among  the 
Malays.  Tetanic  convulsions  are  even  more  rare  and  have  been  seen  most  often  in 
children.  Dr.  W.  W.  Keen  describes  convulsions  caused  in  himself  by  a  therapeutic 
dose.  In  the  same  connection  may  be  mentioned  the  return  of  certain  reflexes  in  a 
tabetic,  after  taking  130  mgm.   (gr.  2)   of  morphine  (Osnato). 

Although  in  man,  the  nervous  effects  of  morphine  are  largely  limited  to  a  depressing 
action  on  the  cerebrum,  this  is  by  no  means  the  case  in  other  species.  The  phenomena 
of  poisoning  in  most  of  the  laboratory  and  domestic  animals,  already  described,  illus- 
trate this  fact,  and  little  need  be  added.  It  is  frequently  stated  that  in  all  animals 
morphine  depresses  the  higher  functions  in  the  cerebral  cortex  and  stimulates  the  lower 
centers,  and  that  the  effects  vary  with  the  relative  development  of  these;  in  species 
with  a  highly  developed  cortex,  such  as  man,  the  narcotic  action  is  most  in  evidence; 
in  the  frog,  whose  cerebrum  is  very  small,  the  convulsant  phenomena  dominate  the 
picture;  while  in  the  dog  and  rabbit,  which  stand  between,  narcotic  symptoms  are  likely 
to  be  associated  with  convulsant.  It  is  also  claimed  that  this  general  law  accounts  for 
the  excitement  seen  in  certain  primitive  races,  notably  the  Malays,  as  well  as  for  the 
greater  tendency  to  convulsions  in  young  children.  This  so-called  "law"  is,  however, 
by  no  means  universally  true.  Pigeons  and  rabbits,  for  example,  the  brains  of  which 
are  much  less  developed  than  those  of  cats,  show  more  of  the  narcotic  and  less  of  the 
exciting  action.  An  even  more  striking  proof  of  the  falsity  of  the  foundation  on  which 
the  supposed  law  is  based,  is  that  decerebrate  rabbits  and  pigeons  show  the  depressant 
and  narcotic  action  of  morphine  much  more  strongly  than  do  normal  intact  animals 
(Guinard).  It  is  true  that  they  also  show  the  convulsant  action  with  smaller  doses, 
but  this  does  not  invalidate  the  demonstration  that  the  narcotic  action  is  exerted  else- 
where than  on  the  cerebral  cortex. 

The  truth  probably  is,  that  the  depressant  and  excitant  actions  of  morphine  are 
exerted  on  different  cells  in  each  portion  of  the  central  nerve  system  rather  than  on 
different  anatomic  portions.  The  mental  excitement  seen  in  hoofed  animals,  is  as  evi- 
dently cerebral  as  is  the  narcosis  in  man  and  dogs.  The  occurrence  of  narcosis  in 
completely  decerebrate  pigeons  and  rabbits  and  certain  of  its  characteristics  show  that 
a  depressing  action  is  exerted  on  the  basal  ganglia  of  such  animals  (Guinard),  while 
the  convulsions  which  follow  subdural  injections  in  dogs,  are  evidently  due  to  stimula- 
tion of  these  ganglia  and  not  of  the  cord  or  motor  cortex  (Nardelli).  That  the  cord  itself 
is  depressed  in  frogs,  is  shown  by  the  brief  narcosis  exhibited  by  animals  with  the 
brain  completely  destroyed,  while  the  weakened  spinal  reflexes  in  men  show  that  the 
cord  is  depressed  in  mammals  also.  The  centers  in  the  medulla  are  also  differently 
affected,  the  vomiting  center  and  the  vagus  center  being  stimulated,  while  the  respiratory 
and  vasomotor  centers  are  depressed.  Spinal  tetanus  results  from  intrathecal  injections 
in  dogs   (McGuigan). 
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In  attempting  to  analyze  the  depressant  and  stimulant  phenomena  in  each  portion, 
of  the  nerve  system,  we  may  make  a  guarded  generalization  that  the  motor  and  reflex 
functions  are  stimulated,  the  sensory  and  psychic  depressed.  The  cerebral  centers  of 
consciousness  and  pain  sensation  are  markedly  depressed,  those  of  tactile  and  other 
special  senses  much  less.  The  efferent  pathways  in  general  are  depressed.  The  motor 
cells  of  the  cortex  are  little  influenced,  those  of  the  lower  brain  centers  and  cord  are 
stimulated. 

The  peripheral  effects  of  morphine  play  little  part  in  its  action  on  the  nerve  system. 
The  decreased  sensitiveness  of  the  skin,  which  follows  systemic  administration  is 
almost  wholly  central,  but  the  lessened  sensitiveness  to  painful  stimuli  observed  after 
intradermic  injections  of  morphine  in  guinea-pigs  (Moukhtar),  and  the  decreased  per- 
ception of  painful  electric  stimuli  which  results  when  a  4  percent,  solution  of  morphine 
sulphate  is  applied  to  the  tongue  or  lip  or  rubbed  firmly  on  the  intact  skin  for  a  few 
minutes  (Macht,  Johnson  and  Bollinger)  shows  that  morphine  paralyzes  the  termina- 
tions of  the  pain  nerves.  There  is,  on  the  other  hand,  no  peripheral  paralysis  of  tactile 
sensation  as  the  ability  to  judge  the  distance  between  the  points  of  a  compass,  although 
lower  than  normal,  is  not  any  less  at  the  site  of  a  subcutaneous  injection  than  else- 
where. The  limitation  of  the  field  of  vision,  which  occurs  in  man  after  small  doses, 
may  be  either  central  or  peripheral  or  partly  dependent  on  the  small  pupil  (Macht, 
Isaacs  and  Greenburg).  In  analogy  with  the  central  effects,  peripheral  motor  structures 
are  not  affected  by  morphine.  The  paralysis  of  the  cord  affects  the  voluntary  paths,  the 
sensory  reflex  cells  being  stimulated,  as  shown  by  the  occurrence  of  strychnine-like 
tetanus.  The  motor  nerve  endings  are  not  paralyzed  in  the  frog  as  they  are  by 
strychnine   (Githens). 

The  influence  of  morphine  on  the  structures  innervated  by  the  autonomic  system  is 
chiefly  central.  The  salivation  and  sweating  of  the  paw,  seen  in  cats,  cease  on  section 
of  the  nerves,  the  chorda  tympani  and  sciatic  nerve  respectively.  Instillation  of  mor- 
phine in  the  eye  has  no  effect  on  the  pupil,  nor  has  application  to  the  superior  cervical 
ganglion  (Magnus).  The  dilatation  of  the  cat  pupil  is  due  to  central  stimulation  of 
the  sympathetic,  as  shown  by  its  cessation  when  the  sympathetic  nerve  is  cut.  The 
contraction  of  the  pupil  seen  in  man  and  the  dog  is  less  readily  explained.  The  con- 
ception that  it  was  due  to  paralysis  of  the  sympathetic  center  (Picard)  was  disproved 
by  CI.  Bernard.  It  is  probable  that  it  is  analogous  to  the  miosis  occurring  in  natural 
sleep  and,  according  to  Braunstein,  depends  on  an  elective  paralysis  of  an  inhibitory 
mechanism  of  the  oculomotor  nerve.  In  rabbits,  miosis  is  largely  secondary  to  changes 
in  the  blood,  decreased  pH  and  increased  CO,  combining  power.  The  cortex  is  not  involved 
in  the  reaction  (Henderson  and  Graham).  A  1  percent,  solution  instilled  in  the  cat  eye, 
causes  contraction  of  the  muscles  of  accommodation,  not  prevented  by  atropine  (Ganter). 
This  author  believes  that  all  smooth  muscle  is  directly  stimulated  by  morphine  and,  as 
both  the  sphincter  and  dilator  are  stimulated,  there  is  little  peripheral  effect  on  the 
pupil,  while  accommodation,  not  having  balanced  muscles,  is  strongly  influenced. 

Synergism. — Morphine  is  very  frequently  used  in  connection  with  other  narcotics 
in  the  belief  that  it  increases  their  action  beyond  what  might  be  expected  from  the 
simple  sum  of  the  two  effects.  Of  great  interest  is  the  increased  effect  of  combinations 
with  narcotine.  Morphine,  in  dogs,  lessens  markedly  the  amount  of  ether  required  to 
produce  anesthesia,  and  in  cats,  during  the  stage  of  morphine  excitement,  less  chloro- 
form is  needed  to  produce  narcosis  than  for  normal  animals  (Guinard).  Morphine  and 
chloral  and  morphine  and  urethane  show  marked  synergism,  a  full  effect  being  obtained 
from  a  combination  of  Vi  of  the  effective  dose  of  each  (Hammerschmidt,  Rappaport). 
Scopolamine  and  morphine  also  increase  each  other's  hypnotic  action  to  an  extent 
greater  than  the  sum  of  their  actions.  On  the  other  hand  there  is  no  synergism 
between  morphine  and  magnesium  sulphate  (Githens,  unpublished),  such  as  is  seen 
between  the  latter  and  ether  (Meltzer).  Dogs  habituated  to  morphine  are  tolerant  to 
large  doses  of  codeine  and  heroine,  but  show  no  tolerance  for  chloral  or  cannabis 
(Myers). 

Heroine. — Heroine  is  an  artificial  alkaloid  made  from  morphine  by  replacing 
both  hydroxyls  with  acetyl  (-COCH,).  It  resembles  morphine  in  its  chief  actions 
and  properties,  havinj?  narcotic  power,  depressing  respiration,  causing  nausea  and 
increased  peristalsis,  stimulating  most  unstriped  muscle  tissue,  and  causing  spinal 
convulsions  in  those  animals  in  which  such  are  induced  by  morphine.    Like  mor- 
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phine,  but  unlike  codeine,  it  tends  to  establish  a  habit  and  to  produce  tolerance  after 
continued  use.  It  was  thought  by  Dreser,  who  introduced  it,  that  heroine  had  as 
great  a  quieting  effect  on  cough  as  morphine,  with  doses  which  had  less  narcotic 
effect  and  which  disturbed  digestive  functions  less.  This  advantage  has  not  been 
fully  confirmed  and  as  the  toxic  and  therapeutic  doses  are  much  closer  to  each 
other,  and  as  the  habit  produced  by  continued  use  is  even  more  terrible  than  that 
of  morphine,  its  use  has  been  largely  abandoned;  it  has  been  dropped  from  the 
pharmacopoeia  and  its  manufacture  and  sale,  in  the  United  States,  prohibited. 

Heroine  is  excreted  almost  entirely  by  the  kidneys  unchanged.  A  small  amount, 
altered  slightly,  escapes  with  the  stools.  In  dogs  tolerant  to  heroine  it  is  almost 
entirely  destroyed  in  the  body  and  cannot  be  recognized  in  the  excreta  (Langer).      : 

Pharmacodynamic  Action:  Topical  Action. — The  salts  of  heroine  are  slightly  acid 
and  therefore  somewhat  irritating.  Injected  into  the  epidermis  (not  subcutaneously), 
or  rubbed  on  the  abraded  skin,  it  raises  wheals  as  does  morphine. 

Toxicity. — Heroine  is  toxic  in  much  smaller  doses  than  morphine.  Fatal  poisoning 
4n  man  is  rare  except  in  habitues  who  have  taken  an  overdose,  and  such  accidents  give 
no  idea  of  its  usual  toxicity. 

The  surely  fatal  dose  in  both  dogs  and  rabbits  is  0.15  Gm.  per  kilo,  although  half 
this  dose  may  cause  death,  and  very  much  smaller  doses  give  rise  to  severe  intoxication. 
Narcosis  lasting  two  days,  with  weak  respiration  and  dilated  pupil,  resulted  from  a 
single  dose  of  10  mgm.  (gr.  Vq)  in  a  woman,  and  convulsions  from  167  mgm.  (gr.  2i^). 
In  dogs  25  to  60  mgm.  per  kilo  cause  narcosis  lasting  a  day,  while  100  mgm.  cause  rest- 
lessness and  ataxia  followed  by  narcosis  with  Cheyne-Stokes  respiration.  In  rabbits 
the  picture  is  dominated  by  excitement;  5  mgm.  per  kilo  cause  tremors  and  ataxia, 
70  mgm.  clonic  convulsions,  and  0.15  Gm.  fatal  tetanus.  In  dogs,  also,  death  is  due  to 
tetanus,  and  if  this  is  prevented  by  ether,  a  dog  will  survive  0.3  Gm.  per  kilo.  The 
action  in  frogs  differs  from  that  of  morphine  and  codeine  in  the  much  smaller  influence 
of  temperature  and  of  interrupting  the  circulation.  Tetanus  results  at  5°  C.  from  0.1 
mgm.  per  Gm.,  and  at  room  temperature  from  the  same  dose  or  little  more   (Githens). 

Habituation. — Dogs  given  daily  narcotic  doses  of  heroine,  showed  in  5  days  a  short- 
ening of  the  duration  of  narcosis  from  20  to  2  hours.  In  spite  of  the  marked  tolerance 
thus  shown  there  was  no  tolerance  to  the  convulsant  action,  and  the  dose  which  killed 
normal  dogs  in  tetanus  was  very  little  smaller  than  that  required  to  kill  habituated 
dogs.  In  accord  with  this  was  the  inability  to  produce  tolerance  in  rabbits,  in  which 
the  effects  are  almost  entirely  convulsant    (Fonteyne). 

In  man,  as  already  stated,  the  heroine  habit  is  easily  formed  and  is  even  more 
serious  in  its  effects  than  morphine,  causing  more  complete  and  rapid  mental  and  moral 
deterioration. 

The  drug  is  often  taken,  like  cocaine,  by  sniffing.  The  average  daily  doSe  is  0.6  Gm. 
(gr.  10),  but  may  rise  as  high  as  2.8  Gm.  (gr.  45).  The  treatment  is  the  same  as  that 
of  the  morphine  habit. 

Systemic  Action. — The  digestive  tract  is  less  influenced  than  by  morphine.  There 
is  little  tendency  to  vomit  and  constipation  is  not  usually  noted.  In  dogs  0.2  Gm.  per 
kilo  does  not  cause  vomiting  but  prevents  the  emetic  action  of  apomorphine.  In  man, 
heroine  causes  the  same  gastric  contraction  as  morphine. 

The  heart  and  blood-vessels  are  little  affected.  The  beats  of  the  isolated  frog  heart 
are  slightly  weakened  by  0.0004  percent.  (Dreser).  Unstriped  muscle  in  general  is 
stimulated  as  by  morphine. 

Like  morphine,  it  exerts  its  chief  actions  on  the  respiratory  and  nerve  systems.  In 
man,  cough  is  quieted  by  5  mgm.,  which  has  the  same  soothing  effect  as  15  mgm.  of 
morphine  (Higgins  and  Means).  The  respiratory  volume  is  somewhat  lessened  by  this 
dose,  and  bronchial  constriction  is  caused.  In  dogs  0.2  mgm.  per  Gm.  causes  accelera- 
tion followed  by  slowing;  the  respiratory  volume  is  not  constantly  affected;  2  mgm. 
per  kilo  cause  lessened  volume  and  intense  broncho-constriction  (Jackson).  The  rabbit 
shows  no  constant  effect  from  0.5  mgm.  per  kilo,  but  lessened  volume  and  slightly 
raised  CO2  threshold  after  three  times  as  much   (Issekutz). 

The  respiration  in  frogs  and  the  gill  movements  in  fish,  become  slow  and  periodic 
when  they  are  placed  in  water  containing  0.1  percent. 
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On  the  nerve  system,  heroine  induces  the  same  narcosis  and  excitement  as  morphine. 
In  man  and  dogs  the  narcotic  symptoms  are  prominent;  in  the  rabbit  convulsions  occur 
with  less  narcosis  than  is  caused  by  morphine.  Analgesia  is  not  marked  with  non- 
narcotic doses,  as  It  is  with  morphine.  Frogs  show  less  depression  and  more  prompt 
onset  of  convulsions. 

Codeine. — Codeine  differs  from  morphine  in  composition  only  in  the  replacement 
of  one  hydroxyl  by  a  methyl  group.  It  is  present  in  opium,  but  this  supply  is  not 
nearly  equal  to  the  demand,  and  almost  all  found  in  commerce  is  made  artificially 
from  morphine.  Its  action  resembles  that  of  morphine  in  some  respects,  but  it 
requires  much  larger  dosage  and  has  less  hypnotic  and  analgesic  action,  while  its 
tendency  to  cause  excitement  is  greater.  It  lessens  the  cough  reflex  without  depress- 
ing the  respiratory  center,  which  gives  it  an  advantage  over  morphine  in  certain 
respiratory  diseases.  It  is  less  constipating  and  may  even  cause  diarrhea.  The  great 
advantage  over  morphine,  however,  is  the  almost  complete  absence  of  the  tendency 
to  produce  a  habit  or  leave  abstinence  symptoms  when  it  is  withdrawn. 

Pharmacodynamics:  Absorption  and  Elimination. — Codeine  is  readily  absorbed,  in 
fact  from  a  loop  of  rabbit  bowel  it  is  more  rapidly  taken  up  than  is  morphine   (Babel). 

Like  heroine  it  is  eliminated  almost  entirely  (80%)  in  the  urine,  a  small  portion 
escaping  with  the  stool.  It  is  possible  that  it  is  excreted  into  the  stomach  and  con- 
stantly reabsorbed  until  it  escapes  in  the  urine.  Tlie  matter  has  not  been  adequately 
studied. 

Topical  Action. — Applied  to  the  abraded  skin  or  injected  intracutaneously,  it  raises 
wheals  similar  to  those  caused  by  morphine   (Sollmann  and  Pilcher). 

Toxicity. — By  reason  of  its  greater  excitant  and  less  narcotic  power,  codeine  is  much 
less  poisonous  to  those  species  in  which  narcosis  predominates,  and  as  toxic  as  morphine 
or  even  more,  in  those  which  die  from  tetanus.  In  man  the  poisonous  dose  is  0.5  Gm. 
(gr.  8).  This  causes  deep  sleep  with  shallow,  feeble  respiration,  irregular  muscular 
twitching  and  mydriasis.  After  waking,  there  is  depression  and  headache,  with  nausea, 
vomiting  and  often  diarrhea.  In  dogs  there  is  wide  variation  in  susceptibility;  very 
small  doses  (10  mgm.  per  kilo)  cause  restless  sleep,  while  30  to  40  mgm.  cause  twitchings 
and  motor  excitement.  The  fatal  dose  is  slightly  below  200  mgm.  per  kilo.  In  contrast 
to  morphine,  rabbits  are  more  susceptible.  Doses  of  20  mgm.  per  kilo  cause  muscular 
twitchings  or  clonic  convulsions  and  70  to  100  mgm.,  death  in  tetanus.  In  cats,  also,  the 
toxic  dose  is  smaller  than  that  of  morphine.  Pigeons  are  sleepy  and  ataxic  after  10  mgm., 
and  show  fatal  convulsions  from  85  to  40.  Frogs  show  less  narcosis  than  with  morphine, 
the  tetanus  appearing  sooner  at  low  temperatures,  and  after  smaller  doses  at  high.  At 
5°  C.  leopard  frogs  show,  after  0.1  mgm.  per  Gm.,  tetanus  coming  on  in  about  two 
hours  and  lasting  more  than  a  day.  At  20°  C.  three  times  this  dose  is  ineffective.  As 
with  morphine,  their  susceptibility  is  increased  by  decerebration,  0.05  mgm.  being 
effective  in  the  cold;  and  by  cardioectomy,  after  which  tetanus  will  result  from  0.03  mgm. 
at  5°  C.     In  R.  esculenta,  codeine  is  said  to  be  twice  as  toxic  as  morphine  (Issekutz). 

Habituation. — Unlike  morphine  little  or  no  tolerance  to  codeine  is  acquired  by 
repeated  administration.  Man  shows  very  little  and  dogs  none  whatever.  There  is  like- 
wise no  increase  in  ability  to  destroy  the  drug,  just  as  much  being  excreted  by  dogs 
whicE  have  received   repeated   doses  as  by   control  animals. 

Systemic  Action:  Alimentary. — Codeine  has  less  tendency  to  derange  digestion 
than  has  morphine,  but  in  man  doses  of  100  to  200  mgm.  (gr.  1'/^  to  3)  may  cause 
nausea,  coming  on,  like  that  of  morphine,  after  the  sleep.  The  same  dose  may  cause 
either  constipation  or  diarrhea,  usually  the  former,  while  25  mgm.  (gr.  %)  has  no  effect 
on  stomach  or  bowel. 

In  animal  experiment  it  is  found  that  codeine  acts  on  all  parts  of  the  bowel 
exactly  as  does  morphine.  To  check  milk  or  colocynth  diarrhea  in  cats,  about  20  mgm. 
is  required,  that  is,  about  twice  as  much  as  of  morphine,  but  a  smaller  dose  compared 
to  its  narcotic  power    (Hesse  and  Neukirch). 

Circulation  and  Respiration. — The  heart  is  slowed  slightly  by  full  doses  of  codeine 
as  is  the  respiration,  but  neither  is  markedly  influenced.  The  respiratory  center  is  not 
directly  depressed,  and  any  effect  is  due  to  lessening  of  external  reflexes.  Certain  of 
these  are  distinctly  weakened  as  is  shown  by  the  power  of  codeine  to  control  cough. 
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Nerve  System. — Codeine  differs  from  morphine  chiefly  in  the  greater  tendency  to 
cause  excitement  and  the  lesser  narcotic  action.  In  man  10  to  30  mgm.  (i/g  to  %  gr.) 
induces  light  but  quiet  and  refreshing  sleep,  while  the  deeper  sleep  which  follows  100  to 
200  mgm.  (gr.  1^  to  3)  is  apt  to  be  restless  and  to  leave  headache  and  dulness  after- 
ward. In  rabbits  10  mgm.  per  kilo  induces  brief  narcosis  which,  with  somewhat  larger 
doses,  is  replaced  by  restlessness  with  muscular  twitching.  The  pain  sense  in  man  is 
slightly  lessened  by  25  mgm.  (gr.  %)  (Macht,  Herrmann  and  Levy),  as  well  as  by  local 
application  of  a  5  percent,  solution    (Macht,  Johnson  and  Bollinger). 

The  autonomic  system  is  affected  much  as  by  morphine.  Most  unstriped  muscle 
fibers  are  stimulated  (Macht,  Jackson),  and  the  pupil  is  contracted  during  narcosis, 
but  widely  dilated  as  this  passes  into  excitement. 

At  one  time  codeine  was  recommended  as  a  remedy  for  epilepsy  but  has  fallen  into 
disuse  as  might  be  expected  from  the  fact  that  it  increases  the  convulsions  caused  in 
rabbits  by  camphor,  cocaine,  strychnine,  and  other  convulsants  (Januschke  and  Mass- 
low). 

Thebaine. — Thebaine,  altliougli  very  little  used  in  medical  practice  and  not  recog- 
nized in  the  i3liarmacopoeia,  is  of  considerable  importance  in  the  total  action  of  opium, 
as  it  is  the  least  narcotic  and  most  stimulant  of  all  the  alkaloids.  Even  in  man  the 
tendency  to  narcosis  is  indicated  only  by  dullness  and  heaviness,  with  headache.  It 
is  by  far  the  most  toxic  of  the  opium  alkaloids;  12  mgm.  per  kilogram  is  rapidly 
fatal  in  dogs  and  similar  amounts  in  other  mammals.  In  the  frog  (R.  pipiens), 
violent  and  prolonged  tetanus,  like  that  from  strychnine,  results  from  0.01  mgm. 
per  Gm.  in  the  cold,  and  milder  tetanus  from  the  same  dose  at  room  temperature.  The 
fatal  dose  varies  with  temperature  and  other  conditions  from  twice  to  five  times  this 
amount. 

Thebaine  has  no  constipating  action,  but  stimulates  the  muscle  of  the  bowel 
in  vitro,  even  1  to  400,000  increasing  the  tonus  and  contractions  of  the  circular  and 
longitudinal  fibers  in  the  rabbit.  It  has  no  controlling  influence  on  diarrhea.  The 
circulation  is  less  affected  than  by  morphine  or  codeine.  The  respiration  is  accelerated 
or  not  influenced.  The  contraction  of  the  bronchi  is  so  extreme  that  it  may  endanger 
life  by  asphyxia;  in  dogs  extreme  dyspnea  is  caused  by  2  mgm.  per  kilo  and  in 
man  by  7  mgm.  per  kilo.  The  spinal  cord  is  excited  as  by  strychnine;  convulsions 
result  in  dogs  from  3,5  mgm.  per  kilo.  In  contrast  to  other  opium  alkaloids,  it  is 
found  that  the  pain  threshold  is  lowered,  weaker  electric  stimuli  being  felt  as  pain- 
ful (Macht,  Herrmann  and  Levy).  Local  application,  on  the  other  hand,  causes  slight 
analgesia.  Most  unstriped  muscle  is  strongly  stimulated  in  vitro,  that  of  the  gall 
bladder,  however,  less  than  by  morphine. 

Narcotine. — Narcotine  is  not,  as  its  name  implies,  a  strong  narcotic;  in  fact, 
recent  studies  show  very  little  narcosis.  The  toxic  dose  is  rather  large.  Frogs  show 
no  symptoms  from  10  mgm.  and  only  slight  depression  followed  by  brief  hyperes- 
thesia from  30  mgm.  The  heart  is  considerably  slowed  by  this  dose  and  shows  long 
pauses,  even  stopping  for  several  seconds.  This  is  not  a  vagus  action  nor  due  to 
direct  action  on  the  muscle  (as  claimed  by  Ott)  but  is  due  to  depression  of  the 
intracardiac  ganglia  (Schroeder).  After  60  mgm.  there  is  brief  general  depression 
followed  by  tetanus  alternating  with  periods  of  paralysis  (Schroeder).  Rabbits  given 
300  mgm.  per  kilo  are  restless  with  slow  pulse  and  low  blood-pressure.  There  is 
very  little  sign  of  narcosis  either  with  this  dose  or  after  1  Gm.  per  kilo,  which  causes 
fatal  convulsions,  the  animal  being  paralyzed  between  the  tetanic  attacks.  In  man 
there  is  nausea  with  dizziness,  followed  by  constipation,  after  taking  8  to  20  mgm. 
(1/8  to  1/3  gr.).  Very  small  doses  may  stimulate  the  respiratory  center  and  in  this 
way  overcome  part  of  the  effect  of  morphine,  when  they  are  associated.  The  pain 
sense  in  man  is  increased  by  8  mgm.  hypodermically  and  the  increase  is  followed 
by  lessened  sensation  with  doses  of  20  to  40  mgm.    Slight  topical  analgesia  is  pro- 
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duccd  by  0.5  percent,  solutions.  Sympathetic  ganglia  are  stimulated  and  then  para- 
lyzed, causing  a  rise  followed  by  a  fall  of  blood-pressure  and  dilatation  of  the  pupil 
followed  by  loss  of  effect  from  stimulation  of  the  cervical  sympathetic.  Unstriped 
muscle  (intestine,  gall  bladder,  ureter,  etc.)  is  paralyzed  by  0.01  to  0.001  percent. 
in   vitro,  and  depressed  by  moderate  doses  iti  vivo. 

Papaverine. — Like  most  of  the  opium  alkaloids,  small  doses  of  papaverine  cause 
narcosis  which  after  large  dose  is  replaced  or  succeeded  by  convulsions.  In  man  a 
dose  of  40  mgm.  causes  analgesia  equal  to  that  from  10  mgm.  of  morphine.  Dogs 
show  moderate  narcosis  after  10  mgm.  per  kilogram,  but  larger  doses,  instead 
of  increasing  this,  induce  tremors  and  anxiety,  passing  into  convulsions.  In  frogs 
(K,  esculenta)  5  mgm.  causes  almost  pure  but  slight  narcosis,  while  larger  doses 
cause  brief  tetanus,  passing  rapidly  into  paralysis  (Schroeder).  Topically  it  does 
not  raise  wheals  when  injected  intracutaneously.  The  musculature  of  the  digestive 
tract  is  relaxed  both  in  vitro  and  in  vivo,  40  mgm.  leading  in  man  to  constipation. 
Respiration  is  slowed  in  rabbits  by  2  mgm.  per  kilo,  but  the  volume  is  increased. 
The  bronchi  are  relaxed  both  in  vivo  and  in  vitro  (Jackson).  The  sensory  nerve 
terminals  are  paralyzed,  injection  or  application  of  1  percent,  being  followed  by 
slight,  and  of  4  percent,  by  marked  analgesia.  Unstriped  muscle  fiber  in  vitro  is 
paralyzed  and  shows  loss  of  tonus,  with  concentrations  varying  from  1  to  500,000 
for  the  bowel,  to  1  to  10,000  for  the  ureter,  vas  deferens  and  gall  bladder. 

Its  use  in  dysentery  has  been  suggested,  as  it  kills  protozoa  in  vitro  in  the  same 
dilution  as  emetine.  Paramecium  is  killed  by  0.01  percent,  in  73  minutes  and  mouse 
trypanosomes  in  30  minutes.  Given  to  infected  mice,  however,  it  had  no  effect  on 
the  disease. 

Minor  Alkaloids. — The  other  alkaloids  of  opium,  as  far  as  they  have  been  tested, 
have  actions  similar  to  those  described,  merely  differing  in  the  degree  of  narcosis  and  in 
the  severity  of  the  convulsions  which  precede  the  stage  of  paralysis  or  of  death  in 
tetanus.  Most  of  them  cause  relaxation  of  smooth  muscle  and  some  degree  of  local 
analgesia.  Narceine  has  almost  no  effect  on  higher  animals  but  kills  Paramecium  in  0.1 
percent,  solution  in  37  minutes  (Macht  and  Fisher). 

Dionine. — Dionine  is  an  artificial  product  made  from  morphine  oy  replacing  by 
ethyl  (-CjHj)  the  same  hydrogen  as  is  replaced  by  methyl  in  making  codeine.  It  re- 
sembles codeine  in  action,  and  like  it  depresses  the  respiratory  center,  causes  marked 
broncho-constriction  and  induces  the  formation  of  wheals.  Topically  it  is  irritant  and 
when  instilled  in  the  eye  causes  an  extreme  congestion  with  edema  of  the  conjunctiva. 
This  action  is  taken  advantage  of  by  using  instillations  in  man  for  the  purpose  of 
hastening  the  absorption  of  deposits  of  pigment,  etc.,  from  the  anterior  chamber. 
The  method  has  been  studied  experimentally  by  McKee,  who  injected  a  suspension 
of  india  ink  in  the  anterior  chamber  of  the  eyes  of  cats  and  dogs  and  found  that 
it  disappeared  from  the  eye  much  more  rapidly  under  the  influence  of  2  drops  of 
10  percent,  dionine  solution  instilled  once  daily.  In  rabbits,  in  whose  eyes  it  causes 
no  edema,  it  had  no  good  effect. 

Alkaloidal  Combinations. — Much  work  has  been  done  in  comparing  morphine  with 
opium  and  with  various  artificial  mixtures  of  alkaloids,  in  attempts  to  explain  the 
divergence  in  action  of  the  crude  drug  and  its  chief  alkaloid.  In  considering  these 
combinations  it  must  be  kept  in  mind  that  the  alkaloids  of  opium  fall  into  two  chemical 
groups:  (1)  those  with  a  phenanthrene  nucleus,  such  as  morphine,  heroine,  dionine, 
codeine,  and  thebaine;  and  (2)  those  with  a  benzyl-isoquinoline  nucleus,  such  as  narco- 
tine,  papaverine,  cotarnine,  cryptopine,  laudanine,  and  laudanosine.  In  opium  about 
70  percent,  of  the  total  alkaloids  belong  to  the  first  group  and  30  percent,  to  the 
second.    Narceine  does  not  resemble  either  group  and  is  apparently  entirely  inert. 
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The  first  inclusive  study  of  the  effect  of  combining  the  single  alkaloids  was 
made  by  Issekutz.  He  determined  the  fatal  dose  for  frogs  of  all  the  members  of 
the  first  group  and  of  narcotine,  papaverine,  and  narceine  in  the  second.  He  found 
that  associated  members  of  the  first  group  merely  added  their  effects,  but  that  narco- 
tine and  papaverine,  either  in  combination  with  each  other  or  with  morphine  or 
codeine,  were  fatal  in  amounts  varying  from  only  half  the  calculated  total  strength 
to  80  percent,  of  it.  The  most  effective  combination  was  that  of  narcotine  and  papa- 
verine, which  is  contrary  to  the  expectation  that  members  of  the  same  chemical  group 
would  simply  add  their  effects.  Narceine  had  no  influence  on  alkaloids  of  either  group, 
Issekutz  also  determined  the  effectiveness  of  certain  combinations  as  antemetics. 
He  found  that  morphine,  codeine  and  thebaine  were  powerful  antemetics,  while  cryp- 
topine,  narcotine  and  papaverine  had  no  such  power.  Less  than  half  the  effective 
dose  of  morphine  or  codeine  associated  with  three  or  four  times  its  quantity  of  cryp- 
topine  or  papaverine  was,  however,  efficient  as  an  antemetic. 

Recently  Macht  and  his  pupils  have  studied  the  effect  of  various  alkaloids  on 
unstriped  muscle  tissue,  chiefly  in  vitro  He  concludes  that  those  of  the  phenanthrene 
group  stimulate  all  forms  of  smooth  muscle,  increasing  tonus  and  the  strength  of 
contractions,  while  those  of  the  benzyl-isoquinoline  group  have  the  opposite  effect. 
When  mixtures  of  the  groups  are  used,  the  latter  is  usually  most  active  and  the 
tissue  is  depressed.  Thus  1  part  of  narcotine  or  papaverine  is  able  to  prevent  the 
stimulating  action  of  5  to  15  parts  of  morphine  or  codeine.  It  would  be  expected 
that  such  combinations  would  be  more  effective  in  checking  diarrhea  than  morphine 
alone,  and  this  is  found  to  be  the  case.  Combinations  of  narcotine  and  of  the  total 
alkaloids  (pantopon)  check  diarrhea  in  cats  in  doses  smaller  than  would  be  antici' 
pated  from  their  morphine  content.  Less  to  be  expected  is  the  fact  reported  by  Taka- 
hashi,  that  a  mixture  of  0.5  mgm.  of  morphine  with  1  mgm.  of  codeine  is  more 
constipating  than  2  mgm.  of  morphine  or  5  mgm.  of  codeine.  This  would  indicate 
a  potentiation  of  more  than  100  percent. 

In  tests  with  mixtures  of  1  part  morphine  to  2  of  narcotine  (narcophine)  it 
was  found  that  analgesia  was  produced  in  man  by  one-third  of  the  effective  dose 
of  each,  and  similar  results  were  obtained  in  regard  to  slowing  of  reaction  time 
(Macht).  On  the  respiration,  on  the  other  hand,  more  than  six  times  as  much 
narcophine  as  morphine  was  required  to  depress  the  center  equally  (Macht).  In 
mammals  in  general  it  may  be  said,  that  there  is  usually  synergism  in  regard  to  the 
narcotic  action  and  antagonism  in  regard  to  the  tetanic  and  toxic. 

Therapeutics:  Opium  and  Morphine:  Topical. — Opium  and  its  alkaloids  are 
popularly  believed  to  relieve  pain  and  to  check  inflammation  when  applied  directly 
to  the  affected  part,  and  this  belief,  although  long  disputed,  would  seem  to  be  justified 
by  recent  studies.  Lead  and  opium  wash  (lead  water  and  laudanum)  may  usefully  be 
applied  on  compresses  to  bruised  and  abraded  skin  areas,  to  areas  of  beginning  derma- 
titis and  cellulitis  and  even  over  inflamed  joints,  especially  in  cases  of  mild  trauma 
without  infection.  Laudanum  is  often  sprinkled  on  a  poultice,  but  relief  of  pain  may 
commonly  be  attributable  more  to  the  heat  than  to  the  drug.  A  few  drops  of  laudanum 
or  paregoric  rubbed  on  the  gum  will  at  times  mitigate  toothache  or  relief  may  be 
afforded  by  plugging  a  tooth  cavity  with  cotton  soaked  in  laudanum.  Compresses 
moistened  with  laudanum  at  times  relieve  headache,  although  the  effect  may  be  in 
great  part  psychic  or  olfactory.  Laudanum  has  been  added  to  hot  oil,  to  be  rubbed 
into  the  skin  of  the  abdomen  for  relief  of  pain  in  various  affections  of  the  viscera,  and 
the  mitigation  that  sometimes  ensues  may  be  reflex.  Necessarily,  the  method  is  contra- 
indicated  in  conditions  that  forbid  manipulation;  and  in  most  others,  morphine  or 
codeine  by  mouth  or  hypodermically,  is  to  be  preferred.     The  domestic  instillation  of 
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hot  oil  and  laudanum  into  the  auditory  canal  to  relieve  earache  in  infants  (and  others) 
has  happily  been  abandoned  in  view  of  the  necessity  for  prompt  diagnosis  of  otitis 
media.  In  tuberculosis  and  other  painful  affections  of  the  larynx,  morphine  is  some- 
times a  useful  addition  to  powders  used  by  insufflation.  Although  the  more  modern 
local  anesthetics  {e.g.,  orthoform,  apothesine,  even  cocaine  and  its  congeners)  together 
with  the  changes  of  practice  among  laryngologists,  have  reduced  tlie  importance  of 
this  expedient,  it  is  worth  mention. 

Opium  suppositories  have  a  topical  as  well  as  a  systemic  action,  and  certain 
results  appear  to  be  induced  by  their  use  with  a  promptitude  and  efficacy  exceeding 
that  of  administration  by  mouth.  Thus,  they  relieve  pain  and  reduce  inflammation  in 
prostatitis  and  sometimes  in  cystitis.  They  can  readily  be  adjusted  to  the  symptomatic 
control  of  diarrheas,  when  this  seems  necessary;  thus,  in  irritation  of  the  bowel  by 
toxic  or  undigested  materials,  in  hyper  peristalsis  of  neurotic  origin,  in  colitis  and 
enterocoliiis,  in  membranous  enteritis.  After  the  rectum  has  been  cleansed  thoroughly, 
a  suppository  of  opium  or  extract  of  opium  (V2  to  iy2  grain,  0.03  to  0.1  Gm.,  or  more) 
with  or  without  extract  of  belladonna  (Vs  grain,  8  mgm.)  is  to  be  inserted  after  each 
stool  until  control  is  established.  When  it  is  necessary  to  continue  the  treatment 
longer  than  2  days,  one  stool  daily  should  not  be  followed  by  a  suppository.  In 
intestinal  hemorrhage,  especially  of  typhoid  fever,  a  somewhat  similar  method  may 
be  followed,  that  is,  the  colon  should  be  washed  out  with  hot  water  to  get  rid  of 
clots  and  then  the  bowel  be  locked  up  by  suppositories  in  conjunction  with  hypodermics 
of  morphine.  In  hemorrhoids,  suppositories  of  opium  and  tannic  acid  or  ointments  of 
similar  composition  afford  comfort  and  may  aid  recovery  in  the  early  stages.  In 
proctitis,  a  suppository  containing  Vi  to  1/2  grain  (0.015  to  0.03  Gm.)  of  morphine 
is  sometimes  of  service,  or  opium  and  belladonna,  with  or  without  tannin,  may  be 
used. 

An  enema  containing  (for  an  adult)  about  30  minims  (2  cc.)  of  laudanum  in 
several  ounces  of  warm  starch  water  (made  from  boiled  starch)  was  at  one  time  much 
used  to  restrain  diarrhea. 

Systemic. — Opium  is  the  chief  of  sedatives  to  the  body  and  to  the  brain.  It  and  its 
derivatives  have  almost  innumerable  therapeutic  applications,  most  of  which  arise 
from  their  power  to  dull  central  perception  and  to  delay  the  performance  of  organic 
functions.  The  brief  period  of  excitation  that  precedes  depression  of  circulation  is 
rarely  utilized  directly  in  therapeutics,  but  renders  morphine  safer  than  other  sedatives 
in  the  presence  of  damaged  circulatory  apparatus. 

The  chief  therapeutic  indications  (and  contraindications)  for  opium  and  its 
allcaloids  arise  from  their  power  (a)  to  obtund  perception,  (b)  to  depress  cerebral 
activity  in  the  motor  and  intellectual  as  well  as  sensory  sphere,  (c)  to  modify  auto- 
nomic nerve  function,  (d)  to  restrain  secretion.  They  are  thus,  in  full  dose,  our 
most  effective  agents  (1)  to  relieve  pain,  (2)  to  lessen  anxiety  and  restlessness  and 
protect  against  shock,  (3)  to  induce  sleep,  (4)  to  control  reflexes,  (5)  to  overcome 
spasm,  and  to  reduce  the  activity  of  unstriped  muscle,  especially  in  the  gastroenteric 
tract.  They  may  bring  about  such  results  when  all  other  agents  are  powerless.  Sub- 
sidiary but  not  unimportant  uses  are  (6)  to  aid  in  the  arrest  and  prevention  of  hemor- 
rhage, (7)  to  aid  in  the  induction  of  sweating,  (8)  to  restrain  certain  forms  of  hyper- 
secretion or  morbid  secretion,  especially  of  the  bowel  and  kidney.  Opium  and  mor- 
phine are  perhaps  used  most  frequently  when  two  of  the  indications  mentioned  exist 
at  the  same  time;  as  when,  in  peritonitis,  we  wish  both  to  relieve  pain  and  to  check 
peristaltic  activity;  or  when,  in  Ijroncliitis  and  pleurisy,  it  is  desirable  to  control  pain, 
quiet  excessive  coughing  and  procure  sleep.  In  addition,  as  was  emphasized  by  Geo. 
B.  Wood,  and  by  H.  C.  Wood,  opium  appears,  in  the  latter's  words,  (9)   "to  afford 
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actual  support  to  the  system"  in  "low  fevers  and  various  adynamic,  protracted  ill- 
nesses," especially  when  sufficient  food  cannot  be  taken  or  retained.  Its  moderate  and 
continued  use,  under  a  physician's  supervision,  likewise  seems  to  prolong  life  and 
render  old  age  more  comfortable.  It  may  be  surmised  that  such  results  paradoxically 
depend,  in  part,  upon  mild  cerebral  and  autonomic  stimulation,  with  concomitant 
steadying  of  circulation;  in  part,  upon  the  obtunding  of  perception  which  lessens  both 
the  mental  and  physical  friction  of  life.  Thus,  protective  sedation  becomes  synergistic 
with  activation. 

Apart  from  poisoning  by  excessive  doses,  the  chief  risks  to  be  considered  in 
the  use  of  opiates  are  the  effects  upon  mentality,  and  upon  renal  function.  Opium  and 
morphine  are  used  almost  interchangeably,  but  the  whole  drug  is  to  be  preferred  as  a 
hypnotic,  the  sleep  it  induces  being  more  nearly  normal  and  less  often  followed  by 
unpleasant  effects.  To  assure  relaxation  of  unstriped  muscle,  opium  or  a  collection 
of  all  its  alkaloids,  is  superior  to  morphine,  since  the  quinoline  alkaloids  are  necessary 
to  the  full  development  of  that  effect.  On  the  other  hand,  for  promptitude  and  cer- 
tainty of  effect,  especially  in  the  relief  of  pain,  but  also  to  produce  sleep,  morphine, 
particularly  by  hypodermic  injection,  stands  unrivaled.  Although  the  action  of 
morphine  is  more  often  followed  by  nausea  and  vomiting,  it  is  more  effective  than 
opium  in  overcoming  such  symptoms  arising  from  other  causes.  Morphine  produces 
greater  dryness  of  the  mouth  and  fauces,  interferes  more  with  kidney  and  bladder 
functions,  and  is  more  likely  to  produce  itching.  Opium  is  more  stimulant  to  the 
cerebral,  respiratory  and  cardiac  functions;  dilates  the  peripheral  vessels  more  and 
produces  sweating  more  readily.  It  constipates  more  and  in  toxic  dose  is  more  likely 
to  excite  convulsions. 

Codeine,  like  morphine,  can  be  given  either  by  mouth  or  hypodermically.  Its 
special  value  lies  in  the  checking  of  reflexes,  as  cough;  but  it  may  be  utilized  in'many 
cases,  as  a  succedaneum  to  morphine,  both  as  an  anodyne  and  as  a  hypnotic.  For  long 
continued  use  it  is  to  be  preferred,  as  it  does  not  induce  habit.  The  dose  is,  however, 
larger  than  that  of  morphine. 

The  unpleasant  effects  of  morphine  may  be  minimized,  and  its  desirable  effects 
increased,  by  association  with  atropine,  hyoscine,  or  scopolamine;  and  for  a  like  pur- 
pose, belladonna  extract  or  tincture  may  be  associated  with  opium  or  its  tincture,  at  all 
events  in  the  initial  dosage.  Commonly,  Yi^o  to  %oo  grain  (0.4  to  0.6  mgm.)  of 
atropine  sulphate,  or  preferably  the  same,  or  a  somewhat  smaller,  quantity  of  hyoscine 
or  scopolamine,  is  associated  with  Vs  to  Vk  grain  (8  to  15  mgm.)  of  morphine;  and 
ViQ  to  %  grain  (4  to  10  mgm.)  of  belladonna  extract  with  1  grain  (0.06  mgm.)  of 
opium.  The  possibility  of  personal  sensitiveness  to  the  belladonna  group  of  agents 
must  be  kept  in  mind.  As  a  rule,  in  the  absence  of  idiosyncrasy  to  either  drug,  the 
effect  of  the  association,  when  well-balanced,  is  to  intensify  hypnotic,  analgesic,  and 
eupneic  effects,  while  diminishing  the  tendency  to  headache,  vertigo  and  nausea,  as  well 
as  to  constipation.  Sleep  comes  sooner,  is  less  disturbed,  more  nearly  normal,  more 
refreshing.  If,  however,  the  belladonna  alkaloid  should  be  in  excess,  it  may  excite  a 
mild  delirium,  or  to  quote  Bartholow,  induce  "phantasms,  illusions  and  hallucinations." 
This,  however,  need  not  excite  alarm  or  deter  from  a  necessary  repetition  of  the 
injection  with  readjustment  of  quantities.  We  may  note  also  that  the  depressing 
effects  of  opium,  especially  on  the  heart,  are  prevented  by  the  atropine  stimulation, 
while  each  drug  tends  to  antagonize  the  effect  of  the  other  upon  peripheral  circulation, 
especially  in  the  skin.  The  tendency  of  morphine  to  lower  the  body  temperature  is 
likewise  annulled  by  atropine  and  its  congeners.  Their  opposing  action  upon  the 
iris  commonly  leaves  the  pupil  unchanged,  but  the  dryness  of  the  mouth  and  throat 
will  be  much  increased  by  the  combined  effect. 
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Opium,  including  its  alkaloids  in  the  general  term,  is  used  in  so  many  conditions, 
presenting  two  or  more  of  the  indications  stated,  that  the  discussion  of  its  systemic 
uses  will  be  most  conveniently  arranged  according  to  tlie  organs  or  systems  involved. 

In  the  digestive  tract,  as  elsewhere,  the  sedative  etV.'ct  of  morphine  is  utilized 
in  both  acute  and  chronic  ailments,  organic  and  functional,  inflammatory  or  non- 
iutlamniatory.  Since  pain  referred  to  the  epigastrium,  or  even  nausea  and  vomiting  do 
not  necessarily  indicate  that  the  distress  is  of  intragastric  origin,  it  is  fortunate  that 
morphine — by  which  we  commonly  understand  a  hypodermic  injection  of  morphine  and 
atropine  or  some  similar  association  in  dose  sufficient  to  the  occasion — is  indicated, 
not  only  in  painful  dyspepsias  or  gastralgias,  and  in  the  pain  and  vomiting  of  certain 
forms  of  acute  gastritis,  especially  that  of  poisoning  with  corrosive  agents,  but  also 
in  conditions  such  as  the  gastric  crises  of  tabes  and  the  seizures  of  epigastric  angina, 
the  true  nature  of  which  may  not  always  be  recognizable  in  the  first  attack.  When 
the  presence  of  indigestible  or  irritating  substances  is  known  or  reasonably  suspected, 
lavage  should  precede  or  follow  the  injection;  and  in  hyperacidity,  the  opiate,  which 
may  be  given  by  mouth,  should  be  associated  with  an  alkaline  agent  and  perhaps  with 
bismuth.  Clinicians  believe  that  morphine  exerts  a  topical  action  upon  the  nerve 
terminals  in  the  gastric  mucosa,  and  for  this  reason,  as  well  as  for  the  dubious  tradition 
that  opium  itself  may  excite  or  aggravate  indigestion,  commonly  prefer  the  alkaloid. 
Cocaine  or  apothesine  may  be  associated  with  it,  especially  in  conditions  in  which 
vomiting  is  a  marked  feature.  Sometimes,  it  must  be  said,  the  local  anesthetic  alone, 
given  in  powder  form,  or  in  approximately  1  percent,  solution  {^2  grain,  0.03  Gm.,  of 
cocaine  hydrochloride  in  a  teaspoonful,  4  cc,  of  peppermint  water)  about  20  minutes 
before  feeding,  is  often  so  effective  in  breaking  the  reflex  arc  that  morphine  may  be 
dispensed  with. 

In  the  vomiting  of  alcoholism,  whether  acute  or  chronic,  neither  morphine  nor 
cocaine  should  be  used  unless  other  methods  prove  unavailing.  As  a  rule,  too,  opiates 
are  contraindicated  in  cerebral  vomiting,  in  the  vomiting  of  uremia,  and,  perhaps  less 
strictly,  in  that  of  cirrhosis  of  the  liver.  In  the  vomiting  of  pregnancy  and  in  sea- 
sickness, other  remedies  are  commonly  to  be  preferred  above  morphine,  but  if  necessary 
it  may  be  used  in  small  doses  {Vii  grain,  5  mgm.)  hypodermically,  perhaps  associated 
with  atropine  or  scopolamine. 

In  organic  affections,  such  as  ulcer  or  cancer  of  the  stomach  and  intestines, 
opiates  by  mouth  may  judiciously  be  used  to  relieve  pain,  but  should  be  avoided  when 
not  imperative.  In  ulcerative  conditions,  orthoform,  apothesine  or  cocaine  are  often 
to  be  preferred,  although  caution  is  necessary  to  avoid  habit  formation  with  the  last 
named  agent.  The  use  of  bismuth  and  alkalis  sometimes  obviates  the  necessity  for 
any  form  of  analgesic  medication. 

In  cancer,  a  good  preparation  of  cannabis  indica  may  be  alternated  with  opium 
or  morphine,  or  be  used  instead.  Kesort  to  the  hypodermic  needle  should  be  post- 
poned as  long  as  possible. 

In  epidemic  and  other  forms  of  hiccup,  injections  of  morphine  (Vs  to  %  grain, 
8  to  10  mgm.)  or  of  morphine — scopolamine,  sometimes  give  prompt  relief.  This  is 
especially  the  case  when  the  symptom  occurs  in  connection  with  lethargic  encephalitis ; 
but  in  that  condition  more  than  ordinary  care  is  obviously  necessary  to  avoid  over- 
dosage. 

Opium,  rather  than  morphine,  is  of  great  service  in  many  forms  of  diarrhea, 
especially  those  accompanied  with  colicky  pains.  Offending  material  having  been  re- 
moved (as  by  irrigation,  calomel,  or  a  mild  saline  laxative),  powdered  opium  in  small, 
repeated  doses  (Vl  to  1  grain,  0.015  to  0.06  Gm.,  every  2  to  4  hours)  may  be  given, 
or  Dover  powder  used  in  equivalent  quantity.  It  may  be  useful  to  associate  bismuth 
(subcarbonate  or  salicylate)   beta-naphthol   (or  its  benzoate)   and  a  protein  tannate. 
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with  the  opium,  or  a  liquid  preparation  (laudanum  or  paregoric)  may  be  given  with 
chalk  mixture  (especially  to  children)  or  with  one  of  the  ordinary  astringents.  The 
lead  and  opium  pill  (Br.  and  N.F.)  is  sometimes  useful.  The  opiate  may  be  given 
at  regular  intervals  (2  to  4  hours)  or  after  each  stool  exceeding  one  daily. 

In  the  diarrheal  affections  of  infancy  and  childhood — often  miscalled  cholera  in- 
fantum (that  is  to  say,  enteritis,  colitis,  and  enterocolitis) — opium  is  to  be  used,  if 
at  all,  with  great  caution,  preferably  in  the  form  of  paregoric,  in  minimal  doses, 
guided  by  effect;  and  never  in  such  a  way  as  to  cause  the  retention  of  toxic  and 
irritating  substances.  In  the  rare  cases  of  true  cholera  infantum,  lavage  of  stomach 
and  bowel  having  been  practiced  and  food  being  withheld  or  properly  regulated, 
morphine-atropine  injections  may  usefully  be  associated  with  the  other  measures  indi- 
cated. Blackadder  advises  for  an  infant  one  year  old,  an  initial  dose  of  %oo  grain 
(0.6  mgm.)  of  morphine,  and  %ooo  (0.06  mgm.)  of  atropine,  to  be  given  immediately 
after  the  intestinal  irrigation,  and  repeated,  if  needful,  in  an  hour.  When,  however, 
there  is  stupor,  or  even  marked  drowsiness,  morphine  is  not  to  be  exhibited. 

In  the  cholera  viorhus  (cholera  nostras)  of  adults,  morphine  or  opium  may  be 
used  in  the  same  way  in  appropriate  doses,  from  Vs  to  y2  grain  (8  to  30  mgm.) 
according  to  severity. 

In  Asiatic  cholera,  however,  morphine  is  of  service  in  the  preliminary  diarrhea, 
only.  In  later  stages  it  may  be  not  only  useless,  but  harmful,  delaying  or  even  pre- 
venting emergence  from  collapse. 

In  certain  conditions  attended  with  inflammation  or  spasm  or  both,  the  apparently 
paradoxical  association  of  morphine  with  magnesium  sulphate,  as  suggested  by  J. 
Solis-Cohen,  is  of  considerable  value.  In  catarrhal  appendicitis — when  purgation  is 
not  contraindicated  and  operation  does  not  seem  immediately  necessary — considerable 
relief  is  given  and  recovery  without  surgical  intervention  may  ensue.  In  painful  or 
colichy  affections  of  any  part  of  the  alimentary  tract,  including  the  gall-bladder  and 
hile  ducts,  like  service  may  be  rendered.  In  some  cases  of  acute  or  subacute  dysentery 
(not  tropical)  or  of  acute  colitis  or  enterocolitis  attended  with  tormina  or  tenesmus, 
and  perhaps  with  blood  stained  stools,  this  association  of  medicaments  is  most  helpful. 
From  %2  to  Vs  grain — but  rarely  more  than  Viq  grain  (0.025  Gm.) — of  morphine 
sulphate,  and  1  dram  (4  Gm.)  of  magnesium  sulphate  are  dissolved  in  4  fluidrams 
(15  cc.)  of  water  (or  equal  parts  of  water  and  a  digestant  vehicle)  by  the  aid  of  10 
to  15  minims  (0.6  to  1  cc.)  of  dilute  or  aromatic  sulphuric  acid,  and  this  dose  is  given 
hourly  for  4  hours,  unless  it  produces  an  evacuation  sooner.  According  to  result, 
the  intervals  are  now  prolonged  (2  hours)  or  the  medication  is  intermitted  for  the 
day,  to  be  resumed  next  morning.  Apparently,  the  pain-obtunding  and  antispasmodic 
effects  of  the  morphine  are  reenforced  by  the  Epsom  salt,  while  not  only  is  consti- 
pation avoided  but  the  bowel  is  cleansed  and  drained.  There  may  or  may  not  be 
some  constringent  action  of  the  dilute  acid.  A  modified  formula  used  in  the  Phila- 
delphia General  Hospital  contains  in  each  dessertspoonful  dose:  Magnes.  Sulph.  20 
grains  (1.3  Gm.) ;  Ac.  Sulph.  Dil.  10  minims  (0.6  cc.) ;  Tr.  Opii  10  minims  (0.6  cc.) ; 
Tr.  Zingiber.  10  minims  (0.6  cc.) ;  Chloroform  Water  to  2  fluidrams  (8  cc.). 

In  cases  of  acute  abdominal  inflammation  in  which  perforation  is  feared  or  surgical 
operation  is  contemplated  for  other  reasons,  the  purgative  association  should  be 
avoided;  but  provided  there  is  no  question  of  obscuring  the  diagnosis,  morphine, 
morphine-atropine,  or  morphine-scopolamine  injections,  may  be  given  as  needed  to 
relieve  pain,  quiet  restlessness  and  perhaps  immobilize  the  intestine. 

In  chronic  dysentery — at  times  even  in  the  tropical  forms — as  well  as  in  the 
chronic  and  recurrent  diarrheas  of  mild  intestinal  infection,  especially  in  mucous 
colitis,  as  well  as  in  membranous  enteritis  and  in  vasomotor  or  other  form  of  nervous 
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diarrhea,  opium  (not  morphine)  may  be  given  by  mouth ;  preferably  in  small,  repeated 
doses — (say  Vs  to  Vi  grain,  8  to  16  mgm.),  perhaps  associated  witli  metallic  or  other 
astringents,  as  in  acute  cases.  The  treatment  may  be  varied  by  the  use  of  suppositories, 
or  of  starch  water  and  laudanum  enemas. 

In  ileus  or  intussusception,  ViJ  grain  of  opium  may  relieve  the  obstruction  by 
restraining  the  over-active  i>eri3taltic  movement.  If  this,  in  conjunction  with  hot 
applications  to  the  abdomen,  is  not  promptly  successful,  the  treatment  should  not 
be  persisted  in,  nor  should  the  opiate  be  given  in  full  anodyne  dose,  for  surgical 
measures  are  then  called  for  without  further  delay.  In  lead  colic,  opium  not  only 
quiets  the  pain  but  relieves  the  spasm  and  often  produces  bowel  movements.  The 
morphine  and  magnesium  sulphate  mixture  is  here  of  special  applicability.  In  the 
intestinal  hemorrhage  of  typhoid  fever,  a  hypodermic  injection  of  morphine  (1/4  to  ^2 
grain)  should  be  given  at  once,  and  after  the  bowel  has  been  cleansed  of  clot  by  hot 
water,  the  foot  of  the  bed  elevated,  and  the  cold  abdominal  coil  placed  in  position, 
a  suppository  of  opium  and  belladonna  may  be  inserted.  The  indication  is  now  to 
keep  the  patient  asleep  or,  at  least,  quiet,  and,  if  possible,  to  abolish  peristalsis  for  a 
week  or  longer.  If  new  hemorrhages  occur,  or  bow'el  movements,  even  without  hemor- 
rhages, a  suppository  should  follow  each  stool.  Otherwise,  just  enough  morphine  is 
to  be  given  to  let  the  patient  wake  every  2  or  3  hours,  receive  the  small  quantity 
of  water,  cracked  ice,  whey  or  beef-juice  permitted,  and  soon  sleep  again.  It  will 
thus  be  convenient  to  give  the  injection  immediately  after  the  liquid  has  been  swal- 
lowed, and  commonly  Vg  grain  will  be  a  sufficient  dose.  Some  clinicians  teach  that 
the  doses  should  not  be  so  large  as  to  obtund  all  sensation  and  perhaps  mask  the 
symptoms  should  perforation  occur.  That  danger  is,  however,  remote  and  the  fear 
of  it  should  not  deter  one  from  treating  the  hemmThage. 

Morphine  is  indicated  for  the  relief  of  gallstone  or  renal  colic,  but  it  must  be 
given  with  caution,  for,  when  the  stone  suddenly  slips  into  the  intestine  or  the  bladder 
and  the  pain  as  suddenly  ceases,  serious  symptoms  of  opium  i)oisoning  will  arise  if 
the  anodyne  has  been  given  in  too  large  or  too  frequently  repeated  doses. 

In  acute  hemorrhagic  pancreatitis,  and  in  other  foTms  of  hemorrhage  within  the 
abdomen,  as  in  ruptured  tubal  pregnftncy,  in  gastric  or  duodenal  ulcer,  yn  rupture  of 
the  spleen,  and  other  traumatic  hemorrhages,  and  in  postoperative  bleeding,  the  induc- 
tion of  rest  by  a  sufficient  dose  of  morphine,  is  often  imperative. 

As  in  cancer  of  the  stomach  and  intestine,  so  in  painful,  inoi)erable,  fatal  affections 
ef  the  other  abdominal  viscera  and  of  the  peritoneum,  opium  or  codeine  is  to  be  used 
at  first,  by  the  mouth,  perhaps  in  alternation  with  other  anodynes,  but  in  sufficient 
quantity  to  give  relief.  Later,  morphine  may  have  to  be  substituted,  and  finally 
resort  must  be  had  to  hypodermic  injection.  The  question'  of  habit-formation  does 
not,  under  these  conditions,  arise,  although  it  is  often  a  deterrent  to  the  use  of  mor-* 
phine  in  painful  chronic  ailments,  whi^h  are  not  incompatible  with  protracted  life. 

Opium  in  large  and  repeated  doses  was,  before  the  days  of  abdominal  surgery, 
the  orthodox  treatment  of  acute  peritonitis.  The  rule  for  its  administration  was  to  give 
it  in  sufficient  quantity  to  contract  the  pupils  slightly  and'  keep  the  patient  narcotized, 
though  not  so  profoundly  that  he  could  not  be  aroused  when  spoken  to  in  a  loud  voice 
or  grasped  by  the  arm.  The  good  result  in  these  eases  was  doubtless  due  in  large 
measure  to  the  arrest  of  peristalsis,  though  it  may  also  be  ascribed  in  part  to  a 
specific  action  of  opium  on  inflamed  serous  membranes,  for  the  drug  is  found  useful 
in  pleurisy,  pericarditis  and  meningitis  as  'W'ell  as  in  peritonitis.  One  danger  con- 
nected with  this  practice  is  delayed  absorption  of  the  drug  with  later  liberation  of  an 
accumulated  and  poisonous  quantity.  Apart  from  this,  however,  recognition  of  the 
conditions  underlying  most  cases  of  in^ammation  of  ihs  peritoneu/nv  (aseptic  peri- 
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tonitis,  being  possible,  but  rare),  and  of  the  general  necessity  for  surgical  management, 
has  brought  about  the  interdiction  of  opiates  until  the  diagnosis  is  made;  and  the 
restriction  of  their  use  thereafter  to  the  symptomatic  necessities  of  the  special  case. 
It  may  be  necessary,  however,  to  quiet  a  patient  before  moving  him  to  a  hospital  for 
operation  or  observation,  especially  when  a  journey  by  train  is  necessary,  and  morphine 
in  appropriate  quantity  is  then  permissible.  Some  surgeons  prohibit  the  use  of  any 
opiate  after  operations,  especially  abdominal  sections,  others  permit  hyiiodermic  in- 
jections of  morphine  as  often  as  necessary,  to  relieve  pain  and  quiet  restlessness 
during  the  first  forty-eight  hours. 

In  almost  all  forms  of  hemorrhage,  opium  (1  grain)  by  mouth,  or  morphine  (Vs 
grain)  hypodermically,  is  of  great  service,  especially  when  the  patient  is  restless  or 
alarmed.  It  is  not  directly  hemostatic,  but  it  quiets  and  reassures  the  patient  and 
reduces  the  force  and  frequency  of  the  heart's  action,  favoring  coagulation.  It  is 
regarded  by  some  as  harmful  in  hemoptysis,  but  the  fear  of  opium  in  these  cases  is 
groundless  and  it  acts  as  well  here  as  in  other  forms  of  hemorrhage. 

Opium  is  sometimes  used  to  advantage  in  conjunction  with  quinine  in  the 
treatment  of  malaria.  It  enjoys  a  good  reputation  also  in  the  treatment  of  hlack- 
water  fever,  by  those  who  look  with  suspicion  on  quinine  in  this  affection.  It  is  given 
as  morphine  hyi^odermically  in  conjunction  with  hyoscine  in  doses  of  %  grain  (0.008 
Gm.)  and  Vwo  grain  (0.0004  Gm.),  respectively. 

In  cardiopathies  and  angiopathies,  both  functional  and  organic,  opium  and  mor- 
phine are  invaluable;  but  they  must  be  used  with  due  regard  to  morphologic  changes, 
and  with  even  greater  regard  to  the  special  disturbances  of  function  presented  by  the 
individual  case  at  the  particular  time.  While  this  is  necessarily  true  of  all  drugs  and 
all  organs,  it  is  emphasized  here  because  of  the  apparently  divergent  views  of  writers 
whose  advice  is  phrased  in  terms  of  anatomic  lesions;  but  who  might  be  found  in 
closer  concurrence  did  they  speak  in  terms  of  pathologic  physiology.  Some  distinctions 
must,  of  course,  be  made;  as  between  acuteness  and  chronicity;  between  disorder  and 
affection  or  infirmity.  For,  while  the  immediate  indication  of  urgency  in  a  cardiac 
or  cardiovascular  crisis  may  be  the  same  in  all — namely,  the  injection  of  a  sufficient 
quantity  of  morphine  to  relieve  pain,  allay  anxiety,  quiet  restlessness  and  diminish 
air-hunger — the  use  of  opiates  in  the  further  management  of  the  patient  may  differ 
much  in  the  different  conditions.  Under  the  head  of  acute  cardiac  ailments,  we  here 
include  paroxysmal  disorders,  the  abrupt  failures  of  sudden  strain  or  of  prolonged 
overexertion,  together  with  infections  and  inflammations,  primary  or  secondary,  and  the 
crises,  original  or  recurrent,  of  chronic  changes  in  heart  or  vessels.  As  a  rule,  it  may 
be  said  that  the  injection  of  morphine  in  any  sucJh  acute  condition  presupposes  rest  in 
bed,  if  possible.  Sometimes,  the  rest  must  be  instituted  wherever  the  patient  may 
have  been  when  seized,  and  the  effect  of  the  injection  is  to  be  waited  for,  before  his 
removal  to  dwelling  or  hospital  is  attempted.  In  conditions  purely  chronic,  however, 
as  after  recovery  from  rheumatic  fever  or  scarlatina,  but  with  a  damaged  heart;  or 
after  the  subsidence  of  critical  symptoms  in  a  case  of  muscle-degeneration,  with  or 
without  valve-lesion,  or  in  a  case  of  coronary  thromhosis,  the  indication  may  be  for 
some  degree  of  restriction  of  activity,  rather  than  for  absolute  rest.  If  it  appear, 
as  well  it  may,  that  the  regulatory  and  equalizing  action  of  opium  upon  circulatory 
and  respiratory  function,  or  its  effects,  direct  and  indirect,  upon  the  organ  of  the 
mind,  will  diminish  cardiac  effort,  promote  structural  repair,  protect  against  shock 
or  insult,  physical  or  emotional,  and  thus  tend  to  consolidate  recovery  and  to  avert 
occurrence  or  recurrence  of  critical  danger,  the  careful,  perhaps  intermittent,  use  of 
the  drug  at  such  times  and  for  such  periods  as  conditions  may  indicate,  will  be  more 
than  justified,  and  will  be  compatible  with  the  patient's  regulated  activity.    Adminis- 


OPIUM  AND  OPIUM  DEI^TYATTVES  1691 

tration  is  to  be  by  mouth,  however— not  by  injection ;  and  opium  is  to  be  employed — 
not  morphine.  Since  tlie  stimuhmt,  as  well  as  the  sedative  action  of  the  drug  is 
desirable,  relatively  small  doses  are  indicated — sometimes  every  two  or  three  hours, 
sometimes  only  once  or  twice  a  day.  Paregoric  is  eligible,  the  dose  being  15  minims 
to  a  tcaspoonful  (1  to  4  cc.)  according  to  frequency;  or  1  to  2V2  grains  (0.06  to  0,15 
Gm.)  of  Dover  powder  may  be  given  night  and  morning. 

In  the  acute  stage  of  pericarditis,  endocarditis,  myocarditis,  pancarditis,  whether 
primary  or  secondary,  whether  of  rheumatic  or  other  origin,  opiates  are  indicated 
symptomatically  to  relieve  pain,  quiet  the  heart  and  support  the  nerve  system. 
There  is  good  ground,  moreover,  for  the  belief  that  they  sustain  the  patient's  strength, 
and  in  some  degree,  at  least,  control  the  spread  of  inflammation. 

In  endocarditis  and  myocarditis  in  children,  when  the  heart  is  dilated  and 
pounding  irregularly,  small  doses  of  laudanum  (1  to  3  drops)  or  of  paregoric  (3  to  10 
minims),  according  to  the  age,  will  sometimes  act  better  and  more  promptly  than 
digitalis.  In  the  cardiac  failure  of  fevers  a  hypodermic  injection  of  morphine  and 
atropine,  Vs  grain  and  Vioo  grain,  respectively,  may  subdue  the  patient's  restlessness 
and  give  the  heart  a  chance  to  recover  its  tone.  In  pneumonia,  however,  morphine, 
if  used  at  all,  is  to  be  employed  with  great  caution,  and  only  in  the  presence  of 
urgent  indication  not  to  be  otherwise  met. 

It  is  with  respect  to  the  management  of  cardiac  failure  or  ''decompensation"  in 
chronic  valve  lesions,  that  the  differences  of  opinion  already  mentioned  are  most 
marked.  Certain  authors  (Dujardin-Beaumetz,  Manquat)  distinguish  between  aortic 
and  mitral  lesion,  advocating  morphine  in  the  former  and  deprecating  its  use  in  the 
latter,  on  the  ground  that  in  aortic  failure  there  is  a  cerebral  anemia  which  the  drug 
tends  to  overcome  by  producing  congestion,  while  on  the  contrary,  in  mitral  infirmity, 
the  tendency  is  toward  passive  congestion  of  the  cerebrospinal  axis  which  is  aggravated 
by  the  drug.  The  relief  admittedly  given  by  morphine  in  aortic  cases  is  attributed 
not  only  to  the  improvement  of  brain  function,  but  also  to  relief  of  dyspnea  and  to  a 
calmative  action  upon  the  irritated  aortic  and  pulmonic  plexuses.  Warning  is  also 
given  against  the  use  of  morphine  in  cases  of  marked  dilatation  of  the  right  heart, 
especially  when  there  is  considerable  pulmonary  edema.  In  practice,  however,  the 
theoretical  objection  against  the  use  of  morpTiine  in  mitral  cases  does  not  seem  to 
hold,  especially  when  the  stimulant  effect  of  a  small  dose  of  atropine  is  added ;  while 
in  right  heart  failure,  if  venesection  be  done  promptly  and  sufficiently,  and  atropine 
be  used  in  sufficient  dose  to  control  the  edema,  the  subsequent  injection  of  a 
small  dose  of  morphine  is  commonly  beneficial.  Digitalis,  of  course,  is  not  to  be 
neglected. 

So,  too,  in  the  paroxysmal  dyspnea  of  mitral  stenosis,  even  when  associated  with 
hemoptysis,  a  decided  dose  of  morphine  and  atropine  by  injection  will  often  quiet 
the  anxiety  that  tends  to  aggravate  the  symptoms.  It  induces,  also,  slower  and  deeper 
respirations.  Indeed,  it  is  peculiarly  in  mitral  stenosis  that  the  use,  from  time  to 
time,  over  prolonged  periods,  of  moderate  doses  of  Dover  powder,  appears  to  be  most 
effective  in  preventing  the  recurrence  of  just  such  paroxysms. 

In  the  cardiac  or  cardiovascular  crises  of  arteriosclerosis  (associated  with  cardio- 
myopathy), particularly  in  cases  with  especially  high  blood  pressure,  and  in  the  recur- 
rent pulmonary  edema  frequently  associated  therewith,  injections  of  morphine  are 
of  great  value.  They  relieve  the  orthopnea  and  induce  sleep,  and  by  their  relaxing 
effect  upon  the  peripheral  circulation,  help  to  overcome  the  edema.  When  possible, 
morphine  should  be  used  without  atropine  in  these  cases,  although  in  some  instances 
the  association  of  scopolamine  seems  to  be  helpful.  The  nitrites  are  also  helpful  at 
times,  and  blood-letting  by   the  most  available  method   is   sometimes   necessary   in 
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addition.  Tlie  dose  of  morphine  commonly  effective  is  from  ^  to  ^  grain  (8  to  15 
mgm.)  repeated  in  from  1  to  4  hours,  according  to  result. 

In  angina  pectoris  and  coronary  thrombosis,  morphine  may  be  of  considerable 
service  during-  the  prodromes,  and  may  even  avert  the  seizure.  It  is  also  useful  in 
the  attack  itself  in  most  instances  in  which  kidney  function  is  not  impaired.  When, 
however,  cyanosis  is  present,  morphine  may  aggravate  the  condition  by  inducing 
bronchopulmonary  paresis  (Huchard).  This  may  in  a  measure  be  averted  by  the 
simultaneous  use  of  atropine  or  scopolamine,  as  well  as  by  amyl  nitrite  or  nitro- 
glycerine; and  the  liability  to  recurrence  is  much  diminished  by  diathermic  treat- 
ment, kept  up  rather  persistently. 

It  is  not  only  in  the  dyspnea  of  cardiac  impairment  that  morphine,  morphine- 
atropine,  morphine-scopolamine,  or  these  associated  with  strychnine,  are  useful.  In 
bronchial  asthma,  a  series  of  nocturnal  seizures  can  often  be  cut  short  by  morphine, 
scopolamine,  and  strychnine,  used  for  three  or  four  nights  in  succession.  An  injection 
of  morphine,  Vg  to  ^A  grain,  or  codeine,  1/2  to  1  grain,  with  %8o  or  ^40  grain  of 
scopolamine  hydrobromide,  and  V\o  to  Vzo  grain  of  strychnine  nitrate,  with  or  without 
the  addition  of  Vn  to  V\2  grain  of  aspidospermine  hydrochloride,  is  to  be  made  at 
bedtime,  and  repeated  in  two  hours  if  the  patient  is  not  asleep,  or  if,  being  asleep, 
he  is  awakened  by  an  access  of  dyspnea.  The  use  of  aspidospermine  (Vg  to  1/4  grain 
of  the  amorphous  preparation,  or  M2  to  %  of  the  crystalline  salt)  hourly  or  every  two 
hours  during  the  day,  will  aid  in  preventing  recurrence.  After  the  series  of  paroxysms 
has  been  controlled,  and  the  proper  investigation  as  to  excitants  made,  other  appro- 
priate measures  are  to  be  instituted.  In  asthma,  however,  the  danger  of  inducing 
a  morphine  habit  should  never  be  forgotten,  and  its  repeated  use  in  attack  after 
attack  is  to  be  deprecated. 

Huchard  points  out  that  while  opium  is  useful  in  almost  all  forms  of  symptomatic 
dyspnea,  or  dyspnea  of  nervous  origin,  especially  in  cases  in  which  there  is  cerebral 
anemia  or  relative  anemia  of  the  medulla,  it  is  of  no  value,  and  may  be  harmful,  when 
the  difficulty  in  breathing  depends  upon  obstruction  to  the  oxygenation  of  the  blood, 
as  in  stenosis  of  the  larynx  or  trachea,  pressure  upon  the  bronchi  by  tumor  or  aneurysm, 
suffocative  catarrh  or  extensive  pulmonary  edema;  as  also  in  toxic  conditions,  such 
as  uremia,  in  the  Cheyne-Stokes  type  of  respiration  or  in  the  presence  of  somnolence 
or  coma.  Although  morphine  is  not  to  be  used  ordinarily  in  pulmonary  edema,  it  may 
tend  to  reduce  the  accumulation  of  fluid  in  the  lungs  in  certain  conditions  of  heart 
failure,  and  especially  in  that  form  of  pulmonary  edema  which  is  manifested  in 
recurrent  crises  in  cardiovascular  sclerosis,  when  this  is  not  associated  with  kidney 
failure. 

The  sedative  effect  of  opium  upon  the  respiratory  and  reflex  centers  has  led  to 
its  extensive  use  to  quiet  cough  in  various  affections.  Discrimination  is  necessary, 
however,  and  the  individual  case  as  well  as  the  special  ailment  must  guide.  When 
cough  is  harassing,  and  especially  when  it  prevents  sleep,  and  other  measures  than 
opium'  have  failed,  an  opiate  may  be  used,  cautiously  and  tentatively,  even  under 
conditions  in  which  it  might  ordinarily  be  avoided.  Broadly  speaking,  the  secretion 
guides.  When  this  is  scanty,  opium  may  be  associated  with  other  appropriate  remedies 
— a  terebinthinate,  an  expectorant  of  the  ammonium  group,  and  perhaps  squill,  ipecac, 
senega  or  garlic — if  needed.  When  secretion  is  profuse,  and  there  is  any  danger  of 
impeding  its  expulsion  from  the  air  passages,  opium  is  best  avoided.  If  given,  bella- 
donna should  be  associated  to  restrain  secretion.  So,  too,  when  the  secretion  is 
markedly  mucopurulent,  or  when  pus  accumulates  in  bronchiectases,  or  in  the  presence 
of  pulmonary  abscess,  or  of  gangrene,  or  of  cavitation  in  phthisis,  opium  is  to  be  given 
only  under  compulsion  of  necessity.    Indeed,  in  pulmonary  tuberculosis,  even  without 
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cavitation,  opium  is  indicated  only  when  the  cough  is  persistent,  distressing  and 
unproductive,  despite  appropriate  treatment;  while  the  chronicity  of  the  condition 
and  the  fact  that  the  drug  contributes  nothing  to  the  recuperative  process  are  indica- 
tions against  it. 

In  pleuritis,  as  in  other  inflammations  of  serous  membranes,  opium  not  only 
relieves  pain  but  appears  to  subdue,  in  a  measure,  the  inflammatory  process.  Codeine 
is  the  principle  of  choice.  The  guide  to  dosage  is  the  effect  on  pain,  as  if  this  be  still 
present  the  drug  is  evidently  not  exerting  its  full  influence.  Necessarily,  the  urine 
must  be  watched  and  retention  or  suppression  avoided.  At  one  time  morphine  was 
held  to  have  a  restraining  or  even  "jugulating"  effect  in  lobar  pneumonia  if  injected 
at,  or  shortly  after,  the  time  of  chill;  and  many  physicians  still  employ  it,  from  time 
to  time,  during  the  course  of  the  malady,  to  assuage  pain,  check  cough  or  induce 
sleep.  The  better  plan,  however,  is  to  avoid  its  routine  use  at  any  stage  in  the 
evolution  of  the  pneumonias.  If  the  sedative  influence  of  opium  should  seem  impera- 
tive to  afford  needed  rest  in  an  individual  instance,  codeine  by  mouth,  in  a  sufficient 
dose,  is  commonly  to  be  preferred  and  injection  of  morphine  to  be  restricted  to  cases 
in  which  nought  else  will  avail.  When,  however,  the  urinary  flow  is  kept  up  without 
special  difficulty  to  2000  cc.  or  more  in  the  24  hours',  there  need  not  be  the  same 
caution  in  regard  to  morphine  as  when  the  flow  is  less  abundant,  since  the  main 
danger  from  the  drug  is  its  depressing  influence  upon  the  kidney. 

Opiates  have  been  used  to  alleviate  the  pain  in  acute  arthritis  of  various  types, 
including  rheumatic  fever.  While  there  is  no  great  objection  to  the  practice  except 
in  gout,  when  elimination  is  all-important,  there  is  not  much  necessity  for  it.  The 
indication  for  morphine  or  codeine  given  by  endocarditis,  pericarditis  and  myocarditis 
in  acute  rheumatism,  gonorrheal  arthritis  and  other  infections  is  a  different  matter. 

When  there  is  disease  of  the  kidneys,  or  a  tendency  to  diminution  or  suppression 
of  urine,  opium  should  be  used  with  great  caution,  if  at  all.  Morphine  may  be  used 
in  uremia,  in  certain  cases,  especially  when  there  is  obstinate  insomnia  or  marked 
dyspnea,  and  in  uremic  convulsions  when  time  is  precious,  a  hypodermic  of.  %  to 
^  grain  (0.01  to  0.015  Gm.)  of  morphine  may  be  imperative;  but  with  these  few 
exceptions,  uremia  offers  a  strong  contraindication  to  the  employment  of  opium  or  its 
alkaloids;  and  venesection,  sweating  and  other  measures  indicated  for  restoration, 
supplementation,  or  vicarious  substitution  of  renal  function,  must  be  duly  instituted. 

Opiates,  especially  codeine,  will  markedly  reduce  diuresis  in  most  cases  of  diabetes 
insipidus  and  may  usefully  be  alternated  or  associated  with  a  pituitary  preparation. 
In  diahetcs  mellitus,  especially  in  instances  in  which  shock,  anxiety,  prolonged  worry, 
overexertion  and  similar  influences  appear  to  have  taken  part  in  the  causation,  and 
in  persons  of  so-called  neurotic  temperament,  opiates  do,  to  a  variable  extent,  restrain 
polyuria  and  glycosuria  and  mitigate  boulimia — possibly  thi'ough  the  autonomic  nerve- 
system.  Codeine  or  the  whole  drug  may  be  used  in  association  with  dietetic  regulation, 
insulin,  and  other  appropriate  measures,  often  contributing  measurably  to  a  good  result. 
Morphine  must  be  used  with  great  caution  in  persons  who  are  the  subject  of  any 
cachexia,  such  as  diabetes;  and  because  of  the  extreme  susceptibility  to  the  drug  of 
persons  subject  to  dyspnea,  not  more  than  Vn  grain  (5  mgm.)  should  be  given  to 
such  a  person  when  seen  for  the  first  time. 

Spasmodic  stricture  of  the  urethra  may  be  relaxed  under  the  influence  of  a  full 
hypodermic  dose  (Vi  grain)  of  morphine. 

In  threatening  abortion,  opium  or  morphine  is  the  best  and  most  dependable 
remedy.  A  hypodermic  injection  of  l^  grain  (0.015  Gra.)  of  morphine  may  be  given, 
followed  by  laudanum,  10  minims  (0.6  cc.)  every  three  or  four  hours.  Morphine 
injection  (V2  grain,  repeated  if  necessary  in  an  hour  or  two)  may  be  demanded  for 
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the  relief  of  puerperal  convulsions  but  it  is  a  purely  symptomatic  remedy  and  does 
not  preclude  the  necessity  of  other  measures  to  overcome  the  toxemia. 

If  care  and  caution  are  needed  when  opiates  are  prescribed  for  other  conditions, 
such  circumspection  is  peculiarly  necessary  in  ailments  of  the  nerve  system.  Excep- 
tional indeed,  is  the  form  or  intensity  of  the  pain  that  cannot  be  assuaged  by  mor- 
phine; and  in  most  forms  of  insomnia,  relief  is  virtually  certain.  But  it  is  just  this 
certainty  of  relief  that  constitutes  the  danger  of  inducing  addiction,  and  thus  contra- 
indicates  the  drug  in  chronic  ailments,  unless  nothing  else  will  serve  and  the  condition 
of  the  patient  is  such  (as  in  non-operable  cancer  and  other  hopeless  affections)  that 
the  question  of  habit  has  become  negligible.  In  neuralgia  and  neuritis,  wherever 
situate  and  however  caused,  morphine  will  give  relief;  but  ordinarily,  in  a  young 
or  middle-aged  and  apparently  otherwise  healthy  individual,  these  should  be  treated 
by  other  means.  Severe  nerve  pain  of  traumatic  causation  or  of  temporary  nature, 
may  properly  be  treated  by  morphine  per  os,  or  in  suppository  or  hypodermically, 
especially  if  the  patient  can  be  kept  in  ignorance  of  the  nature  of  the  remedy  employed. 
In  headaches  of  asthenic  and  adynamic  types,  opiates  are  sometimes  of  temporary 
benefit,  but  they  are  contraindicated  in  hyperesthetic  and  hyperemic  states.  In  certain 
inflammatory  conditions  associated  with  intense  pain,  occurring  as  local  complications 
in  the  various  infective  diseases,  and  especially  influenza,  morphine  must  be  used. 
Notable  instances  of  such  conditions  are  the  pain  due  to  frontal  sinus  inflammation 
in  influenza;  intense  toothache  and  the  pain  excited  by  the  application  of  a  destructive 
agent  to  the  dental  nerve.  A  useful  association  of  agents  in  such  cases  is  morphine 
sulphate,  1  grain;  extract  of  belladonna,  1  grain;  quinine  sulphate,  6  grains;  to  be 
made  into  6  pills,  of  which  one  is  given  hourly  until  the  pain  is  relieved  or  sleep 
induced.  A  like  prescription  is  also  serviceable  in  facial  neuralgia  whether  dependent 
on  diseased  teeth  or  other  conditions. 

In  inflammations  of  the  meninges  (and  even  in' epidemic  cerehrospinal  meningitis 
in  preparation  for  appropriate  serotherapy  or  supplementary  thereto),  opium  or  mor- 
phine in  full  dose  given  early  often  aids  recovery ;  not  only  by  relief  of  pain  and  rest- 
lessness, but  also  by  reducing  the  severity  of  the  inflammatory  process.  Should  stupor 
be  present,  opiates  are  necessarily  contraindicated. 

In  the  delirium  and  insomnia  of  high  fever,  morphine  or  opium  may  at  times  be 
of  service,  and  its  exhibition  may  advantageously  be  associated  with  that  of  tincture 
or  infusion  of  digitalis. 

Caution  must  be  observed  in  the  use  of  opium  in  the  early  stages  of  adynamic 
fevers;  but  in  the  delirium  of  inanition  that  occurs  toward  the  end  of  acute  maladies, 
and  especially  in  cases  in  which  it  has  been  difficult  to  nourish  the  patient,  its  stim- 
ulant effect  often  brings  about  a  decided  betterment. 

In  mental  disorders,  opium  is  sometimes  of  great  service.  Benefit  has  been 
observed  from  its  stimulant  effect  in  some  cases  of  melancholia  and  other  depressive 
conditions,  especially  when  characterized  by  hallucinations  and  causeless  anxiety,  the 
tincture  being  considered  the  best  preparation.  Morphine  is  given  even  in  the  presence 
of  excitement,  in  cases  of  prolonged  wakefulness,  associated  with  refusal  of  food, 
drink  and  medicine  and  with  destructive  or  suicidal  tendencies.  When  the  blood 
pressure  is  low,  small  doses  are  administered,  but  with  high  blood  pressure  larger 
doses  are  permissible  or  even  necessary.  In  the  obese  and  the  aged,  the  dosage  may 
have  to  be  tentative  at  first.  Opiates  are,  as  a  rule,  contraindicated  in  conditions 
associated  with  hyperemia,  active  or  passive,  of  the  cerebrum — particularly  in  cerebral 
arteriosclerosis — and  must  be  prohibited  absolutely  when  there  is  inflammation  of 
brain-tissue.  Hence,  in  most  cases  of  acute  mania  the  drug  is  to  be  withheld.  Emer- 
gencies arise,  however,  in  which  morphine  is  the  only  remedy  upon  which  reliance 
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can  be  placed,  and  an  experienced  physician  may  justifiably  use  a  sufficient  dose  to 
overcome  excitement,  otherwise  uncontrollable.  In  the  insomnia  which  results  from 
excessive  mental  activity,  opiates  are  quite  likely  to  do  harm;  and  they  should  be  used, 
if  at  all,  with  great  caution  in  the  delirium  of  acute  alcoholism,  and  especially  when 
delirium  tremens  occurs  in  confirmed  topers.  As  a  rule,  there  is  little  objection  to  a 
single  dose  in  association  with  chloral,  a  bromide  or  other  appropriate  agent,  but 
repeated  doses  are  dangerous  and  doubtless  have  proved  fatal  in  many  instances  in 
which  they  have  been  routinely  employed  in  conditions  of  delirium  and  excitement 
whether  caused  by  alcohol  or  by  the  toxin  of  an  infective  malady.  In  most  cases, 
eliminative  treatment  serves  the  purpose  better.  Belladonna  or  its  alkaloid  may  use- 
fully be  associated  with  opium  or  morphine  in  psychic  disorders  of  depressive  or  as- 
thenic tyjoo,  but  in  states  of  excitement  or  when  the  general  condition  of  the  patient  is 
asthenic,  the  opiate,  if  used,  should  be  used  alone,  or  associated  with  chloral  or  a  bromide. 

In  the  presence  of  brain  tumor,  morphine  is  to  be  avoided;  and  its  general  employ- 
ment in  convulsive  seizures  in  general,  e.g.,  hysteria,  tetanus,  epilepsy,  chorea,  is  today 
practically  obsolete;  but  it  may  be  used  in  urgent  conditions,  as  status  epilepticus  and 
violent  chorea,  to  control  the  convulsive  movements  for  the  time  being,  provided  no 
other  means  are  available.  For  the  control  of  convulsions  of  intracranial  causation 
occurring  in  infants,  it  may  be  necessary  to  resort  to  morphine,  despite  the  great 
danger  of  giving  the  drug  in  the  first  years  of  life.  In  such  an  emergency,  a  hypo- 
dermic injection  of  %o  grain  (0.0012  Gm.)  may  be  given  to  an  infant  from  six  months 
to  one  year  of  age. 

Claude  Bernard  observed  that  chloroform  was  better  borne,  that  unconsciousness 
was  induced  more  quickly  and  with  a  lesser  quantity  of  the  vapor,  and  that  the  after 
effects  were  less  likely  to  be  dangerous  or  disagreeable,  when  the  use  of  the  anesthetic 
was  preceded,  some  little  time,  by  an  injection  of  morphine  or  of  morphine  and 
atropine.  What  is  called  the  synergistic  employment  of  morphine  in  the  induction 
of  general  surgical  anesthesia  has  now  become  a  common  procedure.  It  is  given 
hypodermically  in  dose  of  %  to  Vi  grain  (0.01  to  0.015  Gm.)  in  conjunction  with 
yif.o  grain  (0.0004  Gm.)  of  atropine,  half  an  hour  before  the  administration  of  the 
ether  or  other  anesthetic  is  begun.  In  certain  cases,  inhalation  anesthesia  is  replaced 
by  the  hypodermic  use  of  Ve  grain  (0.01  Gm.)  of  morphine  with  %oo  grain  (0.0003  Gm.) 
of  scopolamine,  injected  an  hour  and  a  half,  and  a  half  hour,  before  the  operation. 
The  same  procedure  to  render  labor  painless  has  received  the  name  of  ''twilight  sleep." 
As  set  forth  under  scopolamine,  this  procedure  is  of  dubious  worth.  While  the 
obstetric  use  of  scopolamine  is  relatively  recent,  it  has  long  been  taught  that 
atropine  and  morphine  used  in  association  during  labor,  "relieve  teasing  pains, 
procure  sleep,  quiet  after  pains,  facilitate  manipulations  and  tend  to  prevent  or 
control  convulsions"  (Bartholow).  Use  may  likewise  be  made  of  the  associated 
alkaloids  in  the  endeavor  to  procure  relaxation  of  spasm  in  strangulated  hernia. 

In  conditions  of  surgical  shock,  morphine  is  sometimes  the  best  agent  that  can 
be  employed.  In  other  cases,  strychnine  or  epinephrine  may  be  preferable.  There 
is  no  practical  objection,  whatever  theoretical  considerations  may  be  adduced,  to 
the  use  of  morphine  in  conjunction  with  strychnine  in  such  cases.  Comparatively  full 
doses  are  required — from  V^  to  Yz  grain  hy])odermically — to  be  repeated  according  to 
the  necessities  of  the  occasion. 

Opium,  in  conjunction  with  ipecac  in  the  official  pulvis  ipecacuanhae  et  opii  (Dover 
powder),  is  mildly  diaphoretic  and  is  given  with  occasional  success,  in  doses  of  10 
grains  (0.6  Gm.),  to  abort  a  cold. 

Contraindications. — The  conditions  necessitating  prohibition  of  opium  and  mor- 
phine or  great  circumspection  in  their  use,  may  be  recapitulated  in  brief  generalization: 
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1.  Impairment  of  kidney  function;  and  to  some  degree,  impairment  of  liver 
function. 

2.  Inflammatory  or  congestive  states  of  the  nerve-centers. 

3.  Adynamic  states. 

4.  Extremes  of  age. 

5.  Personal  susceptibility. 

6.  Tendency  to  neurotic  disturbances,  especially  in  young  women  at  puberty. 

7.  The  menopause,  and  pregnancy. 

8.  Accumulation  of  fluid,  pus,  or  secretions  in  the  lungs,  bronchi,  and  upper  air 
passages. 

9.  Cerebral  arteriosclerosis  or  a  general  plethoric  or  apoplectic  tendency. 

10.  The  presence  of  infection,  not  manifested  as  an  inflammation  of  serous 
membranes. 

The  feeble  and  prostrated,  while  often  greatly  benefited  by  small  doses,  bear  large 
ones  badly,  and  susceptibility  is  greatly  increased  at  both  extremes  of  life,  childhood 
and  old  age.  Women  are  far  more  sensitive  than  men  to  the  exciting  influence  of 
opiates,  so  that  it  sometimes  aggravates  their  restlessness  instead  of  calming.  More- 
over, individual  types  of  intolerance  are  not  uncommon;  in  one  instance  under  our 
own  observation,  a  cataleptic  state  lasting  almost  two  days  was  induced  in  a  woman 
by  ^2  grain  of  morphine  sulphate.  When  not  unwise,  inquiry  should  be  made  before 
exhibiting  morphine  to  a  patient  whose  sensitiveness  is  unknown,  and  in  any  event,  in 
the  absence  of  overwhelming  urgency,  the  initial  dose  should  be  tentative — say  yi2 
grain  or  at  most  %  grain  (5  to  10  mgm.). 

We  may  also  summarize  certain  observations  in  children.  The  indications  for 
opium  in  the  child  are  much  less  urgent  and  much  less  numerous  than  in  the  adult. 
It  is  useful,  after  proper  preparation  and  with  proper  regulation  of  diet,  in  various 
forms  of  diarrhea,  especially  in  enterocolitis,  but  when  the  latter  condition  is  dependent 
on  food  poisoning  and  castor  oil  is  being  used  in  small,  frequent  doses,  opium  must 
not  be  given  in  sufficient  quantity  to  prevent  the  cleansing  action  of  the  oil.  A 
few  drops  of  paregoric  (1  to  5,  according  to  age  and  effect)  in  each  dose  of  castor  oil, 
is  commonly  sufficient  to  relieve  pain  and  prevent  excessive  purgation  without  con- 
stipating. 

Opium  is  also  indicated  in  esophageal  spasm,  in  intense  colic  and  in  all  painful 
affections  of  the  abdominal  organs  in  which  the  diagnosis  is  clear.  In  affections  of 
the  air  tract,  however,  especially  bronchitis,  in  children  under  2  years,  opium  is  best 
avoided.  If  the  cough  should  be  so  troublesome  as  to  leave  no  alternative,  paregoric 
is  the  preparation  of  choice,  and  the  dose  should  be  minimal.  Rarely  should  opium 
be  used  to  produce  sleep  in  children,  as  habit  is  readily  initiated. 

Codeine. — Next  to  morphine,  codeine  is  the  most  useful  of  the  alkaloids  of  opium. 
It  is  less  likely  than  morphine  to  induce  habit  when  taken  for  prolonged  periods 
and  is  equally  efficacious  as  a  sedative.  It  is  therefore  to  be  preferred  in  the  treat- 
ment of  chronic  cough  and  in  maladies  such  as  diabetes  in  which  the  use  of  the  drug 
is  to  be  prolonged  over  months  or  years.  In  relieving  pain  in  chronic  conditions 
such  as  inoperable  cancer,  also,  codeine  is  to  be  preferred  when  equally  effective, 
but  as  a  rule  the  time  comes  when  the  stronger  drug  must  be  used. 

In  diabetes  insipidus,  a  trial  may  be  made  of  codeine,  V2  to  2  grains  (0.03  to  0.12 
Gm.)  3  to  6  times  daily,  but  the  result  is  not  constant.  In  diabetes  mellitus  it  may  be 
given  in  doses  of  Y2  grain  to  10  grains  daily  (0.03  to  0.6  Gm.),  but  not  unless  dietetic 
and  other  measures  fail  to  get  rid  of  the  glycosuria,  or  to  reduce  this  and  the  hyper- 
glycemia to  safe  figures.  It  should  be  omitted  on  fasting  days,  and  discontinued 
unless  a  marked  diminution  in  sugar  excretion  is  seen  within  2  weeks. 
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In  pleurisy,  codeine  is  to  be  preferred  to  morphine,  as  it  is  less  likely  to  favor 
the  formation  of  adhesions,  but  whichever  drug  may  be  used,  it  should  be  given  in 
sufficient  doses  to  relieve  distress.  In  the  dry,  hacking  cough  of  phthisis  Vs  grain 
(O.OOS  Gm.)  of  codeine  with  3  grains  (0.2  Gm.)  of  terpin  hydrate  every  three  or 
four  hours  will  sometimes  afford  great  relief.  The  N.F.  elixir  tcrpini  hydratis  et 
codeinte  is  a  useful  preparation  in  these  cases.  In  the  treatment  of  bilharziasis,  codeine 
has  been  found  very  useful  in  overcoming  the  toxic  symptoms  accompanying  the 
intravenous  use  of  tartar  emetic  in  that  condition. 

DiACETYLMOKPliiNE  (IIehoink). — The  importation,  manufacture  and  dispensing  of 
heroine  in  the  United  States  is  forbidden  by  act  of  Congress.  While  it  has  exceptional 
power  to  relieve  cough,  habituation  to  it  is  establislied  with  fatal  ease,  and  once 
established  the  habit  is  almost  impossible  to  break.  It  may  also,  even  in  very  small 
dose  (Vii  grain,  '5  mgm.)  induce  suppression  of  urine  and  threatening  coma,  in  sus- 
ceptible subjects.     Medicine  can  well  be  practiced  without  it. 

^THYLMORPHiN^  HvDRocHLORiDUM  (Diomne)  :  Topical. — Because  of  its  property 
of  producing  chemosis  and  increased  lymph  flow  when  applied  to  the  conjunctiva, 
dionine  has  a  wide  field  of  employment  in  ocular  therapeutics. 

Corneal  opacities  are  successfully  treated  by  the  instillation  of  3  to  10  percent, 
solutions  of  dionine  in  conjunction  with  5  to  20  percent,  protai'gin  solution,  either 
alone  or  alternating  with  the  application  of  yellow  oxide  of  mercury  ointment,  fol- 
lowed by  massage  of  the  eye  through  the  closed  lids.  It  is  sometimes  necessary  to 
continue  this  treatment  for  long  periods,  the  effects  being  carefully  noted  to  see  that 
the  remedy  is  not  doing  harm  rather  than  good,  but  in  the  end  the  results  are  some- 
times almost  beyond  belief.  In  certain  cases  the  drug  has  been  applied  in  full  strength 
in  the  form  of  powder,  but  a  reaction  can  be  obtained  as  well  by  a  solution  of 
10  or  15  percent,  strength,  or  an  8  to  10  percent,  ointment.  Dionine  has  been  given 
also  in  interstitial  keratitis,  with  potassium  iodide  internally. 

In  posthemorrhagic  eye  troubles,  the  instillation  of  a  dionine  solution  or  its 
injection  periocularly,  often  succeeds  in  restoring  complete  vision. 

The  power  of  dionine  to  augment  the  intraocular  lymph  and  blood  circulation, 
thus  improving  nutrition,  is  availed  of  in  the  treatment  of  cataract.  A  1  percent, 
solution  is  dropped  into  the  eye  for  three  nights  each  week,  and  after  a  few  months, 
three  nights  every  other  week.  In  glaucoma,  dionine  is  used  in  conjunction  with 
eserine  and  pilocarpine. 

Dionine  is  of  great  value  in  acute  and  subacute  iritis,  applied  in  the  form  of 
a  3  percent,  ointment,  or  one  strong  enough  to  cause  marked  injection  of  the  con- 
junctiva and  chemosis  and  more  or  less  pain. 

In  a  case  of  traumatic  detachment  of  the  retina,  restoration  is  reported  to  have 
followed  the  subconjunctival  injection  of  10  minims  (O.G  cc.)  of  a  1  percent,  dionine 
and  0.6  percent,  sodium  chloride  solution  every  fourth  day. 

Contusion  of  the  eye  may  be  treated  with  0.5  percent,  atropine  and  3  to  5  per- 
cent, dionine  solution,  the  object  being  to  put  the  eye  at  rest  and  stimulate  absorption 
of  any  inflammatory  products. 

The  usual  strength  of  solutions  for  instillation  is  1  to  6  percent.,  but  in  some  cases 
as  high  as  12^2  percent,  (saturated)  solutions  may  be  employed  or  the  drug  may  be  ap- 
plied in  powder  form.  It  should  not  be  applied  in  too  great  concentration  or  at  too  fre- 
quent intervals,  nor  should  the  application  be  too  long  continued.  Its  too  frequent 
application  causes  the  drug  to  lose  its  influence;  moreover,  the  repetition  of  its  effects 
at  one-  or  two-day  intervals  over  long  periods  may  be  harmful,  even  increasing  the 
corneal  opacities  and  thickenings  of  the  conjunctiva  which  the  drug  was  expected  to 
remove  (Jackson).     The  effects  must  therefore  be  carefully  watched  and  if  improve- 
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meBt  is  not  noted  within  a  reasonable  time  the  frequency  of  the  applications  should  be 
reduced  or  they  should  be  discontinued  entirely  for  a  time.  The  physician  should  make 
the  first  few  applications  in  order  to  determine  the  weakest  concentration  that  will 
produce  the  desired  lymphagogue  effect. 

Swabbing  of  the  nasal  mucous  membrane  with  a  5  to  10  percent,  dionine  solu- 
tion or  the  application  of  an  ointment  of  similar  strength  or  milder  has  been  resorted 
to,  with  reported  benefit,  in  atropine  rhinitis  and  ozena. 

Systemic. — Dionine  has  been  used  to  abort  eolds,  in  doses  of  1  grain  (0.06  Gm.) 
at  bedtime.  In  its  power  to  suppress  cough  it  stands  midway  between  morphine 
and  codeine,  but  is  greatly  inferior  to  heroine.  It  is  to  be  preferred,  however,  by 
reason  of  its  much  less  pronounced  tendency  to  habit  formation.  It  has  even  been 
recommended  to  quiet  the  withdrawal  symptoms  in  the  treatment  of  morphine  or 
heroine  addiction.  It  may  be  given  in  doses  of  14  to  y2  grain  (0.015  to  0.03  Gm.) 
to  quiet  a  troublesome  non-productive  cough,  but  if  any  opiate  is  necessary  in  bron- 
chitis, codeine  is  the  one  of  choice.     The  hypodermic  dose  is  %  grain  (0.008  Gm.). 

Pantopon. — Pantopon,  or  omnopon,  enjoyed  a  measure  of  popularity  at  the  time 
of  its  introduction  into  medicine  in  1908.  It  possesses  the  advantage  over  opium 
that  it  may  be  given  in  smaller  dose  and  hypodermically.  The  dose  is  from  ^  to  V2 
grain  (0.015  to  0.03  Gm.).  The  indications  are  the  same  as  for  opium  or  the 
less  urgent  uses  of  morphine.  The  hypodermic  dose  is  %  to  Vk  grain  (0.01  to  0.02 
Gm.). 

Papaverine. — So  far  as  known,  papaverine  is  free  from  a  tendency  to  habit  for- 
mation. It  has  been  employed  in  angina  pectoris  and  various  forms  of  colic,  gastric, 
intestinal  and  biliary.  It  is  to  be  preferred  to  opium  or  morphine  in  intestinal  colic 
for  the  reason  that  it  is  not  constipating.  It  is  also  of  use  in  cutting  short  an  asthmatic 
spasm,  but  in  the  treatment  of  cough  it  is  of  less  value  than  codeine.  It  is  useful  as  a 
mild  antispasmodic  with  mild  anodyne  properties  and  some  hypnotic  power,  in  dose 
of  Vo  to  2  grains  (0.03  to  0.12  Gm.).  This  antispasmodic  action  has  led  to  its  success- 
ful employment  for  the  relief  of  spasmodic  urethral  stricture,  by  injection  of  2  or  3  cc. 
of  a  2  percent,  solution  into  the  canal.  It  has  also  been  used  by  ureteral  injection, 
in  cases  of  impacted  calculus,  with  the  result  of  relaxing  the  ureter  and  permitting 
the  stone  to  fall  into  the  bladder.  It  is  employed  also  in  the  treatment  of  high  hlood- 
pressure,  not  due  to  disease  of  the  kidneys. 

Benzylmorphine  Hydrochloride  (Peronine). — The  action  of  peronine  is  very 
similar  to  that  of  dionine.  A  1  or  2  percent,  solution  dropped  in  the  eye  is  markedly 
anesthetic,  but  like  dionine,  causes  congestion,  chemosis,  and  pain  of  the  conjunctiva, 
which  renders  it  unsuitable  as  an  anesthetic  in  eye  surgery. 

It  has  been  employed  to  some  extent  to  quiet  unproductive  cough  in  chronic 
bronchitis  and  in  phthisis  and  is  regarded  by  some  practitioners  as  actually  curative 
in  the  early  stages  of  pulmonary  tuberculosis.  It  is  given  in  doses  of  ^  to  1  grain 
(0.03  to  0.06  Gm.). 

Narcophine. — Narcophine  (morphine-narcotine  meconate)  is  sometimes  given  to 
induce  sleep  in  bronchitis  and  other  respiratory  affections  in  which  morphine  is  not 
desirable.  It  is  a  useful  hypnotic  also  in  insomnia  due  to  other  causes.  It  is  given 
in  doses  of  1/4  to  1/2  grain  (0.015  to  0.03  Gm.). 

Administration  {Opium  and  its  Alkaloids). — When  opium  is  given  for  the  correction 
of  any  intestinal  condition  it  is  best  administered  in  pill  form.  In  former  times  it  was 
a  custom  to  prescribe  old  pills  on  the  theory  that  they  would  be  resistant  to  the  action 
of  the  gastric  juice  but  would  be  acted  upon  in  the  intestine;  sometimes,  however,  they 
were  passed  unchanged  in  the  stools.  Keratin-coated  pills  may  be  prescribed  if  it  is 
desired  that  they  shall  remain  intact  until  they  reach  the  bowel.  Dover's  powder  may 
be  given  in  capsules  of  5  grains  each,  or  in  compressed  tablets,  the  former  being  pref- 
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erable.     The  so-called  tincture  of  Dover's  powder  may  be  substituted  for  it,  if  desired, 
but  it  does  not  seem  to  be  as  therapeutically  efficient  as  the  original  powder. 

Laudanum  is  the  preparation  most  frequently  prescribed  when  an  anodyne  or 
hypnotic  effect  is  desired.  As  the  odor  of  opium  is  repugnant,  the  deodorized  tincture, 
which  is  now  the  sole  official  form,  is  to  be  preferred.  The  wine  of  opium  is  less  apt  to 
nauseate.  For  children  paregoric  is  to  be  preferred  on  account  of  its  low  opium  content 
and  agreeable  taste,  as  too  for  adults,  when  there  is  diarrhea,  and  pills  arc  not  desirable. 
The  camphor  content  is  also  of  use  in  gastric  as  well  as  inte.stinal  ailments.  Most  physi- 
cians avoid  opium  entirely  in  nursing  infants,  to  whom  a  single  drop  of  laudanum  may 
prove  fatal;  but  it  is  sometimes  necessary,  and  whatever  preparation  be  used  should 
be  well  diluted  with  water  so  that  10  or  15  drops  or  even  a  teaspoonful  will  still  be  a 
small  dose.  J.  Simon  estimates  the  maximum  daily  quantity  permissible  at  1  drop  of 
laudanum  for  each  year  of  "age  accomplished."  That  is,  at  G  months,  V2  drop;  at  2 
years,  2  drops  and  proportionately  for  ages  intermediate  to  or  beyond  these.  The  equiva- 
lent dose  of  paregoric  will  be  25  times  as  great  and  thus  too  bulky  in  many  in- 
stances. Morphine  is  to  be  avoided  before  the  third  year  and  codeine  before  the  second 
year. 

The  external  uses  of  opium  are  few,  except  in  the  case  of  bruises  and  superficial 
inflammation  when  the  very  useful  lead  and  opium  wash  is  indicated.  The  eraplastrum 
opii,  which  was  once  official,  was  utterly  useless. 

Morphine  is  given  in  tablet  form  and  is  used  in  extemporaneous  prescription,  but  is 
most  frequently  administered  hypodermically.  The  alkaloid  is  seldom  used,  the  more 
soluble  salts,  acetate,  hydrochloride,  sulphate  and  tartrate  being  employed  in  its  stead. 
In  this  country,  the  sulphate  is  the  most  commonly  given,  often  in  conjunction  with  a 
small  amount  of  atropine  sulphate  in  order  not  only  to  increase  the  anodyne  effect 
but  also  and  chiefly,  to  counteract  the  depressant  action  on  the  heart  and  prevent  the 
unpleasant  after-effects — vertigo,  nausea  and  headache.  Soluble  tablets  and  ampules 
are  available  for  hypodermic  administration,  containing  amounts  of  morphine  sulphate, 
from  1/12  to  1/2  grain,  together  with  1/200  to  1/100  grain  of  atropine  sulphate. 

Scopolamine-morphine  hydrochloride  tablets  are  also  available  for  use  in  the  pro- 
duction of  the  so-called  "twilight  sleep." 

Codeine  sulphate  is  administered  in  tablet  form  or  as  one  of  the  ingredients  of  a 
cough  mixture.  Codeine  phosphate  is  more  soluble  than  the  sulphate  and  is  well  adapted 
for  hypodermic  use. 

In  a  general  way,  if  the  activity  of  opium  be  represented  by  1,  that  of  codeine  will 
be  1.5  and  that  of  morphine  6.  In  other  words,  i,,';  grain  of  morphine  (0.01  Gm.)  has 
approximately  the  narcotic  power  of  %  grain  of  codeine  (0.04  Gm.)  or  1  grain  (0.06  Gm.) 
of  opium.    In  estimating  dosage,  due  weight  must  be  given  to  sex,  age,  weight  and  vigor. 

Chelidonium 

The  common  weed.  Chelidonium  majus,  greater  celandine,  belongs,  like  opium, 
to  the  Papaveracece  and  contains  several  alkaloids  which  resemble  the  isoquinoline 
alkaloids  of  opium  in  their  action.  There  are  chelidonine,  Cj^Hj^jNO^,  on  which  the 
action  of  the  drug  chiefly  depends;  a  homochelidonine,  C^jH^jNO^;  P  homochclido- 
nine,  C^iHjjNOj;  and  protopine,  which  is  present  in  such  small  amount  that  it  has 
no  influence  on  the  action  of  the  drug.  The  root  contains  about  0.03  percent,  of 
chelidonine,  other  parts  of  the  plant  only  traces. 

All  these  alkaloids  resemble  one  another  in  their  action,  which  is  very  similar 
to  that  of  papaverine,  thcii  most  prominent  effect  being  relaxation  of  smooth  muscle, 
and  chelidonium,  and  recently  chelidonine,  have  been  emploj'ed  in  medicine  to  relieve 
conditions  characterized  by  spasm  of  unstriped  muscle,  such  as  asthma,  intestinal 
cramps,  ureteral   colic  and  dysmenorrhea. 

Materia  Medica. — Chelidonium  (unofficial),  Chelidonium.  Synonj/ms:  Celandine, 
Tetterwort. 

The  root  or  the  whole  plant  of  Chelidonium  majns  Linne  (Fam.  Papaveracece). 
The  fresh  plant  contains  an  irritating,  milky,  saffron-colored  juice  of  disagreeable 
odor  and  repulsive,  acrid  taste.  There  is  no  official  U.S.  or  N.F.  preparation,  but 
an  aquean  extract  is  made. 
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Dose,  8  to  15  grains  (0.5  to  1  Gm.) ;  and  a  fluidextract  (50  percent,  alcohol)  : 
dose,  ^2  to  1  fluidram  (2  to  4  cc).  A  very  reliable  Eclectic  preparation,  "specific 
medicine,"  is  also  made:  dose,  1  to  15  minims  (0.06  to  1  cc). 

Pharmacodynamic  Action. — Chelidonine  is  readily  absorbed  from  the  subcutaneous 
tissue  and  from  mucous  membranes  and  is  excreted,  at  least  in  part,  unchanged  in  the 
urine.     The  salts,  being  acid,  are  somewhat  irritating  topically. 

The  toxic  action  is  dominated  by  narcosis.  Frogs  are  narcotized  by  0.1  mgm.  per 
Gm.  and  killed  by  twice  this  dose.  Mammals  are  narcotized  by  25  to  100  mgm.  per  kilo 
and  killed  by  0.3  to  0.4  Gm.  per  kilo  hypodermically.  The  fatal  dose  by  vein  is  only 
1/10  of  this,  but  that  by  mouth  considerably  larg'er.  Death  results  from  circulatory 
failure. 

Narcosis  is  not  preceded  nor  followed  by  excitement,  but  is  often  preceded  by  vomit- 
ing. The  heart  is  slowed  by  action  on  the  intracardiac  ganglia  and  the  vessels  dilated 
by  local  action,  leading  to  fall  of  blood  pressure.  Respiration  is  slightly  slowed.  There 
is  a  specific  depressant  action  throughout  the  autonomic  nerve  system.  Almost  all 
smooth  muscle  is  relaxed  by  direct  action,  leading  to  depression  of  tonus  and  motions, 
both  in  vitro  and  in  vivo,  and  shown  by  the  blood-vessels,  the  ureter,  uterus,  intestine, 
bronchi,  etc.  Applied  to  sympathetic  ganglia  it  causes  block  of  impulses,  and  may  have 
the  same  effect  when  administered  systemically.  The  paralyzant  action  on  nerve  tissue 
is  seen  also  in  its  local  anesthetic  action.  A  5  percent,  solution,  instilled  in  the  eye, 
causes  primary  irritation  followed  by  loss  of  sensation. 

HoMocHELiDONixE. — a  Homochelidoniue  resembles  chelidonine  almost  exactly  in  its 
action  and  toxicity  but  it  is  not  irritating,  as  its  salts  are  neutral.  For  this  reason, 
perhaps,  it  is  a  more  efficient  local  anesthetic. 

|3  Homochelidonine  also  forms  neutral  salts  but  has  less  anesthetic  action.  It 
differs  from  the  other  alkaloids  in  causing  less  narcosis  and  in  the  convulsions  which 
result  from  toxic  doses.  These  are  cerebral  (epileptiform),  like  those  from  camphor 
and  protopine.  There  is  less  slowing  of  the  heart  but,  in  spite  of  this,  the  blood-pressure 
falls  because  of  a  paralyzing  action  on  the  vasomotor  center.  Even  the  convulsions 
cause  no  rise  of  pressure.  Doses  a  little  larger  than  the  smallest  convulsant  cause  early 
paralysis  by  a  direct  action  on  the  striped  muscles,  similar  to  that  of  chelidonine  but 
more  marked. 

The  action  of  the  whole  drug  is  narcotic  and  paralyzant,  the  convulsant  effect  of 
j8  homochelidonine  not  being  seen. 

Therapeutics:  Topical. — The  irritant,  yellow,  milky  juice  of  chelidonium  is 
used,  especially  in  domestic  practice,  as  an  application  for  the  removal  of  warts, 
corns,  eczema  and  other  dermatoses,  and  even  cancer.  It  is  mopped  on  the  lesion 
by  means  of  a  small  pledget  of  absorbent  cotton  and  the  latter  is  then  left  applied 
to  the  part  and  held  in  place  by  a  bandage  or  a  strip  of  adhesive  plaster. 
Care  should  be  taken  to  confine  the  application  so  far  as  possible  to  the  lesion 
itself. 

Systemic. — Chelidonium  has  been  used,  though  without  very  positive  results,  in 
the  treatment  of  asthma,  spasmodic  colic  and  gastralgia  in  doses  of  15  to  30  grains 
(1  to  2  Gm.)  of  the  powdered  root  or  8  to  15  grains  (0.5  to  1  Gm.)  of  an  aquean 
extract  of  double  the  strength  of  the  crude  drug.  In  Eclectic  practice  the  drug  is 
used  in  the  treatment  of  hepatic  congestion  and  subacute  inflammation,  for  jaundice 
from  obstruction  due  to  catarrhal  swelling  of  the  bile  ducts,  and  to  prevent  the 
recurrence  of  gallstone  colic.  It  is  given  in  doses  of  1  to  15  minims  (0.06  to  1  cc.) 
of  the  "specific  medicine." 

The  freshly  expressed  juice,  with  the  addition  of  0.5  percent,  by  volume  of 
chloroform  to  preserve  it,  has  been  used  in  conjunction  with  the  external  applica- 
tion, in  doses  of  15  to  60  minims  (1  to  4  cc.)  in  the  treatment  of  epithelioma.  The 
sulphate  and  the  hydrochloride  of  chelidonine  have  been  given  internally  in  doses 
of  3  grains  (0.2  Gm.)  twice  a  day  in  lieu  of  morphine  for  the  relief  of  chronic 
painful  conditions. 
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Anhalonium 

Anhalonium  or  "mescal  buttons"  is  a  drug  which  has  been  used  for  intoxicating 
and  ceremonial  purposes  by  the  Mexican  Indians,  since  prehistoric  times,  but  only 
recently  has  been  introduced  into  our  medical  practice.  The  mescal  buttons  which 
reach  our  market  are  derived  from  LopltopJiora  Inrinii.  Another  species,  the  "but- 
tons" of  which  are  not  distinguishable  by  appearance,  L.  irUiiamsii,  is  also  used  in 
Mexico. 

Mescal  contains  four  alkaloids,  as  follows:  mescaline,  C^Hj.OjX  (1  percent,  of 
dry  drug) ;  anlialonidine,  C.Ji^OjN  (0.2  percent.) ;  anhalonine,  C,JI,jO,N  (0.2  per- 
cent.);   and  lophophorine,  Cj^H.-OjN'   (0.25  percent.). 

The  following  formula  has  been  assigned  to  mescaline;  the  other  alkaloids  are 
probably  similar   (Heffter)  : 

C  — CH,  — NHCH3 
//\ 
//        \ 
HC  C  —  OCH, 

HC  C  —  OCHa 

C  —  OCH3 

Materia  Medica. — Anhalonium  (unofficial),  Anhalonium.  .Synonyms:  Mescal 
Buttons,  Peyote  Buttons. 

The  fleshy,  aerial  shoots  of  Lophophora  tvilliamsii  or  L.  lewinii,  containing  the 
alkaloids  mescaline,  anhalonidine,  anhalonine  and  lophophorine. 

Dose,  %  to  1  grain  (0.02  to  0.06  Gm.)  of  any  one  of  the  constituent  alkaloids  or 
of  the  combined  alkaloids. 

Pharmacodynamie  Action. — In  man  the  effect  of  mescal  consists  almost  wholly  in 
hallucinations  of  sight.  The  mind  is  perfectly  clear  and  enjoys  the  wonderfully  colored 
visions  which  float  constantly  before  the  eyes.  In  some  cases,  these  have  merely  irregular 
forms,  like  brilliant  sunset  clouds;  in  others  they  appear  as  figures  gorgeously  robed, 
or  as  magnificently  decorated  rooms,  or  buildings.  Landscapes  may  appear,  with  brilliant 
flowers  and  birds,  or  the  vision  may  change  from  one  object  to  another  without  control. 
It  requires  three  to  seven  "buttons,"  each  of  which  weighs  3  Gm.  (45  gr.),  to  cause 
marked  visions.  The  visions  last  several  or  many  hours  and  are  followed  by  dizziness 
and  headache.  There  is  no  narcosis  or  tendency  to  sleep.  The  effect  is  entirely  due 
to  the  mescaline,  which  in  doses  of  0.15  to  0.2  Gm.  (2  to  3  gr.)  causes  similar  visions. 
The  other,  alkaloids  have  no  such  action. 

None  of  the  alkaloids  cause  any  narcosis  in  mammals,  but  anhalonine  and  lopho- 
phorine cause,  in  rabbits  and  cats,  in  dose  of  15  to  30  mgm.  per  kilogram,  convulsions 
or  even  violent  tetanus.  In  frogs,  15  to  30  mgm.  of  mescaline  cause  a  mild  narcosis  with 
weakness.  Doses  of  15  to  30  mgm.  of  anhalonidine,  or  5  to  10  mgm.  of  anhalonine, 
cause  brief  narcosis,  followed  by  tetanus.  Lophophorine  is  much  more  toxic.  Doses  of 
0.25  to  1  mgm.  cause  violent  and  even  fatal,  tetanus  not  preceded  by  depression.  The 
mescal  alkaloids  cause  in  rabbits  a  state  of  extreme  weakness  which  may  resemble 
narcosis.  This  is  followed  by  hyperesthesia,  which,  after  doses  of  0.1  Gm.  per  kilogram, 
passes  into  fetal  tetanus. 

All  the  alkaloids  slow  the  heart  of  the  frog,  in  doses  of  3  to  20  mgm.  The  slowing 
is  not  prevented  by  atropine,  and  recovery  is  prompt,  even  after  strong  solutions,  on 
washing  with  Ringer  solution   (Mogilewa). 

Sedative  Oils  and  Resins 

A  large  number  of  plants  contain  resins  and  oils  which  have  distinctly  sedative 
properties.  The  general  depressant  action  on  the  central  nerve  system,  common  to 
the  essential  oils  is  described  with  them. 

The  only  one  of  the  group  which  has  sufficient  action  to  be  reliable  under  all 
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circumstances  is  cannabis.  The  active  principle  is  cannabinol,  OH.C^oHjg.COH. 
Next  in  importance  is  valerian,  which  owes  its  activity  largely  to  isoborneol  valerate. 
Of  less  activity  and  importance  is  asafetida,  which  contains  a  resinous  body  of  more 
complex  composition.  Lupillin,  Avhich  also  contains  an  oleoresin,  and  sumbul  are 
hardly  ever  used  to-day  as  sedatives.  It  is  most  probable  that  cypripedium  and 
lactucarium  owe  such  sedative  action  as  they  possess  to  the  presence  in  them  of 
similar  bodies. 

The  narcotic  or  intoxicant  action  of  certain  essential  oils  is  taken  advantage 
of  for  the  preparation  of  intoxicants.  The  use  of  cannabis,  under  the  name  of 
"haschisch,"  is  widespread  in  the  East.  The  use  of  "absinthe,"  prepared  from  arte- 
misia,  in  France,  and  of  '"kiimmelwasser"  (from  caraway)  in  Germany  is  well  known. 
An  intoxicating  drink  prepared  from  anise  is  used  as  a  liqueur. 

Cannabis 

Cannabis,  like  morphine,  is  a  drug  of  great  antiquity  and  of  great  historical 
interest  but,  unlike  it,  is  of  little  importance  in  therapeutics.  It  consists  of  the 
flowering  tops  of  the  female  plant  of  the  Indian  Hemp  or  Cannabis  sativa,  which 
grows  over  a  large  part  of  the  subtropical  world.  It  was  formerly  stated  that  only 
plants  grown  in  the  East  (0.  indica)  were  active,  but  although  those  grown  in  Ger- 
many were  found  inert,  some  American  specimens  (C.  americana)  are  equal  to  the 
best  Indian  plants. 

The  active  principle  is  contained  in  a  resinous  exudation  which,  in  the  East, 
is  collected  as  it  gathers  and  dries  on  the  flowering  shoots.  This  exudate,  known 
as  "churrus,"  never  reaches  the  Western  market.  A  similar  resin,  "cannabene,"  can 
be  prepared  by  extracting  with  petroleum  ether,  which  takes  out  all  the  active  mat- 
ter. The  active  principle  is  an  oily  substance,  "cannabinol,"  liquid  and  green  at 
ordinary  temperatures,  but  separating  from  glacial  acetic  acid  in  the  cold  as  white 
needles.    The  formula  is  OH.C,„H,,.COH. 

The  Eastern  forms  of  the  drug  most  in  use  as  intoxicants  are  (I)  the  resin, 
"churrus"  or  "charas";  (2)  the  young  leaves  and  twigs  scraped  off  at  the  time  of 
flowering,  "bhang"  or  "haschisch" ;  (3)  the  leafless  twigs  tied  in  bundles,  "ganjah" 
or  "gunjah."    For  smoking,  especially  in  Turkey,  it  is  often  mixed  with  tobacco. 

Summary  of  Actions  and  Uses. — Cannabis  resembles  morphine  somewhat  in  its 
action,  but  the  effects  are  much  more  strictly  limited  to  the  central  nerve  system  and 
especially  to  the  higher  brain  centers.  It  causes  mental  excitement,  exhilaration,  or,  in 
large  dose,  delirium  with  hallucinations,  followed  by  sleep  interrupted  by  dreams  and 
succeeded  by  persistent  dejection  or  prostration.  The  sensory  paths  are  depressed, 
probably  in  the  cord,  and  the  relief  of  pain  thus  afforded,  associated  with  its  somnifacient 
action,  lead  to  its  medical  use.  It  is  supposed  to  have  a  particular  influence  over  vis- 
ceral pain.  Cannabis  is  rarely  prescribed  alone,  but  is  frequently  added  to  mixtures 
intended  for  relief  of  neuralgia,  relaxation  of  painful  cramps,  and  quieting  of  mental 
excitement;   it  is  more  used  in  veterinary  than  in  human  medicine. 

Materia  Medica. — Cannabis  (U.S.  X.),  Cannabis.  Ahhr.,  Cannab.  Synonyms: 
Cannabis. Indica  (Br.),  Indian  Hemp,  Hashish,  Hasheesh. 

The  dried  flowering  tops  of  the  pistillate  plants  of  Cannabis  sativa'  Linne  (Fam. 
Moracece).  Occurs  in  separate  tops  or  more  or  less  agglutinated  masses  or  fragments. 
Color,  green  to  dark  green  to  greenish-brown;  odor,  agreeable,  somewhat  heavy  and 
narcotic;  taste,  somewhat  acrid  and  pungent.  Yields  not  less  than  8  percent,  of 
alcohol  soluble  extractive.     For  assay,  see  Fluidextract. 

Antagonists  and  Incompatibles. — Strychnine,  acids,  caustic  alkalis. 

Synergists. — All  hypnotics,  narcotics,  and  antispasmodics. 

Dose,  1  to  3  grains  (0.06  to  2  Gm.). 
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ExTRACTUM  Cannabis  (U.S.  X.),  Extract  of  Cannabis.  Allr.,  Ext.  Cannab.  Ex- 
tractum  Cannahis  Indiccc  (Br.).,  Extract  of  Indian  Ilemp. 

A  soft  extract  of  the  alcohol  extractives.    1  Gni.  corresponds  to  7.5  Gm.  of  cannabis. 

Dose,  1/4  to  1/2  grain  (0.015  to  0.03  Gm.). 

Fluidextractum  Cannabis  (U.S.  X.),  Fluidextract  of  Cannabis.  Ahhr.,  Fldext. 
Cannab. 

One  cc.  corresponds  to  1  Gm.  of  cannabis.    Contains  80  percent,  alcohol. 

Dose,  11/2  to  2  minims  (0.1  to  0.13  cc). 

Tikctura  Cannabis  (U.S.  IX.),  Tincture  of  Cannabis.  Ahhr.,  Tr.  Cannab.  Syn- 
onym :  Tinctura  Cannabis   Indies  (Br.). 

Ten  cc.  corresponds  to  1  Gm.  cannabis.    Contains  85  percent.  alcohoL 

Dose,  5  to  15  minims  (0.3  to  1  cc). 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Cannabinol,  the  active 
principle  of  cannabis,  being  a  resinous  bodj'  entirely  insoluble  in  water,  is  taken  up 
very  slowly  when  injected  subcutaneously.  From  the  bowel  it  is  probably  absorbed  as 
a  fine  suspension  or  emulsion.  If  vaporized  and  inhaled,  it  may  pass  through  the  lungs 
into  the  circulation.  In  the  body  it  is  combined  with  glycuronic  acid,  and  excreted  in 
the  urine. 

Toxicity:  Toxic  Dose. — The  discrepancy  between  the  effective,  that  is,  the  narcotic 
dose  and  the  fatal  dose  is  so  great  that  the  latter  is  very  rarely  reached.  The  variation 
in  the  activity  of  different  preparations  and  the  extreme  variability  of  individuals  to 
its  action  also  make  a  difficulty  in  defining  the  dose.  The  U.S.P.  requires  that  cannabis 
cause  slight  ataxia  when  given  to  dogs  by  mouth  in  a  dose  of  0.03  Gm.  per  kilo.  Fraenkel 
states  that  0.05  Gm.  by  mouth  of  cannabinol  narcotizes  small  dogs  (about  0.005  Gm. 
per  kilo,  while  Kobert  gives  the  narcotic  dose  for  cats  as  0.2  Gm.  (about  0.1  Gm.  per 
kilo),  and  states  that  dogs  are  equally  susceptible.  It  is  probable  that  Fraenkel's  figure 
applies  to  the  most  susceptible  animals  and  Robert's  to  the  most  resistant,  rather  than 
that  they  were  working  with  different  substances.  Ten  times  the  full  narcotic  dose  is 
not  fatal.  In  man  similar  differences  in  susceptibility  are  found.  Kobert  reports  a 
woman  who,  after  taking  0.04  Gm.  of  cannabis,  had  delirium  with  hallucinations, 
followed  by  coma.  The  limbs  twitched  convulsively  and  there  was  stiffness  of  the 
muscles  of  the  neck  and  limbs.  Coma  lasted  2  hours  and  depression  4  days.  Ten 
times  this  amount  is  about  a  full  dose.  No  fatalities  have  been  reported  in  man. 
Rabbits  are  almost  insusceptible,  even  5  Gm.  of  cannabinol  by  mouth  having  no 
effect. 

Symptoms  of  Poisoning. — These  vary  extremely  with  race  and  individual  suscepti- 
bility, as  well  as  with  habituation  and  dose.  The  first  symptom  is  usually  an  exaltation 
of  the  mind  with  a  rapid  flow  of  pleasant  ideas  and  images,  associated  with  a  peculiar 
sense  of  lengthening  of  time  and  space,  so  that  the  passage  of  a  few  minutes  is  con- 
ceived as  hours,  and  objects  near  at  hand  appear  a  long  distance  away.  A  phantasma- 
goria of  ideas  passes  through  the  mind,  the  person  being  only  half  conscious  that  they 
are  his  own  imaginings.  The  ideas  are  joyous,  and  laughter  and  merriment  as  well  as 
affectionate  feelings  for  others,  are  often  noted.  The  sense  of  pain  is  lessened  and  all 
disagreeable  conceptions  are  forgotten.  There  may  be  true  hallucinations,  but  usually 
the  visions  are  of  the  character  of  dreams,  and  disturbed  by  any  sensory  impression. 
Sleep  follows,  deep  and  tranquil,  or  troubled  by  constant  dreams.  "When  roused  from 
sleep,  and  the  attention  attracted,  the  mind  acts  normally,  but  as  soon  as  it  is  undis- 
turbed, it  passes  into  the  same  somnolent  condition,  which  lasts  for  several  hours  and  is 
followed  by  a  sense  of  weakness  and  extreme  mental  depression.  In  certain  eastern 
people,  especially  the  Malays,  perhaps  because  of  continued  use,  the  somnolent  action 
is  replaced  by  complete  loss  of  judgment  and  restraint  such  as  is  seen  more  often  from 
alcohol.  An  Arab  leader,  fighting  against  the  crusaders,  had  a  bodyguard  who  partook 
of  haschisch,  and  used  to  rush  madly  on  their  enemies,  slaying  everyone  they  met.  The 
name  of  "haschischin"  applied  to  them  has  survived  as  "assassin." 

The  habitual  use  of  cannabis  does  not  lead  to  much  tolerance,  nor  do  abstinence 
symptoms  follow  its  withdrawal.  It  causes,  however,  a  loss  of  mentality,  resembling 
dementia,  which  can  be  recognized  even  in  dogs    (Fraenkel). 

Treatment  of  acute  poisoning  consists  in  emptying  the  stomach  and  administering 
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coffee  or  tea,  to  combat  the  nervous  effects  and  to  hasten,  the  elimination.    Artificial 
respiration  is  rarely  if  ever  needed. 

Systemic  Action. — The  action  of  cannabis  is  confined  almost  wholly  to  the  nerve  sys- 
tem, other  effects  being  seen  only  with  enormous  doses.  The  digestion  is  not  impaired 
and  there  is  no  constipation  or  diarrhea.  Appetite  is  usually  lost  if  narcotic  doses  are 
taken  daily.  Vomiting  occurs  in  dogs  but  usually  not  in  man.  Salivation  is  seen  in 
dogs  and  cats.  The  heart  is  little  affected  but  may  be  accelerated  if  the  drug  is  inhaled; 
or  depressed  and  slowed  by  direct  action  on  the  muscle,  if  a  large  dose  is  given  intra- 
venously. If  a  fatal  dose  is  given  by  vein,  the  heart  stops  before  the  respiration;  if  by 
mouth  the  opposite.  During  the  narcosis,  the  respiration  is  slow  and  deep.  The  kidneys 
are  stimulated  and  polyuria  is  usual.    Nutrition  is  not  disturbed  by  continued  use. 

Nerve  System. — The  effects  of  cannabis  on  the  central  nervous  system  are  most 
characteristically  seen  when  a  narcotic  dose  is  given  to  a  dog  or  cat.  The  course  of  the 
intoxication  may  be  divided  into  three  stages  as  follows:  1.  Excitability,  2.  Incoordinor 
tion,  3.  Narcosis.  Soon  after  receiving  the  drug  the  dog  usually  vomits  and  at  the 
same  time  restlessness  is  observed.  The  animal  runs  about  constantly  for  some  time, 
and  then  becomes  quiet.  At  this  time,  or  within  2  hours  of  taking  the  dose,  it  is  seen 
that  incoordination  is  present.  The  control  of  the  legs  is  lost  and  they  are  held  far 
apart  to  maintain  balance,  considerable  swaying  and  staggering  occurring  in  spite  of 
this.  If  the  animal  is  called,  it  will  rouse  and  overcome  the  ataxia,  but  soon  sinks  again 
into  its  drunken  state.  As  the  loss  of  muscular  control  increases,  the  animal  is  no 
longer  able  to  stand,  and,  lying  down,  passes  into  the  third  stage  of  narcosis.  Restless 
at  first,  this  soon  becomes  a  quiet,  deep,  undisturbed  sleep,  which  lasts  according  to  the 
dose,  from  two  to  several  hours,  and  leaves  a  certain  amount  of  weakness  and  lassitude 
for  the  rest  of  the  day.  Some  dogs  do  not  sleep,  but  pass  into  a  stuporous  condition, 
associated  with  apparent  dreams  and  hallucinations.  There  is  likely  to  be  twitching 
and  stiffness  of  the  legs,  but  even  in  the  stage  of  excitement  dogs  rarely  bark. 

The  medullary  centers  are  not  affected  even  by  enormous  doses,  except  that  of 
respiration,  which  is  usually  moderately  depressed.  During  the  narcosis  the  pupil  is 
apt  to  be  dilated.  The  reflexes  are  first  increased  and  then  decreased,  both  in  the  dog 
and  in  the  frog.  This  is  due  to  a  depression  of  the  sensory  arc,  as  voluntary  motions 
are  still  carried  out  after  reflexes  are  lost.  Applied  to  peripheral  nerves,  cannabinol 
causes  irritation  followed  by  anesthesia,  but  no  evidence  of  this  action  is  seen  in  the 
intact  animal. 

Therapeutics. — Cannabis  is  a  remedy  of  value  in  nervous  indigestion,  especially 
wlien  it  is  accompanied  by  hyperchlorhydria.  In  atony  of  the  stomach,  with  or 
without  dilatation,  it  relieves  the  flatulence  and  eructation,  heartburn,  and  vertigo, 
checks  pain  and  increases  the  appetite.  It  has  no  direct  influence  in  checking  the 
production  of  flatulence  but  aids  the  expulsion  of  the  gas.  In  hyperacidity,  the  extract 
may  be  given  in  doses  of  ^  grain  (0.015  Gm.),  together  with  sodium  bicarbonate, 
three  times  a  day,  three  or  four  hours  after  meals. 

It  was  formerly  given  with  very  satisfactory  results  in  the  treatment  of  diarrhea 
and  dysentery,  but  has  fallen  into  disuse,  various  other  remedies  being  equally  or 
more  efficacious.  It  might  with  advantage,  be  revived  in  the  treatment  of  summer 
diarrhea  with  frequent  watery  stools,  vomiting,  cramps,  and  physical  depression, 
being  given  in  doses  of  10  minims  (0.6  cc.)  of  the  tincture  in  conjunction  with 
1/20  grain  (0.003  Gm.)  of  morphine  and  15  minims  (1  cc.)  each  of  spirit  of  chloro- 
form and  aromatic  spirit  of  ammonia,  every  two  or  three  hours. 

In  pulmonary  tuberculosis,  cannabis  has  been  very  highly  praised;  it  is  said  to 
relieve  the  cough,  quiet  the  chest  pains,  and  impart  to  the  patient  a  sense  of  general 
well  being.  Cramer  employs  it  with  satisfaction  in  the  treatment  of  exophthalmic 
goiter,  and  says  that  under  its  influence  the  size  of  the  thyroid  is  decreased,  palpi- 
tation and  tachycardia  are  quieted,  and  the  patients  increase  in  weight  and  strength. 
The  fluidextract  may  be  given  in  doses  of  1  minim  (0.06  cc.)  four  times  a  day. 

Cannabis  is  of  great  service  in  certain  cases  of  migraine  not  dependent  upon, 
nor  aggravated  by,  eyestrain.    It  may  be  given  in  dose  of  ^  to  %  grain  (0.015  to 
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0.03  Gm.)  of  the  extract,  repeated  in  two  hours  if  sleep  has  not  been  produced. 
According  to  Mattison,  the  persevering  use  of  the  remedy  twice  a  day  for  weeks 
or  months,  will  in  many  cases,  especially  in  the  young,  blot  out  this  neurotic  taint. 
It  has  been  used  with  success  also  in  the  treatment  of  neuralgia  and  of  various  spas- 
modic affections,  in  chorea  (in  conjunction  with  chloral),  paralysis  agitans,  senile 
tremor,  and  epileptiform  convulsions.  A.  M.  Smith  has  used  it  with  success  in 
tetany  during  the  puerperium;  he  gives  it  in  doses  of  15  minims  (1  cc.)  of  the 
tincture  every  three  hours  for  four  doses,  then  every  four  hours  for  three  days 
if  the  attack  is  not  relieved  sooner. 

Cannabis  acts  favorably  upon  the  uterine  musculature  and  may  be  used  as  a 
synergist  to  ergot  in  sluggish  labor.  It  is  useful  also  in  relieving  the  pain  of  chronic 
metritis  and  dysmenorrhea  and  reduces  the  flow  in  menorrhagia.  It  is  employed  as 
a  symptomatic  remedy  in  gonorrhea  in  doses  of  Vi  grain  (0.015  Gm.)  of  the  extract 
four  times  a  day,  relieving  the  pain,  dysuria,  and  chordee. 

Occasionally,  cannabis  renders  good  service  in  the  treatment  of  pruritus,  in  doses 
of  1  to  2  minims  of  the  fluidextract,  or  10  minims  of  the  tincture,  three  times  a 
day  after  meals. 

Administration. — The  extract  is  the  best  preparation,  given  in  pill,  for  long  con- 
tinued use,  or  if  the  liquid  form  is  desired,  the  fluidextract  may  be  given.  The  tincture 
is  often  prescribed,  but  it  is  not  a  convenient  form,  as  dilution  with  water  causes  a 
precipitation;  if  diluted,  it  should  be  prescribed  with  mucilage  to  hold  the  resin  in  sus- 
pension. All  the  preparations  are  more  or  less  unreliable,  for,  although  the  U.S. 
preparations  are  biologically  tested  when  made,  they  deteriorate  when  kept  for  any 
length  of  time. 

Valerian 

Valerian,  the  root  of  Valerianu  officinalis,  has  been  used  in  medicine  since  primi- 
tive times,  attention  having  perhaps  been  drawn  to  it  by  its  strong  odor  when  dried. 
It  was  used  as  a  diuretic  and  emmenagogue,  and  as  a  remedy  for  epilepsy,  by  the 
Greek  and  Roman  schools.  Matthiolus  describes  and  pictures  it  under  the  name  of 
Valeriana  pratensis,  and  mentions  its  medicinal  uses  and  the  property  of  exciting 
cats,  in  which  it  resembles  catnip.  Throughout  the  middle  ages  it  was  esteemed  so. 
a  sedative,  but  in  recent  years  has  been  relegated  largely  to  domestic  practice,  hi, 
indications  being  met  by  drugs  of  more  certain  action  and  less  disagreeable  taste 

Chemistry. — The  fresh  root  differs  entirely  in  its  composition  from  the  dried 
It  does  not  contain  any  oil,  but  has  about  1  percent,  of  an  alkaloid,  chatinine,  which 
is  destroyed  by  drying  and  is  not  found  in  the  official  preparations.  This  alkaloid 
has  marked  local  anesthetic  powers,  a  5  percent,  solution  being  about  equal  to  1  per- 
cent, cocaine  (Chevalier).  The  pain  of  wounds  is  relieved  if  they  are  dressed  with 
a  3  percent,  infusion  of  the  fresh  root  (Arragon). 

An  oil  is  formed  by  the  action  of  oxidase  during  drying  (Kochmann),  and  con- 
stitutes 0.5  to  1  percent,  of  the  dried  root.  Its  chief  constituents  are  camphen, 
limonen,  pinen,  and  about  10  percent,  of  esters  of  valeric  and  isovaleric  acids  with 
borneol  and  menthen.  Valeric  (valerianic)  acid  (CH, —  CH^ — CHj — CHj — COOH) 
also  occurs  to  the  extent  of  about  1  percent,  as  salts  of  calcium,  magnesium,  and 
potassium.  The  organic  esters  of  these  acids  are  very  unstable,  and  preparations 
of  valerian  therefore  rapidly  lose  their  activity.  Several  compounds  have  been  mar- 
keted which  are  said  to  retain  their  activity.  Of  these  may  be  mentioned  "valyl" 
or  diethyl  valeramid,  C,H,CON(CjII,)„  and  "bornyval"  which  is,  as  its  name  implies, 
a  purified  borneol  isovalerate.    It  is  said  to  be  less  stable  than  "valyl." 

Summary  of  Actions  and  Uses.— Valerian,  or  the  esters  of  its  characteristic  acids, 
causes  in  full  dose  brief  mental  excitement,  followed  by  quietness  and  weakness  with 
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lessened  mental  activity  and  weakened  reflexes.  The  respiration  and  circulation  are 
depressed  by  poisonous  doses. 

The  fact  that  definite  effects  are  produced  in  normal  animals  only  by  amounts  far 
above  the  therapeutic  dose,  has  given  rise  to  the  most  varied  opinions  as  to  the  nature 
of  its  action.  Some  authors  have  gone  so  far  as  to  say  that  the  entire  effect  is  sug- 
gestive or  reflex  and  dependent  on  its  taste  and  smell;  others  {e.g.,  Cushny)  admit  that 
its  oil  has  the  depressing  actions  common  to  many  essential  oils,  but  deny  all  activity 
to  valeric  acid  and  its  salts.  That  the  action  is  not  merely  that  of  essential  oils  is 
shown  by  the  contraction  of  blood  vessels  in  perfusion  and  stimulation  of  the  heart  by 
weak  solutions.  (The  essential  oils  paralyze  all  unstriped  muscle  in  vitro.)  It  is  prob- 
able that  the  chief  activity  resides  in  the  esters  of  valeric  and  isovaleric  acids,  but  that 
the  salts  of  the  acids  also  have  a  sedative  effect  is  shown  by  the  fact  that  the  oil  is  less 
active  than  a  corresponding  amount  of  the  whole  root. 

Valerian  was  formerly  much  vaunted  as  a  remedy  in  epilepsy  and  chorea,  but  to-day 
its  use  is  largely  limited  to  those  states  of  nervous  excitement  and  instability  which  are 
loosely  termed  "hysterical." 

Materia  Medica. — Yaleriaxa  (U.S.  X.),  Valerian.  Ahhr.,  Valer.  Synonyms: 
Valerianae  Ehizoma  (Br.),  Valerian  Ehizome. 

The  dried  rhizome  and  roots  of  Valeriana  officinalis  Linne  (Fam.  Valerianacece). 
The  Br.  P.  also  lists,  under  the  name  Valerianae  Indicae  Ehizoma,  the  dried  rhizome 
and  roots  of  V.  wallicliii.  Ehizome  short,  erect;  roots  numerous,  about  7  to  10  cm. 
long;  powder  light  brown  to  grayish-brown;  strong,  characteristic,  disagreeable  odor 
of  valeric  acid ;  taste,  sweetish,  camphoraceous,  and  somewhat  bitter. 

Dose,  20  to  40  grains  (1.3  to  2.6  Gm.). 

TiNCTURA  Valeriana  (U.S.  X.),  Tincture  of  Valerian.    Ahhr.,  Tr.  Valer. 

Pive  cc.  corresponds  to  1  Gm.  of  drug.    Contains  68  percent,  alcohol. 

Dose,  1  to  2  fluidrams  (4  to  8  cc). 

TiNCTURA  Valerun^  Ammoniata  (U.S.  X.),  Ammoniated  Tincture  of  Valerian. 
Ahhr.,  Tr,  Valer.  Ammon.    Synonym:  Compound  Tincture  of  Valerian. 

A  20  percent,  extract  in  aromatic  spirit  of  ammonia  (U.S.).  Alcoholic  content 
about  63  percent. 

Dose,  y-z  to  1  fluidram  (2  to  4  cc.). 

TiNCTURA  Valeriana  Indict  Ammoniata  (Br.),  Ammoniated  Tincture  of  Indian 
Valerian. 

Each  cc.  represents  about  3  grains  of  the  drug,  with  an  alcoholic  content  of 
about  72  percent. 

Dose,  i/o  to  1  fluidram  (2  to  4  cc). 

Fluidextractum  Valerianae  (N.F.),  Fluidextract  of  Valerian.  Ahhr.,  Fldext. 
Valer. 

One  cc  corresponds  to  1  Gm.    Contains  19  percent,  alcohol. 

Dose,  20  to  40  minims  (1.3  to  2.6  cc). 

Ammonii  Valeras  (U.S.  IX.),  Ammonium  Valerate.  Ahhr.,  Ammon.  Valer.  Syno- 
nym: Ammonium  Valerianate. 

A  compound  of  ammonia  and  valeric  acid  having  a  somewhat  varying  composi- 
tion. It  occurs  in  colorless  or  white  quadrangular  plates,  emitting  the  odor  of  valeric 
acid;  it  is  deliquescent  in  moist  air,  and  has  a  sharp,  sweetish  taste.  One  Gm.  dis- 
solves in  0.3  cc  of  water  and  0.6  cc  of  alcohol ;  soluble  in  ether. 

Dose,  2  to  8  grains  (0.12  to  0.5  Gm.). 

QuiNiNiE  Valeras  (unofficial),  Quinine  Valerate.     Ahhr.,  Quin.  Valer. 

Quinine  valerate  occurs  as  white,  lustrous  crystals,  having  an  odor  of  valeric 
acid  and  an  intensely  bitter  taste.  It  is  sparingly  soluble  in  cold  water;  soluble  in 
hot  water;  readily  soluble  in  alcohol. 

Dose,  11/2  to  5  grains  (0.1  to  0.3  Gm.). 
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Elixir  Ammonii  Valeratis  (N.F.),  Elixir  of  Ammonium  Valerate.  Ahhr.,  Elix. 
Ammon.  Valer. 

Contains  2  grains  of  ammonium  valerate  to  each  fluidram. 

Dose,  1  to  2  fluidrams  (4  to  8  cc.). 

Elixir  Quininj*:  Valeratis  et  Stryciininve  (unofficial),  ElLxir  of  Quinine  Valerate 
and  Strychnine.    Ahhr.,  Elix.  Quin.  Valer.  et  Strych. 

Quinine  valerate,  17.5  Gm.;  strychnine  sulphate,  0.175  Gm.;  compound  tincture 
of  cudbear,  15  cc. ;  distilled  water,  5  cc. ;  aromatic  elixir,  q.s.  to  make  1000  cc. 

Dose,  1  to  2  fluidrams  (4  to  8  cc). 

Elixir  Zixci  Valeratis  (unofficial).  Elixir  of  Zinc  Valerate.  Ahhr.,  Elix.  Zinc. 
Valer. 

Zinc  valerate,  17.5  Gm. ;  citric  acid,  5G  Gm.;  alcohol,  125  cc. ;  spirit  of  bitter 
almond,  10  cc. ;  compound  tincture  of  cudbear,  15  cc. ;  stronger  ammonia  water, 
distilled  water,  aromatic  elixir,  q.s.  to  make  1000  cc. 

Dose,  1  to  2  fluidrams  (4  to  8  cc). 

Pharmacodjoiamic  Action:  Absorption  and  Elimination. — Valerianic  acid  and  its  salts 
are  rapidly  taken  up  from  the  digestive  tract  and  are  eliminated,  largely  unchanged, 
in  the  urine,  to  which  they  may  give  their  characteristic  odor. 

Toxic  Dose. — The  toxic  dose  of  valerian  is  not  readily  determined  as  such  large 
amounts  are  required  to  cause  definite  symptoms.  Rabbits  are  first  narcotized  and, 
with  fatal  doses,  die  in  convulsions,  probably  asphyctic.  The  following  are  given  as 
the  narcotic  doses  of  various  preparations  per  kilo  for  rabbits:  10  percent,  extract, 
10  cc;  oil  of  valerian,  9  cc. ;  sodium  valerate,  1  Gm.;  bornyl  valerate,  more  than  3  Gm.; 
dimethyl-valeramide,  0.75  Gm.;  diethyl  valeramide,  0.25  Gm.  The  fatal  dose  is  very 
little  higher.  The  large  size  of  these  doses  show  that  valerian  is  hardly  to  be  classed 
among  the  true  narcotics. 

Symptoms  of  Poisoning. — The  first  symptom  seen  in  rabbits  and  cats  after  a  toxic 
dose  of  the  oil  or  of  sodium  valerate  is  restlessness  associated  with  rapid  respiration. 
This  may  last  for  an  hour  or  more  and  is  succeeded  by  a  state  of  quietness  in  which 
the  respiration  becomes  very  slow  and  the  animal  shows  progressive  weakness,  passing 
into  paralysis.  The  reflexes  are  markedly  reduced  or  lost.  A  partial  narcosis  develops 
at  the  same  time.  The  blood-pressure  rises  at  first,  but  falls  rapidly  as  paralysis  comes 
on.  Death  may  occur  quietly  in  coma  or  the  respiration  may  fail  before  the  spinal 
paralysis  is  complete,  and  asphyctic  convulsions  close  the  scene. 

Systemic  Action:  Circulation. — Infusion  of  valerian,  or  a  solution  of  the  oil,  run 
slowly  into  the  vein  of  a  dog  or  other  animal  causes  first  a  rise  of  blood-pressure  due 
to  peripheral  stimulation  of  the  vessel  wall,  as  shown  by  the  fact  that  it  is  not  pre- 
vented by  bulbar  section  nor  by  large  doses  of  chloral,  which  paralyze  the  vasomotor 
center.  The  heart  is  slowed  by  action  on  the  vagus  and  may  show  vagus  pulses  (rab- 
bit with  sodium  valerate,  Kionka).  The  slowing  is  lessened  by  vagus  section  and  pre- 
vented by  atropine,  and  is  therefore  partly  peripheral  and  partly  central  vagus  stimu- 
lation. The  rise  of  pressure  is  entirely  vascular,  and  isolated  hearts  perfused,  are  weak- 
ened by  even  1  to  30,000  of  the  oil  in  Ringer  (Jappelli).  Rabbit  hearts  perfused  with 
1  to  100,000  show  some  increase  of  the  force  of  the  beats.  The  isovalerate  of  borneol 
in  1  to  100,000  solution  causes  stronger  beats,  while  diethyl-valeramide  causes  weak- 
ening. 

Perfused  through  the  isolated  kidney,  the  oil  in  1  to  30,000  dilution,  causes  con- 
striction of  the  vessels. 

Large  doses  of  any  preparation  of  valerian   paralyze   the  vasomotor  center. 

Respiration. — The  respiratory  center  is  depressed  even  by  small  doses,  which  stimu- 
late the  circulation. 

Unstriped  Muscle. — The  muscle  of  the  isolated  uterus  is  depressed  by  an  extract 
of  valerian   (Pilcher). 

Nerve  System.— As  described  under  poisoning,  the  brain  is  first  excited  and  then 
depressed;  the  cord  depressed  from  the  beginning.  Peripheral  nerves  do  not  seem 
to  be  affected.  Direct  depression  of  the  motor  cord  has  been  shown  by  studies  with 
the  Mosso  ergograph   (F6r6). 
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Therapeutics. — That  valerian  has  any  true  therapeutic  effectiveness  has  recently 
been  repeatedly  denied,  the  statement  having  been  made  that  any  action  it  possessed 
was  suggestive  and  due  to  its  disagreeable  odor  and  its  ancient  reputation.  Whatever 
the  explanation  may  be,  many  clinicians  find  it  effective  in  mild  nervous  disturbances, 
not  dependent  on  demonstrable  lesions.  Valerian  is  a  useful  carminative  in  hysterical 
and  hypochondriacal  -flatulence,  given  in  doses  of  half  to  one  teaspoonful  (2  to  4  cc.) 
of  the  tincture  or  ammoniated  tincture,  or  2  to  5  minims  (0.12  to  0.3  cc.)  of  the  oil. 
It  is  often  effective  in  controlling  nervous  tachycardia  or  palpitation  and  to  over- 
come faintness. 

In  the  respiratory  neuroses — laryngismus  stridulus,  whooping  cough,  asthma — 
valerian  in  doses  of  5  to  40  minims  (0.3  to  2.6  cc.)  of  the  fluidextract,  or  15  to  60 
minims  (1  to  4  cc.)  of  the  ammoniated  tincture,  may  give  good  results  in  the  way 
of  amelioration  of  the  symptoms. 

In  diabetes  insipidus,  the  administration  of  the  ammoniated  tincture  of  valerian 
in  doses  of  30  minims  (2  cc.)  three  times  a  day,  gradually  but  steadily  increased, 
is  very  effective. 

Zinc  valerate,  in  doses  of  1  grain  (0,06  Gm.)  three  times  a  day  after  meals  seems 
to  be  of  value  in  various  uterine  affections ;  but  as  a  nerve  stimulant  in  anemic  women 
with  scanty  menstruation  a  better  form  is  the  elixir  of  quinine  valerate  and  strych- 
nine in  teaspoonful  doses,  or  the  compound  iron  valerianate  pill  of  the  Br.  P.  Codex 
■which  contains  one  grain  (0.06  Gm.)  each  of  the  valerates  of  iron,  quinine,  and 
zinc.  The  same  is  useful  in  chorea  minor,  nervousness,  despondency,  worry  and 
hysterical  disorders.  Ammonium  valerate,  in  doses  of  2  to  8  grains  (0.12  to  0.5  Gm.), 
is  the  best  form  for  use  in  hysterical  disorders  and  depressed  mental  conditions. 

Cypripedium 

Cypripedium  is  a  gentle  nervous  stimulant  or  antispasmodic,  less  powerful  than 
valerian  although  occasionally  used  for  the  same  purpose.  It  has  been  recommended 
as  a  remedy  in  hypochrondriasis  and  neuralgia. 

Materia  Medica. — Cypripedium  (N.F.),  Cypripedium.  Ahhr.,  Cypriped.  Syn- 
onym:  Lady  Slipper  Root. 

The  dried  rhizome  and  roots  of  Cypripedium  hulhosum  Miller,  C.  puhescens  WiU- 
denow,  or  C.  parviflorum  Salisbury  (Fam.  Orchidacew).  The  powdered  drug  is  orange- 
brown  to  dark  brown  in  color ;  odor  distinct,  aromatic,  heavy ;  taste  sweetish,  bitter  and 
somewhat  pungent. 

Dose,  10  to  20  grains  (0.6  to  1.3  Gm.). 

Fluidextractum  Cypripedii  (N.F.),  Fluidextract  of  Cypripedium.  Ahhr.,  Fldext. 
Cypriped. 

Each  cc.  represents  about  1  Gm.  of  the  drug.    Alcoholic  content  about  60  percent. 

Dose,  10  to  20  minims  (0.6  to  1.3  cc). 

Therapeutics. — Cypripedium  is  a  mild  nerve  sedative  and  tranquillizer.  It  is  of 
some  value  in  cases  of  worry  and  sleeplessness  due  to  physical  depression  or  occurring 
at  the  menopause.  It  is  of  feeble  and  uncertain  action,  resembling  valerian  in  this 
respect,  but  may  be  tried  in  nervous  unrest  before  resorting  to  the  stronger  sedatives 
and  hypnotics.  It  may  be  given  as  a  powder  in  capsules,  or  in  the  form  of  the  fluid- 
extract,  the  latter  sometimes  being  the  more  efficacious  in  hysterical  or  hypochondriacal 
states  by  reason  of  the  psychic  effect  of  its  distinctive  taste. 

Asafetida 

Asafetida  appears  to  have  been  introduced  into  Europe  from  the  East  as  early  as 
the  second  century,  but  the  continental  medical  literature  gives  the  earliest  undoubted 
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reference  in  the  twelfth  century.  It  was  supposed  to  exercise  a  stimulant  action  upon 
cerebral  centers  based  upon  the  beneficial  effects  which  have  followed  its  use  in 
hysterical  conditions  of  nervous  exhaustion.  These  effects,  however,  were  probably  the 
result  of  a  psychical  impression  because  of  the  powerful  odor  and  taste  of  the  drug. 

Materia  Medica. — Asafcetida  (U.S. X.),  Asafetida.  Ahhr.,  Asafoet.  Synonym: 
Gum  asafetida. 

The  gum-resin  obtained  by  incising  the  rhizome  and  roots  of  Ferula  Asafa'tida 
Linne  and  Ferula  ftvtida  Kegel  and  of  some  other  species  of  Ferula  (Fam.  UmheJU- 
ferae).  Asafetida  comes  in  a  soft  mass,  or  in  irregular,  more  or  less  pliable  masses 
composed  of  agglutinated  tears  of  variable  size;  odor  persistent,  alliaceous;  taste  bitter, 
alliaceous  and  acrid.  Asafetida  is  often  adulterated — the  mass  with  galbanum  and 
ammoniac,  powdered  asafetida  with  gypsum.  The  pure  drug  contains  a  volatile  oil,  two 
resins,  vanillin,  gum  and  fcrulic  acid. 

Antagonists  and  Incompatibles. — Acids,  arterial  sedatives  and  neutral  salts  are 
therapeutically  antagonistic. 

Synergists. — The  aromatics  and  carminatives,  alcohol,  phosphorus  and  sulphur  aid 
the  action  of  asafetida. 

Dose,  2  to  6  grains  (0.13  to  0.4  Gm.). 

Emulsum  Asafcetid.e  (U.S.  X.),  Emulsion  of  Asafetida.  Ahhr.,  Emuls.  Asafoet. 
Synonym :  Milk  of  asafetida. 

Contains  4  percent,  of  asafetida. 

Dose,  3  to  4  fluidrams  (12  to  16  cc). 

PiLUi^E  Asafcetida  (U.S.  X.),  Pills  of  Asafetida.    Ahhr.,  Pil.  Asafoet. 

Each  pill  contains  3  grains   (0.2  Gm.)   of  asafetida. 

Average  dose,  2  pills. 

TiNCTURA  Asafcetida  (U.S.  X.),  Tincture  of  Asafetida.    Ahhr.,  Tr.  Asafoet. 

A  20  percent,  tincture  (5  cc.  corresponds  to  1  Gm.).  Alcoholic  content,  about 
80  percent,  by  volume. 

Dose,  30  minims  to  1  fluidram  (2  to  4  cc). 

Therapeutics. — Asafetida  is  an  efficient  carminative,  antispasmodic  and  nerve 
sedative.  It  is  occasionally  useful  in  flatulent  colic,  especially  in  nervous  and  hysterical 
subjects,  in  the  aged,  and  in  infants;  for  this  purpose  it  is  best  given  in  the  form  of 
rectal  injections  of  the  emulsion.  In  amenorrhea  in  anemic  and  chlorotic  women,  the 
official  pill  of  aloe  and  asafetida  frequently  acts  well.  It  is  said  to  be  useful  in 
hahiiual  abortion  as  a  sedative  to  the  pregnant  uterus ;  in  such  cases  the  administration 
should  be  begun  as  soon  as  the  pregnancy  is  recognized  and  continued  until  normal 
confinement,  the  dose  being  3  grains  (0.2  Gm.)  daily,  gradually  increased  to  15  grains 
(1  Gm.).  In  chronic  hronchitis,  whooping  cough,  asthma  and  hronchorrhea,  asafetida 
sometimes  proves  useful,  though  there  are  less  unpleasant  remedies  which  act  as  well 
or  better.  Doses  of  10  minims  (0.6  cc.),  or  2  pills,  3  times  a  day  after  meals  often 
effect  improvement  in  chronic  dry  eczema  and  in  various  scaly  dermatoses. 

Administration. — Asafetida  is  administered  in  pill  form  when  it  is  desirable  to 
cover  the  taste  and  odor.  It  is  often  given  with  valerianates  and  as  stated  above  it 
may  be  given  in  the  form  of  an  emulsion  which  is  best  kept  in  a  concentrated  form 
and  diluted  before  being  used.  When  the  tincture  is  given,  as  it  often  is,  with  tincture 
of  valerian,  mucilage  of  acacia  is  added  to  suspend  the  resin  which  separates  when  the 
tincture  is  mixed  with  water. 

Lactucarium 

Lactuca  virosa,  L.  and  other  species  of  Lactnca  have  long  been  reputed  to  have 
a  sedative  and  even  hypnotic  action.    This  is  said  to  resemble  that  of  morphine,  and 
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it  is  often  stated  that  a  morphine-like  alkaloid  is  contained  in  small  quantity  in  the 
juice,  which  is  the  most  active  part  of  the  plant.  No  such  alkaloid  has  been  isolated 
and  it  is  probable  that  the  activity  depends  on  the  presence  of  a  sedative  oil  or 
resin. 

This  is  contained  in  largest  amount  in  the  milky  juice,  which  exudes  from  cuts 
in  the  stem  and  is  marketed  under  the  name  of  ''lactucarium." 

Its  eifects  are  extremely  variable;  some  persons  claim  to  be  made  sleepy  by 
eating  lettuce;  others  show  no  effect  from  1  dram  (4  Gm.)  of  the  dried  juice.  Doses 
of  half  this  amount  will  usually  induce  sleep,  although  there  is  no  true  narcosis. 
Sensation,  especially  visceral,  is  lessened,  and  tickling  in  the  throat,  mild  abdominal 
pain,  and  even  asthma,  may  be  relieved.  Gastroenteric  irritation  with  vomiting  and 
perhaps  diarrhea  is  frequently  experienced  after  full  doses.  Tinnitus  aurium  and 
dilated  pupil  have  been  noted  occasionally. 

It  has  no  therapeutic  indication  to-day. 

Materia  Medica. — Lactucarium  (U.S.  IX.),  Lactucarium.    Ahlr.,  Lactucar. 

The  dried  milli -juice  of  Lactuca  virosa  Linne  (Fam.  Compositce).  Occurs  in 
quarter  sections  of  hemispherical  masses  or  in  irregular  angular  pieces.  Odor,  dis- 
tinctive, opium-like;  taste,  bitter. 

Dose,  10  to  20  grains  (0.6  to  1.3  Gm.). 

Syrupus  Lactucarii  (U.S.  IX.),  Syrup  of  Lactucarium.    Ahhr.,  Syr.  Lactucar. 

A  syrup  containing  10  percent,  of  tincture  of  lactucarium  and  20  percent,  of 
glycerin. 

Dose,  2  to  3  fluidrams  (8  to  12  cc). 

Tinctura  Lactucarii  (U.S.  IX.),  Tincture  of  Lactucarium.     Ahhr.,  Tr,  Lactucar. 

Two  cc.  corresponds  to  1  Gm.  of  drug.  Contains  58  percent,  alcohol  and  25  per- 
cent, glycerin. 

Dose,  ^  to  1  fluidram  (2  to  4  cc). 

Therapeutics. — Tincture  of  lactucarium  is  sometimes  given  in  1  to  2  teaspoonful 
doses  as  a  very  mild  hypnotic  in  the  wakefulness  caused  by  writing  or  other  mental 
work  late  into  the  night.  In  cases  of  insomnia  due  to  more  potent  causes  it  is  sel- 
dom effective. 

The  syrup  is  a  remedy  of  some  value  in  nervous  cough,  that  accompanied  by 
''tickling  in  the  throat,"  or  the  lingering  remains  of  a  mild  bronchitis.  It  is  given 
in  doses  of  2  teaspoonfuls.  Lactucarium  is  also  an  ingredient  of  various  cough  lozenges. 

Antispasmodics 

The  antispasmodics  are  drugs  which  depress  the  centers  of  voluntary  motion  in 
the  brain  or  cord,  or  more  commonly,  in  both. 

The  cells  of  the  motor  cortex  are  paralyzed  or  depressed  by  the  soluble  salts  of 
magnesium,  by  opium  and  morphine,  by  alcohol  and  cannabis,  and  perhaps  slightly  by 
several  other  drugs  containing  essential  oils,  such  as  asafetida,  valerian,  humulus  and 
sumbul. 

The  motor  cells  of  the  cord  show  lessened  activity  under  the  influence  of  all  the 
above  except  morphine,  which  is  a  spinal  stimulant.  The  action  of  bromides  is 
peculiar,  consisting  in  a  specific  depression  of  the  reflex  conducting  paths,  voluntary 
motions  being  but  little  influenced. 

Whatever  the  seat  of  action,  the  chief  effect  is  a  lowering  of  the  reflex  threshold  and 
a  lessening  of  the  intensity  of  motor  reflexes.  This  always  precedes  weakening  of 
voluntary  motion,  except  with  opium  and  morphine. 

Only  bromine  and  magnesium  compounds  will  be  taken  up  under  this  head,  the 
other  antispasmodics  being  included  with  the  narcotics. 
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Bromides 


The  use  of  bromides  in  medicine  does  not  appear  to  extend  further  back  than 
the  isolation  of  bromine  in  pure  form  by  Bahird  in  1826.  In  1842,  Glover  experi- 
mented on  animals  with  potassium  bromide,  showing  its  sedative  action  on  dogs  and 
rabbits.  Before  this  time  it  had  been  used  in  therapeutics  as  an  alterative  and  soon 
after  was  employed  in  states  of  excitement.  In  recent  years,  other  bromides  have  been 
introduced,  with  the  design  of  avoiding  tlie  depressing  action  of  potassium  on  the  heart. 

Chemistry. — Bromine  enters  into  the  composition  of  many  agents,  both  inorganic 
and  organic,  having  medicinal  use.  Most  of  these  are  employed  because  of  their  seda- 
tive action  on  the  central  nerve  system;  bromine  itself  and  a  few  organic  compounds 
as  antipathogens. 

The  compounds  in  which  bromine  ionizes,  including  hydrobromic  acid  and  its 
salts  and  esters,  are  especially  active.  The  bromates,  hypobromites  and  other  com- 
pounds with  oxj'gen  are  important  in  the  laboratory,  but  find  little  therapeutic  use. 
The  most  important  bromides  are:  hydrobromic  acid,  HBr;  sodium  bromide,  NaBr; 
potassium  bromide,  KBr;  ammonium  bromide,  NII^Br;  strontium  bromide,  SrBr,  and 
lithium  bromide,  Li  Br. 

Summary  of  Actions  and  Uses. — The  action  of  bromides  is  almost  wholly  limited 
to  the  central  nerve  system  and  consists  in  an  interruption  of  impulses  between  afferent 
and  efferent  centers  and  between  afferent  tracts  and  the  centers  of  consciousness.  The 
block  between  sensory  and  motor  tracts,  leads  to  reduction  and  reflexes;  that  between 
sensory  tracts  aiid  cerebral  cortex,  to  lessened  acuieness  of  perception,  involving  tactile, 
visual,  auditory  and  pain  sensations,  and  to  drowsiness,  which  always  accompanies  such 
interruption. 

Bromides  have  but  little  action  on  isolated  tissues,  it  being  possible  to  replace  a 
large  proportion  of  sodium  chloride  by  the  corresponding  bromide,  with  little  influence 
on  function. 

Bromates  and  hypobromites  have  no  influence  on  the  nerve  system,  their  chief 
action  on  higher  animals  being  a  destruction  of  red  blood  cells.  The  organic  compounds 
of  bromine  are  active  either  as  hypnotics  or  as  antipathogens;  the  former  rosembling 
analogous  chlorine  compounds,  the  latter  similar  iodine  bodies. 

Materia  Medica. — Acidum  Hydrobromicum  Dilutum  (U.S.  IX.),  Diluted  Hydro- 
bromic Acid.    Ahhr.,  Acid.  Hydrobrom.  Dil. 

An  aqueous  liquid  containing  10  percent,  by  weight  of  hydrogen  bromide,  HBr. 
Diluted  hydrobromic  acid  is  a  colorless,  odorless  liquid  having  a  strongly  acid  taste. 

Antagonists  and  Incompatihies. — The  salts  of  lead,  silver,  mercury,  and  bismuth, 
as  well  as  many  oxidizing  agents,  are  chemically  incompatible  with  diluted  hydrobromic 
acid  and  its  salts.  Belladonna,  digitalis,  ergot  and  nerve  stimulants  are  antagonistic 
to  hydrobromic  acid  and  its  salts. 

Synergists. — Opium,  chloral  and  the  other  nerve  sedatives  are  synergistic. 

Dose,  15  to  30  minims  (1  to  2  cc). 

Ammonii  Bromidum   (U.S.  X.),  Ammonium  Bromide.     Ahhr.,  Ammon.     Brom. 

Occurs  as  colorless  crystals  or  a  white,  crystalline  or  granular  powder,  having  no 
odor;  it  is  somewhat  hygroscopic.  One  Gm.  is  soluble  in  1.3  cc.  of  water  and  in 
12  cc.  of  alcohol. 

Dose,  10  to  30  grains  (0.6  to  2  Gm.). 

SvRUPUS  Thymi  Compositus  (IST.F.),  Compound  Syrup  of  Thyme.  Ahhr.,  Syr. 
Thym.  Co. 

Each  fluidram  contains  about  2  grains  (0.14  Gm.)  of  ammonium  bromide  in  syrup 
of  thyme. 

Dose,  1  to  2  fluidrams  (4  to  8  cc). 
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Calcii  Bromidum  (U.S.  X.),  Calcium  Bromide.    Ahhr.,  Calc.  Brom. 

A  white,  granular  salt,  having  no  odor.  It  is  very  deliquescent.  One  Gm.  is 
soluble  in  0.7  cc.  of  water  and  in  1.3  cc.  of  alcohol  at  25°  C.  and  in  0.4  cc.  of  boiling 
■water.    It  is  insoluble  in  chloroform  and  ether. 

Dose,  10  to  30  grains  (0.6  to  2  Gm.). 

LiTHii  Bromidum  (N.F.),  Lithium  Bromide.    Ahhr.,  Lith.  Brom. 

Occurs  as  a  white,  granular  salt,  odorless,  and  having  a  sharp,  slightly  bitter  taste; 
very  deliquescent.     One  Gm.  dissolves  in  0.6  cc.  of  water;  freely  soluble  in  alcohol. 

Dose,  10  to  20  grains  (0.6  to  1.2  Gm.). 

Potash  Bromidum  (U.S.  X.),  Potassium  Bromide.    Ahhr.,  Pot.  Brom. 

Occurs,  as  colorless  or  white,  odorless,  cubical  crystals  or  a  granular  powder.  It 
is  permanent  in  the  air.  One  Gm.  is  soluble  in  1.5  cc.  of  water,  about  250  cc.  of 
alcohol,  and  4.6  cc.  of  glycerin. 

Dose,  10  to  30  grains  (0.6  to  2  Gm.). 

SoDii  Bromidum  (U.S.  X.),  Sodium  Bromide.    Ahhr.,  Sod.  Brom. 

Occurs  as  colorless  or  white,  odorless,  cubical  crystals,  or  a  white,  granular  pow- 
der. The  salt  absorbs  moisture  from  the  air  without  deliquescing.  One  Gm.  is  soluble 
in  1.5  cc.  of  water  and  in  16  cc.  of  alcohol. 

Dose,  10  to  30  grains  (0.6  to  2  Gm.). 

Strontii  Bromidum  (U.S.  IX.),  Strontium  Bromide.    Ahhr.,  Stront.  Brom. 

Occurs  as  colorless,  transparent,  hexagonal  crystals;  odorless,  and  having  a  bitter, 
saline  taste.    The  salt  deliquesces  in  moist  air  but  effloresces  in  very  dry  air. 

Dose,  10  to  30  grains  (0.6  to  2  Gm.). 

Elixir  Ammonii  Bromidi  (N.F.),  Elixir  of  Ammonium  Bromide.  Ahhr.,  Elix. 
Ammon.  Brom. 

Contains  5  grains  (0.3  Gm.)  of  ammonium  bromide  to  the  fluidram  (4  cc). 

Dose,  1  to  2  fluidrams  (4  to  8  cc). 

Elixir  Lithii  Bromidi  (unofficial).  Elixir  of  Lithium  Bromide.  Ahhr.,  Elix.  Lith. 
Brom. 

Contains  5  grains  (0.3  Gm.)  of  lithium  bromide  to  the  fluidram  (4  cc). 

Dose,  1  to  2  fluidrams  (4  to  8  cc). 

Elixir  Calcii  Bromidi  (unofficial),  Elixir  of  Calcium  Bromide.  Ahhr.,  Elix.  Calc. 
Brom. 

Contains  5  grains  (0.3  Gm.)  of  calcium  bromide  to  the  fluidram. 

Dose,  1  to  2  fluidrams  (4  to  8  cc). 

Elixir  Potassh  Bromidi  (N.F.),  Elixir  of  Potassium  Bromide.  Ahhr.,  Elix. 
Pot.  Brom. 

One  fluidram  (4  cc.)   contains  10.5  grains  (0.63  Gra.)   of  potassium  bromide. 

Dose,  1  to  2  fluidrams  (4  to  8  cc). 

Elixir  Sodii  Bromidi  (N.F.),  Elixir  of  Sodium  Bromide.   Ahhr.,  Elix.  Sod.  Brom. 

Each  fluidram  (4  cc.)  contains  10.5  grains  (0.63  Gm.)  of  sodium  bromide. 

Dose,  1  to  2  fluidrams  (4  to  8  cc). 

Ellxir  Bromidorum  Trium  (N.F.),  Elixir  of  Three  Bromides.  Ahhr.,  Elix.  Brom. 
Tri.     Synonym:  Elixir  of  Triple  Bromides. 

Each  fluidram  (4  cc.)  contains  about  4V2  grains  (0.32  Gm.)  of  each  of  ammonium, 
potassium  and  sodium  bromide,  or  15  grains  (1.0  Gm.)  of  the  total  bromides. 

Dose,  1  to  2  fluidrams  (4  to  8  cc). 

Elixir  Bromidorum  Quinque  (N.F.),  Elixir  of  Five  Bromides.  Ahhr.,  Elix. 
Bromid.  Quinq. 

Sodium  bromide,  8.75  percent. ;  potassium  bromide,  7  percent. ;  calcium  bromide, 
5.25  percent.;  lithium  bromide,  3.5  percent.;  ammonium  bromide,  1.75  percent.;  fluid- 
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glycerate  of  glycyrrhiza,  8  percent.;  syrup  of  raspberry,  15  percent.;  simple  syrup, 
15  percent.;  aromatic  elixir,  20  percent.;  distilled  water,  q.s.ad  100  percent.  Each 
fluidram  represents  15  grains  of  the  combined  bromides. 

Dose,  1  fluidram  (4  cc). 

SvRUPUS  Bromidorum  (N.F.),  Syrup  of  the  Bromides.     Ahbr.,  Syr.  Bromidor. 

Potassium  bromide,  8  percent. ;  sodium  bromide,  8  percent. ;  ammonium  bromide, 
5  percent.;  calcium  bromide,  5  percent.;  lithium  bromide,  0.8  percent.;  tincture  of 
vanilla,  3.2  percent.;  compound  tincture  of  cudbear,  1.6  percent,;  compound  syrup  of 
sarsaparilla,  45  percent. ;  simple  syrup,  q.s.  ad  100  percent.  Each  fluidram  represents 
15  grains  of  the  combined  bromides. 

Dose,  1  fluidram  (4  cc). 

MisTURA  Chloralis  et  Potassii  Bromidi  Composita  (N.F.),  Compound  Mixture 
of  Chloral  and  Potassium  Bromide.  Ahhr.,  Mist.  Chloral,  et  Pot.  Brom.  Co.  Syno- 
nym: Chloral  and  Bromide  Compound. 

Each  fluidram  represents  about  12  grains  each  of  hydrated  chloral  and  potassium 
bromide;  and  Vg  grain  each  of  the  extracts  of  cannabis  and  hyoscyamus. 

Dose,  1/2  to  2  fluidrams  (2  to  8  cc). 

Sal  PoTASsn  Bromidi  Effervescens  (unofficial).  Effervescent  Salt  of  Potassium 
Bromide.    Ahhr.,  Sal.  Pot.  Brom.  Eff. 

Potassium  bromide,  166  parts;  sodium  bicarbonate,  530  parts;  tartaric  acid,  204 
parts;  citric  acid,  250  parts. 

Dose,  60  to  90  grains  (4  to  10  Gm.). 

Sal  Potassii  Bromidi  Effervescens  Compositum  (N.F.),  Compound  Effervescent 
Salt  of  Potassium  Bromide.  Ahhr.,  Sal.  Pot.  Brom.  Eff.  Co.  Synonym:  Effervescent 
Potassium  Bromide  with  Caffeine. 

Caffeine,  8  parts;  potassium  bromide,  83  parts;  lithium  carbonate,  42  parts;  sodium 
bicarbonate,  587  parts;  tartaric  acid,  180  parts;  citric  acid,  250  parts. 

Dose,  60  to  90  grains  (4  to  6  Gm.). 

Bromoformum  (U.S.  IX,),  Bromoform.     Ahhr.,  Bromof, 

A  heavy,  transparent,  colorless,  mobile  liquid,  with  an  ethereal  odor  and  a  pene- 
trating, sweet  taste  resembling  that  of  chloroform.  It  is  slightly  soluble  in  water; 
miscible  with  alcohol,  chloroform  and  ether. 

Dose,  1  to  5  minims  (0.06  to  0.3  cc). 

Brometone  (N.N.R.),  Brometone.     Synonym:  Acetonebromoform. 

Occurs  in  fine,  white  prismatic  crystals ;  taste  and  odor  camphoraceous ;  slightly 
soluble  in  water,  soluble  in  alcohol,  ether  and  other  organic  solvents. 

Dose,  5  grains  (0.3  Gm.),  to  be  repeated  2  or  3  times  in  24  hrs. 

Bromipin  (N.N.R.),  Bromipin.    Synonym:  Brominized  Sesame  Oil. 

A  bromine  addition  product  of  sesame  oil,  containing  about  10  percent,  of  bromine. 
A  yellow,  oily  liquid  with  an  oleaginous  taste. 

Dose,  1  fluidram  (4  cc),  which  may  be  increased  to  as  much  as  6  fluidrams  (24  cc.) 
in  epilepsy. 

Sabromin  (N.N.E.),  Sabromin.    Synonym:  Calbroben. 

Occurs  as  a  yellowish-white  powder;  odorless  and  tasteless;  insoluble  in  water  or 
alcohol,  but  soluble  in  ether,  benzin  or  benzene  and  other  solvents. 

Dose,  5  to  20  grains  (0.3  to  1.2  Gm.). 

Bromural  (N.IST.E),  Bromural. 

Occurs  as  small,  white,  almost  tasteless  needles,  which  are  easily  soluble  in  ether, 
alcohol  or  alkaline  solutions. 

Dose,  5  grains  (0.3  Gm.)  three  times  daily  or  10  grains  (0.6  Gm.)  at  bedtime, 
repeated  if  necessary. 
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Pharmacodynamic  Action:  Absorption  and  Elimination. — The  fate  of  bromides  in 
the  body  may  be  summed  up  by  saying  that  it  exactly  resembles  that  of  chlorides. 
Soluble  bromides  are  rapidly  absorbed  from  mucous  membranes  and  the  tissues,  but  not 
from  the  intact  skin. 

Elimination  begins  almost  at  once,  traces  being  found  in  the  urine  within  5  min- 
utes after  swallowing  a  small  dose  of  sodium  bromide,  the  greater  part  being  eliminated 
in  the  urine  within  2  days,  traces  also  appearing  in  the  saliva,  tears,  sweat,  milk  and 
other  secretions.  Bromides  may  also  be  found  in  the  cerebrospinal  fluid.  Excretion  of 
the  remainder  is  very  gradual  and  may  continue  for  2  months  after  a  single  dose  of 
2  Gm.  After  prolonged  administration  of  bromides,  organic  compounds  of  bromine 
may  be  found  in  the  hair  and  odorous  compounds  of  bromine  have  been  reported  in  the 
sweat. 

The  bromide  which  is  retained  is  distributed  in  the  same  manner  as  sodium 
chloride.  By  far  the  greater  part  is  in  the  blood  and  no  more  than  a  proportionate 
amount  is  found  in  the  central  nerve  system.  The  sodium  bromide  in  the  blood  and 
tissues  replaces  a  corresponding  amount  of  sodium  chloride  so  that  under  bromide 
administration  the  amount  of  chloride  in  the  body  is  decreased,  while  that  in  the  urine 
is  increased.  If  a  constant  amount  of  bromide  be  given  daily,  its  excretion  will  grad- 
ually increase  until  it  equals  the  intake  and  the  blood  will  then  show  a  relative  amount 
of  chloride  and  bromide  proportional  to  that  in  the  food.  If  the  amount  of  chloride 
in  the  food  is  reduced  the  amount  and  proportion  of  bromide  in  the  blood  will 
increase  and  on  a  salt-poor  diet  a  given  concentration  of  bromide  may  be  kept  in  the 
blood  with  much  smaller  doses  than  on  a  salt-rich  diet.  A  salt-poor  diet  is  therefore 
usually  given  when  bromides  are  administered  continuously. 

The  relative  action  of  chloride  and  bromide  on  each  other's  absorption  and  elimi- 
nation is  rather  complex.  If  sodium  chloride  or  sodium  bromide  alone  is  placed  in  an 
isolated  loop  of  intestine,  the  former  is  more  rapidly  absorbed.  If,  however,  a  mix- 
ture of  the  two  be  placed  in  a  similar  loop,  the  absorption  of  the  chloride  is  delayed 
while  that  of  the  bromide  is  hastened  (Bolgar).  If  bromide  is  given  to  rabbits  until  the 
molecular  concentration  in  the  blood  equals  that  of  chloride,  sodium  chloride  and 
sodium  bromide  are  absorbed  with  equal  rapidity  from  the  peritoneum  (Frey).  When 
large  amounts  of  bromide  are  present  in  the  blood,  all  forms  of  diuresis  affect  it  in 
the  same  way  as  chloride  (Frey).  Sodium  bromide  added  to  cells  in  vitro  washes 
out  the  chloride  from  these  in  the  same  way  as  in  the  body,  and  the  bromide  can  again 
be  washed  out  with  chloride  (Bonniger).  Bromide  is  no  more  strongly  held  in  the 
brain  or  other  tissues  than  is  chloride. 

Possible  differences  in  the  absorption  and  distribution  of  the  various  bromides  has 
been  but  little  studied.  It  is  known  that  potassium  has  normally  a  tendency  to  collect 
in  the  cells  of  the  body,  while  sodium  is  found  in  the  body  fluids.  On  the  basis  of  this 
observation  it  is  believed  by  some  physiologists  that  potassium  bromide  and  other  potas- 
sium salts  are  drawn  to  the  cells  more  strongly  than  the  corresponding  sodium  salts, 
and  thus  exert  a  greater  toxic  action  as  well  as  a  greater  therapeutic  influence. 

In  nephritis  a  mixture  of  bromide  and  chloride  is  more  easily  eliminated  than 
chloride  alone.  In  rabbits  with  uranium  nephritis  life  can  be  prolonged  by  replacing 
most  of  the  salt  of  the  diet  by  sodium  bromide  (Leva).  In  nephritis  in  man  edema 
due  to  salt  retention  can  be  relieved  in  a  similar  manner. 

Bromides  added  to  suspensions  of  cells  in  vitro  are  said  to  cause  swelling  of  their 
colloids  (Bernouilli).  Their  action  in  the  body  is  probably  not  related  to  this 
phenomenon. 

Toxicity. — The  early  studies  of  the  toxicity  of  bromides  were  largely  vitiated  by 
the  fact  that  these  were  made  with  potassium  bromide.  "When  this  salt  is  given  by 
injection,  the  effect  of  the  bromide  ion  is  entirely  overcome  by  that  of  the  potassium 
ion,  which  is  much  more  poisonous,  and  even  when  given  by  mouth  the  effect  of  the 
potassium  is  sufficient  to  disturb  the  results. 

Recent  studies  of  the  toxicity  of  sodium  bromide  have  shown  that  the  lethal  dose 
is  in  rabbits  2.5  to  3  Gm.  per  kilo  at  a  single  dose  or  4  to  5  Gm.  per  kilogram  extended 
over  4  days  (Bernouilli).  There  is  little  difference  in  the  fatal  dose  or  in  the  course 
of  poisoning  whether  the  drug  be  given  by  vein,  hypodermically,  or  by  mouth.  Guinea- 
pigs  require  4  Gm.  per  kilogram  subcutaneously,  but  respond  exactly  as  do  rabbits 
(Januschke  and  Inaba). 

After  such  a  dose  there  are  no  symptoms  for  an  hour  or  more.     After  this  time 
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the  animals  become  quiet,  the  hair  erects  and  they  shiver  unless  kept  warm.  (Soon 
apathy  and  somnolence  are  noted,  followed  by  weakness,  ataxia,  and  tremors.  After 
3  to  4  hours  or  even  longer  there  is  deep  sleep  from  which  they  can  be  roused  by 
handling.  Weakness  is  so  great  that  standing  is  impossible  and  the  animals  lie  on  the 
side,  but  there  is  no  true  paralysis.  Sensation  is  obtunded  and  pinching  causes  no 
sign  of  pain.  The  lid  reflex  is  slow  or  may  be  lost,  and  touching  the  pharynx  no  longer 
causes  swallowing  or  nausea.  This  condition  lasts  from  4  to  10  days  and  may  be 
followed  by  recovery  if  the  animals  are  kept  warm.  If  loss  of  sensation  is  complete, 
however,  there  is  gradually  deepening  coma  ending  in  failure  of  respiration  and  death. 

Other  symptoms  are  often  observed.  Dermatitis  with  loss  of  hair  is  frequent. 
Hypersecretion  of  mucus  from  the  eyes  and  the  respiratory  tract  occurs,  and  pneu- 
monia may  end  life.  Diarrhea  is  noted  in  rabbits.  Autopsy  shows  congestion  of  the 
respiratory  mucosa,  and  in  rabbits  which  had  intravenous  injections,  thrombosis  iu 
the  ear  vein  and  even  in  the  jugular. 

In  man.  after  large  doses  of  bromides  (15  Gm.  i/o  oz.),  similar,  but  less  severe  phe- 
nomena, are  encountered.  There  is  a  salty  taste  in  the  mouth,  often  associated  with 
nausea,  burning  in  the  stomach,  dull  headache,  lassitude  and  disinclination  for  mental 
or  physical  exertion.  The  association  centers  are  particularly  affected,  leading  to  loss 
of  memory,  hesitating  speech  or  aphasia,  and  mental  confusion.  The  reflexes  are  de- 
pressed and  the  throat  may  be  touched  without  causing  swallowing  or  nausea.  The 
lid  reflex  is  slow,  and  may  even  be  lost,  while  the  conjunctiva  feels  the  touch.  The 
temperature  falls  unless  means  are  taken  to  keep  the  body  warm.  Sleep  follows,  from 
which  the  victim  is  easily  roused,  but  on  waking  the  same  mental  picture  is  presented. 
After  recovery  there  may  be  loss  of  appetite  and  of  strength  lasting  several  days. 

In  poisoning  by  the  potassium  salt  there  are  in  addition,  weak  heart  and  low  blood 
pressure  due  to  the  potassium.     The  stupor  or  coma  is  deeper  and  may  prove  fatal. 

Treatment  consists  in  aiding  elimination  by  copious  drafts  of  water,  and  in 
stimulation  by  strychnine  and  caifeine.  After  the  symptoms  have  developed,  injection 
of  sodium  chloride  causes  improvement  by  hastening  the  removal  of  the  bromide  from 
the  blood  (Bernouilli),  but  given  with  the  bromide  it  hastens  death  (Januschke  and 
Inaba). 

Chronic  Bromism. — ^Chronic  poisoning  by  the  long-continued  use  of  bromides,  is 
much  more  common.  The  most  frequent  manifestation  is  a  skin  eruption,  usually  char- 
acterized by  pustules,  which  may  become  confluent,  giving  rise  to  large  superficial 
abscesses.  The  base  of  these  ulcers  is  often  raised,  suggesting  an  ulcerated  tumor. 
Eruptions  like  erythema  multiforme  are  not  uncommon.  In  children  acneiform  lesions 
are  i-are,  the  eruption  is  usually  papular,  wart-like  or  vesicular  and  is  most  frequent  on 
the  face. 

With  these  eruptions,  or  independently,  are  seen  symptoms  of  nervous  depression — 
melancholia,  loss  of  interest,  lassitude,  weakness,  failure  of  memory  and  extreme 
depression.  The  ataxia  and  disturbed  speech  mentioned  under  acute  poisoning  are  also 
seen.  Coryza  and  secretion  of  tears  are  less  common  than  after  iodides.  Loss  of  appe- 
tite, anemia,  and  cachexia  are  usually  readily  prevented,  by  withdrawing  the  drug. 

Such  symptoms  are  most  commonly  seen  from  potassium  bromide;  sodium  bromide 
is  much  less  toxic  and  it  is  claimed  that  strontium  bromide  almost  never  produces 
eruptions  or  digestive  disturbance  (Robinson). 

Systemic  Action. — Bromides  have  no  topical  action  except  that  common  to  the 
corresponding  chlorides,  and  known  as  salt  action,  and  their  systemic  effects  are  almost 
limited  to  the  central  nerve  system.  The  actions  on  the  alimentary  canal,  the  salty 
taste,  The  nausea  and  salivation,  as  well  as  the  pain  and  diarrhea  from  concentrated 
solutions,  are  no  greater  than  from  salt,  and  are  largely  osmotic  in  character. 

Isolated  strips  of  esophagus,  stomach,  and  intestine  of  cat  and  dog  show  increased 
tonus  and  stronger  contractions  in  bromide  than  in  chloride  solutions  (Kruse).  Sodium 
bromide  added  to  pepsin  in  vitro  delays  its  action  as  does  sodium  chloride  (Fujitani) 
but  hydrobromic  acid  can  replace  hydrochloric,  in  peptic  digestion. 

On  the  circulation,  bromides  are  without  effect  or  in  toxic  dose  may  slow  the  heart 
slightly.  In  isolated  hearts,  the  chlorides  of  Ringer  solution  may  be  replaced  by  the 
corresponding  bromides  and  the  only  effect  is  a  slight  increase  in  the  duration  of 
irritability  and  conductivity  (LaFranca),  or  in  the  mammalian  (cat)  heart,  a  slight 
slowing  (Greene  and  Kruse).  The  respiration  is  also  slightly  slowed  by  large  doses. 
The  diuretic  action  of  the  various  bromides  about  corresponds  to  that  of  the  chlorides 
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and  is  not  due  to  the  bromide  ion.  Replacement  of  chloride  by  bromide  causes  an 
increase  of  tonus  and  of  the  strength  of  the  contractions  of  the  excised  uterus.  The 
bromides,  however,  are  markedly  anaphrodisiac. 

Nerve  System. — The  action  of  bromides  on  the  central  nerve  system  seems  to  con- 
sist chiefly  in  a  depression  of  the  paths  of  communication  between  the  motor  and 
sensory  cells,  and  between  the  sensory  paths  and  the  cerebral  cortex.  The  chief  phe- 
nomena are  reduction  of  reflexes,  and  diminution  of  acuteness  of  perception.  The  effect 
is  exerted  on  the  brain  and  medulla,  rather  than  on  the  cord,  as  shown  by  the  effect 
of  sodium  bromide  in  preventing  convulsions  from  cocaine  and  camphor  (cerebral 
convulsants)  and  from  picrotoxin  (medullary  convulsant),  while  it  has  much  less  in- 
fluence on  strychnine  convulsions  (Januschke  and  Masslow,  Januschke,  and  Inaba). 
The  reduction  of  spinal  reflexes,  the  ataxia  and  the  moderate  restraining  influence  on 
strychnine  tetanus  point  to  a  reduction  of  the  permeability  between  the  sensory  and 
motor  cells  in  the  cord.  The  mind  seems  to  be  depressed  by  cutting  off  of  external  im- 
pulses rather  than  by  a  direct  depression  of  the  intellectual  centers.  The  reduction  of 
sexual  desire,  which  is  seen  even  with  small  doses,  is  probably  chiefly  dependent  on  reduc- 
tion of  stimulating  reflexes. 

Perception  and  association  are  particularly  affected.  The  sensation  of  the  throat  and 
conjunctiva  is  retained,  but  touching  them  does  not  cause  the  normal  responses.  Pain- 
ful stimuli  are  felt  normally,  and  preexisting  pain  is  not  influenced.  Aphasia  and 
difficulty  in  finding  the  right  word,  also  indicate  depression  of  the  paths  of  association. 
Dogs  given  potassium  bromide,  show  an  alteration  in  the  response  to  direct  stimulation 
of  the  motor  area  of  the  cortex.  Instead  of  involving  a  large  part  of  the  body,  as  it 
does  normally,  the  response  remains  limited  to  one  muscle  group  (Albertoni).  After 
very  large  doses  (3  to  4  Gm.  per  kilogram  in  rabbits  and  guinea-pigs,  15  Gm.  Vz  oz.  in 
man)  there  is  distinct  loss  of  sensibility  of  the  skin  and  of  all  exposed  mucosae.  This 
is  probably  due  to  interruption  of  conducting  paths.  It  may  involve  the  bladder,  caus- 
ing either  retention  or  incontinence. 

In  normal  men,  1  to  2  Gm.  of  sodium  bromide  has  no  perceptible  effect,  while 
doses  above  4  Gm.  (dr.  1)  cause  distinct  depression.  Small  doses  of  sodium  bromide 
add  considerably  to  the  hypnotic  effect  of  urethane,  medinal,  and  morphine  (Klammer). 
It  is  doubtful  to  what  extent  this  fact  shows  a  cortical  action  of  bromides.  The  effect 
probably  depends  on  lessening  the  intensity  of  external  stimuli. 

Therapeutics:  Topical. — Applied  to  the  pharynx  and  fauces  by  swabbing  or  spray- 
ing, a  50  percent,  solution  of  sodium  or  potassium  bromide  will  deaden  the  reflexes  so 
that  a  laryngoscopic  examination  may  be  made  without  exciting  gagging  or  vomiting 
movements;  there  is  no  analgesic  action,  however.  A  little  nagging  cough,  "tickling  of 
the  throat,"  may  sometimes  be  subdued  by  the  same  application.  A  50  percent,  solution 
freely  applied  will  sometimes  aflFord  great  relief  even  in  aggravated  cases  of  pruritus 
ani.  In  pyelography  a  25  percent,  solution  of  sodium  bromide  gives  as  clear  a  shadow 
as  potassium  iodide  and  is  much  less  irritating  to  the  ureter  and  renal  pelvis. 

Systemic. — In  the  nervous  dyspepsia  of  infants,  one  grain  of  sodium  bromide 
given  half  an  hour  before  feeding  will  make  the  little  patient  placid  and  quiet  while 
being  fed,  and  will  prevent  subsequent  distress  and  vomiting.  In  summer  diarrhea 
due  to  heat,  or  to  the  nervous  irritation  of  teething,  but  not  to  improper  feeding,  a  bro- 
mide in  doses  of  1  to  10  grains  (0.06  to  0.6  Gm.),  according  to  the  age,  every  3  or 
4  hours  will  give  very  satisfactory  results.  In  the  flatulent  colic  of  infants,  also, 
when  due  to  air-swallowing  or  nervous  unrest,  bromides  are  useful.  In  epidemic  hic- 
cup a  dose  of  30  to  60  grains  (2  to  4  Gm.)  of  sodium  or  potassium  bromide  at  bed- 
time, repeated  in  two  or  three  hours  if  sleep  is  not  obtained,  will  often  put  an  end 
to  the  paroxysms.  Reflex  or  cerebral  vomiting,  the  hyperemesis  of  pregnancy  and 
of  seasickness  are  usually  controlled  by  full  doses  of  bromides.  The  latter  is  not  so 
easily  stopped,  as  it  is  prevented  by  doses  of  15  to  20  grains  (1  to  1.3  Gm.)  of  sodium 
bromide  four  times  a  day  for  several  days  before  sailing. 

In  functional  high  blood  pressure,  not  associated  with  hardened  arteries  or  con- 
tracted kidneys,  10  or  15  grains   (0.6  to  1  G!n.)  of  sodium  bromide  three  times  a 
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day  will  often  give  better  and  more  lasting  results  than  any  of  the  vasodilators. 
The  hot  flushes  of  the  menopause  are  largely  controlled  by  the  same  means. 

In  purely  nervous  palpitation,  bromide  acts  very  well,  and  so  it  does  in  the 
tachycardia  of  exophthalmic  goiter,  when  given  in  doses  of  10  to  15  grains  (0.6  to 
1  Gm.)  every  hour  for  three  or  four  hours. 

The  bromides  are  useful  in  quieting  various  respiratory  neuroses,  laryngismus 
stridulus,  some  forms  of  asthma,  reflex  cough,  and  the  coughing  "habit"  remaining 
after  bronchitis.  In  whooping-cough,  the  severity  of  the  paroxysms  is  lessened  by 
full  doses. 

Congestive  dysmenorrhea,  or  menorrhagia,  is  often  relieved  by  15  grain  (1  Gm.) 
doses  of  potassium  or  ammonium  bromide  with  30  minims  (2  cc.)  of  aromatic  spirit 
of  ammonia  every  3  or  4  hours.  Bromides  are  useful  in  quieting  sexual  excitement, 
in  reducing  the  frequency  of  nocturnal  emissions,  in  preventing  chordee,  and  in 
arresting  spermatorrhea. 

Bromides  are  said  to  be  fully  as  efficacious  as  iodides  in  eliminating  lead  and 
mercury  from  the  system.  They  should  be  given  for  this  purpose  in  moderate  doses 
(10  to  15  grains)  four  times  a  day.  In  strychnine  poisoning,  bromides,  if  used 
at  all,  should  be  given  in  large  doses ;  the  initial  dose  should  be  not  less  than 
4  drams  (16  Gm.),  and  then  1  dram  (4  Gm.)  should  be  given  every  ten  or  fifteen 
minutes. 

In  tetanus  and  tetany,  the  bromides  are  occasionally  useful  in  restraining  the 
violence  of  the  spasms,  if  given  as  above  outlined  for  the  treatment  of  strychnine 
poisoning.  In  both  cases,  the  initial  dose  may  be  given  per  rectum  or  intravenously, 
if  the  patient  is  unable  to  swallow.  Chorea  minor  and  infantile  convulsions  are  often 
controllable  by  bromides  given  in  full  doses  of  1  grain  (0.06  Gm.)  for  each,  year  of 
age,  repeated  as  may  be  necessary. 

The  bromides,  despite  the  obvious  disadvantages  of  prolonged  administration 
and  the  rivalry  of  certain  recent  synthetic  preparations,  still  find  their  greatest  field 
of  usefulness  in  the  treatment  of  epilepsy.  As  a  rule,  the  effect  of  the  remedy  is  to 
reduce  the  severity  and  frequency  of  the  convulsions ;  lasting  freedom  from  tlie  attacks 
after  the  bromide  has  been  discontinued,  is  exceptional,  and  so  is-  absolute  failure. 
As  is  the  case  with  many  other  remedies,  the  bromides  are  more  efficacious  in  grand 
mal  than  in  petit  mal.  The  efficacy  of  the  bromides  in  controlling  epileptic  seiz- 
ures is  increased  if  calcium  be  administered  simultaneously,  and  calcium  bromide 
is  said  to  be  more  efficient  than  the  potassium  or  sodium  salt,  but  when  long 
continued  it  is  apt  to  depress  the  vital  forces  unduly.  Borax  is  likewise  synergistic 
to  bromides  in  epilepsy,  and  some  neurologists  strongly  advise  that  the  two  be 
given  together  in  the  proportion  of  20  grains  (1.3  Gm.)  of  potasssium  bromide 
and  10  grains  (0.6  Gm.)  sodium  borate.  The  storage  of  bromide  so  as  to  keep 
the  patient  thoroughly  saturated  with  and  always  under  the  influence  of  the  drug 
is  the  principle  upon  which  the  remedy  is  given.  It  is  necessary  to  restrict  the 
intake  of  sodium  chloride  so  far  as  possible  (See  Pharmacodynamic  Action).  The 
drug  should  be  given  with  absolute  regularity  four  times  a  day,  the  final  dose  at 
bedtime  being  twice  the  size  of  any  one  of  the  postprandial  doses.  Poulson 
advises  the  giving  of  bromides  according  to  the  following  scheme:  During  the 
first  week,  45  grains  (3  Gm.)  should  be  given  daily;  during  the  second  week, 
60  grains  (4  Gm.)  each  day;  during  the  third  week,  75  grains  (5  Gm.)  per  diem, 
and  so  on  until  a  daily  amount  of  150  grains  (10  Gm.)  is  reached  in  the  eighth 
week.  If  the  drug  is  well  borne  and  the  convulsive  seizures  still  continue,  the 
increase  may  go  on  until  a  maximum  of  225  grains  (15  Gm.)  is  attained  during 
the  thirteenth  week.   Then  the  daily  amounts  are  reduced  at  the  same  rate,  15  grains 
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(1  Gm.)  each  week,  so  long  as  the  attacks  do  not  return;  if  they  do,  then  the  daily- 
amount  is  again  increased,  but  a  halt  in  the  increase  is  made  whenever  it  appears 
that  the  amount  reached  can  keep  off  the  seizures. 

The  bromides  often  render  good  service  in  ovarian  and  other  forms  of  neuralgia 
and  in  migraine,  and  are  useful  in  the  wakefulness  of  cerebral  hyperemia  and  that 
due  to  worry  and  fatigue.     They  sometimes  act  well  in  neurasthenia  and  in  hysteria. 

In  fully  developed  delirium  tremens,  bromide  is  seldom  of  use,  but  it  quiets 
the  nervous  excitement  and  wakefulness  preceding  the  attack,  and  if  given  at  that 
time  may  prevent  the  onset  of  the  delirium.  It  should  be  given  in  such  cases  in 
doses  of  1  dram  (4  Gm.)  or  more  every  four  to  six  hours. 

Administration. — There  is  little  to  choose  therapeutically  between  the  different 
bromide  salts,  their  action  on  the  nerve  centers  being  essentially  the  same,  although  they 
vary  considerably  in  their  bromine  content.  It  is  in  the  action  of  the  base  that  the 
chief  differences  exist. 

The  potassium  salt  is  the  most  commonly  prescribed  of  all  the  bromides,  but 
is  not  suited  to  very  prolonged  administration  owing  to  the  weakening  effect  of  its 
potassium  ion  upon  the  heart.  Sodium  bromide  is  less  unpleasant  in  taste  and  is 
less  apt  to  cause  derangement  of  function  and  were  it  not  that  it  is  therapeutically 
less  active,  despite  the  fact  that  its  bromine  content  is  proportionally  greater,  it  would 
in  every  way  be  preferable  to  the  potassium  salt.  It  is  to  be  preferred  as  a  rule  except 
when  an  immediate  and  powerful  effect  is  desired — as  in  the  treatment  of  strychnine 
poisoning,  for  example.  Under  the  influence  of  the  lithium  delusion,  the  bromide 
of  lithium  has  been  employed  in  the  treatment  of  rheumatism,  but  with  no  great  suc- 
cess. Ammonium  bromide  lacks  the  depressant  action  of  the  potassium  bromide  and 
is  sometimes  preferred  in  the  treatment  of  whooping-cough.  Calcium  bromide  is  more 
efficient  than  other  s^lts  in  controlling  the  convulsive  affections,  owing  to  the  anti- 
convulsant action  of  the  calcium.  Strontium  bromide  resembles  potassium  bromide  but 
is  less  apt  to  derange  the  digestion.  Sometimes  a  mixture  of  two  or  more  bromides 
appears  to  act  better  than  either  one  alone. 

The  bromides  should  always  be  given  in  solution  well  diluted,  when  possible;  but 
if  circumstances  render  this  inconvenient,  as  when  traveling,  they  may  be  taken  in 
tablet  form,  the  tablet,  being  crushed  in  the  mouth  and  taken  with  a  full  glass  of 
water.  The  so-called  "sedobrol"  tablets  contain  15  grains  (1  Gm.)  of  bromide  in  a 
vegetable  extract,  and  when  dissolved  in  a  cup  of  hot  water  make  a  tasty  bouillon.  One 
of  the  bromide  elixirs  affords  a  pleasant  way  of  taking  a  bromide,  but  if  very  large 
doses  are  necessary,  the  alcohol  content  of  the  elixirs  might  be  objectionable. 
When  bromides  are  given  for  prolonged  periods,  as  in  epilepsy,  the  symptoms  of  bromism 
may  sometimes  be  prevented  or  mitigated  by  the  simultaneous  exhibition  of  1  or  2  minims 
(0.06  to  0.12  cc.)  of  Fowler  solution  (liquor  potassii  arsenitis)  twice  a  day. 

Organic  Bromine  Sedatives. — Numerous  synthetic  organic  bromine  compounds 
have  been  produced  with  the  idea  of  eliminating  the  unnecessary,  and  sometimes  dis- 
advantageous, action  of  the  alkaline  ion,  while  retaining  the  desirable  sedative  action 
of  bromine  on  the  nerve  centers.  This  theoretical  advantage  is  not  always  evident. 
The  following  are  a  few  of  these  preparations: 

Carhromal,  bromodiethyl-acetyl-urea,  adalin,  nyctal.  A  colorless  and  odorless 
crystalline  powder,  readily  soluble  in  alcohol,  difficultly  so  in  water.  It  is  procurable 
in  5  grain  (0.3  Gm.)  tablets,  of  which  the  dose  is  one  or  two  as  a  sedative,  two  to 
four  as  a  hypnotic.  It  is  used  in  nervous  conditions  due  to  worry  or  overwork,  in 
chorea  minor,  nervous  tachycardia  and  excited  mental  states.  It  acts  well  in  wake- 
fulness not  due  to  pain  or  delirium,  if  given  in  dose  of  10  to  15  grains  (0.6  to  1  Gm.) 
with  hot  milk  or  weak  tea. 

Brometone,  tribrom-tertiary-butyl  alcohol.  Fine,  white,  prismatic  crystals  of 
camphoraceous  odor  and  taste;  slightly  soluble  in  water.  It  is  procurable  in  5  grain 
(0.3  Gm.)  capsules.  It  is  given  to  meet  the  general  indications  of  the  bromides, 
relieving  nervous   cough,   reducing   the  frequency   of  epileptic   paroxysms,    quieting 
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hysterical  nervousness  and  the  feeling  of  unrest.  It  gives  good  service  in  allaying 
narcotic  abstinence  symptoms.  It  may  be  given  in  doses  of  5  grains  (0.3  Gm.),  but 
15  grains  (1  Gm.)  a  day  should  not  be  exceeded  as  it  may,  in  overdose,  give  rise  to 
anorexia  and  gastric  distress,  mental  dullness,  and  vertigo. 

Bromipin  is  a  product  of  sesame  oil,  containing  10  percent,  of  bromine.  It  is 
a  yellow  oily  liquid  with  a  smooth,  but  not  pleasant,  oleaginous  taste.  It'  has  been 
used  with  success  in  the  treatment  of  chorea  and  of  nei-vous  "fidgets"  in  children 
in  doses  of  15  to  60  minims  (1  to  4  cc),  according  to  age.  In  the  treatment  of 
epilepsy  it  is  given  in  doses  of  2  fluidrams  to  one  fluidounce  (8  to  32  cc).  It  may 
be  made  more  palatable  by  the  addition  of  oil  of  peppermint. 

Bromoform  was  at  one  time  extensively  used  with  considerable  success  in  the 
treatment  of  pertussis,  in  doses  of  3  minims  (0.2  cc.)  to  a  child  of  5  or  0  years, 
three  times  a  day.  It  is  also  recommended  for  seasickness,  in  tablespoonful  doses  of 
a  saturated  aqueous  solution.  It  is  a  dangerous  remedy,  however,  for  children,  and 
many  cases  of  poisoning  by  it  have  been  reported.  It  has  been  dropped  from  the 
U.S.P.  X. 

Bromural  is  alpha-monobrom-isovaleryl-urea.  It  is  procurable  in  5  grain 
(0.3  Gm.)  tablets,  of  which  the  dose  is  one  three  times  daily  as  a  sedative,  or  two 
at  bedtime  as  a  hypnotic.  It  is  used  to  meet  the  same  indications  as  the  other  bro- 
mides, organic  or  inorganic,  but  its  action  is  short-lived  and  not  very  powerful. 

Sabromin,  calbroben,  is  calcium  dibrom-behenate.  It  is  an  odorless  and  taste- 
less, yellowish-white  powder;  insoluble  in  water  and  alcohol,  but  soluble  in  ether  and 
chloroform.  It  is  procurable  in  8  grain  (0.5  Gm.)  tablets,  of  which  the  adult  dose 
is  from  1  to  4.  It  is  given  to  meet  the  indications  of  the  bromides  in  general.  Its 
action  is  slower  than  that  of  the  inorganic  bromides,  but  is  said  to  be  more  powerful. 

Magnesium 

The  sulphate  and  the  oxides  of  magnesium  have  long  been  used  as  cathartics, 
the  incidental  administration  of  the  soluble  salts  in  mineral  waters  dating  back  to 
primitive  times,  while  calcined  magnesia  was  introduced  under  the  name  of  Count 
Palma's  powder,  early  in  the  eighteenth  century.  The  paralyzing  effect  of  the  soluble 
salts  when  administered  parenterally  was  discovered  by  Meltzer  in  1905. 

Chemistry. — The  magnesium  compounds  which  exhibit  the  systemic  actions  about 
to  be  described  are  the  soluble  salts,  especially  the  nitrate,  Mg(N03)j,  and  the 
chloride,  MgCl^,  although  the  sulphate,  epsom  salt,  MgSO^,  is  almost  as  active  and 
as  it  is  more  readily  obtained,  is  the  form  commonly  utilized.  Other  salts  of  mag- 
nesium are  described  with  the  saline  cathartics. 

Magnesium  is  a  normal  constituent  of  the  body,  its  distribution  resembling  that 
of  calcium,  being  in  largest  part  in  the  bones  as  magnesium  phosphate.  Human 
blood  contains  0.0136  percent.,  chiefly  as  chloride,  of  which  three-fourths  is  carried 
in  the  plasma  and  one-fourth  in  the  red  cells.  The  central  nerve  system  and  the 
striped  muscles  also  contain  magnesium  in  about  the  same  proportion  as  calcium. 
The  normal  urine  contains  0.2  to  0.3  Gm.  (gr.  3  to  5)  daily;  excretion  being  much 
increased  in  pneumonia  and  in  tetania  thyreopriva. 

Summary  of  Actions  and  Uses. — Soluble  and  insoluble  magnesium  salts,  given  by 
mouth,  act  as  cathartics,  but  have  very  little  systemic  effect  under  normal  conditions. 

Soluble  salts  injected  parenterally,  depress  or  paralyze  certain  functions  of  the 
nerve  system,  both  motor  and  sensory,  loss  of  consciousness,  anesthesia  and  paralysis 
of  voluntary  motion  and  of  reflexes  resulting. 

Although  magnesium  is  present  in  the  blood,  it  is  not  needed  in  fluids  intended 
for  functional  preservation  of  tissues  in  vitro,  such  as  Ringer  and  Locke  solutions. 
Marine  animals,  however,  remain  in  better  condition   if  magnesium  chloride   is  added 
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to  any  artificial  fluid  in  which  they  live.    Jellyfish  do  not  contract  rhythmically  in  pure 
NaCl  solution,  but  do  for  a  time  if  small  amounts  of  MgCL  are  added   (Loeb). 

As  a  nerve  depressant,  magnesium  sulphate,  in  saturated  solution,  is  applied  topically 
as  a  cataplasm  in  inflammation  of  the  skin  and  underlying  parts,  and  by  subcutaneous 
or  intraspinal  injection  in  tetanus,  and  to  aid  in  surgical  anesthesia.  It  may  be  intro- 
duced on  a  nerve  trunk  to  interrupt  conduction,  as  in  the  method  of  "anoci  association." 

Materia  Medica. — Magnesii  Chloridutvi  (N.F.),  Magnesium  Chloride.  Ahhr., 
Magnes.    Chlorid. 

Occurs  as  colorless,  transparent  crystals  or  as  white,  translucent  pieces ;  deliques- 
cent in  moist  air.  One  gram  dissolves  in  about  0.6  cc.  of  water;  it  is  readily  soluble 
in  alcohol. 

Dose,  2  to  4  drams  (8  to  16  Gm.). 

Antipathogenic  Action. — Although  magnesium  salts  have  no  direct  bactericidal  action, 
they  have  a  remarkable  effect  in  checking  inflammation,  both  due  to  infection  and  to 
local  irritants.  If  both  ears  of  a  rabbit  are  scalded  with  water  at  63°  C.  for  2  minutes 
and  one  then  wrapped  in  cloths  wet  with  a  12.5  percent,  solution  (M/1)  of  magnesium 
sulphate  it  will  show  no  reaction  while  the  untreated  ear  or  one  wrapped  in  a  similar 
solution  of  other  salts  becomes  acutely  inflamed  (Meltzer).  The  same  effect  has  been 
seen  in  the  relief  of  first  degree  burns  in  man.  A  strong  solution  of  magnesium  sul- 
phate applied  to  erysipelas,  will  relieve  the  pain  and  burning  and  reduce  the  swelling. 
Various  authors  have  reported  excellent  results  from  the  use  of  pastes  and  saturated 
solutions  of  magnesium  salts,  in  the  treatment  of  infected  wounds.  Thus  Guillame- 
Louis,  in  war  wounds,  used  a  strong  solution  of  magnesium  chloride.  Morison  packs 
the  wound  with  a  cream  made  of  iVs  pounds  of  dried  magnesium  sulphate  to  11  ounces 
of  glycerite  of  phenol.  Delbet  prefers  a  1.2  percent,  solution  of  dried  magnesium 
chloride.  All  the  authors  report  extremely  rapid  cessation  of  infection  and  healing  of 
the  wounds.  Similarly  good  results  are  reported  from  the  intravenous  injection  of 
magnesium  sulphate  in  puerperal  infection  (Harrar,  Huggins)  and  in  acute  articular 
rheumatism  (Jackson).  Delbet  has  shown  that,  although  magnesium  does  not  increase 
leucocytosis,  the  chloride  added  to  suspensions  of  leucocytes  and  bacteria  in  vitro  in- 
creases phagocytosis  from  75  to  200  percent.  Injected  intravenously,  there  results  an 
increase  in  the  opsonic  index.  The  good  effect  seen  in  the  treatment  of  infections 
may  depend  in  part  on  this.  The  benefit  seen  in  cancer  following  administration  by 
mouth  (Dubard),  is  probably  not  related  to  any  systemic  action  of  magnesium. 

Pharmacod3mamic  Action:  Absorption  and  Elimination. — Soluble  salts  of  magne- 
sium are  slowly  absorbed  from  the  intestine  and  are  eliminated  almost  immediately 
in  the  urine,  preventing  accumulation.  Insoluble  salts  are  converted  only  in  small 
part  to  the  chloride,  the  great  bulk  passing  out  with  the  feces.  Metallic  magnesium 
and  magnesium  carbonate  deposited  subcutaneously  are  slowly  but  completely  absorbed. 
When  salts  of  magnesium  are  injected  into  the  small  intestine  through  a  fistula,  instead 
of  passing  through  the  stomach,  absorption  may  occur  so  rapidly  as  to  produce  intoxi- 
cation.    (See  Action  on  Alimentary  Canal.) 

Studies  of  the  normal  elimination  of  magnesium,  show  that  very  large  proportions 
are  always  contained  in  the  stools.  As  the  soluble  salts  of  magnesium  given  parenter- 
ally  are  eliminated  almost  entirely  in  the  urine,  it  is  probable  that  the  normal  magne- 
sium of  the  stools  was  not  absorbed.  When  magnesium  sulphate  or  chloride  is  injected 
subcutaneously  in  cats  and  dogs,  75  to  90  percent,  of  the  amount  can  be  found  in  the 
urine  within  48  hours,  chiefly  in  the  first  12  hours.  The  remainder  is  stored  for  a 
time,  mainly  in  the  bones.  When  repeated  doses  are  given  part  of  the  first  is  retained, 
but  not  of  subsequent  (Courtney  and  Fales). 

Topical  Action. — The  soluble  salts  of  magnesium  have  no  other  action  on  normal 
mucous  membranes  than  that  due  to  their  concentration.  Strong  solutions  applied  on 
compresses  to  inflamed  surfaces,  relieve  pain  and  inflammation.  The  insoluble  com- 
pounds are  protective  powders  and  antacids,  magnesium  oxide  having  the  advantage 
over  most  drugs  of  this  class  that  no  carbonic  acid  is  evolved 

Toxicity:  Toxic  Dose. — The  toxicity  of  magnesium  compounds  depends  almost 
entirely  upon  the  rate  of  absorption.  If  given  by  mouth,  the  sulphate  and  chloride  as 
well  as  the  insoluble  compounds,  are  absorbed  so  slowly  that  elimination  keeps  pace 
with  absorption  and  no  toxic  systemic  action  is  seen.     If  magnesium  sulphate  be  given 
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in  repeated  doses  in  concentrated  solution,  so  that  absorption  is  favored,  and  if  not 
enough  water  is  given  at  the  same  time,  intoxication,  even  fatal,  may  result  (Boos). 
Magnesium  nitrate  is  so  rapidly  al^sorbed  from  the  alimentary  canal  of  rabbits,  that 
intoxication  can  be  produced  in  this  manner  as  readily  as  by  giving  the  sulphate  sub- 
cutaneously  (Meltzer).  If  elimination  is  interfered  with,  as  by  nephrectomy  in  rabbits, 
other  salts  of  magnesium  are  toxic  when  given  by  mouth   (Meltzer  and  Lucas). 

If  magnesium  sulphate  or  chloride  is  injected  slowly  by  vein,  the  toxicity  depends 
on  the  rate  of  injection  and  not  on  the  total  amount  given.  In  dogs  given  M/1  solution 
at  a  rate  of  I  cc.  per  minute  the  fatal  dose  per  kilo  is  2.86  cc.  corresponding  to  0.224 
Gm.  of  the  dry  sulphate.  In  rabbits  the  respiration  is  stopped  and  the  animal  killed 
by  0.05  Gm.  per  kilo  injected  in  20  seconds;  but  not  by  0.25  Gm.  in  12  minutes,  or  by 
0.75  Gm.  in  60  minutes.  Given  by  subcutaneous  injection,  the  following  amounts  in  Gm. 
per  kilo  of  magnesium  sulphate  are  fatal.  Dog,  1  Gm. ;  cat,  1  Gm.;  rabbit,  0.9  Gm.; 
guinea-pig,  0.9  Gm. ;  rat,  0.9  Gm.;  fowl,  0.8  Gm.  and  frog,  1.5  mgm.  per  Gm. 

Toxic  Symptoms. — When  solutions  of  magnesium  sulphate  or  chloride  are  admin- 
istered gradually  by  vein  to  dogs  or  rabbits,  the  following  phenomena  are  observed. 
Without  any  stage  of  excitement,  there  is  quietness,  passing  into  torpor  and  narcosis. 
The  animal  lies  flat  on  the  side,  breathing  slowly  and  deeply  but  can  be  roused  by 
stimuli.  Gradually  the  response  to  stimulation  disappears,  the  lid  reflex  remaining 
last,  and  the  respiration  becomes  shallower,  but  usually  not  slower.  Some  time  later 
the  inspirations  become  very  weak  and  eventually  respiration  ceases  in  expiration.  If 
the  injection  be  given  slowly,  the  heart  is  still  strong  and  blood  pressure  high  at  this 
time.  Stimulation  of  motor  nerves  at  the  time  of  full  narcosis  shows  intact  nerve 
endings,  but  soon  there  is  block  at  the  myoneural  junction  (curare  action).  The 
diaphragm  endings  are  paralyzed  later  than  the  voluntary  muscles.  The  peripheral 
vagus  is  not  paralyzed,  nor  is  the  vagus  center.  Unless  artificial  respiration  is  given, 
death  occurs  from  asphyxia,  but  much  larger  quantities  must  be  given  before  the 
heart  is  paralyzed.  If  the  injection  is  stopped  while  the  heart  is  still  beating,  recovery 
occurs,  first  of  respiration,  then  of  the  lid  reflex,  then  of  other  reflexes,  of  pain  sense, 
of  voluntary  motion  and  finally  of  consciousness.  Marked  weakness  and  loss  of  tone 
remains  for  a  time. 

Antagonism  and  Synergism. — One  of  the  most  striking  phenomena  of  magnesium 
poisoning  is  the  marked  antagonism  of  calcium.  If  a  rabbit  or  dog  fully  narcotized 
by  magnesium  be  given  an  injection  of  a  small  amount  of  calcium  chloride,  it  wakes 
up  instantly,  and  respiration  and  reflexes  are  at  once  restored  to  normal.  If  an  animal 
be  brought  to  the  stage  of  respiratory  stoppage  and  a  smaller  amount  of  calcium  given, 
it  will  restore  the  respiration  but  not  voluntary  motion  or  pain  sense.  The  calcium 
seems  to  have  a  greater  preventive  and  antagonistic  action  on  the  respiratory  than  on 
the  narcotic  action.  If  the  magnesium  has  been  allowed  to  act  for  a  long  time,  say 
half  an  hour  or  more,  the  effect  of  the  calcium  is  much  less  striking  and  eventually  it 
can  no  longer  be  demonstrated,  even  though  the  animal  may  recover  if  left  alone.  If 
one  part  of  calcium  is  injected  with  15  to  30  of  magnesium  the  narcotic  action  will  be 
prevented  in  large  part,  if  not  altogether. 

In  line  with  the  antagonistic  effect  of  calcium,  is  the  synergistic  effect  of  calcium 
precipitants.  If  rabbits  are  given  subcutaneously  0.35  Gm.  per  kilo  of  magnesium  sul- 
phate, that  is  less  than  half  the  narcotic  dose,  followed  at  once  by  0.1  Gm.  per  kilo  of 
sodium  oxalate,  full  narcosis  will  result  (Gates  and  Meltzer).  On  the  other  hand.  If 
sodium  oxalate  be  given  first,  the  symptoms  of  calcium  deprivation  produced  by  it 
(muscle  twitchings,  incoagulability  of  the  blood)  are  in  part  relieved  by  magnesium 
(Starkenstein). 

Magnesium  and  physostigmine  are  also  mutually  antagonistic  to  each  other.  The 
muscular  tremors  and  fatal  cardiac  action  of  physostigmine  are  prevented  by  rather 
large  doses  of  magnesium,  and  the  respiratory  paralysis  of  magnesium  is  prevented  by 
small  doses  of  physostigmine,  which  apparently  act  by  stimulation  of  the  vagus  nerve 
endings  and  of  the  respiratory  center,  thus  improving  respiration,  and  also  by  antago- 
nizing the  paralysis  of  the  motor  nerve  endings.  A  similar  antagonism  Is  noted  be- 
tween curare  and  physostigmine  (Joseph  and  Meltzer).  Barium  chloride,  in  very  small 
dose,  restores  the  respiration  paralyzed  by  magnesium,  but  less  effectively  than  calcium 
chloride. 

Systemic  Action:  Alimentary. — The  chief  use  in  medicine  of  the  salts  of  magne- 
sium is  as  cathartics,  and  their  action  on  the  bowel  is  therefore  of  great  importance. 
When  a  solution  of  the  sulphate  or  chloride  is  injected  directly  Into  a  fistula  in  the 
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bowel,  its  action  is  to  stop  peristalsis  and  paralyze  the  intestine.  The  same  action  is 
seen  on  strips  of  bowel  in  vitro.  These  lose  all  motion  and  become  extremely  relaxed. 
If  a  long  segment  of  gut  is  removed  from  the  body  and  liquid  allowed  to  flow  through  it 
under  slight  pressure,  while  immersed  in  Ringer  solution,  it  will  show  peristaltic  waves. 
A  dilute  solution  of  magnesium  sulphate  paralyzes  such  a  gut  if  perfused  alone,  but  if 
small  amounts  are  added  to  Ringer  solution,  the  passage  of  the  liquid  is  hastened  (Soll- 
mann  and  Rademaekers).  It  is  probable  that  when  given  by  mouth  it  acts  in  the 
following  manner:  The  normal  peristalsis  consists  of  a  wave  of  contraction  which 
passes  down  the  bowel.  It  is  necessary,  if  this  wave  is  to  push  the  intestinal  contents 
before  it,  that  the  segment  of  intestine  in  front  of  the  wave  should  relax  fully.  If 
this  does  not  happen,  the  contents  will  be  merely  moved  to  and  fro  and  will  progress 
along  the  bowel  very  slowly.  This  is  to  some  extent  the  normal  method  of  progression. 
"When  magnesium  salts  are  given  by  mouth  they  react  with  the  sodium  carbonate  present 
in  the  small  bowel  to  form  acid  magnesium  carbonate.  MgSOi  +  NajCOa  +  H2O  +  00.=^ 
Mg  (HCOa);  +  Na^SOi.  The  sodium  sulphate  which  is  formed,  stimulates  the  intestinal 
muscle,  causing  a  strong  and  rapidly  traveling  wave,  while  the  magnesium  salts  act 
as  sedatives  on  the  segment  of  intestine  in  front  of  the  wave,  allowing  free  passage  for 
the  intestinal  contents. 

Magnesium  salts  given  by  subcutaneous  or  intravenous  injection  never  cause  any 
increase  in  peristalsis  but  always  paralyze  it.  The  occasional  contrary  observations 
must  be  explained  as  not  the  action  of  the  drug.  The  normal  peristalsis  is  stopped  by 
injections  of  even  small  amounts,  and  the  increased  peristalsis  caused  by  ergotoxine, 
physostigmine  and  even  barium,  is  prevented  or  stopped. 

The  paralyzant  action  seems  to  be  central  as  well  as  peripheral,  and  for  a  similar 
mechanism,  that  of  deglutition,  it  has  been  shown  that  the  central  mechanism  is  first 
paralyzed  and  later  the  peripheral. 

According  to  Carnot  and  Gaehlinger,  CaClj  by  mouth  or  rectum  induces  an  in- 
creased secretion  of  bile  salts.  This  may  be  only  apparent  and  dependent  on  the  relaxa- 
tion of  the  sphincter  of  the  gall  bladder  which  occurs  when  magnesium  sulphate  (or 
other  salt)  is  injected  directly  into  the  duodenum.  This  was  first  recognized  by  Meltzer 
in  1917  and  was  introduced  into  clinical  medicine  by  Meltzer  and  Lyon  (1919)  who 
showed  that  it  was  possible  to  obtain  gall  bladder  bile  by  injecting  magnesium  sul- 
phate (40  cc.  of  33  percent.)  through  a  duodenal  tube  and  aspirating  a  few  minutes 
later.  The  Meltzer-Lyon  test,  as  it  is  called  is  of  great  value  for  obtaining  bile  for 
bacteriologic  and  other  studies  and  to  assist  in  differentiating  obstruction  of  the 
hepatic,  biliary  and  common  ducts.  Although  doubt  has  been  expressed  as  to  the 
correctness  of  the  observation,  notes  made  by  surgeons  during  operations  have  shown 
that  overdistended  gall  bladders  empty  themselves  when  magnesium  salts  are  injected, 
but  not  when  other  solutions  are   (Kmatsuo  and  others). 

Blood. — Injections  of  magnesium  sulphate  cause  an  increase  in  the  phagocytic 
activity  of  leucocytes  (Delbet),  but  do  not  cause  any  leucocytosis,  nor  does  magnesium 
influence  the  migration  of  leucocytes  in  the  inflamed  frog  mesentery   (Ikeda). 

Circulatory. — If  magnesium  salts  are  slowly  given  by  vein,  the  respiration  is  para- 
lyzed while  the  circulatory  organs  are  still  intact.  If,  however,  a  strong  solution  is  run 
in  at  a  rapid  rate,  there  is  a  sharp  fall  of  blood  pressure,  due  to  slowing  of  the  heart 
followed  by  dilatation.  There  is  block  of  conduction,  leading  to  2  to  1  or  even  4  to  1 
rhythm,  and  then  sudden  stoppage  of  the  ventricle.  Stimulation  of  the  accelerators 
with  rapidly  interrupted  current  will  restore  the  beats  and  the  heart  will  recover. 
Direct  rhythmic  stimulation  is  also  effective.  The  beats  may  also  be  restored  by 
epinephrine,  best  combined  with  atropine.  The  peripheral  vagus  is  depressed  after 
there  is  marked  slowing   (Matthews  and  Brooks). 

Respiration. — The  respiratory  muscles  are  directly  paralyzed  by  magnesium  through 
action  on  the  nerve  ending.  This  occurs  after  paralysis  of  voluntary  motion  is  complete, 
the  nerve  endings  of  the  diaphragm  being  more  resistant  than  those  of  other  muscles. 
The  respiration  grows  gradually  weaker  and  stops.  There  may  be  no  marked  change 
in  its  rate,  or  acceleration  if  asphyxia  is  permitted. 

The  isolated  bronchial  ring  is  relaxed  (Trendelenburg). 

Metabolism. — Small  doses  of  magnesium  given  by  injection  have  no  effect  on  the 
blood  sugar,  but  increase  adrenalin  hyperglycemia.  Calcium  brings  a  return  of  the 
blood  sugar  to  its  normal  level  (Underbill).  Large,  narcotic  doses  in  dogs  cause  hyper- 
glycemia as  high  as  0.4  percent  (Kleiner  and  Meltzer).  Even  with  0.4  percent,  blood 
sugar,  glycosuria  was  usually  absent  and  never  rose  above  0.5  percent.     This  may  be 
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due  to  action  on  the  kidney,  as  large  doses  in  rabbits  cause  reduction  of  adrenalin  glyco- 
suria (Airila  and  Bardy).  That  the  hyperglycemia  is  not  due  to  asphyxia,  is  shown  by 
its  occurrence  in  dogs  with  artificial  respiration    (Kleiner  and  Meltzer). 

The  temperature  of  rabbits  is  lowered  by  direct  action  on  the  center.  The  fall 
begins  before  paralysis  sets  in  but  increases  with  it,  being  reduced  on  the  average  2.5" 
C.  by  1  Gm.  per  kilo  (Schuetz).  Unlike  other  actions,  the  fall  of  temperature  is  in- 
creased by  calcium  salts  given  with  or  after  the  magnesium. 

Genital. — Like  all  other  unstriped  muscle  in  vitro,  that  of  the  uterus  is  paralyzed 
by  magnesium  salts  (Fardon). 

Urinary. — Magnesium  salts  given  parenterally,  although  excreted  almost  entirely 
by  the  kidney,  do  not  cause  any  marked  diuresis.  A  peculiar  phenomenon  has  been 
noted  both  in  dogs  and  in  men  to  whom  magnesium  sulphate  has  been  given  sub- 
cutaneously  or  intravenously  as  a  narcotic.  This  consists  in  showers  of  hyaline  casts, 
which  appear  in  an  hour  after  the  injection,  increase  to  a  maximum  in  3  to  6  hours 
and  cease  entirely  in  2  to  occasionally  5  days.  The  number  of  casts  may  be  enormous 
for  a  few  hours,  but  no  damage  to  the  kidneys  seems  to  be  indicated  (Gates,  Peck). 
The  urine  very  rarely  contains  albumen. 

Nerve  System. — Magnesium,  both  by  local  application  and  when  carried  by  the 
blood,  exerts  a  depressing  action  on  all  parts  of  the  central  and  peripheral  nerve  system. 
This  is  indicated  by  narcosis,  by  respiratory  paralysis,  by  loss  of  conductivity  of  nerves 
and  paralysis  of  nerve  endings.  Direct  application  to  the  brain  or  injection  into  the 
cerebrum  or  a  lateral  ventricle  causes  prompt  narcosis  not  preceded  by  excitement. 
Applications  of  solutions  to  the  exposed  medulla  paralyzes  all  the  medullary  centers 
and  brings  about  a  condition  of  the  cord  similar  to  that  after  decapitation  (Meltzer). 
Application  to  the  cord  or  intraspinal  injection  causes  complete  motor  and  sensory 
paralysis  of  the  parts  below.  In  man,  lumbar  puncture,  followed  by  the  intraspinal 
injection  of  5  cc.  of  12.5  percent.  (M/1)  solution  of  magnesium  sulphate,  causes  anes- 
thesia of  the  legs  and  pelvis  similar  to  that  caused  by  local  anesthetics  and  permitting 
operation  without  pain  or  reflexes.  The  full  anesthesia  is  reached  in  an  hour  and 
lasts  several  hours.  In  some  cases,  narcosis  occurs  3  to  6  hours  after  the  injection. 
This  can  be  avoided  by  performing  lumbar  puncture  after  the  operation  and  injecting 
and  withdrawing  5  cc.  of  saline  solution  a  few  times  (Haubold  and  Meltzer). 

Solutions  of  0.8  to  12  percent.  (M/IG  to  M/1)  applied  to  nerves  dlirectly,  block  first 
the  sensory  and  later  the  motor  fibers,  just  as  cocaine  does.  Recovery  promptly  follows 
washing  with  Ringer  solution  (Meltzer  and  Auer;   Liljestrand). 

Magnesium  solutions  applied  to  exposed  mucous  membranes,  do  not  seem  to  in- 
fluence their  sensitiveness,  and  their  action  on  sensory  endings  is  slight  if  it  exists.** 
On  the  motor  nerve  endings,  on  the  other  hand,  magnesium  exercises  a  selective  action, 
these  being  affected  by  doses  too  small  to  paralyze  the  motor  cortex.  In  frogs  the  loss 
of  indirect  irritability  of  the  muscles  is  quickly  seen,  and  if  injection  be  given  directly 
into  the  aorta,  the  muscles  lose  direct  irritability  also  (Meltzer).  The  control  of 
physostigmine  tremor  by  magnesium,  shows  a  peripheral  action.  In  the  same  connection 
may  be  mentioned  the  delay  in  the  onset  of  rigor  mortis  seen  in  rabbits  poisoned  with 
magnesium  nitrate  and  also  by  magnesium  sulphate   (Meltzer  and  Auer). 

The  mechanism  of  action  of  magnesium  has  given  rise  to  considerable  discussion. 
It  was  first  claimed  by  French  authors  that  its  action  was  entirely  peripheral.  This 
is  disproved  by  the  narcosis  produced  by  injection  into  the  brain  (Meltzer;  Henderson), 
and  cord  (Meltzer  and  others).  It  is  also  shown  by  the  synergism  with  such  centrally 
acting  narcotics  as  ether  (Meltzer)  and  chloral  (Mansfield).  The  claim  of  Guthrie 
that  it  is  due  to  asphyxia  may  be  dismissed.  The  action  is  not  associated  with  an 
increase  in  the  amount  of  magnesium  in  the  cells  of  the  brain  and  cord  (Stransky; 
Mansfield  and  Bosanyi).  The  amount  in  the  blood  compared  with  that  of  calcium  is, 
however,  doubled  (Stransky).  There  seems  to  be  no  question  that  magnesium  acts  on 
all  parts  of  the  nerve  system  but  not  by  direct  combination  with  any  constituent  of  the 
nerve  cells. 

The  narcotic  doses  per  kilo,  when  given  hypodermically  to  different  species,  are  as 
follows:  dogs,  0.9  Gm.;  cats,  0.5  Gm.;  rabbits,  0.6-0.9  Gm.;  guinea-pigs  and  rats,  0.9 
Gm.;  fowls,  0.8  Gm.;  and  frogs,  0.8-1  mgm.  per  Gm.  The  response  of  the  pupil  to  light 
and   certain   other  reflexes   are  not  stopped   by  these   doses.     Monkeys   show   complete 

^Subcutaneous  injections  cause  local  loss  of  sensibility  (Wiki),  but  this  may  be 
due  to  action  on  the  nerve  trunk. 
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paralysis  of  the  legs  and  tail  from  the  intraspinal  injection  of  0.03  Gm.  per  kilo.  (These 
doses  are  for  the  dried  salts  and  must  be  approximately  doubled  for  the  crystals  on 
account  of  the  large  amount  of  water  of  crystallization  (MgSOi  +  TH^O). 

Therapeutics:  Topical. — ^A  saturated  solution  of  magnesium  sulphate  applied  hot 
on  a  compress  to  the  skin  exerts  an  antiphlogistic  action  in  hrtnses,  sprains,  and 
superficial  inflammation.  In  erysipelas,  the  swelling  and  local  distress  are  markedly 
relieved  by  the  same  means,  though  the  further  spread  of  the  disease  is  not  prevented. 
When  a  severe  local  reaction,  with  cellulitis,  follows  vaccination,  this  application  is 
also  most  grateful  and  may  relieve  muscular  and  joint  pains  ascribed  to  chronic 
rheumatism.  In  rhus  poisoning,  dermatitis  venenata,  covering  the  inflamed  parts 
with  cloths  soaked  in  a  saturated  solution  of  magnesium  sulphate  relieves  the  discom- 
fort and  appears  to  hasten  recovery.  Applied  as  a  paste  or  in  saturated  solution  it 
has  been  found  of  great  service  in  the  treatment  of  infected  wounds,  llorison  packs 
such  wounds  with  a  paste  composed  of  24  ounces  (765  Gm.)  of  magnesium  sulphate 
and  11  ounces  (350  Gm.)  of  the  glycerite  of  phenol. 

Catarrhal  stasis  of  the  gall-bladder  is  said  to  be  relieved  and  free  biliary  drain- 
age established  by  the  injection  directly  into  the  bowel  through  the  duodenal  tube 
of  an  ounce  (32  ce.)   of  a  25  to  50  percent,  solution  of  magnesium  sulphate. 

Ulcers  of  the  cornea  are  satisfactorily  treated  by  the  application,  by  means  of 
an  eye-cup  for  five  minutes  at  a  time  every  two  to  four  hours,  of  a  warmed  saturated 
solution  of  magnesium  sulphate.  Chemosis  of  the  cornea  and  conjunctiva  and  gonor- 
rheal ophthalmia  are  treated  by  the  same  means  (Kirkpatrick,  Flemming). 

Systemic. — To  reduce  intracranial  pressure,  either  for  preoperative  study  of  head 
injuries  or  for  the  postoperative  treatment  of  so-called  medullary  edema,  the  use  of 
a  magnesium  sulphate  solution  is  of  great  value.  In  cases  of  injury  to  the  brain 
in  which  fracture  of  the  skull  or  cerebral  concussion  is  associated  with  profound 
stupor  and  respiratory  and  cardiac  depression  due  to  intracranial  pressure,  dehydra- 
tion by  magnesium  sulphate  affords  marked  relief.  The  drug  may  be  given  by 
mouth  or  rectum,  preferably  the  latter.  A  solution  of  3  ounces  (90  Gm.)  of  mag- 
nesium sulphate  in  6  fluidounces  (180  cc.)  of  warm  water  is  introduced  into  the 
rectum  by  means  of  a  soft  rubber  catheter  and  syringe.  The  effects  become  apparent 
in  about  an  hour.  By  this  method,  the  patient  is  spared  the  distress  of  active  catharsis. 
No  discomfort  is  experienced  with  the  rectal  method,  the  accumulated  fluid  in  the 
rectum  being  siphoned  away  from  time  to  time  without  disturbance  to  the  patient. 
When  the  salt  is  given  by  the  mouth,  IV2  ounces  (45  Gm.),  dissolved  in  8  fluidounces 
(240  cc.)  of  water,  will  bring  relief  a  little  sooner,  but  with  greater  disturbance  to 
the  patient.  The  administration  of  the  magnesium  sulphate  may  be  repeated  every 
fourth  hour  until  the  desired  dehydration  is  obtained. 

Dehydration  by  the  same  method  is  of  value  also  in  the  papilledema  of  encepha- 
litis, in  the  intraocular  tension  of  glaucoma,  in  edema  of  the  glottis,  and  in  edema 
of  the  lungs. 

High  hlood  pressure  in  young  subjects,  especially  that  associated  with  acute 
nephritis,  is  promptly  lowered  by  an  intravenous  injection  of  a  2  percent,  solution 
of  magnesium  sulphate.  In  order  to  avoid  any  respiratory  or  cardiac  disturbance, 
the  injection  should  be  made  slowly,  at  the  rate  of  about  10  cc.  per  minute.  From 
2  fluidounces  to  a  pint  (60  to  500  cc),  according  to  the  age  and  weight  of  the 
patient,  will  produce  the  desired  result,  relieving  the  headache  and  other  distressing 
symptoms. 

For  a  sedative  effect  in  excited  mental  conditions,  intramuscular  injections  of 
30  minims  (2  cc.)  of  a  25  to  50  percent,  solution  of  magnesium  sulphate  are  often 
most  efficacious.    The  patients  usually  become  quiet  in   a   quarter  to  half  an   hour 
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and  fall  into  a  sleep  lasting  six  or  seven  hours.  In  a  few  cases  it  may  be  necessary 
to  repeat  the  injection.  The  salt  was  often  found  to  be  an  excellent  substitute  for 
morphine  and  hyoscine   (Weston  and  Howard). 

As  a  preliminary  to  the  induction  of  general  anesthesia  by  nitrous  oxide  and 
oxygen,  Gwathmey  and  Greenough  inject  a  magnesium  sulphate  solution.  Their 
technique  is  as  follows :  Two  hours  before  the  operation,  after  a  thorough  washing 
out  of  the  rectum,  a  chlorctone  suppository  (15  grains — 1  Gm.)  is  inserted  and  half 
an  hour  later  a  breast  hypodermoclysis  is  given  of  300  or  400  cc.  of  a  sterile  and 
chemically  pure  4  percent,  solution  of  magnesium  sulphate  at  a  temperature  of  110°  F. 
This  is  followed  by  three  hypodermic  injections  of  %  grain  (0.008  Gm.)  each  of 
morphine  sulphate  at  15  or  20  minute  intervals.  The  analgesia  so  produced  is  now 
prolonged,  if  necessary,  by  nitrous  oxide — oxygen  inhalation.  When  no  great  relaxa- 
tion is  required,  the  hypodermoclysis  is  omitted  and  two  or  three  hypodermic  injec- 
tions are  given  at  20  minute  intervals  of  %  grain  morphine  in  30  minims  (2  cc.) 
of  a  25  percent,  magnesium  sulphate  solution,  and  are  followed  by  the  gas-oxygen. 

Intravenous  injections  of  300  to  400  cc.  of  a  2  percent,  solution  of  the  salt  have 
been  given  with  success  in  cases  of  puerperal  infection  and  of  acute  articular 
rheumatistn. 

The  method  of  using  magnesium  sulphate  in  tetanus  as  recommended  by  Meltzer 
is  briefly  as  follows :  As  soon  as  any  symptoms  of  tetanus  are  seen,  usually  first 
muscular  contractions  in  the  wounded  part  or  difficulty  in  swallowing,  subcutaneous 
injections  should  be  begun  and  these  should  be  then  continued  throughout  the  dura- 
tion of  symptoms.  The  dose  should  be  for  adults  about  1.2  cc.  and  for  children  from 
0.6  to  0.8  cc.  of  a  25  percent,  solution  (M/1,  12.5  percent,  of  dry  salt)  per  kilogram 
of  body  weight.  This  should  be  repeated  three  or  four  times  a  day,  according  to  the 
severity  of  the  symptoms.  Proper  aseptic  precautions  should  be  taken  and  the  solu- 
tion sterilized.  These  injections  help  to  prevent  severe  attacks  but  will  not  relieve 
them  if  already  present,  and  recourse  must  then  be  had  to  other  methods  of  injection. 
For  adults  the  routine  method  of  combating  tetanic  spasms  or  convulsions  is  by 
intraspinal  injection.  After  making  lumbar  puncture  by  the  usual  technique,  mag- 
nesium sulphate,  25  percent.  (M/1,  12.5  percent,  of  dry  salt),  is  injected  in  a  dose 
of  0.1  cc.  per  kilo  (1  cc.  to  each  22  pounds)  of  body  weight.  In  cases  Mviih  strong 
opisthotonus,  puncture  should  be  preceded  by  general  anesthesia  with  ether  or  chloro- 
form. After  the  injection,  the  patient  should  be  placed  flat  on  the  back.  Relief 
usually  results  soon  after  the  injection  and  may  last  twenty-four  hours,  or  even  more. 
During  this  time,  the  patient  rests,  is  able  to  take  food,  and  may  sleep.  Before  the 
spasms  have  reached  their  original  severity,  a  second  injection  of  0.08  cc.  per  kilo 
(0.8  cc.  for  22  pounds)  should  be  given,  and  this  injection  repeated  as  required  to 
keep  the  patient  partly  relaxed.  Full  relaxation  is  not  necessary.  Catheterization  may 
be  required.  This  and  the  occasional  rise  of  temperature  following  the  injections 
are  no  contraindication.  The  only  serious  complication  is  a  weakening  or  temporary 
standstill  of  respiration.  In  case  this  occurs,  artificial  respiration  by  some  mechanical 
method  is  begun,  the  spinal  needle  is  introduced  and  the  canal  washed  out  repeatedly 
with  Einger  solution.  This  should  be  done  as  soon  as  respiration  becomes  at  all 
shallow.  Calcium  and  physostigmine  are  of  no  avail  in  combating  the  effects  of 
intraspinal  injections.  There  is  practically  no  danger  of  this  respiratory  embarrass- 
ment with  the  doses  mentioned.*'  In  case  life  is  threatened  by  spasm  of  the  larynx 
or   diaphragm,  the  magnesium   sulphate   should   be   given   by   intravenous   injection. 

*«The  method  of  intraspinal  injection  is  more  dangerous  in  children  than  in  adults 
perhaps  on  account  of  the  freer  communication  between  the  central  canal  and  the  spinal 
canal.     If  used  at  all  in  them,  it  must  be  with  great  caution. 


1726  NERVE  DEPEESSANTS 

For  this  purpose  a  cannula  should  be  introduced  in  a  vein  and  a  6  percent,  solution 
(M/4,  3  percent,  of  dry  salt)  is  injected  at  a  rate  of  2  to  3  cc.  per  minute,  discon- 
tinuing as  soon  as  the  respiration  begins  to  become  shallow.  Respiration  usually 
improves  at  once,  but  if  it  does  not,  calcium  chloride  in  2  percent,  solution  should 
bo  very  slowly  injected  through  the  same  cannula  until  improvement  is  shown.  The 
injection  is  then  immediately  discontinued,  as  too  much  will  cause  a  return  of  the 
convulsions.    (In  Meltzer's  articles  percentages  of  MgSO^-}~ ''^HjO  are  given.) 

The  magnesium  probably  has  no  direct  curative  action  on  the  tetanus  but  it  is 
the  best  method  "we  have  of  relieving  the  symptoms.  It  should  always  be  combined 
with  the  use  of  antitetanic  serum.  The  two  combined  have  led  to  relief  in  a  large 
number  of  cases,  both  experimental  and  clinical  (Weintraub  and  Unger). 

Magnesium  sulphate  has  also  been  used  with  advantage  in  the  treatment  of 
experimental  strychnine  poisoning  (Cutler  and  Alton) ;  in  parathyroid  tetany  in 
dogs  (Cooke) ;  in  tetany  and  spasmophilia  in  children  (Berend;  Courtney  and  Fales)  ; 
in    chorea    (Schroeder,    Marinesco,    Natali) ;    and    in    delirium    tremens    (Leonard). 

Depressomotors 

The  term  depressomotors,  or  motor  depressants,  might  well  be  made  to  include  the 
group  of  antispasmodics,  which  have  just  been  discussed.  We  intend  here  to  limit 
it,  however,  to  those  agents  which  induce  a  specific  weakening  or  loss  of  voluntary  motor 
response  by  action  on  the  motor  nerve  ending.  The  peculiar  condition  which  arises 
from  such  paralysis,  in  which  the  muscle  contracts  normally  when  directly  stimulated, 
but  cannot  be  made  to  react  to  stimulation  of  the  motor  nerve,  was  first  described  in 
connection  with  curare,  and  hence  is  known  as  "curare  action,"  or  curarization. 

5^0  agents  of  this  class  have  much  importance  in  practical  therapeutics.  Curare 
has  been  employed  occasionally  to  check  the  convulsions  of  tetanus  and  strychnine 
poisoning;  crotalin  has  been  strongly  recommended  as  a  remedy  for  epilepsy;  while 
lathyrus  has  only  toxicologic  interest.  Many  agents  show  curare  action  in  doses  above 
that  which  kills  by  other  actions.  Such  effects  can  be  seen  well  only  on  the  isolated 
nerve  muscle  of  the  frog,  or  on  the  muscle  after  death.  Of  these  agents,  the  most 
important  is  strychnine.  Ether  weakens  the  response  to  nerve  stimulation,  even  in 
anesthetic  concentrations.     Other  anesthetics  do  not  share  this  action. 

Curare 

Curare,  which  has  been  used  since  early  times  in  South  and  Central  America 
as  an  arrow  poison,  is  prepared  by  the  native  tribes  from  the  root  bark  of  several 
species  of  Strychnos  plants,  and  reaches  our  market  as  a  dark  brown,  amorphous  mass, 
from  which  the  active  principles  are  slowly  extracted  by  soaking  in  cold  water. 
Curare  was  brought  from  Guiana  to  Europe  by  Sir  Walter  Raleigh  in  1595  as  a 
curiosity;  and,  about  1820,  samples  were  carried  back  from  South  America  by  Charles 
Waterton.  In  1857  Claude  Bernard  showed  that  it  killed  animals  by  paralyzing  the 
endings  of  the  motor  nerves,  and  since  that  time  it  has  been  used  extensively  in 
physiologic  experiment  and  sparingly  in  medical  practice. 

Chemistry. — There  are  several  kinds  of  curare  on  the  market,  derived  largely 
from  different  plants,  and  differing  accordingly  in  composition.  Calabash,  or  gourd 
curare,  is  the  most  desirable  variety,  as  its  side  actions  are  least  developed.  It  is 
obtained  from  Strychnos  toxifera  and  contains  chiefly  curarine.  Tube  curare,  the 
most  common  and  least  desirable  form,  is  derived  from  undetermined  species  of 
Strychnos,  and  reaches  our  market  in  bamboo  tubes.  It  contains  tubocurarine  and 
curine.  Pot  or  jar  (Topf)  curare  is  made  from  Strychnos  castelnei  and  Cocculus  toxi- 
ferus.    It  yields  protocurarine  and  protocurine. 
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All  of  these  bodies  are  alkaloids  and  are  chemically  related  to  each  other  and 
to  strychnine.  Their  exact  composition  has  not  been  determined,  but  it  has  been 
shown  that  curine  can  be  converted  into  curarine  (Boehm).  The  content  of  each 
kind  varies  considerably,  calabash  curare  containing  between  4  and  9  percent,  curarine. 

Summary  of  Actions  and  Uses. — The  study  of  the  action  of  curare  is  confused  by 
the  fact  that  various  preparations  are  known  by  this  common  name  and  that  they 
differ  iu  action.  Curarine,  protocurarine,  and  tubocurarine  show,  in  small  or  moderate 
dose,  only  one  effect,  namely,  a  paralysis  of  the  nerve  ending  of  voluntary  muscles.  In 
larger  dose,  they  cause  paralysis  of  the  sympathetic  ganglia,  similar  to  that  induced  by 
nicotine,  followed  perhaps  by  paralysis  of  the  sympathetic  endings.  .Curine  does  not 
paralyze  the  voluntary  muscles,  but  first  stimulates  and  then  depresses  the  heart 
(Boehm)  or  stops  it  in  systole  (Tillie).  Unless  otherwise  stated,  descriptions  of  action 
are  those  of  curarine  or  calabash  curare. 

Before  the  introduction  of  antitoxin,  curare  was  occasionally  used  to  prevent  con- 
vulsions in  tetanus,  advantage  being  taken  of  the  fact  that  the  respiratory  muscles 
are  paralyzed  by  larger  doses  than  the  voluntary.  Recovery  has  followed  the  sub- 
cutaneous use  of  12  mgm.  doses  of  pure  curarine  repeated  every  few  hours  (Hoffmann). 

Materia  Medica. — Curare  (unofficial).  Synonyms:  Curara,  Urari,  Woorara,  Woo- 
rari,  Woorali. 

South  American  arrow  poison,  prepared  from  the  bark  of  Strychnos  toxifcra 
and  allied  species.  Occurs  as  a  dark  brown  extract,  of  bitter  taste,  and  almost 
entirely  soluble  in  "water. 

Dose,  1/20  to  1/4  grain  (0.003  to  0.015  Gm.). 

Pharmacodynamic  Action:  Ahsorption  and  Elimination. — Curarine  is  absorbed  from 
all  mucous  membranes,  but  when  given  by  mouth,  it  is  partly  destroyed  in  the  liver, 
while  that  portion  which  escapes  destruction  is  held  in  this  organ  and  released  so 
slowly  that  its  elimination  in  the  urine  is  sufficiently  rapid  to  prevent  any  toxic  effects. 
To  obtain  the  characteristic  action,  it  is,  therefore,  necessary  to  inject  the  drug,  so  that 
absorption  will  be  prompt  and  it  will  escape  the  liver.  In  animals  with  an  Eck  fistula, 
which  carries  the  portal  blood  past  the  liver,  curare  taken  on  an  empty  stomach  may 
cause  paralysis  (Polimanti  and  others),  and  even  when  it  is  given  by  rectum  to  normal 
animals,  enough  may  evade  the  liver  to  produce  poisoning  (Polimanti).  Even  1  mgm. 
per  kilo  of  pure  curarine  instilled  in  the  rabbit's  eye  may  lead  to  paralysis  of  respira- 
tion, although  the  crude  drug  is  not  well  enough  absorbed  to  manifest  its  action  under 
the  same  conditions.  For  certainty  of  action  in  experimental  work,  the  drug,  or  its 
active  principle,  should  be  given  intravenously,  although  either  subcutaneous  or  intra- 
muscular injections  are  effective  in  somewhat  larger  dose. 

That  curare  is  destroyed  in  the  liver,  when  given  by  mouth,  is  shown  by  the  fact 
that  whereas  0.5  mgm.  per  kilo  is  fatal  to  rabbits  when  injected  in  the  jugular  vein, 
doses  of  1  mgm.  per  kilo  in  the  mesenteric  vein  are  ineffective  (Polimanti).  Curare 
incubated  with  gastric  juice  is  not  destroyed,  but  perfused  through  the  cat's  or  rabbit's' 
liver  in  vitro,  it  loses  its  activity   (Spandunianz). 

Toxicity. — As  curarine  and  the  related  alkaloids  are  destroyed  in  the  liver,  their 
toxicity  can  be  studied  only  by  parenteral  injections.  As  the  first  action  is  paralysis  of 
striped  muscle,  all  warm  blooded  animals  are  killed  by  stoppage  of  respiration,  and 
relatively  much  larger  doses  are  required  to  kill  cold  blooded  animals,  which  can  live 
a  long  time  in  a  cool  place  without  respiratory  movements. 

To  stop  respiration,  doses  of  0.1  to  0.3  mgm.  of  curarine  per  kilo  are  required  in 
rabbits  and  similar  doses  in  other  species.  The  dose  of  curare  required  is  10  to  15  times 
as  large.  Subcutaneously,  4  to  5  times  as  much  is  necessary  as  by  vein.  In  the  absence 
of  artificial  respiration,  such  doses  are  fatal,  but  if  this  be  continued  the  other  vital 
processes  will  remain  practically  normal  and  in  a  few  minutes  the  drug  will  be  elimi- 
nated and  automatic  respiration  will  be  resumed.  Enormously  larger  doses  of  curarine 
are  required  to  affect  the  heart  seriously,  but  specimens  of  tube  curare  containing  large 
amounts  of  curine  are  much  more  dangerous.  Old  solutions  affect  the  heart  less  than 
recent  ones,  as  the  alkaloids  which  poison  this  organ  are  less  stable  than  those  which 
paralyze  the  nerve  ending  (Babak  and  Chodounsky). 
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Frogs  (R.  esculenta)  show  weakness  from  0.000,04  mgm.  of  good  curarine  per  Gm. 
Complete  paralysis  comes  on  in  Va  to  1  hour  from  0.000,28  mgm.  and  lasts  1  to  3  days; 
paralysis  lasting  9  to  16  days  (with  recovery)  results  from  0.002,3  mgm.  and  stoppage 
of  the  heart  from  0.009  mgm.  per  Gm.   (Tillie). 

Lower  animals  are  less  readily  affected.  Thus  fish  are  paralyzed  but  not  killed  by 
80  mgm.  to  the  liter  of  water.  Small  doses  subcutaneously  also  cause  paralysis.  Fly 
larvse  live  in  1  percent,  curare  solution  but  are  paralyzed  if  the  skin  is  pricked.  The 
movements  of  amebae  are  stopped  by  8  mgm.  per  cc.  and  those  of  frog  leucocytes  by 
4  mgm.  per  cc. 

The  effect  of  curare  on  the  voluntary  muscles  is  markedly  increased  by  fatigue. 
This  adds  very  much  to  its  effectiveness  when  used  in  hunting,  as  the  quarry  will 
often  be  exhausted  by  a  long  chase  before  being  shot  with  the  poisoned  arrow  (Giof- 
fredi).  The  effects  of  curare  on  voluntary  muscle,  as  well  as  its  effects  on  nerve  tissues, 
are  overcome  to  a  great  extent  by  physostigmine. 

In  case  of  poisoning  by  curare,  treatment  should  consist  chiefly  in  artificial  respira- 
tion, preferably  by  one  of  the  mechanical  devices,  such  as  Meltzer's  emergency  appara- 
tus. If  the  circulation  is  affected,  or  if  the  paralysis  is  lasting,  physostigmine  should 
be  given  cautiously  until  its  effects  are  manifest.  The  low  blood  pressure,  which  is 
frequently  seen,  may  be  overcome  with  epinephrine. 

Systemic  Action:  Alimentary  Tract. — The  action  of  curare  on  the  digestive  tract 
is  not  of -great  importance.  Both  large  and  small  doses  increase  peristalsis  in  the  intact 
animal.  This  is  seen  in  cats,  rabbits,  and  other  species  and  is  not  due  to  asphyxia, 
as  it  is  not  prevented  by  artificial  respiration.  The  phenomenon  is  not  readily  explained, 
as  curare  paralyzes  the  vagus  nerve  which  is  the  motor  nerve  of  the  intestine,  and  also 
prevents  the  stimulating  action  of  physostigmine  on  the  isolated  bowel  (Ikeda).  In 
thoroughly  curarized  frogs  the  intestinal  motions  cease,  but  this  is  probably  a  secondary 
effect  from  paralysis  of  the  muscles  of  the  abdominal  wall  (Swirski). 

Circulatory  System. — 'Curare  injected,  even  in  doses  too  small  to  cause  complete 
motor  paralysis,  causes  a  brief  primary  fall  of  blood  pressure,  dependent  on  vasodila- 
tation from  direct  action  on  the  vessel  wall  (Tillie;  Sollmann  and  Pilcher).  Perfusion 
causes  vasoconstriction  in  the  Trendelenburg  frog,  but  lessens  the  response  to  sciatic 
stimulation  (Pearce).  If  the  blood-vessel  nerves  are  partly  degenerated,  it  causes 
vasodilatation  (Pearce).  The  vasomotor  center  is  stimulated,  but  the  effect  of  this  is 
overcome  by  the  peripheral  paralysis  (Tillie;  Sollmann  and  Pilcher).  A  peculiar  phe- 
nomenon mentioned  by  several  writers  is,  that  under  the  influence  of  curare,  the 
vasomotor  center  is  much  more  sensitive  to  external  stimuli,  so  that  the  pressure  is  sub- 
ject to  wide  variations  with  extreme  elevation  and  depression.  During  the  brief  pri- 
mary fall  of  pressure,  the  sensitiveness  of  the  center  is  decreased  (Sollmann  and 
Pilcher;  Martin  and  Stiles),  but  after  recovery,  or  with  small  doses,  gentle  stimuli  may 
cause  enormous  rises  (Tillie;  Babak  and  Chodounsky).  The  action  on  the  heart  is 
variable,  the  rule  being  slowing  in  cats  and  acceleration  in  rabbits  (Tillie).  The 
response  of  the  cardiac  muscle  to  direct  stimulation  is  delayed  (Lapicque  and  Veil). 
The  frog's  heart  is  stopped  by  20  mgm.  in  4  to  5  hours.  The  cardiac  vagus  is  paralyzed 
in  cats  by  5  mgm.  per  kilo  of  curare  (Tillie).  As  the  accelerator  is  not  paralyzed  by 
the  same  dose,  stimulation  of  the  vagus  nerve  causes  acceleration  in  those  species  in 
which  this  is  found  in  the  same  trunk  (Dale;  Laidlaw  and  Symons).  The  circulatory 
effects  are  all  more  marked  with  tubocurare  than  with  gourd  curare. 

Respiration. — The  most  striking  action  of  large  doses  of  curare  is  the  stoppage 
of  respiration  due  to  paralysis  of  the  nerve  endings  of  the  striped  muscles.  Injection 
into  the  peripheral  carotid,  moreover,  causes  paralysis  of  the  respiratory  center  before 
the  action  on  the  muscles  is  manifest  (Nikolski  and  Dogiel). 

The  rhythmic  contractions  of  the  turtle  lung  are  abolished  through  central  vagus 
stimulation. 

Metabolism. — Injections  of  curare  are  followed  by  glycosuria  and  hyperglycemia 
accompanied  by  lessening  of  the  glycogen  in  the  liver.  This  is  due  to  the  fact  that  the 
organism  loses  the  power  of  converting  glucose  into  glycogen,  but  not  of  converting  it 
into  fat.  There  is  thus,  in  both  dogs  and  rabbits,  an  extreme  difference  between  the 
sugar  content  of  the  arterial  and  that  of  the  venous  blood  and  a  marked  increase  of 
the  respiratory  quotient,  both  indicating  the  formation  of  fat  from  glucose   (Magne). 

Temperature. — Curare  caus&s  a  fall  of  temperature,  due  to  the  loss  of  muscular 
tonus  and  consequent  fall  of  heat  production  in  the  voluntary  muscles.     This  loss  is 
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partly  compensated  by  a  marked  Increase  in  heat  production  in  the  splanchnic  area 
(Magne).  Rabbits  under  curare  show  much  more  marked  variations  of  body  tempera- 
ture with  changes  in  external  temperature  than  do  normal  animals  (Freund  and 
Schlagintweit).  ^ 

Enciocrine  Glands. — Curare  given  to  dogs  in  paralyzant  doses  causes  a  marked  fall 
in  the  output  of  epinephrine  from  the  adrenals.     The  effect  lasts  longer  than  the  par- 
alysis and  contraindicates  the  use  of  curare  in  studies  of  the  adrenal  function  (Stewart    [ 
and  Rogoff). 

Nerve  System. — By  far  the  most  striking  action  of  curare  on  the  nerve  system,  is 
the  paralysis  of  the  motor  nerve  ending  which  is  induced  by  doses  of  the  pure  alka- 
loids too  small  to  have  any  other  result.  The  effect  is  practically  limited  to  the  ending; 
the  nerve  trunk  (Garten)  and  the  muscle  substance  not  being  affected.  This  phe- 
nomenon of  paralysis  of  the  motor  nerve  ending  is  so  characteristic  of  curare  that  it  is 
termed  "curarization."  It  may  be  accounted  for  as  follows:  stimulation  either  of  the  ) 
muscle  directly  or  of  the  motor  nerve  is  followed  by  a  definite  latent  period  before  ( 
contraction  begins,  and  Lapicque  has  shown  that  if  either  of  these  latent  periods  is/' 
altered  without  a  corresponding  change  in  the  other,  a  block  of  the  nerve  impulse 
occurs.  With  curare  the  block  is  dependent  on  a  lengthening  of  the  latent  period  of 
the  muscle.  The  shorter  the  normal  latent  period  of  any  muscle,  the  more  readily 
is  it  paralyzed.  Thus  the  hind  legs  of  the  frog  are  more  readily  paralyzed  than  the 
forelegs.  In  the  rabbit  the  short  muscles,  e.ff.,  of  the  ears,  toes,  and  neck  are  first 
affected,  then  the  forelegs,  the  hind  legs  and  finally  the  diaphragm  (Boehm).  The 
order  is  somewhat  different  in  dogs  (Chio).  Any  drug  which  tends  to  shorten  the 
latent  period  of  the  muscle,  e.g.,  physostigmine,  overcomes  the  paralytic  action  of 
curare.  The  effect  of  curare  is  also  lessened  by  adrenalin  but  is  increased  by  fatigue 
(Gruber). 

The  effect  on  the  central  nerve  system  is  the  opposite  of  that  on  the  endings,  con- 
sisting in  a  stimulation  of  the  motor  cells  of  the  brain  and  cord.  When  the  drug  is 
given  by  subcutaneous  or  intravenous  injection,  the  paralysis  of  the  muscles  prevents 
this  stimulation  from  manifesting  jtself,  but  if  curarine  be  injected  intraspinally  or 
into  the  ventricles  or  tissue  of  the  brain,  tetanus  or  epileptiform  convulsions  result. 
Subdural  injections  of  1  percent,  curare  over  the  motor  area  cause  convulsions  in 
dogs,  and  the  same  effect,  or  increased  response  to  stimulation,  follows  application  of 
such  a  solution  to  the  exposed  brain  of  dog  or  frog.  The  same  effect  is  seen  after 
intra-aortic  injections  in  frogs,  followed  by  interruption  of  the  circulation  (Tillie; 
Joseph  and  Meltzer).  Application  of  pure  curarine  to  the  exposed  cord  of  the  dog 
causes  paresthesia  or  pain  sensations  with  clonic  convulsions  like  those  from  picro- 
toxin  (McGuigan).  Injection  in  the  peripheral  carotid  causes  cessation  of  respiration  ( 
from  central  paralysis  before  the  nerve  endings  are  affected   (Nikolski  and  Dogiel).  I 

The  ganglia  of  the  sympathetic  system  are  paralyzed  by  large  doses,  much  as  they 
are  by  nicotine.  The  cardiac  vagus  is  paralyzed  by  moderate  doses,  as  is  the  cervical 
sympathetic  and  the  oculomotor  fibers  to  the  pupil.  There  is  mydriasis  in  rabbits  and 
cats.  The  usual  effects  of  cutting  the  nerves  are  not  seen,  as  no  impulses  are  being 
received  from  the  paralyzed  ganglia.  Stimulation  of  the  nerves,  however,  is  effective, 
showing  that  the  nerve  endings  are  intact.  Under  the  influence  of  full  doses,  the 
bladder  muscle  of  the  cat  contracts  and  then  relaxes,  after  which  the  stimulant  action 
of  small  doses  of  physostigmine  but  not  of  pilocarpine  is  prevented,  showing  that  the 
paralysis  affects  some  structure  between  the  center  and  the  ending  (Edmunds  and  Roth). 

Therapeutics. — Curare  has  been  suggested  and  tried,  in  certain  cases  with  suc- 
cess, as  a  remedy  for  strychnine  poisoning,  hydrophobia,  and  tetanus.  The  aim  of 
its  employment  is  to  control  the  convulsions  until  the  action  of  the  poison  or  of 
the  tetanus  or  rabic  toxin  has  exhausted  itself.  The  difficulty  is  to  give  just  sufficient 
of  the  drug  to  paralyze  the  motor  nerve  endings  with  the  exception  of  those  of  the 
phrenic  nerves  which  are  the  last  to  be  affected.  Owing  to  the  unreliability  of  the 
preparations  of  curare  or  even  of  its  alkaloid  curarine,  this  nicety  of  dosage  is  almost 
impossible  to  secure. 

Administration. — The  administration  must  be  hypodermic  or  intravenous,  for  the 
drug  given  by  the  mouth  is  practically  inert.    The  British  Pharmaceutical  Codex  contains 
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a  formula  for  a  10  percent,  solution  of  curare,  under  the  title  Injectio  Curarse  Hypoder- 
mica,  the  dose  of  which  is  1  to  6  minims  (0.06  to  0.36  cc).  Hypodermic  tablets  of  ^ 
grain  (0.003  Gm.)  each  are  also  prepared. 

Crotalin 

Crotalin  is  the  dried  venom  of  any  one  of  the  North  American  rattlesnakes; 
including  the  timber  rattler,  Crotalus  horridus,  of  the  North  Atlantic  states;  the 
diamond  back  rattlers,  C.  adamanteus  of  Florida  and  C.  atrox  of  Texas  and  adjacent 
states;  and  other  western  species.  The  venom  is  present  in  all  parts  of  the  body 
in  small  amount,  and  it  is  uncertain  whether  it  is  gathered,  or  formed,  in  the 
venom  glands.  It  is  collected  by  allowing  the  snake  to  bite  on  a  watch  crystal 
or  shallow  cup,  preferably  covered  by  a  thin  rubber  membrane  which  is  pierced  by 
the  fang  but  removes  saliva  and  other  contaminations.  Venom  may  be  obtained  from 
each  snake  once  a  month.  The  amount  collected  varies  from  0.1  ce.  to  as  much  as  1  cc. 
The  dried  residue  constitutes  about  30  percent,  of  the  fresh  venom. 

Chemistry. — The  crude  venom  is  a  mixture  of  albumin,  albumose,  peptone,  phos- 
phatides, mucin,  fats,  and  ferments,  including  a  protease,  a  lipase,  and  fibrin  ferment, 
as  well  as  epithelial  cells  and  organic  detritus.  The  ash  content  is  high,  consisting 
of  chlorides  and  phosphates  of  calcium,  magnesium,  ammonium,  and  zinc.  The  toxin 
has  been  purified  by  separation  from  the  nitrogenous  bodies  with  which  it  is  firmly 
associated  and  with  which  it  is  precipitated  by  magnesium  sulphate,  ammonium  sul- 
phate, and  salts  of  heavy  metals.  It  is  not  injured  by  weak  acids  or  alkalis  nor  by 
filtration  through  earthenware  candles,  but  is  destroyed  by  heating  to  85°  C.  and 
injured  at  70°  C.  It  is  rapidly  destroyed  by  oxidizing  agents  and  by  the  combined 
effects  of  air  and  light. 

A  purified  venom  having  all  the  toxic  properties  of  the  crude  material,  has  been 
prepared  by  precipitating  it  with  copper  chloride  and  freeing  the  precipitate  from 
copper  and  proteins  and  further  purifying  it  by  washing  in  alcohol,  in  which  it  is 
insoluble.  It  appears  as  a  pale  yellow,  amorphous  powder,  which  has  been  termed 
" crotalotoxin."  This  crotalotoxin  is  by  no  means  a  pure  substance,  but  a  mixture, 
containing  considerable  inert  material  and  several  toxins,  of  which  at  least  4  are 
distinguished  by  their  actions,  namely, — neurotoxin,  acting  on  the  central  nerve  sys- 
tem; hemorrhagin,  causing  typical  tissue  destruction  and  hemorrhage;  a  fibrin  ferment 
inducing  clotting  of  the  blood;  and  an  anticoagulant  which  prevents  clotting.  All  of 
these  active  principles  are  not  found  in  all  snake  venoms,  the  first  two  especially 
characterizing  crotalin.  It  contains  no  nitrogen,  having  the  composition  C^JI^rO^^. 
It  is  weakly  acid,  but  does  not  form  salts  with  soda.  It  foams  strongly  and  does  not 
dialyze.  A  similar  product,  termed  "ophiotoxin,"  may  be  obtained  from  cobra 
venom. 

Summary  of  Actions  and  Uses. — 'Crotalin  is  a  protoplasm  poison,  killing  and 
destroying  all  cells  with  which  it  comes  in  contact  in  sufficient  concentration.  There 
is  thus  destruction  of  the  tissues  around  a  snake  bite,  while  the  injury  of  the  walls 
of  the  small  blood  vessels  results  in  hemorrhagic  extravasation.  The  systemic  effects 
are  exerted  chiefly  on  the  blood-vessel  walls  and  on  the  bulbar  centers,  being  seen  as 
more  or  less  extensive  hemorrhages,  especially  at  points  of  excretion,  and  as  depression  of 
the  vasomotor  and  respiratory  centers,  the  last  being  the  cause  of  death  in  fatal  cases. 
The  centers  controlling  voluntary  motion  are  also  depressed  as  are  the  nerve  endings 
of  skeletal  muscles. 

Therapeutically,  crotalin  is  employed  as  a  depressomotor,  having  been  much  lauded 
as  a  remedy  in  epilepsy,  chorea  and  similar  states  of  motor  excitement. 

Materia  Medica. — Crotalin  (unofficial),  Snake  Venom. 

The  dried  venom  of  Crotalus  horridus  or  other  species  of  Crotalus.     It  occurs  as 
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a  mass  of  greenish,  orange  or  pale  yellow  color,  resembling  dried  albumin,  or  as  a 
powder  of  the  same.     Soluble  in  water,  but  not  in  most  organic  solvents. 
Dose,  VwQ  to  Moo  grain  (0.15  to  0.6  nigni.)  intramuscularly. 

Pharmacodynamic  Action:  Aci'ion  on  Lower  Fontis  of  Life. — Although  it  is  a  pro- 
toplasm poison,  crotalus  venom  is  destructive  to  lower  forms  of  life  only  when  in  high 
concentration.  It  kills  and  dissolves  various  bacteria,  in  a  manner  and  in  a  concen- 
tration, similar  to  that  of  bile  acids,  and  like  these,  weaker  solutions  serve  as  a  cul- 
ture medium.  Trypanosomcs  are  dissolved  in  a  1  percent,  solution.  One  part  of  fresh 
venom  to  9  of  water  prevents  the  sprouting  of  seed  (S.  "Weir  Mitchell),  and  0.015  Gm. 
in  8  cc.  of  water  injures  but  does  not  kill  the  leaves  of  Drosera  (Darwin). 

Absorption  and  EJimination. — Crude  venom  either  fresh  or  as  dried  and  -redis- 
solved,  is  rapidly  absorbed  and  distributed  through  the  body  when  injected  subcutane- 
ously  or  intramuscularly.  It  is  protected  from  precipitation  at  the  point  of  injection 
by  already  being  in  a  loose  combination  with  proteins  or  proteoses.  The  purified 
crotalotoxin  is  quite  rapidly  absorbed  when  injected  into  the  tissues,  and  may  kill  in  a  few 
seconds  if  given  intravenously.  Both  the  purified  and  crude  venoms  are  very  slowly 
absorbed  by  intact  mucosa,  and  if  there  are  no  ulcers  in  the  mouth,  large  doses  may 
be  swallowed  without  danger.  Applied  to  exposed  mucosae,  they  may  damage  the 
epithelium  and  make  lesions  through  which  more  rapid  absorption  occurs. 

Elimination  occurs  in  an  active  form,  chiefly  by  the  digestive  mucosa  (Alt),  but 
also  through  the  kidneys,  the  liver  and  other  glands.  Appreciable  amounts  are  secreted 
in  the  milk  of  nursing  mothers  and  fatal  poisoning  has  been  reported  in  children 
nursed  by  women  who  had  been  bitten  by  cobras. 

In  the  course  of  excretion,  the  venom  causes  severe  lesions  of  the  kidneys,  nephritis 
and  hemoglobinuria,  and  hemorrhagic  ulcers  of  the  bowel. 

Topical  Action. — The  bite  of  a  rattlesnake  (or  an  injection  of  a  poisonous  amount 
of  venom),  is  followed  by  severe  pain  and  swelling,  with  redness  succeeded  by  violet 
discoloration.  The  walls  of  the  local  blood  vessels  are  altered,  leading  to  bloody  edema, 
and  necroses  with  widespread  destruction  of  tissue  may  follow.  The  action  is  probably 
enhanced  by  the  presence  of  proteolytic  ferments.  The  venom  of  C.  terrificus  of  S. 
America  causes  no  local  lesions,  containing,  apparently,  only  neurotoxin,  and  the  descrip- 
tion of  systemic  poisoning  applies  only  to  the  North  American  venom. 

Toxicity. — An  animal  or  man  bitten  by  a  venomous  snake  or  injected  with  a  poison- 
ous dose  of  venom  suffers  from  nausea,  often  leading  to  vomiting,  with  dryness  of  the 
mouth  and  throat  and  extreme  thirst.  The  visible  mucosae  are  red  and  inflamed  look- 
ing. The  wound  appears  swollen  and  discolored  and  may  be  very  painful.  Hemorrhages 
may  occur  in  the  eyes  or  in  the  stomach  or  bowel,  urinary  tract  or  genital  organs. 
There  is  later  delirium,  passing,  in  fatal  cases,  into  stupor  with  general  anesthesia, 
dyspnea  and  finally  stoppage  of  respiration.  The  heart  may  continue  15  minutes 
longer. 

The  toxic  dose  varies  enormously  with  the  method  of  injection  ai|d  other  factors. 
The  following  are  the  fatal  doses  of  dried  rattlesnake  venom  by  intramuscular  or 
intraperitoneal  injection.  Rabbit,  1  mgm.  per  kilo;  guinea-pig,  0.06  mgm.  per  kilo; 
pigeon,  0.01  mgm.  per  kilo;  fish  (Fundulus),  0.15  mgm.  per  Gram;  earthworm,  2  mgm. 
per  Gram.  When  given  by  vein,  rabbits  are  killed  by  0.25  mgm.  per  kilo  and  pigeons 
by  0.004  mgm.  Certain  animals  are  naturally  immune;  the  frog  may  show  no  symp- 
toms after  as  much  as  0.4  mgm.  per  Gm. ;  the  ichneumon  is  not  kiljed  by  less  than  9 
mgm.  per  kilo,  and  the  porcupine  and  pig  require  equally  large  doses.  Snakes  are 
almost  completely  immune  to  their  own  venom,  and  other  venomous  serpents  and 
reptiles  scarcely  less  so.  The  immunity  in  certain  of  these  animals  is  largely  depen- 
dent on  slow  absorption.  The  fatal  dose  for  an  average  man  would  probably  be  about 
3  grains  (0.2  Gm.).  Amounts  well  beyond  this  may  be  injected  at  a  single  bite  by  a  good 
sized,  diamond  back  rattlesnake. 

The  toxicity  for  the  tadpole  is  markedly  decreased  by  calcium  salts  while  that  for 
guinea-pigs  is  said  to  be  increased  300  times  by  addition  of  a  small'  amount  of  hemolyzed 
red  cells. 

The  toxic  actions  of  snake  venoms  resemble  in  many  respects  those  of  sapotoxins, 
one  of  the  forms  of  vegetable  saponins.  Both  sapotoxins  and  venoms  are  characterized 
by  solubility  in  water,  insolubility  in  alcohol,  the  absence  of  nitrogen  in  the  molecule, 
slow    absorption   from    intact   mucosae,   local    irritation   with   swelling   and   hemorrhage 
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at  the  point  of  injection  or  local  necrosis  of  mucous  membranes,  hemolysis,  especially 
in  vitro,  lowering  of  blood  pressure  by  central  and  peripheral  action,  paralysis  of  the 
respiratory  center.  In  addition  the  intravenous  injection  is  much  more  poisonous  than 
into  the  tissues,  they  are  detoxicated  by  addition  of  bile  acids,  and  antitoxins  are 
formed  against  thefn. 

The  question  whether  the  many  effects  of  snake  venoms  indicate  the  presence  of 
several  different  toxic  constituents,  is  still  unsettled.  It  is  possible  to  prepare  by  different 
methods  of  purification,  products  lacking  some  of  the  activities  but  still  possessing 
others.  This  has  led  Flexner  and  Noguchi  and  others  to  assume  a  series  of  toxins  to 
which  they  have  given  descriptive  names.  For  example,  the  toxin  which  dissolves 
red  blood  cells  is  termed  "hemolysin;"  that  which  dissolves  white  blood  cells,  "cytoly- 
sin;"  that  which  injures  the  blood  vessel  wall,  "hemorrhagin;"  that  which  paralyzes 
the  medullary  centers,  "neurotoxin,"  etc.  Faust,  on  the  other  hand,  points  out  that  in 
any  given  crude  venom  these  powers  always  vary  in  proportion  to  one  another,  and 
he  believes  that  there  is  but  one  toxin,  the  "crotalotoxin"  already  described,  but  that 
by  manipulation  certain  changes  are  brought  about  in  its  constitution,  which  injure 
certain  of  its  properties  more  than  they  do  others.  The  proof  of  the  existence  of  several 
different  toxic  principles  is  brought,  however,  by  the  fact  that  these  are  present  in  very 
different  proportions  in  the  venom  of  different  species,  and  certain  of  them  may  be 
lacking  entirely,  as  in  the  venom  of  .C.  terrificus. 

Immunity. — Immunity  may  be  acquired  by  repeated  small  injections  and  lasts,  in 
pigeons,  at  least  5  months  after  the  last  injection.  Horses  may  be  so  far  immunized 
to  cobra  venom  that  they  bear  2  Gm.  without  reaction,  whereas  10  mgm.  is  normally 
fatal.  Serum  is  considered  sufficiently  strong  for  market  when  1  mgm.  of  venom 
injected  5  minutes  after  2  cc.  of  serum  causes  no  symptoms  in  a  2  kilo  rabbit.  Cobra 
serum  has  but  slight  protective  power  for  rattlesnake  venom  and  a  different  serum 
must  be  made  for  each  species  of  snake  or  at  least  for  each  group. 

Treatment  of  Poisoning. — The  chief  aim  of  treatment  is  to  prevent  absorption  of 
the  toxin  into  the  general  circulation.  For  this  purpose  a  tourniquet  should  be  applied 
between  the  wound  and  the  body,  and  the  tissues  should  then  be  freely  incised,  and 
suction  applied,  by  a  mechanical  apparatus  if  possible  rather  than  by  the  mouth.  De- 
structive, oxidizing  agents,  such  as  permanganate  and  hypochlorite  injected  around  the 
wound  are  of  no  value  and  probably  do  harm  by  increasing  local  necrosis.  Excretion 
should  be  encouraged  by  the  use  of  coffee  or  tea  or  perhaps  by  the  administration  of 
pilocarpine.  Stimulation  by  ammonia,  strychnine,  and  epinephrine  is  indicated.  Alcohol 
is  probably  without  value.  Artificial  respiration  may  be  indicated.  Antiserum  is  of  the 
greatest  usefulness  if  available. 

Systemic  Action:  Digestive  System. — Crotalus  venom  is  very  irritating  and  even 
injurious  to  the  digestive  tract.  Nausea  and  vomiting  which  occur  early  in  the  poison- 
ing are  probably  chiefly  central,  but  may  be  partly  reflex  from  excretion  into  the  stom- 
ach. There  are  in  fatal  cases  scattered  hemorrhages  throughout  the  mucosa  of  the 
gastroenteric  tract,  resulting  from  excretion  of  the  venom,  and  blood  is  likely  to  appear 
in  the  vomitus  ajid  stools. 

Blood. — The  effects  of  venom  on  the  blood  are  among  its  most  important  and  most 
complex.  Added  to  blood  in  vitro  crotalus  venom  causes  clotting  by  virtue  of  its  fibrin 
ferment.  (Cobra  venom,  on  the  other  hand,  prevents  clotting.)  Like  all  other  venoms 
it  causes  hemolysis  and  leucolysis.  Hemolysis  does  not  occur  in  the  blood  stream  dur- 
ing life,  as  the  concentration  is  never  great  enough.  The  walls  of  the  smaller  vessels 
are  attacked  by  a  -constituent  (termed  "hemorrhagin"  by  Flexner  and  Noguchi)  which 
injures  them  so  as  to  permit  extravasation  of  blood  and  which  can  be  extracted  from 
the  crude  venom  by  shaking  with  chloroform.  The  bactericidal  power  of  the  blood 
serum  is  much  reduced  by  the  addition  to  it  of  small  amounts  of  rattlesnake  venom 
(Flexner  and  Noguchi). 

Circulatory  System. — The  blood  pressure  falls  to  a  low  level  after  injections  of 
venom,  partly  on  account  of  direct  depression  of  the  vasomotor  center,  partly  through 
injury  to  the  walls  of  the  vessels.  The  heart  is  not  markedly  affected  but  its  force  is 
somewhat  weakened  by  the  action  of  the  venom  on  its  walls.  The  isolated  heart  of 
the  frog  is  paralyzed,  and  this  effect  varies  with  the  hemolytic  power  (Magenta).  The 
destructive  action  on  the  vessel  walls  has  been  mentioned. 

Respiratory  System. — The  respiratory  center  suffers  early  paralysis,  this  being  the 
cause  of  death  in  fatal  poisoning.    The  weakening  effect  on  the  respiratory  motions  is 
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aided    by    the    paralysis    of    the    motor    nerve    endings    of    the    skeletal    muscles    and 
diaphragm. 

Nerve  System. — The  entire  nerve  system,  both  central  and  peripheral,  is  depressed 
or  paralyzed  by  sufficient  doses  of  crotalin.  This  paralysis  may  be  preceded  by  spinal 
stimulation,  pigeons  and  other  animals  showing  opisthotonus  or  convulsions  at  times. 
The  bulbar  centers  of  vasomotion  and  respiration  are  markedly  affected.  There  is  a  block 
of  the  motor  nerve  ending  of  all  skeletal  muscle,  leading  to  extreme  weakness.  Delirium 
and  stupor,  mentioned  among  the  symptoms  of  poisoning,  indicate  the  toxic  influence  on 
the  higher  centers. 

Therapeutics. — Some  years  ago  crotalin  was  used  by  a  few  practitioners,  led  by 
the  authority  of  T.  J.  Mays,  in  the  symptomatic  treatment  of  a  number  of  diseases 
of  the  most  diverse  cluiraeter.  Mays  is  said  to  have  employed  the  substance  benefi- 
cially in  the  treatment  of  Tpulmonary  consumption,  acute  pneumonia,  pulmonary  gan- 
grene, asthma,  chronic  spas^nodic  cough,  hoarseness,  chronic  aphonia,  neuralgia, 
myalgia,  epilepsy,  catalepsy,  and  hysteroepilepsy.  R.  II.  Spangler  also  asserts,  on 
the  strength  of  his  experience,  that  crotalin  is  often  curative  of  epilepsy. 

It  should  be  noted  that  the  crotalin  treatment  of  any  of  the  above-mentioned 
affections  of  the  respiratory  and  nerve  systems  has  been  discredited  or  forgotten  by 
most  practitioners.  As  the  years  revolve,  however,  interest  in  it  may  revive,  and  in 
any  case  this  brief  therapeutic  note  will  have  some  historical  value. 

Administration.  The  drug  is  best  given  by  injection  into  the  muscles  of  the  arm 
beginning  with  i^oo  Si'^in  (0.15  mgm.)  and  is  repeated  every  7  to  10  days.  Local 
swelling  and  soreness  occur,  lasting  1  to  4  days.  When  there  is  no  longer  any  local 
reaction,  the  dose  is  gradually  increased  to  ^oo  grain  (0.6  mgm.).  In  neuralgias  and  in 
respiratory  affections,  the  injection  may  be  given  over  or  near  the  site  of  the  pain  or 
lesion.  In  epileptics  it  is  advised  that  during  crotalin  treatment  the  administration  of 
bromides  be  discontinued.  The  following  solution  may  be  employed:  Crotalin,  gr.  1 
(0.06  Gm.);  glycerin,  tT|^  c  (6  cc);  distilled  water,  -m   cccc  (24  cc). 

Adonis 

The  root  of  Adonis  vernalis  has  had  a  very  limited  use  especially  in  Europe, 
as  a  remedy  for  various  affections  and  characterized  by  motor  unrest.  It  has  been 
but  little  used  in  America. 

It  depresses  the  upper  portion  of  the  motor  tract  and  the  tincture  given  to 
rabbits  in  dose  of  3  to  6  cc.  (45  to  90  minims),  prevents  in  large  measure  the  convul- 
sions caused  by  cocaine  (cerebral),  by  camphor  (medullary)  but  not  those  due  to  the 
action  of  physostigmine  (peripheral)   (Masslow). 

Therapeutics.  Adonis  has  been  found  useful  in  reducing  the  severity  of  the 
paroxysms  in  epilepsy,  especially  when  used  in  association  with  sodium  bromide 
(Bechterew).     It  may  be  tried  in  chorea  and  similar  convulsive  disorders. 

Local  Anesthetics 

Although  a  certain  benumbing  action  due  to  obtunding  the  sensitiveness  of  the 
nerv^e  endings  was  long  ago  recognized  as  characteristic  of  aconitine,  menthol  and 
a  few  other  substances,  these  agents  all  caused,  in  addition,  some  degree  of  local 
irritation,  and  none  produced  complete  loss  of  tactile  and  pain  sensation.  The  demon- 
stration, therefore,  by  Koller,  in  1884,  of  the  possibility  of  obtaining  efficient  local 
anesthesia  by  injection  of  application  of  cocaine,  opened  a  new  era  in  surgical  and 
ophthalmologic  technique.  Local  anesthesia  was  soon  used  almost  exclusively  for 
operations  on  the  eyes  and  the  nose,  and  frequently  for  those  in  the  throat  and 
other  parts. 

The  advantages  of  local  anesthesia  in  avoiding  the  danger  and  inconvenience 
of  inhalation  narcosis  are  so  great,  that  much  attention  has  been  devoted  to  widen- 
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ing  the  field  of  its  usefulness.  Efforts  have  spent  themselves  chiefly  in  three  direc- 
tions: (A)  in  modifying  the  technique  of  administration;  (B)  in  increasing  the 
topical  eii'ect;   (C)   in  seeking  for  substances  safer  or  more  efficacious  than  cocaine. 

(A)  The  methods  of  application  may  be  roughly  classed  as  three:  (1)  Appli- 
cation of  solutions  to  exposed  mucous  membranes  or  wounds;  (2)  superficial  injec- 
tions designed  to  paralyze  the  nerve  endings;  (3)  deep  injections  intended  to  interrupt 
conduction  of  impulses  to  the  center.  Recent  studies  have  been  devoted  especially 
to  the  last. 

(1)  Application  to  mucous  membranes  may  be  made  by  instillation  (eye),  by 
cotton-tipped  probe  (nose  and  throat  and  ear),  or  by  special  syringes  and  applicators 
(genito-urinary  organs). 

(2)  Superficial  injection  may  be  given  in  dilute  solution  (1 :  200  cocaine)  beneath 
the  skin,  but  is  more  efficacious  if  given  into  the  skin,  so  as  to  form  a  wheal.  Injec- 
tions may  also  be  given  into  mucous  membranes,  as  in  operations  on  the  tongue. 

(3)  Deep  injections  may  be  designed  either  to  interrupt  conduction  of  a  nerve 
trunk,  as  the  sciatic  or  brachial  plexus,  or  to  paralyze  the  dorsal  roots  as  they  enter 
the  cord.  In  the  first  case  the  needle  is  introduced  cautiously  until  a  shoot  of  pain, 
or  a  muscle  twitch,  announces  that  the  nerve  has  been  reached.  A  small  amount  of 
a  dilute  solution  is  then  injected,  and  after  5  to  10  minutes  the  skin  of  the  part 
supplied  is  tested  to  make  sure  of  anesthesia.  Intraspinal  injections  are  given  by 
introducing  a  special  needle  between  the  vertebras,  the  proper  depth  being  reached 
when  spinal  fluid  escapes.  The  syringe  is  then  attached  and  1  to  2  cc.  of  a  strong 
solution  is  injected  slowly.  Dilute  solutions  are  to  be  avoided  as  they  spread  too 
widely.  This  method  has  recently  been  very  extensively  used,  some  surgeons  preferring 
it  to  inhalation  narcosis  for  almost  all  operations. 

(B)  The  first  attempt  to  increase  the  topical  effect  of  cocaine  was  that  of 
Schleich,  who  showed  that  the  anesthetic  effect  is  markedly  increased  if  the  tissues 
are  distended  by  injection  of  large  amounts  of  fluid.  He  used  1 :  1000  cocaine  in 
0.2  percent,  salt  solution  and  injected  up  to  100  cc.  (3  oz.)  into  the  skin  and  under- 
lying tissues.  The  next  improvement  was  the  attempt  to  keep  the  anesthetic  localized. 
This  may  be  accomplished  by  applying  a  tourniquet  to  cut  off  the  circulation  of  the 
blood  or,  less  effectively,  by  adding  to  the  anesthetic  solution  a  small  amount 
(1 :  10,000)  of  epinephrine,  which  by  constricting  the  vessels  of  the  part  impedes  the 
flow  of  blood.  Recently  it  has  been  shown  that  addition  of  salts  of  potassium,  espe- 
cially the  sulphate,  increased  the  effectiveness  of  several  local  anesthetics.  The  method 
has  not  had  extensive  clinical  trial.  Diffusion  of  the  agents  into  the  surrounding 
tissues  is  hindered  by  making  them  less  soluble.  This  may  be  accomplished  with  the 
alkaloidal  agents  by  adding  to  them,  at  the  time  of  injection,  a  small  amount  (molecu- 
lar or  less)  of  free  alkali.  No  advantage  has  been  found  from  associating  several 
agents.    There  is  no  adjuvant  action,  but  only  simple  summation. 

(C)  Cocaine  Substitutes. — The  toxic  action  of  cocaine  when  given  in  the 
amounts  that  are  required  to  anesthetize  large  operative  fields,  the  occasional  severe 
systemic  symptoms  resulting  from  small  doses,  and  especially  the  danger  of  forma- 
tion of  a  drug  habit  from  continued  use,  make  it  very  desirable  to  replace  it  in 
surgical  practice  by  some  agent  which  will  not  have  these  disadvantages.  With  this 
aim  in  view,  an  extremely  large  number  of  substances  have  been  studied,  of  which 
but  few  have  stood  the  test  of  time. 

Before  describing  any  of  these  new  agents  it  will  be  well  to  mention  the  features 
of  cocaine  which  are  advantageous  and  which  should  be  retained  in  any  drug  designed 
to  replace  it.  Cocaine  induces  (1)  complete  loss  of  sensation  not  preceded,  nor  fol- 
lowed, by  disagreeable  sensation;   (2)   constriction  of  blood  vessels  not  preceded  by 
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congestion  and,  if  .the  solutions  are  weak,  not  followed  by  it;  (3)  it  is  freely  soluble 
in  water;  (4)  it  is  readily  absorbed  and  acts  promptly  when  applied  to  normal 
mucous  membranes;  (5)  it  paralyzes  all  nerve  tissues,  endings,  nerve  trunks  and 
cells.  It  may  be  stated  at  once  that  none  of  the  succedanea  as  yet  introduced  meets 
all  these  conditions.  But  few  of  them  are  effective  when  applied  to  mucosa;;  many 
of  them  are  almost  insoluble  in  water,  and  several  cause  pain  or  irritation  of  tissues 
to  which  they  are  applied.  Some  are  useful  only  on  nerve  endings;  others  only  on 
nerve  trunks.  Not  one  of  them  constricts  the  blood  vessels,  most  of  them  paralyzing 
the  vasomotor  nerves  and  causing  dilatation  of  the  small  vessels. 

The  more  important  agents  may  be  classed  as  follows,  according  to  their  physical 
and  physiologic  properties : 

Soluble  in  water,  slightly  irritating,  fairly  well  absorbed  from  mucous  mem- 
branes, acting  on  all  nerve  tissues — alypin,  butesin,  procaine,  tutocaine. 

Soluble  in  water  but  not  efficient  when  applied  to  mucous  membranes;  best 
adapted  to  infiltration  anesthesia — apothesine,  quinine,  and  urea  hydrochloride, 
stovaine. 

Especially  used  for  spinal  anesthesia — stovaine,  tropacocaine. 

Poisonous  when  injected — eucaine  (no  longer  used),  holocaine  (used  only  for 
anesthesia  of  the  eye). 

Insoluble  in  water  and  used  -as  dusting  powder  or  local  application — anesthesine, 
orthofonn. 

The  field  of  usefulness  of  benzyl  alcohol,  saligenine,  and  similar  compounds  in 
clinical  medicine  is  not  yet  clear. 

Procaine  associated  with  epinephrine  probably  gives  the  best  approximation  to 
the  advantages  of  cocaine  without  its  more  serious  disadvantages. 

There  is  no  generally  recognized  standard  for  testing  local  anesthetics  to  deter- 
mine their  relative  efficiency,  but  the  following  methods  are  in  common  use:  (1)  The 
foot  of  a  pithed  frog  is  immersed  in  the  solution  to  be  tested,  withdrawn  at  fixed 
periods  and  touched  with  dilute  acid.  If  the  anesthesia  is  not  complete,  the  foot 
is  drawn  up.  (2)  The  solution  is  instilled  once  or  several  times  into  the  eye  of  a 
rabbit,  cat  or  other  animal  and  the  strength  of  solution  required  to  abolish  the  corneal 
reflex  is  noted.  (3)  The  solution  (1  cc.)  is  injected  under  the  skin  of  a  dog  and 
5  minutes  later  the  spot  is  touched  with  a  hot  wire,  the  amount  of  drug  required 
to  prevent  pain  being  noted.  (4)  The  solution  is  applied  on  cotton  pledgets,  perhaps 
left  in  place,  to  the  sciatic  nen^e  of  the  frog  or  other  animal,  and  the  strength  of 
solution  which  abolishes  nerve  conduction,  either  sensory  or  motor,  is  observed. 
With  methods  1  and  4  the  time  required  to  obtain  anesthesia  is  of  importance,  some 
arbitrary  period,  such  as  20  to  30  minutes,  being  commonly  fixed. 

Summary  of  Actions  and  Uses. — Local  anesthetics  have,  as  already  stated,  the  power, 
when  applied  directly  to  nerve  tissues,  of  abolishing  all  their  functional  activities, 
including  the  receiving  of  impressions  and  the  transmission  of  impulses.  When  given 
systemically,  however,  they  are  not  sufficiently  selective  and  even  fatal  doses  do  not 
prevent  the  reception  of  pain  sensations  and  the  occurrence  of  voluntary  motions.  In 
general,  they  paralyze  endings  more  readily  than  fibers  or  cells,  and  sensory  more 
readily  than  motor  endings.  Most  of  them  are  destroyed  in  the  liver,  not  being  found 
in  the  excreta. 

They  are  employed  in  medical  practice  for  the  same  purposes  as  general  anesthetics, 
being  preferred  in  aged  and  weak  persons  and  avoided  in  nervous  individuals  and 
young  children.  They  are  particularly  adapted  to  operations  on  the  eye  and  nose.  Ap- 
plication of  a  local  anesthetic  to  an  inflamed  tissue  will  often  cause  a  reduction  of  the 
congestion,  which  is  a  reflex  effect  of  irritation,  and  may  greatly  benefit  the  condition. 
The  prolonged  use  may,  on  the  other  hand,  do  harm  by  preventing  the  natural  and 
beneficent  reaction  of  the  tissues  to  the  abnormal  stimulus. 
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Materia  Medica. — Cocaina  (U.S.  X.),  Cocaine.    Ahhr.,  Cocain. 

An  alkaloid  obtained  from  the  leaves  of  Erythroxylon  coca  Lamarck  and  its  varie- 
ties (Fam.  Erythroxylacece) .  Occurs  as  colorless  crystals  or  a  white,  crystalline  powder. 
It  is  odorless  and  is  stable  in  the  air.  One  Gm.  of  cocaine  is  soluble  in  about  600  cc.  of 
water,  6.5  cc.  of  alcohol,  12  cc.  of  olive  oil. 

Dose,  Vs  to  %  grain  (0.008  to  0.015  Gm.). 

Cocaine  Hydrochloridum  (U.S.  X.),  Cocaine  Hydrochloride.  Abhr.,  Cocain. 
Hydrochl.     Synonym:  Cocainum  Hydrochloricum  P.I. 

Colorless,  transparent  crystals,  lustrous  leaflets,  or  a  white,  crystalline  powder. 
It  is  odorless  and  is  stable  in  the  air.  One  Gm.  is  soluble  in  0.4  cc.  of  water,  3.2  cc. 
of  alcohol;  it  is  soluble  in  glycerin. 

Antagonists  and  Incompatible s. — The  systemic  action  is  antagonized  by  nerve 
depressants.  Incompatible  with  alkalis  (especially  borax),  phenol,  mercurials  and 
other  alkaloid  precipitants. 

Synergists. — Systemic,  caffeine  and  other  nerve  stimulants.  Epinephrine  and  other 
local  vasoconstrictors;  procaine  and  other  local  anesthetics. 

Dose,  1/10  to  1/4  grain  (0.006  to  0.015  Gm.).  Anesthetic  solution:  1  percent, 
for  mucous  membrane,  0.25  to  0.5  percent,  solution  for  local  anesthesia  by  injection 
in  minor  surgery,  0.5  percent,  for  intraspinal  injection. 

Injectio  Cocaine  Hypodermica  (Br.),  Hypodermic  Injection  of  Cocaine. 

Cocaine  hydrochloride,  5  Gm. ;  salicylic  acid,  0.15  Gm. ;  distilled  water,  100  cc. 
Boil  the  distilled  water;  add  the  acid;  dissolve  the  cocaine  in  the  solution  when  cool. 
If  necessary,  add  recently  boiled  and  cooled  distilled  water  to  equal  100  cc. 

Dose,  2  to  10  minims  (0.12  to  0.6  cc). 

Lamella  Cocaine  (Br.),  Discs  of  Cocaine. 

Prepared  with  gelatin  and  glycerin,  each  weighing  about  1/20  grain  and  containing 
1/50  grain  cocaine  hydrochloride. 

Dose,  as  indicated  to  relieve  pain. 

Unguentum  Cocaine  (Br.),  Cocaine  Ointment. 

Cocaine,  4  Gm. ;  oleic  acid,  16  Gm. ;  prepared  lard,  80  Gm.  Mix  the  cocaine  with 
the  oleic  acid,  warm  gently  until  thoroughly  dissolved,  then  incorporate  the  lard. 
Contains  4  percent,  of  cocaine  and  therefore  should  not  be  applied  to  denuded  surfaces. 
It  is  very  useful  in  neuralgias,  shingles,  pruritus,  painful  piles,  etc. 

Dose,  as  indicated,  externally  only. 

Tropacocaina  (unofficial),  Tropacocaine.     Benzoyl  Pseudo-Tropeine. 

An  alkaloid  obtained  from  the  narrow-leaved  variety  of  Erythroxylon  coca  growing 
in  Java;  it  is  prepared  also  synthetically.  Occurs  in  crystalline  form;  readily  soluble 
in  alcohol  but  not  in  water. 

Antagonists  and  Incompatihles. — Incompatible  with  epinephrine. 

Dose,  %  to  1  grain  (0.049  to  0.06  Gm.). 

Tropacocaina  Hydrochloridum  (unofficial),  Tropococaine  Hydrochloride. 

Occurs  in  the  form  of  colorless  needles ;  readily  soluble  in  water. 

Antagonists  and  Incompatibles. — Incompatible  with  epinephrine,  the  vasoconstric- 
tive action  of  which  it  neutralizes,  and  with  alkalis  and  other  alkaloid  precipitants. 

Dose,  %  to  1  grain  (0.049  to  0.06  Gm.).  Anesthetic  solution:  3  to  5  percent, 
for  eye,  2  to  8  percent,  for  intraspinal  injection. 

Procaine  Hydrochloridum  (U.S.  X.),  Procaine  Hydrochloride.  Abbr.,  Procain. 
Hydrochl.     Synonym:  Novocaine. 

Occurs  as  small  colorless  crystals  or  as  a  white,  crystalline  powder.  It  is  odorless 
and  is  stable  in  the  air.  One  Gm.  is  soluble  in  0.6  cc.  of  water  and  in  30  cc.  of  alcohol. 
It  is  slightly  soluble  in  chloroform,  and  almost  insoluble  in  ether. 
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Antagonists  and  Incompatihles. — Incompatible  with  alkalis,  phenol,  mercurials 
and  other  alkaloid  precipitants. 

Synergists. — Epinephrine  and  other  local  vasoconstrictors;  cocaine  and  other 
local  anesthetics. 

Dose,  5  to  8  grains  (0.3  to  0.5  Gni.).  Anesthetic  subcutaneous  solution:  0.5  to  1.5 
percent. 

Liquor  Procain.*:  IIydrochloridi  (N.F.),  Solution  of  Procaine  Hydrochloride. 
Abhr.,  Liq.  Procain.  Hydrochl.     Synonym  :    Dental  Anesthetic  Solution. 

Contains  30  grains  (2  Gm.)  of  procaine  hydrochloride  in  each  1500  minims  (100 
cc.)  of  0.9  percent,  sodium  chloride  solution,  a  minute  quantity  of  thymol  being  added 
as  a  preservative. 

Dose,  by  hypodermic  injection. 

Procaine  Base  (N.N.R.).    Synonym:   Novocain  Base. 

A  white,  odorless,  granular  powder,  insoluble  in  water,  but  soluble  in  alcohol, 
ether,  or  in  fixed  and  volatile  oils. 

Dose,  employed  in  1/2  to  1  percent,  strength. 

Procaine  Nitras  (N.N.R.),  Procaine  Nitrate. 

Occurs  in  small,  colorless,  odorless  crystals;  soluble  in  water  and  alcohol. 

Dose,  used  in  3  percent,  solution. 

Saligexinum  (N.N.R.),  Saligenin.    Synonym:  Salicyl  Alcohol. 

Occurs  in  white,  rhombohedral  plates  or  as  a  white,  crystalline  powder;  permanent 
in  the  air;  odor,  faintly  aromatic;  taste,  slightly  burning,  followed  by  a  sense  of  numb- 
ness; soluble  in  water  and  chloroform;  freely  soluble  in  alcohol  and  ether  and  in  the 
fixed  and  volatile  oils. 

Dose,  as  a  local  anesthetic,  as  procaine  hydrochloride. 

Stovaina  (N.N.R.),  Stovaine. 

The  hydrochloride  of  benzoyldimethylaminoethylpropanol.  Occurs  as  small,  bril- 
liant scales;  extremely  soluble  in  water  and  easily  in  methyl  alcohol. 

Antagonists  and  Incompatihles. — Incompatible  with  alkalis  and  with  epinephrine, 
the  vasoconstrictive  action  of  which  it  neutralizes,  and  with  alkalis  and  other  alkaloid 
precipitants. 

Dose,  1/GO  to  1/30  grain  (0.001  to  0.002  Gm.).  Anesthetic  solution:  4  percent, 
for  eye,  5  to  10  percent,  for  nose  and  throat,  0.75  to  1  percent,  for  local  anesthesia 
by  injection. 

EucAiN^  Hydrochloridum  (U.S.  X.),  Eucaine  Hydrochloride.  Ahhr.,  Eucain. 
Hydrochl.     Synonym:  Beta-Eucainte  Hydrochloridum  (U.S.  IX.). 

A  white,  odorless,  crystalline  powder,  stable  in  the  air.  One  Gm.  is  soluble  in  30 
cc.  of  water,  35  cc.  of  alcohol,  and  in  6  cc.  of  chloroform. 

Antagonists  and  Incompatihles. — Incompatible  with  alkalis,  phenol,  mercurials 
and  other  alkaloid  precipitants. 

Synergists. — Epinephrine  and  other  local  vasoconstrictors;  Cocaine  and  other 
local  anesthetics. 

Dose,  l^  to  2  grains  (0.03  to  0.12  Gm.).  Anesthetic  solution:  1  to  5  percent,  by 
injection  to  induce  local  anesthesia  in  minor  surgery. 

Bexzamix.e  Lactas  (Br.),  Benzamine  Lactate,  Ahhr.,  Benzamin.  Lact.  Syno- 
nym: Eucaine  Lactate. 

The  lactate  of  benzoyl-vinyl-diaceton-alkamine,  from  which  it  may  be  obtained  by 
neutralizing  lactic  acid.  Occurs  as  a  white,  crystalline  powder,  having  a  slightly 
bitter  taste  followed  by  a  sensation  of  numbness.  Soluble  in  5  parts  of  water  and  in  8 
parts  of  90  percent,  alcohol. 

Dose,  Vs  to  1/2  grain  (0.008  to  0.032  Gm.).    Anesthetic  solution:  2  to  3  percent,  for 
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the  eye  and  in  dentistry,  10  to  15  percent,  for  nose  and  throat,  2^2  percent,  for  local 
anesthesia  by  injection. 

Alypin  (N.N.E.). 

The  hydrochloride  of  2-benzoxyl-2-dimethylamino-methyl-l-dimethyl-amino-butane. 
A  white,  crystalline,  odorless  powder ;  hygroscopic ;  freely  soluble  in  water  and  alcohol ; 
taste  bitter. 

Dose,  1/6  to  1/3  grain  (0.01  to  0.02  Gm.).  Anesthetic  solution:  1  to  4  percent, 
for  urethra,  2  to  4  percent,  for  eye,  5  to  10  percent,  for  nose  and  larynx,  V2  to  2  per- 
cent, for  local  anesthesia  by  injection. 

Apothesine  (N.N.R.). 

The  hydrochloride  of  diethyl-amino-propyl-cinnamate.  Small,  snow-white  crystals ; 
readily  soluble  in  alcohol  and  in  water. 

Dose,  ^  to  ^2  grain  (0.015  to  0.03  Gm.).  Anesthetic  solution,  1  percent.,  with 
the  addition  of  1 :  100,000  adrenalin,  for  injection  in  minor  surgery. 

BuTYN  (N.N.K). 

The  normal  sulphate  of  a  base  resembling  the  base  of  procaine,  but  differing  in 
that  butyn  possesses  a  butyl  group  in  place  of  the  ethyl  group  of  the  procaine  base,  and 
a  propanol  group  in  place  of  the  ethanol  group.  A  colorless,  odorless  solid ;  freely  soluble 
in  water,  slowly  in  cold  water,  rapidly  in  hot  water. 

Antagonists  and  Incompatihles. — Incompatible  with  alkalis,  phenol,'  mercurials 
and  other  alkaloid  precipitants. 

Synergists. — Epinephrine  and  other  local  vasoconstrictors ;  Cocaine  and  other  local 
anesthetics. 

Dose,  anesthetic  solution:  2  percent,  ifor  the  eye,  2^  to  6  percent,  Jor  nose  and 
throat  work. 

BuTEsiN  (N.N.R.). 

The  normal  butyl  ester  of  4-aminobenzoIc  acid.  Occurs  as  a  white  crystalline 
powder;  odorless  and  tasteless;  almost  insoluble  in  water,  but  soluble  in  dilute  acids, 
alcohol,  chloroform,  benzene  and  fatty  oils. 

Dose,  used  as  an  anesthetic  dusting  powder,  either  pure  or  diluted. 

BuTESiNi  PicRAS  (N.N.R.),  Butesin  Picrate.  Ahhr.,  Butesin  Pier.  Synonym: 
Dinormalbutylparaminobenzoate-trinitrophenol. 

A  yellow  amorphous  powder ;  odorless  and  of  a  slightly  bitter  taste.  One  part  is 
soluble  in  1400  parts  of  water  and  in  100  parts  of  cotton-seed  oil;  soluble  in  alcohol, 
chloroform,  ether,  and  benzene.  The  aqueous  solution  is  greenish-yellow  in  color, 
which  is  intensified  by  addition  of  alkali  and  decreased  by  acid. 

Dose,  1  percent,  ointment,  used  externally. 

Phenacaina  (N.N.R.),Phenacaine.  Synonyms :  Holocaine  Hydrochloride, Holocaine. 

Occurs  as  small,  colorless  and  odorless  crystals  of  slightly  bitter  taste,  causing  a 
transient  sensation  of  numbness  in  the  tongue.  Soluble  in  about  50  parts  of  water; 
freely  soluble  in  alcohol  and  in  chloroform;  insoluble  in  ether.     Soluble  in  fixed  oils. 

Antagonists  and  Incompatihles. — Incompatible  with  alkalis  and  their  carbonates 
which  break  up  the  salt,  causing  a  precipitation  of  the  base. 

Dose,  anesthetic  solution :  1  percent,  for  the  eye,  5  minims  (0.3  cc.)  producing 
anesthesia  in  from  1  to  10  minutes. 

Orthoform  (N.N.R.),  Orthoform  New,  Methyl  Metamino-paraoxybenzoate. 

A  fine,  white,  crystalline  powder;  odorless  and  tasteless;  almost  insoluble  in  water; 
soluble  in  ether ;  freely  soluble  in  alcohol. 

Antagonists  and  Incompatihles. — Incompatible  with  alkalis  and  their  carbonates 
which  decompose  it  when  warmed. 

Dose,  8  to  15  grains  (0.5  to  1  Gm.). 
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^THYLis  Aminobenzoas  (U.S.  X.),  .^thyl  Aminobenzoate.  Ahhr.,  ^thyl.  Amino- 
benz.     Synonyms :  Benzocain,  Ancsthcsin. 

Occurs  as  a  white,  crystalline  powder,  or  as  small  white  or  colorless  crystals. 
It  is  odorless,  and  is  stable  in  the  air.  One  Gm.  is  soluble  in  about  2500  ce.  of  water, 
5  cc.  of  alcohol,  2  cc.  of  chloroform,  4  cc.  of  ether,  and  in  from  30  to  50  cc.  of  expressed 
oil  of  almond  or  olive  oil,  at  25°  C.     It  is  soluble  in  dilute  acids. 

Dose,  5  to  10  grains  (0.3  to  0.6  Gm.). 

TuTocAixE  (N.N.R.),  Tutocain.     Synonym:    Butamin. 

A  base  belonging  to  the  procaine  type.  Occurs  as  a  light,  ivory  colored,  odorless, 
faintly  bitter  powder.  Soluble  in  4  parts  of  water  and  50  parts  of  alcohol.  It  is 
decomposed  by  alkalis  and  by  prolonged  boiling,  but  may  be  sterilized. 

Antagonists  and  Incompatible s. — Incompatible  with  alkalis,  phenol,  mercurials 
and  other  alkaloid  precipitants. 

Synergists. — Epinephrine  and  other  local  vasoconstrictors;  cocaine  and  other  local 
anesthetics. 

Dose.  Anesthetic  solution  for  eye,  nose,  throat,  etc.,  2  to  5  percent.;  to  urethra, 
0.5  to  2  percent.;  for  infiltration,  0.2  percent. 

Cocaine 

Coca,  "the  divine  plant  of  the  Incas,"  was,  as  the  latter  name  implies,  culti- 
vated in  Peru  at  the  time  of  the  earliest  visits  of  the  Spaniards.  It  is  a  native  of 
the  lower  slopes  of  the  Andes  mountains  and  to-day  is  cultivated  chiefly  in  Bolivia, 
It  reaches  its  best  growth,  10  to  12  feet  high,  at  an  elevation  of  3000  feet,  but  at 
9000  feet  is  only  2  feet  high.  Above  10,000  feet  it  does  not  grow.  The  Indians  of 
the  Andes  mountains,  but  apparently  not  those  of  the  coastal  plains,  are  all  users 
of  coca,  and  with  its  help  are  able  to  travel  all  day  at  a  rapid  rate  over  the  rough 
mountain  trails  with  no  food  except  a  light  breakfast  and  a  moderate  dinner.  'No 
food  is  taken  in  the  middle  of  the  day,  and  a  period  of  rest  is  not  required.  The 
coca  users  are  generally  free  from  chronic  disease  and  are  exceptionally  good  dis- 
positioned  and  free  from  wickedness  (Lloyd).  Some  of  the  natives  will  go  for  5  and 
even  occasionally  8  or  10  days  without  food  or  sleep,  traveling  or  working  con- 
tinuously, if  only  supplied  freely  with  coca.  The  drug  appears  to  do  away  with  all 
desire  for  food  or  sleep  when  it  is  held  in  the  mouth.  Among  the  Indians  the  drug 
has  apparently  been  used  from  time  immemorial  in  the  same  manner  as  to-day.  A 
handful  of  the  ground,  dried  leaf  is  wet  with  saliva  and  mixed  with  a  small  amount 
of  lime,  without  which  no  benefit  is  derived.  This  mass  is  held  in  the  cheek  and 
occasionally  turned  over  by  the  tongue,  but  is  not  chewed.  More  lime  is  added  from 
time  to  time  but  one  lot  of  leaf  lasts  for  several  hours. 

Apart  from  its  use  by  the  natives  of  the  Andes,  the  habitual  use  of  coca  appears 
to  be  limited  almost  entirely  to  its  alkaloidal  principle,  cocaine.  The  use  of  this 
has  become  widespread  in  many  parts  of  the  world,  showing  a  rapid  increase  in  the 
last  fifty  years  in  this  country  and  all  the  lands  of  western  Europe.  It  is  also  spread- 
ing rapidly  among  the  native  population  of  India,  large  numbers  of  habitues  being 
reported  from  Bombay  and  from  Calcutta. 

Chemistry.— By  far  the  most  important  constituent  of  coca  leaves  is  the  alkaloid, 
cocaine,  which  is  present  in  amounts  varying  from  1  to  0.02  percent.  The  commer- 
cial leaves  from  South  America  rarely  contain  more  than  0.05  percent.  The  drug  as 
cultivated  in  Java  and  Ceylon  contains  much  more,  yielding  from  0.04  to,  rarely, 
over  2  percent.  Chemically,  cocaine  is  benzoyl-methyl-ecgonine,  and  may  be  broken 
up  by  warming  with  dilute  acids,  yielding  benzoic  acid,  methyl  alcohol,  and  ecgonine. 
The  formula  is : 
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In  the  drug,  cocaine  appears  to  be  combined  with  a  peculiar  tannin,  cocatannic 
acid,  from  which  it  is  not  readily  separated.  Comparatively  large  amounts  of  this 
tannin  are  present  and  it  may  be  to  free  the  alkaloid  from  it  that  lime  is  added  to 
the  leaf  by  the  South  American  Indians. 

A  large  number  of  alkaloids  related  chemically  to  cocaine  have  been  found  in 
the  leaf  and  in  raw  cocaine.  It  is  uncertain  to  what  extent  these  occur  naturally 
in  coca;  they  may  be  formed  during  the  process  of  manufacture.  They  contain  in 
general  the  ecgonine  nucleus  and  are  of  commercial  importance  because  they  consti- 
tute about  one-fifth  of  the  total  alkaloidal  yield,  and  they  can  be  changed  to  true 
cocaine  by  chemical  manipulation.  The  most  important  of  these  accessory  alkaloids 
is  cinnamyl-cocaine,  in  which  the  benzoic  acid  is  replaced  by  cinnamic  acid.  There 
has  also  been  described  truxillo-cocaine,  in  which  the  same  acid  is  replaced  by  a 
form  of  truxillic  acid,  cocaic  acid.  Normal  cocaine  is  levorotatory  and  its  dextro- 
rotatory form,  which  has  also  been  found  in  coca,  is  said  by  Gottlieb  to  be  half  as 
toxic  and  twice  as  active. 

In  addition  to  these  relations  of  cocaine  there  are  certain  liquid  and  volatile 
alkaloids  based  on  pyrrolidin,  namely,  hygrine,  CgHj^NO;  3  hygrine,  C^.H^.N^O;  and 
cuskhygrine,  C^H^^NjO.  These  alkaloids  play  little,  if  any,  part  in  the  action  of  the 
drug  and  are  not  present  in  raw  or  unpurified  cocaine. 

Of  greater  interest  is  an  alkaloid,  tropacocaine,  which  occurs  in  a  different  species 
of  erythroxylon  and  which  forms  a  connecting  link  between  cocaine  and  atropine. 
This  will  be  spoken  of  under  a  separate  heading. 

Other  constituents  of  the  leaf,  such  as  chlorophyll,  starch,  resin,  etc.,  are  of  no 
pharmacodynamic  interest. 

Summary  of  Actions  and  Uses.— The  chief  medicinal  employment  of  cocaine  depends 
on  its  ability  to  paralyze  the  functions  of  sensory  nerves  and  their  endings  by  topical 
application.  This  power  is  exercised  by  solutions  as  dilute  as  0.4  and  0.1  percent,  when 
these  are  injected  under  the  skin  or  in  the  neighborhood  of  a  nerve  trunk.  Somewhat 
stronger  solutions,  0.5  to  2  percent,  cause  complete  paralysis  of  the  nerve  endings  when 
applied  to  intact  mucous  membranes.  Associated  with  this  action  on  the  nerve  tissues 
is  a  stimulation  of  certain  autonomic  nerve  endings,  leading  to  constriction  of  the 
blood  vessels,  dilatation  of  the  pupil,  and  contraction  of  the  muscle  of  the  uterus, 
bladder,  etc. 

Systemically,  cocaine  acts  as  a  stimulant  to  the  whole  central  nerve  system,  caus- 
ing especially  an  increase  in  the  functional  activity  of  the  cerebral  cortex,  leading  in 
man  to  insomnia  and  to  a  rapid  flow  of  ideas  resembling  delirium.  Lower  animals 
show  motor  excitement,  hallucinations  and  great  restlessness  after  small  doses,  and 
cerebral,  or  more  rarely  spinal,  convulsions  after  large  doses.  Toxic  amounts  paralyze 
both  heart  and  respiration,  the  latter  usually  failing  first,  but  artificial  respiration  not 
saving  life.  The  action  on  the  sensory  and  autonomic  endings  is  not  seen  after  sys- 
temic administration.  A  rise  in  body  temperature,  accompanied  by  rapid  respiration  is 
noted  from  full  doses. 

In  medicine,  various  preparations  of  coca  were  formerly  used  as  general  tonics  in 
nervous  and  mental  depression,  but  to-day  its  use  is  practically  limited  to  that  of  a 
local  anesthetic.  It  has  the  advantage  over  all  other  local  anesthetics  that  it  is  also  a 
vasoconstrictor,  and  it  is  the  only  one  which  is  constantly  dependable  when  applied 
to  mucous  membranes.  For  subcutaneous  injection  it  has  largely  been  replaced  by  less 
dangerous  remedies,  such  as  novocaine  and  alypin,  and  for  neural  and  intraspinal 
anesthesia  by  novocaine  and  stovaine.     Its  use  for  the  relief  of  such  chronic  conditions 
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as  hay  fever,  which  was  formerly  widespread,  has  been  almost  entirely  abandoned  on 
account  of  the  danger  of  forming  the  cocaine  habit. 

Pharmacodynamic  Action:  Influence  on  Lower  Forms  of  Life. — Cocaine  applied  to  any 
cellular  element,  appears  first  to  stimulate  and  then  to  depress  its  vital  functions.  The 
paralyzing  effect  is  by  far  the  most  marked  and  is  alone  observed  with  strong  solutions. 
Bacteria  and  yeasts  are  hindered  in  their  growth  by  cocaine,  while  certain  molds 
can  develop  even  in  strong  solutions  (Grasset).  Motile  algae  are  paralyzed.  Seedlings 
of  lupine  are  injured  by  2  percent,  solutions  but  not  by  1  percent. 

The  movements  of  amebge,  infusoria  and  other  protozoa  are  hindered  after  brief 
stimulation  by  dilute  (0.01  percent.)  solutions,  and  promptly  stopped  by  strong  ones. 
Stentor  (an  infiisorian)  shows  toxic  phenomena  in  1:1,000,000  solution  after  20  hours, 
and  lives  for  half  an  hour  in  1:20,000  (Schurmayer).  If  actinia  are  placed  in  a  1:1500 
solution,  the  entire  animal  becomes  anesthetic  and  all  spontaneous  motions  cease  (Dani- 
lewski).  Similar  results  were  seen  with  small  arthropods,  mollusca,  etc.  Sea  urchin  eggs 
treated  with  1:  4,000  cocaine  for  5  minutes,  lose  their  power  to  deny  entrance  to  more 
than  one  spermatozoan  and  various  deformities  result  (Hertwig).  Injection  of  6  mgm. 
in  earthworms  causes  paralysis  of  the  body  near  the  point  of  injection,  lasting  several 
hours  (Vulpian).  Injection  of  0.04  Gm.  in  hen's  eggs,  interferes  with  normal  develop- 
ment, while  0.05  Gm.  prevents  it  (Fere).  Very  minute  doses  cause  convulsions  in  grass- 
hoppers, a  minute  droplet  of  1:100,000  solution  injected  into  a  blood  vessel,  being  suf- 
ficient. 

Absorption  and  Elimination. — Cocaine  is  readily  and  rapidly  absorbed  from  all 
mucous  membranes  and  when  given  hypodermically.  It  is  much  more  rapidly  absorbed 
when  present  in  concentrated  solution  and  the  danger  of  toxic  symptoms  arising  when 
solutions  of  four  percent,  or  more  are  used  in  the  nose,  for  example,  is  enormously 
greater  then  when  much  larger  amounts  of  dilute  solutions  are  employed.  Obviously 
the  contraction  of  the  vessels  brought  about  by  the  topical  action  of  cocaine  tends  some- 
what to  delay  its  absorption,  but  this  delay  may  be  made  enormously  greater  by  asso- 
ciating a  very  dilute  solution  of  epinephrine  with  the  injection  or  application.  On 
account  of  the  fact  that  cocaine  is  absorbed  by  the  various  tissues  if  left  in  contact  with 
these  for  a  short  time,  and  the  fact  that  any  circulating  in  the  blood  is  rapidly  eliminated 
by  the  kidneys,  the  toxicity  of  a  given  amount  may  be  greatly  reduced  by  such  measures. 
For  example,  40  mgm.  of  cocaine  in  1  cc.  of  water  injected  intraperitoneally  is  rapidly 
fatal  to  a  guinea-pig,  the  same  amount  in  15  cc.  is  survived  (Pouchet).  Dilution  favors 
adsorption  by  the  tissues,  as  shown  by  the  fact  that  an  intravenous  injection  of  10  mgm. 
per  kilo  in  10  percent  solution  is  always  fatal  to  rabbits,  while  40  mgm.  in  dilute  solu- 
tion is  not  dangerous  (Maurel).  The  adsorption  of  cocaine  by  nerve  tissues  with  which 
it  is  incubated,  also  lessens  its  toxicity  in  a  similar  manner,  and  has  led  to  the  idea  that 
it  was  destroyed  by  such  tissues  in  vitro. 

Cocaine  is  not  readily  shown  by  color  reactions  and  is  easily  destroyed  by  chemical 
agents,  so  that  the  older  students  commonly  were  unable  to  demonstrate  its  presence 
either  in  the  tissues  or  urine  except  after  enormous  doses.  More  recent  methods,  how- 
ever, have  shown  that  even  after  absorption  from  the  bowel,  enough  may  be  recovered 
from  the  blood  to  cause  convulsions  in  frogs  (Dragendorff).  After  small  doses  the  alka- 
loid can  always  be  found  in  the  liver  and  urine;  after  large  doses,  in  other  organs  also. 
The  earlier  statements,  that  only  5  to  12  percent,  of  the  amount  administered  could  be 
found  in  the  urine  (Wiechowski),  have  been  disproved  by  more  recent  studies  which 
disclosed  from  42  to  85  percent,  of  the  alkaloid  in  the  urine  after  subcutaneous  injec- 
tion in  rabbits,  and  after  repeated  doses  showed  that  elimination  kept  pace  with 
administration  ( Rifatwachdani ) . 

Whatever  the  mechanism  may  be,  it  is  known  that  cocaine  is  rapidly  gotten  rid  of. 
Rabbits  given  10  mgm.  every  I14  hours  show  no  toxic  symptoms,  although  the  pupil  is 
sensitive  to  epinephrine,  showing  that  minute  amounts  are  held  in  certain  tissues 
(Mills). 

Topical  Action. — By  far  the  most  important  topical  action  of  cocaine  is  its  paralyzing 
effect  on  the  terminations  of  sensory  nerves,  inducing  a  local  anesthesia.  Also  of  great 
importance  is  its  constricting  effect  on  blood  vessels  which  gives  it  a  preeminent  position 
as  an  anesthetic  for  local  operations,  on  account  of  the  diminished  hemorrhage.  The 
topical  effects  upon  the  eye  are  in  certain  respects  peculiar,  so  that  these  will  require 
separate  consideration.  The  topical  effects  especially  the  anesthesia,  are  increased  by 
addition  of  a  molecular  amount  of  an  alkali,  immediately  before  use. 
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Sensory  Nerves. — 'Cocaine,  whether  applied  to  an  intact  mucous  membrane,  or  to  a 
wound  surface,  or  injected  hypodermically  has  much  the  same  topical  action.  In  each 
case  it  causes  a  paralysis  of  all  the  peripheral  nerve  elements  with  which  it  comes  in 
contact  in  sufficient  concentration.  As  the  sensory  endings,  and  especially  those  of  the 
pain  nerves,  are  most  susceptible  to  its  action,  it  will,  if  dilute,  exert  a  specific  paralyzing 
effect  on  these,  leaving  the  motor  endings  and  those  of  the  autonomic  nerves  unaffected. 
A  similar  selective  action  is  seen  when  cocaine  is  applied  directly  to  nerve  trunks.  If  a 
concentrated  solution  is  applied,  either  by  wrapping  the  exposed  nerve  in  cotton  wet 
with  the  solution  or  by  injecting  a  solution  through  the  intact  tissues,  the  passage  of  all 
impulses  is  interrupted  as  completely  as  if  the  nerve  were  cut.  If  a  very  dilute  solution, 
however,  is  applied,  only  the  sensory  impulses  will  be  interrupted  and  although  no  pain 
will  be  felt  in,  nor  reflexes  elicited  from,  the  part  supplied  by  the  nerve,  voluntary  motions 
can  still  occur  without  hindrance.  A  similar  selective  action  is  observed  when  cocaine 
is  applied  to  a  mucous  membrane  which  is  the  seat  of  special  senses.  Thus  on  applying 
a  solution  to  the  nose,  the  sense  of  smell  is  lost  with  that  of  pain,  while  the  tactile  sense 
is  preserved  longer.  On  the  tongue,  it  abolishes  the  taste  for  bitter,  but  has  less  effect 
on  the  taste  of  sweet  and  none  on  that  for  salt.  The  sense  of  heat  and  cold  is  little 
affected  either  by  application  to  mucous  membranes  or  by  injection  under  the  skin.  The 
sense  of  touch  and  pressure  long  outlasts  that  of  pain  and  of  tickling.  Under  certain 
circumstances  the  sense  of  heat  may  be  lost,  but  application  of  moderate  heat  may  be 
interpreted  as  pain  (Goldscheider).  This  may  indicate  that  the  first  effect  of  cocaine  on 
the  endings  of  pain  nerves  is  stimulation,  an  idea  which  is  supported  by  the  observation 
that  if  a  frog's  foot  is  placed  in  0.1  percent,  cocaine  for  2  minutes  and  then  washed  off, 
both  feet  being  dipped  later  in  dilute  acid,  the  treated  foot  will  be  withdrawn  first. 
After  longer  exposure  the  skin  is  anesthetized  and  the  foot  is  not  withdrawn. 

The  differentiation  of  effects  on  the  autonomic  nerves  is  of  great  interest.  If  the 
vagus  of  the  rabbit  is  treated  with  dilute  cocaine  solution,  stimulation  peripheral  to  the 
point  of  application  produces  the  usual  central  effects  on  the  respiration  showing  that 
central  conduction  is  not  interrupted.  If,  however,  the  vagus  be  cut  above  the  point  of 
application  and  stimulated  also  above  this  point,  no  effect  will  be  produced  on  the  heart, 
showing  that  peripheral  passages  are  cut  off.  In  the  cat  the  vasoconstricting  fibers  of 
the  sciatic  are  more  readily  paralyzed  than  the  vasodilator  (Dixon).  The  conduction  of 
pain  sense  is  interrupted  by  application  of  i^  percent,  to  the  sciatic  nerve  of  the  frog,  and 
1/16  to  that  of  the  rabbit. 

The  topical  action  of  cocaine  on  nerve  tissue  is  well  seen  in  its  effects  on  the  spinal 
roots  when  it  is  injected  intraspinally  (intrathecally).  Injection  of  5  mgm.  may,  in  man, 
cause  sensory  paralysis  of  the  lower  half  or  even  two-thirds  of  the  body.  By  this  method 
of  application  also,  pain  sense  is  lost  at  a  time  when  pressure  or  touch  can  be  rightly 
interpreted  and  localized.  With  doses  up  to  10  mgm.,  the  motor  functions  are  hardly 
affected.  "With  larger  doses,  there  is  paralysis  of  the  muscles  of  the  legs  and  abdomen 
and  even  those  of  the  bladder  and  rectum.  If  5  to  20  mgm.  is  injected  into  the  spinal 
canal  of  a  dog,  first  the  hind  legs,  and  finally  the  entire  animal,  even  the  mucosa  of  the 
mouth,  will  become  anesthetic,  only  the  eye  being  spared.  The  paralysis  passes  off  in  a 
couple  of  hours,  the  respii'ation  and  circulation  being,  as  a  rule,  not  much  influenced. 
If  on  the  other  hand,  cocaine  is  injected  over  the  cerebral  cortex,  where  there  are  no 
nerve  trunks,  it  causes  excitement,  exaltation,  hallucinations,  and  violent  epileptiform 
convulsions.     After  1  to  2  hours  these  symptoms  are  succeeded  by  paralysis. 

Topical  idiosyncrasy  of  the  eye,  resulting  in  extreme  edema  of  the  lids  on  instilla- 
tion of  4  percent,  cocaine,  has  been  reported. 

Eye. — The  effects  of  cocaine  on  the  eye  are  in  several  respects  peculiar.  Applied 
to  the  conjunctiva  it  causes  anesthesia  and  blanching  of  the  surface  as  it  does  elsewhere. 
The  minimal  anesthetic  concentration  is  about  0.5  percent.  The  anesthesia  does  not  as 
a  rule  involve  the  iris,  while  the  vasoconstriction  includes  this  but  not  the  retina.  In 
addition  there  is  dilatation  of  the  pupil,  protrusion  of  the  bulb  and  widening  of  the  lid 
space.  Cocaine  dries  the  cornea  and  interferes  in  some  obscure  way  with  its  nutrition. 
Superficial  erosion  and  even  corneal  ulcer  may  follow  its  prolonged  application  even  in 
comparatively  dilute  solution. 

The  interpretation  of  these  effects  has  given  rise  to  some  controversy.  It  is  well 
known  that  the  pupillary  dilatation,  at  least  with  moderately  dilute  solution,  is  never 
maximal,  and  that  it  can  be  increased  by  atropine  which  is  assumed  to  act  by  paralyzing 
the  oculomotor  endings  in  the  constrictor  muscle.     The  dilatation  differs  from  that  of 
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atropine  in  that  it  is  not  maximal  (with  moderate  concentrations);  that  the  pupil  con- 
tracts with  light  and  accommodation ;="  that  there  is  protrusion  of  the  bulb;  that  the 
intraocular  tension  is  little  if  at  all  raised;  and  that  miosis  is  brought  about  by  pilocar- 
pine and  by  physostigmine.  If  the  superior  cervical  ganglion,  which  supplies  the  dilator 
fibers  of  the  iris,  is  removed  and  time  allowed  for  the  endings  to  degenerate,  cocaine 
has  much  less  effect  on  the  pupil.  According  to  some  observations  dilute  solutions  have 
no  effect  after  such  excision  (SchOler,  Schultz),  while  other  observers  have  seen  dilata- 
tion in  both  rabbits  and  guinea-pigs,  although  this  was  distinctly  less  than  in  the  normal 
eye  (Giihens,  unpublished).  If  concentrated  solutions  are  used  (Schultz),  or  if  a  solu- 
tion is  injected  into  the  anterior  chamber  (Berthold),  cocaine  causes  maximal  dilatation 
of  the  pupil  even  after  excision  of  the  superior  cervical  ganglion  (Schultz)  or  with  loss 
of  the  further  dilatation  which  usually  results  from  stimulation  of  this  (Berthold).  It 
has  commonly  been  assumed  from  these  facts,  that  cocaine  acted  primarily  by  stimulation 
of  the  dilator  endings  and  that  with  larger  doses  there  was  also  a  paralysis  of  the  con- 
strictor fibers,  either  by  action  on  the  nerve  endings  or  on  the  muscle  fiber  itself.  Under 
dilute  solutions  electric  stimulation  of  the  constrictor  fibers  causes  constriction,  while 
after  application  of  5  percent,  solutions  this  becomes  ineffective.  Recently  certain  facts 
have  been  brought  forward  which  throw  doubt  on  the  conception  that  stimulation  of  the 
dilator  muscle  is  alone  responsible  for  the  mydriasis.  The  most  important  of  these  is 
the  influence  of  cocaine  on  the  action  of  epinephrine.  Many  years  ago  Meltzer  showed 
that  whereas  epinephrine  had  little  effect  when  instilled  into  a  normal  eye,  and  a  very 
transitory  effect  when  injected  intravenously,  after  excision  of  the  superior  cervical 
ganglion,  instillation,  even  of  dilute  solutions,  caused  a  wide  dilatation  and  the  dilatation 
resulting  from  a  single  injection  lasted  an  hour  or  more.  More  recently  it  has  been 
shown  that  if  cocaine  be  instilled  into  one  eye,  and  epinephrine  subsequently  injected 
or  applied,  the  pupil  will  show  the  same  dilatation  from  the  epinephrine  as  is  seen  after 
excision  of  the  ganglion.  From  this  phenomenon  it  is  argued  that  cocaine  acts  by 
paralyzing  some  mechanism  which  inhibits  the  action  of  epinephrine  on  the  eye,  pre- 
sumably the  same  mechanism  which  is  rendered  functionless  by  excision  of  the  ganglion. 
There  is  no  doubt  that  cocaine  increases  the  sensitiveness  of  the  eye  to  epinephrine,  and 
it  has  been  observed  that  the  effect  of  cocaine  on  the  eye  is  unusually  marked  during 
pregnancy,  at  which  time  there  is  an  unusually  large  amount  of  epinephrine  in  the  circula- 
tion (Ury).  The  power  of  accommodation  is  less  affected  by  cocaine  than  by  atropine 
and  is  limited  both  in  the  direction  of  near  and  of  far  vision.  Occasionally  diplopia  or 
nystagmus  is  observed. 

The  intraocular  pressure  is  influenced  in  two  opposed  manners.  The  vasoconstriction 
tends  to  reduce  it  and  the  pupillary  dilatation  to  increase  it.  As  a  result  the  effects  are 
variable  in  the  normal  eye.  If  there  is  already  a  tendency  to  increased  tension,  however, 
cocaine  may  cause  acute  glaucoma. 

Toxicity:  Toxic  Dose. — Owing  to  the  rapidity  with  which  cocaine  is  destroyed  in,  and 
eliminated  from,  the  body,  its  toxic  dose  varies  enormously  with  the  method  of  admin- 
istration, according  to  whether  or  not  this  favors  rapid  absorption.  If  the  alkaloid  is 
given  intravenously  there  is  a  great  difference  also  according  to  the  rate  of  injection. 
The  frog  is  more  resistant  to  the  toxic  action  than  are  warm  blooded  animals,  and  small 
rodents  and  birds  are  more  resistant  than  larger  mammals  as  will  be  seen  from  the 
following  table  of  the  fatal  dose  in  grams  per  kilo  when  given  subcutaneously.  Frog, 
0.5  to  1;  fowl,  0.12;  pigeon,  0.08;  mouse,  0.2  to  0.35;  rat,  0.2  to  0.3;  guinea-pig,  0.07  to 
0.09;  rabbit,  0.1  to  0.2;  cat,  0.02  to  0.04;  dog,  0.01  to  0.03.  The  fatal  dose  in  man  cannot 
be  stated  with  accuracy,  but  from  a  fairly  large  series  of  fatal  accidents  the  average  fatal 
dose  may  be  given  as  from  0.003  to  0.015  Gm.  per  kilo.  Given  by  vein  there  is  a  great 
difference  according  to  the  strength  of  the  solution.  With  2  to  4  percent,  solution  in- 
jected fairly  rapidly  the  following  figures  approximate  the  average  fatal  dose  in  Gm.  per 
kilo.  Rabbit,  0.0075;  cat,  0.015;  dog,  0.015;  man,  0.0015.  By  mouth  the  dose  is  rather 
less'than  that  by  hypodermic  injection.  Impure  or  decomposed  solutions  may  be  more 
toxic. 

In  man,  idiosyncrasy  appears  to  play  a  greater  part  than  in  most  intoxications. 
Doses  of  1  Gm.  (gr.  15)  and  1.1  Gm.  (gr.  16)  subcutaneously  have  been  given  without 
bad  result,  while  as  little  as  0.08  Gm.    (1.2  grain)    has  killed    (Witthaus   and   Becker). 

''The  difference  in  the  reaction  to  light  leads  to  the  paradox  that  whereas  after 
atropine  has  been  instilled  into  one  eye,  the  difference  between  the  pupils  is  greatest  in 
bright  light,  the  difference  with  cocaine  is  greatest  in  dull  light   (Limbourg). 
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Isolated  instances  are  not  wanting  in  which  much  smaller  doses  have  caused  death,  e.g., 
Abadie  reports  the  case  of  an  old  woman  in  whom  a  subconjunctival  injection  of  0.04 
Gm.  (gr.  6)  was  fatal.  Mattison  gives  8  drops  of  a  4  percent,  solution  (20  mgm.  gr.  1/3) 
as  the  smallest  known  fatal  dose.  In  a  child  2^,^  years  old,  an  intraurethral  injection  of 
32  mgm.  (gr.  i/^),  and  in  one  of  11,  an  intramuscular  injection  of  24  mgm.  (gr.  2/5), 
were  followed  by  death  (Witthaus  and  Becker).  Intraurethral  and  intrarectal  injections 
are  more  dangerous  than  applications  to  other  mucosae.  Severe  symptoms  have  followed 
very  small  doses,  thus  Stevens  reports  a  case  in  which  an  injection  of  8  mgm.  (%  gr.) 
in  the  orbit  was  followed  by  dyspnea,  convulsions  and  loss  of  consciousness.  It  may  be 
laid  down  as  a  general  rule,  that  the  amount  of  cocaine  given  to  a  man  at  one  time  by 
injection  should  not  exceed  20  mgm.  (gr.  1/3).  Of  46  fatal  cases  collected  by  Watson 
Williams,  13  had  taken  the  drug  by  mouth,  the  smallest  dose  being  0.06  Gm.  (gr.  1) ;  six 
had  subcutaneous  injections,  the  smallest  dose  being  0.025  Gm.  (gr.  2/5);  12  had  injec- 
tions in  the  tonsils,  the  smallest  dose  being  0.001  Gm.  (gr.  1/60). 

A  number  of  external  factors  have'  been  found  to  influence  the  fatal  dose  or  the 
course  of  poisoning.  Susceptibility  is  increased  by  hemorrhage  and  by  inhalation  anes- 
thetics, this  having  a  possible  important  bearing  on  associated  use  of  general  and  topical 
anesthesia.  Although  chloral  has  been  found  to  increase  the  danger  of  cocaine  poisoning, 
it  is  said  that  the  fatal  dose  is  larger  in  animals  under  the  influence  of  such  hypnotics 
as  sulphonal,  trional  and  veronal  as  these  prevent  the  convulsions  which  otherwise  lead 
to  failure  of  respiration.  In  monkeys,  the  fatal  dose  of  cocaine  is  less  than  30  mgm. 
per  kilo  without  hypnotics,  and  above  100  mgm.  if  a  sufficient  dose  of  a  hypnotic  is 
administered;  in  the  dog  26  mgm.  without,  and  65  mgm.  with  hypnotics  (Tatum 
and  Collins).  If  a  small  dose  of  alcohol  is  given  by  mouth  just  before  operation 
under  local  anesthesia,  the  danger  of  cocaine  intoxication  is  lessened  (Herzfeld). 
The  influence  of  associated  epinephrine  injections  varies  with  the  method  of  use. 
Addition  of  epinephrine  to  injected  cocaine  solutions  delays  absorption  and  thus  lessens 
toxicity.  On  the  other  hand,  if  epinephrine  is  injected  intravenously  when  cocaine 
is  given,  the  toxicity  of  the  cocaine  is  much  increased,  being  even  doubled  if  the  amount 
of  epinephrine  is  large  (Ross).  For  various  chemical  and  physiologic  reasons  a  number 
of  other  substances  have  been  given  with  or  after  cocaine  with  the  hope  of  reducing  the 
danger  of  poisoning.  These  include  calcium  chloride,  sodium  bicarbonate,  atropine, 
morphine  and  caffeine.  Proof  that  any  are  of  value  is  lacking.  On  the  other  hand, 
stimulation  of  the  heart,  as  by  injection  of  ouabain,  before  or  epinephrine  after  the 
cocaine,  associated  with  artificial  respiration,  saves  life  after  ly^  fatal  doses  (Eggleston 
and  Hatcher). 

Toxic  Action. — The  symptoms  produced  by  toxic  doses  of  cocaine  are  similar  in  all 
the  laboratory  animals.  In  rodents  there  is  great  motor  excitement,  the  animals  running 
rapidly  about.  The  respiration  is  markedly  increased,  the  hair  erects,  the  temperature 
is  irregular,  commonly  rising  in  rabbits  and  dogs  and  falling  in  guinea-pigs.  Muscular 
tremors  follow  which  if  the  dose  be  large  enough,  pass  into  clonic  convulsions,  which 
may  continue  until  death,  or  be  interrupted  by  periods  of  quiet.  The  heart  is  paralyzed 
at  the  same  time  as  the  respiratory  center,  and  although  respiration  usually  fails  first, 
life  cannot  be  materially  prolonged  by  artificial  respiration.  In  the  cat  and  dog  the 
symptoms  are  similar  but  there  is  rather  less  motor  excitement  before  the  tremors  and 
convulsions  begin,  and  more  evidence  of  mental  derangement  with  symptoms  of  dis- 
ordered imagination.  Muscular  tremors  are  very  marked  and  pass  into  clonic  and  even 
tonic  convulsions.    The  pyrexia  precedes  the  convulsions,  and  is  not  caused  by  them. 

In  man,  the  symptoms  are  dominated  by  the  mental  and  sensory  phenomena  before 
severe  motor  disturbances  begin.  The  first  symptom  after  taking  a  full  dose  is  likely 
to  be  a  peculiar  sense  of  warmth  of  the  skin,  the  face  feeling  hot  and  the  head  full. 
Soon  after,  there  is  increasing  mental  exaltation  with  a  sense  of  exhilaration  and  of 
self  assurance  and  a  feeling  that  no  task,  mental  or  physical  is  too  great  to  be  attempted. 
The  mind  is  very  active  but  restless,  passing  from  subject  to  subject  so  rapidly  as  to 
make  connected  mental  work  impossible.  There  is  loss  of  self-control  with  ideas  of 
aggrandizement  and  loss  of  self-consciousness  and  of  memory  for  recent  events,  similar 
to  that  seen  in  acute  alcoholism.  As  these  mental  symptoms  develop,  the  pulse  and 
respiration  become  rapid  and  irregular,  the  former  perhaps  tumultuous.  The  tempera- 
ture rises,  often  several  degrees,  and  the  skin,  which  had  been  hot  and  dry,  is  covered 
with  a  profuse  sweat.  The  desire  for  coolness,  coupled  with  the  loss  of  self-control,  may 
lead  the  victim  to  undress  completely.  The  symptoms  of  severe  poisoning  now  develop 
rapidly,  the  throat  is  dry  and  numb,  the  pupils  are  dilated  and  react  poorly  to  light. 
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there  is  failure  of  sight  and  hearing,  the  facial  muscles  twitch  and  the  gait  becomes 
staggering,  the  limbs  feeling  numb.  Vertigo  is  succeeded  by  clonic  and  even  tonic  con- 
vulsions, which  lead  to  coma  and  death.  In  several  cases  delirium  and  even  violent 
mania  have  replaced  the  coma. 

In  many  cases  the  course  of  poisoning  has  been  much  more  rapid,  faintness  and 
collapse  following  very  soon  after  administration  of  the  drug,  with  almost  no  premoni- 
tory symptoms.  Sudden  death  or  prolonged  unconsciousness  with  fluttering  pulse  and 
feeble  respiration  are  seen  in  such  cases.  Such  acute  intoxication  depends  in  many 
cases  on  very  rapid  absorption  as  when  an  intravenous  injection  has  been  given  or  the 
point  of  the  needle  has  entered  a  vein  accidentally.  In  other  cases  such  symptoms  can 
be  explained  only  on  the  ground  of  "idiosyncrasy." 

If  the  case  does  not  terminate  fatally,  the  intoxication  is  followed  by  a  period  of 
reaction  with  nausea  and  vomiting,  severe  headache,  extreme  muscular  weakness  and 
frequently  great  mental  depression.  Loss  of  appetite  is  constantly  felt  and  may  be 
accompanied  by  severe  abdominal  pains.  These  symptoms  may  last  for  several  days, 
and  the  mental  depression  even  longer. 

The  lesions  found  at  autopsy  consist  in  fatty  degeneration  of  the  cells  of  the 
central  nerve  system;  degenerative  changes  in  the  kidneys;  congestion  and  hemorrhages 
in  the  liver;  and  decrease  in  the  size  of  the  testicles  and  in  spermatogenesis  (Falca). 

The  treatment  of  poisoning  is  very  unsatisfactory.  If  the  drug  has  been  taken  by 
mouth  the  stomach  should  at  once  be  washed  out  and  chemical  antidotes  given,  as  the 
topical  action  of  the  cocaine  may  prevent  the  action  of  emetics,  but  as  cocaine  is  usually 
given  parenterally,  such  measures  are  rarely  appropriate.  In  case  of  collapse,  the  head 
should  be  lowered  and  artificial  respiration  and  intramuscular  injections  of  epinephrine 
given.  Injections  of  caffeine  and  inhalation  of  aromatic  ammonia  may  be  tried,  but  they 
are  of  doubtful  value.  The  chief  danger  from  the  convulsions  may  be  prevented  by 
giving  artificial  respiration  by  means  of  one  of  the  mechanical  devices  for  this  purpose, 
as  it  probably  adds  to  the  danger  of  fatal  heart  failure  to  attempt  their  control  by 
chloroform  or  similar  depressing  narcotics. 

Chronic  Intoxication:  Cocainism. — The  habitual  use  of  cocaine,  the  so-called  "co- 
caine habit"  or  cocainism,  is  of  much  greater  importance  than  acute  poisoning.  During 
the  last  twenty  years  it  has  been  increasing  in  extent  at  an  alarming  rate,  and  now  is  as 
important  as  morphine  addiction.  Cocaine  is  often  associated  with  a  narcotic,  especially 
with  morphine  or  heroine,  but  quite  frequently  with  alcohol,  and  in  such  case  the  habit 
is  particularly  stubborn,  and  its  effects  disastrous.  The  statistics  of  police  departments 
and  asylums  indicate  that  a  greater  proportion  of  cocaine  addicts  are  defectives  than 
addicts  of  other  drugs.  Many  physicians  and  druggists  are,  however,  counted  among 
its  victims. 

The  use  of  cocaine  differs  from  that  of  alcohol  and  morphine  in  that  the  drug  is 
likely  to  be  taken  much  more  frequently;  several  times  a  day,  and  even  every  2  or  3 
hours  throughout  the  day.  It  also  differs  in  the  smaller  number  of  cases  in  which  it  is 
taken  by  mouth,  the  cocaine  being  either  injected  hypodermically  or  sniffed  into  the 
nose  as  a  solution  or  more  commonly  as  a  powder  diluted  with  an  inert  powder.  The 
last  is  the  form  in  which  it  is  sold  by  "dope  peddlers,"  being  referred  to  as  "snow"  and 
its  victims  as  "snowbirds."  "When  used  by  mouth  it  is  commonly  as  a  succedaneum  or 
associate  of  alcohol  or  morphine,  which  is  taken  in  the  same  way.  The  symptoms  of 
early  addiction  are  much  less  noticeable  than  those  of  other  drug  habits,  partly,  perhaps, 
because  the  frequency  of  administration  avoids  the  periodic  stimulation  and  depression 
whicli  result  from  one  daily  dose.  During  the  early  weeks  of  the  habit,  while  the  dose  is 
still  small,  not  more  than  a  few  grains  (0.06  to  0.25  Gm.)  daily,  the  only  manifestation 
is  excitement,  eagerness  and  elation  which  may  be  more  marked  immediately  after  each 
dose  but  is  likely  to  pass  unnoticed.  Certain  habitues  especially  among  those  who  take 
the  drug  by  the  nostrils,  never  increase  the  amount  beyond  this,  and  may  go  on  using 
the  drug  for  many  years  with  no  apparent  harm.  In  most  cases,  on  the  other  hand 
there  is  a  strong  tendency  to  rapid  increase  of  the  amount  taken,  so  that  within  a  few 
weeks  or  months  most  incredible  amounts  are  consumed  daily.  This  increase  of  dose  is 
seen  in  persons  taking  the  drug  hypodermically,  the  use  in  the  nostrils  leading  to  much 
less  tolerance.  As  illustrations  of  the  large  amounts  which  may  be  consumed,  a  dentist 
in  the  course  of  3  months  increased  the  injected  amount  to  3  Gm.  (gr.  45)  daily  (Hlgler) ; 
a  woman  morphinist  rose  in  3  weeks  to  the  same  amount  (v.  Bornemann) ;  a  14  year 
old  boy  injected  4  Gm.   (1  dram)   daily;   a  physician  took  12  Gm.   (3  drams)   dally  by 
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mouth;  another  took  8  Gm.  (2  drams)  of  cocaine  and  2  Gm.  (gr.  30)  of  morphine  (Sol- 
lier).  The  largest  daily  amount  taken  hypodermically  seems  to  be  10  Gm.  (2yo  drams) 
(Grode). 

According  to  Hildebrandt,  there  is,  in  contrast  to  morphine,  no  true  habituation  to 
cocaine,  in  the  sense  of  acquired  resistance  to  large  doses.  Normally  there  is  an  enormous 
variation  in  the  quantity  required  to  cause  poisoning  in  different  individuals  of  the 
same  species,  and  cocainists  increase  the  dose  to  the  nearly  toxic  amount  very  quickly, 
men  often  reaching  a  dose  of  8  Gm.  (2  drams)  daily,  within  a  few  days  of  beginning 
habitual  use.  After  reaching  this  fixed  dose  there  is  no  further  increase,  even  though 
use  be  continued  for  years.  After  breaking  off  for  a  long  time,  former  habitues  can 
return  at  once  to  the  former  dose.  Joel,  who  has  studied  the  subject  carefully,  believes 
that  there  is  no  increase  in  bodily  resistance  to  cocaine,  such  as  occurs  readily  with 
morphine  and  alcohol. 

The  symptoms  caused  by  these  enormous  doses  are  definite  and  characteristic. 
There  is  marked  and  rapid  emaciation,  the  marasmus  being  such  that  30  percent  of  the 
weight  may  be  lost  in  the  course  of  a  few  weeks.  Muscular  weakness  is  also  noted, 
often  accompanied  by  tremors.  The  face  is  pale  and  anxious,  the  eyes  are  sunken  and 
have  a  nervous,  wandering  "shifty"  expression.  The  pupils  are  often  dilated,  but  by 
no  means  always.  The  patient  complains  of  dyspepsia  and  of  insomnia.  Cocaine 
habitues  are  usually  quiet,  showing  much  less  tendency  than  alcoholics  to  be  noisy  or 
quarrelsome.  Mentally  they  are  apathetic  and  show  a  loss  of  power  to  concentrate  or  to 
keep  the  mind  long  on  one  subject.  Hallucinations  of  sight  and  feeling  are  common.  A 
peculiar  disturbance  of  sensation  is  almost  characteristic  of  cocainism.  This  is  known 
as  Magnan's  symptom  or  as  the  "cocaine  bug"  and  consists  of  a  sensation  of  solid  par- 
ticles or  more  commonly  of  vermin  or  worms  crawling  under  the  skin.  On  looking  at  a 
white  surface  moving  spots  of  black  are  frequently  seen,  these  are  also  interpreted  as 
moving  bugs.  Apart  from  the  apathy,  which  may  pass  into  dementia,  true  insanity  is 
comparatively  rare,  death  usually  occurring  from  marasmus  before  the  mind  is  com- 
pletely deranged.  Two  forms  of  insanity  are  encountered;  a  profound  melancholia  with 
attacks  of  suicidal  mania  and  a  "cocaine  paranoia"  with  delusions  of  persecution.  As  in 
alcoholic  paranoia,  delusions  of  marital  infidelity  are  very  common.  If  the  drug  is 
taken  by  snuffing  there  is  very  often  a  severe  ulceration  of  the  nasal  septum,  which  often 
leads  to  epistaxis  and  is  almost  diagnostic  of  cocainism.  If  the  drug  is  injected  hypo- 
dermically, peculiar  spots  of  pigmentation  will  be  seen  at  the  needle  punctures.  Such 
lesions  are  not  seen  in  cases  of  morphinism. 

If  the  marasmus  is  not  severe,  the  drug  can  usually  be  withdrawn  at  once  with  no 
troublesome  abstinence  symptoms  resulting.  In  a  few  instances,  there  is  a  tendency  to 
collapse,  with  sudden  cardiac  failure,  but  the  severe  mental  and  physical  disturbances 
seen  on  withdrawing  morphine,  are  not  encountered.     Insomnia  is  apt  to  be  troublesome. 

Treatment  consists  in  immediate  withdrawal,  the  patient  being  kept  in  bed  a  few 
days  to  lessen  the  danger  of  circulatory  collapse.  An  abundance  of  such  food  as  can 
be  taken  must  be  supplied.  Insomnia  is  combated  by  prolonged  warm  baths,  suggestion, 
massage,  etc.,  better  than  by  hypnotics,  although  sulphonal  or  urethane  may  be  used  if 
absolutely  needed.  Institutional  care  is  likely  to  be  required  for  several  weeks  after 
apparent  recovery,  as  the  desire  remains  almost  undiminished  after  the  physical  and 
mental  symptoms  have  entirely  cleared  up. 

Animals  poisoned  by  repeated  doses  of  cocaine,  show  a  form  of  chronic  intoxication 
which  resembles  that  in  man  only  in  the  tendency  to  rapid  emaciation  and  marasmus. 
Mental  symptoms,  apart  from  the  apathy  dependent  on  weakness,  are  not  seen.  Strangely 
enough  no  one  has  ever  been  able  to  show  any  increased  tolerance  in  animals,  although 
attempts  have  been  made  by  various  methods  in  mice  (Ehrlich),  in  guinea-pigs  and 
rabbits  (Richet),  in  rabbits  (Anrep)  and  in  dogs  (Wiechowski).  In  fact  there  is  likely 
to  be  an  increase  in  the  toxic  effects  (Aducco,  Grode),  which  may  be  so  great  that  the 
convulsant  dose  falls  to  i^  of  the  normal  in  dogs  (Gioffredi). 

Systemic  Action. — The  systemic  action  of  cocaine,  apart  from  that  on  the  central 
nerve  system,  is  so  much  less  striking  than  its  topical  action  that  its  study  has  been 
largely  neglected. 

Digestive  System. — Cocaine  by  its  local  action  on  the  throat,  paralyzing  the  nerves 
of  taste  and  the  swallowing  reflex,  leads  to  loss  of  appetite  and  often  also  to  nausea. 
Taken  into  the  stomach  it  is  a  powerful  antemetic,  acting,  however,  entirely  locally. 
There  may  be  a  central  emetic  action. 

In  dogs,  intravenous  injection  of  40  mgm.  (0.6  grain)  causes  increased  salivation,  but 
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has  no  effect  on  the  secretion  of  the  liver  or  pancreas  (Vulpian).  In  human  poisoning, 
salivation  has  been  described  accompanying  the  diaphoresis,  but  dryness  of  the  mouth 
is  more  common.  Mice  poisoned  acutely  by  cocaine,  show  very  large,  pale  livers,  with 
scattered  hemorrhages.  The  cells  are  enlarged  and  show  an  extreme  vacuolar  degenera- 
tion with  fatty  changes;  glycogen  is  absent  (Ehrlich).  Less  marked  degenerative 
changes  are  found  in  the  liver  of  poisoned  rabbits  (Gilbert  and  Carnot,  AVallace  and 
Diamond). 

The  motility  of  the  stomach  is  increased  at  first  by  largo  doses,  later  depressed 
(Kuroda,  etc.).  The  ileocolic  sphincter  of  the  cat  contracts  on  intravenous  injection  of 
li/o  to  10  mgm.  Strips  of  excised  intestine  ov  stomach  of  the  dog  and  rabbit  are  stimu- 
lated by  dilute  solutions  (1:250.000),  depressed  by  strong  (1:50,000)  (Kuroda),  while 
guinea-pig  bowel  is  depressed  by  all  effective  concentrations    (Trendelenburg). 

Most  local  anesthetics  resemble  cocaine  in  stimulating  the  isolated  bowel  in  weak 
and  depressing  it  in  strong  solutions.  Thus  cocaine,  procaine,  tutocaine  and  alypin  cause 
excitement  in  dilutions  of  1:10,000  to  1:1,000,000  and  depression  in  1:100.  Novocaine 
stimulates  in  1:100  and  paralyzes  in  1:10.  Eucaine  alone  causes  no  excitation  but 
paralyzes  with  a  concentration  of  1:50   (Lasch). 

Circulation.— The  effects  on  both  the  heart  and  vessels  vary  considerably  with  the 
concentration,  or  dose,  the  method  of  application  and  the  species.  The  excised  perfused 
organs  differ  in  their  reactions  from  the  same  organs  in  situ. 

Cocaine  applied  externally  to  any  mucous  membrane  causes  a  marked  blanching  of 
the  part,  due  to  constriction  of  the  arteries  or  arterioles.  Such  an  effect  is  particularly 
marked  in  places,  such  as  the  nasal  turbinates,  where  dilated  cavernous  tissue  is  present. 
Whether  this  vasoconstriction  is  due  to  an  action  on  the  nerve  endings  or  on  the  muscle 
cells  has  not  been  definitely  settled.  It  is  possible,  for  reasons  to  be  stated,  that  its  action 
even  topically,  depends  on  its  making  the  vessels  more  sensitive  to  the  small  amounts 
of  epinephrine  normally  circulating  in  the  blood.  If  all  the  nerves  going  to  a  part  are 
cut,  irritation  will  still  cause  a  local  congestion  which  cannot  be  of  central  reflex  origin. 
This  congestion,  which  is  known  as  the  axone  reflex,  is  abolished  by  cocaine,  but  as  other 
local  anesthetics  have  the  same  effect,  it  is  presumably  a  nervous  and  not  a  vascular 
action. 

"When  small  amounts  of  cocaine  are  applied  topically,  accompanied  by  very  dilute 
epinephrine,  the  effects  are  greater  than  the  sum  of  the  individual  actions,  showing  that 
there  is  true  synergism.  The  same  is  true  when  epinephrine  is  injected  and  cocaine 
applied  topically,  the  blood  pressure  being  unduly  increased.  That  the  peripheral 
vasoconstrictor  action  of  cocaine  is  largely  due  to  increasing  the  effect  of  the  epinephrine 
always  present  in  the  blood,  is  suggested  by  the  fact  that  it  is  likely  to  act  as  a  vasodi- 
lator under  conditions  in  which  access  of  this  to  the  part  is  impossible.  Cocaine  perfused 
through  isolated  organs  causes  a  dilatation  of  the  vessels  with  increased  flow.  The 
vessels  of  the  dog's  kidney  are  not  influenced  by  0.02  percent,  but  are  dilated  when  0.04 
to  0.06  percent,  is  added  to  the  perfusion  fluid  (Mosso).  Perfusion  of  the  hind  legs  of 
a  cat  causes  slight  dilatation  with  0.3  percent,  and  marked  dilatation  with  2  percent, 
solution.  Addition  of  adrenalin  afterward,  has  less  effect  than  normal  (Brodie  and 
Dixon).  After  the  stronger  solution  even  barium  is  without  effect,  the  muscle  having 
been  paralyzed.  Vessel  strips  in  vitro,  which  are  caused  to  beat  by  addition  of  epine- 
phrine (1:5,000,000),  show  increased  tonus  and  cessation  of  contractions  on  addition  of 
0.01  percent,  of  cocaine  (Gunther).  Cocaine  thus  seems  to  act  as  a  local  vasoconstrictor 
only  in  the  presence  of  adrenalin  and  as  a  vasodilator  when  this  is  absent.  However, 
even  after  excision  of  the  adrenals,  cocaine  injections  increase  the  pressor  effect  of 
splanchnic  stimulation,  and  the  vasomotor  response  to  electric  excitation  of  the  cervical 
sympathetic,  showing  that  there  is  a  generally  increased  responsiveness  of  the  peripheral 
neuromuscular  mechanism.  Very  small  doses,  however,  antagonize  the  pressor  action  of 
tyramine  by  a  direct  depressing  effect  on  the  muscles  of  the  walls  of  the  blood  vessels 
and  heart   (Tainter  and  Chang). 

Cocaine  in  small  dose,  stimulates  the  vasomotor  center,  and  intravenous  injections 
cause  constriction  of  the  splanchnic  vessels  and  prevent  the  dilatation  which  otherwise 
follows  handling  of  the  intestine.  It  is  not  certain  to  what  extent  central  and  peripheral 
influences  participate  in  this  vasoconstriction,  which  has  also  been  shown  in  the  human 
forearm  by  Mosso,  in  the  dog's  kidney  by  Gioffredi  and  in  the  meningeal  and  retinal 
vessels  by  Hirschfelder. 

In  certain  respects  the  effect  of  cocaine  on  the  heart  of  the  frog  resembles  that  of 
digitalis.     By  perfusion  (Durdufi),  or  injection   (Pachon  and  Moulin),  it  causes  systolic 
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stoppage.  The  rate,  however,  Is  commonly  accelerated,  although  there  may  be  groups 
of  a  few  beats  followed  by  pauses.  There  may  be  paralysis  of  conduction  with  dropped 
beats.  The  isolated  mammalian  heart  behaves  rather  differently.  Addition  of  1  part  in 
100,000  causes  slowing  and  strengthening  of  the  beats.  Addition  of  2:100,000  causes  the 
same  phenomena  associated  with  lessened  strength  in  the  systole;  30:100,000  causes 
steady  decrease  in  power  with  stoppage  in  diastole.  Even  at  this  time,  washing  the  heart 
out  with  fresh  blood  leads  to  prompt  and  complete  recovery.  In  the  rabbit,  cocaine  acts  as 
an  adversary  of  strophanthin.  After  a  fatal  dose  of  the  latter,  life  can  be  saved  by  10 
mgm.  of  cocaine  (Von  Lhota).  In  the  isolated  frog  heart,  either  cocaine  or  strophanthin 
may  prevent  the  cardiac  stoppage  caused  by  the  other.  In  dogs  anesthetized  by  chloro- 
form, the  heart  is  stopped  by  intravenous  injection  of  as  little  as  5  mgm.  per  kilo  of 
cocaine,  the  stoppage  being  due  to  extreme  depression  of  the  medullary  centers  (Bardier 
and  Stillmunkes). 

Cocaine  depresses  the  cardiac  vagus  peripherally,  and  after  its  administration  stimu- 
lation of  the  vagus  slows  the  heart  less  than  normally  and  never  causes  complete  stop- 
page. The  paralytic  action  is  not  exerted  as  near  the  ending  as  that  of  atropine  cocaine 
having  no  power  to  renew  beats  in  a  heart  poisoned  by  muscarine.  The  vagus  center  is 
also  stimulated,  the  heart  of  the  turtle  being  slowed  by  perfusion  of  the  medulla  (Bush). 

To  summarize  the  effects  on  the  circulation  in  the  Intact  animal,  there  is  from 
small  doses,  rise  of  blood  pressure  due  to  stimulation  of  the  vasomotor  center  and  slow- 
ing of  the  pulse  due  to  stimulation  of  the  vagus  center.  With  moderate  doses  there  is  a 
still  greater  rise  of  pressure  because  the  heart  is  accelerated  by  stimulation  of  the  accel- 
erator and  by  peripheral  depression  of  the  vagus  nerve.  With  large  doses  there  is  a  brief 
rise  of  blood  pressure  followed  by  a  profound  fall  due  to  depression  of  the  vasomotor 
center  and  peripheral  vasodilatation,  and  slow,  weak  pulse  from  depression  of  the  accel- 
erator center  associated  with  a  direct  depressing  action  on  the  heart  muscle. 

Respiration. — The  respiratory  rate  is  increased  in  mammals  under  the  influence  of 
cocaine,  while  the  depth  of  respiration  is  not  much  altered.  This  results  in  a  consider- 
able increase  in*  the  minute  volume  of  air.  The  stimulant  effect  is  probably  mainly,  if  not 
entirely,  indirect,  depending  on  mental  excitement  and  on  the  greater  demand  for  oxygen 
occasioned  by  the  rise  of  temperature  (Reichert).  With  large  doses,  there  is  direct  depres- 
sion of  the  respiratory  center,  leading  to  shallow  and  labored  breathing.  In  poisoning,  the 
interference  with  respiration  occasioned  by  the  convulsions  may  be  the  cause  of  death. 
There  may  be  extreme  slowing  in  poisoning  in  man.  Application  of  cocaine  to  the  fourth 
ventricle  causes  a  direct  paralysis  of  the  respiratory  center.  A  similar  action  is  one 
of  the  dangers  of  spinal  anesthesia  with  cocaine. 

Cocaine  causes  dilatation  of  the  bronchi,  being  formerly  used  in  asthma.  It  pre- 
vents the  bronchial  spasm  which  follows  injection  of  peptone  in  guinea-pigs  (Pal),  and 
dilates  the  bronchi  in  vitro  (Trendelenburg). 

Metabolism. — The  ability  of  the  South  American  Indians  to  go  without  food  while 
under  the  influence  of  cocaine  led  to  the  belief  that  cocaine  was  a  substitute  for  food, 
or  at  any  rate  lessened  tissue  waste.  Careful  studies  have  shown  that  such  ideas  were 
erroneous.  Cocaine  chewed  or  taken  by  mouth  lessens  the  intake  of  food  by  destroying 
appetite,  but  has  no  direct  effect  on  metabolism.  Single  large  doses  increase  metabolic 
activity  in  the  muscles  by  the  restlessness  or  convulsions  which  are  produced.  Repeated 
small  doses  have  either  no  effect  or  lessen  the  absorption  of  foodstuffs  from  the  digestive 
tract,  increasing  thus  the  fat  and  nitrogen  of  the  feces  and  lessening  that  of  the  urine 
(Underhlll  and  Black).  Such  effects  are  marked  from  injections  of  20  mgm.  (gr.  1/3) 
daily  in  dogs.  In  rabbits  the  daily  injection  of  50  mgm.  (gr.  0.8)  causes  rapid  loss  of 
weight  with  diminution  of  the  urinary  volume  and  urea  and  increase  of  reducing  bodies 
and  of  acidity  (Maestro). 

In  both  man  and  animals,  glycosuria  is  common  after  large  doses  of  cocaine.  In 
cats,  the  blood  sugar  is  commonly  reduced,  but  may  be  increased  by  the  excitement 
(Schear).     In  phlorizin  diabetes  of  dogs,  the  sugar  excretion  is  decreased  (Fleischer). 

The  violent  muscular  contractions  may  lead  to  the  occurrence  of  lactic  acid  in  the 
urine  in  frogs  and  rabbits  (Araki)  and  dogs  (Underbill  and  Black). 

In  vitro,  cocaine  in  concentrations  of  0.1  to  0.25  percent.,  Increases  the  formation  of 
urea  in  the  liver  (Zanda). 

The  exchange  of  oxygen  and  carbonic  acid  is  much  increased  during  the  stage  of 
excitement  by  the  motor  restlessness  or  convulsions  as  well  as  by  the  rise  in  temperature. 

Body  Temperature. — In  most  species,  cocaine  causes  a  marked  increase  in  the  body 
temperature,  being  cited  as  the  most  active  stimulant  of  the  thermogenic  center  among 
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our  drugs.  The  rise  of  temperature  is  chiefly  dependent  on  increased  heat  production 
but  there  is  also  decreased  dissipation  from  contraction  of  the  skin  vessels  (Reichert), 
(Richet).  Dogs  show  a  marked  rise,  even  as  murh  as  5.8°  C.  (NeRolin).  Horses  show 
a  rise  of  3°  C,  cows  of  over  2°  C.  (Fischer).  Rabbits  and  cats  also  react  with  a  rise 
of  temperature  while  in  guinea-pigs  and  chickens,  cocaine  causes  a  fall   (Aducco). 

The  pyrexia  of  cocaine  is  not  reduced  by  antipyretics,  but  is  prevented  or  lowered 
by  chloral,  and  other  narcotics  (Mosso).  It  is  greater  in  morphinized  than  in  normal 
dogs  (Reichert). 

Genital  Organs. — The  isolated  uterus  and  vagina  of  the  rabbit  contract  when  exposed 
to  concentrations  from  1:  15,000  to  1:  5000,  and  the  depressing  action  of  epinephrine  on 
the  uterus  is  overcome.  The  isolated  vas  deferens  shows  increase  in  rate  and  amplitude 
of  its  spontaneous  contractions  in  solutions  of  1:6000,  and  rigor  in  1:200  (Waddell). 

Toxic  doses  may  cause  sexual  excitement,  but  sexual  power  is  likely  to  be  diminished. 

Urinary  Organs. — Cocaine  appears  to  have  little  or  no  direct  action  on  the  kidneys, 
but  may  markedly  influence  the  flow  of  urine  by  its  effects  on  the  caliber  of  the  renal 
vessels  and  on  general  blood  pressure. 

Added  to  strips  of  ureter  or  bladder  in  vitro  cocaine  in  dilute  solution  (bladder 
1:2500)  induces  contraction,  but  in  strong,  it  causes  relaxation,  as  with  other  smooth 
muscle. 

Nerve  System:  Mental  Functions. — The  psychic  activities  are  markedly  stimulated  by 
cocaine  in  full  dose  and  slightly  stimulated  by  small  doses.  There  is  mental  and  physical 
restlessness,  with  insomnia  and  often  inability  to  fix  the  mind  on  one  subject  for  any 
length  of  time.  For  this  reason,  there  is  not  likely  to  be,  as  with  caffeine,  an  increased 
ability  to  perform  mental  work.  In  fact  the  time  required  to  recognize  letters  is  leiagth- 
ened  by  doses  of  10  mgm.  The  insomnia  may  be  extremely  troublesome  even  after  small 
doses.  Not  only  are  the  psychic  centers  influenced,  but  the  entire  cortex  is  stimulated. 
This  stimulation  manifests  itself  after  large  doses  as  cerebral  convulsions.  That  the 
convulsions  are  cortical  in  origin,  is  shown  by  the  fact  that  they  cease  almost  completely 
after  removal  of  the  entire  cortex,  or  even  of  that  near  the  sulcus  of  Rolando  (Richet 
and  others).  The  pendulum  movements  and  cerebellar  ataxia  remain.  With  these  facts, 
agrees  the  observation  that  in  new  born  dogs,  the  motor  area  of  which  is  not  excitable, 
cocaine  causes  no  convulsions,  but  merely  irregular  movements  of  the  mouth  and  tongue, 
the  centers  for  which  are  developed  early  (Feinberg).  Section  of  the  brain  in  the  region 
of  the  medulla  prevents  convulsions  almost  entirely  in  the  adult  animal,  while  section 
of  the  cord  stops  the  spasm  below  the  point  of  section.  The  cerebral  seat  of  the  con- 
vulsions is  also  indicated  by  the  fact  that  they  are  the  more  severe  the  more  highly 
developed  is  the  brain.  Thus  in  man,  they  are  most  striking,  next  in  the  apes,  less  in 
dogs  and  cats,  still  less  in  rabbits,  while  in  frogs,  convulsions  are  hardly  noticeable 
(Langlois  and  Richet).  In  dogs,  the  convulsive  activity  is  favored  by  high  tempera- 
ture. If  a  dog  is  heated  by  external  warmth  until  his  temperature  rises  3  degrees,  half 
the  usual  dose  will  suffice  to  cause  convulsions  (Langlois  and  Richet).  That  a  developed 
brain  is  not  requisite  to  cocaine  convulsions  is  shown  by  their  occurrence  in  insects. 

The  central  stimulating  effect  of  cocaine  is  seen  in  the  fact,  that  animals  and  persons 
to  whom  cocaine  has  been  given  are  more  difficult  to  narcotize  with  the  general  anes- 
thetics, and  that  animals  can  be  awakened  from  chloral  sleep  by  injection  of  cocaine.  On 
the  other  hand,  animals  given  injections  of  urethane  with  cocaine,  show  deeper  narcosis 
than  from  urethane  alone  (Schmid). 

One  of  the  most  striking  actions  of  cocaine  on  the  central  nerve  system  consists  in 
the  loss  of  equilibrium  occasioned  by  the  action  on  the  semicircular  canals.  The  pen- 
dulum movements  of  the  head  and  rolling  motions  recall  those  which  result  from  one 
sided  extirpation  of  the  labyrinth.  The  same  effect  is  seen  if  the  canal  is  exposed  and 
cocaine  dropped  in  the  wound.  That  it  is  not  due  to  anesthesia  alone,  is  shown  by 
the  fact  that  application  of  stovaine  has  no  such  effect. 

In  contrast  to  the  stimulating  effect  on  the  nerve  cells,  thus  exhibited,  is  the  action 
of  cocaine  when  applied  directly  to  the  cortex  or  other  part  of  the  central  nerve  system. 
Then  it  acts,  as  it  does  on  the  peripheral  nerves,  as  a  paralyzant.  No  indication  of 
stimulation  is  seen.  By  special  procedures,  isolated  centers  can  thus  be  paralyzed,  for 
example  the  respiratory  center  (Francois  Franck).  The  paralyzing  effect  on  the  cord 
has  been  described  under  topical  actions. 

Peripheral  Nerve  Structures. — In  general  it  may  be  said,  that  peripheral  nerve  struc- 
tures, both  sensory  and  motor,  are  stimulated  or  show  increased  response,  after  very 
minute  doses,  and  are  paralyzed  by  moderate  amounts,  such  as  are  used  therapeutically. 
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Niwa  found,  for  example,  that  after  exposure  to  solutions  weaker  than  1  percent,  the 
sciatic  nei've  of  the  frog  gave  off  more  CO2  than  normal,  while  after  prolonged  exposure  to 
stronger  solutions,  it  gave  off  less.  "Very  dilute  solutions,  weaker  than  1:100,000  in- 
crease the  excitability  to  electric  stimulation. 

The  effects  on  sensory  endings  have  been  described  under  "topical  actions."  A  few 
figures  may  be  given  here  of  the  minimal  effective  concentrations.  In  the  human  eye,  a 
4  percent,  solution  instilled  3  or  4  times,  gives  sufficient  anesthesia  for  operations  on  the 
deeper  structures.  For  intranasal  operations  a  2  percent,  solution  will  commonly  suffice. 
The  subcutaneous  tissues  are  rendered  insensitive  by  injection  of  1/3  percent,  or  even 
weaker  dilutions.  External  application  of  %  percent,  anesthetizes  the  skin  of  the  frog 
in  10  minutes.  The  rabbit  cornea  is  insensitive  if  treated  twice  with  a  drop  of  0.5  per- 
cent. The  sensory  and  motor  fibers  o?  the  frogs  sciatic  are  paralyzed  by  10  minutes' 
exposure  to  0.5  percent,  and  those  of  the  rabbit  by  10  minutes'  exposure  to  0.25  percent. 
The  motor  nerve  ending  of  the  frog  is  depressed  by  0.04  percent,  the  muscle  showing  less 
response  to  electric  stimulation. 

Autonomic  System. — Cocaine  acts  as  a  stimulant  to  the  true  sympathetic  endings. 
There  has  been  much  controversy  over  the  mechanism  of  this  stimulation,  certain  authors 
claiming  that  there  is  merely  a  sensitization  to  the  action  of  adrenalin.  That  this  is  not 
true,  is  shown  by  the  increased  vasoconstriction  obtainable  on  electric  stimulation  of  the 
sympathetic  nerves  in  animals  whose  adrenals  had  been  removed.  The  arguments  on 
both  sides  are  discussed  with  the  action  on  the  blood  vessels  and  on  the  eye. 

Eye. — The  action  of  cocaine  on  the  eye  is  rather  complex.  Application  of  3  to  10 
percent,  solution  to  the  eye  is  followed  by  a  slight  burning,  succeeded  by  a  sense  of 
dryness  and  coolness  with  complete  anesthesia  of  the  conjunctiva  and  cornea.  There 
may,  with  the  stronger  solution,  be  some  anesthesia  of  the  iris  but  this  is  not  constant. 
The  vessels  of  the  conjunctiva  are  constricted  and  later  those  of  the  iris.  The  retinal 
vessels  are  not  affected  by  the  topical  actions.  Later  the  pupil  begins  to  dilate,  usually 
not  reaching  its  maximal  size  for  half  an  hour,  and  beginning  to  contract  again  a  quarter 
of  an  hour  later.  Dilatation  is  not  maximal.  There  is  increase  in  the  lid  space  and  pro- 
trusion of  the  bulb,  giving  a  resemblance  to  Basedow  syndrome.  Accommodation  is 
slightly  lessened,  both  for  near  and  for  distance.  The  intraocular  pressure  commonly 
falls  in  normal  eyes,  as  a  result  of  the  anemia,  but  if  there  is  any  tendency  to  increased 
pressure,  the  interference  with  drainage  caused  by  the  pupil  dilatation,  prevails,  and 
marked  increase  of  tension,  even  giving  rise  to  acute  glaucoma,  may  occur. 

Many  of  these  symptoms  are  the  same  as  those  which  follow  stimulation  of  the 
sympathetic  nerve,  and  as  the  effects  are  much  lessened  by  excision  of  the  superior 
cervical  ganglion,  they  have  been  interpreted  as  stimulation  of  the  nerve  endings  of  the 
sympathetic.  As  cocaine  is  universally  a  local  paralyzant,  it  seems  probable  that  another 
explanation  should  be  sought.  The  symptoms  enumerated  are  also  those  caused  by  the 
action  of  epinephrine  and  it  has  been  shown  that  if  cocaine  is  instilled  in  the  eye  and 
adrenalin  then  injected,  the  pupillary  dilatation  which  results  is  much  greater  and  more 
lasting  than  normally.  It  may  therefore  be  the  case  that  cocaine  acts  by  increasing  the 
sensitiveness  of  the  ocular  structures  to  the  action  of  the  circulating  adrenalin.  This 
view  finds  support  in  the  fact  that  the  effects  of  cocaine  are  very  strongly  seen  in  women 
just  before  and  after  childbirth,  when  the  amount  of  adrenalin  in  the  blood  is  particu- 
larly high. 

That  the  pupillary  constriction  differs  in  its  nature  from  that  of  atropine  is  shown 
by  the  fact  that  the  pupil  still  contracts  with  light,  with  accommodation  and  under  the 
influence  of  muscarine  and  pilocarpine.  If,  however,  strong  solutions  are  repeatedly 
instilled,  the  endings  of  the  sphincter  are  also  paralyzed  and  the  dilatation  becomes 
maximal  and  ceases  to  respond  to  these  stimuli    (Schultz). 

That  there  is  stimulation  of  the  sympathetic  endings  is  furthermore  indicated  by 
the  fact  that  although  atropine  dilates  the  pupil  of  the  cat  constricted  by  ergotoxine, 
cocaine  does  not,  presumably  because  the  sympathetic,  on  which  it  acts,  has  been  para- 
lyzed by  the  ergotoxine. 

Skin. — Apart  from  the  increased  secretion  of  sweat  mentioned  among  the  symptoms 
of  poisoning,  the  internal  use  of  cocaine  appears  to  have  little  systemic  action  on  the 
skin. 
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Tropacocaine 

Tropacocaine  is  a  natural  alkaloiJ,  discovered  in  1891  in  a  variety  o£  coca  culti- 
vated  in  Java.    Chemically   it   is  closely   related   to   cocaine   and   to   atropine,   being 

benzyl  pseudotropine — 

CH, CH CH2 

I  NCH3  CH.O.CO.C»H, 

CH, CH CH, 

It  is  also  made  artificially  from  atropine  and  hyoscyamine. 

It  is  an  efficient  local  anesthetic,  chiefly  of  value  for  spinal  anesthesia,  in  which 
field,  however,  it  has  been  largely  replaced  by  stovaine. 

Pharmacodynamic  Action:  Topical  Action. — Tropacocaine  is  about  equal  in  anesthetic 
power  to  cocaine,  but  when  it  is  injected  hypodermically  its  effects  last  only  half  as  long 
(Schweigger).     Its  solutions  are  somewhat  irritating. 

Absorption  and  Elimination. — Absorption  is  prompt  from  mucosae  and  tissues  and 
elimination  or  destruction  are  also  rapid,  a  fatal  intravenous  dose  being  gotten  rid  of 
in  20  minutes.     It  is  probably  destroyed  in  the  liver  and  not  excreted. 

Toxic  and  Systemic  Action. — Tropacocaine  is  only  half  as  toxic  as  cocaine  in  rela- 
tion to  anesthetic  power,  but  the  symptoms  of  poisoning  are  very  similar.  In  all  verte- 
brates there  is  excitation  of  the  central  nerve  system,  beginning  in  the  brain  and  extend- 
ing downward,  and  evidenced  by  restlessness  or  even  by  cerebral  convulsions.  The 
excitement  is  followed,  especially  after  intraspinal  injections,  by  central  paralysis,  which 
may  cause  death  from  respiratory  failure.  After  subcutaneous  injections  there  is  fall  of 
blood  pressure,  due  to  vasodilatation.  The  heart  remains  strong.  The  respiration  is 
slow  and  shallow.  The  body  temperature  rises  markedly  as  under  cocaine,  the  rise  pre- 
ceding the  onset  of  convulsions.     The  pupil  is  less  dilated  than  by  cocaine. 

The  fatal  dose  in  grams  per  kilo  by  subcutaneous  injection  is:  frog,  1.4;  mouse,  0.7; 
guinea-pig,  0.2;  rabbit,  0.35.  The  fatal  dose  by  rapid  intravenous  injection  is  1/10  of 
this.  In  man  up  to  50  cc.  of  y.  percent,  solution  (0.25  Gm.  4  grains)  may  be  injected 
subcutaneously  without  danger  (Braun).  Long  series  of  intraspinal  injections  without 
poisoning  have  been  reported  (Schwarz,  3000  cases;  Zahradnicky,  3G2  cases;  Arlt,  250 
cases),  but  several  deaths  from  cessation  of  respiration  have  been  reported  by  others. 

Procaine 

Procaine,  which  is  probably  the  most  generally  useful  of  the  synthetic  cocaine 
substitutes,  was  introduced  in  1905  under  the  name  of  novocaine,  and  since  then 
has  been  extensively  used  for  all  forms  of  anesthesia,  both  in  this  country  and  in 
Europe. 

Chemically  it  is  an  amino  benzol,  its  composition  being  NH^  —  C^H^  —  COO  — 
CjH^  —  N=  (02115)2.1101.  It  is  not  destroyed  by  boiling  and  may  be  associated  with 
epinephrine  without  decomposition. 

Procaine  exerts  a  paralyzing  action  on  all  nerve  tissue  with  which  it  comes  in 
contact  in  sufficient  concentration;  this  may  vary  from  0.1  to  2  percent,  under  dif- 
ferent circumstances.  Systemic  symptoms  consist  in  nervousness  and  weakness  with 
tremors,  nausea  and  dizziness,  followed  in  severe  poisoning  by  great  weakness  of 
the  heart  and  respiration,  and  even  asphyctic  convulsions  and  death. 

Procaine  is  used  for  all  forms  of  local  anesthesia,  for  application  to  accessible 
mucosae,  for  intracutaneous  and  hypodermic  injections,  for  nerve  blocking  and  intra- 
spinal injection.  It  is  very  safe  if  associated  with  epinephrine  and  not  injected  into 
a  muscle  or  vein.  Great  care  must  be  taken  to  avoid  the  last,  the  needle  point  being 
moved  to  and  fro  in  the  tissues  to  make  certain  that  it  is  not  caught  in  a  blood  vessel. 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Procaine  is  very  rapidly 
absorbed,  both  when  applied  to  mucous  membranes  and  when  injected.  That  which 
reaches  the  blood  stream  is  soon  destroyed  in  the  liver,  very  little  if  any  being  excreted. 


1752  NERVE  DEPRESSANTS 

The  rapid  destruction  explains  the  large  doses  which  can  be  borne  without  danger  if 
slowly  administered. 

Topical  Action. — Procaine  is  not  irritating  even  in  strong  solution,  its  only  marked 
topical  action  being  paralysis  of  nerve  tissues.  Its  effect  is  exerted  on  the  sensory  struc- 
tures in  smaller  dose  than  on  the  motor.  The  blood-vessels  are  usually  slightly  dilated, 
but  marked  hyperemia  may  occur.    Recovery  from  the  anesthesia  is  quite  rapid. 

Toxic  and  Systemic  Action. — The  symptoms  of  poisoning  are  not  characteristic,  con- 
sisting in  weakness  and  faintness  with  nausea  and  pallor,  weak  pulse  and  failing  respira- 
tion. It  is  not  easy  to  state  the  toxic  dose,  as  the  effects  vary  so  markedly  with  the  man- 
rwer  of  injection.  The  danger  of  severe  poisoning  bears  a  much  closer  relation  to  the  rate 
of  absorption  than  to  the  total  dose.  Thus,  concentrated  solutions,  from  which  absorption 
is  rapid,  are  much  more  dangerous  than  dilute,  and  intravenous  injections  about  10 
times  as  poisonous  as  subcutaneous. 

The  following  figures  represent  approximately  the  fatal  dose  in  grams  per  kilo,  when 
given  subcutaneously  in  2  to  5  per  cent,  solution.  Frog,  0.4  to  2.5;  mouse,  0.6  to  0.9; 
rat,  1.6  to  2;  guinea-pig,  0.4  to  0.6;  rabbit,  0.4  to  0.8;  cat,  0.45.  About  1/3  of  these  doses 
cause  severe  poisoning,  often  accompanied  by  convulsions.  When  given  rapidly  into  a 
vein,  the  fatal  dose  is  about  1/10  of  that  mentioned;  thus  rabbits  are  killed  by  0.04  to 
0.07  and  cats  by  0.04  Gm.  per  kilo. 

Chronic  poisoning  and  habit  formations  are  extremely  rare,  if  indeed  they  occur. 
A  peculiar  dermatitis  of  the  hands  characterized  by  dryness  and  cracking  of  the  skin 
has  been  ascribed  by  dentists  to  frequent  wetting  of  the  fingers  by  solutions  of  the  drug 
escaping  from  the  hypodermic  syringe.  Sollmann  found  that  growth  of  rats  was  delayed 
by  feedfng  5  mgm.  daily  for  several  weeks. 

Systemic  Action. — But  little  study  has  been  given  to  analyzing  the  systemic  action 
of  procaine.  The  alimentary  mucosa  is  anesthetized  by  solutions  taken  by  mouth,  appe- 
tite being  lost  and  nausea  perhaps  relieved,  although  it  is  not  to  be  recommended  for 
this  purpose.  The  heart  is  depressed,  probably  by  action  on  the  muscle,  and  the  blood 
vessels  dilated  by  action  on  the  wall.  The  isolated  heart  of  the  frog  is  stopped  in 
diastole  by  1  part  in  50,  most  other  local  anesthetics  requiring  only  1  part  in  1000 
(Lasch).  The  respiratory  center  is  depressed  by  toxic  doses,  leading  to  shallow  breath- 
ing and,  finally  cessation  of  respiration.  The  kidneys  show  albuminuria  and  casts  in 
5  to  10  percent,  of  persons  operated  on  under  its  influence,  irrespective  of  dose  (Morian). 
The  tonus  of  the  excised  bladder  wall  is  increased  and  its  spontaneous  contractions 
strengthened  when  exposed  to  1:10,000  solution  (Waddell).  All  nerve  structures  are 
paralyzed,  the  sciatic  nerve  showing  loss  of  conductivity  when  treated  with  %  to  i^ 
percent,  solution,  and  the  human  skin  losing  its  sensitiveness  when  solutions  as  weak 
as  1:10,000  are  injected  into  or  under  it.  For  nerve  blocking,  i/^  to  2  percent,  solutions 
are  effective,  and  for  spinal  anesthesia  1  to  2  cc.  of  8  to  10  percent,  solution,  with  or 
without  1:10,000  epinephrine. 

Stovaine 

Stovaine  (ethyl-dimethyl-amino-benzoyl-propanol  hydrochloride)  was  discovered 
by  Fourneau  in  1904.  It  has  been  used  and  praised  for  all  forms  of  local  anesthesia, 
but  in  this  country  its  recent  employment  has  been  largely  limited  to  intraspinal 
injection.  It  is  decomposed  by  boiling,  and  Babcock  believes  that  the  bad  effects  occa- 
sionally seen  when  it  is  used  intraspinally  depend  on  decomposition  products. 

Pharmacodynamic  Action:  Absorption  and  Elimiivxtion. — Stovaine  is  rapidly  and 
completely  absorbed  whether  given  by  mouth,  subcutaneously  or  into  one  of  the  body 
cavities.  It  is  destroyed  in  great  part  in  the  liver,  little  or  none  being  excreted 
unchanged. 

Topical  Action. — Strong  solutions  (5  to  10  percent.)  are  irritating  and  even  destruc- 
tive to  the  tissues,  but  solutions  not  stronger  than  2  percent,  have  no  other  action,  when 
injected  subcutaneously,  than  temporary  paralysis  of  the  nerve  structures  and  a  mild 
degree  of  hyperemia.  Spiller  and  Leopold  saw  in  dogs  given  3  or  more  intraspinal 
injections  at  intervals  of  a  few  days,  permanent  ataxia  and  paresis,  dependent  on  degen- 
eration of  the  anterior  and  posterior  root  fibers  and  of  the  cells  of  the  posterior  columns. 
Spielmeyer,  in  a  study  of  the  cords  of  13  persons  dying  at  varying  intervals  after  spinal 
anesthesia  (only  1  death  immediately  after),  found  similar  changes  in  three.  Perma- 
nent paralysis  is  extremely  rare. 
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Toxic  and  Systemic  Action. — Stovaine  In  proper  dose,  commonly  produces  no  sys- 
temic symptoms,  although  headache  and  stiffness  of  the  neck  muscles,  possibly  dependent 
on  slight  meningeal  inflammation  (and  perhaps  resulting  from  impurities)  are  not 
uncommon  after  intraspinal  use.  Poisonous  doses  paralyze  the  respiratory  center  and, 
especially  when  given  by  vein,  depress  the  heart  by  direct  action  on  the  muscle.  There 
is  no  systemic  vasodilatation,  although  local  hyperemia  is  seen. 

The  fatal  dose  in  grams  per  kilo,  subcutaneously,  is:  frog,  1;  mouse,  0.05  to  0.7; 
guinea-pig,  0.14  to  0.2;  rabbit,  0.15  to  0.5;  dog,  0.15;  Given  by  vein  rapidly  the  fatal  dose 
on  cats  and  rabbits  is  only  0.03  Gm.  per  kilo.  Strychnine  given  with  stovaine,  stimu- 
lates the  respiration  and  slightly  decreases  toxicity. 


Eucaine 

The  discovery  of  the  chemical  constitution  of  cocaine  led  to  numerous  attempts 
to  originate  similar  bodies  which  should  have  the  local  anesthetic  powers  but  lack 
the  systemic  toxicity.  Of  these  bodies  the  first  to  attain  wide  usage  was  eucaine. 
This  was  made  by  Vinci  in  1896  and  was  immediately  subjected  to  extensive  experi- 
mental and  clinical  trial,  the  results  of  which  seemed  most  promising.  The  local 
irritiUion  which  it  produces  led  soon  to  its  replacement  by  a  related  body,  beta-eucaine, 
which  is  now  rarely  used. 

The  close  chemical  relationship  of  these  bodies  to  cocaine  will  be  seen  by  com- 
paring their  formulas  with  that  of  the  latter — 
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Beta-eucaine  is  not  well  absorbed  from  mucous  membranes  and  was  found,  on 
clinical  trial,  to  have  no  advantages  over  cocaine.  Its  fatal  dose  in  grams  per  kilo 
is:  frog,  1.4;  mouse,  0.8;  guinea-pig,  0.4;  rabbit,  0.5.  Poisoning  is  characterized  by 
clonic  and  tonic  convulsions,  followed  by  paralysis.  Death  may  result  from  respiratory 
failure. 


Alypin 

Alypin  is  a  synthetic  substance  of  the  following  composition:  CjHj.CCCgHjCOO) 
(CH2N(CH3)j)j.IICl.  It  is  freely  soluble  in  water  and  is  used  in  solutions  as  strong 
as  10  percent.  Application  of  a  2  to  4  percent,  solution  to  the  eye  or  nose  will  usually 
give  anesthesia  suificient  for  operations,  and  if  associated  with  1 :  10,000  epinephrine 
there  is  little  danger  of  systemic  poisoning  unless  unduly  large  amounts  are  applied. 

Pharmacodynamic  Action:  Absorption  and  Eli^nination. — Alypin  is  rapidly  taken  up 
by  mucous  membranes,  as  shown  by  its  producing  prompt  and  deep-seated  anesthesia 
when  applied  to  the  eye,  nose,  bladder,  etc.  It  is  also  rapidly  carried  away  from  the 
point  of  application,  and  return  of  sensation  is  relatively  prompt. 

Topical  Action. — Even  strong  solutions  of  alypin  are  not  irritating  to  normal  or 
inflamed  mucous  membranes.  The  weakest  effective  concentration  for  local  anesthesia 
in  the  eye  and  nose  is  about  2  percent.,  although  much  weaker  solutions  (1/16  percent.) 
are  said  to  anesthetize  the  skin  of  the  frog.  In  infiltration  anesthesia  (Schleich  method) 
it  is  used  in  a  strength  of  0.1  percent,  but  small  amounts  of  1  or  2  percent,  are  generally 
used  for  injection.  It  causes  distinct  hyperemia  by  local  paralysis  of  the  vessel  wall, 
and  may  prove  extremely  irritating. 
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Toxic  and  Systemic  Action. — When  originally  introduced,  alypin  was  said  to  be  free 
from  systemic  action,  but  like  most  drugs  of  this  class,  it  causes  in  overdose,  cerebral 
convulsions.  Severe  poisoning  has  resulted  from  instillation  of  5  cc.  (80  minims)  of  a 
2  percent,  solution  into  the  urethra  (Garasch),  but  much  greater  quantities  may  often 
be  used  without  any  sign  of  poisoning.  The  fatal  dose  in  grams  per  kilogram  when  given 
subcutaneously  is  approximately:  frog,  0.4;  mouse,  0.25;  guinea-pig,  0.06;  rabbit,  0.14. 
By  vein  it  is  much  more  dangerous,  cats  succumbing  to  0.027  Gm.  per  kilo.  Warning 
should  be  given  of  the  combined  effects  of  general  anesthesia,  cats  deeply  under  ether 
being  killed  by  0.007  Gm.  per  kilo  of  alypin  by  vein.  In  man  fatal  poisoning  has  resulted 
from  instillation  into  the  urethra  of  0.5  Gm.  (gr.  5  to  71/2)  and  of  0.8  Gm.  (gr.  12)  and 
severe  poisoning  from  smaller  doses  by  other  routes. 

Apothesine 

Apothesine,  which  is  the  hydrochloride  of  diethyl-amino-propyl  cinnamate, 
although  freely  soluble  in  water,  is  not  very  efficient  when  applied  externally  and  is 
used  for  infiltration,  nerve  blocking  and  intraspinal  anesthesia. 

Pharmacodynamic  Action:  Absorption  and  Elimination. — It  is  not  well  absorbed  from 
intact  mucosae,  and  when  injected  subcutaneously  disappears  from  the  spot  slowly,  anes- 
thesia lasting  more  than  an  hour  after  a  single  injection.  It  is  probably  destroyed  in 
the  liver  and  has  not  Been  recovered  from  the  excreta. 

Topical  Action. — Injections  of  apothesine  are  somewhat  painful  if  given  rapidly  or  if 
the  solution  is  concentrated.  It  induces  loss  of  function  in  all  nerve  structures  to  which 
it  is  applied.  A  3  percent,  solution  is  required  to  anesthetize  the  skin  of  the  frog 
and  although  1:10,000  may  paralyze  the  spinal  roots,  small  volumes  of  more  concen- 
trated solutions  are  preferred  for  intraspinal  injection. 

Toxic  and  Systemic  Action. — Poisoning  by  apothesine  is  indicated  by  pallor  and 
weakness,  often  accompanied  by  nausea  and  tremors.  If  the  dose  were  sufficiently  large 
these  symptoms  are  followed  by  respiratory  paralysis  and  asphyctic  convulsions. 

The  fatal  dose  intravenously  in  the  cat  is  about  20  mgm.  per  kilo,  and  about  twice 
this  in  the  rabbit.  The  fatal  dose  subcutaneously  is  much  larger.  Fatal  poisoning  has 
occurred  several  times  in  man.  Four  cases  were  collected  by  Dr.  Cutler,  3  injections  into 
the  tissues  of  0.3  to  0.75  Gm.  (gr.  41/3  to  12)  and  one  of  0.35  Gm.  (gr.  5)  intraspinally. 
Other  fatal  cases  following  0.1  Gm.  (gr.  liA)  and  0.2  Gm.  (gr.  3)  have  been  reported 
and  many  instances  of  severe  poisoning  following  injections  into  the  tonsils  and  else- 
where have  occurred. 

Benzyl  Alcohol 

Benzyl  alcohol  and  various  benzyl  esters,  including  saligenin,  show  a  certain 
degree  of  local  anesthetic  action.  They  are  of  value  chiefly  for  allaying  the  pain 
of  inflamed  surfaces  and  are  little  used  as  a  preparation  for  surgical  procedures. 
The  fatal  dose  of  benzyl  alcohol  is  very  large. 

Butyn 

Butyn,  aminohenzol-dibutyl-aminopropanol  sulphate,  is  freely  soluble  in  water 
and  has  been  extensively  used  by  topical  application  and  by  infiltration.  It  is  rapidly 
absorbed  when  applied  to  mucous  membranes. 

Pharmacodynamic  Action:  Topical  Action. — A  2  percent  solution  applied  to  the  eye 
or  nose  brings  about  a  complete  and  prompt  anesthesia.  Repeated  instillations  or  appli- 
cations are  requisite  for  effect  on  the  deeper  structures.  Hyperemia  is  seen,  and  there 
is  no  drying  of  the  cornea,  as  with  cocaine.  A  5  percent,  solution  is  needed  for  intra- 
nasal bone  operations.  In  a  few  reported  cases  it  has  not  been  possible  to  obtain 
satisfactory  paralysis  of  sensation  even  with  this  strength. 

Toxic  and  Systemic  Action. — The  toxic  action  resembles  that  of  other  local  anes- 
thetics, faintness  and  pallor  being  followed  by  nausea,  dyspnea,  failing  respiration  and 
in  severe  cases,  clonic  convulsions,  death  being  due  to  asphyxia. 

The  fatal  dose  in  Gm.  per  kilo  is,  subcutaneously:  mouse,  0.04  to  0.1;  rat,  0.15; 
guinea-pig,  0.06;  rabbit,  0.05;  cat,  0.03;  intravenously:  cat,  0.02;  man  (estimated),  0.0015. 
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At  least  4  deaths  in  man  have  been  reported,  two  from  application  of  5  percent,  solutions 
to  the  nose;  one  from  injection  of  0.4  percent,  into  the  tonsil;  and  one  from  intraspinal 
injection  of  40  cc.  of  1  percent. 

Holocaine 

Holocaino,  cthenyl-paradiethoxy-dlphenyl  amidine  (CJI^O — C.II.NII — CCCII,): 
N — Cgll^O — CjII|s),  is  well  absorbed  from  mucous  surfaces  and  unless  used  with  great 
care  gives  rise  to  systemic  poisoning.  For  this  reason  its  use  is  almost  confined  to  the 
eye,  from  which  absorption  is  slower  than  from  the  nose  or  throat.  It  is  slowly  elim- 
inated and  it  is  therefore  dangerous  to  give  two  full  doses  close  together.  The  fatal  dose 
subcutaneously  in  rabbits  and  dogs  is  about  0.1  Gm.  per  kilo.  A  1  percent,  solution  has 
sufficient  bactericidal  action  to  preserve  itself  sterile.  It  does  not  dilate  the  pupil 
nor  increase  intraocular  tension.  A  few  ophthalmologists  prefer  it  to  all  other  local 
anesthetics. 

Orthoform 

Orthoform,  methyl-amino-hydroxy-benzoate  (HO — C,H3(NHj)COOCH3),  is  very 
slightly  soluble  in  water  and  is  not  used  to  induce  surgical  anesthesia.  Applied  in 
powder  to  ulcers  or  as  tablets  allowed  to  dissolve  in  the  throat  it  allays  the  pain  of 
inflammation.  It  is  not  likely  to  cause  systemic  poisoning,  but  dermatitis  following 
its  application  in  pruritus  ani  and  generalized  eczema,  vomiting  and  vertigo,  after 
application  to  large  ulcers,  have  been  reported. 

Tutocaine 

Tutocaine,  C^HjjOjNj,  is  closely  related  to  stovaine,  having  the  following  structure: 
H,C  —  CH(OCO.C,H,.NH,)  —  CHCCH,)  —  CH  —  N(CH,),. 

Topically,  it  is  an  efficient  anesthetic  when  applied  to  mucous  membranes;  in  the 
Qose,  a  5  percent,  solution  equals  a  3.5  percent,  solution  of  cocaine.  Like  cocaine,  it 
contracts  erectile  tissue,  but  has  no  vasoconstrictor  action  and  does  not  prevent  hemor- 
rhage during  operation  (Watson-Williams).  It  is  not  irritating.  In  the  eye,  a  1 
percent,  solution  causes  superficial,  and  5  percent,  solutions  deep,  anesthesia  with 
slight  dilatation  of  the  pupil  (Chambers  and  Dixon).  The  urethra  is  rendered 
insensitive  by  10  to  20  minims  (1  to  2.5  cc.)  of  a  1  percent,  solution. 

Systemically,  its  action  resembles  that  of  cocaine,  being  characterized  by  excitement 
of  the  cerebral  centers  with  failure  of  respiration.  The  fatal  dose  is  about  three  times 
as  large,  guinea-pigs  being  killed  by  0.12  to  0.15  Gm.  per  kilo,  injected  hypodermically. 
Fatal  poisoning  in  man  has  been  reported,  following  instillation  of  2  drams  (8  cc.) 
of  2  percent,  solution  in  the  urethra. 

Therapeutics  of  Local  Anesthetics:  Cocaine:  Topical. — Cocaine  possesses  certain 
advantages  over  all  other  local  anesthetics.  It  causes  vasoconstriction,  while  most 
others  are  vasodilators.  It  acts  rapidly  even  when  applied  to  intact  mucous  mem- 
branes. It  causes  little  or  no  preliminary  irritation  and  does  not  leave  hyperemia  as 
its  effects  pass  off.  These  advantages  make  it  particularly  useful  when  congestion 
is  present  and  must  be  reduced,  as  in  irritable  states  of  the  nasal  mucosa  with  tur- 
gescence  of  the  turbinates;  and  for  removal  of  a  foreign  body  from  a  congested  or 
inflamed  eye.  The  advantage  of  vasoconstriction  may  be  added  to  certain  other  local 
anesthetics — as  procaine  and  alypin — by  addition  of  epinephrine  to  their  solutions,  but 
the  congestion  which  follows  as  an  after  effect  is  much  greater  than  after  cocaine. 
Cocaine  has  two  great  disadvantages :  Its  toxicity,  which  gives  rise  to  the  danger  of 
acute  poisoning  when  large  amounts  of  the  anesthetic  must  be  used,  as  on  large 
mucous  or  serous  surfaces,  or  for  extensive  operations;  and  the  tendency  to  habit 
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formation,  which  makes  it  inappropriate  for  use  in  chronic  or  recurrent  conditions, 
such  as  hay  fever,  chronic  laryngitis  or  even  acute  coryza  in  persons  susceptible  to 
that  affection. 

A  spray  of  a  Va  to  2  percent,  solution  of  cocaine  will  reduce  the  turgescence  of  the 
nasal  mucous  membrane  in  a  beginning  coryza  and  in  hay  fever,  and  is  efficient  in 
cutting  short  the  asthmatic  paroxysm,  but  its  use  for  this  purpose  is  to  be  condemned 
because  of  the  imminent  danger  of  establishing  the  cocaine  habit,  even  though  other 
measures,  such  as  spraying  or  painting  with  epinephrine  solution,  may  be  less  effective. 
When  such  application  is  called  for,  it  should  be  made  by  the  physician  without  let- 
ting the  patient  know  what  drug  is  being  used.  In  otitis  media,  the  severe  pain  may 
be  eased  by  the  instillation  of  2  or  3  drops  of  a  10  percent,  solution  of  cocaine  into  the 
external  auditory  meatus  or  irrigation  with  a  4  percent,  solution.  A  severe  cough 
which  does  not  yield  to  other  remedies  may  often  be  controlled  by  a  spray  of  2  percent, 
cocaine  hydrochloride  solution,  two  or  three  jets  every  two  to  four  hours,  the  patient 
spitting  out  the  excess  after  spraying  (Meara), 

Nausea  will  often  be  checked  by  administration  of  a  pill  or  capsule  containing 
%  grain  (30  mgm.)  of  cocaine  associated  with  charcoal,  cerium  oxalate  or  an  inert 
powder. 

For  relief  of  obstinate  vomiting  in  tabetic  crises,  in  the  course  of  infectious  fevers, 
as  pneumonia,  after  surgical  operations,  in  corrosive  poisoning,  in  organic  lesions  of 
the  stomach,  and  in  other  conditions  in  which  exhaustion  from  want  of  food  or  even 
from  the  repeated  emesis  is  to  be  averted,  the  use  of  cocaine  {^2  grain,  0.03  Gm.,  in  a 
teaspoonful  of  water)  as  a  local  anesthetic  to  break  the  reflex  arc,  is  abundantly 
justified,  but  if  the  necessary  repetitions  of  the  dose  seem  too  frequent,  apothesine 
(1  to  2  grains,  0.06  to  0.12  Gm.)  may  be  substituted  or  alternated.  A  preliminary 
lavage  is  desirable  and  commonly  feasible.  The  anesthetic  is  to  be  given  about  20 
minutes  before  feeding,  which  is  to  be  judiciously  regulated.  The  stimulant  systemic 
action  of  cocaine  in  pneumonia  or  other  depressing  malady  is  to  be  welcomeed.  No 
fear  of  habit  need  be  entertained  under  these  conditions.  In  yellow  fever,  when 
black  vomit  threatens,  it  may  sometimes  be  prevented  by  1/2  to  1  grain  (0.03  to  0.06 
Gm.)  of  cocaine  hydrochloride  in  capsule,  and  the  pain  when  black  vomit  occurs, 
may  be  relieved  by  the  same  means  (Carter). 

To  render  the  mucosa  of  the  bladder  and  urethra  insensitive,  facilitating  the 
introduction  of  instruments,  as  in  cystoscopy  or  urethral  catheterization,  weak  solu- 
tions (0.1  percent,  in  the  bladder;  0.5  per  cent,  in  the  urethra)  of  cocaine  associated 
with  1:100,000  epinephrine  may  safely  be  used.  More  concentrated  solutions  are  dan- 
gerous in  the  bladder,  and  less  toxic  anesthetics — as  alypin — are  preferable. 

The  application  of  a  cocaine  ointment,  5  grains  (0.3  Gm.)  to  the  ounce  (30  Gm.) 
will  afford  relief,  temporary  at  least,  in  pruritus  vulvae.  In  difficult  labor  due  to 
rigidity  of  the  cervix,  the  insertion  into  the  cervical  canal  of  a  pledget  of  cotton 
wet  with  a  20  percent,  solution  of  cocaine  may  overcome  the  obstruction. 

Sometimes  cocaine  is  useful  as  a  mydriatic  in  persons  past  middle  age  in  whom 
atropine  is  liable  to  cause  dangerous  intra-ocular  tension.  Wide  dilatation  of  the 
pupil  may  be  obtained  by  a  couple  of  instillations  of  a  4  percent,  solution  of  cocaine, 
and  all  danger  of  hypertension  may  be  averted  by  the  subsequent  instillation  of  a 
0.5  percent,  solution  of  eserine. 

Cocaine  may  be  used  in  association  with  epinephrine,  for  infiltration  anesthesia, 
solutions  of  0.02  to  0.5  percent,  being  injected  into  the  skin  and  deeper  tissues  several 
minutes  before  operation. 

Systemic. — "Cocaine  is  a  powerful  stimulant,  both  physical  and  mental,  dissi- 
pating both  muscular  fatigue  and  brain  fag,"  but  caution  and  care  are  necessary  in  its 
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use  as  habit  is  easily  induced.  Wine  of  coca  (containing  the  equivalent  of  vioo  grain, 
4.5  mgm.)  of  the  alkaloid,  in  the  dose  of  one  tablespoonful,  or  fluidextract  of  coca 
(equivalent  to  about  Y4,  grain,  4  mgm.,  of  alkaloid  to  the  teaspoonful),  may  be  pre- 
scribed with  benefit  and  without  harm  for  elderly  persons  as  an  occasional  tonic;  and 
in  infective  fevers,  influenza  especially,  these  preparations  are  of  great  service  in 
two  ways :  As  vehicles  they  cover  the  unpleasant  and  somewhat  nauseating  taste 
of  benzoates  and  salicylates;  and  there  is  no  doubt  that  cocaine  is  almost  an  exact 
physiologic  antagonist  to  the  poison  of  injluenza,  combating  in  particular  its  de- 
pressing influence  on  the  heart  and  vessels.  A  mixture  containing  true  sodium 
bcnzoate,  10  to  15  grains  (0.6  to  1  Gm.) ;  true  sodium  salicylate,  10  grains  (0.6  Gm.)  ; 
ammonium  bromide,  5  grains  (0.3  Gm.) ;  fluidextract  of  coca,  1  fluidram  (or  cocaine 
hydrochloride,  ^  grain,  4  mgm.),  with  sufficient  solution  of  ammonium  citrate  (B.P.) 
to  make  4  fluidrams  (15  cc),  given  at  first  every  2  hours  till  tinnitus  aurium  develops 
or  6  doses  have  been  taken,  then  omitted  until  the  ringing  ceases  (or  until  the  fol- 
lowing day)  and  given  again  at  intervals  of  4  hours  and  later  of  6  hours,  is  of  marked 
remedial  benefit  in  influenza  and  has  none  of  the  habit  forming  influence  or  depressing 
effect  of  aspirin.  When  necessary,  digitalis  or  paregoric  or  both  may  be  added  or 
given  concurrently.  In  the  aged,  and  when  there  is  persistent  tendency  to  coldness 
of  the  surface  or  subnormal  temperature,  cocaine  may  be  injected  intramuscularly. 
Cocaine  hypodermically  (V2  to  1  grain,  30  to  60  mgm.)  is  useful  in  alternation  with 
other  agents  in  maintaining  a  flagging  heart  and  in  reestablishing  or  increasing  kidney 
function,  both  in  cardiopathies  and  in  infective  maladies. 

Tropacocaixe. — Tropacocaine  is  less  efficient  than  cocaine  and  the  anesthesia  re- 
sulting from  application  or  injection  is  much  less  lasting.  It  has  been  used  almost 
solely  for  lumbar  anesthesia,  but  is  inferior  to  other  agents  for  this  purpose. 

Procaine. — Of  all  the  substitutes  for  cocaine  as  a  local  anesthetic,  procaine  (novo- 
caine)  is  by  far  the  most  useful.  Owing  to  its  low  toxicity  and  to  the  fact  that  it 
causes  no  pain  or  other  disagi-eeable  local  reaction,  it  has  virtually  replaced  all  other 
anesthetics  for  all  forms  of  infiltration  and  neural  anesthesia.  It  has  no  vasocon- 
strictor action,  but  0.5  to  2  percent,  solutions  may  be  associated  with  1:100,000  epine- 
phrine, and  so  much  as  250  cc.  (8  ounces)  of  the  weakest  of  these  have  been  used  at 
one  operation  without  poisoning.  Commonly  less  than  half  this  amount  (up  to  8 
grains  — 0.5  Gm.,  of  novocaine)  may  be  considered  the  limit  of  safety,  even  when 
associated  with  epinephrine.  Novocaine,  with  or  without  epinephrine,  may  be  used  for 
anesthetization  of  mucous  membranes,  solutions  somewhat  stronger  than  are  required 
with  cocaine  being  used  and  a  longer  interval  elapsing  between  application  of  the  drug 
and  loss  of  sensation. 

Alypix. — 'Alypin  is  second  only  to  novocaine  as  a  successor  to  cocaine.  It  is 
somewhat  more  ]X)isonous  than  novocaine,  but  has  superior  penetrating  powers  and  is 
to  be  preferred  as  an  application  to  mucous  membranes  which  are  penetrated  with 
difficulty,  as  those  of  the  bladder  and  middle  ear.  Solutions  should  not  be  stronger 
than  0.5  percent.,  and  should  be  associated  wdth  epinephrine  1:100,000.  Such  solu- 
tions may  be  used  with  caution  in  anesthetics  for  operations  on  the  nose  and  throat. 
Alypin  is  less  suitable  for  infiltration  anesthesia  because  of  a  tendency  to  irritation, 
and  is  too  poisonous  to  be  administered  internally  with  safety. 

HoLOCAiNE. — ^Holocaine  hydrochloride  has  been  extensively  used  as  a  local  anes- 
thetic in  operations  on  the  eye,  but  it  is  likely  to  be  irritating  and  has  no  sufficient 
advantage  to  make  it  worthy  of  use.  It  is  sometimes  employed  in  the  treatment  of 
corneal  ulcers,  upon  which  it  exerts  an  antiseptic  and  stimulating  action. 

Apothesine. — Apothesine  resembles  procaine  in  its  qualities,  being  used  likewise 
in  0.5  to  2  percent,  solution.    It  is  inferior  to  procaine  as  a  surface  anesthetic,  being 
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less  diffusible,  but  is  useful  in  association  with  epinephrine  for  nerve  hloching  and 
infiltration  anesthesia. 

Stovaine  :  Topical. — An  ointment  of  stovaine,  3  grains  to  the  ounce  (0.2  to 
30  Gm.)  with  a  dram  of  1 :  1000  epinephrine  solution  will  afford  relief  in  painful 
hemorrhoids  and  irritable  ulcers.  In  coryza  a  snuff  is  sometimes  used  containing 
2  percent,  stovaine  in  bismuth  subcarbonate  and  milk  sugar.  Five  to  eight  drops 
every  four  hours  or  three  times  a  day  before  meals  of  a  solution  of  stovaine,  15  grains 
to  the  ounce  (1  Gm.  to  30  cc),  will  sometimes  arrest  the  vomiting  of  pregnancy.  It 
is  unsuitable  for  injection. 

Eucaine:  Topical. — Eucaine  is  of  service  for  the  relief  of  all  painful  affections 
of  mucous  membranes,  such  as  laryngeal  tuberculosis,  painful  tongue,  etc.  A  10  per- 
cent, eucaine  ointment  in  which  menthol  (2  percent.)  is  incorporated  is  useful  in 
pruritus,  especially  pruritus  ani.  A  5  percent,  solution  may  be  sprayed  into  the 
larynx  or  conduction  anesthesia  of  the  laryngeal  nerves  may  be  effected  by  the 
injection  of  15  to  20  minims  (1  to  1.3  cc.)  of  a  4  percent,  alcoholic  solution.  Sciatica 
is  sometimes  relieved  by  a  similar  procedure.  From  1/2  to  iy2  grains  (0.03  to  0.1  Gm.) 
may  be  given  twice  or  three  times  a  day  to  relieve  the  pain  of  gastric  ulcer.  Other 
local  anesthetics  are,  however,  better  and  less  poisonous,  and  eucaine  is  very  seldom 
used  today. 

Orthoform  :  Topical. — Orthoform  possesses  antiseptic  and  analgesic  properties, 
both  of  which  are  utilized  in  its  employment  as  a  dusting  powder,  in  collodion  solu- 
tion or,  applied  to  wounds  and  burns,  in  ointment  with  lanoline  or  vaseline.  In 
burns  it  is  useful  only  when  these  are  deep  enough  to  allow  absorption  by  the 
injured  tissues.  Caution  must  be  observed  in  its  use,  as  it  may  injure  partly  devital- 
ized tissues,  and  even  cause  sloughing.  It  is  insufflated  alone  or  mixed  with  an  equal 
quantity  of  anesthesin,  for  the  relief  of  pain  and  dysphagia  in  tuberculous  laryngitis, 
the  insufflation  being  made  15  minutes  before  meals.  It  is  used  in  the  same  way 
also  to  lessen  the  severity  of  the  paroxysms  of  whooping  cough  and  is  blown  into 
the  nostrils  for  the  relief  of  coryza  and  hay-fever.  Instead  of  applying  it  in  powder 
form,  one  may  use  a  10  percent,  solution  (of  the  hydrochloride  which  is  soluble  in 
9  parts  of  water)   or  a  suspension  in  light  mineral  oil  as  a  spray. 

Internal. — Orthoform  may  be  used  in  doses  of  8  to  15  grains  (0.5  to  1  Gm.)  to 
relieve  the  pain  of  gastric  ulcer  or  cancer,  and  in  gastralgia  of  other  causation. 

Anesthesin  :  Topical. — Benzocaine  or  anesthesin  is  used  for  the  same  purposes 
as  orthoform,  and  is  sometimes  preferable  on  painful  wounds  or  burns  because  it  is 
less  likely  to  do  injury.  An  ointment  of  anesthesin  (5  grains),  epinephrine  (1:1000), 
5  minims  in  lanoline  and  vaseline,  each  1/2  ounce,  a  drop  the  size  of  a  pea,  applied 
to  the  nasal  mucous  membrane  gives  relief  in  acute  coryza,  hay  fever  and  nasal 
ulceration.  A  10  percent,  ointment  is  of  service  as  an  application  to  burns,  moist 
and  pruriginous  skin  diseases  and  irritable  ulcers.  A  powder  of  2  or  3  grains  each 
of  anesthesin  and  sugar  of  milk  insufflated  into  the  larynx  relieves  the  dysphagia 
and  pain  of  tuberculosis,  and  the  irritation  of  dry  laryngitis.  Suppositories  contain- 
ing 10  grains  of  benzocaine  are  useful  in  hemorrhoids  and  an  ointment  of  20  grains 
to  the  ounce  may  allay  the  distress  of  pruritus  ani  or  vulvae.  Soluble  bougies  con- 
taining 3  grains  (0.2  Gm.)  each  are  employed  for  the  relief  of  vesical  tenesmus 
and  painful  micturition  in  women  and  of  urethritis  in  men.  In  the  latter  condition, 
injection  of  a  20  percent,  solution  in  light  mineral  oil  is  more  efficacious.  The  drug 
may  also  be  incorporated  in  lozenges  containing  ^4  grain  (0.03  Gm.)  each  for  the 
relief  of  irritation  and  tickling  in  the  throat  and  of  hoarseness. 

Internal. — Anesthesin  is  given  for  the  relief  of  vomiting  and  is  sometimes  effec- 
tive when  the  cause  is  local,  but  it  is  usually  of  no  service  in  the  vomiting  of  preg- 
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nancy  and  seasickness.  It  quiets  the  pain  of  gastric  ulcer  and  cancer  and  of  gastralgia 
in  general.    The  dose  is  from  5  to  8  grains  (0.3  to  0.5  Gm.)   in  capsules. 

TuToc.xiNK. — Tutocaine  has  been  used,  especially  on  the  continent  of  Europe,  for 
all  types  of  local  anesthesia,  and  would  appear,  from  early  reports,  to  be  in  general 
superior  to  novocaine,  particularly  as  regards  its  efficiency  when  applied  to  mucous 
membranes. 

Local  Anesthesia. — Local  anesthesia,  or  analgesia,  under  which  minor  and  even 
certain  major  operations  can  be  performed,  may  be  induced  by  drugs  applied  in  any 
one  of  several  ways,  namely:  (1)  The  production  of  intense  cold  by  the  evaporation  of 
a  film  of  ether  or  of  methyl  or  ethyl  chloride;  (2)  painting  or  dropping  a  solution  of  the 
drug  on  a  mucous  surface;  (3)  infiltration  of  the  tissues  by  the  subcutaneous  injection 
of  a  solution  of  the  drug;  (4)  injection  of  the  solution  into  a  nerve  trunk  or  into  the 
tissues  immediately  surrounding  a  nerve  or  its  interlacing  branches  (intraneural  or 
paraneural  conduction  anesthesia);  (5)  injection  of  the  solution  into  the  spinal  canal; 
(6)  blocking  the  spinal  nerves  supplying  the  field  of  operation  by  injection  of  the 
solution  into  the  foramina  giving  exit  to  the  posterior  roots.  This  latter  is  a 
modification  or  amplification  of  the  paraneural  conduction  method. 

In  order  to  qualify  as  a  succedaneum  to  cocaine,  a  local  anesthetic  must  have  the 
following  qualifications  (Braun)  :  1.  It  must  be  less  toxic  than  cocaine  in  relation 
to  anesthetic  power.  This  is  true  of  most  of  the  new;  anesthetics.  2.  It  must  not 
cause  irritation  or  topical  tissue  injury.  Novocaine,  tropacocaine,  alypin,  eucaine  and 
apothesine  fulfill  this  condition.  3.  It  must  be  soluble  in  water  and  capable  of  steri- 
lization by  heat.  This  condition  is  fulfilled  by  the  newer  bodies.  4.  It  must  not  be 
incompatible  with  epinephrine.  Besides  cocaine,  alypin,  novocaine  and  apothesine 
do  not  interfere  with  its  action.  5.  For  use  on  mucous  membranes  it  must  penetrate 
with  rapidity.  Novocaine  and  alypin  alone  meet  this  requirement.  These  two  agents 
have  almost  replaced  all  others  as  operative  anesthetics,  tropacocaine  and  stovaine 
being  sometimes  used  for  spinal  anesthesia.  (Butyn  and  tutocaine  have  been  intro- 
duced since  this  summary  was  made  and  their  relative  merits  are  not  yet  well  estab- 
lished.) 

Congelation  Anesthesia. — See  under  Ethyl  Chloride. 

Surface  Anesthesia. — This  is  possible  only  on  mucous  surfaces  or  areas  denuded 
of  epithelium,  although  cocaine  may  be  carried  into  the  intact  skin  by  the  aid  of 
electric  cataphoresis,  the  anode,  wet  with  a  strong  solution  of  the  hydrochloride,  being 
placed  on  the  area  to  be  desensitized.     A  current  of  5  milliamperes  is  sufficient. 

Local  anesthesia  of  mucosae  does  not  depend  on  the  absorptive  power  of  the  mem- 
brane, but  on  difi'usion  of  the  anesthetic  through  the  epithelium.  After  a  single  appli- 
cation, the  anesthesia  does  not,  as  a  rule,  extend  beyond  the  submucosa.  By  repeated 
applications,  the  deeper  tissues  may  be  rendered  insensitive,  as  the  bones  of  the  nose, 
the  iris,  and  the  roots  of  the  teeth.  Epinephrine  should  be  mixed  with  the  solution, 
especially  if  deep  penetration  is  not  required.  It  is  applicable  especially  to  the  eye  and 
to  the  mucous  membranes  of  the  mouth,  throat  and  upper  air  passages,  and  sometimes 
in  the  urethra  to  facilitate  instrumentation,  or  urination.  Cocaine  was  the  first  drug 
to  be  employed  for  this  purpose  and  it  is  still,  partly  because  it  alone  causes  vaso- 
constriction, but  largely  through  force  of  habit,  the  agent  of  choice  by  many  eye,  ear, 
nose  and  throat  specialists.  Anesthesia  of  the  conjunctiva  is  produced  by  the  instilla- 
tion of  two  or  three  drops  of  a  1  to  4  percent,  solution,  full  anesthesia  of  the  conjunc- 
tiva and  cornea  being  obtained  in  about  seven  minutes.  For  anesthetization  of  the 
iris  a  much  longer  time  (30  to  45  minutes)  and  repeated  instillations  are  necessary. 
On  account  of  the  drying  and  shriveling  effect  of  the  drug  it  is  necessary  in  such  cases 
to  keep  the  lids  closed  by  a  moist  pledget  of  absorbent  cotton  in  order  to  avert  the 
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clouding  of  the  cornea  or  even  ulceration  which  might  otherwise  occur.  The  dilata- 
tion of  the  pupil  caused  by  cocaine  does  not  entirely  disappear  under  twelve  to 
twenty-four  hours,  but  may  be  more  rapidly  overcome  by  the  instillation  of  a  couple 
of  drops  of  an  eserine  solution.  Tropacocaine  is  preferred  by  some  ophthalmologists 
for  the  reason  that  it  is  less  toxic  than  cocaine,  has  little  effect  on  the  pupils,  and 
does  not  constrict  the  blood-vessels,  Phenacaine  (holocaine  hydrochloride)  is  recom- 
mended because  of  its  antiseptic  properties,  its  lack  of  drying  action,  with  the  result- 
ant deleterious  effect  on  the  corneal  epithelium,  and  the  absence  of  mydriatic  action. 
It  is,  however,  more  toxic  than  cocaine,  it  causes  greater  irritation  when  first  instilled, 
and  the  anesthesia  induced  by  it  is  briefer.  The  solution  used  is  of  one  percent, 
strength.  Procaine  (novocaine)  is  weaker  than  cocaine,  is  slightly  less  irritating  and 
has  no  clouding  effect  on  the  cornea;  it  has  even  been  recommended  for  the  treat- 
ment of  corneal  opacities.  It  has  the  further  advantages  over  cocaine  of  not  increas- 
ing intraocular  tension,  and  it  has  even  been  observed  to  reduce  the  tension  in 
glaucoma.  It  is  used  in  eye  surgery  in  2  to  4  percent,  solution.  Eucaine  is  effective 
in  2  to  4  percent,  solution  for  the  eye;  it  is  much  less  toxic  than  cocaine  and  does 
not  dilate  the  pupil.  Butyn  is  the  newest  of  the  cocaine  substitutes  and  is  regarded 
by  many  as  superior  to  all  the  others.  The  advantages  claimed  for  it  in  eye  surgery 
are  that  it  is  more  powerful  than  cocaine  and  more  rapid  in  its  action  while  at  the 
same  time  it  is  less  toxic  in  the  quantities  used.  It  produces  no  drying  effect  on 
the  tissues  and  does  not  contract  the  blood-vessels;  furthermore,  it  does  not  dilate 
the  pupil  and  has  the  distinct  advantage  of  not  being  irritating.  It  is  employed  in 
2  percent,  solution.  Alypin  is  also  an  efficient  substitute  for  cocaine  in  2  to  4  percent, 
solutions  for  conjunctival  anesthesia. 

For  the  nose  and  throat  work  the  same  drugs  are  employed  as  in  eye  surgery, 
but  usually  in  somewhat  stronger  solutions  and  with  the  addition  of  a  1 :  1000  epi- 
nephrine solution  (3  minims  to  the  ounce  of  solution).  The  application  is  made  by 
means  of  a  cotton-tipped  probe. 

In  the  urethra  very  dilute  solutions  (not  more  than  0.4  or  0.5  percent.)  of 
cocaine  must  be  used,  or  a  little  more  of  the  less  toxic  substitutes.  Three  minims 
of  1 :  1000  epinephrine  solution  may  be  added  to  a  half  ounce  of  the  anesthetic  solu- 
tion.   Por  the  bladder  even  weaker  solution  must  be  used. 

The  peritoneum  and  other  serous  membranes  may  be  anesthetized,  either  by  appli- 
cation of  the  solution  during  operation,  or  by  injection  into  the  cavity.  Operations  on 
joints  and  reduction  of  dislocations  may  be  made  after  injection  of  novocaine  solutions 
into  the  joints. 

Infiltration  Anesthesia. — For  slight  operations,  not  involving  an  extensive  area, 
satisfactory  anesthesia  may  be  produced  by  the  subcutaneous  injection  of  6  to  8 
minims  of  a  0.5  to  1  percent,  solution  of  cocaine.  When  a  long  incision  is  to  be 
made,  procaine  or  alypin  is  to  be  preferred  because  of  the  toxic  action  of  cocaine. 
The  anesthetic  effect  is  increased  by  the  addition  of  2  to  4  minims  to  the  ounce  of  a 
1 :  1000  solution  of  epinephrine.  For  larger  operations  the  infiltration  anesthesia  method 
of  Schleich  is  employed.  This  consists  in  distending  the  tissues  with  a  quantity  of 
fluid  injected  first  into  the  skin  and  then  into  the  deeper  structures.  The  fluid  injected 
is  a  very  dilute  solution  (0.01  to  0.02  percent.)  of  cocaine,  procaine,  or  alypin  in  physi- 
ological salt  solution,  to  the  ounce  of  which  is  added  3  minims  of  a  1 :  1000  epinephrine 
solution.  The  operation  performed  under  the  infiltration  anesthesia  is  painless,  but 
the  pain  following  the  operation  when  the  anesthesia  wears  away  is  often  very  severe. 
The  saturation  of  the  tissues  is  carried  out  in  layers,  beginning  with  the  skin  along 
the  line  of  incision.  If  bone  is  to  be  cut,  a  subperiosteal  injection  is  given  after  the 
bone  is  exposed.     Such  solutions  will  not  anesthetize  the  larger  nerve  trunks. 
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Conduction  Anesthesia. — This  procedure  is  applicable  chiefly  in  the  extremities. 
A  tourniquet  (or  rubber  band  for  the  finp:er)  is  applied  to  the  limb  proximal  to  the 
operative  field  in  order  to  obstruct  the  venous  return,  and  then  the  anesthetic  is 
injected  in  a  line  encircling  the  extremity  just  below  the  constricting  ring.  This 
produces  insensibility  in  the  skin  below  the  seat  of  injection.  More  effective  is  the 
intraneural  or  paraneural  method,  in  which  the  anesthetic  is  injected  into  the  nerve 
trunk  or  into  the  tissues  immediately  surrounding  it,  insensibility  of  all  the  area 
supplied  by  that  nerve  resulting.  Procaine  is  probably  the  best  of  the  local  anesthetics 
to  use  for  this  purpose.  A  0.5  or  1  percent,  solution  is  used,  with  the  addition  of 
epinephrine,  and  of  this  0.5  to  1  cc.  should  be  injected.  In  surgical  practice,  it  is  best 
to  combine  local  infiltration  with  injection  of  the  nerve  trunks.  Injection  into  limbs 
should  be  preceded  by  constriction  above  the  point  of  injection.  In  operations  on  or 
through  mucous  surfaces,  as  in  the  extraction  of  teeth,  anesthesia  may  be  aided  by 
freezing  the  surface  with  ethyl  chloride. 

Spinal  Anesthesia. — The  anesthetic  is  injected  directly  into  the  spinal  canal  and 
in  from  5  to  15  minutes  complete  anesthesia  is  produced  which  lasts  for  an  hour  or 
more,  allowing  time  for  most  operations.  The  drugs  usually  employed  are  stovaine, 
tropacocaine,  procaine,  apothesine,  alypin — better  without  epinephrine.  The  chief 
danger  of  this  method  is  that  the  fluid  may  extend  too  far  up  in  the  spinal 
canal  and  cause  paralysis  of  the  respiratory  muscles.  To  obviate  this,  glucose  (5 
percent.)  is  sometimes  added  to  the  5  and  10  percent,  stovaine  solution.  As  this 
is  heavier  than  the  cerebrospinal  fluid,  it  will  not  diffuse  upward  in  the  canal  if  the 
patient  lies  with  head  and  shoulders  elevated.  One  cc.  of  the  heavy  solution  is  injected 
and  slightly  less  of  the  ordinary  solution  in  saline.  In  very  nervous  and  apprehensive 
patients  the  spinal  operation  may  be  preceded  by  a  hypodermic  injection  of  morphine 
or  scopolamine-morphine. 

Paravertebral  Anesthesia. — This  method  consists  in  injecting  the  anesthetic  solu- 
tion into  the  foramina  of  exit  of  the  posterior  roots  of  the  spinal  nerves  supplying 
the  field  of  operation  which  is  thereby  rendered  insensible.  Procaine  without  epi- 
nephrine is  used  in  1  percent,  solution,  2  or  3  cc.  being  injected. 

Local  Anesthesia  in  Dentistry. — The  paraneural  is  the  method  employed  to  insure 
the  painless  extraction  of  teeth,  procaine  or  alypin  being  injected  into  the  tooth  socket. 

Drugs  Acting  on  the  Autonomic  System 

Ergot  Group 
Ergot 

Ergot  is  the  name  applied  to  the  seeds  of  rye  infected  by  Claviceps  purpurea,  a 
fungus.  This  species  also  attacks  many  other  wild  and  cultivated  grasses,  and  several 
other  species  of  Claviceps  are  described.  Poisoning  from  blasted  rye  has  been  known 
since  prehistoric  times,  and  is  mentioned  in  the  mythical  legends  of  northern  Europe. 
Its  use  as  an  abortifacient  is  referred  to  by  Hippocrates.  The  first  extensive  epidemic 
of  ergotism  occurred  in  the  Rhine  valley  in  85Y.  It  is  first  mentioned  as  a  medicine 
by  Lonicerus  of  Frankfort  in  1565  and  1582,  being  described  as  a  hemostatic.  It  is 
only  occasionally  alluded  to  in  medical  writings  until  1807,  when  a  paper  by  Water- 
ford  of  New  York  attracted  attention.  Since  then  it  has  been  used  extensively  as 
an  ecbolic.  Its  medicinal  use  was  forbidden  by  statute  in  Erance  from  1774  to  1824, 
presumably  by  reason  of  its  abuse  as  an  abortifacient. 

Chemistry. — The  history  of  chemical  studies  on  ergot  is  very  complex  but  must 
be  glanced  at  briefly.  Great  confusion  has  been  occasioned  by  the  fact  that  certain 
of  the  principles  found  in  the  drug  are  decomposition  products  originating  from  the 
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action  of  the  ergot  fungus,  and  are  identical  with  putrefactive  amines  occasioned 
by  other  fungi  and  bacteria.  Such  bodies  are  extremely  likely  to  arise  during  the 
handling  and  storage  of  ergot,  and  a  large  number  have  been  reported  which  do 
not  occur  in  the  original  material.  It  seems  probable  that  at  least  one  of  the  specific 
alkaloids  is  united  to  or  closely  associated  with  a  resinoid  body,  and  resinous  pre- 
cipitates were  found  to  be  very  active  by  early  chemists. 

The  first  pure  product  obtained  from  ergot  was  crystalline  ergotinine,  which 
was  isolated  by  Tanret  in  1875,  and  found  by  Kobert  to  be  physiologically  inactive. 
At  the  same  time,  Tanret  isolated  an  amorphous  ergotinine  which  he  believed  to  be 
merely  an  impure  form  of  the  crystalline  and  which  was  not  tested  physiologically. 
It  is  probable  that  this  was  in  reality  hydroergotinine  (ergotoxine)  which  is  one  of 
the  most  active  ergot  alkaloids.  Crystalline  ergotinine  was  later  isolated  by  Dragen- 
dorff,  who  termed  it  picrosclerotine,  and  Podwyssotzki,  who  called  it  sclerocrystalline. 
In  1884,  Kobert  isolated  two  bodies,  one  of  which  he  termed  sphacelinic  acid,  as  he 
believed  it  responsible  for  the  bluing  action  on  the  cock's  comb;  the  other  cornutine, 
.to  which  he  ascribed  the  action  on  the  uterus.  The  former  was  probably  a  resin- 
alkaloid  mixture,  the  latter  one  of  the  artificially  produced  putrefactive  amines  to 
which  reference  has  been  made.  Similar  mixtures  of  alkaloid  and  resin  were  pre- 
pared by  Wenzell,  under  the  name  of  echoline;  by  Jacobi  (1897)  as  chrysotoxine 
and  sphacelotoxine,  and  by  Wood  and  Tlofer  (1910)  as  sphacelotoxine.  Mixtures  of 
alkaloids  and  amines  of  varying  composition  were  isolated  by  Wenzell  in  1864  {echo- 
line,  ergotine),  by  Keller  (cornutine),  and  by  Jacobi  (secalintoxine)  in  1897.  A 
mixture  of  amino  acids  (clavin)  was  isolated  by  Vahlen  in  1908. 

The  precise  knowledge  of  the  composition  of  ergot  may  be  dated  from  the  studies 
of  Barger  and  Dale,  beginning  in  1907.  These  authors  showed  that  ergot  contained 
an  alkaloid,  ergotoxine  (hydroergotinine,  CjjII^iNjOg),  which  induced  the  three  chief 
effects  of  the  crude  drug,  namely,  contraction  of  the  uterus,  rise  of  blood-pressure 
and  blackening  of  the  cock's  comb.  This  alkaloid  is  insoluble  in  water,  and  is  prob- 
ably the  active  substance  associated  wi?h  the  resins  in  earlier  preparations.  Later 
Barger  isolated  a  series  of  water-soluble  amines,  of  which  the  most  important  was 
p-hydroxy-phenylethylamine  (HO  —  C,H^ — CH^ — CH^ — NHJ,  now  marketed  under 
the  name  of  iyramine.  This  base  causes  an  increase  of  blood-pressure  but  has  little 
action  on  the  uterus  or  on  the  cock's  comb.  Later,  Barger  isolated  histamine,  beta- 
iminazolylethylamine    (CH  =  N  —  C  —  CHj — CH^ — NHJ,    which    is    derived    from 

NH  CH 

histidine  by  bacterial  or  fungus  action  and  which  causes  contraction  of  the  womb  but 
fall  of  blood-pressure.  Phenyl-ethylamine  and  isoamylamine  also  occur  in  extracts  of 
ergot  as  well  as  acetylcholine  {Q,'R,,'^0^)  and  agmatine  (]SrH,C(NH)NH(CHj3CH— 
NHj — COOH).  It  is  uncertain  whether  any  of  these  amines  occur  preformed  in  the 
drug  but  they  are  always  present  in  watery  or  alcoholic  extracts.  Tyramine  cannot 
be  isolated  completely  nor  estimated  by  chemical  means,  but  by  physiologic  methods 
its  quantity  is  estimated  as  from  0.01  to  0.1  percent.  The  other  amines  are  present  in 
less  proportions.  Recently  another  alkaloid  (C^sHjjN^OJ  has  been  found  (Stoll,  1918) 
and  christened  ergotamine.  Studies  of  its  action  by  Spiro  and  by  Dale  and  Spiro 
showed  that  its  effects  on  the  uterus,  the  blood-pressure  and  the  cock's  comb  were 
qualitatively  and  quantitatively  indistinguishable  from  those  of  ergotoxine. 

The  chemistry  of  the  alkaloids  has  not  been  elucidated,  but  it  is  known  that 
ergotinine  is  the  anhydride  or  lactone  of  the  active  base  termed  ergotoxine  by  Barger 
and  hydroergotinine  by  Kraft.  Ergotamine  is  presumably  similar  in  composition. 
The  total  alkaloidal  content  varies  from  0.0036  to  0.082  percent. 
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The  important  constituents  appear  to  be  ergotoxine,  ergotamine,  tyramine,  hista- 
mine and  acetylcholine. 

A  large  number  of  physiologically  inactive  constituents  have  been  described.  A 
fixed  oil  present  to  as  much  as  33  percent,  of  the  dried  drug,  consists  chiefly  of 
unsaturated  fatty  acids,  including  oleic.  The  dark  color  is  due  to  a  pigment,  termed 
scelerythrin.  Other  bodies  include  cholesterin,  lecithin,  cholin,  leucin,  cadaverin, 
valin,  and  various  carbohydrates. 

Liquid  preparations  of  ergot  undergo  rapid  deterioration.  The  nature  of  the 
change  is  uncertain,  but  would  appear  to  be  an  oxidation  as  it  can  be  prevented 
by  sealing  the  preparation  in  vacuo   (Pittenger  and  Vanderklecd). 

Summary  of  Actions  and  Uses. — Ergot  stimulates  the  muscle  of  the  uterus  both 
isolated  and  in  situ,  the  muscle  of  the  blood  vessels  and  that  of  the  bowel.  Other 
autonomically  innervated  structures  are  less  affected.  In  some  manner  which  is  not 
clearly  understood,  but  which  is  not  definitely  related  to  vasoconstriction,  a  single  dose 
of  ergot  leads  to  blackening  and  even  necrosis  of  the  comb  and  wattles  of  the  cock, 
and  chronic  poisoning  results  in  dry  gangrene  of  the  feet,  in  man.  All  these  effects 
are  shared  by  the  alkaloids.  Hydroxyphenylethylamine  acts  chiefly  on  the  vessels,  and 
histamine  chiefly  on  the  uterus. 

Ergot  and  its  preparations  are  employed  in  medicine  to  cause  contraction  of  the 
uterus  after  childbirth  and  to  check  metrorrhagia.  They  are  used  also  to  raise  blood- 
pressure  in  failing  circulation  and  to  check  hemorrhage  elsewhere  than  in  the  uterus. 
The  stimulating  action  on  the  bowel  has  been  but  little  availed  of  in  therapeutic 
practice. 

Materia  Medica. — Ergot.\  (U.S.  X.),  Ergot.  Ahhr.,  Ergot.  Synonyms:  Ergot 
of  R.yc,  Secale  Cornutum  P.I. 

Ergot  is  the  dried  sclerotium  of  Claviceps  purpurea  (Fries)  Tulasne  (Fam. 
Hypocreacece)  originating  in  the  ovary  of  Secale  cereale  Linne.  Odor,  characteristic 
but  free  from  mustiness  or  rancidity;  taste,  oily,  somewhat  acrid,  disagreeable.  The 
intramuscular  injection  of  a  fluidextract,  representing  0.5  Gm.  per  kilo,  causes  black- 
ening of  the  cock's  comb. 

Antagonists  and  Incompatihles. — Strong  acids  and  alkalis,  metallic  salts  and  alka- 
loid precipitants  are  chemically  incompatible.  Aconite,  A'eratrum  and  lobelia  are 
antagonistic. 

Synergists. — The  digitalis  bodies,  epinephrine,  and  belladonna  are  synergists  as 
regards  the  action  of  the  blood  vessels,  and  gossypium,  borax,  and  pituitary  extracts 
as  regards  the  action  on  the  uterus. 

Dose,  20  to  40  grains  (1.3  to  2.6  Gm.). 

Fluidextractum  ERGOT.E  (U.S.  X.),  Fluidextract  of  Ergot.  Ahhr.,  Fldext.  Ergot. 
Synonyms:  Extractum  Ergotse  Liquidum  (Br.),  Secalis  Cornuti  Extractum  Fluidum 
P.I. 

One  cc.  represents  1  Gm.  of  drug.     Contains  40  percent,  alcohol. 

Dose,  10  to  GO  minims  (0.0  to  4  cc). 

ExTR.ACTUM  ERt;oT.E  Aqiosim  (N.F.),  Aquean  Extract  of  Ergot.  Ahhr.,  Ext. 
Ergot.  Aq.     Synonym:  Ergotin,  P.I. 

The  ergot  is  extracted  with  water,  the  extract  dried  and  macerated  with  alcohol; 
then  filtered  and  evaporated  to  pilular  consistence.  1  Gm.  corresponds  to  approxi- 
mately 5  Gm.  of  drug. 

Dose,  2  to  8  grains  (0.12  to  0.5  Gm.). 

ExTR.vcTUM  ERGOTiE  LiQiiuuM  (N.N.R.),  Ergotole. 

A  50  percent,  alcoholic  extract  evaporated  to  19  percent,  alcohol.  2\''>  Gm.  of  ergot 
are  used  to  produce  1  cc. 

Dose,  10  to  30  minims  (O.G  to  2  cc). 
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ExTRACTUM  EBGOTiE  (Br.),  Extract  of  Ergot.    Ahhr.,  Ext.  Ergot. 

One  Gm.  represents  approximately  5  Gm.  of  drug. 

Dose,  2  to  8  grains  (0.12  to  0.5  Gm.). 

ExTRACTUM  ERGOTiE  PuRiFiCATUM  (N.N.R.),  Purified  Extract  of  Ergot.  Syno- 
nyms: Extractum  Secalis  Cornuti  P.I. ;  Ergotine  Bonjean. 

A  soft,  aquean  extract  of  ergot  purified  by  alcohol ;  reddish-brown ;  of  charac- 
teristic odor  and  taste;  soluble  in  water  and  in  a  mixture  of  equal  parts  of  water 
and  alcohol.    1  Gm.  corresponds  to  approximately  5  Gm.  of  drug. 

Dose,  3  to  8  grains   (0.2  to  0.5  Gm.). 

Infusum  Ergots   (Br.),  Infusion  of  Ergot.    Ahhr.,  Inf.  Ergot. 

Infuse  in  a  covered  vessel  for  15  minutes  and  strain  while  hot.  20  cc.  corresponds 
to  1  Gm.  of  drug. 

Dose,  1  to  2  fluidounces  (32  to  64  cc). 

Injectio  Ergots  Hypodermica  (Br.),  Hypodermic  Injection  of  Ergot.  Ahhr., 
Inject.  Ergot.  Hyp. 

Extract  of  ergot,  33  Gm. ;  phenol,  1  Gm. ;  distilled  water  recently  boiled,  100  cc. 
One  hundred  and  ten  minims  contain  33  grains  of  the  extract  of  ergot;  100  cc.  contain 
33  Gm. 

Dose,  by  mouth  or  parenterally,  5  to  10  minims  (0.3  to  0.6  cc). 

Tinctura  Ergots  Ammoniata  (Br.),  Ammoniatcd  Tincture  of  Ergot.  Ahhr., 
Tr.  Ergot.  Ammon. 

Prepared  by  macerating  the  ergot  for  24  hours  in  a  mixture  of  1  part  ammonia  water 
and  9  parts  of  60  percent,  alcohol,  then  percolating.    4  cc.  correspond  to  1  Gm.  of  drug. 

Dose,  30  to  00  minims   (2  to  4  cc). 

Ergot  Aseptic  (N.IST.R.),  Ergot  Aseptic 

A  liquid  extract,  standardized  by  cock's  comb  method  so  that  1  cc.  represents 
2  Gm.  of  ergot. 

Dose,  by  mouth  or  parenterally,  15  to  30  minims  (1  to  2  cc). 

Liquor  Ergot.e  (N.N.R.),  Liquor  of  Ergot.     Synonym:  Cornutol. 

A  biologically  tested  liquid  extract  of  ergot,  containing  the  water-soluble,  alcohol- 
insoluble  constituents  of  ergot,  and  about  10  percent,  alcohol,  and  sealed  in  vacuo; 
2V2  parts  of  ergot  are  employed  in  the  manufacture  of  1  part  of  cornutol.  A  brownish- 
red  liquid,  having  a  characteristic,  not  unpleasant,  odor  and  a  disagreeable  taste. 
Strength  about  twice  that  of  fluidextract  (U.S.  X.). 

Dose,  hypodermic,  10  to  30  minims  (0.6  to  2  cc) ;  by  mouth,  10  to  60  minims 
(0.6  to  4  cc). 

Secacornin  (N.N.R.),  Secacornin. 

A  solution  of  the  active  principles  of  ergot  in  a  menstruum  of  water,  glycerin 
and  7.5  percent,  alcohol.     One  cc.  represents  4  Gm.  of  ergot  (U.S.P.). 

Dose,  5  to  15  minims  (0.3  to  1  cc). 

Ergotinin^  Citras  (N.N.R.),  Ergotinine  Citrate. 

The  citrate  of  ergotinine,  a  crystalline  alkaloid  derived  from  ergot.  A  grayish- 
white,   amorphous  powder,  slowly   soluble  in  water;   soluble  in   292  parts   of  alcohol. 

Dose,  1/200  to  1/100  grain  (0.0003  to  0.0006  Gm.)   hypodermically. 

Ergotoxinum  (unofficial),  Ergotoxine. 

An  amorphous  alkaloid,  derived  from  ergot;  very  slightly  soluble  in  water;  soluble 
in  dilute  caustic  alkali  solution.    Approximately  100  times  as  active  as  ergot. 

Dose,  1/100  to  1/50  grain   (0.0006  to  0.0012  Gm.). 

Ergotoxine  Phosphas  (unofficial),  Ergotoxine  Phosphate. 

The  commercial  crystalline  form  of  ergotoxine. 

Dose,  1/100  to  1/50  grain  (0.0006  to  0.0013  Gm.). 
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Ergotamine  Tartras  (N.N.R.).  Ergotamine  Tartrate.    Synonym:  Gynergen. 

The  normal  tartrate  of  the  principal  alkaloid  of  ergot.  Occurs  in  colorless,  rhombic 
crystals,  soluble  in  500  parts  of  water  or  ethyl  alcohol. 

Dose,  Intramuscularly  or  4ij-podermically,  1/250  grain  (0.25  mgm.)  ;  by  moutli, 
1/60  to  1/30  grain  (1  to  2  mgm.),  1  to  3  times  daily. 

Tyra:min^  HYDROcnLORinuM   (N.N.K.),  Tyramine  Ilj'droehloride. 

The  hydrochloride  of  the  base  of  parahydroxyphenylethylamine,  obtained  syn- 
thetically. It  occurs  as  a  white,  or  almost  white,  crystalline  powder;  soluble  in 
water. 

Dose,  1/3   to  2/  3  grain   (0.02  to   0.04  Gm.)   by  mouth  or  hypodermically. 

Histamine  (unofficial),  Histamine.    Synonym:  Ergamine. 

Occurs  in  various  putrefying  proteins  and  in  ergot.  The  commercial  supply  is 
obtained  synthetically.     Chemically,  it  is  beta-iminazolylethylamine. 

Dose,  l/GO  grain  (0.001  Gm.). 

Pharmacodynamic  Action:  Absorption  and  Elimination. — The  most  active  of  the 
principles  of  ergot  are  absorbed,  although  rather  slowly,  both  from  the  alimentary  tract 
and  from  subcutaneous  injection. 

None  of  the  principles  have  been  found  in  an  active  form  in  any  of  the  excreta. 
About  25  percent  of  tyramine,  given  by  mouth  to  the  dog,  appears  in  the  urine  as 
hydroxy-phenyl-acetic  acid  (OH  —  CoH^  —  CHjCOOH).  Tyramine  perfused  through  iso- 
lated organs  is  oxidized  completely  to  oxyphenyl-acetic  acid.  The  other  amines  and 
the  alkaloids  seem  to  be  even  more  completely  altered. 

Crystalline  ergotinine  has  been  isolated  from  the  organs  and  tissues  in  a  case  of 
fatal  poisoning  (Rosenbloom  and  Schildecker). 

Topical  Action. — Extracts  of  ergot,  free  from  alcohol,  are  not  irritating  to  mucous 
membranes.  Crude  preparations  of  the  drug  are  likely  to  cause  some  pain  if  injected 
hypodermically,  but  this  effect  depends  on  inert  constituents,  the  pure  principles  being 
free  from  this  objection. 

Toxicity. — Medical  interest  was  first  directed  to  ergot  as  the  cause  of  a  peculiar 
poisoning,  termed  ergotism.  Such  poisoning  occurred  in  epidemic  form  in  Germany 
and  France  in  rainy  seasons  with  poor  harvests.  At  such  times  the  infected  rye  was 
not  separated  from  the  good,  but  all  made  into  bread  together.  In  Russia,  owing  to 
the  frequency  of  famine,  ergotism  was,  and  is,  still  more  common. 

Two  forms  of  chronic  ergot  poisoning  are  distinguished;  the  spastic  or  convulsive, 
and  the  gangrenous.  They  may  be  met  with  in  any  given  epidemic  singly  or  associated. 
In  Germany  and  Russia  the  spastic  form  is  most  common;  in  France,  the  gangrenous. 
Only  occasionally  are  the  two  forms  associated  in  one  individual. 

Spastic  Ergotism. — Persons  who  have  eaten  bread  made  from  "spurred"  rye  show 
first,  weakness  and  depression,  with  loss  of  appetite  and  epigastric  distress.  Itching 
and  formication  of  the  limbs  follow.  Muscular  twitchings  occur  at  intervals.  Vomiting 
follows  accompanied  by  confusion  or  stupor.  Soon  the  twitching  becomes  stronger  and 
more  constant  and  often  painful.  The  pulse  is  slow  and  regular,  the  pupil  dilated  and 
accommodation  difficult.  Prolonged  contractures  of  individual  muscles  are  usually 
encountered  and  epileptiform  convulsions  may  occur.  Atrophy  of  the  muscles  or  lasting 
contractures  may  follow.  Melancholia  or  other  insanity  may  result,  passing  at  times 
into  dementia,  which  may  be  permanent.  Cataract  and  ocular  palsies  have  been 
observed.  The  lesions  consist  in  degenerative  changes  in  the  brain  and  cord  similar 
to  those  in  other  toxic  dementias.  In  4  cases  described  by  Tuczek,  the  degeneration 
affected  chiefly  the  column  of  Burdach,  the  brain  showed  no  marked  alteration.  The 
prognosis  is  not  very  favorable.  Although  complete  recovery  may  result  within  a  short 
time,  lasting,  or  even  permanent  weakness,  pain  and  contractures  may  remain  or  the 
mental  condition  may  not  clear  up  fully.  Death  may  result  during  the  acute  attack 
from  exhaustion,  muscular  weakness  or  convulsions. 

Gangrenous  Ergotism. — This  type  of  poisoning,  which  is  much  more  frequent,  begins 
with  nausea  and  vomiting,  colic,  weakness  and  restlessness  and  itching  and  formication 
in  the  skin  of  the  extremities.  After  a  few  days,  the  fingers  or  toes  become  cold,  weak 
and  extremely  painful.  The  skin  Is  pale,  cold  and  wrinkled.  Local  spots  of  anesthesia 
are  noted,  followed  by  blackening  of  the  skin.     Merely  one  joint  may  be  lost,  an  entire 
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digit  or  the  greater  part  of  a  limb.  Gangrene  of  internal  organs  may  also  occur,  espe- 
cially of  the  lungs.  Similar  disturbances  of  nutrition  lead  to  cataract,  to  retinal  degen- 
eration, and  often  to  abortion.  Apart  from  the  loss  of  the  affected  portions  of  the 
limbs,  recovery  may  be  complete. 

Occasionally  small  gangrenous  lesions  have  followed  the  use  of  ergot  as  medicament 
or  abortifacient.  Stiffness  and  pain  in  the  limbs  has  also  occasionally  been  reported. 
Medicinal  poisoning,  however,  generally  leads  to  a  more  acute  intoxication,  character- 
ized by  nausea  and  vomiting,  dry  mouth  and  throat,  weakness,  severe  colicky  pain  and 
headache. 

Acute  Poisoning. — The  phenomena  of  acute  ergot  poisoning  differ  widely  in  differ- 
ent species.  Frogs  show  depression  and  weakness,  followed  by  loss  of  reflexes  and 
complete  paralysis.  The  heart  is  slow  but  its  force  is  not  much  affected.  The  convul- 
sions seen  by  Jacobi  after  injections  of  cornutin  in  frogs,  are  due  to  some  artificial  prod- 
uct and  never  occur  from  the  crude  drug  or  other  preparations.  The  fatal  dose  of  good 
ergot  is  about  50  mgm.  per  Gm. 

Birds  poisoned  by  ergot  remain  in  one  position,  with  the  head  hanging  forward 
and  the  wings  drooping.  There  is  dyspnea,  vomiting  and  diarrhea  as  well  as  saliva- 
tion. The  movements  are  markedly  ataxic  and  walking  may  be  impossible.  The  comb 
and  wattles  of  roosters  show  bluish  discoloration  or  may  become  gangrenous  at  the  tip 
or  in  large  part.  Bluing  of  the  comb  with  moderate  intoxication  is  caused  by  from 
0.4  to  1.5  cc.  of  the  fluidextract  per  kilo.  If  much  larger  doses  are  given  the  symptoms 
enumerated  are  followed  by  tremors  or  convulsions  associated  with  stupor,  the  animal 
dying  in  coma  as  a  result  of  respiratory  failure. 

The  discoloration  of  the  cock's  comb  is  now  the  official  (U.S.  X.)  means  of  stand- 
ardizing fluidextract  of  ergot  and  other  ergot  preparations.  The  fluidextract  is  injected 
intramuscularly  in  a  single  comb,  v^hite  leghorn  cock,  which  is  less  than  18  months 
old  and  which  weighs  approximately  2  kilograms.  It  must  cause  blackening  of  the 
comb  in  a  dose  not  exceeding  0.5  cc.  per  kilogram  of  body  weight. 

Among  mammals  it  is  noted  that  severe  intoxication  is  more  readily  caused  in 
cats  and  dogs  than  in  herbivora,  and  that  gangrene  is  rarely  seen  in  the  latter.  In 
dogs  and  cats,  very  large  doses  may  be  given  by  mouth,  as  the  greater  part  is  removed 
by  vomiting  and  diarrhea  before  the  active  principles  are  absorbed.  Several  ounces 
(upwards  of  50  Gm.  of  powdered  ergot)  may  be  given  to  a  dog  by  stomach  tube  with- 
out serious  result.  Such  dose  repeated  daily,  causes  death  in  several  weeks,  from 
paralysis  and  exhaustion.  The  symptoms  of  acute  poisoning,  whether  by  mouth  or 
injection,  are  salivation,  vomiting  and  diarrhea,  weakness  and  depression,  tremors  and 
staggering  gait,  passing  into  partial  paralysis  with  labored  breathing,  violent  spasms 
and  even  convulsions.  There  is  great  thirst.  The  pupil  is  dilated,  the  pulse  rapid. 
After  intravenous  injections  the  symptoms  are  similar  but  are  ushered  in  by  excite- 
ment and  whining.  The  pupil  is  first  contracted,  later  dilated.  The  muscles  are 
flaccid,  becoming  rigid  as  spasms  develop.  Good  ergot,  hypodermically,  kills  guinea-pigs 
in  a  dose  of  8  mgm.  per  Gm. 

Chronic  poisoning  is  characterized  by  digestive  disturbances,  with  colic  and 
diarrhea;  weakness  of  the  limbs  followed  by  paralysis  and  anesthesia;  dullness  of 
vision  and  of  hearing,  and  extreme  muscular  wasting  with  death  from  exhaustion. 
Gangrene  of  the  ears  may  occur. 

Mules  and  horses  given  15  to  60  Gm.  (oz.  y.^  to  2),  daily  by  mouth,  show  in  a  few 
days,  slow  pulse,  labored  breathing,  restlessness  and  ataxia,  and  dilated  pupil.  After 
a  time  there  is  great  wasting  of  the  muscles,  and  death  from  exhaustion    (Parola). 

Pigs  show  a  greater  tendency  to  convulsions,  and  develop  gangrene  of  the  ears  and 
tail.  Cattle  are  more  resistant.  Guinea-pigs  are  also  resistant,  but  show  weakness 
and  tremors,  dyspnea  and  mydriasis. 

In  man,  acute  poisoning  may  result  from  8  Gm.  (dr.  2)  by  mouth.  The  symptoms 
are  colicky  pain  with  vomiting  and  diarrhea;  headache,  vertigo  and  weakness.  The 
pulse  is  slowed,  the  pupil  may  be  dilated. 

To  sum  up  the  effects,  these  consist  in  depression  of  the  brain  and  cord  with 
apathy  and  stupor  passing  into  coma;  and  weakness  and  loss  of  reflexes  passing  into 
paralysis.  Anesthesia  and  paresthesias  and  dullness  of  sight  and  hearing  are  also 
noted.  The  pupil  is  usually  dilated  but  in  cats  and  dogs  may  be  contracted  early  in 
the  poisoning.  The  digestive  tract  is  stimulated  as  shown  by  salivation,  vomiting  and 
diarrhea.  The  respiratory  center  is  depressed  but  the  effects  on  the  circulation  may 
be  limited  to  the  occurrence  of  localized  gangrene. 
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Treatment. — In  acute  ergot  poisoning,  tannic  or  gallic  acid  is  given  to  render  in- 
soluble any  of  the  alkaloids  remaining  in  the  alimentary  tract,  and  free  purgation  is 
induced  by  means  of  castor  oil,  magnesium  sulphate,  or  other  promptly  acting  cathartic. 
The  patient  is  kept  in  the  recumbent  posture  and,  according  to  the  nature  and  urgency 
of  the  symptoms,  amyl  nitrite  is  given  by  inhalation,  nitroglycerin  hypodermically  or 
by  mouth,  and  scopolamine,  or  chloral  hydrate  and  bromides  by  mouth  or  rectum. 
Alcohol,  preferably  as  brandy,  is  given  as  necessary,  perhaps  ammonia  (aromatic  spirit) 
or  Hoffman  anodyne:   and  heat  is  applied  externally. 

In  chro7uc  ergot  poisoning,  antispasmodics  and  vascular  relaxants  are  to  be  given 
on  the  same  lines  as  in  the  acute  condition.  If  gangrene  be  present,  it  is  to  be 
handled  on  general  surgical  principles,  waiting  for  the  line  of  demarcation  and  amputat- 
ing at  the  point  indicated.  Sometimes  gangrene  can  be  prevented  by  prompt  recognition 
and  treatment  of  the  condition,  hypodermoclysis  or  intravenous  injection  of  saline 
solution  being  always  worth  trial  and  frequently  successful.  The  careful  hygienic  man- 
agement of  the  patient  is  highly  important,  and  special  symptoms  are  to  be  met,  as 
they  arise,  on  general  principles.  Bathing  of  the  extremities  in  warm  water  may  improve 
circulation  and  aid  in  averting  threatened  gangrene. 

Systemic  Action. — The  systemic  action  of  preparations  of  ergot  is  a  combination 
of  the  actions  of  its  various  principles,  and  as  the  most  important  of  these  have  been 
subjected  to  careful  study,  it  will  suffice  to  describe  the  action  of  each  in  turn,  noting 
at  times  how  particular  actions  may  be  modified  by  the  presence  of  other  constituents 
in  preparations  of  the  crude  drug.  The  two  alkaloids,  ergotoxine  and  ergotamine, 
appear  to  be  identical  in  their  actions  and  will  be  described  together.  Most  of  the 
experiments  have  been  made  with  the  former. 

Ergotoxine  and  Ergotamine:  Alimentary  System. — Ergotoxine  exerts  a  very  general 
stimulating  action  on  the  alimentary  tract.  The  secretion  of  saliva  is  increased  and 
probably  that  of  the  intestinal  mucus.  The  vomiting  center  is  excited  and  this,  together 
with  the  increase  in  the  contraction  of  the  wall  of  the  stomach,  leads  to  nausea  and 
vomiting.  The  movements  of  the  intestine  are  increased,  peristalsis  being  hastened, 
peristaltic  rush  induced  and  the  bowel  often  contracting  into  hard  white  cords,  which 
remain  a  minute  or  more.  These  effects,  which  were  first  described  as  due  to  ergot 
(Meltzer  and  Auer),  were  shown  also  to  follow  injections  of  ergotoxine  (Meltzer  and 
Githens).  A  dose  of  10  mgm.  (gr.  1/6)  causes  strong  contractions  of  the  bowel  of  the 
rabbit,  but  its  effect  is  even  more  striking  in  increasing  the  normally  slight  motor  effects 
of  electric  stimulation  of  the  vagus  nerves,  subminimal  stimuli  causing,  after  ergot, 
violent  spasmodic  contractions  of  all  parts  of  the  gut.  Those  muscle  fibers  which  derive 
their  motor  supply  from  the  sympathetic  system,  namely  the  ileocolic  sphincter  and  the 
internal  anal  sphincter,  are  not  stimulated  by  ergotoxine,  but  on  the  contrary  the  former 
fails  to  contract  Avhen  its  motor  nerve  is  stimulated  and  the  latter  relaxes,  showing  a 
reversal  of  effect,  suggesting  that  noted  In  the  vascular  action  of  epinephrine.  The 
inhibitory  effect  of  epinephrine  on  the  movements  of  the  isolated  gut  is  prevented  by 
previous  treatment  with  1:200,000  ergotamine.  The  reaction,  which  is  not  shared  by 
the  amines,  is  so  sharp  that  it  can  be  utilized  for  assaying  ergot  (Planelles).  Very 
minute  doses,  0.2  mgm.  (gr.  1/350)  of  ergotamine  in  man,  check  peristalsis  and  relieve 
colicky  intestinal  pain  (Kauffmann  and  Kalk).  The  tonus  and  peristaltic  contrac- 
tions of  the  gallbladder  are  increased  by  small  doses,  but  paralyzed  by  large 
(Cushny). 

Circulatory  System. — The  most  striking  effect  of  ergotoxine  on  the  circulatory  system 
is  the  rise  of  blood  pressure  which  follows  intravenous  or  subcutaneous  injection. 
The  rise  of  pressure  is  proportionate  to  the  dose;  so  much  so  in  fact,  that  the  strength 
of  an  unknown  solution  can  be  determined  with  a  fair  degree  of  exactness  by  comparing 
the  rise  produced  by  it  and  by  a  known  solution  on  the  same  animal  (dog).  An  injec- 
tion of  1  mgm.  per  kilo  will  cause  a  rise  of  100  to  120  mm.  Hg.  in  the  cat.  The  rise 
obtained  in  the  dog  is  not  so  great,  but  is  much  more  constant.  An  injection  of  0.1  to 
0.2  cc.  per  kilo  of  a  good  specimen  of  fluidextract  of  ergot  should  give  a  rise  of  60  mm. 
sustained  for  10  minutes  and  sinking  to  normal  in  half  an  hour.  A  similar  injection 
an  hour  later  should  give  the  same  rise.  A  dose  of  1  mgm.  of  ergotoxine  or  ergo- 
tamine per  kilo  is  about  equal  in  its  effect. 

The  rise  is  due  entirely  to  peripheral  action,  no  difference  being  noted  in  dogs 
with  the  medulla  destroyed  (Wood  and  Hofer),  and  organs  artificially  perfused  but 
with  their  nerve  connections  intact,  showing  no  vasoconstriction  when  ergotoxine  is 
injected  so  as  to  reach  the  vasomotor  center   (Sollmann).     The  constricting  action  is 
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exerted  on  the  nerves  or  cells  of  the  vessel  walls  and  not  on  the  ganglia,  and  it  is  not 
prevented  by  nicotine,  which  paralyzes  these. 

Isolated  vessels  are  constricted  by  dilute  solutions  of  ergotoxine  and  the  vessels 
of  the  lung  share  this  effect  (Wiggers). 

If  very  large  doses  of  ergotoxine  are  given — for  example,  10  mgm.  per  kilo — a  pecu- 
liar phenomenon  is  noted.  The  endings  of  the  vasoconstrictor  nerves  are  paralyzed  but 
not  those  of  the  dilators.  Substances  which  excite  the  constrictor  endings  thus  lose 
their  effect,  while  those  which  act  on  the  muscle,  such  as  barium  and  hypophysis 
extract,  are  effective.  Epinephrine  stimulates  both  constrictors  and  dilators  but  nor- 
mally the  effect  on  the  former  predominates.  After  large  doses  of  ergotoxine  or  ergo- 
tamine,  the  effect  is  reversed,  a  fall  of  pressure  alone  resulting  from  any  effective  dose. 

Ergot  has  been  extensively  employed  to  check  internal  hemorrhage,  especially  in 
hemoptysis.  Experimentally  it  is  found  to  have  no  effect  on  bleeding  from  cuts  in  the 
lungs  (Frey),  and  the  bleeding  from  cuts  made  in  the  lips  increases  with  the  rise  of 
blood  pressure  (Lisin). 

The  relation  of  the  bluing  of  the  comb  and  wattles  of  the  cock  to  the  vasocon- 
strictor action  is  of  great  interest.  No  similar  phenomenon  is  seen  in  other  animals 
from  single  doses,  although  it  is  probably  related  to  the  gangrene  of  ergotism.  There 
seems  to  be  a  contraction  of  all  the  vessels,  most  marked  in  the  finer  veins,  leading  to 
cyanosis.  The  vessels  are  dilated  at  first  and  filled  with  brownish  masses.  Later,  their 
walls,  and  finally  the  entire  thickness  of  the  comb,  undergo  hyaline  degeneration,  the 
vessels  being  filled  with  hyaline  thrombi  (Recklinghausen).  A  similar  discoloration 
of  the  comb  is  produced  by  cantharides  (Ellinger)  which  does  not  cause  vasoconstric- 
tion, but  it  is  not  induced  by  other  vasoconstrictors. 

According  to  most  authors,  there  is  little  habituation.  There  may,  however,  be 
some  development  of  immunity  to  the  blackening  of  the  cock's  comb  (Salant  and  Harris). 

Ergotoxine  has  but  little  direct  effect  on  the  heart,  either  in  situ  or  isolated.  The 
nerve  endings  of  the  accelerator  are  paralyzed  by  very  large  doses,  but  those  of  the 
vagus   are  not  affected. 

After  injection  of  crude  preparations  of  ergot,  especially  after  repeated  injections, 
the  rise  of  pressure  is  preceded  by  a  brief,  but  often  profound,  fall.  This  is  due  to  the 
effect  of  histamine  and  other  dilator  substances  and  is  not  seen  with  pure  ergotoxine. 

Respiration. — The  respiration  is  but  little  affected  by  small  or  therapeutic  doses 
of  ergotoxine.  Toxic  doses  cause  depression,  although  the  effect  is  partly  secondary  to 
circulatory  disturbance.  Dogs  given  an  injection  of  1  mgm.  of  ergotoxine  show  brief 
dilatation  of  the  bronchi  caused  by  an  increased  secretion  of  adrenaline,  followed  by 
lasting  constriction  due  to  the  drug  itself. 

Body  Temperature. — Ergotoxine  stimulates  both  heat  production  and  heat  dissipa- 
tion, and  its  effects  on  different  species  differ  according  to  which  of  these  is  more 
strongly  influenced.  In  cats,  rabbits  and  chickens  the  temperature  rises;  in  rats,  mice 
and  pigeons  it  falls.  The  rise  of  temperature  seen  in  the  rabbit  is  not  due  to  motor 
excitement  as  it  is  not  prevented  by  curare,  but  is  annulled  by  removal  of  the  brain, 
which  does  not  prevent  convulsions  (Githens).  In  cocks,  the  effect  on  the  temperature 
is  reversed,  if  alcohol  be  given  with  or  before  the  ergotoxine  (Salant  and  Harris). 

Metabolism. — Ergotoxine  and  ergotamine  exert  an  interesting  effect  on  sugar 
metabolism.  In  normal  rabbits,  an  injection  of  4  to  10  mgm.  causes  a  fall  of  blood 
sugar  to  85  percent,  of  the  normal,  the  hypoglycemia  lasting  2  hours.  In  some  cases  of 
clinical  diabetes,  daily  doses  of  0.5  mgm.  (gr.  1/130)  of  ergotamine  reduce  the  blood 
sugar  (Lesser  and  Zipf).  A  dose  of  5  mgm.  given  to  rabbits  increases  the  convulsant 
action  of  insulin  (Burn).  It  also  prevents  epinephrine  glycosuria  (Miculich).  Addi- 
tion of  0.005  percent,  of  ergotoxine  to  the  excised  frog  liver  prevents  its  glycolytic 
action  (Frohlich  and  Pick).  These  phenomena  are  interpreted  by  Lesser  and  Zipf 
as  indicating  that  sugar  formation  from  glycogen  in  the  liver  depends  on  a  continuous 
nerve  stimulus,  which  is  paralyzed  by  ergotoxine. 

Endocrine  Glands. — Ergotoxine  does  not  seem  to  exert  any  direct  effect  on  these, 
although  Jackson  suggests,  tli^t  the  brief  bronchodilatation  which  results  from  intra- 
venous injections  might  depend  on  increased  epinephrine  output. 

Sex  Organs.— The  action  of  ergot  on  the  uterus  is  perhaps  the  most  important 
effect  which  it  exerts  upon  the  body,  and*  much  study  has  been  devoted  to  it.  Ergot 
causes  contraction  of  the  uterus  of  all  mammals,  both  virgin  and  pregnant;  both 
in  situ  and  isolated.     As  is  the  case  with  other  uterine  stimulants,  the  effect  is  much 
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greater  on  the  pregnant  uterus,  and  Increases  as  term  Is  approached.  After  delivery, 
the  effect  is  still  very  marked,  but  gradually  becomes  less  so,  although  a  uterus  once 
the  seat  of  pregnancy,  at  least  in  laboratory  animals,  always  remains  more  sensitive 
than  the  virgin  organ.  In  the  pregnant  cat,  strong  contractions  of  the  intact  organ 
continuing  an  hour  or  more,  are  caused  by  injection  of  0.5  mgm.  (gr.  1/130)  of  ergot 
by  vein.  The  entire  horn  of  a  uterus  of  an  adult  non-pregnant  guinea-pig  is  well 
adapted  for  studying  the  action  of  ergot  on  the  excised  uterus.  A  small  amount  added 
to  the  bath,  causes  increase  in  the  spontaneous  weak  contractions;  larger  amount  in- 
duces strong  contractions  lasting  a  minute  or  more,  and  still  stronger  solutions  cause 
lasting  tonic  contractions.  In  pregnant  animals  there  is  some  danger  of  inducing 
abortion  by  poisonous  doses.  The  uterine  contractions  are  never  strong  enough  to 
directly  expel  the  fetus,  but  injure  it  and  perhaps  loosen  the  placental  attachment, 
thus  leading  to  its  death  and  expulsion  a  short  time  later.  During  labor,  very  minute 
doses  may  check  the  uterine  contractions;  somewhat  larger  doses  will  give  rise  to 
slow  strong  contractions;  and  doses  a  little  larger  than  these  will  induce  uterine 
tetanus,  endangering  both  mother  and  child.  On  account  of  the  narrow  margin  of 
proper  dosage,  administration  of  ergotoxine  (or  ergot)  during  labor  is  dangerous  and 
its  use  should  be  delayed  until  the  child  is  born,  and  best  until  after  the  placenta  is 
expelled,  when  it  will  cause  tonic  contractions,  and  help  to  prevent  postpartum 
hemorrhage. 

The  musculature  of  other  portions  of  the  female  and  male  genital  tract,  including 
the  vagina,  the  vas  deferens,  the  uterus  masculinus  and  musculus  retractor  penis,  show 
stimulation  of  contractions  with  increase  of  tonus,  similar  to  that  seen  in  the  uterus. 

Urinary  System. — Ergotoxine  does  not  appear  to  influence  urinary  secretion  directly, 
although  there  may  be  some  diuresis   during  the  period  of  high   blood-pressure. 

The  isolated  ureter  contracts  more  strongly  under  the  influence  of  ergotoxine 
(1  to  2  parts  in  50,000  of  Ringer  solution)  and  the  usual  stimulating  effect  of  epine- 
phrine is  changed  to  depression  as  is  the  case  with  the  blood  vessels  (Macht). 

Ergotoxine  causes  slight  relaxation  of  the  fundus  of  the  bladder,  followed  by 
increase  in  tonus.     In  goats,  the  normal  stimulating  effect  of  epinephrine  is  reversed. 

Nerve  System. — The  central  nerve  system  exhibits,  under  the  influence  of  ergo- 
toxine and  of  crude  ergot  preparations,  a  combination  of  depression  and  excitement, 
which  requires  further  study  for  its  elucidation.  The  higher  cerebral  centers  and  the 
centers  of  special  sense  perception  are  depressed;  mental  lethargy,  with  dullness  of  vision 
and  of  hearing  and  partial  anesthesia,  being  characteristic  of  poisoning.  The  respira- 
tory center  is  also  depressed.  Certain  motor  centers,  on  the  other  hand  are  excited, 
tremors  and  clonic  convulsions  being  noted  after  poisonous  doses.  The  so-called 
"endemic  tetany"  a  syndrome  common  in  Austria,  is  probably  ergotism  (Fuchs).  The 
point  of  stimulation  probably  lies  in  the  medulla  or  cerebellum  and  not  in  the  cord. 
The  extreme  ataxia  points  to  the  cerebellum. 

Although  mammals  show  extreme  muscular  weakness,  there  is  no  paralysis  of  the 
muscle  or  nerve  ending.  In  frogs,  on  the  other  hand,  the  paralytic  effect  is  partly 
peripheral. 

The  effect  on  the  autonomic  nerve  system  is  of  great  interest.  Ergotoxine  excites 
the  myoneural  junction  of  all  stimulant  sympathetic  nerves,  but  not  of  inhibitory. 
The  excitation  is  of  very  unequal  degree,  reaching  its  height  in  the  blood  vessels 
and  uterus.  According  to  Dale,  the  effect  on  organs  innervated  by  the  craniosacral 
or  parasympathetic  system,  such  as  the  stomach  and  bowel,  and  the  sphincter  of  the 
pupil,  is  exerted  directly  on  the  muscle.  In  view  of  the  fact,  however,  that  ineffective 
doses  increase  the  stimulant  effect  of  electric  vagus  stimulation  on  the  bowel,  this 
seems  improbable. 

The  influence  on  the  pupil  differs  according  to  the  species  under  observation.  In 
the  cat  and  dog  there  is  marked  constriction,  the  pupil  in  the  former  being  often 
reduced  to  a  slit.  In  rabbits,  on  the  other  hand,  doses  of  1  to  2  mgm.  by  vein  cause  a 
marked  dilatation  reaching  its  height  in  about  15  minutes  and  lasting  half  an  hour. 
This  action  is  not  due  to  asphyxia  and  is  seen  in  curarized  animals  with  artificial 
respiration  (Githens).  It  may  depend  on  excitation  of  the  dilator  muscle  directly,  as 
it  is  not  prevented  by  full  etherization.  According  to  Zunz,  the  action  of  ergotamine  on 
the  pupil  of  the  cat  is  a  question  of  dose.  Small  amounts,  0.15  to  1  mgm.  (gr.  1/400 
to  1/67)  cause  only  mydriasis.  Larger  doses  such  as  5  to  7  mgm.  (gr.  1/13  to  1/10) 
cause  momentary  dilatation  followed  by  extreme  miosis. 
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Paba-Oxyphexylethylamine  (Tyramixe). — The  action  of  tyramine  presents  many 
points  of  resemblance  to  that  of  epinephrine  as  well  as  to  that  of  ergotoxine.  As  its 
effects  on  the  body  bear  no  such  close  resemblance  to  those  of  the  whole  drug  as  do 
the  general  effects  of  ergotoxine,  it  will  be  best  to  consider  the  general  effects  of  poi- 
sonous doses  before  analyzing  the  action  on  the  special  systems  and  organs. 

Toxic  Action. — Frogs  given  1  mgm.  per  30  Gm.  show  weakness  and  incoordination 
with  loss  of  ability  to  turn  over  when  placed  on  the  back.  There  is  exophthalmos  but 
the  pupil  is  unaltered  in  size.  Respiration  ceases,  death  occurring  after  2  days  of 
paralysis. 

Cocks  after  2  to  3  mgm.  per  kilo  become  weak  and  uncertain  in  movement;  the 
respiration  is  rapid  and  noisy;  within  an  hour  the  crest  and  barbs  become  slightly 
cyanotic.    There  is  no  rise  of  temperature  and  no  change  in  the  pupil. 

Toxic  doses  cause  in  mammals  a  picture  somewhat  resembling  that  caused  by  ergot. 
There  is  restlessness,  followed  by  depression  and  weakness  with  ataxia  and  incoordina- 
tion of  movements.  The  respiration  is  rapid  and  labored;  the  heart  slow  and  irregular; 
the  blood  pressure  rises;  the  temperature  may  rise  and  gooseflesh  is  often  seen, 
generalized  or  near  the  point  of  a  subcutaneous  injection.  In  cats  and  dogs  there  is 
nausea,  vomiting  and  salivation.  In  guinea-pigs  and  rabbits  convulsions,  perhaps 
asphyctic,  alternate  with  periods  of  paralysis.  The  pupil  may  not  be  altered,  or  accord- 
ing to  dose  and  species  may  be  dilated  or  constricted. 

The  doses  necessary  to  induce  such  symptoms  of  poisoning  are  comparatively 
small.  Severe  poisoning  is  caused  in  the  rat  and  guinea-pig  by  25  to  100  mgm.  (gr. 
%  to  ly^i);  in  the  rabbit  by  10  mgm.  (gr.  1/6);  in  the  cat  by  100  mgm.  (gr.  1^4)  in 
the  dog  by  60  mgm.  per  kilo.  Mice  are  killed  by  3  mgm.  per  Gm.  and  rabbits  by  10 
mgm.  intravenously  (Rothlin). 

In  man  doses  of  10  to  200  mgm.  (gr.  1/6  to  3)  cause  headache  and  mental  depres- 
sion, redness  of  the  face,  rise  of  blood  pressure  and  cardiac  irregularity. 

Systemic  Action:  Alimentary  Tract. — In  mammals,  tyramine  inhibits  the  move- 
ments of  the  stomach  and  bowel  in  viiyo  and  in  vitro,  resembling  epinephrine  but 
antagonizing  ergotoxine.  In  the  frog,  on  the  other  hand,  in  which  the  motor  nerves  of 
the  bowel  pass  through  the  splanchnic  plexus,  it  causes  strong  contractions  and  increase 
in.  peristalsis. 

Circulation. — Tyramine  injected  intravenously  causes  a  rise  of  blood-pressure  simi- 
lar to  that  following  injection  of  epinephrine,  but  coming  on  more  slowly  and  of 
longer  duration.  The  effect  is  weakened  by  repeated  injection.  In  man  the  sub- 
cutaneous injection  of  30  to  80  mgm.  causes  a  rise  of  15  to  60  mm.  Hg.  in  the  systolic 
pressure,  coming  on  within  5  minutes  and  lasting  15  to  30.  Doses  of  80  to  100  mgm. 
by  mouth  cause  a  rise  of  8  to  10  mm.  The  diastolic  pressure  rises  very  little.  The 
stimulating  effect  is  obtained  in  conditions  of  circulatory  failure  in  man,  60  to  80  mgm, 
(gr.  1  to  Yi)  being  of  great  service  in  emergencies  (Hewlett  and  Kay).  In  the  cat 
0.01  mgm.   (gr.  1/GOOO)   is  sufficient  to  give  a  distinct  rise  of  pressure. 

The  rise  of  blood  pressure  depends  on  contraction  of  the  blood  vessels  due  to  stimu- 
lation of  the  vasomotor  nerve  ending,  and  is  seen  in  isolated  vessels  and  in  rings  of 
arterial  wall.  The  effect  is  not  exerted  on  the  lung  vessels  which  have  no  vasomotor 
nerves.  The  effect  is  lessened  by  nerve  section,  indicating  some  participating  stimulation 
of  ganglia  or  vasomotor  center  (Dale  and  Dixon).  The  vessels  of  the  Lawen-Trendelen- 
burg  frog  are  not  constricted  (Handovsky  and  Pick).  The  spleen  is  contracted  during 
the  rise  of  pressure. 

The  heart  is  strengthened  and  accelerated  by  direct  action  on  the  muscle 
or  intracardiac  ganglia,  but  after  large  doses,  e.ff.,  60  mgm.  (gr.  1)  in  the  cat, 
this  effect  is  followed  by  slowing  from  stimulation  of  the  vagus  center  sequential  to 
the  rise  of  blood  pressure.  The  slowing  lasts  only  as  long  as  the  pressure  is 
high,  and  if  the  vagus  nerves  are  cut,  or  paralyzed  by  atropine  only  acceleration  is 
noted. 

Respiratory  Tract. — The  respiration  is  stimulated  by  small  doses,  becoming  deeper 
and  more  i-apid,  and  the  respiratory,  depression  of  morphine  is  antagonized.  When 
morphine  is  administered  during  labor  its  depressing  action  on  the  respiration  may  be 
counteracted  by  associating  50  mgm.  of  tyramine  with  16  mgm.  (gr.  ^4)  of  morphine 
(Barbour).     Poisonous  doses  depress  and  finally  paralyze  the  center. 

There  is  no  agreement  as  to  the  effect  on  the  bronchi.  Constriction  has  been 
observed  both  in  situ   (Galla  and   Symes),  and  in  excised  perfused   lungs    (Baehr  and 
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Pick  but  most  authors  (Dale,  Dixon,  Jaclison,  et  at.)  saw  little  or  no  action.  The 
bronchial  spasm  of  asthma  is  not  relieved   (Hewlett  and  Kay). 

Genital  System. — The  action  on  the  uterus  resembles  that  of  epinephrine,  as  it 
causes  contraction  of  the  uterus  of  the  rabbit  and  of  the  pregnant  cat,  but  relaxation 
of  that  of  the  virgin  cat. 

Nerve  System.— Tyramine  has  but  little  action  on  the  general  nerve  system.  Its 
action  on  the  autonomic  system  resembles  that  of  epinephrine  to  which  it  is  chemically 
related. 

Ocular. — On  the  eye  it  causes  dilatation  of  the  pupil,  exophthalmos,  withdrawal  of 
the  nictitating  membrane,  widening  of  the  palpebral  fissure  and  lacrymation.  The 
mydriasis  is  seen  in  the  enucleated  frog's  eye  and  like  the  other  effects  is  peripheral  in 
origin. 

Urinary  System. — Urinary  secretion  is  increased  by  the  greater  blood  flow  through 
the  kidney,  which  accompanies  the  high  blood  pressure.  Repeated  injections  cause,  in 
rabbits  sclerosis  of  the  renal  vessels  followed  by  fibrous  changes  in  the  kidney 
(Harvey). 

Beta-imixazolylethylamixe  (Histamixe,  Ergamixe). — The  symptoms  induced  by 
poisonous  doses  of  histamine  differ  in  many  respects  from  those  which  follow  other 
ergot  principles.  Cats  exhibit,  after  doses  of  2  to  10  mgm.  (gr.  1/30  to  1/6)  by  vein  or 
50  to  100  mgm.  (gr.  %  to  l'/^.)  subcutaneously,  vomiting  and  diarrhea  with  profuse 
salivation  followed  by  dyspnea  and  collapse.  The  pupils  are  constricted  but  dilate  if 
the  animal  is  handled.  Rabbits  receiving  25  mgm.  subcutaneously,  or  somewhat  smaller 
doses  by  vein,  show  depression  and  stupor  with  awkwardness  of  voluntary  movements, 
rapid  respiration  and  heart  action,  diarrhea  and  increased  flow  of  urine.  Dyspnea 
becomes  extreme  and  after  larger  doses,  kills  in  a  few  seconds.  Guinea-pigs  given  0.5 
mgm.  (gr.  1/130)  by  vein,  show  intense  inspiratory  dyspnea,  ending  in  cessation  of 
respiration  identical  with  that  noted  in  acute  anaphylactic  shock.  In  all  species,  death 
results  from  dyspnea  from  extreme  bronchoconstriction. 

Digestive  System. — The  secretion  of  the  digestive  glands  is  in  general  increased. 
Salivation  is  a  conspicuous  symptom  after  large  and  small  doses.  In  man,  hypodermic 
injection  of  1  to  2  mgm.  (gr.  1/67  to  1/30)  causes,  in  one-quarter  to  three-quarter  hour, 
a  marked  increase  in  the  secretion  of  gastric  juice,  with  increased  acidity  and  digestive 
power  (Matheson  and  Amnion,  Koskowski,  Carnot  and  Libert).  In  the  dog,  the  secretion 
of  invertase  and  of  amylase  by  the  bowel  is  increased  three  times  by  a  subcutaneous 
injection  of  6  mgm.  (Koskowski). 

The  tonus  and  rhythm  of  the  gastric  and  enteric  movements  are  increased  by  action 
on  the  wall  of  the  organ,  not  prevented  by  atropine. 

Circulafory  System. — Histamine  causes,  in  most  species,  a  profound  and  lasting 
fall  of  pressure,  dependent  on  dilatation  of  the  entire  capillary  field  and  collection  and 
stagnation  of  the  blood  in  these.  This  effect  is  produced  in  the  cat  by  as  little  as  15 
mgm.  (gr.  14).  In  guinea-pigs  and  rabbits  the  extreme  constriction  of  the  bronchi  may 
be  followed  by  a  dyspneic  rise  of  pressure  which  partly  overcomes  this  effect.  The 
arterioles  are  constricted,  and  in  isolated  perfused  organs  there  is  decreased  rate  of 
flow  when  histamine  is  added  to  the  perfusion  fluid.  Vessel  rings  also  contract  on 
addition  of  histamine.  The  circulatory  symptoms  of  histamine  poisoning  are  very 
similar  to  those  of  late  surgical  or  wound  shock,  and  it  is  not  improbable  that  such 
shock  results  from  the  release  of  histamine  from  the  traumatized  tissues. 

The  isolated  heart  of  the  frog  and  mammal  is  stimulated  by  histamine,  but  this 
action  is  hardly  noticeable  in  the  intact  animal. 

The  lymph  flow  from  the  thoracic  duct  is  increased,  presumably  by  stagnation  of 
blood  in  the  splanchnic  area. 

Respiratory  System. — The  respiratory  center  is  not  directly  affected  by  histamine, 
but  respiration  is  profoundly  altered  by  the  extreme  bronchoconstriction,  which  occurs 
in  all  species  but  is  most  marked  in  rodents.  Such  constriction  is  brought  about  by 
0.5  mgm.  (gr.  1/130)  or  even  less,  in  the  guinea-pig;  by  1  mgm.  in  the  rabbit,  and  by 
a  few  milligrams  in  the  cat  and  dog. 

Temperature. — In  dogs,  guinea-pigs,  and  presumably  in  other  species,  histamine 
causes  a  profound  fall  of  temperature,  similar  to  that  observed  in  anaphylactic  shock. 

Genital  Tract.— Histamine  causes  strong  contractions  of  the  uterus  of  all  species 
in  all  states  and  hi  vitro  as  w^ell  as  in  vivo.  It  is  thus  more  universal  in  action  than 
tyramine.     Its  effect  on  the  pregnant  uterus  is  less  lasting  than  that  of  ergotoxine  but 
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on  the  virgin  organ  it  is  more  effective.  The  isolated  uterus  of  the  rat  is  stimulated 
by  1:  250  million,  that  of  the  guinea-pig  contracts  on  addition  of  1:  10  million,  and  is 
stimulated  by  high  concentrations  also.  The  isolated  organ  of  the  mouse  relaxes  on 
addition  of  1:1000  (Cow). 

The  vaginal  muscle  and  other  genital  muscles,  such  as  the  retractor  penis  of  the 
dog,  the  vas  deferens,  etc.,  are  also  stimulated. 

Urinary  Tract. — Subcutaneous  injections  of  histamine  cause  in  dogs,  a  stoppage  of 
urinary  secretion  lasting  several  hours.  This  is  not  due  to  any  effect  on  the  kidney, 
but  results  from  the  damming  back  of  the  hydremic  blood  in  the  liver.  It  is  not  seen 
in  animals  with  Eck  fistula  which  shunts  the  blood  past  the  liver. 

The  bladder  contracts  after  administration  of  histamine,  probably  because  of 
stimulation  of  the  spinal  centers  through  anemia. 

Nerve  System. — Apart  from  a  moderate  depression  of  all  activities,  histamine  exerts 
no  influence  on  the  central  nerve  system,  and  it  has  no  direct  effect  on  voluntary 
muscles  or  their  nerves. 

The  action  on  the  autonomic  system  is  seen  in  the  stimulation  of  the  movements 
of  the  gastroenteric  tract;  in  the  constriction  of  the  bronchi;  and  in  the  contraction 
of  the  uterus. 

The  pupil  is  contracted  in  the  normal  cat,  but  not  in  the  narcotized  animal,  the 
action  being  apparently  central. 

ACETYI.CHOLIXE. — The  chief  action  of  acetylcholine  is  dilatation  of  the  arterioles, 
leading  to  marked  fall  of  blood  pressure.  This  effect  is  seen  after  intravenous  injection 
of  0.0001  mgm.  in  the  rabbit.  Larger  doses  (0.01  to  1  mgm.)  stimulate  the  parasym- 
pathetic system,  causing  slowing  of  the  heart,  increased  gastroenteric  motions,  and 
salivation.     The  movements  of  the  uterus  and  the  eye  muscles  are  less  affected. 

Capsexla. — It  has  been  found  that  extracts  of  the  root  of  the  common  weed  Cap- 
sella  hursa  pastoris,  or  shepherd's  purse,  raise  blood-pressure  and  cause  contraction  of 
the  uterus,  and  such  extracts  have  been  proposed,  and  used  to  some  extent,  as  clinical 
substitutes  for  ergot.  It  is  probable  that  only  plants  the  roots  of  which  are  infected 
by  a  peculiar  fungus,  possess  this  action,  and  that  it  depends  not  on  a  principle 
developed  by  the  plant,  but  on  putrefactive  amines  similar  to  those  contained  in  ergot, 
formed  by  the  activity  of  the  fungus. 

Therapeutics:  Topical. — Ergot  preparations  have  been  used  to  improve  the  tonus 
of  relaxed  and  dilated  hlood  vessels.  The  watery  extracts  or  an  aqueous  solution  of 
one  of  the  solid  extracts,  may  be  applied  on  compresses  to  the  lids  to  lessen  congestion 
of  the  conjunctiva,  and  on  pledgets  of  cotton  or  by  spray  to  the  nose>  and  throat  to 
reduce  swelling  and  promote  contraction  of  relaxed  tissues. 

An  injection  of  a  few  minims  (0.3  to  0.5  cc.)  of  the  fluidextract,  or  preferably  of 
a  purified  extract  or  a  solution  of  one  of  the  alkaloids,  in  the  immediate  proximity 
of  (but  not  into)  a  varicocele  or  other  varicose  vein,  is  followed  by  reduction  in  the 
lumen  and  improvement  of  tone  in  the  vessels.  The  main  objection  is  that  the  injec- 
tions are  exceedingly  painful  and  often  productive  of  inflammatory  reaction. 

An  ointment  at  one  time  quite  popular  as  an  application  to  reduce  hemorrhoids, 
and  which  was  also  credited  in  domestic  practice  with  hastening  the  maturation  and 
discharge  of  hoils,  is  made  up  of  aqueous  extract  of  ergot,  24  grains  (1.6  Gm.) ;  phenol, 
12  minims  (0.8  cc.) ;  hydrous  wool  fat,  ^/^  ounce  (15  Gm.) ;  zinc  oxide  ointment,  suffi- 
cient to  make  2  ounces  (60  Gm.).  Bleeding  piles  may  sometimes  be  relieved  by 
means  of  suppositories  containing  each  3  grains  (0.2  Gm.)  of  the  solid  extract. 

Systemic. — The  therapeutic  uses  of  ergot  depend  upon  its  power  to  enhance  the 
tone  of  the  contractile  tissues  and  in  especial  to  induce  contraction  of  the  involuntary 
(autonomic,  unstriped)  muscle  fiber,  wherever  situated.  Thus,  it  tends  to  correct  undue 
relaxation  of  vessels,  feebleness  of  cardiac  systoles,  atony  of  the  hollow  viscera,  and 
specifically  of  the  uterus;  as  well  as  to  control  certain  forms  of  congestion,  hemor- 
rhage and  escape  of  fluid.  Many  uses  assigned  to  it  traditionally  have  gradually  been 
abandoned,  and  the  reality  of  certain  effects  ascribed  to  it,  especially  in  the  arrest  of 
internal  hemorrhage,  is  disputed.     In  some  instances,  better  agents  have  been  found 
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ercn  for  undoubted  therapeutic  actions;  for  example,  pituitary  preparations  in 
obstetrics,  and  calcium,  parathyroid  and  various  forms  of  tissue  coagulants  in  hemor- 
rhage. ^Nevertheless,  the  drug  is  still  of  importance;  and  when  clinical  knowledge 
reaches  the  point  of  assigning  definite  place  and  status  to  the  various  principles,  not 
only  these,  but  the  whole  drug,  may  be  prescribed  with  greater  confidence  and  with 
nearer  approach  to  precision  in  special  conditions.  Meanwliile  it  may  be  worth  while 
to  note  some  of  the  various  purposes  for  which  the  drug  has  been  used  with  apparent 
benefit. 

It  is  of  considerable  adjunct  value  in  conjunction  or  alternation  with  calcium, 
picrotoxin  and  belladonna  in  various  forms  of  vasomotor  disturbance,  especially  those 
attended  with  swelling  or  fluid  discharges;  thus,  in  persistent  urticaria,  in  angio- 
neurotic edema,  in  hyperhidrosis,  in  rhinorrhea,  in  sialorrhea,  in  hronchorrhea  and  even 
in  certain  cases  of  hay  fever  and  asthma.  It  is  sometimes  helpful  in  p^irpura;  and  in 
those  instances  of  Graves'  disorder  in  which  purpura  is  a  symptom,  it  may  usefully  be 
associated  with  picrotoxin  and  quinine  hydrobromide.  It  is  sometimes  of  use,  inter- 
nally and  externally,  in  acne  rosacea,  in  certain  cases  of  weeping  eczema,  and  in  other 
congestive  affections  of  the  skin. 

In  some  forms  of  acute  diarrhea,  in  which,  after  cleansing  of  the  bowel,  nagging 
and  sometimes  unproductive  motions  occur,  despite  opium  and  tannins,  ergot  may 
bring  about  their  cessation.  This  is  particularly  true  in  cases  attended  with  slight 
mucous,  or  perhaps  blood-stained,  discharges,  or  with  profuse  outpouring  of  liquid. 
The  usefulness  of  ergot  is  yet  more  marked  when  recurrences  of  such  diarrheal  attacks 
become  frequent,  even  if  apparently  excited  by  indiscretions  in  diet;  and  in  chronic 
cases  its  addition  to  the  sedative  and  astringent  medication  may  often  determine  re- 
covery— or  at  least  bring  about  a  prolonged  freedom  from  symptoms.  In  most  of  such 
in^itances,  moderate  doses  are  best — 2  to  3,  or  at  most  5  grains  (0.12  to  0.3  Gm.)  of 
the  extract,  or  an  equivalent  quantity  of  the  fluid  extract,  three  or  four  times  daily. 
Larger  doses,  however,  may  be  used,  if  necessary. 

In  postoperative  intestinal  distention,  and  in  the  tympanites  of  acute  infectious 
fevers,  while  not  so  prompt  as  pituitary  extract  or  eserine,  ergot  may  be  used  to 
supplement  these  and  is  sometimes  effective  when  these,  as  well  as  hot  stupes  and 
enemas  of  asafetida,  alum,  turpentine,  etc.,  have  been  unsuccessful.  Full  doses  are 
used,  hypodermically  or  intramuscularly — 45  minims  (3  cc.)  of  fluidextract,  repeated  if 
necessary  once  or  twice,  at  intervals  of  three  hours.  Postanesthetic  nausea  and  vomit- 
ing are  sometimes  relieved  by  injections  of  ergot;  and,  it  is  said,  may  be  prevented 
by  a  full  dose — 1  to  iVo  fluidrams  (4  to  6  cc.)  of  the  fluidextract — by  mouth,  an 
hour  before  the  anesthetic  is  given. 

In  hleeding  hemorrhoids,  the  auxiliary  internal  use  of  small  doses  of  ergot,  some- 
times associated  with  nux  vomica,  is  often  helpful,  and  in  recent  hemorrhoids,  especially 
those  following  parturition,  a  sufficient  contraction  of  the  vessels  may  be  brought 
about  to  relieve  all  discomfort  (Bartholow).  The  same  measure  is  advocated  in  relaxa- 
tion of  the  sphincter  ani  and  prolapse  of  the  rectum,  especially  when  these  are  recent. 

Ergot  is  sometimes  of  considerable  service  in  cardiac  myopathies,  as  well  as  in 
the  cardiac  myasthenia  or  collapse  of  infections,  surgical  shock  and  the  like.  While  it 
is  not  likely,  except  in  the  hands  of  physicians  familiar  with  its  effect,  to  become  a 
first  resort,  it  is  always  worthy  of  consideration  when  seeking  for  succedanea  or  adjuncts 
to  the  more  common  cardiants.  It  has  been  especially  urged  for  use  in  the  acute 
pneumonias  (Ziegler)  and  in  typhoid  fever  (Duboue).  In  the  latter,  care  is  obviously 
necessary  not  to  induce  active  intestinal  contractions  that  might  determine  a  perfora- 
tion. In  affections  of  the  cardiac  muscle,  it  is  necessary  to  avoid  induction  of  vascular 
contraction  to  an  extent  that  would  embarrass  circulation.     But  with  due  care,  the 
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drug  is  useful,  both  as  a  means  of  supplementing  other  drugs — and  thus  avoiding 
excessive  doses — and  a  means  of  varying  the  treatment  from  time  to  time,  Bartholow 
associated  fluidextract  of  ergot  (50  minims,  3.3  cc.)  with  tincture  of  digitalis  (10 
minims,  0.6  cc.)  in  a  teaspoonful  dose  to  be  given  thrice  daily  in  chronically  dilated 
heart.  Huchard  associated  ergot  with  caffeine.  It  may  also  be  associated  with  spar- 
teine and  with  strychnine.  Sometimes  it  is  best  to  alternate  the  remedies,  sometimes  to 
conjoin  them.  We  prefer  to  use  the  solid  extract  in  moderate  dose  (3  to  5  grains,  0.2  to 
0.3  Gm.),  encapsulated  alone,  or  with  any  other  drug  desired.  The  use  of  ergot  in 
an  attempt  to  bring  about  coagulation  of  blood  and  contraction  of  the  sac  in  aneurysms 
of  the  smaller  arteries  beyond  the  reach  of  surgical  measures,  is  justifiable,  especially 
if  conjoined  with  rest,  and  the  administration  of  calcium  and  parathyroid.  It  is 
difficult,  however,  in  the  absence  of  personal  observation,  to  endorse  the  statement  that 
great  amelioration  or  even  recovery  may  be  brought  about  in  this  way.  The  dose 
suggested  is  60  minims  (4  cc.)  of  fluidextract,  thrice  daily.  It  is  also  said  that  when 
there  is  reason  to  suspect  miliary  aneurysms  of  the  brain,  this  use  of  ergot  may 
prevent  apoplexy.  We  have  not  seen  benefit  from  the  vise  of  ergot  in  the  attempt  to 
control  cerebral  hemorrhage,  as  also  advocated;  the  dose  stated  being  60  to  90  minims 
of  fluidextract,  subcutaneously.  Diversion  by  blood-letting  externally,  and  reduction  of 
blood  pressure  by  aconite,  are  more  likely  to  be  of  service. 

Ergot,  however,  has  been  and  is  used  with  more  or  less  success  in  the  control  of 
hemorrhages  elsewhere  than  in  the  brain;  thus,  in  epistaxis,  in  hematemesis  and  in 
melena  (including  the  intestinal  hemorrhages  of  typhoid  fever  and  dysentery),  in 
hematuria  (vesical  and  renal),  in  metrorrhagia  and  menorrhagia,  etc.,  as  well  as  in 
peliosis,  and  in  the  bleeding  from  mucous  membranes  or  into  the  skin  attending  pur- 
pura hemorrhagica,  scurvy,  etc.  Although  still  employed  by  many  practitioners  in 
the  attempt  to  arrest  pxdmonary  hemorrhage,  there  is  a  widespread  skepticism  as  to  its 
usefulness  in  this  condition.  We  no  longer  resort  to  it,  having  found  other  and  less 
uncertain  expedients,  but  earlier  experience  inclines  us  to  think  it  not  entirely  without 
virtue.  Some  authorities  go  so  far  as  to  deny  any  hemostatic  action  to  ergot  except  in 
uterine  bleeding,  pointing  out  that  it  induces  vasoconstriction  in  all  parts  of  the  body 
and  not  merely  in  the  affected  area,  and  that  the  general  rise  of  pressure  thus  brought 
about  is  sufficient  to  counteract  whatever  good  it  might  do  by  action  on  the  bleeding 
vessels.  This  reasoning,  however,  is  not  accepted  by  those  who  have  seen  the  actual 
benefit  sometimes  resulting,  or  apparently  resulting  from  the  use  of  the  drug. 

It  must  be  confessed  that  the  action  is  uncertain;  that  at  best  ergot  is  only  an 
auxiliary;  that  it  cannot  control  bleeding  from  goodsized  vessels;  and  that  a  hypo- 
dermic injection  of  morphine  is  sometimes  much  more  important  than  one  of  ergot,  as 
an  emergency  measure.  With  all  this,  there  is  a  place  for  the  drug  among  other  agents 
to  be  taken  into  consideration  and  used  in  alternation  or  conjunction  to  arrest  internal 
bleeding.  The  dosage  and  method  of  administration  will  depend  upon  all  the  circum- 
stances. When  ergot  is  the  principal  dependence  in  a  recent  case,  a  full  dose  by 
injection  (hypodermic  or  intramuscular)  is  indicated.  When  ergot  is  a  secondary  aid, 
medium  or  even  small  doses  by  mouth  may  suffice — especially  when  it  is  used  to  check 
(or  help  with  other  measures  to  check)  the  less  active  bleeding  that  persists  after  a 
hemorrhage  of  some  severity  has  been  under  partial  control.  Thus,  a  capsule  containing 
extract  of  ergot,  2  to  5  grains  (0.3  to  0.12  Gm.),  with  a  cotarnine  salt,  1/2  to  1  grain 
(0.03  to  0.06  Gm.),  and  codeine,  ^A  to  I/2  grain  (0.03  to  0.015  Gm.),  will  often  help  to 
bring  a  subsiding  hemoptysis  to  a  safe  conclusion.  In  the  menorrhagia  or  unduly  pro- 
longed catamenia  of  young,  unmarried  women--which  may  or  may  not  be  associated 
with  irregular  menstruation,  but  in  which  there  is  no  structural  lesion — medium  or 
small  doses  of  ergot  may  similarly  be  associated  with  dried  ferrous  sulphate,  with  or 
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without  a  cotarnine  or  opium  preparation.  In  other  forms  of  menorrhagia,  as  in 
meliorrliacjia,  ergot  is  often  of  temporary  symptomatic  usefulness;  but  to  remedy 
the  condition,  the  cause  must  be  found  and  dealt  with — as  by  operative  pro- 
cedure, by  radiumization,  by  hygienic  measures,  by  the  use  of  endocrine  preparations, 
etc. 

In  surgical  shocJc  and  in  heal  exliausfion,  ergot  has  been  given  to  equalize  the 
circulation.  It  acts  too  slowly  to  be  of  much  service — at  least  to  show  early  benefit — 
in  any  profound  condition  of  depression ;  but  it  may  be  of  secondary  aid,  when  the 
action  later  develops.  Thus,  it  is  said  to  be  effective  not  only  in  averting  nausea  from 
the  anesthetic,  as  well  as  postoperative  abdominal  distention,  but  also  as  a  preventive 
of  shock  when  given  in  doses  of  60  to  90  minims  (4  to  6  cc.)  of  fluidextract  one  hour 
before  operation.  From  personal  observation  in  a  few  instances,  we  are  inclined  to 
believe  that  the  use  of  moderate  doses  of  ergot,  perhaps  associated  with  small  doses 
(3  to  4  minims,  0.2  to  0.25  cc.)  of  belladonna  tincture,  thrice  daily,  for  a  week  or  two 
preceding  surgical  procedure,  is  a  safeguard  of  considerable  value  in  patients  who 
have  once  suifered  from  postoperative  circulatory  failure,  or  whose  cardiovascular 
feebleness  or  want  of  tone  gives  reason  for  apprehension.  In  the  night  sweats  of  tuber- 
culosis and  other  forms  of  colliquative  sweating  ergot  is  sometimes  of  decided  benefit 
when  persistently  used  in  large  doses  at  first  and  then  in  medium  doses.  Association 
with  picrotoxin  is  appropriate. 

In  pidehitis,  ergot  is  said  to  aid  recovery.  About  3  grains  (0.2  Gm.)  of  the  extract 
is  given  three  times  daily.  In  pulmonary  congestion  and.  even  edemas — especially  in 
alcoholic  subjects — full  doses  of  ergot  given  hypodermically,  in  association  with  atro- 
pine, appear  to  enhance  the  good  effect  of  the  latter.  Less  sure  is  the  benefit  sometimes 
ascribed  to  the  drug  in  spinal  congestion  and  meningitis,  or  in  vertigo  or  in  menial 
confusion  and  dullness  attributed  to  irregularity  of  the  cerebral  circulation.  Some 
psychiatrists  class  ergot  among  the  agents  useful  in  restraining  excitement  in  mental 
disturharices  associated  with  cerebral  congestion,  especially  in  epileptics;  as  also  in 
recurring  mania  and  in  chronic  mania  with  lucid  intervals.  In  the  insomnia  that 
attends  mental  overwork,  worriment  and  other  influences  leading  to  cerebral  congestion, 
and  also  in  congestive  headache,  a  full  dose  (30  minims,  2  cc.)  of  the  fluidextract  by 
mouth  will  at  times  bring  relief.  In  severe  cases  of  headache,  it  may  have  to  be  re- 
peated in  half  an  hour.  It  frequently  fails.  It  may  assist,  and  be  assisted  by  the 
coincident  use  of  a  bromide;  an  association  that  may  also  be  of  service  in  acute  alco- 
holism and  delirium  tremens.  The  ergot,  however,  should  in  the  latter  cases  be  given 
hypodermically  in  large  dose — 50  to  60  minims  (3.5  to  4  cc.)  of  fluidextract.  This  use 
of  ergot  is  said  to  have  induced  sleep  when  repeated  injections  of  morphine  have  failed. 
The  wet  brain  of  chronic  alcoholism  is  sometimes  wonderfully  relieved  by  ergot 
(Lambert),  and  the  withdrawal  symptoms  in  the  treatment  of  opium  addiction  may 
likewise  be  overcome  (Osborne).  In  morphinism,  a  purgative  should  be  given  and 
then  ergot  administered  subcutaneously  in  doses  of  40  to  60  minims  (2.5  to  4  cc.)  of 
the  fluidextract,  or  the  Br.P.  "Injectio  ergotae  hypodermica,"  two  or  three  times  a 
day,  or  in  extreme  cases  every  two  hours.  When  given  in  conjunction  with  morphine 
to  non-addicts,  ergot  is  said  to  intensify  the  action  of  the  opiate. 

Ergot  has  also  been  used  with  some  amelioration  of  symptoms,  and  in  some  cases 
with  prolonged  freedom  or  even  apparent  recovery,  to  control  the  polyuria  of  non- 
saccharine  diabetes.  It  is  given  in  large  doses,  30  minims  or  more  of  fluidextract, 
two  or  three  times  daily;  or  sometimes  by  gradual  approach,  beginning  with  a  dose  of 
10  minims  and  perhaps  running  up  to  60;  or  the  dose  is  varied  from  time  to  time, 
according  to  results.  While  this  method  of  treatment  has  been  displaced  to  a  large 
extent  by  the  use  of  pituitary  gland,  the  latter  is  not  always  successful,  and  sometimes 
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better  results  may  be  obtained  by  the  conjoint  use  of  the  two  remedies  (perhaps  assisted 
by  bromides,  opium  or  codeine)  than  by  any  one  agent  alone. 

Another  condition  in  which  ergot  is  no  longer  used  to  the  same  extent  as  formerly, 
is  splenomegaly;  partly,  no  doubt,  because  of  a  better  recognition  of  the  variety  of 
forms  and  causes  of  enlargement  of  the  spleen.  The  drug  is  still  worth  consideration, 
however,  and  perhaps  trial,  not  only  to  supplement  quinine  and  arsenic  in  so-called 
"ague-cake"  (malarial  enlargement),  but  also  in  cases  of  difficult  classification,  asso- 
ciated with  disorders  of  the  blood  vessels  and  pathologic  changes  in  the  blood,  in  which 
it  seems  wise  to  avoid  operation,  if  possible — for  example,  in  certain  instances  of 
Banti's  syndrome. 

At  one  time  ergot  was  prescribed,  with  results  varying  from  apparent  success 
to  evident  failure,  in  the  treatment  of  various  forms  of  goiter;  and  it  is  without  doubt 
one  of  the  drugs  that  may  usefully  be  employed  from  time  to  time  in  the  course  of  the 
medicinal  management  of  some  cases  of  Graves'  syndrome.  It  should  never  be  used 
as  a  sole  dependence.  The  type  of  case  in  which  it  will  be  found  of  greatest  benefit 
is  that  in  which  relaxation  of  the  vessels,  rather  than  active  hyperemia,  is  to  be 
observed. 

Ergot  is  commonly  considered  an  oxytocic  and  has  been  used  to  effect  criminal 
abortion.  This,  however,  is  said  to  require  long  continued  and  dangerous  doses.  The 
drug  is  rarely,  if  at  all,  prescribed  for  therapeutic  emptying  of  the  uterus.  It  was 
formerly  much  employed  to  facilitate  normal  labor,  but  its  use  is  now  regarded  by 
many  obstetricians  as  dangerous,  especially  in  primiparse.  Certainly  the  drug  should 
not  be  used  when  the  os  is  not  fully  dilated,  or  when  any  obstruction  to  delivery  is 
present.  It  acts  by  improving  uterine  tone,  lessening  the  occurrence  of  nagging  and 
inefiFective  pains  and  massing  them,  as  it  were,  into  effective  contractions.  But  the 
time  of  use  and  the  dosage  must  be  carefully  watched.  If  too  little  be  used,  the  con- 
tractions may  be  inhibited.  If  given  too  soon  or  in  too  great  quantity,  it  may  produce 
prolonged  tonic  constriction,  even  closing  the  os,  hindering  delivery,  interrupting 
placental  circulation  and  injuring  the  fetus.  Eupture  of  the  uterus  resulting  from  its 
injudicious  use  has  been  reported.  Such  accidents  are  rare,  probably  owing  to  the 
care  commonly  exercised,  but  their  possibility,  and  the  possibility  of  hypersensitiveness 
of  the  individual  patient  must  be  kept  in  mind.  In  cases  of  marked  uterine  inertia, 
nevertheless,  ergot,  if  carefully  employed,  may  have  legitimate  use  as  an  aid  to 
delivery.  Ordinarily,  the  field  of  ergot  in  labor  is  after  delivery,  and  best  after  the 
expulsion  of  the  placenta.  It  is  especially  indicated  when  an  anesthetic  has  been  used 
during  parturition.  By  stimulating  the  uterine  muscle  it  hastens  the  normal  retraction, 
maintains  the  closure  of  the  sinuses  and  thus  prevents  postpartum  hemorrhage. 
Pituitary  extract  may  be  associated  with  ergot,  each  reenforcing  the  other. 

Earlier  use  of  ergot  as  a  prophylactic  against  hemorrhage  in  cases  in  which  this 
accident  is  to  be  anticipated  either  during  or  after  delivery,  is  both  advocated  and 
condemned.  Some  would  give  the  drug  at,  or  near,  the  end  of  the  third  stage  of 
labor.  Others  would  use  it  sooner — preferably  at  the  end  of  the  second  stage,  but  even 
before  this,  if  necessary — ^provided,  of  course,  that  the  fetal  head  is  not  too  high  in 
the  canal,  and  that  there  is  no  obstacle  to  prompt  delivery.  In  these  cases,  the  fetal 
heart  must  be  carefully  watched,  and  if  there  be  any  marked  intermittence,  instru- 
mental delivery  is  to  be  made.  As  a  preventive,  the  drug  is  given  by  mouth,  but  if 
bleeding  be  in  progress,  hypodermically  or  intramuscularly. 

On  the  other  hand,  it  is  said  that  uterine  hemorrhages  occurring  while  the  fetus  is 
still  within  the  womb  are  commonly  due  to  a  faulty  attachment  of  the  placenta,  and 
that  the  use  of  ergot  is  to  be  avoided.  Obviously,  the  matter  is  one  for  obstetric, 
rather  than  pharmacologic,  judgment.     In  hemorrhage  occurring  after  the  placenta 
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is  delivered,  there  is  no  question  but  that  ergot  may  be  of  great  service  in  supplementa- 
tion to  the  removal  of  clots,  massage  and  other  mechanical  or  surgical  measures 
indicated. 

Ergot  is  contraindicated  during  the  progress  of  an  abortion,  but  may  be  given, 
as  in  normal  labor,  after  the  uterus  has  been  emptied.  In  subinvolution  consequent 
upon  abortion,  if  the  flow  continues,  ergot  is  to  be  given  in  medium  doses,  15  to  30 
minims  (1  to  2  cc.)  of  fluidcxtract  three  times  a  day  until  the  flow  has  ceased  or 
considerably  lessened.  In  subinvolution  following  normal  labor,  ergot  is  not  indicated 
unless  the  flow  continues,  as  in  incomplete  abortion.  If  the  bleeding  has  not  suffi- 
ciently decreased  by  5  or  6  days  after  delivery,  30  to  40  minims  (2  to  2.6  cc.)  of  fluid- 
extract  may  be  given  3  or  4  times  daily.  With  this,  a  quinine  salt  (5  grains,  0.3  Gm.)  is 
sometimes  associated.  When  the  myocardial  tone  is  poor,  digitalis  in  appropriate 
dose  may  be  added. 

Ergot  was  recommended  for  the  relief  of  atonic  spermatorrhea  and  for  sexual 
exhaustion  and  has  been  associated  with  camphor  in  such  conditions.  While  appar- 
ently of  benefit  in  some  instances,  failure  is  more  frequent. 

When  incontinence  of  urine  from  relaxation  of  the  sphincter  or  retention  of  urine 
from  weakness  of  the  bladder  walls  depend  simply  upon  lack  of  muscular  tone  and  not 
upon  actual  paralysis,  ergot  may  be  useful.  On  the  other  hand,  it  may  induce  tonic 
contraction  and  thus  prevent  micturition.  It  is  always  necessary,  during  a  course  of 
ergot  for  any  purpose,  to  inquire  carefully  into  this  matter. 

Administration.— 'Evgoi  is  most  often  given  by  mouth,  and  it  is  usually  considered 
that  the  fluidextract  is  the  most  dependable  preparation.  AVhen  the  drug  is  given  in 
pill  or  capsule,  which  is  the  preferable  method  for  association  with  other  remedies,  the 
solid  extract,  or  one  of  its  commercial  modifications,  may  be  employed  or  either  of  the 
allvaloids. 

As  the  therapeutic  effect  of  ergot  is  rather  slow  in  manifesting  itself,  intramuscular 
or  intravenous  injection  is  preferable  when  speedy  action  is  desired.  For  such  use,  the 
pure  alkaloidal  salts  are  particularly  available,  but  the  Injectio  ergots  hypodermica 
(Br.)  may  be  used  or  the  commercial  forms  mentioned  for  parenteral  use  in  the 
materia  medica. 

Ergotoxine  phosphate  and  ergotamine  tartrate  may  be  considered  interchangeable 
and  have  the  advantage  over  all  other  ergot  preparations  for  hypodermic  and  intra- 
muscular injection,  of  being  practically  free  from  local  irritation.  The  dose  of  the  latter 
commonly  recommended  is  larger  than  that  of  ergotoxine,  but  either  may  be  given  in 
doses  up  to  1/30  grain  (2  mgm.)  in  emergency. 

Tyramixe. — This  product  has  been  employed  by  mouth  and  hypodermically,  in 
doses  of  y2  grain  (0.03  Gm.),  to  restore  the  vascular  tone  in  shock  and  in  collapse. 
It  may  also  be  given  to  produce  firm  contraction  of  the  uterus  after  the  delivery  of 
the  placenta.   It  does  not  seem  to  possess  any  advantage  over  ergot  for  these  purposes. 

Histamine. — The  action  of  histamine  in  stimulating  gastric  secretion,  both  in 
animals  and  man  (Carnot,  Koskowski  and  Libert)  has  suggested  the  use  of  the  drug, 
both  diagnostically  and  therapeutically,  in  cases  of  marked  deficiency  of  gastric  acid, 
so-called  achylia  gastrica.  Silverman  has  specially  studied  the  possibility  of  differenti- 
ating organic  from  functional  lack  of  stomach  acid  by  means  of  this  drug.  Having 
determined  that  acid  is  absent  after  ingestion  of  food,  aspiration  of  the  gastric  con- 
tents is  made  while  the  patient  is  fasting,  on  a  subsequent  day.  The  tube  is  left  in 
place,  and  1  cc.  of  a  1:1000  solution  of  hystamine  hydrochloride  is  injected  Pub- 
cutaneously.  The  gastric  juice  is  allowed  to  flow,  or  is  aspirated  every  five  minutes, 
and  the  quantity  of  free  hydrochloride  acid  in  each  specimen  is  determined  at  the 
bedside  by  the  H-ion  concentration  method.  Confirming  Gompcrtz  and  Vorhaus,  as 
also  Dobson,  Silverman  finds  that  secretion  can  be  stimulated  in  functional  cases, 
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but  not  in  pernicious  anemia  and  other  conditions  of  organic  failure.  In  about  two- 
thirds  of  the  cases,  including  both  normal  subjects  and  persons  with  achlorhydria,  if 
secretion  occur,  the  maximum  rate  will  be  obtained  in  from  30  to  60  minutes  after  the 
injection.  While  the  diagnostic  use  of  the  drug  is  at  present  the  best  established,  its 
trial  as  a  remedy  is  obviously  suggested.  But  longer  observation  is  necessary  before 
a  definite  conclusion  can  be  drawn. 

Apocodeine 

Apocodeine  was  discovered  soon  after  apomorphine,  and  a  method  for  its  prepara- 
tion published  in  1871.  It  has  been  used  extensively  by  the  English  physiologists  in 
studies  on  the  autonomic  system,  but  has  found  little  use  in  medicine. 

Chemistry. — When  codeine  is  heated  with  HCl,  as  in  the  process  for  making  apo- 
morphine from  morphine,  chlormethyl  is  split  off  and  apomorphine  formed.  If,  how- 
ever, it  is  heated  with  ZnCl^,  water  is  split  off,  as  in  the  formation  of  apomorphine 
from  morphine,  and  apocodeine  is  produced — Ci8Hji]S[03.HCl=Cj5HijNOj.HCl -)-H,0. 
It  has  not  yet  been  crystallized,  and  all  preparations  are  probably  impure,  apomor- 
phine being  often  present. 

Summary  of  Actions  and  Uses. — Apocodeine  in  moderate  dose,  has  a  narcotic  action 
on  the  brain  and  higher  centers.  Such  doses  increase  secretion  of  saliva  and  stimulate 
intestinal  peristalsis.  Larger  doses  cause  paralysis  of  all  autonomic  ganglia,  and  still 
larger  stimulate  the  spinal  cord,  giving  rise  to  tetanic  convulsions. 

It  has  been  used  a  little  as  a  narcotic  in  human  therapeutics,  and  has  found  some 
employment  in  veterinary  medicine  as  a  hypodermic  purgative.    It  is   not  an  emetic. 

Materia  Medica. — Apocodeine  Hydrochloridum  (unofficial),  Apocodeine  Hydro- 
chloride. 

The  hydrochloride  of  an  alkaloid  derived  from  codeine  by  the  abstraction  of  a 
molecule  of  water.    A  greenish-yellow  to  greenish-gray  powder;  soluble  in  water. 

Dose,  1/2  to  1  grain  (0.03  to  0.06  Gm.)  by  mouth;  Va  to  1/2  grain  (0.02  to  0.03  Gm.), 
i.e.,  15  to  25  minims  of  a  2  percent,  aquean  solution,  hypodermically. 

Pharmacodynamic  Action:  Topical  Action. — The  solutions  of  apocodeine  hydro- 
chloride, the  salt  most  often  used,  are  extremely  irritating,  hypodermic  injections  being 
followed  by  redness,  swelling  and  pain  lasting  even  several  weeks.  Abscess  formation 
has  been  reported.  It  is  possible  that  this  topical  reaction  is  largely  If  not  entirely 
due  to  the  extreme  acidity  of  these  solutions,  as  neutralized  solutions  are  said  not  to 
be  Irritating  (Murrel).  (The  local  reactions  reported  by  Meder  were  presumably  due 
to  Impurities.) 

Toxicity. — The  statements  In  regard  to  the  toxicity  of  apocodeine  vary  greatly,  as 
do  the  descriptions  of  the  symptoms  caused  by  poisonous  doses.  It  Is  probable  that 
such  differences  reflect  the  varying  purity  of  the  preparations.  The  earlier  observers, 
whose  material  was  contaminated  with  apomorphine,  describe  convulsions  as  the 
dominant  feature  of  poisoning,  but  as  preparations  of  greater  purity  have  been  avail- 
able the  convulsions  have  grown  less  prominent  and  narcotic  symptoms  have  dominated 
the  picture.  For  a  20  Gm.  mouse,  the  fatal  dose  of  a  chemically  pure  salt  Is  1/20  grain 
(3  mgm.)   (Krayer). 

There  is  no  doubt  that  apocodeine  is  more  narcotic  and  less  excitant  than  codeine 
or  apomorphine.  On  the  central  nerve  system  the  only  effect  of  small  doses  is  depres- 
sion. Large  doses,  above  10  milligrams  per  kilo  in  most  animals.  Induce  narcosis  fol- 
lowed after  a  time  by  spinal  excitation,  with  increased  reflexes,  spasmodic  twitching 
or  even  tetanic  convulsions.  Even  as  much  as  66  mgm.  per  kilo  of  the  present  pure 
materials  may  cause,  in  the  dog,  only  narcotic  symptoms  (Frohner).  In  frogs,  0.1 
mgm.  per  gram  causes  brief  excitement  followed  by  paralysis  (Giraud).  This  para- 
lytic stage  is,  with  larger  doses,  followed  by  increased  reflexes  and  tetanus   (Dixon). 

Systemic  Action:  Alimentary. — Apocodeine  even  in  small  dose  causes  increase  in 
the  secretion  of  the  salivary  and  mucous  glands.  This  is  not  associated  with  nausea 
or  vomiting,  the  occurrence  of  which  indicates  contamination  with  apomorphine. 
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The  only  Important  action  on  the  digestive  tract  is  the  stimulation  of  peristaltic 
activity,  already  referred  to.  This  is  most  marked  after  intravenous  injection  although 
in  man  the  subcutaneous  administration  of  20  to  60  mgm.  (gr.  i/^  to  1)  usually  causes 
the  passage  of  several  soft  stools.  In  dogs  and  cats,  10  mgm.  (gr.  1/6)  subcutaneously 
leads  to  purgation,  often  accompanied  by  tenesmus  (Dixon).  After  larger  doses  this  is 
followed  by  paralysis  of  the  bowel.  The  stimulating  action  is  exerted  on  the  ganglia 
of  Auerbach's  plexus,  isolated  strips  of  bowel  containing  this  being  stimulated  by 
1:4000  apocodeine,  strips  without  it  being  paralyzed  (Magnus,  Kress).  The  move- 
ments of  the  stomach  are  also  stimulated  but  less  strongly. 

Circulatory  System. — The  blood  pressure  is  lowered  by  large  doses,  through  par- 
alysis of  the  sympathetic  ganglia  of  the  vasomotor  system.  No  fall  occurs  if  these 
ganglia  are  previously  paralyzed  by  nicotine,  although  it  is  not  prevented  by  vagotomy 
or  by  large  doses  of  atropine.  During  the  fall  of  pressure,  stimulation  of  the  cord  has 
no  power  to  produce  a  rise,  although  vasoconstriction  results  from  electric  stimulation 
of  postganglionic  fibers.  Larger  doses  (0.24  Gm.  to  a  cat)  cause  paralysis  of  the 
vasomotor  nerve  endings. 

The  heart  rate  is  first  accelerated  and  later  slowed.  In  the  frog  the  two  stages 
are  always  evident,  in  the  mammal  less  constant.  The  isolated  heart  of  the  frog  is 
accelerated  by  addition  of  2  to  4  mgm.  per  100  cc,  but  slowed  by  12  to  16  mgm.  Auriculo- 
ventricular  block  may  occur  even  with  the  lower  concentration  (Krayer).  The  mech- 
anism of  the  cardiac  action  is  not  clear.  Dixon  saw  only  acceleration  and  ascribes  this 
to  paralysis  of  the  vagus  ganglia.  Other  authors  attribute  the  slowing  to  central  vagus 
stimulation.  Both  explanations  can  hardly  be  correct,  as  paralysis  could  not  precede 
stimulation  of  the  same  structure.  Peters  believes  that  the  sympathetic  endings  are 
paralyzed  by  pure  salts. 

Respiratory  System. — The  respiratory  center  is  stimulated  by  small  doses,  leading 
to  acceleration,  which  is  also  seen  as  the  first  effect  of  large.  After  20  to  30  mgm.  per 
kilo,  the  acceleration  is  followed  by  extreme  slowing,  the  movements  falling  as  low 
as  6  per  minute.  With  somewhat  larger  doses,  death  results  from  respiratory 
failure. 

Metabolism. — During  the  stage  of  narcosis,  the  temperature  falls  as  it  does  in  other 
narcotic  states. 

Nerve  System. — The  cerebral  centers  are  depressed  by  all  doses.  In  the  frog,  doses 
of  2.5  to  3.5  mgm.  per  kilo  produce  quiet  sleep  lasting  four  to  five  hours  and  not  fol- 
lowed by  depression.  Cats  are  narcotized  by  10  mgm.  per  kilo.  In  man,  even  in  maniacal 
insanity,  doses  of  20  to  60  mgm.  (gr.  y^  to  1)  are  followed  in  many  instances  by 
quiet   sleep. 

The  cord  is  excited  by  doses  somewhat  larger  than  the  optimum  narcotic  dose, 
increased  reflexes  and  even  tetanic  convulsions  following  brief  narcosis.  It  is  possible 
that  these  excitant  actions  are  due  to  impurities. 

Larger  doses  than  are  required  to  paralyze  the  respiratory  center  cause  paralysis 
of  the  nerve  ending  of  skeletal  muscle.  This  effect  is  seen  in  isolated  nerve  muscle 
preparations  of  the  frog  immersed  in  1:1000  apocodeine  (Meder),  but  could  not  be 
shown  in  the  intact  animal   (Dixon). 

The  autonomic  system  is  variously  affected  by  apocodeine.  Small  doses  (10  mgm. 
per  kilo)  excite  several  of  the  autonomic  centers;  the  slowing  of  the  pulse  is  ascribed 
to  stimulation  of  the  vagus  center;  the  salivation  and  the  erection  of  the  hair  are  also 
attributed  to  excitation  of  the  corresponding  centers. 

Moderate  doses  (50  mgm.  per  kilo  in  rabbits,  10  in  cats,  15  in  dogs)  cause  a  par- 
alysis of  the  sympathetic  ganglia,  similar  to  that  Induced  by  nicotine,  but  not  preceded 
by  excitement. 

Doses  3  to  4  times  as  large  paralyze  also  the  autonomic  endings,  and  render  elec- 
tric stimulation  of  the  postganglionic  fibers  of  most  autonomic  nerves  ineffective.  The 
pupil  is  dilated,  the  ciliary  ganglion  being  paralyzed  before  the  superior  cervical  is 
affected. 

Therapeutics. — The  sole  important  use  of  apocodeine  is  as  a  quickly  acting  purga- 
tive available  for  hypodermic  or  intramuscular  injection,  when  the  patient  cannot  or 
will  not  swallow.  It  is  used  extensively  for  this  purpose  in  veterinary  medicine.  An 
injection  of  15  to  30  minims  (1  to  2  cc.)  of  a  2  percent,  solution  is  followed  in  l^  to  Vz 
hour  by  free  purgation. 
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Given  by  mouth  it  acts  as  an  expectorant,  a  dry,  hacking  cough  being  loosened 
and  reduced  in  frequency,  by  doses  of  1/12  to  1/6  grain  (5  to  10  mgm.)  3  times  a  day. 

Larger  doses — y2  grain  (30  mgm.) — are  said  to  be  hypnotic  and  have  been  used 
to  quiet  the  insomnia  of  mental  disease.     Such  amounts  may,  however,  cause  nausea. 

Administration. — Apocodeine  hydrochloride  may  be  given  either  by  injection  in  solu- 
tion, or  by  mouth  in  solution  or  pill. 

Miotic  Alkaloids 
Physostigmine 

Physostigmine  is  the  chief  alkaloid  of  Calabar  bean,  a  plant  native  to  the  west 
coast  of  Africa,  where  the  beans,  which  cause  violent  abdominal  cramps  and  vertigo, 
have  long  been  used  by  the  aborigines  as  "ordeal  beans."  They  were  brought  to 
Europe  by  Daniell,  in  1840,  as  an  ethnologic  curiosity,  but  no  scientific  study  appears 
to  have  been  made  until  almost  twenty  years  later.  The  alkaloid  was  obtained  in 
impure  form  by  Jobst  and  Hesse,  in  1863,  and  in  crystals  by  Vee  and  Leven,  in 
1865.  The  former  termed  it  "physostigmine,"  the  latter  "eserine,"  and  both  terms 
are  still  in  common  use.  The  action  on  the  pupil  was  described  by  Fraser  in  1863, 
and  its  introduction  into  ophthalmic  practice  soon  followed. 

Chemistry. — The  chemistry  of  the  seeds  is  not  entirely  clear,  as  physostigmine 
is  readily  altered  by  manipulation,  and  several  artefacts  have  been  described  as  occur- 
ring naturally.  The  chief  alkaloid  is  undoubtedly  physostigmine,  of  which  0.15  to 
0.17  percent,  is   found.    Other   alkaloids   constitute  about  0.04   percent. 

The  most  recent  studies  (Polonowski)  have  shown  the  presence  of  physostigmine 
(Cj.HjjISrjO,)  and  one  other  alkaloid,  termed  geneserine  (Cj5H,,N303)  from  which 
eserine  is  supposed  to  be  derived.  Other  authors  have  described  calabarine,  eseridine 
(C^jH^^NjO,),  physovenine,  and  calabarol. 

Summary  of  Actions  and  Uses. — The  action  of  physostigmine  is  exerted  chiefly  on 
the  autonomic  system,  but  involves  also  the  nerve  centers  of  the  brain  and  cord  and 
the  nerve  endings  of  skeletal  muscles. 

The  action  on  the  autonomic  system  consists  in  excitation  of  the  function  of  most 
motor  and  secretory  nerves;  the  former  being  commonly  more  influenced  than  by  pilocar- 
pine, the  latter  less.  The  chief  effects  are  miosis,  with  ciliary  spasm  and  fall  of  intra- 
ocular pressure,  slowing  of  the  heart,  bronchospasm,  increase  of  intestinal  peristalsis, 
and  contraction  of  the  smooth  muscle  of  the  genital  and  urinary  tracts.  The  secretion 
of  saliva,  bronchial  mucus,  tears  and  sweat  is  increased  but  not  so  strikingly  as  by 
pilocarpine. 

In  therapeutics  physostigmine  is  used  chiefly  for  its  effects  on  the  eye;  to  reduce 
pressure  in  glaucoma  and  to  overcome  the  effects  of  atropine  on  pupil  and  accommoda- 
tion. It  has  been  employed  to  slow  the  heart  in  essential  and  other  forms  of  tachycardia 
and  to  stimulate  the  bowel  in  intestinal  atony,  especially  the  form  which  follows  abdomi- 
nal section  and  labor,  and  the  bladder  in  the  atony  which  arises  under  the  same 
circumstances. 

Materia  Medica.— Physostigma  (U.S.  IX.),  Physostigma.  Ahhr.,  Physostig. 
Synonyms :  Calabar  Bean,  Ordeal  Bean,  Chopnut. 

The  dried  ripe  seeds  of  Physostigma  venenosum  Balfour  (Fam.  Leguminosce). 
The  powder  is  grayish- white,  and  yields  not  less  than  0.15  percent,  of  alkaloids. 

Antagonists  and  Incompatihles. — Tannic  acid  and  other  vegetable  astringents, 
soluble  salts  of  heavy  metals  and  alkalis  are  chemically  incompatible.  The  action  on 
the  autonomic  system,  including  miosis  and  bronchoconstriction,  is  opposed  by  atro- 
pine and  by  scopolamine.  Chloral,  alcohol  and  the  antispasmodics  antagonize  the  action 
on  the  spinal  cord;  strychnine,  the  paralysis  of  the  respiratory  center. 
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Synergists. — Pilocarpine  is  the  chief  synergist  for  the  autonomic  system.  Strych- 
nine aids  the  circulatory  effects;  digitalis  the  cardiac  action. 

Dose,  1  to  2  grains  (0.06  to  0.12  Gm.). 

ExTRACTUM  Physostigmatis  (U.S.  IX.),  Extract  of  Physostigma.  Ahhr.,  Ext. 
Physostig.    Synoni/m:   Powdered  Extract  of  Calabar  Bean. 

Extract  of  physostigma  yields  not  less  than  1.7  percent,  nor  more  than  2.3  percent, 
of  the  alkaloids  of  physostigma.  One  gram  of  the  extract  represents  about  13  grams 
of  physostigma. 

Dose,  Vs  to  V4  grain  (0.008  to  0.015  Gm.). 

TiNCTURA  Physostigmatis  (U.S.  IX.),  Tincture  of  Physostigma.  Ahhr.,  Tr. 
Physostig.     Si/)ionym:  Tincture  of  Calabar  Bean. 

Ten  cc.  corresponds  to  1  Gm.  of  drug.  Contains  95  percent,  of  alcohol  and  0.015 
percent,  of  alkaloids. 

Dose,  10  to  30  minims  (0.6  to  2  cc). 

Physostig MiN.E  Salicylas  (U.S.  X.),  Physostigmine  Salicylate.  Ahhr.,  Physostig. 
Salicyl.    Synonym:  Eserine  Salicylate. 

Colorless  or  faintly  yellow,  shining,  odorless  crystals.  It  acquires  a  red  tint  when 
long  exposed  to  light  and  air.  One  gram  is  soluble  in  75  cc.  of  water,  16  cc.  of 
alcohol,  6  cc.  of  chloroform,  and  250  cc.  of  ether  at  25°  C. 

Caution:  Great  care  must  be  used  in  tasting  it. 

Dose,  1/120  to  1/60  grain  (0.0005  to  0.001  Gm.). 

PHYSOSTiGMiXiE  SuLPHAS  (Br.),  Physostigmine  Sulphate.  Ahhr.,  Physostig.  Sulph. 
Sytionym  :  Eserine  Sulphate. 

Minute,  white  crystals,  becoming  yellowish  on  exposure  to  air  and  light;  very 
deliquescent.    Keadily   soluble   in   water;   soluble   in   alcohol    (90   percent.). 

Dose,  1/120  to  1/60  grain  (0.0005  to  0.001  Gm.). 

LAMELLiE  PHYSOSTiGMiNiE  (Br.),  Discs  of  Physostigmine.  Ahhr.,  Lam.  Physostig. 
Synonym:  Discs  of  Eserine. 

Discs  of  gelatin  with  glycerin,  each  weighing  about  1/50  grain  (0.013  Gm.)  and 
containing  1/1000  grain  (0.00006  Gm.)  of  physostigmine  sulphate. 

Dose,  1  to  5  discs  for  application  to  eye. 

Pharmacodjmamic  Action:  Absorption  and  Elimination. — Physostigmine  is  less 
rapidly  absorbed  than  most  alkaloids,  both  from  the  gastroenteric  tract  and  other  mucous 
surfaces.    Nothing  certain  seems  to  be  known  of  its  fate. 

Topical  Action. — In  the  eye,  solutions  of  0.5  percent,  or  more,  of  salts  of  physos- 
tigmine cause  pain,  often  severe,  and  perhaps  accompanied  by  photophobia  and  lacryma- 
tion.  As  the  alkaloid  is  much  used  by  instillation  in  chronic  glaucoma,  in  which  its 
continued  use  over  long  periods  of  time  is  necessary,  this  is  a  matter  of  importance. 
The  difficulty  may  be  avoided  to  some  extent  by  using  solutions  of  0.1  percent,  in  oil 
instead  of  in  water;  and  by  alternating  with  solutions  of  pilocarpine,  which  are  not 
irritating.     Subcutaneous  injections  cause  but  little  pain. 

Toxicity. — Toxic  doses  cause,  in  mammals,  depression  of  the  central  nerve  system, 
characterized  by  dizziness,  vertigo  and  muscular  weakness,  Increasing  until  standing 
erect  is  no  longer  possible.  Motor  reflexes  are  Increased.  Soon  twitching  of  the  volun- 
tary muscles  sets  in,  beginning  in  the  hind  legs  and  gradually  extending  upward.  This 
may  be  so  severe  as  to  resemble  clonic  convulsions.  Dyspnea  is  marked,  partly  depen- 
dent on  the  muscular  weakness,  partly  on  extreme  constriction  of  the  bronchi.  In  fatal 
cases  this  is  the  cause  of  death.  Nausea  and  vomiting  may  be  very  severe  or  of  little 
moment.  Diarrhea,  with  severe,  cramp-like  pain,  is  frequent.  The  pupil  is  dilated 
briefly  at  first,  then  contracted  to  a  pin  point.  The  heart  is  slowed  and  blood  pressure 
falls  in  spite  of  vasoconstriction.  Miosis  is  often  absent,  perhaps  because  of  dyspnea 
or  excessive  secretion  of  adrenaline.  Dogs  and  rabbits  show  no  mental  excitement  or 
restlessness  in  the  early  stages,  while  in  man  and  the  cat  it  is  apt  to  be  very  marked. 
In  fatal  cases  death  results  from  respiratory  paralysis,  the  heart  continuing  to  beat  for 
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some  time  after  breathing  has  ceased.  Artificial  respiration  is  of  little  value  on  account 
of  the  extreme  constriction  of  the  bronchioles,  which  prevents  air  from  entering  the 
alveoli.  If  these  are  relaxed  by  injection  of  a  full  dose  of  atropine,  however,  it  may  save 
life. 

Frogs  given  large  doses,  30  milligrams  (Vs  gr.)  show  depression  and  paralysis  of 
the  central  nerve  system,  beginning  in  the  brain  and  slowly  descending.  Spontaneous 
motions  cease;  then  respiration  is  paralyzed  and  finally  muscular  reflexes.  The  per- 
ipheral nerves  and  muscles  react  normally  to  stimulation  at  this  time,  showing  that  the 
paralysis  is  central.  Twitching  is  often  less  evident  than  in  the  mammal,  but  may  be 
very  striking. 

The  fatal  dose  in  mammals  is  about  5  milligrams  per  kilo,  but  is  subject  to  wide 
variation.  In  the  frog  it  is  100  times  as  large.  Severe  poisoning  in  man  is  almost 
unknown. 

Systemic  Action:  Alimentary  Tract. — In  mammals,  injection  or  ingestion  of  full 
doses  of  physostigmine  is  likely  to  be  followed  by  severe  vomiting  and  profuse  diarrhea. 
The  exposed  bowel  shows  violent  peristalsis.  This  is  seen  after  the  administration  of 
as  little  as  1  milligram  (1/65  gr.)  in  the  cat.  Subliminal  stimulation  of  the  vagus 
nerve  causes  great  increase  in  the  intestinal  movements.  These  effects  are  antagonized 
by  atropine.  Very  large  doses  cause  spasm  of  the  bowel  with  stoppage  of  forward  move- 
ments of  its  contents.  Doses  of  50  mgm.  (gr.  5/6)  paralyze  both  vagus  and  sympathetic 
endings  and  leave  the  bowel  quiet.  In  this  state  it  is,  however,  stimulated  by  pilocar- 
pine. The  isolated  stomach  of  the  frog  shows  increase  of  tonus  and  contractions  if  0.1 
percent,  is  added  to  the  bath.  The  contractions  of  the  isolated  bowel  of  the  rabbit  are 
increased  by  eserine  salicylate  1:6000  and  this  increase  is  not  prevented  by  atropine, 
although  the  similar  increase  caused  by  pilocarpine  is  prevented   (d'Haenens). 

Injection  of  5  mgm.  (gr.  1/13)  subcutaneously  or  1  mgm.  by  vein,  leads  to  increase 
in  salivary  secretion,  involving  both  quantity  and  solid  content,  lasting  20  minutes  and 
not  prevented  by  section  of  the  nerves,  nicotine  or  apocodeine.  Smaller  doses  have  no 
direct  effect  but  increase  that  of  stimulation  of  the  chorda.  Somewhat  larger  doses 
induce  increase  of  pancreatic  secretion  also  (Polonowski).  These  effects  are  prevented 
by  atropine,  but  not  those  of  larger  doses  which  may  therefore  act  directly  on  the  gland 
cells. 

Blood. — The  number  of  red  blood  cells  is  increased  by  doses  of  0.7  mgm.  per  kilo  in 
dogs.  This  is  not  due  to  concentration  of  the  blood  but  to  stimulation  of  the  bone 
marrow  (Edmunds  and  Lloyd).  The  contractile  tissue  of  the  spleen  is  stimulated  and 
this  may  lead  to  increase  of  circulating  lymphocytes. 

Circulatory  System. — Physostigmine  in  small  or  moderate  dose  has  two  chief  effects 
on  the  circulation,  slowing  of  the  heart  from  stimulation  of  the  cardiac  vagus  endings 
and  constriction  of  the  vessels  of  the  entire  body.  As  regards  the  effect  on  blood  pres- 
sure, these  about  balance  one  another,  so  that  there  may  be  either  a  slight  fall  or  a  slight 
rise.  The  blood  pressure  in  the  lungs  is  usually  increased  and  if  the  systemic  rises,  the 
pulmonary  rises  more  markedly.     Large  doses  paralyze  the  vasomotor  center. 

Frog  Heart  in  Situ. — The  effect  on  the  frog  heart  is  best  studied  by  applying  the 
solution  directly  to  the  exposed  organ.  A  drop  containing  0.5  mgm.  (gr.  1/130),  dropped 
on  the  heart  leads  to  slowing  and  strengthening  of  the  beats.  Electric  stimulation  leads 
to  some  further  slowing  but  not  to  complete  stoppage.  A  dose  of  1  mgm.  (0.1  cc.  of  1 
percent.)  causes  more  marked  slowing  and  eventual  stoppage  in  systole.  These  effects 
are  prevented  by  atropine  and  if  the  vagus  is  in  very  low  tonus,  as  is  often  the  case  with 
frogs  held  long  in  captivity,  they  may  not  occur.  A  heart  stopped  by  muscarine  is 
restored  by  physostigmine  but  less  completely  than  by  atropine. 

Frog  Heart  Isolated. — If  physostigmine  1:5000  is  added  to  the  perfusion  fluid,  the 
heart  shows  strong,  slow  contractions,  systole  being  prolonged.  Heart  block  occurs, 
the  auricle  beating  more  rapidly  than  the  ventricle,  which  becomes  slower  and  slower 
and  finally  stops  in  systole,  the  auricle  continuing  to  beat  for  several  hours.  Stronger 
solutions  (1:2000)  cause  stoppage  in  partial  systole.  If  the  heart  is  not  beating,  physo- 
stigmine will  inaugurate  beats,  showing  that  it  has  also  a  stimulating  effect  on  the  excitor 
mechanism.  Both  stimulation  and  depression  are  favored  by  excess  of  potassium  in  the 
perfusion  fluid  and  lessened  by  excess  of  calcium.  The  action  resembles  those  of  potas- 
sium and  of  distilled  water,  and  like  them  depends  on  swelling  of  colloids  in  the  muscle 
(Poporicini). 

Mammal  Heart  in  Situ. — In  the  normal  heart  there  is  no  such  stimulation  as  is  seen 
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in  the  frog,  the  chief  effect  being  slowing  and  weakening  from  stimulation  of  the  vagus 
nerves.  If' repeated  injections  are  given,  the  second  dose  will  cause  less  slowing  than 
the  first,  but  will  be  followed  by  a  rise  of  blood  pressure.  Subsequent  injections  cause 
each  less  rise  and  less  slowing,  until  finally  no  effect  is  noted.  At  this  time  electric 
stimulation  of  the  vagus  nerves  is  without  effect.  That  this  is  due  to  overstimulation  of 
the  vagus  endings  and  not  to  their  paralysis  is  shown  by  the  fact  that  the  heart  is 
slow  and  that  an  injection  of  atropine  leads  to  great  acceleration.  The  heart  dilates, 
partly  from  the  relaxing  effect  of  vagus  stimulation,  partly  from  the  increased  resistance 
due  to  the  constricted  vessels.  If  the  vagus  nerves  are  cut  or  if  they  are  paralyzed  by 
nicotine  or  atropine,  10  mgm.  (gr.  1/G)  of  physostigmine  causes  acceleration  of  the  heart 
with  vasoconstriction  and  marked  rise  of  blood  pressure. 

Mammal  Heart  Isolated. — Perfusion  through  the  coronary  arteries  of  a  1:100,000 
solution  causes  slowing  and  weakening  with  no  increase  of  tonus,  and  eventual  stoppage 
in  diastole.  A  solution  of  1:10,000  causes  slowing  with  moderate  increase  of  tonus  and 
stoppage  either  in  diastole  or  in  partial  systole.  With  1:1000  there  is  more  marked  slow- 
ing, great  increase  in  tonus  and  stoppage  in  systole,  while  1:100  causes  almost  imme- 
diate contraction  of  the  ventricle,  similar  to  that  noted  with  1  percent,  barium  chloride. 
The  slowing  and  stop  in  diastole  are  due  to  vagus  stimulation,  and  are  counteracted  by 
atropine;  the  increase  of  tonus  and  systolic  stoppage  are  direct  muscle  effects  and  are 
not  influenced  by  atropine. 

Blood  Vessels. — Isolated  vessels  of  frogs  and  mammals  perfused  with  1:50,000  to 
1:100,000  physostigmine  contract  strongly.  The  effect  is  the  same,  in  contrast  to  pilocar- 
pine, in  the  vessels  of  the  limbs,  the  kidneys,  the  bowel,  the  heart  and  the  lungs.  The 
effect  is  thus  not  dependent  on  the  existence  of  vasomotor  uervcs.  Constriction  is  never 
maximal  and  can  always  be  increased  by  subsequent  perfusion  of  dilute  epinephrine. 
It  is  lessened  but  not  prevented  by  previous  infusion  of  atropine.  Even  vessels  which 
have  been  perfused  with  apocodeine  and  which  do  not  contract  under  the  influence  of 
epinephrine,  will  respond  to  physostigmine,  indicating  that  it  acts  directly  on  the  muscle 
substance.  In  the  intact  animal  the  effect  is  the  same  after  removal  of  the  adrenals, 
showing  that  the  constriction  is  not  associated  with  increased  secretion  of  these  glands. 

Respiration. — The  first  effect  of  physostigmine  on  the  respiratory  center  is  a  reflex 
stimulation,  with  deep  and  rapid  respiration,  dependent  on  stimulation  of  the  vagus 
endings  in  the  lung  (Bezold  and  Gotz).  This  is  followed  by  slow  and  shallow  breathing, 
the  result  of  direct  depression  of  the  center.  The  dyspnea  is  increased  by  the  broncho- 
constriction,  which  may  be  so  great  as  to  prevent  ingress  of  air  to  the  alveoli  and  of 
itself  cause  fatal  asphyxia.  Artificial  respiration  to  be  effective  must  be  preceded  by 
atropine  or  by  inhalation  anesthesia,  to  relax  the  bronchi. 

Metabolism.— Metabolism  is  but  little  altered  even  by  toxic  doses.  The  adrenal  secre- 
tion is  increased  in  dogs,  even  after  section  of  the  splanchnic  nerves.  Small  doses  are 
said  to  lessen  glycosuria  in  clinical  diabetes. 

Genital  Organs. — The  muscular  tissues  of  all  the  genital  organs,  both  male  and 
female,  are  stimulated  as  by  pilocarpine,  although  the  effect  is  more  lasting  and  caused 
by  even  smaller  doses.  Physostigmine  also  stimulates  the  uterus  of  the  virgin  cat,  which 
is  inhibited  by  pilocarpine.  The  contractions  do  not  relax  under  the  influence  of 
atropine,  and  it  is  probable  that  the  action  is  exerted  directly  on  the  muscle. 

Urinary  System. — Physostigmine  exerts  no  action  on  the  secretory  activity  of  the 
kidneys,  but  causes  contraction  of  the  muscular  tissues  of  the  ureters  and  bladder,  weak- 
ened, but  not  prevented,  by  atropine.  In  the  cat  or  dog,  1  mgm.  (gr.  1/65)  causes  a 
strong  contraction  of  the  bladder  wall,  and  tenesmus  is  one  of  the  characteristic  symp- 
toms of  poisoning. 

Nerve  System. — On  the  central  nerve  system,  physostigmine  exhibits  a  peculiar  asso- 
ciation of  stimulation  and  depression.  Frogs  given  2  to  5  mgm.  show  depression  and 
paralysis  beginning  in  the  brain  and  descending.  Voluntary  motion  is  first  lost,  then 
respiration  and  finally  spinal  reflexes.  There  is  no  paralysis  of  the  motor  nerves  or 
endings  at  this  time.  If  weak  solutions  are  applied  directly  to  the  exposed  cord,  stimula- 
tion at  this  place  evokes  no  motor  response. 

Mammals  given  full  doses  become  weak  and  ataxic  and  may  fall  on  the  side.  Stimu- 
lation gives  rise  to  twitching  or  ineffective  contractions  of  the  voluntary  muscles.  The 
voice  is  lost  in  man  (Papi).  Tremors  and  involuntary  twitching  of  skeletal  muscles  set 
in,  beginning  in  the  hind  legs  and  spreading  over  the  entire  body.  These  jerking  move- 
ments last  throughout  the  poisoning,  and  may  resemble  clonic  convulsions.     They  result 
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from  peripheral  stimulation  and  are  not  prevented  by  section  of  the  motor  nerve.  Animals 
respond  to  sounds  by  slight  motions,  and  in  man,  consciousness  is  preserved  until  near 
death.  Cats  show  restlessness  and  excitement  before  the  paralysis,  but  most  other  animals 
do  not.  The  excitement  is  probably  reflex  or  indirect.  In  epileptics,  the  attacks  seem  to 
be  increased  in  number  and  intensity  if  the  patient  is  kept  under  the  influence  of 
physostigmine. 

The  voluntary  muscle  is  stimulated  by  small  doses  and  paralyzed  by  large.  In  the 
frog,  small  doses  (1.5  mgm.)  increase  the  response  of  the  muscle  to  indirect  (motor 
nerve)  stimulation,  and  that  of  curarized  muscle  to  direct  stimuli.  Large  doses  (20 
mgm.)  lessen  the  response.  The  tonus  of  the  muscles  is  increased  by  small  doses,  even 
after  section  of  the  motor  nerve,  and  physostigmine  can  counteract  the  motor  paralysis 
occasioned  by  curare  and  by  magnesium.  Long  after  section  of  the  nerve,  however,  when 
degeneration  of  the  endings  is  complete,  the  characteristic  increase  of  tonus  and  twitch- 
ings  are  not  elicited.  If  the  fatal  cardiac  effects  are  prevented  by  atropine,  the  admin- 
istration of  5  mgm.  to  a  frog,  or  40  to  50  mgm.  to  a  cat  or  rabbit,  leads  to  curarization 
of  the  skeletal  muscles.  The  isolated  muscle  of  the  frog  placed  in  1:10,000  solution  shows 
increased  contraction  on  electric  stimulation  and  in  plain  salt  solution  there  develop 
twitching  motions,  which  are  stopped  by  calcium,  curare  or  atropine. 

Autonomic  System. — The  action  on  the  autonomic  system  consists  in  excitation  of  the 
nerve  endings  of  the  sympathetic  and  parasympathetic  systems,  both  secretory  and  motor. 
In  general  it  may  be  said  that  the  muscular  structures  are  more  susceptible  to  its  action 
than  to  that  of  pilocarpine,  the  glandular  less  so.  Except  in  those  organs  (such  as  the 
pupil)  which  are  kept  in  a  state  of  physiologic  balance  by  opposed  innervation,  small 
doses  of  physostigmine  produce  no  visible  change  in  function,  but  merely  render  the 
organ  more  responsive  to  nervous  or  chemical  stimuli.  The  effects  of  such  doses  are 
counteracted  by  atropine  and  nicotine.  Large  doses  produce  direct  effects  even  in  the 
absence  of  other  stimuli  and  these  effects  are  not  prevented  by  atropine  nor  by  degenera- 
tion of  the  nerve  endings.  It  has  therefore  been  suggested  that  the  drug  exercises  two 
distinct  effects  on  the  autonomic  system;  first  a  sensitizing  action  on  the  nerve  endings, 
which  is  exercised  by  small  doses,  but  is  prevented  by  paralysis  or  degeneration  of 
these  endings;  second,  a  direct  effect  on  the  functioning  cells,  which  requires  larger 
doses  but  is  not  interfered  with  by  other  drugs  nor  by  section  of  the  nerves.  It  has 
been  suggested  that  the  constricting  action  of  the  blood  vessels  and  certain  other  actions 
depend  on  sensitization  to  the  circulating  adrenaline,  but  this  is  rendered  improbable 
by  the  occurrence  of  constriction  In  isolated  vessels.  The  endings  most  strongly  stimu- 
lated are  those  of  the  oculomotor  nerve,  leading  to  miosis,  ciliary  spasm  and  fall  of 
intraocular  pressure;  the  vagus  nerve,  leading  to  slowing  of  the  heart,  increased  peris- 
talsis of  stomach  and  bowel  and  constriction  of  the  bronchi;  the  hypogastric  nerve, 
leading  to  increased  tonus  of  the  uterus,  bladder  and  other  pelvic  organs. 

The  excitor  nerves  of  all  glands  and  smooth  muscle  react  to  weaker  stimuli,  under 
the  influence  of  physostigmine.  Doses  which  do  not  slow  the  heart  will  Increase  the 
sensitiveness  of  the  vagus  nerves,  and  the  salivation  which  follows  stimulation  of  the 
chorda.  At  the  same  time,  the  sensitiveness  of  the  endings  to  normal  or  physiologic 
stimuli,  adrenaline,  etc.,  is  increased  and  this  may  account  for  a  large  part  of  the 
action  of  the  drug.  If  a  large  dose  (60  mgm.  in  the  cat)  is  injected  so  slowly  as  not  to 
kill,  it  paralyzes  the  endings  of  all  the  autonomic  nerves,  and  prevents  the  response  to 
nicotine  or  muscarine. 

Eye. — The  characteristic  action  of  physostigmine  on  the  eye  is  similar  to  that  of 
pilocarpine,  consisting  in  miosis  with  cramp  of  the  ciliary  muscle  and  lowering  of 
intraocular  tension.  The  effects,  both  from  topical  application  and  after  injection,  come 
on  more  slowly  than  those  of  pilocarpine  and  last  longer.  On  intravenous  injection  the 
miosis  is  preceded  by  dilatation,  probably  dependent  on  released  adrenaline.  In  man 
after  instillation  of  a  1  percent,  solution,  miosis  begins  in  ten  minutes,  reaches  a 
maximum  in  about  forty  minutes,  remains  maximal  a  few  hours  and  returns  to  normal 
in  three  or  four  days.  The  contraction  is  greater  than  can  be  produced  by  strong  light, 
although  it  is  increased  by  exposure  to  weak  light.  The  ciliary  spasm  begins  in  about 
twenty  minutes  and  lasts  over  two  hours.  The  lens  becomes  more  spherical,  causing 
objects  to  appear  enlarged  and  distant.  The  intraocular  pressure  rises  slightly,  then 
falls  more  markedly  than  after  pilocarpine.  The  rate  of  filtration  in  the  eye  is  increased, 
and  fluoresceine  injected  systemically,  colors  the  eye  more  promptly  than  normal.  The 
localization   of   the  physostigmine   action   is   elucidated   by   the   following   experiments: 
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stimulation  of  the  sympathetic  nerve  dilates  the  pupil  somewhat,  even  when  fully  under 
the  influence  of  physostigniine,  showing  that  this  nerve  is  not  paralyzed;  if  the  short 
ciliary  nerves  are  cut  and  allowed  to  degenerate,  the  effect  is  lost,  showing  that  it  is 
exerted  on  their  endings;  that  of  pilocarpine,  on  the  other  hand,  is  increased,  as  it  acts 
partly  on  the  muscle  fibers.  Excised  frog  eyes  placed  in  atropine  or  nicotine  solution 
until  fully  dilated,  and  then  transferred  tc  physostigmine  solution,  contract  only  slightly, 
showing  that  the  muscle  is  not  excited;  in  pilocarpine  such  eyes  show  full  miosis. 

Therapeutics:  Topical — Physostigmine,  or  eserine,  is  chiefly  employed  as  a 
miotic  in  glaucoma  and  other  ocular  trouble.  In  glaucoma  it  reduces  the  increased 
intraocular  tension,  which  is  the  most  serious  and  painful  manifestation  of  this  affec- 
tion. In  acute  glaucoma  the  effect  is  often  prompt  and  sometimes  curative,  Eserine 
salicylate  0.2  to  1  percent.,  being  instilled  frequently  enough  to  maintain  miosis. 
When  it  is  possible  to  maintain  this  for  a  few  days,  the  increased  tension  may  come 
down  and  complete  recovery  ensue  without  operation.  In  chronic  glaucoma  it  is  best 
to  begin  treatment  with  weak  solutions  (1/10  grain  to  the  ounce  of  salt  solution; 
0.02  percent.)  and  to  increase  the  strength  gradually  as  the  effect  lessens,  reaching 
about  0.1  percent,  at  the  end  of  a  year,  0.2  percent,  in  2  years,  etc.,  up  to  a  maximum 
of  0.5  percent.  If  miosis  can  be  maintained  and  if  the  treatment  has  been  begun 
early  enough,  the  chances  of  preserving  vision  and  the  field  of  vision  are  good 
(deSchweinitz).  The  great  trouble  with  the  miotic  treatment  is  not  its  lack  of  effi- 
cacy, but  the  difficulty  of  carrying  it  out  properly.  Four  instillations  are  given  daily, 
one  each:  very  early  in  the  morning  (2  to  4  A.M.),  for  which  the  patient  must  learn 
to  waken;  on  rising;  at  noon,  and  at  bedtime.  Of  these,  the  most  important  are  those 
at  bedtime  and  in  the  small  hours  of  the  morning.  These  instillations  should  suffice 
to  keep  the  pupil  at  the  desired,  almost  pin-point,  contraction,  miosis  being  an  indica- 
tion that  the  effect  on  the  tension  still  continues.  The  same  solutions  may  be  used 
to  maintain  low  tension  after  iridectomy,  when  this  is  indicated.  Tlireatened  glaucoma 
may  be  delayed  in  onset  or  prevented  from  developing  by  the  instillation  in  each  eye 
2  to  3  times  daily,  of  1  drop  of  a  weak  solution — not  over  Vg  to  1/4  per  cent.  As  the  first 
effect  of  an  eserine  instillation  is  to  increase  the  intraocular  tension,  a  large  dose 
may  cause  a  temporary  rise  of  such  an  extent  as  to  precipitate  an  attack  of  glau- 
coma. This  has  happened  after  the  instillation  of  3  or  4  drops  of  a  1  percent. 
(0.5  grain  to  the  ounce)  solution.  Eserine  is  of  service  in  peripheral  ulceration  of 
the  cornea  to  prevent  the  falling  forward  of  the  iris,  and  is  also  indicated  whefa 
peripheral  prolapse  of  the  iris  has  already  occurred.  In  the  treatment  of  concussion 
of  the  eye,  atropine  is  the  remedy  of  choice,  but  eserine  should  be  substituted  when 
a  tendency  to  rise  of  intraocular  tension  develops.  In  diphtheritic  paralysis  of  the 
third  nerve,  with  ptosis,  diplopia,  and  immobile  pupil,  the  instillation  of  2  drops  of 
a  0.5  to  1  i)ercent.  solution  of  eserine  salicylate  or  sulphate  will  often  restore  tone  to 
the  paretic  muscles.  In  posterior  synechia  the  alternate  instillation  of  atropine,  or 
homatropine,  and  eserine  is  reported  to  have  been  successful  in  breaking  up  the  adhe- 
sions. When  homatropine  mydriasis  has  been  employed  for  the  estimation  of  refrac- 
tive errors,  the  instillation  of  a  couple  of  drops  of  a  0.5  percent,  solution  of  eserine 
will  bring  the  pupil  back  to  normal  within  two  or  three  hours. 

Systemic. — Physostigma  or  its  alkaloid  is  useful  in  acute  constipation,  post- 
operative intestinal  atony,  flatulent  colic,  especially  the  gaseous  distention  which  is 
sometimes  so  annoying  at  the  menopause,  and  in  the  tympanites  of  typhoid  fever. 
The  tincture  of  physostigma  may  be  given  in  dose  of  15  minims  (1  cc),  or  the 
extract  in  doses  of  ^4  grain  (0.015  Gm.),  or  physostigmine  salicylate  or  sulphate  in 
doses  of  1/100  grain  (0.0006  Gm.)  hypodermically  every  four  hours  until  relief  is 
obtained,  or  until  five  or  six  doses  have  been  given.  In  the  treatment  of  chronic 
constipation,  physostigma  acts  better  if  given  in  conjunction  with  nux  vomica  and 
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belladonna,  5  minims  (0.3  cc.)  of  the  tincture  of  each,  three  times  a  day,  three  hours 
after  each  meal. 

In  the  hiccup  and  concomitant  or  subsequent  acute  dilatation  of  the  stomach,  so 
often  occurring  in  acute  pneumococcus  pneumonia,  when  not  prevented  by  the  routine 
use  of  pituitrin,  eserine  is  a  useful  adjunct  to  lavage  and  the  pituitary  principle. 
The  stomach  having  been  emptied  by  tube — sometimes  after  a  dose  of  apothesine  or 
cocaine — 1  cc.  of  pituitrin  and  1/60  grain  (2  mgm.)  of  eserine  sulphate  may  be  injected 
intramuscularly  in  hourly  alternation,  or  pituitrin  may  be  given  for  3  hours  and  eserine 
then  substituted,  for  2  or  3  doses.  This  treatment  is  to  be  supplemented  by  hot  tur- 
pentine stupes  to  the  abdomen  and,  in  the  presence  of  actual  distention  of  the  bowel, 
by  the  insertion  of  a  rubber  tube  into  the  colon.  A  somewhat  similar  method  is  to  be 
followed  when  the  paralytic  distention  affects  the  bowel  only,  whether  in  pneumonia 
or  other  infective  malady;  as  also  after  operations,  provided  there  is  no  contra- 
indication. 

Physostigmine  sulphate,  in  doses  of  1/120  grain  (0.0005  Gm.)  three  times  a 
day  by  mouth,  is  stated  by  DeMeyer  to  give  excellent  results  in  simple  and  thyroge- 
nous tachycardia,  especially  when  used  in  conjunction  with  strophanthus.  In  rapid 
heart  action  associated  with  nephritis  or  extremes  of  blood  pressure,  the  results  are 
often  disappointing.  In  auricular  fibrillation  he  finds  it  of  great  service  and  says 
it  should  always  be  tried  in  cases  which  prove  refractory  to  quinidine.  Subcutaneous 
injection  of  1/60  to  1/30  grain  (1  to  2  mgm.)  of  physostigmine  salicylate  slows  the 
heart,  except  in  cases  with  marked  disturbance  of  the  external  cardiac  innei-vation, 
for  which  it  is  an  important  diagnostic  measure.  As  physostigmine  when  given  in 
large  doses  to  dogs  has  been  found  by  Edmunds  and  Lloyd  to  increase  the  number 
of  red  blood-cells,  it  has  been  suggested  that  the  drug  may  be  of  service  in  myelogenous 
anemia. 

In  hronchial  asthma,  bronchitis,  bronchiectasis,  and  emphysema,  physostigma  or 
physostigmine,  in  fairly  large  doses,  y2  grain  (0.03  Gm.)  of  the  extract,  30  minims 
(2  cc.)  of  the  tincture,  or  1/30  grain  (0.002  Gm.)  of  physostigmine  salicylate,  two 
or  three  times  a  day,  sometimes  gives  excellent  results,  but  at  other  times  is  most 
disappointing,  and  there  seems  to  be  no  means  of  judging  in  advance  the  success 
or  failure  of  the  remedy. 

In  traumatic  tetanus  and  strychnine  poisoning,  physostigmine  often  acts  very 
satisfactorily,  but  it  must  be  given  in  large  and  increasing  doses,  1/40  to  1/20  grain 
(0.0015  to  0.003  Gm.)  every  hour  to  the  limit  of  tolerance  as  manifested  by  bradypnea, 
diarrhea,  and  sometimes  muscular  twitching.  In  hemiijlegia  it  often  acts  well  and 
in  progressive  paralysis  it  stays  the  course  of  the  affection,  preventing  atrophy  and 
increasing  the  power  of  the  muscles.  In  paralytic  ajfections,  the  extract  of  physostigma 
may  be  given  in  doses  of  1/30  to  1/15  grain  (0.002  to  0.004  Gm.),  twice  or  three 
times  a  day.   The  same  may  be  tried  in  somewhat  smaller  doses  in  mild  cases  of  chorea. 

Administration. — For  topical  use  in  the  eye,  0.125  to  1  percent,  solutions  of  either 
salt  of  physostigmine  are  available,  although  the  salicyate  is  likely  to  be  less  irritating. 
If  it  prove  so,  a  0.1  percent,  solution  in  a  fixed  oil  may  be  substituted  in  appropriate 
amount.  The  lamellae  of  the  Br. P.  may  be  dropped  directly  in  the  eye,  dissolving  in  the 
tears.  When  eserine  has  to  be  used  for  a  long  time  it  is  well  to  associate  it  with 
cocaine,  about  1  percent.,  which  prevents  the  pain  and  hyperemia.  It  may  advanta- 
geously be  alternated  with  pilocarpine. 

For  internal  use  the  tincture  of  physostigma  may  be  given,  remembering  that  owing 
to  its  high  alcohol  content  a  drop  is  less  than  half  a  minim;  or  the  solid  extract  or  one 
of  the  alkaloidal  salts  may  be  made  into  pill  or  capsule. 
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Pilocarpine 

Pilocarpine  is  the  chief  alkaloid  of  the  leaves  of  several  species  of  Pilocarpus, 
of  which  P.  jahorandi  was  first  recognized.  The  first  botanical  knowledge  of  Pilo- 
carpus dates  from  1658,  but  it  was  not  introduced  into  medicine  until  1874,  when 
Continho  of  Brazil  recommended  it  in  febrile  affections  as  a  diaphoretic  and  for 
loosening  the  membrane  in  croup.  Several  of  the  fifteen  known  species  are  now 
cultivated  in  Italy  and  in  the  West  Indies. 

Chemistry. — The  dried  leaf  contains  from  0.5  to  2  percent,  of  total  alkaloids, 
generallj'  nearest  the  lower  figure.  Of  these,  pilocarpine,  C„H,,OjNj,  is  the  most 
active  and  constitutes  at  least  half  of  the  total.  Associated  with  it  are  isopilocarpine, 
an  isomer  and  pilocarpidine,  C,oH„NjOj,  which  is  of  similar  constitution.  Two  sub- 
stances have  been  described  under  the  name  of  jaborine,  one  a  mixture  of  the  above 
alkaloids,  the  other  an  artificial  product  resembling  atropine  in  action. 
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Isopilocarpine  Pilocarpine 

Summary  of  Actions  and  Uses. — All  the  alkaloids  are  similar  in  action,  but  as  pilo- 
carpine is  present  in  greatest  quantity,  is  most  active  and  most  readily  isolated,  it  is 
used  almost  alone  in  therapeutic  practice.  All  the  alkaloids  stimulate  the  endings  of  the 
true  sympathetic  in  glands  and  smooth  muscle.  They  lead  to  increased  secretion  of 
saliva,  sweat,  tears,  and  sebaceous  matter,  and  probably  to  a  slight  extent,  of  gastric 
and  pancreatic  juice.  The  bile  and  urine  are  not  directly  influenced.  The  smooth  muscle 
of  the  entire  gastroenteric,  urinary,  and  genital  tracts  is  stimulated  and  well  as  the 
sphincter  of  the  iris  and  certain  other  tissues.  Pilocarpine  is  a  direct  antagonist  of 
atropine  in  almost  all  of  its  activities. 

Pilocarpine  is  employed  in  medicine  to  promote  the  secretion  of  sweat  and  of  the 
mucus  of  the  respiratory  tract.  When  sweat  baths  are  given,  the  secretion  will  be 
much  increased  by  its  preliminary  administration.  Bronchitis  with  dry  secretion  will 
be  loosened  up  by  small  doses.  False  membrane  in  the  throat  may  be  loosened  by  pro- 
fuse secretion  of  mucus  under  it,  and  diphtheria  is  thus  said  to  be  benefited.  It  is  often 
added  to  hair  tonics,  its  stimulation  of  the  sebaceous  glands  aiding  in  the  growth  of  the 
hair.  It  is  less  used  to  stimulate  sluggish  movements  of  the  alimentary  and  urinary 
tracts. 

Materia  Medica. — Pilocarpus  (U.S.  IX.),  Pilocarpus.  Ahhr.,  Pilocarp.  Syno- 
nym :  Jahorandi. 

The  dried  leaflets  of  Pilocarpus  jahorandi  Holmes,  known  in  commerce  as  Per- 
nambuco  Jahorandi,  or  of  Pilocarpus  microphyllus  Stapf,  known  in  commerce  as 
Maranham  Jahorandi  (Fam.  Rutacece),  yielding  not  less  than  O.G  percent,  of  the 
alkaloids  of  Pilocarpus.     Odor,  aromatic  when  crushed;  taste,  bitter,  then  pungent. 

Antagonists  and  Inconipatibles. — The  soluble  salts  of  metals,  alkalis  and  tannin 
are  chemically  incompatible.  Belladonna  and  scopolamine  oppose  the  action  on  the 
autonomic  system ;  strychnine  that  on  the  medullary  centers. 

Synergists. — Physostigma,  aconite,  gelsemium,  and  veratrum  viride  are  syner- 
gistic. 

Dose,  20  to  40  grains  (1.3  to  2.6  Gm.). 

Fluidextractum  Pilocarpi  (U.S.  IX.),  Fluidextract  of  Pilocarpus.  Ahhr.,  Fldext. 
Pilocarp.     Synonym  :  Fluidextract  of  Jahorandi. 

One  cc.  corresponds  to  1  Gm.  Contains  65  percent,  of  alcohol  and  O.G  percent,  of 
alkaloids. 

Dose,  15  to  30  minims  (1  to  2  cc). 
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Pilocarpine  Hydrochloridum  (U.S.  X.),  Pilocarpine  Hydrochloride.  Ahhr.,  Pilo- 
carp.  Hydrochl.     Synonyms :   Pilocarpine  Chloride,  Pilocarpine  Hydrochlorate. 

Occurs  as  colorless,  odorless,  translucent,  hygroscopic  crystals.  One  gram  is 
soluble  in  0.03  cc.  of  water,  3  cc.  of  alcohol,  and  366  cc.  of  chloroform;  insoluble 
in  ether. 

Dose,  1/20  to  1/5  grain   (0.003   to   0.012  Gm.). 

PiLOCARPiNiE  NiTRAS  (U.S.  X.),  Pilocarpine  Nitrate.    Alhr.,  Pilocarp.  Nit. 

Occurs  as  shining,  colorless  crystals,  stable  in  air.  One  gram  is  soluble  in  4  cc. 
of  water,  and  in  75  cc.  of  alcohol;  insoluble  in  chloroform  and  ether. 

Dose,  1/20  to  1/5  grain   (0.003  to  0.012  Gm.). 

Pharmacodynamic  Action:  Absorption  and  Elimination. — Absorption  of  pilocarpine 
from  the  gastroenteric  tract  is  slow,  as  evidenced  by  the  fact  that  vomiting  occurs  in 
three  minutes  after  intravenous  injection,  but  requires  thirty  minutes  after  administra- 
tion by  mouth. 

Pilocarpine,  like  atropine,  loses  its  effect  on  the  isolated  bowel  and  its  liability  to 
precipitation  by  certain  reagents,  after  contact  with  rabbit  serum.  The  nature  of  the 
change  is  not  clear  and  is  not  caused  by  serum  of  all  other  species.  The  alkaloid  is  not 
destroyed  and  can  be  recovered  from  the  serum   (V.  Leeuwen). 

It  is  excreted  mostly  in  the  urine,  partly  unchanged,  partly  in  a  combined  or  modi- 
fied form.     It  appears  in  smaller  amount  in  the  sweat  and  saliva. 

Toxicity. — Although  disagreeable  sensations  are  frequently  experienced  as  a  result 
of  full  doses  of  pilocarpine,  fatal  poisoning  is  comparatively  rare.  A  dram  or  two  (4  to 
8  Gm.)  swallowed  causes  a  tingling  sensation  all  over  the  body,  followed  by  profuse 
sweating,  lasting  four  to  five  hours.  Negroes  are  very  susceptible  to  its  action  (Curtin), 
children  bear  it  in  relatively  large  dose  (Ringer).  The  chief  danger  is  from  aspiration 
of  the  liquid  bronchial  secretion  into  the  alveoli,  producing  a  condition  resembling  pul- 
monary edema.     Death  may  occur  either  from  this  or  from  paralysis  of  the  heart. 

As  with  atropine,  there  is  a  wide  difference  between  the  dose  which  causes  severe 
poisoning  and  that  which  leads  to  death.  Fatal  poisoning  has  rarely  been  reported  in 
normal  man,  and  the  fatal  dose  has  been  found  very  variable  in  animal  experiment.  In 
nephritis  and  advanced  heart  disease,  when  there  is  already  a  tendency  to  edema,  even 
therapeutic  doses  may  prove  rapidly  fatal  from  asphyxia  due  to  excessive  secretion  of 
bronchial  mucus. 

Topical  Action. — Solutions  of  pilocarpine  are  not  topically  irritant,  the  drug  having 
thus  an  advantage  over  eserine  for  ophthalmic  use.  The  topical  action  on  the  eye  will  be 
described  later. 

Systemic  Action:  Alimentary  System. — The  most  striking  action  of  pilocarpine  on 
the  alimentary  tract  is  the  profuse  secretion  of  saliva  which  it  induces.  In  man  5  to  10 
mgm.  by  mouth,  in  the  dog  a  similar  amount  subcutaneously,  leads  in  a  few  minutes  to 
excessive  secretion  by  all  the  salivary  glands,  the  total  amount  often  reaching  500  cc. 
(1  pint)  after  a  single  dose.  The  total  solids  show  both  percentage  and  total  increase, 
the  salts  only  the  latter.  The  concentration  of  ptyalin  is  decreased,  but  the  total  amount 
is  increased.  The  response  of  the  various  glands  is  identical,  and  the  effect  is  the  same 
in  man  and  in  other  animals.  The  most  careful  study  of  the  mechanism  has  been  made 
on  the  submaxillary  gland  of  the  dog.  It  has  been  shown  that  the  effect  is  not  lessened 
by  section  of  the  secretory  nerve,  the  chorda  tympani,  but  is  reduced  by  section  of  this 
nerve  and  the  sympathetic,  perhaps  because  of  circulatory  changes.  The  action  is  pre- 
vented by  atropine,  but  not  by  nicotine,  showing  that  it  is  exerted  on  a  tissue  between 
the  ganglion  and  the  secreting  cells.  It  presumably  acts  on  the  hypothetical  "receptive 
substance,"  which  is  interpolated  between  the  nerve  ending  and  the  gland  cell.  Large 
doses  produce  the  opposite  effect,  checking  secretion,  but  as  some  increase  still  follows 
stimulation  of  the  chorda,  this  action  is  not  a  paralysis  of  nerve  endings,  but  is  probably 
exerted  directly  on  the  secreting  cells.  The  flow  of  blood  and  lymph  through  the  glands 
is  also  increased  by  pilocarpine,  and  this  effect  is  independent  of  the  increase  in  secre- 
tory activity.  Increasea  secretion  is  caused  by  smaller  doses  than  bring  about  increase 
of  blood  supply,  but  oncometer  experiments  show  that  enlargement  of  the  glands  pre- 
cedes salivation.  Stimulation  of  the  chorda  during  pilocarpine  action,  causes  a  slight 
increase  in  salivation,  due  to  increased  blood  flow. 

The  nausea  and  vomiting  mentioned  as  symptoms  of  poisoning,  are  central,  as  indi- 
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cated  by  the  fact,  that  vomiting  occurs  three  minutes  after  an  intravenous  injection,  but 
is  delayed  thirty  minutes  after  administration  by  mouth.  The  peristaltic  movements  of 
the  stomach  and  bowel  are  increased  by  very  small  doses,  but  the  pylorus  and  Ileocolic 
sphincter  are  caused  to  contract,  and  the  progress  of  food  may  thus  be  delayed.  For  this 
reason,  pilocarpine  is  of  no  therapeutic  value  as  a  cathartic.  X-ray  studies  of  the 
human  stomach,  show  that  an  injection  of  10  mgm.  of  pilocarpine  delays  emptying  time 
75  to  100  minutes  (Kalk).  The  ileocolic  sphincter  of  the  cat  is  stimulated  by  1  mgm. 
by  vein  or,  if  isolated,  by  1  part  in  250,000.  The  increase  of  peristalsis  is  caused  by 
stimulation  of  Auerbach's  plexus,  and  in  isolated  bowel,  deprived  of  this,  it  is  not 
obtained,  although  contraction  of  muscle  rings  may  be  noted.  If  the  synapses  in  this 
plexus  are  paralyzed  by  nicotine,  the  stimulating  effect  of  pilocarpine  is  lost  and  may 
even  be  changed  to  depression.  The  stimulating  effect  is  not  exerted  on  the  vagus  nerve 
as  is  shown  by  the  fact,  that  although  atropine  checks  the  pilocarpine  contractions,  a 
gut  treated  with  both,  still  responds  by  contraction  to  electric  stimulation  of  this 
nerve.  Large  doses,  however,  may  cause  a  reversal  of  the  effect  of  stimulation  (Battelli). 
That  the  stimulation  is  nervous  and  not  muscular,  is  shown  by  the  occurrence  of  per- 
istaltic waves,  in  contrast  to  the  effect  of  barium,  which  induces  rings  of  contraction 
whicn  do  not  travel,  but  merely  relax.  The  isolated  muscularis  mucosae  is  stimulated, 
both  tonus  and  contractions  increasing.  In  the  isolated  bowel  of  the  frog,  pilocarpine 
causes  relaxation  of  the  longitudinal  muscles,  but  stimulates  the  circular  fibers  (Roth). 

The  Influence  on  gastric  secretions  varies  with  the  dose  and  the  condition  of  the 
stomach.  In  man  10  mgm.  given  with  food  leads  to  a  greater  volume  of  secretion  with 
decreased  acidity  (Kalk).  Injected  subcutaneously  in  unfed  dogs,  a  dose  of  4  to  10  mgm. 
causes  a  secretion  of  fluid  similar  in  volume  and  acidity  to  that  induced  by  feeding 
(Amantea).  Other  w-orkers  have  seen  increase  in  volume  without  increase  in  acidity 
or  ferments,  or  even  no  effect  whatever  (Popielski).  Unless  great  care  is  taken,  the 
results  are  complicated  by  the  swallowing  of  saliva  and  mucus. 

The  formation  of  bile  is  not  influenced,  but  contraction  of  the  gall  bladder  and 
ducts  empty  these,  and  may  simulate  increased  secretion.  The  sphincter  of  the  ampulla 
of  Vater  at  the  outlet  of  the  bile  duct  contracts,  but  this  does  not  prevent  emptying  of 
the  gall  bladder.  The  isolated  gall  bladder  of  the  dog  contracts  strongly  when  treated 
with  1:2000,  the  effect  lasting  an  hour. 

Pancreatic  secretion  is  slightly  stimulated,  although  the  effect  is  not  always  noted. 
The  ducts,  i?i  situ,  and  isolated,  contract. 

Blood. — The  increased  secretion  of  saliva,  sweat,  etc.,  induced  by  pilocarpine,  lead  to 
thickening  of  the  blood  with  consequent  increase  in  the  solids  of  the  plasma  and  the 
number  of  red  cells.  In  addition  there  is  an  immediate  increase  in  the  number  of  cir- 
culating lymphocytes,  their  number  being  often  doubled.  This  increase  is  paralleled  by 
a  marked  increase  in  the  number  of  lymphocytes  in  the  lymph  from  the  thoracic  duct, 
the  volume  of  lymph  may  be  either  increased  (Rous)  or  diminished  (Camus  and  Gley). 
The  increase  is  prevented  by  previous  administration  of  atropine,  while  that  which  re- 
sults from  injection  of  barium  chloride  is  not.  It  is  also  prevented  by  ligation  of  the 
splenic  vessels.  The  lymphocytosis  is  therefore  due  to  stimulation  of  the  smooth  muscle 
of  the  spleen,  squeezing  out  the  cells. 

Circulatory  System. — Pilocarpine  stimulates  and  then  depresses  the  vasomotor  cen- 
ter, the  former  action  being  very  slight  and  transitory.  It  stimulates  both  the  cardiac 
vagus  and  sympathetic  nerves,  although  the  depression  or  inhibition  due  to  vagus  in- 
fluence is  commonly  alone  noted  in  the  early  stages  of  its  action.  The  blood  pressure 
usually  falls  slightly,  10  mgm.  (gr.  1/6)  causing  a  fall  of  10  to  15  mm.  in  a  normal  man. 
In  embryo  hearts  and  other  forms  in  which  the  vagus  is  poorly  developed,  or  if  this  ia 
paralyzed  by  atropine,  the  activating  effect  of  sympathetic  stimulation  is  seen. 

Frog  Heart  in  Situ. — Small  doses  of  pilocarpine  slow  the  heart,  causing  a  long 
diastolic  period  with  final  stoppage  in  diastole.  The  heart  still  responds  to  mechanical 
stimulation  with  a  single  strong  beat,  showing  that  the  muscle  is  not  paralyzed.  The 
beats  are  completely  restored  by  atropine,  indicating  that  the  effect  depends  on  stimula- 
tion of  the  vagus.  In  addition  to  the  slowing,  there  is  delayed  auriculoventricular  con- 
duction and  weakened  systole.  The  effect  is  exerted  after  nicotine,  but  not  after  atropine, 
showing  that  like  so  many  autonomic  actions  it  is  exerted  on  the  receptive  substance  at 
the  termination  of  the  nerve.  Larger  doses  of  pilocarpine  paralyze  the  vagus  endings 
and  will  restore  weak  beats  in  a  heart  stopped  by  small  doses.  Still  larger  amounts 
affect  the  muscle  directly,  stopping  the  heart  in  diastole,  from  which  it  is  not  roused  by 
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atropine.  If  the  vagus  nerve  is  stimulated  electrically  until  the  heart  no  longer  responds 
by  slowing,  the  inhibitory  action  of  small  doses  of  pilocarpine  is  also  lost.  The  turtle 
heart,  which  is  not  slowed  by  vagus  stimuli,  is  not  affected  by  small  doses  of  pilocarpine. 
Frog  Heart  Isolated. — The  isolated  ventricle  of  the  frog  is  not  slowed,  showing  that 
the  vagus  effect  is  limited  to  the  auricle.  The  stimulating  effect  is,  however,  seen,  and 
if  the  calcium  content  of  the  Ringer  solution  is  low,  may  be  evident  from  as  little  as 
1  part  in  a  million.  High  calcium  content  prevents  both  slowing  and  stimulation  (Bur- 
ridge).  The  latter  is  not,  on  the  other  hand,  prevented  by  atropine.  The  heart  of 
limulus  in  sea  water  is  stimulated  if  the  ganglia  are  intact,  but  not  affected  otherwise 
(Carlson). 

Mammal  Heart  in  Situ. — The  dominant  effect  is  stimulation  of  the  vagus  endings 
and  the  effect  varies  from  one  species  to  another  as  does  that  of  electric  stimulation  of 
the  cardiac  vagus.  In  most  species  the  heart  is  slowed,  the  systole  weakened  and  conduc- 
tion time  delayed,  partial  block  often  developing.  The  slowing  of  the  auricles  may  be  so 
great  that  extrasystoles  arise,  the  ventricles  beating  more  rapidly  than  the  auricles,  or  the 
auricles  may  cease  beating  entirely,  the  ventricles  continuing  Independently  at  a  fourth 
of  the  normal  rate,  as  after  section  of  the  bundle  of  His.  As  in  the  frog,  the  sympathetic, 
or  accelerator,  nerves  are  excited  also  and  especially  if  pilocarpine  is  given  by  mouth, 
the  influence  on  these  may  predominate,  leading,  in  man,  to  rapid  pulse,  with  precordial 
anxiety  or  palpitation.  The  increased  secretion  of  adrenaline,  when  this  occurs,  may 
lead  to  secondary  acceleration  also.  Small  doses  of  pilocarpine  increase  the  effect  of 
minimal  electric  stimulation  of  the  cardiac  vagus,  but  electric  stimulation  of  the  sym- 
pathetic may  prevent  vagotonic  action  of  the  drug,  allowing  only  the  accelerating  action 
to  appear  (ten  Gate).  During  the  period  of  slowing,  the  respiratory  exchange  of  the 
heart  is  markedly  reduced,  and  although  the  normal  rate  is  restored  by  atropine,  the 
use  of  carbon  dioxide  is  not.    The  reason  for  the  paradox  is  not  clear. 

The  effect  on  the  isolated  mammal  heart  is  similar  to  that  described  for  the  frog 
heart,  but  the  stage  of  vagus  stimulation  with  slowing  is  briefer  and  is  followed  by 
acceleration  and  increased  ventricular  tone. 

Blood  Vessels. — The  vasomotor  center  is  not  influenced  by  small  doses,  but  is  para- 
lyzed by  large,  the  circulation  failing  in  poisoning,  before  the  respiration.  The  effect 
on  the  blood  vessels  both  in  situ  and  isolated,  differs  widely  with  conditions,  dose  and 
unknown  factors.  With  apparently  identical  conditions  some  authors  report  contraction, 
others  dilatation.  The  splanchnic  vessels  usually  contract  in  the  dog  and  cat  after  an 
intravenous  or  subcutaneous  injection  of  1  to  5  mgm.  (gr.  1/65  to  1/13)  (Cushny),  but 
dilate  in  the  rabbit  (Nakazowa).  The  vessels  of  the  skin  dilate.  Addition  of  minute 
amounts  of  pilocarpine  to  the  perfusion  fluid  causes  constriction  in  the  vessels  of  the 
limbs  and  viscera  of  mammals  (Robert)  but  dilatation  in  those  of  the  frog  (Froehlich 
and  Pick).    The  pulmonary  vessels  are  not  affected  in  any  constant  manner. 

The  thoracic  duct,  and  probably  other  large  lymph  vessels,  are  constricted  both  in 
vivo  and  in  vitro. 

Respiration. — The  respiratory  center  is  affected  only  by  toxic  doses,  which  lead  to  a 
moderate  depression,  largely  dependent  on  and  secondary  to  the  circulatory  failure. 

The  mucous  glands  of  the  nose,  throat  and  bronchi  show  markedly  increased  secre- 
tion, even  from  doses  as  small  as  1  mgm.  (gr.  1/65),  their  response  corresponding  in  its 
character  to  that  of  the  salivary  glands  and  like  this,  being  interrupted  or  prevented  by 
atropine.  The  bronchioles,  both  in  situ  and  isolated,  are  strongly  constricted  after  small 
doses.  In  intact  animals,  a  brief  bronchodilation  may  precede  the  constriction,  depend- 
ent, according  to  Jackson,  on  increased  output  of  adrenaline,  which  exercises  the  effect 
secondarily.  Only  constriction  is  seen  in  the  isolated  lung  and  in  bronchial  rings. 
Asthmatics  between  attacks  may  show  bronchoconstriction  from  smaller  doses  than 
normal  individuals,  but  during  an  attack,  the  effect  is  likely  to  be  reversed,  and  full 
doses  of  pilocarpine  will  often  bring  about  relief  by  stimulation  of  sympathetic  endings. 
Metabolism. — In  man,  doses  of  10  mgm.  (gr.  1/6)  lead  to  hyperglycemia  and  occa- 
sionally to  glycosuria.  Certain  authors  have  seen  a  similar  effect  in  dogs,  associated 
with  marked  lessening  of  the  hepatic  glycogen  and  slight  reduction  of  that  in  the 
muscles  (Hornemann).    The  blood  lipase  is  increased  in  the  dog  (Roth). 

Endocrine  Glands. — The  output  of  adrenaline  was  found  by  Dale  and  Laidlaw  to  be 
doubled  in  cats  after  doses  of  pilocarpine  large  enough  to  depress  the  blood  pressure, 
but  their  results  were  much  complicated  by  the  fact  that  the  blood  flow  through  the 
glands  was  only  one-sixth  as  rapid  as  in  the  control  period.    Other  authors  have  seen  no 
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effect  in  rabbits,  lii  dogs  after  section  of  the  splanchnic  nerves  (Elliott),  or  in  intact 
dogs  (Stewart  and  Rogoff). 

Temperature. — Heat  production  and  heat  dissipation  are  both  increased.  The  pro- 
duction of  heat  is  increased  both  in  the  stimulated  glands  and  in  the  muscles,  and  the 
output  of  COj  from  the  lungs  is  also  increased.  The  temperature  of  the  skin  rises,  but  if 
it  is  not  covered,  the  internal  temperature  falls  by  reason  of  the  increased  loss  of  heat 
occasioned  by  the  sweating. 

Development. — The  development  of  sea  urchin  eggs  is  hastened  if  a  minute  amount 
of  pilocarpine  is  added  to  the  sea  water  in  which  they  are  placed,  and  is  delayed  if 
atropine  is  added  (Matthews).  Whether  this  is  dependent  on  increase  of  metabolic 
activity  or  alteration  in  cell  permeability  is  not  certain. 

Sex  Organs. — In  general  it  may  be  stated  that  pilocarpine  causes  increased  tonus 
or  contraction  of  the  muscle  tissue  of  all  sex  organs,  both  male  and  female.  The  mus- 
cular tissue  of  the  prostate  gland,  the  uterus  masculinus  of  the  dog,  the  seminal  vesicle 
and  the  vas  deferens  all  show  a  stimulant  effect.  The  isolated  uterus  and  vagina  con- 
tract more  strongly  if  1  part  in  10,000  or  more  is  added  to  the  bath.  In  the  body  the 
effect  on  the  uterus  corresponds  to  that  of  electric  stimulation  of  the  hypogastric  nerve, 
the  virgin  uterus  of  the  cat  being  inhibited,  most  others  stimulated.  The  contractions 
of  the  normal  uterus  of  the  rabbit  are  increased  by  doses  of  2  to  5  mgm.  (gr.  1/32  to 
1/13).  Atropine  prevents  the  effect  of  pilocarpine,  but  not  that  of  epinephrine,  nor  the 
contractions  caused  by  stimulation  of  the  hypogastric  nerve.  Ergotoxine  administered 
before  pilocarpine  leads  to  a  reversal  of  its  effect,  while  after  pilocarpine,  stimulation  of 
the  hypogastric  nerve  causes  relaxation.  It  is  evident  that  pilocarpine  may  cause  either 
an  augmentation  or  inhibition  of  the  tonus  and  contractions,  and  that  which  of  these 
actions  is  exerted,  depends  on  the  state  of  the  organ.  The  augmenting  action  is  seen  in 
the  uterus  of  the  rabbit  and  guinea-pig  and  of  the  pregnant  cat;  the  inhibiting  effect,  in 
the  virgin  cat  and  after  augmentor  fibers  are  paralyzed  by  ergotoxine.  Only  the  aug- 
menting action  is  seen  in  excised  organs  of  all  species. 

Increased  secretion  of  milk  has  repeatedly  been  claimed  and  as  often  denied.  It  is 
probable  that  full  doses  bring  about  a  slight  increase  in  volume  but  not  in  fat  content, 
and  that  the  effect  is  of  no  practical  importance. 

Urinary  System. — There  is  no  direct  effect  on  urinary  excretion,  but  the  volume  may 
be  diminished  by  the  loss  of  water  in  the  sweat,  or  urine  may  be  discharged  irregularly 
into  the  bladder  because  of  spasmodic  contractions  of  the  ureters.  Large,  repeated 
doses  cause  glycosuria,  and  this  may  lead  to  diuresis  (Waterman).  The  wall  of  the 
bladder  contracts  rhythmically,  and  tenesmus,  or  frequent  urination,  may  result.  The 
muscle  of  the  wall  of  the  ureter  contracts  both  in  situ  and  in  vitro. 

Skin.— Apart  from  the  salivation,  the  most  striking  effect  of  pilocarpine  is  the 
increase  in  perspiration  which  it  induces.  In  man,  2  to  3  mgm.  (gr.  1/32  to  1/20)  causes 
strong  sweating,  lasting  two  or  three  hours,  and  resulting  in  the  escape  of  a  large  amount 
of  water  from  the  body.  It  is  said  that  as  much  as  a  gallon  may  be  secreted  after  a 
single  dose  if  the  person  is  kept  warm.  The  vessels  of  the  skin,  especially  those  of  the 
head  and  neck  are  dilated  during  the  time  of  increased  secretion,  and  probably  as  a  result 
of  this.  The  mechanism  has  been  studied  in  the  cat,  the  pads  of  the  paws  being  readily 
observed.  In  the  kitten  0.5  mgm.  (gr.  1/30)  causes  free  sweating.  It  has  been  shown 
that  the  effect  is  not  prevented  by  section  and  degeneration  of  the  sciatic  nerve,  although 
secretion  is  somewhat  less  on  the  denervated  side.  This  shows  that  the  action  is  per- 
ipheral, which  is  further  demonstrated  by  local  sweating  occurring  in  the  neighborhood 
of  a  subcutaneous  injection. 

If  0.5  gram  (gr.  7.5)  is  injected  subcutaneously  into  a  horse,  sweating  will  begin 
in  two  minutes  near  the  place  of  injection,  and  not  until  fifteen  minutes  later  elsewhere. 

The  removal  of  one  stellate  ganglion  in  the  cat,  destroying  the  sympathetic  supply 
of  one  foreleg  does  not  lessen  secretion  in  the  corresponding  paw,  showing  that  the  effect 
of  section  of  the  sciatic  in  lessening  secretion  is  indirect,  perhaps  trophic   (Burn). 

The  secretion  of  the  sebaceous  glands  is  also  notably  increased.  This  may  have 
some  effect  on  the  nutrition  of  the  hair,  there  being  considerable  evidence  to  show  that 
continued  use  of  pilocarpine  leads  to  more  rapid  growth  of  the  hair  and  to  its  becoming 
darker  in  color.  Whether  such  an  effect  can  be  aided  by  application  of  a  solution  to 
the  scalp,  as  is  commonly  done  in  hair  tonics,  is  at  best  problematical.  It  is  claimed  that 
the  growth  of  the  nails  is  hastened  as  well  as  that  of  the  hair,  and  if  this  is  true,  some 
explanation  other  than  influence  on  the  sebaceous  glands  must  be  called  into  account. 
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The  localization  of  spinal  lesions  may  be  aided  by  the  use  of  pilocarpine,  as  it  has 
been  shown  that  after  transverse  section  or  lesion  of  the  cord,  sweating  occurs  only,  or 
more  profusely,  above  the  point  of  section.  As  the  action  is  peripheral  this  must  depend 
on  some  inhibitory  phenomenon  operating  below  the  injury. 

The  mucus  secretion  of  the  frog  skin  is  increased  by  doses  of  1  to  5  mgm.  (gr.  1/65 
to  1/13).  Doses  of  10  mgm.  paralyze  the  skin  glands  and  check  the  secretion  for  several 
days. 

Nerve  System. — In  mammals,  pilocarpine  has  but  little  effect  on  the  higher  nerve 
centers.  Consciousness  is  not  affected.  The  medullary  centers  of  vasomotion  and  respira- 
tion are  depressed  by  large  doses,  especially  the  former.  The  secretion  of  cerebrospinal 
fluid  is  increased.  In  frogs,  doses  of  30  mgm.  (gr.  i/o)  cause  convulsions  like  those  of 
picrotoxin,  coming  on  several  hours  after  the  injection.  If  the  dose  is  larger,  these 
are  replaced  by  paralysis,  due  to  action  on  the  muscles. 

Direct  application  of  pilocarpine  to  the  brain  cortex  leads  to  brief  motor  excitement 
followed  by  depression  (Amantea)  and  this  reaction  may  be  related  to  the  observation  of 
Besta,  that  injured  portions  of  the  brain  are  excited  by  pilocarpine  given  systemically, 
and  that  the  character  of  the  stimulation  response  may  be  of  value  in  localizing  brain 
lesions. 

The  action  of  pilocarpine  on  the  eye  is  of  great  importance.  Pilocarpine  stimulates 
the  endings  of  the  oculomotor  nerve,  reducing  the  size  of  the  pupil  to  a  pinpoint  and 
contracting  the  ciliary  muscle  so  that  only  objects  held  close  to  the  eye  can  be  seen. 
The  near  accommodation  is  greater  than  normal,  but  objects  only  a  few  feet  away 
cannot  be  focussed  on.  The  effect  on  accommodation  is  brought  about  by  smaller  doses 
than  that  on  the  pupil.  Intraocular  pressure  is  raised  briefly  and  then  lowered  markedly 
and  for  a  long  time.  Pilocarpine  also  stimulates  the  endings  of  the  sympathetic,  causing, 
in  the  cat,  withdrawal  of  the  nictitating  membrane  and  wideniug  of  the  lid  aperture. 
In  the  rat  the  sympathetic  stimulation  predominates,  leading  to  mydriasis  (Waddell). 
Application  of  a  small  amount  of  solution  to  the  superior  cervical  ganglion  causes  dilata- 
tion of  the  pupil,  soon  overcome  by  the  effect  of  the  absorbed  alkaloid.  After  degenera- 
tion of  the  oculomotor  (ciliary  nerve)  endings,  pilocarpine  still  causes  contraction  of  the 
pupil,  indicating  that  it  acts  on  the  receptive  substance  and  not  on  the  nerve  ending. 
Physostigmine  loses  its  effect  under  these  conditions.  Atropine  prevents  the  miotic 
effect  of  pilocarpine  but  not  that  of  physostigmine,  so  that  a  paradox  arises  which  still 
waits  for  a  satisfactory  explanation. 

The  secretion  of  tears  is  markedly  increased  by  local  or  systemic  use  of  pilocarpine. 
This  increase  of  secretion  may  be  associated  with  a  drawing  sensation  which  is  quite 
disagreeable.  The  secretion  of  ear  wax  is  said  to  be  increased.  The  effects  on  other 
portions  of  the  autonomic  system  have  already  been  discussed. 

In  recent  years  an  attempt  has  been  made  to  divide  those  cases  which  were  described 
under  the  name  of  "vasomotor  instability,"  into  two  groups,  those  in  which  the  true 
sympathetic  showed  a  heightened  tonus  "sympathicotonia,"  and  those  in  which  the  para- 
sympathetic system  showed  increased  tonus,  "vagotonia."  These  two  classes  of  indi- 
viduals are  said  to  be  distinguished  by  their  reactions  to  epinephrine,  atropine  and 
pilocarpine.  The  former  show  excessive  response  to  epinephrine  and  slight  to  atropine 
and  pilocarpine;    the  latter  excessive  response  to  pilocarpine  and  slight  to  epinephrine. 

To  test  the  nerve  system  in  this  respect  10  mgm.  (gr.  %)  of  pilocarpine  is  injected 
subcutaneously,  or  7.5  mgm.  (gr.  %)  intravenously.  A  normal  individual  responds  with 
flushing  of  the  face,  sweating  and  salivation.  If  there  is  vagotonia,  these  symptoms 
are  especially  marked  and  are  accompanied  by  dizziness,  palpitation,  increased  intestinal 
peristalsis  and  spasm  of  the  ciliary  muscle.  The  pulse  becomes  slightly  faster  in  normal 
Individuals  (in  contrast  to  animal  experiment)  and  in  subjects  of  vagotonia  this  accelera- 
tion reaches  15  to  20  beats  a  minute.  If  the  secretion  of  saliva  during  the  first  hour 
exceeds  75  cc.  (2.5  ounces)  vagotonia  is  indicated.  As  regards  sweating,  it  is  probable 
that  this  may  normally  be  caused  by  either  sympathetic  or  parasympathetic  stimulation. 
The  former  leads  to  the  "cold  sweat"  of  fear  and  epinephrine;  the  latter  to  the  sweating 
with  flushing  of  heat  and  pilocarpine.  The  secretion  of  tears  and  of  nasal  mucus  may  be 
increased  in  vagotonia,  and  nausea  or  vesical  tenesmus  may  occur.  These  symptoms  do 
not  follow  such  small  doses  in  normal  persons. 

Therapeutics:  Topical. — Pilocarpine  is  employed  in  ocular  therapeutics  to  meet 
the  same  indications  as  eserine,   than  which  it   is  much  less   irritating,   and   there- 
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fore  to  be  preferred,  -when  used  continuously  for  a  long  period.  The  instillation  of 
2  drops  of  a  0.5  to  1  percent,  solution  will  cause  miosis  and  spasm  of  accommodation 
at  the  near  point  in  15  to  20  minutes,  the  former  lasting-  18  to  24  hours,  the  latter 
disappearing  in  from  2  to  3  hours.  The  intraocular  tension  is  first  increased  and  then 
reduced.  It  is  only  half  as  active  as  physostigmine,  and  for  alternate  use,  solutions 
of  twice  the  strength  must  be  employed.  Apart  from  this  difference  the  manner  of 
use  is  identical  and  the  reader  is  referred  to  physostigmine  for  the  discussion.  In 
prolonged  use  it  is  well  to  alternate  the  two  agents. 

Pilocarpine  is  thought  to  promote  the  growth  of  hair  and  cure  seborrhea,  and 
is  often  added  to  hair  tonics  to  increase  the  effect  of  the  rosemary,  resorcinol,  quinine, 
or  whatever  other  stimulant  is  employed.  It  has  been  said  to  act  with  greater  cer- 
tainty when  injected  into  the  scalp  in  daily  doses  of  Vg  to  Vs  grain  (0.01  to  0.02  Gm.) 
of  the  nitrate. 

Systemic. — Jaborandi  is  a  powerful  sialagogue  but  must  be  used  with  caution  as 
some  of  its  other  effects  may  be  very  undesirable.  Because  of  its  action  in  increasing 
the  salivary  secretion,  it  has  been  employed,  but  with  little  success,  in  the  treatment 
of  mumps. 

The  increase  of  biliary  mucus  which  the  drug  causes,  has  led  to  its  therapeutic 
use  in  catarrhal  jaundice,  and  the  same  consideration  has  suggested  its  employment 
to  relieve  gallstone  colic,  by  washing  the  calculus  out  into  the  intestine. 

In  asthma  and  hiccup,  one  or  two  doses  of  1/10  grain  (0.006  Gm.)  of  the  hydro- 
chloride or  nitrate  of  pilocarpine  will  often  afford  temporary  relief.  In  edema  of  the 
glottis  occurring  in  measles  and  other  affections,  a  hypodermic  injection  of  %  grain 
(0.012  Gm.)  renders  excellent  service  (Arrigoni). 

In  dry  cough,  the  fluidextract  of  pilocarpus  in  15  to  20  minim  (1  to  1.3  cc.)  doses, 
three  or  fovir  times  a  day,  often  gives  great  relief  by  inducing  an  outpour  of  bronchial 
mucus.  The  same  action  may  be  utilized  to  loosen  the  false  membrane  in  croup  and 
facilitate  its  discharge. 

Pilocarpine  has  been  widely  employed  in  the  treatment  of  opium  addiction,  as 
an  alternative  to  physostigmine.  The  opium  or  morphine  is  withdrawn  at  once  and 
the  patient's  sufferings  are  quieted  by  large  doses  of  scopolamine  (hyoscine),  repeated 
with  sufficient  frequency  to  induce  a  toxic  state  for  forty -eight  hours;  then  the  second 
drug  is  discontinued  and  the  patient  is  treated  with  pilocarpine  in  1/10  grain 
(0.006  Gm.)  doses  until  all  the  symptoms  of  hyoscine  poisoning  have  disappeared. 

Because  of  the  antagonism  between  the  two  drugs  in  certain  directions,  pilo- 
carpine has  been  employed  in  the  treatment  of  atropine  poisoning :  Cushiiy  says 
this  method  is  not  justified  by  the  results;  Sollmann  says  pilocarpine  is  of  service 
when  the  poisoning  is  of  slight  degree,  but  that  pilocarpine  is  ineffectual  in  over- 
coming the  toxic  action  of  large  doses  of  atropine. 

Many  writers  caution  against  the  use  of  jaborandi  or  pilocarpine  in  pregnant 
women,  and  although  the  drug  is  of  little  service  and  unreliable  as  an  oxytoxic,  it  is 
well  to  heed  the  warning. 

Jaborandi  or  pilocarpine  promotes  the  absorption  of  recent  fluid  and  fibrinous 
exudates  in  the  tympanum,  and  in  the  eye  following  iritis  and  choroiditis,  but  pleural 
exudates  and  effusions  of  long  standing  are  little  if  at  all  aft'ected  by  safe  doses.  It 
should  be  given  in  small  daily  doses,  15  minims  (1  cc.)  of  the  fluidextract  of  pilo- 
carpus, or  1/20  grain  (0.003  Gm.)  of  pilocarpine  nitrate.  The  careful  use  of  pilo- 
carpine often  assists  and  accelerates  the  action  of  mercury  and  the  iodides  given 
for  the  removal  of  exudates. 

After  concussion  of  the  eye,  in  order  to  prevent  detachment  of  the  retina,  the 
patient  should  be  kept  in  bed  with  the  eye  tightly  bandaged  for  a  week,  and  pile- 
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carpine  sliould  be  given  in  small  dose,  repeated  with  sufficient  frequency  to  maintain 
moderate  diaphoresis  (H.  Gifford). 

Amblyopia  from  the  abuse  of  tobacco  and  alcohol  is  benefited,  at  least  its  further 
progress  is  arrested,  by  15  minim  (1  cc.)  doses  of  the  fluidextract  of  jaborandi,  the 
toxic  indulgence  being  of  course  abandoned. 

Atrophic  choroiditis  and  vitreous  hemorrhages  are  well  treated  by  1/10  grain 
(0.006  Gm.)   doses  of  pilocarpine  salicylate  once  or  twice  a  day. 

In  nerve  deafness,  iinnitiis,  and  tympanic  dropsy,  pilocarpine  may  be  of  great 
service  when  given  in  an  initial  dose  of  1/100  grain  (0.0006  Gm.)  twice  daily,  gradu- 
ally increased  to  1/50,  1/25,  or  even  1/12  grain  (0.0012,  0.0025,  0.005  Gm.). 

Pilocarpine  finds  its  chief  extraocular  employment  as  a  diaphoretic  in  nephritis, 
to  reduce  the  dropsy,  which  it  usually  does  with  promptness.  In  such  cases,  it  is  best 
given  hypodermically  in  dose  of  %  grain  (0.012  Gm.)  in  the  evening,  the  diaphoretic 
action  being  aided  by  the  application  of  external  heat  to  bring  the  blood  to  the  surface. 
This  last  should  never  be  neglected,  otherwise  there  is  great  danger  of  pulmonary 
edema,  which  with  the  abundant  bronchorrhea  occurring  simultaneously,  may  be 
fatal,  the  patient  drowning  in  his  own  excretions.  It  is  inadvisable  to  employ  pilo- 
carpine for  the  relief  of  cardiac  dropsy,  because  of  the  depressant  action  of  the 
drug  on  the  heart;  diuretics  and  saline  cathartics  are  safer. 

In  uremic  convulsions,  and  especially  in  puerperal  eclampsia,  and  in  the  acute 
uremic  convulsions  of  scarlet  fever,  pilocarpine  is  regarded  by  many  as  one  of  the 
most  reliable  of  remedies,  promoting  diuresis  as  well  as  diaphoresis,  and  accelerat- 
ing the  excretion  of  the  eclamptogenous  poison.  In  conjunction  with  full  doses,  i/^  to 
%  grain  (0.01  to  0.015  Gm.)  hypodermically,  heat  must  be  applied  externally  in  order 
to  bring  the  blood  to  the  surface,  thus  increasing  the  diaphoresis  and  averting  the 
possibility  of  pulmonary  edema. 

High  hlood-pressure  occurring  in  chronic  interstitial  nephritis  is  often  sufficiently 
reduced  for  safety  by  moderate  doses,  10  minims  (0.6  cc.)  of  the  fluidextract  of 
jaborandi,  or  1/20  grain  (0.003  Gm.)  of  pilocarpine  hydrochloride  twice  a  day. 

Measures  similar  to  those  above  noted  are  sometimes  employed  satisfactorily  to 
promote  the  elimination  of  toxic  substances  in  gout,  rheumatism,  uremia,  etc. 

Pruritus  not  dependent  upon  any  definite  lesion,  especially  the  pruritus  of 
catarrhal  jaundice,  is  often  promptly  relieved  by  slightly  diaphoretic  doses  of  pilo- 
carpine nitrate,  1/10  grain  (0.006  Gm.)  by  mouth  or  subcutaneously,  repeated  as 
necessary. 

In  some  scaly  dermatoses,  such  as  lichen  ruber,  pilocarpine  hydrochloride  or 
nitrate,  in  small  dose,  1/10  grain  (0.006  Gm.)  or  less,  just  sufficient  to  keep  the 
skin  moist,  sometimes  renders  excellent  service,  but  in  some  other  furfuraceous  skin 
affections,  such  as  psoriasis,  it  is  without  effect.  Very  small  doses  of  pilocarpine, 
1/100  to  1/50  grain  (0.0006  to  0.0012  Gm.),  given  in  the  late  afternoon  or  early 
evening,  sometimes  act  well  in  moderating  the  night  sweats  of  phthisis,  and  do 
not  cause  the  annoying  dryness  of  skin  and  throat  liable  to  follow  the  administra- 
tion of  atropine  for  this  purpose.  In  chronic  dermatitis  with  infiltration,  moderate 
doses  (1/20  gr.)  of  pilocarpine  nitrate  or  hydrochloride  given  by  mouth  twice  a  day 
for  several  weeks  will  often  produce  very  satisfactory  results. 

Pilocarpine  is  one  of  the  few  drugs  in  which  the  minute  dose  may  be  used  with 
considerable  confidence  to  overcome  symptoms  resembling  those  produced  by  large 
ones;  on  the  principle  of  oppositional  stimulation  discussed  elsewhere.  This  action  is 
particularly  valuable  in  conditions  in  which  atropine  is  symptomatically  indicated  but 
fails  to  control  the  disturbance — and  chiefly  in  the  subjects  of  autonomic  imbalance, 
who  may  suffer  with  obstinate  and  recurrent  erythema,  sweating,  salivation  or  running 
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of  the  nose — even  in  hay  fever.  It  is  less  frequently  useful  in  vasomotor  diarrhea,  in 
hyperchlorhydria  or  in  polyuria,  but  sometimes. aids  in  controlling  these  also,  and  occa- 
sionally helps  in  urticaria.  The  dose  is  about  1/1000  grain  (0.07  mgm.)  hourly,  and 
pills  or  tablets  offer  the  most  convenient  method  of  taking  the  drug.  With  this  minute 
dose,  the  primary  stimulation  of  secretion  is  overcome  by  the  reaction  of  the  organism 
(secondary  effect,  stimulation  by  opposition).  We  have  repeatedly  observed  this 
expedient  to  succeed  after  the  attempt  at  direct  control  of  the  symptoms  by  the  primary 
action  of  atropine  had  failed,  and  we  now  prefer  to  prescribe  pilocarpine  first,  and  only 
■when  this  proves  ineffective  to  resort  to  atropine.  The  latter  must  then  bo  used  in 
decided  doses,  1/120  to  1/60  grain  (0.5  to  1  mgm.)  every  3  or  4  hours. 

Poisonous  Mushrooms 

Many  of  the  common  mushrooms,  both  of  this  country  and  of  Europe,  are  known 
to  be  dangerous  to  man  when  eaten,  and  the  number  of  annual  cases  of  accidental 
poisoning  is  fairly  large.  The  species  which  have  given  rise  to  the  greatest  number 
of  accidents,  and  which  have  been  most  carefully  studied,  are  the  following:  Amanita 
phalloides  (white  agaric,  deadly  amanita),  which  is  common  throughout  the  tem- 
perate regions  of  the  northern  hemisphere,  and  is  the  most  frequent  source  of  poison- 
ing; Amanita  muscaria  (yellow  agaric,  fly  agaric),  common  throughout  Europe  and 
fairly  so  in  this  country;  Amanita  pantherina,  widely  distributed  in  North  America, 
Europe,  and  Japan,  but  less  common. 

Chemistry. — Many  substances  have  been  described  as  constituents  of  the  poison- 
ous mushrooms,  but  the  presence  of  only  a  few  is  well  established.  The  only  one 
chemically  identified  is  an  ammonia  derivative,  related  to  the  alkaloids,  which  is 
the  active  poisonous  constituent  of  A.  muscaria,  and  is  known  as  muscarine.  This 
has  the  constitution  C,H,,NO,(OH  — N=  (CH,)  —  CH  — CH-(OH),).  It  occurs  in 
a  few  other  poisonous  mushrooms,  including  A.  pantherina,  Russula  emetica.  Boletus 
luridus  and  B.  satanus. 

Choline,  (CH3),N(0TI)CHj,  has  been  repeatedly  described  as  a  constituent  of 
each  of  the  species  named,  but  its  presence  is  denied  by  Ford.  It  resembles  muscarine 
in  action  and  might  account  for  part  of  the  symptoms  of  poisoning. 

Muscaridine  (pilzatropine)  and  pseudomuscarine,  both  alkaloidal  in  nature,  have 
been  described  as  constituents  of  fly  agaric. 

Amanita  phalloides  contains  at  least  two  poisonous  bodies,  a  hemolysin,  which 
is  destroyed  by  heat  and  digestion,  and  consequently  takes  no  part  in  poisoning  in 
man;  and  a  toxin,  Amanita  toxin,  which  contains  nitrogen  and  sulphur,  but  whose 
chemical  nature  is  not  known.  This  resists  heat  and  digestion  and  is  probably  the 
chief  agent   in  human  poisoning. 

Summary  of  Actions  and  Uses. — The  poisonous  mushrooms  or  fungi  show  one  of 
three  types  of  action:  (1)  Convulsive  effects  on  the  nerve  centers,  due  to  muscarine 
{Aytianita  muscaria,  A.  pantherina,  Russula  emctica)  ;  (2)  degenerative  changes  in  the 
internal  organs  (liver,  kidneys,  spleen)  and  muscles  (Amanita  phalloides,  A.  verna,  A. 
virosa,  A.  spreta,  etc.);  (3)  gastroenteric  disturbance  {Lactarius  torminosus,  CUtocybe 
illudens,  etc.). 

None  of  these  bodies  are  used  in  therapeutics,  and  their  interest  is  solely  toxicologic. 
Our  description  will  be  Timited  to  Amanita  muscaria  and  muscarine,  Amanita  phalloides 
and  its  toxin,  and  choline.  Amanita  muscaria  is  used  for  the  destruction  of  flies,  but 
the  substance  responsible  for  this  action  is  destroyed  by  drying  and  is  not  concerned  in 
the  poisoning  of  other  animals. 

Pharmacodynamic  Action. — There  are  two  varieties  of  muscarine  which  are  closely 
related,  both  chemically  and  physiologically,  the  natural  base,  called  "fly  muscarine"  or 
agaric  muscarine;  and  a  base  made  from  choline  and  termed  choline  muscarine."    The 
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natural  base  acts  more  strongly  on  the  autonomic  system,  the  artificial  on  the  skeletal 
muscles. 

Absorption  and  Elimination. — Muscarine  is  rapidly  absorbed  from  the  digestive  tract 
and  other  mucosae,  and  when  injected  subcutaneously.  It  is  excreted  largely  unchanged 
in  the  urine  of  frogs,  turtles  and  mammals,  and  in  larger  proportion  when  injected  than 
when  swallowed. 

Toxicity. — Poisoning  by  A.  muscaria  is  characterized  by  mydriasis,  maniacal  de- 
lirium, muscular  twitching  passing  into  violent  convulsions.  The  pulse  is  slow  and 
there  are  violent  abdominal  cramps  associated  with  vomiting  and  diarrhea.  Small 
amounts,  perhaps  more  thoroughly  cooked  than  is  usual  in  domestic  practice,  are  used 
in  Russia  as  an  intoxicant,  producing  excitement  followed  by  heavy  narcosis,  like  that 
from  large  amounts  of  alcohol. 

Treatment  consists  in  evacuation  of  the  stomach  and  bowels,  free  administration  of 
atropine,  and  symptomatic  measures. 

In  some  instances,  the  digestive  symptoms  have  been  extremely  severe,  resembling 
those  from  acute  phosphorus  poisoning,  and  with  similar  postmortem  findings.  In  other 
cases,  there  have  been  chiefly  nervous  symptoms,  maniacal  attacks  alternating  with 
depression,  and  violent  convulsions,  the  pupil  being  widely  dilated.  Such  cases  are  bene- 
fited by  morphine  and  by  stimulation  with  ammonia,  coffee  and  strychnine.  Atropine 
is  of  no  value  (Robert).    These  symptoms  do  not  depend  on  muscarine. 

The  symptoms  of  experimental  poisoning  with  muscarine  are  much  like  those  from 
pilocarpine.  There  is  salivation,  sweating,  lacrymation,  abdominal  cramps  and  tenesmus, 
with  nausea,  vomiting  and  diarrhea,  miosis,  and  ciliary  spasm.  The  pulse  is  irregular, 
usually  slow,  the  respiration  dyspneic  with  indications  of  bronchoconstriction  and  exces- 
sive secretion  of  bronchial  mucus.  There  is  giddiness,  largely  due  to  circulatory  dis- 
turbance, and  muscular  twitching  which  may  be  quite  severe.  In  general,  muscarine  acts 
more  on  the  muscles  and  less  on  secretory  glands  than  pilocarpine. 

Fatal  Dose. — In  frogs  (R.  esculenta)  0.0001  mgm.  per  gram  of  agaric  muscarine 
causes  stoppage  of  the  heart,  fatal  unless  relieved  by  use  of  atropine.  Of  choline 
muscarine  twelve  times  as  much  is  required.  Other  species  of  frogs  are  less  susceptible. 
Rabbits  are  killed  by  hypodermic  injection  of  a  little  more  than  10  mgm.  per  kilo  of 
agaric  muscarine,  or  50  mgm.  of  choline  muscarine.  Dogs  die  after  about  half  of  this 
quantity  and  cats  after  a  third.  The  fatal  dose  by  vein  is  about  two-thirds  of  that  by 
hypodermic  injection  and  that  by  mouth  seven  to  ten  times  as  large. 

Lower  plants  and  animals  are  not  susceptible.  Algse  are  not  injured  by  0.02  percent., 
while  leeches,  marine  worms,  and  water  insects  show  spasmodic  contractions  of  the  body 
muscles  like  those  caused  by  nicotine,  but  no  effect  on  the  heart.  Turtles  are  not  killed 
by  20  mgm.,  there  being  muscular  stiffness,  but  little  effect  on  the  heart. 

The  toxic  dose  also  varies  markedly  in  different  species.  In  man,  1  to  3  mgm. 
(gr.  1/65  to  1/20)  causes  rush  of  blood  to  the  head,  giddiness,  redness  of  the  face,  painful 
abdominal  cramps,  rapid  pulse,  salivation,  and  lacrymation.  In  cats  there  are  similar 
symptoms  from  the  same  dose  with  small  pupil,  vomiting  and  diarrhea,  involuntary  urina- 
tion, and  later  muscular  weakness  and  death  from  respiratory  failure.  Autopsy  shows 
hemorrhages  in  the  wall  of  the  bowel,  and  firmly  contracted  bladder  and  spleen. 

Systemic  Action. — The  systemic  action  is  almost  identical  with  that  of  pilocarpine 
and  only  the  action  on  the  circulatory  system  need  be  described  in  detail.  This  has 
received  a  great  deal  of  attention  because  of  the  physiologic  importance  of  the  opposed 
action  of  atropine  and  muscarine  on  the  heart. 

In  the  intact  animal,  muscarine  causes  a  fall  of  blood  pressure,  largely  dependent  on 
vagus  slowing  of  the  heart,  and  prevented  by  atropine.  The  blood  vessels  contract  under 
its  influence,  with  the  exception  of  those  of  the  brain,  lung  and  heart,  the  nerve  control 
of  which  is  peculiar.  The  vessels  of  the  skin  of  the  head  and  ear  of  the  rabbit  may 
dilate  while  the  mesenteric  vessels  contract.  Isolated  strips  and  perfused  vessels  show 
constriction  even  from  very  dilute  solutions. 

The  hearts  of  invertebrates  and  embryonal  hearts  are  stopped  in  diastole  by  a 
direct  action  on  the  muscle.  In  the  frog  and  mammal  this  depressing  effect  on  the 
muscle  is  associated  with  a  stimulation  of  the  inhibitory  vagus  endings.  The  heart  of 
the  frog  in  situ  becomes  slow  and  weak,  the  refractory  period  is  shortened  and  conduc- 
tion delayed.  Excitability  is  lessened.  The  heart  finally  stops  in  diastole,  and  when 
mechanically  stimulated  gives  a  single,  fairly  strong,  beat.  Application  of  atropine 
promptly  restores  normal  rhythm  and  force;  camphor  does  the  same,  but  less  effectively. 
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Doses  of  muscarine  too  small  to  produce  any  visible  effect  increase  the  effect  of  vagus 
stimulation  and  of  muscle  poisons  such  as  potassium  and  copper. 

Stiihr  has  succeeded  in  transplanting  the  hearts  of  young  amphibia  and  has  shown 
that  muscarine  has  no  effect  on  such  transplanted  hearts. 

Choline  muscarine  paralyzes  the  endings  of  voluntary  muscle.  A  50  gram  frog  is 
completely  paralyzed  by  an  injection  of  0.1  to  0.3  mgm.  (gr.  1/600  to  1/200),  showing 
that  it  is  only  one-fifth  as  strong  as  curarlne.  Isolated  frog  muscle  placed  in  a  dilute 
solution  soon  loses  its  indirect  irritability.  If  stimulated  directly  at  this  time,  the 
muscle  goes  into  a  state  of  permanent  contraction.  This  effect  is  prevented  by  atropine, 
which  apparently  interferes  with  the  entrance  of  muscarine  into  the  muscle  cells.  Later 
there  is  also  paralysis  of  the  muscle  and  it  does  not  respond  to  direct  stimuli.  This 
action  is  not  shown  by  the  natural  base. 

The  pupil  is  strongly  contracted  by  both  forms  of  muscarine,  cats  showing  maximal 
miosis  from  a  subcutaneous  injection  of  1  mgm.  per  kilo.  Other  animals  require  larger 
doses  and  it  is  less  effective  by  instillation.  The  ciliary  stimulation  is  more  marked 
than  the  miosis,  and  in  man  instillation  of  0.03  percent,  solution  causes  ciliary  cramp 
■with  no  change  in  the  pupil.  With  proper  adjustment  of  atropine,  the  pupil  can  be 
dilated  and  the  ciliary  muscle  contracted.  The  bird  iris,  which  contains  striped  muscle, 
contracts  after  choline  muscarine,  but  not  from  the'  natural  substance. 

Choline. — Choline  is  closely  related  chemically,  and  in  its  physiologic  action,  to 
muscarine,  and  has  been  described  as  an  important  constituent  of  several  of  the  poisonous 
mushrooms.  Although  doubt  has  recently  been  cast  on  its  occurrence,  it  will  be  con- 
venient to  describe  it  in  this  connection.  It  was  first  isolated  from  mustard  seed  under 
the  name  of  "sinkaline,"  but  since  has  been  found  in  various  animal  and  vegetable  tis- 
sues, including  the  yolk  of  certain  eggs,  various  seeds,  ergot,  the  bowel  wall  and  the 
cerebrospinal  fluid  in  certain  diseases  of  the  central  nerve  system.  It  is  claimed  that 
x-rays  destroy  lecithin  with  the  formation  of  choline,  and  that  some  of  the  effects  of 
radiation  are  due  to  its  action.  This  is  probably  not  the  case.  Commercial  choline 
always  contains  potassium  chloride,  and  is  usually  strongly  alkaline.  Many  of  the 
effects,  both  topical  and  on  isolated  organs  and  tissues,  depend  on  such  impurities. 

Absorption  and  Elimination.— 'Ea.vly  studies  indicated  the  excretion  of  choline  un- 
changed in  the  urine.  Studies  with  more  exact  methods  have  shown  that  this  is 
erroneous.  When  injected  intravenously,  it  disappears  rapidly  from  the  blood  and  is 
stored  in  the  tissues,  chiefly  in  the  skin,  which  takes  up  half  of  that  injected.  It  may 
be  detoxicated  by  the  adrenals,  as  animals  are  more  susceptible  after  adrenalectomy, 
or  may  be  combined  with  urea  to  form  creatine  (Rlsser). 

Toxic  and  Systemic  Action. — The  action  closely  resembles  that  of  choline  muscarine. 
In  frogs,  100  to  250  mgm.  cause  ataxia,  apnea,  and  paralysis  with  muscular  fibrillation. 
Smaller  doses  stop  the  heart  in  diastole.  Mammals  show  symptoms  like  those  from 
muscarine.  The  heart  is  slowed  by  a  dose  of  0.1  mgm.  per  kilo  in  the  rabbit  or  0.02 
mgm.  in  the  cat.  This  leads  to  a  fall  in  blood-pressure  which  is  replaced  by  a  rise  if 
the  heart  is  protected  by  atropine,  as  the  arterioles  are  constricted.  The  skeletal  muscle 
shows  the  contracture  described  under  muscarine,  but  less  curare  action.  The  pupil  may 
be  dilated  or  constricted.  The  fatal  dose  subcutaneously  in  grams  per  kilo  is  as  fol- 
lows: Frog,  2;  mouse,  0.7;  rabbit,  0.5;  cat,  0.1  to  0.4.  About  one-fifth  as  much  is  fatal 
by  vein.  Choline  added  to  water  containing  young  tadpoles  delays  their  growth,  as  little 
as  1:  25,000  reducing  it  to  less  than  half  the  normal  rate  (Farkas  and  Tangl). 

Amanita  Phalloides. — The  chemistry  of  tliis  species  is  not  clear,  but  Ford  has 
shown  the  presence  of  two  bodies :  one  a  glucoside,  which  acts  as  a  hemolysin  but 
takes  no  part  in  accidental  poisoning;  the  other  a  substance  which  resists  drying, 
heat  and  the  digestive  ferments,  and  which  lie  terms  "amanita  toxin."  It  probably 
accounts  for  most  of  the  toxicity  of  those  species  in  which  it  occurs. 

Symptoms  do  not  set  in  until  six  to  fifteen  hours  after  ingestion.  They  begin 
with  sudden,  extremely  severe,  abdominal  pain,  accompanied  by  vomiting  and  diarrhea. 
The  vomitus  and  stools  may  contain  blood.  The  symptoms  are  paroxysmal,  with 
periods  of  remission.  There  is  rapid  loss  of  strength  and  emaciation,  with  hippocratic 
facies.  Within  two  or  three  days,  coma  comes  on,  followed  often  by  death.  The 
urine  is  saffron  color  at  first,  but  becomes  purple  as  the  poisoning  advances.     The 
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extract  obtained  by  boiling,  representing  1  gram.  (gr.  15)  of  the  dried  fungus,  will, 
if  injected  subcutaneously,  kill  a  large  guinea-pig  or  a  half-grown  rabbit  in  a  few 
hours.  Of  the  purified  amanita  toxin,  0.4  mgm,  (gr.  1/160)  will  kill  a  guinea-pig 
within  a  day.  A  child  died  after  eating  a  third  of  the  top  of  a  small  plant.  Post- 
mortem examination  shows  widespread  fatty  degeneration  of  the  viscera  and  con- 
gestion of  the  gastroenteric  tract.  Petechial  hemorrhages  in  the  skin  of  the  face  have 
been  reported.  Uremia  from  impairment  of  kidney  function,  due  to  fatty  and  necrotic 
lesions,  may  account  for  part  of  the  symptoms. 

Nicotine  Group 
Lobelia 

Lobelia,  the  leaves  and  tops  of  L.  inflata,  is  one  of  those  drugs  which  have 
been  at  times  praised  extravagantly,  at  others  almost  entirely  neglected.  It  was  used 
for  smoking,  in  place  of  or  mixed  with  tobacco,  by  the  American  Indians,  but  was 
probably  not  employed  medicinally  by  them.  They  however  used  the  root  of  the 
related  L.  syphilitica  as  an  expectorant  and  emetic,  and  the  two  plants  were  con- 
fused by  Schoepf  (178Y).  The  first  recognition  of  the  real  medicinal  virtues  of 
lobelia  we  owe  to  Cutler,  who  in  1813  wrote  of  its  use  in  asthma  and  similar  condi- 
tions. Soon  after,  it  was  recommended  for  all  respiratory  disorders,  even  diphtheria, 
by  Thompson,  one  of  the  founders  of  the  Eclectic  school,  by  whose  members  it  is  still 
much  employed. 

Chemistry. — Lobelia  has  been  shown,  by  the  brilliant  studies  of  Wieland,  to  con- 
tain 5  alkaloids,  which  resemble  one  another  somewhat  in  action  and  in  composition. 
These  alkaloids  are  lobeline,  CjjH^.ISrO^;  lobelidine,  C^oH^^NO^;  lobelanidine,  C^jHj^ISrOj, 
lobelanine  and  isolobelanine,  C^jH^^NO^.  The  average  leaf  contains  0.6  to  0.8  percent, 
of  lobeline  and  lesser  quantities  of  the  other  alkaloids.  Lobeline  appears  to  have  the 
following  structure : 

CH,       CO 

/\y\ 

H.C— CH       CH       C(H)C<,H5 

HjC  CH       CHa 

CHa     NCH, 
Lobeline 

It  occurs  as  long  shining  needles;  melting  at  130°  to  131°C.  It  forms  salts  of 
which  the  hydrochloride,  which  also  forms  needles  melting  at  182°C.  is  most  readily 
purified. 

Summary  of  Actions  and  Uses. — Lobeline  resembles  nicotine  closely  in  its  effects  on 
the  medullary  centers  and  on  the  autonomic  system,  but  has  little  or  no  stimulating 
action  on  the  motor  brain  and  cord.  No  tremors  result  from  large  doses,  and  no  con- 
vulsions, unless  these  are  asphyctic.  Like  nicotine  it  stimulates  and  then  paralyzes  the 
respiratory  center  and  all  autonomic  ganglia. 

Pure  lobeline  has  the  stimulating  action  on  the  respiratory  center,  but  does  not  cause 
vomiting,  even  in  large  dose.  In  frogs  it  causes  rapid  respiration,  and  in  large  dose, 
weakness  associated  with  clonic  convulsions. 

Lobelia  has  been  used  both  by  mouth  and  as  cigarettes,  in  the  treatment  of 
asthma,  croup  and  other  spasmodic  conditions  involving  the  respiratory  tract.  It  has 
also  been  employed  in  all  states  associated  with  depression  of  the  respiratory  center, 
such  as  respiratory  failure  during  anesthesia,  carbon  monoxide  poisoning,  acute  mor- 
phine poisoning,  and  even  asphyxia  neonatorum. 

Pure  lobeline  has  acquired  great  importance  as  a  respiratory  stimulant,  as  its  use 
obviates  the  nausea,  which  is  the  chief  disadvantage  of  the  crude  drug. 
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Materia  Medica. — Lobelia  (U.S.  X.),  Lobelia.  Ahbr.,  Lobel.  Synonym:  Indian 
Tobacco. 

The  dried  leaves  and  flowering  tops  of  Lobelia  inflata  Linne  (Fam.  Lobeliacece). 
The  odor  is  slight,  but  irritating;  taste  markedly  acrid  and  tobacco-like. 

Antagotiists  and  Incompatibles. — Alkalis  are  chemically  incumpatible.  Digitalis, 
belladonna,  ergot,  alcohol,  ether,  ammonia  and  strychnine  are  physiological  antagonists. 

Synergists. — Tobacco  and  all  the  motor  depressants  are  synergistic. 

Dose,  1  to  4  grains  (COG  to  0.25  Gm.). 

Fluidextractl M  LouEL.E  (U.S.  IX.),  Fluidextract  of  Lobelia.  Abbr.,  Fldext. 
Lobel. 

One  cc.  corresponds  to  1  Gm.     Contains  47  percent,  alcohol. 

Dose,  1  to  5  minims  (0.06  to  0.3  cc). 

TixcTUKA  LoHix.E  (U.S.  X.),  Tincture  of  Lobelia.     Abbr.,  Tr.  Lobel. 

Ten  cc.  corresponds  to  1  Gm.     Contains  47  percent,  alcohol. 

Dose,  15  to  30  minims  (1  to  2  cc). 

TiNCTURA  LoBELiiE  J£therea  (Br.),  Ethereal  Tincture  of  Lobelia.  Abbr.,  Tr. 
Lobel.  ^th. 

Five  cc  corresponds  to  1  Gm.     Contains  33  percent,  ether  and  ()7  percent,  alcohol. 

Dose,  5  to  15  minims  (0.3  to  1  cc). 

LoBELiN^  Sulphas  (unofficial),  Lobeline  Sulphate.    Abbr.,  Lobel.  Sulph. 

The  salt  of  an  alkaloid  obtained  from  the  seeds  of  Lobelia  injlataj  occurs  in 
yellow  deliquescent  lumps  that  are  soluble  in' water  and  alcohol. 

Antagonists  and  Incompatibles. — Same  as  the  alkaloids  in  general. 

Antidote. — It  is  a  very  active  poison  and  the  antidote  is  tannin  followed  by 
stimulants. 

Dose,  y^  to  1/2  grain  (0.02  to  0.03  Gm.). 

Baptisia  (X.F.),  Baptisia.    Abbr.,  Baptis.    Synonym:  Wild  Indigo. 

The  dried  root  of  Baptisia  tinctora  (Linne)  R.  Brown  (Fam.  Leguminosoe). 
Nearly  odorless;  slightly  starchy  taste.  Contains  two  non-toxic  glucosides,  baptisin 
and  baptin,  and  an  alkaloid,  baptitoxine. 

Dose,  5  to  20  grains  (0.3  to  1.3  Gm.). 

Fluidextractum  Baptisia  (N.F.),  Fluidextract  of  Baptisia.    Abbr.,  Fldext.  Baptis. 

Each  cc.  represents  1  Gm.  of  the  drug.    Alcoholic  content  about  70  percent. 

Dose,  15  minims  (1  cc). 

Pharmacodynamic  Action:  Toxicity. — The  symptoms  of  poisoning  resemble  those 
from  nicotine,  except  that  the  motor  excitement  is  wanting.  A  large  frog  given  an 
injection  of  3  mgm.  (gr.  1/20)  shows  only  weakness  and  incoordination.  After  10  mgm. 
there  is  complete  motor  paralysis  from  an  effect  on  the  motor  nerve  endings. 

Rabbits  show  weakness  and  slow  respiration  after  4  to  7  mgm.  (gr.  1/15  to  1/10). 
Cats  and  dogs  given  toxic  doses,  exhibit  nausea  and  vomiting,  from  central  actions, 
with  rapid  heart,  and  great  muscular  weakness,  culminating  in  failure  of  respiration 
and  weak  asphyctic  convulsions. 

The  fatal  dose  in  Gm.  per  kilo  is  approximately:  frog,  10;  pigeon,  0.054;  guinea- 
pig  0.13.  In  some  unpublished  studies  by  Githens  and  Vanderkleed,  in  which  fatal  dose 
and  chemical  assays  of  several  fluidextracts  were  compared,  it  was  found  that  the  fatal 
dose  was  about  10  cc.  per  kilo  guinea-pig;  this  containing  little  more  than  half  the 
fatal  dose  of  lobeline. 

Systemic  Action. — The  action  on  the  digestive  system  is  characterized  chiefly  by 
nausea  and  vomiting,  the  former  being  one  of  the  first  symptoms  noted  with  small 
doses.  This  effect  depends  on  direct  stimulation  of  the  center  (Eggleston  and  Hatcher). 
The  motions  of  the  bowel  are  also  stimulated.  A  dose  of  1  mgm.  per  kilo,  causes  in 
the  cat,  increase  of  blood  pressure  with  acceleration  of  the  heart,  dependent  on  par- 
alysis of  the  vagus  mechanism.  The  effect  is  partly  prevented  by  vagotomy  and  entirely 
by  atropine,  being  located  chiefly  in  the  ganglia  and  partly  in  the  endings.    The  heart 
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of  the  frog  is  depressed  and  slowed,  by  direct  action  on  the  muscle,  not  influenced  by 
atropine.  The  respiratory  center  is  depressed,  respiration  being  slow  and  shallow  after 
full  doses.  With  small  doses,  such  as  3  to  10  mgm.  (gr.  1/20  to  1/6)  there  is  stimula- 
tion of  the  center.  The  bronchi  are  dilated,  partly  by  indirect  action  on  the  vagus 
ganglia,  partly  as  a  result  of  increased  secretion  by  the  adrenal  glands.  The  autonomic 
nerve  system  is  affected  as  by  nicotine,  the  ganglia  being  paralyzed  after  brief  stimula- 
tion. The  pupil  of  the  cat  is  contracted  after  local  applications,  but  dilates,  as  does 
that  of  the  rabbit,  when  lobeline  is  injected.  The  effect  is  the  same  in  both  cases 
after  excision  of  the  superior  cervical  ganglion.  This  ganglion  and  the  vagus  ganglia 
are  paralyzed  by  a  single  intravenous  injection  of  1  mgm.   (gr.  1/67)   in  the  cat. 

The  doses  and  effects  previously  given  are  those  of  impure  lobeline,  contaminated  by 
the  other  alkaloids.  The  effects  of  pure,  crystalline  lobeline  differ  in  some  respects,  the 
stimulating  actions  being  more  emphasized.  The  only  effect  of  small  doses  (pigeons 
0.5  to  1  mgm.;  frogs  0.05  mgm.  per  Gm.)  is  a  marked  increase  in  respiratory  rate  and 
volume,  often  as  much  as  50  percent.  This  effect  is  especially  marked  if  the  respiratory 
center  has  been  poisoned  by  morphine,  veronal,  prussic  acid,  etc.  It  paralyzes  the  pul- 
monary vagus  endings,  but  has  no  effect  on  the  nerve  mechanism  of  the  isolated  heart 
(Bjorkmann).  Large  doses  (0.01  mgm.  per  Gm.)  cause,  in  the  frog,  clonic  convulsions 
ending  in  weakness  witt  fibrillary  twitching. 

There  is  no  central  paralysis,  the  weakness  depending  on  block  of  the  nerve  ending, 
with  some  loss  of  response  to  direct  stimulation.  Impure  products  cause  tetanus  in  the 
frog,  and  any  lots  having  this  action  should  be  discarded,  as  death  has  followed  their 
use  in  the  usual  doses  in  children.  Even  in  large  dose  the  vomiting  center  is  not  excited. 
The  fatal  dose  of  the  pure  product  in  frogs  is  0.185  mgm.  per  Gm.  (Walbaum). 

Therapeutics:  Topical. — ^When  brought  in  contact  with  raw  surfaces,  lobelia  is 
an  irritant,  but  applied  to  the  unbroken*  skin  it  exerts  a  marked  anodyne  eSect.  A 
mixture  of  equal  parts  of  the  tincture  and  glycerin  gives  relief  to  the  pain  of  acute 
epididymitis,  and  the  powder  made  into  an  ointment  with  lard  or  lanolin  and  applied 
to  the  chest  quiets  the  pain  of  pleurisy  or  pleurodynia  and  gives*  great  comfopt  in 
pneumonia  and  acute  bronchitis;  in  sciatica  and  other  neuralgic  pains  and  in 
neuritis.  The  tincture  diluted  is  recommended  in  rhus  poisoning  and  to  relieve  pain 
and  inflammation  from  insect  hites.     The  leaves  when  chewed  are  sialogogue. 

Systemic. — ^Lobelia  is  a  powerful  depressant  and  relaxant,  and  has  been  used  as 
such  for  the  relief  of  intestinal  ohstruction  and  strangulated  hernia,  preferably  by 
rectal  injection  of  an  infusion  of  15  grains  (1  Gm.)  in  a  pint  of  water.  Bartholow 
recommended  it  in  cecal  impaction,  in  doses  of  two  drops  of  the  tincture  every  hour, 
in  cases  in  Avhich  purgatives  would  be  contraindicated.  In  chronic  con-stipatioji, 
10  minim  (0.6  cc.)  doses  of  the  U.S.  tincture,  or  half  that  amount  of  the  ethereal 
tincture,  at  bedtime,  will  often  bring  about  a  regular  action  of  the  bowels  without 
inducing  a  laxative  drug  habit.  It  is  said  to  render  excellent  service  in  relaxing  a 
rigid  OS  during  labor.  As  an  emetic,  lobelia  acts  promptly  and  effectively,  but  it  is 
a  dangerous  drug  so  used,  causing  great  distress,  extreme  nausea,  and  sometimes  even 
heart  failure.  It  is  a  valuable  antispasmodic  remedy  in  the  treatment  of  asthma, 
either  during  the  paroxysm  or  in  the  intervals  of  the  attacks;  in  the  former  case 
in  doses  of  30  minims  of  the  tincture  every  ten  or  fifteen  minutes  until  nausea  is 
induced;  and  between  the  attacks  in  doses  of  5  to  10  minims  (3  to  6  ce.)  three  or 
four  times  a  day.  Lobelia  is  a  useful  expectorant  in  bronchitis  with  scanty  expectora- 
tion and  is  of  value  also  in  the  treatment  of  whooping  cough. 

Pure  crystalline  lobeline  has  recently  attained  great  importance  as  a  respiratory 
stimulant.  It  does  not  share  the  depressant  and  nauseating  properties  of  the  drug 
and  crude  lobeline,  and  in  proper  dose  acts  only  on  the  respiratory  center.  It  has  been 
used,  chiefly  by  intramuscular  injection,  in  narcotic  poisoning — as  by  opium,  veronal, 
illuminating  gas  or  carbon  monoxide — in  asphyxia  during  surgical  anesthesia  and  in 
paralysis  of  the  respiratory  center  occurring  during  lumbar  anesthesia.  It  is  of  great 
value  in  restoring  infants  suffering  from  asphyxia  neonatorum,  and  in  this  condition. 
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as  well  as  in  other  states  in  which  respiration  and  cardiac  activity  are  completely  or 
almost  wholly  at  a  standstill,  it  may  be  injected  intracardially,  associated  with  epi- 
nephrine.   Such  administratit)n  may  save  life,  even  in  apparently  hopeless  cases. 

Administration. — To  obtain  the  anodyne  action  of  lobelia,  one  may  use  the  tincture 
mixed  with  equal  parts  of  glycerin,  or  sprinkle  the  powder  on  a  cloth  spread  with 
vaseline  or  lanolin  or  ichthyol  ointment,  or  apply  it,  compounded  with  various  synergists, 
in  the  preparation,  used  by  many  Eclectic  physicians,  called  Ubradol.  This  is  com- 
pounded of  lobelia,  sanguinaria,  capsicum,  tobacco,  dracontium,  melaleuca,  camphor  and 
Ipecac  in  an  ointment  base. 

Internally,  lobelia  is  given  chiefly  as  tincture,  the  fluid-extract  being  rarely  used. 
The  tincture  is  sometimes  added  to  expectorant  and  aromatic  mixtures.  Lobeline 
sulphate  may  be  given  in  doses  of  14  to  1  gr.  (0.015  to  0.06  Gm.)  two  or  three  times  a 
day,  in  place  of  galenical  preparations,  for  the  relief  of  spasmodic  cough  and  asthma. 
The  dose  for  children  of  six  years  or  over  is  from  y^  to  Va  gr.  (0.008  to  0.03  Gm.)  daily. 

Gelsemium 

The  introduction  of  gelsemium  into  medicine  is  very  recent,  preceding  shortly  the 
first  proper  chemical  study,  by  Wormley  in  1870.  It  was  introduced,  chiefly  by  the 
Eclectic  school,  as  a  remedy  for  neuralgia  and  spasmodic  affections,  but  has  never 
become  popular  with  the  mass  of  the  profession. 

Chemistry. — The  careful  studies  of  Sayre  have  shown  that  gelsemium  contains 
four  alkaloids.  Previous  studies  had  divided  the  alkaloidal  content  into  two  portions, 
a  crystalline  alkaloid,  gelsemine,  and  an  amorphous  mixture  termed  gelseminine. 
This  has  been  found  to  consist  of  a  mixture  of  three  alkaloids,  which  are  called  by 
Sayre,  sempervirine,  gelsemidine  and  gelsemoidine.  The  chemical  nature  of  these 
bodies  is  not  clear,  but  gelsemine  is  said  to  be  C^H^NO.  The  content  of  the  different 
alkaloids  probably  differs  widely  in  different  lots.  The  total  alkaloids  commonly 
assay  from  0.3  to  0.7  percent.,  but  from  25  pounds  of  good  drug  Sayre  obtained  only 
the  following  quantities  of  pure  alkaloids :  gelsemine,  8  Gm. ;  sempervirine,  3  Gm. ; 
gelsemidine,  2.5  Gm.;  gelsemoidine,  a  less  amount.  (The  alkaloid  listed  by  Merck 
as  gelseminine  is  really  crj'stalline  gelsemine.) 

Summary  of  Actions  and  Uses. — Gelsemium  causes  great  physical  weakness,  with 
dizziness  and  in  large  dose,  dyspnea.  The  motor  centers  of  the  medulla  and  the  motor 
nerve  endings  are  both  paralyzed. 

It  is  used  to  relieve  neuralgic  pain  especially  when  this  is  associated  with  mental 
excitement  or  spasmodic  muscular  contraction,  as  in  chorea,  dysmenorrhea,  strangury, 
etc.     It  was  formerly  employed  as  a  febrifuge  and  antiperiodic. 

Materia  Medica.— Gelsemium  (U.S.  IX).  Ahhr.,  Gelsem.  Synonyms:  Yellow 
Jasmine  Eoot,  Yellow  Jessamine,  Gelsemii  Radix  (Br.). 

The  dried  rhizome  and  roots  of  Gelsemium  nitidum  Michaux  (Br.)  or  of  G.  sem- 
pervirens  (Linne)  Alton  filius  (Fam.  Loganacece).  The  powder  is  dark  yellow;  odor, 
slight;  taste,  bitter. 

Antagonists  and  Incompatibles. — Alkalis  and  tannin  are  chemically  incompatible. 
Alcohol,  ether,  ammonia  and  other  diffusible  stimulants  are  physiologically  antagonistic. 

Synergists. — Conium,  lobelia,  physostigma  are  synergistic. 

Dose,  1/2  to  2  grains  (0.03  to  0.12  Gm.). 

ExTRACTUM  Gelhemii  (U.S.  IX),  Extract  of  Gelsemium.    Ahhr.,  Ext.  Gelsem. 

A  powdered  extract.    1  Gm.  corresponds  to  4  Gm.  of  drug. 

Dose,  Vs  to  1/4  grain   (0.008  to  O.OIC  Gm.). 

Fluidextractum  Gelsemii  (U.S.  IX.),  Fluidextract  of  Gelsemium.  Ahhr.,  Fldext. 
Gelsem. 

One  cc.  corresponds  to  1  Gm.  of  drug.     Contains  47  percent,  alcohol. 
Dose,  1/2  to  3  minims  (0.03  to  0.2  cc). 
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TiNCTURA  Gelsemh  (Br.),  Tincture  of  Gelsemium.    Ahhr.,  Tr,  Gelsem. 

Ten  cc.  corresponds  to  1  Gm.  of  drug.     Contains  60  percent,  alcohol. 

Dose,  5  to  15  minims  (0.3  to  1  cc). 

Gelseminina  (Unofficial),  Gelseminine. 

An  alkaloid  of  the  root  of  Gelsemium  sempervirens  (Linne)  Alton  filius  (Fam. 
Loganiacece).  Occurs  as  a  yellowish- white  microcrystalline  powder,  without  odor,  with 
a  bitterish  taste ;  soluble  in  alcohol,  ether,  chloroform,  and  dilute  acids,  but  only  slightly 
so  in  water. 

Dose,  1/480  to  1/30  grain  (0.12  to  0.5  mgm.). 

There  is  much  confusion  regarding  the  nomenclature  of  the  alkaloids  of  gelsemium, 
gelseminine  being  sometimes  applied  to  the  alkaloid  gelsemine,  and  vice  versa.  There  is 
also  an  alcoholic  extractive  or  resinoid  called  gelsemin. 

Pharmacodynamic  Action:  Toxicity. — The  symptoms  of  poisoning  by  gelsemium  are 
quite  characteristic.  There  is  languor  with  great  and  increasing  muscular  weakness. 
The  pulse  is  slow  and  feeble;  the  respiration  slow  and  shallow,  or  often,  dyspneic. 
The  weakness  involves  in  many  instances  the  third  cranial  nerve,  leading  to  dilatation 
of  the  pupil,  loss  of  power  of  accommodation  and  double  vision  with  external  strabis- 
mus and  often  ptosis.  The  vagus  nerve  is  later  paralyzed,  the  heart  becoming  rapid  and 
the  power  of  speech  being  lost.  Death  results  from  failure  of  respiration,  blood  pressure 
remaining  high,  if  artificial  respiration  be  given. 

Toxic  Dose. — Death  has  resulted  from  swallowing  of  12  drops  of  the  fluidextract 
by  a  boy  of  12  years  and  35  minims  by  an  adult.  The  fatal  dose  subcutaneously  for  a 
250  Gm.  guinea-pig  is  as  follows:  fluidextract,  0.375  cc;  tincture  2.5  cc;  solid  extract 
0.125  Gm.;  sempervirine  1  mgm.;  gelsemoidine  1  mgm.  With  gelsemine,  it  is  hardly 
possible  to  kill  mammals. 

Systemic  Action. — The  systemic  action  of  gelsemine  and  of  the  mixture  known  as 
gelseminine  have  been  carefully  studied.  The  actions  of  the  more  recently  purified 
alkaloids  are  not  so  well  known. 

Gelsemine. — Gelsemine  given  to  frogs  in  dose  of  10  mgm.  (gr.  %)  causes  increased 
reflexes  and  some  weakness.  After  larger  doses  there  are  tetanic  convulsions  followed 
by  general  paralysis  involving  the  respiratory  muscles  and  dependent  on  paralysis  of 
the  motor  nerve  ending. 

Gelseminine. — The  toxic  action  of  the  crude  drug,  both  on  frogs  and  mammals,  is 
due  to  the  effects  of  this  mixed  alkaloidal  substance.  A  dose  of  2  mgm.  causes  in  a 
large  frog,  tremors  followed  by  complete  paralysis  involving  both  centers  and  periphery. 
Mammals  given  0.25  to  0.5  mgm.  per  kilo.,  show  tremors  of  all  the  skeletal  muscles, 
most  marked  in  those  of  the  jaw.  There  is  extreme  muscular  weakness,  with  failure 
of  the  respiration,  dependent  partly  on  paralysis  of  the  center  and  partly  on  curariza- 
tion  of  the  muscles.  The  vagus  nerve  is  paralyzed,  as  is  the  cervical  sympathetic, 
leading  to  dilatation  of  the  pupil  with  loss  of  accommodation  and  of  light  reflex.  In- 
stillation in  the  eye,  causes  irritation  with  mydriasis,  and  cycloplegia.  The  dilated 
pupil  is  not  affected  by  pilocarpine  and  but  slightly  by  physostigmine. 

Therapeutics. — Gelsemium  is  a  palliative,  not  a  remedy.  It  is  of  distinct  service, 
however,  in  the  relief  of  pain,  and  as  a  calmative  to  nervous  excitemsnt  in  cases  in 
which  opium  is  to  be  avoided.  This  might  have  dictated  its  retention  in  the  Pharma- 
copoeia, even  should  all  other  recommendations  for  its  use  be  mistakes.  Since  there 
are  great  differences  in  individual  reaction  to  the  drug,  it  should  be  given  at  first  in 
quite  small  doses,  tentatively,  and  with  instructions  to  discontinue  on  the  advent  of 
any  one  of  the  symptoms  mnemonically  termed  "the  four  D's" — namely,  dizziness, 
double  vision,  dilatation  of  the  pupil,  dropped  lids.  One  or  two  minims  of  tincture, 
one-fourth  or  one-half  minim  of  fluidextract,  or  1/480  to  1/240  grain  of  gelseminine 
hydrochloride  may  be  the  initial  dose;  to  be  repeated  and  perhaps  increased,  in  30 
minutes  to  an  hour;  and  given  thereafter  every  hour  or  two,  in  the  same  or  slightly 
larger  amount,  until  relief  is  obtained,  or  physiologic  effect  is  shown. 

Sometimes,  if  the  patient  be  sufficiently  careful  and  intelligent,  progressive  dosage. 


GELSEMIUM  1803 

up  to  a  certain  limit  or  effect,  may  be  ordered.  Thus,  a  20  to  50  percent,  dilution  of  the 
tincture,  or  a  number  of  pills  containing  each  1/2400  to  1/960  grain  (0.025  to  0.06 
mgm.)  of  gelseminine  hydrochloride  is  prescribed.  One  drop  or  one  pill  is  the  first 
dose.  Two  drops  or  two  pills  make  up  the  second  dose,  one-half  hour  or  hour  later. 
In  an  hour  after  this,  the  third  dose,  not  to  exceed  4  drops  or  4  pills,  is  given — and 
so  on,  hourly,  either  increasing  (by  one  or  two  drops  or  pills)  or  maintaining  or  dimin- 
ishing the  previous  dose,  accoi'ding  to  result.  The  method  sounds  troublesome — more 
so  than  it  is — but  it  is  safe  and  often  remarkably  effective.  It  is  especially  adapted 
to  trigeminal,  sciatic  and  intercostal  neuralgias,  and  even  neuritis,  and  sometimes  to 
the  pain  of  pleuritis.  In  these,  however,  when  it  is  known  that  the  patient  is  not 
unduly  sensitive,  and  a  simj^lcr  method  is  deemed  better,  3  to  10  minims  of  tincture, 
%  to  2  minims  of  fluidextract  or  1/200  grain  (0.3  mgm.)  of  the  alkaloid  may  be  given 
— with  due  watchfulness — every  2  to  4  hours. 

In  other  conditions,  the  physicians  who  use  gelsemium  to  control  symptoms  and 
assuage  suffering,  have  worked  out  certain  general  rules  of  dosage,  some  of  which  may 
be  illustratively  cited:  Thus,  there  may  be  given,  to  relieve  congestive,  throbbing  pains 
in  the  teeth,  ears  or  accessory  sinuses  of  the  head,  one  or  two  doses  of  10  or  15  minims 
(0.6  to  1  cc.)  of  the  tincture;  to  abort  a  corzya,  or  to  relieve  spasmodic,  unproductive 
cough  in  the  early  stage  of  acute  bronchitis,  one  or  two  minims  of  fluidextract,  or  5 
minims  of  tincture,  every  half-hour  or  hour  for  3  or  4  doses;  in  epidemic  encephalitis, 
cerebrospinal  meningitis,  and  other  forms  of  meningitis,  2  minims  of  fluidextract, 
every  4  to  6  hours,  gradually  increased  to  the  limit  of  tolerance;  in  chorea  in 
robust  children,  1  to  3  minims  (according  to  age)  of  tincture  every  6  hours; 
in  presenile  tremor  and  paralysis  agitans,  1  minim  of  fluidextract,  every  3  hours, 
alternating  or  conjoined  with  scopolamine  hydrobromide  1/200  grain  (0.3  mgm.) 
or  less;  to  avert  threatened  convulsions  in  children  showing  high  temperature  and 
muscular  twitchings,  1  minim  of  tincture  every  hour  for  5  hours,  to  a  child  of  6 
years. 

Gelsemium  is  said  to  quiet  ineffectual  nagging  pains  preceding  or  during  labor, 
and  the  after-pains  (care  being  taken  to  see  that  the  placenta  lias  come  away  intact). 
It  often  relieves  congestive  and  spasmodic  dysmenorrhea.  The  pain  of  ovarian  neural- 
gia is  sometimes  relieved  by  repeated  doses  of  5  minims  (0.3  cc.)  of  the  tincture  in 
conjunction  with  diathermy  or  electric  light  to  the  abdomen. 

Nervous  or  congestive  headaches,  and  sometimes  migraine,  may  be  dissipated  by 
full  doses — 3  minims  (0.2  cc.)  of  the  fluidextract  or  15  minims  (1  cc.)  of  the  tincture, 
perhaps  in  conjunction  with  30  minim  (2  cc.)  doses  of  tincture  of  hyoscyamus. 
Myalgia,  lumbago,  old  "rheumatic"  pains  and  muscular  "catches"  are  at  times  amenable 
to  full  doses  of  gelsemium. 

Mania  with  motor  unrest  may  sometimes  be  quieted  by  full  doses,  15  minims 
(1  cc.)  of  the  tincture,  pushed  to  the  limit  of  tolerance.  In  marked  cerebral  congestion 
with  flushed  face,  bright  eyes,  and  pulsating  temporal  arteries,  occurring  in  advanced 
life,  full  doses  of  gelsemium  in  conjunction  with  derivatives  to  the  extremities  have 
been  said  to  avert  a  threatened  apoplectic  stroke. 

In  acute  nephritis,  gelsemium  is  said  to  reduce  arterial  tension,  diminish  the 
excretion  of  albumin,  increase  the  quantity  of  urine  and  reduce  the  temperature 
(Ellingwood).  The  vertigo  occurring  in  Bright's  disease  is  relieved  by  10  to  15 
minims  (0.6  to  1  cc.)  of  the  tincture  of  gelsemium  in  conjunction  with  15  to  20 
grains  (1  to  1.3  Gm.)  of  potassium  bromide  three  times  a  day.  In  renal  colic,  gel- 
semium may  relax  the  ureters  and  so  facilitate  the  passage  of  gravel  or  of  a  small  cal- 
culus. Spasmodic  stricture  of  the  urethra  often  yields  to  one  or  two  full  doses  of 
gelsemium. 
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In  pruritus,  and  sometimes  in  eczema,  gelsemium  in  moderate  to  full  doses 
(2  to  3  minims  of  the  fluidextract)  will  often  afford  great  relief  (Bulkley). 

Conium 

Conium,  or  poison  hemlock,  is  a  plant  of  southern  Europe.  It  is  probably  this 
plant,  all  parts  of  which  are  poisonous,  which  was  used  in  Greece  to  kill  convicts 
for  whom  public  execution  was  inadvisable — for  example,  Socrates.  There  is,  how- 
ever, much  confusion  between  Conium  maculatum  and  Cicuta  virosa,  a  similar  plant 
of  the  same  region,  which  contains  a  poisonous  principle,  cicutoxin,  related  to  picro- 
toxin  chemically  and  in  its  action.  Conium  is  pictured  by  Matthiolus  under  the 
name  of  ''Cicuta,"  and  is  described  by  Linnaeus  as  "the  plant  known  as  Cicuta  by 
druggists." 

Chemistry. — Conium  contains  at  least  three  alkaloids,  of  which  the  most  impor- 
tant and  that  present  in  greatest  quantity  is  coniine,  C^Hj.N.  Methyl  coniine,  C^Hj^N, 
and  conhydrine  are  similar  in  action.  The  unripe  fruits  contain  O.Y  to  1  or  occa- 
sionally up  to  2.5  percent,  coniine,  the  leaves  and  roots  from  0.01  to  0.05  percent 

CHj  CH — CjHy  —  C.H, 


NH 
Coniine  Methyl-coniine 

Summary  of  Actions  and  Uses. — The  most  striking  action  of  coniine  is  a  paralysis 
of  the  endings  of  the  motor  nerves,  similar  to  that  of  curare.  With  this  is  associated 
a  paralysis  of  the  respiratory  center,  which  is  the  cause  of  death  in  fatal  poisoning. 
The  autonomic  system  is  affected  as  by  nicotine,  there  being  stimulation  followed  by 
paralysis  of  all  autonomic  ganglia. 

Conium  was  at  one  time  used  as  an  antispasmodic  to  meet  somewhat  the  same 
indications  as  tobacco,  but  it  is  little,  if  at  all,  used  in  this  country  to-day. 

Materia  Medica. — Coxium   (N.F.),  Conium.    Synonym:  Poison  Hemlock. 

The  full-grown  but  unripe  fruit  of  Conium  maculatum  Linne  (Fam.  UmheUiferce), 
yielding  not  less  than  0.5  percent,  of  coniine.  The  odor  is  slight,  but  when  triturated 
with  a  solution  of  potassium  hydroxide,  strong,  disagreeable  and  mouse-like;  taste, 
characteristic,  disagreeable,  afterwards  somewhat  acrid. 

Antagonists  and  Incompatihles. — The  caustic  alkalis  and  vegetable  astringents 
are  chemically  incompatible.  Strychnine  (nux  vomica)  and  its  congeners  are  physio- 
logically antagonistic. 

Synergists. — Lobelia,  curare,  veratrum  viride,  and  aconite  are  synergistic. 

Dose,  2  to  4  grains   (0.12  to  0.24  Gm.). 

ExTRACTUM  Coxii  (N.F.),  Extract  of  Conium.    Ahhr.,  Ext.  Conii, 

A  soft  extract.  1  Gm.  corresponds  to  8  Gm.  of  drug  and  contains  2  percent,  of 
coniine. 

Dose,  1/4  to  1  grain  (0.015  to  0.06  Gm.). 

Fluidextractum  Conii  (unofficial),  Fluidextract  of  Conium.     Ahhr.,  Fldext.  Conii. 

One  cc.  corresponds  to  1  Gm.  of  drug.  Contains  45  percent,  of  alcohol.  One 
hundred  cc.  of  fluidextract  of  conium  yields  not  less  than  0.35  Gm.  nor  more  than 
0.45  Gm.  of  coniine. 

Dose,  2  to  5  minims  (0.12  to  0.3  Gm.). 
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CoxilNA  (unofficial),  Coniine. 

The  active  alkaloidal  principle  of  conium,  propyl  piperidine;  prepared  also  s.\ti- 
thetically  from  allyl  pyridine.  A  yellowisli  oily  liquid,  with  a  penetrating:,  mouse-like 
odor,  and  an  acrid  tobacco-like  taste.  Slip-htly  soluble  (1-100)  in  water,  but  freely  so 
in  alcohol,  ether  and  the  fixed  and  volatile  oils. 

Antagonists  and  Incompatibles. — Incompatible  with  alkalis  and  tannin-containing 
preparations. 

Dose,  1/60  to  1/30  ffrain  (0.001  to  0.002  Gm.). 

CoNii\-E  HvDROBROMiDUisr  (unofficial),  Coniine  Hydrobromide.  Synonym:  Cicutine 
Hydrobromide. 

The  hydrobromide  of  the  liquid  alkaloid,  coniine.  Occurs  in  the  form  of  colorless 
prismatic  crystals  or  as  a  white  powder.  Soluble  in  about  2  parts  of  water  and  of 
alcohol. 

Dose,  1/60  to  1/30  j?rain  (0.001  to  0.002  Gm.). 

Pharmacodjmamic  Action:  Absorption  and.  Elimination. — Coniine  is  rapidly  absorbed 
after  injection,  or  from  the  gastroenteric  tract.  It  is  rapidly  and  almost  completely 
eliminated  by  the  kidneys,  so  rapidly  in  fact  that  repeated  doses  show  little  tendency 
to  increased  effects. 

Toxic  and  Systejixic  Action. — The  chief  action  of  conium  is  a  paralysis  of  the  nerve 
endings  of  voluntary  muscle.  In  the  frog  complete  paralysis  is  caused  by  10  to  20  mgm. 
(gr.  1/G  to  1/3).  In  mammals  a  similar  influence  is  exerted,  but  unless  artificial 
respiration  be  given,  death  occurs  before  paralysis  is  complete.  The  motor  centers  of 
the  medulla  and  cord  are  stimulated,  and  convulsions  may  or  may  not  occur,  often 
being  prevented  by  palsy  of  the  motor-ending.  The  convulsions  are  not  asphyctic  and 
are  not  prevented  by  artificial  respiration.  They  may  always  be  induced  by  application 
of  a  solution  of  coniine  to  the  exposed  cord.  Unlike  those  induced  by  strychnine,  they 
are  not  reflex,  but  are  due  to  direct  excitation  of  the  motor  cells  of  the  anterior  horns. 

Small  doses  of  coniine  cause  a  rise  of  blood  pressure  due  to  stimulation  of  the 
vasomotor  center.  The  heart  is  first  slowed  by  vagus  stimulation  and  then  becomes 
rapid  as  the  ganglia  of  this  nerve  are  paralyzed.  The  respiration  is  rapid  and  deep 
from  excitation  of  the  center,  but  soon  becomes  weak,  the  center  being  paralyzed  aa 
well  as  the  respiratory  muscles  and  the  endings  of  the  phrenic  nerve. 

The  fatal  dose  is  about  5  times  that  of  nicotine.  The  following  list  gives  the 
minimum  lethal  dose  in  Gm.  per  kilo  subcutaneously:  Frog,  0.01;  pigeon,  0.04;  mouse, 
0.075;   rabbit,  0.09;   cat,  0.05. 

Therapeutics:  Topical. — Conium  is  applied  to  cancerous  ulceration  to  relieve  the 
pain  in  inoperable  cases.  An  ointment  is  used  for  this  purpose,  composed  of  2  drama 
(8  Gm.)  of  extract  of  conium  in  6  drams  (24  Gm.)  of  vaseline.  The  same  ointment 
is  used  to  relieve  pruritus  ani  or  to  deaden  the  pain  of  fissure  of  the  anus,  or  lano- 
line  ointment  containing  0.1  percent,  of  coniine  hydrobromide  may  be  used  in  place 
of  it.  Blepharospasm  may  be  controlled  by  the  instillation  of  2  drops  of  a  0.5  percent, 
solution  of  coniine  hydrobromide. 

Systemic. — Fluidextract  of  conium  is  sometimes  given  in  1  to  2  minim  (0.06  to 
0.12  cc.)  doses  to  quiet  the  pain  of  gastric  ulcer  or  carcinoma,  but  it  is  Uncertain 
in  its  action.  The  pains  and  aches  of  so-called  chronic  rheumatism  often  yield  very 
kindly  to  conium  in  doses  of  i^  to  V2  grain  (0.015  to  0.03  Gm.)  of  the  extract,  two  or 
three  times  a  day,  or  coniine  hydrobromide  may  be  preferred  in  doses  of  1/30  to  1/20 
grain  (0.002  to  0.003  Gm.)  by  mouth  or  hypodermically. 

Conium  is  occasionally  given  to  restrain  the  muscular  contraction  of  chorea,  but 
it  acts  better  in  quieting  the  motor  unrest  of  acute  mania.  For  this  purpose  coniine 
hydrobromide  is  given  in  doses  of  1/4  to  Vo  grain  hypodermically,  increased  gradually, 
if  necessary,  to  the  limit  of  tolerance.  Good  effects  are  sometimes  obtained  from 
the  administration  of  conium  or  its  alkaloid  in  paralysis  agitans  and  in  senile  tremor. 


1806  NICOTINE  GROUP 

Cytisine 

Cytisine  is  an  aUcaloid  contained  in  the  leaves  and  shoots  of  Baptisia  tinctona 
and  in  the  seed  of  this  species  and  many  other  leguminosse,  including  the  laburnum 
and  the  Scotch  broom.  It  has  not  found  use  in  therapeutic  practice,  but  has  given 
rise  to  poisoning,  especially  of  stock  grazing  on  these  plants.  In  1888,  131  cases  of 
poisoning  from  eating  laburnum  seed  had  been  reported,  with  5  deaths  (Radzi- 
willowicz). 

Cytisine  resembles  nicotine  in  its  physiologic  action,  causing  tremors  of  the 
skeletal  muscles  in  mammals  and  stiffness  in  the  frog.  The  respiratory  center  is 
stimulated  and  then  paralyzed,  death  resulting  from  asphyxia.  The  blood-pressure 
is  much  more  increased  than  by  corresponding  doses  of  nicotine,  but  the  rise  is  no 
more  sustained.  Small  doses  induce  salivation,  accompanied  by  nausea  and  vomiting. 
The  cardiac  vagus  shows  excitation  followed  by  loss  of  response  to  stimulation.  The 
pupil  is  dilated,  largely  by  increased  secretion  of  adrenaline.  The  uterus,  bladder 
and  other  autonomically  innervated  organs  are  affected  as  by  nicotine.  The  symptoms 
of  poisoning  in  man  are  nausea  and  vomiting,  succeeded  by  extreme  prostration, 
with  mydriasis  and  muscular  twitching. 

The  fatal  dose  is  about  1  mgm.  per  kilo  in  the  cat  and  rather  more  in  the 
rabbit.    Frogs  are  completely  paralyzed  by  0.5  mgm. 

Benzyl  Esters 

In  1917,  Macht,  during  a  comparative  study  of  the  opium  alkaloids,  observed 
that  they  fall  into  two  groups  as  regards  their  action  on  smooth  muscle,  and  that 
the  group  which  exercises  a  relaxing  effect  on  this  are  all  characterized  chemically 
by  the  possession  of  a  benzyl  group  (C.H^ — )  as  part  of  their  nucleus.  Later  studies 
showed  that  simpler  esters  of  benzyl,  such  as  benzyl  alcohol  and  benzyl  benzoate, 
have  the  same  relaxing  action  on  all  smooth  muscle. 

Chemistry. — The  action  seems  to  be  shared,  although  not  equally,  by  all  com- 
pounds having  a  benzyl  nucleus.  The  most  studied  esters  are  benzyl  alcohol,  or  phen- 
methylol  (C.H,— CHpH);  benzyl  carbinol  or  phenethylol  (C.H,— C,H,OH) ;  benzyl 
benzJate  (C.It  —  CH.OOC  —  C„HJ  ;  and  benzyl  acetate  (C.H  — CH.OCOCH,). 

Benzyl  alcohol  constitutes  6  percent,  of  natural  oil  of  jasmine  and  is  found  in 
smaller  amounts  in  balsam  of  peru,  balsam  of  tolu  and  styrax.  Benzyl  carbinol  is 
present  in  the  natural  oils  of  rose  and  of  orange.  The  benzyl  esters  are  destroyed 
by  alkali,  and  must  be  stored  in  non-soluble  glass. 

Summary  of  Actions  and  Uses. — All  of  these  bodies  show  power  to  cause  relaxation 
of  all  smooth  muscle  by  a  direct  action  on  the  muscle  cell.  The  degree  of  the  effective- 
ness varies  from  one  agent  to  another,  being  most  developed  in  benzyl  benzoate.  Several 
of  the  agents  show  also  a  local  anesthetic  power  on  nerve  trunks  and  endings;  this 
being  especially  true  of  benzyl  alcohol  and  benzyl  carbinol. 

Benzyl  benzoate  has  been  extensively  used  clinically  in  all  conditions  characterized 
by  spasmodic  contraction  of  smooth  muscle,  such  as  diarrhea  with  excessive  peristalsis, 
intestinal  colic,  pylorospasm,  biliary  colic,  dysmenorrhea,  ureteral  colic,  asthma,  etc. 
Benzyl  alcohol  has  been  used  as  a  local  anesthetic  by  infiltration,  in  various  minor 
surgical  procedures  including  extraction  of  teeth.  It  is  less  efficient  by  local  application 
to  mucosa  than  certain  other  equally  available  anesthetics. 

Materia  Medica. — Alcohol  Benzylicum  (N.N.R.),  Benzyl  Alcohol.  Synonym: 
Phenmethylol. 

An  aromatic  alcohol,  occurring  as  an  ester  in  tolu  and  other  balsams;  the 
product  on  the  market  is  produced  synthetically.     A  colorless,  faintly  aromatic  liquid 
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with  an  initial  smarting  taste  followed  by  anesthesia.  Soluble  iu  25  parts  of  water,  and 
miscible  with  alcohol,  ether,  and  chloroform. 

Dose,  1  to  4  percent,  solution,  locally,  as  an  anesthetic. 

Benzylis  Benzoas  (N.N.R.),  Benzyl  Benzoate. 

The  benzyl  alcohol  ester  of  benzoic  acid.  It  contains  not  less  than  95  percent, 
benzyl  benzoate.  A  colorless,  faintly  aromatic,  oily  liquid,  having  a  sharp,  burning 
taste.    Soluble  in  alcohol,  ether,  chloroform,  and  oils ;  insoluble  in  water  and  in  glycerin. 

Dose,  5  to  8  minims   (0.3  to  0.5  cc). 

Benzylis  Fumakas  (N.N.R.),  Benzyl  Fumarate.    Synonym:  Dibenzyl  Fumarate. 

A  white,  crystalline  solid;  odorless,  almost  tasteless;  insoluble  in  water;  soluble 
in  ether,  chloroform  and  alcohol  as  well  as  in  the  fixed  and  volatile  oils. 

Dose,  5  to  20  grains  (0.3  to  1.3  Gm.). 

Benzylis  Succinas  (N.N.R.))  Benzyl  Succinate.     Synonym:  Dibenzyl  Succinate. 

The  dibenzyl  ester  of  succinic  acid.  It  contains  not  less  than  99  percent,  of 
benzyl  succinate.  A  white  or  yellowish-white  crystalline  powder;  odorless,  and  almost 
tasteless.     Soluble  in  alcohol,  ether,  and  chloroform,  but  insoluble  in  water. 

Dose,  5  to  15  grains  (0,3  to  1  Gm.). 

Pharmacodynamic  Action:  Absorption  and  Elimination. — The  benzyl  esters  are,  as 
a  rule,  only  slightly  soluble  in  water  and  are  not  very  rapidly  taken  up  from  external 
mucosae  or  the  gastroenteric  tract.     Absorption  from  the  tissues  is  more  prompt. 

Elimination  occurs  chiefly  through  the  kidneys  in  the  form  of  hlppuric  acid.  This 
metabolic  change  is  effected  more  rapidly  by  the  rabbit  than  by  the  dog  or  man,  and 
the  first  therefore  bears  relatively  larger  doses.  The  benzyl  esters  are  also  excreted  to  a 
small  extent  unchanged  in  the  saliva,  the  bronchial  mucus,  the  bile  and  the  pancreatic 
juice. 

Action  on  Loicer  Forms  of  Life. — Benzyl  alcohol  possesses  a  moderately  powerful 
destructive  action  on  all  lower  organisms. 

Earthworms  in  water  are  killed  in  10  minutes  by  addition  of  0.5  percent,  benzyl 
alcohol;  in  20  minutes  by  1  percent,  benzyl  acetate;  and  in  several  hours  by  1  percent, 
benzyl  benzoate. 

Topical  Action. — All  the  simpler  benzyl  esters  are  irritating  even  in  dilute  solu- 
tion. Distinct  pain  is  caused  by  application  of  a  1  percent,  solution  of  benzyl  alcohol 
to  the  eye,  although  this  soon  passes  into  anesthesia.  Pure  benzyl  alcohol  applied  to 
the  tongue  causes  smarting  preceding  anesthesia;  solutions  in  water  have  no  such 
effect.  The  injection  of  dilute  solutions  under  the  skin  is  not  painful,  but  undiluted 
benzyl  alcohol  causes  local  necrosis,  such  as  is  seen  after  pure  ethyl  alcohol. 

The  most  important  topical  effect  is  the  local  anesthesia,  which  is  produced  by 
application  of  benzyl  alcohol  and  of  benzyl  carbinol.  The  latter  is  slightly  more  effi- 
cient but  is  less  soluble.  Pure  benzyl  alcohol  applied  to  the  skin  produces  a  sense  of 
tingling  and  loss  of  acuteness  of  perception  but  no  loss  of  pain  sense.  The  pure 
material  applied  to  the  tongue  or  lip  causes  burning  followed  by  complete  loss  of  sensa- 
tion. The  effect  may  still  be  noticed  after  two  hours.  Slight  diminution  of  sensitive- 
ness is  effected  by  1  percent,  solutions  in  the  mouth  and  on  the  gums,  but  no  true 
anesthesia.  The  skin  of  the  frog's  foot  is  completely  anesthetized  by  immersion  for  1 
minute  in  a  1  percent,  solution.  Instillation  of  the  same  solution  in  the  eye  of  a  dog 
or  rabbit  leads  to  complete  anesthesia  of  the  cornea,  accompanied  by  slight  congestion. 
Application  of  the  pure  material  to  the  eye,  causes  superficial  necrosis  of  the  cornea. 
Threshold  concentration  of  the  least  noticeable  loss  of  sensation  for  the  frog  skin  is 
0.25  percent.;  in  the  eye,  1  percent.;  injected  into  the  skin  so  as  to  form  a  wheal,  0.03 
percent.  If  the  sciatic  nerve  of  the  frog  or  dog  is  exposed  and  treated  with  solutions 
of  benzyl  alcohol,  sensory  block  is  obtained  with  1  percent,  solution,  but  3  to  4  percent, 
is  required  to  shut  off  motor  impulses.  Two  to  four  percent,  solutions  in  olive  oil 
injected  intraspinally  in  dogs,  induce  sensory  and  motor  paralysis  of  the  lower  half 
of  the  body,  without  danger  to  the  vital  centers    (Vocgtlin  and  Livhigston). 

Toxicity.— Ben-Ayl  benzoate,  benzyl  alcohol  and  similar  compounds  are  hardly  at  all 
toxic  when  given  by  mouth,  as  they  are  excreted  as  rapidly  as  they  are  absorbed.  For 
the  same  reason  repeated  small  doses  show  no  cumulative  action. 
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Large  doses  given  by  vein,  cause  a  marked  fall  of  blood-pressure  due  to  dilatation 
of  the  arterioles  from  action  directly  on  the  wall.  There  is  but  little  action  on  the 
vasomotor  center  or  on  the  heart.  Poisonous  doses  depress  the  respiratory  center, 
death  resulting  from  failure  of  respiration. 

The  fatal  dose  by  vein  is  about  1  to  1.5  cc.  per  kilo  for  cats  and  guinea-pigs;  rab- 
bits and  rats,  2  to  3  cc;  and  mice,  0.5  cc. 

Systemic  Action. — Benzyl  benzoate  given  by  mouth  has  but  little  effect  on  normal 
peristalsis  as  it  is  too  slowly  absorbed.  In  vitro,  the  more  soluble  benzyl  alcohol  shows 
an  inhibitory  action  on  the  tonus  and  contractions  of  intestinal  strips,  rings  of  the 
pyloric  sphincter  and  the  muscle  of  the  gall  bladder. 

Repeated  full  doses  given  to  rabbits  by  mouth  cause  a  leucocytosis  followed  by 
leucopenia  (Emge  and  Jensen). 

The  heart  in  situ  is  not  influenced,  but  the  isolated  heart  of  the  cat  perfused  with 
0.5  percent,  benzyl  benzoate  shows  increased  tonus  of  the  wall  of  the  ventricle.  The 
blood  vessel  walls  are  dilated  by  peripheral  action,  the  effect  being  noted  on  vessel 
strips.  The  respiration  is  not  affected  by  small  doses  but  is  depressed  by  large.  The 
bronchi  are  dilated. 

The  central  nerve  system  is  but  little  affected,  but  spastic  convulsions  may  be  seen 
after  toxic  doses.  The  pupil  is  dilated  by  peripheral  action,  the  effect  being  noted  if 
the  excised  eye  of  the  frog  is  placed  in  a  solution  of  0.2  percent,  benzyl  alcohol  or  a 
similar  solution  instilled  several  times  in  the  eye  of  a  dog. 

The  skeletal  muscles  are  not  depressed  in  situ,  but  a  muscle  nerve  preparation 
placed  in  a  weak  solution  shows  a  block  of  the  nerve  ending. 

All  smooth  muscle  innervated  by  the  autonomic  system  is  relaxed  by  a  direct 
action  on  the  muscle  cells.  This  effect  is  seen  after  full  doses  in  situ  and  with  such 
dilutions  as  0.5  to  2  percent,  in  vitro. 

Therapeutics:  Topical. — Benzyl  Alcohol  is  employed  only  as  a  local  anesthetic, 
in  1  to  4  percent  dilution.  It  is  applied  to  the  nasal  and  faucial  mucosa  or  the  con- 
junctival sac,  or  injected  intra-  and  subcutaneously  to  anesthetize  the  skin  and  under- 
lying tissvies.  Distilled  water  or  physiological  saline  solution  is  a  suitable  diluent, 
and  the  solution  may  be  sterilized  by  heat. 

Systemic. — Benzyl  Benzoate  and  the  other  henzyl  esters  are  useful  to  overcome 
spasm  of  smooth  muscle  wherever  found.  The  dose  should  be  sufficient  to  produce  the 
result  desired,  and  as  they  are  all  virtually  non-toxic,  no  hesitation  should  be  felt 
either  as  to  quantity  or  frequency.  Recommendations  made  as  to  one  apply  to  the 
others,  but  for  convenience  doses  will  be  stated  in  terms  of  benzoate.  It  may  be 
assumed  that  25  minims  (1.5  cc.)  of  the  usual  20  percent,  benzoate  solution  (5  minims, 
0.3  cc,  of  benzoate)  is  an  approximate  equivalent  of  6  grains  (0.4  Gm.)  of  the  suc- 
cinate, and  that  these  quantities  are  the  ordinary  adult  dose  to  be  given  at  intervals  of 
from  %  to  2  or  more  hours,  according  to  necessity  and  eifect;  and  increased  as 
needed.  In  chronic  diarrhea  due  to  excessive  peristalsis  and  also  in  spastic  constipa- 
tion, relief  is  often  obtained  by  the  exhibition  of  benzyl  benzoate  in  doses  of  4  to  8 
minims  (0.25  to  0.5  cc.)  three  times  daily  after  meals.  In  acute  amebic  dysentery 
Haughwout  gives  from  10  to  30  drops  of  a  20  percent,  alcoholic  solution  three  times 
a  day  after  eating,  either  alone  or  in  association  with  emetine,  and  notes  not  only 
relief  of  the  subjective  symptoms  but  also  the  disappearance  of  amebas  from  the 
stools.  Cardiospasm  and  pylorospasm,  when  not  due  to  anatomical  changes,  are 
amenable  to  treatment  by  benzyl  benzoate. 

In  colic  of  whatever  nature — intestinal,  biliary,  ureteral,  vesical,  uterine — one 
or  more  doses  of  8  minims  (0.5  cc.)  will  often  bring  about  a  relaxation  of  the  spasm 
and  relief  of  pain.  The  succinates  (dibenzyl  succinate  and  sodium  monobenzyl  suc- 
cinate) are  of  special  usefulness  in  affections  of  the  hile  ducts  and  gall  bladder,  through 
their  succinic  radicle.  When  operation  is  not  immediately  necessary,  or  for  any  reason 
is  not  feasible,  in  chronic  cholecystitis  and  even  in  some  cases  of  gall  stones,  they  may 
be  given  (5  to  10  grains,  0.3  to  0.6  Gm.  t.i.d.)  either  alone  or  in  appropriate  association. 
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for  months  at  a  time,  with  great  benefit.  They  tend  not  only  to  relief  but  to  the  pre- 
vention of  persistent  pain  and  painful  crises.  Amon^  supplemental  measures,  skillful 
and  persistent  duodenal  drainage  is  to  be  emphasized.  Drugs  to  be  given  conjointly 
or  concurrently  are  sodium  salicylate  (true),  pancreatic  and  other  digestive  enzymes, 
bile  salts,  sodium  phosphate,  magnesium  sulphate,  sodium  sulphate,  dilute  (recent) 
nitrohydrochloric  acid,  and  dietiiry  regulation. 

In  some  cases  of  high  hlood-pressure  a  lowering  of  both  systolic  and  diastolic 
pressures  may  be  effected  by  a  few  doses  of  5  minims  (0.3  Gm.)  of  benzyl  benzoate. 
An  attack  of  angina  pectoris  may  sometimes  be  cut  short  by  a  full  dose. 

In  ichooping  covgh,  Bingham  reports  good  rosidts  from  the  administration  of 
20  drops  of  a  20  percent,  solution  every  three  hours  in  milk,  to  children  2  or  3  years 
old;  infants  should  receive  not  more  than  half  that  amount. 

Haughwout  and  Azuzans  report  a  marked  improvement  in  the  general  condition 
in  a  case  of  chronic  li/mphocytic  Icuceniia,  following  the  administration  of  10  drops 
three  times  daily  of  a  20  percent,  alcoholic  solution  of  benzyl  benzoate.  In  acute  cases 
the  drug  afforded  no  relief. 

Thromboangiitis  obliterans,  in  its  inception,  is  sometimes  much  benefited,  as  re- 
gards relief  from  pain  and  cessation  of  the  intermittent  claudication,  by  small  doses 
(10  drops  of  a  20  percent,  solution)  of  benzyl  benzoate  or  succinate,  but  the  improve- 
ment so  effected  is  not  permanent  and  the  symptoms  promptly  return  when  the 
administration  of  the  drug  is  discontinued. 

In  acute  suppression  of  the  menses  with  severe  cramps,  brought  about  by  exposure 
to  cold,  relief  is  sometimes  afforded  by  one  or  two  large  doses,  10  to  15  minims 
(0.6  to  1  cc.)  of  benzyl  benzoate.  Dysmenorrhea  not  due  to  uterine  flexion  or  other 
mechanical  cause,  may  yield  to  similar  doses. 

This  drug  has  also  been  suggested  for  the  treatment  of  chorea,  tics  and  hiccup. 
In  the  latter  trouble,  when  not  due  to  uremia,  it  sometimes  affords  relief  and  as 
often  fails,  possibly  because  it  is  more  effective  in  relieving  tonic  spasm  than  it  is 
in  arresting  intermittent  muscular  contractions.  It  is  unlikely  to  prove  of  service 
in  chorea,  epilepsy,  and  other  spasmodic  affections  of  voluntary,  striated  muscular 
tissue. 

Administration. — When  the  taste  is  not  strongly  objected  to,  benzyl  benzoate  is 
best  given  in  20  percent,  alcoholic  solution,  the  taste  being  disguised  somewhat  by  the 
use  of  warm  milk  as  a  diluent.  Various  preparations — tablets,  capsules,  and  emul- 
sions— are  on  the  market  in  which  the. objectionable  taste  is  concealed.  The  substance 
is  practically  non-toxic  and  may  be  given  in  much  larger  doses  than  those  here  suggested 
if  the  desired  result  is  not  obtained  with  smaller  ones. 

Benzyl  Succinate  possesses  the  advantage  of  being  almost  tasteless  and,  so,  readily 
taken  in  solution. 

Nicotine 

Nicotine  owes  its  importance  to  its  being  the  chief  constituent  of  tobacco,  the 
use  of  which  is  widespread  and  well-nigh  universal  in  all  parts  of  the  world,  and  to 
its  effects  on  the  autonomic  nerve  system,  upon  the  structure  of  which  it  has  thrown 
much  light. 

Tobacco  Is  a  native  of  the  northern  part  of  South  America,  but  has  been  culti- 
vated since  early  times  by  the  aborigines  of  both  North  and  South  America.  The 
plant  was  brought  to  Portugal  in  the  middle  of  the  sixteenth  century  from  Tabaco, 
a  province  of  Mexico,  and  was  carried  to  France  in  1560  by  the  French  ambassador 
to  Portugal,  John  Nicot,  for  whom  the  generic  name  was  given.  Cigars  had  been 
already  brought  to  Spain  by  Columbus  on  his  return  from  Cuba  In  1492,  but  smok- 
ing of  them  had  not  become  general.    Tobacco  was,  however,  grown  in  gardens  as 
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an  ornamental  plant  and  curiosity.  On  the  return  of  Sir  Francis  Drake  from  Vir- 
ginia, in  1586,  he  introduced  the  practice  of  pipe  smoking-,  which  he  had  learned 
from  the  Indians.  From  this  time,  in  spite  of  civil  and  ecclesiastical  enactments 
against  it,  the  smoking  of  tobacco  became  general  over  Europe,  and  cultivation  on 
a  commercial  scale  spread  throughout  the  Christian  and  Moslem  world,  wherever 
climatic  conditions  were  suitable.  Its  devotees  have  used  it  chiefly  in  one  of  three 
ways:  (1)  by  burning  the  dried  leaves  and  inhaling  the  smoke  from  pipe,  cigar, 
or  cigarette;  (2)  by  sniffing  the  powdered  leaf,  or  snuff,  into  the  nostrils:  (3)  by 
chewing  the  dried  leaves  slowly.  A  century  and  a  half  ago  the  second  method  was 
that  considered  most  elegant  for  both  men  and  women,  but  the  practice  has  now 
all  but  disappeared  in  better  circles.  In  France  in  1845,  one-thii-d  of  the  tobacco 
used  was  as  snuff. 

Chemistry. — By    far    the    most    important    constituent    of    tobacco    is    nicotine, 
CjoHj^Nj,  which  has  the  following  constitution: 
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It  has  both  a  pyridine  and  a  pyrrolidine  nucleus,  the  latter  being  the  chief  factor 
in  the  pharmacodynamic  action,  according  to  Fraenkel.  It  is  a  liqv;id  alkaloid,  vola- 
tile on  heating  but  not  on  drying.  It  occurs  in  the  leaves  as  salts  of  malic  and  of 
several  other  acids.  The  base  is  levorotatory,  the  salts  commonly  slightly  dextrorota- 
tory. By  treatment  with  acids  the  natural  base  is  changed  to  a  racemic  form,  and 
the  dextrorotatory  portion  separated  from  this  is  only  half  as  active  as  the  natural 
alkaloid  (Meyer). 

The  quantity  of  nicotine  present  in  the  leaf  differs  very  widely  with  the  source, 
variety  and  method  of  curing;  the  dried  leaf,  as  it  appears  in  the  market,  containing 
from  less  than  V2  to  nearly  10  percent.  Hungarian  tobacco  may  contain  as  little 
as  0.2  percent. ;  Java  and  Maryland  tobacco  yield  from  0.25  to  2  percent. ;  Sumatra, 
Virginia,  and  Kentucky  tohacco  from  3  to  9  percent. 

There  are  present  also  less  important  and  less  volatile  alkaloids,  namely,  nico- 
teine  (CjdHjjN^),  nicotelline  (CjoHglSTJ,  and  nicotimine  (Cj^Hj^N,).  In  addition  to 
these  alkaloids  the  leaf  contains  pyrrolidine  (C^H^N),  and  methyl  x^yrroline  (CjHjN). 
Saltpeter,  which  forms  up  to   10  percent,  of  the  ash,   aids  in  combustion. 

The  composition  of  the  smoke  has  been  studied  with  great  care  and  ingenious 
apparatus  has  been  devised  to  imitate  the  conditions  obtaining  during  the  smoking 
of  pipes,  cigars,  and  cigarettes.  If  combustion  is  rapid,  the  nicotine  may  be  largely 
destroyed,  and  through  this  error  most  of  the  early  experimenters  failed  to  find  nico- 
tine in  the  smoke  of  tobacco  burned  in  the  laboratory.  When  combustion  takes  place 
in  an  intermittent,  slow  stream  of  air,  the  greater  part  of  the  nicotine  originally 
present  may  be  collected  in  the  fumes.  The  yield  varies  markedly,  however,  with 
the  kind  of  tobacco;  the  form,  as  cigars,  cigarettes,  or  pipe;  the  fineness  of  the  par- 
ticles in  the  last,  etc.  The  nicotine  is  burned  at  the  point  of  actual  combustion 
but  volatilized  from  the  portions  of  leaf  nearby,  and  it  condenses,  together  with 
water  vapor,  between  puffs.  With  the  next  breath  it  is  again  volatilized  and  drawn 
with  the  water  vapor  into  the  mouth  (or  apparatus).  The  conditions  for  volatilizing 
rather  than  burning  the  nicotine  are  found  to  be  better  in  cigars  than  in  pipes,  and 
better  'in  thick  cigars  than  in  thin  ones.  Cigarette  smoke  yields  least.  An  average 
tobacco  burned  slowly  in  an  aspirator  gave  the  following  constituents  in  the  col- 
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loctod  vai)ors  from  100  Gm.:  nicotine,  1.165  Cm.  (half  the  ori<;inal  amount);  pyridine 
and  kollidine,  0.146  Gm.;  HON,  0.08  Gm.;  CO,  410  cc;  ammonia,  0.36  Gm.  (Dixon). 
In  a  smoke  of  such  composition  the  toxic  action  would  be  almost  solely  that  of  the 
nicotine.  Baumberger  found  that  14  to  33  percent,  of  the  nicotine  could  be  recovered 
from  the  smoke.  The  amount  may  rise  to  36  mgm.  (gr.  I'o)  per  hour  in  steady  puffing 
of  cigarettes.  Of  this  quantity  about  90  percent,  is  held  in  the  body  if  one  inhales, 
about  67  percent,  if  one  does  not. 

Summary  of  Actions  and  Uses.— The  effects  of  tobacco,  whether  taken  as  smoke  or 
otherwise,  depend  almost  exclusively  upon  the  nicotine.  There  is  a  stimulation  of  all 
cells  of  the  nerve  system,  both  central  and  peripheral,  followed  by  depression,  and  if 
the  dose  be  large,  by  paralysis.  In  man  there  is  mental  excitement  followed  by  a 
sedative  action.  All  ganglia  of  the  autonomic  system  are  first  stimulated,  then  par- 
alyzed. In  man  these  effects  are  chiefly  manifested  as  disturbances  of  the  digestive 
mechanism  and  of  the  heart  action.  The  nerve  endings  are  paralyzed,  but  only  by 
fatal  doses. 

Habitual  use  leads  to  elimination  of  the  excitant  stage  on  the  cerebral  centers, 
and  of  the  stimulation  of  the  vomiting  center.  The  tendency  to  mental  quietness  and 
to  cardiac  irregularity  is  less  influenced.  Excessive  use  (the  amount  to  be  regarded 
as  sucli  shows  very  great  individual  differences)  leads  to  cardiac  irregularity,  dis- 
turbed digestion,  shortness  of  breath,  restlessness,  and  more  rarely  to  optic  neuritis, 
loss  of  memory,  muscular  tremors.  The  throats  of  smokers  show  various  degrees  of 
inflammation,  and  loss  of  the  teeth  has  been  ascribed  to  chewing  tobacco. 

Tobacco  infusion  is  a  powerful  destructive  agent  for  all  forms  of  life,  and  applica- 
tions were  formerly  used  to  kill  skin  parasites;  fomentations  have  been  applied  over 
painful  areas.     Its  use  is  now  largely  limited  to  veterinary  and  horticultural   practice. 

Internally  tobacco  was  employed  in  various  spasmodic  affections  including  asthma, 
spasmodic  ileus,  croup,  epilepsy,  and  even  tetanus.  It  has  to-day  been  almost  entirely 
replaced  by  more  certain  remedies. 

Materia  Medica. — Tabacum  (unofficial),  Tobacco. 

The  commercial  dried  leaves  of  Nicotiana  tahacum  Linne  (Fam.  Solanacece). 
Color  yellowish-brown;  odor  strong,  narcotic,  penetrating;  taste  bitter,  nauseous  and 
acrid. 

Antagonists  and  Incompatibles. — The  caustic  alkalis,  tannin,  and  the  iodides  are 
chemically  incompatible.  Strychnine  is,  according  to  Haughtun,  a  true  physiological 
antagonist.  Ergot,  digitalis,  belladonna,  ammonia,  and  alcoholic  stimulants,  antagonize 
the  effects  of  tobacco  on  the  heart  and  arterial  system. 

Synergists. — All  of  the  motor  depressants  increase  the  effects  of  tobacco. 

Dose,  5  to  6  grains  (0.32  to  0.4  Gm.)  of  powdered  drug  will  generally  act  as  an 
emetic ;  but  it  should  not  be  used  for  this  purpose. 

IxFUSUM  Tabaci  (unofficial).  Infusion  of  Tobacco. 

Contains  1  dram  of  crude  drug  to  1  pint  of  boiling  water. 

Dose,  as  an  enema,  V^  to  4  ounces. 

Oleum  Tabaci  (unofficial),  Oil  of  Tobacco. 

Dark  brown  color,  acrid  taste;  said  to  contain  nicotine. 

Dose,  not  used  in  medicine. 

UxGUENTUM  Tabaci  (unofficial).  Tobacco  Ointment. 

Contains  Vo  ounce  of  oil  of  tobacco  to  8  ounces  of  oil  of  theobroma  or  lanolin. 

Dose,  for  external  use. 

ViNUM  Tabaci  (unofficial),  Wine  of  Tobacco. 

Contains  1  ounce  of  crude  drug  to  1  pint  of  40  percent,  alcohol. 

Dose,  5  minims  to  ^/2  dram. 

NicoTiNA  (unofficial).  Nicotine.     Synonym:  Nicotia. 

A  colorless  or  nearly  colorless  litpiid,  having  a  faint  odor  when  cold;  taste,  burning 
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and  acrid;  odor  of  tobacco.     Soluble  in  water,  alcohol,  ether  and  fixed  oils;  reaction 
alkaline.    Tobacco  probably  owes  its  activity  to  this  alkaloid. 
Dose,  not  used  in  medicine. 

Pharmacodynamic  Action:  Action  on  Lower  Forms  of  Life. — Tobacco  itself  pos- 
sesses no  bactericidal  power,  and  a  strong  infusion  of  the  leaf  will  be  fermented  by 
various  saprophytic  organisms.  A  strong  solution  of  nicotine,  on  the  other  hand, 
proves  destructive  even  to  these  low  forms.  The  smoke  from  burning  tobacco  shows 
a  distinct  antiseptic  power.  This  may  be  shown  by  rinsing  the  mouth  with  a  suspension 
of  harmless  bacteria  and  then  smoking  any  form  of  tobacco.  The  organisms  will  be 
found  greatly  reduced  in  number  as  compared  to  controls.  The  active  agent  in  this 
effect  is,  however,  not  a  substance  peculiar  to  tobacco,  as  the  effect  is  shared  by  other 
kinds  of  smoke.  It  is  also  developed  in  vitro,  if  the  smoke  is  drawn  through  cotton 
which  absorbs  the  nicotine  and  tarry  substances.  In  all  probability  the  chief  agent 
is  formaldehyde,  from  50  to  100  mgm.  of  which  are  yielded  by  100  Gm.  of  leaf.  Pyrrol 
assists  in  the  action.  The  action  is  not  great  enough  to  be  of  any  practical  importance 
in  preventing  infection  through  the  mouth  or  throat. 

Animals  are  the  more  sensitive,  the  more  highly  organized  is  the  nerve  system 
(Greenwood).  Protozoa  are  killed  only  by  rather  high  concentrations.  Amebse  are  not 
immediately  killed  in  1  percent,  solution  and  hydra  can  live  over-night  in  0.05  percent. 
Worms  are  promptly  killed  by  this  solution  but  live  several  hours  in  0.01  percent.  Star- 
fish are  paralyzed  promptly  by  such  a  solution  and  cephalopods  killed  in  a  few  minutes 
by  0.005  percent.  In  all  these  forms  there  are  cramp-like  contractions  of  the  body  mus- 
culature, followed  by  paralysis.  The  effect  on  the  heart  may  not  be  marked  even  with 
fatal  concentrations.  In  Loligo,  a  squid,  spasmodic  contractions  of  the  mantle  are  seen 
after  14  minutes  in  a  1:  5,000,000  solution  (Moore).  In  young  animals  (and  pre- 
sumably in  adults  also)  it  acts  only  on  the  so-called  cerebral  ganglia,  and  not  on  those 
of  the  mantle. 

Absorption  and  Elimination. — Nicotine  is  absorbed  with  great  rapidity  from  mucous 
membranes  and  from  the  lungs.  Absorption  is  less  rapid  when  it  is  swallowed  or 
applied  to  the  intact  skin.  From  hypodermic  injection  it  is  taken  up  less  rapidly. 
Poisoning  has,  however,  occurred  in  man  from  spilling  a  strong  solution  on  the  skin 
(Newman). 

After  intravenous  injection,  the  nicotine  disappears  rapidly  from  the  blood,  being 
fixed  in  the  liver,  from  which  it  can  be  extracted.  A  certain  portion  is  slowly  destroyed 
in  the  liver,  the  amount  increasing  in  habituated  animals  (rabbits,  Dixon  and  Lee). 
By  reason  of  the  slowness  of  the  destruction,  habituated  animals,  although  more  resist- 
ant to  slow  administration,  are  no  more  resistant  to  intravenous  injection. 

In  all  animals,  part  of  the  nicotine  is  destroyed  in  the  liver  (Dixon  and  Lee),  but 
the  greater  part  is  excreted  through  several  channels.  If  guinea  pigs  are  killed  6 
hours  after  a  subcutaneous  injection,  a  large  proportion  of  the  amount  injected  will  be 
found  in  the  liver  and  small  bowel,  but  this  is  in  part  reabsorbed  and  excreted  in  the 
urine,  in  which  the  greater  part  eventually  appears.  Excretion  by  this  route  begins 
within  a  few  minutes,  reaches  its  height  in  5  to  7  hours  and  is  complete  in  18  hours 
(Noether).  In  man  nicotine  may  be  found  in  the  urine  lYi  hours  after  smoking  a 
cigar,  and  excretion  continues  for  6  hours  (Noether).  (In  Noether's  experiments  the 
nicotine  was  recognized  by  physiologic  test.)  Smaller  amounts  are  also  excreted  in 
the  saliva,  sweat,  bile  and  by  the  lungs. 

Topical  Action. — Tobacco  shows  but  little  topical  action.  The  powder  is  somewhat 
irritating  as  indicated  by  the  sneezing  which  follows  snuff  taking.  The  pure  alkaloid, 
nicotine,  is  almost  caustic,  by  reason  of  its  alkalinity,  but  its  salts  show  no  such  action. 
Tobacco  smoke  is  no  more  offensive  in  this  respect  than  smoke  from  other  sources, 
and  any  irritation  which  it  may  produce  is  not  to  be  ascribed  to  substances  peculiar 
to  it. 

Toxic  Action. — ^Nicotine  is  extremely  poisonous  to  all  forms  of  animal  life,  the 
effect  being  more  marked  the  higher  the  development  of  the  central  nerve  system.  In 
invertebrates  its  effects  are  manifested  chiefly  as  contractions  of  the  voluntary  muscles, 
leading  to  violent  and  incoordinated  movements  in  worms  and  similar  forms,  and  to 
general  convulsions  in  arthropods.  The  effects  on  the  circulation  and  gland  tissues  are 
not  conspicuous. 

Vertebrates  show  symptoms  of  stimulation  of  the  central  nerve  system,  the  skeletal 
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muscles,  and  the  secretory  and  glandular  functions  of  the  autonomic  system,  followed 
in  each  case  by  paralysis. 

Frogs  given  1.5  to  3  mgni.  hypodermically,  jump  around  wildly  for  a  few  seconds, 
the  movements  becoming  weaker  and  weaker  and  ceasing  almost  completely  in  a  minute. 
At  this  time  the  flexor  muscles  of  the  forelegs  are  strongly  contracted,  so  that  the  limbs 
are  drawn  together  beneath  the  body,  and  the  head,  although  hanging  down  does  not 
reach  the  floor  of  the  cage.  The  hind  legs  are  held  semi-flexed  and  are  less  stiff  (Langley 
and  Dickinson).  The  toes  are  spread  apart,  especially  after  somewhat  larger  doses 
(Rosenthal  and  Krocker).  In  a  short  time,  twitching  and  fibrillary  contractions  of  the 
skeletal  muscles  occur,  leading  to  clonic  convulsions.  These  are  of  central  origin  and 
cease  on  section  of  the  nerve.  If  the  frog  is  moved  suddenly,  it  will  resume  its  former 
position,  but  if  displaced  slowly,  will  retain  any  position  in  which  it  may  be  put, 
showing  a  condition  resembling  catalepsy.  On  stimulation  of  the  skin,  it  returns  to 
its  sitting  position.  After  a  time,  the  lymph  hearts  cease  to  beat  and  soon  after  respira- 
tion stops.  The  lid  reflex  is  lost,  the  hind  legs  relax  and  do  not  respond  to  pinching, 
while  the  forelegs  are  still  contracted.  After  a  variable  time,  central  paralysis  becomes 
complete,  no  response  being  elicited  on  electric  stimulation  of  the  sciatic  nerve,  and  a 
little  later,  the  endings  of  the  skeletal  muscles  are  paralyzed  also.  The  heart  continues 
to  beat  after  all  other  signs  of  life  have  disappeared. 

IMammals  exhibit  similar  symptoms,  excitement,  restlessness,  followed  by  mus- 
cular twitchings  and  cramps,  passing  into  clonic  convulsions  and  even  opisthotonus. 
The  muscles  of  the  hind  legs  usually  show  the  tremors  most  markedly,  the  forelegs 
may  be  held  stiffly.  The  tremors  cease  on  section  of  the  nerves.  After  spontaneous 
motions  have  ceased,  spasms  will  occur  on  pinching  the  skin.  Large  doses  paralyze  the 
motor  nerve  ending,  but  this  effect  is  seen  only  when  artificial  respiration  is  given,  as  the 
respiratory  center  is  first  paralyzed.  In  fatal  poisoning,  failure  of  respiration  leads  to 
death. 

WitE  these  symptoms  are  associated  those  due  to  stimulation  and  depression  of 
the  autonomic  system.  There  is  salivation,  with  nausea  and  often  vomiting  and  diar- 
rhea; a  sensation  of  sweating,  which  may  or  may  not  occur;  disturbance  of  the  heart 
action,  leading  to  palpitation  and  faintness;  vertigo;  confusion;  contracted  pupil  with 
photophobia,  and  other  disturbances  of  sight  and  of  hearing. 

Postmortem  findings  are  not  characteristic,  but  the  nicotine  may  be  recognized  by 
its  odor,  or  by  physiologic  tef:ts.  It  resists  putrefaction  and  may  be  recovered  from  a 
body  three  months  after  death. 

Treatment  is  symptomatic.  Coffee  may  be  given  freely.  If  the  nicotine  or  tobacco, 
has  been  swallov/ed,  vomiting  will  usually  have  occurred,  but  tannin  and  other  alka- 
loid precipitants  may  be  given.  Because  of  the  combination  of  stimulation  and  par- 
alysis, there  is  no  effective  physiologic  antidote. 

Poisoning  by  tobacco,  whether  by  swallowing  the  leaves,  as  has  often  happened  in 
children,  or  by  smoking  an  over-strong  cigar,  is  identical  with  that  from  pure  nico- 
tine. The  other  constituents  of  the  leaf  or  of  the  smoke,  such  as  furfural,  pyrrol, 
carbon  monoxide  and  formaldehyde,  play  no  part  in  acute  poisoning. 

The  fatal  dose  of  nicotine  differs  widely  with  species,  but  even  more  with  method 
and  rate  of  administration.  If  a  rod  dipped  in  nicotine  is  held  before  the  nostrils  of  a 
small  bird  or  mouse,  it  will  drop  dead  instantly.  A  single  intravenous  injection  of  1.5 
mgm.  per  kilo  will  kill  a  cat,  and  of  10  mgm.,  a  rabbit.  Most  species  lie  between  these 
limits.  Subcutaneously,  from  5  to  20  times  as  much  is  required,  and  if  small  doses  are 
given  every  few  minutes,  enormously  larger  doses  may  be  withstood.  The  frog  is  killed 
by  0.4  to  1.8  mgm.  per  Gm.   (Howat). 

Chronic  Poisoning.— Chronic  poisoning,  such  as  is  seen  in  men  who  habitually 
smoke  to  excess,  is  of  much  greater  practical  importance.  Topical  irritation  of  the 
upper  respiratory  tract,  with  redness  of  the  pharynx  and  chronic  cough  and  expectora- 
tion, is  almost  always  noted  in  those  who  smoke  much.  Although  the  nausea  which 
annoys  the  unaccustomed  smoker  is  not  complained  of,  there  is  almost  always  some 
degree  of  deranged  digestion  with  bad  smelling  breath,  if  nothing  more.  The  normal 
hunger  contractions  of  the  stomach  may  be  inhibited  by  smoking  (Carlson  and  Lewis). 
Serious  disturbance  of  the  health  is  comparatively  rare.  The  most  common  occurrence 
is  palpitation  with  shortness  of  breath.  The  heart  may  show  alternation  of  slow  and 
rapid  rate  or  partial  block.  Recovery  usually  occurs  If  use  of  tobacco  is  stopped.  Much 
more  serious,  and  not  uncommon,  is  loss  of  sight  due  to  optic  neuritis  and  beginning 
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as  a  central  scotoma.  This  condition  may  lead  to  complete  blindness,  and  recovery  is 
rarely  complete,  except  in  the  early  stages.  Other  nervous  disturbances  are  less  fre- 
quent. Inflammation  of  other  peripheral  nerves  has  been  reported  in  workers  in  tobacco 
by  Frankl-Hochwart.  Mental  disturbance  is  less  often  seen,  but  a  study  of  students  in 
Columbia  University  in  1910  showed  that  the  smokers  were  much  inferior  to  the  non- 
smokers  in  their  studies  as  well  as  in  other  collegiate  activities. 

Habituation. — A  considerable  controversy  has  been  aroused  by  the  fact  that  although 
smokers  obviously  become  immune  to  the  nausea  and  other  minor  effects  of  tobacco, 
tolerance  is  not  readily  established  in  animals.  It  is  evident  that  even  in  accustomed 
smokers  the  tolerance  is  not  complete,  as  amblyopia,  loss  of  memory,  and  tobacco 
heart  are  seen  among  them  as  frequently  as  among  beginners.  It  has  been  shown  that 
the  normal  liver  has  a  certain  destructive  action  on  nicotine  in  vitro,  and  although 
Dixon  and  Lee  considered  that  the  livers  of  habituated  rabbits  possessed  this  power 
to  an  increased  extent,  Edmunds  and  Smith  could  not  confirm  this  in  dogs.  At  present 
the  character  and  extent  of  the  tolerance  must  be  considered  unsettled.  Repeated  doses 
of  nicotine  lead  to  tolerance  for  the  related  alkaloid,  lobeline,  but  habituation  to  lobe- 
line  does  not  increase  resistance  to  nicotine   (Hale). 

Systemic  Action:  Alimentary  System. — Among  the  most  striking  effects  of  small 
doses  of  nicotine  and  tobacco  is  the  increase  in  salivary  secretion.  This  effect  depends 
on  stimulation  of  the  ganglia  of  the  chorda  tympani.  With  large  doses  the  secretion 
is  later  checked  by  paralysis  of  the  same  structures.  Pilocarpine  still  produces  saliva- 
tion after  nicotine  paralysis,  showing  that  the  effect  of  the  former  is  more  peripheral. 

Tobacco  smoke  drawn  into  digestive  mixtures  in  vitro  delays  the  action  of  pepsin. 
To  what  constituent  this  effect  is  to  be  attributed  is  not  determined    (Sacchetto). 

The  nausea  and  vomiting  are  partly  reflex,  partly  due  to  action  on  the  vomiting 
center,  and  partly  to  violent  contractions  of  the  wall  of  the  stomach.  These  contrac- 
tions are  also  noted  in  the  wall  of  the  bowel  and  may  lead  to  profuse  diarrhea  with 
violent  cramps.  The  effect  is  not  prevented  by  section  of  the  splanchnic  nerves,  and 
is  exhibited  in  the  excised  wall.  It  is,  however,  prevented  by  apocodeine,  showing  that 
it  is  located  in  Auerbach's  plexus    (Dixon). 

The  isolated  esophagus  of  the  frog  (Bercovitz)  and  the  isolated  ileocolic  sphincter 
of  the  cat  (Kuroda)  are  relaxed  by  1  part  in  10,000.  The  anal  sphincter  of  the  mouse 
contracts  after  doses  of  1  mgm.,  causing  a  raising  of  the  tail  like  that  after  morphine 
(Jensen  and  Rumry).    The  wall  of  the  isolated  gall  bladder  is  little  influenced    (Lieb). 

Blood. — According  to  Mangold,  0.05  percent,  of  nicotine  added  to  blood  in  vitro 
will  prevent  clotting  and  1  percent,  will  dissolve  or  soften  clots  already  formed. 

Circulatory  System. — The  blood-pressure  commonly  rises  during  smoking,  but  it  is 
not  easy  to  say  to  what  extent  this  depends  on  absorbed  nicotine  and  to  what  extent 
it  is  reflex.  Injection  of  small  amounts  of  nicotine  cause  a  rise  of  blood-pressure 
dependent  on  vasoconstriction  from  combined  stimulation  of  the  vasomotor  center  (Pil- 
cher  and  Sollmann)  and  the  peripheral  ganglia  (Hoskins  and  Ranson).  The  rise  is 
partly  dependent  on  increased  output  of  adrenalin,  and  may  not  occur  if  the  adrenal 
glands  are  excised.  The  coronary,  pulmonary  and  hepatic  vessels  are  constricted  (Mora- 
witz  and  Zahn,  Berezin).  After  toxic  doses,  the  ganglia  are  later  paralyzed  and  blood- 
pressure  usually  falls  some  time  before  death  occurs,  although  it  may  remain  high  until 
after  the  respiration  fails. 

In  cats  with  both  vagus  nerves  cut,  stimulation  of  the  central  end  causes  a  fall 
of  blood-pressure  through  dilatation  of  the  arterioles.  This  reflex  is  eliminated  by  nico- 
tine, showing  that  its  path  traverses  a  sympathetic  ganglion  (Ranson).  The  reflex 
fall  which  normally  results  from  traction  on  the  central  end  of  the  carotid  artery  is 
also  abolished    (Sollmann  and   Brown). 

A  peculiar  one-sided  potentiation  of  nicotine  by  lobeline  has  been  noted.  In  atro- 
pinized  cats,  a  previous  injection  of  lobeline  increases  markedly  the  rise  of  pressure 
from  0.1  mgm.  of  nicotine.  Nicotine  does  not  increase  the  effect  of  lobeline,  although 
when  injected  together  potentiation  is  obtained    (v.  Leeuwen). 

Perfusion  through  isolated  vessels  gives  rise  to  temporary  constriction  soon  replaced 
by  dilatation.  The  constriction  is  prevented  by  tyramine,  and  epinephrine  is  effective 
on  vessels  paralyzed  by  nicotine   (Handovsky  and  Pick,  Hoskins  and  Ranson). 

Isolated  vessel  strips  from  the  ox  show  loss  of  tone  in  solutions  of  less  than 
0.02  percent.,  but  increased  tonus  in  0.1  to  0.5  percent.,  often  accompanied  by  rhythmic 
contractions.     The  cat  leg,  perfused,  shows  increased   rate   of   flow   from   vasodilation 
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with  solutions  of  0.01  percent.,  but  vasoconstriction  with  0.03  percent.  (Siccardi  and 
Loredan). 

The  heart  is  slowed  by  stimulation  of  the  vagus  center  and  ganglia,  which  effect, 
with  large  doses,  is  followed  by  acceleration,  due  to  paralysis  of  the  intracardiac  ganglia. 
In  the  frog,  the  slowing  from  small  doses,  0.25  mgm.  (gr.  1/250)  is  so  great  that  a 
minute  may  elapse  between  beats.  In  a  heart  which  is  thus  slowed,  stimulation  of 
the  peripheral  vagus  may  cause  acceleration,  although  stimulation  of  the  sinus  venosus 
causes  slowing.  Larger  doses  induce  acceleration,  due  to  paralysis  of  the  intracardiac 
ganglia  and  of  the  inhibitory  fibers  of  the  vagus  (Langley).  The  former  are  affected 
first,  and  stimulation  of  the  auricle  will  cause  slowing  by  acting  on  post-ganglionic 
fibers,  after  stimulation  of  the  vagus  is  ineffective.  The  ganglionic  cells  of  the  accele- 
rator (true  sympathetic)  are  chiefly  extra-cardiac,  so  that  stimulation  of  this  nerve 
retains  its  effect.  That  the  paralytic  action  of  nicotine  is  exerted  on  the  ganglionic 
cells  and  not  on  the  vagus  endings  is  shown  by  its  inability  to  renew  beats  in  a  heart 
poisoned   by  muscarine. 

The  mammalian  heart  is  also  slowed  by  small  doses.  This  effect  depends  on  stimu- 
lation of  the  intracardiac  vagus  ganglia,  and  is  prevented  by  apocodeine,  which  paralyzes 
these,  but  not  by  section  of  the  nerve.  The  slowing  is  followed  by  acceleration,  chiefly 
dependent  on  paralysis  of  the  vagus  intracardiac  ganglia,  but  also  on  stimulation  of 
the  accelerator  ganglia,  as  it  cannot  be  entirely  prevented  by  atropine.  That  there  is 
no  direct  action  on  the  muscle  is  shown  by  the  loss  of  all  effect  in  cats  poisoned  by 
apocodeine  (Dixon).  All  the  effects  described  can  be  demonstrated  equally  well  in  the 
heart  in  situ  or  isolated  (Dixon).  It  is  also  well  seen  in  the  hearts  of  invertebrates. 
The  isolated  heart  of  the  horseshoe  crab  suspended  in  sea  water  to  which  is  added 
1  part  in  a  million  of  nicotine  shows  acceleration  only.  In  1  part  in  100,000  there  is 
increase  of  tonus,  followed  by  paralysis  or  marked  loss  of  tonus  and  slowing  (Dixon). 
The  heart  muscle  is  directly  affected  by  1:5000  nicotine  salts  or  less  of  the  alkaloid. 
The  hearts  of  molluscs  and  Crustacea  show  the  same  stimulating  effect  with  increase 
of  tone. 

Irregularities  of  conduction  and  of  automaticity  are  often  seen  after  nicotine.  In 
an  anesthetized  dog  0.1  mgm.  may  cause  auricular  fibrillation  with  cardiac  syncope 
(Bardier,  Clerc  and  Pozzi).  This  is  due  to  vagus  stimulation  and  is  prevented  by 
double  vagotomy.  During  the  early  slowing,  the  ventricles  may  develop  an  automatic 
rhythm  as  a  result  of  direct  stimulation    (Clerc  and  Pozzi). 

The  effects  on  the  circulation  of  continued  use  of  tobacco,  especially  as  seen  in 
habitual  use  by  smoking  or  otherwise  in  man,  have  been  mentioned  with  the  toxic 
action.  It  is  merely  necessary  to  add  here  that  the  rise  of  pressure  which  follows 
injections  of  nicotine  in  animal  experiment,  may  also  be  observed  after  smoking  in 
man.  It  has  been  suggested  that  the  rise  is  largely  reflex,  due  to  an  inhibitory  action 
on  the  vagus  nerves  from  the  act  of  sucking,  and  that  a  similar  cardiac  acceleration 
with  rise  of  pressure  is  seen  in  infants  sucking  a  "pacifier."  There  seems  no  doubt, 
however,  that  it  is  a  direct  effect  of  the  absorbed  smoke,  and  chiefly  due  to  the  nico- 
tine in  this.  It  is  claimed  that  these  repeated  rises  of  the  systolic  pressure  gradually 
lead  to  arterial  sclerosis,  and  may  be  the  direct  cause  of  angina  pectoris  and  of  inter- 
mittent claudication.  That  nervous  changes  in  the  circulation  occur  under  the  con- 
tinued use  of  tobacco  is  beyond  doubt,  but  that  such  changes  are  permanent  in  nature 
cannot   be   considered   established. 

Respiratory  System.- Small  doses  of  nicotine  (0.1  mgm.  per  kilo  in  the  dog) 
cause  a  marked  but  brief  stimulation  of  the  respiratory  center,  with  increase  in  depth 
and  rate  of  respiration.  Larger  doses  (1  mgm.  per  kilo)  cause  a  brief,  very  strong 
stimulation,  followed  by  depression.  Somewhat  larger  doses  lead  to  fatal  paralysis  of 
the  center.  If  artificial  respiration  be  given,  there  will  eventually  be  paralysis  of  the 
endings  of  the  phrenic  nerves  also. 

The  influence  on  the  bronchi  is  complicated  by  the  dilating  action  of  the  adrenaline, 
secretion  of  which  is  excited.  If  a  small  dose  of  nicotine  is  injected  intravenously  in 
a  dog,  there  will  be  a  momentary  bronchoconstriction,  due  to  the  direct  action  of  the 
drug,  followed  by  a  dilatation  lasting  2  or  3  minutes  due  to  adrenaline.  This  may  or 
may  not  be  followed  by  longer  dilatation  from  the  paralyzing  effect  of  the  nicotine 
(Jackson).  Ranson  and  Dixon  claim  that  the  dilatation  is  dependent  on  direct  stimu- 
lation of  dilator  nerves.  Small  amounts  produce  constriction  in  the  surviving  lung 
(Baehr  and  Pick). 
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Metabolism:  Ductless  Glands. — Nicotine,  in  doses  of  1  mgm.  per  kilo  or  more 
in  dogs  and  cats,  causes  a  brief  outpouring  of  epinephrine  from  the  adrenals  (Cannon, 
Aub  and  Binger).  The  increase  may  amount  to  ten  times  the  normal,  but  lasts  only 
a  few  seconds  and  is  succeeded  by  depression  lasting  several  minutes  (Stewart  and 
Rogoff).  The  stimulation  of  secretion  is  not  prevented  by  section  of  the  splanchnic 
nerves  (Eichholtz)  and  is  observed  on  perfusion  of  the  isolated  adrenals  of  cattle,  in 
dilutions  as  great  as  1: 1,000,000. 

Nicotine  and  epinephrine  are  antagonistic  in  some  of  their  effects.  Thus  the  nico- 
tine stimulation  of  the  isolated  auricle  of  the  turtle  may  be  prevented  by  epinephrine 
(Gruber)    and  epinephrine  glycosuria  is  prevented  by  nicotine    (King). 

Sex  Organs. — Almost  without  exception  nicotine  added  to  the  fluid  surrounding 
strips  taken  from  any  part  of  the  male  or  female  sex  organs  causes  a  contraction  of 
the  muscle  fibers,  followed,  if  the  solution  be  more  concentrated  than  1:1000  to  1:500, 
by  relaxation. 

The  effect  is  la'rgely  exerted  on  ganglia  in  the  wall  of  the  vas  deferens,  seminal 
vesicles  and  uterus  masculinus  (Waddell),  the  vagina  (Waddell),  the  uterus  (Fardon), 
as  well  as  the  urinary  organs,  the  ureter  (Macht)  and  bladder  (Edmunds  and  Roth). 
In  these  organs  the  effect  is  prevented  or  lessened  by  previous  use  of  atropine  or  epine- 
phrine. On  the  retractor  penis,  on  the  other  hand,  the  contraction  depends  on  direct 
stimulation  of  the  muscle    (Edmunds). 

On  the  uterus,  nicotine  acts  as  does  stimulation  of  the  hypogastric  nerve.  In  the 
virgin  cat,  1  mgm.  (gr.  1/67)  causes  relaxation;  m  the  rabbit  and  pregnant  cat,  increase 
of  tonus  and  of  contractions.  In  the  isolated  uterus  1:1000  to  1:10,000  causes  increase 
of  tonus  and  contractions,  preceded,  in  the  virgin  cat,  by  brief  relaxation.  It  is  evi- 
dent that  both  pressor  and  depressor  nerves  are  stimulated,  and  that  the  effect  depends 
on  which  is  more  sensitive,  or  has  the  higher  tone.  If  the  excitor  nerves  are  pre- 
viously paralyzed  by  ergotoxine,  the  effect  of  nicotine  is  always  depressing. 

It  has  been  claimed  that  uterine  contractions  caused  by  tobacco  tended  to  induce 
abortion  in  women  workers  in  tobacco  factories.  Although  the  number  of  abortions  is 
large  among  such  women,  this  is  probably  not  related  to  the  effect  of  the  drug  (Stein). 

Urinary  Organs. — Nicotine  appears  to  have  no  direct  effect  on  the  secretory  activity 
of  the  normal  kidney.  If  the  splanchnic  nerve  on  one  side  is  cut,  the  corresponding 
kidney  will  secrete  more  urine  because  of  increased  blood  flow  through  the  dilated  ves- 
sels. If  now  a  full  dose  of  nicotine  is  given,  the  flow  will  be  equalized,  showing  that 
nicotine  has  the  same  effect  as  nerve  section. 

The  stimulation  of  the  muscle  of  the  wall  of  the  bladder  and  ureter  was  mentioned 
with  that  of  the  sex  organs. 

Nerve  System. — ^Nicotine  exerts  on  all  parts  of  the  nerve  system,  a  stimulating 
action  followed  by  paralysis.  There  is  no  agreement  as  to  the  mental  or  psychic  effects 
of  non-toxic  amounts  of  nicotine  on  animals,  or  those  of  smoking  on  accustomed  or  unac- 
customed men.  It  is  generally  stated,  without  any  very  sound  evidence,  that  smoking 
is  injurious  to  children. 

Toxic  doses  appear  to  have  but  little  influence  on  the  cerebrum,  but  stimulate  the 
motor  cells  of  the  medulla  and  cord,  with  the  development  of  clonic  convulsions  and 
even  tetanus.  Application  of  0.1  percent,  nicotine  to  the  cord  of  the  frog,  is  followed  by 
muscular  tremors  ending  in  paralysis  (Dixon).  The  stimulation  followed  by  paralysis 
of  the  vital  centers  of  the  medulla  has  been  described. 

In  the  frog  poisoned  by  0.02  mgm.  per  Gm.,  skin  reflexes  are  lost  before  there  is  any 
motor  paralysis,  showing  a  direct  action  on  the  sensory  mechanism   (Howat). 

The  isolated  muscle  of  a  frog  placed  in  0.01  to  0.1  percent,  nicotine  solution,  shows 
tremors  due  to  stimulation  of  the  motor  nerve  ending  or  "receptive  substance,"  followed 
by  contracture,  which  passes,  with  1  percent,  solution,  into  permanent  rigor.  A  similar 
muscle  stiffness  is  seen  in  birds  after  an  injection  of  10  mgm.  per  kilo  (Langley).  It  is 
not  prevented  by  degeneration  of  the  motor  nerve   (Edmunds  and  Roth). 

In  the  decerebrate  frog,  1  to  2  mgm.  causes  a  loss  of  indirect  motor  response.  This 
curarization  is  due  to  lessening  of  the  so-called  "chronaxie"  of  the  muscle;  that  is,  of  the 
interval  between  stimulus  and  response.  As  this  interval  is  increased  by  curare,  they 
tend  to  neutralize  each  other's  effects   (Lapicque). 

The  effects  of  nicotine  on  the  autonomic  system  are  of  much  greater  importance. 
Langley  has  shown,  in  a  brilliant  series  of  researches,  that  nicotine  given  systemically 
or  applied  topically  in  dilute  solution,  causes  stimulation  followed  by  paralysis  of  all 
autonomic  ganglia.    This  effect  is  so  constant  that  one  can  determine  by  its  occurrence 
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whether  one  has  to  deal  -with  autonomic  ganglia  or  not.  If  stimulation  of  an  autonomic 
nerve  trunk  still  produces  its  usual  effect  after  a  full  dose  of  nicotine,  we  know  that 
we  are  peripheral  to  the  ganglion,  if  it  does  not,  that  we  are  central  to  it.  If  the  ganglion 
is  accessible,  we  can  tell  what  fibers  are  interrupted  In  that  ganglion  by  application  of 
dilute  nicotine  to  it.  For  example,  if  the  superior  cervical  ganglion  is  painted  with  1 
percent,  nicotine,  stimulation  central  to  the  ganglion  no  longer  causes  dilatation  of  the 
pupil,  contraction  of  the  skin  vessels,  whitening  of  the  submaxillary  gland,  nor  increased 
secretion  from  this  gland,  showing  that  all  these  functions  are  controlled  from  this 
ganglion. 

If  the  celiac  plexus  is  painted  with  the  solution,  stimulation  of  the  splanchnic  no 
longer  causes  inhibition  of  the  bowel  motions  nor  contraction  of  the  blood  vessels.  The 
excitant  effect  of  vagus  stimulation,  however,  is  not  altered;  showing  that  the  former 
nerve  is  interrupted  by  cells  in  the  ganglion,  the  latter  not. 

All  ganglia  are  not  equally  sensitive,  and  in  organs  with  double  nerve  control  this 
may  give  rise  to  peculiar  effects.  For  example,  the  pupil  of  the  cat  and  the  dog  is 
dilated  by  moderate  doses;  that  of  the  rabbit  contracted;  while  that  of  man  shows 
contraction  followed  by  dilatation.  In  birds,  whose  constrictor  contains  striped  muscle, 
it  causes  strong  contraction.  All  the  effects  are  likely  to  be  complicated  by  stimulation 
of  the  adrenal  secretion. 

Therapeutics. — A  discussion  of  the  therapeutics  of  tobacco  is,  at  the  present  day, 
of  purely  historical  interest,  although  the  drug  is  still  used  occasionally  in  domestic 
practice  as  an  emetic  and  relaxer  of  spasm. 

At  one  time  it  was  applied  externally  by  cloths  wet  with  an  infusion  of  2  tea- 
spoonfuls  to  the  pint  in  the  treatment  of  ringworm,  scabies,  and  other  parasitic  skin 
diseases.  A  poultice  of  tobacco  leaves  was  a  common  remedy  for  gonorrheal  orchitis 
and  epididymitis.  An  enema  of  15  grains,  in  half  a  pint  of  water  was  given  for 
the  relief  of  cecal  impaction,  lead  colic,  or  strangulated  hernia;  and  a  weaker  infusion 
was  injected  to  effect  the  expulsion  of  seat-worms. 

Systemically  it  was  sometimes  given  with  success  in  the  treatment  of  chronic 
spastic  constipation,  a  tincture  of  the  strength  of  an  ounce  to  the  pint  being  given 
in  the  dose  of  5  minims  (0.3  cc.)  at  bedtime.  Snuff  was  used  as  an  errhine  to  abort 
a  beginning  coryza,  and  the  smoking  of  one  or  two  cigarettes  would  often  cut  short 
an  asthmatic  paroxysm  in  one  who  was  not  an  habitual  smoker. 

To-day  scientific  medicine  meets  all  these  indications  with  other  equally  or  more 
efficacious  and  far  safer  remedies. 

Mydriatic  Alkaloids 
Belladonna  Alkaloids 

A  number  of  plants  belonging  to  the  family  of  Solanacece  contain  identical  or 
closely  related  alkaloids  and  are  so  similar  to  one  another  in  actions  and  uses  that 
they  are  best  considered  together.  The  group  includes  various  species  of  the  genera 
Atropa,  Hyoscyamus,  Datura,  Scopolia,  and  Duboisia. 

As  the  plants  can  be  used  more  or  less  interchangeably,  we  find  that  the  par- 
ticular species  employed  depends  rather  upon  convenience  than  upon  its  own  peculiar 
characteristics,  and  for  economic  reasons  one  or  other  of  them  has  been  used  almost 
exclusively  at  certain  epochs  or  by  special  races.  The  delirium  occasioned  by  all 
of  these  plants  and  the  altered  appearance  due  to  the  dilated  pupils  early  attracted 
attention  and  led  to  their  use  in  sorcery  and  magic.  Among  Eastern  peoples,  hen- 
bane (Hyoscyamus  niger,  and  H.  alba)  was  and  still  is  chiefly  employed.  Its  use 
is  apparently  referred  to  in  ancient  Babylonian  and  Egyptian  writings,  while  by  the 
Greeks  it  was  dedicated  to  Hercules,  and  may  have  been  the  basis  of  the  intoxicating 
drink,  "nepenthes."    It  is  used  in  the  East  both  as  an  intoxicant  and  as  a  medicine. 

Deadly  nightshade,  Nachtschatten   (Atropa  helladonna),  was  also  known  to  the 
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ancient  Greeks  and  Romans  but  was  apparently  less  used.  The  early  Greek  writers 
called  it  Strychnos,  but  later  Greeks  and  Romans  refer  it  to  the  genus  Solanum, 
Dioscorides  and  Matthiolus  picturing  it  as  S.  hortensis  or  *S'.  morella.  The  name 
''belladonna"  (beautiful  lady)  is  said  to  be  derived  either  from  the  visions  which 
may  arise  under  its  influence,  or  from  its  use  as  a  cosmetic  by  the  women  of  Venice. 
The  English  and  German  names  refer  to  its  poisonous  properties  and  its  use  in 
sorcery.  It  was  not  extensively  employed  as  a  medicine  until  recent  times,  but  is 
now  by  far  the  most  important  drug  of  the  group. 

Mandrake  {Mandragora  ojficiruilis),  the  "Alraun"  of  the  early  German  sagas, 
was  recognized  as  a  medicine  by  all  ancient  writers  and  in  the  middle  ages  achieved 
such  a  reputation  for  magical  power  that  it  was  considered  a  dangerous  act  to  col- 
lect it.  To  avoid  the  misfortune  which  was  supposed  to  endanger  those  who  should 
destroy  the  living  plant,  this  was  tied  to  the  collar  of  a  dog  which  was  made  to  pull 
it  out  of  the  ground.  Its  use  in  sorcery  is  related  to  its  tendency  to  have  forked 
roots,  giving  it  the  form  of  a  man,  an  effect  which  was  heightened  by  the  absence 
of  an  aerial  stem,  the  tuft  of  leaves  with  flowers,  borne  directly  on  top  of  the  root- 
stook,  suggesting  arms  and  hair. 

Stramonium  (Datura  siramomum,  D.  tatula,  D.  metel)  was  used  as  a  medica- 
ment both  in  southern  and  northern  Europe  and  is  mentioned  by  Roman  and  medieval 
writers.  In  modern  medicine  it  has  been  replaced  by  belladonna,  but  the  leaves  are 
"used  in  cigarettes  for  asthma,  and  the  plants  have  commercial  importance  as  a 
source  of  scopolamine  and  hyoscyamine. 

Scopolia  (or  Scopola,  8.  carnioUca,  S.  japonica),  which  is  listed  by  Dioscorides 
as  Strychnos  hypnoticus  and  by  Matthiolus  as  Solanum  somniferum,  has  never  been 
as  much  used. 

Duboisia  (D.  myoporoides)  and  Pituri  {D.  liopwoodi)  are  used  as  intoxicants 
by  the  natives  of  Australia,  where  they  occur,  and  have  recently  been  introduced  into 
European  medicine. 

Chemistry. — The  characteristic  mydriatic  alkaloids  are  based  on  a  nucleus,  known 
as  tropan,  and  on  two  related  bodies,  tropine  or  hydroxytropan,  and  scopoline  or 
oxytropan.    Ecgonine,  carboxy-tropine,  is  the  basis  of  cocaine. 
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In  many  of  the  alkaloids  one  of  these  nuclei  is  combined  with  tropeic  acid — 
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HOC— CH 

II      I 

O     CH.OH 

Alkaloids  containing  the  tropan  nucleus  are  known  as  *'tropeines" ;  those  containing 
scopoline,  as  ''scopoleines." 

Hyoscyamine,  C^jH^gNOg,  which  dominates  the  action  of  most  of  the  plants,  is 
a  levorotatory  tropeine  of  the  following  structure: 

CHj — CH CHj  CgHg 

NCH3  CH— OC— CH 
CH,— CH CH,       O     CH,OH 
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Atropine  is  a  racemic  mixture  of  equal  parts  of  1-hyoscyamine  and  d-hyoscya- 
minc.  During  the  usual  processes  of  extraction,  hyoscyamine  is  changed  to  atropine 
and  this  is  tlierefore  the  most  important  alkaloid  commercially.  It  occurs  preformed 
also  in  small  amount. 

Atropamine    (apoatropine,    bclladonnine),    Cj,II„NOj,    is    a    compound   of   tropan 

with  an  acid  of  the  structure: 

C.H. 

HO-C-CH 


O     CH, 


Pseudohyoscyamine  (nor-hyoscyamine),  C^Hj^NO,,  lacks  the  CIT,  group  from  the 
central  N,  but  is  otherwise  identical  with  hyoscyamine. 

Scopolamine,  C,.IIj,NO^,  which  is  identical  with  hyoscine,  is  a  compound  of 
tropeie  acid  with  a  body  related  to  tropine.  It  is  levorotatory,  the  artificially  pre- 
pared racemic  form  being  known  as  "atroscine." 


/ 
O 


CHj — CH CH^  CjHj 

l__.     1 1 


NCH3  CH— OC— CH 
CH,— CH— CH,      O     CH.OH 


Duboisine,  daturine,  and  mandragorine,  all  of  which  have  been  described  as  indi- 
vidual alkaloids,  are  probably  mixtures  of  the  several  substances   already  mentioned. 

The  distribution  of  these  alkaloids  in  the  various  plants  varies  markedly  with 
the  plant  part,  the  season,  soil  and  climatic  conditions,  age  of  the  plant,  freshness 
of  the  material  and  other  factors,  so  that  analyses  by  different  authors  have  given 
widely  divergent  results. 

Belladonna. — All  parts  of  the  plant  contain  a  mixture  of  hyoscyamine  with 
other  alkaloids,  chiefly  scopolamine,  atropine,  and  atropamine.  In  general,  the  younger 
the  part  the  more  exclusively  hyoscyamine  is  present.  Thus  in  first-year  roots  it 
may  occur  alone,  while  in  older  roots  there  are  increasing  quantities  of  the  other 
alkaloids.  Unripe  fruits  contain  it  chiefly,  ripe  fruits  chiefly  atropine.  The  leaves 
contain  very  little  preformed  atropine.  The  readiness  with  which  hyoscyamine'  is 
changed  to  atropine  led  to  the  idea  that  this  alkaloid,  which  was  obtained  in  pure 
form  by  Mein  in  1831,  was  the  active  principle  of  the  drug,  and  it  was  not  until 
1905  that  Schmidt  proved  that  it  was  formed  from  hyoscyamine  (which  had  been 
isolated  from  Datura  in  1833,  during  extraction.  On  account  of  the  difficulty  of 
estimating  the  allcaloids  separately,  the  value  of  the  drug  is  stated  as  "total  mydriatic 
alkaloids"  which  is  practically  synonymous  with  total  alkaloids.  The  roots  contain 
0.3  to  0.6  percent,  of  alkaloids,  the  leaves  0.4  to  0.9  percent.,  the  amount  being  great- 
est in  July  and  August  (in  Germany).  The  fresh  berries  yield  0.1  to  0.2  percent., 
the  dried  fruits  0.5  to  0.9  percent.  Flowers  and  stalks  show  figures  somewhat  lower 
than  these. 

Hyoscyamus. — All  parts  of  the  plant  contain  a  mixture  of  alkaloids  consisting 
chiefly  of  hyoscyamine  and  scopolamine.  The  former  preponderates  in  the  leaves,  stems, 
and  roots,  the  latter  in  the  seeds.  The  alkaloidal  content  of  the  leaves  is  very  variable, 
ranging  from  0.02  percent,  to  0.3  percent.  The  stalks  (in  contrast  to  belladonna)  are 
richer  than  the  blades.  The  root,  although  not  official,  is  the  most  active  part  of  the 
plant.  The  seed  contains  0.06  to  0.16  percent.  A  small  amount  of  potassium  nitrate 
in  the  leaves  aids  in  their  use  as  cigarettes  by  maintaining  slow  combustion. 

Stramonium. — All  parts  of  the  plant  contain  a  mixture  of  hyoscyamine,  with 
small  quantities  of  atropine  and  scopolamine.    The  leaves  show  from  0.2  to  0.6  per- 
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cent  alkaloids,  the  roots  about  half  this;  the  seeds  0.3  to  0.5  percent.  If  flowering 
is  prevented  by  plucking  ofi  the  buds,  the  alkaloidal  content  of  the  leaves  is  increased 
to  from  1  to  1.6  percent.  (Sievers).  The  leaves  are  much  used  as  a  cigarette  in 
asthma,  their  combustion  being  aided  by  the  presence  of  saltpeter.  Hyoscyamine 
has  been  recovered  from  the  smoke.  Datura  metel  contains  chiefly  hyoscyamine,  the 
amount  ranging  about  0.5  percent.  D.  fastuosa  and  D.  sanguinea,  which  is  used 
for  the  hypnotic  "tonga"  drink  are  similar  in  composition.  D.  meteloides  and 
D.  arhorea  show  a  larger  proportion  of  scopolamine. 

Mandrake  root  yields  about  0.15  to  0.4  percent,  of  hyoscyamine  and  0.04  percent. 
of  scopolamine,  with  small  amounts  of  pseudohyoscyamine.  Mandragorine  is  prob- 
ably a  mixture. 

Scopolia  contains  0.3  to  0.5  percent,  of  hyoscyamine,  with  small  amounts  of 
atropine  and  hyoscine  and  free  scopoline  and  scopoletine.  The  rhizome  of  S.  japonica 
is  similar  in  content. 

Duboisia  contains  about  2  percent,  of  scopolamine,  with  smaller  amounts  of  hyos- 
cyamine and  pseudohyoscyamine.    D.  hopwoodi  yields  also  nicotine. 

Summary  of  Actions  and  Uses. — The  action  of  each  of  these  drugs  is  that  of  the  alka- 
loidal constituents,  all  of  which  exert  their  chief  influence  on  the  mental  faculties  of  the 
cerebral  cortex  and  on  the  endings  of  the  autonomic  system. 

Atropine  in  small  dose  depresses,  and  in  large  paralyzes,  the  parasympathetic  end- 
ings. This  action  leads  to  acceleration  of  the  heart,  dilatation  of  the  cerebral  and 
cutaneous  vessels,  dilatation  of  the  bronchi,  relaxation  of  the  stomach  and  bowel, 
lessened  secretion  of  the  salivary  and  other  digestive  glands,  relaxation  of  the  uterus, 
and  dilatation  of  the  pupil  with  paralysis  of  accommodation  and  increase  of  intraocular 
tension.  Secretion  of  tears,  sweat  and  mucus,  which  depend  on  central  stimulation,  are 
inhibited,  but  not  that  of  milk  or  bile  which  do  not. 

Atropine  stimulates  the  cerebral  cortex,  causing  restlessness,  incoordination,  dis- 
turbed speech  and,  finally,  delirium,  but  these  effects  are  seen  only  after  larger  doses  than 
are  commonly  used  therapeutically.  Headache,  probably  dependent  on  local  dis- 
turbance of  the  circulation,  is  common  after  instillation  in  the  eye  to  paralyze  accom- 
modation. 

Hyoscyamine  is  almost  identical  in  its  action  with  atropine,  but  its  effect  on  the 
sympathetic  endings  is  nearly  twice  as  strong,  the  dextrorotatory  component  of  atropine 
being  very  weak  in  this  respect,  but  equal  in  its  action  on  the  mind. 

Scopolamine  shows  peripheral  actions  like  those  of  atropine  but  apart  from  the 
oculomotor  effects,  not  brought  about  by  doses  too  small  to  affect  the  mind.  In  contrast 
to  atropine,  it  quiets  the  mental  functions,  acting  in  small  dose  as  a  hypnotic.  Idiosyn- 
crasy is  not  uncommon,  delirium,  like  that  from  atropine,  being  experienced. 

Hyoscine  is  identical  with  scopolamine,  the  idea  that  the  alkaloid  prepared  from 
hyoscyamus  differs  in  its  action  from  that  prepared  from  other  sources,  being  entirely 
without  foundation.  Atroscine  is  identical  in  its  action  on  the  centers  but  only  half  as 
active  on  the  peripheral  autonomic  system. 

Pseudohyoscyamine  is  strongly  mydriatic  but  has  less  effect  on  other  parts  of  the 
sympathetic  system. 

Atropamine  (apoatropine)  is  less  like  atropine  in  its  effects,  having  but  little  action 
on  the  autonomic  system,  but  in  toxic  dose  causing  vomiting  followed  by  clonic  and 
tetanic  convulsions. 

Atropine  is  employed  in  medicine  almost  solely  for  its  autonomic  effects.  It  is  asso- 
ciated with  purgatives  and  with  morphine  to  prevent  intestinal  cramps;  it  is  used  in 
asthma  to  relieve  paroxysms  of  bronchial  spasm;  it  is  often  of  value  in  biliary  and 
ureteral  colic,  in  incontinence  of  urine  and  in  dysmenorrhea.  Its  action  in  suppressing 
secretion  renders  it  useful  in  coryza,  in  certain  diarrheas,  in  night  sweats  and  in  exces- 
sive salivation.  The  local  application  appears  to  dull  the  sensitiveness  of  pain  nerves, 
and  belladonna  is  often  applied  in  liniments  or  plasters  to  neuralgic  or' rheumatic  parts, 
and  in  suppositories  to  painful  hemorrhoids,  or  may  be  injected  deeply  into  the  muscle 
to  relieve  lumbago,  torticollis  or  other  painful  spasmodic  affections.  Atropine  sulphate 
solution  is  instilled  in  the  eye  to  paralyze  accommodation  and  to  dilate  the  pupil  as  an 
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aid  to  ocular  examinations,  or  in  iritis  to  prevent  adhesions.  Small  doses  may  relieve 
cerebral  and  spinal  hyperemia  and  congestive  headaches.  In  affections  of  the  heart, 
atropine  increases  the  strength  and  rate  of  the  cardiac  contractions. 

Hyoscine  is  employed  as  a  sedative  and  hypnotic  in  acute  mania,  delirium  tremens 
and  other  conditions  associated  with  mental  excitement  and  sleeplessness.  It  is  used 
largely  in  the  treatment  of  morphine  addiction  and  occasionally  in  tetanus.  In  association 
with  morphine  it  produces  the  so-called  "twilight  sleep"  which  is  employed  in  obstetrics 
and  minor  operations.  It  may  assist  in  the  induction  of  inhalation  anesthesia  by  quiet- 
ing the  patient. 

Atroscine  is  an  optically  inactive,  racemic  mixture  of  equal  parts  of  natural  levo- 
scopolamine  and  dextro-scopolamine.  It  arises  when  natural  scopolamine  is  treated  with 
alkalis.  Atroscine  resembles  scopolamine  qualitatively  in  its  action,  but  while  its  central 
actions  are  as  great  as  those  of  the  natural  alkaloid,  its  peripheral  effects  are  little  more 
than  half  as  great.  There  is  thus  complete  analogy  in  the  relation  between  scopolamine 
and  Its  racemic  compound  on  the  one  hand,  and  between  hyoscyamine  and  its  racemic 
compound  on  the  other. 

Atropine  used  as  a  mydriatic  and  cycloplegic  has  certain  disadvantages  which  may 
be  enumerated  as  follows:  1.  Its  effects  are  very  lasting,  often  taking  two  weeks  to 
pass  off.  2.  It  is  topically  irritant,  producing  dryness  and  desquamation  of  the  cornea. 
3.  It  raises  intraocular  pressure  unduly  if  this  tends  to  be  already  high  and  may  thus 
inaugurate  a  threatened  acute  glaucoma.  4.  Systemic  poisoning  as  a  result  of  absorption 
from  the  eye  or  nose  is  frequent. 

With  the  idea  of  avoiding  these  bad  effects  many  substitutes  have  been  introduced. 
Of  these  the  most  important  are  the  following. 

Homatropine.  or  tropine  mandelate,  is  not  topically  irritating  and  does  not  induce 
systemic  poisoning.  Its  effect  on  the  pupil  is  transient,  although  lasting  long  enough  for 
a  satisfactory  examination.  In  many  cases,  however,  it  does  not  bring  about  complete 
paralysis  of  accommodation.  The  increase  of  intraocular  tension  is  less  often  dangerous, 
as  it  is  so  brief. 

Methylatr opine,  or  eumydrine,  is  less  irritating  than  atropine  but  resembles  it  closely 
in  other  effects.  Increase  of  intraocular  tension  is  probably  as  great.  The  duration  of 
its  effects  is  midway  between  those  of  homatropine  and  of  atropine. 

Scopolamine,  or  hyoscine,  is  little  used  as  a  mydriatic  although  it  is  an  efficient  one. 
It  appears  to  raise  intraocular  tension  less  than  atropine,  but  produces  its  own  systemic 
effects.    Its  effects  are  not  lasting. 

Materia  Medica. — Bell.'Vdonn^  Folia  (U.S.  X.),  Belladonna  Leaves.  Ahhr., 
Bellad.  Fol.     Synonym:  Belladonnse  Folium  P.I. 

The  dried  leaves  and  tops  of  Atropa  telladonna  Linne  (Fam.  Solanacew).  Odor, 
slight,  somewhat  tobaeco-like  when  moistened ;  taste,  somewhat  bitter  and  acrid.  Yield 
not  less  than  0.3  percent,  of  the  total  alkaloids. 

Dose,  %  to  2  grains  (0.045  to  0.12  Gm.). 

Belladonna  Kadlx  (U.S.  X.),  Belladonna  Boot.     Ahhr.,  Bellad.  Bad. 

The  dried  root  of  Atropa  heUadonna  Linne  (Fam.  Solanacew).  Nearly  odorless 
when  dry,  somewhat  narcotic  when  moistened;  taste,  sweetish,  then  bitterish  and  acrid. 
Yields  not  less  than  0.45  percent,  of  the  total  alkaloids. 

Antagonists  and  Incompatibles. — Alkalis,  soluble  salts  of  heavy  metals  and  tannin 
are  chemically  incompatible.  Physostigma,  pilocarpus,  muscarine,  aconite,  digitalis, 
and  morphine  are  physiologically  antagonistic.  Certain  opium  alkaloids,  ephedrine, 
cocaine,  sparteine  and  aconite,  may  aid  its  action. 

Synergists. — Hyoscyamus  and  stramonium  are  similar  in  action  to  belladonna. 

Dose,  1/2  to  IV2  grain  (0.03  to  0.1  Gm.). 

Emplastrum  Belladonna   (U.S.  X.),  Belladonna  Plaster.     Ahhr.,  Emp.   Bellad. 

The  U.S.  preparation  is  made  with  extract  of  belladonna  from  the  leaves;  the  Br. 
plaster  is  made  with  a  concentrated  liquid  extract  from  the  root.  The  two  are  of 
equal  strength,  each  containing  0.25  percent,  of  the  alkaloids  of  belladonna. 

Dose,  external  application. 


1833  MYDRIATIC  ALKALOIDS 

ExTRACTUM  BELLADONNiE  (U.S.  X.),  Extract  of  Belladonna.  Ahhr.,  Ext.  Bellad. 
Synonyms:   Extractum  Belladonnse  Sicciim,  Dyr  Extract  of  Belladonna. 

Made  from  the  leaves.  1  Gm.  corresponds  to  4  Gm.  of  drug;  contains  1.25  percent, 
of  alkaloids.  The  Br.  extract  yields  1  percent,  of  the  alkaloids.  The  U.S.P.  directs  the 
making  of  two  extracts,  one  powdered  and  the  other  of  pilular  consistence. 

Dose,  1/4  to  1/2  grain  (0.015  to  0.03  Gm.). 

Fluidextractum  Belladonna  Foliorum  (U.S.  X.),  Eluidextract  of  Belladonna 
Leaves.    Ahhr.,  Fldext.  Bellad.  Fol. 

One  cc.  corresponds  to  1  Gm.  of  the  drug.  Contains  60  percent,  alcohol  and  0.3 
percent,  alkaloids. 

Dose,  1  to  2  minims  (0.06  to  0.12  cc). 

Fluidextractum  Belladonna  Eadicis  (U.S.  X.),  Eluidextract  of  Belladonna  Root. 
Ahhr.,  Fldext.  Bellad.  Rad.  Synonyms :  Extractum  Belladomife  Liquidum,  Liquid  Ex- 
tract of  Belladonna. 

One  cc.  corresponds  to  1  Gm.  of  the  drug.  Contains  70  percent,  alcohol  and  0.45 
percent,  alkaloids.  The  Br.  preparation  is  much  stronger,  containing  0.75  percent, 
alkaloids. 

Dose  (U.S.),  1  to  2  minims  (0.06  to  0.12  cc.) ;  (Br.),  %  to  1  minim  (0.045 
to  0.06  cc). 

TiNCTURA  Belladonna    (U.S.  X.),   Tincture  of   Belladonna.     Ahhr.,   Tr.   Bellad. 

Made  from  the  leaves.  Ten  cc.  correspond  to  1  Gm.  of  the  drug.  Contains  45 
percent,  alcohol  and  0.03  percent  alkaloids. 

Dose,  5  to  15  minims   (0.3  to  1  cc). 

Linimentum  Belladonna  (U.S.  IX.),  Belladonna  Liniment.  Ahhr.,  Lin.  Bellad. 
Synonym :  Liniment  of  Deadly  Nightshade. 

Camphor,  50  Gm. ;  fluidextract  of  belladonna  root,  q.s.  to  make  1000  cc.  Mix 
thoroughly. 

Dose,  for  external  application  only. 

Linimentum  Belladonna   (Br.),  Liniment  of  Belladonna.    Ahhr.,  Lin.   Bellad. 

Liquid  extract  of  belladonna,  500  cc. ;  camphor,  50  Gm. ;  distilled  water,  100  cc; 
alcohol  (90  percent.),  q.s.  to  make  1000  cc. 

Dose,  external  application  only. 

Unguentum  Belladonna  (U.S.  X.),  Belladonna  Ointment.     Ahhr.,  Ung.  Bellad. 

Pilular  extract  of  belladonna  leaves,  10  parts;  diluted  alcohol,  5  parts;  hydrous 
wool  fat,  30  parts;  benzoinated  lard,  55  parts  (U.S.  X).  Liquid  extract  of  belladonna, 
80  parts;  benzoinated  lard,  60  parts;  wool  fat,  20  parts  (Br.).  The  U.S.  Ointment 
contains  0.125  percent,  of  the  alkaloids  of  the  leaves;  the  Br.  Ointment  0.6  percent, 
of  the  alkaloids  of  the  root. 

Dose,  for  external  application. 

Suppositoria  Belladonna  (Br.),  Belladonna  Suppositories.    Ahhr.,  Supp.  Bellad. 

Each  suppository  contains  approximately  1/60  grain  (0.001  Gm.)  of  the  alkaloids 
of  belladonna  root,  in  oil  of  theobroma. 

Dose,  1  suppository. 

Datura  Folia  (Br.),  Datura  Leaves.     Ahhr.,  Datur.  Fol. 

The  dried  leaves  of  Datura  fastuosa  Linne,  var.  alha  N"ees  and  also  of  Datura  metel 
Linne.     Odor,  characteristic;  taste,  bitter. 

Dose,  not  used  in  substance. 

Datura  Semina  (Br.),  Datura  Seeds.     Ahhr.,  Datur.  Sem. 

The  dried  seeds  of  Datura  fastuosa  Linne,  var.  alba  Nees. 

No  odor;  taste,  slightly  bitter. 

Dose,  not  used  in  substance. 
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TiNCTURA  Datura  Seminum  (Br.),  Tincture  of  Datura  Seeds.  Ahhr.,  Tr.  Datur. 
Sem. 

Four  cc.  corresponds  to  1  Gm.  of  drug.    Contains  70  percent,  alcohol. 
Dose,  5  to  15  minims  (0.3  to  1  cc). 

Hyoscyamus  (U.S.  X.),  Hyoscyamus.  Ahhr.,  Ilyosc.  Synonyjiis:  Henbane,  Stink- 
ing Nightshade,  Hyoscyami  Folium  P.I. 

The  dried  leaf,  with  or  without  the  tops,  of  Hyoscyamus  niger  Linne  (Fam. 
Solanacew). 

Odor,  distinctive;  taste,  bitter  and  acrid. 

Dose,  2  to  5  grains  (0.12  to  0.3  Gm.). 

ExTRACTUM  Hyoscyami   (U.S.  X.),  Extract  of  Hyoscyamus.     Ahhr.,  Ext.  Hyosc. 

One  Gm.  corresponds  to  4  Gm.  of  drug.  Contains  0.25  percent,  alkaloids  (U.S.) ; 
yields  0.3  percent,  of  alkaloids  (Br.).  The  U.S. P.  directs  the  making  of  two  extracts, 
one  powdered  and  the  other  of  pilular  consistence. 

Dose,  y-z  to  2  grains  (0.03  to  0.12  Gm.). 

Fluidextractum  Hyoscyami  (U.S.  X.),  Fluidextract  of  Hyoscyamus.  Ahhr., 
Fldext.  Hyosc. 

One  cc.  corresponds  to  1  Gm.  of  drug.  Contains  60  percent,  alcohol  and  0.0G5 
percent  alkaloids.  Yields  in  each  100  cc.  not  less  than  0.055  Gm.  and  not  more  than 
0.075  Gm.  of  alkaloids. 

Dose,  3  to  10  minims  (0.2  to  0.6  cc). 

Oleum  Hyoscyami  Compositum  (N.F.),  Compound  Oil  of  Hyoscyamus.  Ahhr., 
01.  Hyoscy.  Co.    Synonym :  Balsamum  Tranquillans. 

Consists  of  0.2  percent,  each  of  oils  of  lavender,  peppermint,  rosemary  and  thyme, 
with  infused  oil  of  hyoscyamus. 

Dose,  used  externally  as  an  anodyne. 

Tixctura  Hyoscyami    (U.S.  X.),   Tincture  of  Hyoscyamus.     Ahhr.,   Tr.   Hyosc. 

Ten  cc.  corresponds  to  1  Gm.  of  drug.  Contains  45  percent,  alcohol  and  0.0065 
percent,  alkaloids. 

Dose,  Yz  to  1  fluidram  (2  to  4  cc). 

Stramonium  (U.S.  X.),  Stramonium.  Ahhr.,  Stramon.  Stramonii  Folia  (Br,  Stra- 
monium leaves.    Synonyms:  Jimson  Weed,  Jamestown  Weed. 

The  dried  leaves  and  flowering  tops  of  Datura  stramonium  Linne  (Fam. 
Solanacew).  Odor,  distinct,  heavy,  narcotic;  taste,  unpleasant  and  nauseous.  Stra- 
monium yields  not  less  than  0.25  percent,  of  the  total  alkaloids. 

Dose,  1  to  3  grains   (0.06  to  0.2   Gm.). 

Extractum  Stramoxii  (U.S.  X.),  Extract  of  Stramonium.  Ahhr.,  Ext.  Stramon. 
Synonym :  Extract  of  Stramonium  Leaves. 

One  Gm.  corresponds  to  4  Gm.  of  the  drug.  Contains  1  percent,  alkaloids.  The 
U.S.P.  directs  the  making  of  two  extracts:  one  powdered,  the  other  of  pilular 
consistency. 

Dose,  Vs  to  %  grain  (0.008  to  0.015  Gm.), 

TiNCTURA  Stramonii  (U.S.X.),  Tincture  of  Stramonium.  Alhr.,  Tr.  Stramon. 
Synonym:  Tincture  of  Stramonium  Leaves. 

Ten  cc.  (5  cc.  Br.)  corresponds  to  1  Gm.  of  the  drug.  Contains  45  percent, 
alcohol  and  0.025  percent,  alkaloids.  The  Br.  tincture  is  twice  the  strength  of  the 
U.S. 

Dose:  (U.S.)  10  to  20  minims  (0.6  to  1.2  cc) ;  (Br.)  5  to  10  minims  (0.3  to 
0.6  cc). 

Fluidextractum  Stramonii  (N.F,),  Fluidextract  of  Stramonium.  Ahhr.,  Fldext. 
Stramon, 
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One  cc.  corresponds  to  1  Gm,  of  the  drug.  Contains  64  percent,  alcohol  and  0.25 
percent,  alkaloids. 

Dose,  Yz  to  1  minim  (0.03  to  0.06  cc). 

Unguentum  Stramonii  (N.F.),  Stromonium  Ointment.    Abhr.,  Ung.  Stramon. 

Represents  10  percent,  of  extract  of  stramonium  in  a  base  of  benzoinated  lard 
(65  percent.),  hydrous  wool  fat  (20  percent.)  and  alcohol  (5  percent.). 

Dose,  external  use. 

Atropina  (U.S.  X.),  Atropine.     Ahlr.,  Atrop. 

An  alkaloid  chiefly  obtained  from  belladonna.  A  white,  odorless,  crystalline  pow- 
der, effervescent  in  dry  air.  One  Gm.  of  atropine  is  soluble  in  455  cc.  of  water,  2  cc. 
of  alcohol,  and  about  27  cc.  of  glycerin. 

Caution:    It  is  extremely  poisonous. 

Dose,  1/200  to  1/50  grain  (0.0003  to  0.0013  Gm.). 

Atropine  Sulphas  (U.S.  X.),  Atropine  Sulphate.    Ahhr.,  Atrop.  Sulph. 

A  white,  odorless,  crystalline  powder,  effervescent  in  dry  air.  One  Gm.  is  soluble 
in  0.4  cc.  of  water,  5  cc.  of  alcohol  and  2.5  cc.  of  glycerin. 

Dose,  1/200  to  1/100  grain  (0.0003  to  0.0006  Gm.). 

Lamella  Atropine  (Br.),  Discs  of  Atropine.    Ahhr.,  Lam.  Atrop. 

Discs  of  atropine  on  gelatin  with  glycerin,  each  weighing  about  1/50  grain  (0,0013 
Gm.)  and  containing  1/5000  grain  (0.000013  Gm.)  of  atropine  sulphate. 

Dose,  for  dilatation  of  the  pupil. 

Liquor  AxROPiNiE  Sulphatis  (Br.),  Solution  of  Atropine  Sulphate.  Ahhr.,  Liq. 
Atrop.  Sulph. 

One  percent,  solution  in  water. 

Dose,  1/2  to  1  minim  (0.03  to  0.06  cc). 

Unguentum  Atropine  (Br.),  Atropine  Ointment.    Ahhr.,  Ung.  Atrop. 

This  ointment  contains  2  percent,  of  atropine. 

Dose,  external  application  with  care. 

Oleatum  ATROPiNiE  (unofficial),  Oleate  of  Atropine.    Ahhr.,  Oleat.  Atrop. 

This  oleate  is  of  the  same  strength  as  the  ointment  of  atropine  (Br.). 

Dose,  external  application  with  care. 

Scopolamine  Hydrobromidum  (U.S.  X.),  Scopolamine  Hydrobromide.  Ahhr., 
Scopolamin.  Hydrobrom.    Synonym :  Hyoscine  Hydrobromide. 

The  hydrobromide  of  a  levorotatory  alkaloid  obtained  from  plants  of  the  Solanacece. 
It  occurs  as  colorless,  transparent,  rhombic  crystals,  odorless  and  slightly  efflorescent. 
One  Gm.  is  soluble  in  1.5  cc.  of  water  and  in  20  cc.  of  alcohol. 

Caution:  extremely  poisonous. 

Dose,  1/200  to  1/100  grain  (0.0003  to  0.0006  Gm.). 

Hyoscyamine  Hydrobromidum  (U.S.  X.),  Hyoscyamine  Hydrobromide.  Ahhr., 
Hyoscyamin.  Hydrobr. 

The  hydrobromide  of  an  alkaloid  obtained  from  hyoscyamus  and  other  plants  of 
the  Solanacece.  It  occurs  in  white,  odorless^,  deliquescent  crystals,  very  soluble  in 
water;  1  Gm.  is  soluble  in  2.5  cc  of  alcohol. 

Caution:  extremely  poisonous. 

Dose,  1/200  to  1/100  grain  (0.0003  to  0.0006  Gm.). 

Hyoscyamine  Sulphas  (Br.),  Hyoscyamine  Sulphate.  Ahhr.,  Hyoscyamin.  Sulph. 

A  deliquescent,  crystalline  powder,  soluble  in  0.5  parts  of  water. 

Caution:  extremely  poisonous. 

Dose,  1/200  to  1/100  grain  (0.0003  to  0.0006  Gm.). 

HoMATROPiNiE  Hydrobromidum  (U.S.  X.),  Homatropln©  Hydrobromide.  Ahhr,, 
Homatrop.  Hydrobr. 
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The  hydrobromide  of  a  crystalline  alkaloid  prepared  from  tropinc  and  mandelic 
acid.  It  occurs  as  odorless,  white  crystals  or  a  white,  crystalline  powder.  One  Gm. 
is  soluble  in  6  cc.  of  water  and  in  40  cc.  of  alcohol. 

Caution:  extremely  poisonous. 

Dose,  1/120  to  1/GO  grain   (0.0005  to  0.001  Gm.). 

HoMATKOPiNiE  Hydrochloridum  (N.N.R.),  Ilomatropinc  Hydrochloride. 

Occurs  as  small,  white  crystals,  soluble  in  water  and  in  alcohol. 

Dose,  1  percent,  solution  applied  to  the  eye. 

Lamell.*;  Homatropin^  (Br.),  Discs  of  Ilomatropine. 

Discs  of  gelatin  with  glycerin,  each  weighing  about  1/32  grain  (0.0021  Gm.)  and 
containing  1/100  grain  (0.0006  Gm.)  of  homatropine  hydrobromide. 

Dose,  for  dilatation  of  the  pupil. 

EucATROPiNA  (N.N.R.),  Eucatropine.     Synonym:  Euphthalmine. 

Occurs  as  a  white,  granular,  odorless  powder;  permanent  in  the  air;  very  soluble 
in  water,  freely  soluble  in  alcohol  or  chloroform,  but  insoluble  in  ether. 

Dose,  2  to  3  drops  of  a  5  to  10  percent,  solution  (according  to  age)  instilled  into 
the  eye. 

Pharmacodynamic  Action  of  Atropine  and  Hyoscyamine. — These  two  alkaloids  are 
almost  identical  in  their  effects  on  the  animal  economy  and  the  pharmacodynamic  action 
of  atropine,  which  has  been  most  studied,  will  be  described  in  detail,  the  points  in  which 
hyoscyamine  differs  from  it,  being  referred  to  briefly  later. 

Action  on  Loxcer  Animals. — Protozoa  exposed  to  dilute  solutions  of  atropine,  show 
first  accelerated  movement,  followed  by  paralysis,  with  swelling  of  the  protoplasm, 
formation  of  vacuoles  and  death.  The  contractions  of  medusae,  hindered  by  pilocarpine 
or  nicotine,  are  restored  by  atropine.  A  concentration  of  1  in  20,000  prevents  the  develop- 
ment of  sea-urchin  and  starfish  eggs,  but  even  1:  1000  does  not  stop  development  of  Fun- 
dulus  embryos,  although  these  die  early.  In  marine  worms  the  central  nerve  cord  is 
first  stimulated  and  later  paralyzed.  Peripheral  effects,  paralytic,  are  noted  with  high 
concentrations.  These  effects  are  frequently  prevented  or  lessened  by  muscarine  or 
pilocarpine. 

Absorption  and  Elimination. — Atropine  is  rapidly  absorbed  from  exposed  mucosae  and 
from  the  bowel  and  mild  degrees  of  poisoning  are  frequently  seen  after  its  instillation 
in  the  eye  for  paralysis  of  accommodation.  It  is  taken  up  slowly  from  the  unbroken 
skin,  belladonna  plasters  and  liniments  producing  local  effects  and  rarely  systemic  poison- 
ing.    After  instillation  in  the  eye,  it  may  be  recovered  from  the  aqueous  humor. 

Atropine  injected  into  the  blood  leaves  it  very  rapidly  as  shown  by  the  loss  of 
mydriatic  power  in  the  serum,  but  the  mechanism  of  its  disappearance  is  not  clear.  It  is 
probably  deposited  for" a  time  in  the  tissues  the  flesh  (muscles)  of  rabbits,  which  have 
fed  on  belladonna  leaves  is  poisonous  to  man,  and  that  of  rats  toxic  to  cats,  even  several 
days  afterward. 

Atropine,  tropine  and  an  undetermined  base  have  been  recovered  from  the  urine 
after  atropine  administration,  about  one-third  of  the  total  amount  given  being  excreted 
in  this  way  by  dogs  and  about  one-sixth  to  one-fifth  by  rabbits.  In  man  and  probably 
in  other  animals,  none  is  found  more  than  36  hours  after  a  single  dose. 

The  place  and  mechanism  of  the  destruction  of  that  which  is  not  excreted  is  doubt- 
ful, but  apparently  occurs  chiefly  in  the  blood,  liver  and  brain.  Atropine  in  contact  with 
the  blood  serum  of  rabbits  loses  its  power  to  dilate  the  pupil  and  its  effect  on  the  isolated 
bowel,  but  the  blood  of  individual  rabbits  differs  enormously  in  its  power  to  effect  this 
change.  Commonly  1  cc.  (15  minims)  of  serum  will  inactivate  0.1  mgm.  in  half  an  hour, 
but  some  specimens  will  do  this  in  a  few  minutes  and  others  show  no  activity  whatever 
(Metzner).  This  variability  is  unexplained  and  is  not  related  to  deficiency  of  the  thyroid 
gland  as  Claimed  by  Fleishmann.  The  power  is  as  great  in  serum  as  in  plasma  or  whole 
blood,  and  is  not  shared  by  the  blood  cells.  The  serum  containing  the  inactivated  atro- 
pine still  tastes  very  bitter,  and  it  is  possible  that  a  ferment  breaks  the  atropine  down 
into  tropine  and  tropeic  acid,  a  view  which  is  favored  by  the  fact  that  the  blood  loses 
its  power  if  heated  to  60°  C.  and  by  the  presence  of  tropine  in  the  urine.  Heated  serum 
is  restored  to  full  activity  by  addition  to  1/10  volume  of  fresh  serum  from  the  same  indi- 
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vidual  (Hesse).  The  blood  of  guinea-pigs  has  less  effect  on  atropine  than  that  of  rab- 
bits, that  of  sheep  still  less,  while  that  of  the  dog,  cat,  chicken  and  man  has  no  inactivat- 
ing power  171  vitro.  The  place  of  destruction  in  individuals  and  species  whose  blood 
lacks  this  power  is  not  known.  Cloetta  found  that  liver  tissue  of  several  species  (cat, 
rabbit,  frog)  was  very  actively  destructive  to  atropine  and  other  authors  have  shown 
that  this  action  depended  on  a  hepatic  ferment.  It  is  possible  that  the  passage  of  this 
ferment  into  the  blood  may  account  for  such  power  as  the  serum  possesses.  It  has  been 
stated  that  dogs  with  an  Eck  fistula,  which  permits  the  portal  blood  to  pass  by  the  liver, 
are  more  susceptible  to  atropine  given  by  mouth,  but  this  is  probably  not  the  case. 
Emulsions  of  rabbit  brain  and  of  the  heart  and  kidney  of  the  frog  are  also  able  to 
detoxicate  atropine,  while  no  tissues  of  rats,  dogs  or  cats,  have  any  effect  on  it.  The 
destructive  power  is  thus  not  related  to  the  degree  of  resistance  possessed  by  the 
animal. 

The  rapidity  of  excretion  appears  to  be  increased  by  habitual  use,  more  than  is  the 
destructive  power  of  the  blood  and  tissues. 

Topical  Action. — Belladonna  in  the  form  of  plaster,  ointment  or  liniment,  applied 
to  the  skin  has  power  to  alleviate  pain  and  soreness,  and  this  effect  is  also  seen  when 
atropine  solution  is  applied  to  ulcers  of  the  cornea  or  belladonna  suppositories  are  used 
on  painful  hemorrhoids.  The  relief  may  depend  on  some  effect  upon  the  vasomotor  or 
other  sympathetic  endings,  and  that  it  is  not  a  true  anesthesia  is  indicated  by  the  fact 
that  normal  sensation  is  little  influenced. 

The  topical  action  on  the  eye  is  considered  later. 

Toxicity. — Very  small  doses  of  atropine  often  induce  distressing  or  even  alarming 
symptoms  and  idiosyncrasy  is  frequent.  The  fatal  dose  is  relatively  large  so  that 
although  poisoning  from  atropine  and  the  plants  which  contain  it  is  very  frequent, 
deaths  from  its  abuse  are  comparatively  rare.  As  little  as  0.1  mgm.  (gr.  1/670)  of 
atropine  may  poison  a  susceptible  person,  while  the  smallest  recorded  fatal  doses  by 
mouth  are  130  mgm.  (gr.  2)  in  an  adult  and  95  mgm.  (gr.  ly,)  in  a  child  (Robert).  Ab- 
sorbed from  a  blister,  100  mgm.  (gr.  l\-2)  has  caused  death.  Children  are  poisoned 
severely  by  eating  3  or  4  belladonna  berries  and  death  has  resulted  in  children  who  have 
swallowed  15  seeds  of  stramonium  and  a  similar  number  of  henbane.  The  occurrence  of 
poisoning  from  eating  the  flesh  of  rabbits  has  already  been  referred  to.  Poisoning  is 
almost  always  accidental,  from  carelessness,  ignorance  or  pharmaceutic  error,  and  only 
on  rare  occasion  deliberate. 

Wide  differences  are  noted  in  the  susceptibility  of  different  species  to  atropine,  it 
being  generally  stated  that  herbivora  are  much  more  resistant  than  carnivora.  The 
rule  is  better  expressed  by  saying  that  rodents  are  peculiarly  resistant  and  the  cat  fam- 
ily very  susceptible.  The  difference  is  especially  marked  as  regards  the  smallest  dose 
which  will  cause  intoxication,  but  is  also  seen  in  the  fatal  dose  as  shown  in  the  following 
list  of  minimal  lethal  doses  by  subcutaneous  injection,  compiled  from  various  sources, 
and  reduced  to  grams  per  kilogram.  Mouse.  0.4;  rat,  young,  0.5;  adult,  1.0;  guinea-pig, 
0.5;  rabbit,  0.5  to  0.75;  dog,  0.04  to  0.2;  cat,  0.03  to  0.15;  chicken,  0.75;  pigeon  and  duck, 
0.25;  frog,  1.0  to  2.5.  Severe  poisoning  is  caused  in  man  by  8  mgm.  (gr.  %)  that  is 
about  0.1  mgm.  per  kilo,  while  rabbits  show  no  distress  from  fifty  times  as  much.  In 
fact  rabbits  may  be  fed  exclusively  and  horses  largely  on  belladonna  leaves  without  show- 
ing any  symptoms  of  poisoning.  Goats  are  even  less  susceptible  than  horses,  and  cattle 
about  equally  so.  Monkeys  are  fairly  resistant,  severe  poisoning  being  caused  in  apes  by 
0.25  Gm.  (gr.  4)  (Albertoni)  and  small  monkeys  resisting  doses  which  would  be  fatal 
to  full  grown  men  (Richet).  Certain  beetles  live  exclusively  on  belladonna  leaves 
throughout  larval  and  adult  life. 

The  following  table,  compiled  by  Schmiedeberg,  shows  the  symptoms  tO  be  expected 
from  various  doses  in  an  average  man: 

0.5  mgm.   (gr.  1/120)— slowing  of  heart;   slight  dryness  of  throat. 
0.5  to  1  mgm.   (gr.  1/120  to  1/60)— dry  mouth  and  thirst;   heart  irregular,  ustially 
slowed,  rarely  accelerated. 

2  mgm.   (gr.  1/30) — pupil  dilated  but  not  immobile;   pulse  accelerated;  heart  rapid, 

preceded   by  transient   slowing;    thirst  pronounced. 

3  to  5   mgm.    (gr.   1/20   to   1/12)— throat  constricted,   with   dysphagia  and  altered 

voice;   headache,  restlessness,  and  muscular  weakness. 
7  mgm.    (gr.  1/10) — pupils   insensitive  to  light,  accommodation  lost;   heart  rapid; 
headache;   difficulty  of  swallowing  and  of  urination. 
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8   mgm.    (gr.    %) — mental   excitement  and   muscular   incourdination;    face   flushed; 

skin  dry;    heart  rapid. 
10  mgm.    (gr.  \^) — delirium  or  hallucinations,  followed  by  apathy  and  perhaps  by 

stupor. 

The  symptoms  of  poisoning  are  very  characteristic — in  fact,  almost  unmistakable. 
The  first  indication  is  dryness  of  the  throat  and  mouth,  with  difficulty  in  talking  and 
swallowing,  a  sense  of  constriction  in  the  pharynx  and  gi'cat  thirst.  Almost  as  soon, 
the  skin  feels  dry  and  hot,  much  as  in  fever,  and  often  described  as  fever  by  the 
patient.  At  this  time  the  face  is  seen  to  be  flushed,  the  pupils  are  beginning  to  dilate 
and  there  is  some  loss  of  near  vision.  This  syndrome  should  always  lead  to  suspicion 
of  belladonna  or  hyoscyamus  poisoning.  It  is  often  experienced  after  instillation  of 
atropine  in  the  eyes  for  ocular  examination,  and  in  this  case  the  mydriasis  and  loss 
of  focussing  power  reach  their  maximum  early. 

If  the  dose  were  large,  or  the  individual  unduly  sensitive,  other  symptoms  follow. 
The  mydriasis  becomes  complete  and  reaction  of  the  pupil  to  light  is  lost;  no  accom- 
modation for  near  vision  is  possible;  the  throat  becomes  very  painful,  and  dysphagia 
extreme.  The  pulse,  which  may  be  slightly  slowed  at  first,  becomes  rapid  and  of  low 
tension;  nausea  is  complained  of  and  vomiting  may  occur:  headache  of  a  throbbing 
character  may  be  severe  or  hardly  noticeable.  Cerebral  excitation  leads  to  extreme  rest- 
lessness, wfth  tremor  of  limbs,  weakness  and  vertigo,  passing  into  delirium,  which  is 
usually  anxious  or  fearful,  but  may  be  characterized  by  pleasant  dreams  or  visions,  or 
rarely  is  maniacal  or  takes  the  form  of  fixed  delusions. 

This  state  of  excitement  tends  usually  to  pass  into  one  of  depression,  sleep,  often 
disturbed  by  muttering  delirium  and  perhaps  passing  into  stupor,  replacing  the  rest- 
lessness. The  respiration,  which  is  rapid  during  the  stage  of  excitement,  becomes  ster- 
torous and  often  slow.  Glycosuria  has  been  reported,  perhaps  dependent  on  asphyxia. 
Less  often  there  are  various  peripheral  nerve  paralyses,  loss  of  sight  or  hearing,  dim- 
inution of  tactile  sensation,  paralysis  of  the  anal  or  vesical  sphincters. 

In  cases  of  great  severity,  the  flushed  face  becomes  livid,  the  extremities  cold,  the 
pulse  irregular  and  fluttering,  and  death  may  result  from  paralysis  of  the  respiratory 
center.  Death  is  exceptional,  partly  by  reason  of  the  great  difference  between  the  toxic 
and  the  fatal  dose,  and  partly  because  the  slow  course  of  the  poisoning  allows  time 
for  appropriate  treatment.  The  symptoms  may  retain  their  full  intensity  for  one  or 
even  two  days  and  then  gradually  pass  off.  The  mydriasis  and  loss  of  accommodation 
may  last  as  much  as  a  week,  while  occasionally  mental  symptoms  persist  even  longer, 
diagnosis  of  true  insanity  having  rarely  been  made. 

Treatment  of  Poisoning. — If  the  drug  has  been  swallowed,  the  stomach  should  be 
emptied  and  the  usual  chemical  antidotes  for  alkaloids,  tannin,  etc.,  should  be  given. 
The  delirium  may  be  combated  by  cold  to  the  head  and  the  nape  of  the  neck.  The 
dryness  of  the  throat,  the  cardiac  and  pupillary  symptoms  are  met  by  pilocarpine  in 
doses  of  10  mgm.  (gr.  14),  repeated  hourly  until  salivary  secretion  begins.  Morphine 
in  small  dose  may  do  good  in  the  stage  of  excitement,  but  later  may  increase  the 
respiratory  depression.  If  symptoms  of  asphyxia  develop,  oxygen  should  be  given  or 
artificial  respiration  be  administered  by  one  of  the  mechanical  devices  for  this  pur- 
pose.   Life  will  be  saved  in  severe  poisoning  if  this  is  persisted  in. 

Habituation. — Animals  which  have  received  repeated  doses  of  atropine  become  more 
resistant  to  its  poisonous  effects.  This  tolerance  is  marked  only  as  regards  the  effects 
on  the  central  nerve  system  and  on  the  respiratory  center.  The  dilatation  of  the  iris 
and  paralysis  of  accommodation  occur  with  as  small  doses  as  in  normal  animals  and 
the  effects  on  the  salivary  secretion  are  little,  if  at  all,  lessened.  Stetani  states  that 
local  tolerance  of  the  pupil  can  be  established  in  man.  dog  and  cat  by  repeated  instil- 
lation of  atropine,  and  that  if  one  eye  only  is  so  treated,  its  pupil  will  dilate  less 
when  atropine  is  given  systemically.  The  tissues  of  such  animals  show  no  increased 
destructive  power  for  the  alkaloid,  but  excretion  by  the  kidneys   is  more  rapid. 

Chronic  Poisoning. — Repeated  administration  of  atropine  to  dogs  leads  to  loss  of 
appetite,  with  emaciation  and  various  digestive  disturbances.  There  may  be  salivation 
or  continued  nausea.    Such  poisoning  has  been  but  rarely  reported   in  man. 

Systemic  Action:  Digestive  System. — Of  all  the  effects  of  atropine,  none  is  more 
striking  than  the  arrest  of  the  secretion  of  the  salivary  glands.  This  depends  on  par- 
alysis of  the  endings  of  the  secretory  nerves  and  has  been  studied  most  in  detail  on 
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the  sublingual  gland  which  is  supplied  by  the  chorda  tympani  nerve  of  the  parasym- 
pathetic system  and  by  a  branch  of  the  cervical  sympathetic.  The  endings  of  the 
chorda  tympani  are  paralyzed,  as  shown  by  the  fact  that  after  administration  of  even 
small  doses  of  atropine,  no  secretion  occurs  when  this  nerve  is  stimulated  electrically, 
even  when  the  electrodes  are  thrust  into  the  hilum  of  the  gland  so  as  to  reach  the 
post-ganglionic  fibers  (Langley).  That  the  effect  is  exerted  on  a  post-ganglionic  struc- 
ture is  shown  also  by  the  stoppage  of  secretion  six  weeks  after  section  of  the  chorda. 
Stimulation  of  the  cervical  sympathetic  normally  induces  a  scanty  secretion,  and  this 
is  unchanged  in  atropinized  animals,  showing  that  the  gland  cells  are  not  affected. 
Large  doses  of  atropine,  however,  prevent  this  secretion,  partly  by  blocking  of  the 
superior  cervical  ganglion,  partly  by  action  on  the  gland  cells.  The  vaso-dilator  fibers 
of  the  chorda  are  not  much  depressed  and  the  use  of  oxygen  and  formation  of  CO2 
by  the  gland  are  increased  by  stimulation,  even  when  secretion  of  saliva  is  not.  In 
man,  the  solids  are  decreased  by  doses  of  0.5  to  1  mgm.  by  mouth,  more  than  is  the 
total  volume,  and  the  salts  more  than  the  ptyalin  (Ewing).  Jacobson's  nerve  to  the 
parotid  gland  is  affected  just  as  is  the  chorda  tympani  to  the  sublingual.  There  is  a 
mutual  antagonism  between  atropine  and  the  various  drugs  which  cause  salivation. 
This  is  most  complete  with  pilocarpine  but  is  also  noted  in  the  power  of  atropine  to 
prevent  the  increased  secretion  caused  by  nicotine,  and  that  seen  in  mercurial  poison- 
ing. The  quantitative  relation  between  the  effects  of  atropine  and  pilocarpine  is  so 
constant  that  it  has  been  used  as  a  method  of  standardizing  belladonna  preparations 
(von  Leeuwen).  Cushny  has  shown  that  with  small  doses  1  part  of  atropine  is  able 
to  prevent  the  increase  of  secretion  caused  by  8i/^  times  as  much  pilocarpine,  but  the 
effect  of  unbalanced  mixtures  shows  that  the  relationship  follows  the  law  of  mass 
action  and  not  that  of  multiple  proportions. 

The  secretion  of  mucus  by  the  esophagus  is  much  reduced  by  even  small  doses. 
The  effect  on  the  muscle  varies  according  to  the  relative  amount  of  striped  and  un- 
striped  fibers,  as  the  stimulating  action  of  the  vagus  on  the  latter  is  prevented,  while 
that  on  the  former  is  not  influenced.  The  lower  part  of  the  esophagus  is  paralyzed 
in  all  animals,  the  upper  part  only  in  frogs  and  birds  which  have  less  striped  muscle 
in  the  pharyngeal  portion  than  do  mammals.  In  man  the  intravenous  injection  of 
1  mgm.    (gr.   1/65)    delays  the  passage  of  food  through  the  esophagus. 

The  stomach  shows  marked  alteration,  both  in  the  secretory  and  the  motor  func- 
tions. The  secretion  of  gastric  juice  is  slightly  reduced  through  paralysis  of  the  vagus 
endings,  by  even  small  doses,  the  acidity  being  also  lessened  but  not  the  amount  of 
pepsin.  Large  doses  do  not,  however,  bring  about  complete  stoppage.  The  relatively 
slight  influence  of  atropine  reflects  the  fact  that  gastric  secretion  is  dependent  on  hor- 
mone stimulation,  and  only  glands  controlled  by  nerve  stimuli  are  affected  by  atropine. 
The  number  of  leucocytes  in  the  gastric  juice  is  enormously  increased  in  man  by  oral 
doses  of  0.25  mgm.  (gr.  1/250)  and  this  may  have  a  beneficial  influence  on  gastric 
ulcers   (Loeper  and  Marchal). 

Although  large  doses  of  atropine  cause  emesis,  small  amounts  have  the  opposite 
effect,  being  useful  in  seasickness  and  various  other  forms  of  nausea  in  doses  of  0.5 
to  1  mgm.  (gr.  1/130  to  1/65),  by  mouth  or  hypodermically.  In  dogs  the  emetic  action 
of  nicotine  and  pilocarpine  are  antagonized  but  not  that  of  morphine,  apomorphine  or 
nicotine.  In  its  antagonism  to  pilocarpine  the  effect  of  atropine  increases  as  the  dose 
is  raised,  being  shown  in  proportion  of  1  to  75  with  small  doses  and  1  to  200  with 
large  doses   (Eggleston).    Atropine  acts  by  depressing  the  vomiting  center   (Eggleston). 

The  motions  of  the  stomach  are  quieted  by  small  doses  (1  mgm. — gr.  1/65),  espe- 
cially the  abnormal  motions  induced  by  pilocarpine,  muscarine  and  choline.  The  effect 
of  stimulation  of  the  vagus  on  the  gastric  movements  is  lessened  by  very  large  doses 
(0.1  Gm. — gr.  1%)  in  the  dog,  while  20  mgm.  (gr.  1/3)  stops  the  effect  on  the  pyloric 
sphincter  or  rather  the  effect  of  stimulation  of  the  vagus  is  changed  from  excitation 
to  depression  (Langley).  The  splanchnic  fibers  are  not  influenced.  The  lessened  con- 
tractions of  the  pylorus,  associated  with  the  lessening  of  acid  secretion,  make  atropine 
useful  in  ulcer  of  the  stomach,  hyperchlorhydria,  pylorospasm  and  even  congenital  pylo- 
ric stenosis. 

The  secretions  of  the  intestinal  mucosa  are  probably  not  markedly  altered  by  atro- 
pine, but  little  study  has  been  devoted  to  them.  The  effect  on  the  bowel  motions,  on 
the  other  hand,  is  very  complex  and  has  been  studied  in  great  detail.  In  general,  it 
may   be   said   that  the  movements   are   lessened   if   they  were   previously   abnormally 
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strong,  and  little  if  at  all  influenced  If  previously  weak,  and  especially  If  the  tonus 
were  low.  Accordingly,  small  doses  (1  to  2  mgm. — gr.  1/G5  to  1/30)  lessen  peristalsis 
in  rabbits  and  man,  the  tonus  of  whose  b'owels  is  naturally  high,  but  may  lessen  or 
increase  it  in  cats.  Atropine  shows  its  most  marked  quieting  effect  on  intestines  which 
have  been  previously  stimulated  by  such  agents  as  pilocarpine,  physostigmine,  muscarine 
or  choline,  and  Schiibe'l  has  recently  devised  an  ingenious  hypothesis,  based  on  this 
fact,  to  explain  the  differences  seen  in  normal  animals.  He  points  out  that  an  extract 
of  normal  bowel  stimulates  peristalsis;  and  le  Hcux  has  shown  that  the  stimulating 
substance  in  such  extracts,  formerly  called  "motilene,"  is  in  reality  choline.  Schiibel 
suggests  that  the  variation  in  mobility  of  normal  intestines  depends  largely  upon  the 
amount  of  choline  which  they  contain,  and  as  atropine  has  the  effect  of  antagonizing 
choline,  its  varying  effect  differs  in  respect  to  the  same  factor.  The  bowel  walls  of 
rabbits  and  guinea-pigs  always  contain  more  choline  than  those  of  the  cat  and  dog, 
and  this  explains  the  different  effects  of  atropine  in  these  species.  Although  the  effects 
of  pilocarpine  and  muscarine  are  prevented  by  previous  administration  of  atropine,  the 
effects  of  stimulation  of  the  vagus  and  splanchnic  nerves  are  little  altered.  The  effect 
on  the  isolated  bowel  varies  with  the  circumstances  and  the  character  of  the  prepara- 
tion. High  dilutions  have  little  effect  on  the  normal  structure,  but  lessen  the  effect 
of  pilocarpine  and  other  stimulants.  More  concentrated  solution,  0.05  percent.,  cause 
increase  in  motions  dependent  on  stimulation  of  Auerbach's  plexus  (Magnus).  Still 
stronger  solutions  cause  paralysis  of  this  plexus  and  of  the  muscle  fibers.  The  mus- 
cularis  mucosae  of  dogs  is  stimulated  except  when  tonus  is  unusually  high,  and  is  then 
depressed  (King  and  Church).  If  0.1  mgm.  of  atropine  be  given  to  a  dog  and  the 
bowel  removed  several  hours  later  and  studied  m  vitro,  it  will  be  found  that  its  move- 
ments are  very  weak  and   its  tonus  low. 

The  large  bowel  and  rectum  behave  like  the  small,  atropine  having  little  or  no 
effect  on  the  normal  motions,  but  depressing  them  if  unduly  strong  and  perhaps  increas- 
ing them  if  abnormally  weak.  The  pilocarpine  stimulation  is  prevented  but  not  by 
paralysis  of  the  vagus,  as  electric  stimulation  of  this  nerve  produces  its  usual  effect. 

The  ileo-colic  sphincter  of  cats  (isolated)  contracts  under  the  influence  of  1:10,000 
atropine  but,  if  previously  excited  by  pilocarpine,  is  relaxed  by  all  strengths,  even 
1:200,000    (Kuroda). 

The  secretion  of  bile  is  little  if  at  all  altered.  An  apparent  diminution,  which  has 
been  noted  in  some  experiments,  is  perhaps  due  to  relaxation  of  the  gall  bladder  and 
ducts.  This  relaxation  is  of  clinical  importance  as  it  makes  easier  the  passage  of  biliary 
calculi,  while  the  paralysis  of  the  cardiac  vagus  endings  prevents  the  reflex  effect  of 
the  pain  on  the  heart.  As  in  the  bowel,  the  spontaneous  contractions  of  the  isolated 
gall  bladder  of  the  dog  are  depressed  if  the  tonus  is  high,  but  not  if  it  is  low  and 
contractions   are   already  weak. 

The  normal  secretion  of  the  pancreas  is  said  to  be  reduced  by  administration  of 
atropine  in  the  dog  (Pawlow,  Wertheimer  and  Dubois)  but  not  in  the  rabbit  (Gottlieb). 
The  effect  may  be  due  in  part  to  lessened  formation  of  secretin  by  the  bowel  secondary 
to  lessened  secretion  of  acid  in  the  stomach.  It  depends  in  part  also  on  paralysis  of 
the  vagus  endings.  The  secretion,  when  artificially  increased  by  injection  of  pilocar- 
pine, is  lessened  in  all  species. 

Blood. — The  blood  is  but  little  influenced  by  atropine.  There  may  be  lessening  of 
leucocytes  in  the  peripheral  blood  stream  and  slowed  clotting  time,  the  latter  depending 
on  some  obscure  hepatic  action  and  not  seen  when  atropine  is  given  parenterally.  Gen- 
eral leucocytosis  is  claimed  by  Loeper  and  Marchal. 

Circulatory  System. — The  blood-pressure  is  commonly  not  much  altered  by  adminis- 
tration of  atropine,  and  the  little  effect  seen  depends  on  the  action  on  the  heart. 
There  may  be  a  slight  rise  with  the  accelerated  heart  action  of  moderate  doses,  and  the 
cardiac  depression  of  poisoning  is  accompanied  by  a  fall.  The  output  of  the  heart  may 
be  increased  or  reduced,  but  is  not  much  altered. 

The  normal  heart  is  accelerated  by  moderate  doses,  and  this  is  the  effect  commonly 
seen  in  animal  experiment.  Very  small  doses  cause  slowing,  and  this  is  the  only  effect 
observed  with  the  usual  therapeutic  doses  (0.5  mgm. — gr.  1/120).  in  man.  This  slow- 
ing is  probably  due  to  stimulation  of  the  vagus  center  and  with  full  doses  is  brought 
to  an  end  by  paralysis  of  the  vagus  endings,  resulting  in  acceleration.  It  is  thus  more 
marked  the  smaller  the  dose  and  the  slower  the  absorption.  It  is  best  seen  from  adminis- 
tration by  mouth  and  is  apt  to  be  so  brief  as  to  be  overlooked,  when  full  doses  are  given 
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by  vein.  The  larger  the  dose,  the  greater  but  also  the  briefer  is  it.  Cushny  believes  that 
this  slowing  is  due  to  direct  action  on  the  heart  and  not  to  stimulation  of  the  vagus. 
Recently  Danielopolu  has  shown  that  the  P-R  interval  in  the  electrocardiogram  is 
lengthened  in  man  by  doses  of  0.25  mgm.  (gr.  1/250)  and  shortened  by  1.5  mgm. 
(gr.  1/40)   which  points  to  both  effects  being  exerted  on  the  vagus  mechanism. 

Much  more  study  has  been  given  to  the  paralysis  of  the  vagus  endings,  which  gives 
rise  to  the  acceleration  already  mentioned.  This  acceleration  is  most  marked  in  young 
persons  and  animals  and  less  in  old.  After  injection  of  1  to  2  mgm.  (gr.  1/65  to  1/35), 
persons  16  to  40  years  old  show  an  acceleration  of  20  to  100  (average  47)  percent.; 
persons  50  and  older,  only  5  to  50  (average  23V2)  percent.  (Mueller).  The  acceleration 
is  due  to  paralysis  of  the  endings  of  the  vagus  and  is  therefore  most  marked  in  species 
and  individuals  whose  vagal  tone  was  previously  high.  This  accounts  for  the  age  dif- 
ferences already  noted,  as  well  as  for  the  fact  that  the  dog  and  cat,  which  show  little 
primary  slowing,  show  much  acceleration,  while  the  opposite  is  true  of  the  rabbit, 
whose  vagal  tone  is  lower.  A  dose  of  1  mgm.  in  man  or  of  0.04  mgm.  in  a  dog  of 
average  weight  will  paralyze  the  endings  for  1  to  4  hours,  while  in  the  cat  0.1  mgm. 
induces  brief  loss  of  function.  The  rabbit  is  variable  in  its  reaction,  but  the  effect  is 
always  brief  even  from  a  dose  of  1  mgm.  The  rhythmic  irregularity  of  the  dog's  heart, 
which  is  due  to  vagal  influence,  ceases  after  small  doses  of  atropine.  The  left  vagus 
is  more  readily  paralyzed  than  the  right,  at  least  in  the  dog.  The  action  of  tropine  on 
the  cardiac  vagus  is  identical  with  that  of  atropine  (Hazard). 

The  reaction  of  the  human  heart  to  atropine  has  been  studied  extensively  as  a 
diagnostic  measure.  Normal  individuals  show  an  increase  of  about  20  beats  per  minute 
from  a  subcutaneous  injection  of  0.75  mgm.  (gr.  1/90)  and  an  increase  of  30  to  40  beats 
indicates  an  oversensitive  autonomic  system  (Platz).  On  the  other  hand,  the  accelera- 
tion is  less  than  normal  when  the  vagus  tone  is  low,  as  in  affections  of  the  heart  muscle, 
and  in  certain  maladies,  the  most  important  of  which  is  typhoid  fever.  The  usefulness 
of  atropine  in  distinguishing  the  early  stages  of  typhoid  was  first  discovered  by  Marris 
in  1916.  He  gives  an  injection  of  2  mgm.  (gr.  1/33)  and  considers  that  an  increase  of 
less  than  10  beats  per  minute  is  characteristic  of  typhoid  or  paratyphoid.  His  observa- 
tion lacks  confirmation.  In  heart  block,  atropine  may  be  useful  in  distinguishing  between 
the  form  due  to  lesion  of  the  bundle  of  His  and  the  form  due  to  vagus  overtone,  the 
latter  form  being  relieved  by  it,  the  former  not.  Atropine  abolishes  all  forms  of  cardiac 
inhibition  caused  by  drugs,  whether  this  be  reflex  (ammonia),  central  (veratrum), 
ganglionic  (nicotine)  or  peripheral  (pilocarpine).  The  action  of  digitalis  on  the 
heart  rate  is  antagonized,  but  not  the  improvement  of  ventricular  tonus  (Hirsch- 
felder). 

The  heart  of  the  frog  is  influenced  by  small  doses  only  through  paralysis  of  the 
vagus  endings,  and  as  the  vagus  center  is  not  normally  active,  the  normal  rate  is  not 
influenced.  After  an  injection  of  0.0025  mgm.  (gr.  1/25,000)  or  application  of  a  drop 
of  a  1  to  1  million  solution  to  the  exposed  heart  (Albanese),  stimulation  of  the  vagus 
nerve  or  of  the  sinus  venosus  causes  no  stoppage.  The  effects  of  pilocarpine,  muscarine 
and  nicotine  on  the  heart  are  also  prevented,  showing  that  the  block  occurs  in  the 
nerve  ending  or  muscle.  There  is  no  previous  stage  of  vagus  excitation,  as  was  claimed 
by  early  writers.  Doses  up  to  0.1  mgm.  have  no  other  effect,  but  1  mgm.  dropped  on 
the  exposed  heart  will  cause  weakening  and  slowing  by  action  on  the  muscle  and 
20  to  40  mgm.    (gr.  1/5  to  %)    in  a  lymph  sac  will  stop  the  heart  in  diastole. 

Many  writers  have  claimed  direct  stimulation  of  the  heart  from  large  doses,  but 
this  has  been  as  often  denied.  The  most  striking  example  of  stimulation  is  the  power 
to  restore  to  normal  activity  hearts  paralyzed  by  muscarine  and  pilocarpine.  This  is 
presumably  effected  through  vagus  paralysis  and  is  not  certain  evidence  of  stimulation. 
A  few  beats  will  also  be  induced  in  hearts  poisoned  by  aconitine,  copper  and  other 
muscle  poisons,  but  the  beats  are  never  restored  fully.  Straub  believes  that  atropine 
prevents  muscarine  and  pilocarpine  action  by  delaying  their  penetration  into  the  muscle 
cells  and  points  out  that  the  antagonism  exists  even  on  structures  which  have  no 
inhibitory  mechanism.  Until  the  antagonism  on  the  bowel  is  explained,  we  cannot 
assume  that  that  on  the  heart  is  different  in  its  nature.  A  direct  stimulation  of  the 
sympathetic  endings  in  the  heart  is  shown  by  the  greater  strength  of  beats  in  atropinized 
hearts,  from  electric  stimulation  of  the  ventricle  and  of  the  clamped-off  ventricle  tip, 
which  does  not  beat  spontaneously.  That  this  stimulation  lies  in  the  nerve  ending 
and  not  iu  the  muscle  is  indicated  by  its  non-occurrence  in  apices  clamped  off  long 
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before  in  whicTi  the  endings  have  degenerated,  as  well  as  after  ergotamine,  which 
paralyzes  the  endings  (Haberlandt).  The  accelerator  fibers  which  run  in  the  vagus  in 
the  frog  are  not  paralyzed;  stimulation  of  this  nerve  therefore  quickens  the  beats  in 
atropinized   animals. 

The  isolated  heart  of  the  rabbit  shows  brief  stimulation  with  stronger  beats  from 
atropine  in  high  concentration,  followed  by  paralysis  of  the  muscle.  The  heart  of  the 
frog  is  stimulated  by  0.5  mgm.  in  100  cc.  (1:200,000)  and  paralyzed  by  1.5  mgm. 
(Fauvel).  The  hearts  of  invertebrates,  which  have  no  inhibitory  mechanism,  are  not 
affected  by  small  doses,  but  the  cardiac  ganglia  of  the  horseshoe  crab  and  other  Crus- 
tacea are  stimulated  by  large  doses  which   later  paralyze   the   muscle  cells. 

The  blood  vessels  are  not  affected  in  any  constant  manner,  but  vessels  constricted 
by  pilocarpine  and  other  agents  are  dilated  by  small  quantities  of  atropine.  The  vasomo- 
tor center  is  stimulated  by  direct  perfusion  (Sollmann  and  Pilcher)  but  there  is  no 
sound  evidence  that  stimulation  results  from  systemic  administration  (Cushny).  In 
perfusion  experiments  on  the  salivary  gland  the  vasoconstrictor  fibers  are  paralyzed  by 
lower  concentrations  than  the  vasodilator  (Carlson),  while  in  dogs  given  0.1  Gm 
(gr.  1.5)    only  the  vasodilators  are  paralyzed    (Pick). 

For  some  unexplained  reason,  certain  vessels  do  not  share  the  resistance  to  atro^ 
pine.  The  dilatation  of  the  vessels  of  the  skin  of  the  face  and  neck  has  been  men- 
tioned under  the  symptoms  of  poisoning,  and  a  similar  dilatation  occurs  in  the  menin- 
geal and  cerebral  vessels.  In  the  rabbit,  the  dilatation  of  the  vessels  of  the  skin  of 
the  head  is  prevented  by  section  of  the  cervical  sympathetic,  and  is  therefore  of  central 
origin. 

Isolated  vessels  are  dilated  by  atropine  and  the  outflow  increased  in  perfusion  experi- 
ments. The  neces"sary  concentration  is  always  greater  than  is  reached  in  vivo.  Rings 
of  arterial  wall  suspended  in  1:2000  atropine  solution  are  relaxed  or  their  spontaneous 
movements   depressed. 

Large  doses  of  atropine  have  been  administered,  with  reputed  good  result,  to  check 
various  forms  of  internal  hemorrhage,  from  tuberculous  hemoptysis  to  metrorrhagia. 
Although  well  attested  clinically,  this  action  is  totally  unexplained. 

Lymph  secretion  is  probably  not  directly  influenced  by  atropine,  and  the  flow  from 
the  thoracic  duct  may  be  increased,  lessened  or  unchanged,  according  to  circumstances. 
Normally,  electric  stimulation  of  the  chorda  tympani  causes  a  marked  increase  in  out- 
flow from  the  ductus,  but  after  atropine,  this  increase  does  not  result  (Bainbridge). 
The  lumen  of  the  ductus  is  increased  by  a  dose  of  5  mgm.  through  a  direct  action  on 
the  wall    (Camus  and   Gley). 

Respiration. — The  respiratory  center  is  directly  excited  by  atropine,  doses  too  small 
to  cause  motor  excitement,  with  its  secondary  stimulating  effect,  bringing  about  an 
increase  in  both  rate  and  depth.  Rabbits  are  not  as  readily  affected  as  dogs,  in  which 
the  amount  of  air  moved  may  be  two  to  four  times  the  normal.  This  characteristic 
action  may  be  preceded  by  a  brief  respiratory  depression,  not  secondary  to  depression 
of  the  pulmonary  vagus  endings  as  believed  by  Bezold,  but  due  to  a  direct  action  on 
the  center  CMarshall).  The  sensitiveness  of  the  center  to  CO.  is  not  altered  by  small 
doses  (Higgins  and  Means).  The  stimulating  action  is  valuable  in  morphine  poisoning, 
but  only  if  small  doses  are  given.  The  harmful  results  seen  by  certain  authors  are 
due  to  use  of  too  large  doses.  The  same  is  true  of  chloral  intoxication.  Large  doses 
will  depress  the  center  if  this  is  already  weakened,  and  must  be  avoided  if  respiration 
is  already  faulty. 

The  secretion  of  mucus  is  decreased  or  stopped  in  the  entire  respiratory  tract  from 
the  nose  to  the  bronchioles. 

The  bronchi  are  dilated  by  paralysis  of  the  vagus  endings  by  doses  even  smaller 
than  are  needed  to  depress  the  cardiac  vagus.  In  the  dog,  0.3  to  0.5  mgm.  (gr.  1/200 
to  1/130)  suffices.  The  trachea  is  also  dilated  by  peripheral  paralysis  of  its  muscle. 
The  broncho-dilator  nerves  are  paralyzed  only  by  large  doses,  if  at  all.  Isolated  seg- 
ments of  the  bronchus  of  the  ox  are  dilated  by  a  dilution  of  1  to  3  million  (Trendelen- 
burg). Of  great  importance  is  the  fact  noted  by  Auer,  that  atropine  prevents  the  bron- 
chial constriction  which  occurs  in  anaphylactic  shock  in  guinea-pigs,  and  as  this  Is 
the  cause  of  death,  previous  administration  of  atropine  will  often  save  life.  This  is 
of  great  interest  in  connection  with  the  use  of  atropine  in  asthma.  Atropine  also  pre- 
vents or  overcomes  the  bronchial  constriction  which  results  from  pilocarpine  and 
physostigmine. 
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Metabolism. — Atropine  has  but  little  direct  influence  on  general  metabolism.  If 
there  is  motor  excitement,  the  metabolic  activity  is  secondarily  increased,  but  otherwise 
little  change  In  nitrogen  or  gaseous  metabolism  is  noted. 

The  sugar  metabolism  is  altered,  but  results  of  different  investigators  have  been 
contradictory  and  further  light  is  needed  on  the  mechanism  and  details  of  the  action. 
Atropine  given  to  normal  animals  in  small  dose  brings  about  slight  hypoglycemia 
(Morat  and  Doyon),  while  toxic  amounts  cause  hyperglycemia  and  glycosuria.  Atropine 
interferes  in  some  obscure  manner  with  the  usual  action  of  other  procedures  on  the 
sugar  metabolism.  Electric  stimulation  of  the  celiac  plexus,  which  normally  induces 
increased  formation  of  glucose  from  glycogen,  was  found  ineffective  in  atropinized 
animals,  perhaps  because  of  paralysis  of  nerve  endings  in  the  liver,  by  Cavazzani  and 
Soldani,  but  MacLeod  and  McGuigan  could  not  confirm  this.  In  thyroidectomized  dogs, 
epinephrine  does  not  cause  glycosuria,  but  atropine  with  epinephrine  does  (Falta  and 
Rudinger).  The  usual  insulin  hypoglycemia  is  prevented  in  dogs  by  a  dose  of  3  mgm. 
per  kilo  of  atropine  (Mauriac  and  Aubertin).  Phloridzin  glycosuria  is  prevented  in 
the  rabbit,  but  not  in  the  frog  (Gargiulo).  Rudisch  announced  several  years  ago  that 
carbohydrate  metabolism  in  diabetes  mellitus  is  favorably  influenced  by  continued 
administration  of  atropine.  His  claims  have  not  been  confirmed.  The  hyperglycemia 
of  general  anesthesia  is  not  influenced. 

The  tissue  respiration  of  frog  muscle  in  vitro<  is  increased  by  addition  of  small 
amounts  of  atropine,  as  shown  by  the  more  rapid  reduction  of  methylene  blue. 

Temperature. — In  man  the  temperature  often  rises  1°  to  3°  C.  from  injection  of 
1  mgm.  (gr.  1/65)  of  atropine.  This  rise  is  not  secondary  to  circulatory  changes  or 
tremors,  but  has  been  shown  experimentally  to  result  from  increased  heat  production, 
due  to  direct  stimulation  of  the  heat-producing  center  (Meuriot). 

Internal  Secretions. — These  are  much  less  influenced  than  those  of  glands  with 
external  ducts — in  fact,  there  is  no  direct  evidence  that  atropine  alters  any  of  them. 
Recent  studies  indicate  that  pilocarpine  may  increase  the  output  of  adrenalin,  and  if 
this  is  true,  it  would  seem  probable  from  analogy  with  other  functions  that  atropine 
reduces  it. 

Genital  Organs. — There  is  a  difference  of  opinion  as  to  the  effect  of  atropine  on 
milk  secretion.  Ott  and  Scott  reported  a  reduction  of  this  secretion  in  the  goat,  but 
generally  no  result  is  obtained  either  by  systemic  or  topical  use.  This  is  to  be  expected, 
as  the  secretion  of  milk  depends  on  hormone  stimulation,  and  only  secretions  con- 
trolled by  secretory  nerves  are  checked  by  atropine.  The  clinical  use  of  belladonna 
plaster  to  stop  milk  secretion  lacks  experimental  support. 

The  spontaneous  motions  of  the  uterus,  virgin  or  pregnant,  are  little  altered  in  situ, 
and  the  effectiveness  of  stimuli  applied  to  the  hypogastric  nerves  is  not  lessened  by 
administration  of  atropine.  The  isolated  uterus  shows  slightly  increased  activity  if 
small  amounts  are  added  to  the  fluid  in  which  it  is  suspended,  but  is  paralyzed  by 
high  concentrations,  by  a  direct  effect  on  the  muscle.  The  increased  contractions  caused 
by  pilocarpine  in  the  uterus  of  the  rabbit  and  of  the  pregnant  cat  are  checked  by 
atropine,  while  on  the  other  hand  the  movements  of  the  virgin  cat  uterus,  when  stopped 
by  pilocarpine,  are  restored  (Cushny).  The  conception  of  Dale  and  Laidlaw,  that  the 
antagonistic  effects  of  pilocarpine  and  atropine  on  the  uterus  depends  on  their  con- 
flicting actions  on  the  adrenal  secretion,  is  refuted,  at  least  fn  part,  by  the  antagonism 
being  evidenced  on  the  isolated  organ  (Fardon).  The  isolated  vagina  shows  weak  stimu- 
lation or  no  effect.  The  retractor  penis,  isolated  and  in  situ,  is  not  influenced  con- 
sistently  by   any   dose. 

Urinary  System. — The  secretory  cells  of  the  kidney  are  not  directly  Influenced  by 
atropine,  but  the  circulatory  effects  of  large  doses  frequently  lead  to  a  secondary  reduc- 
tion of  urinary  secretion.  Water  given  with  atropine  is  excreted  more  slowly  than 
normally,  but  Cow  believes  that  the  slight  effect  seen  depends  on  dilation  of  the  ureters. 

The  spontaneous  contractions  of  the  isolated  ureter  are  more  rapid  under  the 
influence  of  very  high  dilutions,  but  are  slowed  or  stopped  by  stronger  solutions  (Pro- 
topopoff,  Macht).  The  tonus  of  the  normal  bladder  is  slightly  lowered  both  in  vivo  and 
in  vitro,  and  this  relaxing  effect  is  more  marked  when  the  tonus  is  already  abnormally 
high.  Atropine  thus  relaxes  the  contraction  of  the  bladder  wall  which  results  from 
pilocarpine  and  nicotine,  and  small  doses  of  atropine  are  often  valuable  in  clinical 
hypersensitiveness.  The  vesical  contraction  which  follows  electric  stimulation  of  the 
hypogastric  nerve   is  not   interfered   with. 
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Skin. — The  effects  of  atropine  on  the  skin  are  among  the  most  striking  of  the 
phenomena  of  mild  poisoning.  The  peculiar  dry  sensation  results  from  actual  cessation 
of  secretion  of  sweat,  dependent  on  paralysis  of  the  endings  of  the  secretory  nerves. 
No  secretion  of  sweat  from  the  foot  pads  results  in  an  atropinized  cat,  from  stimulation 
of  the  sciatic  nerve,  and  stimulation  of  the  sympathetic  nerve  causes  no  secretion  of 
sweat  in  the  area  of  skin  supplied  by  it,  as  is  normally  the  case.  After  section  of  the 
nerves,  if  time  is  allowed  for  degenerative  changes,  the  normal  sweat  secretion  is  no 
longer  stopped  by  atropine,  showing  that  the  effect  is  exerted  on  the  nerve  ending.  In 
man  the  unconscious  continuous  secretion  of  sweat  is  appreciably  lowered  by  a  dose  of 
1  mgm.  (gr.  1/65).  Atropine  applied  to  the  normal  skin  does  not  penetrate  sufficiently 
to  exert  its  effect,  but  sweating  near  the  point  of  injection  is  stopped  by  subcutaneous 
administration  of  minute  amounts.  The  sweating  induced  by  pilocarpine  is  promptly 
checked  by  atropine,  the  necessary  dose  of  atropine  being,  as  in  other  relations,  much 
smaller  than  the  dose  of  pilocarpine. 

The  secretion  of  the  sebaceous  glands  of  the  skin  is  not  altered  by  atropine. 

The  secretion  of  mucus  by  the  skin  of  the  frog  is  stopped  by  small  doses  of  atro- 
pine injected  into  a  lymph  sac,  and  the  increase  of  secretion  which  normally  follows 
stimulation  of  the  sciatic  nerve  does  not  occur.  If  the  electrodes  are  applied  directly 
to  the  skin,  however,  secretion  will  be  induced  in  atropinized  animals,  showing  that 
the  secreting  cells  are  not  paralyzed,  but  only  the  nerve  ending. 

Nerve  System. — The  effects  of  atropine  on  the  nerve  system,  as  observed  in  mam- 
mals, are  confined  almost  entirely  to  stimulation  of  the  cerebral  centers  and  paralysis 
of  the  autonomic  endings.  There  is  also  paralysis  of  the  sensory  and  motor  endings 
of  the  general  nerve  system,  but  this  is  brought  out  only  by  special  procedures. 

Cerebrum^ — In  mammals  the  chief,  and  often  the  sole,  central  effect  of  atropine 
is  a  stimulation  of  the  cells  of  the  cerebral  cortex.  This  manifests  itself  as  sleepless- 
ness, restlessness,  and  mental  excitement,  passing  with  poisonous  doses  into  delirium, 
hallucinations  of  sight  (and  more  rarely  of  hearing),  increase  of  reflexes  (leading  in 
severe  cases  to  clonic  convulsions),  and  even,  in  rare  cases,  mania.  With  very  large 
doses,  these  phenomena  of  excitement  pass  into  depression,  apathy,  loss  of  reflexes, 
failing  respiration  and   coma. 

Analysis  of  these  phenomena  shows  that  even  with  small  doses  the  cerebral  stimu- 
lation does  not  lead  to  an  increased  capacity  for  mental  work.  (In  this  respect  atro- 
pine resembles  cocaine,  to  which  it  Is  also  closely  related  chemically  and  not  caffeine 
or  strychnine).  The  delirium  is  due  to  direct  excitation  of  the  cerebral  cells  and  not 
to  paralysis  of  inhibition,  as  Bezold  suggested.  This  excitation  is  shown  by  the  fact 
that  in  dogs  under  the  influence  of  small  doses  the  motor  cortical  area  responds  by 
epileptic  phenomena  to  electric  stimuli  which  have  no  effect  on  the  normal  animal 
(Albertoni).  Rats  trained  to  find  their  way  through  a  maze  do  this  even  more  quickly 
after  doses  of  0.16  mgm.  per  kilo,  but  are  confused  by  0.35  mgm.,  show  complete  loss 
of  memory  after  3  mgm.  and  do  not  move  at  all  if  given  20  mgm.  per  kilo  (Macht). 
Even  the  largest  of  these  doses  is  less  than  one-fifteenth  of  the  fatal  dose,  so  that  the 
extreme  sensitiveness  of  the  cerebrum  in  these  animals  is  clearly  shown.  Young  animals 
are  less  sensitive  to  the  cerebral  actions  than  adults;  and  herbivora  less  than  carnivora 
or  omnivora.  Birds  are  less  affected  than  mammals,  and  cold  blooded  animals  seem 
to  escape  them  entirely. 

Lower  Brain  Centers.— The  effect  on  these  are  relatively  unimportant.  The  respira- 
tory center  is  moderately  stimulated  by  very  small  doses  and  depressed  by  large.  The 
vasomotor  center  may  show  stimulation  but  the  effect  is  uncertain.  Minimal  doses  in 
the  frog,  rabbit  and  other  animals  stimulate  the  vagus  center,  slowing  the  heart  and 
occasionally  stopping  it  in  systole.  With  larger  doses  the  stimulation  of  the  center 
is  masked  by  the  paralysis  of  the  endings. 

Spinal  Cord. — In  mammals  and  birds  there  is  commonly  no  evidence  of  any  action 
on  the  cord,  but  puppies  and  kittens  given  atropine  after  transection  of  the  cord  may 
show  further  increase  in  spinal  reflexes  below  the  section.  In  frogs,  there  is  motor 
depression,  with  even  complete  paralysis,  followed,  after  12  to  36  hours,  by  spinal 
tetanus.  The  depression  is  apparently  peripheral,  as  a  leg  the  artery  of  which  is 
ligated,  to  prevent  access  of  the  drug,  is  moved  normally  until  convulsions  begin  and 
does  not  show  tetanus  before  the  rest  of  the  body. 

Peripheral  Nerves. — Both  sensory  and  motor  nerve  endings  are  depressed  or  par- 
alyzed by  large  doses  of  atropine,  although  in  mammals  these  effects  are  usually  not 
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evident  from  systemic  administration.  Dilute  solutions  of  atropine  applied  to  the  skin 
of  the  frog  cause  first  hyperesthesia  and  later  lessened  sensation.  Such  solutions  irritate 
normal  mucous  membranes,  e.g.,  the  conjunctiva  in  man,  but  soothe  them  when  inflamed 
(Meuriot).  If  atropine  is  injected  hypodermically,  the  lessened  sensitiveness  of  the 
nearby  skin  can  be  demonstrated  with  an  esthesiometer.  The  soothing  effect  of  bella- 
donna plasters  and  lotions  is  a  commonplace  of  therapeutics. 

The  motor  nerve  endings  are  also  paralyzed,  this  requiring  smaller  doses  in  the 
frog  than  are  needed  to  remove  the  sensitiveness  of  sensory  nerves.  If  the  iliac  artery 
of  a  frog  is  ligated  and  atropine  then  given,  reflexes  may  still  be  obtained  in  the  ligated 
leg  after  the  rest  of  the  body  is  paralyzed,  showing  that  the  effect  is  peripheral  and 
precedes  loss  of  sensation  (Botkin).  Injection  into  the  iliac  artery  of  a  frog  induces 
fibrillary  twitching  preceding  the  paralytic  effect.  The  explanation  of  this  is  not  clear. 
This,  method  of  administration  brings  out  the  curare  effect  well.  Atropine  prevents 
the  twitching  caused  by  physostigmine,  but  relatively  larger  doses  are  needed  than  to 
overcome  its  effects  on  the  sympathetic  system.  These  motor  phenomena  are  seen  in 
mammals  only  in  isolated  preparations,  as  the  heart  muscle  is  paralyzed  by  smaller 
doses  than  are  required  to  affect  skeletal  muscle.  Isolated  frog  muscle  exposed  to  1:  2000 
atropine  contracts  more  strongly  on  direct  stimulation  (Frey). 

Autonomic  System. — Atropine  appears  to  act  on  the  autonomic  system  solely  by 
paralyzing  the  nerve  endings.  All  the  augmentary  nerves  of  the  parasympathetic 
(cranio-sacral)  system  are  affected  as  well  as  the  cranial  inhibitory  nerves  (such  as 
the  cardiac  vagus)  and  a  few  nerves  of  the  true  sympathetic  system.  The  relative 
sensitiveness  of  these  endings  has  been  studied  from  two  points  of  view:  (1)  the 
lowest  dose  required  to  cause  a  definite  lowering  of  response  to  stimulation;  (2)  the 
amount  needed  to  bring  about  complete  paralysis  of  function.  V.  Henderson  gives  the 
following  list  of  the  order  of  depression  in  the  cat  and  dog;  the  approximate  dose 
required  to  have  any  definite  effect,  expressed  as  mgm.  per  kilo,  being  placed  in  paren- 
thesis after  the  effect:  nasal  secretion,  salivary  secretion  (0.1),  cardiac  vagus  (0.2), 
pyloric  sphincter  (0.2),  movements  of  small  intestine  (0.2),  tonus  of  bladder  (0.25), 
oculomotor  (0.5),  vasodilatation  in  salivary  gland  (0.7);  for  complete  paralysis:  car- 
diac vagus  (0.5);  salivary  secretion,  salivary  vasodilation,  intestinal  movements,  vagus 
endings  (30),  bladder,  hypogastric  endings  (100). 

These  autonomic  actions  are  often  of  use  in  therapeutics  and  to  guard  against 
untoward  actions  of  other  drugs,  as  when  atropine  is  given  before  ether  to  prevent 
stimulation  of  the  cardiac  vagus;  or  associated  with  epinephrine  for  the  same  purpose 
when  injections  of  this  are  given  to  relieve  asthmatic  attacks. 

The  actions  of  atropine  on  the  intestine,  heart,  etc.,  have  already  been  discussed 
under  other  headings. 

Eye. — Atropine  in  all  doses  and  on  all  species  produces  four  effects  on  the  eye, 
namely,  dilatation  of  the  pupil  (mydriasis),  paralysis  of  accommodation  (cycloplegia), 
increase  of  intraocular  tension  and  protrusion  of  the  bulb  (exophthalmos). 

Mydriasis  is  produced  by  systemic  administration  or  by  topical  application.  It 
differs  from  that  caused  by  most  other  mydriatics  in  its  slower  onset  and  longer  dura- 
tion. In  man  instillation  of  a  1  to  10,000  solution,  repeated  a  few  times,  brings  about 
fairly  wide  dilatation  of  brief  duration.  After  2  drops  of  a  1  percent,  solution,  dilata- 
tion begins  in  a  quarter  of  an  hour,  reaches  a  maximum  in  half  an  hour,  which  is 
retained  for  two  or  three  days,  after  which  the  pupil  slowly  contracts,  returning  to 
normal  in  a  week  or  more.  Accommodation  is  affected  more  slowly  and  recovers  sooner. 
Young  persons  are  more  readily  affected  than  older.  In  the  guinea-pig,  mydriasis 
approaching  the  maximum  (5.5  mm.  diameter)  is  obtained  by  a  single  instillation  of 
0.1  cc.  of  0.01  percent.;  in  the  cat,  13  mm.  by  0.03  percent.;  in  the  rabbit,  10  mm.  by 
1  percent.  The  effect  is  somewhat  less  after  section  of  the  cervical  sympathetic  and 
still  less  after  excision  of  the  superior  cervical  ganglion  and  degeneration  of  the  post- 
ganglionic fibers.  Intravenous  injections  produce  a  similar  dilatation  in  the  following 
doses  in  mgm.  per  kilo;  guinea-pig,  0.1;  cat,  0.1;  rabbit,  1  (Githens,  unpublished). 
Hypodermic  injection  has  a  similar  effect;  in  the  cat  0.04  mgm.  causes  slight  dilata- 
tion and  0.06  marked  mydriasis.  The  pupils  of  birds  are  not  readily  influenced,  as 
their  iris  consists  largely  of  striped  muscle,  which  is  paralyzed  by  curare  but  not 
by  autonomic  agents. 

The  mydriatic  action  depends  chiefly  if  not  wholly  on  paralysis  of  the  sphincter 
of  the  iris.     Various  authors  have  brought  forward  evidence  in  favor  of  an  additional 
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stimulation  of  the  dilator  fibers,  but  this  is  not  convincing  (Cushny).  Against  it  is  the 
fact  that  even  full  atropine  mydriasis  can  be  further  increased  by  instillation  of  cocaine, 
which  is  known  to  stimulate  the  dilator  endings,  as  well  as  by  electric  stimulation  of 
the  cervical  sympathetic.  The  paralysis  of  atropine  is  shown  to  be  peripheral  by  the 
effects  of  instillation  of  dilute  solutions  and  it  has  even  been  shown  that  by  careful 
application  part  of  one  iris  could  be  paralyzed,  giving  rise  to  irregularity  of  the  pupil. 
The  muscle  is  not  paralyzed,  as  can  be  shown  by  direct  electric  stimulation.  The 
action  is  not  localized  in  the  nerve  endings,  as  it  can  be  obtained  after  these  have 
degenerated  as  a  result  of  excising  the  ciliary  ganglion  or  cutting  the  postganglionic 
fibers.  It  must  therefore  be  located  in  some  structure  between  the  muscle  and  the 
nerve  ending.  This  hypothetical  structure  has  been  termed  the  myoneural  junction 
or  "receptive  substance."  The  reputed  pupillary  constriction  which  precedes  the 
mydriasis  is  not  constant  and  according  to  Cushny  may  depend  on  non-specific  topical 
irritation.  Very  large  doses  of  atropine  paralyze  the  muscle  of  the  iris,  as  they  do  other 
muscles. 

The  natural  tonus  of  the  sphincter  continues  even  after  death,  and  the  paralyzing 
effect  of  atropine  on  it  can  be  shown  in  the  excised  eye  of  the  frog.  In  mammals, 
atropinized  eyes  contract  after  death,  as  the  muscle  outlasts  the  paralyzed  myoneural 
junction. 

Iritis  markedly  lessens  the  responsiveness  of  the  iris,  a  1  percent,  solution  pro- 
duces about  the  same  effect  on  an  inflamed  iris  as  a  0.01  percent,  on  a  normal. 

Accommodation. — The  ciliary  muscle,  which  produces  accommodation  by  changing 
the  shape  of  the  lens,  is  paralyzed  in  a  manner  analogous  to  the  iris,  although  larger 
doses  are  required,  according  to  Federsen,  5  to  15  times  as  much.  In  older  persons  the 
effects  on  accommodation  are  much  less  marked  than  in  the  young,  presumably  on 
account  of  the  lessened  elasticity  of  the  lens. 

Intraocular  Pressure. — The  intraocular  pressure  is  not  very  markedly  altered  in 
normal  eyes,  but  is  likely  to  show  brief  lowering  followed  by  prolonged  increase.  In 
curarized  rabbits  this  may  be  as  much  as  6  mm.  from  non-toxic  doses.  Although  the 
tension  of  the  aqueous  humor  is  increased,  that  of  the  vitreous  is  lowered,  each  being 
affected  in  the  opposite  way  by  pilocarpine.  The  exchange  of  fluids  in  the  eye  is  hin- 
dered by  the  dilatation  of  the  pupil  and  injected  fluorescein  escapes  more  slowly 
(Knape). 

If  there  is  already  a  tendency  to  increased  pressure,  this  effect  of  atropine  is  enor- 
mously greater.  For  this  reason  the  use  of  atropine  for  eye  examinations  is  extremely 
dangerous  in  incipient  glaucoma  and  may  inaugurate  an  acute  attack.  This  danger  is 
even  to  be  borne  in  mind  in  the  use  of  homatropine,  and  some  oculists  recommend 
instillation  of  pilocarpine  as  a  routine  measure  after  the  examination  is  complete,  in 
order  to  avoid  it. 

The  exophthalmos  is  probably  dependent  on  the  increased  tension,  although  its 
exact  mechanism  is  not  clear. 

In  rabbits,  vestibular  nystagmus,  caused  by  application  of  heat  to  the  internal  ear 
is  slightly  lessened  by  doses  of  10  to  20  mgm.  per  kilo.   (Kleitman). 

Pharmacodynamic  Action  of  Scopolamine  and  Hyoscine. — Pure  scopolamine,  that 
is  the  alkaloid  as  prepared  from  Scopolia,  and  pure  hyoscine,  that  is  the  alkaloid  pre- 
pared from  Hyoscyamus,  are  identical  in  all  known  respects.  The  differences  in  action 
reported  may  be  due  to  impurities,  which  are  equally  frequent  in  the  alkaloids  from 
either  source;  but  the  matter  is  not  entirely  clear.  The  chief  impurity  is  atroscine  or 
inactive  (optically)  scopolamine.  Pure  scopolamine  is  levorotatory,  the  hydrobromide 
showing  a  rotation  of  — 24°  to  — 25.5°,  samples  with  lower  rotation  being  impure  in  pro- 
portion. The  U.S.P.  allows  a  rotation  down  to  — 22°.  The  slight  differences  reported 
by  Reber  in  "hyoscyamine"  and  "scopolamine"  of  equal  rotatory  power  are  not  explained 
and  are  not  constant.     Impurities  are  much  more  frequent  than  in  atropine. 

Absorption  and  Elimination. — In  rabbits  the  chief  part  is  excreted  as  such  in  the 
urine,  and  may  be  shown  by  its  physiologic  action  (Kobert). 

Topical  Action. — Solutions  of  scopolamine  are  less  irritating,  especially  to  the  eye, 
than  those  of  atropine,  and  may  be  used  in  place  of  them  for  ocular  examinations  If 
there  is  idiosyncrasy  to  the  latter. 

Toxicity. — The  symptoms  produced  by  toxic  doses  of  scopolamine  bear  some  resem- 
blance to  those  of  atropine,  but  there  is  more  tendency  to  mental  depression  and  less 
to  excitement  and  delirium.    As  with  atropine,  there  is  a  wide  divergence  between  the 
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toxic  and  the  fatal  dose.  Thus  in  man,  a  dose  of  2  mgm.  (gr.  1/30)  may  cause  rest- 
lessness with  mild  delirium,  recalling  that  from  atropine,  with  hallucinations  of  sight 
and  unconsciousness.  A  dose  of  50  mgm.  (gr.  4/5)  swallowed  by  a  woman,  resulted  in 
profound  sleep  lasting  more  than  a  day,  but  no  symptoms  of  excitement  (W.  H.  H. 
Githens).  The  fatal  dose  is  about  150  to  200  mgm.  (gr.  2^  to  3).  The  full  therapeutic 
action  is  often  obtained  with  0.5  mgm.  The  symptoms  of  poisoning  suggest  those  of 
atropine.  There  is  dryness  of  the  throat,  mydriasis  and  loss  of  accommodation,  rest- 
lessness with  motor  excitement  and  frequently  hallucinations  of  sight  or  fixed  delu- 
sions. Convulsions  are  rare.  These  phenomena  soon  pass  off,  the  patient  becoming 
drowsy,  and  passing  into  a  deep  sleep.  Death  occurs,  if  at  all,  from  respiratory 
paralysis. 

Dogs  show  sleepiness  from  0.5  mgm.  (gr.  1/130),  delirium  with  visual  hallucina- 
tions from  1  to  5  mgm.  (gr.  1/65  to  1/12).  The  fatal  dose  in  small  dogs  is  above  0.3 
Gm.  (gr.  5).  Cdts  resemble  dogs  in  symptoms  and  susceptibility.  Rabbits  show  no 
central  symptoms  from  0.2  Gm.  (gr.  3).  Mice  show  hypnotic  action  from  as  little  as 
0.002  mgm.  (gr.  1/3200)  and  asphyctic  death  after  0.012  mgm.  (gr.  1/500).  The  frog 
shows  paralysis  followed  by  return  to  normal  in  a  day  without  convulsions,  after  a 
dose  of  40  mgm.   (gr.  6/10). 

Idiosyncrasy  is  common  and  poisonous  symptoms  may  occur  after  small  doses  of 
the  purest  samples  and  are  not  due  to  changes  occurring  in  solutions  on  standing,  as 
has  been  claimed.  Severe  toxic  reaction  has  been  reported  several  times  after  injections 
of  0.6  mgm.  (1/100  grain)  and  has  occasionally  been  seen  from  one-tenth  of  this  dose. 

In  fatal  cases,  the  lesions  are,  like  those  in  atropine  poisoning,  due  to  asphyxia. 
The  fatty  changes  reported  by  de  Stella,  have  not  been  found  by  any  other  author. 
The  treatment  is  the  same  as  for  atropine,  except  that  the  use  of  morphine  and  other 
narcotic^  and  hypnotics  is  contraindicated. 

Scopolamine  shows  the  same  antagonism  for  pilocarpine,  physostigmine,  muscarine 
and  choline  as  has  been  described  for  atropine.  It  probably  has  no  true  synergism 
with  narcotics,  but  aids  their  action  by  summation.  Synergism  with  morphine  has 
been  claimed  by  the  proponents  of  "twilight  sleep,"  but  has  been  denied  on  the  basis 
of  careful  quantitative  experiments  by  V.  Leeuwen.  The  fatal  dose  of  a  mixture  of 
scopolamine  and  morphine  in  the  proportion  used  in  narcosis  (1  to  25)  has  been  deter- 
mined by  Nicholson.  Rabbits  were  killed  by  a  mixture  of  scopolamine  6.5  mgm.  (gr. 
1/10)  with  morphine  160  mgm.  (gr.  2^);  cats  and  small  dogs  by  scopolamine  13  mgm. 
(gr.  1/5)  with  morphine  0.3  Gm.  (gr.  5). 

Systemic  Action. — The  systemic  action  is  limited  to  the  brain  centers  and  the  per- 
ipheral autonomic  system.  On  the  latter  it  resembles  atropine,  with  certain  quantitative 
differences.  Scopolamine  acts  twice  as  strongly  on  the  chorda  tympani  as  atropine, 
checking  salivary  secretion  with  half  the  dose.  On  the  intestine  its  effects  are  identical. 
The  circulation  is  less  affected  than  by  atropine.  The  vasomotor  center  is  very  slightly 
stimulated  by  small  doses  and  depressed  by  large.  The  cardiac  vagus  is  paralyzed  in 
the  dog  or  cat  by  as  little  as  1  mgm.  (gr.  1/65)  but  even  as  much  as  0.6  Gm.  (gr.  10) 
may  have  little  effect  on  the  rate  of  the  normal  heart.  In  the  frog,  muscarine  stoppage 
is  prevented  by  0.01  mgm.  (gr.  1/6500).  Isolated  vessels  are  dilated  by  perfusion.  The 
secretions  of  the  respiratory  tract  are  checked  as  by  atropine.  The  respiratory  center 
is  less  influenced  by  small  doses  but  is  paralyzed  by  large,  this  being  the  cause  of  death 
in  fatal  poisoning.  In  the  stage  of  nerve  depression,  general  metabolism  is  decreased, 
but  if  there  is  restlessness,  it  is  increased,  both  effects  being  secondary  to  the  general 
bodily  activity.  The  sex  organs  are  not  markedly  influenced  in  the  body,  but  the  spon- 
taneous contractions  of  the  pregnant  uterus  are  increased,  and  in  vitro,  this  and  the 
virgin  uterus  are  both  stimulated.  The  skin  is  not  flushed  as  by  atropine,  but  the  sweat 
is  checked  by  even  smaller  doses. 

Nerve  System. — The  central  effects  are  a  mixture  of  excitement  and  depression,  the 
latter  alone  being  seen  after  small  doses.  The  paralysis  involves  especially  the  motor 
centers,  and  sensory  perception  is  but  little  lowered.  In  man,  doses  of  0.1  to  0.4  mgm. 
(gr.  1/600  to  1/150)  cause  weakness  and  mental  dullness,  with  a  tendency  to  headache  and 
disinclination  to  move.  If  bright  light  and  noise  are  excluded,  sleep  occurs  in  one-half 
to  one  hour.  The  motor  functions  are  most  strongly  depressed,  and  restlessness,  tre- 
mors and  even  maniacal  excitement  are  checked.  The  true  hypnotic  effect  is  less  than 
that  of  chloral,  trional  or  veronal.  A  dose  of  1  mgm.  (gr.  1/65)  may  either  cause  deep 
sleep  or  restlessness  with  mild  delirium,  recalling  that  from  atropine,  but  more  often 


MIXOR  MYDRIATIC  ALKALOIDS  1837 

characterized  by  hallucinations  of  sight  and  often  a  mere  accompaniment  of  uncon- 
sciousness or  sleep.  The  depression  of  the  motor  center  is  evidenced  by  the  fact  that 
stronger  stimulation  of  the  motor  center  is  required  to  produce  epileptic  twitching,  in 
the  dog.  Rats  trained  to  find  their  way  through  a  maze  do  so  more  slowly  than  normal 
after  a  dose  of  0.015  mgm.  (gr.  1/4000)  (Macht).  Somewhat  larger  doses  aid  in  the 
effectiveness  of  other  narcotics  but  have  little  independent  hypnotic  action.  In  mam- 
mals, the  spinal  reflexes  are  not  reduced. 

Frogs  given  a  dose  of  40  mgm.  (gr.  6/10)  show  paralysis  with  loss  of  reflexes.  The 
loss  of  power  is  not  complete,  and  spontaneous  attempts  to  move,  result  in  irregular 
jerks,  which  have  been  interpreted  as  convulsive  twitching  and  adduced  as  evidence  of 
spinal  stimulation.  In  addition  to  the  spinal  palsy,  there  is  interruption  of  the  neuro- 
muscular junction  (curare  action).  There  is  no  subsequent  excitement,  as  after  atropine 
paralysis,  probably  because  the  drug  is  excreted  too  rapidly  to  allow  this  time  to  develop 
(Cushny  and  Peebles).  Studies  on  amblystoma  larva?,  with  brains  in  different  stages  of 
development,  indicate  that  In  this  species  the  chief  action  on  the  central  nerve  system 
is  exerted  on  the  basal  ganglia  (Burr  and  Snavely). 

The  sympathetic  system  is  influenced  much  as  by  atropine,  the  most  important 
differences  being  in  the  relative  doses  required  in  induce  certain  effects.  Dilatation  of 
the  pupil,  paralysis  of  accommodation  and  drying  up  of  salivary  secretion  are  brought 
about  by  smaller  doses  than  of  atropine.  Thus  in  the  rabbit,  a  drop  of  0.01  percent, 
solution  instilled  in  the  eye  causes  dilatation  beginning  in  5  minutes,  reaching  a 
maximum  in  2  to  4  hours  and  gone  in  2  days.  Intraocular  pressure  is  relatively  little 
increased.  The  cardiac  vagus  is  relatively  resistant  to  scopolamine  and  the  intestinal 
vagus  even  more  so. 

Minor  Mydriatic  Alkaloids 

The  minor  mydriatic  alkaloids  are  of  two  sorts,  those  which  occur  naturally,  but 
in  lesser  quantities,  in  the  drugs  already  described,  and  those  which  have  been  pre- 
pared artificially  by  modifying  atropine  or  other  natural  alkaloid. 

Of  the  first  type  the  most  important  is  hyosoyamine,  which  indeed  occurs  in 
large  amount  in  the  natural  plant  but  is  changed  to  atropine  during  extraction.  Less 
important  are  atroscine,  atropamine,  pseudohyoscyamine. 

Of  the  second  type  the  most  important  is  homatropine,  but  methyl-atropine  has 
also  been  extensively  used. 

Hy  OS  cy  amine 

Hyoscyamine  is,  as  already  explained,  the  naturally  occurring  levorotatory  alkaloid, 
atropine  being  a  racemic,  optically  inactive  mixture  of  equal  parts  of  this  and  of 
dextrorotatory  hyoscyamine  which  does  not  occur  naturally  but  has  been  prepared 
from  atropine.  The  natural  alkaloid,  or  1-hyoscyamine,  has  almost  twice  as  strong 
an  action  as  atropine  on  the  sympathetic  nerve  endings.  It  acts  with  equal  strength 
on  the  central  nen-e  system  of  mammals  and  on  the  striped  and  unstriped  muscle 
fibers. 

The  artificial  d-hyoscyamine  is  responsible  for  the  tetanic  action  on  the  frog, 
which  is  absent  from  the  effects  of  the  natural  base.  It  acts  with  equal  strength  on 
the  central  nerve  system  of  mamnuils  and  on  the  muscle  fibers,  but  paralyzes  the 
nerve  endings  of  the  autonomic  system,  only  in  doses  twenty-five  times  as  large. 

Atropamine  or  Apoatropine 

Atropamine  does  not  resemble  atropine  in  its  pharmacodynamic  action.  In  the 
frog  it  causes  narcosis  interrupted  by  clonic  and  tetanic  convulsions,  and  in  mam- 
mals, nausea  and  tremors  followed,  if  the  dose  be  large,  by  tetanus.  It  has  little  if 
any  efi'ect  on  the  pupil,  and  the  nausea  is,  as  usual,  accompanied  by  salivation  instead 
of  the  dry  mouth  of  atropine. 
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Pseiidohyoscyamine  or  Duboisine 

Duboisine  was  introduced  as  a  mydriatic  in  1879,  but  the  early  studies  of  its 
action  are  undependable  because  of  uncertainty  as  to  the  purity  and  identity  of  the 
substance.  The  early  accounts  of  its  action  suggest  a  mixture  of  hyoscyamine  and 
scopolamine.  It  is  a  powerful  mydriatic  and  cyeloplegic.  In  large  doses,  it  causes 
delirium  followed  by  sleep.  The  heart  is  accelerated  by  small,  and  slowed  by  large, 
doses.  To  paralyze  the  vagus  endings,  large  doses  are  required.  Toxic  amounts  paralyze 
smooth  muscle  directly,  as  do  similar  doses  of  atropine. 

Homatropine 

Homatropine  is  a  synthetic  alkaloid,  prepared  first  by  Ladenburg,  by  combining 
tropins  with  mandelic  acid.    It  has  the  following  structure: 

CH^— CH CH2  H 

1  I  I 

NCH3  CH— OC— C— C^jHs 

I  I  II       I 

CH2— CH CH,       O     OH 

Although  homatropine  resembles  atropine  in  dilating  the  pupil  and  paralyzing 
accommodation,  it  does  not  show  the  other  actions  of  this  alkaloid.  In  frogs  it  causes 
tetanus  followed  by  central  paralysis  and  often  by  renewed  tetanus  as  the  paralysis 
passes  off.  There  is  no  curare  action,  such  as  atropine  shows,  and  the  paralysis  is 
much  briefer.  In  dogs,  subcutaneous  injection  of  0.05  to  0.1  Gm.  is  followed  by 
weakness,  incoordination  and  depression,  but  no  delirium  or  mental  excitement 
(Bertheau). 

The  action  on  the  autonomic  system  is  also  distinct  from  that  of  atropine.  There 
is  no  constant  acceleration  of  the  heart,  such  as  occurs  with  the  latter,  and  although 
the  cardiac  vagus  endings  are  paralyzed  by  large  doses  (about  eight  times  as  much 
as  of  atropine)  this  dose  causes  depression  of  the  heart  and  dilatation  of  the  blood- 
vessels by  direct  action  on  the  muscle  cells,  and  leads  consequently  to  a  fall  in  blood- 
pressure.  All  smooth  muscle  fibers  appear  to  be  paralyzed  or  depressed,  and  relaxation 
of  the  intestine,  uterus,  ureter,  bladder  is  produced  both  in  vivo  and  171  vitro  (IVIacht). 
In  preparations  previously  stimulated  by  pilocarpine  or  muscarine,  homatropine  leads 
to  relaxation  with  smaller  doses  than  are  required  of  atropine.  This  action  on  smooth 
muscle  is  associated  with  the  mandelic  radical  and  is  shown  by  other  esters  of  man- 
delic acid  (Macht).  Homatropine  causes  dryness  of  the  throat  and  skin,  but  these 
effects  are  less  marked  than  from  similar  doses  of  atropine. 

The  action  of  homatropine  on  the  eye,  dilatation  of  the  pupil  and  paralysis  of 
accommodation,  are  of  chief  importance,  as  it  is  solely  for  these  effects  that  it  is 
employed  in  therapeutics.  Its  action  is  more  prompt  and  much  more  transient  than 
that  of  atropine,  which  is  often  a  great  advantage,  but  in  some  cases  complete  relaxa- 
tion of  the  ciliary  muscle  cannot  be  obtained.  Even  when  mydriasis  is  ai^parently 
complete,  a  slight  contraction  of  the  pupil  can  still  be  obtained  from  light  thrown 
on  the  eye,  while  under  atropine  loss  of  response  is  complete.  This  indicates  that 
the  dilatation  does  not  depend  on  paralysis  of  the  ciliary  nerve  endings,  and  suggests 
that  the  effect  is  directly  on  the  muscle  cells  (Macht).  There  is  less  irritation  of 
the  cornea. 

Methylatropine 

Methylatropine,  which  was  introduced  under  the  name  of  "eumydrine"  as  a 
substitute  for  atropine,  appears  to  resemble  this  in  its  peripheral  effects  but  does  not 
produce  central  stimulation.     In  man,  a  subcutaneous  injection  of  60  mgm,   (gr.  1) 
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causes  weakness,  especially  of  the  legs,  but  no  cerebral  sj'mptoms.  It  resembles  atro- 
pine in  checking  sweating  and  has  been  used  therapeutically  for  this  purpose.  It  also 
paralyzes  the  cardiac  vagus  and  lessens  intestinal  peristalsis.  Instilled  in  the  eye 
in  5  percent,  solution  it  dilates  the  pupil  and  paralyzes  accommodation,  the  effects 
being  more  lasting  than  those  of  homatropine,  but  briefer  than  those  of  atropine. 
The  effect  reaches  its  height  in  an  hour  or  two  and  has  entirely  passed  off  within 
three  days. 

Eucatropine 

Eucatropine  or  euphthalmine  is  an  ester  of  mandelic  acid  with  a  base  which 
resembles  eucaine  in  composition. 

Summary  of  Actiotis  and  Uses. — Eucatropine  instilled  in  the  eye  in  5  to  10  per- 
cent, solution  induces  prompt  mydriasis  without  increase  in  intraocular  tension,  pain 
or  corneal  irritation.  There  is  no  local  anesthetic  action.  Accommodation  is  but  little 
affected  and  returns  to  normal  even  more  promptly  than  after  homatropine.  It  is 
used  chiefly  for  ophthalmoscopic  examinations. 

It  probably  produces  mydriasis  by  stimulation  of  the  nerve  endings  of  the  sym- 
pathetic in  small  dose  and  by  paralysis  of  the  muscle  fibers  of  the  sphincter  in  large. 
Its  systemic  and  toxic  action  bear  resemblances  both  to  those  of  eucaine  and  of 
atropine. 

Therapeutics  of  Belladonna  and  Atropine:  Topical. — Various  dermatoses,  pru- 
ritus, especially  pruritus  vulv«  and  herpes  zoster,  may  sometimes  be  greatly  relieved 
by  the  application  of  belladonna  ointment,  or  in  some  cases  more  effectually  and 
promptly  by  painting  with  a  2  to  4  percent,  solution  of  atropine.  The  latter  pro- 
cedure is  also  serviceable  in  the  treatment  of  local  hyperidrosis;  but  for  colli- 
quative sweating  of  phthisis  and  of  other  debilitated  states,  atropine  sulphate  in 
doses  of  1/120  to  1/60  (0.0005  to  0.001  Gm.)  at  bedtime  should  be  given  by  mouth 
or  subcutaneously.  Moistening  the  skin  with  tincture  of  belladonna  often  gives  great 
comfort  in  sweating  of  the  hands  or  feet.  Belladonna  ointment  is  a  useful  application 
to  boils  and  carbuncles,  but  greater  relief  is  obtained  if  the  pain  is  severe,  by  a  mixture 
of  equal  parts  of  the  pilular  extract  of  belladonna  and  glycerin. 

Earache  may  be  relieved  or  made  endurable  by  the  instillation  of  3  or  4  drops 
of  a  warmed  solution  of  atropine  (1  grain  to  the  ounce  of  diluted  water)  into  the 
external  auditory  meatus. 

Atropine  finds  a  very  wide  field  of  application  in  ocular  therapeutics,  advantage 
being  taken  of  its  physiological  action  in  dilating  the  pupil  and  paralyzing  the  accom- 
modation as  well  as  of  its  anodyne  effect.  For  use  in  the  eye  a  1  percent,  aquean 
solution  is  most  commonly  employed, .  but  in  the  treatment  of  iritis  much  stronger 
solutions  up  to  2,  4  or  even  5  percent,  are  often  required.  In  the  early  stages  of  phlyc- 
tenular l-eratitis  the  sensitiveness  of  the  eye  may  be  diminished  by  the  instillation 
of  a  few  drops  of  an  atropine  solution,  but  this  should  not  be  continued  after  the 
acute  symptoms  have  subsided.  In  interstitial  keratitis,  on  the  other  hand,  it  is  use- 
ful at  any  stage.  For  the  prevention  of  iritis  and  intraocular  infection  following  a 
cataract  operation  the  instillation  every  second  day  of  2  drops  of  a  3  percent,  solu- 
tion of  atropine  sulphate  in  conjunction  with  a  25  percent,  argyrol  solution  or  neosil- 
vol,  or  other  colloidal  silver  preparation,  is  strongly  recommended.  In  cataract  and 
after  ocular  contusions  and  wounds,  a  few  drops  of  atropine  solution  may  be  instilled 
as  a  "first-aid"  measure,  at  least  in  persons  under  40.  In  the  therapy  of  iritis  main 
reliance  is  to  be  placed  upon  atropine  drops  up  to  the  limit  of  local  and  systemic 
tolerance,  this  being  indicated  throughout  the  course  of  the  affection.  In  superficial 
ulceration  of  the  cornea,  the  instillation  of  1  to  2  drops  of  a  1  percent,  atropine  solu- 
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tion,  together  with  frequent  bathing  with  a  saturated  solution  of  boric  acid  or  a 
neutral  saline  solution,  is  indicated.  In  cases  of  deep  ulceration,  atropine  may  favor 
perforation  and  had  better  therefore  not  be  used,  but  after  perforation  has  occurred, 
especially  central  perforation,  four-  to  six-hourly  instillations  of  1  to  3  drops  of  a 
2  percent,  solution  should  be  practiced  in  order  to  maintain  the  ciliary  paralysis  and 
wide  dilatation  of  the  pupil,  thereby  preventing  the  formation  of  adhesion  of  the  iris. 
In  purulent  ophthalmia,  corneal  opacity  may  often  be  prevented  by  the  timely  instil- 
lation  of   atropine   drops. 

A  regular  atropine  treatment  through  a  long  period  ("atropine  cure")  is  recom- 
mended in  extremely  progressive  myopia  in  young  persons  and  is  said  to  be  able  to 
check  its  rapid  development  for  some  time   (Poulsson). 

Atropine  is  largely  used  as  a  mydriatic  and  cycloplegic  to  facilitate  the  detec- 
tion of  refractive  errors  in  the  fitting  of  glasses  in  the  young.  For  this  purpose  the 
lamellae  or  discs  of  the  Br.  P.  are  very  convenient.  The  drug  is  strongly  contra- 
indicated,  however,  in  persons  over  40  years  of  age  because  of  the  increased  intra- 
ocular tension  which  it  causes,  thereby  creating  or  increasing  a  tendency  to  glaucoma. 
Even  the  prolonged  use  of  laxative  pills  containing  atropine  or  belladonna  is  to  be 
deprecated,  as  the  continuous  absorption  of  even  minute  quantities  of  the  drug  may 
become  a  factor  in  the  causation  of  this  condition. 

The  analgesic  action  of  belladonna  and  allied  drugs  is  availed  of  for  the  relief 
of  myalgia  and  various  neuralgias  such  as  lumhago,  pleurodynia,  facial  neuralgia 
and  sometimes  even  sciatica.  For  pleurodynia,  cardiac  pains,  and  lumbago,  a  bella- 
donna plaster  is  a  simple  but  sometimes  effective  application,  or  the  ointment  or 
preferably  the  liniment  may  be  applied  with  gentle  friction  in  these  and  other  mus- 
cular and  nerve  pains.  Friction  with  belladonna  liniment  affords  relief  in  painful 
cramps  of  the  calf  of  the  leg  such  as  occur  in  cholera  and  cholera  piorbus  or  in  the 
aged  with  arteriosclerosis.  A  few  cc.  of  a  dilute  solution  (1:1000)  may  be  injected 
deep  into  the  muscle  to  relieve  muscular  rheumatism  and  other  myalgias,  although  it  is 
not  of  the  slightest  use  in  such  conditions  by  mouth  or  subcutaneously ;  or  even  intra- 
muscularly, elsewhere  than  at  the  seat  of  pain.  Whether  the  action  is  upon  muscle 
fiber  or  nerve  terminal  or  both,  is  uncertain — the  benefit  is  not.  At  least  1/60  grain 
(1  mgm.)  of  atropine  is  necessary  and  it  may  advantageously  be  supplemented  by  1/6 
grain  (10  mgm.)  of  morphine — ^but  morphine  alone  will  not  be  efficacious.  In  neural' 
gias,  belladonna  ointment  applied  over  the  course  of  the  superficial  nerve,  or  atropine 
injected  into  the  tissues  near  the  affected  nerve,  sometimes  affords  a  modicum  of  relief; 
but  the  drug  acts  best  when  given  by  mouth  or  parenterally  in  association  with  mor- 
phine or  with  quinine  or  both — as  in  the  pill  containing  1/6  grain  (10  mgm.)  each,  of 
morphine  sulphate  and  belladonna  extract  with  1  grain  (0.06  Gm.)  of  a  quinine  salt, 
taken  hourly  for  not  exceeding  6  doses  in  the  day.  Equal  relief,  let  it  be  repeated, 
is  not  derived  from  any  of  the  components  singly. 

Belladonna  ointment  alone  or  mixed  in  various  proportions  with  ichthyol  or  mer- 
curial ointment  or  both  is  used  to  relieve  pain  and  control  inflammation  in  acute 
articular  rheumatism  and  other  forms  of  arthritis;  in  mumps,  orchitis,  epididymitis:, 
enlargement  of  lymph  glands,  etc.  It  is  no  longer  used  in  appendicitis,  but  may  at 
times  be  of  service  in  peritonitis  when  operation  is  not  contemplated,  provided  the 
application  be  made  gently;  and  it  sometimes  gives  relief  in  pleurisy  when,  for  any 
reason,  strapping  is  not  feasible.  The  explanation  of  such  topical  effects  with  thia 
and  other  remedies  is  not  clear;  the  fact  remains. 

Belladonna  ointment  affords  a  synergistic  base  for  astringent  and  anodyne  appli- 
cations in  painful  hemorrhoids,  or  a  belladonna  suppository  alone  may  give  comfort 
for  the  time  being,  though  the  remedy  is  only  palliative. 
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Belladonna  extract  (l/lti  to  1/4  grain,  4  to  16  mgni.)  is  often  associated  with 
opium  in  suppository  for  both  local  and  systemic  effect  on  intestine  in  diarrJieas  and 
in  conditions  attended  with  spasm. 

Sytitemic. — A  belladonna  suppository,  vaginal  or  rectal,  though  preferably  the  for- 
mer, containing  1/60  grain  (O.OUl  Gm.)  of  the  extract,  may  be  of  great  service  in  spas- 
modic dysmenorrhea.  Belladonna  ointment  smeared  liberally  over  the  under  surface  of 
the  penis  is  said  by  Felter  to  relieve  the  congestion  and  pain  of  cliordec.  Kelaxation 
of  a  rigid  or  enduring  labor  may  be  obtained  by  the  application  of  belladonna  oint- 
ment to  the  cervix.  The  application  of  belladonna  ointment  to  the  breast  in  mam- 
mitis  and  to  check  tlie  secretion  of  milk  is  a  common  practice  strongly  recommended 
by  many  practitioners  and  as  strongly  condemned  as  inefficacious  by  others.  That 
the  desired  result  not  infrcHiuently  follows  the  application  is  undeniable  whether  it 
be  post  hoc  or  propter  hoc. 

Belladonna  and  atropine  are  given  internally,  for  their  topical  action,  in  a  number 
of  morbid  conditions  of  the  stomach.  In  gastric  acidify,  the  excessive  secretion  is  con- 
trolled by  atropine  in  doses  of  1/200  grain  (0.0003  Gm.),  well  diluted,  one-half  to  one 
hour  before  meals.  It  is  held  by  some  clinicians,  however,  that  better  results  as  regards 
the  diminution  of  both  free  and  total  acidity  are  obtained  with  maximal  doses  of  1/100 
to  1/50  grain  (0.0006  to  0.0012  Gm.),  producing  systemic  as  well  as  local  eifects.  In  gas- 
tralgia  and  catarrhal  gastritis  and  to  relieve  the  pain  of  ulcer  of  the  stomach,  doses  of 
3  to  5  drops  twice  daily  of  a  2  percent,  atropine  sulphate  solution  will  often  give  satis- 
faction. 

In  congenital  and  other  forms  of  infantile  pylorospasm,  when  the  obstruction  is 
not  of  the  type  demanding  immediate  operation,  due  and  prolonged  trial  should  be 
made  of  atropine,  especially  when  there  is  a  family  history  of  autonomic  disorders. 
The  drug  may  either  be  used  alone  or  be  supplemented  by  calcium  bromide  and  para- 
thyroid, and  sometimes,  perhaps,  for  an  occasion,  by  cocaine,  apothesine  or  other  local 
anesthetic  in  sufficiently  small  quantities.  The  initial  dose  of  atropine  is  tentative  and 
minute — 1  drop  of  a  1 :  4000  solution  (approximately  %  grain,  8  mgm.  to  the  fluid- 
ounce,  3D  cc.  of  water).  The  second  dose,  4  hours  later,  may  be  2  drops;  the  next, 
in  4  hours  more,  3  drops;  the  next,  after  the  same  interval,  4  drops.  The  following 
day,  4  doses  of  5  drops  each  (approximately  1/800  grain,  0.012  mgm.)  may  be  given 
and  a  more  concentrated  solution  (1:  500  or  1:480)  be  prescribed.  Beginning  with  1 
drop  of  this,  the  quantity  given  is  to  be  increased  1  drop  at  a  time  by  dose  or  by  day 
according  to  effect ;  and  this  course  is  to  be  persisted  in,  if  necessary,  until  the  limit  of 
tolerance  is  reached.  Not  rarely,  however,  relief  occurs  before  the  full  atropine  action 
is  manifest — the  drug  is  "used  up"  in  overcoming  the  symptoms.  As  much  as  40  drops 
of  the  1 :  500  solution,  thrice  daily,  may  be  well  borne  by  an  infant  of  1  month,  if 
reached  gradually;  but  susceptibility  varies  and  the  rule  for  dosage  must  be,  as  ever, 
"enough,  but  no  more."  H.  Lowenberg  and  Haas,  among  others,  have  reported  good 
results  from  this  bold  use  of  atropine  in  the  disorder  under  consideration,  and  we  have 
personally  observed  amazing  recoveries.  Some  pediatricians,  however,  report  disap- 
pointment. When  there  is  an  actual  tissue  stenosis,  of  course,  the  condition  is  some- 
thing more  than  pylorospasm ;  and  the  decision  to  operate  or  treat  by  medication  must 
depend  on  the  character  and  extent  of  the  lesion. 

Seasickness  may  sometimes  be  successfully  combated  by  one  large  hypodermic 
injection,  1/60  grain  (0.001  Gm.),  of  atropine  sulphate,  repeated  the  following  day 
if  necessary. 

The  vomiting  of  pregnancy  may  be  controlled  by  2  to  5  drops  of  a  2  percent, 
solution  (1  grain  to  the  ounce),  three  times  a  day  before  meals.  The  presence  of 
gastric  ulcer  makes  the  stomach  unduly  sensitive  to  the  antispasmodic  influence  of 
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atropine.  The  (sometimes  excessive)  motions  of  the  empty  organ  are  lessened  and 
the  time  required  for  food  to  pass  the  pylorus  is  markedly  prolonged;  so  much  so,  in 
fact,  that  this  delayed  emptying  is  of  value  as  a  diagnostic  indication  of  ulcer. 

Belladonna  is  of  great  service  in  overcoming  spastic  constipation,  lead  colic  and 
spasmodic  closure  of  the  anal  sphincter.  In  these  cases  the  tincture  may  be  given 
in  doses  of  8  to  10  minims  (0.5  to  0.6  cc.)  twice  a  day  after  meals,  or  the  extract 
may  be  given  in  suppository  in  dose  of  Vo  grain  (0.03  Gm.).  The  pain  of  aciite  dysen- 
tery is  relieved  by  atropine,  1/100  grain  (0.0006  Gm.),  subcutaneously  every  six  hours. 
Opium  may  usefully  be  conjoined  vs^ith  belladonna  or  morphine  with  atropine.  Even 
prolonged  constipation  may  sometimes  be  overcome  by  repeated  small  doses  of  bella- 
donna extract  and  opium  (Vs  grain,  8  mgm.,  of  each,  every  2  or  3  hours)  perhaps  in 
conjunction  with  an  enema  of  warmed  oil.  In  ileus  and  obstipation  from  fecal  im- 
paction, relief  sometimes  follows  the  hypodermic  injection  of  1/100  to  1/30  grain 
(0.0006  to  0.002  Gm.)  of  atropine  sulphate,^  repeated  if  necessary.  Extract  of  bella- 
donna is  an  ingredient  of  many  purgative  pills,  especially  for  habitual  and  atonic 
constipation.  Among  drugs  thus  associated  with  it  are  nux  vomica  (or  strychnine), 
purified  bile  or  a  bile  salt,  the  so-called  cholagogue  resins  (podophyllum,  iris,  euony- 
mus,  etc.)  and  quite  frequently,  but  less  to  be  recommended,  aloin.  Physostigma  was 
advocated  by  Bartholow,  who  held  that  the  antagonism  between  this  drug  and  bella- 
donna tended  to  prevent  harmful  increase  of  ocular  tension  in  elderly  persons; 
while  in  the  intestine,  the  respective  actions  being  exerted  on  different  sets  of  muscle 
fibers,  became  supplemental  rather  than  oppositional.  Bartholow  preferred  the  three 
tinctures  (belladonna,  physostigma  and  nux  vomica)  10  minims  each,  three  daily  after 
meals.  Tincture  of  belladonna  in  doses  of  5  to  10  minims  (0.3  to  0.6  cc),  every  four 
to  six  hours,  is  useful  in  mercurial  ptyalism. 

In  the  sialorrhea  of  autonomic  disturbance,  atropine  in  minute  doses,  1/2400  to 
1/1000  grain,  (0.025  to  0.06  mgm.)  hourly,  may  more  quickly  give  relief  than  more 
decided  doses  (1/120  grain,  0.5  mgm.)  every  2  to  4  hours.  Sometimes,  however,  as 
also  in  vasomotor  rhinorrhea,  both  of  pollenic  excitation  (hay  fever)  and  of  other 
origin,  minute  doses  of  pilocarpine  act  better — in  which  connection  it  may  be  re- 
marked that  this  secondary  action  of  pilocarpine  (fully  discussed  elsewhere)  is  not 
paralleled  by  any  similar  oppositional  stimulation  of  secretion  by  atropine. 

Atropine  in  doses  of  1/100  grain  (0.0006  Gm.),  hypodermically  every  two  to  four 
hours,  is  said  to  be  effective  in  the  arrest  of  hemoptysis.  Waugh  asserts  that  all  forms 
of  hemorrhage,  capillary,  active  or  passive,  and  even  that  of  hemophilia,  are  amenable 
to  atropine  in  full  doses  subcutaneously,  pushed  to  the  limit  of  tolerance,  as  shown 
by  the  developmenf  of  toxic  symptoms,  dry  mouth,  flushed  face,  dilated  pupils. 

Atropine  may  be  given  alone  or  associated  with  other  medicaments  in  various  ail- 
ments of  the  heart,  and  a  wide  field  for  careful  association  of  remedies,  with  due 
attention  to  their  antagonisms  and  synergisms,  is  here  opened.  Without  going  into 
particular  detail,  we  may  recall  that  atropine  in  a  general  way  antagonizes  digitalis; 
that  is  to  say,  after  a  brief  stimulation  it  depresses  the  vagus,  accelerating  the  rate 
of  the  heart;  while  it  also  stimulates  the  accelerator  apparatus  and  to  some  extent  the 
conductivity  and  contractility  of  the  muscle  fibers,  without  subsequent  depression 
within  the  range  of  therapeutic  doses.  It  can  therefore  be  used  with  advantage  to 
correct  digitalis  action  when  this  tends  toward  the  production  of  arrhythmias  and 
yet  is  needed  in  a  chronic  case  to  improve  muscle  action  and  tone.  The  drugs  may  be 
given  conjointly  or  in  alternation;  or  a  course  of  atropine  may  follow  one  of  digitalis, 
according  to  the  needs  of  the  special  instance.  Atropine,  in  association  with  caffeine 
and  strychnine  or  with  sparteine,  or  with  two  or  all  of  these,  may  be  used  also  in 
place  of  digitalis,  when  this  is  to  be  suspended  for  a  time  or  when  its  use  originally  is 
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not  deemed  advisable.  Doses  must  be  adjusted  carefully  not  alone  by  observation  of 
the  circulatory  ett'ects  (pulse  volume;  actual  and  relative  pulse  and  heart  rhythm,  force 
and  rate)  but  also  by  the  general  symptoms.  Ordinarily  not  less  than  1/120  grain 
(0.5  mgni.)  and  not  more  than  l/GO  grain  (1  mgm.)  of  atropine  should  be  used;  but 
again  it  is  a  question  to  be  decided  in  each  instance  for  the  special  patient  at  the 
particular  time.  The  indications  are  not  derived  from  individual  valve  lesions  but 
from  the  general  competence  or  incompetence  of  circulatory  function.  In  partial  Jieart 
block-,  however,  and  in  many  cases  of  functional  arrhythmia  in  which  the  irregularity 
as  perceived  by  the  patient  is  a  source  of  emotional  disturbance,  the  muscle  lesion  or 
derangement  of  nerve  action  does  afford  a  clue  to  the  use  of  the  drug  or  to  its  association 
with  other  agents.  First  used  because  of  the  bradycardia  before  the  investigations  of 
His  had  exposed  its  mechanism,  atropine  proveid  its  usefulness  in  affections  of  the 
conducting  fibers;  and  here  again  its  antagonism  to  digitalis  is  manifest.  Digitalis 
is  contraindicatcd  in  partial  block  and  often  of  service  in  complete  block;  atropine  is 
useless  or  harmful  in  complete  block  and  often  of  service  in  partial  block.  When  it 
fails  measurably  or  completely,  some  other  agent — sparteine,  caffeine,  strychnine,  cactus 
— may  be  conjoined  with  it  and  the  association  will  sometimes  accomplish  what  none 
of  the  drugs  can  effect  singly.  So,  too,  in  the  arrhythmias  unassociated  with  evident 
lesion  of  valve  or  muscle,  atropine — given  at  first  singly  and  tentatively  to  observe 
result,  then  associated  as  seems  best  in  the  special  instance — is  often  of  service  but 
sometimes  useless.  Whether  benefit  comes  through  action  upon  one  or  all  of  the  nodes, 
upon  accelerators,  upon  vagus,  upon  muscle  fiber,  is  not  clear  and  clinical  experience 
must  guide. 

In  acute  cardiac  failures — in  the  course  of  chronic  affections  of  the  heart,  vessels 
and  kidney,  alone  or  combined ;  or  as  the  result  of  sudden  strain  in  apparently  healthy 
persons ;  or  in  the  course  of  an  acute  infectious  malady  as  typhoid  fever  or  pneumonia — 
atropine  is  of  the  greatest  service;  especially  when  pulmonary  edema  is  part  of  the 
morbid  complex.  It  must,  however,  be  used  fearlessly.  In  the  presence  of  edema,  not 
less  than  1/30  grain  (2  mgm.)  should  be  injected  into  a  muscle  or  under  the  skin 
or  even  intravenously;  and  this  or  a  somewhat  smaller  dose  should  be  repeated  as 
needed — perhaps  in  15  or  30  minutes,  then  perhaps  again  in  an  hour,  and  so  on.  Even 
1/10  grain  (6  mgm.)  has  been  used  successfully  and  without  ill  result  (H.  Stern). 
When  edema  is  not  present,  smaller  doses  suffice.  Commonly,  1/60  grain  (0.5  mgm.) 
is  injected  at  first;  and  later  1/200  to  1/100  grain  (0.3  to  0.6  mgm.)  every  hour  to 
every  4  hours.  Alternation  of  remedies — for  example,  caffeine  at  one  hour,  strychnine 
the  next,  pituitrin  or  epinephrine  or  camphor  or  tetrazol  or  digifoline  the  next, 
atropine  the  next — is  sometimes  advantageous.  Evidently  no  invariable  procedure  can 
be  laid  down ;  each  case  is  to  be  handled  according  to  its  special  needs. 

Belladonna  or  belladonna  and  cactus  will  sometimes  relieve  precordial  pains  in 
both  organic  and  functional  disorders  of  the  heart  and  with  due  care  may  be  associated 
with  other  remedies  indicated.  Sometimes  a  belladonna  plaster  is  thought  to  assist. 
If  the  effect  be  psychic,  it  is  none  the  less  useful  palliatively,  and  relief  of  apprehension 
is  in  itself  a  therapeutic  factor.  In  certain  cases  described  by  McNair  Wilson,  in 
which  the  vagus  system  was  unduly  excitable,  and  there  was  a  sort  of  compensatory 
overaction  of  the  sympathetic,  leading  to  tachycardia,  this  symptom  was  relieved  by 
the  use  of  1/200  grain  (0.3  mgm.)  of  atropine.  In  chloroform  poisoning  1/60  grain 
(0.001  Gm.)  of  atropine  hypodermically  may  save  life.  Atropine  has  been  given  in 
excessively  large  and  frequently  repeated  doses  in  acute  opium  poisoning,  with  the 
result  of  supplementing  the  toxic  action  of  opium  with  that  of  atropine;  not  over  1/50 
grain  of  atropine  should  be  given  initially  in  such  cases  and  its  repetition  is  to  be 
guided  by  careful  observation  of  the  total  effect.    The  state  of  the  pupils  alone  is  not 
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a  safe  criterion.  The  mutual  modifications  of  the  therapeutic  actions  of  morphine 
and  atropine  brought  about  by  their  conjoint  administration  are  discussed  under 
morphine.  In  the  treatment  of  alcohol  addiction,  atropine  in  1/100  grain  (0.0006  Gm.) 
doses,  in  conjunction  with  1/60  grain  (0.001  Gm.)  of  strychnine  twice  daily,  will 
sometimes  control  the  longing  for  alcohol  and  strengthen  the  patient's  resisting  powers. 

Belladonna  or  atropine  in  1/100  grain  doses,  twice  or  three  times  daily,  is  of 
value  in  Ijronchitis  with  profuse  expectoration.  It  may  also  control  the  attacks  of 
spasmodic  asthma,  but  large  doses  are  required  and  the  by-effect  dvie  to  vagus 
depression  may  be  worse  than  the  affection.  Associated  with  morphine  and  strychnine, 
however  (1/120  to  1/60  grain,  0.5  to  1  mgm.,  atropine;  1/6  to  1/2  grain,  10  to  30 
mgm.,  morphine;  and  1/30,  2  mgm.,  strychnine),  in  a  subcutaneous  injection,  it  may 
aid  in  giving  prompt  relief,  followed  by  refreshing  sleep  without  unpleasant  after- 
effect. When  necessary  the  injection  may  be  repeated  after  2  hours.  As  stated  in  the 
discussion  of  morphine,  the  expedient  is  justifiable  in  emergency,  but  it  must  not 
become  a  habit  either  of  physician  to  order  or  of  patient  to  take.  Inhalation  of  a  very 
weak  solution  of  atropine  (1/10  grain  to  the  ounce)  sprayed  into  the  throat  sometimes 
acts  well.  Of  greater  benefit,  however,  is  inhalation  of  the  smoke  from  burning  pastilles 
or  cigarettes  made  with  the  dried  leaves  of  belladonna,  hyoscyamus  and  stramonium. 
Atropine  has  been  recommended  in  the  treatment  of  pertussis  and  it  is  sometimes  suc- 
cessful in  mitigating  the  severity  of  the  paroxysms.  It  must,  however,  be  given  in  in- 
creasing doses  until  dry  throat  or  flushed  face  indicates  the  limit  of  tolerance.  Obsti- 
nate hiccup,  which  has  proved  rebellious  to  other  remedies,  will  occasionally  yield  to 
1/100  grain  (0.0006  Gm.)  of  atropine  by  mouth  or  subcutaneously.  In  the  early  stages 
of  acute  coryza  with  profuse  watery  secretion,  tincture  of  belladonna  may  be  given  in  an 
initial  dose  of  5  minims  (0.3  cc),  followed  by  1  minim  (not  drop)  every  hour  until 
dryness  of  the  throat  is  felt;  or  1/100  to  1/50  grain  (0.0006  to  0.0012  Gm.)  of  atropine 
may  be  dissolved  in  a  tumbler  of  water  to  be  taken  in  sips  in  the  course  of  an  hour. 
If  necessary,  either  of  these  courses  may  be  repeated  the  following  day.  Atropine  in 
coryza  is,  however,  most  often  given  as  the  so-called  "rhinitis  tablets,"  which  contain, 
in  addition  to  atropine,  camphor  and  quinine.  There  are  many  proprietary  tablets  of 
this  kind  on  the  market,  most  of  which  are  objectionable  not  alone  because  patients 
mistake  their  ailment-names-titles  for  remedy  names  or  get  into  a  bad  self-prescribed 
habit,  but  also  because  they  contain  too  much  atropine — commonly  1/200  grain  (0.3 
mgm.)  or  more.  As  in  sialorrhea  1/2400  to  1/1200  grain  (0.025  to  0.05  mgm.)  of  atro- 
pine hourly  will  ordinarily  suffice.  With  this  may  be  associated  1/10  to  1/2  grain 
(0.006  to  0.03  Gm.)  each  of  quinine  salicylate  and  camphor  monobromide.  Acute  catar- 
rhal pharyngitis  often  yields  promptly  to  0.5  minim  doses  of  tincture  of  belladonna, 
alternating  with  a  like  amount  of  tincture  of  aconite.  Edema  of  the  lungs  may  be 
reduced  or  dissipated  by  a  subcutaneous  injection  of  1/30  grain  (0.002  Gm.)  atropine 
sulphate,  preferably  in  conjunction  with  1/60  grain  (0.001  Gm.)  of  strychnine  sulphate. 
In  gas  poisoning,  atropine  is  of  value  through  enhancing  the  good  effect  of  oxygen 
inhalations.  An  injection  of  1/150  grain  (0.00045  Gm.)  of  atropine  sulphate  a  half 
hour  before  the  induction  of  ether  anesthesia,  prevents  the  excessive  secretion  of 
bronchial  mucus;  and  in  association  with  Vs  to  %,  grain  (0.008  to  0.016  Gm.)  of 
morphine,  tends  to  induce  unconsciousness  sooner  and  lessen  unpleasant  after-effects. 

Stokes  and  Busman  give  atropine  as  a  preventive  of  anaphylactic  shocJc  in  the 
arsphenamine  treatment  of  syphilis.  They  give  1/10  the  dose  of  arsphenamine  in- 
travenously, followed  in  20  minutes  by  1/50  grain  (0.0012  Gm.)  atropine  sulphate 
hypodermically ;  then  one  hour  later  the  remainder  of  the  arsphenamine  is  injected. 

Belladonna  is  a  very  valuable  remedy  in  fevers,  especially  the  exanthemata  of 
childhood.    It  should  be  given  in  minute  doses,   frequently  repeated,  sometimes  in 
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conjunction  with  aconite.  One  dram  (4  cc.)  of  the  tincture  may  be  added  to  4  ounces 
(128  cc.)  of  water  and  of  this  dilution  one  teaspoonful  is  given  every  hour.  Some 
practitioners  deny  the  possibility  of  any  therapeutic  action  from  such  minute  doses, 
but  the  best  authorities  in  eclectic  practice  vouch  for  the  efficiency  of  the  treatment 
and  the  experience  of  many  regular  practitioners  bears  them  out. 

In  hepatic,  renal  and  ureteral  colic,  atropine  aids  morphine  in  relief  of  pain  and 
relaxation  of  the  canal,  so  that  if  the  calculus  be  not  too  large,  its  passage  is  facilitated 
and  hastened.  The  remedy  is  also  of  service  in  hiccup  although  hyoscine  is  commonly 
better  and  lavage  (especially  in  the  hiccup  of  pneumonia  and  other  febrile  conditions 
associated  with  acute  dilatation  of  the  stomach,  or  in  acute  alcoholic  gastritis)  is  some- 
times better  still. 

In  laryngismus  stridulus  and  in  spasmodic  croup,  tincture  of  belladonna  is  among 
the  drugs  to  be  considered ;  and  may  be  associated  by  conjoint  or  alternate  administra- 
tion with  nitrites,  opium,  chloral,  bromides.  It  was  also  much  used,  at  one  time,  in 
whooping-cough.  It  is  commonly  associated  with  a  bromide  or  an  alkali  for  the  relief 
of  incontinence  of  urine  in  children.  It  may  have  to  be  given  in  ascending  doses,  up 
to  10  minims  or  more,  over  a  long  period.  For  adults,  1/100  grain  (0.6  mgm.)  of 
atropine  sulphate  at  bedtime  or  tincture  of  hyoscyamus,  10  to  20  minims  (about  1  cc.) 
is  preferable  when  irritability  of  the  bladder  leads  to  distressing  nocturia.  The  hyos- 
cyamus may  be  associated  with  an  alkali  and  with  an  aqueous  diuretic  such  as  fluid- 
extract  of  triticum. 

For  the  relief  of  spasmodic  dysmenorrhea  1/100  grain  (0.0006  Gm.)  of  atropine 
sulphate  is  given  by  mouth  three  times  daily  for  two  or  three  days  preceding  the 
appearance  of  the  menses  and  during  the  continuance  of  that  period.  In  gonorrhea, 
atropine  given  in  doses  of  1/100  grain  (0.0006  Gm.)  in  suppository  night  and  morn- 
ing will  often  prevent  the  occurrence  of  epididymitis  and  of  chordee.  It  has  a  restrain- 
ing effect  also  in  passive  spermatorrhea  occurring  without  exotic  dreams. 

In  vesical  spasm  and  in  cystitis  and  prostatitis ,  belladonna  is  useful  in  doses  of 
10  minims  (0.6  cc.)  of  the  tincture  or  1  to  2  minims  (0.06  to  0.12  cc.)  of  the  U.S. 
fluidextract.  In  nocturnal  emiresis,  belladonna  tincture  or  atropine  should  be  given 
at  bedtime  in  full  doses — 10  minims  of  the  one  or  1/100  grain  of  the  other  for  adults, 
and  for  children  in  proportion.  Perhaps  the  best  method  in  children,  is  to  begin  with 
1  drop  of  the  tincture  daily  and  increase  1  drop  daily  until  5  drops  are  given  at  a 
single  dose.  Then  decrease  to  1  drop  by  similar  steps;  again  increase,  this  time  to 
6  drops;  decrease  again  to  1  drop;  increase  progressively  to  7  drops,  and  so  continue 
until  some  indication  of  beginning  intoxication  warns  that  the  limit  of  dosage  has 
been  reached.  If  by  this  time  the  condition  has  not  been  checked,  some  other  method 
of  treatment  should  be  adopted. 

Neuralgia  is  often  relieved  by  atropine  in  moderate  doses — 1/100  grain  (0.0006 
Gm.)  by  mouth  or  hypoderniically,  or  less  certainly  by  belladonna  extract  in  doses  of 
1/4  grain  (0.015  Gm.)  eA^ery  four  hours.  Migraine  of  the  ischemic  type  frequently 
responds  to  a  1/120  grain  (0.0005  Gm.)  dose  of  atropine,  repeated  once  or  twice  if 
necessary. 

In  mental  disorders  with  excitement  and  restlessness  or  actual  mania,  atropine 
hypodermically  will  sometimes  quiet  the  patient  and  induce  sleep,  though  it  has  no 
hypnotic  effect  ordinarily.  Atropine  formerly  enjoyed  a  reputation  as  a  useful  remedy 
in  epilepsy,  controlling  especially  the  attacks  of  petit  mal  over  which  the  bromides  and 
luminal  have  less  influence  than  over  grand  mal.  It  was  given  in  doses  of  1/200  to 
1/100  grain  (0.0003  to  0.0006  Gm.)  daily  for  months  and  years. 

Pruritus  is  relieved  by  the  local  application  of  belladonna  ointment,  or  it  may, 
when  neurotic  and  due  to  degenerative  changes  in  the  skin,  be  controlled  by  small 
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doses  of  atropine  or  of  belladonna  internally.  In  urticaria  and  angioneurotic  edema, 
atropine  by  mouth  or  subcutaneously  is  sometimes  useful  but  frequently  fails.  It  may 
be  associated  by  alternation  with  ephedrine,  epinephrine,  pituitrin,  calcium,  ergot, 
picrotoxin,  etc.,  and  not  rarely  the  effect  is  better  than  when  any  of  the  remedies 
is  used  alone.  A  tentative  dose  of  atropine  is  1/120  to  1/60  grain  (0.5  to  1  mgm.)  by 
mouth  or  subcutaneously  according  to  emergency,  but  a  much  smaller  quantity  may 
suffice  when  given  by  mouth  and  repeated  every  2  to  4  hours.  Sometimes  5  to  10 
minims  (0.3  to  0.6  cc.)  of  belladonna  tinctvire  3  times  daily  acts  better  than  atropine. 
In  erysipelas,  belladonna  is  sometimes  useful,  given  in  doses  of  3  to  5  minims  (0.2  to 
0.3  ec.)  of  the  tincture  or  ^4  grain  (0.015  Gm.)  of  the  extract  every  four  hours. 

Hyoscyamus  and  Hyoscyamine. — The  physiological  action  and  therapeutic  uses 
of  hyoscyamus  are  very  similar  to  those  of  belladonna  but  differ  in  some  im- 
portant respects.  It  exerts  a  somewhat  more  powerful  antispasmodic  action  and 
is  therefore  to  be  preferred  in  cases  of  vesical  spasm  and  dysury  from  over-acid  urine, 
catarrhal  cystitis,  calculus,  or  prostatitis.  For  the  relief  of  strangury  and  vesical 
spasm  the  tincture  of  hyoscyamus  may  be  given  in  doses  of  %  to  1  fluidram  (2  to 
4  cc).  Hyoscyamus  might  also  with  advantage  be  substituted  for  belladonna  in  pur- 
gative pills  to  prevent  griping,  as  indeed  it  is  in  the  vegetable  cathartic  pills.  Barker's 
postpartum  pills  and  the  pills  of  colocynth  and  hyoscyamus  of  the  N.F.  It  sometimes 
relieves  the  pain  and  constipation  of  lead  colic,  in  a  fluidram  dose  (4  cc.)  of  the 
tincture.  When  a  cerebral  sedative  is  indicated,  as  in  the  excited  stage  of  general 
paralysis  in  violent  mania  or  in  delirium  tremens,  hyoscyamine  hydrobromide  or 
sulphate  sometimes  acts  better  and  more  promptly  than  atropine  when  given  hypo- 
dcrmically  in  doses  of  1/16  grain  (0.004  Gm.),  three  times  daily,  up  to  i/4  grain 
(0.015  Gm.)  in  a  single  daily  dose.  The  alkaloid  is  often  disappointing  in  its  effect, 
and  better  results  may  be  obtained  from  full  doses  (8  grains — 0.5  Gm.)  of  the 
extract  or  10  minims  (0.6  cc.)  of  the  fluidextract  of  hyoscyamus.  This  is  explained 
by  the  fact  that  the  galenical  preparation  contains  a  certain  proportion  of  scopola- 
mine or  hyoscine  to  which  the  cerebral  sedation  is  attributed. 

Duhoisine,  or  pseudohyoscyamine,  is  a  more  powerful  mydriatic  than  atropine 
and  is  less  likely  to  irritate  the  conjunctiva;  its  mydriatic  effect  is  said  to  disappear 
more  rapidly.  It  appears  also  to  be  superior  to  atropine  in  its  hypnotic  and  anodyne 
action,  giving  good  results  in  paralysis  agitans  in  doses  of  1/200  grain  (0.0003  Gm.) 
twice  or  three  times  a  day. 

Stramoninm. — Stramonium  can  be  used  in  most  cases  in  which  belladonna  is 
employed,  there  being  practically  no  difference  in  the  respective  actions  of  the  two 
drugs.  It  is  perhaps  preferable  in  the  inhalation  (smoke)  treatment  of  asthma,  act- 
ing somewhat  more  powerfully  as  a  relaxant  of  bronchial  spasm.  For  this  purpose, 
however,  the  leaves  of  both  plants,  together  with  those  of  hyoscyamus,  are  frequently 
mixed. 

Scopolamine  (Hyoscine) :  Topical. — Scopolamine  is  rapid  in  its  action  as  a 
mydriatic,  full  dilatation  of  the  pupils  being  produced  in  about  20  minutes;  the 
mydriasis  is  also  of  short  duration  but  long  enough  for  refraction  work.  It  cannot 
be  substituted  for  atropine  in  the  treatment  of  iritis  and  other  ocular  troubles.  As 
in  the  case  of  atropine,  its  use  should  be  avoided  in  persons  over  40  and  in  those 
of  any  age  in  whom  there  is  increased  intraocular  tension. 

Systemic. — Scopolamine  is  superior  to  atropine  as  a  cerebral  sedative  in  maniacal 
states,  delirium  tremens,  erotic  excitement  and  hysteria.  In  some  conditions  large 
doses  are  necessary  (1/100  to  1/80  grain — 0.0006  to  0.0008  Gm.  hypodermically).  In 
insane  persons,  hyoscine  may  give  rise  to  terrifying  hallucinations,  weak  minded  eli- 
leptics  having,  it  is  said,  an  especial  idiosyncrasy.     In  acute  maniacal  excitement. 
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hyoscine  must  be  given  hypodermically.  It  must  not  be  given  for  too  long  a  period, 
as  continued  use  may  lead  to  emaciation  and  genei-al  debility,  particularly  in  the 
chronic  insane.  As  an  antispasmodic  it  is  of  service  in  chorea,  paralysis  agitans, 
alcoholic  tremor,  in  doses  of  1/250  to  1/200  grain  (0.00015  to  0.0003  Gm.)  subeuta- 
iieously  or  by  mouth.  In  paralysis  agitans  it  acts  best  in  the  presenile  form  or  that 
following  epidemic  encephalitis.  A  single  dose  of  1/130  grain  (0.5  mgm.)  may  increase 
strength,  as  indicated  by  dynamometer  tests  (Froment).  A  single  daily  dose  of  1/200 
to  1/300  grain  (0.2  to  0.3  mgm.)  given  before  the  midday  meal  is  followed  by  sleepi- 
ness after  the  meal  with  dryness  of  the  throat,  followed  by  sleep  lasting  about  an  hour, 
succeeded  by  a  quiet  stage  of  3  or  4  hours'  duration  in  which  the  patient  is  free  from 
tremor.  Long  continued  use  leads  to  general  lessening  of  the  severity  of  the  tremors. 
The  tendency  to  emaciation  seen  in  insane  patients,  may  not  be  noted.  In  chorea, 
doses  of  1/60  grain  (1  mgm.)  daily  may  lead  to  marked  improvement.  Larger  doses 
may  be  used  in  the  treatment  of  spasmodic  asthma,  1/40  grain  (1.5  mgm.)  bping  given 
subcutaneously  during  the  paroxysm  and  small  doses  in  the  interparoxysmal  period. 
In  epilepsy  it  has  been  found  to  increase  the  effect  of  bromides,  being  given  in  small 
doses  of  1/250  grain  (0.00015  Gm.)  per  os.  Status  epilepticus,  which  is  fatal  in  almost 
half  the  cases,  may  often  be  relieved  and  life  saved  by  a  hypodermic  injection  of 
1/100  grain  (0.6  mgm.)  repeated  in  half  an  hour  if  necessary  (Raffle).  To  restrain 
the  spasm  and  produce  relaxation  in  tetanus  it  must  be  given  in  large  doses — 1/100 
to  1/80  grain  (0.0006  to  0.0008  Gm.),  repeated  as  necessary. 

Hyoscine  is  sometimes  employed  in  the  withdrawal  treatment  of  morphine  addic- 
tion. It  is  given  in  doses  of  1/100  grain  (0.0006  Gm.),  repeated  cautiously  so  as  to 
keep  the  patient  under  its  toxic  influence  for  24  to  48  hours,  at  the  end  of  which 
time  the  hyoscine  is  withdrawn  and  pilocarpine  substituted  until  all  symptoms  of 
both  morphine  and  hyoscine  poisoning  have  disappeared. 

Scopolamine  hydrobromide  (1/480  to  1/120  grain,  0.012  to  0.5  mgm.)  may  be 
associated  with  morphine  sulphate  (Vg  to  ^2  grain,  8  to  30  mgm.)  and  strychnine 
nitrate  (1/30  grain,  2  mgm.)  for  the  control  of  asthmatic  paroxysms.  If  the  time  of 
attack  can  be  fairly  predicted  the  patient  should  go  to  bed  and  receive  an  intramus- 
cular injection  about  2  hours  earlier,  and  if  the  seizure  occurs  nevertheless,  a  second 
injection  of  the  same  or  greater  strength  may  be  given.  According  to  effect,  the  dose 
for  the  following  night  is  made  greater  or  smaller,  the  treatment  may  be  continued  for 
3  or  4  nights  successively,  if  needed.  If  it  fails  to  bring  the  series  of  paroxysms  to 
An  end,  it  should  then  be  intermitted  for  at  least  a  week.  It  should  never  be  made  an 
expedient  of  frequent  resort. 

Scopolamine  in  conjunction  with  morphine  is  employed  either  alone  or  aided 
by  a  few  whiffs  of  ether,  to  produce  the  so-called  "twilight  sleep"  in  labor.  It 
deadens  the  pain,  although  it  does  not  always  prevent  it  entirely,  but  causes  almost 
complete  amnesia  so  that  the  patient  has  no  recollection  of  her  pain  or  of  any  of 
the  incidents  connected  with  the  labor.  The  same  procedure  is  sometimes  resorted 
to  precedent  to  a  surgical  operation  as  a  preliminary  and  adjuvant  to  the  anesthetic. 
For  minor  operations  of  short  duration  it  sometimes  sufiices  without  the  need  of 
inhalation  anesthetic,  but  usually  ether  or  "gas"  cannot  be  entirely  dispensed  with. 
Chloroform  is  especially  dangerous  in  such  association  and  should  not  be  used.  On  the 
whole  the  role  of  the  scopolamine-morphine  injection  in  surgical  anesthesia  should 
be  auxiliary  only.  In  that  position  it  is  useful.  Patients  under  the  influence  of  the 
scopolamine-morphine  injection  sleep  profoundly  after  the  operation,  thus  escaping 
most  of  the  postoperative  pain.  The  patient  must  be  carefully  watched  at  this  time 
lest  his  sleep  pass  into  coma,  or  the  respirations  become  dangerously  deferred.  To 
induce  "twilight  sleep,"  or  as  a  preliminary  to  surgical  operations,  a  hypodermic  in- 
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jection  of  1/100  grain  (0.0006  Gm.)  scopolamine  (hyoscine)  hydrobromide  and  % 
grain  (0.008  Gm.)  morphine  sulphate  is  given  toward  the  end  of  the  first  stage  of 
labor,  or  an  hour  before  the  administration  of  the  anesthetic  in  surgical  operations. 
In  labor,  if  the  pains  are  very  severe,  a  second  dose  of  1/200  grain  (0.0003  Gm.)  of 
scopolamine  without  morphine  may  be  given.  As  an  obstetric  procedure,  "twilight 
sleep"  is  permissible  only  in  primiparse,  especially  elderly  primiparse  and  in  multiparse 
whose  previous  labors  were  difficult.  Untoward  incidents,  as  concerns  the  mother, 
include  exhaustion  from  protracted  labor,  great  thirst,  headache,  more  frequent  post- 
partum hemorrhage,  delirium  of  highly  unpleasant  character,  blurred  vision,  masking 
of  the  early  symptoms  of  accident,  delayed  recognition  of  the  successive  stages  of  labor. 
As  regards  the  child,  fetal  asphyxia  is  more  frequent,  and  even  when  safely  delivered 
the  infant's  respiration  is  often  slow  in  starting,  necessitating  vigorous  measures  to 
initiate  and  sustain  it.  Somnolence  and  slow  respiration  from  opium  poisoning  may 
persist  for  days.  Narcosis  is  uncertain,  failing  in  1/3  to  1/6  of  the  cases.  When 
successful,  the  mother  has  no  memory  of  the  trials  through  which  she  has  passed,  and 
this  is  what  has  given  the  method  such  vogue  as  it  still  possesses. 

Homatropine. — In  many  respects  homatropine  is  superior  to  atropine  as  a  mydri- 
atic for  diagnostic  purposes.  Its  mydriatic  action  is  rapid,  full  dilatation  of  the 
pupil  occurring  in  a  quarter  to  half  an  hour,  disappearing  again  in  from  six  to 
twenty-four  hours.  A  miotic,  such  as  eserine,  shortens  this  return  to  normal  action 
to  a  few  hours.  The  strength  of  the  solution  for  dilating  the  pupil  is  1  or  2  percent. ; 
sometimes  a  solution  in  castor  oil  is  employed  in  preference  to  an  aquean  solution, 
on  the  ground  that  it  is  less  likely  to  be  washed  away  by  the  tears.  Like  atropine, 
homatropine  increases  intraocular  tension  and  is  dangerous  in  persons  past  middle 
life;  it  is  much  less  dangerous,  however,  than  atropine  for  the  reason  that  the  dilata- 
tion of  the  pupil  under  its  action  disappears  quickly.  The  lamellae  or  discs  cf  the 
Br.P.  are  a  convenient  substitute  for  the  instillation  of  a  solution. 

Homatropine  is  inferior  to  atropine  for  systemic  purposes;  indeed,  it  is  seldom 
used  for  any  other  purpose  than  to  facilitate  an  estimation  of  the  refractive  power. 

Methylatropine  (Emnydrine) :  Topical. — Methylatropine  is  occasionally  employed 
in  place  of  atropine,  as  a  mydriatic  in  the  determination  of  refractive  errors,  since 
its  action  is  more  prompt,  dilatation  of  the  pupil  being  obtained  in  less  than  thirty 
minutes  and  disappearing  in  ten  to  twelve  hours.  It  is  also  less  poisonous  than 
atropine,  it  being  rare  to  see  any  systemic  action  from  the  use  of  the  solution  in 
the  eye.   A  1  to  4  percent,  solution  is  used  to  produce  mydriasis. 

Systemic. — Methylatropine  is  of  service  in  the  pain  of  gastric  ulcer,  given  in 
doses  of  1/60  to  1/40  grain  (0.001  to  0.003  Gm.)  by  mouth.  Inhalation  of  a  spray 
of  methylatropine  bromide  (3  percent.)  and  anesthesin  (1  percent.)  is  effective  in 
relieving  the  paroxysms  of  spasmodic  asthma.  The  analgesic  effect  of  methylatropine 
is  quite  marked,  and  doses  of  1/60  grain  (0.001  Gm.),  repeated  in  an  hour  if  necessary, 
may  relieve  migraine  and  neuralgia.  It  may  be  used  with  benefit  for  the  control  of 
colliquative  sweating  when  for  any  reason  atropine  is  not  desirable. 

Ephedrine 

Ephedra  equisetina  (formerly,  E.  vulgaris  var.  helvetica),  the  source  of  ephedrine, 
is  a  low  shrubby  plant,  indigenous  to  China,  where  it  has  been  used  for  over  5000  years 
as  a  remedy  for  asthma  and  bronchitis  and  as  a  diaphoretic  and  circulatory  stimulant. 
Other  species  of  ephedra  are  found  in  Asia,  Europe  and  the  Western  part  of  America, 
but  the  active  principles  of  most  of  them  appear  to  be  different  in  character.  Nagai 
of  Japan  isolated  ephedrine  in  1878.  In  1887,  ephedrine  was  introduced  into  Western 
medicine  as  a  mydriatic  through  the  discovery  by  Miura  that  it  dilated  the  pupil 
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without  raising  intraocular  pressure.  The  pressor  action  was  first  pointed  out  by 
Hirose  in  1915,  and  two  years  later  was  studied  by  Amatsu  and  Kubota.  Since  the 
work  of  Chen  and  Schmidt  (1923  to  1926),  the  alkaloid  has  found  increasing  use  as 
a  mydriatic,  local  vasoconstrictor,  antiasthmatic  and  heart  stimulant. 

Chemistry. — Ephedrine  is  an  alkaloid  of  the  phenylamine  group  (to  which  belong 
epinephrine  and  tyramine),  being  phenylpropanol-methylamine,  CJij.CHOH.CH 
(CH3)NHCH3.  It  is  quite  stable,  bearing  temperatures  up  to  100°C.  and  the  eiTects 
of  acids  and  alkalis.  It  owes  this  stability  (as  compared  to  epinephrine)  largely  to 
the  absence  of  hydroxyl  from  the  ring.  Four  isomers  have  been  prepared  syntbetically, 
and  one  of  these,  pseudoephedrine,  from  which  ephedrine  is  separated  with  difficulty, 
occurs  with  it  in  the  drug.  The  amount  of  alkaloid  present  in  the  drug  varies  from 
about  0.2  percent,  to  0.9  percent. 

Summary  of  Actions  and  Uses. — Ephedrine  in  small  dose  stimulates  the  endings  of 
the  true  sympathetic  system,  causing  vasoconstriction  with  rise  of  blood  pressure,  increase 
in  rate  and  force  of  the  heart,  dilatation  of  the  pupil,  lessening  of  intestinal  peristalsis, 
and  relaxation  of  bronchial  spasm,  if  present.  Salivation  and  sweating  may  be  expe- 
rienced. Larger  doses  excite  the  parasympathetic  endings  and  thus  cause  reversal  of 
some  of  these  effects.  The  heart  is  slowed  through  secondary  stimulation  of  the  vagus 
center  by  the  high  blood  pressure,  and  peristalsis  is  increased.  With  full  doses  there  is 
also  excitation  of  the  higher  nerve  centers,  leading  to  restlessness  and  even  tremors. 
Toxic  doses  are  followed  by  clonic  convulsions,  depression  of  the  respiratory  center  and 
direct  weakening  of  the  cardiac  muscle. 

Ephedrine  was  first  used  as  a  mydriatic  for  ocular  examinations  and  is  still  employed 
for  this  purpose.  It  is  also  used  to  reduce  congestion  of  the  turbinates,  to  relieve 
asthmatic  attacks  and  to  raise  blood-pressure  in  circulatory  failure  and  hypotension. 

Materia  Medica. — Epiiedrin.«  Hydrociiloridum  (IST.N.E.),  Ephedrine  Hydrochlo- 
ride. Ahhr.,  Ephedrin.  Hydrochlor.  Synonyms :  Lsevo  Hydroxymethylaminopropyl 
benzene  Hydrochloride,  Phenylpropanolmethylamine  Hydrochloride. 

White,  odorless,  prismatic  needles;  soluble  in  water  and  alcohol,  insoluble  in  ether. 

Dose,  by  mouth,  V2  to  2  grains  (0.025  to  0.1  Gm.)  ;  parenterally,  14  to  V2  as  much; 
intranasally,  0.5  to  2  percent,  solution ;  in  the  eye,  up  to  4  percent. 

Ephedrin-E  Sulphas  (N.N.K.),  Ephedrine  Sulphate.  Ahhr.,  Ephedrin  Sulph. 
Synonyms :  Lsevo  Hydroxymethylaminopropylbenzene  Sulphate,  Phenylpropanolmethyl- 
amine Sulphate. 

Small,  white,  odorless,  hexagonal  plates;  freely  soluble  in  water  and  hot  alcohol, 
less  in  cold  alcohol. 

Dose,  by  mouth,  ^o  to  2  grains  (0.025  to  0.1  Gm.)  ;  parenterally,  Vi  to  t/2  as  much; 
intranasally,  0.5  to  2  percent,  solution;  in  the  eye,  up  to  4  percent. 

Pharmacodynamic  Action:  A'bsorption  and  Elimination. — Ephedrine  is  rapidly  ab- 
sorbed from  the  tissues  and  more  slowly,  but  completely,  when  swallowed.  The  full 
effect  developes  about  4  hours  after  a  single  dose  of  1  to  2  grains  (50  to  100  mgni.)  by 
mouth  and  in  less  than  half  this  time  after  subcutaneous  Injection.  There  is  no  cumu- 
lative action  and  excretion  is  probably  prompt.  Although  the  drug  has  not  been  recov- 
ered from  the  urine,  irritation  of  the  kidney  and  diuresis,  which  are  occasionally  seen, 
may  indicate  renal  excretion. 

Topical  Action. — Watery  solutions  of  the  salts  of  ephedrine  applied  to  mucous  mem- 
branes cause  a  constriction  of  the  vessels,  similar  to  that  seen  after  application  of 
epinephrine,  but  of  much  less  degree  and  longer  duration.  This  effect  is  very  marked 
in  the  nose  but  slight  and  inconstant  in  the  eye,  in  which  the  hydrochloride  may  even 
cause  congestion  by  its  Irritation.  Solutions  of  1  to  10  percent.  Induce  shrinkage  of 
engorged  turbinates.  Some  stinging  follows  the  use  of  the  hydrochloride,  but  not  that 
of  the  sulphate.  The  topical  action  on  the  eye  consists  in  mydriasis  without  loss  of 
accommodation  or  increase  of  Intraocular  tension  and  no  change  in  sensitiveness  of  the 
cornea. 
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Toxicity. — Ephedrine  is  but  slightly  poisonous,  the  fatal  dose  being  from  30  to  100 
times  that  required  to  produce  full  effects  on  the  circulation  and  respiration.  Mild  poison- 
ing is  characterized,  in  man,  by  insomnia,  great  restlessness,  motor  agitation  with  ina- 
bility to  lie  still,  precordial  oppression,  disturbed  breathing  and  a  sense  of  fulness  in 
different  parts  of  the  body  or  head.  Such  symptoms  are  often  experienced  even  after 
therapeutic  doses.  In  mammals  given  excessive  amounts,  these  symptoms  are  followed 
by  clonic  convulsions.  The  high  blood  pressure  and  increased  respiration  of  the  early  stages, 
give  way  to  failing  circulation  with  fall  of  pressure  below  the  normal  level  and  paralysis 
of  the  respiratory  center.  Respiration  commonly  fails  before  the  heart  in  fatal  poisoning, 
but  the  ventricle  may  already  be  in  fibrillation  before  the  respiratory  movements  cease. 

The  fatal  dose  per  kilogram  of  body  weight  by  intravenous  injection  is  given  as 
follows:  Dog,  0.075  Gm.;  cat,  0.075  Gm.;  rabbit,  0.068  Gm.;  rat,  0.14  Gm.;  mouse,  0.2  Gm, 
The  fatal  doses  by  subcutaneous  injection  are  3  to  5  times  as  large,  and  those  by  mouth 
almost  10  times  as  large.  Frogs  (R.  temporaria)  injected  in  a  lymph  sac  show  no 
effects  from  0.1  mgm.  per  Gm.;  weakness  from  0.2  mgm.,  and  complete  motor  paralysis 
with  death  from  cardiac  paralysis  from  0.5  mgm.  There  is  no  stimulation,  either  of  the 
heart  or  nerve  system. 

Chronic  Poisoning. — Repeated  daily  administration,  even  of  amounts  near  the 
acutely  fatal  dose,  do  not  lead  to  any  serious  poisoning.  There  seems  to  be  no  tendency 
to  cumulation.  There  may  be  irritation  of  the  kidneys  with  albuminuria,  but  this  passes 
off  without  permanent  injury  when  the  drug  is  stopped. 

Systemic  Action:  Alimentary. — Infusion  of  ephedra  in  full  dose  by  mouth  acts  as 
a  cathartic,  but  the  alkaloid  does  not  commonly  develop  this  action.  The  tonus  and 
movements  of  the  isolated  bowel  of  the  cat  are  lessened  by  concentrations  from 
1:1,000,000  to  1:100,000  and  power  to  respond  to  pilocarpine  is  lost,  indicating  paralysis 
of  the  receptive  substance  of  the  myoneural  junction.  Strong  solutions,  such  as  1:  6000, 
cause  brief  stimulation  of  movements  which  is  prevented  by  atropine.  Salivary  and 
gastric  secretions  are  sometimes  increased  but  the  biliary,  pancreatic  and  intestinal 
secretions  are  not  influenced  (Chen). 

Circulation. — The  most  striking  systemic  action  of  ephedrine  is  the  rise  of  blood- 
pressure  which  it  occasions.  A  single  intravenous  injection  of  1  to  10  mgm.  per  kilo, 
will  raise  the  blood  pressure  of  an  anesthetized  dog  as  much  as  100  mm.  Hg.  and  main- 
tain this  rise  for  15  to  25  minutes.  The  effect  when  ephedrine  is  given  by  mouth  is 
even  more  prolonged,  a  dose  of  1  to  2  grains  (50  to  100  mgm.)  causing  a  rise  of  20  to 
40  mm.  Hg.  which  will  not  return  to  normal  for  hours  or  even  days.  The  rise  becomes 
progressively  less  on  repeated  administration.  It  may  not  be  marked,  and  may  even 
be  replaced  by  a  fall  if  the  initial  pressure  is  very  low.  In  contrast  to  epinephrine,  the 
pressor  action  is  less  marked  in  animals  which  have  previously  received  cocaine.  The 
action  is  well  seen,  however,  in  animals  under  systemic  anesthesia.  The  rise  is  due  to 
cardiac  stimulation  even  more  than  to  the  vasoconstriction,  and,  as  the  pressure  rises, 
plethysmograph  studies  show  that  pure  vasoconstriction  occurs  only  in  the  spleen,  the 
kidney  showing  constriction  followed  by  dilatation  and  the  intestinal  and  leg  vessels  only 
dilatation  (Chen  and  Schmidt).  All  isolated  vessels  perfused  with  ephedrine  show  con- 
striction, and  the  same  is  noted  in  the  superficial  vessels,  after  topical  application,  of 
1  to  10  percent,  solutions. 

The  action  on  the  heart  resembles  that  of  epinephrine  and  is  essentially  similar  to 
the  effect  of  electric  stimulation  of  the  sympathetic  (accelerator)  nerve.  The  first  effect 
is  an  increase  in  the  rate  and  amplitude  of  contractions,  but  as  the  blood  pressure  rises, 
the  vagus  center  is  stimulated  reflexly  and  the  heart  slows.  If  the  vagus  nerves  are  cut, 
the  rate  is  always  increased.  After  doses  much  above  10  mgm.  per  kilo.,  the  stimulation 
gives  way  to  depression.  Toxic  doses  (40  to  65  mgm.  per  kilo.)  in  dogs  may  lead  to  rapid 
heart  failure  through  a  direct  effect  on  the  heart  muscle.  Both  automatic  and  conductive 
systems  are  depressed,  as  shown  by  marked  slowing,  auriculoventricular  block  and 
eventual  ventricular  fibrillation.  The  frog  heart,  whose  sympathetic  innervation  is  rela- 
tively unimportant,  may  show  only  depression,  even  from  small  amounts,  and  the  same 
is  true  of  mammalian  hearts  weakened  by  long  periods  of  poor  coronary  circulation,  as 
in  histamine  poisoning  or  in  surgical  shock. 

Respiration. — The  respiratory  center  is  stimulated  by  small  doses,  but  depressed  by 
toxic  amounts  and  respiration  ceases  before  the  heart  stops.  More  important  is  the 
relaxing  effect  of  small  doses  (5  mgm.  per  kilo,  in  the  cat;  about  1  mgm.  per  kilo,  in  man) 
on  bronchial  spasm.  In  man,  asthmatic  attacks  can  commonly  be  relieved  by  a  dose  of 
1  to  2  grains  (50  to  100  mgm.). 
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Other  Functions. — Basal  metabolism  is  increased  in  man  by  therapeutic  doses 
(Miller,  Rowutree),  and  blood  sugar  often  rises  in  rabbits  as  a  result  of  increased 
release  of  glycogen  from  the  liver  (Nagel). 

The  uterine  contractions  are  somewhat  stimulated  both  in  situ  and  in  vitro,  1  part 
in  5000  sufficing  for  the  isolated  horn  of  the  virgin  rabbit  uterus. 

Diuresis  is  variously  influenced,  the  effects  being  indirectly  caused  by  vascular  and 
circulatory  changes.  With  small  doses  the  blood  flow  through  the  kidney  is  increased 
and  increased  secretion  of  urine  may  result.  Larger  doses  cause  renal  anemia  resulting 
in  lessened  secretion,  albuminuria  and  slight  degenerative  changes  in  the  glomeruli. 
Recovery  promptly  ensues  when  the  drug  is  withdrawn. 

Nerve  system. — Ephedrine  stimulates  the  higher  nerve  centers,  therapeutic  doses 
causing  in  man,  insomnia,  anxiety,  restlessness,  inability  to  lie  still  and  even  muscular 
twitching.  In  mammals  given  toxic  doses  (10  to  40  mgm.  per  kilo),  the  restlessness 
passes  into  clonic  convulsions  dependent  on  excitation  of  the  lower  brain  centers.  Central 
motor  paralysis  follows. 

The  effects  on  the  autonomic  system  are  more  important  from  a  clinical  standpoint. 
In  general  the  action  consists  in  stimulation  of  the  endings  of  the  true  sympathetic. 
The  pupil  is  dilated  through  excitation  of  the  nerve  endings  of  the  dilator  fibers,  the 
effect  being  analogous  to  that  of  epinephrine  and,  like  it,  increased  after  excision  of  the 
superior  cervical  ganglion.  The  effect  is  readily  obtained  by  instillation  of  a  drop  or 
two  of  a  1  to  10  percent,  solution.  After  the  stronger  solutions,  the  effect  begins  in 
15  to  20  minutes  (occasionally  more),  reaches  its  maximum  within  an  hour  and  returns 
to  normal  in  3  to  9  hours.  There  is  less  irritation  than  from  atropine  and  the  drying 
effect  of  cocaine  is  not  seen.  Intraocular  tension  is  not  altered  and  there  is  little  change 
in  the  power  of  accommodation,  so  that  ephedrine  is  particularly  adapted  for  use  in 
examination  of  the  fundus.  There  is  some  burning  after  instillation  of  the  hydrochloride, 
but  apparently  not  when  the  sulphate  is  used.  In  contrast  to  the  nasal  mucosa,  there 
is  congestion  of  the  conjunctiva  (Howard  and  Lee).  There  is  no  alteration  of  corneal 
sensitiveness.  In  contrast  to  epinephrine,  the  pressor  effect  and  the  stimulation  of  the 
isolated  uterus  are  not  reversed  by  preliminary  treatment  with  ergotoxine  (de  Eds  and 
Butt). 

Therapeutics:  Topical. — Ephedrine  or  pseudoephedrine  is  used  as  a  mydriatic  in 
ocular  examinations.  From  2  to  3  drops  of  a  1  to  5  percent,  solution  or  1  drop  of  a 
10  percent,  solution  of  one  of  the  salts  will  produce  almost  maximal  dilatation  coming 
on  in  1/2  to  1  hour  and  lasting  several  hours.  It  is  to  be  preferred  to  homatropine  or 
atropine  when  increased  intraocular  tension  is  undesirable  and  when  it  is  not  neces- 
sary or  desirable  to  paralyze  accommodation. 

Similar  solutions  may  be  used  in  the  nose  to  reduce  congestion  of  the  turbinates. 
A  10  percent,  solution  produces  a  shrinkage  greater  than  that  from  4  percent,  cocaine. 
Application  of  a  5  percent,  solution  on  a  cotton  pledget  to  a  small  spot  on  a  swollen 
turbinate  will  lead  to  shrinkage  of  the  mucosa  over  the  entire  turbinate,  coming  on 
in  a  few  minutes  and  lasting  2  to  3  hours  (Fetterolf  and  Sponsler).  There  is  no  loss 
of  sensation  but  the  hydrochloride  causes  a  burning  sensation  not  observed  with  the 
sulphate. 

Ephedrine  instilled  in  the  urethra  might  be  of  value  in  reducing  congestion  of  the 
prostate,  but  does  not  seem  to  have  been  tried. 

Systemic. — Ephedrine  resembles  epinephrine  in  its  power  to  control  asthmatic 
attacks  and  has  the  advantages  of  administration  by  mouth  and  greater  duration  of 
action.  The  usual  dose  for  adults  is  I/2  to  2  grains  (50  to  100  mgm.),  beginning  with 
the  smallest  quantity  and  increasing  if  necessary.  Relief  is  usually  noticed  in  about 
half  an  hour  and  may  last  a  day.  A  few  patients  experience  no  benefit,  although  re- 
lieved by  epinephrine.  Ephedrine  is  useful  in  the  relaxing  varieties  of  autonomic 
imbalance,  an  angioneurotic  edema,  congestive  migraine  and  urticaria. 

The  pressor  effects  of  ephedrine  suggested  its  use  in  conditions  characterized  by 
low  hJood-pressure.  In  shock  and  in  the  circulatory  failure  encountered  during  sur- 
gical operations,  it  has  been  used  with  good  effect  in  dose  of  V2  to  2  grains  (30  to  100 
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mgm.)  repeated  once  or  twice  at  intervals  of  several  hours.  Ockerblad  and  Dillon  use 
it  in  V/o  grain  (0.1  Gm.)  dose  subcutaneously  as  a  routine  in  checking  the  fall  of  blood- 
pressure  attendant  on  spinal  anesthesia.  It  is  of  less  value  to  maintain  blood-pressure 
in  cases  with  continued  hypotension  as  its  effectiveness  decreases  with  subsequent 
doses  unless  full  recovery  from  its  effects  is  permitted. 

Administration.— ^Tphedrine  is  best  given  by   mouth,   in  solution,   as  this  permits 
variation  of  the  dose  as  required. 
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Gallon  Pint       Fluidounce    Fluidram  Minim 

1  8  128  1024  61440 

1  16  128  7680 

1  8  480 

1  60 

IMPERIAL  MEASURE,  OFFICIAL  IN  GREAT  BRITAIN 


Gallon 

Pint       Fluidounce 

Fluidram             Minim 

1 

8                 160 

1                   20 

1 

1280                   76800 

160                     9600 

8                       480 

1                        60 

APOTHECARIES  WEIGHT,  OFFICIAL  IN  U.  S.  A 

. 

Pound 

Ounce            Dram 

Scruple                Grain 

1 

12                   96 

1                   8 

1 

288                     5760 

24                       480 

3                         60 

1                         20 

AVOIRDUPOIS  WEIGHT,  OFFICIAL  IN  GREAT  BRITAIN 

Pound 

Ounce           Dram 

1 

16                250 
1                  16 

TROY  WEIGHT 

Pound 

Ounce    Pennyweight 

■     Grain 

1 

12                240 
1                  20 

1 

5760 

480 

24 

METRIC  MEASURES 

Length 

Kilometer  Hectometer  Decameter 

Meter              Decimeter 

Centimetei 

r       Millimeter 

1 

10               100 

1000                   10000 

100000 

1000000 

1                 10 

100                     1000 

10000 

100000 

1 

10                       100 

1000 

10000 

1                         10 

100 

1000 

1 

10 
1 

100 
10 

Volume 

Hectolite 

T  Decaliter        Liter 

Deciliter          Centiliter 

Milliliter 

(Cubic  Centimeter) 

1 

10                100 

1000                   10000 

100000 

1                  10 

100                     1000 

10000 

1 

10                       100 
1                         10 
1 
Weight 

1000 

100 

10 

Kilogram  Hectogram  Decagram 

Gram              Decigram 

Centigrarr 

I        Milligram 

1 

10           100 

1000                   10000 

100000 

1000000 

1                  10 

100                     1000 

10000 

100000 

1 

10                       100 

1000 

10000 

1                         10 

100 

1000 

1 

10 
1 

100 
10 

1853 


1854 
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EQUIVALENT   WEIGHTS    AND    MEASURES    BY    DIFFERENT    SYSTEMS 

The  weight-volume  equivalents  are  the  weight  of  water  at  60°  C. 


U.  S.  Wine  or 

Apothecaries 

Measure 

British  or 
Imperial 
Measure 

Metric 

Volume 

cc. 

Cubic 
Inches 

Weight  of  Water  at  60°  C. 

Apothecaries 
Weight 

British 
Weight 

Metric 
Weight, 
Grams 

1  min. 

0.96  min. 

1  dr. 

0.96  dr.            ( 

58   mins.         ) 

1  fld.  oz.          j 

0.96  fld.  oz. 
461  mins.        ) 

Ipt.                 ] 

1.2  pts. 
8000  mins. 

1  gal.               ] 

1.2  gal. 

Over  91/2  pts.  \ 

1.04  min. 

1.0  min. 

62.5  mins. 

1  fldr. 

1.04  fld.  oz.   / 
500  mins.      ) 

1  fld.  oz. 

0.832  pt.       I 
9218  mins.   S 

1  pt. 

0.832  gal. 
almost  7  pts. 

1  gal. 

1.08  min. 
'1.08   fldr. 

Ifldr. 

1.08  fld.  oz. 

1  fld.  oz. 

0.65  pt. 

1  pt. 

0.06 

0.059 

3.7 

3.55 
29.57 
28.4 
473.11 
568. 
3785. 
4543. 

0.0038 
0.0036 
0.226 

0.217 

1.8 

1.73 

28.85 
34.65 
231. 

277.28 

0.95  gr. 
0.91  gr. 

57      grs. 

54.7    grs. 
455.7    grs. 

437.5    grs. 

^      1.266  lb. 
h8oz.  llOgrs. 

1.53  lb. 
10.126  lbs. 

12  lbs.,  880  grs. 

1  gr. 

1  dr. 
57.34  grs. 

1  oz. 
437.5  grs. 

1  lb. 
1.215  lb. 

1  dr. 

1.04  oz. 

1  oz. 

[  1.40  lb. 

20  oz, 

8.33  lbs. 

10  lbs. 

0.97  gr. 
1.06  dr. 

1  dr. 
1.1  oz. 

1  oz. 
0.823  lb. 

1  lb. 

0.06 

0.059 

3.7 

3.55 
29.57 

28.4 
437. 

568. 

3785. 

4543. 
0.065 

1  05  fldr 

3.88 

0  96  fldr 

3.544 

1.05  fld.  oz. 
0  96  fld    oz 

31.10 

28.35 

0.79  pt. 
0.96  pt. 

373.24 

453.59 

APPROXIMATE  METRIC  AND  APOTHECARIES  WEIGHTS  FOR  READY 

RECKONING 


1/60  grain  1  milligram 

1/30  grain  2  milligrams 

1/20  grain  3  milligrams 

1/16  grain  4  milligrams 

1/12  grain  5  milligrams 

1/10  grain  6  milligrams 

1/8     grain  8  milligrams 

1/6     grain  10  milligrams 

1/4     grain  16  milligrams 

1/3     grain  20  milligrams 

1/2     grain  30  milligrams 

1  .    grain  60  milligrams 

2  grains 120  milligrams 


2  grains     0.12  gram 

3  grains     0.2     gram 

4  grains 0.25  gram 

5  grains 0.3     gram 

6  grains     0.4     gram 

8  grains     0.5     gram 

10  grains     0.6     gram 

12  grains     0.8     gram 

15  grains     1.0     gram 

1  dram     4.       grams 

1  ounce    30.       grams 

1  pound 500.       grams 


The  same  figures  may  be  used  for  volume  conversion  by  substituting  minims  for 
grains  and  cubic  centimeters  for  grams. 
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EXACT  APOTHECARIES  AND  METRIC  EQUIVALENTS 

1  niilligTam  corresponds  to 1/64  grain 

1  gram    15.4.'3235  grains 

1  ounce   (Troy)    ."jI. 10-35  grams 

1  pound    407. (!5  gram 

1  liter   3.3.814  lluidounces 

30  cc 1.01  fluidounce,    or    2.113    pints 

1  cc 1(5.23  minims 

1  fluidounce    29.57  cc. 

1  i)int    473.11  cc. 

1  meter     39.308  inches 

1  kilogram     2.2046  pounds 

APPROXIMATE  RELATIONS  OF  DOMESTIC  MEASURES  AND  WEIGHTS 

1  teaspoon  (cochleare  parvum)  holds  about  1  fluidram  (up  to  75  m.) 

1  dessertspoon  (cochleare  amplum)   2  fluidrams 

1  tablespoon  (cochleare  magnum)    4  fluidrams  (V'2  fldoz.) 

1  wineglass  (cyathus  vinarius) 2  fluidounces 

1  small  teacup  or  gill  (poculum)    4  fluidounces 

1  ordinary   teacup    6  fluidounces 

1  tumbler   8  fluidounces  (1/4  pt.) 

APPROXIMATE  NUMBER  OF  DROPS  TO  FLUIDRAM  DROPPED  SLOWLY 
FROM  NECK  OF  BOTTLE  OR  OTHER  LARGE  SURFACE 

Drops  Drops 

Acidum  Aceticum  (36  percent.)  ,  . .  .  108  Syrup  (85  percent.)    65 

Acid  Hydrochloric  (32  percent.) ....  70  Water 60 

Acid  Nitric  (68  percent.)   102  Fid.  Ext.  Belladonna? 156 

Acid  Sulphuric  (93  percent.) 128  Fid.  Ext.  Ergota) 133 

Alcohol  (95  percent.)   146  Liq.  Acid  Arseniosi 57 

Alcohol  (50  percent.)   137  Liq.  lodi  Compositus 63 

Chloroform    250  Spt.  Ammoniae  Aromaticus 142 

Creosote    122  Tr.  Aconiti   140 

Ether    172  Tr.  Belladonnae    137 

Glycerin    67  Tr.  Digitalis 128 

Hydrargyrum   150  Tr.  lodi   148 

Oleum  Ricini  77  Tr.  Opii 110 

Phenol   Ill 

Alcohol  fluid  extracts  and  tinctures  vary  from  120  to  160.    Fixed  oils  from  100  to  110 
(except  01.  Ricini).    Volatile  oils  from  120  to  145.    Wines  from  100  to  110. 

Apportionate  Dose  Table 

Age  Dose 

20  to     60    years  of  age,  give full 

60  to     80 3/4  to  2/3 

80  to  100  2/3  to  1/2 

14  to  20  3/4 

14  2/3 

12  1/2 

8  2/5 

6  1/3 

4  1/4 

3  1/5 

2  1/7 

1  1/12 

6  months  1/16 

3  1/20 

At  birth  1/60  to  1/30 
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Table  for  Making  Percentage  Solutions 


Percent. 

1/10  of  1 
1/8  ofl 
1/6  ofl 
1/4  ofl 
1/3  ofl 
1/2  ofl 
1 
2 

2^^ 

3 

4 

5 

6 

Y 

8 

10 

12 

15 

20 

25 


Find  in  the  first  column  the  percent,  desired.  The  second  column  shows  the  exact 
amount  required  in  grains.  The  third  column  shows  the  approximate  amount  of 
weight  required  of  any  salt;  to  this  weight  add  distilled  water  enough  to  make  4 
fluidounces. 

APPEOXIMATE  PEECENTAGE  METHOD  FOE  DISINFECTANT 

SOLUTIONS 

Consider  1  ounce  fluid  as  500  minims.  1  percent.  =  1  grain  or  minim  in  100 
minims;  for  500  minims,  5  X  1  or  5  grains  would  be  required.  Hence,  a  1  percent, 
solution  =  5  grains  in  1  ounce.  A  5  percent,  solution  =  5  X  5  =  25  grains  in  1 
ounce,  etc.  For  ordinary  practical  purposes  (disinfectant,  etc.)  1  dram  (fluid)  in  1 
pint  of  water  =  1  percent,  solution.  Also  1  grain  in  1  ounce  of  water  =  1 :  500. 
Double  the  water  ^  1 : 1,000. 

Conversion  of  Thermometric  Values 

To  convert  Fahrenheit  into  Centigrade  subtract  32  and  divide  the  result  by  1.8; 
to  convert  Centigrade  into  Fahrenheit  add  32  and  multiply  the  sum  by  1.8  (this  cor- 
responds to  multiplying  by  180/100  which  are  the  figures  actually  involved). 

Incompatibility 

The  danger  of  forming  insoluble  compounds  or  substances  of  increased  toxicity, 
through  admixture  of  substances  whose  composition  or  properties  are  not  fully  known, 
is  so  great,  that  it  should  be  made  a  rule  never  to  associate  two  medicaments  in  a  com- 
mon prescription  unless  assured  that  no  incompatibility,  chemical  or  pharmaceutic, 
exists  between  them. 


To  make  J/,  flui 

Grains  for 
Exact  Solution 

1.82     ... 

dounces 

of  the 

solution 

Appi 

Drams 

roxim^ 

Req 

Gr 

1 

2 

3 

4 

6 

9 

18 

36 

45 

54 

12 

49 

7 
25 

2 
38 
33 

4 
35 

ate  Amount 

mired 

•ains 

4/5 
1/4 

2.28     ... 

3.03     .  . . 

4.55     .  . . 

1/2 

6.06     .  . . 

9.10     .  . . 

18.20     .  . . 

1/4 
1/2 
1/2 
1/2 
1/2 

36.40     .  . . 

45.50     .  . . 

54.60     .  . . 

72.80     .  . . 

1 

91.00     . . . 

ll/o 

.  .     109.20     .    . 

1 

. .     127.40     . . . 

2 

. .     145.60     .  . . 

2 

.  .     182.00     .  . . 

3 

. .     218.40     .  . . 

3 

.  .     273.00     . . . 

4 

. .     364.00     .  . . 

6 

.  .     455.00     .  . . 

7 
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INCOMPATTBTLTTY  1857 

The  following:  lists  of  incompatibilities  mnko  no  claim  to  completeness,  but  an 
attempt  has  been  made  to  associate  the  most  important  examples  in  groups,  so  that 
the  student  may  the  more  readily  remember  them. 

CHEMICAL  INCOMPATIBILITY 

This  comprises  the  formation  of  new  chemical  compounds  by  mutual  decomposi- 
tion.   Its  chief  examples  are  as  follows : 

Acids  and  Al/raUs. — All  acids  and  alkalis  are  mutually  decomposed  wlien  mixed  in 
solution.  This  applies  to  mixtures  of  hydroxides,  borates  and  carbonates  with  all 
acids  and  acidic  salts;  to  mixtures  of  mineral  acids  with  salts  of  weaker  acids,  as 
iodides,  bromides,  acetates  and  phosphates. 

Insoluble  Salts. — Inorganic  salts  which  by  rearrangement  can  form  an  insoluble 
compound,  will  commonly  do  so.  Chlorides,  iodides  and  bromides  precipitate  lead, 
mercury,  silver  and  bismuth;  sulphates  precipitate  calcium,  barium,  lead  and  mercurous 
salts;  hydroxides,  carbonates,  phosphates  and  sulphides  precipitate  many  earthy  and 
heavy  metals. 

Arsenicals  and  iron  salts,  both  inorganic  and  organic,  are  readily  decomposed  and 
should  be  prescribed  alone  or  in  mixtures  the  safety  of  which  is  already  known. 

Decomposition  may  occur  without  giving  rise  to  precipitates.  All  peroxides  and 
compounds  with  excess  oxygen,  such  as  chlorates  and  permanganates,  are  readily  de- 
composed, especially  by  oxidizable  agents,  and  may  give  rise  to  explosions.  Strong  acids 
decompose  chlorates  giving  rise  to  free  chlorine.  Calomel  is  destroyed  or  precipitated 
by  iodides,  lime  water  and  soluble  salts  of  iron  and  lead. 

Inorganic  and  organic  compounds  are  often  incompatible. 

Alkaloids  are  precipitated  by  alkalis,  by  iodides,  by  mercurials  and  by  all  alkaloidal 
reagents. 

Ghicosides,  e.g.,  the  digitalis  principles,  are  decomposed  by  acids. 

Tannins  and  hitters  are  precipitated  by  iron  and  lead  and  by  most  other  heavy 
metals,  and  may  be  thrown  down  by  acids. 

Gums,  mucilages,  resins  and  gum  resins  are  thrown  out  of  solution  by  acids  and 
by  many  metallic  salts ;  acacia  for  example,  by  iron  and  lead.  Resins  may  be  decomposed 
but  made  more  soluble  by  alkalis. 

Vegetable  drug  preparations  can  commonly  be  mixed  without  interference  from 
chemical  incompatibility.  The  most  important  exceptions  depend  on  the  precipitation 
of  alkaloids  and  of  g'lucosides  by  tannins. 

Synthetic  organic  compounds,  apart  from  the  so-called  "indifferent  solvents,"  are, 
in  general,  readily  decomposed  and  unstable  in  solution.  Thus,  antipyrine  and  acetani- 
lid ;  chloral;  cacodylates  and  other  oi'ganic  arsenicals;  iodoform;  spirit  of  nitrous  ether, 
and  similar  compounds  should  not  be  mixed  with  other  drugs,  inorganic  or  organic, 
unless  it  is  certain  that  decomposition  will  not  occur. 

Lahile  Substances. — Several  medicaments  enter  into  combination  so  readily  or 
are  so  easily  decomposed  that  they  should  rarely  be  prescribed  in  association  with 
other  remedies.  These  include  mineral  acids,  alkalis,  alum,  antipyrine,  iodides, 
mercuric  salts,  iron  salts,  and  tannins.  All  active  principles  of  animal  origin,  in- 
cluding epinephrine,  insulin  and  thyroxin  might  be  added  to  this  list. 

PHARMACEUTIC  INCOMPATIBILITY 

This  does  not  require  chemical  alteration,  but  commonly  involves  precipitation  or 
separation,  resulting  from  associating  two  immiscible  liquids,  or  two  preparations 
with  menstruums  differing  in  percentage  of  alcohol  or  otherwise. 

Addition  of  alcoholic  liquids  to  watery  solutions  of  most  inorganic  salts  and  of 
acacia,  tragacanth,  gelatin,  albumin,  etc.,  throws  these  out  of  solution. 

Addition  of  watery  liquids  to  alcoholic  solutions  of  essential  oils,  including  cam- 
phor, chloroform  and  ether,  resins  and  gum  resins,  likewise  causes  precipitation. 

In  general,  admixture  of  a  tincture  or  iluidextract  with  a  liquid  containing  a 
different  percentage  of  alcohol,  is  pretty  sure  to  bring  about  precipitation  of  active  or  of 
inert  matters.  Olycerin  may  often  be  mixed  with  preparations  in  dilute  alcohol  without 
precipitation,  and  may  prevent  trouble  if  added  to  an  otherwise  incompatible  mixture. 
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Treatment  of  Poisoning 


POISON 

TKEATMENT 

Chemical  and  Mechanical 

Physiological 

Acetanilid 

Aniline 

Antipyrine 

Exalgine 

Phenacetin 

Evacuate  the  stomach  by  tube. 

Recumbent  position.  External 
heat.  Cold  to  head.  Caffeine. 
Ammonia.  Digitalis.  Atropine. 
Strychnine.  Oxygen.  Artificial 
respiration. 

Acid 

Acetic 

Hydrochloric 

Mineral 

Nitric 

Phosphoric 

Sulphuric 

Magnesia,   Sodium   Bicarbonate, 
Lime    Water,     Soap,     Albumin, 
Demulcents.       (Avoid    stomach 
pump;  emetics  also  if  acid  con- 
centrated.) 

Recumbent  position.  External 
heat.  Ammonia.  Atropine.  Caf- 
feine.   Strychnine.    Opium. 

Acid 

Carholic 
Creosote 
Guaiacol 

Etc. 

(Phenols) 

Alcohol.      Emetics    or    stomach 
tube.      Sodium    or    Magnesium 
Sulphate.    Lime  water  or  Syrup 
of  Lime,  Soap.  Albumin,  Demul- 
cents.      (Avoid     Oil     and     Gly- 
cerine.) 

Recumbent  position.  External 
heat.  Cold  to  head.  Atropine. 
Ammonia.  Opium.  Caffeine. 
Strychnine.  Oxygen.  Artificial 
respiration. 

Acid 
Carbonic 

Oxygen.  Fresh  air.  Friction 
and  heat  to  extremities.  Arti- 
ficial respiration. 

Acid 
Hydrocyanic,  also  the 
Cyanides 

A  mixture  of  Ferrous  and  Fer- 
ric   Sulphates   with    Sodium   or 
Potassium    Carbonate    or    Mag- 
nesia.      Evacuate     stomach     if 
time.    Potassium  Permanganate 
or  Hydrogen  Peroxide.     Demul- 
cents if  required. 

Recumbent  position.  External 
heat.  Ammonia.  Atropine.  Caf- 
feine. Strychnine.  Artificial 
respiration.  Oxygen.  Hot  and 
cold  douches. 

Acid 
Oxalic 

Lime   in   any   form.     Magnesia. 
Demulcents.     Emetics. 

Recumbent  position.  External 
heat.  Ammonia.  Atropine. 
Opium.  Caffeine.  Strychnine. 
Calcium  Chloride  by  vein. 

Aconite 

Tannic  Acid    (10  to  30  grains) 
or    Animal    Charcoal    (1    table- 
spoonful).  Syphon  out  stomach. 
(Avoid  emetics.) 

Horizontal  position.  External 
heat.  Cold  to  head.  Ammonia. 
Digitalis.  Atropine.  Caffeine. 
Strychnine.  Oxygen.  Artificial 
respiration. 

Alcohol 
Ethyl 

Evacuate    stomach    by    emetic, 
best  by  apomorphine. 

External  heat.  Cold  to  head. 
Ammonia  inhalations.  Ammon- 
ium Chloride,  Atropine.  Caf- 
feine. Digitalis.  Strychnine. 
Electricity.  Oxygen.  Artificial 
respiration. 

Alcohol 
Methyl 

Evacuate    stomach    by    emetics. 

Pilocarpine  Hydrochlorate. 
Treat  as  for  Ethyl  Alcohol. 

Alkalis 
Ammonia 
Caustic  Potash 
Caustic  Soda 
Lime,  etc. 

Dilute    Acids,    especially    Vege- 
table Acids  as  Citric  or  Tartaric, 
Lemon,   Orange   juice.   Vinegar, 
Milk,  Oil.     No  stomach  tube. 

Recumbent  position.  Artificial 
heat.  Strychnine.  Opium.  Caf- 
feine. For  Ammonia:  Aconite, 
Digitalis,  cold  air. 

Alkaloids 

Tannic  Acid,  Charcoal.     Iodine. 
Albumin.    Evacuate  stomach  by 
emetic  or  tube. 

Maintain  circulation  and  res- 
piration. 

TREATMENT  OF  POISONING 
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POISON 

TREATMENT 

Chemical  and  Mechanical 

Physiological 

Anesthetics 
Chloroform 
Ether 
Nitrous  Oxide 

When   swallowed;    Evacuate   by 
tube  and  give  water  containing 
Sodium   Carb.   or   Bicarb.     Also 
demulcents  if  necessary. 

Remove  cause.  Place  head  low. 
Recumbent  position.  External 
heat.  Fresh  air,  Oxygen.  Caf- 
feine. Atropine.  Strychnine.  Ar- 
tificial respiration.     Digitalis. 

Antimony  Compounds 

If  necessary   evacuate  stomach 
by  tube.    Tannic  Acid.     Demul- 
cents. 

Recumbent  position.  External 
heat.  Opium.  Atropine.  Caf- 
feine.    Strychnine. 

Arsenic 

Arsenous  Acid 
Fowler  Solution 
Paris  Green 
"Rough  on  Rats,"  et( 

Evacuate  stomach  by  tube.  Give 
Hydrated    Oxide    of    Iron    with 
Magnesia  or  the  Hydrated  Ses- 
quioxide    of    Iron    or    Dialyzed 
Iron.     Demulcents.     Castor  Oil. 

External  heat.  Opium.  Atro- 
pine. Caffeine.  Strychnine. 
Spt.  Nitrous  Ether. 

Barium    and    Its    Com- 
pounds 

Evacuate  stomach  by  tube.   Mag- 
nesium    or     Sodium     Sulphate. 
Demulcents. 

Recumbent  position.  Opium, 
Strychnine.  Atropine.  Artificial 
respiration.     Oxygen. 

Belladonna 

Hyoscyamus 

Stramonium 

Tannic  Acid.   Evacuate  stomach 
by  emetic  or  tube. 

Opium.  Pilocarpine.  Eserine 
Muscarine.  Artificial  respira- 
tion. Alternate  hot  and  cold 
douches.     Alcohol.     Strychnine. 

Cannabis 

American   or   Indian 
Hemp 

Tannic  Acid.   Evacuate  stomach 
by  tube. 

External  heat.  Cold  to  head. 
Ammonia.  Atropine.  Caffeine. 
Strychnine.     Oxygen. 

Chloral 
Chloralamid 

Evacuate  stomach.   (It  is  well  to 
siphon  out  stomach  with  tea  or 
coffee.)     Liquor  Potassaa   (I/2  to 
2  drams  in  8  ounces  of  water). 

Artificial  respiration.  Cold  to 
head.  Ammonia  and  Oxygen  in- 
halations. External  heat.  Strych- 
nine.    Atropine.     Caffeine. 

Cocaine 

If  swallowed:    Give  Tannic  Acid 
and    evacuate    stomach    if    pos- 
sible by  tube   (Emetics  are  in- 
effective). 

Horizontal  position.  Fresh  air. 
Amyl  Nitrite.  Morphine.  Atro- 
pine. Artificial  respiration. 
Stimulants.  Oxygen.  Heat.  Elec- 
tricity.    Ether  if  convulsions. 

Conium 

Tannic  Acid.   Evacuate  stomach 
by  tube  or  emetic.    Demulcents. 

Recumbent  position.  External 
heat.  Ammonia.  Morphine. 
Strychnine.  Oxygen.  Artificial 
respiration  if  necessary. 

Copper    and    Its    Com- 
pounds 

Potassium     Ferrocyanide.       Al- 
bumin or  milk.    Evacuate  stom- 
ach.    Demulcents.    Magnesia. 

External  heat.  Stimulants. 
Opium. 

Croton  Oil 

Evacuate  stomach  by  tube.    De- 
mulcents. 

External  heat.  Atropine.  l\Ior- 
phine.  Stimulants.  Hyoscine. 
Caffeine.    Camphor. 

Digitalis 

Tannic  Acid.    Evacuate  stomach 
by  tube.     Magnesium   Sulphate. 

Horizontal  position.  Ammonia. 
Alcohol.  Strychnine.  Artificial 
respiration.     Oxygen. 

Food 

Poisonous 

Tannic  Acid.   Evacuate  stomach. 
Castor   Oil.      Antiseptics    if    re- 
quired.      Sodium     and     Magne- 
sium Sulphate. 

Opium.  Atropine  for  poisoning 
by  Muscarine.  Artificial  heat. 
Hyoscine.  Morphine.  Ammonia. 
Strychnine. 

Gaseous  Poisons 

Fresh  air.  Oxygen.  Artificial 
respiration.  Rest.  Stimulants. 
Ammonia. 

Gelsemium 

Tannic  Acid.    Evacuate  stomach 
by  tube.     Castor  Oil. 

Morphine.  Atropine.  Caffeine. 
Strychnine.  Artificial  respira- 
tion. Hot  and  cold  douches  al- 
ternated. External  heat.  Elec- 
tricity. 
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POISON 


TREATMENT 


Chemical  and  Mechanical 


Physiological 


Iodine 


Starch     or     flour    with     water. 
Evacuate  stomach.    Demulcents. 


Stimulants.  External  heat.   Mor- 
phine or  Opium. 


Lead  Compounds 


Magnesium  and  Sodium  Sul- 
phate. Alum.  Evacuate  stomach 
by  emetic  or  tube.    Demulcents. 


External  heat.    Opium  if  neces- 
sary.    Atropine.     Caffeine. 


Lobelia 


Tannic  Acid. 
Castor  Oil. 


Evacuate  stomach. 


Mercury  and  Its  Com- 
pounds 


Nitroglycerin 


Nux  Vomica 
Brucine 
Strychnine,  etc. 


Opium 
Codeine 
Heroine 
Laudanum 
Morphine 
Paregoric,  etc. 


Phosphorus 


Rhus   (Poison  Ivy, 
Poison    Oak,    Poison 
Sumach) 


Silver  Compounds 


Strophanthus 


Sulfonal 

Trional 

Veronal 


Tobacco 


Stimulants. 
Opium. 


Artificial     heat. 


Albumin  (white  of  one  egg  for 
4  grains  of  corrosive  sublimate). 
Evacuate  stomach  if  no  vomit- 
ing, also  after  Albumin. 


External  heat.  Opium.  Atro- 
pine. Caffeine.  Strychnine.  Cam- 
phor. 


Emetics  and  Cathartics. 


Horizontal  position.  Cold  to 
head.  Atropine.  Ergot.  Strych- 
nine.    Ephedrine. 


Charcoal,  Tannic  Acid  or  Potas 
slum  Permanganate.  Evacuate 
stomach  quickly  before  convul- 
sions. Apomorphine  hypodermic 
or  by  tube  after  anesthesia. 


Horizontal  position  in  dark, 
quiet  room.  Artificial  respira- 
tion with  ether  for  convulsions. 
Atropine.  Bromides.  Chloral. 
Opium.    Urethane. 


Potassium     Permanganate,     or 
Tannic  Acid.    Evacuate  stomach. 


Keep  patient  awake  by  flagella- 
tion, walking,  electricity,  etc. 
Amyl  Nitrite.  Atropine.  Strych- 
nine. Digitalis.  Coffee.  Cocaine. 
External  heat.  Artificial  respira- 
tion. 


Copper  Sulphate.  Old  oil  of 
Turpentine.  Potassium  Perman- 
ganate or  Hydrogen  Peroxide 
early.  Evacuate  stomach.  Mag- 
nesium sulphate. 


Opium.     Camphor.     Oxygen  in- 
halations.   External  heat. 


Apply:  Sodium  Bicarbonate. 
Grindelia  robusta.  Alum.  Sol.  of 
Lead  Acetate.  (Avoid  oils  and 
fats.)  Hot  Magnesium  Sulphate. 


Injection  of  extracts  of  poison 
dealt  with. 


Sodium  Chloride.  Evacuate 
stomach.  Demulcents  of  albu- 
min, milk,  etc. 


Opium.    Stimulants  if  necessary. 


Tannic  Acid.    Evacuate  stomach. 
Saline  cathartic. 


Horizontal  position.  Aconite. 
Ammonia.  Alcohol.  Chloral  or 
Bromide.  Artificial  respiration 
with  ether  if  convulsions. 


Evacuate  stomach, 
sulphate. 


Magnesium 


Ammonia.    External  heat.    Caf- 
feine.    Atropine.     Strychnine. 


Tannic  Acid. 
Purge. 


Evacuate  stomach 


Horizontal    position.  External 

heat.    Cold  to  head.  Ammonia. 

Caffeine.       Atropine.  Opium. 
Strychnine. 


Veratrum 


Tannic  Acid'.   Evacuate  stomach. 
Purge. 


Horizontal  position.  External 
heat.  Fresh  air.  Digitalis. 
Opium.  Ammonia.  Electricity. 
Caffeine.  Strychnine.  Artificial 
respiration. 


Zinc  Compounds 


Tannic  Acid.  Evacuate  stomach. 
Bicarbonate  of  soda.  Albumin. 
Lime-water.  Soap.  Mucilage. 
Milk. 


Recumbent  position.  External 
heat.  Opium.  Atropine.  Caf- 
feine.    Strychnine. 
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Law   and   Regulations 

RELATING    TO    THE    IMPORTATION,     MANUFACTURE,    PRODUCTION,    COMPOUNDING, 

SALE,  DEALING  IN,  DISPENSING,  AND  GIVING  AWAY  OF  OPIUM  OR  COCA 

LEAVES,  THEIR  SALTS,   DERIVATIVES,   OR   PREPARATIONS   THEREOF 


HARRISON  NARCOTIC  ACT 
{Act  of  December  It,  191. 'i,  as  amended  by  sectionsgQQj  and  KXH  of  the  Revenue Actof  1918.) 

Be  it  exactkd  by  the  Senate  and  House  of  Representatives  of  the  United  States  of 
America  in  Congress  assembled: 

Sec.  1.  That  on  or  before  July  1  of  each  year  every  person  who  imports,  manufac- 
tures, produces,  compounds,  sells,  deals  in,  dispenses,  or  gives  away  opium  or  coca  leaves, 
or  any  compound,  manufacture,  salt,  derivative,  or  preparation  thereof,  shall  register  with 
the  collector  of  internal  revenue  of  the  district  his  name  or  style,  place  of  business  and 
place  or  places  where  such  business  is  to  be  carried  on,  and  pay  the  special  taxes  here- 
inafter provided; 

Every  person  who  on  January  1,  1919,  is  engaged  in  any  of  the  activities  above 
enumerated,  or  who  between  such  date  and  the  passage  of  this  Act  first  engages  in  any 
of  such  activities,  shall  within  30  days  after  the  passage  of  this  Act  make  like  registra- 
tion, and  shall  pay  the  proportionate  part  of  the  tax  for  the  period  ending  June  30,  1919; 
and 

Every  person  who  first  engages  in  any  of  such  activities  after  the  passage  of  this 
Act  shall  immediately  make  like  registration  and  pay  the  proportionate  part  of  the  tax 
for  the  period  ending  on  the  following  June  30th; 

Importers,  manufacturers,  producers,  or  compounders,  $24.00  per  annum;  wholesale 
dealers,  $12.00  per  annum;  retail  dealers,  $6.00  per  annum;  physicians,  dentists,  veteri- 
nary surgeons,  and  other  practitioners  lawfully  entitled  to  distribute,  dispense,  give  away, 
or  administer  any  of  the  aforesaid  drugs  to  patients  upon  whom  they  in  the  course  of 
their  professional  practice  are  in  attendance,  shall  pay  $1.00  per  annum. 

Every  person  who  imports,  manufactures,  compounds,  or  otherwise  produces  for 
sale  or  distribution  any  of  the  aforesaid  drugs  shall  be  deemed  to  be  an  importer, 
manufacturer,  or  producer. 

Every  person  who  sells  or  offers  for  sale  any  of  said  drugs  in  the  original  stamped 
packages,  as  hereinafter  provided,  shall  be  deemed  a  wholesale  dealer. 

Every  person  who  sells  or  dispenses  from  original  stamped  packages,  as  hereinafter 
provided,  shall  be  deemed  a  retail  dealer:  Provided,  That  the  office,  or  if  none,  the 
residence,  of  any  person  shall  be  considered  for  the  purpose  of  this  Act  his  place  of 
business;  but  no  employee  of  any  person  who  has  registered  and  paid  special  tax  as 
herein  required,  acting  within  the  scope  of  his  employment,  shall  be  required  to  register 
and  pay  special  tax  provided  by  this  section:  Provided  further.  That  officials  of  the 
United  States,  Territorial,  District  of  Columbia,  or  insular  possessions.  State  or  municipal 
governments,  who  in  the  exercise  of  their  official  duties  engage  in  any  of  the  business 
herein  described,  shall  not  be  required  to  register,  nor  pay  special  tax,  nor  stamp  the 
aforesaid  drugs  as  hereinafter  prescribed,  but  their  right  to  this  exemption  shall  be 
evidenced  in  such  manner  as  the  Commissioner  of  Internal  Revenue,  with  the  approval 
of  the  Secretary  of  the  Treasury,  may  by  regulations  prescribe. 

It  shall  be  unlawful  for  any  person  required  to  register  under  the  provisions  of  this 
Act  to  import,  manufacture,  produce,  compound,  sell,  deal  in,  dispense,  distribute,  ad- 
minister, or  give  away  any  of  the  aforesaid  drugs  without  having  registered  and  paid 
the  special  tax  as  imposed  by  this  section. 

That  the  word  "person"  as  used  in  this  Act  shall  be  construed  to  mean  and  include 
a  partnership,  association,  company,  or  corporation,  as  well  as  a  natural  person;  and 
all  provisions  of  existing  law  relating  to  special  taxes,  as  far  as  necessary,  are  hereby 
extended  and  made  applicable  to  this  section. 

That  there  shall  be  levied,  assessed,  collected,  and  paid  upon  opium,  coca  leaves,  any 
compound,  salt,  derivative,  or  preparation  thereof,  produced  in  or  imported  into  the 
United  States,  and  sold,  or  removed  for  consumption  or  sale,  an  internal-revenue  tax 
at  the  rate  of  1  cent  per  ounce,  and  any  fraction  of  an  ounce  in  a  package  shall  be 
taxed  as  an  ounce,  such  tax  to  be  paid  by  the  importer,  manufacturer,  producer,  or 
compounder  thereof,  and  to  be  represented  by  appropriate  stamps,  to  be  provided  by  the 
Commissioner  of  Internal  Revenue,  with  the  approval  of  the  Secretary  of  the  Treasury; 
and  the  stamps  herein  provided  shall  be  so  affixed  to  the  bottle  or  other  container  as  to 
securely  seal  the  stopper,  covering,  or  wrapper  thereof. 

The  tax  imposed  by  this  section  shall  be  in  addition  to  any  import  duty  imposed 
on  the  aforesaid  drugs. 
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It  shall  be  unlawful  for  any  person  to  purchase,  sell,  dispense,  or  distribute  any  of  the 
aforesaid  drugs  except  in  the  original  stamped  package  or  from  the  original  stamped 
package;  and  the  absence  of  appropriate  tax-paid  stamps  from  any  of  the  aforesaid 
drugs  shall  be  prima  facie  evidence  of  a  violation*  of  this  section  by  the  person  in  whose 
possession  same  may  be  found;  and  the  possession  of  any  original  stamped  package  con- 
taining any  of  the  aforesaid  drugs  by  any  person  who  has  not  registered  and  paid 
special  taxes  as  required  by  this  section  shall  be  prima  facie  evidence  of  liability  to  such 
special  tax:  Provided,  That  the  provisions  of  this  paragraph  shall  not  apply  to  any 
person  having  in  his  or  her  possession  any  of  the  aforesaid  drugs  which  have  been  ob- 
tained from  a  registered  dealer  in  pursuance  of  a  prescription,  written  for  legitimate 
medical  uses,  issued  by  a  physician,  dentist,  veterinary  surgeon,  or  other  practitioner 
registered  under  this  Act;  and  where  the  bottle  or  other  container  in  which  such  drug 
may  be  put  up  by  the  dealer  upon  said  prescription  bears  the  name  and  registry  number 
of  the  druggist,  serial  number  of  prescription,  name  and  address  of  the  patient,  and 
name,  address,  and  registry  number  of  the  person  writing  said  prescription;  or  to  the 
dispensing,  or  administration,  or  giving  away  of  any  of  the  aforesaid  drugs  to  a  patient 
by  a  registered  physician,  dentist,  veterinary  surgeon,  or  other  practitioner  in  the  course 
of  his  professional  practice,  and  where  said  drugs  are  dispensed  or  administered  to 
the  patient  for  legitimate  medical  purposes,  and  the  record  kept  as  required  by  this 
Act  of  the  drugs  so  dispensed,  administered,  distributed  or  given  away. 

And  all  the  provisions  of  existing  laws  relating  to  the  engraving.  Issuance,  sale, 
accountability,  cancellation,  and  destruction  of  tax-paid  stamps  provided  for  in  the 
internal-revenue  laws  are,  in  so  far  as  necessary,  hereby  extended  and  made  to  apply  to 
stamps  provided  by  this  section. 

That  all  unstamped  packages  of  the  aforesaid  drugs  found  in  the  possession  of  any 
person,  except  as  herein  provided,  shall  be  subject  to  seizure  and  forfeiture,  and  all  the 
provisions  of  existing  internal  revenue  laws  relating  to  searches,  seizures,  and  forfeitures 
of  unstamped  articles  are  hereby  extended  to  and  made  to  apply  to  the  articles  taxed 
under  this  Act  and  the  persons  upon  whom  these  taxes  are  imposed. 

Importers,  manufacturers,  and  wholesale  dealers  shall  keep  such  books  and  records 
and  render  such  monthly  returns  in  relation  to  the  transactions  in  the  aforesaid  drugs  as 
the  Commissioner  of  Internal  Revenue,  with  the  approval  of  the  Secretary  of  the 
Treasury,  may  by  regulations  require. 

The  Commissioner  of  Internal  Revenue,  with  the  approval  of  the  Secretary  of  the 
Treasury,  shall  make  all  needful  rules  and  regulations  for  carrying  the  provisions  of 
this  Act  into  effect. 

Sec.  2.  That  it  shall  be  unlawful  for  any  person  to  sell,  barter,  exchange,  or  give 
away  any  of  the  aforesaid  drugs  except  in  pursuance  of  a  written  order  of  the  person 
to  whom  such  article  is  sold,  bartered,  exchanged,  or  given,  on  a  form  to  be  issued  in 
blank  for  that  purpose  by  the  Commissioner  of  Internal  Revenue.  Every  person  who 
shall  accept  any  such  order,  and  in  pursuance  thereof  shall  sell,  barter,  exchange,  or 
give  away  any  of  the  aforesaid  drugs,  shall  preserve  such  order  for  a  period  of  two  years 
in  such  a  way  as  to  be  readily  accessible  to  inspection  by  any  officer,  agent  or  employee 
of  the  Treasury  Department  duly  authorized  for  that  purpose,  and  the  State,  Territorial, 
District,  municipal,  and  insular  officials  named  in  section  5  of  this  Act.  Every  person 
who  shall  give  an  order  as  herein  provided  to  any  other  person  for  any  of  the  aforesaid 
drugs  shall,  at  or  before  the  time  of  giving  such  order,  make  or  cause  to  be  made  a 
duplicate  thereof  on  a  form  to  be  issued  in  blank  for  that  purpose  by  the  Commissioner  of 
Internal  Revenue,  and  in  case  of  the  acceptance  of  such  order,  shall  preserve  such  du- 
plicate for  said  period  of  two  years  in  such  a  way  as  to  be  readily  accessible  to  inspection 
by  the  officers,  agents,  employees,  and  officials  hereinbefore  mentioned.  Nothing  con- 
tained in  this  section  shall  apply — 

(a)  To  the  dispensing  or  distribution  of  any  of  the  aforesaid  drugs  to  a  patient 
by  a  physician,  dentist,  or  veterinary  surgeon  registered  under  this  Act  in  the  course 
of  his  professional  practice  only:  Provided,  That  such  physician,  dentist,  or  veterinary 
surgeon  shall  keep  a  record  of  all  such  drugs  dispensed  or  distributed,  showing  the 
amount  dispensed  or  distributed,  the  date,  and  the  name  and  address  of  the  patient 
to  whom  such  drugs  are  dispensed  or  distributed,  except  such  as  may  be  dispensed  or 
distributed  to  a  patient  upon  whom  such  physician,  dentist  or  veterinary  surgeon  shall 
personally  attend;  and  such  record  shall  be  kept  for  a  period  of  two  years  from  the 
date  of  dispensing  or  distributing  such  drugs,  subject  to  inspection,  as  provided  in  this 
Act. 

(b)  To  the  sale,  dispensing,  or  distribution  of  any  of  the  aforesaid  drugs  by  a 
dealer  to  a  consumer  under  and  in  pursuance  of  a  written  prescription  issued  by  a 
physician,  dentist,  or  veterinary  surgeon  registered  under  this  Act:  Provided,  however, 
That  such  prescription  shall  be  dated  as  of  the  day  on  which  signed  and  shall  be  signed 
by  the  physician,  dentist,  or  veterinary  surgeon  who  shall  have  issued  the  same:  And 
provided  further,  That  such  dealer  shall  preserve  such  prescription  for  a  period  of  two 
years  from  the  day  on  which  such  prescription  is  filled  in  such  a  way  as  to  be  readily 
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accessible   to    inspection   by   the   officers,   agents,   employees,    and   officials   hereinbefore 
mentioned. 

(c)  To  the  sale,  exportation,  shipment  or  delivery  of  any  of  the  aforesaid  drugs 
by  any  person  within  the  United  States  or  any  Territory  or  the  District  of  Columbia 
or  any  of  the  insular  possessions  of  the  United  States  to  any  person  in  any  foreign 
country,  regulating  their  entry  in  accordance  with  such  regulations  for  importation 
thereof  into  such  foreign  country  as  are  prescribed  by  said  country,  such  regulations 
to  be  promulgated  from  time  to  time  by  the  Secretary  of  State  of  the  United  States. 

(d)  To  the  sale,  barter,  exchange,  or  giving  away  of  any  of  the  aforesaid  drugs  to 
any  officer  of  the  United  States  Government  or  of  any  State,  territorial,  district,  county, 
or  municipal  or  insular  government  lawfully  engaged  in  making  purchases  thereof  for  the 
various  departments  of  the  Army  and  Navy,  the  Public  Health  Service,  and  for  Govern- 
ment, State,  territorial  district,  county,  or  municipal  or  insular  hospitals  or  prisons. 

The  Commissioner  of  Internal  Revenue,  with  the  approval  of  the  Secretary  of  the 
Treasury,  shall  cause  suitable  forms  to  be  prepared  for  the  purposes  above  mentioned, 
and  shall  cause  the  same  to  be  distributed  to  collectors  of  internal  revenue  for  sale  by 
them  to  those  persons  who  shall  have  registered  and  paid  the  special  tax  as  required 
by  section  one  of  this  Act  in  their  districts,  respectively;  and  no  collector  shall  sell  any 
of  such  forms  to  any  persons  other  than  a  person  who  has  registered  and  paicf  the  special 
tax  as  required  by  section  one  of  this  Act  in  his  district.  The  price  at  which  such  forms 
shall  be  sold  by  said  collectors  shall  be  fixed  by  the  Commissioner  of  Internal  Revenue, 
with  the  approval  of  the  Secretary  of  the  Treasury,  but  shall  not  exceed  the  sum  of 
$1.00  per  hundred.  Every  collector  shall  keep  an  account  of  the  number  of  such  forms 
sold  by  him,  the  names  of  the  purchasers,  and  the  number  of  such  forms  sold  to  each 
of  such  purchasers.  Whenever  any  collector  shall  sell  any  of  such  forms,  he  shall  cause 
the  name  of  the  purchaser  thereof  to  be  plainly  written  or  stamped  thereon  before 
delivering  the  same;  and  no  person  other  than  such  purchaser  shall  use  any  of  said 
forms  bearing  the  name  of  such  purchaser  for  the  purpose  of  procuring  any  of  the 
aforesaid  drugs,  or  furnish  any  of  the  forms  bearing  the  name  of  such  purchaser  to  any 
person  with  intent  thereby  to  procure  the  shipment  or  delivery  of  any  of  the  aforesaid 
drugs.  It  shall  be  unlawful  for  any  person  to  obtain  by  means  of  said  order  forms  any 
of  the  aforesaid  drugs  for  any  purpose  other  than  the  use,  sale,  or  distribution  thereof 
by  him  in  the  conduct  of  a  lawful  business  in  said  drugs  or  in  the  legitimate  practice  of 
his  profession. 

The  provisions  of  this  Act  shall  apply  to  the  United  States,  the  District  of  Columbia, 
the  Territory  of  Alaska,  the  Territory  of  Hawaii,  the  insular  possessions  of  the  United 
States,  and  the  Canal  Zone.  In  Porto  Rico  and  the  Philippine  Islands  the  administration 
of  this  Act,  the  collection  of  the  said  special  tax,  and  the  issuance  of  the  order  forms 
specified  in  section  two  shall  be  performed  by  the  appropriate  internal-revenue  officers 
of  those  governments,  and  all  revenues  collected  hereunder  in  Porto  Rico  and  the 
Philippine  Islands  shall  accrue  intact  to  the  general  governments  thereof,  respectively. 
The  courts  of  first  instance  in  the  Philippine  Islands  shall  possess  and  exercise  jurisdic- 
tion in  all  cases  arising  under  this  Act  in  said  islands.  The  President  is  authorized 
and  directed  to  issue  such  Executive  orders  as  will  carry  into  effect  in  the  Canal  Zone  the 
intent  and  purpose  of  this  Act  by  providing  for  the  registration  and  the  imposition  of 
a  special  tax  upon  all  persons  in  the  Canal  Zone  who  produce,  import,  compound,  deal 
in,  dispense,  sell,  distribute,  or  give  away  opium  or  coca  leaves,  their  salts,  derivatives,  or 
preparations. 

Sec.  3.  That  any  person  who  shall  be  registered  in  any  Internal  revenue  district 
under  the  provisions  of  section  one  of  this  Act,  shall  whenever  required  so  to  do  by  the 
collector  of  the  district,  render  to  the  said  collector  a  true  and  correct  statement  or 
return,  verified  by  affidavit,  setting  forth  the  quantity  of  the  aforesaid  drugs  received 
by  him  in  said  internal-revenue  district  during  such  period  immediately  preceding  the 
demand  of  the  collector,  not  exceeding  three  months,  as  the  said  collector  may  fix  and 
determine;  the  names  of  the  persons  from  whom  the  said  drugs  were  received;  the 
quantity  in  each  instance  received  from  each  of  such  persons,  and  the  date  when  re- 
ceived. 

Sec.  4.  That  it  shall  be  unlawful  for  any  person  who  shall  not  have  registered 
and  paid  the  special  tax  as  required  by  section  one  of  this  Act  to  send,  ship,  carry,  or 
deliver  any  of  the  aforesaid  drugs  from  any  State  or  Territory  or  the  District  of  Columbia, 
or  any  insular  possession  of  the  United  States,  to  any  person  in  any  other  State  or 
Territory  or  the  District  of  Columbia  or  any  insular  possession  of  the  United  States: 
Provided.  That  nothing  contained  in  this  section  shall  apply  to  common  carriers  engaged 
in  transporting  the  aforesaid  drugs,  or  to  any  employee  acting  within  the  scope  of  his 
employment,  or  any  person  who  shall  have  registered  and  paid  the  special  tax  as  re- 
quired by  section  one  of  this  Act,  or  to  any  person  who  shall  deliver  any  such  drug 
which  has  been  prescribed  or  dispensed  by  a  physician,  dentist,  or  veterinarian  required 
to  register  under  the  terms  of  this  Act,  who  has  been  employed  to  prescribe  for  the 
particular  patient  receiving  such  drug,  or  to  any  United  States,  State,  county,  municipal. 
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District,  Territorial,  or  insular  oflBcer  or  official  acting  within  the  scope  of  his  official 
duties. 

Sec.  5.  That  the  duplicate  order  forms  and  the  prescriptions  required  to  be  pre- 
served under  the  provisions  of  section  two  of  this  Act,  and  the  statements  or  returns  filed 
in  the  office  of  the  collector  of  the  district,  under  the  provisions  of  section  three  of  this 
Act,  shall  be  open  to  inspection  by  officers,  agents,  and  employees  of  the  Treasury  De- 
partment duly  authorized  for  that  purpose;  and  such  officials  of  any  State  or  Territory, 
or  of  any  organized  municipality  therein,  or  of  the  District  of  Columbia,  or  any  insular 
possession  of  the  United  States,  as  shall  be  charged  with  the  enforcement  of  any  law  or 
municipal  ordinance  regulating  the  sale,  prescribing,  dispensing,  dealing  in,  or  distribu- 
tion of  the  aforesaid  drugs.  Each  collector  of  internal  revenue  is  hereby  authorized  to 
furnish,  upon  written  request,  certified  copies  of  any  of  the  said  statements  or  returns 
filed  in  his  office  to  any  of  such  officials  of  any  State  or  Territory  or  organized  munici- 
pality therein,  or  the  District  of  Columbia,  or  any  insular  possession  of  the  United 
States,  as  shall  be  entitled  to  inspect  the  said  statements  or  returns  filed  in  the  office 
of  the  said  collector,  upon  the  payment  of  a  fee  of  $1  for  each  one  hundred  words  or 
fraction  thereof  in  the  copy  or  copies  so  requested.  Any  person  who  shall  disclose  the 
information  contained  in  the  said  statements  or  returns  or  in  the  said  duplicate  order 
forms,  except  as  herein  expressly  provided,  and  except  for  the  purpose  of  enforcing  the 
provisions  of  this  Act,  or  for  the  purpose  of  enforcing  any  law  of  any  State  or  Territory 
or  the  District  of  Columbia,  or  any  insular  possession  of  the  United  States,  or  ordinance 
of  any  organized  municipality  therein,  regulating  the  sale,  prescribing,  dispensing, 
dealing  in,  or  distribution  of  the  aforesaid  drugs,  shall,  on  conviction,  be  fined  or  im- 
prisoned as  provided  by  section  nine  of  this  Act.  And  collectors  of  internal  revenue  are 
hereby  authorized  to  furnish  upon  written  request,  to  any  person,  a  certified  copy  of  the 
names  of  any  or  all  persons  who  may  be  listed  in  their  respective  collection  districts 
as  special  taxpayers  under  the  provisions  of  this  Act,  upon  payment  of  a  fee  of  $1  for 
each  one  hundred  names  or  fraction  thereof  in  the  copy  so  requested. 

Sec.  6.  That  the  provisions  of  this  Act  shall  not  be  construed  to  apply  to  the 
manufacture,  sale,  distribution,  giving  away,  dispensing,  or  possession  of  preparations 
and  remedies  which  do  not  contain  more  than  two  grains  of  opium,  or  more  than  one- 
fourth  of  a  grain  of  morphine,  or  more  than  one-eighth  of  a  grain  of  heroin,  or  more 
than  one  grain  of  codeine,  or  any  salt,  or  derivative  of  any  of  them  in  one  fluid  ounce, 
or,  if  a  solid  or  semisolid  preparation,  in  one  avoirdupois  ounce;  or  to  liniments,  oint- 
ments, or  other  preparations  which  are  prepared  for  external  use,  only,  except  liniments, 
ointments,  and  other  preparations  which  contain  cocaine  or  any  of  its  salts  or  alpha 
or  beta  eucaine  or  any  of  their  salts  or  any  synthetic  substitute  for  them:  Provided, 
That  such  remedies  and  preparations  are  manufactured,  sold,  distributed,  given  away, 
dispensed,  or  possessed  as  medicines  and  not  for  the  purpose  of  evading  the  intentions 
and  provisions  of  this  Act:  Provided  further.  That  any  manufacturer,  producer,  com- 
pounder, or  vendor  (including  dispensing  physicians)  of  the  preparations  and  remedies 
mentioned  in  this  section  shall  keep  a  record  of  all  sales,  exchanges,  or  gifts  of  such 
preparations  and  remedies  in  such  manner  as  the  Commissioner  of  Internal  Revenue, 
wiih  the  approval  of  the  Secretary  of  the  Treasury,  shall  direct.  Such  record  shall  be 
preserved  for  a  period  of  two  years  in  such  a  way  as  to  be  readily  accessible  to  inspection 
by  any  officer,  agent  or  employee  of  the  Treasury  Department  duly  authorized  for  that 
purpose,  and  the  State,  Territorial,  District,  municipal  and  insular  officers  named  in 
section  5  of  this  Act,  and  every  such  person  so  possessing  or  disposing  of  such  prepara- 
tions and  remedies  shall  register  as  required  in  section  1  of  this  Act  and,  if  he  is  not 
paying  a  tax  under  this  Act,  he  shall  pay  a  special  tax  of  $1  for  each  year,  or  fractional 
part  thereof,  in  which  he  is  engaged  in  such  occupation,  to  the  collector  of  internal 
revenue  of  the  district  in  which  he  carries  on  such  occupation  as  provided  in  this  Act. 
The  provisions  of  this  Act  as  amended  shall  not  apply  to  decocainized  coca  leaves 
or  preparations  made  therefrom,  or  to  other  preparations  of  coca  leaves  which  do  not 
contain  cocaine. 

Sec.  7.  That  all  relating  to  the  assessment,  collection,  remission,  and  refund  of 
internal-revenue  taxes  including  section  thirty-two  hundred  and  twenty-nine  of  the 
Revised  Statutes  of  the  United  States,  so  far  as  applicable  to  and  not  inconsistent  with 
the  provisions  of  this  Act,  are  hereby  extended  and  made  applicable  to  the  special  taxes 
imposed  by  this  Act. 

Sec.  8.  That  it  shall  be  unlawful  for  any  person  not  registered  under  the  provisions 
of  this  Act,  and  who  has  not  paid  the  special  tax  provided  for  by  this  Act,  to  have  in  his 
possession  or  under  his  control  any  of  the  aforesaid  drugs;  and  such  possession  or 
control  shall  be  presumptive  evidence  of  a  violation  of  this  section,  and  also  of  a  violation 
of  the  provisions  of  section  one  of  this  Act:  Provided,  That  this  section  shall  not  apply 
to  any  employee  of  a  registered  person,  or  to  a  nurse  under  the  supervision  of  a  physician, 
dentist,  or  veterinary  surgeon  registered  under  this  Act,  having  such  possession  or  control 
by  virtue  of  his  employment  or  occupation  and  not  on  his  own  account;  or  to  the  posses- 
sion of  any  of  the  aforesaid  drugs  which  has  or  have  been  prescribed  in  good  faith  by  a 
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physician,  dentist,  or  veterinary  surgeon  registered  under  this  Act;  or  to  any  United 
States,  State,  county,  municipal,  district.  Territorial,  or  insular  officer  or  official  who  has 
possession  of  any  said  drugs,  by  reason  of  his  official  duties,  or  to  a  warehouseman 
holding  possession  for  a  person  registered  and  who  has  paid  the  taxes  under  this  Act;  or 
to  common  carriers  engaged  in  transporting  such  drugs:  Provided  further.  That  it  shall 
not  be  necessary  to  negative  any  of  the  aforesaid  exemptions  in  any  complaint,  informa- 
tion, indictment,  or  other  writ  or  proceeding  laid  or  brought  under  this  Act;  and  the 
burden  of  proof  of  any  such  exemption  shall  be  upon  the  defendant. 

SKt'.  9.  That  any  person  who  violates  or  fails  to  comply  with  any  of  the  requirements 
of  this  Act  shall,  on  conviction,  be  fined  not  more  than  $2,000  or  be  imprisoned  not 
more  than  five  years,  or  both,  in  the  discretion  of  the  court. 

Sec.  10.  That  the  Commissioner  of  Internal  Revenue,  with  the  approval  of  the 
Secretary  of  the  Treasury,  is  authorized  to  appoint  such  agents,  deputy  collectors,  in- 
spectors, chemists,  assistant  chemists,  clerks,  and  messengers  in  the  field  and  in  the 
Bureau  of  Internal  Revenue  in  the  District  of  Columbia  as  may  be  necessary  to  enforce 
the  provisions  of  this  Act. 

Sec.  11.  That  the  sum  of  $150,000  or  so  much  thereof  as  may  be  necessary,  be,  and 
hereby  is,  appropriated,  out  of  any  moneys  in  the  Treasury  ndl  otherwise  appropriated, 
for  the  purpose  of  carrying  into  effect  the  provisions  of  this  Act. 

Sec.  12.  That  nothing  contained  in  this  Act  shall  be  construed  to  impair,  alter, 
amend,  or  repeal  any  of  the  provisions  of  the  Act  of  Congress  approved  June  thirtieth, 
nineteen  hundred  and  six,  entitled  "An  Act  for  preventing  the  manufacture,  sale,  or 
transportation  of  adulterated  or  misbranded,  or  poisonous,  or  deleterious  foods,  drugs, 
medicines,  and  liquors,  and  for  regulating  traffic  therein,  and  for  other  purposes,"  and 
any  amendment  thereof,  or  of  the  Act  approved  February  ninth,  nineteen  hundred  and 
nine,  entitled  "An  Act  to  prohibit  the  importation  and  use  of  opium  for  other  than 
medicinal  purposes,"  and  any  amendment  thereof. 

(Section  1008  of  the  Revenue  Act  of  1918,  approved  February  24,  1919). 

"That  all  opium,  its  salts,  derivatives,  and  compounds,  and  coca  leaves,  salts,  deriva- 
tives, and  compounds  thereof,  which  may  now  be  under  seizure  or  which  may  hereafter 
be  seized  by  the  United  States  Government  from  any  person  or  persons  charged  with 
any  violation  of  the  Act  of  October  1,  1890,  as  amended  by  the  Acts  of  March  3,  1897, 
February  9,  1909,  and  January  17,  1914,  or  the  Act  of  December  17,  1914,  shall  upon 
conviction  of  the  person  or  persons  from  whom  seized  be  confiscated  by  and  forfeited  to 
the  United  States,  and  the  Secretary  is  hereby  authorized  to  deliver  for  medical  or 
scientific  purposes  to  any  department,  bureau,  or  other  agency  of  the  United  States 
Government,  upon  proper  application  therefor  under  such  regulation  as  may  be  pre- 
scribed by  the  Commissioner,  with  the  approval  of  the  Secretary,  any  of  the  drugs  so 
seized,  confiscated,  and  forfeited  to  the  United  States. 

"The  provisions  of  this  section  shall  also  apply  to  any  of  the  aforesaid  drugs  seized 
or  coming  into  the  possession  of  the  United  States  in  the  enforcement  of  any  of  the 
above-mentioned  acts,  where  the  owner  or  owners  thereof  are  unknown.  None  of  the 
aforesaid  drugs  coming  into  possession  of  the  United  States  under  the  operation  of 
said  acts,  or  the  provisions  of  this  section,  shall  be  destroyed  without  certification  by  a 
committee  appointed  by  the  Commissioner,  with  the  approval  of  the  Secretary,  that  they 
are  of  no  value  for  medical  or  scientific  purposes." 
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Latin  Terms  and  Abbreviations  Commonly  Used  in  Prescription  Writing 

In  ancient  days  when  Latin  was  the  universal  scientific  language,  it  was  customary 
to  write  the  entire  prescription  in  Latin,  including  the  inscription,  or  names  and  quan- 
tities of  the  ingredients ;  the  subscription,  or  directions  to  the  compounder ;  and  the 
signa,  or  directions  to  the  patient.  As  was  the  rule  in  all  medieval  Latin,  certain  con- 
ventional abbreviations  were  employed  for  terms  which  were  frequently  used,  and  many 
of  these  phrases  have  remained  established  in  medical  and  pharmaceutical  practice.  It 
was,  of  course,  necessary  for  the  compounder  to  translate  the  signa  into  the  popular 
tongue,  and  possibility  of  error  was  thus  given.  At  present  it  is  considered  better  usage 
in  this  country,  to  write  the  signa  in  full  in  English,  exactly  as  it  is  to  appear  on  the 
label.  The  inscription  is  still  commonly  written  in  Latin,  although  the  use  of  Latin 
weights  and  measures  has  been  to  some  extent  curtailed  by  the  introduction  of  the 
metric  system.  In  the  directions  to  the  compounder,  however,  many  of  these  conven- 
tional abbreviations  are  in  universal  use  and  these  are  given  in  the  list  below, 
together  with  such  other  abbreviations  as  are  likely  to  be  useful. 


Ahhreviation 

Latin  Term 

Meaning 

A,  aa 

Ana 

Of  each. 

Ad 

Ad   (preposition  governing 
the  accusative) 

To,  lip  to. 

Add. 

Adde,  Addantur 

Add.     Let  them  be  added. 

Add. 

Addendus,  Addendo 

To  be  added.     By  adding. 

Add.  c.  trit. 

Adde  cum  tritu 

Add  with  trituration. 

Ad  lib. 

Ad  libitum 

At  pleasure. 

Ad  sat. 

Ad  saturandum 

To  saturation. 

^q. 

^quales 

Equal. 

Agit. 

Agita 

Shake,  stir. 

Agit. 

Agitetur 

Let  it  be  shaken  or  stirred 

Ante 

Ante 

Before. 

Aq.  bull. 

Aqua  bulliens 

Boiling  water. 

Aq.  ferv.  vel  calid. 

Aqua  fervens  vel  calida 

Hot  water. 

Aq.  frig. 

Aqua  frigida 

Cold  water. 

Aut 

Aut 

Or. 

Bene 

Bene 

Well,  good. 

Bis 

Bis 

Twice. 

Bis  die,  b.i.d.  vel  b.d. 

Bis  in  die  vel  dies 

Twice  a  day. 

Bol. 

Bolus 

A  large  pill. 

Bui. 

BuUiat  vel  Bulliant 

Let  it  (or  them)  boil. 

c. 

Cum  vel  Congius 

With,  or  a  gallon. 

Cach. 

Cacheta 

Cachet. 

Cap. 

Cape,   Capiat. 

Take  (thou).   Let  him  take 

Capsul.  vel  Cap. 

Capsula,  genitive  Capsulse 

A  capsule. 

Cat.,  Cataplasm. 

Cataplasma 

A  poultice. 

Caute 

Caute 

Cautiously. 

Ce. 

Centimeter  cubicum 

Cubic  centimeter. 

Celer. 

Celeriter 

Quickly,  immediately. 

Chart. 

Charta 

Paper. 

Chart,  cerat. 

Charta  cerata 

Waxed  paper. 

Chartul. 

Chartula 

A  small  paper. 

Coch.,  Cochleat. 

Cochleare,  Cochleatim 

A  spoonful.    By  spoonsful 

Coch.  amp. 

Cochleare  amplum 

A  dessertspoonful 

Coch.  mag. 

Cochleare  magnum 

A  tablespoonful 

Coch.  med. 

Cochleare  medium 

A  dessertspoonful 

Coch.  parv. 

Cochleare  parvum 

A  teaspoonful 

Cog. 

Cogantur 

Let  them  be  combined. 

Col. 

Cola 

Strain. 

Colatur. 

Colaturag 

Of  the  strained  liquor. 
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Ahhreviation 

Latin  Term 

Meaning 

Colat. 

Colatus 

Strained. 

Colcnt. 

Colentur 

Let  them  be  strained. 

Colet. 

Coletur 

Let  it  be  strained. 

Collyr. 

Collyrium 

An  eye-wash. 

Coloret. 

Coloretur 

Let  it  be  colored. 

Comp. 

Compositus 

Compound,  compounded. 

Conf. 

Confectio 

Confection. 

Cong-. 

Congius 

A  gallon. 

Contus. 

Contusus 

Bruised. 

Coq. 

Coque,  Coquantur 

Boil.    Let  them  be  boiled. 

Cum 

Cum 

With. 

D. 

Dies,  Dosis 

A  day,  a  dose. 

Da,  Det 

Da,  Detur 

Give.    Let  it  be  given. 

De 

De    (preposition  governing 
the  ablative). 

From,  of. 

Decern 

Decem,  decimus. 

Ten.     The  tenth. 

Decoct. 

Decoctum 

A  decoction. 

Dent. 

Dentes,  dentur 

The  teeth.    Let  them  be  given. 

Dies  vel  D. 

Dies,  genitive  Diei 

A  day. 

Dig. 

Digere,  Digeretur 

Digest.    Let  it  be  digested. 

Dil. 

Dihie,  Dilutus,  -a,  -um 

Dilute  (thou),  diluted. 

Disp. 

Dispensa,  Dispensetur 

Dispense.   Let  it  be  dispensed. 

Div.  in  p.  seq* 

Dividatur  in  partes  aequales 

Let  it  be  divided  into  equal 

parts. 
To  be  divided. 

Div. 

Dividendus,  -a,  -um 

Dos. 

Dosis 

A  dose. 

Dr.,  3j 

Drachma 

A  dram  (60  grains). 

El.  vel  Elix. 

Elixir 

An  elixir. 

Elect. 

Electuarium' 

An  electuary. 

Em.  vel  Emul. 

Emulsum 

An  Emulsion. 

Emp.  vel  Emplast, 

Emplastrum 

A  plaster. 

En.  Enem. 

Enema,  Enemata 

A  clyster  or  enema. 

Et 

Et 

And. 

Ext. 

Extende,  Extendatur 

Spread.    Let  it  be  spread. 

Ext.,  Extr. 

Extractum,  genitive  Extract! 

An  extract. 

Extr. 

Extrahe,  Extrahatur 

Extract  (thou).    Let  it  be  ex- 
tracted. 

F. 

IFac 

Make  (thou). 

F-  m- 

Fiat  mistura 

Make  a  mixture. 

F.  pil.  xiij 

Fac  pilulas  duodecim 

Make  12  pills. 

E.  s.  a. 

Fiat  secundum  artem 

Make  according  to  art. 
(Prepare  skillfully). 

Fil. 

Filtra 

Filter  (thou). 

Filt. 

Filtrum,  genitive  Filtri 

A  filter. 

Ft.,  Fnt. 

Fiat,  Fiant  (plural) 

Let  it  (or  them)  be  made. 

Ft.  cerat. 

Fiat  ceratum 

Let  a  cerate  be  made. 

Ft.  chart,  xij 

Fiant  chartulaj  duodecim 

Let  12  powders  be  made. 

Ft.  collyr. 

Fiat  collyrium 

Let  an  eye-wash  be  made. 

Ft.  omuls. 

Fiat  emulsum' 

Let  an  emulsion  be  made. 

Ft.  en. 

Fiat  enema 

Let  an  enema  be  made. 

Ft.  inject. 

Fiat  injectio 

Let  an  injection  be  made. 

Ft.  pil.  xij 

Fiant  pilulae  duodecim 

Let  12  pills  be  made. 

Ft.  pulv. 

Fiat  pulvis 

Let  a  powder  be  made. 

Ft.  pulv.  xij 

Fiant  pulveres  duodecim 

Let  12  powders  be  made. 

Ft.  sol. 

Fiat  solutio 

Let  a  solution  be  made. 

Ft.  suppos.  viij 

Fiant  suppositoria  octo 

Let  8  suppositories  be  made. 

Ft.  troch.  XX 

Fiant  trochisci  viginti 

Let  20  troches  be  made. 

Ft.  ung. 

Fiat  unguentum 

Let  an  ointment  be  made. 
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Ahhreviation 

Latin  Term 

Meaning 

Garg. 

Gargarisma 

A  gargle. 

Gm.  vel  Gram. 

Gramma 

A  gram  (gramme). 

Gr. 

Granum,  Grana 

A  grain,  grains. 

Grad. 

Gradatim 

By  degrees,  gradually. 

Gtt. 

Gutta,  GuttfG,  Guttas 

A  drop.     Drops. 

H. 

Hora 

An  hour. 

Haust. 

Haustus,  genitive  Hausti 

A  draught. 

Hor. 

Hora,  genitive  Horae 

An  hour. 

Id. 

Idem 

The  same. 

Infun. 

Infunde 

Pour  in. 

Lb. 

Libra 

A  pound. 

Linim.,  Lin. 

Linimentum,    genitive   Lini- 
menti 

A  liniment. 

Liq. 

Liquor,  genitive  Liquoris 

A  solution. 

Lot. 

Lotio 

A  lotion. 

M.  V!l 

Minimum,  genitive  minimi 

A  minim. 

M.  vel  Misc. 

Misce 

Mix  (thou). 

Macer. 

Macera 

Macerate  (thou). 

Mass. 

Massa,  genitive  Massse 

A  mass,  a  pill-mass. 

Mic.  pan. 

Mica  panis 

Bread  crumbs. 

Min. 

Minimum 

A  minim. 

Mis. 

Misce,  Miscetur 

Mix  (thou).   Let  it  be  mixe 

Mis.  bene 

Misce  bene 

Mix  well. 

Mis.  caut. 

Misce  caute 

Mix  cautiously. 

Mist. 

Mistura 

A  mixture. 

Muc. 

Mucilago,  genitive  Mucilag- 
inis 

A  mucilage. 

No. 

Numero,  Numerus 

In  number.    A  number. 

Non  repetat. 

Non  repetatur 

Let  it  not  be  repeated. 

0. 

Octarius 

A  pint   (xvj). 

Oct;  - 

Octo,  Octavus 

Eight,  Eighth. 

Oz. 

Uncia 

An  ounce. 

P.  r.  n. 

Pro  re  nata 

Occasionally,  as  needed. 

Pt.  aeq.,  Part  sect. 

Partes  sequales 

Equal  parts. 

Pastil. 

Pastillus,  Pastillum 

A  pastille,  a  lozenge. 

Percol. 

Percola 

Strain  through,  percolate. 

Pil. 

Pilula,  genitive  Pilulse 

A  pill. 

Praep. 

Prseparatus,  -a,  -um 

Prepared. 

Pulv. 

Pulvis,  genitive  Pulveris 

A  powder. 

Pulv.  eff. 

Pulvis  effervescens 

An  effervescing  powder. 

Pulv.  gros. 

Pulvis  grossus 

A  coarse  powder. 

Pulv.  subtil. 

Pulvis  subtilis 

A  smooth  powder. 

Pulv.  ten. 

Pulvis  tenuis 

A  fine  powder. 

Q. 

Quadrans,    genitive    Quad- 
ratis 

A  fourth  part.     A  quart. 

Q.  d. 

Quart  in  die 

Four  times  daily. 

Q.  s. 

Quantum  sufficiat 

As  much  as  is  sufficient. 

Q.  s. 

Quantum  satis 

As  much  as  is  sufficient. 

Quinq. 

Quinque 

Five. 

Quotid. 

Quotidie 

Daily. 

^ 

Eecipe 

Take  (thou). 

Eenov. 

Renova,  Renovetur 

Renew.    Let  it  be  renewed. 

Kept. 

Repetatur,  Repetantur 

Let  it  (them)  be  repeated. 
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Ahhreviation 

Latin  Term 

Meaning 

Sat. 

Satis 

Enough,   sufficient. 

Saturat.,  Sat. 

Saturatus,  -a,  -um 

Saturated. 

Scrup.,  9 

Scrupulum,   genitive   Scru- 
puli 

A  scruple  (20  grains). 

Sept. 

Septum 

Seven. 

Sex.  Sext. 

Sex,  Sextus 

Six,  Sixth. 

Sic. 

Sicca,  Siccetur 

Dry  (thou).     Let  it  be  dried, 

Sic. 

Siccus,  -a,  -um 

Dry,  Dried. 

Sig.,  S. 

Signa,  Signetur 

Write    (thou).     Let   it   be 
marked. 

Sing. 

Singulorus 

Of  each. 

Solut. 

Solutus,  -a,  -um 

Dissolved. 

Solvit.,  Sol. 

Solutio,  genitive  Solutionis 

A  solution. 

Solv. 

Solve,  Solvetur 

Dissolve.    Let  it  be  dissolved, 

Solv.  c.  calor. 

Solve  cum  calore 

Dissolve  with  heat. 

Ss. 

,  Semis,  Semissis,  Semi- 

A  half. 

Suppos.,  Sup. 

Suppositorium  (plural  -a) 

A    suppository    (supposito- 
ries). 

Suppos.  reet. 

Supiiositoria  rectales 

Rectal  suppositories. 

Suppos.  ureth. 

Suppositoria  urethrales 

Urethral  suppositories. 

Syr. 

Syrupus,  genitive  Syrupi 

Syrup. 

T.  d.  rel.  t.i.d. 

Ter  die,  vel  Ter  in  die 

Thrice  daily. 

Tab.  Tablet. 

Tabella,      genitive      Tabellse 
(plural  -ae) 

A  tablet.    Tablets. 

Tal.,  Tales 

Talis,  qenitive  Talis  (plural 
Tales) 

Such. 

Ter. 

Ter 

Thrice,  three  times. 

Tr. 

Tres,  Tria 

Three. 

Trit. 

Tritura,  Trituretur 

Triturate.      Let   it   be  tritu- 
rated. 

Troch. 

Trochiscus,  Trochisci 

A  lozenge  or  troche.  Lozenges, 

ITnc.  S 

TJncia,  genitive  Unciae 

An  ounce. 

ling. 

Unguentum,   genitive   Un- 
guenti 

An  ointment,  unguent. 

Vel,  vel  Y. 

Vel  {or  Ve  as  a  suffix) 

Or. 
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Abbreviations.  Latin,  1866 

--prescription   writing  and,    1866-1869 

AuiONEROY,  definition  of,  36 

ABlTRoriiY,  definition  of,   36 

Abortion,  ergot  in,   1776 

-habitual,    850 

— asafetida  in.  850,  1709 

-prevention  of,    1693 

--morphine  in,    1693 

Abrin,    therapeutics    of,    1024 

Abri  scinina,  materia  medica  of,    1023 

Abrus,  materia  medica  of,   1023 

-pharmacodynamic  action  of,    1023 

-summary  of  actions  and  uses  of,   1023 

-therapeutics   of,    1024 

Absc'KSS.  fixation,  858 

--turpentine   in,    858 

-hepatic.   898 

--quinine,    hydrochloride   in,    898 

-hypertonic  salt  solution  in,  1338 

-streptobacterine   in,    938 

Absinthium,  materia  medica  of,   1112 

-therapeutics  of,   824 

Absorbahilitv.  alterations  in,   269 

Absorbent  cotton,  materia  medica  of,  1012 

Absorption,  161,  218,  240 

-blood,    198 

-enteral    administration    and,    200-203 

-liver  and,   201 

-mechanism    of,    199 

-modifications  within   the  body,    20C-203 

-parenteral  administration  and,   203-205 

-tissue,    198,    199 

Acacia,  materia  medica  of,   987 

-therapeutics  of,   994 

Acacia  bark,  materia  medica  of,  1065 

Acacia  cortex,  materia  medica  of,    1065 

AcARiASis,   Peruvian   balsam  in,    440 

Acaricidcs,    412,    413 

AccrMULATiON,  active,  210 

-cumulative,    211 

-delayed   quantitative,    211,    212 

-dynamic,    212 

-retention,    210,    211 

A.  C.  E.  mixture,  anesthesia  and,   1608 

Acetanilid,  absorption  and  elimination   of, 

1489 
-antidote  for,   1858 
-antipathogenic    action    of.    1489 
-pharmacodynamic    action    of,    1489 
-systemic   action   of,    1490 
-therapeutics   of,    1488 
-toxicity  of.   1489 

Acetanilidum,   materia  medica  of.    1488 
Acetannin,  materia  medica  of,  1071 
Acetarsone,   materia  medica  of,   623 
Acetate    of    thallium,    materia    medica    of, 

714 
Acetates,      pharmacodynamic      action      of, 

1519 


Acetic  acid,  antidote  for,  1851 

-materia  medica  of,  504 

-nits  and,   440 

-skin  and,   506 

Acetic  ether,  materia  medica  of,  1212 

Acetic  turpentine  liniment,  materia  medica 

of,    849 
Acetobroinal,  materia  medica  of,  1632 
Acetone-l)ronioform,     materia     medica     of, 

561,    1713 
Acetone-cliloroform,    materia    medica    of, 

1624 
AcETONt'RiA,  sodium  citrate  in,   1254 
Acetozone,  materia  medica  of,   491 
-therapeutics  of,  499 
Acetparamino-salol,     materia     medica     of, 

790 
Acetplienetidinum,      materia     medica     of, 

1492 
-pharmacodynamic  action  of,  1491 
Acetum    calefaciens,    materia    medica    of, 

1035 
Acetum   cantharidini,    materia   medica   of, 

1035 
Acetum  opil,  materia  medica  of,  1660 
Acetum  plumbi,  materia  medica  of,  1046 
Acetum  scillse,  materia  medica  of,  1271 
Acetum      urgineae,      materia      medica      of, 

1272 
Acctyl-aminohydroxy-plienylarsonio    add, 

materia  medica  of,  623 
Acetyl  benzyl  peroxide,  materia  medica  of, 

491 
Acetylcholine,      pharmacodynamic     action 

of,  1772 
Acetylene  series,  source  of,   282,  283 
Acetyl-para-oxyphenylurcthane,        materia 

medica  of,  1493 
Acetylphenylhydrazine,  materia  medica  of, 

1488 
-pharmacodynamic  action  of,   1487 
Acetylsalicyllc  acid,  materia  medica  of.  789 
Acetyltannic     acid,     materia     medica     of, 

1071 
-therapeutics  of,  1076 
Acliillea,  materia  medica  of,  839,  1113 
AciiYLiA  GASTRICA,  histamine  in,   17  7  7 
-secretin  in,  1201 
Acid  canaphor  mixture,  materia  medica  of, 

828 
Acidemia,  diabetes  and,  85 
--treatment  in,   85 

Acid   fuchsine,   therapeutics   of,    87  6 
Acidic     salts,     anti-pathogenic     action     of, 

505 
-classification  of.   502 
Acidiflers.  urinary,  1524 
--therapeutic  use  of,  1524 
Acid  infusion  of  cinchona,  materia  medica 

of,  881 


1871 


1872 
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Acid  infusion  of  roses,  materia  medica  of, 

1070 
Acidity,  gastric,   1841 
--atropine  in,  1841 
-intestinal,   523 

--potassium  bicarbonate  in,   523 
Acidosis,  alkalis  in,  525,  526 
-cause  of,   1402  iB^-hfOi 

-saline  infusion  in,  1343 
-sodium  citrate  in,  1254 
Acid  potassium  carbonate,  materia  medica 

of,  515 
Acids,  antipathogenic  action  of,   505 
-aromatic,  28  6 
--source  of,    286 

-classification  of,   283,   297,   502,    506 
-hydroacids,   189 
-mucous  membranes  and,  507 
-organic,   189 
--oxyacids,  189 

-pharmacody.iamic  action  of,  505 
-phenol,    286 
--source  of,  286 
-salts  and,  391 

--chemical  incompatibility  of,  391 
-systemic  action  of,  508 
-therapeutic   use   of,    185,    508,    1204 
-topical  action  of,  506 
-toxicity  of,  507 
Acid  sodium  carbonate,  materia  medica  of, 

514 
Acid    sodium   phosphate,    materia    medica 

of,   505 
Acid  sodium  sulphite,  materia  medica  of, 

571 
Acid  sohition  of  mercuric  nitrate,  materia 

medica  of,  661 
Acid     sohition     of     phosphates,      materia 

medica  of,   504 
Acidum  aceticum,  materia  medica  of,  504 
Acidum  aceticum  dilutum,  materia  medica 

of.   504 
Acidum  aceticum  glaclale,  materia  medica 

of,  504 
Acidum  acetylsalicyUctun,  materia  medica 

of,  789 
Acidum    acetyltannicum,    materia    medica 

of,  1071 
Acidum     agaricum,     materia     medica     of, 

1531 
Acidum  benzoicum,  materia  medica  of,  78  2 
Acidum    benzoicum    sublimatum,    materia 

medica  of,  782 
Acidum  boricum,  materia  medica  of,  581 
Acidum  bromauiicum,  materia  medica  of, 

654 
Acidum  camphoricum,  materia  medica  of, 

1530 
Acidum   catharticum,    materia   medica   of, 

1162 
Acidum   chrysophanicum,   materia  medica 

of,  431 
Acidum   cinnamicum,   materia   nnedica    of, 

785 
Acidum  citricum,  materia  medica   of,    504 
Acidum    cresyhcum,    materia    medica    of, 

764 
Acidum  fihcicum,   materia  medica   of,    465 
Acidum    formlcfum,    materia    medica    of, 

1579 


Acidujn  gallicum,  materia  medica  of,  1063 
Acidum     hydriodicum     dilutum,      materia 

medica   of,    1416 
Acidum  hydrobromicum  dilutum,   materia 

medica  of,    1711 
Acidum   hydrocMoricum,    materia   medica 

of,  502 
Acldiun  hydrochloricum  dUutum,   materia 

medica  of,  503 
Acidum   hydrocyanicum   dilutum,   materia 

inedica  of,   1385 
Acidum  hydrocyanicum  dilutum  P.I.,  ma- 
teria medica  of,  1385 
Acidum    hydrofluoricum,    materia    medica 

of,   563 
Acidum        hypophosphorosum,         materia 

medica  of,   140  6 
Acidum  iodicum,   inateria  medica  of,    1418 
Acidum  lacticum,  materia  medica  of,   1084 
Acidum    mcthylcne-citrylsalicylicum,    ma- 
teria medica  of,   78  9 
Acidum  nitricum,  materia  medica  of,   503 
Acidum  nitricum  dilutum,  materia  medica 

of,    503 
Acidum       nitrohydrochloricum,       materia 

inedica  of,    503 
Acidum  nitrohydrochloricum  dUutum,  ma- 
teria medica  of,  503 
Acidum  oleicum.   materia  medica  of,    1006 
Acidum  oxaUcum,  materia  medica  of,  1084, 

1255 
Acidum       phenylcinchoninlcum,       materia 

medica  of,  1436 
Acidum  phosphoricum,  materia  medica  of, 

503 
Acidum    phosphoricum    dilutum,    materia 

medica  of,   504 
Acidum    pyrogallicum    oxidatum,    materia 

medica  of,  761 
Acidum  quinicum,  materia  medica  of,  1441 
Acidum    salicylicum,    materia    medica    of, 

787 
Acidum  spiricum,  materia  medica  of,  787 
Acidum  stearicum,  materia  medica  of,  1006 
Acidtim  sulphuricum,   materia   medica   of, 

503 
Acidum  sulphuricum  aromaticum,  materia 

medica  of,   503 
Acidum     sulphuricum     dilutum,     materia 

medica  of,   503 
Acidum  sulphurosum,  materia  medica  of, 

571 
Acidum  tannicum,  materia  medica  of,  1062 
Acidum  tartai'icum,  materia  medica  of,  504 
Acidum  trichloraceticum,   materia  medica 

of,   1084 
Acidum    vanadicum,    materia    medica    of, 

728 
Acne,  chrysarobin  in,  433 
-glycerin  in,  1174 
-mercury  in,  683 
-potassium  nitrate  in,  425 
-sulphur  in,  422 
Acne  bacillus  vaccine,  materia  medica  of, 

928 
Acne  bacterine,  bacteriodynamic  reaction, 

929 
-materia  medica  of,  928 
-therapeutics  of,   929 
Acne  rosacea,  ergot  in,  1773 
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Acne  vaccine,  materia  medica  of,  928 

Acne  vulgari-s,  pituitary  extract  in,  1480 

-resorcin  in,   760 

Acocantliera,  history  of,   1262 

Aconinc,  pharmacodynamic  action  of,  1319 

-therapeutics  of,  1319 

Aconite. absorption  and  elimination  of,  1315 

-administration  of,  1320 

-antidote   for,    1858 

-chemistry  of,   1313 

-dosage.   372 

--quantity  of,  372 

--time  relations  and,   372 

-history  of,  1313 

-materia  medica   of,    1314 

-pharmacodynamic  action  of,  1315 

-poisoning  by,  1317 

—treatment  of,  1317 

-summary  of  actions  and  uses  of,   1314 

-summation  and,  37  2 

-systemic  action  of,  1317-1319 

-toxicity  of,  1316 

Aconite  root,  materia  medica  of,  1314 

Aconitina,  materia  medica  of,  1314 

Aconitine,   absorption   and   elimination   of, 

1315 
-administration  of,   1320 
-fatal  dose  of,  1316 
-pharmacodynamic  action  of,   1315 
Aconitine    ointment,    materia    medica    of, 

1315 
Aconiti  radix,  materia  medica  of,  1314 
Aconiti   tinctura   P.I.,   materia   medica   of, 

1315 
Aconiti  tnber  P.I..  materia  medica  of,  1314 
Aconitiim.  materia  medica  of,  1314 
Aconitylphenetitline,    materia    medica    of, 

1492 
Acridin,  source  of,  28  6 
Acriflavina,  materia  medica  of,  872 
Acriflavina  neiitra,  materia  medica  of,   872 
Acriliavine,   therapeutics   of,    873 
Acromegaly,  etiology  of,  9  5 
-heredity  and,   115 
-pituitary  extract  in,   1479 
-treatment  of,  95 
Actinomicrobine,  946 
Actinomycosis,  agents  used  in,  415 
-iodides  in,  1428 
-radium  in,  1080 
Action,  antipathogenic,   153 
--methods   of  study,    153 
— in  vitro,  153 
— in  vivo,  153 
— vitro-vivo,    153 
— vivo-vitro,  153 
-antipathogenic  agents  and,  153 
--infection  and,  153 
-bacterial  toxins  and,  154 
-coefficient  of  distribution  and,  163 
-complications  of,   239-241 
-constrictor,   150 
--determination  of,   150  151 
-convulsant,   151 
-definition  of,  145 
--determination  of,  151 

-determination  of  mechanism  of.   148-153 
--examples  of.  149,  150 
-determination  of  nature  of,  147,  148 
-elective,  230 


Action,  experimental  studies  of,  14  5-155 

-general  physical  laws  and,   160-184 

-local,  241 

"direct,   241 

--parthian,  242 

--reflex,  242 

-localization  of,   151 

--method  of,    151,   152 

-nerve  system  and,  152 

--determination  of,  152 

— example  of,  152 

—method  of,   152 

-organism  and,  217 

-poisoning  and,  148 

-solvents  and,  162 

--groups  of,  162 

-therapeutic   study   of,    statistics   and,    157, 

158 
Active  pi'inciples,  assay  of,   304 
--biologic,   304 
-classification  of,  3  58 
-dosage  of,  358 
-glands  and,   402 
--therapeutic  use  of,  402 
-isolation  of,  358 
-medicinal  plants,   290 
--table  showing,    290-293 
-standardization  of,   309,   354-358 
-variation  of,  302 
—examples  of,  302,  303 
--factors  in,   303 

Adalin.  materia  medica  of,   1632 
-therapeutics  of,   1632,   1718 
Addiction,    alcohol,    261,    263,    1566,    1639, 

1775,  1844 
--treatment  of,  1568 
— strychnine  in,   1568 
-chronic  poisoning  in,  262 
-cocaine,    263,    1745 
-dosage  and,  373 
-morphine,    1670,   1847 
--hyoscine  in,    1847 
-nerve  system  and,  262 
-nicotine,   263,   1814 
-opium,  263,  1670,  1847 
—ergot  in,   1775 
--pilocarpine  in,  1793 
--treatment  of,  1574 
— sparteine  in,  1574 
— strychnine  in,  1568 
-patent  medicines  and,  261 
-synthetic  hypnotics  and,  1610 
—treatment  of,  1610 
-withdrawal  symptoms  in,  263 
--factors  in,  263 

AnDisoN'.s  SYNDROME,  epinephrine  in,  1471 
Adenitis,  cervical,  1428 
--iodides  in,   1428 
--lead  ointment  in,  1053 
-scrofulous,   693 
--mercury  in,  603 
—radium  in,   1080 
-tuberculous,   693 
--mercury  in.   693 
Adeps.  materia  medica  of,  1005 
Adeps    benzoinatus,     materia    medica    of, 

1005 
Adeps  lanae.  materia  medica  of,  1005 
Adeps  lana;  hydrosus,  materia  medica  of, 

1006 


1874 
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Adhesions,  abdominal,  1099 

--thiosinamine  in,  1099 

Adhesive  plaster,  materia  medica  of,  1011, 

1012 
Adhesives,  uses  of,  1010-1012 
Adiposis  dolorosa,  thyroid  gland  in,  1457 
Adjuvants,    cardiovascular,    1334 
-cutaneous,  1532 
-hemic,   1242 
-metabolic,    1441 
-respirator  j%    1392 
—gases,  1392-1401 
-urinary,  1524-1529 

Admixistuatiox,  accumulation  and,  349 
--dangers  of,  349 
-altitude  and,  268 
—effects  of,  268 
-by-effects  of,    268 
-climate  and,   267 
—effects  of,  267,  268 
-concurrent,  379,  380 
-diet  and,  2  67 
—effect  of,  2  67 
-effects  of,  216 
--classification  of,  216,  217 
—general,  230 
—local,  316 

— gastroenteric  tract  and,    327,   328 
—primary,   222,   223 
— therapeutic  use  of,  224 
—secondary,    222,    223 
— therapeutic  use  of,  224 
--somatic,   236 
— therapeutic  use  of,  239 
—specific,  231 
— electivity  and,  232 
—systemic,   199,  316 
— gastroenteric  tract  and,  327,  328 
-external,   316 
-factors  in,  240,  241 
-frequency  of,  348 
--determination  of,  348 
—factors  in,  348,  362 

-functional  modifications  and,  227,  229,  240 
-influence  of,  197,  199 
--systemic,   198 
-internal,  316 
-local,    316-325 
--instillation,  316 
--topical  application,  316-322 
—topical  injection,   316,  322-325 
-methods  of,  198,  240 
--dosage  and,  359 
—enteral,  198,  199 
— duodenal  tube,   329 
---gastric  tube,  329 
—mouth,    200,    326 
—rectum,  203,  329 
—inhalation,  200,   205,   206 
—parenteral,  198,  199 
— cataphoresis,  330,  331 
— endermic,   334 
— external  mucosae,  203 
—inhalation,  338-340 
—injection,   334-338 
— inunction,  330 
—ionization,    330-333 
— non-penetrating,  330 
---penetrating,  334 
—skin,  203 


Admixistkatiox,     methods     of,     parenteral 

tissues,    204 
— veins,  204 
-sensitiveness  to,  232 
-susceptibility  to,  232 
-systemic,    325-340 
-temperature  and,   267 
—effects  of,   267 
-time  of,   365 
—urgency  and,  365 
— factors  governing,  365,  366 
-time  relations  of,  366 
--examples,  367 
— malaria,   367 
— pneumonia,  367 
Adonidin,  materia  medica  of,  1273 
Adonis,  administration  of,   1297 
-materia  medica  of,  127  2 
-pharmacodynamic  action  of,  1733 
-therapeutics  of,  1296,  1733 
-toxicity  of,  127  5 
Adrenal  gland,  preparations  of,  1460,  1471, 

1472 
Adrenalin,  hemorrhage  and,   12  43 
-materia  medica  of,   1462 
Adrenal  substance,  toxic  goiter  and,  88 
Adsokptioa^  17  9,  180. 
^Ether,  materia  medica  of,  1600 
^ther  aceticus,  materia  medica  of,  1212 
^thylenuni,  materia  medica  of,  1598 
^thylis  aniinobenzoas,  materia  medica  of, 

1739 
^thylis    bromidum,    materia    medica    of, 

1596 
^tliylis  carbamas,  materia  medica  of,  1621 
^'Ethylis  chaulmoogras,  materia  medica  of, 

913 
^thylis    chloridum,    materia    medica    of, 

1594 
^thylis  salicylas,  materia  medica   of,   789 
^thylmorphinsie   hydrochloriduin,   materia 

medica  of,    1663 
Afenil,  materia  medica  of,  1353 
Affections,  acute,  75 
—local,   75 

— differentiated  from  disorders,  75 
—  -treatment  of,  76,  77 
-alimentary,   258 
--drug  tolerance  and,   258 
-causation  of,  27 
-chronic,   257 

—drug  tolerance  and,   257 
--etiology    of,    91 
—treatment  of,    91,    92 
---basis  of,    91 
— example  of,  93 
—medical,  92,  93 
—surgical,    9  2,   93 
-chronic  respiratory,  1395 
—oxygen  in,   1395 
-definition  of,    29 
-examples  of,  27 
-familial   liability  and,   112 
-treatment    of,    27 

African  chillies,  materia  medica  of,  1017 
African  grum,  materia  medica  of,  987 
Agar,  materia  medica  of,  1154 
-therapeutics  of,  1173 
Agar-agar,  materia  medica  of,  1154 
Agaric  acid,  materia  medica  of,  1531 
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Aftariciii,  chemistry  of,   1531 

-materia  medica  of,  1531 

-pharmacodynamic  action  of,   1532 

-therapeutics   of,    15312 

Asai'ifinic  at'id,  materia  medica  of,  1531 

As'aricus,  materia  medica  of,  1531 

AftTopynim,  materia  medica  of,   991 

Agie,  quinine  in,   903 

Asui'iii,  materia  medica  of,    1506 

Ailments,  acute,   68 

--course  of,   68 

--local,    73 

— affections,   75 

— classification  of,  73 

— disorders,   74 

---treatment    of,    73 

—types  of,  73-77 

--systemic,   69 

— maladies,  69 

--types  of,  68-77 

-chronic,   125 

--aged  and,  125 

— treatment  of,    125 

—local,  91 

---affections,  91 

—  infirmities,   95 

—types    of,    91-97 

--prognosis  in,    77 

--systemic,  77 

— classification  of,   77 

— course  of,  77 

— disorders,    78 

— intoxications,  82 

--maladies,    81 

-—types   of,    77-90 

--treatment  of,   78 

-classification   of,    68 

--acute,  68 

--chronic,    68 

--general,    68 

—local,   68 

--recurrent,   68 

--subacute,   68 

-definition  of,    23 

-medicaments  and,  156 

--influence  of,   156 

-specific  causes  of,   108 

--examples    of,    108 

Airofomi.  materia  medica  of,  983 

Airol,  materia  medica  of,  9  83 

Air  passages,  upper,   13  96 

--obstruction   of,    1396 

— oxygen  in,   1396 

Aitken  synip.   materia  medica  of,   1224 

Aitkon  toiile  pill,  materia  medica  of,   1223 

Ajowan  oil,  materia  medica  of,  812 

Albumen,  materia  medica  of,   993 

Albumen    cholicum,    materia    medica    of, 

1187 
Albumini  tannas,  materia  medica  of,   1071 
ALBUMiXfRiA,  allvalis  in,  526 
-cyclic,    1359 
--calcium  in,    1359 
-erigeron  in,    841 

Albntannin,  materia  medica  of,   1071 
Alcohol,    absorption    and     elimination     of, 

1636 
-addiction    and.    263,    1642 
-antipathogenic  action   of,   1635 
-antiseptic  property  of,  1649 


Alcohol,  chemistry  of,   1634 

-craving  for,    1568 

--nux  vomica  relieving,  1568 

-dosage,    372 

--time  relations  and,   372 

-othyl,    1858 

--antidote  for,    1858 

-galenical  preparations  and,  358 

-history    of,    1633 

-materia    medica   of,    1634 

-metabolism  and,   1644,   1645,   1651 

-methyl,    1653 

--antidote  for,   18  58 

-nerve  system  and,  1647,  1648 

-pharmacodynamic   action   of,    1636 

-poisoning   by,    1637 

—acute,    1637,    1638 

— diagnosis  of,   1638 

— differential   diagnosis  in,    1638 

— symptoms  of,    1637 

—  -treatment    of,    1639 

-preparation  of,   297 

--fermentation  and,   297 

-summary  of  actions  and  uses  of,   1634 

-systemic   action   of,    1642-1648 

-therapeutics   of,    1649-1653 

-wood,    1653 

--absorption    and    elimination    of,    1653 

--pharmacodynamic  action  of,    1653 

--poisoning  by,   1653 

--summary  of   actions   of,    1653 

—systemic  action  of,   1653 

Alcohol    benzylicum,    materia    medica    of, 

1806 
Alcohol   dehydratum,    materia    medica    of, 

1634 
Alcohol  dilutum,  materia  medica  of,  1635 
Alcohol  habit,  treatment  of,  1642 
Alcoholic  extract  of  cod-liver  oil,  materia 

medica  of,  1092 
Alcoholism,  atropine  in,  1844 
-chronic.    1639 
--alterations    in.    1639-1641 
--central  nerve  system  and,   1648,   1649 
--delirium    tremens,     1641 
— symptoms    of,    1641 
— treatment  of,   1641 
--ergot  in,   1775 
--nux  vomica  in,    1566 
--treatment  of,   1641,   1642 
-experimental.    1642 
-hydrastis   in,    1312 
-nervous  unrest  in,   1614 
--sulphonmethane  in,  1614 
-types  of,    1639 
Alcohols,  aromatic,  285 
--source  of,   285 
-phenol,    286 
--source  of,   286 
-source   of,    283 

Alcohol  sulphuris,  materia  medica  of,   570 
Alcresta  ipecac,  therapeutics  of,  1136 
Alcresta  tablets  of  ipecac,  materia  medica 

of,    1132 
Aldehydes,  aromatic,   286 
--source  of,  286 
-phenol,    286 
—source  of,  286 
-polymeric,   1611 
-source   of,    283 
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Aleppo  galls,  materia  medica  of,   1063 

Aletris,  materia  medica  of,   1542 

Alg^,  definition  of,  289 

Alimentary  adjuvants,  1192,  1216 

Alimentary  tract,  creosote  in,   774 

-depressants  of,  1190-1192 

-drugs  acting  on,  1099,  1214 

--classification  of,    1099 

—adjuvants,    1192-1214 

—depressants,   1190-1192 

—  -stimulants,  1103-1190 

-inflammation  of,   1122 

--quinine  in,    1122 

-lavage  in,   1338 

--sodium  chloride,   1338 

-morphine  and,   1672 

-motor  disturbances  of,  1102 

— intestine  and,   1102 

--stomach   and,    1102 

-secretory  derangements,   1101 

--salivary  glands,   1101 

— stomach,    1101 

-stimulants   of,    1103-1190 

-topical  applications  and,  319 

Alkali  carbonates,  pharmacodynamics  of, 
517 

Alkali  earths,  source  of,  280,  281 

Alkaline  antiseptic  solution,  materia  med- 
ica of,   583 

Alkaline  elixir,  materia  medica  of,  1307 

Alkaline  mixture  of  rhubarb,  materia  med- 
ica of,   1160 

Alkaline-saline  Infusion,  therapeutics  of, 
1343 

Alkaline-saline  solution,  composition  of, 
1346 

-method  of  administration,   1344 

-therapeutic  use  of,  1344 

Alkaline  solution  of  tar,  materia  medica 
of,    770 

Alkaline  sulphur  ointment,  materia  med- 
ica of,  417 

Alkalinizers,  urinary,    1525 

— classification  of,  1525 

—therapeutic  use  of,   1525 

Alkalis,  antidote  for,  1858 

-caustic,    517 

— pharmacodynamics,    517 

--toxicity  of,   518 

-chemistry    of,    510 

-classification  of,   511 

-pharmacodynamic  action  of,   515 

-source  of,   280 

-summary  of  actions  and   uses  of,    511 

-systemic  action  of,   519 

-therapeutic  use  of,   185,   188,   520-527 

Alkali  sulphides,  pharmacodynamic  action 
of,  573 

-systemic  action  of,  573,  574 

Alkaloidal  ring,  194 

Alkaloids,  antidote  for,    1858 

-belladonna,    1817 

-chemical  assay  of,  303,  304 

-classification  of,    19  5,   2  9  6,   391 

-dosage  of,   359 

-free,   391 

—form  of,  391 

-minor   mydriatic,    1837 

—nerve   system   and,    1837 

— autonomic,    1837 


Alkaloids,  miotic,  1780 

--nerve   system  and,    1780 

— autonomic,    1780 

-modification  of,   271 

--purposes  of,  272,  273 

-mydriatic,   1817 

--autonomic  nerve  system  and,  1817 

-non-volatile,    286 

--classification  of,  287 

--source  of,    286 

-source  of,  286 

-volatile,   286 

--source  of,  286 

Allergin,  anaphylaxis  and,   2  65 

Allergy,  definition  of,  2  67 

Allium,  antipathogenic  action   of,    102 

-chemistry   of,    1021 

-materia   medica   of,    1021 

-pharmacodynamic  action  of,   1022 

-summary  of  actions  and  uses  of,   1021 

-therapeutics   of,    1022 

AUonal,  therapeutics  of,  1621 

Allotropic  oxygen,  materia  medica  of,  490 

Allspice,  materia  medica  of,   818 

AUylguaiacol,  materia  medica  of,  814 

Allylsulphocarbamide,   materia  medica  of, 

1097 
Allythio-urea,  materia  medica  of,   1097 
Almond,  sweet,   995 
--therapeutics   of,    995 
Aloes,   chemistry  of,   1147 
-materia   medica  of,    1155 
-therapeutics  of,   444,  1176 
Aloin,   therapeutics  of,   1176 
Aloinum,  materia  medica  of,  1155 
Alopecia,  euresol  in,   761 
-sulphur  in,    422 
Alopecia  areata,  arsenic  in,  617 
-chrysarobin  in,   433 
-resorcin    in,    760 

Alpha-eigone,  materia  medica  of,   1417 
Alpha-hydroxy-propionic      acid,      materia 

medica  of,    1084 
Alphozone,   materia  medica  of,    491 
-therapeutics   of,    499 
Alstonia,  materia  medica  of,  1112 
Alterants,  tissue,  402,  403 
Althfea,  materia  medica  of,   988 
Althaese  folia,  materia  medica  of,   988 
Althea,  therapeutics  of,  995 
Alum,  emesis  and,   1142 
-therapeutics   of,    1043 
Alumen,  materia  medica  of,  1040 
Alumen    exsiccatum,    materia    medica    of, 

1041 
Alumen  ustum,  materia  medica  of,  1041 
Alum  glycerite,  materia  medica  of,  1041 
Alumini   boro-tannas,   materia   medica   of, 

1041 
Alumini  tooro-tartras,   materia   medica   of, 

1041 
Alumini    chloridum,    materia    medica    of, 

1041 
Alumini  hydroxidum,    materia   medica    of, 

983 
Alumini  naphthosulphonas,   materia   med- 
ica of,   1041 
Alumini  sulphas,  materia  medica  of.  1041 
Alumintim,  chemistry  of,  1040 
-pharmacodynamic  action  of,    1042 
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Aliiniiiuim,   source  of,   281 

-sLininuiry  of  actions  and  uses  of,   1040 

-therapeutics  of,    1043,    1044 

Aluniiuuni     and     iron     sulphate,     materia 

medica  of,   1042 
Aluniiuuni  chloride,  therapeutics  of,  1044 
Aluniiniun  hydrate,  materia  medica  of,  983 
Aliuninuni      hydroxide,      therapeutics      of, 

986 
Aliunnol,  materia  medica  of,  1041 
-therapeutics   of,    1044 
Alum  root,  materia  medica  of,   1065 
Alypin,   chemistry  of,    1753 
-local   anesthesia  and,    1760 
-materia  medica  of,   1738 
-pharmacodynamic  action  of,   1753 
-therapeutics   of,    1757 
Amanita  piialloides,  chemistry  of,   1797 
-poisoning  by,    1797 
--pathological    findings,    1798 
--symptoms  of,   17  98 
Amber,   materia  medica  of,    859 
-oil  of,   861 
--therapeutics  of,   861 
Amber    petrolatum,     materia     medica    of, 

1002 
Amblyopia,  phosphorus  in,  1412 
-pilocarpine  in,   1794 
-toxic,    1568 
—strychnine   in,    1568 
Ambrosia    trifida    pollen,    materia    medica 

of,   954 
Ambrosia    trifida    pollen    extract,    materia 

medica   of,    9  54 
Amebic  dysentery,  chenopodium  in,   462 
-santonin   In,    452 
Amexourhea,  aloes  in,   1176 
-asafetida  in,    850,   1709 
-cantharides   in,    1038 
-iron  in,    1232 
-manganese    in,    1235 
-myrrh   in,    8  52 
-oil  of  pennyroyal  in,   8  41 
-oil  of  rue  in,   841 
-oil  of  tansy  in,    841 
-ovarian    extract    in,     153  9 
-potassium   permanganate   in,    1235 
-radium    in,    1080 
American    hellebore,    materia    inedica    of, 

1321 
American    mistletoe,    materia    medica    of, 

1333 
American    spikenard,    materia    medica    of, 

1380 
American    wormseed,    materia    medica    of, 

461 
Amides,   source   of,    284 
AMino-OKiuVATiVES.  source  of,   285 
Aniidopyrina,   materia  medica  of,    1407 
Amidopyrinc,  pharmacodynamic  action  of, 

1497 
Amines,  source   of,    284 
-synthetic,    273 

Aminic  acid,  materia  medica  of,   1579 
Aminofomi,  materia  medica  of,   734 
Ammonia,  antidote  for,   1858 
-therapeutics   of,    861 
Ammoniaciim,  materia  medica  of,  859 
Ammoniacum  mixture,  materia  medica  of, 

859 


Ammonia    liniment,     materia    medica     of, 

13GS 
Anunoniate    ichthyolum,     materia    medica 

of,    570 
Anunoniated    camphor    liniment,     materia 

medica  of,   828 
Aninioniated  camphor  wash,  materia  med- 
ica   of,    828 
Aninioniated  glycyrrhizin,  materia  medica 

of,   992 
Ammoniated  mercury,  materia  medica  of, 

659 
Aninioniated    tincture    of    ersot,    materia 

medica   of,    1764 
Ammoniated    tincture    of    guaiac;,    materia 

medica  of,   845 
Anunoniated    tincture   of   Indian   valerian, 

materia  medica  of,  1706 
Anunoniated    tincture    of    opium,    materia 

modica  of,    1659 
Anunoniated  tincture  of  valerian,  materia 

medica  of,    1706 
Ammonia  water,  materia  medica  of,  1367 
Ammonii     benzoas,     materia     medica     of, 

1367 
Anunonii    bromidum,    materia    medica    of, 

1711 
Anunonii     carbonas,     materia    medica     of, 

1367 
Ammonii    cliloridum,    materia    medica    of, 

1368 
Ammonii    fluoridum,    materia    medica    of, 

563 
Ammonii    hypophosphis,    materia    medica 

of,    1406 
Anunonii     iodidum,     materia     medica     of, 

1415 
Anunonii  nitras.  materia  medica  of,  13  68 
Ammonii    phosphas,     materia    medica    of, 

1405 
Ammonii  salicylas,  materia  nnedica  of,  787 
Ammonii   sulphoichthyolas,   materia   med- 
ica of,   570 
Ammonii       sulphoichthyollcum,       materia 

medica  of,    571 
Ammonii  valeras,  materia  medica  of,   1706 
Ammoniochloride     of     mercury,     materia 

medica  of,  6  59 
Anunonio-fen-ic    citrate,    materia    medica 

of,    1219 
Amnionio-mercurio  chloride,  materia  med- 
ica of,  665 
Ammonium,    absorption    and     elimination 

of,    1368 
-administration  of,   1373 
-chemistry   of,    1366 
-pharmacodynamic  action  of,   1368 
-summary  of  actions  and  uses  of,   1366 
-systemic  action  of,   1370-1372 
-therapeutics    of,    1372 
-topical  action   of,    1369 
-toxicity   of,    1369 

Ammonium  acetate,   therapeutics  of,    1339 
Ammonium  alum,  materia  medica  of,  1040 
Ammonium  benzoate,   cystitis  and,   784 
-pyelitis  and,    784 
Ammonium     carbonate,     therapeutics     of, 

1339 
Ammonium  chloride,  therapeutics  of,  1339 
Ammonium  citrate,  therapeutics  of,  1253 


1878 


INDEX 


Ammonium  ichthynatum,   materia  medica 

of,    570 
Ammonium  salicylate,  influenza  and,   800 
Ammonium    salicylicum,    materia    medica 

of,    787 
Ammonium    valerianate,    materia    medica 

of,    1706 
Amphotroi)in,  materia  medica  of,  734 
Ampullie  caffeinae  sodio-benzoatis,  materia 

medica   of,    1505 
Ampullae    camplioraj,    materia    medica    of, 

827 
Ampullae   emetinae  hydrochloridi,    materia 

medica   of,    1133 
Ampullae  iodi,  materia  medica  of,  544 
Ampullae  quininae  diliydrocliloridi,  materia 

medica  of,  884 
Ampullae   quininae   et   ureae   hydrochloridi, 

materia  medica  of,    884 
Ampullae  sodii   cacodylatis,   materia   med- 
ica of,    59  6 
Amygdala  amara,  materia  medica  of,  1004 
Amygdala  dulcis,  materia  medica  of,   993 
Amyl  iodidum,  materia  medica  of,   1416 
Amylis  nltris,  materia  medica  of,  1326 
Amyl  nitris,  materia  medica  of,   1326 
Amyl  nitrite,  administration  of,   1332 
-therapeutics  of,  1331 
Amylopsin,   therapeutics  of,    1200 
Amylum,    materia    medica    of,    990 
-therapeutics  of,  984 

Amylum  iodatum,  materia  medica  of,  1416 
Amylzyme,  materia  medica  of,  1199 
Amyotrophy,  spinal  progressive,   616 
--arsenic  in,  616 
Anabolism,  definition  of,  1402 
Analgesia,  antipyretics  in,   1498 
-local   anesthetics   and,    1759 
-paraldehyde  and,  1612 
Anamirtin,    chemistry   of,    436 
Anaplu'odisiacs,  drugs  acting  as,   153  6 
Anaphylactic  reaction,  2  65 
Anaphylactic  shock,  266 
Anaphylactin,  anaphylaxis  and,    265 
Anaphylatoxin,  anaphylaxis  and,  265 
Anaphylaxis,  anaphylactic  reaction  in,  265 
—species  and,    265,    266 
-antianaphylaxis,    266 
-blood  plasma  and,   265 
--alterations    of,    265 
-calcium   in,    1359 
-definition   of,    264 
-foreign   protein   in,    265 
-immunity  and,   249,   250 
-passive,    265 
-production    of,    265 
Anasarca,  nephritic,  1359 
—calcium  chloride  in,   1359 
Anemia,  carbon  dioxide  in,  1401 
-iron  in,   1231 
-manganese  in,   1235 
-myelogenous,  1786 
— physostigmine  in,    1786 
-pernicious,    613 
--arsenic  in,   613 
--blood  transfusion  in,  1239 
—germanium  in,   1239 
—hydrochloric  acid  in,  509 
—oxygen  in,    1396 
-primary,   613 


ANEiliA,  primary,  arsenic  in,   613 

--treatment  of,  137 

-radium  in,   1081 

-secondary,  256 

--arsenic  in,    256,   614 

--calcium  in,   1359 

--germanium  in,   1239 

--iron  in,   256 

--oxygen   in,    139  6 

-splenic    extract   in,    1240 

-splenomegalic,    613 

--arsenic  in,  613 

-treatment  of,   134 

-vanadium  in,  730,  731 

Anesthesia,    accidents   in,    1480 

--pituitary   extract   in,    1480 

-administration  of,   1585 

—methods   of,    1586 

— mortality  and,    1585 

-anesthetic  mixtures  in,  1587 

-anesthetic  sequence  in,  1587 

-asphyxia  in,    1800 

—lobelia  in,  1800 

-chloroform,   339 

--technique  of,  340 

-colonic,    329 

— chloretone  in,    1631 

—paraldehyde  and,    1612 

-dangers   of,    1585 

-enteroclysis  and,   1342 

-ether,    1604 

--stages  of,   1604 

—technique  of,   340 

-ethylene,    1599 

-general,    1725 

--magnesium  sulphate  and,  1725 

-history   of,    1580 

-infiltration,    1756 

--cocaine-epinephrine,  1756 

-inhalation,    1595 

--ethyl  chloride  in,  1595 

--technique  of,  339 

-local,    1733 

--advantages  of,   17  33 

-alypin  and,  1753,  1757,  1760 

--anesthetics   in,    1735 

—benzyl   alcohol   and,    1807 

— butyn  in,  1760 

--chloretone  in,   1631 

--cocaine  and,   1755 

— advantages   of,    1755 

— disadvantages   of,    1755 

—substitutes   for,    1734,    1735,    1759-1761 

--conduction,   1758 

— eucaine  in,    1758 

--dentistry  and,   1761 

—drugs  used  in,  1759,   1761 

—epinephrine  in.   1469,   1759-1761 

—  ether  and,    1605 

—ethyl  chloride  in,   1595 

--eye   and,    17  59 

—cocaine  in,  1759,  1760 

— tropacocaine   in,    1760 

--infiltration,    1758 

— apothesine  in,   1758 

—lumbar,    1757 

— tropacocaine   in.    1757 

—methods  of,    1734 

— conduction,  1761 

— congelation,    1759 
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Anesthesia,   local,   methods   of,   infiltration, 

17G0 
— paraneural,  1761 
— paravertebral,  1761 
— spinal,   1761 
---surface,    1759 

--mucous  membranes  and,  1759 
— drugs  used   in,   1759,   1760 
--nose  and,   1760 
— drugs    used    in,    1760 
--novocaine   in,    1757,    1760 
--pituitary  extract  in,  1478 
--procaine  and,  1751,  1760 
--Schleich  method  in.   17  60 
--serous   ineinbranes  and,    1760 
--stovaine    and,    1733 
—throat    and.    17  60 
— drugs  used  in,  17  60 
--tropacocaine   in,    1760 
-mortality   in,    1585 
-narcosis,    1581 
—theories  of,    1581,   1582 
-nitrous  oxide,   1597 
--stages  of,  1597 
-overdose  in,   1592 
--dangers  of,   1593 
-proctoclysis  and,   1342 
-quinine  in,  899 

-respiratory  disturbances  in,   1298 
--cardiazol   in,    1298 
-respiratory  failure  in,   1300 
--homocamfin  in,   1300 
-scopolamine-morphine  in,  1847 
-stages  of,  1592 
--excitement,   1592 
—light,    1592 
--surgical,  1592 
-surgical,    1619 
—general,   1619 
— -A.  C.  E.  mixture,  1608 
-—barbital,   1619 
— chloroform,   1606 
— ethanesal,    1608 
•  —-ether,    1606,    1607 
—ethyl  chloride,   1606 
-—ethylene,   1606,   1607 
—  nitrous  oxide,  1598.  1607 
—technique    of,    1586 
-synergism  in,   1695 
--morphine-chloroform,    1695 
-types    of.    1609 
--colonic.    1609 
—inhalation,    1580,   1608 
—local,   1580 

Anesthesin,  administration   of,    1758 
--methods  of.   1758 
-materia  medica  of.  1739 
-therapeutics  of.  1758 
Anesthetics,  absorption  and  elimination  of, 

1582 
-administration    of.    1608 
—methods  of,   1608.   1609 
-antidote   for,    1859 
-classification  of.  1580 
--inhalation.   1580 
—local,    1580 
-dangers  of,   1585 
-effects  of,    1582 
-inhalation.    1609 
-local,    1808 


Anesthetics,  local,  administration  of,  1734, 

17  59 

---methods  of,    1734,    1759 

--classification  of,  1733 

--cocaine,    1733 

---substitutes,    1734,   1735 

--norvc  system  and,   1733 

--pharmacodynamic  action  of,  17  35 

--summary  of  actions  and  uses  of,  1735 

--therapeutics  of,   1755-1759 

-skin  and,    319 

-surgical,   1550 

-systemic  action  of,   1583 

-use  of,   1587 

Anethi  f  met  us,  materia  medica  of,  811 

Anethol,  materia  medica  of,  811 

Aneuuysm,  aortic,   12  49 

—gelatin   in,    1249 

-calcium   in,    1361 

-ergot  in,  1774 

-syphilitic,    703 

--mercury  in,    703 

-thoracic,   139  6 

--oxygen  in,   1396 

Angelica  seed,  materia  medica  of,  810 

Anji;elicae  fmctiis,  materia  medica  of,  810 

Angelica;  radix,  materia  medica  of,   810 

Angina,  epigastric,  1687 

--morphine  in,  1687 

-scarlatinal,   1121 

--serpentaria   in,    1121 

Angina  pectoris,  aconite  in,  1320 

-amyl  nitrite  in,   1331 

-arsenic  in,  614 

-benzyl  benzoate  in,  1809 

-cactus  in,  1304 

-cardiazol  in,   1298 

-chloroform   in,    1593 

-cratEE'gus  in,    1305 

-epinephrine  in,  1470 

-crythrol    tetranitrate   in,    1332 

-iodides  in,   1425 

-morphine  in,   1692 

-papaverine   in,    1698 

-prophylaxis    of,    1333 

--mannitol  nitrate  in,  1333 

-sodium  nitrite  in,   1331 

-theobromine  in,  1514 

Angina  vasomotokia.  Crataegus  in,   1306 

Angiopathies,  morphine  in,  1690 

-opium    in,    1690 

Angostura  hark,  materia  medica  of,   1114 

Anj>ustura  bark,  materia  medica  of,  1114 

Anhaloniuni,   chemistry   of,    1701 

-materia   medica  of,    1701 

-pharmacodynamic  action  of,   1701 

Anliidrotics.   classification   of,    1530 

Anhydrof?italin,  chemistry  of,  1263 

AnhydroRhicochloral,  materia  medica  of, 
1624 

Anhydrous  lanolin,  materia  medica  of.  1005 

Anhydrous  sodium  arsenate,  materia  med- 
ica of.   596 

Aniline,  antidote  for,  18  58 

-chemistry  of,   868 

-toxicity  of,   868 

Aniline  compounds,   classification   of,    1488 

Aniline  dyes,  classification  of,   867 

-modification    of,    271 

-therapeutics   of,    867 
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Aniline  red,  materia  medica  of,  874 

Animal  charcoal,  materia  nnedica  of,  981 

Anions,    cations   and,    168 

-classification   of,    190 

-grouping  of,  190 

Anisated  powder  of  rhubarb  and  magne- 
sia, materia  medica  of,    1160 

Anisated    solution    of    ammonia,    materia 
medica  of,    1368 

Anisated  spirit  of  ammonia,  materia  med- 
ica of,   1368 

Anise,  tlierapeutics  of,   1123 

Aniseed,  materia  medica  of,   811 

Anise  oil,  materia  medica  of,  811 

Anisum,  materia  medica  of,  811 

Ankylostoma  duodenale.   442,   443,    445 

Ankylostomiasis,  etiology  of,  102 

Annam  cinnamon,  material  medica  of,  814 

Anorexia,  bitters  in,  1122 

Anoxemia,  oxygen  in,  139  5 

Antacids,  therapeutics  of,   1204,   1205 

Antagonism,  drug,  274,  402 

—complete,    276 

—partial,   276 

--toxic  effects  in,   276 

—types   of,    275 

Antemetlcs.  classification  of,  1190,  1191 

-pharmacodynamic  action  of,  1190,  1191 

Anterior  poliomyelitis  convalescent  serum, 
975 

Anthelmintics,  assay  of,   306 

—biologic,    306 

—methods  of,   306 

-choice  of  agent,   447 

-definition   of,   411,   441 

-therapeutic   use   of,    400 

Anthemidis  flores,  materia  medica  of,  1113 

Anthemis,  materia  medica  of,   1113 

Anthemol,  materia  medica  of,   1113 

Anthracene   hydrocarbons,   source    of,    286 

Anthraquinone  compounds,   271 

Anthrarobin,  administration  of,   433 

-chemistry   of,    429 

-materia   medica   of,    430 

Anthrax,  phenol  in,  755 

-serum,   967 

-silver  fluoride  in,  566 

Antianaphylaxis,  production  of,   266 

-therapeutic  use  of,   267 

Antianthrax  serum,  materia  medica  of,  9  67 

Antibilious  pills,  materia  medica  of,   663 

Antibodies,  43 

Antlbothropic  serum,   materia   medica   of, 
976,    977 

Antlbotidism  serum,  9  66 

Anticholera  serum,   9  67 

Anticoagulants,   therapeutic   use   of,    1249 

Anticrotalic  serum,  materia  medica  of,  977 

Anticrotalus    serum,    materia    medica    of, 

976 
Antidiphtheric   globulins,    materia   medica 

of,    961 
Antidiphtheritic  serum,   959 

Antidote,  chemical,    7  2 
—acute  intoxication  and,   72 
-morphine  poisoning,   1667 
-poison  and,   1858-1860 
—table  showing,    1858-1860 
-potassium  permanganate,  501 
-soap,    527 


Antidotism,  chemical,  276 

-definition  of,    276 

Antidysenteric  seriun,  967 

-materia  medica  of,   9  67 

Antidyspeptic    pills,     materia    medica     of, 
1164 

Antierysipelas    serum,    9  63 

Antifebrin,   materia  medica   of,    1488 

Antiformin,  materia  medica  of,  532 

Antigalactogogues,   drugs  acting  as,    1548 

Antigas-gangrene  serum,   974 

Antigens,  action  of,   196 

Antigonococcus  serum,  materia  medica  of, 
969 

Antimenlngococcus    senim,    materia    med- 
ica of,  9  69 

Antimonial  powder,  materia  medica  of,  589 

Antimonial   wine,   materia   medica   of,    589 

Antimonii  ct  potassii  tartras,  materia  med- 
ica of,   588 

Antimonii     oxidum,     materia     medica     of, 
589 

Antimonious  oxide,  materia  medica  of,  589 

Antimoniuni       oxysulphuratum,       materia 
medica   of,    589 

Antimonium    sulphuratum,    materia    med- 
ica of,   589 

Antimony,  antipathogenic  action  of,   590 

-chemistry  of,  587 

-colloidal,   593 

--gangoza  and,    593 

-pharmacodynamic  action  of,   590 

-poisoning  by,   590 

-source  of,  280 

-sulphurated,    425 

-summary  of  actions  and  uses  of,  588 

-systemic  action  of,    591,    592 

-therapeutics  of,   592-594 

-topical  action  of,  590 

-toxicity  of,    590 

Antimony  coMPorNDS.  antidote  for,  1859 

Antimonyl     potassium     tartrate,     materia 
medica  of,   588 

Antimony     sodium     thiogly  collate,     thera- 
peutics of,  594 

Antimony  thioglycollamide,   materia  med- 
ica of,  589 

-therapeutics  of,  59  4 

Antinosin,  therapeutics  of,    5  60 

Antinosine,  materia  medica  of,   5  55 

Antiparasitics,    classification    of,    400 

--anthelmintics,    400,    411 

--parasiticides,   400,   411 

-definition  of,    412 

-therapeutic  use  of,   400 

Antipathogens,  biologic,   918 

--classification  of,    919 

-classification  of,    402 

--antiparasitics,    402,    411 

— anthelmintics,   402 

— parasiticides,   402 

—antiseptics,   402,   411,   412 

— biologic   specifics,    402 

— chemical  agents,  402 

-definition  of,  399,  411 

Antiperiodic  pills,  materia  medica  of,  8S6 

Antiperiodic    pills    without    aloe,    materia 
medica  of,  886 

Antiperlodif    tincture,   materia   medica   of, 
886 
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Antiperiodic    tincture   without    aloes,    ma- 
teria medica  of.   887 
Antiplajiiie  serum,   970 
Antipneuniococcic  serum,   materia   medica 

of,    971 
Antipyretics,   action   of,    256 
--pathologic  conditions  and,   256 
-synthetic,  1498 
--analgesia  and,   1498 
--chemistry  of,    1484 
--examples   of,    1484 
--pain    and,    1498 
--summary   of  actions   and   uses   of,    1484, 

1485 
--therapeutics  of,   1498 
Antipyrina,   matoria   medica  of,    1494 
Antipyrina;  maiidelas,   materia   medica  of, 

1494 
Antipyriuje   salicylas,    materia    medica    of, 

790 
Antipyrine,  absorption  and  elimination  of, 

1494 
-antidote  for,   1858 
-antipathogenic  action  of,    1494 
-pharmacodynamic  action  of,  1494-1497 
-systemic  action  of,  1495 
-toxicity  of,  1494 

Antirabic  Aaccine,  materia  medica  of,  924 
Antiscarlatinal  serum,   973 
Antisepsis,  chemical,   482 
--factors  in,   482 
-intestinal,    767 

--betanaphthol  benzoate  in,   784 
— cresol  in,  767 
-urinary,    7  61 
--euresol  in.   761 
Antiseptic  oils,  804,  825 
Antiseptics,  aromatic,   270 
-chemical,  480-918 
--antitoxic   effects  of,   486 
—inorganic.    488-586 
---acids  and  acidic  salts,  502-510 
---alkalis,    510-527 
— boron   compounds,    581-586 
—haloids,   527-567 
---heavy   metals.    586-731 
— oxidizing  agents,    488-502 
— sulphur   compounds,   567-580 
--organic,  731 
—aniline  dyes,   867-878 
— aromatic    compounds,    741-801 
— classification    of.    731,    732 
—essential  oils,   801-863 
---naphthols,    863-878 
-—plant   drugs,    879-918 
---straight   chain   compounds,   732-741 
--uses  of,   484 
—blood,    485 

-classification    of,    401,    480 
--biologic  specifics,  401 
--chemical    agents,    401 
-intestinal.   1205 
--chlorine    as,    538 
--essential  oils  as.  1205 
--heavy  metals  as.   1205 
--therapeutics   of,    1205 
-urinary,    1525 
--classification  of,   1525 
--therapeutic  use  of.   1525 
Antiseptic  solution,  materia  medica  of,  582 


Antiseptic     solution     of     pepsin,     materia 

medica  of,    1195 
Antisialofioy-ues,  administration  of,   1190 
-therapeutics   of,    1190 
Antisiiasmodics,    bromine    compounds    as, 

1710 
-classification    of,    1710 
-intestinal,    1192 
--drugs  used  as,  119  2 
--therapeutics  of,  1192 
-magnesium  compounds  and,  1710 
-nerve  system  and,   1710 
-pharmacodynamic  action  of,  1710 
Antistaphylococcic  serum,   973 
Antistreptococcus   serum,    materia    medica 

of,    972 
Antitetanic   globulins,   materia   medica   of, 

964 
Antitetanic  serum,  964 
Antithrombin,  1249 
Antitoxin,    43 
-diphtheria,   98,   101,   961 
-"normal,"    117 
-specific,   72 

--acute  intoxication  and,   72 
— examples  of,   72 
-tetanus   and,    102 

Antitoxinum   diphthericum,    materia    med- 
ica   of,    9  61 
Antitoxinum    tetanicum,    materia    medica 

of,  9  64 
Antitoxinum    tetanicum    crudum,    materia 

medica  of,  964 
Antltuberculous  seinim,  974 
Antitussin.  materia  medica  of,   563 
Antityphoid  serum,   974 
Antivenin    for    neartic   crotalidse,    materia 

medica  of,   976 
Antivenins,  administration  of,  977,  978 
-dosage,    977 
-preparation    of,    976 
--standardization,   977 
-therapeutics   of,    977 
ANTRUM,   infection  of,    68  6 
--mercury  in,    686 
Anuretics,  therapeutic  use  of,   1524 
Anus,  fissure  of,  1805 
--conium  ointment  in,    1805 
Aortic    insufficiexcy,    digitalis    in,    1288, 

1291 
Aortic  stenosis,  nitroglycerin  in.  1332 
Aortitis,  cactus  in,  1304 
-chronic,    1425 
--iodides  in.    1425 
-syphilitic,    703 
—mercury  in,  703 
Apallagin.   materia  medica  of,    555 
Aphrodisiacs,  action  of,   1534 
-drugs  acting  as,    1534 
Apii  fructus,  materia  medica  of,  1543 
Apinolum,  materia  medica  of.    848 
Apoatropine,   pharmacodynamic   action   of, 

1837 
Apocodeinie       hydrochloridum.        materia 

medica   of.   1778 
Apocodeine,   administration   of,    1780 
-chemistry    of.    1778 
-circulatory  system  and,  1779 
-nerve  system  and,  1779 
-pharmacodynamic   action    of,    1778 


1882 


INDEX 


Apocodciiie,  summary  of  actions  and  uses 
of,  1778 

-systemic  action   of,    1778 

-therapeutics  of,   1779 

-toxicity   of,    17  7  8 

Apocyiiuni,   administration   of,    1296 

-history   of,    12  62 

-materia   medica   of,    1272 

-therapeutics  of,  12  9  6 

Apolysin,  materia  medica  of,   1492 

-therapeutics   of,    1492 

Apomorphiiuie  liydrochloridum,  materia 
medica  of,   1127 

Aponiorphine,  action  of,    270 

-chemistry  of,   1127 

-pharmacodynamic  action  of,    1128-1130 

-summary  of  actions  and  uses   of,    1127 

-therapeutics   of,    1130 

Aponiorphine  liydrochlorate,  materia  med- 
ica of,  1127 

Apoplexy,   strychnine  in,    1566 

Apothesine,    chemistry    of,    17  54 

-materia  medica  of,   1738 

-pharmacodynamic   action    of,    1754 

-therapeutics  of,   1757 

Apparatus,  oxygen  inhalation  and,  1397, 
1398 

Appendicitis,  catarrhal,   691 

--calomel  in,    691 

--morphine  in,    1688 

Applications,  antiseptic,    350 

--concentration   in,    350 

-local,  350 

--frequency  and,   350 

-topical,    316 

—alimentary  tract  and,    319 

—colon,   320 

—mouth,  319 

— pharynx,    319 

—rectum,   320 

— stomach,  319 

--concentration  in,  347 

— example   of,    347 

—drugs  and,  316,  317 

—ear  and,  322 

—eye  and,  322 

— genito-urinary  tract,    322 

— respiratory  tract  and,   320,   321 

—skin  and,  317-319 

Aqua,   materia  medica  of,   1517 

Aqua  ammonia;,   materia   medica   of,    1367 

Aqua  ammonia;  fortior,  materia  medica  of, 
1367 

Aqua  anethi.  materia  medica  of,   811 

Aqua  anisi,  materia  medica  of,  811 

Aqua  aurantii  floiiim,  materia  medica  of, 
813 

Aqua  aurantii  flomm  fortior,  materia  med- 
ica  of,    813 

Aqua  camphorae,  materia  medica  of,  828 

Aqua  carlii,  materia  medica  of,  814 

Aqua  carui,  materia  medica  of,  814 

Aqua  chloroformi,  materia  medica  of,  1588 

Aqua  cinnamomi,  materia  medica  of,  815 

Aqua  crcosoti.  materia  medica  of,  771 

Aqua  destillafa.   materia  medica  of,    1517 

Aqua  destillata  stcrilisata,  materia  medica 
of,  1517 

Aqua  foeniciili,  materia  medica  of,  816 

Aqua  hamamelidis,  materia  medica  of,  1065 


Aqua  laurocerasi,  materia  medica  of,  1386 
Aqua  mcntha;  piperita;,  materia  medica  of, 

823 
Aqua  menthae  viridis,   materia   medica   of, 

823 
Aqua   phagcdajnica   flava,    materia   medica 

of,    664 
Aqua  phaacdsenica  nigra,   materia  medica 

of,   664 
Aqua  plienolata,   materia  medica  of,    747 
Aqua  regia,  materia  medica  of,    503 
Aqua  rosjip,   materia  medica  of,    819 
Aqua  rosse  fortior,  materia  medica  of,   819 
Aqua  sedativa,  materia  medica  of,   828 
Aquean   extract  of  ergot,   materia   medica 

of,    1763 
Aqueous  elixir  of  licorice,  materia  medica 

of.    992 
Aqueous  fluidextract  of  cinchona,  materia 

medica  of,   882 
Aqueous     tincture     of     rhubarb,     materia 

medica    of,    1160 
Arabian  myrrh,  materia  medica  of,  845 
Aralia,    materia    medica   of,    1380 
Araroba,  chemistry  of,  429 
-materia  medica  of,  430 
Arbor  vita',  materia  medica  of,  848 
Arbutin,   administration   of,    1516 
-chemistry  of,   1515 
-pharmacodynamic   action    of,    1515 
-therapeutics  of,   1516 
Arbutinum,  materia  medica  of,  1515 
Arecse  semina,   materia  medica  of,   474 
Areca  nut,  antipathogenic  action  of,  475 
-chemistry  of,   474 
-materia  medica  of,  474 
-pharmacodynamic    action    of,    475 
-summary  of  actions  and  uses  of,   474 
-therapeutics   of,    47  6 
Arecaidine,   chemistry  of,    474 
Arecaine,   chemistry  of,    474 
Arecoline,    chemistry   of,    474 
-materia    medica   of,    475 
Arecoline  salts,  therapeutics  of,   476 
Argenti  chloridum  colloidale  saccharatum, 

materia  medica  of,    713 
Argenti  citras,  materia  medica  of,    714 
Argenti     fluoriduni,     materia     medica     of, 

563 
Argenti  iodidum,  materia  medica  of,  714 
Argenti  lactas,  materia  medica  of,  714 
Argenti  nitras,  materia  medica  of,   712 
Argenti    nitras   fusus,    materia    medica    of, 

712 
Argenti    nitras  mitigatus,   materia   medica 
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and.   387 
— example  of,  387 
—physical  measures  and,   388 
—solubility   and,    387 
--therapeutic  use  of,   387 
—  -example  of,  387 
-disadvanlaftcs    of,    388 
-empiric,   379 
-histologic.    383 
—definition   of,    383 
-indirect   cumulative,   383 
-methods  of.    379 
-modes   of,    382 
-pharmaceutic,    381,    382 
-physiologic,    383 
—action   of,    383 
-purposes   of.    382 
-rational,  379 
—rules   for,    3  79 
-synergistic,   382 
--adjuvant,   383 
—cumulative,    383 
-terms  used  in,   378 
—combination,    378,    379 
--composition,    379 
—compound,    378.    379 
--conjunction,    379 
-therapeutic  use  of.   378,   382 
-unrelated,    383    388 
Asthenia,  cardiac,  1578 
--barium  sulphate  in,   1578 
-epinephrine  in,   1470 
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--atropine   in,    1844 
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1057 
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Australiau  lever  bark,  materia  medica  of, 

1112 
Australian      fever-tree      leaves,      materia 

medica  of,  826 
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Balsam  copaiba,  materia  medica  of,   8  42 
Balsam  copivi,  materia  medica  of,   842 
Balsam  of  fir.  materia  medica  of,   849 
Balsam  of  Peru,  materia  medica  of,  860 
-therapeutics  of,    439,    862 
Balsam  of  tolu,  materia  medica  of,  8  60 
-therapeutics  of,   862 
Balsam  of  tolutanum,  materia  medica  of, 

860 


Balsam   jjoplar  buds,    materia    medica   of, 

847 
Balsams,  source  of,  292 
-therapeutics  of,  805,   861-863 
Balsamum    gurjunac,    materia    medica    of, 

844 
Balsannim    peinivianum,    materia    medica 

of,   860 
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--exophthalmic  goiter  and,  1395 

-sodium  chloride,   1338 

--therapeutic  use  of,   1338 

Bnuine  de  vie,  materia  medica  of,   1155 
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Bkdsokk.s.  alcohol  in,  1649 

-alum  in,  1043 

-scarlet  red  in,  1014 

-silver  nitrate  in,   720 

-tannoform  in,  1076 

-zinc  oxide  ointment  in,  1061 

Beef  extraet,  materia  medica  of,  1095 

Beef,   wine  and   iron,   materia   medica    of, 

1225 
Belse  fructus.   materia  medica  of,   1211 
Belladonna,  antidote  for,   1859 
-chemistry  of,  1819 
-materia  medica  of,  1821 
-therapeutics  of,    1694,   1695,   1839-1846 
Belladonna  alkaloids,   chemistry   of,    1817, 

1820 
-summary  of  actions  and  uses  of,   1820 
Belladonnne  folia,  materia  medica  of,   1821 
Belladonnse    folium    P.I.,    materia    medica 

of,   1821 
Belladonme  radix,  materia  medica  of,  1821 
Belladoinia    liniment,    materia    medica    of, 

1822 
Belladonna  ointment,   materia   medica   of, 

1822 
-therapeutics  of,  1840 
Belladonna    plaster,     materia    medica    of, 

1821 
Belladonna   suppositories,   materia   medica 

of,    1822 
Bell's  palsy,  cantharides  in,   1037 
Benjial  kino,  materia  medica  of,   1067 
Benjial    kino     seeds,     materia     medica     of, 

1067 
Bengal  quince,  materia  medica  of,   1211 
Benne  oil,  materia  medica  of,   1004 
Beir/.aconine,  pharmacodynamic  action  of, 

1319 
Benzaldehyde   green,    materia    medica    of, 

874 
Benzaldeliyduni,  materia  medica  of,   1212 
Ben/.aniinie     laetas,     materia    medica     of, 

1737 
Benzene,  antipathogenic  action  of,  742 
-chemistry  of,   742 
-materia  medica  of,  742 
-pharmacodynamic  action  of,  742-744 
-summary  of  actions  and  uses  of,  742 
-therapeutics  of,    744 
-toxicity  of,  743 
Benzene    hydrocarbons,     classification     of, 

284 
Bexzexe  rixg,  282 

Benzene  riuR-  compounds,  source  of,  284 
Benzenum,  materia  medica  of,  742 
Benzenum  medicinale,  materia  medica  of, 

742 
Benzin,  acute  poisoning  by,  428 
-chemistry  of,   42  6 
-chronic  poisoning  by,  428 
-therapeutics  of,    429 
-threadworms  and,  445 
-whipworms  and,  444,  445 


Benzinum  purificatuni,  materia  medica  of, 

427 
Benzoacetyl  peroxide,  49  4 
Benzoate   of    lithium,    materia    medica    of, 

782 
IJenzoate  of  soda,  materia  medica  of,  7  83 
lU'uzoates.    summary    of   actions   and    uses 

of,   782 
-therapeutics  of,   784 
lienzoeaine.  materia  medica  of,   1739 
-theraix'ulics  of,    17  58 
Benzoic  acid,  administration  of,   784 
-antipathogenic  action  of,   783 
-chemistry  of,  782 
-materia  medica  of,  782 
-pharmacodynamic  action  of,  783 
-summary  of  actions  and  uses  of,   782 
-therapeutics  of,   784 

Benzoic  aldehyde,  materia  medica  of,  1212 
Benzoin,  therai)eutics  of,   862 
Benzoinated  lard,  materia  medica  of,  1005 
Benzoinated  suet,  materia  medica  of,  1006 
Benzoinum,  materia  medica  of,  860 
Bexzol  JiiXG,    192-194 
Benzole,  materia  medica  of,  742 
Benzonaphthol,  materia  medica  of,   783 
Benzosol,  materia  medica  of,  779 
Benzosulphinidum        saccharin,        materia 

medica  of,    1210 
Benzoyl-acetyl-peroxide,     materia     medica 

of,  491 
Benzoyl   pseudo-tropeine,    materia   medica 

of,    1736 
Benzozone,  materia  medica  of,   491 
Benzyl  alcohol,  materia  medica  of,  1806 
-pharacodynamic  action  of,  1754 
-therapeutics  of,   1807 
Benzyl  benzoate,  therapeutics  of,  1808 
Benzyl  esters,  administration  of,   1808 
-chemistry  of,  1806 
-pharmacodynamic  action   of,   1807 
-summary  of  actions  and  uses  of,   1806 
-therapeutics  of,   1808 

Benzylis  benzoas,  materia  medica  of,  1807 
Benzylis  fumaras,  materia  medica  of,  1807 
Benzylis  succinas,  materia  medica  of,  1807 
Benzylmorphiiuc  hydrochloridum,   materia 

medica  of,   1663 
Benzylmorphine   hydrochloride,    therapeu- 
tics of.    1698 
Benzyl-napthol,  materia  medica  of,  8  64 
Benzyl      ijseudotrophine,       chemistry       of, 

1751 
Benzyl  succinate,  administration  of,   1809 
lierberina,  materia  medica  of,    1106 
Berberine,  chemistry  of,   1306 
-materia  medica  of,  1106 
-systemic  action  of,   1309 
-toxic  action  of,   1309 
Berberis,  materia  medica  of,  1105 
-therapeutics  of,   1119 
Beriberi,  digitalis  in,  1290 
Bestucheff    tincture,    materia    medica    of, 

1225 
Beta-eifione,   materia  medica   of.   1417 
lieta-eucaine,  chemistry  of,   17  53 
-pharmacodynamic   action    of,    1753 
Beta-eucainji?       hydrochloridum,       materia 

medica  of,   1737 
Beta-iinidazolylethylamine,   273 
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Betainae  hydrochloridum,   materia   medica 

of,  1196 
Beta    monohytlroxy    naphthalene,    materia 

medica  of,   864 
Beta-naphthol,    hookworms  and,    478 
-materia  medica  of,  864 
-therapeutics  of,    440,    866 
-threadworms  and,   444 

Beta-naphthol    toenzoate,    intestinal    anti- 
sepsis and,  784 
-scabies  and,  784 
Betanaphtholis    benzoas,    materia    medica 

of,   783,   864 
Betanaphtholis    salicylas,    materia    medica 

of,  787,  864 
Betanaphthol    paste,    materia    medica    of, 

418 
Betanaphthol  salicylate,  800 
-cholera  and,  800 
-therapeutics  of,  800 
-typhoid  fever  and,  800 
Betanaphthyl  benzoate,  materia  medica  of, 

783 
Betel,  materia  medica  of,  821 
Betel  nut,  materia  medica  of,  474 
Betel  pawn,  materia  medica  of,   821 
Beth  root,  materia  medica  of,  1545 
Betol,  materia  medica  of,   787,   864 
Bibirine,  materia  medica  of,   1106 
-therapeutics  of,   1120 
Biborate    of    sodium,    materia    medica    of, 

581 
Bicarbonate  of  potash,  materia  medica  of, 

515 
Bichloride  of  mercury,  materia  medica  of, 

660 
Bichloride     tablets,     materia     medica     of, 

662 
Bicky  nuts,  materia  medica  of,  1506 
Bigitalin,  chemistry  of,  1264 
Bile,  administration  of,   1189 
-antipathogenic  action  of,  1188 
-chemistry  of,  1187 
-pharmacodynamic  action  of,  1188 
-secretion  of,  1186 
—drugs  producing,   1186 
-summary  of  actions  and  uses  of,   1187 
-therapeutics  of,  1189 
Bile  ducts,  affections  of,  1808 
--dibenzyl  succinate  in,  1808 
BiLHARZiASis.  codeine  in,   1697 
-methylene  blue  in,  878 
-tartar  emetic  in,   59  3 
Bilin,  materia  medica  of,  1187 
Biliousness,  calomel  in,  689 
-chronic,  15  66 
— nux  vomica  in,  1566 
-mercurials  in,   1172 
-salines  in,  1172 
Bhiiodide  of  mercury,  materia  medica  of, 

660 
Birth  root,  materia  medica  of,  1545 
Bisniarsen,  materia  medica  of,   626 
Bismosol,    materia   medica   of,    644 
Bismuth,   administration   of,    649 
-antipathogenic  action  of,  644 
-chemistry  of,    641 
-neurosyphilis   and,    703 
-pharmacodynamic  action  of,  645,  646 
-source  of,  281 


Bismuth,  summary  of  actions  and  uses  of, 

642 
-syphilis  and,    103,    698,    711 
-systemic  use  of,   648 
-therapeutics  of,  646,  986 
Bismuth  ammonio-citrate,  materia  medica 

of,  643 
Bismuth  basic  carbonate,  materia  medica 

of,   642 
Bismuth  basic  nitrate,  materia  medica  of, 

642 
Bismuth  basic   salicylate,   materia   medica 

of,  643 
Bisnuith    betanaphtholas,    materia   medica 

of,   643 
Bismuthi  betanaphtholas,  materia  medica 

of,   864 
Bisnuithi  et  ammonii  citras,  materia  med- 
ica of,    643 
Bismuth    iodosubgallate,    materia    medica 

of,   983 
Bismuthi    subnitras,    materia    medica    of, 

642 
Bismuthi  subsalicylas,  materia  medica  of, 

643 
Bismuth  magma,  materia  medica  of,  644 
Bismuth  oxyiodogalles,  materia  medica  of, 

983 
Bismuth    oxynltrate,    materia    medica    of, 

642 
Bisnnitli  oxysalicylate,  materia  medica  of, 

643 
Bismuth  salicylate,  therapeutics  of,  800 
Bismuth  salt  of  nosophen,  materia  medica 

of,  555 
Bismuth  subcarbonas,  materia  medica  of, 

642 
Bismuth  subcarbonate,   administration   of, 

649 
Bismuth  subnitrate,  administration  of,   649 
Bismuth    tribromphenas,    materia    medica 

of,   643 
Bismuth  tribromphenate,   therapeutics   of, 

648 
Bismuth    tribromphenol,    materia    medica 

of,  643 
Bites,   insect,    1372 
--ammonia  in,  1372 

Bitter  almond,  materia  medica  of,   1004 
Bitter  almond  oil,  materia  medica  of,  1004 
Bitter  apple,  materia  medica  of,   1163 
Bitter  ash,   materia   medica  of,    1111 
Bitter  bai'k,  materia  medica  of,   1112 
Bitter  cucumber,  materia  medica  of,   1163 
Bitterless     syrup     of     quinidine,     materia 

medica  of,  1300 
Bitter   metallic   pills,    materia   medica    of, 

1223 
Bitter  orange  peel,  materia  medica  of,  812 
Bitter  root,  materia  medica  of,  1109 
Bitters,  aromatic,  1122 
—therapeutics  of,  1122 
-astringent,   1117,   1122 
-dosage  of,  359 
-patent  medicines  and,  1120 
-simple,   1105-1117 
--administration  of,  1120 
— systemic,  1120 
—  -topical,   1119 
—therapeutics  of,  1119,  1565 
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Bitter    stomachic    drops,    materia    medica 

of,    1110 
Bitter    substances,    pharmacodynamic    ac- 
tion of.  1118 
-summary  of  actions  and  uses  of,  1105 
-therapeutics  of,   1119-1123 
Bittersweet,  materia  medica  of,  1391 
Bitter  tincture,  materia  modica  of,  1110 
Bitter  tincture  of  zedoary,  materia  medica 

of,   1117 
Bitter  wood,  materia  medica  of,   1111 
Bitunion  sulplionatuiu,  materia  medica  of, 

570 
BiriwJY.  definition  of,   130 
Biaclvljerries,  materia  medica  of,   1212 
Blaclvbej'ry  barli,  materia  medica  of,  1070 
Blaciv  cateclui,  materia  medica  of,  1069 
Blaclv  coliosli,  materia  medica  of,   1108 
Blaclv  drinmlit,  materia  medica  of,  1162 
Blaclv  di-op,  materia  medica  of,  1660 
Black  haw.  materia  medica  of,  15  46 
Black  nrercurial  lotion,  materia  medica  of, 

664 
Black  mustard,  materia  medica  of,  1031 
Black  pepper,  materia  medica  of,   1020 
Black  root,  materia  medica  of,   1167 
Black  sassafras,  materia  medica  of,  82  4 
Black  snakeroot,  materia  medica  of,    1108 
Black  wash,  materia  medica  of,   664 
Blackwateb    fever,     methylene     blue     in, 

878 
-morphine  in,   1690 
Bladder,  affections  of,  838 
--sandalwood  oil  in,  838 
--triticum  in,  995 
-drugs  acting  on,   1499 
-inflammation  of,   1516 
--arbutin  in,  1516 
-irritability  of,  424 
--sulphur  in,  424 
--thuja  in,  854 
-irritation  of,  1122 
--camomile  in,  1122 
-leucoplakia  of,   687 
--mercury  in,  687 
-paralysis  of,  688 
--mercury  in,  688 
-topical  applications  and,  322 
-tuberculous  ulceration  of,  687 
--mercury  in,  687 

BladderwTack,  materia  medica  of,  546 
-therapeutics  of,   1173 

Blancard's  pills,   materia   medica   of,    1223 
Blastomycosis,  agents  used  in,  414 
-arsphenamine  in,  633 
-iodides  in,   1428 
Bland  pill,   composition   of,   381 
-materia  medica  of,  1223 
Bleached     heeswax,    materia     medica     of, 

1001 
Bleaching  fluid,  materia  medica  of,  531 
Bleaching  powder,  materia  medica  of,   532 
Bleedixg.  chloroform  in,  1593 
-gelatin  in,   1248 
-postoperative,    1689 
—morphine  in,   1689 
-tannin  in,  1073 
Blepharitis,  ichthyol  in,  579 
-iodine  in,  549 
-mercury  in,   685 


BLEPiiAROsPASxr,  coniine  in,  1805 
Blessed  thistle,  materia  medica  of,  1107 
Blistering  cerate,  materia  medica  of,   1034 
Blistering;-    collodion,    materia    medica    of, 

1034 
Blislerius      liquid,      materia      medica      of, 

1035 
Blisters,  fly,  1037 
--application  of,   1037,   1038 
Blood,  affections  of,  613 
--arsenic  in,  613 
--oxygen  in,   1396 
-alteration  of,  2  66 
--anaphylactic  reaction  and,   266 
-circulation  of,   1258 
-clotting  of,   1215,   1242,  1243 
--anticoagulants  and,   1249 
--hirudin   in,    12  51 
'-peptone  and,  1249 
--sodium  citrate  and,  1249 
-composition  of,  1216 
-depressants  of,  12  40 
-drugs  acting  on,  1214-1216 
-hematinics  and,   1216 
-hemoglobin  of,    1215 
--drugs  and,   1215 
-loss  of,  1340 
--saline  infusion  in,   1340 
-mercury  and,   678 
-red  corpuscles  of,  1215 
--drugs  and,  1215 
-stimulants  of,   1206 
—drugs  as,  1216 
-white  cells  of,  1215 
--drugs  and,  1215 
Blood  coagiilins,   1244 
-chemistry  of,  1244 
Blood-making  organs,  1241 
--depressants  of,  1241 
-drugs  acting  on,  1214-1216 
Blood  plasma,  alterations  of,  137 
-anaphylaxis  and,  265 
Blood  platelet  extract,  materia  medica  of, 

1244 
Blood  pressure.  1320 
-aconite  in,   1320 
-benzyl  benzoate  in,    1809 
-epinephrine  in,  372 
--dosage,   372 
-iodides  in,  1425 
-magnesium  sulphate  in,  1724 
-mannitol  hexanitrate  in,  1333 
-nitroglycerin  in,    371 
--dosage,   371 
-papaverine  in,  1698 
-pilocarpine  in,  1794 
-potassium    nitrite   in,    1331 
-sodium  bromide  in,   1716 
-thyroid  preparations  in,  1458 
-veratrum  in,   1325 
Bloodroot.  materia  medica  of,   1377 
Blood  transfusion,  anemia  and,  137 
--pernicious,   1239 
-arsphenamine  in,  634 
-hirudin  in.   1251 
-sodium  citrate  and,  1249,  1254 
Blood  vessels,  functions  of.   1259.   1260 
lilue  cohosh,  materia  medica  of.  1543 
Blue  flas.  materia  medica  of,  1165 
Blue  g:ura  leaves,  materia  medica  of,  826 
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Blue  mass,  materia  medica  of,   659 

-therapeutics  of,  1184 

Blue  ointment,  materia  medica  of,   662 

Blue  pill,  materia  medica  of,  659 

Blue  stone,  materia  medica  of,   650 

Blue  Yitriol,  materia  medica  of,   650 

Boils,  ergot  ointment  in,   1772 

-phenol  in,   7  54 

-silver  nitrate  in,   721 

-sodium  citrate  in,  1253 

Boldine,  therapeutics  of,  1190 

Boldo,  chemistry  of,  1189 

-therapeutics  of,  1189 

Boldo  leaves,  materia  medica  of,  1189 

Boldus,  materia  medica  of,  1189 

Bolus  alba,  materia  medica  of,  982 

Bone-black,  materia  medica  of,  981 

BoA'ES.  affections  of,    497 

--hydrogen  dioxide  in,  497 

--sulphur  in,  421 

-tuberculosis  of,   559 

--iodoform  in,    559 

Boneset,  materia  medica  of,  1109 

Boneset-tea,   therapeutics  of,   1121 

Boracic  acid,   materia  medica  of,   581 

Boral,  materia  medica  of,  1041 

Borax,  epilepsy  and,  585 

-materia  medica  of,  581 

-parasitic  skin  lesions  and,   440 

-ringworm  and,   440 

Borcherdt's    malt    sugar,    materia    medica 

of,  1090 
Boric  acid,  administration  of,  586 
-materia  medica  of,  581 
-parasitic  skin  lesions,   440 
-systemic  use  of,  585 
-therapeutics  of,   584,   585,   986 
-threadworms  and,   443 
Boron    compounds,    antipathogenic    action 

of,  583 
-chemistry  of,  581 
-pharmacodynamic  action  of,  583 
-summary  of  actions  and  uses  of,  581 
-therapeutics  of,    584-586 
-toxicity  of,  583,  584 
Borosalicylated    powder    of    talc,    materia 

medica  of,  583 
Bouillon       filtrate       tuberculin,       materia 

medica  of,   943 
BOT'LIMIA    sodium  fluoride  in,   5  07 
Boulton   solution,    materia   medica   of,    545 
Bowel,  atony  of,   156  6 
--nux  vomica  in,   1566 
-drug  tolerance  and,  253 
-postoperative   distention  of,   1566 
— strychnine  in,  1566 
Brain,  injuries  of,  1724 
--magnesium  sulphate  in,  1724 
Brain  lipoid,  materia  medica  of,   1246 
Brandol,  materia  medica  of,  1027 
Brandy,  materia  medica  of,  163  5 
-therapeutics  of,  1650-1652 
Brayera.  administration  of,  473 
-antipathogenic  action  of,  472 
-chemistry  of,  472 
-materia  medica  of,  472 
-pharmacodynamic  action  of,  473 
-summary  of  actions  and  uses  of,  472 
-therapeutics  of,  473 
Brest  tea,  materia  medica  of,  988 


Brigiit'.s  disease,  hematuria  in,  1341 

--saline  infusion  in,   1341 

-nitroglycerin  in,  1332 

Bromated    camphor,    materia    medica    of, 

828 
Bromauric  acid,  materia  medica  of,  654 
Bromdietliylacetylui'ea,  materia  medica  of, 

1632 
Brometone,  materia  medica  of,  561,  1713 
-therapeutics  of,  562,  1718 
Bromides,    absorption   and    elimination    of, 

1714 
-administration  of,  1718 
-chemistry  of,  1711 
-classification  of,  1711 
-nerve  system  and,  1716 
-pharmacodynamic  action  of,  1519,   1714 
-summary  of  actions  and  uses  of,   1711 
-systemic  action  of,  1715 
-therapeutics  of,   1716 
-toxicity  of,  1714 

BuoMiDitosis.  chloral  solution  in,  102  9 
-chromic  acid  in,   1087 
-glucose  solution  in,  1522 
-picric  acid  in,  870 
-sulphur  in,  422 
-tannin  in,   1073 
Brominated  camphor,   materia  medica   of, 

828 
Bromine,  antipathogenic  action  of,   501 
-chemistry  of,  560 
-pharmacodynamic  action  of,  561 
-source  of,   279 
-therapeutics  of,   562 
Bromine  compounds,  1631 
-antispasmodics  and,  1710 
-therapeutics  of,   1632 
Brominizcd  sesame  oil,  materia  medica  of, 

1713 
Brominol,   materia  medica   of,    561 
Bromipin,  materia  medica  of,   561,  1713 
-therapeutics  of,   562,  1719 
Bromism,  chronic,  1715 
--symptoms  of,  1715 

Bromoform,   therapeutics  of,    562,   1719 
Bromofonnum,  materia  medica  of,  1713 
Bromsulplialein,    materia   medica   of,    1206 
Bromum.  inateria  medica  of,  561 
Bromural,  chemistry  of,  1631 
-materia  medica  of,   1632,  1713 
-pharmacodynamic  action  of,   1631 
-therapeutics  of,  1631,  1719 
Bronchi,  affections  of,  862 
--balsam  of  Peru  in,   862 
-topical  application  and,  321 
Bronchiectasis,  copaiba  in,  851 
-creosote  in,    774,   775 
-physostigmine  in,  1786 
Bronchitis,  acute,   1803 
—cough  in,   1803 
— gelsemium  in,   1803 
--creosote  in,  775 
--lobelia  in,   1800 
-ammoniac  in,  861 
-arsenic  in,   614 
-belladonna  in,   1844 
-camphor  in,  831 
-capillary,  1138 
--ipecac  in,  1138 
--oxygen  in,   1396 
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Bronchitis,  capsicum  in,   1019 
-chest  pains  in,   1372 
--ammonia  in,   1372 
-chlorine   sas   in,    538 
-chronic,   526 
--alkalis  in,  526 
--asafetida  in,   850,   1709 
--balsam  of  tolu  in,   862 
--chloroform  in,  1593 
--cod-liver  oil  in,   1094 
--creosote  in,  774 
--euphorbia  in,  1391 
--j;rindella   in.    1384 
--iodides  in,   1425 
--ipecac  in,   1138 
--iron  in,  1232 
--nux  vomica  in,   1567 
--peronine  in,   1698 
--pneumonia  and,   1395 
— oxygen  in,    1395 
--sandalwood   oil.    838 
--senega  in.   1383 
--sulphur  in.  423 
--turpentine  in,   857 
-creosote  in,   773 
-erigeron  in.   841 
-fluoroform  in,  567 
-ichthyol  in,   579 
-iodine  in,   550 
-iodoform  in.  559 
-lobelia  in,   1800 
-narcophine  in,   1698 
-oil  of  amber  in.   861 
-physostigmine  in.    1786 
-piperazine  in,  1440 
-potassium  chlorate  in,   542 
-potassium  citrate  in,  1253 
-serpentaria  in,   1121 
-sodium  thiosulphate  in.   580 
-spasmodic  cough  in,   1547 
--plscidia  in,  1547 
-squill  in,   1295 
-streptobacterine  in,    938 
-subacute,    775 
--apomorphine  in,  1130 
--creosote  in,  775 
--senega  in,  1383 
-suffocative,   1061 
—zinc  sulphate  in,  1061 
-symptomatic  treatment  in,   139 
-terebene  in,  859 
-terpin  hydrate  in,    858,   859 
-turpentine  in,   857 

Broiichodilators,   action   of,    1390-1392 
-classification   of,    1390 
Broxciiomommasis,  iodides  in,   1426 
BROXCHOPXETAfO.xiA.  chronic,   1037 
--cantharidps  in,   1037 
-iodoform  in,   5  59 
-mercurochrome  in,  696 
-oxygen  in,  1395 
-phenol  in,   756 
-quinine  in,   900 
-serpentaria  in,   1121 
BROxciioKHirEA.  asafetida  in,   850,   1709 
-creosote  in,  774,  775 
-ergot  in,  1773 
-phenol  in,  756 

Bronchoscope,   local   applications   through, 
322 


Broom  tops,  materia  medica  of,  1572 

Brown  mixture,  materia  medica  of,  992 

Bi*o\vu  inii.slard,  materia  medica  of,   1031 

Brown  ointment,  materia  medica  of,  1011 

Brucina,  materia  medica  of,   1555 

Brucine,  antidote  for,   1860 

Bruises,  alcohol  in,  1649 

-calendula  in,    1119 

-magnesium    suli)hate   in,    1724 

-witchhazel  in,  1075 

Bryonia,  materia  medica  of,   1163 

Bryony,  materia  medica  of,   1163 

Brno,  chancroidal,  781 

--guaiacol  in,  781 

-ichthyol  in,   579 

--iodoform  in,    558 

-phenol  in,   755 

Buchu,  materia  medica  of,    838 

-therapeutics  of,  839 

Buchu  folia,  materia  medica  of,  838 

Buchu  leaves,  materia  medic?  of,  838 

Buckbean,  materia  medica  of,  1118 

Buckthorn  bark,  materia  medica  of,  1158 

-therapeutics  of,  1177 

Buckthorn     berries,     materia     medica     of, 

1158 
Bulb,  definition  of,  28  7 
Bulbar  centers,  drugs  acting  on,  15  50 
Burdock  root,  materia  medica  of,   1110 
Burns,  anesthesin  ointment  in,   178 
-lead  in,  1053 
-linseed  oil  in,   1010 
-orthoform  ointment  in,  1758 
-paraffin  in,  1007 
-Phytolacca  in,    1140 
-picric  acid  in,  870 
-resorcin    in,    760 
-yeast  in,   1204 

Burnt  alum,  materia  medica  of,  1041 
Burnt  susar  coloring,   materia   medica   of, 

1213 
Burow  solution,  materia  medica  of,  1041 
Butamin.  materia  medica  of,    1739 
Butciie  Riimmi.  materia  medica  of,   1067 
Butcfe  scmina,  materia  medica  of,   1067 
Butea  seeds,   materia  medica  of.   1067 
Butesin.   materia  medica  of.   1738 
Butesini  plcras.  materia  medica  of,  17  38 
Butternut  bark,  materia  medica  of,  1166 
-therapeutics  of,   1181 
Butter  of  zinc,  materia  medica  of,  1055 
Butyl   chloral  hydras,    materia   medica   of, 

1624 
Butylethylbarbituric  acid,   materia  medica 

of,  1616 
Butyn,  chemistry  of,   1754 
-local  anesthesia  and.   1760 
-materia  medica  of.  1738 
-pharmacodynamic  action  of,  1754 
Buxine,  materia  medica  of,  1106 
-therapeutics  of,  1120 


Cacao  butter,  materia  medica  of,  1005 
Cacao    prirparatum,    materia     medica    of, 

1005 
rAciiEXiA.  iron  in,   1232 
-strychnine  in,  1567 
-syphilitic,    542 
--chlorates  in,   542 
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Cachexia,  treatment  of,  34 

Cacodylates,  administration  of,  620 

-chemistry  of,   619 

-pharmacodynamic  action  of,   619 

-summary  of  actions  and  uses  of,  619 

-systemic  action  of,  620 

-therapeutics  of,  620 

-toxicity  of,   620 

Cacodylic  acid,  chemistry  of,   619 

Cactus,  administration  of,  1305 

-chemistry  of,  1304 

-therapeutics  of,   1304 

Cactus    grandiflorus,     materia    medica    of, 

1304 
Cade  oil,  materia  medica  of,  8  46 
-therapeutics  of,   853 

Cade  petroxolin,  materia  medica  of,  846 
Cadmium,  source  of,  281 
Caffeina,   materia   medica  of,    1504 
Caffeina  citrata,   materia   medica   of,    1504 
Caffeina      citrate      effervescens,      materia 

medica  of,  1505 
Caffeinse  citras,  materia  medica  of,  1504 
Caffeinse      citras      effervescens,       materia 

medica  of,  1505 
Caffeinse  sodio-benzoas,  materia  medica  of, 

1505 
Caffeinse    sodio-salicylas,    materia    medica 

of,    1505 
Caffeine,    absorption    and    elimination    of, 

1508 
-addiction  and,   264 
-administration  of,  1514 
-chemistry  of,   1502,   1503 
-chronic  intoxication  and,   1507 
-pharmacodynamic  action  of,  1507 
-sources  of,   1502,  1503 
-summary  of  actions  and  uses  of,  1504 
-systemic  action  of,  1508-1513 
-therapeutics  of,  1513 
-toxicity  of,    1507 
Cajuput,  therapeutics  of,   840 
Cajuput  oil,  inateria  medica  of,   839 
Calabar  bean,  materia  medica  of,   1780 
Calamina   praeparata,    materia    medica    of, 

1055 
Calamine,  materia  medica  of,  105  5 
-therapeutics  of,   9  86 

Calamine  lotion,  materia  medica  of,  1055 
Calamine    ointment,    materia    medica    of, 

1005 
Calamus,  materia  medica  of,   861,   1113 
-therapeutics  of,   862 
Calbroben,  materia  medica  of,   1713 
-therapeutics  of,  1719 
Calcii     bromidum,      materi  .     medica      of, 

1712 
Calcii  cacodylas,  inateria  medica  of,   619 
Calcii      carbonas      prsecipitatus,      materia 

medica  of,  513 
Calcii  caseinas,  materia  medica  of,  13  53 
Calcii  chloridum,  materia  medica  of,   1353 
Calcii  creosoti,  materia  medica  of,  771 
Calcii  slycerophosphas,  materia  medica  of, 

1405 
Calcii  hydras,  materia  medica  of,   513 
Calcii   hypophosphis,    materia    medica    of, 

1406 
Calcii  iodas,  materia  medica  of,  1418 
Calcii  iodidum,  materia  medica  of,  1415 


Calcii    iodobehenas,    materia    medica    of, 

1417 
Calcii  lactas,  materia  medica  of,   1353 
Calcii   lactopliosphus,    materia   medica   of, 

1354 
Calcii  peroxidum,  materia  medica  of,  490 
Calcii      phosphas      prsecipitatus,      materia 

medica  of,   1405 
Calcii  santoninas,  materia  medica  of,  450 
Calcii  sulphidum  crudum,  materia  medica 

of,  569 
Calcined    magnesia,    materia    medica    of, 

1151 
Calcinol,  materia  medica  of,  1418 
Calcivim,    absorption    and    elimination    of, 

1354 
-administration  of,  1360 
—methods  of,  1360,  1364 
-chronic  pulmonary  tuberculosis  and,   77  5, 

776 
-deficiency  of,  1361 
--tuberculosis  and,   1361 
-pharmacodynamic  action  of,   1354 
-preparations  of,   1359,   1362,   1364,   1365 
-source  of,    280,    1352 
-summary  of  actions  and  uses  of,  1353 
-systemic  action  of,  1355-1357 
-therapeutics  of,   1357-1364 
--contraindications,    1364 
--parathyroids  and,  1483 
-toxicity  of,  1354 

Calcium  bromide,   administration   of,    13  64 
-epilepsy  and,  1717 
-therapeutics  of,    13  62,    1363 
Calcium  chloride,   administration  of,    13  64 
—method   of,   1362 
-tetany  and,  1094 
-therapeutics  of,  1339,  1341 
Calcium  chloride  urea,  materia  medica  of, 

1353 
Calcium  creosotate,  materia  medica  of,  771 
-therajpeutics  of,   1362 
Calcium  dioxide,  therapeiitics  of,   500 
Calcium  ethylisopropylbai'biturate,  materia 

medica  of,  1617 
Calcium        glycerinophosphate,        materia 

medica  of,  1405 
Calcium    hydroxide,     materia     medica     of, 

513 
Calcium      hypophosphite,      administration 

of,   1364 
Calcium  lodatum,  materia  medica  of,  1415 
Calcium    lactate,    administration    of,    1364 
-therapeutics  of,   13  63 
Calcium  lactophosphate,  administration  of, 

1364 
Calcium         nionoiodobehenate,         materia 

medica  of,   1417 
Calcium  oxide,  materia  medica  of,   513 
Calcium-parathyroid,  therapeutics  of,  1361 
Calcium  iieroxide,  materia  medica  of,   490 
Calcium    phosphate,    materia    medica    of, 

1405 
Calcium   santonlnate,   materia   medica   of, 

450 
-therapeutics  of,  453 

Calcium  sulphate,  therapeutic  use  of,  1358 
Calcium  sulphide,  depilatory  action  of,  578 
-therapeutics   of,    578 
Calcreose,  materia  medica  of,  771 
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Calci'LUS,  alkalis  in,   524,   525 

-hyoscyamus  in,   1846 

-impacted,  1698 

--papaverine  in,   1698 

-renal.   1341 

--hematuria  in,   1341 

— saline  infusion  in,  1341 

-uratic,    1440 

--piperazine,   14  40 

Calendula,  materia  medica  of,   1106 

-therapeutics  of,    1119 

California  gum  plant,   materia  medica  of, 

1383 
Caliobon.  materia  medica  of,  1417 
Calisaya  bark,  materia  medica  of,  881 
Calomel,  administrntion   of,    1184,    1185 
-biliousness  and,   689 
-cathartic  action  of,   1150,   1184 
-dusting'  powder  and.  703 
-hookworms  and,  445 
-materia  medica  of,  660 
-syphilis  and,    709 
-therapeutics  of,  688-692 
-threadworms  and,   444 
Calomel  and  jalap  powder,  materia  medica 

of.   663 
Calomel  ointment,  materia  medica  of,  660, 

663.  703 
Calomelol.  materia  medica  of,  665 
Calomel    tablets,    materia    medica    of,    660 
Caluniba,  materia  medica  of,  1106 
-therapeutics  of,   1120 
Calumbo,  inateria  medica  of,  1106 
Calx,  materia  medica  of,   513 
Calx  chlorinata,  materia  medica  of,   532 
Calx  sulphurata,  materia  medica  of,   569 
Cambogia,  chemistry  of,  1148 
-inateria  medica  of,  1163 
-therapeutics  of,  1178 
Camiofen    ointment,    materia    medica    of, 

545 
Camomile,  therapeutics  of,   1122 
Camphor,  antipathogenic  action  of,  828 
-chemistry  of,  827 
-pharmacodynamic  action  of,   829 
-systemic  action  of.   829-831 
-therapeutics  of.  439.  831 
-topical  action  of,   829 
-toxicity  of,   829 
Camphor     liniment,     materia     medica     of, 

828 
Camphor  water,  materia  medica  of,  828 
Camphora,  materia  medica  of,  827 
Camphora  monobromata,   materia   medica 

of,  828 
Camphorated      bro^vn      plaster,      materia 

medica  of,   1011 
Camphorated  chloral,   materia  medica   of, 

1624 
Camphorated   chloroform   petroxolin,   ma- 
teria medica  of.  1588 
Camphorated  menthol,  materia  medica  of, 

833 
Camphorated     mother     plasters,     materia 

medica  of,  1011 
Camphorated  oil.   materia  medica   of.    82  8 
Camphorated    ointment,    materia    medica 

of,   828 
Camphoratefl    phenol    petroxolin,    materia 

medica  of,  747 


Camphorated      soap      liniment,       materia 

medica  of,  51  3 
Camphorated   tincture  of   opium,    materia 

medica  of,  1659 
Camphoric  acid,  administration  of,  1531 
-chemistry  of,  1530 
-materia  medica  of,   1530 
-pharmacodynamic  action  of,   1531 
-therapeutics  of.   1531 
Camphors,  classification  of,   297 
-source   of,    287 

Canada  balsam,  materia  medica  of,  849 
Canada  liniment,  materia  medica  of,    1660 
Canada  snakeroot,  materia  medica  of,  821 
Canada  turpenthie,  materia  medica  of,  849 
Canadian  hemp,   materia   medica   of,    1272 
Canadine,  chemistry  of,    1306 
Canai>,  auditory,   1469 
--epinephrine  in,   1469 
Cancer,  alcohol  in,  1652 
-cannabis  indica  in,  1687 
-external,   1059 
--zinc  chloride  in,   1059 
-gastric,  17  59 
--anesthesin  in,   1759 
--morphine  in,  1689 
-inoperable,  1696 
--codeine  in,    1696 
--conium  in,  1805 
--hydrastis  in,  1312 
--lead  in.   1054 
--morphine  in,   1694 
--pituitary  extract  in,  1480 
--thyroid  gland  in,   1457 
-intestinal,  1689 
--morphine  in,    1689 
-mesothorium  in,  1083 
-opium  in,    1687 
-orthoform  in,   1758 
-potassium  bichromate  in,  1088 
-radium  in.   1079 
-selenium  in,  724 

Candle  berry,  materia  medica  of,    1116 
Canella,  materia  medica  of,  1113 
Cane  sugar,  materia  medica  of,  1089 
Canker  nut,  materia  medica  of,   1108 
Canker  sores,  aluminum  in.  1043 
-berberis  in,  1119 
-coptis  in.   1119 
-tannin  in,  1073 

Cannabis,  administration  of,   1705 
-antidote  for,  1859 
-assay  of,  307 
—biologic,  307 
—  -method,   307 
-chemistry  of,   1702 
-materia  medica  of,   1702 
-nerve  system  and,  1704 
-pharmacodynamic  action  of,   1703 
-poisoning  by,  1703 
--symptoms  of,   1703 
--treatment  of,  1703 

-summary  of  actions  and  uses  of,  1702 
-systemic  action  of.   1704 
-therapeutics  of,   1704 
-toxicity  of,  1703 

Cannabis  indica,  materia  medica  of,  1702 
Cantharidatum,  materia  medica  of.  1034 
Cantharides,  administration  of.    1038 
--oral,  1038 
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Cantharides,  chemistry  of,  1033 
-pharmacodynamic   action    of,    1035 
-summary  of  actions  and  uses  of,  1034 
-therapeutics  of,    1037-1039 
Cantharides  blisters,  application  of,   1038 
Cantharides    cerate,     materia    medica    of, 

1034 
Cantharides    plaster,    inateria    medica    of, 

1034 
Cantharidini  ointment,  materia  medica  of, 

1035 
Cantharidin    plaster,    materia    medica    of, 

1035 
Cantharidinum,  materia  medica  of,  1034 
Cantharidis   tinctura  P.I.,    materia   medica 

of,   1034 
Cantharis,  materia  medica  of,  1034 
Caprokol,  materia  medica  of,  757 
Capsella,      pharmacodynamic      action      of, 

1770 
Capsicum,  administration   of,   1019 
-oral,   1019 
-chemistry  of,   1017 
-materia  medica  of,  1017 
-pharmacodynamic  action  of,  1018 
-summary  of  actions  and  uses  of,  1017 
-therapeutics  of,  1019 
Capsicum    ointment,    materia    medica    of, 

1018 
Capsicum     plaster,     materia     medica     of, 

1018 
Caramel,  materia  medica  of,  1213 
Caraway  oil,  materia  medica  of,  814 
Caraway  seed,  materia  medica  of,  814 
Caraway  water,  materia  medica  of,  814 
Carbamates,  1621 

Carbamide,  materia  medica  of,   15  21 
Carbazotic  acid,  materia  medica  of,  8  69 
Carbo  animalis,  materia  medica  of,   981 
Carbo  animalis  purificatus,  materia  medica 

of,    982 
Carbohydrates,   classification   of,    284 
-source  of,  284 

Carbolic  acid,  antidote  for,  1858 
Carbolic  acid  ointment,  materia  medica  of, 

747 
Carbolic   acid   water,    materia    medica    of, 

747 
Carbo  ligni,  materia  medica  of,   982 
Carbolized  oU,  materia  medica  of,  748 
Carbolized     solution     of     iodine,     materia 

medica  of,    545 
Carbon,  source  of,  280 
Carbonas  magnesicus,   materia  medica  of, 

1150 
Carbon  bisulphite,  materia  medica  of,   570 
Carbon  dioxide,  administration  of,  1401 
-anesthesia  and,  1400 
-antisepsis  and,  1400 
-chemistry  of,   1399 
-pharmacodynamic  action  of,   1399 
-summary  of  actions  and  uses  of,   1399 
-therapeutics  of,   1400 
Carbon  dioxide  "snow."  1400 
-therapeutic  use  of,   1400 
Carbon  dioxidum.  materia  medica  of,  1399 
Carbon  disulphido,   pharmacodynamic   ac- 
tion of,  574,  575 
-systemic  action  of,  575 
-therapeutics  of.  579 


Carbon  disidphide,  topical  action  of,  575 

-toxicity   of,    575 

Carbon    disulphidum,    materia    medica    of, 

570 
Carbonei   tetrachloridimi,    materia   medica 

of,  457 
Carbonic  acid,  antidote  for,   1858 
-materia  medica  of,  1399 
-therapeutics  of,    1400 

Carbonic  acid  yas,  materia  medica  of,  1399 
Carbonic    anhydride,    materia    medica    of, 

1399 
Carbon    tetrachloride,    administration    of, 

459 
-chemistry  of,  457 
-hookworms  and,  445,  478 
-pharmacodynamic  action,   457 
-summary  of  actions  and  uses,  457 
-therapeutics  of,   459 
Carbromal,  therapeutics  of,  1632,  1718 
Carbromalum,  materia  medica  of,   1632 
-pharmacodynamic  action  of,   1632 
Carbuncle,   belladonna   in,    1839 
-phenol  in,   755 
-sulphur  in,  424 
Carcinoma,  alimentary,  612 
--arsenic  in,  612 
-arsenic  in,    611 
-gastric,  1805 
--conium  in,  1805 
-incidence  of,  124 
--middle  life  and,  124 
-methylene  blue  in,   878 
-radium  in,  1079 

Cardamom,  materia  medica  of,  822 
Cardamomi  semen,  materia  medica  of,  822 
Cardamoml    semina,    materia    medica    of, 

822 
Cardamon,  therapeutics  of,   824 
Cardastiienia,  calcium  in,   1363 
Cardiazol,  administration  of,  1298 
-chemistry  of,    1297 
-materia  medica  of,  1297 
-therapeutics  of,   1298 
Cardiomyopathies,  Niemeyer  pill  in,  900 
Cardiopathies,  cocaine  in,  17  57 
-morphine  in,  1690 
-opium  in,   1690 

Cardiospasm,  benzyl  benzoate  in,  1808 
Cardiovascular  stimulants,  1261 
Cardiovascular  system,  adjuvants  in,  1334 
-depressants  of,  1313 
--stimulating,  1300 
--vasodilators,   1326 
—central,  1333 
—local,   1326 
-drugs  acting  on,   1257 
—classification  of,  1260,  1261 
-stimulants  of,   1297 
—synthetic,   1297 

Carduus  benedictiis,  therapeutics  of,    1120 
Cargentos,  materia  medica  of,   714 
Carminative  mixture,    materia   medica   of, 

1661 
Carminative  oils,  804,   821 
Carminatives,  classification  of,  1123 
-therapeutics  of,   1123 
Carminum,  materia  medica  of,  1213 
Carolina  pink,  materia  medica  of,  454 
Carony  bark,  materia  medica  of,  1114 
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Carraficcn,  materia  medica  of,   989 
Carrel-Dakiu  solution,   materia  medica  of, 

531 
Carrcl-Dakin  treatment,   536 

-wounds  and,  536 

Cakhion  nisKASK,  arsenic  in,   611 

Carron  oil,  materia  medica  of,   514 

Caruni.  materia  medica  of,  814 

Caryophyllus.  materia  medica  of,  814 

Cascara.  therapeutics  of,    1177 

Caseara  aniai-^a,  materia  medica  of,  1157 

Caseam  safirada,   materia  medica  of,    1157 

Casoarilla,  materia  medica  of,  1117 

Casec,  materia  medica  of,  1353 

Caseinas.  materia  medica  of,  1095 

Casein-iodine,  materia  medica  of,   1417 

-wounds  and,    1425 

Cassia  alba,  materia  medica  of,  1113 

Cassiie  piilpa,   materia  medica  of,   1158 

Cassia  fis<nla.  materia  medica  of,   1158 

-therapeutics  of.   1177 

Casianea.  materia  medica  of,  1064 

Castorcjim.   1537 

Castor  oil,  administration  of,   1182 

--systemic,    1183 

--topical,   1182 

-food  poisoning-  and,  1171 

-materia  medica  of,  1169 

-pharmacodynamic  action  of,  1149 

-therapeutics  of.  1182 

-threadworms  and,    444 

Castor    oil    emulsion,    materia    medica    of, 
1169 

Castor    oil    mixture,    materia    medica    of, 
1169 

CATABOLisJr.  definition  of,   1402 

Catalysis,  183 

Catamexia.  prolonged,  1774 

--ergot  in,   1774 

Cataphoresis,  effects  of,   330 

—local.    330 

--systemic,   330 

Cataplasnia    kaolinf,    materia    medica    of, 
983 

Cataract,  atropine   in,    1839 

-dionine  in,  1697 

Cataria,  materia  medica  of,  821 

Catarrh,  gastric.   1191 

--astringents  in,  1191 

--chronic,    1120 

—bitters  in,   1120 

— calomel  in,   689 

--lavage  in,   1338 

— sodium  chloride,  1338 

-nasal,   1378 

—chronic,   1378 

— sanguinaria  in,   1378 

--vanadium  in,  730 

Catechu,  materia  medica  of,   1069 

Catechu  lozense,  materia  medica  of,    1069 

Catechu  nigrum,  materia  medica  of.  1069 

Cathartic  acid,  materia  medica  of,  1162 

-therapeutics  of,   1178 

Cathartics,  active.  1170 

-cla.ssification  of,  1142,  1143 

-colloidal,   1144 

--action  of,   1144 

-inorganic,    1150 

--pharmacodynamic    action    of,    1150 

-mechanical,    1144 


Cathartics,  mechanical,  action  of,   1144 

-oils  as,    1149 

--pharmacodynamic  action  of,  1149 

-pharmacodynamic  action  of,  1172 

-quinone  group  of,   1146 

--chemistry    of,    1147 

-resinous,    1148 

--chemistry  of,  1148 

--classification   of,    1148 

--I)harmacodynamic  action  of,  1148 

--toxicity   of,    1148,   1149 

-saline,  1144 

--pharmacodynamic  action  of,  1145,  1146 

-types  of,  1145 

-therapeutics  of,   1169 

-general,   1169-1173 

--special,   1173-1185 

Cathartin,   materia  medica  of,    1162 

-therapeutics  of,   1178 

Catiiktkki/.atio.n.  ureteral,   17  56 

--cocaine  in,  1756 

Cations,  action  of,   187 

Catmint,  materia  medica  of,   821 

Catnip,  materia  medica  of,   821 

Caulophyllum,  materia  medica  of,  1543 

Causalgia,  alcohol  in,   1650 

Caustics,   1083-1088 

-classification  of,   1083 

-therapeutics  of,    1084.   1085 

Caustic  soda,  materia  medica  of,   512 

Cayenne  pepper,  materia  medica  of,   1017 

Cedrarine,    materia    medica    of,    1110 

Celandine,  materia  medica  of.    1699 

Celery  fmit,   materia  medica  of,    1543 

Celery  seed,  materia  medica  of,  1543 

Cell,  chemical  changes  in.   131 

--therapeutic  significance  of,   131 

—types  of,  131 

-connective-tissue,    135 

--structural  changes  in,  135 

— example   of,    135 

—  -types  of.    135 

-reaction  of,   222 

—biologic,   222 

— drug  infiuence  and,  222 

-red   blood,    137 

--changes  in,  137 

— example  of,   137 

-structural  changes  in,  131 

--therapeutic  significance  of,  131 

--types  of,   131 

-white  blood,   137 

--changes  in,   137 

---example  of.   137 

Cf.ll  fi-nctiox,  alteration  of,  138 

--examples   of,    138 

--therapeutics   in,    138 

-increase  in,    138 

.-example  of.  138 

Cell  regeneratiox,   53 

Cell  repair.  52 

Cell  tisste.  alteration  of,   265 

--anaphylaxis   and,    265 

Centaurea   henedicta,    materia   medica    of, 

1107 
Centaurium.  materia  medica  of,   1107 
Centaury,  materia  medica  of,   1107 
rEPiiAi.ALGTA,  piperazinc  in,   1440 
Cera  alba,  materia  medica  of,  1001 
Cera  flava,  materia  medica  of,  1002 
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Cerate  of  lead  subacetate,  materia  medica 
of,    1047 

Ceratum,  materia  medica  of,    1002 

Ceratum  adipis,  materia  medica  of,  1002 

Ceratum    camphorse,    materia    medica    of, 
828 

Ceratiun   cantharidis,    materia   medica    of, 
1034 

Ceratiiin  plunibi  subacetatis,  materia  med- 
ica  of,    1047 

Ceratiim  resiiise,  materia  medica  of,  1002 

Ceratum  resinse  comijositum,  materia  med- 
ica   of,    1012 

Cerebral    cortex,    drugs   acting    on,    1549, 
1550 

Cerevisiae    fermentum    compressum,     ma- 
teria medica  of,   1303 

Cerii  oxalas,  materia  medica  of,  983 

Cerium,  antipathogenic  action  of,  9  81 

-source  of,   281 

Cerium  oxalate,  therapeutics  of,   986 

Cervicitis,  mercury  in,  687 

Cesarean    section,    pituitary    extract    in, 
1480 

Cestodes,  agents  us-'d  in,  443 

Cetaceum,  materia  medica  of,   1002 

Cetraria,  materia  medica  of,  989,  1107 

-therapeutics   of,    995 

Cevadilla,  chemistry  of,  1321 

Ceylon  cinnamon,  materia  medica  of,  816 

Chalk,  prepared,  therapeutics  of,   984 

Chalk  mixture,  materia  medica  of,   9  82 

Chalybeate  pills,  materia  medica  of,   12  23 

Chalybeate  wine,  materia  medica  of,   1225 

Chamomile    flowers,    materia    medica    of, 
1113 

Chamomllla,  materia  medica  of,   1115 

Champagne,  therapeutics  of,  1650,  1651 

Chancre,  acriflavine  in,  873 

-arsphenamine    in,    699 

-iodoform  in,   557 

-mercury  in,    699 

-sulphur   in,    421 

Chancroid,  chloramine-T  in,  537 

-chronic  phagedenic,   696 

--mercurochrome  in,   69  6 

-copper  in,    653 

-iodoform   in,    558 

-mercury  in,  684 

-neoarsphenamine  in,   633 

-pyrogallol   in,    763 

-salicylic  acid  in,   797 

-thuja  in,   853 

-trichloracetic  acid  in,  1085 

Channing  solution,  materia  medica  of,   662 
Chapman's    mixture,    materia    medica    of, 
843 

Charcoal,  animal,  984 

-materia  medica  of,   982 

-wood,   984 
--therapeutics  of,   9  84 

Charta  potassii  nitratis,  materia  medica  of, 

1520 
Charta  sinapis,  materia  medica  of,  1031 
Chaulmestrol,  materia  medica  of,  913 
Cliavilmoogra  oil,  912 
-administration   of,    914 
--hypodermic,   915 
--intramuscular,  915 
—intravenous    915,  916 


Chaulmoogra   oil,   administration   of,    oral, 

915 
-antipathogenic  action  of,   914 
-chemistry  of,   912 
-history  of,  912 
-materia  medica  of,  913 
-pharmacodynamic  action  of,   914 
-preparations  of,  915,  916 
-summary  of  actions  and   uses  of,    913 
-therapeutics   of,    914-917 
-tuberculous  laryngitis  and,   140 
Cliaulmoogra    ointment,     materia    medica 

of,   913 
Checkerberry,  materia  medica  of,  1544 
Chelerythrine,      pharmacodynamic      action 

of,    1377 
Chclidonine,    pharmacodynamic   action   of, 

1700 
Chelidonium,  chemistry  of,  1699 
-materia  medica  of,   169  9 
-pharmacodynamic  action  of,   1700 
-therapeutics   of,    1700 
Chemical  antisepsis,  factors  in,  482 
Chemical   antiseptics,    480-918 
-inorganic,    488-586 
--acids  and  acidic  salts,    502-510 
-alkalis,    510-527 
--boron  compounds,   581-586 
—haloids,    527-567 
--heavy  metals,   586-731 
--oxidizing  agents,    488-502 
—sulphur    compounds,    567-580 
-organic,   731-918 
--aromatic  compounds.   741-801 
—essential   oils,    801-863 
--naphthols,   863-878 
-plant  drugs,    879-918 
--straight  chain  compounds,    732-741 
Chemical  compounds,  dissociation  of,   380, 

381 
Chemical  food,  materia  medica  of,  1406 
Chemicals,  inorganic,   279 
--classification  of,  279 
Chemodynamic  balance.   187 
Chemosis,  magnesium  sulphate  in,  1724 
Chemotherapy,  antiseptic,   486 
-definition  of,  13 
Chemotoxic  action,  187 
Chenopodium,  administration  of,   462 
-antipathogenic  action  of,   461 
-chemistry   of,    460 
-hookworms  and,   478 
-materia  medica  of,   461 
-pharmacodynamic   action    of,    461 
-summary  of  actions  and  uses,  461 
-therapeutics  of,  462 
Chcron  solution,  composition  of,  1346 
Chcrry-laui"el   leaves,    materia   medica    of, 

1385 
Cherry-laurel    water,    materia    medica    of, 

1386 
Chestnut  leaves,   materia  medica  of,    1064 
Chilblains,  chloral  solution  in,  1629 
-euresol  in,    761 
-iodine  in,    550 
-kerosene  in,   428 
Childhood,  dosage  in,  375 
--calculation  of,   375 
— rules  for,    375 
Chili  saltpeter,  materia  medica  of,  1519 
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Cliimaphila,  materia  medica  of,  1515 

-therapeutics  of,   1516 

China  cinnamon,  materia  medica  of,  814 

Cliinconal,  materia  medica  of,   1617 

-pharmacodynamic  action  of,   1619 

-therapeutics  of,    902,   1620 

Cliinidinc,  chemistry  of,  1300 

-materia  medica  of,    1300 

Chinolin,   materia  medica  of,   887 

Cliinosol,  chemistry  of,  897 

-materia   medica   of,    887 

-pharmacodynamic  action  of,  897 

-therapeutics  of,   910 

Cliionanthus,   materia  medica   of,    1380 

Chirata,  materia  medica  of,  1107 

Chiretta,   materia   medica  of,    1107 

Chittom  bark,  materia  medica  of,  1157 

Chloral,    absorption    and    elimination     of, 

1624 
-administration  of.  1630 
-antidote  for.    18  59 
-chemistry  of,    1623 
-pharmacodynamic  action  of,  1624 
-poisoning   by,    1625 

-summary  of  actions  and  uses  of,  1623 
-systemic  action    of,    162  6 
-therapeutics  of,    1624,    1629 
-toxicity   of,    1625 
Chloralaniid.  antidote  for,   1859 
Chloralaniidc,  materia  medica  of,   1624 
-therapeutics   of,    1630 
Cliloral   and   bromide   compound,    materia 

medica  of,   1713 
Chloral  camphoratum,  materia  medica  of, 

1624 
Cliloralfomiamidiim,  chemistry  of,  1627 
-materia  medica  of,  1624 
-pharmacodynamic  action  of,   1627 
-therapeutics  of,   1630 

Chloral  hydras,  materia  medica  of,  1624 
Chloral  ointment,   therapeutics   of,   1629 
Chloralose.  administration  of,   1631 
-materia  medica  of,   1624 
-pharmacodynamic  action   of,    1628,    1631 
-summary  of  actions  and  uses  of,  1628 
Chloralum  hydratum,   materia  medica   of, 

1624 
Chloramina,  materia  medica  of,  532 
Chloramine-T,  533 
-antiseptic  action  of,  533 
-materia  medica  of,  532 
-wounds  and,  536 

Chlorates,  antipathogenic  action  of,  539 
-pharmacodynamic     action      of,      539-541, 

1519 
-summary  of  actions  and  uses  of,  539 
-systemic  action  of,   541 
-systemic  use  of,    542 
-therapeutics  of.  541-543 
-topical  use  of.   541 
-toxicity  of,  540 

Chlorbutanol,  administration  of,  1631 
-materia   medica   of.    1624 
-pharmacodynamic  action  of,   1627 
-therapeutics  of.   1630 
Chlorcosano.  materia  medica  of,   531 
Chloretono,  chemistry  of.  1628 
-materia  medica  of,   1624 
-pharmacodynamic  action  of,  1627,  1628 
-therapeutics  of,   1630 


Clilorides,     pharmacodynamic     action     of, 

1518 
Chlorinated  lime,   materia   medica   of,    532 
Chlorinated    parallin,    materia    medica    of, 

531 
Chlorine,  antiseptic  action   of,    533 
-chemistry  of,    52  9,    530 
-pharmacodynamic      action      of,      533-535, 

1028 
-source  of,    279 

-summary  of  actions  and  uses  of,   530 
-systemic  action   of,    535 
-systemic  use  of,    538 
-therapeutics   of,    535-538 
-topical  action  of,   534 
-topical   use  of,    536 
-toxicity  of,    53  5 
Chlorine  compounds,  therapeutics  of,  1623, 

1629 
Chlorine  gas,  administration  of,   538 
-common  colds  and,  538 
-pharmacodynamic  action  of,   534 
-poisoning  by,   535 
-respiratory  affections  and,  537,   538 
Chlorine  water,  materia  medica  of,  530 
Chlorofonn.     absorption     and     elimination 

of,    1589 
-anesthesia  and,    1606 
--method    of    administration,    1609 
-antidote   for,    1859 
-antipathogenic   action    of,    1589 
-chemistry    of,    1588 
-hookworms  and,   479 
-materia  medica  of,  1588 
-pharmacodynamic  action  of,   1589 
-poisoning  by,   1590 
--atropine  in,   1843 
-roundworms  and,  479 
-summary  of  actions  and  uses  of,   1588 
-systemic  action  of,   1591 
-tapeworms  and,    479 
-therapeutics    of,    1124,    1593 
-topical  application  of,   1593 
--blistering  by.  159  3 
-toxicity  of,  1589 
Chloroform   anodyne,    materia    medica    of, 

1588 
Chlorofoi-m   liniment,    materia   medica    of, 

1588 
Chloroformum.  materia  medica  of.  1588 
Cliloroform    water,     materia     medica     of, 

1588 
CllLORO.sis,   arsenic   in,    613 
-calcium  in,  1359 
-carbon  dioxide  in,  1401 
-colocynth  in,   1179 
-iron  in.   256.   1231 
-oxygen  in.   1396 
-serpentaria  in,   1121 
Clilorpicrin,    pharmacodynamic    action    of, 

1029 
Cliloroxyl,  materia  medica  of.  1436 
Chocolate  syrup,   materia  medica   of,    1212 
Cholagoffues.   classification    of,    1186 
-pharmacodynamic  action  of,  1185,  1186 
CiroLECY.sTlTi.s,  chronic,   1808 
--dibenzyl  succinate  in,   1808 
--sodium    salicylate   in,    800 
-holadin  in,  1201 
-infectious,    740 
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Cholecystitis,  infectious,  methenamine  in, 
740 

-treatment  of,  1186 

Cholera,  Asiatic,  690 

--calomel  in,  690 

--hypertonic  salt  solution  in,  1340 

--opium  in,    1688 

--saline  infusion   in,    1341 

-course    of,    71 

-epinephrine    in,    1470 

-ether  in,  1606 

-salicylates  in,  800 

-symptomatic  treatment  in,  139 

-vomiting  in,   1650 

—alcohol  in,    1650 

Cholera  bactcrlnc,  bacteriodynamic  re- 
action of,   9  29 

-inoculation   with,    930 

-materia  medica  of,  929 

Cholera  enterovaccine,  946 

CnoLEHA  iNFANTUjr,  aconite  in,  1319 

-calomel  in,    690 

-geranium  in,  1074 

-morphine-atropine   injections  in,    1688 

-saline  infusion  in,  1342 

Cholera  morbus,  opium  in,   1688 

-vomiting  in,   1650 

--alcohol   in,    1650 

Cholera  nostras,   saline  infusion  in,    1342 

Cliolera  vaccine,  materia  medica  of,   928 

Choline,  absorption  and  elimination  of, 
1797 

-systemic  action  of,  1797 

-toxic  action  of,    1797 

Choline  muscarine,  systemic  action  of,  17  97 

Chondriis,  materia  medica  of,  9  89 

-therapeutics   of,    995 

Chondrus  gjelatin,  materia  medica  of,  9  89 

Choijnut,  materia  medica  of,  1780 

Chordee,  belladonna  ointment  in,  1841 

-bromides  in,    1717 

-nocturnal,    1435 

--colchicum    in,    1435 

Chorea,  arsenic  in,  616 

-bromipin  in,   1719 

-calcium   in,    1363 

-cannabis   in,    1705 

-carbromal  in,   1633 

-colloidal   silver   compounds  in,    721 

-conium  in,  1805 

-dial  in,   1620 

-gelsemium  in,   1803 

-hyoscine  in,   1847 

-iron  in,   1231 

-magnesium  sulphate  in,   1726 

-morphine    in,    1695 

-parathyroid  medication  in,  1482 

-quinine  in,   901 

-strychnine  in,   1568 

-sulphonmethane  in,  1614 

-trional   in,    1615 

Chorea  minor,  bromides  in,  1717 

-carbromal   in,    1718 

Choroiditis,  atrophic,   1794 

—pilocarpine  in,  1794 

-mercury  in,   685,   694 

Chromates,  antipathogenic  action  of,   1086 

-pharmacodynamic  action  of,   1086 

-summary  of  actions  and  uses  of,   1086 

-therapeutics  of,  1087 


Chromic  acid,   skin  and,   506 

-therapeutics  of,    1087 

Oironiic    anhydride,    materia    medica    of, 

1086 
Chromii    trioxidiim,     materia    medica    of, 

1086 
Chromium,  source  of,   282 
Chromium  trioxide,  therapeutics  of,   1087 
Chromosantonin,  materia  medica  of,  449 
Chrj'sarobin,    absorption    and    elimination 

of,    431 
-administration  of,  432,  433 
-chemistry   of,    429 
-pharmacodynamic  action  of,   431 
-summary  of  actions  and  uses  of,   430 
-systemic  action  of,  431,  432 
-therapeutics  of,   431-433 
-topical  action  of,  431 
-toxicity  of,   431 
Chrjsarobini    oxidatum,     materia     medica 

of,  430 
Chrysarobin  ointment,  materia  medica  of, 

430 
Chrysarobin  tetracctate,  chemistry  of,   429 
Chrysarobin  triacetate,  chemistry  of,   429 
Chrysarobinum,  materia  medica  of,  430 
Chrysophanic  acid,   chemistry  of,    429 
-materia  medica  of,   430,   431 
-systemic  action  of,   431 

Clirysophanol-anthranol,  chemistry  of,  429 
Churchill  tincture  of  iodine,  materia  med- 
ica  of,    545 
Cicutine  hydrobromide,  materia  medica  of, 

1805 
Cimicifug'a,  materia  medica  of,  1108 
Cinchona,  administration  of,  910,  911 
-antipathogenic  action  of,    887-890 
-chemistry  of,   880 
-empiric  use  of,   60 
-history   of,    60,    879 
-materia  medica  of,  881 
-pharmacodynamic  action   of,    890-898 
-therapeutics   of,    898,    1122 
Cinchonidinre  salicylas,  materia  medica  of, 

789 
Cinchonidince  sulphas,  materia  medica  of, 

883 
Cinchonidine,  pharmacodynamic  action  of, 

896 
-therapeutics   of,    908 
Cinchonidine    salicylate,    therapeutics    of, 

800 
Cinchonidine   sulphate,   administration    of, 

911 
Cinchonina.  materia  medica  of,   883 
Clnchoninfe  hydrochloridum,  materia  med- 
ica of,  883 
Cinchoninse    sulphas,    materia    medica    of, 

883 
Cinchonine,  administration  of,   911 
-malaria  and,    908 
-pharmacodynamic   action    of,    896 
Cinchonine     sulphate,     administration     of, 

911 
Cinchophon.     absorption    and     elimination 

of.   1436,   1439 
-chemistry    of,    1436 
-gout  and,   1430,   1435 
-pharmacodynamic  action  of,  1436 
-systemic  action  of,    1437,   1438 
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Ciiu'hophcn,  therapeutics  of,  1439 

-toxic   action   of,    1437,    1438 

Cinciiophoiiuni,  materia  medica  of,   143  6 

C'iniiainic  aciil,  administration  of,   786 

-antipathosenic  action  of,  78  5 

-chemistry  of,   785 
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medica  of.   1162 

Compound  syrup  of  senna,  materia  medica 
of,   1161 

Compound  syrup  of  squill,  materia  medica 
of,   1271 

Compound  syrup  of  stillingia,  materia 
medica  of,   1169 

Compound  syrup  of  thyme,  materia  med- 
ica of,   1711 
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Compound     syrup     of     trifoliiim,     materia 

medica  of,    1387 
Compound   syrup   of   white   pine,    materia 

medica  of,  848 
Compound  syrup  of  white  pine  with  mor- 

pliine,    matoria    medica   of,    1(562 
Compound    tablets    of    santonin,     materia 
medica   of,    449 

Compound   tar   ointment,    materia   medica 
of,   769 

Compound    tincture    of    benzoin,    materia 
medica  of.  860 

Compound  tincture  of  cardamom,  materia 
medica  of.  S'22 

Compound     tincture     of     cliloroform     and 
morpliinc,   materia   medica   of,    1588 

Compound    tincture    of   cinchona,    materia 
medica  of,    882 

Compound   tincture   of   cramp    baric,    ma- 
teria medica  of,  1546 

Compound    tincture    of    cudbear,    materia 
medica  of,  1214 

Compound     tincture    of    gambir,     materia 
medica   of,    1069 

Compound    tincture    of    j^cntiau,    materia 
medica  of,    1110 

Compound     tincture    of    guaiac,     materia 
medica  of.   845 

Compound  tincture  of  jalap,  materia  med- 
ica of,  1166 

Compound  tincture  of  kino,  materia  med- 
ica  of,    1067 

Compound    tincture    of    liino    aiul    opium, 
materia  medica  of,    10  67 

Compound    tincture    of    lavender,    materia 
medica  of.  817 

Compound  tincture  of  opium  and  gambir, 
materia  medica  of,    1661 

Compound   tincture  of  pale   catechu,   ma- 
teria medica  of,   1069 

Compound     tincture     of     senna,     materia 
medica  of,    1162 

Compound    tincture    of    valerian,    materia 
medica  of,    1706 

Compound    tinctiu-e   of   viburnum   opidus, 
materia  medica  of,    1546 

Compound    tincture    of    zcdoary,    materia 
medica    of,    1117 

Compound    troches    of    santonin,    materia 
medica  of,  449 

Compound  urginea  pill,  materia  medica  of, 
1272 

Compound  white  wash,  materia  medica  of, 
418 

Compound  wine  of  rhubarb,  materia  med- 
ica of,   1160 

Compound    wool     fat     ointment,     materia 
medica  of,    1006 

CoMPorxDs.  irregular  ring,  282 

-open  chain,   282 

-organic,    190-196 

-organic    chemical,    282-286 

--classification  of,   282 

Compress,  magnesium  sulphate  and,  1724 

-opium  wash  in,   1684 

-salt  solution  in,   1337 

Compressed     yeast,     materia     medica     of, 
1203 

Concentrated     diphtheria     antitoxin,     ma- 
teria  medica   of,    961 


Concentrated    tetanus    antitoxin,     materia 
medica  of,  964 

Concliinine,   chemistry  of,    1300 

-materia  medica  of,    1300 

Condiments,  carminatives  as,  1123 

-classification   of,    1208,    1209 

Condurango,   materia   medica  of,   1117 

('o.NUYi.uMATA,  thuja  in,   853 

Confection  of  pepper,   materia  medica  of, 
1020 

Confection  of  sulphur,  materia  medica  of, 
418 

Confcctio  piperis,  materia  medica  of,   1020 

Confectio  rosic,  materia  medica  of,   1211 

Conlectio  .sennie,   materia  medica  of,   1161 

Confcctio    sulphuris,    materia    medica    of, 
418 

CoxciKSTiox,  acute  cerebral,  1435 

--colchicum   in,    1435 

-bronchial,    1378 

--sanguinaria  in,  1378 

-cerebral,    1172 

--cathartics  in,    1172 

--gelsemium   in,    1803 

-hepatic,  1378 

--sanguinaria   in,    1378 

Congo  red,  chemistry  of,   871 

Coniina,  materia  medica  of,   1805 

Coniimc   hydrobromidum,   materia   medica 
of,   1805 

Coniine,  chemistry  of,   1804 

-pharmacodynamic  action  of,  1805 

Conium,  antidote  for,   1859 

-chemistry  of.  1804 

-materia   medica  of,    1804 

-pharmacodynamic   action   of,    1805 

-summary  of  actions  and  uses  of,  1804 

-therapeutics  of,   1805 

CoNJuxcTiviTis,  acute,  720 

--silver  nitrate  solution  in,  720 

--types  of,   102 

-alum  in,  1043 

-carbon  tetrachloride  in,  459 

-catarrhal,    1119 

--berberis  in,  1119 

--copper  in,   652 

--iodatcs  in,   533 

-chronic,   1081 

--radium  in,  1081 

-diphtheritic,    685 

--mercury  in,  685 

-gonorrheal,   685 

--mercury  in,  685 

-iodoform  in,  558 

-purulent,      silver      nitrate      solutions      In, 

720 
-suppurative,    878 
--methylene  blue  in,    878 
CoxsTiPATiox.   acute,    1169 
--cathartics   in,    1169 
--physostigmine  in,   1785 
-agar   in,    1173 
-aloe  in,  1176 
-atonic,  1170 
--belladonna  in,  1842 
--lavage  in.  1338 
— sodium  chloride,  1338 
--strychnine  in,    1566 
-boldo   in,    1189 
-chronic,    1121 
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Constipation,  chronic,  ignatia  amara,  1121 

--liquid  petrolatum  in,  1173 

—lobelia  in,   1800 

-habitual,   1170 

--cathartics   in,    1170 

— contraindication  of,   1170 

—senna  in,   1178 

—sulphur  in,    423,   425 

-general  treatment  of,   1170,   1171 

-ichthyol  in,   579 

-sodium  phosphate  in,  1176 

-sodium  sulphate  in,   1338 

-spastic,    1842 

--belladonna  in,   1842 

—benzyl  benzoate  in,   1808 

Contracture,  thiosinamine  in,  109  9 

Convallaria,  administration  of,  1295 

-chemistry   of,    1265 

-history  of,  1262 

-therapeutics  of,   1295 

Convallai'ise     flores,     materia     medica     of, 

1270 
Convallarise  radix,  materia  medica  of,  1270 
Convallaria    flowers,    materia    medica    of, 

1270 
Convallaria  root,  materia  medica  of,   1270 
Convulsions,  childhood  and,  1803 
--gelsemium  in,   1803 
-epileptiform,  cannabis  in,  1705 
-infantile,   1717 
—bromides  in,  1717 
—chloral  in,  1630 
--morphine  in,    1695 
-puerperal,   1694 
--morphine   in,   1694 
-uremic,  1794 
--pilocarpine  in,  1794 
Copaiba,  materia  medica  of,  842 
-therapeutics  of,   850 

Copaiba  mixture,  materia  medica  of,  843 
Copper,  antidote   for,    1859 
-antipathogenic  action  of,  651 
-chemistry  of,   650 
-pharmacodynamic  action  of,   651 
-poisoning  by,    652 
-source   of,    281 

-summary  of  actions  and  uses   of,    650 
-therapeutics  of,   652 

Copper  arsenite,  materia  medica  of,   651 
Copper  citrate,  materia  medica  of,   651 
Copper  orthoarsenite,   materia   medica   of, 

651 
Copper     sulphate,      antidote      phosphorus 

poisoning,    1141 
-emesis  and,   653 
-materia  medica  of,   650 
-stomatitis  and,    653 
-therapeutics  of,   1141 
Coptis,  materia  medica  of,  1108 
-therapeutics  of,  1119 
Coriander  oil,  materia  medica  of,  816 
Coriander  seed,  materia  medica  of,  816 
CoRM,  definition  of,  287 
Corn  collodion,  materia  medica  of,  788 
Cornea,  opacity  of,  1697 
--dionine  in,    1697 
-phlyctenular  ulceration  of,  1428 
--iodides  in,   1428 
-wounds  of,   720 
--argyrol  in,  720 


Corn  oil,  materia  medica  of,   1004 

Corns,  formaldehyde' in,   738 

Corn  silk,  materia  medica  of,  846 

Corn  solvents,  composition  of,   1533 

Corn  starch,  materia  medica  of,  990 

Corniis,   materia  medica   of,    1113 

Cornutol,   materia   medica    of,    1764 

Corpus  luteuni,  administration   of,    1540 

—thyroid  preparation  and,   1540 

-habitual  abortion  and,   1540 

Corrosive  chloride,  administration  of, 
708 

Corrosive  chloride  of  mercury,  materia 
medica  of,  659 

Corrosive  mercuric  chloride,  materia  naed- 
ica  of,  659 

Corrosive  mercuric  chloride  mull,  materia 
medica  of,    662 

Corrosive  sublimate,  materia  medica  of, 
660 

Corrosive  sublimate  tablets,  materia  med- 
ica  of,    662 

Corrosive  sublimate  unguent,  materia 
medica  of,  662 

Corsican  moss,  therapeutics  of,   456 

Corydalis,   materia  medica  of,    1114 

Coryftn,    materia   medica   of,    833 

-therapeutics  of,   834 

CORYZA,  acute,   17  58 

--anesthesin   in,    1758 

—atropine  in,    1844 

--boric  acid  in,    585 

—camphor  in,   831 

--cinchophen  in,   1439 

--menthol  in,    834 

—mercury  in,   68  6 

--methenamine  in,  740 

-arsenic  in,   614 

-cinchonidine  in,  908 

-cocaine  in,   1756 

-cubeb  in,  851 

-formaldehyde  in,  738 

-gelsemium  in,   1803 

-ginger  in,    853 

-glycerin  in,   1000 

-mustard  in,  1033 

-orthoform  in,   1758 

-piperazine  in,   1440 

-quinine  in,   898,   900 

-stovaine  in,  17  58 

-vasomotor,   1359 

--calcium  chloride  in,   1359 

-whiskey  in,    1652 

Cosmetics,    1532-1534 

Coster's  paste,  therapeutics  of,  440 

-tinea  circinata  and,  550 

Cotarnina;  chloridum,  materia  medica  of, 
1308 

Cotarnina;  hydrochloridum,  materia  med- 
ica of,  1308 

Cotarnina;  i)hthalas,  materia  medica  of, 
1308 

Cotarninc,  chemistry  of,  1306,  1310,  1311, 
1657 

-hydrastinine  and,   1312 

--therapeutics  of,   1312 

-systemic  action  of,   1311 

-therapeutics  of,   1312 

Cotarnine  hydrochlorate,  materia  medica 
of,   1308 


INDEX 


1905 


Cotoin,  materia  medica  of,  1108 

-therapeutics  of,  1120 

Cotton  oil,   materia   medica   of,    1004 

Cotton  root  bark,  materia  medica  of,   1543 

Cottonseed  oil,  materia  modica  of,   1004 

Coueh  firass,  materia  medica  of,  991 

Corcii,  apocodeine  in,   1780 

-apomorphine  in,    1130 

-bronchial,   1232 

--iron    in,    1232 

-chronic,  1696 

--codeine  in,   1696 

-cocaine  hydrochloride  in,  1756 

-dionine  in,    1698 

-dry,   1793 

--pilocarpine  in,  1793 

-nervous,    1593 

—chloroform   in,    1593 

-opium  in,    1692 

-peronine  in,   1698 

-reflex,  1717 

--bromides  in,   1717 

-terebene  in,  859 

Coumarinuni,  materia  medica  of,   1213 

Counter-irritation,  therapeutic  use  of,   242 

--example   of,    242 

Cowhag:e,   456 

Cow's  milk,  materia  medica  of,  109  5 

Cramp  bark,  materia  medica  of,   1545 

Crane^ill,  materia  medica  of,   1065 

Crata'g;us.   administration   of,    1306 

-history  of,  1305 

-materia  medica   of,    1305 

-therapeutics  of,  1305 

Cream  of  tartar,  materia  medica  of,  505 

Creams,  greaseless,   1533 

--composition  of,   1533 

-vanishing,   1533 

--composition  of,    1533 

Cre<le    method,     ophthalmia     of    newborn 
and,  720 

Ci-ede  ointment,  721 

-tabes  and,  721 

Ci'emo-bismuth,  materia  medica  of,  643 

Creosotal,  materia  medica  of.  771 

Creosotal-Heyden.  materia  medica  of,   771 

Creosote,  administration  of,  777 

—methods   of,    777-779 

---endobronchial,    778 

---endotracheal,   778 

— hypodermic,    778 

— inunction,    778 

—oral,    777-779 

—-topical,  778 

--systemic,   775 

-antidote  for,  1858 

-antipathogenic  action  of,   771 

-pharmacodynamic  action  of,   772 

-poisoning  by,   772 

-therapeutics  of,  439,  773-779 

-toxicity  of,  772 

Creosote  ointment,  materia  medica  of,  771 

Creosote  petrox,  materia  medica  of,  771 

Creosote    petroxolin,    materia    medica    of, 

771 
Creosote  phenylpropionate,   materia   med- 
ica of,   771 
Creosote  water,  materia  medica  of,  771 
Creosoti  carbonas,  materia  medica  of,  771 
Creosotum,  materia  medica  of,   770 


Cresatin,   materia  medica  of,   764 

Cresol,  antipathogcnic  action  of,   765 

-chemistry  of,   764 

-materia  medica  of,  7  64 

-pharmacodynamic  action  of,   765 

-summary  of  actions  and  uses  of,   764 

-systemic  action  of,  766 

-therapeutics  of,    767 

-topical  action  of,  765 

-toxicity  of,   765 

Cresolated   formaldehyde,   materia   medica 

of,  734 
Cresolum,  materia  medica  of,  764 
Cresylle  aeid.  materia  medica  of,  7  64 
Creta  praeparata.  materia  medica  of,  982 
Croeus,  materia  medica  of,  1213 
Crotalin,    absorption    and    elimination    of, 

1731  -f    < 

-administration  of,   1733 
-chemistry  of,   1730 
-materia  medica  of,   17  30 
-nerve  system  and,    1733 
-pharmacodynamic  action  of,   1731 
-summary  of  actions  and  uses  of,   1730 
-therapeutics   of,    17  33 
-toxicity  of,    1731 
Crotalotoxin,   chemistry  of,    1730 
Croton    chloral    hydrate,    materia    medica 

of,    1624 
Croton  oil,  administration  of,   1183 
--systemic,    1183 
--topical,   1183 
-antidote   for,    1859 
-materia  medica   of,    1169 
-pharmacodynamic  action  of,   1149 
-therapeutics  of,   1183 
Crot'p,  membranous,   1044 
--alum  in,  1044 
--mercury  in,   692 
-oil  of  amber  in,  861 
-pilocarpine   in,    1793 
-spasmodic,   1845 
--atropine  in,    1845 
--ipecac  in,   1138 
--oxygen  in,   1396 
Crude  antitetanic  serum,    materia   medica 

of,   964 
CiTide   calcium    sulphide,    materia    medica 

of,   569 
Cnide  chrysarobin,  materia  medica  of,  430 
Cnide  malate  of  iron,  materia  medica  of, 

1221 
Cnide   tetanus   antitoxin,    materia   medica 

of,   964 
Crude  thyroxin,  materia  medica  of,  1451 
Crushed  linseed,  materia  medica  of,  993 
Cryofjenine,  materia  medica  of,   764 
Cryptopine.  chemistry  of,  1656 
Crystallizable  benzol,    materia   medica   of, 

742 
Crystallized  strophanthin,  materia  medica 

of,    1270 
Cubeba,  materia  medica  of,   843 
-therapeutics  of,    850,    851 
Ciibeb  oil.  materia  medica  of,    843 
Cubic  nitre,  materia  medica  of,  1519 
Cudbear,  materia  medica  of,  1214 
Culver  physic,  materia  medica  of,  1167 
Culver  root,  materia  medica  of,   1167 
Cumin,  materia  medica  of,  816 
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Ciunini  fructus,  materia  medica  of,   816 
Cuminum,  materia  medica  of,    816 
Cupri  arsenis,  materia  medica  of,   651 
Cupric  carbonate,  tinea  sycosis  and,   441 
Cupric  citrate,  materia  medica  of,  651 
Cupiic   oleate,    hyphomycetic    parasiticism 

of  sltin  and,    441 
-ringworm  and,  441 
-scabies  and,  441 
Cupric   sulphate,   blastomycetic    dermatitis 

and,   441 
-favus  and,    441 
-scabies  and,   441 

Cupri  sulplias,  materia  medica  of,   650 
Cuprocitrol,  materia  medica  of,   651 
Cuprum  citricum,  materia  medica  of,  651 
Curara,  materia  medica  of,   1727 
Curare,     absorption     and     elimination     of, 

1727 
-administration   of,    1729 
-chemistry  of,    1726 
-nerve  system  and,   1729 
—central,  1729 
—motor,  1729 

-pharmacodynamic  action  of,   1727 
-summary  of  actions  and  uses  of,   1727 
-systemic  action  of,   1728 
-therapeutics  of,  1729 
-toxicity   of,    1727 
Curare  action,  1551 
-definition  of,    172  6 
Curarine,    absorption    and    elimination    of, 

1727* 
-pharmacodynamic   action    of,    1727 
-toxicity  of,   1727 

Curatio  paraflRni,  materia  medica  of,   531 
Curd  soap,   materia  medica   of,    513 
Curled  dock,  materia  medica  of,   1116 
Cuspariae  cortex,  materia  medica  of,  1114 
Cusso.  materia  medica  of,   472 
Cusylol,  materia  medica  of,   651 
Cutal,  materia  medica  of,  1041 
Cutch,  materia  medica  of,   1069 
Cyanides,    absorption   and    elimination    of, 

1387 
-antidotes  for,    1858 
-antipathogenic  action  of,  1387 
-chemistry  of,   1384 
-pharmacodynamic   action   of,    1387 
-poisoning-  by,    1388 
--symptoms   of,    1388 
—treatment  of,  1388 

-summary  of  actions  and  uses  of,  1384 
-systennic  action  of,   1389 
-toxicity  of,   1388 

Cyanogen  compounds,  source  of,   284 
Cyanogen    gas,    pharmacodynamic    action 

of,    1390 
Cyanosis,  oxygen  in,  1395,  1396 
Cyclitis.  mercury  in,  685,  694 
Cyclosal,  materia  medica  of,  1299 
Cydonium,    materia   medica   of,    9  89 
Cymarin,  materia  medica  of,  1273 
-therapeutics  of,  129  6 
Cypress  oil,  materia  medica  of,    811 
Cypripedium.  materia  medica  of,  1708 
-therapeutics  of,    1708 
Cyst,  hydatid,  739 
—formalin  in,   739 
Cystamine,  materia   medica  of,   734 


Cystitis,  ammonium  benzoate  in,  784 

-antinosin  in,   560 

-boric    acid    in,    585 

-cajuput   in,    841 

-camphoric  acid   in,    1531 

-carbon  dioxide  in,  1400 

-catarrhal,    1846 

--hyoscyamus  iiif,    1846 

--santonin  in,   453 

-chlorates  in,    541 

-chronic,   1384 

--grindelia  in,  1384 

--mercury  in,    687 

--myrrh    in,    852 

--sandalwood  oil  in,  838 

-copaiba  in,  8  51 

-cubeb  in,   851 

-eusol  in,   537 

-fuchsine  in,    876 

-mercurochrome   in,    696 

-methenamine   in,    740 

-methylene  blue  in,   878 

-opium  suppositories  in,  1685 

-pareira  in,  1122 

-piperazine  in,    1440 

-resorcin  in,  760 

-silver  nitrate  solutions  in,    720 

-sodium  biphosphate  in,  510 

-sodium   fluoride  in,    566 

-sulphur  in,   424 

-terpin  hydrate  in,  859 

-turpentine  in,    858 

-urinary  antiseptics  in,   1525 

Cystogen,  materia  medica  of,   734 

Cystography,  iodides  in,   1428 

--contraindications,    1428 

-thorium  sodium   citrate  in,   1083 

Cystoscopy,  cocaine  in,  17  56 

Cytisine,  chemistry  of,   1806 

-pharmacodynamic  action  of,   1806 


Dacrocystitis,  mercurochrome  in,   68  5 

-sodium  fluoride  in,  566 

Dakin    solution,    materia    medica    of,    530, 

531 
-wounds  and,  536 
Dalby's    canninative,    materia    medica    of, 

1661 
Damiana,  materia  medica  of,  1114 
Dandelion,  materia  medica  of,  1111 
Dandruff,  resorcin  in,  439 
Daturae  folia,  materia  medica  of,  1822 
Daturae  semina,  materia  medica  of,  1822 
Daufresne  solution,  530 
Deafness,  senescent,   1568 
--strychnine  in,   1568 
Decantation.  process  of,  301 
Decoction  of  acacia  bark,  materia  medica 

of,   1065 
Decoction  of  coltsfoot,  materia  medica  of, 

991 
Decoction  of  couch  grass,  materia  medica 

of,  991 
Decoction  of  farfara,   materia   medica   of, 

991 
Decoction  of  logwood,  materia  medica  of, 

1065 
Decoction  of  triticum,  materia  medica  of. 

991 
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Decoctions,  dosage  of,  356 

-preparation  of,   356 

-standardization  of,   356 

Decoctum  acacia?  coilicls,  materia  medica 
of,    1065 

Decoctum    agropyrl,    materia    medica    of, 
991 

Decoctum      aloes      compositiim,      materia 
medica  of,    1155 

Decoctum  lueinatoxyli,  materia  medica  of, 
1065 

Decoctum   ispaghula*,    materia   medica   of, 
990 

Decoctum  sappan,  materia  medica  of,  1070 

Decoctum  tussilaginis,  materia  medica  of, 
991 

Dkcolor.\tion.  process  of,  302 

Dkcompositiox.  acids  in,   298 

-medicinal  agents  and,  298 

—preparation  of,   298 

Deer  musk,  materia  medica  of,   1537 

l)KiX)KMrnh>;,  definition  of,   2S,   30 

-treatment  of,   29 

l)F:GEXEii.\CY.  definitio  I  of,  115 

-heredity  and,  115 
Degexeratiox,  amyloid,   134 

-fatty,  134 

-myocardial,   1400 

--carbonic  acid  baths  in,  1400 
Dehydrated    alcohol,    materia    medica    of, 

1634 
Delirii-m,  fever,  1614 
— sulphonal  in,  1614 
-morphine  in,   1694 

Delirium  tremexs,  apomorphine   in,    1130 
-chloral  in,  1629 
-ergot  in,  1775 
-hyoscyamine  in,  1846 
-paraldehyde  in,  1612 
-prevention  of,  1718 
—bromides  in,   1718 
-scopolamine  in,  1846 
-symptoms  of,  1641 
-treatment  of,  1641 
Delphinine,  chemistry  of,  434 
-pharmacodynamic  action  of,   435 
Delpliinhim,  chemistry  of,  434 
-materia  medica  of,  435 
-pharmacodynamic  action  of,   435 
-summary  of  actions  and  uses  of,  434 
-therapeutics  of,   436 
Delphinoidine.  chemistry  of,  434 
Dclphisine,   chemistry  of,   434 
Delphocurarine,  chemistry  of,   434 
-pharmacodynamic  action  of,  435 
Demulcents,  chemistry  of,  987 
-classification  of,  986 
-pharmacodynamic  action  of,   993 
-summary  of  actions  and  uses  of,  987 
-therapeutics  of,  994-998 
Dengue,  petroleum  in,  428 
DcnUil  anesthetic  solution,  materia  medica 

of,   1737 
Dentilininientum  aconlti  compositum,  ma- 
teria medica  of,  1315 
Dentistry,  arsenic  in,   612 
-local  anesthesia  and,   1761 
Deodorants,  chemical  antiseptics  as,   484 
Deodorant    solution,    materia    medica    of, 
1056 


Deodorized   kerosene,   materia   medica   of, 

427 

Deodorized  opium,  materia  medica  of,  1659 

Depilatories,  barium  sulphide,   1578 

-calcium  sulphide,   578,    1358 

-composition  of,   1533 

Depressants,  alimentary,   1190-1192 

-body  temperature  and,   1484 

-cardiac,  306 

--assay  of,  306 

-—biologic,   306  ,,,;  i;  ,( 

-—methods  of,  306 

-cardiovascular,    1300,    1313 

--vasodilators,  1326 

—  -central,  1326 

---local,   1326 

-cutaneous,  1530 

--classification  of,   1530 

-hemic,   1240 

-muscle,  1313 

-nerve,   1580 

--anesthetics,   1580 

— classification  of,  1580 

--antispasmodics  and,  1710 

--depressomotors,  1726 

—hypnotics,    1609 

--local  anesthetics  and,    1733 

—motor,  1726 

— classification  of,   1726 

--narcotics,   1633 

---classification  of,   1633 

--resins,   1701 

--sedative  oils,  1701 

-nutritive,   1403-1441 

--antilithics,   1430-1441 
--classification  of,   1403 

—general,    1403-1430 

—metabolism  and,  1403 

-respiratory,   1384-1392 

— bronchodilators,  1390 

—respiratory  center  and,  1384 

-urinary,    1524 

Depressomotors,  nerve  system  and,  172  6 

Dermatitis,  arsenic  in,  617 

-blastomycetic,   414 

--agents  used  in,   414 

-normal  cupric  acetate  in,  441 

-chronic,   1794 

--pilocarpine  in,   1794 

-losophan  in,  560 

-sulphides  in,   578 

-sulphur  in,  424,  425 

Dermatosis,  parasitic,  761 

--euresol  in,  761 

--phenol  in,  754 

-sulphur  in,   422 

Desehler's  salve,  materia  medica  of,   1012 

Desiccants,  classification  of,   979,  980 

-therapeutics  of,  984-986 

Desiccated     parathyroid     gland,      materia 

medica  of,   1482 
Desiccated    pituitary,    materia    medica    of, 

1474 
Desiccated    pituitary    substance,     materia 

medica    of,    1474 
Desiccated      suprarenal      glands,      materia 

medica  of,  1462 
Desiccated  thyroid  glands,  materia  medica 

of,   1451 
Desiccation,  process  of,  301 
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Destructive  agents,  classification  of,   1096, 

1097 
-definition  of,  1096 
Destructives,  1015-1083 
-skin  and,  318 

Destruents,  connective  tissue,   1097-1099 
Deutoiodide   of   mercury,    materia   medica 

of,  660 
Dewee's  carminative,    materia  medica   of, 

1661 
Dextri-maltose,  1,  2  and  3,  materia  medica 

of,  1090 
Dextrinum  album,  materia  medica  of,  1090 
Dextrosum,  materia  medica  of,   1090 
Dextrotartaric    acid,    materia    medica    of, 

504 
D-glucose,  materia  medica  of,  1090 
Diabetes  insipidus,  codeine  in,   1696 
-diuresis  and,  1693 
—codeine,    1693 
-pituitary  extract  in,   1478 
Diabetes  mellitus,  acid  intoxication  in,  84 
"treatment  of,   84,   85 
-alcohol  in,  1652 
-alkaline-saline  solution  in,  1344 
-alkalis  in,  525 
-arsenic  in,  616 
-codeine  in,   1693,   1696 
-insulin  in,  85,  89,  99,  1446 
—indications  for,   1446,   1447 
-iodoform  in,  558 
-iodol  in,  560 
-lavage  in,   1338 
--sodium  chloride,   1338 
-opium  in,  1693 
-oxygen  in,  1397 
-polyuria  in,  1775 
—ergot  in,   1775 
-sodium  citrate  in,  1254 
-thymus  preparations  in,  1459 
-uranium  in,  726 
-vanadium  in,  731 
-yeast  in,  1204 

Diabetic  foods,  materia  medica  of,  109  5 
Diacetoxymercuri  -  nitre  -  cresol,      in  a  t  e  r  i  a 

medica  of,  666 
Dlacetyldioxj'phenylisatln,  materia  medica 

of,  1163 
Diacetylmorphina,      materia      medica      of, 

1663 
Dlacetylmorphinse     hydrochlorldum,     ma- 
teria medica  of,   1663 
Diacetylmorphine,  therapeutics  of,  1697 
Diacetyltannin,  materia  medica  of,  1071 
Diachylon  ointment,  eczema  and,  1053 
-materia  medica  of,  1047 
Diachylon  plaster,  materia  medica  of,  1012 
Diagnosis,  factors  in,   23 
-therapeutic,    3,    94 
—analysis  of  symptoms,  61,  62 
--basis  of,  3 
— elements  in,  59 
--general  plan  in,  399 
—indications  in,    399 
— etiologic,    399 
—pathologic,  .399 
— symptomatic,   399 
—methods  of,   3,   59,   60 
—treatment  and,   62 
—institution  of,  62,  63 


Dial,  materia  medica  of,  1616 
-pharmacodynamic   action   of,    1619 
-therapeutics  of,   1620 
Diallylbarbituric  acid,  materia  medica  of, 

1616 
Dialysis,  process  of,  302 
Dialyzcd  iron,  materia  medica  of,   122  6 
Dialyzed  solution  of  ii'on,  materia  medica 

of,   1226 
Diamines,  source  of,  28  5 
Diamoi-phiniB      hydrochlorldum,      materia 

medica  of,  1663 
Diamorphine,  materia  medica  of,  1663 
Diaphoresis,  alcohol   and,   1652 
-drugs  producing,  1530 
-opium  in,  1695 
-pilocarpine  and,  1794 
Diaphoretics,  therapeutics  of,  1530 
Diarrhea,  acid,  1359 
--calcium  in,   1359 
-acids  in,  509 
-acute,    1773 
—ergot  in,  1773 
-agaricin  in,  1532 
-aluminum  in,  1044 
-arsenic  in,  612,  613 
-astringents  in,   1191 
-atonic,   550 
--iodine  in,  550 
-belladonna  in,   1841 
-bismuth  in,  647 
-bismuth  salicylate  in,  800 
-calomel  in,   689 
-camphoric  acid  in,  1531 
-cathartics  in,  1171 
-charcoal  in,  98  4 
-chronic,  1808 
—benzyl  benzoate  in,  1808 
--calcium  in,   1359 
—ergot  in,  1773 
—lead  in,   1053 
-cinnamon  in,   820 
-colliquative,  1566 
--strychnine  in,  1566 
-copper  in,   653 
-Dover  powder  in,  1139 
-flagellate,   836 
--thymol  in,  836 
-kino  in,  1074 
-laudanum  enema  in,  1685 
-lavage  in,   1338 
--sodium  chloride,  1338 
-morphine  in,   1674,   1687 
-opium  in,  1687 
--preparations  of,   1688,  1689 
-opium  suppositories  in,  1685 
-pepsin  in,    1197 

-pulmonary  tuberculosis  and,  1362 
--calcium  chloride  in,  1362 
-recurrent,   774 
--creosote  in,  774 
-rhubarb  in,  1177 
-rubus  in,   1075 
-slippery  elm  in,  997 
-sodium  phosphate  in,  1176 
-sulphur  in,   423 
-summer,  1650 
-alcohol  in,  1650 
--bromides  in,   1716 
--cannabis  in,  1704 
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Diarrhea,  synthetic  tannin  in,   1076 

-thorium  nitrate  in,  10S3 

-thorium  sulphate  in,   1083 

-tuberculous,  1085 

--lactic  acid  in,   1085 

Diarsenol,  materia  medica  of,   62  6 

Diastase,  pancreatic,  1198 

-summary  of  actions  and  uses  of,  1198 

-therapeutics  of,   1204 

Diastasuni,  materia  medica  of,    1203 

Diathesis,  congenital,  30,  31 

-definition  of,  30 

-examples  of,   30 

-therapeutics  and,  32,  33 

Diazynic  essence,  materia  medica  of,  1200 

Diazyme    glycerole,     materia    medica    of, 
1200 

Dibenzyl    fiunarate,     materia    medica    of, 
1807 

Dibeiizyl    succinate,    materia    medica    of, 
1807 

-therapeutics  of,   1808 

Dibotiiriocepiialus  latus,   447 

Dibroniin,  materia  medica  of,  561 

Dibroniobarbituric    acid,    materia    medica 
of,    561 

Dibronionialonylureide,  materia  medica  of, 
561 

Dichloramina,  materia  medica  of,  531 

DiclJorainine-T,   antiseptic   action   of,    533 

-materia  medica  of,   531 

-wounds  and,  536 

Dick  test,  scarlet  fever  and,  324 

Dick  toxin,  materia  medica  of,  950 

-scarlatina  and,    950 

Di  Cristina  toxin,  scarlatina  and,   950 
Diet,  drug  administration  and,  267 

Diethylamin-antipyrine,     materia     medica 

of,  1497 
Diethylbarbituric  acid,  materia  medica  of, 

1616 
Dicthylbromacetamid,   materia   medica   of, 

1632 
Diethylenedlamine,     materia     medica     of, 

1440 
Diethylnialonyliirea,    materia    medica    of, 

1616 
Difluordiphenyl,  5  percent.,  materia  medica 

of,   563 
-pertussis  and,   567 
-therapeutics  of,  566 
Di^allic  acid,  materia  medica  of,  1062 
Digestion,  definition  of,  299 
Digestive  tract,  affections  of,  612 
—arsenic  in,   612 
-morphine  and,  1687 
Diffitalein,  chemistry  of,  1263 
Diffitalin,  chemistry  of,   1263 
Difjitalis.  administration  of,  1293,  1294 
-antidote  for.  1859 
-assay  of,   305 
--biologic,  305 
---toxic  method.  305 
—methods  of.   305 
—cat,    306 
—frog.   305 
— guinea-pig,  305 
-chemistry  of,  1263 

-contraindications  to  use  of,   1290-1293 
-cumulative  effect  of,  1286 


Di|;italls,  history  of,   1261 
-materia  medica  of,  12  58 
-pneumonia  and,  906,  907 
-poisoning  by,    1276 
-preparations   of,    1264 
—activity  of,  12  67 
--dosage,   367 
-standardization  of,  1265 
--methods  of,  1265-1268 
-summary  of  actions  and  uses  of,  1268 
-summation  and,  372 
--quantitative,   372 
-therapeutics  of,  1285-1294,  1302 
Digitalis   bodies,    absorption   and    elimina- 
tion of,  1273 
-chemistry  of,  1262 
-classification  of,   1261 
-definition  of,  1261 
-history  of,   1261 

-pharmacodynamic  action  of,  1273-1285 
-poisoning  by,   1276 
—treatment   of,    1276,    1277 
-systemic  action  of,   12  78 
-topical  action   of,    1274 
-toxicity   of,    1275 
Digitalis   folium  P.I.,    materia   medica   of, 

1268 
Digitalis  leaves,  chemistry  of,   1263 
Digitalis  seeds,  chemistry  of,  12  63 
Digitalis  tinctura  P.I.,  materia  medica  of, 

1269 
Digitonln,  chemistry  of,  12  63 
Digitophyllin,  chemistry  of,  1263 
Digitoxln,  chemistry  of,  12  63 
Digitsaponin,  chemistry  of,   1264 
Dihydrate      of      tcrebinthinum,       materia 

medica  of,   850 
Di-iodo-hydroxypropane,    materia    medica 

of,    546 
Diisobutylorthocresoliodide,    materia    med- 
ica of,  555 
Dill  fruit,  materia  medica  of,  811 
Dill  water,  materia  medica  of,   811 
Diluted    acetic    acid,    materia    medica    of, 

504 
Diluted  alcohol,  materia  medica  of,   1635 
Diluted  ethanol.  materia  medica  of,  1635 
Diluted  hydriodic  acid,  materia  medica  of, 

1416 
Diluted  hydrobromic  acid,  materia  medica 

of,  1711 
Diluted  hydrochloric  acid,  materia  medica 

of,    503 
Diluted  hydrocyanic  acid,  materia  medica 

of.   1385 
Diluted  iodine  petroxolin,  materia  medica 

of.   545 
Diluted    mercuric    nitrate    ointment,    ma- 
teria medica  of.  663 
Diluted  nitric  acid,  materia  medica  of,  503 
Diluted     nitrohydrochloric    acid,     materia 

medica  of,  503 
Diluted  nitromuriatic  acid,  materia  medica 

of.   503 
Diluted   phosphoric  acid,    materia   medica 

of,   504 
Diluted   pnissic   acid,    materia   medica   of, 

1385 
Diluted    solution   of   lead    subacetate,    ma- 
teria medica  of,   1046 
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Diluted  solution  of  sodium  arsenate,   ma- 
teria medica  of,  59  6 

Diluted  sulphuric  acid,  materia  medica  of, 
503 

Dimazon,  materia  medica  of,  1014 

Dimethyl-benzene,  materia  medica  of,   745 

Dimethylxanthine,  materia  medica  of,  1506 

Dinormalbutylparaminobenzoate-trlnitro- 
phenol,  materia  miedica  of,  1738 

Dionine,  chemistry  of,   1655 

-materia  medica  of,  1663 

-pharmacodynamic  action  of,  1683 

-solutions  of,   1697 

-therapeutics  of,  1697 

Dioscorea,  materia  medica  of,   1380 

Dioxides,  inorganic,  494 

-organic,  494 

Dioxymethylantliraquinone,    materia   med- 
ica  of,    431 

Diphtheria,  alcohol  in,  1649 

-antidiphtheritic  serum  in,   959 

-antitoxin  in,    101,    198 

—results  of,  9  62 

—value  of,  963 

-chloral  in,   1629 

-laryngeal,   686 

—calomel  insufflation  in,  686 

—mercury  in,   692 

-malignant,  1652 

—brandy  in,   1652 

-pharyngeal,    692 

--mercury  in,   692 

-prophylaxis  of,   947,   963 

-resorcin   in,    760 

-Schick  test  and,  324,  960 

—technique,  948,   949 

-sodium  fluoride  in,  566 

-sodium  sulphite  in,   580 

-strychnine  in,   1566 

-sulphur  in,   421 

Diphtheria  antitoxin,  961 

-action  of,   961 

-administration  of,    962,   963 

-dosage  of,  963 

-materia  medica  of,   961 

-prophylactic  immunization  by,   9  63 

-therapeutics  of,    962 

Diphtheria  carriers,  7  54 

--phenol  and,  754 

Diphtheria  immunity  test,  materia  medica 
of,   947 

Diphtheria   toxin,  preparation  of,   9  59,   960 

-toxicity  of,    9  60 

Diphtheria    toxin-antitoxin    mixture,    ma- 
teria medica  of,  947 

Diphtheria  toxin  for  Schick  test,   materia 
medica  of,  947 

Dipropyl  barbituric  acid,   materia   medica 
of,  1616 

Dipsomania,  treatment  of,  1642 

Discs  of  atropine,  materia  medica  of,  1824 

Discs  of  cocaine,  materia  medica  of,   1736 

Discs  of  eserine,  materia  medica  of,   1781 

Discs  of  homatropine,  materia  medica  of, 
1825 

Discs    of    physostlgmlne,    materia    medica 
of,  1781 

Disease,  causation  and  development  of,  121 

--age  and,    121 

— adolescence,  121 


Disease,    causation    and    development    of, 

age  and,   advancing,    121 
—infancy  and  childhood,  121,   122 
—middle  life,  124 
— old  age,  124 
-causes  of,  2 
-definition  of,   2,   22,   23 
-factors  in,  4 

-familial  liability  and,   112,   113 
-forms  of,  3,  4,  23 
--classification  of,   37 
—special,    23,    122 
— classification  of,    23 
— developmental  processes  and,  122,  123 
-heredity  and,   114 
--individual,   114 
-individual  liability  and,  118 
--treatment  in,   118 
-naturp.1  history  of,   68 
—definition  of,  68 
-parental,   115 
—heredity  and,  115 
-predisposition  to,   30,   31 
-prevention  of,   39,  40 
-prognosis  in,   9 
--factors  in,  9 
-recovery  and,  2,  38 
-recovery  as  phase  of,  22 
-regeneration  and,   130 

Disinfection,  chemical  antiseptics  and,  484 
-chlorine  and,   536 
-cresol  and,   7  67 
-formaldehyde  and,  738 
-intestinal,   867 
— betanaphthol  in,    867 
-iodine  and,  548 
-phenol  in,   754 
Disodium      hydrogen      arsenate,      materia 

medica  of,  59  6 
Dlsodiumhydroxy-mercurisalicyl-oxyace- 

tate,  materia  medica  of,   665 
Disodium  methylarsenate,  materia  medica 

of,    619 
Disodium      phenoltetrabromphthalein-sul- 

phonate,  materia  medica  of,   1206 
Disorder,  definition  of,  29 
Disorders,  acute,  7  5 
--local,   75 

— differentiated  from  affections,  75 
— example  of,  74 
--treatment  of,  74 
-autonomic,   90 
--treatment  of,   90 
-chronic,   25 
--definition  of,   25 
--etiology  of,   78,  79 
--examples  of,  79,  80 
--treatment  of,  79,   80 
-definition  of,    24 
-factors  in,  24 
-familial  liability  and,  112 
-treatment  of,  25 
-vasomotor,   90 
--treatment  of,  90 
Dispensatory,  17 
Dissociation,     chemical     compounds     and, 

380,  381 
--examples  of,  380,   381 
-electrolytic,  167 
-potassium  cyanide  and,  381 
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Distention,  abdominal,  1372 

--ammonia  in,  1372 

--epinephrine  in,    1470 

Distillation,  destructive,  301 

--process  of,  301 

-fractional,   301 

--process  of,   301 

-medicinal  agents  and,  298 

--preparation   of,    298 

-process  of,   300 

Distilled   extract   of   witch   hazel,    materia 

medica  of,  1065 
Distilled      water,      materia      medica      of, 

1517 
Distilled  water  of  rose,  materia  medica  of, 

819 
Dita  bark,  materia  anedica  of,  1112 
Diuresis,  methenamine  and,  7  41 
-potassium  salts  in,   1521 
-sodium  salts  in,   1521 
-types  of,  1501 
-urea  and,  1522 
Diuretics,  antiseptic  oils,   1523 
--classification  of,   1524 
-aqueous,    1517 

--pharmacodynamic  action  of,  1517 
--therapeutics  of,  1517 
-classification    of,    1501 
-hydremic,   1516 
--chemistry  of,  1516 
--classification  of,  1516,  1517 
— aqueous,   1517 

— organic  urinary  constituents,   1517 
— saline,  1517 
--therapeutics  of,  1521 
-irritant  oils,   1523 
--classification   of,   1524 
-saline,   1522 

--administration  of,   1522 
--classification  of,  1518 
-xanthine,   1502-1516 

Dobeil  solution,  materia  medica  of,  582 
Dog  grass,  materia  medica  of,  991 
Dogwood  bark,   materia   medica   of,    1113, 

1544 
Doloniol,  materia  medica  of,   983 
Donovan    solution,    cervical    adenitis    and, 

1428 
-materia  medica  of,   596 
Dorema  anunoniacum,  materia  medica  of, 

859 
Dorniigene,  materia  medica  of,  1632 
Dosage,    absorption    and    elimination    and, 

371 
-accumulation  and,  348 
--dangers  of,  349 
-aconite,  372 
--quantity  and,   372 
--time  relations  and,  372 
-acquired  tolerance  and,  374 
-active  principles  and,  354,  358 
-administration,  362 
—frequency  of,  3  62 
-age  and,  375 
-age  and  resistance,  377 
--table  showing,  377 
-alkaloids  and,   359 
-animal  products,   359 
--classes  of,   359 
-"average"  dose,  378 


Dosage,  bitters  and,  359 

►calculation  of,  375 

--childhood  and,  375 

—rules.    375 

^decoctions  and,  356 

-digitalis,  3  57 

-drug  addiction  and,   373 

--quantity  and,   373 

-drug  infiuenco  and,  369 

--primary,  369,  370 

--secondary,    369,   370 

-elixirs  and,   356 

-einotion  and,   374 

-epinephrine,   372 

--blood  pressure  and,  372 

-essential  oils,   358 

-factors  in,  251 

—age,  251 

--vigor,  251 

--weight,   251 

-factors  modifying,  350 

—activity,   351,  352 

— character,  351 

— classification  of,  350 

—drug,  350 

— classification  of,  350 

--personal,   373 

— classification   of,    373 

-fluidextracts  and,    355 

-fugacious  Influence  and,  371 

--example   of,    371 

•galenical  preparations  and,  353 

-general  considerations,  340,  341 

-glands,    35^ 

--adrenal,  359 

--pancreas,    359 

—thyroid,   359 

•glucosides  and,  359 

-hypnotics,   367 

-increase  in,  365 

--exa'mple  of,  365 

-infusions  and,  356 

-inhalation  and,  360,   361 

-injection  and,   359,   366 

— urgency  and,  366 

-in  organic  compounds,  352 

-liquid  preparations  and,   357 

"-plants,  "357 

-menstruum  and,   358 

--influence  of,   358 

-method   of  administration,   359 

—route,  •359,  361 

—site,   359 

-nitroglycerin,    371 

--blood  pressure,  371 

-organic  compounds,  352,  353 

-persistent  influence,   371 

--example  of,   371 

-plant  parts  and,   353 

—crude,   353 

--principle,   353 

-psychic  peculiarities  and,   374 

-quantity  and,   368 

—effect  of,  3  68 

---injurious,   368 

--previous  administration  and,   370-372 

-rectal  injection  and,  359 

-repetition  and,  370 

—frequency  of,   370 

-resinoids  and,   358 
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Dosage,  resistance  and  age,  377 

—table  showing,   377 

-senescence  and,  37  6 

-sex  and,  374 

-solid  extracts  and,  354 

^summation,  372 

—definition  of,   372 

--dynamic,  372 

--quantitative,   372 

-syrups  and,  356 

-table  of,  1855 

— apportionate,  1855 

-terminology  of,   341-344 

-time  and,  348 

-time  relations  ^nd, 

—examples  of,   367, 

-tinctures  and,   355 

-urgency  and,  365 

--example  of,   365, 

-vigor  and,  378 

-vinegars  and,  356 

-weight  and,  377 

-wines  and,   356 

Dose,  active,  341 

-broken,  342 

-daily,  342 

-dangerous,   344,   345 

-deadly,   344,   345 

-decided,   343 

— example  of,  343 

-definition  of,  341 

-divided,   342 

-fatal,    344 

-fractional,   342 

—administration  of,  363 

— frequency,   363,   364 

--advantages  of,  363 

-full,  342 

-large,   222 

-lethal,   344,   345 

-lethal  equivalent,   346 

-maximum,   342 

-maximum  tolerated,   346 

-medicinal,   342 

-minimal  curative,  347 

-minimal  toxic,   346 

-minimum  lethal,  346 

—definition  of,  346 

— determination  of,   147 

—-objects  of,  147 

—examples  of,  346,  347 

-minute,  342,  344 

—homeopathy  and,  344 

-moderate,  342 

-"physiologic,"  345 

-poisonous,   344 

-safe,  344,  345 

-single,  342 

-small,  222,  342 

—tolerance   established  by,   364 

—example  of,  364,  365 

-standard,  341 

-sufficient,   342 

-therapeutic,   342 

-therapeutic  equivalent,  347 

-toxic,  344 

-toxic  equivalent,   346 

Dosimetry,  314 

Douche,  vaginal,   1338 

--sodium  chloride  in,  1338 


Dover  powder,  administration  of,  1698 

-materia  medica  of,  1132 

-therapeutics  of,   1138,   1691 

Dried  alum,  materia  medica  of,  1041 

Dried  egg  albumin,  materia  medica  of,  993 

Dried  ferrous  sulphate,  materia  medica  of, 

1221 
Dried    smallpox    vaccine,    materia    medica 

of,  921 
Dried  suprarenals,  materia  medica  of,  1462 
Dried  thyroids,  materia  medica  of,  1451 
Dried    white   of    egg,    materia    medica    of, 

993 
Drop  chalk,  materia  medica  of,  982 
Dropsy,  caffeine  in,   1514 
-calomel  in,  695 
-cardiac,  1435 
--colchicum  in,  1435 
--convallaria  in,  1295 
—copaiba  in,  851 
— cymarin  in,   129  6 
-digitalis  in,  1290,  1291 
--mercury  in,  695 
—sparteine  in,   1574 
-squill  in,  1296 
--theobromine  in,  1514 
-cardiorenal,    1344 
--alkaline-saline  solution  in,    1344 
-hepatic,    851 
—copaiba  in,  851 
—mercury  in,   695 
-postscarlatinal,    1435 
--colchicum,  1435 
-thyroid  preparations  in,   1457 
-xanthoxylum  in,   1105 
Dry  extract  of  belladonna,  materia  medica 

of,  1822 
Dry  extract  of  nux  vomica,  materia  medica 

of,    1554 
Dry  extract  of  opiiun,  materia  medica  of, 

1659 
Duboisia,  chemistry  of,  1818,  1820 
Duboisine,     pharmacodynamic    action    of, 

1838 
-therapeutics  of,  1846 
DXJHRING  DISEASE,  arsenic  in,  617 
Dulcamara,   materia   medica   of,    1391 
-therapeutics  of,   1392 
Duodenum,  ulcer  of,  523 
—alkalis  in,   523 
Duotal,  materia  medica  of,  779 
Dusting  powder,  984-987 
-tannoform  in,  1076 
-zinc,    1061 

Dwarf  nettle,  materia  medica  of,  1027 
Dwarf -pine  oil,  materia  medica  of,  847 
Dyscrasia.  definition  of,   33 
-examples  of,  33 
-factors  in,  33 
-hemorrhagic,   1245 
--horse  serum  in,  1245 
-treatment  of,  34,  80,  81 
Dysentery,  acute,  1842 
—atropine  in,  1842 
—calomel  in,   690 
—opium  in,   1842 
-amebic,   1808 
—acute,  1808 

— benzyl  benzoate  in,  1808 
— arsphenamine  in,   633 
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Dysentery,  amebic,  cinchona  in,  898 
--emetine  in,  1136 
--quinine  sulphate  in,  903 
--sulphur  in,  423 
—thymol  in,  836 
-bismuth  in,  648 
-carbon  dioxide  in,  1400 
-chronic,   719 

--colloidal  silver  compounds  in,   719 
--geranium  in,   1074 
--opium  in,  1688 
-Dover  powder  in,  1139 
-hemorrhage  in,  1774 
—ergot  in,  1774 
-lavage  in,  1338 
--sodium  chloride,   1338 
-methylene  blue  in,  878 
-morphine   in,    1688 
-saline  infusion  in,  1342 
-slippery  elm  in,  997 
-types  of,    968 
—treatment  of,    9  68 

Dysentery   baeteriiie,    bacteriodynamic   re- 
action,   930 
-therapeutics  of,  931 
Dysmenorrhea,  belladonna  in,  1841 
-benzyl  benzoate  in,  1809 
-bromides  in,   1717 
-calcium  in,  1361 
-cannabis  in,    1705 
-carbon  tetrachloride  in,   459 
'colocynth  in,  1179 
-gelsemium  in,  1803 
-guaiac  in,  852 
-ovarian  extract  in,  1539 
-pelvic  congestion  in,  1312 
--hydrastis  in,   1312 
-piscidia   in,    1547 
-radium  in,   1080 
-sanguinaria  in,   1378 
-spasmodic,  1845 
--atropine  in,  1845 
Dyspepsia,  acid,  1372 
--ammonia  in,   1372 
—glycerin  in,  1001 
--sodium  bicarbonate,   522 
-acids  in,   509 
-arsenic  in,   612 
-atonic,   522 
—alkalis  in,  522 
--capsicum  in,  1019 
--colocynth  in,  1179 
— cubeb  in,   851 
--xanthoxylum  in,  1104 
-bitters  in,  1120 
-boldo   in,    1189 
-charcoal  in,  984 
-chronic,    852 
— lupulin  in,   852 
-flatulent,   774 
--creosote  in,  774 
-gentian  in,  1120 
-ichthyol  in,  579 
-infantile,  1629 
—chloral  in,  1629 
-lactic  acid  in,  1085 
-nervous,   1716 
--sodium  bromide  in,  1716 
-papain  in,  1203 
-sulphur  in,   423 


Dyspnea,  bronchitic,  1425 
--iodides  in,   1425 
-cardiac,    1333 
--phoradendron  in,  1333 
--quebracho   in,    1375 
--strychnine  in,   1567 
-opium  in,   1692 
-paroxysmal,    1691 
--mitral  stenosis  and,  1691 
— morphine  in,  1691 
-quebracho  in,   1375 

Dystrophia  adiposogenitaus,  pituitary  ex- 
tract in,  1479 
Dystrophy,  congenital,  34 
-definition  of,  34 
-treatment  of,   35 
-types  of,  35 

Dysuiua,  hyoscyamus  in,   1846 
-santonin  in,    452 


Ear,  affections  of,   684 

--mercury  in,   684-686 

-furunculosis  of,   873 

--acriflavine  in,  873 

•impacted  cerumen,  685 

— mercury  and,  685 

-inflammation  of,  1319 

--aconine  in,  1319 

-middle,  740 

--methenamine  in,  740 

-topical  applications  and,  322 

Earache,  atropine  in,  1839 

-chloroform  in,  1593 

East  Indian  balmony,  materia  medica  "of, 

1107 
Easton  symp,  materia  medica  of,   1224 
Ebullition,  process  of,  300 
Ebur  iistuni,  materia  "medica  of,  981 
Ecbolics,  drugs  acting  as,   1541 
-pharmacodynamic  action  of,   1540 
Echinacea,   antipathogenic   action    of,    918 
-materia  medica  of,   917 
-pharmacodynainic  action   of,    918 
-therapeutics  of,  917,  918 
Eclampsia,  puerperal,  1629 
--chloral  in,   1629 
--parathyroid   medication   in,   1483 
--pilocarpine  in,   1794 
--saline   infusion  in,    1343 
Eclecticism,  314 
Ectodermal  proteins,  956 
Eczema,  acute,   870 
--picric  acid  in,  870 
-alcohol  in,  1650 
-asafetida  in,   850 
-calcium  in,  1357 
-calcium  chloride  in,  1359 
-chronic,   429 
-chrysarobin  in,   429 
--eugallol  in,   763 
--phosphorus  in,    1412 
-silver  nitrate  solutions  in,  720 
-gelsemium  in,   1804 
-hydrastinine   in,    1312 
-mercury  in,  683 
-phenol  in,   754 
-resorcin  in,  760 
-starch  bath  in,  997 
-sulphides  in,  577 
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Eczema,  sulphur  in,  422 

-tar  in,  770 

-weeping-,  1773 

—ergot  in,  1773 

-zinc  in,  1061 

Eczema  capitis,  soaps  in,  520 

Eczema  marginatum,  agents  used  in,  413 

Edema,  alkalis  in,   526 

-angioneurotic,   1846 

—atropine   in,    1846 

--calcium  in,  1358 

--calcium  chloride  in,  1359 

— ephedrine  in,  1851 

— epinephrine  in,  1469 

—ergot  in,  1773 

--parathyroid  medication  in,  1483 

—pituitary  extract  in,  1479 

-cardiac,    1290 

—digitalis  in,  1290 

-forms  of,  137 

-glottis  and,   1793 

— pilocarpine  in,   1793 

-hepatic,  1296 

--cymarin  in,  1296 

-hypertonic  salt  solution  in,  1340 

-medullary,    1724 

--magnesium  sulphate  in,  1724 

-mercury  in,    695 

-pulmonary,    254 

—atropine  in,    254,    1843,    1844 

—caffeine   in,    1514 

—ergot  in,  1775 

--oxygen  in,   1396 

-renal,  1296 

--cymarin  in,  129  6 

-thyroid  preparations  in,  1457 

-treatment  of,   137 

— etiologic  indications  and,    137 

Eelworms,   42,   445 

Effervescent  artificial  Carlsbad  salt,  ma- 
teria medica  of,  1152 

Effervescent  artificial  Kissingen  salt,  ma- 
teria medica  of,  1152 

Effervescent  artificial  Vichy  salt,  materia 
medica  of,  1152 

Effei-vescent  citi'ated  caffeine,  materia 
medica  of,   1505 

Effervescent  magnesium  sulphate,  materia 
medica  of,  1151 

Effervescent  phosphate  of  soda,  materia 
medica  of,   1153 

Effervescent  potassium  bromide  with  caf- 
feine,  materia  medica   of,    1713 

Effervescent  potassium  citrate,  materia 
medica  of,  1520 

Effervescent  salt  of  lithivmi  citrate,  ma- 
teria medica  of,   1520 

Effert'cscent  sodium  citro-tartrate,  materia 
medica  of,   1252 

Effervescent  sodium  phosphate,  materia 
medica  of,  1153,   1154 

Effei-vescent  sulphate  of  soda,  materia 
medica  of,  1154 

Effervescent  tartrated  soda  powder,  ma- 
teria medica  of,  1153 

Effervescing  Epsom  salts,  materia  medica 
of,    1151 

Effusion,  pleural,  1362 

--calcium  chloride  in,  1362 

Eigone,  therapeutics  of,  560 


Elaterin,  administration  of,  1179 
-therapeutics  of,   1179 
Elaterinum,  materia  medica  of,  1165 
Elaterium,  materia  medica  of,   1164 
-therapeutics  of,   1179 
Elderberry,  materia  medica  of,  1116 
Elder  flowers,  materia  medica  of,  1116 
Elecampane,  materia  medica  of,  1118 
Electivity,  drug,  269 
—alterations  in,    269-273 
Electrocardiography,  1291 
Electrolytes,  colloids  and,  177-179 
Electrolytic  dissociation,  anions  and  ca- 
tions, 167,  168 
-conductivity,  168-170 
Electrons,   170-175 
Electuary   of  pepper,   materia   medica   of, 

1020 
Elimination,  drug,  207,  218 
—duration  of,  209 
— pointi!  of,  209 
Elixir      adjuvans,      materia     medica      of, 

1211 
Elixir      aletridls       compositum,       materia 

medica  of,  1542 
Elixir   ammonii   bromidi,   materia   medica 

of,    1712 
Elixir  ammonii  valeratis,   materia  medica 

of,    1707 
Elixir     amygdalae      compositum,      materia 

medica  of,  1211 
Elixir  anisi,   materia  medica  of,   1211 
Elixir    aromaticum,     materia    medica    of, 

1211 
Elixir  aromaticum  mbrum,  materia  medica 

of,  1214 
Elixir  avirantii  amari,  materia  medica  of, 

1113 
Elixir  bismuthi,  materia  medica  of,  643 
Elixir      bromidorum      quinque,       materia 

medica   of,    1712 
Elixir  bromidorum  trium,  materia  medica 

of,  1712 
Elixir  buchu,  materia  medica  of,  838 
Elixir  buchu  compositum,  materia  medica 

of,    839 
Elixir  buchu   et  potassii  acetatis,   materia 

medica  of,  1520 
Elixir  buchu,  juniperl  et  potassii  acetatis, 

materia  medica  of,   1520 
Elixir   calcii  bromidi,   materia   medica   of, 

1712 
Elixir   calcii    et   sodii   glycerophosphatum, 

materia  medica  of,  1405 
Elixir      calcii      hypophosphitis,       materia 

medica  of,   1407 
Elixir      calcii      lactophosphatis,      materia 

medica  of,   1407 
Elixir  camis  et  ferri,   materia  medica  of, 

1225 
Elixir  cascarte  sagradoe,  materia  medica  of, 

1158 
Elixir  cascarae  sagradie  compositum,   ma- 
teria medica  of,  1158 
Elixir  catariae  et  foeniculi,  materia  medica 

of,  1211 
Elixir    catharticum    compositum,    materia 

medica  of,  1162 
Elixir    chloridorum,    materia    medica    of, 

1224 
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Elixir     cinchona*     allcaloidoi'uni,     materia 

medica  of.   882 
Elixir  ciiioliom*  allialoidoruni  et  ferri,  ma- 
teria medica  of,  882 
Elixir    c'inchonic    allialoidomin    ct    hypo- 

phosphitiini,   materia   medica  of,   882 
Eiixlr    cindionic    allvaloidoriun.    fciTi,    bis- 

nuitlii.    ct   strychiiue,    materia    medica 

of,   882 
Elixir  cinchona*  aHvaloidoinini,  fcrri  ct  bis- 

niuttii.   materia   medica   of,    883 
Elixir     cinchona?     allialuidonini,     ferri     ct 

calcii  laclophospiiatis,  materia  medica 

of,  883 
Elixir     cinchona*     allvaloidoruni,     ferri     et 

pepsini,  materia  medica  of,   883 
Elixir     cinchoniB     aHvaloidoiiini.     fcrri     et 

strychninic,  materia  medica  of,  883 
Elixir  corrigcns,  materia  medica  of,  1210 
Elixir      corydalis      composituni,      materia 

medica  of,   1415 
Elixir   curassao,    materia   medica   of,    1113 
Elixir      criodictyi      aroniaticuni,      materia 

medica  of,  1210 
Elixir     euphorbia*     conipositum,     materia 

medica  of,  1391 
Elixir  ferri  hypophosphitis,  materia  medica 

of,    1223 
Elixir    fcrri    pyrophosphatis,     qulninse    et 

strychninse,  materia  medica  of,    1224 
Elixir   fcrri,   quininae   et   strychninae,    ma- 
teria medica  of,    1224 
Elixir  fomiatiini,  materia  medica  of,   1579 
Elixir     fonnatuni      conipositum,      materia 

medica  of,   1579 
Elixir  gcntianjie,   materia    medica   of,    1110 
Elixir   gentianai   ct   ferri,   materia   medica 

of,    1110 
Elixir   gentianse   et   ferri   phosphatls,    ma- 
teria medica  of,  1224 
Elixir  gentiana;  fcrratum,  materia  medica 

of,   1224 
Elixir     gentiana?     glycerlnatuni,      materia 

medica  of,   1112 
Elixir  glyccrophosphatum,  materia  medica 

of,   1405 
Elixir      glycerophosphatuni      composltum, 

materia  medica  of,    1405 
Elixir    glycjTThizae,     materia     medica     of, 

1211 
Elixir      glycyrrhi/.a?      aquosum,       materia 

medica  of,   992 
Elixir    glycyrrhiza*    aromaticum,    materia 

medica  of,   992 
Elixir   guaranjie,   materia   medica   of,    1505 
Elixir  fjuaranae  et  opii,  materia  medica  of, 

1543 
Elixir     heloniadls     composltum,      materia 

medica  of,   1544 
Elixir  huniuli,  materia  medica  of,   1115 
Elixir  hydrangea;  et  lithii,  materia  medica 

of,  734 
Elixir      hydrastis      composltum,      materia 

medica   of,    1307 
Elixir   lithii   bromidi,    materia   medica    of, 

1712 
Elixir    lithii    citratls,    materia    medica    of, 

1520 
EJixir  of  beef  and  iron,  materia  medica  of, 

1225 


Elixir  of  bitter  orange,  materia  medica  of, 

1113 
Elixir   of   black  haw,   materia   medica   of, 

1546 
Elixir     of     calisaya     alkaloidal,      materia 

medica  of,  882 
Elixir   of   calisaya,    alkaloidal,    and   hypo- 
phosphites,  882 
Elixir  of  <-allsaya,  alkaloidal,  with  Iron  and 

I)isinuth,  materia  medica  of,  8  83 
Elixir    of    calisiiya,    alkaloidal,    with    iron 

and  pepsin,  materia  medica  of,   883 
Elixir  of  calisaya,  alkaloidal,  with  iron  and 

strychnine,  materia  medica  of,   883 
Elixir   of    calisaya,    allcaloidal,    with    iron, 

bismuth      and      strychnine,      materia 

medica  of,  882 
Elixir  of  calisaya,  iron  and  lactophosphate 

of  lime,  materia  medica  of,  883 
Elixir  of  catnep  and  fennel,  materia  medica 

of,    1211 
Elixir  of  enzymes,  materia  medica  of,  1196 
Elixir  of  false  unicorn,  materia  medica  of, 

1544 
Elixir  of  five  bromides,  materia  medica  of, 

1712 
Elixir  of  four  chlorides,  materia  medica  of, 

1224 
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Elixir  of  lupulus,  materia  medica  of,   1115 
Elixir  of  pepsin  and  iron,  materia  medica 

of,  1195 
Elixir     of     rhamnus     purshiana,     materia 

medica   of,    1158 
Elixir   of    star   grass,    materia    medica    of, 
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of,   1712 
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of,  1712 
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1542 
Elixir  pepsini,  materia  medica  of,  1195 
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materia  medica  of,  1095 
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of,    1195 
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1195 
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teria medica  of,  1195 
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materia  medica  of,    1707 
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Elixir   sabal   et   santali   compositum,    ma- 
teria medica  of,   844 

Elixirs,  dosage  of,   356 

Elixir       sodii       hypophosphitis,       materia 
medica  of,  1407 

Elixir  sodii  salicylatis,  materia  medica  of, 
789 

Elixir    sodii    salicylatis    compositum,    ma- 
teria medica  of,  789 

Elixir      taraxaci      compositumi,       materia 
medica  of,  1112 

Elixir  terpini  hydratis,  materia  medica  of, 
850 

Elixir  tei-pini  hydratis  et  codeinse,  materia 
medica  of,  8  50 

Elixir  terpini  hydratis  et  creosoti  composi- 
tum, materia  medica  of,  771 

Elixir    terpini    hydratis     et     diacetylmor- 
phinse,   materia   medica   of,    849 

Elixir     tongae     et      salicylatum,      materia 
medica  of,  789 

Elixir  triplex,  materia  medica  of,   1224 

Elixir      vanillini      compositum,       materia 
medica  of,   1213 

Elixir  viburni  opiili  compositum,   materia 
medica   of,   1546 

Elixir   viburni   prunifolii,    materia    medica 
of,   1546 

Elixir   zinci  valcratis,   materia   medica   of, 
1707 

Elm,  materia  medica  of,  988 

Elm  bark,  materia  medica  of,   988 

Elutriation,  process  of,  301 

Emaciation,  cod-liver  oil  in,  1093 

Embelia,  materia  medica  of,  478 

-therapeutics  of,  477,  478 

Embolism,  auricular  flutter  and,  1287 

Emesis,  alum  and,  104 

-ipecac  in,   1137 

-lobelia  and,  1800 

-production  of,   1124 

-sodium  chloride  in,  1338 

-zinc  sulphate  and,  1061 

Emesis  gravidarum,  orexin  tannate  in,  1120 

Emetics,  administration  of,  1126 

-classification  of,  1125 

-discarded,   1141 

-mustard,   1033 

-purposes   of,    1126 

-therapeutics  of,  1126 

Emetinse        bismutho-iodidum,        materia 
medica  of,  1133 

Emetinte  hydrochloridum,  materia  medica 
of,  1132 

Emetine,  administration  of,   113  6 

--hypodermic,  1137 

-pyorrhea  alveolaris  and,  1136 

-therapeutics  of,   1136 

Emetine       bismuthous       iodide,       materia 
medica  of,  1133 

Emission,  nocturnal,  1717 

--bromides  in,  1717 

Emmenago^ies,     classification     of,      1541, 

1542 
-drugs  acting  as,  1541 
-pharmacodynamic  action  of,  1542 
-phoradendron,  1333 
--yohimbine,    1535 

Emollient    ointment,    materia    medica    of, 
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-pharmacodynamic  action  of,   1007 
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833 
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Emplastmm   saponis,   materia   medica   of, 
1011,  1047 
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-iodine  in,  549 

Emulsio  g'uaiaci,  materia  medica  of,  845 

Emulsion    of    ammoniac,    materia    medica 
of,   859 

Emulsion  of  castor  oil,  materia  medica  of, 
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Emulsion    of    cod-liver    oil    with    calcium 
phosphate,  materia  medica  of,  1092 

Emulsion   of   cod-liver   oil  with   egg,   ma- 
teria medica  of,  1092 

Emulsion  of  cod-liver  oil  with  malt,  ma- 
teria medica  of,  1092 

Emulsion  of  spirit  of  turpentine,  materia 
medica  of,   849 

Emulsion       olei       terebinthinse,       materia 
medica  of,  849 

Emulsum   amygdalae,    materia    medica    of, 
993 

Emulsum   asafoetidse,    materia    medica   of, 
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teria medica  of,   1092 
Emulsum  olei  morrhuae  cum  vitello,   ma- 
teria medica  of,   1092 
Emulsum   olei   ricini,   materia    medica   of, 
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Enuilsum  petrolati,  materia  medica  of,  1003 
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Encephalitis,  epidemic,   1800 
--gelsemium  in,  1800 
--iodides   in,    1429 
--iodine  in,  549,  550 
--mercurochrome  in,   69  6 
--methenamine  in,   740 
--paralysis   agitans  in,   1847 
— hyoscine   in,    1847 
-lethargic,    1687 
--hiccup  in,  1687 
---morphine  in,  1687 
--sodium   salicylate    in,    SOO 
--tartar  emetic  in,    59  4 
-papilledema  of,   1724 
--magnesium  sulphate  in,   1724 
Endarteritis,  chronic  syphilitic,  703 
--mixed  treatment  in,  703 
Endocarditis,  acute,  697 
-bacterial,   721 
—-colloidal  silver  compounds  in,   721 
--metaphen  in,  697 
--opium  in,   1691 
--rheumatic,   697 
— metaphen  in,  697 
-cantharides  in,  1037 
-champagne  in,  1650 
-infective,  87  5 
--gentian  violet  in,  875 
-mercurochrome  in,  696 
-mercury  in,  694 
-saline  infusion  in,  1343 
-subacute  bacterial,  721 
--colloidal  silver  compounds  in,  721 
Endocervicitis,  iodoform  in,   558 
Endocrlnes,  classification  of,   294 
-preparations,   1442 
-insulin,  1442 
—thyroid  gland,  1449 
-secretions  of,  294,  359,  402 
Endometritis,  mercury  in,  687 
Endoxlne,  therapeutics  of,  560 
Enema,  nutritive,  1342 
-saline,  1338 
-salt  solution  and,  1342 
--therapeutic  use  of,  1338 
-topical  applications  and,   320 
Enema  of  opium,  materia  medica  of,  1660 
Enema  opii,  materia  medica  of,   1660 
English    chamomile,    materia    medica    of, 

1113 
Enteraxgia,  calomel  in,  691 
Enteritis,  chronic.  1912 
--hydrastis  in,   1312 
-fermentative,  836 
—thymol  in,  836 
-membranous,  689 
--calomel  in,  689 
-opium  in,  1685 
--preparations  of,  1688 
-piperazine  in,   1440 
Enterobacterlne,  946 
Enteroclysis,  anesthesia  and,   1342 
Enterocolitis,  acute,  690 
—calomel  in,   690 
--tormina  in,  1  688 
---morphine   in,    1688 
-arsenic  in,   612 
-castor  oil  in,  1171 
-chronic,   899 
--quinine  in,  899 
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--alcohol  in,   1650 

-opium   in,    1685,    1688 

Entekoi.ntoxkation,  calomel  in,  680 

-etiology  of,    84 

-heavy    metals   in,    1205 

-mercurochrome   in,    692 

-remedial  agents  in,  401 

P^NUKKSis,  cantharides  in,   1038 

-nocturnal,    1845 

--atropine   in,    1845 

--nux  vomica  in,   1568 

--picrotoxin   in,    1571 

-santonin    in,    453 

-thuja  in,   854 

Enzymes,  activity  of,  182 

--factors  determining,  182 

-catalysis  and,   183 

-chemical  nature  of,   181 

-drug  influence  and,    182 

-function  of,    181 

-nature  of  action,  181,  1193 

Enzymol,  materia  medica  of,  1196 

Eosin,  chemistry  of,  871 

-pharmacodynamic  action  of,   871 

Ephedrinae  hydrochloridum,  materia  med- 
ica of,  1849 

Ephediinsc  sulphas,  materia  medica  of, 
1849 

Ephedrlne,  absorption  and  elimination  of, 
1849 

-administration    of,    1852 

-chemistry  of,   1849 

-circulatory  system  and,  1850 

-nerve  system  and,    18  51 

--autonomic,    1851 

-pharmacodynamic   action   of,    1849 

-summary  of  actions  and   uses  of,    1849 

-systemic  action   of,    1850 

-therapeutics  of,  1851 

-toxicity  of,   1850 

Epididymitis,  acute,  1800 

—lobelia  in,  1800 

-belladonna  ointment  in,  1840 

-calcium  in,  1364 

-Lugol  solution  in,   550 

-mercury  in,  694 

-Neisser  bacterine  in,  932 

-sulphur  in,   421 

Epiglottis,  ulceration  of,  558 

--iodoform   in,    558 

Epilepsy,  adonis  in,  1297,  1733 

-amyl  nitrite  in,  1331 

-arsenic  in,  616 

-atropine  in,  1845 

-borax   in,    585 

-bromides  in.   1717 

—dosage,  1717 

-bromipin  in,  1719 

-calcium   in.    1363 

-calcium  bromide  in.   1363.   1717 

-cerebral   anemia  and,    1568 

--strychnine  in.   1568 

-chloral  In.  1630 

-colloidal   silver  compounds  in,   721 

-ergot  in.   1775 

-idiopathic.    1363 

--calcium  in.   1363 

-luminal  in,  1620 

-luminal-sodium    In,    1620 
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Epilepsy,  mercury  in,  697 

-parathyroid  medication  in,   1482 

-seizures  of,    1596 

--ethyl   bromide,    1596 

-sodium  borate  in,   1717 

Epincphrina,  materia   medica   of,    1462 

Epinephrine,    absorption    and    elimination 

of,    1462 
-administration  of,  1472 
-assay  of,    306 
—biologic,   306 
—method  of,   306 
-blood  pressure  and,  372 
-chemistry    of,    1460,    1461 
-intracardiac   injection   of,    323 
--technique  of,   323 
-local   anesthesia   and,    1759-1761 
-pharmacodynamic  action  of,   1462-1469 
-shoclc   and,    1341 

-summary  of  actions  and  uses  of,    1461 
-systemic  action  of,   1464-1469 
-therapeutics  of,  1469-1472 
-toxicity  of,  1463 
Epistaxis,  alum  in,   1043 
-ergot  in,    1774 
-salt  solution  in,  1337 
Epithelioma,  chelidonium  in,  1700 
-chlorates  in,   541 
-facial,    738 
--formalin  in,   738 
-formic  acid  in,  741,  1579 
--subcutaneous  injection  of,  1579 
-radiotherapy  in,  93 
-superficial,  7  63 
— pyrogallol   in,    763 
-thuja  in,   853 

Epsom  salt,  materia  medica  of,  1151 
-therapeutics    of,    1174 
Equilibrium,  metabolic,  405 
—organic  function  and,   405 
Erethism,  mercurial,  675 
Ergamlne,  materia  medica  of,  1765 
Ergot,  absorption  and  elimination  of,  1765 
-administration  of,  1774,  1777 
—method  of,  1774 
-assay  of,  307 
—biologic,  307 
—method  of,   307 
-chemistry  of,  1761,  1762 
-hemorrhage  and,   1243 
-nerve  system  and,  1769 
-pharmacodynamic,  action   of,    1765 
-poisoning   by,    1765 
—acute,  1766 
—-treatment  of,   1767 
--chroiiic,   1766 
—treatment  of,  1767 

-summary  of  actions  and  uses  of,   1763 
-systemic   action   of,    1767 
-therapeutics  of,   1772-1777 
-toxicity   of,    1765 
-uterus  and,   1776-1779 
Ergota,  materia  medica  of,  1763 
Ergotamine,  administration  of,  1777 
-alimentary  system  and,  1767 
-chemistry  of,   1762 
-metabolism  and,   1768 
-systemic  action  of,  1767 
Ergotamine    tartras,    materia    medica    of, 
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Ergot  aseptic,  materia  medica  of,  1764 

Ergotism,  gangrenous,    17  65 

-spastic,    17  65 

Ergot  group,  autonomic  nerve  system  and, 

1761-1780 
Ergotininee     citras,     materia     medica     of, 

1764 
Ergotine  bonjean,  materia  medica  of,  1764 
Ergotin,  P.I.,  materia  medica  of,  1763 
Ergot  of  rye,  materia  medica  of,   1763 
Ergotole,  materia  medica  of,   1763 
Ergotoxinae  phosphas,  materia  medica  of, 

1764 
Ergotoxine,  administration  of,   1777 
-alimentary  system  and,  1767 
-chemistry   of,    1762 
-circulatory  system  and,   1767 
-hemorrhage  and,    1243 
-metabolism   and,    1768 
-systemic  action   of,    1767 
Ergotoxinum,   materia  medica  of,   1764 
Eiigeron,  therapeutics  of,   841 
Eriodictyon,  materia  medica  of,  1210 
Erysipelas,  belladonna  in,  1846 
-hydrastinine   in,    1312 
-ichthyol  in,  579 
-iron  in,  1232 
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-mercurochrome  in,    696 
-mercury  in,    683 
-phenol  in,  755 
-picric  acid  in,  870 
-saline   infusion   in.   1343 
-streptobacterine   in,    938 
-veratrum  in,   1325 
Erysipelas  and  prodigiosup  toxins,  materia 

medica   of,    9  64 
Erythrodermia,  neorobin  in,   432 
Erythrol  tablets,  materia  medica  of,   1327 
Erythrol    tetranitras,    materia    medica    of, 

1327 
Erythrol  tetranitrate,  therapeutics  of,  1332 
Erythromelalgia,  arsenic  in,  615 
Escharotics,    1083-1088 
Eseiine,  administration  of,   1786 
-chemistry  of,  1780 
-therapeutics   of,    1785 

Eserine  salicylate,  materia  medica  of,  1781 
Eserine  sulphate,  materia  medica  of,  1781 
Esophagus,  epinephrine  in,  1469 
-ulceration    of,    colloidal   silver   compounds 

in,   718 
Essence  of  nutmeg,  materia  medica  of,  817 
Essence  of  peppermint,  materia  medica  of 

823 
Essence    of    pepsin,    materia    medica    of. 

1195 
Essence  of  thyme,  materia  medica  of,  819 
Essential  oils,  chemistry  of,  801-805 
-classification  of,   194 
Ethanesal.  anesthesia  and,  1608 
Ethanol.  materia  medica  of,   1634 
Ether,  absorption  and  elimination  of,   1600 
-administration  of,   1606 
-anesthesia   and,    1604,    1607 
--method   of  administration,   1609 
-antidote  for,    1859 
-chemistry  of.   1599 
-history  of,  1599 
-materia  medica  of,   1600 
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Ether,  pharmacodynamic  action  of,  1600 
-summary  of  actions  and  uses  of,   1600 
-systemic   action   of,    1602 
-therapeutics  of,  1124,   1605 
-toxicity  of,    1601 

Ethereal  oil,  materia  medica  of,  1600 
Ethereal    tineture   of   ferric  chloride,    ma- 
teria medica  of.    1225 
Ethereal  tinetiuc  of  lobelia,  materia  med- 
ica of,   179  9 
Ether  extract  of  cubeb,  materia  medica  of, 

843 
Ethers,  source  of,  283 
Ethyl  acetate,  materia  medica  of,   1212 
Ethyl  alcohol,  antidote  for,   1858 
-materia  medica  of,   1634 
Ethyl  bromide,  chemistry  of,   159  5 
-therapeutics  of,   159  6 
Ethylcarbaniate,  chemistry  of,    1621 
-pharmacodynamic    action    of,     1622 
-summary  of  actions  and  uses  of,   1621 
-therapeutics   of,    1622 

Ethyl  chloride,  anesthesia  and,   1606,  1609 
--congelation,    1759 
—local,    1759 

--method  of  administration,   1609 
-chemistry   of,    1594 
-pharmacodynamic   action    of,    1594 
-summary  of  actions  and  uses  of,   1594 
-therapeutics  of,    1595 

Ethyl  chloridum,  materia  medica  of,  1594 
Ethylene,  anesthesia  and,   1599,   1607 
—method  of  administration,   1609 
-chemistry  of,   1598 
-pharmacodynamic  action  of,  1598 
-summary  of  actions  and  uses  of,   1598 
Ethyl    ester    of    paraniethylphenylcincho- 

ninic  acid,  materia  medica  of,   1436 
Ethylhydrocupreine,      administration      of, 

909 
-chemistry  of,   897 
-materia  medica  of,  887 
-therapeutics  of,  908,  909 
-toxicity  of,    908,    909 

Ethylhydrocupreine     hydrochloride,      ma- 
teria  medica   of,    887 
-pneumococcic  meningitis  and,   909 
Ethylic  ether,  materia  medica  of,  1600 
Ethyl  oxide,  materia  medica  of,   1600 
Ethyl   phenyl   carbamate,   materia   medica 

of,  1493 
Ethyl  salicylate,  materia  medica  of,   789 
Etiology,  therapeutics  based  on,  97-131 
Eucainue  hydrochloriduni,  materia  medica 

of,   1737 
Eucaine.   chemistry  of,   1753 
-therapeutics  of,   1758 

Eucaine  lactate,   materia  medica   of,   1737 
Eucalypti  guninii,  materia  medica  of,  1067 
Eucalyptol,  administration   of,    827 
-antipathogenic  action  of,    826 
-materia  medica  of,    826 
-pharmacodynamic  action  of,   82  6 
-therapeutics  of,   827 
Eucalyptol  petroxolin,  materia  medica  of, 

826 
Eucalyptol  spray,  materia  medica  of,  826 
Eucalyptus,  materia  medica  of,   826 
Eucalyptus    globulus,     threadworms    and, 
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Eucalyptus  gum  lozenge,  materia  medica 

of,    1066 
lOucalyptus   kino  lozenge,   materia   medica 

of,   1066 
Eucalyptus   ointment,   materia   medica   of, 

826 
Kucatropina,  materia  medica  of,   1825 
Eucalropine,  summary  of  actions  and  uses 

of,    1839 
Eudoxine,   materia  medica  of,   5  55 
Eugallol,  materia  medica  of,  761 
-therapeutics   of,    763 
Eugenol,  materia  medica  of,  814 
-therapeutics  of,   820 
Euniydrine,  therapeutics  of,   1848 
Kuonyniin,  therapeutics  of,   1180 
Euonynius,    chemistry   of,    1148 
-materia   inedica  of,    1165 
-therapeutics  of,   1180 
Eupad,   materia  medica  of,   532 
-wounds  and,  536 

Eupatoriuni,  materia  medica  of,  1109 
-therapeutics  of,   1121 
Euphorbia,   materia  medica  of,    1391 
-summary  of  actions  and  uses  of,   1391 
-therapeutics  of,   1391 
Euphorin.  chemistry  of,  1493 
-materia  medica  of,   1493 
Euphthalmine,  materia  medica  of,  1825 
Euquinine,  materia  medica  of,   884 
Eurobin,  chemistry  of,   429 
European   goat's   rue,   materia   medica   of, 

1548 
European    mistletoe,    materia    medica    of, 

1333 
Europhcn,  materia  medica  of,   555 
-syphilis  and,   560 
Eurosol,  alopecia  and,  761 
-chilblains  and,   761 
-materia  medica  of,   757 
-parasitic   dermatoses  and,   761 
-seborrhea  and,  761 
-sunburn  and,   761 
-urinary  antisepsis  and,   761 
Eusol,  materia  medica  of,  532 
-septicemia  and,   538 
-wounds  and,    536 
Evaporation,  process  of.  300 
Ewart  solution,  composition  of,   1347 
-administration  of,  1347 
Exalgine.  antidote  for,  1858 
Exanthemata,  acute,  1320 
--aconite  in,  1320 
--calcium  sulphide  in,  578 
-alkalis  in,  526 
-calcium  in,   1364 
-sulphur  in,   424 
Excitants,    respiratory    center    and,    1366- 

1375 
Expectorants,  classification  of,  1376 
—sedative,   1376 
--stimulating,   1376 
-respiratory  mucosa  and,   1376-1384 
Explosions,    chemical    combinations    caus- 
ing,  390 
--table  showing,   390 
-chemical   incompatibility  and,    390 
Explosive  compoi'nds,  composition  of,   390 
--combustibles,   390 
--oxidizers,  390 
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Expressed  oil  of  almond,  materia  medica 

of,   1003 
Expression,  definition  of,  299 
Exsiccated  alum,  materia  medica  of,  1041 
Exsiccated  ferrous  sulphate,  materia  med- 
ica of.  1221 
Exsiccated  sodium  arsenate,  materia  med- 
ica of,   59  6 
Exsiccated      sodium     carbonate,      materia 

medica  of,  515 
Exsiccated     sodium     phosphate,     materia 

medica  of,   1153 
Exsiccated  sodium  sulphite,  materia  med- 
ica  of,    571 
Exsiccated     tannin     albuminate,    "materia 

medica  of,   1071 
Exsiccation,  process  of,  301 
Extract  of  beef,  materia  medica  of,   1095 
Extract  of  bitter  root,  materia  medica  of, 

1109 
Extract   of  blue  flag,   materia   medica    of, 

1165 
Extract  of  dandelion,   materia  medica   of, 

1112 
Extract  of  gentianae  radix,  materia  medica 

of,    1109 
Extract  of  golden  seal,  materia  medica  of, 

1307 
Extract  of  Indian  hemp,   materia   medica 

of,  1703 
Extract  of  iris,  materia  medica  of,  1165 
Extract  of  licorice,  materia  medica  of,  991 
Extract   of   licorice   root,    materia    medica 

of,   991 
Extract  of  musk  root,  materia  medica  of, 

1545 
Extract     of     oxgall,     materia     medica     of, 

1187 
Extract    of    rhamnus    purshiana.    materia 

medica  of,   1157 
Extract    of    rhatany,    materia    medica    of, 

1067 
Extract    of   rhubarb,    materia    medica    of, 

1159 
Extract    of    stramonium    leaves,    materia 

medica  of,   1823 
Extract  of  wahoo,  materia  medica  of,  1165 
Extract  of  whole  pancreas,  materia  med- 
ica of,   1199 
Extracts,  animal  organ,  402 
-preparation  of,   296 
-sex  glands  and,  1536 
—female,    1537-1540 
—male,  1536 
-solid,   355 
—dosage  of,  355 
—standardization  of,   3  55 
Extra  ctum     aconiti,     materia     medica     of, 

1314 
Extractum  aloes,  materia  medica  of,   1155 
Extractum  belje  llquidum,  materia  medica 

of,  1211 
Extractum  belladonnae,  materia  medica  of, 

1822 
Extractum   belladonnae   llquidum,    materia 

medica  of,   1822 
Extractum     belladonnae     siccum,     materia 

medica  of,   1822 
Extractum    cannabis,    materia    medica    of, 

1703 


Extractimi  cannabis  indicse,  materia  med- 
ica of,  1703 

Extractum  carnis,  materia  .medica  of,  109  5 

Extractum  cascarai  sagradse,  materia  med- 
ica  of,    1157 

Extractum  cinchonse,  materia  medica  of, 
882 

Extractum  colchici,  materia  medica  of, 
1432 

Extractum  colchici  cormi,  materia  medica 
of,  1432 

Extractum  colocynthidis,  materia  medica 
of,   1163 

Extractum  colocynthidis  compositum,  ma- 
teria medica  of,    1163 

Extractum  conii,  materia  medica  of,   1804 

Extractum  elaterii,  materia  medica  of, 
1164 

Extractum  ergotse,  materia  medica  of, 
1764 

Extractum  ergotae  aquosum,  materia  med- 
ica of,   1763 

Extractum  ergotae  liquidum,  materia  med- 
ica of,   1763 

Extractum  ergotae  purificatum,  materia 
medica  of,   1764 

Extractum  euonymi,  materia  medica  of, 
1165 

Extractum  fellis  bovis,  materia  medica  of, 
1187 

Extractum  ferri  pomatum,  materia  medica 
of,    1221 

Extractum  gelsemii,  materia  medica  of, 
1801 

Extractum  gentianae,  materia  medica  of, 
1109 

Extractum  glycyrrhizse,  materia  medica 
of,  991 

Extractum  glycyrrhizae  purum,  materia 
medica  of,   992 

Extractum  gossypii  radicis  corticis  liqui- 
dum, materia  medica  of,   1544 

Extractum  haematoxyli,  materia  medica  of, 
1065 

Extractum  hamamelidis  liquidum,  materia 
medica  of,   1066 

Extractum  hydrastis,  materia  medica  of, 
1307 

Extractum  hydrastis  liquidum,  materia 
medica  of,   1307 

Extractum  hyoscyami,  materia  medica  of, 
1823 

Extractum  hypophysis  cerebro  liquidum, 
materia  medica  of,  1474 

Extractum  ignatiae,  materia  medica  of, 
1556 

Extractum  iridis,  materia  medica  of,  1165 

Extractum  kavae  liquidum,  materia  medica 
of,  822 

Extractum  krameriae,  materia  medica  of, 
1067 

Extractum  leptandrae,  materia  medica  of, 
1167 

Extractum  malti,  materia  medica  of,  1088 

Extractum  maltum  liquidum,  materia 
medica    of,    1088 

Extractum  morrhuse  alcoholicum,  materia 
medica  of,   1092 

Extractum  nucis  vomicae,  materia  medica 
of,    1554 
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Extractum    nucis    vomicae    liquidum,    ma- 
teria medica  of,    1554 
Kxtractuiu  nucis  vomicae  slcciun,   materia 

medica   of,    15  54 

I'xtractuin   <)i)ii.    materia    medica   of,    1659 

Extractuiu  oiiii  liquidum,  materia  medica 
of,    1660 

Kxtractum  opii  siccuni,  materia  medica  of, 
1659 

I^xtractuiu  pauereaticum  integrum,  ma- 
teria medica  of,  1199 

Kxtractum  pliysostiginatis,  materia  med- 
ica of,    1781 

Extractum  picrorrhizse  liquidum,  materia 
medica  of,    1111 

Extractum  podophylli,  materia  medica  of, 
1168 

Extractum  quassise,  materia  medica  of, 
1111 

Extractum  rhci.  materia  medica  of,   1159 

Extractum  sarsie  liquidum,  materia  med- 
ica  of,    1381 

Extractum  secalis  cornuti  IM.,  materia 
medica   of,    17  64 

Extractum  stramonii,  materia  medica  of, 
1823 

Extractum  strophantlii,  materia  medica 
of,    1270 

Extractum  sumbul,  materia  medica  of, 
1545 

Extractum  taraxaci,  materia  medica  of, 
1112 

Extractum  viburni  prunifolii  liquidum, 
materia  medica  of,   1546 

Exudates,  absorption  of,  1793 

--pilocarpine  in,    1793 

Eye.  affections  of,  873 

--acriflavine   in,    873 

--atropine  in,   1839 

— chlorbutanol    in,    1630 

—chlorine  in,   537 

—chloroform   in,    1593 

— dionine  in,    1697 

—  -solutions    of,    1697 

--ergot  in,   1772 

--failing  vision,   1568 

— strychnine   in,    1568 

--hydrastis   in,    1312 

--magnesium   sulphate  in,    1724 

--mercury  in,    684,    685 

--phosphorus  in,  1412 

--physostigmine  in,  1785 

--picric    acid    in,    870 

--pilocarpine   in,    1792,    1794 

--posthemorrhagic,    1697 

— dionine   in,    1697 

--Pulsatilla   in,    1547 

--quinine  hydrochloride  in,   910 

--salicylates  in,   801 

--thuja   in,    853 

—zinc    sulphate   in,    1060 

-atropine   and,    1839 

-catarrhal  inflammation  of,  sulphur  in, 
423 

-cocaine  and,    1750 

-concussion   of,   1793 

--pilocarpine  in,   1793 

-contusion    of,    1697 

--dionine-atropine  in,    1697 

-ephedrine   in,    1851 


Eye,  examination  of,  1839 

--atropine  in,  1840 

— contraindications,    1840 

— indications,    1840 

-liomatropine   and,    1848 

-local  anesthesia  and,   1759 

--butyn  in,   1760 

--druga   used  in,   1759,   1760 

--novocaine  in,   1760 

--procaine   in,    1760 

-methylatropine   in,    1848 

-surface  anesthesia  in,  1759 

-topical    applications   and,    322 

-tropacocaine  in,   1760 

-wounds   of,    1839 

--atropine  in,  1839 

--mercury  in,  685 

Eyestrain,  sodium  formate  solution  in,  15  80 


False  hellebore,  materia  medica  of,   1321 

False  unicorn,   materia  medica  of,    1544 

Farfara,  materia  medica  of,   991 

Fatigue,  drug  tolerance  and,   251,   252 

-muscular,    1579 

--formic  acid  in,   1579 

-sodium  chloride  in,    1339 

Fauces,  catarrhal  affections  of,  1073 

--tannic  acid  in,  1073 

-relaxation   of,    1075 

--krameria   in,    1075 

Favus,  acetic  acid  in,  440 

-agents   used   in,    414 

-chlorine  in,  536 

-chrysarobin  in,   433 

-iodine  in,   440 

-normal  cupric  acetate  in,  441 

-phenol  in,  438 

-resorcin  in,  439 

-salicylic  acid  in,   440 

-sulphur   in,    425 

Febrifuges,  action  of,   2  56 

-belladonna,    1844 

-synthetic,    1484,    1498 

Feces,  impaction  of,  428 

-petroleum   in,   428 

-retention  of,   1338 

—lavage  in,  1338 

— sodium  chloride,  1338 

Feeding,  rectal,    1342 

--salt  solution  and,    1342 

Fel  bovinum  purificatum,   materia  medica 

of,  1187 
Fel  boAis,  materia  medica  of.  1187 
Fennel,  materia  medica  of,   816 
-oil  of,   820 
--therapeutics  of,   820 
-therapeutics  of,   1123 
Fennel  seed,  materia  medica  of,   816 
Fennel  water,  materia  medica  of.   816 
Ferioben,  materia  medica  of,  1417 
Fermentation,   medicinal  agents  and,    297 
--preparation  of,  297 

Fermented  milk,  materia  medica  of,   1095 
Ferments,   action   of,    181 
-activity  of,   182 
-chemical  nature  of,  181 
-classification  of,  297 
-digestive,    1192.    1205 
—therapeutics  of,    1193 
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Ferments,  function  of,  181 

-true,  294 

—animal,   294 

— classification  of,   294 

—source  of,  294 

FeiTated  elixir  of  calisaya,  materia  medica 
of,  882 

Ferrated  extract  of  apples,  materia  med- 
ica of,   1221 

Ferrated  wine  of  wild  cherry,  materia 
medica  of,   1386 

Ferratin,  materia  medica  of,   122  6 

Ferratinum,   materia  medica   of,    1226 

Fen-atose,  materia  medica  of,    122  6 

Ferri  arsenis,  materia  medica  of,   1219 

Ferri  cacodylas,  materia  medica  of,   1218 

Ferri  carbonas  saccharatus,  materia  med- 
ica of,   1218 

Ferric  chloride,  administration  of,   1233 

-materia  medica  of,   1218 

-threadworms  and,   444 

FeiTic  glycerinophosphate,  materia  medica 
of,    1219 

Ferric  grlycerophosphate,  materia  medica 
of,  1219 

Ferri  chloridiim,  materia  medica  of,   1218 

Ferric  hydrate  with  magnesia,  materia 
medica  of,    1219 

Ferric  hydroxide  with  magnesium  oxide, 
materia  medica  of,    1219 

Ferricodil.  materia  medica  of,  1218 

Ferric  iodobehenate,  materia  medica  of, 
1417 

FeiTic  phosphate,  administration   of,    1233 

Ferric  phosphate  with  sodium  citrate,  ma- 
teria medica  of,   1219 

Ferric  pyrophosphate,  materia  medica  of, 
1220 

Ferric  subsulphate,  threadworms  and,   444 

Ferri  et  ammonii  citras,  materia  medica 
of,  1219 

Ferri  et  potassil  tartras,  materia  medica 
of,  1219 

Ferri  et  quininse  citras,  materia  medica  of, 
1219 

Ferri  glycerophosphas,  materia  medica  of, 
1219 

Ferri  hydroxidum  cum  magnesii  oxido, 
materia  medica  of,  1219 

Ferri  hypophosphis,  materia  medica  of, 
1220 

Ferri  iodidi  syrupus  P.I.,  materia  medica 
of,    1224 

Ferri  lactas,  materia  medica  of,   1220 

Ferri  malas  crudus,  materia  medica  of, 
1221 

Ferri  oxidum  saccharatum,  materia  med- 
ica of,   1218 

Ferri  phosphas,  materia  medica  of,   1220 

Ferri 'phosphas  saccharatus,  materia  med- 
ica  of,    1220 

Ferri  phosphas  solubilis,  materia  medica 
of,    1220 

Ferri  pyrophosphas  solubilis,  materia 
medica  of,   1220 

Ferri  sulphas,   materia  medica  of,   1220 

Ferri  sulphas  exsiccatus,  materia  medica 
of,  1221 

Ferri  sulphas  granulatus,  materia  medica 
of,    1221 


Ferri  vanadas,  materia  medica  of,   728 
Ferrohemol,   materia  medica  of,   1226 
Ferrosajodin,  materia  medica  of,  1417 
Ferroso-aluminl   sulphas,    materia   medica 

of,   1042 
Ferrous  carbonate,  administration  of,  1232 
-saccharated,    1218 
--materia  medica  of,  1218 
Ferrous  iodide,  administration  of,  1233 
Ferrous   lactate,    administration    of,    1233 
Ferrous  sulphate,   administration   of,    1233 
-materia  medica  of,   1220 
-threadworms  and,    444 

Ferruginous  pills,  materia  medica  of,  1223 
Ferrum,  materia  medica  of,   1218 
Ferrum  albuminatum,  materia  medica  of, 

1218 
Ferrum   peptonatum,    materia   medica    of, 

1218 
Ferrum      reductum,      administration      of, 

1232 
-materia  medica  of,  1218 
Ferrum    tartaratum,    materia    medica    of, 

1219 
Fetid   spirit  of  ammonia,   materia  medica 

of,  1368 
Fever,  ammonia  in,  1373 
-ammonium  acetate  in,  1522 
-ammonium  citrate  in,  1253 
-antipyretics  in,    149  8 
--dangers   of,    1498 
-arnica  in,   1017 
-blackwater,    904 
--quinine  in,    904 
-camphor  in,   831 
-cerebrospinal,  70 
--iodine  in,   549 
--prognosis  in,  70 
-citric  acid  in,  1253 
-defensive   reaction  and,   105 
-glandular,   633 
--arsphenamine  in,  633 
--quinine  in,   902 
-guaiacol  in,  781 
-infectious,  69 
--alkalis  in,   526 
— asafetida   in,   850 
--homocamfin  in,   1299 
—injection   of,   1299 
—types    of,    70 
— prognosis  in,   71 
-malarial,    567 
—acute,    691 
— calomel  in,   691 
--fluoroform  in,    567 
-potassium   citrate   in,    1253 
-rat-bite,  633 
--arsphenamine  in,    633 
-relapsing,    611 
--arsenic  in,  611 
--saline  infusion  in,  1343 
-rheumatic,   1693 
—acute,  1693 
— morphine  in,    1693 
-Rocky  Mountain  spotted,   902 
--quinine   in,    902 
-salt,   1337 

—salt  solution  and,  1337 
-septic,    739 
--formaldehyde  in,  739 
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FiBRliXATiON,  auricular,   1301 

—cause  of,   1301 

—decompensation  and,   1302 

— quinidine  in,   1302 

— strophanthin    in,    1302 

—digitalis  in,   1285,  12S6 

— physostigmine  in,  17  8  6 

--quinidine   in,    1301 

—effects  of,   1302 

—indications,   1301,   1302 

--strophanthus  in,   1286 

Fibrin,   hemorrhage  and,    1243,    1244 

-pharmacodynainic  action  of,   1245 

-therapeutics  of,   1245 

Fibrolysin,  materia  medica  of,  1097 

FiBKOMATA,  uterine,   1080 

—radium  in,   1080 

Fibrosis,  thiosinamine  in,   1099 

Flcus,  materia  medica  of,    1154 

Fis,  materia  medica  of,  1154 

FiLARlASis,  hematochyluria  of,  902 

--quinine  in,  902 

-methylene  blue  in,   878 

-tartar  emetic  in,   59  3 

Filicic  acid,  chemistry  of,   464 

-materia  medica  of,   465 

Filmaron,  chemistry  of,   464 

-materia  medica  of,   465 

Filtrate,  definition  of,  301 

FiLTRATiox,  process  of,    301 

Firm   zinc  slycerogelatin,   nnateria  medica 

of,    1057 
Fischer  solution,  administration  of,  1346 
-composition  of,    526 
-edema  and,  526 
-therapeutic  use  of,   526,   1344 
Fishberry,  materia  medica  of,  43  6 
Fisli  poison  tree,  materia  medica  of,   1544 
Fissure,  anal,  8  62 
--benzoin  in,  862 
—carbon   dioxide   in,    1400 
--colloidal  silver  compounds  in,   719 
Fistula,  rectal,  760 
--resorcin   in,    760 
--sulphur  in,  421 
Flatulence,  gastric,   841 
— cajuput  in,   841 
-intestinal,    647 
—bismuth,  647 
--prickly  ash,  1105 
-postoperative,    1480 
--pituitary  extract  in,  1480 
-sherry  in,  1650 
-terpin  hydrate  in,  859 
-valerian  in,   1708 

Flavine,  antipathogenic  action  of,  872 
-chemistry  of,   871 
-pharmacodynamic  action  of,   872 
-therapeutics  of,  867,  873 
Flavors,  classification  of,  1208,  1209 
Flaxseed,  materia  medica  of,  993 
Flaxseed  meal,  therapeutics  of,  99  5 
Flaxseed  oil,  materia  medica  of,   1003 
Flaxseed  tea,  therapeutics  otj   996 
Fleaseed,   materia  medica   of,    990 
Fleawort,    materia   medica   of,    990 
Fleming's     tincture     of     aconite,     materia 

medica  of,    1315 
Flexible  collodion,  materia  medica  of,  1006 
Flores  artemlsiit,  materia  medica  of,  449 


Flower,  definition  of,  288 

Flowers  of  Benjamin,  materia  medica  of, 

782 
Flowers    of    benzoin,    materia    medica    of, 

782 
Flowers    of   sulphur,    materia    medica    of, 

417 
Flowers  of  zinc,  materia  medica  of,  1055 
Fluidextract  of  alum  root,  materia  medica 

of,    1065 
Fluidextract  of  arbor  vitse,  materia  medica 

of,  848 
Fluidextract    of    arnica    flowers,    materia 

medica   of,    1016 
Fluidextract  of  barberry,   materia   medica 

of,   1105 
Fluidextract  of  beth  root,  materia  medica 

of,    1545 
Fluidextract  of  birth  root,  materia  medica 

of,    1545 
Fluidextract  of  bitter  orange  peel,  materia 

medica  of,  1113 
Fluidextract  of  bitter  root,  materia  medica 

of,    1110 
Fluidextract  of  bittersweet,  materia  med- 
ica  of,    1391 
Fluidextract  of  blackberry  bark,   materia 

medica  of,    1070 
Fluidextract     of     black     cohosh,     materia 

medica  of,    1108 
Fluidextract  of  black   snakeroot,    materia 

medica  of,   1108 
Fluidextract  of  bloodroot,  materia  medica 

of,    1377 
Fluidextract  of  blue  cohosh,  materia  med- 
ica of,   1543 
Fluidextract  of  blue  flag,  materia  medica 

of,    1165 
Fluidextract  of  blue  gum  leaves,   materia 

medica   of,    826 
Fluidextract    of    boneset,    materia    medica 

of,    1109 
Fluidextract    of    buckthom-bark,    materia 

medica  of,    1158 
Fluidextract  of  buckthorn  berries,  materia 

medica  of,    1159 
Fluidextract    of    butternut    bark,    materia 

medica  of,    1166 
Fluidextract     of     calisaya     bark,     materia 

medica  of,    8  81 
Fluidextract  of  catnep,  materia  medica  of, 

821 
Fluidextract  of  celery  fruit,  materia  med- 
ica of,   1543 
Fluidextract  of  celery  seed,  materia  med- 
ica of,   1543 
Fluidextract      of      checkerberrj',      materia 

medica  of,    1544 
Fluidextract   of   convallaria   root,    materia 

medica  of,  1270 
Fluidextract  of  cotton  root  bark,   materia 

medica  of.    1544 
Fluidextract  of  couch  grass,  materia  med- 
ica  of,    991 
Fluidextract  of  cranesbill.  materia  medica 

of,    1065 
Fluidextract  of  dandelion,  materia  medica 

of,   1112 
Fluidextract    of    dogwood    bark,     materia 

medica  of,   1114,   1545 
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Fluidextract  of  false  unicorn,  materia 
medica  of,   1544 

Fluidextract  of  fringe  tree  bark,  materia 
medica  of,   1380 

Fluidextract  of  golden  seal,  materia  med- 
ica of,   1307 

Fluidextract  of  green  hellebore,  materia 
medica  of,   1322 

Fluidextract  of  haniamelis  leaves,  materia 
medica  of,   1066 

Fluidextract  of  hops,  materia  medica  of, 
1115 

Fluidextract  of  horse-nettle  berries,  ma- 
teria medica  of,   1392 

Fluidextract  of  ipecac,  materia  medica  of, 
1131 

Fluidextract  of  jaborandi,  materia  medica 
of,    1787 

Fluidextract  of  licorice  root,  materia  med- 
ica of,   992 

Fluidextract  of  life  root,  materia  medica 
of,    1116 

Fluidextract  of  lupulus,  materia  medica  of, 
1115 

Fluidextract  of  macrotys,  materia  medica 
of,  1108 

Fluidextract  of  mullein  leaves,  materia 
medica  of,    990 

Fluidextract  of  nigger-head,  materia  med- 
ica of,   917 

Fluidextract  of  opium,  materia  medica  of, 
1160 

Fluidextract  of  pill  bearing  spurge,  ma- 
teria medica  of,   1391 

Fluidextract  of  pleurisy  root,  materia  med- 
ica of,   1543 

Fluidextract  of  pomegranate,  materia 
medica  of,   468 

nuidextract  of  prickly  ash,  materia  med- 
ica of,  1104 

Fluidextract  of  quebracho,  materia  medica 
of,    1373 

Fluidextract  of  rhamnus  purshiana,  ma- 
teria medica  of,   1157 

Fluidextract  of  rhubarb,  materia  medica 
of,  1159 

Fluidextract  of  seven  barks,  materia  med- 
ica of,   734 

Fluidextract  of  skullcap,  materia  medica 
of,    1545 

Fluidextract  of  spigelia,  materia  medica 
of,  454 

Fluidextract  of  squaw  root,  materia  med- 
ica  of,    1543 

Fluidextract  of  squaw  vine,  materia  med- 
ica of,    1544 

Fluidextract  of  squiU,  materia  medica  of, 
1271 

Fluidextract  of  star  grass,  materia  medica 
of,    1542 

Fluidextract  of  stavesacre,  materia  medica 
of,  434 

Fluidextract  of  thoroughwort,  materia 
medica  of,   1109 

Fluidextract  of  unicorn  root,  materia  med- 
ica of,   1542 

Fluidextract  of  white  ash  bark,  materia 
medica  of,   1543 

Fluidextract  of  wild  hydrangea,  materia 
medica  of,    734 


Fluidextract  of  wild  yam  root,  materia 
medica  of,   1380 

Fluidextract  of  yerba  santa,  materia  med- 
ica of,   1210 

Fluidextracts,  dosage  of,  35  5 

-standardization  of,    304,   355 

Fluidextractum  acouiti,  materia  medica  of, 
1315 

Fluidextractum  adonidis,  materia  medica 
of,    1273 

Fluidextractum  aletridis,  materia  medica 
of,    1542 

Fluidextractum  angelicae  radicis,  materia 
medica  of,   811 

Fluidextractum  apii  finictus,  materia  med- 
ica of,   1543 

Fluidextractum  apocyni,  materia  medica 
of,    1272 

Fluidextractum  ai-alise,  materia  nnedica  of, 
1380 

Fluidextractum  arnlcae,  materia  medica  of, 
1016 

Fluidextractum  aromaticum,  materia  med- 
ica  of,    815 

Fluidextractum  asclepiadis,  materia  med- 
ica of,   1543 

Fluidextractum  aspidospermatis,  materia 
medica  of,    1373 

Fluidextractum  aurantii  amari,  materia 
medica  of,   1113 

Fluidextractum  avense  sativie,  materia 
medica  of,   1089 

Fluidextractum  baptisise,  materia  medica 
of,    1799 

Fluidextractum  belladonnse  folionim,  ma- 
teria medica  of,   1822 

Fluidextractum  belladonnse  radicis,  ma- 
teria medica  of,   1822 

Fluidextractum  berberidis,  materia  medica 

of,  no5 

Fluidextractum  boldi,  materia  medica  of, 
1189 

Fluidextractum  buchu,  materia  medica  of, 
838 

Fluidextractum  buchu  compositum,  ma- 
teria medica  of,   838 

Fluidextractum  calendulse,  materia  med- 
ica of,   1106 

Fluidextractum  calumbse,  materia  medica 
of,  1107 

Fluidextractum  cannabis,  materia  medica 
of,   1703 

Fluidextractum  cascarse  sagradae,  materia 
medica  of,   1157 

Fluidextractum  cascarte  sagradse  aromati- 
cum, materia  medica  of,  1157 

Fluidextractum  castanese,  materia  medica 
of,   1064 

Fluidextractum  catariae,  materia  medica 
of,   821 

Fluidextractum  caulophylli,  materia  med- 
ica of,   1543 

Fluidextractum  chimaphilae,  materia  med- 
ica of,   1516 

Fluidextractum  chionanthi,  materia  med- 
ica of,   1380 

Fluidextractum  chiratae,  materia  medica 
of,    1108 

Fluidextractum  cimlcifugae,  materia  med- 
ica of,  1108 
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Fluidextractum  cinchonae,  materia  medica 
of.    881 

Fluidextractum  cinchoniB  aquosum,  ma- 
teria medica  of,    882 

Fluldextractuni  cociilauii',  materia  medica 
of.   1140 

Fluidextractum  coffese,  materia  medica  of, 
1505 

Fluidextractum  colchicl,  materia  medica 
of,  1432 

Fluidextractum  colchicl  cormi,  materia 
medica  of,    1432 

Fluidextractum  colchicl  seminis,  materia 
medica  of,   143  2 

Fluidextractum  coudurango,  materia  med- 
ica of,   1118 

Fluidextractum  conii,  materia  medica  of, 
1804 

Fluidextractum  convallariae  florum,  ma- 
teria medica  of,    1270 

Fluidextractiun  convallariae  radicis,  ma- 
teria medica  of.  1270 

Fluidextractom  coptis,  materia  medica  of, 
1108 

Fluidextractum  corni,  materia  medica  of, 
1114 

Fluidextractum  corydalis,  materia  medica 
of,    1114 

Fluidextractum  cubebse,  materia  medica 
of.  843 

Fluidextractum  cj'pripedii,  materia  med- 
ica of,   1708 

Fluidextractum  damlanae,  materia  medica 
of,    1114 

Fluidextractum  digitalis,  materia  medica 
of,   1269 

Fluidextractum  dioscoreae,  materia  medica 
of,    1380 

Fluidextractum  droseriae,  materia  medica 
of,    1387 

Fluidextractum  dulcarmarae,  materia  med- 
ica of,   1391 

Fluidextractum  echlnacese,  materia  med- 
ica of,   917 

Fluidextra<'tum  ergotae,  materia  medica 
of,    1763 

Fluidextractum  eriodlctyi,  materia  medica 
of,   1210 

Fluidextractum  eucalji)!!,  materia  medica 
of,   826 

Fluidextractum  euonymi,  materia  medica 
of,    1165 

Fluidextractum  eupatorli,  materia  medica 
of,   1109 

Fliddextractum  euphorbiae,  materia  med- 
ica of.   1391 

Fluidextractum  frangulae,  materia  medica 
of,   1158 

Fluidextractum  fraxini,  materia  medica  of, 
1543 

Fluidextractum  fuel,  materia  medica  of, 
546 

Fluidextractum  galegse,  materia  medica  of, 
1548 

Fluidextractum  gelsemll,  materia  medica 
of,  1801 

Fluidextractum  gentianae,  materia  medica 
of,   1110 

Huidexlractum  gentianae  radix,  materia 
medica  of,  1110 


Fluidextractum  gcranil,  materia  medica  of, 

1065 
Fluidextractum  glycyiThlzae,  materia  med- 
ica of,    9  92 
Fluidextractum    gossypll    cortlcls,    materia 

medica  of,   1544 
Fluidextractum    gossypll    radicis,    materia 

medica  of.    1544 
Fluidextractum    granati,    materia    medica 

of.    468 
I'luidextractum     granati     cortex,     materia 

medica    of.    468 
Fluidextractum  grlndelia,   materia  medica 

of,   1383 
Fluidextractum  guaranae,   materia   medica 

of,    1505 
Fluidextractum       hamamelldis      follorum, 

materia   medica   of,    1066 
Fluidextractum  heloniadis,  materia  medica 

of,    1544 
Fluidextractum    humull,     materia    medica 

of,    1115 
Fluidextractum  hydrangeae,  materia  med- 
ica of,   734 
Fluidextractum  hydrastis,  materia  medica 

of,    1307 
Fluidextractum  hyoscyaml,   materia   med- 
ica of,    1823 
Fluidextractum       ipecacuanhae,        materia 

medica  of,   1131 
Fluidextractum  iridis  versicoloris,  materia 

medica  of,    1165 
Fluidextractum  jalapae,  materia  medica  of, 

1166 
Fluidextractum  juglandis,  materia  medica 

of,  1166 
Fluidextractum    juniperi,    materia    medica 

of,   847 
Fluidextractum  kramerlae,  materia  medica 

of.    1068 
Fluidextractum  lappae,  materia  medica  of, 

1110 
Fluidextractum  leptandrae,  materia  medica 

of,   1167 
Fluidextractum    lobellae,     materia    medica 

of,    1799 
Fluidextractum    lupulini,    materia    medica 

of,   1115 
Fluidextractum  matico,  materia  medica  of, 

823 
Fluidextractum  mitchellae,  materia  medica 

of,    1544 
Fluidextractum  molae,   materia  medica  of, 

1506 
Fluidextractum     nucis     vomicae,     materia 

medica  of,    1554 
Fluidextractum    opii,    materia    medica    of, 

1660 
Fluidextractum  paracoto,   materia  medica 

of,  1109 
Fluidextractum    parelrae,    materia    medica 

of,  1111 
Fluidextractum  phytolaccae,  materia  med- 
ica of,    1140 
Fluidextractum  pilocarpi,   materia  medica 

of,    1787 
Fluidextractum   piscldise,    materia   medica 

of,    1545 
Fluidextractum  podophylli,   materia  med- 
ica of,  1168 
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Fluldextractmn  prunl  virginianae,  materia 
medica  of,   1386 

Fluidextractum  quassiae,  materia  medica 
of,    1111 

Fluidextractum  quercus,  materia  medica 
of,    1068 

Fluidextractum  rhamni  catharticae,  ma- 
teria medica  of,   1159 

Fluidextractum  rhei,  materia  medica  of, 
1159 

Fluidextractum  rhois  glabrae,  materia 
medica  of,    1063 

Fluidextractum  rosae,  materia  medica  of, 
1070 

Fluidextractum  rubi,  materia  medica  of, 
1070 

Fluidextractum  rumicis,  materia  medica 
of,    1116 

Fluidextractum  sabal,  materia  medica  of, 
844 

Fluidextractum  sabinae,  materia  medica  of, 
847 

Fluidextractum  sanguinariae,  materia  med- 
ica of.   1377 

Fluidextractum  santali  albi,  materia  med- 
ica  of,    837 

Fluidextractum  sarsaparillae,  materia  med- 
ica of,   1381 

Fluidextractum  sarsaparillae  compositum, 
materia  medica  of,  1381 

Fluidextractum  scillse,  materia  medica  of, 
1271 

Fluidextractum  scoparii,  materia  medica 
of,    1572 

Fluidextractum  Scutellaria,  materia  med- 
ica of,   1545 

Fluidextractum  senegse,  materia  medica 
of,    1382 

Fluidextractum  senicionis,  materia  medica 
of,   1116 

Fluidextractum  sennae,  materia  medica  of, 
1161 

Fluidextractum  serpentariae,  materia  med- 
ica of,   1117 

Fluidextractum  solani,  materia  medica  of, 
1392 

Fluidextractum  spigeliae,  materia  medica 
of,   454 

Fluidextractum  spigeliae  et  sennae,  materia 
medica  of,   454 

Fluidextractum  staphisagria,  materia  med- 
ica of,   434 

Fluidextractum  stercullae,  materia  medica 
of,    150  6 

Fluidextractum  stillingiae  compositum, 
materia  medica  of,  1168 

Fluidextractum  stramonii,  materia  medica 
of,   1823 

Fluidextractum  taraxaci,  materia  medica 
of,    1112 

Fluidextractum  thujae,  materia  medica  of, 
848 

Fluidextractum  thymi,  materia  medica  of, 
819 

Fluidextractum  trifolii,  materia  medica  of, 
1387 

Fluidextractum  trifolii  compositum,  ma- 
teria medica  of,  13  87 

Fluidextractum  trillti,  materia  medica  of, 
1545 


Fluidextractum  tritici,  materia  medica  of, 

991 
Fluidextractum   turnerae,    materia   medica 

of,  1114 
Fluidextractum  uvae  ursi,   miateria  medica 

of,    1515 
Fluidextractum  Valerianae,  materia  medica 

of,    1706 
Fluidextractum     veratri     viridis,     materia 

medica  of,  1322 
Fluidextractum  verbasci  foliorum,  materia 

medica   of,    990 
Fluidextractum     viburni     opull,      materia 

medica  of,   1546 
Fluidextractum  viburni  prunifolii,  materia 

medica  of,    1546 
Fluidextractum   xanthoxyll,   materia  med- 
ica of,   1104 
Fluidextractum    zeae,    materia    medica    of, 

846 
Fluidextractum  zinglberis,  materia  medica 

of,   846 
Fluidglycerate  of  licorice,  materia  medica 

of,  992 
Fluidglycerate  of  rhubarb,  materia  medica 

of,    1160 
Fluidglyceratum  cascarae  sagradae,  materia 

medica  of,    1158 
Fluidglyceratum  cascarae  sagradae  aroma- 

ticum,  materia  medica  of,   1158 
Fluidglyceratum       glycyn-hizae,       materia 

medica  of,  992 
Fluidglyceratum  krameriae,  materia  med- 
ica of,   1068 
Fluidglyceratum  rhei,  materia  medica  of, 

1160 
Fluid  magnesia,  materia  medica  of,  1150 
Fluids,  body,  1341 
—loss  of,  1341 

— saline    infusion    in,    1341,    1342 
Flumerin,  materia  medica  of,   665 
-syphilis  and,    711 

Fluoresceinum,  materia  medica  of,  874 
Fluorine,  antipathogenic  action  of,  563 
-chemistry  of,   562 
-pharmacodynamic  action  of.   564 
-systemic  action  of,   565-566 
-summary  of  actions  and  uses  of,  562 
-systemic  use  of.  567 
-therapeutics  of,    566,   567 
-topical  action  of,  564 
-toxicity  of,    564,    565 
Fluoroform,  therapeutics  of.    567 
Fluoroformol,  materia  medica  of,   563 
Fluoroformum.  materia  medica  of,  563 
Fluorol,  materia  medica  of,    563 
Foeniculum,  materia  medica  of,  816 
Food,  poisonous,  1859 
--antidote  in,   1859 

-preservation  of,   calcium  dioxide  in,   500 
Food  poisoning,  castor  oil  in,  1171 
-magnesium  sulphate  in,   1175 
-treatment  of,  106,  1175 
Food  proteins.   957 
Footpowder,  alum  in.  1043 
Foods,  definition  of,   12 
Formaldehyde,    antipathogenic    action    of, 

735 
-chemistry  of,    732 
-pharmacodynamic  action  of,   735-738 
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Fomialdeliydo.    summary    of    actions    and 

uses  of,  733 
-systemic  action  of,   736 
-therapeutics  of,  738-741 
-topical    action    of,    735 
-toxicity  of,   735 
Fornialdchydmn  crcsolatum,  materia  med- 

ica  of,   7  34 
Formalin,   empyema   and,    739 
-epithelioma  and,   738 
-hydatid  cyst  and,   739 
-materia  medica  of,   733 
Formates,  administration   of,    1580 
-therapeutics  of,   1579 
Fomiic  acid,  administration  of,  1580 
-chemistry  of,    1578 
-materia  medica  of,    1579 
-pharmacodynamic  action  of,   1579 
-skin  and,    506 

-summary  of  actions  and  uses  of,   1578 
-therapeutics  of,  741,  1579 
Forniin,  materia  medica  of,   734 
Fowler  solution,  antidote,   1859 
-therapeutics  of,   610-617 
Foxglove,  materia  medica  of,   1268 
Francis'   triplex  pills,   materia   medica   of, 

1156 
Franfiula,  chemistry  of,   1147 
-materia    medica    of,    1158 
-therapeutics  of,   1177 
Fraxinus,  materia  medica  of,   1543 
French  chalk,  materia  medica  of,  983 
French  mixture,  materia  medica  of,  545 
Fresh  bitter  orange  peel,   materia  medica 

of,    812 
Fresh  ejjg,  materia  medica  of,   1095 
Fresh  cfrg'  albumin,  materia  medica  of,  993 
Fresh  egg  yolk,  materia  medica  of,   1095 
Friar's  balsam,  materia  medica  of,  860 
Fringe  tree  bark,  materia  medica  of,  1380 
Fruit,  definition  of,  288 
Fuchsine,   therapeutics    of,    875 
Fuchsine    medicinal,    materia    medica    of, 

874 
Fucus,  materia  medica  of,   546 
Fucus  vesiculosus,  therapeutics  of,   1173 
Fuller's  earth,  therapeutics  of,   981,   985 
Ft'Nf'Tiox.  disturbances  of,   404 
—causes  of,   404 
--mechanism  of,   404 
-modification   of,    227,    229,    406 
-organic,    405 

--classification   of,   405,    1099 
— neuromuscular    activity,    405 
— somatic    nutrition,    405 
--metabolic   equilibrium   and,    405 
--nerve  system  and,    405 
—somatic  metabolism  and,    405 
--somatic   nutrition   and,    405 
Function  modifiers,  action  of,    404 
-classification    of,    406 
-clinical    considerations,    404 
Fungicides,    classification    of,    413^415 
Fungus,  definition  of,  289 
FuRUNCULosis,  boric  acid  in,  584 
-calcium   sulphide  in.   578 
-formaldehyde  in,    738 
-mercurochrome  in,  696 
-mercury  in,  683 
-recurrent,    425 


FURUNCULOSIS,  recurrent,  sulphur  in,  425 
-salicylic  acid  in,   797 
-sulphur   in,    422 
-sulphuric   acid    and,    509 
Fused   silver   nitrate,    materia    medica   of, 
712 


(■aduol,   materia  medica  of,    1092 

(iaiactogogues,  drugs  acting  as,  1548 

-mammary    extract,    1540 

<ilalanga,  materia  medica  of,  1118 

Galangsjc  rhixoma,  materia  medica  of,  1118 

Galangal,  materia  medica  of,   1118 

Galega,   materia   medica  of,    1548 

(iaienical   preparations,  alcohol  in,   358 

-classification   of,   355 

-dosage  of,  353,  354 

--official,   354 

--officinal,    354 

Galla,  materia  medica  of,    1063 

Gall  and  opium  ointment,  materia  medica 
of,    1064 

<Jall-blai)Deu,  affections  of,  dibenzyl  suc- 
cinate in,    1808 

--morphine  in,   1688 

-stasis   of,    1724 

--magnesium  sulphate  in,    1724 

-x-ray  examination  of,    1206 

Gallic  acid,  materia,  medica  of,   1063 

-therapeutics  of,   1074 

Gal!  ointment,  materia  medica  of,  1064 

Gallotannic  acid,  materia  medica  of,    1062 

(iALLSTOXES,  boldo  in,  1190 

-dibenzyl  succinate  in,   1808 

-glycerin   in,    1001 

-treatment   of,    136,    1809 

Gambir,  materia  medica  of,   1069 

Gamboge,  materia  medica  of,  1163 

-therapeutics  of,  1178 

(tANGOSA,  colloidal  antimony  in,   593 

(Gangrene,  creosote  in,  773 

-mercurochrome  in,   696 

-oxygen  in,  1394 

-pulmonary,  774 

--creosote  in,  774,  775 

--sodium   thiosulphate   in,    580 

-senile,    1649 

—alcohol    in,    1649 

Garden  chamomile,  materia  medica  of, 
1113 

Garden  mint,  materia  medica  of,   823 

Garden  thyme,  materia  medica  of,   819 

Gargarisnxa  guaiaci  compositum,  materia 
medica   of,    845 

Gargle,  alcohol  as,  1649 

-alum    in,    1043 

-kino   in,    1074 

-pyrethrum  in,  1104 

-salt  solution   in,    1337 

-witchhazel   in,    1075 

Garlic,    materia   medica    of,    1021 

-therapeutics    of,    1022 

-threadworms  and,  444 

Gas,  laughing,   1596 

-mustard,   1029 

--pharmacodynamic  action  of,   1029 

--poisoning   by,    1029 

-poison,    1028-1030 

-sneezing,   1029 
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Gas,  sneezing,  pharmacodynamic  action  of, 

1029 
-tear,   1029 

--pharmacodynamic  action  of,  1029 
Gaseous  poisons,  antidote  in,  1859 
Gases,  disengagement  of,  390 
—chemical  incompatibility  and,   390 
-respiratory,    1392 
--adjuvants  and,    1392 
—classification  of,    1392 
---carbon  dioxide,   1392 
—oxygen,    1392 
Gasoline,  chemistry  of,   426 
-therapeutics  of,    429 
Gastralgia,  anesthesin  in,  1759 
-bismuth   in,    647 
-cantharides  in,   1037 
-chelidonium    in,    1700 
-orothoform  in,    1758 
Gastritis,  acute,   1319 
—aconite  in,   1319 
—morphine   in,    1687 
-arsenic  in,   612 
-catarrhal,   1841 
--atropine  in,    1841 
-chronic,    1312 
--hydrastis   in,    1312 
-fermentative,  836 
--thymol  in,   836 
-subacute,   1122 
—quinine  in,  1122 

Gastrodynia,   carbon  tetrachloride  in,   459 
-nmenthol  in,   834 
Gastroenteritis,  endoxine  in,  560 
Gastron,  materia  medica  of,   1196 
Gelatin,  administration  of,   1249 
—methods    of,    1249 
-hemorrhage   and,    1341 
-pharmacodynamic   action   of,    1247 
-therapeutics  of,   998,   1248 
Gelatin  tannate,  materia  medica  of,  1071 
Gelatinum,   materia  medica  of,    1247 
Gelatinum  chondrl,  materia  medica  of,  989 
Gelatinum   glycerinatum,    materia    medica 

of,   1247 
Gelsemli  radix,  materia  medica  of,  1801 
Gelsemine,    pharmacodynamic    action    of, 

1802 
Gelseminina,  materia  medica  of,  1802 
Gelsemiiim,  antidote  for,  1859 
-chemistry  of,   1801 
-materia  medica  of,  1801 
-pharmacodynamic  action  of,  1802 
-summary  of  actions  and  uses  of,  1801 
-therapeutics  of,  1802 
—contraindications,   1802 
—dosage,    1802 

Genito-tirinary  tract,  affections  of,  852 
--lupulin  in,   852 
-topical   applications  and,    322 
Gentian,  therapeutics  of,    444,    1120 
Gontiana,  materia  medica  of,   1109 
Gentianae  radix,  materia  medica  of,  1109 
Gentian  violet,  therapeutics  of,  867,  875 
Gentian  violet  medicinal,   materia  medica 

of,    874 
Geranium,  materia  medica  of,   1065 
-therapeutics  of,    1074 
German    chamomile,    materia    medica    of, 

1115 


Germanic  oxide,  materia  medica  of,  1236 
Germanii    dioxidum,    materia    medica    of, 

1236 
Germanium,  administration  of,   1239 
-anemia  and,    137 
-antipathogenic  action  of,   1237 
-chemistry   of,    1236 
-pharmacodynamic  action  of,   1237 
-summary  of  actions  and  uses  of,  1236 
-therapeutics   of,    1238 
Ghatii  ^um,  materia  medica  of,  987 
Ginger,  materia  medica  of,  846 
-therapeutics  of,  852,  853 
Gingerin,  materia  medica  of,  846 
Gingivitis,  chlorates  in,  541 
Ginseng,  materia  medica  of,  1116 
Gitalin,  chemistry  of,  1263 
Glacial  acetic  acid,  materia  naedica  of,  504 
Glands,  affections  of,  1140 
--Phytolacca   in,    1140 
-enlarged,    549 
—cervical,    549 
— iodine  in,  549 
--iodoform    in,    558 
--mercury  in,    693 
—potassium   iodide  in,    1425 
—saline    injections   in,    1345 
—uranium    in,    726 
-internal  secretory,   294 
—active  principles  of,   402 
--classification  of,   294, 
--crude  dried,   359 
— dosage   of,    359 
—thyroid,  1449 
— preparations   of,    1449 
-salivary,  1101 
--derangements  of,   1101 
-sex,    1536 

-female,   1537,  1538 
—male,  1536 
-tuberculous,  755 
--phenol   in,    755 
Glandulse  thyroidese  siccae,  materia  medica 

of,    1451 
Glauber's  salt,  materia  medica  of,  1154 
-therapeutics  of,  1176 
Glaucoma,  acute,   17  85 
--physostigmine    in,    1785 
-areca   nut  in,    476 
-chronic,    1785 
--physostigmine  in,   1785 
-dionine  in,  1697 
-epinephrine  in,   1471 
-eserin   in,    1697 
-magnesium  sulphate  in,  1724 
-pilocarpine  in,   1697 
Gleet,  santal  oil  in,  838 
Glonoin,  materia  medica  of,   1327 
Glottis,  edema  of,  1724 
--magnesium  sulphate  in,  1724 
Glucide,  chemistry  of,   1209 
Glucose,  administration  of,  1523 
-intravenous  injections  of,  337 
-pharmacodynamic   action   of,    1521 
-therapeutics  of,  1522,  1523 
Glucosides,  classification  of,  196,  296 
-dosage  of,  359 
-preparation  of,   296 
-source   of,   287 
Glucosum,  materia  medica  of,  1089 
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Glusidum,  materia  medlca  of,  1210 
Glusicliiin  solubilr,  materia  medlca  of,  1210 
Glycerin,  untipathogenic  action  of,  999 
-chemistry  of,   998 
-pharmacodynamic   action    of,    999 
-sumnnary  of  actions  and   uses  of,   999 
-therapeutics  of,    1000,   1001 
Glycorinated    elixir    of    |>'entian,     materia 

medica  of,   1112 
Glyeerinatetl    gelatin,    materia    medica    of, 

1247 
Glyceriiiated  vaccine  virus,   materia   med- 
ica of,  920 
Glycerin  of  alum,  materia  medica  of,  1041 
Glycerin  of  lead  subacetate,  materia  med- 
ica of,   1046 
Glycerin    of    saffron,    materia    medica    of, 

1214 
Glycerin  of  start-h,  materia  medica  of,  9  90 
Glycerinuin.  therapeutics  of,   1173 
Glycerinuni    acidi    borici,    materia    medica 

of,   582 
Glycerinuni  aluniinis,    materia   medica    of, 

1041 
Glycerinuin    boracis,    materia    medica    of, 

582 
Glycerinuni  <"roci,  materia  medica  of,  1214 
Glycerinuin    pepsini,    materia    medica    of, 

1195 
Glycerinuni    pluiiibi    subacetatis,    materia 

inedica  of,    1046 
Glycerinuni  tragacanthiie,   materia   medlca 

of,   988 
Glycerite  of  carbolic  acid,  materia  medica 

of,  747 
Glycerite  of  egg  yolk,  materia  medica  of, 

1003 
Glycerite  of   golden  seal,   materia  medica 

of,   1308 
Glycerite  of  guaiac,  materia  medica  of,  845 
Glycerite   of    tannic   acid,    materia    medica 

of,    1063 
Glycerite  of  tar,  materia  medica  of,  7  69 
Glycerituiii   acidi  tannici,    materia    medica 

of,    1063 
Glycerituiii  aniyli.  materia  medica  of,  990 
Glycerituni   bismuthi,   materia   medica   of, 

644 
Glyceritum  boroglycerini,   materia  medica 

of,  582 
Glycerituiii  gtiaiaci.  nnateria  medica  of,  845 
Glycerituiii   hydrastis,   materia   medica   of, 

1308 
Glycerituni    pepsini,     materia     medica     of, 

1195 
Glycerituni    plienolis,    materia    medica    of, 

747 
Glycerituni   picis  liquidae,   materia   medica 

of,  769 
Glycerituni  picis  pini,   materia  medica  of, 

769 
Glycerituni   tragacanthae,    materia    medica 

of,    988 
Glyeei-itum  vitelli,  materia  medica  of,  1003 
Glycerogelatinuni    acidi   SJilicylici,    materia 

medica  of,   788 
Glycerogelatinuni  iodoforml,  materia  med- 
ica of,   554 
Glycerogelatinuni     zinci     durum,     materia 

medica  of,   1057 


Glycerogelatinuni      zinci     moUe,      materia 

medica  of,   1057 
Glyccrylis  nitras,  materia  medica  of,   1327 
-therapeutics  of,    1332 
(ilyconin,  materia  medica  of,   1003 
(Ji.Yco.sruiA,  drugs  causing,  1528 
-salt,    1337 

--sodium  chloride  and,   1337 
(ilycotauro,  materia  medica  of,    1187 
(ilycyrrhiza,  materia  medica  of,  991 
-therapeutics  of,  996 
Glycyrrlii/.inuni       aiiiniouiatuiii,       materia 

medica  of,   992 
Glysal,  materia  medica  of,    790 
Goa  powder,   chemistry  of,    429 
-materia  medica  of,    430 
-therapeutics  of,   433 

Godfrey's  cordial,  materia  medica  of,  1661 
God's  cinnamon,   materia  medica  of,   814 
GoiTEK,   endemic,    1426 
--iodides  in,    1426 
-—administration  of,   1426,  1427 
--iodine  in,   1426 

--iodized   table   salt  in,    1426,    1427 
-ergot  in,    1776 
-exophthalmic,   1717 
--bromides  in,   1717 
--cannabis  in,   1704 
--iodine  in,   258 
--iodoform  in,  559 
--menthol  in,   834 
--oxygen   baths  in,    1395 
--quinine  hydrobromide  In,   902 
—splenic   extract  in,    1240 
--thymus  feeding  in,   88 
—treatment   of,    87,    88 
-hyperplastic,  1427 
--iodides  in,    1427 
-inoperable,   1396 
--oxygen   in,    1396 
-iodine  jn,   88,   551 
-Lugol  solution  in,   88 
-radium  in,  1080 
-simple,    559 
--iodoform  in,  559 
--potassium   iodide   in,    1425 
-thymus  preparations  in,   1459 
-toxic,    86 
--course  of,  86 
--differential  diagnosis,   86 
--thymus  feeding  in,   88 
--treatment  of,   87,   88 
Gold,  antipathogenic  action  of,   654 
-chemistry  of,   653 
-pharmacodynamic  action  of,   655 
-source  of,  281 
-systemic  action   of,    655 
-therapeutics  of,   655 
-toxicity  of,   655 
Gold     and     potassium     cyanide,     materia 

medica  of,    654 
Gold  and  sodium  chloride,  materia  medica 

of,  654 
Gold    and    sodium    tliiosulpliate,    materia 

medica    of,    654 
Gold  bromide,  materia  medica  of,   654 
Golden  santonin,  materia  medica  of,   449 
Golden  seal,  materia  medica  of,  1307 
Gold  monobromide.  materia  medica  of,  654 
Goldthread,  materia  medica  of,  1108 
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Gonococcus   xaccinc,    materia    medica    of, 

931 
Go^'OURHEA,  acriflavine  in,  873 
-alum   in,    1044 
-antinosin  in,   560 
-argyrol  in,   719 
-atropine  in,   1845 
-bismuth   in,    646 
-cannabis   in,    1705 
-chlorates  in,  541 
-chronic,    851 
--gurjun  balsam,   851 
-colchicum  in,   1435 
-collargol  in,  721 
--intravenous  injection   of,    721 
-colloidal  silver   compounds  in,   719 
-copaiba  in,   850 
-cubeb  in,  850,  851 
-eusol  in,   537 
-hydrastis  in,  1312 
-ichthyol   in,    579 
-iodine  in,  687 
-iodoform  in,    558 
-mercury  in,  686,  687 
-methenamine  in,    740 
-methylene  blue  in,   878 
-Neisser  bacterine  in,   932 
-organic  silver  salts  in,  719 
-potassium   permanganate  in,    501,    687 
-prophylaxis   of,    698,    699 
-protargol  in,    719 
-resorcin  in,    760 
-sandalwood  oil  in,   850 
-santal  oil  in,  838 
-silver  nitrate  solutions  in,  719 
-tannic  in,   1073 
-zinc    chloride   in,    1060 
-zinc  phenolsulphonate  in,  1061 
Gorite,  materia  medica  of,  490 
Gossypii  cortex,  materia  medica  of,   1543 
Gossypii  radicis  cortex,  materia  medica  of, 
1543 

Gossypium,  administration  of,   1546 
-therapeutics    of,    1546* 

Gossypium    picricum,    materia    medica    of, 
869 

Gossipium  puriflcatum,  materia  medica  of, 
1012 

Goulard  cerate,  materia  medica  of,  1047 

Goulard  extract,  materia  medica  of,   1046 

Goulard  water,  materia  medica  of,   1046 

Gout,  acute,  1430 

— cinchophen,   1431 

-alkalis  in,   525 

-arsenic  in,    615 

-calomel  in,   691 

-chronic,  1430 

--piperazine  in,  1430 

-cinchophen  in,   1435,  1439 

-colchicum  in,   1430,   1435 

-diet  in,  100 

-grape-cure   in,    1440 

-ichthyol   in,    579 

-iodoform  in,    558 

-kerosene  in,    428 

-methenamine  in,   741 

-methyl  salicylate  in,  798 

-middle  age  and,  124 

-oxygen  inhalations  in,  1397 

-pilocarpine  in,   1794 


Gout,  piperazine  in,  1440 

-quinic  acid  in,   1440 

-radium  in,   1080,   1081 

-sodium  chloride  in,  1339 

-sulphides  in,    578 

-sulphur  in,   423 

-treatment   of,    89 

-vanadium  in,   730 

Grain  alcohol,  materia  medica  of,  1634 

Grunatuin,  materia  medica  of,   468 

-therapeutics   of,    448 

GuAiNU  MAi„  bromides  in,    1717 

Granulated  ferrous  sulphate,  materia  med- 
ica of.   1221 

Granulated    opium,     materia     medica     of, 
1659 

Granulated  sulphate  of  iron,  materia  med- 
ica of,   1221 

Granulation,  process  of,  301 

Granuloma    venereum,    tartar    emetic    in, 
693 

Grape-cure,  therapeutics  of,  1175 

Gravel,  alkalis  in,  5?4,  525 

Graves'  syndrome,  arsenic  in,   615 

-auricular  fibrillation  and,  1302 

— quinidine  in,  1302 

-cactus  in,   1305 

-calcium  bromide  in,  1362 

-chineonal  in,  1621 

-course    of,    86 

-epinephrine  in,  1471 

-ergot  in,    1773,   1776 

-etiology   of,   86 

-iodides  in,  1427 

-iodine   in,    551,    552 

-lavage  in,   1338 

--sodium   chloride,    1338 

-oxygen   baths  in,    1394 

-parathyroid   preparations  in,   1483 

-picrotoxin  in,    1571 

-pituitary  extract  in,   1479 

-radium  in,    1080 

-tachycardia  in,  1574 

--sparteine  in,  1574 

-treatment   of,    86 

-veratrum    in,    1325 

Gray  oil,  materia  medica  of,   664 

-syphilis  and,    709 

Gray  powder,  materia  medica  of,  659 

Green  hellebore,   materia  medica  of,    1321 

Green  soap,   materia  medica  of,    512 

Gregory  powder,  materia  medica  of,   1159 

Griffith      mixture,      materia      medica      of, 
1223 

Grindelia,  chemistry  of,   1383 

-materia  medica  of,    1383 

-pharmacodynamic  action  of,   1383 

-therapeutics   of,    1384 

Ground-nut  oil,  materia  medica  of,   1004 

Guaiac,   therapeutics   of,    851 

Guaiaci  lignum,  materia  medica  of,  844 

Guaiac  resin,  materia  medica  of,   845 

Guaiac  wood,  materia  medica  of,   844 

Guaiacol,  administration  of,  782 

-antidote  for,  8  58 

-antipathogenic  action  of,  780 

-materia  medica  of,  779 

-pharmacodynamic  action  of,   780 

-therapeutics  of,  439,  781 

Guaiacol  benzoate,  administration  of,  782 
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Guuiacol  carbonate,  administration  of,  782 
-typhoid  fever  and,   781 

Guaiucol    cinnaiuate,    pulmonary    tubercu- 
losis and,    863 
-respiratory   tract  and,    781 
—catarrh  of,  781 
-urinary  tract  and,   781 
--catarrh   of,    781 
(luainculis     beiizoas,     materia     medica     of, 

779 
Guaiacolis    carbonas,    materia    medica    of, 

779 
(JuaiacH)!  siiliojiate,  administration  of,   7  82 
(•uaiacuin,  materia  medica  of,  845 
(iuaiaouni  mixture,  materia  medica  of,  845 
(;iuaiacuni    resin    lozenge,    materia    medica 

of,   845 
Guarana,  materia  medica  of,    1505 
Gum  aeaeia,  materia  medica  of,  987 
(Juni  aninioniae.  materia  medica  of,  850 
(iiini  arabie,  materia  medica  of,  987 
(iunt  asafetida,  materia  medica  of,  1709 
Gum  juniper,  materia  medica  of,  844 
Gummi  indieuni.  materia  medica  of,  987 
Gums,  principles  of,  289 
-source  of,   289 
-spongy,    1074 
--kino  in,   1074 
Gum  resins,  source  of,  289 
Gum  trasacanth,  materia  medica  of,   987 
Gurjun  balsam,  materia  medica  of,  844 
-therapeutics  of,   851 
Gurjiin  oil,   materia  medica  of,    844 
Guru  nuts,  materia  medica  of,   1506 
Gutta  gamba,  materia  medica  of,  1163 
Gutta  pcrcha,  materia  medica  of,  1011 
-therapeutics  of,   1013 
Guvacine,  chemistry  of,   474 
Guy's  diuretic  pill,    695 
Gynecardia   ointment,   materia   medica   of, 

913 
Gynergen.  materia  medica  of,  1765 
Gynocardia  oil,  materia  medica  of,  913 


Harit.  drug,   261-269 

--dosage  and,   373 

IlABiTrATiON.  alcohol,  261,  263,  1566,  1639, 
1775,   1844 

-cocaine,   263,   1745 

-heroine,   1670,   1680 

-morphine,   262,   1670,   1847 

-nicotine,   263,   1814 

-opium,  263,  1568,  1574,  1670,  1775,  1793, 
1847 

-patent  medicines,  261 

-synthetic    narcotics,    1610 

-withdrawal    symptoms  in,    2  63 

Haematoxyli  lignum,  materia  medica  of, 
1064 

Hiematoxylon,  materia  medica  of,  1064 

Hair  tonics,  composition  of,   1530 

Halazone,  materia  medica  of,  531 

Hall's  solution  of  strychnine,  materia  med- 
ica  of,    1555 

Halogen  derivatives,   source  of,    285 

Halogens,  classification  of,  527,  528 

-source  of,  279 

Haloids,  classification  of.   527 

Hamamelidin,  materia  medica  of,  1066 


Hamamelidis   cortex,    materia    medica    of, 

1065 

Uamamelidis  folia,  materia  medica  of, 
1065 

Hamameiinuin,   materia   medica   of,    1066 

Ilamanielis,  therapeutics  of,    1075 

llainainelis  bark,  materia  medica  of,   1065 

Ilamanielis  ointment,  materia  medica  of, 
1066 

Hamamelis  water,  materia  medica  of,  1065 

IIarkison  nakcotic  act,  laws  and  regula- 
tions of,    1861-1865 

Hartshorn  liniment,  materia  medica  of, 
1368 

Hasheesh,  action  of,    1534 

-materia  medica  of,    1702 

Hashish,  materia  medica  of,   1702 

Haw.   materia   medica   of,    1305 

Hawthorn,  materia  medica  of,   1305 

Hayem  solution,  composition  of,   1346 

Hay  fever,  anesthesin  in,   1758 

-arsenic   in,    615 

-atropine   in,    1842 

-calcium  chloride  in,  1359 

-chineonal  in,  1621 

-cinchona  in,   898 

-cocaine  in,  1756 

-epinephrine  in,   1469 

-ergot  in,   1773 

-grindelia    in,    1384 

-orthoform  in,   1758 

-parathj^roid  medication  In,  1483 

-picrotoxin  in,  1571 

-pituitary  extract  in,   1478 

-pollen  extracts  in,  954-956 

-proteins  causing,  249 

-quinine  in,   898 

-resorcin  in,  760 

Hay-fever  serum,   978 

Headache,    alcohol   in,    1649 

-ammonia  in,  1373 

-caffeine    in,    1514 

-carbon  tetrachloride  in,   459 

-cinchophen  in,   1439 

-ergot  in,   1775 

-laudanum  compress  in,  1684 

-nervous,    841 

--cajuput  in,  841 

--coryfln    in,    834 

-pituitary  extract  in,    1478,   1479 

-sodium  chloride  in,   1340 

Health,  definition  of,   2,  37 

Heart,  acute  ailments  of,   1690 

--morphine  in,  1690 

-affections  of,   1285 

--acute   dilatation,    1289 

—digitalis  in,  1289 

--amyl  nitrite  in,    1331 

--angina    pectoris,    1320 

— aconite  in,   1320 

— cactus  in,   1304 

—-Crataegus  in,   1305 

--aortic  insufficiency,   1288 

—digitalis  in,   1288 

--aortic    stenosis,    1288 

—  -digitalis  in,  1288 

— nitroglycerin  in,  1332 

--arrhythmia,   1286,   1292 

— atropine  in,   1843 

— -quinidine  in,  1300-1302 
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Heart,     affections     of,     arrhythmia,     stro- 

phanthus  in,    1294 
—arsenic  in,  614 
--atropine  in,  1842 
— dosage,    1843 
—atropine-digitalis  in,    1842 
--auricular  fibrillation,   1363 
— calcium  in,  1363 
— decompensation  and,    1302 
—digitalis  in,  1285,  1286,  1302 
— quinidine  in,  1301,  1363 
— strophanthus  in,  1286 
—auricular  flutter,   1363 
— calcium  in,  1363 
—digitalis  in,  1287 
—block  of,  1289 
--bromides  in,   1717 
—cactus  in,   1304,   1305 
--cardiac   debility,    1652 
—alcohol   in,    1652 
—cardiac  dropsy,  1290,  1295 
—digitalis  in,   1290 
--cardiac  edema,  1290 
—digitalis  in,  1290 
--cardiac  failure,  1691 
--chronic,   1400 

— carbonic  acid  baths  in,  1400 
--complete  block,   1843 
—digitalis  in,   1843 
—decompensation,   1302 
•—digitalis  in,  1302 
— delphinine  in,  436 
—digitalis  in,   1285 

—contraindications,  1287,  1288,  1290-1293 
—indications,    1285,   1287,   1290 
—Dover  powder  in,  1139 
—electrocardiography   in,    1291 
—failure  of,   1372,   1513,   1691 
— atropine  in,  1843 
— caffeine    in,    1513 
— champagne  in,   1650 
— epinephrine   in,    1470 
—hypertrophy  of,   1320 
— aconite  in,  1320 
--middle   age   and,    124 
—mitral  insufficiency,   1288,   1295 
— convallaria   in,    1295 
—digitalis  in,  1288 
--mitral   stenosis,    1287 
— aconite  in,  1320 
—digitalis  in,   1288 
--morphine  in,  1692 
--myocardial  degeneration,  1574 
—nervous,    1400 

— carbonic  acid  baths  in,   1400 
—nitroglycerin  in,  1332 
--opium  in,   1691 
—oxygen  baths  in,  1395 
--oxygen  in,   1396 
—palpitation,    1574,   1605 
—papaverine  in,   1698 
—partial  block,  1843 
— atropine  in,  1843 
--precordial   pain,    1843 
— belladonna  in,  1843 
--physostigmine  in,   1786 
--quinidine  in,   1303 
— contraindications,   1303 
-—dangers,  1303 
--quinine  in,  900 


Heaut,     affections     of,     strophanthus     in, 

1786 
--strychnine  in,  1566 
--syphilitic,    101 
— treatment  of,   101 
--tachycardia,  1289 
—digitalis  in,  1289 
— sparteine  in,  1574 
--tonics  in,    1574 
— sparteine  in,  1574 
— strychnine  in,   1567,   1568 
--valerian  in,   1708 
--ventricular  fiutter,   1363 
— calcium  in,   1363 
--veratrum  in,   1325 
-arrhythmia,  1304 
--functional,  1304 
— cactus  in,   1304 
-asystole,   1574 
--sparteine  in,    1574 
-cardiac  dropsy,  1296 
--apocynum  in,   1296 
--cymarin  in,   1296 
—squill  in,   1295 
-cardiac  failure,   1691 
—morphine  in,   1691 
-complete  block  of,  1289 
—digitalis  in,   1289 
-contractions   of,    1259 
-decompensation  of,    1302 
—fibrillation  and,  1302 
— quinidine  in,   1302 
—morphine  in,  1691 
--sparteine  in,    1574 
-depressants  of,  1300 
—stimulating,   1300 
-dilated,    1774 
—ergot  in,  1774 
-functions  of,   1258 
—nomenclature,  1258 
-intramuscular  injections  and,  323 
-isolated,    149 
--drug  action  and,   149 
— determination  of,   149,   150 
-morphine  and,  1675 
-myocardial  degeneration,   1574 
--sparteine  in,  1574 
-opium  and,  1690 
-effect   of,    1690,    1691 
-pain   and,    1593 
--chloroform  in,   1593 
-palpitation   of,    1605 
—ether  in,  1605 
--sparteine  in,  1574 
-stimulant  of,   1566 
--strychnine,    1566 
—synthetic,    1297 
-stoppage  of,  1470 
—epinephrine  in,   1470 
— intravenous   injection    of,    1470 
-valvular  disease  of,   1566 
--strychnine  in,   1566 
Heat  stroke,  digitalis  in,  1290 
Heavy  calcined  magnesia,  materia  medica 

of,  1151 
Heavy  magnesia,  materia  medica  of,  1151 
Heavy  magnesium  oxide,   materia  medica 

of,   1151 
Hebra    green    soap,    materia    medica    of, 
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Hobra  itch  ointment,   materia   medica   of, 

418 
Hedonal,  chemistry  of,   1623 
-materia    medica    of,    1623 
-pharmacodynamic  action  of,    1623 
-therapeutics  of,   1623 
Hclftotan,  materia  inedica  of,   1071 
Helminthiasis,   intestinal,   agents  used  in, 

443 
Hclonias,  materia  medica  of,   1544 
Hcniajjulon,  materia  medica  of,   1246 
IIematemesis.  alum  in,   1044 
-calcium  in,   1360 
-epinephrine  in,   1469 
-ergot  in,   1774 
-horse   serum    in,    1245 
-hydrastis    in,    1312 
-iodides  in,   1428 
-styptics   in,    1231 
Honiatinics,  classification  of,  1216 
-therapeutics  of,  1216 
Hematoxylon,  therapeutics  of,   1074 
Hematuria,  cantharides  in,   1038 
-ergot  in,   1774 
-saline   infusion  in,    1341 
Hemosallol,  materia  medica  of,  1226 
Heniog^lobin,  drugs  and,   1215 
Hemoglobinum,   materia  medica  of,    1226 
HEMOGLOBI^'Ul{IA.  malarial,   904 
--quinine   in,    904 
Heniol,  materia  medica  of,   1226 
Hemophilia,  horse  serum  in,  12  45 
-normal  serum  in,  952 
-thymus   preparations   in,    1459 
-tissue  coagulants  in,   1246 
Hemoplastin,  materia  medica  of,  1244 
Hemoptysis,  amyl  nitrite,   1332 
-atropine    in,    1842 
-horse  serum  in,   1245 
-hydrastis  in,   1312 
-opium  in,   1690 
-pituitary  extract  in,   1480 
-salt  in,    1340 
-turpentine   in,   8  57 
Hemorrhage,  adrenalin  in,  1243 
-alum  in,  1043 
-antipyrine  in,   1498 
-atropine   in,    1842 
-calcium  chloride  in,  1341 
-camphor   in,    832 
-capillary,    773 
--creosote  in,  773 
--epinephrine  in,    1469 
-cinnamon  in,  820 
-coagulants    in,    1243 
-ergot  in,   1774 
-erigeron  in,    841 
-gelatin    in,    1248,    1341 
-hypodermoclysis  in,   1341 
-internal,    1248 
--gelatin   in,    1248 
-intestinal,    1360 
--calcium  in,   1360 
--hydrastis  in,    1312 
--kino  in,   1074 

--opium   suppositories  in,    1685 
--typhoid  fever  and,  1689 
---morphine  in,  1689 
-morphine   in,    1690,   1774 
-normal   serum   in,    952 


Hemoruhage,  opium  in,  1690 

-postoperative,  1360 

--calcium  in,   1360 

-postpartum,    1043 

--alum  in,    1043 

--epinephrine  in,  1469 

--ergot  in,    1776 

--ether  in,    1605 

--phoradendron  in,    1333 

--pituitary  extract  in,  1480 

-prevention  of,    1480 

--pituitary   extract  and,    1480 

-pulmonary,   1319 

--aconite  in,   1319 

--calcium  in,   1360 

--ergot  in,    1774 

-rectal,   1231 

—Murphy   drip    in,    1231 

-saline  infusion  in,    1340 

--injection   of,   1340 

---rectal,    1340,   1341 

-salt  solution   in,    1338 

-serum  in,   1245 

-sodium  bicarbonate  in,   1341 

-styptics  in,   1231 

-surgical,    1361 

--prophylaxis    of,    1361 

---calcium  in,    1361 

-tissue  coagulins  in,   1246 

-traumatic,   1689 

--morphine  in,  1689 

-turpentine  in,   857 

-typhoid  fever,  1338 

--colonic  lavage  following,  1338 

-uterine,  1360 

--calcium  in,  1360 

--ergot    in,    1776 

--gossypium  in,  1546 

-hydrastis  in,   1312 

--mammary  extract  in,  1540 

-vasoconstrictors  in,   1243 

-vitreous,    1794 

--pilocarpine  in,  1794 

Hemorrhagin,  chemistry  of,  1730 

Hemorrhoids,  alum  in,  1043 

-anesthesin   suppositories   in,    1758 

-belladonna  ointment  in,  1840 

-bleeding,   1773 

--ergot  in,   1773 

-ergot  ointment  in,  1772 

-hydrastis   in,    1312 

-internal,   1074 

--tannin  in,  1074 

-iodoform  in,   557 

-opium  suppositories  in,   1685 

-phenol   in,    755 

-resorcin  in,   7  60 

-stovaine  ointment  in,   1758 

-sulphur  in,   421 

Hemostatic  serum,  materia  medica  of,  1244 

Hemp,  antidote  for,  1859 

Hen  cgfr.  materia  medica  of,  1095 

Henbane,  materia  medica  of,  1823 

Hepar  .sulphuris.  materia  medica  of,  509 

Hi:PATAL(iiA.  calomel  in,  691 

Heptane,  chemistry  of,  426 

Herb,  definition  of.   288 

Heredity,  acquired  factors  in,  129 

-constitution  and,   117 

-diatheses  and,  30,  31 
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Heredity,  familial.  111,  112 

-individual,  120 

—anatomical  characteristics  and,  120 

--constitution  and,    114,    115 

--functional  characteristics  and,  120 

--maternal  influences  and,  116 

--neuropathic  liabilities  and,  116 

—  -origin  of,  116.  117 

--personality,  114 

--psychopathic  liabilities  and,   116 

-—origin  of,   116,    117 

--temperament,   114 

--therapeutics  and,  114 

— contraindications  in,  119 

-individual  liability  and,  122 

-racial,   109 

—therapeutics  and,  109 

-temperament  and,  117 

-therapeutics  and,  109 

ITcrniophenyl,  materia  medica  of,  666 

IlEn?v"iA,  strangulated,  1605 

—ether  and,  1605 

—lobelia  in,  1800 

--spasm  in,  1695 

— atropine-morphine  in,   1695 

Heroine,  antidote  for,  1860 

-chemistry  of,   1656,  1679 

-habituation  and,  1697 

-materia  medica  of,   1663 

-pharmacodynamic  action  of,  1680 

-systemic  action  of,  1680 

Heroine  hydrochloride,  materia  medica  of, 

1663 
Herpes  tonsurans,  acriflavine  in,  873 
Herpes  zoster,  belladonna  in,  1839 
-hydrastinine  in,   1312 
-mercury  in,   683 

Hetol,  materia  medica  of,   785,  861 
Hexamethylamine,  materia  medica  of,  734 
Hexamethylenetetramine,    materia   medica 

of,   734 
Hexamethylenetetramine  camphorate,  ma- 
teria medica  of,  734 
Hexamine,  materia  medica  of,  734 
Hexane,  chemistry  of,  42  6 
Hexetone,  materia  medica  of,  1299 
Hexylresorcinol,  materia  medica  of,  757 
-pharmacodynamic  action  of,  759 
Hiccup,  atropine  in,  1844 
-camphor  in,  831 
-chloral  in,  1629 
-chloroform  in,  1593 
-epidemic,  1716 
—bromides  in,  1716 
-eserine  in,  1786 
-morphine  in,  1687 
-mustard   in,    1033 
-parathyroid  medication  in,  1482 
-pilocarpine  in,   1793 
-trional  in,   1615 

Hiera  picra,  materia  medica  of,  1157 
High  bush  cranberry  bark,  materia  medica 

of,   1545 
High  ragweed  pollen,   materia  medica  of, 

954 
High     rag-weed     pollen     extract,     materia 

medica  of,  954 
High     ragweed     pollen     protein,     materia 

medica  of,  954 
Hiratbiol,  materia  medica  of,  571 


Hirudin,  blood  clotting  and,  1249 

-chemistry  of,   1250 

-materia  medica  of,   1250 

-pharmacodynamic  action  of,   1250 

-therapeutics  of,   1251 

Hirudo,  materia  medica  of,  1250 

Histamine,   chemistry  of,   273,   1762 

-materia  medica  of,   1765 

-pharmacodynamic  action  of,   1771 

-therapeutics  of,  1777 

Hive  syrup,  materia  medica  of,  1271 

Hoarhound,  materia  medica  of,   1115 

Hoarseness,  laryngeal,  854 

--thuja  in,   854 

Hodgkin's  syndrome,  arsenic  in,  613 

-benzene  in,  744 

-radium  in,  1080 

Hoffmann's   anodjTie,    materia   medica    of, 

1600 
Hoffmann's  drops,  materia  medica  of,  1600 
Hog's  lard,  materia  medica  of,  1005 
Holadin,  materia  medica  of,  1199 
-therapeutics  of,   1201 
Holocaine,   chemistry  of,    1755 
-materia  medica  of,  1738 
-pharmacodynamic  action  of,  1755 
-therapeutics  of,   1757 
Holocaine  hydrochloride,   materia   medica 

of,  1738 
Homatropinse      hydrobroniidum,      materia 

medica  of,  1824 
HoniatropiniB      hydrochloridum,      materia 

medica  of,  1825 
Homatropine,  chemistry  of,  1838 
-pharmacodynamic  action  of,  1838 
-summary  of  actions  and  uses  of,  1821 
-therapeutics  of,  1848 
Homeopathic  "proving"  of  drugs,  155 
Homeopathy,   311-314 
-"single  medicines"  and,  379 
Homocamfln,  administration  of,   1300 
-chemistry  of,  1299 
-materia  medica  of,    1299 
-pharmacodynamic  action  of,   1299 
-summary  of  actions  and  uses  of,  1299 
-therapeutics  of,  1299 

Homochelidonine,    pharmacodynamic    ac- 
tion of,  1700 
Honduras  bark,  materia  medica  of,  1157 
Honey,  materia  medica  of,  1089 
-therapeutics  of,   1089 

Honey  and  borax,  materia  medica  of,  582 
Honey  of  rose,  materia  medica  of,  1070 
Honey  of  rose  and  sodium  borate,  materia 

medica  of,  582 
Honey  of  rose  with  borax,  materia  medica 

of,   582 
Honey  of  sodium  borate,   materia  medica 

of,    582 
Hookworms,  agents  used  against,  442,  443, 

445,   446,   456 
-aspidium   in,    466 
-betanaphthol  in,  478,   867 
-carbon  tetrachloride  in,  478 
-chenopodium  in,  462,  463,  478 
-chloroform  in,  479 
-etiology  of,  102 
-napthalene  in,   478 
-oil  of  eucalyptus,  479 
-oil  of  turpentine  in,  480 
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IIOOKWOUMS,  thymol  in,  478,  836 

-treatment  of,  102 

--prophylactic,    102 

Hope's  iiiixturo,  materia  medica  of,   828 

Hordcuiii,  materia  medica  of,  99 

Horehoiiiitl,  materia  medica  of,  1115 

Hormonal,  chemistry  of,   1201 

Horinones.  classification  of,   297 

-drus  influence  and,  215 

-nutrition  and,  12 

-ovarian.   1539 

Horse  dander,  materia  medica  of,  956 

Horseinint,  materia  medica  of,  823 

Horscnettle    berries,    materia    medica    of, 

1392 
Horseradish,  therapeutics  of,   1021 
Horseradish  root,  materia  medica  of,  1021 
Hot  drops,  materia  medica  of.  1018 
Hiille  grisc.  materia  medica  of,   664 
Hiiiniilus,  materia  medica  of,   1114 
-therapeutics  of.   1122 
llychlorite,  materia  medica  of,   532 
Hydracetin,  materia  medica  of,  1488 
Hydrangea,  materia  medica  of.   7  34.   1516 
Hydrargyri    bcnzoas,    materia    medica    of, 

664 
Ilydrargyri  chloriduni  corrosimm,  materia 

medica  of,  659 
Hydrarjiyri       ehloridiini       mite,       materia 

medica  of,    660 
-therapeutics  of.   1184 

Hydrarsyri  chloriduni  mite  colloidale,  ma- 
teria medica  of,  665 
HydrarR-yri  cyanidum,   materia  medica  of. 

664 
Hydrarsyri       iodiduni       flavum,       materia 

medica  of,   660 
Hydrargyri      iodidum      rubrum,      materia 

medica  of,    660 
Hydrarsyi'i   lacticum,    materia   medica    of, 

665 
Hydrarsyri  nucleinas,   materia  medica  of, 

665 
Hydrarsyri       oxidum       flavum,       materia 

medica  of,   661 
Hydrarsyri      oxidum      rubrum,       materia 

medica  of,    661 
Hydrarsyri  oxycyanidum,  materia  medica 

of.   664 
Hydrarsyri    salicylas,    materia   medica    of, 

659 
Hydrarsyri     subsulphas     flavus,     materia 

medica  of,   661 
Hydrarsyri  succinimidum,  materia  medica 

of,   665 
Hydrarsyrum,  materia  medica  of,  659 
-therapeutics  of,  1184 
Hydrarsunim         ammoniatum,         materia 

medica  of,  659 
Hydrarsyrum  bcnzoicum,   materia   medica 

of.  664 
Hydrarsyrum  cum  creta,   materia   medica 

of.  659 
-therapeutics  of,  1184 
Hydrarsyrum    cyanatum,    materia    medica 

of.   664 
Hydrarsyrum         oxycyanatum,         materia 

medica  of,   664 
Hydrarsyrum  salicylatum,  inateria  medica 

of,   659 


Hydrastina,  materia  medica  of,  1308 
Hydrastiniw        liydrochloridum,        materia 

medica  of,   1308 
Hydrastine,  chemistry  of,  1306 
-systemic  action  of.   1309 
-toxic  action  of,   1309 
Hydrastine    cliloride,    materia    medica    of, 

1308 
Hydrastininae      hydrochloridum,      materia 

medica  of,  1308 
Hydrastininc,  chemistry  of,   1306,   1310 
-cotarnine  and,  1312 
--therapeutics  of,  1312 
-systemic  action  of,  1311 
-therapeutics  of,   1312 
Hydrastininc  cliloride,  materia  medica  of, 

1308 
Hydrastininc  hydrochloride,   chemistry  of, 

1307 
Hydrastis,  administration  of,  1312 
-chemistry  of,   1306 
-materia  medica  of,  1307 
-phariTiacodynamic  action  of,   1309 
-summary  of  actions  and  uses  of,  1307 
-therapeutics  of,   1312 
Hydrastis    rhizoma,    materia    medica    of, 

1307 
Hydrated  alumina,  materia  medica  of,  983 
Hydrated  mixture  of   bismuth  subcarbon- 

atc,  materia  medica  of,  643 
Hydrazine    compounds,    classification     of, 

1487 
Hydrazines,  source  of,  285 
Hydriodic  acid,   scrofula  and,    553 
Hydrobromic    ether,    materia    medica    of, 

1596 
Hydrocarbons,  aliphatic,  282,   283 
--sources  of,   282 
-anthracene,   28  6 
-naphthalene.  286 
-open   chain,    282 
-series  of,   282,   283 
IIyduocele.  injection  in,  323 
-iodine  in.   549 
-Lugol  solution  in,   549 
-thuja  in,  853 

Hydrochloric  acid,  antidote  for,  1858 
-materia  medica  of,  502 
-skin  and,   506 
-therapeutics  of,  509,  1205 
Hydrochloric  solution  of  epinephrine,  ma- 
teria medica  of,  1462 
Hydrocyanic  acid,  antidote  for,  18  58 
-therapeutics  of,   1390 
Hydroersotinine.  chemistry  of,   1762 
Hydrofluoric  acid,  materia  medica  of,   563 
-splenomegaly  and,  567 
-tuberculosis  and,   566 
Hydrosen,  source   of.    280 
Hydroscn  dioxide,  oral  administration   of, 

498 
-therapeutics  of.  497 
Hydrosen   peroxide,  antipathogenic  action 

of.  493 
-therapeutics  of.   440 
-threadworms  and.    444 
IIydro,<:en  sulphide,  toxicity  of,    573 
-tuberculosis  and,   578 
Hydrolatum    cinnamonii,    materia     medica 

of,   815 
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Hydrophobia,  923-925 

Hydrous  wool  fat,  materia  medica  of,  1006 
Hydroxybenzene,  materia  medica  of,   746 
Hydroxylamine    hydrochloride,    therapeu- 
tics of,  433 
Hymejjolepis  nana,  prophylaxis  of,  447 
Hyoscine,  pharmacodynamic  action  of,  1835 
-summary    of    actions    and    uses    of,    1820, 

1821 
-therapeutics  of,  1846 
Hyoscine    hydrobromide,    materia    medica 

of,   1824 
Hyoscyami  folium  P.I,,  materia  medica  of, 

1823 
Hyoscyaniliise     hydrobromidum,      materia 

naedica  of,  1824 
Hyoscyamina;  sulphas,  materia  medica  of, 

1824 
Hyoscyamine,  chemistry  of,  1818 
-pharmacodynamic  action  of,    1825,   1837 
-summary  of  actions  and  uses  of,  1820 
-therapeutics  of,  1846 
Hyoscyamus,  antidote  for,   1859 
-chemistry  of,  1819 
-materia  medica  of,  1823 
-therapeutics  of,  1846 
Hyperacidity,  gastric,  1687 
—arsenic  in,   612 
—morphine  in,  1687 
--sodium  bicarbonate  hi,  1338 
Hypekciilorhydria,  allcalis  in,   522 
-bismuth  in,  647 
-calcium  in,  1359 
-calcium  carbonate  in,  1357 
-cannabis  in,  17  04 
-manganese  in,  1235 
-menthol  in,  834 
-overfunction  and,  138 
-picrotoxin  in,   1571 
-sodium  chlorate  in,  542 
Hyperiiidrosis,  agaricin  in,  1532 
-alum  in,  1043 
-atropine  in,  1839 
-camphoric  acid  in,  1531 
-chromic  acid  in,  1087 
-ergot  in,   1773 
-sulphur  in,  422 
-tannin  in,  1073 

Hyperperistalsis,  opium  in,  1685 
Hyperpyrexia,  antipyretics  in,  1498 
—dangers  of,   1498 
Hypersecretion,  gastric,  1469 
—epinephrine  in,  1469 
Hypertension,  arterial,  1305 
— cratsegus  in,   1305 
-essential,   371 
—drugs    used    in,     371,    1320,    1325,     1331, 

1333,     1425,     1458,     1698,    1716,     1724, 

1809 
-sparteine  in,  1574 
Hyperthyroidism,     cell    function    increase 

and,   138 
-development  of,  86 
-epinephrine  in,  1471 
-iodides  in,  1427 
-iodine  in,  551,  552 
-quinine  in,   902 
Hypertrophy,  cardiac,  1320 
--aconite  in,   1320 
— veratrum  in,  1325 


Hyphomycetes,  classification  of,  414 

Hypnotics,  administratioji  of,  367,  1550 

--time  of,  367 

-bromine,   1632 

--therapeutics  of,  1632 

-classification  of,  1609 

-history  of,  1609 

-synthetic,    1610 

—addiction,   1610 

—types  of,   1610 

--classification  of,  1610 

—dangers  of,  1610 

Hypoadrenia,  epinephrine  in,  1472 

Hypochondriasis,  arsenic  in,  617 

-oxygen  in,  1397 

-saline  solution  in,   1345 

Hypodermic  Injection  of  apomoi-phlne, 
materia  medica  of,  1128 

Hypodermic  injection  of  cocaine,  materia 
medica  of,  1736 

Hypodermic  injection  of  ergot,  materia 
medica  of,  1764 

Hypodermic  injection  of  morphine,  ma- 
teria medica  of,  1662 

Hypodermic  injection  of  strychnine,  ma- 
teria medica  of,   1555 

Hypodermoclysis,  ap  aratus  for,    1347 

-hemorrhage  and,  1341 

-therapeutic  use  of,  335 

Hypoglycemia,  epinephrine  in,   1470 

Hypophosphite,  therapeutics  of,  1362 

Hypophosphite  of  iron,  materia  medica  of, 
1220 

Hypophosphorous  acid,  materia  medica  of, 
1406 

Hypophysis,  deficiency  of,  1478 

—pituitary  extract  in,  1478 

—symptoms  of,   1478 

Hypophysis  sicca,  materia  medica  of,  1474 

Hypopyon-keratitis,  streptobacterine  in, 
938 

Hypotension,  epinephrine  in,  1470 

Hypothyroidism,  iron  in,  1232 

-thyroid  gland  in,  1456 

Hypotrophy,  acquired,  116 

—causes  of,  116,   117 

-causation  of,   36 

-definition  of,  36 

-treatment  of,  36 

Hysteria,  ammonia  in,  1373 

-bromides  in,   1718 

-bromural  in,  1632 

-carbromal  in,  1633 

-ether  in,   1606 

-oxygen  in,  1397 

-saline  solution  in,  1345 

-scopolamine  in,  1846 


Iceland  lichen,  materia  medica  of,  989 

Iceland  moss,  materia  medica  of,  989,  1107 

-therapeutics  of,  995 

Ichthalbin,  materia  medica  of,   570 

-therapeutics  of,  579 

Ichthoform,  materia  medica  of,  570 

Ichthynat,  materia  medica  of,   570 

IchthyocoUa,  materia  medica  of,  1011 

Ichthyol,  antiseptic  action  of,  576 

-materia  medica  of,  570 

-pharmacodynamic  action  of,  576 
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Ichtliyol,  systemic  use  of,  57  9 

-thei-apeutics  of,   579 

Ichthyol    albiiininute,    materia    medica    of, 

570 
Ichtliyol  collodion,  materia  medica  of,   570 
Ichthyol  lornialdchydc,  materia  medica  of, 

570 
Ichthyol  ointment,  materia  medica  of,  570 
Ichthyosis,  cod-liver  oil  in,  1094 
Idiosyncrasy,  acquired,  247 
--nature  of,  248 
--original,  247 
-definition  of,  247 
--factors  in,  248,  249 
-nature   of,    118,    247.    248 
I^natia,  materia  medica  of.  1555 
I^natia  aniara,  materia  inedica  of,  1555 
-therapeutics  of,   1121 
Ileocolitis,  acute,    689 
--calomel  in.  689 
Ii.Kis.  lavage  in,   133  8 
--sodium  chloride  in,   1338 
-opium  in,   1689 
Imbalance,  autonomic,  1471 
-epinephrine  in,  1471 
--picrotoxin,   1571 
--pilocarpine   in,    1794 
--thymus  preparations  in,  1459 
Immiscihility.  liquid  preparations  and,  389 
Immunity,  acquired.   124 
--advancing  age  and,  124 
--transmission  of,   117 
-active,  106 

--production  of,   106,   107 
-familial,  111 
-passive,  43 

—production  of,   106,   107 
-racial.  109,  110 
-special,  124 

--advancing  age  and,  124 
--degrees  of,  32 
--heredity  and,  122 
Immunization,  active,   920 
--agents  of,  920 
—atopens,  953-958 
--bacterial  toxins,   947-951 
--bacterines.   925-947 
--malarial  inoculation,  958-959 
--non-specific  proteins,    951-953 
--viruses,  920-925 
-passive,   9  59 
--agents  of,    959 
--antibacterial  serums.    966-974 
--antitoxic  serums.   959-966.    976-979 
--human  immune  serums,    976-978 
Impaction,  fecal.  1338 
--lavage  in.   1338 
— sodium  chloride.  1338 
Imperial  drink,  therapeutics  of,   1175 
Impetigo,  eczemntoid.  763 
— pyrogallol  in,  763 
-formaldehyde  in.  738 
-.'silver  nitrate  solutions  in.  720 
Impetigo  contagiosa,  acriflavine  in,  873 
-mercury  in,  683 
Impotence,  functional.  1412 
--phosphorus  in,  1412 
-nervous,   1401 

--carbon   dioxide  bath  In,   1401 
---dry,  1401 


Impotence,  strychnine  in,  1568 

-testicular  extract  in,  1537 

-yohimbine  in,  1535 

I.NcoMPATiHiLiTV,  chemicul,   389 

--acids  and  salts  and,   391 

--changes  of  color,  389 

--disengagement   of   gases,    390 

--explosions,  390 

--insoluble  liquids  and,  392 

--precipitates  and,  391 

---therapeutic  use  of,  391 

--reductions  and,   392 

---example  of,  392 

-pharmaceutic,   388,   1857 

-physical,  388 

--liquid  preparations  and,  389 

--solids  and,   389 

-types  of,   388 

--chemical,  388 

--physical.  388 

Indian  had,  materia  medica  of.  1211 

Indian  hcrry,  materia  medica  of,  436 

Indian  suni.  materia  medica  of.  9  87 

Indian  hemp,  materia  medica  of,    1702 

Indian  .jalap,  materia  medica  of.   1166 

Indian    orange    peel,    materia    medica    of, 

812 
Indian      podophyllum      rhizome,      materia 

medica  of,   1167 
Indian  squill,  materia  medica   of.    127  2 
Indian      tobacco,      materia       medica       of, 

1799 
Indigestion,  acute,   522 
--alkalis  in.   522 
--ammonia  in,  1372 
--cinnamon  in,  820 
--magnesium  sulphate  in,   1175 
--mustard   in,    1032 
--treatment  of,   74,  75 
-acute  dietetic,   689 
--calomel  in,  689 
-atonic,   1137 
--ipecac  in,  1137 
-fermentative.    423 
--sulphur  in,  423 
-intestinal,   560 
--eudoxine  in,  560 
--nux  vomica  in,  1566 
--pancreatin  in.  1201 
--yeast  in,   120  4 
-nervous,    1704 
--cannabis  in,  1704 
-pepsin  in,  1197 
Indiso    carmine,    functional     kidney    test 

and,  1526 
-materia  medica  of,  1526 
Infection,  acute,  1513 
--cardiac  weakness  in,  1513 
---caffeine   in,    1513 
--definition  of,  69 
--digitalis  in,   1290 
--vanadium  in,  730 
-bacterial,  153 
--antiseptic  drugs  in,   153 
---methods  of  study  of,  153 
--drug  action  and,  153 
— antiseptic,  153 
-cardiac  weakness  in,  1298 
--cardiazol  in,  1298 
-children  and,  122 
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Infection',  children  and,  special  immunity 

of,  122 
--special  liability  to,  122 
-chronic,  498 
--peroxides  in,  498 
—septic,  426 
--treatment  of,  82,  83 
—types  of,  81,  82 
-empiric  specifics  in,  107 
-focal,   101 

—rheumatism  and,  101 
—types  of,  101 
-immunity  in,  106 
—production  of,   106,   107 
-local,  401 

--functional  changes  and,   401 
--oxygen  gas,  1394 
— hypodermic  injection  of,  1394 
--tissue  changes  and,  401 
-normal  serum  in,  952,  953 
-ocular,    801 

--sodium  salicylate  in,  801 
-parasitic,  153 

--antipathogenic  agents  and,  153 
-puerperal,  1725 
--magnesium  sulphate  in,  1725 
-remedial  agents  in,  400 
-staphylococcic,   1470 
— epinephrine  in,  1470 
--staphylobacterine  in,  936,  937 
-streptococcic,   1470 
— epinephrine  in,  1470 
--streptobacterine  in,   938 
-urinary,  739 
--methenamine  in,  739 
-uterine,  549 
--iodine  in,  549 
Infirjiitiks.  cause  of,  95 
-correction  of,  96,  97 
-definition  of,    28.   30 
-treatment  of,  28 
Influexce.  acidity  and,  215 
--modification  of,   215 
-action  of,  229 
—general,  229 
—selective,  229 
-acute  maladies  and,  159,  160 
-alkalinity  and,   215 
--modifications  of,   215 
-antipathogenic,  244,  245 
-antipathogenic  action  and,   215 
-biologic,  221 
--therapeutic  use  of,  221 
— physiologic,   222 
-biologic  reactions  and,  143 
--morphologic,  143,  144 
--physiologic,  143,  144 
-cell  reaction  and,  222 
-chemotaxic  action  and,  214 
--modifications  of,   214 
-concordance  of,  234 
-conditions  determining,   217-219 
--dynamic  contact,  217,  218 
-degrees  of  action,  144 
--destructive  action,  144 
—poisonous  effects,  144 
-direct,  236 
—classification  of,  236 
— neural,  236 
■ — parenchymal,  236 


Influence,  direct,  example  of,  237 

--organism  and,  213 

-elective,  230,  231 

--therapeutic  reactions  and,  233,  234 

— example  of,   233 

—therapeutic  use  of,  234 

-extracellular  reaction,  225 

—mechanism  of,  225 

—types  of,  225 

-factors  modifying,  245 

--classification   of,    245 

—medicinal,   246,  269 

— personal,  246 

—individual  peculiarities,  247 

--personal,   246 

— classification  of,  246 

--racial  peculiarities,  247 

--species,   246 

— example  of,  246 

-functional  activity  and,  234 

—effects  upon,  234 

-functional  modification  and,  234 

-general  survey  of,  142 

-hormones  and,  215 

-indirect,  237 

--classification  of,  237 

— combined,  238 

— refiex,   237 

— sequential,  237 

--organism  and,  213 

-interaction,  143 

--cell-substance       and       drug      substance, 

143 
--chemical,  143 
--physical,  143 
-intracellular  reaction,  226 
—example  of,  226 
—therapeutic  use  of,  22  6 
-local,  241 

-mechanism  of,  160-196 
--physicochemical   factors  in,   161 
—-classification  of,   161 
--physicochemical  phenomena,    184-196 
-methods  of  study,  158-160 
-modalities  of,  225,  226 
-modifications  of  function,    235 
—function  modifiers,  235 
—tissue  alterants  and,  235 
-morphologic,  221 
--therapeutic  use  of,  221 
—-astringent  action,  221 
—  escharotic  action,  222 
— irritant  action,  221 
-nutritional  activity  and,  227 
—decrease  of,   227 
—depression  of,   229 
—increase  of,  227 
-organism  and,  212 
--reaction  between,  212 
-pathology  and,  158 
-pharmacodynamic  action  and,   143 
-phases  of,   222-225 
-physicochemical  interaction,   143 
-physicochemical  phenomena  of,  184 
—chemical  factors,   186-196 
— inorganic,   186-190 
---organic  compounds,  190-196 
--physical  factors  in,   184-186 
--therapeutic  use  of,  221 
— example  of.,  221 
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Influenc'K,  primary.  369,  370 

-pseudo-elective,  230 

--therapeutic  utilization  of,  234 

-range  of.    229-234 

-responses  to.  227 

-secondary,  369,  370 

-selective,   230 

-somatic  relations  and,  213,  214 

--distribution  of  fluids.  214 

-special  aspects  of,    143 

-special  function  and,  227 

--depression  of,   229 

—exaltation  of,   229 

-specific,    234 

—functional  activity  and.  234 

-summary  of,  235 

-systemic,  2  43 

--utilization  of,   244 

-terminology  in,   143,   222 

-therapeutic  action  and,   143 

-therapeutic  study  of,  158 

—clinical.  158,  159 

-tissue  alterations  and.  234 

—types  of.   234 

-tissue  elements  and.   213,  217,   229 

-tissue  reaction  to.   143 

-total,   238 

-toxicity  and.  145 

-types  of,  219 

—biologic,   221 

--biurgic,  221 

—borderland  effects,  219 

--morphologic,  219 

--physicochemical,   219 

--physiologic.   221 

-utilization  of.   244 

--antipathogenic  influence,  244.  245 

-vitamins  and,  215 

I.XFLUENZA.  alcohol  in,   1651 

-alkalis  in.  526 

-antipyrine  in.  60 

--contraindication  of.  60,  61 

-bromoform  in.   562 

-calcium  sulphide  in.   578 

-calomel  in,  691 

-camphor  in,   832 

-champagne  in,  1650 

-chloral  hydrate  in,  1629 

-cinchona  in,   1122 

-course  of,  71 

-digitalis  in,   1290 

-epinephrine  in,  1470 

-heart  failure  in,  1364 

--calcium  in,  1364 

-quinine  in,   900 

-salicylates  in.  800 

-sodium  benzoate  in.  784 

-strychnine  in.  1566 

-vanadium  in,  730 

-wine  of  coca  in,  1757 

Influenza  bacterlne.  933 

-pharmacodynamic  reaction,   933 

-therapeutic  use  of,   933 

Influenzal  pneumonia  convalescent  serum, 

976 
IxFLAMMATiox.  acute,  136 
--sequelae  of,   136 
-chronic,   136 
--treatment  of,   136 
—general,  135,  136 


Infusion,  arterial,   1348 

--apparatus  in,   1348 

-colonic,   1348 

--apparatus  in,  1348 

-dosage  of,  356 

-endovenous,  1348 

--apparatus  in,  1348 

-fresh  watery,   29  6 

--preparations  of,   296 

-peritoneal,  1347 

--apparatus  in,  1347 

-preparation  of,  356 

-saline,   1345 

--administration  of,  1345 

---methods  of,  1345-1348 

---quantity,    1349 

--apparatus  in,  1347,  1348 

--typos  of,   1347,   1348 

-standardization  of,   356 

Infusion  of  an^ustura,  materia  medica  of, 

1114 
Infusion  of   barberry,   materia   medica   of, 

1106 
Infusion  of  bearben\v,  materia  medica  of, 

1515       • 
Infusion    of    broom,    materia    medica    of, 

1572 
Infusion  of  calisaya  bark,  materia  medica 

of,   881 
Infusion  of  doves,  materia  medica  of,  814 
Infusion     of     cusso     or     kousso,     materia 

medica  of,    472 
Infusion   of   orange  peel,    materia   medica 

of,   813 
Infusion   of   rhatany,    materia    medica    of, 

1068 
Infusion    of   rhubarb,    materia    medica    of, 

1160 
Infusion   of  wild   cherry,   materia   medica 

of,   1386 
Infusum  alstoniix*,  materia  medica  of,  1112 
Infusuni  aurantii.   materia  medica  of,    813 
Infusum     aurantii     compositum,     materia 

medica  of,    813 
Infusum      azadirachtje      indicie,      materia 

medica  of,  455 
Infusum    berberldis,     materia    medica    of, 

1106 
Infusum  brayera*,  materia  medica  of,    472 
Infusum  bu<*hu,  materia  medica  of,  839 
Infusum     calumbjie,     materia     medica     of, 

1107 
Infusum   caryophylli.    materia    medica    of, 

814 
Infusum    cascarillse,    materia    medica    of, 

1117 
Infusum  chlrata",  materia  medica  of,   1108 
Infusum  cinohonjie  acidum.  materia  medica 

of,   881 
Infusum  coptls.  materia  medica  of,  1108 
Infusum  cusparlje,  materia  medica  of,  1114 
Infusum     digitalis,     materia     medica     of, 

1269 
Infusum  erfiota*.  materia  medica  of,  1764 
Infusum    Kcntiunje    compositum,    materia 

medica  of,  1110 
Infusum    kramerijr.    materia    medica    of, 

1068 
Infusum  pruni  vIrKinlanse,  materia  medica 
of,  1386 
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Infusuin  qxiassiae,  materia  medica  of,  1111 
Infusum  rhel,  materia  medica  of,  1160 
Infusum  rosse  acidiini,  materia  medica  'of, 

1070 
Infusum  rosse  compositum,  materia. "medica 

of,  1070 
Infusuin  scoparii,  materia  medica 'of,  1572 
Infusum  scnegae,  materia  .medica  of,  1383 
Infusum  sennae,  materia  miedica  of,  1161 
Infusum      sennas      compositum,      materia 

medica  of,   1161 
Infusum  tabaci,  materia  medica  of,  1811 
Infusum  uvae  ursi,  materia  medica  of, '1515 
Ingluvin,    materia    medica    of,    1196 
Inhalation,  administration  by,  338-340 
-dosage  and,   360,   361 

Injectio    apomorphiniTe   liypodermica,    ma- 
teria medica  of,  1128 
Injectio     cocaina*     hypodermica,     materia 

medica  of,  173  6 
Injectio      ergotae      liypodermica„     materia 

medica  of,   1764 
Injectio   morphinae   hypodermica,    materia 

medica  of,  1662 
Injection,   frequency  of,   360 
-intracardiac,    323 
--epineplirine  in,  323 
-intracutaneous,    204 
--diagnostic  purposes  and,  324 
-intramuscular,  204,  323,  336 
--dosage  and,  359 
-intraspinal,  323 
-intravenous,    204,    205 
--dosage  and,  3  59 
--precautions  in,   361 
--technique  of,   337 
-parenchymatous,  323 
-rectal,  359 
--dosage  and,  359 
-subcutaneous,  359 
—dosage  and,  359 
-topical,   316 
—drugs  and,   316,   317 
--examples  of,  322 
-types  of,   334 
--hypodermic,  334 
--hypodermoclysis.  335 
--intramuscular,   336 
—intraperitoneal,   338 
--intravenous,   336 
Injectio  strychninae  hypodermica,   materia 

medica  of,  1555 
Inorganic  arsenic  compounds.  594-617 
Inorganic   chemical   antiseptics,    acids    and 

acidic  salts,  502-510 
-alkalis,  510-527 
-boron  compounds,   581-586 
-haloids,  527-567 
-heavy  metals,   586-731 
-oxidizing  agents,  488-502 
-sulphur  compounds,   567-580 
Inorganic  compounds,  dosage  of,  352 
Inorganic  dioxides,  chemistry  of,   494 
Inorganic  perborates,  chemistry  of,   494 
Inorganic  peroxides,   local   antisepsis  and, 

499 
Insect  flowers,  materia  medica  of,  438 
Insect  powder,  materia  medica  of,  438 
Insomnia,  barbital  in,  1619 
-chloral  in,   1624 


Insomnia,  dial  in,  1620 
-ergot  in,  1775 
-luminal  in,  1620 
■-narcophine  in,  1698 
-nervous,  1629 
—chloral  in,   1629 
--sulphonal,  1614 
-paraldehyde  in,   1612 
Insufflation,  respiratory  tract  and,   321 
Insulin,    absorption    and    elimination    of, 

1444 
-administration  of.  1448 
-assay  of,  ,307 
--biologic,  30'7 
—method  of,  301 
-diabetes  and,  85,  89,  99 
-history  of,  1442 
-materia, inedica  of,  1443 
-pharmacodynamic  action  of,  1444 
-preparation  of,  1442,  1443 
-production  of,   1190 

-summary  of  actions  and  uses  of,   1443 
-systemic -action  of,  1445 
-therapeutics  of,  1446-1448 
-toxicity  of,  1444 
Intertrigo,  calomel  in„  684 
-ether  in,  1605 
-formaldehyde  in,  738 
-iodine  in,  550 

-silver  nitrate  solutions  In,  720 
Intestines,  affections  of,  1687 
--opium  in,  1687 
-atony  of,  157  8 
--barium  sulphate  in,  1578 
-derangements  of,  1102 
—secretory,  1102 
-motor  disturbances  of,  1102 
-obstruction  of,   1800 
—lobelia  in,   1800 
Intoxication,  acid,  84 
--diabetes  and,  84 
-acute,  72 
--etiology  of,  72 
--specific  antitoxin  in,  72 
— examples  of,   72 
--treatment  of,   72 
-alcoholic,  1514 
--caffeine  in,  1514 
-causes  of,  400 
--examples  of,  400 
-chronic,  82 
--etiology  of,  83 
—forms  of,  83,  84 
—poisons  in,  83 
— classification  of,  83,  84 
--treatment  of,   83,   84 
-infective  organism  and,   400 
-intestinal,  85 
—treatment  of,  85 
-remedial  agents  in,  400 
Intussx\sception.  opium  in,   1689 
Inula,  materia  medica  of,  1118 
Inunction,  administration  by,   330 
Inunctum   mentholis,    materia    medica    of, 

832 
Inunctum  mentliolis  compositum,  materia 

medica  of,  832 
locamfen,  materia  medica  of,  545 
-therapeutics  of,  560 
lodalbin,    materia    medica    of,    1416 
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lodates,    absorption    and     elimination    of, 

1419 
-catarrhal  conjunctivitis  and,  B53 
-pharmacodynamic  action  of,    548 
-rheumatism  and,   553 
-septic  wounds  and,   553 
-syphilis  and,   553 
-ulcers  and,   553 

lodeikon.  materia  medica  of,  1206 
Iodic  acid,  materia  inedica  of,    1418 
-ozena  and,  553 

-pharmacodynamic  action  of,    548 
Iodides,    absorption    and     elimination    of, 

1418 
-administration  of,   1429.   1430 
-alterative  action  of,    1423 
-antipathogenic  action  of,   1418 
-chemistry  of,   1413 
--inorganic,   1413 
--organic,    1414 
--thyroid  compounds,  1414 
-intolerance  of,  1420 
-nutritive  action  of,  1423 
-organic  compounds,   1419 
--absorption  and  elimination  of,   1419 
-pharmacodynamic  action  of,    1418 
-preparations  of,  1426 
-soluble,  1418 

-summary  of  actions  and  uses  of,  1414 
-syphilis    and,    700,    708 
-systemic  action  of,   1422 
-therapeutics  of,   1425,  1430 
-tolerance  of,  1420 
-toxicity  of,  1420 
Iodine,  administration  of,  1426 
—goiter  and,  1426,  1427 
-antidote  for,   1860 
-antipathogenic  action  of,  5  46 
-chemistry  of,  543 
-chronic  pulmonary  tuberculosis  and,  775, 

776 
-exophthalmic  goiter  and,  258 
-favus  and,   440 
-goiter  and,    88,    1426,   1427 
-myxedema  and,  258 
-pharmacodynamic  action  of,  546-548 
-source  of,   279 
-succedanea  of,  560 
-summary  of  actions  and  uses  of,  544 
-sycosis  and,   440 
-systemic  use  of,  550 
-therapeutics  of,    548-553 
-thyroid  affections  and,  258 
-tinea   tonsurans   and,    440 
-topical  action  of,   546 
-topical  use  of,  548 
-toxicity  of,   546,   547 
Iodine  comiwiinds.   organic,    553 
--classification   of,    553 
Iodine  eiRones,  materia  medica  of,  1417 
Iodine  ointment,  materia  medica  of,  545 
Iodine  petrox,  5  percent.,  materia  medica 

of,  545 
Iodine  petrox,  10  percent.,  materia  medica 

of.    545 
Iodine  petroxolin,  materia  medica  of.  545 
Iodine  swabs,  materia  medica  of,   544 
lodipinnm,  materia  medica  of,  1416 
lodipinum    solidam,    materia    medica    of, 

1416 


loDisM.  intolerance  and,  1420 
-symptoms  of,    1421 

Iodized  plienoi,  materia  medica  of,  747 
Iodized  poppy-seed  oil,  materia  medica  of, 

1417 
Iodized  starch,  materia  medica  of,   1416 
lodocasein,  materia  medica  of,  1417 
lodocliloroxyquinollne,  materia  medica  of, 

555 
lodol'orni,  antipathogenic  action  of,  555 
-pharmacodynamic  action  of,   555-557 
-systemic  action  of,  556 
-systemic  use  of,   558 
-therapeutics  of,  557-560 
-topical  action  of,   556 
-toxicity  of,  556-557 

lodofornialbunien.  materia  medica  of,   554 
Iodoform    collodion,     materia    medica    of, 

554 
Iodoform    giycerogelatin,    materia    medica 

of,   554 
lodofoi-moRcn,  materia  medica  of,    554 
Iodoform    ointment,    materia     medica     of, 

554 
Iodoform   petroxolin,    materia    medica    of, 

554 
Iodoform    suppositoiies,     materia    medica 

of,   554 
lodoformum,  materia  medica  of,   554 
lodoformum  aromatisatum,   materia   med- 
ica of,    554 
lodoglidin,  materia  medica  of,  1417 
lodog-lobulin.   materia  medica   of,   1452 
lodol,  materia  medica  of,  1417 
-therapeutics  of,  560 
lodoleine,  materia  medica  of,  1417 
lodohim,  materia  medica  of,   555,   1417 
lodolysin,  materia  medica  of,   1097 
lodophen.  materia  medica  of,  555 
lodopyrrolnm.  materia  medica  of,   1417 
lodostarine.  materia  medica  of,   1418 
lodothyriniim.  materia  medica  of,   1452 
lodum,  materia  medica  of,  544 
Ionic  medication,  technique  of,   331.   332 
Ionization,  administration  by,   330-333 
-intensity  of  current  in,  333,  334 
loxs.  general  discussion  of.   170-175 
-pharmacodynamic   action   of,    186,    187 
-sodium,  1334 

lothion,  materia  medica  of,  546 
Ipecac,  administration  of,  1137,  1139 
-oral,  1137 

-materia  medica  of,  1131  • 

-therapeutics  of.   1136-1139 
Ipecac  lozenges,   materia   medica   of,    1132 
Ipecacuanha,    absorption    and    elimination 

of,  1134 
-administration  of.  1139 
-antipathogenic  action  of,  1133 
-chemistry  of,  1131 
-pharmacodynamic  action  of,   1134 
-poisoning  by,   1134 
-systemic  action  of,   1135 
-therapeutics  of,   1136-1139 
-topical  action  of.  1134 
-toxicity  of.   1134 

Ipecacuanhop,  materia  medica  of.  1131 
Ipecacuanhae    radix    P.I.,    materia    medica 

of.  1131 
Ipomoea,  materia  medica  of,  1168 
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Ipral,  materia  medica  of,  1617 

-therapeutics  of,  1621 

Iridin,  therapeutics  of,  1180 

Iridis  rhizoma,  materia  medica  of,  1212 

Iris,  chemistry  of,  1148 

-materia  medica  of,  1212 

Irish  moss,  materia  medica  of,  989 

-therapeutics  of,  995 

Irish  moss  gelatin,  materia  medica  of,  989 

Irisin.  therapeutics  of,  1180 

Iris  versicolor,  materia  medica  of,  1165 

-therapeutics  of,  1180 

Iritis,  atropine  in,  1839 

-cantharides  in,  1037 

-gonorrheal,   9  69 

--antigonococcic  serum  in,  969 

-mercury  in,   695,   693,   694 

-rheumatic,  938 

--streptobacterine  in,  938 

-subacute,   1697 

--dionine    in,    1697 

Iron,  absorption  and   elimination  of,    1227 

-administration  of,  1232.  1233 

--contraindications,    1232 

--systemic,  1231 

-anemia  and,  137 

-antagonists  and  incompatibles  of,  1226 

-antipathogenic  action  of,  1227 

-chemistry  of,   1217 

-materia  medica  of,  1218 

-pharmacodynamic  action  of,   1227-1231 

-source  of,  282 

-summary  of  actions  and  uses  of,  1217 

-synergists   of,    1226 

-systemic  action  of,  1229 

-therapeutics  of,  256,  1231 

-threadworms  and,  444 

-topical  action  of,  1228 

-toxicity  of.  1229 

Iron  albuminate,  materia  medica  of,   1218 

Iron   and   ammonium   citrate,   administra- 
tion of.   1233 

-materia  medica  of,  1219 

Iron     and     potassium     tartrate,      materia 
medica  of,  1219 

Iron  and  quinine  citrate,   materia   medica 
of,  1219 

Iron  arsenite,  1219 

Iron  by  hydrogen,  materia  medica  of,  1218 

Iron  cacodylate.  materia  medica  of,  1218 

Iron  lactate,  materia  medica  of,  1220 

Iron    metavanadate,    materia    medica    of, 
72i8 

Iron  peptonate.  materia  medica  of,  1218 

Iron  perchloride.  materia  medica  of,   1218 

Iron    protosulphate,     materia    medica    of, 
1220 

Iron  sulphate,  therapeutics  of,  1044 

Irritant  oils,  classification  of,  839 

Irritant    plants,    classification    of,    1024- 
1028 

Irritants,  classification  of,  1015-1083 
-skin  and,    318 

Irritation,  topical,  269 
—avoidance  of.   269 
--drugs  and,   269 

Isacen,  materia  medica  of,  1163 
-therapeutics  of,  1178 
Isinglass,  materia  medica  of,  1011 
Isopilocarpine,  chemistry  of,  1787 


Isopral,  chemistry  of,  1627 
-materia  medica  of,  1624 
-therapeutics   of,    1630 
Isopunicine,  chemistry  of,  467 
Ispaghula,  materia  medica  of,   989 
-therapeutics   of,    996 
Itrol,  materia  medica  of,  714 
Ivory-black,  materia  medica  of.  981 
Ivy  poisoning,  alum  in,  1044 


Jaborandi,  materia  medica  of,   1787 
Jackson's*  pectoral  syrup,  materia  medica 

of,  1662 
Jalap,  administration  of,  1180,  1181 
-chemistry  of,   1148 
-therapeutics  of,   1180 
Jalapa,  materia  medica 'of,   1165 
Jamaica  dog'wood,  materia  medica  of,  1544 
Jambul,  materia  medica  of,    1070 
Jambul  bark,  therapeutics  of,  1075 
James'  "powder,  materia  medica  of,  589 
Jamestown  weed,  materia  medica  of,  1823 
Janeway  j)ills, 'materia  medica  of,  1156 
Jaundice,  catarrhal,  523 
—alkalis  in,   523 
—ammonia  in,  1372 
— pilocarpine  in,   1793 
--sodium  benzoate* in,  784 
--sodium  salicylate  in,  800 
--treatment  of,  137 
-chelidonium  in,  1700 
-colloidal  silver  compounds  in,  719 
-prickly  ash  in,  1104 
-sodium  phosphate  in,  117ff 
Java  plum,  materia  medica  of,  1070 
Javelle  salt,  materia  medica  of,  532 
Jennerian  vaccine,  materia  medica  of,  920 
■Jequirity.  materia  medica  of.  1023 
'Jesuit's 'bark,  "materia  "medica  of,  881 
Jimson  weed,  mat?ria  medica  of,  1823 
Jodol, -materia  medica  of,  1417 
.ToiNTS.  inflammation  of,   695 
--mercury  in,   695 
-rheumatic  affections  of,  424 
--sulphur  in,   421,  424 
-tuberculous.  558 
—iodoform  in.   559 
Juglans,  materia  "medica  of.  1166 
-therapeutics  of,  1181 

Juice  of  broom,  materia  medica  of.  1572 
Juice    of   taraxacum,    materia    medica    of, 

1112 
Jungle-weed,  materia  medica  of,  1664 
Juniper,  therapeutics  of,  853 
Juniper  berries,  materia  medfca  of.  847 
Juniper  oil.  materia  medica  of.  847 
Junlperus,  materia  medica  of,   847 


Kairine,  chemistry  of.  1486 

-pharmacodynamic  action  of,  1487 

Kairoline.   1486 

-chemistry  of,   1486 

Kai.a-azar.  digitalis  in.  1290 

-tartar  emetic  in.  593 

Kaladana.  materia  medica  of.  1166 

Kaladanse  reslna,  materia  medica  of,  1167 

Kalamus,  materia  medica  of.   861 

Kamala,  administration  of,  477 
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Kaniala,  chemistry  of.  470 

-materia   medica  of,    476 

-therapeutics  of,   477 

Knnieclu,   materia   medica   of,    476 

Kaolin,  action  of.  !>81 

-therapeutics   of.    984 

Kaolinuni,   materia  medica   of,   982 

Kava.  therapeutics  of,  824 

Kavu%  materia  medica  of,  822 

Kava-kava,  materia  medica  of,  822 

Keioiie,  materia  medica  of,  1594 

Keliu,   materia   medica   of,    159  4 

Kkloii),  creosote  in,  773 

-phent)l  in,  755 

Kelp-ware,  materia  medica  of,   546 

Kt'iitlsh's    ointment,     materia     medica     of, 

849 
Keplialin,  materia   medica  of,   1246 
-therapeutics  of.    1245,    1246 
Kekatitis.  atropine  in,  1839 
-interstitial.  1697 
— dionine  in,    1697 
--iodides  in,   1428 
-mercury  in.  694 
-parenchymatous.    685 
--mercury  in,   685 

Kernies  mineral,  materia  medica  of,  589 
-systemic  influence  of,  425 
Kerosene,  chemistry  of,  426 
-materia  medica  of,  427 
-therapeutics   of,    428 
Ketones,  aromatic,  286 
--source  of,    286 
-chemistry  of,  283 
Kharsivan.  materia  medica  of,  626 
Kidney,  affections  of,  257 
--drug:  tolerance  and,  257 
--gallic  acid  in,   1074 
--mistletoe  in,   1333 
—treatment  of,  106 
-drugs  acting  on,  1499 
-functional  test  of,  1525 
—drugs  used  in,  1525-1529 
—types  of,    1525 
-infection  of.  721 
--colloidal  silver  chloride  in,  721 
--silver  nitrate  solution  in,   720 
-lesions  of,   700 
--mercury  and,   700 
-mercury  and,   680 
-topical  applications  and,  322 
Kineol,  materia  medica  of,  82  6 
Kineurine,  materia  medica  of,  885 
Kinic  aeid,  materia  medica  of,   1441 
Kino,  materia  medica  of,  1066 
-therapeutics  of,   1074 
Kino  eiical.vpti,   materia   medica   of,    1066, 

1067 
KlX)NDlKE  BEn.  pneumonia  and,   1395 
Koeh,  materia  medica  of,  942 
Koeh's  tuberculin  new,  materia  medica  of, 

942 
Kola,  materia  medica  of,   1506 
Kosln.  materia  medica  of,  472 
Koussein.  therapeutics  of.  474 
Kousso,  materia  medica  of,  47  2 
Krameria,  therapeutics  of.  1074 
Krameria    and    ef)ealne    lozenge,    materia 

medica  of,   1068 
Kramerlap,  materia  medica  of,    1067 


Krameria  lozenge,  materia  medica  of,  1068 
Krameria  root,  materia  medica  of,   1067 
Kuettiier  solution,  administration  of,   1346 
-composition  of,  1346 
Kumyss,  materia  medica  of,   1095 
KuiToa,  materia  medica  of,  1111 


Ijiibarraque    solution,    materia    medica    of, 

531 
Labox,  belladonna  in,  1841 
-cannabis  in,   1705 
-chloral  in,   1630 
-ergot  in,    1776 
--contraindications,  1777 
--indications.    1776,    1777 
-ethyl  bromide  in,  1596 
-gelsemium  in,   1803 
-gossypium   in,    1546 
-morphine-scopolamine  in,    1595 
-pituitary  extract  in,  1480 
-scopolamine  in,   1847,   1848 
Lac  bisnio,  materia  medica  of,  643 
Lac  fermentatum,  materia  medica  of,  109  5 
Lac  guaiaci,  materia  medica  of,   845 
Lac  sulphuris,  materia  medica  of,   417 
Lactic  acid,  materia  medica  of,  1084 
-skin  and,  506 
-therapeutics  of,   509,  1084 
Lactic  acid  bacilli,  implantation  of,  1085 
Lacto-dextrin,  materia  medica  of,   1090 
Lactophenin,  materia  medica  of,   1492 
-therapeutics  of,  1492 
Lactophosphate,  therapeutics  of,  1362 
Lactose,  pharmacodynamic  action  of,  1521 
Lactosum,  materia  medica  of,  1521 
Lactucarium,  materia  medica  of,  1710 
-pharmacodynamic  action  of,  1710 
-therapeutics  of,   1710 
Lactyl-p-phenetidin,     materia     medica     of, 

1492 
Lac  vaccinum,  materia  medica  of,  1095 
Lady  slipper  i*oot,  materia  medica  of,  1708 
Lady  Webster  dinner  pills,  materia  medica 

of,  1156 
Laevo      hydroxymethylaminopropylbenzene 

hydrochloride,  materia  medica  of,  1849 
Laevo      hydroxymethylamlnopropylbenzene 

sulphate,  materia  medica  of,  1849 
Laevo-methylamino-ethanolcatechol,       ma- 
teria medica  of.    1462 
Ijafayette  mixture,  materia  medica  of.   843 
Lamellae     atropina*,     materia     medica     of, 

1824 
Lamellae  cocainje,  materia  medica  of,  1736 
Lamelhe  homatropinae,  materia  medica  of, 

1825 
Lamellae    physostigminae,    materia    medica 

of,    1781 
Lamotte  drops,  materia  medica  of,   1225 
Landry's  paralysis,  mercury  in.  697 
Lanolin,  materia  medica  of,  1006 
Lapis  calaminaris,  materia  medica  of,  1055 
Lappa,   materia  medica  of,    1110 
Ijarch  agaric,   materia  medica  of,   1531 
Tiarch  turpentine,   materia   medica  of,    849 
Ijard,  materia  medica  of,   1005 
-therapeutic  use  of,   1009 
Ijaricic  add,  materia  medica  of,  1531 
Ijarkspur  seed,  materia  medica  of,   435 
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Larosan,  materia  medica  of,  1353 

Laryngismus   stridullts,   atropine  in,   1845 

-bromides  in,  1717 

-bromoform  in,  562 

-calcium  in,   1363 

-chloral  ointment  in,  1629 

-oxygen  in,    139  6 

-sanguinaria  in,  1378 

-valerian  in,   1708 

Larya^gitis,  acute,  1630 

--chlorbutanol,   1630 

--menthol   in,    834 

-anesthesin  in,  1758 

-ipecac  in,  1136 

-oxygen  in,  1395 

-subacute,  773 

--creosote  in,   773 

-syphilitic,  686 

--calomel  insufflation  in,  686 

-tuberculous,   140 

--chaulmoogra  oil  in,  140 

—iodoform  in,  557 

--orthoform  in,   1758 

-zinc   phenolsulphonate  in,    1060 

LARYNGOSPASJr,  thymus  preparations  in, 
1459 

Larynx,  affections  of,   1685 

— morphine   insufflation   in,    1685 

-anesthesia  of,  1400 

--carbon  dioxide  in,  1400 

-topical   applications  and,    321 

Lassar  mild  rcsorcinol  paste,  materia  med- 
ica of,   757 

Lassar  naphthol  paste,  materia  medica  of, 
418 

liassar  stronger  resorcinol  paste,  materia 
medica  of,   757 

liassar  zinc  paste,  materia  medica  of,  1057 

Latin  terms,  prescription  writing  and, 
1866-1869 

Laudanum,  administration  of,   1699 

-antidote  for,    1860 

-materia  medica  of,   1659 

-therapeutics   of,    1684,    1691 

Laudonisine,  chemistry  of,  1657 

Laujihlng-  gas,   materia  medica  of,    1597 

Laurin,  chemistry  of,  474 

Laui'ocerasi  folia,  materia  medica  of, 
1385 

Lavage,  colonic,   1338 

--sodium   chloride  in,    1338 

--typhoid   fever   and,    1343 

-gastric,    1338 

--sodium   chloride   in,    1338 

Lavandula,  materia  medica  of,   816 

Lavender  flowers,  materia  medica  of,   816 

Laxative,   sodium   chloride  as,    1338 

Laxative  elixir,   materia   medica   of,    1158 

Laxative  species,  materia  medica  of,   1162 

Lead,  absorption  and  elimination  of,  1047 

-administration  of,   1053 

—oral,  1053 

—dangers    of,    1053 

--systemic,    1054 

-antipathogenic  action  of,    1047 

-chemistry  of,   1045 

-materia   medica  of,   1045 

-pharmacodynamic  action  of,   1047 

-poisoning  by,   1049 

-treatment   of,    1049 


Lead,  source  of,  281 

-summary  of  actions  and  uses  of,   1045 

-systemic   action   of,    1950-1053 

-therapeutics   of,    1053 

-toxicity   of,    1048 

Lead  acetate,  materia  medica  of,  1045 

-rhus  poisoning  and,   1053 

Lead  and  opiiun  wash,  materia  medica  of, 

1047,    1699 
Lead  carbonate,   materia  medica  of,    1046 
Lead  colic,  symptoms  of,  1050,   1051 
Lead  compounds,  antidote  for,   1860 
Lead    iodide    ointment,    cervical    adenitis 

and,    1053 
-materia  medica  of,   1047 
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Linimentum  album,  materia  medica  of, 
849 

Linimentum  ammoniac,  materia  medica  of, 
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Linimentum  calcis.  materia  medica  of,  514 

Linimentum  camphorae,  materia  medica 
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ica  of,    596 

Liquor  arsenii  et  liydrargyri  iodidi,  ma- 
teria medica  of,  59  6 

Liquor  atropinae  sulphatis,  materia  medica 
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Liquor  calcis  chlorinatae,  materia  medica 
of,    532 
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-affections  of,   8  27 

— eucalyptol  in,   827 

-edema  of,   1514 

—caffeine  in,   1514 

Liunosol,  materia  medica  of,   713 

Lupulin,  therapeutics  of,   852 

Lupulinic  glands,  materia  medica  of,   1115 

Lupulinum,  materia  medica  of,  1115 

Lupulus,  materia  medica  of,   1114 

Lupus,  arsenic  in,  612 

-formic  acid  in,   741 

—subcutaneous   injection   of,    1579 

-gold   in,    656 

-nasal,   550 

--iodine  in,   550 

-zinc  chloride  in,   1060 

Lupus  ekytiiematosis.  chrysarobin  in,   433 

Lupus  vulgaris,  chromic  acid  in,   1087 

-pyrogallol   in,    763 

-radium   in,    1080 

LuteiQum,  materia  medica  of,   1539 


LiUtoI,  materia  medica  of,   1041 
Lycopodium,  materia  medica  of,  983 
-therapeutics   of,    985 
Lye,  pharmacodynamic  action  of,  516 
Lymphadenoma,  radium   in,    1080 
Lymphangitis,  streptobacterine  in,  938 
Lymph  glands,  swelling  of,  694 
--mercury  in,    694 


Maceeation,  definition  of,   299 
Macis,   materia   medica  of,    817 
Macrotys,   materia  medica  of,    1108 
Magma  bisniuthi,  materia  medica  of,  644 
Magma     magnesiae,     materia     medica     of, 

1151 
Magnesia,  materia  medica  of,  1151 
-milk  of,    1174 
--therapeutics   of,    1174 
-threadworms  and,    444 
Magnesia  alba,  materia  medica  of,  1150 
Magnesia  levis,   materia   medica  of,    1151 
Magnesia  magma,  materia  medica  of,  1151 
Magnesia   ponderosa,    materia    medica    of, 

1151 
Magnesii    carbonas,     materia    medica    of, 

1150 
Magnesii   carbonas   levis,    materia    medica 

of,   1150 
Magnesii    chloridum,    materia    medica    of, 

1720 
Magnesii  oxidum,  materia  medica  of,  1151 
Magnesii     oxidum     ponderosum,     materia 

medica  of,   1151 
Magnesii   peroxidum,    materia   medica   of, 

490 
Magnesii  stearas,  materia  medica  of,  983 
3Iagnesii  sulphas,  materia  medica  of,   1151 
Magnesii     sulphas     eflfervescens,     materia 

medica  of,   1151,   1152 
Magnesii  sulphls,  materia  medica  of,  571 
Magnesium,  absorption  and  elimination  of, 

1720 
-antagonism  and,    1721 
-antipathogenic   action    of,    1720 
-chemistry  of,   1719 
-materia  medica  of,   1234 
-nerve  system  and,    1723 
-pharmacodynamic  action  of,   1720 
-source  of,  281 

-summary  of  actions  and  uses  of,  1719 
-synergism    and,    1721 
-systemic  action  of,  1721 
-therapeutics   of,    1724 
-toxicity  of,   1720 
Magnesium   acid    citrate,    materia    medica 

of,    1151 
Magnesium     carbonate,     therapeutics     of, 

1174 
Magnesium      compounds,      antispasmodics 

and,    1710 
Magnesium    dioxide,    materia    medica    of, 

490 
-oral   administration    of,    500 
-therapeutics   of,    499 
Magnesium  oxide,  therapeutics  of,  1174 
Magnesium   stearate,   therapeutics   of,    985 
Magnesium    sulphate,     administration     of, 

1724    . 
-method  of,   1724 
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MaKHOsiuiii  .sulphate,  anesthesia  and,    1725 

-hookworms   and,    445 

-tapeworms    and,    446 

-therapeutics   of,    1174,    1206.    1724 

Ma^nosiuni  siilphate-niorphinc,  therapeu- 
tics of,   1688,   1689 

Magnesium  siiporuxide,  materia  medica  of, 
490 

Maize  oil,  materia  medica  of,  1004 

Malachite  fireen.  materia  medica  of,  874 

-therapeutics   of,    875 

Maladikh.  acute.  71 

--course  and   duration   of,   71 

— examples   of,    71 

—types  of,   71 

-course  of,   69 

-definition    of,    69 

-examples  of.   26,   69,  70 

-factors   in,    25 

-groups  of,   25 

-infectious,   112 

--familial   liability  and,    112 

-prognosis  in,  69,  70 

-treatment  of,  26,  81,  82 

Malady,  definition  of,   29 

Malaniho  hark,   materia   medica  of,    1117 

Malauia.  aconite  in,   1320 

-arsenic  in,    611 

-bitters   in,    1121 

-chronic,    878 

—methylene  blue  in,  878 

-cinchonine  in,   908 

-etiology  of,    100,    101 

-iron   in,    1231 

-Lugol  solution  in,   550 

-opium   in,    1690 

-petroleum  in.  428 

-prickly  ash  in.  1104 

-prophylaxis  of.  908 

--cinchonidine   in,    908 

--cinchonine  in,   908 

--quinine  in,    904 

-quinine  in.   101.   255,   903,  904 

-sequelae    of.    611 

--arsenic    in,    611 

-splenic  extract   in,    1240 

-sulphur  in.  424 

-tartar  emetic   in.    593,    594 

Malarial  inoculation,   958 

-general    i)arpsis   and.    958 

Male  fern,  chemistry  of,  463 

-tapeworms  and,    446 

-whipworms  and.   444 

Malleohacterine,  946 

Mallow  IcaA'cs,  materia  medica  of,   989 

Malxt'TUITIOX,  calcium   in,   1350 

Malonurea.  materia   medica  of.   1616 

Malonylurca.  chemistry  of.    1615 

-materia  medica  of.  1616 

Malt,  therapeutics  of.   1089 

Malta  fever  bacterine.   945 

Maltose.  pharmacodynamic  action  of, 
1521 

Maltosum.    materia   medica   of.    1090 

Malt  preparations,  materia  medica  of, 
1088 

>T;ilt  suiiar.  materia  medica  of.  1090 

Maltum.  materia  medica  of.  1088 

Malviip  folia,  materia  medica  of,  989 

>fan;jnary  exti-act.  therapeutics  of,   1540 


MAMMAFiY     SECRETION,     drugs     influencing, 

1548 
Mandrake,  chemistry  of,   1818,   1820 
-materia  medica  of,  1167 
Manganese,  chemistry  of,  1233 
-pharmacodynamic  action  of,   1235 
-.source   of,    2  82 
-therapeutics  of,   1235 
Manganese    and    sodium    citrate,    materia 

medica  of,   1234 
Mangani    citras   .soluhllis,    materia    medica 

of,    1234 
Mangani   dioxiduni   prwcipitatum,   materia 

medica  of,    1234 
Mangani    glycerophosphas     soluhilis,     ma- 
teria medica  of,    1234 
Mangani  hypophosphls,  materia  medica  of, 

1234 
Mangani  sulphas,  materia  medica  of,   1234 
Mania,  acute,  1805 
--conium  in,  1805 
--morphine  in,    1694 
-atropine  in,   1845 
-barbital   in,    1619 
-carbromal    in,    1633 
-ergot  in,  1775 
{    -gelsemium   in,    1803 
-hyoscine   in.    1846 
-luminal-sodium   in,    1620 
-paraldehyde  in,   1612 
Manna,  materia  medica  of,  1155 
-therapeutics  of,   1174 
Mannitol    hexanitrate,    administration    of, 

1333 
-therapeutics   of,    1332 

Marasmits.  thymus  preparations  in,  1459 
Margosa  bark,  materia  medica  of,    455 
Marigold,  materia  medica  of,   1106 
Marruhiuni,  materia  medica  of,   1115 
Marshmallow,  therapeutics  of,  995 
Marshniallow   leaves,    materia   medica   of, 

988 
Marshmallow  root,  materia  medica  of.  988 
Marsh  trefoil,  materia  medica  of,   1118 
Maryland  pink,  materia  medica  of,   454 
Massa  copaiba*,  materia  medica  of,  843 
Massa  ferri  carbonatis,  materia  medica  of, 

1223 
Massa  hydrargyri,  materia  medica  of,   659 
-therapeutics  of,   1184 
Mass  of  ferrous  carbonate,  materia  medica 

of,    1223 
Mass  of  mercury,  materia  medica  of,  659 
Mastiche,   materia  medica   of,    1006 
-therapeutics  of.   1013 
Mastiti.s,  streptobacterine  in,  938 
Mate,   materia   medica  of,    1505 
Materia  medica.  definition  of.  11.  12,  16 
Matica,  materia  medica  of,  822 
Matico,  materia  medica  of,   822 
-therapeutics  of,   824 
Matricaria,   materia   medica   of,    1115 
-therapeutics  of.    824,    1122 
May  apple,  materia  medica  of,  1167 
Meadow     anemone,     materia     medica     of, 

1545 
Meadow-saffron   root,    materia   medica   of, 

1432 
>Tea.«;les.  calcium  sulphide  in.   578 
Measles  convalescent  serum,  975 
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Measure,  apothecaries,   1853 

—table  of.   1853 

-drops  and,  1855 

-metric,   1853 

--length,  1853 

--volume,   1853 

—weight,   1853 

Measures  and  weights,  1855 

--domestic,    1855 

—tables  of,   1853,    1854 

Medicaments,  action  of,  146 

--determination    of,     155 

-classification    of,    278 

-forms    of,    278 

-influence  of,   156 

— ailments,   156 

-physiologic  doses  of,    146 

--determination   of,    146 

-sources  of,   278 

-toxic   doses  of,    146 

--determination  of,    146 

Medicinal  agents,  animal  drugs,  295 

--classification  of,  29  5 

-assay    of,    302-309 

-classification  of,   294,  295 

-crude  substances,   295 

-decomposition    and,    298 

-distillation   and,    298 

-fermentation   and,    297 

-inorganic  substances,   297 

--laboratory  preparations  of,    297 

-organic,    297 

—laboratory  preparations  of,    297 

-preparation    of,    294-302 

—pharmaceutic   operations   in,    298 

-refined   natural  products,   29  6 

—preparation  of,   296,   297 

-standardization  of,   303 

-vegetable  drugs,   29  5 

--classification   of,    295 

Medicinal  benzene,  materia  medica  of,  742 

Medicinal  benzol,  materia  medica  of,  742 

Medicine,  definition  of,   11-13 

-general  principles  of,  309 

T-summary  of,   309-311 

-schools    of,    309 

—dosimetry,   314 

--eclecticism,  314 

—homeopathy,    311-314 

--rational    method,    315 

Medicines,  proprietary,   18 

Medinal,  materia  medica  of.   1616 

Mel,  materia  medica  of,   1089 

Melancholia,  arsenic  in,  617 

-epinephrine  in,  1472 

-opium  in,   1694 

-paraldehyde  in,  1612 

-strychnine  in.    1568 

Mel  depuratum,  materia  medica  of,  1089 

Melena,  ergot  in,   1774 

-horse    serum    in.    1245 

Mellitum.   materia   medica   of,    1210 

Mel  rosfie,  materia  medica  of,    1070 

Mel  ros?e  et  sodii  boratis,  materia  medica 

of,   582 
Mel  sodii  boratis.  materia  medica  of,  582 
Melubrin,  materia  medica   of,    790 
Membranes,  mucous.   1400 
--carbon   dioxide  in,    1400 
Meniere's   STNnROME,   epinephrine  in,   1471 


Meningitis,  cerebral,   1037 

— cantharides    in,    1037 

-cerebrospinal,    1800 

--gelsemium  in,    1800 

-epidemic,  740 

--methenamine   in,    740 

-epidemic   cerebrospinal,    1694 

--opium    in,    1694 

-ergot   in,    1775 

-mercurochrome  in,  696 

-pneumococcic,    909 

--ethylhydrocupreine      hydrochloride      in, 

909 
--metaphen  in,    697 
--serum  in,    909 
Meningitis  bactcrine,  933 
--therapeutic    use    of,    933 
Meningobacterine,  materia  medica  of,   933 
Meningococcus  vaccine,  materia  medica  of, 

933 
Menispermine,  chemistry  of,   436 
Menopause,  bromides  in,  1717 
-ovarian  extract  in,  1539 
-testicular  extract  in,  1537 
Menorrhagia,  atonic,  841 
—pennyroyal   in,    841 
--rue   in,    841 
--tansy    in,    841 
-calcium  in,   1361 
-cannabis  in,   1705 
-cantharides  in,    1038 
-ergot  in,    1774,    1775 
-erigeron    in,    841 
-gossypium  in,   1546 
Menorriialgia,  bromides  in.  1717 
Menses,  acute  suppression  of.  1809 
--benzyl  benzoate   in,    1809 
-delayed,    1457 

--ovarian  preparations  in,   1457 
-disturbances  of,  sulphur  in,   424 
-drugs   influencing,   1540 
-drug  tolerance  and,   252,  253 
Menstruum,   definition   of,    299 
-influence   of,    358 
--dosage  and,    358 

Mentha  piperita,  materia  medica  of,   823 
Mentha   viridis.   materia   medica  of,    823 
Menthol,  antipathogenic  action  of,    833 
-chemistry   of.    832 
-materia  medica  of,  832 
-pharmacodynamic  action  of,   833 
-thernpeutics   of.    439.   834 
Menthol  camphoratum,  materia  medica  of, 

833 
Menthol     inunction,     materia    medica     of, 

832 
Menthol    petroxolin,    materia    medica    of, 

833 
Menthol  plaster,  materia  medica  of,  833 
Menthol  spray,  materia  medica  of.   833 
Mentliyl  ethylglycolate,  materia  medica  of, 

833 
Menyanthes.  materia  medica  of.   1118 
Merbaphen.  materia  medica  of,   666 
Mercaptans,  source  of.   283 
Mercurettes,   materia  medica  of,    662 
Mercurialism,  mercury  and,   675 
Mercurial  plaster,  materia  medica  of,   662 
Mercuric     ammonium     chloride,     materia 

medica   of,    659 
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Mercuric  benzoatc,  materia  medica  of,  664 
Mercuric  cyanide,  materia  medica  of,    664 
Mercuric  iodide,  administration  of,   708 
-materia   medica   of,    660 
-syphilis    and,    708 

Mei'curic  lactate,  materia  medica  of,  665 
Mercuric  oleate,  materia  medica  of,  661 
Mercuric  oleate  ointment,  materia  medica 

of,    663 
Mercuric   oxycyanide,    materia    medica    of, 

664 
Mercuric  salicylate,  administration  of,   708 
-materia    medica    of,    659 
-syphilis   and.    709,    710 
Mercuric  subsulpliate,   materia   medica  of, 

661 
Mercuric  succininilde.   materia   medica  of, 

665 
Mercuric     sulphate-ethylcnediamine,     ma- 
teria medica  of,  667 
Mercuroclironie,  chemistry  of,    271 
-eye  and,    685 
-materia  medica   of,    666 
Mercurol,   materia  medica  of,   665 
Mercurophen,  materia  medica  of,   666 
Mercurosal.   materia  medica  of,   6  65 
-syphilis  and,    711 
3Iercurous    chloride,    materia    medica    of, 

660 
Mercurous      chloride      ointment,      materia 

medica  of,    663 
Mercurous  tannate,  administration  of,    709 
-syphilis  and,    709 
Mercury,    absorption    and    elimination    of, 

668-670 
-administration   of,    688 
--contraindications  of,    688,    689 
--effects  of,   692 

—  -general.   692-698 

—  -purgative.    688-692 
--intramuscular,  705,  709 
--intraspinal,    711 
--intravenous,    705.   706 
--inunction.    705,   706,    707 
--methods  of,    706 
—oral,    705,    706,    707 
--systemic,    705 
—topical,    703 
-antidote  for,   1860 
-antipathogenic  action  of,   667,   668 
-cathartic  action  of,    1150 
-chemistry  of,   657 
-intramuscular  injection   of,    709 
-intravenous  injection  of,   710,   711 
-materia  medica  of,   659 
-neurosyphilis    and,    710 
-pharmacodynamic    action    of,    668-681 
-poisoning  by,   673 

—acute,   674 

—antidotes  for,    674,    675 

—treatment    of,    674,    675 

--chronic,  675 

—-treatment  of,   676 

-preparations   of,    681,    682,    704,    705,    708- 

710 
--intravenous  injection  of,  710,  711 
-purgative   effect   of,    688 
-summary  of  actions  and  uses  of,   658 
-syphilis   and,    103,    684,    698-705,    709-712, 

1429 


Mercury,  systemic  action  of,  67  6-681 

-systemic  use  of,   688 

-therapeutics  of,    681-712,    1184 

-threadworms  and,    444 

-topical   action    of,    671 

-topical   use   of,    681 

-toxicity   of,    671-673 

Mercury    nucleinate,    materia    medica    of, 

665 
Mercury  ointment,  1697 
--corneal  opacity  and,   1697 
Mercury    petroxolin,    materia    medica    of, 

664 
Mercury-phenol-sodium-disulphate,        ma- 
teria medica  of,    666 
Mercury  subsulpliate,  therapeutics  of,  1142 
Mercury  succinimide,  syphilis  and,   711 
Mercury  tetralodophenolphthalein,  materia 

medica  of,   555 
Mercury   with   chalk,    materia    medica    of, 

659 
Mergal,  administration  of,   708 
-materia  medica  of,   666 
Merkurinitrophenole,    materia    medica    of, 

666 
Meroxyl,  materia  medica  of,  6  67 
Mescal  buttons,   materia   medica  of,    1701 
Mesotan,  materia  medica  of,  790 
Mesothorium,  therapeutics  of,    1083 
Mesurol,   syphilis  and,    650 
METADOLisii,     acid-base     equilibrium     and, 

1401 
-acidosis  and,   1402 
-adjuvants  in,   1441 
-alcohol  and,   1644,   1645,   1651 
-calcium,    1358 
-cocaine   and,    1748 
-defective  calcium,   1482 
--parathyroid  medication  in,   1482 
-disorders  of,    117 
--heredity   and,    117 
--oxygen  inhalations  in,    1397 
—treatment  of,   89 
— specific,   89 
-disturbances  of,   524 
--alkalis  in,  524 
-drugs  acting  on,  1401,  1402 
—action   of,    1401 
-ergotamine  and,  1768 
-ergotoxine  and,   1768 
-exercise   in,    1403 
-mercury  and,   679 
-morphine  and,   1676 
-nutritive   depressants  and,    1403-1441 
-nutritive  stimulants  and,  1402 
-purin,   1430 
--gout  and,   1430 
-salt  balance  and,  1402 
-somatic.   405 

--organic  function  and,   405 
-strychnine  and.   1567 

Metacresyl  acetate,  materia  medica  of,  764 
Metadihydroxybenzene,  materia  medica  of, 

756 
Metalloids,  therapeutic  use  of,  189 
Metals,  action  of,   187,  188 
-heavy,    189 
--action   of,    189 
--chemistry  of,    586 
--classification  of,   587 
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Metals,  therapeutics  of,   1205 

-toxicity    of,    187 

Mctaphen,  administration  of,  709 

-materia  medica  of,  666 

-syphilis  and,   709,   711 

-therapeutics  of,   697 

Metavanadic  acid,  materia  medica  of,   728 

Methane  series,  source  of,   282 

METiiEMOGLOBiNEiiiA,  oxygen  in,    1396 

Methenamina,  materia  medica  of,   734 

Metlienamine,  administration  of,   740 

--intravenous,    7  40 

-pharinacodynamic  action  of,   737 

-therapeutics  of,   739-741 

Methyl  alcohol,  antidote  for,   18  58 

Methylatropine,    pharmacodynainic    action 

of,   1838 
-suminary  of  actions  and  uses  of,   1821 
-therapeutics  of,   1848 

diethyl  benzene,  materia  medica  of,  745 
Methyl-conime,   chemistry  of,    1804 
Methylene  blue,  administration  of,   878 
-antipathogenic  action  of,   876 
-chemistry    of,    87  6 
-functional    kidney   test   and,    1525 
-infection   and,    8  67 
-materia   medica    of,    876 
-pharmacodynamic  action  of,   876 
-therapeutics  of,  878 
Methylene    ditannin,    materia    medica    of, 

1071 
Methylis    chloridum,    materia    medica    of, 

159  6 
Methylis  salicylas.  materia  medica  of,    788 
Methyl     nietaniino-paraoxybenzoate,      ma- 
teria medica  of,   1738 
Methylniorphine,   materia  medica  of,    1663 
Methyl-orthodioxylbenzene,    materia    med- 
ica   of,    779 
MethyloxjTnethyl  salicylate,  materia  med- 
ica of,   790 
Methyl  phenol,  materia  medica  of,  7  64 
Methylpropylcarbinolurcthane,    materia 

medica  of,   1623 
MethylpjTOcatechin,     materia     medica     of, 
7  79 

Methyl   salicylate,   therapeutics   of,    79  8 
Methyl  salicylate  petroxolin,  materia  med- 
ica of,  789 

Methylthioninjie   chloridum,    materia    med- 
ica  of,    876 

Methyl-trioxybenzonophenone,    materia 
medica  of,   1108 

Methyl    violet,    antipathogenic    action    of, 
875 

-chemistry  of,   874 

-pharmacodynamic  action  of,   87  5 

-therapeutics  of,  867,  875 

Methysticuni,    materia    medica    of,    822 

Metric  xomenclature,  392,  39  3 

Metritis,  chronic,  1705 

--cannabis  in,   1705 

--myrrh  in,   852 

Metrorrhagia,  ergot  in,  1774,  1775 

-erigeron  in,    841 

-horse  serum  in,   1245 

Mexican    scaniniony   root,    materia    medica 
of,    1168 

Mexican  tea.  materia  medica  of,   461 

AOcrobins,   definition   of,    925 


Micturition,  painful,  17  58 

--anesthesin  in,  1758 

--potassium  citrate,  1253 

MiGKAiXE,  arsenic  in,   615 

-atropine  in,    1845 

-barbital   in,    1619 

-bromides   in,    1718 

-calcium  chloride  in,   1359 

-cannabis  in,    1704 

-chineonal  in,   1620 

-congestive,    1851 

--ephedrine   in,    1851 

--pituitary  extract  in,  1479 

-ipecac  in,  1137 

-ischemic,   901 

--quinine  in,  901 

-inethylatropine   in,    1848 

-inethylene  blue  in,   878 

-potassium  nitrite  in,  1331 

-symptomatic  treatment  of,   140,    141 

Mild  mercurial  ointment,   materia  medica 

of,    662 
Mild  mercurous  chloride,   materia   medica 

of,    660 
Mild  pills  of  iron,  quinine,  strychnine  and 

arsenic,  materia  medica  of.  12  23 
Mild  protargin,  materia  medica  of,   713 
Mild  resorcinol  paste,  materia  medica  of, 

757 
Mild  silver-protein,  materia  medica  of,  713 
Milfoil,   materia  medica   of,    838.    1113 
Milli,   modified,   1096 
--therapeutics   of,    1096 
-tuberculosis  and,    1096 

Milk  of  almond,   materia  medica  of,    993 
Milk  of  ammoniac,  materia  medica  of,  859 
Milk  of  bismuth,  materia  medica  of,   644 
Milk     of    magnesia,     materia     medica     of, 

1151 
Milk  of  sulphur,  materia  medica  of,  417 
Milk  sugar,   materia  medica  of,   1521 
-therapeutic   use   of,    1521 
MiXERAL  ACID,  antidote  for,   1858 
Mineral  oil.   materia  medica  of,   427 
-therapeutic  use  of,    426,   1008 
Mineral   springs,    1185 
Mineral  substances,  preparation  of,  296 
Mineral  waters,  classification  of,   1185 
Mint,  materia  medica  of,  823 
Miotic  alkaloids,   autonomic   nerve   system 

and,    1780-1798 
Miscarriage,  habitual,  chlorates  in,  542 
Mistletoe,   chemistry  of,    1333 
Mistura    adstringens,    materia    medica    of, 

1057 
Mistura    adstringens    et    escharotica,    ma- 
teria medica  of,   1057 
Mistura    ammoniaci.    materia    medica    of, 

859 
Mistura  amygdale,  materia  medica  of,   9  93 
Mistura    antidysenterica,    materia    medica 

of,    828 
Mistura    bismuthi    subcarbonatis    hydrati, 

materia  medica  of,  643 
Mistura     camphorae,     materia     medica    of, 

828 
Mistura  camphorae  acida.   materia  medica 

of,  828 
Mistura   carminativa,    materia    medica    of, 

1661 
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Mist  lira  cliloralis  ct  potassli  bromidi  com- 

I>osita,    materia    medica    uf,    1713 
Mistura  chloroltn-nii  et  luurphimv-  compos- 

ita,  materia  medica  of,   1588 
Mistura   copaibie,   materia    medica   of,    843 
Mistura   copaibse   et  opii,    materia    medica 

of,   843 
Mistura  t-rrtsr,  materia  medica  of,  982 
Mistura    IVrri    composita,    materia    medica 

of,  1223 
Mistura     jilycyrrhiza;    composita,     materia 

medica  of,  99  2 
Mistura  {iiiaiaci.  materia  medica  of,   845 
Mistura  nianiit'si;i',  asafa'tidic  et  opii,  ma- 
teria medica  of,    1661 
Mistura  olei  picis,  materia  medica  of,   7  69 
Mistura     olei     ricini,     materia     medica    of, 

1169 
Mistura    oleo-balsamiea,    materia    medica 

of,   860 
Mistura   opii  alkalina,   materia   medica   of, 

1161 
Mistura    opii     et    chloi-oformi    composita, 

inateria  medica  of,   1661 
Mistura    opii    et    rliei    composita,    materia 

medica  of,    1661 
Mistura  opii  et  sassafras,  materia  medica 

of,   1661 
Mistura    peetoralis,    Stokes,    materia   med- 
ica   of,    1271 
Alistura   picis  liquidoe,   materia   medica   of, 

769 
Mistura  rhei  alkalina,  materia  medica  of, 

1160 
Mistura    rhei    composita,    materia    medica 

of,   1160 
Mistura  seniiie  composita,  materia  medica 

of,    1162 
Mistura  sodie  et  menthae,  materia  medica 

of,  514 
Mistura   sodii  citratis,   materia  medica  of, 

1252 
Mistura    toxici    dlplitheiitici    et    antitoxic! 

diphtheritici.  materia  medica  of,  947 
Mitchella,  materia  medica  of,   1544 
MiTHRlDATlsM.  history  of,   2  60 
Mitigated  caustic,   materia  medica  of,   713 
MiTKAl.  INST'FFICIENCY,  convallaria  in,   129  5 
-digitalis  in,    1288 
."Mitral  stenosis,  aconite  in,  1320 
Mixture   of   copaiba    and    opium,    materia 

medica  of,   843 
Mixture  of  oil  of  tar,  materia  medica  of, 

769 
Mixture    of    rhubarb    and    soda,    materia 

medica  of,    1160 
Modified   Dakin   solution,    materia   medica 

of,    531 
Modified  milk  products,  materia  medica  of, 

1095 
Modified    pneumococcus    antigen,    materia 

medica  of,  934 
Molasses  and  sulphur,   laxative   action   of, 

425 
>rOLECX"LAR  REOENERATION.    52 
.Moles,   chrysarobin  in,   433 
Monamines.  source  of,    285 
!Monarda.  materia  medica  of,   823 
-therapeutics   of,    824 
Monkshood,  materia  medica  of,  1314 


Monobromated   camphor,    materia    medica 

of,    8  28 
Mono^Lvcol  salicylate,   materia   medica  of, 

790 
Monohydrated   sodium  carbonate,   materia 

modica   of.    514 

.Mo.NONucLEosis,  infective,   633 

-arsi)lienamino  in,   633 

Monophenetidin  citrate,  materia  medica 
of,    1492 

Monosodium  orthophosphate,  materia 
medica   of,    505 

Mon.sel  .solution,  materia  medica  of,   1222 

Morphina,    materia    medica   of,    1661 

Morphiine  acetas,  materia  medica  of,   1661 

Morphina^'  hydi-ochloriduni,  materia  med- 
ica  of,    1662 

Morphiiue  sulphas,  materia  medica  of, 
1662 

Morphime  tartras,  materia  medica  of,  1662 

Morphine,  absorption  and  elimination  of, 
1664 

-administration  of,  1699 

—method    of,    1686 

-antidote    for,    1860 

-chemistry  of,   1655 

-hemorrhage  and,    1774 

-pharmacodynamic   action    of,    1664 

-poisoning    by,    1666 

—antidote    for,    1667 

—experimental,    1668,    1669 

--symptoms  of,   1666 

—treatment  of,   1667 

-preparations  of,    1699 

-synergism  and,    1679 

--chloroform,    1695 

-systemic   action    of,    1672-1679 

-therapeutics  of,    256,    1684-1696 

-toxicity   of,    1665-1670 

Morphine  and  ipecac  lozenge,  materia 
medica  of,   1132 

Morphine  and  narcotine  meconate,  ma- 
teria medica  of,   1664 

Morphine-atropine,  strangulated  hernia 
and,   1695 

-therapeutics    of,    1688,    1692 

IMOKPiiiNE  HABIT,  treatment  of,    1671,    1672 

Morphine  lozenge,  materia  medica  of, 
1662 

Morphine-magnesium  sulphate,  therapeu- 
tics  of,    1688,    1689 

Morphine-scopolamine,  labor  and,   169  5 

-therapeutics  of,  1688,  1692 

Morphine  suppositories,  materia  medica 
of,   1662 

.MoRPniNiSM.   ergot  in,   1775 

-treatment  of,    1671,    1672 

Morrhuol.   materia  medica  of,    1092 

Morton  fluid,  spina  bifida  and,   549 

Moschus,   materia  medica  of,   1537 

-therapeutics    of,    1537 

Mother's  salve,  materia  medica  of,   1011 

Moulded  silver  nitrate,  materia  medica  of, 
712 

Mountain  bo.v.  materia  medica  of,   1515 

Mountain  flax,  materia  medica  of,   1382 

Moussenine,  chemistry  of,   477 

]\r()tTTir,  affections  of,   chlorates  in,   541 

--chlorine  in,   537 

-amebic  infection   of,    1136 
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MouTir.    amebic    infection    of,    emetine    in, 

1136 
-aphthous   sore,    580 
—sodium   sulphite  in,    580 
-inflammation    of,    1075 
--rosa  gallica,   1075 
-topical  applications  and,    319 
Mouth  wash,  kino  in,  1074 
-quercus   in,    107  5 
-witch  hazel  in,   1075 
-xanthoxylum  in,    1104 
Mucilage  of  giini  arable,   materia   medica 

of,   987 
Mucilage  of  Indian  gum,   materia   medica 

of,   987 
Mucilage  of  Iris  moss,  materia  medica  of, 

989 
Mucilage  of  sassafras  pith,  materia  medica 

of,  990 
Mucilage  acacia?,  materia  medica  of,  987 
Mucilago  chondri,  materia  medica  of,   989 
Mucilago  cydonii,   materia  medica  of,    989 
Mucilago    gunuiii    Indicl,    materia    medica 

of,    987 
Mucilago  sassafras  meduUae,  materia  med- 
ica of,   990 
Mucilago  tragacanthte,  materia  medica  of, 

988 
Mucosa,  acids  and,  507 

-external,    203 

--drug    absorption    and,    203 

-fungus  infection  of,   440 

--potassium    permanganate    in,     440 

-inflammation  of,  1312 

--hydrastis  in,  1312 

Mucous  PATCH,  trichloracetic  acid  in,  1085 

Mucuna,  therapeutics  of,   456 

Mulla  acidl  sallcylici,  materia  medica  of,  790 

MuUa   creosotl  salicylata,   materia   medica 
of,    771 

Mulla    hydrargyri    chloridi    corroslvl,    ma- 
teria medica  of,   662 

Mulla  zlnci.  materia  medica  of,   1057 

Mullein  flowers,  materia  medica  of,  990 

Mullein  leaves,  materia  medica  of,   990 

Mumps,  belladonna  ointment  in,   1840 

-colloidal   silver   compounds   in,    721 

-methyl   salicylate   in,    798 

Muriate  of  ammonia,   materia   medica   of, 
1367 

Muriate  of  lime,  materia  medica  of,  1353 

Murphy  drip,  saline  infusion  and,  1343 

Muscarine,  systemic  action  of,   1796 

-toxicity  of,    1796 

Muscle,   depressants  of,   1313 

-morphine  and,   1673 

Musenna,  therapeutics  of,  477 

Mushrooms,  poisoning  by,   17  96 

--treatment   of,    1796 

-poisonous,    1795 

--chemistry  of,  1795 

--pharmacodynamic  action   of,   1795 

--summary  of  actions  and  uses  of,  1795 

--systemic   action    of,    179  6 

Musk,  materia  medica  of,   1537 

-therapeutics    of,    1537 

Musk  root,  materia  medica  of,  1545 

Mustard,  emesis  and,  1033,  1141,  1142 

-narcotic  poisoning  and,  1141 

-therapeutics  of,  1032 


]NfusTARD  GAS,  pharmacodynamic  action  of, 

1029 
Mustai*d  liniment,  headache  and,   1033 
-materia  medica  of,  1031 
Mustard  oU,   materia  medica  of,   1031 
Mustard  ointment,  materia  medica  of,  1031 
Mustard  paper,  materia  medica  of,   1031 
Mustard  plaster,  materia  medica  of,   1031 
-pain    and,    1032 

Mutton  suet,   materia   medica   of,    1006 
Myalgia,  aconitine   in,    1320 
-alcohol  in,  1649 
-atropine  in,    1840 
-gelsemium    in,    1803 
-piperazine   in,    1440 
-thorium  hydroxide  pads  in,   1083 
Myasthknia,  cardiac,  177  3 
--ergot  in,   1773 

Myasthenia  gastrica,  phenol  in,  7  55 
Myasthenia  gravis,  strychnine  in,  1568 
Mycosis,  phenol  in,  439 
-silver  nitrate  in,   441 

Mycosis  fungoiues,  saline  solution  in,  1345 
Mycosis  tonsillaris  benigna,  agents  used 

in,   415 
Mydriasis,  cocaine  in,  1756 
Mydriatic    alkaloids,    nerve     system    and, 

1817 
--autonomic,   1817 
Myocarditis,  acute,  1691 
—opium  in,    1691 
-champagne   in,    1650 
Myocardium,  degeneration  of,  1574 
--sparteine    in,    1574 
Myopathies,  cardiac,   1773 
--ergot   in,    1773 
Myopia,  atropine  in,  1840 
Myrica,   materia  medica   of,   1116 
Myringitis,  chronic,  721 
--silver  nitrate  solution  in,  721 
Myristica,  materia  medica  of,  817 
3Iyristica  oil,   materia  medica  of,    817 
Myristin,  chemistry  of,  474 
Myrobalan   and   opium   ointment,   materia 

medica  of,   1064 
Myrobalan   ointment,    materia   medica   of, 

1064 
Myrobalanum,  materia  medica  of,  1064 
Myrrh,  therapeutics  of,  852 
Myrrha,  materia  medica  of,  845 
Myitol,   administration    of,    837 
-materia    medica    of,    837 
-therapeutics    of,    479,    837 
Myxedema,  congenital,  115 
--reversion  and,   115 
-etiology   of,    95 
-infantile,   550 
--iodine  in,    550 
-iodine   in,    258 
-splenic  extract  in,   1240 
-thyroid  feeding  in,  99 
-treatment  of,   95 


Naphtha  acetl.  materia  medica  of,   1212 
Naphthalene,  action  of,  194 
-chemistry  of,    194 
-hookworm  and,   478 
-therapeutics  of,   440 
-threadworms   and,    444 
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Naplitlmleiic  liydroi-arboiis,  source  of,   286 
Xuphtlialenuni,  materia  medica  of,  864 
Nuplitlialiii,  antipathogenic  action   of,    865 
-chemistry   of,    863 
-materia   medica  of,    864 
-pharmacodynamic  action  of,   865 
-suminary  of  actions  and  uses  of,   863 
-therapeutics   of,    866 
Xaphthalul,   materia  medica  of,   864 
Naphtheiic,  chemistry  of,   426 
Xaphtliol,    materia    medica    of,    864 
Naphthoic,    classitication    of,    863 
Naphtliusalol,    materia   medica   of,    864 
Xarceiiie,    chemistry    of,     1556 
-pharmacodynamic   action    of,    1683 
Narcopliiiic,  materia  medica  of,   1664 
-therapeutics    of,    1698 
Narcosis,  theories  of,   1581,   1582 
Narcotic    act.    laws    and    regulations    of, 

1861-1865 
Narcotics,    classification    of,    1550,    1633 
Narcotiiic.  chemistry  of,   1657 
-pharmacodynamic   action    of,    1682 
Narcotiiic  HCI.  chemistry  of,   1307 
National  Fok.milahy.  17 
Natrium    cliloricuni,    materia    medica    of, 

539 
Naiilicim    baths,    cardiac    affections    and, 

1400,  1401 
Nausea,  calomel  in,  689 
-cocaine   in,    1756 
-peppermint  in,  1124 
-persistent,    1650 
--alcohol   in,    1650 
-postanesthetic,    1773 
--ergot  in,  1773 
--picrotoxin   in,    1571 
--saline  infusion  in,  1342 
Nebula  aroniatica.  materia  medica  of,   833 
Nebula    eucalyptolis,    materia    medica    of, 

826 
Nebula  mentholis,  materia  medica  of,   833 
Nebula      nientliolis      coniposita,       materia 

medica  of,   833 
Nebula  thyniolis.  materia  medica  of,    835 
Necator  amekicams.  agents  used  against, 

442,    443,    445 
Necrosis,  oxygen  in,  1394 
Neeni  bark,  materia  medica  of,   455 
Neisser  bacterine,  administration  of,  931 
—dose,    932 
—method   of,    932 
-bacteriod>'nainic    reaction,     931 
-materia   medica   of,   931 
--therapeutic   action    of,    932 
Nematodes,  agents  used  against,  442 
Ncoarsphenaniina,       materia       medica       of, 

626 
Neoarsplienamiiie.  chemistry  of,   625 
-pharmacodynamic  action  of,   630 
-therapeutics   of,    641 
Neoeinchopheiium,      materia     medica     of, 

1436 
Neodiarscnol.  materia   modica  of,   626 
Neokbarsivan.   materia   medica   of,    626 
Nconal,   materia  medica  of,    1616 
Neoplasm,  malignant,  1079 
--radium   in,   1079 
—treatment  of,  93 
— surgical,    93 


Neorobin,  administration  of,   433 

-chemistry  of,   429 

-materia   medica  of,    430 

-therapeutics  of,   432 

Neosalvarsaii,  materia  medica  of,    626 

Neosllver  arsphenaniliie,  therapeutics  of,  641 

Nco-silvol,  materia  medica  of,  714 

Xkimiuitis,   acute,    1344 

--alkaline-saline  solution  in,    1344 

--blood  pressure  and,  1724 

—  magnesium  sulphate,   1724 

--.gelsemium   in,    1803 

-alkalis    in,    526 

-anasarca   and,    1359 

--calcium    chloride   in,    1359 

-ascites  and,  1359 

--calcium  chloride  in,   1359 

-Basham  mixture  in,  1232,  1522 

-chronic,    1339 

--sodium    chloride    in,    1339 

— contraindications,  1339 

— indications,    1339 

--sodium  formate  in,  1579 

-chronic  interstitial,  1794 

--blood   pressure   in,    1794 

— pilocarpine  in,   1794 

-fuchsine  in,    87  6 

-parenchymatous,   1039 

--cantharides  in,  1039 

-pilocarpine  in,   1794 

-radium  in,  1081 

Nerve  blocking,  apothesine  in,  1757 

Nerve  ENOiNfis,   motor,    1551 

--drugs  acting  on,  1551 

-sensory,     1551 

--drugs  acting  on,   1551 

Nerve  system,  alcohol  and,  1647,  1648 

-alcoholic  psychoses,   1648 

--classification  of,   1648,   1649 

-autonomic,    1305 

--disorders   of,    1305 

— cactus  in,    1305 

--drugs  acting  on,  1551,  1552,  1761-1852 

— classification  of,   1552 

--miotic  alkaloids  and,   1780 

--mydriatic  alkaloids  and,    1817,    1837 

--nicotine  group  and,  1798 

-bromides  and,   1716 

-central,    1648 

--chronic   alcoholism   and,    1648,    1649 

-cocaine  and,  1749,  1750 

-codeine  and,  1682 

-depressants    of,    1710 

--anesthetics,   1580 

— classification   of,    1580 

--depressomotors,    1726 

--hypnotics,    1609 

--local   anesthetics  and,    1733 

--narcotics,  1633 

---classification   of,    1633 

--resins,    1701 

--sedative    oils,    1701 

-drug  action  and,   152 

--determination  of,  152 

-drug  addiction  and,  262 

-drugs  acting  on,   1548-1552 

--therapeutics  of,   1552 

-ergot  and,  1769 

-magnesium  and,   1723 

-mercury  and,    679 
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Nerve  systeai,  morphine  and,  1677,  1678 

—contraindications,    1694 

--indications,   1694 

-opium  and,    1694 

-organic  function  and,    405 

-stimulants  of,    1552 

Nettle,   materia  medica  of,    1027 

-therapeutics  of,  1027 

Neuralgia,  aconine  in,  1319 

-aconitine  in,   1320 

-arsenic    in,    617 

-atropine   in,    1845 

-bromides  in,   1718 

-calomel  in,   691 

-camphor   in,    831 

-cannabis  in,   1705 

-cantharides  in,   1037 

-chloral   ointment   in,    1629 

-chloroform   in,    1593 

-cinchophen   in,    1439 

-delphinine  in,  436 

-facial,    1840 

--atropine  in,  1840 

-formic  acid  in,  741,  1579 

-guaiacol  in,   781 

-intercostal,    1019 

--capsicum  in,    1019 

--gelsemium  in,    1803 

-iron  in,   1231 

-methylatropine  in,   1848 

-methyl  salicylate  in,   798 

-oil   of   clove   in,    820 

-oxygen   in,    1394 

--injections  of,   1394 

-phosphorus  in,    1412 

-piperazine   in,    1440 

-quinine  in,   901 

-thorium  hydroxide  pads  in,  1083 

-trigeminal,    1649 

--alcohol  in.    1649 

— injection  of,  1649 

--gelsemium    in,    1803 

-veratrum   in,    1325 

Neurasthenia,  arsenic  in,  617 

-bromides   in,    1917 

-carbromal   in,    1633 

-epinephrine  in,   1472 

-oxygen  in,  1397 

-phosphorus    in,    1412 

-saline  solution  in,  1345 

-vanadium  in,   730 

Neuritis,  acute,  800 

--salicylates  in,    800 

-gelsemium   in,    1803 

-lobelia  in,   1800 

-malarial,   1568 

--strychnine  in,    1568 

-mercury  in,   697 

-methylene  blue  in,   878 

-optic,   693 

--mercury  in,   693,   701 

-peripheral,   1568 

—muscular  weakness  following,   1568 

— strychnine  in,   1568 

-radium  in,    1081 

Neuroal,  materia  medica  of,  1632 

-pharmacodynamic  action  of,  1632 

-therapeutics  of,  1632 

Neurodin,  chemistry  of,  1493 

-materia  medica  of,  493 


Neukopathics,  familial  liability  and,    I  13 

Neurosis,  predisposition  to,  120 

-respiratory,  1717 

--bromides  in,    1717 

-sexual,   656 

--gold  in,  656 

--testicular   extract  in,    1537 

Neurosyphilis,  arsphenamine   in,   640,   7(>;i 

-bismuth  in,    649,   703 

-mercury  in,   702,   703 

--intramuscular   injection   of,    710 

-sodium  iodide  in,   703 

Neurotoxin,  chemistry  of,   1730 

Neurovaccine,    materia  medica   of,    921 

Neuro-vaccinum   variolise,    materia    medica 

of,    921 
Neutral  acriflavine,  materia  medica  of,  872 
Neutralizing    cordial,    materia    medica    of, 

1160 
Nevi,  vascular,   1080 
--radium  in,  1080 

New  and  nonofficial  remedies,  18 
New  sidonal,  materia  medica  of,   1441 
New  tuberculin  B.E.,  materia  medica  of,  943 
New  tuberculin  T.R.  dried,  materia  medica 

of,  943 
Niccoli  bromidum,  materia  medica  of,  723 
Niccoli  carbonas,   materia   medica   of,    723 
Niccoli  sulphas,  materia  medica  of,  7  23 
Nickel,   antipathogenic   action    of,    723 
-pharmacodynamic  action  of,  7  23 
-source   of,    282 
-therapeutics    of,    723 

Nickelous  bromide,  materia  medica  of,  723 
Nickelous    carbonate,    materia    medica    of, 

723 
Nicotia,   materia  medica   of,    1811 
Nicotina,  materia  medica  of,  1811 
Nicotine,    absorption    and    elimination    of, 

1812 
-addiction   and,    263 
-alimentary  system  and,   1814 
-chemistry  of,  1810 
-circulatory  system  and,  1814 
-habituation  and,   1814 
-history  of,    1809 
-metabolism  and,   1816 
-nerve  system  and,  1816 
--autonomic,  1816 
-pharmacodynamic  action  of,  1812 
-poisoning  by,   1813 
—treatment  of,  1813 
-respiratory  system  and,  1815 
-systemic  action  of,  1814 
-therapeutics  of,  1817 
-toxicity  of,  1812 

Nicotine  group,  nerve  system  and,  1798 
--autonomic,    1798 
Niemeyer  pill,  composition  of,  69  5 
Niemeyer's  pills  for  phthisis,  materia  med- 
ica of,  1660 
Nigger-head,  materia  medica  of,   917 
Night  blooming  cereus,  materia  medica  of, 

1304 
Night  sweats,  alum  in,  1043 
-camphoric  acid  in,  1531 
-ergot  in,  1775 
-picrotoxin  in,  1571 
-pilocarpine  in,  1794 
-zinc  oxide  in,  1061 
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Niolorin,  materia  medica  of,   555 
Mitrato.s,      pharmacodynamic      action      of, 

1518 
Nitric  acid,  antidote  for,   1858 
-materia  medica  of,  503 
-skin  and,  506 
Nitrites,    absorption    and     elimination     of, 

1328 
-chemistry  of,  1326 
-classification  of,  1326 
-pharmacodynamic  action  of,   1328 
-poisoning  by,  1329 

-summary  of  actions  and  uses  of,   1326 
-systemic  action  of,  1329 
-therapeutics  of.   1331 
-toxicity  of,  1328 
Nitrobenzene,  chemistry  of,  868 
-toxicity  of.  868 

Nitro-derivatives,  source  of,  285 
Nitrt)-eryllirite,  materia  medica  of,   1327 
Nitrojieii.   source   of,    279 
Nitrofteiiii  iiionoxiduin,  materia  medica  of, 

1597 
Nitroglycerin,  administration   of,    1332 
-antidote  for,  1860 
-blood    pressure   and,    371 
-materia  medica  of,   1327 
-therapeutics  of,   1332 
Nitroliydrocliloric  acid,  materia  medica  of, 

503 
Nitroniuriatic  acid,  materia  medica  of,  503 
Nitrous  oxide,  anesthesia  and,   1607,   1609 
--method  of  administration,  1609 
-antidote  for,   18  59 
-chemistry  of,   1596 
-materia  medica  of,  1597 
-pharmacodynamic   action    of,    1597 
-summary  of  actions  and  uses  of,   1596 
-systemic  action  of,   1597 
-therapeutics  of,   1598 
XiTS,  destruction  of.  413 
Noma,  chlorates  in,  541 
-phenol  in,   755 
XoMEXCLATURE.  metric.   392 
--abbreviations  in,   393 
-use  of.  392.  393 
Normal  cattle  serum,  materia  medica   of, 

952 
Normal  cupric  acetate,  ringworm  and,   441 
-tinea  sycosis  and,  441 
Normal    goat    serum,    materia    medica    of, 

952 
Normal   horse  seram,   materia   medica   of, 

952 
Normal  human  serum,  materia  medica  of, 

952 
Norwood's    tincture,    composition    of,    1322 
XosE,  affections  of,  antinosin  in,  560 
--catarrhal.    1312 
— -hydrastis  in.   1312 
--chlorates    in,    541 
--chlorine  in,  537 
--dionine  in,  1698 
--ergot  in,   1772 
--eucalyptol  in.  827 
--glycerinin,    1000 
--hematinics  in,    1321 
--mercury  in,   684 
--papain  in,   1203 
--salt  solution   in,   1337 


XusK,  affections  of,  scarlet  red  in,    1015 

--thymol  in,  836 

--trichloracetic  acid  in,   1085 

-infections  of,   875 

--gentian  violet  in,  875 

-inflammation  of,  423 

--catarrhal,   423 

---sulphur  in,  423 

--chronic,    1119 

---calendula  in,   1119 

-local  anesthesia  and,  1760 

--drugs  used  in,  1760 

-surface  anesthesia  in,  17  59 

-surgery  of,   1757 

--alypin  in,  1757 

-topical   applications  and,    321 

XosEBLKKD,  alum  in,  1043 

Nosophen,   therapeutics  of,    560 

XosTiu'Ms,   definition  of,   18 

Novarsenobenzol,  materia  medica  of,  626 

Novarsenobillon,    materia    medica    of,    626 

Novaspirin,  materia  medica  of,  789 

Novasurol,  administration  of,   706 

-materia  medica  of,  666 

-syphilis  and,  711 

Novatophan,   materia  medica  of,    1436 

Novocaine,  chemistry  of,  1751 

-local  anesthesia  and,   1751,   1757,    1760 

-materia  medica  of,   1736 

-therapeutics  of,  1751,  1757,  1760 

Novocaine  base,  materia  medica  of,  1737 

N-phenylglycinamide-p-ai-senate,     materia 

medica  of,   623 
Numoquin,  materia  medica  of,  887 
Numoquin  base,  materia  medica  of,  887 
Niunoquin  hydrochloride,   materia   medica 

of,   887 
Nutgall,  materia  medica  of,   1063 
Nutgall  ointment,  materia  medica  of,  1064 
Nutgalls,  therapeutics  of,   1074 
Nutmeg,  materia  medica  of,  817 
Nutrients,  carbohydrate,   1088-1090 
-classification  of,    294 
-fatty,   1090-1094 
-protein,  1094-1096 
--classification  of,   1095 
--therapeutics  of,  1095 
-sources  of,  294 
XiTTHiTioN.  calcium  and,   1358 
-disorders  of,  peroxides  in,  498 
-muscle,   1567 
--strychnine  in,  1567 
-phases  of,  11 
-somatic,  615 
--arsenic  in,  615 
--organic  function  and,  405 
-stimulants  of,  1402 
--roborants,  1402 
--tonics,   1402 
-vitamins  and,  1402 
Nux  vomica,  administration  of,   1569 
-antidote  for,  1860 
-materia  medica  of,  1554 
-therapeutics  of,   1121,   1122,   1565-1569 
N.vctal,  therapeutics  of,  1718 
Nystagmus,  formic  acid  in,  741,  1579 


Oak,  materia  medica  of,   1068 
Oat,  materia  medica  of,  1088 
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Oatmeal,  materia  medica  of,  1088 

Obesity,  iodoform  in,  558 

-ovarian  residue  in,  1540 

-pathologic,  1457 

—thyroid  gland  in,  1457 

-pituitary  extract  in,  1479 

-sodium  fluoride  in,  567 

OiDiA,  boric  acid  in.  440 

Oidiomycosis,  agents  used  in,  414 

OiHiUM  ALBICANS,  infection  with,  414 

Oil  of  allspice,  materia  medica  of.  818 

Oil  of  anthos,  materia  medica  of.  840 

Oil  of  balm,  materia  medica  of.   819 

Oil  of  bay,   materia  medica  of,    817 

Oil  of  bitter  almond,   materia  medica  of, 

1004 
Oil  of   bitter  orange,   materia   medica   of, 

813 
Oil  of  cade,  therapeutics  of,  439,  853 
Oil  of  cajeput,  materia  medica  of,  839 
Oil  of  cajuput,  therapeutics  of,   439 
Oil   of    Canada   fleabane,    materia    medica 

of,  840 
Oil  of  Canada  snakeroot,  materia  medica 

of,  821 
Oil  of  chamomile,  materia  medica  of,   821 
Oil   of   chenopodium,    materia    medica    of, 

461 
-roundworms  and,  445 
-whipworms  and,  444 
Oil  of  cinnamon,  therapeutics  of,   820 
Oil  of  citronella,  materia  medica  of,   816 
Oil  of  clove,  materia  medica  of,  814 
-therapeutics  of,  439,  820 
Oil  of  copaiva,  materia  medica  of,  843 
Oil  of  dill,  materia  medica  of,   811 
Oil   of   dipterocarpus,   materia   medica   of, 

844 
Oil  of  dwarf-pine  needles,  materia  medica 

of,  847 
Oil   of   eucalyptus,    hookworms    and,    445, 

479 
-roundworms  and,  479 
-tapeworms  and.    479 
-threadworms  and,   443 
Oil  of  fennel,  materia  medica  of.  816 
Oil  of  fern,  materia  medica  of,  465 
Oil  of  fleabane,  materia  medica  of,   840 
Oil  of  saultheria,  materia  medica  of,  789 
Oil  of  juniper  tar,  materia  medica  of,   846 
Oil  of  kalamus,  materia  medica  of,  861 
Oil  of  lemon  srass,  materia  medica  of,  816 
Oil  of  madderwort,  materia  medica  of,  821 
Oil  of  myrtol,  threadworms  and,  443 
Oil  of  neroli,  materia  medica  of,  813 
Oil  of  nutmeg,  materia  medica  of,  817 
Oil  of  orange,  materia  medica  of.  813 
Oil  of  orange  flowers,  materia  medica  of, 

813 
Oil  of  pennyroyal,  action  of.  841 
-materia  medica  of.   840 

Oil  of  peppermint,  materia  medica  of.  823 
-therapeutics  of,   824 

Oil  of  pine,  materia  medica  of,  847,  848 
Oil  of  Foley,  materia  medica  of,  840 
Oil  of  pumpkin  seed,  materia  medica   of, 

470 
Oil  of  Roman  chamomile,  materia  medica 

of.  821 
Oil  of  rue,  action  of.  841 


Oil  of  sandalwood,  materia  medica  of.  838 
Oil  of  sassafras,  materia  medica  of,  824 
-therapeutics  of,  439 

Oil  of  Siberian  flr,  materia  medica  of,   848 
Oil  of  spearmint,  materia  medica  of,  823 
Oil   of  sweet  almond,   materia   medica   of, 

1003 
Oil  of  sweet  birch,  materia  medica  of,  788 
Oil  of  sweet  flag,  materia  medica  of,  861 
Oil  of  sweet  marjoram,  materia  medica  of, 

819 
Oil   of   sweet   orange,   materia   medica   of, 

813 
Oil  of  tansy,  action  of,   841 
Oil   of   teaberry,   materia   medica   of,    7  88, 

789 
Oil  of  thuya,  materia  medica  of,  848 
Oil  of  tuiiJcntine,  roundworms  and,   480 
-tapeworms  and,  479 
-threadworms  and,  443,  480 
Oil  of  vitriol,  materia  medica  of,  503 
Oil  of  white  cedar,  materia  medica  of,  848 
Oil  of  wild  ginger,  materia  medica  of,   821 
Oil  of  wintergreen.  materia  medica  of,  7  88, 

789 
-therapeutics  of,  798 
Oil  of  wood,  materia  medica  of.  844 
Oil  of  wormwood,  materia  medica  of,   821 
Oils,  antiseptic,  1523 
--diuresis  and,  1523 
--therapeutics  of,  825 
-carminative,  804 
--therapeutics  of,  824 
-castor,  1149 
--action  of,  1149 
-cathartic,  1149 
--action  of.  1149 
-cod-liver,  1090 
--source  of,  1090 
-croton.   1149 
--action  of,  1149 
-essential,  801 
--absorption  and  elimination  of.  807 

--antipathogenic  action  of,   806 

--chemistry  of.  801-805 

—classification  of,  296,  804.  805 

--condiments  and,  1208 

—dosage  of.  358 

--modification  of.   271 

--pharmacodynamic  action   of.    807-810 

—sources  of.  293 

--summary  of  actions  and  uses  of,   805 

--systemic  action  of.  808-810 

--therapeutics  of.  1205 

—toxicity  of,  807 

-uses  of,  1702 

-fixed.   292 

—classification  of.  293,  297 

-solubility  of.   292 

--sources  of.  292 

-flavoring.  804.  810 

--therapeutics  of,  820 

-irritant,    804 

—classification  of,  839 

--diuresis  and,  1523 

—therapeutics  of,   840 

-sedative,   1701 

--classification  of.  1701 

--nerve  depressants  and,  1701-1710 

-vegetable,  1009 
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oils,  vegetable,  therapeutic  use  of,   1009 
-volatile.  293 

—classification  of,  293,  294 
--sources  of,  29  3 
Ointment,  pi'oparation  of,   1008 
Ointment    of    ammuniated    mercury,    ma- 
teria niedica  of,  662 
Ointment  of  Iwric  acid,  materia  medica  of, 

582 
Ointment     of     mercuric     iodide,     materia 

medica  of,  663 
Ointment     of     njercuric     nitrate,     materia 

medica  of,  663 
Ointment  of  mild  mercurous  chloride,  ma- 
teria medica   of,    660 
Ointment  of  oil  of  mustard,  materia  med- 
ica of,  1031 
Ointment  of  oleatcd  lead,  materia  medica 

of.   1047 
Ointment   of   plicnol,    materia    medica   of, 

747 
Ointment    of   rose   water,    materia    medica 

of,    1005 
Ointment  of  sulplionatcd  bitumen,  materia 

medica  of,   570 
Ointment   of  tannic  acid,   materia  medica 

of,    10  63 
Ointment    of   yellow   mercuric   oxide,    ma- 
teria medica  of,  663 
Ointment  of  zinc  oxide,  materia  medica  of, 

1056 
Ointment  of  zinc  stearatc,  materia  medica 

of,    1056 
Old  man's  beard,  materia  medica  of,  1380 
Olcate  of  green  hellebore,  materia  medica 

of,    1322 
Oleate  of  meri-ury,  materia  medica  of,  661 
Oleatum    aconitinae,    materia    medica    of, 

1315 
Oleatum    atropinae,     materia     medica     of, 

1824 
Oleatum   hydrargyri,    materia    medica    of, 

661 
Oleatum  quininie,  886 
Oleatum  veratrininae,    materia   medica   of, 

1322 
Olefin,  chemistry  of,  426 
Olefin  .series,  sources  of,   282 
Oleic  acid,  materia  medica  of,    1006 
-therapeutic  use  of,   1010 
Oleo-balsamic  mixture,  materia  medica  of, 

860 
Oleore.sina  aspidii,  materia  medica  of,   465 
Oleoresina     capsici,     materia     medica     of, 

1018 
Oleoresina  cubebir.  materia  medica  of,  843 
Oleoresina    lupulini,     materia    medica    of, 

1115 
Oleoresina  petroselini,  materia  medica  of, 

818 
Oleoresina     piperis,     materia     medica     of, 

1020 
Oleoresina    zinglbcris,    materia    medica    of, 

846 
Olcoresin  of  male  fern,  materia  medica  of, 

465 
Olcoresin  of  parsley  fruit,  materia  medica 

of,  818 
Oleoresins.  source  of,  289 
Oleum  abictls,  materia  medica  of,  848 


Oleum  absinthium,  materia  medica  of,  821 
Oleum  jvthercum,  materia  medica  of,  1600 
Oleum  ajowan.  materia  medica  of,   812 
Oleum  amygdalie  amarse,  materia  medica 

of,    1004 
Oleum      amygdalu*      expressum,      materia 

medica  of,   1003 
Oleum  anctlii,  materia  medica  of,  811 
Oleum  anisl.  materia  medica  of,  811 
Oleum  antliemidis,  materia  medica  of,  821 
Oleum  arachis,  materia  medica  of,  1004 
Oleum  a.sariim,   materia  medica  of,   821 
Oleum  aurantii.  materia  medica  of,   813 
Oleum  aurantii  aniari,  materia  medica  of, 

813 
Oleum  aurantii  florum,  materia  medica  of, 

813 
Oleum  bcrgamii,  materia  medica  of,  813 
Oleum    bergamottae,    materia    medica    of, 

813 
Oleum  betultr,  materia  medica  of,  788 
Oleum   betuhc   empyrcumatlcum   rectifica- 

tum,  materia  medica  of,   757 
Oleum  cadinum,  materia  medica  of,  846 
Oleum  cajuputi,  materia  medica  of,   839 
Oleum  calami,  materia  medica  of,   8  61 
Oleum  cardamom!,  materia  medica  of,  822 
Oleum  carl,  materia  medica  of,  814 
Oleum  caryophylli,  materia  medica  of,  814 
Oleum  cassia',  materia  medica  of,  815 
Oleum   chaulmoograe,    materia   medica   of, 

913 
Oleum  chenopodii,  materia  medica  of,  461 
Oleum   cinercum.    materia   medica   of,    664 
Oleum  cinnamomi.  materia  medica  of,  815 
Oleum  copjtibic,  materia  medica  of,  843 
Oleum  coriandri,  materia  medica  of,  816 
Oleum  cubebae,  materia  medica  of,   843 
Oleum  cupressi,  materia  medica  of,  811 
Oleum  cymbopogon  nardi,  materia  medica 

of,  816 
Oleum  crigcrontis,  materia  medica  of,   840 
Oleum  eucalypti,  materia  medica  of,  82  6 
Oleum  filicis  maris,  materia  medica  of,  465 
Oleum  foeniculi,  materia  medica  of,  816 
Oleum  gaultheriae,  materia  medica  of,  788, 

789 
Oleum    gossypii    seminis,    materia    medica 

of,  1004 
Oleum  graminis  citrati,  materia  medica  of, 

816 
Oleum  gurjunae,  materia  medica  of,   844 
Oleum  hedemomae,  materia  medica  of,  840 
Oleum    hyoscyami     compositum,     materia 

medica  of,  1823 
Oleum   jccoris   aselli,    materia    medica    of, 

1091 
Oleum  juniperi,  materia  medica  of,  847 
Oleum  .juniperi  empyreumaticum,  materia 

medica  of,    846 
Oleum  lavanduliv,  materia  medica  of,  817 
Oleum  limonis,  materia  medica  of,  818 
Oleum  lini,  materia  medica  of,  1003 
Oleum  maydis,  materia  medica  of,  1004 
Oleum  mellssae,  materia  medica  of,  819 
Oleum   menthae   piperitip,    materia    medica 

of,   823 
Oleum  menthae  viridis.  materia  medica  of, 

823 
Oleum  morrhuae,  materia  medica  of,   1091 
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Oleum  myrciae,  materia  medica  of,  817 
Oleum     myristicae,     materia      medica      of, 

817 
Oleum  myrtus,  materia  medica  of,  837 
Oleum  olivse,  materia  medica  of,  1004 
Oleum  origani,  materia  medica  of,  819 
Oleum  pcponis,  materia  medica  of,  470 
Oleum    i)henolatum,    materia    medica    of, 

748 
Oleum  phosphoratum,  materia  medica  of, 

1404 
Oleum  picis  liquidae  rectificatum,   materia 

medica  of,  769 
Oleumi   picis  rectificatum,    materia   medica 

of,   769 
Oleum  pimentse,  materia  medica  of,  818 
Oleum  pini  pumilionis,  materia  medica  of, 

847 
Oleum  pulej^ii,  materia  medica  of,  8  40 
Oleum  ricini,  materia  medica  of,   1169 
-therapeutics   of,    1182 
Oleum  ricini  aromaticum,  materia  medica 

of,    1169 
Oleum  roste,  materia  medica  of,  818 
Oleum  rosmarini,  inateria  medica  of,  840 
Oleum  rutse,  materia  medica  of,  840 
Oleum  sabinae,  inateria  medica  of,  847 
Oleum  santali,  materia  medica  of,  838 
Oleum  sassafras,  materia  medica  of,  824 
Oleum  sesami.  materia  medica  of,   1004 
Oleum  sinapis  volatile,  materia  medica  of, 

1031 
Oleum  succini  rectiflcatum,  materia  medica 

of,  8  59 
Oleum  tabaci,  materia  medica  of,  1811 
Oleum    terebiuthinse,    materia    medica    of, 

849 
Oleum   terebinthinae  rectiflcatum,   materia 

medica  of,  849 
Oleum   theobromatis,    materia    medica    of, 

1005 
-therapeutic  use  of,  1009 
Oleum  tiglii,  materia  medica  of,  1169 
-therapeutics  of,  1183 
Oleumi  thujas,  materia  medica  of,  848 
Oleum  thymi,  materia  medica  of,   819 
Olive  oil.  materia  medica  of,  1004 
Olive  oil  castile  soap,  materia  medica  of, 

512 
Oliver!  cortex,  materia  medica  of,  824 
Omiiopon,  materia  medica  of,  1663 
-therapeutics  of,  1698 
Operations,    pharmaceutic,     definition    of, 

298 
Ophiotoxin,  chemistry  of,   1730 
Ophthalmia,  gonorrheal,   17  24 
--magnesium  sulphate  in,  1724 
--silver  nitrate  solution  in,   720 
-mercurochrome  in,  685 
-newborn,  720 
— Crede  method  in,  720 
--silver   nitrate  in,    720 
-purulent,   formaldehyde  in,   738 
--mercury  in,   694 
Ophthalmia  neonatorum,  720 
Ophthalmoplegia,  strychnine  in,   1568 
Opiates,  therapeutics  of,    1684-1696 
--contraindications,   1694,   1695 
Opii  pulvis.  materia  medica  of,  16  59 
Opii  tinctura  P.I.,  materia  medica  of,  1659 


Opium,    absorption    and     elimination    of, 

1664 
-acute  poisoning  by,  1843 
--atropine  in,  1843 
-—dosage,   1843 
-addiction,   263 
--hyoscine  in,  1793 
--pilocarpine  in,  1793 
-administration  of,   1698 
-alkaloidal  combinations  of,   1683,   1684 
-alkaloids  of,   1654-1657 
--administration  of,   1698 
--chemical  groups  of,  1683,  1684 
—minor,  1683 
-antidote  for,   1860 
-chemistry  of,  1654-1657 
-dosage,  1699 
--determination  of,  1699 
-effects  of,  247 
--Occidentals,  247 
--Orientals,  247 
-history  of,  1654 
-materia  medica  of,   1658 
-pharmacodynamic  action  of    1664 
-poisoning  by,   1666 
--symptoms  of,  1666     • 
--treatment  of,  1667 
-preparations  of,  1699 
-source  of,  1654 

-summary  of  actions  and  uses  of,  1658 
-suppositories  of,   1685 
-therapeutics  of,  1684-1696 
--children  and,  1696 
—contraindications,  1684,   1685,   1692 
--indications,  1685,  1686 
-tincture  of,  357,  1699 
-toxicity  of,   1665-1670 
-wine  of,    1699 
Opium  ant!  lead  wash,  skin  affections  and. 

1684,    1699 
Opium    deodoratum,    materia    medica    of 

1659 
Opium    granulatum,    materia    medica    of. 

1659 
Opium  habit,  treatment  of,  1671,  1672 
Opium  plaster,  materia  medica  of,  1660 
Opium    pulveratum,    materia    medica    of, 

1659 
Optochin,  chemistry  of,  897 
-materia  medica  of,   887 
-pharmacodynamic  action  of,   897 
Optochin  base,  materia  medica  of,   887 
Optochin    hydrochloride,    materia    medica 

of,   887 
Orange   flower  water,    materia   medica    of, 

813 
Orange  wine,  materia  medica  of,  812 
Orchitis,  alcohol  in,   1649 
-belladonna  ointment  in,   1840 
-iodine  in,  549 
-mercury  in,   694 
-methyl  salicylate  in,  798 
-Neisser  bacterine  in,    932 
-sulphur  in,  421 

Ordeal  bean,  inateria  medica  of,  1780 
Oregon    grape    root,    materia    medica    of, 

1105 
Orexin,  materia  medica  of,   1110 
Orexin  tannate,  therapeutics  of,  1120 
Organic  arsenic  compounds,   617-641 
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Organic  chemical  antiseptics,  aniline  dyes, 

879-918 
-aromatic  compounds,   741-801 
-essential  oils,  801-863 
-naptithols,    8t>3-87S 
-plant  drugs,  879-918 
-straight  ciiain  compounds,  732-741 
Organic  clicniical  compounds,  282-286 
Organic  coniponnds,  activity  of,  190 
-classirtcation  of,  191-196 
-dosage  of,  352,   353 
-nomenclature  of,   191 
-nuclei,  191 
--alkaloidal  ring,  194 
--benzol  ring,  192-194 
--essential  oil    nucleus,   194 
--naphtliolin  ring,   194 
--paraffins.  191,  192 
--side-cliains,  191 
Organic  dioxides,  action  of,  494 
Organic    iodine    compounds,    classification 

of,   553 
Organic     peroxides,     intestinal     antisepsis 

and,  499 
Organic  silver  compounds,  tiierapeutics  of, 

717 
Organic    urinary    constituents,    pliarmaco- 

dynan^ic  action  of,  1521 
Okcjamsm.  infective,   400 
--classification  of,  400 
— bacteria,   400 
— protozoa,   400 
-infesting,  399 
—habitat  of,   399 

Organotherapy,  myxedema  and,  99 
-preparations  in,  1441 
--adrenal  gland,  1441 
-insulin,  1442-1448 
--parathyroid,    1481 
--pineal  gland,  1481 
--pituitary  extract,  1472 
--thymus  gland,  1458 
—thyroid  gland,  1449-1451 
Oindinc.  materia  medica  of,  1418 
Ori/.aba    jahip    root,    materia    medica    of, 

1168 
Oroya  fevek.  arsenic  in,  611 
-arsphenamine  in,    633 
Orphol.  materia  medica  of,   864 
Orplioh'on  hcyden.  materia  medica  of,  643 
Orris,  materia  medica  of,  1212 
Orris  root,  materia  medica  of.   1212 
Orthin.   pharmacodynamic   action   of,    1488 
Orthocrcsol.  materia  medica  of,   7  64 
Orthoform.  chemistry  of,   1755 
-materia  medica  of,  1738 
-pharmacodynamic  action  of,   1755 
-therapeutics  of.   1758 

Orthoform  new,  materia  medica  of,  1738 
Ortho-oxybenzoic  acid,  materia  medica  of, 

787 
Osmosis,  definition  of,   163,   164 
-osmotic  pressure.   164 
--concentration.  164 
--laws  of.  16  6.  167 
-osmotic  tension  and,  164 
OsTEO-ARTilKiTis,  guaiacol  in,   781 
Osteomalacia,   parathyroid   medication   in, 

1483 
-phosphorus  in,    1412 


Osteomyelitis,  mercurochrome  in,  696 

Otitis  media,  boric  acid  in,  585 

-calendula  in,   1119 

-carbon  dioxide  in,  1400 

-cantharides  in,  1037 

-cocaine  in,  1756 

-mercuroclirome  in,  696 

-mercury  in,  686 

-methylene  blue  in,  878 

-salt  solution  in,   1337 

-silver  nitrate  solution  in,  721 

Otomycosis,  agents  used  in,  415 

-mercury  in,  686 

Otokkhka.  chronic,  1060 

--zinc  ionization  in,  1060 

-glucose  solution  in.   1522 

Otosclerosis,  gold  in.   656 

Otto  of  rose,  materia  medica  of,   818 

Oubain,  chemistry  of,  129  5 

-therapeutics  of,   129  5 

Ouabainum,  materia  medica  of,  1270 

Ovarian  extract,  pharmacodynamic  action 

of,  1538 
-preparations  of,  1539 
-standardization  of,   1538 
-therapeutics  of,   1539,  1540 
Ovarian  preparations,  assay  of,   307 
--biologic,    307 
-—method  of,  307 
Ovarian    substance,    materia     medica    of, 

1539 
Ovaries,  hormones  in,  1539 
-materia  medica  of,  1539 
Ovi   albumen   recens,    materia   medica    of, 

993 
Ovi   albumen  siccum,   materia   medica   of, 

993 
Ovicides,  classification  of,   442 
Ovi   A'itellum    recens,    materia    medica    of, 

1095 
Ovoferrin,  materia  medica  of,  1226 
Ovogal,  materia  medica  of,   1187 
Ovum    galhnaccum,     materia    medica     of, 

1095 
Oxalates,  antipathogenic  action  of,  1255 
-pharmacodynamic  action  of,   1255 
-systemic  action  of,   1256 
-toxicity  of,    1255 
Oxalic  acid,  antidote  for.  1858 
-materia  medica  of,  1084,  1255 
-skin  and,  506 

Oxaluria,  symptoms  of,  12  56 
-treatment  of.  1256 
Oxgall,  administration  of,  1189 
-materia  medica  of,  1187 
-therapeutics  of,   1189 
Oxidized  chrysarobin,   materia   medica   of, 

430 
Oxidized    pyrogallic  acid,   materia   medica 

of.  761 
Oxidizing-  agents,  chemistry  of,  488 
-summary  of  actions  and  uses  of,  489 
-therapeutics  of.  49  5 
Oxychrysarobin.  chemistry  of.  429 
Oxycolchicine.  chemistry  of.   1431 
Oxygen,  administration  of.  1397 
--apparatus  in.    1397,    1398 
-chemistry  of,  1392 
-medicinal  vapors  and,  1398 
-pharmacodynamic  action  of,  1393 
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Oxygen,  source  of,  27  9 

-summary  of  actions  and  uses  of,  1393 

-therapeutics  of,   1394-1399 

Oxygen  bath  salts,  materia  medica  of,  491 

Oxygeniuni,  materia  medica  of,  1393 

Oxylicniogiobin,  materia  medica  of,  1226 

Oxyniel,  materia  medica  of,  1210 

Oxyniel  of  squill,  materia  medica  of,  1271 

Oxymel  scillix?,  materia  medica  of,  1271 

Oxyniel  urgineae,  materia  medica  of,   1272 

Oxyquinoline  sulphate,  materia  medica  of, 

887 
OxYURis  VERMicuLARis.  treatment  of,  443 
Ozena,  chlorates  in,  541 
-chromic  acid  in,   1087 
-dionine  in,    1698 
-glucose  solution  in,   1522 
-iodic  acid  and,  553 
-iodine  in,  549 
-lactic  acid  in,  1084 
-mercury  in,  686 
-salt  solution  in,  1337 
-trichloracetic  acid  in,  1085 
-zinc  chloride  in,   1060 
Ozone,  antiseptic  action  of,  493 
-chemistry  of,   492 
-materia  medica  of,  490 
-pharmacodynamic  action  of,  493 
-Stoker's  use  of,   496 
-summary  of  actions  and  uses  of,   492 
-surgical  uses  of,  496 
Ozonizer,  Andriolis,   1394 


Pain,  mustard  plaster  in,  1032 

-neuralgic,   140 

—symptomatic  treatment  in,  140 

-opium  in,   1684 

—local  application  of,  1684 

-turpentine  in,  856 

Palate,  inflammation  of,  colloidal  silver 
compounds  in,  719 

Pale  catechu,  materia  medica  of,  1069 

Palpitation,  bromides  in,  1717 

-nervous,   1574 

--sparteine  in.  1574 

-valerian  in,    1708 

Panase,  materia  medica  of,  1199 

Panax,  materia  medica  of,  1116 

Pancarditis,  acute,  opium  in,   1691 

Pancreas,  enzymes  of,  1200 

-extract  of,  1442 

-mercury  and,   678 

-stimulants  of,  1190 

Pancreatic  solution, materia  medica  of,  1199 

Pancreatin,  therapeutics  of,  1200 

Pancreatinum,  materia  medica  of,  1119 

Pancreatitis,   acute,   hemorrhage   in,    13  41 

— saline  infusion  in,  1341 

--hemorrhagic,  1689 

—-morphine  in,  1689 

Pantopium  hydrochlorlcum,  materia  med- 
ica of,  16  63 

Pantopon,  materia  medica  of,  1663 

-therapeutics  of,  1698 

Papain,  chemistry  of,  1202 

-materia  medica  of,  1202 

-pharmacodynamic  action  of,  1203 

-therapeutics  of,  1203 

-threadworms  and,  444 


Papavei'ina,  materia  medica  of,  1664 
Papaverinae  hydrochloridum,  materia  med- 
ica of,   1664 
Papaverinae    sulphas,    materia    medica    of, 

1664 
Papjiverine,  chemistry  of,  1657 
-pharmacodynamic  action  of,  1683 
-therapeutics  of.  1683,  1698 
Papayotin,  materia  medica  of,  1202 
Papilloma,    laryngeal,    chromium    trioxide 

in,    1087 
Papoid,  materia  medica  of,   1202 
Papoose  root,  materia  medica  of,  1543 
Paracoto,    materia   medica  of,    1109 
Paracotoin,  materia  medica  of,  1109 
Paraffin,  chemistry  of,  42  6 
-therapeutic  use  of,   1007 
Parattin  dressing,  materia  medica  of,  531 
Parallin  film,  materia  medica  of,  531 
Paraffin    hydrocarbons,     classification     of, 

283 
-source  of,   283 

Paraffin  oil,  materia  medica  of,  1002 
Paraffin  ointment,  ma'eria  medica  of,  1003 
Paraffins,   classification   of,    191,    192 
Paraffin  series,  source  of,  282,  283 
Paraffinum,  materia  medica  of,  1003 
Paraffinuni    chlorinatum,    materia    medica 

of,  531 
Paraforni,  materia  medica  of,  734 
Paraformaldehydum,    materia    medica    of, 

734 
Paraglythoid  pills,  materia  medica  of,  1482 
Paraguay  tea,  materia  medica  of,  1505 
Parahydroxyphenylethylamine,    source    of, 

273 
Paraldehyde,  administration  of,  1611 
-chemistry  of,   1611 
-pharmacodynamic   action   of,    1611 
-therapeutics  of,   1611 
Paraldehyduni,  materia  medica  of,  1611 
Paralysis,  functional,   1567 
--strychnine  in,  1567 
-general,   703 
--arsphenamine  in,  703 
--malarial  inoculation  in,   958 
--mercury  in,   703 
-infantile,   1567 
--strychnine  in,  1567 
-Landry's,    697 
--mercury  in,   697 
-progressive  muscular,  1568 
--strychnine  in,    1568 
-thymus  preparations  in,  1459 
Paralysis  aoitans,  arsenic  in,  616 
-calcium  in,  1363 
-cannabis  in,   1705 
-carbromal  in,  1633 
Tconium  in,   1805 
-gelsemium  in,  1803 
-hyoscine  in,   1847 
-parathyroid  medication  in,  1482 
-sodium  formate  in,  741,  1580 
-sulphonmethane  in,   1614 
Paramenispermine,  chemistry  of,  436 
Paraplegia,  strychnine  in,   1567 
Parasites,  antipathogenic  agents  and,   153 
-classification  of,  399 
-destruction  of.   400 
-distribution  of,  399 
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Pabasites,   distribution  of,  bodily.   39  9 

-expulsion  of,  400 

Parasiticides,  classification  of,   411,   412 

-skin  and.  319 

-therapeutic  use  of,   400 

Pauasitisn[,   vegetal,  chrysarobin  in,   431 

—sulphur  in,   4-5 

Parathormone,  materia  inedica  of,  1482 

Parathyroid    extract,    materia    medica    of, 

1482 
Parathyroid  glands,  chemistry  of,   1481 
-pharmacodynamic   action    of,    1482 
-preparations  of,    1482 
-summary  of  actions  and  uses  of,  1481 
-therapeutics  of,    1482 
Parathyroid  nucleoprotein  tablets,  materia 

medica  of,   1482 
Parathyroid    preparations,    administration 

of,   1483 
Paratoluenesulphonedlchloramlde,  materia 

medica  of,   531 
Paregoric,   administration   of,    1699 
-antidote  for,    1860 
-materia  medica  of,  1659 
-therapeutics  of,    1691 

Paregoric  elixir,  materia  medica  of,  1659 
Pareira,  antidote  for,   1122 
-materia  medica  of,  1110 
-theiapeutics  of,  1122 

Pareira  brava.  materia  medica  of,  1110 
Pakksis.    general,    malarial    inoculation    in, 

958 
— results  of,  958 
— technique  of,   958 
Pakis  guekx.  antidote  for,   1859 
Parresine,  materia  medica  of,   531 
Parrlsh's  camphor  mixture,  materia  med- 
ica of,   828 
Parsley  root,  materia  medica  of,  818 
Pasque  flower,  materia  medica  of,  1545 
Passlflora.  materia  medica  of,   1544 
I*assioii  llower,  materia  medica  of,   1544 
Passion  vine,  materia  medica  of,   1544 
Pastil   betanaphtholis,   materia   medica   of, 

418 
Pasta    resorcinolis   fortls,    materia   medica 

of,  757 
Pasta    resorcinolis    mitls,    materia    medica 

of.   757 
I'asta  zinci,  materia  medica  of,  1057 
Pasta  zinci  mollis,  materia  medica  of,  1057 
Pasta  zinci  sulphurata,  materia  medica  of, 

1057 
Patho(iens.  classification  of,  3  99,  401 
I'atholooy.  special  phenomena  in,   158 
--drug  influence  and,    158-160 
— examples  of,   158,   159 
-therapeutics  based  on,  131-139 
Peanut  oil.  materia  medica  of,  1004 
Pearson's    solution    of    sodium    arsenate, 

materia  medica  of,  596 
Pectoral  species,  materia  medica  of,   988 
Pedlculicldes,  classification  of,  412,  413 
I'EDICVLOSIS,  acetic  acid  in,  440 
-agents  used  in,  413 
-balsam  of  Peru  in,  439 
-benzene  in,  744 
-beta-napthol  in,   440 
-Cocculus  Indicus  in,  437 
-delphinium  in,  436 


I'EUici'LOSis,  kerosene  in,  428 

-mercury  in,  682 

-naphthalene  in,   440 

-oil  of  cajuput  in,    439 

-oil  of  cloves  in,  439,  820 

-oil  of  sassafras  in,  439 

-peruol  in,  439 

-phenol  in,  438,  439,  754 

-picrotoxin  in,  1571 

-quassia  in,   1119 

-salicylic  acid  in,  440 

-sassafras  in,   82  4 

-sty rax  in,   862 

-sulphur  in,   422 

I'ELio.si.s,  ergot  in.  1774 

Pelletlerinie  tannas,  materia  medica  of, 
468 

Pelletierine,  chemistry  of,  467 

-tapeworms  and,  448 

Pellitory  root,  materia  medica  of,  1103 

PEMi'iiuas  NEONATOKi'M.  acrittavine  in,  873 

I'ennyroyal  oil,  therapeutics  of,   841 

Pentamethylenetetrazol,  antipathogenic  ac- 
tion  of,    1297 

-chemistry  of,   1297 

-materia  medica  of,  1297 

-pharmacodynamic  action  of,  1297 

-summary  of  actions  and  uses  of,  1297 

Pcntane,  chemistry  of,  426 

Pepo,  administration  of,  471 

-antipathogenic  action  of,  470 

-chemistry  of,   470 

-materia  medica   of,    470 

-pharmacodynamic  action  of,  471 

-tapeworms  and,  448,  471 

-therapeutics  of,  471 

Pepper,  black,  therapeutics  of,   1020 

-materia  medica  of,   1020 

Peppermint,  materia  medica  of,  823 

-oil  of,   824 

--therapeutics  of,  824 

Peppermint  camphor,  materia  medica  of, 
832 

Peppermint  oil.  materia  medica  of,  823 

Peppermint  water,  materia  medica  of,  823 

Pepsin,  administration  of,    119  7 

-chemistry  of,   1194 

-pharmacodynamic  action  of,  1196 

-preparations  of,  1197,  1198 

-summary  of  actions  and  uses  of,  1194 

-therapeutics  of,  1197 

I*epsinum,  materia  medica  of,  1194 

Pepsinum  saccharatum,  materia  medica 
of,    1194 

Peptone,    blood    clotting    and,    1249 

Peptonizing  powder,  materia  medica  of. 
1199 

Perborates,  inorganic,  chemistry  of,  494 

Perchloride  of  mercury,  materia  medica 
of,   660 

Percolatiox.  definition  of,   29  0 

Perfumed  spirit,  materia  medica  of,  815 

I'ericarditis,  acute,  opium  in,   1691 

-cantharides  in,   1037 

-champagne  in,  1650 

-mercury  in,   694 

Pericarp,  definition  of,  288 

Periostitis,  iodine  in,  549 

Peristalsis,  excessive,  1102 

Peritonitis,  acute,  1689 
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Peritonitis,  acute,  opium  in,  1689,  1690 

-chronic,   688 

—mercury  in,  688 

-ether  lavage  in,   1605 

-gonorrheal,   932 

--Neisser  bacterine  in,  932 

-mercurochrome  in,   696 

-oxygen  in,   1394 

—intraperitoneal  injection  of,   1394 

Permanganates,   summary   of   actions  and 

uses  of,   495 
Perogen,  materia   medica  of,    491 
Perogen  bath,  materia  medica  of,  491 
Peronine,  therapeutics  of,    1698 
Peroxides,  inorganic,   local  antisepsis  and, 

499 
-organic,  499 

--intestinal  antisepsis  and,   499 
-local  antisepsis  and,   499 
-therapeutics  of,  498,   499 
Persic,  materia  medica  of,  1214 
Persulphates,  materia  medica  of,   492 
-summary  of  actions  and  uses  of,  495 
Pertussis,  atropine  in,   1844 
-bromoform  in,  1719 
-difluorodiphenyl  in,  567 
-ichthyol  in,    579 
-tussol   in,    1499 
Pertussis  bacillus  vaccine,  materia  medica 

of,  9  33 
Pertussis  vaccine,  materia  medica  of,  933 
Peruol,  therapeutics  of,  439 
Peruvian  bark,  materia  medica  of,   881 
-threadworms  and,  1717 
Petit  mal,  bromides  in,   1717 
Petrolatum,  chemistry  of,  426 
-materia  medica  of,  1002 
-therapeutics  of.   1008,  1173 
Petrolatum  album,  materia  medica  of,  1002 
Petrolatum   liquidum,    materia    medica    of, 

1002 
Petrolatum   saponatum   liquidum,   materia 

medica  of,   1003 
Petrolatum    saponatum    spissum,    materia 

medica  of,  1003 
Petroleum,  antipathogenic  action  of,  427 
-chemistry  of,   42  6 
-chronic  poisoning  by,   428 
-materia  medica  of,   427 
-pharmacodynamic  action  of,  427 
-summary  of  actions  and  uses,  426 
-systemic  action  of,  427 
-therapeutics  of,    428 
-topical  action  of,  427 
-toxicity  of,   427,   428 

Petroleum  ether,  materia  medica  of.  427 
Petroleum  jelly,  materia  medica  of,  1002 
Petroselini  radix,  materia  medica  of,  818 
Petroxolin,  materia  medica  of,   846 
-therapeutic  use  of,  1008 
Petroxolinuna       betanaphtholis,       materia 

medica  of,  865 
Petroxolinum    bitumlnis    sulphonati,    ma- 
teria medica  of,  570 
Petroxolinum  cadinum,  materia  medica  of, 

846 
Petroxolinum    chloroformi    camphoratum, 

materia  medica  of,  1588 
Petroxolinum  creosoti,  materia  medica  of, 

771 


Peti*oxolinum  eucalyptolis,  materia  medica 
of,  826 

Petroxolinum  guaiacolis,  materia  medica 
of,    779 

Petroxolinum  hydrargyri,  materia  medica 
of,    664 

Petroxolinum  iodi,  materia  medica  of,   545 

Petroxolinum  iodi  dilutum,  materia  medica 
of.    545 

Petroxolinum  iodofonni,  materia  medica 
of,  554 

Petroxolinum  liquidum,  materia  medica 
of,    1003 

Petroxolinum  menthoUs,  materia  medica 
of,    833 

Petroxolinum  methylis  sallcylatis,  materia 
medica  of,  789 

Petroxolinum  phenolis,  materia  medica  of, 
747 

Petroxolinum  phenolis  camphoratum,  ma- 
teria medica  of,  7  47 

Petroxolinum  spissum,  materia  medica  of, 
1003 

Petroxolinum  sulphuratum,  materia  med- 
ica of,  418 

Petroxolinum  sulphuratum  compositum, 
materia  medica  of,    418 

Petroxolinum  terebinthinae  laricis,  ma- 
teria medica  of,   848 

Peyote  buttons,  materia  medica  of,  1701 

Phagedena,  iodine  in.  550 

Pharbitisin,  materia  medica  of,   1167 

Pharbitis  seed,  materia  medica  of,  1166 

Pharmaceutic  composition,  purposes  of, 
381,  382 

Pharmacodynamics,  clinical,   46 

-definition  of,  1,  14,  15,  16,  145 

-general  methods  in,  146 

-scope  of,  145 

-specific  purposes  of,  146 

Pharmacognosy,  definition  of,   1,   14,   16 

Pharmacology,  definition  of,  1,  14,  16 

Pharmacopceia,  British,  17 

-French,   17 

-German,  17 

-United  States,  16 

Pharmacotherapeutics,  definition  of,  1,  16 

-scope  of,  1,  2 

Pharmacy,  definition  of,   16 

Pharyngitis,  acute,  belladonna  in,  1844 

--menthol  in,  834 

-alcohol  in,   1649 

-benzoic  acid  in,  784 

-bromoform  in,   562 

-camphoric  acid  in,   1531 

-chronic,   1043 

--aluminum  in,  1043 

--calendula  in,   1119 

--xanthoxylum  in,  1104 

Pharynx,  catarrhal  affections  of,  1073 

--tannic  acid  in,   1073 

-topical  applications  and,  319 

-ulceration  of,   718 

—colloidal  silver  compounds  in,   718 

Pheasant's  eye,  materia  medica  of,  1272 

Phenacaina,  materia  medica  of,  1738 

Phenacetin,  antidote  for,   1858 

-materia  medica  of,  1492 

-pharmacodynamic  action  of,  1491 

Phenazonum,  materia  medica  of,  1494 
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Phcnetldln    compounds,    classification     of, 

1491 
Phenetsaliini.  materia  medica  of,  790 
Plieiiniethylol.  materia  medica  of,   1806 
Plienobarbitaluni,  materia  medica  of,  1616 
Phenol,  absorption  and  elimination  of,  748 
-administration  of,  756 
-antidote  for,  1858 
-antipathogenic  action  of,   748 
-chemistry  of,   7  46 
-materia  medica  of,   7  46 
-pharmacodynamic  action  of,  748-754 
-poisoning  bj',   750-752 
--treatment  of,  7  52 

-summary  of  actions  and  uses  of,  7  46 
-systemic  action  of,   752-754 
-therapeutics  of,  438,   754-756 
-topical  action  of,  749 
-toxicity  uf,   7  50 

Phenolated  oil.  materia  medica  of,   748 
Phenolatcd     solution    of     iodine,     materia 

medica  of,  545 
Phenolatcd  water,  materia  medica  of,   747 
Phenolbarbital  sodium,  materia  medica  of, 

1616 
Phenolehlorphthalein.  excretion  of,   271 
Phenol  iodatum.  materia  medica  of,  747 
Phenol  liquefaetuni.  materia  medica  of,  7  47 
Phenol  petroxolin,  materia  medica  of.  747 
Phenolphthalein.   therapeutics   of,    1178 
Phenolphthalein-agar.   materia   medica  of, 

1163 
Plienolphthaleinuni,    materia    medica    of, 

1162 
Phenols,  diatomic,   2  85 
--source  of,  285 
-monatomic,  285 
--source  of,  285 
-source  of,   285 
-triatomic,    285 
--source  of,  285 
Phenolsulphonephthalein,      chemistry      of, 

1526 
-diagnostic  use  of,  1527 
--Ividney  test  and,   1527 
-excretion  of,   271 
-functional  kidney  test  and,  1526 
—technique  of,  1527 
-pharmacodynamic    action    of,    1527 
Phenolsulphonephthaleinum,  materia  med- 
ica of.  1526 
Phenol    suppositories,    materia   medica    of, 

747 
Phenoltetrachlorphthaleinum.         materia 

medica  of.  1206 
Phenylaeetaniide.  materia  medica  of,   1488 
Phenykinchonie  aeid.    materia   medica    of, 

1436 
Phenyldihydroquinazoline      hydrochloride, 

materia  medica  of,  1110 
Phenylethylbarbituric   aeid.    materia    med- 
ica of.   1616 
Phenylethylnialonylurea,    materia    medica 

of.  1616 
Phenyl-filyeolate.  materia  medica  of,   1494 
Phenylhydrazine.  administration  of,  1242 
-chemistry  of,  1241 
-pharmacodynamic  action  of.  1241 
-summary  of  actions  and  uses  of,  1241 
-therapeutics  of,  1242 


Phenylh.vdrazine  hydrochloride,  materia 
medica  of,  1241 

Phenyl  hydride,   materia  medica  of,   742 

Phenylis  salieylas,  materia  medica  of,   787 

Phenylpropanolniethylamine  hydrochlo- 
ride,  materia  medica  of,    1849 

Phenylpropanolmethylaniine  siilphate,  ma- 
teria medica  of,   1849 

Phenyl-quinoline-earboxylic  acid,  materia 
medica  of,   1436 

Phenyl  salic.ylate,  cholera  and,   800 

-therapeutics  of,  800 

-typhoid  fever  and,  800 

I'henyl.semicarba/.ide,  materia  medica  of, 
764 

Phenyl  urethane,  materia  medica  of,   1493 

Phenzoline,  materia  medica  of,  1110 

riii.KBiTis,  ergot  in,   1775 

-iodine  in,   549 

-mercurochrome  in,  696 

riiLKcatAsiA  Ai-BA  DOLENs,  citric  acid  in,  510 

I'lii.Kd.MON,  streptobacterine  in,   938 

Phlorizin,  chemistry  of,    1528 

-pharmacodynamic  action  of,   1528 

-summary  of  actions  and  uses  of,  1528 

-therapeutic  use  of,   1529 

Phlorhi/Jnum,    materia   medica   of,    1528 

Phoradendron.  materia  medica  of,  1333 

-therapeutics  of,   1333 

I'liosj-ene.  pharmacodynamic  action  of, 
1028 

Phosphate  of  soda,  materia  medica  of,  1153 

PiiosPHATUiUA,   methenamine  and,   741 

-sodium  biphosphate  in,   510 

Phosphorated  oil,  materia  medica  of,  1404 

Phosphoric  acid,  antidote  for,  1858 

-materia  medica  of,  504 

-skin  and,  506 

Phosphorus,  absorption  and  elimination 
of,    1408 

-administration   of,    1413 

-antidote  for,  858,  1860 

--turpentine,    858 

-antipathogenic  action  of,    1408 

-chemistry  of,   1403 

-materia  medica  of,   1404 

-pharmacodynamic  action  of,   1408 

-poisoning  by,    1409 

-summary  of  actions  and  uses  of,  1403 

-systemic  action  of,  1409-1412 

-therapeutics  of,   1412 

-toxicity  of.  1408 

Phtiiikiasis.  kerosene  in,   428 

PiiTiiisrs,  cough  and,  1697 

--codeine  in,    1697 

-tellurates   in.    724 

Physiological  salt  solution,  materia  medica 
of,    1335 

Physiological  solution  of  sodium  chloride, 
materia  medica  of,    1335 

Physiotherapy,  definition  of,  3 

Physostigma.  materia  medica  of,  1780 

Phy.sostigminne  salieylas.  materia  medica 
of,    1781 

Physostigniinae  sulphas,  materia  medica 
of,    1781 

Phy.sostigniine.  administration   of,   1786 

-chemistry  of,   1780 

-nerve  system  and,  1783 

--autonomic,    1784 
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Physostigniine,  pharmacodynamic  action 
of,   1781 

-summary  of  actions  and  uses  of,   1780 

-systemic  action  of,  1782 

-therapeutics  of,   1785 

-toxicity  of.  1781 

Phytolacca,  administration  of,  1140 

--systemic,   1141 

—topical,    1140 

-materia  medica  of,   1140 

-pharmacodynamic  action  of,   1140 

-therapeutics  of,  1140 

Picric  acid,  antipathogenic  action   of,    869 

-chemistry  of,  869 

-materia  medica  of,   869 

-pharmacodynamic  action  of,   870 

-summary  of  actions  and  uses  of,  869 

-therapeutics  of,  870 

Picric  cotton,  materia  medica  of,   869 

Picrol,  materia  medica  of,  555 

Picrorrhiza,  materia  medica  of,   1111 

Picrotoxin,  chemistry  of,   436,   1569 

-pharmacodynamic  action  of,  437,  1570 

-summary  of  actions  and  uses  of,  1569 

-therapeutics  of,   1571 

Picrotoxiniun,  materia  medica  of,   1570 

Pills  of  aloe  and  asafoetida,  materia  medica 
of,  1155 

Pills  of  aloe,  mercury  and  podophyllum, 
materia  medica  of,   1156 

Pills  of  aloin,  strychnine  and  belladonna, 
materia  medica  of,    1156 

Pills  of  colocynth  and  hyoscyamus,  ma- 
teria medica  of,  1164 

Pills  of  digitalis,  squill  and  mercury,  ma- 
teria medica  of,  1269 

Pills  of  ferrous  carbonate,  materia  medica 
of,  1223 

Pills  of  ferrous  iodide,  materia  medica  of, 
1223 

Pills  of  ipecacuanha  with  urginea,  materia 
medica  of,  1271 

Pills  of  ipecac  with  squill,  materia  medica 
of,  1271 

Pills  of  iron,  quinine,  aloe  and  nux  vomica, 
materia  medica  of,  1223 

Pilocarpina?  hydrochloridum,  materia  med- 
ica of,  1788 

Pilocarpinae  nitras,  materia  medica  of,  17  88 

Pilocarpine,  ahmentary  system  and,  17  88 

-chemistry  of,   1787 

-circulatory  system  and,  1789 

-nerve  system  and,  1792 

-pharmacodynamic   action   of,    1788 

-respiration  and,   1790 

-skin  and,    1791 

-summary  of  actions  and  uses  of,   1787 

-sweating  and,   1791 

-systemic  action  of,  1788 

-therapeutics  of.   1792-1795 

-toxicity  of,  1788 

Pilocarpine  chloride,  materia  medica  of, 
1788 

Pilocarpine  hydrochlorate,  materia  medica 
of.  1788 

Pilocarpine  hydrochloride,  therapeutics 
of,  1130 

Pilocarpus,  materia  medica  of,   1787 

Pilula  colocjTithidis  et  hyoscyami,  materia 
medica  of,  1164 


Pilula;  aloe,  materia  medica  of,  1155 

Pilulte  aloe  et  asafoetidae,  materia  medica 
of,  1155 

I*ilulae  aloe  et  ferri,  materia  medica  of, 
1156 

Pilulae  aloe  et  mastiches,  materia  medica 
of,  1156 

Piluhe  aloe  et  myrrhae,  materia  medica  of, 
1156 

Piluhe  aloe  et  podophylli  compositse,  ma- 
teria medica  of,   1156 

Pilulae  aloe,  hydrarsyri  et  podophylli,  ma- 
teria medica  of,  1156 

Piluhe  aloe,  hydrargyri  et  scammonii  com- 
positte,  materia  medica  of,    1156 

Piluhe  aloini  conjpositie,  materia  medica 
of,  1156 

Pilulae  aloini,  strychninae  et  belladonnae, 
materia  medica  of,    1156 

Pilula;  aloini,  strychninae  et  belladonnae, 
compositae,  materia  medica  of,  1156 

Pilulae  antidyspeptica;,  materia  medica  of, 
1164 

Pilulae  antiperiodicae  sine  aloe,  materia 
medica  of,  88  6 

Pilulae  asafoetidae,  materia  medica  of,  1709 

Pilulae  catharticae  compositae,  materia  med- 
ica of,  663 

Pilulae  catharticae  vegetablles,  materia 
medica  of,  1164 

Pilulae  cocciae,  materia  medica  of,  1164 

Pilulae  colocynthidis  compositae,  materia 
medica  of,  1164 

Pilulae  colocynthidis  et  podophylli,  ma- 
teria medica  of,  1164 

Piluhe  digitalis,  scillae  et  hydrargyri,  ma- 
teria medica  of,  12  69 

Pilulae  ferri  carbonatis,  materia  medica  of, 
1223 

Pilulae  ferri  et  quininae  compositae,  materia 
medica  of.  1223 

Pilulae  ferri  iodidi,  materia  medica  of, 
1223 

Pilulae  feiTi,  quininae,  aloes  et  nucis 
vomicae,  materia  medica  of.  1223 

Pilulae  ferri.  quininae,  strychnine  et  arseni 
fortiores,  materia  medica  of.  1223 

Pilulae  ferri,  quininse.  strychninae  et  arseni 
mites,  materia  medica  of,  1223 

Pilulae  hydrargyri  cloridi  mitis  compositae, 
materia  medica  of,   663 

Pilulae  laxativae  compositae,  materia  medica 
of.   1156 

Pilulae  laxativae  postpartum,  materia  med- 
ica of,  1164 

Pilulae  metallorum  amarae,  materia  medica 
of,  1223 

Pilulae  opii.  digitalis  et  quininae,  materia 
medica  of,  1660 

Pilulae  opii  et  camphorae,  materia  medica 
of,  1661 

Pilulae  opii  et  plumbi,  materia  medica  of, 
1660 

Pilulae  phosphor!,  materia  medica  of,  1404 

Pilulae  quadruplices,  materia  medica  of, 
1223 

Pilulae  rhei.  materia  medica  of,  1159 

Pilulae  rhei  compositae,  materia  medica  of, 
1159 

Pilulae  triplices,  materia  medica  of,  1156 


INDEX 


1967 


Pilula    hydrargyri    subchloiidi    composita, 

materia  medica  of,  581) 
Pilula    Ipecacuanha;    cum    scilla,    materia 

medica  of,    1271 
Pilula  ipecacuanluc  cum  urginca,  materia 

medica  of,    1271 
Pilula  opii,  materia  medica  of,   1660 
Pilula    plumbi   cum   opio,   materia   medica 

of,  1660 
Pilula   quiniiKV   sulphatis,   materia   medica 

of,   886 
Pilula  saponis  composita,   materia  medica 

of,   1660 
Pilula    scillic    composita,    materia    medica 

of,   1271 
Pilula  urftinea;  composita,  materia  medica 

of,  1272 
Pimenta.  materia  medica  of,   818 
I'imcnto,  materia  medica  of,  818 
I'iiiiento  oil.  materia  medica  of,  818 
Pimpernel  root,  materia  medica  of,  812 
Pimpiiiella,  materia  medica  of,  812 
Pinajie.  materia  medica  of,   821 
Pineal  ^land.  therapeutics  of,  1481 
Pine  tar,  materia  medica  of,  769 
Pinkroot,  materia  medica  of,  454 
Plnus  alba,  materia  medica  of,  848 
PlNwonMS,  classification   of,   442 
Piper,  chemistry  of,  1019 
-materia  medica  of,   1020 
-pharmacodynamic  action  of,   1020 
-summary  of  actions  and  uses  of,  1020 
-therapeutics  of,   1020 
Piperazidinc,  materia  medica  of,  1440 
Piperazine,  chemistry  of,   1439 
-chronic  gout  and,   1430 
-materia  medica  of,  1440 
-pharmacodynamic  action  of,  1440 
-therapeutics  of,  1440 
Pipcrazine    quinate,    materia    medica    of, 

1440 
Pipmenthol,  materia  medica  of,  832 
Pipsissewa,  mat<?ria  medica  of,  1515 
Piscidia,  materia,  medica  of,  1544 
-pharmacodynamic  action  of,   1547 
-therapeutics  of,  1547 
Pitus'landol,  materia  medica  of,  1474 
Pituitarium,  materia  medica  of,  1474 
Pituitary  extract,  absorption  and  elimina- 
tion of,   1475 
-administration  of,   1480 
-chemistry    of,    1473,    1474 
-history    of,    1472 
-materia  medica  of,  1474,  1475 
-pharmacodynamic  action  of,   1475 
-summary  of  actions  and  uses  of,  1474 
-systemic  action  of,   1475-1478 
-therapeutics   of,    147  8 
—contraindications  of,  1479 
-toxicity   of,    1475 

Pituitary  gland,   preparations   of,    1479 
—assay  of,   307 
—biologic,    307 

Pituitary  solution,  materia  medica  of,  1474 
Pituitrin,   pneumonia  and,    906,    907 
PlTYKlA.sis,  chlorine  in,   536 
-formaldehyde  in,  738 
-mercury  in,    682 
-resorcin  in,  760 
-sulphides   in,    577 


I'lrYKiASis     ROSEA,     mercuric     cyanide     in, 

697 
I'ix  carl)()nis,   materia  medica  of,    768 
Pix    <-arbonis    pra'parata,    materia    medica 

of,    7  68 

IMx  liquida,  materia  medica  of,  769 

Pix  litlianthracis,  materia  medica  of,  7  68 

Pix  pini,   materia  medica  of,    7  69 

Placental  extract,  therapeutics  of,  1540 

I'la(u;e,  iodine  in,   1429 

Plague  bacillus  vaccine,  materia  medica 
of,    934 

I'laguc  bacterlne,  bacteriodynamic  reac- 
tion,  934 

-materia  medica  of,   934 

-therapeutic   use   of,    934 

Plant  drugs,  classification  of,  879-918 

Plant  exudates,  preparation  of,   296 

l*Iant  juices,  classification  of,   296 

-preparation   of,   29  6 

Plant  parts,  classification  of,   287 

-crude,    353 

--dosage   of,    353 

-medicinal,    290 

--active  principles  of,  290 

—  -table  showing,  290-293 

—table  showing,  290-293 

-principles  of,   3  53 

--dosage  of,   353 

Plant  products,  medicinal,  292 

--miscellaneous,    292 

— sources   of,    292 

-source  of,   289 

Plants,  irritant,   1024-1028 

-medicinal,   290 

--active  principles  of,   290 

—table  showing,  290-293 

—parts  of,  290 

---table  showing,    290-293 

Plaster,  Burgundy  pitch,   1012 

--therapeutics  of,   1012 

-lead,   1012 

--therapeutics  of,   1012 

-medicated,    1012 

--therapeutics  of,   1012 

-mustard,   1032 

-rosin,   1012 

--therapeutics  of,  1012 

-rubber,   1012 

--therapeutics  of,  1012 

-therapeutics  of,   1012,   1013 

Plaster  of  Paris,  surgical  dressinga  and, 
1358 

Platinum,  source  of,   282 

Pleukisy,  belladonna  ointment  in,   1840 

-capsicum   in,    1019 

-chronic,   1395 

--oxygen  in,   1395 

-chronic   dry,    1037 

--cantharides   In,    1037 

-cinchonidine   in,   908 

-codeine  in,   1697 

-cod-liver   oil   in,    1093 

-iodides  in,   1425 

-lobelia   in,    1800 

-methyl  salicylate  in,   798 

-quinine  in,    900 

-tuberculous,   1362 

--calcium  chloride  in,   1362 

Pleurisy  root,  materia  medica  of,   1543 
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Pleuritis,  gelsemium  in,  1803 

-opiuiTi  in,    1693 

-piperazine  in,   1440 

Fleukodynia.  atropine  in,  1840 

-lobelia  in,   1800 

Plumbi  acetas,   materia  medica   of,    1045 

Plumbi  carbonas,  materia  medica  of,  1046 

Plumbi    monoxldum,    materia    medica    of, 

1046 
Plumbi  oxidum,  materia  medica  of,  1046 
Plumbi   oxidum   rubrum,    materia   medica 

of,   1046 
Plumbism,  prophylaxis  of,   1050 
Plumbum,  materia  medica  of,  1045 
Plumnier's  pill,   materia  medica  of,    589 
Pneumobacterine,  materia  medica  of,   934 
-piiarmacodynamic  reaction,  935 
-tlierapeutic   use  of,    935 
Pneumococcus   antibody-solution,    materia 

medica  of,  971 
Pneumococcus  vaccine,  materia  medica  of, 

934 
Pneumonia,  acute,  1395 
--cardiac  failure  in,   1843 
--oxygen  inhalations  in,   1395 
-alcohol  in,   1651 

-alkaline-saline   beverages   in,    1338 
-alkalis  in,   52  6 
-calomel    in,    691 
-camphor   in,    831 
-cantharides  in,    1037 
-catarrhal,   1094 
--cod-liver  oil  in,   1094 
-champagne  in,   1650 
-cocaine   in,    17  56 
-codeine  in,   1693 
-digitalis  in,  1289 
-Dover   powder   in,    1138 
-epinephrine  in,   1470 
-ergot  in,  1773 

-ethylhydrocupreine   in,    908,    909 
-fever  curve  in,  105 
-fluoroform    in,    567 
-heart  failure  in,    1364 
—calcium  in,   1364 
-infantile,    1299 
--homocamfin  in,   1299 
-influenzal,    696 
— mercurochrome  in,  696 
-iodine  in,  549 
-jugulation  of,    1289 
—digitalis  in,   1289 
-lobar,   254 
—acute,   254 
— digitalis   in,    254 
—etiology  of,   108 
---Murphy  drip  in,  1343 
— saline  infusion  in,  1343 
--antipneumococcic  serum  in,  972 
— administration  of,   972 
--camphor   in,    831 
—digitalis,   906,   907 
—early  treatment  of,  104 
—Klondike  bed  in,   1395 
--mercurochrome    in,    696 
--mercury  in,    694 
--oxygen  in,    1395 
— pituitrin  in,   906,   907 
--quinine  in,    905-907 
'lobelia  in,   1800 


Pneumonia,  lobular,  77  5 

—creosote  in,   775 

-morphine   in,    1693 

—contraindications,    1693 

—indications,  1693 

-mustard  in,  1032 

-nux   vomica   in,    1567 

-oxygen  in,   1395 

--administration   of,    1395 

--indications,   1395 

-pneumococcic,   157 

—acute,   1786 

— eserine  in,  178  6 

--digitalis  in,   1480 

--pituitary   extract   in,    1479 

—-intramuscular  injection    of,    1479 

--quinine  in,  157 

-prognosis  in,   70 

-prophylaxis  of,   905 

--quinine  in,   905 

-septic,  739 

--formaldehyde  in,  739 

-strychnine  in,   1566,   1567 

-vanadium  in,   730 

Pneumothorax,   artificial,    120 

--tuberculosis   and,    120  J 

PodopliyUi   Indici   resiua,    materia   medica 

of,  1167 
PodopliyUi  indici  rhizoma,  materia  medica 

of,    1167 
Podophyllin,  materia  medica  of,  1167 
Podophyllum,  administration  of,   1181 
-chemistry  of,   1148 
-materia  medica  of,    1167 
-therapeutics  of,   1181 
Podophyllum  emodi  resin,  materia  medica 

of,  1167 
Podophyllum      emodi      rhizome,      materia 

medica    of,    1167 
Poison  gas.  classification  of,  1028,  1030 
Poison  hemlock,  materia  medica  of,   1804 
Poisoning,  acetanilid,  1396 
--oxygen   in,    1396 
-aconite,   1317 
--treatment  of,   1317 
-acute,    743 
--benzene  and,  743 
—homocamfin   in,    1299 
--treatment  of,  72 
— antidotes,  72 
— antitoxins,    72 
-alkaloidal,   1073 
--tannin   in,    1073 
-aniline,    1396 
--oxygen   in,    1396 
-antidotes   for,    1858-1860 
-apomorphine  in,   1130 
-arsenic,   1342 
--saline   infusion   in,    1343 
-barbital,   1617 
—symptoms  of,   1617 
--treatment  of,   1618 
-carbon  dioxide,   1343 
—saline  infusion  in,   1343 
-carbon   monoxide,    1343 
—oxygen   in,    139  6 
—saline  infusion  in,  1343 
-chloral,    1343 
--saline   infusion   in,    1343 
--symptoms  of,    1625 
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Poisoning,  chloroform,  1590 

—atropine  in,    1843 

--saline   infusion   in,    1343 

-chronic,    1489 

--acetanilid   and,    1489 

—benzene  and,  744 

--drug  addiction  and,  262 

—nicotine,    1813 

— treatment   of,    1813 

—nitrites  and,   1329 

--tobacco,   1325 

— veratrum   in,    1325 

—treatment  of,   83,  84 

-cyanide,    1388 

--symptoms   of,    1388 

—treatment  of,    1388 

-digitalis,    1276 

— symptoms   of,    1276 

—treatment  of,  1277 

-drug,  1652 

—alcohol   in,    1652 

--antidotes   for,    107 

— examples    of,    107 

-drug  action  in,   148 

--mechanism   of,    148 

-ether.  1343 

--saline    infusion    in,    1343 

-food,    689 

—calomel  in,   689,  690 

-gas,   1844 

--atropine   in,    1844 

-hydrogen  sulphide,   1343 

—saline   infusion  in,    1343 

-iodoform,    1343 

—saline  infusion   in,    1343 

-lavage  in,  1338 

—sodium   chloride  in,   1338 

-lead,    1717 

—bromides   in,    1717 

—iodides  in,    1428 

--parathyroid  medication  in,  1483 

—treatment   of,    1049 

-mercurial,    526 

—alkalis  in,  526 

--bromides   in,    1717 

—iodides   in,    1428 

--saline  infusion  in,  1343 

-mercuric    chloride,    calcium    sulphide    in, 

578 
-metals  and,   580 
—sodium   thiosulphate  in,    580 
-morphine,   1343 
—saline   infusion   in,    1343 
—symptoms   of,    1666 
—treatment    of,    1667 
-narcotic,  1514 
--caffeine  in,  1514 
—lobelia  in.   1800 
--mustard  in,  1141 
--strychnine  in,   1566 
-opium,   1666 
--symptoms   of,    1666 
— treatment  of,  1667 
-phenol,    1343 
—saline  infusion  in.   1343 
-phosphorus.    1141 
—copper  sulphate  in,  1141 
—saline   infusion  in,   1343 
—treatment   of.    1409 
-ptomaine,   1343 


Poisoning,  ptomaine,  saline  infusion  in, 
1343 

-rhus,    1724 

--magnesium,  sulphate  in,   1724 

-silver   nitrate,    1338 

--sodium  chloride  in,  1338 

-snake   bite,    1732 

—treatment  of,  1732 

-strychnine,    1717 

--bromides  in,   1717 

-chloral  in,   1629 

--magnesium  sulphate  in,   1726 

--treatment  of,  1559 

-systemic,   2  69 

--prevention    of,    269 

— drug  combinations  in,    269 

-treatment  of,  15,  401,  1858-1860 

-veratrum,   1323 

—treatment   of,    1323 

-wood  alcohol,  1653 

—treatment  of,  1653 

Poison  ivy,  antidote  for,  1860 

-materia  medica   of,    1025 

Poison  ivy  extract,  materia  medica  of,  1025 

Poison  oak,  antidote  for,  1860 

-materia  medica  of,   1025 

Poisons,  alphabetical  list  of,  1858 

—antidotes  for,   1858-1860 

-classes  of,  15 

-definition   of,   345 

-protoplasmic,   231 

--action  of,    231 

—elective,    231 

— pseudo-elective,    231 

--antipathogenic   influence   of,    232 

—effects  of,   232 

--elective  influence  of,   232 

Poison  sumach,  antidote  for,  1860 

Poison  tablets  of  corrosive  mercuric  chlo- 
ride, materia  medica  of,  6  62 

Poke  root,  materia  medica  of,  1140 

-therapeutics  of,   1140,    1141 

Poliomyelitis,  acute,  740 

--methenamine  in,  740 

-anterior.    69  6 

--mercurochrome  in,  696 

-epidemic,  70 

--prognosis  in,   70 

-iodine  in,  549 

Pollatin,  preparation  of,   978 

-therapeutics   of.    978 

Pollens,  administration  of,   956 

-atopic   reaction,    955 

-chemistry   of,    954 

-therapeutics  of,   955,   956 

-types  of,    953,    954 

Polyarthritis,  chronic,  sulphur  in,  424 

Polycythemia,  benzene  in,  744 

-phenylhydrazine  in,    1242 

Polypharmacy,  definition  of,  379 

Polypi,  nasal.  1080 

--radium  in.   1080 

--sanguinaria  in,  1378 

Pomegranate,  administration  of.   469 

-antipathogenic   action   of,    468 

-chemistry  of,   467 

-materia  medica  of,   468 

-pharmacodynamic  action  of,   468 

-summary  of  actions  and  uses,  468 

-therapeutics  of,    469 
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Pomegranate  bark,  materia  medica  of,  468 
Pond's  extract,  materia  medica  of,   1065 
Populi  gemmiB,   materia  medica  of,    847 
Port  wine,  materia  medica  of,   1635 
Postpartum  laxative  pills,  materia  medica 

of,    1164 
Potash,  caustic,  antidote  for,   18  58 
Potassa    sulpliurata,    materia    medica    of, 

569 
Potassli  acetas,   materia  medica  of,   1519 
Potassii    bichromas,     materia    medica    of, 

1086 
Potassii   bismuth  tartras,   materia   medica 

of,   644 
Potassii  bitartras,  materia  medica  of,   505 
Potassii    borotartras,    materia    medica    of, 

582 
Potassii    bromidum,    materia    medica    of, 

1712 
Potassii    bicarbonas,    materia    medica    of, 

515 
Potassii   chloras,    materia   medica    of,    539 
Potassii    chloridum,    materia    medica    of, 

1350 
Potassii  citras,  materia  medica  of,   1251 
Potassii  citras  effervescens,  materia  med- 
ica   of,    1520 
Potassii     cyanidum,     materia     medica     of, 

1385 
Potassii   et   sodii   tartras,    materia   medica 

of,   1152 
Potassii  fluoridum,  materia  medica  of,  563 
Potassii   guaiacolsulphonas,   materia   med- 
ica of,  779 
Potassii  hydrargyri  iodidum,  materia  med- 
ica of,   665 
Potassii   hydroxidum,    materia   medica   of, 

512 
Potassii  hypophosphis,  materia  medica  of, 

1406 
Potassii  iodas,   materia  medica  of,   1418 
Potassii  iodidum,  materia  medica  of,  1415 
Potassii   nitris,    materia    medica    of,    1326, 

1520 
Potassii  permanganas,  materia  medica  of, 

491 
Potassii  sulphas,   materia  medica  of,   1153 
Potassii  sulphis,   materia   medica   of,   571 
Potassii  tartras,  materia  medica  of,   1153 
Potassio-tartrate     of     antimony,     materia 

medica  of,  588 
Potassium,  absorption  and  elimination  of, 

1350 
-antipathogenic   action   of,    1350 
-chemistry  of,   1349 
-pharmacodynamic  action  of,  1350 
-source  of,  280 
-systemic  action   of,   1350 
-toxicity  of,  1350 

Potassium  alum,  materia  medica  of,   1040 
Potassium    bicarbonate,     therapeutics     of, 

1339 
Potassium     bichromate,     therapeutics     of, 

1088 
Potassium  bitartrate,   materia   medica   of, 

505 
-therapeutics  of,  1175 
Potassium    borotartrate,    therapeutics    of, 

1175 
Potassium  bromide,  therapeutics  of,   1716 


Potassium  chlorate,  bronchitis  and,  542 

Potassium  chlorate  troches,  materia  med- 
ica  of,    539 

Potassium  chloride,  therapeutics  of,  1352 

Potassium   citrate,    therapeutics    of,    1253, 
1339 

Potassium  cyanide,  dissociation  of,  381 

Potassium  dichromate,  materia  medica  of 
1086 

Potassium       di-iodoresorcinolmonosulpho- 
nate,  materia  medica  of,  555 

Potassium  fluoride,  tumors  and,  567 

Potassium  iodide  ointment,   materia  med- 
ica of,   1416 

Potassium  mercuric  iodide,  materia  med- 
ica  of,    665 

Potassium   nitrate  paper,   materia   medica 
of,    1520 

Potassium  nitrite,  administration  of,   1331 

-therapeutics  of,  1331 

Potassium      permanganate,       amenorrhea 
and,    1235 

-gonorrhea  and,  687 

-oral  administration  of,   501 

-therapeutics  of,    440,    500 

Potassium  salts,   diuresis  and,   1521 

Potassium       sulphate,       therapeutics       of, 
1176 

Potassium  tartrate,  therapeutics  of,   1175 

Potassium   tartrobismuthate,   syphilis   and 
650 

Potio  riverii,   materia  medica  of,   1252 

Poultices,  preparation  of,  995,   99  6 

Powdered  butea  seeds,  materia  medica  of, 
1067 

Powdered  compound  extract  of  colocynth, 
materia  medica  of,  1163 

Powdered  extract  of  aconite,  materia  med- 
ica of,   1314 

Powdered  extract  of  aloes,  materia  medica 
of,    1155 

Powdered  extract  of  calabar  bean,  materia 
medica  of,  1781 

Powdered  extract  of  cascara  sagrada,  ma- 
teria medica  of,   1157 

PoAvdered    extract    of    colocynth,    materia 
medica  of,   1163 

Powdered    extract    of    krameria,    materia 
medica  of,    1067 

Powdered    extract    of    leptandra,    materia 
medica  of,  1167 

Powdered  extract  of  oxgall,  materia  med- 
ica of,   1187 

Powdered    extract    of    podophyllum,    ma- 
teria medica  of,   1168 

Powdered     extract    of    rhubarb,     materia 
medica  of,   1159 

Powdered  opium,  materia  medica  of,  1659 

Powder     of     aloe     and     canella,     materia 
medica   of,    1157 

Powder    of    chlorinated    lime    and    boric 
acid,  materia  medica  of,    532 

Powder    of    ipecac    and    opium,     materia 
medica   of,    1132 

Powder  of  iron,   materia   medica   of,    1218 

Powder   of   mild   mercurous   chloride   and 
jalap,    materia    medica    of,     663 

Prayer  beads,  materia  medica  of,   1023 

Precipitated    calcium    carbonate,    materia 
medica   of,    513 
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Precipitated    calcium    phosphate,    materia 

inedica  of,    1405 
Precipitated  chalk,  materia  medica  of.  513 
Precipitated     ferrous     sulphate,      materia 

medica  of,   1221 
I'recipitattHl  horse  scrum,  materia  medica 

of,   1244 
I'recipitatcd    manganese    dioxide,    materia 

medica  of,    1234 
Precipitated  siili)hur.  materia  medica  of,  417 
l»recipitated  zinc  carbonate,  materia  med- 
ica of,   1055 
ruKtii'iTATKs,  chemical  incompatibility  and, 

391 
ruKUNANCY,    calcium    requirement   in,    1358 
-drug   tolerance   and,    252 
-pernicious   vomiting   of.    1540 
--ovarian  extract  in,  1540 
-quinine  in.    902 
-ruptured    tubal,    1689 
--morphine  in,  1689 
-vomiting    of,    689 
--calomel  in,  689 
--nux  vomica  in,   15  65 
Prepared    calamine,    materia    medica    of, 

1055 
Prepared   chalk,   materia   medica   of,    982 
Prepared  coal  tar,  materia  medica  of,  768 
l*repared   cocoa,   materia   medica  of,    1005 
Prepared  lard,  materia  medica  of,  1005 
Prepared  suet,  materia  medica  of,  1006 
PuESCiaPTiox,    abbreviations    in,    393,    394, 

1866 
-composing  of,   394,   395 
-definition  of,  393 
-language   of,    393 
-parts    of.    394 
-virriting  of,    395,    396 
--abbreviations  in,  1866 
—Latin  terms  in.    1866-1869 
Prickly  ash.  therapeutics  of.  1104 
Prickly  ash  hark,  materia  medica  of.  1103 
Prickly  ash  berry,  materia  medica  of,  1104 
Primula.      pharmacodynamic      action      of, 

1027,   1028 
Proeainje  hydrochloridum,  materia  medica 

of,    1736 
Procainae  nitras.  materia  medica  of,  1737 
Procaine,    absorption   and    elimination    of, 

1751 
-chemistry  of.  1751 
-local  anesthesia  and.  1751.  1760 
-pharmacodynamic   action   of,    1751 
-systemic  action   of,   17  52 
-therapeutics  of.    1757 
Procaine  base,  materia  inedica  of,  1737 
Proctitis,  chronic.  851 
— cubeb   in,    851 
— hydrastis  in,  1312 
-colloidal  silver  compounds  in,  719 
-iodoform   in,    557 
-methylene   blue   in,    878 
-opium   suppository   in,    1685 
Proctoclysis,  anesthesia  and,  1342 
-apparatus  for,   1348 
Proflavina,  materia  medica  of,   872 
Proganol,  materia  medica  of,  713 
rROGXOSis,  factors  in,  9 
-therapeutic.    66 
—elements  in,    66 


Propal,  materia  medica  of,   1616 
Prophylactic  ointment,  materia  medica  of, 

660 
Proponal,  materia  medica  of.  1616 
-pharmacodynamic   action   of,    1619 
-therapeutics    of,    1620 
Proposote,    materia   medica   of,    771 
I'roprietary   preparations,   composition   of, 

396 
—known,   396 
—unknown,  396 
-use  of,   39  6 

PuosTATE,   enlarged,   1537 
--testicular  extract  in,   1537 
Pi{()STRATi()X,    oxygen   in,    1397 
I'ROSTATiTis,  atropine  in,  1845 
-cubeb   in,    851 
-hyoscyamus    in,    1846 
-ichthyol  in,    579 
-mercurochrome  in,    696 
-methenamine  in,  741 
-opium    suppositories    in,    1685 
Prostatorriiea,  capsicum  in,   1019 
Protan,  materia  medica  of,  1071 
Protars'entum,   materia  medica  of,   713 
Protargin  mild,   717,   718 
Protargin  strong,   717,    718 
Protargol,   gonorrhea  and,   719 
-materia  medica  of,  713 
Protectives,   skin  and,   317 
Proteins,  action  of,  196 
-bacterial,    9  57 
-classification  of,    196 
-ectodermal,  9  56 
--administration  of,  957 
—asthma  and,    956 
--atopic  reaction,   956 
--chemistry  of,   9  56 
—therapeutics  of,   957 
-food,    957 

--administration  of,  957 
--atopic  reaction,   957 
—chemistry  of,   9  57 
—therapeutics  of,   957 
-foreign,   265 
--anaphylaxis   and.    265 
--injection   of,    266 
---reaction   to,    266 
-non-specific,   951-953 
--preparation  of,   951 
--therapeutics    of,    951 
Protoiodide    of    mercury,    materia    medica 

of,  660 
Portolac.  materia  medica  of,  1353 
Protopine,  chemistry  of,  1656 
Protoveratrine.    pharmacodynamic    action 

of,   1323,   1324 
Prune,  materia  medica  of,  1154 
Prunum,  materia  medica  of,   1154 
-therapeutics   of,    1173 
Prunus     virginiana,     materia     inedica     of, 

1386 
Prvrigo,  sulphides  in,  577 
PitrRiGO  SENILIS,  mercury  in,  683 
Pruritus,  belladonna  ointment  in,  1845 
-calcium  chloride  in,  1359 
-cannabis  in,   1705 
-chloral  ointment  in,  1629 
-gelsemium  in.   1804 
-phenol   in,    754 
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Pruritus,  resorcin  in,  7  60 
-starch  bath  in,   997 
-tannoform  in,  107  6 
Pruritus  ani,  aconine  in,   1319 
-anesthesia   in,    1758 
-chloroform  in,    1593 
-conium   in,    1805 
-eucaine  ointment  in,  1758 
-mercury   in,    683 
-sodium  bromide  in,   1716 
Pruritus  vulv."e,  boric  acid  in,  585 
-chlorbutanol    in,    1630 
-ovarian   extract   in,    1539 
-sulphur    in,    422 

Pseudoephcdrinc,  therapeutics  of,  1851 
Pseudohyoscyaniine,  pharmacodynamic  ac- 
tion  of,    1838 
-summary  of  actions  and  uses  of,  1820 
PSEUDOLEUCEMIA,  phosphorus  in,   1412 
Psoriasis,  camphoric  acid  in,  1531 
-chrysarobin  in,    429,    431 
-eugallol    in,    763 
-iodides  in,  1428 
-luetic,    684 
— mercury   in,    684 
-mesothorium  in,  1083 
-phenol  in,   754 
-phosphorus  in,   1412 
-pyrogallol  in,   762 
-resorcin  in,  7  60 
-salicylic  acid  in,   797 
-sulphides  in,   577 
-sulphur   in,    422,    424 
-thymus  preparation  in,  1459 
-thyroid  preparations  in,   1458 
PSYCHONEUROSES,   allonal   in,    1621 
Psychopathies,  familial  liabilities  and,  113 
Psychoses,  alcoholic,    1648 
—classification   of,   1649 
-depressive,   616 
— arsenic  in,   616 
-saline  infusion  in,   1345 
Psyllii  semina,  materia  medica  of,   990 
Psyllium  seed,  therapeutics  of,   996 
Pterocarpi    lignum,     materia    medica     of, 

1214 
Ptomaine  poisoning,  calomel  in,  689 
Ptomaines,  source  of,  286 
Ptyalagogues,  kinds  of,   1103 
Ptyalism,  antisialogogue  in,  1190 
-chlorates  in,   541 
-mercurial,    675 
—belladonna   in,    1842 
Ptychotls  oil,  materia  medica  of,   812 
Puberty,  disturbances  of,  127 
—females,    127,    128 
—males,   127,    128 
—treatment   of,    127 
— psychic   factor   in,    128 
Pulsatilla,  emmenagogue  action  of,  1547 
-materia   medica   of,    1545 
-therapeutics    of,    1546 
Pulvis     acetanilidi      compositus,      materia 

medica  of,   1489 
Pulvis  aloe  et  cancllse,  materia  medica  of, 

1157 
Pulvis      amygdalae      comi>ositus,      materia 

medica   of,    993 
Pulvis    antlmonialis,    materia    medica    of, 

589 


Pulvis    antisepticus,    materia    medica    of, 

1057 
Pulvis  antisepticus  solubilis,  materia  med- 
ica of,    1057 
Pulvis     aromatica     rubefaciens,     materia 

medica  of,    815 
Pulvis  aromaticus,  materia  medica  of,  815 

Pulvis  buteae  seminum,  materia  medica  of, 
1067 

Pulvis    calcis    chlorinatse    et    acidi    borici, 

materia  medica  of,    532 
Pulvis  catechu  compositus,  materia  medica 
of,    1069 

Pulvis     cinnamomi     compositus,     materia 
medica  of,  815 

Pulvis  cretse   aromaticus,   materia   medica 
of,   982 

Pulvis  cretse  aromaticus  cum  opio,  materia 
medica    of,    1660 

I*ulvis  cretae  compositus,   materia   medica 
of,    982 

Pulvis   cretae   et   opii  aromaticus,   materia 
medica    of,    1660 

Pulvis    effervcsccns    compositus,     materia 
medica  of,   1153 

Pulvis  gambir  compositus,  materia  medica 
of,  1069 

Pulvis     glycyrrhizse     compositus,     materia 
medica  of,   1162 

Pulvis  hydrargyri  chloridi  mitis  et  jalapae, 
materia  medica  of,    663 

Pulvis  ipecacuanhae  et  opii,  materia  med- 
ica of,   1132 

Pulvis  jalapae  compositus,  materia  medica 
of,    1166 

Pulvis  kaladanae  compositus,  materia  med- 
ica  of,    1167 

Pulvis    kino    compositus,    materia    medica 
of,    1066 

Pulvis    kino    et    opii    compositus,    materia 
medica  of,    1066 

Pulvis   myricse  compositus,   materia   med- 
ica   of,    1116 

Pulvis  opii  compositus,  materia  medica  of, 
1660 

Pulvis     pancreatini     compositus,     materia 
medica  of,  1199 

Pulvis      purgans,      materia      medica      of, 
1166 

Pulvis  rhei  compositus,  materia  medica  of, 
1159 

Pulvis  rhei  et  magnesise  anisatus,  materia 
medica  of,   1160 

Pulvis     scamnionise     compositus,     materia 
medica   of,    1168 

Pulvis    sodae    tartaratae    effervescens,    ma- 
teria  medica   of,    1153 

Pulvis    talci    compositus,    materia    miedica 
of.    583 

Pulvis  talci  salicylatus,  materia  medica  of, 
583 

Pulvis    tragacanthse    compositus,    materia 
medica  of,   988 

T*umpkin  seed,   materia  medica   of,   470 

Puniciiie,  chemistry  of,   467 

Punicotannic  acid,  chemistry  of,  467 

Pure  extract  of  glycyrrhiza,  materia  med- 
ica  of,    992 

Pure  extract  of  licorice  root,  materia  med- 
ica  of,    992 
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Pure  Rlucose,  materia  medica  of,  1090 
Purgative  waters,   natural,    1185 
--classirtcation   of,    1185 

Purjiiiis  af;aric,   materia  medica  of,    1531 
I^urf-iiiy  cassia,  materia  medica  of,   1158 
Puriliod  animal  charcoal,   materia  medica 

of.    982 
I»iirilicil      cotton,      materia      medica      of, 

1012 
Purified  extract  of  ergot,   materia  medica 

of,    1764 
Purified  honey,  materia  medica  of,   1089 
Purified  nitre,  materia  medica  of,   1520 
l*urilied  ox  bile,  materia  medica  of,   1187 
I'urilied  petroleum  benzin,  materia  medica 

of,    427 
l*urified  talc,   materia  medica  of,   983 
Purified  three  cresols,  materia  medica  of, 

764 
I'rRPiRA,   calcium  in,    1360 
-ergot  in,   1773 
-horse  serum  in,  1245 
-normal   serum  in,    952 
PuRiTKA  IIK.MOUHIIAGICA,  ergot  in,  1774 
Pustulation,  therapeutic  use  of,  243 
—example   of,   243 

Pyelitis,  ammonium  benzoate  in,  784 
-copaiba  in,    851 
-grindelia   in,    1384 
-methanamine  in,  740 
-methylene   blue   in,   878 
-pareira   in,    1122 
-sandalwood  oil  in,   838 
Pyelography,  sodium  bromide  in,   1716 
-thorium  sodium  citrate  in,  1083 
Pyeloxepiiritis,  mercurochrome  in,  688 
-silver   nitrate  solution  in,   720 
Pylorospasm,  atropine  in,  1841 
-benzyl  benzoate  in,   1808 
-calcium  in,    1363 
Pyoctanin,  therapeutics  of,  867 
Pyocyaneus      bacterine,      bacteriodynamic 

reaction,    935 
-therapeutics  of,   935 
Pyorrhea  alveolaris,  acriflavine  in,  873 
—aluminum   in,    1043 
-chlorbutanol  in,  1631 
-emetine    in,    1136 
-sodium  silicofluoride  in,   566 
Pyorrhea    astringent,    materia    medica    of, 

545 
Pyraloxin,  materia  medica  of,   761 
Pyramidon,   materia  medica   of,    1497 
Pyrazol       compounds,       classification       of, 

1494 
Pyrethri  flores,  materia  medica  of,  438 
Pyrethri  radix,  materia  medica  of,  1103 
Pyrethrolone,  chemistry  of,   437 
Pyrethron,   chemistry  of,   437 
Pyrethrum,   therapeutics  of.    1104 
Pyrethi'um   flowers,   antipathogenlc   action 

of,  438 
-chemistry  of,   437 
-materia  medica  of.  438 
-pharmacodynamic  action  of.  438 
-therapeutics   of,    438 
Pyretlcs,   classification   of,    1483 
Pyridin.  source  of,  286 
Pyrodin.  materia  medica  of,   1488 
Pyrogallic  acid,  materia  medica  of,  761 


Pyrogallol,  antipathogenlc  action  of,    762 
-materia   medica  of,    761 
-pharmacodynamic  action  of,   7  62 
-summary  of  actions  and  uses  of,  756,  761 
-therapeutics   of,    756,   762 
Pyrogallol    monoacetatc,    materia    medica 

of,   761 
Pyrogallol  oxide,  materia  medica  of,  761 
Pyrogallol  triacetate,   materia   medica  of, 

761 
Pyrosis,  ammonia  in,  1372 
-manganese  in,    1235 
Pyroxylinum,  materia  medica  of,   1010 


Quadruplex  pill,  materia  medica  of,  1223 
Quassia,  administration  of,    1120 
-mateina  medica  of,    1111 
-therapeutics    of,    443,    1119 
Quebrachine,    chemistry    of,    1375 
-pharmacodynamic   action   of,    1375 
Quebracho,  administration  of,   1375 
-chemistry  of,   1373 
-materia  medica  of,  1373 
-pharmacodynamic  action  of,   1374 
-summary  of  actions  and  uses  of,   1373 
-therapeutics  of,   1374  . 

Queen's  root,  materia  medica  of,   1168 
Quercus,  materia  medica  of,  1068 
-therapeutics  of,   1075 

Quercus  cortex,  materia  medica  of,  1068 
Quevenne  iron,  materia  medica  of,  1218 
Quicklime,  materia  medica  of,   513 
Quicksilver,  materia  medica  of,   659 
Quicksilver  salve,  materia  medica  of,  663 
Quillajae,  materia  medica  of,   1380 
Quince,  materia  medica  of,  989 
Quince  mucilage,  materia  medica  of,   989 
Quince  seed,  materia  medica  of,  989 
Quinic  acid,   chemistry  of,    1440 
-gout  and,    1440 
-materia  medica  of,  1441 
Quinidina,  materia  medica  of,  1300 
Quinidinse    sulphas,     materia     medica    of, 

1300 
Quinidine,   administration   of,    1303 
-auricular  fibrillation  and,  1363 
-cardiac  affections  and,    1303 
--contraindications,    1303 
--indications,   1303 
-chemistry  of,   1300 
-dosage,  1303 

--gradual  increase  of,  1303 
-idiosyncrasy  to,  1303 
-pharmacodynamic  action  of,  1300 
-summary  of  actions  and  uses  of,  1300 
-therapeutics  of,   1301 

Quinidine  sulphate,  administration  of,   911 
-auricular   fibrillation   and,    901 
Quinina,  materia  medica  of,   884 
Quininae    aethylcarbonas,    materia    medica 

of,   884 
Quininre     bisulphas,     materia     medica     of, 

884 
QulninjB  dihydrobromldum,  materia  med- 
ica of,  884 
Qulninje  dihydrochloridum,   materia   med- 
ica of.  884 
Qulnlnjie  et  nrose:  hydrochlorldum,  materia 
medica  of,  884 
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Quininae  glycerophosphas,  materia  medica 

of,    885 
Quininae  hydrobromidum,  materia  medica 

of,    885 
Quiniiiae  hydrochloridum,  materia   medica 

of,   885 
Quininae  hypophosphis,  materia  medica  of, 

886 
Quininae  salicylas,  materia  medica  of,   88  5 
Quininae  sulphas,   materia   medica   of,    885 
Quininae  tannas,  materia  medica  of,  885 
Quininae  valeras,  miateria  medica   of,   886, 

1706 
Quinine,  absorption  and  elimination  of,  890 
-administration  of,  910 
--hypodermic,   910 
—intramuscular,    911 
— technic    of,    911 
--intravenous,  899,  911 
—oral,    910,    911 
—rectal,   910 
--subcutaneous,    899 
—systemic,  899-908 
—topical,  898,  899 
-anesthesia   and,    899 
-antipathogenic  action  of,   887-890 
-anttpyretic   effect  of,    904 
-intolerance  of,   892 
-malaria  and,  101 

-pharmacodynamic   action   of,    890-896 
-poisoning  by,   892 
—treatment  of,  892 
-preparations   of,    910,    911 
-synthetic  preparations  of,    60 
-systemic  action  of,   892-896 
-therapeutics  of,    898-908,    1122 
-tonic  value  of,    1122 
-toxicity  of,   891 
Quinine  acid  sulphate,  materia  medica  of, 

884 
Quinine  bisulphate,  administration  of,   911 
-threadworms  and,    444 
Quinine  compounds,  classification  of,   911, 

912 
Quinine   diethylbarbiturate,   materia   med- 
ica of,   1617 
Quinine  disulphate,  materia  medica  of,  885 
Quinine  hydrobroniide,   administration   of, 

911 
-exophthalmic  goiter  and,  902 
Quinine  hydrochlorate,  materia  medica  of, 

885 
Quinine  salts,  threadworms  and,  443 
Quinine  sulphate,  administration  of,  911 
Quinine  wine,  materia  medica  of,   886 
Quinodine,  materia  medica  of,  883 
Quinolina,  materia  medica  of,  887 
Quinolinc,   chemistry  of,    897 
-source   of,    286 
-therapeutics   of,   910 

Quinoline  compounds,  chemistry  of,   1486 
Quinone  cathartics,   1146-1148 
Quinsy,  quinine  in,   899 

Quintin  solution,  administration   of,   1347 
-composition  of,   1347 


Rabies,  iodine  in,  548 

Rabies  virus,  definition  of,  923 

-history  of,  923 


Rabies  virus,  preparation   of,   924 

-therapeutic  use  of,   924,   9  25 

--results  of,   925 

Radiotherapy,  epithelioma  and,  93 

Radii  bromidum,  materia  medica  of,   1077 

Radii  carbonas,  materia  medica  of,  1077 

Radii  chloridum,  materia  medica  of,   1077 

Radii  sulphas,  materia  medica  of,  1077 

Radium,  administration  of,  1081 

--systemic,   1081 

—topical,   1080 

-chemistry   of,    1076 

-general  tonic,  1081 

-pharmacodynamic  action  of,  1078 

-radio-activity  and,    173 

-researches  on,  170 

-source  of,   282 

-summary  of  actions  and  uses  of,  1077 

-therapeutics  of,   1079-1081 

Radium    emanation,    materia    medica    of, 

1078 
Radix  acori,  materia  medica  of,  1113 
Radix   calami   aromatici,    materia    medica 

of,  8  61 
Radix  flUcis  maris,  materia  medica  of,  464 
Radix  turpethi,  materia  medica  of,  1166 
Radon,  materia  medica  of,  1078 
Raspberries,    materia   medica    of,    1212 
Rattlesnake  root,  materia  medica  of,  1382 
Raw  linseed  oil,  materia  medica  of,  1003 
Raynaud  syndrome,  arsenic  in,  615 
-chineonal  in,   1620 
Reaction,  anaphylactic,  265 
--antianaphylaxis  and,  266 
--blood   changes  and,   266 
--experimental   studies   in,    265,    266 
Rcconstructives,   1013-1015 
Rectified  enipyrolisneous  oil  of  birch,  ma- 
teria medica  of,  757 
Rectified  oil  of  amber,  materia  medica  of, 

859 
Rectified  oil  of  birch  tar,  materia  medica 

of,    757 
Rectified    oil    of    tar,    materia    medica    of, 

769 
Rectified  oil  of  turpentine,  materia  medica 

of,    849 
Rectified  tar  oil,  materia  medica  of,  769 
Rectified  turpentine  oil,  materia  medica  of, 

849 
Rectum,  drug  absorption  and,  203 
-fistula  of,  421 
—sulphur    in,    421 
-prolapse  of,   1773 
—ergot   in,    1773 
-topical  applications  and,  320 
-ulcer  of,   421 
--sulphur  in,   421 
-ulceration  of,  1400 
—carbon  dioxide  in,  1400 
Red   aromatic   elixir,    materia   medica    of, 

1214 
Red  chromate  of  potash,  materia  medica 

of,  1086 
Red  clover  blossoms,   materia   medica  of, 

1386 
Red  elixir,  materia  medica  of,   1214 
Red  gum,  materia  medica  of,  1067 
Red  gum  lozenge,  materia  medica  of,  1066 
Red  haw,  materia  medica  of,  1305 
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Red  iodide  of  mercury,  materia  medica  of, 

660 
Red  lead,  materia  medica  of,  1046 
Red   mercuric   ioclide,    materia   medica   of, 

660 
Red    mercuric    iodide    ointment,    materia 

medica  of,    663 

Red  mercuric  oxide,  materia  medica  of, 
661 

Red  mercuric  oxide  ointment,  materia 
medica  of,   663 

Red  oxide  of  lead,  materia  medica  of,  104  6 

Red  pepper,  materia  medica  of,  1017 

Red  poppy  petals,  materia  medica  of,  1214 

Red  precipitate,  materia  medica  of,   661 

Red  precipitate  ointment,  materia  medica 
of,   663 

Red  rose  petals,   materia   medica  of,    1069 

Red  saunders,   materia   medica  of,    1214 

Reduced  iron,  materia  medica  of,   1218 

Reducetl  iron  lozenge,  materia  medica  of, 
1225 

Refined  diphtheria  antitoxin,  materia  med- 
ica  of,    961 

Refined  tetanus  antitoxin,  materia  medica 
of,    964 

Refined  wool  fat.  materia  medica  of,   1005 

Refrigerent  counterirritant,  materia  med- 
ica of,   1315 

Remedial  agents,  association  of,   378,   379 

--concurrent  administration  of,   385 

— purposes  of.    385 

—disadvantages  of,    388 

-modes    of,    378 

--pharmaceutic,  382 

--purposes   of,    382 

—therapeutic,   382 

-chemical  combination  of,  380,  381 

-classification  of,  397 

--animal,    400 

—clinical,  398 

--mineral,   400 

--pharmacodynamic,   397,   398 

--pharmacognostic,   397,   398 

—plant,    397,    398 

—tabular,    407-409 

--therapeutic.   397,   398 

-conjoint  use   of,    373 

-general  grouping  of,   398 

--chemical  components.  399 

--dominant    influences,    399 

-incompatibility  of,    388 

-individual,   407 

--modifications  of,  407 

— general,    407 

---special,   407 

-infection   and.    400 

-non-specific.   402 

--action   of,   402 

-pharmaceutic  composition  of,  381.  382 

-specific,   401 

--example   of.    401 

Remedies,  new  and  nonofficial.  18 

Rennet,  chemistry  of,   1202 

-materia  medica  of,  1202 

-pharmacodynamic  action  of,   1202 

-summary  of  actions  and   uses   of,    1202 

-therapeutics    of,    1202 

Renninuni,   materia   medica   of,    1202 

Reparatives,  skin  and,   318 


Hepercolation,  process  of,  300 
Heprouuction,  alcohol  and,   1646,   1647 
Repkoouctive     okga.ns,     drugs     acting     on, 

1534 
Rcroo,   materia  medica  of,    47  6 
Resina,    materia   medica  of,    1011 
Resina  jalap;e,  materia  medica  of,   1166 
Resina  op(»ina';e,  materia  medica  of,  1168 
Resina     podophylli,     materia     medica     of. 

1167 
Resin    of    Indian    podophyllum,     materia 

medica  of,  1167 
Resinoids.  classification  of,   29  6 
-dosage  of,   358 
-preparation  of,  29  6 

Resin  ointment,  materia  medica  of,  1002 
Resins,  chemistry   of,    842 
-classification  of,    289,    805,    841 
-nerve  depressants,  1701-1710 
-source  of,    287,    289 
-therapeutics  of,  850-854 
Resorcin,  antipathogenic  action  of,  757 
-materia  medica  of,   7  56 
-pharmacodynamic  action  of,   7  58 
-summary  of  actions  and  uses  of,    756 
-systemic  action  of,   7  59 
-therapeutics    of,    439,    760 
-topical  action  of,  7  58 
-toxicity  of,   7  58 

Resorcin  acetate,  materia  medica  of,  7  57 
Resorcinol,  materia  medica  of.  7  56 
Resorcinol    monoacetate,    materia    medica 

of,   757 
Resorcinolphthalein,    materia    medica    of, 

874 
Respiration,  artificial,   oxygen  in,   139  6 
--strychnine   in,    1567 
-cocaine  and,    1748 
-drugs  acting  on,  1365 
--action   of,    1365 
--classification  of,   1365,   1366 
-failure  of,   1396 
--oxygen   in,    1396 
Respiratory  center,  depressants  of,   1384- 

1390 
-excitants  of,   1366-1375 
-morphine  and,  1675,  1676 
-paralysis  of,  1800 
--lobelia  in,    1800 
-stimulation   of,    1401 
--carbon  dioxide  in,   1401 
Respiratory     mucosa,     expectorants     and, 

1376-1384 
Respiratory  tract,  affections  of,  cocillana 

in,   1140 
--balsams  in,   861 
-arsenic    in,    614 
-catarrhal  affections  of,  831 
--benzoates    in,    784 
--camphor  in.   831 
--guaiacol  cinnamate  in,   781 
-creosote  in,   775 
-infection  of,   739 
--methenamine   in,    739 
-infiammation  of,    1320 
--aconite  in,    1320 
-methenamine  in,   740 
-topical    applications   and,    320,    321 
--insufllation.    321 
--sprays,    321 
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"Rest  cure,"  neurasthenia  and,   80 

Retina,  detachment  of,    1697 

--dionine  in,    1697 

Uetinxtis,  mercury  in,  68  5 

Keveksion,  definition   of  heredity  and,    115 

Rhamiuis,  chemistry  of,  1147 

Rhamnus   cathartica,    materia    medica   of, 

1158 
Rhamnus   purshiana,    materia    medica    of, 

1157 
Rhatany,  materia  medica  of,    1067 
-therapeutics  of,   1074 
Rhatany     and     cocaine     lozenge,     materia 

medica  of,    1068 
Rhatany  lozenge,  materia  medica  of,  1068 
Rhatany  root,  materia  medica  of,   1067 
Rheum,  materia  medica  of,    1159 
-therapeutics  of,   1177 
KiiEUiiATic  FEVER,  acute,   1320 
--aconite   in,    1320 
--all<alis   in,    526 
--bacterine,    945 
— therapeutics  of,   945 
---types  of,   945 

--belladonna   ointment  in,   1840 
— calomel  in,    691 
--cantharides  in,   1037 
— cinchophen    in,    1439 
—etiology  of,  90 
--guaiac  in,   851 
--magnesium  sulphate  in,   1725 
--mercury   in,    695 
— dosage,  255 
— salicylates  in,   255 
--saline   infusion   in,    1343 
--sodium  benzoate  in,   784 
—sodium  salicylate  in,  784 

— streptobacterine  in,   938 
--treatment  of,  90 
Rheumatism,  aconine  in,  1319 

-ammonia  in,    1372 

-arsenic  in,   615 

-aspirin  in,   1498 

-boldo   in,    1189 

-chloral  ointment  in,  1629 

-chronic,    1649 

—alcohol   in,    1649 

--articular,   799 

— salicylates  in,  799 

--cajuput  in,   841 

--colchicum  in,   1435 

--conium  in,   1805 

--guaiac  in,    851 

--guaiacol  in,   781 

-iodides  in,    1425,   1428 

--methyl  salicylate  in,   798 

--monarticular,    1037 

— cantharides   in,    1037 

--muscular,  799 

---salicylates  in,  799 

— treatment  of,  91 

--prickly  ash  in,  1105 

--radium  in,  1081 

--streptobacterine   in,    938 

--sulphur  in,   422 

--vanadium  in,   730 

-cinchonidine  in,  908 

-focal   infection   and,    101 

-formic  acid  in,   741,  1579 

-gonococcal,   537 


Rheumatism,   gonococcal,   chlorine  in,    537 
--cinchophen  in,  1439 
-inflammatory,    90,    1232 
--iron  in,   1232 
--treatment  of,   90 
-iodates  in,    553 
-iron  in,   1231 
-kerosene  in,   428 
-muscular,  831 
--camphor   in,    831 
--capsicum  in,    1019 
--gelsemium  in,    1803 
--veratrum    in,    1325 
-pilocarpine  in,   1794 
-salicin   in,    7  98 
-salicylates  in,   798,   799 
-sulphides    in,    578 
-sulphur  in,  423 
Rhigolene,  chemistry  of,  426 
Rhinitis,  acute,  carbon  dioxide  in,   1400 
-catarrhal,  1337 
— salt  solution  in,  1337 
-atrophic,  1698 
—dionine  in,   1698 
—iodine  in,   549 
-camphoric   acid  in,    1531 
-chronic,   738 
—formaldehyde  in,   738 
--oil  of  amber  in,  862 
-hypertrophic,    1087 
--chromium  trioxide  in,   1087 
-posterior,  719 

--colloidal  silver  compounds  in,   719 
-streptobacterine    in,    938 
Rhinitis  tablets,   atropine  in,    1844 
Rhinopharyngitis,     colloidal    silver    com- 
pounds in,    719 
Rhinorriiea,  ergot  in,  1773 

-vasomotor,   1842 

--atropine   in,   1842 

Rhinosporidium  kenealyi,  tartar  emetic  in, 

593 
Rhizome,  definition  of,   287 
Rhoeados      jietala,      materia      medica      of, 
1214 

Rhubarb,  materia  medica  of,   1159 

-therapeutics  of,   1177 

Rhus,  antidote  for,  1860 

-chemistry  of,  1025 

-pharmacodynamic  action  of,  102  5 

-poisoning   by,    1026 

--ferric  chloride  in,  1231 

--immunity,    1026 

--lead  acetate  in,   1053 

—treatment  of,   1026 

-summary  of  actions  and  uses  of,   1025 

-therapeutics   of,    1026 

Rhus  glabra,  materia  medica  of,   1063 

Rhus  toxicondendron,  materia  medica  of, 
1025 

Rhus     toxicondendron     antigen,     materia 
medica  of,  1025 

Rhus    venenata    antigen,    materia    medica 
of,   1025 

Rickets,  arsenic  in,  615 

-calcium  in,   1358,   1363 

-cod-liver  oil  in,   1093 

-oxygen  inhalation  in,  1397 

-parathyroid   medication  in,    1483 

-phosphorus  in,   1412 
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Ringer     solution,      composition      of,      1S7, 

1346 
RiNGWOUM,  boric  acid  in,  440 
-chlorine  in,   536 
-copper   in,    653 
-cupric  oleate  in,   441 
-ethyl  chloride  in,   1595 
-formaldehyde  in,  739 
-iodine  in,    440 

-normal  cupric  acetate  in,  441 
-phenol   in,   438 
-salicylic  acid  in,   797 
-sassafras  in,   824 
-sulphur  in,   422 
-turpentine  in,  857 

Rivanol,  pharmacodynamic  action  of,  874 
-therapeutics  of,    867 
Roasted  coffee,  materia  medica  of,  1505 
Roborants,    nutrition   and,    1402 
Rochelle  salt,  materia  medica  of,  1152 
-therapeutics  of,  1176 
Rockberry,   materia  medica  of,   1515 
Rock  oil,  materia  medica  of,  427 
-therapeutics   of,    426 

Roman  chamoniilev  materia  medica  of,  1103 
Root,  definition  of,   287 
Rootstock,  definition  of,  2  87 
Rosa,   materia  medica  of,    1069 
Rosa  gallica,  materia  medica  of,    1069 
-therapeutics  of,  1075 
Rosaniline,     functional     kidney    test    and, 

1526 
Rose  apple,  materia  medica  of,  1070 
Rosemary  oil,  materia  medica  of,  840 
-therapeutics  of,   841 
Rose  water,  materia  medica  of,   819 
Rosin,  materia  medica  of,   1011 
Rosin  adhesive  plaster,  materia  medica  of, 

1012 
Rosin  cerate,  materia  medica  of,  1002 
Rosin  plaster,   materia  medica   of,   1012 
Rottlera,  materia  medica  of,   476 
"Koi'Gil  ON  RATS,"  antidote  for,   18  59 
ROUXDWORMS,     agents     used     against,     442, 

445,  448 
-cajuput  in,   841 
-chenopodium   in,    462 
-chloroform  in,   479 
-kamala  in,  477 
-oil  of  eucalyptus  In,   479 
-oil   of  turpentine  in,   480 
-salicylic  acid  in,   479 
-santonin  in,   451 
Rubber  adhesive  plaster,   materia   medica 

of,  1011 
Rubefacients,   classification   of,    1015 
-therapeutics   of,    1015 
Rubefacient  spice  powder,  materia  medica 

of.   815 
Rubi    fnictus.    materia    medica    of,    1212 
Rnbl  idsel  fi-uctus,  materia  medica  of,  1212 
Rubrum   scarlatinum,    materia    medica   of, 

1013 
Rubus,  diarrhea  and,  1075 
-materia  medica  of,  1070 
Rue,  oil  of,  841 

Rufus  pills,   materia  medica   of,   1156 
Rumex,   materia  medica  of,    1116 
-therapeutics  of,  1122 
Russian  fly,  materia  medica  of,  1034 


Sabal,   materia  medica  of,   844 

Sabina,  materia  medica  of,   847 

Sabroniin,   materia  medica  of,    1713 

-therapeutics    of,    1719 

Saccharated  ferric  oxide,  materia  medica 
of,    1218 

Saccharated  ferrous  carbonate,  materia 
medica    of,    1218 

Siiccharated  iron  carbonate,  materia  med- 
ica of,  1218 

Saccharated  iron  phosphate,  materia  med- 
ica of,   1220 

Saccharated  pepsin,  materia  medica  of, 
1194 

Saccharated  solution  of  lime,  materia  med- 
ica  of,    514 

Saccharin,    chemistry    of,    1209 

Saccuauomyces  AUJICAN.S  liUCCALis,  infec- 
tion by,   414 

Saccharum,  materia  medica  of,   1089 

Saccharum  lactis,  materia  medica  of,   1521 

Saccharum  ustum,  materia  medica  of, 
1213 

Sacred  bark,  materia  medica  of,  1157 

Sacred  tree,  materia  medica  of,   1007 

Sacred  tree  seeds,  materia  medica  of,  10  67 

Saffron,  materia  medica  of,  1213 

Sage,  materia  modica  of,   819 

Saigon  cinnamon,  materia  medica  of,  814 

Saint  Germain  tea,  materia  medica  of, 
1162 

Saint  Ignatius  bean,  materia  medica  of, 
1555 

Saint  John  Ijong's  liniment,  materia  med- 
ica of,   849 

Saiodine,  materia  medica  of,  1417 

Sajodin,  materia  medica  of,  1417 

Sal  aiembroth,  materia  medica  of,  66  5 

Sal  ammoniac,  materia  medica  of,  1368 

Sal  carolinum  factitium,  materia  medica 
of,    1152 

Sal  carolinum  factitium  effervescens,  ma- 
teria medica  of,   1152 

Sal  digestivum  sylvii,  materia  medica  of, 
1350 

Sal  duobus,  materia  medica  of,   1153 

Salop,  materia  medica  of,   989 

Sal  ethyl,  materia  medica  of,   789 

Salicin,   influenza  and,    800 

-rheumatism  and,  798 

Saliclnum,  materia  medica  of,   787 

Salicitrin,   materia  medica  of,    789 

Salicyl  alcohol,  materia  medica  of,   1737 

Salicylated  creosote  mull,  materia  medica 
of,    771 

Salicylated  mixture  of  iron,  materia  med- 
ica of,  790 

Salicylate  of  methyl,  materia  medica  of, 
788 

Salicylate  of  soda,  materia  medica  of,   788 

Salicylate  of  strontium,  materia  medica  of, 
788 

Salicylates,  absorption  and  elimination  of, 
791 

-administration  of,  801 

--contraindications  of,  801 

-antipathogenic  action  of,  790 

-chemistry  of,    786 

-jjharmacodynamic  action  of,    791-797 

-poisoning  by,   793 
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Salicylates,  poisoning  by,  treatment  of,  793 

-systemic  action  of,  794-797 

-therapeutics  of,   797-801 

-toxicity  of,    792 

Salicylic  acid,  favus  and,   440 

-materia  medica  of,  787 

-roundworms  and,   479 

-substitutes  for,   270 

-tapeworms  and,    479 

-therapeutics  of,   797 

-threadworms  and,   444 

-tinea  circinata  and,    440 

-tinea  tonsurans  and,   440 

-tinea  versicolor  and,   440 

Salicylic  acid  glycerogelatin,  materia  med- 
ica of,   788 

Salicylic  acid  mull,  materia  medica  of,  790 

Salicylic  acid  ointment,  materia  medica  of, 
790 

Salicylic  acid  pencils,  materia  medica  of, 
788 

Saligenin,  pharmacodynamic  action  of, 
1754 

Saliseninum,  materia  medica  of,   1737 

Salinaphthol,   materia  medica   of,    8  64 

Saline  infusion,  administration  of,   1345 

--methods   of,    1345-1349 

—route  of,  1349 

-contraindications  to,   1343 

-kinds  of,    1345-1349 

-methods   of  administration,    1341-1343 

-surgery  and,    1341 

-therapeutic  use  of,   1340 

--contraindications  to,    1345 

Saline  solution,  administration  of,   1347 

--apparatus  in,   1347,   1348 

-therapeutic  use  of,  1337-1345 

Salipyrine,  materia  medica  of,   790 

Salivation,  mercury  and,  67  5 

Sal  kissingense  factitium,  materia  medica 
of,   1152 

Sal  kissingense  factitium  eflfervescens,  ma- 
teria medica  of,   1152 

Sal  lithii  citratis  effervescens,  materia  med- 
ica of.   1520 

Sal  magnesii  sulphatis  effervescens,  ma- 
teria medica  of,   1152 

Salmester,  materia  medica  of,   790 

Salol,  materia   medica  of,    787 

-therapeutics  of,    798,    800 

Salophen,  materia  medica  of,   790 

Salpingitis,  gonorrheal,  Neisser  bacterine 
in,    932 

-mercury  in,  697 

Sal  potassii  bromidi  effervescens,  materia 
medica  of,   1713 

Sal  soda,  materia  medica  of,  514,  515 

Salt,  hypertonic  solution  of,  1338 

—therapeutic  use  of,   1338-1340 

— contraindications,    1338 

— indications,   1338 

-isotonic  solution  of,   1340 

--therapeutics   of,    1340 

-materia  medica  of,  1335 

-physiologic  solution  of,   1337 

—preparation  of,   1337 

—therapeutics  of,    1337 

-table,   1426 

—iodized,    1426 

—goiter  and,    1426,    1427 


Salt  action,  molecular  concentration  and,  184 

Salt  fever,  salt  solution  and,  1337 

Salt  of  wisdom,  materia  medica  of,   665 

Saltpeter,  materia  medica  of,   1520 

Salts,  alkaloidal,  classification  of,  391 

-sodium,   1334 

Salvarsan,  history  of,  62  4 

-materia  medica  of,   626 

Salvia,  materia  medica  of,  819 

-therapeutics   of,    820 

Sal  vichyanum  factitium,   materia   medica 

of,    1152 
Sal  vichyanum  factitium  effei-vescens,  ma- 
teria medica  of,   1152 
Sambucus,    materia   medica   of,    1116 
Sampson-root,  materia  medica  of,   917 
Sandalwood,  materia  medica  of,  837 
-therapeutics   of,    838 
Sandalwood  oil,  therapeutics  of,   850 
Sandarac,  therapeutics  of,   8  51 
Sanderaca,  materia  medica  of,   844 
Sanguinaria,  administration  of,   1378 
-chemistry  of,   1376 
-materia   medica  of,    1377 
-pharmacodynamic   action    of,    1376 
-summary  of  actions  and  uses  of,   1376 
-therapeutics   of,    1378 
Sanguinarinse   nitras,    materia    medica    of, 

1377 
Sanocrysin,  materia  medica  of,  654 
-tuberculosis  and,  655 
Santal   oil,   gleet   and,    838 
-gonorrhea  and,   838 
Santalol,  materia  medica  of,   838 
Santalolis  salicylas,  materia  medica  of,  838 
Santalum  album,  materia  medica  of,   837 
Santalum  rubmm,  materia  medica  of,  1214 
Santalyl  salicylate,  materia  medica  of,  838 
Santonica,  materia  medica  of,   449 
-therapeutics  of,   453 
Santonin,  administration  of,   453 
-antipathogenic  action,   450 
-chemistry   of,    448 
-pharmacodynamic   action    of,    450 
-roundworms  and,   445 
-summary  of  actions  and  uses,   448 
-therapeutics  of,   451 
-threadworms  and,   444 
Santoninoxime,  materia  medica  of,  450 
-therapeutics  of,  453 
Santoninum,   materia  medica  of,   449 
Santyl,  materia  medica  of,    838 
Sapo,  materia  medica  of,   512 
Sapo  animalls,  materia  medica  of,   513 
Sapo  mollis,  materia  medica  of,  512 
Saponaria,  materia  medica  of,  1380 
Saponins,  chemistry  of,  1379 
-pharmacodynamic  action  of,  1381 
-plant,   1379 
--classification  of,  1379 
-summary  of  actions  and  uses  of,  1379 
-uses  of,  196 

Sapo  viridis,  materia  medica  of,   512 
Sappan,  materia  medica  of,  1070 
Sarsje  radix,  materia  medica  of,  1381 
Sarsaparilla,  materia  medica  of,   1381 
Sassafras,  materia  medica  of,  823 
-pediculosis  and,  824 
-ringworm  and,  824 
Sassafras  bark,  materia  medica  of,   823 
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Sassafras  metlulla,  materia  medica  of,  990 

Sassafras  oil.  materia  medica  of,  824 

Sassafras  pith,  materia  medica  of,  9  90 

-tlierapeuiics  of,   995 

Sassafrax,   materia   medica   of,    823 

Saturatotl  solution  of  potassium  iodide, 
materia  medica  of,  1415 

Save,  materia  medica  of,  819 

Saviiie  tops,  materia  medica  of,  847 

ScAKiEs.   agents  used  against,    412 

-balsam  of  Peru  in,  439 

-betanapiitliol  benzoate  in,   782 

-chlorine   in,    536 

-cupric  oleate  in,   441 

-cupric  sulphate  in,  441 

-kamalu  in,  477 

-kerosene  in,  428 

-peruol  in,  439 

-phenol  in,  438,  439,  754 

-picrotoxin  in,  1571 

-resorcin  in,   439 

-staphisagria  in,  436 

-sty rax  in,  8  62 

-sulphides  in,  577 

-sulphur  in,  421 

Scalp,  affections  of,  cajuput  in,   840 

— cantharides  in,    1038 

— eucalyptol  in,  827 

--soaps  in,  520 

-ringworm  of,  682 

—mercury  in,   682 

Scaninionije  radix,  materia  medica  of,  1168 

Scaninioniuni.   chemistry  of,   1148 

Scainniony,  therapeutics  of,  1182 

Scainmony  resin,  materia  medica  of,   1168 

Seaniniony  root,  materia  medica  of,   1168 

Scarlatina  convalescent  serum,  therapeu- 
tics of,  974 

Scarlatinal  bacterine,  therapeutics  of,   939 

Scarlatinal  toxin,  materia  medica  of,  9  50 

-preparation  of,  949 

Scarlet  fever,  alkaline-saline  beverages  in, 
1338 

-antiscarlatinal  serum  in,  973 

-arsphenamine  in,  634 

-champagne  in,   1650 

-chloral  in,  1630 

-convulsions  in,  1794 

— pilocarpine  in,  1794 

-Dick  test  in,  324 

-Dick  toxin  and.   950 

-Di  Cristina  toxin  and.  950 

-etiology  of,  949 

-mercurochrome  in,   696 

-phenol  in,  754 

-saline  infusion  m,  1343 

-scarlatinal  toxin,  949 

-sulphur  in,  421 

-ireatment  of,  98 

Scarlet  fever  immunity  test  (Dick),  ma- 
teria medica  of,  9  50 

Scarlet  fever  streptococcus  antitoxin,  ma- 
teria medica  of,  973 

Scarlet  red,  antipathogenic  action  of,   1014 

-chemistry  of,  1013 

-materia  medica  of,  1013 

-pharmacodynamic  action  of,   1014 

-therapeutics  of,   1014 

Scarlet  red  sulphonate,  materia  medica  of, 
1014 


ScAK  TTssuE,  thiosinamine  and,   1099 

Scheele  green,  materia  medica  of,  651 

Seliick  test,  diphtheria  and,   324 

-materia  medica  of,   947 

-technique  of,   948,  949 

Schistosomiasis,    tartar   emetic   in,    593 

Schleic-h  method,  local  anesthesia  and,  17  60 

Sciatica,  acute,  methyl  salicylate  in,  800 

--salicylates  in,   800 

-alcohol  in,   1649 

--injection  of,   1649 

-atropine  in,  1840 

-capsicum  in,  1019 

-chronic,  800 

--strontium  salicylate  in,  800 

-cinchonidine  in,   908 

-eucaine  in,   17  58 

-gelsemium   in,    1803 

-lobelia  in,   1800 

-sulphur  in,  422 

Scilla,  materia  medica  of,  1271 

ScLEHlTis,  mercury  in,  685 

ScLEHOUERMA,  cod-liver  oil  in,  1094 

Sclerosis,  arsenic  in,   616 

-gold  in,   656 

-multiple,  721 

--colloidal  silver  solution,  721 

--iodides  in,   1428 

Scoparius,  materia  medica  of,  1572 

Scoparius    eacumina,    materia    medica    of, 

1572 
Scopolaminae      hydrobromiduni,       materia 

medica  of,  1824 
Scopolamine,  chemistry  of,   1819 
-nerve  system  and,  1836 
-opium  addiction  and,  1793 
-pharmacodynamic  action  of,   1835 
-summary  of  actions  and  uses  of,  1820 
-systemic  action  of,  1836 
-therapeutics  of,  1846 
-toxicity  of,  1835 
Scopolamine-morphine,   administration   of, 

1699 
Scopolia,  chemistry  of,   1818,   1820 
Scopoline,  chemistry  of,   1818 
Scotch  paregoric,  materia  medica  of,  1659 
Scrofula,  arsenic  in,   615 
-chloro-anemia  and,  424 
--sulphur  in,  424 
-fluoroform  in,   567 
-hydriodic  acid  in,   553 
-iodine  in,   553 
-phosphorus  in,   1412 
-sulphur  in,   423 

ScROFULOSls.  calcium  in,   1358,   1363 
Scurvy,  calcium  in,   1360 
-citric  acid  in,  1253 
-hemorrhage  and,   1774 
--ergot  in,   1774 

Scutellaria,  materia  medica  of,  1545 
Seasickness,  anesthesia  in,  1758 
-atropine  in,  1841 
-bromides  in,  1716 
-bromoform  in,  1719 
-champagne  in,  1650 
-chloral  in,  1629 
-cocculus  indicus  in,   437 
-creosote  in,  774 
-nux  vomica  in,  1565 
-picrotoxin  in,  1571 
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Seatworms,  sulphur  in,  423 

Sea-water,  therapeutic  use  of,  1344 

Sea-wrack,  materia  medica  of,    546 

Seborrhea,  benzene  in,  744 

-euresol  in,   761 

-neorobin  in,  432 

-pilocarpine  in,  1793 

-silver  nitrate  solutions  in,   720 

-soaps  in,   520 

-sulphur  in,   422 

Secacornin,  materia  medica  of,  17  64 

Secale  cornutum  P.I.,  materia   medica  of, 

1763 
Seoalis    comuti    extractum    fluidum    P.I., 

materia  medica  of,  1763 
Secretin,  chemistry  of,  1201 
-materia  medica  of,  1201 
-therapeutics  of,  1201 
Secretion,  deficient  gastric,   1338 
--sodium    chloride    in,    1338 
Sedatives,  bromine,  1718 
-organic,   1718,   1719 
---classification  of,  1719 
-cerebral,   1846 
--hyoscyamine  as,  1846 
--scopolamine  in,  1846 
-gastric,   1631 
--chloretone,   1631 
-gelsemium,  1802 
-magnesium  sulphate,  1724 
-nerve,    1632 
--bromural,  1632 
--carbromal,  1632 
--chineonal  in,  1620 
--hydrocyanic  acid,   1390 
--neuronal,    1632 
-opium,  1685,  1686 
-skin  and,  318 
Seed,  definition  of,  288 
Seidlitz  powder,  materia  medica  of,  1152 
Selective    pathogen    test,    bacterines    and, 

927 
Selenium,   antipathogenic   action   of,    724 
-pharmacodynamic  action  of,   724 
-summary  of  actions  and  uses  of,  724 
-therapeutics  of,    724 
Semen  amygdali  amarum,  materia  medica 

of,    1004 
Semen  cinae,  materia  medica  of,  449 
Semen  colae,  materia  medica  of,  150  6 
Semen  kolae,  materia  medica  of,   1506 
Seneca  oil,  therapeutics  of,   42  6 
Seneca  snakeroot,  materia  medica  of,  1382 
Senecio,  materia  medica  of,   1116 
Senega,  chemistry  of,  1382 
-materia  medica  of,    1382 
-therapeutics  of,  1383 
Senega;  radix,  materia  medica  of,  1382 
Senega  snakeroot,  materia  medica  of,  1382 
Senescence,  dosage  in,  37  6 
-drug  therapy  in,   126 
-therapeutics  in,  125 
--modifications  of,  125,  126 
Senna,  chemistry  of,  1147 
-materia  medica  of,  1161 
-therapeutics  of,  1178 
-threadworms  and,  444 
Sennae  fructus,  materia  medica  of,  1161 
Senna  folia,  materia  medica  of,  1161 
Senna  pods,  materia  medica  of,  1161 


Senna  tea,  materia  medica  of,  1161 

Sensitization,  protein,   265 

Sepsis,  alcohol  in,  1651 

-general,   875 

--gentian  violet  in,  875 

-local,  1060 

--zinc  ionization  in,  1060,  1061 

-puerperal,  7  39 

--formaldehyde  in,  739 

-quinine  and  urea  hydrochloride  in,   901 

-saline  infusion  in,   1343 

Septicemia,  eusol  in,  538 

-postoperative,    696 

--mercurochrome  in,  69  6 

-puerperal,   696 

--mercurochrome  in,   696 

--metaphen  in,   697 

-quinine   sulphate   in,    901 

-saline  infusion  in,  1343 

-sulphur  in,  424 

Seriparium,  materia  medica  of,   1202 

Serpentaria,   materia  medica  of,    1116 

-therapeutics  of,   1121 

Serum,  anterior  poliomyelitis  convalescent, 

975 
-antianthrax,  966 
—administration  of,  967 
— dosage,   967 
--preparation  of,  967 
--therapeutics  of,  967 
-antibacterial,  966-974 

-antibotulism,  966 
-anticholera,  9  67 

-antidiphtheritic,   959,   961 

--administration  of,  9  68 

--preparation  of,   961,   968 

-antierysipelas,    963 

-antigas-gangrene,    974 

-antigonococcic,  9  68 

--administration  of,  969 

---contraindications  to,   969 

— dosage,  9  69 

--preparation  of,  9  68 

--therapeutics  of,  969 

-antimeningitis,   969 

--administration  of,  970 

—dosage,  970 

—preparation  of,  970 

-antiplague,  970 

--administration  of,  970 

—-dosage,  971 

--preparation  of,  970 

-antipneumococcic,    971 

--preparation  of,  971 

--therapeutics   of,    972 

-types  of,   971,   972 

-antiscarlatinal,  973 

--preparation  of,  973 

--therapeutics  of,  973 

-antistaphylococcic,   973 

-antistreptococcus,   972 

—preparation  of,  972,  973 

--therapeutics  of,   973 

--types  of,  972 

-antitetanic,  9  64 

--administration  of,  966 

— dosage  of,  966 

--prophylactic  use  of,  965 

—serologic  action,   964 

--therapeutics  of,  965 
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Senini,  antitoxic,   959-066,    976 

-antituberculous,  974 

--administration  of,   974 

— dosage,  974 

--preparation  of,  974 

-antityphoid,   974 

-hay-fever,    978 

--preparation  of,  978 

--therapeutics  of,  978 

-hemorrhage  and,  1245 

-horse,   1245 

--administration  of,  1246 

--therapeutics  of,  1245 

-human  immune,  974 

-influenzal  pneumococcic  convalescent,  97  6 

-measles  convalescent,  975 

-normal,  952 

--administration  of,  952 

--reactions  to,  952 

--therapeutics  of,  952 

■-varieties  of,  952,  953 

-scarlatina  convalescent,  974 

Serum  antianthraclcuin,  materia  medica 
of,   967 

Serxini  antidiphthericum  puriflcatum,  ma- 
teria medica  of,  961 

Serum  antidysentericum,  materia  medica 
of.    967 

Serum  antigonococcicum,  materia  medica 
of,  968 

Serum  antinieningococcicum,  materia  med- 
ica of,  969 

Serum  antipncumococcicum,  materia  med- 
ica of,  971 

Scrum  antistrcptocoecicum,  materia  med- 
ica of,  972 

Serum  antitctanicum,  materia  medica  of, 
964 

Serum  antitetanicum  purificatum,  materia 
medica  of,  964 

Scrum  bovimim,  materia  medica  of,   952 

Senim  eaprioornum.  materia  medioa  of,  952 

Serum  equinum.  materia  medica  of,   952 

Seinim  sanauinis  hominis,  materia  medica 
of,    952 

Sekt;m  sickness,  calcium  in,  1359 

-epinephrine  in,  1470 

-pituitary  extract  in,  1480 

-reaction  in,   266 

Sesame  oil,  materia  medica  of,  1004 

Sesqniehloride  of  iron,  materia  medica  of, 
1218 

Seven-barks,  materia  medica  of,  734.   1516 

Sevum  benzoatum,  materia  medica  of,  1006 

Sevum  benzoinatum,  materia  medica  of, 
1006 

Sevum  prirparatum,  materia  medica  of, 
1006 

Sex,  dosage  and,  374 

-drug  tolerance  and,   251 

Sexuat,  desire,  drugs  influencing,   1534 

Sheep  berry,  materia  medica  of,  15  46 

Sheep  ■weed,  materia  medica  of.   1380 

Sherry,  materia  medica  of,   1635 

-therapeutics  of,  1650,  1651 

Sherry  wine,  materia  medica  of.   1635 

Shock,  anaphylactic,  acute,  266 

--atropine  in.   1844 

—epinephrine  in.  1470 

--pituitary  extract  In,   1480 


SiKK  K,  anaphylactic,  prevention  of,  266 

—treatment  of,  266 

-arsphenamine,  1470 

--epinephrine   in,    1470 

-cajuput  in,  841 

-circulatory  failure  and,   1650 

--alcohol  in,  1650 

-epinephrine  in,  1342 

-ether  in,  1605 

-homocainfin  in,   1299 

-operative,    1298 

--cardiazol   in,   1298 

-pituitary  solution   in,   1342 

-postoperative,   13  42 

--saline  infusion  in,   1342 

-prolonged,   1343 

--enteroclysis  in,  1343 

--proctoclysis  in,    1343 

-saline   injection   in,    1341 

-strychnine  in,   1568 

-surgical,  18  51 

--ephedrine  in.  1851 

--epinephrine   in,    1695 

--ergot  in,    1775 

--morphine  in,   1695 

--prophylaxis  of.  1342 

---saline  solution  in.  1342 

--strychnine  in,  1695 

-traumatic,  1341 

--saline  infusions  in,  1341 

— rectal  injection  of,  1341 

Sialagogue,  lobelia,  1800 

-kinds  of,  1103 

-pilocarpine,    1793 

-therapeutics  of,  1104 

Sialorrhea,  atropine  in,  1842,  1844 

-ergot  in,  1773 

Sidonal,  materia  medica  of,  1440 

Silicon,  poisoning  by,   9  81 

-uses  of,   981 

Silver,  antipathogenic  action  of,  714 

-chemistry  of,  712 

-compounds  of,   281 

-pharmacodynamic  action  of,  715 

-source  of,   281 

-summary  of  actions  and  uses  of,  712 

Silver  arsphenamine,  chemistry  of,   625 

-materia  medica  of,   626 

-pharmacodynamic  action  of,  630 

-therapeutics  of.  641 

SilA'er  citrate,  materia  medica  of.  714 

Silver  compounds,  antidote  for,  1860 

-colloidal.  721 

--administration  of,   721 

— intravenous,    721 

— inunction,  721 

—oral.  721 

--antipathogenic  action  of,   717 

--chemistry  of,   717 

--classification  of.   718 

--pharmacodynamic  action  of,  715 

--therapeutics  of,  717-721 

Silver  fluoride,  materia  medica  of,  563 

-therapeutics  of,  566 

Silver  iodide,  materia  medica  of.  714 

Silver  lactate,  materia  medica  of,  714 

Silver  nitrate,  boils  and.  721 

-materia  medica  of.  712 

-parasitic  skin   lesions  and,   441 

-warts  and,  720 
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Silver  nitrate  solutions,  conjunctivitis  and, 

720 
—acute,  720 
—purulent,   720 
-cystitis  and,   720 
-eczema  and,  720 
—chronic,  720 
-gonorrhea  and,  719 
-impetigo  and,  7  20 
-intertrigo  and,  720 
-kidney  infection  and,  720 
-myringitis,  721 
--chronic,  721 
-ophthalmia  and,  720 
--gonorrheal,   7  20 
-pyelonephritis  and,  720 
-seborrhea  and,  720 
-tumor  and,   720 
—bladder,  720 

Silver  oxide,  materia  medica  of,  714 
Silver  salts,  organic,   gonorrhea  and,   719 
Silvol,  materia  medica  of,   714 
Simple  cerate,  materia  medica  of,   1002 
Simple  elixir,  materia  medica  of,  1211 
Simple      ointment,      materia      medica      of, 

1005 
Simple  syrup,  materia  medica  of,   1210 
Sinapis,  chemistry  of,   1030 
-pharmacodynamic  action  of,   1031 
-therapeutics  of,  1032,  1033 
Sinapis  alba,  materia  medica  of,  1030 
Sinapis  nigra,  materia  medica  of,  1031 
Sinuses,  accessory  nasal,  methenamine  in, 

740 
Sinusitis,    nasal,    parathyroid    medication 

in,  1483 
-suppurative,  1060 
--zinc  ionization  in,  1060 
Siominc.  materia  medica  of,   1417 
Sirop  Gilbert,  administration  of,   708 
Sirup,  materia  medica  of,  1210 
Skin,  acids  and,  506 

-acute  inflammatory  conditions  of,   422 
--sulphur  in,  422 
— contraindications,  422 
-affections  of,  1649 
—alcohol  in,  1649 
—alkalis  in,  520 
--alum  in,   1044 
--anesthesin  in,  1758 
--arsenic  in,  617,  1529 
--asafetida  in,   850 
--atropine    in,    1839 
--balsam  of  Peru  in,   862 
--belladonna  ointment  in,   1839 
--betanaphthol  in,  8  66 
--boric  acid  in,  584 
--cajuput  in,  840 
--camphor  in,  831 
— cantharides  in,   1038,   1039 
--chelidonium  in,  1700 
--chlorates  in,  542 
--chlorbutanol  in,  1630 
—chlorine  in,    536 
--chromic  acid  in,   1087 
--citric  acid  in,   1253 
--cod-liver  oil   in,   1094 
--cotarnine  in,  1312 
--dulcamara  in,  1392 
—ergot  in,  1773 


Skin,  affections  of,  eucalyptol  in,  827 

--formaldehyde  in,  7  38 

--gallic  acid  in,  1074 

--glycerin  in,  1000 

--grindelia  in,   1384 

--guaiacol  in,  781 

--hydrastinine  in,   1312 

--hydrogen  dioxide  in,  497 

--hydrogen  peroxide  in,  440 

--hydroxylamine   hydrochloride   in,    433 

--ichthyol  in,   579 

--inorganic  peroxides  in,  499 

--iodine  in,   550 

—lead  in,  1053 

--magnesium  sulphate  in,   1724 

--menthol  in,  834 

—mercury  in,   682,   683 

--oil  of  cade  in,  853 

--oil  of  clove  in,  820 

--opium  wash  in,   1684 

--orthoform   in,    1758 

--oxygen  in,   1394 

--parasitic,   440 

— boric  acid  in,  440 

— camphor  in,   439 

---kamala  in,   477 

—menthol,    439 

— oil  of  cade  in,  439 

—thymol  in,   439 

--phosphorus  in,  1412 

--Phytolacca  in,   1140 

--pilocarpine  in,   1794 

--quinine  in,   902 

--radium  in,   1080 

--salol  in,  798 

--silver  nitrate  solutions  of,  720 

--soaps  in,  520,  521 

--sodium  carbonate  in,  521 

--sodium  iodide  in,   1425 

--sodium  perborate  in,  500 

--starch  in,    997 

--sulphides  in,   577 

—sulphur  in,   422,   425 

--sulphurous  acid  in,  580 

—tar  in,  770 

--thyroid  preparations  of,  1458 

--uranium  in,  726 

--vanadium  in,  730 

--witch  hazel  in,  1075 

—yeast  in,  1204 

--zinc  chloride  in,  1060 

-cutaneous  adjuvants,   1532 

-depressants  of,  1530 

--classification  of,  1530 

-diagnostic  tests  and,  325 

--examples   of,    325 

-drug  absorption  and,  208 

-drugs  acting  on,  1529 

--classification  of,   1529 

-eruptions   of,    675 

--mercury  and,   675,   680 

-fungus  implantation  of,  440 

--sodium  perborate  in,    440 

--zinc  perborate  in,  440 

-hyphomycetic  parasitism  of,  441 

--cupric  oleate  in.  441 

--pyrogallol  in.   763 

-lesions  of,   421 

--impetiginous,  421 

— sulphur  in,  421 
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Ski.v.   lesions  of,  saline   injections  in,    1345 
-stimulants  of,    1530 
-topical  applications  to,   317-319 
-tuberculosis  of,   1085 
--lactic  acid  in,   1085 
Skin  foods,  composition  of,  1532 
Skullcap,  materia  medica  of,  1545 
Slaked  lime,  materia  medica  of,  513 
Si.KKiM.Nci  suKNKSs,  arspheiiaminc  in,  633 
-sodium  salicylate   in,   800 
-tartar  emetic  in,   593 
Slippery  elm.   materia  medica  of,    9  88 
-therapeutics  of.  997 
SiiAi.U'DX.   iodine  in,    550 
-itching  of.  1650 
--alcohol  in.   1  650 
-phenol  in.  755 
-revaccination  and,  922 
-virus  of,   921 
--preparation  of,  921 
Smallpox  inoculation,  history  of.  920 
Smallpox   vaccination,   phenomena  follow- 
ing. 922 
-technique  of.  922 

Smallpox  vaccine,  materia  medica  of,  920 
SmcllinK-  salts,  ammonia  in,  1372 
Smith  solution  of  bromine,  materia  medica 

of.    561 
Smyrna  sails,  materia   medica  of,   1063 
Snakk  hitk.  alcohol  in.   1652 
-chlorinated  soda  in,   537 
-gold  in.  656 
-serum  treatment  of,  977 
-symptoms  of,   1731 
S.NAKK   POisoMNG,   shock    in,    ammonia   in, 

1372 
Snake  venom,  gelatin  and,  1248 
-materia   medica   of,    1730 
-mercury  and,   688 
Snkkzixg  ga.s,  pharmacodynamic  action  of, 

1029 
Snowdrop  tree,  materia  medica  of,   1380 
Soamine.   chemistry   of,    621 
-materia   medica   of,    621 
Soap,  materia  medica  of,  512 
Soap  bark,  materia  medica  of,  1380 
Soap  liniment,  materia  medica  of,   513 
Soap    plaster,    materia    medica    of,     1011, 

1047 
Soaps,  pharmacodynamic  action  of,    516 
-therapeutics  of.    520,   521 
Soapstone,  materia  medica  of,   983 
Soapwort.  materia  medica  of,  1380 
Soda,  caustic,   antidote  for,    18  58 
Soda  mint,  materia  medica  of,  514 
Soda-mint  tablets,  materia  medica  of,    514 
Soda  saleratus,  materia  medica  of,   514 
Sodiarsphenamina,      materia      medica      of, 

626 
Sodii  acetas.  materia  medica  of,  1519 
Sodii    acetylarsanilas,    materia    medica   of, 

622 
Sodii  aminoplienylarsena.s,  materia  medica 

of,    621 
Sodll  arscnas.  materia  medica  of,  596 
Sodii  arsenas  anhydrosus,  materia  medica 

of,   596 
Sodii   arsenas   exslccatus,    materia    medica 

of,   596 
Sodii  benzoas,  materia  medica  of,  783 


Sodii    bcnzo-sulphlnidum,    materia    medica 

of.    1210 
Sodii  bii-arbonas.  materia  medica  of,  514 
.Soilii      bipliosplias,      materia      medica      of, 

5  0  5 
Sodii  l>isulphis,  materia  medica  of,  571 
Sodii  l)()ras,  materia  medica  of,   581 
Sodii  broniiduni,  materia  medica  of,   1712 
Sodii  cacodylas,  materia  medica  of,   619 
So<lii  <-arbonas.   materia  medica  of,   515 
Sodii  carbonas  exsiccatus,  materia  medica 

of,    515 
Sodii     carbonas     nionohydratus,      materia 

medica  of,  514 
Sodii    i-liaulmoo^ras,    materia    medica    of, 

913 
Sodii  cliloras,  materia  medica  of,  539 
Sodii  chloridum,   materia  medica  of,    1335 
Sodii  cinnamas,  materia  medica  of,    861 
Sodii  citras,  materia  medica  of,  1251 
Sodii    citro-tartras    efferi'cscens,     materia 

medica  of,   12  52 
Sodii  c,vaniduni,  materia  medica  of,  1385 
Sodii     ferrialbunias,     materia     medica    of, 

1226 
Sodii  fluoridum.  materia  medica  of,  563 
Sodii  formas.  materia  medica  of,    1579 
Sodii  glyceropbosphas,  materia  medica  of, 

1405 
Sodii       slyco-taurocholas-bovis,       materia 

medica  of,   1187 
Sodii  hydnocarpas,  materia  medica  of,  914 
Sodii     liydroxidum,     materia     medica     of, 

512 
Sodii    hypophospliis,    materia    medica    of, 

1407 
Sodii   indig-otindisulphonas,    materia   med- 
ica of,  1526 
Sodii  iodas.  materia  medica  of,  1418 
Sodii  iodidum,  materia  medica  of,    1416 
Sodii     metavanadas,     materia     medica     of, 

728 
Sodii    metliylarsenas,    materia    medica    of, 

620 
Sodii    morrhuas,    materia    medica    of,    914, 

1092 
Sodii  nitras.  materia  medica  of,  1519 
Sodii   nitris.   materia   medica   of,    1326 
Sodii  perboras,  materia  medica  of,  491 
Sodii  peroxidum.  materia  medica  of,  490 
Sodii  phosplias.  materia  medica  of,  1153 
Sodii  phospliJis  acidus,  materia  medica  of, 

505 
Sodii  pliosjilias  cffer^'escens,  materia  med- 
ica of,  1153 
Sodii  phosplias  exsiccatus,  materia  medica 

of,   1153 
Sodii  salicylas,  materia  medica  of,  788 
Sodii   silico-fluoridum,   materia  medica   of, 

563 
Sodii  sulphas,  materia  medica  of,   1154 
Sodii  sulphas  effcrvescens,  materia  medica 

of,   1154 
Sodii  sulpbis.  materia  medica  of.  571 
Sodii    sulpliis    exsiccatus,    materia    medica 

of,   571 
Sodii    sulpho-ichthyolas,    materia    medica 

of,   570 
Sodii  tartras.   materia   medica  of.    1519 
Sodii  thiosulphas,  materia  medica  of,   572 
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Sodium,  absorption  and  elimination  of, 
1335 

-antiseptic  action,  1335 

-pharmacodynamic  action  of,   1335 

-source   of,    280 

-systemic  action  of,  1336 

-therapeutics  of,   1337 

-toxicity  of,   1336 

Sodium  acetarsenate,  materia  medica  of, 
622 

-therapeutics  of,   622 

Sodium  acid  phospliate,  materia  medica 
of,    505 

Sodium  acid  phosphate  (monobasic),  ma- 
teria medica  of,  505 

Sodium  aminarseiiate,  materia  medica  of, 
621 

Sodium  arsanilate,  antipathogenic  action 
of,  621 

-chemistry  of,  621 

-materia  medica  of,   621 

-pharmacodynamic  action  of,   621,   622 

-therapeutics   of,    622 

Sodium  arsphcnaminc,  injection  of,  640 

Sodium  arsenphcnolamine,  materia  med- 
ica  of,    626 

Sodium  auric  thiosulpliate,  materia  medica 
of,  654 

Sodium  benzoate,  biliary  lithiasis  and, 
784 

—catarrhal  jaundice  and,  784 

-chemistry  of,   782 

-influenza  and,  784 

-typhoid  fever  and,  784 

Sodium  bicarbonate,  emesis  and,   1141 

-hookworms  and,   445 

-tapeworms  and,  446 

-therapeutics  of,  1338,  1339 

-threadworms  and,  443,  444 

Sodium  biphosphate,  materia  medica  of, 
505 

Sodium  borate,  epilepsy  and,  1717 

-threadworms  and,  443 

Sodium  bromide,   therapeutics   of,    1716 

Sodium  cacodylate,  administration  of,   620 

-therapeutics  of,  620 

Sodium  carbonate,  materia  medica  of,   514 

-therapeutics  of,    1339 

-threadworms  and,  443 

Sodium  chlorate,  gastric  cancer  and,   542 

-hyperchlorhydria  and,   542 

Sodium  chloride,  absorption  and  elimina- 
tion of,  1335 

-administration  of,   1345 

--methods  of,    1345 

-antiseptic  action  of,  1335 

-emesis  and,  1141 

-intravenous  injection  of,  337 

-isotonic  solution  of,   1340 

--injection  of,  1340 

— intraperitoneal,   1340 

— intravenous,  1340 

—rectal,  1340 

— subcutaneous,  1340 

--therapeutics  of,   1340 

-pharmacodynamic  action  of,   1335 

-systemic    action    of,    1336 

-therapeutics   of,    1337 

-threadworms  and,  443 

-toxicity  of,   1336 


Sodium  cinnamate.  administration  of,   786 

-materia  medica  of,   78  5 

-therapeutics  of,  862 

Sodium  citrate,  blood  transfusion  and, 
1249,    1254 

-therapeutics  of,  1253,  1254 

Sodium  diarsenol,  materia  medica  of,    62  6 

Sodium  dietliylbarbiturate,  materia  medica 
of,    1616 

Sodium  diliydrogen  phosphate,  materia 
medica  of,   505 

Sodium  dimethylarsenate,  materia  medica 
of,    619 

Sodium  fluoride,  pharmacodynamic  action 
of,  565 

-therapeutics  of,   566 

Sodium  formate,  therapeutics  of,  741,  1579 

Sodium  glycerinopliosphate,  materia  med- 
ica of,   1405 

Sodium  gynecardate,  materia  medica  of, 
913 

Sodium  hydrate,  materia  medica  of,  512 

Sodium  liypoclilorite  solution,  preparation 
of,   530 

Sodium  hyposulphite,  functional  kidney 
test  and,  1526 

-materia  medica  of,   572 

Sodium  ichthyol,  materia  medica  of,  570 

Sodium  monobenzyl,  therapeutics  of,   1808 

Sodium  nitrite,   administration   of,    1331 

-therapeutics  of,   1331 

Sodium  oleate,   cholagogue   pills  and,    527 

Sodium  oxalate,  materia  medica  of,  12  55 

Sodium  -  oxymercuriorthonitro  -  phenylate, 
materia  medica  of,   666 

Sodium  paratoluenesulphonechloramide, 
materia  medica  of,  532 

Sodium  perborate,  therapeutics  of,  440, 
444,   500 

Sodium   persulphate,   therapeutics   of,    500 

Sodium  phosphate,  hookworms  and,  445 

-tapeworms  and,  446 

-therapeutics  of,  1176,  1338 

-threadworms  and,  444 

Sodium  phosphate  (monobasic),  materia 
medica  of,  505 

Sodium  potassium  tartrate,  materia  med- 
ica  of,    1152 

Sodium  potassium  tartrobismuthate,  syph- 
ilis and,   650 

Sodium  pyroborate,  materia  medica  of,  581 

Sodium  salicylate,  acute  articular  rheuma- 
tism and,  784 

-therapeutics  of,  799-801 

Sodium  salt  of  nosophen,  materia  medica 
of,  555 

Sodium  salts,  classification  of,  1334 

-diuresis  and,   1521 

Sodium  santoninate,  therapeutics  of,  453 

Sodium  silicofluoride,  therapeutics  of,    566 

Sodium  silver  arsphenamine,  materia  med- 
ica of,   626 

Sodium  sidphate,  hookworms  and,   445 

-therapeutics  of,    117  6,    1338 

-threadworms  and,  444 

Sodium  tartrate,  therapeutics  of,   1176 

Sodium  tetraborate,  materia  medica  of, 
581 

Sodium  thiosulphate,  therapeutics  of,  580, 
1176 
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Soft  soap,  materia  medica  of,  512 

Soft  zinc  paste,  materia  medica  of,  1057 

Solanidine,  therapeutics  of,  1392 

Solanine,  therapeutics  of,   139  2 

Solanuni,  materia  medica  of,   1392 

-therapeutics  of,  1392 

Solarfiontuni,  materia  medica  of,  714 

Soliditiod  coiiaiba,  materia  medica  of,   843 

Solid  lodipin,  materia  medica  of,  1416 

Solid  opodrldof.  materia  medica  of,   513 

Solid  pctrox,  materia  medica  of,  1003 

Solid   petroxolin,  materia   medica  of,    1003 

SoMiis,  physical  incompatibility  and,  389 

Solnine,  therapeutics  of,   1392 

SoLi'BiLiTY,  drug,  alterations  in,  2  69 

--decrease  of.  269 

— therapeutic  use  of,  269 

Soluble  antiseptic  powder,  materia  medica 

of,  1057 
Soluble  barbital,  materia  medica  of,    1616 
Soluble  cream   of  tartar,   materia   medica 

of,   582 
Soluble  ferric  citrate,  materia  medica   of, 

1219 
Soluble   ferric   oxide,    materia    medica    of, 

1218 
Soluble  ferric  phosphate,   materia   medica 

of,   1219 
Soluble      ferric     pyrophosphate,      materia 

medica  of,  1220 
Soluble  Rluside,  materia  medica  of,  1210 
Soluble    sun    cotton,    materia    medica    of, 

1010 
Soluble  iron  and  quinine   citrate,   materia 
medica  of,  1219 

Soluble  manganese   citrate,   materia   med- 
ica of,  1234 
Soluble  manganese  glycerophosphate,  ma- 
teria medica  of,  1234 

Soluble  saccharin,  materia  medica  of,  1210 

Soluble  tartar,  materia  medica  of,  1153 

SonTES.  action  of,  161,  162 

-definition  of,  299 

Solution,  coefficient  of  distribution,  163 

-colloidal,  179 

--therapeutic  use  of,  179 

-composition  of,   161 

—solute,  161 

--solvent,  161 

-definition  of,    299 

-disinfectant,  1856 

—percentage  method  of  making,  1856 

-equimolecular,  165 

-hypertonic,   164 

-hypotonic,    164 

-incomplete,   389 

--liquid  preparations  and,  389 

-isotonic,  164 

-molecular,  165.  166 

-percentage,  1856 

--table  for  making,   1856 

-saturated,  299 

--definition  of,  299 

-types  of,  161,  162 

Solution  of  acid  phosphates,  materia  med- 
ica of,  504 

Solution  of  albuminized  iron,  materia  med- 
ica of,  1221 

Solution    of    alnminum    acetate,     materia 
medica  of,  1041 


Solution  of  aluminum  subacetate,  materia 
medica  of,   1041 

Solution    of    ammonium    acetate,    materia 

medica  of,    13  68 
Solution    of    ammonium    citrate,    materia 
medica  of,    1251 

Solution  of  arsenic  chloride,  materia  med- 
ica of,   59  6 

Solution  of  arsenious  acid,  materia  medica 
of,   59  6 

Solution  of  arsenious  and  mercuric  iodide, 
materia  medica  of,  59  6 

Solution     of    atropine     .suli)iiate,     materia 
medica  of,   1824 

Solution  of  basic  ferric  sulphate,  materia 
medica  of.  1222 

Solution  of  bichloride  of  mercury,  materia 
medica  of,   661 

Solution   of   bismuth,    materia    medica    of, 
644 

Solution      of     bismuth      and      ammonium 
citrate,  materia  medica  of,  643 

Solution  of  brain  extract,  materia  medica 
of,   1246 

Solution   of   bromine,    materia    medica    of, 
561 

Solution    of    calcium    hydroxide,     materia 
medica  of,   514 

Solution  of  chloride  of  iron,  materia  med- 
ica of,   1221 

Solution  of  chlorinated  lime,  materia  med- 
ica of,   532 

Solution  of  chlorinated  soda,  materia  med- 
ica  of,    531 

Solution  of  chromic  acid,  materia  medica 
of,   1086 

Solution  of  coal   tar,   materia   medica   of, 
769,   770 

Solution    of   corrosive    sublimate,    materia 
medica  of,   661 

Solution     of     epinephrine     hydrochloride, 
materia  medica  of,   1462 

Solution  of  ethyl  pitrite,   materia   medica 
of,  1327 

Solution  of  ferric  acetate,  materia  medica 
of,  1221 

Solution  of  ferric  chloride,  materia  medica 
of,   1221,   1222 

Solution  of  ferric  citrate,  materia  medica 
of,   1221 

Solution  of  ferric  h>-pophosphite,  materia 
medica  of,   1222 

Solution  of  ferric  nitrate,  materia  medicg, 
of.   1222 

Solution    of    ferric    oxychloride,     materia 
medica  of.   1222 

Solution    of    ferric    oxysulphate,    materia 
medica  of,    1222 

Solution  of  ferric  salicylate,  materia  med- 
ica of,  790 

Solution    of    ferric    subsulphate.     materia 
medica  of.    1222 

Solution  of  ferric  sulphate,  materia  medica 
of,  1223 

Solution  of  ferrous  chloride,  materia  med- 
ica of.  1222 

Solution  of  formaldehyde,  materia  medica 
of,    733 

Solution  of  formaldehyde  with  soap,  ma- 
teria medica  of,   733 
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Solution  of  germanium  dioxide,  materia 
medica  of,  1237 

Solution  of  gutta  perclia,  materia  medica 
of.    1006 

Solution  of  hamamelis,  materia  medica  of, 
1066 

Solution  of  hydrogen  dioxide,  materia 
medica   of,    490 

Solution  of  hydrogen  peroxide,  materia 
medica  of,   490 

Solution  of  hypophosphite  of  iron,  materia 
medica  of,   1222 

Solution  of  iodine  and  zinc  phenolsul- 
phate,  materia  medica  of,  545 

Solution  of  iron  and  anunoniuni  acetate, 
materia  medica  of,  1221 

Solution  of  iron  iierchloride,  materia  med- 
ica of,  1221 

Solution  of  iron  tersulphate,  materia  med- 
ica  of,    1223 

Solution  of  lead  subacetate,  materia  med- 
ica of,   1046 

Solution  of  mag-nesium  bicarbonate,  ma- 
teria medica  of,  1150 

Solution  of  magnesium  citrate,  materia 
medica    of,    1150 

Solution  of  mercuric  chloride,  materia 
medica  of,   661 

Solution  of  mercuric  nitrate,  materia  med- 
ica of,   661 

Solution  of  mercury  and  potassium  iodide, 
materia  medica  of,    662 

Solution  of  morphine  acetate,  materia 
medica  of,   1662 

Solution  of  moi-phine  hydrochloride,  ma- 
teria medica  of,   1662 

Solution  of  morphine  tartrate,  materia 
medica    of,    1662 

Solution  of  oxysulphuret  of  calcium,  ma- 
teria medica  of,   569 

Solution  of  pancreatin,  materia  medica  of, 
1199 

Solution  of  pepsin,  materia  medica  of, 
1195 

Solution  of  peptonate  of  iron,  materia 
medica  of,   1222 

Solution  of  peptonate  of  iron  and  manga- 
nese, materia  medica  of,  1222 

Solution  of  perchloride  of  iron,  materia 
medica  of,   1222 

Solution  of  pernitrate  of  mercury,  materia 
medica  of,   661 

Solution  of  persulphate  of  iron,  materia 
medica  of,    1223 

Solution  of  phosphorus,  materia  medica 
of,    1404 

Solution  of  pituitary,  materia  medica  of, 
1475 

Solution  of  potassium  arsenate  and  bro- 
mide, materia  medica  of,   596 

Solution  of  potassium  arsenite,  materia 
miedica  of,  596 

Solution  of  potassium  citrate,  materia 
medica  of,   1520 

Solution  of  potassium  hydroxide,  materia 
medica  of,   512 

Solution  of  potassium  iodide,  materia  med- 
ica of,   1415 

Solution  of  potassium  iodohydrargyrate, 
materia   medica   of,    662 


Solution  of  potassium  permanganate,  ma- 
teria medica  of,   492 

Solution  of  procaine  hydrochloride,  ma- 
teria  medica   of,    1737 

Solution  of  protochloride  of  iron,  materia 
medica  of,   1222 

Solution  of  soda  and  mint,  materia  medica 
of,    514 

Solution  of  sodium  arsenate,  materia  med- 
ica of,  596 

Solution  of  sodium  citrate,  materia  medica 
of,   1252 

Solution  of  sodium  glycerinophosphate, 
materia  medica  of,    1405 

Solution  of  sodium  glycerophosphate,  ma- 
teria  medica   of,    1405 

Solution  of  sodium  hydroxide,  materia 
medica  of,    512 

Solution  of  strychnine  acetate,  materia 
medica  of,   1555 

Solution  of  strychnine  hydrochloride,  ma- 
teria medica  of,   1555 

Solution  of  sulphurated  lime,  materia 
medica  of,  569 

Solution  of  thorium  and  sodium  citrate, 
materia  medica  of,   1082 

Solution  of  zinc  chloride,  materia  medica 
of,  1057 

Solvents,  action  of,  161 

-corn,    1533 

--composition    of,    1533 

-definition    of,    161,    299 

-Icinds   of,    299 

-osmotic  pressure  in,  163 

Soma,  directive  influence  of,   129,   130 

--example   of,    129 

Sokes,  septic,  Dalcin  solution  in,   537 

SoRE-THROAT,  Streptococcic,  champagne  in, 
1650 

Soudan  coflfee,  materia  medica  of,   1506 

Spanish  chamomile,  materia  medica  of, 
1103 

Spanish  fly,  chemistry  of,  1033 

-materia  medica  of,   1034 

Sparteinse  sulphas,  materia  medica  of, 
1572 

Sparteine,   administration   of,    1574 

-chemistry   of,    1572 

-pharmacodynamic   action   of,    1572 

-summary  of  actions  and  uses  of,  1572 

-systemic   action   of,    1573 

-therapeutics   of,    1303,    1574 

-toxicity   of,    1572 

Spasm,   asthmatic,   papaverine  in,    1698 

-vesical,    1845 

--atropine  in,    1845 

— hyoscyamus  in,   1846 

Spasmophilia,  infantile,  parathyroid  med- 
ication in,   1482 

-magnesium   sulphate   in,    1726 

Spearmint,   materia   medica   of,    823 

Spearmint  water,  materia  medica  of,   823 

Species  ad  infusum  pectorale,  materia 
medica   of,    988 

Species  laxantes.  materia  medica  of,   1162 

Species  laxativje,  materia  medica  of,  1162 

Species  pectorales.  materia  medica  of,  988 

Specifics,   empirical,   example   of,    401 

Spermaceti,  materia  medica  of,   1002 

-therapeutic  use  of,   1007 
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Spermaceti  ointment,  materia  medica  of, 
1002 

-atropine   in,    1845 

Spermatoukiiea,  atonic,  ergot  in,   1777 

-bromides  in,   1717 

-cantharides  in,   1038 

-capsicum   in,    1019 

-strychnine  in,    1568 

SIMIIXCTER.  anal,  1842 

--spasmodic  closure  of,  1842 

---belladonna  in,    1842 

Spiced  syrup  of  rliubarb,  materia  medica 
of,  1159 

Spigelia,  administration  of,   455 

-chemistry  of,  454 

-materia  medica  of,  454 

-pharmacodynamic  action   of,   454 

-roundworms   and,    445 

-summary  of  actions  and  uses,  454 

-therapeutics  of,  454 

Spijinet,   materia   medica   of,    1380 

Si'iXA  BIFIDA,  Morton  fluid  in,  549 

Spixal  cord,  drugs  acting  on,   1551 

-infection   of,    739 

--methenamine  in,  739 

Spirit  of  antlios,  materia  medica  of,   840 

Spirit  of  ants,  materia  medica  of,  1579 

Spirit  of  bitter  almond,  materia  medica  of, 
1004 

Spirit  of  formic  acid,  materia  medica  of, 
1579 

Spirit  of  mindererus,  materia  medica  of, 
1368 

Spirit  of  nutmeg,  materia  medica  of,   817 

Spirit  of  peppermint,  materia  medica  of, 
823 

Spirit  of  spearmint,  materia  medica  of,  8  23 

Spirit  of  turpentine,  materia  medica  of, 
849 

Spiritus  acidi  formici,  materia  medica  of, 
1579 

Spiritus  SPtlieris,  materia  medica  of,   1600 

Spiritus  setheris  compositus,  materia  med- 
ica  of,    1600 

Spiritus  a'tlierig  nitrosi,  materia  medica 
of,    1327 

Spiritus  setliylig  nitritis,  materia  medica 
of,    1327 

Spiritus  anunoniae  anisatus,  materia  med- 
ica of,   1368 

Spiritus  amnionife  aromaticus,  materia 
medica  of,   1368 

Spiritus  ammoniac  fcetidus,  materia  med- 
ica of,   13  68 

Spiritus  amygdalae  amarae,  materia  medica 
of,   1004 

Spiritus  anisi,  materia  medica  of,  811 

Spiritus  armoraciir  compositus,  materia 
medica   of,    1021 

Spiritus  aurantii  compositus,  materia  med- 
ica of,   1211 

Spiritus  cajuputi,  materia  medica  of,   840 

Spiritus  camphorae,  828 

Spiritus  cardamomi  compositus,  materia 
medica  of,   822 

Spiritus  chloroformi,  materia  medica  of, 
1588 

Spiritus  cinnamomi.  materia  medica  of,  815 

Spiritus  formicarum,  materia  medica  of, 
1579 


Spiritus  frumcnli,  materia  medica  of,  1635 
Spiritus  glyccrylis  nitratis,  materia  medica 

of,    1327 
Spiritus   juniperi,    materia   medica    of,    847 
Spiritus  junipi-ri  coini)c)situs,  materia  med- 
ica of,   S17 
Spiritus  la\aiulultp,  materia  medica  of,  817 
Spiritus  mentliic  piperitiC,  materia  medica 

of,    823 
Spiritus    menthte    viridis,    materia    medica 

of,    823 
Sjuritus    mindereri,     materia     medica     of, 

1368 
Spiritus  myrciai  compositus,  materia  med- 
ica  of,    817 
Spiritus  myristicae,  materia  medica  of,  817 
Spiritus  odoratus,  materia  medica  of,  815 
Spiritus    rectificatus,    materia    medica    of, 

1G34 
Spiritus  rosmarinl,  materia  medica  of,  840 
Spiritus  sinapis,  materia  medica  of,  1031 
Spiritus  vanillini  compositus,  materia  med- 
ica of,  820 
Spiritus  vini  vitis,  materia  medica  of,  1635 
Spirochetosis,  bronchial,  arsphenamine  in, 

633 
Spirosal.  materia  medica  of,   790 
Splaxciixic   system,   circulation  and,    12  58 
Spleex,    cirrhosis    of,    splenic    extract    in, 

1240 
-enlargement  of,  549 
--iodine  in,   549 
-extract  of,  1240 
--therapeutics   of,    1240 
-rupture  of,   1689 
--morphine  in,  1689 

Spleen  substance,  materia  medica  of,  1240 
Splexectosiy,     splenic     extract     following, 

1240 
Splexomegaly.  ergot  in,  1776 
-hydrofluoric   acid    in,    567 
-splenic   extract  in,   1240 
Spodium,  materia  medica  of,   9  81 
Spogel  seeds,   materia   medica  of,    989 
-therapeutics  of,   996 
Sporotrichosis,  iodides  in,  1428 
Spraixs.  calendula  in,   1119 
-witch  hazel  in,   1075 
Sprays,   alcohol,    1649 
-antiseptic,    520 
--alkalis,    520 
-pituitary  extract,    1478 
Springs,  mineral,   1185 
Sprue,  pepsin  in,  1197 
-santonin   in,    452 

Squaw  root,  materia  medica  of,   1543 
Squaw  vine,   materia  medica   of,    1544 
Squibb's  diarrhea  mixture,  materia  medica 

of,    1661 
Squill,  administration  of,  1296 
-history  of,  1262 
-iTiateria  medica  of,   1271 
-therapeutics   of,    1295 
Squirrel  corn,  materia  medica  of,   1114 
Stag  bush,  materia  medica  of,   1546 
Stainless  iodine  ointment,  materia  medica 

of,    545 
Staphisagria,  materia  medica  of,   434 
Staphisagrine,  chemistry  of,   434 
-pharmacodynamic  action  of,   435 
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Staphylobactcrine,  administration  of,  dos- 
age, 937 

-bacteriodynamic  reaction,  936 

-chemistry  of,  936 

-materia   medica    of,    936 

-therapeutics  of,    936 

-varieties   of,    935 

Staphylococcus  vaccine,  materia  medica 
of,  936 

Starch,  antidote,   iodine   poisoning,    997 

-iodized,   1425 

--ulcers  and,   1425 

-materia  medica  of,    990 

-therapeutics  of,   984,   997 

Star  grass,  materia  medica  of,   1542 

Status  epilepticus,  hyoscine  in,  1847 

-luminal-sodium  in,   1620 

-morphine   in,    1695 

Stavesacre,   materia  medica  of,    434 

Stavcsacre  omtment,  materia  medica  of, 
434 

Stearic  acid,  materia  medica  of,   1006 

-therapeutic  use  of,    1010 

Stenosis,  aortic,  digitalis  in,   1288 

—nitroglycerin   in,    1332 

-mitral,   1320 

--aconite  in,    1320 

—digitalis  in,    1287 

—morphine  in,   1691 

—pregnancy   and,    1290 

—digitalis  in,   1290 

Sterilized  distilled  Tvater,  materia  medica 
of,   1517 

Stili  acidi  salicyUci,  materia  medica  of,  788 

Stillingia,  materia  medica  of,   1168 

-therapeutics   of,    1182 

Stimulants,  alimentary,   1103-1190 

-blood,    1216 

—drugs,    1216 

-cardiac,  1372 

—ammonia  as,    1372 

--assay  of,   305 

— biologic,   305 

--classification    of,    305 

—ether,   1605 

—synthetic,    1297 

-cardiovascular,  1261-1313 

—digitalis   bodies,    1261-1297 

--drugs  with   obscure   action,    1304-1306 

—synthetic  cardiac,    1297-1304 

--vasoconstrictors,    1306 

-circulatory,   1469 

--epinephrine  in,   1469 

-classification  of,    1483 

-cutaneous,    1530 

--classification  of,  1530 

-nerve,    1552 

—classification  of,  1552 

—drugs  acting  as,  1552 

-nutritive,    1402 

—classification  of,    1402 

—foods  and,    1402 

--metabolism  and,   1402 

-pancreatic,    1190 

-respiratory,    1366-1384 

—lobelia,  1800 

—respiratory   center,    1366 

—excitants   of,    1366 

— expectorants,    1376 

--strychnine,    1566 


Stimulants,  spinal,  1552 

-strychnine    and,    1567 

-urinary,    1499 

—diuretics,    1499-1524 

-vagus,    1313 

Stimulation,  oppositional,  pilocarpine  and, 

1794 
— dosage,   1795 

Stinging  nettle,  materia  medica  of,  1027 
Stings,  insect,  sodium  chloride  in,   1338 
Stinking    nightshade,    materia    medica    of, 

1823 
Stipides  aspidii,  materia  medica  of,  464 
Stokes'    expectorant,    materia    medica    of, 

1271 
Stokes'  liniment,  materia  medica  of,  849 
STOiiAcii,  affections  of,  alum  in,   1044 
--myrrh  in,   852 
--opium  in,  1687 
-atony  of,  1704 
--cannabis  in,  1704 
-chronic  catarrh  of,   1565 
--nux  vomica  in,  1565 
-derangements  of,  1101 
--secretory,   1101 
-dilatation  of,  1786 
-acute,  1786 

— eserine  sulphate  in,  1786 
—lavage  in,  1338 
— sodium   chloride,   1338 
--nux  vomica  in,   1565 
-distention   of,    1605 
--Hoffman  anodyne  in,  1605 
-drug  tolerance  and,   253 
-hyperacidity  and,  1338 
--sodium  bicarbonate  in,  1338 
-hyperesthesia  of,   523 
--sodium  bicarbonate  in,  523 
-morphine   and,    1673 
-motor  disturbances  of,  1102 
-topical  applications  and,   319 
-ulcer  of,  523 
--alkalis  in,  523 

Stomach  drops,  materia  medica  of,  1110 
Stomachic    tincture,    materia    medica    of, 

1110 
Stomatitis,  antinosin  in,  5  60 
-aphthous,  1119 
--coptis  in,   1119 
--quinine  hydrochloride  in,  899 
—tannin  in,  1073 
-berberis  in,  1119 
-boric  acid  in,  585 
-catarrhal,  653 
--copper  sulphate  in,  653 
-chlorates  in,  541 
-coptis  in,   1119 
-mercurial,  1649 
--alcohol  mouth  wash  in,   1649 
--mercury  and,  675,  677 
-parasitic,  414 
--agents  used  in,  414 
-pyrethrum  in,  1104 
-sodium  thiosulphate  in,  580 
-ulcerative,   1087 
--chromic  acid  in,  1087 
--colloidal  silver  compounds  in,  718 
--sulphur  in,   421 

Stone  oak,  materia  medica  of,  1068 
Stovaina,  materia  medica  of,  17  37 
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Stovaine,  chemistry  of,  1752 

-local  anesthesia  and,  1752 

-pharmacodynamic  action  of,   1752 

-therapeutics  of,   1758 

Stovarsol,  chemistry  of,    62  3 

-materia  medica  of,  623 

-pharmacodynamic  action  of,   623 

-therapeutics  of,   624 

Straight   chain  compounds,    732-741 

Stramonium,   antidote   for,    18  59 

-chemistry  of,  1818,  1819 

-materia  medica  of,   1823 

-therapeutics  of,   1846 

Stramonium  ointment,  materia  medica  of, 

1824 
Strangury,  hyoscyamus  in,  1846 
-santonin  in,  452 
Strenj'tli  of  vinum  stibiatum  P.I.,  materia 

medica  of,    589 
Strcptobactcrine,    administration    of,    dos- 
age,  939 
-materia  medica  of,  938 
-preparation  of,  937,  938 
-therapeutics  of,  938 
-varieties  of,  937,  93  8 
Streptococcus  vaccine,  materia  medica  of, 

938 
Stricture,    esophageal,   saline   infusion  in, 

1342 
-pyloric,  1342 
--saline  infusion  in,  1342 
-spasmodic  urethral,   1803 
--gelsemium  in,   1803 
--morphine  in,  1693 
--papaverine  in,   169  8 
--thiosinamine  in,  1099 
Stron<?er  ammonia  water,  materia  medica 

of,  1367 
Stronger      mercurial      ointment,      materia 

medica  of,  662 
Stronn^er  pill   of  iron,  quinine,  strychnine, 

and  arsenic,  materia  medica  of,  1223 
Stronger  protargin,  materia  medica  of,  713 
Stronger   rose   water,    materia   medica   of, 

819 
Stronger  solution  of  thorium  and  sodium 

citrate,  materia  medica   of,   1082 
Stronger  tincture  of  colchicum  corm,  ma- 
teria medica  of,  1432 
Strong    resorcinol    paste,    materia    medica 

of,  757 
Strong   silver-protein,    materia   medica    of, 

713 
Strong  solution  of  ferric  chloride,  materia 

medica  of,    1222 
Strongyloides     stercorai.is,     agents     used 

against,  442,  445 
Strongyi.oids,    agents    used    against,     442, 

445,    446 
Strontii    bromidum,    materia    medica    of, 

1712 
Strontii  carbonas,  materia  medica  of,  515 
Strontii  iodldum,  materia  medica  of,    1416 
Strontii  peroxidum.  materia  medica  of,  491 
Strontii   salicylas.   materia   medica   of.    788 
Strontium  bromide,  therapeutics  of,  1339 
Strontium  dioxide,  therapeutics  of,   500 
Strontium  lactate,  therapeutics  of,  1339 
Strontium  salicylate,  chronic  sciatica  and, 

800 


Stroplianthinum,   materia  medica   of,    1270 

Slrophanthi  semina,  materia  medica  of, 
1270 

Strophanthi  tinctura,  materia  medica  of, 
1270 

Stroplianthus,  administration  of,   1295 

-antidote  for,    1860 

-auricular  tibrillation  and,  1286 

-chemistry  of,   12  64 

-history  of,    1262 

-materia  medica  of,   1270 

-therapeutics  of,   1294 

-toxicity  of,   1275 

Strychnina,  materia  medica  of,  1555 

Strychninae  glycerophosphas,  materia  med- 
ica of,  1405 

Strychninac  hydrochloridum,  materia  med- 
ica of,  1555 

Strychninie  nitras,  materia  medica  of,  1555 

Strychninac  sulphas,  materia  medica  of, 
1555 

Strychninac  valeras,  materia  medica  of, 
1555 

Strychnine,  absorption  and  elimination  of, 
1556 

-administration  of,  1569 

-antidote  for,  1860 

-chemistry  of,  1553 

-fatal  dose  of,   1557 

-pharmacodynamic  action  of,  1556 

-poisoning  by,  1786 

--physostigmine  in,  1786 

--symptoms  of,  1558 

-summary  of  actions  and  uses  of,  1553 

-systemic  action  of,   1559-1565 

-therapeutics  of,    1565-1569 

-toxicity  of,   15  57 

Strychnine  glycerinophosphate,  materia 
medica  of,    1405 

Strychni  semen  P.I.,  materia  medica  of, 
1554 

Strychni  tinctura  P.T.,  materia  medica  of, 
1554 

Stye,  mercury  in,   685 

Styptic  collodion,  materia  medica  of,   10  63 

Stypticin,  materia  medica  of,  1308 

StJTJtol,   materia  medica  of,    1308 

Styrax,  materia  medica  of,  860 

-therapeutics  of,  862 

Subchloride  of  mercury,  materia  medica 
of,    660 

Sublamine.  materia  medica  of,  667 

SuBLiMATiox,  process  of,   301 

Sublimed  sulphur,  materia  medica  of,   417 

Succinic  dioxide,  bactericidal  power  of, 
494 

-materia  medica  of,   491 

Succinic  peroxidum,  materia  medica  of, 
491 

Succinum,  materia  medica  of,  8  59 

Succulus  limonis,  materia  medica  of,   818 

Succus  citri,  materia  medica  of.  813 

Succus  citri  et  pejisinum,  materia  medica 
of,    813 

Succus  limettae  cum  pepsino,  materia  med- 
ica of,  813 

Succus  scoparii,  materia  medica  of,  1572 

Succus  taraxaci,   materia  medica   of,    1112 

Sucrosum,  materia  medica  of,  1089 

Suffocation,  oxygen  in,  139  5 
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Sugar,  materia  medica  of,  1089 
Sugar  of  lead,  materia  medica  of,  1045 
Sugar  of  milk,  materia  medica  of,  1521 
Sugars,  chemistry  of,  1208,  1209 
-pharmacodynamic  action  of,   1521 
Sulfaforni,  materia  medica  of,   417 
Sulfarsenol,  materia  medica  of,  62  6 
Sulfidal,  materia  medica  of,   417 
Sulfonal,  antidote  for,  18  60 
Sulpharsplicnaniina,    materia    medica    of, 

626 
Sulpharsphenaniine,  chemistry  of,   62  5 
-pharmacodynamic  action  of,   630 
-therapeutics  of,   641 
Sulpharsphenaniine        bismuth,        materia 

medica  of,    626 
Sulphate    of    potash,    materia    medica    of, 

1153 
Sulphates,    pharmacodynamic    action     of, 

1519 
Sulphides,  antipathogenic  action  of,   572 
-pharmacodynamic  action  of,   572 
-systemic   action   of,    578 
-therapeutics  of,  577 
-topical  action  of,  572 
Sulphites,  antipathogenic  action  of,  576 
-pharmacodynamic  action  of,   577 
-therapeutics  of,  577-581 
Sulpho-alcohols,  source  of,  2  83,  284 
Sulpho-derivativcs,  source  of,   28  5 
Sulphonal,  materia  medica  of,  1613 
-therapeutics  of,  1614 
Sulphonated  bitumen,   materia  medica   of, 

570 
Sulphonated   bitumen   petroxolin,    materia 

medica  of,  570 
Sulphon  s.  diethyl,  1612 
Sulphonethylmethane,    administration     of, 

1615 
-chemistry  of,  1615 
-therapeutics  of,  1615 
Sulphonethylmethanum,    materia     medioa 

of,   1615 
Sulphonmethane.  administration  of,  1615 
-chemistry  of,  1612 
-pharmacodynamic   action    of,    1613 
-summary  of  actions  and  uses  of,  1613 
-therapeutics  of,   1614 
Sulphonmethanum,     materia     medica     of, 

1613 
Sulphur,    absorption    and    elimination     of, 

419,  420 
-administration  of,  424,  425 
-anthelmintic  action  of,  423 
-antipathogenic  action  of,  419,  420 
-cathartic  action  of,   423,   1150 
-chemistry  of,  415-417 
-materia  medica  of,   417 
-pharmacodynamic  action   of,    419,    420 
-summary  of  actions  and  uses  of,  415-421 
-systemic  action  of,  422-424 
-therapeutics  of,   421-426 
-threadworms  and,    444 
-topical  action  of,  420 
-toxicity  of,  420,  421 
Sulphurated  antimony,  materia  medica  of, 

589 
Sulphurated  lime,  materia  medica  of,   569 
Sulphurated     lotion,     materia     medica     of, 

418 


Sulphurated  petroxolin,  materia  medica  of, 

418 
Sulphurated    potash,    materia    medica    of, 

569 
Sulphurated   potassa,    materia    medica    of, 

569 
Sulphurated  zinc  paste,  materia  medica  of, 

1057 
Sulphur  compounds,  chemistry  of,  568 
-summary  of  actions  and  uses  of,  568,  569 
Sulphuric  acid,  antidote  for,   18  58 
-materia  medica  of,   503 
-skin  and,   506 
-therapeutics  of,   509 

Sulphuric  ether,  materia  medica  of,  1600 
Sulphuris  iodidum,  materia  medica  of,  569 
Sulphur  lotion,  materia  medica  of,   418 
Sulphur  lotum,  materia  medica  of,   417 
Sulphur  lozenge,  materia  medica  of,  418 
Sulphur  ointment,  materia  medica  of,   417 
Sulphurous  acid,  disinfection  and,   580 
-materia  medica  of,  571 
-skin  and,  506 
-therapeutics  of,   580 
Sulphur  prsecipitatum,  materia  medica  of, 

417 
Sulphur  springs,  therapeutic  use  of,  579 
Sulphur   sublimatuni,    materia    medica    of, 

417 
Sulphur  wash,  materia  medica  of,  418 
Sulphur  waters,    therapeutics    of,    578 
Sumac  berries,  materia  medica  of,  1063 
Sumbul,  materia  medica  of,  1545 
Sun  cholera  mixture,   materia  medica   of, 

1661 
Suppositoria  acidi  carbolici,  materia  med- 
ica of,  747 
Suppositoria  acidi  tannici,  materia  medica 

of,   1063 
Suppositoria   belladonnfe,    materia   medica 

of,  1822 
Suppositoria  boroglycerini,  materia  medica 

of,  582 
Suppositoria    iodoform!,    materia    medica 

of,  554 
Suppositoria    morphinae,    materia    medica 

of,   1662 
Suppositoria    plumbi    composita,    materia 

medica  of,  1047 
Suppository,  belladonna,  1840,  1841 
-opium,   1685,   1689 
SXJPPURATION,  cause  of,  135,  136 
-results  of,  136 
Supi'arenalum  siccum,  materia  medica  of, 

1462 
Surgical  solution  of  chlorinated  soda,  ma- 
teria medica  of,  531 
Swamp  hellebore,  materia  medica  of,  1321 
Sweating,  colliquative  ergot  in,  1775 
--methylatropine  in,  1848 
-drugs  producing,  1530 
-local,   738 

—formaldehyde  in,   738 
Sweet  almond,  materia  medica  of,  993 
Sweet  bark,  materia  medica  of,   1117 
S^veet  brake,  materia  medica  of,  464 
Sweet  flag,  materia  medica  of,  861,  1113 
Sweet  flag  root,  materia  medica  of,  861 
Sweet  oil,  materia  medica  of,  1004 
Sw^cet  orange  peel,  materia,  medica  of,  812 
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Sweet  spirit  of  nitre,  materia   medica  of, 

1327 
Sweet  tljynie,  materia  medica  of,  819 
Sweet  tineture  of  rhubarb,  materia  medica 

of,   1160 
Sweetwood  barli,  materia  medica  of,   1117 
Swift-Kllis  nietlMMl,  arsphenamine  and,  6  40 
Sycosis,  agents  used  in,  414 
-chlorine  in,   536 
-cupric  carbonate  in,  441 
-iodine  in,  440 

-normal  cupric  acetate  in,  441 
-phenol  in,  438 
-resorcin  in,  439 

Sycosis  bakr.t;,  acriflavine  in,  873 
Sydenham's  laudanum,  materia  medica  of, 

1661 
Sy.mhiosis,  malignant  etiology  of,  400 
Symptomatology',     therapeutics    based     on, 

139-141 
--principles  of,   141 
Syncope,  ammonia  in,  1372 
-cajuput  in,  841 
-ether  in,  1605 
-prevention  of,  1650 
—alcohol  in,  1650 
-sparteine  in,  1574 
Sy.xdkomk,   effort,  sparteine  in,   1574 
Synkciiia.  posterior,  physostigmine  in,  1785 
-thiosinamine  in,   1099 
SY.\^:RGIS.^r.  adjuvant,   38  5 
-anesthesia  and,  1695 
-cocaine-epinephrine,  1747 
-complete,  274 
-definition  of,  273,  383 
-histologic.   383 
--definition  of,  383 
--example  of,  383 
-magnesium  and,  1721 
-morphine-chloroform,  1695 
-partial,  274 
-physiologic,   383 
--action  of,  383 
—example  of,   383,   384 
-types  of,  273 
--adjuvant,   274 
---action  of,  274 
— examples  of,  274 
--cumulative,  273 
---examples  of,   273 
--histologic,   273 
--physiologic,   273 
Synovitis,  acute,  camphor  in,  831 
-gonococcal,    695 
--mercury  in.   695 
-subacute,    69  4 
—mercury  in,  694 
Syphilis,   arsphenamine   in,    630-633,    700, 

711 
-bismuth   in,    648-650,    702,    711 
-calomel  in,  709 
-cardiovascular,  703 
--arsphenamine  in,  703 
--mercury  in,   703 
-chronic  pulmonary,  702 
--mixed  treatment  in,  702 
-congenital,  702 
--gray  powder  in,  702 
--mercury  in,  701,  702 
--mesurol  in,  698 


Sy'PIIILI.s,  europhen  in,  5C0 

-gray  oil  in,   709 

-hepatic,   702 

--mercury  salicylate  in,   702 

-iodates  in,  553 

-iodides  in,  700,   708,   1428,  1429 

-iodoform  in,  558 

-iodol  in,  560 

-iron  in,  1231 

-luetin  test  in,   324 

-malignant,    1345 

--saline  solution  in,   1345 

-mercuric  salicylate  in,   709 

-mercurosal  in,  711 

-mercury  in,   684,   698-712,  1429 

--administration  of,  704-712 

— intramuscular,  709 

— intraspinal,    711 

— intravenous,  710 

---inunction,  701,  702,  706 

—  -oval,   700,   707,   708 

--dosage  of,  706 

-mesurol  in,  650 

-metaphen  in,  6p7,  711 

-"mixed  treatment"  of,  701,  1429 

-novasurol  in,  711 

-primary,  707 

--arsphenamine  in,  707 

--mercury  in,   707 

--sulphur  in,  421 

-prophylaxis  of,    698 

--arsphenamine  in,   699 

—calomel  ointment  in,  698,  699 

-pulmonary,  615 

--arsenic  in,   615 

-secondary,  701 

--mercury  in,  701,  702,  707 

—mesurol  in,   698 

-sulphur  in,   422 

-sweating  and,  701 

-tartar  emetic  in,  594 

-tertiary,   700 

—iodides  in,  700 

—mercury  in,  707 

—mesurol   in,    698 

-treatment  of,   103,   698 

--arsphenamine,    103,   630 

—bismuth,  103,  648 

--mercury,   103,   698 

-vanadium  in,  730 

-Wassermann  reaction  in,  700 

-xanthoxylum  in,  1105 

SYPiiiLonERMS,  mercury  in,   69  8 

Syrup,  dosage  of,  356 

Syrup  of  balsam  of  tolu,  materia  medica 
of,  861 

Syrup  of  blackberry  bark,  materia  medica 
of,   1071 

Syrup  of  blackberry  fruit,  materia  medica 
of,  1212 

Syrup  of  bloodroot,  materia  medica  of, 
1377 

Syrup  of  buckthorn  berries,  materia  med- 
ica of,  1159 

Syrup  of  calcium  hydroxide,  materia  med- 
ica of,  514 

Syrup  of  chocolate,  materia  medica  of, 
1212 

Syrup  of  citric  acid,  materia  medica  of, 
1251 
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Syrup  of  cocoa,   materia   medica    of,    1212 
Syrup  of  Dover's  ijovvder,  materia  medica 

of,  1132 
Syrup    of    ferric    hjiJophosphite,     materia 

medica  of,    1223 
Syrup  of  garlic,  materia  medica  of,  1021 
Syrup  of  iodide  of  iron,  materia  medica  of, 

1224 
Syrup  of  ipecac,  materia  medica  of,  1132 
Syrup  of  ijjccac  and  oiJium,  materia  med- 
ica of,   1132 
Syrup     of     licorice,     materia     medica     of, 

992 
Syrup  of  lime,  materia  medica  of,  514 
Syrup  of  orange,  materia  medica  of,   1211 
Syrup   of  orange  flowers,    materia   medica 

of,   1212 
Syrup    of    pine    tar,     materia    medica     of, 

769 
Syrup  of  poijpy,  materia  medica  of,  1659 
Syi'up    of    protocliloride    of   iron,    materia 

medica  of,   1224 
Syrup    of    raspberry,    materia    medica    of, 

1212 
Syrup   of  red   poppy,    materia   medica,    of, 

1214 
Syrup  of  rhubarb,  materia  medica  of,  1159 
Syinip  of  saccharated   oxide  of  iron,    ma- 
teria medica  of,    122  5 
Syrup    of    snakeroot,    materia    medica    of, 

13S3 
Symp    of   soluble    oxide   of  ii'on,    materia 

medica    of,    122  5 
Syrup  of  soluble  saccharated  iron,  materia 

inedica  of,    1224 
Syrup  of  squill,  materia  medica  of,  1271 
Syrup  of  sweet  orange,  materia  medica  of, 

1211 
Syrup  of  tar,  materia  medica  of,  7  69 
SjTup  of  wild  cherry,  materia  medica  of, 

1386 
Synipns,   materia  medica   of,    1210 
Syrupus   aceti   scillse,    materia   medica    of, 

1271 
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— antinosin    in,    5  60 
--atropine  in,    1844 
—benzoin   in,    862 
--catarrhal,  1312 
— hydrastis  in,    1312 
--chlorates  in,  541 
--chlorine   in,    537 
— cubeb   in,    851 
—ergot  in,  1772 
— eucalyptol  in,   827 
—glycerin  in,   1000 
--guaiac  in,  852 
— hematinics  in,   1231 
—hydrogen   dioxide  in,   498 
—menthol  in,    834 
—mercury  in,    684 
—myrrh  in,  852 
—quinine  in,    899 
--salicylic  acid  in,  798 
—salt  solution   in,    1337 
--sodium  bromide  in,   1716 
--tannin  in,   1073 
--thuja  in,  8  54 
--witch  hazel  in,  1075 
-infections  of,   421 
—acute,    421 
— sulphur    in,    421 
—gentian  violet  in,   875 
-inflammation   of,    423 
--catarrhal,    423 
— sulphur   in,    423 
--chronic,   1119 
---calendula,    1119 
— rosa   gallica   in,    1075 
-surface  anesthesia  in,  1759 
-surgery  of,    1757 
--alypin  in,  1757 
Thrombin,    chemistry   of,    1244 
-therapeutics    of,    1245 
Thromboangiitis    obliterans,    benzyl    ben- 

zoate   in,    1809 
-iodides    in,    1425 


Thromboplastin,   materia  medica   of,    1246 
-therapeutics   of,    1245,    1246 
Thromboplastin   solution,    materia    medica 

of,  1246 
Thrombosis,  coronary,  morphine  in,  1692 
Thrush,  agents  used  in,  414,  415 
-boric  acid  in,   585 
-coptis  in,  1119 
-creosote  in,  439 
-guaiacol  in,    439 
-salicylic  acid  in,   440 
-silver   nitrate   in,    441 
Thuja,  materia  medica  of,  848 
-therapeutics  of,   853 
Thyme  oil,  materia  medica  of,   819 
Thymic  acid,  materia  medica  of,  835 
Thymol,  antipathogenic  action  of,  835 
-chemistry  of,   835 
-hookworms   and,    478 
-materia  medica  of,    83  5 
-pharmacodynamic  action  of,   835 
-therapeutics  of,  439,  835 
-whipworms  and,  444 

Thymolis  iodiduni,  materia  medica  of,   554 
Thymol  spray,  materia  medica  of,    83  5 
Thymus,  materia  medica  of,   819 
Thymus  feeding,  exophthalmic  goiter  and, 

88 
Thynuis  gland,  chemistry  of,  1458 
-therapeutics  of,   1459 

Thyroglobulin,   materia  medica  of,   1452 
-thyroid  gland  and,   1450 
Thyroideimi,  materia  medica  of,  1451 
Thyroideum    siccuni,    materia    medica    of, 

1451 
Thyroid  gland,  administration  of,   1458 
-affections  of,   258 
--drug  tolerance  in,   258 
--iodine  in,   258 
-— effec:^s  of,  258 
-antipathogenic  action  of,   1452 
-assay  of,   306 
—methods    of,    306 
-chemistry  of,   1449,    1450 
-disorders  of,    86 
--treatment   of,    87 
— general,  87 
—  -special,   87-89 
-enlargement  of,   551 
--iodine  in,   551 
-iodine  in,  1449-1451 
-pharmacodynamic  action  of,  1452 
-preparations  of,  1449,  1450 
-summary  of  actions  and  uses  of,   1451 
-systemic  action  of,   1453-1456 
-therapeutics  of,   1456-1458 
-toxicity  of,   1452,    1453 
ThjToid     nucleoproteins,     materia     medica 

of,   1452 
Thyroxinum,  materia  medica  of,   1451 
Thyroxinum  cinidum,   materia   medica   of, 

1451 
Tic  douloureux,  aconine  in,  1319 
-carbon  tetrachloride  in,    459 
-strychnine  in,    1568 
Tin,  antipathogenic  action  of,  721 
-pharmacodynamic  action  of,   721 
-source  of,   281 
-therapeutics  of,   722 
Tinctura  aconiti,  materia  medica  of,   1315 
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Tinctura  aloe,  materia  medica  of,  1157 
Tinctura  aloe  ct  myrrhac,   materia  medica 

of.   1157 
Tinctura  alstonii*^,  materia  medica  of,  1112 
Tinctura  aniara,   materia  medica  of,    1110 
Tinctura    antinionii,     materia     miedica     of, 

589 
Tinctura  antipcrlodica,  materia  medica  of, 

886 
Tinctura  antipcriodica  sine   aloe,   materia 

medica  of,   887 
Tinctura  arnica,  materia  medica  of,  1016 
Tinctura    aroniatica,    materia    medica    of, 

815 
Tinctura    asafoetida,    materia    medica    of, 

1709 
Tinctura   aurantii   amari,    materia   medica 

of,  812 
Tinctura   aurantii   dulcis,   materia    medica 

of,    812 
Tinctura      azadiraclitiie      indica*,      materia 

medica   of,    455 
Tinctura    belladonna*,    materia    medica    of, 

1822 
Tinctura  bcnzoini.  materia  medica  of,   860 
Tinctura      bcnzoini      coniposita,      materia 

medica  of,    860 
Tinctura    bcrberidis,    materia    medica    of, 

1105 
Tinctura  bryonise,  materia  medica  of,  1163 
Tinctura  buchu,  materia  medica  of,   838 
Tinctura  cacti  grandiflori,  materia  medica 

of,  1304 
Tinctura    calendulse,    materia    medica    of, 

1106 
Tinctura     calumbse,     materia     medica     of, 

1107 
Tinctura     cannabis,     materia     medica     of, 

1703 
Tinctura  cannabis  indicae,  materia  medica 

of.  1703 
Tinctura  cantharidini,  materia  medica  of, 

1035 
Tinctura    cantharidis,    materia   medica    of, 

1034 
Tinctura  capsici,  materia  medica  of.   1018 
Tinctura  capsici  et  myrrliae,  materia  med- 
ica of,   1018 
Tinctura    cardomonii    composita,    materia 

medica  of,  822 
Tinctura    cascarillse,    materia    medica    of, 

1117 
Tinctura  catechu,  materia  medica  of,  1069 
Tinctura  chirat<e,  materia  medica  of,   1108 
Tinctura    chloi-oformi    et    niorplnntie    com- 
posita, materia  miedica  of,   15S8 
Tinctura   cimicifugie,    materia    medica    of. 

1108 
Tinctura    cinchona?,     materia     medica     of, 

881 
Tinctura     cinchonae     composita,      materia 

medica  of,   882 
Tinctura   cinnamomi,    materia    medica    of, 

815 
Tinctura  cocci,   materia   medica   of,    1213 
Tinctura  cocculi  Indici,  materia  medica  of, 

437 
Tinctura  colchici.  materia  medica  of,  1432 
Tinctura    colchici    corml    fortior,    materia 
medica  of,   1432 


Tinctura  colchici  seniinis,  materia  medica 

of,  1432 
Tinctura   coptis,    materia   medica   of,    1108 
Tinctura  croci,    materia   medica   of,    1213 
Tinctura  cubcb;e,  materia  medica  of,   843 
Tinctura  datura;  scininuin,  materia  medica 

of,   1823 
Tinctura  dclpliinii,  materia  medica  of,   435 
Tinctura  digitalis,  materia  medica  of,  12  69 
Tinctura  ergotic  anunoniata,  materia  med- 
ica of,  1764 
Tinctura    euphorbiie,    materia    medica    of, 

1391 
Tinctura  fcrri  chloridi,  materia  medica  of, 

1225 
Tinctura    ferri    chloridi   aetherea,    materia 

medica  of,  1225 
Tinctura  fcrri  citrochloridi,  materia  med- 
ica of,  1225 
Tinctura  fcrri  malatis  crudi,  materia  med- 
ica of,  1225 
Tinctura  fcrri  i)oniata,  materia  medica  of, 

1225 
Tinctura  galla*.  materia  medica  of,  1064 
Tinctura  gambir  composita,  materia  med- 
ica of,    1069 
Tinctura  gclscniii,  materia  medica  of,  1802 
Tinctura      gcntianar      composita,      materia 

medica  of,    1110 
Tinctura  g-uaiaci.  materia  medica  of,   845 
Tinctura  guaiaci  ammoniata,  materia  med- 
ica   of,    845 
Tinctura  guaiaci  composita,  materia  med- 
ica of,  845 
Tinctura  hamamelidls,  miateria  medica  of, 

1066 
Tinctura  humuli,  materia  medica  of,   1115 
Tinctura    hydrastis,     materia    medica    of, 

1308 
Tinctura    hyoscyami,    materia    medica    of, 

1823 
Tinctura  ignatire,  materia  medica  of,  1556 
Tinctura  iodi.  materia  medica  of,   544 
Tinctura    lodidorum,    materia    medica    of, 

545 
Tinctura  iodi   fortior,   materia  miedica   of, 

545 
Tinctura  Iodi  fortis,  materia  medica  of,  544 
Tinctura  iodi  mitis.  materia  medica  of,  544 
Tinctura  ipecacuanha*,  materia  medica  of, 

1132 
Tinctura     ipecacuanha;    ct     opii,     materia 

medica   of,    1132 
Tinctura  jalapsr,  materia  medica  of.  116  6 
Tinctura  jalapa*  composita,  materia  med- 
ica   of,    1166 
Tincttira    kaladano?,    materia    medica    of, 

1167 
Tinctura  kino,  materia  medica  of,  1067 
Tinctura   kino   et  opii  composita,   materia 

medica   of,    1067 
Tinctura    kramcria*,    materia    medica    of, 

1068 
Tinctura    lactucarii,    materia    medica    of, 

1710 
Tinctura     lavandula*     composita,     materia 

medica  of,    817 
Tinctura  limonls,  materia  medica  of,   818 
Tinctura  limonis  corticis,   materia   medica 
of,   818 
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Tinctura  lobellse,  materia  medica  of,  1799 
Tinctura  lobellse  jetherea,  materia  medica 

of,    1799 
Tinctura  moschii,  materia  medica  of,  1537 
Tinctura  myrrhje,  materia   inedica   of,   845 
Tinctura  nucis  vomicir,  materia  medica  of, 

1554 
Tinctura    oliveri    corticis,    materia    medica 

of,   824 
Tinctura  opii,  materia  medica  of,   1659 
Tinctura  opii  ammoniata,  materia  medica 

of,    1659 
Tinctura  opii  camphorata,  materia  medica 

of,    1659 
Tinctura  opii  crocata,  materia  medica  of, 

1661 
Tinctura  opii  et  s^nibir  coniposita,  materia 

medica  of,  1661 
Tinctura    passiflora?,    materia    medica    of, 

1544 
Tinctura    pectoralis,    materia    medica    of, 

1661 
Tinctura    persionis,     materia     medica     of, 

1214 
Tinctura      persionis     coniposita,      materia 

medica  of,  1214 
Tinctura   physostigmatis,    materia    medica 

of,    1781 
Tinctura  picrorrhizfB,   materia   medica   of, 

1111 
Tinctura   pinipinellae,   materia    medica    of, 

812 
Tinctura    podophylli,    materia    medica    of, 

1168 
Tinctura  pruni  virginianse,  materia  medica 

of,    1386 
Tinctura    pulsatillae,    materia    medica    of, 

1545 
Tinctura  pyrethri,  materia  medica  of,  1103 
Tinctura  quassise,  materia  medica  of,  1111 
Tinctura    quebrachse,    materia    medica   of, 

1374 
Tinctura     quillaiae,     materia     medica     of, 

1380 
Tinctura  quininae,  materia  medica  of,  88  6 
Tinctura      quininte     ammoniata,      materia 

medica  of,  886 
Tinctura  rhei,  materia  medica  of,  1159 
Tinctura  rhei  aquosa,  materia  medica  of, 

1160 
Tinctura   rhei  aromatica,   materia   medica 

of,   1160 
Tinctura   rhei   dulcis,   materia   medica   of, 

1160 
Tinctura  rhei  et  gentianse,  materia  medica 

of,    1160 
Tinctura  rhei  vinosa,  materia  medica   of, 

1160 
Tinctura  sabal  et  santali,  materia  medica 

of,    844 
Tinctura  sangriinariae,  materia  medica  of, 

1377 
Tinctura    saponaria,    materia    medica    of, 

1380 
Tinctura    saponis  viridis,    materia   medica 

of,  513 
Tinctura    saponis    viridis    composita,    ma- 
teria medica  of,   513 
Tinctura  scillae,  materia  medica  of,   1272 
Tinctura  seneg'se,  materia  medica  of,  1383 


Tinctura  sennse  composita,  materia  medica 
of,   1162 

Tinctura  serpentarise,  materia  medica  of, 
1117 

Tinctura  stramonii,  materia  medica  of, 
1823 

Tinctura  strophanthi,  materia  medica  of, 
1270 

Tinctura  suuibul,  materia  medica  of,   1545 

Tinctura  tolu,  materia  medica  of,   861 

Tinctura  tolutana,  materia  medica  of,   861 

Tinctura  urgincpe,  materia  medica  of,  1272 

Tinctura  valerianjie,  materia  medica  of, 
1706 

Tinctura  A^alerianfe  ammoniata,  materia 
medica  of,   1706 

Tinctura  Valeriana  indicse  ammoniata,  ma- 
teria medica   of,    1706 

Tinctura  vanillae,  materia  medica  of,   820 

Tinctura  veratri  viridis,  materia  medica 
of,    1322 

Tinctura  virburni  opuli  composita,  materia 
medica  of,   1546 

Tinctura  zedoariae  amara,  materia  medica 
of,   1117 

Tinctura  zingiberis,  materia  medica  of,  846 

Tincture  of  Arabian  myrrh,  materia  med- 
ica of,  845 

Tincture  of  aspldosperma,  materia  medica 
of,  1374 

Tincture  of  balsam  of  tolu,  materia  med- 
ica of,  861 

Tincture  of  barbeiTy,  materia  medica  of, 
1105 

Tincture  of  bitter  orange  peel,  materia 
medica  of,   812 

Tincture  of  bloodroot,  materia  medica  of, 
1377 

Tincture  of  calabar  bean,  materia  medica 
of,   1781 

Tincture  of  camphor,  materia  medica  of, 
828 

Tincture  of  chloride  of  iron,  materia  med- 
ica of,   1225 

Tincture  of  cochineal,  materia  medica  of, 
1213 

Tincture  of  cnide  malate  of  Iron,  materia 
medica  of,  1225 

Tincture  of  cudbear,  materia  medica  of, 
1214 

Tincture  of  deodorized  opium,  materia 
medica  of,  1659 

Tincture  of  Dover's  powder,  materia  med- 
ica of,   1132 

Tincture  of  ferrated  extract  of  apples,  ma- 
teria medica  of,  1225 

Tincture  of  fish  berry,  materia  medica  of, 
437 

Tincture  of  golden  seal,  materia  medica 
of,   1308 

Tincture  of  green  soap,  materia  medica  of, 
513 

Tincture  of  hops,  materia  medica  of,  1115 

Tincture  of  ipecac,  materia  medica  of, 
1132 

Tincture  of  ipecac  and  opium,  materia 
medica  of,   1132 

Tincture  of  iron,  materia  medica  of,   1225 

Tincture  of  kurroa,  materia  medica  of, 
1111 
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Tincture  of  larkspur,   materia   medica   of, 

435 
Tincture  of  lemon,  materia  medica  of,  818 
Tincture   of   lupulus,    materia    medica    of, 

1115 
Tincture  of  musk  root,  materia  medica  of, 

1545 
Tincture   of   opium    with    saffron,    materia 

medica  of,  1661 
Tincture  of  I'anaina  bark,  materia  medica 

of,   1380 
Tincture  of  passion  flower,  materia  medica 

of,    1544 
Tincture  of  passion  vine,   materia   medica 

of.  1544 
Tinctui-e  of  pelUtory,   materia   medica   of, 

1103 
Tincture  of  Peruvian  bark,  materia  medica 

of,    881,    882 
Tincture   of   rhatany,    materia   medica   of, 

1068 
Tincture   of   rhubarb,    materia    medica    of, 

1159 
Tincture  of  rhubarb  and  gentian,  materia 

medica  of,   1 1  60 
Tincture    of    saffron,    materia    medica    of, 

1213 
Tincture  of  soap  bark,  materia  medica  of, 

1380 
Tincture  of  soapwort,  materia  medica  of, 

1380 
Tincture    of    stramonium    leaves,    materia 

medica  of,   18  23 
Tincture    of    sweet    orange    peel,    materia 

medica  of,   812 
Tincture  of  sweetwood  bark,  materia  med- 
ica of,   1117 
Tincture   of  wild  cherry,   materia   medica 

of,   1386 
Tincture  of   witch   hazel,   materia   medica 

of,   1066 
Tinctures,  dosage  of,  355 
-standardization    of,    304,    355,    357 
Tinea  capitis,  tar  in,  770 
Tinea  ciliorum,   agents  used   against,    414 
Tinea  circinata,  agents  used  against,  413 
-chrysarobin  in,  433 
-iodine   in,    550 
-mercury  in,    683 
-salicylic   acid   in,    440 
Tinea  tarsi,  mercury  in,  685 
TiNKA  TONST-RANs,  agents  used  against,  414 
-cajuput  in,    439 
-chrysarobin   in,    433 
-iodine  in,   440 
-phenol   in,    439 
-resorcin  in,   439 
-salicylic  acid  in,   440 
-sulphur  in,   425 
Tinea    versicolor,     agents    used     against, 

413 
-formaldehyde  in,    738 
-mercury   in,    682 
-salicylic  acid  in,  440 
-sulphurous  acid  in,   580 
Tiodine,  materia  medica  of,  1097 
Tissue  alterants,  978-1097 
-action   of,    403 
-application   of,    403 
—diffuse,   403 


Tissue    alterants,    application    of,     diffuse, 

purpuse  of,  403 
--direct,    403,    404 
—indirect,   403,   404 
--limited,    403 
— purpose  of,   403 

-classification    of,    403,    404,    978,    979 
Tissue  cmianciks.  causes  of,  401 
-classification  of,  133 
--decrease  in  tissue,  133 
— example  of,   134 
--degeneration,   134 
— amyloid,    134 
--fatty.    134 
-examples  of,  132 
--increase  in  tissue,   133 
— example  of,  133 
-infective  organism  and,  400 
-morbid,    132 
-remedial  agents  in,   401 
--purpose   of,    401 

-secondary  sex  characteristics  and,   135 
--castration  and,    135 
-types  of,  132 

Tissue  coag-ulins,  therapeutics  of,   1245 
Tissue  fluids,  alterations  of,  136 
--classification  of,    137 
--example  of,  136 
-changes  in.    137 
—edema,  137 

Tissue  regeneration,  types  of,  54 
Tissue  repair,  types  of.  53 
Tissues,  drug  administration  and,  204,  205 
-drugs  and,  217 

--dynamic  contact  between,   217,   218 
-—methods  of.   218 
Tobacco,  addiction  and,   263 
-antidote  for,   1860 
-history  of,  1809 
-materia  medica  of,  1811 
-pharmacodynamic  action  of,   1812 
-summary  of  actions  and  uses  of,  1811 
Tolerance,   208 
-acquired,    373 
—dosage   and,    373,    374 
—factors  in,  259,  260 
-addiction  and,   261-264 
-age  and,   250 

-alimentary  affections  and,   257 
-alteration  of  action.  257 
-arteriosclerosis   and,    257 
-chronic  affections  and,  257 
-chronic  catarrhal  conditions  and,  258 
-crossed,   261 
-decrease   of,   264-267 
--anaphylaxis,   264 
-dosage  and,  365,   371 
-exercise  and,   251,  252 
-fatigue  and,    251,   252 
-faulty  circulation  and,  257 
-functional  disturbance  and,   255 
-gastroenteric  conditions  and,  253 
-increase  of,   255,   258,  261-264 
--examples  of,    255 
-kidney  affections  and,    257 
-mechanism  of,  259 
-medicinal.   259 
--production   of.    259,   260 
--purpose  of.  260 
-menstruation  and,  252 
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Tolerance,  nerve  supply  and,  250 

-normal  vigor  and,   250 

-pathologic  conditions  and,  253,  254 

--antipyretics,  2  56 

--dosage,  254 

—examples  of,  254-260 

-pregnancy  and,   252 

-psychic  factors  in,  250 

-racial  factors  in,   257 

-rest  and,  251 

-reversal  of  action,  257 

-sex  and,   2  51 

-structure  and,  2  50 

-thyroid  affections  and,  258 

-tissue  elements  and,   260 

—changes  in,   260 

-types  of,  250 

—acquired,  2  50 

—original,   250 

-untoward,   2  61 

-weight  and,   2  50 

Tolu,  materia  medica  of,  860 

Toluene,  chemistry  of,  745 

-materia  medica  of,  745 

-toxicity  of,  745 

Toluol,   materia  medica  of,   745 

Tolysin,   chemistry   of,    1436 

-inateria  medica  of,   1436 

Tomato   food  protein,   materia   medica  of, 

957 
Tomato  protein,  materia  medica  of,  957 
ToKGUE,  carcinoma  of,  chlorates  in,  541 

-gangrene  of,  541 

--chlorates  in,  541 
Tonics,  alcohol,   1650 

-hair,   1530 

--composition  of,   1530 

-heart,  129  5 

— convallaria,   1295 

-hydrastis,  1312 

-1  utrition  and,  1402 

-quinine,   899,   901 

-strychnine,  1567 

-use  of,  1120,  1121 

-wine  of  coca,  1757 

Tonquin  musk,  materia  medica  of,  1537 

ToxsiLLiTis,  alcohol  in,  1649 

-bromoform  in,  5  62 

-chronic,  1119 

—calendula  in,  1119 

--trichloracetic  acid  in,  1085 

-folhcular,   692 

--acute,   692 

---calomel  in,  692 

—colloidal  silver  compounds  in,  719 

-mercury  in,  686 

-resorcin  in,  7  60 

-salicylates  in,  799 

-sodium  sulphite  in,  580 

-sulphur  in,  421 

Tonsils,   enlarged,   1087 

--ammonium  iodide  in,  1425 

—chromium  trioxide  in,   1087 

Toothache,  cajuput  in,   841 

-chloroform  in,  1593 

-creosote  in,   773 

-laudanum  in,   1684 

-oil  of  clove  in,  820 

-pyrethrum  in,   1104 

-xanthoxylum  in,  1104 


Toothpovvder,  krameria  in,  1074 

-magnesium  dioxide  as,  499 

-sodium  perborate  as,   500 

-strontium  dioxide,   500 

Toxemia,  camphor  in,  832 

-intestinal  acids  in,  509 

-oxygen  in,  1397 

-puerperal,   1344 

--Fischer  solution  in,  1344 

-saline  infusion  in,   1343 

Toxicology,  definition  of,  15,  16 

Toxieuni    crysipclatls    et    toxicum    bacilli 

prodij;;iosi,  materia  medica  of,   964 
Toxins,  bacterial,   154,   947-951 
--drug  action  and,  154 
—-study  of,  154 
--therapeutics  of,  947-951 
—types  of,  947-951 
— materia  medica  of,  947-951 
Toxinum  scarlatinum,   materia  medica   of, 

950 
Toxitabelliie   hydrargyri   chloridi   corrosivi, 

materia  medica  of,  662 
Toxoid,  diphtheria  and,  947 
Trachea,  topical  applications  and,  321 
Tracheitis,  creosote  in,   773 
-turpentine  in,  857 
Trachoma,  abrin  in,  1024 
-copper  in,  652 
-formaldehyde  in,  738 
-mercury  in,    684 
-radium  in,  1081 

Tragacanth,  materia  m^edica  of,   987 
-therapeutics  of,   994 

Transformation,  drug,  factors  in,  20  6,  207 
—systemic  use  and,  240 
--tissues  and,  218 

Transition  compounds,  source  of,  284 
Traumatic  balsam,  materia  medica  of,  8  60 
Treacle  and  brimstone,  composition  of,  425 
Trcefoil,  materia  medica  of,   1386 
Tremor,  muscular,  formic  acid  in,  1579 
-presenile,    1803 
--gelsemiuni  in,  1803 
-senile,  1705 
--cannabis  in,  1705 
— conium  in,    1805 
--sodium  formate  in,  1580 
Tribasic  calcium,  materia  medica  of,   1405 
Tribrom-tertiary-butylalcohol,     materia 

medica  of,    561 
Trichiniasis,  thymol  in,  836 
Trichloracetic    acid,     materia     medica     of, 

1084 
-therapeutics  of,   1085 
Trichlorbutylidene  glycol,   materia  medica 

of,   1624 
Trichlorisopropylalcohol,    materia    medica 

of,    1624 
Triciiuris  trichiura,  agents  used  against, 

444 
Tricocepiialus  dispar,  agents  used  against, 

444 
Trifollum,  materia  medica  of,  1386 
Trillium,  materia  medica  of,  1545 
Trinitrln,  materia  medica  of,  1327 
Trinitrin  tablets,  materia  medica  of,  1327 
Trinitrophenol.  materia  medica  of,   869 
Trinitrotoluene,  chemistry  of,   868 
-toxicity   of,    8  68 
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Trional,  administration   of,    1615 

-antidote    for,    1860 

-materia    medica    of,    1615 

-therai)eiitics  of,  1615 

Trioxybeir/.oie  acid,  materia  medica  of, 
1063 

Trioxyiiiothyleno,   materia  medica   of,   734 

Trii)le  oranjio  flower  water,  materia  med- 
ica   of,    813 

Triplex   i)ill.s.    materia   medica   of,    1156 

Tritieuiii,  materia  medica  of,  991 

-therai)eutica  of,   9!)5 

Trituratio  elaterini,  materia  medica  of, 
1165 

TiUTiKATioN.  definition  of,   299 

Troehes,   preparation   of,    996 

Troehes  of  charcoal,  materia  Miedica  of, 
982 

Troches  of  ehii,  materia  medica  of,  988 

Troclies  of  saiitoiiiu,  materia  niedica  of, 
449 

Troches  of  santoiihi  and  calomel,  materia 
medica  of,   449 

Troehes  of  sulphur  and  cream  of  tartar, 
materia  medica  of,    419 

Troches  of  sulphur  and  pot^issiuni  bitar- 
trate,  materia  medica  of,  419 

Troehes  of  tannic  acid,  materia  medica  of, 
1063 

Trochisei  aeidi  tannic!,  materia  medica  of, 
1063 

Trochisei  amnionii  chloridi,  materia  med- 
ica of,   1368 

Trochisei  earhonis  li^iii,  materia  medica 
of,    982 

Trochisei  cubebac,  materia  medica  of,  844 

Trochisei  jiambir,  materia  medica  of,   10  69 

Trochisei  potassii  chloratis,  materia  med- 
ica of,    539 

Trochisei  santonini  compositi,  materia 
medica  of,   449 

Trochisei  sodii  hicarbonatis,  materia  med- 
ica of,  515 

Trochisei  sulphuris  et  potassii  bitartratis, 
materia  medica  of,  419 

Trochisei  ulnii,  materia  medica  of,   9  88 

Trochiseus  acidi  benzoici,  materia  medica 
of,    782 

Trochiseus  bismuthi  compositus,  materia 
medica  of,  643 

Trochiseus  catechu,  materia  medica  of, 
1069 

Trochiseus  ferri  retlacti,  materia  medica 
of.    1225 

Trochiseus  giiaiaci  resinae,  materia  medica 
of,   845 

Trochiseus  ipecacuanliae,  materia  medica 
of,    1132 

Trochiseus  kino  eucalypti,  materia  med- 
ica of,   1066 

Trochiseus  krameriae,  materia  medica  of, 
1068 

Trochiseus  kramerioe  ct  cocainae,  materia 
medica  of,   1068 

Trochiseus  moiphlnae,  materia  medica  of, 
1662 

Trochiseus  morphina?  et  ipecacuanhae, 
materia  medica   of,    1132 

Trochiseus  santonini,  materia  medica  of, 
449 


Trochiseus   sulphuris,    materia    medica    of, 

418 
Trociu/atiox,  process  of,  301 
Tropaeoeainae      hydrochloridum,      materia 

medica  of,    17  36 
Tropaeocaine,  anesthesia  and,    17  57 
--local,   1760 
--lumbar,   1757 
-cliemistry    of,    1751 
-mat(>ria   medica  of,    1736 
-pharmacodynamic  action  of,   1751 
-tlierapeutics  of,    1757,    1760 
'i'l'opan,   chemistry  of,   1818 
Tropine,  chemistry  of,   1818 
Trypan   blue,    chemistry   of,    871 
-l)harmacodynamic   action   of,    871 
Trypan   red.   chemistry   of,    871 
-pharmacodynamic  action  of,   871 
-toxicity  of,   871 

'I'ltYi'AXosoMiAsis,  methcnamine  in,   741 
-sulphur  in,   424 
-tartar   emetic  in,    593 
Tryparsamide,  chemistry  of,   622 
-materia  medica  of,   623 
-therapeutics  of,   623 
Tryp.sin,  chemisti'y  of,  1198 
-materia  medica  of,  1199 
-pharmacodynamic  action  of,   1200 
-summary   of  actions  and  uses  of,   1198 
-therapeutics    of,    1200 
TrtiER,  definition  of,  2  87 
Tubercidin,  administration  of,   9  44,   945 
-bacteriodynamic   reaction,    943 
-chemistry  of,   942 
-diagnostic  use  of,   944 
-forms  of,  942 

-summary  of  actions  and  uses  of,  942 
-therapeutics  of,    944,    945 
Tubcreuliiie  bouillon  flltre,  materia  medica 

of,   943 
Tuberculin  residue,  materia  medica  of,  &42 
Tuberculinum   Denys,    materia    medica   of, 

943 
Tubereulinum-Koch,     materia    medica    of, 

942 
Tubereulinum   noviim  B.E.,   materia   med- 
ica   of,    9  43 
Tubereulinum  novum  T.R.  siccum,  materia 

medica  of,   9  43 
TruERCfUJsis.  arsenic  in,  615 
-articular,  862 
--balsam   of   Peru   in,    862 
-chaulmoogra  oil  in,   916 
-children   and,    122 
-cod-liver  oil  in,   1093 
-iodine   in,    1426 
-iron  in,  1231 
-laryngeal,   915 
--chaulmoogra  oil   in,    915 
--chlorbutanol    in,    1631 
--eucaine,    1758 
-malt  in,   1089 
-milk  and,   1096 
-pulmonary,    1652 
—alcohol   in,    1652 
--bromoform  in,   562 
--calcium  in,   1361 
--calcium-parathyroid    in,    1361 
--cannabis  in,  1704 
--cantharides  In,   1037 
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Tuberculosis,    pulmonary,    chloroform    in, 

1593 
—chronic,  775,  776 
—-calcium  in,   775,   776 
—creosote  in,   775-777 
— iodine    in,    775 
— cinnamates  in,   785 
—creosote  in,  773,  774 
—diarrhea  and,    1362 
— calcium  chloride  in,   1362 
— fluoroform  in,   567 
—general  measures  in,   1360,   1361 
— guaiacol  in,  781 
— guaiacol  cinnamate  in,   781,   863 
--hemorrhage  in,   13  60 
— calcium  in,   13  60 
— hydrastis    in,    1312 
--hydrofluoric  acid  in,  566 
— iodine  in,   5  50 
--iodoform  in,  558,  559 
— myrtol  in,   837 
— nux  vomica  in,   1567 
—oil  of  clove  in,   820 
--oxygen  in,  1397 
— contraindications,  1397 
--peronine  in,   1698 
—phenol,   756 

—sodium  cinnamate  in,   862 
--treatment  of,  120 
— artificial   pneumothorax,    120 
— general,   119 
— symptomatic,   139,   140 
—tuberculin  in,   9  44 
—vanadium  in,  730,  731 
— vomiting  and,    13  62 
— calcium  chloride  in,  1362 
-sanocrysin  in.   655 
-sodium    formate   in,    741 
-sulphur  in,   421 
-surgical,   5  59 
—iodoform  in,   5  59 
-thymus  preparations  in,  1459 
-treatment  of,   99 
— general,   99 
—specific,    99 
-vesical,    781 
--guaiacol  in,    781 
Tuberkclbacillin   rest,    materia   medica   of, 

942 
Tumor,  bladder,  silver  nitrate  solutions  in, 

720 
-inoperable,    1080 
—radium   in,    1080 
-lead  in,   1054 
-malignant,    1087 
—chromium  trioxide  in,   1087 
-mediastinal,  1396 
--oxygen  in,  1396 
-mesothorium   in,    1083 
-potassium  fluoride  in,   567 
Turbinates,    congestion    of,    ephedrine    in, 

1851 
Turkey  corn,  materia  medica  of,  1114 
Tiirnera,  materia  medica  of,   1114 
Turner   cerate,    materia    medica    of,    1005 
Turpentine,  antiparasitic  action  of,   8  54 
-chemistry  of,   842 
-materia  medica  of,    848 
-pharmacodynamic  action  of,   854 
-summary  of  actions  and  uses  of,   854 


Turpentin^e.  systemic  action  of,  855 

-therapeutics   of,    856-859 

-threadworms  and,    444 

-topical    action    of,    855 

-toxicity  of,   855 

Turpentine    liniment,    materia    medica    of, 

849 
Turpentine  oil,  materia  medica  of,   849 
Turpeth  mineral,  materia  medica  of,   661 
Turpethum,   materia   medica   of,    1166 
Turpin   hydrate,    respiratory   catarrh    and, 

857 
Tussilajjinis  folia,  materia  medica  of,  991 
Tussilago,   materia  medica   of,    991 
Tussol,  materia  medica  of,   1494 
-pertussis   and,    1499 
Tutocaine,  chemistry  of.  1755 
-inateria  medica   of,    1739 
-pharmacodynamic  action  of,   1755 
Twilight  sleep,  scopolamine  in,   1847,   1848 
Tympanites,  asafetida  in,   850 
-asafetida  enema  in,  1123 
-ergot   in,    1773 
-typhoid  fever  and,   1785 
--physostigmine  in,   1785 
Typhobacterine,  bacteriodynamic  reaction, 

940 
-materia  medica  of,  939 
-therapeutics  of,   940-942 
-varieties  of,   939 
Typhoid    enterovaccine,    prophylaxis    and, 

946 
Typhoid   fever,    acute    cardiac    failure    and 

atropine  in,   1843 
-alcohol    in,    1651 
-alkaline-saline  beverages  in,   1338 
-anti-typhoid  inoculation,  941 
--dangers  of,   941 
-calomel  in,  691 
-camphor  in,   831 
-champagne  in,  1650 
-cinchona  in,  1122 
-colonic   lavage  in,    1343 
—saline,  1343 
-course  of,   71 
-creosote  in,  774 
-cresol  disinfection  in,  767 
-epinephrine   in,    1470 
-ergot  in,  1773 
-etiology  of,  101 
-guaiacol  carbonate  in,  781 
-hemorrhage  in,  719 
--colloidal  silver  compounds  in,   719 
--control   of,    157 
—ergot  in,  1774 
—intestinal,  1360 
— calcium  in,  1360 
— morphine  in,   1689 
--opium  suppository  in,  1689 
--saline  infusion  in,  1341 
-hydrotherapy  in,    157 
-hypodermoclysis   in,    1343 
-lavage  in,   1338 
—colonic,   1338 
— sodium  chloride,  1338 
-methenamine   in,    740 
-modified  milk  in,   1096 
-proctoclysis  in,   1343 
-prognosis  in,  70 
-prophylaxis  of,   940 
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Typhoid  fevtir,  prophylaxis  of,  typhobac- 
terine  in,  940,  941 

-quinine   in,    904 

-salicylates  in,   800 

-sodium  benzoate  in,   784 

-splenic  extract  in,  1240 

-"stepladder"  curve  in,  105 

-str;.'chnine   in,    1567 

-sulphur   in,    424 

-thorium  sulphate  in,   1083 

-thymol  in,  836 

-transmission  of,    101 

-treatment  of,   941 

-turpentine    in,     858 

-tympanites  in,   1785 

--physostigmine  in,  1785 

Typhoid-paratyphoid  vaccine,  materia 
medica   of,    939 

Typhoid   vaccine,    materia   medica   of,    939 

Typhus  feveh.  alcohol  in,   1651 

-chlorine  in,  538 

-course  of,  71 

-mercury  in,    697 

-methenamine  in,  740 

-turpentine  in,    8  58 

Tyrainini«  hydrochloridum,  materia  med- 
ica of,   1765 

Tyranine,  chemistry  of,   273,   1762 

-circulatory  system  and,    1770 

-hemorrhage  and,    1243 

-pharmacodynamic  action  of,  1770 

-systemic   action   of,    1770 

-therapeutics  of,  1777 

-toxic  action  of,  1770 


T'lcer,  arsenic  in,  612 

-boric  acid    in,    584 

-camomile   in,    1122 

-chloral  solution   in,    1629 

-chlorine   in,    536 

-chloroform  in,   1593 

-chronic,   1483 

—parathyroid  medication  in,  1483 

-copper  in,   653 

-corneal,    910 

--ethylhydrocupreine  hydrochloride  in,  910 

--iodine  in,   549 

--magnesium   sulphate  in,    1724 

—mercury  in,    685 

--phenocamphor   in,    831 

--phenol   in,    755 

—quinine  in,  898 

—scarlet  red  in,   1015 

-duodenal,  647 

--bismuth  in,    647 

--morphine   in,    1689 

--saline  infusion  in,   1341 

-fuchsine  in,  876 

-gastric,    1759 

--anesthesin  in,   1759 

--atropine  in,   1841 

--belladonna  in,   1841 

--bismuth  in,   647 

--calcium  in,    1360 

--conium  in,   1805 

--eucaine  in,   1758 

•-hemorrhage  in,  1312 

-hydrastis  in,    1312 

—manganese  in,   1235 


Ulceu,  gastric,  methylatropine  in,  1848 

--morphine  in,  1689 

— oithoform  in,    1758 

--potassium  bichromate  in,   1088 

--saline   infusion  in,    1341 

-hydrogen  dioxide  in,   497 

-iodates    in,    553 

-iodoform  in,   5  57 

-iodol  in,  560 

-laryngeal,    1084 

—lactic  acid  in,   1084 

-lead   in,   1053 

-oxygen  in,    495 

-ozone  in,   495 

-phagedenic,    763 

--pyi-ogallol  in,   763 

-rectal,    421 

--sulphur    in,    421 

-resorcin  in,   760 

-rodent,   685 

--mercury  in,  685 

--radium  in,   1080 

--uranium  in,    726 

-scarlet  red  in,  1014 

-serpiginous,  898 

--quinine  in,   898 

-silver  nitrate  in,   720 

-sodium  perborate  in,   500 

-stovaine   ointment  in,    1758 

-syphilitic,   1425 

— iodized  starch  in,  1425 

-tannin    in,    1073 

-tannoform   in,    1076 

-tethelin  in,  1478 

-thuja  in,   853 

-tropical,    633 

— arsphenamine  in,    633 

-varicose,    1360 

— calcium  in,  1360 

—digitalis  in,   12  85 

—zinc   ointment   in,    1061 

-venereal,    684 

—mercury  In,  684 

-zinc  in,   1060 

-zinc   chloride  in,   1059 

Ulcerations,    aphthous,    formaldehyde   in, 

738 
Ulmus,  materia  medica  of,   988 
UxciXARiA  DUODEXALis,  agents  used  against, 

442,    443,    445 
T'xcixARiAsis.  etiology  of,  102 
Unconcentrated  tetanus  antitoxin,  materia 

medica  of,    9  64 
Unguentuni,  materia   medica   of,    1005 
Unguentum   acidi    borici,    materia    medica 

of,    582 
Unguentiim  acidi  salicylic!,   materia  med- 
ica of,  790 
¥,^ng:uentiini  acidi  tannici,  materia  medica 

of,   1063 
l-'nguentuni  aconltinse,  materia  medica  of, 

1315 
T'ngTientum   aquse   rosea,    materia    nnedica 

of,    1005 
Unguentuni  atropinae,   materia   m.edica  of, 

1824 
Ung-ucntimi    belladonnae,    materia    medica 

of,   1822 
Ungucntuni  bituniinis  sulphonati,   materia 

medica  of,  570 
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Unguentviin  calamlnae,  materia  medica  of, 
1005 

Unguentum  calminare,  materia  medica  of, 
1005 

Unguentum  caniphorae,  materia  medica  of, 
828 

Unguentum  cantliaridini,  materia  medica 
of,  1035 

Unguentum  capsici,  materia  medica  of, 
1018 

UngTientum  cetacei,  materia  medica  of, 
1002 

Unguentum  chaulmoogrse,  materia  medica 
of,  913 

Unguentum  chrysarobini,  materia  medica 
of,  430 

Unguentum  chrysarobini  compositum,  ma- 
teria medica  of,  430 

Unguentum  cocainsje,  materia  medica  of, 
1736 

Unguentum  creosoti,  materia  medica  of, 
771 

Unguentum  creosoti  salicylatum  extensum, 
materia  medica  of,   771 

Unguentum  diachylon,  materia  medica  of, 
1047 

Unguentum  eucalypti,  materia  medica  of, 
826 

Unguentum  fuscum,  materia  medica  of, 
1011 

Unguentum  gallae,  materia  medica  of,  1064 

Unguentum  gallse  cum  opio,  materia  med- 
ica of,   1064 

Unguentum  hamamelidis,  materia  medica 
of,  1066 

Unguentum  hydrargyri,  materia  medica 
of,  662 

Unguentum  hydrargyri  ammonlati,  ma- 
teria medica  of,  662 

Unguentum  hydrargyri  chloridi  mitis,  ma- 
teria medica  of,  660 

Unguentum  hydrargyri  compositum,  ma- 
teria medica  of,   663 

Unguentum  hydrargyri  dilutum,  materia 
medica  of,   662 

Unguentum  hydrargyri  fortius,  materia 
medica  of,   662 

Unguentum  hydrargyri  lodidi  rubrl,  ma- 
teria medica  of,   663 

Unguentum  hydrargyri  mite,  materia  med- 
ica of,    662 

Unguentum  hydrargyri  nitratis,  materia 
medica  of,  663 

Unguentum  hydrargyri  nitratis  dilutum, 
materia  medica  of,  663 

Unguentum  hydrargyri  oleati,  materia 
medica  of,  663 

Unguentum  hydrargjTl  oxidi  flavi,  materia 
medica  of,   663 

Ung-uentum  hydrargyri  oxidi  rubri,  ma- 
teria medica  of,  663 

Unguentum  hydrargyri  subchloridl,  ma- 
teria  medica   of,    663 

Unguentum  lodi,  materia  medica  of,    545 

Unguentum  lodi  denigrescens,  materia 
medica  of,   545 

Unguentum  Iodoform!,  materia  medica  of, 
554 

Unguentum  lanse  compositum,  materia 
medica  of,  1006 


Unguentum  matrls,  materia  medica  of, 
1011 

Unguentum  myrobalanl,  materia  medica 
of,   1064 

Unguentum  myrobalanl  cum  opio,  materia 
medica  of,   1064 

Unguentum  paraffini,  materia  medica  of, 
1003 

Unguentum  phenolis,  materia  medica  of, 
747 

Unguentum  picis  compositum,  materia 
medica  of,   769 

Unguentum  picis  liquldse,  materia  medica 
of,   769 

Unguentum  picis  pinl,  materia  medica  of, 
769 

Unguentum  plumbl  lodidi,  materia  medica 
of,    1047 

Unguentum  plumbl  oleatis,  materia  med- 
ica of,   1047 

Unguentum  plumbl  subacetatis,  materia 
medica  of,   1047 

Unguentiun  potassil  lodidi,  materia  med- 
ica of,   1416 

Unguentum  resina*,  materia  medica  of,  1002 

Unguentum  resorcinolis  compositum,  ma- 
teria  medica  of,    757 

Ung-uentum  sinapis,  materia  medica  of, 
1031 

Unguentum  staphisagria,  materia  medica 
of,   434 

Unguentum  stramonli,  materia  medica  of, 
1824 

Unguentum  sulphurls,  materia  medica  of, 
417 

Unguentum  sulphurls  alkalinum,  materia 
medica   of,    417 

Unguentum  sulphurls  compositum,  ma- 
teria  medica   of,    418 

Unguentum  tabaci,  materia  medica  of, 
1811 

Unguentuna  veratrlnse,  materia  medica  of, 
1322 

Unguentum  zincl  carbonatis  crudi,  materia 
medica  of,  1005 

Unguentum  zincl  extensum,  materia  med- 
ica  of,    1057 

Unguentum  zincl  oleatis,  materia  medica 
of,   1056 

Unguentum  zincl  oxidi,  materia  medica  of, 
1056 

Unguentum  zincl  stearatis,  materia  medica 
of,    1056 

Unicorn  root,  materia  medica  of,  1542 

Unna  ointment,  materia  medica  of,  430 

Unna  powder,  materia  medica  of,   430 

Unna  soft  zinc  paste,  materia  medica  of, 
1057 

Unna  sulphurated  zinc  paste,  materia 
medica  of,  1057 

Unrefined  tetanus  antitoxin,  materia  med- 
ica of,  9  64 

Uranii   nitras,   materia   medica   of,    725 

Uranium,  antipathogenic  action  of,  725 

-chemistry  of,   725 

-pharmacodynamic   action    of,    725 

-summary  of  actions  and  uses  of,   725 

-therapeutics   of,    726 

Uranium-calcium  phosphate,  materia  med- 
ica of,   725 
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I'ranyl  nitrate,  materia  medica  of,  725 
Urari,  materia  medica  of,  1727 
Urea,  administration  of,   1522 
-materia  medica  of,    1521 
-pharmacodynamic  action   of,    1521,    1522 
Ukkmia,  colchicum  in,   1435 
-convulsions   in,    1794 
--pilocarpine  in,   1794 
-Fischer  solution  in,   1344 
-morphine    in,    1693 
--contraindications,    1693 
--indications,   1693 
-pilocarpine  in,   1794 
-saline  infusion  in,   1343,   1344 
-treatment  of,  98 
-vomiting   of,    689 
—calomel  in,  689 

rKETERorYKLOGKAPnY.  iodides  in,   1428 
Urothane,   materia   medica   of,    1621 
I'retliaiie   compounds,    antipathogenic    ac- 
tion  of,    1493 
-chemistry  of,   1493 
-classification  of,  1492 
-pharmacodynamic  action  of,  1493 
-therapeutics  of,   1492 
Urethra,  epinephrine  in,   1469 
-spasmodic  stricture  of,   1693 
--morphine   in,    1693 
-topical  applications  and,  322 
Urethritis,  anesthesin  in,  1758 
-chlorates  in,   541 
-cubeb  in,  851 
-methenamine    in,    740 
-Pulsatilla  in,  1547 
-sandalwood  oil  in,   838 
Urginea,  materia  medica  of,  1272 
Uricacidemia.   methenamine  in,    741 
Urinary  system,  adjuvants  in,  1524 
-catarrh  of,  781 
— guaiacal  cinnamate  in,  781 
-depressants  of,   1524 
-drugs  acting  on,  1499 
-stimulants  of,  1499-1524 
Urine,  acidity  of,  alkalis  in,  524 
-incontinence  of,   1845 
—atropine  in,   1845 
—ergot   in,    1777 
--paralysis  and,   1568 
— strychnine  in,   1568 
-retention  of,   1777 
—ergot  in,  1777 
-secretion  of,   1500 
—physiology  of,  1500,  1501' 
—theories   of,    1500,    1501 
-suppression  of,   1285 
—digitalis  in,   1285 
--postoperative,  1574 
-•saline  solution  in,   1344 
Uritone,  materia  medica  of,  734 
Frotropin,  materia  medica  of,  734 
I'rtioa,  materia  medica  of,  1027 
Urticaria,  atropine  in,  1846 
-calcium  chloride  in,  1359 
-ephedrine  in,   1851 
-epinephrine  in,  1470 
-ergot  in,   1773 
-mercury  in,   683 
-parathyroid   medication  in,   1483 
-pituitary  extract  in,  1479 
-tar   in,    770 


Urtica  urcns,  materia  medica  of,   1027 

Uterine  extract,   therapeutics  of,    1540 

Uterus,  affections  of,  calcium  in,   1364 

—carbon  dioxide  bath  in,   1401 

--carbon  dioxide   in,    1400 

—dry,   1401 

-drugs  acting  on,   1540 

-ergot  and,    1760,    1772,    1776 

-subinvolution  of,   1777 

—ergot  in,    1777 

-topical  applications  and,   322 

Uva  ursi,  administration  of,   1516 

-materia  medica  of,  1515 

-therapeutics  of,   1516 

Uvula,    inflammation    of,    colloidal    silver 

compounds  in,  719 
-relaxation  of,  1019 
—capsicum  in,   1019 


Vaccination,  dangers  of,   923 

-phenomena  following,   922 

-protective  value  of,   922,  923 

-revaccination    and,    922 

-technique  of,   922 

Vaccines,  bacterial,   925-947 

-smallpox  and,    920 

-therapeutics  of,   43 

Vaccinum  acne,   materia  medica  of,    928 

Vacciniim  bacilli  coli,  materia  medica  of, 
930 

Vaccinum  gonococcicuni,  materia  medica 
of,  931 

Vaccinum  meningococcicum,  materia  med- 
ica of,   9  33 

Vaccinum  pertussis,  materia  medica  of, 
933 

Vaccinum  pestis,  materia  medica  of,   9  34 

Vaccinum  pneumococciciun,  materia  med- 
ica  of,    9  34 

Vaccinum  rabies,  materia  medica  of,  924 

Vaccinum  staphylococcicum,  materia  med- 
ica of,    936 

Vaccinum  streptococcicum,  materia  med- 
ica of,  938 

Vaccinum  typhosum,  materia  medica  of, 
939 

Vaccinum  variola?,  materia  medica  of,  920 

Vagina,  topical  applications  and,  322 

Vaginitis,  copaiba  in,  851 

-eusol  in,   537 

-gonorrheal,    656 

—colloidal  gold  in,  656 

—colloidal  silver  compounds  in,  719 

--zinc  ionization  in,   1060 

-ichthyol   in,   579 

-iodoform  in,  558 

-sodium  fluoride  in,   566 

-tannin  in,   1073 

-yeast  in,    1204 

-zinc  chloride  in,  1060 

Valerian,  chemistry  of,   1705 

-pharmacodynamic  action  of,   1707 

-summary  of  actions  and  uses  of,   1705 

-therapeutics  of,   1708 

Valeriana,  materia  medica  of,  1706 

Valerianic  rhizoma,  materia  medica  of, 
1706 

Valerian  rhizome,  materia  medica  of,  1706 

Vallet  mass,  materia  medica  of,  1223 
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Vanadic  acid,  materia  medica  of,  728 
Vanadium,  administration  of,  731 
-antipathogenic  action  of,  728 
-chemistry   of,    727 

-pharmacodynamic   action    of,    728-730 
-summary  of  actions  and  uses  of,  728 
-therapeutics   of,    7  30 
Vanilla,  materia  medica  of,  819 
Vanilla  bean,  materia  medica  of,   819 
Vanillinuni,  materia  medica  of,   1212 
Vapors,  medicinal,  oxygen  associated  with, 

1398 
Vargol,  materia  medica  of,  714 
Varicella,  prognosis  in,  70 
Yaiucocele,  ergot  in,  1772 
Variola,  sulphur  in,  424 
Vaseline,  materia  medica  of,    1002 
Vasoconstrictors,     classification     of,     1306- 

1313 
-hemorrhage  and,  1243 

Vasodilators,     central,     cardiovascular    de- 
pressants and,   1333 
-local,   1326 

--cardiovascular  system  and,   1326 
Vegetable  cathartic  pills,   materia  medica 

of,    1164 
Vegetable  charcoal,  materia  medica  of,  982 
Vegetable  sulphur,  materia  medica  of,  983 
Veins,  drug  administration  and,  204,  205 
Venesection,  therapeutic  use  of,  1343 
Venetian  clialk,  materia  medica  of,  9  83 
Venice  turpentine,  materia  medica  of,   849 
Venice  turpentine  petrox,  materia  medica 

of,  849 
Venice      turpentine     petroxolin,      materia 

medica  of,  848 
Venom,  crotalus,  pharmacodynamic  action 
of,  1731 

--systemic  action  of,  1732 
-snake,  976 

—chemistry  of,   1730 

-toxicity  of,    1731,    1732 
Veratria,  materia  medica  of,  1322 

Veratrina,  materia  medica  of,   1322 

Veratrine,  chemistry  of,  1321 

-pharmacodynamic  action   of,    1323,    1324 

Veratrine    ointment,    materia    medica    of, 
1322 

Veratrum,   absorption  and   elimination   of, 
1322 

-administration  of,  1326 

-antidote    for,    1860 

-pharmacodynamic  action  of,   1322 

^systemic  action   of,    1323 

-summary  of  actions  and  uses  of,   1321 

-therapeutics    of,    1325 

-toxicity  of,    1323 

Veratrum  album,  chemistry  of,   1321 

Veratrum  viride,  chemistry  of,   1321 

-materia  medica  of,    1321 

Verbasci  flores,  materia  medica  of,   990 

Verbasci  folia,  materia  medica  of,  990 

Veraiicidcs,   assay   of,    306 

—biologic,    306 

— toxic  method,   306 

-definition  of,   441 

Vermifuges,  assay  of,   306 

—biologic,   306 

— toxic  method,   306 

-definition  of,  441 


Veronal,  antidote  for,    1860 

-materia  medica  of,   1616 

Vertigo,    Bright's   disease   and,    gelsemium 

in,    1803 
-epinephrine  in,   1471 
-ergot   in,    177  5 

Vesicants,  classification  of,   1030 
-therapeutics    of,    1030-1039 
Vesication,  therapeutic  use  of,  example  of, 

243 
Vesiculitis,  methenamine  in,  741 
-seminal,    688 
--mercury  In,  688 

Viburnum,  administration  of,   1548 
-materia  medica   of,    1546 
-pharmacodynamic  action  of,   1547 
-therapeutics  of,   1547 

Viburnum  opulus,  materia  medica  of,  1545 
Viburnum  pninifolium,  materia  medica  of, 

1546 
Vigor,  dosage  and,   378 
Villate  mixture,  materia  medica  of,  1057 
Vi-mal-dex,   materia   medica   of,    1088 
Vincent's  angina,  arsphenamine  in,  633 
-chromic   acid   in,    1087 
-colloidal  silver  compounds  in,   718 
-iodine  in,    549 

Vinegar  naphtha,  materia  medica  of,  1212 
Vinegar  of  cantharidin,  materia  medica  of, 

1035 
Vinegar  of  Indian  squill,  materia  medica 

of,    1272 
Vinegar  of  opium,  materia  medica  of,  1660 
Vinegar  of  squill,  materia  medica  of,  127 
Vinegar    of    urginea,    materia    medica    of, 

1272 
A'inegars,  dosage  and,  356 
Vinum    antimoniale,    materia    medica    of, 

589 
Vinum  antimonii,  materia  medica  of,    589 
Vinum  aurantii,  materia  medica  of,   812 
Vinum  carnis  et  fen*i,  materia  medica  of, 

1225 
Vinum  colchici,  materia  medica  of,   1432 
Vinum  colchici  cormi,  materia  medica  of, 

1432 
A^inum  ferri,  materia  medica  of,  1221,  1225 
A^inum   ferri   citratis,    materia   medica   of, 

1221 
A^'inum  oporto,  materia  medica  of,   1635 
A''inum  pepsinis,  materia  medica  of,  1195 
Vinum  picis,  materia  medica  of,   769 
A^inuni  pruni  virginianae,   materia   medica 

of,    1386 
Vinum  pruni  vlrginianse  ferratum,  materia 

medica  of,  1386 
A^^inum  quininse,  materia  medica  of,   886 
Vinum  rhei   compositum,   materia  medica 

of,  1160 
A'^intim  tabaci,  materia  medica  of,  1811 
A^inum   xericum,   materia   medica  of,    1635 
Vlofomi,   materia  medica  of,    555 
Virginia    snakeroot,    materia    medica     of, 

1116 
Viruses,  classification  of,  920,925 
-filtrable,   400 
Virus     vaccinicum,     materia     medica     of, 

920 
Viscum,  materia  medica  of,  1333 
Viscum  album,  chemistry  of,  1333 
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Vitamins,  drug  influence  and,  215 
-nutrition   and,    12,    1402 
Vitriolated  tartar,  materia  medica  of,  1153 
Vitriolic  acid,  materia  medica  of,  503 
Vleniinckx'  solution,  scabies  and,   421 
Vleminckx'     solution    or    lotion,     materia 

medica  of,  569 
Volatile  liniment,  materia  medica  of,  1368 
Volatile   oil   of   mustard,    materia    medica 

of,    1031 
Vomit,  black,  cocaine  in,  1756 
VoMiTixci,  alcohol  in,   1650 
-alkalis  in,   527 
-anesthesin  in,    1758 
-apothesine  in,    1756 
-bromides  in,    1716 
-calomel  in,   689 
-champagne  in,  1650 
-chloroform  in,   1593 
-cocaine  in,   17  56 
-creosote  in,   774 
-iodine  in,   550 
-ipecac  in,   1137 
-obstinate,    1338 
—lavage,   1338 

— sodium   chloride  in,    1338 
-phenol   in,    755 
-postanesthetic,    1773 
—  ergot  in,  1773 
-postoperative,    1631 
--chloretone  in,    1631 
-pregnancy  and,  1841 
--atropine  in,  1841 
--menthol   in,    834 
—pepsin   in,    1197 
--stovaine   in,    1758 
-pulmonary   tuberculosis   and,    1362 
--calcium   chloride   in,    1362 
-saline  infusion   in,    1342 
-sodium   citrate  in,    1254 
Vulvovaginitis,    mercurochrome    ointment 

in,    687 


Wahoo  bark,  materia  medica  of,  1165 
Warburg's  pills,  materia  medica  of,  886 
Warburg's     pills    witliout    aloes,     materia 

medica  of,   886 
Warburg's    tincture,    materia    medica    of, 

886 
Warming"  plaster,  materia  medica  of,  1035 
Warts,  arsenic  in,   612 
-chrysarobin  in,   433 
-formaldehyde  in,  738 
-lactic  acid  in,   1084 
-removal   of,    159  5 
--ethyl  chloride  in,  1595 
-salicylic  acid  in,   797 
-silver   nitrate   in,    720 
-thuja   in,    854 
-trichloracetic  acid  in,   1085 
Washed  sulphur,  materia  medica  of,   417 
W^ashiug  soda,  materia  medica  of,  514,  515 
Water,  materia  medica  of,    1517 
-therapeutics    of,    1517,    1518 
Waters,  mineral,  purgative,  1185 
-natural   mineral,    1518 
--therapeutics   of,    1518 
—types   of,    1518 
Wattle  bark,   materia  medica  of,    1065 


Wax,    therapeutic   use   of,    1007 

Wax  myrtle,  materia  medica  of,   1116 

Weight,  apothecaries,  table  of,   1853 

— equivalents,    1854 

-avoirdupois,    1853 

—table  of,   1853 

-dosage  and,  377 

-excessive   body,   1457 

--reduction  of,   1457 

---thyroid  gland  in,  1457 

-metric,    1854 

-table  of,   1854 

— equivalents,   1854 

-tray,   1853 

—table   of,    1853 

Weights  and  measures,  apothecaries  and 
metric  equivalents,   1855 

-metric  and  apothecaries'  equivalents, 
1856 

-tables  of,  1853,   1854 

--equivalents,    1854 

Whipworms,  agents  used  against,  444 

-aspidiun   in,    467 

Whiskey,  materia  medica  of,  1635 

-therapeutics  of,    1651,   1652 

White  agaric,  materia  medica  of,   1531 

White  arsenic,  materia  medica  of,    595 

Wliite  ash  bark,  materia  medica  of,  1543 

White   beeswax,    materia   medica   of,    1001 

White  cedar,  materia  medica  of,   848 

White  dextrin,    materia   medica   of,    1090 

White  lead,  materia  medica  of,   1046 

White  liniment,  materia  medica  of,   849 

White  mineral  oil,  materia  medica  of, 
1002 

White  mustard,  materia  medica  of,   1030 

White  oak  bark,  materia  medica  of,   1068 

White  of  egg,  materia  medica  of,   993 

Wliite  petrolatum,  materia  medica  of,  1002 

Wliite  petroleum  jelly,  materia  medica  of, 
1002 

Wliite  pine  bark,  materia  medica  of,  8  48 

White  precipitate,  materia  medica  of,  659 

Wliite  pi'ecipitate  ointment,  materia  med- 
ica of,   662 

Wliite  sandalwood,  materia  medica  of,  837 

White  turpentine,  materia  medica  of,   848 

White   vaseline,    materia    medica   of,    1002 

White  wash,  materia  medica  of,   418 

A\liite  wax,   materia   medica   of,    1001 

Whooping-cough,  alum  in,  1044 

-aristochin   in,    911 

-asafetida  in,   1709 

-atropine  in,   1844,   1845 

-benzyl  benzoate  in,  1809 

-bromides  in,   1717 

-bromoform   in,    562 

-bromural  in,    1632 

-carbon   dioxide  in,   1401 

-colloidal  silver  compounds  in,  719 

-creosote  in,   774 

-cresol  vapor  in,   767 

-epinephrine  in,   1471 

-ether  in,  1606 

--intergluteal  injections  in,   1606 

-fluoroform  in,  567 

-grindelia    in,    1384 

-lobelia   in,    1800 

-myrtol   in,   837 

-oil  of  amber  in,   862 
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Whooping-cough,  orthoform  in,   1758 

-oxygen  in,    1396 

-resorcin  in,   7  60 

-sulphur  in,   424 

-lerpin  hydrate  in,   859 

-valerian  in,    1708 

Whooping-cough     bactcrme,     therapeutics 

of,   933 
Whooping-cough  vaccuic,  materia  medica 

of,    933 
Wild   black   cherry  bark,    materia   medica 

of,    1386 
Wild  chamomile,  materia  medica  of,   1115 
Wild  cherry,  materia  medica  of,  138  6 
Wild  cinnamon,    materia   medica   of,    1113 
Wild   ginger,   materia   medica   of,    821 
Wild  hydrangea,  734,  1516 
Wild  indigo,  materia  medica  of,   1799 
Wild  yam  root,  materia  medica  of,   1380 
Wilkinson's  ointment,   materia  medica   of, 

418 
WMne  of  antimony,  materia  medica  of,  589 
Wine  of  bcci"  and  iron,  materia  medica  of, 

1225 
Wine    of   iron,    materia    medica   of.    1221, 

1225 
Wine  of  iron  citrate,   materia   medica  of, 

1221 
Wine  of  pepsin,   materia  medica  of,   1195 
Wine  of  tar,  materia  medica  of,   769 
Wine  of  tobacco,  materia  medica  of,  1811 
Wine  of  wild  cherry,   materia  medica  of, 

1386 
Wines,  dosage  and,  356 

Wlntera  cortex,   materia  medica  of.    1117 
Winter's  bark,  materia  medica  of,   1117 
Witch  hazel,  therapeutics  of,  1075 
Witch  hazel  bark,  materia  medica  of,  1065 
Witch    hazel    leaves,    materia    medica    of, 

1065 
Witch  hazel  ointment,  materia  medica  of, 

1066 
Witch    hazel    water,    materia    medica    of, 

1065 
Wolfsbane,  materia  medica  of,  1314 
Wood  alcohol,  chemistry  of,   1653 
-pharmacodynamic  action   of,    1653 
-poisoning  by,    1653 
-summary  of  actions,   1653 
-uses  of,    1653 

Wood  charcoal,  materia  medica  of,  982 
Wood  oil,   materia  medica  of,   844 
Woods,  definition  of,  288 
Wool  fat,  materia  medica  of,  1005 
Woorali,   materia  medica  of,    1727 
W^oorara,  materia  medica  of,   1727 
Woorari,  materia   medica  of,    1727 
Worms,  intestinal,  chloroform  in,  1593 
--classification  of,  442,  443 
Woi-mwood,   materia  medica  of,   1112 
Wounds,  acriflavine  in,  873 
-balsam   of   Peru  in,    862 
-benzoin  in,   862 
-berberis   in,    1119 
-Carrel-Dakin  treatment  of,   536 
-casein-iodine,    1425 
-chloromine-T  in,  536 
-Dakin    solution    in,    536 
-dichloramine-T  in,  536 
-dressing  of,  1605 
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-glycerin   dressing  of,    1000 
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-oxygen    in,    495 

-ozone  in,    495 

-pepsin   in,    1198 

-phenol   in,    755 

-picric  acid   in,    870 

-resorcin  in,   760 

-septic,    553 

--iodates  in,   553 

-salicylic  acid  in,   798 

-sodium   fluoride   in,    566 

-sodium  perborate  in,   500 

-suppurative,    1649 

—alcohol   in,    1649 

-turpentine   in,    857 

-zinc  chloride  in,   1060 


Xanthine  compounds,  chemistry  of,   1502 

Xanthoma,  mercury  in,  683 

Xanthoxyli    fructus,    materia    medica    of, 

1104 
Xanthoxylin,  materia  medica  of,   1104 
Xanthoxylum,  administration  of,  1104 
--systemic,   1104 
—topical,    1104 
-materia  medica  of,  1103 
-therapeutics  of  1104 
Xeroform.  materia  medica  of,   643 
-therapeutics   of,    648 
Xerostomia,  pyrethrum  in,  1104 
X-RAY  DIAGNOSIS,  barium  sulphate  in,  1575, 

1578 
-oxygen  and,   1394 
-thorium   sodium   citrate  in,   1083 
Xylene,   chemistry   of,   745 
-materia   medica  of,    745 
Xylol,  materia  medica  of,   745 


Yarrow,  materia  medica  of,  839,  1113 

Yaws,  arsphenamine  in,   633 

Yeast,  materia  medica  of,  1203 

-therapeutics   of,    1204 

Yellow  beeswax,   materia  medica  of,    1002 

Yellow  dock,  materia  medica  of,  1116 

Yellow  fever,  cocaine  in,  17  56 

-course  of,  71 

-petroleum  in,   428 

-saline  infusion   in,   1343 

-sulphur  in,   424 

Yellow  gentian,  materia  medica  of,   1109 

Yellow  iodide,  administration   of,   708 

-syphilis  and,   708 
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Yellow  iodide  of  mercury,  materia  medica 

of,    660 
Yellow   jasmine   root,   materia   medica   of, 
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Yellow  jessamine,  materia  medica  of,  1801 
Yellow   mercurial   lotion,    materia    medica 

of,    664 
Yellow  mercuric  oxide,  materia  medica  of, 

661 
Yellow     mercuric     subsulphate.      materia 

medica  of,   661 
Yellow  niercurous  iodide,   materia  medica 

of,  660 
Yellow  nuistard,  materia  medica  of,  1030 
Yellow    petrolatum,     materia    medica     of, 

1002 
Yellow   subsulphate   of   mercury,    materia 

medica  of,   661 
Yellow  wash,  materia  medica  of,  664 
Yellow  wax,  inateria  medica  of,    1002 
Yerba  santa,  materia  medica  of,   1210 
Yohimbine,  chemistry  of,   1375,   1535 
-materia  medica   of,   1535 
-pharmacodynamic  action  of,  1375,  1535 
-therapeutics  of,  1535 


Zea.  materia  medica  of,  846 
Zedoaria.  materia  medica  of,   1117 
Zinc,  antipathogenic  action  of,  1058 
-chemistry  of,   1054 
-pharmacodynamic   action   of,    1058 
-summary  of  actions  and  uses  of,   1054 
-therapeutics    of,    1059-1061 
Zinc  carbonate,  therapeutics  of,  986,  1061 
Zinc    chloride,    therapeutics    of,    1059 


Zinc  compounds,  antidote  for,  1860 
Zinci  acetas,  materia  medica  of,   1054 
Zinci  carbonas  priocipitatus,  materia  med- 
ica of,    1055 
Zinci  cliloriduni,  materia  medica  of,  1055 
Zinci  oleoslearas,  materia  medica  of,   1055 
Zinc  ionization,  local  sepsis  and,  1060,  1061 
Zinci  oxidum,  materia  medica  of,   1055 
Zinci    permansanas,    materia    medica    of, 

492 
Zinci  phenolsulpbonas,  materia  medica  of, 

1056 
Zinci     phospbidum,     materia     medica     of, 

1405 
Zinci  stearas,  materia  medica  of,  1055 
Zinci  sulphas,  materia  medica  of,   1056 
Zinci  valeras,  materia  medica  of.   1056 
Zinc  mull,  materia  medica  of,   1057 
Zinc  oleatc,  therapeutics  of,  986 
Zinc  oleate  ointment,   materia  medica   of, 

1056 
Zinc  oxide,  administration  of,  oral,  1061 
-therapeutics  of,   9  85,  1061 
Zinc  paste,    materia    medica    of,    1057 
Zinc  perborate,   therapeutics  of,   440,    500 
Zinc  peroxide,  materia  medica  of,  491 
Zinc    pbenolsulpbonate,     therapeutics     of, 

1061 
Zinc  stearate,  therapeutics  of,   985 
Zinc  sulphate,  therapeutics  of,  1142 
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1056 
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Zingiber,  materia  medica  of,   846 
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